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Preface to the Series

There is increasing interest in industry, academia, and the health sciences in medicinal and

aromatic plants. In passing from plant production to the eventual product used by the public,

many sciences are involved. This series brings together information that is currently scattered

through an ever-increasing number of journals. Each volume gives an in-depth look at one

plant genus, about which an area specialist has assembled information ranging from the

production of the plant to market trends and quality control.

Many industries are involved, such as forestry, agriculture, chemicals, food, flavor, bever-

age, pharamaceutical, cosmetics, and fragrance. The plant raw materials are roots, rhizomes,

bulbs, leaves, stems, barks, wood, flowers, fruits, and seeds. These yield gums, resins, essential

(volatile) oils, fixed oils, waxes, juices, extracts, and spices for medicinal and aromatic

purposes. All these commodities are traded worldwide. A dealer’s market report for an

item may say ‘‘drought in the country of origin has forced up prices’’.

Natural products do not mean safe products, and account of this has to be taken by the

above industries, which are subject to regulation. For example, a number of plants that are

approved for use in medicine must not be used in cosmetic products.

The assessment of ‘‘safe to use’’ starts with the harvested plant material, which has to

comply with an official monograph. This may require absence of, or prescribed limits of,

radioactive material, heavy metals, aflatoxin, pesticide residue, as well as the required level of

active principle. This analytical control is costly and tends to exclude small batches of plant

material. Large-scale, contracted, mechanized cultivation with designated seed or plantlets is

now preferable.

Today, plant selection is not only for the yield of active principle, but for the plant’s ability to

overcome disease, climatic stress, and the hazards caused by mankind. Such methods as in vitro

fertilization, meristem cultures, and somatic embryogenesis are used. The transfer of sections

of DNA is giving rise to controversy in the case of some end uses of the plant material.

Some suppliers of plant raw material are now able to certify that they are supplying

organically farmed medicinal plants, herbs, and spices. The Economic Union directive

CVO=EU No. 2092=91 details the specifications for the obligatory quality controls to be

carried out at all stages of production and processing of organic products.

Fascinating plant folklore and ethnopharmacology lead to medicinal potential. Examples

are the muscle relaxants based on the arrow poison, curare, from species of Chondrodendron,

and the antimalarials derived from species of Cinchona and Artemisia. The methods of

detection of pharmacological activity have become increasingly reliable and specific, fre-

quently involving enzymes in bioassays and avoiding the use of laboratory animals. By

using bioassay-linked fractionation of crude plant juices or extracts, compounds can be

specifically targeted which, for example, inhibit blood platelet aggregation, or have antitu-

mor, or antiviral, or any other required activity. With the assistance of robotic devices, all the

members of a genus may be readily screened. However, the plant material must be fully

authenticated by a specialist.

The medicinal traditions of ancient civilizations such as those of China and India have a

large armamentarium of plants in their pharmacopoeias that are used throughout Southeast

Asia. A similar situation exists in Africa and South America. Thus, a very high percentage of

the world’s population relies on medicinal and aromatic plants for their medicine. Western

medicine is also responding. Already in Germany all medical practitioners have to pass an



examination in phytotherapy before being allowed to practice. It is noticeable that medical,

pharmacy, and health-related schools throughout Europe and the United States are increas-

ingly offering training in phytotherapy.

Multinational pharmaceutical companies have become less enamored of the single com-

pound, magic-bullet cure. The high costs of such ventures and the endless competition from

‘‘me-too’’ compounds from rival companies often discourage the attempt. Independent

phytomedicine companies have been very strong in Germay. However, by the end of 1995,

11 (almost all) had been acquired by the multinational pharmaceutical firms, acknowledging

the lay public’s growing demand for phytomedicines in the Western world.

The business of dietary supplements in the Western world has expanded from the health

store to the pharmacy. Alternative medicine includes plant-based products. Appropriate

measures to ensure their quality, safety and efficacy either already exist or are being answered

by greated legislative control by such bodies as the U.S. Food and Drug Administration and

the recently created European Agency for the Evaluation of Medicinal Products based in

London.

In the United States, the Dietary Supplement and Health Education Act of 1994 recognized

the class of phytotherapeutic agents derived from medicinal and aromatic plants. Further-

more, under public pressure, the U.S. Congress set up an Office of Alternative Medicine,

which in 1994 assisted the filing of several Investigational New Drug (IND) applications,

required for clinical trials of some Chinese herbal preparations. The significance of these

applications was that each Chinese preparation involved several plants and yet was handled

as a Single IND. A demonstration of the contribution to officialy of each ingredient of each

plant was not required. This was a major step toward more sensible regulations in regard

to phytomedicines.

My thanks are due to the staff of CRC Press who have made this series possible and especially

to the volume editors and their chapter contributors for the authoriative information.

Dr. Roland Hardman



Preface

All species and natural hybrids of Mentha are essential oil bearing. Today, taxa of Mentha,

either native or naturalized, are ubiquitous and found on all continents except Antarctica.

Because of the aromatic properties of these taxa, some have been used traditionally for more

than 2000 years.

Mentha is the most important genus in the Labiatae (Lamiaceae) family because it contains a

number of taxa the essential oils of which have achieved high economic value. These oils are

cornmint (the source of natural menthol), peppermint, Scotch spearmint, and Native spearmint.

The amount of the oils produced annually is in excess of 23,000 metric tonnes with a value

exceeding $400 million. This makes them the most economically important essential oils pro-

duced. Mint oils are produced in different parts of the world. For example, the lion’s share of

peppermint oil, Native spearmint, and Scotch spearmint oil is produced in North America,

whereas almost all the cornmint oil and natural menthol are produced in China and India.

The correct taxonomic source of cornmint oil is Mentha canadensis L. not the synonyms M.

arvensis L., M. arvensis f. piperascens Malinv.ex Holmes, M. haplocalyx Briq., etc. Similarly,

the correct taxonomic source of Scotch spearmint oil is M. �gracilis Sole and not M. cardiaca

Gerarde ex Baker. Finally, the correct taxonomic source of Mentha citrata oil is M. aquatica

L. var. citrata (Ehrh.) Fresen. not M. citrata Ehrh. Therefore, the correct taxonomic nomen-

clature has been used throughout this treatise.

For an essential oil to be natural and genuine, it must be isolated from a whole plant or

plant part of known taxonomic origin by physical means only. The physical processes used to

isolate essential oils are as follows:

1. Hydrodistillation (water distillation) in which the plant material (herbage in the case of

Mentha species) is immersed in water, the heterogeneous mixture is boiled, and the oil is

condensed and separated from the steam and oil vapor mixture.

2. Water and steam distillation in which water is boiled in a container with the herbage

held above the boiling water on a grid so that the wet steam can release the oil in vapor

form, which is condensed and separated as with water distillation.

3. Normal steam distillation in which the steam is produced in a satellite steam generator

(boiler) and passed through the bottom of a container of herbage to yield a steam and oil

vapor mixture, which is condensed and separated.

4. Hydrodiffusion is a modification of the steam distillation process in which the steam is

passed through the top of a container of herbage, thus allowing the steam to percolate

down through the plant material by gravity, after which the oil vapor and steam are

condensed and separated.

5. Expression (also known as cold processing) in which the oil-bearing part of the plant

is compressed to remove the oil. This process is mainly used to isolate oils from

the peels of Citrus taxa. An essential oil cannot be obtained by supercritical CO2 extraction,

although it is sometimes erroneously referred to that way in the literature, because

extraction processes produce extracts irrespective of the solvent type or volatility.

A short summary of the chapters that appear in the text follows:

The Mentha genus is complex as more than 3000 epithets of Mentha have been published,

although a redefinition of the genus has revealed that it contains 18 species and 11 hybrids

(Tucker and Naczi).



Anatomically Mentha taxa contain both capitate and peltate glandular trichomes like other

members of the Labiatae family. Studies on biosynthesis and biotechnology have led to a

better understanding of the physiology, molecular biology, and tissue culture potential for the

production of oil of the important Mentha taxa (Maffei et al.).

The four economically important Mentha taxa are cultivated extensively (a) in the United

States (peppermint, Scotch, and Native spearmint); (b) in India (cornmint, peppermint,

Scotch spearmint, and Native spearmint); and (c) in China (cornmint and Native and Scotch

spearmint). Their cultivation practices are dissimilar as are the control measures used to combat

disease and insect infestation (Morris, USA; Kumar et al., India; and Liu and Lawrence, China).

The isolation of mint oils from mint herbage is more complex than described earlier. As a

result, the theoretical aspects of distillation must be applied if efficient cost-effective oil

isolation is to be realized (Denny and Lawrence).

The number and type of components that have been isolated from the commercially

important oils (also including pennyroyal and Mentha citrata) and their quantitative differ-

ences found in the same taxa grown in different environments are of importance to the mint

oil user. The enantiomeric distribution of the main constituents can also assist in the choice of

oil supplier (Lawrence).

The oils produced from the 18 Mentha species and 11 hybrids, either cultivated or collected

from their naturalized habitats, reveal a wide compositional diversity within the genus. In

addition, similarities and differences between oil compositions found either within or between

a species or hybrid shed light on the widespread occurrence of infraspecific chemical differ-

ences and the fact that composition cannot be used solely to characterize a species or hybrid

(Lawrence).

The annual production statistics for peppermint, Native, and Scotch spearmint oils pro-

duced in the United States reveal the changes in production regions over the years. Also, the

quality control aspects including gas chromatographic profiles will assist the users in charac-

terizing their oils of choice (Sheldon).

Menthol is an extremely important flavor chemical that can be produced by freeze crystalliza-

tion from cornmint oil. This same enantiomerically pure compound can also be produced

synthetically either from pulegone, piperitone, d-3-carene, thymol, and N,N-diethylgeranylamine

(Hopp and Lawrence).

The important mint oils in commerce are sometimes found stretched, diluted, or adulter-

ated with single compounds, similar oils, or fractions thereof. The resultant mixture is no

longer a pure genuine oil. The use of blends of oils of different geographical origin with a label

of the most expensive origin or the standardization of an oil to ameliorate year-to-year oil

composition variation is fairly widespread (Lawrence).

As mint oils and their major isolates have a wide range of use, an assessment of their safety,

biological, and toxicological properties reveals that much work has been completed on

menthol and pulegone. The methods of determining these properties provide an insight into

the conclusions drawn from such studies (Hayes et al.).

The antibacterial and antifungal properties of mint oils and some of their isolates have been

the subject of study over the years because of their use as preservatives. As expected, the

majority of the work has been directed toward controlling the microbes that cause food

spoilage (Deans).

Mint oils and menthol are widely used in the flavor industry where they are integral

components of the flavor systems used in confection, alcoholic beverage, and tobacco

industries. They are also widely used in the fragrance industry in personal care and oral

care products and, to a lesser extent, in fine fragrances. An almost equivalent use of these

materials can be found in the pharmaceutical industry, particularly in nonprescription prod-

ucts. A more recent use of the commercially important mint oils and the lesser-known mint

oils is in aromatherapy (Tucker).
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1.1 INTRODUCTION

The taxonomy of the genus Mentha has been in a state of flux, with more than 3000 names

published since 1753. On the basis of a phylogenetic analysis of morphology, chromosome

numbers, and major essential oil constituents, the genus Mentha is redefined to include

18 species and 11 named hybrids, placed in four sections. Mentha cunninghamii is excluded

and may be more closely paired with the genus Micromeria (s.l.). An enumeration of the taxa,

with more important synonymy, follows a key to the species.

Mentha is a member of the Lamiaceae (Labiatae), in the Order Lamiales, which includes

many other families, such as Verbenaceae, Scrophulariaceae, and Acanthaceae. The delimi-

tation of the family has recently been redefined, with many genera formerly in Verbenaceae

being reassigned to the Lamiaceae (Cantino et al., 1992). As a result, the circumscription of

the Lamiaceae has been changed to include eight subfamilies: Ajugoideae, Chloranthoideae,

Lamioideae, Nepetoideae, Pogostemonoideae, Scutellarioideae, Teucrioideae, and Viticoi-

deae. Nevertheless, over 47% of the Lamiaceae fall within the subfamily Nepetoideae, as do

most of the more familiar genera, many of them economically important. The subfamily

Nepetoideae is characterized as more or less bilabiate, five-lobed corolla (sometimes four-

lobed by fusion); two or four stamens inserted on the corolla tube; an ovary of four one-

seeded mericarps separated by a gynobasic style; a bifid style with one lobe reduced; fruit of

four one-seeded nutlets (sometimes reduced by abortion); nutlets without endosperm; a

quadrangular stem with opposite or rarely verticillate leaves, covered with subsessile glands;

hexacolpate, trinucleate pollen; essential oils and rosmarinic acid present.

Mentha is presently classifiedwithin the tribeMentheae,which also includes the economically

important genera Agastache, Calamintha, Cedronella, Hedeoma, Hyssopus, Monarda,

Nepeta, Origanum, Rosmarinus, Salvia, Satureja, and Thymus. The genus Mentha is based on
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a combination of characters rather than any one, unique character: (1) four+ equal stamens;

(2) naked filaments; (3) anthers with parallel distinct thecae; (4)+ actinomorphic

calyx with four to five lobes; (5) slightly two-lipped corolla; and (6) subellip-

soidal nutlets with rounded apex. On the basis of rbcL sequences, M. longifolia and

‘‘M. rotundifolia’’ (frequently misapplied, probably M. suaveolens) are most closely

paired with Monarda fistulosa, Monarda didyma, and Monarda menthaefolia (Kaufmann

and Wink, 1994), but this close relationship is not supported by the Internal Transcribed

Spacer (ITS) sequence of nuclear ribosomal DNA of ‘‘Mentha rotundifolia Huds.’’

(again, probably M. suaveolens) to 16 species of Monarda (Prather et al., 2002). On a mor-

phological basis, many Australasian species of Mentha have been previously classified as

species of Micromeria (see later).

1.2 TAXONOMIC HISTORY OF MENTHA

Disregarding the ‘‘microspecies’’ of Gandoger (e.g., 1889), whose names were declared

invalidly published (Greuter, 2000), more than 3000 names, from species to formae, have

been published for the genus Mentha since 1753 (the starting date of modern nomenclature).

Possibly ca. 95% of these names are synonyms or illegitimate, with most of the remaining

ones being infraspecific taxa. The systematics of the genus Mentha section Mentha are

especially difficult because of the ease of hybridization, favored by gynodioecy, which is

further complicated by polymorphism, cultivation, polyploidy, and vegetative propagation.

This genus also exhibits cytomixis, resulting in somatic chromosome numbers in

multiples of x¼ 12, and, coupled with unexpected ‘‘hybrid compounds’’ (see the discussion

under M. �piperita L.), transgressive segregation, a process normally restricted to the F2 or

backcross progeny, can be observed in the F1 progeny (Tucker et al., 1980; Tucker and

Fairbrothers, 1981; Tyagi, 2003). Within section Mentha, the five basic Eurasian and African

species (M. arvensis L., M. aquatica L., M. spicata L., M. longifolia (L.) L., and M. suaveolens

Ehrh.) have produced eleven naturally occuring, named hybrids. Because of the heterozyg-

osity of these nominally accepted species, coupled with cytomixis, abundant forms can be

generated by simple selfing, and any hybrid progeny will also be correspondingly variable.

These simple genetic segregants, not necessarily correlated with any geographical or eco-

logical distribution, have prompted some taxonomists to publish paroxysms of species and

subspecific taxa. Thus, for example, Topitz (1911, 1913, 1914a, 1914b, 1915, 1916) published

434 new taxa for Middle Europe, while Trautman (1925) later published an additional

113 taxa for Hungary alone, and Prodan (1925) published an additional 67 new taxa for

Romania and Yugoslavia.

This genus also holds many examples of questionable taxonomic practices. Braun (1886)

published 108 new names with no clear indication of their rank (most British taxonomists

have treated these as species, but German and French taxonomists have treated them as

subspecific taxa). Sennen (1927) published 63 nomina nuda for Spain. Fraser (1927, 1929)

published 39 new taxa for the British Isles, redefining species without a consultation of the

types or a full literature survey.

With respect to infrageneric classification, Bentham (1848) was the first to consider

the amount of genetic variability in the genus within a worldwide context and publish taxa

at the level of section, followed by Pérard (1876) and Briquet (1889). The latest comprehensive

classification of the genus Mentha was published over a century ago by Briquet (1896), who

defined 17 species and 33 subspecies within two genera (Mentha and Preslia), two subgenera,

five sections, and seven subsections. Following late 20th century concepts of nomenclature,

Harley and Brighton (1977) defined five sections. No revision or monograph has been
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published for the genus, but the unpublished Ph.D. thesis of Metcalf (1936) should be cited as

one interpretation.

1.3 MATERIALS AND METHODS

The 27 morphological, karyological, and chemical characters selected were those traditionally

used to define species in the genus Mentha, i.e., they have maximum interspecific varia-

bility but minimum infraspecific variability. Phylogenetic analysis of these 27 characters

was carried out using maximum parsimony (heuristic search) provided by PAUP with de-

fault options on all except for the branch-swapping option algorithm of nearest-neighbor

interchange (NNI) and steepest descent and subsequent bootstrap analysis. All characters

were treated as unordered and of equal weight. The neighbor-joining algorithm of the same 27

characters was also used (Swofford, 2001). The use of these analyses and morphological

characters is discussed by McDade (1997) and Wiens (2000).

Preliminary heuristic searches with morphological characters, chromosome numbers,

and essential oils were performed to determine the best outgroup with species of Lycopus,

Micromeria (s.l. and s.s.), Monarda, Perilla, Salvia, Satureja, Thymus, Thymbra, and=or

Ziziphora. Ultimately, Micromeria brownei (Swartz) Benth. was selected as the appro-

priate outgroup. Further supporting the choice of this genus is that M. juliana (L.) Benth.

falls within the large sister clade to ‘‘Mentha rotundifolia (L.) Hudson’’ and Thymbra spicata

L. on the basis of cpDNA (Wagstaff et al., 1995). Mentha suaveolens also has a close affinity

with Clinopodium vulgare L. based on three plastid DNA regions (Paton et al., 2005). In

addition, Micromeria brownei has been classified as Clinopodium brownei (Swartz) Kuntze;

this is supported by analysis of the cpDNA of North American Satureja (Cantino and

Wagstaff, 1998; Harley and Paucar, 2000). The plants chosen for the analysis fell within

var. pilosiuscula Gray from Florida, although this species ranges from Argentina to Florida.

The morphology, chromosome numbers, and predominant essential oil chemistry

(when known) of the genus Mentha and the outgroup, Micromeria brownei (Swartz) Benth.

var. pilosiuscula Gray, are summarized later. The numbers in parentheses after each of

the 27 characters refer to the position in the data matrix, which is summarized in Appendix I.

1.3.1 HABIT

While most species are either uniformly prostrate or upright, some species, such as

M. pulegium, assume an upright stance only at the time of flowering.

1. Habit: uniformly prostrate (0), upright when flowering (1), upright during actively

growing period of lifespan (2)

1.3.2 STOLON

Most species of the genusMenthaproduce long, thin rhizomes, commonly called stolons. Jackson

(1928) defines a stolon as ‘‘a sucker, runner, or any basal branch,which is disposed to root,’’ while

a rhizome is ‘‘the rootstock or dorsiventral stem, or root-like appearance, prostrate or under

ground, sending off rootlets, the apex progressively sending up stems or leaves.’’ M. arvensis

typically produces only thick subterranean stolons, whereas M. aquatica typically produces only

thin epigeic (‘‘aerial’’ or above ground) stolons, but other species and the hybrids may vary, both

in thickness and emergence. All have reduced or scale leaves. Thus, the flexible definitions of

Jackson are probably the most applicable, and both terms may be used interchangeably.

2. Stolon: absent (0), subterranean (1), epigeic (2)
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1.3.3 LEAF

Leaf characteristics are variable, even on the same plant during ontogenetic development, so

only leaves at midstem should be considered. In order to better define the leaf shape, the leaf

length, and width, the average ratio (N¼ 3) was calculated on each specimen examined.

A notable feature of some of the Australasian species is the presence of a thickened leaf

margin, actually a nerve that outlines the entire leaf. On drying, the smaller of such leaves

appear coriaceous in texture. The hairs of Mentha are normally uniseriate (unbranched,

multicellular), but M. suaveolens has dendroid (sometimes incorrectly termed stellate) and

uniseriate hairs, a trait that also infrequently appears in M. spicata.

3. Leaf shape: ovate to suborbicular (l=w¼ 1.0 to 2.0) (0), oblong-lanceolate to lanceolate

(l=w¼ 2.1 to 4.3) (1), linear-oblanceolate (l=w¼ 6.0 to 10.0) (2)

4. Leaf base: cordate to obtuse (0), obtuse to cuneate (1), cuneate to attenuate (2)

5. Leaf margin: entire (0), serrate (1), crenate (2)

6. Leaf texture: thickened leaf edge, + revolute (0); thin leaf edge, flat (1)

7. Leaf surface: smooth (0), rugose (1)

8. Petiole: sessile (0), petiolate (1)

9. Hairs: uniseriate (0), dendroid (1)

1.3.4 INFLORESCENCE

As first noted by Malinvaud (1903), the inflorescence shape of Mentha is a useful diagnostic

character. The inflorescence of the genus Mentha is a modified axillary cyme resulting

from reduction (verticillate inflorescence) in which the leaves could be termed bracts, often

grouped into a spike-like (M. longifolia, M. suaveolens, M. spicata) or head-like (M. aquatica,

M. dahurica) thyrse with the leaves reduced to bracteoles. Bracteoles are normally simple

but are digitately lobed in M. cervina. The flower number or axil has been used as a diag-

nostic character for identification in the Australasian species, and the inflorescence of

M. cunninghamii is normally reduced to only two flowers per node.

10. Inflorescence: verticillate (0), spicate (1), capitate (2)

11. Bract or bracteole shape: simple (0), digitately lobed (1)

12. Bract size: uniformly equal to leaves (0); ranging from equal to leaves to smaller than

leaves, decreasing in size toward apex (1); uniformly smaller than leaves (2)

13. Flower number or axil: 2 (0), 4 to 8 (1), 9 to many (2)

1.3.5 CALYX

As first noted by Malinvaud (1903), the calyx of Mentha, as in many members of the family

Lamiaceae, is a useful character for identification; the overall shape, the lobe (‘‘tooth’’) shape,

and the internal pubescence are especially diagnostic. While most species of Mentha have five

calyx lobes, M. cervina has four, and M. dahurica varies between four and five. Most species

of Mentha have calyx lobes within an acute apex, but M. cervina and M. gattefossei have a

whitish apical spine on each lobe.

14. Calyx symmetry: zygomorphic (0),+ actinomorphic (1)

15. Calyx throat, annulus of hairs: absent (0), present (1)

16. Calyx shape: infundibular (0), tubular (1), tubular-campanulate (2), campanulate (3)

17. Calyx lobe size: unequal (0),þ=� equal (1)
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18. Calyx lobe number: five (0), four (1)

19. Calyx lobe shape: deltoid-ovate to broadly triangular (0), narrowly triangular to

lanceolate (1), subulate-lanceolate to subulate (2), narrowly triangular to subulate

(3), tapering to an apical spine (4)

20. Calyx nerve number: 13 to 15 (0), 10 to 12 (1)

1.3.6 COROLLA

The corolla in Mentha is not as diagnostic as the calyx, but the overall shape and throat

pubescence are additional characters.

21. Corolla symmetry: zygomorphic (0),+ actinomorphic (1)

22. Corolla throat, annulus of hairs: absent (0), present (1)

23. Style branches: equal (0), subequal (1)

24. Stamen habit: divergent (0), parallel (1)

1.3.7 CHROMOSOME NUMBER

The species of section Mentha typically have the chromosome number x¼ 12, but the other

species vary widely.

25. Monoploid (basic) number: x¼ 9 (0), x¼ 10 (1), x¼ 12 (2), x¼ 18 (3), x¼ 25 (4)

26. Ploidy level: 2x (0), 4x (1), 6x (2), 8x (3), 10x (4)

1.3.8 ESSENTIAL OIL CHEMISTRY

The genetics of the essential oil pathways and the enzymes involved are well known in

mentha. Typically, the predominant essential oil pattern consists of acyclic monoterpenes

(e.g., linalool), 2-oxygenated monoterpenes (e.g., carvone), and 3-oxygentated monoterpenes

(e.g., menthol). Although populations within a species may have only one or all three

pathways, these are normally mutually exclusive within any one plant.

27. Predominant components: only 3-oxygenated monoterpenoid (0), acyclic to

3-oxygenated monoterpenoid (1)

1.4 RESULTS AND CONCLUSIONS

1.4.1 MAXIMUM PARSIMONY AND NEIGHBOR-JOINING ANALYSES

Four most parsimonious trees were found in the analysis with length¼ 89, CI¼ 0.517, and

RI ¼ 0.060. The strict consensus tree is shown in Figure 1.1. Only bootstrap values greater

than 50% after 1000 replicates are reported here.

Cladistics (sensu Hennig) assumes a monophyletic origin of taxa. Thus, the 11 named,

recent hybrids enumerated here were eliminated from this analysis. However, M. canadenis

(2n¼ 96) and M. spicata (2n¼ 48), long assumed to be monophyletic, are almost certainly

ancient amphidiploids, a hypothesis strongly supported by resynthesis (Harley and Brighton,

1977; Kokkini and Pappageorgiou, 1982; Tucker and Chambers, 2002). Maximum parsimony

was repeated without M. canadensis and M. spicata, but the resolution decreased (i.e., more

polychotomies appeared in the strict consensus) and bootstrap support still had only three

branches with>50% support.
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We cannot assume that all chromosome numbers in Mentha given earlier, 2n ¼ 20 to 24,

are entirely due to endoduplication; interspecific hybridization may be even more involved

in the origin of these species, and some parental species may be extinct (Ikeda, 1961). For

example, Ikeda and Ono (1969), on the basis of genome analysis, have postulated

that M. arvensis (2n ¼ 72) may also be an ancient hybrid with M. japonica (2n ¼ 48), but this

hypothesis has never been tested. Thus, cladistic analysis may not be the best choice, even with

à posteriori adjustments to the known hybrids (Funk, 1981; Wagner, 1983; Wanntorp, 1983;

Ashlock, 1984; Cronquist, 1987; McDade, 1990, 1992, 1997, 2000; Arnold, 1997). The

dendrogram shown in Figure 1.2 was obtained by the neighbor-joining algorithm and more

closely reflects the hybrid origin of the known ancient amphidiploids.

In all analyses that were attempted on PAUP, M. cunninghamii was consistently outside of

the ingroup. Recognition of M. cunninhgamii as a species of Micromeria, rather than Mentha,

is not new; Bentham (1835) described this species as M. cunninghamii. New Zealand has nearly

433 genera, of which 10% are endemic. Interchange between Australia and New Zealand has
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FIGURE 1.1 The strict consensus tree of four trees found in analysis of length ¼ 89, CI ¼ 0.517,RI ¼ 0.060.

Bootstrap values greater than 50% are indicated. Taxon key. MIBR ¼ Micromeria brownei var. pilosiuscula,

MEAQ ¼ Mentha aquatica, MEAR ¼ M. arvensis, MEAU ¼ M. australis, MECE ¼ M. cervina, MEGA

¼ M. gattefossei, MEDI ¼ M. diemenica, MEGR ¼ M. grandiflora, MERQ ¼ M. requienii, MEPU ¼
M. pulegium, MERP ¼ M. repens, MELA ¼ M. laxiflora, MESA ¼ M. sautureioides, MEDA ¼
M. dahurica,MEJA ¼ M. japonica,MECA ¼ M. canadensis,MELO ¼ M. longifolia,MESP ¼ M. spicata,

MESU ¼ M. suaveolens, MECU ¼ M. cunninghamii.
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occurred, though; close to 200 species are common to both regions, but very few are

angiosperms. About 320 species of vascular plants also overlap between New Zealand and

South America, the result of a migration via Antarctica in the Cretaceous to Lower Tertiary.

Affinities of the flora of New Zealand also exist with that of Malaysia and Polynesia (Laing

and Blackwell, 1964; Tobler et al., 1970; Mildenhall, 1980; Allan, 1982; Rogers and Walker,

2002). New Zealand has only four species in the Lamiaceae, all endemic: Mentha cunning-

hamii, Scutellaria novae-zelandiae J.D. Hook., Teucridium parviflorum J.D. Hook., and Vitex

lucens Kirk (Allan, 1982). Tetracondra, endemic to New Zealand and sometimes placed in the

Lamiaceae, is derived from a South American ancestor in the Paleocene (Wagstaff et al.,
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FIGURE 1.2 Neighbor-joining (NJ) phylogram obtained by analysis of 27 characters listed in the text.

NJ distances are shown above the branches. Taxon key. MIBR ¼ Micromeria brownei var. pilosiuscula,

MEAQ ¼ Mentha aquatica, MEAR ¼ M. arvensis, MEAU ¼ M. australis, MECE ¼ M. cervina,

MEGA ¼ M. gattefossei, MEDI ¼ M. diemenica, MEGR ¼ M. grandiflora, MERQ ¼ M. requienii,

MEPU ¼ M. pulegium, MERP ¼ M. repens, MELA ¼ M. laxiflora, MESA ¼ M. sautureioides,

MEDA ¼ M. dahurica, MEJA ¼ M. japonica, MECA ¼ M. canadensis, MELO ¼ M. longifolia,

MESP ¼ M. spicata, MESU ¼ M. suaveolens, MECU ¼ M. cunninghamii.
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2000). Affinities of the Scutellaria and Vitex species could be in either Asia or South

America, although the latter is more likely in view of the paleobotanical history of

New Zealand.

The similarity of Mentha cunninghamii to Micromeria brownei should not be surprising,

since Micromeria brownei is currently found in areas from Argentina to Florida. Of parti-

cular note, Micromeria bahamensis Shinners and Micromeria domingensis Shinners,

both insular relatives of Micromeria brownei and probably dating from the mid-Eocene

to Pleistocene, superficially resemble Mentha cunninghamii (Shinners, 1962; Keng, 1977;

Li and Hedge, 1994; Múlgura, 1999; Xifreda, 1999; Graham, 2003). Selection of the large,

white, solitary, subactinomorphic flowers of Mentha cunninghamii from an ancestor in

common with Micromeria brownei would undoubtedly reflect the pollinators and other

ecological factors in New Zealand (Lloyd and Barrett, 1996; Wilson and Thomson, 1996;

Galen, 1999). Approximately 61% of the flowering plants in New Zealand bear white

flowers, and the most common pollinators are diurnal calyptrate Diptera (flies from the

families Muscidae and Tachinidae), diurnal Coleoptera (beetles from the families Helodidae,

Melyridae, Mordellidae, and Curculionidae), and a few diurnal short-tongued Colletidae

(bees). Other pollinators include small-tongued bees, flower-haunting weevils, and both

diurnal and nocturnal moths. New Zealand lacks indigenous long-tongued bees and has

only 16 species of butterflies (Godley, 1979). However, the proper classification of Mentha

cunninghamii must await a future analysis of the entire, worldwide distribution of this

complex of over 90 species, which also includes some species variously classified as not

only Micromeria and Clinopodium but also Satureja and Calamintha (Valverde, 1993;

Harley and Paucar, 2000). For example, Doroszenko (1987) has proposed the unpublished

genus Hesperothymus to encompass the species related to Micromeria brownei. The

current distribution of this proposed genus is South America and South Africa, which agrees

with the paleobotany of these regions and their affinity with New Zealand.

The most robust clade is the grouping of M. longifolia, M. spicata, and M. suaveolens. Mentha

spicata has been shown to be an ancient amphidiploid of M. longifolia �M. suaveolens (Harley

and Brighton, 1977; Kokkini and Pappageorgiou, 1982; Gobert et al., 2002), and many variants

with 2n¼ 48 have been identified as either M. spicata or M. longifolia, depending on the amount

of weight given on chromosome number versus morphology.

Another robust clade is the pairing of M. cervina from the western Mediterranean

with M. gattefossei from Morocco. Except for the number of calyx lobes, these two species

share many features (Harley, 1972; Bunsawat et al., 2004). Hence, this analysis does not

support the recognition of a separate genus, Preslia cervina, solely on the basis of the number

of calyx lobes.

Both maximum parsimony and the neighbor-joining algorithm grouped endemics from

the Mediterranean (M. cervina, M. gattefossei, and M. requienii) with the endemics

from Australia (M. australis, M. diemenica, M. grandiflora, M. laxiflora, M. repens, and

M. satureioides). Superficially, the close affinity of the Mediterranean and Australian ende-

mics is not easy to explain except on the basis of similar climates today. Considering all

18 species of Mentha, Thorne (1972) classified this type of distribution as African–Eurasian–

Australasian. Thorne noted 96 genera, such as Pelargonium, with this distribution. If current

diversity is correlated with origin, then southwest or central Asia is a Laurasian core area

for the Lamiaceae with three directions of radiation: (1) along the Mediterranean; (2) to

southern Africa via the East African mountains; and (3) to the northeast of Asia, then

to western North America, and toward Southeast Asia and Australasia (Hedge, 1992).

The time when Mentha was involved in this radiation of the Lamiaceae is unknown, but

a Mentha-like fossil is known from the Eocene in North America; Menthites eocenicus

Cockerell is possibly one of the oldest known fossils in the Lamiaceae (Cockerell, 1926).
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How this distribution was effected is also open to question, since the extant species of

Mentha have seed dispersal via wind (anemochory) or water (hydrochory), but the

rhizomes of the aquatic species and their hybrids are readily spread by water (Bouman and

Meeuse, 1992).

Angiosperms did not originate in Australia, and the earliest angiosperms in Australia

migrated from a source in northern Gondwana or southern Laurasia during the Barremian–

Aptian (Lower Cretaceous). A later invasion of angiosperms occurred during the

middle Albian–Cenomanian (mid-Cretaceous) from nonmagnoliid lineages that had evolved

in northern Gondwana during the Aptian. The distribution of taxa between Eurasia

(which included flora from not only Laurasia but also Gondwana as a result of the collision

of the Indian subcontinent during the Eocene) and Australia has been explained as

long-distance dispersal down the mountains of Malesia (glacial emergent ‘‘microcontinents’’).

The timing and direction of this species migration are open to speculation, as the

Sunda Shelf, now mostly underwater, was subject to massive geological changes and periodic

extinctions from the late Cretaceous to the Pleistocene, but periodic contact bet-

ween Australia and the Sunda Shelf has been documented during this time. Fossils of the

Lamiaceae are uncommon in Australasia. However, looking at the well-represented fossils of

species of the Fagales, it can be seen that they are documented to have spread from a

secondary core in southeast Asia to Australia during the late Cretaceous to early Tertiary

(Raven and Axelrod, 1974; Beck, 1976; Windley, 1977; Friis et al., 1987; Truswell et al., 1987;

White, 1990; Hill, 1994; Crisp et al., 1999; Hill et al., 1999; Qian, 2002). Endemic species of the

Mediterranean, such as M. requienii from Corsica, probably originated in the mid-Tertiary

(Verlaque et al., 1991, 1995, 1997; Médail and Verlaque, 1997). Thus, considering the current

worldwide distribution of Mentha, the endemic species of Mentha from Australia and the

Mediterranean probably arose during the Tertiary from widely distributed species

in southwest or central Asia (N.B. the current native range of M. pulegium is from Ireland

to Kazakhstan, but it has been introduced worldwide and even become invasive in

some habitats).

This analysis of morphological characters, chromosome numbers, and essential oil chemistry

supports the recognition of four sections from the neighbor-joining phylogram (Figure 1.2).

This classification also indicates predictions to be tested. For example, the geographical

distribution of the insular endemics (M. japonica, M. repens, and M. requienii) correlates with

their nearest geographical neighbors (M. dahurica, M. diemenica, and M. pulegium, respect-

ively), and this provides predictions for the ease of hybridization. Thus, M. japonica has been

documented to be capable of hybridization with M. canadensis (Ikeda et al., 1970; Murray,

private communication, 1971) and M. aquatica (Ikeda and Ono, 1969), and, as predicted

from the neighbor-joining phylogram, M. japonica may also be capable of hybridization with

M. dahurica.

1.4.2 INFRAGENERIC CLASSIFICATION OF MENTHA

This classification expands that of Briquet (1896), who published two subgenera, Pulegium

(Mill.) Lam. & DC. and Menthastrum Coss. & Germ., in the genus Mentha. However, this

classification redefines Section Pulegium to include three species, and also contrary to

Briquet, does not recognize the genus Preslia. This does not support Miller (1768), who

included both M. pulegium and M. cervina in the genus Pulegium. Based upon a strict

consensus of ten equally parsimonious trees based on combined analysis of cpDNA rpl16

intron and trnL-trmF region sequences, Bunsawat et al. (2004) showed that M. australis,

M. satureioides, M. diemenica, and M. cunninghamii form one clade. Previously published

infrageneric classifications are indicated in Table 1.1.
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TABLE 1.1
Infrageneric Classification of the 18 Species of Mentha in Previous Publications.

Pérard (1876) Concentrated upon the Species of Central Europe, So Only the Subgenera

Are Included Here. Authorities Are Omitted for Brevity, but the Pertinent Ones

Are Given in the Text

Species Classification References

1. M. aquatica Section Terminales Bentham (1848)

Subgenus Trichomentha Pérard (1876)

Subgenus Menthastrum

Section Capitatae Briquet (1986)

Section Mentha Harley and Brighton (1977)

2. M. arvensis Section Arvenses Bentham (1848)

Subgenus Trichomentha Pérard (1876)

Subgenus Menthastrum

Section Verticillatae

Subsection Arvenses Briquet (1986)

Section Mentha Harley and Brighton (1977)

3. M. australis Section Arvenses Bentham (1848)

Subgenus Menthopsis Pérard (1876)

Subgenus Menthastrum

Section Verticillatae

Subsection Tubulosae Briquet (1986)

4. M. canadensis Section Arvenses Bentham (1848)

Subgenus Trichomenta Pérard (1876)

Subgenus Menthastrum

Section Verticillatae

Subsection Arvenses Briquet (1986)

5. M. cervina Preslia cervina Bentham (1848)

Section Preslia Harley and Brighton (1977)

6. M. dahurica Section Arvenses Bentham (1848)

7. M. diemenica Section Arvenses Bentham (1848)

Subgenus Menthopsis Pérard (1876)

Subgenus Menthastrum

Section Verticillatae

Subsection Tubulosae Briquet (1986)

8. M. gattefossei Section Gattefossei Harley and Brighton (1977)

9. M. grandiflora Subgenus Menthastrum

Section Verticillatae

Subsection Grandiflorae Briquet (1986)

10. M. japonica Not included in Bentham (1848),

Pérard (1876), Briquet (1896), or

Harley and Brighton (1977)

11. M. laxiflora Section Arvenses Bentham (1848)

Subgenus Menthastrum

Section Verticillatae

Subsection Laxiflorae Briquet (1986)

12. M. longifolia Section Terminales Bentham (1848)

Subgenus Mentha Pérard (1876)

Subgenus Menthastrum

Section Spicatae Briquet (1986)

Section Mentha Harley and Brighton (1977)
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1.4.3 MENTHA L., SP. PL. 576. 1753; GEN. PL. ED. 5. 250. 1754. LECTOTYPE SPECIES:
M. SPICATA (BRITTON AND BROWN, 1913)

. Pulegium Mill., Gard. Dict. ed. 8. 1768. Type species: Pulegium vulgare Mill.

. Preslia Opiz, Naturalientausch 8: 86. 1824; Flora 7: 322. Type species: Preslia. glabriflora

Opiz.
. Audibertia Benth., Bot. Reg. Sub. t. 1282. 1829. Type species: A. pusilla Benth.
. Menthella Pérard, Bull. Soc. Bot. France 17: 205. 1870. Type species: Menthella requienii

(Benth.) Pérard (Mentha requienii Benth.).

TABLE 1.1 (continued)
Infrageneric Classification of the 18 Species of Mentha in Previous Publications.

Pérard (1876) Concentrated upon the Species of Central Europe, So Only the Subgenera

Are Included Here. Authorities Are Omitted for Brevity, but the Pertinent Ones

Are Given in the Text

Species Classification References

13. M. pulegium Section Pulegia Bentham (1848)

Subgenus Pulegium

Section Euplegia Briquet (1986)

Section Pulegium Harley and Brighton (1977)

14. M. repens Section Eriodontes Bentham (1848)

Subgenus Menthopsis Pérard (1876)

Subgenus Menthastrum

Section Verticillatae

Subsection Eriodontes Briquet (1986)

15. M. requienii Section Pulegia Bentham (1848)

Subgenus Pulegium

Section Audibertiae Briquet (1896)

Section Audibertia Harley and Brighton (1977)

16. M. satureioides Section Eriodontes Bentham (1848)

Subgenus Menthopsis Pérard (1876)

Subgenus Menthastrum

Section Verticillatae

Subsection Eriodontes Briquet (1986)

Section Eriodontes Harley and Brighton (1977)

17. M. spicata Section Terminales Bentham (1848)

Subgenus Mentha

Section Silvestres Pérard (1876)

Subgenus Menthastrum

Section Spicatae Briquet (1986)

Section Mentha Harley and Brighton (1977)

18. M. suaveolens Section Terminales Bentham (1848)

Subgenus Mentha

Section Rotundifolae Pérard (1876)

Subgenus Menthastrum

Section Rotundifoliae Briquet (1986)

Section Mentha Harley and Brighton (1977)
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1.4.3.1 Section Pulegium (Mill.) Lam. & DC., Fl. Franç. 537 1805, emend. Tucker.

Type Species: M. pulegium L.

Habit uniformly prostate to upright when flowering; stolons absent; leaves ovate to suborbi-

cular, obtuse to cuneate leaf, entire to serrate, thin or revolute, smooth, petiolate; hairs acicular;

inflorescence verticillate; bracts similar to leaves, not reduced upward; flowers four to many per

axil; calyx subactinomorphic to zygomorphic, throat with a ring of hairs, tubular; five calyx

lobes unequal to subequal, subulate-lanceolate to subulate; calyx 10 to 15 nerved; corolla

subactinomorphic, throat glabrous to pubescent; style branches subequal to equal; stamens

divergent; x¼ 9, 10; essential oils predominantly 3-oxygenated monoterpenoids.

. M. grandiflora Benth.

. M. pulegium L.

. M. requienii Benth.

1.4.3.2 Section Tubulosae (Briq.) Tucker. Type Species: M. diemenica Spreng

Subsection Tubulosae Briq., Nat. Pflanzenfam. 4(3a): 319. 1896.

Habit upright when flowering; stolons absent; leaves ovate to lanceolate, obtuse to cuneate,

entire, revolute, smooth, petiolate; hairs acicular; inflorescence verticillate; bracts uniformly

equal to leaves and simple; flowers two to eight per axil; calyx subactinomorphic, throat

glabrous, tubular to campanulate; five calyx lobes subequal, narrowly triangular to deltoid;

calyx 10 to 15 nerved; corolla subactinomorphic, throat glabrous; style branches equal;

stamens divergent; x¼ 60; essential oils predominantly 3-oxygenated monoterpenoids.

. M. diemenica Spreng.

. M. repens (Hook. f.) Briq.

1.4.3.3 Section Eriodontes Benth. in DC., Prodr. 12: 174. 1848, emend. Tucker. Type

Species: M. satureioides R.Br.

Habit upright when flowering; subterranean or aerial stolons; leaves oblong-lanceolate to linear-

oblanceolate, cordate to attenuate, entire to serrate, flat to revolute, smooth, sessile to petiolate;

hairs acicular; inflorescence verticillate; bracts equal to leaves to smaller than leaves, simple to

digitately lobed; flowers four to many per axil; calyx zygomorphic to subactinomorphic, throat

glabrous to pubescent, tubular to tubular-campanulate; four to five calyx lobes unequal to

subequal; calyx lobes narrowly triangular to tapering with an apical spine; calyx 10 to 15 nerved;

corolla subactinomorphic, throat glabrous topubescent; style branches equal; stamens divergent;

x¼ 12, 13; essential oils predominantly 3-oxygenated monoterpenoids.

. M. australis R.Br.

. M. cervina L.

. M. gattefossei Maire.

. M. laxiflora Benth.

. M. satureioides R.Br.

1.4.3.4 Section Mentha. Type Species: M. spicata L.

Habit uniformly upright; stolons subterranean or aerial; leaves ovate to lanceolate, cordate to

cuneate, entire to serrate or crenate, flat to revolute, smooth to rugose, sessile or petiolate;

hairs acicular or stellate; inflorescence various; bracts simple, equal to leaves to smaller than
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leaves, decreasing toward apex, or uniformaly smaller than leaves; flowers four to many per

axil; calyx subactinomorphic, throat glabrous or pubescent, tubular to campanulate; calyx

lobes subequal—four to five, deltoid-ovate to subulate, never ciliate, throat glabrous or

pubescent; calyx 10 to 12 nerved; corolla subactinomorphic, throat glabrous or pubescent;

style branches equal; stamens divergent to parallel; x¼ 12; essential oil chemistry varied.

. M. aquatica L.

. M. arvensis L.

. M. canadensis L.

. M. dahurica Fisch. ex Benth.

. M. japonica (Miq.) Makino

. M. longifolia (L.) L.

. M. spicata L.

. M. suaveolens Ehrh.

1.5 KEY TO THE SPECIES OF MENTHA

1. Calyx with 4 lobes 2

1a. Calyx with 5 lobes 3

2. Bracts of inflorescence digitately lobed, calyx lobes narrowed to a narrow spine, leaves

sessile 5. M. cervina

2a. Bracts of inflorescence simple, calyx lobes deltoid-ovate to broadly triangular,

leaves petiolate 6. M. dahurica

3. Calyx interior with hairy annulus 4

3a. Calyx interior glabrous or with only a few scattered hairs 14

4. Stems filiform, leaves 2 to 7 mm, four to eight flowers or leaf axil on prostrate stems,

not differentiated into an inflorescence 15. M. requienii

4a. Stems not filiform, leaves normally larger than 7 mm, many flowers=axil usually

in a defined inflorescence 5

5. Calyx zygomorphic 6

6. Leaves ovate to suborbicular, entire, obtuse to cuneate, petiolate, corolla interior with

hairy annulus 13. M. pulegium

6a. Leaves linear-oblanceolate, serrate, cuneate to attenuate, sessile, corolla interior

glabrous 8. M. gattefossei

6b. Calyx+ actinomorphic 7

7. Two to eight flowers=axil 8

7a. Nine to many flowers=axil 11

8. Leaves serrate with thin edge 9. M. grandiflora

8a. Leaves entire with thickened edge,+ revolute 9

9. Leaves ovate to suborbicular 14. M. repens

9a. Leaves oblong-lanceolate to lanceolate 10

10. Leaves obtuse to cuneate, calyx with 13 to 15 nerves, corolla interior essentially

glabrous 7. M. diemenica

10a. Leaves cuneate to attenuate, calyx with ten nerves, corolla interior with hairy

annulus 16. M. satureioides

11. Inflorescence verticillate 12

11a. Inflorescence capitate13

12. Leaves entire with thickened edge,+ revolute, cuneate to attenuate; calyx lobes

narrowly triangular to lanceolate 3. M. australis

12a. Leaves serrate with thin edge, cordate to obtuse; calyx lobes narrowly triangular

to subulate 11. M. laxiflora
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13. Leaves oblong-lanceolate to lanceolate, entire to serrate, corolla interior with hairy

annulus 6. M. dahurica

13a. Leaves ovate to suborbicular, crenate, corolla interior essentially glabrous 1.

M. aquatica

14. Inflorescence verticillate 15

14a. Inflorescence capitate or spicate 17

15. Leaves entire with thickened edge,+ revolute, corolla interior with hairy annulus, calyx

lobes narrowly triangular to lanceolate, calyx with 13 to 15 nerves 3. M. australis

15a. Leaves serrate with thin edge, corolla interior essentially glabrous, calyx lobes

deltoid-ovate to broadly triangular, calyx with 10 nerves 16

16. Leaves linear-oblanceolate and gradually decreasing in size toward the apex of the

blooming stem, usually pennyroyal- or peppermint-odored 4. M. canadensis

16a. Leaves ovate to suborbicular and not decreasing in size toward the apex of the

blooming stem, usually fruit-lavender-odored, rarely pennyroyal-odored 2.

M. arvensis

17. Inflorescence capitate 18

17a. Inflorescence spicate 19

18. Leaves linear-oblanceolate, entire with thickened edge,+ revolute, calyx lobes

deltoid-ovate to broadly triangular, pennyroyal-odored 10. M. japonica

18a. Leaves ovate to suborbicular, crenate with thin edge, calyx lobes narrowly

triangular to subulate, musty or lavender-odored 1. M. aquatica

19. Leaves rugose, ovate to suborbicular 20

19a. Leaves not rugose, oblong-lanceolate 21

20. Leaves pubescent with scattered dendroid hairs on abaxial surface, fruit-odored 18.

M. suaveolens

20a. Leaves glabrous; spearmint-, peppermint-, or infrequently fruit-odored 17.

M. spicata

21. Hairs all uniseriate, leaves widest near the middle; fertile anthers 0.28 to 0.38 mm

12. M. longifolia

21a. Scattered dendroid hairs on abaxial surface of leaves, leaves widest near base;

fertile anthers 0.38 to 0.52 mm 17. M. spicata

1.6 ENUMERATION OF SPECIES

The prominent synonyms cited in floristic treatments published within the last 50 years are

listed here. With over 3000 names published within this genus, not all synonyms can be listed

in this abbreviated account. Decades of research remain to be completed on typification of all

the published names (a thankless task), and, presently, only the names of ca. 1800 have been

adequately researched.

1.6.1 M. AQUATICA L., SP. PL. 576. 1753. TYPE: CLIFFORD HERBARIUM

(LECTOTYPE, BM!), 2n 5 96.

1.6.1.1 var. aquatica, Water Mint

. Mentha hirsuta Huds., Fl. Angl. 223. 1762.

. Mentha palustris Mill., Gard. Dict. ed. 8. n. 12. 1768.

. Mentha capitata Gilib., Fl. Lit. Inch. 1: 721. 1782.

. Mentha dubia Chaix ex Vill., Hist. pl. Dauphiné 2: 358. 1787.

. Mentha aquatica L. var. pedunculata Pers., Syn. pl. 2: 119. 1806.
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. Mentha ortmanniana Opiz, Naturalientausch 11: 437. 1826.

. Mentha purpurea Host, Fl. Austriac. 2: 141. 1831.

. Mentha aquatica L. var. stricta K. Koch, Linnaea 21: 651. 1849.

. Mentha pyrifolia Heinr. Braun, Verh. K.K. Zool. -Bot. Ges. Wien. 40: 420. 1890.

. Mentha aquatica L. var. ortmanniana Henir. Braun ex Briq., Lab. Alp. Mar. 82. 1891.

. Mentha dumetorum Schultes var. natalensis Briq., Bull. Herb. Boissier 2: 702. 1894.

. Mentha aquatica L. var. calaminthifolia Vis. ex Sagorski & Oswald, Mitt. Thüring. Bot.

Vereins 26: t. 4. 1910.
. Mentha pyrifolia (Heinr. Braun) Jáv., Magyar Fl. 940. 1925.
. Mentha perhirsuta (Borbás) Trautman in Jáv., Magyar Fl. 946. 1925.
. Mentha aquatica L. var. cordata Prodan, Bull. Inform. Grăd. Bot. Univ. Cluj 5: 114. 1925.
. Mentha aquatica L. f. ortmaniana (Opiz) Heinr. Braun ex Jančić, Glasn. Prir. Mus.

u Beogradu, Ser. B, Biol. Nauke 39: 30. 1984.

Distribution: throughout Europe except extreme north

Habitat: wet edges of ponds, lakes, and canals

1.6.1.2 var. citrata (Ehrh.) Fresen., Syll. Pl. Nov. 2: 234. 1828. Type: H.H. [Hortus

Herrenhusanus, The Royal Gardens of Herrenhausen, Hannover, Germany],

Ehrhart s.n. (Lectotype, GOET! Syntypes, GOET!), Orange Mint, Bergamot Mint

. Mentha citrata Ehrh., Beitr. Naturk. 7: 150. 1792.

. Mentha adspersa Moench, Methodus 379. 1794.

. Mentha aquatica L. f. citriodora G. Mey., Chloris Han. 290. 1836.

. Mentha �piperita L. subsp. citrata (Ehrh.) Briq., Bull. Soc. Bot. Genève 5: 62. 1889.

. Mentha �piperita L. var. citrata (Ehrh.) Rouy, Fl. France 11: 378. 1909.

. Mentha piperita L. nm. citrata (Ehrh.) Boivin, Naturaliste Canad. 93: 1061. 1966.

Distribution: Examining the genetics and chromosome numbers of multiple collections from

North America and Central Europe, Murray and Lincoln (1970) found most to be a high

linalool=linalyl acetate, male sterile forms of M. aquatica and not hybrids (although the male

sterility promotes hybridization with other species, as in M. �piperita ‘‘Lavanduliodora’’

from Italy and some forms of M. �piperita from England), and this is further supported by

flavonoid data (Voirin et al., 1999).

Habitat: as for var. aquatica, often cultivated

1.6.2 M. ARVENSIS L., SP. PL. 577. 1753. TYPE: LINNAEAN HERBARIUM (LECTOTYPE, S!),
CORNMINT, 2n 5 72

1.6.2.1 subsp. arvensis

Distribution: southern and western Europe

Habitat: moist fields and roadsides

1.6.2.2 subsp. parietariefolia (Becker) Briq., Bull. Soc. Bot. Genève 5: 43. 1889. Type:

Frankfurt, Germany (Holotype, FR!)

. Mentha gentilis L., Sp. pl. 1753.

. Mentha austriaca Jacq., Fl. Austriac. 5: 14. t. 430. 1778.

. Mentha praecox Sole, Menth. Brit. 31. t. 13. 1798.

. Mentha variegata Sole, Menth. Brit. 43. t. 19. 1798.
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. Mentha procumbens Thuill., Fl. Env. Paris ed. 2. 288. 1799.

. Mentha lapponica Wahlenb., Fl. Lapp. 161. t. 10. 1812.

. Mentha arvensis L. var. parietariaefolia Becker, Fl. Frankfurt 225. 1827.

. Mentha arvensis L. var. parietariaefolia (Becker ex Strail) Reichb., Icon. Bot. pl. Crit. 10:

25. t. 970. 1832.
. Mentha parietariaefolia Becker ex Steud., Nomencl. Bot. ed. 2. 2: 127. 1841.
. Mentha arvensis L. var. parietariaefolia (Becker) Wirtg., Herb. Menth. Rhen. 15. 1855.
. Mentha parietariaefolia (Becker) Boreau, Fl. centre France ed. 3. 2: 515. 1857.
. Mentha parietariaefolia (Becker) Heinr. Braun, Verh. KK. Zool. -Bot. Ges. Wien 36:

226. 1886.
. M. arvensis L. subsp. austriaca (Jacq.) Briq., Lab. Alp. Mar. 88. 1891.
. Mentha arvensis L. var. parietariaefolia (Becker) Fiori & Paol., Fl. Italia 3: 81. 1903.
. Mentha arvensis L. subsp. parietariifolia (Becker) Vollmann, Mitt. Bayer. Bot. Ges. 2:

207. 1909.
. Mentha arvensis L. var. parietariaefolia (Becker) Fraser, Bot. Soc. Exch. Club Brit. Isles 8:

245. 1927.

Distribution: northern and eastern Europe

Habitat: moist fields and roadsides

1.6.3 M. AUSTRALIS R.BR., PRODR. 505. 1810. TYPE: CATARACT RIVER, PORT

DALRYMPLE [TASMANIA, AUSTRALIA], R. BROWN #2349 (HOLOTYPE, BM!;
ISOTYPES, BM! K!), 2n 5 72

Micromeria australis (R.Br.) Benth. Labiat. Gen. Spec. 380. 1834.

Distribution: Australia (except West Australia), Tasmania

Habitat: near watercourses and waterholes, damp gullies

1.6.4 M. CANADENSIS L., SP. PL. 577. 1753. TYPE: KALM SPECIMEN IN LINNAEAN

HERBARIUM 730.18 (LECTOTYPE, LINN!), AMERICAN CORNMINT, JAPANESE

PEPPERMINT, HAKKA, 2n 5 96

. Mentha borealis Michx., Fl. Bor.-Am. 2: 2. 1803.

. Mentha canadensis L. var. villosa Benth., Labiat. Gen. Spec. 181. 1833.

. Mentha canadensis L. var. glabrata Benth., Labiat. Gen. Spec. 181. 1833.

. Mentha cinerea Raf., Herb. Raf. 68. 1833; New Fl. 4: 94. 1838; Autik. Bot. 112. 1840.

. Mentha canadensis L. var. glabrior Hook., Fl. Bor.-Am. 2: 111. 1838.

. Mentha trachiloma Raf., New Fl. 4: 984. 1838.

. Mentha ciliata Raf., New Fl. 4: 94. 1838; Autik. Bot. 113. 1840.

. Mentha agrestis Raf., Autik. Bot. 113. 1840.

. Mentha terebinthinacea Willd. ex Steud., Nomencl. Bot. ed. 2. 3: 128. 1841.

. Mentha arvensis L. f. piperascens Malinv. ex Holmes, Pharm. J. Lond. 13: 382. 1882.

. Mentha haplocalyx Briq., Bull. Bot. Soc. Genève 5: 39. 1889.

. Mentha haplocalyx Briq. subsp. pavoniana Briq., Bull. Soc. Bot. Genève 5: 40. 1889.

. Mentha haplocalyx Briq. subsp. austera Briq., Bull. Soc. Bot. Genève 5: 41. 1889.

. Mentha hakka Siebold, Verh. Batav. Genootsch. 22: 32. 1890.

. Mentha arvensis L. var. canadensis (L.) Kuntze, Revis. Gen. pl. 2: 524. 1891.

. Mentha arvensis L. var. borealis (Michx.) Kuntze, Revis. Gen. pl. 2: 524. 1891.

. Mentha disperma Sessé & Moc., Fl. Mexic. ed. 2. 135. 1894.
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. Mentha arvensis L. var. canadensis (L.) Briq., Bull. Herb. Boissier 2: 707. 1894.

. Mentha arvensis L. var. haplocalyx (Briq.) Briq., Bull. Herb. Boissier 2: 707. 1894.

. Mentha arvensis L. var. zollingeri Briq., Bull. Herb. Boissier 2: 707. 1894.

. Mentha arvensis L. var. pavoniana Briq., Bull. Herb. Boissier 2: 708. 1894.

. Mentha arvensis L. var. schmitzii Briq., Bull. Herb. Boissier 2: 708. 1894.

. Mentha arvensis L. var. sachalinensis Briq., Bull. Herb. Boissier 2: 708. 1894.

. Mentha arvensis L. var. penardi Briq., Bull. Herb. Boissier 3: 215. 1895.

. Mentha arvensis L. subsp. haplocalyx Briq., Nat. Pflanzenfam. 4(3a): 319. 1896.

. Mentha rubella Rydb., Mem. NY Bot. Gard. 1: 337. 1900.

. Mentha arvensis L. var. lanata Piper, Bull. Torrey Bot. Club 29: 222. 1902.

. Mentha canadensis L. var. lanata (Piper) Piper, Contrib. U.S. Nat. Herb. 11:

492. 1906.
. Mentha canadensis L. var. borealis (Michx.) Piper, Contrib. U.S. Nat. Herb. 11:

492. 1906.
. Mentha penardi (Briq.) Rydb., Bull. Torrey Bot. Club. 33: 150. 1906.
. Mentha arvensis L. var. glabrata (Benth.) Fernald, Rhodora 10: 86. 1908.
. Mentha lanata (Piper) Rydb., Bull. Torrey Bot. Club 36: 687. 1909.
. Mentha glabrior (Hook.) Rydb., Bull. Torrey Bot. Club 36: 686. 1909.
. Mentha occidentalis Rydb., Bull. Torrey Bot. Club 36: 687. 1909.
. Mentha canadensis L. var. lanata (Piper) J.K. Henry, Fl. s. Brit. Columbia 260. 1915.
. Mentha haplocalyx Briq. var. barbata Nakai, Bot. Mag. Tokyo 35: 178. 1921.
. Mentha sachalinensis (Briq.) Kudo, J. Coll. Sci. Imp. Univ. Tokyo 43: 47. 1921.
. Mentha nipponensis Kudo, Mem. Fac. Agric. Taihoku Imp. Univ. 2(2): 88. 1929.
. Mentha haplocalyx Briq. var. nipponensis Matsum. & Kudo ex Kudo, Mem. Fac. Agric.

Taihoku Imp. Univ. 2(2): 88. 1929.
. Mentha arvensis L. var. villosa (Benth.) S.R. Stewart, Rhodora 46: 333. 1944.
. Mentha haplocalyx Briq. var. piperascens (Malinv.) Wu and Li, Acta Phytotax. Sin. 12:

225. 1974.
. Mentha arvensis L. subsp. borealis Taylor & MacBryde, Canad. J. Bot. 56: 186. 1978.

Distribution: North America and eastern Asia; ancient amphidiploid of M. arvensis �
M. longifolia (Tucker and Chambers, 2002)

Habitat: streambanks, lake shores, moist fields and roadsides, high menthol forms

cultivated

1.6.5 M. CERVINA L., SP. PL. 578. 1753. TYPE: BURSER SPECIMEN IN BURSER

HERBARIUM (LECTOTYPE, UPS! SYNTYPES, BM! LINN!), HART’S
PENNYROYAL, 2n 5 26

. Pulegium cervinum (L.) Mill., Gard. Dict. ed. 8. n. 3. 1768.

. Mentha punctata Moench, Suppl. Methods 146. 1802.

. Mentha multifida Stokes, Bot. Mat. Med. 3: 318. 1812.

. Preslia glabriflora Opiz, Naturalientausch 8: 88. 1824; Flora 7: 323. 1824.

. Preslia villiflora Opiz, Naturalientausch 8: 88. 1824; Flora 7: 323. 1824.

. Preslia cervina (L.) Fresen., Syll. Pl. Nov. 2: 238. 1828.

Distribution: western Mediterranean, Spain, Portugal, and Mediterranean France

Habitat: from damp land to water (60 cm deep), normally overwintering under water in its

native habitat, spring growth erect with stems rich in aerenchyma
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1.6.6 M. DAHURICA FISCH. EX BENTH., LABIAT. GEN. SPEC. 181. 1833. TYPE: DAURIA, SIBERIA

(HOLOTYPE, UNKNOWN, NOT LE), 2n 5 72

Mentha aquatica L. subsp. sibirica Briq., Nat. Pflanzenfam. 4(3a): 319. 1896.

Distribution: eastern Siberia to north China and Hokkaido, Japan

Habitat: water meadows, more rarely dry valley meadows, shores of rivers and lakes, thickets,

wood margins

1.6.7 M. DIEMENICA SPRENG., SYST. VEG. 2: 724. 1825. TYPE: ‘‘TERRA DIEMEN’’ [TASMANIA,
AUSTRALIA] (HOLOTYPE, B-WILLD.?), 2n 5 120

. Mentha gracilis R.Br., Prodr. 505. 1810.

. Micromeria gracilis (R.Br.) Benth., Labiat. Gen. Spec. 380. 1834.

Distribution: widespread from South Australia to Tasmania and New South Wales, Australia

Habitat: unknown

1.6.8 M. GATTEFOSSEI MAIRE, BULL. SOC. HIST. NAT. AFRIQUE N. 13: 42. 1922. TYPE:
MOROCCO (HOLOTYPE, AL; ISOTYPE, G!), 2n 5 (+32, 40) 48

Distribution: Grand and Moyen Atlas Mountains, Morocco, between 1500 and 2200 m

Habitat: chiefly at the edge of dayas (pools drying in summer), less commonly in damp

pastures and meadows

1.6.9 M. GRANDIFLORA BENTH. IN J. MITCH., J. EXPED. TROP. AUSTRALIA 362. 1848. TYPE:
‘‘CAMP 29’’ [DEPôt CAMP, OVERLOOKING THE MARANOA NEAR MITCHELL,
QUEENSLAND, AUSTRALIA], T.L. MITCHELL #584 (HOLOTYPE, K!), 2n 5 ?

Distribution: subtropical eastern Australia from inland Queensland on Dividing Range

(+ 300 to 600 m) to northern New South Wales

Habitat: sandy soil

1.6.10 M. JAPONICA (MIQ.) MAKINO, BOT. MAG. (TOKYO) 20: 1. 1906. TYPE:
IN DECLIVITATE RIMOSIS MONTES FUZI SAMA INS. NIPPON [MT. FUJI, JAPAN],
PIEROT #657 (HOLOTYPE, L.!), HIME-HAKKA, 2n 5 48, (50)

Micromeria japonica Miq., Ann. Mus. Bot. Lugduno-Batavi 2: 106. 1865.

Satureja japonica Matsum. & Kudo, Bot. Mag. (Tokyo) 26: 299. 1912.

Distribution: Hokkaido and Honshu, Japan

Habitat: wet places in lowlands to mountains

1.6.11 M. LAXIFLORA BENTH. IN DC., PRODR. 12: 174. 1848.
TYPE: NEW HOLLAND [PORT PHILIP, VICTORIA, AUSTRALIA], GUNN S.N.
(HOLOTYPE, K!), 2n 5 ?

Distribution: Victoria and southern parts of New South Wales, especially Montane

Habitat: forests, usually in gullies, in regions above 508 mm annual rainfall
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1.6.12 M. LONGIFOLIA (L.) L., FL. MONSP. 19. 1756. TYPE: BURSER HERBARIUM

(LECTOTYPE, UPS!) 2n 5 24, (48)

As discussed in Tucker et al. (1980), Linnaeus may not have intended to publish this as a

species in his Flora Monspeliensis of 1756, but ‘‘intent’’ is not covered in the International

Code of Botanical Nomenclature (Greuter, 2000). We can also argue that Linnaeus’ intent

apparently was to raise this taxon as a species, as he did so in 1763 with the publication of

M. sylvestris.

This species has the most extensive geographical range and, correspondingly, the most

variation. Hence, some late-20th-century taxonomists, such as Borissova (1954) and Jamzad

(1987), have published even more new species in this complex without examination of the

ponderous amount of prior publications and types; M. asiatica Borissova, for example, is

conspecific with M. longifolia by AFLP markers (Gobert et al., 2002). Mentha longifolia has

been included in the floras of Great Britain and North America, but almost all specimens from

these areas are actually pubescent M. spicata with 2n¼ 48 or M. �villosonervata with 2n¼ 36.

This treatment essentially follows Briquet (1896) with updates; the 22 subspecies are listed here

geographically, from western Europe to India to South Africa (albeit, a temporary solution

until the full variation can be examined in detail with plants grown in a common environment).

1.6.12.1 subsp. longifolia, Horse Mint

. Mentha spicata L. var. longifolia L., Sp. pl. 576. 1753.

. Mentha longifolia (L.) Huds., Fl. Angl. 221. 1762.

. Mentha sylvestris L., Sp. pl. ed. 2. 804. 1763.

. Mentha chalepensa Mill., Gard. Dict. ed. 8. n. 11. 1768.

. Mentha mollissima Borkh. ex P. Gaertn., B. Mey. & Scherb., Oekon. Fl. Wetterau 2: 348.

1800.
. Mentha incana Willd., Enum. pl. 609. 1809.

Distribution: Europe

Habitat: wet alpine meadows and stream banks above 305 m

1.6.12.2 subsp. dumortieri (Déséglise & Th. Durand) Briq., Nat. Pflanzenfam. 4(3a): 322.

1896. Type: Mazures, Province de Liège, Belgium, Durand (Holotype, G)

. Mentha dumortieri Déséglise & Th. Durand, Bull. Soc. R. Bot. Belgique 17: 334. 1879.

. Mentha silvestris L. subsp. dumortieri (Déséglise & Th. Durand) Briq., Bull. Soc. Bot.

Genève 5: 91. 1889.
. Mentha longifolia Huds. var. dumortieri Top., Beih. Bot. Centralbl. 30(2): 163. 1913.

Distribution: Belgium

Habitat: unknown

1.6.12.3 subsp. lavandulacea (Willd.) Briq., Nat. Pflanzenfam. 4(3a): 321. 1896. Type:

‘‘Hort. Bot. Berol., Habitat in Hispania’’ (Holotype, B!)

Mentha lavandulacea Willd., Enum. pl. 609. 1809.

Distribution: Spain

Habitat: unknown
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1.6.12.4 subsp. erminea Briq., Nat. Pflanzenfam. 4(3a): 322. 1896. Type: Platania, Crete,

Reverchon (Holotype, G)

Mentha longifolia Huds. var. erminea Briq., Bull. Herb. Boissier 2: 700. 1894.

Distribution: Crete, central and southern Greece, Turkey

Habitat: marshes

1.6.12.5 subsp. cyprica (Heinr. Braun) Harley in Meikle, Fl. Cyprus 2: 1260. 1985. In der

Schluchten um das Kloster Trooditissa [in Ravines around Trooditissa Monastery,

5 km. Northwest of Platres, Cyprus], Kotschy 23 (Lectotype, W!)

. Mentha cyprica Heinr. Braun, Verh. KK. Zool. -Bot. Ges. Wien 39: 217. 1889.

. Mentha longifolia Huds. var. cyprica (Heinr. Braun) Briq., Bull. Herb. Boissier 2: 696.

1894.
. Mentha cyprica Heinr. Braun var. galatae Heinr. Braun ex Briq., Bull. Herb. Boissier.

696. 1894.
. Mentha longifolia Huds. var. galatae (Heinr. Braun) Briq., Bull. Herb. Boissier 2: 696.

1894.

Distribution: Cyprus mountains, 61 to 1646 m, generally above 610 m

Habitat: moist ground by streams and springs

1.6.12.6 subsp. grisella Briq., Nat. Pflanzenfam. 4(3a): 322. 1896. Type: Unknown

(Holotype, G!)

. Mentha grisella Briq. subsp. grisella Briq., Bull. Soc. Bot. Genève 5: 94. 1889.

. Mentha longifolia (L.) Huds. var. grisella (Briq.) Fiori & Paol., Fl. Italia 3: 76. 1903.

Distribution: Hungary, Rumania, Macedonia, Greece, Asia minor

Habitat: unknown

1.6.12.7 subsp. diabolina Briq., Nat. Pflanzenfam. 4(3a): 322. 1896. Type Langenthal,

Rumania, Barth (Holotype, G!)

Mentha longifolia Huds. var. diabolina Briq., Bull. Herb. Boissier 2: 698. 1894.

Distribution: eastern Europe, Asia

Habitat: moist areas

1.6.12.8 subsp. mollis (Rochel) Briq., Nat. Pflanzenfam. 4(3a): 322. 1896. Type:

in Banatu, Rochel (Holotype, GJO?)

. Mentha sylvestris L. var. mollis Rochel, Linnaea 12: 585. 1839.

. Mentha longifolia Huds. var. mollis (Rochel) Briq., Bull. Herb. Boissier 4: 692. 1896.

. Mentha longifolia (L.) Huds. var. mollis (Rochel) Hayek, Repert. Spec. Nov. Regni Veg.

30: 395. 1927.

Distribution: Romania, Yugoslavia

Habitat: unknown
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1.6.12.9 subsp. minutiflora (Borbás) Briq., Nat. Pflanzenfam. 4(3a): 322. 1896. Type:

prope Iraz in com. Bihar [Hungary], Borbás (Holotype, G)

. Mentha minutiflora Borbás, Bot. Centralbl. 25: 239. 1886. Borbás in A. Kern., Sched. Fl.

Exs. Austro-Hung. 5: 55. 1888.
. Mentha grisella Briq. subsp. minutiflora (Borbás) Briq., Bull. Soc. Bot. Genève 5: 95. 1889.
. Mentha longifolia Huds. var. minutiflora (Borbás) Briq., Bull. Herb. Boissier 4:

688. 1896.

Distribution: Hungary, Macedonia, Crete

Habiatat: unknown

1.6.12.10 subsp. typhoides (Briq.) Harley, Notes Royal Botanical Garden Edinburgh 38:

38. 1980. Type: In Syria ad rivulos montis Masmenen-Dagh prope Cesaream,

Balansa (Holotype, G-DEL)

. Mentha kotschyana Boiss. apud Kotschy, Iter. Cilicicum n. 307. 1853.

. Mentha sylvestris L. var. glabrata Boiss., Fl. Orient. 4: 544. 1879.

. Mentha silvestris L. subsp. kotschyana (Boiss.) Briq., Bull. Soc. Bot. Genève 5: 87. 1889.

. Mentha silvestris L. subsp. typhoides Briq., Bull. Soc. Bot. Genève 5: 90. 1889.

. Mentha longifolia Huds. var. typhoides (Briq.) Briq., Bull. Herb. Boissier 4: 685. 1896.

. Mentha longifolia Huds. var. kotschyana (Boiss.) Briq., Bull. Herb. Boissier 4: 688. 1896.

. Mentha longifolia Huds. subsp. kotschyana (Boiss.) Briq.,Nat. Pflanzenfam. 4(3a): 321. 1896.

Distribution: Aegean, N.W. Iran, N. Iraq, Turkey, Syria, Lebanon, Israel, Egypt

Habitat: marshy fields, by streams and rivers

1.6.12.11 subsp. caucasica Briq., Nat. Pflanzenfam. 4(3a): 322. 1896. Type: Caucasi Regio

Inferior, Brotherus (Holotype, G)

Mentha grisella Briq. subsp. caucasica Briq., Bull. Soc. Bot. Genève 5: 93. 1889.

Distribution: Caucasus

Habitat: unknown

1.6.12.12 subsp. calliantha (Stapf) Briq., Nat. Pflanzenfam. 4(3a): 321. 1986. Type:

‘‘in agro Ecbatanensi’’ Near Hamadan, Iran, Pichler s.n. (Holotype, WU!;

Isotypes, K, G, WU!)

. Mentha calliantha Stapf, Akad. Wiss. Wien, Math.-Naturwiss. Kl. Denkschr. 1: 36. 1885.

. Mentha silvestris L. subsp. calliantha Briq., Bull. Soc. Bot. Genève 5: 86. 1889.

. Mentha longifolia Huds. var. calliantha (Stapf) Briq., Bull. Herb. Boissier 4: 687. 1896.

Distribution: N.W. Iran, E. Anatolia

Habitat: marshy ground, streamsides

1.6.12.13 subsp. noëana (Boiss.) Briq., Nat. Pflanzenfam. 4(3a): 322. 1896. Type:

Iraq Near Baghdad, Noë #1013 (Holotype, G)

. Mentha noëana Boiss., Fl. Orient. 4: 543. 1879.

. Mentha sylvestris L. var. petiolata Boiss., Fl. Orient. 4: 543. 1879.

. Mentha royleana Bent. subsp. noëana (Boiss.) Briq., Bull. Soc. Bot. Genève 5: 80. 1889.

Mentha: An Overview of Its Classification and Relationships 23



Distribution: W. Iran, Iraq, S.E. Anatolia

Habitat: marshy grounds, streamsides

1.6.12.14 subsp. modesta Briq., Nat. Pflanzenfam. 4(3a): 322. 1896. Type:

Unknown (Holotype, G)

. Mentha royleana Benth. subsp. modesta Briq., Bull. Soc. Bot. Genève 5: 79. 1889.

. Mentha longifolia Huds. subsp. modesta Trautmann & Urum., Bot. Közlem. 31: 253. 1935.

Distribution: Asia minor, Iran, Tibet

Habitat: unknown

1.6.12.15 subsp. royleana (Benth.) Briq., Nat. Pflanzenfam. 4(3a): 322. 1896. Type:

Unknown (Holotype, K–W?)

Mentha royleana (Wallich), Numer List n. 1537. 1829; Benth. in Wallich, Pl. Asiat. Rar. 1: 30.

1829–1830.

Mentha sylvestris L. var. royleana (Wallich) J.D. Hook., Fl. Brit. India 4: 647. 1885.

Distribution: Asia minor, Iran, Afghanistan, Turkestan, Sibiria, Tibet

Habitat: river plains

1.6.12.16 subsp. hymalaiensis Briq., Nat. Pflanzenfam. 4(3a): 322. 1896. Type: Unknown,

Aitchison #620 (Holotype, G)

Mentha royleana Benth. subsp. hymalaı̈ensis Briq., Bull. Soc. Bot. Genève 5: 79. 1889.

Distribution: Himalayas, Afghanistan

Habitat: unknown

1.6.12.17 subsp. syriaca (Déseglise) Briq., Nat. Pflanzenfam. 4(3a): 322. 1896. Type:

Liban: Saı̈da, au Bord du Risseau entre le Moulin de Mjédel et Aı̈a-el-Hennàye;

Bord de l’Aqueduc du Moulin de Cheick-Ali, Gaillardot (Holotype, G)

. Mentha syriaca Déseglise, Bull. Soc. Études Sci. Angers 8–9: 242. 1880.

. Mentha grisella Briq. subsp. syriaca (Déseglise) Briq., Bull. Soc. Bot. Genève 5: 96. 1889.

. Mentha longifolia Huds. var. syriaca (Déseglise) Briq., Bull. Herb. Boissier 4: 689. 1896

Distribution: Syria

Habitat: wadis

1.6.12.18 subsp. pellita (Déséglise) Briq., Nat. Pflanzenfam. 4(3a): 322. 1896. Type:

Bois de Pins de Magdoùché S.S.E. Saı̈da [Syria], Gaillardot (Holotype, G)

. Mentha pellita Déséglise, Bull. Soc. Études Sci. Angers 8–9: 245. 1880.

. Mentha silvestris L. subsp. pellita (Déséglise) Briq., Bull. Soc. Bot. Genève 5: 92. 1889.

. Mentha longifolia Huds. var. pellita (Déséglise) Briq., Bull. Herb. Boissier 4: 690. 1896.

Distribution: Syria, Ethiopia

Habitat: wadis
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1.6.12.19 subsp. schimperi Briq., Nat. Pflanzenfam. 4(3a): 321. 1896. Type: ‘‘Vallis Sel’’

Yemen, Schimper #815 (Holotype, G-DEL)

. Mentha silvestris L. subsp. schimperi Briq., Bull. Soc. Bot. Genève 5: 85. 1889.

. Mentha longifolia Huds. var. schimperi Briq., Bull. Herb. Boissier 4: 686. 1896.

Distribution: Ethiopia, Sinai Peninsula, Yemen

Habitat: wadis

1.6.12.20 subsp. capensis (Thunb.) Briq., Nat. Pflanzenfam. 4(3a): 321. 1896. Type:

Cape, Lions Head, South Africa (Holotype, UPS!), balderjan, ballerja,

balterja, Wild Mint, kruisement, koena

. Mentha capensis Thunb., Prodr. Fl. Cap. 95. 1800.

. Mentha salicina Burch. ex Benth., Labiat. Gen. Spec. 170. 1833.

. Mentha lavandulacea Willd. var. latifolia Benth. in DC., Prodr. 12: 165. 1848.

. Mentha capensis Thunb. subsp. bouvieri Briq., Bull. Soc. Bot. Genève 5: 76. 1889.

. Mentha longifolia Huds. var. obscuriceps Briq., Bull. Herb. Boissier 2: 695. 1894.

. Mentha longifolia Huds. var. doratophylla Briq., Bull. Herb. Booissier 2: 695. 1894.

. Mentha longifolia Huds. subsp. bouvieri Briq., Nat. Pflanzenfam. 4(3a): 321. 1896.

. Mentha longifolia Huds. var. bouvieri (Briq.) Briq., Bull. Herb. Boissier 4: 687. 1896.

. Mentha longifolia Huds. var. capensis (Thunb.) Briq., Bull. Herb. Boissier 4: 687. 1896.

. Mentha longifolia Huds. var. salicina (Burch.) Briq., Nat. Pflanzenfam. 4(3a): 321. 1896.

. Mentha longifolia Huds. var. cooperi Cook, Fl. Cap. 5(1): 304. 1910.

Distribution: South Africa, Namibia, Zimbabwe, Lesotho

Habitat: in watercourses and moist places

1.6.12.21 subsp. polyadena Briq., Nat. Pflanzenfam. 4(3a): 321. 1896. Type: Transvaal,

South Africa, Otto Lincke (Holotype, G), koena

Mentha silvestris L. subsp. polyadena Briq., Bull. Soc. Bot. Genève 5: 84. 1889.

Distribution: South Africa, Lesotho

Habitat: along watercourses, on river banks, and in moist places

1.6.12.22 subsp. wissii (Launert) Codd, Bothalia 2: 170. 1983. Type: Im Sumpfgebiet des

Oberen Numastals 2100 m, Otjiseva, SW Africa [Otjiseva River, Omaruru

District, Brandberg, Namibia], Wiss #1418 (Holotype, FR!; Isotypes, M, PRE)

Mentha wissii Launert, Mitt. Bot., Staatssaml. München 2: 311. 1957.

Distribution: Namibia, South Africa

Habitat: in watercourses and moist places

1.6.13 M. PULEGIUM L. SP. PL. 577. 1753. TYPE: MAGNOL SPECIMEN IN LINNAEAN HERBARIUM

730.19 (LECTOTYPE, LINN!), EUROPEAN PENNYROYAL, 2n 5 20, (30, 40)

1.6.13.1 var. pulegium

. Pulegium vulgare Mill., Gard. Dict. ed. 8. n. 1. 1768.

. Pulegium erectum Mill., Gard. Dict. ed. 8. n. 2. 1768.
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. Mentha aromatica Salisb., Prod. Stirp. Chap. Allerton 80. 1796.

. Pulegium aromaticum S.F. Gray, Nat. Arr. Brit. pl. 2: 367. 1821.

. Pulegium pubescens Opiz ex Boenn., Prod. Fl. Monast. Westphal. 174. 1824.

. Pulegium heterophyllum Opiz ex Boenn., Prod. Fl. Monast. Westphal. 174. 1824.

. Pulegium tomentellum Presl., Fl. Sicul. 36. 1826.

. Mentha daghestanica Borissova, Bot. Mater. Gerb. Bot. Inst. Komarova Akad. Nauk SSR

16: 285. 1954.
. Pulegium daghestanicum (Borissova) Holub, Folia Geobot. Phytotax. 12(4): 429. 1977.

Distribution: southern, western, and central Europe, northwards to Ireland and central

Poland and extending to western and southern Ukraine Habitat: wet places, roadsides,

pond banks

1.6.13.2 var. micrantha (Fisch.) Benth. in DC., Prod. 12: 175. 1848. Type: River Don,

Russia (Holotype, K!)

. Mentha micrantha Fisch. ex Benth. in DC., Prodr. 12: 175. 1848.

. Pulegium micranthum Claus, Beitr., Pflanzenk. Russ. Reiches. 8: 244. 1850.

Distribution: southeast Russia, W. Kazakhstan

Habitat: sinkholes in steppes

1.6.14 M. REPENS (J.D. HOOK.) BRIQ. IN ENGL. & PRANTL, NAT. PFLANZENFAM. 4(3a): 319.
1896. TYPE: WOOLNORTH, TASMANIA, AUSTRALIA (HOLOTYPE, K!), 2n 5 ?

. Micromeria repens J.D. Hook., London J. Bot. 6: 274. 1847.

. Mentha serpyllifolia Benth. in DC., Prodr. 12: 174. 1848.

Distribution: Tasmania, Australia

Habitat: moist soil

1. 6.15 M. REQUIENII BENTH., LABIAT. GEN. SPEC. 182. 1833. TYPE: LAC DE CRENA

[CORSICA], REQUIEN S.N. (HOLOTYPE, K!), CORSICAN MINT, 2n 5 18

. Thymus parviflorus Req., Ann. Sci. Nat. (Paris) 5: 386. 1825.

. Thymus corsicus Pers. in Moris, Stirp. Sard. Elench. Fasc. 1: 37. 1827.

. Audibertia pusilla Benth., Bot. Reg. sub. t. 1282. 1829.

. Menthella requienii (Benth.) Pérard, Bull. Soc. Bot. France 17: 205. 1870.

. Thymus micranthus Salzm. & Pouzolz. ex Pérard, Bull. Soc. Bot. France 17: 206. 1870.

. Audibertia parviflora Nym., Consp. Fl. Eur. 597. 1881.

Distribution: Tyrrhenian Isles (Corsica, Sardinia, Montecristo, Caprera),+500 to 1500 m

Habitat: margins of still and running water, turf, and other damp places, often in shade

1.6.16 M. SATUREIOIDES R.BR., PRODR. 505. 1810. TYPE: PORT JACKSON [SYDNEY,
PARRAMATTA, NEW SOUTH WALES, AUSTRALIA], R. BROWN #2350 (HOLOTYPE, BM!
ISOTYPES, BM! K!), 2n 5 CA. 144

Micromeria satureioides (R.Br.) Benth., Labiat. Gen. Spec. 380. 1834.

Distribution: throughout Australia except in extreme north

Habitat: usually loamy soils
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1.6.17 M. SPICATA L., SP. PL. 576. 1753. TYPE: CLIFFORD HERBARIUM (LECTOTYPE, BM!),
SPEARMINT, 2n 5 48

1.6.17.1 subsp. spicata

. Mentha spicata L. var. viridis L., Sp. pl. 576. 1753.

. Mentha viridis (L.) L., Sp. pl. ed. 2. 804. 1763.

. Mentha romana Garsault, Fig. pl. Méd. t. 378. 1764.

. Mentha glabra Mill., Gard. Dict. ed. 8. n. 2. 1768.

. Mentha candicans Mill., Gard. Dict. ed. 8. n. 3. 1768.

. Mentha rubra Mill., Gard. Dict. ed. 8. n. 9. 1768 (nomen confusum).

. Mentha sylvestris L. var. glabra W. Koch, Syn. Fl. Germ. Helv. 550. 1837.

Distribution: this species has been shown to be an ancient amphidiploid of M. longifolia �M.

suaveolens by resynthesis (Harley and Brighton, 1977; Kokkini and Papageorgiou, 1982) and

AFLP markers (Gobert et al., 2002). The rugose-leaved plant, commonly sold as ‘‘Kentucky

Colonel’’ in the U.S. or M. cordifolia Auct., has been designated as a rugose varietas by

Harley (1963), but this name has not been published (and until all infraspecific epithets are

examined in this species, publication is probably best avoided).

Habitat: streambanks, lake shores, moist fields and roadsides, often cultivated

1.6.17.2 var. crispata (Schrad.) Schinz & Thellung, Fl. Schweiz ed. 3. 2: 292. 1914,

Crisped Spearmint. Type: ‘‘Hortic. Goett.’’ [Botanischer Garten, Göttingen,

Germany] and ‘‘Hortic. Bot. Berol.’’ (Holotype, B!)

. Mentha crispata Schrad. ex Willd., Enum. pl. 608. 1809.

. Mentha crispa L., Sp. pl. 576. 1753.

. Mentha cordifolia Opiz ex Fresen., Syll. Pl. Nov. 2: 232. 1828.

. Mentha viridis L. var. crispa Benth., Labiat. Gen. Spec. 174. 1833.

. Mentha viridis L. f. crispata (Schrad.) Wirtg., Herb. Menth. Rhen. 12. 1855.

. Mentha viridis L. var. cordifolia (Opiz) Pérard, Bull. Soc. Bot. France 17: 337. 1870.

. Mentha viridis L. var. crispata (Schard.) Pérard, Bull. Soc. Bot. France 17: 337. 1870.

. Mentha spicata L. var. cordifolia (Opiz), Schinz & Thellung, Fl. Schweiz ed. 3. 2: 292.

1914.
. Mentha �cordifolia (Opiz) Fraser, Bot. Soc. Exch. Club Br. Isles 8: 214. 1927.

Distribution and habitat: associated with cultivation

1.6.17.3 subsp. condensata (Briq.) Greuter & Burdet, Willdenowia 14: 301. 1985.

Type: Laconia, Greece (Holotype, G)

. Mentha tomentosa Dum. d’Urv. subsp. condensata Briq., Bull. Soc. Bot Genève 5:

97. 1889.
. Mentha microphylla K. Koch, Linnaea 21: 650. 1849.
. Mentha sieberi K. Koch, Linnaea 21: 649. 1849.
. Mentha sylvestris L. var. stenostachya Boiss., Fl. Orient. 4: 543. 1879.
. Mentha tomentosa Dum. d’Urv., Mém. Soc. Linn. Paris 1: 323. 1822; Enum. pl. Ponti-

Eux. 67. 1822.
. Mentha illyrica Borbás & Heinr. Braun, Verh. KK. Zool. -Bot. Ges. Wien 40: 390.

1890.
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. Mentha illyrica (Borbás & Heinr. Braun) Trautmann in Jáv., Magyar Fl. 931. 1925.

. Mentha microphylla K. Koch var. illyrica (Borbás & Heinr. Braun) Hayek, Repert. Spec.

Nov. Regni Veg. 30: 398. 1927.
. Mentha sofiana Trautmann, Bot. Közlem. 29: 111, 118. 1932.
. Mentha spicata L. subsp. tomentosa (Briq.) Harley, Notes Royal Botanical Gardens,

Edinburgh 38: 38. 1980.

Distribution: S. Italy, Sicily, Balkan Peninsula, and Aegean region

Habitat: as for subsp. spicata

1.6.17.4 var. undulata (Willd.) Lebeau, Soc. Éch. Pl. Vasc. Eur. Occid. Bassin Médit. III

Bull. 17: 68. 1979. Type: Horti Regii Botanici Berolinensis, Willdenow #10813

(Holotype, B-Willd.!)

. Mentha undulata Willd., Enum. Pl. 608. 1809.

. Mentha sylvestris L. var. undulata W. Koch in Sturm, Deutschl. Fl. 14(62): t. 4. 1833;

W. Koch, Syn. Fl. Germ. Helv. 550. 1837.
. Mentha longifolia Huds. var. undulta W. Koch ex Briq., Lab. Alp. Mar. 48. 1891.
. Mentha longifolia (L.) Huds. var. undulata (Willd.) Fiori & Paol., Fl. Italia 3: 74.

1903.

Distribution and habitat: associated with cultivation

1.6.18 M. SUAVEOLENS EHRH., BEITR. NATURK. 7: 149. 1792. TYPE: H.G. [HORTUS

GÖTTINGENSIS, BOTANISCHER GARTEN, GÖTTINGEN, GERMANY], EHRHART S.N.
(LECTOTYPE, GOET!), 2n 5 24

. Mentha rotundifolia Auct., non L.

. Mentha macrostachya Ten., Fl. Napol. 1: xxxiii. 1815.

. Mentha rotundifolia (L.) Huds. var. lachnaiochroa Malinv. ex Briq., Lab. Alp. Mar. 28. 1891.

1.6.18.1 subsp. suaveolens, Pineapple Mint

Distribution and habitat: the type is the cultivated variegated form (Harley, 1972); the

wild green form (name uncertain) is found in western Europe from Denmark to eastern Europe

and North Africa and the Canaries, along streambanks, lakeshores, moist fields, and roadsides.

1.6.18.2 subsp. insularis (Req.) Greuter, Soc. Éch. Pl. Vasc. Eur. Occid. Bassin Médit.

III Bull. 14: 58. 1972. Type: Unknown (Type, K)

. Mentha insularis Req. ex Coss. & Godr., Fl. France 2: 649. 1852.

. Mentha rotundifolia Huds. var. insularis (Briq.) Briq., Bull. Herb. Boissier 2: 692. 1894.

. Mentha rotundifolia (L.) Huds. subsp. insularis (Req.) Arcang., Comp. Fl. Ital. ed. 2. 420.

1894.
. Mentha insularis Req. var. reverchoni (Briq.) Rouy, Fl. France 11: 362. 1909.
. Mentha suaveolens Ehrh. var. reverchonii (Rouy) Greuter, Soc. Éch. Pl. Vasc. Occid.

Bassin Médit. III Bull. 14: 58. 1972.

Distribution: islands of the western Mediterranean above 305 m

Habitat: unknown
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1.6.18.3 subsp. timija (Coss. ex Briq.) Harley ex Harley & Brighton, Bot. J. Linn.

Soc. 74: 81. 1977. Type: Morocco (Lectotype, G!)

. Mentha timija Coss., Bull. Soc. Bot. France 22: 65. 1876; Coss. ex Briq., Bull. Herb.

Boissier 4: 679. 1896.
. Mentha suaveolens Ehrh. subsp. timija (Briq.) Greuter & Burdet, Willdenowia 14: 301. 1985.

Distribution: Morocco

Habitat: unknown

1.6.19 HYBRIDS OF MENTHA

Hybridization of species of section Mentha is common, but identification may be difficult.

Schultz (1854) was probably the first to recognize the complex hybrid origins of many mint

hybrids. Amateur taxonomists of the genus have treated sterility as the sine qua non criterion

of hybrid origin, forgetting that sterility is under genetic control (as well as chromosomal

imbalance), and that all the hybrids exhibit varying degrees of fertility that is environmentally

influenced. Malinvaud (1901) was the first to enumerate the indications of hybridity, and his

characters still bear repeating:

1 On observe, dans les Eumenthae, trois modes très distincts de l’inflorescence sur

lesquels àété fondée la subdivision Linnéene en Spicatae, Capitatae, Verticillatae. Or,

l’observation apprend et l’expérimentaiton confirme que dans les Menthes légitimes le

caractère de l’inflorescence est invariable. Donc toute inflorescence mixte, c’est-à-dire

offrant sur le même individu une combinaison ou un mélange des modes ci-dessus, sera

un signe d’hybridité, lequel est assez fréquent avec trois inflorescences pour cinque

espèces.

2 Les feuilles caulinaires sont subsessiles dans les Spicatae, nettement pétiolées

dans aquatica et arvensis; l’interversion de ces caractères sera une autre marque

d’hybridité.

3 La face interne du tube de corolle est constamment glabre dans les formes légitimes des

trois Spicatae et plus ou moins velue dans aquatica et arvensis; toute exception à cette

règle sera un criterium d’hybridité.

4 La base du calice est toujours plus ou moins velu ou pubescente dans les Verticillatae

légitimes; une parfaite nudité en ce point, coincidant presque toujours avec la

glabréité de la face interne de la corolle, provient d’un croisement entre les Mentha

arvensis et viridis.

5 Quand on voit sur une Verticillatae, en dehors de toute état pathologique our tératologique,

une abréviation des feuilles caulinaires moyennes, relativement aux supérieures aussi bien

qu’aux inférieures, d’où résulte dans l’ensemble un aspect claviforme, on peut conclure à

l’intervention d’une Spicata, principalement du rotundifolia.

Many of these hybrids have also been discussed by Harley (1975).

1.6.20 MENTHA 3CARINTHIACA HOST, FL. AUSTRIAC. 2: 149. 1831. TYPE:
IN CARINTHIA IN HUMIDIS INTER VILLACH ET BLEYBERG,
(HOLOTYPE, W5186!)

. Mentha wohlwerthiana F.W. Schultz, Jahresber. Pollichia 12: 29. 1854.

. Mentha �malinvaldi E.G. Camus, Bull. Herb. Boissier 1(1): 191. 1893.
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Distribution: This is accepted as a hybrid of M. arvensis�M. suaveolens, supported by resynth-

esis (Harley, 1975). Morphologically, this resembles M. arvensis. Two types exist at W; the one

chosen here most closely matches the description, while W5189 is most likely M.�gracilis.

1.6.21 M. 3DALMATICA TAUSCH, SYLL. PL. NOV. 2: 249. 1828.
TYPE: ‘‘DALMATIA,’’TAUSCH (TYPE PROBABLY PRC IN OLD,
UNSORTED MATERIAL), 2n 5 48

. Mentha haynaldiana Borbás, Oesterr. Bot. Z. 30: 19. 1880; Oesterr. Bot. Z. 43: 60. 1893.

. Mentha iraziana Borbás ex Heinr. Braun, Verh. KK. Zool. -Bot. Ges. Wien 40: 485. 1890.

Distribution: this is accepted as a hybrid of M. arvensis�M. longifolia. Morphologically, this is

similar to M. arvensis and also has been confused with pubescent collections of M. �gracilis

(Tucker andFairbrothers, 1990; Tucker et al., 1991). Until Tausch’s type is located, the name of

this nothospecies must remain uncertain.

1.6.22 M. 3DUMETORUM SCHULTES, OBSERV. BOT. 108. 1809. TYPE: ‘‘GALICIA,’’
SCHULTES (HOLOTYPE, M? BM?), 2n 5 60, 72, 84, 96

. Mentha pubescens Auct., ? an Willd., Enum. pl. 608. 1809.

. Mentha hirta Willd., Enum. pl. 608. 1809.

. Mentha nepetoides Lej., Rev. Fl. Spa. 116. 1824.

. Mentha ayassei Malinv., Bull. Soc. Bot. France 24: 234. 1877.

Distribution: this is a hybrid of M. aquatica � M. longifolia, supported by resynthesis

(Murray and Lincoln, 1972) and RAPD analysis (Khanuja et al., 2000). This has been

confused with pubescent collections of M. �piperita.

1.6.23 M. 3GRACILIS SOLE, MENTH. BRIT. 37. T. 16. 1798. TYPE:
SIDE OF A BROOK NEAR BRADFORD, WILTS, ENGLAND, SOLE S.N.
(TYPOTYPE, BM! SYNTYPES, BRIST! LINN!), SCOTCH SPEARMINT,
2n 5 54, 60, 61, 72, 84, 96, 108, 120

. Mentha gentilis Auct., non L.

. Mentha pratensis Sole, Menth. Brit. 39. t. 17. 1798.

. Mentha rivalis Sole, Menth. Brit. 45. t. 20. 1798.

. M. mülleriana F.W. Schultz, Flora 37: 543. 1854.

. Mentha cardiaca Gerarde ex Baker, J. Bot. 3: 245. t. 34. 1875.

Distribution: this is a hybrid of M. arvensis � M. spicata, supported by resynthesis (Tucker

and Fairbrothers, 1990; Tucker et al., 1991; Khanuja et al., 2000), often cultivated. The

inflorescence varies from subverticillate to subspicate, the former confused with collections of

M. arvensis subsp. parietariaefolia (e.g., M. gentilis L.).

1.6.24 M. 3MAXIMILIANEA F.W. SCHULTZ, FLORA 37: 472. 1854; JAHRESBER. POLLICHIA 12:
34. 1854. TYPE: IN LOCIS INCULTIS, AD RIVULOS, FOSSAS, INQUE DUMETIS REGIONIS

DOLLINAE DILUVII VALLIS RHENI AD PEDES MONTIUM, IN VICINITATE VIAE SERRATAE

MAXIMILIANEAE DICTAE PROPE WEISSENBURG COPIOSISSIME, F.W. SCHULTZ #115
(HOLOTYPE, B! ISOTYPES, B! K!), 2n 5 72, 84, 108

. Mentha suavis Guss., Pl. Rar. 387. t. 66. 1826, non Mentha suavis Hoffm. ex Sm. in Rees,

Cycl. 23: sub. n. 6. 1812.
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. Mentha schultzii Boutigny ex F.W. Schultz, Arch. Fl. France Allem. 2: 283. 1854.

. Mentha rodriguezii Malinv. in Marès, Cat. pl. Vasc. Baléares 335. 1880.

Distribution: This is accepted as a hybrid of M. aquatica �M. suaveolens. Morphologically,

this is intermediate between both parental species and bears a subspicate inflorescence.

1.6.25 M. 3PIPERITA L. SP. PL. 576. 1753. TYPE: SHERARD HERBARIUM, SHERARD

(TYPOTYPE, OXF!), PEPPERMINT, 2n 5 72, 84, 108

1.6.25.1 var. piperita, Black and Hairy Peppermints

. Mentha nigricans Mill., Gard. Dict. ed. 8. n. 12. 1768.

. Mentha rubra Mill., Gard. Dict. ed. 8. n. 9. 1768 (nomen confusum).

. Mentha odora Salisb., Prod. Stirp. Chap. Allerton 80. 1796.

. Mentha odorata Sole, Menth. Brit. 21. t. 9. 1798.

. Mentha hircina Hull, Brit. Fl. 1: 127. 1799.

. Mentha pyramidalis Ten., Fl. Napol. 1: 34. 1815.

. Mentha eriantha K. Koch, Linnaea 21: 650. 1849.

. Mentha � reverchonii Briq., Bull. Soc. Bot. Genève 5: 676. 1889.

Distribution: this species is a hybrid of M. aquatica � M. spicata, supported by resynthesis

(Murray et al., 1972), AFLP markers (Gobert et al., 2002), and flavonoid data (Voirin et al.,

1999), widely cultivated. The leading economic cultivar of var. piperita, ‘‘Mitcham,’’ can be

recreated by crossing a high menthone clone of M. spicata with a high menthofuran clone of

M. aquatica that also has the genes for ketone reductase, resulting in high menthol in the F1

progeny, a compound not present beyond trace levels in either parent (Murray et al., 1972).

This variety typically bears a capitate inflorescence. Pubescent forms may reflect the genetics

of either parent but regularly appear spontaneously in vegetatively propagated commercial

‘‘Mitcham’’ peppermint fields as a mutation of one to two genes, so the designation of f.

hirsuta (Fraser) Graham (Watsonia 2: 32. 1951) is probably the best designation, rather than

nothosubsp. pyramidalis (Ten.) Harley (Kew Bull. 37: 604. 1983). The hybrids of M. aquatica

var. citrata�M. spicata would fall within this variety on the basis of morphology (e.g.,

Mentha odorata Sole), but might deserve recognition at the level of forma or cultivar.

1.6.25.2 var. crispa (Benth.) W. Koch, Syn. Fl. Germ. Helv. 551. 1837. Type: Linnaean

Herbarium 730.7 (Lectotype, LINN!), Curly Mint

. Mentha aquatica L. var. crispa (L.) Benth., Labiat. Gen. Spec. 177. 1833.

. Mentha aquatica L. var. crispa G. Mey., Chloris Han. 291. 1836.

. Mentha piperita L. f. crispa (L.) Wirtg., Herb. Menth. Rhen. 12. 1855.

. Mentha aquatica L. var. crispa (L.) Heinr. Braun ex Top., Beih. Bot. Centralb. 30(2): 171.

1913.

Distribution: associated with cultivation

1.6.25.3 var. officinalis Sole, Menth. Brit. 15. t. 17. 1798. Type: Swampy Place on

Lansdown Called the Wells, it Being the First Spring-Head of Locks-Brook,

England, Sole s.n. (Lectotype, BRIST! Syntypes, LINN! BM!),

White Peppermint

Mentha kahirina Forssk., Fl. Aegypt-Arab. 213. 1775.

Mentha piperita L. var. officinalis W. Koch, Syn. Fl. Germ. Helv. 551. 1837.
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Distribution: as for var. piperita. This bears a subspicate inflorescence. Hybrids that are high

in linalool=linalyl acetate (e.g., ‘‘Lavanduliodora’’) belong here.

1.6.26 M. 3ROTUNDIFOLIA (L.) HUDS., FL. ANGL. 221. 1762. TYPE: BURSER HERBARIUM

(LECTOTYPE, UPS!)

. Mentha spicata L. var. rotundifolia L., Sp. pl. 576. 1753, 2n¼ 24.

. Mentha niliaca Juss. ex Jacq., Hort. Bot. Vindob. 3: 46. t. 87. 1777.

. Mentha amaurophylla Timb.-Lagr., Bull. Soc. Bot. France 7: 257. 1860.

. Mentha nouletiana Timb.-Lagr., Bull. Soc. Bot. France 7: 259. 1860.

. Mentha �timbali Rouy, Fl. France 11: 372. 1909.

. Mentha villosa Auct., non Huds.

Distribution: This is accepted as a hybrid of M. longifolia � M. suaveolens (Harley,

1972, 1975).

1.6.27 M. 3SMITHIANA R. GRAHAM, WATSONIA 1: 89. 1949. TYPE: UNDER A WET HEDGE

IN THE ROAD FROM WATTON TO SAHAM CHURCH, NORFOLK, ENGLAND, SMITH

(HOLOTYPE, LINN! ISOTYPES K!), RED MINT, SOMETIMES CULTIVATED, 2n 5 54,
98, 108, 120

Mentha rubra Sm., Trans. Linn. Soc. Lond. 5: 205. 1800, non Mentha rubra Mill., Gard. Dict.

ed. 8. n. 9. 1768.

Distribution: this is accepted as a hybrid of M. aquatica � M. arvensis � M. spicata.

1.6.28 M. 3VERTICILLATA L., SYST. NAT. ED. 10. 1099. 1759. TYPE: LINNAEAN SPECIMEN

IN LINNAEAN HERBARIUM 730.13 (LECTOTYPE, LINN!), 2n 5 42, 54, 78, 84, 90,
96, 120, 132

. Mentha sativa L., Sp. pl. ed. 2. 805. 1763.

. Mentha dentata Moench, Methodus 380. 1794.

. Mentha agrestis Sole, Menth. Brit. 33. t. 14. 1798.

. Mentha paludosa Sole, Menth. Brit. 49. t. 22. 1798.

. Mentha acutifolia Sm., Trans. Linn. Soc. Lond. 5: 203. 1800.

. Mentha abruptifolia Borbás ex Heinr. Braun, Verh. KK. Zool. -Bot. Ges. Wien 40:

440. 1890.
. Mentha pluriglobula Borbás, Term. Füz. 16: 52. 1893.
. Mentha verticillata L. var. pluriglobula (Borbás) Hayek, Repert. Spec. Nov. Regni Veg.

30: 387. 1927.
. Mentha verticillata L. f. pluriglobula (Borbás) Janković in Josifović Fl. SR Srbjie 6:

519. 1974.
. Mentha bulgarica Borbás, Magyar Bot. Lapok 4: 53. 1905.

Distribution: This is accepted as a hybrid of M. aquatica � M. arvensis. The inflorescence

varies from subverticillate to subcapitate.

32 Mint: The Genus Mentha



1.6.29 M. 3VILLOSA HUDS., FL. ANGL. ED. 2. 250. 1778. TYPE: HUDSON HERBARIUM

(LECTOTYPE K!), 2n 5 36

1.6.29.1 var. villosa

. Mentha niliaca Auct., non Willd., Sp. pl. 3: 76. 1801.

. Mentha gratissima G.H. Weber in Wigg., Prim. Fl. Holsat. 43. 1780.

. Mentha nemorosa Willd., Sp. pl. 3: 75. 1801.

. Mentha lamyiMalinv.,Bull.Soc.Bot.France27: 335.1880;Bull.Soc.Bot.France28: 76. 1881.

. Mentha mosoniensis Heinr. Braun, Verh. KK. Zool. -Bot. Ges. Wien 40: 373. 1890.

. Mentha scotica R. Graham, Watsonia 4: 119. 1958.

. Mentha digenea Briq. ex Petrak in Rech. fil., Fl. Aegaea 543. 1943.

Distribution: This species is accepted as a hybrid of M. spicata �M. suaveolens, supported by

resynthesis (Harley, 1972, 1975).

1.6.29.2 var. alopecuroides (Hull) Briq., Bull. Herb. Boissier 4: 679. 1896.

Type: Reperitur in aquosis in Cantio et Essexia, England, Sole s.n.

(Neotype, Here Designated, LINN! Syntypes BRIST! BM!),

Apple Mint Bowles Mint, Egyptian Mint

. Mentha alopecuroides Hull, Brit. Fl. 1: 126. 1799.

. Mentha rotundifolia Sole, Menth Brit. 9. t. 4. 1798.

. Mentha velutina Lej., Rev. Fl. Spa. 115. 1824.

. Mentha sylvestris L. var. alopecuroides Baker, J. Bot. 3: 238. 1865.

. Mentha �niliaca Jacq. var. alopecuroides (Hull) Fraser, Bot. Soc. Exch. Club Brit. Isles 8:

220. 1927.
. Mentha �villosa Huds. nm. alopecuroides (Hull) Harley, J. Linn. Soc., Bot. 65:

253. 1972.
. Mentha rotundifolia (L.) Huds. subsp. alopecuroides (Hull) Malagarriga Heras, Acta

Phytotax. Barcinon. 18: 9. 1977.

Distribution: as for var. villosa, possibly a backcross (Harley, 1975), often cultivated

1.6.29.3 var. nicholsoniana (Strail) Harley, Watsonia 18: 212. 1990. Type: unknown

(Type unknown)

. Mentha nicholsoniana Strail, Bot. Soc. Exch. Club Brit. Isles 1: 186. 1908.

. Mentha �niliaca Jacq. var. nicholsoniana (Strail) Fraser, Bot. Soc. Exch. Club Brit. Isles

8: 217. 1927.

Distribution: as for var. villosa (Harley, 1975)

1.6.30 M. 3VILLOSO-NERVATA OPIZ, NOMENCL. BOT. 1: 60. 1831.
TYPE: UNKNOWN (HOLOTYPE, PR? PRC? PRM?),
‘‘AMERICAN’’ SPEARMINT, 2n 5 36

Distribution: This is accepted as a hybrid of M. longifolia � M. spicata, often cultivated.

Simple selfing of many selections of M. spicata with 2n¼ 48 will also produce plants with

2n¼ 36; these two origins cannot be satisfactorially distinguished, so this nothospecific name
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is the best alternative. This hybrid usually appears almost morphologically indistinguishable

from M. spicata, but some forms are recognizable (Harley, 1975).

EXCLUDED SPECIES

1.6.31 M. CUNNINGHAMII (BENTH.) BENTH. IN DC., PROD. 12: 174. 1848. TYPE:
RICHARD CUNNINGHAM, 1833, ‘‘ON WET GROUND AT THE VILLAGE OF

MANGAMUKA ON THE HOKIANGA RIVER’’ (HOLOTYPE, K!) 2n 5 72

Micromeria cunninghamii Benth., Labiat. Gen. Spec. 730. 1835.

Distribution: New Zealand (North Island, South Island, Stewart Island, Chatham Island)

Habitat: lowland to higher montane grassland and rather open places
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APPENDIX 1.1

Data Matrix Used in Maximum Parsimony and Neighbor-Joining Analyses

MIBR 00002 10100 00011 01001 0000? ?0

MEAQ 22002 10102 0221A 21031 10002 31

MEAR 21011 10100 00210 31001 10002 20

MEAU 1B120 10100 0121A 11010 11002 20

MECA 21111 10100 01210 31001 10002 30

MECE 11220 10000 11211 11140 10003 00

MECU 01000 00A00 00011 31001 10002 2?

MEDA 2B11A 10102 01211 21A01 11012 2?

MEDI 11110 00100 01A11 11010 10002 40

MEGA 12221 10000 01201 10041 10002 10

MEGR 00011 10100 00111 11020 1000? ?0

MEJA 21110 00102 01110 21001 10004 00

MELA 1?101 10100 01211 21020 1100? ??

MELO 2B101 10A01 02210 31011 10002 00

MEPU 10010 00100 01201 10030 11101 A0

MERP 11010 00100 01A11 C1011 1000? ??

MERQ 00010 00100 00101 11031 10000 00

MESA 12120 00100 00111 21021 1100? ?0

MESP 2B101 1A001 02210 31011 10002 10

MESU 2B001 11AA1 02210 31011 10002 00

A¼ 0&1, B¼ 1&2, C¼ 2&3, missing data¼ ?

Taxon key. MIBR¼Micromeria brownei var. pilosiuscula, MEAQ¼Mentha aquatica, MEAR¼M. arvensis,

MEAU¼M. australis, MECE¼M. cervina, MEGA¼M. gattefossei, MEDI¼M. diemenica, MEGR¼M.

grandiflora, MERQ¼M. requienii, MEPU¼M. pulegium, MERP¼M. repens, MELA¼M. laxiflora, MESA¼M.

sautureioides, MEDA¼M. dahurica, MEJA¼M. japonica, MECA¼M. canadensis, MELO¼M. longifolia,

MESP¼M. spicata, MESU¼M. suaveolens, MECU¼M. cunninghamii.

34 Mint: The Genus Mentha



REFERENCES

Allan, H.H. (1982). Flora of New Zealand. Volume I. Indigenous Tracheophyta. P.D. Hasselberg,

Wellington.

Arnold, M.L. (1997). Natural Hybridization and Evolution, Oxford University Press, New York.

Ashlock, P.D. (1984). Monophyly: its meaning and importance. In: Cladistics: Perspectives on the

Reconstruction of Evolutionary History, Duncan, T. and Stuessy, T.F., Eds., Columbia Univer-

sity Press, New York, pp. 39–46.

Beck, C.B., Ed. (1976). Origin and Early Evolution of Angiosperms. Columbia University Press, New

York.

Bentham, G. (1835). Micromeria. In: Labiatarum Genera et Species, Bentham, G., James Ridgway and

Sons, London, pp. 380–381.

Bentham, G. (1848). Mentha. In: Prodromus Systematis Naturalis Regni Vegetabilis, DeCandolle, A.,

Ed., Victoris Masson, Paris, Vol. 12, pp. 164–177, 698.

Borissova, A. (1954). Labiatae novae. Bot. Mater. Gerb. Bot. Inst. Komarova Akad. Nauk SSSR, 16,

274–285.

Bouman, F. and Meeuse, A.D.J. (1992). Dispersal in Labiatae. In: Advances in Labiate Science, Harley,

R.M. and Reynolds, T., Eds., Royal Botanic Gardens, Kew, pp. 193–202.

Braun, H. (1886). Ueber einige Arten und Formen der Gattung Mentha, mit besonderer Berüksichti-

gung der in Oesterreich-Ungarn wachsenden Formen, Verh. KK. Zool. -Bot. Ges. Wien. 40,

351–508, pl. 7, 8.

Briquet, J. (1889). Fragmenta monographiae Labiatarum. Fascicule 1er. Révision systématique des
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ment dans le genre Mentha, Compt. -Rend. Congr. Soc. Savantes Paris Dep. Sec. Sci., 1903,

132–135.

36 Mint: The Genus Mentha



McDade, L. (1990). Hybrids and phylogenetic systematics I. Patterns of character expression in hybrids

and their expression for cladistic analysis, Evolution, 44, 1685–1700.

McDade, L. (1992). Hybrids and phylogenetic systematics II. The impact of hybrids on cladistic

anlaysis, Evolution, 46, 1329–1346.

McDade, L. (1997). Hybrids and phylogenetic systematics III. Comparision with distance methods,

Syst. Bot., 22, 669–683.

McDade, L. (2000). Hybridization and phylogenetics: special insights from morphology. In: Phylogen-

etic Analysis of Morphological Data, Wiens, J.J., Ed., Smithsonian Inst, Press, Washington,

D.C., pp. 146–164.

Médail, F. and Verlaque, R. (1997). Ecological characteristics and rarity of endemic plants from southeast

France and Corsica: Implications for biodiversity conservation, Biol. Conserv., 80, 269–281.

Metcalf, E.H. (1936). Studies in the genus Mentha. Ph.D. Thesis, University of Reading, Reading,

England.

Mildenhall, D.C. (1980). New Zealand and Late Cretaceous and Cenozoic plant biogeography:

a contribution, Palaeogr., Palaeoclimatol., Palaeoecol., 31, 197–233.

Miller, P. (1768). The Gardeners Dictionary, 8th ed., Miller, P., London.
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103–123.

Raven, P.H. and Axelrod, D.I. (1974). Angiosperm biogeography and past continental movements,

Ann. Missouri Bot. Gard., 61, 539–673.

Rogers, G. and Walker, S. (2002). Taxonomic and ecological profiles of rarity in the New Zealand

vascular flora, New Zeal. J. Bot., 40, 73–93.

Schultz, F. (1854). Untersuchungen über die Arten, Abarten und Bastarden der Gattung Mentha, mit
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2.1 ANATOMY

Essential oils are lipophilic substances produced by specialized secreting tissues called glan-

dular trichomes. According to Fahn (1979, 1988a, 1988b), glandular trichomes secreting

essential oils are the base for the economic importance of several plant families, including

the Lamiaceae. In peppermint, the site of terpene biosynthesis has been localized to the

secretory cells of the glandular trichomes (Gershenzon et al., 1989; McCaskill et al., 1992),

mainly located on the leaf and stem surfaces (Amelunxen, 1965; Fahn, 1979). Two types of

glandular trichomes occur on peppermint: small, capitate glandular trichomes, with a single

secretory head cell; and peltate glandular trichomes, with an eight-celled apical cluster of

secretory cells, subtended by a stalk and a basal cell, the latter embedded between the

ordinary epidermal cells (Fahn, 1979; Maffei et al., 1989, Werker, 1993). Peltate trichomes

are enveloped by a large cuticular sheath, which accumulates the essential oil in the under-

lying storage space (Figure 2.1). Capitate glandular trichomes have only limited storage

capacity, and their secretion, which is extruded to the outside through a porous cuticle,

appears to consist mainly of a complex mixture of carbohydrates, lipids, and proteins

(Werker et al., 1985; Ascensão and Pais, 1998). Whatever the exact nature of the capitate

gland secretory products, it is clear that the bulk of the monoterpenes of peppermint essential

oil is produced by and stored in the peltate glandular trichomes (Turner et al., 2000a).

Maffei et al. (1986, 1989), using scanning electron microscopy to estimate gland numbers

and densities on developing leaves of peppermint and its cv. lavanduliodora, found that

young leaves contained fewer glandular trichomes than older leaves, indicating an evident

gland production during leaf growth. In the case of peppermint, considerable variation in

monoterpene content between individual trichomes was observed, although the trend toward

production of menthol and related isomers did correlate with leaf size and age (Maffei et al.,

1989). The variation in oil content was taken as evidence that glands of different ages occur in

close proximity. More recently, Turner et al. (2000a) have shown that new glands are

continually produced during leaf growth and that newly initiated glands do occur together

with mature glands in growing regions, such that neighboring glands within the same leaf

zone are often of different ages. Turner and colleagues (2000a) have also examined the pattern

Elevated cuticle

Subcuticular oil storage cavity

Secretory cells

Stalk cell

Basal cell
Epidermis

Mesophyll

FIGURE 2.1 Schematic diagram of a peppermint leaf peltate glandular trichome illustrating the place-

ment of these epidermal structures and the relationship of the disk of secretory cells to the stalk and

basal cells and to the subcuticular storage space. (From Turner et al., Plant Physiol., 120, 879–886, 1999.

With permission.)
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of peltate glandular trichome initiation and ontogeny on developing peppermint leaves by

studying the populations of peltate glands in each of seven developmental stages within

sampling areas of leaf apical, mid-, and basal zones for both lower and upper epidermises

(Figure 2.2). The results confirm previous results (Maffei et al., 1989; Shanker et al., 1999)

that new peltate glands continue to form until leaf expansion ceases and that regions of active

gland initiation are unevenly distributed. The distribution of gland initiation reflects

the basipetal pattern of leaf maturation, with relatively immature regions at the leaf base

continuing to produce oil glands long after gland production has stopped at the leaf apex.

The proportion of glands in the secretory stage as a function of leaf development and the

direct observations of living glands over a period of 33 h indicate that a period of only 20 to

30 h of secretory activity is required for filling of the gland storage compartment with

essential oil (Turner et al., 2000a).

From an ultrastructural point of view, peltate glands arise as epidermal protuberances

(initials) that divide asymmetrically to produce a vacuolate basal cell, a stalk cell, and a

cytoplasmically dense apical cell. Further divisions of the apical cell produce a peltate

trichome with one basal cell, one stalk cell, and eight glandular (secretory) disk cells

(Figure 2.3 through Figure 2.6) (Turner et al., 2000b). The secretory phase coincides with

the separation and filling of the subcuticular oil storage space (Figure 2.5), the maturation of

glandular cell leucoplasts in which monoterpene biosynthesis is known to be initiated, and the

formation of extensive smooth endoplasmic reticulum at which hydroxylation steps of the

monoterpene biosynthetic pathway occur (Figure 2.5 and Figure 2.6). In the three-celled

Distribution of gland developmental stages
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FIGURE 2.2 Distribution of peltate trichome developmental stages among leaves of various ages. Bars

indicate the percentage of the total gland number represented by each development stage (left axis). The

line graph indicates the total number of peltate glands (right axis) for each leaf size class. Peltate gland

stages: 2 two-celled apical discs; 4 four-celled 8s, eight-celled, small; 8L, eight-celled, large; S2, early

state; S, middle secretary stage; S1, postsecretory stage. Error bars represent Ses. (From Turner et al.,

Plant Physiol., 124, 655–663, 2000a. With permission.)
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glandular hairs where the subcuticular space is very narrow, an extraplasmatic space develops

between the cytoplasm and the cell wall (Amelunxen, 1964).

Circumstantial evidence based on ultrastructural correlation, specific labeling, and sub-

cellular fractionation studies indicates that at least the early steps of monoterpene biosyn-

thesis occur in plastids. (4 S)-Limonene synthase, which is responsible for the first dedicated

step of monoterpene biosynthesis in mint species, appears to be translated as a preprotein

bearing a long plastidial transit peptide. Turner and colleagues (1999), by means of immu-

nogold labeling using polyclonal antibodies raised to the native enzyme, have demonstrated

the specific localization of limonene synthase to the leucoplasts of peppermint secretory cells

of peltate glandular trichomes during the period of essential oil production (Figure 2.7).

Labeling was shown to be absent from all other plastid types examined, including the basal

FIGURE 2.3 Early presecretrory state in peppermint glandular trichomes. A, Cryofixed glandular

trichome initial consisting of a single cell with a vacuolate basal region and an apical region containing

the nucleus, numerous mitochondria, and plastics, but few vacuoles, bar 5.2 mm. B, Chemically fixed

glandular trichome initial after periclinal cell divisions, with a vacuolate basal cell (BC), narrow stalk cell

(SC), and the apical disk initial cell (AI), bar 5.5 mm. (From Turner et al., Plant Physiol., 124, 665–679,

2000b. With permission.)

FIGURE 2.4 Transverse section through a chemically fixed presecretory peltate gland with an eight-

celled apical disc. BC, Basel cell; SC, stalk cell; DC, disk cell. Arrow indicates a thickening stalk cell

lateral wall, bar 5.5 mm. (From Turner et al., Plant Physiol., 124, 665–679, 2000b. With permission.)
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FIGURE 2.5 Secretory stage. A, Cryofixed early-secretory stage peltate gland. DC, Apical disk cell; SC,

stalk cell; BC, basal cell. Arrow indicates the lateral rim of raised cuticle, bar 5.10 mm. B, Chemically

fixed secretory stage peltate gland. Arrow indicates the lowermost extension of the subcuticular oil

storage (SCS) at the juncture of the stalk and disk cells, bar 5.5 mm. (From Turner et al., Plant Physiol.,

124, 665–679, 2000b. With permission.)

FIGURE 2.6 Postsecretory stage. A, Chemically fixed postsecretory stage peltate gland showing a large

SCS containing lipid above the fibrillar material coating the glandular disk cells, bar 5.10 mm. (From

Turner et al., Plant Physiol., 124, 665–679, 2000b. With permission.)
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and stalk cell plastids, confirming that the leucoplastidome of the oil gland secretory cells is

the exclusive location of limonene synthase. However, succeeding steps of monoterpene

metabolism in mint appear to occur outside the leucoplasts of oil gland cells.

Morphometry, microfluorimetry, and electron microscopy were also used by Maffei and

coworkers (Berta et al., 1993) to investigate the size, ploidy level, and morphology of the

nucleus of the individual cells forming the peltate and capitate glandular trichomes of

peppermint. Nuclear hypertrophy was observed in the secretory cells of both kinds of

trichomes. This was explained by polyploidization and by variations in chromatin structure,

which is related to increased translational activity. Endopolyploidy often occurs in metabol-

ically active cells, probably concomitant with DNA amplification, whereas chromatin organ-

ization represents a general control of gene expression (Baluska, 1990).

It is clear from this short review that the role of glandular trichomes in secreting essential

oils is the base for the economic exploitation of plants, such as those belonging to the genus

Mentha, producing essential oils. According to McCaskill and Croteau (1999b), the goal of

bioengineering for the development and metabolism of glandular structures can be focused on

increasing product yield (qualitatively and quantitatively). Alternatively, particular commer-

cial crops can be used to introduce the production of novel compounds to improve the

resistance to herbivory or to provide a renewable source of specific chemicals (McCaskill

and Croteau, 1999b). Furthermore, glandular structures may be engineered to produce

biopharmaceuticals relevant to clinical medicine, in what is now called medical molecular

farming (Daniell et al., 2001).

2.2 PHYSIOLOGY

The economic importance of mint oils has prompted a series of investigations into the

physiology of the plants. These are focused on many aspects of the mint physiology: from

nutrition to photosynthetic responses, from water stress to the effect of light irradiation, and

from genotypic variation to phenotypic plasticity. Whereas some mint species have a narrow

array of economically important compounds (i.e., spearmint, pennyroyal), others, such as

peppermint, produce tens of compounds that can affect the quality of the produced oil. The

latter case makes studies on mint physiology of paramount importance.

FIGURE 2.7 A, Immunogold labeling against limonene synthase. Colloidal gold particles strongly label

leucoplasts (P) of a secretory stage glandular cap cell, whereas cytoplasm and other organelles are

essentially unlabeled, bar 5.2 mm. B, High magnification of a leucoplast from a secretory stage

glandular cap cell showing immunolabeling against limonene synthase, bar 1.5 mm. (From Turner

et al., Plant Physiol., 120, 879–886, 1999. With permission.)
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2.2.1 E FFECTS ON ESSENTIAL OIL P RODUCTION

For growers, who find striking differences in harvest yields and oil composition with changes

in weather conditions, the interaction with the environment is one of the first problems that

needs to be solved. Many authors have described the physiological and morphological

responses of some Mentha species to changes in environmental conditions (Burbott and

Loomis, 1967; Clark and Menary, 1980; White et al., 1987; Maffei, 1988, 1990; Maffei and

Codignola, 1990; Sacco et al., 1992; Maffei et al., 1999; Maffei and Scannerini, 1999, 2000;

Farooqi et al., 1999).

Leaf and flower oil terpene composition and several plant morphological characteristics of

17 Mentha � verticillat a hybrids were analyzed by Maffei (1990) during two growing seasons.

The data obtained were used to study the phenotypic plasticity, the genotypic variation, and

the genetic variation for phenotypic plasticity (discussed later). All plants showed high levels

of phenotypic plasticity for both oil chemical and morphometrical parameters. High degrees of

genotypic variation were found among the plants for oil components while a higher pheno-

typic plasticity was observed for morphological parameters. Temperatures and rainfall

data were collected during the growing seasons and correlated to the data obtained from

plant oil and morphology. Low levels of phenotypic plasticity and high degrees of genotypic

variation were found to form outliers in the population of M entha � verticillat a hybrids. The

results obtained confirmed a significant effect of environmental conditions on the physiology

and morphology of the genus Mentha.

To look for the possible influence of photosynthesis and photorespiration on terpene

metabolism in peppermint, Maffei and Codignola (1990) examined the volatile oil compos-

ition in the peltate glandular trichomes in relation to: 1,5-ribulose bisphosphate carboxylase

(rubisco) and glycolate oxidase (GO) activities; total protein and chlorophyll content and

chlorophyll (Chl) a=b ratio; the chloroplast ultrastructure, some chloroplast morphometrical

parameters, and the photorespiratory organelle complex (mitochondrion–microbody–

chloroplast) ultrastructure; and the effect of 3-(3,4(dichlorophenyl)-1,-1-dimethylurea

(DCMU)and1,1’- dimethyl-4,4’bipyridiniumdichloride (paraquat)on theoil composition tested

on peppermint leaf disks. The percentage of monoterpene alcohols and esters increased, along

with rubisco and GO activities, with leaf age, whereas the percentage of monoterpene ketones

and the Chl a=b ratio decreased. The decline in the Chl a=b ratio and the increased number of

thylakoids per granum in the chloroplasts suggested a relative increase in photosystem II

(PSII) activity (compared with PSI) and thus an increase in NADPH2 levels with leaf

development. Photosynthetic electron transport inhibition made by DCMU and paraquat

on peppermint leaf disks caused a decline in the content of monoterpene alcohols, suggesting

that the photosynthetic NADPH2 production may be at least partially responsible for the

progressive transformation of monoterpene ketones to alcohols (Figure 2.8). Increased rates

of carbon availability were also correlated with oil synthesis before the full leaf expansion.

Paraquat was also found to affect the carvone biosynthesis and induced leaking of mono-

terpenes from the oil-secreting structures in a strain of Mentha �verti cillata (Maffei et al.,

1993a). The addition of NADPH2 to the paraquat treatment increased both limonene and

total monoterpene content by probably supplying the loss of endogenous NADPH2 oxidized

by paraquat dications and potentially used for monoterpene biosynthesis. Exogenous super-

oxide dismutase (SOD) increased the total monoterpene content by partly scavenging the

toxic effect of paraquat-induced superoxide activity on carvone biosynthesis (Table 2.1).

The apparent loss of essential oil during the maturation of several oil crops has been

observed for a long time. During the 1980s, the accumulated evidence was overwhelming

that oil components stored in glandular structures could undergo metabolic turnover

(Croteau, 1986). Since terpenoids are produced as chemical defenses and the metabolic cost
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of defense is envisioned as the amounts of carbon, energy, and other resources used in the

biosynthesis and storage of defense compounds (Chew and Rodman, 1979), it is reasonable to

deduce that cost increases as a function of the rate of metabolic turnover (Fagerstrom, 1989).
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FIGURE 2.8 Effect of paraquat, DCMU, and paraquat þ DCMU on oil composition in peppermint

(Mentha piperita) leaf discs from 760-mm-long leaves. A ¼ control; B ¼ paraquat 1�10�7M; C ¼
paraquat 1�10�6M; D ¼ paraquat 1�10�5M; E þ DCMU 1�10�7M; F ¼ DCMU 1�10�6M; G ¼
DCMU 1�10�5M; H ¼ paraquat 1�10�5M þ DCMU 1�10�6M. Standard deviations are indicated

for each mean value. (From Maffei and Codignola, Biochem. Syst. Ecol. 18, 493–502, 1990. With

permission.)

TABLE 2.1
Total Oil Production (mg=g f wt) from Leaf Disk Distillations, Incubation Medium, and Flask

Head Space Extracts. (+5 SE)

Specifications (2)-Carvone (2)-trans–Carveol (2)-Limonene Total

Paraquat 1 � 10�3M 954 + 67 54 + 4.1 24 + 2 1032 + 72

Paraquat 1 � 10�6M 1083 + 61 9 + 0.5 360 + 18 1452 + 87

Control 1263 + 56 60 + 2.1 351 + 11 1674 + 64

Paraquat 1 � 10�3M þ NADPH2 þ DTT 804 + 59 32 + 0.1 506 + 36 1312 + 94

Paraquat 1 � 10�6M þ NADPH2 þ DTT 930 + 56 14 + 0.2 432 + 18 1366 + 79

Control þ NADPH2 þ DTT 936 + 32 4 + 0.1 135 + 7 1075 + 35

Paraquat 1 � 10�3M þ SOD 1052 + 76 4 + 0.1 287 + 23 1353 + 98

Paraquat 1 � 10�6M þ SOD 649 + 26 12 + 0.5 188 + 12 849 + 39

Control þ SOD 765 + 28 10 + 0.4 222 + 8 997 + 35

Source: Maffei et al., 1993a.
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Mihaliak and coworkers (1991) demonstrated that the rapid monoterpene turnover previ-

ously observed using detached stems does not occur in intact plants. Moreover, when 14CO2

pulse labeling experiments were carried out with intact plants of four taxonomically distant

oil-producing species no significant mono-, sesqui-, or diterpene turnover was observed

(Gershenzon et al., 1993). According to Gershenzon and coworkers (1993), at present there

is no reliable evidence for the turnover of any class of secondary metabolites.

2.2.1 .1 Nut rition and Essential Oil

Recent concern with nitrate contamination to groundwater has encouraged the study of crop

yield response to N fertilization. The optimum N rate for peppermint oil yield ranges from

150 to 85 kg=A, depending on weather and soil conditions (Mitchell and Farris, 1996).

Nitrogen fertilization results in highly significant effects on dry matter and oil yields. The

optimal fertilizer rate can be calculated accordingly, by fitting models to the data provided by

Colwell (1994). The broken lines model describes yield, Y, as a function of N applied

according to

Y ¼ b0 þ b1(N � b2 � jN � b2 j) (2:1)

where b0 is the maximum yield, b1 is the slope of the line, and b2 is the optimum fertilizer rate

(Mitchell and Farris, 1996). Usually, differences in environmental conditions between fol-

lowing years has a minor effect on the optimum fertilizer rates. Mitchell and Farris (1996)

reported that similarities in yield responses occurred during two contrasting weather scen-

arios that were wetter and hotter than the 30-year mean. The same authors concluded that the

rate of 125 kg=A was adequate for yearly spring N fertilization of peppermint.

2.2.1 .2 Phe notypi c Plast icity an d Mu ltivariate Analyse s of Oil Com ponents

Plasticity is shown by a genotype when the expression of its individual characteristics is changed

by environmental influences. Since all changes in the character of an organism that are not

genetic are environmental, plasticity is applicable to all intragenotypic variability (Bradshaw,

1965).The changing terpene composition fromseason to season is clearly aplastic phenomenon,

which has been thoroughly studied in many genera including the genus M entha (Maffei, 1988,

1990; Sacco et al., 1992). As noted earlier, phenotypic plasticity, genotypic variability, and

genotypic variation for phenotypic plasticity have been studied in the genus Mentha in relation

to essential oil composition. The simplest way to calculate plastic responses is by means of

statistics (Marengoetal., 1991;Maffei etal., 1993b).Figure2.9 shows themeansquaresobtained

from the two-way ANOVA calculated on the main oil components from some M. piperita

‘‘lavanduliodora’’ (as Mentha lavanduliodora) during two growing seasons (Sacco et al., 1992).

High levels of genotypic variation were found for linalool, whereas high degrees of

phenotypic plasticity were shown by linalyl acetate, 1,8-cineole=limonene ratio (R2), and

geraniol. The greatest variation among genotypes in response to the environment (P�V

interaction) was shown by R2, linalool and linalyl acetate. Very low values were always

observed for linalool=linalyl acetate ratio (R1) and limonene, 1,8-cineole, b-caryophyllene,

and a-terpineol. The analysis of oil composition data by means of multivariate methods

requires more complex calculations, which can be made easily by using several statistic

software packages available for most of the personal computers (Maffei et al., 1993b).

Principal component analysis (PCA) provides significant insights into the structure of any

numerical data matrix. By generating new orthogonal variables (the PCs), it concentrates the

maximum possible amount of variance in as few PCs as possible. These new variables can
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then be used instead of the original ones. The component loadings are the coefficients of the

original variables, which define each PC, while the projections of the experimental points on

the new variables are called ‘‘scores’’ (Marengo et al., 1991). These methods of analysis have

also been applied to partition plants of the same species (i.e., M entha piper ita), but from

different geographic areas (Figure 2.10), or plants of different species growing in the same

place (Figure 2.11). In all cases, there is always a clear indication about the location of a given

plant in the discriminant space of the analysis, which offers further help for the recognition

and evaluation of the oil composition data (Maffei et al., 1993b).

2.2. 1.3 Effect of Light

Light has been demonstrated to be able to alter oil quality and yield. In a study performed

in Lucknow (India), three major cultivated Mentha species ( M. canadens is [as M. arvens is],

M. aquatica var. citrata [as M. citrata], and M . gracilis [as M. cardiaca]) were grown under

short days, normal days, or long days for 60 cycles (Farooqi et al., 1999). The species grew

better under long-day conditions. The long-day treatment resulted in flowering in M. aquatica

var. citra ta, which normally does not flower under Indian light conditions. The oil concen-

tration and biogenesis were maximal in short-day plants. The photoperiodic treatment also

affected the oil composition as demonstrated in a series of papers (Ruminska and New-

eglowska, 1965; Burbott and Loomis, 1967; Clark and Menary, 1980; White et al., 1987;

Maffei et al., 1989; Farooqi et al., 1999). Besides photoperiod, light quality has been demon-

strated to affect mint oil composition. The response of peppermint essential oil to blue

light þwhite light (W) was a 40% reduction in the total content, caused by a general decrease

in p-menthanes, with particular reference to menthol. The combined effect of blue light þW

clearly affects the expression of the genes that control the enzymes—geranyl pyrophosphate

( �)-limonene cyclase; pulegone reductase, and menthone reductase—but no effects were

found on menthofuran synthase. A direct comparison of night blue light and blue lightþW

treatments indicates that menthol and menthofuran formation are particularly affected by
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blue light (Maffei and Scannerini, 1999). In UV-AþW irradiated peppermint plants, the in-

creased synthesis ofmenthofuranwas responsible for the total terpenoid increase andappeared to

depend on activation of specific genes such as those related to the cytochrome P-450 pulegone

hydroxylase, which appears to be involved in menthofuran synthesis (see section on biochem-

istry later). Menthol increase as a consequence of the combined use of UV-AþW was found

to depend on an enhanced reduction of its precursor, menthone (Maffei et al., 1999). Total oil
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FIGURE 2.10 Scatter plot of some Mentha piperita on the three principal components. Data were
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content was significantly increased in peppermint when irradiated with UV-B and no quali-

tative differences were observed in the direct comparison of irradiated plants and controls.

However, significant quantitative differences were found for many oil components. In par-

ticular, 1,8-cineole, g-terpinene, and isomenthol were the only compounds for which no

significant differences were found. All other monoterpenes were significantly increased by

UV-B radiation with the sole exception of menthol, which showed a drastic reduction. The

content of the oxygenated monoterpenes, menthone, menthofuran, and menthyl acetate, was

particularly enhanced by UV-B irradiation. With regard to sesquiterpenes, both germacrene

D and b-caryophyllene were enhanced by UV-B treatment (Maffei and Scannerini, 2000).

These results show that in peppermint the essential oil composition is affected in a

differential way by different wavelengths. The finding that UV-A (360 nm) stimulates the bio-

synthesis of some monoterpenes (i.e., menthol), which are suppressed by UV-B (280 to 320 nm)

and blue light (450 nm), indicates that some of the reported light effect on terpene

biosynthesis may be wavelength-dependent (Maffei and Scannerini, 2000). Table 2.2 resumes

the effects of blue light, UV-A, and UV-B irradiations on peppermint.

2.2.1.4 Allelopathy

Higher plants synthesize a great variety of terpenoids, which can be involved in allelophatic

interactions. Monoterpenoids are the major components of some essential oils and have been

recognized as the main allelochemicals in higher plants: they have toxic effects on seed

TABLE 2.2
Oil Chemical Composition of Essential Oils Distilled from Mentha Piperita Plants Irradiated

with White Light (W), Blue Light (B), UV-A, and UV-B. Data are Expressed as mg=Kg Fresh

Weight + s.e.m ()

Compound Control (W) Ba UV-Ab UV-Bc

a-Pinene 10.27 (1.25) 18.61 (1.66) 3.80 (0.77) 17.61 (2.04)

b-Pinene 11.33 (1.04) 20.91 (1.22) 5.60 (0.49) 16.20 (1.42)

Sabinene 7.44 (0.25) 13.90 (0.84) 4.05 (0.82) 12.20 (1.14)

Myrcene 11.79 (0.35) 30.53 (1.03) 6.21 (1.02) 20.75 (0.89)

Limonene 22.28 (3.49) 54.28 (2.63) 11.55 (1.09) 28.74 (1.34)

1,8-Cineole 76.67 (4.63) 120.11 (4.58) 29.89 (1.08) 68.89 (5.24)

g-Terpinene 8.31 (2.73) 9.47 (2.20) 3.32 (0.28) 9.47 (1.07)

(E)-b-Ocimene 1.66 (0.14) 3.30 (0.81) 0.92 (0.14) 3.51 (1.17)

Menthone 365.46 (46.87) 424.74 (34.73) 127.42 (6.63) 445.97 (41.19)

Menthofuran 150.65 (67.98) 341.54 (19.56) 212.14 (12.10) 369.25 (22.21)

Isomenthone 39.40 (9.10) 51.61 (4.18) 18.12 (1.57) 43.38 (1.12)

Menthyl acetate 24.75 (1.67) 49.36 (2.51) 14.11 (079) 392.67 (33.27)

a-Terpineol 11.91 (3.97) 20.17 (1.24) 6.94 (0.58) 15.84 (2.51)

b-Caryophyllene 60.75 (16.98) 51.80 (6.52) 38.27 (2.06) 90.94 (4.45)

Menthol 780.88 (89.77) 350.94 (15.51) 518.98 (43.52) 173.30 (12.58)

Germacrene D 32.78 (5.73) 74.08 (12.28) 14.90 (1.24) 62.28 (5.65)

Piperitone 22.48 (5.52) 29.67 (2.72) 22.29 (3.52) 49.75 (8.91)

TOTAL 1668.81 (78.88) 1665.02 (92.51) 1038.51 (52.49) 1820.75 (91.87)

Source: aFrom Maffei and Scannerini, J. Essent. Oil Res., 11, 730–738, 1999. With permission; bFrom Maffei

et al., Photobiol. B: Biology, 52, 105–110, 1999. With permission; cFrom Maffei and Scannerini, J. Essent. Oil

Res., 12, 523–529, 2000. With permission.
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germination (Robinson, 1983; Rice, 1984), growth of some bacterial strains (Knobloch

et al., 1989; Economou and Nahrstedt, 1991), development and growth of some insects

(Lee et al., 1999), and on the growth of pathogenic fungi (Adam et al., 1998).

The mechanism by which peppermint essential oil and some of its oil components affect

cucumber germination, respiration, and membrane potential has been studied in a series of

works by Maffei and coworkers (Maffei, 1999; Maffei and Camusso, 2000; Maffei et al., 2001;

Mucciarelli et al., 2001). The complete essential oil inhibited 50% of root and mitochondrial

respiration (IC50) when used at 324 and 593 ppm, respectively. (þ)-Pulegone was the most

toxic compound, with a 0.08 mM and 0.12 mM IC50 for root and mitochondrial respiration,

respectively. (�)-Menthone followed (þ)-pulegone in its inhibitory action (IC50 values of

1.11 mM and 2.30 mM for root and mitochondrial respiration, respectively), whereas

(�)-menthol was the less inhibitory compound (IC50 values of 1.85 mM and 3.80 mM,

respectively). A positive correlation was found for (þ)-pulegone, (�)-menthone, and

(�)-menthol between water solubility and respiratory inhibition (Figure 2.12). The uncoup-

ling agent, carbonyl-cyanide- m-chlorophenyl-hydrazone (CCCP), lowered (�)-menthol and

(�)-menthone inhibition and annulled (þ)-pulegone inhibition of mitochondrial respiration,

whereas salicyl-hydroxamic acid (SHAM) (2-hydroxybenzohydroxamic acid), the alternative

oxidase (AO) inhibitor, increased (�)-menthone inhibition and annulled both (þ)-pulegone

and (�)-menthol inhibitory activity (Mucciarelli et al., 2001). Preliminary data on (�)-menthol-

induced increase of cucumber root cytosolic free calcium ions, (Ca2þ)i (Maffei and Camusso,

2000), suggest that (�)-menthol could play an important role in early events in the signal

transduction pathway. Ca2þ channels are activated by membrane depolarization; by impli-

cation, signals that elicit membrane depolarization, such as the action on some monoterpenes,

could trigger entry of Ca2þ from the external medium (Sanders and Bethke, 2000). Increasing

the concentration of peppermint essential oil from 5 ppm to 50 ppm was also found to cause

Water solubility (ppm)

IC
50

 (
P

P
M

)

600

600 800 1000 1200 1400

500

400

400

300

200

200

100

0

y = 385.63 � 0.277x  R = 0.98

y = 797.49 � 0.575x  R = 0.99

, roots

, roots

, roots

, mitochondria

, mitochondria

, mitochondria

FIGURE 2.12 Plot of the concentration of (�)-menthol, (�)-menthone, and (þ)-pulegone able to cause

50% of inhibition of respiration (IC50) against their water solubility. A positive correlation was found

between respiratory inhibition and water solubility of compounds. Bars indicate standard deviation.

(From Mucciarelli et al., Phytochemistry, 57, 91–98, 2001. With permission.)
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a decrease in cucumber root membrane potential (Vm) hyperpolarization of 10 to 3 mV,

whereas concentrations from 100 to 900 ppm caused an increasing depolarization of Vm (from

5 to 110 mV) (Figure 2.13). When tested at 300 ppm, (þ)-menthyl acetate, (�)-limonene,

and 1,8-cineole did not exert any significant effect on Vm, whereas (þ)-menthofuran (73 mV),

(þ)-pulegone (85 mV), (þ)-neomenthol (96 mV), (�)-menthol (105 mV), and (�)-menthone

(111 mV) showed an increased ability to depolarize Vm. A plot of the log of octanol–water

partition coefficient (Kow) against their depolarizing effect showed a significant negative

correlation, suggesting that among all monoterpenoids increased membrane depolarization

depends on lower Kow. However, among monoterpene ketones, alcohols, and furans, in-

creased membrane depolarization is associated with a decline in water solubility (Maffei et al.,

2001).

A direct comparison of the data indicates that (þ)-pulegone, which acts as a possible

uncoupling agent of cucumber root and mitochondria respiration, has little effect on mem-

brane potential, whereas (�)-menthol shows an almost 100-fold Vm depolarizing action with

respect to (þ)-pulegone, although (�)-menthol has less inhibitory action on root respiration.

The fact that (�)-menthol is disruptive to membrane potential, whereas (þ)-pulegone inhibits

root respiration more readily could be an explanation as to why plants make mixtures of

monoterpenes; perhaps they can have different modes of action. For allelopathic purposes,

it may be useful for a plant to have more than one kind of weapon at its disposal (Maffei

et al., 2001).

We started the chapter with the examination of glandular trichomes and the way of

secretion. By going through the physiology and allelopathic effects of mint terpenoids, we

arrived at the conclusion that since monoterpenes can cause extensive membrane and respira-

tory damages, they are clearly toxic to plant cells. Perhaps this is why they are often found to

be sequestered in secretory structures (Gershenzon et al., 2000).

We now examine the biochemical machinery responsible for essential oil production in

mints, whereas at the end of the chapter we discuss the biotechnological production of mint

essential oil in plant cell and tissue cultures.
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2.3 BIOSYNTHESIS AND MOLECULAR BIOLOGY

The biosynthesis of monoterpenes in mints can be divided into four stages (Figure 2.14):

(1) the synthesis of the fundamental precursor isopentenyl diphosphate (IPP) from acetyl-CoA;

(2) the formation of the allylic prenyl diphosphates from IPP, which serve as the immediate

precursors of the different families of isoprenoids; (3) the elaboration of these allylic prenyl

diphosphates into the main isoprenoid skeletons by specific isoprenoid synthases; and

(4) secondary transformations of the products of these synthases (McCaskill and Croteau, 1997).

2.3.1 FORMATION OF ISOPENTENYL DIPHOSPHATE

The first stage leads to the synthesis of the central C5 precursor of isoprenoid metabolism, IPP.

In plants, IPP is produced following two distinct pathways in two different subcellular loca-

tions: the cytosolic compartment, containing the enzymes of the acetate=mevalonate pathway
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FIGURE 2.14 Steps involved in isoprenoid biosynthesis: (1) formation of isopentenyl diphosphate and

dimethylallyl diphosphate, (2) formation of geranyl diphosphate, (3) cyclization of geranyl diphosphate,

and (4) secondary transformations.
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(Bach, 1995) and the plastids, the site of the recently discovered pyruvate=glyceraldehyde-3-

phosphate (GAP) pathway (Schwarz, 1994; Lichtenthaler, 1998). Several studies on the biosyn-

thesis of monoterpenes in Lamiaceae plants have conclusively shown that they are derived from

IPP via deoxyxylulose, and not from the classic mevalonate pathway (Eisenreich et al., 1997;

Sagner et al., 1998).

Experiments were done on Men tha � piper ita and Men tha pulegi um plantlets, which were

fed with [1-13C] glucose or [U-13C] glucose, and several characteristic monoterpenes were

isolated by steam distillation and preparative TLC. 13C-enrichment and coupling patterns

measured by 13C-NMR showed that the labeling profile of menthone and pulegone from

M. piper ita and M. pulegium, respectively, were consistent with an origin from pyruvate =GAP

rather than from the acetate =mevalonate pathway (Eisenreich et al., 1997). Recently, it has

been demonstrated that in peppermint oil glands, the IPP used for both monoterpene and

sesquiterpene biosynthesis is produced in the plastids (McCaskill and Croteau, 1995, 1999a;

Lange et al., 1998; Lange and Croteau, 1999a).

The initial step of the mevalonate-independent pathway involves a transketolase-catalyzed

condensation of pyruvate and GAP to yield 1-deoxy-D-xylulose-5-phosphate. Genes encod-

ing deoxyxylulose phosphate (DXP) synthase have been recently cloned from peppermint and

confirmed by functional expression in Escheri chia coli (Lange et al., 1998). The subsequent

step of this pathway is the rearrangement and reduction of DXP to yield 2-C-methyl-D-

erythritol-4-phosphate, catalyzed by a DXP reductoisomerase. The evidence for the existence

of peppermint orthologs of this enzyme already cloned in E. coli (Takahashi et al., 1998) has

been reported by Lange and Croteau (1999a).

The subsequent steps toward IPP are not yet completely elucidated. Although the inter-

mediates following 2-C-methyl-D-erythritol-4-phosphate in the DXP pathway of IPP

formation have not yet been identified, their structures can be presumed to be two reduction

and dehydration steps, with one phosphorylation step being involved in these final steps of

IPP (Lichtenthaler, 1999).

Lange and Croteau (1999c) reported the cloning and expression from peppermint and

E. coli, of a kinase that catalyzes the phosphorylation of isopentenyl monophosphate as the

last step of this biosynthetic pathway leading to isopentenyl diphosphate (Figure 2.15).

These proteins represent a conserved class of the GHMP family of kinases, which include

galactokinase, homoserine kinase, mevalonate kinase, and phosphomevalonate kinase, with

homologs in plants and several eubacteria. Intact secretory cells isolated from peppermint

and incubated with isopentenyl monophosphate are able to produce large amounts of

monoterpenes and sesquiterpenes, confirming that isopentenyl monophosphate is the imme-

diate precursor of the deoxyxylulose 5-phosphate (Lange and Croteau, 1999c).

2.3.2 FORMATION OF GERANYL DIPHOSPHATE

The second stage begins with the isomerization of IPP to dimethylallyl diphosphate (DPP)

catalyzed by isopentenyl diphosphate isomerase. This enzyme has been characterized in a

number of plants (Gershenzon and Croteau, 1993) and extensively studied in a number of

microorganisms (Street et al., 1994). DPP is a highly reactive compound that undergoes

elongation by the sequential addition of one, two, or three IPP molecules to form either

geranyl diphosphate (GPP), farnesyl diphosphate (FPP), or geranylgeranyl diphosphate

(GGPP) (Lange and Croteau, 1999b). GPP is the ten-carbon precursor of monoterpenes.

Its formation depends on a head-to-tail condensation of DPP and IPP operating by the GPP

synthase, a specific prenyltransferase (Croteau, 1987; Lange and Croteau, 1999b). This

enzyme appears to be abundant only in plant species that produce large amounts of mono-

terpenes (e.g., essential oil plants), although it is no doubt of much broader distribution, at
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least in trace quantities. The reaction catalyzed by GPP synthase involves the initial ioniza-

tion of the allylic diphosphate to generate a delocalized allylic carbocation. This enzyme-

bound carbocation then attacks the double bond of IPP, followed by deprotonation to

produce the next allylic diphosphate homolog. In the case of this prenyltransferase, the first

condensation product is released from the enzyme (McCaskill and Croteau, 1997). In most

instances, GPP synthase is localized to plastids, consistent with this subcellular site of

monoterpene biosynthesis (Wise and Croteau, 1999). GPP synthase was purified by Burke

and colleagues (1999) from isolated glandular trichomes of spearmint ( Mentha spicata)

(McConkey et al., 2000), and the amino acid sequence information was used to identify

two distinct cDNA clones obtained by random sequencing of a peppermint-oil gland library

(Lange et al., 2000). Functional expression, combined with the use of antibodies directed to

each gene product, demonstrated that GPP synthase is a heterodimer, unlike other homo-

dimeric short-chain prenyltransferases (Burke et al., 1999).

2.3.3 C YCLIZATION OF GERANYL DIPHOSPHATE TO (2)-LIMONENE

In stage 3, GPP undergoes a range of cyclizations to produce the parent skeletons of different

classes of monoterpenes (Figure 2.16) (Wise and Croteau, 1999).

This kind of reactions is carried out by cyclases (the term synthases also includes those

enzymes that produce acyclic monoterpenes) (Croteau, 1987). These enzymes catalyze the

sequential ionization and isomerization of GPP to linalyl pyrophosphate (LPP) followed by

cyclization. These cyclization reactions differ in detail and produce a wide variety of isomers

and derivatives of the different structural types, but all the monoterpene synthases identified

thus far (about 50) are believed to share the same biochemical properties and basic electrophilic

reaction mechanisms (Wise and Croteau, 1999). Isomerization to LPP before cyclization
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FIGURE 2.15 DXP pathway for the biosynthesis of IPP, and the proposed role of isopentenyl mono-

phosphate kinase (IPK). The circled P denotes the phosphate moiety. The large open arrow indicates

several as-yet-unidentified steps. (From Lange and Croteau, Proc. Natl. Acad. Sci. USA, 96, 13714–

13719, 1999c. With permission.)
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appears to be an essential point of the activity of these enzymes, as the presence of trans-2,

3-double bond of GPP prevents direct cyclization of this compound. The absence of such an

impediment in the cis-isomer of GPP, neryl pyrophosphate (NPP), might at first sight make

this compound a more likely precursor of monoterpenes, but studies of multiple cyclases have

demonstrated GPP to be their substrate. Cyclization of LPP at the terminal double bond

yields the a-terpinyl cation, the universal precursor of cyclic monoterpenes. This cation is

highly reactive and its conversion to cyclic structures occurs while it is bound to the cyclase.

Thus, the cyclases have in common the ability to generate the a-terpinyl cation from GPP, but

each differs in cyclized products that are formed. Most of the monoterpene cyclases produce

multiple products, but in each case, it is always present as a single predominant compound.

For example, peppermint limonene synthase produces a small amount of a-pinene, b-pinene,
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FIGURE 2.16 Formation of geranyl diphosphate and its transformation by monoterpene synthases to

representatives of the major structural families. (From Haudenschild and Croteau, Genetic Engineering,

Plenum Press, New York, NY, 1998. With permission.)
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and myrcene in addition to limonene (Alonso et al., 1992). In fact, the analysis of the oil

present in glandular trichomes of very young leaves of peppermint showed that 21 compon-

ents were present, the majority of which are derived from the activity of limonene synthase

(Maffei et al., 1989). These include not just p-menthane monoterpenes characteristic of this

species, but also a-pinene, b-pinene, and myrcene. Cyclases are soluble proteins, either

monomeric in the 50 to 70-kDa range or homodimeric with native sizes of about 100 kDa.

They all use GPP as the natural substrate as described earlier, and they require a Mg2þ or

Mn2þ as the only cofactor. In the past, a number of monoterpene synthases have been

isolated and characterized from members of the mint family, including (�)-4S-limonene

synthase, which was purified and characterized (Alonso et al., 1992; Rajaonarivony et al.,

1992). It was shown to be a fairly hydrophobic monomer of about 56 kDa, with a pH

optimum of 6.7, isoelectric point of 4.35, and kcat of 0.3 sec�1. This enzyme requires only

Mn2þ as a cofactor and the Km value measured for GPP–metal complex is 1.8 mM. The basic

properties of limonene synthases from both peppermint and spearmint are identical, and their

mechanism of action is similar to other terpenoid cyclases of higher plants (Croteau, 1987).

Rabbit polyclonal antibodies were generated against SDS-denatured limonene synthase of

spearmint, and immunoblotting analysis revealed that these antibodies were specific for the

limonene synthase from all Mentha species tested, suggesting that this cyclase is similar

among these species (Alonso et al., 1993). However, the immunological cross-reactivity was

not observed with limonene synthase from other plant species such as Citrus sinensis

and Chenopodium ambrosioides (Croteau and Gershenzon, 1994). Furthermore, no cross-

reactivity was observed with other cyclases extracted from Lamiaceae, Asteraceae, and

other families. In order to obtain the limonene synthase cDNA, internal amino acid

sequences of the purified protein from spearmint oil glands were determined and used to

design three oligonucleotide probes, subsequently employed to screen a spearmint cDNA

library (Colby et al., 1993). Four clones were isolated; three cDNAs resulted full-length

and functionally expressed in E. coli. The encoded protein contains a putative N-terminal

plastidial transit peptide, consistent with immunocytochemical localization of the mature

enzyme in leucoplasts of oil gland secretory cells (Turner et al., 1999). Despite the presence of

the transit peptide, the recombinant limonene synthase preprotein is catalytically active,

producing the same spectrum of products as the processed native enzyme (Colby et al., 1993).

Common to most cyclases, including the limonene synthase from mint, and prenyltrans-

ferases examined so far, is the presence of at least one aspartic acid-rich region with a

consensus sequence of (I,L,V)XDDXX(D,E). This sequence is believed to be involved in

the binding of the Mg2þ or Mn2þ salt of the diphosphate substrate (Ashby and Edwards,

1990) and may assist in the initial ionization step of the reaction.

Evidence for this mechanism is related to the observation that cyclases, which bind a single

diphosphate ester substrate, contain only a single aspartic acid-rich region, whereas prenyl-

transferases able to bind two cosubstrates contain two aspartate-rich regions (McCaskill and

Croteau, 1997). Based on the sensitivity to amino acid modification reagents, the presence of

one or more histidine and cysteine residues at cyclase active sites has also been proposed. Three

conserved histidine residues and a conserved cysteine residue in the deduced amino acid

sequences for limonene synthase (Colby et al., 1993; Yuba et al., 1996) are epi-aristolochene

synthase (Facchini and Chappell, 1992), casbene synthase (Mau and West, 1994), and abeta-

diene synthase (Vogel et al., 1996). Based on the sensitivity of monoterpene synthases to the

arginine-directed reagent phenylglyoxal (Savage et al., 1995), the involvement of an active site

arginine residue has also been suggested. This hypothesis is also supported by the presence of

two strictly conserved and five highly conserved arginine residues in the deduced amino acid

sequences of limonene synthase (Colby et al., 1993; Yuba et al., 1996), epi-aristolochene

synthase (Facchini and Chappell, 1992), and casbene synthase (Mau and West, 1994).
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2.3.4 ALTERNATE TRANSFORMATIONS OF GERANYL DIPHOSPHATE

Several Mentha species produce acyclic monoterpenes, which constitute relatively small

family forms. These molecules include the alcohols geraniol, nerol, and linalool, and the

trienes myrcene and the ocimenes. These compounds are biosynthesized starting form GPP.

A few strains and chemotypes of Mentha accumulate geraniol, geranyl acetate, and related

acyclic derivatives up to 30% in the essential oils, but without the exclusion of the typical

cyclic monoterpenes (Lawrence, 1978; Malingré, 1971). The presence of these compounds is

probably related to the limited capacity for cyclization, with the consequence that unutilized

GPP is hydrolyzed and the geraniol metabolized by conjugation or redox transformations

(Croteau and Gershenzon, 1994).

Nerol might derive via citral as a consequence of a redox transformation, and isomerases

isolated from different plants are able to catalyze the isomerization of geraniol and geranyl

phosphate to nerol and neryl phosphate (Wise and Croteau, 1999).

Linalool and linalyl acetate are the main constituents in the oils of several Mentha hybrids,

including M. aquatica var. citrata (as M . citrata) (Lawrence, 1978; Todd and Murray, 1968).

S-linalool synthase has been purified to homogeneity from flowers of Cl arkia breweri

(Pichersky et al., 1995) and the corresponding gene has been cloned (Blanc and Pichersky,

1995). This enzyme uses GPP instead of ( S)-linalyl diphosphate as a precursor and it does not

catalyze the conversion of the ( R)-antipode, suggesting a direct formation of linalool from the

geranyl substrate (Pichersky et al., 1995).

2.3.5 SECONDARY TRANSFORMATIONS

The cyclic parent compounds are then transformed in the fourth stage by hydroxylations and

subsequent redox reactions, double bond migrations, and conjugations including glycosyla-

tions and acylations to yield the isoprenoid endproducts responsible for the great variety of

monoterpenoids found in nature as those typical of essential oils (Wise and Croteau, 1999).

The genus Mentha provides illustrative examples of the general types of secondary trans-

formations encountered in the monoterpene series. The biosynthesis of the p-menthane in

mint species is well characterized. The essential oils of mints are distinguished by the position

of oxygenation on the p-menthane ring (Lawrence, 1981), and extensive classical breeding

experiments and both in vivo and in vitro studies have established the pathways for the

formation of ( �)-carvone, ( �)-menthone, and ( �)-menthol (Croteau and Gershenzon,

1994). In peppermint and related species ( Mentha a quatica, Mentha arvensis, Mentha pule-

gium), ( �)-4S-limonene is hydroxylated at the C3 position to yield ( �)- trans-isopiperitenol

and the peppermint-type species produce almost exclusively monoterpenes bearing an oxygen

function at C3 such as (�)-menthol (responsible for the cooling sensation of peppermint). In

spearmint and related species (Mentha spicata, Mentha �gracilis, Mentha crispa), the same

substrate is hydroxylated at C6, to yield (�)-trans-carveol and in this case spearmint-

type species produce almost exclusively monoterpenes bearing an oxygen function at C6 such

as (�)-carvone (responsible for the typical spearmint flavor) (Lupien et al., 1995) (Figure 2.17).

These reactions are carried out by distinct, regio-, and stereospecific cytochrome P450

oxygenases. The two cytochrome P450s that catalyze these mutually exclusive positional

hydroxylations can also be distinguished by differential sensitivity to azole-type inhibitors

(Karp et al., 1990). Other examples include hydroxylation of (�)-limonene to perillyl alcohol

in perilla (Perilla frutescens) (Karp et al., 1990) and hydroxylation of sabinene to produce the

oxygenated thujane monoterpenes (Karp et al., 1987).

The (�)-limonene-6-hydroxylase from spearmint has been purified to homogeneity and the

pure protein was used to obtain the amino acid sequence employed for the construction of
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polyclonal antibodies. Immunoblot analysis demonstrated that (�)-limonene-6-hydroxylase

antiserum recognized different hydroxylases from other Mentha species, including pepper-

mint 3-hydroxylases (Croteau and Gershenzon, 1994). Cross-reactions were also observed

with monoterpene hydroxylases from other species of the Lamiaceae family, indicating some

structural similarities among this enzymatic class. However, (�)-limonene-6-hydroxylase

results are less efficient than (�)-limonene-3-hydroxylase, since a larger amount of residual

limonene is always present in the taxa with C6-oxygenated monoterpenes than in those

with C3-oxygenated monoterpenes (Lawrence, 1981; Kjonaas and Croteau, 1983; Croteau

et al., 1991).

This behavior seems not related to different kinetic characteristics of the two enzymes, but

it is probably due to relative limonene synthesis–hydroxylation balances, or to differential

compartmentation effects (Croteau and Gershenzon, 1994).

The amino acid sequence of spearmint (�)-limonene-6-hydroxylase was also used to

generate an oligonucleotide probe that was employed to screen both a spearmint and a

peppermint oil gland cDNA libraries (Lupien et al., 1999). A full-length cDNA clone

was isolated from the spearmint oil gland cDNA library and subsequently confirmed as

(�)-limonene-6-hydroxylase by functional expression using baculovirus-Spodoptera system. In

peppermint, two closely related full-length cDNA sequences (PM2 and PM17) were isolated
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FIGURE 2.17 Monoterpene metabolism in peppermint and spearmint glandular trichomes. (From

Lange and Croteau, Curr. Opin. Plant Biol., 2, 139–144, 1999b. With permission.)
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from the library and were confirmed as (�)-limonene-3-hydroxylase by functional expression

as before. Amino acid deduced sequences indicate that both enzymes possess a typical

N-terminal membrane anchor, consistent with the membrane location of the native forms,

a very similar primary sequence (70% identity), and calculated molecular weights of 56,149

(spearmint) and about 56,560 (peppermint) (Lupien et al., 1999). Subsequent heterologous

expression in E. coli and Saccharomyces cerevisiae (Haudenschild et al., 2000) has provided

higher yields of the functional enzymes to allow a more detailed characterization of the

mechanism and stereochemistry of the hydroxylation reactions. Recently, a combination of

domain swapping and reciprocal site-directed mutagenesis between these two enzymes dem-

onstrated that the exchange of a single amino acid residue in the spearmint (�)-limonene-6-

hydroxylase leads to complete conversion to the regiospecificity and catalytic efficiency of the

peppermint (�)-limonene-3-hydroxylase (Schalk and Croteau, 2000).

Other insights into the close relationship between C3 and C6 oxygenated p-menthane

monoterpenes were obtained by examining the essential oil produced by a mutant of Scotch

spearmint (the mutant 643) (Croteau et al., 1991). This mutant produces primarily C3

oxygenated p-menthane monoterpenes, including significant amounts of menthone, instead

of carvone. Cell-free enzyme assays of both the wild-type Scotch spearmint and the mutant

demonstrated that both plants contain the same pool of enzymes necessary to produce

menthone from (�)-trans-isopiperitenol. The wild-type spearmint possessed only the C6

hydroxylase whereas in mutant 643 this activity was entirely replaced by a C3 hydroxylase.

This new hydroxylase resembled that found in peppermint in differential sensitivity to azole-

type inhibitors. Although spearmint clearly contains most of the same terpene-metabolic

machinery as peppermint, these enzymes are normally catalytically inefficient because car-

vone is a poor substrate for these subsequent reaction steps. Studies on cloning and functional

expression of 643 3-hydroxylase are still in progress.

These allylic monoterpenols subsequently undergo oxidation, reduction, and isomerization

reactions to yield the complex mixture of essential oil components typical of the different mint

species. The presence of either (�)-limonene-6-hydroxylase or (�)-limonene-3-hydroxylase is

the critical factor in determining whether a Mentha species produces a spearmint or pepper-

mint-like essential oil, since the oxygenation pattern of a p-menthane monoterpene deter-

mines its subsequent metabolism. For instance, in spearmint (�)-trans-carveol is oxidized to

(�)-carvone, the major monoterpene accumulated in this species, which then originates small

amounts of isomeric dihydrocarvones and dihydrocarveols (Gershenzon et al., 1989; Croteau

et al., 1991). A similar, but antipodal pathway has been proposed for the formation of

(þ)-carvone in caraway seed (Carum carvi) (Bouwmeester et al., 1998). The metabolic

transformations of (�)-trans-isopiperitenol in peppermint are much more extensive. A series

of redox reactions involving both double bonds and the oxygenated carbon, and a double

bond migration, results at the end in the formation of both (�)-menthone and (þ)-iso-

menthone, and all four stereoisomers of menthol (Croteau and Gershenzon, 1994). These

pathways appear to be quite different on the chemical level, but the basic reactions are very

similar. In fact, the enzymes that catalyze the reactions following limonene hydroxylation

share similar properties. This metabolic similarity can be demonstrated by feeding pepper-

mint or spearmint leaf disks with (�)-trans-carveol or (�)-trans-isopiperitenol, respectively

(Croteau and Gershenzon, 1994).

These two allylic alcohols are then enzymatically oxidized to the corresponding

a-b-unsaturated ketones, (�)-isopiperitenone, and (�)-carvone. The dehydrogenase respon-

sible for these conversions is present in the soluble supernatants of oil gland extracts from

peppermint, spearmint, and Scotch mint (Gershenzon et al., 1989; Croteau et al., 1991).

This enzyme has a molecular weight of 66 kDa and uses NAD as an oxidant (Kjonaas

et al., 1985).

62 Mint: The Genus Mentha



In peppermint, (�)-isopiperitenone is converted to (þ)-cis-isopulegone by a specific double

bond reductase. This enzyme has been found in oil gland extracts from peppermint, native

spearmint, and Scotch spearmint, but in the last two species is present in lower levels (Croteau

et al., 1991). The molecular weight of the reductase is about 60 kDa and NADPH is used as a

reductant (Croteau and Venkatachalam, 1986).

The isomerization of (þ)-cis-isopulegone to (þ)-pulegone and of (�)-isopiperitenone to

piperitenone is catalyzed by the p-menthone isomerase. This enzyme, detected in soluble

extracts of peppermint, spearmint, and Scotch spearmint, has a molecular weight of 55 kDa

and it does not use any cofactors (Kjonaas et al., 1985; Croteau et al., 1991). It is probably

present at high levels in all Mentha species, as both (þ)-cis-isopulegone and

(�)-isopiperitenone have been observed only in trace amounts (Croteau and Gershenzon, 1994).

(þ)-Pulegone and piperitenone may have different metabolic fates in Mentha species. The

reduction of the double bond of these two substrates leads to (�)-menthone or (þ)-isomenthone,

and (þ)- and (�)-piperitone, respectively. This reaction is NADPH-dependent and it is carried

out by two distinct enzymes of opposite stereospecifity (Croteau et al., 1991). The relative

proportions of the two reductases producing menthone and isomenthone from (þ)-pulegone

vary in commercial mints from 3:1 to 10:1 (Battaile et al., 1968; Croteau et al., 1991).

(þ)-Pulegone is also the precursor of (þ)-menthofuran, the commercially undesirable oil

component. Recently, the biosynthesis of menthofuran has been elucidated. The biochemical

pathway from pulegone involves a cytochrome P450 catalyzed hydroxylation of the syn-

methyl group of the (þ)-pulegone followed by cyclization to form a hemiketal, and dehydra-

tion to give the furan ring. In vivo feeding experiments on peppermint shoot tips and young

leaves demonstrated that labeled (þ)-menthofuran was derived from (þ)-pulegone, showing

that this compound is produced by an enzymatic oxidation (Fuchs et al., 1999). Bertea

and colleagues (2001) isolated a cDNA clone from a peppermint oil gland cDNA library,

which was functionally expressed in S. cerevisiae and E. coli and showed to encode the

(þ)-menthofuran synthase. This protein, which possesses all the primary structural elements

of a cytochrome P450, presents a 35% identity with (�)-limonene-3-hydroxylase from the

same source (Bertea et al., 2001).

In peppermint, (�)-menthone and (þ)-isomenthone are converted to their corresponding

alcohols by two stereospecific, NADPH-dependent keto-reductases (Kjonaas et al., 1982).

Both enzymes possess similar properties such as the molecular weight (about 35 kDa), the

cofactor (NADPH), the optimum of pH (about 7.5), kinetic constants, and sensitivity to

thiol-directed reagents (Croteau and Gershenzon, 1994).

Most of the enzymes involved in this latter steps have been isolated and characterized and

appear to be highly substrate specific (Croteau et al., 1991; Croteau and Gershenzon, 1994).

These secondary enzymatic reactions, subsequent to the limonene cyclization step, occur,

not in the plastids, but at the endoplasmic reticulum or in the cytosol. Thus, movement of the

parent olefin limonene, from the plastid to the cytosol=ER is required. Nothing is yet known

regarding the intracellular trafficking of monoterpenoids. Carrier or transport protein may be

involved in this process, as well as in the export of the monoterpenes to the subcuticular

storage cavity of the glandular trichomes (Haudenschild and Croteau, 1998).

The p-menthane alcohols of Mentha species can form conjugates with glucose moieties or

with acetate. In fact, they are not stable endproducts of metabolism. Even if most parts of the

study have been focused on peppermint (Croteau and Hooper, 1978; Martinkus and Croteau,

1981), the occurrence of this conjugate also in other species indicates that the enzyme

responsible for the conjugation reaction has a wide distribution (Croteau and Martinkus,

1979; Sakata and Mitsui, 1975; Sakata and Koshimizu, 1978; Shimizu et al., 1990a,1990b).

(�)-Menthyl acetate is always present in a relatively high concentration (15%) in the

essential oil of mature leaves of flowering peppermint (Croteau and Hooper, 1978). The
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enzyme responsible for the conversion of (�)-menthol to (�)-menthyl acetate is a soluble

acetyltransferase of about 37 kDa, which uses acetyl-CoA as acyl donor. This enzyme is able

to acetylate different substrates such as monoterpenoid and nonmonoterpenoid alcohols

(Croteau and Hooper, 1978).

In Mentha, monoterpene alcohols can occur also as conjugates with glucose. Important are

glucosides of (�)-menthol, (þ)-neomenthol, (�)-trans-carveol, (�)-cis-carveol, (�)-dihydro-

carveol, and (þ)-neodihydrocarveol found in many commercial species (Sakata and Mitsui,

1975; Sakata and Koshimizu, 1978; Croteau and Martinkus, 1979; Shimizu et al., 1990a,

1990b).

In peppermint, a UDP-glucose:monoterpenol glucosyltransferase has been characterized.

This soluble enzyme of 46 kDa converts (þ)-neomenthol to (þ)-neomenthyl-b-D-glucoside

and shows a low substrate specificity because it is able to glucosylate at equal rates in vitro

both (þ)-neomenthol and (�)-menthol (Martinkus and Croteau, 1981).

The (þ)-neomenthyl-b-D-glucoside is then transported to the rhizomes where it undergoes

oxidative degradation, probably necessary to provide acetyl-CoA and to reduce equivalents

for rhizome metabolism (McCaskill and Croteau, 1997).

2.3.6 APPROACHES TO THE BIOENGINEERING OF MONOTERPENE BIOSYNTHESIS

Given the commercial value of mint essential oils, the processes involved in their biosynthesis

and secretion are attractive targets for genetic engineering. However, because of the com-

plexity of the monoterpene biosynthetic pathway and the difficulties in purifying the respon-

sible enzymes (Alonso and Croteau, 1993), obtaining gene probes from the corresponding

target proteins by classical biochemical approaches has been quite difficult. As part of an

ongoing effort to isolate genes of isoprenoid metabolism, the construction of a cDNA library

from peppermint oil gland secretory cells allowed Croteau and coworkers to clone and

express most part of the genes involved in these pathways (Lange et al., 2000). The partial

sequencing (400 to 900 bases) of about 1500 randomly selected cDNAs (expressed sequence

tags [EST]) from this library has become a rapid and cost-effective means of gaining infor-

mation about gene expression in a specialized tissue such as gland cells. Several genes involved

in monoterpene biosynthesis have been characterized (Lange et al., 2000) using functional

genomics approaches, which combine computational and heterologous expression-based

analyses, as previously described.

Studies about monoterpene metabolism have advanced to the point that several ap-

proaches may now be considered for the manipulation of essential oil profile. These include

the mutagenesis of specific monoterpene synthases to alter their products, the manipulation

of a biosynthetic pathway (by altering the activity of an enzyme or by introducing novel

enzymes), and the manipulation of the formation of glandular trichomes, the site of essential

oil production and accumulation (McCaskill and Croteau, 1997; Lange and Croteau, 1999b).

The mutagenesis of a specific monoterpene synthase can be achieved by using two ap-

proaches: site-directed mutagenesis and domain swapping. Changes in the amino acid groups

at the active site of an enzyme can influence substrate and cosubstrate binding conformation

and compromise the catalysis cycle. For example, in the monoterpene synthases, the modi-

fication of specific residues can affect the stability of carbocation intermediates diverting the

reaction course along alternate routes. As previously described, experiments of site-directed

mutagenesis combined with domain swapping conducted on spearmint (�)-limonene-6-

hydroxylase changed the regiospecificity of this enzyme completely, leading to a product

hydroxylated at C3 instead of at C6 (Schalk and Croteau, 2000).

Another approach to engineering monoterpene formation is the creation of chimeric

enzymes that combines functional domains from different synthases. This can be possible
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because of the high sequence homology observed for plant isoprenoid synthases. This would

allow creating chimeric enzymes with different functional domains able to give novel products

(McCaskill and Croteau, 1997). Recent advances in the molecular biology of terpene

synthases (Bohlmann et al., 1998) offer a tool for modifying the aroma profile of essential

oils by the expression of foreign terpene synthases in transgenic plants to yield oils with novel

characteristics.

Recently, Agrobacterium tumefaciens-based transformation procedures have been devel-

oped for peppermint-transformed calli (Spencer et al., 1993) and teratomas (Berry et al.,

1996). The first transgenic peppermint plants were constructed in 1998 by two groups (Niu

et al., 1998; Diemer et al., 1998), working independently. However, before molecular engineer-

ing technology can be efficiently applied to the essential oils in mint, it is necessary to ensure

that transgene expression does not generate complications such as cytotoxicity (Brown et al.,

1987). Furthermore, it is critical to find a promoter that selectively regulates gene expression

in trichomes, even if studies in this sense are underway (Lange and Croteau, 1999b).

Knowledge of the enzymology and regulation of a metabolic pathway can permit the

manipulation of the flux of intermediates through the pathway, with the goal of increasing

the accumulation of desirable products or decreasing the accumulation of undesirable ones.

The engineering of a metabolic pathway for monoterpenes can involve either the modification

of a pathway, to change the composition and yield of the oil, or the introduction of new or

altered enzymes, to produce compounds not normally present in the plant. A complete

understanding of the various developmental factors related to essential oil formation, such

as metabolic branch points in control of flux, possible feedback regulatory properties of

intermediates, and transport mechanisms required for the secretion of essential oils, is still

lacking. Before manipulating, several enzyme activities will be required to redistribute meta-

bolic flux toward monoterpene biosynthesis, and redirecting significant flux toward mono-

terpene production may lead to deprivation of essential oil components formed from

intermediates, as observed in transgenic tomato plants (Fray et al., 1995).

An example of the effect that partitioning of metabolites by branch points has on the

quality of an essential oil is given by the p-menthane monoterpenes produced in peppermint,

in which (þ)-pulegone is the branch point between the formation of (�)-menthone and

(�)-menthol, and the commercially undesirable (þ)-menthofuran. Therefore, the branch

point enzymes producing these two compounds represent promising targets for bioengineer-

ing efforts. The approach would involve the overexpression of the reductase, which converts

(þ)-pulegone to (�)-menthone, thereby reducing the flux of the key intermediate into

(þ)-menthofuran. An alternate approach would involve the repression of the cytochrome

P450 responsible for the conversion of pulegone to (þ)-menthofuran by using antisense tech-

nology, or the removal of regulatory elements related to the activation of this gene under

particular environmental conditions (Burbott and Loomis, 1967).

Using similar approaches, the overexpression of the gene that encodes the dehydrogenase,

which converts (�)-menthone to (�)-menthol, should lead to the accumulation of large

amounts of the commercially desirable (�)-menthol. In contrast, the silencing of the dehy-

drogenase responsible for the epimeric reduction of (�)-menthone to (þ)-neomenthol could

lead to the decrease in catabolic losses of (�)-menthone to the corresponding glucoside

(Croteau and Martinkus, 1979; Croteau et al., 1984).

From an ecological point of view, since many monoterpenes such as limonene exhibit

insecticidal properties (Pickett, 1991; Gershenzon and Croteau, 1993), the availability of

cDNA clones for limonene synthase (Colby et al., 1993; Yuba et al., 1996) raises the possibility

of engineering limonene production in crop plants to improve the resistance to insect pests.

Another goal of engineering technology is to increase the tissue density of mint glandular

trichomes in which the essential oil is produced and stored, without affecting organoleptic
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quality. Work on the regulation of trichome development in Arabidopsis thaliana (Hülskamp

et al., 1994) may lead to the development of approaches for increasing the density of the oil

glands, which could result in a corresponding increase in total oil production. Although this

kind of studies involves nonglandular trichomes, the development of glandular trichomes will

undoubtedly share many of the same regulatory factors and control elements.

2.3.7 CONCLUSIONS AND FUTURE PERSPECTIVES

The aim of this chapter was to provide an overview of our understanding of the biosynthetic

capacity of mint plants, specifically in relation to monoterpenes. Many of the biochemical

pathways for monoterpene production have been elucidated, with many enzymes and their

corresponding genes now cloned and expressed using different heterologous expression

systems. The following are the future objectives in this field:

. Cloning of all the remaining genes of p-menthane biosynthesis; defining promoter

regions of genes specifically expressed in oil glands; isolating genes involved in trichome

formation
. Improving essential oil quality and quantity by optimizing vectors to adjust expression

levels of transgenes; using transgenic mint to investigate the regulatory processes involved

in the control of pathway fluxes, metabolite profiles, and monoterpene secretion

2.4 TISSUE CULTURE AND BIOTECHNOLOGY

Plant propagation using shoot cultures—micropropagation—supplies growers with a highly

uniform plant population useful for commercial exploitation and for the maintenance of

secure genetic stocks of plant material. Tissue culture propagation for germplasm conserva-

tion is essential. First, it allows the proper long-term storage and conservation of plant

material, which is essential for crops that produce short-lived seeds and for those that are

vegetatively propagated like many mints. Second, it provides an easy and inexpensive way for

international exchange of disease-free material (Rech and Pires, 1986).

Importance of such techniques in medicinal and aromatic plants (MAPs) is particularly

also for the production or conversion of secondary metabolites of commercial interest by in

vitro cultured cells. The apparent ease with which the biosynthesis of secondary metabolites is

induced and modulated in intact plant tissues and the possibility of obtaining rapidly

proliferating cells from these tissues in sterile conditions have consequently stimulated re-

search to obtain terpenoid production in vitro. Oil yield can also be improved by laboratory

or field applications of chemical and physical external elicitors, as well as phytohormones or

microorganism cell culture extracts, through the enhancement of the appropriate biosynthetic

enzymes (El Ketawi and Croteau, 1987; Lange and Croteau, 1999b). The industrial scaling up

of PAM cell cultures producing oils is therefore of great attraction, both for commercial

exploitation and for the development of controlled cell systems in which the biogenesis of

monoterpenes can be studied.

The present development of in vitro plant propagation and breeding provides a powerful

means for the genetic improvement of MAPs. Sexual hybridization imposes narrow limits to

the scope of breeding, confining the breeder to the very low variability present in the normal

gene pool. Gene transfer to plants via in vitro cultures, with the aim of adding specific new

agronomic traits, makes possible the overcoming of existing problems encountered with

sexual hybridization. Genetic transformation of plants involves the stable introduction of

foreign DNA sequences into the nuclear or organelle genome of cells capable of giving rise to

a completely transformed plant. Circumventing the sexual process and avoiding the need for
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lengthy backcrossing procedures, genetic transformation may accelerate the genetic improve-

ment (Draper and Scott, 1991) of useful plants. To reach this aim, sterile plant material

capable of rapid regeneration into mature plants is essential.

2.4.1 TISSUE CULTURE AND MICROPROPAGATION OF MINTS

Micropropagated shoot cultures are useful as explant sources of cell culture and protoplast

preparations. Due to its intrinsic characters and by the means of selectable phenotypic and

biochemical markers, the in vitro culture system allows practical applicability of large-scale in

vitro screening of germplasms, clones, and breeding material for the selection of elite geno-

types (Shasany et al., 2000).

Since the first studies of Lin and Staba (1963), who showed that an auxin was essential for

tissue dedifferentiation and for the in vitro establishment of mint callus, there has been consid-

erable research focused on micropropagation of several Mentha species (Cellerova, 1992).

Axillary buds have been used as, and still remain, the best source for rapid in vitro

multiplication of Mentha piperita, M. arvensis, M. pulegium, M. spicata, and M. viridis (Rech

and Pires, 1986). Nodal segments from 1-year-old plants can be grown on Murashige and

Skoog (1962) (MS) medium, where, in the absence of exogenous growth regulators, sparse

roots and shoots are normally produced. The influence of plant density and different culture

conditions on Mentha spicata shoots grown in vitro has been recently analyzed (Tisserat and

Silman, 2000). Shoots can be successfully rooted and potted into the soil for further growth

(Rech and Pires, 1986). Rootlets are normally formed at the same time as shoot proliferation,

thus rendering unnecessary the subsequent phase of rooting and reducing sensibly the period

of transfer of the plantlets to soil.

In Mentha piperita, plant regeneration and propagation from pathogen-free material have

proved to be useful in the isolation of rust-free regenerants. The latter showed increased

productivity with respect to rust-affected plants of field conditions (Nádaská et al., 1990).

Due to juvenile conditions, sterility, and uniform pattern of growth, in vitro micropropa-

gated axillary buds or shoots represent an ideal source of plant material for germplasm

conservation. Alginate-coated meristems from in vitro-grown axillary buds of Mentha spicata

and other mint species were successfully cryopreserved by a plunge into liquid nitrogen,

following vitrification (Hirai and Sakai, 1999). Encapsulated peppermint meristems may be

conveniently thawed and transferred to culture media, where they develop shoots and intact

plants, also after prolonged times of cryostorage.

2.4.2 DIRECT PLANT REGENERATION FROM EXPLANTS

The appearance of genetic instability in the cultured material—somaclonal variation—due to

the occurrence of chromosome or genetic changes in the regenerating plants is a phenomenon

frequently encountered in long-term cultured cells (Evans and Sharp, 1986). Kukreja and

colleagues (1991), starting from regenerated shoots of M. canadensis (as M. arvensis. var.

piperascens), have isolated 27 somaclones, all differing sensibly for various agronomic traits,

i.e., plant height, leaf=stem weight ratio, herb yield, and oil content and composition.

However, these genetic changes are often undesirable, especially when clonal reproduction

of transformed plants is the goal of regeneration. In this case, as the occurrence of somaclonal

variations increases with the duration and extent of the disorganized or undifferentiated

culture phase (Karp, 1994), plants regenerated directly from tissues or organs, eventually

transformed with physical DNA delivery methods, are preferred. These techniques allow

manipulation of entire vegetative plant organs (i.e., leaves), organ meristems, or reproductive

structures (i.e., gametes and zygotes) to avoid disturbance of normal plant development and
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reduce the in vitro culture phase (Draper and Scott, 1991). Direct plant regeneration from

cultured explants is a method particularly suited for herbaceous plants, using leaves, corms,

bulbs, stems, rhizomes, and tubers (Tisserat, 1985). Starting from cultured apical meristems,

usually a cytokinin is added to the medium to overcome apical dominance on shooting and to

enhance the branching of lateral buds. This method has been successfully applied to the

commercial and large-scale propagation of some important ornamental plants. Regenerated

buds from tissue cultures on MS media supplemented with BAP have been obtained from

peppermint leaves (Medou et al., 1997) and from internode explants of Mentha arvensis

(Shasany et al., 1998). The use of BAP (1 to 2 mg=L) or NAA (1 mg=L) has proved useful

inducing multiple shoots formation (15 to 20 per explant) in many other species (Rech

and Pires, 1986). Best results were obtained using young leaves from in vitro micropropagated

plants, cultivated in the dark (Medou et al., 1997). The authors demonstrated that

bud development starting from specific meristematic areas led to the development of secretory

structures. Regeneration frequencies and reproducibility are strongly affected by genotypic

effects as demonstrated in the case of adventitious shoots obtained from zygotic embryos

(Van Eck and Kitto, 1990) and from leaves (Van Eck and Kitto, 1992). When shoot

regeneration arises from very small areas of the cultured leaf tissue (Caissard et al., 1996),

the limited area and number of cells involved in the regenerating process reduce probabilities

of obtaining transgene integration in regenerating cells. To overcome these limitations, an

efficient regeneration system from leaf disks of spearmint and peppermint has been obtained

(Faure et al., 1998). The leaf disk regeneration method, combined with the subsequent

induction of multiple shooting (10 to 15 shoots per explant) is a useful tool for mint genetic

transformation with A. tumefaciens (Faure et al., 1998). Through the manipulation of the

explant source, the environment of the donor plant, and medium components, Berry and

colleagues (1996) improved the frequency of regeneration from petioles and leaf disks of

orange mint (M. aquatica var. citrata), peppermint (M. piperita L. cv. Black Mitcham),

Native spearmint (M. spicata), and Scotch spearmint (M. gracilis Sole cv. Baker). The

regenerative process appeared to be cytokinin-specific and highly stimulated when N6-(2-iso-

pentyl) adenine (2iP) was used (Berry et al., 1996).

Cultured plant material was also used to obtain new mutants. Induced mutation through

g-irradiation of stolons led to the improvement in peppermint resistance to Verticillium wilt in

the cultivars, ‘‘Todd’s Mitcham,’’ and ‘‘Murray Mitcham’’ (Murray, 1969).

2.4.3 MINT PLANT REGENERATION FROM CALLUS CULTURES

When leaf tissues are incubated under appropriate hormonal conditions, this leads to in vitro

proliferating cell aggregates, termed callus cultures, from which it is possible:

. To develop useful cell lines

. To produce essential oil in cultured cells

. To regenerate new plant clones

Bhaumik and Datta (1989) showed that Japanese mint M. canadensis (as M. arvensis) requires

phenylalanine (500 mg=L) and high phosphate in addition to the ingredients of the MS

medium, and these requirements differed for callus initiation, callus growth, and cell growth

in suspension. A high auxin–cytokinin ratio (2:1) increased callus growth and the addition of

coconut milk acted synergistically with 2,4-D stimulating cell division in young leaf tissues

(Bhaumik and Datta, 1989). Later, Kawake (1991) and Kawabe and coworkers (1993)

described a complete and more complex in vitro procedure, starting from bud material of

M. canadensis (as M. arvensis). Callus and adventitious roots were induced by culture of the
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explant on B5 (Gamborg et al., 1968) solid medium containing NAA (4 mg=L). These cultures

produced a large amount of adventitious roots when transferred to a liquid medium contain-

ing NAA (2 mg=L) and BAP (0.5 mg=L). When recultured for a further 30 days on liquid

medium with NAA (0.2 mg=L) and BAP (4 mg=L), green clumped calluses were obtained.

Green adventitious buds were obtained after transfer to B5 medium containing NAA (0.1

mg=L) and BAP (4 mg=L), and these buds could then be allowed to regenerate roots and

ultimately plants on hormone-free medium (Kawabe, 1991, Kawabe et al., 1993). The use of

leaf, shoot, and root explants for callus induction and plant regeneration has also been

described in Mentha spicata L. (Abou-Mandour and Binder, 1998).

2.4.4 MINT CELL GENOME TRANSFORMATION

Technological advances in genetic engineering have made possible the use of biotechnology

for mint crop improvement. The primary constraint to mint oil production is crop yield loss

due to pests and pathogens, a situation that is exacerbated by the long-term intensive

monoculture. The overexpression of genes that carry resistance to insects or phytopathogens

has proved useful to transfer resistance to pests and pathogens in many crops (Martin et al.,

1993). As a result, the interest toward the application of biotechnological strategies to

peppermint or other commercially valuable mint species to improve mint oil quality and

quantity is growing.

2.4.4.1 Protoplast Culture and Cell Manipulation

Peppermint regeneration from protoplasts provides a promising system both for genetic

transformation and for the selection of somaclonal variants. Mints have mostly been im-

proved by conventional breeding techniques such as crossing and selection of mutants,

resulting in some excellent varieties with disease tolerance (Murray, 1961) or high menthol

content (Nakayama et al., 1970). Since M. piperita is a triploid sterile hybrid, its breeding

by common sexual crossings is impossible unless its ploidy is doubled for fertility with the

creation of the hexaploid by chromosome doubling with colchicine treatment. Despite these

efforts, no excellent cultivars superior in flavor to Mitcham peppermint have been produced

till now.

Genetic manipulation using protoplast culture could therefore enhance mint improvement,

enabling the use of techniques such as cell fusion, gene transfer, and somaclonal variation.

Aprerequisite for applying plant biotechnology is the development of a suitable and reproducible

plant regeneration system; according to this, protocols for plant regeneration from protoplasts

have been established. Though with a low efficiency of differentiation, Sato and colleagues

(1993) succeeded in developing an operative protocol to regenerate peppermint plants from

leaf-derived protoplasts. Enzymatically isolated leaf-protoplasts were cultured in a modified

B5 medium, supplemented with 1 mg=L NAA and 0.4 mg=L BA. The application of this

method allowed the production of 6.8 to 8.9� 106 protoplasts per g of fresh leaf tissues with a

75% to 80% average viability (Sato et al., 1993). When transferred to the differentiation

medium containing 0.1 mg=L NAA and 5 mg=L, BA protoplast-derived green calli developed

shoot buds after 3 to 4 weeks of culture. Following rooting on media without hormones, whole

plants of normal appearance were recovered after transplanting to the soil (Sato et al., 1993).

More recently, the regeneration efficiency of this procedure (>50%) has been optimized by

Jullien and colleagues (1998), with the addition to the media of low concentrations of 2,4-D,

the employment of solid media, and stimulating shoot formation and plant regeneration by

the use of thidiazuron as exogenous cytokinin. As observed for many other plant species and

families, cell and protoplast plating efficiency and regeneration of mints are also strongly

dependent on the genotype employed as donor material (Jullien et al., 1998).
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Protoplast technology, with the in vitro establishment of cell fusion products between

distant related species or cultivars, allows the exploitation of somatic hybridization in mint,

thus overcoming sexual incompatibilities encountered during conventional breeding.

Interspecific somatic hybridization by leaf-derived protoplast fusion was first obtained

between peppermint and gingermint M. gracilis (as Mentha gentilis cv. variegata) by the

electrofusion method (Sato et al., 1996). One of the regenerants showed three major volatile

constituents, menthone, menthol, and linalool, as a result of its interspecific hybrid origin.

Following protoplast fusion between peppermint (cv. Black Mitcham), producing high-

quality oil and spearmint, possessing resistance to Verticillium wilt, Krasnyanski and col-

leagues (1999) have identified 28 somatic hybrid plants. Hybrid shoots, regenerated in vitro,

were identified using RAPD profiles and Southern hybridization. All hybrid plants showed a

GC profile typical of spearmint oil and one of them possessed a level of susceptibility to

Verticillium intermediate between that of the fusion parents (Krasnyanski et al., 1999).

2.4.4.2 Agrobacterium Technology

The use of the Agrobacterium-mediated gene transfer system for improvement of commercial

mints is now available. To maintain the strict essential oil profile standards of a specific mint

cultivar, commercially grown M. �piperita cv. Black Mitcham, M. �gracilis cv. Baker, and

M. spicata are commonly vegetatively propagated. The tool of tissue culture in combination

with Agrobacterium gene transfer technique makes it possible to improve these commercial

mints through the introduction of single trait variation or mutations. Effective adventitious

shoots and roots regeneration protocols are a fundamental prerequisite for the establishment

of such a technique. Starting from the first demonstration of susceptibility of M. aquatica var.

citrata (as M. citrata) to Agrobacterium transformation by Spencer and coworkers (1990),

Berry and colleagues (1996) have evaluated the response of different commercial mints,

namely peppermint, Native spearmint, Scotch spearmint petioles, and orange mint leaf

disks to cocultivation with a number of A. tumefaciens strains. They individuated A281,

a hypovirulent agropine vector containing Ti plasmid pTiBo542 as the most responsive and

effective Agrobacterium strain. It is able to initiate tumor-like callus tissues in peppermint,

Native spearmint, and orange mint (Berry et al., 1996). Genomic Southern analysis of

tumoral callus DNA and subsequent PCR amplification with specific primers demonstrated

T-DNA integration into the mint genomes, their feasibility to transformation, and the

potential of this technique for economically important gene-technique applications (Berry

et al., 1996). Direct regeneration in vitro via shooting and transient GUS expression through

either Agrobacterium inoculation or biolistic treatment of peppermint has been obtained also

by Caissard and collaborators (1996). After these preliminary results, the production of

morphologically normal transgenic plants of M. �piperita cv. Black Mitcham through the

cocultivation of leaf explants with Agrobacterium strain EHA 105 and kanamycin selection

has been achieved (Niu et al., 1998). Basal leaf explants with petioles excised from leaves

closest to the apex of in vitro cultured shoots proved to be the best source for Agrobacterium

infection efficiency and subsequent plant organogenesis; the latter occurred at sites of excision

either directly from cells of the explant or via a primary callus (Niu et al., 1998). Eight plants

were successfully regenerated in the presence of the cytokinin, thidiazuron, and were verified as

transgenic, based on the detection of the transgene by PCR and Southern blot analyses. By

measuring transient GUS activity expressed by transformed plant material and transgenic

calluses during shoot regeneration, greater transformation efficiency was found in Agrobacter-

ium-treated plant material when compared with microparticle bombardment (Niu et al., 1998).

From results based on 200 explants, peppermint transformation via Agrobacterium tech-

nology has been reported to infer a 10% transformation efficiency (Diemer et al., 1998).
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Recently, a substantially improved protocol for Agrobacterium-mediated transformation of

peppermint has been published by Niu and colleagues (2000). A. tumefaciens infection

of peppermint leaf explants can now be easily accomplished with an average frequency of

transformation of about 20% (percentage of leaf explants that produced transformed plants),

thus rendering this biotechnological technique a useful alternative to plant breeding and clonal

selection of this crop. A key step in raising the frequency of Agrobacterium infection has been

the cocultivation of peppermint leaves and the bacterium on tobacco cell feeder layers (Niu

et al., 1998, 2000). Feeder cells are hypothesized to secrete phenolics that act as virulence

inducers and to promote cell division and growth of explants. Enhanced transformation

efficiencies were reached by increasing selection pressure with higher concentration of kana-

mycin, which is the antibiotic employed for transformant in vitro recovery (Niu et al., 2000).

The stable integration of GUS and NPTII genes by A. tumefaciens-mediated transfer has

been achieved also in M. canadensis (as M. arvensis) and M. spicata (Diemer et al., 1999).

From these experiments, one spearmint- and two cornmint-transformed plants have been

obtained. Transformed plants have been checked for transformation with specific PCR

primers, further evaluated by RT-PCR for the presence or absence of specific transcripts of

both genes, whereas the integration of the GUS gene has been confirmed by Southern blot

hybridization (Diemer et al., 1999).

Agrobacterium-mediated and direct gene transfers into protoplasts using PEG of Mentha

piperita cv. Black Mitcham were both successfully used to produce stable, transformed

peppermint plants with the limonene synthase gene (Krasnyanski et al., 1999). Southern

blot analysis revealed that Agrobacterium-mediated transformation was superior to the direct

DNA uptake into protoplasts with regard to the stability of the insert during transformation

(Krasnyanski et al., 1999).

Presently, attempts to achieve other transformation experiments with constructs of genes

coding for enzymes involved in monoterpene metabolism are underway. Moreover, in fertile

mint species, as well M. spicata and M. canadensis (as M. arvensis), it should also be possible

to assess transgene inheritance in the progeny as well as isolate highly homozygous plants

(Diemer et al., 1999), whose genetic stability is much appreciated at the moment of the

commercial release of new varietal lines.

As recently stressed by Lange and Croteau (1999b), before molecular engineering technol-

ogy can be efficiently applied to essential oil production in mint, an additional prerequisite is

tissue-specific expression of transgenes. This would ensure that transgenes are expressed

directly in glandular trichomes, to avoid potential complication due to cytotoxicity. Although

several plant epidermis-specific promoters have been characterized, a promoter that select-

ively regulates gene expression in glandular trichomes remains to be discovered (Lange and

Croteau, 1999b).

2.4.5 ESSENTIAL OILS OF REGENERATED AND TRANSFORMED MINTS

Plant regeneration and exogenous growth regulator applications to in vitro plant material

induce many changes in the chemical profile of volatiles produced by mint tissue cultures.

Abou-Mandour and Binder (1998) reported that in vitro cultivation of spearmint regener-

ants led to plants with one or two shoots containing an essential oil dominated by carvone

(75%), whereas all other mono- and sesquiterpenoid compounds accumulated in less than 5%

of total oil. Increasing BAP levels increased concentrations of monoterpene hydrocarbons

(i.e., limonene from 0.5% up to 13%), reduction of carvone (75% to 53%), and reduction of

the content of all sesquiterpenes. In the presence of NAA, increasing content of monoterpene

hydrocarbons was observed whereas cis- and trans-dihydrocarvone were reduced (Abou-

Mandour and Binder, 1998).
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Attempts have been made to modify the essential oil content of mint plants using soma-

clonal variation through plant regeneration from protoplast cultures. Chaput and colleagues

(1996) observed a decrease in menthone and menthol and an increase in carvone for all their

protoplast-derived peppermint plants. They have reported the successful culture and plant

regeneration of two protoplast-derived hybrid species of mint, M. �piperita L. and

M. aquatica var. citrata (as M. citrata) (Chaput et al., 1996). Out of the 80 somaclones

analyzed by Chaput, only 8 showed an amount of menthol slightly higher (88% to 94%)

than that of the control (86%), whereas all the others were lower (Chaput et al., 1996). No

genetic analysis of the in vitro regenerated plant material has been reported to sustain the use

of this technique for successfully developing commercially new mint varieties or chemotypes.

Sato and colleagues (1996) have described the production of an interspecific somatic hybrid

plant between peppermint (Mentha �piperita cv. Blackmint) and gingermint M. gracilis (as

Mentha gentilis cv. Variegata) by the electrofusion method. Shoots raised from these experiments

of cell fusion were grown to whole plants, and some of them showed intermediate morphological

characters between the parental plants. One of these hybrid variants showed three major volatile

constituentswhen analyzedbyGC–MS:menthone,menthol (asmain components of peppermint

oil), and linalool (the major component of gingermint oil) (Sato et al., 1996). Additional evidence

of the hybridity was provided by chromosome counts that showed the halloexaploid condition of

the fusion product and by results of the RAPD analysis, which indicated the presence in the

somatic hybrid of DNA fragments common to both parents (Sato et al., 1996).

The competence for in vitro shoot regeneration and terpene synthesis by Agrobacterium-

transformed peppermint has been demonstrated, thus inferring that shooting teratomas are a

useful system for studying metabolite production by transformed tissues grown in vitro.

According to the scope of the research, by genetically manipulating the onc-genes of

A. tumefaciens, it should be possible to assess and modify the effect of transformation

on morphology, growth, and terpene production by transformed shoots of mint.

Spencer and colleagues (1990) in their early work on M. aquatica var. citrata (as M. citrata)

T-gene transformation experiments, published results concerning qualitative and quantitative

composition of terpenes isolated from shooty teratomas (galls) grown on solid media after

transformation with A. tumefaciens T37 strain and compared these results with that obtained

from leaves of parent plants. The main components of the Mentha citrata oil, linalool, and

linalyl acetate were the major components present in both the parent plants (93%) and the

shoot cultures (94%). The total yield of oil from shoot cultures was lower than that obtained

from leaves of the parent plant, probably owing to the juvenile condition of secretory tissues

and the presence of stem material in in vitro raised shoots (Spencer et al., 1990).

Similar results have been obtained earlier by Spencer and colleagues (1993) for A. tumefa-

ciens-transformed M. piperita shoot cultures. They found menthone, menthofuran, menthyl

acetate, and (�)-menthol, and menthol and menthofuran were the major components of the

essential oil. The application to M. piperita of different transformation strategies, namely

using either a nopaline strains of A. tumefaciens, or disarmed strains carrying a binary vector

with the ipt sequence (CaMV 35S promoter) coding for isopentenyl-transferase, gave the same

phytochemical properties (relatively high menthofuran and low menthone) in all the regen-

erants (Spencer et al., 1993). (�)-Menthone is metabolically very important as it can be

reduced either to (�)-menthol, which accumulates, or converted to (þ)-neomenthol, which

is glycolized, translocated, and degraded (see Croteau in the previous section). As shown

earlier, menthofuran is an oxidation product of (þ)-pulegone, a key component in the

pathway from (�)-limonene to (�)-menthone. Menthofuran is reported to accumulate in

plants grown under oxidative conditions such as long photoperiods of poor light quality with

warm night temperatures, whereas under short light photoperiods and cold nights the

production of menthone is favored (Spencer et al., 1993 and references therein).
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In vitro peppermint shoot cultures are extremely sensible to artificial light and temperature

conditions. We have documented the chemical evolution and changes in the terpenic profile of

micropropagated peppermint plants (Mentha piperita cv. Maine et Loire) as a consequence of

extended growing periods in axenic artificial cultures (Mucciarelli et al., 1995). The fact that

the M. piperita cultures of Spencer and colleagues (1993) were grown at relatively low light

intensities and high day and night temperatures probably may have favored menthofuran

production. Investigations on the effects of growth conditions and medium composition on

the growth and production of monoterpenes by transformed shoot cultures of mint (Spencer

et al., 1990, 1993) have been revised later (Hilton et al., 1995). These authors subjected

M. aquatica var. citrata (as M. citrata) and M. piperita shoot cultures to different environmental

conditions of varying periods of light and temperature and found that increased illumination

reduced the yields of pulegone and menthofuran, without stimulating the production of either

menthol or menthone. Besides, they cultured transformed shoots in a 14-l bioreactor for up to

60 days, gaining a 25�and 35�increase in M. citrata and M. piperita green biomass, respect-

ively. The total yields of essential oil from the fermentation process were 1.16 g (M. piperita)

and 0.18 g (M. citrata) (Hilton et al., 1995).

When single transgenic peppermint plants were grown to 10% flowering in a greenhouse

by Krasnyanski and colleagues (1999), plants regenerated from both Agrobacterium and

protoplast-derived method of transformation showed essential oil profiles characterized by a

high menthone, low menthol, high menthofuran, and pulegone content in comparison with

a typical Midwest peppermint (Krasnyanski et al., 1999).

2.4.6 TERPENE PRODUCTION IN MINT CELL CULTURES

Some lines of Mentha piperita callus or cell suspensions can synthetize essential oils and many

efforts have been made to optimize culture conditions such as carbon source, exposure time to

light, light quality, initial inoculum density, pH of the culture media, agitation, hormone

concentration and operating protocols, and type of bioreactor (Kim et al., 1996; and refer-

ences therein).

The accumulation of monoterpenoids in the culture of different Mentha species and hybrids

has been reported, i.e., in M. aquatica, M. aquatica var. citrata (as M. citrata), M. longifolia,

M. pulegium, M. spicata, M. suaveolens, etc. (Charlwood and Charlwood, 1983).

Some studies have emphasized the need for high levels of differentiation to achieve the

production of monoterpenoid by cell cultures, as those obtained by Hirata and colleagues

(1990) with the production of carvone and limonene in sprouting callus of M. spicata.

It has been hypothesized that the pH of the medium can influence the observed pattern of

secondary metabolism in ways other than those influencing growth and stability of cultures

(Banthorpe and Brown, 1990). Many of the secondary metabolites, such as terpenoids, coumar-

ins, glycosides, and esters are unstable to prolonged incubation outside the range of pH 5 to 7 and

consequently secondary reactions may occur when metabolites are excreted into the culture

medium. Indeed the pH of the culture medium shows great variation during autoclaving or over

the culture period as a result of NH4
þ or NO3

� uptake by cultured cells (Banthorpe and Brown,

1990). This could influence both the metabolite leakage from cultured cells and the stability of

these molecules in the media. Moreover, monoterpenes secreted into the culture medium may be

much more susceptible to enzymatic degradation than those sequestered into the secretory hairs

because, in culture, plant cells excrete a large amount of hydrolytic and oxidative enzymes into

the medium (Spencer et al., 1993, and references therein). Recent studies have demonstrated that

plant cell cultures actively catabolize monoterpenes added to the culture medium.

Gathering all these considerations, a substantial increase in dry weight of M. spicata cell

cultures when cultured in MES-buffered media (pH 5.8) with respect to unbuffered cultures
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has been reported (Banthorpe and Brown, 1990). Consequently, studies have been under-

taken to test the applicability of cell-recycled air-lift bioreactors for high-density culture of

Mentha piperita cells. Owing to their low shear stress, simple mechanical structure, and low

energy consumption, air-lift bioreactors have found various applications in the area of plant

cell culture. In the case of peppermint, Chung and colleagues have finally reported a volu-

metric productivity of essential oils substantially higher than that obtained from batch culture

(Chung et al., 1994). However, plant cell suspensions and cell cultures in bioreactors have not

yet fulfilled the needs of the market, yielding secondary metabolites at very low levels.

The low yield of mint cell cultures has been enhanced by the introduction in the culture

media of a second phase. Removal of excreted monoterpenes from the culture medium is

beneficial because they are toxic to plant tissue (Wink, 1990); moreover, production of

chemicals via biotechnology generally requires time-consuming procedures of isolation and

purification from dilute, aqueous solutions (Garcia, 1991). The second phase of Li Chropep

RP-8, a silica gel with outer SiOH group covalently bounded to C8 hydrocarbons, has been

successfully employed to select monoterpene producing cell lines in Mentha cell cultures in

shaken flasks and air-lift bioreactors (Kim et al., 1996). Mentha cells have been conveniently

cultured in LS medium supplemented with 0.2 mg=L 2,4-D and 20 g=L of sucrose, with

the addition of RP-8, XAD-4, and XAD-7 free or packed in little bags as second phases. An

addition of RP-8 gave best results and did not impair cell growth. This treatment increased

the ratio of extracellular oil to intracellular oil formation and resulted in stimulated formation

of mint essential oils. The latter consisted in a-terpinene, p-cymene, and the citrals together

with menthone, neomenthol, and neomenthyl acetate with a yield of 6.9 mg=L per day (10% of

the total level in parent tissue) (Kim et al., 1996).

Monoterpenes are lipophilic, and solvents such as the water-insoluble triglyceride Myglol,

or hexadecane, when used as a second phase in cell culture medium, have been reported to

absorb and stabilize monoterpenes secreted by cultures into the culture medium (Spencer

et al., 1993; and references therein).

Maximum accumulation of terpenoids has been found in the late exponential phase of the

cell culture cycle and is higher in cell suspensions than in callus cultures (Banthorpe, 1996).

Industrialization of mint cell culture for the production of secondary metabolites is still

limited by low productivity, low growth rate of cells, and high sensitivity to shear. In order

to solve these problems, various techniques have been tried.

Enzymatic methods have been developed to permeabilize the tonoplast to stimulate the

release of any products to the media without reducing cell viability (Banthorpe, 1996). The

most promising techniques are cell immobilization and elicitation. The first trial provides

many advantages including reuse of cells and maintenance of high cell-to-cell contact, which

is useful for the stable growth of active cells that are to be used in a continuous culture system.

Peppermint cells have been immobilized in a polyurethane (PU) foam of 5� 5� 5 mm and

cultured both in shaken flasks and in a bioreactor, equipped with a round spiral type impeller.

The maximum oil productivity was 148 mg=L after 40 days of culture in flasks, using chitosan

as an elicitor (Ha et al., 1996). Despite the high viability of mint cells cultured in the

bioreactor, the oil productivity was relatively lower than that of the flask system.

In this context, the development of culture systems more properly adapted to plant cell

cultures should improve terpene yields of plant origin. From the viewpoint of industrial food

and flavor production, the development of biofermentation systems containing natural or

transformed microbial cells able to produce and eventually transform monoterpenes has been

suggested (Nishimura and Noma, 1996).

Other than monoterpenes, mint cell culture systems have been recently exploited for the

production of natural antioxidants as well as rosmarinic acid and related phenolics useful for

food processing and nutraceutical applications. With the aim of selecting high rosmarinic acid
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clonal lines of M. spicata, tissue-culture-based selection techniques have been developed (Al-

Amier et al., 1999).

2.4.7 BIOTRANSFORMATIONS IN CELL CULTURES

For a great variety of Mentha species, the ability of different cell lines to carry out oxidations

and reduction of carbonyl groups, alcohols, and double bonds has been demonstrated. This

has made it possible to select a single clone or cell line with a desired transforming ability

(Banthorpe, 1994).

In their early works on this topic, Aviv and colleagues found that all tested cell lines of

Mentha spp. were able to transform (�)-menthone to (þ)-neomenthol, reducing the carbonyl

to hydroxyl group (Aviv et al., 1981). On the contrary, ability to hydrogenate the unsaturated

a–b keto bond of (þ)-pulegone leading to (þ)-isomenthone was restricted to only some of the

cell lines (Aviv et al., 1983). These results indicated stereospecificity with respect to precursors

and products of biotransforming mint cell cultures and pointed out that plant cells are

restricted to some extent in their biotransformation capabilities to components of the bio-

synthetic pathway of the plant from which they were derived (Aviv et al., 1983).

Biotransformations have also been reported when the usual type of substrates were added

to callus cultures of M. piperita lines, but the efficiency of conversion was low compared with

that of free cell suspensions (Rodov et al., 1983; Banthorpe, 1996).

Immobilization of dispersed cells in either calcium alginate beads or polyacrylamide

hydrazide cross-linked with glyoxal as linking agent (PAAH-G) has been reported to stimu-

late the ability of cells to transform (þ)-pulegone to (þ)-isomenthone and (þ)-menthone to

(þ)-neomenthol (Galun et al., 1983). Moreover, the distribution of both precursors and

product in the medium versus the cell showed that less monoterpenes were retained in cells

entrapped in PAAH-G with respect to cell-free suspensions, thus considerably improving

their yield.

Cell division and consequent proliferation can be controlled in these immobilized systems

through the use of known amounts of auxins or by the use of g-irradiation (Galun et al.,

1985). Exposure of Mentha cells to 500 Gy gamma-irradiation causes cell division arrest and

the irradiated cells efficiently reduce (�)-menthone to (þ)-neomenthol with similar or higher

efficiency than nonirradiated cells (Galun et al., 1985). Moreover, the reducing ability is

retained for at least 1 week by cells after embedding and immobilization, thus rendering a

continuous biotransformation process possible by repeated exposure to the transformation

precursor. The advantage of suppressing the mitotic activity is useful to save the metabolic

energy required for biotransformation activity and it also improves the mechanical stability of

the gel beads (Galun et al., 1985).

In the course of studies examining the biochemical differences of peppermint suspension

cells, novel compounds have also been found. Park and colleagues (1994), feeding peppermint

cell suspension cultures with various intermediates of the menthol pathway, found that when

(�)-isopiperitenone was the original precursor, a previously unreported compound in pep-

permint, (�)-7-hydroxyisopiperitenone was isolated in addition to all other typical mint

metabolites, namely piperitone, (þ)-pulegone, (�)-menthone, and (�)-menthol (Park et al.,

1994, 1997). In experiments that followed, they found that the biotransformation of (�)-(4R)-

isopiperitenone by suspension cultures yielded three new hydroxylated derivatives and two

new epoxidized derivatives (Park and Kim, 1998). Peppermint cells biotransformation leading

to (�)-7-hydroxyisopiperitenone is inhibited by several cytochrome P450-specific inhibitors

as well as carbon monoxide, and this inhibition can be substantially overcome by irradiation

with blue light (Park et al., 1999). The authors have interpreted this finding as the result of

activation in the cell culture conditions of a dormant P450 gene in the plant. When 21-day-old
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suspension cells were treated with isopiperitenone, mRNA of a cytochrome P450 was induced

with a timecourse pattern similar to that of the biotransformation cycle in cultured cells (Park

et al., 1997). The induction of P450 mRNA and the biotransformation ability were both

increased by the addition of methyl jasmonate to the culture system, thus inferring that the

induction of the P450 cytochrome is modulated in vivo by the jasmonic acid as a signaling

molecule (Son et al., 1998).

Most of the studies dealing with monoterpenes transformation in mint cell suspensions

involve the incubation of the substrate with the cell suspension for almost 8 to 72 h, when

conversions of 10% to 40% are achieved. During this period of culture, enzymatic glycosila-

tion of the terpenoids may occur, especially when using a sugar in the culture medium as

cosubstrate. Glycosides have been synthesized by incubating monoterpenoid alcohols or

ketones with Mentha cells in media supplemented with 2,4-D and myo-inositol, thus reaching

the conversion of (þ)-menthol into its (þ)-b-glucoside (l-menthyl b-glucoside) (Berger and

Drawert, 1988). These observations have been interpreted as a result of the peculiar metab-

olism of in vitro-cultured Mentha cells. These cells are forced to grow continuously by the

plant growth regulators, thus transforming even foreign substrates to carbon and energy,

before being transferred to primary pathways. The use of glycosides, which are normally

better degraded by cells, may facilitate the transport of these substrates to catabolic enzymatic

sites (Berger and Drawert, 1988).

Werrmann and Knorr (1993) demonstrated that l-(�)- and d-(þ)-monoterpenyl acetates

added to M. piperita and M. canadensis suspension cultures were degraded within 6 to 12 h in

their corresponding alcohols. After further incubation, all synthesized alcohols and acetates

were completely degraded. Within 24 h, most of the l-(�)-menthol was converted into

l-(�)-menthyl glucoside, whereas only small amounts of d-(þ)-menthol and d-(þ)-neomenthol

were glycolized (Werrmann and Knorr, 1993). Despite both Mentha species exhibiting the

same conversion of l-(�)-menthyl acetate to l-(�)-menthol, in M. canadensis the glycosilation

was more enantioselective and stereospecific to l-(�)-menthol than in M. piperita cell cultures

(Werrmann and Knorr, 1993).

Mint cell cultures therefore might have a potential to produce natural l-menthol by

deacetylation of l-menthyl acetate as a natural compound in the essential oil. This and

other activities are of considerable interest for their utilization in food and drink industry

as well as for pharmaceutical applications.

The low level at which many secondary compounds are normally produced by cells in

culture has prompted to assess the feasibility of enzyme immobilization techniques for the

production of monoterpenes and sesquiterpenes. Thanks to the recent advances in

the discovery and characterization of the key enzymes responsible for the biosynthesis of

terpenoids (see previous section, Croteau, 1987, and references therein), terpenoid cyclases

have become the most promising targets for this technological exploitation. These enzymes

are involved in the transformation of the ubiquitous isoprenoid intermediates, geranyl- and

farnesyl-pyrophosphate to the cyclic parent compounds, from which the various terpenes are

derived. Therefore, a great array of different techniques of immobilization have been devel-

oped through the reversible absorption to beaded resins or anion-exchange resins or through

covalent attachment of the enzymes to activated resins (i.e., activated Sepharose) (Miyazaki

and Croteau, 1990).

Recent progress in the molecular biology of terpene synthases and especially the identifi-

cation of new candidate genes involved in essential oil biosynthesis, through their expression

and functional evaluation in vectors (E. coli), will offer a tool for modifying the aroma

profiles of essential oil plants by the expression of these foreign terpene genes both in

transgenic plants and in cell-free systems to yield oils with novel properties (Lange and

Croteau, 1999b; McCaskill and Croteau, 1999b; Lange et al., 2000)).
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2.4.8 CONCLUSIONS AND PROSPECTS

Cell tissue culture and micropropagation methods for the regeneration of plantlets of Mentha

species are now available, although great attention must be devoted to the choice of donor or

parental plants. When possible, donor plant material must be chosen on the basis of useful

and heritable agronomic traits, rather than on their easy response to in vitro culture.

Callus, cell suspension, and protoplast cultures have been easily established from most

sources of mint organ and tissue explants, and biotransforming cells, immobilized cultures, as

well as organs in bioreactors producing considerable quantities of terpenoids can be readily

derived therefrom.

Monoterpenoids can be accumulated in many of these in vitro culture systems, providing

the correct culture conditions and relying on the appropriate exogenous stimuli. The latter

may be represented by either exogenously applied natural or artificial substrates or by biotic

elicitors, among which are bacterial and fungal cells. However, most of these in vitro processes

are not yet of commercial relevance.

The readily available in vitro cultures of cell and tissue and especially the competence of this

material for genetic transformation and plant regeneration are invaluable for studies on the

characterization of all the biochemical steps, which still remain unknown in the terpenoid

biosynthetic pathway.

The bulk of all these studies should lead to further advances in the field of gene transfer to

produce novel desirable secondary metabolites in more healthy and easy-to-grow plants and

cell lines.

REFERENCES

Abou-Mandour, A.A. and Binder, G. (1998). Effect of exogenous growth regulators in plant regenerates

from tissue cultures of Mentha spicata and production of volatiles. J. Appl. Bot., 75, 233–243.

Adam, K., Sivropoulou, A., Kokkini, S., Lanaras, T., and Arsenakis, M. (1998). Antifungal activities of

Origanum vulgare subsp. Hirtum, Mentha spicata, Lavandula angustifolia and Salvia fruticosa

essential oils against human pathogenic fungi. J. Agric. Food Chem., 46, 1739–1745.

Al-Amier, H., Mansour, B.M.M., Toaima, N., Korus, R.A., and Shetty, K. (1999). Screening of high

biomass and phenolic producing clonal lines of Spearmint in tissue culture using Pseudomonas

and azetidine-2-carboxylate. Food Biotechnol., 13, 227–253.

Alonso, W.R. and Croteau, R. (1993). Prenyltransferases and cyclases. In, Dey, P.M. and Harborne,

J.B., Eds, Methods in Plant Biochemistry. Enzymes of Secondary Metabolism, Vol. 9. Academic

Press, London, UK, pp. 239–260.

Alonso, W.R., Crock, J.E., and Croteau, R. (1993). Production and characterization of polyclonal

antibodies in rabbits to (4S)-limonene synthase from spearmint (Mentha spicata). Arch. Bio-

chem. Biophys., 301, 58–63.

Alonso, W.R., Rajaonarivony, J.I.M., Gershenzon, J., and Croteau, R. (1992). Purification of 4S-

limonene synthase, a monoterpene cyclase from the glandular trichomes of peppermint (Mentha

�piperita) and spearmint (Mentha spicata). J. Biol. Chem., 267, 7582–7587.

Amelunxen, F. (1964). Beobachtungen über die Veränderung der Zusammensetzung des Ätherisches Öls
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Malingré, T.M. (1971). Chemotaxonomisch onderzock von Mentha arvensis L. Pharm. Weekblad, 106,

165–171.

Marengo, E., Baiocchi, C., Gennaro, M.C., Bertolo, P.L., Lanteri, S., and Garrone, W. (1991).

Classification of essential mint oils of different geographic origin applying pattern recognition

methods to gas chromatographic data. Chemometr. Intell. Lab. Sys., 11, 75–88.

Martin, G.B., Brommonschenkel, S.H., Chungwongse, J., Frary, A., Ganal, M.W., Spivey, R., Wu, T.,

Earle, E.D., and Tanksley, S.D. (1993). Map-based cloning of a protein kinase gene conferring

disease resistance in tomato. Science, 262, 1432–1436.

Martinkus, C. and Croteau, R. (1981). Metabolism of monoterpenes. Evidence for compartmentation of

l-menthone metabolism in peppermint (Mentha piperita) leaves. Plant Physiol., 68, 99–106.

Mau, C.J. and West, C.A. (1994). Cloning of casbene synthase cDNA: evidence for conserved structural

features among terpenoid cyclases in plants. Proceed. Natl. Acad. Sci. USA, 91, 8497–8501.

McCaskill, D. and Croteau, R. (1995). Monoterpene and sesquiterpene biosynthesis in glandular

trichomes of peppermint (Mentha �piperita) rely exclusively on plastid-derived isopentenyl

diphosphate. Planta, 197, 49–56.

82 Mint: The Genus Mentha



McCaskill, D.G. and Croteau, R. (1997). Prospects for the bioengineering of isoprenoid biosynthesis.

Adv. Biochem. Engineer.=biotechnol., 55, 107–146.

McCaskill, D.G. and Croteau, R. (1999a). Isopentenyl diphosphate is the terminal product of the

deoxyxylulose-5-phosphate pathway for terpenoid biosynthesis in plants. Tetrahedron Letters,

40, 653–656.

McCaskill, D. and Croteau, R. (1999b). Strategies for bioengineering the development and metabolism

of glandular tissues in plants. Nature Biotechnology, 17, 31–36.

McCaskill, D., Gershenzon, J., and Croteau, R. (1992). Morphology and monoterpene biosynthetic

capabilities of secretory cell clusters isolated from glandular trichomes of peppermint (Mentha

piperita L.). Planta, 187, 445–454.

McConkey, M.E., Gershenzon, J., and Croteau, R.B. (2000). Developmental regulation of monoterpene

biosynthesis in the glandular trichomes of peppermint. Plant Physiol., 122, 215–223.

Medou, G., Faure, O., Jullien, F., Colson, M., and Perrin, A. (1997). Caulogenesis and terpenic

synthesis in vitro in peppermint. Acta Bot. Gall., 144, 371–379.

Mihaliak, C.A., Gershenzon, J., and Croteau, R. (1991). Lack of rapid monoterpene turnover in rooted

plants: implications for theories of plant chemical defense. Oecologia, 87, 373–376.

Mitchell, A.R. and Farris, N.A. (1996). Peppermint response to nitrogen fertilizer in an arid climate.

J. Plant Nutrit., 19, 955–967.

Miyazaki, J.H. and Croteau, R. (1990). Immobilization of cyclase enzymes for the production of

monoterpenes and sesquiterpenes. Enzyme Microb. Technol., 12, 841–845.

Mucciarelli, M., Camusso, W., Bertea, C.M., Bossi, S., and Maffei, M. (2001). Effect of (þ)-pulegone

and other oil components of Mentha � piperita on cucumber respiration. Phytochemistry, 57,

91–98.

Mucciarelli, M., Sacco, T., Bricarello, M., Scannerini, S., and Maffei, M. (1995). Oli Essenziali di

Mentha � piperita micropropagata in vitro. Rivista Italiana Eppos, 17, 19–30.

Murashige, T. and Skoog, F. (1962). A revised medium for rapid growth and bioassays with tobacco

tissue cultures. Physiol. Plant, 15, 473–497.

Murray, M.J. (1961). Spearmint rust resistance and immunity in the genus Mentha. Crop. Sci., 1,

175–179.

Murray, M.J. (1969). Successful use of irradiation breeding to obtain Verticillium resistant strains of

peppermint, Mentha piperita L. In: Induced Mutations in Plants. IAEA, Vienna, pp. 345–370.
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3.1 INTRODUCTION

The mint family (Labiatae or Lamiaceae) is composed of many species grown commercially

for their oils or leaves, including basil, lavender, peppermint, sage, spearmint, and rosemary.

Not only are such species desired for their flavors and fragrances, but many have been used

for centuries as folk remedies and at present they are regaining mainstream acceptance for

their medicinal properties (Brown, 1995; Beckstrom-Sternberg and Duke, 1996; Newall et al.,

1996). One example is peppermint, considered to provide relief for a wide range of ailments,

from tension headaches to irritable bowel syndrome (Blumenthal, 2003).

In the last century, the U.S. Mint Industry was very innovative and research oriented.

Findings on topics ranging from basic agronomy to pest and weed control have been reported

in a diversity of peer-reviewed journals, mint industry publications, and extension bulletins.

The objective of this review, which focuses on agricultural practices employed in the produc-

tion of U.S.-grown peppermint (Mentha �piperita), Native spearmint (Mentha spicata), and

Scotch spearmint (Mentha �gracilis) for essential oil, is to update the current literature on

U.S. mint agronomy and suggest areas where additional research is needed.

3.2 HISTORY OF U.S. PEPPERMINT AND SPEARMINT PRODUCTION

3.2.1 ORIGINS AND VARIETAL IDENTIFICATION

The impact of different agricultural practices often depends on the particular mint

species or variety grown. For this reason, an important aspect of mint agriculture is correct

identification of the species and variety to be cultivated.

Identifying species in the genus Mentha is complicated by the extensive hybridization

thought to have occurred within this group (Tucker and DeBaggio, 2000). Because the ability

to determine species based on sexual crosses is limited, pinpointing the hypothesized origins

of specific blocks of peppermint and spearmint is currently based on a combination of data,

including plant morphology, essential oil composition, chromosome numbers, and the arti-

ficial resynthesis of species (Murray et al., 1972; Tucker and Chambers, 2002). There are

many variables to consider with each of these techniques. For example, both morphology and

essential oil composition of Mentha species may vary depending on environmental factors.

Varietal identification is even more challenging because differences in morphology or oil

quality are often barely discernible. For these reasons, genetic analysis may soon play a key

role in distinguishing among mint species and varieties. Interestingly, such methods may also

help clarify the botanical origins of mint species themselves.

Three different genetic approaches have been used to determine the genetic relationships

and possible origins of peppermint and spearmint. The first method focused on randomly

amplified polymorphic DNA (RAPD). Benefits of RAPD include simplicity and low cost

because prior knowledge of a plant’s genetic sequence is not required. Fenwick and Ward

(2001) studied RAPD’s ability to accurately identify peppermint and spearmint varieties.

Despite testing hundreds of primers, they were unable to distinguish among six of the eight

commercial peppermint and native spearmint types. Shasany et al. (2002) evaluated RAPD to

assess the genetic relationship among 15 native spearmint accessions from India. The authors
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concluded that the results of RAPD analysis were better for this purpose than the traditional

approach of comparing plant morphologies and chemistries. Even so, few researchers cur-

rently use RAPD analysis because results are not as consistent as with other genetically based

methods.

Amplified fragment length polymorphism (AFLP) is one of the more reliable methods used

to characterize genetic relationships among plants, and has been used successfully to group

different mint plants into major taxonomic clusters (Gobert et al., 2002). Like RAPD, AFLP

requires no knowledge of genetic sequences. However, it is difficult to use and may not be

sensitive enough to distinguish among closely related individuals.

Analysis of single sequence repeats (SSRs), also called microsatellite DNA markers, is

another approach to distinguish different mint plants. Microsatellites are very reliable

and easy to use, but their application requires genetic sequencing information that can be

difficult and expensive to obtain. Liu and Blouin (in preparation) have developed 22 SSR

markers capable of differentiating among several species and varieties in the genus Mentha.

Additional SSR markers are needed, however, to distinguish among other closely related

mint plants.

3.2.1.1 Peppermint

Peppermint (Mentha �piperita) is considered to be a hybrid of M. aquatica and M. spicata

(Murray et al., 1972; Tucker and DeBaggio, 2002). This species was first cultivated in the

Mediterranean basin and by the late 1700s was commercially grown in England. The pep-

permint variety White Mitcham was introduced into Massachusetts from England sometime

around the late 1700s or early 1800s, and production soon migrated westward to the states of

New York, Michigan, Ohio, and Indiana (Nelson, 1950; Landing, 1969; Vessels, 1984). The

peppermint variety Black Mitcham was later imported into Michigan from England around

1883. Because of superior vigor compared with White Mitcham, Black Mitcham or varieties

derived from it have become the standards of U.S. peppermint production.

In addition to Black Mitcham, there are six peppermint varieties available in the U.S.

recognized by the Mint Industry Research Council (MIRC). The varieties Murray Mitcham,

Roberts Mitcham, Todd Mitcham, M-83-7, and B-90-9 were all derived from Black Mitcham

through mutation breeding aimed at developing peppermint more resistant to Verticillium

wilt disease. (A discussion of Verticillium resistance is presented in the section on disease

management.)

3.2.1.1.1 Production Trends
After the arrival of Black Mitcham, peppermint acreage shifted to new areas of the Northeast

and then westward as the productivity of established growing regions declined and demand

for peppermint oil increased. The decline of U.S. peppermint-growing regions is most often

blamed on Verticillium wilt, although other factors, such as the mint flea beetle (MFB)

(Longitarsus ferrugineus), could also have contributed. The flea beetle was responsible for

decimating peppermint plantations in England as well as the midwestern and western U.S.

(Vessels, 1984).

Peppermint production moved westward into Idaho in 1903, western Oregon around 1909,

western Washington State in 1917, and south-central Washington by 1927. Commercial

peppermint cultivation was attempted in California but was not widely successful, possibly

because of unacceptable oil quality (Landing, 1969). Today most U.S. peppermint oil is

produced in states located north of the 40th parallel, areas considered to produce the best

quality oil (Green, 1963).
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Fro m the mid- 1960s until 1987, U.S. pep permint acreage fluctua ted between 60,000 acres

(ca. 25,000 ha) and 107,00 0 acres (ca. 40,500 ha) then peaked at 149,00 0 acres (ca. 6 0,300 ha)

in 1995 (Figure 3.1) . Acre age erosion be gan in 1996 with an econo mic downt urn in forei gn

market s, prim arily in the Pac ific Rim cou ntries, an d con tinues today because of intens e global

cost pressur es and trends toward high-i ntensity mint flavo rs (Figur e 3.1).

With U.S. pep permint grow ers faci ng increa sed competiti on from forei gn produ cers,

domestic acreage ha s shifted from the high-c ost growing regions of central and western

Oregon to south-central Washington and western Idaho, where yields are higher

(Figur e 3.2). Thanks to this regiona l shif t an d to the U.S. Mint Ind ustry’s substa ntial

commitment to agricultural research, although U.S. mint acreage has declined, yields have

increased: from an average of about 60 lb of oil per acre (67.25 kg=ha) in the 1960s to more

than 100 lb of oil per a cre (ca. 112 kg =ha) (Figur e 3.3). The large st yiel d increases have been in

south- centra l Wa shington an d Id aho (Figur e 3.4) .

3.2.1.2 Spearmint

Perhaps because spearmint has never been as popular a flavor as peppermint, there is less

information on it. Two species of spearmint are grown commercially in the U.S. today: Scotch

spearmint and Native spearmint.

Scotch spearmint (Mentha �gracilis) is believed to have originated in Europe and imported

into the U.S. from Scotland. Commercial interest in this variety increased around 1908

because it yielded more than Native spearmint (Landing, 1969). Four cultivars of Scotch

spearmint are recognized today by the U.S. Mint Industry: standard Scotch, cvs. 213, 227,

and 770.
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Nati ve spearm int is usuall y referred to as Mentha spicata , althoug h M �villoso- nervat a has

been prop osed (T ucker an d DeB aggio, 2000). Believ ed to be of Eur opean origin, Native

spearm int was bro ught to the U.S. by colonis ts in the late 1700s or early 1800s and subse-

que ntly spread through out the cou ntry (Landing, 1969). In the 19th and early 20th cen tury,

Sco tch spearm int gen erally yield ed 50% more oil than Nativ e spearm int; howeve r, this is not

always the case today. When grow n in the rich fertil e soil s of sou th-cen tral Wa shington , Native

spearm int is cap able of yielding upwar d of 200 lb of oil per acre. Perhaps the varie ty of Native

spearm int also is different today from what it was in the early 1800s. The U.S. M int Indu stry

recogn izes two varie ties of Native spearm int: standar d Native and N-83-5.

3.2. 1.2.1 Prod uction Trends
Altho ugh spearmint ac reage has alw ays trailed that of pep permint, acreage trends are sim ilar

(Figur e 3.1) . Spe armint acreage ranged from 10,000 acres (ca. 4050 ha) in 1966 to 46 ,000 acres

(ca. 18,620 ha) in 1978 (Figure 3.1). Like peppermi nt, spearm int acreage has shrunk since the

mid- 1990s; as of 200 3, spearm int acreage had decreas ed to 18,000 acres (ca. 72 85 ha).

How ever, like pepp ermint, spearm int oil yiel ds have increa sed since the 1960s (Figure 3.3),

with the largest increase occurri ng in the grow ing regions of the wes tern U.S. (Figur e 3.5).

3.3 MINT AGRONOMY IN THE UNITED STATES

Mint cultivation is truly a combination of both art and science, and there is no simple,

straightforward recipe for growing peppermint and spearmint. However, because the global

market for peppermint oil has become increasingly competitive, agricultural practices that

maintain oil quality while managing production costs are more crucial today than ever before.
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To cultivate mint successfully, the grower must consider many factors, from what mint

cultivar to grow to when the crop should be harvested for its oil. Mint growers and

researchers from different regions vary widely in their views regarding agricultural practices.

One reason for this diversity of opinion is the considerable variation in research data among

and within growing regions. Another confounding factor is the variable success of applying

research and growing practices from one mint cultivar to another. Whatever agricultural

practices a grower chooses to adopt, the bottom-line consideration of cost must be weighed if

U.S. mint growers wish to remain competitive in today’s more complex global mint market.

3.3.1 SELECTION OF THE AGRICULTURAL ECOSYSTEM

One of the first considerations in establishing a mint farm is whether the location is suitable.

Peppermint and spearmint can survive under a wide range of climatic and soil conditions, but

the ultimate question is whether they can be grown profitably. While profitable mint produc-

tion continues to depend on oil quality as well as cost, the focus has increasingly shifted to

reducing oil cost, and many components of the agricultural ecosystem can influence a mint

farm’s profitability.

3.3.1.1 Climate

Day length, temperature, and precipitation affect mint oil yield and quality, and these climatic

factors are important considerations when deciding where to plant a mint farm.

3.3.1.1.1 Day Length
Peppermint grown under long-day conditions often yields more oil than plants grown under

short-day conditions (Langston and Leopold, 1954; Burbott and Loomis, 1967; Clark and
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Men ary, 1980a) . In fact , day length in excess of 15 h is recomm ende d for sati sfactory oil yields

(Gr een, 1963). Lang ston an d Leopol d (1954) conclud ed that a long photop eriod is necessa ry

for, among other things , floral diff erentiati on a nd oil synthes is. Most pep permin t producti on

occu rs at latitudes abo ve the 40th parallel wher e the da y lengt h is consider ed optimal.

How ever, pe ppermi nt is increa singly grow n near the 28th parallel in places like India,

wher e lower producti on costs may justify low er oil yields and differen ces in oil qualit y.

Othe r environm ental factors, like tempe rature an d elevation , can interact with phot operiod

to co unterac t the effe ct of short day length and allow co mmercial pep permint pr oduction at

low er latitudes . One mo del propo sed by Dwayne Johnso n, directo r of the Yel lowjacket

South western Rese arch Center in Col orado, states that the increa se in tempe ratur e for

every 100 miles trave led southw ard is negated by a 1000-foo t increase in elevation. Ther efore,

Yel lowjacket , Col orado, shou ld have a simila r climate as Kalispel l, M ontana. Highe r eleva-

tions also resul t in higher level s of ultraviol et light an d a thinner atmosph ere, but less is

known abo ut how these factors affect mint producti on.

Differ ences in plant morpho logy also exist between plants grown unde r lon g-day an d

short- day cond itions. Long-day plan ts often have large r leaves, a more erect habit, an d

fewer stolo ns than to sho rt-day plants. These morpholog ical cha nges may contrib ute to

differen ces in oil yield , and there is some debate as to whether the photop eriod also affects

oil co mposi tion. Burbo tt and Loom is (1967) observed that oil composi tion remai ned con stant

at diff erent photo periods . In co ntrast, in studies by Clark an d M enary (1979, 19 80a), mint

grow n in long-da y con ditions prod uced oil with more menthone an d menthol and less

menthof uran than short-d ay co ndition s.

3.3. 1.1.2 Te mperatur e
Var iations in seasonal an d diurnal tempe ratur e pattern s infl uence not only mint grow th, plant

develop ment, an d oil quality (Biggs and Leopold, 1 955; Burbott and Loom is, 1967), but also

mint survi val. For example , extreme cold dur ing the wi nter months may damage a mint stand

despit e adequ ate tempe ratur es during the grow ing season. Eve n if winter survival is poor

during one out of 4 years, profitabl e mint produc tion may not be reali zed.

Differ ent mint specie s vary in their toleran ce to c old. Sco tch sp earmint and pep permin t are

more cold toleran t than Native spearm int. In Bio-f reezer studi es, W elty et al. (1997) showe d

that pep permint stolons survived bette r than Sc otch spearm int stol ons at 10 8 F (�1 2.28 C),

and Sco tch spearm int stol ons survived be tter than nativ e spearmint stolons. Stolons from all

three specie s died at 08F (� 17.8 8 C), whi le great er than 95% survi val was obs erved for all three

specie s at 20 8 F (� 6.78 C) . In contras t, Landin g (1969) report ed that Scotch spearm int was less

frost tolerant than Nati ve spearm int, suggest ing again the possibl e existence of more than one

original Native spearmint cultivar. Other conditions can help a mint field withstand occa-

sional cold-temperature extremes—for example, if the earth is insulated with a layer of snow,

the stand is vigorous and soil moisture is adequate.

Assuming that mint plants can survive regional subfreezing temperatures, the duration of

the growing season is another factor affecting commercial mint production. Peppermint

prefers a growing season of at least 117 frost-free days. This observation is based on the

number of frost-free days in central Oregon, which has the highest incidence of frost among

all U.S. mint-produci ng regions (Table 3.1) . Freezing tempe ratur es in mid- to late spring can

cause economic injury to newly emerged mint, especially just-planted rooted tip-cuttings.

A growing season of adequate duration is especially important in regions where mint is

harvested twice per season.

Heat units measured in growing degree-days (calculated as the average temperature over a

24-h period minus the lower developmental threshold, i.e., the temperature at which plant

growth ceases) is a method of quantifying how warm a region is during the growing season.
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See Table 3.1 for accumulated heat units for selected mint-growing regions of western U.S.

(A base threshold of 408F [4.48C] is often used in heat unit calculations, but it must be

experimentally verified.) Data show that Prosser, Washington was the warmest region with

4940 heat units, while Kalispell, Montana, was the coolest with 3124 heat units. In all regions

measured, the majority of heat units were accumulated from May through August.

Diurnal temperature patterns during the growing season also affect peppermint growth,

development, and oil quality. In a greenhouse study, Clark and Menary (1980a) showed that

oil yield was higher when night temperature was 688F (208C) than when it was 508F (108C).

The higher night temperature also resulted in changes in oil composition by causing the plant

to grow more rapidly and produce menthofuran and pulegone in abundance. In contrast,

plants grown at cooler night temperature did not accumulate menthofuran and pulegone, but

instead produced higher cineole and menthone levels. These results confirm an earlier growth-

chamber study conducted by Burbott and Loomis (1967) in which they compared night

temperatures of 778F (258C) and 468F (7.88C). Again, lower night temperatures resulted in

lower menthofuran and pulegone levels.

The relationship between daytime and nighttime temperatures also affects oil yield. Mint

grown at day temperatures of 608F (15.68C) and 708F (21.18C) produced higher oil yield as

night temperatures rose. At a day temperature of 808F (26.78C), however, oil yield decreased

with increasing night temperature (Biggs and Leopold, 1955). The presence of an upper

developmental threshold for peppermint and spearmint needs to be experimentally deter-

mined, not only for mint growth but also for its effects on both oil yield and oil quality.

Temperature also affects plant morphology, which influences both oil composition and

yield. In one study, leaf size and side branching were maximized at a constant temperature of

708F (21.18C), while the longest internode length occurred at a constant temperature of 808F
(26.78C) (Biggs and Leopold, 1955). Peppermint plants grown at a constant temperature of

908F (32.28C) had weak stems and small leaves, but this could have resulted from moisture

stress and temperature effect. Moisture stress and cool night temperatures produce smaller

leaves, which lead to an increase in oil yield and improved oil composition (Loomis, 1978).

Smaller leaves contain as much oil as larger leaves, and because they minimize shading of the

lower leaves, the plant retains the more mature lower leaves and more leaves overall. This is

important because high quality oil results from a combination of young and old leaves

(Loomis, 1978), and obviously more leaves produce higher oil yields.

All these findings combined explain why the U.S. Mint Industry has long believed that

warm days and cool nights result in excellent peppermint oil quality. The optimal diurnal

TABLE 3.1
Climatic Data and Elevation for Five Diverse U.S. Mint-Producing Regions

Madras,

Oregon

Prosser,

Washington

Caldwell,

Idaho

Kalispell,

Montana

LaGrande,

Oregon

Latitude 44830’ 46820’ 43830’ 48815’ 45810’
Elevation (ft) (m) 3000 (914.4) 900 (274.3) 2300 (701) 3200 (975.4) 2700 (823)

Mean precipitation (in) (mm) 8.80 (22.35) 8.20 (20.83) 8.00 (20.32) 15.02 (38.15) 18.79 (47.63)

Mean number of frost-free

days (288F) (�2.28C)

117 185 175 150 140

First frost-free day (288F) May 20 May 01 April 21 May 04 May 09

Last frost-free day (288F) September 14 October 10 October 13 October 01 October 02

Total growing degree-days

(408F Base)

4048 4940 4872 3124 3880
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tempe ratur e fluct uation for pe ppermin t yield and oil qua lity is in the range of 85 8 F to 908 F
(29. 48C to 32.28 C) dur ing the da y and 55 8 F to 608 F (12.8 8 C to 15.68 C) dur ing the night

(DeFr ancisc o, 20 02).

Tem perature also plays a role in regula ting floweri ng, the timing of which is partic ularly

impor tant since oil co mposi tion and yiel d are at optim um levels at flow ering. Peppe rmint

grow n at a con stant tempe rature of 70 8 F (21.1 8 C) an d 80 8F (26.7 8 C) initiat ed flowerin g in a

shorte r amou nt of time and had fewer node s, wher eas plants grown at a co nstant temperatur e

of 6 08F (15. 68 C) or 90 8 F (32.2 8 C) took almos t three tim es longer to flower and had more

node s (Biggs and Leopol d, 1955). Peppe rmin t grow n at a co nstant 70 8 F or unde r an 80 8 F day

or 60 8 F nigh t regim e flowere d at approxim ately the same time (Biggs and Leopol d, 1955),

indica ting that peppermi nt may be amenabl e to a therm al accu mulation model.

In unregu lated field cond itions, howeve r, Hollingswo rth (1981) did not find any correlati on

betw een flower initiat ion and eithe r time or tempe ratur e. In fiel d studies by Talkingto n

(1983) , only pe ppermi nt stem length and the numbe r of node s increa sed with higher tempe r-

atures ; prima ry leaf num ber, number of lateral branch es, a nd flower bud form ation wer e not

highly correl ated with tim e or tempe ratur e. When developm ental charact eristics were com-

pared between the years 1979 and 1980, the resul ts were e ven less clear . Average tempe ratures

in 1979 were war mer than in 1980, yet average stem lengt h was shorte r and the number of

prim ary node s was fewer. The author suggest s that other en vironm ental or agronomi c factors

may influence the development of these features in peppermint. For instance, water and

fertility stress can induce peppermint to flower early (Loomis and Burbott, 1977).

3.3.1.1.3 Precipitation
Precipitation can greatly impact the productivity of a mint-producing area (Lacy et al., 1981).

Average annual rainfall for selected mint-growing regions of western U.S. is shown in

Table 3.1.

Rainfall early in the growing season can reduce the need for supplemental irrigation in the

spring. In western U.S., precipitation falling as snow in the higher elevations is crucial to

ensure adequate water for irrigation during the growing season and after the harvest. In the

Midwest, mint growers often do not use supplemental irrigation on muck soils, and timely

rainfall during the growing season is often necessary to achieve economic yields.

Precipitation can have negative effects on the crop as well. Too much rainfall in winter or

spring may result in flooding, which can kill mint and spread diseases such as Verticillium

wilt. Precipitation at or near harvest is especially problematic, reducing yields by shattering

leaves (Bullis et al., 1948), damaging oil glands, or increasing the membrane permeability of

oil glands resulting in oil loss through evaporation (Croteau, 1977). Rainfall that occurs

during harvest can also reduce distillation efficiency (Watson and St. John, 1955).

3.3.1.2 Site Selection

Once an acceptable geographic region has been selected, field location must be determined.

Factors to consider before planting a mint stand include soil type, availability of irrigation,

slope, field history, and adjacent crops.

3.3.1.2.1 Soil Type
The best soil types for growing mint are deep, well-drained soils with loose texture, good

organic matter, and a pH range of 6.0 to 7.5 (Green, 1963; Martin et al., 1976; Jackson et al.,

1983). Muck soils prevalent throughout the Midwest growing region are excellent for mint

production, as are loamy soils commonly found throughout western U.S. (Green, 1963; Lacy

et al., 1981). Although mint prefers well-drained soils, it also requires soils capable of

retaining adequate moisture under the normal range of mint irrigation regimes. Soils that
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contain too much sand often require more supplemental irrigation to keep mint roots

hydrated. Soils with too much clay reduce root penetration and tend to retain too much

moisture, resulting in root rot.

Soil type also influences soil temperature, which is important in a shallow-rooted crop like

mint. In fact, soil temperature is often thought to have a greater impact on plant growth than

ambient temperature because roots are more sensitive to temperature extremes (Nielsen,

1974). The first peppermint planting in Michigan is an example of this. Planted into sandy

soils, the stand was unable to survive the harsh winter (Ellis et al., 1941), whereas Midwest

peppermint stands planted in soils with a higher level of organic matter have a much greater

chance of winter survival.

Soil texture also has harvest implications. Single-cut mint (mint harvested once a year) can

be grown effectively on some sandy soils, but double-cut mint (harvested twice a year) may

not fare as well. The thick canopy of a single-cut crop serves to shade the soil during the

hottest part of the season, preventing the soil from getting too hot or too dry. On the other

hand, after the first cut of a double-cut harvest regime, the soil surface is exposed to direct sun

and may become too hot and dry for healthy regrowth.

3.3.1.2.2 Water Availability
A suitable mint-growing region has affordable, adequate irrigation that is available when

needed. Mint plants can be severely injured if water is unavailable during summer periods of

peak temperatures. Winter survival can be jeopardized if water is not available to irrigate the

crop after harvest until the onset of fall precipitation.

3.3.1.2.3 Slope
A steeply sloped field can increase production cost by increasing the time needed to harvest.

Heavy harvest equipment may have difficulty in negotiating a steep slope, and harvesting

perpendicular to the slope is not without its own hazards. Consequently, harvesting can only

be accomplished while going downhill, which also can be hazardous. Steep slopes also

increase soil erosion due to water runoff.

3.3.1.2.4 Regional Crop and Vegetation History
Knowledge of previous cropping history can minimize harm to new mint stands. For ex-

ample, certain previously applied herbicides can carry over and devastate new mint fields. In

one instance, chlorsulfuron was used to control weeds on nonirrigated wheat fields. When

irrigation became available and the field was planted with mint, severe injury occurred. This

was especially problematic in fields with high-pH soils because chlorsulfuron degrades much

slower under alkaline conditions. Fields with a history of noxious weeds, arthropod pests, and

diseases can also cause problems for new mint plantings.

There are also benefits associated with using different crops in rotation with mint and

surrounding vegetation. An effective crop rotation can break insect, disease, and weed cycles,

and planting the correct crop (for example, alfalfa) in between mint harvests can increase soil

tilth and organic matter. Neighboring fields should also be considered; native vegetation and

crops such as alfalfa hay may serve as habitat for natural enemies of mint pests.

3.3.2 ROOTSTOCK SELECTION, PROPAGATION, AND PLANTING

Planting healthy, vigorous rootstock is an important part of successful mint production.

Because peppermint and spearmint are functionally sterile, new mint fields are established by

planting rooted tip cuttings or by digging stolons from existing fields and planting them into

new fields (Green, 1963; Lacy et al., 1981). Stolons are defined as underground stems, also

referred to as rhizomes, runners, or rootstock.
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To avoid spreading harmful pests, diseases, and weeds, which can reduce the vigor of a new

plantation, growers must be diligent when selecting rootstock. Although more research is

needed to verify the effectiveness of the method, one way to measure rootstock vigor is to

quantify carbohydrate levels in mint rhizomes (Mitchell et al., 1998).

A good way to ensure the health of a new mint stand is to plant rootstock that has been

professionally inspected. In a typical certification program, rootstock age does not exceed five

generations because older plants may be less vigorous, even in situations where pests are

adequately managed.

3.3.2.1 Nuclear Rootstock

Rootstock production begins by taking rooted tip cuttings from plants grown in the green-

house or by tissue culture. The best time to plant nuclear rootstock is during April or May to

avoid frost injury (Green, 1963; Martin et al., 1976; Lacy et al., 1981); later plantings can

result in heat stress.

Although use of tissue culture may be a good way to eliminate diseases such as Verticillium

wilt and rapidly expand plantlets in a small space, certain tissue culture techniques may affect

mint growth and development.

Peppermint plants produced by meristematic tissue culture exhibited thicker stems, longer

internodes, larger yet fewer leaves, and less oil (Crowe and Lommel, 1994; Welty and

Prestbye, 1994; Crowe et al., 1995). However, the meristem effect on peppermint tended to

subside with age, whereas meristem-derived spearmint sometimes yielded more than spear-

mint that was not meristemed (Welty and Prestbye, 1994).

Several explanations have been offered for the change in growth habit observed in mer-

istemed peppermint. One idea was that meristeming caused a genetic change in the plant.

Another view cited a previously unidentified virus, which was removed by meristeming.

Crowe et al. (1995) demonstrated that when this virus is not present, peppermint grew too

vigorously, producing longer internodes, thicker stems, and larger but fewer leaves; when they

reintroduced the virus into the same plant, noticeable stunting occurred, with smaller and

more abundant leaves. They named this new virus Peppermint Stunt Virus (PSV) (Lommel

and Trembay, 1997). Lommel (personal communication) also suggested that based on the

complexity of the genetic analysis, there was probably more than one such virus infecting

peppermint. Because peppermint oil yield increased in its presence, PSV could be a beneficial

virus in a commercial crop species.

To eliminate soil diseases such as Verticillium wilt without losing PSV, Wang and Reed (2003)

took 3-mm to 4-mm shoot tips from Verticillium-infected peppermint and grew them in tissue

culture. Because most of the plants obtained by this method were free of Verticillium and also

retained the PSV, such techniques could be a valuable part of a certified mint rootstock program.

3.3.2.2 Foundation Rootstock

Foundation rootstock is the first generation of certified mint grown under field conditions,

and is generated by planting nuclear rooted tip cuttings obtained from a registered propaga-

tor. Regions such as southwestern Idaho and south-central Washington are ideal for growing

mint rootstock because of their long growing seasons, warm temperatures, and sandy or silty

loam soils, which allow good root penetration. (In some crops like potato and strawberry,

rootstock performance is improved when grown in more northerly latitudes; however, this

has not been evaluated for peppermint or spearmint.)

Prior to planting, growers should consider soil fumigation to manage pests such as soil

arthropods, diseases, nematodes, and weeds. Although soil fumigation is expensive, it may be

cost effective on fields destined for rootstock production.
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To prepare the seed bed, fields are often plowed after fumigation, disked at least twice, then

harrowed. To control erosion, planting directly into uncultivated ground is becoming more

commonplace.

Foundation fields are planted in early spring or late fall, either mechanically or by hand,

with about 10,000 tip cuttings per acre. Spacing is typically 30 in. between rows and 1 foot

within rows, but varies depending on equipment and grower preference. Hilling the beds with

soil as the plants grow during the season results in greater stolon production.

3.3.2.3 Registered and Certified Rootstock

The second field generation of a certified mint program is called the registered planting and is

obtained by expanding the stolons from the foundation plantation. The final two certification

categories, certified one and two, are obtained by expanding the stolons of the registered and

certified plantation, respectively.

Mint stolons are usually harvested from the foundation field in late fall or early spring

using a modified potato digger. To avoid root desiccation, roots should be harvested close to

planting time, and fall-planted mint usually results in better growth the following season.

However, if fields are planted too early in the fall before the onset of dormancy, root reserves

may be depleted as the plant expends energy in vegetative growth, making the plant more

susceptible to winter-related injuries.

Root stolons are planted with either a modified manure spreader or a custom mint planter

(Lacy et al., 1981). Spacing between rows varies from 20 to 36 in., depending on grower

preference and equipment. A good rootstock expansion ratio is to plant at least 10 new acres

of mint for each acre of rootstock.

Growers of mint rootstock should be aware of possible stolon decline syndromes caused by

root-rotting soil pathogens whose activity is exacerbated by soil insects and nematodes.

According to Dr. Jack Horner, Emeritus Plant Pathologist, Oregon State University, mint

stolons of established plantations in western Oregon usually die back to the crown each

winter, in part due to nematodes and pathogens.

To manage soil erosion and prevent wind from damaging young mint shoots, cover crops

are essential on new mint plantations. In western U.S., cereals are often seeded on top of

newly planted mint fields, then killed with herbicides at about the one-foot stage. In the

Midwest, willow windbreaks are often planted around field perimeters (Lacy et al., 1981).

Because rootstock costs decrease with each expansion, growers who purchase certified

roots often expand them on their own farm for one or more generations beyond certified

two. Caution must be exercised, however; the older the rootstock and the further removed it is

from the nuclear generation, the greater the chance of vigor loss and pest infestation.

3.3.2.4 Commercial Mint Planting

Planting a commercial mint field is similar to planting a rootstock field except no acreage

expansion occurs. After the first year of production, the mint stolons grow between the rows

and the field becomes an established stand of meadow mint. The exception is furrow-irrigated

fields where furrows must be maintained yearly.

Increasingly, mint growers are planting thicker plantations with more stolons per row.

Thicker plantings tend to fill in more quickly and yield higher during the first and second year

of production. The previous strategy was to plant fewer roots and allow the stand to fill in at a

more leisurely pace, often after 3 years or more. This strategy is largely ineffective today

because most mint plantations are kept in production for a shorter period of time to avoid

disease, weed, and insect pressure. The average life of a mint field today is 3 to 4 years
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compared with 5 to 20 years earlier. The exception is Native spearmint, which often maintains

its vigor even after 10 or more years of production.

3.3.3 MINT GROWTH AND DEVELOPMENT

An understanding of mint growth and development is important for timing agricultural

practices, including fertilization, pest control, and harvest. The key developmental stages

for mint are the dormant stage, the vegetative growth stage, and the reproductive stage.

However, unlike crops such as wheat (Cook and Veseth, 1991), peppermint and spearmint

have few well-defined growth stages or thermal accumulation models that predict critical

developmental events.

3.3.3.1 Dormant Stage

Peppermint and spearmint are perennial species thought to overwinter in a dormant state that

begins with the onset of cold temperatures in the fall. Understanding the nature of mint

dormancy is important for implementing agricultural practices such as the application of

herbicides, many of which can only be applied safely to dormant mint.

The concept of mint dormancy is clearer in growing regions such as central Oregon and

Montana where temperatures are coldest. In these regions, mint foliage is usually burned off

by frost as well as extended periods of below-freezing temperatures. Growers in more

temperate regions like western Oregon must exercise caution; in these areas, mint may

never enter a state of true dormancy and can remain susceptible to herbicide injury all

year long.

3.3.3.2 Vegetative Stage

There are two vegetative growth stages for peppermint and spearmint. The first is the period

between winter dormancy and the reproductive stage in summer. The second stage occurs

after harvest and continues until the onset of winter dormancy. Vegetative growth following

harvest is important for building root reserves that increase winter survival (Mitchell et al.,

1998). Plant characteristics that can be measured during the vegetative stages include plant

height, number of nodes, distance between nodes, and number of leaves and lateral branches.

Agricultural practices that encourage smaller leaves and increased leaf retention can result

in higher oil yields and better peppermint oil quality (Loomis, 1978). Research by Loomis and

Croteau (1979) showed that smaller peppermint leaves produce an equivalent amount of oil as

larger leaves, but that larger leaves cause excessive shading, which often resulted in fewer

leaves per plant.

Peppermint and spearmint normally grow by producing leaves at the growing tip while

losing leaves from the lower nodes. A healthy mint plant has 7 to 12 pairs of leaves during

the season, with new leaves retained for about 40 days (Talkington, 1983). If the plant

is under severe water stress, more leaf loss occurs. More leaves are found on plants that

produce lateral branching off the main stem, which often occurs after the cessation of

apical dominance.

3.3.3.3 Reproductive Stage

Peppermint and spearmint are functionally sterile, so the term reproductive stage refers

to the onset of bud and flower formation. This stage is critical for timing peppermint

harvest because oil composition varies greatly during this period (Hee and Jackson, 1973).
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In contrast, the quality of spearmint oil does not vary as much during the reproductive stage.

In addition to high temperature, stress factors such as inadequate water or fertility can induce

the early formation of mint buds and flowers.

3.3.4 FERTILIZATION

The importance of adequate nutrition to a growing mint plantation cannot be overempha-

sized. Accordingly, the U.S. Mint Industry has supported abundant research on this topic,

especially on peppermint, resulting in the identification of specific nutrient requirements for

the crop (Huettig, 1969; Hee, 1975; Jackson et al., 1983; Hart, 1990; Mitchell, 1995, 1996).

Although sufficient nutrition is essential, growers must avoid the overuse of fertilizers.

Applying excessive nutrients is not only costly but can also contaminate water supplies and

the soil environment or even harm the mint plant itself (Hart, 1990; Mitchell, 1996). Though

research results on peppermint nutrients are often applied to spearmint, this may not be the

best approach. Additional research on the nutrient needs of spearmint is desirable, and the

same may be said for different mint varieties of each species.

3.3.4.1 Nitrogen

For optimum vegetative growth and leaf development, a mint plantation requires an adequate

supply of nitrogen (N) throughout the growing season. Production and retention of healthy

leaves is important because this is where the majority of oil glands are found (Loomis, 1978).

Studies from Oregon, Washington, Idaho, and Montana show that 250 lb N=acre (276 kg=ha)

is all that is needed for a peppermint crop that is harvested only once per season and that is

not produced through meristematic tissue culture (Wescott and Welty, 1992; Christensen

et al., 1996; Mitchell, 1996). Meristemed peppermint may require 350 lb N=acre (388 kg=ha)

during the growing season (Crowe et al., 1995; Mitchell, 1996).

Applying only the required amount of nitrogen is important since excessive levels can

actually reduce peppermint oil yields. Studies by Wescott and Welty (1993) showed a 25%

reduction in peppermint oil when nitrogen rates were increased from 240 lb=acre (266 kg=ha)

to either 480 or 600 lb=acre (532 or 633 kg=ha) on a single-cut crop. More research is needed

to assess the nutritional needs of double-cut peppermint.

Optimum mint nutrition also requires proper amounts of irrigation. Too much water can

leach nitrogen below the root zone, making it unavailable to the crop during the growing

season (Hee, 1975; Mitchell, 1996). Determining the actual zone of nitrogen availability to

mint is not clear because these species may not be as shallow rooted as previously thought.

Wescott and Welty (1993) observed healthy peppermint feeder roots growing 3 ft below

the soil surface. The authors hypothesize that deep feeder roots may enhance the uptake of

both water and nutrients, although more research is needed to determine their density and

importance to commercial mint production.

Nitrogen is best applied before a mint plantation becomes nutrient deficient. In the spring,

little nitrogen is available to the plant because winter rains leach all remaining nitrogen from

the previous season to well below the root zone (Mitchell, 1996). Studies from western and

northeastern Oregon on single-cut peppermint demonstrate that the optimal time to apply

nitrogen is during May and early June, the time of maximum plant uptake (Hart et al., 1995;

Cook et al., 1999; Sullivan et al., 1999). Although applications of nitrogen during July and

August delayed peppermint maturity for a brief period, they did not increase hay or oil yields

(Mitchell, 1996).

How nutrients are applied affects mint production as well. Fertigating even amounts of

nitrogen throughout the growing season may undersupply the crop during June and
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oversupply it during July. Higher rates of nitrogen may be needed in rill-irrigated mint fields

because lack of overhead sprinkler irrigation makes it more difficult to move fertilizers into

the zone of root uptake.

To ensure that the appropriate amount of nitrogen and other nutrients are applied, the

mint crop should be monitored on a regular basis throughout the growing season. Several

methods have been evaluated for estimating nitrate levels in mint. The traditional method is

to submit mint stems for laboratory analysis. Peppermint plantations with adequate levels of

nitrogen show stem nitrate levels between 4000 and 8000 ppm (Huettig, 1969; Mitchell, 1995),

but others suggest that despite adequate nitrogen applications, stem analysis may show that

nitrate levels decrease somewhat as harvest time approaches (Brown, 1982).

Two quicker ways to determine nitrogen levels in mint plantations have been evaluated at

the field level: the CARDY meter measures nitrate levels in mint sap pressed from mint stems;

the SPAD meter measures leaf reflectance related to chlorophyll levels, an indirect measure of

nitrates in leaves. Results suggest that the traditional laboratory stem nitrate analysis is the

most accurate (Mitchell, 1995), although the SPAD meter correlated well with laboratory

methods in other studies (Simon and Alkire, 1993; Wescott and Welty, 1993).

3.3.4.2 Potassium, Phosphorous, Sulfur, and Micronutrients (Manganese, Zinc, Iron,

Copper, Boron)

In addition to nitrogen, mint requires several other nutrients and micronutrients to achieve

optimal growth and oil yield:

. Potassium (K)—This nutrient can be rapidly depleted from the soil during mint growth.

Although most clay soils are high in potassium, this source is not readily available to the

mint crop (Mitchell, 1996).
. Potash (K2O)—Depending on the outcome of soil tests, peppermint requires 60 to 200 lb

of potash per acre (66 to 222 kg=ha) each season (Jackson et al., 1983).
. Phosphorous (P)—An important nutrient for autumn root growth (Jackson et al., 1983),

phosphorous must be applied prior to need because of its rapid uptake by the mint

plant. Soil tests are also useful for determining a plantation’s phosphorous need

(Mitchell, 1996).
. Sulfur (S)—While mint requires about 30 lb of supplemental sulfur per acre (ca. 34

kg=ha) per season, the actual amount varies depending on factors such as soil type and

the amount of sulfur in irrigation water. Soils derived from pumice and basalt tend to be

sulfur-deficient, whereas soils originating from sedimentary rock usually have adequate

amounts (Mitchell, 1996). As with potassium and phosphorus, sulfur requirements for

mint can be estimated by soil testing.

In addition to the major plant nutrients, mint requires small quantities of several micronu-

trients to produce a viable crop. Fortunately, naturally occurring levels of micronutrients in

mint plants are quite high when compared with other plants (Jackson et al., 1983), and

supplemental applications of manganese (Mg), zinc (Zn), iron (Fe), copper (Cu), and boron

(B) have not proven to enhance commercial mint production (Mitchell, 1996). Furthermore,

applying even slightly excessive amounts of elements such as boron or molybdenum can cause

severe phytotoxicity (Hart, 1990).

3.3.5 SOIL AMENDMENTS THAT ADJUST SOIL PH

Lime is another soil amendment frequently applied to mint plantations that require lower pH.

The optimal pH level for mint production is about 6.5. Contributors to high pH levels include
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fertilizers containing nitrates, elemental sulfur and ammonium sulfate, and abundant rainfall

in growing regions such as western Oregon. After conducting soil tests to determine pH levels,

lime is usually applied in the fall or winter. Although products such as gypsum are available

to raise soil pH, they are expensive and rarely used on mint fields.

3.3.6 IRRIGATION

Because of intense competition for water resources from urban and recreational users, more

efficient irrigation methods are needed to conserve valuable water and help manage the cost

of mint production. Increasingly, mint growers are relying on soil moisture sensors and

evapotranspiration models to assist in determining optimal distribution and frequency of

irrigation for their crop.

3.3.6.1 Distribution and Frequency of Irrigation

Both peppermint and spearmint demand an abundant supply of water to produce a viable

crop: about 50 to 60 in. (127 to 152 cm) of water per season or 1 to 2 in. (2.5 to 5.1 cm) per

week, depending on temperature, soil type, and type of irrigation method used (Green, 1963;

Lacy et al., 1981). For example, sandy soils dry out faster and require more water more

frequently than silt loam soils. Regions with cool, moist spring weather, such as western

Oregon, typically require less irrigation than warmer growing regions like eastern Oregon. In

general, mint requires less moisture during cool spring temperatures (Mitchell, 1997), al-

though there is ongoing debate about whether or not limited moisture stress in spring is

beneficial to mint production.

Although moisture stress is associated with lower oil yields and higher menthofuran levels

(Clark and Menary, 1980b; Charles et al., 1990), a certain degree of moisture stress may be

beneficial provided it occurs at the proper time. Loomis and Burbott (1977) suggested that

moderate levels of moisture stress early in the season may improve yield because moisture

stress produces smaller leaves, which are more likely to be retained by the plant because of

decreased shade within the canopy. On the other hand, Charles et al. (1990) showed in studies

with hydroponically grown peppermint that increasing moisture stress reduced oil yield in

young plants, suggesting that moisture stress early in the season has a detrimental effect.

Studies from the Midwest show that withholding water in June and July resulted in significant

losses in oil yield, while regular irrigation during the growing season increased average oil

yields by as much as 38% and 57%, for partial and normal irrigation regimes, respectively

(Simon et al., 1992).

Overirrigating a mint plantation also can result in reduced oil yield through oxygen

deprivation to mint roots, a higher incidence of root rot, increased leaf drop, and leaching

of nutrients to below the root zone (Horner, 1955; Croteau, 1977; Mitchell, 1997). High

humidity caused by overirrigation can also affect the quality of peppermint oil by increasing

menthofuran levels, especially during summer heat (Loomis and Burbott, 1977).

After harvest, the mint crop must be adequately irrigated until the onset of fall rains to

promote a vigorous root system that will carry the plants through the winter. Postharvest

irrigation studies from central Oregon showed a yield increase of 12 lb of oil per acre (13.2

kg=ha) when peppermint plots were irrigated 10 times after harvest compared with only three

(Mitchell, 1997).

3.3.6.2 Time of Day

Although preliminary studies by Loomis and Croteau (1979) indicate that nighttime irriga-

tion increases peppermint oil yield while decreasing menthofuran levels compared with

Commercial Mint Species Grown in the United States 103



daytime irrigation, no differences were detected in a follow-up experiment by the same

authors; however, unusual weather during the growing season may have affected their results.

It would seem that irrigating at night would avoid the combination of high temperature

and high humidity that appears to reduce oil quality and yield (Loomis and Burbott, 1977). In

addition, night irrigation would result in a cooler mint canopy, which is also thought to

improve oil quality (Burbott and Loomis, 1967; Clark and Menary, 1980a). However,

irrigating only at night may not be practical because of high moisture demands that occur

during periods of intense summer heat.

3.3.6.3 Methods of Irrigating Mint

The irrigation method and equipment used in mint production should be cost effective and

capable of satisfying moisture needs during the hottest part of the growing season. Mint

growers in the U.S. irrigate their crop by a variety of means, including gravity and sprinkler

systems, whereas some mint growers use no supplemental surface irrigation at all.

3.3.6.3.1 No Supplemental Surface Irrigation
Mint growers farming the Midwest’s muck soils often rely solely on rainfall to meet their

irrigation needs. Under dry conditions, growers may subirrigate by closing the gates of

drainage ditches to allow the water table to rise (Lacy et al., 1981). Although withholding

supplemental surface irrigation can lower costs, there is an increased chance of unacceptable

moisture stress under hot, dry conditions. When compared with mint fields receiving no

supplemental surface irrigation, studies by Simon et al. (1991) showed that regular surface

irrigation supplied to mint grown on Midwestern muck soils increased oil yields by 87% and

55% for first-year fields and established fields, respectively.

3.3.6.3.2 Drip Irrigation
Although drip irrigation is an efficient use of water, this method has not been widely adopted

in mint agriculture because of its high cost. Cost is even more pronounced because mint

growers are rotating out of mint sooner, so drip irrigation systems must be amortized over a

shorter time period. If a drip system could be established and remain in place during the

production of several different crops, these other crops could share in the overall expense.

However, one difficulty in this approach is finding an optimal depth to place the drip line.

Because of mint’s shallow-root system, the drip line must be placed close to the soil surface to

ensure that the plant has adequate moisture, which may interfere with field preparation for

other crops.

3.3.6.3.3 Gravity Irrigation
Until about the 1980s, the most common method of irrigating mint fields in the arid regions

of Washington, Idaho, and Oregon was by the rill method (also called furrow or gravity

irrigation). Here, fields are leveled with a slight slope before planting. Furrows, also called

rills, are spaced about 30 in. (ca. 76 cm) apart, then cut parallel to the slope with a rotary

corrugator. Water is supplied to the rill by placing siphon tubes from the irrigation ditch into

individual rills.

Peppermint and spearmint grown under rill irrigation have achieved the best oil yields,

probably because they do not suffer from the drawbacks associated with sprinkler irrigation

(see discussion later). Drawbacks to rill irrigation include poor water efficiency and phyto-

toxicity that results because salts accumulate on ridge tops between furrows. Although

rainfall can alleviate some salt problems, severe salt injury may result if rains push salts

into the root zone and not beyond it (Maloy and Skotland, 1969). The inability to apply

agricultural chemicals through the irrigation system is another drawback with rill fields.
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Furrow-irrigated peppermint fields also typically experience higher levels of moisture stress

(Loomis and Burbott, 1977), resulting in higher levels of menthofuran and pulegone in the oil.

Fertilizing rill-irrigated mint fields is another challenge. When dry fertilizer formulations

are applied, it may not be possible, without timely rainfall, to incorporate the material that

falls on the ridges. Adding liquid fertilizer to the irrigation ditch and assuming equal

distribution of nutrients along the length of the rill may not be realistic. Mostly because of

high water and labor requirements, few new rill fields are being developed today. According

to a recent Washington State University mint grower survey, only 27% of mint growers in

Washington State currently use gravity irrigation, whereas 73% of mint growers use some

type of sprinkler irrigation system (Ferguson and Walsh, 2002).

3.3.6.3.4 Sprinkler Irrigation Methods
More mint acres are irrigated by overhead sprinkler systems than by any other method.

Sprinkler irrigation is even used on muck soils in the Midwest to minimize soil erosion and

frost damage (Lacy et al., 1981) and to reduce damage to mint plants caused by wind-blown

soil (Green, 1963).

Overhead sprinkler systems in use today include hand lines, wheel lines, center pivots, and

linear track systems. About 57% of Washington mint growers now use center-pivot sprinkler

irrigation systems (Ferguson and Walsh, 2002). Although expensive, center-pivot systems can

irrigate large acreage without the labor necessary to move hand lines or wheel lines. Center

pivots, and to a lesser extent linear-track systems, are also ideal for chemigating fertilizers and

pesticides.

There are negative aspects of sprinkler irrigation to mint production, including reduced oil

yields (Croteau, 1977). Lower oil yields may occur because water droplets physically damage

leaves and oil glands (Bullis et al., 1948) and increase membrane permeability resulting in oil

evaporation (Croteau, 1977). Sprinkler-irrigated mint typically has larger leaves compared

with mint that is furrow irrigated, resulting in greater leaf loss due to shading (Loomis, 1978).

Despite the disadvantage of lower yields, sprinkler irrigation appears to improve oil quality

(Nelson et al., 1971). Lower menthofuran in sprinkler-irrigated peppermint oil appears to be

correlated with reduced moisture stress.

3.3.7 INTEGRATED PEST MANAGEMENT

Mint fields are home to many living organisms, most of which are not harmful to the mint

crop. In fact, most of these residents are beneficial, providing nutrient recycling, biological

control, and food to beneficial arthropods. Unfortunately, there are several arthropods,

diseases, mollusks, nematodes, and weeds that do cause economic damage to peppermint

and spearmint and must be managed.

To address these issues, the U.S. Mint Industry has invested heavily in the development of

an integrated pest management (IPM) approach to pest control, defined as the selection of

cost-effective pest-control tactics that are least harmful to nontarget species and the outside

environment (Morris and Lundy, 1995).

IPM tactics commonly used in mint include referencing pest populations to economic

thresholds, crop monitoring, and a variety of cultural, biological, and chemical controls.

These tactics work to varying degrees of effectiveness depending on the pest involved.

3.3.7.1 Crop Monitoring and Economic Thresholds

Regular crop monitoring is one of the best ways to manage overall costs of mint production.

By checking fields on a regular basis, the grower can correctly determine fertilizer, irrigation,
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and pest management needs; for example, by referencing pest population levels to economic

thresholds, unnecessary pesticide applications are avoided.

The level at which a pest causes economic damage is called the economic injury level (EIL).

Unlike other crops where cosmetic appearance is important, mint is grown for its oil, and

higher pest levels can be tolerated provided economic damage does not occur. Equally

important is the action threshold (AT), the point at which control intervention should

occur to prevent pest levels from reaching the EIL. Pest presence alone does not mean control

measures are necessary. In fact, low pest levels can be beneficial because they provide food for

natural enemies. Although they are difficult to define exactly because of variability in mint oil

prices, plant vigor, environmental conditions, and multiple pest infestations, EILs have been

established on mint for many of the arthropod pests (Berry and Fisher, 1993) and for the

lesion nematode (Ingham and Merrifield, 1996).

3.3.7.2 Cultural Control

One of the most effective ways of preventing pest damage is to avoid introducing pests in the

first place. Many arthropods, diseases, and weeds are introduced in rootstock and associated

soil. Pest infestations can be avoided by planting clean rootstock, and rotating to a nonhost

crop can disrupt the life cycle of many established mint pests. Crop rotation also can prolong

the life of pesticides labeled for use on mint by switching to another crop where different

pesticides having different modes of action can be used. Tillage is another effective cultural

practice for rejuvenating mint stands and controlling several pest species (Talkington and

Berry, 1986; Pike et al., 1988). Unfortunately, tillage also increases the severity and spread of

Verticillium wilt, one of the major limiting factors to U.S. mint production.

3.3.7.3 Biological Control

Biological control is most effective when natural enemies reduce or maintain pest populations

below damaging levels. There are many kinds of natural enemies that serve as biological

control agents in mint including bacteria, fungi, insects, mites, nematodes, and viruses. Some

of these agents are commercially available as biological insecticides.

Although biological control plays a role in the management of most pests and weeds, the

best understood implementation in mint is in the control of arthropod pests. Because mint is a

perennial crop, arthropods’ natural enemies have adequate time to colonize and become

established. The lush growth and high humidity resulting from frequent irrigation also

provide an excellent habitat for many natural enemies. Luckily, arthropods rarely spread

diseases in mint; however, the mint’s low tolerance for insect disease vectors in other crops

often leads to frequent pesticide applications that can be disruptive to biological control.

3.3.7.4 Pesticide Strategy

Pesticides include insecticides, herbicides, fungicides, and nematicides. Because cultural and

biological controls may provide only partial control in some situations, pesticides continue to

be an indispensable part of mint IPM. In fact, the philosophy of IPM is very compatible with

pesticide use (Croft, 1990). One advantage of pesticides is that they can quickly reduce pest

populations. Natural enemies usually work more slowly and may be unable to control rapidly

increasing pest populations before economic damage occurs. If a pesticide treatment is

required, selective pesticides should be considered first if they can be used effectively and

economically. Selective pesticides are those that are more toxic to the pest than to its natural

enemies or other nontarget species. Effectiveness and crop safety of individual pesticides

depend on many factors including regional variation in climate, soil types, agricultural
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practices, crop vigor, and the use of adjuvants. For these reasons, the pesticide label should be

carefully consulted prior to use.

3.3.7.5 Arthropods

The arthropods are a group of species that includes insects, mites, and symphylans. Most

arthropods are not harmful to the mint crop and may actually be beneficial, for example, by

feeding on mint pests. There are several species, however, known to be very harmful to mint

plantations. In the following discussion, arthropod pests are categorized as primarily soil

dwelling or those living on mint foliage.

3.3.7.5.1 Arthropod Pests of the Soil Environment
Cranefly. Adult craneflies superficially resemble large mosquitoes, and their thick-skinned

larvae are called ‘‘leather jackets.’’ Two introduced species, Tipula paludosa and T. oleracea,

are reported to feed on a variety of crops including mint. T. paludosa was identified in the

U.S. in the 1960s; T. oleracea was first detected in 1999 (Rao et al., 2002). As with all

craneflies, adults of both species disperse by flight. Eggs are laid in the soil and hatch soon

after rainfall or irrigation. T. paludosa has one generation per year whereas T. oleracea has

two generations per year, one in spring and another in fall. There are probably other cranefly

species that affect mint, but this needs to be determined.

Mint Injury, Crop Monitoring, and Management. Cranefly larvae damage mint plantations

by feeding on mint roots, crowns, and shoots. In laboratory feeding studies, Rao et al. (2002)

compared feeding by T. oleracea on peppermint and lettuce. Results showed that 68% of the

larvae reached the fifth instar on lettuce while only 22% reached this stage on peppermint.

The authors suggest this species may not pose a problem to mint by feeding on foliage, but the

effects of root feeding must be evaluated.

Monitoring for craneflies may be done at the same time and using similar procedures as for

soil cutworms and mint root borer (MRB), although further study is required to evaluate the

effectiveness of this approach. Signs of freshly cut mint shoots lying on the soil surface may

also indicate the presence of leatherjackets. No AT has yet been determined for cranefly.

Although natural enemies are known to feed on native cranefly species (Rao et al., 2002),

their effect on cranefly levels in mint is currently not known. The insecticide chlorpyrifos [1.0

lb active ingredient (ai)=acre] (1.1 kg=ha) may be effective when applied in either fall or spring

through chemigation, or by broadcast applications followed by immediate incorporation with

overhead sprinkler irrigation (Fisher et al., 2004).

Soil Cutworms. Soil cutworms are the larval stages of several noctuid moths that survive the

winter as eggs, larvae, or pupae. Cutworms disperse mostly by flight which, depending on the

species, can occur anytime from spring through fall. Most cutworms that inhabit mint soils

have a wide host range, able to live at least part of their lives on other plant species (Berry,

1978; Berry and Fisher, 1993). The most common species in mint plantations include the

redbacked cutworm, actually a complex of at least six species in the genus Euxoa, which occur

east of the Cascade Mountains (Berry and Fisher, 1993). Several Euxoa, species are capable of

dispersing over long distances, often from nonagricultural ecosystems such as forests (Miller,

personal communication). Another species, the black or greasy cutworm (Agrotis epsilon), is

found primarily in mint-growing regions west of the Cascades.

Some cutworm species that are foliage-feeding pests in summer are also found in the soil

environment. For example, the variegated cutworm (Peridroma saucia) and spotted cutworm

(Xesia c-nigram) often overwinter in mint soils as larvae and feed on new mint growth

in spring.

Mint Injury, Crop Monitoring, and ATs. Cutworm larvae cause damage by feeding on mint

roots and new shoots, often resulting in irregular bare patches in mint plantations in early
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spring. As with cranefly, freshly cut mint shoots lying on the soil surface are a possible sign of

cutworm activity.

Soil sampling for larvae occurs from March through early June. One square-foot (930 sq. cm)

soil samples are dug to a depth of 2 to 4 in. (5 to 10 cm), sifted through screens, and the larvae

counted. A minimum of 10 samples should be taken per field, but sequential sampling plans

may reduce the number of samples required (Danielson and Berry, 1978). Fields should be

sampled more than once because different cutworm species may be present in the soil at

different times during spring and fall. Higher cutworm levels are often observed in mint fields

with an abundance of debris on the soil surface, but the relationship between soil debris and

cutworm levels is unknown.

The AT for newly established mint fields is 1.5 larvae per sq. ft. Depending on vigor, two to

six larvae per square foot may be tolerated on established stands (Berry and Fisher, 1993;

Fisher et al., 2004).

Management Tactics. Biological control is often very effective against soil cutworms.

Generalist predators feed on cutworm larvae and eggs, whereas parasitoids reduced Euxoa

larvae by up to 80% in central Oregon (Berry and Fisher, 1993).

The insecticides acephate (1.0 lb ai=acre) (1.1 kg=ha) and chlorpyrifos (1.0 to 2.0 lb ai=acre)

(1.1 to 2.2 kg=ha) are effective against soil cutworms, although chlorpyrifos is more effective

than acephate during cool, spring temperatures. The application rate of chlorpyrifos depends

on which larval stage is present. If larvae are less than 0.75 in. (1.9 cm), 1.0 lb ai=acre is effective;

for larger larvae, a rate of 2.0 lb ai=acre is needed (Fisher et al., 2004). Broadcast insecticide

applications should be followed by a minimum of 0.5 in. (1.3 cm) of overhead irrigation.

Mint Flea Beetle. The adult MFB, Longitarsus ferrugineus, is a small, tan beetle with

enlarged hind legs used for jumping. This species is found throughout the U.S. but its host

range may be restricted to mint. MFB overwinters as eggs in the soil which, depending on

temperature, hatch from April through May (Vessels, 1984; Morris, 1989). After hatching, the

small, slender larvae feed within peppermint rhizomes. In May and June they exit the

rhizomes to pupate. Adult beetles emerge in about 3 weeks and feed on mint leaves for 2 to

3 weeks before laying eggs. The exact number of eggs laid per female is not known. There is

one generation per year.

MFB disperses from one field to another on farm equipment and in rootstock. Although

most adult flea beetles cannot fly over long distances, some adult females may actually have

fully developed wings, enabling them to disperse over a wider area through flight.

Mint Injury, Crop Monitoring, and ATs. MFB larvae feed within mint rhizomes, killing

them directly and providing entrance wounds to root-rotting organisms. Symptoms of MFB

injury are observed from mid-April through June and include variable sized patches of

purplish, stunted, dead, or drying mint. Although feeding by adult MFB results in small

round holes on mint leaves, damage is seldom seen.

Sampling for immature stages of MFB is laborious and consists of taking 1 sq. ft soil

samples, sifting the soil through screens, then counting the number of larvae, pupae, and

teneral adults. In addition, larvae contained in rhizomes from soil samples can be processed in

Tulgren-Berlese funnels (Morris, 1989). When sampling for larvae from late April through the

beginning of May, only rhizomes need to be checked. Both rhizomes and soil must be checked

for immature stages from mid-May through June. The AT for immature MFB is about

0.5=sq. ft (Berry and Fisher, 1993).

Sweep-net sampling for adult MFB should begin in early July in western U.S.

(Morris, 1989; Berry and Fisher, 1993), and in mid-July to early August in the Midwest

(Lacy et al., 1981; Vessels, 1984). Sweep-net sampling is most effective in early morning when

temperatures are cool. Although night sampling for adults may be effective, this strategy has

not been evaluated. The AT for adult MFBs is five per sweep (Lacy et al., 1981).
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Management Tactics. Planting pest-free rootstock and rotating to a nonmint crop in 3 to

5 years are both effective against MFB. Tillage is often not effective. In fact, the worst

MFB outbreaks observed by the author were in disked and harrowed peppermint fields.

Perhaps tillage distributes and protects the eggs while disrupting naturally occurring soil

predators, although the impact of generalist soil predators on MFB immatures is not

known.

Applications of the entomopathogenic nematodes Steinernema carpocapsae and Hetero-

rhabditis heliothidis were effective against larvae in small plot studies (Morris, 1989). Appli-

cations of oxamyl (1.0 lb ai=acre) (1.1 kg=ha) in spring can reduce populations of larvae by

about 50% (Morris, 1989). Subsequent tests, however, showed control to vary from 15% to

60%, not sufficient to reduce MFBs to below damaging levels (Morris, unpublished data).

Targeting the adult is another alternative. In the western growing regions, insecticides are

applied against adult MFB in early July before they begin laying eggs. Adults often disperse

to the thickest vegetation, making pesticide coverage difficult. In this situation, methomyl

(0.68 to 0.9 lb ai=acre) (0.75 to 1.0 kg=ha) is usually more effective than malathion (1.0 lb

ai=acre). In the Midwest, adults may not begin laying eggs until after harvest, and postharvest

malathion applications are effective because less foliage allows for more thorough pesticide

coverage.

Mint Root Borer. The MRB (Fumibotys fumalis) was first identified as an agricultural pest

in 1971 when it was found feeding on peppermint in western Oregon (Berry, 1974). MRB is

now found at high levels in peppermint and Scotch spearmint throughout western Oregon,

south-central Washington, and western Idaho (Pike et al., 1988). More recently, MRB has

been identified on peppermint in central Oregon, northern California, and LaGrande, Ore-

gon. Although MRB is found at low levels on Native spearmint in Washington State, it does

not appear to injure the crop, but Native spearmint could act as a reservoir host.

MRB overwinters as prepupae in silk-lined earthen cells called hibernacula. Pupation

occurs in spring. In western Oregon, adult moths emerge from June through August with

peak emergence in mid-July (Berry, 1974). Soon after emergence, the females mate and in

about one week begin laying eggs on mint foliage. The eggs hatch and the larvae drop to the

soil surface on silken threads where they burrow into mint rhizomes (Pike et al., 1988). As

larvae grow, they completely hollow out the rhizome then migrate through the soil in search

of another rhizome. Larvae exit the rhizomes in late August through September to construct

their hibernacula. There is one generation per year.

Although MRB can disperse as hibernacula on mint rootstock, the potential for long-

distance dispersal of the adult is not well understood. When disturbed during the day, MRB

moths fly only short distances. At night, however, they appear capable of dispersing much

greater distances. More research is needed to determine the true dispersal capability of MRB.

Mint Injury, Crop Monitoring, and ATs. MRB injury occurs when larvae tunnel through

rhizomes, resulting in variably sized patches of unhealthy or dead mint. Tunneling not only

reduces oil yield and overwintering survival, it also provides entrance to root-rotting organ-

isms and renders mint fields more susceptible to cultural practices such as propane flaming

(Pike et al., 1988).

Although pheromone traps are useful for determining the presence of MRB adults, they are

not well correlated to populations of larvae in the field (Takeyasu, 1994). Traversing mint

fields by foot and counting the number of moths that fly up from the canopy is another

method of sampling for adults that may better correlate with levels of larvae (Takeyasu,

1994). Correct identification is important when sampling for adult MRB because they can

easily be confused with other species such as the false celery leaftier (FCLT) and the orange

mint moth. The orange mint moth is actually considered a beneficial because it feeds on

terminal mint buds, promoting lateral shoot growth (Pike et al., 1986, 1987).
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The best time to sample for early-stage larvae is from early to mid-August. Samples

consist of rhizomes collected from 1 sq. ft soil samples and processed in Tulgren-Berlese

funnels (Takeyasu, 1994). Sampling prior to harvest is tedious because foliage must be

removed before placing rhizomes in funnels, but has the advantage in that populations can

be estimated prior to significant injury. Because they move through the soil, larger larvae and

hibernacula are sampled from mid-August to September by digging 1 sq. ft soil samples and

sifting the soil through screens. Rhizomes contained in the sample should also be checked for

any remaining larvae as well as hibernacula, which can be attached to roots and rhizomes.

The AT for MRB is two to three larvae per square foot (Berry and Fisher, 1993). This level

may underestimate the potential for injury the following season because, as in treating MFB

adults, control measures are applied after the majority of damage has occurred. How many

larvae will result the following season by allowing three larvae per square foot to remain

untreated during the current year is not known.

Management Tactics. Preventing the introduction of MRB on infested rootstock and

rotating to a nonmint crop in 3 to 5 years are effective control techniques. The host range

and ability of the adult to disperse need further investigation to determine how far new fields

should be located from reservoir populations. Encouraging a thick, vigorous root system is

another important practice because such stands can withstand greater injury. Tillage and

splitting centers of ridges between rills in gravity-irrigated fields are also effective practices

against MRB (Pike and Glazer, 1982), although cleaning old rills and throwing the debris on

top of old ridges are not effective (Morris, unpublished data).

Generalist soil predators feed on MRB larvae as they move between rhizomes but their

impact on MRB populations is unknown. Although parasitoids were observed to emerge

from several specimens of larvae and prepupae, the parasitism rate appeared low (Takeyasu,

personal communication). Applications of the entomopathogenic nematode Steinernema

carpocapsae at two to three billion infective juveniles (IJs) per acre were very effective against

all larval instars (Berry and Crowe, 1996), including the smallest larvae concealed within the

rhizomes (Takeyasu, 1994). Nematodes have an advantage over conventional pesticides in

that applications can be made prior to harvest and before significant injury occurs. Takeyasu

(personal communication) suggests a possible way of effectively using lower number of

nematodes under high MRB densities. In this scenario, smaller quantities are applied that

infect some larvae. These larvae in turn act as nematode incubators, generating more

nematodes to infect other larvae.

Chlorpyrifos is currently the only insecticide labeled for use against MRB. Postharvest

chemigation of chlorpyrifos (2.0 lb ai=acre) (2.2 kg=ha) is more effective than broadcast

application methods (Quebbeman et al., 2002). The difference in efficacy among application

methods is probably related to the low solubility of chlorpyrifos and its tendency to tie up on

soil organic matter (Pike and Getzin, 1981; Berry et al., 1991). Controlling adults with

insecticides is another approach that has been suggested. However, because adults emerge

over a long period of time, multiple insecticide applications may be required, increasing the

chance of harming nontarget species.

Mint Stem Borer. The MSB, Pseudobaris nigrina, is a small, black weevil that occurs

throughout much of the eastern U.S. and Canada (O’Brien and Wibmer, 1982). MSB was

first described as a potential mint pest in Idaho and eastern Oregon by Baird et al. (1987).

Why MSB has not been found infesting mint in other mint-growing regions is not known.

The host range of MSB is thought to consist mainly of species in the mint family (Kissinger,

1963), although it has been observed on plant species besides mint, including goldenrod

(Solidago canadensis) and rabbit brush (Chrysothamus nauseosus). There is no evidence,

however, that it can reproduce on either of these species (Maury, personal communication).

MSB has also been reported on kochia, but this must be independently verified.
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The life cycle of MSB is described by Baruni (1979). MSB overwinters as an adult, inside

and outside of mint fields. Adult dispersal occurs from mid-May to mid-June. Eggs are laid

on the soil surface near mint stems. Following egg hatch, larvae bore into stems, develop, then

exit the stems to pupate. In addition to adult flight, MSB can disperse as larvae in contam-

inated rootstock. In fact, it may have been introduced into Idaho on infested rootstock from

the eastern U.S. (Baird et al., 1990).

Mint Injury, Crop Monitoring, and Management. Plants infested with MSB larvae may

appear wilted, yellowish, and lodged (Berry and Fisher, 1993). Research by Baird et al. (1987)

and Maury (personal communication) have yet to identify MSB populations capable of

causing economic damage to peppermint. Isolating MSB injury from other causes such as

Verticillium wilts and MRB is difficult.

Monitoring for MSB adults is conducted from mid-May to mid-June using a sweep net.

Another way to sample for adults is to place wooden lathes coated with sticker throughout

the field at or just above canopy level. Proper identification of the adult is important because

other similar looking species may be confused with MSB. Monitoring for larvae can be done

in several ways. One way is to dig plants from several areas of the field, split open the stems

and check for signs of MSB. Larvae also may be collected by processing plant material in

Tulgren–Burlese funnels (Morris, personal experience). As for cranefly, no AT for MSB has

yet been determined.

Although adult MSB disperses by flight, avoiding the planting of infested rootstock is

probably a good management strategy. Other effective tactics include planting healthy and

vigorous rootstock, reducing plant stress by controlling other pests, and following a 3- to

5-year rotation. Although no pesticide is currently labeled for use on MSB, treating for other

mint pests that occur at the same time as MSB may provide some control, for example,

treating cutworms in spring with acephate.

Root Weevils. Root weevil adults are called ‘‘snout beetles’’ because their mouthparts are

located at the end of a long snout. RWs are located throughout the U.S. and have a wide host

range, including rhododendron, blueberry, strawberry, and mint (Berry, 1978). In addition to

peppermint, Native and Scotch spearmint also can harbor high RW levels. The strawberry

root weevil (SRW), Otiorhynchus ovatus, is the most common weevil species infesting mint.

Other commonly encountered species include the black vine weevil (O. sulcatus), rough SRW

(O. rugosostriatus), and the obscure root weevil (Sciopithes obscurus) (Berry and Fisher,

1993). Other unidentified species are occasionally found.

Most RWs overwinter in mint as larvae, but some SRW adults overwinter and lay their

eggs the following spring (Cacka, 1982). The RW adults important to mint are female, which

produce fertile eggs without mating. Depending on accumulated heat units, pupae develop in

late April to early May; adults emerge in mid-May through June. Adult females lay eggs

around the bases of mint plants about 2 weeks after emergence.

Mint Injury, Crop Monitoring, and ATs. RW larvae feed on mint roots and rhizomes,

resulting in variably sized patches of bare mint. Sampling for larvae is done by digging 1 sq. ft

soil samples to a depth of 4 in. and sifting the soil through screens. A sequential sampling plan

has been developed for SRW in peppermint, and the author suggests a minimum of 25 soil

samples be taken for each field (Cacka, 1982). Intervention may be necessary if a total of 5.5

larvae, pupae, and adults are found per square foot. No treatment is necessary if larval

numbers are below 2.7=sq. ft. If numbers are between these two levels, sampling should

continue until a decision is reached. Sampling for RW adults is accomplished by sweeping

foliage after sunset when they are most active (Fisher et al., 2004). An AT has not been

established for RW adults.

Management Tactics. Because adult RWs do not fly, planting clean rootstock and a timely

rotation of 3 to 5 years are effective control measures. Rotation should be to crops that are
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poor RW hosts, such as alfalfa and corn (Berry, 1978). Resident natural enemies can reduce

RW abundance; for example, Cacka (1982) found that carabid beetles (Pterostichus vulgaris)

are very effective at reducing SRW populations. Applications of the entomopathogenic

nematode Steinernema carpocapsae at three billion IJs per acre can kill RW larvae in late

summer or early fall, but commercial applications often provided inconsistent control (Morris,

personal observation).

Night applications of acephate (1.0 lb ai=acre) (1.1 kg=ha), applied when the majority of

adults have emerged from the soil but before they begin laying eggs, is an effective RW

control strategy (Fisher et al., 2004). Two other insecticides, thiamethoxam (0.023 to 0.124 lb

ai=acre) (0.25 to 133 g=ha) and indoxacarb (0.1 lb ai=acre) (110 g=ha), also are effective

against SRW adults (Quebbeman et al., 2001).

Symphylans. Symphylans have a wide host range, and some species in the family Scutiger-

ellidae can consume up to 20 times their body weight in vegetable matter each day (Edwards,

1990). The garden symphylan (Scutigerella immaculate) is a major peppermint pest in western

Oregon. Although the author has observed symphylans in arid growing regions such as

eastern Washington, they were rarely seen, perhaps because they prefer loam soils and require

100% relative humidity for long-term survival (Edwards, 1990).

Symphylan eggs are laid in early spring or fall and hatch in 8 to 28 days depending on

temperature. Newly hatched young have six pairs of legs, adults have 12; one new pair of legs

is added at each successive molt. Development takes from 2 to 5 months at temperatures of

778F (258C) and 508F (108C), respectively (Berry and Robinson, 1974). There are one to

two generations per year. Symphylans disperse on rootstock or on soil debris carried by

floodwaters.

Mint Injury, Crop Monitoring, and ATs. Symphylans feed on roots, causing dead or

unhealthy patches in mint plantations. The best time to sample for infestation is from

March through September. Sampling must be done during warm-temperature periods be-

cause cold, dry, or hot conditions cause symphylans to migrate deep into the soil. In regularly

irrigated mint fields, the highest populations are often observed in late summer. Populations

are estimated by counting the number of individuals found in 1 sq. ft soil samples dug to a

depth of 10 to 12 in. (25.4 to 30.5 cm). Proper identification is important because several other

small soil arthropods may resemble symphylans. An AT of four to five symphylans per square

foot of soil is suggested (Berry and Fisher, 1993).

Management Tactics. Planting symphylan-free rootstock and avoiding planting in fields

suspected of harboring them, for instance woodlots and pastures, are effective management

tactics against this pest. Resident natural enemies may also help keep symphylan populations

in check. The predator mite, Pergamasus quisquiliarum, was observed to consume 12 sym-

phylans per generation, suggesting that biological control by this species is possible

(Berry, 1973).

Preplant soil fumigation is another symphylan management technique. Because symphy-

lans can reside deep in the soil profile, seed beds should be prepared before fumigation to a

depth of at least 18 in. (ca. 46 cm) (Morrison, 1957; Berry and Robinson, 1974). If the field

contains a hard pan 6 in. (ca. 15 cm) below the soil surface, fumigation may provide poor

results.

Once the mint crop is established, contact insecticides are needed to reduce symphylan

levels that exceed the AT. Broadcast applications of chlorpyrifos (2.0 lb ai=acre) (2.2 kg=ha)

followed by overhead sprinkler irrigation provide inconsistent control, especially in fields with

high levels of organic matter and carbon, often observed in fields that are regularly flamed but

not tilled. Similar results were observed for fonofos (2.0 lb ai=acre), another insecticide having

low solubility. Ethoprop (3.0 and 6.0 lb ai=acre) (3.3 and 6.6 kg=ha) applied in the fall reduced

symphylan levels by more than 95% throughout the following growing season.
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More consistent and timely results are observed in mint when insecticides are applied as

either granular formulations or through the irrigation system. Spring chemigation of chlor-

pyrifos (2.0 lb ai=acre) reduced symphylan levels by 77% during the growing season and by

81% the following season (Morris and Takeyasu, 1998). Granular chlorpyrifos applied in the

spring (Lorsban 15G at 2.0 lb ai=acre) reduced symphylan levels by 82% (Morris and

Takeyasu, 1998).

Wireworms. Wireworms are called ‘‘click beetles’’ because the adults often ‘‘snap’’ when

placed on their backs. The most common wireworm species in the western U.S. are the Pacific

coast wireworm (Limonus canus), sugar beet wireworm (L. californicus), and Great Basin

wireworm (Ctenicera pruinina). These species have a wide host range including small grains,

potato, corn, onion, beans, carrots, and grass seed (Berry, 1978).

Wireworms overwinter as larvae or young adults (Berry, 1978). After mating, eggs are laid

1 to 6 in. below the soil surface and hatch 3 to 4 weeks later. Larvae feed for 2 to 5 years

before pupating; in the northwestern U.S., most wireworm species take 3 years to complete

their development.

Mint Injury, Crop Monitoring, and Management. Wireworms feed on roots and rhizomes

and are especially problematic in nursery plantings of rooted tip cuttings. Symptoms of

wireworm injury include stunted and wilted mint that is reddish in color.

Sampling mint fields for wireworm before planting is very important because control

measures applied after planting are not very effective. Because wireworms can reside deep

in the soil, samples should be taken to a depth of 18 in. (ca. 46 cm) with a 6.75-in. (ca. 17 cm)

posthole auger, then sifted through screens.

Avoid planting new mint fields where high wireworm populations are likely to be encoun-

tered, for example, pastures or fallowed land. In such situations, preplant soil fumigation or

incorporation of effective insecticides prior to planting is recommended. Biological control is

generally not effective because wireworms have few natural enemies (Berry, 1978).

3.3.7.5.2 Pests of Mint Foliage
Aphids. Aphids are insects that extract nutrients from plant sap and excrete their waste as a

sugary substance called honeydew. The mint aphid, Ovatus crataegarius, is found in commer-

cial peppermint and spearmint throughout the western U.S. (Berry and Fisher, 1993). Other

aphid species such as the green peach aphid probably migrate into mint fields as well,

especially in potato-growing regions such as south-central Washington and Idaho.

Mint aphids overwinter as adults on mint roots and stems beneath the soil surface (Berry

and Fisher, 1993). In the spring, adult females give rise to mobile nymphs. A generation can

be completed in as little as 7 to 10 days during the summer, and 12 to 15 generations are

produced each year. Aphids disperse by flight and on rootstock.

Mint Injury, Crop Monitoring, AT, and Management. Aphid injury is characterized by leaf

loss, reduced plant vigor, and excessive honeydew, which interferes with harvesting oper-

ations. Fortunately, aphids have not been shown to vector mint diseases.

Sampling for aphids can be done along with spider mites by counting the number of aphids

per leaf. Most aphid injury occurs in rill-irrigated mint fields, although high populations are

occasionally seen in fields that are sprinkler irrigated. An AT for aphids has not been

experimentally determined, but an average of five to ten per leaf is a reasonable estimate.

Natural enemies are often effective at maintaining aphids below damaging levels, including

ladybeetles, lacewings, syrphid flies, and parasites. The insecticides malathion (1.0 lb ai=acre)

(1.1 kg=ha), acephate (1.0 lb ai=acre), and oxydematon-methyl (0.75 lb ai=acre) (829g=ha) are

all very effective at controlling aphids in mint.

Foliar Cutworms. Although many cutworm species feed on mint foliage, only five are

commonly encountered at damaging levels: the alfalfa looper (Autographa californicus),
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bertha armyworm (Mamestra configurata), cabbage looper (Tricoplusia ni), spotted cutworm

(Xesia C-nigram), and variegated cutworm (Peridroma saucia) (Lacy et al., 1981; Berry and

Fisher, 1993). Another species less frequently encountered on mint is the western yellow-

striped armyworm (Spodoptera praefica). Most of these species have a wide host range and a

large geographical distribution (Berry, 1978).

Cutworms overwinter either as eggs, larvae, or pupae. Adult moths lay their eggs mostly

on mint foliage. Variegated cutworms lay clusters of 200 to 500 eggs, whereas alfalfa

and cabbage loopers lay single eggs. Eggs hatch in 4 to 7 days. Variegated cutworms take

4 to 6 weeks to pupate whereas loopers can develop from egg to adult in as little as 30 days.

Loopers can produce up to three generations per year. The life cycle of the bertha army-

worm is similar to the variegated cutworm except that it overwinters as a pupa (Berry and

Fisher, 1993).

Mint Injury, Crop Monitoring, and ATs. Foliar cutworms injure mint by feeding on mint

leaves. Pheromone and black-light traps are used to collect adult moths and estimate when

sampling for larvae should begin. Fields should be checked on a regular basis because larvae

can be found anytime during the growing season. Small larvae are best sampled from foliage

with a sweep net. If 0.6 larvae are collected per 1808 sweep, intervention is necessary.

Searching the soil surface is effective for estimating populations of more mature larvae.

Shake the equivalent of 4 sq. ft of foliage to dislodge cutworms, part the foliage and count the

number of cutworms on the soil surface. A minimum of 10 sites should be sampled for each

field. Sequential sampling methods have been established that may reduce the number of

samples required (Coop, 1987). The AT for ground search counts is about 1.3 larvae per sq. ft

(Berry and Fisher, 1993). Larvae collected for all cutworm species can be combined for

referencing to the AT.

Management Tactics. Agricultural practices that encourage a healthy mint stand can

compensate for some cutworm injury, and healthy mint is also a good environment for

natural enemies. Parasitic wasps are very effective at controlling loopers and variegated

cutworm, but are less effective against the bertha armyworm. A naturally occurring nuclear

polyhedrosis virus is also very effective against loopers. The effectiveness of generalist

predators such as ladybeetles and syrphid flies is not well understood, but they may be

important for reducing cutworm eggs and small larvae (Miller, personal communication).

The insecticides acephate (1.0 lb ai=acre) (1.1 kg=ha) and methomyl (0.9 lb ai=acre) (409

g=ha) are effective against most cutworms and loopers. Such insecticides should be used

sparingly, however, because they can be harmful to beneficial natural enemies. An alternative

approach is to use insecticides that are more selective, such as insect growth regulators. In one

study, tebufenozide (0.065 to 0.125 lb ai=acre) (72 to 138 g=ha) was very effective against

bertha armyworm in central Oregon (Morris and Takeyasu, 1996). In another study, tebufe-

nozide (0.125 to 0.25 lb ai=acre) (138 to 277 g=ha), methoxyfenozide (0.25 lb ai=acre), and

spinosad (0.167 lb ai=acre) (185 g=ha) reduced a mixed population of bertha armyworm and

spotted cutworm by 99%, 100%, and 68%, respectively (Quebbeman et al., 2000). Formula-

tions of Bacillus thuringiensis (BT) have not performed consistently against cutworms in mint,

even when applied against small larvae.

False Celery Leaftier. The FCLT, Udea profundalis, is commonly observed feeding on mint

foliage during spring and summer. Although this species is usually not considered a pest

(Berry and Fisher, 1993), some peppermint fields in eastern Oregon sustained damage in 2003.

High FCLT populations have also been observed on Mentha citrata (Schilperoort, personal

communication).

FCLT overwinters as a pupa in and around mint fields. Adults emerge in the spring and lay

their eggs on the underside of leaves (Berry and Fisher, 1993). After hatching, the larvae feed

on foliage for about 2 to 3 weeks before pupating. Pupae are formed inside silken cocoons
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within webbed mint leaves; adults emerge in about 2 weeks. There are up to three generations

per year.

FCLT injures mint by feeding on leaves. Monitoring for FCLT larvae can be accomplished

with either a sweep net or ground searches along with foliar cutworms. An AT has not been

experimentally determined, but FCLT can be combined with cutworms for a conservative

estimate. The insecticides acephate, malathion, and tebufenozide are all effective against this

species (Takeyasu, personal communication).

Grasshoppers. Grasshoppers overwinter in the soil as eggs within pods, each pod containing

20 to 100 eggs. Nymphs emerge from April through June and feed for 40 to 60 days before

reaching adulthood. There is usually one generation per year.

Several species in the genus Melanopus injure mint by feeding on foliage, mostly in arid

growing regions. Sweep-net techniques such as those used for cutworms and MFBs are also

effective for monitoring grasshoppers.

The AT for grasshoppers is six to eight per square yard (Berry and Fisher, 1993). When

populations exceed this level, they are effectively managed with malathion (1.0 lb ai=acre) (1.1

kg=ha) or acephate (1.0 lb ai=acre). The selective insecticides spinosad (0.156 lb ai=acre) (173

g=ha) and thiamethoxam (0.47 lb ai=acre) (520 g=ha) also provided encouraging results,

reducing populations by more than 90% in two separate studies (Quebbeman et al., 2000, 2001).

Spider Mites. Spider mites are a frequent problem on mint plantations in the western U.S.

(Morris et al., 1999) and are an occasional problem in the Midwest (Wyman and Rice-Mahr,

1992). The most common species found in mint is the twospotted mite, Tetranychus urticae,

which also feeds on a variety of other crops, including corn, hops, potato, and strawberry

(Helle and Sabelis, 1985).

Spider mites disperse to and from mint fields mostly on wind currents. They overwinter in

mint fields as reddish-colored females in soil duff and debris and on the underside of mint

leaves not killed by subfreezing temperatures (Morris et al., 1996). Females begin laying eggs

in the early spring, and a complete generation from egg to adult can take as little as 1 to 3

weeks depending on temperature (Helle and Sabelis, 1985).

Mint Injury, Crop Monitoring, and ATs. Spider mite injury to mint is caused by increased

water stress (DeAngelis et al., 1982), decreased leaf weight (DeAngelis et al., 1983a) and

reduced photosynthesis (DeAngelis et al., 1983b). In addition to reducing oil yield, spider mite

feeding can also affect mint oil quality (DeAngelis et al., 1983c). Although spider mite injury

is known to increase as temperatures rise, unseasonably low temperatures can increase spider

mite damage as well. For instance, when temperatures dropped to 258F (�3.98C) one June in

LaGrande, Oregon, peppermint plantations infested with spider mites exhibited a blackish,

wilted appearance, resulting in severe defoliation (Morris, unpublished data).

Hollingsworth (1981) recommends the following sampling procedures for spider mites in

mint plantations: for each field, sample a minimum of 15 sites per field. Select 15 plants from

each site and three leaves from each plant: one from the top, one from the middle, and one

from the bottom of the plant. Using a hand lens, count the number of spider mites per leaf.

A binomial sampling plan may reduce effort by only counting leaves that have more than five

spider mites (Berry and Fisher, 1993). Counting the number of predator mites can also affect

management decisions. If the ratio of spider mites to predator mites is 10:1 or less, interven-

tion may not be necessary. The AT for spider mites varies from five to ten mites per leaf

depending on, among other things, temperature, moisture levels, and plant vigor.

Management Tactics. Several cultural practices affect the severity of spider mites in mint.

Although tillage can reduce spider mites initially, this practice may only delay outbreaks until

later in the season. Spring flaming for rust control can reduce spider mite levels, especially

when fields are flamed twice in one week (Fairchild and Morris, 1989). However, fall flaming

leads to spider mite outbreaks (Morris et al., 2000).
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Biological control is often very effective against spider mites on mint. Spider mite injury is

more common in peppermint and Scotch spearmint than in Native spearmint, perhaps

because biological control is more effective in Native spearmint since fewer pesticides are

used. Generalist predators can maintain spider mites at low levels. Specialist predators such

as the phytoseiid Neoseiulus fallacis, shown by mint field surveys to be widely distributed in

the western U.S. (Morris et al., 1999), are often effective at reining in increasing spider mite

populations (Helle and Sabalis, 1985). Other phytoseiid species have been identified on mint

(Morris et al., 1999; Walsh and Wight, 2002), but their role in regulating spider mite levels is

not known. Inoculating strawberry fields (Coop and Croft, 1995) or mint fields (Morris,

unpublished data) with low numbers of N. fallacis (1000 to 3000=acre) (ca. 2500 to 7500=ha)

can be a cost-effective spider mite management tactic. But for reasons not always under-

stood, such releases are frequently unsuccessful, pointing again to the importance of regular

field monitoring.

The use of nonselective pesticides often reduces the effectiveness of predator mites and

leads to spider mite outbreaks (Morris et al., 1996; Kaufman et al., 2000). The selectivity of

moderately toxic pesticides can be improved by applying them in more selective ways. For

example, timing the application of the herbicide oxyfluorfen during the winter months

improves selectivity because predator mites are dormant and protected in soil duff and debris.

Another way to improve selectivity is by altering the pesticide formulation or application

method. Chemigation and granular formulations are generally less disruptive to predator

mites than liquid formulations applied as a ground spray. For example, when bromoxnil was

diluted through chemigation, predators were not harmed and weed control was equally

effective (Morris and Takeyasu, 2000).

Should a miticide be necessary, selective ones such as propargite (1.6 to 2.0 lb ai=acre) (1.8

to 2.2 kg=ha) or bifenazate (0.5 to 0.75 lb ai=acre) (554 to 830 g=ha) are effective at lowering

spider mites to levels where predators can reestablish control. If predator levels are too low,

however, higher miticide rates and=or multiple applications may be necessary. The more

frequently a miticide is applied, however, the more likely spider mites will become resistant to

it. If multiple applications are needed, a good strategy is to switch to another miticide with a

different mode of action.

Squirrley Mint. Although the condition known as ‘‘Squirrley mint’’ has been known for

over 50 years, its cause was not determined until recently when Dr. Ralph Green, Emeritus

Plant Pathologist, Purdue University, correlated this syndrome with a previously undescribed

bud mite in the family Tarsonemidae. Researchers at Rutgers University described this new

mite species as Tarsonemus pipermenta. For reasons yet unknown, Squirrley mint remains

confined to the Midwest, where it continues to spread (Perry, personal communication).

T. pipermenta overwinters as an adult female in mint stolon buds. During the growing

season, this species is most often found in terminal and lateral buds (Green, 2002b). Dispersal

is thought to occur by movement on infested rootstock, although dispersal on wind currents

and farm equipment cannot be ruled out.

Symptoms on peppermint include bunching of the top leaves and up to an 80% reduction in

oil yield (Green, personal communication). Although several miticides appear effective

against T. pipermenta, more research is needed before labels are pursued (Perry, personal

communication).

3.3.7.5.3 Occasional and Potential Arthropod Pests
Several other arthropod species are occasional mint pests. Although the painted lady butterfly

(Vanessa cardui) usually feeds on Canada thistle patches growing in mint fields, it will switch

to feeding on mint when populations are high. Insecticides used to control cutworms are also

effective against this species.
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The larvae of several scarab beetle species are occasionally found feeding on mint roots and

rhizomes, especially in plantations established from pasture or fallowed fields (Nelson,

personal communication). Scarab larvae can take several years to develop and are difficult

to control in established mint plantations. Twice in the last 20 years, larvae of the western

spotted cucumber beetle (Diabrotica undecimpunctata) were observed feeding on peppermint

rhizomes in western Oregon, but control measures were not evaluated. A small black mirid

(Halticus bractatus) is known to be an occasional pest on Midwest mint.

Several unique arthropod pest species also have been encountered in peppermint grown

outside the traditional regions surrounding the 40th parallel, including the pale striped flea

beetle (Systena blanda) in Wyoming (Phillips, personal communication); whitefly (Aleyrodi-

dae) in Arizona, Argentina, and India (Bolton, personal communication); and root aphids

in Argentina.

3.3.7.6 Diseases

In addition to the threat posed by arthropod pests, peppermint and spearmint are subject to

several debilitating diseases. The discussion on mint diseases begins with Verticillium wilt, a

soil disease often considered the main limiting factor to economically viable peppermint and

spearmint production in the U.S.

3.3.7.6.1 Verticillium Wilt
First identified on U.S. peppermint plantations in 1921 (Landing, 1969), Verticillium wilt

remains a leading barrier to U.S. mint oil production despite extensive efforts to control it

(Johnson and Cummings, 2000).

Based on the presence of microsclerotia (MS) (small, hardened survival structures) and

unique features of its conidiophore, the Verticillium species of importance to mint is Verti-

cillium dahliae and not V. albo-atrum (Heale, 2000). V. dahliae has a wide host range, infecting

hundreds of different crops including cotton, potato, strawberry, and mint (Green, 1951;

McCain et al., 1981; Heale, 2000). Many weed species are also suitable hosts for this pathogen

(Green, 1951; McCain et al., 1981), and it may even survive for a limited time as a saprophyte

on spent mint hay (Green, 1951).

There are many strains of V. dahliae, each varying in its aggressiveness toward different

plant species and varieties, including peppermint and spearmint (Johnson and Cummings,

2000; Tjamos et al., 2000; Douhan and Johnson, 2001). Most V. dahliae strains isolated from

crops such as potato and echinacea produce only mild symptoms on peppermint, and to date

have not caused economic damage to this crop (Green, 1961; Crowe, 1998; Powelson et al.,

1999; Douhan and Johnson, 2001). There may be exceptions, however. For instance, a strain

of V. dahliae obtained from a California strawberry field with no history of mint production

was highly aggressive to the resistant peppermint variety Murray Mitcham (Crowe, 1997).

However, this strain produced only mild symptoms on Black Mitcham, a peppermint variety

considered to be highly susceptible to Verticillium. There is also the chance that other

nonmint strains, such as those found on potato, could change into more aggressive mint

strains (Green, 1977). Paradoxically, mint oil yields may actually increase in peppermint

grown in soils with subthreshold levels of mint-virulent strains of V. dahliae or higher levels

of less virulent strains (Crowe, 1996, 1998), although managing this phenomenon is difficult

to say the least.

V. dahliae overwinters in mint plantations as MS in the soil or as mycelium and conidia in

living plant tissue (Crowe et al., 2000). Although MS were once believed to survive almost

indefinitely in the soil, more recent information suggests that they must go through an

infection cycle about every 3 to 5 years (Crowe, personal communication).
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MS germinate and infect roots in response to stimuli such as mint-root exudates. If a

systemic infection occurs, mycelium and conidia spread upward in the plant, partially block-

ing water supply to leaves. If mint-aggressive strains are involved, such infections often kill

the plant. About one million MS are formed in dead mint stems (Horner, 1965), but the actual

number may depend on the mint species or variety (Crowe, 1998). Verticillium can disperse on

mint rootstock, in irrigation or floodwaters, on farm equipment and in windblown soil

(Horner, 1955; Lacy et al., 1981; Tjamos et al., 2000).

Mint Injury. Economic injury occurs when Verticillium-infected mint stands produce less

oil, are less able to survive the winter, and produce for a shorter period of time (Crowe et al.,

2000). Because Verticillium may persist for many years under some field conditions, the

amount of available land for future mint production also may decrease. Wilt symptoms

include the diagnostic asymmetrical twisting and bunching of upper leaves, leaf chlorosis,

plant necrosis, and death. Symptoms usually increase in severity as temperatures rise during

the growing season, and a toxin produced by the fungus might also contribute to symptom

expression (Horner, 1955; Heale, 2000).

An EIL of between 0.5 and 1.0 MS=gm of soil has been estimated for one mint-aggressive

strain on Todd’s Mitcham peppermint (Crowe et al., 2000). Although EILs have not been

estimated for spearmint or the other peppermint varieties, their relative rankings with respect

to wilt tolerance are discussed in the section on host-plant resistance. Several conditions may

lower the EIL: for example, if more virulent mint strains are identified, if mint is grown in the

presence of root lesion nematode (Faulkner et al., 1970; Johnson and Santo, 2001), or if other

stresses occur such as application of certain herbicides (Santo and Wilson, 1990).

Soil Sampling, Strain Identification, and Crop Monitoring. Prior to planting mint, field soils

should be sampled to gauge Verticillium levels and, if detected, determine if the strains

involved are pathogenic to mint.

Once a mint field is established, visual monitoring techniques can help identify the presence

of wilt symptoms and their severity. Such information assists mint growers in deciding

when to rotate and whether a field should be used for rootstock. Another important aspect

of monitoring is to track field history; such records are useful for planning future mint

plantations.

Verticillium levels in soil are estimated by collecting samples with a soil probe or clam

shovel, followed by plating the dried and pulverized soil onto selective culture media. Crowe

et al. (2000) evaluated three such methods: the Anderson air sampler, wet sieving, and the

Harris method; the latter is the most reliable. Although results of soil sampling can be quite

variable, such information may prevent growers from planting into the most severely infected

mint fields.

Determining the aggressiveness of a Verticillium strain usually involves a living-plant

bioassay. Three such methods have been evaluated in mint. In the first method, rooted

mint plants are dipped into aqueous suspensions of conidia, then planted into small pots.

This method results in the fastest symptom expression, usually 2 to 3 weeks. The second

method involves injecting conidia directly into mint stems. This method may be less reliable

because more plants escape infection, and because resistance mechanisms located in mint root

are bypassed (Mathre et al., 1999). However, such methods may be useful under some

circumstances. For instance, Crowe (1991) showed that direct injection of Verticillium col-

onies from selective media into peppermint stems was effective at distinguishing between

potato- and mint-aggressive strains. A third method involves inoculating MS into containers

of established mint. Although this method more closely represents natural conditions, it takes

longer for symptoms to appear.

Other Verticillium strain bioassays do not involve living plants. Douhan and Johnson (2001)

have separated mint-aggressive and mint-benign strains by placing them into vegetative
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compatibility groups (VCG). Theoretically, only closely related strains can fuse, or

anastomose, to form heterokayons. More research is needed to determine whether or not

virulent mint strains could be found in VCGs thought to contain only nonmint strains. In

the future, perhaps genetic methods also may be used to distinguish among strains

(Tjamos, 2000).

Management. Unless peppermint and spearmint varieties completely immune to Verticil-

lium are developed, the best management approach is likely to be a combination of soil

fumigation, cultural practices, and host plant resistance. Although conventional fungicides

have not proven effective against wilt under field conditions, novel ones should be evaluated

as they become available.

Prevention. Preventing the introduction of Verticillium into mint fields is a key manage-

ment tactic (Horner, 1955; Green, 1963). Low to moderate wilt levels may be managed by

preplant soil fumigation (MacSwan and Horner, 1965; Koepsell and Horner, 1975), although

the high cost of this practice may only be justified in fields to be planted with rootstock.

Planting clean rootstock is essential because once wilt becomes established, inoculum levels

may decline very slowly; the actual rate of decline may depend on the plant species grown,

biological activity of the soil, and soil type. For instance, MS decline more slowly in sandy-

loam soils than in silt-loam soils (Green, 1980). After planting, avoid introducing wilt by

other means such as in contaminated water supplies or on farm equipment. Procedures used

to sanitize equipment must be practical, however, or else they will not be adopted. The same

can be said with regard to sanitizing footwear used by field workers.

Despite best efforts at avoidance, Verticillium is likely to occur in most peppermint and

Scotch spearmint fields, especially the more times they were previously planted to mint or the

longer they remain in production. Once Verticillium is identified in a mint plantation,

practical methods can help contain the disease and reduce inoculum levels. One of the best

ways to prevent spreading Verticillium throughout established mint fields is to avoid practices

that involve tillage, which accelerates the release of MS from dead mint stems back into the

soil (Crowe, 1996).

Propane flaming mint fields after harvest can effectively reduce the rate of inoculum

increase (Horner and Dooley, 1965; McIntyre and Horner, 1973; Crowe, 1996), especially if

wilt levels are low to begin with. A propane flamer traveling at one mile per hour (1.6 km=h)

with a gas pressure of 35 psi (2.4 atmos or 241 kPa) nearly eliminates the fungus from peppermint

stems. At 2.0 mph (3.2 km=h), wilt levels are reduced 80% to 89%, depending on whether or

not the soil is wet or dry, respectively. The mortality of Verticillium in stems decreases rapidly

at flamer speeds greater than 2.0 mph. Flaming is expensive, however. In addition, because

this method results in unacceptable mint injury in cooler growing regions and increases the

severity of spider mites, it may not be a practical management tool for the future.

Host Plant Resistance or Tolerance. The mechanism of Verticillium resistance or tolerance

in mint may reside in the root system where the spread of infection from roots to the vascular

system is reduced (Crowe, 1991; Mathre et al., 1999). Verticillium may produce less inoculum

in resistant mint species and=or varieties (Crowe, 1998; Johnson and Douhan, 1997), increas-

ing the time required to reach damaging levels.

Native spearmint is considered to be the most wilt-tolerant of commercial peppermint and

spearmint species, but it is not immune. Even though symptoms were mild or absent, Crowe

(1998) found that mint-aggressive wilt strains reduced native spearmint hay and oil yields

by 10%. More importantly, another wilt strain isolated from California strawberry fields

produced even greater symptoms on Native spearmint than did an aggressive peppermint

strain (Crowe, 1998). Scotch spearmint is more susceptible to wilt than Native spearmint, and
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Black Mitcham peppermint is considered the most susceptible of all commercial U.S. pep-

permint and spearmint cultivars (Johnson, 1991).

To increase Verticillium resistance in peppermint, Dr. Merrit Murray, an A.M. Todd

geneticist, implemented a mutation-breeding program in the 1960s. This program led to the

release of two wilt-resistant peppermint cultivars, Todd’s Mitcham and Murray Mitcham

(Murray, 1969; Murray and Todd, 1972), which allowed peppermint to be produced in

regions where it otherwise could not grow.

When challenged with the same inoculum level, laboratory bioassays by Crowe (1999)

showed similar wilt susceptibilities among Black, Murray, or Todd’s Mitcham (Crowe, 1998).

But more MS, followed by rapid stand decline, were observed after year two in field plots of

Black Mitcham compared with Murray or Todd’s Mitcham. Other studies confirm that the

rate of inoculum increase is highest in plots of Black Mitcham compared with more wilt-

resistant mints. Johnson and Douhan (1998) inoculated three different mints with Verticil-

lium under greenhouse conditions, and in just 8 weeks Black Mitcham exhibited significantly

more colony-forming units (CFU) per centimeter of stem than either Roberts Mitcham

peppermint or Native spearmint: 1002, 542, and 0 CFUs=cm of stem, respectively. Another

study from western Oregon showed a similar rapid trend in Black Mitcham decline; Gingrich

and Mellbye (1999) observed that field plots of Black Mitcham exhibited significantly more

wilt strikes during the first year of production than plots containing more wilt-resistant

peppermint varieties.

Although Murray Mitcham and Todd’s Mitcham allowed for continued peppermint pro-

duction in areas with low to moderate wilt (Lacy et al., 1981), these varieties were not immune

and higher levels of resistance were desired. To address this need, Roberts Mitcham, M83-7

and B90-9 were developed through another mutation-breeding program in the late 1970s and

early 1980s. These cultivars were evaluated against Black Mitcham, Murray Mitcham, and

Todd’s Mitcham from 1994 through 2003 at university experiment stations throughout the

major U.S. mint-growing regions.

In studies where Verticillium was not introduced, Black Mitcham almost always yielded

more oil than the wilt-resistant cultivars; the exception was B90-9, which yielded as well or

better than Black Mitcham. In studies where Vertcillium was introduced into field plots prior

to planting, resistant cultivars usually yielded as well or better than Black Mitcham, especially

after the first year of production. In most instances, significant differences were not detected

among the wilt-resistant cultivars with respect to oil yield and wilt severity. Although variety

B90-9 yielded significantly more oil than the other wilt-resistant peppermints in one study

from central Oregon (Crowe, 2001) and in another study from the Midwest (Green, 2001), it

did not outperform the other wilt-resistant cultivars in field experiments conducted in

Washington, western Oregon, Montana, and Idaho. In fact, B90-9 was completely overcome

by wilt during the second growing season in western Oregon (Mellbye and Gingrich, 2002)

and after the third growing season in the Midwest (Green, 2002a).

Crop Rotation. Peppermint and Scotch spearmint should be rotated to another crop every

3 to 5 years even if the field continues to yield well and wilt symptoms are not detected. If such

a program is followed, a field may be planted back to mint in 3 to 5 years (Koepsell and

Horner, 1975). This may not be long enough, however, if initial inoculum levels are high or if

crops are planted that serve as maintenance hosts for this disease. In such situations,

Verticillium levels may remain constant or even increase (Lacy and Horner, 1966; Davis

et al., 2000).

A nonmint crop was once thought to be a good rotation for reducing Verticillium if

symptoms did not occur or if the fungus failed to colonize its vascular system. This may

not be the case, however, because wilt levels are maintained or increased in the rhizosphere of

some plant species considered to be Verticillium resistant or immuned (Lacy and Horner,
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1966; Douhan and Johnson, 2001), including barley, buckwheat, oats, wheat, peas, and sugar

beets (Davis et al., 2000). Good rotational crops to combat Verticillium may include alfalfa,

broccoli, corn, onion, and Sudan grass because these crops do not support appreciable

increases in Verticillium levels (Nelson, 1950; McCain et al., 1981; Davis et al., 2000). Broccoli

is a poor Verticillium host and also an effective green manure, acting in a similar way to

commercial fumigants. In studies where broccoli was grown prior to planting mint, levels of

MS were reduced substantially but not low enough in one year to prevent mint injury

(Powelson et al., 1999). Effective weed control is also important in Verticillium management

because many weed species can harbor this disease (McCain et al., 1981).

Biological Control. Naturally occurring biological control can reduce Verticillium levels in

the soil, but just how this occurs and which organisms are involved is not always well

understood (Nelson, 1950; Tjamos et al., 2000). Several natural enemies show promise against

V. dahliae under tightly controlled conditions, but efforts to use them effectively in commer-

cial mint plantings have not been successful. When Green (personal communication) inocu-

lated mint roots with V. tricorpus to cross-protect against V. dahliae, newly formed mint roots

were not protected. Melouk and Horner (1975) showed that cross-protecting mint roots against

V. dahliae by first inoculating with V. nigrescens provided good protection. However, cross-

protection was not effective enough when roots were inoculated with V. nigrescens at the same

time or after infection by V. dahliae.

3.3.7.6.2 Rust
Over 5000 species of rust infect many plant species worldwide (Agrios, 1997). Mint rust

(Puccinia menthae) infects only plants in the mint family (Horner, 1955; Pschiedt and Ocamb,

2004), and 11 races have been identified that may affect peppermint and spearmint differently

(Johnson, 1995). Rust isolates from Native spearmint are unable to infect peppermint, and

peppermint isolates are unable to infect Native spearmint. Isolates from both Native spearmint

and peppermint infect Scotch spearmint, although the peppermint isolates develop more slowly

on Scotch spearmint than those from Native spearmint (Pschiedt and Ocamb, 2004).

Peppermint rust is prevalent throughout western Oregon, western Washington, and

Montana, but occurs only occasionally and at very low levels in arid regions of Washington,

Oregon, and Idaho. Peppermint rust does not survive well at temperatures above 908F
(32.28C) (Horner, 1955). In more recent studies, Johnson and Douhan (2000) showed that

temperatures at or above 828F (27.88C) increased the latent period of peppermint rust and

prevented germination and growth of urideal spores. The authors believe these factors are

responsible for the low incidence of peppermint rust in south-central Washington. For

unknown reasons, peppermint rust is not a problem in the more humid Midwest (Lacy

et al., 1981). Spearmint rust appears more tolerant of high temperatures and routinely occurs

throughout all U.S. spearmint growing regions. Research into rust-resistant peppermint

cultivars was conducted in the early 1950s, but for unknown reasons this work was discon-

tinued (Horner, 1955; Roberts and Horner, 1981).

Mint rust overwinters mostly as a teliospore. However, in temperate regions such as

western Oregon, rust can also overwinter as urideal spores on mint leaves during mild years

when leaves are not killed by cold temperatures. There are several other spore stages that

occur during the winter and early spring (Horner, 1955). A yellow spore stage is released from

reddish blisters found on mint stems located near the soil surface. Yellow spores infect mint

leaves and give rise to brown urideal spores, which cycle repeatedly throughout the growing

season. Urideal spores are dispersed by wind and can infect mint fields some distance away.

Mint Injury and Management. Left unchecked, mint rust can cause complete defoliation

(Horner, 1955; Lacy et al., 1981). Clean plowing to a depth of 3 to 4 in. (ca. 7.5 to 10 cm) is

effective against all mint rusts because buried spores are not infective (Maloy and Skotland,
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1969; Lacy et al., 1981). Propane flaming mature peppermint fields in spring is effective at

controlling rust in western Oregon (Roberts and Horner, 1981), although flaming newly

established fields can result in severe injury. Peppermint is flamed when the majority of

reddish blisters are above the soil surface. In western Oregon this usually occurs about mid-

April. Effective flamer speeds are 2.5 to 3.0 mph (4.0 to 4.8) at 35 to 40 psi (241 to 276 kPa).

Mint growers in western Oregon often flame their fields twice in the spring, about 1 week

apart. Spring flaming spearmint is considered to be ineffective because spearmint rust is

systemic, leading to reinfection of new growth after flaming.

Some peppermint growers use desiccants to remove rust-infected mint foliage. Although

desiccants such as phos-acid (17.5 gallons=acre) (ca. 160 L=ha) are effective at reducing rust

outbreaks, spider mites are not controlled by this practice (Fairchild and Morris, 1989). When

flaming or using desiccants, it is important to destroy volunteer mint growing around field

margins to prevent reinfection.

The fungicides azoxystrobin (Quadris at 6.2 to 15.4 fl Oz=acre) (447 to 1082 mL=ha),

myclobutanil (Rally 40W at 4.0 to 5.0 fl Oz=acre) (289 to 361 mL=ha), and propiconazole

(Tilt 4.0 and 8.0EC fl Oz=acre) (289 and 577 mL=ha) are all effective at controlling mint rust.

Control is less effective if fields are treated after severe outbreaks occur. Other fungicides also

have been evaluated. Slabaugh et al. (2001) showed that the biofungicides Sonata WP and

Seranade WP (Bacillus subtilis, strain QST 713) controlled peppermint rust in western

Oregon.

3.3.7.6.3 Powdery Mildew
Powdery mildews (PM) are white to gray fungi that are among the most common plant

diseases worldwide (Agrios, 1997). Although Erysiphe cichoracearum is thought to be the

species infecting peppermint and spearmint, this needs to be verified (Grey et al., 1995).

Correctly identifying which mildew species infect mint can influence management decisions;

for example, which variety to plant and how it should be maintained. Long-range PM dispersal

is by aerial spores whereas short-range dispersal may occur by splashing water droplets.

PM is known to increase mint leaf loss and reduce winter survival (Pschiedt and Ocamb,

2004). Scotch spearmint is the most susceptible commercial mint species, whereas Native

spearmint is the least susceptible (Grey et al., 1996). Of the peppermints, Black Mitcham is the

most susceptible to PM, while Murray Mitcham, Robert’s Mitcham, Todd’s Mitcham, and

M83-7 are about equal in their susceptibility (Grey et al., 1995). Meristemed peppermint is

more susceptible than nonmeristemed (Welty and Prestbye, 1994).

PM can be effectively managed in mint with fungicides. Crowe and Butler (1996) showed

that sulfur (Microthiol at 5.0 lb product=acre) (5.54 kg=ha), propiconazole (Tilt 4.8EC at 6.0

fl Oz=acre) (433 mL=ha), mycobutanil (Rally 40W at 5.0 fl Oz=acre) (361 mL=ha), and

chlorothalonil (Bravo 720 at 1.5 pints=acre) (ca. 1.75 L=ha) were all effective against pow-

dery mildew on peppermint in central Oregon. Another fungicide, azoxystrobin (Quadris at

6.2 to 15.4 fl Oz=acre) (183 to 455 mL=ha), is also effective against PM (Pschiedt and Ocamb,

2004). The ability of fungicides to cure some PM outbreaks on peppermint suggests that an

AT could be determined.

3.3.7.6.4 General Stolon Root Rot
Several fungi including Fusarium solani and Rhizoctonia solani injure mint through stem and

stolon decay (Green, 1961; Pschiedt and Ocamb, 2004). Horner (1971) reported that another

fungus, Phoma strasseri, attacked mint stems and rhizomes causing a blackened appearance.

Phoma also infects Scotch spearmint grown under sprinkler irrigation in Washington

(Johnson and Miliczky, 1990). The white mold fungus, Sclerotina sclerotium, was linked to
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severe winter kill of Scotch spearmint in south-central Washington (Skotland, personal

communication) and has been observed elsewhere at low levels on peppermint. Anthracnose

or Leopard spot (Sphaceloma menthae) is another disease that occasionally occurs on pep-

permint in Indiana (Lacy et al., 1981).

Root rots are most active during winter and spring, especially if fields are overirrigated or if

standing water is an issue. Reducing mechanical and pest-related injury can help manage

these diseases (Horner, 1955). Using clean soil and sanitizing cutting implements used during

greenhouse rootstock operations is a good way to avoid infection by Phoma strasseri (Horner,

1971). The fungicide azoxystrobin (Quadris at 6.2 to 15.4 fl Oz=acre) (183 to 455 mL=ha) has

activity on Rhizoctonia (Pschiedt and Ocamb, 2004).

3.3.7.6.5 Viruses
The impatiens necrotic spot virus (INSV) and the tomato spotted wilt virus (TSWV) can

damage peppermint under greenhouse conditions (Sether et al., 1991). Although symptoms

may persist when infected mint is planted to the field, they soon disappear and the diseases

may be self-eliminating (Allen, 1991). Mint propagators can reduce the threat of virus

outbreaks by having plants virus tested, sanitizing equipment, and controlling thrips in the

greenhouse (DeAngelis et al., 1994). Other potentially damaging viruses also may infect mint

and require further evaluation.

3.3.7.7 Mollusks

The mollusks are a group of interesting organisms that include the clams, octopuses, snails,

and slugs. The gray field slug, Deroceras reticulatum, is the most economically important

species to agriculture in the Pacific Northwest (Fisher and Heim, 2004). Whether or not this is

the predominant species infesting mint is not known.

Slugs are hermaphrodites so all individuals are capable of laying eggs. Most eggs are laid in

late summer to early fall during humid conditions. The gray field slug may lay another clutch

of eggs in spring. Most eggs hatch in about 2 weeks, but eggs laid in the fall may overwinter.

Slugs feed mostly at night, remaining concealed during the day to avoid desiccation. Little

feeding occurs during high or low temperature extremes.

Slugs feed on peppermint and spearmint in all major mint-growing regions. Their economic

importance to mint is not well understood, but it may be more than realized. Because of

frequent irrigation, mint fields provide an ideal environment for slugs, and very high numbers

were detected while sampling at night for RWs with a sweep net (Morris, unpublished data).

Slugs may be sampled by examining mint foliage at night with a flashlight or with a sweep net,

although the latter can be quite messy. Slugs also may be sampled by placing a piece of

plywood on the soil surface and counting the number of slugs found underneath (Fisher and

Heim, 2004).

The effect of natural enemies on slug populations in mint is not known. When Berry and

Crowe (1996) tested two species of entomopathogenic nematodes—Heterorhabditis marelatus

and Stienernema oregonensis—against gray garden slug eggs and juveniles, applied rates of

two- or four-billion IJs=acre (4.9 or 9.9 billion=ha) were ineffective. The commercial slug bait

Deadline (metaldehyde 0.4 to 1.6 lb ai=acre) (467 to 1283 g=ha) is labeled for use on mint, but

its economic benefits have not been evaluated.

3.3.7.8 Plant Parasitic Nematodes

Nematodes are a diverse group of unsegmented roundworms that include beneficial predators

of arthropod pests (Dropkin, 1989) as well as several species that injure mint and must be

managed. Nematodes feed on mint roots, reducing vigor, lowering oil yields, and reducing
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winter survival (Santo and Wilson, 1991; Ingham and Merrifield, 1996). Nematodes also

interact with other pests such as Verticillium wilt to cause even greater injury than would

occur in the presence of either pest alone (Johnson and Santo, 2001). Damage caused by root-

rotting pathogens such as Rhizoctonia and Fusarium is greatest when entrance wounds are

provided by nematodes or soil arthropods (Horner, 1955).

The root lesion nematode Pratylenchus penetrans is considered to be the most important

nematode pest of mint, capable of reducing foliage by 46%, root mass by 86% (Bergeson and

Green, 1979), and oil yields by 95% (Pinkerton et al., 1988). Damage caused by P. penetrans is

most severe when mint is grown in sandy soils (Pinkerton, 1983). This species is a migratory

endoparasite that spends most of its life inside the roots of host plants including cereals,

vegetables, and mint. Ingham and Merrifield (1996) show that for each incremental increase

of 290 to 570 P. penetrans per quart of soil, or 45 to 165=g of fresh root, 1 lb (ca. 450 g) of oil is

lost for stressed and vigorous peppermint, respectively. This injury level may need to be

reduced to account for additional injury that may result during extremely cold temperatures

(Santo and Wilson, 1991). Other nematode species known to injure mint include the needle

nematode, Longidorus sylphus (Horner, 1955); pin nematode, Paratylenchus spp. (Ingham and

Merrifield, 1996); Northern root knot nematode, Meloidogyne hapla (Santo et al., 1986); and

stubby root nematode, Trichodorus spp. (Ingham and Merrifield, 1996).

3.3.7.8.1 Crop Monitoring
Nematode population levels are estimated from soil and mint roots by extraction methods

selected based on biology and mobility (Dropkin, 1989). Sampling for root lesion nematodes

is best done in spring or late summer while populations are at their peak (Ingham and

Merrifield, 1996). P. penetrans is a migratory endoparasite, so it is important to sample

mint roots; this species may go undetected with soil sampling alone. Other less damaging

lesion species may be detected in soil but not in roots. Soil sampling for pin nematode in late

summer is effective for estimating populations of this ectoparasite, and soil samples for two

other ectoparasites, Longidorus and Trichodorus, may be taken in either early spring or late

summer.

3.3.7.8.2 Cultural and Biological Control
Planting clean, vigorous rootstock, and sanitizing farm equipment are two important nema-

tode management tactics. Because most nematode species that infect mint have a wide host

range, avoiding them in new mint plantings is difficult. Rotating out of mint before plant

vigor deteriorates is another effective management tactic.

Although many natural enemies feed on plant parasitic nematodes, their impact on nema-

tode mint pests is not known. Commercial formulations of entomopathogenic nematodes

have been evaluated against lesion nematode in mint. Ingham and Berry (1995) showed that a

rate of 6 billion IJs=acre failed to reduce P. penetrans populations in one field study. In

another study, Santo et al. (1999) showed that adding entomopathogenic nematodes 2 weeks

prior to the addition of P. penetrans reduced lesion nematodes by more than 72%. The

improved control was attributed to the lethal toxins released by entomopathogenic nema-

todes following their death. However, when entomopathogenic nematodes were applied at the

same time as P. penetrans, populations were not reduced.

3.3.7.8.3 Pesticide Strategy
Preplant soil fumigation is an effective nematode control tactic. Applying low rates of

fumigants such as metham-sodium to established mint fields should be avoided; however,

because severe phytotoxicity can occur (Santo and Wilson, 1998). Oxamyl is currently the

only nematicide labeled for use on mint in the U.S. Although oxamyl (1.0 to 3.0 lb ai=acre)

(1.1 to 3.3 kg=ha) may reduce P. penetrans in sandy soils, it is much less effective against this
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species when applied to heavier soil types (Bergeson and Green, 1979; Pinkerton et al., 1988).

However, oxamyl may not work well against lesion nematode in the presence of Verticillium

wilt. Oxamyl is very effective against the needle nematode (Longidorus sylphus) in western

Oregon (Pinkerton and Jensen, 1983). Because oxamyl is expensive, more effort is needed to

quantify its economic benefits to mint against a wider range of nematode pests and field

conditions.

3.3.7.9 Weed Management

Weed management is among the most important aspects of commercial mint production

(Green, 1961; Stanger, 1977; Lacy et al., 1981; Brewster and Appleby, 1985). Not only can

weeds reduce mint oil yields by competing for light, water, nutrients, and space, they also can

reduce mint oil quality (Green, 1961; Martin et al., 1976). Examples of important weeds that

impart off odors to mint oil include groundsel (Senecio vulgaris), lambsquarters (Chenopo-

dium album), kochia (Kochia scoparia), mustards (Brassicaceae), nightshades (Solanacea),

prickley lettuce (Latuca serriola), redroot pigweed (Amaranthus retroflexus), Russian thistle

(Salsola iberica), and salsify (Tragopogon porrifolius) (Colquhoun et al., 2001). Although

weedy grass species impart off odors to mint oils less often than do broadleaf weeds, they

can reduce the quality of mint oil color. Weeds also can negatively impact mint production by

harboring mint pests. For example, many weed species are hosts to Verticillium wilt, possibly

preventing the reduction of wilt inoculum to manageable levels (McCain et al., 1981).

3.3.7.9.1 Crop Monitoring and Cultural Control
Knowledge gained by monitoring weed germination, size, and species can assist farm man-

agers in selecting the most appropriate weed control strategy. Monitoring mint fields for

actively growing weeds can be done along with sampling for arthropods, plant nutrients, and

nematodes.

Several cultural practices are effective at managing weeds in mint. Preventing the intro-

duction of weeds in rootstock, farm equipment, and irrigation is especially necessary for

noxious species that are difficult to control or not presently found in a particular geographical

region, including Canada thistle (Cirsium arvense), creeping buttercup (Ranunculus repens),

and field bindweed (Convolvulus arvensis).

Although tillage is effective against some weed species (Talkington and Berry, 1983), fewer

acres are tilled today because of Verticillium wilt and soil erosion. Hand hoeing mint fields is

also effective at removing the few weeds remaining after herbicide applications, but this

practice alone is not practical for a conventional mint oil production program. An exception

could be the organically produced mint oil where customers are willing to pay much more for

the oil. Cost estimates for hand weeding a mint field may exceed $1500=acre, compared with

under $200 for a judicious herbicide program.

Rotating out of mint every 3 to 5 years may allow for the use of different herbicides that

more effectively control some problem weeds and may also slow the development of herbicide

resistance. Several herbicide-resistant weed populations have been identified in mint including

bromoxynil and terbacil-resistant groundsel, and terbacil-resistant pigweed and lambsquar-

ters (Heap, personal communication; William et al., 2004). The highest incidence of herbicide

resistance occurs in regions with a history of growing mint in the same field for 10 years

or more.

3.3.7.9.2 Biological Control
Biological control is rarely effective at controlling weeds in mint. An interesting exception is

the Colorado potato beetle (Leptinotarsa decemlineata), which occasionally eliminates volun-

teer potato in established mint fields. Another example is the painted lady butterfly. This
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species is usually seen in mint fields feeding on Canada thistle; however, mint injury can occur

during years when populations are very high.

The U.S. Mint Industry has sponsored research into biological control of field bindweed in

mint. In this study, Kassim et al. (1998) released a bud mite (Aceria malherbae) and a noctuid

moth (Tyta luctuosa) into mint plots in south-central Washington. Although both species

established at low levels, they were not effective enough to control bindweed. Such a program

may be effective, however, at reducing bindweed populations outside of mint fields, thereby

reducing their dispersal into mint.

Another kind of biological weed control is the use of farm animals. Weeder geese, sheep

and goats were used in mint for many years to control weeds before effective herbicides were

labeled. However, the use of such animals is usually not cost effective in conventional mint

plantings due to the labor required to fence the animals, move them from place to place, and

prevent them from excessively feeding or trampling on mint.

3.3.7.9.3 Herbicide Strategy during the Dormant Season
Once mint enters dormancy, the preemergence herbicides clomazone, diuron, oxyflurfen,

pendimethalin, trifluralin, and sulfentrazone may be applied safely to control germinating

annual and perennial weeds (Colquhoun et al., 2001). Because herbicide efficacy and crop

safety can depend on factors such as climate, agricultural practices, soil conditions, and stand

vigor, the label should be consulted carefully for important restrictions and caveats. For

example, to avoid mint injury, diuron should not be applied if soil organic matter is below one

percent. To improve efficacy and crop safety, dormant-season herbicides are best applied

from mid-December through early February, instead of late February through March.

Because different herbicides vary in their weed-control spectrum, they are often tank mixed

together. For example, clomazone is more effective against grassy weeds, whereas sulfentra-

zone is better against some broadleaf weeds. Extensive testing of tank-mix combinations

should be conducted, however, to avoid harmful synergistic effects.

Two other herbicides, terbacil and paraquat, are used extensively during the dormant

season. Terbacil, arguably the most important herbicide ever labeled for use on mint, can

be applied safely to both dormant and actively growing mint. It controls many broad-

leaf and grassy weeds and has both pre- and postemergence activity. The major cause of

control failures associated with terbacil is lack of moisture following application. Paraquat is

usually tank mixed with preemergence herbicides to burn down weeds throughout the

dormant season.

3.3.7.9.4 Herbicide Strategy during the Growing Season
A new weed flush occurs around the time mint breaks dormancy. Herbicides effective

against broadleaf weeds in actively growing mint include bentazon, bromoxynil, clopyralid,

pyridate, and terbacil. Broadleaf weeds usually are controlled more easily when they are

small and actively growing. An exception is Canada thistle, where clopyralid should be

applied at the 1-ft (ca. 30 cm) stage, while bentazon is more efficacious when applied at the

flowering stage.

Herbicides that effectively control many grassy weeds in mint include clethodim, quizalo-

fop, sethoxydim, and terbacil. Terbacil is often applied as a tank mix with other broadleaf and

grass herbicides to enhance their activity and provide residual weed control. To avoid severe

mint injury, applications of terbacil should not be applied within thirty days of the insecticide

fonofos. Herbicides that are safe to use during the growing season are as safe or safer to use

after final harvest in late summer and fall.
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3.3.8 HARVEST

When to harvest is one of the mint grower’s most important decisions. Many factors

influence harvest timing, including oil yield and quality, stand age, crop maturity, climate,

length of the growing season, and whether the crop is to be harvested once or twice during the

season.

Depending on temperature, wind speed, soil moisture, and other factors, irrigation should

cease 1 to 5 days prior to harvest. The crop should not become overly dry prior to swathing or

oil quality and crop vigor may suffer. Mint is first swathed into windrows and allowed to cure

for 1 to 3 days. Following the curing process, windrows are chopped into 2-in. pieces with a

forage chopper (Lacy et al., 1981). The windrow should not be too moist or too dry prior to

chopping or poor oil extraction or leaf shatter may occur, respectively.

The ideal time to harvest mint is when oil yield and oil quality are at their peak. Because

these two criteria rarely coincide, compromise is necessary. This is especially true for pepper-

mint, whose oil quality varies considerably more than spearmint as harvest time approaches.

For peppermint, desirable oil quality includes menthol levels above 50%, and menthofuran

and pulegone levels below 4% and 2%, respectively. High-quality spearmint oil contains

carvone above 60%.

Because maturation is delayed during the first year of production, new peppermint fields

are often harvested toward the later part of August to early September for optimal yield. In

new stands, harvesting at this relatively late date does not affect oil quality, as is the case for

mature single-cut stands.

Mature peppermint stands to be single-cut are harvested at about 10% bloom, which occurs

in early to mid-August. Although oil yields tend to increase as flower bloom reaches 50% or

more (Hee and Jackson, 1973), menthofuran also increases, largely because peppermint

flowers contain high levels of this compound. (Abundant flower bloom usually does not

reduce spearmint oil quality.) Peppermint oil obtained by harvesting in late September or

October is considered overmature. At this point, while menthol levels approach 60% and

menthofuran has decreased, oil yields also drop dramatically. We love over-mature pepper-

mint quality, but very low oil yields and other late-harvest perils make it impractically

expensive to produce.

Mint fields harvested too late in the season suffer significant yield losses through oil

catabolism (Croteau, 1988) and also can be damaged by fall rains. Late harvest also can

lead to reduced oil quality because heavy dew accumulating on windrows imparts a musty

odor to the oil. Finally, reduced winter survival may result from late harvest because root

reserves are not replenished (Mitchell et al., 1998).

Although spearmint has long been harvested twice a season in regions with long growing

seasons such as south-central Washington, more peppermint fields are also now double-cut to

reduce cost. This practice has modified the concept of what constitutes desirable peppermint

oil. Clark and Menary (1980b, 1984) observed significant changes in oil composition between

the first and second cuts, with second cuts having higher levels of menthol, menthyl acetate,

menthofuran, and limonene and lower levels of menthone and cineole. This second harvest

may compensate somewhat for the immature oil qualities of the first cut. Studies on pepper-

mint by Schneider (unpublished data) showed that harvesting the first cut in early July was

preferable to harvesting in mid-July because higher oil yields were obtained in the second cut,

and oil from the second harvest was higher in menthol. However, if temperatures approach or

exceed 1008F (37.88C) in mid-July, excessive heat stress can reduce regrowth following the

first harvest, resulting in even lower oil yields during the second harvest. Winter survival is
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also more precarious for a double-cut crop, especially when grown on sandy soils in colder

growing regions.

3.4 SUMMARY AND CONCLUSIONS

Peppermint and spearmint growers in the U.S. are facing an uncertain future. Businesses that

traditionally relied on U.S. peppermint and spearmint oils are presently under pressure to

reduce their raw material costs. This urgency has been passed on to the U.S. farmer, who

must now compete not only with foreign producers of these two crops, but also against lower

cost formulations composed of less-expensive mint oils. This is a difficult task considering

that production costs are increasing, especially those tied to petrochemicals, electric power,

water, and labor.

Mint farmers in the U.S. cannot compete with peppermint and spearmint farmers from

developing countries on a labor-cost basis alone. If the U.S. Mint Industry is to prosper, it

must continue to implement safe and effective agricultural technologies, adopt sound business

practices, and solve important production problems such as Verticillium wilt.
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4.1 INTRODUCTION

Many kinds of mints, Mentha species, grow wild in different parts of India and continue to be

used widely as the traditional items of culinary or salad and herbal medicine. The commercial
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cultivation of mints as a source of essential oils is a relatively recent development (Figure 4.1).

Because of the suitability of Indian agroclimates and soils for mint cultivation as an annual

crop, India has become the major supplier of certain mint oil(s) to the international market.

Cornmint, Mentha canadensis (ex. M. arvensis), was the first industrial mint to be intro-

duced into cultivation in India. In the early 1980s, the then Drug Research Laboratory

located at Jammu found the available genetic resource(s) of cornmint to be highly adaptable

to the semitemperate to subtropical agroclimate(s) of several selected sites in the Himalayan

foothills (Terai) region. The Pantnagar field station of the Central Indian Medicinal Plants

Organization (CIMPO), now called Central Institute of Medicinal and Aromatic Plants

(CIMAP), with its headquarters at Lucknow (set up in 1963), was responsible for the initial

work on the development of appropriate mint agrotechnology and spread of the same among

the farmers of the Terai area (Gulati and Duhan, 1971).

Because of the R&D work done at the CIMAP field station at Pantnagar, with the

cooperation of various agencies of the Government of India, and participation of industry,

entrepreneurs, and farmers, mint cultivation got entrenched in the Himalayan Terai region by

the 1970s. Later, CIMAP further intensified its R&D efforts in mint production and cornmint

became a much-investigated plant in its laboratories in Pantnagar and Lucknow (Tyagi et al.,

1992; Khanuja et al., 1998, 2000; Kukreja et al., 2000; Patra et al., 2000b, 2001c,d). Due to all-

round progressive efforts, in the late 1990s, India was able to produce about 75% of the

international requirement for cornmint oil. In the meantime, CIMAP had developed and

introduced among farmers the cultivation protocols for other commercial mints, including

M. spicata, M. piperita, M. gracilis (ex. M. cardiaca), and a clone of M. spicata (ex. M. spicata

var. viridis) (Misra et al., 2000; Srivastava et al., 2002; Singh et al., 2002). However, cornmint

remains the principal cultivated mint of India.

4.2 GEOGRAPHICAL AREAS OF MINT CULTIVATION

The geographical areas of India, where all the rice, wheat, potato, and sugarcane crops can

be cultivat ed, are suit able for mint farming also (Figur e 4.2). M uch of this area falls in the

FIGURE 4.1 A crop of cornmint in the middle of its growing phase, in a field in the Indo-Gangetic plains.
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Indo-G angeti c plains, locat ed immediat ely sou th of the Him alayas. This area is charact erize d

by sand y, sand y-loam, loam, clay–l oam, and clayey soils an d a subtropi cal agroclimat e. Ther e

is ample supply of irrigat ion water in the region. The winter season sp ans Oct ober or

Novem ber to March or Apri l; it is mild and temperatur es vary from 2 8 C to 338 C. The summ er

season from Apri l to Jun e or Ju ly is ha rsh and tempe ratures reach up to 45 8 C. Sout hwest

monsoo n rains are recei ved from Ju ly to Septem ber.

Cornm int is cultivat ed ov er 125,00 0 to 175,00 0 ha of land in the Ind o-Gang etic plains

region, princi pally in five pock ets. In these center s of cu ltivation , the trader s have set up an

extens ive network of oil co llection center s of varyi ng sizes for the purchase of co rnmint oil

from farmers, to sell to the local value-ad dition units a nd for expo rting to the internati onal

market . The pockets of intensive mint cu ltivation are Hoshi arpur, Amr itsar, Jalandhar , an d

Ludhi ana districts in the state of Punj ab; Amba la and Yamu nanagar districts of the state of

Harya na; M oradabad, Rampu r, Bareilly, Bada un, and Basti district s of the norther n region

of the stat e of Utt ar Pr adesh; Naini tal and Ud ham Singh Nagar dist ricts of Uttaranchal ; an d

Baraban ki, Sitapur , an d Lucknow district s of the centra l region of the state of Uttar Pradesh.

Mint cu ltivation is likely to spread furth er in the Indo-G angeti c plains , in the easte rn dist ricts

of Uttar Pradesh and in the state of Bihar in the future.

Some of the meteorological parameters of Udham Singh Nagar district at Pantnagar and

Lucknow that represent the two relatively more important of the five pockets are given in

Table 4.1. The pockets in Punjab and Harya na are relat ively colder in win ter. The agrocl imate

FIGURE 4.2 The geographical area in the Indo-Gangetic plains where mints are under intensive

cultivation in India.
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of the pock et of whi ch Ram pur is a part ha s propert ies simila r to that of Pantn agar. All the

poc kets recei ve rainf all � 100 cm, well dist ributed through the year. Althou gh the areas

identi fied earlier are responsi ble for the producti on of the bulk of the Indian mint oils,

experi menta l mint cultivat ion ha s be gun in drier areas locat ed south of the Ind o-Gang etic

plains . These include Bhar atpur district of the state of Raj asthan, Hoshanga bad dist rict in

Mad hya Pradesh, and Hydera bad and Vishak apatnam in Andhra Prad esh.

The propo rtion of land allocated to the three specie s of mint wid ely cultivat ed in India

app ears to be co rnmint, peppermi nt, an d spearm int is in the rati o of 28:1.2:1. The cultivat ion of

other species for their essential oils occurs on a much smal ler scale; howeve r, M. spicata (ex.

M. spica ta var. viridis ) is cultivat ed on a large scale for us e as an item of daily culina ry usage.

4.3 GENETIC RESOURCES UNDER CULTIVATION

4.3.1 CULTIVARS

The geneti c resourc es of co rnmint that hav e been in cultivat ion at different tim es in India are

listed in Tabl e 4.2. The cultiv ars of the various other species of Men tha that are cu ltivated to

varyi ng extent s in India are listed in Table 4 .3. The salient featu res of the respec tive cultivars

or types a re also summarize d in Table 4.2 and Tabl e 4.3.

MAS- 1 was the first cu ltivar of cornmin t grow n on a wide scale . However, the cultivar

Shival ik, which was also extens ively grow n, remained popular for many years. Both these

wer e intr oductions , whereas the new cultiv ars are a result of breed ing pro grams initiat ed

within the country. The overall objective of breeding new cultivars and introducing them in

the field was to genetically diversify cornmint cultivation since it was noted that the mono-

culture in the past led to widespread attacks of diseases and pests in the mint growing area.

Hence, the breeding programs are variously enhancing the genetic variability and are using a

TABLE 4.1
Average Weather Profiles of the Indian City of Lucknow Located at 26.58N Latitude, 80.58E

Longitude, and 120 m above Mean Sea Level (MSL) and of Pantnagar Town in Udham Singh

Nagar District Located at 29.08N Latitude, 79.38E Longitude, and 244 m MSL in the Indo-

Gangetic Plains, in the 1990s

Lucknow Pantnagar

Temperature (8C)
Rainfall

Temperature (8C)
Rainfall

Month Minimum Maximum (mm) Minimum Maximum (mm)

January 8.3 23.7 18.4 6.3 20.6 62.1

February 11.2 26.2 13.0 8.2 22.8 30.0

March 15.5 32.8 2.2 11.5 28.7 2.3

April 19.8 38.5 6.1 15.8 35.1 13.5

May 26.3 41.4 5.9 27.2 39.4 14.0

June 28.0 39.6 137.1 25.8 38.0 88.3

July 26.8 35.2 158.0 25.4 32.8 368.7

August 25.8 32.9 184.4 24.7 31.8 499.3

September 24.4 34.5 99.2 23.1 31.6 126.2

October 18.3 34.6 2.2 17.2 32.2 10.3

November 12.0 26.5 5.2 10.7 28.0 2.2

December 9.1 26.6 5.1 7.0 23.5 4.0
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TABLE 4.2
Characteristics and Origins of Cornmint (Mentha canadensis) Cultivars Grown in India

Serial

Number Cultivar Characteristics Origin=References

1 MAS-1 Dwarf; bushy shoot; stem less hard, partially magenta-

colored, 6.1-mm thick; leaf–stem ratio 1.2, leaves ovate-

elliptic, thin, green fairly brittle, 6.1 cm2 in size; leaf rust

resistant and susceptible to leaf spot and powdery mildew

diseases; less oil yielding with high menthol content (82%

to 86%); suckers thin, white, 19-cm long, low in yield

Somatic variant of the

MA-3 accession from

Thailand (Anonymous,

1983; Kumar et al.,

1999a, 2002a,b; Bahl

et al., 2002a,b)

2 Kalka Medium tall; bushy shoot, stem less hard; largely magenta-

colored, 5.1-mm thick; leaf–stem ratio 1.1; leaves

ovate-elliptic, thin, soft, green, 6 cm2, 8 cm2 in size;

resistant to leaf rust, alternaria, and leaf blight diseases;

tolerant to leaf spot and susceptible to powdery mildew

diseases; less oil yielding with high menthol content

(78% to 82%), suckers thin, milky white; 27-cm long,

moderate in yield

Isolated from the seed

progeny of MA-3 parent

line (Anonymous, 1985b;

Kumar et al., 1999a,

2000; Bahl et al., 2002b)

3 Shivalik Tall; conical shoot; stem thick, woody, largely green,

9.7-mm thick; leaf–stem ratio 0.9; leaves ovate, thick

rough, dark green, 7.7 cm2 in size, susceptible to leaf rust,

alternaria leaf blight, and leaf spot diseases and tolerant

to powdery mildew; medium oil yielding with relatively

low menthol content (70% to 74%); suckers thick,

creamish white-top purplish tinged, 29-cm long, moderate

in yield

Introduction from China

(Kumar et al., 1997a,b,

1999a, 2000; Bahl et al.,

2002b)

4 Gomti Tall; conical shoot; stem thick, woody; largely magenta-

colored, 9.1-mm thick; leaf–stem ratio 0.95; leaves ovate,

thick, smooth, dark green, 7.8 cm2 in size; susceptible to

leaf rust, alternaria leaf blight, and leaf spot diseases and

tolerant to powdery mildew; medium oil yielding with

relatively low menthol content (70% to 74%); suckers

thick, creamish white, 26-cm long, high in yield

A seed offspring of Shivalik

(Kumar et al., 1999a,

2000; Bahl et al., 2002a,b)

5 Himalaya Tall; pyramidal shoot; stem thick, woody, largely magenta-

colored, 7.4-mm thick; leaf–stem ratio 0.95; leaves ovate,

thick, smooth, dark green, 7.8-cm2 in size; petioles long;

resistant to leaf rust, alternaria, and leaf blight diseases

and tolerant to leaf spot and powdery mildew; high oil

yielding with medium menthol content (74% to 78%);

suckers thick, creamish white, 26-cm long, high in yield

Hybrid of Gomti and Kalka

(Kumar et al., 1997a,b,

1999a,d, 2000; Bahl et al.,

2002b)

6 Kosi Tall; dome-shaped bushy shoot; stem hard, largely green,

8.5-mm thick; leaf–stem ratio 1.2; leaves ovate, soft, thick,

yellowish green, 7.2 cm2 in size; petioles long; resistant to

leaf rust, alternaria, and leaf blight diseases and tolerant

to leaf spot and powdery mildew; resistance toward white

fly Bemesia tabaci; high oil yielding with medium menthol

content (74% to 78%); suckers of medium thickness, off-

white, 31-cm long, high in yield

A seed offspring of Kalka

(Kumar, 1998, Kumar

et al., 1999a,c, 2000,

2002b; Bahl et al., 2002b)

7 Saksham Tall; big shoot canopy; leaf 10.2 cm2 in size, very long

petiole; menthol content of essential oil high (~83%);

other properties like Himalaya

Menthol-tolerant

somaclone of Himalaya

(Khanuja et al., 2001a)

continued
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TABLE 4.2 (continued)
Characteristics and Origins of Cornmint (Mentha canadensis) Cultivars Grown in India

Serial

Number Cultivar Characteristics Origin=References

8 Sambhav Tall; very big shoot canopy; leaf 10.9 cm2 in size; resistant to

the insect S. obliqua; other properties like Himalaya

Spilarctia obliqua insect-

resistant somaclone of

Himalaya (Khanuja et al.,

2001c)

9 Damroo Robust racemose inflorescence of axillary verticillasters,

high seed set; high oil yielding; oil rich in menthol (78%);

other properties similar to Shivalik

Highly fertile selection from

among seed progeny of

Shivalik (Patra et al.,

2001b)

TABLE 4.3
Characteristics and Origins of the Cultivars of Various Other Mentha Species

Grown in India

Serial

Number Cultivar Characteristics Origin=References

1 M. piperita cv. Kukrail Medium tall; growth semi-erect; stem medium

hard, amaranth-colored, 4.7-cm thick; leaf–

stem ratio 1.2; leaves ovate, jungle green,

veins amaranth-colored, 7.4 cm2 in size;

flowers not observed; essential oil content

in shoot herb 0.5%, oil rich in menthol

(35%) and menthone (39%), medium in

yield

Mutant of a local strain

(Anonymous, 1994;

Bahl et al., 2000)

2 M. piperita cv. Pranjal Medium tall; erect; stem red purple, 1.4 cm in

girth; leaf–stem ratio 1.4; leaves yellow

green, ovate, surface rough, 5.8 cm2 in size;

tolerant toward Bihar hairy caterpillar;

essential oil content in shoot herb 0.8%; oil

rich in menthol (52%) and menthone (14%);

oil yield high

Mutant of an Indian

accession (Dwivedi

et al., 2001a)

3 M. spicata cv. MSS-5 Medium tall, erect; stem medium hard, largely

green, lower portion magenta-colored, 4.6-

mm thick; leaf–stem ratio 1.0; leaves elliptic

ovate, green, 6.4 cm2 in size; inflorescence

raceme of verticillasters, upper cymes

condensed and lower cymes lax, sessile;

flowers white, medium in fertility; resistant

to Bemesia tabaci white fly; essential oil

content in shoot herb (0.55%); oil carvone

rich (65%), medium

in yield

Clonal selection in the

accession MSS

(Anonymous, 1985a;

Bahl et al., 2000)
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TABLE 4.3 (continued)
Characteristics and Origins of the Cultivars of Various Other Mentha Species

Grown in India

Serial

Number Cultivar Characteristics Origin=References

4 M. spicata cv. Arka Medium tall; erect, vigorous; stem hard,

largely green, lower portion magenta-

colored, 4.2-mm thick; leaf–stem ratio 1.1;

leaves elliptic ovate, green, 6.8 cm2 in size,

similar to MSS-5, early flowering; B. tabaci-

resistant; essential oil content in shoot herb

(0.6%); oil carvone rich (68%), medium in

yield

Clonal selection in the

accession MSS-5

(Anonymous, 1993;

Bahl et al., 2000)

5 M. spicata cv. Neera Medium tall; growth semi-erect; stem medium

hard, largely green, lower portion light

magenta-colored, 4.1-mm thick; leaf–stem

ratio 1.5; leaves elliptic, green, 4.5 cm2 in

size; inflorescence raceme of verticillasters,

cymes condensed, sessile; flowers purplish

white, low fertility; essential oil content in

shoot herb (0.4%); oil carvone rich (58%);

oil yield low; has unique odor and flavor

An Indian accession

(Anonymous, 1993;

Bahl et al., 2000)

6 M. spicata cv. Neerkalka Medium tall; growth erect, vigorous; stem

hard, hairy, largely green, purple pigmented

at base, 5.5-mm thick; leaf–stem ratio 0.6;

leaves ovate-elliptic, green, 6.9 cm2 in size;

inflorescence axillary verticillasters; flowers

pinkish white, fertile; resistant to Bemesia

tabaci white fly; essential oil content in

shoot herb (0.89%); oil rich in carvone

(72%) and limonene (10%); yield of oil

medium

F1 hybrid between

M. canadensis cv.

Kalka and M. spicata

cv. Neera (Bahl et al.,

2000; Patra et al.,

2001c; Kumar et al.,

2001a)

7 M. gracilis (as M. cardiaca) Dwarf; growth semi-erect; stem soft, orchid

purple, 3.8-mm thick; leaf–stem ratio 1.2;

leaves dark green, crinkled, 11.8 cm2 in size;

inflorescence terminal condensed raceme of

verticillasters, sessile; flowers white, sterile;

resistant to Bemesia tabaci white fly;

essential oil content in shoot herb (0.35%);

oil carvone rich (65%); oil yield low

An Indian Himalayan

accession

(Anonymous, 1985a;

Bahl et al., 2000)

8 M. gracilis cv. Pratik Medium tall; growth semi-erect, wide canopy;

stem semihard, dull green, quadrangular, 4-

mm thick; leaf–stem ratio 1.1; leaves dull

green, ovate, serrated, and rough, 10 cm2 in

size; essential oil content in shoot herb

(0.8%) oil carvone rich (85%) with 8%

limonene; medium in yield

Mutant of an Indian

accession (Dwivedi

et al., 2001b)

continued
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TABLE 4.3 (con tinued)
Char acteristic s a nd Origin s of the Cultivars of Var ious Othe r Men tha Spe cies

Grown in India

Serial

Number Cultivar Characteristics Origin=References

9 M. aquatica var. citrata

(as M. citrata) cv. Kiran

Medium tall; grown erect, vigorous; stem

hard, hairy, largely green, reddish tinge

at nodes, 8.3-mm thick; leaf–stem ratio 1.5;

leaves ovate; inflorescence axillary

verticillasters, stalked; flowers white, sterile;

resistant to Bemesia tabaci white fly;

essential oil content in shoot herb (0.5%);

oil carvone rich (64%), medium

in yield

Clonal selection among

progeny of accession

MCA-1 (Anonymous,

1988; Bahl et al.,

2000)

10 M. spicata var. viridis

(as M. viridis) cv. Supriya

Medium tall; growth erect; stem medium

hard, magenta-colored, 6-mm thick; leaf–

stem ratio 1.2; leaves ovate, broad, green,

petiole and midrib light magenta-colored.

19.5 cm2 in size; inflorescence verticillasters,

condensed, globose, sessile flowers, pinkish

white, sterile; essential oil content in shoot

herb (0.5%); is rich in linalool (48%) and

linalyl acetate (38%); medium in yield

Mutant of MC-1

(Anonymous, 1987;

Bahl et al., 2000)

11 M. spicata var. viridis

cv. Ganga

Medium tall; semi-erect; stem medium hard,

purplish; leaf–stem ratio 1.4; leaves elliptic,

dark green, 15 cm2 in size; inflorescence

raceme of verticillasters, flowers pinkish

white, fertile, essential oil content in shoot

herb (0.5%); oil rich in piperitone (66%) has

carvone (2.2%) and limonene (1.0%); yield

of oil medium; oil highly effective against

stored grain pests

Somaclonal variant of

an Indian accession

(Khanuja et al.,

2001b)

variety of laboratory- and field-bas ed approaches to identify bett er genotypes (Khanuja et a l.,

2001a,b, c; Kumar e t al., 1997b, 1999c ,d, 2002b; Patra et al., 2000b, 2001a, c,d). The selections ar e,

ther efore , well ada pte d to the lo cal a groc limates. As the breeding populations could b e s creene d

against the local strains of diseases and pests, some of the new cultivars possess resistance or

tolerance against several diseases or pests. Among the cultivars developed in recent years, the

Kosi cultivar has f ound m uch favor wit h the fa rmers ( Fi gu re 4.3) (Sriva stav a et a l., 2002).

4.3.2 MAINTENANCE OF CULTIVAR PURITY

Cultivar purity is a requisite for stability in yield performance and quality of produce over

seasons. Some of the genetic resources of mints used in cultivation are fertile and set seeds. The

farmers are advised to maintain purity in their material by periodically refreshing their planting

stocks by obtaining the breeder’s stock from CIMAP. The gene bank established at CIMAP

maintains the genetic resources of all mints including all cornmint cultivars in their vegetative

state at the breeder’s field nursery, as micropropagules in tissue cultures (Shasany et al., 1998;

Kumar et al., 1999b; Bhat et al., 2001) and in the form of extracted DNAs (Khanuja et al.,

2000). The field-maintained material is kept free of diseases and pests by use of microbiological,
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entomological, and tissue culture procedures. The morphological, biochemical, and molecular

markers have been defined for each cultivar. Cultivar-specific DNA fingerprints have been

developed and these are used to ascertain the purity of farmers’ planting materials.

4.4 PROPAGATION OF PLANTING MATERIAL

The planting stocks of the chosen cultivar(s) are multiplied by a farmer in nursery area(s) of

his or her own field(s). Usually, a portion of the crop maintained from the previous season is

used as the resource of mother plants for producing the fresh planting material. Depending on

the choice of mint species or cultivar, one of the two kinds of propagules are mass-produced.

Suckers formed as underground stems on the mother plants in the winter season are the

propagules used to field plant most of the cultivars. In species or cultivars that do not produce

the suckers or runners or stolons, the propagules are the young regenerating shoots formed on

the mother plants. In the Indo-Gangetic plain, which is presently the principal location for

mint cultivation in the country, the preparations for the propagule production begin at the

end of the monsoon season in August or September. The mother plants of ascertained purity

FIGURE 4.3 A flowering top of the cornmint cultivar ‘‘Kosi’’ Mentha canadensis. This cultivar is highly

popular among farmers in India.
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are taken out from the maint enance plo ts and trans plante d in a nur sery for the pro duction of

unde rground suck ers or above-gr ound regen erating shoo ts, as desired accordi ng to the

cultiva r-wise innate pr operties (Kuma r et al., 1997a ,b).

4.4.1 PRODUCTION OF S UCKERS AND P LANTLETS FOR THE EARLY MINT PLANTINGS

The nursery be ds a re prepa red by ap plying 10 to 20 tonnes of farm yard manure (FYM) or 2

to 5 tonne s of worm y compost and 60 kg of N and 40 kg each of P an d K per hectar e of finely

tilthed secti on of sandy loam or loam land. After the beds have be en prepared, the matur e and

healt hy mother plants are trans plante d at a distan ce of 30 cm in rows that are thems elves 30

cm apart. The nur sery is given frequent irrigat ions and an y stagnation of water is avoided.

The plantl ets or suckers are formed in amp le measur e by Decem ber. The suck ers are

unde rground stems that carry buds in the axils of the node s. The buds bor ne on the suck ers,

quiescent during winter, regener ate shoo ts with the onset of summ er. A piece of land

measur ing 200 or 500 m 2 is suffici ent to produce suckers or young plantlets to cultiv ate a

mint crop on abou t 1 ha of land. The crop s of the nonsu ckering c ultivars , for which yo ung

plantl ets regener ated on mother plants constitut e the propagules , a re usu ally plante d in

Decem ber. The crop s of the cultivars , which form suckers , are planted from late Decem ber

to early Apri l using alternati ve planting proced ures. The mint cultivars be longing to the

specie s of Mentha other than M . canadens is are plante d early between Decem ber a nd

February in the winter season, preferably in late December.

The underground suckers formed on the mother plants are harvested during the period

from December to early March before they start germinating in situ in the nursery. The

suckers are harvest ed manual ly and can be used imm ediat ely (Figur e 4.4). If not used on the

day of harvest, the suckers are buried in shallow pits in the field for short-term storage. The

suckers stored cold at 48C to 88C, retain their vigor and viability for several weeks (Bahl et al.,

2002a). The cold-stored suckers are suitable for the late planting of mint crops. Before their

use, the suckers are treated with contact fungicides such as Agallol, Tafason, or Captan to

control any fungal infection. The suckers harvested from the nursery are suitable for direct

sowing in the field. Planting of mint crops in the period from December to February is done in

synchrony with the harvesting of suckers, so that freshly harvested suckers are used for

planting. However, cold-stored suckers or nursery-raised plantlets produced from sucker

pieces are also used as propagules for planting the late crops of mint in March or April.

4.4.2 PRODUCTION OF PLANTLETS FOR LATE MINT PLANTING

To produce plantlets for 1 ha of main crop, nursery beds are prepared on 200 m2 land of sandy

loam or loam finely tilthed soil, mixed with FYM or wormy compost as mentioned earlier.

About 100 kg of suckers are chopped to pieces of about 2.5 cm and broadcast on the beds. The

sown sucker pieces are then covered with soil and mulching material and irrigated. This nursery

is usually sown with pieces derived from fresh suckers in late February. Cold-stored suckers can

also be used for seeding the nursery raised for plantlets. The nursery is irrigated and cared for

regularly. The plantlets of two- to six-leaved stages are transplanted in March and April.

4.5 PLANTING OF MAIN CROP

4.5.1 FIELD PREPARATION

Mint crops are cultivated on soils of a wide range of properties; the pH and texture of the

concerned soils vary from 6.5 to 9.0 and sandy loam to clay, respectively. However, the most

economic yields are obtained on well-drained fields of loam soils that are rich in organic
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matter and have pH in the range of 6.8 to 7.5. To prepare the land, the weeds are removed and

a fine tilth is achieved by plowing with a soil-turning plow, followed by two or three cross-

harrowings, and then by planking to flatten it. Any stubble and roots from the previous crop

are also removed. The field is divided into beds to facilitate irrigation.

4.5.2 PLANTING PROCEDURES

4.5.2.1 Sowing of Suckers

Suckers are sown in furrows opened about 5 to 8 cm deep. The furrows are opened at a

distance of 25 to 75 cm from each other, depending on the cultivar to be grown and time of

planting. Closer sowing is preferred under late planting conditions.

A tractor-driven harrow or manually operated local instrument called a kotla is used to

open the furrows. Suckers are placed end to end in the furrows, which are thereafter closed

FIGURE 4.4 Mint planting time field operation in progress. (a) Farm workers are seen harvesting

suckers from a nursery; (b) suckers are sown in furrows opened in a mint field.
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with soil and immediately irrigated. In the summer season, sowing is done in the mornings

and evenings when temperatures are relatively lower.

4.5.2.2 Transplanting of Plantlets

Plantlets that have been produced on the mother plants or from sucker pieces in the nursery

are transplanted in the main field line-wise. The lines are kept 25 to 75 cm apart depending on

the cultivar and time of transplantation. The plantlets freshly dugout from the nursery are

transplanted 10 cm apart in the already irrigated field. A light irrigation follows the trans-

planting operation. Transplanting of mint is completed by the third week of April at the latest

(Ram and Kumar, 1998; Ram et al., 1998a,b).

4.6 SEASONAL AGRONOMY

4.6.1 FERTILIZER APPLICATION

Manures and inorganic fertilizers are applied at the time of planting and subsequently at

different stages of crop growth (Table 4.4). Full dose of manure(s), single doses of super

phosphate and muriate of potash, and one-third or one-fourth dose of urea are applied at the

time of planting. The manure is mixed well with the surface soil by harrowing, and a

combination of inorganic fertilizers that is usually about 15 cm deep in between the rows of

mint and covered with soil. Alternatively, manure and fertilizers are harrowed-in altogether

before the beds are prepared. At this time, vesicular arbuscular mycorrhizal (VAM) fungi can

also be added to this mixture to promote nutrition uptake by the crop (Gupta et al., 2002).

Equal split doses of urea are top-dressed to the growing crop two or three more times, at

4 and 9 weeks from planting, after weeding operations and immediately after the first

harvest (Kumar et al., 1997a,b). At the time of each application, the fertilizer urea is

broadcast a few days after irrigation on the soil surface in between rows of mint; this manual

TABLE 4.4
Fertilization Schedules for 1 ha of Early- and Late-Planted Mint Crops

Manure=Fertilizer and Rate of Application per Hectare

Following Weeding at

Time

of Crop

Planting

At

Bed

Preparation

4 to 6

Weeks

from Planting

8 to 10

Weeks

from Planting

After First Harvest

at 15 to 16 Weeks

from Planting

Early 10 to 25 tonnes of farm

yard manure=2 to

5 tonnes of wormy compost

or 50 to 120 kg of urea þ
40 kg K2O þ 50 kg P2O5

a

50 to 70 kg urea 50 to 70 kg urea 50 to 70 kg urea

Late 10 to 25 tonnes of farm

yard manure=2 to

5 tonnes of wormy compost

or 50 to 120 kg of urea þ
40 kg K2O þ 50 kg P2O5

a

70 to 100 kg urea 70 to 100 kg urea —

Source: From Gupta, P.P., Prasad, M.L., Ram, A.M., and Kumar, S., Biores. Technol., 81, 77–79, 2002. With

permission.
aVaminoculum, if available, is also applied as part of manure (Gupta et al., 2002).
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operation avoids contact of urea with the mint leaves. If available, the mulches of paddy straw,

citronella, or other distillation wastes are applied at the rate of 5 to 10 tonnes=ha,

as supplemental crop nutrition immediately after sprouting of suckers or establishment of

plantlets (Patra et al., 1993; Ram and Kumar, 1997,1998; Patra et al., 1993, 2000a).

4.6.2 IRRIGATION AND DRAINAGE

To obtain a high yield of oil, the mint crop needs to be sufficiently fertilized and irrigated and

saved from becoming waterlogged. The frequency of irrigation varies according to the local

differences in the volume of winter and premonsoon rains. The mint fields are irrigated at an

average interval of 2 to 3 weeks in the winter season, from December to March, and 10 to 15

days in the summer, from April to July, or at the time of the onset of monsoon rains. In the

summer season, irrigation is carried out in the late evening or early morning. Operations such

as weeding and first harvest are followed by irrigation. In problem lands prone to waterlogging,

mints are cultivated on ridges. Mulching is used to reduce the frequency of irrigations.

4.6.3 CROP PROTECTION

4.6.3.1 Weeds

Mint crops do not compete well with weeds. Therefore, weed infestation of mint fields must

be controlled to minimize the possible losses in the yield of essential oil. A variety of weeds

infest the mint fields. Location and field-wise differences are noted in the weed flora of the

mint growing areas in India. There is a large overlap in the weed flora of the various locations

of mint cultivation in the Indo-Gangetic plains. Some of the weed species noted in the mint

fields of the area are listed in Table 4.5.

It has been observed that the fields cultivated with sugarcane or rice in the previous season

are relatively free of weeds. The rice cultivation practice(s) tend to eliminate weeds, especially

the dicot weeds. It has been further noticed that if a rice field that is used for mint was

TABLE 4.5
Lists of Weeds That Are Known to Occur Frequently in the Mint Fields of the Relatively

Wetter (Terai) and Drier Subtropical Agroclimates of India

Class of Weeds Wet (Terai ) Lands Dry Lands

Monocotyledonous Avena sativa, Cenchrus biflorus, Commelina

benghalensis, Cyperus difformis, Cyperus

rotundus, Dactyloctenium aegypticum,

Digitaria ciliaris, Echinochloa crus-galli,

Eleusine indica, Setaria glauca

Avena sativa, Cyperus rotundus, Digitaria

ciliaris, Eleusine corocana, Eragrostis

uniloides, Phalaris minor, Setaria tomentosa,

Sorghum halepense

Dicotyledonous Amaranthus spinosus, Amaranthus viridis,

Cannabis sativa, Carthamus oxycantha,

Chenopodium murale, Corchorus aestuas,

Croton bonplandianum, Euphorbia

dracunculoides, Gnaphalium pensylvanium,

Lathurus aphaca, Melilotus alba, Oxalis

richardiana, Parthenium hysterophorus,

Phyllanthus amarus, Solanum violaceum,

Striga angustifolia, Tribulus terrestris

Chenopodium album, Corchorus aestuas,

Corchorus depresses, Croton

bonplandianum, Euphorbia hirta, Fumaria

indica, Gnaphalium polycaulon, Lathyrus

sativa, Launea procumbens, Nicotiana

rustica, Physalis minima, Rumex dentatus,

Salvia plebei, Solanum nigrum, Sonchus

oleraceus, Tribulus terrestris
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adjacent to a field used for wheat or potato or must ard cultivat ion, then the incide nce of

weeds is even furthe r reduced .

The weeds in the mint fields must be remove d at the earli est. The first weeding is done

within 4 to 6 weeks of plantin g and the second 3 or 4 weeks therea fter. A hand held sickle,

khur pi, or a mechan ical hoe is used in these man ual ope rations.

Mu lching is also used to c ontrol the g rowth of weeds . Mulch is applied after the sprou ting

of suckers , establis hment of plantlets , or afte r the first weedi ng. About 5 to 10 tonnes =ha of

mulch is ap plied, as has been menti oned earlier in the section on ‘‘Irrigati on and Drai nage.’’

Paddy stra w, citr onella, an d other aromat ic grass distilla tion wastes and sugarca ne leaves are

the local ly avail able mulching mate rials. Besides contrib uting to the control of weeds ,

mulchi ng is he lpful in soil moisture conserva tion and in keep ing the soil tempe ratur es low.

Some farmers spray the mint field with water suspensi ons of pre-emergenc e weedicides 2 or 3

days afte r the sowing of suckers . The herbici des used for the purpo se include Pedimen thalin

(1.0 kg=ha), Oxyflurof en (0.5 kg =ha), an d Diur on (0.4 kg=ha). The back strap diesel -run

sprayer has been found to be a useful sprayin g eq uipment.

Alth ough the combined use of chemi cal, mechan ical or manual , and mulchi ng methods

allows the best managem en t of weeds, small farmers prefer manu al con trol of weeds in their

mint field s.

4.6. 3.2 Insect Pests

A variety of insects are found associ ated with mint crop s in India. However, the damage

caused by insect s to mint cro ps is us ually mil d and easy to control . The season al (short

durati on annu al) nature of mint crops, toxic nature of co mplex mixtu res of terpenoid s present

in the essent ial oils accu mulated by them, and their rotat ion with other crop s are the reasons

that seem to limit pos sibilities of heavy and widespread buildu p of specific pest populati ons

among mint fiel ds. Some of the relat ively impor tant insect pe sts of mint s an d pesticides

common ly used to control them in Ind ia are listed in Table 4.6 (Kumar et al., 1997a, b).

4.6. 3.3 Nematode s

Spor adic occurrence of damage to mint crops by the associated roo t knot and root-lesi on

nemat odes ha s be en recorded in the Indo -Gangeti c plains. The mint plants severe ly infec ted

by the root knot nemat ode Meloidogy ne specie s are stunted and be ar chlorot ic leaves and an

abo rted roo t syst em. The other kinds of ne matode s that somew hat sim ilarly affect the yield of

mint crops are the roo t-lesion -causing Pretyl enchus specie s. Treatm ent of the affe cted soils

with neem oil seed cake or carbofuran and use of planting material from a clean nursery

usually takes care of the danger to mint crops from the problems caused by nematodes. The

heavy nature of the soils in the Indo-Gangetic plains also remediates nematode infestation.

4.6.3.4 Pathogens

Several diseases have appeared in their epiphytotic forms at different locations in different

years in the Indo-Gangetic plains. Some of the major causal pathogens, disease symptoms

prod uced by them, a nd c ontrol measur es prescr ibed are listed in Tabl e 4.7 (Kumar et al.,

1997a,b; Singh et al., 2000; Kalra et al., 2001a,b, 2006).

Avoidance of pathogen(s) and selection of tolerant or resistant mint cultivars are the most

important measures recommended to reduce any possible losses arising from diseases preva-

lent at the time in the areas of mint cultivation. As a disease avoidance measure, the suckers

should be produced from disease-free mother plants and harvested suckers treated with some

contact fungicide before planting. The use of plantlets sprayed with fungicide such as
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Prop iconazol e simila rly prevent s the trans fer of patho gen(s) from one season to the ne xt. The

farmers are advise d to procu re diseas e-free suckers from CIM AP. They are also kept abreast

of the newly relea sed mint c ultivars , whi ch harbor diseas e- and pest- resistance propert ies. The

farmers of a geograph ical locat ion are exp ected to plant more than one cultivar of a sp ecies,

possess ing toler ance or resistance pr operties a gainst va rious pathogens to prevent the spread

of disease(s) over wide area( s).

4.7 HARVESTING

At ha rvest time, the mint field is maintained dry. The crop is harvested dur ing bright sun ny

weather. Sharp sickl es are used to cut the ov er-grou nd shoots about 2 to 5 cm above-gr ound

level. The harvest ed herba ge is sp read on the ground to pa rtially dry for about 1 day (Figur e

4.5). The wilte d, parti ally dry herbage is cheaper to dist ill. The y ield of dist illed oil decreas es

when the distillation of harvested herbage lying in the open is delayed beyond 36 h (Singh and

Naqvi, 1996).

The mint crops planted with the use of suckers or plantlets in the period from December to

February are harvested twice and those planted in March or April are harvested for herbage

only once. The early-planted crop is first harvested after 100 to 120 days of growth in April or

May. After the harvested crop has regrown, the second harvest is carried out between 60 and

TABLE 4.6
The Common Insect Pests of Mints in India

Name

Serial

Number Common Zoological

Symptoms of

Disease

Chemical(s) Used

for Control

1 White grub Leucophalis coneophora Roots and leaves are

eaten away

Chloropyrophos or

Savidol treatment

of soil

2 Red pumpkin beetle Aulocophora favicollis Leaves and buds are

eaten away

Monocrotophos,

Pyrethrin sprays

3 Hairy caterpillar Diacrisia oblique Leaves are damaged Quinolphos sprays

4 Pod borer Heliothes armigera Leaves and buds are

eaten away

Cipermetheline and

Malathion sprays

5 Cutworm Agrotos flammatra Scission of plant in

collar region

Soil treatment with

Chloropyrophos

6 Termite Microtermis shasi,

Odontotermis obesus

Plants get cut at

the base

Soil application

of Phorate or

Chloropyrophos

at the time

of planting of

suckers or

seedlings

7 White fly Bemesia tabaci Sucks the juice and

spreads viruses

Phosphomidon

sprays

8 Macho Macrosiphum pisi and

Aphis species

Sucks the juice and

spreads viruses

Phosphomidon

sprays

9 Mint leaf roller Syngamia abruptalis Rolling of leaves Monocrotophos

sprays
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75 days following the first harvest. The late-planted mint crops are harvested in June or July.

To realize the full yield potential of mint crop, premature or delayed harvesting is avoided. It

is pivotal to determine the maturity of the mint plants before harvesting, to ensure optimum

recovery of good quality essential oils. Since the cultivars differ in their growth and develop-

ment properties, a reliable criterion to determine harvest maturity that is uniformly applicable

to cultivars is as yet unavailable. To obtain the optimum yield of oil with good quality, the

growers are advised to harvest the Kosi, Saksham, and Damroo crops after 12 to 15 weeks of

planting, and the Sambhav, Shivalik, and Himalaya crops 15 to 17 weeks from planting.

4.8 LIFE TIME OF PLANTATION

Mints are well suited for the industrial farming of valuable molecules synthesized and

accumulated in their herbage. Their biological properties allow adaptation of the life span

of mint crops to the local agroclimate.

TABLE 4.7
The Common Diseases and Pathogens of the Mint Crops Grown in India

Serial

Number Disease Pathogen Symptoms of Disease Control Measure(s)a

1 Leaf spot Alternaria alternate Appearance of ringed and

irregular dark brown

spots on upper leaf

surface that coalesce and

cause defoliation

Spray of Propiconazole

or Chlorothalonil

2 Rust Puccinia menthae Formation of dark brown

postules on leaves

followed by loss of leaves

Spray of Mancozeb or

Propiconazole, use of

suckers treated for 10

min at 458C

3 Powdery

mildew

Erysiphe

cichoracearum

Whitish powder coating on

leaves followed by their

drying up

Wettable sulfur

4 Root and

stolon

rot

Rhizoctonia

bataticola=solani

Necrotic yellowing of shoot

followed by plant death

Use of healthy disease-

free or Zineb-,

Mancozdeb-, or

Captan-treated

suckers

5 Wilt Fusarium oxysporum,

and

Verticillium

dahliae

Etiolation and wilting of

branches

Use of disease-free

suckers or those heat

treated at 478C for 1 h

6 Stem rot Phoma strasseri Reddening of leaves,

stunting and wilting of

plant

Benomyl-soaked

propagules

Sclerotinia

sclerotorium

Stolon gets decayed Spray of Propiconazole,

Chlorothalonil or

Mancozeb on mother

plants

aUse of cultivars that are known to be resistant to concerned pathogens and generally heat and treat suckers with a

fungicide.
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Mints are dicotyledonous species of the genus Mentha of family Lamiaceae. Generally,

Mentha species are sexually fertile herbaceous perennials, which produce underground

suckers and overground runners. Their populations grow through both seed dispersal and

asexual multiplication. Mentha species display considerable morphological and biochemical

diversity. Many of them are variously polyploid and allopolyploid hybrids. The properties

given here are shared by the Mentha species to which the cultivated mints belong. Since the

economic produce of most of the industrial mints is from the above-ground growth, the

cultivated mints can be maintained and propagated asexually. Completion of the life cycle or

extended perpetuation is not essential for the economic cultivation of mints for oil produc-

tion. The commercial mint cultivation can, therefore, be adapted to the local conditions in

semitemperate, subtropical, and tropical agroclimates.

In the subtropical agroclimates of the Indian subcontinent, mint crops can grow perenni-

ally, like in semitemperate and subtropical areas of other countries where mints are commer-

cially farmed. In areas where rains are received intermittently and soils do not remain

waterlogged and in drier areas where irrigation requirements are met by canal or tubewell

water, mint crops can be maintained in the field for several years and herbage harvested three

to six times in a year, without loss of regenerability. Perennial mint cropping is favored in

areas where farmers are owners of large farms, cooperative farming is practiced, and culti-

vation of other crops in rotation with mint is uneconomical.

Several factors permit or dictate seasonal cultivation of mints in the Indo-Gangetic plains:

(1) The high agricultural productivity of this area is related to ample rainwater received in the

winter, summer, and monsoon seasons. Whereas light to heavy rains are received intermit-

tently or sporadically in the winter and summer seasons, rains are frequent in the monsoon

season when most fields can remain waterlogged for several days to weeks. The mint plants

under such circumstances in the monsoon season lose vigor or viability. (2) The landholdings

of the farmers are small. Their practice of diverse agriculture allows them to retain a part of

FIGURE 4.5 Harvesting of cornmint crop in progress. The harvested herbage is left in the field to

partially dry before it is distilled the next day.
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the food grains, vegetables, and spices for their own consumption. This also helps to ensure

overall profitability and some degree of protection against wide fluctuations in the mint oil

selling prices. (3) As the mint oil prices widely fluctuate and inputs in mint cultivation are

larger than the resource exhaustive nature of crop growth, the farmers retain the option not to

plant mint(s) in the next season.

The lifetimes of mint plantations vary widely in the Indo-Gangetic plains (Figure 4.6). Early-

planted mint crops occupy fields from December or January or February to July or August or

December to April or May or June depending on whether farmers decide to harvest their mint

crops once or twice. The late-planted mint crops remain in the field from March or April to

June or July. By varying the lifetimes of mint crops, the farmers of the Indo-Gangetic plains are

able to contribute to food production and make larger profits by mint cultivation (Figure 4.6).

4.9 INTEGRATION OF MINT IN TRADITIONAL ROTATIONS

Mint is cultivated in some of the prime land of the Indo-Gangetic plains, which is one of the

most agriculturally fertile areas of the world. The traditional crops of this area have been rice,

pigeon pea, green and black gram, wheat, different types of Brassica, lentil, pea, chickpea,

potato, and sugarcane. In the recent past, the rice–wheat rotation with cornmint has been
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FIGURE 4.6 Crop sequences and mint life times in the Indo-Gangetic plains. (1) The mother plants of

mints are transplanted into the nursery between late August and early October and the suckers or

propagules formed are harvested from late December to late February. The nursery for raising plantlets

from sucker pieces is planted in February or March. (2) The early crops of mint are planted by sowing of

suckers or transplantation of propagules from late December to February. Herbage from such crops is

first harvested in late April to May, the ratoon is allowed to regenerate, and the crop is harvested for the

second time in June to July. (3) The late crop of mint is planted using cold-stored suckers or nursery-raised

plantlets in late March to middle of April and the resulting crop is harvested in June or July. (4) Rice or

paddy seedlings are transplanted in July and the crop is harvested in October. (5) Wheat or bengal gram

crop is sown in October to December and harvested in late March to April (6,7). Green or black gram is

sown in April, harvested in July, resown in July, and harvested in October. (8) Potato is planted and

Brassica is sown in October. Vegetable potato is harvested in December. Brassica is harvested in January

to March, depending on the species or cultivar used. Seed potato is harvested in March.
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successfully practiced over a very large area in the Indo-Gangetic plains. The introduction of

mint cultivation in the area has led to the development of certain new and profitable crop

rotations (Table 4.8). Some of these rotations permit intensive farming of land and allow overall

conservation of the soil fertility and irrigation water (Ram and Kumar, 1996; Kumar et al.,

2001b, 2002a). CIMAP has recommended the following 2-year crop rotation: from July or

August to October (kharif cropping season), rice; from November or December to March (rabi

cropping season), chickpea; from March or April to June or July (zaid cropping season),

cornmint; June or July to November or December, pigeon pea; from November or December

to April, wheat; and from April to July or August, cornmint. Grain crop breeders are now

selecting slightly early maturing genotypes, which will ease the tight-fitting rotational operations.

4.10 OIL DISTILLATION

The parti ally dried mint herbage is distill ed by the farm ers thems elves in their fiel ds, using

small- sized wat er-cum-st eam dist illation units owned or hired by them. Alternat ively, farmers

use the services of local mint dist illers who are equ ipped with large -sized steam distillatio n

units (Kum ar et al., 1997a). Usual ly, the distillati on fee paid to the on-far m and off-far m

distillers is in the form of 10% to 20% of the distilled oil.

4.10.1 FIELD DISTILLATION

The field water- cum-steam distillati on plants used by the farm ers vary in size and efficie ncy.

These are fabricated locally to distill the herbage in batches; a batch of about 5 to 7 quintals

(500 to 700 kg) of mint herbage gets distilled in 6 to 8 h. The unit comprises four parts:

furnace , distillati on still, condenser, and receiver. In the low -cost versi on (Figur e 4.7) , mil d

and thin stainless steel is used to make the tank, which is provided with a perforated grid at

the base. The tank is fully packed with herbage and is filled to a lower level with water. It is

placed above a brick furnace. The spent mint herbage, other kinds of agrowaste, firewood,

TABLE 4.8
Crop Rotations and a Cocultivation Involving Cornmint

Practiced in the Indo-Gangetic Plains

Crop Rotation=Cocultivation Relative Profit

Rice–wheat 1.0

Rice–cornmint 1.9

Maize=sorghum=bajra–cornmint 1.9

Rice–Brassica–cornmint 2.3

Rice–lentil=chickpea–cornmint 2.3

Rice–wheat–cornmint 2.4

Sugarcane þ cornminta 2.8

Rice–potato=other vegetable–cornmint 3.0

aSugarcane is planted in early October or February in rows 90-cm apart. Three

weeks later, two rows of cornmint are planted between two rows of sugarcane

and irrigation is applied. M. spicata and M. piperita and M. canadensis can also be

planted with October- and February-planted sugarcane, respectively. Mint

crops cocultivated in October are harvested first in March and next in May and

those cocultivated in February are harvested only once.
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and stra w are used as fuel. The tank is co nnected to the c ondenser through a vap or pipe. The

recei ver is placed be low the co ndenser outlet. The cond enser has a tubular struc ture sus-

pen ded in a water tank. The vaporiz ed mint oil and water va por unde rgo condensati on in the

con denser, which is cooled by the wat er contai ned in its own tank. The conden sate pa sses to

the receiver in which the oil, whi ch is light er, floats on top of the water. The oil is draw n off

and thus separated from the acco mpanyi ng water in the recei ver. In the entir e distillati on

process of this kind, about 10% to 20% of the isolatabl e essential oil is lost. The kind of

dist illation eq uipment described here costs the farm ers ab out Rupees (Rs) 1 5,000 to 20,000

(USD 300 to 400) only. Such equipment is used by the farmers who ha ve small hold ings (up to

2 ha) or are in the initial years of their mint cultivat ion enterpr ise.

The farmers with relat ively large r landholdi ngs or who have benefited from mint farming

for severa l years prefer to inst all the eco nomic and impr oved, but co stlier, field distillati on

units , ba sed on the design de veloped by CIM AP, Lucknow , India. In these distillati on units,

the total time of distillati on is reduced to onl y 3 to 4 h and about 20% to 30% of fuel is saved

along with minimal loss of the isol atabl e essent ial oil. This kind of distillati on unit differs

from the less expen sive one de scribed in the struc ture of the tank and the con denser (Figur e

4.8) . The tank is made of much thicke r mild steel, which is sturdi er, and he nce lasts for many

years. Besides , the tank has boiler (flue) tubes at the base that creat e a great er area for water

heati ng and increase the rate of steam generat ion. The con denser is also more efficie nt

becau se it has doz ens of tubes and the co ndenser tank is cooled by running water. This

type of eq uipment co sts about Rs 50,000 (USD 1000).

The varia nts of the first and second kin ds of distillati on uni ts are inst alled all ov er the Indian

mint growing area in an approxim ate ratio of 1:2. 8. Together, these kinds of distilla tion units

may accou nt for abo ut 80% of the total of all the differen t kinds of units used in India.

4.10.2 COMMERCIAL DISTILLATION

In areas of intensive cornmint cultivation, a larger-sized steam distillation equipment is used.

These kinds of distillation plants are installed by the owners of large-size mint farms,

cooperative societies, and business entrepreneurs. Of the total, about 20% of the mint oil
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FIGURE 4.7 The design of the steam-cum-water distillation equipment fabricated locally in the mint

villages for the distillation of mint herbage in small batches.
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distillation units are of this type. The plant consists of a boiler,and one or more (up to

six) distillation tanks, each internally fitted with steam coil, besides a condenser and receiver

for each of the tanks (Figure 4.9). The steam generated in the boiler passes through the

steam coil in the herbage packed tank. This kind of equipment can process up to 30 quintals
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FIGURE 4.8 The structure of a high-efficiency distillation unit for batch-wise distillation of mint

herbage designed by CIMAP, Lucknow, India.
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FIGURE 4.9 CIMAP design for the steam distillation of herbage in several tanks linked to a common

boiler for use in larger-sized mint plantations.
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(3000 kg) of herbage per ba tch, as six tanks are linked to the boiler for the sim ultane ous

dist illation in the tanks. The boiler operate s on electrici ty. The c ost of equipment suitable for

a 10-ha farm comes to abo ut Rs 500,000 (USD 10,000).

The large investment in the dist illation equipment is a deterr ent for the small farmers to

take up mint cu ltivation . The local governm ent agencie s and the Spice Board have install ed

some dist illation uni ts for the coope rative use of the farmers. Figure 4.10 and Figure 4.11 are

exempl ary field views of the low -cost and large -sized distillati on facilities used by the farming

commun ity in India. Figu re 4.12 de picts a dist illation unit for batch- wise dist illation of

herbag e built ac cording to the CIMAP design and inst alled in a village for cooperat ive use.

4.10.3 OIL CLEANING

To dry the mint oil, anhydrou s sod ium sulf ate is added to the oil colle cted from the receivers

and the mixture is left for 4 to 5 h an d fil tered therea fter. Such purified oil is fit for long-term

stora ge. This treatment is useful as the Indian cornmin t farmers have the tendency to store a

substa ntial part of their oil in antic ipation of obtaini ng more remuner ative prices . The oil is

store d in plast ic, GI, stainles s steel, and alumi num con tainers, depend ing on the qua ntity

avail able an d the period of storage.

4.11 ESSENTIAL OIL YIELDS

Indu strial mints are cultivat ed by abou t 100,000 farmers in India. The large v ariation

observed in the essential oil yields realized by the mint farming communities relates to the

differences among their geographical locations, the nature of soils of their lands, the culti-

var(s) used, the volumes of the inputs of manure, the fertilizer and irrigation water used, the

FIGURE 4.10 A water-cum-steam distillation unit of the kind fabricated in Indian villages used in a

mint field. The agrowaste to be used as fuel and dry herbage to be distilled are also seen.
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FIGURE 4.11 A field view of the larger-sized multiple tank unit installed in a big mint farm in India.

This unit is for four tanks. Semidried mint herbage is unloaded from a tractor trolley. It is spread around

to allow further loss of moisture.

FIGURE 4.12 Mint herbage distillation unit designed by CIMAP, Lucknow, installed for cooperative

use in a village in Barabanki district of Uttar Pradesh in India.
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stringency of the crop protection measures deployed, the planting and harvesting schedules

selected, and the efficiency of distillation, among others. The yields averaged for a large

number of farmers and demonstrations are shown in Table 4.9.

4.12 FUTURE PROSPECTS

It has been mentioned earlier that the agroclimate and soils of the Indo-Gangetic plains are

conducive to mint cultivation. Here, all the different kinds of mint can be cropped between

December or January and July. This period overlaps with the traditional winter or rabi

(October or November to March or April) and summer or zaid (March or April to June or

July) crop seasons of the area. The planting and harvesting time of cornmint can be varied

within the January-to-July period such that the conventional food grain and vegetable crops

could be grown before they are planted or after they have been harvested. This way, the overall

effect of cornmint cultivation on food crop production is minimal. It has been observed that

farmers gain substantial profit when they rotate mint with the traditional crops of the area.

There are additional employment opportunities in the villages where cornmint is cultivated and

in the nearby towns, relating to servicing and manufacture of distillation equipment, collection

and trading of oils, and processing of oils into saleable products.

Presently, the total world market size of all kinds of mint oils appears to be about 30,000

tonnes and India meets about half of this requirement (Singh et al., 1999). In recent years,

about 100,000 to 175,000 ha of land has been put under mint cultivation in the Indo-Gangetic

plains (mostly cornmint), which is a small fraction of the area suitable for mint cultivation.

The economic advantages associated with mint cultivation can be extended to a larger

community of farmers, if the international demand for cornmint oil could be increased.

This requires diversification in the technical uses of mint oils, based on their properties

(Kumar, 1996).

At present, mint oils and their various major terpenoid fractions are investigated for

their diverse biological activities. Among the variety of biological activities that have been

revealed, the antioxidant, bioenhancing, phytotoxic, phytohormonal, antimicrobial, and pesti-

cidal activities have opened possibilities for a variety of new technical uses of mint oils. At

present, new biological activities are also discovered in the solvent extracts of mint herbage.

A study at CIMAP has revealed that mint oils have lethal effects on widely different bacteria

and fungi (Agarwal et al., 2001a). Mint oils and their specific components are potent insecti-

cides (Agarwal et al., 2001b). Identified terpenes of origin in mint oils promote or prevent

meristematic growth in specific plant systems (Farooqui et al., 2001). Based on these findings,

already three kinds of products have been developed and field-tested successfully.

The properties of the oil of the new spearmint cultivar, Ganga (ex. M. spicata var. viridis),

have allowed the development of formulations that are usable like (a) hand and surface

TABLE 4.9
Modal Essential Oil Yields for the Mints Commonly Cultivated in India

Mentha Species Cultivars Time of Planting Yields (kg=ha)

canadensis Shivalik, Himalaya, Kosi, Sambhav, Saksham Early 185

Late 130

spicata Neera, Neerkalka Early 145

gracilis MCAS-2, Pratik Early 135

piperita Kukrail, Pranjal Early 100
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disinfectants in homes, establishments, and hospitals (Khanuja et al., 2004) and (b) stored grain

protectants (Singh et al., 2001; Tripathi et al., 2003a,b). The whole and dementholized corn-

mint oil obtained from Kosi and Himalaya cultivars have been found to safely retard the

process of microbial hydrolysis of the soil-applied fertilizer urea to ammonium and nitrate and

their subsequent loss. The results indicate that up to 50% of the fertilizer urea can be saved by

coating it with mint oils. Large-scale applications of one or more of the technologies given here

can increase the demand of mint oils exponentially (Patra et al., 2001a).

The functional genomics investigations on mints are opening possibilities of producing

novel terpenes in mints. It appears possible to breed cultivars or hybrids of mints that

will synthesize one or more of all the industrially important monoterpenes. Other kinds

of secondary metabolites could also be farmed in the trichomes of the mint vegetation

background (Kumar, 1998).

There is a need to strengthenR&D: (a) to breed improved cultivars or hybrids ofmints for high

yields of specific terpene(s) or secondary metabolite(s), easier planting, early maturity, tolerance

to waterlogging, diverse genetic resistance to various diseases and pests, formation of thin and

sturdy suckers that can withstand cold storage for extended time periods, and improved oil

harvest index; (b) for comprehensive understanding of the biological activities of the conven-

tional mint oil constituents to develop new technical uses of mint oils; and (c) to extend to

industry and popularize the large-scale use of newly developed mint-oil-based products.
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5.1 INTRODUCTION

China is one of the largest mint producers in the world. Historical records show that cornmint

was first used as a traditional medicine to treat febrile diseases and heat stroke during the Song

Dynasty (960 to 1279) (Zhao, 1991). Mint has been cultivated in China for a long time although

it is difficult to trace the exact date when cornmint was first grown. However, it was reported

that mint cultivation could be traced back to as early as the Ming Dynasty (1368 to 1644) in

China (Dai, 1981). Since cornmint possesses aromatic cooling and germicidal properties and

has been used to dispel rheumatic pains, it was mainly used as a Chinese herbal drug and as a

component of mint tea, a refreshment used in the summer in ancient China.

Watts (1997) reported that the first large-scale production of menthol from cornmint oil

in China commenced in Shanghai in 1923 and it was sold under the brand name ‘‘Buddha.’’

A second factory for the production of ‘‘Polar Bear brand’’ was started 4 years later in Shanghai.

Subsequent to that a number of other brands such as White Cat (1966), AE (1989), Snow Peak,

Penguin, White Bear, Glacier, etc., have been introduced over the years. It is of interest to note

that for the past 10 plus years the brand names for Chinese menthol are meaningless as the owner

of the brand name can lease the use of it to any processor or middleman for a price.

Watts (1997) reported that there were seven major factories processing menthol from

cornmint oil. This means that anyone of the seven major menthol processors could produce

any brand of menthol so long as they purchase the rights to use the name. It also means that

the brand could be produced from Chinese oil, purchased Indian oil, purchased Indian

menthol powder, or a mixture of the above and sold for export as Chinese menthol. As a

result, the cultivation of cornmint in China is not always directly related to the production of

menthol in China.

5.2 THE ESSENTIAL OIL AND AROMA CHEMICAL INDUSTRY

From the 1970s to early 1980s the essential oil industry, which included the sale of cornmint

oil and menthol, was under the control of the Ministry of Light Industry. Export of these

products was facilitated through one of China’s ten export corporations, namely, China

National Native Produce and Animal By-Products and Import and Export Corporation.

This corporation, which was based in Beijing, had 12 branch offices and a number of

suboffices in different regions of China. Seven of these branch offices negotiated export

sales of cornmint oil and menthol with foreign buyers (Manheimer, 1980).

Cultivation of cornmint for oil production and subsequent menthol isolation commenced

initially around Shanghai. As menthol processing factories were established in Anhui, Jiangsu
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and Henan, cornmint cultivation was established within a 200-km radius from the major cities

in each of the major producing provinces: Hefei (Anhui), Nanjing (Jiangsu), and Zhengzhou

(Henan). The cultivation areas are in the vicinity of Taihe, Liguan, and Bozhou (Anhui),

Dongtai, Gaoyi, and Haiman (Jiangsu), and Shangqui and Yongchen (Henan) (Watts, 1997).

These state corporations were allocated money from Beijing to buy all the cornmint oil

either from the co-operatives (communes) or from small producers. Money was borrowed

from the local banks to buy the entire year’s production without pressure to repay the loan.

The oil was sent to the various processing factories and both unprocessed oil and menthol

were stored in the Shanghai area. Forms and contracts with foreign buyers were allocated

from Beijing generally on a long-term basis (Watts, 1997).

According to Zhao (1991), the largest cultivation area of cornmint was around the mouth

of Yangtze River in the Nantong Prefective (Jiangsu). In 1991 ca. 10,000 ha were devoted to

cornmint cultivation in this area. The area of cornmint cultivation was under government

control. The co-operatives and small cornmint grown produced the crude cornmint oil in

hundreds of small water distillation units of a similar design (Lawrence, 1995).

State Trading Corporations purchased the oil produced each year. More recently, the

influence of Beijing has reduced resulting in a loss of credit lines by the various State Trading

Corporations. As a result, these corporations no longer have the ability to buy all the crude

cornmint oil. According to Watts (1997), they are no longer prime players in the cornmint oil

and menthol market. They have been replaced by middlemen who buy oil directly from the

producers and get it processed into menthol on a speculative basis. If the oil prices in India are

less than the price they have to pay for Chinese oil, they buy both crude Indian cornmint oil

and menthol powder and have them processed into menthol in China and offer it for both

domestic and export sales as Chinese menthol. Consequently, the quantity of menthol being

sold as Chinese menthol no longer reflects the quantity of crude cornmint oil produced in

China as it once did.

Two other factors have influenced the production of crude cornmint oil in China and they

are (a) the growers themselves can decide on the size of their cornmint cultivation and

(b) domestic and export supply and demand for Chinese menthol. The former decision is

somewhat based on the market economics of other crops such as rice, corn, cotton, barley,

soybean, rapeseed, etc., and any government subsidies of fixed prices for specific crops. The

latter decision is based on the quantities and prices quoted for cornmint oil by the middlemen.

5.3 MINTS GROWN IN CHINA

In addition to cornmint [ex. M. canadensis L. syn. M. arvensis L. f. piperascens Malinv.

ex Holmes], spearmint (ex. M. spicata L. syn. M. viridis L. or M.�gracilis Sole syn. M. cardiaca

Gerarde ex. Baker), peppermint (ex. M. �piperita L.), and Mentha citrata [ex. M. aquatica L.

var. citrata (Ehrh.) Fresen] are currently grown commercially in China (Dai, 1981; Yang et al.,

1991; Wang et al., 1992; Jian and Zhou, 1993; Zhang et al., 1995). In addition, wild-growing

M. canadensis (as M. haplocalyx Briq.) is also grown commercially in China albeit to a very

limited extent. It is known locally as ‘‘Rend Dan Cao’’ or ‘‘Fan He Cai’’ (Xu et al., 1990). It is

cultivated mainly in Jiangsu, Henan, Anhui, and Jiangxi and it is sold specifically to the Chinese

herb trade and is not used for oil production.

5.4 CORNMINT

Most mint cultivars grown in China were developed from local mint varieties of cornmint or

the varieties of spearmint produced by various breeding and research institutes after 1957
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(Wang et al., 1992). The cultivars of each of the mints used for oil production are examined

here according to the specific mint.

The cultivars of cornmint grown in China are as follows.

5.4.1 MINT 271, MINT 148, AND MINT 18

Mint 271, Mint 148, and Mint 18 were developed in 1963 through selection of naturally

occurring mutants and plants segregated from local cornmint cultivars. With purple and thin

stems, flat and ovate leaves, and dark-purple midrib, Mint 271 and Mint 148 produce fewer

and thinner rhizomes, more thinner and longer stolons, and fewer fertile flowers than Mint

18. The yield of cornmint oil of these cultivars was about 105 kg=ha in the early 1960s. With

about 83% menthol content, the oils from these cultivars possessed a pure menthol aroma.

However, they were not resistant to drought. They were mainly cultivated in the vicinity of

Shanghai and Jiangsu Province from 1963 to 1969. On the other hand, Mint 18, with a strong

green stem and green midribs, produced more strong and thicker rhizomes and light purple

fertile flowers. Being highly resistant to both drought and water-logging, this cultivar pro-

duced about 150 kg=ha mint oil, which contained about 81% menthol.

5.4.2 MINT 119

Mint 119 was developed from a local cultivar, ‘‘Crystal’’ in 1963. With a strong, thick, and

green stem, white midrib, brown rhizomes, and light purple male sterile flowers, this cultivar,

which is highly resistant to stress, grows very rapidly and can produce about 225 kg=ha

cornmint oil. However, the menthol content in the oil is only 70%. With a grassy smell, both

the quality and the aroma of the oil are low. Although it had been a popular cultivar, it is now

not used for cornmint oil production because of its poor quality.

5.4.3 MINT 409

Mint 409 was developed from the progeny of Mint 271 in 1969. With a purple stem, thin and

long rhizomes, grayish green ovate leaves, yellowish green midribs, and light purple fertile

flowers, this cultivar yields about 150 kg=ha oil that contains around 80% menthol. Both the

quality and the aroma of the oil were determined to be good. However, the yield of oil varied

year by year because the stress resistance and the growth rate of this cultivar were not as good

as those of some current mint cultivars.

5.4.4 MINT 68–7

Mint 68–7 is a hybrid developed from Mint 409�C-119 in 1974. The stem color of this

cultivar at the early stages is purple, which becomes brown to green from the bottom to the

top during its later developmental stages. With purple stolons, thick rhizomes, and dark green

ruffled leaves, white midribs, and a light purple fertile flower, it produced about 150 kg=ha oil

that contained approximately 80% menthol. This cultivar was found to be resistant to stress,

grew rapidly, and needed less management. However, the aroma of the oil was found to be

poor and the level of some components in the oil failed to meet the requirements for cornmint

oil export. As a result, this cultivar is no longer used for cornmint production in China.

5.4.5 MINT 73–8

Mint 73–8 was developed from the progeny of hybridization of Mint 409 in 1979. The color of

the stem changes from purple to green from the bottom to the top. With brownish purple

stolons, strong and thick rhizomes, shining oval leaves, and small light purple flowers, this
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cultivar yields more than 150 kg=ha oil that contains roughly 80% menthol. Since it is highly

resistant to stress, grows rapidly, and produces high-quality cornmint oil with good aroma, it

was the main cultivar for production in China in the early 1990s. Today, it is still the most

commonly grown cornmint cultivar in China.

5.4.6 HAIXIANG 1

Haixiang 1 was developed from Mint 68–7 and Mint 409 in 1976. The color of the stem

changes from purple to green from the bottom to the top at the later developmental stages.

With purple thick stolons, long rhizomes, long oval-shaped yellowish green leaves, light

purple midribs, longer branches, and light purple fertile flowers, this cultivar yields about

150 kg=ha oil that contains more than 82% menthol. Although both the quality and the

aroma of its oil are high, as Haixiang 1 is not resistant to lodging, which results in a variation

of oil yield from year to year, it is not grown commercially.

5.4.7 HAIXUAN MINT

Haixuan Mint was developed from a propagating population of Haixiang 1 in 1984. The

color of the stem is the same as Haixiang 1. With thin and long rhizomes, dark yellowish

green oval leaves, light purple midribs, and light purple fertile flowers, this cultivar produced

oil with the best quality in China in the early 1990s. Its oil contains about 84% menthol;

however, its resistance to stress is poorer than that of mint 73–8. As a result, the yield of oil

from this cultivar varies year to year. Consequently, it is not grown commercially.

5.4.8 MINT 80-A-53

Mint 80-A-53 was developed from the progeny of a mutant derived from grafting Haixiang 1

and Mint 40–9 in 1987. The color of the stem changes from purple to dark green from the

bottom to the top at the later developmental stages. With strong thick rhizomes, long oval

shining leaves, and light purple flowers, Mint 80-A-53 has continued to yield about 150 kg=ha

oil that contains more than 80% menthol over the years (Wang et al., 1992; Zhou et al., 1993).

Both the resistance to lodging and the growth rate of this cultivar are high, with the increasing

planting acreage in the early 1990s.

5.5 SPEARMINT

Spearmint is also known as green mint in China. It was first introduced into China in 1950

presumably from Europe via Japan. The cultivars of spearmint grown in China include large-

leaf spearmint, small-leaf spearmint, and Spearmint 73–2. The aroma of the oil from these

cultivars is low. They are mainly cultivated in Jiangsu, Anhui, Jiangxi, Zhejiang, Henan,

Sichuan, Guangdong and Guangxi Provinces. Ever since M. �gracilis was introduced into

China from the USA in 1980, the aroma of spearmint oil has improved significantly. The

hectarage if this cultivar has been increased in areas mentioned above to replace the old

cultivars. Spearmint oil is produced and mainly used in China with a small amount exported.

The total yield of spearmint oil produced in China was about 800 metric tonnes in the early

1990s. The cultivars in question are as follows.

5.5.1 SPEARMINT 73–2

Spearmint 73–2 was developed from a selected progeny of Mint 409 in 1973 and passed the

variety test in 1997. The color of the stem is green with single oblanceolate leaves paring in
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the opposite positions on the stem. The flower is small, light purple in color, incompletely

developed, and produces seeds at a very low rate. This cultivar grows very quickly, ripens

early in Jiangsu and Shanghai, and yields 75 to 125 kg=ha oil that contains 60% L-carvone.

However, the aroma of the oil is poor.

5.5.2 SPEARMINT 80–1

Spearmint 80–1 (Scotch spearmint) was introduced from United States in 1980. The color of

the stem changes from purple to green from the bottom to the top. Trichomes develop on the

surface of the nodes of the stem. The long oval leaves are flat and dark green in color. Raceme

inflorescence produced seeds at a low rate. This cultivar is not resistant to lodging and yields

about 75 to 79 kg=ha oil that contains more than 70% L-carvone. The quality and aroma of

its oil were the best among the cultivars grown in China in the early 1990s. However, the yield

of its oil fluctuates significantly year by year because of its susceptibility to lodging and

diseases.

5.5.3 SPEARMINT 79–2

Spearmint 79–2 was developed from a population of 60Co-g mutagenized seeds of

Jinzhou Spearmint (73–2) in 1987. The stem, which is green in color, produces many aerial

roots at the base. The long, oval leaves produce trichomes on both sides of the leaves. Raceme

inflorescence, with incompletely developed small light purple flowers, produces seeds at a low

rate. With strong rhizomes and rapid growth and developmental rate, this cultivar yields

about 105 kg=ha of oil that contains less than 60% L-carvone.

5.5.4 SPEARMINT 80-S-108

Spearmint 80-S-108 was developed from the progeny of Jinzhou Spearmint in 1984. The color

of the stem is purple and its large, wide oval leaves are light green. Trichomes develop on the

surfaces of both stems and leaves. Raceme inflorescence is composed of light purple fertile

flowers. With strong growth and development, high resistance to stresses, and low rate of

abscission, this cultivar produces about 150 kg=ha of oil that contains roughly 60%

L-carvone. The quality and the aroma of the oil are not as good as that of Spearmint 80–1.

5.6 PEPPERMINT

Peppermint (Mentha �piperita L.) is also known as European mint or Western mint in China.

One of the best known peppermint cultivars is ‘‘Mitcham’’ mint from England. The main

varieties of peppermint grown in China are M. piperita var. officinalis Sole and M. piperita var.

vulgaris Sole. The quality of the mint oil from M. piperita var. officinalis is very high. Since the

biomass and the pest resistance of this subspecies are low, its current acreage in China is limited.

The peppermint grown in China was first introduced from the former Soviet Union and

Bulgaria in 1959. There are two types of most cultivated peppermints in China, green-stem

peppermint (M. piperita var. officinalis) and purple-stem peppermint (M. piperita var. vul-

garis). The former produces a high yield of mint oil with low quality. The quality of the oil

from purple-stem peppermint is higher but the yield of the oil is lower. The components of the

oil are mainly menthol, menthone, menthofuran, and menthyl acetate. Since the content of

menthol in peppermint is lower than that in cornmint, it is not used for isolation of menthol.

The oil of peppermint is often used directly to make flavors because of its pleasant taste and

aroma. The major growing areas of peppermint in China include Jiangsu, Hebei, Zhejiang,

Anhui, and Xinjiang, the acreage is much smaller than that in the USA, India, or even Italy.
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5.7 MENTHA CITRATA

Mentha citrata is known as lemony mint in China. It was introduced into China from Egypt in

1960. It is mainly used domestically in cosmetics, soaps, and food products. The major

growing areas include Jiangsu, Zhejiang, and Anhui, although the hectarage is small com-

pared with that of cornmint and spearmint.

5.8 ENVIRONMENTAL REQUIREMENTS

In general, mints have a wide adaptability to different environments and high resistance to

stresses. Since different species have evolved under different climates on the earth, the specific

environmental conditions required for maximum growth for various species are different. The

rest of this chapter is devoted to the discussion of cornmint, the most cultivated species in

China. Cornmint grows rapidly under warm climate with high light intensity. Under optimum

environmental conditions, it can grow indefinitely and be harvested several times in a year. In

Jiangsu, Shanghai, Anhui, Henan, and Jiangxi, mints are usually harvested two times per

year, while they are harvested three times per year in Fujian, four times in Guangdong,

Guangxi, and Hainan, but only once a year in north and northeast of China.

The growth and development of cornmint plants and the quality of the oil are very sensitive

to environmental factors. Precipitation, climate, and weather conditions have significant

effects on the oil yield and composition of the oil (Wang et al., 1992).

5.9 TEMPERATURE

Temperature is one of the most important factors affecting the growth and development of

cornmint plants. During the entire growing season, the accumulative temperatures for the

first harvest are about 20008C to 23008C. Within a certain range of temperature, the rate of

growth increases as the temperature rises, resulting in a shorter growing season for harvest.

The cold resistance of cornmint is dependent on the tissue and the developmental stage of the

plant. After planting, the rhizome can survive under 08C to �208C in the soil during winter.

Shoot buds develop as soon as the soil temperature reaches above 08C. The optimum

temperature for the rapid growth of mint plants is 208C to 308C.

5.10 SUNLIGHT

As a long-day plant, cornmint grows better under high light intensity. Longer photoperiods

promote flowering and accumulation of oil and menthol in the plant. During the entire

growing season, as the light intensity increases, the number of leaves falling from the plant

decreases and the content of oil per plant increases. This is especially true for the later stages

of the growing season. Rain and lower light intensity during the later stages of growth and

development are the main factors resulting in lower yield of oil.

5.11 WATER SUPPLY

With only a fibrous root system, multiple branches, and large leaves, cornmint needs liberal,

well-distributed rainfall to provide adequate water supply during the early and middle stages

of growth and development. Limited water supply during these stages will result in reduced

vegetative growth and a decline in the yield of biomass. On the other hand, too much rainfall,

poor soil drainage, and high relative humidity will promote disease development, resulting in

Production of Mints and Mint Oil in China 171



the abscis sion of the low a nd middle leaves . Dry weat her and low soil moisture during the

late r stage s, especi ally 10 to 20 da ys before harvest, are optim um condition s to ensure a high

oil yiel d. On the other han d, too much rainfall dur ing the later growth and develop mental

stage s and during harvest will cause a low oil yield. After the first harvest , ample wat er supply

is ne eded to su pport high percen tage of regrowth for the next crop.

5.12 SOIL

Cornm int can generally be grow n in a wid e range of soils, from sand y to clay. Exc ept very

sandy, heavy clay, and high -salt soils, most types of soils can be used for cornmi nt produc-

tion. The best types of soil s for good grow th are sandy and sil t loams. The optim um soil pH

range is 6 to 7.5. Also, it is very difficul t to establ ish yo ung plants when the salt content is

equ al to or high er than 0.1% as can be found in coasta l areas.

5.13 PRODUCTION PRACTICES IN CHINA

Mints are market ed mainl y in the form of mint oils . The ulti mate pur pose of cultiv ation is to

prod uce maxi mum yield of oil with high quality. The yiel d of mint oil is determined by the

biomas s yield and the oil content of the mint plan ts. The yield of biomas s is mainly de pendent

on the cultural practic es, whi le oil content is mainly affe cted by the genotype as well as the

grow th rate an d the morpholog y of the plant, the numb er and the size of the leaf , and the

environm en t wher e the mint grow s (Guo and Chan, 1993; Jian et al., 19 95; Ren, 1995; Yin,

1995; Zuo et al., 1995; W ang, 1996; W ang and Yang, 1997; Liu, 1997, 2001; Zhu, 1997). It is,

theref ore, very impor tant to employ the ap propria te cultur al method s dur ing the entire grow n

seasons in addition to cho osing the best cultivars suitable to the clima te for mint produ ction.

5.14 PLANTING

The season for planting cornmi nt in the fiel d varie s with the climates in differen t producti on

areas. In general , it can be plante d at any time except during the win ter when there a re frosts

or the ground is frozen. For example, cornmint can be planted at any time of the year in

Guangdong, southern Guangxi, and Hainan Provinces. In northern China, cornmint can be

planted from April to October, while mints are usually planted from the end of October to

the end of November in Jiangsu, Zhejiang, and Shanghai. It was reported that the yield

and the menthol content of cornmin t oil were affected by the planti ng date (T able 5.1, Wang

et al., 1992). If cornmint is planted too early in the fall with a high temperature, most of the

shoots will emerge from the soil. They may be killed by the frost and=or freezing temperatures

in the winter. Although new shoots develop from the rhizome in the next spring, the vigor of

the new shoots could be dramatically reduced because some of the nutrients in the rhizomes

were used for development of the shoots before the winter. Occasionally, some of the

rhizomes may lose the ability to produce new shoots, which will result in fewer plants per

hectare. The more the shoots emerge from the soil and the stronger the shoots become before

the winter, the weaker the shoots will be and fewer the plants per hectare in the next spring.

On the other hand, if mints are planted too late, the growing season will be shortened, which

also may result in a decrease in the yield of cornmint oil.

Although seeds can be used to produce seedlings, rhizomes and stolons are usually used for

planting in cornmint production. It is essential that fresh rhizomes and stolons of good

quality are used for planting. It was reported that the number of seedlings per hectare and

the percentage of vigorous shoots can be significantly affected by the freshness of the
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rhizomes (Table 5.2, Wang et al., 1992). When there is a sufficient supply of rhizomes, the

whole rhizome should be used for each plant to produce vigorous and uniform shoots, which

are critical for a high yield of oil. When there is a limited supply of rhizomes, each rhizome

can be cut into multiple segments. Each segment should have two to three internodes of the

rhizomes or stolons.

During planting, a furrow with a width of 23 to 25 cm and a depth of 5 to 7 cm is first made

by a plow. The whole rhizomes or segments of rhizomes are usually spread evenly in the

furrow. The distance between two furrows is about 10 cm. Rhizomes should be placed and

covered with moist soil in the field. The amount of rhizomes planted per hectare is in the

range of 1125 to 1500 kg, depending on the quality of the soil, the freshness and quality of

the rhizomes, and the method that is used for planting. In general, more rhizomes are used

if the soil is poor, the quality of the rhizome is low, if there is an intercrop planted with

cornmint, or if machinery is used for planting.

In the areas that receive a large amount of precipitation during the growing season, it is

very important to establish a water drainage system in the field during planting because both

cornmint and other mints are very sensitive to water-logging. Wang et al. (1992) reported that

drainage had a significant effect on the yield of oil. The effects of water-logging include

(1) limiting O2 supply in the soil and inhibiting the development of the root system, which

TABLE 5.1
The Effect of Planting Date on the Yield and Total Alcohol Content of Cornmint Oil

Cultivar Planting Date Harvesting Date Yield of Oil (kg=ha) Alcohol Content* (%)

68–7 10=12=1974 July 22, 1975 94.50 82.4

10=27=1974 102.75 83.8

01=20=1075 75.75 79.2

10=10=1978 92.25 84.7

Haixiang 1 11=01=1978 July 9, 1979 99.75 85.9

01=30=1979 93.75 81.6

10=10=1984 108.00 85.7

Haixuan 11=01=1984 July 15, 1985 125.25 86.9

01=10=1985 99.75 84.2

*As menthol.

TABLE 5.2
The Effect of Freshness of Cornmint Rhizomes on the Number

of Seedlings per Hectare and the Percentage of Vigorous Shoots

Days after Rhizome Stored

before Planting Seedlings=ha* % of Vigorous Shoots

1–2 652,500 80

3–6 591,000 62

12 444,000 45

20 211,500 25

*Planting at 1500 kg=ha.
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results in reduced uptake of nutrients and limited growth of plants; (2) increasing the activities

of anaerobic microbes that result in the production of a number of toxic compounds such as

organic acids, hydrogen sulfide, and ferrous compounds, which may cause black and rotten

roots, reduced root respiration, and ‘‘red’’ seedlings; (3) lodging, leaf rotting, development of

diseases under high humidity that cause a decrease in the quality of the oil; (4) growth of more

weeds under high humidity that affect not only the growth of the mint plants but also the

quality of the oil by giving it undesirable aroma and color, especially when weeds are mixed

with cornmint in the processing and isolation of the oil. The combination of all the aspects

described here will result in a significant decrease in the yield and quality of the oil. The

drainage systems usually consist of vertical and horizontal ditches. In a large field with sandy

loam, a drainage system with horizontal ditches every 10 m and vertical ditches every 30 m is

established during planting. Every drainage ditch should connect to the main drainage

channels in the field.

After planting, the surface of the soil is usually compacted by a roller to firm the loose soil

particles, preserve moisture, and protect the rhizomes from freezing during the winter. It was

reported that shoots emerge about 1 week earlier in a rolled field in comparison to those in an

unrolled field (Wang et al., 1992). In the areas with a sufficient water supply, irrigation before

frosting and freezing can be used instead of rolling. The timing of irrigation is very important.

If the field is irrigated too early when the temperature is still high, irrigation will promote the

emergence of a large number of shoots from the soil, which could be killed in a cold winter.

On the other hand, if the field is irrigated too late and free water cannot completely seep into

the soil ice formed during the winter may damage the rhizomes and result in a reduced

number of emerging shoots during the next spring. After irrigation, cultivation is needed to

prevent salts from moving up to the surface of the soil.

5.15 FIELD MANAGEMENT PRACTICES

5.15.1 POPULATION DENSITY ADJUSTMENTS

Plant population density affects the yields of biomass and oil. Although the population

density is set when mints are planted in the field, unusual low temperatures in the winter

and early spring could cause some plants to die and result in a lower population density than

anticipated. It is, therefore, necessary to adjust the population density by transplanting young

plants to the places where plants had died after the temperature in the spring stabilized at or

above 128C. When the temperature is below 108C, the survival rate of the transplants is

usually low. After the temperature rises above 258C, the survival rate is also low, especially

for large transplants. For example, in Jiangsu Province, transplanting to adjust the popula-

tion density is usually carried out between 15 March and 15 May.

Another main factor affecting the population density is the purity of the cultivar. The

population density decreases as the number of the off-type plants increases. Decrease in

the purity of the commercial cultivars not only affects the yield but also reduces the quality

of the oil. The decline in purity can be caused by a number of factors including segregating

seedlings, mechanical mixtures, and somatic mutations. Most of the off-type mint plants

reproduce rapidly and yield less oil with lower quality. Identification of the off-types is mainly

based on the morphology of the plants. The following six types of plants are usually

considered as off-types and removed before they reach the stage of eight leaves: (1) long

internode type, (2) long petiole type, (3) thin lamia type, (4) lanceolate leaf type, (5) excess

trichomes type, and (6) brittle leaf type. As soon as the off-types are generally removed from

the field, in their place seedlings of the same cultivar should be transplanted to maintain the

optimum population density.
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5.15.2 C ULTIVATION AND WEED MANAGEMENT

There are a number of weed species that can be found grow ing in mint fiel ds, especi ally in the

area wher e aquatic– terrestrial rotation is not used. Weed s not only compet e for the nut rients

in the field , but also shad e the low er part of mint plants . These us ually c ause abscis sion of

mint leaves and result in a signifi cant yield reducti on in biomas s and oil. The mixtu re of weeds

and mint during harvest can also reduce the quality of oil. Ther efore, weeds must be remove d

from the field before they impos e a signifi cant effe ct on the yield and the qualit y of the oil.

Weed control is usually carried out through cultivat ion star ting in the early spring when

daily average tempe ratur es reach abo ve 10 8 C. Cul tivation not only kills the weeds in the field

but also loosen s the soil, reduc es water evapo ration, and mobil izes the nutrien ts avail able to

mint plants. Weeds are also control led by various herbicid es in most mint prod uction in

Chin a (Hu and Shao , 1990; Huang, 1992; Wang et al., 1992 ).

5.15.3 TOPPIN G

Toppi ng is a cultur e practice to remove the sho ot tip of the main stem to promo te the grow th

and developm en t of late ral shoots when the populati on density is low. Toppin g is not

recomm ended for a normal popul ation den sity without intercropp ing. The effe cts of topping

unde r different popul ation densities on the yiel d of co rnmint oil wer e studi ed by Wang e t a l.

(1992) and their results are presente d in Tabl e 5.3. Wh en mint s are inter plante d with other

crops, they shou ld be topp ed as soon as the other crop is ha rvested.

5.15.4 FERTILIZATION

Nutr ients play a n impor tant role in the grow th and developm ent of mint plants (Yan g an d

Guo, 1993; Le et al., 1996; Sun, 1997; Zhu et al., 2000). High yield an d quality of mint oil

from a specif ic cu ltivar are mainl y achieve d via pr oduction of a large amoun t of healt hy

matur e leaves at harvest .

It is report ed that leaves deve loped before mid-May in Jiangs u ba rely con tribute to the final

yield of oil (Wang et al., 1992). Rapid growth in the early stages usually results in thinner and

taller plants under a normal population density. Since the plants start to overlap each other at

very early stages of development, the light intensity is reduced and the humidity is increased

under the canopy. These will foster lodging and disease, cause a significant loss of leaves from

the lower part of the plants, and result in a large decline in the yield and quality of mint oil.

Table 5.4 shows the effects of the same total amount of fert ilizer applie d at diff erent

developmental stages on the yield of biomass and oil (Wang et al., 1992). It is apparent

that the application of appropriate amounts of fertilizer at specific developmental stages is

critical to the yield of both biomass and oils.

TABLE 5.3
The Effects of Topping on the Yield of Cornmint Oil from cv. Mint 73–8

Population Density (plants=ha) Treatment First Harvest Yield of Oil (kg=ha)

597,000 Topping 94.65

Nontopping 107.10

211,500 Topping 108.60

Nontopping 90.15
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It was reported (Wang et al., 1992) that increasing the amount of fertilizer (urea) from

127.5 to 277.5 kg=ha under a normal population density resulted in a significant decrease in

the yield of oil (Table 5.5). Lodging apparently was the major contributor to the decrease in

the yield of oil. Therefore, using fertilizers during planting is typically not recommended for

the fertile field to avoid overgrowth in the early stages of development. In addition, the

application of fertilizers during planting is also considered as a wasteful practice because it

takes about 3 months for the plants to emerge from the soil in most of the production areas in

China and most of the fertilizers usually leach out before they can be absorbed by the plants.

For the fields with poor soil and deficient in nitrogen (N), potassium (K), and phosphate (P),

an organic fertilizer is typically used during planting.

The amount, type, and time of fertilizer application depend on the growth of mint plants in

the fields. At the early stages of development, they are small and grow slowly. The nutrients in

the soil or from the organic fertilizers applied are sufficient to support mint plant growth.

From the middle of May to the end of June, plants grow very rapidly in Jiangsu Province.

Chemical fertilizers, including N, P, K, and micronutrients combined with organic fertilizers,

TABLE 5.4
The Effects of Fertilizer Applied at Different Stages on the Length of Internodes and the

Yield of Biomass and Cornmint Oil

Cultivar

Fertilizer

(urea kg=ha)

Application

Date

Biomass

(kg=ha)

Oil

(kg=ha)

Oil

Content (%)

Internodes

1 to 5 (mm)

Mint 68–7 37.5 April 15

37.5 May 29 29,085 76.65 0.26 14.33

150.0 June 10

Mint 68–7* 37.5 March 22

112.5 April 20 27,862 111.45 0.40 11.41

75.0 June 10

Haixiang 1** 225.0 May 9 22,223 42.60 0.19 NTy

225.0 May 28 22,583 63.45 0.28 NT

225.0 June 9 23,546 77.70 0.33 NT

*579,000 plants=ha.
**528,000 plants=ha.
yNot tested.

TABLE 5.5
The Effect of the Amount of Fertilizer on the Yield of Cornmint* Biomass and Oil

Fertilizer Urea** (kg=ha) Mint Biomass (kg=ha) Oil (kg=ha) Oil Content (%) Lodging

225 23,411 65.55 0.28 þþþ
150 25,572 79.35 0.31 þþ
75 26.334 118.65 0.45 Normal

þþþ A lot of lodging.

þþModerate amount of lodging.

*Cultivar Mint 68–7 at 465,000 plants=ha.
**Applied on May 28, in addition, 52.5 kg=ha urea applied on June 10.
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are usually applie d to pro mote healt hy growth and bran ching of the mint plants . Urea a t the

rate of 105 to 120 kg=ha is usually recomm ended for this stage (Zhou , 1999). At the late r

stage s of de velopm ent, smal l amou nts of chemi cal fertilizers are usually ap plied ab out 30 days

before harvest to su stain the growth. Excessi ve amounts of chemi cal fert ilizer or fertilizer

applie d too early will resul t in overgrow th, thereby affecti ng the yiel d of oil.

5.16 FIELD MANAGEMENT FOR SECOND HARVEST

The second crop of cornmi nt need s abou t 1600 8 C to 2000 8 C of accumu lative tempe ratur e

from emerg en ce to floweri ng within 80 to 90 days during which time the average daily

tempe rature, in gen eral, de crease s especi ally after the plants mature, in most of the pro duc-

tion areas in China. Since the precipi tation is usually limited and the daily tempe rature is high

when the plan ts emerg e from the soil, field managem ent becomes especially impor tant to

ensure an adequa te number of strong and he althy plants pe r hectar e.

5.16.1 R EMOVAL OF A BOVE -GROUND S TEMS TO P ROMOTE P LANT E MERGENCE

After the first crop is harvested (usual ly around the end of July) , the stems abo ve the groun d

should be cu t off as soon as possibl e. Any de lay in removi ng the residu als of the stem will

resul t in weak shoo t developm ent and thereby affect the yiel d of biomas s and oil. New

cornmi nt plants are usuall y produ ced from the rhizom es unde r the ground after the stem s

above the ground a re remove d. Since these plants have strong shoo ts and root systems, they

are resi stant to mult iple stresses and grow rapidl y in the field to establ ish a pro ductive

populati on for high biomas s and oil yiel d. In most areas, remova l of stem s an d stolon s is

accompl ished simulta neously at the time of harvest. In addition to mechan ical remova l of the

stem residu als, some he rbicide is also used to kill both the stem tissues a bove the gro und an d

the weeds after cornmi nt ha s be en ha rvested (Fuen g, 2000).

5.16.2 C OVERING THE F IELD TO MAINTAIN MOISTURE

In the areas wher e precipitat ion is limited after the fir st crop is harvested , spreadi ng a thin

layer of soil from the drainag e ditche s a fter harvest in the fiel d is usu ally carri ed out to

maintain the mois ture. Thi s practice not only en sures that enough plants will emerg e from the

soil to form an optim um popul ation, but it will also enhan ce the vigor of the shoot and root

systems of the plants .

5.16.3 C ONTROLLING WEEDS S TRENGTHENS C ORNMINT P LANTS

The period from the harvest of the first cornmi nt crop to the establ ishm ent of the plants of the

second crop is also the season in which a number of weeds grow rapidly in the field.

Therefor e, it is critical to kill the weeds before they affect the emerg ence and grow th of the

plants. Depending upon the species of the weeds in the field, different types of herbicides can

be applied after the first crop is harvested or at the 3-leaf stage (Hu and Shao, 1990; Huang,

1992; Wang et al., 1992).

5.16.4 FERTILIZING AT APPROPRIATE DEVELOPMENTAL STAGES

Fertilization is more important to the second crop than the first crop, especially for the fields

with poor soil or those lacking organic fertilizers. It was reported that the early application of

fertilizers for maturation resulted in higher yield of oil for the same cultivar under the same

amount of fert ilizers (Tab le 5.6, Wan g et al., 1992).
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5.16.5 HARVESTING BEFORE THE FIRST FROST

The yield of cornmint oil is correlated well with the temperature at which it is harvested. In

general, the plants reach maturity from mid- to the end of September in most production

areas except for Guangdong, Guangxi, Hainan, Fujian, and Northeast of China. Therefore,

the second crop should be harvested as soon as it reaches maturity. The effects of the date of

harvest on the yield of biomass and oil are shown in Table 5.7 (Wang et al., 1992). Harvest

after a frost will result in a dramatic loss in the yield of cornmint oil although the yield of

biomass is usually not affected significantly.

5.17 CULTIVAR PURIFICATION AND REJUVENATION

After cultivation and vegetative proliferation for a number of years, the purity and vigor of

most cultivars decline significantly, especially in the fields where the seeds from self-pollinated

plants fall into the soil. Therefore, the yield and quality of the oil from the same cultivar will

decrease dramatically without purification and rejuvenation (Zhao, 1990).

A field with fertile soil supplemented with about 30,000 kg=ha manure and 750 to 1200

kg=ha decomposed cotton seed meal is usually used to purify and rejuvenate a cultivar. In

some areas, inorganic fertilizers of potassium, phosphate, and calcium are also applied to

fields that are deficient in these elements. Sections of stolons, stems, or rhizomes from

vigorous plants of the cultivar treated with 80 ppm methyl a-naphthyl acetate are chosen to

be planted vertically into the soil with two to three internodes above the ground. The

optimum population for purification and rejuvenation is about 420,000 plants per hectare.

TABLE 5.6
The Effect of Fertilizer Application on the Yield of Cornmint* Biomass and Oil

for the Second Crop

Amount of Fertilizer Application Date Mint Biomass (kg=ha) Oil (kg=ha)

30 kg=ha urea September 3 26,250 15.75

45 kg=ha urea September 30

75 kg=ha urea September 3 15,000 45.0

*Cultivar: Mint 73–8 with 1200 kg=ha decomposed cotton seed meal plus 150 kg=ha urea.

TABLE 5.7
The Effects of the Date of Harvest on the Yield of Cornmint Biomass and Oil

First Harvest Date Second Harvest Date Temperature (8C) Biomass (kg=ha) Oil (kg=ha)

September 26 19.1 18,690 78.75

September 30 20.8 18,810 75.75

October 3 18.1 18,735 67.05

July 16 October 9 24.0 18,765 77.40

October 22 15.7 18,885 47.10

November 3 11.3 18,960 31.50

November 13 3 days frost 18,930 23.25
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It has been reported that 1 ha can produce high quality rhizomes for 10 to 15 ha of cornmint

production in the next season and at the same time increase the yield of oil by 10% to 15%

(Gu, 2000).

5.18 INTERCROPPING CORNMINT WITH OTHER CROPS

Intercropping of cornmint with other crops is a common practice in China to increase the

productivity of the land for agriculture (Wang et al., 1992; Le, 1993; Ye and Shi, 1993, Xue,

1999; Li and Lu, 2000).

However, more efforts are needed to prevent the mixing of other crop residues with the

cornmint during harvest. Otherwise, the quality of the oil could be affected significantly,

depending on the crop that is intercropped with the cornmint or any other mint.

5.18.1 INTERCROPPING WITH BARLEY

The intercropping of cornmint with barley is mainly done in the Yanzhuo Region of Jiangsu

Province. Both crops are usually planted at the same time. The row width of barley is

expanded up to 23 cm; the distance between rows is about 100 cm where mint is planted

normally. Table 5.8 shows the effect of intercropping with barley on the yield and quality of

cornmint oil (Wang et al., 1992).

The cultivars of barley chosen to intercrop with cornmint should be resistant to lodging and

semishort in plant height and mature earlier than monocropped barley cultivars. After the

barley is harvested, cultivation is performed to break the barley residues and kill the weeds in

the field. The cornmint plants adjacent to barley are topped and fertilized to promote rapid

growth so that they can occupy the space left after the barley has been harvested.

5.18.2 INTERCROPPING WITH RAPESEED

Intercropping of cornmint with rapeseed is widely followed in Jiangsu Province. The distance

between the rows of rapeseed is about 130 cm and should not be less than 80 cm from where the

cornmint is planted. The distance between the plants of rapeseed is about 25 cm. It is common

for cornmint plants that are planted adjacent to rapeseed to die during their early stages of

development. Therefore, the planting population of cornmint should be larger than that of a

nonintercropped field by about 15%. Rapeseed seedlings are usually raised in mid-September

and transplanted immediately after cornmint is planted. The rapeseed seedlings should reach

about 20 cm in height with at least six leaves before being transplanted no later than November

20 in most areas in Jiangsu Province. The cultivars of rapeseed chosen to intercrop with

cornmint should be resistant to lodging, compact in morphology, and should mature earlier

TABLE 5.8
The Effect of Intercropping Cornmint with Barley on the Yield and Quality

of the Oil

Intercropping Oil (kg=ha) Alcohol Content (%)

33 cm mint intercropping with 33 cm barley 91.20 82.06

66 cm mint intercropping with 33 cm barley 92.25 82.52

100 cm mint intercropping with 33 cm barley 91.95 82.47

133 cm mint intercropping with 33 cm barley 91.95 83.84

Mint without intercropping (control) 92.25 84.89
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than monocropped rapeseed cultivars. After rapeseed is harvested, cornmint plants are topped

and fertilized to promote rapid growth. It has been reported that the yield of cornmint oil,

rapeseed, and corn can reach up to 180 to 225 kg=ha and 4500 to 7500 kg=ha, respectively,

when intercropped with rape and corn (Li and Liu, 2000; Xue, 1999).

5.18.3 INTERCROPPING WITH BROAD BEAN

The hectarage of cornmint intercropped with broad bean is the second largest after its

intercropping with rapeseed in China. Since broad bean plants are large and shade cornmint

plants more than either barley or rapeseed does, the cultural practice is very critical to achieve

a high oil yield and good quality of oil. First, the cultivars of broad bean chosen for

intercropping with cornmint should be resistant to lodging and drought, compact in morph-

ology, and mature earlier than monocropped broad-bean cultivars. Second, broad bean

should be planted ahead of cornmint in mid-October in Jiangsu Province, and the distance

between rows of broad bean should be 140 to 160 cm. Third, broad bean plants need to be

physically supported and controlled to prevent overgrowing on the top of cornmint plants

during their later developmental stages. Finally, the cornmint plants need to be topped and

fertilized appropriately after broad bean is harvested.

5.18.4 INTERCROPPING WITH VEGETABLES

Intercropping of cornmint with vegetables is a common practice, especially in areas near the

cities in China. The vegetables commonly intercropped with cornmint or spearmint include

vegetables with a short life cycle such as spinach and crown daisy. Cornmint is usually planted

first under conventional cultural practices but the planting populations should be larger than

that of a nonintercropped field by 20%. The seeds or seedlings of vegetables are planted later

with a lower density than a nonintercropped vegetable field. In some areas, mints are also

intercropped with vegetables that have a medium-length life cycle, such as leaf mustard,

potherb mustard, and asparagus. These vegetables are usually harvested from the end of

March to the middle of April in the Jiangsu Province. Therefore, they generally do not affect

the growth of the mint plants. In addition, mints are also intercropped with vegetables that

have a long life cycle such as peas. In this case, the distance between the rows of peas is about

150 cm. After peas are harvested around the end of May, the mint plants are topped and

fertilized appropriately. Since most of the vegetable fields are covered and fertilized during

winter, cornmint plants usually grow well when intercropped with vegetables.

5.18.5 INTERCROPPING WITH SESAME

In some areas, the second cornmint crop is intercropped with sesame. Because sesame is very

sensitive to soil pH, only fields with a sandy loam and=or silt loam should be used for

intercropping with sesame. The cultivars of sesame chosen for intercropping with cornmint

should have narrow leaves and few branches. Sesame seedlings are raised separately and

transplanted to the field after the first crop is harvested. The distance between the rows of

sesame is about 140 cm and that between plants is about 20 cm.

5.18.6 INTERCROPPING WITH OTHER CROPS

In some areas of China, cornmint is intercropped with corn. Since corn is a tall plant with a

longer life cycle than other crops described earlier, cornmint plants grow poorly and lose

more leaves due to reduced light intensity. Therefore, both the oil yield and the quality of the

oil are low when intercropped with corn. In some areas, cornmint is also intercropped with
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onion, garlic, or cotton. However, the quality of mint oil is usually affected by either the

mixing of onion and garlic plants with the cornmint during harvest or by the pesticides

applied to the cotton.

5.19 CROP ROTATION

Irrespective of whether cornmint is planted as a monoculture or intercropped with other

plants, rotation is required to control the pests, weeds, and disease and use the nutrients in the

field efficiently. The data in Table 5.9 show the effects of crop rotation on the yield and

quality of mint oil (Wang et al., 1992).

In the areas with two crops per year, the crops for the first year are mainly wheat, barley,

broad bean, or rapeseed for the summer and cotton, rice, corn, jute, soybean, peanut, or sweet

potato for the autumn.

The crops for the second year are cornmint for the summer and cornmint or rice for the

autumn. In areas with five crops in 2 years, the crops for the first year are (a) barley, broad

bean, or rapeseed, (b) corn or rice, and (c) carrot or sweet potato. The crops for the second,

year are cornmint for the summer and cornmint or rice for the autumn.

5.20 MINT OIL PRODUCTION

Cornmint distillation is usually performed by the growers themselves using a steam and water

system con structed of mild steel (Figur e 5.1 an d Figure 5.2). Oil produ ced by the grow ers is

stored in 1-kg, 5-kg, and 10-kg containers (Watts, 1997). The growers have the option of storing

or selling their oils depending on supply and demand and the current market process for crude

oil. If they decide to sell their oil, they can either sell it to (a) small dealers who collect the oil in

100-kg containers or (b) large dealers who have collection stations. At one time the oil was sold

to state-owned co-operatives who functioned like large dealers (Watts, 1997).

TABLE 5.9
The Effects of Crop Rotation on the Yield and Quality of Cornmint Oil

Oil (kg=ha) Alcohol Content (%)

Year Cultivar Crop Rotation

First

Harvest

Second

Harvest

First

Harvest

Second

Harvest

1984 2 years of mint 110.25 47.25 81.7 85.1

Haixuan Corn, then mint rotation 118.50 51.75 83.6 86.4

Cotton, then mint rotation 118.50 54.00 83.6 86.3

Mint 73–8 2 years of mint 109.50 49.50 76.1 81.8

Corn, then mint rotation 126.75 62.25 77.3 82.9

Cotton, then mint rotation 126.75 63.00 77.8 83.1

1985 2 years of mint 89.25 27.75 80.8 84.3

Hiaxuan Corn, then mint rotation 95.25 45.75 82.8 86.4

Cotton, then mint rotation 96.75 44.25 83.1 87.3

2 years of mint 87.00 36.75 76.4 80.3

Mint 73–8 Corn, then mint rotation 95.25 48.00 77.9 83.6

Cotton, then mint rotation 93.00 50.25 78.1 83.8
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The ann ual cornmi nt oil producti on over the last decade in China is shown in Table 5.10. It

can be seen from these data that the amount of oil available for menthol isolation fluctuates,

has decreased, and now stabilized. The reason for this decrease is the increased production of

oil in India. That Indian oil is offered at a lower price than Chinese oil has directly affected

production levels. Watts (1997) estimated that to satisfy the domestic or internal demand for

menthol ca. 3000 metric tonnes of crude oil are required. The use of mints, mint oils, and

menthol in China has expanded to a variety of products including toothpaste, chewing gum,

FIGURE 5.1 A battery of cornmint distillation units in Anhui Province.

FIGURE 5.2 A single distillation unit in Anhui Province showing the condenser tank which houses a

spiral tube condenser and receiver.
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candy, synthetic drugs, and cigarettes. Recently mints have also been cultivated as a specialty

vegetable crop for use in Chinese salads (Zhao, 2000).
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6.1 INTRODUCTION

Distillation with steam can recover volatile oils from several species in the Mentha genus.

Because these oils are the products of distillation, they are by definition essences and are

called ‘‘essential oils.’’ The four species indicated here are those that yield the oils of most

interest to commerce. Although the oils are different, the plants are rather similar:

Mentha piperita: peppermint: About 75% of the oil is a mixture of menthol and menthone

in proportions of about 2:1 or 3:1, respectively.

Mentha canadensis: cornmint, or Japanese mint: This oil is the best source of natural

menthol (ca. 70%).

Mentha spicata and Mentha gracilis: Native and Scotch spearmint: The oils comprise ca.

66% carvone.

Mentha pulegium: The European pennyroyal: The oil consists of up to 90% pulegone.

The characteristics of the principal components of these oils, which are important for

distillation, fall within very narrow ranges. Under normal atmospheric pressure, they all

boil with water at temperatures between 99.48C and 99.68C, and their calculated latent
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heats of vaporization are all between 85.3 and 88.0 cal=g. They are classified as ‘‘superficial’’

oils because they are entirely secreted on the surface of the leaves. The tiny blister-like oil

glands (trichomes) are easily seen with a low-power magnifier. The leaves themselves are also

fairly similar. Cornmint and some strains of the pennyroyal possess hairs, but it is doubtful if

this is enough to give them naturally absorptive surfaces. The leaves of each of the Mentha

species should be treated as relatively glabrous when fresh, but they can be given slightly

absorptive surfaces for distillation by prior wilting in the sun. Any significant amount of

pubescence on the leaf surfaces would only reduce the amount of wilting required.

Mint distillation proceeds in the manner that is typical of plants that yield moderately

volatile superficial oils from slightly absorptive herb surfaces. Within that generic group,

differences among the herb surfaces or the oils themselves will, in theory, vary the course of

distillation. However, as we have just seen, the differences these four mint herbs have are far

too small to affect their recovery in any way that could be detected in the field. Therefore, it

follows that if the factors that govern the distillation of any one of these oils can be mastered,

then an adequate understanding for the other oils will be obtained.

The distillation process is very ancient and was in widespread use long before there was any

knowledge of the natural laws that govern either the stills or the ancillary equipment. Over

the years, especially in the United States, great practical improvements have been made on the

relatively primitive methods inherited from Europe. These improvements may not have been

the ultimate possible, but they workedmuch better than inherited primitive distillation processes.

Most of these advances were achieved by intelligent operators in the field during the time

that their scientific advisors still believed any exposed mint oil must automatically vaporize to

saturate the steam in the still. Some of the effects of this and other mistaken beliefs are still

with us. However, it is now possible to point out the rules of physical chemistry to which these

distillations must conform.

The basic distilling operation is deceptively simple. A charge of oil-bearing herb at ambient

day temperature is loaded into a large vat, which we call the ‘‘still.’’ Where appropriate, the

plant material is tramped down firmly and evenly, with particular attention to ensuring that it

is packed tightly against the still wall. Using steam to soften the plant material so that more

can be pressed into each charge is not always advantageous. The yield of oil per metric tonne

of herbage is usually reduced, and each charge spends so much longer in the still that the daily

production rate declines. Where the mint is chopped to about 5 cm lengths and blown into a

trailer (tub) still that is a little wider at the top than at the bottom, the herbage tends to settle

and pack automatically during travel and when it shrinks under the influence of steam.

When the still is filled, it is closed with a steam-tight lid that often carries the outlet pipe.

A flow of steam is introduced at the bottom of the still so that it percolates upward through

the charge. Starting at the bottom, the steam condenses on the herb surfaces, and, surrender-

ing its latent heat, raises successive layers to boiling point. When the boiling temperature

reaches the top of the still, the moving steam will cause any oil that is exposed on the herb

surface to start to vaporize. The oncoming steam will then drive a mixture of oil and water

vapors off the top of the charge, and from there it is led through a condenser. When they are

reduced back to the liquid state, the oil and water are immiscible and separate spontaneously

according to their densities.

Our key phrase is ‘‘steam will cause oils to vaporize,’’ because only oil that is actively

vaporized inside the still will be recovered from the herb. Therefore, distillers need to

understand the factors that promote this vaporization as well as those that hinder it.

The United States is the largest producer of peppermint and spearmint oil, while India and

to a lesser extent China are the largest producers of cornmint oil. Most of the farms in the

United States are large, with mint fields extensive enough for mechanization to exploit

the economics of scale and offset the high cost of labor.

186 Mint: The Genus Mentha



6.2 A HISTORICAL AND CURRENT PERSPECTIVE

Pennyroyal oil, which is produced in Spain and Morocco, is not a cultivated plant. It is

collected from its natural habitat and is distilled in a direct-fired crude field still, as it has

always been for the last 75 years. The type of field still that is used today can be seen in

Figure 6.1. All other commercial mint oils are distilled from cultivated crops. Before discuss-

ing the theories and practices of modern-day field distillation of the other mints, it is of

interest to review the progress of distillation technology that has taken place in the United

States over the past 150 years. In 1850, Van Slyck described that mint distillation was

performed using a fixed direct-fired copper kettle (still), in which the herbage was water-

distilled (hydrodistilled) and condensed using a drip-type metal worm condenser (Van Slyck,

1850). Todd (1886, 1904) described the replacement of the copper kettle with round wooden

vats made from pine or whitewood staves held together with hooped iron bands like a wooden

barrel. In addition, the hydrodistillation process used previously was replaced with steam

distillation using a fuel-fired satellite boiler. Landing (1969) noted that in Michigan in the

1890s, the round condenser tank was gradually replaced by a rectangular condenser tank

within which the condenser pipe was housed. Over the next 30 years, numerous changes were

made to the distillery equipment, such as the replacement of wooden vats with galvanized

steel, the use of pulley systems to discharge the stills, multitubular condensers submerged in a

tank of water either horizontally (mostly) or occasionally vertically, and the improvement of

steam-generating boilers (Landing, 1969).

It is interesting to note that during the alcohol prohibition era of the United States (1920 to

1933), all mint stills required both state and federal permits and were regularly inspected by

the Internal Revenue Service.

Trailer-mounted portable metal tanks that could be inserted into the distilling tubs,

introduced in the 1920s and 1930s, were the forerunners of the fully portable trailer-mounted

distilling tubs that came into use in the 1940s (Landing, 1969). This concept allowed the

farmer to take the distilling tub into the field and fill it with the dried mint herbage. Children

of the farmer were usually employed to climb into the distillation tub and pack down the

FIGURE 6.1 Typical direct-fired field still used for production of pennyroyal oil in Spain.
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herbage by jumping up and down on it to tramp it down to prevent the formation of channels

that would allow steam to escape during distillation.

The early distillation tubs were round. In fact, some of the round tubs were still in use in the

early 1960s (Green, 1963). Most tubs, which were made of galvanized steel, varied in size from

6 to 9 ft (1.83 to 2.74 m) with a 6 to 7 ft (1.83 to 2.13 m) diameter (Sievers, 1952). The rims of

some tubs were flattened so that a flat top could be clamped onto the tub by concentric

clamps (C-clamps), under which a flat strip of composite material was fixed to the flattened

rim to act as a gasket to prevent any steam escape when the top was clamped shut. Other tubs

had a trough about 5 in. (12.7 cm) wide and 10 in. (25.4 cm) deep mounted on the rim, and the

still top or cover had a turned-down edge that fitted the trough. Once the trough was filled

with water, the top did not need to be clamped as the water seal was sufficient to prevent

steam loss. The outlet for the steam and oil vapors was through a pipe that was mounted

onto the side of the tub just below the top. The outlet diameter was several times greater than

the steam inlet pipe to prevent pressure buildup in the tub. This outlet tube was connected

to the condenser; however, most connections used the same water seal system as that used

in the tub covers. Steam was introduced into the charged tub from a satellite boiler via a

1.5-in. (3-cm) pipe that was connected just above the base of the tub. The condenser

systems used were varied including the old drip-type worm condensers in which the con-

denser was not inside a tank but was exposed, and water was dripped onto it from a trough

above. Other condensers that were mounted inside a tank of water were horizontal tubes

connected with hairpin bends to fit within the tank, coiled tube condensers, and even tubular

condensers, although these latter condensers were not as popular because they were too

expensive for most distillers. The mint oil receiving or separating cans were based on the

design by Hughes (1952) who pioneered a lot of the practice of mint oil distillation.

By the 1960s, the complete mint distillation as designed and tested by Hughes was manu-

factured for sale by the Cobb manufacturing company (Jefferson, Oregon), a company that

is no longer in business.
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FIGURE 6.2 A schematic representation of the complete distillation system including a redistillery as

manufactured by Cobb Manufacturing, Inc.
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A flow diagram of the equipment, including a redistillation system to isolate any oil that

had dissolved in the condensate water, can be seen in Figure 6.2. Also, the vertical condenser

and the receiving can that were used at that time can be seen in Figure 6.3. These tubs were

generally permanent fixtures on a trailer (as shown in Figure 6.2) that are either pulled by

tractor or other farm vehicles or they are mounted on a flatbed truck.

Over the past 50 years, the portable tubs (trailer stills) were fitted with an array of sparge

tubes containing evenly distributed holes. These sparge tubes were arranged in parallel to the

long dimension of the tub along the floor (bottom) of the tub connected at right angles to a

common manifold header pipe across the front end of the floor. This header pipe was

connected to a steam inlet fitted with a pressure gauge that juts out generally from the

outside of the back of the tub. In the 1950s and 1960s, most tubs used were open at the top.

The mint was and still is harvested using a reel or swather harvester, which lays down a

windrow. After the windrow of mint herbage was left to wilt and dry in the field with

a reduction of moisture by a minimum of 75%, it was and still is mechanically picked up

by a silage chopper and transferred directly into the tub or trailer stills of 2 to 8 metric tonnes

capacity. More recently, tubs have been designed with permanent tops so that the chopped

mint herbage is blown from the silage chopper through a throat directly in it. The tubs with

tops have been designed such that they are slightly wider at the top than the bottom so that

the herbage will pack down when it is transported across the field as it receives more herbage.

The tubs are transported either on a trailer or on a flatbed truck at the distillery. Once the

FIGURE 6.3 Vertical condenser of 51⁄2 ft (1.68 m) height and 28 in. (71 cm) diameter fitted with a large

built-in vent to prevent pressure buildup, designed for use with an automatic water control valve and

mint oil separator (receiving can) used in the 1960s.
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tub is taken to the distillery, the throat door is clamped shut and the outlet pipe is connected

to the condenser by a flexible pipe, the steam inlet from the satellite boiler is connected and the

steam is turned on. This allows distillation to proceed without any further handling of the

herbage. The two popular condensers used are (a) a continuous series of pipes of decreasing

diameter with hairpin bends in a horizontal tank or (b) a vertical tank containing a

spiral condensing tube of fixed diameter (Lacy et al., 1981). Once the first drops of conden-

sate appear in the receiver, the steam pressure is reduced depending upon the size of the

distillation charge and the wetness or dryness of the chopped herbage. Lacy et al. (1981)

recommended that for optimum oil production, the condenser water should be maintained

between 33 8C and 368C for spearmint (both Native and Scotch) and between 42 8C and 46 8C
for peppermint.

Examples of the style of tubs (trailer stills) that have been used in the United States over the

years can be seen in Figure 6.4. One entrepreneur rents flatbed trucks on which open top

rectangular tubs are welded to them for the distillation season. Once the season is over, he

cuts off the weld and returns the trucks, thereby saving the costs of ownership of reliable flat-

bed trucks. Another entrepreneur has built his distillery very close to a large power plant so

that he can purchase bleed steam at a rate lower than that for producing it from boilers. The

largest distilleries in the United States can be found in the Columbia River basin (Oregon)

and near Yakima (Washington). At these two distilleries, there are 28 bays for mint distillation.

The most modern distillery can be found in Alberta (Canada). This distillery is under

complete computer control with load cells and sensors on all equipment so that the economics

of each distillation can be controlled. As a result, if the production of oil costs more than the

value of the oil that is produced, the distillation of a specific tub automatically shuts down.

In many areas in the United States, the distillate water cannot be returned either to a river

or as ground water unless the soluble volatiles have been removed from it. This is achieved by

redistilling the distillate water prior to discarding it. Examples of two redistillation systems

can be seen in Figure 6.5. Finally, the manufacturers of distillation equipment have developed

a mobile distillery complete with boiler, condenser, receiving can, and connectors to the tub—

all on a flatbed truck trailer as can be seen in Figure 6.6.

The harvest of cornmint in India and China is done by hand using a serrated edge sickle.

Once harvested the herbage is left in the field to air-dry in the sun, after which it is collected and

transported to the fixed field still in India by a variety of modes of transport including a tractor

pulling a trailer, bullock cart, rickshaw, human-pulled trailer, or even balanced on a bicycle.

The herbage is further air-dried with regular turning near the still before distillation. The stills

used in India are basically of three types: (a) a field still, (b) a modified field still, or (c) a

commercial still. Descriptions of these three stills can be seen in Chapter 4. The Central

Institute of Medicinal and Aromatic Plants (CIMAP) has designed a new field still, a portable

version of which they are taking to the rural areas to educate the distiller=growers on a more

efficient process (Figure 6.7). As yet, no data has been reported on this distillation system

although it is fitted with a vertical tube condenser. The receiver or collector (oil separator)

generally used with the field still is a modified milk can as can be seen in Figure 6.8. This is

highly inefficient as there is not enough cross-sectional area to slow down the distillate flow and

give the small oil particles time to separate. In India, CIMAP has adopted an oil separator that

is fitted with a funnel-shaped inlet pipe, which is J-shaped, inside the separator to direct the inlet

water oil distillate upward, and a baffle plate welded to the base of the separator to isolate the

water outlet from the inlet water =oil mixture (Figure 6.9) (Kahol et al., 1999). Although this

upward pointing ‘‘J’’ at the end of the inlet pipe appears instinctively to be efficient, it is

counterproductive because the effect of turbulence has not been taken into consideration.

In most areas, the capital cost for a satellite boiler is beyond the reach of most small

growers or distillers. A steam generation system has been designed to overcome this problem

190 Mint: The Genus Mentha



(Nijjar, 1991, 1993). This system, which is known as ‘‘Clandria’’ or ‘‘Calandria,’’ is a rectangu-

lar steam generator specifically designed to fit under the cylindrical field stills. With this design,

Nijjar has greatly increased the heat exchange area by substituting very deep corrugations

for the earlier flat plate bottom of the cylinder and arranging for the flue gases to make a

FIGURE 6.4 Examples of the tub (trailer still) designs that have been used in the United States over

the years.

continued
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triple pass in contact with the heat exchange area. This might be further developed if the

corrugations were accompanied or even replaced by ‘‘Babcock’’ tubes. These are just pipes

with a long arm and a short arm with respect to their lowest point and they induce rapid

circulation of the water in the kettle. This would take advantage of the fact that the rate of

heat exchange depends on a function of the speed with which the water and hot gases pass

each other.

Field distillation in China is even more primitive than that used in India even though it is a

fixed direct-fired cylindrical system. Because labor is cheap in China as it is in India, all mint

FIGURE 6.4 (continued)
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harvesting is also done by hand and the cut herbage is transferred to the still on a cart. The

dried herbage is added to the still by hand and tramped down before the goosenecked top is

put on. The exit pipe from the gooseneck is connected to the unusual condenser, which is

shown in Figure 6.8. The condenser is immersed in a tank of water with the exit pipe

protruding through the side of the tank. The tank is sealed where the exit tube protrudes to

prevent water loss from the tank. The condenser system is unique because the water or oil

FIGURE 6.4 (continued)
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vapors run into the mouth of the condenser that is piped into the body of the condenser,

which is itself surrounded by water (Figure 6.10). The water or oil condensate is then

separated using the receiver collector as shown in Figure 6.10. Although the still is very

primitive, the fact that the load of herbage in the still is less than 200 kg (stills are ca. one-third

the size of Indian field stills) means that the distillation time is relatively short when compared

with that in India. Nevertheless, distillation is very slow and oil recovery is incomplete in both

China and India. In India, it takes about 8 h to distill 500 to 700 kg of herbage to get 14 to

18 kg of cornmint oil.

FIGURE 6.4 (continued)

194 Mint: The Genus Mentha



FIGURE 6.5 Two examples of distillate water redistillation systems. The one on the left designed by Cobb manufacturing and the

one on the right by Newhouse Manufacturing, Inc.
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6.3 THE THEORY OF STEAM DISTILLATION

6.3.1 THE PROPERTIES OF VAPORS

All vapors contain more energy than their parent liquids. To turn a liquid into a vapor, energy

must be applied to it in the form of heat. The actual amount of heat required to vaporize a

unit mass of liquid, without raising the temperature of the vapor above that of the liquid, is a

precise characteristic of each individual compound and is called its ‘‘latent heat of vaporiza-

tion.’’ If a vapor is condensed back to liquid, the energy of the molecules is reduced and the

characteristic quantity of latent heat is given out.

FIGURE 6.6 Example of mobile distillery designed by Newhouse Manufacturing, Inc.
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Every liquid emits moving vapor molecules from its surface. If the vapor space were closed,

the moving molecules would impinge on the enclosing walls and exert a pressure on them,

which increases with rising temperature. At each temperature, the magnitude of this so-called

vapor pressure, which is exerted by a dry ‘‘saturated’’ vapor that is still in contact with its

liquid, is another precise characteristic of the particular compound. When continuous heat is

applied to a liquid, its temperature will rise only until its vapor pressure becomes equal to the

surrounding pressure, whatever that may be. Further heat will merely create more vapor. The

liquid is then said to ‘‘boil’’ and the temperature at which this occurs is its ‘‘boiling point’’

under the prevailing pressure. If two immiscible liquids contribute molecules to the same

vapor space, the mixture will boil when the temperature reaches the point at which the sum of

the two individual vapor pressures becomes equal to the ambient pressure.

Mint stills work under virtual atmospheric pressure, the average of which at sea level is

taken as equal to that at the foot of a column of mercury 760 mm tall. This is written as 760

mm Hg or 1-atm abs, in which ‘‘abs’’ stands for absolute. At about 99.68C, water (steam)

exerts 749 mm Hg of vapor pressure and menthol exerts 11 mm Hg. Therefore, this mixture

exerts a vapor pressure of 11þ 749¼ 760 mm Hg at a temperature close to 99.68C and will

boil away at that temperature under normal atmospheric pressure. On its own, menthol boils

at 2128C and tends to decompose. But in the presence of steam, menthol, and all other

essential oil components, can be boiled away from the herb’s surface at temperatures that are

slightly below the boiling point of pure water.

Steam distillation for recovering herbaceous oils depends on bringing oil and water into

contact at a temperature very close to the boiling point of water. Then the addition of a small

amount of vapor pressure from the oil will make the total pressure of the mixture equal to the

surrounding pressure. The oil and water mixture must then boil away from the surface of the

herb at whatever rate the latent heat to support this vaporization can be applied to it. The way

heat is applied to vaporize the oil needs special study. Understanding this factor makes the

difference between an efficient operation and a bad one.

FIGURE 6.7 Newly designed field still by CIMAP.

The Distillation of Mint Oils: History, Current Theory, and Practice 197



6.3.2 THE TRANSFERENCE OF HEAT

At the start of the process, when steam first contacts the oil glands of the mint, they burst and

form numerous patches of homogeneous oil on the herb surface. At the perimeter of each

virtually circular oil patch, there is an oil–water interface in which oil is in contact with water

from the steam that condensed on the herb to raise its temperature. At the point of oil

evaporation, where it is in contact with water on the leaf, its vapor is saturated and exerting

FIGURE 6.8 The converted milk can receiver (oil separator) used in India.
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its maximum vapor pressure. Then, the pressure and temperature required of the steam

component are the lowest, which will give a boiling mixture of the two liquids under the

prevailing pressure. When the oil vapor is subsequently dispersed through the steam in the

general vapor space, it is diluted and exerts a smaller proportion of the pressure in the still.

The steam must then remain at whatever higher temperature that enables it to exert the

remainder of the ambient pressure.

This vapor pressure distribution in each microsystem ensures that the steam in the general

vapor space will always be at a slightly higher temperature than that at which oil and water

boil together on the surface of the herb. This creates a temperature gradient without which the

process could not work. It is the only factor that leads steam to condense and surrender its

latent heat into water surfaces that are in close contact with oil at the interface, and the

temperature difference transfers this heat from the water to the oil. This is the only source of

latent heat for the oil. Therefore, it can be vaporized only from these surface patch perimeters,

because steam cannot condense into the homogeneous oil surfaces with which it is immiscible.

But water is a very poor conductor of heat and the distance across which the vaporizing oil

can attract its latent heat is very short indeed. If the interface were just a thin circular line of

contact round the oil patch, the area into which steam could usefully condense would be

insignificant and very little oil would vaporize.

However, if the herb surface is even slightly absorptive, oil and water will intermingle at the

interface by capillary action (Figure 6.11). This vastly enlarges the target area into which

steam can usefully condense and ensures that the maximum amount of steam will be

continually giving up heat to vaporize the oil. Then the surface patch shrinks rapidly as the

oil is boiled away from its circumference, and the time taken by a given flow of steam to

reduce the radii of the surface oil patches to nil is the ‘‘isolation time’’ for the oil.

Oil / water mixture

Oil outlet

Baffle

Water
outlet

FIGURE 6.9 Modified oil separator designed by CIMAP.
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FIGURE 6.10 Unusual condenser system and commonly used receiving can (oil separator) used in

cornmint oil distillation in China.
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Of course, the water on the herb surface must be the right amount to promote the

heterogeneous mixture at the interface. The original water that condensed to heat the charge

does not follow up the receding perimeters of oil, and the water that condenses to vaporize the oil,

replaces less than one-fifth of the fluid mass that it removes. Water from another source must be

provided to bridge the widening gap between oil and water on the surface of the herb.

Otherwise, the vital mixing of the liquids at the interface will be much reduced and the

proportion of oil in the distillate will suffer a very serious and premature decline. On

the other hand, since this intermingling of oil and water depends on capillary action, it is

critical to ensure that there is never enough water present to flood the herb surfaces and

overwhelm their absorptive capacity. This is even more injurious to the proportion of oil in

the distillate. It also reduces the amount of oil that will be recovered.

Fresh unwilted mint cannot be steam distilled for its oil. All leaf surfaces become flooded

by moisture from the plant cells that collapse in the presence of steam. There is no absorptive

capacity left to make oil and water intermingle at the perimeters of the surface oil patches.

There is relatively little transference of heat, and very little oil is vaporized. At the same time,

excess moisture drips from one herb layer to the next carrying oil to the bottom of the still.

This is why the cut herb is left wilting in the sun to lose cell moisture and create that slightly

absorptive surface on which all transference of heat from the steam to the oil depends. This

drying should be carried to the point at which the leaves are just short of turning brittle and

liable to shatter during further handling. Ideally, the moisture content should be reduced to

about 25% of the herb’s remaining weight.

The happy medium between too much and too little water on the herb surfaces does not

normally occur in nature, so the distiller must create it by a suitable preparation of the herb

and adjusting the moisture content of the steam.

6.3.3 MATCHING THE STEAM TO THE HERB

Steam from ordinary commercial boilers consists of about 97% of dry saturated vapor and

about 3% by weight of liquid water particles in the form of cloud. Some of these cloud

particles can lodge on herb surfaces inside the still and help to bridge the widening

gap between oil and water at the interface. But if the steam is generated by a kettle in the

FIGURE 6.10 (continued)
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FIGURE 6.11 (See color plate following page 398.) Oil and water on an absorptive surface. (a) Drops of

oil and water on absorptive paper (water that is not oil soluble is dyed red). (b) The spreading areas of oil

and water meet and intermingle. (c) The intermingling of oil and water at the interface.
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bottom of the still itself, this ‘‘Wetness fraction’’ is much larger and the wetter steam

can deposit much more water on the herb; it may even be too much unless the mint her-

bage is very dry. Alternatively, steam from a satellite boiler can be injected into water in the

bottom of any suitable fixed still to get the same effect, and in both these cases care will

have to be taken to support the herb on a perforated grid above the reach of splashes from the

boiling water.

If the steam is generated at a high temperature under significant gauge pressure in

a satellite boiler, and expands to virtual atmospheric pressure at 1008C on entering a still,

the surplus heat that is given out can vaporize some or all of the normal wetness fraction

of the steam. Then the relatively dry steam will deposit little or no water on the herb. Further,

if the equipment is well insulated against heat loss, the steam produced by a good boiler

can even be made to take up a little surplus moisture from the herb surface. The actual

amount will vary directly with the extent to which the generating pressure exceeds about

300 kPa. This is relevant if the mint carries more natural moisture than usual due, perhaps,

to unfavorable weather hindering the wilting.

The satellite boiler offers the greatest variation in the moisture content of the steam

and it is the only means of steaming trailer stills (tubs). For smaller charge weights

processed in a fixed or stationary still, a well-designed undercharge kettle involves smaller

capital outlay and will give excellent results with herbage that has been well wilted in

the sun.

In practice, the amount of moisture remaining in the herb when it has to be picked up for

distilling is dependent on the weather and this may cause difficulties in judging whether the

steam should be generated under higher pressure and allowed to dry out more as it expands,

or whether it should be passed through or over water to increase its wetness fraction.

Unfortunately, experience derived from trial and error is the only guide to each individual

distiller’s best normal practice, as well as to the nature and extent of variations to suit herb

abnormally affected by the weather. The distillate ratio of water passed per liter of oil in

recovering a normal yield from the herb can show when the moisture content of the steam is

matching the limited absorptive capacity of the leaf surfaces. If the herb has been suitably

wilted and the wetness fraction of the steam is adjusted to the absorptive capacity of the

herbage, efficient distillations should need to pass no more than 25 L of condensed water for

each liter of oil recovered, a ‘‘distillate ratio’’ of 25:1 v=v. Failure to achieve this ratio is

usually due to a corresponding failure to match the wetness fraction of the steam to the

absorptive capacity of the herb surface.

In the early trailer stills (tubs), the steam was distributed from holes in an array of sparge

pipes, parallel with the long dimension of the trailer and connected at right angles to a

common header pipe across the front end of the floor. The herb was loaded directly onto

the trailer floor along which the sparge pipes lay. In those circumstances, if the steam supply is

not sufficient to maintain a gauge pressure of about 1 atm in the header pipe, the herb at the

end of the trailer furthest from the header may receive a significantly greater flow of steam

and finish distillation before the end nearest to it. Steam is then wasted at that end while the

herb at the header end is finishing. Some amelioration might be made by graduating size of

the holes in the sparge pipes with the largest diameters toward the header end (not the other

way round). A better solution is to have the herb carried on a perforated false floor 150 mm

above the trailer bottom. This creates a pressure-equalizing chamber. It ensures the even

distribution of the steam. For a flow of at least 2 L of distillate per minute per square meter of

charge top cross-sectional area, the pressure needed under the herb is equal to or less than

5 kPa� 0.7 psi.
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Where several trailers are steamed at the same time, it may be necessary to generate the

steam under fairly high pressure to maintain the 1 atm of gauge pressure in the header pipes,

which is necessary to achieve an adequate and reasonably even flow of steam up through

the whole charge. When this steam expands, it is too dry to sustain the full potential

heterogeneous mixture of oil and water at the interfaces. The oil perimeters soon retreat from

the stationary surface water. Heat transference is then minimal and the rate of evaporation of

the oil is greatly reduced. Overall distillate ratios in excess of 50:1 are quite common. In one

example, in which the steam had to be generated under 7.8 atm of gauge pressure (115 psi),

the ratio achieved was 70:1 v =v. Where the steam is as dry as this, the herb may be picked up a

little sooner so that it retains just a little more moisture than when dry (about 25% moisture).

When heat wave conditions make the mint hay very dry, the theoretical solution would be

to expand the high-pressure steam through or over water on its way to the still or in the

pressure-equalizing space beneath the charge.

The problem of steam that is generated under high pressure becoming too dry to support

efficient transference of heat can be avoided by using low-pressure steam with the pressure-

equalizing chamber under the false floor, provided both the outlet from the boiler and the

diameter of the piping permit the transmission of enough low-pressure steam. If the steam

generating pressure is only about 3-atm gauge, some condensation on uninsulated trailer

walls may run to the bottom of the still and impart enough moisture to slightly dry steam.

With well-wilted herb, the associated loss of oil is negligible.

With stationary cylinder stills, when the steam is generated in the bottom of the still

itself, it will never be too dry. If the herb has been suitably wilted, this wet steam will

usually return richer distillates than ‘‘direct’’ steam from medium- or high-pressure

boilers. However, it can be too wet if bad weather has hindered the drying of the herb.

A poor distillate ratio reveals wasteful use of steam when enough imported cloud

particles are combining with moisture from collapsing aqueous plant cells to flood the

leaf surfaces and cause an indifferent transference of heat. This condition also leads to

the creation of a reflux flow, which reduces yield by carrying some oil to the bottom of the

still. Unless suitably expanded, direct steam can be injected into a dry space beneath

the charge of herb, instead of using the undercharge kettle; there is little that can be done

to get better results from simple cylindrical stills when weather prevents adequate wilting

of the mint. Boiling rates of 3 kg of steam or more per minute, per square meter of still

top cross-sectional area, may help to reduce the reflux flow, but are unlikely to prevent

it completely.

All mint distillations are particularly subject to the hydrophilic effect. Cloud particles that

are carried by the steam strike the surfaces of the oil patches and roll up coatings of the

oxygenated components of the oil. These coated particles are far too small to be caught by

any normal separator. Any which fail to lodge on surfaces higher up the charge and which

escape from the still in the liquid state will be lost in the discarded distillate water. With

normal steam and ordinary stills, the loss of oil is proportional to the charge top cross-

sectional area, and independent of charge height. This loss becomes, therefore, a decreasing

proportion of the yield as stills get taller, and at about 200 mL=m2 of charge top cross-

sectional area, it is not an important proportion of the yield from stills of normal height.

However, it combines with other effects to cause very misleading results from test stills only 1
2

m tall or less. It is one of the reasons that such small steam stills are unsatisfactory for test

distillations. An inexpensive test still for determining a plant material’s characteristics for

distillation is shown in Figure 6.12. For getting only a sample of oil and a guide to the

potential yield of the herb, the Clevenger-type hydrodistillation apparatus is much to be

preferred on ground of both cost and reliability.
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FIGURE 6.12 Schematic representation of test still designed by Denny.
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6.3.4 THE STEAM SUPPLY

The mixture of oil and water vapors that rises from the liquids’ point of contact on the leaf is

at the same temperature as the oil’s liquid surface. Therefore, oil can vaporize only as fast as

this saturated mixed vapor can be removed from over the oil–water interface. Similarly, the

oil can vaporize only as fast as fresh steam can be delivered to replace that which has just

condensed and surrendered its latent heat to the oil. Evidently, both these factors depend on

the speed of the steam over the herb surfaces in terms of mass per unit time.

Provided other factors do not change, the time taken to isolate a surface-borne oil-like mint,

by reducing the radii of the surface oil patches to nil, is exactly inversely proportional to the rate

of displacement of the steam over the herb surfaces. The throughput of a mint distillery is

proportional to its steam generating capacity. If we double the boiling rate, we halve the time

each charge must occupy the still. If we double the diameter of a cylindrical still, without

altering the boiler, the recovery of a normal oil yield will take four times as long. (Note that this

does not apply to the distillation of oils that are not wholly borne on the surface of the herb.)

When the steam is supplied by an independent satellite boiler, there is no difficulty in

having a suitable rate of flow through the still. In the United States, a boiler power of 100 hp

commercial rating (1000 kW) is often allowed per trailer still (tub). If the boiler is in good

order, this can achieve a steam displacement of 3 kg=min=m2 for common trailers of about

8 m2 in top area. But this is not always compatible with the desired wetness fraction when the

steam has dried out on expanding as it enters the still.

In places where it is still believed that the herb has only to be immersed in steam for the oil

to vaporize automatically, it is only thought necessary to fill the trailer with steam from any

old boiler and the latter is often far too small. Until recently at least, this was frequently the

case in Australia. The rate of steam flow through the charge of herb is far too slow. Even if the

prolonged isolation time is acceptable, the loss of oil to reflux may not be. When satellite

boilers service cylindrical stills that have much smaller top areas than the trailers, this is less

likely to occur.

The problem is much more difficult in less developed situations in which a cylindrical still

is heated by a fire directly underneath it like the stills found in India and China and the

peasant stills that were common in Europe not so long ago. There is no way that a solid fuel

fire under the plain flat bottom of a cylinder can possibly give a boiling rate approaching

that required for efficient distillation. The very wet steam and the exceedingly slow rate of

steam displacement induce a serious refluxed loss of oil. As stated earlier, any directly fired

still must be equipped with Babcock tubes to have any chance of achieving an adequate flow

of steam.

6.3.5 THE STILLS AND BULK HANDLING SYSTEMS

One aspect of the mint oil distilling industry that is inclined to be overlooked is the cost of

getting the plant material, both to the distillery and away from it. The trailer stills (tubs) that

are universally used in the United States have provided an answer to these potential problems.

There will always be one or more extra processing places for trailers at the distillery so

that arrivals and departures can be handled without interrupting continuous distillation in

adjacent bays. This makes full use of the available steam supply. Then it is only necessary that

the delivery of fresh trailers and the removal of spent ones should synchronize with the rate of

processing at the distillery. Planners must consider not only how long it takes to load each

trailer, but also how far and fast they can travel without the risk of damage. Since ‘‘down

time’’ on maintenance will be greater with the harvesting machinery than at the distillery, it is

advisable to allow for the capacity of the harvester to be about one-and-a-half times that of
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the distillery. Then if harvesting gets too far ahead of processing, the field gang can be moved

to areas of lighter crop, or more distant fields. The trailers solve the problem of removing the

large bulk of spent material away from the distillery because they are usually fitted with

hydraulic hoists to simplify the tipping and emptying.

Today, there are several different systems for dealing with the cylindrical stills. The one

most likely to be used with mint is the simple traditional method in which loose herb is carted

to the distillery and packed into the stills by hand. The grid that supports the bottom of the

charge is equipped with wire ropes by which the spent charge can be hauled out of the still,

using a geared hoist on an overhead rail leading to the tipping point. For ease of handling, it is

advisable to have no more than 1-m depth of herb on a grid. Efficient usage of the steam and

reasonable control of the hydrophilic effect require charge heights approaching 2 m tall.

Therefore, a second coarser grid of crossed steel bars, with its own lifting ropes, should be put

in place when the still is half full. The exhausted herb charge is then handled in two

convenient halves. A small tractor with a front-end blade can push the spent herb from the

dropping point to the compost heap or the drying area if it is to be used as boiler fuel.

Other systems involve having mesh-bottomed bins filled by the harvester in the field or at

some filling station near the distillery. These bins are designed to be liners for the stills or even

to be the stills themselves. Filled units are always waiting to replace exhausted charges, and

they do it so quickly that the operation is virtually continuous. However, when the mint

industry in any locality develops to the point where it could adopt this degree of refinement,

the trailer stills are likely to be the best option. They provide an even more rapid changeover.

The flexible steam pipe has only to be transferred from the exhausted unit to the fresh one

standing by, and the steam valve reopened.

6.3.6 A NCILLARY EQUIPMENT —THE CONDENSER

The essential oil distillery condensers have gone through almost as much development as have

stills themselves. Three types are worth mentioning. The first of these is the traditional

descending spiral of a single, tapering pipe immersed in a tank of static or running water. It

can be made suitable for use with a small test still, but it is impractical to make it large enough

to handle the rates of distillate flow that are now known to be desirable even for stills as small

as 1 m2 in the top cross-sectional area.

The horizontal zig-zag ‘‘header’’ condenser was developed in the United States to handle

the distillate flows required for the trailer stills. They can always be built large enough to work

with any practical still, but they must occupy a great deal of space. They certainly solved a

problem, but the slow movement of the fluids in their very large volume gives them a few

disadvantages, which a well-designed multitube condenser does not share.

Most modernized essential oil distilleries should now use multitube condensers, but they

must be the single-pass and not the hairpin type (Figure 6.13). The vapor flow is distributed

among a number of parallel stainless steel tubes, which have a relatively small volume of

coolant water flowing rapidly past them. At the start of each distillation, they release air

without inducing an unacceptable backpressure under the still lid. For each unit of heat

exchange area, they are at least five times more economic and efficient in their use of cooling

water than even the spiral coil type. Large, or very small adjustments of the rate of coolant flow

will give immediate corrections to the condensate delivery temperature and this can be

thermostatically controlled. They are very compact and easy to install. For example, a unit

to serve a trailer still of 8 m2 top area, passing 2 L of distillate per square meter per minute, is

only 2.5 m (8 ft 3 in.) long and 380 mm (15 in.) in diameter. For changing from one oil to

another, the tubes can be cleaned in the same way as the barrels of a shotgun. Other

condensers do not have these advantages.
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There has been some reluctance to adopt these single-pass multitube condensers because

it was originally believed that they had to be installed in the vertical position, which was

hard to arrange. In fact, the difference in their performance between upright and near

horizontal positions is almost negligible. Many conservative operators, having known the

difficulties in using the coil condensers with trailer stills, doubted if such a compact unit

could do as much work as the huge horizontal zig-zag condensers that were nearly as big as

the trailer stills they served. The well-known difficulties of designing vapor-in-tube con-

densers also deterred those engineers who lacked the empirical data required to confirm

theoretical assumptions.

The sketch in Figure 6.13 shows the mandatory arrangement for industrial, single-pass,

multitube condensers. They can be taken apart to clean the tubes if calcareous salts in the

cooling water cause encrustation of their outer surfaces. To save space, the diagram shows

only a small condenser with just seven tubes, suitable for working with the test still drawn in

Figure 6.12. All larger units follow the same arrangement. Where the quality of the cooling

water is not in doubt, a simpler unit, using the same arrangement, can have the shell and inlet

cone permanently welded to the end plates.

The number and length of the parallel tubes required in both simplified and industrial types

to condense a range of distillate flows in temperate climate areas can be seen in Table 6.1. It

allows the connecting pipe from the still to be 3 m (10 ft) long and to have one 90 8 bend. It is

calculated for stainless steel tubes up to 3 m long, having 20 or 25 mm outside diameter and

wall thickness not exceeding 1 mm. They are arranged on a hexagonal or triangular diamond
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FIGURE 6.13 Vapor-in-tube condenser, a high efficiency single-pass seven-tube condenser for a test

still; however, this mandatory arrangement applies to all condenser sizes.
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pattern with the tube centers 11⁄2 tube diameters apart. The shell diameters are only 50 mm

greater than that of the tube bundle and the coolant baffles are not more than 11⁄2 shell

diameters apart. The coolant flow is 15 times that of the distillate and the condensate emerges

at a temperature nearly 22 8C above that of the entering coolant water. If the coolant fails or is

not turned on, the backpressure that can develop under the still lid because of the pipe and

condenser is less than 1.4 kPa ( ¼ 0.20 psi).

6.3.7 A NCILLARY EQUIPMENT —THE RECEIVER –SEPARATOR

The principle involved in oil separation from the distillate water is very simple. When the

distillate emerges from the condenser and is caught by the receiver, the oil rises to the top of

the water. The large droplets of oil separate out quite quickly whereas the smaller ones

rise through water much more slowly. If the receiver is suitably designed, oil can be made

to pour from an outlet at the top of the vessel whereas water is continuously discharged from

the bottom.

If the rate of distillate (both oil and water) flow and the dimensions of the receiving vessel

are such that the small oil particles rise through the water more slowly than the water flowing

downward toward the discharge outlet, it is easy to see that quite a lot of oil can be discharged

with the water. This oil can only be partly recovered, and only in a degraded state, by

TABLE 6.1
Tube Conden ser Param eters for Standar d Temper ature Clim ates

Distillate

Flow Rate

Metric

Distillate Flow

Rate Pounds

WT

Diameter

Connecting

Pipe

Outside Diameter

of Condenser

Tubes

Number of Required

Tubes and Length of

Pattern Tubes

kg=h L=min lb=h lb=min in. mm in. mm Hex or D ft m

30 0.50 66 1.10 1.5 37 0.75 20 7 H 2.70 0.83

45 0.75 99 1.66 1.5 37 0.75 20 7 H 4.05 1.23

60 1.00 132 2.20 2 50 0.75 20 7 H 5.40 1.65

100 1.67 220 3.66 3 75 0.75 20 15 D 4.21 1.30

150 2.50 330 5.50 3 75 0.75 20 19 H 4.98 1.52

200 3.33 440 7.33 3 75 0.75 20 27 D 4.68 1.42

250 4.17 550 9.17 4 100 0.75 20 31 H 5.09 1.55

300 5.00 660 11.00 4 100 0.75 20 31 H 6.10 1.86

350 5.83 770 12.83 4 100 0.75 20 37 H 5.97 1.82

400 6.66 880 14.67 4 100 0.75 20 42 D 6.01 1.83

500 8.33 1100 18.33 5 125 0.75 20 55 H 5.74 1.75

600 10.00 1320 22.00 5 125 1.00 25 37 H 8.20 2.50

800 13.33 1760 29.33 6 150 1.00 25 42 D 9.20 2.80

1000 16.66 2200 36.66 6 150 1.00 25 61 H 8.20 2.50

1250 20.83 2750 45.83 8 200 1.00 25 69 H 9.10 2.75

1500 25.00 3300 55.00 8 200 1.00 25 85 H 9.00 2.74

Note: Hexagon: 7-tube bundle diameter ¼ 4 � tube O.D.; 19-tube bundle diameter ¼ 7 � tube O.D.; 31-tube bundle

diameter ¼ 9 � tube O.D.; 37-tube bundle diameter ¼ 10 � tube O.D.; 55-tube bundle diameter ¼ 12 � tube O.D.;

61-tube bundle diameter ¼ 13� tube O.D.; 85-tube bundle diameter ¼ 15� tube O.D.; 91-tube bundle diameter ¼ 16

� tube O.D. Diamond: 27-tube bundle diameter ¼ 9 � tube O.D.; 42-tube bundle diameter ¼ 10.5 � tube O.D.;

69-tube bundle diameter ¼ 13.5 � tube O.D.; 102-tube bundle diameter ¼ 16.5 � tube O.D. The shell diameter must

not be more than 50 mm greater than that of the tube bundle (Figure 6.13).
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redistilling the partially separated water. Present thinking insists that the speed at which small

oil particles rise through water at different temperatures shall be measured, and that the

separator is then designed to ensure that the water travels downward at no faster rate.

It was once believed that the oil and water should be separated at cool temperatures to

avoid a loss of oil due to its presumed solubility in warm water. But the main loss of oil

susceptible to this solubility occurs at 100 8C in the condenser and it is difficult to demonstrate

any further significant loss of condensed oil in water even at 55 8C.

The separation of oil and water is promoted by the difference in their densities and resisted

by the viscosity of the water. In this case, the former increases and the latter decreases with

rising temperature (Porter and Lammerink, 1994). So the conditions for the separation of the

mint oils from water improve dramatically at higher temperatures. Tests have shown

the distances per minute, by which small particles of peppermint oil rise through water to

be 4.5 mm at 35 8C, 6.2 mm at 45 8C, and 9 mm at 55 8C. Since the separator must have water

traveling downward more slowly than the droplets of mint oil that are rising, the cross-

sectional area of the travel path at 55 8C of the water is only half of what it needs to be at 35 8C.

Although modern separators that allow for the speeds of distillate travel are much larger in

cross section than the less effective types of former times, the higher temperatures do restrain

their size. For a trailer still of 7.5-m2 area passing 15 L ( � 4 U.S. gal) of distillate per minute,

the diameter of the separator would be 208 mm (82 in.) at 35 8C, 170 mm (67 in.) at 47.5 8C,

and 147 mm (58 in.) at 55 8C. The last of these options is perfectly convenient and manageable,

but it is advisable to cap any open vessels or take other reasonable precautions against loss of

oil by evaporation. In addition, the separator should be insulated against heat loss.

The equivalent diameters for separators to work with a cylindrical still passing 8 L

of distillate per minute would be 152 mm (60 in.) at 358C, 124 mm (49 in.) at 47.58C, and

108 mm (41 in.) at 558C.

An efficient distillate receiver–separator designed to work with the small-scale still can be

seen in Figure 6.14. The inlet funnel and pipe lead distillate to the bottom of an open topped,

inner cylinder, which can hold the first 3 min of distillate from a new charge. A number of

years ago, Hughes (1952) pointed out that the early oil-rich distillate may be cooler than that

remaining in the separator from the previous run. As a result, it will go straight to the bottom

and out the water discharge pipe if it is not caught and held until the temperatures have

stabilized. However, compared with those days, the multitube condenser has greatly reduced

the amount of distillate at risk to only about the first 3 min of full flow.

The core of the separator is a column pipe on an inverted funnel, which is inserted down the

inner cylinder to rest on the inlet pipe. The outlet of the latter is angled to create a swirl in the

funnel. This reduces turbulence and gives a primary stage separation for which the outlet at

the top of the column discharges oil just above the fluid level held in the neck of the main

vessel. Hughes suggested that the completion of the distillation could be indicated by the oil

flow from the column outlet coming to an end. If the flow of distillate is very constant it can

be helpful, but not if the flow rate is at all unsteady.

The main cylinder encloses the outer annulus of which the cross-sectional area is such that

the water will travel downward more slowly than the oil particles will rise through it. The

water outlet pipe connects at the bottom of this annulus and is taken to a height that causes a

depth of 6 to 8 cm of oil to be retained in the neck of the separator. This allows any suspended

water to sink away from the level of the main oil outlet pipe so that only oil that is relatively

free of water will be delivered for collection. Even so, the oil should be dried over anhydrous

sodium sulfate to ensure its keeping qualities. The oil can be tested for dryness before it is

finally stored.
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FIGURE 6.14 Schematic representation of a distillate receiver–separator for mint oil. This is a compact

design to be used with pilot stills (Figure 6.12) with a distillate flow of 40 L =h. Core is inserted down the

neck of the main cylinder to rest on the base (floor) of the inner cylinder.

Key A. distillate inlet funnel; B1. 3
4
in. BSP socket soldered to cylinder; B2. 1

2
in. BSP socket clamped to

neck wall (see also N); C. oil outlet pipe 10 � 160 mm (see R for support rods from main vessel); D. wall

of cylinder neck (ID 100 mm); E. water outlet final pipe (20 mm). Low side of pipe is at least 5 mm below

low side of oil pipe C and adjusted by threaded joints (T); F. 3
4
in. (20 mm) BSP threaded elbows; G. 1

2
in.

458 elbow angled to make swirl; H. wall of main outer cylinder; I. wall of open topped inner cylinder (if

given a sealed bottom it can be free standing if suitable); J. core inverted funnel with cutout at side to

pass and locate pipe N; K. core tube (20 mm); L. vanes to hold core central in neck; M. oil telltale outlet

at top of core; N. distillate pipe assembly (12 mm). To have funnel A to one side a 458 elbow

may connect to socket B2; O. galvanized water outlet pipe (20 mm); P. stainless steel ‘‘T’’ and plug

(20 mm); Q. 12 mm 908 elbow; R. Strut rods for C silver soldered to H. Joints marked with (T) must

remain threaded to allow adjustment of water outlet level for holding 80 mm depth of oil in the

separator neck.
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In Figure 6.13, the height of both the internal and main cylinders of the separator are

shown as 200 mm. In larger models made to the same pattern, these cylinders also have equal

heights. However, a height of 400 mm is ample to inhibit turbulence and adequate for all

industrial scale purposes and sizes. The distance traveled by the condensate in receivers

designed for nonstop operation does not affect the separation of the two liquids.

6.3.8 DISTILLERY T HROUGHPUT

6.3. 8.1 Change Tim e an d Heating Pha se

The important question of how much herbage a distillery can handle in a given period can be

answered only if the mass of each charge and the time it must occupy the still are known. This

time falls into three separate periods of which the first is the ‘‘change time.’’ With modern

stills, it may be taken as the period from which the steam is turned off from an exhausted charge

until it is turned on again to the replacement. With trailers and prefilled cylindrical stills, it need

not exceed 3 min. For practical purposes in modern distilleries, the change time is negligible.

With hand-filled stationary cylinders, the steam may be turned on, or the undercharge

kettle left boiling, while the still is loaded, provided no extra effort is made to compress the

herb with the help of the steam. The change time is then inseparable from the ‘‘heating time’’

and is again virtually negligible.

The ‘‘heating time’’ lasts from the first admission of steam to a fresh charge until all the air

has been expelled from the still and the distillate is flowing normally. The point is indicated

when no more fog is seen issuing from the condenser. (At the start of all distillations, warm air

from the still is cooled below its dew point as it passes through the condenser, and issues

carrying visible quantities of cloud.) The duration of this time depends on the amount of herb

and steel to be heated, their specific heats, and the rise in temperature to boiling point. It is

inversely dependent on the rate that steam is applied and surrenders its latent heat at the

rate of 540 kcal=kg to the herb and its container. (The specific heat of steel is about 0.117 and

that of mint herbage in distilling condition ranges from about 0.6 if very dry to about 0.8 if a

little moist.)

The activity on the herb surfaces during this heating phase largely determines the course of

the rest of the distillation.

Consider the diagram in Figure 6.15. Picture the plant charge as a number of hypothetical

layers, each 1 cm thick. Let steam be admitted to the still at a rate sufficient both to raise one

layer to boiling point in 7 sec and to vaporize oil for a period of 7 sec. When the lowest layer

attains boiling temperature, a mixture of steam and oil vapor will rise off it and condense onto

the second layer for a period of 7 sec. When the second layer boils, the vapors that rise from it

and condense onto the third layer will comprise the usual 7-sec worth of steam and the oil

distilled from the second layer in 7 sec, as well as the oil lifted from the first layer to the second

layer while the latter was heating up. When the third layer boils, the vapors that condense

onto the fourth layer will contain the first 7 sec of oil that were distilled from the three layers

below, as well as the usual quantity of steam.

Under favorable conditions, this will continue up the still with each successive heating layer

receiving an amount of condensing oil equal, in our model, to the first 7 sec of oil distilled

from every layer below it in the charge. But when the herb is only slightly absorptive like

wilted mint, a practical limit to the quantity of rising oil is reached when the increasing

amount becomes sufficient to fill the absorptive capacity of the herb surface. Then, no more

oil–water interface can be created on each single layer of herb. When this occurs, the amount

of oil that can be vaporized from a recently heated layer, and carried upward in the uniform

time that each higher layer takes to boil, is necessarily at its maximum. Then for practical

purposes, the heating vapors passing to all the higher layers will have a constant proportion of
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oil to water. For the sake of discussion, it can be called the ‘‘equilibrium composition’’ of the

heating vapors. Figure 6.15 illustrates how this occurs and gives an impression of the way the

oil is distributed on the herb surfaces when the steam breaks through the top of the charge

and the isolation of the oil begins.

6.3.8.2 Oil Isolation Phase

The ‘‘oil isolation time’’ starts when the full design rate of distillate flow is reckoned as

starting and lasts until the rate of oil production has declined to the point where there is no

reason to continue the flow of steam. This period divides into two distinct phases.

The proportions of oil and water in the first vapors to rise off the top layer of the charge

will be the same as in the equilibrium composition of the heating vapors. The oil removed

from the top layer will be replaced by oil from the same length of oil–water interface on the

layer below and will therefore have the same proportions of oil and water. This state must

prevail so long as the oil leaving the top layer, or any other, is replaced by an equal quantity of

oil from the same length of oil–water interface on the layer below. It follows that, irrespective

of the size of the charge, all the oil from above the level at which the heating vapors attained

equilibrium composition, will be isolated at a constant distillate ratio of oil to water and the

graph of oil produced against water condensed will be a straight line.

When the layer in which the heating vapors first attained equilibrium composition reaches

the top of the still and its oil passes off to the condenser, it will be replaced by oil from a

slightly smaller quantity and shorter oil–water interface on the layer below. The next layer

below will have its oil replaced from an even shorter interface and so on. With the oil

becoming an ever-smaller proportion of the total distillate, the graph of oil against water

must curve away toward becoming parallel with the water axis.

If the quality of both the mint herbage and the steam do not change, the level at which

heating vapors’ equilibrium occurs will be the same distance up the charge from the bottom.

Therefore, the amount of steam that must pass to isolate the oil from below the equilibrium

level is proportional to the cross-sectional area of the charge. With stills that are wider at the

top than the bottom, accurately self-compensating factors allow calculations to be based on

the cross-sectional area of the top of the charge.

The heating vapors

Mint
H + ? <7 sec steam + 7 Hsec oil

<7 sec steam + 7 Hsec oil

<7 sec steam + 7 Hsec oil

7 sec steam + 7 Hsec oil

7 sec steam + 7 sec oil

7 sec of steam

Steam

7 sec steam + 14 Hsec oil

H + 2

H + 1

3

2

1

Slightly absorptive
herb

Vapor equilibrium attained
by this level, so no further
increase in oil content of
vapor.
Isolation time
In equal conditions H&T
are common to all charges.
extra time then proportional to
oil starting above level  H .

H

FIGURE 6.15 Hypothetical schematic representation of steam or oil movement throughout the charge

during steam distillation (H ¼ charge height; T ¼ time).
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The graphs of two charges of different heights and cross-sectional areas show the virtually

equal fixed distillate ratios applying to the two different amounts of oil from above the vapor

equilibrium levels and the slightly smaller amount of oil recovered from below the equilibrium

level in the still with the slightly smaller area. The two lines for the fixed distillate ratios are

not absolutely perfectly parallel because of the fact that the smaller charge was slightly less

well wilted than the larger one (Figure 6.16).

It is not possible to set out all the detailed calculations here, but they are available for those

who wish to study the subject in greater depth (Denny, 2001). Suffice to say that the factors

governing the amount of water that must pass to exhaust the oil from a charge of peppermint,

for example, distilled under given conditions, can be combined and simplified to give uncom-

plicated relations for the isolation times on which to base reliable estimates of the handling

capacity of a distillery.

While the heating time is proportional to the mass of plant material in the charge, the oil

isolation time depends on the amount of oil to be recovered and is independent of the amount

of herbage in the still. For calculating the oil isolation phase of the time the charge must

occupy the still, we do not need to know the weight of the charge, only the amount of oil it is

expected to produce.

Let any still have top cross-sectional area A square meters and let the charge of herb return

W liters of oil. If the distillate flow rate is F liters of water per minute, the oil isolation time,

T minutes, for moderately wilted peppermint processed with low-pressure steam as mentioned

earlier is given by

T ¼ (23:84Aþ 15:38W )� F

This is intended as a general formula for ‘‘middle-of-the-road’’ conditions as regards herb and

steam moisture, in which all the charges of average herb, not less than 1.3 m tall, would return

mL Oil
produced

Liters of water condensed

Charge N�-
854/73
282 kg

854/73
282 kg

2000

2 0

2 0

3 0

3 0

4 0

4 0

5 0

5 0

6 0

6 0

7 0

7 0 8 0

1 0

1 0

e

e
858 mL for
area 1.026

976 mL for
area 1.1675

m2

m2

Oil from below
equilibrium level

e = Terminal
oil flow of
15 mL/min
under set
conditions

3000

2000

N�-
Charge

85
4/

73

85
7/

73

Oil from above equilibrium level
isolated at stable oil to water ratio

1000

mL Oil
produced

Liters of water condensed

0

0

1000
Curves have been
displaced laterally
by 1 L on the
water scale to
separate them.

FIGURE 6.16 Graphical representation of the distillation of two mint charges with different heights and

top areas. The temperature gradient and vapor composition equilibrium occur during initial heating at a

level below the top of the charge.
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overall distillate ratios of 1 part oil to 25 parts water v =v or better. If the steam is too dry, the

oil isolation times calculated by this formula will be too short; if the herbage is drier than the

test material, they will be too long. In the series of five test runs, which included the charges

graphed in Figure 6.16, the greatest difference between the observed oil isolation times, which

ranged from 19.5 to 29.5 min, and those calculated by the formula is only 20 sec. The method

is sound but the constants would need to be varied directly with any expected factor of change

in the distillate ratio, if that could be predicted.

6.4 CONCLUSION

The perfect mint distillery suitable for all situations has not yet been designed and it is most

unlikely that it ever will be. But, as stated at the beginning of this chapter, in the 20th century

huge improvements have been made to that which has been inherited. But the inspired

concept of the trailer stills, for example, was developed 30 years or more before their inventors

or their scientific advisers understood what made this distillation work. These advances were

mainly based on reducing labor and other costs by increasing the size of the stills and

exploiting the development of farm mechanization. As the orthodox explanation of the

process at that time actually defied the second law of thermodynamics, it is not surprising

that some of these practical changes do not make the best use of the rules of physical

chemistry, and others, like the redistillation of the distillate waters, have been made to look

like virtues by necessity.

Now that our understanding of this distilling process has improved, we can produce

‘‘wisdom after the event’’ and state two principles on which further advances could be

based, or present ones adjusted. The first of these is that, because the oil must be vaporized

to be recovered, the moisture content of the steam must be correctly adjusted to match the

absorptive capacity of the mint leaf surfaces so that it promotes the capillary action, which

alone makes possible the transference of latent heat to vaporize the oil.

The second vital principle is one for which due allowance is very seldom made. The four

units, still, condenser, separator, and steam generating system are all mutually dependent.

The scale of one cannot be altered without requiring corresponding changes in the scale and

size of all others. Although any one item, even the separator, could be made the starting point

from which to calculate the matching capacities required of the other three, probably the most

practical fundamental factor is the cross-sectional area of the still. This is because the

performance of the distillery depends directly on the rate of displacement of the steam in

relation to the area of the top of the still.

If a trailer still that has three times the cross-sectional area of the cylindrical still that it

replaces is adopted, the steam generation must be trebled without resorting to an unduly high

pressure in the boiler. The effective heat exchange area and free air passage through the

condenser must be recalculated both for condensing capacity and for backpressure. It is

equally essential that the cross-sectional area of the separator must also be increased by the

same factor of three in accordance with the area of the new trailer. In regions where

the trailers are in normal use, it may well be that there are a few places where some of these

things could be improved, if they were not known, or had been overlooked when the early

trailer stills were introduced.

In places where the vertical cylinders are the standard stills, the same matching up of the

various pieces of equipment must apply. In particular, the boiler must be able to supply the

steam for a distillate flow equal to at least 2 L=min for each square meter of the top cross-

sectional area of the still. Normally that will not be a problem. But where the steam is

generated by an undercharge kettle in the bottom of the still itself, a faster boiling rate is
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desirable to counter the greater risk of reflux from the very wet steam depositing excessive

water on the herb surfaces. It is virtually certain that Babcock tubes need to be employed to

achieve an adequate boiling rate and flow of distillate.

If essential oil production is to hold its own in competition with artificial flavors, the

producers cannot afford to ignore any possibility of improving the value of what they are

offering to the buyer. The proper management of the distillation process is vital in two aspects

that greatly affect this value, the economy and the quality of the product.
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The main oils of the Mentha genus that have achieved high economic importance are

cornmint, peppermint, Native spearmint, and Scotch spearmint; however, two other oils

Mentha citrata and pennyroyal are of commercial importance but to a much lesser extent.

The oil compositions of each of these six mint oils are examined separately in the order

Mentha citrata, cornmint, peppermint, pennyroyal Native spearmint, and Scotch spearmint.

A brief discussion on the cultivation and oil production precedes the review of the oil

compositions of these commercially important mints.

7.1 Mentha citrata OIL ex Mentha aquatica L. var.
citrata (EHRH.) FRESEN

7.1.1 CULTIVATION AND OIL PRODUCTION

Mentha citrata, Lemon mint, bergamot mint, or lavender mint are some collective names

under which this linalool=linalyl acetate-rich mint oil of commerce is known. It is a tall (30 to

60 cm) perennial herb with decumbent branches with erect ends. The leaves are smooth,

ovate-elliptical in shape. The flowers, which appear on short dense terminal spikes, are pale
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purple in color. As it is a natural hybrid between M . aquatica L. a nd M. spica ta L. , it is foun d

in its na tural habita t in Europ e wher e these tw o sp ecies are quite preval ent.

A few years ago, Todd and Murray (1968) and Murray (1969) developed two synthetic hybrids

between M. aquatica var. citrata and a crisp leaved M. spicata that had oil yield that was superior

to that of the natural hybrids. These became known as EO661 and EO664. The hybrid EO661 was

developed to yield an oil that possessed a fresh, green, lavender-like odor, whereas EO664

was developed to yield an oil that possessed a sweet, lavender-bergamot-like odor. Both of

these synthetic hybrids were grown commercially in the western U.S.; however, as the oil yield

of EO664 was greater than EO661, it was preferred by the growers. A few years ago, more than

10 tonnes of EO664 were produced annually. More recently, the area under cultivation of this

synthetic hybrid has decreased to the point at which EO664 oil (now known as TODD-664) is

currently only produced in limited amounts (3 to 4 tonnes) on one farm in the western U.S.

Select ions of M. aquatica var. citrata (the taxonom ic origin of Mentha citrata oil) are also

grow n on a limited scale in both Ind ia and China. It was first introd uced into India in 1959, in

the Jamm u and Kashm ir region. As a resul t of agrono mical studie s, the technol ogy associ ated

with g rowing it as an oil prod ucing crop was developed so that by 1988 a new cultiv ar ‘‘Kirin ’’

was intr oduced into cu ltivation (Anony mo us, 1988) from which ca. 10 tonnes of oil was

produ ced (Hus sain et al., 1988). This high yiel ding plan t was reporte d to possess an oil with

an average composi tion of linaloo l (48% ) and linaly l acetate (37% ).

Varsh ney (1986) report ed that the pro duction of oil in India in 1985 was ca. 7 tonne s. Since

then, oil produc tion increased to 15 tonnes by 1989 an d 50 ton nes by 1993 (Krishnam oorthy,

1989, 1993). The current annual oil producti on is estimat ed to fluctuate between 15 tonnes

and 50 tonnes depending on su pply and demand, ease of sale, an d the eco nomic retur n that

can be g enerated by grow ing c ornmin t, pepp ermint, or spearm int for oil producti on rather

than bergam ot mint. Prasad (1997) report ed that c ultivation of the Kirin cultivar had recent ly

increa sed to ca. 500 ha wi th an ann ual oil producti on of 50 tonn es.

A survey of the literat ure reveal s that the oil of M. aquati ca var. citr ata has been the subject

of consider able study, althoug h most of these studi es ha ve been direct ed toward the estab-

lishmen t of cultivat ion in Ind ia (Ch oudhury et al., 1979; Singh an d Nand, 1979; Singh et al.,

1979a, 1979b; Arum ugam and Kumar, 1980; Kumar et al., 1980; Bhar dwaj et al., 1983, 1984;

Rajesw ara Rao et al., 1984 ).

In 1924, M . aquatica var. citr ata was pro moted as a new crop by the U.S. Depart ment of

Agricult ure. In a brief rep ort (Anony mo us, 1924), it was noted that unde r su itable cond itions

experi enced in Virgini a, 35.6 kg=ha of oil, whi ch ha d a linalyl acetate content of 5 0%, co uld

be produ ced.

7.1.2 OIL C OMPOSITION

A survey of the literat ure reveals that it ha s been known for some tim e that an oil known as

lemon mint, lavender mint, or bergamot mint contained linalool and linalyl acetate as major

components (Gildemeister and Hoffman, 1961). Between 1960 and 2004, the commercial oil

of Mentha citrata has been the subject of moderate study by Handa et al. (1964); Nigam and

Levi (1964); Murray and Lincoln (1970); Virmani et al. (1972); Kapil et al. (1974); Bhagat

et al. (1974); Singh et al. (1980); Lincoln et al. (1986); and Bahl et al. (2000). The components

characterized in this oil can be seen categorized according to the class of compounds such as

hydrocarbons, alcohols, esters, aldehydes, ketones, and miscellaneous compounds as can be

seen in Tabl e 7.1a, Table 7.1b, Table 7.1c, an d Tabl e 7 .1d.

Mutation studies on M. aquatica var. citrata by Kak and Kaul (1978) using gamma rays

and x-rays revealed that the linalool and linalyl acetate contents could be affected. They

found that on irradiation of the parent clone [the main components of which were linalool
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(56. 0%) and linal yl acetat e (16.3%) ], two mutant strains were selec ted because they possess ed

commer cial poten tial. The main co mponents of the oils of these two mutant strains (C-408

and C- 326) were 72.1% a nd 7.6%, and 40.1% and 40.0% for linaloo l and linalyl acetate,

respect ively.

Lawre nce (1978) analyze d the oils of the tw o synthet ic hy brids (E O661 an d EO664) . The

resul ts of these analys es are shown in Table 7.1e. As can be seen, the hybrid EO661 was more

lavender -lik e in composi tion wher eas EO664 was more bergam ot-like.

7.1. 2.1 Chirality

The enantio meric distribut ion of so me of the componen ts found in Mentha citrata oil can be

seen in Table 7.1f.

7.2 CORNMINT OIL ex Mentha canadensis L.

7.2.1 CULTIVATION AND OIL P RODUCTION

The oil of M . canadens is that was origin ally selected for c ommercial ization becau se of its

richness in menthol has been referred to commercially as cornmint, Japanese peppermint,

TABLE 7.1a
Hydrocarbons Found in Mentha citrata Oil

Compound References

a-Pinene (0.6%–1.7%) Handa et al. (1964); Virmani et al. (1972)

b-Pinene (0.6%–2.0%) Handa et al. (1964); Virmani et al. (1972); Lincoln et al. (1986)

Limonene (0.2%–1.9%) Handa et al. (1964); Virmani et al. (1972); Lincoln et al. (1986);

Bahl et al. (2000)

b-Phellandrene (3.3%) Virmani et al. (1972)

1-Vinyl-p-menth-4(8)-ene (<0.1%) Singh et al. (1980)

TABLE 7.1b
Alcohols and Esters Found in Mentha citrata Oil

Compound References

Linalool (19.0%–51.5%) Handa et al. (1964); Murray and Lincoln (1970); Virmani et al. (1972);

Bhagat et al. (1974); Lincoln et al. (1986); Singh et al. (1980); Bahl et al. (2000)

Methanol (<0.1%) Kapil et al. (1974)

3-Octanol (0.2%–0.3%) Bahl et al. (2000)

a-Terpineol (0.4%–5.9%) —

Geraniol (0.5%–8.4%) —

Citronellol (1.4%–2.9%) —

Linalyl acetate

(14.8%–60.0%)

Handa et al. (1964); Murray and Lincoln (1970); Virmani et al. (1972);

Bhagat et al. (1974); Lincoln et al. (1986); Singh et al. (1980); Bahl et al. (2000)

Geranyl acetate (0.2%–6.2%) Bahl et al. (2000)
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Chin ese pe ppermi nt, Manc hurian peppermi nt, or Braz ilian mint, althoug h more recent ly

cornmi nt has be come the ac cepted name. A summ ary of the produ ction of this oil in India

and Chi na c an be seen in Chapt ers 4 and 5 of this book.

7.2.2 OIL COMPOSITION

Because of its commercial importance, cornmint has been the subject of considerable study.

A survey of the pre-1960 literature (Gildemeister and Hoffman, 1961) revealed that the

chemical composition of cornmint oil was fairly well known. The components listed in the

review are as follows:

a-pinene

camphene

limonene

p-menth-4,(8)-ene

b-caryophyllene

methanol

ethanol

butanol

hexanol

isoamyl alcohol

TABLE 7.1c
Aldehydes and Ketones Found in Mentha citrata Oil

Compound References

Furfural, acetone Kapil et al. (1974)

Pulegone (8.1%) Handa et al. (1964)

Piperitone (4.2%) —

Isopinocamphone (0%–1.3%) Lincoln et al. (1986)

TABLE 7.1d
Miscellaneous Compounds Found in Mentha citrata Oil

Compound References

1,8-Cineole (0.2%–1.3%) Handa et al. (1964); Lincoln et al. (1986)

Bahl et al. (2000)

Menthofuran (0%–0.1%) Handa et al. (1964); Nigam and Levi (1964)

Lincoln et al. (1986)

Piperitone oxide* (3.0%) Handa et al. (1964)

Formic acid, acetic acid (<0.1%) Kapil et al. (1974)

cis-Linalool oxidey (0.1%–2.6%) Bahl et al. (2000)

trans-Linalool oxidey (0.1%–2.5%) —

*Correct isomer not identified.
yFuranoid form.
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3-methylpentanol

3-octanol

3-hexenol*

mentholy

neomenthol

carvacrol

thymol

acetaldehyde

TABLE 7.1e
Percentage Composition of the Oils of Synthetic Hybrids

of Mentha aquatica var. citrata

Compound EEO661 EEO664

b-Pinene 0.1 —

Sabinene t —

Myrcene 0.1 0.2

Limonene 0.1 0.3

1,8-Cineole 2.3 0.5

p-Cymene t 0.2

3-Octyl acetate 1.2 0.7

1-Octen-3-yl acetate 0.5 0.3

cis-Linalool oxidey 1.2 1.6

trans-Linalool oxidey 1.3 1.7

Linalool 55.2 24.9

Linalyl acetate 34.0 57.3

b-Caryophyllene 0.1 0.1

a-Humulene t t

a-Terpineol 1.0 2.8

Germacrene D 0.2 0.8

Geranyl acetate 0.7 1.8

Citronellol t 0.7

Caryophyllene oxide 0.1 0.2

yFuranoid form.

t¼ trace (<0.1%).

TABLE 7.1f
The Enantiomeric Distribution of Constituents of Mentha citrata Oil

Enantiomeric Ratio References

(1S,5S)-(�)-a-pinene (15%–21%):(1R,5R)-(þ)-a-pinene (79%–85%) —

(1S,5S)-(�)-b-pinene (92%–95%):(1R,5R)-(þ)-b-pinene (5%–8%) —

(4S)-(�)-limonene (92%–99%):(4R)-(þ)-limonene (1%–8%) Mosandl et al. (1991); Lawrence (1998)

(3S)-(�)-citronellol (47%):(3R)-(þ)-citronellol (53%) Ravid et al. (1992a)

(3R)-(�)-linalool (>99%):(3S)-(þ)-linalool (<0.1%) Shimizu (1988); Lawrence (1998)

(3R)-(�)-linalyl acetate (>99%):(3S)-(þ)-linalyl acetate (<0.1%) Ravid et al. (1994d); Lawrence (1998)
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isovaleraldehyde

furfural

3-hexenyl phenylacetate*

menthyl formate

menthyl acetate

menthyl isovalerate

menthyl hexanoate

menthyl phenylacetate

acetone

3-methylcyclohexanone

6-methyl-5-hepten-2-one

menthone

isomenthone

pulegone

piperitone

formic acid

acetic acid

isovaleric acid

hexanoic acid

heptanoic acid

3-hexenoic acid*

yCorrect isomer not identified.

*Major component.

As can be seen, the data presented earlier was not specific to a particular geographic source

of cornmint. Over the years, commercially important cornmint oil has been available from

Japan, Taiwan, Brazil, Paraguay, China, and India with limited quantities from Argentina,

Korea, Thailand, and the United States In addition, because of the obscurity of the early

literature, a few pertinent studies were not included in the Gildemeister and Hoffmann review,

consequently they will be included in this review. For example, Benezet et al. (1947) reported

that Brazilian mint oil contained a-pinene, camphene, limonene, furfural, 3-octanol, menthone,

neomenthol, b-caryophyllene, menthol (major constituent), formic acid, valeric acid, hexanoic

acid, and nonanoic acid. Garnero (1951) further identified borneol in the same oil.

Nakamura et al. (1952) characterized the presence of isocaryophyllene alcohol in a sample

of Japanese peppermint oil.

Hiraizume (1959) reported that cornmint oil of Japanese origin contained minor quantities

of menthyl formate, 3-hexenyl formate, 3-hexenyl acetate, 3-hexenyl isovalerate, 3-hexenyl

hexanoate, and 3-hexenyl phenylacetate as trace constituents in Japanese cornmint oil.

Nagasawa (1959) examined the aliphatic carbonyl content of a Japanese oil and identified

acetaldehyde, acetone, 2-butanone, 2-heptanone, 3-methylcyclohexanone, and 6-methyl-5-

hepten-2-one as minor constituents.

Kobayashi et al. (1960) reported that trace amounts of d-3-carene, a piperitone oxide

isomer, and octanoic acid could also be found in a sample of Japanese peppermint oil.

Komatsu (1960) determined that the three major alcohols found in dementholized corn-

mint oil of Japanese origin were 3-octanol, neomenthol, and menthol. It was also determined

that for dementholized cornmint oil produced in two regions in Japan, the compounds given

here were found in the approximate ratio of 2:3:21, respectively.

Nikolaeva (1964) characterized menthol (73% to 88%), neomenthol, menthone, iso-

menthone, a-pinene, and 1,8-cineole in the oil of M. canadensis (as M. sachalinensis) originally
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colle cted from its natural habitat. She also charact erize d menthol (69% to 91%), menthone,

a-pinene , limonen e, pulegone, neomenthol , an d furf ural in M. canadens is (as M . sachal inen-

sis ) origi nally obtaine d from Japan wher e it was grown commercial ly for oil pro duction and

menthol isolatio n. In addition, the oil of clone MC- 41 that was pro duced by the artifi cial

hyb ridizatio n of Japan ese M. canadens is with M. longi folia ssp. longifol ia was found to

con tain menthol (82. 4% to 88.1% ), menthone, neomenthol , isom enthone (3.0%), a-pinene ,

and a pipe ritone oxide isom er. Nikol aeva recomm ended that this new hybrid be used as a

source of cornmi nt oil from which menthol could be isolated.

Usi ng colchi cine treat ment of seeds or seedli ngs of M . canadens is (as M. arvens is var.

piper ascens ), Ikeda et al. (1966) examine d the main componen ts of oils produced from 23

artifi cial polyploi ds (tetrapl oids) once they reached the floweri ng stage . They foun d that the

oils cou ld be divide d into six grou ps acco rding to their main co mponents . Group 1. Ei ght clones

with menthol (< 75%) , Group 2. Two clones with menthon e ( <80%) , Group 3. Five clones with

menthol (60% to 75%) and menthon e (13% to 20%), Group 4. Five clones with menthone (60%

to 75%) and menthol (6% to 2 5%), Group 5. Two clones with pulegon e (30% to 40%) and

Group 6. One clone with carvo ne (44% ). Oils rich in men thol wer e used to develop co rnmint

clones that were grown commer cially bec ause of their richnes s in menthol .

Between 1961 and 1975, commercially available dementholized or partially dementholized

cornmint oils of various origins were analyzed by Smith and Levi (1961), Porsch and Farnow

(1962), Hawkes and Wheaton (1967), and Hefendehl and Zeigler (1975). A summary of these

analys es can be seen in Table 7.2a.

Nakayama et al. (1970) examined the main components of the oils of the ‘‘Sanbi,’’

‘‘Hakubi,’’ and ‘‘Ryokubi,’’ cultivars of cornmint (Japanese peppermint) grown in

Japan. The menthone, menthyl acetate, and menthol contents of ‘‘Sanbi,’’ ‘‘Hakubi,’’ and

‘‘Ryokubi’’ oils were 7.5%, 1.5%, and 85.7%; 9.1%, 5.6%, and 81.2%; and 7.3%, 1.4%,

and 86.4%, respectively. They further reported the development of a new Japanese pepper-

mint (commonly known as ‘‘Shubi’’) by crossing a tetraploid M. piperita with

M. canadensis. Analysis of the oil of this hybrid revealed the presence of a-pinene, b-pinene,

myrcene, limonene, 1,8-cineole, isoamyl isovalerate, 3-octanol, trans-sabinene hydrate,

menthone, menthofuran, isomenthone, (Z)-3-hexenyl isovalerate, neomenthyl acetate, terpi-

nen-4-ol, neomenthol, menthyl acetate, menthol, pulegone, b-caryophyllene, piperitone oxide

(no isomer given), piperitone, caryophyllene oxide, a-bourbonene, and menthofurolactone.

Unfortunately, the authors did not present much quantitative information; however, from

the chromatographic data obtained, they did report that ‘‘Shubi’’ oil contained menthone

(21.0%), menthyl acetate (2.8%), and menthol (68.2%).

Ikeda et al. (1971) compared the major components found in the oils of the Ryokubi and

Sanbi clones of cornmint grown in Japan. These oils were found to possess the following

components:

a-pinene (0%–0.5%)

b-pinene (0.2%–1.1%)

limonene (0.7%–2.3%)

3-octanol (0.5%–0.8%)

menthone (2.8%–6.1%)

isomenthone (0.8%–2.1%)

menthyl acetate (2.7%–9.3%)

neomenthol (0.9%–2.2%)

menthol (76.8%–86.3%)

pulegone (0%–0.8%)

piperitone (1.4%–2.7%)
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As a pot ential replac ement for grow ing the opiu m poppy , the Governm ent of Thai land

explore d the possibili ty of grow ing cornmi nt for oil produ ction in the norther n regions

around MaeT ho, Chang Khian, Buak Chan, Nong Hoi, and Doi Ang Kh ang village s in

the hills an d vicin ity of Long Pong vill age (Chomch alow et al., 1 976). Two cultivars ‘‘Ryo-

kubi’’ and ‘‘Akamar u’’ wer e obtaine d from Jap an an d ‘‘Shi valik’’ was obtaine d from India.

The results of the oil analys es of these cultiva rs pr oduced over two seasons , whi ch wer e

report ed by Pichitak ul and Stha pitanonda (1977) can be seen in Tabl e 7.2b.

Kak an d Kaul (1980) develope d a num ber of mutant s of M . canadens is (as M . arvensis var.

piper ascens ) using either x-ray s or gamm a-ray s to develop mutant s that could be charact erize d

by either profuse bran ching as in MA- 14 or by increasing the yiel d=ha from 57 kg =ha (mot her

clone) to 73 kg =ha and 77 kg=ha for MA-37 and MA- 14, respect ively. Two other clones that

were developed (S-12 =1 and S-118 =3) possess ed oils in which menthol c ontent was 78% to

80%. Other mutant s developed were RL-85 =4 an d RL-78 , oils of whi ch were rich in pulego ne

(55% an d 4 5%, respect ively), and one mu tant, the oil of whi ch co ntaine d men thone (45%).

Sakata and Koshimizu (1980) sampled Japanese peppermint (cornmint) plants over a range

of development stages for their menthyl b-D-glucopyranoside, menthone, and menthol con-

tents. They determined that to obtain the highest oil yield, the plant should be harvested at the

preflowering stage.

TABLE 7.2a
Comparative Percentage Composition of Dementholized Cornmint Oils of Various

Commercial Origins

Compound Brazil China Japan Korea Taiwan

a-Pinene 0.2–1.5 t–4.0 0.7–4.0 0.1–4.0 0.1–1.0

Camphene — 0–0.6 0–0.1 — —

b-Pinene t–2.5 t–4.0 1.3–4.0 0.3–4.0 0.1–1.7

Sabinene 0–1.0 0–1.0 0–1.0 0–1.0 0–1.0

Myrcene 0–1.0 0–1.0 0–1.0 0–1.0 0–1.0

Limonene 4.9–10.0 1.0–8.1 1.0–12.4 0.7–4.0 0.7–6.8

1,8-Cineole t–1.2 t–0.2 0.1–1.2 0.1–0.2 0.1–0.6

3-Octanol 0.1–0.7 0.5–4.0 0.2–3.8 0.1–1.0 0.1–1.0

Menthone 21.5–35.0 25.0–29.4 22.0–25.0 19.6 4.0–30.9

Menthofuran 0–0.2 0–0.2 0–0.2 0–0.2 0–0.2

Isomenthone 6.6–10.0 6.8–8.8 2.9–4.0 1.8 2.8–7.9

Linalool 0–0.1 0–0.2 0–0.8 — 0–0.2

Menthyl acetate 1.0–7.4 0.9–7.0 0.9–4.0 1.0–8.3 1.0–9.6

Isopulegol 0–2.0 0–1.0 0–1.0 0–1.0 0–1.0

Neomenthol 1.0–4.6 2.0–5.0 1.0–5.0 1.3–4.0 2.0–10.0

b-Caryophyllene 0–4.0 0–4.0 0–4.0 0–1.0 0–4.0

(E)-b-Farnesene 0–0.2 0–0.2 0–0.2 — 0–1.0

Neoiso(iso)pulegol 0–1.0 0–0.5 — — —

Neoisomenthol 0–1.0 0–1.0 — — —

Menthol 33.2–53.1 36.0–52.0 36.3–38.9 56.6 33.9–60.8

Isomenthol 0–1.5 0–2.0 — — —

Pulegone 0.1–1.5 0–4.9 0.1–1.8 0.2–1.0 0.2–2.1

Germacrene D 0–4.0 0–1.0 0–4.0 0–1.0 0–1.0

Piperitone 1.5–4.4 2.4–6.0 6.4–11.6 1.0–10.4 1.0–8.5

t¼ trace (<0.1%).
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Sakata et al. (1982) reported the analysis of four new hybrid clones that were rich in

menthol. The clones in question were ‘‘Hokkai’’ 19 (2n¼ 120), ‘‘Hokkai’’ 20 (2n¼ 120),

‘‘Wasenami’’ (2n¼ 72), and ‘‘Sayakaze’’ (2n¼ 120). Sakata et al. noted that ‘‘Hokkai’’ 19

and ‘‘Hokkai’’ 20 were complex hybrids between a menthone-rich crisp-leafed clone of

M. spicata and M. canadensis (as M. arvensis var. piperascens). They noted that the main

components of ‘‘Hokkai’’ 20 oil were as follows:

a-pinene (0.1%)

b-pinene (0.3%)

myrcene (0.2%)

limonene (0.3%)

b-ocimene* (0.1%)

g-terpinene (0.3%)

3-octanol (0.5%)

menthone (12.7%)

isomenthone (4.0%)

b-bourbonene (0.4%)

menthyl acetate (4.2%)

neomenthol (1.7%)

b-caryophyllene (1.2%)

menthol (69.1%)

piperitone (4.0%)

1-acetoxymenthone (0.4%)

*Correct isomer not identified.

They also found that ‘‘Hokkai’’ 19 oil contained 1-acetoxymenthone.

These new sources of ‘‘cornmint oil’’ are of interest because of their pedigree, because at

one time it was fairly safe to say that the detection of dementholized cornmint oil adulteration

of peppermint oil was almost routine. The reason for this statement is that cornmint oil does

not contain any more than trace amounts of trans-sabinene hydrate, menthofuran, and

viridiflorol. Therefore, attention is directed toward those particular compounds when

TABLE 7.2b
Percentage Composition of the Oils of Three Cultivars Grown in Thailand

Compound Ryokubi Oil Akamaru Oil Shivalik Oil

a-Pinene 0.4–0.6 0.6–0.9 0.6

b-Pinene 0.9–1.4 1.5–1.8 1.5

Limonene 1.6–1.8 1.7–2.0 2.4–2.7

3-Octanol 0.6–0.9 0.2 0.8

Linalool 0.2–0.5 0.2–0.3 0.1

Menthone 5.1–5.3 10.5–19.3 6.1–7.4

Menthyl acetate 2.7 11.3–21.9 9.1–11.9

Neomenthol 2.0–2.6 3.1–4.1 2.6–4.0

Menthol 81.9–82.8 53.2–55.4 67.7–73.5

Isomenthol 0.7–0.8 0.3–0.5 0.6–0.7

Pulegone 1.0–1.5 0.4–0.5 1.0–1.1

Piperitone 0.9 3.7–4.3 1.1–1.3
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exami ning the authent icity of peppermi nt oil. With the new ped igree of ‘‘cor nmint’’ like

‘‘Hok kai’’ 20, the amount of trans -sabine ne hyd rate, menthof uran, an d virid iflorol present

in ‘‘Ho kkai’’ 20 has now ch anged in compari son to the original M. c anadens is (as M . arvensis

var. piper ascens ). In fact, it is quite possibl e that these compoun ds cite d earlier are not valid as

indica tors of adu lteration of de mentholized ‘‘Hokk ai’’ 20 in true pep permint oil. For tunately,

in this inst ance one can use the occu rrence of 1-acetoxyme nth one as an indica tor of the

additio n of eithe r ‘‘H okkai’’ 19 or ‘‘Hokk ai’’ 20 to peppermi nt oil.

Peiri s et al. (1982) co mpared the composi tion of cornmi nt oils prod uced from plants

harvest ed at three distinct developm ent stage s in Sri Lanka . Thei r results are summ arize d

in Table 7.2c.

As can be seen , there was a dramat ic change in the men thone to menthol in the oil as the

plant reach ed its full flowering stage .

Lawrence (1983) compared the composition of a number of samples of crude oils of

cornmint and samples of dementholized oils, all of Indian origin. The results of these analyses

are shown in Table 7.2d.

Bicchi et al. (1989) compared the headspace composition of healthy and diseased cornmint

clone 701 (as M. arvensis var. piperascens) plants. The comparative compositions are shown in

Table 7.2e. As can be seen, there were major quantita tive diff erences found between the

headspace obtained from healthy and diseased plants. In particular, the healthy plants were

richer in menthol whereas the diseased plants were richer in menthyl acetate.

TABLE 7.2c
Percentage Composition of Cornmint Oils Produced in Sri Lanka from Plants Harvested at

Different Development Times

Compound

Vegetative Stage

(2 Months)

Full Blooming Stage

(3 Months)

Postflowering Stage

(4 Months)

a-Pinene 0.1 0.1 0.9

Camphene t t t

b-Pinene 0.1 0.2 1.2

a-Phellandrene 0.2 0.2 t

Limonene 1.4 1.1 1.9

g-Terpinene t t t

p-Cymene t — t

3-Hexenol* t — 0.1

3-Octanol 1.0 0.8 0.7

Menthone 81.4 4.8 6.8

Isomenthone 8.3 2.7 2.5

Linalool 0.4 0.3 0.2

Menthyl acetate 0.3 — 3.3

Piperitone oxide* 1.9 3.3 9.4

b-Caryophyllene t t t

Menthol 0.6 77.7 70.0

Pulegone 0.3 0.5 1.1

Carvone 0.8 0.6 0.4

Piperitone 4.1 2.1 1.7

*Correct isomer not identified.

t¼ trace (<0.01%).
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The headspace composition of M. canadensis (as M. arvensis f. piperascens) was determined

by Osaki (1992) and the following constituents were identified:

dimethylsulphide (0.2%)

(E)-2-hexenal (0.4%)

(Z)-3-hexenol (1.2%)

(Z)-3-hexenyl acetate (0.1%)

methanol (0.8%)

3-octanol (3.3%)

a-pinene (3.8%)

TABLE 7.2d
Chemical Composition (%) of Crude and Dementholized Cornmint Oils

Compound Crude Oil Dementholized Oil

a-Pinene 0.6–0.9 0.5–1.8

Camphene t t

b-Pinene 0.6–0.9 0.5–2.0

Sabinene 0.2–0.4 0.2–0.7

Myrcene 0.4–0.7 0.1–0.8

Limonene 0.7–6.2 2.7–4.7

1,8-Cineoleþ (Z)-b-ocimene 0.1–0.3 0.2–0.8

g-Terpinene t–0.1 t–0.1

p-Cymene t–0.1 t–0.1

3-Octanol 0.2–0.8 0.3–1.8

1-Octen-3-yl acetate t–0.1 t–0.1

1-Octen-3-ol t–0.1 t–0.1

Menthone 3.4–14.9 16.5–30.9

Menthofuran t–0.3 0.4–0.8

Isomenthone 1.9–4.8 7.0–12.5

b-Bourbonene 0.1–0.2 0.3–0.5

Neomenthyl acetate t t–0.1

Linalool t–0.1 0.1–0.3

Menthyl acetate 1.0–2.6 1.9–5.5

Isopulegol 0.1–0.2 0.3–0.4

Neoisomenthyl acetate 0.6–0.8 0.9–2.0

Neomenthol 0.9–1.6 2.5–2.9

b-Caryophylleneþ terpinen-4-ol 0.6–1.6 2.1–5.1

Neoiso(iso)pulegol 0.3–0.8 0.5–2.1

Neoisomenthol t–0.3 0.2–0.9

Menthol 65.4–80.3 34.8–40.1

Pulegone 0.2–0.5 0.2–3.4

(E)-b-Farnesene t–0.1 t–0.3

a-Terpineol 0.1–0.2 0.1–0.5

Germacrene D 0.3–1.0 0.1–1.3

Piperitone 0.2–1.7 0.5–3.8

p-Cymen-8-ol t–0.1 t–0.1

Piperitenone t t–0.1

Caryophyllene oxide 0.1–0.2 0.1–1.2

t¼ trace (<0.1%).

228 Mint: The Genus Mentha



b-pinene (1.8%)

myrcene (3.2%)

sabinene (1.8%)

limonene (14.1%)

(Z)-b-ocimene (0.1%)

(E)-b-ocimene (0.2%)

b-caryophyllene (0.6%)

1,8-cineole (0.3%)

menthone (8.7%)

linalool (0.2%)

menthol (35.1%)

pulegone (2.1%)

carvone (0.2%)

piperitone (6.5%)

piperitenone oxide (0.1%)

TABLE 7.2e
Comparative Percentage Headspace Composition of Living

Healthy and Diseased Cornmint Plants

Compound

Healthy Plant

Headspace

Diseased Plant

Headspace

3-Hexenal* — 0.3

(Z)-3-Hexenol 0.8 3.2

a-Pinene — t

Sabinene t t

b-Pinene — 0.3

Myrcene — 0.6

(Z)-3-Hexenyl acetate t 1.9

(E)-3-Hexenyl acetate — t

Limonene — 0.4

b-Ocimene* t t

g-Terpinene — t

Menthone 2.1 3.7

Isomenthone 2.1 1.4

Isomenthol 1.9 1.6

Menthol 66.7 33.7

Neomenthol t t

(Z)-3-Hexenyl propionate t t

Piperitone 1.5 4.7

Isomenthyl acetate t 0.6

Menthyl acetate 9.5 31.3

Neomenthyl acetate t 0.5

b-Bourbonene t 0.5

b-Caryophyllene 0.4 1.4

(E)-b-Farnesene 1.5 3.4

Germacrene D 2.3 0.4

*Correct isomer not identified.

t¼ trace (<0.1%).
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Tra ce amou nts of methyl 2-methyl butyrat e, ethyl 2-methyl butyrat e, and g-ter pinene were

also found as c omponents of the headsp ace vo latiles.

The resul ts of an ana lysis of cornmi nt oil produ ced in Russ ia from three cornmi nt cultivars

wer e reporte d by Voroni na et al. (1990) . A summ ary of their data can be seen in Table 7.2f.

Ther e was no explanat ion for the lack of mon oterpene hydro carbons in Vni iemk 20. The

authors recomm ended that this latter cu ltivar be grow n for mentho l produ ction.

Topal ov and Zheljaz kov (1991) compared the comp osition of cornmi nt oils pr oduced from

plants grown in Bul garia that were ha rvested at 50% floweri ng, 10 0% flow ering, and pos t-

floweri ng plants . The results of this study are sho wn in Table 7.2g. As can be seen, the oils

contained moderate levels of menthofuran. This would indicate that the taxonomic origin of

this oil was from a hybrid plant rather than M. canadensis in which menthofuran content

rarely exceeds 0.2%.

Gasic et al. (1992) examined the differences in chemical composition of cornmint oil

produced from seven different cultivars grown in Yugoslavia. The range of composition of

selec ted co mpound s over two harvest ing seasons can be seen in Table 7.2h.

Over a 6-year period, the menthol content of cornmint oil produced from plants grown in

Serbia was reported by Adamovic (1993) to range from 71% to 82%. He also reported that the

menthol content of oils produced from six genotypes ranged from 74% to 81%. In 1978,

Central Institute for Medicinal and Aromatic Plants, Lucknow (CIMAP), embarked on a

genetic improvement of M. canadensis (as M. arvensis var. piperascens) grown in India. In

addition to making a worldwide collection of germplasm, a budsport of a strain of Thai origin

was subjected to multiple selectional studies; as a result, a strain (cultivar) known as MAS-1

TABLE 7.2f
Comparative Chemical Composition (%) of Russian Cornmint

Oil Produced from Three Different Cultivars

Cultivars

Compound Simferopolskaya 200 Vniiemk 20 Standard

a-Thujene 0.1 — 0.1

a-Pinene 0.1 0.1 0.2

Camphene 0.3 — 0.2

Sabinene 0.2 — 0.5

Myrcene t — 0.1

1,8-Cineole 1.9 0.1 0.8

(Z)-b-Ocimene 0.1 — 0.1

Linalool 0.1 0.1 0.1

Menthone 9.3 5.8 11.2

Isomenthone 4.1 0.9 2.5

Menthofuran 0.1 — —

Neomenthol 1.1 1.2 2.3

Menthol 76.0 83.2 80.0

Isomenthol 0.2 0.2 0.2

Carvotanacetone* 1.8 0.1 0.2

Piperitone 0.9 2.0 0.3

Menthyl acetate 1.7 3.9 0.7

b-Caryophyllene 0.1 1.4 0.2

a-Humulene 0.1 1.1 0.8

*Questionable identity.
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was released to farmers in 1983. Two years later, a second cultivar known as ‘‘HY-77’’ was

released to farmers in 1985 (Hussain, 1993). It was found that the oil yield and menthol

content between the standard cultivar (MA-2) that was grown at that time, ‘‘MAS-1’’ and

‘‘HY-77’’ was 183 kg=ha and 66%, 316 kg=ha and 83%, and 428 kg=ha and 81%, respectively.

TABLE 7.2g
Comparative Percentage Composition of Cornmint Oil Produced from Plants Harvested

with Different Amounts of Flowers Formed

Compound

Oil from 50%

Flowering Plants

Oil from 100%

Flowering Plants

Oil from

Postflowering Plants

a-Pinene 0.4 0.2 0.4

Sabinene 0.1 0.4 0.3

b-Pinene 0.3 0.1 0.4

Myrcene 0.4 0.3 0.4

Limonene 0.7 0.5 0.1

1,8-Cineole 0.1 0.5 0.1

g-Terpinene 0.1 0.1 0.1

p-Cymene <0.1 0.1 <0.1

Hexanol 0.2 0.2 0.2

Menthone 12.8 11.7 6.1

Menthofuran 11.8 12.2 10.3

Isomenthone 0.3 0.3 0.4

Menthyl acetate 5.4 6.4 15.4

b-Caryophyllene 1.6 1.2 1.3

Neomenthol 2.2 2.6 2.7

Neoisomenthol 0.6 0.6 0.7

Menthol 59.3 59.7 57.8

Pulegone 1.1 1.3 1.1

Carvone 0.3 0.2 0.4

TABLE 7.2h
Comparative Range (%) of Selected Components over Two

Consecutive Harvesting Seasons*

Compound First Season Second Season

a-Pinene 0.1–1.5 t–1.4

b-Pinene 0.2–2.9 0.1–1.8

Limonene 0.6–8.4 0.5–17.7

1,8-Cineole t–2.6 t–1.8

trans-Sabinene hydrate 0–0.8 0–0.6

Isomenthone 0.1–6.0 0.5–4.1

Neomentholþ neoisomenthol 2.4–7.1 3.0–12.3

Menthol 56.7–80.2 63.4–75.3

Pulegone 0.3–4.0 1.2–2.2

Piperitone 0.1–5.9 0.2–4.7

t¼ trace (<0.1%).

*Eight clones.
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Spe ncer et al. (1997) repo rted the average amounts of seven selec ted con stituent s in Indian

and Chi nese dement holized co rnmint oil. These resul ts can be seen in Tabl e 7.2i .

Mac hale et al. (1997) determ ined that the distillati on water obtaine d during the steam

dist illation of cornmi nt was fou nd to co ntain the followin g:

limo nene ( t)

1,8- cineol e (15 ppm)

(Z)- 3-hexenol (8.3 ppm)

3-oct anol (t )

menthon e (284 ppm)

menthof uran ( t )

menthy l acetate (94 ppm )

neo menthol (203 ppm)

menthol (689 ppm )

piperi tone (t )

t ¼ trace (<10 ppm)

Raj eswara Rao et al. (1999) studi ed the comp osition of cornmi nt oil prod uced from

differen t plant parts (shoot stem, shoo t leaf, stol on stem , and stol on leaf) of M. cana densis

(as M. arvens is f. pipera scens ) grow n under the semiarid tropi cal climati c con ditions experi-

enced in Hydera bad. The resul ts of this study are foun d in Table 7.2j. As can be seen, there

wer e some varia tions in the menthol , menthone, pulego ne, and menthy l acetat e con tents

dep ending on the pa rt of the plant from whi ch the oil was obtaine d.

The co mposition of Indian cornmin t oils produced from cultivars grown in the Hydera bad

region of Andhra Pradesh with oils produ ced from the same cultivars grow n in the

Sambh al region of Uttar Pr adesh was the subject of analys is by Raj eswara Rao et al.

(1999) . The resul ts of this study are summ arized in Tabl e 7.2k. Exa mination of this data

reveal ed that the menthol content of the oil of the Shiva lik cultiva r gro wn in Utt ar Pr adesh

was high er, wher eas the other cultiv ars app eared to be well suit ed to the semi arid tropical

climate because their oils wer e richer in menthol than the Shival ik cultivar.

In India, a numb er of cultivars of co rnmint are gro wn commer cially. Bef ore 1990, ‘‘Shiva-

lik’’ was the main cultivar grown; however, throughout the 1990s cultivars such as MAS-1,

Kalka, Gomti, Himalaya (introduced in 1996), and Kosi (introduced in 1997) have all been

grown commercially for oil production (Gupta, 2000; Kumar et al., 2000). A summary of the

oil contents of these various cultivars harvested at different development stages can be seen in

TABLE 7.2i
Average Composition (90%) of Seven Selected Constituents of

Indian and Chinese Dementholized Cornmint Oils (DMO)

Compound Indian DMO Chinese DMO

Limonene 2.200 2.875

1,8-Cineole 0.500 0.440

trans-Sabinene hydrate 0.005 0.022

Isomenthone 10.270 9.200

Isopulegol 2.020 1.218

Neoiso(iso)pulegol 1.800 1.030

Piperitone 1.080 1.406
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Table 7.2l. In add ition, a comp arison of the major compon ents found in oils of each of the

Indian c ultivars harvest ed at nor mal harvest time (first ) and again at the secon d cuttin g of

the ratoon crop (second) is shown in Tabl e 7.2m . Rajeswa ra Rao et al. (2000) comp ared the

composi tion of an oil prod uced from the whol e abovegro und herbage of the Shival ik cultivar

of cornmi nt with the oils prod uced from the flowers , leaves , a nd stem s of the same cultivar.

Their results can be seen in Table 7.2n.

Lawre nce (2001) compared the main co mponent composi tion of de menthol ized cornmi nt

oil of Indian and Chi nese origi ns. An ex ample of oil analys es from bulked co mmercial

sampl es can be seen in Table 7.2o. As can be seen , the diff erences wer e fou nd to be minor

although oils could be differentiated based on the isopulegol and neoiso(iso)pulegol contents

TABLE 7.2j
Percentage Comparison of the Oils of Different Parts of Cornmint

Compound Shoot Leaf Shoot Stem Stolon Stem Stolon Leaf

(Z)-3-Hexenol 0.2 t t 0.1

a-Thujene — — — t

a-Pinene 0.5 0.1 0.4 0.6

Camphene — — — t

Sabinene 0.2 0.1 0.2 0.3

b-Pinene 0.6 0.1 0.4 0.7

Myrcene 1.3 0.3 0.5 1.1

3-Octanol 0.3 0.1 0.1 0.2

a-Phellandrene — — t t

p-Cymene t t t t

Limonene 1.5 0.3 3.1 3.7

1,8-Cineole 0.2 0.1 0.2 0.1

(Z)-b-Ocimene 0.1 t t 0.1

(E)-b-Ocimene 0.1 t t 0.1

trans-Sabinene hydrate 0.1 0.1 0.1 0.1

Terpinolene — — t t

Linalool t 0.1 0.1 0.1

Menthone 12.6 4.6 13.0 17.6

Isomenthone 3.1 2.1 2.0 3.2

Neomenthol 2.0 1.8 2.0 1.6

Menthol 69.8 78.2 43.7 60.5

a-Terpineol t 0.1 0.1 0.1

Pulegone 0.3 0.6 22.1 3.1

Piperitone 0.7 0.5 0.3 0.7

Geraniol 0.1 0.1 5 0.1

Menthyl acetate 3.9 7.2 8.3 3.8

b-Elemene 0.1 t 0.2 0.1

b-Caryophyllene 0.2 0.2 0.2 0.2

Germacrene D 0.1 0.1 0.1 0.2

g-Cadinene 0.2 0.1 0.1 0.1

(E)-Nerolidol 0.1 0.2 0.3 t

Caryophyllene oxide 0.1 t — —

Oil yield (%) 0.62 0.02 0.02 0.35

t¼ trace (<0.1%).
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and their comp onent ratios. In add ition, trace a mounts (< 0.1% ) of a -terpinene, (Z)- b -ocimene,

(E)- b-ocimen e, g -terpinene, 3-oct anone, 3-hept anol, b-bourbo nene, borneo l, dihydroc arveol,

isopi periten ol, citr onellol, methy l sali cylate, p-cym en-8-o l, geranyl a cetate, (Z)-jasm one, car-

yop hyllene ox ide, eugen ol, thymol , an d (Z)-3-hexe nyl phen ylacetate were also found in the

same oil.

Singh et a l. (2001) reported that the oil con gealing (crys tallizin g) poi nt was the most

impor tant criteri on used for determ ining the price that a buy er woul d give to the farm er in

India for his oil. Because the co ngealin g point is affected, not only by menthol , but also by the

other co nstituent s of the oil, the autho rs obtaine d some pa rtially dement holize d oils of seven

cultiva rs (Sh ivalik, Gomti, Kalka , SS-1-4 , Himalaya , Kosi, an d MAS- 1) and determined their

major constituen ts (menth ol, neo menthol, menthone, isom enthone, menthy l ac etate, and

other compon ents). A summ ary of the analys es can be seen in Table 7.2p. A congeali ng

point was determined for each of these oils afte r which incremental amounts of menthol

were added to each of the oils and their analyses and congealing points were obtained. From

the data obtained, linear correlation coefficients and regression equations were calculated for

TABLE 7.2k
Percentage Composition of Oils Produced from Different Cultivars in Different Regions

Cultivar

Compound Gomti (S) MAS-1 (S) HY-77 (S) Shivalik (S)

Fresh

Shivalik

Oil (N)

Commercial

Shivalik

Oil (N)

(E)-2-Hexenal — 0.1 — — — —

(Z)-3-Hexenol 0.1 0.3 — — — <0.1

a-Pinene 0.7 0.6 0.6 0.6 0.6 0.6

Camphene — — — — <0.1 0.1

Sabineneþ 1-octen-3-ol 0.2 0.2 0.2 0.2 0.3 0.3

b-Pinene 0.7 0.6 0.6 0.5 0.7 —

Myrceneþ 3-octanol 1.4 0.9 1.0 1.1 1.1 1.1

Limoneneþ 1,8-cineole 0.9 0.7 2.0 2.0 1.0 1.8

(E)-b-Ocimene — — — — <0.1 —

trans-Sabinene hydrate — — <0.1 — 0.1 —

Terpinolene — 0.1 — — <0.1 —

Linalool 0.2 0.3 0.2 0.3 0.1 —

Menthone 4.7 1.7 7.6 10.2 7.6 9.6

Isopulegol — — — — 0.1 —

Isomenthone 2.2 1.5 1.8 2.0 4.9 4.3

Neomenthol 1.6 1.7 1.6 1.6 2.1 1.7

Menthol 78.8 87.2 73.6 70.5 75.5 70.4

Isomentholþa-terpineol 0.2 0.2 0.1 0.1 1.2 0.2

Pulegone 0.5 1.3 5.9 6.6 0.4 0.5

Piperitone 0.8 0.8 0.5 0.5 0.3 0.3

Menthyl acetate 5.3 0.2 0.2 — 1.7 1.2

b-Caryophyllene 0.4 0.3 0.3 0.4 0.5 0.6

Germacrene D — — 0.2 0.5 0.6 0.6

(E)-Nerolidol — — 0.1 — — —

N, Production in Sambhal (Uttar Pradesh); S, production in Hyderabad (Andhra Pradesh).
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the congeali ng poi nts and the three mo st impor tant consti tuents, namel y men thol, menthone,

and menthy l acetate. To make this compu tation mo re user frien dly and not cu ltivar specific,

the au thors pooled the da ta and combined these with a large r set of data obta ined from

increa sed sampl e size. They foun d that there was a signific ant pos itive correlati on betw een the

congeali ng point and the menthol co ntent and a negati ve co rrelatio n betw een the congeali ng

point with menthone and menthy l acetate. As a result, they were able to develop a univers al

ready referen ce ch art irrespecti ve of cultiva r. This can be seen in Table 7.2q.

A re v i e w of t he se da t a r e ve a l s th a t t he a ve r a g e di ff e re nc e be t we e n t he m e nt ho l ,

menthone, and menthyl acetate contents for each degree (8C) change in the congealing

TABLE 7.2l
Oil Content (%) of Whole Plants of Six Cornmint Cultivars Harvested at Different

Developmental Stages

Growth Stage at Harvest

for Oil Production

Cultivars

MAS-1 Kalka Shivalik Gomti Himalaya Kosi

Plants from previous season with early

sucker production (Stage 1)

0.2 0.5 0.3 0.2 0.2 0.2

Plants from previous season with

late sucker production (Stage 2)

0.4 0.5 0.5 0.4 0.3 0.4

Main crop early harvest time (Stage 3) 0.3 0.4 0.4 0.2 0.6 0.5

Main crop normal harvest time (Stage 4) 0.5 0.6 0.6 0.4 0.7 0.7

Main crop late harvest time (Stage 5) 0.5 0.5 0.8 0.6 0.7 0.7

Second cutting (ratoon crop) early

harvest time (Stage 6)

0.6 0.8 1.2 0.9 1.2 1.3

Second cutting (ratoon crop) late

harvest time (Stage 7)

0.5 0.7 1.0 0.9 1.1 1.2

TABLE 7.2m
Comparative Percentage Composition of the Main Components of Various Indian Cornmint

Cultivar Oils

MAS-1 Kalka Shivalik Gomti Himalaya Kosi (%)

Compound 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd

Limonene 1.4 2.6 2.1 3.8 1.1 1.6 0.9 1.5 1.8 2.1 1.2 3.6

3-Octanol 0.7 0.6 0.6 0.5 0.6 0.7 1.1 1.2 0.9 1.0 0.4 0.2

Menthone 3.6 4.1 3.2 4.4 7.4 8.5 12.8 17.7 0.5 8.2 3.4 7.0

Isomenthone 1.4 1.8 2.0 2.3 4.3 5.5 3.4 3.8 3.1 3.4 3.1 3.6

Menthyl acetate 0.5 0.6 0.8 0.6 1.7 1.6 3.0 1.0 1.0 1.9 4.5 3.2

Neomenthol 2.6 2.2 2.4 1.9 1.9 2.0 1.8 2.1 1.9 2.1 1.9 2.3

Menthol 85.6 80.5 80.7 76.3 75.3 71.0 71.3 63.3 73.2 73.2 78.7 69.6

Isomenthol 0.4 0.4 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.4

1st, normal harvest time; 2nd, second cutting harvest time.
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po i nt i s 1 .1 9 % , 0 .5 4 % , a nd 0 . 1 2 %, r e s pe c ti v el y . Co ns e qu e nt ly , i f a c on g e a l in g p oi nt of

13.38 C was ob tained for a cor nmint oil, then the menthol content woul d be (69.73 þ 0 . 36 )

69.09%, the m ent hone con tent wo ul d be (13.62–0.16) 13.45%, and the menthy l acetat e

content woul d be (2.8 3–0.04) 2.87% .

The Kalka cornmi nt cultivar was grow n in the ope n (unsh aded) and under the pa rtial shade

of poplar trees by Singh et al. (2002a ). They noted that as corn mint is a long da y plant that

flowers pr ofusely during the summer, cu ltivation unde r partial sha de decreas es the propor-

tion of flowers produced , which, in turn, results in a lower men thone con tent (Table 7.2r) and

a higher men thol content . Unfor tunate ly, the authors did not comment on the effect (if any)

of partial shade on oil con tent.

Raj eswara Rao (2002) compared the comp osition of cornmi nt oil produced from plants

that wer e grow n as a monocu lture or as an intercrop with ro se-scented geraniu m in the

vici nity of Hydera ba d (Indi a). The resul ts of this study can be seen in Table 7.2s. The authors

found that the differences in oil yield of cornmint were not significant between different

methods of culture. It should be noted, however, that the intercropping study was not done to

support cornmint oil production but to support rose-scented geranium oil production.

TABLE 7.2n
Percentage Composition of the Oils of the Flowering Whole Plant, Flowers, Leaves,

and Stems of the ‘‘Shivalik’’ Cultivar of Cornmint

Compound Flowering Whole Plant Oil Flower Oil Leaf Oil Stem Oil

a-Pinene 0.6 0.6 0.5 t

Sabinene 0.2 0.3 0.2 t

b-Pinene 0.6 0.6 0.5 t

Myrceneþ 3-octanol 1.6 1.7 1.6 0.5

Limoneneþ 1,8-cineole 1.2 1.9 1.1 0.2

(Z)-b-Ocimene 0.1 0.1 0.1 t

(E)-b-Ocimene — 0.1 0.1 t

trans-Sabinene hydrate 0.1 0.1 0.1 t

Linalool 0.1 0.2 t 0.1

Menthone 13.9 30.2 14.9 5.2

Isomenthone 3.0 3.5 3.0 2.1

Neomenthol 1.7 2.0 1.8 0.9

Menthol 68.4 53.2 71.1 82.3

Isomentholþa-terpineol t 0.1 0.1 0.1

Pulegone 0.4 0.3 0.4 0.2

Piperitone 0.7 0.7 0.7 0.5

Menthyl acetate 0.7 0.1 0.3 3.4

b-Cubebene 0.1 0.1 0.1 0.1

b-Elemene 0.1 0.1 0.2 0.1

b-Caryophyllene 0.5 0.8 0.6 0.7

Germacrene D 0.5 0.6 0.4 0.5

g-Cadinene 0.1 — t —

d-Cadinene — 0.1 t 0.1

(E)-Nerolidol 0.3 0.1 0.1 0.1

Caryophyllene oxide — — t t

t¼ trace (<0.1%).
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The minor constituents that have been found in some of the studies performed in cornmint

oil over the past 44 years can be seen categorized according to the class of compound such as

hydrocarbons, alcohols, esters, aldehydes, ketones, acids, phenols, nitrogen heterocyclic

compounds, and miscellaneous compounds.

7.2.2.1 Hydrocarbons

The monoterpene hydrocarbons routinely found in cornmint oil are a-pinene, camphene,

b-pinene, sabinene, myrcene, limonene, (Z)-b-ocimene, (E)-b-ocimene, g-terpinene, p-cymene,

and terpinolene in various cornmint oils. In addition, the sesquiterpene hydrocarbons such as

TABLE 7.2o
Comparative Percentage Composition of Indian and Chinese

Dementholized Cornmint Oils (DMO)

Compound Indian DMO Chinese DMO

a-Pinene 1.8 5.0

Camphene 0.2 0.1

b-Pinene 2.1 2.6

Sabinene 0.8 0.6

d-3-Carene 0.4 t

Myrcene 1.1 0.9

Limonene 3.1 4.2

1,8-Cineole 0.9 0.7

p-Cymene 0.1 t

Terpinolene 0.1 t

(Z)-3-Hexenol 0.1 t

3-Octanol 2.5 2.7

Menthone 19.4 20.2

Octyl acetate 0.3 0.3

Isomenthone 12.2 9.3

Linalool 0.2 t

Menthyl acetate 4.6 4.0

Isopulegol 1.2 2.0

cis-Isopulegone 0.9 t

Neomenthol 5.6 5.4

Neoiso(iso)pulegol 2.7 1.2

Neoisomenthol 1.2 1.2

Menthol 32.6 31.0

Isomenthol 0.4 0.2

Pulegone 0.7 1.2

Lavandulol 1.0 1.1

Decyl acetate 0.2 0.2

a-Terpineol 0.6 0.7

Germacrene D 1.1 0.6

Piperitone 1.0 1.7

Carvone 0.2 0.9

d-Cadinene 0.1 t

Decanol 0.1 t

Piperitenone oxide t 0.2

t¼ trace (<0.1%).
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b-cary ophy llene, (E )-b-farn esene, b-ele mene, b-bourb onene, germa crene D, and d-cadi nene

have also been routi nely charact erize d in corn mint oil.

Since 1960, 25 other alipha tic, monoter pen e, an d sesqui terpene hydro carbons have been

occasi onally ch aracterize d in this commer cially impor tant oil (see Table 7.2t ). A summ ary of

the data reveal s that 41 hydrocarbo ns ha ve be en identifi ed in cornmi nt oil.

TABLE 7.2p
Comparative Percentage Composition of Selected Constituents of the Partially

Dementholized Oils of Seven Indian Cornmint Cultivars

Compound Shivalik Gomti Kalka SS-1-4 Himalaya Kosi MAS-1

Menthone 20.6 34.2 12.7 21.9 17.7 11.8 28.0

Isomenthone 10.2 8.3 7.7 12.0 8.9 6.7 4.6

Menthyl acetate 1.6 1.6 0.9 6.8 2.8 3.8 6.7

Neomenthol 7.0 5.2 8.8 <0.1 8.1 3.8 3.2

Menthol 56.4 45.0 63.8 53.4 45.9 65.8 41.6

TABLE 7.2q
The Relationship between the Congealing Point of Cornmint Oil and the

Menthol, Menthone, and Menthyl Acetate Contents (%)

Congealing Point (8C) Menthol Menthone Menthyl Acetate

3 56.84 18.94 4.05

4 58.02 18.42 3.93

5 59.22 17.88 3.81

6 60.40 17.35 3.69

7 61.59 16.82 3.56

8 62.78 16.28 3.44

9 63.97 15.75 3.32

10 65.16 15.21 3.20

11 66.35 14.68 3.08

12 67.54 14.14 2.95

13 68.73 13.61 2.83

14 69.92 13.07 2.71

15 71.11 12.54 2.59

16 72.30 12.00 2.47

17 73.49 11.47 2.34

18 74.68 10.93 2.22

19 75.87 10.40 2.10

20 77.06 9.87 1.98

21 78.25 9.33 1.86

22 79.44 8.79 1.73

23 80.63 8.26 1.61

24 81.82 7.72 1.49

25 83.01 7.19 1.37

26 84.19 6.65 1.25

27 85.38 6.12 1.12
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The reports that p-menth-4( 8)-ene was a componen t of cornmi nt oil (Gildem eist er an d

Hoffman n, 1961) could not be confirmed from the recent (1960–20 04) literat ure.

7.2.2 .2 Alco hols

The alcoho ls routi nely foun d as con stituent s of cornmi nt oil are (Z)- 3-hexenol , 3-oct anol,

linaloo l, terpin en-4-o l, a-terp ineol, isopul egol, neoiso(iso) pulegol , neomenthol , neoisom e-

nthol, menthol , an d isomen thol. Since 196 0, 47 oth er alcoh ols ha ve been oc casiona lly char-

acter ized in this commer cially important oil (see Table 7.2u) . In summary, it woul d ap pear

that 58 alcohols have been identified in cornmint oil. I t s hould be noted that the

iso(iso) pulegol charact erize d by Lawren ce et al. (1989) and Kubeczka and For macek (2002)

was a misidentification of neoiso(iso)pulegol. The report noting that butanol (Gildemeister and

TABLE 7.2r
Comparative Percentage Composition of Cornmint Oil Produced from the

Kalka Cultivar Grown in the Open and in Partial Shade

Compound Oil from Unshaded Plants Oil from Partially Shaded Plants

(Z)-3-Hexenol 0.1 0.2

a-Pinene 0.7 0.8

Sabinene 0.3 0.3

b-Pinene 0.7 0.9

3-Octanone t t

Myrcene 0.5 0.7

3-Octanol 0.6 0.3

a-Phellandrene t t

p-Cymene t —

Limoneneþ 1,8-cineole 2.0 2.7

(Z)-b-Ocimene 0.3 0.2

(E)-b-Ocimene 0.1 t

trans-Sabinene hydrate 0.1 0.1

Linalool 0.1 0.1

Isopulegol 0.5 0.8

Menthone 11.7 4.8

Isomenthone 5.0 5.7

Menthol 70.9 78.2

Isomenthol 0.2 0.2

a-Terpineol 0.2 0.1

Citronellol 0.2 0.3

Pulegone 0.2 0.1

Piperitone 0.5 0.3

Neomenthyl acetate t t

Menthyl acetate 1.9 1.8

Isomenthyl acetate 0.1 0.1

b-Caryophyllene 0.4 0.2

Germacrene D 0.4 0.3

d-Cadinene 0.1 t

Caryophyllene oxide 0.1 —

t¼ trace (<0.1%).
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Hoff mann, 1961) an d isocaryo phylle ne alcohol (Naka mura, 1952) as cornmi nt components

cou ld not be confir med from the recen t (1960– 2004) lit erature.

7.2. 2.3 Esters

The esters that ha ve been rou tinely charact erize d as con stituent s of cornmi nt oil are 3-octyl

acetat e, men thyl acetat e, neomenthy l acetate, and neoisom enthyl acetate. Since 1960, 26 other

ester s ha ve been occasi onally charact erized in this c ommercial ly impor tant oil as shown in

Table 7.2v. Based on the known data, it woul d a ppear that a total of 30 ester s have been

identi fied in cornmin t oil.

The i dentification of m enthyl formate, 3-hexenyl f ormate, and 3-hexenyl hexanoate (Hiraizume,

1959) and menthy l isoval erate , menthy l hexanoate , an d menthy l phe nylacetate (Gildem eister

and Hoff mann, 1961) cou ld not be confir med from the recen t (1960– 2004) literat ure.

7.2. 2.4 Aldehydes

No aldehydes have been rou tinely charact erize d in co rnmint oil abo ve the trace ( <0.1% ) level.

Since 1960, a total of 13 alipha tic aldeh ydes ha ve occasio nally been ch aracterize d in this

commer cially impor tant oil (see Table 7.2w).

7.2.2.5 Ketones

The ketones that have been found as constituents of cornmint oil are menthone, isomenthone,

pulegone, and piperitone. Since 1960, 18 aliphatic and monoterpene ketones have been

TABLE 7.2s
Comparative Percentage Composition of Cornmint Oil

Produced from a Monoculture or Intercropped Plants

Compound Monoculture Oil Intercrop Oil

a-Pinene 0.7 0.6

b-Pinene 0.6 0.3

Myrceneþ 3-octanol 1.6 1.4

Limoneneþ 1,8-cineole 1.5 1.2

(Z)-b-Ocimene 0.1 0.1

(E)-b-Ocimene 0.1 0.1

trans-Sabinene hydrate 0.1 0.1

Linalool 0.2 0.3

Menthone 9.0 9.5

Isomenthone 2.1 2.8

Neomenthol 1.7 1.2

Menthol 75.2 74.5

Isomenthol 0.1 0.2

Pulegone 1.3 1.9

Piperitone 0.5 0.8

Menthyl acetate 3.8 3.0

b-Caryophyllene 0.3 0.4

Germacrene D 0.1 0.2

(E)-Nerolidol 0.1 0.1
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occasi onally charact erize d in this commer cially important oil as sho wn in Tabl e 7.2x.

A summ ary of the data reveal s that a total of 22 ketones ha ve been identified in cornmi nt oil.

The ch aracteriza tion of acetone, 2-buta none, 2-hept anone, and 6-me thyl-5-he pten-2 -one

by Nagas awa (1959) co uld not be con firmed from the recent (1960– 2004) literature.

7.2.2 .6 Acid s

No acids have been routi nely charact erized in cornmi nt oil abo ve the trace ( <0.1% ) level.

Since 1960, a total of 13 a liphatic an d aromat ic acids have be en oc casiona lly charact erized in

this commer cially impor tant oil (see Table 7.2y). The report ed occurrence of formic acid an d

3-hexenoi c acid as trace componen ts of corn mint oil (Gildem eister an d Hoff man, 1961) could

not be confirmed from the recent (1960– 2004) literat ure.

7.2.2 .7 Phe nols

Phenol s have not been routinely charact erized as trace (< 0.1% ) consti tuents in co rnmint oil.

Since 1960, a total of four phe nols (Tab le 7.2z) have been oc casiona lly found as constituent s

of this commercially important oil.

TABLE 7.2t
Additional Aliphatic Monoterpene and Sesquiterpene Hydrocarbons Found in Cornmint Oil

Compound References

Santeney Malla et al. (1962)

g-Elemeney Sacco et al. (1969)

a-Copaene, b-copaene, g-muurolene,

a-amorphene bicycloelemene Sakata et al. (1982)

b-Cadineney Zhu et al. (1993)

Bicyclogermacrene Benn (1998)

g-Cadinene

a-Cubebeney,

b-Bisaboleney, a-Elemeney

Rajeswara Rao et al. (1999);

Pandey and Chowdhury (2002)

Undecane Li et al. (2001)

a-Farnesene* Rohloff (2002)

a-Bourbonene Sakata and Hashizume (1971); Sakata et al. (1982)

a-Terpinene Hefendehl and Ziegler (1975); Benn (1998); Lawrence et al. (1999)

Aromadendrene Sakata and Hashizume (1971); Sakata et al. (1982); Li et al. (2001)

a-Humulene Sakata et al. (1982); Veronina et al. (1990);

Zhu et al. (1993)

b-Cubebene Sakata et al. (1982); Qiu et al. (1990); Rajeswara Rao et al. (2000)

d-3-Carene Kobayashi et al. (1960); Mathur et al. (2001);

Lawrence (2001); Rohloff (2002)

b-Phellandrene Baslas and Baslas (1968); Sakata et al. (1982);

Kubeczka and Formacek (2002)

a-Thujene Malla et al. (1962); Baslas and Baslas (1968); Sacco and Nano (1970);

Veronina et al. (1990); Benn (1998); Rajeswara Rao et al. (1999)

*Correct isomer not identified.
yQuestionable identity.
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7.2. 2.8 Nitroge n Het erocyclic Compou nds

Nitrog en he terocyc lic compoun ds hav e not been found in amounts e xceeding 10 0 ppm in

cornmi nt oil. Sin ce 1960, a total of five nitrogen he terocyclic co mpound s have been occa-

sional ly ch aracterize d in this co mmercial ly impor tant oil as sho wn in Table 7.2aa.

TABLE 7.2u
Additional Alcohols Found in Cornmint Oil

Compound References

2,6-Nonadienol* Talwar et al. (1963)

trans-p-Menthane-2-5-diol Hashizume and Sakata (1967)

2,6-Dimethyl-2-octanoly Belafi-Rethy et al. (1973a)

Viridiflorol Karasawa and Shimizu (1976)

Carveol*, 1,2-epoxyneomenthol, a-muurolol,

T-muurolol, a-cadinol, caryophylladien-I-ol Sakata et al. (1982)

3-(50,50-dimethyltetrahydrofuran- —

20-yl)-(Z)-2-butenol Sakurai et al. (1983a)

Methanol Osaki (1992)

6-Methyl-3-heptanol Zhu et al. (1993)

3-Methylcyclohexanol, octanol, 3-Nonanol,

myrtenol, terpin hydratey, p-menth-8-ene-diol* Boelens (1993)

2-Methylbutanol, spathulenol, 2-phenethyl alcohol,

p-menthanol* Benn (1998)

Geraniol Rajeswara Rao (1999)

o-Mentha-1(7),8-dien-3-ol*y Pandey and Chowdhury (2000)

Dihydrocarveol, isopiperitenol, 3-heptanol Lawrence (2000)

(E)-2-Nonenol, cis-sabinene hydrate, trans-verbenol,

pulegol*, (Z)-nerolidol Rohloff (2002)

Iso(iso)pulegol Kubeczka and Formacek (2002)

Ethanol Talwar et al. (1963); Qiu et al. (1990)

p-Cymen-8-ol Lawrence (1983); Boelens (1993)

Borneol Sakata et al. (1982); Lawrence (2001)

Hexanol Topalov and Zheljazkov (1991); Zheljazkov et al. (1996)

b-Terpineol* Zhu et al. (1993); Boelens (1993)

Isoamyl alcohol Boelens (1993); Benn (1998)

(E)-Nerolidol Boelens (1993); Rajeswara et al. (1999)

(E)-2-Hexenol Lawrence (2001)

1-Octen-3-ol Lawrence (1981); Benn (1998); Rajeswara Rao et al. (1999)

Menth-2(7)-dien-3-ol*y Pandey and Chowdhury (2000)

Decanol Zhu et al. (1993); Boelens (1993); Lawrence (2000)

Citronellol Boelens (1993); Lawrence (2000); Singh et al. (2002a)

Lavandulol Benn (1998); Lawrence (2001); Rohloff (2002)

trans-Sabinene hydrate Nakayama et al. (1970); Sakata et al. (1982);

Gasic et al. (1992); Spencer et al. (1997); Benn (1998);

Rajeswara Rao et al. (2000); Singh et al. (2002b);

Rohloff (2002)

*Correct isomer not identified.
yQuestionable identity.
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TABLE 7.2v
Additional Esters Found in Cornmint Oil

Compound References

2-Hexenyl acetate* Malla et al. (1962)

Menthyl valerate Hefendehl and Ziegler (1975)

Bornyl acetate, carvyl acetate*,

isopulegyl acetate, piperitenyl

acetate, 1,2-epoxyneomenthyl acetate Sakata et al. (1982)

(E)-3-Hexenyl acetate, (Z)-3-hexenyl propionate Bicchi et al. (1989)

Methyl 2-methylbutyrate Osaki (1992)

Nonyl acetate Zhu et al. (1993)

a-Terpinyl acetate Boelens (1993)

Ethyl isovalerate amyl 2-methylbutyrate,

amyl isovalerate, octyl isovalerate Benn (1998)

Geranyl acetate Rajeswara Rao (1999)

Methyl salicylate Lawrence (2001)

Hexyl isovalerate Sakata et al. (1982); Benn (1998)

Ethyl 2-methylbutyrate Osaki (1992); Benn (1998)

Decyl acetate Zhu et al. (1993); Lawrence (2001)

(Z)-3-Hexenyl phenylacetate Pandey and Chowdhury (2000)

Isoamyl isovalerate Sakata and Hashizume (1971); Sakata et al. (1982);

Boelens (1993)

(Z)-3-Hexenyl isovalerate Nakayama et al. (1970); Sakata et al. (1982);

Boelens (1993); Benn (1998)

Octyl acetate Zhu et al. (1993); Boelens (1998); Benn (1998);

Lawrence (2001)

Isomenthyl acetate Emberger and Hopp (1985); Bicchi et al.(1989);

Boelens (1993); Singh et al. (2000b)

*Correct isomer not identified.

TABLE 7.2w
Aldehydes Found in Cornmint Oil

Compound References

Furfural Talwar et al. (1963)

3-Hexenal* Bicchi et al. (1989)

(E)-2-Hexenal Osaki (1992)

Isovaleraldehyde, (Z)-4-heptenal,

octanal, 2,4-nonadienal*

Benn (1998)

Acetaldehyde, valeraldehyde Lawrence (2001)

(E,Z)-2,6-Nonadienal Talwar et al. (1963); Benn (1998)

Isobutanal Hefendehl and Ziegler (1975); Lawrence (2001)

Nonanal Boelens (1993); Benn (1998)

2-Methylbutanal Benn (1998); Lawrence (2001)

*Correct isomer not identified.
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7.2. 2.9 Miscellaneou s Com pounds

To date only 1 ,8-cineole has be en routi nely identifi ed as a constituent of co rnmint oil. Since

1960, the 14 mis cellaneou s compou nds that ha ve been occasi onally charact erize d in this

commer cially impor tant oil can be seen in Table 7.2ab. As a resul t, a total of 15 miscell aneous

compounds have been found in cornmint oil.

TABLE 7.2x
Additional Ketones Found in Cornmint Oil

Compound References

2-Isopropylcyclopentanone Onogaki (1962)

a-Thujoney Baslas and Baslas (1969)

Camphor, isopiperitenone,

1-acetoxymenthone,

3-acetoxycarvomenthone Sakata et al. (1982)

Carvotanacetoney Veronina et al. (1990)

b-Ionone*, (E)-b-damascenone Benn (1998)

cis-Isopulegone Lawrence (2001)

Geranyl acetone Benn (1998); Lawrence (2001)

Carvomenthoney Malla et al. (1962); Talwar et al. (1964); Baslas and Baslas (1969)

3-Octanone Sakata et al. (1982); Lawrence (1983); Boelens (1993); Benn (1998)

(Z)-Jasmone Sakata et al. (1982); Benn (1998); Pandey and Chowdhury

(2000); Lawrence (2001)

Piperitenone Lawrence (1981); Sakata et al. (1982); Lawrence (1983);

Kirichenko (1989); Benn (1998)

3-Methylcyclohexanone Talwar et al. (1963); Sakata and Hashizume (1972);

Sakata et al. (1982); Boelens (1993); Benn (1998);

Pandey and Chowdhury (2000)

*Correct isomer not identified.
yQuestionable identity.

TABLE 7.2y
Acids Found in Cornmint Oil

Compound References

Heptanoic, nonanoic Kobayashi et al. (1960)

Anisic, 3-methyladipic Sakata and Hashizume (1972)

Acetic Boelens (1993)

Isovaleric, hexanoic, benzoic, salicylic,

3-isopropenylpentane-1,5-dioic Tsuneya et al. (1998)

Octanoic Kobayashi et al. (1960); Tsuneya et al. (1998)

(E)-2-Hexenoic Sakata et al. (1982); Tsuneya et al. (1998)

2-Methylbutyric Tsuneya et al. (1998); Benn (1998)
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TABLE 7.2z
Phenols Found in Cornmint Oil

Compound References

Guaiacol, 4-vinylguaiacol Benn (1998)

Thymol Hefendehl and Ziegler (1975); Benn (1998); Lawrence (2001)

Eugenol Kobayashi et al. (1960); Tsuneya et al. (1998); Benn (1998); Lawrence (2001)

TABLE 7.2aa
Nitrogen Heterocyclic Compounds Found in Cornmint Oil

Compound References

3-Phenylpyridine,5-phenyl-2-propylpyridine,

4-phenyl-4-propylpyridine Sakurai et al. (1983b)

4-Methylquinoline Benn (1998)

6-Methylpyrimidone* Pandey and Chowdhury (2000)

*Questionable identity.

TABLE 7.2ab
Miscellaneous Compounds Found in Cornmint Oil

Compound References

trans-2,5-Diethyltetrahydrofuran Itahara et al. (1970)

Dehydromenthofurolactone

2,3-dimethyl-4-hydroxy-2-nonenoic acid lactone Sakata and Hashizume (1973)

Mint sulphide Takahashi et al. (1981)

Pulegone oxide* Sakata et al. (1982)

Methyl eugenol Boelens (1993)

2-Ethylfuran Lawrence (2001)

Dimethyl sulfide Peyron (1961); Lawrence (2001)

Piperitone oxide* Nigam et al. (1963); Sakata and Hashizume (1971)

Menthofurolactone Ito et al. (1969); Sakata and Hashizume (1971)

Methyl octyl ether Boelens (1993); Benn (1998)

Caryophyllene oxide Hashizume and Sakata (1970); Lawrence (1981);

Boelens (1993)

Piperitenone oxide Sakata et al. (1982); Osaki (1992); Benn (1998)

Menthofuran Nigam and Levi (1964); Hefendehl and Ziegler (1975);

Lawrence (1978); Sacco et al. (1989); Veronina et al. (1990);

Topalov and Zheljazkov (1991); Shimizu (1985);

Kubeczka and Formacek (2002)

*Correct isomer not identified.
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7.2.2.10 Chirality

The enantiomeric distribution of some constituents of cornmint oil can be seen in Table 7.2ac.

In addition, Nakayama et al. (1970) determined that (1R,4S,5S)-(þ)-trans-sabinene hydrate,

(4R)-(�)-terpinen-4-ol, and (�)-caryophyllene oxide were the major enantiomers found in

cornmint oil. König et al. (1997) confirmed that the major enantiomer of trans-sabinene

hydrate was as reported by Nakayama and colleagues. They also determined that the

major enantiomers of isopulegol and menthofuran were (1R,3R,4S)-(�)-isopulegol and (6R)-

(þ)-menthofuran. Galle-Hoffman and König (1998) also determined that (4R)-(�) -piperitone

was found in cornmint oil. This is the opposite to the enantiomer (4S)-(þ) piperitone that has

been found in peppermint oil and oils of other Mentha species.

7.3 PEPPERMINT OIL ex Mentha piperita L.

7.3.1 INTRODUCTION

The first botanical record of peppermint appeared in 1696 when the plant was collected in

Hertfordshire (England) by Dr. Eales (Landing, 1969). A preserved specimen of the plant can

be found in the herbarium of the British Museum. Sometime later the plant was given the

name peppermint because it resembled spearmint and it possessed a pepper-type taste. The

botanical origin of peppermint is Mentha �piperita L, a natural hybrid of M. aquatica L. �
M. spicata L.

7.3.2 CULTIVATION AND OIL PRODUCTION

Peppermint cultivation began in England around 1750 in the vicinity of Mitcham (Surrey)

and by the end of the century, oil production had commenced. Between 1812 and 1830,

peppermint had been introduced in Ashfield (Western Massachusetts, United States) and

oil production had commenced (Landing, 1969). Over the next 50 years, cultivation and oil

TABLE 7.2ac
Enantiomeric Distribution of Cornmint Oil Constituents

Enantiomeric Ratio References

(1R,5R)-(þ)-a-pinene (26.5%–28.0%):(1S,5S)-(�)-a-pinene (72.0%–73.5%) Kries, et al. (1990);

Coleman and Lawrence (2001)

(1R,5R)-(þ)-b-pinene (44.6%–50.9%):(1S,5S)-(�)-b-pinene (49.1%–55.6%) Kreis et al. (1990);

Coleman and Lawrence (2001)

(4R)-(þ)-limonene (0.1%–1.9%):(4S)-(�)-limonene (98.1%–99.9%) Kreis et al. (1990a);

Coleman and Lawrence (2001)

(1S,4R)-(þ)-menthone (<0.5%):(1R,4S)-(�)-menthone (>99.5%) Emberger and Hopp (1985)

(1R,4R)-(þ)-isomenthone (>99%):(1S,4S)-(�)-isomenthone (<1%) Emberger and Hopp (1985)

(1S,3S,4R)-(þ)-menthol (0-<0.5%):(1R,3R,4S)-(�)-menthol (>99.5%–100%) Emberger and Hopp (1985)

(1S,3S,4R)-(þ)-menthyl acetate (0%):(1R,3R,4S)-(�)-menthyl acetate (100%) Emberger and Hopp (1985);

Kries et al. (1990)

(1R,3S,4R)-(þ)-isomenthol (>99%):(1S,3R,4S)-(�)-isomenthol (<1%) Emberger and Hopp (1985)

(1R,3S,4S)-(þ)-neomenthol (>99%):(1S,3R,4R)-(�)-neomenthol (<1%) Emberger and Hopp (1985)

(1R,3R,4R)-(þ)-neoisomenthol (>99%):(1S,3S,4S)-(�)-neoisomenthol (<1%) Emberger and Hopp (1985)

(4S)-(þ)-piperitone (79%):(4R)-(�)-piperitone (21%) Ravid et al. (1994a)
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produ ction had moved wes tward to Michi gan, Indiana, an d Wiscons in. By the beg inning of

the 20th century , cultivat ion an d oil producti on had moved furth er wes t to Oregon , Washing -

ton, and Idaho . This ch ange in venue for cultivat ion was a direct resul t of severe winterkill

and, more important, the de vastating Verticillium root disease that decim ated many of the

easte rn and Midw est plan tings. Today , the wes tern stat es produce a lion’ s share of pepper-

mint oil in the Unit ed State s. A summ ary of pr oduction level s betw een 1990 and 2 000 can be

seen in Tabl e 7.3a (Law rence, 2000). M ore recen t data can be found in Chapt er 9.

Over the last 100 years, numerous other countries such as Argentina, Australia, Brazil,

Bulgaria, Canada, England, France, Hungary, India, Italy, Japan, Morocco, New Zealand,

Poland, Romania, Russia and the former Soviet Union, Serbia and Montenegro and the

former Yugoslavia, South Africa, and Spain have been producing peppermint oil. Currently,

only Argentina, Australia, India, and Italy produce quantities greater than 10 tonnes. India is

by far the largest producer. The current production levels for the four countries are 25 tonnes,

15 tonnes, 350 tonnes, and 30 tonnes, respectively.

7.3.3 OIL COMPOSITION

A survey of the pre-1960 literature (Gildemeister and Hoffman, 1961) reveals that the

constituents that have been characterized in peppermint in various origins were as follows:

a-pinene

a-terpinene

a-phellandrene

limonene

b-caryophyllene

cadinene*

amyl alcohol

isoamyl alcohol

hexenol*

3-octanol

menthol

TABLE 7.3a
Peppermint Oil Productions (Tonnes) 1990–2000 in the United States by Region

Year MID WIL MAD LAG IDA MON YAK

1990 442.7 931.2 487.2 N=A 641.8 N=A 838.7

1991 634.6 958.4 430.0 N=A 671.8 N=A 611.0

1992 621.0 952.5 480.8 N=A 792.4 N=A 802.0

1993 500.0 680.4 400.5 N=A 762.0 N=A 747.5

1994 475.8 909.5 371.5 N=A 1006.5 N=A 964.3

1995 684.0 919.4 420.0 N=A 1281.4 N=A 1354.4

1996 435.0 802.9 358.8 N=A 1427.0 N=A 1454.2

1997 526.2 635.2 317.5 N=A 1510.5 N=A 1555.8

1998 677.2 505.3 296.7 273.1 985.7 216.8 1620.2

1999 497.6 427.3 255.4 273.5 702.2 135.6 1210.2

2000 388.7 355.2 205.5 282.6 543.4 68.6 1327.2

MID, Midwest; WIL, Willamette; MAD, Madras; LAG, LaGrande; IDA, Idaho; MON, Montana; YAK, Yakima;

N=A, data not available.
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neo menthol

trans -sabinen e hy drate

thymol

carvacr ol

caryop hyllene alcoho l

clovaned iol*

b-betul enol

acetal dehyde

isoval eralde hyde

acetone

3-me thylc yclohexa none

jasm one*

menthon e

isom enthone

pulego ne

piperi tone

menthy l acetate

menthy l isovalerat e

menthy l octenoat e*

aceti c ac id

isoval eric acid

octano ic acid

octeno ic acid*

1,8- cineol e

menthof uran

dimet hyl sulf ide

*Correct isomer not identified.

In other literatu re, Krem ers (1926) identi fied 2-me thylbut anol as a low boilin g co mponent

of Midw est U.S. peppermi nt oil. Reitsem a (1958) de termined that the main componen ts of a

sim ilar oil were as follows :

menthon e (25% )

menthof uran (2%– 15%)

pulego ne (2%)

menthol (50% )

piperi tone (1%)

piperi tenone (1%)

Smit h and Levi (1961) compared the major constituent s of commer cial sampl es of peppe r-

mint oil produced in the Midwest, Oregon, and the Yakima Valley of Washington.

A summ ary of the resul ts can be seen in Table 7 .3b. These same authors also comp ared the

analyses of peppermint oil produced in Italy, England, Bulgaria, South Africa, Argentina,

Canada, Netherlands, Poland, and Spain characterizing the same components.

Porsch and Farnow (1962) compared the composition of North American peppermint oil

with peppermint oils produced in Bulgaria, France, and Hungary. the results of the study are

shown in Table 7.3c.

Hefendehl (1962) studied the differences in oil composition of old and young leaves, leaf

position effect, and effect of withering on peppermint grown experimentally in Germany.
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He found that the age of the leaves, their state of maturity, and freshness were the main causes

in oil composition variance. He found that as the leaves increased in age, the reduction of

menthone to menthol increased proportionally. Young leaves were found to have higher

levels of pulegone. Also, when the plant was in flower, the menthofuran content was at its

maximum level.

Ognyanov and Vlahov (1962, 1965) and Vlahov and Ognyanov (1964) characterized a

number of constituents in Bulgarian peppermint oil such as amyl alcohol, (Z)-3-hexenol,

acetaldehyde, isovaleraldehyde, phenylacetaldehyde, 3-octanone, 3-octyl formate, 3-octyl

TABLE 7.3b
Comparative Composition of North American Peppermint Oils

Midwest (3)* Oregon (3) Yakima (4)

a-Pinene 0.8 0.7–0.8 0.5–0.8

Camphene 0–0.2 0–0.2 0–0.2

b-Pinene 0.9–1.0 0.9–1.6 1.1–1.7

Limonene 3.0–3.6 3.2–4.3 3.5–3.7

1,8-Cineole 7.1–8.7 7.5–8.3 6.4–13.5

Menthone 29.9–31.6 19.5–23.8 8.9–17.9

Menthofuran 0.7–1.9 2.6–3.3 6.2–9.4

Isomenthone 4.8–5.9 3.2–4.5 2.2–3.4

Menthyl acetate 4.2–5.1 4.4–6.1 5.3–11.6

Neomenthol 3.4–3.6 3.6–4.1 2.8–3.9

Menthol 37.0–39.3 41.8–46.2 40.2–48.7

Pulegone 0.4–0.8 0.9–2.3 0.9–2.6

Piperitone 0.5–1.3 1.7–3.1 0.7–1.6

*Number of samples.

TABLE 7.3c
Comparative Chemical Analysis of Peppermint Oils of Various Origins

Compound N. American Bulgarian French Hungarian

a-Pinene 1.5 2.0 1.5 1.0

b-Pinene 1.0 1.0 1.0 0.5

Limonene t t t t

1,8-Cineole 6.5 6.0 7.5 4.5

3-Octanol 0.5 0.5 0.5 0.5

trans-Sabinene hydrate 1.0 0.5 2.0 1.0

Mentholþmenthofuran 26.0 28.0 25.0 24.0

Isomenthone t 5.0 t 7.0

Neomenthol 3.0 4.0 4.0 3.5

MentholþNeoisomenthol 48.0 41.0 48.0 49.0

Menthyl acetate 9.0 7.0 9.0 7.5

Isomenthol 3.0 2.0 3.0 2.0

Piperitone 1.0 1.0 0.5 0.5

t¼ trace (<0.5%).
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acetat e, trans -sabi nene hydrate , menthone , menthof uran, menthy l acetat e, menthol , amyl

form ate, amyl acetate, 3-oct anol, (E)- 2-hexena l, a -pinene , camph ene, b-pinene , lim onene,

1,8- cineole, g-terp inene, terpi nolene, an d a b-ocim ene isom er.

Kats uhara et al. (1964, 1966, 1967) identifi ed a number of new consti tuents in pep permint

oil of Japan ese origin. The comp onents that were c haracterize d wer e, b-bourbo nene,

b-cary ophy llene, an elemene isom er, e -cadi nene, aromade ndrene, a-calac orene, guaiazul ene,

a calam enen e isomer, trans -p-ment h-2-e ne-1,4-di ol, p-menthan e-1,3-di ol, an d p-ment hane-

2,3- diol.

Vlah ov et al. (1967a ) isolated the sesqui terpene hydrocarbo ns in pur e form from Bulgari an

pep permint oil and de termined their optica l acti vities.

Over the next 30 years, pepp ermint oil has been the subject of analysis by numerous groups

and individ uals around the world . This has led to the iden tification of more than 300

con stituent s of the oil. Rather than doc umentin g the plethor a of studi es, the more important

one s are discus sed in this revie w.

Von Sc hantz and Norri (1968) compared the composi tion of the leaf oil obtaine d from

Ukrani an peppermi nt plants that wer e harvest ed at different developm en t times. The resul ts

of this study are shown in Table 7.3d.

Malingré (1969) obtained oil from the flowers, leaf tips, and leaves of peppermint grown

experimentally in Groningen (Netherlands). A composition of the major constituents identi-

fied in these oils can be seen in Tabl e 7.3e. He also determ ined that oil prod uced from the

TABLE 7.3d
Comparative Chemical Composition of Peppermint Leaf Oil

Compound Before Flowering Initial Flowering End of Flowering

a-Pinene 0.4 0.7 0.8

Camphene t t t

b-Pineneþ sabinene 0.9 1.4 1.8

þMyrcene 0.2 0.4 0.4

a-Terpinene t 0.1 t

Limonene 5.0 9.8 8.3

1,8-Cineole 4.6 5.1 7.8

b-Ocimene* t t t

g-Terpinene 0.1 0.6 0.4

p-Cymeneþ unknown 0.2 0.4 0.2

Terpinoleneþ unknown 0.1 0.2 0.2

3-Octanol 0.4 0.4 0.4

Menthone 26.2 3.1 5.5

Menthofuran t t t

Isomenthone 2.6 0.9 1.3

Menthyl acetate 6.3 22.1 18.0

Neomentholþb-caryophyllene 5.4 7.4 6.0

Menthol 42.8 40.5 42.4

Isomentholþ d-cadinene 0.4 0.9 1.0

Piperitolþunknown 0.7 1.6 1.4

Piperitoneþ unknown 2.2 2.2 1.9

*Correct isomer not identified.
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same peppermint plants that were harvested at their optimum yield time possessed the

following composition:

a-pinene (0.1%–0.3%)

b-pinene (1.0%–2.2%)

limonene (0.7%–1.2%)

1,8-cineole (1.5%–2.2%)

3-octyl acetate (0.1%–0.2%)

3-octanol (0.3%–0.9%)

menthofuran (1.5%–2.3%)

trans-sabinene hydrate (0.7%–1.2%)

menthone (2.6%–3.0%)

isomenthone (1.4%–1.8%)

menthyl acetate (12.0%–13.9%)

neomenthol (4.4%–5.0%)

menthol (51.1%–56.6%)

pulegone (2.1%–2.5%)

piperitone (2.4%–3.3%)

An oil produced commercially in the Willamette Valley (Oregon, United States) was the

subject of analysis by Lawrence et al. (1972). It was found to contain the following components:

2-methylbutanalþ isovaleraldehyde (0.1%)

a-thujeneþa-pinene (0.7%)

b-pinene (0.8%)

sabinene (0.4%)

myrcene (0.1%)

TABLE 7.3e
Chemical Composition of Peppermint Oil Obtained from

Various Parts of the Plant

Compound Flower Oil Leaf Tips Oil Leaf Oil

a-Pinene 0.3 0.3 0.3

b-Pinene 0.5 1.2 1.0

Limonene 1.9 5.3 0.9

1,8-Cineole 1.3 1.0 3.6

3-Octyl acetate 0.2 0.1 0.8

3-Octanole 0.2 0.1 0.3

Menthofuran 20.1 4.2 1.0

trans-Sabinene hydrate 1.4 1.2 2.5

Menthone 25.4 59.0 2.2

Isomenthone 4.1 6.3 0.9

Menthyl acetate 2.4 0.6 10.8

Neomenthol 1.7 1.7 7.9

Menthol 20.1 6.8 58.6

Pulegone 16.2 2.5 0.9

Piperitone 1.2 2.1 1.2
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isoam yl alcoho l (0.2 %)

limo nene (1.2%)

1,8- cineol e (5.6 %)

(Z)- b-ocimen e (0.1 %)

g-ter pinene (0.5%)

p-cym ene (0.1%)

terpi nolene (0.1%)

3-oct anol (0.2%)

trans -sabinen e hy drate (0.8 %)

menthon e (24. 2%)

menthof uran (1.2 %)

isom enthone (3.5 %)

b-bo urbonene (0.6 %)

menthy l acetate þ neomenthol (3.7%)

neo isomen thyl acetate (4.9 %)

terpi nen-4- ol (1.2 %)

b-cary ophy llene (0.8 %)

menthol (45.8%)

(E)- b-farnesene (0.1 %)

pulego ne (1.0%)

a-ter pinene (0.1%)

a-amor phe ne (0.1%)

germa crene D (0.9%)

a-muur olene (0.5 %)

piperi tone (0.1%)

ledol (0.1%)

Tra ce amounts ( <0.1% ) of ethanol , butanal , 2-me thylfuran, 2-et hylfuran, camp hene,

a-ter pinene, b -phelland rene, (E)- 2-hexena l, hexano l, (Z)-3-hexe nol, (E)-2-hexe nol, tetrade-

cane, 1-octen-3- ol, pentadecan e, a-copaene, cis -sabin ene hy drate, trans - p-menth-2- en-1-o l,

a-gurj unene , b-copaene, hexad ecane, b-ylang ene, g -muur olene, leden e, g-cadi nen e, d-cadi nene,

octadeca ne , a-cadi nene, p-menth -1-en-9- yl acetat e, nona decane, a calamen ene isomer,

p-ment han-9- ol, eicosa ne, 2-phenet hyl isoval erate, caryoph yllene ox ide, he neicosa ne, thymol,

eugen ol, 2-methyl butyri c acid, isoval eric acid, hexano ic acid, heptano ic acid, octanoi c acid,

and decano ic acid were also found in the same oil. Subs equen t to this analysis, Lawre nce

(1978) determined that ledene was identi fied in error. It was, in fact , virid iflorene, the ep imer

of ledene. In addition, Karasaw a a nd Shi mizu (1976) and Roja n et a l. (1977) sh owed that the

ledol identified by Lawre nce et al. (1972) was a mis identifi cation of the epime ric viridif lorol.

She ldon et al. (1972) report ed that they ch aracterize d 100 co mponents in North American

pep permint oil. The compon ents wer e quantitati vely distinguis hed as > 10% (2 comp onents),

1% to 10% (10 compon ents), 0.1% to 1.0% (19 compo nents), 0.01% to 0.1% (14 comp onents),

0.001% to 0.01% (29 compo nents) and < 0.001% (26 compon ents). Unfortuna tely, the authors

only report ed the identities of the ne wly ch aracterize d components an d not the full 100; they

did not present an y qua ntitativ e da ta eithe r.

It is well known that aged peppermint oil has a more desirable aroma than freshly distilled

oil. As a result, Wong (1972) compared the chemical composition of both fresh and aged

pep permint oil (see Table 7.3f ). In add ition, trace amounts (< 0.1% ) of acetaldeh yde, iso-

butana l, and camphen e, wer e a lso charact erize d, althoug h the fres h oil was richer in the trace

alipha tic aldehydes than the aged oil. As can be seen from the results pre sented in Table 7.3g,

the fresh oil was found to be slightly richer in 1,8-cineole, menthone, menthofuran, menthyl
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acetate, terpin en-4-ol, and pulegone, whereas the aged oil was richer in isoval eralde hyde,

p-cym ene, isomen thone, piperiton e, an d menthol . Wong inferred that stora ge of pepp ermint

unde r tempe rature -controlle d condition s afte r both water a nd ox ygen had been remove d

from the oil creat ed a n optim um situati on for the aging of peppermi nt oil. A compari son

between so me selec ted componen t ratios demon strates the differen ces betw een oils store d

unde r optim um or nonopt imum condition s as can be seen in Tabl e 7.3g.

Kartn ig and Stil l (1975) exami ned the oils of a num ber of commer cial cultiv ars of pepper-

mint used for oil producti on outside of the Un ited States an d co mpared the oils to an oil

commer cially available in Germ any. The resul ts of this study are summ arize d in Table 7.3h.

An oil produced solel y from the floweri ng heads of pep permint grown in Orego n was foun d

(Lawrence, 1978) to contain the following constituents:

a-thujeneþa-pinene (0.8%)

b-pinene (0.9%)

sabinene (0.4%)

TABLE 7.3f
Comparative Percentage Composition of Fresh and Aged

Peppermint Oil

Compound Fresh Oil Aged Oil

Isovaleraldehyde 0.2 0.3

a-Pinene 0.8 0.8

b-Pinene 1.6 1.6

Myrcene 0.2 0.2

a-Terpinene 0.4 0.3

Limonene 1.6 1.4

1,8-Cineole 5.4 5.2

g-Terpinene 0.7 0.6

p-Cymene 0.1 0.3

trans-Sabinene hydrate 1.2 1.2

Menthone 24.1 22.0

Menthofuran 2.3 1.2

Isomenthone 2.5 3.2

Linalool 0.5 0.5

Menthyl acetate 4.7 4.3

Neomenthol 3.8 3.8

a-Caryophylleney 1.5 1.3

Terpinen-4-ol 3.1 2.5

Menthol 38.2 42.3

b-Caryophyllene 0.5 0.5

Isomenthol 0.5 0.5

Pulegone 1.1 0.8

(E)-b-Farnesene 0.4 0.3

a-Terpineol 0.3 0.4

Piperitone 0.2 0.6

a-Elemenez 0.1 0.1

yProbably a misidentification of b-elemene.
zProbably a misidentification of germacrene D.
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myrcene (0.1%)

limonene (2.6%)

(Z)-b-ocimene (0.1%)

(E)-b-ocimene (0.2%)

p-cymene (0.1%)

terpinolene (0.1%)

trans-sabinene hydrate (0.5%)

menthone (18.2%)

menthofuran (21.5%)

isomenthone (6.8%)

b-bourbonene (0.1%)

neomenthol (0.2%)

trans-isopulegone (0.1%)

b-caryophyllene (1.1%)

menthol (24.1%)

pulegone (13.9%)

(E)-b-farnesene (0.1%)

germacrene D (1.0%)

piperitone (0.2%)

In addition, trace amounts (<0.1%) of camphene, a-terpinene, g-terpinene, 2-methylbutyl

2-methylbutyrate, linalool, cis-sabinene hydrate, neoisomenthyl acetate, b-copaene, trans-

p-mentha-2-en-1-ol, a-terpineol, and carvone were also characterized in this same oil.

TABLE 7.3g
Ratios of Components Found in Oils Aged (Stored) under Optimum and

Nonoptimum Conditions

Component Ratio Oil Stored Under Optimum Conditions Oil Stored Under Nonoptimum Conditions

Menthol=menthone 1.9 2.0

Menthol=piperitone 52.6 72.3

Menthone=piperitone 28.0 36.1

Neomenthol=piperitone 4.5 5.9

TABLE 7.3h
Comparative Percentage Composition of Various Peppermint Oils

Compound ‘‘Erdinger’’ ‘‘Neckaperle’’ Bulgarian Ukranian ‘‘Commander’’ Commercial

a-Pinene 0.6–0.8 0.7–0.9 0.1–0.5 0.6–0.8 0.6 1.2

b-Pinene 1.4–1.7 1.5–1.9 0.5–1.1 1.4–1.7 1.9 1.6

Limonene 1.0–1.2 1.3–1.8 0.3–0.6 5.4–6.4 1.8 6.4

1,8-Cineole 7.8–7.9 7.7–8.2 2.5–3.8 5.4–6.1 2.8 0.4

p-Cymene 0.1–0.2 0.1–0.2 t–0.1 — — 0.2

Menthone 24.1–36.2 26.3–39.5 51.6–51.8 41.2–45.8 67.2 31.8

Menthofuran 0.6–2.6 0.5–2.5 0.3–1.2 0.1–0.3 — 0.1

Isomenthone 3.7–4.6 3.9–4.9 9.8–10.0 4.6–5.0 7.6 7.2

Menthyl acetate 6.4–9.1 6.2–8.6 4.5–5.6 6.0–6.3 0.4 9.5

Menthol 31.4–41.9 29.1–39.2 22.3–23.2 23.2–28.0 0.9 35.4

Piperitone 0.9–1.1 1.0–1.1 1.9–2.8 3.2 — 3.3
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The oils produced from Auvergne peppermint (M. piperita var. officinalis f. rubescens) that was

harvest ed both be fore an d during floweri ng wer e analyze d by Car nat and Lam aison (1987).

The co mposi tion of the oils was compared with that of a co mmercial peppermi nt oil that was

also pr oduced in France (Table 7.3i). Murray e t al. (1988) pro duced an oil from the stolons of

M. piper ita that was grow n commercial ly in Michi gan (United State s) and found that it

contai ned the following major componen ts:

a-pinene (1.1%)

b-pinene (1.6%)

limon ene (4.5%)

1,8-cineo le (1.6%)

trans -sabi nene hyd rate (0.1%)

menthone (3.5 %)

menthof uran (46.1%)

isom enthone (0.7%)

menthy l a cetate (24.5%)

neomen thol (1.7 %)

b-cary ophy llene (0.3%)

menthol (11.4%)

pulegon e (0.9 %)

piperi tone (0.1%)

These same authors examine d the ch ange in oil composi tion as the peppermi nt plant

grow ing in Indiana (United State s) mature d. Thes e resul ts can be found in Table 7.3j .

Voronina et al. (1990) analyzed the composition of oils produced from eight cultivars of so-

called peppermint grown in Russia. The oils were found to vary in menthol content from 32.1%

to 83.2% as can be seen in Table 7.3k. Bas ed on these resul ts, it must be postul ated that the high

menthol containing oils probably originated from hybrid plants not 2n¼ 72 M. piperita.

When peppermint oil is produced by steam distillation a small amount of the oil dissolves in

the distillation water that is separated from the oil. Fleisher and Fleisher (1991) examined the

composition of this oil and found that it contained the following components:

dimethyl sulfide (0.1%)

isobutanal (0.2%)

valeraldehyde (2.5%)

2,5-diethyltetrahydrofuran* (0.1%)

isobutanol (0.1%)

hexanal (0.2%)

isoamyl alcohol (0.1%)

1,8-cineole (15.7%)

(E)-2-hexenal (0.5%)

2-pentenol* (0.3%)

3-methylcyclohexanone (0.3%)

hexanol (0.3%)

(Z)-3-hexenol (0.7%)

3-octanol (0.4%)

(E)-2-hexenol (0.4%)

1-octen-3-ol (0.2%)

menthone (16.6%)

*Correct isomer not identified.
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TABLE 7.3i
Comparative Percentage Composition of French Peppermint Oil

Auvergne Peppermint Mitcham

Compound Preflowering Oil Flowering Oil Peppermint Oil

a-Pinene 0.6 0.7 0.7

b-Pinene 0.9 1.1 1.0

Sabinene 0.5 0.6 0.6

Myrcene 0.3 0.3 0.3

a-Terpinene 0.2 0.2 0.2

Limonene 1.8 2.2 1.9

1,8-Cineole 5.3 6.6 5.6

(Z)-b-Ocimene 0.5 0.6 0.2

a-Terpinene 0.3 0.4 0.3

(E)-b-Ocimene 0.1 0.1 —

p-Cymene 0.1 0.1 0.2

Terpinolene 0.1 0.1 0.1

Octyl acetate — 0.1 —

3-Octanol 0.3 0.4 0.4

1-Octen-3-ol 0.1 — —

trans-Sabinene hydrate 2.0 2.4 2.4

Menthone 26.2 15.4 15.7

Menthofuran 1.1 1.5 1.8

Isomenthone 3.0 2.2 8.5

b-Bourbonene 0.4 0.4 0.3

Neomenthyl acetate 0.2 0.3 —

Linalool 0.3 0.3 0.3

Linalyl acetatet 0.1 0.1 —

Menthyl acetate 2.1 4.2 4.4

Isopulegol 0.1 0.1 —

Bornyl acetatet 0.1 0.2 —

Isobornyl acetatet 0.1 <0.1 —

Neomenthol 3.3 4.1 7.1

Terpinen-4-ol 2.2 1.8 0.5

b-Caryophyllene 0.6 0.7 0.6

a Dihydrocarvone* 0.1 0.1 —

Neoisomenthol 0.7 1.0 —

Menthol 39.9 46.2 38.2

Pulegone 0.6 0.6 0.5

Isomenthol 0.2 0.3 —

Isoborneolt 0.2 0.2 —

a-Humulene 0.1 0.1 —

a-Terpineol 0.2 0.2 0.3

Germacrene D 2.5 1.9 3.7

Piperitone 0.7 0.6 0.7

Carvone 0.4 0.4 —

Viridiflorol 0.9 0.7 0.7

tTentative identification.

*Correct isomer not identified.
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TABLE 7.3j
Percentage Composition of the Oils Produced from Different Development Stages of

Peppermint Plants

Compound 1 2 3 4 5 6

a-Pinene 0.4 0.7–0.9 0.5–0.8 0.6 0.2–0.9 0.1–0.5

b-Pinene 1.0 1.8–2.2 1.4–2.3 1.8 1.0–2.0 0.3–1.0

Limonene 1.6 1.3–2.0 1.6–1.9 2.2 1.5–2.4 0.6–2.0

1,8-Cineole 3.5 6.1–6.9 5.4–7.6 5.9 4.7–6.1 1.9–4.0

Menthone 30.6 16.3–37.2 14.0–20.8 21.8 13.0–15.1 3.3–6.1

Menthofuran 2.0 1.9–2.0 2.1–2.6 7.7 3.4–7.6 5.4–7.0

Isomenthone 3.7 3.5–4.1 3.5–4.3 3.6 2.1–3.5 0.7–1.4

Menthyl acetate 4.7 3.9–13.1 6.5–10.9 3.4 5.5–12.1 18.8–27.8

Neomenthol 4.2 4.1–5.5 4.7–5.3 3.7 4.2–4.5 4.8–5.0

Menthol 40.7 30.3–39.3 36.8–43.1 36.8 43.4–48.2 47.4–49.0

Pulegone 0.6 0.7–1.0 0.6–1.4 2.8 0.7–1.3 1.3–1.9

Piperitone 0.8 0.5–0.8 0.6–0.7 0.6 0.3–0.5 0.2–0.5

1, juvenile plants (5 cm); 2, immature plants; 3, just before flowering (normal harvest time for oil production); 4,

flowering stage; 5, postflowering plants; 6, senescent plants.

TABLE 7.3k
Comparative Percentage Composition of the Peppermint Oils of Russian Cultivars

Compound 1 2 3 4 5 6 7 8

a-Thujene 0.1 0.4 0.2 0.1 — 0.1 — 0.1

a-Pinene 0.2 0.8 0.2 0.1 0.4 0.1 0.1 0.1

Camphene 0.3 0.7 0.3 0.4 — 0.3 — 0.3

Sabinene 0.4 0.6 0.5 0.5 — 0.2 — 0.4

Myrcene 0.4 0.3 0.1 0.4 — t — t

1,8-Cineole 3.0 9.7 1.1 2.9 4.7 1.9 0.1 0.7

(Z)-b-Ocimene 0.3 0.9 — 0.4 — 0.1 — 0.2

Linalool t t t t t 0.1 0.1 0.1

Menthone 27.1 31.8 8.1 27.5 42.2 9.3 5.8 18.3

Isomenthone 4.1 5.5 18.0 4.1 8.8 4.1 0.9 5.4

Menthofuran — — — — — 2.6 0.1 —

Neomenthol 4.5 2.4 1.5 4.3 4.7 1.1 1.2 1.6

Menthol 50.1 38.0 44.9 53.3 32.1 76.0 83.2 71.3

Isomenthol — 0.7 2.4 0.8 1.2 0.2 0.2 0.3

Carvotanacetone 1.4 1.0 0.2 1.1 — 1.8 0.1 —

Piperitone 1.1 0.8 1.2 1.2 0.8 0.9 2.0 0.9

Menthyl acetate 2.8 1.7 19.3 1.9 3.1 1.7 3.9 0.2

b-Caryophyllene 0.6 1.9 0.8 0.4 — 0.1 1.4 0.1

a-Humulene 0.4 1.2 0.6 0.4 — 0.1 1.1 0.3

1, Prilukskaya-6; 2, Krasnodarskaya-2; 3, Kubanskaya-6; 4, Prilukchanka; 5, Chernigovska; 6, Simpferoloskaya-200;

7, Vniienk; 8, Reznikova.
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isomenthone (4.7%)

benzaldehyde (0.2%)

linalool (0.4%)

isopinocamphone (0.1%)

terpinen-1-ol (0.3%)

menthyl acetate (0.2%)

isopulegol (0.4%)

isopulegone*(0.1%)

terpinen-4-ol (0.1%)

neomenthol (6.2%)

trans-dihydrocarvone (0.1%)

neoisomenthol (2.2%)

menthol (36.7%)

pulegone (0.5%)

a-terpineol (0.7%)

borneol (0.1%)

piperitone (1.4%)

piperitenone (0.1%)

(Z)-jasmone (0.1%)

anisaldehyde (0.2%)

eugenol (0.1%)

*Correct isomer not identified.

Trace amounts (<0.1%) of 2-ethylfuran, tiglic aldehyde, p-cymene, (E)-2-pentenal, amyl

alcohol, a 4-heptenal isomer, isoamyl isovalerate, 2-heptanol, veratraldehyde, methyl salicyl-

ate, myrtenol, dihydrocarveol, cis-carveol, trans-carveol, benzyl alcohol, 2-phenethyl alcohol,

thymol, and carvacrol were also found in the same oil isolated from the distillation water.

Spencer (1992) also analyzed the oil that dissolved in the distillation water during the steam

distillation of peppermint on the commercial scale. Spencer measured the level of each

component obtained in fractions of distillation water that were taken every 5 min. As a result,

the range in the components found in these fractions was as follows:

2-ethylfuran (t%–0.1%)

isoamyl alcohol (0.1%–0.2%)

2-methylbutanol (0.1%–0.3%)

hexanal (t%–0.1%)

(E)-hexenal (0%–0.4%)

menthyl butyrate (0%–t%)

(Z)-3-hexenol (0.2%–0.6%)

(E)-2-hexenol (0%–0.4%)

hexanol (t%–0.1%)

heptanal (0.1%)

a-thujene (0.2%)

a-pinene (0.1%–0.2%)

sabinene (0%–0.6%)

a-pinene (0%–0.3%)

1-octen-3-ol (0.4%–0.6%)

3-octanol (0.3%–0.6%)

a-terpinene (0.2%–0.3%)
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limon ene þ 1,8- cineol e (7.6 %–15. 1%)

trans -sabi nene hyd rate (0.4%–0. 7%)

cis -linalool ox ide* (0.2 %–0.3%)

linalo ol (0.7 %–1.0%)

3-oct yl acetat e (0.2 %–0.3%)

menthone (7.7 %–12.9%)

isom enthone (4.0%–4. 7%)

menthof uran (0.5%–0. 8%)

neomen thol (2.1 %–2.4%)

menthol (42.2%–51 .8%)

terpin en-4-o l (4.9%–6. 4%)

neoisom enthol (0.2%–2. 2%)

a-terp ineol (0.8 %–1.4%)

pulegon e (1.7 %–2.1%)

piperi tone (3.0%–6. 1%)

menthy l a cetate (0.1%–1. 5%)

b-bou rbonene (0.1%–0. 3%)

b-cary ophy llene ( t%–0. 3%)

viridif lorol ( t %–0.3%)

*Correct isomer not identified.

t ¼ trace ( <0.1%).

Spen cer also not ed that when dist illatio n first commenc ed, the oil co ntent of the wat er was

0.28% and by the end of the dist illation, the oil content had drop ped to 0.14% with an average

content for the comp lete dist illatio n of 0.27%. Italian pe ppermin t oils that were produ ced

commercially in different regions of the Piedmont Valley were analyzed by Chialva and

Ariozzi (1992). The resul ts of these analys es are foun d in Table 7.3l .

A large number of samples of peppermint oil produced commercially in different regions

of the United States such as Midwest, Willamette Valley, and Madras Valley (Oregon),

Idaho and Yakima Valley (Washington) were analyzed by Lawrence (1993c). The range of

compon ents found in each oil can be seen in Table 7.3m.

Court et al. (1993b) analyzed peppermint oil produced from plants grown in southern

Ontario (Canada) that were harvested at monthly intervals between July (preflowering) and

October (senescent plants). They showed that as the plant flowered and postflowering, the

menthone content decreased whereas the menthofuran and menthyl acetate contents in-

crease d, as can be seen in Tabl e 7.3n.

Lawrence (2000) analyzed 16 samples of peppermint oil produced commercially in the state

of Punjab, and in Bareilly and Badaun (Uttar Pradesh, India). A summary of the oil

composi tions is shown in Table 7.3o.

The minor constituents that have been characterized in peppermint oil over the past

45 years can be seen categorized according to the class of compounds such as hydrocarbons,

alcohols, esters, aldehydes, ketones, acids, phenols, nitrogen heterocyclic compounds, and

miscellaneous compounds.

7.3.3.1 Hydrocarbons

The monoterpene hydrocarbons routinely found in peppermint oil in measurable quan-

tities are a-pinene, b-pinene, sabinene, myrcene, a-terpinene, limonene, (E)-b-ocimene, g-

terpinene, and p-cymene. In addition, minor amounts (often less than 0.1%) of camphene,

(Z)-b-ocimene, and terpinolene have been characterized as components of peppermint oil by
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numb erous resear ch group s. The sesqui terpene hy drocarbon s that ha ve been rou tinely found

in pep permin t in measurab le quantities are b-bo urbonene , b -caryop hyllen e, an d germa crene

D. Since 1960, 49 oth er alipha tic mo noterpene an d sesqui terpene hydrocarbon s have been

occasi onally identi fied in this commer cially impor tant oil as can be seen in Tabl e 7.3p. Based

on the data included in this secti on, it would ap pear that a total of 64 hydroc arbons have been

charact erize d in pep permin t oil.

7.3. 3.2 Alcohol s

The alcohol s that have been routin ely foun d in measur able quan tities as co mponents of

pep permint oil are 3 -octano l, trans -sabi nene hy drate, linaloo l, terpin en-4-o l, a-terp ineol,

menthol , neo menthol , neoisom enthol, and viridif lorol. In addition , minor amoun ts (often

less than 0.1%) of (Z)-3-hexe nol, 1-oct en-3- ol, and isom enthol ha ve been charact erize d as

components of peppermint oil by numerous research groups. Since 1960, 58 other aliphatic

TABLE 7.3l
Percentage Composition of Peppermint Oils of Italian Origin

Compound 1* 2* 3* 4*

a-Pinene 0.7–0.9 0.8–0.9 0.7–0.9 0.8–0.9

b-Pinene 1.1–1.2 1.1–1.2 1.1–1.2 1.1–1.2

Sabinene 0.5–0.6 0.5–0.6 0.5–0.6 0.5–0.6

Myrcene 0.2–0.3 0.3 0.2–0.3 0.3

a-Terpinene 0.2–0.5 0.2–0.4 0.3–0.4 0.3–0.4

Limonene 1.6–2.4 1.6 1.5–2.0 1.7–2.0

1,8-Cineole 4.8–5.6 5.3–5.8 5.1–5.8 5.0–5.4

(Z)-b-Ocimene 0.2–0.3 0.2–0.3 0.2–0.4 0.2–0.3

g-Terpinene 0.4–0.8 0.5–0.6 0.5–0.8 0.5–0.7

p-Cymene 0.1–0.3 0.1 0.1 0.1–0.2

3-Octanol t–0.2 0.3–0.4 0.2–0.3 0.3–0.3

1-Octen-3-ol 0–0.1 0.1 0.1 0.1–0.2

trans-Sabinene hydrate 0.6–0.9 0.8–1.3 0.7–0.9 0.6–1.0

Menthone 14.9–21.8 16.1–19.1 16.0–20.5 18.8–21.1

Menthofuran 3.6–8.9 5.8–7.9 2.4–7.4 4.8–8.9

Isomenthone 2.8–3.5 2.8–3.0 3.0–3.1 3.1–3.3

b-Bourbonene 0.2–0.4 0.2–0.3 0.2–0.4 0.2–0.3

Linalool 0.3–0.5 0.4 0.4–0.4 0.3–0.4

Menthyl acetate 3.5–5.5 3.6–4.4 3.6–5.0 2.8–3.1

Neomenthol 2.8–3.9 3.1–3.3 2.9–3.7 2.6–2.8

Terpinen-4-ol 0.7–1.2 1.0–1.3 1.1–1.2 0.9–1.1

b-Caryophyllene 1.7–2.5 1.4–1.7 1.8–2.6 1.8–2.3

Isomenthol 0.6–0.8 0.7–0.8 0.7–0.8 0.6–0.7

Menthol 36.1–40.7 39.9–40.8 37.5–42.0 35.8–39.5

Pulegone 1.8–4.3 2.2–2.7 1.2–3.0 2.8–3.8

a-Terpineol 0.2–0.3 0.3–0.3 0.2 0.2–0.3

Germacrene D 2.1–3.2 1.9–2.4 2.2–3.3 2.1–2.8

Piperitone 0.4–0.5 0.5–0.5 0.5 0.5

Viridiflorol 0.3–0.5 0.3–0.5 0.3–0.5 0.2–0.5

*Numbers refer to different locations in the Piedmont Valley.

t¼ trace (<0.1%).
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monoter pene and sesqui terpene alcoho ls ha ve been oc casiona lly identi fied in this commer -

cially impor tant oil (see Table 7.3q) . From a summ ary of the data here, it woul d appear that a

total of 70 alcohol s ha ve be en charact erized in peppe rmint oil. Earlier, it was noted that

caryoph yllene alcohol , clovanedi ol, and b-betul enol were reported as constituent s of corn-

mint oil by Gildemei ster a nd Hoff man (1961) . These identifi cation s have not been con firmed

in any of the post-19 61 studi es.

7.3.3 .3 Ester s

The esters that have been rou tinely foun d in measur able qua ntities as compon ents of pep-

permi nt oil are menthy l acetate and neoisom enthyl ac etate. In additio n, minor amou nts

(often less than 0.1% ) of ne omenthy l acetate and isomen thyl acetate have bee n charact erize d

as components of peppermint oil by numerous research groups. Since 1960, 48 other aliphatic

TABLE 7.3m
Percentage Composition of Peppermint Oils Produced in Different Regions of the United States

Compound Midwest Willamette Madras Idaho Yakima

a-Pinene 0.72–0.83 0.58–0.83 0.61–0.69 0.59–0.70 0.71–0.75

b-Pinene 1.04–1.13 0.87–0.96 0.86–0.95 0.84–0.96 0.97–1.04

Sabinene 0.53–0.66 0.41–0.61 0.46–0.63 0.46–0.58 0.54–0.66

Myrcene 0.23–0.32 0.19–0.26 0.05–0.23 0.21–0.29 0.05–0.30

a-Terpinene 0.35–0.46 0.36–0.42 0.37–0.40 0.35–0.51 0.36–0.39

Limonene 1.42–1.74 1.27–1.48 1.58–1.82 1.71–1.96 1.52–1.84

1,8-Cineole 5.57–6.16 4.93–5.47 4.52–5.27 5.08–5.77 4.73–5.65

(E)-b-Ocimene 0.24–0.29 0.32–0.46 0.28–0.48 0.34–0.51 0.28–0.43

g-Terpinene 0.50–0.82 0.51–0.59 0.51–0.62 0.51–0.72 0.51–0.57

p-Cymene 0.05–0.17 t–0.05 t–0.05 t–0.05 t–0.05

Terpinolene 0.22–0.27 0.23–0.25 0.22–0.25 0.22–0.29 0.22–0.26

3-Octanol 0.22–0.29 0.25–0.30 0.17–0.21 0.23–0.27 0.23–0.28

1-Octen-3-ol 0.16–0.19 0.16–0.22 0.05–0.16 0.16–0.21 0.15–0.19

Menthone 24.47–29.92 17.75–23.34 13.94–22.64 14.77–25.32 11.19–19.46

trans-Sabinene hydrate 0.59–0.91 0.66–1.03 0.78–1.28 0.71–1.36 0.82–1.06

Menthofuran 1.55–2.97 1.38–2.01 1.13–2.32 1.65–3.59 4.29–6.71

Isomenthone 3.79.4.31 2.81–3.13 2.03–3.11 2.41–3.52 2.05–3.08

b-Bourbonene 0.33–0.43 0.41–0.55 0.56–0.72 0.43–0.55 0.44–0.63

Linalool 0.38–0.51 0.26–0.35 0.23–0.24 0.28–0.49 0.27–0.46

Menthyl acetate 2.91–3.58 4.31–5.68 3.73–7.49 2.77–6.36 5.25–8.39

Neoisomenthyl acetateþ isopulegol 2.08–2.63 1.47–1.99 1.89–2.14 1.80–2.38 1.69–2.50

Neomentholþ isomenthyl acetate 2.38–3.33 3.47–3.93 3.21–4.53 3.15–3.83 3.17–3.80

Terpinen-4-olþb-caryophyllene 1.02–1.22 0.99–1.09 0.89–1.15 0.87–1.51 0.96–1.09

Neoisomentholþ isomenthol 0.48–0.67 0.84–0.98 0.76–1.13 0.68–0.96 0.75–1.04

Pulegone 0.53–4.04 0.51–1.06 0.74–2.17 0.42–2.77 0.53–3.95

Menthol 33.16–37.52 41.27–45.39 40.61–47.44 38.06–46.59 40.27–44.37

a-Terpineol 0.22–0.26 0.15–0.17 0.12–0.50 0.15–0.22 0.15–0.22

Germacrene Dþ carvone 2.28–2.61 1.96–2.41 1.89–2.58 2.09–2.72 0.74–2.85

Piperitone 0.45–0.59 0.62–0.68 0.52–0.65 0.55–0.61 0.49–0.52

Viridiflorol 0.20–0.28 0.20–0.28 0.22–0.34 0.16–0.29 0.23–0.52

No. of samples 26 48 31 34 34

t¼ trace (<0.01%).

The Composition of Commercially Important Mints 261



and monoter pene esters have been oc casiona lly identi fied in this commercial ly impor tant oil

as shown in Table 7.3r. A summ ary of the data presented here reveal s that a total of 52 esters

have be en charact erized in pep permint oil. The charact erization of methy l octeno ate (Gilde-

meis ter and Hoffman, 1961 ) as a componen t of cornmi nt oil co uld not be co nfirmed in the

post- 1961 literatu re.

7.3. 3.4 Aldehydes

To da te, no aldehydes have been found in measur able quantities in pep permin t oil. Since

1960, 34 alipha tic, aromatic, an d mon oterpene a ldehydes ha ve been identi fied in total in this

commer cially impor tant oil as can be seen in Tabl e 7.3s.

7.3. 3.5 Ketones

The ke tones that have been routin ely identifi ed in measur able quantities in pe ppermin t oil are

menthon e, isom enthone, pulegon e, piperi tone, and carvon e. Since 1960, 19 other alipha tic,

aromat ic, an d mono terpene ketones have been occa sionally identi fied in this commer cially

impor tant oil (see Table 7.3t). A summ ary of the publis hed data reveal s that 24 ketones have

been characterized in peppermint oil. Acetone, which was reported as a component of

peppermint oil by Gildemeister and Hoffman (1961) could not be confirmed in the post-

1961 literature.

TABLE 7.3n
Percentage Composition of Peppermint Oil Produced from Plants Harvested over a

4-Month Period

Compound July August September October

a-Pinene 0.6–1.0 0.6–0.9 0.5–0.9 0.4–0.8

b-Pinene 0.9–1.3 0.9–1.3 0.8–1.3 0.7–1.2

Sabinene 0.5–0.7 0.3–0.6 0.3–0.6 0.3–0.6

Myrcene 0.2–0.4 0.2–0.4 0.2–0.3 0.1–0.3

a-Terpinene 0.4–0.5 0.2–0.5 0.2–0.5 0.2–0.4

Limonene 0.2–2.5 0.2–2.1 0.2–1.6 0.2–1.6

1,8-Cineole 4.9–7.0 5.0–6.8 5.3–6.9 4.5–6.3

g-Terpinene 0.7–0.8 0.5–0.9 0.5–0.8 0.4–0.8

Terpinolene 0.1–0.2 0.1–0.2 0.1–0.2 0.1

3-Octanol 0.5–0.7 0.6–0.8 0.7–0.8 0.5–0.7

Menthone 16.6–32.7 10.9–25.9 2.3–12.3 1.6–4.6

Menthofuran 1.7–3.3 2.1–8.9 7.0–8.7 5.4–9.5

Isomenthone 3.3–4.2 2.1–3.8 1.2–2.4 1.0–1.5

Linalool 0.2–0.4 0.3–0.5 0.2–0.9 0.1–2.1

Menthyl acetate 1.8–6.8 3.5–8.6 5.8–14.1 9.4–22.5

Neomenthol 3.2–4.2 3.1–4.7 3.4–5.0 3.8–5.0

Terpinen-4-ol 0.6–1.4 0.7–1.3 0.7–1.1 0.8–1.2

b-Caryophyllene 1.4–3.7 1.6–3.1 1.5–2.3 1.4–3.5

Pulegone 0.7–1.6 0.9–2.9 0.6–2.9 0.5–1.0

Menthol 31.8–44.6 35.9–48.0 38.5–57.0 41.4–54.7

a-Terpineol 0.2–0.4 0.3–0.4 0.2–0.3 0.1–0.3

Germacrene D 1.7–4.3 1.8–3.5 1.7–2.6 1.2–3.2

Piperitone 0.5–0.8 0.5–0.7 0.3–0.5 0.3–0.5
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7.3.3 .6 Acid s

Althou gh no acids have been found in measura ble quan tities in pe ppermi nt oil, since 1960 , 25

alipha tic, aromatic, and mono terpene acids hav e be en identifi ed in total in this commer cially

impor tant oil as shown in Table 7.3u. The previou s charact erization of octenoi c acid as a

compon ent of cornmi nt oil (Gildem eist er an d Hoffman, 1961) co uld not be confirmed in the

post- 1961 lit erature.

7.3.3 .7 Phe nols

No phe nols have been found in measur able qua ntities in peppermi nt oil. Since 1 960, a total of

19 pheno ls have been identi fied in this commer cially impor tant oil (see Tabl e 7.3v) .

7.3.3 .8 Nitrog en Hete rocyclic Com pounds

As one might expect, no nitrog en heteroc yclic compou nds have been foun d in amo unts

exceeding 100 ppm in peppermint oil. Nevertheless, since 1960, 21 aliphatic and aromatic

TABLE 7.3o
Percentage Composition of Indian Peppermint Oil Produced in Three

Different Regions

Compound Punjab Oil Bareilly Oil Badaun Oil

a-Pinene 1.0–1.3 1.3–1.4 1.3–1.4

b-Pinene 1.3–1.4 1.4–1.5 1.3–1.5

Sabinene 0.6 0.6–0.7 0.6–0.7

Myrcene 0.4 0.4 0.4

a-Terpinene 0.2–0.3 0.2 0.2–0.3

Limonene 2.8–3.2 3.5–3.7 3.2–3.7

1,8-Cineole 4.5–4.9 4.4–4.6 4.6

(Z)-b-Ocimene 0.2 0.2 0.2

g-Terpinene 0.4–0.5 0.3 0.3–0.4

p-Cymene 0.1–0.2 0.1–0.2 0.1

Terpinolene 0.2 0.2 0.2

3-Octanol 0.2–0.3 0.2 0.2

trans-Sabinene hydrate 0–2.7 — 0–2.9

Menthone 25.2–32.3 30.8–31.3 25.2–31.3

Menthofuran 4.7–6.9 9.2–10.8 6.3–9.0

Isomenthone 4.4–5.3 5.1–5.3 5.2–5.3

Menthyl acetate 3.8–4.8 3.1–3.5 3.5–4.8

Neoisomenthyl acetate 2.2–2.9 1.4–1.8 2.0–2.2

Neomenthol 1.8–3.4 2.4–2.7 2.3–2.5

Terpinen-4-ol 0.3–0.8 0.3–0.4 0.3–0.4

Neoisomenthol 0.4–0.5 0.4 0.4–0.5

Pulegone 6.3–9.8 7.7–9.5 6.3–7.8

Menthol 20.4–26.6 18.6–20.1 20.2–24.6

Germacrene D 1.0–1.6 0.9–1.2 1.0–1.2

Piperitone 0.5–0.7 0.5–0.6 0.5–0.7

Viridiflorol 0.1 <0.1–0.1 <0.1–0.1
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TABLE 7.3p
Additional Hydrocarbons Found in Peppermint Oil

Compound References

e-Cadinene, a-calacorene, guaiazulene Katsuhara et al. (1967)

a-Bourbonene, a-ylangene, a-maaliene,

e-bulgarene Vlahov et al. (1967a, 1967b)

b-Cadinene Goryaev et al. (1967)

d-3-Carene Von Schantz and Norri (1968)

Tetradecane, pentadecane, hexadecane,

octadecane, nonadecane, eicosane,

heneicosane, a-ylangene,

viridiflorene, a-gurjunene, a-cadinene,

b-Copaene Lawrence et al. (1972).

p-Mentha-1(7), 8-diene Sheldon et al. (1972)

b-Gurjunene, g-elemene Reverchon et al. (1994)

p-Cymenene Nanmoku (1995)

Italicene Zheljazkov et al. (1996)

v-Cadinene Joulain and König (1998)

Tricyclene Moyler and Moss (1998)

trans-b-bergamotene, b-bisabolene Oberhofer et al. (1999)

epi-Zonarene Mimica-Dukic et al. (2003)

e-Muurolene Vlahov et al. (1967a); Nano et al. (1972)

a-Morphene, a-muurolene Lawrence et al. (1972); Graven (1988)

Bicycloelemene Vlahov et al. (1967a); Joulain and König (1998)

(Z,E)-Allo-ocimene Sheldon et al. (1972); Nanmoku (1995)

1,(3Z,5Z)-Undecatriene Mookherjee et al. (1989); Güntert et al. (2000)

b-Cubebene Charles et al. (1990); Mimica-Dukic et al. (2003)

Aromadendrene Katsuhara et al. (1967); Vlahov et al. (1967a); Nano et al. (1972)

a-Cubebene Vlahov et al. (1967a); Reverchon et al. (1994); Nanmoku (1995)

g-Muurolene Lawrence et al. (1972); Graven (1988); Reverchon et al. (1994)

g-Cadinene Katsuhara et al. (1964); Goryaev et al. (1967); Lawrence et al. (1972);

Reverchon et al. (1994)

a-Phellandrene Röthbacher et al. (1967); Sacco and Gallino (1976); Nanmoku (1995);

Lawrence (2000)

Bicyclogermacrene Zheljazkov et al. (1996); Benn (1998); Oberhofer et al. (1999);

Güntert et al. (2000)

trans-Calamenene Vlahov et al. (1967b); Katsuhara et al. (1967); Lawrence et al. (1972);

Belafi-Rethi et al. (1973a); Reverchon et al. (1994)

a-Copaene Wenninger et al. (1967); Lawrence et al. (1972); Bicchi et al. (1989);

Nanmoku (1995); Güntert et al. (2000)

b-Phellandrene Lawrence et al. (1972); Formacek and Kubezka (1982); Birillo (1989);

Nanmoku (1995); Moyler and Moss (1998)

d-Cadinene Katsuhara et al. (1964); Vlahov et al. (1967a); Lawrence et al. (1972);

Chialva et al. (1982); Nanmoku (1995); Benn (1998)

(E)-b-Farnesene Lawrence et al. (1972); Wong (1972); Hefendehl and Ziegler (1975);

Zheljazkov et al. (1996); Oberhofer et al. (1999); Güntert (2000)

b-Elemene Katsuhara et al. (1964); Vlahov et al. (1967a); Wenninger et al. (1967);

Goryaev et al. (1967); Bicchi et al. (1989); Reverchon et al. (1994);

Zheljazkov et al. (1996); Benn (1998); Güntert et al. (2000);

Mimica-Dukic et al. (2003)

a-Humulene Derying et al. (1962); Vlahov et al. (1967b); Wenninger et al. (1967);

Chialva et al. (1982); Carnat and Lamaison (1987);

Bicchi et al. (1989); Voronina et al. (1990); Reverchon et al. (1994);

Nanmoku (1995); Zheljazkov et al. (1996); Benn (1998);

Moyler and Moss (1998); Güntert et al. (2000)
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TABLE 7.3q
Additional Alcohols Found in Peppermint Oil

Compound References

Methanol, butanol Hefendehl (1962)

p-Menthane-1,3-diol, p-menthane-2,3-diol,

p-menth-2-ene-1,4-diol Katsuhara et al. (1966)

Propanol, 2-propanol, undecanol, dodecanol,

1-penten-3-ol, p-cymen-8-ol, p-menth-1-en-9-ol Sheldon et al. (1972)

p-Menthan-9-ol Lawrence et al. (1972)

2,6-Dimethyl-2-octanol, 3-7-dimethyl-1,

7-octadien-3-ol Belafi-Rethi et al. (1973b)

2-Ethylcyclohexanol, cis-piperitol, perillyl alcohol,

cis-sabinol, (E)-nerolidol, cyclopentanol, cumin

alcohol Takahashi et al. (1980)

Terpinen-1-ol, cis-carveol, trans-carveol, amyl

alcohol, 2-heptanol Fleisher and Fleisher (1991)

T-Cadinol Reverchon et al. (1994)

Aromadendrol* Ohloff (1994)

trans-p-Mentha-2,8-dien-1-ol Nanmoku (1995)

trans-Pinocarveol, a-cadinol Zheljazkov et al. (1996).

g-3,4-Dehydro-7,8-dihydro-a-ionol, (Z)-8-mycenol,

(Z,Z)-8-ocimenol, (E,Z)-8-ocimenol Güntert et al. (2000)

T-Muurolol Mimica-Dukic et al. (2003)

3-Heptanol Sheldon et al. (1972); Takahashi et al. (1980)

Citronellol Lawrence et al. (1972); Nanmoku (1995)

(Z)-2-Pentenol, myrtenol Takahashi et al. (1980); Fleisher and Fleisher (1991)

Lavandulol Takahashi et al. (1980); Nanmoku (1995)

d-Terpineol Nanmoku (1995); Güntert et al. (2000)

Octanol Nanmoku (1995); Shahi et al. (1999)

Ethanol Hefendehl (1962); Lawrence et al. (1972); Nanmoku (1995)

trans-p-Menth-2-en-1-ol Lawrence et al. (1972); Graven (1988); Güntert et al. (2000)

cis-p-Menth-2-en-1-ol Zheljazkov et al. (1996); Shahi et al. (1999);

Güntert et al. (2000)

Borneol Hefendehl (1962); Fleisher and Fleisher (1991); Nanmoku

(1995); Iscan et al. (2002)

trans-Piperitol von Schantz and Norri (1968); Takahashi et al. (1980);

Zheljazkov et al. (1996); Moyler and Moss (1998)

Isobutanol Sheldon et al. (1972); Fleisher and Fleisher (1991); Benn

(1998); Lawrence (2000)

2-Methylbutanol Sheldon et al. (1972); Spencer (1992); Benn (1998);

Lawrence (2000)

cis-Sabinene hydrate Handa et al. (1964); Lawrence et al. (1972); Nanmoku

(1995); Zheljazkov et al. (1996); Güntert (2000)

Isoamyl alcohol Hefendehl (1962); Lawrence et al. (1972); Hefendehl and

Ziegler (1975); Fleisher and Fleisher (1991); Nanmoku

(1995); Benn (1998); Lawrence (2000)

(E)-2-Hexenol Hefendehl (1962); Lawrence et al. (1972); Mookherjee et al.

(1989); Fleisher and Fleisher (1991); Spencer (1992);

Moyler and Moss (1998); Benn (1998)

Neoiso(iso)pulegol Porsch and Farnow (1962); Spencer et al. (1997); Benn

(1998); Moyler and Moss (1998); Lawrence (2000)

continued
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nitr ogen heteroc yclic compoun ds ha ve been identi fied in this co mmercial ly impor tant oil as

can be seen in Table 7.3w.

7.3. 3.9 Miscellaneou s Com pounds

Men thofura n (I) and 1,8- cineole ha ve been routi nely iden tified in measur able quan tities in

pep permint oil. Since 1960, 51 other miscell aneous co mpound s ha ve been ch aracterize d as

minor consti tuents (mos tly < 0.1%). Many of these minor co mponents have been ch aracterize d

as the subject of limited studi es. In total, 53 miscell aneous co mpounds ha ve been identi fied as

con stituent s of peppermi nt oil as shown in Tabl e 7.3x. The structures of some of the more

unus ual lact ones and furans ca n be seen in Figure 7.1.

7.3. 3.10 Chiralit y

The enanti omeric dist ribution of the main constituent s of peppermi nt oil can be seen in

Table 7.3y. Vl ahov et al. (1967a ) determ ined that the main enanti omers of the sesqui terpene

hyd rocarbons found in a sampl e of Bulgarian pep permin t oil wer e as follows:

( � )-bicycl oelem ene

(�)-a-cubebene

(þ)-a-ylangene

(þ)-b-elemene

(þ)-a-bourbonene

(�)-b-bourbonene

(�)-b-caryophyllene

(þ)-aromadendrene

(þ)-a-maaliene

(þ)-e-muurolene

(þ)-g-muurolene

TABLE 7.3q (continued )
Additi onal Alcoh ols Found in Pepp ermint Oi l

Compound References

Spathulenol Reverchon et al. (1994); Nanmoku (1995); Zheljazkov et al.

(1996); Benn (1998); Shahi et al. (1999); Güntert et al.

(2000); Mimica-Dukic et al. (2003)

Hexanol Hefendehl (1962); Lawrence et al. (1972); Sacco and Gallino

(1976); Mookherjee et al. (1989); Topolov and Zheljazkov

(1991); Fleisher and Fleisher (1991); Spencer (1992);

Nanmoku (1995); Benn (1998)

Isopulegol Sheldon et al. (1972); Carnat and Lamaison (1987); Fleisher

and Fleisher (1991); Lawrence (1993); Nanmoku (1995);

Zheljazkov et al. (1996); Spencer et al. (1997); Moyler and

Moss (1998); Benn (1998); Güntert et al. (2000); Kubeczka

and Formacek (2002).

*Correct isomer not identified.

266 Mint: The Genus Mentha



(�)-a-muurolene

(�)-e-bulgarene

(þ)-d-cadinene

(�)-calamenene isomer

TABLE 7.3r
Additional Esters Found in Peppermint Oil

Compound References

Amyl formate Ognyanov and Vlahov (1965)

p-Menth-1-en-9-yl acetate, 2-phenethyl isovalerate,

2-methylbutyl 2-methylbutyrate Lawrence et al. (1972)

Ethyl acetate, isoamyl acetate, 2-methylbutyl acetate,

1-octen-3-yl acetate, hexyl isovalerate, 2-phenethyl

2-methylbutyrate Sheldon et al. (1972)

Menthyl valerate Hefendehl and Ziegler (1975)

Ethyl 3,6-dimethyl-7-oxo-octanoate, dihydro-a-

terpinyl acetate,*isopulegyl acetate, 2-phenethyl

acetate, 2-phenethyl butyrate, 2-phenethyl

isobutyrate, 2-phenethyl valerate, isoamyl

phenylacetate, methyl jasmonate, methyl salicylate Takahashi et al. (1980)

a-Terpinyl isovalerate Maurer and Hauser (1988)

(Z)-3-Hexenyl acetate, (Z)-3-hexenyl propionate Bicchi et al. (1989)

Methyl butyrate Spencer (1992)

Linalyl acetate Reverchon et al. (1994)

Menthyl formate, ethyl phenylacetate Nanmoku (1995)

Isoamyl 2-methylbutyrate, neoiso(iso)pulegyl acetate Zheljazkov et al. (1996)

Amyl 2-methylbutyrate, amyl isovalerate, octyl

acetate, ethyl isovalerate Benn (1998)

(Z)-8-Myrcenyl acetate, (Z,Z)-8-ocimenyl acetate,

(E,Z)-8-ocimenyl acetate Güntert et al. (2000)

2-Methylbutyl isovalerate Sheldon et al. (1972); Takahashi et al. (1980)

Geranyl acetate Takahashi et al. (1980); Nanmoku (1995)

Octyl isovalerate Takahashi et al. (1989); Benn (1998)

Methyl 2-methylbutyrate Takahashi et al. (1980); Coleman et al. (2002)

Bornyl acetate Reverchon et al. (1994); Mimica-Dukic (2003)

Menthyl isovalerate Hefendehl (1962); Röthbacher et al. (1970); Takahashi et al.

(1980)

(Z)-3-Hexenyl isovalerate Sheldon et al. (1972); Nanmoku (1995); Benn (1998).

Ethyl 2-methylbutyrate Sheldon et al. (1972); Benn (1978); Moyler and Moss (1998)

p-Mentha-1,8-dien-9-yl acetate Lawrence et al. (1972); Nanmoku (1995); Güntert et al.

(2000)

Isoamyl isovalerate Takahashi et al. (1980); Fleisher and Fleisher (1991);

Nanmoku (1995); Zheljazkov et al. (1996); Shahi et al.

(1999); Güntert et al. (2000)

3-Octyl acetate Vlahov and Ogyanov (1964); Sheldon et al.(1972); Carnat

and Lamaison (1987); Spencer (1992); Nanmoku (1995);

Zheljazkov et al. (1996); Benn(1998); Lawrence (2000);

Güntert et al. (2000)

*Correct isomer not identified.
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Emberger and Hopp (1985), Werkoff and Hopp (1986), and Faber et al. (1994) determined

that the other menthol isomers found in peppermint oil were (1R,3S,4R)-(þ)-isomenthol and

(1R,3R,4R)-(þ)-neoisomenthol. Takahashi et al. (1980) found that the absolute configurations

of the mint lactones were (6R, 7aR)-(�)-mintlactone(4-hydroxy-2-methyl-2-cyclohexen-1-one)

and (6R,7aS)-(þ)-isomintlactone(3,6-dimethyl-5,6,7,7a-tetrahydro-2(4H)-benzofuranone).

Derbesy et al. (1991) determined that (4R)-(þ)-a-terpineol was a minor component

of peppermint oil. König et al. (1997) reported that (1R,3R,4S)-(�)-isopulegol and

(1R,4S,5S)-(þ)-trans-sabinene hydrate were also found in peppermint oil. Galle-Hoffman

TABLE 7.3s
Aldehydes Found in Peppermint Oil

Compound References

Furfural Hefendehl (1962)

5-Methyl-2-hexenal, p-methoxybenzaldehyde Sheldon et al. (1972)

Butanal Lawrence et al. (1972)

2-Methyl-2-butenal, nonanal, (E)-2-octenal, geranial,

salicylaldehyde, 3,4-dimethyloxybenzaldehyde,

4-methyl-2-phenyl-2-pentenal, 5-methyl-2-phenyl-

2-pentenal, 2-methoxycinnamaldehyde Takahashi et al. (1980)

(Z)-3-Hexenal, 2,4-hexadienal* Mookherjee et al. (1989)

Tiglic aldehyde, veratraldehyde Fleisher and Fleisher (1991)

Octanal, 2,4-nonadienal*, (E,Z)-2,6-nonadienal Benn (1998)

Myrtenal Sheldon et al. (1972); Takahashi et al. (1980)

Benzaldehyde Hefendehl (1962); Fleisher and Fleisher (1991)

Heptanal Sheldon et al. (1972); Spencer (1992)

Neral Takahashi et al. (1980); Nanmoku (1995)

Anisaldehyde Fleisher and Fleisher (1991); Benn (1998)

Valeraldehyde Fleisher and Fleisher (1991); Coleman et al. (2002)

Phenylacetaldehyde Ognyanov and Vlahov (1962); Sheldon et al. (1972);

Benn (1998)

(Z)-4-Heptenal Sheldon et al. (1972); Fleisher and Fleisher (1991); Benn

(1998)

Hexanal Mookherjee et al. (1989); Fleisher and Fleisher (1991);

Spencer (1992)

Acetaldehyde Ognyanov and Vlahov (1962); Hefendehl (1962);

Wong (1972); Coleman et al. (2002)

2-Methylbutanal Lawrence et al. (1972); Benn (1998); Coleman et al. (2002)

Isovaleraldehyde Ognyanov and Vlahov (1962); Hefendehl (1962);

McCarthy et al. (1963); Wong (1972); Nanmoku (1995);

Benn (1998); Moyler and Moss (1998); Lawrence (2000)

(E)-2-Hexenal Ognyanov and Vlahov (1965); Lawrence (1972); Graven

(1988); Mookherjee et al. (1989); Fleisher and Fleisher

(1991); Spencer (1992); Kubeczka and Protzen (1997);

Coleman et al. (2002)

Isobutanal Wong (1972); Hefendehl and Ziegler (1975); Fleisher and

Fleisher (1991); Nanmoku (1995)

Moyler and Moss (1998); Lawrence (2000);

Coleman et al. (2002)

*Correct isomer not identified.
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and König (1998) confirmed that the previous enantiomeric assignments for menthone,

isomenthone, menthofuran, isopulegol, neomenthol, neoisomenthol, isomenthol, menthol,

pulegone, and trans-sabinene hydrate were correct using chiral GC.

Güntert et al. (2001) determined that (6R)-(þ)-menthofuran, (6R,7aR)-(�)-mintlactone, and

(6R)-(þ)-2,3-dehydromintlactone were identified as enantiomerically pure in peppermint oil.

7.4 PENNYROYAL OIL ex Mentha pulegium L.

7.4.1 INTRODUCTION

Mentha pulegium (pennyroyal) can be found throughout southwest and central Europe from

Ireland and Central Poland to Ukraine (Tutin et al., 1972). It can be found in abundance in

the Iberian Peninsula and North African countries that border the Mediterranean such as

Algeria, Morocco, and Tunisia.

7.4.2 CULTIVATION AND OIL PRODUCTION

Pennyroyal oil is produced only from wild plants that are harvested when they are in full

flower. The main countries where oil is produced are Spain and Morocco, where the annual

production is estimated to be 3 tonnes and 7 tonnes to 16 tonnes respectively, depending on

demand. Baser (1994) reported that Turkish production of pennyroyal oil was ca. 3 tonnes.

7.4.3 OIL COMPOSITION

A review of the early published literature (Gildemeister and Hoffman, 1961) shows that the

components that have been characterized in pennyroyal oil are as follows:

TABLE 7.3t
Additional Ketones Found in Peppermint Oil

Compound References

2,3-Butanedione Sheldon et al. (1972)

trans-Isopulegone Lawrence (1978)

2-Butanone, 2-heptanone, 6-methyl-5-hepten-2-one,

5-methyl-3-heptanone, cryptone, p-

methoxyacetophenone Takahashi et al. (1980)

Isopinocamphone, trans-dihydrocarvone Fleisher and Fleisher (1991)

Carvotanacetone Voronina et al. (1990)

1-Octen-3-one Moyler and Moss (1998)

Geranyl acetone Sheldon et al. (1972); Benn (1998)

(E)-b-Damascenone Moyler and Moss (1998); Güntert et al. (2000)

b-Ionone* Takahashi et al. (1980); Benn (1998)

Piperitenone Röthbacher et al. (1970); Sheldon et al. (1972); Fleisher and

Fleisher (1998)

3-Octanone Ognyanov and Vlahov (1962); Hefendehl and Ziegler

(1975); Nanmoku (1995); Benn (1998); Moyler and Moss

(1998)

(Z)-Jasmone Sheldon et al. (1972); Fleisher and Fleisher (1991); Ohloff

(1994); Nanmoku (1995); Benn (1998); Güntert (2000)
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a-pinene

limo nene

3-oct anol

3-oct yl acetat e

1-me thyl-3-c yclohexa nol*

1-me thyl-3-c yclohexa none *

1-me thyl-3-c yclohex- 1-enone

1,1, 3-trim ethyl-4- cyclopent anone*

menthon e

isom enthone

piperi tone

piperi tenone

isopi periten one

menthol

thymol

carvacr ol

euge nol

Exa mination of the c omposi tion of the commercial penn yroyal oil reveal s that it is always

rich in pulegone (Law rence, 1998). The changes in oil composi tion of M. pulegi um grow n in

Japan during its various developm ent stages wer e examined by Fujita an d Fujita (1970) . As

can be seen in Table 7.4a, oils pr oduced from vegeta tive and floweri ng plants were richer in

pulego ne than oils pr oduced from plan ts harvest ed at their post floweri ng stage.

An oil of M . pulegiu m produ ced from plants colle cted in the Guad alajara province

(Spain) was reported (de Gavina Mugica and Ochoa, 1974) to contain the following

components:

TABLE 7.3u
Acids Found in Peppermint Oil

Compound References

Heptanoic, decanoic Lawrence et al. (1972)

Isobutyric, 3,6-dimethyl-7-oxo-octanoic,

3,7-dimethyl-6-oxo-octanoic, phenylacetic Takahashi et al. (1980)

cis-2-Pentylcyclopropane-1-carboxylic,

3-isopropylpentane-1,5-dioic, salicylic Tsuneya et al. (1998)

2,6-Dimethylheptanoic, 2-isopropyl-5-menthyl-5-hexenoic,

3,7-dimethyloctanoic, 2-isopropyl-5-oxo-hexanoic,

2,6-dimethyl-5-oxo-heptanoic, 2-(4-methyl-2-oxo-cyclohexyl)-

propionic, 3,7-dimethyl-6-oxo-octanoic Näf and Velluz (1998)

Hexanoic, octanoic Lawrence et al. (1972); Tsuneya et al. (1998)

(E)-2-Hexenoic, benzoic Takahashi et al. (1980); Tsuneya et al. (1998)

Citronellic, geranic acid Takahashi et al. (1980); Näf and Velluz (1998)

Isovaleric acid Derying et al. (1962); Lawrence et al. (1972);

Tsuneya et al. (1998)

2-Methylbutyric acid Lawrence et al. (1972); Benn (1998);

Tsuneya et al. (1998)
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a-pinene (1.5%)

camphene (0.1%)

b-pineneþ sabinene (0.5%)

limoneneþ 1,8-cineoleþb-ocimene (0.8%)

p-cymene (0.1%)

3-octanol (1.2%)

menthone (15.6%)

isomenthoneþmenthofuran (2.2%)

neomenthol (0.1%)

pulegoneþ isomenthol (72.4%)

piperitone (0.5)

Trace amounts (<0.1%) of a-terpinene, a-phellandrene, 1-octen-3-ol, neoisomenthol, and

menthol were also found in this same oil.

Velasco-Negueruela et al. (1987) analyzed oils produced from M. pulegium that were

collected from their natural habitats in the Iberian Peninsula. The components identified in

these oils and their range in composition can be seen as follows:

a-pinene (0.2%–0.3%)

camphene (0%–0.1%)

b-pinene (0.2%–0.3%)

a-phellandrene (<0.1%)

a-terpinene (0.1%–0.5%)

limonene þ1,8-cineole (0.7%–1.4%)

p-cymene (0.1%)

TABLE 7.3v
Phenols Found in Peppermint Oil

Compound References

5-Methyl-2-(20-oxo-30-butyl)-phenol 5-methyl-2-(30-oxo-20-

pentyl)-phenol Sakurai et al. (1983a)

3-(2-hydroxy-4-methylphenyl)-ethanone, 1-(2-hydroxy-4-

methylphenyl)-ethanone, 2-(2-hydroxy-4-methylphenyl)-

3-pentanone, 4-ethylguaiacol, phenol,

4-(2-propenyl)-phenol, 4-isopropylphenol,

8,9-dehydrothymol,

8,9-dehydrocarvacrol Näf and Velluz (1998)

o-Cresol, p-cresol, vanillin Takahashi et al. (1980); Näf and Velluz (1998)

Guaiacol Takahashi et al. (1980); Benn (1998)

4-Vinylguaicol Benn (1998); Näf and Velluz (1998)

Carvacrol Hefendehl (1962); Fleisher and Fleisher (1991);

Näf and Velluz (1998)

Eugenol Lawrence et al. (1972); Fleisher and Fleisher (1991);

Nanmoku (1995); Benn (1998); Tsuneya et al.

(1998); Näf and Velluz (1998)

Thymol Hefendehl (1962); Lawrence et al. (1972); Hefendehl

and Ziegler (1975); Fleisher and Fleisher (1991);

Nanmoku (1995); Benn (1998); Näf and Velluz

(1998); Shahi et al. (1999); Güntert et al. (2000)
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terpinolene (0%–0.1%)

3-cotanol (0.5%–0.8%)

1-octen-3-ol (0%–0.1%)

3-octanone (0%–0.1%)

allo-ocimene*þ fenchoney (0.2%–0.4%)

a-thujoney (0%–0.1%)

trans-sabinene hydrateþ sabinyl

acetatey (0%–0.1%)

menthone (1.7%–7.5%)

menthofuran (0.1%)

isomenthone (0.8%–4.5%)

isopulegol (1.8%–2.2%)

neomentholþ neoiso(iso)pulegol (0.5%–0.6%)

mentholþ neoisomenthol (0.7%–1.3%)

pulegoneþ isopulegone* (76.0%–81.2%)

piperitone (0.3%–0.4%)

cis-piperitone oxide (0.3%–0.7%)

nerol (<0.1%–0.3%)

piperitenol* (0.9%–1.6%)

piperitenone (1.1%–2.6%)

piperitenone oxide (0%–0.1%)

thymol (0.1%)

d-cadinene (0.2%–0.6%)

*Correct isomer not identified,
yQuestionable identity.

Stengele (1994) determined that the composition of a commercial oil of pennyroyal was as

follows:

a-pinene (0.4%)

b-pinene (0.3%)

TABLE 7.3w
Nitrogen Heterocyclic Compounds Found in Peppermint Oil

Compound References

Benzyl cyanide Takahashi et al. (1980)

2,6-Dimethylpyridine, 5-ethyl-2-methylpyridine Sakurai et al. (1983b)

2-Methylpyridine, 2,5-dimethylpyrazine. 2-acetylpyridine,

2-isopropyl-2-methylpyridine, 4-isopropyl-2-methylpyridine,

3-[(Z)-1-buten-1-yl]pyridine, 3-[(E)-1-buten-1-yl]pyridine,

2-ethyl-4-isopropylpyridine, quinoline, 5[(Z)-1-buten-1-yl]-2-

propylpyridine, 5[(Z)-1-buten-1-yl]-4-propylpyridine,

5[(E)-1-buten-1-yl]-2-propylpyridine,

5[(E)-1-buten-1-yl]-4-propylpyridine Ishihara et al. (1992)

Pyridine Takahashi et al. (1980); Ishihara et al. (1992)

4-Methylquinoline Takahashi et al. (1980); Benn (1998)

3-Phenylpyridine, 5-phenyl-2-propylpyridine, 3-phenyl-4-

propylpyridine

Sakurai et al. (1983b); Ishihara et al. (1992)
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FIGURE 7.1 Miscellaneous furans and lactones found in peppermint oil.
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TABLE 7.3x
Additional Miscellaneous Compounds Found in Peppermint Oil

Compound References

2-Methylfuran Lawrence et al. (1972)

Menthofurolactone (3,6-dimethyl-4,5,6,7-tetrahydro-

benzo-[b]-furan-2(3H)-one Sheldon et al. (1972)

(E)-Anethole, bovolide, hydroxybovolide, 1,4-

dimethoxybenzene, dimethyl sulphoxide, cis-rose oxide,

trans-rose oxide, diosphenol, 4-hydroxy-2-cyclohex-1-

one, g-jasmin lactone, d-jasmin lactone Takahashi et al. (1980)

3-(50,50-dimethyltetrahydrofuran-20-yl)-(Z)-2-butenol Sakurai et al. (1983a)

p-Menthane-3,8,9-triol or the ester Köpsel et al. (1986)

cis-Linalool oxide (furanoid) Spencer (1992)

1,4-Cineole, limonene oxide* Nanmoku (1995)

Methional Benn (1998)

2,3-6-Trimethylbenzo-[b]-furan (2) 5,6-dihydro-3,6-

dimethylbenzo-[b]-furan-2(4H)-one (4) evodone (5), g-

octalactone (4-octanolide), trans-2,6-dimethyl-5-

heptanolide (14) cis-2,6-dimethyl-5-heptanoilide (15)

3,7-dimethyl-4-oct-6-enolide (17)

(3S,3aS,6R,7[a]R)perhydro-3,6-dimethylbenzo-[b]-

furan-2-one (11) (3R,3aS,6R, 7[a]R)perhydro-3,6-

dimethylbenzo-[b]-furan-2-one (12)

(3R,3aS,6R,7[a]R)perhydro-3,6-dimethylbenzo-[b]-

furan-2-one (13) 5,6,7,7[a]-tetrahydro-3,7-dimethyl-7[a]-

hydroxy-benzo-[b]-furan-2(4H)-one (10) 5-hydroxy-3,4-

dimethyl-5-pentyl-2-(5H)-furanone 4-dec-(7Z)-enolide,

5-dec-(7Z)-enolide, trans-menthone lactone (16), 7-

methoxycoumarin, d-undecalactone(5-undecanolide),

2(5H)-furanone Näf and Velluz (1998)

Coumarin, g-decalactone(4-decanolide) d-

dodecalactone(5-dodecanolide) Takahashi et al. (1980); Näf and Velluz (1998)

Dihydroedulan Zheljazkov et al. (1996); Näf and Velluz (1998)

Mint sulfide Takahashi et al. (1981); Güntert et al. (2000)

3,6-Dimethylbenzo-[b]-furan (3) (6R)-5,6-dihydro-3,6-

dimethylbenzo-[b]-furan-2(4H)-one

(dehydromintlactone) (7) 3,6-dimethylbenzo-[b]-furan-

2(3H)-one (furamintone) (6) perhydro-3,6-

dimethylbenzo-[b]-furan-2-one Näf and Velluz (1998); Güntert et al. (2000)

Piperitone oxide* Handa et al. (1964); Nanmoku (1995); Benn (1998)

Mintlactone (9), isomintlactone (8) Takahashi et al. (1980); Benn (1998); Güntert et al. (2000)

cis-2,5-Diethyltetrahydrofuran Sheldon et al. (1972); Fleisher and Fleisher (1991); Nanmoku

(1995); Benn (1998); Lawrence (2000); Coleman et al. (2002)

Dimethyl sulfide Peyron (1961); Fleisher and Fleisher (1991); Nanmoku (1995);

Benn (1998); Moyler and Moss (1998); Lawrence (2000);

Coleman et al. (2002)

2-Ethylfuran Lawrence et al. (1972); Hefendehl and Ziegler (1975); Fleisher

and Fleisher (1991); Spencer (1992); Nanmoku (1995); Benn

(1998); Moyler and Moss (1998); Coleman et al. (2002)

Caryophyllene oxide Lawrence et al. (1972); Reverchon et al. (1994); Nanmoku

(1995); Zheljazkov et al. (1996); Benn (1998); Shahi et al.

(1999); Lawrence (2000); Güntert et al. (2000)

*Correct isomer not identified.
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TABLE 7.3y
Enantiomeric Distribution of the Main Constituents of Peppermint Oil

Enantiomeric Ratio References

(1R,5R)-(þ)-a-pinene (30.0%–54.9%):

(1S,5S)-(�)-a-pinene (45.1%–70.0%) Mosandl et al. (1991); Coleman and Lawrence (2000)

(1R,5R)-(þ)-b-pinene (40.0%–75.%):

(1S,5S)-(�)-b-pinene (24.5%–60.0%) Mosandl et al. (1991); Coleman and Lawrence (2000)

(4R)-(þ)-limonene (1.7%–20.0%):

(4S)-(�)-limonene (79.9%–98.3%) Mosandl et al. (1991); Coleman and Lawrence (2000)

(1S,4R)-(þ)-menthone (0%–1.0%):

(1R,4S)-(�)-menthone (99.0%–100%) Werkoff and Hopp (1986); Ravid et al. (1994b);

Casabianca et al. (1996)(1R,4R)-(þ)-isomenthone (<1.0%):

(1S,4S)-(�)-isomenthone (>99%) Werkoff and Hopp (1986); Ravid et al. (1994b)

(1R)-(þ)-pulegone (95.0%–99.0%):

(1S)-(�)-pulegone (1.0%–5.0%) Ravid et al. (1994c)

(4S)-(þ)-piperitone (76.0%–99.0%):

(4R)-(�)-piperitone (<1.0%–24.0%) Burbott et al. (1983); Ravid et al. (1994a)

(6R)-(þ)-menthofuran (>99.9%):

(6S)-(�)-menthofuran (<0.1%) Wüst and Mosandl (1999)

(1S,3S,4R)-(þ)-menthol (0–1.0):

(1R,3R,4S)-(�)-menthol (99.0%–100%) Emberger and Hopp (1985); Werkoff and Hopp (1986);

Casabianca et al. (1996)(3R)-(þ)-3-octanol (94.1%–100%):

(3S)-(�)-3-octanol (0%–5.9%) Casabianca et al. (1996)

(1S,3S,4R)-(þ)-menthyl acetate (0%):

(1R,3R,4S)-(�)-menthyl acetate Kreis et al. (1990b); Casabianca et al. (1996)

TABLE 7.4a
Comparative Percentage Composition of Mentha pulegium Oil Produced from Plants

at Various Stages of Maturity

Compound Vegetative Stage Preflowering Stage Full Flowering Stage Postflowering Stage

a-Pinene 0.1 0.1 0.1 0.1–0.3

b-Pinene 0.1 0.1 0.1–0.2 0.2–0.3

Limonene 0.5–3.4 0.2–0.4 0.1 0.1

3-Octanone 0.4–1.0 0.2–0.6 0.2–0.4 0.2

p-Cymene t–0.2 0.1 0.1 0.1

3-Octanol 0.8–2.0 2.2–2.3 1.8–2.2 1.4–1.8

1-Octen-3-ol t–0.1 t 0.1 0.1

Menthone 3.4–8.8 6.0–7.2 13.8–14.6 21.8–41.8

Isomenthone 0.4–0.7 0.7 0.7 2.2–6.3

Isopulegone* 1.5–2.4 1.5–1.9 1.4–2.0 1.1–1.2

Menthol 0.4–0.9 0.6–0.7 0.2–0.4 0.2

Pulegone 81.0–85.5 85.0 76.0–78.0 43.5–69.5

Piperitone 0–5 t t–0.4 0.6–1.0

Piperitenone 0.4–3.5 2.0–2.2 1.2–2.5 2.2–3.2

*Correct isomer not identified.

t¼ trace (<0.1%).
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limonene (1.0%)

5-methyl-3-heptanone (0.5%)

3-octanol (0.7%)

menthone (2.3%)

isomenthone (0.8%)

cis-isopulegone (0.6%)

trans-isopulegone (1.2%)

b-caryophyllene (0.6%)

neomenthol (0.4%)

pulegone (86.7%)

a-humulene (1.1%)

germacrene D (0.2%)

piperitenone (1.8%)

In addition, trace amounts (<0.1%) of a-thujene, sabinene, myrcene, (E)-2-hexenal, octyl

acetate, b-bourbonene, neomenthyl acetate, linalool, isopulegol, terpinen-4-ol, neoisome-

nthol, isomenthol, a-terpineol, piperitone, d-cadinene, and isopiperitenone were found in

the same oil.

A summary of the literature on the composition of the commercial oil of M. pulegium

published between 1961 and 2004 reveals that it has been the subject of analysis by Handa

et al. (1964); Nigam and Levi (1964); Fujita and Fujita (1970), de Gavina Mugica and Ochoa

(1974); Lawrence (1978); Srinivas (1986); Velasco-Negueruela et al. (1987); and Stengele

TABLE 7.4b
Hydrocarbons Found in Pennyroyal Oil

Compound References

(E)-b-Ocimene (t) de Gavina Mugica and Ochoa (1974)

Lawrence (1978)

Terpinolene (t), allo-ocimene (t),

a-phellandrene (t) Velasco-Negueruela et al. (1987)

b-Phellandrene de Gavina Mugica and Ochoa (1974)

(Z)-b-Ocimene Lawrence (1978)

a-Thujene (t) Stengele (1994)

Myrcene (t–0.1%), b-bourbonene (t),

a-humulene (1.1%–1.5%),

germacrene D (t–0.4%) Lawrence (1978); Stengele (1994)

Camphene (t), a-terpinene (t) de Gavina Mugica and Ochoa (1974); Velasco-Negueruela et al. (1987)

d-Cadinene (t–0.6%) Velasco-Negueruela et al. (1987); Stengele (1994)

p-Cymene (0.1%–0.2%) Lawrence (1978); de Gavina Mugica and Ochoa (1974);

Velasco-Negueruela et al. (1987)

Sabinene (t–0.3%) Lawrence (1978); de Gavina Mugica and Ochoa (1974); Stengele (1994)

b-Caryophyllene (t–0.5%) Lawrence (1978); Srinivas (1986); Stengele (1994)

a-Pinene (t–1.5%), b-pinene (0.3%–0.8%),

limonene (0.1%–3.4%)

Handa et al. (1964); Fujita and Fujita (1970);

de Gavina Mugica and Ochoa (1974); Lawrence (1978);

Velasco-Negueruela et al. (1987); Stengele (1994)

*Correct isomer not identified.

t¼ trace (<0.1%)
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(1994). The co mponents cha racterized acco rding to the class of co mpound s such as hydro-

carbons, alcoh ols and esters, aldehydes and ketones, and miscell aneous c ompound s can be

seen summ arize d in Table 7.4b, Table 7.4c, Table 7.4d, an d Table 7.4e. A review of these data

reveal s that 20 hydrocarbon s, 14 alcohol s, 6 ester s, 1 aldehyde, 13 keton es, an d 5 misc ellan-

eous compo unds have been found in penny royal oil. It sho uld be not ed, howeve r, that other

consti tuents (not included in this sectio n) ha ve be en found in oils of M. pulegium that

were collected from their natural habita ts in countri es where pennyroya l oil is eithe r not

produ ced or the oils analyze d were not pr oduced from plants that were normal ly used for

commer cial produ ction.

7.4.4 C HIRALITY

The enanti omeric distribut ion of the main ox ygenate d comp onents found in pe nnyroyal oil

can be seen in Tabl e 7.4f .

7.5 NATIVE SPEARMINT OIL ex Mentha spicata L.

7.5.1 INTRODUCTION

Spearmint has been known for many centuries for its curative properties. It is thought that the

first record of spearmint cultivation was a garden plant of large European convents and

TABLE 7.4c
Alcohols and Esters Found in Pennyroyal Oil

Compound References

trans-Sabinene hydrate (t–0.1%),

Isopulegol (1.8%–2.2%), nerol (t–0.3%),

neoiso(iso)pulegol (t),

piperitenol*(t)

Velasco-Negueruela et al. (1987)

Terpinen-4-ol (t) Stengele (1994)

a-Terpineol (0.1%–0.4%),

linalool (t–0.3%) Lawrence (1978); Stengele (1994)

Isomenthol (t) de Gavina Mugica and Ochoa (1974); Stengele (1994)

Neomenthol (0.4%) Velasco-Negueruela et al. (1987); Stengele (1994)

Menthol (t–0.7%) Handa et al. (1964); de Gavina Mugica and Ochoa (1974);

Velasco-Negueruela et al. (1987)

1-Octen-3-ol (t–0.1%) Lawrence (1978); de Gavina Mugica and Ochoa (1974);

Velasco-Negueruela et al. (1987)

Neoisomenthol (t–0.3%) Lawrence (1978); de Gavina Mugica and Ochoa (1974);

Velasco-Negueruela et al. (1987); Stengele (1994)

3-Octanol (0.5%–1.2%) Handa et al. (1964); Lawrence (1978); de Gavina Mugica and

Ochoa (1974); Velasco-Negueruela et al. (1987); Stengele (1994)

Linalyl acetate (1.7%–4.4%) Handa et al. (1964)

Sabinyl acetate* (t) Velasco-Negueruela et al. (1987)

Neomenthyl acetate (t) Stengele (1994)

Neoisomenthyl acetate (t–0.3%) Lawrence (1978); Stengele (1994)

3-Octyl acetate (0.1%–0.4%) Handa et al. (1964); Lawrence (1978); Stengele (1994)

*Correct isomer not identified.

t¼ trace (<0.1%).

The Composition of Commercially Important Mints 277



monasteries in the 9th century. In addition to its use in herbal medicine, spearmint became

popular in England in the 18th century as a component of mint sauce, a traditional sauce

served with lamb or mutton.

Spearmint can also be found discussed in Greek mythology. It is believed that Pluto had a

favorite mistress who was radiantly beautiful. Pluto was jealous of the way in which the other

gods revered the beauty of this woman, so to protect her and to demonstrate his love for her

he changed her into a mountain, Mt. Minthe (Kokkini, 1992). The sterile M. spicata (2n¼ 36)

is thought to originate from a cross between M. spicata (2n¼ 48) and M. longifolia (2n¼ 24).

According to Kokkini, Mt. Minthe is the only place on earth where the two species can be

found in close proximity to each other, where such a natural hybridization could take

place. This genetic origin of M. spicata is generally accepted by cytotaxonomists, although

where this natural hybridization took place remains unknown at this time. It is hoped that

the future research of Kokkini will shed some light on this matter and at least give credence to

her hypothesis.

TABLE 7.4d
Aldehydes and Ketones Found in Pennyroyal Oil

Compound References

(E)-2-Hexenal (t) Stengele (1994)

3-Methylcyclohexanone (0.7%) Lawrence (1978)

Fenchoney, a-thujoney, 3-octanone (0%–0.1%) Velasco-Negueruela et al. (1987)

3-Methyl-5-heptanone (0.5%) Stengele (1994)

cis-Isopulegone (0.6%),

trans-isopulegone (1.2%–1.6%),

isopiperitenone (t–0.1%) Lawrence (1978); Stengele (1994)

Piperitenone (1.1%–2.6%) Handa et al. (1964); Lawrence (1978);

Velasco-Negueruela et al. (1987); Stengele (1994)

Piperitone (t–1.7%), menthone (0.4%–16.5%),

isomenthone (0.8%–4.5%)

Handa et al. (1964); de Gavina Mugica and Ochoa (1974);

Lawrence (1978); Velasco-Negueruela et al. (1987);

Stengele (1994)

Pulegone Handa et al. (1964); de Gavina Mugica and Ochoa (1974);

Lawrence (1978); Srinivas (1986);

Velasco-Negueruela et al. (1987); Stengele (1994)

t¼ trace (<0.1%)
yQuestionable identity.

TABLE 7.4e
Miscellaneous Compounds Found in Pennyroyal Oil

Compound References

cis-Piperitone oxide (t), piperitenone

oxide (0%–0.1%), thymol (t) Velasco-Negueruela et al. (1987)

1,8-Cineole (t) de Gavina Mugica and Ochoa (1974); Velasco-Negueruela et al. (1987)

Menthofuran (0.2%–0.8%) Handa et al. (1964); Nigam and Levi (1964); Lawrence (1978);

de Gavina Mugica and Ochoa (1974); Velasco-Negueruela et al. (1987)

t¼ trace (<0.1%).
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7.5.2 CULTIVATION AND OIL P RODUCTION

Thro ughout the 18th and 19th centuries, spearm int cultivat ion proliferat ed mainl y as a

garden plant, althoug h some commercial culti vation took place in Mitc ham in Sur rey and a

few other southeas tern an d centra l cou nties in England . Currentl y, there is limit ed spe armint

cultivat ion for mint sauce pr oduction and neglig ible qua ntities for oil producti on. The

botanic al origi n of the spearm int used for oil produ ction was M entha spica ta L.

Native spearm int was brough t to the United State s as a garden plant by the Br itish, who

settled in New England in the mid- 15th ce ntury (Lan ding, 1969). By the early 17th century ,

spearm int ha d become establ ished as a n impor tant drug an d flavo ring crop in wes tern

Massac husett s. Over the next 100 years, spearm int like pe ppermi nt cultivat ion moved

through New York state to the Midwe st (Ohio , Michi gan, Indiana, and even tually Wiscon-

sin). Accor ding to Landi ng (1969) , by 1911 sp earmint cultivat ion ha d increa sed to 700 ha in

Indiana an d Michi gan, which increa sed to 830 ha the followi ng year. By the 1930s, pro duc-

tion of a large por tion of Nati ve spearm int had moved from the M idwest to the farwest ern

states of Ida ho, Oreg on, and more impor tant, Washing ton.

In 1980, a grou p of spearm int gro wers from Washing ton, Idaho, and Oreg on approach ed

the United State s Department of Agricult ure (USDA) a nd, as a resul t of a vote by the

spearm int grow ers, a spearm int marketing order was establis hed and a Spe armint Market ing

Board was establ ished (Ch ristensen, 1995). Thi s board establ ishes an ann ual base amoun t an d

price of Native spearm int oil that can be produced in the wes tern states (Washi ngton,

Mon tana, Oreg on, Idah o, Califo rnia, Nevad a, an d Utah) . As a result of the pro duction

and pr ice co ntrols for Native spea rmint oil, the level of producti on an d price has been stabl e

since its incep tion. A summ ary of pr oduction level s in the Midw est and Farwe st of the Unit ed

State s for the years 1990 an d 2000 can be seen in Table 7.5a. M ore recent data can be fou nd

in Chapter 9.

Spearmi nt was first intr oduced into India during the British occ upation, presum ably to

supply the raw mate rial for the mint sauce to acco mpany roast lamb dishes . As the resul t of

selec tive breeding practi ces, two clones (MSS-1 and MSS -5) of superi or oil yiel d were devel-

oped from the original Native spearm int that was intr oduced into India from the Unit ed

States (Hussain et al., 1988). These were introduced into the mint growing regions of Uttar

Pradesh as an additional crop to cornmint and peppermint. By 1986, 1987, and 1988, oil

production from these clones had increased to 40 tonnes, 80 tonnes, and 100 tonnes,

respectively (Singh et al., 1989).

Spearmint oil production in India has been increasing over the years. There are three

popular cultivars grown namely MSS-5, Arka, and Neera. According to Patra et al. (2000),

the annual yield of oil per 16 m� 5 m plot for MSS-5, Arka, and Neera was 125 kg, 139 kg,

TABLE 7.4f
Enantiomeric Distribution of Some Pennyroyal Oil Constituents

Enantiomeric Ratio References

(1S,4R)-(þ)-menthone (0%): (1R,4S)-(�)-menthone (100%)

(1R,4R)-(þ)-isomenthone (100%): (1S,4S)-(�)-isomenthone (0%) Stengele (1994); Ravid et al. (1994b)

(1R)-(þ)-pulegone (100%): (1S)-(�)-pulegone (0%) Stengele (1994); Ravid et al. (1994b)

(1R,3S,4S)-(þ)-neomenthol (100%): (1S,3R,4R)-(�)-neomenthol (0%) —

(1R,3R,4R)-(þ)-neoisomenthol (100%): (1S,3S,4S)-(�)-neoisomenthol (0%) —

(1R,3S,4R)-(þ)-isomenthol (100%): (1S,3R,4S)-(�)-isomenthol (0%) Stengele (1994)
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and 65 kg, respect ively. Furtherm ore, the authors report ed that a hyb rid (Nee ra–Ka lka) had

an annual yiel d of 271 kg=plot an d, as a resul t, has been relea sed to grow ers. To date, no

data cou ld be found on the difference in oil c omposi tion (if an y) be tween the cultivars and this

new hybrid.

A summ ary of the charact eristic s, yield, and origin of the current ly grow n spea rmint

cultiva rs in Ind ia (as M. spica ta an d M . viridis ) accordi ng to Bahl et al. (2000) can be seen

in Table 7.5b. In additio n, Bahl and colle agues report ed that India a nnually pro duces ca. 2000

tonnes of both Native and Scotch spearm int oil, wher eas the rest of the world is estimate d to

prod uce an add itional 2500 tonnes. It woul d appear that this estimat e for bot h India’ s

prod uction and the worldw ide prod uction of spearm int oil is too large . A more accurat e

estimat e of the annu al Ind ian producti on for Native spearm int oil is ca. 200 tonnes to 250

tonnes. An equival ent amount of spearm int oil of unknown M. spica ta cultivar or igin is

prod uced in Chin a. In ad dition, it is estimat ed that some qua ntities (< 10 tonnes) are

prod uced in Arge ntina, Fr ance, and Jap an.

7.5.3 OIL C OMPOSITION

A revie w of the pre-19 60 literat ure reveals that, in addition to (� )-carvon e, the major

con stituent of Native spearm int oil, other comp ounds found in the oil wer e a pinene isom er,

( � )-limon ene, a phella ndrene isom er, 1,8-cineol e, linalool, and some dihy drocumi nyl and

dihydro carveol ester s (Gildem eist er and Hoff mann, 1961).

Shimi zu and Iked a (1962) obtaine d oils from three clonal ly reprod uced spearm int cu ltivars;

one produ ced commer cially in Okayam a (Japan), the other in the U.S. , an d the thir d of

unknow n co mmercial origi n. They found that the carvon e content s of the oils were 51.4%,

68.8% , and 73.0% , respect ivel y.

Smit h et al. (1963) examin ed the co mposi tion of Native spearm int oil produced co mmer-

cial ly in the United State s and Taiw an an d oils produ ced experi menta lly in the Nethe rlands.

This study is summ arized in Table 7.5c.

Burks and Gjerstad (1964) determined that an oil of Native spearmint produced in the

United States contained a-pinene, 1,8-cineole, and linalool as minor constituents.

Averill (1968) analyzed a commercial sample of North American Native spearmint oil and

characterized the presence of a-pinene, b-pinene, sabinene, myrcene, a-terpinene, limonene,

TABLE 7.5a
Native Spearmint Oil Production (Tonnes) from 1990

to 2000 in the United States

Year Midwest Farwest

1990 37.2 518.0

1991 74.8 537.9

1992 60.3 728.0

1993 62.1 592.4

1994 38.6 466.3

1995 40.8 468.1

1996 13.2 516.2

1997 14.5 399.6

1998 17.7 548.4

1999 35.8 484.9

2000 46.3 492.6
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1,8-cineo le, a b-ocimen e isom er, g-terpinene, terpin olene, 3-oct anol, menthol, isom enthone,

terpin en-4-ol, a dihyd rocarvone isom er, a-terp ineol, dihydrocar vyl acetate, carvone, a carvyl

acetate isom er, and a 2-phenet hyl isovalerat e.

Murray et al. (1972) compa red the major compon ents found in the oils of Nati ve spea rmint

produ ced from plants harvest ed at diff erent developm en t times. The results of this study are

shown in Tabl e 7.5d.

Examina tion of the various Nati ve spearm int oils analyze d by Murray et al. (1972) , Clark

and Men ary (1983) , Srini vas (1986), Maffei et al. (1986) , Sur burg and Kö psel (1989) , an d

Kubeczk a an d Formacek (2002) reveals that the oil has been found to pos sess the followi ng

composi tion:

isoval eraldeh yde (0%–0.1% )

a-pinene (0.2%–0. 9%)

a-thujene (0%–0.7%)

trans-2,6-diethyltetrahydrofuran

(0%–0.1%)

b-pinene (0.7%–0.8%)

sabinene (0%–0.5%)

myrcene (1.5%–4.4%)

a-terpinene (0%–0.2%)

TABLE 7.5b
Characteristics, Yield, and Origin of Indian Spearmint Cultivars

Characteristics MSS-5 Arka Neera Neera–Kalka Supriyaa

Plant structure Medium tall erect Medium tall

erect

Medium tall

semierect

Medium tall erect Dwarf semierect

Stems Medium hard Hard Medium hard Medium hard Soft

Color Mainly green

lower portion

magenta

Mainly green

lower portion

magenta

Mainly green

lower portion

magenta

Mainly green

purple pigment

at base

Orchid-purple

Leaf=stem ratio 1.0:1 1.1:1 1.5:1 0.6:1 1.2:1

Leaves and size Green elliptic-

ovate 6.4 cm2

Green elliptic-

ovate 6.8 cm2

Green elliptic

4.5 cm2

Green ovate-

elliptic 6.9 cm2

Dark green

crinkled

11.8 cm2

Flower color White Medium

fertile

White (early

flowering)

medium

fertile

Purplish white

low fertile

Pinkish-white

fertile

White sterile

Oil yield Moderate

(0.55%)

Moderate

(0.60%)

Low (0.40%) High (0.80%) Low (0.35%)

Origin Clonal selection

of MSS-1

Clonal selection

of MSS-5

Unknown F1 hybrid

between M.

canadensis cv.

Kalka and M.

spicata cv.

Neera

A northern

Himalayan

accession

aM. spicata ssp. spicata (as M. viridis).
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limonene (8.7%–11.6%)

1,8-cineole (0%–2.2%)

(Z)-b-ocimene (0%–0.2%)

g-terpinene (0%–0.5%)

(E)-b-ocimene (0%–0.1%)

p-cymene (0%–0.4%)

terpinolene (0%–0.1%)

3-octyl acetate (0%–0.4%)

(Z)-3-hexenol (0%–0.1%)

3-octanol (0%–1.5%)

1-octen-3-ol (0%–0.9%)

menthone (0%–1.2%)

trans-sabinene hydrate (0.4%–2.2%)

isomenthone (0%–0.1%)

b-bourbonene (0%–1.9%)

a-copaene (0%–0.1%)

linalool (0%–0.1%)

cis-sabinene hydrate (0%–0.1%)

b-caryophyllene (0%–1.9%)

terpinen-4-ol (0%–1.4%)

cis-dihydrocarvone (0%–2.5%)

carvomenthoney (0%–1.9%)

trans-dihydrocarvone (0%–0.2%)

g-muurolene (0%–0.4%)

(E)-b-farnesene (0%–0.7%)

TABLE 7.5c
Comparative Percentage Composition of Native Spearmint Oil

Produced in Different Geographic Regions

Compound United States Taiwan Netherlands

a-Pinene 0.5–1.2 0.5 0.7–0.8

b-Pinene 1.8–5.2 0.9 4.4–4.5

Limonene 13.3–20.5 16.4 10.9–16.2

1,8-Cineole 2.9–7.5 5.0 6.0–6.8

3-Octanol 0.6–1.4 0.3 0.6–0.7

Linalool 0–0.4 — 0.1–0.2

Menthone 0.1–0.5 0.3 0.2

Isomenthone 0–0.1 0.2 —

Carvomenthoney 0.4–1.3 0.5 0.2

Dihydrocarvone* 3.4–13.1 3.8 3.5–4.6

Pulegoney 0.1–3.7 1.6 1.7–1.9

Dihydrocarvyl acetate 0.5–8.1 3.9 4.4–7.7

Carvone 46.3–68.1 64.4 58.2–62.1

cis-Carvyl acetate 0.5–2.6 1.1 0.9–1.7

cis-Carveol 0–0.7 0.1 0.2

*Correct isomer not identified.
yQuestionable identity.
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dihydrocarvyl acetate (0%–3.0%)

a-terpineol (0%–0.9%)

germacrene D (0%–1.5%)

neodihydrocarveol (0%–0.6%)

carvone (59.3%–70.0%)

dihydrocarveol (0%–2.4%)

neoisodihydrocarveol (0%–1.6%)

cis-carvyl acetate (0%–0.6%)

trans-carvyl acetate (0%–0.7%)

trans-carveol (0%–0.4%)

cis-carveol (0%–0.2%)

(Z)-jasmone (0%–0.3%)

viridiflorol (0%–0.4%)

yQuestionable identity.

The more pertinent studies will be discussed in more detail. For example, Lawrence (1978)

reported that Native spearmint produced in the Willamette Valley (Oregon, United States)

possessed the following composition:

a-thujene (0.1%)

a-pinene (0.7%)

2-methylbutanal (0.1%)

trans-2,5-diethyltetrahydrofuran (0.1%)

b-pinene (0.7%)

sabinene (0.6%)

myrcene (2.5%)

a-terpinene (0.3%)

limonene (9.3%)

TABLE 7.5d
Comparative Percentage Composition of Selected Constituents of Native

Spearmint Oil Produced from Plants Harvested at Different Development Stages

Compound 1 2 3 4 5

a-Pinene 0.6 0.6–0.7 0.6–0.8 0.3–0.9 0.2–0.8

b-Pinene 0.8 1.0–1.3 0.9–1.3 0.7–1.4 0.5–1.2

Myrcene 4.0 3.1–3.4 2.8–3.5 2.7–4.1 2.8–3.6

Limonene 8.4 6.8–11.4 7.4–9.4 6.0–8.2 4.6–7.1

1,8-Cineole 0.9 1.5–2.2 1.6–2.3 1.6–2.5 0.6–0.8

3-Octanol 1.0 0.6–1.0 0.7–0.9 0.6–0.8 0.5–0.7

trans-Sabinene hydrate 1.6 2.0–3.0 1.7–2.3 1.3–2.1 1.0–2.2

Menthone 0.5 0.3–0.6 0.1–0.3 0–0.2 0–0.2

Dihydrocarvone* 3.0 2.3–4.7 2.9–5.0 3.3–8.4 4.6–9.3

Carvone 68.4 60.5–67.0 58.1–68.2 58.9–62.8 45.5–64.4

Development stages: 1, juvenile plants; 2, immature plants; 3, mature plants (normal harvest time with

full flowering); 4, over mature plants; 5, senescent plants.

*Correct isomer not identified.
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1,8- cineol e (2.6 %)

(Z)- b-ocimen e (0.3 %)

(E)- b-ocimen e (0.2 %)

p-cym ene (0.2%)

terpi nolene (0.1%)

3-oct yl acetat e (0.3%)

3-oct anol (0.7%)

1-oct en-3- yl acetate (0.1 %)

trans -sabinen e hy drate (1.3 %)

isom enthone (0.1 %)

b-bo urbonene (1.4 %)

linal ool (0.1 %)

cis -sabine ne hy drate (0.1 %)

terpi nen-4- ol (0.2 %)

b-cary ophy llene (0.9 %)

cis -dihydr ocarvone (1.5%)

menthol (0.2%)

d-ter pineol (0.2 %)

dihyd rocarvy l acetat e (1.4 %)

a-ter pineol (0.2 %)

neo dihydrocar veol (0.3%)

germa crene D (0.2%)

carvon e (67. 1%)

dihyd rocarve ol (0.5 %)

cis -carvyl acetate (2.0 %)

trans -carveo l (0.5%)

cis -carvo ne oxide (0.1 %)

cis -carveo l (0.3 %)

(Z)- jasmon e (0.3 %)

virid iflorol (0.2 %)

In add ition, the oil contai ned trace (< 0.1% ) amou nts of dimet hyl sulf ide, isobu tanal,

butana l, isovaleral dehyd e, metha nol, ethanol , 2-ethylf uran, methy l 2-me thylbut yrate,

g-ter pinene, ethyl 2-methyl butyrat e, isobut anol, 1-pen ten-3-ol, isoam yl alcoho l, 2-methyl bu-

tanol, (E)- 2-hexena l, 2-me thylbut yl 2-me thylbutyrat e, pin ol, hexano l, (E)-2-hexe nol,

(Z)- 3-hexenol , hexyl 2-methylbutyrate, p-c yme n ene, (Z)-3 -hex enyl isov ale ra te, me nthone,

menthofuran, 3-nonanol, cis-p-m enth-2- en-1-ol , trans-p-m enth-2- en-1-ol , b-copaene, b-y lang ene,

b-elem ene, ( E) - b- f ar ne se ne , d-cadi nene, g-cadinene, cadina- 1,4-diene, trans-dihydrocarvone, cis-

verbenol, trans -verbenol, cis-p-m enth-1( 7),8-dien-2-ol, trans-c ar vy l a ce tat e, a nd euge nol.

Fraisse et al. (1985) compared the composition of American and Chinese commercial

spearmint oils presumably of M. spicata origin. A summary of two compositions can be

seen in Table 7.5e. In addition , the autho rs also determ ined that the oils could be differen-

tiated by the minor components of the two oils. They found that the discriminant minor

components of American spearmint oil were as follows:

sabinene (0.2%)

a-terpinene (t)

b-phellandrene (2.2%)

1,8-cineole (1.4%)

(Z)-b-ocimene (t)
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g-terpinene (t)

(E)-b-ocimene (t)

p-cymene (0.5%)

terpinolene (0.1%)

6-methyl-5-hepten-2-one (0.4%)

1-octen-3-ol (0.1%)

trans-sabinene hydrate (1.4%)

(Z)-3-hexenyl isovalerate (0.1%)

p-menth-2-en-1-ol* (t)

d-terpineol (0.8%)

p-cymen-8-ol (t)

2-phenethyl isovalerate (t)

humulene oxide* (0.3%)

thymol (t)

*Correct isomer not identified.

t¼ trace (<0.1%).

TABLE 7.5e
Comparative Main Component Composition of North American

and Chinese Spearmint Oils

Compound American Oil Chinese Oil

a-Pinene 0.4 t

b-Pinene 0.4 t

Myrcene 1.6 t

Limonene 5.0 1.2

3-Octanol 1.0 0.1

p-Cymenene 0.1 t

b-Bourbonene 1.2 0.9

Linalool 0.2 0.1

b-Caryophyllene 0.4 0.2

trans-Dihydrocarvone 1.1 2.0

cis-Dihydrocarvone 0.1 0.3

Menthol 0.2 3.4

Allo-aromadendrene t t

g-Muurolene t t

a-Terpineolþa-humulene — 0.1

Carvone 76.6 86.0

Carvyl acetate* 0.1 —

trans-Carveol 0.5 0.8

cis-Piperitone oxide t 0.2

cis-Carveol 0.2 0.3

trans-Piperitone oxide t —

(Z)-Jasmone t 0.1

Caryophyllene oxide 0.1 0.4

Eugenol t 0.1

*Correct isomer not identified.

t¼ trace (<0.1%).
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In contrast, they found that the discriminant components of Chinese spearmint oil were as

follows:

hexyl isovalerate (t)

menthone (1.1%)

d-elemene (t)

isomenthone (0.4%)

octanol (0.1%)

isomenthyl acetate (0.1%)

menthyl acetate (0.1%)

b-elemene (t)

pulegone (0.1%)

methyl chavicol (t)

neral (0.8%)

a-terpinyl acetate (0.1%)

methyl salicylate (t)

calamenene* (t)

piperitenone (t)

piperitenone oxide (t)

isocaryophyllene oxide (0.1%)

cubenol (t)

spathulenol (t)

a-cadinol (t)

eugenyl acetate (t)

*Correct isomer not identified.

Mookherjee et al. (1990) compared the major components of Native spearmint oil with

those found in the headspace of a living spearmint plant. A summary of their results can be

seen in Table 7.5f. From these results, it can be concluded that spearmint oil is very different

from the headspace of the living plant and the harvested plant. As this study was conducted

using a dynamic headspace procedure with Tenax trapping followed by solvent elution, the

quantitative data presented may not necessarily be truly representative of the living plant

headspace. Also, plant material at different stages of development is known to produce

TABLE 7.5f
Major Components (%) Found in the Headspace of Spearmint

Compound Headspace Live Plant Headspace Picked Plant Spearmint Oil

Hexanal 0.5 t —

Hexanol — 2.3 0.1

Limonene 17.7 1.8 21.4

Dihydrocarvone* 0.7 2.6 0.1

Carvone 24.0 70.0 63.0

Menthone=isomenthone — — 1.2

Menthol* — — 1.7

Undeca-1,3,5-triene* 0.5 — —

*Correct isomer not identified.

t¼ trace (<0.1%).
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seconda ry metabo lites at a different rate. In addition , across a 24-h period, there are add-

itional chan ges in secondary meta bolite pro duction. Finally, M. spica ta, like all aro matic

plants , contai ns its own gen etic code for secondary metab olite producti on. Unless the

living plan ts, the harvest ed plants , and the oil are all pr oduced from clonal ly reprodu ced

plants , at the same stage of de velopm ent an d a t the same time of day, only then can the

intrinsi c influence on second ary meta bolite prod uction be mini mized .

Lawre nce (1993a ) comp ared the comp osition of a num ber of sampl es of Nati ve spea rmint

oil producti on in the M idwest and Farwest of the Unit ed State s As the Farwest (part icularly

Washing ton) has a much longer season than the Midw est, a porti on of the oil prod uced is

from a seco nd ha rvest. The resul ts of the an alyses of these oils are summ arize d as the average

percent age comp osition of both Midwest and tw o types of Farwe st oil (first harvest an d

second harvest ) is presented in Table 7.5g.

Moh an Rao (2000) compared the oil yiel d and composi tion of fresh , sh ade-dried, an d sun-

dried M. spica ta leaves obtaine d from plants grow n in India (Ta ble 7.5h) . As can be seen, sun

drying the leaves cau sed a reducti on in oil con tent (ca. 45%) and the low er boili ng mono-

terpene s and a corresp onding increase in the higher boiling compone nts, pa rticular ly carvone.

As spearm int leaves are dried prior to commer cial oil prod uction by steam distillati on, the

amount of su n dr ying will undoubted ly affe ct the oil composi tion.

The effe ct of developm ent stage on the compo sition of selec ted major compo nents of the

various spe armint cu ltivars grow n in India can be seen in Table 7.5i (B ahl et al., 2000). The

typic al carvon e content s of oils produced from each of the cultivars was repo rted as ‘‘MSS-

5’’: (65%), ‘‘Arka’’: (68%); ‘‘Neera’’: (58%), and ‘‘Neera–Kalka’’: (72%). A summary of the

main components of the ‘‘Supriya’’ cultivar of M. spicata ssp. subspicata (as M. viridis) is

shown in Table 7.5j . The typic al carvone content of the oil produced from ‘‘Supr iya’’ was

reported to be 65%.

Coleman et al. (2002) examined the headspace of more than 20 samples of freshly distilled

Native spearmint oil using a nonequilibrated solid phase microextraction procedure com-

bined with gas chromatography–mass spectrometry (GC=MS). The components found in the

headspace of these oils are as follows:

dimethyl sulfide (0.1%)

isobutanal (t%–0.1%)

2-methylbutanal (0.3%–0.5%)

2-ethylfuran (0.1%–0.2%)

methyl 2-methylbutyrate (0.1%–0.2%)

a-pinene (3.8%–4.0%)

a-thujene (0.4%–0.5%)

trans-2,6-diethyltetrahydrofuran (0.2%–0.6%)

b-pinene (3.0%–3.2%)

sabinene (2.0%–2.4%)

myrcene (8.5%–9.6%)

a-terpinene (1.1%–1.3%)

limonene (31.6%–35.1%)

1,8-cineole (7.3%–8.9%)

(E)-b-ocimene (0.4%–0.6%)

(Z)-b-ocimene (0.4%–0.6%)

g-terpinene (1.5%–1.7%)

(E)-b-ocimene (0.2%–0.3%)

p-cymene (0.3%)

3-octanol (1.5%–1.8%)
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trans-sabinene hydrate (1.0%–1.9%)

neomentholy (0.4%–0.9%)

terpinen-4-oly (0.7%–0.9%)

carvone (26.7%–33.5%)

yQuestionable identity.

t¼ trace (<0.1%).

The minor constituents that have been found in Native spearmint oil since 1960 can be seen

categorized according to the class of compounds such as hydrocarbons, alcohols, esters, aldehydes,

ketones, acids, phenols, nitrogen heterocyclic compounds, and miscellaneous compounds.

TABLE 7.5g
Average Percentage Composition of Native Spearmint Oil Produced in the United States

Compound Midwest Oil (15)a

Farwest Oil

1st harvest (50) 2nd harvest (20)

a-Pinene 0.80 0.75 0.71

Camphene 0.08 0.07 0.05

b-Pinene 0.72 0.65 0.68

Sabinene 0.54 0.51 0.53

Myrcene 2.68 3.53 3.04

a-Terpinene 0.33 0.37 0.30

Limonene 9.98 10.84 11.16

1,8-Cineole 1.79 1.80 1.82

(Z)-b-Ocimene 0.13 0.11 0.09

(E)-b-Ocimene 0.21 0.31 0.24

g-Terpinene 0.56 0.61 0.52

3-Octanone 0.13 0.14 0.13

p-Cymene 0.16 0.15 0.15

Terpinolene 0.17 0.19 0.16

3-Octyl acetate 0.25 0.37 0.36

3-Octanol 0.89 0.63 0.91

1-Octen-3-yl acetate 0.09 0.06 0.03

trans-Sabinene hydrate 0.14 0.12 0.08

Menthone 0.89 1.22 1.23

b-Bourbonene 2.15 2.22 1.69

Linalool 0.16 0.20 0.17

cis-Sabinene hydrate 0.18 0.15 0.15

b-Elemene 0.28 0.27 0.20

Terpinen-4-ol 0.84 0.79 0.58

cis-Dihydrocarvone 2.92 3.57 3.14

trans-Dihydrocarvone 0.14 0.26 0.20

Menthol 0.20 0.21 0.15

Dihydrocarvyl acetate 1.09 1.20 0.90

Germacrene D 0.24 0.27 0.38

Carvone 66.00 62.53 67.43

cis-Carvyl acetate 0.39 0.50 0.28

trans-Carveol 0.98 0.74 0.44

cis-Carveol 0.35 0.36 0.38

Viridiflorol 0.19 0.27 0.19

aNumber of samples analyzed.
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7.5.3 .1 Hydr ocarbo ns

The monoter pene hyd rocarbons that have rou tinely been found as consti tuents of Nati ve

spearm int oil in amoun ts great er than 0.1% are a-thuj ene, a -pinene , b-pinene , sabinene,

myrce ne, a -terpinene, limonen e, (Z)- b-ocimene, (E)- b -ocimene, g-terpinen e, p-cym ene, an d

terpin olene. In add ition, the sesqu iterpene hyd rocarbons regula rly foun d as co nsti-

tuents ( >0.1% ) in Native spearm int oil are b-bourbon ene, b-ele mene, b-cary ophylle ne,

and germa crene D.

Since 1960, 13 other mon oterpene an d sesqu iterpene hydrocarbo ns ha ve been occasi onally

charact erized as constituen t of this commer cially impor tant oil (see Tabl e 7.5k). In summ ary,

it woul d appear that 30 hydrocarbo ns ha ve be en identifi ed in Native spearm int oil.

7.5.3 .2 Alco hols

The alcohol s fou nd as consti tuents in amou nts greater than 0 .1% of Native spearm int oil are

3-oct anol, trans -sabinen e hydrate , cis -sabinen e hy drate, linalo ol, terpin en-4-ol, a-terpineol ,

menthol , trans -carveo l, cis-carv eol, and virid iflorol. Since 1960, 26 alipha tic, monoter pene,

and sesqui terpene alcohol s have been oc casiona lly found a s co mponents of this commer cially

impor tant oil (Table 7.5l ). In summ ary, it ap pears that a total of 36 a lcohols have be en

characterized in Native spearmint oil.

TABLE 7.5h
Comparative Percentage of the Oil Obtained from Fresh, Shade-Dried and Sun-Dried

Mentha spicata Leaves

Compound Fresh Leaf Oil Shade-Dried Leaf Oil Sun-Dried Leaf Oil

a-Pinene 0.8 0.8 t

b-Pinene 1.0 0.9 t

Myrcene 2.8 1.5 0.3

Limonene 28.8 27.0 3.8

b-Ocimene* 0.5 0.3 0.3

3-Octanol 0.4 0.2 0.3

1-Octen-3-ol 0.4 0.2 0.3

b-Bourbonene 0.4 0.5 1.1

Linalool 0.6 0.6 1.2

trans-Dihydrocarvone 0.8 0.6 1.8

Germacrene D 0.1 0.3 0.5

Dihydrocarveol 0.1 1.0 1.1

Carvone 59.6 62.8 82.9

trans-Carvyl acetate 4.3 0.9 0.7

cis-Carvyl acetate 0.2 0.1 0.3

Eucarvoney 0.1 0.2 0.2

(Z)-Jasmone 0.1 0.2 0.2

Cubenoly 0.2 0.2 0.4

a-Cadinol 0.3 0.2 0.4

Oil yield 1.48 1.28 0.66

*Correct isomer not identified.
yQuestionable identity.
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7.5. 3.3 Esters

The esters that ha ve been charact erized as co nstituent s (> 0.1% ) of Native spearm int oil are

3-oct yl acetate, 1-octen-3- yl acetat e, dihydrocar vyl acetat e, and cis-carv yl acetat e. Since 1960,

11 alipha tic, aromatic, a nd monoter pene esters have been oc casiona lly found as componen ts

of Native spe armint oil, as can be seen in Table 7.5m . To date, it would appear that 15 esters

have bee n iden tified in Native spearm int oil. A survey of the recent literatu re (1960– 2004)

cou ld not find any confirmat ion of dihyd rocumin yl esters as co nstituent s of Native spearmint

oil, as report ed by Gil demei ster and Hoffman n (1961) .

7.5. 3.4 Aldehydes

Altho ugh no aldehydes ha ve be en rou tinely found as con stituent s of Nati ve spearm int

oil, a total of nine have been occasionally found as trace components (<0.1%) of the oil

(see Tabl e 7.5n).

TABLE 7.5i
Effect of Development Stage on Selected Major Component Amounts of Four Indian Mentha

spicata Cultivars

Cultivar=Compound 1 2 3 4 5 6 7

‘‘MSS-5’’

Limonene 0.6 0.4 1.2 18.9 22.8 24.7 15.1

1,8-Cineole 0.7 0.6 0.6 2.2 2.0 2.0 0.8

trans-Sabinene hydrate 5.2 0.3 0.8 0.1 0.6 1.5 0.9

b-Bourbonene 1.1 1.5 1.2 0.5 1.8 1.2 1.0

Menthol 6.9 0.2 — 0.1 0.1 0.1 1.5

Carvone 38.3 65.9 80.2 58.3 60.2 57.8 59.7

‘‘Arka’’

Limonene 1.5 0.6 8.7 16.2 19.4 17.2 16.2

1,8-Cineole 0.6 0.3 3.1 2.0 2.2 2.8 0.5

trans-Sabinene hydrate — 1.5 0.7 1.5 0.8 3.1 1.6

b-Bourbonene 0.8 1.6 1.2 0.9 0.4 0.3 0.5

Menthol — — — — — — —

Carvone 66.5 78.0 72.3 62.1 62.2 54.1 59.0

‘‘Neera’’

Limonene 1.0 4.3 4.9 25.4 27.7 27.1 11.3

1,8-Cineole 0.3 0.3 4.7 6.5 6.8 3.7 0.9

Menthol 1.9 1.5 0.7 0.1 0.1 0.1 0.4

Carvone 58.7 64.1 67.5 44.2 44.9 48.2 58.6

‘‘Neera–Kalka’’

Limonene 6.6 4.5 9.6 35.4 39.0 37.0 26.9

1,8-Cineole 0.5 0.1 0.2 0.4 0.2 0.2 0.1

Menthol 9.7 0.4 0.9 0.5 0.2 0.2 0.3

Carvone 19.5 76.4 71.6 47.4 45.9 48.3 50.2

Development stages: 1, early sucker production; 2, late sucker production; 3, main crop early; 4, main crop midpoint;

5, main crop late; 6, early (2nd) ratoon crop; 7, late (2nd) ratoon crop.
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7.5.3 .5 Ke tones

The ke tones that have been routi nely foun d as co nstituent s in Native spearm int oil are cis-

dihydrocar vo ne, trans -dihydr ocarvon e, carvone, and (Z)-jasm one. Since 1960, eight other

monoter pene ketones ha ve been charact erized in this commercial ly impor tant oil as shown in

Table 7.5o. To date, 12 ketones have been identifi ed in Nati ve sp earmint oil.

7.5.3 .6 Acid s

The ten acids, which were iden tified as trace (< 0.1% ) constituen ts of Native spearm int oil by

Tsun eya et al. (1998) are 2-me thylbut yric acid, isovaleri c acid, hexanoic acid, (E)- 2-hexenoi c

acid, octanoic acid, cis-2-pentylcyclopropane-1-carboxylic acid, 3-isopropenyl-6-oxo-heptanoic

acid, 3-is opropylpent ane-1, 5-dioic acid, be nzoic a cid, and salicyli c ac id.

TABLE 7.5j
Effect of Deve lopm ent Stage on the Amounts of Select Compon ents of the ‘‘Supri ya’’

Cultivar of Mentha spicata ssp. subspi cata

Stages of Development

Compound 1 2 3 4 5 6 7

Limonene 0.6 1.1 4.7 29.2 13.6 17.4 23.5

1,8-Cineole 0.6 2.1 3.4 3.0 1.4 0.4 0.8

3-Octanol 0.1 0.5 0.3 0.2 0.2 0.1 0.4

trans-Sabinene hydrate 1.8 — — — — — —

Isomenthone 0.5 0.3 0.5 0.1 0.8 0.7 —

b-Bourbonene 7.3 0.4 0.4 0.4 0.6 0.3 0.5

Menthol 11.0 5.7 — 0.1 0.4 0.2 1.9

Carvone 58.3 64.7 77.1 56.9 53.3 70.7 58.3

For stages of development description, see Table 7.5i.

TABLE 7.5k
Additional Hydrocarbons Found in Native Spearmint Oil

Compound References

b-Copaene, b-ylangene, d-cadinene, g-cadinene,

cadina-1,4-diene Lawrence (1978)

b-Phellandrene, d-elemene, allo-aromadendrene,

a-humulene, calamenene* Fraisse et al. (1985)

Undeca-1,3,5-triene Mookherjee et al. (1990)

p-Cymene Lawrence (1978); Fraisse et al. (1985)

(E)-b-Farnesene Lawrence (1978); Kubeczka and Formacek (2002)

g-Muurolene Fraisse et al. (1985); Kubezcka and Formacek (2002)

*Correct isomer not identified.
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7.5. 3.7 Phenols

Euge nol has been foun d as a trace co nstituent ( < 0.1%) in Nati ve spearm int oil by Lawre nce

(1978) , Fraise et al. (1985), Chi en (1988) , and Tsuneya et al. (1998). Fr aise e t al. (1985) also

charact erize d thymo l as a trace con stituent in the oil. As a resul t, two pheno ls have been

identi fied in Native spearm int oil.

7.5. 3.8 Nitroge n Het erocyclic Compou nds

Nitrog en heteroc yclic co mpound s ha ve been fou nd as compon ents of Native spearm int oil

only in trace amounts , whereas 22 comp ounds hav e been identi fied in the ppm level in the oil

as shown in Table 7.5p. Tsuneya et al. (1993) determ ined that 2-acetyl- 4-isopro pylpyridine,

2,4- diisopro penylpyr idine, 2-acet yl-4-is opropenylpyr idine, and 4-acet yl-2-is opropenylpyr i-

dine were unique to both Native and Scotch spearmint oils but not found in peppermint

TABLE 7.5l
Additional Alcohols Found in Native Spearmint Oil

Compound References

Methanol, ethanol, isobutanol, 1-penten-3-ol,

2-methylbutanol, isoamyl alcohol, (E)-2-hexenol,

3- nonanol, cis-p-menth-2-en-1-ol, cis-verbenol,

trans-verbenol, cis-p-menth-1(7), 8-dien-2-ol Lawrence (1978)

3-(50,50-Dimethyltetrahydrofuran-2-yl)-(Z)-2-butenol Sakurai et al. (1983)

Spathulenol, p-cymen-8-ol, octanol Fraisse et al. (1985)

1-Octen-3-ol, neoisodihydrocarveol Maffei (1986)

d-Terpineol, trans-p-menth-2-en-1-ol Lawrence (1978); Fraisse et al. (1985)

Hexanol Lawrence (1978); Mookherjee et al. (1990)

(Z)-3-Hexenol, neodihydrocarveol Lawrence (1978); Kubeczka and Formacek (2002)

a-Cadinol, cubenol Fraisse et al. (1985); Mohan Rao (2000)

Menthol Lawrence (1978); Fraisse et al. (1985); Mookherjee

et al. (1989); Bahl et al. (2000); Coleman et al. (2002)

TABLE 7.5m
Additional Esters Found in Native Spearmint Oil

Compound References

trans-Sabinene hydrate acetate Nigam and Levi (1963)

Ethyl 2-methylbutyrate, 2-methylbutyl 2-methylbutyrate,

hexyl 2-methylbutyrate, trans-carvyl acetate Lawrence (1978)

Hexyl isovalerate, a-terpinyl acetate, methyl salicylate Fraisse et al. (1985)

Menthyl acetatey Coleman et al. (2002)

2-Phenethyl isovalerate Averill (1968); Fraisse et al. (1985)

(Z)-3-Hexenyl isovalerate Lawrence (1978); Fraisse et al. (1985)

Methyl 2-methylbutyrate Lawrence (1978); Coleman et al. (2002)

yQuestionable identity.
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oil. They furth er report ed that 2-acetyl- 4-isoprop enylpyr idine was the major nitrogen hetero-

cyclic compoun d in the oil. It was determined to have a grass y, sweet, minty, and so mewhat

amber- like odor.

7.5.3 .9 Mis cellaneous Comp ounds

1,8-cineo le is the only mis cellan eous comp ound routin ely found as a co nstituent of Nati ve

spearm int oil. Since 1960, 16 other mis cellan eous compoun ds ha ve been identifi ed in this

commer cially impor tant oil as can be seen in Table 7.5q. As a resul t, a total of 17 mis cellan-

eous compou nds have been found in Native spearm int oil.

7.5.3 .10 Chirality

The enan tiomeric dist ribution of some of the con stituent s of Native spearmint can be seen in

Table 7.5r. In a ddition, Nagas awa et al. (1976) determ ined that the major enanti omers also

found in spearm int oil were (1S,4 S)-( þ )-cis -dihydr ocarvone , (1R ,4S)-( þ)- trans -dihydr ocar-

vone, (1R,2S, 4S)-( � )-dihydrocar veo l, (1R ,2R,4S) -(þ )-neodi hydrocarv eol, (1R ,2S,4S )-( �)-

dihydrocarvyl acetate, (2S,4S)-(�)-cis-carvyl acetate, and (4R,4S)-(�)-trans-carvyl acetate.

TABLE 7.5n
Aldehydes in Native Spearmint Oil

Compound References

Butanal Lawrence (1978)

Neral Fraisse et al. (1985)

Hexanal Mookherjee et al. (1990)

Acetaldehyde, valeraldehyde, (E)-2-hexenal Coleman et al. (2002)

Isobutanal Lawrence (1978); Coleman et al. (2002)

Isovaleraldehyde, 2-methylbutanal Lawrence (1978); Kubeczka and Formacek (2002)

TABLE 7.5o
Additional Ketones Found in Native Spearmint

Compound References

6-Methyl-5-hepten-2-one, piperitenone Fraisse et al. (1985)

6-Hydroxycarvone Tsuneya et al. (1998)

Eucarvoney Mohan Rao (2000)

Carvomenthoney Smith et al. (1963); Handa et al. (1964); Srinivas (1986)

Pulegone Smith et al. (1963); Handa et al. (1964); Coleman et al. (2002)

Isomenthone Smith et al. (1963); Handa et al. (1964); Averill (1968);

Lawrence (1978); Mookherjee et al. (1990)

Menthone Smith et al. (1963); Handa et al. (1964); Murray et al. (1972);

Lawrence (1978); Mookherjee et al. (1990)

yQuestionable identity.
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TABLE 7.5p
Nitrogen Heterocyclic Compounds Found in Native Spearmint Oil

Compound References

Pyridine, 2-methylpyridine, 2,5-dimethylpyrazine, 2-acetylpyridine,

2-isopropyl-4-methylpyridine, 4-isopropyl-2-methylpyridine,

4-isopropenyl-2-methylpyridine, 3-[(Z)-1-buten-1-yl]pyridine,

3-[(E)-1-buten-1-yl]pyridine, 2-ethyl-4-isopropenylpyridine, quinoline,

2,4-diisopropenylpyridine, 2-acetyl-4-isopropylpyridine,

2-acetyl-4-isopropenylpyridine, 4-acetyl-2-isopropenylpyridine,

5-[(Z)-1-buten-1-yl]-2-propylpyridine, 5-[(Z)-1-buten-1-yl]-4-propylpyridine

5-[(E)-1-buten-1-yl]-2-propylpyridine 5-[(E)-1-buten-1-yl]-4-propylpyridine Tsuneya et al. (1993)

3-Phenylpyridine, 5-phenyl-2-propylpyridine, 3-phenyl-4-propylpyridine Sakurai et al. (1983b);

Tsuneya et al. (1993)

TABLE 7.5q
Additional Miscellaneous Compounds Found in Native Spearmint Oil

Compound References

Pinol, cis-carvone oxide Lawrence (1978)

Mint lactone Takahashi et al. (1980)

Mint sulfide Takahashi et al. (1981)

1,5-Epoxysalvial-4(14)-ene Surburg and Köpsel (1989)

cis-Piperitone oxide, trans-piperitone oxide,

piperitenone oxide, caryophyllene oxide,

isocaryophyllene oxide, humulene epoxide*,

eugenyl acetate Fraisse et al. (1985)

Menthofuran Nigam and Levi (1964); Coleman et al. (2002)

Dimethylsulfide 2-ethylfuran Lawrence (1978); Coleman et al. (2002)

trans-2,5-Diethyltetrahydrofuran Lawrence (1978); Kubeczka and Formacek (2002);

Coleman et al. (2002)

*Correct isomer not identified.

TABLE 7.5r
Enantiomeric Distribution of Constituents of Native Spearmint Oil

Enantiomeric Ratio References

(2R,4S)-(þ)-trans-carveol (15%):(2S,4R)-(�)-trans-carveol (85%)

(2S,4S)-(þ)-cis-carveol (4%):(2R,4R)-(�)-cis-carveol (96%) Nakamoto et al. (1996)

(3R)-(þ)-camphene (>99.9%):(3S)-(�)-camphene (<0.1%)

(4R)-(þ)-limonene (1.1%–19.0%):(4S)-(�)-limonene (81.0%–98.8%) Coleman et al. (2002)

(1R,5R)-(þ)-a-pinene (37.6%–57.0%):(1S,5S)-(�)-a-pinene (43.0–62.4) Mosandl et al. (1991)

(1R,5R)-(þ)-b-pinene (40.0%–48.7%):(1S,5S)(�)-b-pinene (51.3%–60.0%) Coleman et al. (2002)

(4S)-(þ)-carvone (<1.0%–4.0%):(4R)-(�)-carvone (>96.0%) Casiabianca et al. (1996);

Ravid et al. (1992b);

König et al. (1997)
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7.6 SCOTCH SPEARMINT OIL ex Mentha gracilis SOLE

7.6.1 I NTRODUCTION

From the early 1800s, when spearm int was fir st intr oduce d into the United States, all

commer cial oil produ ction was from M. spicata . In 1908, a Michi gan mint grower found a

spearm int that was mint-odo red in a Wiscons in gard en (Lan ding, 1969). This mint origi nated

from Sco tland and , as a resul t, became know n as Scotch spearm int. It was form erly describ ed

as Men tha cardiaca Ger. In 1990, it was determ ined that Sco tch spearm int should be class ified

as M. graci lis Sole (Tucker and Fairbrot hers, 1990).

7.6.2 C ULTIVATION AND OIL P RODUCTION

Like Native spearmint, Sco tch spearm int has be en an d is sti ll gro wn in the Midwest and

Farwe st of the United States. In add ition, like Native spearm int, Scotch spearm int produ ced

in the western states falls unde r the price and quota co ntrols of the Spearmi nt Market ing

Board . A summ ary of the pro duction levels of this oil between 1990 and 2000 in North America

can be seen in Table 7.6a. (Law rence, 2000). For more recen t prod uction level s, see Chapt er 9.

Commercial production of Scotch spearmint in Canada commenced in 1990 in Alberta

with a production level of less than 1 tonne. By 1997, production in Alberta had increased to

ca. 107 tonnes and production had commenced in Saskatchewan with a production level of

ca. 23 tonnes (Thacker, 1997).

At one time a cultivar of Scotch spearmint (as M. cardiaca) known as MCA-1 was the main

taxon grown in India for the commercial production of oil. By 1995, production of Scotch

spearmint oil in India had reached 2 to 3 tonnes (Kothari and Singh, 1995). More recently, the

MCAS-2, which was a clonal selection of the selfed progeny of MCA-1, has now become the

main cultivar used for oil production (Bahl et al., 2000).

The cultivar MCAS-2 is a medium, tall, erect, vigorous growing, hard-stemmed plant,

which is pubescent, largely green in color with a reddish tinge at the nodes. It possesses ovate

leaves with a leaf and stem ratio of 1.5:1 and white flowers. It produces a moderate oil

yield of 0.5%. Current Indian production of Scotch spearmint oil is estimated to be ca.

10 tonnes. Limited quantities of oil are also produced in France (Feraud, 1997) and Argentine

(Romito, 1990).

TABLE 7.6a
Scotch Spearmint Production (Tonnes) in North America 1990–2000

Year Midwest Farwest Canada

1990 196.0 498.5 6.8

1991 332.0 620.3 11.8

1992 187.3 677.2 18.1

1993 184.6 508.5 32.7

1994 171.9 326.1 60.8

1995 175.5 360.2 76.2

1996 102.5 440.0 94.8

1997 120.2 474.9 168.8

1998 136.5 630.9 114.3

1999 88.5 551.1 157.9

2000 89.4 420.9 167.9
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7.6.3 OIL COMPOSITION

A survey of the literature reveals that the first detailed analysis of Scotch spearmint oil was

performed by Smith et al. (1963). These authors examined the composition of a number of

oils produced commercially in the United States and compared them with oils produced

experimentally in Japan and China. As can be seen from the results of this study presented in

Table 7.6b, it would appear that the Chinese oil had been redistilled because of the reduced

level of monoterpene hydrocarbons and the increased level of carvone.

Commercial samples of Scotch spearmint oil (as M. cardiaca) were reported (Handa et al.,

1964) to possess the following major components:

a-pinene (0.5%–1.0%)

b-pinene (1.3%–2.6%)

limonene (17.7%–29.7%)

1,8-cineole (1.8%–2.5%)

3-octanol (1.6%–2.6%)

3-octyl acetate (0.3%)

trans-sabinene hydrateþ cis-sabinene hydrate (0.1%–0.4%)

linalool (0%–0.4%)

menthofuran (<0.1%)

menthone (0.9%–2.2%)

isomenthone (0%–0.3%)

carvomenthoney (0.1%–0.6%)

dihydrocarvone* (2.5%–6.9%)

pulegone (0%–0.9%)

dihydrocarvyl acetate (0.4%–1.3%)

TABLE 7.6b
Percentage Composition of Scotch Spearmint Oil of Various Origins

Compound United States Japan China

a-Pinene 0.3–1.0 0.6 —

b-Pinene 1.3–2.6 1.6 0.1

Limonene 17.7–29.7 20.0 3.2

1,8-Cineole 1.8–2.6 1.8 0.1

3-Octanol 1.6–2.5 2.6 0.1

Linalool 0–0.3 0.1 0.4

Menthone 0.9–2.2 1.1 1.0

Isomenthone 0–0.3 0.3 0.3

Carvomenthoney 0.1–0.6 0.3 0.5

Dihydrocarvone* 2.5–6.9 2.9 3.0

Pulegone 0–0.7 0.2 0.9

Dihydrocarvyl acetate 0.3–1.3 1.2 1.3

Carvone 53.9–67.4 66.7 86.0

cis-Carvyl acetate 0–1.6 0.3 2.0

cis-Carveol 0–0.9 0.1 1.1

*Correct isomer not identified.
yQuestionable identity.
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dihydrocarveol (0%–0.1%)

carvone (53.9%–68.2%)

trans-carvyl acetate (0.7%–0.9%)

cis-carvyl acetate (0%–1.6%)

cis-carveol (0%–0.9%)

*Correct isomer not identified.
yIncorrect identification.

Over the past 25 years, Scotch spearmint oil has been the subject of analysis by Murray et al.

(1972); Umemoto and Nagasawa (1980); Srinivas (1986); Surburg and Köpsel (1989); Tucker et

al. (1991); Platin et al. (1994); Shi et al. (1996); Lawrence (2000); and Kubeczka and Formacek

(2002). The components identified in amounts greater than 0.1% can be seen as follows:

isovaleraldehyde (0%–0.1%)

a-pinene (0%–1.2%)

cis-2,5-diethyltetrahydrofuran (0%–0.1%)

b-pinene (0.4%–4.2%)

sabinene (0%–1.0%)

myrcene (0%–1.5%)

limonene (11.9%–33.7%)

1,8-cineole (0%–2.8%)

g-terpinene (0%–1.4%)

3-octyl acetate (0%–0.6%)

(Z)-3-hexenol (0%–0.1%)

3-octanol (0%–2.4%)

menthone (0%–2.4%)

trans-sabinene hydrate (0%–1.0%)

isomenthone (0%–0.2%)

b-bourbonene (0%–1.1%)

carvomenthoney (0%–0.8%)

linalool (0%–0.1%)

cis-sabinene hydrate (0%–0.1%)

b-caryophyllene (0%–1.2%)

terpinen-4-ol (0%–1.1%)

cis-dihydrocarvone (0%–5.0%)

trans-dihydrocarvone (0%–0.6%)

menthol (0%–4.5%)

g-muurolene (0%–0.4%)

(E)-b-farnesene (0%–0.7%)

dihydrocarvyl acetate (0%–2.0%)

a-terpineol (0%–0.3%)

germacrene D (0%–0.7%)

neodihydrocarveol (0%–1.6%)

carvone (49.6%–77.2%)

dihydrocarveol (0%–0.3%)

d-cadinene (0%–0.1%)

g-cadinene (0%–0.1%)

b-cadineney (0%–0.5%)

trans-carveol (0.3%–5.8%)

cis-carveol (0%–1.7%)
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(Z)-jasmone (0%–0.3%)

viridiflorol (0%–0.2%)

yQuestionable identity.

The more pertinent studies are discussed in greater detail. For example, Murray et al.

(1972) examined the effect of development stage on oil composition of Scotch spearmint

grown in Indiana and Michigan. The results shown in Table 7.6c revealed that there was only

a slight change in oil composition as the plant developed.

Hogg and Lawrence (1972) described the isolation and characterization of 1-vinyl-3,5,-

dimethyl [2.1.1.]bicyclohexane, a new bicyclic monoterpene hydrocarbon from M. gracilis (as

M. �gentilis nm. cardiaca). Although the authors discussed the ease with which this com-

pound could be made by pyrolyzing myrcene, they felt that as myrcene was only present in the

oil at a level of 0.8%, it would seem unlikely that 1-vinyl-5,5-dimethyl[2.1.1.]bicyclohexane

was an artifact; however, this origin should not be discounted.

Canova (1972) reported the results of a 15-year study on the composition of Scotch

spearmint oil. Unfortunately, he did not present any quantitative data, although he did report

that of the more than 190 compounds characterized, 32 were present in amounts greater than

0.1%, 65 (0.1% to 0.01%), 60 (0.01% to 0.001%), and 37 (<0.001%). The components

identified were 12 monoterpene hydrocarbons, 13 sesquiterpene hydrocarbons, 3 aromatic

alcohols, 24 monoterpene alcohols, 1 sesquiterpene alcohol, 22 aliphatic esters, 8 aromatic

esters, 11 monoterpene esters, 17 aliphatic aldehydes, 2 aromatic aldehydes, 2 monoterpene

aldehydes, 10 aliphatic and aromatic ketones, 14 monoterpene ketones, 10 mono- and

sesquiterpene oxides, and 21 miscellaneous compounds.

Lawrence (1978) analyzed an oil of Scotch spearmint oil that was produced in the Will-

amette Valley (Oregon, United States) and found that it possessed the following composition:

a-pinene (0.7%)

trans-2,5-diethyltetrahydrofuran (0.1%)

b-pinene (0.7%)

TABLE 7.6c
Comparative Percentage Composition of Select Constituents of Scotch Spearmint Oil

Produced from Plants Harvested at Different Plant Development Stages

Compound 1 2 3 4

a-Pinene 0.6 0.6–0.8 0.5–1.0 0.1–0.9

b-Pinene 0.9 1.1–1.5 1.0–1.7 0.3–1.4

Myrcene 1.5 0.9–1.2 0.8–1.2 0.2–0.8

Limonene 11.6 12.2–17.7 12.8–17.8 6.7–15.5

1,8-Cineole 1.2 1.9–2.2 1.7–2.0 0.8–2.0

3-Octanol 1.9 1.9–2.3 1.9–2.4 1.6–2.5

trans-Sabinene hydrate 0.5 0.2–0.4 0.3 0.3

Menthone 1.0 1.5–1.7 1.4–1.5 1.1

Dihydrocarvone* 2.3 1.8–3.4 2.2–3.4 4.0–4.1

Carvone 69.9 59.1–69.3 60.3–71.8 66.9–78.3

Development stages: 1, juvenile plants; 2, immature plants; 3, mature plants (normal harvest time with full flowering);

4, over mature plants.

*Correct isomer not identified.
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sabinene (0.5%)

myrcene (0.5%)

limonene (15.3%)

1,8-cineole (1.8%)

3-octyl acetate (0.3%)

3-octanol (1.9%)

1-octen-3-yl acetate (0.1%)

1-octen-3-ol (0.2%)

trans-sabinene hydrate (0.3%)

menthone (1.0%)

menthofuran (0.1%)

isomenthone (0.1%)

b-bourbonene (1.0%)

linalool (0.2%)

cis-sabinene hydrate (0.1%)

cis-p-menth-2-en-1-ol (0.1%)

terpinen-4-ol (0.1%)

cis-dihydrocarvone (1.0%)

trans-dihydrocarvone (0.1%)

menthol (0.2%)

trans-pinocarveol (0.1%)

dihydrocarvyl acetate (0.2%)

a-terpineol (0.2%)

neodihydrocarveol (0.2%)

germacrene D (0.3%)

carvone (68.5%)

dihydrocarveol (0.7%)

cis-carvyl acetate (0.1%)

cadina-1,4-diene (0.1%)

trans-carveol (0.6%)

cis-carveol (0.2%)

(Z)-jasmone (0.3%)

Trace amounts (<0.1%) of butanal isovaleraldehyde, 2-methylbutanal, 2-ethylfuran, iso-

butanol, methyl 2-methylbutyrate, a-thujene, 1-vinyl-5,5-dimethyl[2.1.1.]bicyclohexane, ethyl

2-methylbutyrate, camphene, 1-penten-3-ol, isoamyl alcohol, a-terpinene, (E)-2-hexenal, (Z)-b-

ocimene, (E)-b-ocimene, g-terpinene, p-cymene, 2-methylbutyl 2-methylbutyrate, terpinolene,

3-heptanol, hexanol, (Z)-3-hexenol, (E)-2-hexenol, hexyl 2-methylbutyrate, p-cymenene, (Z)-3-

hexenyl isovalerate, benzaldehyde, (Z)-3-hexenyl 2-methylbutyrate, 3-nonanol, octanol, a-

copaene, b-copaene, b-ylangene, b-elemene, b-caryophyllene, (E)-b-farnesene, a-muurolene,

d-cadinene, g-cadinene, ar-curcumene, a-cadinene, a-calacorene, trans-p-menth-2-en-1-ol, trans-

p-mentha-2,8-dien-1-ol, carvotanacetone, trans-carvyl acetate, benzyl alcohol, 2-phenethyl

alcohol, p-menth-1-en-9-ol (dihydrolimonen-10-ol), viridiflorol, and eugenol were found in

this same oil.

Starting with 48 kg of Scotch spearmint oil that was produced commercially in the Midwest

(United States), Ishihara et al. (1992) isolated a basic fraction (2 to 8 g), which they subjected

to analysis. A total of 38 nitrogen-containing compounds were identified, all of which were

present in the original oil in amounts less than 1 ppm except 1-methylpyridine (1.25 ppm) and

2-acetyl-4-isopropenylpyridine (3.34 ppm). This latter compound was found to possess a

grassy, sweet, minty, slightly amber-like aroma.
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Spe ncer (1992) an alyzed the oil (0.2% to 0.4% ) isolated from the dist illatio n waters of a

commer cial steam distilla tion of Sco tch spearm int with samples taken every 5 min for the 90-

min duratio n of dist illatio n. W ater sampl ing be gan as soon as the co ndensate was form ed. The

range in comp osition of the oils isol ated from the water samples was determined to be as follows:

isoam yl alcoho l ( t%–0. 2%)

2-me thylbut anol ( t %–0.1%)

butan al ( t%–0. 1%)

(E)- 2-hexena l ( t %–0.5%)

(Z)- 3-hexenol (t %–0. 3%)

(E)- 2-hexenol (t %–0. 2%)

hexa nol (0%– 0.1% )

hep tanal (0.1%–0. 3%)

a-pinene ( t %–0.1%)

sabinene ( t %–0.1%)

b-pinene ( t %–0.1%)

3-oct anol (0.2%–3. 2%)

a-ter pinene (0.1%)

limo nene þ 1,8-cineol e (0.2%–2. 3%)

cis -linalool oxide y  ( t %–0.1%)

linal ool (0.1 %–0.2%)

3-oct yl acetat e (t %–0. 2%)

menthon e ( t %–0.4%)

isom enthone ( t %–0.1%)

terpi nen-4- ol (0.1 %–0.5%)

trans -dihydr ocarvone (0.4%–1. 8%)

cis -dihydr ocarvone (0.1%–0. 3%)

trans -carveo l (0.6%–1. 1%)

carvon e (85. 5%–93. 3%)

piperi tone (0.3%–0. 4%)

(Z)- jasmon e (0.2 %–0.6%)

b-bo urbonene ( t %–0.1%)

b-cary ophy llene ( t%–0. 1%)

t ¼ trace (<0.1%).
yFuranoid form.

A trace ( <0.1% ) of ethyl 2-me thylbut yrate was also charact erized in this oil.

A compara tive composi tion of Scotch spea rmint oil produced in the Midwest and Farwe st

of the United State s was reported by Lawre nce (1993b) . The resul ts of a num ber of an alyses

can be seen in Table 7.6d.

Tsu neya et al. (1993) examined the compo sition of a basic fract ion of Sco tch spearm int oil

star ting with 49 kg, from whi ch they obtaine d a fraction (2.8 g) con taining the nitro gen he tero-

cycli c co mpound s. Analysis of this fract ion co mbined with the struc tural elucid ation and

synthes is of unknow n compoun ds led to the identi fication of numerous nitr ogen-cont aining

compo nents present in amoun ts less than 1 ppm in the origi nal oil, except for 2-acet yl-4-

isopropen ylpyridine.

Lawre nce (2000) analyze d a number of samples of Scotch spe armint oil prod uced bot h in

the United States (Midwest and Farwest) and Alberta (Canada). A summary of the variability

of selected major co nstituent s can be seen in Table 7.6e.
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The effe ct of develop ment stage on the amou nts of selec ted con stituent s found in oils

produ ced from Scotch spearm int (MC AS-2) grown commer cial ly in India can be seen in

Table 7.6f (Bahl et al., 2000).

Finall y, Coleman et al. (2002) used none quilibrate d solid phase microextr actio n cou pled

with GC =M S to exami ne the volatile s of fres hly dist illed Scotch spearm int oils . The

compou nds identifi ed in the headspace wer e as follows :

dimet hyl sulf ide ( t %–0.2%)

isobut anol (t %–0. 1%)

2-me thylbutan al (0.1%–0. 4%)

2-ethylfuran (t%–0.1%)

methyl 2-methylbutyrate (t%–0.2%)

a-pinene (3.7%–4.0%)

TABLE 7.6d
Comparative Percentage Composition of Scotch Spearmint Oil

Compound Midwest Oil Farwest Oil

a-Pinene 0.51–0.72 0.55–0.78

Camphene 0.05–0.08 0.05–0.08

b-Pinene 0.58–0.76 0.56–0.79

Sabinene 0.43–0.56 0.42–0.60

Myrcene 0.82–1.13 0.86–1.08

Limonene 13.65–17.27 13.76–21.18

1,8-Cineole 1.40–1.57 1.00–1.56

(Z)-b-Ocimene 0.06–0.14 0.07–0.14

(E)-b-Ocimene t–0.07 t–0.04

g-Terpinene 0.07–0.14 0.04–0.09

3-Octanone t–0.07 t–0.01

p-Cymene t–0.04 t–0.05

Terpinolene 0.04–0.07 0.04–0.06

3-Octyl acetate 0.13–0.23 0.10–0.27

3-Octanol 2.09–2.66 1.75–2.41

1-Octen-3-yl acetate 0.05–0.12 0.05–0.10

trans-Sabinene hydrate 0.95–1.43 0.74–1.42

Menthone 0.08–0.26 0.08–1.14

b-Bourbonene 0.91–1.24 0.83–1.34

Linalool 0.10–0.51 0.08–0.13

cis-Sabinene hydrate 0.06–0.08 0.05–0.08

b-Elemene 0.06–0.23 0.10–0.24

Terpinen-4-ol 0.33–0.45 0.26–0.46

cis-Dihydrocarvone 0.92–2.20 1.11–4.36

trans-Dihydrocarvone 0.12–0.43 0.11–0.43

Menthol 0.08–0.11 0.08–0.12

Dihydrocarvyl acetate 0.34–0.43 0.24–0.44

Germacrene D 0.09–0.30 0.09–0.41

Carvone 65.79–71.62 62.84–69.79

cis-Carvyl acetate 0.03–0.12 0.02–0.05

trans-Carveol 0.11–0.17 0.10–0.18

Viridiflorol t–0.2 t–0.1

t¼ trace (<0.01%).
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a-thuj ene ( t%–0. 2%)

trans -2,6-die thyltetr ahydrofur an( t %–1.0%)

b-pinene (3.1 %–3.3%)

myrce ne (3.4%–3. 6%)

a-ter pinene (0.1%–0. 2%)

limo nene (42.2%–48 .9%)

1,8- cineol e (4.9 %–6.3%)

(E)- b-ocimen e ( t %–0.1%)

(Z)- b-ocimen e ( t %–0.1%)

g-ter pinene (0.1%–0. 3%)

(E)- 2-hexena l ( t %–0.5%)

p-cym ene ( t%–0. 1%)

3-oct anol (3.5%–4. 4%)

menthon e (1.2 %–1.4 %)

isom enthone (0.2 %)

menthy l acetate y  (t %–0. 1%)

neo menthol y  (0.3%)

terpi nen-4- ol ( t %–0.2%)

yQuestionable identity.

t ¼ trace (<0.1%).

The minor constituen ts that have eithe r been rou tinely charact erize d in Scotch Spe armint

oil as trace constituent s ( < 0.1% ) or occasi onally identi fied as co mponents in one or more

studi es can be seen charact erized accordi ng to the class of compound s such as hydrocarbon s,

alcoho ls, ester s, aldehydes , ke tones, acids, phen ols, nitrogen heteroc ycli c co mpounds, and

mis cellaneou s co mpounds.

7.6. 3.1 Hydroc arbons

The monoter pene hy drocarbons that have be en routin ely fou nd as consti tuents of Sc otch

spearm int oil are a-pinene , b-pinen e, sabinene, myrce ne, limonen e, and g-terpinen e. In a ddition,

the sesqui terpene hydrocarbo ns routinely charact erize d in the oil are b -bourbonen e, b-cary o-

phyllene, andgermacreneD.Since1960, 32othermonoterpeneandsesquiterpenehydrocarbons

have be en occasi onally identi fied in this commercial ly important oil as can be seen in Tabl e 7.6g.

TABLE 7.6e
Variability of Selected Components of North American Scotch

Spearmint Oil

Compound Midwest Farwest Canadian

Myrcene 0.8–1.1 0.9–1.4 0.5–1.3

Limonene 13.7–17.3 12.8–21.7 8.6–21.4

1,8-Cineole 1.4–1.6 1.0–2.1 0.7–2.0

3-Octyl acetate 0.1–0.2 0.1–0.3 0.1–0.2

3-Octanol 2.1–2.7 1.7–4.3 1.7–3.4

trans-Sabinene hydrate 1.0–1.4 0.1–1.4 0.1–0.3

b-Bourbonene 0.9–1.2 0.5–1.4 0.6–1.4

Carvone 65.8–71.6 59.9–74.2 64.4–78.6

trans-Carveol 0.1–0.2 0.1–0.21 0.1–0.2

cis-Carveol 0.3–0.5 0.2–0.4 0.2–0.5

No. of samples 30 20 65
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TABLE 7.6f
Effect of Development Stage on the Contents of Selected Constituents

of the MCAS-2 Cultivar of Scotch Spearmint Oil

Development Stage

Compound 1 2 3 4 5 6

Limonene 2.6 11.2 26.7 32.8 23.8 18.4

1,8-cineole 1.2 2.1 2.1 2.1 1.5 0.2

3-Octanol — 1.8 0.8 1.3 0.8 —

Menthone 0.2 0.1 0.2 0.1 0.1 —

Isomenthone 0.1 0.1 0.4 0.2 0.3 0.4

Menthyl acetate 0.1 0.1 0.2 0.1 0.1 0.1

Terpinen-4-ol 3.3 0.2 0.3 0.1 0.7 0.2

Neomenthol 0.2 0.2 0.1 0.2 0.2 —

Menthol 0.2 0.2 0.1 0.1 0.1 4.2

Carvone 74.0 72.0 55.9 49.4 62.1 54.6

Development Stages: 1, late sucker production; 2, main crop early; 3, main crop

midpoint; 4, main crop late; 5, early (2nd) ratoon crop; 6, late (2nd) ratoon crop.

TABLE 7.6g
Additional Hydrocarbons Found in Scotch Spearmint Oil

Compound References

1-Vinyl-5,5-dimethyl[2.1.1.]bicyclohexane Hogg and Lawrence (1971)

Toluene, a-fenchene, psi-limonene,

isocaryophyllene, a-humulene,

e-bulgareney, e-muuroleney,

bicycloelemene, farnesene* Canova (1972)

a-Cadinene, a-muurolene, ar-curcumene,

a-calacorene, cadina-1,4-diene Lawrence (1978)

b-Cadineney Platin et al. (1994)

g-Muurolene Kubeczka and Formacek (2002)

p-Cymenene, b-elemene, a-copaene,

b-copaene, b-yanglene Canova (1972); Lawrence (1978)

g-Cadinene Lawrence (1978); Umemoto and Nagasawa (1980)

Terpinolene Lawrence (1978); Kubeczka and Formacek (2002)

d-Cadinene Canova (1972); Lawrence (1978); Umemoto and Nagasawa (1980)

a-Thujene Canova (1972); Lawrence (1978); Tucker et al. (1991)

(E)-b-Farnesene Canova (1972); Lawrence (1978); Kubeczka and Formacek (2002)

(Z)-b-Ocimene Lawrence (1978); Tucker et al. (1991); Coleman et al. (2002)

Camphene Canova (1972); Lawrence (1978); Umemoto and Nagasawa (1980);

Tucker et al. (1991)

(E)-b-Ocimene Canova (1972); Lawrence (1978); Tucker et al. (1991);

Coleman et al. (2002)

a-Terpinene Lawrence (1978); Spencer (1992); Coleman et al. (2002);

Kubezcka and Formacek (2002)

yQuestionable identity.
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Although Hogg and Lawrence (1972) believed that 1-vinyl-5,5-dimethyl[2.1.1.]bicyclohex-

ane was a true constituent of Scotch spearmint oil, it should not be discounted that it could be

an artifactual rearrangement product of myrcene. In summary, it would appear that a total of

41 hydrocarbons have been characterized in Scotch Spearmint oil.

7.6.3.2 Alcohols

The alcohols that have been regularly identified as constituents of Scotch spearmint oil are

3-octanol, trans-sabinene hydrate, linalool, terpinen-4-ol, a-terpineol, neodihydrocarveol,

dihydrocarveol, cis-carveol, trans-carveol, and viridiflorol. Since 1960, 47 other aliphatic,

aromatic monoterpene, and sesquiterpene alcohols have been occasionally identified in this

commercially important oil as shown in Table 7.6h.

Surburg and Köpsel (1989) noted that viridiflorol and b-bourbonen-13-ol were found in

0.4% and 0.5% amounts, respectively. They also noted that b-bourbonen-13-ol had a mild

woody aroma, whereas endo-1-bourbonanol (a trace constituent) had a powerful woody

TABLE 7.6h
Additional Alcohols Found in Scotch Spearmint Oil

Compound References

Methanol, ethanol, amyl alcohol, (Z)-3-pentenol,

(E)-3-hexenol, decanol, 3-decanol, p-cymen-8-ol,

1-Phenethyl alcohol, cis- and trans-p-mentha-1,

7(8)-dien-2-ol, cis-p-mentha-2,8-dien-1-ol,

trans-verbenol, trans-3-pinen-2-ol, myrtenol,

perillyl alcohol, p-mentha-1,8-dien-4-ol,

p-menth-1(7)-en-8-ol Canova (1972)

trans-p-Menth-2-en-1-ol, p-menth-1-en-9-ol Lawrence (1978)

1-Penten-3-ol, 3-heptanol, 3-nonanol, octanol, trans-

pinocarveol, benzyl alcohol, 2-phenethyl alcohol,

trans-p-mentha-2,8-dien-1-ol Canova (1972); Lawrence (1978)

cis-p-Menth-2-en-1-ol Canova (1972); Lawrence (1993)

Neomenthol Canova (1972); Coleman et al. (2002)

cis-Sabinene hydrate Canova et al. (1972); Lawrence (1978); Shimizu et al.

(1990); Kubeczka and Formacek (2002)

1-Octen-3-ol Canova (1972); Lawrence (1978); Tucker (1991)

Borneol Canova (1972);Umemoto and Nagasawa (1980); Shimizu

et al. (1990)

2-Methylbutanol, isoamyl alcohol, (E)-2-hexenol,

hexanol Canova (1972); Lawrence (1978); Spencer (1992)

(Z)-3-Hexenol Canova (1972); Lawrence (1978); Spencer (1992);

Kubeczka and Formacek (2002)

Menthol Canova (1972); Lawrence (1978); Umemoto and Nagasawa

(1980); Tucker et al. (1991); Coleman et al. (2002)

Menthol Canova (1972); Lawrence (1978); Umemoto and Nagasawa

(1980); Tucker et al. (1991); Coleman et al. (2002)

3-(50,5-dimethyltetrahydrofuran-20-yl-butenol Sakurai et al. (1983a)

b-Bourbonen-13-ol, endo-1-bourbonanol, T-cadinol,

T-muurolol, spathulenol,(E)-nerolidol,

caryophylla-2(12),6(15)-dien-5-ol Surburg and Köpsel (1989)
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aroma. In summ ary, it can be seen that 5 7 alcohol s have be en charact erize d in Sco tch

spearm int oil.

7.6.3 .3 Ester s

The esters that are routi nely identifi ed as consti tuents of Scotch spearm int oil are 3-oct yl

acetate, dih ydrocarv yl acetate, and cis- and trans -carvyl acetat e. Since 1960, 36 other ali-

phatic , aromat ic, an d mon oterpene ester s have been oc casiona lly identified in this commer -

cially impor tant oil (see Table 7.6i ). In summ ary, it woul d ap pear that 40 ester s have be en

charact erized in Scotch spearm int oil.

7.6.3 .4 Alde hydes

No aldehydes have been foun d as con stituent s of Scotch spearm int oil in amo unts great er

than 0.1% . Since 1960, 22 alipha tic, aromatic, and mo noterpene aldehyd es have been occa-

sional ly charact erize d a s con stituent s of Scotch spearm int oil (see Table 7.6j).

7.6.3 .5 Ke tones

Carvone (the major constituent), cis- and trans-dihydrocarvone, menthone, isomenthone, and

(Z)-jasmone have routinely been found in measurable quantities in Scotch spearmint oil.

TABLE 7.6i
Additional Esters Found in Scotch Spearmint Oil

Compound References

Ethyl isobutyrate, ethyl valerate, propyl-2-methylbutyrate,

isobutyl 2-methylbutyrate, 2-methylbutyl isovalerate,

isoamyl 2-methylbutyrate, isoamyl isovalerate, hexyl

isovalerate, (E)-2-hexenyl acetate, (Z)-3-hexenyl acetate,

heptyl isovalerate, octyl formate, octyl 2-methylbutyrate,

benzyl isobutyrate, benzyl 2-methylbutyrate, 2-phenethyl

butyrate, 2-phenethyl 2-methylbutyrate, 2-phenethyl

isovalerate, hexyl phenylacetate, (Z)-3-hexenyl phenylacetate,

cis-carvyl formate, trans-carvyl formate, neodihydrocarvyl

acetate, myrtenyl acetate, p-menth-1-en-9-yl acetate,

lavandulyl butyrate Canova (1972)

a-Terpinyl acetate Shi et al. (1996)

2-Methylbutyl 2-methylbutyrate, hexyl 2-methylbutyrate (Z)-3-

hexenyl 2-methylbutyrate Canova (1972); Lawrence (1978)

Menthyl acetate Canova (1972); Coleman et al. (2002)

Methyl salicylate Canova (1972); Tsuneya et al. (1998)

1-Octen-3-yl acetate Lawrence (1978, 1993b); Tucker et al. (1991)

(Z)-3-Hexenyl isovalerate Canova (1972); Lawrence (1978); Umemoto

and Nagasawa (1980)

Ethyl 2-methylbutyrate Canova (1972); Lawrence (1978); Spencer

(1992)

Methyl 2-methyl butyrate Canova (1972); Lawrence (1978); Coleman

et al. (2002)
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Since 1960, 20 other alipha tic an d mon oterpene ke tones have been occasi onally ch aracterize d

as components of this commer cially impor tant oil. A survey of the da ta reveals that 25

ketone s have been identi fied in Scotch spearm int oil as shown in Tabl e 7.6k.

7.6. 3.6 Acids

To da te, no acids ha ve bee n foun d as compo nents of Scotch spearm int oil in amounts greater

than 0.1% ; howeve r, a numb er of them have be en charact erized as oc currin g in much lesser

amoun ts as can be seen in Table 7.6l.

TABLE 7.6j
Aldehydes Found in Scotch Spearmint Oil

Compound References

Furfural, propanal, hexanal, (Z)-4-heptenal,

(E)-2-heptenal, octanal, 5-methyl-2-hexenal, tiglic

aldehyde, nonanal, myrtenal, perillaldehyde,

phenylacetaldehyde Canova (1972)

Salicylaldehyde Tsuneya et al. (1998)

Benzaldehyde Canova (1972); Lawrence (1978)

Heptanal Canova (1972); Spencer (1992)

Acetaldehyde, valeraldehyde Canova (1972); Coleman et al. (2002)

Butanal Canova (1972); Lawrence (1978); Spencer (1992)

(E)-2-Hexenal Canova (1972); Lawrence (1978); Spencer (1992); Coleman

et al. (2002)

2-Methylbutanal, isobutanal Canova (1972); Lawrence (1978); Coleman et al. (2002);

Kubeczka and Formacek (2002)

Isovaleraldehyde Canova (1972); Lawrence (1978); Shi et al. (1996);

Coleman et al. (2002); Kubeczka and Formacek (2002)

TABLE 7.6k
Additional Ketones Found in Scotch Spearmint Oil

Compound References

Acetone, acetophenone, 2,3-butanedione, 3-heptanone, 6-methyl-5-

hepten-2-one, b-ionone*, pinocamphone, isopinocamphone,

pinocarvone, (E)-jasmone, verbenone, p-mentha-5,8-dien-2-one

(spicatone), geranyl acetone, hexahydrofarnesyl acetone Canova (1972)

Carvotanacetone Lawrence (1978)

3-Octanone, piperitenone Canova (1972); Tucker et al. (1991)

Piperitone Canova (1972); Spencer (1992)

Pulegone Canova (1972); Coleman et al. (2002)

Carvomenthoney Smith et al. (1963); Handa et al. (1964);

Srinivas (1986)

*Correct isomer not identified.
yQuestionable identity.

306 Mint: The Genus Mentha



Of the 34 acids identified in the oil cis -2-pe ntylcycloprop ane-1-carbo xylic ac id, 3-is opro-

penylpen tane-1,5- dioic acid, and 3-isop ropyl-6-oxoh eptanoi c acid wer e foun d to be presen t in

higher level s in Scotch spe armint oil than foun d in eithe r peppermi nt or co rnmint oils .

Tsun eya et al. (1998) also report ed that the cyclopr opa ne acid ha d an aroma reminisce nt of

the residual obtaine d from spearm int fract ionation , whi ch is diffusiv e, leat hery, butter y, an d

patchou li-like. The dicarbox ylic acid was foun d to be oily–acidi c, wher eas the oxoacid had a

woody, fermented odor.

7.6.3 .7 Phe nols

Althou gh no phenols ha ve be en fou nd in amoun ts greater than 0.1% in Sc otch spearm int

oil, ten have be en occasi onally c haracterize d as trace constituen ts in the oil as can be seen

in Table 7.6m.

7.6.3 .8 Nitrog en Hete rocyclic Com pounds

As exp ected, no nitrogen he terocyc lic compou nds have been ch aracterize d as constituen ts of

Scotch spearm int oil in amou nts exceeding 0.1%. To date, 39 co mpound s have been identifi ed

in the oil in ppm levels as shown in Table 7.6n. Ishiha ra et al. (1992) and Tsune ya et al. (1993)

determ ined that, sim ilar to Nati ve spearm int, 2-acet yl-1-4-isoprop ylpryidine, 2,4-diiso prope-

nylpyridine, 2-acetyl-2-4-isopropenylpyridine (major compound), and 4-acetyl-2-isoprope-

nylpyridine were nitrogen heterocyclic compounds, unique to Scotch spearmint oil and not

present in peppermint oil.

TABLE 7.6l
Acids Found in Scotch Spearmint Oil

Compound References

Propionic, isobutyric, butyric, 2-methylbutyric, isovaleric, valeric,

hexanoic, tiglic, (Z)-3-hexenoic, 2-ethylhexanoic, (E)-2-hexenoic,

heptanoic, (Z)-4-heptenoic, (Z)-5-heptenoic, (Z)-3-heptenoic, octanoic,

(Z)-5-octenoic, (Z)-3-octenoic, (E)-2-octenoic, nonanoic, cis- and

trans-2-pentylcyclopropane-1-carboxylic, citronellic, decanoic,

(E)-2-nonenoic, neric, geranic, perillic, 3-isopropenylpentane-1,5-dioic

3-isopropenyl-6-oxoheptanoic, benzoic, salicylic, phenylacetic Tsuneya et al. (1998)

Acetic Canova (1972); Tsuneya et al. (1998)

TABLE 7.6m
Phenols in Scotch Spearmint Oil

Compound References

4-Vinylphenol, guaiacol, o-cresol, m-cresol, p-cresol Tsuneya et al. (1998)

Eugenol, thymol, carvacrol, dehydrocarvacrol, vanillin Canova (1972); Lawrence (1978)
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7.6.3.9 Miscellaneous Compounds

Although only 1,8-cineole is routinely found as a constituent of Scotch spearmint oil, 27 other

trace components have also been found in the oil as can be seen in Table 7.6o.

TABLE 7.6n
Nitrogen Heterocyclic Compounds Found in Scotch Spearmint Oil

Compound References

1,5-Dimethylpyrazine, 2-ethyl-6-methylpyrazine pyridine, 2-

methylpyridine, 2-acetylpyridine, 2-ethylpyridine, 2-propylpyridine,

2-butylpyridine, 2-pentylpyridine, 3-methylpyridine, 3-ethylpyridine,

3-propylpyridine, 3-butylpyridine, 4-propylpyridine,

4-isopropenylpyridine, 4-butylpyridine, 2,4-diisopropenylpyridine,

2,6-dimethylpyridine, 2-ethyl-4-isopropenylpyridine,

2-acetyl-4-isopropylpyridine, 2-acetyl-4-isopropenylpyridine,

2-isopropyl-4-methylpyridine, 4-isopropyl-2-methylpyridine,

4-isopropenyl-2-methylpyridine, 4-acetyl-2-isopropenylpyridine,

5-ethyl-2-methylpyridine, 3-[(Z)-1-buten-1-yl]pyridine,

3-[(E)-1-buten-1-yl]pyridine 3-[(Z)-1-buten-1-yl]-4-propylpyridine

3-[(E)-1-buten-1-yl]-4-propylpyridine 5-[(Z)-1-buten-1-yl]-2-

propylpyridine 5-[(E)-1-buten-1-yl]-2-propylpyridine Ishihara et al. (1992)

Quinoline, 3-benzylpyridine, methyl anthranilate, 3-vinylpyridine Tsuneya et al. (1993)

3-Phenylpyridine, 3-phenyl-4-propylpyridine 5-phenyl-2-propylpyridine Sakurai et al. (1983b); Ishihara et al.

(1992); Tsuneya et al. (1993)

TABLE 7.6o
Miscellaneous Compounds Found in Scotch Spearmint Oil

Compound References

cis-1,2-Epoxycarvone, trans-1,2-epoxycarvone,

8,9-epoxycarvone, 8,9-epoxylimonene,

cis-1,2-expoxylimonene, trans-1,2-epoxylimonene, carvyl

acetate-6,7-oxide, piperitenone oxide, 2-amylfuran,

carvone-10-acetate, 3-hydroxy-2-butanone, 2-phenethyl

methyl ether, 1-hydroxy-2-acetoxy-p-menth-8(9)-ene,

8-hydroxy-9-acetoxy-p-menth-1-ene 5-hydroxycarvone,

4-hydroxypiperitone, dimethyl sulphoxide, chloroform Canova (1972)

1,5-Epoxysalvial-4(14)-ene, exo-1,5-epoxysalvial-4(14)-ene Surburg and Köpsel (1989)

cis-Linalool oxide (furanoid) Spencer (1992)

2-Hydroxycarvone Tsuneya et al. (1998)

Caryophyllene oxide Canova (1972); Surburg and Köpsel (1989)

Dimethylsulphide, 2-ethylfuran, 2,5-

diethyltetrahydrofuran

Canova (1972); Lawrence (1978); Coleman et al.

(2002)

Menthofuran Smith et al. (1963); Nigam and Levi (1964); Handa

et al. (1964); Canova (1972); Lawrence (1978);

Coleman et al. (2002)

308 Mint: The Genus Mentha



7.6.3.10 Chirality

Lawrence (2000) determined that the enantiomeric distribution for certain constituents of

Scotch spearmint oil was as follows:

(1R,5R)-(þ)-a-pinene (35.6%–37.6%):(1S,5S)-(�)-a-pinene (62.4%–64.4%)

(1R,5R)-(þ)-b-pinene (45.4%–53.2%):(1S,5S)-(�)-b-pinene (46.8%–54.6%)

(3R)-(þ)-camphene (<99.9%):(3S)-(�)-camphene (<0.1%)

(4R)-(þ)-limonene (0.1%–1.0%):(4S)-(�)-limonene (99.0%–99.9%)

(4S)-(þ)-carvone (<0.1%):(4R)-(�)-carvone (>99.9%)
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composées d’intérèt. Rivista Ital. EPPOS, (Numero Speciale), 287–300.

Charles, D.D., Joly, R.J., and Simon, J.E. (1990). Effects of osmotic stress on the essential oil content

and composition of peppermint. Phytochemistry, 9, 2837–2840.

Chialva, F. and Ariozzi, A. (1992). Huile essentielle de Menthe poivrée Italienne Production 1990—

approche chimiometrique. Rivista Ital. EPPOS, (Numero Speciale), 533–550.

Chialva, F., Gabri, G., Liddle, P.O.P., and Ulian, F. (1982). Quantitative evaluation of aromatic

herbs by direct headspace (GC)2 status. Applications of method and comparison with the

traditional analysis of essential oils. In N. Margaris, A. Koedam, and D. Vokou, Eds., Aromatic

Plants, Basic and Applied Aspects. Martinus Nijhoff Publishers, The Hague, Netherlands,

pp. 183–185.

Chien, M-J. (1988). A computer database for essential oils. In B.M. Lawrence, B.D. Mookherjee, and

B.J. Willis, Eds., Flavors and Fragrances: A World Perspective. Elsevier Sci. Publ., Amsterdam,

Netherlands, pp. 923–929.

Chomchalow, N., Buranasilpin, P., Pichitakul, N., Euraree, A., and Pangspa, A. (1976). Hill-tribe mint

production and processing. Thai J. Agric. Sci., 9, 127–144.

Choudhury, S.N., Shahi, A.K., and Singh, A. (1979). Harvest management practices and oil quality of

Mentha citrata Ehrh. at Jammu. Indian Perfum., 23, 103–106.

Christensen, R. (1995). The establishment and functionality of the Farwest spearmint marketing order.
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Malingré, Th.M. (1969). Gas chromatographic investigation of the essential oil of Mentha piperita

during development of the plant. Pharm. Weekbl., 104, 381–406.

Mathur, P., Farooqi, A.H.A., Sharma, S., and Kumar, R. (2001). Effect of osmotic stress on growth of

Mentha arvensis. Indian Perfum., 45, 89–93.

The Composition of Commercially Important Mints 313



Maurer, B. and Hauser, A. (1988). Identification de certains produits aromatisants dans des arômes.
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Structures of Some Important
Constituents of Mint Oils
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8.1 INTRODUCTION

In the previous ch apter, the composi tion of c ommercial ly impor tant mints was discus sed.

How ever, as can be seen from Chapter 1, there are 18 specie s, num erous sub species and

varie ties, and 11 hybrids an d varie ties known. As a result, this cha pter is devoted to the

compo sition of the Mentha species, subspeci es, an d varietie s that are of little or no c ommer-

cial value. It proceed s in the same order as that found in the first chapter .

8.1.1 Mentha aquatica l. var. aquatica

Exa mination of the previous ly publish ed data on the oil of M. aqu atica reveals that mentho-

furan has been fou nd as a constituent of this oil in all studie s. How ever, the amoun t of

menthof uran ha s be en found to vary co nsiderab ly as have the oth er co mponents with whi ch it

is associ ated. A selec tion of the oil composi tions can be seen in Tabl e 8.1.

8.1.2 Mentha aquatica l. var. citrata (EHRH .) F RESEN

The oil co mposition of M. aquati ca var. citr ata ap pears to be quite stable. All oils ha ve been

found to be rich in linalo ol and linal yl acetat e, as shown in Table 8.1.

8.2 Mentha arvensis L.

A review of the publis hed literat ure shows that a wide varia tion in the oil compo sition

of M . arvensis has been foun d. For ex ample, oils rich in acycli c nonterpen oid com-

pounds , linal ool, trans -sabin ene hydrate , and terpi nen-4- ol, a-terp inyl acetat e, 3-subs tituted

p-ment hanes, b -pinene an d cis - and trans -piper itone oxide, and b-cary ophylle ne. A selection

of oil studi es that have be en reported on the chemot ypes listed earlier can be seen in Tabl e 8.1.

8.3 Mentha australis R. BR.

A survey of the literature reveal s that no studies ha ve been report ed on the co mposition of

M. australi s oil.

8.4 Mentha canadensis L.

The oils of M. canadens is are chemi cally diverse; this has been prove n as oils that are rich

in pulego ne and related 3-substit utes p-menthan es, cis - and trans -iso pulegone, menthol

and related 3-substituted p-menthanes, menthofuran, 1,2-epoxy-p-menthanes, carvone, 3- and

6-subs tituted p-ment hanes, acyclic monoter penes, 1,8-cineol e an d (Z)- an d (E)- b -ocimene,

and limonen e have be en found . A selec tion of oil studies that have been repo rted on the

chemotypes listed earlier is shown in Table 8.1.

8.5 Mentha cervina L.

Examination of the published data on the oils of M. cervina reveals that some variation has

been found to exist with the main constituents of these oils, as shown in Table 8.1.

8.6 Mentha dahurica FISCH. ex BENTH.

The oils of M. dahurica have not been the subject of much study thus far. Oils in which the

main constituents have varied can be seen in Table 8.1.
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TABLE 8.1
The Main Components Found in the Oils of Mentha Species and Hybrids

Components References

8.1.1 Mentha aquatica var. aquatica

1a Menthofuran (70.0–89.0%) Sticher and Flück (1968)

1b Menthofuran (33.0%) Lawrence (1978)

Viridiflorol (20.6%)

1c Menthofuran (8.1%) Ibid.

1,8-Cineole (23.5%)

1d Menthofuran (8.1%) Umemoto (1994)

Elemol (23.1%)

Viridiflorol (16.1%)

1e Menthofuran (4.8%) Ibid.

b-Caryophyllene (17.4%)

Germacrene D (20.9%)

Viridiflorol (13.0%)

1f Menthofuran (11.4–32.8%) Baser et al. (1999)

b-Caryophyllene (9.6–20.2%)

Caryophyllene oxide (2.4–11.7%)

1g Menthofuran (11.1–34.2%) Ibid.

b-Caryophyllene (5.9–10.2%)

Elemol (11.6–24.4%)

1h Menthofuran (7.6–8.4%) Ibid.

b-Caryophyllene (15.0–19.1%)

Caryophyllene oxide (6.1–14.5%)

Viridiflorol (15.7–26.7%)

1i Menthofuran (28.8%) Ibid.

Terpinen-4-ol (12.8%)

8.1.2 Mentha aquatica var. citrata

1a Linalool (55.2%) Lawrence (1978)

Linalyl acetate (34.0%)

1b Linalyl acetate (60.9%) Malizia et al. (1996)

Linalool (23.8%)

8.2 Mentha arvensis

1a 3-Octanol (54.0–80.0%) Sacco and Shimizu (1965)

1b 3-Octyl acetate (41.0%) Ibid.

3-Octanol (35.0%)

1c 3-Octanone (35.3%) Malingré (1971)

Geranyl acetate (16.6%)

1d 3-Octanone (39.6–71.6%) Lawrence (1978)

(Z)-b-ocimene (3.5–10.8%)

1e 3-Octanone (52.6%) Ibid.

3-Octanol (12.7%)

1f 3-Octanone (52.6%) Ibid.

trans-Sabinene hydrate (21.0%)

2a Linalool (55.1%) Tucker et al. (1991)

2b Linalool (39.8–45.3%) Lawrence (1978)

3-Octanone (22.9–27.5%)

3 Geraniol (44.0%) Malingré (1971)

Limonene (18.0%)

4 trans-Sabinene hydrate (44.5%) Tucker et al. (1991)

Terpinen-4-ol (16.5%)
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5 a-Terpinyl acetate (78.7%) Ibid.

6 Pulegone (54.6%) Ibid.

7 b-Pinene (25.4%) Lawrence (1978)

trans-Piperitone oxide (14.3%)

cis-Piperitone oxide (9.9%)

8 b-Caryophyllene (21.4%) Ibid.

1,8-Cineole (19.1%)

8.4 Mentha canadensis

1a Pulegone (81.5%) von Rudloff and Hefendehl (1966)

1b Isomenthone (41.5–47.0%) Lawrence (1978)

Pulegone (24.6–39.1%)

Menthone (8.0–21.0%)

2a trans-Isopulegone (33.8–60.3%) Ibid.

cis-Isopulegone (18.2–27.1%)

Pulegone (1.5–13.7%)

2b cis-Isopulegone (41.4–78.0%) Lawrence (1978)

Pulegone (4.6–7.0%)

trans-Isopulegone (0.7–2.6%)

3a Menthol (64.7–82.6%) Ikeda et al. (1971)

3b Menthol (43.0–54.6%) Ibid.

Menthone (25.0–32.7%)

3c Menthone (71.5–76.8%) Ibid.

Menthol (27–9.6%)

3d Pulegone (32.8–49.4%) Ibid.

Menthone (30.6–43.3%)

Menthol (3.0–16.0%)

3e Menthone (42.8–48.5%) Ibid.

Piperitone (20.2–29.7%)

3f Menthol (47.6%) Ibid.

Piperitone (23.1%)

Neomenthol (11.4%)

3g Piperitone (30.9–50.2%) Umemoto (1993)

Menthone (23.5–38.4%)

3h Neomenthol (58.1%) Lawrence (1978)

Pulegone (15.0%)

Menthone (13.9%)

4a Pulegone (16.6–40.6%) Nagasawa et al. (1976a,b)

Menthofuran (13.7–28.6%)

Menthone (10.6–22.6%)

4b Menthofuran (38.1%) Sacco et al. (1989)

Menthol (18.9%)

5a trans-Piperitone oxide (28.5%) Umemoto and Tsuneya (1988)

Piperitenone oxide (21.8%)

5b Piperitenone oxide (32.1–43.3%) Li et al. (1996)

Linalool (1.1–11.3%)

6 Carvone (63.1–68.2%) Maffei (1988)

7 Menthone (39.4%) Chou and Zhou (1993)

Dihydrocarvone (4.9–20.7%)
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8a Linalool (63.6–85.4%) Lawrence (1978)

8b Linalool (34.8–67.1%) Ibid.

(E)-b-ocimene (9.2–19.9%)

9a 1,8-Cineole (24.8–47.1%) Ibid.

(Z)-b-ocimene (4.9–20.7%)

9b (Z)-b-ocimene (31.1–38.0%) Ibid.

1,8-Cineole (20.1–28.0%)

(E)-b-ocimene (4.4–16.3%)

10 Limonene (41.7%) Chou and Zhou (1993)

b-Pinene (14.9%)

8.5 Mentha cervina

1a Pulegone (39.0%) De Pascual Teresa et al. (1983)

Piperitenone (34.0%)

1b Isomenthone (41.5%) Lawrence (1978)

Piperitone (19.2%)

Piperitenone (18.6%)

1c Pulegone (60.8%) Velasco-Negueruela et al. (1987)

Menthone (11.1%)

1d Pulegone (31.7%) Ibid.

Menthyl acetate (19.2%)

Menthone (10.4%)

8.6 Mentha dahurica

1 a-Terpineol (30.0%) Lawrence (1978)

Linalool (18.7%)

2 Piperitone (69.9%) Chou and Zhou (1993)

8.7 Mentha diemenica

Menthone (32.2–32.4%) Brophy et al. (1996)

Pulegone (24.9–43.6%)

Neomenthyl acetate (0–18.3%)

8.8 Mentha gattefossei

Pulegone (68.4%) Fujita and Fujita (1967)

Menthone (10.4%)

8.9 Mentha grandiflora

Piperitenone oxide (36.2%) Brophy et al. (1997)

trans-Piperitone oxide (21.4%)

Pulegone (19.1%)

8.10 Mentha japonica

1a Menthone (50.8%) Fujita and Fujita (1970)

Isomenthone (18.6%)

Pulegone (12.6%)

1b Pulegone (50.0%) Lawrence (1978)

Menthone (27.9%)

2 Menthol (50.3%) Fujita et al. (1977)

Pulegone (22.0%)

Menthone (11.8%)

8.12.1 Mentha longifolia ssp. longifolia

1a cis-Piperitone oxide (4.0–13.6%) Lawrence (1978)

trans-Piperitone oxide (50.8–70.8%)
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1b cis-Piperitone oxide (20.7%) Ibid.

trans-Piperitone oxide (14.3%)

Piperitenone oxide (11.1%)

1c Piperitenone oxide (77.4%) Maffei (1988)

1d cis-Piperitone oxide (15.4%) Fleisher and Fleisher (1991)

Piperitone (13.9%)

Piperitenone (13.8%)

1e trans-Piperitone oxide (30.9%) Gavalas et al. (1998)

1,8-Cineole (17.8%)

1f cis-Piperitone oxide (72.9%) Baser et al. (1999)

2a Carvone (41.0–77.0%) Lawrence (1978)

2b Carvone (42.2–55.3%) Ibid.

cis-Dihydrocarvone (11.0–13.4%)

2c Dihydrocarveol (37.8%) Umemoto and Nagasawa (1980)

Dihydrocarvone (32.0%)

2d Carvone (56.2–66.3%) Kokkini et al. (1995)

trans-Dihydrocarvone (0.9–32.6%)

2e Carvone (21.5%) Baser et al. (1999)

b-Caryophyllene (22.0%)

2f trans-Dihydrocarvone (30.6%) Matovic and Lavadinovic (1999)

cis-Dihydrocarvone (15.9%)

3a Piperitone (51.2%) Calvarano and Codignola (1976)

Piperitenone (33.8%)

3b Menthone (37.7–66.5%) Kapelev and Akimov (1980)

Isomenthone (10.6–13.7%)

3c Menthone (26.5–45.6%) Ibid.

Isomenthone (6.8–10.4%)

Pulegone (19.1–11.0%)

3d Pulegone (34.8–52.4%) Ibid.

Menthone (12.1–25.8%)

3e Menthone (41.4–47.2%) Ibid.

Piperitone (35.7–35.9%)

3f Piperitone (57.8–76.1%) Ibid.

3g Menthone (43.5–75.5%) Vidal et al. (1985)

Pulegone (4.0–20.7%)

3h Isomenthone (42.3%) Mimica-Dukic et al. (1991)

Menthone (11.9%)

3i Isomenthone (78.1%) Baser et al. (1999)

4a Menthyl acetate (16.4%) Chopra et al. (1964)

Menthol (10.l4%)

4b Menthone (41.7–66.5%) Kapelev and Akimov (1980)

Menthol (9.2–18.1%)

4c Menthone (22.3%) Ibid.

Isomenthone (25.9%)

Menthol (13.7%)

4d Piperitone (34.7%) Ibid.

Menthol (19.8%)
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4e Piperitone (31.2–31.6%) Ibid.

Menthone (12.1–26.6%)

Menthol (11.8–12.1%)

4f Menthol (24.7–46.5%) Ibid.

Menthone (11.6–25.7%)

4g Menthol (31.9%) Fadel and Aesia (1994)

Piperitone oxide (13.8%)

4h Piperitone (28.3%) Dolya et al. (1999)

Menthone (16.2%)

Menthol (15.5%)

a-Terpineol (10.2%)

5a Linalool (90%) Shimizu and Ikeda (1962)

5b Linalool (57.7–62.2%) Baser et al. (1999)

Linalyl acetate (16.1–23.7%)

5c Linalool (27.8–50.3%) Ibid.

1,8-Cineole (15.8–19.9%)

6a trans-Dihydrocarvone (18.3%) Mimica-Dukic et al. (1991)

Isomenthone (11.5%)

6b cis-Piperitol (44.4–52.8%) Baser et al. (1999)

cis-Dihydrocarvone (16.7–19.1%)

7a b-Caryophyllene (26.3%) Lawrence (1978)

Germacrene D (17.7%)

7b 3-Octanol (41.1%) Ibid.

7c Piperitol (44.8–45.0%) Kapil and Sinha (1979)

Geranyl acetate (16.5–20.5%)

7d 1,8-Cineole (26.4–34.5%) Fleisher and Fleisher (1998)

Menthone (10.0–16.7%)

7e Isomenthone (17.4%) Baser et al. (1999)

Linalool (12.2%)

7f a-Terpinyl acetate (42.1%) Ibid.

7g Terpinen-4-ol (39.8%) Ibid.

trans-Sabinene hydrate (14.8%)

8.12.2 Mentha longifolia ssp. typhoides

1a Piperitenone (40.6%) Lawrence (1978)

trans-Piperitone oxide (25.4%)

Piperitenone (17.3%)

1b trans-Piperitone oxide (79.6%) Ibid.

1c trans-Piperitone oxide (61.7%) Baser et al. (1999)

Piperitenone oxide (22.8%)

1d trans-Piperitone oxide (58.8%) Ibid.

cis-Piperitone oxide (16.0%)

1e cis-Piperitone oxide (62.0%) Ibid.

1f Menthone (30.5%) Ibid.

trans-Piperitone oxide (23.6%)

1g Caryophyllene oxide (11.1–28.5%) Ibid.

trans-Piperitone oxide (12.9–13.2%)

b-Caryophyllene (11.6–12.4%)
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2a Piperitone (62.3%) Özgüven et al. (1995)

2b Pulegone (42.1%) Ibid.

3a trans-Sabinene hydrate (71.0%) Baser et al. (1999)

3b trans-Sabinene hydrate (25.6%) Ibid.

Carvone (25.0%)

3c trans-Sabinene hydrate (51.2%) Ibid.

Terpinen-4-ol (14.8%)

4a Linalool (86.7%) Ibid.

4b Linalool (63.0–79.4%) Ibid.

Linalyl acetate (0–18.5%)

4c Linalool (27.1%) Ibid.

1,8-Cineole (18.1%)

5a 1,8-Cineole (58.3%) Özgüven et al. (1995)

5b 1,8-Cineole (47.6%) Ibid.

Pulegone (25.8%)

6 Carvone (39.4–58.3%) Baser et al. (1999)

8.12.3 Mentha longifolia ssp. caucasica

1 Linalool (60.0–90.0%) Bogonina et al. (1964)

2 trans-Sabinene hydrate þ Chobanu (1977)

Terpinen-4-ol (58.0–71.0%)

8.12.4 Mentha longifolia ssp. noèana

1 Carvone (39.8–45.9%) Kokkini (1983)

Dihydrocarvone (11.0–17.7%)

2 trans-Piperitone oxide (57.3–85.9%) Karousou et al. (1998)

1,8-Cineole (2.4–13.4%)

8.12.5 Mentha longifolia ssp. royleana

1 trans-Piperitone oxide (55.6%) Lawrence (1978)

Piperitenone oxide (21.7%)

8.12.6 Mentha longifolia ssp. hymalaiensis

1a Piperitenone oxide (58.9%) Mathela et al. (1989)

cis-Piperitone oxide (25.7%)

1b cis-Piperitone oxide (23.2%) Kharkwal et al. (1994)

trans-Piperitone oxide (21.1%)

Piperitenone oxide (18.6%)

8.12.7 Mentha longifolia ssp. schimperi

1 Piperitone (42.7%) Lawrence (1978)

1,2-Epoxyneomenthyl acetate (15.4%)

cis-Piperitone oxide (13.9%)

Piperitenone oxide (13.3%)

2 Piperitenone (21.6%) Soliman et al. (1997)

1,8-Cineole (11.6%)

8.12.8 Mentha longifolia ssp. wissii

1 cis-Piperitone oxide (29.7%) Lawrence (1978)

trans-Piperitone oxide (15.8%)

1,8-Cineole (11.7%)

Piperitone (10.4%)
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8.12.9 Mentha longifolia var. asiatica

2a Carvone (65.7%) Lawrence (1978)

2b Piperitone (55.7–67.6%) Jaimand and Rezaee (2002)

Carvone (0–16.2%)

1,8-Cineole (11.4–11.6%)

3a Piperitenone oxide (52.2%) Sharipova et al. (1983)

3b trans-Piperitone oxide (64.5%) Baser et al. (1997)

Piperitenone oxide (12.4%)

4 Rosefuran oxide (63.2%) Karasawa et al. (1995)

Rosefuran (11.6%)

8.13 Mentha pulegium var. pulegium

1a Pulegone (50.5%) Fujita and Fujita (1967)

Menthone (26.4%)

1b Pulegone (52.0–63.5%) Sticher and Flück (1968)

Isomenthone (18.9–42.1%)

Neomenthol (2.8–19.4%)

1c Pulegone (90.7%) Kokkini et al. (2002)

1d Pulegone (31.2–44.0%) Lawrence (1978)

Neoisomenthol (10.7–14.8%)

Neoisomenthyl acetate (6.4–15.3%)

Menthone (0.6–15.8%)

1e Menthone (25.1–59.1%) Baser et al. (1999)

Pulegone (26.6–57.3%)

1f Isomenthone (41.7–52.0%) Ibid.

Pulegone (32.1–43.8%)

1g Menthone (36.4%) Ibid.

Pulegone (25.2%)

Neomenthol (19.0%)

2 Piperitone (83.7–97.2%) Kokkini et al. (2002)

8.15 Mentha requienii

Pulegone (79.2%) Mucciarelli and Sacco (1999)

Menthone (13.7%)

8.16 Mentha satureoides

Pulegone (40.0%) Jones and Berry-Smith (1926)

Menthol (12.0%)

8.17.1 Mentha spicata ssp. spicata

1a Carvone (67.3–80.0%) Sticher and Flück (1968)

1b Carvone (40.1%) Nagasawa et al. (1976a,b)

Neodihydrocarveol (16.5%)

Dihydrocarvyl acetate (10.8%)

Dihydrocarveol (10.1%)

1c cis-Dihydrocarvone (21.6%) Lawrence (1978)

trans-Dihydrocarvone (21.2%)

1d Dihydrocarvyl acetate (24.8%) Ibid.

Neoisodihydrocarvyl acetate (20.9%)

Carvone (20.4%)

1e Carvone (35.2%) Kokkini (1983)

Dihydrocarvone (21.5%)

Dihydrocarvyl acetate (12.3%)
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1f Carvone (68.0%) Koyalta et al. (1993)

1,8-Cineole (16.0%)

1g Dihydrocarveol (34.8%) Sivropulou et al. (1995)

Carvone (33.4%)

cis-Dihydrocarvone (11.4%)

1h Dihydrocarveol (37.8%) Umemoto and Nagasawa (1980)

cis-Dihydrocarvone (32.0%)

1i Carvone (22.4%) Hadjiakhoondi et al. (2000)

Linalool (11.3%)

2a Menthone (43.8–57.1%) Murray et al. (1972)

Pulegone (0.1–33.2%)

Piperitone (0.5–10.5%)

2b Menthone (57.8%) Clark (1994)

Isomenthone (18.2%)

2c Isomenthone (42.6%) Lawrence (1978)

Menthone (33.1%)

2d Isomenthone (41.3%) Ibid.

Neoisomenthyl acetate (10.7%)

Neoisomenthol (10.3%)

2e Menthone (51.8%) Tucker et al. (1991)

Piperitone (10.7%)

2f Piperitone (40.8–48.2%) Lawrence (1978)

Piperitenone (16.2–32.4%)

3a trans-Piperitone oxide (60.8%) Ibid.

3b Piperitenone oxide (72.4%) Ibid.

3c trans-Piperitone oxide (42.6%) Ibid.

1,2-Epoxyneomenthyl acetate (15.3%)

3d trans-Piperitone oxide (70.8%) Kokkini et al. (1997)

Piperitenone (18.4%)

3e trans-Piperitone oxide (40.2–42.8%) Ibid.

cis-Piperitone oxide (23.6–31.8%)

4 Linalool (75.6–86.3%) Gora and Kalemba (1979)

5a trans-Sabinene hydrate (85.3%) Karasawa and Shimizu (1978)

5b trans-Sabinene hydrate (45.2%) Kuwahara et al. (1979)

Terpinen-4-ol (16.6%)

6a Linalool (30.0%) Olszewski and Pluta (1974)

Carvone (20.0%)

6b 1,8-Cineole (26.3%) Stoeva and Iliev (1997)

Carvacrol (17.8%)

6c Carvone (36.0%) Lawrence (1978)

Menthone (21.0%)

6d 1,8-Cineole (18.8%) Baser et al. (1999)

Linalool (17.4%)

Carvone (41.0%)

6e trans-Sabinene hydrate (21.9%) Ibid.

Carvone (18.6%)

Terpinen-4-ol (17.6%)
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8.17.2 Mentha spicata var. crispata

1 Carvone (45.6–68.4%) Lawrence (1978)

2 Piperitenone oxide (27.7%) Ibid.

cis-Piperitone oxide (17.7%)

8.17.3 Mentha spicata ssp. condensata

1 Carvone (57.7%) Lawrence (1978)

2 Piperitenone oxide (68.0%) Kokkini and Papageorgiou (1982)

8.18.1 Mentha suaveolens ssp. suaveolens

1a Piperitenone oxide (87.3%) Shimizu et al. (1960)

1b trans-Piperitone oxide (45.8%) Lawrence (1978)

Piperitenone oxide (28.7%)

1c trans-Piperitone oxide (50.8%) Ibid.

1,2-Epoxyneomenthyl acetate (26.4%)

Piperitenone oxide (11.6%)

1d 1,2-Epoxyneomenthyl acetate (66.5%) Ibid.

trans-Piperitone oxide (15.0%)

1e Piperitenone oxide (23.0%) Umemoto (1996)

trans-Piperitone oxide (22.3%)

1f Piperitenone oxide (27.2%) Ibid.

cis-Piperitone oxide (15.3%)

trans-Piperitone oxide (13.8%)

1g 1,2-Epoxyneoisomenthyl acetate (27.8%) Umemoto (1997)

trans-Piperitone oxide (25.6%)

1,2-Epoxyisomenthyl acetate (10.2%)

1h 1,2-Epoxyneomenthyl acetate (22.5%) Umemoto (1998)

trans-Piperitone oxide (17.7%)

1,2-Epoxymenthyl acetate (10.1%)

2a cis-Dihydrocarvone (43.2%) Hendriks (1974)

Neodihydrocarvyl acetate (17.0%)

Neodihydrocarveol (16.0%)

2b cis-Dihydrocarvone (38.4%) Lawrence (1978)

trans-Dihydrocarvone (10.4%)

2c Carvone (48.5%) Ibid.

cis-Carvyl acetate (22.5%)

2d Carvone (62.3%) Galambosi et al. (1998)

3a Menthol (48.3%) Velasco-Negueruela et al. (1996)

Pulegone (20.3%)

3b Pulegone (50.0%) Oumzil et al. (2002)

4 Neoiso(iso)pulegol (52.3%) Handa et al. (1964)

Isopiperitenone (13.4%)

5a Carvone (43.0%) De laTorre and Torres (1977)

1,8-Cineole (30.1%)

5b cis-Piperitol (57.6%) Perez Raya et al. (1990)

Piperitenone oxide (10.4%)

5c trans-Piperitone oxide (40.5%) Avato et al. (1995)

Hydroxy-p-menth-3-one (23.9%)

Piperitenone oxide (12.7%)

5d p-Mentha-2,4,8(6)-triene-2,3-diol (14.5%) Pino et al. (1999)

Germacrene D (12.4%)
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8.18.2 Mentha suaveolens ssp. insularis

1 Pulegone (35.5%) Lawrence (1978)

Piperitone (13.7%)

Piperitenone (10.0%)

2 Carvone (62.0%) Marongiu et al. (2001)

8.18.3 Mentha suaveolens ssp. timija

1 Pulegone (85–88%) Sfiras (1952)

2 trans-Piperitone oxide (41.5–49.1%) Lawrence (1978)

cis-Piperitone oxide (12.0–14.1%)

Piperitenone oxide (3.9–13.5%)

8.20 Mentha dalmatica

1 Piperitone oxide (19.6%) Tucker (1975)

2 Carvone (58.0–70.1%) Lawrence (1978)

8.21 Mentha dumetorum

1a Menthofuran (25.1%) Murray and Lincoln (1972)

Pulegone (17.3%)

Menthol (11.1%)

1b Menthyl acetate (33.3%) Lawrence (1978)

Menthofuran (27.3%)

Pulegone (10.4%)

2a Piperitenone oxide (20.76%) Ibid.

cis-Piperitone oxide (12.9%)

2b Pulegone (19.0%) Ibid.

b-Caryophyllene (11.8%)

cis-Piperitone oxide (10.7%)

2c trans-Piperitone oxide (43.6%) Baser et al. (1999)

cis-Piperitone oxide (26.0%)

3 Carvone (51.0%) Lawrence (1978)

4 trans-Sabinene hydrate (29.4%) Baser et al. (1999)

Menthone (13.5%)

Isomenthone (12.5%)

8.22 Mentha gracilis

1 3-Octanol (38.0%) Lawrence (1978)

3-Octanone (18.3%)

2 Pulegone (74.0–78.1%) Nagasawa et al. (1975a,b)

3a Menthone (70.0–75.0%) Ikeda et al. (1963)

3b Pulegone (0.3–58.7%) Nagasawa et al. (1975a,b)

Menthone (18.4–35.4%)

Neomenthol (1.5–31.4%)

3c Neomenthol (9.8–44.6%) Umemoto and Nagasawa (1978)

Pulegone (1.8–42.6%)

Menthone (28.1–42.4%)

4a Menthol (67.0–68.0%) Ikeda et al. (1963)

4b Pulegone (30.0%) Nagasawa and Umemoto (1976)

Menthone (17.3%)

Piperitenone (14.5%)

Piperitone (13.2%)

336 Mint: The Genus Mentha



TABLE 8.1 (continued)
The Main Components Found in the Oils of Mentha Species and Hybrids

Components References

4c Pulegone (24.0%) Fujita et al. (1978)

Menthol (23.0%)

Menthyl acetate (12.5%)

5a Pulegone (21.5%) Nagasawa et al. (1974)

Piperitone oxide (17.9%)

Piperitenone oxide (16.1%)

1,2-Epoxymenthyl acetate (10.6%)

5b Piperitenone oxide (31.2%) Lawrence (1978)

Pulegone (28.0%)

trans-Piperitone oxide (13.1%)

5c Piperitenone oxide (35.7%) Tucker et al. (1991)

trans-Piperitone oxide (12.5%)

6a Carvone (46.4–78.4%) Ibid.

6b Carvone (35.5%) Galambosi et al. (1998)

3-Octanol (22.0%)

6c Carvone (23.3–46.4%) Tucker et al. (1991)

Linalool (37.2–39.9%)

7a Linalool (43.3–63.0%) Lawrence (1978)

7b Linalool (48.0%) Ibid.

3-dodecanone (13.0%)

3-Octanol (10.3%)

7c Linalool (57.0%) Sacco and Nano (1968)

Menthyl acetate (10.0%)

8a Carvone (20.4%) Lawrence (1978)

Dihydrocarvyl acetate (19.5%)

Dihydrocarveol (14.5%)

Menthyl acetate (13.8%)

8b Carvone (39.5%) Tucker et al. (1991)

Menthol (21.5%)

8.23 Mentha maximilianea

1a Menthofuran (37.4%) Lawrence (1978)

b-Caryophyllene (11.7%)

1b Menthol (18.5%) Ibid.

1,8-Cineole (10.2%)

1c Menthyl acetate (39.5%) Ibid.

8.24 Mentha piperita

1a Menthol (28.0–35.6%) Lawrence (1978)

Menthyl acetate (10.6–20.1%)

1b Pulegone (51.0%) Ibid.

1c Pulegone (30.5%) Kokkini (1983)

Menthone (12.1%)

1d Menthofuran (23.5%) Ibid.

1e Menthone (42.3%) Lawrence (1993)

Neomenthol (10.4%)

1,8-Cineole (10.2%)

1f Menthone (38.3%) Özgüven et al. (1995)

Menthol (18.3%)

2 Carvone (61.0–68.0%) Ibid.

1,8-Cineole (6.2–21.5%)

continued
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TABLE 8.1 (continued)
The Main Components Found in the Oils of Mentha Species and Hybrids

Components References

8.25 Mentha rotundifolia

1a cis-Dihydrocarvone (68.9%) Lawrence (1978)

trans-Dihydrocarvone (12.2%)

1b Carvone (60.0%) Ibid.

cis-Dihydrocarvone (10.8%)

2 Menthyl acetate (51.4%) Kokkini (1983)

3a Piperitone oxide (74.7%) Van Os and Hendriks (1975)

3b Piperitenone oxide (74.2–77.4%) Kokkini (1983)

8.26 Mentha smithiana

1a Carvone (22.1%–27.4%) Lawrence (1978)

1b Carvone (38.4%) Ibid.

Dihydrocarvyl acetate (16.8%)

2 b-Pinene (17.1%) Ibid.

1,8-Cineole (10.9%)

b-Caryophyllene (10.4%)

8.27 Mentha verticillata

1 3-Octanol (37.8%) Lawrence (1978)

3-Octanone (13.1%)

2a Menthofuran (27.7%) Ibid.

1,8-Cineole (12.5%)

2b Menthofuran (16.9%) Ibid.

Geranyl acetate (14.1%)

b-Caryophyllene (10.9%)

3 1,8-Cineole (21.8%) Ibid.

b-Caryophyllene (20.3%)

4 Terpinen-4-ol (19.7%) Ibid.

trans-Sabinene hydrate (11.4%)

5 a-Terpinyl acetate (74.6%) Ibid.

6 Decyl acetate (20.6%) Ibid.

trans-Piperitone oxide (12.2%)

7 Menthol (53.3%) Maffei (1990)

Menthyl acetate (17.4%)

8.28.1 Mentha villosa var. villosa

1a Carvone (68.6%) Lawrence (1978)

1b Carvone (44.2%) Ibid.

Dihydrocarvyl acetate (18.0%)

cis-Dihydrocarvone (14.1%)

2a Piperitone oxide (65.8%) Kokkini (1983)

2b Piperitenone oxide (61.2%) Ibid.

8.28.2 Mentha villosa var. alopecuroides

1a Carvone (65.4–74.7%) De Pooter and Schamp (1987)

1b Carvone (40.5%) Lawrence (1978)

cis-Dihydrocarvone (13.3%)

8.29 Mentha villoso-nervata

1a trans-Piperitone oxide (74.9–76.1%) Karousou et al. (1998)

1b Piperitenone oxide (65.9%) Kokkini (1983)

1c Germacrene D (21.4%) Gavalas et al. (1998)

Piperitenone oxide (19.8%)

2a Carvone (69.6–80.1%) Kokkini et al. (1995)
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8.7 Mentha diemenica SPRENG.

The oils of M. diemenica have been found to be rich in 3-substituted p-menthanes, as can be

seen in Table 8.1.

8.8 Mentha gattefossei MAIRE

The oils of M. gattefossei appear to be stable in composition with oils rich in 3-substituted

p-menthanes as shown in Table 8.1.

8.9 Mentha grandiflora BENTH.

To date only a single analysis of an oil of M. grandiflora has been reported, as can be seen in

Table 8.1.

8.10 Mentha japonica (MIQ.) MAKINO

A review of the literature reveals that oils of M. japonica have always been found to be rich in

3-substituted p-menthanes, as shown in Table 8.1.

8.11 Mentha laxiflora BENTH.

No analyses on M. laxiflora oils have been reported in the literature thus far.

TABLE 8.1 (continued)
The Main Components Found in the Oils of Mentha Species and Hybrids

Components References

2b Carvone (42.8%) Kokkini (1983)

Dihydrocarvone (15.9%)

2c cis-Dihydrocarvone (35.8%) Baser et al. (1999)

trans-Dihydrocarvone (24.5%)

3 trans-Piperitone oxide (28.2%) Ibid.

cis-Dihyrocarvone (17.1%)

8.30 Mentha longifolia var. asiatica

2a Carvone (65.7%) Lawerence (1978)

2b Piperitone (55.7–67.6%) Jaimand & Rezaee, (2002)

Carvone (0–16.2%)

1.8-Cineole (11.4–11.6%)

3a Piperitenone oxide (52.2%) Sharipova et al. (1983)

3b trans-Piperitone oxide (64.5%)

Piperitenone oxide (12.4%)

Baser et al., (1999)

4 Rosefuran oxide (63.2%)

Rosefuran (11.6%)

Karasawa et al., (1995)

8.31 Mentha �piperita ‘lavanduliodora’

1 Linalool (49.7%) Maffei et al. (1986)

Linalyl acetate (23.9%)
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8.12 Mentha longifolia (L.) L. ssp. longifolia

Exa mination of the publis hed literat ure on the oil compo sition of M. longi folia ssp. longi folia

reveal s that it can exist in a myriad of ch emical form s, as can be seen from the main

con stituent s found in these oils listed in Table 8.1. In ad dition, a summ ary of the various

chemi cal types of the other M. longifol ia subspeci es a nalyzed thus far can also be seen in Table

8.1. Oils of the other M. longifolia subspecies not listed in the table have not been reported in

the literature to date.

8.13 Mentha pulegium L.

The oils of M. pulegium have been found to be less chemically diverse than some other more

commonly encountered Mentha species, although oils that are rich in pulegone and related

3-substituted p-menthanes and piperitone have been found as shown in Table 8.1.

8.14 Mentha repens (HOOK. f.) BRIQ.

The oil of M. repens has not been the subject of previous study thus far.

8.15 Mentha requienii BENTH.

A review of the literature reveals that the oils of M. requienii have all been found to be rich in

3-substituted p-menthanes, as can be seen in Table 8.1.

8.16 Mentha satureoides R. BR.

To date, only a single analysis has been reported for the oil of M. satureoides, as shown in

Table 8.1.

8.17 Mentha spicata L.

Mentha spicata, which is found growing throughout the world, is one of the most poly-

morphic species found in the plant kingdom (Shimizu and Ikeda, 1962). In addition to

existing in four cytotypic forms, a survey of the literature reveals that numerous chemical

forms of this species have been found. A summary of the variations in oil composition of one

variety and two subspecies of M. spicata from selected studies can be seen in Table 8.1.

8.18 Mentha suaveolens EHRH.

A survey of the published literature reveals that oils rich in 1,2-epoxy-p-menthanes,

6-substituted p-menthanes, 3-substituted p-menthanes, neoiso(iso)pulegol, and some miscel-

laneous compounds have been found. A selection of oil compositions of M. suaveolens ssp.

suaveolens that demonstrate the variation encountered can be seen in Table 8.1. In addition to

M. suaveolens ssp. suaveolens, the composition of other subspecies that have been the subject

of analysis can also be found in the same table.

340 Mint: The Genus Mentha



8.19 Mentha 3carinthiaca HOST

A revie w of the literat ure reveal s that the oil of M. carin thiaca has not been the subject of

previous study.

8.20 Mentha 3dalmatica TAUSCH

A limit ed numb er of studi es have been pe rformed on the oil of M. dalmati ca . The oils ha ve

been found to possess some differences in oil co mposition, as can be seen from tho se listed in

Table 8.1.

8.21 Mentha 3dumetorum SCHULTES

A review of the literature reveals that the oil of M. dumetorum has been the subject of limited

study. Nevertheless, a number of chemical forms have been found as can be seen in Table 8.1.

8.22 Mentha 3gracilis SOLE

The oils of M. gracilis have been studied extensively. As a result, oils rich in acylic non-

terpenoid compounds, 3-substituted p-menthanes, 1,2-epoxy-p-menthanes, 6-substituted

p-menthanes, linalool, and some mixed constituents have been found, as shown in Table 8.1.

8.23 Mentha 3maximilianea F.W. SCHULTZ

Only one study has been conducted on oils of M. maximilianea as shown in Table 8.1.

8.24 Mentha 3piperita L.

Although M. piperita is the source of commercial peppermint oil, a few studies have been

performed on oils produced from plants collected from their natural environment. A selection

of these studies can be seen in Table 8.1.

8.25 Mentha 3rotundifolia (L.) HUDS.

There has been considerable confusion in the literature with respect to the taxonomic origin

of oils noted as originating from M. rotundifolia. It would appear that most of the early

published literature on the oil composition of M. rotundifolia was actually misidentified and

should have been reported as M. suaveolens. As a result, only oils whose taxonomic origin was

irrevocably authenticated are included in this review. A selection of the studies reported can

be seen in Table 8.1.

8.26 Mentha 3smithiana R. GRAHAM

The oils of M. smithiana have only been the subject of a single analysis, although some

compositional differences were characterized as shown in Table 8.1.
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8.27 Mentha 3verticillata L.

Altho ugh oils of M. verticillat a ha ve not been analyze d by many grou ps, it can be seen in

Table 8.1 that from the results of these limited studi es, a wide range in oil compo sition has

been found.

8.27.1 Mentha 3villosa HUDS. Var. villosa

Only two studies on the composition of oils of M. villosa var. villosa have been reported

revealing that oils rich in 6-substituted p-menthanes and 1,2-epoxy-p-menthanes have been

found, as shown in Table 8.1.

8.27.2 Mentha 3villosa Var. alopecuroides (HULL) BRIQ.

The limited studies on oils of M. villosa var. alopecuroides reveal that they are found to be rich

in 6-substituted p-menthanes only, as can be seen in Table 8.1.

8.28 Mentha 3villoso-nervata OPIZ.

Although there have been limited studies published on the oils of M. villoso-nervata, it can be

seen in Table 8.1 that oils rich in 1,2-epoxy-p-menthanes, 6-substituted p-menthanes, and

mixed constituents have been found.

Mentha �piperita ‘‘lavanduliodora’’ is not included in the earlier list of species and hybrids,

although the composition of its oils has been the subject of previous study. (see Table 8.1)

REFERENCES

Avato, P., Sgarra, G. and Casadoro, G. (1995). Chemical composition of the essential oils of Mentha

species cultivated in Italy. Sci. Pharm., 63, 223–230.

Baser, K.H.C., Nuriddinov, Kh.R., Nigmatullaev, A.M. and Aripov, Kh.N. (1997). Essential oil of

Mentha asiatica Boriss. from Uzbekistan. J. Essent. Oil Res., 9, 453–454.
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9.1 INTRODUCTION

Beginning with their initial introduction in the early 1800s, peppermint oil (Mentha piperita),

Scotch spearmint (Mentha gracilis), and Native spearmint (Mentha spicata) have become the

primary mint oils of commerce within the North American mint oil industry. Used principally

throughout the oral care, chewing gum, and confection industries, mint oils can be used

directly or as key components in mint flavor formulations.

This chapter explores key considerations related to the production and quality control of

mint oils and their related isolates.

9.2 PRODUCTION SUMMARY AND GENERAL TRENDS

Beginning in the mid- to late 1800s, the Midwest region of the United States became the

agricultural center of the mint industry with Michigan, Indiana, and later Wisconsin as the

primary growing areas. In 1913, Oregon’s Willamette Valley began producing commercial

quantities of peppermint oil and, at that point, the industry witnessed the start of a growing

trend toward new district development (Landing, 1969). Madras, Oregon followed in 1956,

Idaho in 1962, and then the La Grande (Oregon), Northern California, South Dakota, and

Nevada districts reached full commercial production during the 1990s.
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Figu re 9.1 presen ts an overview of the key mint growing regions in North Ame rica. Import-

antly , these dist ricts are located abov e the 41st Par allel wher e c limatic conditio ns and other

fact ors, notab ly the plant’s day lengt h or phot operiod, have favore d the producti on of high-

qua lity oil (C lark and Men ary, 1979). Key co nsider ations related to the general geo graphy and

climati c co ndition s have been present ed in Table 9.1. Import antly, mint needs ap proxim ately

90 cm of water dur ing the cou rse of the grow ing season an d, with the exc eption of parts of the

Midw est, irrigation systems are in place to provide the nece ssary water. Figure 9.2 present s a

summ ary of North Ame rican mint oil producti on for the pe riod 1970 throu gh 2004. Table 9.2

provides ke y details for each of the sp ecified years in terms of vo lume (metric tonnes) and

hectar es under culti vation for each of the mint oils produced in the U.S.

For the specified period, the data unde rscore severa l impor tant developm ents that have

occu rred within the mint oil ind ustry. For peppermi nt oil, the pr oduction statist ics sp eak of a

relative ly flat demand for the 20-year period from 1970 to 1 990. Beginning in the 1990s, world

deman d experi enced a marked increa se, with today’ s global deman d for M . piperita oil

estimat ed at 4290 metr ic tonnes per year. Wh ile North Ame rica has been the primary source

of supp ly, it is impor tant to ackno wledge the grow ing presence of other pro ducing regions

such as India. In 2004, total sales of true Ind ian M. piperita oil were estimat ed at app roxi-

mate ly 1030 metr ic ton nes, an appreci able increa se from severa l years ago when producti on

totals were estimat ed at a pproxim ately 450 metric tonnes.

Consi dering circum stance s specific to Nort h Ame rica, recen t years have witness ed tw o very

impor tant developm en ts wi thin the pep permin t oil industry, na mely, signi ficant overproduc-

tion during the late 1990s, which led to major efforts throughout the agricultural community

to bring production in balance with demand. Second, as production was reduced, the industry

experienced a dramatic shift in the production among key producing regions.

Washington

Montana

S. DakotaOregon

Idaho

Nevada

California

418

Wisconsin
Michigan

Indiana

FIGURE 9.1 Mint oil growing districts in North America.
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Addres sing each poi nt, effor ts to reduce pro duction began in earnest in the late 1990s when

produ ction and oil supp ly reached their peak. In 1995, the indust ry had more than 60,000

hectar es of peppermi nt (Ta ble 9.2) unde r culti vation and, within 6 years, this level ha d be en

reduced to 32 ,106 hectar es, a 46.9% reduction . In term s of peppermi nt oil sup ply, the indust ry

reached its peak in 1998, when the total Nort h Ame rican supply, i.e., annual pro duction plus

carryov er from the previous years, reached a total of 6067 metric tonnes, a quantity far in

excess of the worl d demand. Market fact ors an d a responsi ve agricu ltural communi ty ha ve

brough t prod uction to a point wher e some reason able ba lance has been ach ieved.

In recent years, the dramatic shift in the production among key producing regions has been

a major developm ent oc curring within the pepp ermint oil industry. Fi gure 9.3 is a summ ary

of North American peppermint oil production by region for the period 1994 through 2004

and the data offer a compelling example of the dramatic transitions that have occurred.

Highlighting key points, attention should be drawn to the following:

TABLE 9.1
North American Mint Production. Geographic and Climatic Considerations

Region General Characteristics Climate

Midwest Three distinct growing areas: Northern Indiana,

Southern Wisconsin, and Central Michigan.

Soil conditions in Northern Indiana are

relatively unique. Classified as a muck soil, the

organic content is high with some soils having

organic contents as high as 60%. The rest of

the region tends to be a sandy or silt loam,

which is typical of the Midwest.

The summers are hot and humid with cooler

temperatures during the evening.

Although the winters are normally very

cold, the snow cover is generally sufficient

to protect the root stock. Precipitation

occurs principally in the spring and winter

along with frequent thunderstorms during

the summer.

Washington Primary growing areas include the Yakima Valley

and the Columbia River Basin including the

Boardman=Hermiston area (North Central

Oregon). Soil conditions range from the heavy

clay loam typical of the Yakima Valley to

the sandy soils found in the Columbia

River Basin.

The region has a semiarid climate with

summer temperatures ranging from lows

of 108C to highs that frequently exceed

388C. During the growing season, the

high temperatures average in a range from

268C to 328C. Annual precipitation

averages 15 to 25 cm with much of the

total falling during the Spring.

Oregon Primary growing areas include the Willamette

Valley, Madras, and La Grande. Soil

conditions vary widely throughout the region.

In the Willamette Valley, the soil is largely

river sediment that is dark and rich in organic

material. Clay and sandy soils are also found

in the valley. In Madras, the soil has a volcanic

component with low levels of organic

material. In the La Grande area, the soil

ranges from heavy clay to sandy loam.

Protected by the Pacific Coast and Cascade

mountain ranges, the Willamette Valley

experiences warm, dry summers and mild,

wet winters and springs. In the Madras

and La Grande regions, the climate is best

described as a high desert plains climate

with hot summer days and cool nights. The

winters are not extreme and the snowfall is

generally sufficient to protect the fields.

Idaho Falling along the Snake River Plain, the region

includes areas in Eastern Oregon and Idaho

on the central border between the two states.

The soil type is generally a silt or clay loam

and of volcanic origin with low levels of

organic material.

The climate is best characterized as a high

desert plains climate with hot summer days

and cool nights. Like Washington, summer

temperatures average in a range from 268C

to 328C with frequent highs in excess of

388C. The winters are generally mild with

sufficient snow to protect the rootstock.

North American Mint Oil Industry 349



0

1,000

2,000

3,000

4,000

5,000

6,000

M
et

ric
 to

nn
es

'70 '72 '74 '76 '78 '80 '82 '84 '86 '88 '90 '92 '94 '96 '98 '00 '02 '04
Year

Peppermint annual production 1970−2004

0

400

200

600

800

1,000

1,200

M
et

ric
 to

nn
es

'70 '72 '74 '76 '78 '80 '82 '84 '86 '88 '90 '92 '94 '96 '98 '00 '02 '04
Year

Scotch spearmint annual production 1970−2004

0

200

100

300

500

200

700

600

900

800

M
et

ric
 to

nn
es

'70 '72 '74 '76 '78 '80 '82 '84 '86 '88 '90 '92 '94 '96 '98 '00 '02 '04
Year

Native spearmint annual production 1970−2004

FIGURE 9.2 North American production summary. Peppermint oil (M. piperita), Scotch spearmint

(M. gracilis), Native spearmint (M. spicata).
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& In 2004, peppermint oil production from Washington (Kennewick S=C and Yakima

D=C1) and Idaho totaled 66.3% of the North American total, up 61.3% from that in

1994. During the referenced period, the Yakima (D=C) quality became a significant part

of the overall product mix.

TABLE 9.2
North American Production Statistics. Peppermint Oil (M. piperita), Scotch Spearmint Oil

(M. gracilis), and Native Spearmint Oil (M. spicata)

Peppermint Scotch Spearmint Native Spearmint

Year Hectares Metric Tonnes Hectares Metric Tonnes Hectares Metric Tonnes

1970 32,174 2,330 9,490 670 3,951 302

1971 26,536 1,763 8,252 526 4,166 315

1972 25,015 1,394 6,390 294 3,963 342

1973 24,373 1,468 6,327 300 3,927 325

1974 26,012 1,574 6,956 347 4,548 458

1975 28,531 1,674 7,417 394 4,363 466

1976 30,399 1,714 8,418 460 4,216 429

1977 37,406 2,033 11,296 575 4,959 528

1978 43,201 2,605 13,706 965 7,009 707

1979 40,171 2,345 10,540 563 5,307 412

1980 37,001 2,220 7,617 419 6,023 585

1981 30,227 1,993 6,856 369 5,415 611

1982 26,968 1,827 6,681 383 2,841 252

1983 26,122 1,744 7,624 430 3,736 295

1984 29,820 2,047 8,410 550 4,439 416

1985 28,433 1,898 9,241 543 5,097 550

1986 27,998 1,985 9,821 674 4,546 599

1987 29,416 2,033 9,225 577 3,544 423

1988 38,385 2,600 8,590 426 3,622 399

1989 44,930 3,211 8,830 520 3,796 401

1990 45,038 3,342 10,655 694 5,056 555

1991 50,594 3,306 12,672 912 5,968 613

1992 50,188 3,608 13,456 865 6,249 788

1993 44,060 3,090 10,511 693 5,350 655

1994 49,430 3,728 8,298 498 4,270 505

1995 60,408 4,673 9,508 633 4,250 511

1996 57,914 4,478 8,899 599 3,917 529

1997 58,696 4,819 8,888 746 3,676 538

1998 49,853 4,669 9,714 882 3,527 566

1999 43,592 3,503 8,520 798 3,586 521

2000 37,037 3,514 7,554 704 4,004 598

2001 32,106 3,025 6,982 643 3,920 554

2002 32,311 3,120 6,713 582 3,577 501

2003 34,544 3,562 5,769 573 2,949 404

2004 33,688 3,318 4,835 478 2,671 346

1Both the referenced Kennewick and Yakima product qualities are grown in Washington’s Yakima Valley. The Yakima

type is used to designate a Double Cut (D=C) quality. The Kennewick designation represents a Single Cut (S=C) quality.

Because of the length of Washington’s growing season, farmers can take two cuttings during the course of the season.
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& Peppe rmin t oil produ ction in the W illamette and Madras district s ha s experie nced a

marked de cline from earlier levels. In 1994, the combined output totaled 34.4% of the

Nort h American supply. Today, the co mbined total is estimat ed at 10.8% .
& Peppe rmin t oil produ ction in the Midwest has also exp erienc ed a slight de cline. The La

Grande (Orego n), Nort hern Californ ia, and Nevada districts are relative ly new and

making impor tant con tributions to the indust ry.

Econom ics has be en the fund amental fact or drivi ng the dramat ic shif t in district produc-

tion. Although crop yield s will vary from year to year, the most recent resul ts from the 2004

crop year are typic al of past resul ts and trends . Table 9.3 is a summ ary of crude oil yields

(kg=ha) at the farm level for the 2004 crop year. As the results indicate, there is a significant

1994 Crop year

2004 Crop year

Total production: 3,728 metric tonnes

Total production: 3,318 metric tonnes

Midwest, 12.8%

Willamette, 
24.4%

Madras, 10.0%

Kennewick (S/C),
20.9%

Yakima (D/C),
 4.9%

Montana, 
6.0%

Idaho, 15.3%

Nevada, 2.3%

La Grande, 3.4%

Northern California
4.3%

Montana
1.0%

Kennewick (S/C) 
19.0%

Yakima (D/C)
24.6%

Idaho
20.2%

Madras
1.7%

Willamette
9.1%

Midwest
10.4%

Nevada
2.5%La Grande

7.2%

(a)

(b)

FIGURE 9.3 North American peppermint oil production by region in crop years 1994 and 2004.
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spread in the data with the high er yiel ds trans lating directly as a reduced cost of producti on.

Unders tanding that horticu ltural practice can also be a factor impac ting yield, it shou ld be

noted that the marked yield differences shown in Tabl e 9.3 are large ly due to climati c

cond itions. In the case of pep permint, such concerns as ve rticillium wilt (a fungal diseas e)

and insect pe sts will also ha ve an a dverse effe ct on pro duct qua lity and yield.

With few exce ptions, conditio ns wi thin the spearmint oil market follo w a close parall el to

those wi thin the pep permint oil ind ustry. Bot h prod ucts are grow n in many of the same regions

by many of the same growers and the mint oils serve the same consumer product indust ries.

Curren t world deman d for Scotch spearm int oil ( M. gracilis ) and Native spearm int oil

( M. spica ta ) is e stimated at 1063 metric tonnes 2 and 836 metric tonnes 2, respect ivel y. Nort h

Ame rican spearm int oil prod uction represe nts app roximatel y 67% of the worl d demand.

Figure 9.4 shows a pro file of the North American spearm int oil pr oduction by region an d

Table 9.4, pr esents a summ ary of the support da ta. Import antly , the Farwe st region is

responsible for an estimated 68.8% of the current production in North America.

TABLE 9.3
Peppermint Oil Yield Data by Region

2004 Crop Year

Region Yield (kg=ha)

Kennewick (S=C) 106

Yakima (D=C) 155

Montana 67

Idaho 97

La Grande 77

Nevada 101

Northern California 88

Madras 78

Willamette 103

Midwest 50

2004 Crop year

Total production: 824 metric tonnes

Farwest Native
36.5%

Midwest Native
5.5%

Canadian Scotch
12.6%

South Dakota
Scotch
7.8%

Farwest Scotch
32.3%

Midwest Scotch
5.3%

FIGURE 9.4 North American spearmint production by region.

2The world demand figure includes consideration of spearmint oil production from China and India.
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Like peppermint, the spearmint industry has also undergone some contraction as produc-

tion has far outstripped demand. In 2003, the combined Scotch and Native production

totaled an estimated 977 metric tonnes and this quantity was in addition to the carryover

volume,3 which was in excess of 1000 metric tonnes at the start of the 2003 crop year.

Considering the 2004 combined spearmint oil production of 824 metric tonnes, there has

been a 15.7% decrease from the previous year against an estimated 5% increase in sales for the

same period. Again, serious efforts have been made to bring supply in balance with demand.

Today, the spearmint oil carryover position is at its lowest level in many years.

Importantly, despite the excess supply, saleable volumes are regulated by a Federal marketing

order, Spearmint Oil Marketing Order #985, which is unique to the spearmint oil industry. The

marketing order was the result of proactive efforts by Farwest spearmint oil producers who, with

the help of the USDA, prepared a draft for industry and government review. The USDA approved

the order and it became a law on April 14, 1980. The marketing order applies to all spearmint oil

grown in the Farwest region of the U.S which would include Washington, Oregon, Idaho, and the

northern sections of Nevoda and Utah. In terms of benefits, end users have credited the marketing

order for stabilizing the spearmint oil industry through a regulated supply at a stabilized price

(Christensen, 1994). Notwithstanding the strength of the Farwest in terms of the overall spearmint

oil supply, the balance of the production is extremely important to the market, with the volumes

originating in the Midwest for Scotch and Native spearmint oils as well as Scotch spearmint oil

production in Canada. In these cases, the production is not controlled by the marketing order and

it is driven in direct response to market demand.

Finally, as noted, oversupply has been a key factor in recent years for both the peppermint

and spearmint oil industries, and the agricultural community has taken some necessary steps

to bring supply back in balance with demand. In this context, an understanding of competi-

tive crop options at the grower level is essential as mint oil production is replaced with

alternate crops. Specialty crops such as grass seed and ornamentals are very important for

the Willamette Valley. For other areas, the full range of commodity crops such as corn, soy,

wheat, and potatoes have been important alternate crops.

9.3 QUALITY CONTROL CONSIDERATIONS

Quality determinations need to be considered from a number of different standpoints,

namely, compliance with established regulatory standards, ingredient authenticity, and the

TABLE 9.4
North American Spearmint Oil Production by Region

2004 Crop Year

Region Volume (MT) %

Midwest Scotch 44 5.3

Farwest Scotch 266 32.3

South Dakota Scotch 64 7.8

Canadian Scotch 104 12.6

Midwest Native 45 5.5

Farwest Native 301 36.5

Total (MT) 824 100.0

3Carryover volume is a term used within the mint industry to represent unsold production from previous years.
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organole ptic integrity of the essent ial oil or its isol ate. In terms of regula tory standard s, the

docu mentation is widespread as bot h nationa l and intern ationa l specif ication requ irements

can be applic able given the different sets of co nditions and circum stance s.

All natural produ cts, their isol ates, an d any chemi cal that ha s appeared in the scient ific

literat ure will have a Chem ical Abst racts Servic e (CAS) num ber. In Eur ope, all substa nces

that are used are listed in the European Inventor y of Exi sting Chem ical Substances (EINEC S)

and will ha ve an EINE CS numb er as an iden tification code. All sub stances that are traded

anywhe re in the world will ha ve a uniqu e Harmo nization Tar iff (HT) number, which is a six-

digit identi fication cod e that iden tifies the mate rial an d becomes the ba sis for tariff assess-

ments an d the compilati on of import and exp ort trade statistics . Add itionally, a four- digit

coun try co de is also added to the unique six- digit figur e, thereby allowi ng each c ountry to

determ ine its own trade statist ics. For a product to be approved for foo d use in the U.S. , it

must be Genera lly Recogni zed As Safe (GR AS) an d it should ha ve a Flavor Ext ract M anu-

factu rer’s Associat ion (F EMA) num ber.

To de termine if a na tural oil or its isolate is a pure produ ct, internati onally accep ted

specificat ions have been developed. The main organiz ations that have bro adly

accepte d specif ications are the Interna tional Orga nization for Standardi zati on (ISO), the

Asso ciation Fran ç ais de Norma lisation (AFNOR [1996a –c]) providi ng Fr ench essent ial oil

standar ds, United State s Pharmacop oeia (USP ), Euro pean Pharmaco poeia (EUP), Es sential

Oils Ass ociation of the USA (EOA), and the USA National Academ y of Sciences Food

Chem ical Codex (FCC) . Addit ionally, some individu al cou ntries have their own sets of

specificat ions, for ex ample, India (Indi an Standardi zed Specif ications) , the Un ited Kingdom

(Britis h Standard Specificat ions), etc. Significant ly, these indivi dual spe cifications are closel y

related to the aforem entione d internati onal standar ds. Typi cally, these specif ications are a

combinat ion of physica l an d chemi cal measur ement s such as density (or specific gravi ty),

refracti ve ind ex, and optica l rotat ion, toget her with an assay of the most impor tant co mpon-

ents that would be ch aracteris tic of the produ ct.

The density of a n oil or isolate is one of the criteri a used to determine au thenticit y. Den sity

is the weight per mil liliter at a specif ic temperatur e (usual ly 20 8 C), whereas spe cific gravity is

the weight of a known volume of an oil or isol ate divide d by the wei ght of the same volume of

water at the same temperatur e, usually 20 8 C. If the density is measur ed at a temperatur e other

than 20 8 C, then the densit y can be ad justed using the da ta report ed by Nigam (1966) .

The refr active index is another physica l charact eristic of essent ial oils or their isolates an d is

the ratio of the velocity of light in air to the veloci ty of light throu gh a liquid sample at a

specific tempe rature, usually 20 8 C. Agai n, if the measur ements are taken at tempe ratur es

other than 2 08C, the data can be ad justed accordi ng to the da ta report ed by Nigam (1966) .

All essent ial oils and their isol ates that pos sess one or more chiral center s possess the ability

to rotat e the plane of polarized light, a propert y known as optica l activity in which the

measur ement is known as optical rotation . Like den sity and refracti ve index, the optica l

rotation of an oil or isol ate (for solid s, a solut ion is used) is measured at a specific tempe ra-

ture, usu ally 20 8 C. As before, measur ement s made at temperatur es other than 20 8 C can be

adjust ed (Nigam, 1966).

As not ed earlier, the prim ary essent ial oils of commer ce produ ced in the U.S. from the

genus M entha are pe ppermin t, Scotch spearm int, and Native spearm int. Typical isolates

recover ed from these oils are shown in Table 9.5. For the sake of completen ess, dement ho-

lized cornmi nt oil, l -Ment hol, and l -Ment hone (two isolates for cornmin t oil) are included in

this discus sion because of their impor tance and close associati on with peppermi nt oil and its

related applications. A summary of the CAS, EINECS, HT, and FEMA numbers for the oils

and natural isol ates is foun d in Table 9.6. Key physicoche mica l specificat ions for peppe rmint

oil, dementholized cornmint oil, and spearmint oils, both Scotch and Native, have been
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present ed in Tabl e 9.7, Tabl e 9.8, an d Table 9.9, respect ively. For soli ds like l-Men thol, the

melting point of 41 8 C to 428C is as impor tant a specificat ion as is its miscibil ity in 70%

aqu eous ethanol .

An infrared spectr um of an oil or isolate can be a very useful proo f of identity as it is a

uniqu e fingerprint of the mate rial that is measur ed. Example s of infr ared spectra for pepp er-

mint , dement holize d cornmi nt, Sco tch spearm int, and Nati ve spearm int oils are sho wn in

Figure 9.5.

Flash point is ano ther specificat ion and it is define d as the tempe rature at which the

material in question will spontaneously burst into flames when exposed to an external

TABLE 9.5
Natural Isolates from Peppermint and Spearmint

Oils

1,8-Cineole Isobutyraldehyde

Dimethyl sulphide Isovaleraldehyde

Ethyl 2-methylbutyrate l-Limonene

2-Ethylfuran Menthofuran

Germacrene-D 3-Octanol

cis-3-Hexenol Viridiflorol

TABLE 9.6
Identity Numbers for Selected Mint Oils and Their Isolates

Identity Numbers

Material CAS EINECS HT FEMA

Essential oils

Peppermint oil 8006-90-4 308-770-2 3301.25 2848

Spearmint oil (Scotch) 8008-79-5 283-656-2 3301.25 4221

Spearmint oil (Native) 8008-79-5 283-656-2 3301.25 3032

Cornmint oil 68917-18-0 290-058-5 3301.25 4219

Cornmint oil dementholized 68917-18-0 290-058-5 3301.25 4219

Isolates

1,8-Cineole 470-82-6 207-431-5 2909.20 2465

Dimethyl sulphide 75-18-3 200-846-2 2930.90 2746

2-Ethylfuran 3208-16-0 221-714-0 2932.19 3673

Ethyl 2-methylbutyrate 7452-79-1 231-225-4 2915.90 2443

cis-3-Hexenol 928-96-1 213-192-8 2905.29 2563

l-Limonene 5989-54-8 227-815-6 2902.19

Menthofuran 494-90-6 207-795-5 2932.19 3235

l-Menthol 2216-51-5 218-690-9 2906.11 2665

l-Menthone 89-80-5 201-941-1 2914.29 2667

3-Methylbutanala 590-86-3 209-691-5 2912.19 2692

2-Methylpropanalb 78-84-2 201-149-6 2912.19 2220

3-Octanol 589-98-0 209-667-4 2905.16 3581

Viridiflorol 552-02-3 209-003-3

Source: Allured’s Flavor and Fragrance Materials, Allured Publishing Corp., Illinois, 2003.
aAlso known as isovaleraldehyde.
bAlso known as isobutyraldehyde.
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TABLE 9.7
Physicochemical Specifications for Peppermint Oil

Specification 1 2 3 4 5 6 7

Density (208C) 0.896–0.908a 0.896–0.908a 0.900–0.916 0.900–0.916 0.900–0.910 0.900–0.913 0.903–0.912

Refractive index (208) 1.459–1.465 1.459–1.465 1.457–1.467 1.460–1.467 1.462–1.464 1.460–1.465 1.460–1.464

Optical rotation (208) �328 to �188a �328 to �188a �308 to �108 �298 to �108 �238 to �168 �308 to �208 �288 to �178

Total alcohols (%) (as menthol) 50.0 min 50.0 min 32.8–65.0 47.6–70.6 47.6–61.4 58.2–79.8 55.4–68.1

Total esters (%) (as menthyl acetate) 5.0 min 5.0 min 2.8–10.0 4.9–6.7 4.9–12.0 3.8–9.9 4.9–6.7

Total ketones (%) (as menthone) 15.5–47.0 14.9–29.6 18.7–29.6 14.8–31.6 18.7–31.6

Source: 1. US Pharmacopoeia, United States Pharmacopoeia Convention Inc., Rockville, Maryland, 2004; 2. Food Chemical Codex National Academy Press, Washington, D.C.,

1996; 3. Europaisches Arzneibuch, Pfefferminzol, Mentha piperitae aestheroleum. 4. Aurgabe Grundwerbe, Verlag österreich Gmbh, Berlin, 2002, 2641–2643., 4. International

Organization for Standardization, ISO 856, Oil of peppermint (Mentha piperita L.) ISO, Geneva, 1981, 12pp. (French Oils); 5. International Organization for Standardization,

ISO 856, Oil of peppermint (Mentha piperita L.) ISO, Geneva, 1981, 12pp. (Italian Oils); 6. International Organization for Standardization, ISO 856, Oil of peppermint (Mentha

piperita L.) ISO, Geneva, 1981, 12pp. (English Oils); 7. International Organization for Standardization, ISO 856, Oil of peppermint (Mentha piperita L.) ISO, Geneva, 1981, 12pp.

(USA Oils).
aAt 258C.
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flame during the course of the test procedure. This specification is extremely important from a

handling, storage, packaging, labeling, and transportation standpoint. In the U.S., the

Department of Transportation requires special handling and labeling instructions for mater-

ials whose flash point is below 60.58C. Finally, additional specifications such as weight loss on

evaporation, ash content, acid value, ester value, trace metal determinations, etc., have

become important secondary considerations depending on the material and test circumstan-

ces. Secondary specifications are often considered only during an annual or biannual audit.

Originally, determinations of total alcohols, esters, or ketones were made using wet

chemical methods. With the advent of gas chromatography (GC), these measurements have

been replaced with specific component composition determinations by GC or, more com-

monly, a GC profile analysis.

Typical GC conditions would be as follows:

. Capillary column: 60 m� 0.25 mm (ID)

. Liquid phase: carbowax 10 (polar); DB-1 (nonpolar)

. GC conditions: carrier gas, helium at a flow rate of 1 mL=min

. Injection volume: 0.5 mL split 1:150 or an estimated 3 to 5 ng on-column injection

. Temperature program: 758C to 2208C; initial hold for 8 min; 48C per min; final hold for 20 min

. General parameters: injector temperature, 2508C; detector, 3008C; detection system,

flame ionization detector (FID)

TABLE 9.8
Physicochemical Specifications for Dementholized Cornmint Oil

Specification China India

Density (208C) 0.890–0.908 0.890–0.910

Refractive index (208) 1.457–1.465 1.457–1.465

Optical rotation (208) �248 to �158 �228 to �138

Total alcohols (%) (as menthol) 40.0–60.0 40.0–60.0

Total esters (%) (as menthyl acetate) 3.0–9.0 3.0–9.0

Total ketones (%) (as menthone) 25.0–45.0 25.0–40.0

Source: International Organization for Standardization, ISO 9776, Oil of Mentha arvensis partially

dementholized (Mentha arvensis var. Piperascens Malinv. and var. glabrata Holmes), ISO, Geneva, 1999, 6 pp.

TABLE 9.9
Physicochemical Specifications for Spearmint Oil

Specification 1a 2b 3a

Density (208C) 0.917–0.934a 0.921–0.932 0.917–0.934a

Refractive index (208) 1.484–1.491 1.484–1.491 1.484–1.491

Optical rotation (208) �488 to �598a �488 to �598a �488 to �598a

Total ketones (%) (as carvone) 55.0 min 60.0 min 55.0 min

Source: 1. FoodChemical Codex NationalAcademyPress, Washington, D.C., 1996; 2. ISO International

Organization for Standardization, Oil of Spearmint—Part 1: Native type (Mentha spicata L.), ISO

3033-1, Geneva, 2005, 6 pp. 3. Fragrance Materials Association of the United States 1991.
aApplicable to both Native and Scotch spearmint.
bData applicable to Native spearmint.
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FIGURE 9.5 Infrared spectra for peppermint, dementholized cornmint, Scotch spearmint, and Native

spearmint oils.
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Exa mples of GC profi les using both polar an d nonpolar columns for pep permin t,

demen tholized cornmi nt, Sco tch spearm int, and Nati ve spe armint oils are pre sented in Figure

9.6 and Figure 9.7, respect ively.
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FIGURE 9.6 Polar GC profiles of peppermint, dementholized cornmint, Scotch spearmint, and Native

spearmint oils. (a) 1. a-Pinene, 2. b-pinene, 3. sabinene, 4. myrcene, 5. a-terpinene, 6. limonene, 7. 1,8-

cineole, 8. (Z)-b-ocimene, 9. g-terpinene, 10. (E)-b-ocimene, 11. p-cymene, 12. 3-octanol, 13. 1-octen-3-ol,

14. trans-sabinene hydrate, 15. menthone, 16. menthofuran, 17. isomenthone, 18. b-bourbonene, 19.

neomenthyl acetate, 20. linalool, 21.menthyl acetate, 22.neomenthol, 23. terpinen-4-ol, 24.b-caryophyllene,

25. neoisomenthol, 26. menthol, 27. pulegone, 28. (E)-b-farnesene, 29. a-terpineol, 30. germacrene D, 31.

piperitone, 32. viridiflorol.
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FIGURE 9.6 (continued) (b) 1. a-Pinene, 2. b-pinene, 3. sabinene, 4. myrcene, 5. linalool, 6.

1,8-cineole, 7. (Z)-b-ocimene, 8. g-terpinene, 9. (E)-b-ocimene, 10. terpinolene, 11. 3-octyl acetate,

12. 3-octanol, 13. 1-octen-3-ol, 14. menthone, 15. (Z)-3-hexenyl isovalerate, 16. isomenthone, 17. b-

bourbonene, 18. neomenthyl acetate, 19. linalool, 20. menthyl acetate, 21. isopulegol, 22. neomenthol,

23. terpinen-4-ol, 24. b-caryophyllene, 25. neoisomenthol, 26. menthol, 27. pulegone, 28. (E)-b-

farnesene, 29. a-terpineol, 30. germacrene D, 31. piperitone, 32. carvone. (c) 1. a-Pinene, 2. b-pinene,

3. sabinene, 4. myrcene, 5. limonene, 6. 1,8-cineole, 7. g-terpinene, 8. 3-octyl acetate, 9. 3-octanol, 10.

menthone, 11. b-bourbonene, 12. terpinen-4-ol, 13. b-caryophyllene, 14. cis-dihydrocarvone, 15. menthol,

16. (E)-b-farnesene, 17. dihydrocarvyl acetate, 18. germacrene D, 19. carvone, 20. piperitone, 21. cis-carvyl

acetate, 22. cis-carveol, 23. (Z)-jasmone, 24. viridiflorol.
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9.4 REGULATORY CONSIDERATIONS

Fro m a regu latory standpoi nt, the specificat ions de fining pep permin t oil state that the oil

must be obt ained from M. piper ita by phy sical mean s, usuall y steam distillatio n, whi ch

precludes the use of related whol e oils an d by-product s from su ch products as cornmi nt oil

( M. canadens is, sometime s erroneousl y known as M . arvens is ). Noting market practice in food

app lications , regulatory standa rds coveri ng the use of mint oil blend s contain ing M. piper ita

and M. canadensis would be to classify the finished products as a natural peppermint flavor.

Tabl e 9.7 a nd Table 9.8 present specif ications for both pe ppermin t an d dement holize d

cornmint oils. As is evident from the data, the oils share many similarities, while at the same

time they are quite different. Chemically, the differences are largely quantitative resulting in

substantial differences in quality as measured by the odor and flavor characteristics of the oil.

For peppermint oil, CAS 8006-90-4, specification guidelines are available through mono-

graphs published by the USP, FCC, and ISO regulatory committees. Interestingly, all the

specifications define peppermint oil as M. piperita L. (Family Labiatae) which, by definition,

precludes M. canadensis or products containing M. canadensis from peppermint oil labeling

under USP, FCC, or ISO standards of identity. Additionally, a study of the specifications

indicates some important variances in the data. For example, the USP and FCC specifica-

tions for peppermint oil are closely related whereas the ISO specification allows for a

significantly wider range for l-Menthol. Under the USP and FCC guidelines, total menthols

(four isomers) must be present at the level of not less than 50%. The ISO specification

recommends a range from 32% minimum to 49% maximum. This provision is important
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FIGURE 9.6 (continued) (d) 1. a-Pinene, 2. b-pinene, 3. sabinene, 4. myrcene, 5. limonene, 6.

1,8-cineole, 7. g-terpinene, 8. 3-octyl acetate, 9. 3-octanol, 10. trans-sabinene hydrate, 11. b-bourbonene,

12. terpinen-4-ol, 13. b-caryophyllene, 14. cis-dihydrocarvone, 15. menthol, 16. (E)-b-farnesene, 17.

a-terpineol, 18. germacrene D, 19. carvone, 20. piperitone, 21. cis-carvyl acetate, 22. cis-carveol, 23.

(Z)-jasmone, 24. viridiflorol.
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because it permits the inclus ion of the Asian grade s of M . piper ita oil, particular ly those

produ ced in India in whic h the levels of l -Ment hol are general ly low er than those of Nort h

Ame rican pep permint oil.

For spearm int oil, CAS 8008-79-5, specif ication gu idelines are avail able through FCC an d

ISO mo nographs. Both the Scotch and Native spearm int oil grades are covered unde r the same

FCC specificat ion whi le the IS O specificat ion cove rs only the Native spearmint oil quality. The

specificat ions diff er sli ghtly with respect to the content of l -Carvon e, the pr imary componen t of

spearm int oil. In the case of the ISO specificat ion, the l -Carvo ne level of the oil mu st fall wi thin a

60% to 70% range. The FCC guidel ines permi t a mini mum l -Carvone level of 55%. Import antly,

the lower level permi ts the inclus ion of the Nati ve spearm int oil prod uced in Ind ia, whi ch tends

to have low er levels of l-Ca rvone, general ly in the 55% to 60% range.

Beyo nd the FCC , ISO, and USP regula tory guidel ines, othe r complian ce factors be come

equall y impor tant to ensure that all pep permint and spearm int oils used in co mmercial

applications are pure and safe for human consumption. The regulation of agrochemicals is

one such example with the Environmental Protection Agency (EPA) in the U.S. actively

mandat ing guidel ines coveri ng the use of agrochem icals on all agric ultur al crops. Table 9.10

presents a summary of the regulated materials specific for mint. Moreover, this list of

approved materials is the subject of a constant review with the list and all subsequent updates

recorded in the U.S. Code of Federal Regulations (CFR).
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FIGURE 9.7 Nonpolar GC profiles of peppermint, dementholized cornmint, Scotch spearmint, and

Native spearmint oils. (a) 1. a-Pinene, 2. 1-octen-3-ol, 3. sabinene, 4. b-pinene, 5. 3-octyl acetate, 6.

a-terpinene, 7. limonene, 8. 1,8-cineole, 9. (Z)-b-ocimene, 10. g-terpinene, 11. trans-sabinene hydrate,

12. terpinolene, 13. 3-octyl acetate, 14. menthone, 15. menthofuran, 16. isomenthone, 17. neomenthol,

18. menthol, 19. terpinen-4-ol, 20. cis-dihydrocarvone, 21. neodihydrocarveol, 22. pulegone, 23. trans-

carvyl acetate, 24. menthyl acetate, 25. cis-carvyl acetate, 26. (Z)-jasmone, 27. b-bourbonene, 28.

b-caryophyllene, 29. (E)-b-farnesene, 30. germacrene D, 31. spathulenol, 32. viridiflorol.

continued
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Ref erring to the mate rials outlined in Table 9.10, the de tection limits and their uniq ue

chemistry require the use of specialized analytical procedures to ensure an accurate and

complete analysis. To this end, special gas chromatographic detectors such as electron capture,

flame photometric, and thermal ionic specific detectors are used. Additionally, high pressure

liquid chromatography finds wide application in the analysis of these agrochemicals.

The published studies of Habenicht (1996) present an important example covering the

application of this work. In studies targeting an analysis of organochlorine pesticides,

Habenicht systematically evaluated the best-known methods for residue analysis and then

analyzed a number of essential oils including peppermint and cornmint for possible contam-

ination. In this study, both peppermint and cornmint oils produced in Asia, Europe, and

North America during the period 1985 through 1995 were shown to contain trace levels of

several organochlorine pesticides. Without knowing the origin of the oils and knowing that

North American mint growers have not used organochlorine pesticides since the early 1970s,

full comment on the data is difficult. Understanding that organochlorine pesticides can have a

long half-life in the soil, residual contamination from the soil could be a subject worthy of

further study. Importantly, as the Habenicht study would suggest, agrochemical analyses are

valuable methodologies in order to guarantee ingredient purity and safety.

9.4.1 ORGANOLEPTIC INTEGRITY

By their very nature, published specifications are focused on physical data with the associated

measurements targeted on the chemical constants and composition of a specific mint oil.
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FIGURE 9.7 (continued) (b) 1. a-Pinene,2. sabinene,3.b-pinene, 4.myrcene, 5. 3-octanol, 6.a-terpinene,

7. limoneneþ 1,8-cineole, 8. g-terpinene, 9. 3-octyl acetate, 10. isopulegol, 11.menthone, 12. isomenthone,

13. neomenthol, 14. menthol, 15. terpinen-4-ol, 16. cis-dihydrocarvone, 17. neodihydrocarveol, 18. pule-

gone,19.piperitone,20.menthylacetate, 21. trans-carvylacetate,22. cis-carvylacetate.23. (Z)-jasmone,24.

b-bourbonene, 25. b-caryophyllene, 26. (E)-b-farnesene, 27. germacrene D, 28. spathulenol.
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Unders tanding that pepp ermint and spearm int oils are used principa lly becau se of their flav or

and odor , organo leptic measur ements need to be a central consider ation of all qua lity

determ inations.

Peppe rmint and sp earmint oils are extre mely comp lex and each oil is known to contai n

severa l hundred different constituent s. Significant ly, the flav or and odor charact eristic s of an

oil are a functi on of a unique qualitati ve or quan titative balance of these various constituen ts.

While the phy sical data are clear ly con trolled by those co nstituent s presen t at the highest

concen tration, it is impor tant to realize that trace constituent s can often de termine the

ultimat e c haracter and qualit y of the oil. In this context , organ oleptic signifi cance becomes

a consider ation whenev er an ingredi ent is pr esent at levels that are higher than its detect ion

thres hold. Using dimethy l su lfide as an exampl e, this mate rial was foun d to have a

detect ion thres hold of 3 to 10 ppb and that it can be present in mint oils at level s of up to

100 ppm . Despite the very low c oncentra tion of dimet hyl sulfide, the co mpound is organo-

lepticall y signi ficant, because when it is present at 100 ppm , it is app roximatel y 1000 times

higher than its de tection thres hold. Each growing dist rict or region will have its own dist inct-

ive ch aracter and profi le and the organole ptic differen ces betw een the various peppermi nt oil

types wi ll be quantit ative in na ture. This same analogy will apply to spearm int oil as well.

Sensory testing methodo logies for flavor and odor need to be a central part of eve ry qua lity

control prog ram. Figu re 9.8 is an example of how a standar d de scriptiv e analys is method-

ology can be used to profile a typical peppermint and Scotch spearmint oil.
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FIGURE 9.7 (continued) (c) 1. a-Pinene, 2. sabinene, 3. b-pinene, 4. 3-octanol, 5. myrcene, 6. limonene,

7. 1,8-cineole, 8. g-terpinene, 9. trans-sabinene hydrate, 10. linalool, 11. menthone, 12. terpinen-4-ol, 13.

cis-dihydrocarvone, 14. trans-dihydrocarvone, 15. carvone, 16. trans-carveol, 17. piperitone, 18. cis-

carvyl acetate, 19. (Z)-jasmone, 20. b-bourbonene, 21. b-caryophyllene, 22 (E)-b-farnesene, 23. germa-

crene D, 24. viridiflorol.

continued
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Mint oil composition is clearly a function of many factors with the metabolic or biosyn-

thetic pathways as the key determinants in controlling the formation and ultimate level of the

various components in the oil. In addition, however, it is important to acknowledge the

role of many other factors that have a direct impact on the manner in which these components

are formed. For example, extrinsic conditions such as climate, environment, horticultural

practice, etc. and intrinsic conditions such as the cultivar and maturity of the plant at the time

of harvest are extremely important. As a final consideration, the recovery of the oil from the

mint herbage by steam distillation becomes an important matter capable of impacting

the overall quality and composition of the oil. In this regard, it is important to acknow-

ledge the presence of mint oil components that are formed during the distillation process.

9.4.2 PEPPERMINT OIL AUTHENTICITY

Ingredient authenticity is a critical consideration in terms of labeling compliance and, in light

of market practice, this is especially important for peppermint oil. As noted, ingredient

statements that specify peppermint oil, by definition, must be formulated with M. piperita

and not include cornmint or related by-products such as dementholized cornmint oil. Im-

portantly, through an analysis of production and export statistics from peppermint oil

exporting countries, it becomes immediately clear that, in recent years, export volumes of
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FIGURE 9.7 (continued) (d) 1. a-Pinene, 2. sabinene, 3. b-pinene, 4. 3-octanol, 5. myrcene, 6. limonene,

7. 1,8-cineole, 8. g-terpinene, 9. trans-sabinene hydrate, 10. 3-octyl acetate, 11. menthol, 12. terpinen-4-

ol, 13. cis-dihydrocarvone, 14. trans-dihydrocarvone, 15. carvone, 16. trans-carveol, 17. piperitone, 18.

cis-carvyl acetate, 19. (Z)-jasmone, 20. b-bourbonene, 21. b-caryophyllene, 22. (E)-b-farnesene, 23.

germacrene D, 24. viridiflorol.
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M. piperita oil far exceed the report ed prod uction volumes. Give n this circum stance , en d

users ne ed a caref ul monito ring of their source of sup ply.

Beyo nd suppli er aud its, analyt ical measur ement s have become an impor tant means to

valid ate authent icity. Table 9.11 pr esents an impor tant summ ary coveri ng establ ished com-

pone nt average s that have been develop ed over an extended period of time (Spencer et al.,

1997). For purposes of compari son, Table 9.12 present s typic al levels for those same key

peppermint components found in dementholized cornmint oil of both Indian and Chinese

origins. As can be seen from the data, Isomenthone and Isopulegol have become useful

markers to distinguish the presence of cornmint oil and its by-products in mint flavor

formulations. With reference to the data, elevated levels of these components become an

especially good indicator of peppermint oil adulteration.

TABLE 9.10
Appr oved Agrochem icals for Pepperm int and Spe armint Culti vation

Chemical Name Manufacturer EPA Max Tolerance Level (ppm)

Assure II (Quizalofop) DuPont 2.00

Basagran (Bentazon) BASF 4.00

Buctril (Bromoxynil) Rhone-Poulenc 0.10

Chateau (Flumioxazin) Valent 0.04

Command (Clomazone) FMC 0.05

Devrinol (Napropamide) Zeneca 0.10

Goal (Oxyfluorfen) Rohm & Haas 0.25

Gramoxone (Paraquat) ICI 3.00

Karmex (Diuron) DuPont 2.00

Poast (Sethoxydim) BASF 30.00

Sinbar (Terbacil) DuPont 2.00

Select (Clethodim) Valent 0.50

Stinger (Clopyralid) DowElanco 3.00

Spartan (Sulfentrazon) FMC 0.30

Tough (Pyridate) Novartis 0.20

Treflan (Trifluralin) Dow AgroSciences 2.00

Vine-der (2,4 D-B) Platte 0.20

Comite (Propargite) Uniroyal 50.00

Confirm (Tebufenozide) Rohm & Haas 10.00

Dyfonate (Fonofos) Zeneca 0.10

Kelthane (Dicofol) Rohm & Haas 25.00

Lannate (Methomyl) DuPont 2.00

Lorsban (Chlorpyrofos) DowElanco 8.00

Malathion 8 (Malathion) Wilbur-Ellis 8.00

MSR (Oxydemeton-M) Gowan 12.50

Onager (Hexythiozox) Gowan 2.00

Orthene (Acephate) Valent 15.00

Tedion (Tetradifon) FMC 100.00

Bravo (Chlorothalonil) ISK Biotech 2.00

Quadris (Azoxystrobin) Syngenta 30.00

Rally (Myclobutanil) Rohm & Haas 3.00

Vydate (Oxymyl) DuPont 10.00

Tilt (Propiconizole) Novartis 0.30
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9.5 IMPROVEMENT OF OIL QUALITY OR COMPONENT ISOLATION

Blackwell et al. (1984) published a patent detailing a procedure to reduce the menthofuran

content by a Diels–Alder reaction with maleic anhydride. The maleic anhydride forms a

crystalline adduct with menthofuran, which is removed by filtration. The removal of harsh

notes from either peppermint or spearmint oils through a treatment of the oil by an oxidizing
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FIGURE 9.8 Descriptive analysis, peppermint, and Scotch spearmint oils.

368 Mint: The Genus Mentha



agent suc h as hydrogen peroxide, ozo ne, or mixtures thereof and in combinat ion wi th acids

such as hydroch loric a cid, sulphuric acid, or phos phoric acid was pa tented by Hussein (1987).

The reductio n of pulego ne in pepp ermint oil by a stereospeci fic method of redu ction by

hydroge nation of the pulegone in sit u at a neutral pH with a satur ated solution of sodium

sulphi te in glacial acetic acid was patent ed by Spencer (1989).

Peppe rmint an d spearm int oils can be used direct ly as the reco vered oil from the steam

distilled mint herba ge or they can be further distilled or rectified (fracti onal dist illatio n) in

order to refine the character and ad just the overall profi le. In practice, rectificati on schemes

normal ly involv e the remova l of varyi ng amo unts of the volatile and high boi ling fractions

and then colle cting a heart-c ut or center fraction as the recti fied oil. Thro ugh this process ,

signifi cant volume s of by-product s contai ning some very inter esting ingredi ents are made

availab le. The by-produ ct strea ms are further process ed and become a source of natural

flavo r chemi cals for use by flavoris ts in new flav or formulat ions. Example s of these flav or

chemi cals wer e menti oned earlier and present ed in Table 9.5.

9.6 MINT OIL STORAGE CONDITIONS

Mint oils should be packaged in suitable glass, galvanized aluminum, plastic, stainless steel,

or epoxy-lined drums. As mint oils are recovered from the mint herbage by steam distillation,

TABLE 9.11
Average Composition (%) of Key Peppermint Oil Components over a Period

of Five Crop Years

Crop Year Results (%)

Component 1 (263)a 2 (243)a 3 (279)a 4 (330)a 5 (237)a Mean

Limonene 1.342 1.426 1.508 1.527 1.455 1.452

1,8-Cineole 5.337 4.835 4.970 4.890 4.918 4.990

trans-Sabinene hydrate 1.010 0.954 0.891 0.969 1.054 0.976

Isomenthone 2.570 2.734 2.739 2.728 2.527 2.660

Isopulegol 0.055 0.080 0.068 0.070 0.076 0.070

Neoiso(iso)pulegol 0.019 0.036 0.028 0.031 0.031 0.029

Piperitone 0.336 0.524 0.519 0.457 0.449 0.457

aNumber of samples.

TABLE 9.12
Average Composition (%) of Key Peppermint Oil Components in Indian and Chinese

Cornmint Oils

Component Indian Cornmint Oil Chinese Cornmint Oil

Limonene 2.200 2.875

1,8-Cineole 0.500 0.440

trans-Sabinene hydrate 0.006 0.022

Isomenthone 10.270 9.200

Isopulegol 2.020 1.218

Neoiso(iso)pulegol 1.800 1.030

Piperitone 1.080 1.406
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there can be a tendency to have a small amount of water dissolved in the oil, which can later

separate or cause a cloudiness to develop in the product. Therefore, before storage, the oils

should be examined for moisture and any residual water removed from the bottom of the

drum. The drums should be filled to within 95% of their capacity to reduce the headspace

above the oil while allowing space for the likelihood of temperature-induced expansion. Prior

to sealing, it is preferable to purge the headspace of the drum with nitrogen or another inert

gas to reduce the presence of oxygen. It is recommended that the drums be stored in a cool

and protected location.
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10.1 INTRODUCTION

Natural menthol is obtained by freeze crystallization from crude cornmint oil. Although the

oil has been produced in a number of different countries, the major cornmint oil producers

are India and China. In general, 48% to 50% of the menthol present in cornmint oil can be
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isolated by freeze crystallization. For example, from 100 kg of oil (in which menthol content

ranges from 70% to 77%), 33.6 to 38.5 kg of menthol can be isolated using normal production

procedures.

10.2 NATURAL MENTHOL

L-Menthol [(1R, 3R, 4S)-(�)-menthol] is an extremely important flavor and, to a lesser extent,

fragrance item of commerce because of its well-known, unique cooling characteristics. Both

natural and synthetic versions of this enantiomer can be obtained. The former is obtained

from cornmint oil, and there are a number of ways for its synthetic production. The

physicochemical properties of (�)-menthol are as follows:

Mpt.: 418C�438C

[a]D
20: �458 to �518 (10% solution in ethanol)

Assay: 99.3%

Heavy metals: <10 ppm Pb, <4 ppm As

Solubility: slightly soluble in H2O (ca. 0.04%),

completely soluble in 90% aq. ethanol, propylene glycol, diethyl ether, chloroform, and

liquid paraffin,

1:20 in 50% aq. ethanol,

1:2 in diethyl phthalate

A typical flow scheme for the isolation of natural menthol from crude cornmint oil is as

follows:

1. The oil is collected at receiving stations located within cornmint oil production regions.

Oil producers are paid according to the menthol content of their oil.

2. The crude oil is bulked in 200-kg mild steel drums and sent or sold to a crystallizing

factory or an independent menthol powder producer (India only).

3. The crude oil is filtered to remove water and foreign material and bulked into large

tanks.

4. The bulked oil is vacuum distilled by some crystallizers to remove the unpleasant top

notes, which are bulked and sold to flavor and fragrance companies for the isolation of

cis-3-hexenol [(Z)-3-hexenol)] or fractionally distilled by the menthol producer for the

production of value-added products.

5. The oil containing 68% to 78% menthol is put into slightly tapered galvanized steel

containers, which are, in turn, placed upright in a deep freezer. The temperature is

maintained at �408C or lower. This process, which is known as fast crystallization,

yields an intermediate product known as menthol powder.

6. Once the block of menthol powder has been formed, the container is removed from the

freezer and inverted on a drip tray to allow the residual dementholized mint oil (DMO)

to drip.

7. After the oil has dripped away from the block of powder, it is broken up and centrifuged

to remove the rest of the residual oil.

8. In India, a portion (up to 30%) of the total powder production is carried out on a small

scale. This powder is sold to the crystallizers for incorporation with their own menthol

powder or it is sold to China.

9. The crude menthol powder is melted and mixed with a small portion of DMO to

produce a hot, enriched menthol solution in DMO.
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10. In some of the crystallizer factories, this solution, which has a menthol content between

88% and 94%, is initially filtered to remove any foreign material that could be present

in the purchased powder. It is then poured into a second galvanized steel container

(60 to 80 kg capacity), which is, in turn, placed upright in a second freezer.

11. The enriched solution is slowly crystallized under a strict controlled cooling regimen in

the freezer, in which the cold contact is applied at the bottom of the container.

A temperature differential is maintained from the bottom to the top (which is less

cool), thereby allowing large menthol crystal formations to take place from the bottom

upward. To assist in crystallization, the enriched solution is seeded with pure menthol.

12. The cooling regimen in this slow crystallization stage is carefully controlled from room

temperature to ca. �108C over a 15 to 35-day period.

13. When the crystals have formed throughout the container, it is removed from the freezer

and the block of large crystals is inverted on a drip tray to allow the remnants of DMO

to be removed.

14. The large crystals are carefully broken up and centrifuged to remove any residual

occluded DMO.

15. The menthol crystals are sieved or graded into large, medium, and small powder

crystals. The menthol powder and small crystals can either be dried and packaged

for sale or combined with virgin menthol powder to rework through the enriched

menthol solution stage.

16. The medium and large menthol crystals are further dried to remove traces of residual

DMO. This can be done by rack drying or with the aid of a belt dryer.

17. High-grade menthol crystals produced this way are packaged in polyethylene bags and

packed into 25 or 50-kg fiber drumsor in 25-kg corrugated cardboard boxes ready for sale.

A diagrammatic representation of the menthol isolation process can be seen in Figure 10.1

and Figure 10.2.
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FIGURE 10.1 Natural menthol process Part 1.
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To underst and the changing sit uation for world wide menthol producti on, it is important

to exami ne the history of cornmi nt oil cultivat ion and men thol pro duction in Japan, Brazil,

Paragu ay, Chi na, and Ind ia, the main coun tries of prod uction.

10.2.1 JAPAN

His torically , the cornmin t plant (along with tea) was intr oduced in Japan from Chi na by

Enza n, a Japanese priest, some 1750 years ago. The oldest reco rd of cornmin t oil being

prod uced for its medic inal value was in 984. By 1870, a large acreage of cornmi nt was plante d

in Yam agata prefec ture in the norther n part of Japan’s main island . Bet ween 18 70 and 1880,

the techni que of menthol freez e crystall ization from crude cornmi nt oil was de veloped

(Hirai zumi, 1959).

The first exports of menthol from Japan occu rred in 1883. In the years between 18 85 and

1895, cornmi nt cultivat ion spread to the Sa pporo dist rict and the Kitami province of

Hokk aido (Japan ’s north island) and the sou theastern part of Honshu (Japan’ s main island)

in the Bize n an d Bitchiu dist ricts of Okayam a and Hiro shima prefec tures.

By 1909, althoug h three ha rvests co uld be obtaine d from cornmi nt grow n in the Bizen,

Bitchi u, and other Honshu district s an d only one harvest in the Kitami an d Ischika ri, Techio

and Tokac hi regions of Hok kaido, the cornmi nt oil prod uction of the much large r Ho kkaido

region was about 60 tonnes, which represented over 90% of the total production

(Gildemeister and Hoffmann, 1961). The authors who reported this also found that by

1912, 112 tonnes of oil was produced. The amount of oil and menthol produced between

1935 and 1957 can be seen in Tabl e 10 .1 (Guent her, 1949).

By the 1970s, crude cornmint oil production had decreased to less than 50 tonnes, although

menthol production increased substantially because Takasago had started to produce syn-

thetic menthol (see Tabl e 10.2). More recen t infor matio n on Jap anese menthol produ ction is

not readily available, although it is believed that cornmint oil production has dropped to less
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FIGURE 10.2 Natural menthol process Part II.
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than 10 tonnes. Natur al menthol is still being produc ed in Japan for consump tion within the

coun try. It is produced from crude corn mint oil impor ted from both Ind ia and Chi na.

Synthet ic pro duction in Jap an ha s be come stabi lized at about 1000 tonnes a nnually .

10.2.2 B RAZIL=P ARAGUAY

After the great Tokyo earthqua ke of 1923, more than 200,00 0 Japanese immigra ted to Brazil.

It was these Japanese sett lers who intro duced co rnmint cultivat ion an d oil pro duction starting

in 1936. By 1 943, oil produ ction had grown to 80 tonnes. Befo re Japan entere d the Secon d

World War, it was the large st produ cer and expo rter of menthol eithe r from Japan itself or

from material produced internall y or from its control led territor ies in Chi na. Once the supply

of menthol to the Weste rn worl d ha d dried up, Brazil commenc ed prod uction of crud e

cornmi nt oil and, more recen tly, Par aguay also commenc ed c ornmin t oil pro duction. The

produ ction statistics for cornmi nt oil and men thol producti on in Br azil an d Paragu ay

between the years of 1955 to 19 75 and 1976 to 1999 can be seen in Table 10.3 an d Tabl e

10.4, respect ively.

In Brazil, cultivat ion of cornmi nt uses the slash -and-bur n prac tice, in which the virgi n

forest is cleared, the high-value timber trees are sold, a portion of the wood is saved as

fuel, and the rest of the debris is burnt to clear the area. Although the area is cleaned of

vegetation, the roots and some unburnt trunks are left throughout. In the partially cleaned

TABLE 10.1
Production Statistics for Crude Cornmint Oil and

Menthol Export (Tonnes) from Japan (1935 to 1957)

Year Crude Oil Menthol

1935 500 309

1936 711 295

1037 807 375

1938 887 233

1939 645 269

1940 313 59

1941 172 131

1942 153 69

1943 150 24

1944 138 —

1945 84 —

1946 30 —

1947 30 —

1948 20 —

1949 20 —

1950 60 30

1951 200 40

1952 200 50

1953 110 50

1954 70 4

1955 260 10

1956 330 40

1957 360 90
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area, rooted cuttings (ca. 5 cm high) are plante d. Bec ause the land recei ves no fertil ization

from season to season , cornmi nt is produ ctive as a source of oil for only 3 to 5 years at mo st

on the same soil . After this time pe riod, the soil is exh austed, so the land is sold to an arable

crop farm er, and the cornmi nt grower clear s an other pa tch of virgin fores t, and the cycle

star ts again.

In Brazil, cornmin t was grown in the Ata Sorocaba zone (10%) in Saõ Paulo state an d the

Rio Ivai zo ne (90% ) in Parana near the Paraguayan border. At one tim e, there wer e more

than 1000 smal l distilleri es in Par ana (Sacco, 1967). Thes e were fou nd in the triangular region

form ed by the Rio Paraná and Rio Parana panema junctio n along the railroad betw een

Arag uassú and Pr esidente Pr udente, the most impor tant produ ction areas being Sa nto

Anast á cio an d Pr esidente Pru dente (Guen ther, 1949).

Accor ding to Clark (1988), the price of menthol in the late 1960s was in suc h a depress ed

state that cornmin t planti ng in Brazil had become unpopul ar. More recent ly, cornmi nt

cultiva tion and oil producti on mo ved across the Brazilian border into Paraguay; howeve r,

becau se of the avail ability of Indian cornmi nt oil and the decreas ed prices for oil, producti on

of oil in Paraguay has beco me very smal l. As ca n be seen from Tabl e 10.4, the area under

cultivation must have been extremely small as only 10 tonnes of oil was produced in 1999.

Currently, menthol is being produced in Brazil and Paraguay, mainly from imported Indian

cornmint oil. Although cornmint oil production has ceased in Brazil, a limited cultivation and

oil production are still done in Paraguay.

TABLE 10.2
Production Statistics for Crude Cornmint Oil and

Menthol Export (Tonnes) from Japan (1958 to 1978)

Year Crude Oil Menthol

1958 200 60

1959 150 50

1960 130 40

1961 100 40

1962 100 40

1963 100 40

1964 100 40

1965 30 40

1966 80 40

1967 200 50

1968 180 50

1969 90 50

1970 60 60

1971 60 40

1972 50 70

1973 50 160*

1974 40 160*

1975 40 180*

1976 30 500*

1977 30 770*

1978 30 900*

*Includes synthetic menthol.
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10.2.3 C HINA

Cornm int has been culti vated as a herbal crop for a t least two cen turies, as it is used in

Chin ese he rbal med icine becau se of its cooling propert ies. It was cultivat ed in a small area in

Jiangs u pr ovince. In 1923, the first large -scale producti on of cornmi nt oil and menthol was

started in Sha nghai. Fr om the late 1920s until 1994, at least seven other large menthol

crystall izing facilities that pro cess cornmin t oil were started (Wat ts, 1997). During this same

time fram e, cornmi nt cultivat ion spread into three prov inces. As a resul t, cornmi nt cultivat ion

and oil pro duction can be found in Anhui province in the vicin ity of Taih e, Linquan, an d

Bozhou; in Jiangs u pro vince in the vicinity of Dongta i, Gaoyu, and Hiam en; and in Hen an

province in the vicin ity of Shan qiu and Yongch en (Figur e 10.3). These gro wing areas are

within 200 km of the major provinci al capit als of Heifei (Anhui ), Nanji ng (Jiangsu), an d

Zheng zhou (Hena n) (Watts, 1997).

In these areas, all the cultivat ion is in the hand s of smallholde rs. Menthol of Chi nese origi n

is sold unde r a range of brand names such as White Cat , Peng uin, Pol ar Bea r, Wh ite Bear,

Snow Pea k, Glacier, AE, E& O, etc.; however, these brand na mes are meaningless as they are

merely trademarks for menthol. Any of the crystallizers can produce any of these brand

names as long as a fee is paid to the trademark holder for use of the name.

A summary of the crude cornmint oil and natural menthol produced in China between 1977

and 1999 can be seen in Tabl e 10.5.

TABLE 10.3
Prod uction S tatistics fo r Cr ude Corn mint Oil an d Menthol

Export (Tonn es) from Brazi l and Pa raguay (1955 to 1975)

Oil Menthol Export

Year Paraguay Brazil Paraguay 1 Brazil

1955 — 300 170

1956 — 380 230

1957 — 500 290

1958 — 900 430

1959 — 1500 370

1960 — 600 350

1961 — 1800 620

1962 — 2000 930

1963 — 2000 1350

1964 — 2000 1010

1965 — 1700 720

1966 — 2100 870

1967 50 2900 1280

1968 50 3000 1400

1969 80 3000 1530

1970 100 3000 1380

1971 30 3500 1560

1972 150 4700 2230

1973 180 6300 2940

1974 260 3200 1680

1975 570 2800 860
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TABLE 10.4
Production Statistics for Crude Cornmint Oil and Menthol

Export (Tonnes) from Brazil and Paraguay (1976 to 1999)

Oil Menthol Export

Year Paraguay Brazil Paraguay 1 Brazil

1976 1000 1800 1300

1977 1500 1500 800

1978 2000 1000 800

1979 2000 500 800

1980 1500 400 700

1981 1500 300 700

1982 1500 100 600

1983 1500 100 600

1984 1000 100 500

1985 1600 50 500

1986 1100 50 500

1987 1100 40 500

1988 100 30 400

1989 500 35 400

1990 400 30 300

1991 200 25 200

1992 50 20 200

1993 50 10 200

1994 50 15 200

1995 25 — 400

1996 25 — 400

1997 25 — 200

1998 10 — 350

1999 10 — 300

Shandong

Jiangsu

Anhui
Henan

ZhejiangHubei

Jiangxi

Shanqiu

Yongchen
Taihe

Linquan

Dongtai
Gaoyu

Haimen

FIGURE 10.3 (See color plate following page 398.) Chinese cornmint growing areas.
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10.2.4 INDIA

Cornmint was introduced in 1955 from Japan by the Regional Research Laboratory (RRL),

Jammu and Kashmir, with the assistance of UNESCO. Plantings were established in Jammu

and the Tarai region of Uttar Pradesh after initial clonal multiplication at RRL. Over the next

20 or 50 years, this clone of cornmint was indiscriminately multiplied and divided by local

farmers to a point at which there was a deterioration in oil yield and, more importantly,

menthol content (Clark, 1998). As a result, there was an effort to hybridize, develop, and

select new strains of cornmint that would yield more oil with a menthol content of about 70%

under rural farming conditions. This program, which was carried out in the government

supported RRLs and Central Institutes of Medicinal and Aromatic Plants, resulted in the

release of a number of new strains of cornmint, such as MAS-1, HY-77, and Shivalik 88. The

Shivalik strain became the most popular and from 1988 onward it has been widely grown as

the main cornmint cultivar (Nijjar, 1990). More recently, Saksham and Kushal (two new

cultivars) have been introduced on a limited basis (Vaze, 2004). It is expected that these high

oil-yielding cultivars will start to replace the Shivalik cultivar over the next few years.

TABLE 10.5
Production Statistics for Crude Cornmint Oil

and Menthol (Tonnes) in China (1977 to 1999)

Year Crude Oil Menthol

1977 1000 540

1978 1200 650

1979 2500 1400

1980 4000 2200

1981 5000 2700

1982 6000 3300

1983 6500 3500

1984 5000 2700

1985 8000 4300

1986 7500 4100

1987 6500 3500

1988 5000 2700

1989 4500 2400

1990 5000 2200

1991 5500 3000

1992 6500 3500

1993 5500 3000

1994 4000 2200

1995 4500 2400

1996 2500 1400

1997 4500 2400

1998 4000 2000

1999 3500 1800

2000 2800 1500

2001 2500 1400

2002 2600 1450

2003 2300 1300

2004 2300 1300
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Cornm int oil pr oduction in Ind ia is in the ha nds of smal l farmers. It is estimat ed that there

are more than 100,00 0 ha devoted to cornmi nt cultivat ion and oil producti on (Figur e 10.4).

The cu ltivation and oil producti on of corn mint result in the employ ment of more than

500,00 0 peop le dur ing the crop and oil produ ction cycle. The main areas of cornmi nt

prod uction are as follows:

1. Moradab ad dist rict (Uttar Pradesh) around towns of Sambha l, Amr oha, Chand ausi,

Bahjoi, and Moradabad

2. Bada un an d Bar eilly dist ricts (UP) arou nd the town s of Bada un, Bar eilly, Bisaul i, and

Gawar

3. Ram pur dist rict (UP) aroun d the tow ns of Rampu r, Bilaspu r, Sua r, Bazpu r, Tanda ,

Bhojp ur, and Sha habad

4. Baraban ki district (UP) aroun d the town s of Barabank i, Lucknow , Sitapur, and

Masaul i

5. Punjab stat e arou nd Ludhia na an d Jalandhar

6. Harya na state around Patiya la

7. Bihar state close to the UP border

It sho uld be noted that the amou nt of cornmi nt oil produced in Punjab and Harya na is quite

small in comparison with that obtained from Uttar Pradesh. From mid-1960 to 1970,

the production of cornmint grew from 2 to 46 metric tonnes. A summary of the production

of crude cornmi nt oil from 1970 to 199 9 can be seen in Table 10.6.

In the late 1960s, the first menthol freeze crystallization program began in India. Once this

first factory (Richardson Hindustan) showed that fine crystalline menthol could be success-

fully produced, numerous companies began their own crystallization factories. Some of these

factories were developed with the help of Chinese and Japanese technologies whereas others

developed their processes independent of outside assistance. As can be seen from Table 10.6,

India has become the largest producer of natural menthol over the last few years.
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FIGURE 10.4 (See color plate following page 398.) Indian cornmint growing areas.
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In 1977, additional quantities of cornmint oil and menthol were produced in Taiwan (200

to 300 tonnes oil, 300 tonnes menthol), Thailand (30 tonnes oil, 30 tonnes menthol), and

Argentina (100 tonnes oil, 40 tonnes menthol). Since then, Taiwan and Thailand have ceased

producing cornmint oil and menthol, whereas approximately the same production levels are

maintained in Argentina primarily to satisfy the internal menthol needs of L-menthol

and DMO.

TABLE 10.6
Production Statistics for Crude Cornmint Oil

and Menthol Production (Tonnes) in India (1970

to 1999)

Year Crude Oil Menthol

1970 46 25

1971 100 55

1972 191 105

1973 174 94

1974 190 105

1975 250 92

1976 250 135

1977 250 135

1978 200 100

1979 250 135

1980 265 145

1981 300 160

1982 350 190

1983 400 200

1984 780 420

1985 2,000 1,100

1986 1,800 1,000

1987 2,200 1,200

1988 2,500 1,400

1989 2,600 1,400

1990 2,800 1,500

1991 3,000 1,600

1992 3,500 1,900

1993 3,800 2,100

1994 3,500 1,900

1995 5,500 3,000

1996 6,200 3,400

1997 6,500 3,500

1998 14,000 7,300

1999 11,000 6,500

2000 11,000 6,500

2001 13,000 7,800

2002 13,000 7,800

2003 15,000 9,000

2004 12,000 7,200

2005 15,000 7,800*

*Estimate.
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Natural menthol is also produced in Hong Kong, Singapore, Taiwan, and Vietnam. In the

former three countries, it is produced from imported Indian cornmint oil. In Vietnam, the

establishment of a cornmint oil and menthol industry is currently in its infancy.

10.3 SYNTHETIC MENTHOL

10.3.1 HISTORICAL REVIEW

For more than 100 years, cornmint oil (Mentha canadensis oil) has been the main source of

(�)-menthol, though numerous ways of partial or total synthesis had been developed during

the course of the last century. In the past, until around 1970, synthetic (�)-menthol was

produced only on a smaller scale by partial syntheses when menthol prices were high, because

of shortfalls in the production of natural menthol. Preferred natural raw materials for these

semisynthetic processes were optically active terpenoids, such as (�)-menthone or dementho-

lized cornmint oil, respectively, and (�)-piperitone (ex Eucalyptus dives oil) and (þ)-citronel-

lal (ex citronella oil).

During the 1960s and 1970s, several multistep processes were developed, starting

from readily available optically active terpenes, e.g., (þ)-3-carene (ex Western U.S. or Indian

turpentine), (�)-a-phellandrene (ex turpentine or E. dives oil), (�)-b-pinene from Eastern

U.S. turpentine, and (þ)-limonene from orange oil. None of these processes was successful

in the long run, though the pinene and the carene route had been commercialized for some

years. The drawbacks of these processes will be explained later.

A breakthrough in the production of synthetic (�)-menthol was achieved only when two

manufacturers, Haarmann and Reimer (H&R) and Takasago International Co., made consid-

erable investments to produce this aroma chemical on a large scale, using different technologies.

Haarmann and Reimer, using the thymol production of Bayer AG (Voges, 1991) as the

starting material for (+)-menthol, applied the technique of enantioselective crystallization

(see later) to resolve racemic menthyl benzoate to its optical antipodes (Fleischer et al., 1971).

The first plant in Holzminden, Germany, went onstream in the year 1973, and the U.S. plant

in Bushy Park near Charleston, South Carolina, has been in operation since 1978. Today, the

overall capacity is 2000 metric tonnes a year.

Before 1984, Takasago used several of the already mentioned partial syntheses for

(�)-menthol production. We are not sure if the enantioselective hydrolysis of racemic men-

thol esters by means of microorganisms, as claimed by a Takasago patent (Hattori et al.,

1968), was also used on a commercial scale. Since 1984, Takasago has commercialized a

modern process for manufacturing (�)-menthol by catalytic asymmetric synthesis (Akuta-

gawa, 1992, 1999), converting myrcene to diethylgeranylamine, followed by the enantioselec-

tive isomerization to the enamine of (R)-(þ) citronellal. (þ)-Citronellal is a well-known raw

material for the production of (�)-menthol via (�)-isopulegol. The Takasago facility at

Iwata, Japan, has a capacity to manufacture about 2000 metric tonnes a year of (þ)- or

(�)-citronellal. Of this, 1500 tonnes was used for the production of (�)-menthol.

Thus, synthetic (�)-menthol production accounts for approximately 30% of the world

market of about 12,000 metric tonnes [recommended reviews: Bauer et al. (1997); Bedoukian

(1986); Hopp (1996); Leffingwell and Shackelford (1974); Traas (1982)].

10.3.2 THE STEREOISOMERS OF MENTHOL AND STEREOCHEMICAL CONFIGURATION

Owing to the three asymmetric carbon atoms in the molecule of p-menthan-3-ol, the

four possible geometric isomers, menthol, neomenthol, isomenthol, and neoisomenthol, are

existing as pairs of optical antipodes making a total of eight stereoisomers. The absolute
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config uration of ( � )-menthol was de termined as (1 R, 3R , 4S)-m enthol or, acco rding to

Chemical Abstracts nomenclature as [1R-(1a, 2b, 5a)]-5-methyl-2-(1-methylethyl)-cyclohexanol.

Two prefer red graphic al form ulas of ( � )-menthol are shown in Figu re 10.5. For mulas an d

( RS )-configur ations of all menthol isomers can be seen in Figure 10.6.
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FIGURE 10.5 Stereoformulas of (�)-menthol.
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10.3.3 S ENSORY PROPERTIES AND PHYSICAL DATA

The uniqu e sensory prop erties of ( �)-m enthol were confirmed by invest igating the flavor

profi les of the eight isom ers at a concen tration of 3 ppm in a 5% sugar solut ion (Ember ger

and Hop p, 1985). Eac h flavor attribut e was evaluated by a panel of seven flav orists using a

5-point scale (1 very low , 5 very high). In Tabl e 10.7 and Table 10.8 the flav or charact eristics,

scored higher than 1.0, and some physical constants of the (1R)- and (1S)-isomers, respect-

ively, are summarized. (1R)-Menthols occur in peppermint oils, though (þ)-neomenthol,

(þ)-isomenthol, and (þ)-neoisomenthol are only minor or trace components.

(�)-Menthol obtained top values for freshness and cooling effect, whereas (þ)-menthol

received moderate ratings for ‘‘fresh’’ and ‘‘cool’’ but also showed some unpleasant notes like

camphoraceous, musty, and bitter. The neomenthol isomers have no pronounced positive or

negative flavor characteristics, but the isomenthol and neoisomenthol enantiomers obtained

remarkably high scores of camphoraceous, musty, and earthy notes. Consequently, even

traces of undesirable isomers may reduce the quality of synthetic (�)-menthol.

10.3.4 PARTIAL SYNTHESES FROM OPTICALLY ACTIVE RAW MATERIALS

10.3.4.1 General Aspects

At first sight, it appears very promising to use optically active terpenoids as starting materials

for the production of (�)-menthol, as it is not necessary to introduce optical activity by a

resolution step or by asymmetric synthesis. However, the economy of such processes depends

highly on certain crucial factors:

1. Availability and price of the natural raw material

2. Its optical purity [see (þ)-citronellal and (�)-piperitone]

TABLE 10.7
Flavor Characteristics and Physical Constants of the (1R)-Menthol Isomers

B.P. (8C) M.P. (8C)

Isomer Flavor Characteristics* [a]D
20

(�)-Menthol Fresh 4.2, cool 4.3, minty 2.3, sweet 2.8 216.5

43

�508

(þ)-Neomenthol Fresh 1.8, cool 1.5, minty 1.5, earthy 1.2,

musty 2.0, sweet 2.3

211.7

�15

þ20.98

(þ)-Isomenthol Fresh 2.1, cool 1.6, minty 2.0, carrot 2.1, herbaceous

1.2, earthy 1.8, musty 3.0, camphor 1.2, woody 2.1, sweet 1.5

218.6

82 þ 258

(þ)-Neoisomenthol Carrot 1.4, herbaceous 1.4, earthy 2.8, musty 4.7,

camphor 3.0, woody 2.6

214.6

�8

þ2.08

*Scores higher than 1.0 in a 5-point scale: 1 very low, 5 very high. Mean values of seven scores given by a panel of

seven flavorists.
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3. Most impor tant, synthet ic steps of high regio- and ster eoselectiv ities to retain the

asymmetr y of the starting material an d to achieve a satisfa ctory overal l yiel d

As mention ed earlier, onl y a few of the process es, de veloped in the labo ratories, wer e

commer cialized or are used cu rrently.

10.3. 4.2 From Demen tholized Cornmi nt Oi l

Deme ntholize d mint oil (DMO) is rich in ( � )-menthol (30% to 40%) and other C3-o xygenat ed

p-menth anes, which are con vertible to ( �)-m enthol, such as (� )-mentho ne =( þ)-isome ntho ne

(20% to 40%) , (� )-men thyl a cetate (5% to 15%) , and some minor compo nents like ( þ)-

neomen thol, ( �)-iso pulegol , ( þ )-pulegon e, or (� )-piperi tone (see Figure 10.7) . Chi ral GC

analys is indicates that the optica l purity of the main constituent s is at least 99.5% (Werkho ff

et al., 1991).

A simple process to recover addition al ( � )-menthol from DMO , i.e., the sim ultane ous

reducti on of menthones an d saponif ication of menthyl acetate wi th sodium metal in ethanol

at roo m tempe ratur e, was de scribed by Chopra et al. (1972) . After crystall ization and

centrifugation, 30% ( � )-menthol was obtaine d. Alternat ively, menthy l acetat e is sapon ified

with aqueous caustic soda at a reflux temperatur e, foll owed by esterif ication with bor ic acid

and separat ion of the solid ester from menthone and terpene s by centrifugation. Hydrolysis of

the boric acid ester and crystallization yields 24% to 28% (�)-menthol.

The reduction of menthones with nascent hydrogen predominantly gives the equatorial

hydroxyl group, i.e., (�)-menthol from (�)-menthone and (þ)-isomenthol from (þ)-iso-

menthone, respectively, whereas the hydrogenation under mild conditions (e.g., with plat-

inum on charcoal) yields not only the axial hydroxyl group (neomenthol=neoisomenthol), but

also a considerable amount (20% to 40%) of the all-equatorial menthol (see Solodar, 1976).

TABLE 10.8
Flavor Char acterist ics and Physic al Cons tants of the (1 S)-M enthols 

B.P. (8C) M.P. ( 8 C)

Isomer Flavor Characteristics* [a]D
20

( þ)-Menthol Fresh 2.7, cool 2.4, minty 1.9, musty 1.3,

camphor 1.2, sweet 2.2, bitter 1.3 

216.5

43

þ508

( �)-Neomenthol Fresh 1.7, cool 1.3, minty 2.2, earthy 1.3,

musty 2.0, camphor 2.0, sweet 1.8

211.7

� 15

�20.98

( �)-Isomenthol Herbaceous 1.4, earthy 1.7, musty 3.4, sweet 1.6 218.6

82

�258

(�)-Neoisomenthol Fresh 1.7, cool 1.7, carrot 1.1, minty 2.8, hay 1.4,

earthy 3.3, musty 3.8, camphor 2.2, woody 2.0, sweet 3.3

214.6

�8

�2.08

*See Table 10.7 for score information.

Natural and Synthetic Menthol 385



Menthol and its isomers can be epimerized by means of sodium mentholate or hydrogen

and certain catalysts at higher temperatures (Yoshida et al., 1965). After reaction with 0.8

mole equivalents of sodium metal, (þ)-neomenthol or other isomers were heated at 1908C to

2108C for 12 h. According to GC analysis, the equilibrium mixture contained 8% to 9%

menthones, 67% to 68% menthol, 8% to �9% neomenthol, 15% isomenthol, and 1% neoi-

somenthol. No racemization occurred. Isomerization with copper chromite catalyst under

hydrogen pressure for 3.0 to 4.5 h at 1858C to 2008C yielded a mixture of 1% to 2%

menthones, 54% menthol, 30% neomenthol, 12% isomenthol, and 4% neoisomenthol, which

is remarkably different from the composition described earlier. Partial racemization may

occur, especially at higher temperatures or with Raney nickel as catalyst.

Liquid menthols, obtained from the mother liquors of menthol crystallization, can be

fractionated through high-efficiency distillation to separate (�)-menthol from its isomers.

The isomers are epimerized and then fractionated again, thus increasing the overall yield of

(�)-menthol from DMO considerably.

10.3.4.3 From (1)-Citronellal

(þ)-Citronellal is a major constituent of Java citronella oil (up to 45%) and has been used as

starting material for the production of (�)-menthol when the supply of natural menthol or

DMO was short. A drawback is its low optical purity of approximately 80%. Consequently,

cyclization to isopulegol gives a mixture of optically active and 20% racemic isopulegols.

Furthermore, the isomeric composition is highly dependent on the catalyst used for cycliza-

tion. Selectivity to isopulegol is 62% with silica and 98% with calcined zinc bromide, respect-

ively (Akutagawa, 1999).

Route A 
NaOH

Route B 

Saponification

Menthone reduction

(–)-Menthol
crystallization

Boric acid ester

Hydrolysis

Mother liquor

Menthone reduction

H2 + cat.

Na + EtOH

Ester

Epimerization

Menthol
isomers

Centrifugation

By-products
(terpenes, etc.)

Distillation

(–)-Menthol
fraction

(–)-Menthol

Dementholized mint oil: 

(−)-Menthol + (−)-menthyl acetate + (−)-menthone and (+)-isomenthone + terpenes and minor components

H3BO3

Menthone +
terpenes

Na + EtOH H+

FIGURE 10.7 (�)-Menthol from dementholized mint oil.
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If the isom eric isopulego l mixture is hydro genated to the co rrespondi ng mixt ure of men-

thols , (� )-men thol can only be separated via crystall ine deriva tives, such as menthy l be nzoate

or chloroace tate. A be tter way is to isolate (� )-isop ulegol by low -temperat ure cryst allizat ion

of the isopul egol mixture at � 50 8 C to  � 78 8C (see Sully and William s, 1963). Hydroge nation

gives pur e ( � )-menthol (see Figure 10.7).

Synthetic (þ)-citronellal obtained from (�)-b-pinene via (�)-cis-pinane and (�)-

citronellene was used by Glidden Organic Chemicals, Jacksonville, U.S., for (�)-menthol

production in the 1970s (see Leffingwell and Shackelford, 1974; Dev, 1978). The Takasago

process via (þ)-citronellal starts from myrcene (see later).

10.3.4.4 From (1)-Pulegone

(þ)-Pulegone from pennyroyal oil (80%) can be hydrogenated to (�)-menthone or

(þ)-isomenthone, followed by reduction with nascent hydrogen to give predominantly

(�)-menthol (see Figure 10.8). This process had been used on a smaller scale in Spain, but

recent prices are prohibitive for commercial production.

10.3.4.5 From (2)-Piperitone

Eucalyptus dives oil contains 40% to 45% (�)-piperitone, which is usually partially racemized,

due to the unstable asymmetric C-4 carbon adjacent to the carbonyl group. Moreover, the

H2

Ni cat

Lewis cat H2

Ni cat

1. Esterification
2. Cryst.

H2

Pd cat
+

Cryst.
(−508C to −788C)

CHO

(+)-Citronellal
(ca. 80% ee)

O

(−)-Piperitone

O

(+)-Pulegone

OH

Isopulegol
mixture

OH

(−)-Isopulegol

OH

(−)-Menthol

OH

Menthol
mixture

O R

O

+

Isomers + racemate

Saponification

“Liquid menthol”

O

(−)-Menthone,
(+)-isomenthone

OH

(−)-Menthol

OH

Isomers

Saponification

H2
Ni cat

1. [H]
2. Distill.
3. Cryst.

O R

O

(−)-Menthyl ester

1. Epimerization
2. Distillation
3. Cryst.

FIGURE 10.8 Semisynthetic menthol processes: the ‘‘classical’’ ways.
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hyd rogenat ion to either ( þ)-isome ntho ne or an isom eric mixture of menthol s is not com-

plete ly chiros pecif ic with respect to the ne wly formed chiral cen ter at C-1. (þ )-Me nthone,

whi ch is formed in additi on to ( þ )-isome nthone, might be separat ed by rectifi cation. Epi mer-

izat ion of ( þ)-i somenth one and reducti on with sodium metal in aqu eous trimet hyl amine

gives 80% ( � )-menthol (see Okuda et al., 197 3). Bec ause of the racem ic portio n alrea dy

present in the starting mate rial, pure (� )-mentho l can be obtaine d onl y via a cryst alline

ester , e.g., the chloroace tate (see Figure 1 0.8). Up to 50 metr ic tonnes a year had be en

produced by Keith Harris & Co. in Australia using this method.

10.3.4.6 From Optically Active Terpenes

A method of production from (�)-b-pinene to (þ)-citronellal has already been mentioned

earlier. Processes starting from (þ)-limonene or (�)-a-phellandrene have not been used

commercially owing to low overall yield and difficult isomer separation (Leffingwell

and Shackelford, 1974).

10.3.5 MALTI-CHEM RESEARCH CENTRE PROCESS

At Malti-Chem Research Centre (MRC) in India, a multistep process to produce (�)-menthol

(see Figure 10.9) was developed based on (þ)-d-3-carene, the main constituent (55% to 65%)

of Indian turpentine from Pinus roxburghii (Dev, 1978). In 1982, a plant for producing

Base
90% y 95% y

Δ
+

90% y

Na/Al2O3

92% 8%

(+)-3-Carene (+)-2-Carene (+)-trans-Isolimonene (+)-Isoterpinolene

HO O
O

1. Hydrogenation
+ equilibration

2. Distillation

3. Crystallization

H3O+

70% y
Peracid
90% y

H2/Cat
53% y

58% (−)-Menthol (−)-Menthone/
(+)-isomenthone (7:3)

3,4-Epoxy-

p -menthane
(+)-3-p-Menthene

HO

+

42% Isomers

Recycled

FIGURE 10.9 (�)-Menthol from (þ)-3-carene: The MRC process.
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200 metric tonnes a year was completed at Camp hor & Allied, India. The real capacit y was

probab ly low er and the process was not used for many years.

Base catal yzed isom eriza tion of ( þ )-d-3-c arene provides ( þ)- d-2-carene, whi ch is pyrolyz ed

to (þ )-trans -isolim onene, followe d by isomeriza tion to ( þ )-isote rpinolen e wi th a strong base

(sodi um on alumina). This step was recogni zed as the source of pa rtial racem ization of about

10% (Mis ra et al., 1988). The mixt ure of 92% ( þ )-isote rpinolen e an d 8% p-mentha -3,9-die ne is

hydroge nated to p-ment h-3-en e (only 53% y ield). Approxi mately 20 % of p-ment h-4(8)-e ne

is separat ed by fractionat ion an d the remaining 65:35 mixture of p-menth -3-ene and p-ment h-

2-ene is epoxidi zed prefer entially to the requir ed 3,4-ep oxy-p -menthane. Rear rangem ent to

( �)-m enthone or ( þ )-isome nthone and hy drogenat ion yield s the eq uilibrium mixture of

isom eric menthol s, from whi ch ( �)-m enthol of approxim ately 90% optica l purit y is separat ed

by high -efficiency distillatio n (Sulze r columns of totally 130 theoret ical plates) and then

purif ied by cryst allization .

Recyc ling of mother liquor and fract ions of menthol isomers to epime rization and recti fi-

catio n yiel ds ad ditional (� )-men thol, althoug h the increa sed co ntent of racem ic menthol s in

the recycled mate rial may require deriva tization, e.g., to the monoch loroace tate, to separat e

pure ( �)-m enthol (Soman an d Dev, 1979).

10.3.6 HAARMANN AND R EIMER PROCESS

In the mid-1960s, the industry anticipated a possible shortage of natural menthol because of

decreasing crops of Mentha canadensis in Brazil in the next decade. Haarmann and Reimer

(H&R) then decided to develop a completely synthetic process in cooperation with Bayer AG,

Leverku sen, based on m -cres ol (Figur e 10.10 an d Fi gure 10.11) .

m-Cresol
+propene

Thymol
distillate

Thymol
crystallization

Distillation

Isomers

Distillation

Hydrogenating

Hydrogen

Isomerization

Esterification

Racemic menthol

Racemization
1-Menthol
distillate

Transesterification

Final
distillation

Separation
crystallization

Vacuum
crystallization

Final
crystallization

Compaction
D-Menthol

Packing
1-menthol H&R

FIGURE 10.10 Flow scheme of the Haarmann and Reimer menthol process.
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10.3.6.1 Thymol and (+)-Menthol

Propylation to thymol and subsequent hydrogenation to a mixture of menthol isomers are

well-known processes. Addition of propylene to m-cresol is performed continuously by

pumping the liquid reactants at 3508C to 3658C through a pressure tube filled with activated

alumina. After rectification, thymol of 99.5% purity is obtained; undesired alkylates are

recycled. A gas phase process using medium-pore-sized zeolites allows lower reaction tem-

peratures of 2308C to 2708C (Voges, 1991).

Thymol is hydrogenated continuously in a high-pressure tube at 1658C to 1808C and

200 to 300 bar, using a fixed-bed catalyst based on mainly cobalt and manganese

oxide (Biedermann, 1973; Darsow and Petruck, 1996) to give an equilibrium mixture of

approximately 59% (þ)-menthol, 28% (þ)-neomenthol, 12% (þ)-isomenthol, and 1% (þ)-

neoisomenthol. This mixture passes through a system of two distillation columns. In the first

column, the low boiling isomers, neomenthol and neoisomenthol, are taken overhead. The

OH OH

+
activ.
Al2O3

m-Cresol
Thymol

OH

3H2

Distillation
Neomenthol
Isomenthol
Neoisomenthol

Recycling
(epimerization)

rac. Menthol

+Methyl benzoate
−MeOH

rac. Menthyl benzoate

Separation of enantiomers

(−)-Menthyl benzoate (+)-Menthyl benzoate

OH HO

+MeOH
−Methyl benzoate

Recycling
(racemization)

(−)-Menthol (+)-Menthol

FIGURE 10.11 Total synthesis of (�)-menthol from m-cresol: The Haarmann and Reimer process.
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bottom s are separat ed in the secon d column, in whi ch ( þ)-m enthol of at least 99% pur ity is

taken overhead. The other isom ers are recycled to hydrogen ation or isom erization.

10.3. 6.2 Separation of ( 1)- and (2 )-Men thols

( þ)-Me nthol is transeste rified with methy l benzoate to menthy l benzoate, which is purif ied by

vacuum cryst allizat ion. The crucia l step of the H&R process is the enanti oselective (or direct)

crystall ization of (� )- or ( þ)-m enthyl be nzoate, whi ch is carried out in two separat e v essels

(one for the ( þ)-iso mer, the other for the (� )-isome r) by seeding a supersa turated solution of

( þ)-m enthyl benz oate with crystals of the ( � )- or ( þ )-antipode, respectivel y. Temp erature has

to be caref ully control led to stay below 0.01 8C to avoid spo ntaneous crystallizat ion of the

unde sired antipode . The crystallizer s have a specia l form (see Fi gure 10.12) to allow the

form ation of larger crystals in the cyli ndric lower pa rt (1) and sedimen tation of smal l crystals

from the conical uppe r part (2) to the crystall ization z one (Bau mgard et al., 1997). The crystal

suspensi on is continuou sly dischar ged from the low er pa rt (3) and centrifuged. A clear

solut ion, which ha s a sligh tly low er concentra tion of the optica l antipode reco vered at the

bottom , is pum ped overhead (4) to the secon d crystallizer for isol ation of the other antipode ,

and from there to the stora ge vessel to be satur ated again.

( + )-Men thol cann ot be resol ved as such by this pro cedure, be cause it crystall izes as a

racem ic compoun d con taining ( þ )- an d ( �)-m enthols 1:1 in every cryst al, wher eas cryst alline

(+)-menthol benzoate is a conglomerate of crystals of the pure (þ)- and (�)-enantiomers,

respectively, a prerequisite for optical resolution by direct crystallization.

2

4

1

3

FIGURE 10.12 Crystallizer for the separation of ( �)-or ( þ )-menthyl benzoate (Figure 5 in EP 909–205).
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Methanolysis of the centrifuged antipodes yields (�)-menthol, (þ)-menthol, and methyl

benzoate. The latter is recycled to esterification. (þ)-Menthol is distilled and recycled to the

racemizer. After distillation and final crystallization, (�)-menthol is pelletized and packed

into 20-kg (Germany) or 25-kg (U.S.) cardboard boxes. The overall yield in this process with

reference to thymol is more than 90%.

10.3.7 THE TAKASAGO PROCESS

In the 1970s, the first synthesis of BINAP (see later) and the discovery of lithium catalyzed

addition of diethylamine to myrcene opened the way to enantiopure (þ)-citronellal via

an asymmetric isomerization of N,N-diethylgeranylamine (DGA) to the corresponding (þ)-

citronellal enamine by means of a rhodium–BINAP catalyst (Akutagawa, 1992, 1999) (see

Figure 10.13).

10.3.7.1 N,N-Diethylgeranylamine

This intermediate is formed in a highly chemo- and regioselective manner on laboratory

scale (98%). Under drastic industrial conditions (high temperature, low catalyst ratio), the

regioselectivity drops to 92%. Nevertheless, the sensitive homogeneous catalyst requires an

extremely pure substrate to achieve a high TON (‘‘turnover number’’¼moles of enamine

produced by one mole of catalyst). Catalyst poisons and isomers, which reduce the optical

purity (e.g., N,N-diethylnerylamine), have to be removed. Treatment with vitride, a toluene

solution of NaAlH2(OCH2CH2OCH3)2, and distillation through a column of 80 theoretical

plates yields DGA of 99.98% purity.

10.3.7.2 Enantioselective Isomerization

The process is carried out batchwise in a 15-m3 reactor, which is charged with 7 metric tonnes

of DGA, 6.7 kg of catalyst (a molar ratio of 1:8000), and 3 m3 of THF. Within 18 h at 1008C

isomerization is completed, yielding 99% of the enamine with 98.5% optical purity

(ee=enantiomeric excess).

NEt2

CHO
OH OH

(S )-BINAP–Rh+

complex
99% y NEt2

Myrcene Geranyldiethylamine
(approx. 90%)

(+)-Citronellal enamine
(98.5% ee)

1. ZnBr2

2. Cryst.
    (−508C)
ca. 90% y

H2

Ni cat

H+/H2O

100% y

Citronellal (−)-Isopulegol
100% ee

(−)-Menthol

Li +
HNEt2
92% y

FIGURE 10.13 The Takasago process.
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From the distillation residue the catalyst is precipitated and recovered (98%) by the

addition of n-heptane. This corresponds to a total TON of 400,000, which is a result of

extensive process development.

The discovery of the thermally stable rhodium bis–BINAP complex made possible a repeated

use of the catalyst. Industrially, a Tol–BINAP complex is used instead of the prototype

BINAP (see Figure 10.14). The (S)–Tol–BINAP complex converts DGA to the enamine of

(þ)-citronellal, whereas the (R)-enantiomer is used to produce (�)-citronellal, an intermediate

for the valuable fragrance chemicals (�)-citronellal and (�)-7-hydroxycitronellal.

10.3.7.3 Enamine to Menthol

The enamine is hydrolyzed to (þ)-citronellal (98.5% ee) quantitatively and converted to

(�)-menthol as described earlier (citronellal). However, synthetic (þ)-citronellal has the

advantage of high optical purity compared with natural citronellal. Furthermore, the stereo-

selectivity of the cyclization reaction to isopulegol has been improved to 98% in the course of

process development, by using zinc bromide, calcined at 1608C, as the catalyst.

Low-temperature crystallization at �508C in n-heptane yields approximately 90% of

(�)-isopulegol, which is simply hydrogenated to pure (�)-menthol.

10.3.8 COOLING COMPOUNDS

10.3.8.1 Mechanisms of Cooling Effect

(�)-Menthol is widely used because of its unique cooling and stimulating effect. However, for

some applications, its burning and tingling sensation as well as the strong mint flavor are

undesirable. Furthermore, there is a strong demand for substances that possess a longer-

lasting cooling effect.

It is a fact that menthol does not really cool the skin, as volatile substances do through

evaporation, but it is able to convey a sensation of coolness on contact with the skin. Recent

studies on the sensory transducer mechanism of cold receptors have demonstrated that

menthol activates cold receptors by interfering with the calcium channels of the neuronal

sensory membranes. For a detailed review and its pharmacological effects and toxicology, see

Eccles (1994).

Before a cooling substance can interact with the cold receptors, it has to penetrate the

protective outer skin layer (stratum corneum) to diffuse through the skin. Such factors as

molecular structure, formulation, or solvent in which the compound is applied, and the

properties of the body surface to be penetrated are critical for the transportation. Extremely

sensitive areas are eyes, tongue, and the buccal cavity.

P

PP

P
Rh
+

Tol2 Tol2

Tol2Tol2

ClO4
−

FIGURE 10.14 Rhodium (S)–Tol–BINAP complex, the key catalyst in the Takasago process.
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10.3. 8.2 Molec ular Require ment s for Cooling Activit y

It has be en establ ished that four impor tant criteri a must be satisfied for a molec ule to pos sess

effe ctive cooling activity (Wat son et al., 1978).

1. Hydrogen bonding: A hydrogen bonding func tion, i.e., a nitrogen or oxygen atom

capable of acting as a hydrogen bond accept or, is essential f or cooling action. Ther e is

no indication that a s econd hydrogen bond acceptor enhanc es the cooling effect.

2. Hydrocarbon skeleton: It is assum ed that the functional g roup takes part in hydro-

gen bonding at a r eceptor s ite and that a c ompact hydrophobi c region of the

molecul e near the site of hydrog en bo nding is the key to fit the molecule into

the receptor. That stereochemistry plays a crucial part in this lock-and-ke y rela-

tionship is e vident, since of the e ight menthol isomers only ( �)-menthol has a

strong cooling e ffect.

3. Hydroph ilic–hydroph obic ba lance: A co rrect hydroph ilic–hydroph obic ba lance is

impor tant in stimula nt–rec eptor interacti ons and is also one of the fact ors that deter-

mine the trans port rate of compo unds through biologi cal membr anes, especially the

skin. The most co mmon measur e is the Hansch log P value, wher e P is the partiti on

coeff icient of the compoun d betw een n-octa nol an d water. Strong cooling compo unds

have log P values of 1.5 to 4.0; the log P va lue of menthol is 3.1.

4. Molecul ar weig ht: Subs tances that meet the previous criteri a of potenti al cooling com-

pounds should have a molecular weight in the relatively flexible range of 150 to 350.

5. Most of the cooling agents that have been commercialized are derived from (�)-

menthol; only one, WS 23, is an aliphatic compound (see Figure 10.15 and

Table 10.9).
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FIGURE 10.15 Structural formulas of commercialized cooling compounds.
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10.3. 8.3 Desirab le Propert ies of Cooling Compo unds

Apart from a strong co oling effe ct an d a degree of flav or potentia tion, cooling compou nds

should produce no notice able sensat ions. A longer-las ting cooling effect, compared with

menthol , is advantag eous for a high-qua lity product. Any odor or taste, e.g., bitt er, as well

as bur ning or stin ging sensat ions, is ne gative. Cool ing agents have to be readil y so luble in

common organic solvent s, but their solubi lity in water is very lim ited, owi ng to the requir ed

log P value. Liqu id prod ucts are preferred bec ause of easie r han dling.

Some menthol deriva tives with a free hyd roxyl grou p satisfy these criteri a. The struc tures of

commer cialized coo ling agen ts are shown in Figure 10.15; trade na mes, supp liers, an d other

infor mation are summa rized in Table 10.9.
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11.1 INTRODUCTION

For an essent ial oil to be genu ine it must be isolated from a whole plant (fresh or dry), or a

plant part of known taxonom ic origi n by phy sical mean s only. Altho ugh the physica l

methods used to isolate oils are distillati on (steam, steam and water, an d water) or exp ression,

the almost exclus ive method for mint oil isolati on is steam dist illation .

There are severa l reasons why an essential oil does not have a co nsistent chemi cal com-

posit ion e ven though the taxonom ic origi n of the plant from whi ch the oil was isol ated is

known:

1. Genet ic: clone, hyb rid, cultivar, or popul ation-speci fic taxon varia tion

2. Ontog enetic: variation in the matur ity stage of the plan t harvest ed for oil isol ation

3. Extrin sic: effect of climate, soil , season , tim e of ha rvest, disease or insect damage,

geographi cal or igin, etc.

4. Infraspecif ic: varia tion in the chemot ype of plants harvest ed (wild plants and also some

seed-so wn plants )

5. Endoge nous: within-p lant varia tion, which can be a ffected by how mu ch of the plant

was harvest ed

6. Processi ng: varia tion in the method of oil isol ation

7. Exogenous: addition of components either before distillation or directly into the oil

As the commercially important mints are clonally reproduced, there should be no genetic

effects on oil yield and composition unless different cultivars are used to yield the same oil. An

example of the effect of the cultivar of cornmint on the composition of selected constituents

(Kum ar et al., 2 000) can be seen in Tabl e 11 .1.
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Ther e should not be an y infraspeci fic effe cts on oil compo sition because there will not be

any chemot ypic varia tion in clonal ly reproduced plants . Also, there shou ld not be any

end ogenous effects be cause an y wi thin-plant varia tion of clonal ly reprodu ced plan ts will be

average d out under normal dist illation cond itions of plants ha rvested at their optim um

develop ment stage . There will, howeve r, be ontogen etic effe cts as the oil pro duced from

mint s like other herba ceous plants is affe cted by the developm ent stage of the plant. Two

exampl es of this can be seen in Tabl e 11.2 and Tabl e 1 1.3. In Table 11.2, a compari son

betw een peppermi nt oils produced at different gro wth stages in Indiana was present ed

(Murr ay et al., 1988 ). As can be seen, there are wide varia tions in the content s of menthone,

menthyl acetate, menthol, menthofuran, and isomenthone. A second example of the effect of

TABLE 11.1
Comparative Percentage Composition of Selected Main Constituents of Six Indian

Cornmint Cultivars

Compound MAS-1 Kalka Shivalik Gomti Himalaya Kosi

Limonene 1.4 2.1 1.1 0.9 1.8 1.2

3-Octanol 0.7 0.6 0.6 1.1 0.9 0.4

Menthone 3.6 3.2 7.4 12.8 0.5 3.4

Isomenthone 1.4 2.0 4.3 3.4 3.1 3.1

Menthyl acetate 0.5 0.8 1.7 3.0 1.0 4.5

Neomenthol 2.6 2.4 1.9 1.8 1.9 1.9

Menthol 85.6 80.7 75.3 71.3 73.3 78.7

Isomenthol 0.4 0.3 0.3 0.4 0.4 0.4

TABLE 11.2
Comparison between the Oils Produced from Different Development Stages of Peppermint

Grown in Indiana

Compound

Percentage Composition

1 2 3 4 5 6

a-Pinene 0.4 0.7–0.8 0.5–0.8 0.6 0.2–0.9 0.1–0.5

b-Pinene 1.0 1.8–2.2 1.4–2.3 1.8 1.0–2.0 0.3–1.0

Limonene 1.6 1.3–2.0 1.6–1.9 2.2 1.5–2.4 0.6–2.0

1,8-Cineole 3.5 6.1–6.9 5.4–7.6 5.9 4.7–6.1 1.9–4.0

Menthone 30.6 16.3–37.2 14.0–20.8 21.8 13.0–15.1 3.3–6.1

Menthofuran 2.0 1.9–2.0 2.1–2.6 7.7 3.4–7.6 5.4–7.0

Isomenthone 3.7 3.5–4.1 3.5–4.3 3.6 2.1–3.5 0.7–1.4

Menthyl acetate 4.7 3.9–13.1 6.5–10.9 3.4 5.6–12.1 18.8–27.8

Neomenthol 4.2 4.1–5.5 4.7–5.3 3.7 4.2–4.5 4.8–5.0

Menthol 40.7 30.3–39.3 36.8–43.1 36.8 43.4–48.2 47.4–49.0

Pulegone 0.6 0.7–1.0 0.6–1.4 2.8 0.7–1.3 1.3–1.9

Piperitone 0.8 0.5–0.8 0.6–0.7 0.6 0.3–0.5 0.2–0.5

Development stages of Mitcham peppermint grown in Indiana: 1, juvenile plants (5 cm); 2, immature plants; 3, just

before flowering (normal harvest time for oil production); 4, flowering stage; 5, post-flowering plants; 6, senescent

plants.
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development stage can be seen in Table 11.3, in which the percentage composition of selected

constituents of the Kosi cultivar of cornmint can be found. In this example, wide variations

can be seen in the menthone, menthyl acetate, and menthol contents (Kumar et al. 2000).

The magnitude of an ontogenetic effect can be quite dramatic as has been demonstrated in

the examples; however, it must be realized that this developmental effect is influenced by

extrinsic conditions, and it is more pronounced in temperate and subtropical zones, typical of

regions in which the mints are grown. The effects of extrinsic conditions such as climate, water

availability, sunlight, day length, pressure, nutrient availability, diurnal fluctuation, soil type,

disease incidence, and insect damage are the main extrinsic factors that can have an effect

on the composition of an oil. An example of the effect of extrinsic conditions on the

composition of peppermint oil produced in the Midwest (United States) over three different

seasons can be seen in Table 11.4. Even though these oils were produced in a specific region of

TABLE 11.3
Comparative Percentage Composition of Selected Constituents of the Oil of the Kosi

Cultivar of Cornmint Sampled at Different Development Stages

Compound

Development Stages

1 2 3 4 5 6 7

Limonene 1.2 1.5 1.7 1.2 1.2 3.6 2.2

3-Octanol 0.5 0.4 0.9 0.4 0.4 0.2 0.5

Menthone 0.8 1.1 10.1 3.4 3.4 7.0 8.2

Isomenthone 0.8 0.7 3.0 3.1 3.2 3.6 4.1

Menthyl acetate 27.4 21.6 1.6 4.5 4.4 3.2 1.2

Neomenthol 4.0 2.2 1.9 1.9 1.9 2.3 2.1

Menthol 59.8 62.8 72.7 78.7 76.8 69.6 76.5

Isomenthol 0.4 0.5 0.3 0.4 0.4 0.4 0.2

1, Oil of whole plants from previous season harvested at early sucker production time; 2, oil of whole plants from

previous season harvested at late sucker production time; 3, oil of main crop from early harvest time; 4, oil of main

crop from normal harvest time; 5, oil of main crop from late harvest time; 6, oil from second cutting (ratoon crop)

early harvest time; 7, oil from second cutting (ratoon crop) late harvest time.

TABLE 11.4
Comparison Percentage Composition of Selected Components in Midwest

Peppermint Oil over Three Different Seasons

Compound

Season
Three Season

Range1988 1993 1997

Limonene 1.4–1.7 1.4–1.7 1.0–2.6 1.0–2.6

1,8-Cineole 5.6–6.7 5.6–6.2 3.6–6.7 3.6–6.7

Menthone 18.1–29.1 24.5–29.9 13.2–34.6 13.2–34.6

Menthofuran 0.8–5.3 1.6–3.0 0.2–2.9 0.2–5.3

Isomenthone 3.0–4.3 3.8–4.3 2.0–4.6 2.0–4.6

Menthyl acetate 2.0–5.9 2.9–3.6 1.9–8.8 1.9–8.8

Menthol 33.1–41.1 33.2–37.5 34.1–54.4 33.1–54.4

Germacrene D 2.1–3.5 3.2–2.6 0.9–2.1 0.9–3.5

Piperitone 0.5–0.6 0.5–0.6 0.3–0.7 0.3–0.7
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the United States, not only is a between-season difference evident, but there is also a variation

in composition within a single season.

The fact that most mint oils are produced by steam distillation means, assuming that the

plants are harvested at an optimum time, then other than the moisture content of the plants,

the amount and dryness of the steam, and the length of distillation, processing effects are kept

to a minimum. As a result, the uncontrollable or partially controllable conditions discussed

earlier can have an understandable effect on the composition of mint oils.

If clonally reproduced plants are harvested at the same ontogenetic (development) stage

from different regions of the country, oils produced from them will differ chemically because

of the extrinsic factors that they have experienced during their life cycle. Such is the situation

with peppermint oil produced in the United States.

11.2 PEPPERMINT OIL DIFFERENTIATION

Lawrence et al. (1989) showed that peppermint oil, which was produced from clonally

reproduced plants that were grown in different regions of the United States, could be readily

differentiated based on their area of cultivation and oil production. The areas of commercial

production of these oils were the Midwest, Idaho, Yakima-Kennewick Valley in Washington,

and the Madras and Willamette Valleys of Oregon. It was proved that geographical location

and microenvironment were influential factors, which affect, albeit slightly, the composition

of oils produced in each region. Examination of the data obtained from numerous analyses of

oils produced from the same clonally reproduced peppermint grown in different locations in

the United States reveals a lot of similarity (Table 11.5).

If maximum and minimum amounts of each major constituent found in the oils are

tabulated, it is difficult, if not impossible, to be able to use this data to differentiate between

the oils (Table 11.5). As a result, to differentiate between the oils, the choices are to use

sophisticated statistical computer-driven programs to analyze the data such as principal

component analysis, cluster analysis, etc., or to use a pattern recognition technique. Because

the concept of pattern recognition is easier to use, less costly, and easier to comprehend, the

latter was originally chosen to analyze the data and generate a ‘‘pattern’’ that could be used to

readily differentiate between peppermint oils grown in different regions of the United States.

As a result, the concept of component ratios, which was originally conceived by Smith and

Levi (1961), was used to prove differences between the oils. To simplify the component ratio

TABLE 11.5
Comparative Composition (%) of Selected Components in Various Commercial U.S.

Peppermint Oils Produced in 1988

Midwest Willamette Madras Yakima Idaho

Limonene 1.42–1.74 1.27–1.48 1.58–1.82 1.52–1.84 1.71–1.96

1,8-Cineole 5.57–6.16 4.93–5.47 4.52–5.27 4.73–5.65 5.08–5.77

Menthone 24.47–29.92 17.75–23.34 13.94–22.64 11.19–19.46 14.77–25.32

Menthofuran 1.55–2.97 1.38–2.01 1.13–2.32 4.29–6.71 1.65–3.59

Isomenthone 3.79–4.31 2.81–3.13 2.03–3.11 2.05–3.08 2.41–3.52

Menthyl acetate 2.91–3.58 4.31–5.68 3.73–7.49 5.25–8.39 2.77–6.36

Menthol 33.16–37.52 41.27–45.39 40.61–47.44 40.27–44.37 38.06–46.59

Germacrene D 2.28–2.61 1.96–2.41 1.89–2.58 0.74–2.85 2.09–2.72

Piperitone 0.45–0.59 0.62–0.68 0.52–0.65 0.49–0.52 0.55–0.61
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data obtained from ca. 50 samples of oil from each growing region, the selected component

ratios were presented as polygonal representations. Such a presentation of data can be

thought of as a pictorial pattern recognition of the oils produced in each region.

The criteria for the choice of components to be used in ratio form to plot as a polygon for a

pattern recognition method of differentiation between oils produced from the same plant

grown in different regions were as follows:

1. Components must be easily chromatographically separated to allow clean quantitative

determination.

2. Quantitative amounts of components chosen must show some minor differences.

3. Some of the components selected must also be available from either synthetic sources or

other natural sources, because they could be ideal candidates as adulterants.

4. The major components of peppermint oil must be included in the choice of the ones used

for component ratio determinations.

5. A minimum of six components must be chosen.

6. Because circular graphical representation was chosen to present the component ratio

data, the ratios in each oil analyzed must be plotted separately.

The original components chosen for differentiation of peppermint oils were limonene, 1,8-

cineole, menthone, menthofuran, menthyl acetate, and menthol. These components met all

the criteria listed earlier.

The component ratios selected to differentiate between the oils were as follows:

1. 1,8-Cineole=limonene

2. 1,8-Cineole=menthofuran� 1=2
3. 1,8-Cineole=menthyl acetate

4. 1,8-Cineole=menthol� 50

5. 1,8-Cineole=menthone� 25

6. Menthofuran=menthone� 100=6
7. Menthofuran=menthol� 50

8. Menthofuran=menthyl acetate

9. Menthofuran=limonene

10. Menthone=menthyl acetate� 1=2
11. Menthol=menthone

12. Menthol=menthyl acetate� 1=2

Many of these ratios have multipliers that were used to ensure that the polygons formed

would fit the scale of the circular graphical presentation of data. What this means is that only

oils produced in a specific region will have their composition ratio data fit within the polygon.

Oils whose component ratio data do not fit within the polygon cannot be a pure oil produced

in that specific region. Although the polygonal representation could be used to differentiate

peppermint oils produced in 1988 by origin, it was decided to expand the technique to include

oils produced in Canada and India.

After a second look at the component ratios, it was decided to change the multipliers once

the data were calculated for peppermint oil produced in Alberta (Canada) and oil produced in

the various regions in India because they would not fit the scale used in the previous study. As

a result, in addition to the six previously chosen components for ratio determinations, three

other compounds such as isomenthone, piperitone, and germacrene D were added to the list

of compounds, the quantitative data of which were determined (Lawrence, 1999).
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The full list of compon ent ratios used to exami ne pep permin t oils irrespecti ve of or igin were

as follows :

1. 1,8-Ci neole =limone ne

2. 1,8-Ci neole =menthof uran

3. 1,8-Ci neole =menthy l acetat e � 2

4. 1,8-Ci neole =menthol � 50

5. 1,8-Ci neole =menthone � 25

6. Mentho furan =menthone � 100 =6
7. Mentho furan =menthol � 50

8. Mentho furan =menthy l acetat e � 5

9. Mentho furan =limonene � 2

10. Mentho ne =menthy l acetat e � 2=3
11. Mentho ne =isomen thone

12. Mentho ne =menthol � 5

13. Mentho ne =piperiton e � 1=10

14. Mentho ne =germa crene D � 6=25

15. Isome nthone =menthy l acetate � 2

16. Isome nthone =piperi tone � 2=5
17. Menthyl acetate =piperi tone � 1=2
18. Menthyl acetate =germa crene D � 2

19. Mentho l=menthy l acetate � 1=2
20. Mentho l=piperi tone � 1= 15

21. Mentho l=germa crene D � 6=25

22. Piperi tone =germa crene D � 10

23. 1,8-Ci neole =piperiton e � 1=2
24. 1,8-Ci neole =isomen thone � 2

25. 1,8-Ci neole =germa crene D � 2=3
26. Mentho furan =piperitone � 1=2
27. Mentho furan =isomentho ne � 2

28. Mentho furan =germacren e D

Befo re exami ning the effect of blend ing eithe r Indian or Canadian pep permint oil with oils

prod uced in different regions of the Unit ed State s, it is pe rtinent to note the co mposi tional

range of the selec ted con stituent s (Tab le 11.6). Using the data summ arize d in Table 11.6, the

compo nent ratios for both pep permint oils were determ ined as sho wn in Table 11.7.

Peppermint oil of specific regions is often blended with (a) oils of other regions, (b) oils

from other countries, particularly Indian, and (c) dementholized cornmint oil (DMO) of

Indian or Chinese origin.

11.3 SPEARMINT OIL DIFFERENTIATION

To further demonstrate the use of this technique of component ratios to differentiate between

other oils produced in the United States from different regions, differentiation between

Native and Scotch spearmint oils, which are also produced in the Midwest and the Far

west, was examined. It should be noted that greater regional differences between the oils

could not be used because they are not sold according to the state or region within which they

are produced. As a result, only the broad regions of Midwest and Far west spearmint oils

could be examined.
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TABLE 11.6
Comparative Composition (%) of Selected Constituents

of Indian and Canadian Peppermint Oils

Compound Indian Oils Canadian Oils

Limonene 2.77–3.67 1.54–2.09

1,8-Cineole 4.42–4.91 4.61–6.20

Menthone 25.21–32.30 22.77–26.34

Menthofuran 4.68–10.75 1.96–2.87

Isomenthone 4.90–5.35 3.15–3.62

Menthyl acetate 3.14–4.84 2.28–4.17

Menthol 18.55–24.63 41.69–46.76

Germacrene D 0.85–1.61 0.48–0.71

Piperitone 0.53–0.71 0.55–0.77

TABLE 11.7
Canadian and Indian Peppermint Oil Component Ratio Ranges

Component Ratio Alberta Indian

1,8-Cineole=limonene 2.61–3.77 1.28–1.74

1,8-Cineole=menthofuran 2.12–2.99 0.50–1.05

1,8-Cineole=menthyl acetate � 2 2.21–5.43 1.91–2.82

1,8-Cineole=menthol � 50 4.93–7.30 9.38–12.12

1,8-Cineole=menthone � 25 5.32–6.38 3.56–4.58

Menthofuran=menthone � 100=6 1.29–1.94 2.55–4.96

Menthofuran=menthol � 50 2.18–3.41 10.04–28.98

Menthofuran=menthyl acetate � 5 2.45–5.46 6.26–17.12

Menthofuran=limonene � 2 2.13–3.21 3.02–5.24

Menthone=menthyl acetate � 2=3 2.74–5.70 3.48–6.59

Menthone=isomenthone 6.71–7.59 4.73–6.12

Menthone=menthol � 5 2.33–3.16 5.12–8.37

Menthone=piperitone � 1=10 3.05–4.79 3.55–6.13

Menthone=germacrene D � 6=25 7.52–12.35 4.42–8.69

Isomenthone=menthyl acetate � 2 1.51–2.91 2.12–3.34

Isomenthone=piperitone � 2=5 1.64–2.63 3.00–4.05

Menthyl acetate=piperitone � 1=2 1.81–3.15 2.94–3.53

Menthyl acetate=germacrene D � 2 7.48–14.88 4.66–9.86

Menthol=menthyl acetate � 1=2 5.44–9.30 2.41–2.95

Menthol=piperitone � 1=15 4.05–5.05 2.11–2.64

Menthol=germacrene D � 6=25 4.15–21.04 3.07–6.03

Piperitone=germacrene D � 10 9.26–13.28 3.40–7.24

1,8-Cineole=piperitone � 1=2 2.99–5.54 3.25–4.57

1,8-Cineole=isomenthone � 2 2.92–3.73 1.69–2.02

1,8-Cineole=germacrene D � 2=3 4.67–8.46 2.03–3.64

Menthofuran=piperitone � 1=2 1.33–2.48 3.60–10.14

Menthofuran=isomenthone � 2 1.12–1.74 1.82–4.10

Menthofuran=germacrene D 2.91–5.98 3.22–10.78

The Genuineness of Mint Oils 405



The components that were chosen for differentiation of both Native and Scotch spearmint

oils were myrcene, limonene, 1,8-cineole, 3-octyl acetate, 3-octanol, trans-sabinene hydrate,

b-bourbonene, carvone, cis-carveol, and trans-carveol. This is a larger number of components

than used for U.S. peppermint oil differentiations; however, in this case differentiation

between one form of spearmint oil produced in two different regions was not the objective.

The objective was to differentiate between spearmint oil produced from two different taxo-

nomic origins from two different regions; hence, an increased number of components are

needed to obtain sufficient data to readily differentiate between all spearmint oils. The

compounds chosen were those whose raw analytical data varied so that a differentiation

between Scotch and Native spearmint oils and second cutting Native spearmint oils could

be made. For example, Scotch spearmint oil was slightly richer in limonene, 3-octanol,

menthone, and carvone than Native spearmint oil, which in turn, was slightly richer

in myrcene, 1,8-cineole, 3-octyl acetate, trans-sabinene hydrate, b-bourbonene, and

trans-carveol. However, because it is difficult to look at raw analytical data and readily see

slight differences as presented in Table 11.8, component ratios were used to magnify these

differences. The same component ratios were used for both Scotch and Native spearmint oil:

1. Limonene=myrcene� 2=5
2. Limonene=1,8-cineole� 1=2
3. Limonene=3-octanol� 2=5
4. Limonene=b-bourbonene� 2=5
5. Myrcene=b-bourbonene� 2

6. 1,8-Cineole=myrcene� 5

7. Carvone=myrcene� 1=10

8. Carvone=b-bourbonene� 1=10

9. 3-Octanol=3-octyl acetate� 2=5
10. 1,8-Cineole=trans-sabinene hydrate� 4

11. cis-Carveol=trans-carveol� 5=3
12. Carvone=trans-carveol� 1=100

TABLE 11.8
Comparative Composition (%) of Selected Constituents of Native and Scotch

Spearmint Oils

Native Spearmint Scotch Spearmint

Compound Midwest Oil Far West Oil Second Cutting Oil Midwest Oil Far West Oil

Myrcene 2.51–2.85 2.30–4.76 2.72–3.36 0.82–1.13 0.86–1.08

Limonene 9.06–10.90 8.32–13.36 10.39–11.93 13.65–17.27 13.76–21.18

1,8-Cineole 1.77–1.81 1.44–2.11 1.63–2.00 1.40–1.57 1.00–1.56

3-Octyl acetate 0.20–0.29 0.20–0.54 0.24–0.47 0.13–0.23 0.10–0.27

3-Octanol 0.83–0.95 0.82–1.23 0.79–1.02 2.09–2.66 1.75–2.41

trans-Sabinene

hydrate 0.84–0.93 0.75–1.68 0.95–1.50 0.95–1.43 0.74–1.42

b-Bourbonene 2.07–2.22 1.78–2.66 1.50–1.88 0.91–1.24 0.83–1.34

Carvone 65.40–66.59 58.47–66.59 65.42–69.44 65.79–71.62 62.84–69.79

trans-Carveol 0.80–1.15 0.32–1.15 0.30–0.58 0.11–0.17 0.10–0.18

cis-Carveol 0.28–0.41 0.26–0.45 0.28–0.47 0.31–0.54 0.23–0.36
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The componen t rati o data for the two taxon omica lly different iate d oils pro duced in tw o

regions of the Unit ed State s are shown in Table 11.9. Again, mu ltipliers wer e us ed to ensure

that the compo nent ratio data for both spearm int oils woul d fit on the same circul ar graph.

The resul ts of the compo nent rati o data wer e obtaine d for 40 sampl es of each oil type and 20

sampl es of a second cuttin g oil obtaine d from Far wes t Nativ e spearm int, whi ch can be seen

in Figure 11 .1 through Figure 11.3.

The limonene=myrcene ratios for each different spearmint oil are 1.36:1.73 (Midwest

Native), 0.71:2.20 (Far west Native), 1.26:1.67 (second cutting Far west Native), 5.59:7.42

(Midwest Scotch), and 6.21:9.03 (Far west Scotch). From these data, it can be seen that it is

easy to differentiate Native spearmint oil from Scotch spearmint oil (Figure 11.1 through

Figure 11.3). Using the 11 other component ratios merely makes this differentiation task

easier. When this data are presented as a polygonal representation, it is evident from these

pattern recognition figures (Figure 11.1 through Figure 11.3) that Native and Scotch

spearmint oil can be readily differentiated:

1. Far west and Midwest Scotch and Native spearmint oils can be readily differentiated.

2. A second cutting of oil of Far west Native spearmint can be readily differentiated from

all the other spearmint oils.

11.4 DEMENTHOLIZED CORNMINT OIL DIFFERENTIATION

The pattern recognition method can also be used to determine whether Chinese and Indian

DMO oil can be readily differentiated. This differentiation is slightly more complex because

these oils have had a portion of natural menthol removed by freeze crystallization. In

addition, many of the dementholized oils have been ‘‘topped.’’ This means that the low

boiling compounds and, in some cases, including all the monoterpene hydrocarbons, and

1,8-cineole have been removed from the oils. Nevertheless, this meant that the choice of

components was reduced because of this redistillation. On examination of the raw data, a

TABLE 11.9
Comparative Component Ratios for Midwest, Far West, and Second Cutting Far West

Native and Midwest and Far West Spearmint Oils

Component Ratios MWN FWN FWN Second MWS FWS

Limonene=myrcene � 2=5 1.36–1.73 0.71–2.20 1.26–1.67 5.59–7.42 6.21–9.03

Limonene=1,8-cineole � 1=2 2.50–3.06 2.41–3.71 2.85–3.25 4.85–5.96 7.04–8.95

Limonene=3-octanol � 2=5 3.94–5.22 2.72–5.74 4.06–5.76 2.30–3.18 2.52–4.66

Limonene=b-bourbonene � 2=5 1.60–2.10 1.38–3.00 2.24–2.84 4.40–6.94 4.68–9.66

Myrcene=b-bourbonene � 2 2.35–2.61 2.42–4.78 3.11–4.48 1.32–2.33 1.30–2.37

1,8-Cineole=myrcene � 5 3.14–3.53 1.61–3.70 2.60–3.62 6.43–8.54 5.30–7.10

Carvone=myrcene � 1=10 2.30–2.65 1.36–2.80 2.02–2.56 5.58–8.14 5.98–8.01

Carvone=b-bourbonene � 1=10 2.93–3.19 2.20–3.71 3.51–4.52 4.91–7.52 5.20–7.39

3-Octanol=3-octyl acetate � 2=5 1.14–1.66 0.91–1.86 0.80–1.60 4.18–8.14 2.78–7.45

1,8-Cineole=trans-sabinene hydrate � 4 7.78–8.46 3.62–9.48 5.06–7.58 4.18–6.48 3.34–5.74

cis-Carveol=trans-carveol � 5=3 0.51–0.60 0.83–1.82 0.90–1.89 3.97–7.22 2.25–5.45

Carvone=trans-carveol � 1=100 0.57–0.83 1.00–2.06 1.16–2.24 3.91–6.23 3.43–7.43

MWN, Midwest Native spearmint oils; FWN, Far west Native spearmint oils; FWN second, second cutting Far west

Native spearmint oils; MWS, Midwest Scotch spearmint oils; FWS, Far west Scotch spearmint oils.

The Genuineness of Mint Oils 407



1

2

3

4

5

6

7

8

9

10

11

12

Midwest
Native

spearmint

1

2

3

4

5

6

7

8

9

10

11

12

Midwest
Scotch

spearmint

FIGURE 11.1 Pattern recognition (polygonal representation) of the component ratio data for Midwest

Native and Scotch spearmint oils.
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FIGURE 11.2 Pattern recognition (polygonal representation) of the component ratio data for Far west

Native and Scotch spearmint oils.
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summary of which can be seen in Table 11.10, the components that were chosen for differ-

entiation between the Chinese and Indian DMOs were menthone, isomenthone, menthyl

acetate, menthol, piperitone, and germacrene D. However, because compounds such as

limonene and 1,8-cineole are often reduced by ‘‘topping’’ and the amount of menthofuran
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FIGURE 11.3 Pattern recognition (polygonal representation) of the component ratio data for second

cutting Far west Native spearmint oil.

TABLE 11.10
Comparative Composition (%) of Selected Constituents of Indian and Chinese

Dementholized Cornmint Oils

Compound Indian Oils Chinese Oils

Limonene 0–3.09 2.05–4.39

1,8-Cineole 0–0.68 0.28–0.52

Menthone 18.21–24.62 19.25–27.06

Menthofuran 0–0.04 0–0.11

Isomenthone 10.99–16.49 7.04–11.18

Menthyl acetate 1.47–4.36 1.30–4.24

Isopulegol 1.00–2.16 0.89–1.61

Neoiso(iso)pulegol 0.91–2.26 0.86–1.53

Menthol 34.32–46.50 30.10–38.86

Germacrene D 0.11–1.07 0.09–0.59

Piperitone 0.30–1.50 0.90–2.26
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is gen erally very low to trace , the reduced num ber of comp onent ratios had to be used. Thes e

ratios were as follows :

1. Menthon e =isomentho ne

2. Menthon e =menthy l acetat e � 1=3
3. Menthon e =menthol � 5

4. Menthon e =piperitone � 1=10

5. Menthon e =germacren e D � 1=25

6. Isome nthone =menthy l acetate � 1
2

7. Isome nthone =piperi tone � 1=5
8. Menthyl acetate =piperi tone

9. Menthyl acetate =germa crene D � 1=3
10. Menthol =piperi tone � 1=5
11. Menthol =germa crene D � 1=50

12. Piperi tone =germa crene D � 1=2

As in the other two exampl es of this techni que, certa in mult ipliers have to be used agains t

the compon ent rati os to en sure that the data would fit wi thin the same type of circul ar

graphic al repres entation that is the hallmark of this pictor ial pa ttern reco gnition pr ocedure.

The results of us ing these compon ent ratios an d their corres ponding multipli ers to differen-

tiate be tween Chinese a nd Ind ian DMO s can be seen in Table 11.11. The co mponent rati os

shown in Tabl e 11.11 can be seen in their pa ttern recogn ition form in Fi gure 11.4 and Figure

11.5. From these figur es, it is evident that both Chi nese and Indian DM Os can be readil y

differentiated.

11.5 MINT OIL STANDARDIZATION

The term standardization is often used in the essential oil industry to indicate that a coupage

(a blend of components from other sources) has been added to an oil so that the seasonal or

geographical variation of the oil blend is minimized and that oil composition consistency is

TABLE 11.11
Differentiation between Chinese and Indian Dementholized Cornmint Oils Using

Component Ratios

Component Ratios Chinese Indian

Menthone=isomenthone 1.64–3.84 1.58–1.92

Menthone=menthyl acetate � 1=3 1.52–6.92 1.51–5.33

Menthone=menthol � 5 2.65–4.15 2.05–3.10

Menthone=piperitone � 1=10 1.09–2.27 1.48–7.84

Menthone=germacrene D � 1=25 1.36–7.42 0.86–5.33

Isomenthone=menthyl acetate � 1=2 1.13–9.31 1.44–4.19

Isomenthone=piperitone � 1=5 0.67–3.76 1.87–8.20

Menthyl acetate=piperitone 0.64–3.62 3.15–5.12

Menthyl acetate=germacrene D � 1=3 1.67–9.41 1.24–3.23

Menthol=piperitone � 1=15 0.96–2.88 2.08–9.51

Menthol=germacrene D � 1=50 1.06–7.07 0.78–5.03

Piperitone=germacrene D � 1=2 1.19–7.88 0.31–0.98
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FIGURE 11.4 Pattern recognition (polygonal representation) of the component ratio data for

dementholized Indian cornmint oil.
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FIGURE 11.5 Pattern recognition (polygonal representation) of the component ratio data for

dementholized Chinese cornmint oil.
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maintained from shipm ent to shipmen t. In some situati ons, the essent ial oil seller compou nds

a coupage so that the end prod uct oil is specific to a custom er.

In their discus sion on mint oils standar dization , Moyler and Moss (1998) noted that

commer cial gain was not a vali d reason for blending mint oils. They stated that the sole

purpo se of standar dizat ion was to ach ieve consis tency in the commer cial a vailabil ity an d

supply of mint oils irre spective of cro p year and or igin. As a result, oil blends should not have

a geographi cal origin on the label or they should be label ed as ‘‘with other natural flav ors

added ’’ (WONF ). Oil standard ization for co nsistency can, therefore, be either

1. A blen d of oils pro duced from the same botanic al source irrespecti ve of the geographi cal

origin of the oils

2. An oil with oth er natural ingredien ts added

3. A blend of oils with other na tural ingredi ents add ed

The only difference betw een these three is that the one listed a t no. 1 is a genu ine oil

wher eas the other two are W ONF oils .

The blending of oils produ ced in different geo graphic locat ions from the same taxonom ic

source (alth ough it could well be a diff erent cultivar) is not an unc ommon practi ce. However,

if the oil is sold unde r a geograph ical origin label , then this is a ne farious practi ce. Smith an d

Levi (1961) wer e ab le to demonst rate that the us e of distribut ion plots of certa in co nstituent

ratios permi tted the partial different iation of oils from various distinct ly different origin s.

As a follow-u p to this, Hawk es and Wh eaton (1967) used statistics to analyze the data of

Smith and Levi. Although throu gh mathe matical manipul ation they wer e a ble to show how

two-part blend ed oils cou ld be diff erentiated, pro bability calcul ations always ha ve level s of

confide nce, which, depend ing upon the da ta selec ted can vary substa ntially. Man y years later,

Clark and Menary (1981) compared their da ta on Austral ian pe ppermi nt oils with the da ta of

Smith an d Levi. Usi ng princip al coo rdinate analys is, they were able to show diffe rentiatio n

between Austral ian oils produced in diff erent parts of Tas mania a nd King Isla nd. They wer e

also a ble to show so me differen tiation between U.S. oils an d oils of other origi ns; howeve r,

the data us ed was not their own and, therefo re, it was not trul y compara ble. M ore recently,

Gilly et al. (1986) used analys is of varia nce to dist inguish between peppermi nt oils of the

pallescens type (white mint ) and the rubesc ens type (Mitch am mint ).

Earli er in this chapter , we have seen that oils of peppermi nt, spearm int, an d dement holize d

cornmi nt could be different iate d based on a pa ttern reco gnition method using compo nent

ratios. As noted in the chapter on Indian mint oils , the produ ction of Indian pepp ermint has

increa sed su bstantial ly over the past 10 years. It sho uld be noted that Indian peppermi nt

oil has substantially lower price than North American peppermint oil, so a blend of 10%

Indian oil in North American oil offers an economic temptation whereas a blend of higher

levels of Indian oil in North American oil has been known to be hard to resist.

Employing model systems, Lawrence (1999) used the component ratio technique to deter-

mine that a blend of 10% Indian peppermint oil in oils produced in different regions of the

United States could be differentiated based on their component ratios. A summary of the use

of these data to diff erentiate the various oils can be seen in Tabl e 11 .12.

11.6 MINT OIL ADULTERATION

Before discussing the specific adulteration of mint oils, it should be noted that adulteration

can take many forms, such as:

1. The addition of synthetic (foreign) compounds unrelated to the oil composition

2. The addition of synthetic compounds related to the oil composition
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3. The addition of oils or fractions of oils of similar composition to all or part of the oil

4. The addition of natural compounds produced enzymatically or from other oil sources

5. The addition of more than one of the above

The addition of both natural and synthetic components to a genuine oil for financial gain is

unfortunately not an uncommon practice in the essential oil industry.

Prior to 1960, it was reported that peppermint oil had been adulterated with camphor oil,

cedarwood oil, copaiba balsam oil, eucalyptus oil, sandalwood oil, castor oil, mineral oil,

paraffin oil, kerosene, anethole, methyl alcohol, a-terpineol, triacetin, benzoate esters, and

phthalate esters (Gildemeister and Hoffman, 1961).

With the advent of chromatographic techniques, particularly gas chromatography and gas

chromatography coupled with mass spectrometry, the addition of synthetic compounds

unrelated to oil composition ceased almost completely.

It is of interest to note that the use of DMO as a bogus replacement for peppermint oil was

noted as early as 1913 (Holmes, 1925). Straus and Wolstromer (1974) examined the adulter-

ation of peppermint oil with cornmint oil. They stated that when the limonene content of

peppermint exceeded 2% to 2.5% and the 1,8-cineole below 4.0% then cornmint was suspected

as an adulterant. Further, they pointed out that because of the commercial availability of

monoterpenes, the amounts present in a peppermint oil could easily be manipulated. As a

result, the authors proposed the use of trans-sabinene hydrate as the key component to

determine adulteration of peppermint oil with cornmint oil. The authors stated that the

trans-sabinene hydrate content of peppermint oil appeared to be consistently in the 1%

range irrespective of its geographical origin. With the added fact that cornmint oil contained

only trace levels of trans-sabinene hydrate or was devoid of it, the convenience of this

compound as an adulteration check was obvious.

TABLE 11.12
Component Ratios That Can Be Successfully Used to Detect 10% Adulteration

of North American Peppermint Oil with Indian Peppermint Oil

Component Ratios Midwest Willamette Madras Yakima Idaho

1,8-Cineole=menthol � 50* þ þ þ � �
1,8-Cineole=piperitone � 1=2 þ þ þ � �
1,8-Cineole=germacrene D � 2=3 þ þ þ � þ
Menthone=isomenthone þ � � � �
Menthone=menthol � 5 þ þ � � �
Menthone=piperitone � 1=10 þ þ þ þ �
Menthone=germacrene D � 6=25 þ � þ � �
Menthofuran=menthol � 50 � � þ � �
Menthofuran=piperitone � 1=2 � þ þ � �
Menthofuran=isomenthone � 2 � � þ � �
Menthofuran=germacrene D � � þ � �
Isomenthone=piperitone � 2=5 � þ � þ �
Menthol=piperitone � 1=15 � þ � þ �
Menthyl acetate=piperitone � 1=2 � þ � � �
Piperitone=germacrene D � 10 � þ � � �

þDifferentiable component ratio.

*Multipliers used to plot polygons.
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Roja hn et al. (1977) noted that viridif lorol along wi th trans -sabin ene hydrate and mentho-

furan wer e use ful key co mpound s found in pe ppermin t oil that were present in cornmi nt oil at

trace levels, if foun d at all. Pey ron and Rouzet (1984) repo rted that if the limonen e content of

natural pep permint oil was g reater than 2% to 2.5%, if the 1,8-cineol e and trans -sabin ene

hydrate co ntents were less than 4 .0% an d 1.0% , respect ively, and if viri diflorol was eithe r only

present as a trace compon ent or not pr esent at all, then the genuinenes s of the oil was suspect .

They also noted that common adulte rants that ha d recent ly been found in co mmercial

pepp ermint oil were synthet ic mentho l and menthy l acetate and fractions of cornmin t oil.

As a foll ow-up to the work of Straus and Wolstromer (1974) an d Rojah n et al. (1977),

Lawre nce et al. (1989) exami ned the co mposition of more than 50 sampl es of Nort h Ame rican

pepp ermint oil and DMO to de termine whet her mentho furan, trans -sabin ene hy drate, an d

viridif lorol co uld be used as indica tors of adu lteration . A summ ary of their findin gs can be

seen in Table 11.13. As can be seen, in ad dition to the three compou nds previous ly selected,

they found two other co nstituent s an d tw o co mponent ratios that reveal ed a major diff erence

between pep permin t oil and DMO . It should be noted that the range of da ta found for 1-

octen- 3-ol and mentho furan was surp rising as their level s rarel y exceeded 0.02% .

In pursuanc e of the use of the con stituent s an d componen t ratio s to detect adulterati on,

Lawrence et al. prepared mixtures of DMO in peppermint oil from randomly selected oils and

analyzed the mixtures. A summary of these analyses can be seen in Table 11.14. A comparison

between these data and those presented in Table 11.13 revealed that all levels of adulteration up

to 10% could be determined, although only the 1,8-cineole=limonene ratio could be used to

uneq uivocally prove adulterati on at the 10% level. How ever, the a uthors pointed out that if

the analys es of these selec ted constituen ts wer e coup led with sensory analys is they belie ved

that ad ulteratio n of pep permint oil cou ld be proved .

Spen cer et al. (1997) examined the composi tion of a number of sampl es of dement holize d

cornmi nt of both Indian and Chi nese origin s to de termine wheth er certain compo nents could

be used to detect adulteration of North American peppermint with DMO. The compounds

selected, their utility potential, and the reason for the decision of whether they could be useful

in determ ining adu lteration are presen ted in Table 11.15. As can be seen, isopul egol was

determined to possess a lot of potential, particularly because the average amount found in

peppermint oil by Spencer et al. was 0.07%, whereas in Indian or Chinese DMO the average

content was 2.02% and 1.22%, respectively.

TABLE 11.13
Percentage Composition of Selected Constituents Found in Peppermint Oil Adulterated

with Dementholized Cornmint Oil

Dementholized Cornmint Oil Addition to Peppermint Oil

Compound Peppermint Oil 10% 20% 40% 60% 80% 100%

a-Terpinene 0.39 0.36 0.32 0.24 0.14 0.08 0.01

1-Octen-3-ol 0.18 0.17 0.16 0.14 0.08 0.07 0.01

trans-Sabinene hydrate 0.78 0.71 0.63 0.48 0.33 0.19 0.01

Menthofuran 1.45 1.39 1.28 1.11 0.92 0.75 0.38

Viridiflorol 0.30 0.26 0.24 0.17 0.12 0.05 0.01

Menthone=isomenthone 6.9 6.2 5.7 4.9 4.5 4.8 3.9

1,8-Cineole=limonene 3.4 2.4 1.7 1.0 0.5 0.3 0.1
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Lawre nce (1999) used c omponent rati os to determine ad ulterati on of pep permint oil

of Nort h American origin with DMO of Indian and Chinese origin s. A summ ary of the

findi ngs of this study is shown in Table 11.16. As can be seen, adulterati on of the Idaho

pep permint oil with Chi nese DMO could not be determined using the co mponent ratio

methodo logy. Als o, it sh ould be noted that the comp ounds ch osen for comp onent

ratio s did not include either isopule gol or neoiso( iso)p ulegol. The main reason for this was

TABLE 11.14
Comparative Percentage Composition Range of Selected

Constituents Used to Differentiate between Peppermint

and Dementholized Cornmint Oils

Compound Peppermint Oil Cornmint Oil

Range* Range*

a-Terpinene 0.33–0.52 <0.01–0.02

1-Octen-3-ol 0.05–0.22 0.01–0.13

trans-Sabinene hydrate 0.36–1.36 0.01–0.02

Menthofuran 0.72–6.71 0.01–0.05

Viridiflorol 0.16–0.34 <0.01–0.01

Menthone=isomenthone 5.5–9.5 1.3–5.0

1,8-Cineole=limonene 2.6–4.4 0.02–0.25

*Summary of more than 50 analyses.

TABLE 11.15
Utility of Specific Components to Detect Adulteration of U.S. Peppermint Oil

with Dementholized Cornmint Oil

Compound Utility Reason

1. Limonene Low (a) Difference in content between oils is small

(b) Readily available from other sources

(c) Readily modified by distillation

2. 1,8-Cineole Medium (a) Large difference in content between both oils

(b) Readily available from other sources

(c) Readily modified by distillation

3. Menthone Medium (a) Large difference in content between both oils

(b) Because of moderate presence in peppermint oil is poor

indicator of low level adulteration

4. trans-Sabinene hydrate Low-medium (a) Large difference in content between both oils

(b) Readily available from other sources

(c) Labile in acidic distillation conditions could give false positives

5. Neoiso(iso)pulegol High (a) Should be used as an indicator because large difference

between both oils

(b) GC resolution problems can exist because of co-elution

with b-caryophyllene

6. Piperitone Low-medium (a) Difference in content between both oils is not large

(b) Easily removed by distillation

7. Isopulegol Very high (a) Difference in content between both oils is significant
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because on a polar GC column, menthy l acetat e and isopul egol, and neoisom enthol an d

neoiso( iso)pu legol elute closely toget her, thereby making the choice of the two isopul egols less

useful unless analys es are perfor med on bot h polar and nonpolar GC columns . As a result,

with a combinat ion of compo nent ratio s and determ ination of the isopul egol level, pepper-

mint oil ad ulterated with DMO can be readil y de tected.

11.7 NATURAL MENTHOL

As na tural ( �)-m enthol is the most impor tant natural isol ate used co mmercial ly, a comment

on its authent icity and how to pro ve it is in order. Bec ause racem ic menthol exists in equal

amounts of ( þ=�)-f orms, chiral GC is the obv ious method of ch oice to determ ine the

additio n of racem ic men thol to natural menthol , as can be seen in the report by Col eman

et al. (1998) . They de monst rated that using a chiral GC column and selective ion mon itoring

mass spectromet ry, levels of 0.01% ( þ )-menthol could be une quivocal ly quantitati vely de ter-

mined if found in a sampl e of natural ( � )-menthol . To determ ine the time origin of a natural

( �)-m enthol sample, a techni que known as none quilibrate d soli d-phase microextr actio n

method (SPME) c oupled wi th gas chro matograph y or mass spectromet ry was develope d

(Law rence, 2000) in which the geograp hical origin of mentho l cou ld be categor ical ly de ter-

mined. The resul ts of the nonequ ilibrated SPME–G C=M S analys is of ten sampl es of menthol

from Chi nese an d Ind ian sources can be seen in Tabl e 11.17. Fr om these results, it is evident

that menthol from the two sources can be differentiated.

In addition to the methods described earlier, other techniques have also been used to

determine adulteration of mint oil, particularly peppermint. Such methods are enantioselec-

tive capillary gas chromatography, often performed using multidimensional GC. This is a

TABLE 11.16
Component Ratios That Can Be Successfully Used to Detect 10% Adulteration

of North American Peppermint Oil with Indian or Chinese Dementholized Cornmint Oil

MD WIL MAD YAK ID

Component Ratio IN CH IN CH IN CH IN CH IN CH

1,8-Cineole=limonene � � þ þ þ þ þ þ � �
1,8-Cineole=menthofuran � � � � � � þ þ � �
1,8-Cineole=menthol � 50 � � þ þ � � � � � �
1,8-Cineole=menthone � 25 � þ � � � � � � � �
1,8-Cineole=isomenthone � 2 � � � � � � � � þ �
1,8-Cineole=germacrene D � 2=3 � � � � � � � � þ �
Menthone=piperitone � 1=10 þ þ � � � � � � � �
Menthofuran=menthone � 100=6 � � � � � � þ þ � �
Menthofuran=isomenthone � 2 � � � � � � þ þ � �
Menthofuran=menthol � 50 � � � � � � þ þ � �
Menthofuran=piperitone � 1=2 � � � � � � þ þ � �
Menthofuran=menthyl acetate � 5 � � � � � � þ � � �
Isomenthone=piperitone � 2=5 þ þ � � � � þ � � �
Menthol=germacrene D � 6=25 � � þ þ � � � � � �
Menthyl acetate=germacrene D � 2 � � þ þ � � � � � �

þdifferentiable component ratio; MID, Midwest; WIL, Willamette; MAD, Madras; YAK, Yakima; ID, Idaho; IN,

Indian DMO; CH, Chinese DMO.
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techni que in whi ch a ‘‘hea rt cut’’ of an oil is separated on a nonc hiral column an d then

rechrom atogra phe d on a chiral column so that the en antiomeri c dist ribution of selected chiral

compo nents can be determ ined. Ano ther techni que that is us ed, howeve r, to a much lesser

extent is natural stable isotope ratio mass spectr ometr y. Thi s techni que uses the thermal

degrad ation of the selected componen ts to CO2 and with the use of a modif ied mass

spectr omete r, the isotopic ratio of 13 CO2=
12 CO 2 is determ ined.

11.8 CHIRALITY OF MINT OIL CONSTITUENTS

Man y compon ents of the mint oils possess one or more asymm etric carbo n atoms that exhibit

optica l activit y. A summ ary of the optica lly acti ve compo nents that exist in pe ppermin t,

cornmi nt, Scotch an d Native spe armint, pennyroy al, and Mentha citrata oils can be found in

Table 7.1f , Table 7.2ac, Table 7.3y, Table 7.4f, Table 7.5r, Secti on 7.6.2, and Chapt er 10,

respect ively. Thes e ch iral co mpounds of natural origi n are general ly found in a ch aracteris tic

enan tiomeric distribut ion assuming that they have evolved via an enzymat ically con trolled

biosynt hetic synthes is rather than a change in ch irality caused by process ing.

Bicchi and Pisciotta (1990) used a c ombination of a nonpolar GC column coupled to a

chiral phase column to demonstrate how the enantiomers of menthone and m enthol could

be separated. Kö nig et a l. (1990) also separated the en ant iomers of m enthone using a c hiral

phase GC column. In this study, he also s epar ated the e nantiomers of isomenthone and

piperitone. O ne of the difficulties e xperienced in performing enant ioselective gas chroma-

tographic s eparations is the ability to sepa rate different c lasses of compounds such as

alcohols, esters, and ketones on the same chiral GC capillary column phase. A skari et al.

(1992) achieved the s eparation of all the e nantiomers of menthon e , i som e nthone, m enthol,

and m enthyl acetate using a c ombination of thre e c hiral c olumns. U sing this technique, they

were able to de termine w hen a synthetic m enthol or menthy l acetate was add e d to a

peppermint oil as an adulterant. Faber et al. (1994) used a single chiral phase capillary

GC column to perform direct enantios elective analysis of all enantiomers of m enthone,

isomenthone, m enthol, neomenthol, neoisom ent hol, and menthyl acetate. Using this

TABLE 11.17
Nonequilibrated SPME–GC=MS Headspace Analysis of Natural

Menthol of Chinese and Indian Sources

Compound Chinese Indian

a-Pinene t–0.4 0.6–1.6

b-Pinene t–0.7 0.5–3.4

Limonene 1.3–2.9 2.1–6.0

3-Octanol 0.5–0.7 0.3–0.6

Menthone 9.6–16.1 12.3–18.9

Isomenthone 3.3–4.6 7.2–10.1

Menthyl acetate 0.7–1.9 1.0–1.6

Isopulegol 1.7–2.4 1.5–1.9

Neomenthol 2.6–3.5 2.5–3.6

Pulegone þ neoisomenthol 0.7–1.1 0.7–1.1

Menthol 67.7–76.4 49.4–67.3

t ¼ trace (<0.01%); menthone=isomenthone Chinese 2.9–3.5; Indian 1.7–2.0.
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procedure the adulteration of peppermint oil with racemic synthetic compounds could be

readily determined.

11.9 GAS CHROMATOGRAPHY–ISOTOPE RATIO MASS SPECTROMETRY

Faber et al. (1995) described the use of capillary gas chromatography coupled online with

isotope ratio mass spectrometry (GC=IRMS) to examine the components of an authentic

peppermint oil with commercial oils, some of which had been adulterated. The technique was

developed because chiral GC analysis could not be used to prove adulteration with enantio-

pure or nonchiral substances, whereas use of the GC=IRMS method could prove adulteration

of said substances. Using a specifically designed isotope ratio mass spectrometer coupled to a

GC, a selected compound component is first separated, pyrolyzed to CO2, and the
12CO2=

13CO2 ratio is determined. As a result, each natural constituent from peppermint oil

has a specific ratio that can be compared with a component isolated from a commercial oil

and if the ratio does not match, then the oil can be considered to be adulterated.

Oils prepared from 15 clones of peppermint were subjected to GC=IRMS by Faber et al.

(1995) to examine that technique for its potential to detect oil authenticity and oil adulter-

ation. The authors showed that by the method of the internal isotopic standard, a character-

istic fingerprint of pure natural peppermint oil could be established. Using this somewhat

complex technique the authors were able to show that one of the commercial samples

analyzed, the fraudulent addition of synthetic (�)-menthyl acetate, was unambiguously

determined.

Furthermore, they recommended that a combination of this technique with enantiomeric

distribution data could be readily used to prove or disprove the genuineness of a sample of

peppermint oil.

11.10 CONCLUSION

In the present chapter, we have seen how taxonomically authentic oils can possess compos-

itional differences. As mint oil adulteration, and more particularly standardization, is rela-

tively common, the use of component ratios and pattern recognition techniques has been

shown through examples to detect and quantify adulteration. Also, the use of chiral gas

chromatographic analysis and gas chromatography–isotope ratio mass spectrometry has been

shown to be effective in determining differentiation.

Finally, it should be noted that when adulterated peppermint or spearmint oils are encoun-

tered in commerce, a combination of specific constituent amounts, component ratios, and

chiral gas chromatography should suffice to either prove or disprove the genuineness of

the oil.
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12.1 INTRODUCTION

Essential oils isolated from the mint family have a long history of use in products that span

the range from foods to pharmaceuticals. These uses provide improved flavor to foods,

including confectionaries and beverages, and pleasant fragrances to cosmetics and other

commercial products. They have been used as folk remedies for a number of ailments and

recently have been used or are under investigation for pharmaceutical use. Their potential for

use as pesticides has been investigated and some show significant insecticidal activity,

although none is currently in use as a pesticide. Overall, these essential oils provide an

increased enjoyment of life to many and it is expected that their use will continue and even

expand. There is the potential for greater human exposure to these materials as their uses

expand. This requires that these essential oils be under scrutiny for potential adverse effects in

the general population and in sensitive individuals.

The toxicology of a number of the mint oils has been reviewed by experts qualified by

training and experience and the oils have been deemed safe for their intended uses. However,
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these judgme nts have general ly be en based on specific uses such as in foods or cosmetics while

exposure to these material s can be from multiple sources resul ting in increa sed exposure in

individ uals with mult iple sources of e xposure. In ad dition, some of these oils share co mmon

chemi cal co nstituent s and the total exposure to a specific chemi cal may co me from more than

a singl e essent ial oil. These factors req uire that there be con stant vigi lance for poten tial

increa sed exposure and a dverse effe cts. Altho ugh a thorough revie w of each commercial

essent ial mint oil an d their compo nents is beyon d the sco pe of this ch apter, we ha ve

attempte d to review the publis hed biologi cal and toxic ology literatu re con cerning selec ted

compon ents of these oils (menth ol an d pulegone ) an d provided a brief summ ary of publish ed

toxic ology studi es of selec ted mint oils (cornm int, peppermi nt, and spearm int oils). A com-

prehensi ve critical revie w of the toxico logy of these material s is, again, beyond our intende d

scope for this chap ter. M ore thorou gh revie ws are pro vided by expert pa nels that have

asses sed the safety of certain of these mate rials and are refer enced in the text .

A major problem associ ated wi th the toxicity asses sment of essent ial oils is that they are

complex mixt ures obtaine d from plants grow n unde r varia ble cond itions. Differ ent process es

may be us ed in the producti on of the oils and the produ ction of the artic le of c ommercial

value may vary from supplier to suppli er. Therefor e, data from a toxicology study with a

specific oil may not extrap olate to ano ther oil produ ced unde r diff erent cond itions be cause

the concen trations of the major chemi cal constituent s as well as the nature an d concen trations

of the minor co nstituent s may vary. Inter nationa l standard chemi cal specificat ions for the

various mint oils used in commer ce would be extremely helpful in providi ng mate rials su itable

for co mprehens ive toxic ologic al test ing. While it is possibl e an d use ful to asses s the toxic o-

logic al potenti al of specif ic che mical constituen ts of the oils , the toxic ologic al effe cts of the

whol e oil may not be reflected by the toxic ology of its most toxic constituen t because of

possibl e co mplex inter action s betw een the various constituen ts of the oil.

To overcome some of these problem s associ ated with the safety assessment of complex

mixtures obtaine d from natural biologi cal sources , method ologies that are based on rati onal

scientif ic princi ples have been prop osed. One of these metho dologie s is outlined in this

chapter along with an e xample of its use. The most valuable da ta for a safety a ssessment

comes from a coo rdinated and co mprehens ive series of toxic ology studi es based on recom-

mendat ions provided by regula tory agen cies, such as the U.S. Food and Drug Admi nistratio n

(FDA ), and other group s that have extens ive exp erience in evaluat ing toxicology data.

Element s of su ch a toxico logy program a re discus sed in this ch apter. An exampl e of a

toxic ology program that meets many of these criteria is the current effor ts of the US Nati onal

Toxicology Program (NTP) to asses s the potenti al toxic ity of pulegone, a major compo nent

of pennyroyal oil.

12.2 MINT OILS

Mint, which includes spearmint, peppermint, and cornmint, is probably the third most

important flavor used after vanilla and citrus (Maftei, 1992). As a result, mints are among

the most important commercial herbs grown. The leaves of spearmint and peppermint are

widely used in pharmaceutical products in Europe, whereas in Asia cornmint leaves are used.

The specificat ions for pe ppermi nt leaves are foun d in Tabl e 12.1. Peppe rmin t and sp earmint

are grown for dry leaf production in Germany, Spain, Poland, Bulgaria, Egypt, Morocco,

Greece, Israel, United Kingdom, Turkey, Nigeria, and China. The major countries producing

pepp ermint leaves can be seen in Tabl e 12.2 (Garno n, 1992). The compo sitions of the major

essent ial oils from mint s are shown in Tabl e 12.3.

In 1893, William Wrigley introduced peppermint chewing gum while at the same time

Colgate, Pepsodent, and Kolynos introduced toothpastes. The chewing gum and toothpaste
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industries substantially increased the market need for peppermint oil and spearmint oil

(Landing, 1969). Although mint oils are often associated with chewing gum and toothpaste,

they have a myriad of other flavor uses. The oils and mint flavors (which generally contain

some mint oils or mint isolates) are used to flavor confections such as hard and soft candy

(sweets), breath mints including the popular extra strong mint tablets, after-dinner mints,

chewing gum, etc. Other than confections, mint oils and their corresponding isolates are used

in both nonalcoholic and alcoholic beverages (in particular the liqueur or cordial Crème de

Menthe). They can also be found as flavorants in frozen dairy products such as ice cream and

ice lollies, baked goods, icings, toppings, cake frostings, puddings, sauces, chutneys, etc.

Spearmint oil is used in the preparation of mint jelly (a vinegar- and sugar-based jelly)

which is often used in the United States with roast lamb as a replacement for the traditional

English mint sauce.

Mint oils and mint flavors are used to deliver a cooling sensation and a minty flavor to a

number of oral care products such as toothpastes, mouthwashes, breath fresheners, etc. In

TABLE 12.1
Peppermint Leaves Specifications

Cleanliness and Chemical Specifications 1 2 3

Stem content <2.0%a <5.0% —

(3 mm) (1.5 mm) —

Damaged leaves (Puccinia menthae) — <8.0% 5% or 8%b

Foreign matter — <2.0% 1% or 2%

Thin layer chromatography — carvone carvoneb

detected undetected

Essential oil content — 12 mL=kg or

9 mL=kgb

>10 mL=kg or

>8 mL=kgb

Total ash — <15.0% 13% or 15%b

HCl insoluble ash — <1.5% <2.0%

1, U.S. Pharmacopoeia 23rd edn. (1995); 2, European Pharmacopoeia 3rd edn. (1997); 3, ISO 5563 (1984).
aIncluding other foreign matter.
bTwo quality grades.

TABLE 12.2
Peppermint Leaf Production (Metric Tonnes) by Various Countries 1985–1991

Producing Country

Annual Production

1985 1987 1989 1991

Germany 8.7 4.1 22.9 4.2

Spain 123.0 49.9 38.8 62.4

Poland 58.5 24.8 62.2 12.5

Bulgaria 26.6 59.8 62.8 72.0

Egypt 127.0 173.5 107.5 54.4

Morocco 924.5 1,023.5 1,170.5 1,273.8

Other countries* 67.6 242.4 49.4 12.5

*Mainly Greece, China, Turkey, Nigeria, and Israel.
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fine fragr ances, mint oils and mint aromas are used in perfum es, colognes, lips ticks, lip balms,

shaving cream , ha ir lotio ns, face cream s, soaps, shampoo s, etc. In hous ehold care produ cts,

mint oils and their fragr ances are used in room deodorizer s (air fres heners) , cleani ng products

(includ ing de tergen ts and fabri c softeners) , so aps, etc. In the ov er-the-count er personal care

produ cts, mint oils are occasio nally used in combination with menthol in inhala nts, lini ments,

cream s, etc. M int oils an d mint flav ors and, more importantl y, menthol are used in cigar ettes,

snuff , and ch ewing tob acco (incl uding Pan Masal a in India) at levels of 50–20, 000 ppm. The

use level s of peppermi nt and spearm int oils and menthol in a range of products acco rding to

Walker (1967), Furia and Bellanca (1975), Burdock (2002), Lawrence (2004), and Munroe

(2004) can be seen in Table 12.4.

TABLE 12.3
Mint Oil Compositions

Peppermint: Mentha piperita L.

L-Limonene (1.0%–4.0%)

L-Menthone (11.0%–32.0%)

D-Menthofuran (1.0%–7.0%)

D-Isomenthone (2.0%–5.5%)

L-Menthyl acetate (2.0%–8.5%)

L-Menthol (28.0%–47.0%)

Germacrene D (0.5%–3.0%)

Cornmint: Mentha canadensis L.

L-Menthol (68%–80%)

Dementholized oil

L-Limonene (2.0%–4.5%)

L-Menthone (18.0%–28.0%)

D-Isomenthone (7.0%–17.0%)

L-Menthyl acetate (1.2%–4.5%)

L-Menthol (30.0%–48.0%)

Native Spearmint: Mentha spicata L.

Myrcene (2.5%–5.0%)

L-Limonene (6.5%–11.5%)

cis-Dihydrocarvone (1.5%–8.5%)

L-Carvone (55.0%–68.5%)

Scotch Spearmint: Mentha gracilis Sole

Myrcene (0.8%–1.5%)

L-Limonene (13.5%–21.5%)

cis-Dihydrocarvone (0.9%–5.0%)

L-Carvone (62.5%–70.5%)

Pennyroyal: Mentha pulegium L.

L-Limonene (0.1%–3.5%)

3-Octanol (0.5%–3.0%)

L-Menthone (1.5%–8.0%)

D-Isomenthone (1.0%–10.0%)

D-Pulegone (50.0%–80.0%)

Piperitenone (0.5%–3.5%)

Bergamot Mint: Mentha aquatica L. var. citrata Ehrh.

L-Linalool (10.5%–38.5%)

L-Linalyl acetate (42.0%–78.5%)
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Clark (1988, 1998) report ed that the use of menthol in various prod ucts de pends upon the

geograp hic origi n of its use as shown in Table 12.6. As can be seen, all use level s increa sed in

every categor y excep t Nort h Ame rican tobacco pro ducts in which there was an 18.75%

reducti on in the use of menthol . Thi s reflects both low er use level s and a reductio n in cigar ette

smoki ng over the 10-yea r pe riod. The major increa se in mentho l use in tobacco prod ucts,

parti cularly in India, refl ects its increa sed use in ch ewing tobacco. The increased use in oral

care an d pharmac eutic als is refl ected in the wid er use of con venience produ cts su ch as

toothpas te and tooth powder s and over-the-coun ter pharmac eutic als such as Tiger Balm, a

salve used for heada ches an d other ailm ents.

12.2.1 P EPPERMINT

An infus ion of dried pepp ermint leaves was noted by Flü ck and Jaspers en-Schi b (1976) to be

useful in the treatment of intes tinal spasm s of the alimentar y canal, atony of the stom ach, and

flatulence . They also noted that it could be us ed in the treatment of jaundic e and gall stones.

In addition to its use as an applican t to wound s (presu mably of pe ppermin t oil), it has been

used as an inhalant in the treatment of head colds.

According to Schauenberg and Paris (1977) either the oil or an infusion of the leaves of

peppermint have a variety of internal uses such as the treatment for nervousness, insomnia,

TABLE 12.4
Use Levels (ppm) of Peppermint, Spearmint Oil, and Menthol

Product Peppermint Oil Spearmint Oil Menthol

Hard candy 300–2500 400–1800 500–1000

Soft candy 300–1200 450–900 500–1000

Chewing gum 6500–10,000 6500–10,000 100–5000

Extra strong mints 5000–20,000 5000–15,000 1000–5000

After dinner mints 1000–2000 200–1000 200–500

Nonalcoholic beverages 40–100 100–550 —

Alcoholic beverages 150–250 100–150 —

Frozen dairy products 90–110 50–130 —

Baked goods 140–300 250–1300 —

Puddings 50–200 50–150 —

Icing, toppings, cake frostings 5–650 — —

Sauces and chutneys — 40–90 —

Jams and jellies 50–200 40–1900 —

Toothpaste 1000–4500 2,500–3500 500–7000

Mouthwash 200–1200 300–1600 100–2000

Breath fresheners 1000–6000 1500–8000 500–10,000

Perfumes and colognes 5000 5000 10,000

Lipsticks and lip balms 100–1000 — 100–1000

Shaving cream and hair lotion 100–1000 — 20,000

Face creams and soaps 5000 1000–5000 10,000–30,000

Shampoos 1000–2000 — 2000–5000

Room deodorizers 100–1000 — 100–5000

Cleaning products 5000–10,000 10,000 1000–5000

Soaps 5000–10,000 10,000 1000–5000

Inhalants 1000–5000 — >30,000

Liniments and creams 100–1500 — >20,000

Preshave and aftershave lotions 100–1000 — 50–2000
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cramps, dizziness, nervous sickness, spasmodic cough, migraine, and atony of the digestive

system. Other activities purported to be associated with peppermint are antispasmodic,

carminative, and cholagogic. In addition, it was also reported that peppermint-based prod-

ucts could be used as stimulants (excitants) and in large amounts are reputed to have

aphrodisiacal qualities. Leicester and Hunt (1982) showed that peppermint oil rapidly

relieved colonic spasms caused by endoscopy. Peppermint oil in combination with caraway

oil has been shown to decrease the number of contractions and the contraction amplitude

associated with gastro-duodenal motility measured with stationary manometry in healthy

human volunteers (Micklefield et al., 2000).

Owole and Ramson-Kuto (1980) determined that a deficiency in the glucose-6-phosphate

dehydrogenase enzyme found in babies could result in jaundice caused by a toxic buildup of

menthol in their bodies.

Aromatherapists have used peppermint oil in combination with other oils to treat pulmon-

ary complaints and it has been used in mouthwashes and in inhalants, to treat indigestion,

constipation, intestinal infections, debility, and vertigo (Valnet, 1982).

It was reported that in the U.K. either dried peppermint leaves, concentrated peppermint

water, or peppermint oil, when taken internally, is used as an antiemetic, carminative,

diaphoretic, or spasmolytic and when applied to the skin it is used as an antiseptic and

antipruritic (Anonymous, 1983). More recently, the only biological activity found associated

with peppermint was that of carminative action (Anonymous, 1990). Chiej (1984) reported

that peppermint taken as an infusion, fluid extract, syrup, dry powdered leaves, juice, or oil is

reputed to possess tonic, stomachic, antispasmodic, antitussive, and insecticidal properties.

TABLE 12.5
Oils Rich in Menthol

Species References

Ligustrum delavayanum Hariot. Baronikova et al. (2001)

Micromeria fruticosa (L.) Druce ssp. giresunica P.H. Davis Baser et al. (1996b)

Satureja atropatana Bung. Rustaiyan et al. (2004)

Satureja mutica Fisch. et. C.A. Mey. Rustaiyan et al. (2004)

TABLE 12.6
Use of Menthol in Products in Different Geographical Regions (Metric Tonnes)

Product N. America Europe Asia Central and S. America

Near East,

Africa and Australia

Tobacco 800a–650b 100–200 300–1800 100–150 50–200

Oral care 350–500 500–800 450–1500 300–500 250–400

Pharmaceuticals 200–250 400–600 750–1500 100–200 100–200

Confections 80–110 100–300 200–400 140–200 50–200

Shaving products 50–70 80–150 40–300 50–100 30–100

Miscellaneous 20–70 20–100 10–100 10–50 20–100

Total 1500–1650 1200–2150 1700–5600 700–1200 500–1200

a1988.
b1998.
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Reduced postoper ativ e colic was fou nd among patien ts who were given peppermi nt fol-

low ing a colost omy (McKen zie and Gall acher, 1989). Go bel et al. (1991) determ ined that a

weak ethanol ic solut ion of peppermi nt oil ap plied top ically to health y humans suff ering from

induce d he adache produ ced a signi ficant analges ic effe ct.

Accor ding to Ody (1996) , there are 39 differen t over-th e-count er he rbal remedi es an d

supp lements in whic h peppermi nt oil or an extra ct of pe ppermin t is one of the componen ts

(Table 12.7) . Ody also report ed that there were four over-t he-count er herbal remedi es that

used menthol a s an ingredien t. They are ‘‘Brumb les Pr oplis, Menthol, and Euca lyptus

Loze nges’’ for use with sore throat and catar rh; ‘‘Gerard House Dragon Balm Ointment ’’

to relieve inflamed or swol len joints; ‘‘Phyto varix’’ for use in massaging tir ed legs; an d

‘‘Pot ter’s Dermacrem e Ointment ’’ for use as a mild antisep tic cream .

It was report ed (Bu ckle, 1997) that althoug h pe ppermin t has been the class ic choice for

nau sea treat ment, overexposur e can actual ly bring on nausea. Fi xed combination s con taining

pep permint oil as a co mponent are sold in he rbal pharmac ies in Germ any (Blum enthal et al.,

1998). A lis t of these can be foun d in Table 12.8. In Germ any, peppe rmint leaves are class ified

both as a condiment and also as a drug. According to the published literature (Blumenthal

et al., 1998), a number of fixed combinations containing peppermint leaves as a component

are sold in herbal pharmac ies as can be seen in Tabl e 12.9.

Robbers and Tyler (1999) reported that peppermint was a significant carminative herb and

that most of the activity is due to menthol (the main oil component). Although it was reported

(Blumenthal et al., 1998) that peppermint was a promoter of gastric secretions, the U.S. FDA

banned the use of peppermint oil in nonprescription over-the-counter drugs in 1990 stating

that it was not an effective digestion aid (Robbers and Tyler, 1999). The same authors noted

that this ruling did not mean that the oil was an ineffective digestion aid; it meant that the

evidence of its efficacy was not presented to the FDA. Robbers and Tyler further noted that

peppermint is used in peppermint tea (ca. 1.5 g=240 mL H2O), which according to the

manufacturers of such products supports digestion, soothes the stomach, and is comforting

when one has a cold.

Menthol is used in cough drops sometimes in combination with peppermint oil or other

oils such as eucalyptus, anise, fennel, or thyme. Menthol is also used in emollients in

low concentrations to relieve irritation by cutaneous receptor depression (Robbers and

Tyler, 1999).

Duke et al. (2002) have reviewed the published literature with respect to the medicinal uses

of peppermint. They noted that peppermint has been reported to possess the following

biological activities: allergenic, analgesic, aphrodisiac, anesthetic, antibacterial, antiemetic,

antihepatic, antiinflammatory, antilactogogue, antiitch, antioxidant, antipyretic, antiseptic,

antispasmodic, antitussive, antiulcer, antiviral, apoptotic, astringent, bronchodilation, as

a calcium-blocker, cardiotonic, carminative, cholagogue, chloretic, CNS-sedative, counter-

irritant, decongestant, detoxicant, diaphoretic, digestive, diuretic, emmenagogic, expectorant,

insecticidal, myorelaxant, orexigenic, secretolytic, sedative, stimulant, stomachic, tonic, tran-

quilizer, vasodilatator, vermifugic, and vulnerary. As can be seen from this list, some of the

activities appear to be opposites of others listed. Consequently, unless scientific studies, in

which the particular biological activity has been demonstrated using an irrefutable protocol,

are performed, many of these activities need to be classified in the ‘‘old wives’ tales’’ category.

Pittler and Ernst (1998) have published a critical review with a metaanalysis of the use of

peppermint oil for irritable bowel syndrome. The authors note that irritable bowel syndrome

is a common gastrointestinal disorder; its cause is not known and the treatment is symptom-

atic. Treatments currently in use are based on symptoms but are often not completely helpful.

These treatments include high-fiber diets, bulking agents, muscle relaxants, psychotherapy, and

antidepressants. Peppermint oil has been incorporated into over-the-counter preparations
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TABLE 12.7
Over-the-Counter Herbal Remedies and Supplements

1. Bio-Strath Artichoke Formula

2. Bio-Strath Valerian Formula

3. Bioforce Boldocynara

4. Bioforce Imp (Imperthritica)

5. Bioforce Potto Oil

6. Bioforce Potto Ointment

7. Blackmore’s Cape Aloes and Cascara

8. Culpepper Elder Flower and Peppermint Mixture

9. Frank Roberts Drops of Life Tablets

10. Gerard House Marshmallow and Peppermint

11. Gerard House Sooth-a-Tea

12. Hactos Cough Mixture

13. Health and Heather Indigestion and Flatulence

14. Herbcraft Fresh Breath Cinnamon Spray

15. Herbcraft Peppermint Formula

16. Höfel’s One-a-Day Cardiomax Garlic Pearles

17. Lambert’s Peppermint Oil Capsules

18. Lane’s Cut-a-Cough

19. Lane’s Honey and Molasses Cough Mixture

20. Natraleze

21. Neal’s Yard Anti-oxidant Herbs elixir

22. Neal’s Yard Elderflower, Peppermint and Composition Essence

23. Neal’s Yard Slippery Elm Tablets

24. Obbekjaers Peppermint

25. Olbas Oil

26. Olbas pastilles

27. Potter’s Elderflower, Peppermint and Composition Essence

28. Potter’s Nine Rubbing Oils

29. Potter’s Slippery Elm Stomach Tablets

30. Power Health Head Clear

31. Power Health Peppermint Oil

32. Pure-Fil Romagen Herbal Antioxidant

33. Revitonil

34. Ricola Swiss Herb Lozenges

35. Uvacin

36. Weleda Catarrh Cream

37. Weleda Clairo Tea

38. Weleda Laxadoron Tablets

39. Weleda Oleum Rhinale

Used for ingestion (1); stress (2); digestion carminative (3, 15, 16, 20,

23, 24, 29, 37); external use-arthritis and rheumatisms (4, 25, 28, 31);

herbal tea (5, 11); external cream for bruises=abrasions (6); digestion

carminative and mild laxative (7); colds, chills, sore throat (8, 9, 22,

27, 33); cough (12, 34); indigestion and flatulence (10, 13); breath

freshener (14); irritable bowel syndrome (17); expectorant and catarrh

(18, 19); counteractive to cell aging (21, 32); inhalant for hay fever (25,

30); catarrh (26, 36, 39); short term female bladder discomfort (35);

mild laxative (38).
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for treatment of the symptoms of the disorder because of its carminative and antispasmodic

properties. The authors reviewed the scientific literature for randomized controlled clinical

trials of peppermint oil used for the symptoms of irritable bowel syndrome and the clini-

cal trial data from appropriate studies were combined for metaanalysis. The metaanalysis

showed a statistically significant improvement of symptoms compared with placebo. How-

ever, the authors warn that the positive results of their analysis must be viewed with caution

because of concerns with the methodologies used in the studies that were analyzed in their

metaanalysis. These include failure to define patient inclusion criteria in some studies,

treatment periods of one month or less when treatment periods should be at least 2–3 months,

and problems with some of the cross-over designs. It was noted that adverse effects of

peppermint oil were reported by some patients in the various clinical trials and include

heartburn, perianal burning, blurred vision, nausea, and vomiting. The authors concluded

TABLE 12.8
Fixed Peppermint Oil Combinations

1 Peppermint Oil and Caraway Oil

2 Peppermint Oil, Caraway Oil, and German Chamomile Flower

3 Peppermint Oil, Caraway Oil, and Fennel Oil

4 Peppermint Oil, Caraway Oil, Fennel Oil, and German Chamomile Flower

5 Peppermint Oil and Fennel Oil

6 Peppermint Oil, Fennel Oil, and German Chamomile Flower

7 Senna Leaf, Peppermint Oil, and Caraway Oil

Used for dyspeptic discomfort, mild gastrointestinal spasms, flatulence and

fullness sensations (1–6); constipation with spastic-like discomfort (7).

TABLE 12.9
Fixed Peppermint Leaf Combinations

1 Dandelion root with herb, peppermint leaf, and artichoke leaf

2 Javanese turmeric root, peppermint leaf, and wormwood

3 Licorice root, peppermint leaf, and German chamomile flower

4 Milk thistle fruit, peppermint leaf, and wormwood

5 Peppermint leaf and caraway seed

6 Peppermint leaf, caraway seed, and fennel seed

7 Peppermint leaf, caraway seed, and German chamomile flower

8 Peppermint leaf, caraway seed, German chamomile flower, and bitter orange peel

9 Peppermint leaf, caraway seed, fennel seed, and German chamomile flower

10 Peppermint leaf and fennel seed

11 Peppermint leaf, fennel seed, and German chamomile flower

12 Peppermint leaf, German chamomile flower, and caraway seed

Used for spastic epigastric discomfort because of functional biliary system disorder (1);

dyspeptic discomfort because of functional biliary system disorder (2, 4); chronic

inflammation of gastric mucosa with gastrointestinal spastic discomfort (3) dyspeptic

discomfort, mild gastrointestinal spasms, flatulence and fullness sensation (5–7, 9–12)

dyspeptic discomfort, flatulence, fullness sensation and loss of appetite (8).

430 Mint: The Genus Mentha



that the role of peppermint oil in the treatment of symptoms of irritable bowel syndrome has

not been established beyond reasonable doubt and additional studies are warranted.

12.2.2 MENTHOL

Morton (1977) noted that although menthol was an ingredient in some cough drops and nasal

inhalants creating a sense of relief from congestion, the benefit was psychosomatic rather than

therapeutic. Menthol-containing ointments and creams are used to treat skin diseases because

it is considered to possess antipruritic, antiseptic, counter irritant, stimulant, anesthetic, and

skin cooling properties. In Asia, menthol-containing preparations are dabbed on the temples

to lessen the pain of an ordinary headache.

In China, mint actually refers to Mentha canadensis (Po–Ho or Bo–He). According to Hsu

et al. (1986), Po–Ho is used to treat fever caused by exogenous pathogenic factors, headaches,

hyperemia, sore throat, oral and dermal lesions, rashes, and toothache. Huang (1998)

reported that taken internally, the menthol-rich oil of M. canadensis can stimulate the

motility of the gastrointestinal tract and reduce flatulence. It can also be a Central Nervous

System (CNS) stimulant to increase sweat production and to act as a blood vessel dilator.

Application to mucosa or skin results in a cool sensation followed by a slow penetration of

the dermis, which improves circulation around the application region. On the skin, it can act

as a counter irritant by desensitizing sensory irritation and reducing histamine-induced

itching. Furthermore, Huang reported that addition of the menthol-rich oil to ethanol can

increase the solubility of most drugs and decrease the skin polarity, resulting in enhanced

drug penetration.

Chinese physicians use M. canadensis in the form of a water-based infusion ingested to

dispel abdominal distention and gastric or colonic spasms. Externally, an oil- and menthol-

based ointment is rubbed onto the skin to treat both the common cold and headache.

Hendriks (1998) reported that the use of M. canadensis or menthol in powders, creams, or

ointments was based on their known cooling properties. It was further reported that the

cooling properties of menthol are caused by interaction with specific receptors. Viana et al.

(2002) determined the specificity of a cold receptor. McKemy et al. (2002) cloned a menthol

receptor from trigeminal sensory neurons. This cold- and menthol-sensitive receptor was

found to be a member of the transient receptor potential family of channels and is the main

thermal stimulus sensor in the mammalian peripheral nervous system. In addition to menthol,

other cooling compounds are also known. A summary of the synthetic structures and sensory

properties of these materials can be seen in the reports of Watson et al. (1978), Eccles (1994),

and Erman (2004).

12.2.3 SPEARMINT

Spearmint leaves are more commonly used for culinary purposes, whereas peppermint leaves

are used mainly in pharmaceutical products although some do find their way into herbal teas

that are extensively consumed in Germany and North Africa. In England, large quantities of

spearmint leaves are used in the preparation of mint sauce, a sweet vinegar-based condiment

that is used on grilled and roast lamb. Mint leaves are also used on potatoes and peas in

England as a typical garnish.

Flück and Jaspersen-Schib (1976) noted that an infusion of one pint of water and one

spoonful of ground dried spearmint leaves could be used to treat stomach disorders particu-

larly for diarrhea due to chills. They also noted that it could be used to stimulate biliary

secretion in jaundice as well as in the treatment of other liver diseases.

Although spearmint is used to a limited extent as a stimulant, antispasmodic, and carmina-

tive (Wren, 1989), it is more widely used as a flavorant and culinary herb. Ody (1996) reported
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that spearmint oil is used as a component of Frank Roberts Nervous Dyspepsia tablets, which

are taken to relieve indigestion and nausea.

Duke et al. (2002) also reviewed the published literature associated with the medicinal use

of spearmint and found that it was reported to possess the following biological activities:

allergenic, analgesic, antipyretic, antiseptic, antispasmodic, carminative, decongestant, de-

odorant, dermatitigenic, diaphoretic, digestive, diuretic, emetic, expectorant, insecticidal,

neurodepressant, sedative, stimulant, stomachic, and vermifugic. It is of interest to note

that in his treatise on herbal drugs, Wichtl (1994) noted that the only use of spearmint leaves

was in spearmint tea.

12.2.4 INSECTICIDAL ACTIVITY OF MINT OILS

The preceding sections have provided a survey of the numerous uses of mint oils. In addition

to these, mint oils have been investigated for their insecticidal activity; although they are not

the only essential oils that possess insecticidal activities (Saxena and Koul, 1978; Ahmed and

Eapen, 1986; Garg and Banerjee, 1997; Regnault-Roger, 1997). With the exception of the use

of pennyroyal oil and pulegone in pet collars designed to kill fleas (pennyroyal oil was

voluntarily withdrawn for reregistration as a pesticide in the United States), the authors

know of no commercialization of mint oils as insecticides. However, these studies do provide

interesting information concerning their species-specific toxicity toward nonmammalian

species. Although these studies cannot be extrapolated to humans because they do not use

validated toxicological models or toxicological protocols, they do provide data that may be

useful for comparative toxicology.

Misra and Kumar (1983) evaluated the use of peppermint oil against the red flour beetle

(Tribolium castaneum). They found that the use of the oil as a fumigant resulted in LC50

values (concentration that is lethal to 50% of the test species) of the oil against the first,

second, third, and fifth instar larvae were 0.76, 2.14, 11.88, and 20.4 mL=100 cc volume,

respectively. Furthermore, it was found that LC50 values for adults after 24-h and 48-h

exposure were 3.04 and 3.21 mL=100 cc, respectively. A 90% kill rate was obtained for the

emerging first instar larvae when they were exposed to 4.0 mL=100 cc, even though the eggs

were unaffected. Tripathi et al. (2000) also investigated the toxicity of oils from Mentha

species and certain of their constituents as a fumigants against T. castaneum and also against

the pulse beetle, Callosobruchus maculatus. The mint oils were obtained from M. canadensis,

M. aquatica var. citrata, M. piperita, and M. spicata and fractions high in menthone, menthol,

linalool, linalyl acetate, menthofuran, limonene, and carvone were also tested. C. maculatus

was more sensitive to the mint oils and components when used as fumigants than was T.

castaneum with menthol as the most effective fumigant. M. canadensis and M. piperita oils

and menthone, linalyl acetate, and menthofuran were also effective fumigants. Mentha spicata

oil was the most effective larvicide while carvone was most toxic toward adults, and M.

canadensis and M. spicata oils were also highly effective against adults.

Harwood et al. (1990) evaluated the effect of peppermint monoterpenes, including pule-

gone, menthol, and menthone, on larvae of the variegated cutworm Peridoroma saucia

Hubner. Larvae treated with menthone and pulegone weighed less than the control because

of feeding inhibition and abnormalities found in molting in menthol-treated larvae. Menthol

inhibited pupation at doses similar to content in peppermint oil. No effects were seen with

limonene or alpha-pinene, although alpha-pinene was toxic to sixth stage instars when

topically applied to the larvae.

The efficacy of six essential oils against the land leech (Haemadipsa zeylanica montivin-

dicis) found in the rough terrain and thick forest of northeastern India was evaluated by
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Nath et al. (1986). Spearmint oil was found to be the second best repellent of the oils screened

after cinnamon bark oil, with an exposure concentration of 45–180 ppm=cc.
A patent for a mixture of peppermint, eucalyptus, cedarwood, and citronella oils impreg-

nated in an ethylene-vinyl acetate polymer for use in flea collars for dogs demonstrated

usefulness according to Seto (1987), cited in Regnault-Roger (1997).

The nematicidal activity of six essential oils, including M. canadensis and their major

constituents against second-stage juveniles of the seed-gall nematode (Anguina tritici), citrus

nematode (Tylenchulus semipenetrans), root-knot nematode (Meloidogyne javanica), and

pigeon-pea cyst-nematode (Heterodera cajani), was evaluated by Sangwan et al. (1990).

They found that the LC50 of both M. canadensis oil and menthol was considerably higher

than either eugenol-rich or eugenol-free clove oil. Menthol was moderately active against

T. semipenetrans and M. javanica.

Common mint oils, including M. spicata oil, prevented egg hatching and provoked pupal

malformation with the fly Drosophila aurea according to Konstantopoulou et al. (1992), as

cited in Regnault-Roger (1997). Menthol may be acting as an acetylcholinesterase inhibitor

(Miyazawa et al., 1997), as do several common insecticides.

Menthol, along with some other monoterpenes, was evaluated for its acaricidal or miticidal

activity against the mage mite of the rabbit (Posoroptes cuniculi), either by direct contact or

inhalation, by Perrucci et al. (1995). They found that menthol was very effective in causing

100% mortality of the mites either by direct contact with 0.125% menthol solution or

inhalation of 1 mL of menthol (in 1:6 w=w of vaseline oil).

The menthol-rich oil of cornmint was found by Singh et al. (1995) to be an effective

fumigant against the sorghum weevil (Sitophilus oryzae) on sorghum stored for 3 months.

The effective use level of the oil was determined to be 166 mL=L.

Regnault-Roger and Hamraoui (1995) and Regnault-Roger (1997) screened a number of

essential oils against the kidney brucid (Acanthoscelides obtectus). The LC50 for peppermint

oil at 24-h and 48-h exposures was 22.4 and 8.7 mg=L, respectively.

Franzios et al. (1997) screened oils of M. pulegium and M. spicata along with pulegone,

menthone, and carvone for their insecticidal and genotoxic activities against the fruit fly

(Drosophila melanogaster). Both oils were found to exhibit strong insecticidal activity,

whereas only M. spicata oil was found to be mutagenic. The LD50 values for (lethal dose

for 50% of the test species) M. pulegium oil (76% pulegone) and M. spicata oil (32% carvone)

were 2.09 mL and 1.12 mL, respectively. In comparison, the LD50 for pulegone, menthone,

and carvone was 0.17, 1.29, and 0.67 mL, respectively. Pulegone and carvone have been

shown to be inhibitors of acetylcholinesterase (Miyazawa et al., 1997), which may be associ-

ated with their insecticidal activity.

Sixty-three essential oils produced from Bolivian plants and a number of pure isolates were

tested against the kissing or assassin bug (Triatoma infestans) for ovicidal and larvicidal

properties by Laurent et al. (1997). They found that the menthol-rich oil was fairly active.

As a result, they examined the ovicidal, lavicidal (against first and fourth instar larvae) effect

of L-menthyl acetate, L-menthone, and L-menthol using an impregnated paper screening test.

An ovicidal effect of >2 mg=cm2 for the acetate and ketone and 0.16 mg=cm2 for menthol was

found. Evaluation of the lavicidal effect resulted in 0.75 mg=cm2 for menthol against the first

instar larvae. The level of the larvicidal effect of menthyl acetate and menthone was found to

be 1.5 mg=cm2 or greater.

Chantraine et al. (1998) further screened 52 oils produced from plants grown in Bolivia

against the third instar larvae of Aedes aegypti. They found that an oil of M. canadensis was

not a very effective control measure, because it produced a mortality rate of only 15% when

the larvae were exposed to 100 mg=L of oil.
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As a result of observing that the green peach aphid (Myzus persicae) was not able to

reproduce or settle on numerous Labiatae plants (Hori and Harada, 1995), Hori (1999)

screened the oils of ten Labiatae on the feeding behavior, settling, diet choice, and toxicity

against the aphid. He found that spearmint, peppermint, lavender, and thyme oils inhibited

the settling caused by their repellency and probing inhibitory, sucking inhibitory, and loco-

motion stimulatory activities. However, it was noted that neither spearmint nor peppermint

oil was toxic to the aphid as was found with thyme oil; they were merely repellent.

Pathak et al. (2000) screened four oils against the third instar larvae of three mosquito

species (Anopheles stephensi, Culex quinquefasciatus, and Aedes aegypti). They found that the

oil of M. piperita was less toxic than that of Tagetes erecta oil, but more toxic against

A. stephensi (21.4 ppm) and A. aegypti (26.2 ppm) than the other two oils tested. Peppermint

oil was further evaluated for its larvicidal activity against A. aegypti, A. stephensi, C. quinque-

fasciatus, An. culicifacies, An. annularis, and An. subpictus. It was found that when the oil was

added to water the mortality rate of the third instar larvae of A. stephensi, A. aegypti, and

C. quinquefasciatus was 85%, 90%, and 100%, respectively (Ansari et al., 2000). They also

found that the oil exhibited strong repellent action against adult mosquitoes when applied to

human skin. The percent protection and length of protection against C. quinquefasciatus, An.

culicifacies (the principal vector of malaria in Haryana (India)), and An. annularis was 84.5%

(6.7 h), 92.3% (9.6 h), and 100% (11.0 h), respectively. Furthermore, the authors found that

the repellent action of peppermint oil was comparable to the commercially available repellent

known as Mulol oil, which is a mixture of dimethyl and dibutyl phthalates.

Papachristos and Stampoulos (2002) screened a number of essential oils against Acanthos-

celides obtectus Say (Coleoptera, Bruchidae), a major destructive storage pest of the kidney

bean (Phaseolus vulgaris L.), one of the most important food pulses used in South America

and southern Mediterranean countries. They found that the oil of M. spicata was most toxic

for males but females were less susceptible. Nevertheless, the authors recommended that a

combination of lavender (Lavandula xintermedia Emeric ex Loisel), Rosemary (Rosmarinus

officinalis L.), and M. spicata could be used to both repel and curb insect damage on stored

kidney beans.

12.3 SAFETY ASSESSMENT OF MINT OILS AND THEIR CONSTITUENTS

12.3.1 GENERAL CONSIDERATIONS

As previously noted, essential oils derived from the mint family occur in a wide variety of

products at various usage concentrations. These products span the range of food, beverages,

pharmaceuticals, cosmetics, and fragrances. Mint-derived oils or extracts may either be used

directly or specific components may be purified for use. In some cases, such as menthol,

synthetic versions of the natural component are sometimes used. The diversity of the chemical

constituents of mint oils and the diversity of their use in products destined for human use

emphasize the need for toxicological data concerning these materials. Most of these products

come under the regulatory responsibilities of the FDA in the United States and similar

regulatory agencies in other countries. In the United States, these products are regulated by

different branches of the FDA, for example, food additives, cosmetics, and pharmaceuticals.

Each branch has slightly different toxicology testing guidelines and it is important to follow

the guidelines proposed by the FDA branch that will be reviewing the data. In the case of

food additives, the FDA recognizes many compounds and mixtures as ‘‘generally recognized

as safe’’ or GRAS under the conditions of their use in food. This designation originally came

about to grandfather substances that had been historically added to food with no evidence of

adverse effects. Although the FDA originally published a list of 600 substances it considered
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to be GRAS, this list was not comp rehensive of the foo d ad ditives used at that tim e, but served

as an exampl e of substa nces it c onsider ed GRAS. Ther e was no legal mandat e agains t other

groups from dev eloping GRA S lis ts and severa l group s have developed these lists indepe ndent

of the FD A. The major criteri on for the add ition of a sub stance to the GRAS list was that it be

evaluat ed for safety by ‘‘ex perts qualified by scientif ic training an d experi ence . . . to be safe

unde r the cond itions of its intende d use.’’ Alt hough FDA may have previous ly publ ished

regula tions co ncerning a number of mint-deri ved oils or their compon ents, new uses or

increa sed qua ntity of use may ne cessitat e providi ng the agenc y with new toxic ology data.

Becau se of the wid e use of essent ial oils and specific ch emical compo nents derive d from

them, trade org anizations have been establis hed under the spo nsorship of manufa ctures to

colla te known safet y data, to develop ne w safety da ta, and to evaluat e and distribut e these

data to the sponsors , regula tory agencie s, and other inter ested parties. An ex ample of such an

organiz ation is the Rese arch Insti tute for Fragran ce Mater ials (RIFM ) e stablished in 1966.

RIFM has be en en gaged in the deve lopment and evaluat ion of safety data through the use of

an expert advisor y panel. This panel consis ts of indivi duals who by training and experie nce

are expert s in various aspect s of the testing and safe use of the material s under evaluat ion

(Bicker s et al., 2001). Anothe r su ch organiz ation is the Flavor and Extract Manu facturers

Asso ciation (FE MA). FEMA ha s organiz ed an Expert Pane l to evaluat e the safety of

substances used in foods and determine if they are suitable as GRAS substances. Recently,

the Expert Panel has published a scientifically based guide to evaluate the safety of naturally

occurring mixtures for their use in foods, the guide emphasizes the evaluation of essential oils

(Smith et al., 2005a) . Their ap proach will be discus sed furthe r in Sectio n 12 .3.16.

The evaluation of existing toxicological data and the design of new toxicology studies must

be within the context of the current principles and good practice of toxicology. Toxicological

safety assessments are required where existing studies do not provide appropriate data that

meet these criteria and where the data are inadequate or no data exist. The major aspects of a

toxicological safety assessment are discussed later.

12.3.2 REVIEW OF THE SCIENTIFIC LITERATURE

Any toxicological assessment begins with a careful review of the scientific and regulatory

literature to evaluate what is known concerning the toxicology of the material of interest and

its regulatory status. Another consideration is the relevance and quality of the available data.

Certain studies may not meet currently accepted principles for toxicology testing and these

will have to be assessed with respect to the need for retesting. A toxicological testing program

needs to be designed and initiated in the areas where little data are available or where the

available data are not sufficient or not appropriate for the specific material of use or to the

specific method of use.

12.3.3 STRUCTURE ACTIVITY RELATIONSHIP ASSESSMENT

Although a structure activity relationship (SAR) assessment of a complex mixture is not

possible, a SAR can be useful in predicting the level of concern of an individual chemical

constituent of a mint oil or extract. Commercial computer programs are available to aid in the

prediction of toxicological concern associated with a particular chemical structure based on

SAR. These programs are generally based on learning sets from previously tested compounds.

They develop correlation equations relating specific parameters, such as chemical structure,

calculated molecular size and shape, electronic configurations, and known or calculated oil or

water partition coefficients, to specific toxicological endpoints. As the size and diversity of the

learning sets in these programs increase, so should the accuracy of their predictions. However,
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the resul ts from these compu ter prog rams can only be con sidered as pre dictions and cannot

be su bstitute d for actual toxic ologic al testing, althoug h they are somet imes used to de termine

the priority of test ing of a series of co mpounds.

In respect to food add itives, the FDA (1993) has present ed SAR guidel ines to place a

chemi cal into three struc ture categor ies. The FDA SAR categor izat ion is based on ch emical

struc tures and function al groups that ha ve been associ ated with specific types of toxicities.

Depen ding on the struc ture of the chemi cal an d the struc tures of its known or predict ed

meta bolites, it can be placed in eithe r Struct ure Category A that includes ch emical structures

predict ed to be of low toxic poten tial; Structu re Catego ry B that includes struc tures predict ed

to have adverse effe cts excludi ng mutag enici ty and c arcinog enicity; or Struct ure Catego ry C

that includes structures associ ated with mutag enicity and carci nogen icity. The FDA provides

furt her guidance in using the SAR in con junction with da ta concerning potential human

expo sure to develop an initial ‘‘conc ern level’’ for the chemi cal.

For d et al. (2000) have publis hed a review of the SAR assessment used by the Expe rt Panel

of the RIFM to assist in their revie w of fragran ce ch emicals. It diff ers a little from the FDA

app roach for food additives by includin g struc tural alerts for topica l expo sure effe cts. For d

et al. (2000) ha ve listed 49 mo lecular grou pings and functi onal group s in their SAR da tabase,

24 of which may be associated with topica l effects includi ng poten tial skin sen sitization,

photo irritation, and photoall ergy. The SAR asses sment is co mbined with con sumer exposure

and qua ntity of use to determ ine the priority for revie w of specific fragrance mate rials.

12.3.4 E XPOSURE ASSESSMENT

A critical facto r in any safet y asses sment is a determ ination of the pot ential hum an exposure

to the material of inter est (FDA , 1 993; For d et al., 2000; Paustenb ach, 200 1). Expos ure is

determ ined by the co ncentra tion of the mate rial in a product and the qua ntity an d frequency

of use of the produc t. Expos ure can be topica l (such as wi th soa ps and cosmet ics), oral (such as

food), oral care produc ts (such as toothpas tes and mouthw ashes) , and dr ugs and by inhal-

ation (such as fragran ces). All these exposures can lead to syst emic exposure through

absorp tion. M ost toxic ity is related to systemi c e xposure wi th excepti ons, such as de rmal

sensi tization, photo toxicity , and de rmal irritation. Ther e are a number of methods to assess

expo sures that a re dep endent on the rou te of exposure.

With a specific produ ct, the co ncentra tion of the mate rial of inter est in the produ ct is

known , along with the antic ipated level and frequency of use. How ever, specific individuals

may use the produ ct at a higher frequency and qua ntity than the average consumer . Bec ause

of this , exposure assessment s need to be based on the indivi duals using these pro ducts at a

higher rate. For instance , RIFM uses the 97.5% level of use for fragrances (Ford et al., 2000),

whi le FDA uses the 90% for co nsumpt ion of food additives (FDA , 1993). Determi ning

expo sure at these high level s of con sumpt ion and use leads to co nservative esti mates that

will include the vast major ity of consumer s. Expos ure to mate rials in drugs can be better

estimated because of the recommended dosages used for these products.

Concomitant exposure to the same material through consumption or use of multiple

products containing the material complicates an exposure assessment, but must be consid-

ered. Total exposure will result not only from use of the product under investigation but also

from other products containing the same substance; this additive effect must also be

accounted for during the exposure assessment. Various databases exist that may help with

exposure assessment. These can include data provided by manufacturers concerning the total

quantity of the material manufactured per year, such as the data provided for peppermint leaf

prod uction in Tabl e 12.3; data con cerning estimat ed qua ntity of use in pr oducts con taining
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the material, such as those seen in Table 12.4; and data estimat ing qua ntity and frequency of

use by individual consumers. The reliability of these data must always be considered because

they are based on voluntary data provided by manufactures of the particular material,

reported usage levels in products, and consumer provided quantity and frequency of use

data. Therefore, conservative estimates and possible correction factors need to be employed

to ensure that these estimates represent conservative estimates of total exposure.

12.3.5 ROUTE OF EXPOSURE

A critical issue that must be evaluated is the route of exposure of an essential oil, extract, or a

specific component of an oil or extract. Because mint oils and extracts may be used in a wide

variety of products, consultations between product developers and toxicologists begin this

process. A material used to provide flavor in a food or drink product would primarily result

in oral ingestion; whereas, a material added to a toothpaste or mouthwash would result in a

primary exposure to the oral mucosa resulting in lingual absorption, with a potential second-

ary exposure by oral ingestion. A material added to a skin care product would result primarily

in dermal exposure but could result in systemic exposure through dermal absorption into the

blood stream. After careful consideration of the intended use of a product and its potential

unintended use or secondary exposures, the route of exposure or multiple routes of exposure

to be used during toxicological evaluation can be determined. Because the route of exposure is

an important determinate of toxicity, this is one of the most important considerations for the

evaluation of the safety of a material.

12.3.6 TEST MATERIAL

Before a toxicological safety assessment can be initiated, the precise nature of the material to

be tested, often called the test article by toxicologists, must be defined. Again, this is a team

approach that involves not only product developers, chemists, and toxicologists, but also

experts in the manufacture of the product containing the essential oil, extract, or component

and those familiar with procuring or sourcing the material to be used in the manufacture of

the product. Consultation between these experts should result in a determination of the exact

nature of the test article.

The material to undergo toxicological assessment should be as identical to the material to

be used in the production of the final product as possible. For example, if an oil or extract

from a member of the mint family is to be used, then an oil or extract that is as close as

possible in chemical composition to that to be used in the product should be evaluated. An

exact chemical match to a plant extract or oil may not be possible because its chemical

composition may vary slightly depending on intrinsic and extrinsic factors such as cultivar

selection (genetic) or environment and growing conditions, which will vary year to year. Some

essential oils are further processed after their initial production to: (a) remove off-notes

formed during their isolation by distillation or (b) remove some top-notes (monoterpene

hydrocarbons) to ensure that the oil produced meets national or international specifications.

Oils produced during a season contain components that can vary quantitatively. To ameli-

orate any within-season compositional variations, the oils can be blended. Because of this, the

chemical composition of the final blended oil will be more consistent than that of individual

drums of crude oil. This increases the ability to set specifications for the test article for

toxicological testing that will encompass the variability encountered in the oil used for

production of the product of interest. Conditions that can be controlled, such as the isolation

or extraction process, should represent those to be used in producing the oil or extract. This

will ensure that any residual solvents or manufacturing aids that may be in the extract and
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any changes in the natural composition produced by extraction will be represented in the test

article.

Specifications for the oil or extract to be evaluated need to be set and should be broad

enough to encompass the variation found in the oil produced for human consumption. It

would be unfortunate if the specifications were set so stringently that they could not be met in

practice, invalidating the safety assessment. Specifications should begin with the plant from

which the oil is obtained, geographical source(s), specific anatomical locations of the plant

used to obtain the oil, and any other characteristics associated with collecting and processing

the plant to obtain the crude oil or extract that may be pertinent. In addition, specifications

should include any secondary processing of the oil resulting in purification and obtaining the

proper balance of constituents to obtain the desired flavor or aroma. The specifications

should also include physical characteristics of the oil, such as specific gravity among others,

and its chemical composition, especially those constituents important to the flavor and any

constituents that may be of toxicological concern and, importantly, the percentage of the oil

that contains unidentified chemical constituents. Also, quality control standards are needed

to compare different batches of the oil or extract to those used in the safety assessment. These

same principles are still appropriate when an individual component of an oil is to be used

instead of the natural mixture. When a specific component of mint oil is produced synthet-

ically, the synthetic process, its chirality, and purification methodology should be identical to

the isolation process to ensure that the test article contains only chemical residues that would

be anticipated to occur in the final product.

An approach that has sometimes been used in the toxicological assessment of essential

oils is to determine the potential toxicity of the major component of the oil. Although the

overall toxicity of a complex mixture may represent the toxicity of its most toxic constituent,

this is certainly not the case with certain mixtures. The overall toxicity of a mixture can be

the additive toxicity of some of its components and less frequently synergistic interactions

may be encountered where the toxicity of a mixture is greater than simply additive. Another

possibility is that the toxicity of a mixture may be less than the expected additive toxicity of

its individual components (antagonistic interactions). For example, Franzios et al. (1997)

determined the acute toxicity of the essential oil from M. pulegium (containing 75.7%

pulegone and 10.1% menthone) in fruit flies (D. melanogaster) and compared this to the

acute toxicity determined for pulegone alone and a 7:1 mixture of pulegone and menthone.

LD50s (mL) were found to be 2.09 for the essential oil, 0.17 for pulegone, and 4.06 for the

pulegone:menthone mixture. The authors pointed out that these toxicity data were unpre-

dictable and indicative of interactions. For instance, based on the toxicity of pulegone and

its content in the oil, the oil would be predicted to be nine times more toxic than the data

indicate. The pulegone:menthone mixture was two times less toxic than the oil, which

contained a similar ratio of the two constituents, and 17 times less toxic than pulegone

alone.

Synergy and less than expected toxicity can be encountered when two or more of the

components of a mixture compete with each other for enzymes associated with their detoxi-

cation or in cases where a metabolite may be more toxic than its parent compound.

These interactions can be complex and in many cases are difficult to predict. These

factors, among others, emphasize the need to study the toxicity of the complete mixture as

opposed to an individual component of the mixture, even though it may be the major

component.

If it is known that the toxicity of a mixture, such as an essential oil, is in most part related to

a single component, then it is possible to produce a less toxic mixture by removing that

component. An example to be discussed in more detail is pennyroyal oil in which the removal

of pulegone results in a substantial reduction in the toxicity of the oil.
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12.3.7 ACUTE TOXICITY

Generally, the first set of toxicology data collected for the material assessed for safety is acute

toxicity from a single exposure. Acute toxicity data are most valuable for toxicity comparison

with other materials. Secondarily, they are useful in setting dose ranges for longer-term multiple

dose studies. Previously, acute toxicity studies were designed to provide LD50 (lethal dose for

50% of the animals) data that were quantitative and contained statistical information on the

uncertainty of the value. Currently, the determination of LD50 data is not favored and regula-

tory agencies discourage its use. This is based on the large numbers of animals of each gender

required for the determination and because these data are highly species and strain dependent

and may vary between different laboratories. There are a number of accepted designs that

provide an acute maximally tolerated dose (MTD) based on the production of severe signs of

toxicity but not necessarily causing death. Although general study designs have been presented

(DiPasquale and Hayes, 2001), it is important to follow the basic guidelines for acute toxicity

testing proposedby the regulatory agency thatwill be reviewing the data.Acute toxicity data are

generally required for both genders of two species, a rodent species and anonrodent species. The

route of human exposure to thematerial under investigation is generally the same as that used in

animal studies.Data fromdermal exposures are generally supplementedwith anexposure route,

such as oral or intravenous, that allows for higher systemic exposure.

Table 12.10 provides acute toxicity data for some of the mint oils and their constituents.

These data indicate that these materials are generally not highly acutely toxic, with the acute

oral toxicity in the range of g=kg of body weight with the exception of pulegone, and the

dermal acute toxicity less than the oral toxicity, as would be expected.

12.3.8 METABOLISM STUDIES

Regulatory agencies require information concerning the metabolism of the material under

investigation. Metabolism data are also important to the toxicologist in the appropriate

TABLE 12.10
Acute Toxicity of Mint Oils and Their Components

Essential Oil or

Component Specie Oral LD50 Dermal LD50 References

Pulegone Rat 470 mg=kg ECH & CPDG (2002)

Menthone Rat 1.6–1.95 g=kg BIBRA Int. (2000)

Racemic menthone Rat 2.18 mL=kg >5 g=kg BIBRA Int. (2000)

Isomenthone >5 g=kg BIBRA Int. (2000)

Peppermint oil Mouse 2.41 g=kg CIREP (2001)

Rat 4.44 g=kg

Rabbit >5 g=kg RIFM (2004)

L-Carvone Mouse 5.1 mL=kg RIFM (2004a)

Rat 1.64 g=kg Jenner et al. (1964)

Guinea pig 766 mg=kg Jenner et al. (1964)

Cornmint oil Rabbit 1.24 g=kg >5 g=kg RIFM (2004b)

Spearmint oil Rat 5 g=kg RIFM (2004c)

Guinea pig 2 g=kg

Rabbit >5 g=kg

Menthol Rat 2.9–4.0 g=kg BIBRA (1990)

Rat 3.18 g=kg Jenner et al. (1964)

Linalool Rat 2.79 g=kg Jenner et al. (1964)
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design of the toxicology studies. These data include such fundamental information as the

chemical structures of the metabolite(s), their rates of formation, and the major enzymes

involved in their metabolism. In addition, information concerning the chemical nature and

concentrations of the parent compound and its metabolites in plasma, urine, and feces are

useful. It has been recommended for decades that such data be available before initiation of

critical toxicology studies; however, these data were rarely available because of the time and

analytical resources required. Recent advances in analytical chemistry, especially in liquid

chromatography mass spectroscopy have made it possible to provide these data during the

early stages of the safety assessment (Caldwell et al., 2001). When pulegone, a major con-

stituent of pennyroyal oil, was nominated for carcinogenicity testing by the U.S. NTP, its

metabolism was investigated in the species to be used in the carcinogenicity studies at

appropriate toxicological doses (Chen et al., 2001, 2003a,b). These studies provided a meta-

bolic profile of pulegone in the rat and mouse strains to be used in the toxicology program

and also provided information important for the toxicologists in developing the study

designs. For instance, they indicated that mice excreted 85%–100% of the dose in 24 h,

whereas rats excreted 59%–81% of the dose in the same time period. This indicates that rats

may have a greater potential to accumulate pulegone and its metabolites during multiple

dosing than do mice. These studies also indicated that male rats tended to have higher kidney

concentrations of pulegone and its metabolites than female rats, a possible important gender

difference.

As seen in Table 12.11, there is diversity in the enzymes capable of metabolizing foreign

compounds. Of these, the most capable group of enzymes is the cytochrome P450 isozymes

that in many cases initiate foreign compound metabolism and often produce metabolites

that are further metabolized by enzymes such as the glucuronosyltranferases and sulfotrans-

ferases (deBethizy and Hayes, 2001; Parkinson, 2001). Metabolism is generally considered a

TABLE 12.11
Types of Reactions and Enzymes That Participate in Foreign

Compound Metabolism

Oxidation Ester Hydrolysis

Cytochrome P450 isozymes Carboxylesterases

Xanthine oxidase Amidases

Peroxidases

Amine oxidase Dehydrogenases

Monoamine oxidase Alcohol dehydrogenases

Dioxygenases Aldehyde dehydrogenases

Reduction Methylation

Cytochrome P450 isozymes O Methyltransferases

Ketoreductase N Methyltransferases

Glutathione peroxidases S Methyltransferases

Hydration Acetylation

Epoxide hydrolase N Acetyltransferase

Acyltransferases

Conjugation

Glucuronosyltransferase Thiosulfate

Sulfotransferase Sulfurtransferases

Glucosyltransferase

Thioltransferase
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detoxification step because the products of metabolism are generally more water soluble

and more readily excreted than the parent compound. However, in some cases the metabolite

is actually more toxic than the parent compound. For instance, many carcinogens must be

activated by these metabolic enzymes before they can produce the DNA damage that results in

carcinogenicity.

As would be expected, metabolism of complex mixtures can be intricate and complex, with

different components of the mixture metabolized by the same enzyme at different rates or by

different enzymes. When the same enzyme metabolizes two or more components of the

mixture, one can inhibit the metabolism of the other by several mechanisms. This is a

major reason for the toxicity of an essential oil may not reflect the toxicity of its most toxic

constituent determined as a pure compound. For instance, if the same enzyme metabolizes the

most toxic constituent and another constituent of the mixture, metabolism of the toxic

constituent could be decreased by inhibition. This would result in higher than expected

systemic concentrations and higher than expected toxicity.

12.3.9 GENETIC TOXICOLOGY STUDIES

Damage to DNA and associated replicative processes is an important toxicological mechan-

ism that may lead to initiation of carcinogenicity and other adverse effects (Brusick, 2001).

A number of ‘‘short-term’’ assays have been developed to determine the potential of a

compound or mixture to produce genetic damage. These assays are generally of short

duration and utilize limited resources. Therefore, they can be undertaken during the early

phases of a toxicological assessment to provide the toxicologist with important data. Com-

pounds that are ‘‘positive’’ for potential genetic damage in these assays raise the concern level

associated with the compound or mixture, whereas those that test ‘‘negative’’ encourage the

continuation of the safety assessment. Although the ability of these assays to predict toxicities

such as carcinogenicity is not extremely high, compounds with potential genotoxicity must be

carefully evaluated.

Although there are a relatively large number of genotoxicity assays available, regulatory

agencies have limited their data requirements to those assays that historically have been more

reliable and are mechanistically well understood. Generally, an in vitro mutagenicity assay

capable of detecting specific gene mutations, an in vitro assay capable of detecting chromo-

somal damage, and an in vivo assay capable of detecting genetic damage are required. The

in vivo assays are important because they allow all the aspects of absorption, metabolism,

distribution, and excretion that may affect the genotoxicity of a compound or mixture as well

as any physiopathology produced by the compound to be expressed. An important aspect of

most of the in vitro genotoxicity assays is that the cellular systems used generally do not have

significant capacity to metabolize test compounds to reactive metabolites capable of inter-

acting with DNA to produce damage and mutation. To overcome this deficiency, prepar-

ations that have the ability to metabolically activate many compounds are added to the test

systems. The most common system added for metabolic activation is the 9000g supernatant

obtained from centrifugation of rat liver homogenates. Specific cofactors are added to these

‘‘S9’’ fractions to optimize oxidation by the cytochrome P450 monooxygenase system, most

commonly involved in the activation of genotoxicants. However, these systems are not

optimized for the production of activated metabolites by other enzymes, and compounds

that follow alternative activation pathways may not be detected.

An important aspect of these short-term tests is that the methodology may appear some-

what simple but this can be misleading. Improper design of these studies can lead to false

positives, which may result in significant unnecessary testing. The physical and chemical

nature of the test material must be carefully considered to ensure that these characteristics
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do not affect the outcome of the study. Also, doses that produce excessive cytotoxicity may

lead to unreliable results. For these reasons, the toxicologist must be careful that the

experimental design of the studies meets all the requirements of the assay and does not result

in an invalid test.

Because a wide range of genotoxicity assays are available, care should be taken to ensure

that the assays chosen for the safety assessment meets the requirements of the regulatory

agencies who will be evaluating the data. Currently, the favored genotoxicity assays include

the in vitro Salmonella reverse mutation assay, commonly referred to as the Ames assay, in

honor of its developer, using at least five tester strains of bacteria, the in vitro chromosomal

aberration assay, and the in vivo micronucleus assay. The in vitro assays are always conducted

with and without metabolic activation by S9 fractions.

A summary of genotoxicity studies of specific mint oils and their components is presented

in Table 12.12. Since the essential oils consist of naturally occurring constituents resulting

from biochemical pathways in higher plants, there is no high concern that they may contain

DNA-damaging genotoxic constituents. Rosenkranz et al. (1998) has conducted an analysis

of the potential of 648 materials used in fragrances to be genotoxic carcinogens using a

computer program capable of predicting genotoxic carcinogens based on SARs. Based on the

analysis, the authors suggested that the genotoxic risk from these fragrance materials was no

higher than that from normal mammalian physiological constituents. However, this does not

alleviate the need for adequate genotoxicity testing during a safety assessment.

12.3.10 SHORT-TERM REPEATED DOSING STUDIES

In the current practice of toxicology, data from short-term repeated dosing studies, generally

of 2- to 4-week duration are used in the design of more definitive longer-term subchronic

toxicity studies (Wilson et al., 2001). These studies are designed to provide the initial data

concerning potential adverse effects associated with repeated exposures and can aid in the

determination of the target organs (those organs most adversely effected by the test material).

Data collected from these studies are not as extensive as that collected from the longer-term

subchronic studies but are extensive enough to allow a rational design for the subchronic

studies. Variables generally determined during short-term repeated dosing studies include

daily observations of the animals for any signs of altered behavior or stress, weekly body

weights, food consumption, complete necropsy at study termination, selective organ weights,

serum enzymes and electrolytes indicative of organ damage or other physiological changes,

hematology, urinalysis, and selective histopathology that is less extensive than that required

TABLE 12.12
Results of In Vitro Genotoxicity Testing of Selected Mint Oils and Components

Essential Oil

Ames (TA98 & TA100)

w=wo* Metabolic

Activation

Chromosomal

Aberration

Sister

Chromatid

Exchange

Mouse Lymphoma

Forward Mutation

w=wo Metabolic

Activation

L-Carvone (RIFMA, 2004) � N=A N=A N=A

Cornmint oil (RIFMA, 2004) � N=A N=A N=A

Peppermint oil (RIFMA, 2004) � þ þ �
Spearmint oil (RIFMA, 2004) � � N=A N=A

*w=wo, with and without; �, negative in the assay; þ, positive in the assay; N=A, data not available.
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for longer-term studies. In cases where evidence of specific toxicities from previous studies is

available, additional endpoints can be added to those normally assessed.

An important aspect of the studies of flavors, such as the essential oils fed in the animal’s

diet, is an assessment of the palatability of the diets. At the high doses used in toxicology

studies, strongly flavored materials may become unpalatable to the animals, resulting in

decreased food intake with the resulting loss of body weight. This could become dose limiting

and attempts should be made to increase the palatability of the diets. If palatability becomes a

major problem, dosing using oral gavage where the test material is administered directly into

the stomach of the animal must be used.

The animal species used in short-term repeated dosing studies should be the same as those

to be used in the longer-term studies. Regulatory agencies generally require toxicology studies

in two species. Typically, a rodent species and a nonrodent species are generally employed in

toxicology studies. In cases where carcinogenicity studies in two species are planned, data

from rats and mice are generally collected. The nonrodent species used in the shorter duration

studies is generally not suitable for carcinogenicity studies due to the lack of historical data

and the longer lifespans of the nonrodent species, such as dogs. Animals from both genders

are always employed to determine any sex differences in toxicity.

Because data from short-term repeated dosing studies are used to determine the appropri-

ate dosing for longer-term more definitive and resource-intensive subchronic studies, dose

selection for these studies is critical. Generally, three to four doses are used in short-term

repeated dosing studies. Dose selection is based on all the data available to the toxicologist.

Data from acute toxicity studies in each species are required and metabolism data are useful.

Ideally, the low dose should produce little or no toxicity, the mid-dose should produce some

evidence of toxicity, and the high dose should produce definitive evidence of toxicity.

12.3.11 SUBCHRONIC TOXICITY STUDIES

The design of subchronic toxicity studies is based on the data obtained from short-term

repeated dosing studies and any other pertinent data available, such as metabolism and

biodisposition. The subchronic study is a critical component of any safety assessment because

of the magnitude of data obtained and the duration of exposure, which is generally 90 days

(Wilson et al., 2001). The major objectives of subchronic studies include (1) detection of

adverse effects not seen in studies of shorter duration as well as investigation of effects seen in

the shorter-term studies, (2) identification of doses that produce no effect and those that

produce toxicological effects, (3) confirmation of target organs seen in shorter-term studies as

well as detection of target organs not identified in the shorter-term studies, (4) provision of

additional data useful to ensure that the proper species are used and to aid in the extrapo-

lation of animal data to humans, (5) provision of data for dose selection and any additional

endpoints required for chronic toxicity and carcinogenicity studies, and (6) provision of data

useful for human risk assessments.

Many regulatory agencies have issued guidelines for subchronic toxicology studies and the

guideline from the pertinent agency should be followed. Studies are generally conducted using

both genders and using two animal species, one the rat and the other a nonrodent species.

A minimum of three doses of the test article is used with the low dose selected to be a no

observed adverse effect level (NOAEL). Usually, 10–20 rodents or gender are used at each

dose and in the control group. For nonrodent species, 4–6 animals per gender per group are

used. During the in-life phase of the study, twice-daily observations are made for each animal

to observe any overt signs of toxicity and once a week each animal is subjected to a more

extensive physical examination and individual body weights are obtained. Clinical pathology

studies are conducted using blood collected from the animals before the initiation of the study
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and at the termination of the study. Often, interim clinical pathology is conducted at the

midpoint of the study to assess any progression of detected toxicology. Clinical pathology

consists of clinical chemistry comprising assays for variables such as blood glucose, urea

nitrogen, total protein, albumin, globulin, calcium, sodium, potassium, bilirubin, triglycer-

ides, cholesterol, triglycerides, among others, and serum enzymes such as alkaline phosphat-

ase, aspartate aminotransferase, and alanine aminotransferase, among others. Hematology is

also included, which consists of measurement of hematocrit, hemoglobin, erythrocyte count,

leukocyte count, differential leukocyte count, reticulocyte count and prothrombin count,

among others. Urinalysis is included in the clinical pathology screen with variables such as

urine volume, specific gravity, pH, glucose, protein measured, among others. At study

termination, each animal is subjected to detailed necropsy and the weight of selected organs

is determined. Samples of approximately 47 different tissues from each animal in all treat-

ment groups and controls are collected at necropsy for microscopic examination to detect

any microscopic pathology. Additional toxicological endpoints may be added to investi-

gate any toxicological changes noted in previous studies or to address specific questions.

These data are statistically analyzed to determine any significant changes compared with

the controls.

As is obvious, the subchronic study provides a more extensive data collection than the

shorter-term studies. Therefore, it is more valuable in the detection of potential toxicology

and in the extrapolation of the animal data to humans. It is also critical in the design of

studies of longer duration, including chronic toxicity and carcinogenicity studies. In some

cases, the subchronic toxicity studies may complete a toxicological assessment and no further

studies may be required; however, in most cases further studies including chronic toxicity and

carcinogenicity studies will be required.

12.3.12 CHRONIC TOXICITY STUDIES

These studies are of longer duration than subchronic studies and generally are of 12-month

duration in rodents, which covers half their lifespan. In longer-lived species, such as dogs,

study durations of 12 months are also acceptable.

Where chronic toxicology studies are required, the basic study design is similar to that of

the subchronic study. Data from the subchronic studies are used to set the doses as well as

add any additional toxicological endpoints warranted by the results of the subchronic

studies. It is possible to combine the chronic toxicology studies with carcinogenicity studies

by using a satellite group of animals that are terminated at the 12-month midpoint of the

carcinogenicity study.

12.3.13 CARCINOGENICITY STUDIES

Carcinogenicity studies require careful and comprehensive study designs that are to detect the

carcinogenic potential of the test chemical (Williams and Iatropoulos, 2001). It is important

that the study design meets the criteria established by the pertinent regulatory agency.

Because of the cost and duration of these studies, it is important to discuss the study designs

with the regulatory agency to ensure that they meet the specific requirements. Studies in both

genders of two species are generally required and in most cases rat and mouse studies are

acceptable. Study duration is for the lifespan of the animal, which is typically 24 months for

rats and mice (studies of 18-month duration may be acceptable for mice).

Dose selection can be difficult for carcinogenicity studies. Three doses are generally

required, with the high dose producing some signs of toxicity but not severe enough to

shorten the lifespan of the test species. While doses are often established from subchronic or
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chronic toxicity studies, other data should also be evaluated, including pharmacokinetics and

toxicokinetics. If the high dose reduces the survival of the animals, very few animalsmay survive

to allow appropriate statistical analysis of the data, which would result in the need to repeat the

study at a lower high dose. If no toxicity is evident at the high dose, the study may be considered

inadequate, because a higher dose may have provided evidence of carcinogenicity. Acceptable

toxicological criteria for the high dose may be as simple as a reduction in body weight of at least

10% compared with the controls to changes in clinical pathology.

At the termination of the study, the most critical toxicological endpoint is microscopic

examination of the tissues to detect any carcinogenic changes. Because of the duration of the

study, it is to be expected that ‘‘spontaneous’’ tumors will develop in the animals as they age

and it is critical to be able to distinguish between test-chemical-induced tumors and spontan-

eous tumors. Therefore, the control groups become extremely important. Potential carcino-

genicity is determined by statistical increases in specific tumors that arise in the treatment

groups compared with the control groups. Sometimes it is difficult to determine if a small

increase in a tumor type in the treated groups is compound related when compared with the

control group. It is possible in such situations to compare the incidence of a particular tumor

in the treated groups to the historical occurrence of the tumor in controls from other studies.

However, comparison with the concurrent control group provides more assurance that the

study correctly predicts carcinogenic potential.

12.3.14 SENSITIZATION STUDIES

Mint oils and their constituents are used in a number of products that result in dermal

contact. This raises the potential for allergic contact dermatitis and other dermal damage

including phototoxicity and photoallergy. Although direct damage to the skin resulting in

irritation, necrosis, and corrosion is possible from products containing essential oils, this type

of damage is unlikely because of the low concentrations generally used in these products.

However, skin allergies produced by delayed type hypersensitivity are a possibility. These

allergies could be produced directly by the oil or its constituents or indirectly by interactions

with components of the preparations to which the oils may be added. Based on these

possibilities, studies of the potential for allergic contact dermatitis need to be considered on

a case-by-case basis.

Allergic contact dermatitis is generally of the cell-mediated type termed delayed contact

hypersensitivity. T-lymphocytes are responsible for producing this type of hypersensitivity.

For a response to be elicited, the chemical must penetrate into the skin and bind to proteins.

The chemical–protein complexes stimulate an allergic response through stimulation of

T-lymphocytes. Macrophages or other cells associate with the T-lymphocytes resulting in

the release of interleukins that increase the expression of immune proteins and also act to

stimulate cell division. Stimulated lymphocytes enter the lymphatic system and move to the

draining lymph nodes. Here, the lymphocytes differentiate into immunoblasts, which result in

the production of T-effector cells that enter the systemic circulation. When T-effector cells

encounter the antigen, lymphokines that initiate a local inflammatory response are released.

These processes are complex and a number of factors can influence the potential of the

chemical to produce hypersensitivity. For example, the chemical must penetrate the skin to

produce a response and the factors that affect percutaneous absorption, such as the solubility

and octanol–water partition coefficient, concentration, pH, volatility, anatomical site, etc.,

must be considered. A detailed discussion of the mechanisms associated with hypersensitivity

and factors that influence the elicitation of the dermal response is beyond the scope of this

discussion and the interested reader is directed to the studies devoted to these topics such as

Maibach and Patrick (2001) and Burns-Naas et al. (2001).
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There are a number of assays suitable for the detection of allergic contact dermatitis. The

most commonly used assays that have received widespread acceptance are the guinea pig

maximization assay, the guinea pig occluded patch assay, and the murine local lymph node

assay (OECD, 1992). The guinea pig maximization test utilizes six intradermal injections

comprising two injections of the test material, two injections of the test material along with

Freud’s complete adjuvant, and two injections of the adjuvant alone during the induction

period. One week later, this is followed by a single topical application. Controls are treated

identically except no test material is used in the injections. Induction is achieved by a 48-h

exposure to the test material using an occlusive patch. The test and control animals are

treated with the test material for 24 using occlusive patches and reactions are graded for

erythema and edema 24 and 48 h after the removal of the patches. The occluded patch assay

uses an occluded patch for induction and elicitation of the response. Once a week for

3 weeks, the test material is applied to the skin and occlusive patches used. After 2 weeks,

the test-material-treated animals and the controls are challenged with the test material for

6 h and evaluated for erythema and edema 24 and 48 h after patch removal. The lymph

node assay uses mice treated with different concentrations of the test material or its

solvent only topically on the back of both ears daily for 3 days. The mice are administered

[3H]-thymidine 2 days later. They are killed 5 h after thymidine administration, and the

ears and the draining lymph nodes are removed. The nodes are processed for radiolabel

quantification to determine the mean radiolabel incorporated into each lymph node.

The test material is considered to be a sensitizer if there is a threefold or higher incor-

poration of radiolabel compared with the controls. A number of recommendations have

been made to improve these assays and decrease the number of animals required (Steiling

et al., 2001).

Generally, if a material is shown to be a sensitizer in animals, it is not tested in humans;

however, sometimes in special cases human testing may be warranted. There are a number of

tests that have been used to test human responses as discussed by Maibach and Patrick

(2001). Many of the same factors that can affect the results from animal studies must also be

considered in human studies (Boukhman and Maibach, 2001). One aspect of dermal sensi-

tization that cannot be determined in animal studies is the existence of response thresholds in

humans (Boukhman and Maibach, 2001). Human testing requires approval by an Institu-

tional Review Board and a carefully developed informed consent form to ensure that the

volunteers are familiar with any risks associated with the studies.

Frosch et al. (2002) reported a study that used six different dermatological centers in

Europe and 1606 patients attending patch test clinics to evaluate sensitizers associated with

use in fragrances. The following essential oils were included in the tested materials: ylang-

ylang I, ylang-ylang II, lemongrass, sandalwood, patchouli, spearmint, dwarf pine needle,

cedarwood, and peppermint. The two mint oils were in the lower response percentages. For

instance, the highest percentage of observed adverse reactions occurred with ylang-ylang

oil I (2.6%), ylang-ylang oil II (2.5%), and lemongrass oil (1.6%), while spearmint oil yielded

a 0.8% response and peppermint oil yielded a 0.6% response. Naldi (2002) has provided a

discussion of the issues associated with epidemiological studies of fragrance allergy in the

general population.

12.3.15 OTHER TOXICOLOGY STUDIES

The foregoing discussion covers most of the standard toxicology studies associated with the

safety assessment of a compound or mixture. However, other studies are also required,

including the potential for production of malformation in the developing embryo as assessed

by teratology studies and its effects on the reproductive potential of males and females.
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Althou gh a discus sion of these studies is beyon d the scope of this ch apter, it should not

dimin ish the impor tance of these studies. Par ticular ch aracteris tics of the test mate rial or

specifics associ ated wi th the particu lar use of the mate rial may resul t in the ne ed for studi es

that are not normal ly a part of a standar d safety assessment . In ad dition, results from the

toxic ology studi es discus sed he re may result in the need for further studi es. Studies co ncerning

the mechani sms associ ated with a specif ic toxicologic al findin g may be us eful in de velopin g a

perspect ive on the meani ng of a parti cular findin g for human safety. A well-kn own exampl e

wher e mechani stic studi es provided a pe rspective conce rning a finding of carci noge nicity in

rats is D-li monene. Car cinogeni city studi es using rats indica ted that D -limonene produ ced

kidney tumor s in male rats but not in females an d no kidn ey tumor s wer e prod uced in

mice . Mecha nistic invest igations reveal ed that the male rat kid ney tumors were associ ated

with a pertur bation of a male-rat -specifi c protei n, a2m -globulin, whi ch has no relevance

to humans.

12.3.16 GUIDELINES FOR THE S AFETY EVALUA TION OF S UBSTANCES

FOR GRAS STATUS

The preceding discus sion of the fundame ntal elem ents of a safety asses sment outlines steps

necessa ry to determ ine the safety of a mint oil, or other essent ial oils or extracts, or a

consti tuent of the oil or extract. The resul ts of such a safety asses sment are app licable to

the singl e oil or con stituent studi ed, and unless care is taken, it may only be applic able to the

particu lar mate rial unde r investiga tion. Change s in composi tion based on flav or or process -

ing needs may comprise the extra polation of the data to a form ulation. This type of toxic o-

logic al test ing requir es a large co mmitme nt of resourc es and time with the cost potentiall y

ranging from three to four mil lion US$ with a timespan of 4 or more ye ars. An examp le of an

evaluat ion that meet s many of the discus sed criteri a is the current toxic ologic al evaluat ion of

pulegon e by the U.S. NTP . New uses of a pa rticular oil or constituen t or a signifi cant increa se

in the qua ntity of a particular oil or con stituent in a pro duct may resul t in the need for a

comprehen sive safety asses sment . For example, the use of a mint oil as a pesti cide or fumi gant

woul d requir e toxicologic al studies to ensure its safe use and regula tory approval . However,

traditi onal uses with a long hist ory of use witho ut known adverse effe cts may allow alterna-

tive approaches to the evaluation of safety. An exampl e previous ly menti oned is the GRA S

approac h used in the Unit ed State s for tho se substan ces used in food that have been class ified

as GRA S unde r the conditio ns of intende d use, as assessed by experts qualified by trai ning

and experience to evaluate its safety based on scientific procedures. This approach has been

successfully used for several decades in the United States.

Recently, the FEMA Expert Panel has published their procedures for the safety evaluation

of essential oils used as ingredients in food (Smith et al., 2005a,b). Although this procedure is

limited to essential oils used in foods, it serves as an excellent guide to a GRAS type safety

evaluation using current scientific thinking by a panel of highly experienced experts. As such,

their approach will be summarized here and an example of their procedure will be provided

using a summ ary of their review of cornmi nt oil (Sect ion 12.5. 1).

The Panel notes that their procedure is limited to a safety evaluation of essential oils

derived from higher plants that are to be used as flavorings for food. Other flavoring

substances derived from other sources or other intended uses are explicitly excluded from

their procedure and must be evaluated using separate criteria suitable for the substances and

their intended uses. They also note that the evaluation procedures are not static and will

undergo revisions and further refinement based on experience and scientific advances. They

emphasize that their procedure is a guidance and not a rigid checklist.
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The Panel’s safety evaluation guidance begins by listing the data required to initiate the

evaluation. These are

1. All recognized commercially practical botanical sources of the oil

2. All relevant geographical sources

3. All commercially used plant parts

4. All commercially used degrees of maturity

5. All commercially used methods of isolation

6. The variability inherent in each method of isolation

With these data, it is then possible to define the essential oil and begin to understand the

chemical composition limits that define the commercial oil. The next step is specifying the

concentration ranges for each known component of the oil from thorough analytical

compositional studies. The physical and chemical specifications for the oil include such

factors as specific gravity, refractive index, optical rotation, solubility, among others, as

well as the chemical composition, including upper limit of concentration for specific constitu-

ents and the structural groupings of which they are a member. It is important to determine the

percent of unidentified constituents and list any trace constituents that may be of toxico-

logical concern. This will set the product specifications, if not already set for use in food, and

define the identity, purity, and identify any constituent(s) that may be of toxicological

concern.

After defining the oil and its specifications, the next step is the exposure assessment in food.

As part of the exposure assessment, the history of use of the oil is documented and it is

determined if the botanical source of the oil is consumed as a food. Next, the intake of the oil

from use as an added flavor in food is estimated. The Panel calculates a conservative

consumer intake using the per capita intake (PCI) method. It is assumed that only 10% of

the population consumes the total annual production volume of the oil obtained from the

flavor manufacturers. To account for potential incompleteness of these data, it is assumed

that the annual reported product volume is only 80% of the actual production (use of a 0.8

correction factor). The PCI in mg=day is determined by the following equation provided by

the Panel using the U.S. population in 1995:

PCI (mg=day)¼ kg of oil produced� 109=260,000,000� 0.8� 365,

where

the population in 1995 is 260,000,000 million.

The correction factor based on the incompleteness of the poundage survey, assuming that

poundage data represent 80% of total annual volume is 0.8, 365¼ days in a year

The calculated PCI is multiplied by ten to obtain a conservative estimate of the intake by

eaters of the ingredient. If the botanical source of the oil is itself consumed as food, then the

PCI from the source plant must be added to that calculated for foods to which the oil is added

as a flavor or for some other use (Smith et al., 2005a).

To this point, the sources of the oil are known and the chemical constituents have been

speciated with the exception of unknown trace materials, the specifications for the oil have

been determined and the exposure from food products assessed. The next step involves

broadly classifying each chemical constituent into categories according to toxicological

potential. There are three broad categories that relate chemical structure to toxicological poten-

tial based on the classification of Cramer et al. (1978). Class I chemicals contain structures

that suggest they will be of low potential for oral toxicity. Class II chemicals contain

structures that are questionable with respect to toxicological potential, while Class III
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chemicals contain structures that are known or suspected to have potential to produce

adverse effects. Chemically unidentified constituents are placed in Class III.

The next step is to classify each identified constituent into one of a series of chemically

related groups termed ‘‘congeneric groups,’’ which are listed in Table 12.13. This important

function is based on a number of factors associated with naturally occurring flavors. Essential

oils are the predominant type of naturally occurring flavors used in foods and consist, with a

few exceptions, of mixtures of volatile, relatively low molecular weight compounds. These

compounds provide the unique flavor and aroma of the plants from which they are obtained.

The constituents of essential oils do not have an extremely wide variety of chemical structures

as do synthetic organic chemicals. This results from their occurrence in higher plants through

their formation by enzyme-based biosynthetic pathways. Because these pathways are limited

TABLE 12.13
Chemical Groups of Flavor Materials (from Smith et al., 2005a)

1 Saturated aliphatic, acyclic, linear primary alcohols, aldehydes, carboxylic acids and related esters

2 Saturated aliphatic, acyclic, branched-chain primary alcohols, aldehydes, carboxylic acids and related esters

3 Aliphatic linear and branched-chain alpha, beta-unsaturated aldehydes and related alcohols, acids and esters

4 Aliphatic allyl esters

5 Unsaturated linear and branched-chain aliphatic, nonconjugated aldehydes, related primary alcohols,

carboxylic acids and esters

6 Aliphatic primary alcohols, aldehydes, carboxylic acids, acetals and esters containing additional

oxygenated functional groups

7 Saturated alicyclic primary alcohols, aldehydes, acids and related esters

8 Saturated and unsaturated aliphatic acyclic secondary alcohols, ketones and related esters

9 Aliphatic acyclic and alicyclic alpha-diketones and related alpha-hydroxyketones

10 Alicyclic ketones, secondary alcohols and related esters

11 Pulegone and structurally and metabolically related substances

12 Aliphatic and aromatic tertiary alcohols and related esters

13 Aliphatic, alicyclic, alicyclic-fused and aromatic fused ring lactones

14 Benzyl derivatives

15 Hydroxyl- and alkoxy-substituted benzyl derivatives

16 Cinnamyl alcohol, cinnamaldehyde, cinnamic acid and related esters

17 Phenyl-substituted primary alcohols, aldehydes, carboxylic acids and related esters

18 Phenyl-substituted secondary alcohols, ketones and related esters

19 Phenol derivatives

20 Hydroxyallylbenzene and hydroxypropenylbenzenes derivatives

21 Phenethyl alcohol, phenylacetaldehyde and related acetals and esters

22 Aliphatic and aromatic ethers

23 Furfuryl alcohol, furfural and related substances

24 Furan derivatives

25 Aliphatic and aromatic sulfides and thiols

26 Sulfur-substituted furan derivatives

27 Sulfur-containing heterocyclic and heteroaromatic substances

28 Aliphatic and aromatic amines and related amides

29 Nitrogen-containing heterocyclic and heteroaromatic substances

30 Pyrazine derivatives

31 Anthranilate derivatives

32 Amino acids

33 Maltol derivatives

34 Epoxide derivatives
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in their variety, the chemical structures resulting from them are also limited in their variety.

This allows them to be placed into a limited number of congeneric groups. Essential oils

generally contain no more than five to ten congeneric groups, while some of these groups may

contain a large number of specific chemical constituents but only a few of these constituents

predominate. As stated by the Panel ‘‘The presence of a limited number of congeneric groups

in an essential oil is key to the organization of constituents and subsequent safety evaluation

of the oil itself.’’ Because each congeneric group shares chemical structure attributes, it can be

assumed that members of each group will share similar absorption, distribution, metabolism,

and excretion patterns and also share similar toxicological characteristics. This allows each

congeneric group to be classified into the three previously mentioned classes i.e., Class I, Class

II, and Class III. When a constituent of the oil under evaluation does not share the same class

as its congeneric group, the higher classification is used. For instance, if the constituent falls

into Class II but the congeneric group falls into Class I, the constituent is considered to be in

Class II (Smith et al., 2005a).

The next step is to calculate a concentration range for each congeneric group. The upper

limit (%) of the range is the highest of the sum of each member of the congeneric group that

occurs in the oil under evaluation. From this percentage and the reported annual consump-

tion volume, the daily PCI of each congeneric group can be determined using the calculations

previously described for the total oil. The same can be done for the unidentified fraction of

the oil, which is always placed in Class III, not assigned to a congeneric group.

The next step is to evaluate each congeneric group in the essential oil to determine if its

metabolism and disposition, at the current consumption level, are by established detoxication

pathways resulting in metabolites considered to have less toxicological potential than the

parent compound. If the evaluation leads to the conclusion that members of the congeneric

group in the oil would be subject to detoxication by known pathways, the evaluation moves to

the next step. If not, it must be determined if sufficient toxicology data exist for a compre-

hensive safety evaluation. If such data exist, they may help in the determination of a sufficient

margin of safety for intake of the congeneric group derived from the oil. If not, additional

toxicological data will need to be developed.

If the metabolism and disposition evaluation indicates that known pathways are involved,

the next step is to determine if the total intake of the congeneric group is less than the human

threshold for its class. Each of the three structural classes have been evaluated quantitatively

for toxicological potential based on a database that contains a wide diversity of chemical

structures that includes chemicals such as food additives, naturally occurring substances,

pesticides, drugs, and industrial chemicals among others (Munro et al., 1996). Based on this

evaluation, conservative no observable effect levels (NOELs) have been determined for each

structural class. These are converted to human exposure threshold levels by applying a 100-

fold safety factor (100�NOEL) and then correcting for mean body weight (assuming a mean

human body weight of 60 kg). The Panel notes that these conservative exposure thresholds

have been adopted by the World Health Organizations Joint Expert Committee on Food

Additives and the Commission of the European Communities for evaluation of flavoring

agents that have been chemically identified. These human exposure thresholds for each class

are as follows: Class I¼ 1800 mg=person=day; Class II¼ 540 mg=person=day; and Class

III¼ 90 mg=person=day. Exposures below these thresholds are considered to be of low

concern for adverse toxicological effects.

As noted earlier, constituents of the oil that have not been chemically identified are a

special case and are placed in structural Class III, which is the class with the highest

toxicological concern level. These constituents generally represent less than 5% of the oil

and many of them may be members of the congeneric groups already evaluated. If the oil is

part of a plant consumed as a food, then the unknown constituents are also consumed with
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the food. Thi s de creases the concern level for these mate rials. However, if the oil is used as a

food flavor at higher con centrations than those fou nd in the plant as consumed, then the

concern level increases. The Class III designa tion for these unknow n co nstituent s means that

consump tion at levels below 90 mg=pe rson =day woul d be of low co ncern. Ho wever, exposures

above this level would be of conc ern and more eva luation woul d be necessa ry. Fur ther

evaluat ion could range from more intens ive investiga tion to identi fy the chemi cal structures

of the unknow n consti tuents to toxicologic al studies of the oil to de termine any adverse

effects an d de terminat ions of a NOEL. The na ture and extensivenes s of these evaluat ions

woul d be de termined on a case- by-case basis .

An essent ial oil that ha s passed all the previou s criteri a is next evaluat ed for pot ential

chemi cal and biological inter action s between its co nstituent s and the congen eric g roups.

Evaluat ion consis ts of estimat ion of the potential for the constituent s to act in an add itive

or synergist ic man ner to increa se the poten tial for adverse effects. In most cases with essential

oils, the potenti al for such interacti ons is low as is the potenti al for adverse effects becau se of

the low con sumpt ion levels of these materials. If the pot ential for interactio ns is present , then

additio nal toxic ological studi es may be requ ired. Thi s step in the eva luation also allows

consider ation of any scient ific co ncerns that have not been previous ly a ddresse d.

The final step involv es a de cision as to whether or not the essent ial oil can be used as a

flavo ring agent for food under cu rrent co ndition s of intende d use. Thi s decisio n is based on

the ability of the essent ial oil to pass all aspect s of the eva luation of its poten tial toxicity . If

there is agreem ent among the exp erts involv ed in the evaluat ion that the oil can be safel y used

in food under its conditio ns of intende d use, then it can be con sidered GRAS. How ever, if

there are an y unresol ved issues concerning the safety of the oil, reco mmendat ion can be

withhel d until add itional da ta are available to resolve the concerns (Smith et al., 2005a) .

The FEMA Expe rt Panel has recent ly provided a summ ary of the use of this pro cedure in

the evaluat ion of co rnmint oil for GRA S statu s (Smith et al., 2005b). This evaluat ion is

summ arized in Secti on 12.5.1.

12.4 REVIEWS OF THE TOXICOLOGY OF SELECTED
CONSTITUENTS OF MINT OILS

12.4.1 MENTHOL

L-Ment hol (C 10 H 20 O, mol. wt. 156.27 ) (CAS No. 2216-5 1-5; CAS No. 89-78-1) has three

asymm etric ca rbon atoms and occurs as four pairs of optica l isome rs as shown in Figure 12.1.

L-Ment hol is the most wid ely occurri ng isom er in nature an d is general ly referred to as

menthol . It is also referred to as hexahyd rothymo l, pep permint camph or, 3-p-ment hanol,

and 5-methyl -2-(1-m ethylethyl ) cyclohex anol. It is a whi te crystal at room tempe ratur e with a

melting poin t of 41 8 C–43 8 C and a boiling point of 212 8 C. It is slightl y solubl e in water an d

solubl e in alcoh ol, c hlorofo rm, diethyl ether, petrol eum ether, and petrol atum (Merc k

Index, 1989).

Plants contai ning menthol have be en used since the be ginning of recorded hist ory, prob-

ably as kitchen and medicinal herbs. Plant remains have been found in Egyptian tombs and

mint is mentioned as a tithe payment in the Bible (Thomas, 1962), althoug h this referen ce is

more likely to be refer ring to Mentha longifolia (Molde nke and M oldenke, 1 952).

Becau se of its mint-l ike odor and fresh , cooling taste, menthol is used in a wide variety of

commer cial produc ts in varyi ng co ncentra tions (Table 12 .5). The pos sible average daily

intake (PADI) is 13.419 mg (Burdock, 2002).

Menthol is found in a few natural sources including cornmint (Clark, 1998), peppermint,

and other mints, and as a minor or trace component of some commonly consumed food
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prod ucts (Bu rdock, 2002). Essenti al oils contai ning menthol are lis ted in Tabl e 1 2.6. Menthol

is also used in pharmaceutical products (Haarmann and Reimer Corporation, 1985; Hopp,

1993), including drugs (0.1%), compresses (0.1%–0.2%), medicated oils (2.0%–4.0%), anal-

gesic balms (2.0%–3.0%), rubbing alcohol (1.0%–1.2%); in oral products, including tooth-

paste (0.5%), mouthwashes (1.0%–2.0%), and oral sprays (0.3%); in confectionary goods,

including chewing gum (0.5%), hard candies (0.05%–0.1%), cough drops (0.1%), lozenges

(0.1%), and licorice (0.05%–0.1%); in perfumed products, including lotions (0.05%), preshave

lotions (0.2%–0.3%), handkerchiefs (0.1%–0.2%), foot sprays (0.5%), shampoo (0.2%–0.5%),

refreshing towels (1.0%), and cooling gels (1.0%); in tobacco goods, including cigarettes

(0.03%), pipe tobacco (0.3%), and chewing tobacco (0.05%–0.1%). However, the tobacco
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FIGURE 12.1 The four pairs of optical isomers of menthol. (�)-Menthol is commonly referred to as

menthol.
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indust ry reports maxi mum use levels betw een 1.93% an d 2.24% (P hilip Morri s USA, 2005;

Reynol ds, 2005).

L-Ment hol is the large st and most impor tant componen t of corn mint ( M. canadens is) and

pepp ermint ( M. piperita ) oils at 46%–80 % and 50%–60 %, respect ively (Leu ng, 1980; Br itish

Industr ial Bio logical Rese arch Assoc iation [BIBRA ], 1990; Clark, 1998). Menthol is

an optica lly active substa nce, and its chiralit y or stere oisomeric forms ( L-, D-, or DL -) affect

its flavo r.

RIFM and the Jo int FAO =WHO Expert Commit tee on Food Additives (JECFA =W HO)

have revie wed the avail able data on the toxic ity of menthol and menthol isom ers and

conclud ed that they wer e not genotoxi c, teratogen ic, or carci nogenic (JEC FA =WHO , 1999;

RIFM, 2004). In ad dition, FEMA ha s assessed the use of menthol as a flavor ingredi ent an d

report ed that menthol isom ers exhibi t very low acute, subchron ic, and chronic toxic ity

(Ada ms et al., 1996). The Nati onal Cance r Institut e (NCI) ha s also assessed the avail able

data for menthol and concluded that there was no evidence of carcino genicity associated with

L-ment hol an d its isomers (NCI, 1979).

12.4. 1.1 Regulato ry Stat us

FEMA has asses sed the use of men thol as a flavor ingredient (Ada ms et al., 1996) and has

given it ‘‘GRA S’’ status (FE MA No. 2665). Also , the FDA affirm ed menthol as GRAS in

accordan ce wi th 21CFR §182.20 (FDA , 2003a) and approved it for use as a synthet ic

flavo ring substa nce an d ad juvant in food s, with no limit ation on use ex cept good manufa c-

turin g practi ces, and no foo d categor y restrictions other than those specif ied in food stand-

ards of identi ty in accordance with 21CFR §172. 515 (FDA , 2003b).

The Counci l of Euro pe (COE, 2000) ha s approved menthol as Catego ry A (COE No. 63 ).

The JECFA=WHO has established an acceptable daily dietary intake (ADI) of 0 mg=kg–

4 mg=kg body weight=day (JECFA=WHO, 1999).

The use of menthol as a tobacco additive in the manufacture of cigarettes is approved

worldwide on the basis of natural or naturally identical status by regulatory authorities in

severa l co untries with regula tions address ing the design of cigar ette s. Table 12.14 lists the

countries with applicable regulations that include a list of substances or requirements for

substances to be considered for use as a tobacco additive.

12.4.1.2 Human Toxicology

Menthol has a low potential for toxicity in humans. Several databases contain toxicological

summaries for menthol, including RIFM (2003). Other reviews and data sets include sum-

maries of menthol health effects and toxicity endpoints (BIBRA, 1990; NCI, 1993; JEC-

FA=WHO, 1999). Data from the National Occupational Survey conducted from 1981 to 1983

(National Institute for Occupational Safety and Health [NIOSH], 1983) reported that

approximately 43,997 workers were exposed to menthol (reported as CAS No. 89-78-1) by

inhalation and dermal contact in the work place.

Menthol can be absorbed through the skin in a dose-dependent manner (Martin et al.,

2004). An irritation study was conducted with 16 individuals (>18 years) exposed to 0.1%,

0.2%, and 0.5% menthol in light liquid petrolatum or in physiological salt solution applied to

the nasal passages. Irritation to nasal and mucous membranes was noted at 0.5% (RIFM,

2004). Another study was conducted with 9 individuals (6 females and 3 males) exposed to

25 mL of the vehicle containing menthol at an unspecified concentration. The vehicle solution

consisted of 80% ethanol and 20% deionized water. The menthol solution was applied to one

forearm and the vehicle to the other in random order. Irritating effects were observed on the
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individuals’ s kins and the mean time of onset of sensation, including burning and c ooling,

was 2.59 min (RIFM, 2003). A study was conducted with 17 i ndividuals (> 18 years)

exposed to menthol on the f ace and forearms. The vehicle was light m ineral oil. The mean

sensory irritation threshold on t he face was 156.5 mM and on t he for earm 1095 mM

(RIFM, 2004).

Some e vidence of s ensitization to menthol has be e n r eported. A 48-h patch test con-

ducted on 20 individuals showed no effects at 1%. Another patch test conducted on 69

contact dermatitis patients s howed no effects at 1.5%. A patch study conducted with

eczema and dermatitis patients using cosmetic ingredients and fragrance material s,

including menthol, reported no positive e ffects (RIFM, 2004). A case of recurrent oral

lichenoi d react ion was reported by Fleming and F orsyth (1998) , a pp arently a ssociated wit h

m e n t h o l a nd p e p p e r m i n t , possibly in oral mouthwa shes, whic h resolved afte r avoidance of all

sources of mint for 3 months . They repo rted a delayed pa tch test reaction afte r application of

the allergen.

Hayakaw a et al. (1996) report ed two clini cal cases of con tact de rmatitis from L-ment hol

from toothpas te and a topica l medic ation. Bas ed on the publ ished literature an d previous

cases, the au thors suggest ed that de rmatitis from men thol should be con sidered when diag-

nosing lip de rmatitis, pe rioral dermatit is, or or al enanthem a patie nts.

TABLE 12.14
Applic able Regulations for the Use of Mentho l in Cigare tte Manu facture

Country Regulatory Reference

Belgium Royal decree of 13 August 1990 concerning the manufacture and marketing of

tobacco-based products and similar products Monday 5 January, 1991

modified by Royal decree of 14 April, 1993, Monday 23 June 1993. The

Council of Europe 2000. Chemically-defined flavoring substances. Council of

Europe Publishing, Strasbourg, France.

Czech Republic Ministry of Agriculture. Ordinance Stipulating the Requirements for Tobacco

Products. Collection of Regulations of the Czech Republic. No. 344=2003 Coll.

Appendix No. 2.

France Order of the 12th September 1995 relating to additives authorized for use in the

manufacture of tobacco products and of their substitutes. Official Journal of

the French Republic (1st October 1995). Appendix I.1. Ministry of Economy

and Finance=Ministry of Public Health and Social Security, 1995. The Council

of Europe 2000. Chemically-defined flavoring substances. Council of Europe

Publishing, Strasbourg, France.

Federal Republic of Germany Tobacco Ordinance of December 20, 1977 No. 360, revised on March 1998. The

Federal Republic of Germany, Ministry of Health, 1998; Aroma ordinance of

December 22, 1981, modified on June 18, 2001. The Federal Republic of

Germany, Ministry of Health, 2001.

Hungary Minister of Agriculture and Rural Development. Joint Decree No. 102=2005

FVM on the Manufacture, Distribution and Monitoring of Tobacco

Products. Hungarian Gazette.

United Kingdom Permitted additives to tobacco products in the U.K., Department of Health,

London (2003).

<http:== www.doh.gov= uk=scoth=technicaladvisorygroup=additives.htm >.

[Accessed April 15, 2004].
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Olowe and Ransome-Kuti (1980) reported that the use of a mentholated powder to dress

umbilical cords of newborns in Nigeria may have been associated with jaundice in babies with

a glucose-6-phosphate dehydrogenase deficiency. They suggested that a diminished capacity

of the deficient babies to form the glucuronide of menthol resulted in the observed jaundice.

12.4.1.3 Metabolism

Figure 12.2 provides a general outline of menthol metabolism based, in part, on the

rat studies of Madyastha and Srivatsan (1988). Rats were orally administered 800 mg=kg

body weight for 20 days. The major urinary metabolites were p-menthane-3,8-diol and 3,8-

dihydroxy-p-menthane-7-carboxylic acid. Minor urinary metabolites were 3,8-oxy-

p-menthane-7-carboxylic acid and p-menthane-3,9-diol (Figure 12.2). In vitro, rat hepatic
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FIGURE 12.2 General outline for the metabolism of menthol by animals. The major metabolites are

denoted by the large arrows and minor metabolites by the small arrows. The open arrows denote

oxidation reactions catalyzed by the cytochromes P450 monooxygenase system while the filled arrow

represents glucuronide formation catalyzed by the UDP-glucuronosyltransferases. Additional glucur-

onides may be formed from the oxidized metabolites.
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microsomes were capable of producing p-menthane-3,8-diol in a classic cytochrome P450

monooxygenase catalyzed reaction. Indication that menthol could induce its own metabolism

was evident by increased hepatic microsomal cytochrome P450 quantities and increased

NADPH-cytochrome c reductase activity. Menthol metabolism could be induced by the

classic P450 inducer phenobarbital but not by another inducer, 3-methylcholanthrene. Men-

thol could alter the metabolism of other compounds by its ability to induce cytochrome P450

monooxygenase and also by acting as a competitive inhibitor of monooxygenase metabolism.

For example, menthol has been shown to inhibit nicotine and coumarin metabolism (Mac-

Dougall et al., 2003; Benowitz et al., 2004). Menthol and menthyl acetate (constituents of

peppermint oil), and peppermint oil have been shown to inhibit in vitro cytochrome P450

(CYP3A4) metabolism of nifedipine, and peppermint oil may inhibit the in vivo metabolism of

felodipine by humans (Dresser et al., 2002). Menthol appears to follow expected oxidation

reactions catalyzed by cytochrome P450 monooxygenase. These oxidative products are

generally more water-soluble than the parent compound and are more easily excreted,

reducing their systemic concentrations and their potential toxicity.

Menthol contains a hydroxyl group, as do several of its oxidative metabolites, which is

susceptible to glucuronide conjugation catalyzed by the endoplasmic reticulum membrane-

bound UDP-glucuronosyltranferases. Glucuronides are generally more water-soluble than

the parent compound and are excreted directly in urine and in feces, via the bile. Yamaguchi

et al. (1994) orally administered 500 mg=kg body weight radiolabeled menthol to intact and

bile duct-cannulated male Fisher rats. In intact rats, 71% of the dose was recovered in 48 h

with equal amounts in the urine and feces. In bile duct-cannulated rats, 74% of the dose was

recovered with 67% in the bile and 7% in the circulation. The urinary metabolites consisted of

a series of mono- and dihydroxy menthols and carboxylic acids, some of which were excreted

as glucuronic acid conjugates. Some menthol glucuronide was found in the urine. Menthol

glucuronide is apparently subject to enterohepatic circulation in the rat. This results from

excretion of the glucuronide into the intestine via the bile. In the intestine, intestinal microfloral

b-glucuronidase cleaves the glucuronide freeing the conjugated menthol and it is reabsorbed

into the systemic circulation through the intestine. In the liver, again it is conjugated with

glucuronic acid and excreted into the intestine. This process can prolong the systemic half-life

of the compound.

Humans excrete menthol glucuronide in the urine as demonstrated by Kaffenberger and

Doyle (1990). They administered peppermint oil to volunteers and found that 40% of the

menthol contained in the oil could be recovered in urine as the menthol glucuronide over the

14 h after administration. Gelal et al. (1999) studied the disposition kinetics of menthol and

menthol glucuronide in plasma and urine after oral administration of 100 mg menthol in

capsules and compared them to the consumption of 10 mg menthol from candy lozenges and

the consumption of 9–10 mg from mint tea. No unconjugated menthol was detected in either

plasma or urine. Over the 24-h period after administration, 45.6% of the menthol from the

capsule administration was recovered as menthol glucuronide in the urine as was 56.6% of the

menthol from the candy and tea.

UDP-glucuronosyltransferases belong to two gene families (UGT1 and UGT2) each of

which is subdivided into subgroups that contain a number of isoforms. UGT1A transferases

glucuronidate amines, bilirubin, drugs, and steroid hormones while UGT2A enzymes glucur-

onidate compounds in the olfactive epithelium. UGT2B enzymes are expressed in a number of

tissues including the liver, kidney, skin, intestinal tract, brain, uterus, and prostate. UGT2B

enzymes glucuronidate foreign compounds and also endogenous steroids. The metabolism of

menthol by a number of these isoforms has been investigated. UGT2B9 from monkeys

is capable of glucuronidation of both enatiomers of menthol but the rate is faster for

(�)-menthol (Green et al., 1997). In contrast, monoterpenoid alcohols, such as menthol,
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were not conjugated by human UGT1A3 (Green et al., 1998). Other human glucuronosyl-

transferases, such as UGT2B7Y(268) and UGT2B7H(268) (Coffman et al., 1998) as well as

UGT2B17, were capable of glucuronidation of menthol (Turgeon et al., 2003).

12.4.1.4 Acute Toxicity

Available acute toxicity data for animals are summarized in Table 12.15. Death appears

associated with effects on the CNS and symptoms include the loss of the righting reflex,

depression of respiration, and loss of consciousness.

12.4.1.5 Sensitization

A modified Draize sensitization study was conducted using four inbred Hartley strain albino

guinea pigs of the same sex. No effects were reported with a 10% concentration of menthol

(RIFM, 2003).

12.4.1.6 Neurotoxicity

A neurotoxicity study was conducted to asses the ability of menthol to induce neuropathy

(Thorup et al., 1983a). Rats were administered 0, 200, 400, and 800 mg menthol=kg body

weight=day for 28 days via gavage. Rats did not exhibit any signs of neurotoxicity

but absolute and relative liver weight increases as well as vacuolization of hepatocytes

were noted at all doses. The NOEL for menthol was established at <200 mg=kg body

weight=day.

12.4.1.7 Short-Term Repeated Dosing Studies

The NCI (1979, 1993) summarized the available oral toxicity data for menthol from studies

with Swiss mice that were orally dosed with L-menthol in olive oil. The maximum nonlethal

dose was 255 mg=kg.

Rats were administered menthol via gavage for 28 days at daily doses of 0, 200, 400, and

800 mg=kg body weight=day in a soybean oil vehicle. Although there were no alterations in

TABLE 12.15
Studies of the Acute Toxicity of L-Menthola

Species Route of Administration LD50 (mg=kg Body Weight) References

Oral 4380 Litton Bionetics Inc. (1975)

Mouse Subcutaneous 5000–6000 JECFA (1976)

Intraperitoneal 2000 JECFA (1976)

Oral 940 Litton Bionetics Inc. (1975)

Rat Oral 3330 JECFA (1976)

Subcutaneous 1000–2500 JECFA (1976)

Intraperitoneal 710 JECFA (1976)

Guinea pig Intraperitoneal 4000 JECFA (1976)

Oral 800–1000 JECFA (1976)

Cat Intraperitoneal 800–1000 JECFA (1976)

Intravenous 34 JECFA (1976)

aSource: As cited in JECFA=WHO (1999), Safety Evaluation of certain Food Additives. WHO Food Additives Series

Number 42. Menthol.
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body weight attributed to menthol, there were significant increases in absolute and relative

liver weights at all doses for males and at the high and mid-doses for females. Histopathology

indicated vacuolization of hepatocytes in some of the rats but there was no dose dependency

in response. The investigators considered that they had not defined an NOAEL but consid-

ered it to be less than 200 mg=kg body weight=day (Thorup et al., 1983b).

Groups of 40 rats per sex were exposed to either L- or DL-menthol at up to 200 mg=kg

for 5.5 weeks. No adverse effects were observed for weight gain or excretion of

glucuronide, water, and electrolytes, and there was no interference in CNS reactions to

cardrazol or electric shock, or to intravenous hexobarbital sleeping-time compared with the

control (JECFA, 1978).

12.4.1.8 Subchronic Toxicity

In a 13-week study, 10 male and 10 female Fisher 344 rats were fed diets containing menthol

at 930, 1870, 3750, 7500, and 15,000 ppm (NCI, 1979). Male rats exhibited a slightly increased

incidence of interstitial nephritis with 15,000 ppm menthol. No adverse effects were reported

in females.

In a 13-week study, 10 female and 10 male B6C3F1 mice were fed diets containing menthol

at 930, 1870, 3750, 7500, and 15,000 ppm (NCI, 1979). Females exhibited an increased

incidence of perivascular lymphoid hyperplasia and interstitial nephritis at 7500 ppm and

15,000 ppm menthol. No adverse effects were reported in males.

12.4.1.9 Inhalation Toxicology

An inhalation study was conducted to assess the potential toxicity of volatile components of

essential oils (Goldstein et al., 1976). Rats and mice were exposed to vapors of the most

common ingredients in cold medications including camphor, menthol, eucalyptol (1,8-

cineole), and turpentine via vaporization for 4 and 8 h before challenge aerosols of radi-

olabeled Staphylococcus aureus. Rates of pulmonary bacterial clearance, bacterial transport,

and bactericidal activity were recorded. Microscopic examination of lungs showed no bio-

logical responses related to exposure to these volatile materials.

Albino Sherman rats (6 per sex) were exposed to 0.087, 0.148, and 0.259 ppm of menthol

for at least 6 h per day for 71–79 days. Endpoints included clinical signs, body weight, food

and water intake, blood count (hemoglobin, red blood cells, white blood cells, and eosino-

phils), gross pathology and histopathology, and ciliary activity in fresh preparations of the

trachea. Irritant effects of the respiratory tract and hyperemic lungs were reported with 0.259

ppm menthol (Rakieten et al., 1954; RIFM, 2003).

12.4.1.10 Developmental and Reproductive Toxicology

Pregnant rats, mice, hamsters, and rabbits were orally dosed with Brazilian natural

L-menthol (CAS No. 89-78-1) in corn oil. Mice were dosed with 0, 1.85, 8.59, 39.9, and 185

mg=kg on days 6–15 of gestation, while rats were dosed with 0, 2.18, 10.15, 47.05, and

218 mg=kg on days 6–15 of gestation. Hamsters were dosed with 0, 4.05, 21.15, 98.2,

and 405 mg=kg on days 6–10 of gestation, while rabbits were dosed with 0, 4.25, 19.75,

91.7, and 425 mg=kg on days 6–18 of gestation. Dams were observed daily for clinical signs.

The number of implantation sites, resorption sites, live and dead fetuses, and body weights of

live fetuses were recorded. Fetuses were grossly examined for external abnormalities. Menthol

administration did not affect maternal or fetal survival. The number of fetal abnormalities in

the test groups was not different from that in the control (FDRL, 1973).
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In another study, rats were administered Rowachol (a mixture of menthol, pinene,

menthone, borneol, camphene, and 1,8-cineole) in olive oil at dosing levels of 0.16, 0.80,

and 1.60 mL=kg once a day on days 9–14 of gestation. The control group was administered

olive oil at a dose of 0.80 mL=kg body weight. No teratogenic effects were reported at any

dose of Rowachol (RIFM, 2003).

12.4.1.11 Carcinogenicity Studies

In a carcinogenicity study conducted by NCI (NCI, 1979), 50 rats and 50 mice per sex were

fed with DL-menthol in their diets at 3750 or 7500 ppm [average daily intake (ADI) of 187 or

375 mg=kg] and 2000 or 4000 ppm (300 or 600 mg=kg), respectively, for 103 weeks followed

by a recovery period of 1 or 2 weeks. Necropsies were conducted at 104 or 105 weeks for all

surviving rats and mice. The number of tumors in the test groups was not statistically

significantly different from the nontreated controls, in either rats or mice.

12.4.1.12 Cytotoxicity

A cytotoxicity assay was conducted in isolated erythrocytes, hepatocytes, and dipalmitoyl-

phosphatidylcholine (DPPC)-liposomes from Sprague–Dawley rats with menthol at 0.1, 0.4 ,

0.6, and 2 mM concentrations. Positive effects included an increase in glutamate oxaloacetate

(GOT) leakage in erythrocytes at 0.1–0.6 mM; a decrease in lactate dehydrogenase (LDH)

leakage in hepatocytes at 0.1–0.6 mM, a depressed phase transition temperature of DPPC and

hypotonic hemolysis at 2 mM. The authors hypothesized that the periapical cellular damage

observed in this study was caused by the membrane lysis and surface activity of menthol, and

cell penetration by the essential oils was due to membrane affinity and lipid solubility

(Manabe et al., 1987; RIFM, 2004).

Isolated rat liver mitochondria were used to determine the effect of 0.5 mM menthol. In the

presence of menthol, the respiratory rate was increased and there was osmotic swelling

indicating a leakage of the mitochondrial membrane. This concentration of menthol also

inhibited the receptor-mediated respiratory stimulation of isolated brown adipocytes even

though the intracellular mitochondrial functions were unaffected. These effects were believed

to be a direct effect of menthol on biological membranes (Bernson and Pettersson, 1983).

12.4.1.13 Genotoxicity

Menthol was not mutagenic in the Ames test using Salmonella typhimurium strains

TA2637, TA1537 with and without metabolic activation (S9) at up to 0.5 mg=plate

(RIFM, 2003) and TA102, TA100, TA98, and TA97 with and without metabolic activa-

tion (S9) at up to 0.8 mg=plate (RIFM, 2004). It also was not mutagenic using Escherichia

coli at 0.1–0.8 mg=plate (RIFM, 2003).

Andersen and Jensen (1984) tested menthol in S. typhimurium=microsome (Ames) assay

with and without metabolic activation using tester strains TA1535, TA100, TA1537, and

TA98 at doses ranging from 6.4 to 800 mg=plate. There was no evidence of the mutagenic

potential of menthol in this study. Carneiro et al. (1997) found no mutagenic potential for

menthol using the S. typhimurium=microsome assay with and without metabolic activation

with tester strains TA100, TA98, TA97a, and TA102.

Menthol did not produce a significant increase in mutant or recombinant frequencies using

Salmonella typhimurium strain TA1530 up to 145 mg=kg and Saccharomyces D3 up to 145

mg=kg. Also, menthol was not mutagenic in a dominant lethal assay at 1150 mg=kg (Litton

Bionetics, Inc. 1975).
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A sister chromatid exchange (SCE) assay was conducted to assess the ability of several

chemicals, including menthol, to induce SCE (Ivett et al., 1989). Chinese hamster ovary

(CHO) cells with or without metabolic activation (S9) were exposed to menthol at up to

5 mg=mL. The authors concluded that menthol did not induce SCE with or without metabolic

activation.

A chromosomal aberration assay was conducted in cultured CHO cells with and without

metabolic activation (S9). Menthol was dissolved in dimethylsulfoxide (DMSO) at concen-

trations of 0.0313, 0.0625, 0.10, 0.125, 0.2, and 0.3 mg=mL. There were no chromosomal

aberrations observed with menthol (RIFM, 2003). A chromosomal aberration assay was

conducted in bone marrow metaphase chromosomes of rats at 1150 mg=kg (metabolic

activation not specified). The number of aberrations was not significantly different from

that of the negative control (saline) (Litton Bionetics, Inc. 1975). Another study was con-

ducted to assess the ability of several chemicals, including menthol, to induce chromosomal

aberrations in cells (Ivett et al., 1989). CHO cells with or without metabolic activation (S9)

were exposed to menthol at up to 5 mg=mL. No chromosomal aberrations were observed with

menthol treatment.

12.4.2 TOXICOLOGY OF CIGARETTE SMOKE CONTAINING MENTHOL

12.4.2.1 Genotoxicity

A test battery addressed the genotoxicity of tobacco additives, including menthol (reported as

CAS 89-78-1; FEMA # 2665) (Carmines, 2002; Roemer et al., 2002). Cigarette smoke

condensate (CSC) was evaluated from test cigarettes with or without 333 common ingredi-

ents, including menthol up to 1.8% (18,000 ppm). The Ames assay in Salmonella typhimurium

bacteria included TA98, TA100, TA102, TA1535, and TA1537 strains, with and without S9

metabolic activation. Results demonstrated no significant differences in the genotoxicity of

CSC from cigarette with ingredients compared with CSC from cigarettes without ingredients.

The authors concluded that addition of the ingredients tested, including menthol at levels up

to 1.8%, did not significantly affect the genotoxicity of CSC.

12.4.2.2 Cytotoxicity

The cytotoxicity of tobacco additives, including menthol (reported as CAS 89-78-1; FEMA #

2665), was reported (Carmines, 2002; Roemer et al., 2002). CSC was evaluated from test

cigarettes with or without 333 common ingredients, including menthol at levels up to 1.8%

(18,000 ppm). The cytotoxicity test was a neutral red uptake assay using BALB=c 3T3 mouse

embryo cells. Results demonstrated no significant differences in the cytotoxicity of CSC from

the test cigarette with ingredients compared with CSC from control cigarettes without

ingredients. The authors concluded that the addition of the ingredients, including menthol

at levels up to 1.8%, did not significantly alter the cytoxicity of CSC.

12.4.2.3 Inhalation Toxicology

The potential effect of 333 ingredients, including menthol, added to cigarettes on the inhal-

ation toxicity of mainstream cigarette smoke (MS) was investigated (Vanscheeuwijck et al.,

2002). Male and female Sprague–Dawley rats were exposed nose-only to either the fresh air

(sham) or diluted smoke from a test cigarette with ingredients, a control cigarette without

ingredients, or a 1R4F reference cigarette at a concentration of 150 mg TPM=L, 6 h=day,
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7 days=week for 90 days. Test cigarettes had menthol added at 1.8% (18,000 ppm), whereas

the control cigarette had no added ingredients. A 42-day follow-up recovery phase was also

included postinhalation. Endpoints monitored included the following exposure parameters:

plethysmography, nicotine metabolites and carboxyhemoglobin, hematology, clinical chem-

istry, body weights, organ weights, gross pathology, and histopathology. Results demon-

strated no significant biologically relevant differences between the test and control groups.

The authors concluded that the addition of ingredients to cigarettes, including menthol at

concentrations up to 1.8%, did not significantly alter the toxicity of MS.

Gaworski et al. (1998) conducted another subchronic nose-only inhalation study of main-

stream smoke from cigarettes with and without a mixture of 170 flavor ingredients, including

menthol (CAS No. 2216-51-5) at 0.5% (or 5000 ppm) and Brazilian menthol (CAS No. 89-78-1)

at 0.0353% (353 ppm) (total concentration of 0.53%), was conducted. Male and female Fisher

344 rats were exposed 1 h=day, 5 days=week, for 13 weeks to MS from test or reference

cigarettes at concentrations between 150 and 1200 mg=m3. The results indicated that

the addition of flavor ingredients, including menthol, to cigarette tobacco had no discernible

effects on the character or extent of biological responses normally associated with inhalation

of MS in rats. It was concluded that the addition of menthol to cigarettes at concentrations up

to 0.53% did not alter the toxicological responses to MS.

12.4.2.4 Dermal Tumor Promotion Studies

Four comparative two-stage SENCAR mouse-skin-painting bioassays were conducted with

CSC to evaluate the effects of a mixture of cigarette ingredients on dermal tumor promotion

(Gaworski et al., 1999). These studies evaluated CSC from test cigarettes with a mixture of

150 ingredients added to cigarette tobacco including menthol at 0.5% (5000 ppm) and

Brazilian menthol at 0.0353% (353 ppm) or a total level of 0.53%, and CSC from reference

cigarettes with no ingredients were evaluated. The shaved skin of groups of 30–50 female

SENCAR mice were initiated with a single 50 mg 7,12-dimethylbenz(a)anthracene (DMBA)

application in acetone. The initiated skin was promoted three times per week with either 10 or

20 mg ‘‘tar’’ from cigarettes with or without the flavoring mixture for 26 weeks. Control

groups included DMBA=acetone (negative control), DMBA=12-O-tetradecanoylphorbol-

13-acetate (TPA, positive control), and acetone=acetone (promotional control). Mortality

was equal or less than 10% for CSC treated groups. There were no statistically significant dif-

ferences in survival rates between the reference and test cigarette groups. No significant

differences in terminal body weights were noted between the reference and test cigarette

groups. Even though there were occasional differences between the test cigarette and

the reference cigarette in tumor incidence, latency, and multiplicity between test and reference

cigarettes, the authors concluded that there were no biologically significant differences in the

dermal tumorigenicity responses between groups exposed to CSC from cigarettes with addi-

tives, including menthol at up to 0.53%, and groups exposed to CSC from control cigarettes

without additives.

In summary, the scientific literature related to the toxicology of menthol indicates that it

has a low potential for toxicity. Acute toxicity by oral and dermal routes occurs only at very

high doses. At typical levels of use in foods, menthol has not been shown to produce

carcinogenic, mutagenic, teratogenic, or reproductive effects, or to be an inhalation toxicant.

Addition of menthol to cigarettes did not significantly alter the biological activity of main-

stream smoke or smoke condensate compared to cigarettes containing no additives. Most of

the infrequent adverse effects reported for menthol are irritation to lips, mouth, and mucous

membranes and skin sensitization.

Biological and Toxicological Properties of Mint Oils and Their Major Isolates 461



12.4.3 P ULEGONE

(R)-( þ)-Pul egone (C6H 16 O, mol. wt . 152.23 ) (CAS No. 89-82- 7, FEMA No. 2963) is also

refer red to as pulegon e, D -puleg one, ( þ)-pul egone, p-ment h-4(8)-e n-3-one , 1-isoprop ylidene-

4-me thyl-2-c yclohexa none , among other synon yms. Pulego ne is a liquid that boils at 224 8C
and is insol uble in wat er but miscible in ethano l, diethy l ether, an d chlorof orm (Merc k Index,

1989). It is a hepatot oxic mono terpene that occurs in plant tissues from a number of plant

specie s. Essentia l oils obtaine d from Hedeo ma p ulegioides (L.) Pers. (Americ an Penny royal),

Bystro pogon (ever green shrubs) , and Mentha , includin g Mentha pulegium L. (Europ ean

Penny royal) contai n (R)-( þ )-pulegone . An isom er (S)-( � )-pulegone occurs in Agathosm a

betul ina Berg. (Pil lans) from which Buchu leaf oil is obtaine d. Table 12.16 con tains a list of

plants from which oils containing pulegone have been obtained. Throughout this discussion,

(R)-(þ)-pulegone will be referred to as pulegone, unless otherwise noted. Low concentrations

of pulegone have been found in foods such as beans and teas.

A major source of human exposure to pulegone is the use of pennyroyal oil obtained from

H. pulegioides or M. pulegium. Boyd (1992) has reviewed the major uses of pennyroyal oil.

Historically, pennyroyal oil has been used as a folk remedy as an emmenagogue and an

abortifacient and is still sometimes used in folk medicine for these purposes. Leaves containing

pennyroyal oil have been used as a flavoring, spice, and for brewing teas and as a mixture with

honey and pepper to flavor pork puddings. The roots of the plants, when ground with vinegar,

have been used as a tumor remedy while infusions of the leaves used for cramps, spasms, colds,

fainting, flatulence, gall bladder ailments, gout, hepatitis, and nervous disorders. None of these

uses have been shown to be efficacious by modern scientific methods. The Working Party on

Herbal Medicinal Products of the European Agency for the Evaluation of Medicinal Products

has released a draft position paper on the use of herbal medicinal products containing pulegone

and menthofuran (EMEA=HMPWP, 2004). They reviewed the use of herbal medicinal prod-

ucts containing peppermint oil (M. piperita), cornmint oil (M. canadensis, syn. M. arvensis var.

piperacens Malinv. ex Holmes), and pennyroyal oil (M. pulegium or H. pulegoides). They noted

that peppermint oil contains a maximum 4% pulegone, mint oil (partly dementolized) contains

a maximum 2% pulegone, and pennyroyal herb contains 1%–2% essential oil with pulegone as

the major component (60%–90%). Their conclusions included

no approval of medicinal products containing pennyroyal oil appear to have been granted in EU

and its use in unlicensed products should be discouraged; doses up to a 2.3 mg=kg body weight=
day (exceeding the TDI for food) are commonly encountered in herbal medicinal products in

Europe. Pharmacovigilance has hitherto revealed no certain cases of liver toxicity in humans

caused by peppermint oil or mint oil.

Their proposal for regulatory actions included no immediate action but they suggested

increased vigilance for adverse effects from peppermint oil and cornmint oil containing

products and the use of pennyroyal should be discouraged.

Nonmedicinal or folklore use of pulegone containing oils as flavoring agents includes

alcoholic beverages, baked goods, candy, confectioner’s frosting, frozen dairy desserts, gel-

atins and pudding, jams, jellies, meat products, nonalcoholic beverages, processed fruit, and

sweet sauce (Grundschober, 1979).

12.4.3.1 Human Exposure Assessment

The European Commission Scientific Committee on Food (European Commission, Health

& Consumer Protection Directorate-General, 2002) has reported that the mean intake of

pulegone in the United Kingdom was 0.8 mg=person=day while the 97.5% intake was
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TABLE 12.16
Plants Containing Oils Rich in Pulegone

Species References

Acinos majoranifolius (Mill.) Silic. Pavlovic et al. (1984b)

Acinos suaveolens (Sibth. et Smith) G. Don f. Pavlovic et al. (1984a)

Bystropogon plumosus (L.f.) L’Her. Nahrstedt et al. (1985)

Calamintha arkansana (Nutt.) Shinners Tucker and Maciarello (1991)

Calamintha nepeta (L.) Savi ssp. nepeta Velasco-Negueruela et al. (1996)

Calamintha pamphylica Boiss. et Heldr.

ssp. davisii (Quezel et Contandr.) P. H. Davis Baser et al. (1997b)

Calamintha pamphylica Boiss. et Heldr. Baser et al. (1997b)

ssp. pamphylica

Cyclotrichum niveum (Boiss.) Manden et Scheng. Baser et al. (1994)

Cyclotrichum origanifolium (Labill). Manden

et Scheng. Baser et al. (1996)

Cunila menthoides Benth de L. Bordignon et al. (1998)

Fumana thymifolia (L.) Spach ex Webb Couladis and Tzakou (2001)

Hedeoma mandoniana Wedd Viaseca et al. (2004)

Hedeoma multiflorum Benth. Koroch et al. (1999)

Hedoma pulegioides (L.) Pers. Lawrence (1978)

Micromeria albanica (Griseb. ex K. Maly) Silic Stojanovic et al. (1999)

Micromeria brownei (Swartz) Benth. var.

pilosiuscula Gray Tucker et al. (1992)

Micromeria fruticosa (L.) Druce ssp.

giresunica P. H. Davis Baser et al. (1996)

Minthostachys andina (Brett.) Epl. Muñoz et al. (1990)

Minthostachys mollis Griseb. Rojas and Usubillaga (1995)

Minthostachys verticillata (Griseb.) Epl. DeFeo et al. (1998)

Monardella undulata Benth. var. undulata Tanowitz et al. (1987)

Agastache rugosa Kuntze Lawrence (1993)

Agastache schrophulariaefolia (Willd.) Kuntze Lawrence (1993)

Micromeria fruticosa (L.) Druce ssp.

serpyllifolia (M. Bieb.) P. H. Davis Harmandar (1988)

Micromeria fruticosa (L.) Druce

ssp. barbata (Boiss. et Ky.) P. H. Davis Fleisher and Fleisher (1991)

Satureja grandiflora (L.) Scheele Carnat et al. (1991)

Ziziphora tenuior L. Sezik et al. (1991)

Ziziphora taurica M. Bieb. ssp.

taurica J. R. Edmondson Sezik and Tumen (1986)

Micromeria capitella Benth. Puri and Jain (1988)

Micromeria thymifolia (Scop.) Fritsch. Stanic et al. (1988)

Ziziphora bungeana Juz. Dembitskii et al. (1979)

Satureja boliviana (Benth.) Briq. Vila et al. (1996)

Satureja granatensis (Boiss et Reut.)

R. Fernancez Bellakhdar et al. (1988)

Satureja odora (Griseb.) Epl. Muschietti et al. (1996)

Satureja pseudosimensis Brenan. Muhayimana et al. (1998)

Satureja virminea L. Tucker et al. (2000)

Ziziphora brevicalyx Juz. Dzhumaev et al. (1990)

Zizphora clinopodioides Lam. Akgül et al. (1991)

continued
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3.1 mg=person=day with beverages and chewing gum as the major dietary sources. They

reported estimated pulegone intake in France based on maximum use concentrations in

foods and sugar confectionery, gums and alcoholic andnonalcoholic beverages for 7-day intake

surveys and an assumed 100% market share. The mean intake of pulegone would be 43.9

mg=day and the 97.5% intake of pulegone would be 72.7 mg=day. Based on a 1-year Household

TABLE 12.16 (continued)
Plants Containing Oils Rich in Pulegone

Species References

Ziziphora hispanica L. Velasco-Negueruela and Mata Rica (1986)

Ziziphora taurica M. Bieb. ssp. cleonioides

(Boiss.) P.H. Davis Kokkalou (1988)

Zizphora aragonensis Pau Velasco-Negueruela and Mata Rica (1986)

Agathosma betulina (Berg.) Pillans Collins et al. (1996)

Agathosma crenulata Pillans Collins et al. (1996)

Minthostachys glabrescens Epl. Baerheim Svendsen et al. (1987)

Minthostachys setosa (Briq.) Epl. Senatore (1998)

Micromeria dolichodontha P.H. Davis Baser et al. (1997a)

Hedeoma drummondi Epl. Firmage and Irving (1979)

Cunila angustifolia Benth. Moreira and Krambeck (1976)

Cunila platyphylla Epl. Bordignon et al. (1998)

Calamintha nepeta (L.) Savi ssp.

glandulosa (Req.) P.H. Ball De Pooter et al. (1987)

Micromeria fruticosa (L.) Druce ssp. fruticosa Velasco-Negueruela et al. (1987)

Micromeria fruticosa (L.) Savi ssp.

brachycalyx P.H. Davis Kirimer (1992)

Poliomintha incana (Torr.) A. Gray Lewis and Friedrich (1990)

Pycnanthemum beadlei (Small) Farnald Lawrence (1999)

Pycnanthemum californicum Trooey ex. Durand Lawrence (1999)

Pycnanthemum clinopodioides Torrey et Gray Lawrence (1999)

Pycnanthemum curvipes (Green) Grant et Epl. Lawrence (1999)

Pycnanthemum floridanum Grant et Epl. Shu et al. (1994)

Pycnanthemum incanum Michx. Lawrence (1999)

Pycnanthemum muticum (Michx.) Pers Lawrence (1999)

Pycnanthemum pilosum Nutt. Lawrence (1999)

Pycnanthemum pycnanthemoides (Leavenw.) Fernald Lawrence (1999)

Pycanthemum setosum Nutt. Lawrence (1999)

Pycnanthemum verticillatum Pers Lawrence (1999)

Pycnanthemum virginianum Durand et Jackson Lawrence (1999)

Calamintha sylvatica Jordan ssp. ascendens P.W. Ball Ortiz de Urbina et al. (1988)

Calamintha vardarensis (Greutar et Burdet) Silic Kitic et al. (2002)

Bystropogon plumosus L’Her. Nahrstedt et al. (1985)

Bystropogon origanifolius L’Her. Economou and Nahrstedt (1991)

Bystropogon maderensis Webb

Bystropogon wildpretii I. La-Sernaibid.

Bystropogon canariensis (L.) L’Her. Velasco-Negueruela et al. (1992)

Acinos arvensis (Lam.) Dandy Soulélès and Katsiotis (1988)

Agastache formosanum Hay. Fujita and Fujita (1970)

Agastache mexicana (HBK) Link et Epl. Lawrence (1993)
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Budget Survey, they reported an estimated mean intake of pulegone from sweets, chewing gum,

and alcoholic beverages to be 0.05 mg=day and the 97.5% to be 0.5 mg=day. The Committee

noted that these estimates were based on accurate food consumption data and information

provided by industry on concentrations in foods and not on analysis of the foods themselves.

Therefore, they should be interpreted as order of magnitude estimates instead of precise

assessments.

Grundschober (1979) reported average concentrations of pulegone in U.S. food products

to be 9.07 ppm for nonalcoholic beverages, 10.5 ppm for alcoholic beverages, 28.0 ppm for

frozen dairy dessert, 27.4 ppm for candy, 35.4 ppm for baked goods, and 27.3 ppm for gelatins

and pudding but precise exposures were not reported.

Because of the potential toxicity of pulegone and the lack of a complete safety assessment,

more precise exposure assessments would be useful.

12.4.3.2 Regulatory Status

In the United States, pulegone is listed as a GRAS synthetic flavoring substance (21 CRF

§172.515) and American and European pennyroyal oils are approved as natural flavorings (21

CRF § 172.510). The Joint FAO=WHO Expert Committee on Food Additives (JECFA)

considered there were no safety concerns for pulegone when used as a food flavoring agent

at current levels (JECFA, 2000). The Committee of Experts on Flavoring Substances of the

Council of Europe set a tolerated daily intake (TDI) for pulegone at 0.1 mg=kg=body weight.

They set provisional limits of 20 mg=kg for foods and beverages except for mint or pepper-

mint flavored alcoholic beverages, which were given a limit of 100 mg=kg and 200–400 mg=kg

for liqueurs. Mint or peppermint flavored confectionery was limited to 100 mg=kg and strong

mints to 200 mg=kg while mint or peppermint flavored chewing gum was limited to 350

mg=kg. The European Economic Community (EEC) set the maximum concentrations for

pulegone in flavored foodstuffs and beverages at 25 mg=kg for foodstuffs, 100 mg=kg for

beverages except for 250 mg=kg in mint or peppermint flavored beverages, and 350 mg=kg in

mint confectioneries. However, it noted that pulegone could not be added directly to food-

stuffs (EEC, 1988). In its recent review, the European Commission Scientific Committee on

Food concluded that the currently available data were inadequate for the derivation of an

acceptable daily intake and additional data are required.

12.4.3.3 Note on the Toxicology of Pulegone and (R)-(1)-Menthofuran

Although this discussion focuses on pulegone, it must be mentioned that pulegone and

menthofuran (CAS No. 494-90-6, FEMA No. 3235) are two compounds closely related in

several aspects (structures presented in Figure 12.3). Menthofuran occurs along with pule-

gone in peppermint and pennyroyal oil and estimates of human exposure for each compound

are similar (Council of Europe, 1999; European Commission Health & Consumer Protection

Directorate General (ECH & CPDG), 2002).

O O

(R)-(+)-Pulegone (R)-(+)-Menthofuran

FIGURE 12.3 The structure of pulegone and menthofuran, both of which occur in the mint family.

Menthofuran is an important metabolite of pulegone in animals.

Biological and Toxicological Properties of Mint Oils and Their Major Isolates 465



Within the mint family (Lamiaceae), menthofuran is a side product of pulegone synthesis.

Mahmoud and Croteau (2003) have shown that menthofuran is an important regulator of

pulegone synthesis. In an attempt to improve the quality of peppermint oil, plants were

transformed with an antisense menthofuran synthase cDNA. As predicted, these plants

produced significantly reduced concentrations of menthofuran but unexpectedly, pulegone

concentrations were also decreased (Mahmoud and Croteau, 2001). Additional studies

revealed that menthofuran downregulates pulegone reductase at the mRNA level either

directly or indirectly. Whether this effect is produced at the transcription or translation

level of the reductase gene or through altered messenger stability is not known (Mahmoud

and Croteau, 2003). These studies indicate a complex relationship between these two com-

pounds in the plant.

An interrelationship between pulegone and menthofuran is also seen in animals exposed to

these compounds. Menthofuran is an important metabolite of pulegone. This metabolic

conversion of pulegone to menthofuran in animals represents a metabolic activation because

the hepatotoxicity of pulegone is believed to result from its metabolism to menthofuran, as

detailed in the pulegone metabolism section of this chapter.

This short discussion of the interrelationships between pulegone and menthofuran should

alert the reader that pulegone toxicity must be understood within the context of its relation-

ship with menthofuran.

12.4.3.4 Human Toxicology

The authors found no cases of toxicity associated with ingestion of pulegone. However, there

are a number of reports of toxic responses in humans from ingestion of pennyroyal oil and

most investigators believe these toxic responses are associated with the pulegone content of

pennyroyal oil.

Bakerink et al. (1996) reported cases of two infants who ingested mint tea believed to

contain pennyroyal. In one infant, ingestion resulted in death with associated liver failure and

cerebral edema. Serum from this infant did not contain detectable concentrations of pulegone

but did contain the pulegone metabolite menthofuran (10 ng=mL). Serum from the second

infant with symptoms of hepatic dysfunction and epileptic encephalopathy contained con-

centrations of pulegone (25 ng=mL) and menthofuran (41 ng=mL).

Anderson et al. (1996) reported four cases of pennyroyal ingestion. In one case, a woman

repeatedly ingested pennyroyal herbal extract and black cohosh root extract for over 2 weeks

in an attempt to induce an abortion. The patient died 46 h after the last pennyroyal ingestion.

Symptoms included abdominal cramps, chills, vomiting, syncope, difficulty walking, and

cardiopulmonary arrest. At autopsy, hepatic centrilobular degeneration and necrosis were

noted along with degenerative changes in the proximal tubules. Blood collected at autopsy

26 h after death contained 18 ng=mL pulegone and 1 ng=mL menthofuran. Western blot

analysis of hepatic tissue obtained at autopsy revealed the presence of microsomal protein-

bound menthofuran. A second case involved a 22-month-old female baby weighing 10 kg who

ingested an unknown quantity of pennyroyal oil. Emergency room treatment started approxi-

mately 15 min after the ingestion and consisted of gastrointestinal lavage, charcoal treatment,

and administration of oral N-acetyl-cysteine. Serum samples were collected 10 h after inges-

tion and analyzed for menthofuran, which was found to be 40 ng=mL. The patient completely

recovered from the ingestion. Two additional cases involved women who consumed tea made

from pennyroyal leaves to induce menses. One woman consumed a cup of tea brewed from

one teaspoon of pennyroyal leaves after which she complained of dizziness and weakness but

no gastrointestinal symptoms. The other woman consumed a tea prepared from two tea-

spoons of pennyroyal leaves in a pint of hot water followed by another cup 13 h later, which
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resul ted in sympt oms includi ng nausea an d severe a bdominal crampi ng. In both cases,

recover y took place wi th no treat ment.

Sulliv an et al. (1979) report ed toxic effects in two wom en who con sumed pennyro yal oil to

induce abo rtion. In one case, an 18-yea r-old ingest ed 10 mL of the oil an d reporte d dizziness.

In the oth er case, a 2 2-year-ol d ingested one ounc e of oil that pro duced abd ominal pain,

nausea, vo miting, lethargy, and agitati on. This patient died 7 days after the ingest ion from

cardiopul monary arres t showin g sympto ms of mass ive hepati c necrosi s and disse minat ed

intravascu lar coagulat ion.

In their review of the literatu re, Anders on et al. (1996) foun d 18 report ed cases of adverse

effects from the consu mption of pennyroya l, all in females, with most cases associ ated with

the consumpt ion of pe nnyroyal oil. Symptom s of toxic ity general ly included ga strointes tinal

upset and CNS effects that included seizur es in some cases. Consum ptions that resul ted in

death were often associ ated with hepati c a nd renal injury, includi ng centrilobul ar hepati c

necrosi s. It is difficul t to de termine exact doses from these cases of report ed human toxic ity;

howeve r, consumpt ion of 10 mL of pen nyroyal oil has be en associated wi th gastritis and mil d

CNS toxic ity, but con sumpt ion of 5 mL has be en associ ated with co ma and seizur es.

Consum ption of 15 mL or more of the oil has be en fata l in some cases. Anders on et al.

(1996) recomm en ded gastric cleani ng by lavage and activated ch arcoal an d treatment with

N acetylcyst eine (which de crease s de pletion of he patic gluta thione) in cases where pe nnyroyal

oil ingest ion exceeds 10 mL. Burkh ard et al. (1999) have also reviewed the literat ure concern-

ing the pote ntial of certa in essential oils to ind uce epileptic type seizur es and found refer ences

to the poten tial of penn yroyal oil to prod uce these seizur es.

12.4. 3.5 Pulegone Metab olism

The meta bolism of pulegone in anima ls is extens ive and complex and has be en the subject of a

number of studi es to investiga te its role in the hepatot oxicity of pulegon e. M etabolism of

pulegon e invo lves the phase I enzyme cytochr ome P45 0, whi ch functi onalizes it for furt her

meta bolism by phase II con jugation react ions. Metabol ism may be initiat ed presys temicall y

by the intestin al mucosa from oral exposures , by the skin from topica l ex posure, and by the

lung epithelium from inhala tion. Systemic metabo lism is pr imarily hepati c but other organs

may also participat e. since pul egone meta bolites are excret ed into the bile, it appears to

unde rgo enterohepa tic circul ation where biliary con jugates are cleave d by intesti nal micr o-

flora hy drolases and the unc onjugat ed meta bolite is reab sorbed and recon jugated or furt her

meta bolized. An addition al source of meta bolites may be the meta bolism by the intes tinal

micro flora. M etabol ites have been detected in the bile, feces, and urine.

Certai n e lectrophil ic meta bolites of pulegone can co valently bind to nuc leophilic cellular

sites, such as pro teins, and these ad ducts are thought to be responsib le, in part, for the

hepatot oxici ty of pulegone. Unboun d pulegone meta bolites are excret ed in urine an d feces,

and both sex and specie s differences in its biodis position have be en reported . A number of

in vitro and in vivo studies have been reported. Although the in vivo studies are most definitive,

the in vitro studies are important in determining metabolic potential and are useful in

developing mechanistic data. An important consideration for in vivo studies is the dose

administered to the animal. Near-toxic doses, while providing greater quantities of metabol-

ites, may shift metabolism through these pathways resulting in data not reflective of metab-

olism at the lower doses normally encountered. For this reason, some of the most recent in vivo

metabolism studies have employed lower, nontoxic doses and have provided data that appear

somewhat different from that determined for the higher doses.

Figure 12.4 illustr ates the meta bolic acti vation of pul egone to react ive meta bolites that can

covalently bind to cellular proteins, which is believed to be a critical step in the pathogenesis
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FIGURE 12.4 The metabolic activation of pulegone to electrophilic metabolites capable of covalently

binding to nucleophilic sites on tissue proteins. These adducts are believed to be responsible for the

hepatotoxicity of pulegone. Pulegone is oxidized by the cytochromes P450 monooxygenase system at

one of the allylic methyl groups to produce an alcohol, which undergoes cyclization with the ketone

group to form a hemiketal that dehydrates to menthofuran. Further oxidation produces the reactive

g-ketoenal capable of forming adducts with tissue proteins. (Modified from Khojasteh-Bakht, S.C.,

Chen, W., Koenigs, L.L. Peter, R.M., and Nelson, S.D., Drug Metab. Dispos., 27, 574–580, 1999a. With

permission; Khojasteh-Bakht, S.C., Nelson, S.D., and Atkins, W.M., Arch. Biochem. Biophys., 370,

57–65, 1999b.)
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of pulegone-related hepatotoxicity in rodents and humans. The first step in the metabolic

activation of pulegone is hydroxylation of the C-9 methyl of the isopropylidene by the hepatic

P450 monooxygenase followed by cyclization to produce menthofuran. This oxidation reac-

tion is believed to proceed through hydroxylation of the allylic methyl group syn to the

carbonyl group in pulegone to produce an allylic alcohol, 9-hydroxypulegone, which under-

goes an intramolecular cyclization with the ketone group to form a hemiketal that dehydrates

to menthofuran. Oxidation of the menthofuran by the P450 monooxygenase results in an

electrophilic g-ketoenal capable of covalent binding to nucleophilic sites on hepatic proteins,

altering their structure and activity resulting in hepatotoxicity. A furan epoxide may be an

intermediate in the formation of the g-ketoenal and mintlactones (Gordon et al., 1987;

Madyastha and Raj, 1990; Nelson et al., 1992; Thomassen et al., 1992; Nelson, 1995;

Khojasteh-Bakht et al., 1999a; Nelson and Trager, 2003). Mizutani et al. (1987) found that

inhibitors of cytochrome P450 activity such as SKF-525A, metyrapone, and piperonyl but-

oxide prevented or decreased the hepatotoxicity of pulegone. Madyastha and Raj (1991,

1992) provided data indicating that menthofuran may be metabolized by pathways that

lead to the production of p-cresol in rats. Madyastha and Raj (2002) have presented

evidence that cytochrome P450 is directly involved in the stereochemical specific hydro-

xylation of 4-methyl-2-cyclohexenone to produce 4-hydroxy-4-methyl-2-cyclohexenone

and p-cresol. The importance of the P450 monooxygenase in the hepatotoxicity of

pulegone is illustrated by the studies of Sztajnkrycer et al. (2003) who pretreated mice

with two inhibitors of P450 activity, disulfiram and cimetidine, before intraperitoneal

injection of 300 mg=kg body weight pulegone. Pretreatment with the P450 inhibitors

together reduced hepatotoxicity more than pretreatment with each inhibitor individually. The

authors concluded that pulegone metabolism by the cytochrome P450 isoform CYP1A2 was

more important in the production of hepatotoxic metabolite(s) than metabolism by the

CYP2E1 isoform.

SAR studies have indicated that the isopropylidene ketone group is an important structural

feature in the metabolic activation of pulegone. Variation in this group that results in the lack

of formation of menthofuran, such as reduction of the ketone group or the isopropylidene

double bond, eliminates hepatotoxicity. Structural modifications to pulegone, such as iso-

merization of the double bond to yield isopulegone or modification to piperitenone, decreases

hepatotoxicity (Gordon et al., 1982).

McClanahan et al. (1989) investigated the role of covalent adducts between pulegone

metabolites and its hepatotoxicity. Phenobarbital administration, which increases the hepatic

concentration of certain isoforms of P450, as well as P450 reductase, also increased the

covalent binding to hepatic proteins of metabolites of radiolabeled pulegone administered

to mice, which correlated with an increase in hepatotoxicity. Piperonyl butoxide, an inhibitor

of cytochromes P450, decreased covalent adducts to hepatic proteins and hepatotoxicity.

They attributed the covalent binding to the ketoenal formed from the menthofuran produced

by oxidation of pulegone. In vitro studies of the covalent binding of radiolabeled pulegone to

hepatic microsomal proteins followed the patterns found in the in vivo studies and were

supported by the in vitro studies of Madyastha and Moorthy (1989).

Madyastha et al. (1985) found that administration of pulegone to rats resulted in the

destruction of cytochromes P450. Incubation of hepatic microsomes with pulegone also

resulted in the destruction of P450. Further support for the in vivo formation of reactive

metabolites of pulegone capable of interacting and modifying hepatic proteins came from

Moorthy et al. (1989). They orally administered pulegone at a dose of 400 mg=kg body weight

to rats for 5 days and observed significant hepatotoxicity. Hepatic cytochromes P450 con-

centrations were highly decreased in these rats along with the P450-dependent N demethyla-

tion of aminopyrine. No effect on cytochrome P450 reductase activity was noted, although
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Khojasteh-Bakht et al. (1998) showed that this reductase activity could be reduced by

menthofuran. It was again shown that induction of metabolism by phenobarbital increased

pulegone hepatotoxicity and piperony butoxide inhibited the toxicity. Similar studies using

menthofuran at a dose of 250 mg=kg body weight administered orally for 3 days yielded

similar results, indicating the importance of the metabolism of pulegone to menthofuran in

the hepatotoxicity of pulegone (Madyastha and Raj, 1994). Pretreatment of rats with 200

mg=kg body weight phycocyanin, an antioxidant and free radical scavenger, before admin-

istration of 250 mg=kg body weight pulegone reduced the depletion of P450 and the decrease

in aminopyrine demethylation as well as the hepatotoxicity seen after pulegone administra-

tion (Vadiraja et al., 1998). As noted by the authors, it is unclear whether this reduced toxicity

was due to inhibition of the P450 monooxygenase or to the free radical scavenger ability of

phycocyanin. Administration of diethyl maleate, a compound that depletes hepatic glu-

tathione, increased the hepatotoxicity of pulegone, indicating that glutathione may be

involved in the detoxication of reactive pulegone metabolites. Madyastha and Moorthy

(1990) used a semipurified, reconstituted P450 system to study the destruction of P450 by

pulegone. They reported that pulegone itself, without metabolic activation, could destroy

P450 by binding the heme of the enzyme. Yet their in vitro studies indicated that inhibitors of

metabolism and scavengers of reactive electrophilic compounds inhibited covalent adducts to

hepatic proteins. More research concerning the ability of unmetabolized pulegone to destroy

P450 may resolve this issue.

An example of the covalent binding of an activated pulegone metabolite is the inactivation

of a cytochromes P450 isoform, human CYP2A6, by menthofuran. Menthofuran is appar-

ently metabolized to an activated form by this P450 isoform and the metabolite covalently

binds to the active site of the P450 resulting in its inactivation. Some of the activated

metabolite must be released from the P450 because cytochrome P450 reductase activity, the

source of reducing equivalents in P450 mediated reactions, is inhibited by covalent adduct

formation during oxidation of menthofuran by CYP2A6 (Khojasteh-Bakht et al., 1998).

Tisserand and Balacs (1995) postulated that the amount of peppermint oil used in aroma-

therapy would be insufficient to induce changes in cytochrome P450 activity induced by

pulegone because its level was generally less than 1.0%.

An additional metabolic pathway that could lead to metabolites associated with hepato-

toxicity has been proposed (Madyastha and Raj, 1993; Thulasiram et al., 2000). This pathway

involves the stereoselective hydroxylation of pulegone at the C-5 position followed by

dehydration to yield 5-hydroxypulegone (Madyastha and Raj, 1991, 1993). This is metabol-

ized in rats to piperitenone, which can be metabolized to p-cresol and 6,7-dehydromentho-

furan and other metabolites capable of producing hepatotoxicity (Madyastha and Gaikwad,

1998, 1999). The chiral center at C-5 of pulegone has been known to be important in the

toxicity of pulegone for some time. Gordon et al. (1982) determined that S-(�)-pulegone

had approximately one third the hepatotoxicity of pulegone. To further investigate the role

of the chiral center at C-5, Thulasiram et al. (2000) synthesized the structural analog of

pulegone 5,5-dimethyl-2-(1-methylethylidene)-cyclohexanone, which lacks the C-5 chiral

center, and studied its metabolism and toxicity in rats. Substitution of the hydrogen at C-5

with a methyl group blocks the P450-mediated hydroxylation at C-5. However, the path-

way that leads to the formation of a furanoterpene similar to the formation of menthofuran

is still operative. The furanoterpene could undergo intramolecular cyclization to a hemi-

ketal similar to the pathway for menthofuran and like menthofuran; the hemiketal could

not be isolated during in vitro and in vivo studies. The analog was hepatotoxic in a manner

similar to pulegone but its toxicity was somewhat less than that of pulegone, leading

the authors to propose that the C-5 hydroxylation pathway contributes to the toxicity

of pulegone.
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In a further study to investigate the structure activity relations associated with pulegone

metabolism, Thulasiram et al. (2001) synthesized R-(þ)-4-methyl-2-(1-methylethylidene)-

cyclopentanone, a structural analog of pulegone that contained a cyclopentanone ring instead

of the cyclohexanone ring and DL-camphorone, which also contains a cyclopentanone ring.

Like pulegone, the methyl syn to the carbonyl is hydroxylated but both isopropylidene

methyl groups are hydroxylated, with the syn methyl group poorly hydroxylated. There is no

intramolecular cyclization to yield the corresponding furano compounds and a furanoterpene

is not formed. The cyclopentanone did not produce hepatotoxicity and did not reduce

cytochrome P450 concentrations, indicating a lack of metabolism to an activated metabolite

as seen with pulegone. This study indicates the importance of the cyclohexanone ring in

allowing the intramolecular cyclization to form menthofuran from pulegone.

The foregoing discussion has concerned the metabolic activation of pulegone to metabolites

believed to be responsible for its hepatotoxicity. However, a number of metabolites that

represent detoxification products have been isolated. These metabolites include glucuronides,

glutathione conjugate-related mercapturic acids, and other sulfur containing metabolites. As

part of the NTP studies on pulegone, Chen et al. (2001) have studied the metabolites that occur

in the urine of rats orally dosed with pulegone at lower doses than previously utilized. Lower

doses were used because higher doses may saturate certain metabolic pathways shifting

metabolite profiles. At doses of 0.8, 8.0, and 80 mg=kg=body weight, approximately 44% of

the dose was excreted in the urine of males and approximately 58% in the urine of females with

little dose dependency. No pulegone was found in the urine but 14 metabolites were identified,

although there were a number of minor peaks that were unidentified. As shown in Figure 12.5,
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FIGURE 12.5 Metabolites of pulegone identified in the urine of rats orally dosed with pulegone and the

major pathways for their formation as proposed by Chen et al. (2001). (Modified from Chen, L.-J.,

Lebetkin, E.D., and Burka, L.T., Drug Metab. Dispos., 29, 1567–1577, 2001.)
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the authors prop osed that these meta bolites came from three metab olic routes . The first

meta bolic route yield s 7 of the 14 identifie d meta bolites and involv es hydroxyl ation of pule-

gon e, prob ably by the P450 mono oxygenase , foll owed by glucu ronidation an d furt her meta-

bolic steps . The second meta bolic route involv es reducti on to menthone or isom enthon e

follo wed by hy droxyla tion and an intramo lecular cycli zation or glucu ronidation. The thir d

meta bolic route involves glutathione S transfera se catal yzed formati on of gluta thione conju-

gates that result in merca pturi c acids, whi ch may be furt her meta bolize d by hy droxyla tion.

Simi lar to the study of Thom assen et al. (1991) who invest igated meta bolit es in the bile of rats

dosed with pulegone , equal amo unts of hydroxypu legone glucuro nides and hydro xymenth one

and isom enthone were quan titatively in higher c oncentra tions than the other metab olites. No

pulegol, piperitone, or menthofuran were detected in the urine of the rats.

The tautomeri zatio n of 2-hyd roxyme nthofur an (Figur e 12.4) to mint lacto ne and isomin-

tlactone may occur spontaneously and also be catalyzed by glutathione S transferase without

the formation of a glutathione conjugate (Khojasteh-Bakht et al., 1999b).

On the basis of menthofuran as an important metabolite of pulegone, Chen et al. (2003a)

have investigated its metabolism to urinary metabolites in rats. Two metabolites that were also

detected in the urine of rats dosed with pulegonewere found. However, a number of metabolites

not detected or at concentrations that precluded identification were detected. As with pulegone,

menthofuran was metabolized by a number of pathways yielding complex metabolic routes

including enterohepatic circulation resulting in multiple metabolic passes.

Many of the metabolism studies with pulegone have been conducted with rats; however, it is

important to determine if species differences exist, especially for toxicology studies using more

than one species. Chen et al. (2003b) compared the disposition of pulegone in rats and mice

associated with a toxicity assessment using these two species. In single oral dose studies with

mice and rats, pulegone doses of 0.8, 8.0, and 80 mg=kg body weight were used while 4 oral

doses of 80 mg=kg body weight were used in multidosing studies. Mice excreted 85%–100% of

the dose in urine and feces at 24-h postdosing while rats excreted 59%–81%, indicating a

potential accumulation in rats. Tissue concentrations of pulegone-derived radiolabel at 24 h

after dosing were highest in the blood, liver, kidney, and lungs, excluding the digestive tract.

Tissue concentrations were lower in mice than in rats, as would be expected by the greater

excretion of pulegone-derived radiolabel in mice. Pulegone-derived radiolabel was highest in

the kidney of male rats compared with female rats, with the concentration ten-fold higher at the

low dose and three-fold higher at the high dose. The authors suggest that this difference is based

on the occurrence of a2u-globulin in male rat kidney but not in females. This protein is produced

in the liver of male rats and can bind small organic molecules. The bound form of the protein is

not broken down in the kidney and thus builds up in this organ. Pulegone or one of its

metabolites may bind this protein, which results in the accumulation of radiolabel in the male

rat kidney. Mice do not produce this protein. With the exception of the male rat kidney, the

radiolabel was highest in the liver, the target organ for pulegone, of both species at 24 h

postdosing. This may be associated with the production of covalent adducts between the

activated metabolite(s) of pulegone and hepatic proteins. High doses of pulegone decrease

P450 content and activity but the multiple doses used in this study resulted in lower pulegone

tissue concentrations and higher excretion of radiolabel in the urine than a single dose. This is

indicative of an induction of metabolism at these doses. Determination of the metabolites in the

urine of mice indicates that they are similar to those found in rats (Chen et al., 2001) with the

exception that no mercapturic acids were detected. However, mercapturic acids were found in

the bile of mice, indicating that this species is also capable of forming glutathione conjugates,

supporting the important role of glutathione in pulegone metabolism.

Engel (2003) has investigated the metabolism of (R)-(þ)- and (S)-(�)-pulegone in humans

dosed at quantities that might occur in the diet. Three individuals of each gender were dosed
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with ~500 mg=kg body weight (R)-(þ)-pulegone or 1000 mg=kg body weight of the less toxic

(S)-(�)-pulegone and urine was collected for 24 h. Urine was treated with glucuronidase and

sulfatase to hydrolyze glucuronide and sulfate conjugates or in some cases, examined directly.

On the basis of the analysis of metabolites in the urine, Engel proposed the metabolic scheme

illustrated in Figure 12.6. The major metabolite of the (S)-isomer was noted as M1 and

determined to be 9-hydroxymenthone. This metabolite was also found in the urine of

individuals treated with the (R)-isomer but in much smaller quantities. This led Engel to

suggest that metabolism to M1 may be an important detoxication step and may, in part,

explain why the (S)-isomer is less toxic than the (R)-isomer. However, it is not known if the

(S)-isomer is less toxic in humans than it is in animals. M4 or 10-hydroxypulegone was a
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FIGURE 12.6 Metabolic routes for (R)-(þ)- and (S)-(�)-pulegone in humans based upon chemical

analysis of urine as proposed by Engel (2003). The stereochemistry is not noted to indicate metabolite

could be from either the (R) or (S) isomer. (Modified from Engel, W., J. Agric. FoodChem., 51, 6589–6597,

2003.)
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minor metabolite of the (S)-isomer but was one of the major metabolites of the (R)-isomer.

Engel suggested that it is the precursor of 9-hydroxymenthone and might be the source of

menthofuran found in some studies. He determined the M4 would degrade to menthofuran

under the workup conditions for the chemical analysis. Pulegone may also be reduced to

menthone in humans; trace concentrations were found in the urine. Engel suggested that M3

or menthol, produced in greater quantities from the (S)-isomer than from the (R)-isomer, is

formed by a reduction of the carbonyl group of menthone. Metabolite M2 or 1-hydroxy-

menthan-3-one could be formed from hydroxylation of menthone. The role of p-cresol in

pulegone toxicity could not be clarified in this study because it was detected in the urine

before and after administration of pulegone. The author suggests that it may be possible that

M4 can be further oxidized to pulegone-10-aldehyde, which may be quite reactive. The

greater quantity of M4 formed from the (R)-isomer could lead to greater quantities of the

aldehyde and to the higher toxicity of this isomer. Further studies will be needed to support

this hypothesis.

Although there have been numerous studies on the role of metabolism in the toxicity of

pulegone, there are still questions to be answered. For instance, Thomassen et al. (1990) have

proposed that there may be a second menthofuran independent pathway for the metabolic

activation of pulegone. The existence of this pathway and its nature may require further

studies.

12.4.3.6 Genotoxicity of Pulegone

Pulegone has not been extensively tested in genotoxicity assays but there are data available

that allow an initial assessment of its genotoxic potential. Andersen and Jensen (1984)

determined the mutagenicity of pulegone using the Salmonella typhimurium reverse mutation

assay (Ames assay). They employed tester strains TA98, TA100, TA1535, and TA1537 with

and without metabolic activation using hepatic S9 fractions from rats. Their data indicate

that pulegone was nonmutagenic both with and without metabolic activation in this highly

validated assay. Pulegone has been tested in the U.S. NTP’s genotoxicity screen as part of its

ongoing toxicological evaluation. Although no details of the S. typhimurium assay with

pulegone have been provided, NTP typically uses tester strains TA97, TA98, TA100,

TA102, TA104, TA1535, TA1537, and TA1538 with and without metabolic activation by

hepatic S9 fractions. NTP has reported that pulegone was negative for mutagenicity in

this assay (National Toxicology Program, 2005), confirming the studies of Andersen and

Jensen (1984).

NTP has also reported the results of an in vivo micronucleus assay using pulegone. This is a

validated assay that is capable of detecting chromosomal damage. An advantage of this in vivo

assay is that all physiological and biochemical processes are intact, as well as absorption,

distribution, metabolism, and excretion are active. Although no specific details of the micro-

nucleus assay have been published, NTP typically uses the rat or mouse assay and both

genders of the test species. Animals are dosed one to three times at 24-h intervals at doses that

extend up to the maximum tolerated level. Micronuclei are determined in bone marrow

(or peripheral blood with longer-term studies) 24 h after the last dose. NTP found pulegone

to be negative in the micronucleus assay with males and females (National Toxicology

Program, 2005).

Franzios et al. (1997) studied the genotoxic potential of the oil from a Greek M. pulegium

and pulegone using fruit flies (D. melanogaster) in an assay capable of detecting mutations

and recombinations. They found that the essential oil demonstrated no genotoxic effects;

whereas, pulegone produced a weakly positive result. Menthone produced positive genotoxic

effects in their assay.
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12.4.3.7 Acute Toxicity

Grundschober (1979) has cited studies by Wenzel and Ross that indicated the subcutaneous

administration of pulegone to mice yielded an LD50 of 1709 mg=kg=body weight, although

the gender and mouse strain were not provided. A study by Plazak and Doull is also cited,

which indicated that the LD50 for an intraperitoneal administration to rats was 150 mg=kg

body weight (again the gender and strain were not provided).

Gordon et al. (1982) studied the single-dose, acute toxicity of pennyroyal oil, pulegone, and

a number of related compounds in male mice (Swiss–Webster and BALB=c strains). Mice

were administered various terpenes dissolved in corn oil as a single intraperitoneal injection, a

route of administration not commonly employed in safety assessments. Three doses were used

that generally ranged from 400 to 600 mg=kg body weight. Liver, lungs, and kidneys were

subjected to histopathological examination and plasma glutamic pyruvic transaminase (GPT)

and hepatic glutathione concentrations were determined. A pennyroyal oil dose of 500 mg=kg

body weight produced extensive hepatic centrilobular necrosis as well as pulmonary bronchi-

olar necrosis. The constituents of the oil were analyzed and then fractionated. Only the

fractions containing pulegone caused significant organ damage. Hepatic necrosis was more

extensive than bronchiolar necrosis and bronchiolar necrosis occurred at all dose concentra-

tions in mice administered menthofuran. These data led the authors to conclude that there

was a requirement for the presence of the a-isopropylidene ketone unit for the production of

liver and lung toxicity. Reduction of either the ketone group, such as that in pulegol, or the

isopropylidene double bond, such as that in menthone, eliminated the liver and lung toxicity.

Isomerization of isopropylidene double bond to the acyclic position, as in isopulegone,

decreased the toxic effects and isomerization to an endocyclic position as in piperitone

eliminated the effects. Piperitenone, which contains both exocyclic and endocyclic double

bonds decreased the toxicity, whereas removal of the isopropylidene group, as in 3-methyl-

cyclohexanone, eliminated the liver and lung toxicity. Removal of the methyl group, as in

2-isopropylidenyl-cyclohexanone, decreased the toxicity. Pulegone epoxide was not toxic,

while isopulegone epoxide had equivalent toxicity to pulegone. Menthofuran was most

toxic to the liver and lung. Differing mouse sensitivity to the terpenes was noted with BALB=c
c mice significantly more sensitive to the organ toxicity.

Hepatic glutathione, which can protect the liver from the damaging effects of many meta-

bolically activated electrophilic compounds, was reduced in concentration by 75% within 3 h

after the administration of pennyroyal oil and pulegone. Glutathione depletion is generally

considered to be an indication of its reaction with an activated metabolite. Glutathione

depletion was followed by an increase in plasma GPT, an indication of hepatic damage.

When glutathione was depleted by 70% before the administration of pennyroyal oil or pule-

gone, their toxicity was significantly increased. Therefore, when the protective effect of hepatic

glutathione is overcome, hepatic damage becomes apparent. Administration ofmenthofuran to

the mice resulted in only a 25%depletion of glutathione,whereas a 70% depletion of glutathione

before the administration of menthofuran did not alter its toxicity.

In anattempt todetermine the contributionofmenthofuran to the hepatotoxicity of pulegone

in Sprague–Dawley rats, Thomassen et al. (1988) compared the hepatotoxicity of pulegone and

menthofuran at doses that resulted in equivalent quantities of plasmamenthofuranmeasured as

total area under the plasma disappearance curve after an intraperitoneal administration. Under

the condition of equivalent area under the disappearance curve, hepatotoxicity was equivalent.

Even though the areas under the plasma concentration curves were equivalent, the kinetics were

not. Menthofuran produced by the metabolism of pulegone peaked much earlier and the peak

was higher than that produced after the administration of menthofuran. When pulegone

was administered to the rats in a manner to match the kinetics found after menthofuran
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administration, pulegone produced more than twice the hepatotoxicity of administered

menthofuran. The authors concluded that pulegone hepatotoxicity was not directly related to

its metabolism to menthofuran and other mechanisms may also be involved.

Application of high concentrations of pennyroyal oil to the skin may cause significant

absorption and result in acutely toxic systemic concentrations of pulegone. Although not a

toxicology study, Sudekum et al. (1992) reported the case of a 30-kg dog that died after

receiving a topical treatment for fleas of 60 mL of pennyroyal oil, obtained from a health food

store. Less than 1 h after the treatment, the dog appeared listless and was shampooed in an

attempt to remove the oil. Vomiting began 2 h after application and within 30 h diarrhea,

along with other effects, was apparent. Death followed seizures even though supportive

veterinary treatment was provided. Necropsy revealed hemorrhage into the thoracic cavity

and congested and edematous lungs with areas of subplueral hemorrhages with evidence of

liver damage. Histopathology revealed hepatic cellular necrosis. Pulegone was chemically

identified in the liver.

12.4.3.8 Short-Term Repeated Dosing Studies

Thorup et al. (1983a) assessed the toxicity of pulegone in a 28-day repeated dosing study using

rats. Groups of 10 rats of each gender were dosed by oral gavage with 0, 20, 80, or 160 mg=kg

body weight pulegone in a soybean oil vehicle. Variables measured included clinical obser-

vations, clinical chemistry, hematology, urinalysis, and histopathological examination of

selected tissues. During the in-life phase, a dose-dependent atonia was noted along with

increased water consumption at the high dose. Body weight gain was reduced by 20% at the

high dose and 10% at the intermediate dose. Blood creatinine was decreased in both genders

at the high dose while neutrophilic granulocytes were increased at the high dose. Histological

examination revealed vacuolization of hepatocytes at doses of 80 and 160 mg=kg body weight

and ‘‘cyst-like spaces in the white matter of the cerebellum.’’ The authors considered the

NOAEL to be 20 mg=kg body weight.

Molck et al. (1998) treated 28 6-week-old, female Wistar rats per group with either soybean

oil (vehicle control) or 160 mg=kg body weight pulegone in soybean oil for 28 days by oral

gavage. Plasma alkaline phosphatase, alanine aminotransferase, albumin, calcium, creatinine,

glucose, total protein, urea, and uric acid were determined at study termination, along with

body and liver weight. Liver and brain were prepared for histological examination using two

different tissue fixation techniques. Pulegone dosed rats appeared listless and depressed and

demonstrated reduced food intake but higher water intake and body weight gain than the

vehicle controls during the in-life phase of the study. At study termination, plasma glucose

and creatinine were decreased, as was body weight. Plasma albumin and total protein and

liver weight were increased, as was alkaline phosphatase. Histopathology revealed no liver

changes at the dose used in this study. The cyst-like spaces in the white matter of the

cerebellum reported by Thorup et al. (1983a) and Olsen and Thorup (1983) were not seen

in this study in brain tissue.

The U.S. NTP is currently investigating the toxicity of pulegone using protocols that

conform to the currently acceptable principles of toxicity evaluation. It has completed 14-

day repeated dosing studies using gavage administration to male and female Fischer 344 rats

and B6C3F1 mice. Rats were dosed at 0, 37, 5, 75, 150, 300, or 600 mg=kg body weight while

mice were dosed at 0, 18.75, 37.5, 75, 150, or 300 mg=kg body weight. The results from this

study have not been published at this time.
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12.4. 3.9 Subchron ic Toxicity

No report s of toxico logy studi es that have used dosing periods longe r than 28 days ha ve

been fou nd in the literat ure. However, the U.S. NTP ha s co mpleted a 13-week sub chronic

toxic ity study using gavag e admini stration to male and female Fisher 344 rats a nd B6C3F 1

mice . Rats a nd mice wer e dos ed at 0, 9.375, 18.75, 37.5, 75, or 150 mg =kg=day. The results

from this study have not be en publis hed at this tim e. How ever, an recent publica tion (Smith

et al., 2005b) ha s reporte d an NOA EL from the NTP 90-day toxicity studi es as 9.375 mg =kg

body weight =day. No specie s was denoted an d since this was the low dose for bot h specie s

perhaps it app lies to the rats and mice .

12.4. 3.10 Carcinog enicity Studie s

No report s of carci nogenici ty studies wi th pulegone wer e found in the scientif ic literat ure.

How ever, the U.S. NTP has complet ed the in-lif e portion of a 2-year carci nogenici ty study of

pulegon e using gavage admini stration to male an d female Fisher 344 rats an d B6C3F 1 mice.

Curren tly, the program is co nducting the histop atholog y phase. Male rats wer e dosed at

0, 18.75, 37.5, or 75 mg =kg body weight and female rats and mice of both gen ders wer e dos ed

at 0, 37.5, 75, or 150 mg =kg=body weight. No resul ts from this study a re avail able at this time.

12.4. 3.11 Other Toxicol ogy Studies

No data wer e found in the scient ific literatu re co ncerning the effects of pulegone on repro-

duction, including terat ology, embryot oxici ty, and immu notoxic ity.

12.5 SHORT SUMMARIES OF THE POTENTIAL TOXICOLOGY OF SPECIFIC
ESSENTIAL OILS FROM THE MINT FAMILY

12.5.1 C ORNMINT OIL

Cornm int oil has recently been given GRA S stat us for use as a flav oring ag ent in foo ds by the

FEMA Expert Pane l. Their evaluat ion of cornmi nt oil has been summ arize d in a recent

publica tion an d wi ll be presente d he re as an example of their evaluation process and to

indica te the know n poten tial toxic ity of this oil (Smi th et al., 2005b). The reader is referred to

the or iginal publ ication (Smith et al., 2005b) for a more thorou gh exp lanation of the Pane l’s

evaluat ion, supp orting data, an d references.

The FEMA Expe rt Pane l notes that the steam distillate of M. canadens is (as M. arvensis)

contains 70% or greater menthol, which is reduced by low temperature crystallization to

produce dementholized cornmint oil. It is further distilled and blended to pro duce the

commer cial oil (Table 13.3) . Because dement holize d co rnmint oil is not consu med as a

food, the unidenti fied consti tuents must be consider ed in the evaluation of its potenti al

GRAS statu s using the FEMA Pane l’s evaluation criteri a.

The Panel considers the principal congeneric structural group of cornmint oil to be terpene

alicyclic secondary alcohols, ketones, and related esters represented by menthol, menthone,

isomenthone, and menthyl acetate among others, which represent up to 95% of the commer-

cial oil. There are toxicology data available on several of these constituents with menthol as

the most thoroughl y studi ed (Sect ion 12.4. 1 of this chapter ). The Panel consider s this

congen eric group to be in Struct ure Group II (Sect ion 12.2.16 of this chapter ).
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With respect of the exposure assessment of dement holized cornmi nt oil, the Pane l believes

that the an ticipate d potenti al market in the Unit ed State s could be 200,00 0 kg=ye ar, whi ch

woul d corres pond to a da ily PCI for individ uals consumi ng the oil of approx imately 20

mg =person = day or 0.333 mg =kg =day. The Pane l calcul ates the intake of the congeneri c

group to be 19 mg =person =da y, which is higher than the expo sure thres hold of 0.54 mg =pe r-

person =day for Struct ural Class II, resul ting in the need for toxicity da ta for this congeneri c

group . The Pane l’s revie w of the toxic ology literat ure ind icated that menthol , menthone, and

other members of the con generic group exhibi ted NOAE Ls at 1000 times the daily PCI.

Genotox icit y assays of member s of this co ngeneri c group provided no indica tion of inter-

acti ons with DNA ca pable of prod ucing mutat ions. Based on its evaluation of these data, the

Pane l concluded : ‘‘Ther efore, the intake of this con generic group from co nsumpt ion of M.

arvens is is not a safety con cern.’’ (Smi th et al., 2005b).

The Pane l not ed that one constituent of de mentholized cornmi nt oil, pulego ne, is a terpene

alicyclic ketone related to the major congeneric group in cornmint oil but has a unique

structure (2-isopropylidene cyclohexanone) and can be metabolically activated to more

toxic meta bolites (see Section 12.4. 3.5 of this chapter ). Pulegone can produce hepatot oxicity

at doses at least an order of magnitude less than the NOAELs for structurally related alicyclic

ketones and secondary alcohols. This led the Panel to consider pulegone and a metabolite,

menthofuran, which account for less than 2% of commercial dementholized cornmint oil,

separately from the congeneric group. The Panel calculated the daily PCI of 0.40 mg=per-

person=day or 0.0067 mg=kg body weight=day, which exceeds the 0.09 mg=kg body weight

threshold for Class III. Using data from an unpublished 90-day subchronic NTP sponsored

study of pulegone toxicity that indicated a NOAEL of 9.375 mg=kg=day, the Panel concluded

that this was approximately 1000 times the intake of pulegone and its metabolites in

dementholized cornmint oil. The Panel also considered a rat 28-day repeated dosing study

with peppermint oil that contained approximately 4% pulegone and menthofuran. From the

NOAEL of 400 mg=kg body weight=day for females and 200 mg=kg body weight=day for

males, the Panel considered this to correspond to an NOAEL of 8 mg=kg body weight=day

for pulegone and menthofuran. The Panel also considered a rat 90-day subchronic study of the

toxicity of a mixture of M. piperita and M. canadensis (as M. arvensis) peppermint oils that

established an NOAEL of 100 mg=kg body weight=day for the mixture and calculated that this

corresponded to an NOAEL of 4 mg=kg body weight=day for pulegone and menthofuran.

A second congeneric structural group considered by the Panel was terpene hydrocarbons,

including (þ)- and (�)-pinene and (þ)-limonene among others that account for up to 8% of

dementholized cornmint oil but can be reduced to less than 3% in the commercial oil. The

Panel used the 8% composition to calculate a conservative estimate of intake, which results in

an intake of 1.6 mg=person=day or 0.027 mg=kg body weight=day. The Panel considered

long-term studies of the principal members of the group sponsored by the NTP that indicated

NOAELs of 300 mg=kg body weight=day to be orders of magnitude greater than the daily

PCI of terpene hydrocarbons. This led the Panel to state ‘‘Therefore, all congeneric groups in

cornmint oil are considered safe for use when consumed in mint oil’’ (Smith et al., 2005b).

During its evaluation of cornmint oil, the Panel considered that commercial dementholized

cornmint oil can contain unidentified constituents in the 2.9%–4% range. The Panel calcu-

lated that this represented a daily PCI for consumers of the oil as high as 0.80 mg=person=
day. As unidentified constituents are placed in the highest concern class (Class III), this level

of intake is above the 0.09 mg=person=day intake for this class and results in the need for

toxicology data. Although data were not available for dementholized cornmint oil, the Panel

considered data from a 28-day repeated dosing study with peppermint oil containing essen-

tially the same constituents as dementholized cornmint oil. This study revealed an NOAEL of

100 mg=kg=day, which the Panel considered to be equivalent to 5 mg=kg body weight=day for
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the unidentifi ed constituen ts. This was consider ed to be at least 100 tim es the intake of 0.0133

mg =kg body wei ght=da y calcul ated for the intake of unide ntified consti tuents in dement ho-

lized cornmi nt oil. This led the Pane l to conclude: ‘‘Hence the total of unidenti fied constitu-

ents is also not a safety concern’’ (Smi th et al., 2005b).

The final step in evaluat ion of dement holize d cornmi nt oil by the Panel was an evaluat ion

of the total oil in respect to all the con generic grou ps a nd unidenti fied con stituent s. The Panel

noted that member s of the terpene alicyclic secondary alcohol s, ketones, and related esters

along with some mo noterpene hy drocarbons and peppermi nt oil have the potenti al to

produ ce a-2 m-globul in related kidney pa thology in male rats (Smith et al., 2005b). Thi s

toxic ity is not seen in fema le rats or in other spe cies, includin g humans. Evaluat ion of this

male -rat-spe cific kidney toxic ity from a number of studi es ha s led to the con clusion by

toxic ologists that this male-rat -specific patholog y is not relev ant to hum ans. The Pane l

consider ed that interacti ons amon g the co ngeneri c struc tural groups woul d be exp ected to

be mini mal be cause the NOAE Ls for the congen eric grou ps and the co mmercial mint oils are

on the same ord er of magni tude.

The final co nclusion ba sed on the Pane l’s evaluat ion is as follo ws:

Based on the above assessment and the application of the scientific judgment of the FEMA Expert

Panel, cornmint oil is concluded to be ‘Generally Recognized As Safe’ under conditions of

intended use as a flavoring substance. Given the criteria used in the evaluation, recommended

specifications should include the following chemical assay: (1) < 95% alicyclic secondary alcohols,

ketones and related esters, typically measured as ( � )-menthol; (2) < 2% 2-isopropylidenecyclo-

hexanones and their metabolites, measured as (� )-pulegone; and (3) < 10% monoterpene hydro-

carbons, typically measured as limonene (Smith et al., 2005b).

Unfor tunate ly, the vast majorit y of the toxic ology studie s cond ucted on M . canadens is (as

M. arvens is) oil have not used a c ornmin t oil that resem bles the commer cial oil. Reproduct ion

studi es using extra cts from the plant and other studi es with oth er types of extra cts have be en

publis hed. How ever, the relevance of these studies to the co mmercial oil is que stionable.

Toxicology studies us ing a commer cial oil that meet s the chemi cal specificat ions recom-

mended by the FEMA Expe rt Pane l woul d be highly useful in the furth er evaluat ion of the

safety of dement holize d cornmi nt oil as used in food an d other products . Men thol is the

major constituent of dement holize d cornmi nt oil (30% –48%) and has been the sub ject of a

varie ty of toxicology studi es that are revie wed in Secti on 12.4.1 of this chapter .

12.5.2 PEPPERMINT OIL

Peppe rmint oil is obtaine d from M . piper ita by steam dist illation of the fres h floweri ng plant

and its composi tion is present ed in Tabl e 12.3. Men thol is its major consti tuent (28%–47%)

followe d by menthone (11%–32%) . The many uses of pep permin t are discussed in Sectio n

12.2.1 of this chapter .

A numb er of acute toxic ity studi es employ ing peppermi nt oil with different spec ies an d

routes of administr ation have been report ed. Thes e are summ arized in Tabl e 12.17. Clinic al

signs at the letha l doses were general ly salivatio n, ataxia, co nvulsio ns, loss of right ing reflex,

and depression. These data indicate that peppermint oil has low toxicity in these commonly

used species because the LD50s are in the grams per kilogram of body weight range.

Thorup et al. (1983b) conducted a 28-day repeated dosing study with peppermint oil by

oral gavage using male and female Wistar rats. The doses used in this study were 10, 40, and

100 mg=kg body weight=day. No adverse effects were found at 10 mg=kg body weight=day

but histopathological changes described as cyst-like spaces were found scattered in the white

matter of the cerebellum at doses of 40 and 100 mg=kg body weight=day. Mengs and Stotzem
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(1989) dosed Wistar rats with peppermint oil for 5 weeks by oral gavage at doses of 20, 150,

and 500 mg=kg body weight=day. No effects were seen at 20 and 150 mg=kg body weight

while only nonspecific effects were seen at 500 mg=kg body weight, such as increased water

intake. Mengs and Stotzem (1989) also reported data from a study where beagle dogs were

dosed for 5 weeks with enteric-coated gelatin capsules containing 25 or 125 mg=kg body

weight peppermint oil. An array of variables were determined that included body weight,

clinical signs, hematology, urinalysis, necropsy, and histopathological examination of tissues.

No evidence of significant adverse effects was reported at either dose.

A 90-day subchronic toxicity study of peppermint oil using Wistar rats orally dosed with

10, 40, or 100 mg=kg body weight=day has been reported by Spindler and Madsen (1992).

Body weight, food and water intake, hematology, clinical chemistry, and gross and micro-

scopic pathology were assessed at necropsy. No peppermint-oil-related effects were observed

at 10 and 40 mg=kg body weight=day. At 100 mg=kg body weight=day, histopathological

alterations in the brain of both sexes that consisted of cyst-like spaces in the white matter of

the cerebellum were observed. These were apparently similar to those reported by Thorup

et al. (1983b). There were also histopathological changes in the kidneys of male rats at the

high dose.

There have been no published reports of chronic toxicity studies with peppermint oil;

however, a study where peppermint oil was placed into a toothpaste matrix for chronic

toxicity testing with male and female mice by the oral route has been reported (Roe et al.,

1979). The toothpaste matrix containing peppermint oil to yield 4 or 16 mg=kg body weight=
day was administered by oral gavage at a standard dose volume of 1 mL=kg body weight for 6

days per week for 80 weeks. Body weights as well as clinical observations and food consump-

tion were determined during the study. At necropsy, organ weights were determined and

histological examination of tissues and any observed tumors was conducted. A number of

tumors were detected but these were considered to be tumors that commonly occur in mice

and were not considered to be test article related. Although peppermint oil was incorporated

into the toothpaste matrix and the data compared with that collected from mice receiving the

toothpaste matrix only and untreated controls, this study cannot be considered a chronic

toxicity study of peppermint oil. The toothpaste matrix contained a number of constituents

including glycerol, carrageen gum, precipitated calcium carbonate, sodium lauryl sulfate,

sodium saccharin, mineral oil, and water. It is possible that these constituents could have

altered the absorption, distribution, metabolism, and excretion of the constituents of the

peppermint oil. Other interactions could have taken place that could have modified the effects

TABLE 12.17
Reported Acute Toxicity (LD50) of Peppermint Oil in Various Species

Species (strain) Route of Administration LD50 (g=kg body weight) References

Rat (Wistar) Oral Male 2.65 (CI ¼ 2.30–3.00) RIFM (1972)

Rat (Wistar) Oral 4.0 Mengs and Stotzem (1989)

Rat Oral 4.44 VonSkramlik (1959)

Rat (Wistar) Oral 4.44 Eickholt and Box (1965)

Rat (Wistar) Intraperitoneal 0.82 + 0.13 Eickholt and Box (1965)

Mouse (ddY) Oral Male 2.41 (CI ¼ 2.17–2.68) Ohsumi et al. (1984)

Mouse (NMRI) Oral 4.0 Mengs and Stotzem (1989)

Rabbit Dermal >5 RIFM (1972)
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of the pe ppermin t. Ther efore, there is still a need to investiga te the effe cts of peppermi nt oil in

a chronic toxicology study designe d to meet current toxic ologic al standar ds.

The genotoxi city of pep permint oil ha s been assessed in a number of in vitro assays an d

fewer in vivo assays. Peppermint oil was evaluated for mutagenic potential in the Salmonella=
micro some a ssay (Ame s assay) using tester strains TA98, TA 100, TA1535, and TA153 7

with an d witho ut metab olic activatio n (Ande rsen an d Jensen, 1 984). Doses that ran ged from

6.4–80 0 m g=plate did not present evidence of mutage nic potenti al in the presence and absence

of meta bolic activ ation. Peppe rmi nt oil was studied in the chromosom al aberrat ion assay an d

the SCE assay using hum an lympho cytes in whol e peripher al blood from healthy volunte ers

with no extern al metab olic activati on (Lazutka et al., 2001). Peppe rmint oil induced chromo-

some aberrat ions with chromat id and chromo some breaks. The dose respo nse was not linea r

and pe aked at a value eight -fold higher than the con trol and then decreas ed, possibly due to

cytot oxicity. Peppermi nt oil prod uced increa ses in SCEs comp ared with the control. The dose

response curve indica ted a rapid increa se in exchan ges foll owed by a lack of increased

exchang es as the dose increa sed. As with the chromosom al ab erration assay, pe ppermi nt oil

demonst rated consider able cytot oxici ty in the SCE assay. As pepp ermint oil produ ced its

clastoge nic effe cts at concen trations that pro duced high cytot oxici ty, the authors suggest ed

that it may be prod ucing its effe cts due to seco ndary cytot oxicity mechani sms and possibl y

not by a direct geno toxic interacti on with DNA and suggested that additional studies are

needed to resol ve this issue . Unpu blished studi es and those that may have used peppermint

mint extracts or other forms have produced either negative or equivocal resul ts in in vitro

genotoxi city studi es.

Peppe rmint oil has bee n studie d in an in vivo assay using Dros ophila mel anogaster wi ng spot

assay (Lazu tka et al., 2001). In this assay, 72-h-o ld larva e wer e expo sed to peppermi nt oil

added to the surface of the medium upon which the larva e de velop and treatment lasted unt il

pupa tion, resul ting in a 48-h treat ment period. Wings from the flies wer e exami ned micr o-

scopica lly to assess the presence of spo ts that repres ent somat ic mutat ions or mito tic recom-

binatio n. Peppermi nt oil induc ed mutations but there did not app ear to be a dos e depend ency

and the mutat ions wer e less frequent than those from the posit ive con trol, benzo(a) pyrene.

The autho rs suggest that peppermi nt oil should be furt her studied for genotoxi c pot ential

using in vivo mammali an test systems.

The potential imm unotoxic ity of pe ppermin t oil has bee n determ ined in anima l mod els.

Gawo rski et al. (1994) used a screen ing protocol ba sed on a tier testing stra tegy to asses s

humoral an d cell -mediated immune responses in female mice . Peppe rmin t oil was adminis-

tered intragast rically for 5 days at three doses. Cell- media ted immun ity was determined by the

host resistance assay and humoral immu nity was determined by the antibody plaqu e-formi ng

cell respo nse to sheep erythr ocytes . Peppe rmi nt oil increa sed the mort ality rate and redu ced

survi val in the host resi stance assay but did not alter the plaque- forming cell respon se. Doses

of 625 and 1250 mg=kg body weight=day resulted in immunotoxicity, whereas a dose of 313

mg=kg body weight=day had no effect.

No published reports concerning the developmental and reproduction toxicology of pep-

permint oil were found in the scientific literature. However, a number of reports concerning

other activities have been published. It appears that peppermint oil may be a sensitizer in a

small proportion of the population but generally responses have been mild. As would be

expected, certain effects of peppermint are based on its constituents. A few studies have

investigated the metabolites excreted after exposure to peppermint and these reflect the major

consti tuents of the oil. For exampl e, mentho l meta bolites (see Se ction 12.4. 1.3 of this chap ter)

are commonly encountered depending on the menthol content of the oil. Dresser et al. (2002)

have evaluated the effect of peppermint oil on cytochrome P4503A4 (CYP34A)-mediated

in vitro metabolism of nifedipine and its oral bioavailability in humans. Peppermint oil was a
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‘‘moderately potent’’ reversible inhibitor of CYP3A4 and increased the oral bioavailability of

nifedipine, possibility by inhibition of CYP3A4-mediated presystemic metabolism. The

authors suggest that these effects of peppermint oil may be associated with its menthol

content.

Certain studies have implicated activities such as kidney damage in rats produced by

aqueous extracts or ‘‘tea’’ obtained from peppermint plants (Akdogan et al., 2003). However,

the relevance of studies using peppermint extracts to effects produced by the essential oil from

peppermint is questionable because the constituents of extracts or other forms of peppermint

are generally different from those of the essential oil.

A review of the safety of peppermint oil, leaf extract, leaf and leaf water has been published

by the Cosmetic Ingredients Review Expert Panel (2001).

12.5.3 SPEARMINT OIL

Native spearmint oil ex M. spicata L. has been approved for food use in the United States for

many years. Scotch spearmint oil ex. M. gracilis Sole has recently been given GRAS status for

use as a flavoring in foods by the FEMA Expert Panel (Smith et al., 2005b). Prior to this, it

was used under the name spearmint oil, although that was specifically identified as sourced

from Mentha spicata L. or incorrectly identified as Mentha sativa L., which is a synonym of

the natural hybrid M. verticillata L.

Few toxicology studies using spearmint oil were found in the published scientific literature.

Unpublished studies estimate an LD50 in rats of approximately 5000 mg=kg body weight.

A few studies were found where ‘‘teas’’ (aqueous extracts of leaves) were used but these are

not relevant to the oil.

A few genotoxicity studies were found. Spearmint oil was tested in the Ames assay for

mutagenicity to S. typhimurium tester strains TA100 and TA98 with and without metabolic

activation with no evidence of mutagenic potential (Marcus and Lichtenstein, 1982; Crebelli

et al., 1990). Spearmint oil was found to be negative in the Ames assay and an assay for

clastogenic potential in the chromosomal aberration assay using CHO cells in culture (Ishidate

et al., 1984). It was also found to be negative in the mouse micronucleus assay (Hayashi et al.,

1988). A spearmint oil was reported to produce mutations in the Drosophila melanogaster

wing spot test (Franzios et al., 1997).

Spearmint oil at high concentrations can produce dermal irritation in animals and probably

humans. It may be a sensitizer in some individuals (Larsen et al., 2001).

(�)-Carvone, the major constituent of Scotch spearmint oil, has been tested for mutagenicity

in the Ames S. typhimurium assay using tester strains TA98, TA100, TA1535, and TA1537

with and without metabolic activation and was found to have no mutagenic potential in

this assay (Florin et al., 1980). (�)-Carvone was a weak inducer of chromosomal malse-

gregation in Saccharomyces cerevisiae (Zimmermann et al., 1989) but showed no genotoxicity

in the Wing Somatic Mutation and Recombination Test using D. melanogaster (Franzios

et al., 1997).

Carvone has been examined for its acetylcholinesterase (AChE) activity by Miyazawa et al.

(1997). They found that monoterpene ketones possessed stronger activities than their corre-

sponding alcohols. In addition, they found that the strength of inhibition of AChE was

decreased with an isopropenyl group on the p-menthane molecule rather than an isopropyl

group. However, (�)-carvone was found to possess a weaker activity than (þ)-pulegone, even

though it possesses a conjugated double bond. The antimicrobial properties of (�)-carvone

can be found in Chapter 12.

Engel (2001) has investigated the metabolism of (þ)- and (�)-carvone in humans adminis-

tered the carvones at doses close to those anticipated to represent a daily intake. Urine was
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collected 24 h before and after oral ingestion of 1 mg carvone=kg body weight by six

volunteers. The urine was treated with glucuronidase and sulfatase to free glucuronide and

sulfate conjugates and yield the phase 1 metabolites. The major metabolites detected were

reported to be a-4-dimethyl-5-oxo-3-cyclohexene-1-acetic acid (dihydrocarvonic acid),

a-methylene-4-methyl-5-oxo-3-cyclohexene-1-acetic acid (carvonic acid) and 5-(1,2-dihy-

droxy-1-methylethyl)-2-methyl-2-cyclohexen-1-one (uroterpenolone) while minor metabolites

were identified as reduced forms of carvone (carveol and dihydrocarveol). No difference was

detected between the (þ)- and (�)-carvone although the stereochemistry of the metabolites

was not reported. Jager et al. (2000) studied the in vitro microsomal metabolism of R-(�)- and

S-(þ)-carvone using rat and human hepatic microsomes. They found stereoselective biotrans-

formation with each enantiomer resulting in the production of 4R,6S-(�)-carveol from

R-(�)-carvone and 4S,6S-(þ)-carveol from S-(þ)-carvone. Microsomes from both species

demonstrated a lower Michaelis constant (Km) for the production of 4R,6S-(�)-carveol.

Glucuronide formation was detected only from 4R,6S-(�)-carveol. Jager et al. (2001) inves-

tigated the metabolism of these two carvone isomers after dermal exposure of 300 mg

to humans. Both isomers were rapidly absorbed but S-(þ)-carvone resulted in higher

plasma concentrations and a longer distribution half-life. No metabolites were detected in

plasma but analysis of urine after glucuronidase treatment indicated the metabolism of

R-(�)-carvonte to 4R,6S-(�)-carveol and its glucuronide. No urinary metabolites were

found after S-(þ)-carvone application.

Differences in biological activity have been reported for R-(þ)- and S-(�)-carvone. Buchbauer

et al. (2005) reported that there were differences between the two chiral isomers when assessed

by locomotion activity in mice. The form found in spearmint [(�)-carvone] produced more

sedative and relaxing effects than did the form found in caraway oil [(þ)-carvone], which

demonstrated both sedative and activation effects.

12.5.4 BERGAMOT MINT OIL

Bergamot mint or Mentha citrata oil, which is obtained from M. aquatica var. citrata, has not

been approved for food use in the United States; however, it is used to a very limited extent as

a minor component of fragrances. To date, no toxicological assessment of Mentha citrata oil

has been published although toxicological and dermatological reviews of linalool (Powers and

Beasley, 1985; Bickers et al., 2001; Letizia et al., 2003) and linalyl acetate (Bickers et al., 2003),

the major constituents of the oil, have been published. The antimicrobial properties of

linalool and linalyl acetate are found in Chapter 12.
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(Lam.) Dandy. Plant. Med. Phytother., 22, 180–183.

Spindler, P., and Madsen, C. (1992). Subchronic toxicity study of peppermint oil in rats. Toxicol. Lett.,

62, 215–220.

Stanic, G., Kalogjera, Z., and Petricic, J. (1988). Essential content and composition of Micromeria

croatica (Pers.) Schott and Micromeria thymifolia (Scop.) Fritsch. Acta Pharm. Jugosl., 38,

251–254.

Steiling, W., Basketter, D., Berthold, K., Butler, M., Garrigue, J.L., Kimber, I., Lea, L., Newsome, C.,

Roggeband, R., Stropp, G., Waterman, S., and Wiemann, (2001). Skin sensitization testing-new

perspectives and recommendations. Food Chem. Toxicol., 39, 293–301.

Stojanovic, G., Palic, I., Ursic-Jankovic, J., Vajs, V., and Dokovic, D. (1999). Chemical composition

of the essential oil of Micromeria albanica (Griseb. ex. K. Maly) Silic. J. Essent. Oil Res., 11,

785–787.

Sudekum, M., Poppinga, R.H., Raju, N., and Braselton. W.E. (1992). Pennyroyal oil toxicosis in a dog.

J. Am. Vet. Med. Assoc., 200, 817–818.

Biological and Toxicological Properties of Mint Oils and Their Major Isolates 493



Sullivan, J.B., Rumack, B.H., Thomas, H., Peterson, R.G., and Bryson, P. (1979). Pennyroyal oil

poisoning and hepatotoxicity. J. Am. Med. Assoc., 242, 2873–2874.

Sztajnkrycer, M.D., Otten, E.J., Bond, G.R., Lindsell, C.J., and Goetz, R.J. (2003). Mitigation of

pennyroyal oil hepatotoxicity in the mouse. Acad. Emergen. Med., 10, 1024–1028.

Tanowitz. B.D., Smith, D.M., and Junak, S.A. (1987). Terpenoid constituents of three taxa of Mon-

ardella. Phytochemistry, 26, 2751–2752.

Thomas, H.K. (1962). Peppermint Oils and Menthol. A Monograph on Peppermint Oils and Menthol

by Dragoco. Dragoco, Holzminden, Bouveret, Switzerland, p. 11.

Thomassen, D., Slattery, J.T., and Nelson, S.D. (1988). Contribution of menthofuran to the hepato-

toxicity of pulegone: assessment based on matched area under the curve and on matched time

course. J. Pharmcol. Exp. Therap., 244, 825–829.

Thomassen, D., Slattery, J.T., and Nelson, S.D. (1990). Menthofuran-dependent and independent aspects

of pulegone hepatotoxicity: roles of glutathione. J. Pharmacol. Exp. Therap., 253, 567–572.

Thomassen, D., Pearson, P.G., Slattery, J.T., and Nelson, S.D. (1991). Partial characterization of biliary

metabolites of pulegone by tandem mass spectrometry. Detection of glucuronide, glutathione,

and glutathionyl glucuronide conjugates. Drug Metab. Dispos., 19, 997–1003.

Thomassen, D., Knebel, N., Slattery, J.T., McClanahan, R.H., and Nelson, S.D. (1992). Reactive

intermediates in the oxidation of menthofuran by cytochromes P-450. Chem. Res. Toxicol., 5,

123–130.
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Velasco-Negueruela, A., Pérez-Alonso, M.J., Esteban, J.L., Garcia Vallejo, M.C., Zygadlo, J.A.,

Guzmán, C.A., and Ariza-Espinar, L. (1996). Essential oils of Calamintha nepeta (L.) Savi
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13.1 INTRODUCTION

The preservative properties of aromatic and medicinal plant essential (volatile) oils and

extracts have been recognized since Biblical times, while attempts to characterize these

properties in the laboratory date back to the early 1900s (Martindale, 1910; Hoffman and

Evans, 1911).

Traditionally, plants and their isolated extracts, including Mentha species, have been used

to extend the shelf life of foods, beverages, and pharmaceutical–cosmetic products, and they

also have a plant protection function through their antimicrobial and antioxidant properties

(Ueda et al., 1982; Jay and Rivers, 1984; Shelef, 1984; Gallardo et al., 1987; Janssen et al.,

1988; Shapiro et al., 1994; Cai and Wu, 1996; Baratta et al., 1998a, 1998b).

More recently, attempts have been made to identify the component(s) responsible for such

bioactivities (Deans and Ritchie, 1987; Vokou et al., 1993; Lis-Balchin and Deans, 1997; Lis-

Balchin et al., 1998; Dorman and Deans, 2000). The antimicrobial properties of essential oils

and their constituents from a wide variety of plants have been assessed and reviewed
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(Larrondo et al., 1995). Investigations into the antimicrobial activities, mode of action, and

potential uses of plant volatile oils have regained momentum and there appears to be a revival

in the use of traditional approaches to livestock welfare and food preservation (Franz,

personal communication). The activity of the oils would be expected to relate to and reflect

the respective composition of the essential oils, the structural configuration of the constituent

components, and their functional groups along with potential synergistic interactions between

components. In the study by Dorman and Deans (2000), a correlation of the antimicrobial

activity of compounds under test, and their relative percentage composition in the oils, with

their chemical structure, functional groups, and configuration, suggested a number of obser-

vations on the structure–function relationship.

Components with phenolic structures, such as carvacrol and thymol, were highly active

against test bacteria, despite their low capacity to dissolve in water. The importance of the

hydroxyl group in the phenolic ring was confirmed in terms of activity when carvacrol

was compared with its methyl ester. The high activity of the phenolic components may be

further explained in terms of the alkyl substitution into the phenolic nucleus, which is

known to enhance the antimicrobial activity of phenols (Pelczar et al., 1988). The intro-

duction of alkylation has been proposed to alter the distribution ratio between the aqueous

and nonaqueous phases, including bacterial phases, by reducing the surface tension or

altering the species selectivity. Alkyl-substituted phenolic compounds form phenoxyl rad-

icals that interact with isomeric alkyl substituents (Pauli and Knobloch, 1987). This does

not occur with etherified–esterified isomeric molecules, possibly explaining their relative

lack of activity.

The presence of an acetate moiety in the structure appears to increase the activity of the

parent compound as in the case of geraniol where geranyl acetate demonstrated an increase in

activity. Aldehydes, notably formaldehyde and glutaraldehyde, are known to possess power-

ful antimicrobial activity. It has been suggested that an aldehyde group conjugated to a

carbon¼carbon double bond is a highly electronegative arrangement, which may explain

their activity (Moleyar and Narasimham, 1986), suggesting that an increase in electronega-

tivity increases the antibacterial activity (Kurita et al., 1979, 1981). Such electronegative

compounds may interfere in biological processes involving electron transfer and react with

vital nitrogen components such as proteins and nucleic acids, and therefore inhibit the growth

of microorganisms. The citral aldehydes cis-(neral) and trans-(geranial) displayed moderate

activity against test bacteria while citronellal was less active. Alcohols are known to possess

bactericidal rather than bacteriostatic activity against vegetative bacterial cells. The terpenoid

alcohols studied did show some activity against test bacteria, acting as protein denaturing

agents, solvents, or dehydrating agents.

A number of oil components are ketones, wherein the presence of an oxygen function in the

framework increases the antimicrobial properties of the terpenoids (Naigre et al., 1996). From

this study, it was detected that by using the contact method, the bacteriostatic and fungi-

static action of terpenoids was increased when carbonylated. Menthone was shown to have

modest activity, with Clostridium sporogenes and Staphylococcus aureus being the most sig-

nificantly affected (Dorman and Deans, 2000). An increase in activity dependent on the type of

alkyl substituent incorporated into a nonphenolic ring structure appeared to occur in this study.

An alkenyl substituent (1-methylethenyl) resulted in increased antibacterial activity, as seen in

limonene (1-methyl-4-(1-methylethenyl)-cyclohexene), compared with an alkyl (1-methylethyl)

substituent as in p-cymene (1-methyl-4-(1-methylethyl)-benzene). The inclusion of a double bond

increased the activity of limonene relative to p-cymene, which demonstrated no activity against

the test bacteria. In addition, the susceptible organisms were principally Gram-negative, which

suggests that alkylation influences Gram-reaction sensitivity of the bacteria. The importance of

the antimicrobial activity of alkylated phenols in relation to phenol has been previously reported
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(Pelczar et al., 1988). Their data suggest that an allylic side chain seems to enhance the inhibitory

effects of a component and chiefly against Gram-negative organisms.

The stereochemistry, furthermore, has an influence on bioactivity. It was observed that

a-isomers are inactive relative to b-isomers, for example, a-pinene; cis-isomers are inactive

contrary to trans-isomers, for example, geraniol and nerol; compounds with methyl–isopropyl

cyclohexane rings are most active; or unsaturation of the cyclohexane ring further increases the

antibacterial activity, for example, a-terpinene, a-terpineol, and terpinolene (Hinou et al., 1989).

Investigations into the effects of terpenoids on isolated bacterial membranes suggest that

their activity is a function of the lipophilic properties of the constituent terpenes, the potency

of their functional groups, and their aqueous solubility. Their site of action appeared to be at

the phospholipid bilayer, caused by biochemical mechanisms catalyzed by these phospholipid

bilayers of the cell. These processes include the inhibition of electron transport, protein

translocation, phosphorylation steps, and other enzyme-dependent reactions. Their activity

in whole cells appears more complex. Although a similar water-soluble tendency is observed,

specific statements on the action of single terpenoids in vivo have to be assessed singularly,

taking into account not only the structure of the terpenoid, but also the chemical structure of

the cell wall (Knobloch et al., 1986, 1988). The plant extracts clearly demonstrate antibacterial

properties, although the mechanistic processes are poorly understood.

13.2 ANTIMICROBIAL PROPERTIES OF MENTHA

The number of different measurements of microbial growth inhibition makes for difficult and

often impossible comparisons to be drawn. Even the choice of growth medium (solid or

liquid) has a profound impact on inhibitory profiles. There seems to be no concerted desire

for those working in the field to adopt a simple uniform assay for measurement thereby

allowing direct comparison of results (Janssen et al., 1987; Sivropoulou et al., 1995; Griffin

et al., 1999; Inouye et al., 2001). Only then would it become apparent that differences in plant

cultivation methods including fertilizer-application regimes, geographical location and at-

tendant climatic factors, genetic factors, and other variables can affect chemical composition

and hence bioactivity. Some of these issues will be discussed later.

13.3 MRSA AND VRE

The need to combat these serious secondary pathogens was highlighted by Nelson (1997) who

showed the efficacy of peppermint oil in controlling growth (MIC and MBC) of MRSA at

concentrations of 0.5% (v=v). Vancomycin-resistant Enterococcus faecium (VRE) required

0.5% to 1.0% to achieve MIC50 and MIC90, while 0.5% to 2.0% was required to realize MBC50

and MBC90 values. The MBC was defined as the lowest concentration that reduced the

original inoculums by �99.9% after overnight aerobic incubation at 378C.

13.4 ENTEROHEMORRHAGIC Escherichia coli

Osawa et al. (1999) undertook a detailed investigation into the antibacterial activities of

peppermint oil and a number of its constituents. The findings are summarized in Table 13.1

and show that the greatest inhibition was caused by the compounds neomenthol and carva-

crol, both recording MIC and MBC values of 200 mg=mL.

Imai et al. (2001), in a subsequent investigation, examined the impact of cornmint, pep-

permint, and spearmint on the growth of E. coli O157:H7, Salmonella enteritidis, antibiotic-

resistant and sensitive strains of Helicobacter pylori as well as methicillin-resistant and
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methicillin-sensitive St aph. aureus. The MIC of cornmint, peppermint, and spearmint were

50 to 100 mg=mL against H. pylor i, 400 to 800 mg=mL against S. enter itidis and E. coli

O157:H7, and 200 to 400 mg=mL against Staph. aureus, respectively. The authors stated that

the antibacterial activity is bactericidal, rather than merely growth inhibitory, against all the

test microorganisms. Moreover, L-limonene and myrcene, two of the main constituents of

native spearmint oil, other than L-carvone, were the main cause of activity against H. pylor i.

The MBC90 values were determined for M . pulegium and spearmint against a range of

bacteria isolated from cured meat intended for human consumption. The results show a wide

variation not only between the different genera, but also within species (Table 13.2).

Singh et al. (1998) demonstrated antibacterial activity by peppermint and spearmint against

several Gram-positive and Gram-negative bacteria by measurement of the zone of inhibition

(mm diameter) around a paper disk containing known weights of oils. Neat oil and oil diluted

to 1:50, 1:100, and 1:200 were tested, and all neat oils and most 1:50 dilutions gave inhibition

zones against Corynebact erium diphtheri ae (peppermint 12, 7; spearmint 10, 0, respectively),

Staph. aureus (31, 12; 19, 14), Bacillus subtilis (18, 13; 19, 12), Strep. haemolyticus (32, 18; 23, 18),

Ps. aeruginosa (10, 10; 12, 10), E. coli (19, 8; 24, 19), Klebsiella sp. (16, 9; 21, 14), and Pr ot eu s

vulgaris (12, 10; 18, 12). Peppermint was more active against the Gram-positive organisms, while

spearmint, overall, was more active against the Gram-negative bacteria. Dilutions beyond

1:50 gave variable results, with no clear pattern emerging in respect of inhibition based on

Gram reaction. Similar results were reported by Agarkar and Garode (2002).

Oil dilutions were also used to determine the antimicrobial efficacy of wild Mentha species

and ecotypes from southern Turkey against Staph. aureus, E. coli, and Enterococcus faecalis.

All oils at concentrations>10 mL exhibited strong antimicrobial activity against E. faecalis,

TABLE 13.1
MIC and MBC Values (mg=mL) of Peppermint Oil and Its

Constituents against E. coli O157:H7

Test Material MIC Value MBC Value

Peppermint oil 400 400

Menthol 400 400

Menthone 400 400

Neomenthol 200 200

Menthofuran >800 >800

(þ)-Limonene >800 >800

Piperitone >800 >800

3-Octanol 800 800

cis-Jasmone 800 800

Mint lactone 800 800

(�)-Myrtenol 800 800

Piperitol 800 800

Eugenol 800 800

Carvacrol 200 200

2-Ethylfuran 800 >800

Ocimene >800 >800

Source: After Osawa, K., Saeki, T., Yasuda, H., Hamashima, H., Sasatsu, M.,

and Arai, T., Escherichia coli Biocontrol Sci., 4, 1–7, 1999. With permission.
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except two; a similar pattern was seen against Staph. aureus where the same two ecotypes of

Mentha longifol ia were less effective (Ö zgüven et al., 1998).

One of the earlier comprehensive evaluations of antimicrobial activity in essential oil

constituents was carried out by Morris et al. (1979), using E. coli, Staph. aureus, Cand ida

albicans, and a diphtheroid (probably of the genus Corynebact erium). This study did not use

multiple resistant strains of either E. coli or Staph. aureus, and therefore has less relevance to

today’s problem bacteria. In addition, there are considerable differences in the level of

antimicrobial activity between this study and those that followed.

Measurement of impedance was chosen by Marino et al. (2001) as the most sensitive

method of assessing the inhibitory effect of peppermint oil on the growth of E. coli

O157:H7 and other bacteria. The technique detects changes in conductance caused by

bacterial metabolism in the growth medium. The researchers chose the detection time

(DT) as the parameter for defining and quantifying the antibacterial activity of the oil. DT

is defined as the time required by the microbial population to reach the concentration,

defined as the ‘‘threshold quantity,’’ causing a rapid deviation in the curve of the percent-

age electrical variation. For given experimental conditions, DT is a function of the initial

microbial concentration, microbial generation time, and the length of the lag phase. Table 13.3

shows the impact of peppermint oil on the DT values of a number of bacteria, including

E. coli O157:H7.

The increase in DT values for E. coli O157:H7 was by a factor of 4.3, while Y. enter ocoliti ca

was increased by a factor of >8 and Staph. aureus by >9. This technique highlights the

variability in the susceptibility to peppermint oil, and it would be useful to repeat the

experiments with the individual oil constituents to elucidate the most inhibitory compounds

present in the oil.

TABLE 13.2
MBC90 Values (mg/mL) for M. pulegium and M. spicata

MBC90 Values

Bacteria M. pulegium M. spicata

Enterobacter sp. 14.7 27.5

Enterobacter aerogenes 29.6 3.4

Enterobacter agglomerans 7.4 3.4

Escherichia coli I 14.7 6.9

Escherichia coli II 1.8 3.4

Escherichia coli III 3.7 3.4

Escherichia coli IV 7.4 27.5

Escherichia coli V 7.4 6.9

Citrobacter freundii I 29.6 13.8

Citrobacter freundii II 7.4 17.5

Citrobacter freundii III 7.4 6.9

Proteus vulgaris I 29.6 3.4

Proteus vulgaris II 29.6 6.9

Hafnia alvei I 3.7 13.8

Hafnia alvei II 3.7 13.8

Klebsiella pneumoniae 14.7 6.9

Source: After Montes, M.A., Wilkomirsky, T., and Bello, H., Fitoterapia, 69,

170–172, (1998). With permission.
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13.5 FOOD-POISONING BACTERIA

The marked preservative action of numerous herbs and spices has recently received increased

attention. Included in this interest is peppermint, and several research papers report on the

ability of peppermint oil, oil constituents, and other extracts to inhibit the growth of food-

poisoning bacteria. A study by Aktu�gg and Karapinar (1986) demonstrated this effect with

Salmonella typhi, Staph. aureus, and Vibrio parahaemolyticus. Using alcohol extracts rather

than essential oil, they reported that only at concentrations>4000 ppm was there any reduction

in growth. Interestingly, at concentrations <2000 ppm, there was as abundant growth as in the

controls. It was not until the concentrations were raised to 6000 ppm that the growth was

stopped with V. parahaemolyticus, and only at the maximum tested level of 8000 ppm was the

growth of S. typhi and Staph. aureus halted.

This study also examined the impact on bacterial growth of the incorporation of ground

peppermint into thegrowthmedium.The resultswere reportedasmint concentration (%),making

comparisonwith thealcohol extractsdifficult.However, converting thepercentagevalues toppm,

itwouldappear that the groundmintwasmore effective at inhibiting all threebacteria.The results

showedStaph.aureus tobe themostsusceptible (1000ppm)followedbyV.parahaemolyticus (5000

ppm) then S. typhi (20,000 ppm). That no peppermint oil was used leaves open the question as to

how the current results would have compared with the inhibition profile of the oil. Tkachenko

et al. (1999) reported only modest activity against Staph. aureus while showing allergenic

reactions following skin scarification tests, while Arakawa and Osawa (2000) reported inhib-

ition of passive cutaneous anaphylaxis by intraperitoneal injection of peppermint oil.

The foodborne pathogens S. enteritidis and Listeria monocytogenes were exposed to pep-

permint oil in culture media and three model food systems: tzatzik (pH 4.5), taramosalata

(pH 5.0), and pâté (pH 6.8) (Tassou et al., 1995). Growth was monitored with a Malthus 2000

growth analyzer, whereby the measurement of conductance gave an indication of bacterial

TABLE 13.3
DT Values (h) of Bacteria in the Presence of Mentha piperita

at a Concentration of 800 ppm

Bacterium Control DT Values Peppermint Oil DT Values

Escherichia coli 3.6 6.2

Escherichia coli O157:H7 4.1 18.7

Proteus mirabilis 3.2 10.7

Proteus vulgaris 3.7 22.0

Salmonella typhimurium 3.4 14.2

Serratia marcescens 3.4 7.2

Yersinia enterocolitica 5.5 45.6

Pseudomonas fluorescens 11.1 24.8

Pseudomonas putida 8.6 27.0

Micrococcus sp. 7.1 25.5

Sarcina flava 14.2 28.4

Staphylococcus aureus 4.2 38.3

Bacillus licheniformis 5.7 34.4

Bacillus thuringiensis 3.6 45.0

Lactobacillus innocua 5.1 17.4

Source: After Marino, M., Bersani, C., and Comi, G., Int. J. Food. Microbiol., 67,

187–195, 2001. With permission.
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metabolism. Several studies have shown a decreased level of inhibition by essential oils when

evaluated in vivo. This has been attributed to decreases in water content (aw) and increases in

protein and fat levels, allowing a degree of protection to the bacteria that are not available in

laboratory media. In these experiments, S. enteritidis was comprehensively inhibited in all

three model systems. Listeria monocytogenes populations showed a decline toward the end of

the storage period (8 to 9 days), but increased in pâté. The antibacterial action of peppermint

oil depended on a number of factors including concentration, food pH, composition, storage

temperature, and the nature of the microorganism.

In a subsequent paper, Tassou et al. (2000) reported on the effect of peppermint oil on the

growth and toxin production of Staph. aureus and growth of S. enteritidis, again measuring

changes in conductance. The total viable counts were reduced by 6 to 7 logs for Staph. aureus

but only 3 log cycles for S. enteritidis. Enterotoxin B production was markedly reduced from

a titer value of 40,000 in the control to 0.4 at oil concentrations of 0.1% to 0.3% (v=v) and was

not detected at oil concentration of 1.9% (v=v). These experiments were carried out solely

using nutrient broth. Attempts were made to correlate the antimicrobial effect with individual

classes of compounds within the oil. It has been established that essential oils and phenolics

do not have the same mechanism of action and there may be several targets leading to

bacterial inhibition. Much of the studies on the mechanism of phenolic compounds center

on their effects on cellular membranes (Davidson, 1997). Phenolics not only attack the cytoplas-

mic membrane, thereby destroying its permeability, but also cause the release of intracellular

constituents and cause membrane dysfunction in respect of electron transport, nutrient uptake,

nucleic acid synthesis, and ATPase activity.

In general, essential oils cause damage to biological membranes due to their lipophilic

properties; however, specific functional groups as noted earlier, are also effective. Hence, the

presence of menthol (an alcohol) and menthone (a ketone) resulted in reduction of the relative

respiratory activities of whole cells of the Gram-negative bacterium Rhodopseudomonas

sphaeroides by 74% (menthol) and the relative antibacterial activity by ~50% (menthol) or

~75% (menthone) (Knobloch et al., 1989). Griffin et al. (1999, 2001) showed that the outer

membrane was important for the resistance of Ps. aeruginosa and E. coli to a number of

monoterpenes. However, they also demonstrated that even active compounds are not com-

pletely unaffected by the protective mechanism the outer membrane provides and that the

degree to which this mechanism is effective is highly susceptible to small changes in molecular

structure and the resulting molecular properties. What these subtle molecular changes mean

in terms of compound-cell interactions and subsequent death remains to be elucidated.

El-Kady et al. (1993) exposed several Gram-positive and Gram-negative bacteria to pep-

permint oil. The Gram-positive organisms were more inhibited than the Gram-negative, with

Staph. aureus showing the greatest inhibition. Klebsiella pneumoniae, Ps. pyocyanea, and

Ps. fluorescens showed no inhibition. Piccaglia et al. (1993) examined the activity of pepper-

mint oil against a set of 25 test bacteria, with half (13) of the genera showing growth inhibition.

In these experiments, Aeromonas hydrophila was the most sensitive. In a separate study

dealing solely with Aeromonas species, Zazki et al. (2001) showed that at oil concentrations

>12,500 mg=mL, all isolates were inhibited.

Three types of mint, cornmint, peppermint, and spearmint (ex. M. spicata) oils were

investigated for antibacterial action against a collection of 10 bacteria. Cornmint was most

effective against Sarcina lutea (18-mm diameter zone of inhibition), E. carotovora (10-mm

zone), and Ps. solanacearum (10-mm zone); peppermint against Ps. solanacearum (9-mm

zone) and Staph. albus (9-mm zone); spearmint against Staph. albus (20 mm). Even closely

related mint species can have marked differences in their antibacterial properties (Rao and

Nigam, 1978). The choice of test bacteria is not explained, as these are not the normal

pathogen or secondary infection types usually associated with such bioassays.
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Of the four species of mint studied by Diaz et al. (1988), H2O, ethanol, and diethyl

ether extracts (but no essential oil) from M. gracilis (ex. M. gentilis) were most active against

B. subtilis and Micrococcus luteus but inactive against E. coli; M. longifolia was less active with

only the ethanol and diethyl ether extracts showing activity; M. suaveolens ethanol extract

showed slight activity toward B. subtilis while M. pulegium was completely inactive in all the

bioassays. This was in contrast to the findings of Thoppil et al. (2001) who reported activity

against Bacillus sp., E. coli, Staph. aureus, Ps. aerugi nosa, Pr oteus vu lgaris, and  Xantham onas

campe stris.

Arido�ggan et al. (2002) stated that peppermint oil was only active against Staph. aureus

(inhibition zone diameter of 12 mm), recording no inhibition against either E. coli or

Ps. aerugi nosa. They proposed that this discrepancy was due to species differences, although

they quote ATTC references for the three bacteria. In a study contradictory to these findings,

Agarkar and Garode (2002) reported greater zones of inhibition using the same test bacteria:

E. coli (10 mm), Ps . aerugi nosa (30 mm), Staph. aureus (15 mm), S. typhi (15 mm), and Pro teus

vulgar is (16 mm), these being more typical values for this type of assay.

Biavati et al. (1997) examined the effect of 20 essential oils on the growth of 53 microbial

strains of which 45 were bacterial strains and included a number of food spoilage types. MIC

values showed that peppermint oil was most active against Gram-positive organisms, namely

Bac illus brevis (400 ppm), B. amyl olyticus (400 ppm), Lac tobacill us lact is (200 ppm), Strepto-

coccus salivari us (400 ppm), Clostridi um sporog enes (400 ppm), Cl. acetobutyr icum (400 ppm),

Cl. tyrobutyr icum (400 ppm), and several yeasts (400 to 1000 ppm).

Another comprehensive investigation looked at the antimicrobial activities of 52 plant oils

and extracts against 10 bacteria using an agar dilution method and a broth microdilution

technique (Hammer et al., 1999). In the agar dilution experiments, both peppermint and

spearmint showed MICs of �2.0% (v =v) in all but the case of Ps. aeruginosa. However, when

the broth microdilution technique was employed, peppermint showed MIC values lower than

the agar dilution method and comparison showed differences exceeding two serial dilutions.

Disease-causing and secondary infection bacteria have been shown to be susceptible to

peppermint oil at concentrations as low as 0.06% (v =v) against Liste ria monoc ytogen es and

Staph. aureus, and 0.1% (v =v) for Sta ph. epider midis, Staph. aprophiti cus, and Staph. xylosi s.

Gram-negative bacteria were more resistant with 0.2% (v =v) required to inhibit Klebsi ella

pneum oniae and Shi gella flexn eri. E. coli required 2.0% (v =v) while Ps eudomonas aerugi nosa

needed 4.0% (v =v) (Reichling et al., 1999).

Four different peppermint oils (A, B, C, D) from commercial sources were evaluated for

their antimicrobial activity against a collection of 21 human and plant pathogens by a

combination of in vitro techniques including microdilution, agar diffusion, and bioautogra-

phy (_IIşcan et al., 2002). It was shown that all the peppermint oils screened strongly inhibited

plant pathogenic microorganisms, whereas human pathogens were only moderately inhibited.

Using the bioautography assay, (�)-menthol (M1) was found to be responsible for the

antimicrobial activity of these oils while (�)-menthone (M2) had much less activity as

shown in Table 13.4 .

Three species of Bifidobacteria have so far been found in human dental caries. Bifidobac-

terium dentium was first described in 1974, while B. inopinatum and B. denticolens were not

described until 1996 (Crociani et al., 1997). A collection of 20 plant essential oils was

evaluated with a view to gaining insight into the susceptibilities of the bacteria and the

potential for the oils in preventative treatments. MICs were determined for peppermint oil

using TPY broth in microtiter plates. The values obtained were expressed in ppm oil and were

as follows: B. dentium 1600 to>2000; B. inopinatum>2000; B. denticolens 600 to 1000. These

results are similar to those of other bacteria as detailed above, suggesting their potential in

dental hygiene and other preventative measures.
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A more detailed investigation into the impact of essential oils and oil components on the

growth of oral bacteria, other than Bifidobacterium sp., was undertaken by Shapiro et al.

(1994). Their studies focused on obligate anaerobes, facultative anaerobes, and capnophilic

microaerophiles implicated in the development or progression of dental disease. Essential oils

and oil components were evaluated both singly and in dyadic combinations. Thus, pepper-

mint oil was combined, as pairs, with sage oil, eugenol, thymol, Australian tea tree oil

(Melaleuca alternifolia), and MINTY HACKS flavor as summarized in Table 13.5.

TABLE 13.4
Antimicrobial Activity of Peppermint Oils, Menthol, and Menthone MIC Values

Expressed as mg/mL

Microorganism A B C D M1 M2

Bacillus cereus 1.25 1.25 1.25 1.25 1.25 1.25

Enterobacter aerogenes 1.25 1.25 1.25 2.5 1.25 5.0

Escherichia coli 2.5 1.25 1.25 1.25 1.25 5.0

Klebsiella pneumoniae 2.5 2.5 2.5 2.5 2.5 5.0

Listeria monocytogenes 0.156 0.625 2.5 0.312 0.625 1.25

Proteus vulgaris 2.5 5.0 1.25 1.25 1.25 2.5

Pseudomonas aeruginosa 2.5 2.5 5.0 2.5 2.5 5.0

Pseudomonas syringae pv. phaeseolicola 2.5 1.25 1.25 0.625 1.25 2.5

Pseudomonas syringae pv. syringae 0.312 0.156 0.312 0.312 0.156 2.5

Pseudomonas syringae pv. tomato 0.07 0.07 0.625 0.312 0.07 1.25

Salmonella typhimurium 1.25 1.25 1.25 2.5 0.625 5.0

Staphylococcus aureus 0.625 0.625 1.25 2.5 0.625 2.5

Staphylococcus epidermidis 0. 625 2.5 0.625 1.25 0.625 0.625

Xanthomonas campestris pv. campestris 0.156 0.156 0.312 0.156 0.156 1.25

Xanthomonas campestris pv. phaseoli 0.625 0.312 0.625 0.156 0.625 2.5

Yersinia enterocolitica 2.5 2.5 2.5 2.5 2.5 2.5

Candida albicans 0.625 0.625 0.312 0.625 0.625 2.5

Source: After _IIşcan, G., Kirimar, N., Kürkcüoǵlu, M., Başer, K.H.C., and Demirici, F., J. Agric. Food Chem., 50,

3943–3946, 2002. With permission.

TABLE 13.5
Relative Growth Response of Oral Anaerobes to Pairs (25% MIC Each) of Peppermint Oil

and Other Botanicals: Tests for Synergism

Obligate Anaerobes, Capnophilic Microaerophiles P 1 S P 1 E P 1 T P 1 TT P 1 MH

Actinobacillus actinomycetemcomitans 39 100 100 0 100

Porphyromonas gingivalis 100 100 100 33 100

Peptostreptococcus anaerobius 67 100 100 100 100

Facultative anaerobes

Streptococcus sanguis 100 100 100 100 100

Actinomyces viscosus 67 100 100 100 100

Streptococcus sobrinus 83 75 100 85 100

Source: After Shapiro, S., Meier, A., and Guggenheim, B., Oral Microbiol. Immunol., 9, 202–208, 1994. With

permission.

P, peppermint oil; S, sage oil; E, eugenol; T, thymol; TT, tea tree oil; MH, minty hacks.
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Under these circumstances, growth of two-thirds of the obligate anaerobes and capnophilic

microaerophiles was substantially inhibited by peppermint oil and Australian tea tree oil. An

attempt to define the contribution of each component to the purported synergy was performed

by reciprocally varying the relative concentrations of each of the components of a pair (10%

MIC of substance A þ 10%, 30%, or 90% of substance B) and comparing the extent of growth

with that obtained for the same percentage MIC of pure substances. These data suggest that

peppermint oil may slightly enhance the bacteriostatic potency of Australian tea tree oil toward

Porph yromonas gingivali s. The authors stress, however, that the magnitude of synergism found

was of no practical importance. There was some indication that peppermint oil with thymol and

MINTY HACKS flavor with thymol may be antagonistic combinations, but the degree of

interaction between the components was slight and, again, of no practical significance.

The essential oils obtained from two mint species, M. pulegi um and M. spica ta, exhibited

antimicrobial properties against eight strains of Gram-negative and Gram-positive bacteria

(Table 13.6). These data highlight the variable degree of antimicrobial activity not only

between different bacterial strains, but also between different strains of the same bacteria.

In general, the three M. pulegium oils showed slightly higher levels of antimicrobial activity

than that of M. spicata.

Mimica-Duki _cc et al. (2003) studied the antimicrobial and antioxidant activity of three

Mentha species: M. piperita, M. aquatica, and M. longifolia against five Gram-positive and

eight Gram-negative bacteria. In general, Gram-positive types were more susceptible than

Gram-negative organisms, but the multiresistant Gram-negative test strains also exhibited a

notable susceptibility to the test oils. As in other experiments, the results showed variable

levels of activity against all bacterial strains tested, with the exception of both strains of

Ps. aeruginosa. It was of interest to note that all oils manifested similar activity against all strains

of E. coli and S. typhi, two organisms known to be highly resistant to synthetic antibiotics.

Significant antibacterial activity of essential oils of M. piperita and M. longifolia was recorded

against S. enteritidis (28 and 30 mm, respectively), Sarcina lutea (16 mm, 23.2 mm), and

Staph. aureus (39.8, 40.2 mm). The highest sensitivity was expressed by Shigella sonnei (47.4

mm) and Micrococcus flavus (60 mm) against the oil of peppermint. In contrast to these

findings, Özcan and Erkmen (2001) reported zero activity for spearmint oil against B. cereus,

TABLE 13.6
Antimicrobial Activity of Mint Oils*

Bacteria M1 M2 M3 M4

Escherichia coli I 15 11 13 13

Escherichia coli II 16 14 19 16

Salmonella typhimurium 16 13 13 12

Pseudomonas aeruginosa 9 6 5 5

Rhizobium leguminosarum 10 11 12 10

Staphylococcus aureus I 21 17 16 12

Staphylococcus aureus II 15 15 17 16

Bacillus subtilis 18 18 15 11

Source: After Sivropoulou, A., Kokkini, S., Lanaras, T., and Arsenakis, M., J. Agric. Food Chem., 43, 2384–2388,

1995. With permission.

M1, M. pulegium strain 1; M2, M. pulegium strain 2; M3, M. pulegium strain 3; M4, M. spicata.

*Inhibition zone includes the diameter of the paper disk (5 mm).
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Enterococcus faecalis, E. coli, S. typhimurium, Staph. aureus, and Yersinia enterocolitica, even

when used at 15% v=v.

To evaluate the growth-inhibiting properties of spearmint and peppermint oils, both agar

disk diffusion and broth assays were used, with Streptococcus pneumoniae as the test bacter-

ium. This organism is a major cause of illness in young children, and is responsible for illness

and mortality in the elderly and immunocompromised persons. An estimated 40,000 deaths

per year (U.S.) alone are attributed to pneumococcal disease, and in some areas, up to 35% of

isolates are resistant to penicillin as well as other antibiotics. In the agar diffusion assay,

peppermint was ranked fourth out of the 73 oils tested, with a zone of inhibition of 11 mm;

spearmint had a zone of 9 mm. In the broth assay, both oils caused bacterial lysis (Horne

et al., 2001).

In an effort to evaluate the contributions of the main components of the mint essential oils

to the antimicrobial properties, the activity of individual compounds, from commercial

sources, was determined using the disk diffusion assay. The results, summarized in Table 13.7,

show that all the 12 compounds exhibited a variable degree of antimicrobial activity with the

exception of isomenthol, whose activity was negligible. Pulegone showed the highest activity

against S. typhimurium while it was inactive against Staph. aureus I. On the contrary,

isomenthone showed the highest activity against the same strain of Staph. aureus, while it

was inactive against S. typhimurium. Notably, Ps. aeruginosa showed resistance to all test

compounds with the exception of pulegone, isopulegol, and piperitone. Pulegone was also

shown to be inhibitory against three species of Salmonella at concentrations as low as 1 mL:

S. paratyphi B, 9.3 mm diameter of inhibition zone; S. typhimurium, 8 mm; and S. venziana,

10.6 mm (Flamini et al., 1999). Similar findings were reported by Hinou et al. (1989) and

Fanaki and El-Nakeeb (1997) where Staph. aureus was found to be very susceptible to

TABLE 13.7
Antimicrobial Activity of Mint Oil Constituents*

Oil Constituent

Bacteria

EC I EC II ST PA RL SA I SA II BS

Carvone 9 5 11 5 9 10 6 10

Dihydrocarvone** 8.5 9 7 5 9 9 7 8

Carveol 12 18 10 5 12 7 7 14

Dihydrocarveol 12 18 13 5 11 9 10 11

Menthol 5 6 5 5 8 7 7 7

Isomenthol 5 5 5 5 6 5 5 5

Neomenthol 9 10 10 5 10 8 8 12

Menthone 8 8 8 5 9 11 11 9

Isomenthone 6 8 5 5 8 9 7 7

Pulegone 7 10 14 11 10 5 9 10

Isopulegol 9 10 15 15 16 7 8 10

Piperitone 10 12 10 10 12 9 5 12

Source: After Sivropoulou, A., Kokkini, S., Lanaras, T., and Arsenakis, M., J. Agric. Food Chem., 43, 2384–2388,

1995. With permission.

EC I, E. coli strain I; EC II, E. coli strain II; ST, Salmonella typhinurium; PA, Ps. aeruginisa; RL, Rhizobium

legunosarum; SA I, Staph. aureus strain I; SA II, staph. aureus strain II; BS, Bacillus subtilis.

*Inhibition zone includes the diameter of the paper disk (5 mm).

**Consisting of cis- and trans-isomers.
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piperitone and carvacrol (inhibition zones>16 mm), E. coli to carvacrol (>16 mm), and Ps.

aeruginosa to menthone (>16 mm).

Peppermint oil, 1,8-cineole, and menthol were tested for antibacterial activity against a

collection of clinical isolates, including several strains of Vibrio cholerae, against which the

peppermint oil showed the greatest growth inhibition with zones up to 36 mm in diameter

(Pattnaik et al., 1997).

Four major bacteria causing respiratory tract infections were treated with peppermint oil.

Haemophilus influenzae was the most susceptible with an MIC value of 0.08% (w=v), followed

by Streptococcus pyogenes and Staph. aureus with MICs of 0.16% (w=v), and lastly, the least

susceptible were Strep. pneumoniae strain IP-692 (penicillin-sensitive), Strep. pneumoniae

strain PRC-53 (penicillin-resistant), and E. coli (used as a control), all with MICs of 0.32%

(w=v). Experimental trials of essential oils for the treatment of respiratory tract infections

have revealed reduced frequency of relapse, augmentation of the output of demulcent re-

spiratory fluid, maintenance of permanent ventilation and drainage of sinuses, and the

detoxification of bacterial toxins (Inouye et al., 2001).

Three Mentha species, including peppermint, were used to determine the antimicrobial

effect on the vaginal flora. C. albicans was inhibited by the mints at 800 to 900 ppm, while

pathogens such as Neisseria gonorrhoeae and Gardnerella vaginalis were unaffected by con-

centrations of 3000 ppm. The normal flora, including Staph. epidermidis, Lactobacillus

gasseri, L. plantarum, Corynebacterium asperum, and Peptostreptococcus anaerobius were

equally unaffected by these concentrations, suggesting that these bacteria are somewhat

resistant to the oils. No details were given as to the chemical composition or source of the

oils (Viollon et al., 1993).

Plants are as susceptible to bacterial infections as humans and animals, albeit different

genera and species. Peppermint oil has been shown to strongly inhibit the growth of Erwinia

carotovora subsp. atroseptica, and to a lesser extent Pseudomonas lachrymans. Figure 13.1

shows the level of bacterial inhibition on exposure to 0.25%, 0.5%, and 1.0% (v=v) peppermint

oil (Klimach and Wieczorek, 1996).

13.6 ANTIFUNGAL ACTIVITY OF MENTHA

Peppermint oil was also effective at inhibiting the growth of the pathogenic fungi Pythium sp.

and Fusarium sulphureum and, in greenhouse experiments, the oil (at concentrations of 0.5%

and 1.0%) proved efficient at limiting the spread of cucumber damping off (Klimach and

Wieczorek, 1996). What is not clear, however, is whether the effect is due to the prevention of

hyphal extension or that of dormancy-breaking events in fungal spore germination: were it to
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FIGURE 13.1 Levels of growth inhibition to Erwinia carotovora subsp. atroseptica and Pseudomonas

lachrymans by peppermint oil.
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prove to be the latter, the usefulness of this feature would be significant. Hyphal

extension depends on the balance between synthesis enzymes such as chitin synthase, and

the lytic elements such as a- and b-glucanase and chitinase. Any imbalance leads to

lysis (lytic> synthetic activity) or hyphal wall thickening (synthetic> lytic activity), both

conditions resulting in inhibition of growth (Deans, 1978).

An earlier study into the antimycotic properties of peppermint oil (Conner and Beuchat,

1984) demonstrated activity against a number of food spoilage yeasts. Inhibition zones

around a 5-cm disk were quoted for Geotrichum candidum (so called ‘‘dairy yeast’’ due to

its high incidence in dairy plants), 7 cm; Metchnikowia pulcherima, 9 cm; Rhodotorula rubra, 8

cm; and Torulopsis glabrata, 8 cm. Of these species, only R. rubra exhibited pseudomycelium

production. Pseudomycelium is generally believed to form as a result of impairment of cell

division mechanisms. This can be caused by elevation of temperatures to 378C and increased

levels of CO2. Peppermint oil caused a delay in the appearance of pseudomycelium from the

normal appearance at ~18 days.

In a study of the effects of peppermint oil on micromycetes (filamentous fungi),

Motiej�uunaite and Pečiulyte (2001) reported that the response by the test fungi differed by

species and composition of the nutrient medium. Trichoderma viride and Cladosporium

resinae were most resistant, while Penicillium chrysogenum, Fusarium solanum, and Mucor

ramasissimus were most sensitive to the oil.

In an earlier trial, Ahmed et al. (1994) illustrated the in vitro antimycotic effect of pepper-

mint oil on several pathogenic fungi isolated from dead chickens. One of the major problems

within the poultry industry is the increase in mortality rate due to fungal infections, with

members of the genus Aspergillus featuring prominently. Peppermint oil showed the greatest

inhibitory effect against A. fumigatus (50-mm zone of inhibition on a Petri plate of Sabouraud

agar), followed by A. nidulans (27-mm zone), Penicillium sp. (25 mm), and A. flavus (24 mm),

while the other isolated fungi gave a low response. No precise volumes of oil used were stated;

rather a sterile 5-mm filter paper disk was completely moistened in the oil or oil dilutions

before placing on the inoculated agar surface.

Singh (1996), in a comprehensive survey of fungicidal activities in essential oils, lists

cornmint oil as possessing inhibitory properties against the plant pathogenic genus

Helminthosporium, Penicillium italicum, and Pen. notatum. This author also mentions that

an unspecified Mentha sp. is active against the mycotoxigenic Aspergillus parasiticus. Pandey

et al. (1998) tested cornmint and Scotch spearmint oils against A. niger at concentrations of 500

and 1000 ppm. Scotch spearmint oil showed strong activity at both concentrations, while

cornmint showed such activity only at the higher concentration. Scotch spearmint oil was

most potent antifungal oil in the tests, also exhibiting strong activity as an antibacterial agent.

Singh et al., (1992), in a short report on the bioactivity of cornmint oil, showed that the

Gram-positive bacteria were significantly more inhibited than the Gram-negative organisms.

The Gram-positive species had inhibition zones of 10 (Streptococcus thermophilus) to 30 mm

diameter (Bacillus brevis), while the Gram-negative species were only in the range 10

(Salmonella sp.) to 15 mm diameter (Xanthomonas sp.). The cornmint oil was also active

against a number of plant pathogens including Alternaria (10-mm diameter zone of inhib-

ition), Fusarium (10.5 mm), Sclerotium (12 mm), and Aspergillus parasiticus (15 mm), an

aflotoxigenic fungus. Hence, cornmint oil can be used in postharvest protection of grain

crops, especially when the pH is changed from the normal value ~pH 5 to either pH 4 or pH 9.

At the normal pH, the minimal effective concentration (MEC) was 2000 ppm against the test

fungus Helminthosporium oryzae; at pH 4, this was reduced to 500 ppm, and at pH 9, reduced

by 50% to 1000 ppm (Dikshit et al., 1982).

Cornmint oil was used in a series of experiments to demonstrate antifungal action against

Aspergillus sp. (30-mm diameter zone of inhibition), Fusarium sp. (31 mm), and Cladosporium sp.
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(33 mm) (Mehmood et al., 1997). The antimycotic properties of cornmint oil were also tested

using A. niger, Mucor sp., Pen. Chrysogenum, and a Rhizopus sp. Two measurements were

recorded: MIC and minimal fungicidal concentration (MFC) (Table 13.8). Cornmint oil had a

great effect on Pen. chrysogenum, making it the most sensitive of the four test fungi.

L-Menthol at concentrations of 0.5 mM and 1.0 mM resulted in several days of growth

inhibition, when combined with ethanol (3%) and NaCl (3%), of seven filamentous fungi.

These were Aspergillus oryzae (2 days at 0.5 mM, 3 days at 1.0 mM, respectively), Aspergillus

niger (3 days, 5 days), Penicillium citrinum (3 days, 6 days), Pen. viridicatum (7 days, 11 days),

Fusarium graminearum (3 days, 5 days), Aureobasidium pullulans (11 days,>20 days), and

Paecilomyces lilacinus (6 days, 9 days) (Kurita and Koike, 1983).

Fusarium moniliforme is an important postharvest fungal pathogen of cereal crops. A

similar technique to that used by Ahmed et al. (1994), though using PDA media, revealed a

modest degree of inhibition by peppermint oil: 8.8-mm zone at a concentration of 25% (v=v)

(Baruah et al., 1996).

In a detailed study into the structure–fungitoxicity relationships of peppermint oil and its

primary monoterpene constituents, Nidiry (1998) grew Colletotrichum gloeosporioides on agar

impregnated with the whole oil, menthol, neomenthol, linalool, menthyl acetate, and

menthone. Whole peppermint oil at a maximum concentration of 1000 ppm resulted in

55% mycelial growth inhibition. Menthol and neomenthol at concentrations of 700 ppm

resulted in 75.6% and 70.3% inhibition, respectively; menthyl acetate and menthone at

concentrations of 3000 ppm resulted in 77.8% and 75.7% inhibition, respectively, while

linalool was used at a maximum concentration of 1500 ppm, resulting in 64.9% inhibition.

Human dermatophytic fungi have been shown to be susceptible to mint essential oils

(Janssen et al., 1988; Müller-Riebau et al., 1995). Three frequently occurring dermatophytes,

Epidermophyton floccosum, Trichophyton mentagrophytes var. interdigitale, and T. rubrum,

were exposed to oils from peppermint, spearmint, and M. pulegium. Against E. floccosum, all

three oils had a minimum inhibitory dilution (MID) of 1:3200 to 1:1600; against T. menta-

grophytes, the ID values were all 1:1600 to 1:800; and against T. rubrum, M spicata had the

greatest effect, being active at dilutions>1:3200, the other two with values of 1:3200 to

1:1600. In a similar screening program, Dikshit and Husain (1984) studied the antimycotic

activity of essential oils from 28 plants, including three mint species, against Microsporum

gypseum, Trichophyton equinum, and T. rubrum. However, the measurement of inhibition was

different from that described by Janssen et al. (1988), in that percentage mycelial inhibition

was indicated. In overall activity, the percentage for Mentha citrata (Bergamot mint) was

greater than that for peppermint, which was greater than that for spearmint.

Japanese mint, another popular name for cornmint, was found to be an effective antimy-

cotic agent when used with the human pathogens C. albicans, Cryptococcus neoformans,

TABLE 13.8
MICs and MFCs of Cornmint Oil against Four Filamentous Fungi

Fungus MIC 2d MIC 8d MFC

Aspergillus niger 1:80 1:20 1:20

Mucor sp. 1:160 1:80 1:40

Penicillium chrysogenum 1:5120 1:320 1:320

Rhizopus sp. 1:160 1:80 1:40

Source: After Akgül, A. and Kivanç, M., J. Sci. Food Agric., 47, 129–132, 1989. With

permission.
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Microsporum gypseum, Trichophyton rubrum, and Sporothrix schenckii. In accurately timed

experiments, the length of time taken to kill the fungi was determined: all fungi were killed

within a 15-min contact, although some were killed off faster (C. albicans and S. schenckii

within 5 min) (Rath et al., 2001). Japanese mint was also investigated, at concentrations of

2.5, 5, and 10 mL per disk, for bactericidal activity against five microorganisms of significance

to human health. The results were presented as zones of growth inhibition including the 5-mm

paper disk used to apply the oil. The zones were E. coli (12, 17, and 23 mm, respectively),

S. typhimurium (15, 16, and>40 mm), Shigella boydii (15, 35, and>40 mm), Pseudomonas

aeruginosa (12, 15, and 17 mm), and Bacillus cereus (15, 19, and 27 mm). The impact of the oil

is most marked against the serious enteric pathogens S. typhimurium and Sh. boydii, suggest-

ing their control could be effectively realized using cornmint oil (Rath et al., 2002).

Using a collection of seven fungi, Aggarwal et al. (2002) determined the zones of growth

inhibition on Sabouraud dextrose agar and the MIC by the broth dilutionmethod in the presence

of spearmint oil and its major components S-(�)-carvone (>56%) and S-(�)-limonene (>27%).

Comparison was made with the enantiomers of these compounds, isolated from Anethum sowa

(Indian dill), where R-(þ)-carvone (>50%) and R-(þ)-limonene (>21%) are the major cons-

tituents of the oil. In vitro bioactivity evaluation revealed that both the optical isomers of

carvone, but only the R-(þ)-limonene, were active against a wide spectrum of human

pathogenic fungi and bacteria (Table 13.9). Oil from spearmint, at levels of <2 mL=mL,

TABLE 13.9
Antimicrobial Activity of Spearmint Oil (SEO), S-(2)-Carvone (S C), R-(1)-Carvone (R C),

and R-(1)-Limonene (R L)*

Microorganism SEO S -C R -C R -L

Bacillus subtilis 14 14 14 18

Enterobacter aerogenes 9 14 15 ND

Enterococcus faecalis 10 14 17 15

Escherichia coli 9 5 5 17

Klebsiella pneumoniae 9 15 15 ND

Mycobacterium smegmatis 13 14 23 17

Pseudomonas aeruginosa 5 11 16 ND

Salmonella typhi 5 14 14 17

Salmonella typhimurium 9 14 15 ND

Staphylococcus aureus 15 5 17 18

Staphylococcus epidermidis 16 5 15 ND

Streptococcus mutans 13 15 18 28

Yersinia enterocolitica 11 17 16 ND

Aspergillus flavus 10 5 5 30

Aspergillus niger 11 17 22 38

Candida albicans I 13 34 30 22

Candida albicans II 16 35 34 31

Microsporum gypseum >40 25 29 35

Sporothrix schenckii 15 28 36 28

Trichophyton rubrum 21 18 36 20

Source: After Aggarwal, K.K., Khanuja, S.P.S., Ahmad, A., Kumar, T.R.S., Gupta, V.K., and Kumar, S., Flav.

Fragr. J., 7, 59–63, 2002. With permission.

ND: Not determined.

*Diameter of inhibition zone in mm (includes 5-mm diameter disk).
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was found to result in 100% inhibition of mycelial growth in Epidermophyton floccosum,

Microsporum gypseum, and Microsporum nanum, three human dermatophytes (Pandey et al.,

2002). Lis-Balchin et al. (1996) reported similar activities with the enantiomers of limonene.

13.7 DETOXIFICATION STUDIES

In contrast to the antifungal properties, two fungi, Aspergillus niger and Rhizopus stolonifer,

have been shown to detoxify citral and menthol (Moleyar and Narasimham, 1987). Citral and

menthol were, however, both fungistatic and fungicidal depending on their concentration

in the growth medium. Citral up to 100 mg=mL and menthol up to 200 mg=mL were

only fungistatic to A. niger and R. stolonifer, respectively, whereas the same compounds at

200 and 400 mg=mL, respectively, were fungicidal after 48-h treatment. Susceptibility or

resistance of a fungus to the antifungal activity of an essential oil component depends on

the capacity of the fungus to detoxify the compound by either degrading or converting to

another substance. Thus, A. niger was able to detoxify menthol faster than citral, while in

contrast, R. stolonifer could detoxify citral faster than menthol, these abilities reflecting

differences in enzyme profiles.

Similar studies with a Corynebacterium species were undertaken by Williams and Trudgill

(1994) who grew the bacterium in the presence of (�)-menthol, (�)-menthone, and other cyclic

monoterpenes as sole carbon sources. Growth on menthol was very slow, with a doubling

time of>24 h, and was not rapid with menthone (doubling time 12 h). (�)-Menthone-grown

cultures transiently accumulated 3,7-dimethyl-6-hydroxyoctanoate during growth, while

(�)-menthol-grown cells oxidized (�)-menthol, (�)-menthone, 3,7-dimethyl-6-octanolide,

and 3,7-dimethyl-6-hydroxyoctanoate. Although neither a menthol oxidase nor a menthol

dehydrogenase could be detected in extracts of either cells, an induced NADPH-linked mono-

oxygenase with activity toward (�)-menthone was readily detected. With crude cell extracts,

only 3,7-dimethyl-6-hydroxyoctanoate was detected as the reaction product. When the

(�)-menthone monooxygenase was separated from an induced 3,7-dimethyl-6-octanolide

hydrolase by chromatography, the lactone 3,7-dimethyl-6-octanolide was shown to be the

product of oxygenation.

13.8 PROTOZOA

Trypanosoma and Leishmania are closely related parasitic protozoa afflicting millions of

people worldwide. African trypanosomes cause sleeping sickness in humans, which, if not

treated, is fatal. Leishmania parasites manifest a wide spectrum of disease severity depending

on the species and the immunological status of the human host. At present, only a few drugs

with serious side effects are available for the treatment of Trypanosoma and Leishmania

infections. At a time when the efficacy of currently available drugs is on the decline, it is

timeous to search for novel, safe, and effective alternatives. Peppermint has been shown to

be effective against T. brucei with an ED50 of 4.2 mg=mL. It is, however, less effective against

L. major where the ED50 value is 227.5 mg=mL (Mikus et al., 2000).

13.9 ANTIVIRAL ACTIVITY

Antiviral properties have been claimed, both in vivo and in vitro, for peppermint oil against

potato virus Y at concentrations between 500 and 2000 ppm (Ismail, 1994). Datura metel

was the test host, chosen for its ease of cultivation and susceptibility to the virus. The results

were promising, with the 100% infection being reduced to 0% under certain circumstances,
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this level of reduction being realized immediately after spraying infected plants with the

1000 ppm oil in a Tween 80 emulsion. Concerns have been voiced regarding the use of

emulsifiers such as Tween 80 by reducing the bioactivity of essential oils, probably because

of the formation of micelles, inhibiting adequate contact between oil and test organism

(Inouye et al., 2001). These authors recommended the use of agar as a chemically and

microbiologically inert stabilizer for agar dilution assays.

13.10 POTATO SPROUTING INHIBITION

The major problems encountered during potato storage are sprouting and rotting due to

phytopathogens. Different approaches have been adopted to prolong the period of tuber

dormancy and several chemicals are used commercially, although their side effects include

residues left in the tubers. Mentha pulegium and spearmint were evaluated as sprout suppres-

sants and antimicrobial agents. Unfortunately, the mint essential oils appeared to promote

sprout emergence, although they did control the bacterial pathogen Erwinia carotovora

(Vokou et al., 1993). To date, only S-(þ)-carvone, a monoterpene produced from caraway

seeds, has been developed commercially as a competitive alternative to the synthetic pesti-

cides. Coleman et al. (2001) examined the sprout-inhibiting properties of menthone and

neomenthol and found them to be five to ten times more effective than S-(þ)-carvone when

applied together at 0.5 mL=L each. An examination of changes in CO2 output, glucose,

or sucrose levels over a 4-week period at 108C indicated that the effects of menthone and

S-(þ)-carvone were similar.

13.11 INSECT DISEASE CONTROL

American Foulbrood, caused by the spore-forming bacterium Paenibacillus larvae, is the most

serious disease of bacterial origin affecting the larvae and pupae stages of honeybees.

Currently, the alternative to burning the infected hives for control of this disease is treatment

with antibiotics. This approach, however, has the downside that the honey may become

contaminated with antibiotic residues, affecting the quality of the product. Peppermint oil

was investigated as an alternative control measure, and was found to have an MIC of 600 to

650 mL=L of media, depending on the strain of P. larvae (Alippi et al., 1996).

13.12 TOXICITY

The question of toxicity in Mentha species has been controversial, and in a study of pepper-

mint oil, shown to contain 38.1% menthol, 33.7% menthone, and 1.7% pulegone, the muta-

genic effects were evaluated by the S. typhimurium–mammalian-microsome test of Ames et al.

(1975). Andersen and Jensen (1984) concluded that peppermint oil, menthol, and pulegone, at

concentrations of 800, 160, 32, and 6.4 mg per plate, did not demonstrate any mutagenic

properties. Menthone, at the same concentrations, proved mutagenic.

13.13 CONCLUSIONS

The genus Mentha clearly has marked antimicrobial characteristics across the spectrum from

fungi and parasites, through bacteria, to viruses. There is some difficulty in comparing the

different results obtained by research groups across the world since so many variables exist.

However, there is some thread of similarity in that the microorganisms against which the

various members of the genus have been evaluated can be grouped together as important
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disease-causing bacteria, including E. coli, with strain O157:H7, Salmonella, and Shigella sp.,

Listeria monocytogenes, Pseudomonas aeruginosa, Yersinia enterocolitica, Streptococci, and

Staph. aureus. It is significant that MRSA and VRE organisms are susceptible to mint oils

since no development of resistance appears to occur.

Fungi are another problem group of microbes from both the human pathogenic and

mycotoxigenic types to the phytopathogens and their costly effect on stored postharvest

crops. It is encouraging to see that several research groups are addressing the issue of applying

mint and other plant essential oils to alleviate or even eliminate these problems.

Finally, the use of mint oils to control Trypanosoma and Leishmania parasites is worthy of

note since there are very few drugs with efficacy against them, and these have undesirable side

effects. The inhibition of potato sprouting by mint oil constituents is a promising solution to

an old problem.
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14.1 INTRODUCTION

Mints of the genus Mentha have been traditionally used in flavors, fragrances, and medicines.

Recent scientific studies have supported these uses with both raw extracts, essential oils or

their isolates; however, cautions on some uses have been reported. This review only covers

reprints received until mid-2003.

Of all the 18 species of mint, the most economically important ones are three species,

M. aquatica, M. canadensis, and M. spicata, and their three hybrids, M.�gracilis, M.�piperita,

and M. �villosonervata. To a lesser extent, M. pulegium is sometimes cultivated or harvested

in the wild for oil (Hendriks, 1998).

While ‘‘peppermint’’ and ‘‘spearmint’’ may designate species, in popular parlance, these

names are often applied to the flavor instead. The concept of peppermint flavor is primarily

based on menthol and its isomers (e.g., isomenthol, neomenthol, neoisomenthol), menthone

and its isomers, and menthyl esters; piperitone also contributes to the overall impact. In

peppermint oils, menthofuran adds a distinctive mustiness, described as ‘‘sweet, haylike-

minty odor, sometimes referred to as ‘lactone’-odor.’’ The concept of spearmint flavor is

primarily based on (S)-(�)-carvone [l-carvone; d-carvone, or (R)-(þ)-carvone, smells of

caraway] and dihydrocarvone, carveol and dihydrocarveol, and carvyl and dihydrocarvyl

esters, and, to a lesser extent limonene. The concept of a pennyroyal odor is based on pulegone

and its isomers and alcohols, while a bergamot or orange mint odor is based on linalool and

linalyl acetate (Arctander, 1969).

14.2 PEPPERMINT AND MENTHOL

Peppermint has a long history of use in flavoring and medicine (Bowen and Cubbin, 1992;

Briggs, 1993), and its chemistry is well known (Güntert, et al., 2001). Peppermint oil,

extracted from M. �piperita is considered to be generally recognized as safe (GRAS)

(21CFR182.20, 582.20) at 8–8300 ppm (FEMA No. 2848) (Hall and Oser, 1965; Burdock,

1995). Peppermint oil is antibacterial, antifungal (Piccaglia et al., 1993; Shapiro, et al., 1994;

Müller-Riebau et al., 1995; Sivropoulou et al., 1995; Tassou et al., 1995, 2000; Özgüven et al.,
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1998; Imai et al., 2001; Inouye et al., 2001; Motlej�uunaite and Pečiulyte, 2001), antiallergenic,

anti-inflammatory (Arakawa et al., 1992; Juergens et al., 1998; Shin and Kim, 1998),

and antispasmodic (Forster et al., 1980). Peppermint also enhances athletic performance

(Raudenbush et al., 2001). The usefulness of postprandial peppermint is demonstrated not

only by its choleretic activity, but also by its use in relaxing gastrointestinal smooth muscle

by reducing calcium influx, thereby relieving irritable bowel syndrome and intestinal cramps in

humans (Sigmund and McNally, 1969; Rees et al., 1979; Duthie, 1981; Taylor et al., 1983, 1985;

Dew et al., 1984; Somerville et al., 1984; White et al., 1987; Hawthorn et al., 1988; Schneider

and Otten, 1990; Dalvi et al., 1991; Hills and Aarson, 1991; Shaw et al., 1991; Trabace et al., 1994;

Kingham, 1995; Holt et al., 1996; Liu et al., 1997; White et al., 1997; Koch, 1998; Pittler and

Ernst, 1998; May et al., 1996, 2000).However, the action of peppermint oilmay be by stimulation

of smooth muscle (Rogers et al., 1988; Micklefield et al., 2000), and not all studies have found

pain relief (Nash et al., 1986; Lawson et al., 1988). Peppermint oil may also be used to reduce

colonic spasm during endoscopy (Leicester and Hunt, 1982; Sparks et al., 1995; Asao et al., 2001)

and perhaps improve the manometric features of diffuse esophageal spasm (Massey, 2001;

Pimentel et al., 2001). Peppermint oil reduces cholesterol synthesis in rabbits (White et al.,

1986) and inhibits enterocyte glucose uptake (Beesley et al., 1996). It also returns Oddi’s sphincter

(the muscle fibers around the opening of the common bile duct into the duodenum) to normal

after contraction by morphine hydrochloride (Giachetti et al., 1988). A combination of

peppermint oil and ethanol has a significant analgesic effect with a reduction in sensitivity

to headache (Göbel et al., 1995). Peppermint oil also affects behavior, as shown by its

promotion of ambulation in mice (Umezu et al., 2001), and it reduces stress (Ogawa et al., 1989).

Natural menthol is primarily produced from Japanese cornmint oil, M. canadensis (Clark,

1998). Menthol produces a calcium-controlled outward conductance at the level of the cell

membrane in sensory nerves and smooth muscle similar to that of physical cold (Schäfer et al.,

1986). Menthol vapor is a significant antitussive (Laude et al., 1994; Morice et al., 1994).

While (S)-(–)-menthol (l-menthol) produces a marked change in nasal sensation of airflow,

with a subjective sensation of nasal decongestion, (R)-(þ)-isomenthol (d-isomenthol) and

(R)-(þ)-neomenthol (d-neomenthol) have no effect on nasal sensation of airflow (Eccles,

1990, 1994, 1995; Eccles et al., 1987, 1988, 1990a, 1990b; Eccles and Mygind 1985; Wright

et al., 1998 ). Menthol attenuates both capsaicin and neurokinin A-induced bronchoconstric-

tion in vivo and relaxes KCl and acetylcholine preconstricted bronchi in vitro (Wright et al.,

1997). In foodstuffs, the perception of intensity of peppermint is closely linked to sweetness

(Linforth and Taylor, 1998). Menthol may also aid in gall stone dissolution (Bell and Doran,

1979; Ellis et al., 1984; Leuschner et al., 1988). Menthone and neomenthol suppress potato

tuber sprouting (Coleman et al., 2001).

Menthol hypersensitivity with chronic itchy skin rash, flushing, anal burning, and head-

aches has been associated with peppermint in some individuals (Tanaka et al., 1948; Papa and

Shelley, 1964; Weston, 1987; Wilkinson and Beck, 1994; Morton et al., 1995; Fleming and

Forsyth, 1998). Excessive peppermint consumption has been reported to induce stomatitis

(Rogers and Pahor, 1995). Addiction to mentholated cigarettes has been reported to produce

toxic exhaustive psychosis (Luke, 1962), while excessive peppermint consumption may lead to

irregular heartbeat (Thomas, 1962). Nephropathy has been observed in rats for 90 days at

100 mg=kg bodyweight (Spindler and Madsen, 1992), while encephalopathy was observed in rats

dosed with peppermint oil for 28 days at 100 mg=kg body weight (Olsen and Thorup, 1984).

Aqueous extracts of peppermint leaves protect mice against gamma irradiation (Samarth

et al., 2001a–c Yasmeen and Kumar, 2001). Luteolin, a yellow pigment found in peppermint

leaves, has been shown to be strongly antimutagenic (Samejima et al., 1995). The flavonoid

content of peppermint may have additional therapeutic effects (Guédon and Pasquier, 1994)

and is antiallergenic (Inoue et al., 2001, 2002), while the phenolic complement of M. longifolia

520 Mint: The Genus Mentha



exhibits significant spasmodic, choleretic, and CNS stimulative effects as well as hepatopro-

tective activity (Mimica-Dukić et al., 1996, 1999); the flavonoid complement of M. spicata is

antihistaminic (Yamamura et al., 1998).

14.3 SPEARMINT AND RELATED SPECIES

Spearmint has primarily been used historically in food, but it also has medicinal applications

(Bowen and Cubbin, 1992). Spearmint oil is considered to be GRAS (21CFR182.20, 582.20)

at 90–66,668 ppm (FEMA No. 3032) (Hall and Oser, 1965; Burdock, 1995). Spearmint oil is

antibacterial and antifungal (Sivropoulou et al., 1995; Adam et al., 1998; Özgüven et al., 1998;

Imai et al., 2001; Aggarwal et al., 2002), but the (R)-(þ)-isomers of carvone and limonene

are more bioactive (Aggarwal et al., 2002). A hexane extract of M. spicata is antihel-

minthic (Villaseñor et al., 1995), while a chloroform extract is anticarcinogenic and

antiteratogenic (Villaseñor et al., 1995, 1997, 2002), although spearmint has been reported

to cause contact dermatitis (Bonamonte et al., 2001). The essential oil of M. spicata is both

insecticidal and mutagenic (Franzios et al., 1997).

The oil of M. aquatica inhibits acetylcholinesterase activity; to a lesser extent, so do the oils

of M. arvensis and M. �gracilis (Miyazawa et al., 1998). The toluene extract of M. spicata

repels flies (Thorsell et al., 1989). The methanol extract of M. suaveolens reduces the mean

arterial blood pressure and heart rate in induced hypertensive rats (Bello et al., 2001). The

compound d-8-acetoxycarvotanacetone extracted from the oil of M. canadensis acts as a

repellent against mosquitoes, gnats, and gadflies (Ding and Sun, 1983).

14.4 PENNYROYAL

European pennyroyal, M. pulegium, derives its Latin name from pulex, or flea, alluding to its

traditional use as a strewing herb to repel fleas, and the essential oil is arrestant and

insecticidal (Franzios et al., 1997; Landolt et al., 1999). European pennyroyal also has a

long history of usage in flavoring foods and as a therapeutic agent (Briggs, 1989). The

essential oil is considered to be GRAS by the U.S. Food and Drug Administration for

usage in food (21CFR172.510) at 0.59–22.43 ppm (FEMA No. 2839) (Hall and Oser,

1965; Burdock, 1995). The International Organization of the Flavor Industry has recom-

mended a maximum of 22 ppm pulegone in foods (Grundschober, 1979); currently, The

Flavourings in Food Regulations 1992, as amended in 1994, sets a statutory limit of pulegone

at 350 mg=kg in confectionary products and 250 mg=kg in beverages (Davies, 1996). The oil

of pennyroyal is antibacterial and antifungal (Müller-Riebau et al., 1995; Sivropoulou et al.,

1995; Özgüven et al., 1998).

Moderate to severe toxicity in humans results from exposure to at least 10 ml of the

essential oil, and at least three cases of death have occurred from ingesting pennyroyal oil

to induce abortions (Vallance, 1955; Gunby, 1979; Sullivan et al., 1979; Anderson et al.,

1996). The LD50 of European pennyroyal oil in rats is 0.4 g=kg (0.22–0.58 g=kg) body weight,

while the acute dermal LD50 value in rabbits is 4.2 g=kg (1.9–6.5 g=kg) (Opdyke, 1974). Mice

dosed with 400 mg=kg body weight of pennyroyal oil exhibit both hepatotoxicity and lung

toxicity; moreover, pulegone, isopulegone, and menthofuran are all toxic (Gordon, 1982).

Rats and mice metabolize pulegone to hydroxylated pulegone and menthofuran (Gordon

et al., 1987; Thomassen et al., 1991). Rats dosed with pulegone exhibit degeneration of the

brain in 28 days with 160 mg pulegone=kg body weight (Olsen and Thorup, 1984). An oil of

M. �villosa reportedly high in 1,2-epoxypulegone induces muscle contraction in toads

(Fogaça et al., 1997). Topical application of pennyroyal oil can cause toxicosis and death in

dogs (Sudekum et al., 1992).
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Villaseñirm I., Catlon, M.A.L.N.D., Chu, C.C.S., Edu, D.A., and Nakar, J.P. (1995). Preliminary

bioactivity studies on Mentha cordifolia Opiz. leaf extracts. Philip. J. Sci., 124, 333–343.
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FIGURE 6.11 Oil and water on an absorptive surface. (a) Drops of oil and water on absorptive paper

(water that is not oil soluble is dyed red). (b) The spreading areas of oil and water meet and intermingle.

(c) The intermingling of oil and water at the interface.
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