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Series Preface

Global warming and global travel are contributing factors in the spread of infectious
diseases such as malaria, hepatitis B, and HIV. These are not well controlled by the
present drug regimens. Antibiotics also are failing because of bacterial resistance.
Formerly less well-known tropical diseases are reaching new shores. A whole range
of illnesses, such as cancer, for example, occurs worldwide. Advances in molecular
biology, including methods of in vitro testing for a required activity, give new oppor-
tunities to draw judiciously on the use and research of traditional herbal remedies
from around the world. The reexamining of the herbal medicines must be done in a
multidisciplinary manner.

Since 1997, there have been 49 volumes published in the book series Medicinal
and Aromatic Plants—Industrial Profiles (volumes 476—479 have been on vanilla,
sesame, and citrus oils, respectively). The series continues.

The same series editor is also covering Traditional Herbal Medicines for Modern
Times. Each volume reports on the latest developments and discusses key topics rel-
evant to interdisciplinary health sciences research by ethnobiologists, taxonomists,
conservationists, agronomists, chemists, clinicians, and toxicologists. The series is
relevant to all these scientists and will enable them to guide business, government
agencies, and commerce in the complexities of these matters. The background of the
subject is outlined next.

Over many centuries, the safety and limitations of herbal medicines have been
established by their empirical use by the “healers” who also took a holistic approach.
The healers are aware of the infrequent adverse effects and know how to correct
them when they occur. Consequently and ideally, the preclinical and clinical studies
of an herbal medicine need to be carried out with the full cooperation of the tradi-
tional healer. The plant composition of the medicine, the stage of the development of
the plant material, when it is to be collected from the wild or when from its cultiva-
tion, its postharvest treatment, the preparation of the medicine, the dosage and fre-
quency, and many other essential pieces of information are required. A consideration
of the intellectual property rights and appropriate models of benefit sharing may also
be necessary.

However the medicine is being prepared, the first requirement is a well-documented
reference collection of dried plant material. Such collections are encouraged by orga-
nizations such as the World Health Organization and the United Nations Industrial
Development Organization. The Royal Botanic Gardens at Kew (United Kingdom)
is building its collection of traditional Chinese dried plant material relevant to its
purchase and use and sells or prescribes traditional Chinese medicine in the United
Kingdom.

In any country, control of the quality of plant raw material, its efficacy, and its
safety in use are essential. The work requires sophisticated laboratory equipment
and highly trained personnel. This kind of “control” cannot be applied to the locally

vii
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viii Series Preface

produced herbal medicines in the rural areas of many countries, on which millions
of people depend. Local traditional knowledge of healers has to suffice.

Conservation and protection of plant habitats are required, and breeding for bio-
logical diversity is important. Gene systems are being studied for medicinal exploi-
tation. There can never be too many seed conservation “banks” to conserve genetic
diversity. Unfortunately, such banks are usually dominated by agricultural and hor-
ticultural crops, with little space for medicinal plants. Developments such as random
amplified polymorphic DNA enable the genetic variability of species to be checked.
This can be helpful in deciding whether specimens of close genetic similarity war-
rant storage.

From ancient times, a great deal of information concerning diagnosis and the use
of traditional herbal medicines has been documented in the scripts of China, India,
and elsewhere. Today, modern formulations of these medicines exist in the form of
powders, granules, capsules, and tablets. They are prepared in various institutions,
such as government hospitals in China and North and South Korea, and by compa-
nies such as the Tsumura Company of Japan, with good quality control. Similarly,
products are produced by many other companies in India, the United States, and
elsewhere with varying degrees of quality control. In the United States, the Dietary
Supplement and Health Education Act of 1994 recognized the class of physiothera-
peutic agents derived from medicinal and aromatic plants. Furthermore, under pub-
lic pressure, the US Congress set up an Office of Alternative Medicine. In 1994, this
office assisted in 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 with a single IND. A demonstration of the contribution to efficacy of
each ingredient of each plant was not required. This was a major step forward toward
more sensible regulations with regard to phytomedicines.

The subject of western herbal medicines is now being taught to medical stu-
dents in Germany and Canada. Throughout Europe, the United States, Australia,
and other countries, pharmacy and health-related schools are increasingly offering
training in phytotherapy. Traditional Chinese medicine clinics are now common
outside China. An Ayurvedic hospital now exists in London with a BSc Honors
degree course in Ayurveda available (Professor Shrikala Warrier, Registrar/Dean,
MAYUR, Ayurvedic University of Europe, 81 Wimpole Street, London, WIG 9RF,
United Kingdom. E-mail: sw@unifiedherbal.com). This is a joint venture with a uni-
versity in Manipal, India.

The term “integrated medicine” is now being used, which selectively combines
traditional herbal medicine with “modern medicine.” In Germany, there is now a
hospital in which traditional Chinese medicine is integrated with western medicine.
Such co-medication has become common in China, Japan, India, and North America
through those educated in both systems. Benefits claimed include improved efficacy,
reduction in toxicity and the period of medication, as well as a reduction in the
cost of the treatment. New terms such as “adjunct therapy,” “supportive therapy,”
and “supplementary medicine” now appear as a consequence of such co-medication.
Either medicine may be described as an adjunct to the other depending on the com-
municator’s view. Great caution is necessary when traditional herbal medicines are

© 2010 Taylor & Francis Group, LLC



Series Preface ix

used by doctors not trained in their use and likewise when modern medicines are
used by traditional herbal doctors. Possible dangers from drug interactions need to
be stressed.

The world’s population is said to be growing at the rate of 73 million per year.
This equates to 139 more mouths to feed every minute. People are living longer.
Others can now afford to eat meat, so more grain is in demand for animal feed.

Farmers say that without the use of, for example, neonicotinoid to treat their
crops of wheat, oil seed rape, and maize, their yields will be down by 30%, and the
food shortage will get worse. The bees are trying to overcome this chemical affront
to their Darwinian epigenes and also attack by, for example, the latest generation
of mites. Fortunately, there are some saintly beekeepers who strive always to have
healthy flourishing hives and succeed in dispatching these by overnight plane to
farmers and fruit growers all over the world. Thus, in addition to the wild bees, we
continue to have honey available for a wide range of medicinal and dietetic purposes
with the attendant analytical procedures to ensure they fulfill their function.

For all his hard work, I thank the editor, Laid Boukrad, and all the other chapter
contributors for their enthusiasm and specialized knowledge. My thanks are also due
to the staff of CRC Press, Barbara Norwitz and John Sulzycki, for their ready sup-
port and to the project coordinator, Joselyn Banks-Kyle, for her help in the important
final stage.

Roland Hardman, BPharm, BSc (Chemistry), PhD
(London University), FRPharm$S

Reader and Head of Pharmacognosy (retired),
School of Pharmacy and Pharmacology,

University of Bath, United Kingdom
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Preface

Thy Lord has inspired the Bees,
to build their hives in hills,

on trees and in man’s habitations,
From within their bodies comes

a drink of varying colors,
wherein is healing for mankind,
Verily in this is a Sign,

for those who give thought.
(Koran, Surah XVI: 68—69.)

With accumulated experience, natural medicinal products have been used for mil-
lennia to treat many ailments. The resurgence of this interest by both the general
public and physicians continues.

Honey has a long history of traditional use in medicine in a large number of soci-
eties. Both the Bible and the Koran recommend its use, and in this volume, evidence
is given from Ayurvedic medicine and ethnomedicine.

Honey is in constant high demand. China is the leading producer on the world
market. Inevitably, the Chinese honey is a blend of honeys from the temperate and
tropical regions of the country from many thousands of diligent beekeepers.

Local people know their own honeys and are aware of how they change in color,
odor, flavor, and composition with the different species of flowers as these become
available.

The flowers and the bees were on this Earth long before man. The bees’ epigenes
protect them from the toxic principles of, for example, the alkaloids in the flowers of
the Datura species, but the honey from this source is toxic to man. Local knowledge
is an advantage, as in the case of the “mad honey” from Rhododendron plants of
Turkey, which is rarely fatal.

The importance of the botanical origin of the honey in relation to its medici-
nal use cannot be overstressed. However, an extensive study of the composition of
unifloral honeys of named countries by independent researchers affords much use-
ful data (compounds present and those absent, etc.) but sadly also reveals the over-
whelming complexities of the subject. More straightforward are the important “no
peroxide” manuka honeys (from Leptospermum scoparium of New Zealand and
L. polygalifolium of Australia). These are relatively rare with their methylglyoxal
content, along with various glycosides, polysaccharides, peptides, and proteins.
The composition gives these honeys a broad antibacterial activity range including
that against antibiotic-resistant strains of bacteria—at a time of severe criticism of
the pharmaceutical industry for its failure to produce new antibiotics.

Honey has been proven to be beneficial in burn and wound management due to its
physical and biochemical properties but especially because of the absence of adverse

xi
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xii Preface

effects. Indeed, honey has a role to play in many medical conditions, such as diabetic
ulcers, gastrointestinal disorders, cardiovascular diseases, and cancers, and in pedi-
atrics and in animal health. Bee products (propolis, royal jelly, and bee venom) all
find use in human and animal medicine.

As a nutrient, honey has a very long history as a widely consumed safe food—its
low water content protecting it from microbial spoilage. Hence, there is a long tradi-
tion of the use of honey in culinary practice, and today, honey has new roles in the
food science industry.

Chemical analysis of honey has never been more important and the modern meth-
ods for achieving this are described with examples.

I wish to thank Dr. Roland Hardman, Series Editor, whom I have not personally
met, but who was always involved and guided this project from the first day when
the book was just a dream.

My thanks go also to the CRC Press senior editors Barbara Norwitz and John
Sulzycki and to their project coordinator Joselyn Banks-Kyle.

I would like to acknowledge the immense contribution that all authors have made.
Without them, the book would not know the light of day.

Finally, I thank my wife Djoher for her patience and the obvious sacrifices she has
made during the period of the project.
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An Ethnomedicine

Yuva Bellik and Laid Boukraa
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INTRODUCTION

Many products based on traditional knowledge are important sources of income,
food, and health care for the large parts of the populations throughout the world.
By the time ancient civilizations began to evolve, a large number of treatments had
been discovered by prehistoric and primitive peoples alongside a body of magical or
mythological therapies and won widespread use (Forrest 1982). Honey has been used
for centuries for its nutritional as well as medicinal properties (Ajibola et al. 2012).
The human use of honey is traced to some 8000 years ago as depicted by Stone Age
paintings. Different traditional systems of medicine have elaborated the role of honey
as a medicinal product. Sumerian clay tablets (6200 BC), Egyptian papyri (1900-1250
BC), Vedas (5000 years), Holy Koran, the Talmud, both the Old and New Testaments
of the Bible, sacred books of India, China, Persia, and Egypt (Mcintosh 1995; Beck
and Smedley 1997), and Hippocrates (460-357 BC) (Jones 2001) have described the
uses of honey. The latter described its use for baldness, contraception, wound heal-
ing, laxative action, cough and sore throat, eye diseases, topical antisepsis, and the
prevention and treatment of scars (Bansal et al. 2005).

Undoubtedly, honey is in no way a new discovery since its use goes back to ancient
times and it has been used as an ethnoremedy in many parts of the world, both inter-
nally and externally. Nevertheless, its use continues into modern folk medicine. It is
still one of the most frequently used remedies.

HONEY IN THE PREHISTORY

The history of the use of honey is parallel to the history of man. A reappraisal of the
evidence from the Stone Age, antiquity, the Middle Ages, and early modern times
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suggests that ordinary people ate much larger quantities of honey than has previously
been acknowledged (Allsop and Miller 1996).

There are many cave drawings or paintings of people collecting honey. The most
important history cave drawing is at Bicorp in eastern Spain, known as the Arana
or Spider Cave (Figure 1.1). Its walls bear a painting figure of a human on a rope
ladder ascending a cliff face (McGee 1984). The painting is one of the earliest firm
evidences on honey hunting by humans.

There are several other such paintings of raids on bees’ nests, dating from the
remotest antiquity (Figure 1.2). Their large numbers may indicate that honey was
highly valued and considered as an important food source by early humans (Allsop
and Miller 1996).

Studies of primitive tribal diets indicate that honey is highly nutritious (Zucoloto
2011). It is well known that, for the Hadza of Tanzania, meat and honey combined
constitutes 20% by weight of food eaten (Woodburn 1963). The Mbuti pygmies of
the Congo obtain as much as 80% of their dietary energy from honey during the
honey season. The Veddas or Wild Men of Sri Lanka esteem honey so highly that
they regularly risk their lives to obtain it (Crane 1983).

Many Australian aboriginal tribes regard the honey of the native bee as the
supreme delicacy (Low 1989). Meehan lived for a year (1972-1973) with the native
Anbarra people of northern Australia. Over four 1-month periods, chosen to be rep-
resentative of the different tropical seasons, she recorded the weights of foods con-
sumed. She reported an average intake of 2 kg of honey per person per year (Meehan
1982).

In the New World, the Guayaki Indians of Paraguay have honey as the very basis
of their diet and culture (Crane 1975). In the rest of the world, it is usually the males
of a tribe who hunt for honey, but among some Australian aborigines this task falls
to the women. One method they employ involves capturing a bee and attaching a
small feather to its body, so that, on release, it can be more easily seen and followed

FIGURE 1.1 Prehistoric man gathering honey. A rock painting made in 6000 BC, Cueva de
la Arana, near Valencia, Spain.
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FIGURE 1.2 Beekeeping in ancient Egypt (Tomb of Pabasa). 26th Dynasty, 760—656 BC.

all the way back to the nest. On removing the contents, Australian aborigines eat
everything: honey, wax, dead bees, and brood (which provides protein), with relish.

HONEY IN THE CIVILIZATIONS

Every culture evidence can be found of the use of honey as a food source and as a
symbol employed in religious, magic, and therapeutic ceremonies (Cartland 1970;
Crane 1980; Zwaenepoel 1984).

The ancient Egyptian civilization existed for several centuries. Egyptian temples
kept bees to satisfy the demand for honey as offerings to the gods as well as for other
domestic uses such as mummifying, boat and ship building, and a binding agent for
paints and in metal casting (Harris Papyrus). Egyptians offered their gods honey-
combs overflowing with honey as a valuable gift to show devotion and worship. In
the 12th century BC, Ramses III offered 15 tons of honey to Hapi, the god of the
Nile (Crane 1975). Jars of honey were buried with the dead as sustenance for the
afterlife. Archaeologists have found clay pots filled with honey in a pharaoh’s tomb
in the city of Thebes. Large quantities of honey in jars were also found in the tomb
of Tutankhamen (Hymns of the Atharva-Veda). Burying the dead in or with honey
was common practice in Egypt, Mesopotamia [Iraq], and other regions. It is rumored
that Alexander the Great was buried in honey (Hajar 2002).

Some writers believe that, for the ancient Egyptians, honey was a luxury item, sold
at prices only the wealthiest could afford (Darby et al. 1977). Egyptian hieroglyphics
dating back at least 3000 years indicate that honey was used as a sweetener—mixing it
with various fruits, nuts, herbs, and spices in breads, cakes, and pastries (Tannahill
1975). The pharaohs also used honey in their wedding celebrations. This custom
was passed on to Greco-Roman culture and handed down to medieval Europe.
Newlyweds drank honey wine (mead) for a month after the wedding ceremony for
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good luck and happiness. The ritual gave rise to the word honeymoon, a custom still
practiced today (Hajar 2002).

The ancient Greeks no doubt acquired knowledge of beekeeping from Egypt.
Pythagoras is said to have lived largely on honey and bread, and the bodies of his
countrymen who died some distance from home were sometimes preserved in honey
(Free 1982).

In ancient Rome, honey is used in a wide range of dishes and it was a neces-
sary ingredient of many sauces. Wines drunk at the beginning and end of meals
were sweetened with honey; meat, fruit, and vegetables were sometimes preserved
by immersion in it (Free 1982). Half of the 468-o0dd recipes in a late Roman cookery
book, credited to Apicius, call for honey as an ingredient (Style 1992).

China is known to have imported honey. One official was granted on his retire-
ment in AD 500 a quart of white honey each month (Crane 1975). This amounts to
just more than 19 kg of honey per year.

In late Bronze Age Britain, beeswax was an important commodity because it was
required for bronze casting (Wilson 1973). Large volumes of wax had the pleasant
concomitance of large volumes of honey, and the Britons were pleased to make wide
use of it in their food.

Mead was an alcoholic drink made by fermenting the final washings of honey
from the comb in a solution with water. Although it is almost unknown today, it was
very widely enjoyed from the very early Middle Ages until as late as the 17th century
(McGee 1984), especially in those areas where grapes were not available to produce
grape wines (Tannahill 1975). Large quantities of honey must have been available
just to meet the demand for this beverage.

The banquets held by the nobility of the Middle Ages were spectacular affairs.
Huge numbers of guests in fine apparel would partake of a truly vast array of exotic
dishes served on silver platters (Cosman 1976). However, such feasts are hardly rep-
resentative of the everyday food habits of that time. Historians and others hold the
view that honey was not widely used in medieval times. Crane (1975) speculates that
a typical per capita consumption would have been approximately 2 kg/year, and Free
(1982) believes that honey was not extensively used in cooking in medieval Europe.
Rogers (1866) expresses his surprise that bees were not more commonly kept because
an occupied hive was the only agricultural commodity that could double in value
over a year. In fact, the medieval manor frequently employed a beekeeper to tend to
hives on-site (Wilson 1973). The lower classes too must often have kept bees for their
family’s use, but no record of this could be expected to remain. It is well known that,
in Ireland in about AD 440, honey was stored in different types of jars (Free 1982).
A garden near the border of Flanders in AD 800 is recorded to have produced three
muids of honey, that is, a little less than a tonne, in 1 year (Crane 1980). Another
writer holds the view that a manor near Rheims, France, possessed 21 beehives. In
England in about AD 1350, honey cost approximately 7 pence/gallon (equivalent to
1.3 pence/kg) (Rogers 1866).

Most European monasteries and abbeys kept bees, although not primarily for
the honey. The bee was seen as an industrious, selfless worker for the greater good,
which, in addition, was chaste. As such, its pure white and relatively odorless wax
was considered far more suitable for the manufacture of church candles than animal
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fats (Free 1982). In the 1520s, the dissolution of the monasteries reduced the demand
for beeswax for church candles and brought about a small decrease in the production
of honey. Almost simultaneous with this came an increase in the supply of sugar,
imported from the new European colonies. Sugar was still considerably more expen-
sive than honey, but this combination of events gained it a more complete following
among the wealthy. Many it seems were even indulging to excess, for in 1598 a
foreign visitor remarked of Queen Elizabeth that her teeth were black, a defect that
the English seemed subject to from their too great use of sugar (Best 1986). Cookery
books were used exclusively by the well-to-do at this time and clearly illustrate that,
for this section of society, sugar had, by the 1550s, usurped honey’s place in the
diet. It was not until the early 1700s, however, when the supply of sugar boomed, its
price fell, and coffee, tea, and chocolate entered the British diet, that ordinary people
finally began to buy significant amounts, so that the per capita consumption reached
1.8 kg/year (McGee 1984). The change over from honey to sugar occurred more
gradually in rural areas than in the cities. Just 80 years later, sugar consumption had
trebled to reach 5.4 kg per capita per year. Honey was no longer the standard sweet-
ening agent. From this point, sugar consumption rose inexorably, whereas honey
consumption declined. Beekeeping ceased to be the general custom that it had been
in former years; there was no longer a hive in every garden.

HONEY AND RELIGIONS

The Bible (both the Old and New Testaments), the Talmud, the Koran, and the sacred
books of India, China, Persia, and Egypt, all speak of honey in laudatory terms as a
food, beverage, and medicine.

Honey received religious endorsement by both Christianity and Islam (Zumla
and Lulat 1989). When the Children of Israel were in Egypt or were journeying
through the desert, the promise was made that their destination was to be “a land
flowing with milk and honey” (Taylor 1971). Honey was very important and has been
mentioned 54 times in the Old Testament. The most famous is the saying of King
Solomon in his Proverbs 24:13 advised, “My son, eat honey; it is good. And just as
honey from the comb is sweet on your tongue, you may be sure that wisdom is good
for the soul. Get wisdom and have a bright future.” The Jews believed honey made
a person “mentally keen” (Hajar 2002). In the New Testament, it plays a role in the
resurrection of Christ: “The day Christ rose from the dead and appeared before His
Disciples, He asked for food. They gave Him broiled fish and a honeycomb (Luke
24:42). Christ ate the food to prove to the Apostles that He was truly resurrected and
not merely a Spirit or a Thought.”

In early Christianity, honey had a deep mysterious meaning and it was given in
christening ceremonies as a symbol of renovation and spiritual perfection. When St.
John the Baptist was in the desert, he lived on honey and locusts. Bees were revered
because of their ability to produce wax and therefore provide light, in many cases for
religious practices. Before the advent of electricity, candles were important for light-
ing. In many religions, candles are still used for religious ceremonies. The Roman
Catholic Church regarded the bee as an example of godliness and believed beeswax
to be “pure” because virgins—that is, nonmating worker bees—produce it. Monks
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kept bees to provide beeswax to make candles for the church. The Catholic Church
still requires that their candles contain a certain amount of beeswax (Hajar 2002).

The holy Koran vividly illustrates the potential therapeutic value of honey (Irving
et al. 1987).

Thy Lord has inspired the Bees,

to build their hives in hills,

on trees and in man’s habitations,

From within their bodies comes

a drink of varying colours,

wherein is healing for mankind,

Verily in this is a Sign,

for those who give thought. (Koran, Surah XVI:68—69)

The Prophet Mohammed (peace be upon him) pronounced: “Honey is a remedy
for all diseases.” The Prophet ordered the eating of honey not only because it was an
exquisite food and an important healing substance but also because it brought good
luck. The followers of Islam looked upon honey as a talisman (Bogdanov 2009).

In many obvious cases, many companions of the Prophet (peace be upon Him)
could treat a patient suffering from certain diseases during that time successfully
without any knowledge of medicine as practiced today, but they merely followed
the instruction of the Prophet (peace be upon Him) relating to the treatment of dis-
ease, that is, a gulp of honey, cupping (hijamah), and cauterization (“kayy”: to burn
a wound with hot metal or a chemical to stop the blood or stop it from becoming
infected) (Deuraseh 2006). In the Islamic medical system, as in most other medi-
cal systems, honey is considered as a healthy drink. It is not surprising that Imam
Bukhari entitled chapter four of his Kitab al-Tibb (book of medicine) as “al-Dawa’bi
al-Asal wa Qawlihi Ta’ala ‘Fihi Shifa li al-Nas (treatment with honey and the state-
ment of Allah: where is healing for men).” Accordingly, the Prophet (peace be upon
Him) said, “A man came to the Prophet and said: ‘My brother has some abdominal
trouble.’” ” The Prophet (peace be upon Him) replied to him, “Let him drink honey.”
The man came for the second time and the Prophet replied to him, “Let him drink
honey.” He came for the third time and the Prophet replied, “Let him drink honey.”
He returned again and said, “I have done that.” The Prophet (peace be upon Him)
then said, “The statement of God is true and the stomach of your brother lies (sadaqa
Allah wa kadhiba Batn Akhika). Let him drink honey. So he made him drink honey
and he was cured.”

With this illness, it is honey that expels the excess moisture, because the moisture
is driven out and expelled downward when honey is eaten. In “Umdah al-Qari,”
Ibn Ahmad al-Ayni expressed and recognized that drinking honey may open up
the obstructions of the blood vessels, dissolve the excessive food by evacuating the
stomach and intestines, and clear the chest and liver. Furthermore, al-Baghdadi was
of the opinion that honey, which contains a variety of sugar and mineral, is good to
purify what is in the veins and stomach. Consequently, it has the potential to make
the blood to circulate better and provide more air to areas of the body such as the
brain (Deuraseh 2006).
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HONEY AS AN ETHNOREMEDY

The use of honey as a medicine is referred to in the most ancient written records, it being
prescribed by the physicians of many ancient races of people for a wide variety of ail-
ments (Ransome 1937). It has continued to be used in folk medicine ever since. There
are abundant references to honey as medicine in ancient scrolls, tablets, and books. It
was prescribed for a variety of illnesses. Excavated medical tablets from Mesopotamia
indicate that honey was a common ingredient in many prescriptions (Hajar 2002).

In ancient Egyptian medicine, honey was the most frequent ingredient in all the
drug recipes for both internal and external use listed in the Ebers and Edwin Smith
Papyri. According to the Ebers papyrus (1550 BC), it is included in 147 prescriptions
in external applications. Also, according to the Smith papyrus (1700 BC), it was
used in wound healing: “Thou shouldst bind [the wound] with fresh meat the first
day [and] treat afterwards with grease, honey [and] lint every day until he recovers.”
Honey was used for treatment of stomach pain and urinary retention and as ointment
for dry skin. It was used as ointment for wounds and burns, skin irritation, and eye
diseases. The Ebers Papyrus contains a description on how to make ointment from
honey and how to apply it, with a note: “Notice that this is a very good therapy.” The
author of the Smith Papyrus directed that honey be applied topically, with few if any
other possibly active ingredients, to wounds.

In old Egypt, honey was the only active ingredient in an ointment described in
the Ebers Papyrus for application to the surgical wound of circumcision. Ebers also
specifies that an ointment for the ear be made of one-third honey and two-thirds oil.
The concentration of honey in seven oral remedies in the Chester Beatty VI Papyrus
ranges from 10% to 50%, whereas its proportion in other remedies ranges from 20%
to 84%. Honey could very well have provided some kind of protection from the kinds
of bacteria most likely to infect wounds, at least enough protection to permit wounds
to begin healing on their own.

The ancient Egyptians were not the only people who used honey as medicine. The
Chinese, Indians, ancient Greeks, Romans, and Arabs used honey in combination
with other herbs and on its own to treat wounds and various other diseases.

In old Greece, the honeybee, a sacred symbol of Artemis, was an important design
on Ephesian coins for almost six centuries. Aristotle (384—-322 BC) described for the
first time the production of honey. Aristotle believed that eating honey prolonged
life. Hippocrates (460-377 BC) speaks about the healing virtues of honey: “cleans
sores and ulcers, softens hard ulcers of the lips, heals cabuncles and running sores.”
Hippocrates is quoted as saying, “I eat honey and use it in the treatment of many
diseases because honey offers good food and good health.” Dioscorides (AD 40-90),
a Greek physician who traveled as a surgeon with the armies of the Roman emperor
Nero, compiled De Materia Medica around AD 77, which was the foremost classic
source of modern botanical terminology and the leading pharmacologic text until
the 15th century. In addition to excellent descriptions of nearly 600 plants and 1000
simple drugs, Dioscorides described the medicinal and dietetic value of animal
derivatives such as milk and honey. Dioscorides stated that honey could be used as
a treatment for stomach disease, for a wound that has pus, for hemorrhoids, and to
stop coughing. “Honey opens the blood vessels and attracts moisture. If cooked and
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applied to fresh wounds, it seals them. It is good for deep dirty wounds. Honey mixed
with salt could be dropped inside a painful ear. It will reduce the pain and swelling of
the ear. It will kill lice if infested children skin is painted with it. It may also improve
vision. Gargle with honey to reduce tonsil swelling. For coughing, drink warm honey
and mix with rose oil.” Galen recommended warming up the honey or cooking it,
then using it to treat hemorrhoids and deep wounds.

In ancient Rome, honey was mentioned many times by the writers Vergil, Varro,
and Plinius. Especially Virgil’s Georgics is a classic where he describes in detail how
honey is made. During the time of Julius Caesar, honey was used as a substitute for
gold to pay taxes. In the first century AD, Apicus, a wealthy Roman gourmet, wrote
a series of books in which more than half the recipes included honey (Bogdanov
2009). A Roman Catholic saint (St. Ambrose) stated, “The fruit of the bees is desired
of all and is equally sweet to kings and beggars and is not only pleasing but profitable
and healthful, it sweetens their mouths, cures their wounds, and conveys remedies to
inward ulcers.” The Roman, Pliny the Elder, said that mixing fish oil with honey was
an excellent treatment for ulcers.

In medieval high cultures of the Arabs, the Byzantines, and medieval Europe,
honey was important too, and in these cultures, most sweet meals contained honey.

The Compendium of Medicine by Gilbertus Anglicus is one of the largest sources
of pharmaceutical and medical information from medieval Europe. Translated in the
early 15th century from Latin to Middle English, the text consists of medicinal reci-
pes with guides to diagnosis, medicinal preparation, and prognosis. The text names
more than 400 ingredients. Treatments are presented roughly from “head to tail,” so
to speak, beginning with headache and ending with hemorrhoids. Honey was a fre-
quent ingredient to many of the remedies and it was combined with other medicinal
herbs commonly used at that time. Excerpts appear below:

Headache ... let him use oxymel ... made of honey and vinegar; two parts of vinegar
and the third part of honey, mixed together and simmered. Pimples ... anoint it with
clean honey, or with the powder of burnt beans and honey, or with the powder of purs-
lane and honey mixed together. Pennyroyal ... taken with honey, cleanse the lungs and
clear the chest of all gross and thick humors. (Fay Marie Getz 1991)

Germans used honey and cod liver oil for ulcerations, burns, fistulas, and boils
in addition to a honey salve, which was mixed with egg yolk and flour for boils and
sores (Newman 1983).

AlBasri (Ali Bin Hamzah AlBasri), a 10th century Arab philosopher, mentioned
uncooked honey for swollen intestine, whereas cooked honey was good for inducing
vomiting when a poisonous drug was ingested. For that purpose, he recommended
mixing one pound of sesame oil with one-third pound of cooked honey. Al Razi
(Rhazes, AD 864-932), a renowned Muslim physician famous for writing a treatise
distinguishing measles from smallpox, claimed that honey ointment made of flour
and honey vinegar was good for skin disease and sports nerve injuries and recom-
mended the use of honey water for bladder wounds. His book, Al Hawi (Encyclopedia
of Medicine), a comprehensive medical textbook of medicine, which was trans-
lated from Arabic to Latin in the 13th century and became a standard textbook of
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medicine up to the 1700s stated: “Honey is the best treatment for the gums. To keep
the teeth healthy mix honey with vinegar and use as mouth wash daily. If you rub
the teeth with such a preparation it will whiten the teeth. Honey does not spoil and
could also be used to preserve cadavers.” Likewise, Ibn Sina (Avicenna), another
famous Muslim physician whose great medical treatise, the Canon, was the standard

TABLE 1.1

Selected Historical Uses of Honey

Source

Hippocrates (460-357 BC)
Aristotle (384-322 BC)
Celsius (circa 25 AD)

Dioscorides (circa 50 AD)
Ancient Greeks, Romans and

Chinese
Chinese

Culpepper’s Complete Herbal
(17th Century)
Sir John Hill (1759)

American Pharmaceutical
Association (1916, 1926, 1935)

U.S. Medical Archives

Use

Wound healing

Refers to pale honey as a “good salve for sore eyes and wounds”

Laxative; cure for diarrhea and upset stomach; for coughs and sore
throats; to agglutinate wounds; eye diseases

States that pale yellow honey from Attica was the best honey, being
“good for all rotten and hollow ulcers” as well as for sunburn,
inflammation of throat and tonsils, and as a cure for coughs

Topical antiseptic for sores, wounds, and skin ulcers

Prevent scars; remove discoloration and freckles and improve the
general appearance of the skin; abscesses and hard swelling or
callosity of skin; for cancer applied to inflamed wounds to reduce
the pain and lessen the drawing; diluted honey used for
inflammation of the eye; treat small pox; remove worms and for
diseases of the mouth and throat

Many remedies, for example, uses of garden rue for “worms of the
belly”

Book on “The Virtues of Honey in Preventing Many of the Worst
Disorders, and in the Cure of Several Others”

Antibacterial activity reported

For general coughs—mixture of barley water, honey, and the juice
of one lemon; honey of rose with borax for treating sore throats
and skin ulcers

Many applications and prescriptions; prevention of infection in
wounds

Sources: American Pharmaceutical Association, The National Formulary 1V, 1916, 1926, 1935; Kelly,
E.C., Medical Classics, Williams and Wilkins Company, Baltimore, Maryland, 1940-1941,
V 1-5, 10; Newman, T.G., Honey Almanac, Newman, Chicago, Illinois, 1983; Zumla, A. and
Lulat, A., Journal of the Royal Society of Medicine, 82, 384-385, 1989; Mcintosh, E.N.,
American Food Habits in Historical Perspective, Praeger Publishers, Westport, Connecticut,
1995; Beck, D.F., and Smedley, D., Honey and Your Health: A Nutrimental, Medicinal and
Historical Commentary (originally published in 1938), Health Resources, Inc., Silver Springs,
Maryland, 1997; Jones, R., Honey and healing through the ages, in Honey and Healing, eds.
Munn, P., and Jones, R., International Bee Research Association, Cardiff, U.K., 2001; Molan,
P.C., Why honey is effective as a medicine. 1. Its use in modern medicine, in Honey and Healing,
eds. Munn, P. and Jones, R., International Bee Research Association, Cardiff, U.K., 2001.
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textbook on medicine in the Arab world and Europe until the 17th century, wrote:
“Honey is good for prolonging life, preserve activity in old age. If you want to keep
your youth, take honey. If you are above the age of 45, eat honey regularly, especially
mixed with chestnut powder. Honey and flour could be used as dressing for wounds.
For lung disease, early stage of tuberculosis, use a combination of honey and shred-
ded rose petals. Honey can be used for insomnia on occasions.”

The Hindu Scripture, Veda, which was composed about 1500 BC and written
down about 600 BC, speak of “this herb, born of honey, dripping honey, sweet
honey, honied, is the remedy for injuries. Lotus honey is used for eye diseases. It is
used as topical eye ointment in measles to prevent corneal scarring” (Imperato and
Traore 1969), “moreover it crushes insects.” In the section on Hymn to All Magic
and Medicinal Plants, honey is used as a universal remedy: “The plants ... which
removes disease, are full of blossoms, and rich in honey ... do I call to exempt him
from injury” (Bogdanov 2009).

In ancient China, honey has been mentioned in the book of songs Shi Jing, written
in the 6th century BC. According to Chinese medicine, honey acts according to the
principles of the Earth element, acting mainly on the stomach and on the spleen. It has
Yang character, acting on the Triple Heater Meridian (Shaoyang) (Bogdanov 2009).

In Central and South America, honey from stingless bees was used for ages, long
before Columbus. Honey of the native stingless bees was used and regarded as a gift
of the gods; it was also a sign of fertility and was given as an offering to the gods
(Bogdanov 2009).

Africa has also a long tradition of a bee use for honey, both in the high cultures
of Mediterranean Africa and in the more primitive cultures in regions to the south.
Honey is used to treat infected leg ulcers in Ghana (Ankra-Badu 1992) and earaches
in Nigeria (Obi et al. 1994). Other uses include treatment of gastric ulcers and con-
stipation (Molan 1999).

Table 1.1 summarizes some of the ways honey has been used through the ages.

It is clear that, throughout the ages, honey was prescribed for a variety of uses,
frequently mixed with herbs, grains, and other botanicals. Obviously, remedies were
passed down through the millennia simply because they seemed to be effective. No
one knew why the remedies worked. The ancient remedies survive today, lumped
together by modern medicine under the term “folk medicine” because their effec-
tiveness has not been scientifically proven through clinical trials.
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Ayurveda is the complete knowledge for long life. In Sanskrit, the word ayus means
“longevity or life” and the word veda means “related to knowledge” or “science.”
Ayurveda, an ancient system, addresses information or knowledge of or for a healthy
living. It is afar a system of medicine but also describes a lifestyle for happy and
healthy living. Ayurveda defines health as a state of complete physical, mental, and
social well-being (Satva, atma, sareeram) and not merely the absence of disease or
infirmity.? It views illness as caused by an imbalance in a person’s bodily or men-
tal constitution. Ayurveda describes both preventive and curative measures for ill-
ness. It recommends/specifies curative medicine, diet, and changes in lifestyle as
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therapeutic measures in treating an illness (Qushadam, aaharam, and viharam).?
Here, medicine involves both medical and surgical management. The ancient gurus
of Ayurveda have recited that every physical material on Mother Earth is a resource/
raw material for medicine* (Nanoushadam).

PRINCIPLES OF AYURVEDA

Ayurveda adopted the physics of the “five elements” (Pancha maha booth)—Prithvi-
(Earth), Jala (water), Agni (fire), Vayu (air), and Akasa (space/sky)—that compose
the universe, including the human body.> Chyle or plasma (called rasa), blood (rakta
dhatu), flesh (mamsa dhatu), fat/adipose tissue (medha dhatu), bone (asthi dhatu),
marrow (majja dhatu), and semen or female reproductive tissue (Sukra dhatu) are held
to be the seven primary constituent elements (saptadhatu) of the body.® Ayurvedic
literature deals elaborately with measures of healthy living during the entire span of
life and its various phases. Ayurveda asserts a balance of three elemental energies
or humors: vata, pitta (fire), and kapha (material). According to Ayurvedic medi-
cal theory, these three substances—dosas (literally that which deteriorates)—are
important for health because the body is healthy when they exist in equilibrium and
unhealthy when they exist in inequilibrium.

The earliest literature on Indian medical practice appeared during the Vedic
period in India, that is, in the mid-second millennium BCE. The Susruta and the
Caraka are great encyclopedias of medicine compiled from various sources from
the mid-first millennium BCE to about 500 CE.” They are among the foundational
works of Ayurveda.

HONEY IN AYURVEDA

In Ayurveda, honey is called “Madhu.” Its qualities are explained as follows. Honey
is said to be a substance that is to be licked (Lehyam). Lehyam is a jam-like sub-
stance of herbal origin/herbal infused jam. Usage of honey as food and medicine has
been advocated since the Vedic period, that is, mid-second millennium or mid-first
millennium. This is because the types, properties, actions, and indications of honey
were mentioned in the Ayurvedic great encyclopedias, such as Charaka samhita and
Susrutha samhitha. Thus, the uses of honey in health care stretch back into antiquity.

PrOPERTIES OF HONEY

Vaatalam guru sheetam cha raktapittakaphapaham |

Sandhatru cchedanam ruksham kashayam madhuram madhu ||

It has sweetness (madhura rasa) with added astringent as end taste (Kashaya anu rasa). It
is heavy (guru guna), dry (ruksha) and cold (sheeta). Its effect on doshas is as follows. It
aggravates vata, scrapes kapha and pacifies pitta and rakta. It promotes healing process.

Honey in Ayurved or Sanskrit is known as Madhu. Madhu/honey is commonly
used as Anupana (i.e., given along with primary active medication to enhance activ-
ity, or enhances faster absorption and assimilation of medicament) and Sahapana
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(along with primary/active medicament), sometimes, for its primary medical prop-
erty systemically as well as locally, either alone or in combination with other drugs.
It is also used as a vehicle along with some medicines to improve its efficacy or to
mitigate the side effects of the other medicines it is mixed with. It has been described
to have properties such as Lekhana (scraping), Sandhana (union), Shodhana (purifi-
cation), Ropana (healing), and Tridoshaghna (pacifying all three doshas: vata, pitta,
and kapha).® It is used as an external application in Vrana (wound), either alone or in
combination with Sarpi (Goghrita, i.e., ghee made from cow’s milk).

Madhu has Vranaropak properties as per the principles of the 60 Upakramas of
Vrana management described in the Sushruta Samhita. Madhu® is believed to act by
“pacifying” the three vitiated doshas (i.e., vata, pitta, and kapha) by multiple actions
attributable to its Madhura (sweet) Rasa, Kashaya (astringent) Uparasa or anurasa,
Ruksha (dry) Guna, Sheeta (cold) Virya, Madhura Vipaka, and Sukshma Marga
Anusari (ability to permeate in microchannels) Prabhava.

Its value, beyond a sweetener, is being rediscovered. The ancients of Vedic civili-
zation considered honey as one of nature’s most remarkable gifts to mankind.

HONEY AND RASAYAN AND REJUVENATION THERAPY

The Sanskrit word rasayan means rasa (juice or elixir vitae) + ayan (Path). Rasa is con-
cerned with the conservation, transformation, and revitalization of energy. Rasa nour-
ishes our body, boosts immunity, helps to keep the body and mind in the best of health,
and promotes, vitality, longevity, intelligence, and complexion. Honey is said to be a
potent rasayana and hence conserves, transforms, and revitalizes energy in the body.

HONEY As YOGAVAHI AND ASUKARI

It is called “Yogavahi,” which means it strengthens and enhances all other herbs
and processes in the body. The process of penetrating deep into the tissues and
cells through porous channels is rare and is known as “Yogavahi” or bioavailability
enhancer. Honey through this property is known as yogavahi. Asukari is the prop-
erty of honey in penetrating faster to the cell level.

Types oF HONEY!?

Eight types of honey are described in Ayurveda depending on the type of bee that
collects it. They are Pouttikam, Bhramaram, Kshoudram, Makshikam, Chatram,
Arghyam, Oudalakam, and Dalam.

1. Pouttikam: This honey is collected by very large black honey bees from the
nectar of poisonous flowers. It increases vara and causes gout and burning
sensation in the chest. It is also sedative/hypnotic, promotes wound healing,
and reduces fat. It is indicated in urinary tract infections, tumors, ulcers or
wounds, and diabetes (Prameha).

2. Bhramaram: This honey is collected by large bees and sticky in nature. It is
used in cases of hematemesis and bleeding disorders.



16 Honey in Traditional and Modern Medicine

3. Kshoudram: This is honey procured by honey bees of moderate size. It is
yellowish brown colored, light, and cold in nature. It dissolves kapha and
used in the treatment of diabetes (Prameha or madhumeha).

4. Makshikam: This is honey collected by small red colored honey bees. It is
very light and dry natured. It is indicated in VataKapha diseases and kapha
diseases. It is used in the treatment of eye diseases, hepatitis, piles (Arsas),
asthma (Swasa), cough (Kasa), and tuberculosis (Kshaya).

5. Chatram: This is honey collected by bees of Himalayan regions. Beehive is
of umbrella shape (chata). It is heavy and cool in nature and useful in gout,
Leucoderma (Shwitra), worm infestations, and diabetes.

6. Arghyam: It is good for eyes and treatment of cough and anemia and causes
arthritis.

7. Oudalakam: It is useful in skin diseases and leprosy. It is also used as a
detoxicating agent and helps in modulation of voice.

8. Dalam: It is dry and reduces vomiting. It increases digestion and is used in
diabetes.

The Makshikam type of honey is considered as the best type with immense
medicinal properties.

THErAPEUTICS OF HONEY

e Honey is an appetizer and also promotes digestion/metabolism.

e 1Itis very good for the eyes, vision, and heart.!!

e It quenches thirst and stops hiccups.

e It dissolves or mitigates kapha.

e It is a natural detoxifying agent; the effects of toxin are nullified.

e It is very useful in urinary tract disorders, worm infestations, bronchial
asthma, cough, diarrhea and nausea, vomiting.

¢ It cleanses and promotes wound healing by facilitating formation of granu-
lation tissue.

e Honey that is newly collected from the beehive increases body weight and
is a mild laxative.

e Honey that is stored and is old helps in fat metabolism and is indicated in
obesity and scrapes kapha and adipose tissue (medas).

e It promotes nourishment and stimulates union of tissues.

e It acts as a sedative or hypnotic and is useful in bed wetting disease.

¢ Honey, being a very good antioxidant, restores the damaged skin and gives
soft, young looks.

Chakshushayam Chedi tritshleshmavishahidmaasrapittanut |
Mehakushtakrimicchardishwaasakaasaatisaarajit Il
Vranashodhana sandhaanaropanam vaatalam madhu |l

Sushruta Samhita, Nibandha sangraha, Yadavji Trikamji
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PrecAuTIONS TO BE TAKEN BEFORE USING HONEY

* Honey is not to be heated/boiled and is not to be mixed with foods that are
hot.

* Honey is not to be consumed warm and when working in hot atmosphere or
where you are exposed to more heat.

e Honey should never be mixed with rainwater, hot and spicy foods, fer-
mented beverages such as whisky, rum, and brandy, ghee, and mustard.

* Honey is to be used only after storing for 1 year.

e If taken in excess, honey causes madhvajirna.

DosAGE

e Adults: One teaspoonful three times a day
e Child: Half-teaspoonful three times a day

HoNEy IN WouND HEALING OR VRANA RoPANA

Madhura Rasa gives nutrition to the tissue, which helps in granulation tissue formation,
whereas Kashaya Rasa provides Lekhana (scraping), which helps in desloughing, pre-
paring the wound for healing. Thus, Madhu has excellent properties to heal the wound
by virtue of its Sodhana (purification), Ropana (healing), and Sandhana (union)
actions.

* Honey possesses antimicrobial properties.

e It helps in promoting autolytic debridement.

e It deodorizes malodorous wounds.

e It speeds up the healing process by stimulating wound tissues.
e It helps in initiating the healing process in dormant wounds.

e It also helps in promoting moist wound healing.

HoNEY AND HEART

Ayurveda recommends it in cases of arteriosclerosis and weak hearts: a glass of
water with honey and lemon juice in it at bedtime.

HoONEY IN PULMONARY DiseASEs/RESPIRATORY DISEASES

Honey is highly useful for treatment of cough, cold, and chronic respiratory diseases
such as bronchial asthma and bronchitis. It usually brings relief whether the air flowing
over the honey is inhaled or whether it is eaten or taken either in milk or water. Ayurveda
recommends that honey be preserved for 1 or more years for respiratory diseases.

Honey is highly beneficial in the treatment of irritating cough. As a demulcent
or soothing agent, it produces a soothing effect on the inflamed mucus membrane
of the upper respiratory tract and retrieves irritating cough and symptoms such as
dysphagia (difficulty in swallowing).
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Mix half a gram of black pepper powder with honey and ginger juice mixture
(equal quantity). Take this mixture at least three times a day. It helps to cure asthma.

HONEY AND ANEMIA

Honey due to its hemopoietic property is indicated in anemia. Take one glass of
warm water and mix one to two teaspoonfuls of honey and one teaspoonful of lemon
juice. Take this preparation daily before evacuation. It helps to purify the blood. It
also helps to reduce fat and to clean the bowels.

HONEY IN SKIN OR DERMATOLOGY

The texts of Ayurveda also describe honey as one that is applied externally and is
considered useful in the treatment of wounds and sores. Honey soothes pain, acts
as an antiseptic, hastens healing, and is especially effective in healing burns and
carbuncles.

Honey, being a very good antioxidant, restores the damaged skin and gives soft,
young looks. Honey’s natural antioxidant and antimicrobial properties and ability to
absorb and retain moisture have been recognized and used extensively in skin care
treatments because they help to protect the skin from the damage of the sun’s rays
and rejuvenate depleted skin.

HONEY AND INSOMNIA

Honey, due to its hypnotic property, has been used for centuries for the treatment of
insomnia because it produces sound sleep or induces sleep. It should be taken with
water, before going to bed, in doses of two teaspoonfuls in a big cupful of water.
Children fall asleep after consuming honey.

HoNEy AND EYE DISEASES

Honey has a long history of Ayurvedic use for various eye ailments. Applied daily
in the eyes, it improves the vision or eyesight. It is also indicated in the treatment of
itching of the eyes, trachoma, conjunctivitis, and other similar diseases. Its regular
internal as well as external application will prevent glaucoma in the initial stage of
the disease.

Ayurveda asserts that honey is valuable in the prevention of cataract formation.
Two grams of onion juice and honey each, mixed together, should be kept safe in
a clean bottle. It is to be applied locally to the eyes with a glass rod. This is a very
effective remedy for immature cataract. It dissolves the already coagulated protein
fibers as well as prevents further coagulation.

HONEY AND THE STOMACH

Ayurvedic experts have long regarded honey as useful in maintaining the health of
the stomach. It tones up the stomach, helps in proper digestion, and prevents stomach
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diseases. It also decreases the overproduction of hydrochloric acid, thereby prevent-
ing symptoms such as nausea, vomiting, and heartburn. Honey, due to its laxative
nature and being an emetic, clears the digestive canal of waste matter, when in con-
stipation or indigestion.

HoONEY AND AGE

The texts also state that honey is especially useful in providing energy and heat to
the body in old age. It dries up the phlegm and clears the system of mucus. One or
two teaspoonfuls of honey in a cupful of boiled and cooled water, taken in lukewarm
condition, is a refreshing and strengthening drink.

HoNEY AND ORAL DISEASES

Honey is valuable in keeping the mouth or oral cavity healthy. Applied daily over the
teeth and gums, it cleans and shines the teeth. It prevents tarter deposition at the base
of the teeth and prevents decay and early falling of the teeth. Being a mild antiseptic,
it prevents the growth of harmful microorganisms on teeth. It also keeps the gums
in the healthy state by increasing the vascularity. In case of ulcers in the oral cavity,
honey helps in their early healing and prevents further sepsis and pyogenic infection-
related bad odor and pus formation. Gargling with honey water is very useful in
gingivitis due to inflammation of the gums.

HoNEy AND PEDIATRICS

Honey and ghee, when mixed in equal quantities and applied on the tongue of the
newborn baby (day 1) or neonate, help as an immune booster to the child (Suvarna
prasam). Honey acts as a sedative or hypnotic and is useful in bed-wetting disease.

TESTING OF ADULTERATIONS/ IMPURITIES

If honey is taken and exposed to flame and it produces sound, it is impure; if it is
soundless, it is pure honey.

CONCLUSION

Honey, due to its Yogavahi, sookshmamarganusari or asukari, and rasayan proper-
ties, is used as sahapana and anupana (vehicle) for various Ayurvedic medicines
along with several preparations. Honey due to its varied therapeutic properties has also
been used individually for ages and has a unique place in Ayurvedic pharmacology.
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INTRODUCTION

Honey is a natural sweet substance produced by honeybees from nectar of blossoms
or sweet deposits from plants, modified and stored in honeycombs (NHB 1996).
Honey is also a very important energy food and is used as an ingredient in hundreds
of manufactured foods, mainly in cereal-based products, for its sweetness, color,
flavor, caramelization, and viscosity (Karaman et al. 2010), and is considered to be
important in traditional medicine (White et al. 1975). Its composition is variable and
depends on many factors, such as botanical/floral origins and the bee’s species, but
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consists of approximately 75%—80% carbohydrates, 17%—-20% water, and 1%—2%
minerals and organic matters. In general, honey contains 65%—-70% monosaccha-
rides and disaccharides, trisaccharides, and oligosaccharides. The organic matter
has at least 200 substances, including amino acids, enzymes, proteins, vitamins,
organic acids, pigments, phenolics, vitamins, Maillard reaction products (MRP), and
volatile compounds (Kiigiik et al. 2007; Karaman et al. 2010). Honey is also used as
a source of dietary antioxidant. The protein content of honey is normally less than
0.5%. The mineral honey content is about 0.04%—-0.2% and depends on the type of
soil in which the original nectar-bearing plant was located. The major minerals pres-
ent are K, Na, Ca, Mg, and Mn followed by lower concentrations of Fe, Zn, Cu, Se,
and Rb. In general, dark honey types contain higher levels of minerals and phenolic
substances, which are related to their biological activities.

The chemical composition determines the physicochemical characteristics of
honey, such as color, rheology, electrical conductivity (EC), pH, and water activity.
The physical properties of honey are substantial factors determining its price in the
world market and also its acceptability by consumers.

PHYSICAL PROPERTIES

RHEOLOGICAL PROPERTIES

Honey, a viscous and aromatic product, is prepared by bees mainly from the nectar
of flowers or honeydew (Dustmann 1993). Honey contains high amounts of total
sugar, which are composed of approximately 95% of honey dry weight (Bogdanov
et al. 2004).

In the food industry, reliable rheological data are essential for the design, process
and quality control, sensory assessment, stability, and consumer acceptance of a product
(Chhinnan et al. 1985; Steffe 1996). The viscosity of honey is the most remarkable of
its rtheological properties (Kayacier and Karaman 2008a). Viscosity is a measure of the
resistance of a fluid that is being deformed by either shear stress or tensile stress. Thus,
water is “thin,” having a lower viscosity, whereas honey is “thick,” having a higher vis-
cosity. Put simply, the less viscous the fluid, the greater its ease of movement or fluidity
(Symon 1971). In honey, the viscosity depends on both the physicochemical composition
(moisture, floral source, sugar composition, floral origin, crystallization, and colloidal
substances) and the temperatures of honey. However, knowledge of the flow behavior is
useful in quality control, calculating energy usage, process control, and equipment selec-
tion (Kaya and Belibagli 2002).

Fluid foods are divided into Newtonian and non-Newtonian fluids according to
the viscosity—shear rate relationship.

A Newtonian fluid is a fluid whose stress versus strain rate curve is linear and
passes through the origin. The constant of proportionality is known as the viscosity.
As points of reference, the following represent typical Newtonian viscosities at room
temperature: honey, 10,000 cP; water, 1 cP; mercury, 1.5 cP; coffee cream, 10 cP;
vegetable oil, 100 cP; and glycerol, 1000 cP (Weast et al. 1985; Steffe 1996). The vis-
cosity of non-Newtonian fluids is not independent of shear rate or shear rate history.
However, there are some non-Newtonian fluids with shear-independent viscosity
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TABLE 3.1
Viscosity Change in Honeys with Temperature,
Moisture Content, and Floral Source

Water Content Viscosity (Poise) at 25°C
15.5% 138.0

17.1% 69.0

18.2% 48.1

19.1% 34.9

20.2% 20.4
Temperature (°C) Viscosity (Poise) at 25°C
13.7 600.0

29.0 68.4

394 21.4

48.1 10.7

71.1 2.6

Floral Source Viscosity (Poise) at 25°C (16.5% H,0)
Sage 115.0

Clover 87.5

White clover 94.0

that nonetheless exhibit normal stress differences or other non-Newtonian behavior.
Many salt solutions and molten polymers are non-Newtonian fluids, as are many
commonly found substances such as ketchup, custard, and starch suspensions (Steffe
1996; Penna et al. 2001; Kayacier and Karaman 2008b; Kirby 2010).

Rheological properties of honey are measured using viscosimeters, rheometers,
cone plates, controlled strained method, controlled stress method, double-gap cyl-
inder, dynamic tests, and frequency sweep tests (Bhandari et al. 1999; Mossel et
al. 2000; Abu-Jdayil et al. 2002; DaCosta and Pereira 2002; Anupama et al. 2003;
Kayacier and Karaman 2008b).

The viscosity of honey generally decreases as temperature increases. The effect
caused by temperature is more important in the low range of temperatures, whereas,
at high temperatures, the viscosity shows less variation (Gémez-Diaz et al. 2009).

Table 3.1 shows how the viscosity changes as temperature, moisture content, and flo-
ral source change. Thus, 1% moisture is equivalent to about 3.5°C in its effect on viscos-
ity (National Honey Board’s Guide 2005).

In the literature, the viscosity values of some honey were measured at different
temperatures and found to be between 0.5 and 600 Pa s (Steffe 1996; Juszczak and
Fortuna 2006).

The Arrhenius equality or Williams—Landel-Ferry (WLF) equation is used to
express the change in viscosity with temperature. The WLF equation is generally
used in low temperatures (below 0°C). The consistency index can be used to describe
the variation in viscosity with temperature using the Arrhenius equation (Briggs and
Steffe 1997; Mossel et al. 2000; Sengul et al. 2005):
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Ink=1nk, + Ea/RgTa, 3.1)

where k, is the Arrhenius constant (Pa s”), Ea is the activation energy (J mol™), Rg is
the universal gas constant (J mol™), and 7 is the absolute temperature (K). k, (Pa s")
and Ea (J mol™') parameters were obtained from the Arrhenius-type equation with
the linear regression analysis (Equation 3.1).

It was previously reported that Ea values of some different honeys were between
63.4 and 93.75 kJ mol~! (Bhandari et al. 1999; Kayacier and Karaman 2008b). High-
activation energy shows that viscosity of honey is more affected by temperature. k,
values were found to be between 2.93 and 8.88 (Steffe 1996).

There are a number of researches about the rheological properties of honeys.
However, there is little information about the rheological properties for use as
markers.

ColLor

The color index is one of the most important factors in the quality of honeys. Honey’s
floral origin, mineral composition, chemical content, and heating process can affect
color. Honey coloring components are plant pigments such as chlorophyll, carotene,
xanthophylls, and yellow-green color pigments.

Honey is classified by the U.S. Department of Agriculture into seven color catego-
ries: water white, extra white, white, extra light amber, light amber, amber, and dark
amber. The most commonly used methods are based on optical comparison using
simple color grading after Pfund (Fell 1978) or Lovibond (Aubert and Gonnet 1983),
and Table 3.2 shows the Pfund scale for the color index that measured at 560 nm.

Other more objective methods have also been tested as the determination of all
color parameters through the CIE L*a*b* tristimulus method (Aubert and Gonnet
1983; Ortiz Valbuena and Silva Losada 1990; Bogdanov et al. 2004). Color mea-
surement of the honeys is carried out by using a colorimeter and the measurements
were recorded as Hunter L, a, and b color values. Color values for each sample are
computed by using three measurements from different positions. The color values
are expressed as L (darkness/lightness; 0, black; 100, white), a (—a, greenness; +a,

TABLE 3.2

Pfund Scale for the Color Index of Honey (560 nm)
Color Name Pfund Scale (mm)
Water white <8

Extra white 9-17

White 18-34

Extra light amber 35-50

Light amber 51-85
Amber 86-114

Dark amber >114




Biochemistry and Physicochemical Properties of Honey 25

redness), and b (—b, blueness; +b, yellowness) (Yildiz and Alpaslan 2012). In general,
darker honeys have been shown to be higher in antioxidant content than lighter hon-
eys (Gheldof and Engeseth 2002).

The color of honey is related to the content of pollen, total phenolics, mineral
composition, and hydroxymethylfurfural (HMF) and is characteristic of floral origin
(Gonzalez-Miret et al. 2005; Bertoncelj et al. 2007). However, most of the honey
studies showed that dark-colored honeys exhibited distinct antioxidant quenching
and free radical scavenging potential against different radical species. It has been
reported by several researchers that light-colored honeys usually have low total phe-
nolic content, whereas dark-colored honeys generally have higher phenolic content.
Chestnut, thyme, pine, thododendron, and linen vine of honeys are dark-colored
honeys with high phenolic contents (Krop et al. 2010; Tezcan et al. 2010).

Among most honey samples, darker honeys showed higher antioxidant capacity
related to the total phenolic compound contents. Because of their high phenolic con-
stituents of the honeys, they may also possess anticancer activities; also, the honeys
are called medicinal honeys, such as chestnut honey (Kiigiik et al. 2007). Because of
the high phenolic natural substances, honey can be suggested for regular consump-
tion and use in food industries that might serve to protect health and fight against
several diseases.

WATER ACTIVITY

Water activity is defined as the ratio of the vapor pressure of water in a material (p)
to the vapor pressure of pure water (p,) at the same temperature. Water activity (a,,)
is the amount of water that is available to microorganisms. Many microorganisms
prefer an a,, of 0.99 and most need an a,, higher than 0.91 to grow. Relative humidity
(RH) and a,, are related. Water activity refers to the availability of water in a food or
beverage. RH refers to the availability of water in the atmosphere around the food or
beverage (Bell and Labuza 2000).

a,, =plpy; RH=a, x 100,

where a,, is the water activity, p is the vapor pressure of a solution, and p,, is the vapor
pressure of pure water.

Honey’s water activity varies between 0.562 and 0.620 in the 40°F-100°F
(4°C-37°C) temperature range (McCarthy 1995).

ELecTricAL CONDUCTIVITY

EC is the ability of a material to carry the flow of an electric current (a flow of elec-
trons). EC is applicable to all food, compost, manure, soil, organic fertilizer, growth
media, and water samples. In honey, EC depends predominantly on the mineral con-
tent of honey (Andrade et al. 1997; Ruoff 2000).

The conductivity is the main quality parameter for honey, which is specified in
Codex Alimentarius Draft revised standard for honey (2001), EU Directive relating
to honey (2002), and Turkish Food Honey Directive. According to those documents,
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the values of EC should be not more than 0.8 mS cm™! for nectar honey and mixture
of blossom and honeydew honeys and not less than 0.8 mS cm™' for honeydew and
chestnut honeys (Szczesna and Chmielewska 2004; Ruoff 2006).

The method for the determination of EC is described in Bogdanov and Baumann
(1997). Honey EC values are expressed in mS cm™' at 20°C; nowadays, the interna-
tional reference measurements should be carried out at 25°C (Bogdanov et al. 2004).

SpeciFic GRAVITY

Specific gravity of honey is a measure of the density of honey compared to water and
dependent on water content. The specific gravity of honey is 1.40 to 1.45; that is, it is
heavier than water (Table 3.3).

Other factors such as floral source slightly affect the specific gravity of honey.
Honeys from different origins or batches should be thoroughly mixed to avoid layer-
ing (National Honey Board’s Guide 2005).

ViscosITy

Honey is a viscous liquid. Its viscosity depends on a large variety of substances
(Table 3.4) and therefore varies with its composition and particularly with its water
content and temperature (Abu-Jdayil et al. 2002; Yanniotis et al. 2006). The viscosity
of honey is essential to its processing and it has an important link to its technological
applications, extraction, pumping, setting, filtration, mixing, and bottling. Honey of
high quality is usually thick and viscous. If the concentration of water is increased,
honey becomes less viscous. Proteins and other colloidal substances increase honey
viscosity, but their amount in honey may be insignificant. The percentage of fructose
content in honey has also been found to affect its viscosity and rheological proper-
ties. Honeys become less viscous with an increase in fructose content (James et al.
2009).

HyGroscoriciTy

Hygroscopicity is another property of honey and describes the ability of honey to
absorb and hold moisture from the environment. In the case of honey, it results
largely from the high concentration of fructose. It is a desirable property in baking
because it assists in keeping baked goods from drying out. It is a very useful property

TABLE 3.3

Relation between Specific Gravity and Water
Content of Honey

Water Content (%) Specific Gravity (20°C)

15 1.4350
18 1.4171
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TABLE 3.4
Honey Viscosity Depending on Its Water Content, Temperature, and
Floral Source

Type Water Content (%)  Temperature (°C) Viscosity (Poise)
Sweet clover (Melilotuss) 16.1 13.7 600
20.6 189.6
29 68.4
39.4 21.4
48.1 10.7
71.1 2.6
25.0
White clover (Trifolium 13.7 420
repens)
14.2 269
15.5 138
17.1 69.0
18.2 48.1
19.1 349
20.2 20.4
13.6
11.7
Sage (Salvia) 18.6 20.2 729.6
30.7 184.8
40.9 55.2
50.7 19.2
Sage 9.5
Sweet clover 25
White clover 16.5 25 115
16.5 25 94
16.5 87.5

Source: Munro, J.A., Journal of Economic Entomology, 36, 769-777, 1943.

of honey in food manufacturing. A dehydrated honey will revert to thick syrup in a
short time when exposed to the air (White 2000).

Normal honey with water content of 18.8% or less will absorb moisture from air
of a RH of more than 60%. During processing or storage, however, the same hygro-
scopicity can become problematic, causing difficulties in preservation and storage
due to excess water content (Olaitan et al. 2007).

OprTicAL ROTATION

Optical rotation is a parameter that is discussed in relation to the determina-
tion of botanical origin and adulteration of honey (Piazza et al. 1991; Bogdanov
et al. 1999). In some countries, the rotation is applied to differentiation of honey
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groups—blossom, honeydew, and compound honeys, but the limit values have not
been harmonized so far.

Honey has the property to rotate the polarization plane of polarized light. This
depends largely on types and relative proportions of sugars in honey (Dinkov 2003).
Each sugar has a specific effect, and the total optical rotation is dependent on con-
centration. Some sugars (fructose) exhibit a negative optical rotation, whereas others
(glucose) a positive one. Blossom honey has negative values and honeydew honeys
have mostly positive values (Oddo and Piro 2004).

CHEMICAL COMPOSITION

SUGARS

Honey is one of the most complex natural mixtures and mainly consists of carbohy-
drates. A great number of factors influencing honey composition and properties make
the product an interesting topic for research. In general, honey is a supersaturated
sugar solution, and sugars are the main constituents of honey accounting for about
95 g/100 g dry matter. Fructose and glucose are the major sugars, the former being
a dominant component almost in all honey types, except for some of honeys of rape
(Brassica napus), dandelion (Tarazacum officinale), and blues curls (Trichostema
lanceolatumi) origin, when glucose is present in higher amounts (Cavia et al. 2002;
Kaskoniene et al. 2010). The concentration of fructose and glucose and their ratio are
useful indicators for the classification of unifloral honeys (Kaskoniene et al. 2010).
Fructose is approximately two times sweeter than sucrose, glucose is less sweeter,
and maltose is even less sweeter; therefore, fructose is responsible for honey sweet-
ness and commonly used as a bulk sweetener (Miller and Adeli 2008; Rizkalla 2010).
Maltose, isomaltose, kojibiose, turanose, trehalose, nigerose, melibiose, maltulose,
gentiobiose, palatinose, nigerose, and laminaribiose are the major disaccharides and
relatively found in lower concentration in honey. Although several works have been
focused on the study of monosaccharides and disaccharides, the knowledge about
trisaccharides and tetrasaccharides is still limited. However, melesitose, isomaltotri-
ose, theanderose, isopanose, erlose, panose, maltotriose, kestose, and cellobiose are
the oligopolysaccharides and are found especially in honeydew honeys (Ozcan et al.
2006). In addition, the presence of some sugars and the ratio of fructose/glucose may
be used to determine the adulteration of honey (Tezcan et al. 2010).

PHENOLIC COMPOUNDS

Honey has been used in old medicine since the early ages of human beings; in recent
times, its application in the treatment of burns, gastrointestinal disorders, infected
wounds, and skin lesions has been investigated (Tezcan et al. 2010). Most of the
biological properties of honey are based on phenolic substances. Honey contains
about 0.1%—-0.5% phenolic compounds that are responsible for its antioxidant,
antimicrobial, antiviral, anti-inflammatory, anticarcinogenic, and many biologi-
cal activities. Phenolic compounds are considered to be one of the most important
nutritional substances and these compounds play a major role in human nutrition.
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Phenolic compounds include different subclasses that are flavonoids, phenolic acids,
anthocyanins, stilbenes, lignans, tannins, and oxidized polyphenols (Ferreira et al.
2009). The amount and diversity of phenolic compounds were investigated by sev-
eral scientists in honeys and the studies have shown that phenolic substances were
also changeable (Kassim et al. 2010). Some researchers classified phenolic com-
pounds into three groups: flavonoids, cinnamic acids, and benzoic acids, and some
of them were classified into two groups: phenolic acids including phenolic esters
and flavonoids (Amiot et al. 1989; Yaoa et al. 2005). Until the present time, about
25-30 phenolic compounds (phenolic acids and flavonoids) have been characterized
in different honeys, many of them being unifloral (Table 3.2). The phenolic frac-
tion was determined by advanced chromatographic techniques: high-performance
liquid chromatography, liquid chromatography—mass spectrometry, and gas chro-
matography—mass spectrometry. Phenolic acids and flavonoids may also be used as
biomarkers for the origin of a honey. Traditionally, the geographical origin of honey
was previously determined by the melissopalynologic technique, which is achieved
by pollen analysis. Although it gives satisfactory results, it cannot stand as a reliable
method on its own mainly because it is tedious and very dependent on the ability and
judgment of the expert (Alissandrakis et al. 2003). For this reason, in recent years,
the identification of phenolic compounds appears to be one of the most promising
techniques for the determination of botanic origin and floral source, and tricetin,
myricetin, quercetin, luteolin, and kaempferol for Eucalyptus honey, hesperetin for
citrus honey, kaempferol for rosemary honey, quercetin for sunflower honey, and
abscisic acid for heather honey are suitable markers (Bertoncelj et al. 2011).

EssenTIAL OILS

Another important substances in honeys are volatile compounds that play an impor-
tant role in the aroma and nutritional value of honey. Honey volatile compounds,
similar to many natural plants, consist of many monoterpenes, diterpenes, and ses-
quiterpenes and terpenoids, fatty acids, alcohols, ketones, and aldehydes. Essential
oils have been used for thousands of years for food preservation, pharmaceuticals,
alternative medicine, and natural therapies (Okoh et al. 2010). Taste and flavor are
two of the most significant attributes of honey, and aroma is produced by complex
mixtures of volatile compounds, which vary depending on nectar origin, processing,
and storage conditions (De la Fuente et al. 2007). The volatile compounds of honey
are responsible for its characteristic taste, smell, and flavor, playing a considerable
role to protect honey from many harmful agents. Essential oils have been of great
interest for their potential uses as alternative remedies for the treatment of many
infectious diseases, pharmaceutical alternative medicine, and natural therapies, and
it is therefore the essential oils of honey that are responsible for honey’s biologi-
cal values. In addition, the volatile compounds of honey are potentially useful to
prove the authenticity of honey samples (De la Fuente et al. 2007). For example,
germacrene-D proved to be most suitable for the identification of goldenrod honey
origin (Amtmann 2010). The combination of (+)-8-hydroxylinalool with methyl
anthranilate and caffeine could be proposed as a fingerprint marker reported for the
description of citrus honey (Melliou and Chinou 2011).
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MINERALS

The total mineral content of honey is approximately 0.04%—0.2%. Many factors affect
mineral composition of honey, including soil type, floral source, climatic conditions, and
fertilization, and a great variability has been reported in honey mineral contents (White
1978; Anklam 1998). K, Na, Ca, and Mg are the major mineral contents of all the honeys,
and Fe, Mn, Cu, Zn, Al, B, Sr, and Na are present in lower concentrations. Potassium
is present in the highest content and varied from 500 to 5000 mg kg depending on
honey’s floral sources. It was reported that K levels were 1290 mg kg™' in Manuka and
3640 mg kg in honeydew honey in the New Zealand region (Vanhanen et al. 2011). It
was reported that, up until now, 2011 mineral elements have been detected in all honey
samples, and this may increase next time; however, none has been shown to contain all
27 elements (Vanhanen et al. 2011). Many studies have showed that honeys with dark
color have a higher total mineral content and consequently higher essential elements.
It was reported that dark honey samples, such as chestnut and honeydew (from Pinus),
always contain higher levels of minerals (Golob et al. 2005; Pisani et al. 2008).

It was reported that honey may also be useful as an environmental marker for
assessing the presence of environmental contaminants and pharmaceutical toxic
agents, such as heavy metal elements and pesticides. Some of the toxic trace element
levels (As, Cd, Pb, Hg, Ag, Ni, Cr, Co, Zn, and Cu) may also reflect the quality of
honey (Anklam 1998; Przyblowksi and Wilczyniska 2011). This kind of contamina-
tion may be caused by external sources or by incorrect procedures during honey pro-
cessing (Pisani et al. 2008). Minerals, such as phenolics and essential oils, also can
be highly indicative of the geographical origin of honey and can be useful markers to
determine floral authenticity (Tuzen et al. 2007; Przyblowksi and Wilczyriska 2011).
Some researchers have reported that chestnut honeys are richest in Mn and K (Golob
et al. 2005; Kolayli et al. 2008) and proposed manganese as chestnut honey markers.

ORGANIC AciDs AND OTHER ORGANIC MATERIALS

Organic acids comprise a small proportion of honey and honey acidity is mainly
due to organic acids whose quantity is lower than 0.5% (w/w). Acidity contributes to
honey flavor, stability against microorganisms, enhancement of chemical reactions,
antibacterial and antioxidant activities, and granulation (Cavia et al. 2002). Organic
acids can be used as indicators of deterioration on account of storage and aging or
even to measure purity and authenticity (White 1978). There is a limited amount
of literature on the individual organic acid content of honey samples. However,
apart from phenolic acids and free amino acids, a few organic acids, such as formic,
oxalic, malic, maleic, succinic, citric, gluconic, glutaric, and fumaric acids, have
been detected in many different honey types in different concentrations (Mato et al.
2006; Cavia et al. 2002; Tezcan et al. 2011).

PROTEINS AND AMINO AcCIDS

Honey contains about 0.2% protein, which is of bee and plant pollen. Proteins and
amino acids in honey are attributable both to bee and floral sources, the majority
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of these being pollen (Anklam 1998; Hermosin et al. 2003). Amino acids account
for 1% (w/w), and prolin is the major contributor with 50%—85% of the total amino
acids. All essential and some nonessential amino acids, such as y-aminobutyric
acid, amino isobutyric acid, and ornithine, were detected in many honey samples,
with their relative proportions depending on the honey origin (nectar or honeydew).
Besides proline, the amino acids found in honey in the order of decreasing concen-
tration are phenylalanine, tyrosine, lysine, arginine, glutamic acid, histidine, and
valine. The concentration of prolin serves as an additional determinant of quality
and in some cases as a criterion for estimating the maturity of honey as well as an
indicator for detecting sugar adulteration (Meda et al. 2005). The proline contents
of qualified honey must be above 180 mg kg™! honey, the minimum value allowed
by the Food Codex and Council of the European Union (Bogdanov and Baumann
1997). Honey contains also a-amylase, invertase, catalase, glucose oxidase, and
phosphatase, which are related to plant origin, pollens, and nectars (Anklam 1998).

MaiLLARD ReacTiON PrRODUCTS

Honey also contains a small quantitation of HMF, furfural, melanoidins, and
acrylamide, which are the best known MRPs. The products are produced in honey
between free amino groups of proteins and reducing sugars or lipid oxidation prod-
ucts and may depend on the types and quantity of reactants and the pH, temperature,
and water activity of the medium. The products have also produced many foods that
are partly responsible for the taste and color of bread, cookies, cakes, meat, beer,
chocolates, popcorn, and rice. However, it is not always desired for this reaction to
take place in foods because of the cytotoxic, genotoxic, and carcinogenic effects of
the advanced reaction products. HMF is the best known MRP and its concentration
reflects freshness and the heating treatment of honey; in Codex Alimentarius (2001),
the limit for HMF content is 40 mg kg~' honey. The HMF content is lower in fresh
honeys than older honeys (Ajlouni and Sujirapinyokul 2010).
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INTRODUCTION

Natural products have been used for thousands of years in folk medicine for sev-
eral purposes. Among them, honey has attracted increased interest in recent years
due to its antimicrobial activity against a wide range of pathogenic microorganisms
(Table 4.1). Various studies attribute the antibacterial, antifungal, anti-inflammatory,
antiproliferative, and anticancer potentiating properties to honey (Skiadas and
Lascaratos 2001). Approximately 70% of bacteria that cause infections in hospitals
are resistant to at least one of the antibiotics most commonly used to treat infec-
tions. This antibiotic resistance is driving up health care costs, increasing the sever-
ity of disease and the fatality of certain infections. Sepsis is another serious medical
condition resulting from severe inflammatory response to systemic bacterial infec-
tions (Martin et al. 2003). More desirably, honey has the capacity to bind bacterial
endotoxin and neutralize bacterium-induced inflammatory response. Because of the
dual capability to kill bacteria and neutralize endotoxins, this antimicrobial natural
product holds great promise as a new class of antimicrobial and antisepsis agent
(Finaly and Hancock 2004). The major antimicrobial properties are correlated to

37



38 Honey in Traditional and Modern Medicine

TABLE 4.1

Infection Caused by Bacterial Pathogens That Are Sensitive to the

Antibacterial Activity of Honey

Infection

Anthrax
Diphtheria

Diarrhea, septicemia, urinary infections, wound infections
Ear infections, meningitis, respiratory infections, sinusitis

Pneumonia

Meningitis

Tuberculosis

Infected animal bites

Septicemia, urinary infections, wound infections
Urinary infections, wound infections

Diarrhea

Septicemia

Typhoid

Wound infections

Septicemia, wound infections

Dysentery

Abscesses, boils, carbuncles, impetigo, wound infections
Urinary infections

Dental caries

Ear infections, meningitis, pneumonia, sinusitis

Pathogen

Bacillus anthracis

Corynebacterium diphtheriae

Escherichia coli
Haemophilus influenzae
Klebsiella pneumoniae
Listeria monocytogenes

Mpycobacterium tuberculosis
Pasteurella multocida
Proteus species
Pseudomonas aeruginosa
Salmonella species
Salmonella choleraesuis

Salmonella typhi
Salmonella typhimurium

Serratia marcescens

Shigella species

Staphylococcus aureus
Streptococcus faecalis
Streptococcus mutans

Streptococcus pneumoniae

Ear infections, impetigo, puerperal fever, rheumatic fever, scarlet Streptococcus pyogenes
fever, sore throat, wound infections

Cholera Vibrio cholerae

Source: Molan, P.C., Bee World, 73, 5-28, 1992.

the hydrogen peroxide (H,0,) level, which is determined by relative levels of glu-
cose oxidase and catalase (Weston et al. 2000), whereas the nonperoxide factors that
contribute to honey’s antibacterial and antioxidant activity are lysozyme, phenolic
acids, and flavonoids (Snowdon and Cliver 1996). Apart from antibacterial prop-
erties, honey also plays a therapeutic role in wound healing and the treatment of
eye and gastric ailments. This is partly due to its antioxidant activity (Gheldof et
al. 2002), because some of these diseases have been recognized as being a conse-
quence of free radical damage (Aljadi and Kamaruddin 2004). Topical application
of growth factors to wound has shown good capability to speed up tissue repair in
animal models (Mustoe et al. 1991; Pierce et al. 1992). Moreover, human recom-
binant platelet-derived growth factor (PDGF), which directly interferes and favors
the repair process, has given good results in the healing of diabetic patient ulcers
(Pierce et al. 1992; Steed 1998). However, they are high-cost dressings that are not
affordable to most patients who have chronic ulcers (Mendonca and Coutinho-Netto
2009). It is also to be mentioned that infection is important for the treatment of
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an infected wound. Therefore, different types of medicated collagen dressings with
antibiotics have been developed (Lee et al. 2002). It is well established that honey
has antibacterial activity in vitro, and clinical case studies have shown that applica-
tion of honey to severely infected cutaneous wounds is capable of improving the
healing process (Moore et al. 2001). Health care professionals are aware that wound
dressings should be judged on effectiveness, safety, and cost. As such, honey that
is to be used for medicinal purposes has to be free of residual herbicides, pesti-
cides, heavy metals, and radioactivity. It also has to be sterilized by y-radiation to
prevent wound infection (wound botulism). Furthermore, glucose oxidase in honey
has to be controlled during processing to maintain the potency for infection preven-
tion without doing harm to the wound tissues. Besides these primary conditions,
the application of honey should be easy (Bogdanov 1996; Molan and Allen 1996;
Emsen 2007). Understanding the scientific basis of the anti-inflammatory properties
of honey could potentially lead to the development of novel therapeutic agents with
a view to rationalizing and optimizing its use for wound therapy. Topical application
of cytokines such as interleukin (IL)-8, although not very effective, or other agents
such as emu oil (Politis and Dmytrowich 1998; Li et al. 2004), which inhibits proin-
flammatory cytokine production, has been shown experimentally to promote wound
healing. Ointments that contain enzymatic agents such as DNase and collagenase are
used to promote wound debridement (Hebda et al. 1990). However, these drugs used
in clinical practice have low efficacy in healing of chronic wounds (Mendong¢a and
Coutinho-Netto 2009). Modern hydrocolloid wound dressings are presently favored
as moist dressing, although such wound dressings are expensive. Foams, gels, and
alginates are also available for treating chronic wounds. Although moist wound care
enhances the healing process through tissue regrowth, such moist conditions favor
the growth of infecting bacteria.

Honey has a wide range of phytochemicals including polyphenols that act as
antioxidants. Polyphenols and phenolic acids found in the honey vary according to
the geographical and climatic conditions. Some of them were reported as a specific
marker for the botanical origin of the honey. The antioxidant activity of phenolic
compounds might significantly contribute to the human health benefits of plant foods
(Hertog et al. 1993; Bravo 1998) and beverages such as tea (Bravo 1998).

ANTIMICROBIAL PROPERTIES OF HONEY

The antibacterial effectiveness of honey is attributed to its physicochemical charac-
teristics and phytochemical compounds.

PHysicocHEMICAL PROPERTIES OF HONEY

It has been demonstrated in many studies that honey has antibacterial effects, attrib-
uted to its high osmolarity, low pH, H,O, content, and content of other, uncharacter-
ized compounds (Molan 1995). The low water activity of honey is inhibitory to the
growth of the majority of bacteria, but this is not the only explanation for its antimi-
crobial activity. Molan (1992) has studied sugar syrups of the same water activity as
honey and found them to be less effective than honey at inhibiting microbial growth
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in vitro. Honey is mildly acidic, with a pH between 3.2 and 4.5. The low pH alone is
inhibitory to many pathogenic bacteria and, in topical applications at least, could be
sufficient to exert an inhibitory effect. When consumed orally, the honey would be
so diluted by body fluids that any effect of low pH is likely to be lost (Molan 1995).
H,0, was identified as the major source of antibacterial activity in honey (White and
Subers 1964). It is produced by the action of glucose oxidase on glucose, producing
gluconic acid. This is inhibited by excessive heat and low water activity (White and
Subers 1964). The fact that the antibacterial properties of honey are increased when
diluted was clearly observed and reported in 1919 (Sackett 1919). The explanation for
this apparent paradox came from the finding that honey contains an enzyme that pro-
duces H,0O, when diluted (White et al. 1963). This agent was referred to as “inhibine”
before its identification as H,O, (Dold et al. 1937); H,0, is a well-known antimicrobial
agent, initially hailed for its antibacterial and cleansing properties when it was first
introduced into clinical practice (White et al. 1963). In more recent times, it has lost
favor because of inflammation and damage to tissue (Salahudeen et al. 1991; Halliwell
and Cross 1994; Saissy et al. 1995). However, the H,O, concentration produced in
honey activated by dilution is typically about 1000 times less than in the 3% solution
commonly used as an antiseptic (Molan 1992). Although the level of H,O, in honey is
very low, it is still effective as an antimicrobial agent. It has been reported that H,O,
is more effective when supplied by continuous generation with glucose oxidase than
when added in isolation (Pruitt and Reiter 1985). Additional nonperoxide antibacterial
factors have been identified (Allen et al. 1991). Moreover, the antibacterial components
of medical-grade honey have been completely characterized by Kwakman et al. (2010).
Besides the presence of H,0,, some minerals, particularly copper and iron, present in
honey may lead to the generation of highly reactive hydroxyl radicals as part of the
antibacterial system (Molan 1992; Mccarthy 1995). Therefore, there must be mecha-
nisms involved in honey to control the formation and removal of these reactive oxygen
species (ROS). Contributions of free radicals and quenching properties of honeys in
wound healing have been demonstrated by Henriques et al. (2006).

PHYTOCHEMICAL PROPERTIES OF HONEY

Recently, methylglyoxal has been successfully identified as the dominant bioactive
component in manuka honey (Leptospermum scoparium) and its concentration was
correlated to the nonperoxide activity of the honey (Adams et al. 2008; Mavric et al.
2008). Phenolic compounds are among the most important groups of compounds
occurring in plants, which are found to exhibit anticarcinogenic, anti-inflammatory,
antiatherogenic, antithrombotic, immunomodulating, and analgesic activities and
may exert these functions as antioxidants (Vinson et al. 1998). They are also present
in honey and have been reported to have some chemoprotective effects in humans
(Arreaz-Roman et al. 2006). The phenolic acids are generally divided into two sub-
classes: the substituted benzoic acids and cinnamic acids, whereas the flavonoids
present in honey are categorized into three classes with similar structure: flavonols,
flavones, and flavanones. These contribute significantly to honey color, taste, and fla-
vor and have beneficial effects on health (Estevinho et al. 2008). The composition of
honey, including its phenolic compounds, is variable depending mainly on the floral
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FIGURE 4.1 Nonperoxide activity of different honeys against Staphylococcus aureus.
(From Bogdanov, S., in Bee Products: Properties Application and Apitherapy, Eds. Mizrahi,
A. & Lensky, Y., Plenum Publishing Corporation, New York, 1996, 39-47.)

source and also other external factors including seasonal and environmental factors
as well as processing (Arreaz-Roman et al. 2006). Thus, with different compositions
of active compounds in honey collected from different locations, differences in honey
properties are to be expected (Figure 4.1). Davidson et al. (2005) have shown that indi-
vidual phenolic compounds have growth inhibition on a wide range of gram-positive
and gram-negative bacteria. Other honey therapeutic action studies carried out had
been mainly on screening the raw honey samples on antimicrobial activity (Taormina
et al. 2001; Basualdo et al. 2007) and antioxidant capacity (Frankel et al. 1998; Rauha
et al. 2003). Because not all honeys are created equal in terms of antimicrobial activity
because of differences in levels of nonperoxide factors, which vary by floral source and
processing, a comparative study has been conducted to set out the antibacterial potency
of Sahara honey and those of northern Algerian origin. Results have shown that Sahara
honey is more potent against bacteria compared with other Algerian honeys. This is
most likely due to its phenolic and flavonoid components (Boukraa and Niar 2007).

VARIATION IN HONEY POTENCY AND BACTERIAL SUSCEPTIBILITY

In almost all studies in which more than one type of honey has been used, differ-
ences in the antibacterial activity of the honeys have been observed (Table 4.2). The
degree of difference observed has in some cases been very large, and in many others
where it has been smaller, this possibly is the result of a more limited range of test-
ing rather than of less variance in the activity of the honeys. In many studies, the
antibacterial activity of different honeys has been compared by way of the “inhibine
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TABLE 4.2

Minimum Concentration of Honey (%, v/v) in the Growth Medium
Needed to Completely Inhibit the Growth of Various Species of
Wound-Infecting Bacteria

Species Manuka Honey + Catalase Other Honey
Escherichia coli 3.7 7.1
Proteus mirabilis 7.3 33
Pseudomonas aeruginosa 10.8 6.6
Salmonella typhimurium 6.0 4.1
Serratia marcescens 6.3 4.7
Staphylococcus aureus 1.8 49
Streptococcus pyogenes 3.6 2.6

Source: Willix, D.J. et al., Journal of Applied Bacteriology, 73, 388-394, 1992.
Note: The manuka honey had catalase added to remove hydrogen peroxide, so that only the
unique Leptospermum antibacterial was being tested.

number” determined by the method devised by Dold and Witzenhausen (1955) for
such comparisons, who coined the term “inhibine number” in 1955 to describe the
degree of dilution to which a honey will retain its antibacterial activity. This is a term
that has been widely used since as a measure of the antibacterial activity of honey.
The “inhibine number” involves a scale of 1 to 5 representing sequential dilutions of
honey in steps of 5% from 25% to 5%. There have since been various minor modifi-
cations to this method, so that the actual concentration corresponding to the “inhib-
ine number” reported may vary. One modification has been to estimate fractional
“inhibine numbers” by visual assessment of partial inhibition on the agar plate with
the concentration of honey that just allows growth (Duisberg and Warnecke 1959;
Stomfay-Stitz and Kominos 1960; Adcock 1962). In three other studies (Stomfay-
Stitz and Kominos 1960; Chwastek 1966; Molan et al. 1988), activity was found to
range over a fourfold difference in concentration in the dilution series. With some
honeys not active at the highest concentration tested in some of the studies and oth-
ers still active at the greatest dilutions, it is possible that if greater and lesser degrees
of dilution had been included in the testing, then a wider range of activities would
have been detected. One study using a wider range of dilutions (honey from 50%
to 0.25%) found the minimum inhibitory concentrations of the honeys tested to
range from 25% to 0.25% (Agostino et al. 1961). Another testing from 50% to 0.4%
found the minimum inhibitory concentrations to range from >50% (i.e., not active
at 50%) to 1.5% (Dustmann 1979). Other studies with wide ranges tested also found
some honeys without activity at the highest concentration tested, and other honey
with activity at the lowest concentration tested: the ranges were from 20% to 0.6%
(Buchner 1966) and from 50% to 1.5% (Christov and Mladenov 1961). When the data
are examined, activities are seen to be fairly well spread over these ranges. Duisberg
and Warnecke (1959) plotted the distribution of the activity of 131 samples of honey
tested and found that it deviated from a normal Gaussian distribution because of the
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large number of samples with low activity. (In 7% of the samples, the activity was
below the level of detection.) They attributed this to destruction of activity by expo-
sure to heat and light and estimated that 50% of the samples had lost more than half
of their original activity and 22% had lost more than three quarters.

ANTIVIRAL PROPERTIES OF HONEY

A large amount of research has established the potent antibacterial activity of honey,
but its activity against viral species has been the subject of only a small number of
studies. These were with viruses that cause localized infections in which honey could
be used topically. Recent studies demonstrating the safety of intrapulmonary admin-
istration of honey in sheep and humans raised the possibility of using honey to treat
respiratory infections. Attempts at isolating the antiviral component in honey dem-
onstrated that the sugar was not responsible for the inhibition of respiratory syncytial
virus (RSV) but that methylglyoxal may play a part in the greater potency of manuka
honeys against RSV. Addition of honey to moderately infected cells was observed to
halt the progression of infection, thus showing the potential benefit of using honey as
a treatment in individuals already experiencing symptoms of infection. It was shown
that sugar, in similar levels found in 2% natural honey, is not an effective antiviral
agent. In contrast, further investigations determined that methylglyoxal had potent
antiviral activity even at very low concentrations and may therefore be the component
responsible for the greater inhibition seen in the high-NPA honeys. It is concluded
from the findings in this study that honey may possibly be an effective antiviral treat-
ment for the therapy of respiratory viral infections and provides justification for future
in vitro studies and clinical trials. Previous studies suggest other roles that honey may
play if used as a treatment for viral infections. As well as having antibacterial activity
that would protect patients from secondary infections, honey has also been found to
have some immunostimulatory effects (Tonks et al. 2003, 2007), which would also
augment the direct antiviral action and therefore contribute to the clearing of virus
and healing of infection by the body’s own defenses.

ANTIFUNGAL PROPERTIES OF HONEY

Although an earlier brief review (Haydak et al. 1975) of the biological effects of honey
expressed the opinion that honey had no effect on fungi beyond its osmotic action, many
recent studies show that some honeys, at least, must have antifungal factors present,
because some fungi are inhibited under conditions where the sugar content of the honey
is clearly not responsible (Boukrad and Bouchougrane 2007; Boukraa et al. 2008).

ANTI-INFLAMMATORY PROPERTIES OF HONEY

INFLAMMATION: PHYSIOLOGIC OVERVIEW

During the inflammatory phase, neutrophils and macrophages appear in the
wounded area to phagocytize bacteria and debris (Molnar 2007). The release of
bradykinin, histamines, and free radicals from leukocytes leads to increased
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vascular permeability. It has become clear that ROS produced by neutrophils and
macrophages not only kill microbes but are also responsible for the tissue injury in
acute inflammation. Oxidative stress likely influences the wound healing and local
metabolism throughout the healing process. The vasoconstriction/vasodilatation that
occurs at the time of wound creation can produce ischemia-reperfusion injury in the
tissues due to the generation of ROS (e.g., superoxide, H,O,, hydroxyl, and peroxyl
radicals). Likewise, neutrophils that infiltrate the wound during the early stages of
inflammation and monocytes/macrophages that appear later in the healing process
are an abundant source of ROS (Singer and Clark 1999).

It has been shown that superoxide (but not H,0O,) is able to stimulate the pro-
duction of IL-1-like factors from human peripheral blood monocytes and poly-
morphonuclears (PMNs) (Kasama et al. 1989). These findings suggest that there
is a feedback mechanism of inflammation, in which ROS stimulate the enhanced
IL-1-like factor production that, in turn, increases the formation of oxygen radicals
(Denisov and Afanas’ev 2005). On the contrary, infiltration of cells into the wound
can induce production of tumor necrosis factor (TNF), which is considered to be a
proinflammatory cytokine, along with IL-1, IL-17, and other cytokines (Feldmann
and Steinman 2005). At low concentrations in tissues, TNF is thought to have ben-
eficial effects, such as increasing the host defense mechanisms against infections,
but at high concentrations TNF can lead to excess inflammation and organ injury
(Tracey et al. 2008). After the PMN leukocyte influx, the monocytes are next to
arrive. Monocytes become phagocytic macrophages. Macrophages are central to the
regulation of cutaneous wound healing (Riches 1996). In its molecular form, oxygen
is required for oxidative metabolism-derived energy synthesis, protein synthesis, and
the maturation (hydroxylation) of extracellular matrices such as collagen. Molecular
oxygen is also required for nitric oxide synthesis, which in turn plays a key role in
the regulation of vascular tone as well as in angiogenesis. In a wound setting, large
amounts of molecular oxygen are partially reduced to form ROS. ROS includes oxy-
gen free radicals such as superoxide anion as well as its nonradical derivative H,O,.

Superoxide anion radical is the one-electron reduction product of oxygen. NADPH
oxidases represent one major source of superoxide anion radicals at the wound site.
NADPH oxidases in phagocytic cells help fight infection. Superoxide anion also
drives endothelial cell signaling such as required during angiogenesis. Endogenous
H,0, drives redox signaling, a molecular network of signal propagation that supports
key aspects of wound healing such as cell migration, proliferation, and angiogenesis.
Neutrophil-derived H,O, may be utilized by myeloperoxidase to mediate peroxida-
tion of chloride ions resulting in the formation of hypochlorous acid (HOCI), a potent
disinfectant that removes debris as well as bacteria from the wound (Chandan 2009).
These macrophages secrete proteases, producing interferon and prostaglandins as
well as cytokines. These cytokines, among other factors, are chemoattractants for
mesenchymal cells, which will differentiate into fibroblasts, one of the major cell
types involved in the proliferative phase and connective tissue formation (Barbul
1992; Monaco and Lawrence 2003). Excessive protease activity in a wound can slow
or prevent healing by destroying growth factors, protein fibers, and fibronectin in the
wound matrix. Consequently, a functioning immune system and adequate supply of
growth factors are necessary in this phase of wound healing (Fonder et al. 2008).
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During the proliferative phase, fibroblasts produce extracellular matrix required for
cell growth (collagen matrix), new blood vessel tissues invade the forming granu-
lation (carry oxygen and nutrients required for local cellular metabolism) (Singer
and Clark 1999), and epidermal cells migrate across the wound surface to close
the breach. During the healing process, the formation of new blood vessels (angio-
genesis) becomes necessary to form new granulation tissues, in which the blood
vessel cells correspond to about 60% of the repair tissue (Arnold and West 1991).
The remodeling phase is marked by maturation of elements that are released to the
extracellular matrix, leading to proteoglycan and collagen deposits (Mendonga and
Coutinho-Netto 2009). Later, fibroblasts reorganize the collagen matrix and upon
transformation to myofibroblasts behave as contractile tissue to effect connective
tissue compaction and wound contraction (Fonder et al. 2008). As a result of matu-
ration and remodeling processes, most vessels, fibroblasts, and inflammatory cells
disappear from the wound site through a process of migration, apoptosis, or other
unknown cell death mechanisms, which results in a scar with fewer cells (Mendonga
and Coutinho-Netto 2009). Wounds gain about 20% of their final strength in the
first 3 weeks of normal wound healing through collagen deposition, remodeling,
and wound contraction (Singer and Clark 1999). The main cytokines involved in this
phase are TNF-a, IL-1, PDGF, and transforming growth factor (TGF)-a produced
by fibroblasts in addition to those produced by epithelial cells such as epidermal
growth factor and TGF-a (Karukonda et al. 2000).

RoLe oF HONEY IN PREVENTING AND CURING INFLAMMATION

One way in which honey may work is through its stimulation of an inflammatory
response in leukocytes (Abuharfeil et al. 1999; Tonks et al. 2001, 2003). There are
also suggestions that a small amount of bacteria may be beneficial to the wound
healing process (Edwards and Harding 2004), and many reports suggest that honey
could contain osmophilic bacteria that stimulate an inflammatory response (Molan
2002), as inflammation triggers the cascade of cellular events that give rise to the
production of growth factors that control angiogenesis and proliferation of fibro-
blasts and epithelial cells (Denisov and Afanas’ev 2005). Honey may influence the
activation of various cellular and extracellular matrix components and cells. Fukuda
et al. (2011) described the properties of a protein (MRJP1) from jungle honey as
an effective component that could have potential therapeutic effect for the treat-
ment of wounds. It was reported that incubation of human fibroblasts from normal
skin or chronic wounds in the presence of the immunostimulatory component of
honey enhances cellular proliferation. Other authors have found that concentrations
of honey as low as 0.1% stimulate the proliferation of lymphocytes in cell culture and
activate phagocytes from blood (Abuharfeil et al. 1999). Immunomodulatory effects
were demonstrated in vitro by cytokine release from the monocytic cell line Mono
Mac 6 (MM6) and human peripheral monocytes after incubation with honey (Tonks
et al. 2003). Honey could also induce IL-6, IL-1p, and TNF-a release (Tonks et al.
2001). Recently, Tonks et al. (2007) discovered a 5.8-kDa component of manuka
honey, which stimulates the production of TNF-a in macrophages via Toll-like
receptor 4. These molecules also induced the production of IL-1a and IL-6. Honey
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can also stimulate angiogenesis, granulation, and epithelialization in animal models
(Bergman et al. 1983; Gupta et al. 1992). In wound and burn management, hydration
is an important factor for optimal wound healing (Atiyeh et al. 2005a,b). Moisture
retaining dressings provide a protective barrier, prevent eschar formation, reduce
dermal necrosis seen in wounds that have been allowed to dry, and significantly
accelerate wound reepithelialization (Jurjus et al. 2007). Healing under both wet and
moist environments is significantly faster than under dry conditions (Eaglstein et al.
1987). Thus, it is suggested that honey dressings do not stick to the surface of wounds
as they sit on a layer of diluted honey without any growth of new tissue into dress-
ing (Tonks et al. 2007). It seems that the optimum environment would be an inter-
mediate gelatinous environment between moist and dry such as seen under highly
vapor-permeable dressings (Bernabei et al. 1999; Braddock et al. 1999). Formulation
of honey-based gel compositions containing protein growth factors and/or debrid-
ing enzymes is provided to achieve rapid and optimal wound healing. Moreover,
honey has been combined with fatty ester, wax, and a wax-like compound to form
an ointment that could be applied on wounds. Several aspects of healing such as
cell proliferation and migration are supported by redox signaling where low-level
ROS produced by nonphagocytic oxidases serve as messenger molecules (Sen and
Roy 2008) and induces Nrf2, a transcription factor implicated in the transactiva-
tion of genes encoding antioxidant enzymes. However, an intermediate amount of
ROS triggers an inflammatory response through the activation of nuclear factor-kB
(NF-xB) and AP-1. The transcription factor NF-kB is crucial in a series of cellular
processes, such as inflammation, immunity, cell proliferation, and apoptosis (Gloire
et al. 2006). Wound fluid from healing tissues contains the highest concentration of
H,0, compared with all other body fluids (Roy et al. 2006; Ojha et al. 2007) and this
serves to stimulate the growth of fibroblasts and epithelial cells to repair the dam-
age (Ojha et al. 2007). The H,O, produced in honey would also be a factor respon-
sible for the rapid rate of healing observed when wounds are dressed with honey. It
has been shown that the optimal dilution at which the honey will produce maximal
amounts of H,0, is between 40% and 60% (Henriques et al. 2006). Honey provides
such a controlled delivery of H,0,, the enzymatic production giving a slow release
achieving equilibrium concentrations of 20 to 95 pmol L. Prolonged exposure to
elevated levels of ROS causes cell damage and may eventually inhibit healing of
both acute and chronic wounds. Typically, burn injuries show excessive activity of
free radicals (Wan and Evans 1999; Subrahmanyarn et al. 2003). It is likely that
reducing levels of free radicals and other oxidants in the wound bed will aid wound
management. Natural honey has been shown to reduce the production of ROS in
endotoxin primed MM6 cells (Tonks et al. 2001) and serves as a source of natural
antioxidants, which are effective in reducing the risk of different inflammatory pro-
cesses (National Honey Board 2003). Honey has a wide range of phytochemicals
including polyphenols (Saravana and Mahitosh 2009). Important groups of polyphe-
nols found in honey are flavonoids (chrysin, pinocembrin, pinobanksin, quercetin,
kaempferol, luteolin, galangin, apigenin, hesperetin, and myricetin), phenolic acids
(caffeic, coumaric, ferrulic, ellagic, and chlorogenic), organic acids, enzymes, and
vitamins (Gheldof et al. 2002). These components found in honey are responsible
for its antioxidative effect. However, the proportion of polyphenols and phenolic acid
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in honey vary according to the geographical and climatic conditions (Saravana and
Mabhitosh 2009). Medical honey could also hasten the healing of wounds by reduc-
ing edema and the amount of exudates. Another effect of honey is to reduce pain,
because the pain in wounds results from the nerve endings being sensitized by pros-
taglandins produced in the process of inflammation as well from the pressure on
tissues resulting from edema (Simon et al. 2009).

ANTIOXIDANT PROPERTIES OF HONEY

The enzyme catalase present in honey has an antioxidant property; thus, honey may
have a role as an antioxidant in thermal injury (Subrahmanyam 1996a). The nutri-
ent contents of honey, such as glucose and fructose, improve local substrate sup-
ply and may help promote epithelialization. Furthermore, the increase in vitamin
C and other antioxidants caused by honey in the blood concentration is particularly
important for granulation tissue development and wound healing (Al-Waili 2003;
Schramm et al. 2003). The reduction in reactive oxygen intermediates (ROIs) seen
in the presence of honey may serve to limit tissue damage by activated macrophages
during the healing process. Natural honey has also been shown to reduce the pro-
duction of ROS in endotoxin primed MMB6 cells (Senyuva et al. 1997). The harmful
effects of H,0, are further reduced because honey sequesters and inactivates the
free iron, which catalyzes the formation of oxygen free radicals produced by H,0O,
(Bunting 2001) and its antioxidant components help to mop up oxygen free radi-
cals (Frankel et al. 1998). Although free radicals of oxygen are a natural byproduct
of metabolism within the organism, they cause cellular damage and break down
the structure of DNA. Exactly these processes cause premature aging. Antioxidants
bind these dangerous molecules, preventing their harmful effects (Drost et al. 1993).
Unlike synthetic compounds, honey represents a natural product that does not carry
side effects that can be harmful to health. Among the compounds found in honey,
vitamin C, phenol compounds, catalase, peroxides, and glucose oxidase enzymes
have antioxidant properties. Honey also contains flavonoids and carotenoids. High
levels of these indicators ensure a high level of antioxidants in honey. Antioxidant
properties of honey act as an antidepressant during high emotional, physical, and
intellectual stress (Drost et al. 1993). Various polyphenols are reported in honey.
Some of the polyphenols of honey such as caffeic acid, caffeic acid phenyl ester,
chrysin, galangin, quercetin, acacetin, kaempferol, pinocembrin, pinobanksin, and
apigenin have evolved as promising pharmacologic agents in the treatment of cancer
(Drost et al. 1993). “Gram for gram, antioxidants in buckwheat honey equal those of
fruits and vegetables,” said Dr. May Berenbaum, head of the University of Illinois
entomology department. “It packs the antioxidant power of vitamin C in a tomato.”
Researchers at the University of Illinois-Champaign/Urbana have identified the anti-
oxidant values of 14 unifloral honeys. The antioxidative components of honey were
compared to an ascorbic acid standard. The water-soluble antioxidant content of the
honey samples varied more than 20-fold, from a high value of 4.32 x 10~ Eq for
Ilinois buckwheat honey to a low value of 21.3 x 10~° Eq for California button sage
honey (Endo et al. 1993). Research showed a correlation between color and antioxi-
dant capacity, with the darker honeys providing the highest levels of antioxidants.
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With antioxidant levels reaching 4.32 x 103 mEq, honey rivals those levels found
in tomatoes (2.83 x 103 mEq) and sweet corn (1.36 x 103 mEq). Although honey
by itself may not serve as a major source of dietary antioxidants, it demonstrates the
potential for honey to play a role in providing antioxidants in a highly palatable form.
Due to honey’s pleasing taste, it may be more readily consumed by individuals reluc-
tant to ingest plant-derived antioxidants. Certainly, compared to sucrose that has no
antioxidant value, honey can be a flavorful, supplementary source of antioxidants
(Drost et al. 1993).

BOTANICAL ORIGIN AND ANTIOXIDANT ACTIVITIES OF HONEY

Honey has been found to contain significant antioxidant compounds including glu-
cose oxidase, catalase, ascorbic acid, flavonoids, phenolic acids, carotenoid deriva-
tives, organic acids, Maillard reaction products, amino acids, and proteins (Frankel
et al. 1998; Fahey and Stephenson 2002; Aljadi and Kamaruddin 2004; Beretta et
al. 2005; D’Arcy 2005; Inoue et al. 2005; Blasa et al. 2006). The antioxidative activ-
ity of honey polyphenols can be measured in vitro by comparing the oxygen radi-
cal absorbance capacity (ORAC) with the total phenolic concentration (Table 4.3).
There is a significant correlation between the antioxidant activity, the phenolic con-
tent of honey, and the inhibition of the in vitro lipoprotein oxidation of human serum
(Gheldof et al. 2003). Furthermore, in a lipid peroxidation model system, buckwheat
honey showed a similar antioxidant activity as 1 mM a-tocopherol (Nagai et al.
2006). The influence of honey ingestion on the antioxidative capacity of plasma was
tested in two studies (Al-Waili 2003; Schramm et al. 2003). In the first one, the trial
persons were given maize syrup or buckwheat honeys with a different antioxidant
capacity in a dose of 1.5 g kg™' body weight. In comparison to the sugar control,
honey caused an increase in both the antioxidant and the reducing serum capacities.

TABLE 4.3
Antioxidative Activity (ORAC) and Total Phenol Content of
Different Unifloral Honeys

Honey Type ORAC (umol)  Total Phenolics (TE g-) GAE (mg kg™)
Buckwheat Illinois 16.95 £0.76 796 + 32
Buckwheat New York 9.75+£0.48 456 + 55
Soy 8.34+0.51 269 +22
Hawaiian Christmas berry 8.87+0.33 250 + 56
Clover 6.05 +1.00 128 £ 11
Tupelo 6.48 +0.37 183+9
Fireweed 3.09+£0.27 62+ 6
Acacia 3.00£0.16 46 £2

Source: Gheldof, N. et al., Journal of Agricultural and Food Chemistry, 50, 5870—
5877, 2002.
Note: GAE, gallic acid equivalent; TE, Trolox equivalent.
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In the second study, humans received a diet supplemented with a daily honey serving
of 1.2 g kg-! body weight. Honey increased the body antioxidant agents: blood vita-
min C concentration by 47%, -carotene by 3%, uric acid by 12%, and glutathione
reductase by 7% (Al-Waili 2003). It should be borne in mind that the antioxidant
activity depends on the botanical origin of honey and varies to a great extent in hon-
eys from different botanical sources (Baltrusaityte et al. 2007; Kiiciik et al. 2007).

ANTIOXIDANT IN HONEY ADDS HEALTH BENEFITS

The Departments of Nutrition and Internal Medicine at the University of California
and National Honey Board showed that free radicals and ROS have been implicated
in contributing to the processes of aging and disease (Schramm et al. 2003). Humans
protect themselves from these damaging compounds, in part, by absorbing antioxi-
dants from high antioxidant foods. This report describes the effects of consuming
1.5 g kg™! body weight of corn syrup or buckwheat honey on the antioxidant and
reducing capacities of plasma in healthy human adults. Following consumption of
the two honey treatments, plasma total phenolic content increased (P < 0.05) as did
plasma antioxidant and reducing capacities (P < 0.05). These data support the con-
cept that phenolic antioxidants from processed honey are bioavailable and that they
increase antioxidant activity of plasma. It can be speculated that these compounds
may augment defenses against oxidative stress and that they might be able to protect
humans from oxidative stress. Given that the average sweetener intake by humans
is estimated to be in excess of 70 kg year!, the substitution of honey in some foods
for traditional sweeteners could result in an enhanced antioxidant defense system in
healthy adults (Schramm et al. 2003). Beretta et al. (2005) demonstrated the protec-
tive activity of a honey of multifloral origin, standardized for total antioxidant power
and analytically profiled (high-performance liquid chromatography—mass spectrom-
etry) in antioxidants, in a cultured endothelial cell line (EA.hy926) subjected to oxi-
dative stress. Cumene hydroperoxide (CuOOH) was used as a free radical promoter.
Native honey (1%, w/v [pH 7.4], 109 cells) showed strong quenching activity against
lipophilic cumoxyl and cumoperoxyl radicals, with significant suppression/preven-
tion of cell damage, complete inhibition of cell membrane oxidation, intracellular
ROS production, and recovery of intracellular reduced glutathione. Experiments
with endothelial cells fortified with the isolated fraction from native honey enriched
in antioxidants, exposed to peroxyl radicals from 1,1-diphenyl-2-picrylhydrazyl
(10 mM) and to H,O, (50-100 pM), indicated that phenolic acids and flavonoids
were the main causes of the protective effect. They suggested that, through the syn-
ergistic action of its antioxidants, honey by reducing and removing ROS may lower
the risks and effects of acute and chronic free radical-induced pathologies in vivo
(Beretta et al. 2007).

IMMUNOMODULATORY PROPERTIES OF HONEY

During the inflammatory phase, there is activation of the immune system involving
cytokines, growth factors, vascular endothelial cells, and other cells (Dehne et al.
2002). The roles of TNF-a, IL-1p, and IL-6 are also important in the inflammatory
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response. These three cytokines originate principally from macrophage activation
and have been described as indicators of severity of injury (Ueyama et al. 1992;
Drost et al. 1993; Endo et al. 1993; Yamada et al. 1996). Later, macrophages domi-
nate and, as in phagocytosis, produce a number of specific mediators including ROIs,
lipid metabolites, and cytokines (Fels and Cohn 1986). The importance of TNF-a in
the healing process has been stressed by a number of authors (Schlenger et al. 1994;
Groves et al. 1995; Moore et al. 1997). It stimulates angiogenesis (Leibovich et al.
1987), fibroblast proliferation (Sugarman et al. 1985), and the synthesis of prosta-
glandins and collagenase by fibroblasts (Dayer et al. 1985). It has also been suggested
that the stimulation of TNF-a production may exert much of its beneficial effects by
affecting the increasing levels of IL-6 (Grossman et al. 1989). IL-6 is a pleiotropic
cytokine with a significant impact on healing. It is mitogenic for keratinocytes (Sato
et al. 1999), and its contribution to epithelialization has been demonstrated in IL-6—
deficient transgenic mice in which the wound healing rates were retarded threefold
compared with wild-type control mice (Gallucci et al. 2000). Topical application of
honey to burn wounds and other wounds has been found to be effective in controlling
infection and producing a clean granulating bed (Bulmann 1955; Subrahmanyam
1991, 1996b,c). Tonks et al. (2003) suggested that the wound healing effect of honey
might in part be related to the release of inflammatory cytokines from surrounding
tissue cells, mainly monocytes and macrophages. The findings show that natural
honeys can induce IL-6, IL-1p, and TNF-« release. Artificial honey only induces
release of these cytokines to a negligible extent (Tonks et al. 2001). Honey has been
shown to have mitogenic activity on human B and T lymphocytes (Abuharfeil et
al. 1999) and a human myeloid cell line (Watanabe et al. 1998). Proteins present in
honey will be highly glycosylated because of high sugar content. Glycosylated pro-
teins have been shown to activate a number of cell types including monocytic cells
(Brownlee 1995). It is possible that these may affect the monocytic cell line MM6
activation. It has been reported, in a recent study, that honey significantly stimulated
the rate of burn wound healing as the rate of wound contraction at day 7 was greater
compared with untreated control groups (Norimah et al. 2007). Similarly, Suguna
et al. (1993) and Aljadi et al. (2000) reported that honey hastens wound healing by
accelerating wound contractions.

Malignant tumors are linked with a decrease in the immune function. Stimulation
of macrophages results in killing of cancer cells. Thus, immunomodulating activity
is often linked to anticancer action. All five bee products have immunomodulating
and antitumor effects of honey: stimulates T lymphocytes in cell culture to multi-
ply and activates neutrophils (Abuharfeil et al. 1999). It was shown in a study with
humans that honey causes an increase in monocytes, lymphocytes, and eosinophil
serum percentages (Al-Waili 2003). Honey increases proliferation of B and T lym-
phocytes and neutrophils in vitro (Abuharfeil et al. 1999). In another study with rats,
feeding of honey caused an increase in lymphocytes in comparison with the sucrose-
fed controls (Chepulis 2007). Honey antitumor effects have been recently reviewed
(Orsolic 2009). A significant antimetastatic effect of honey was demonstrated in
methylcholanthrene-induced fibrosarcoma of CBA mouse and in anaplastic colon
adenocarcinoma of Y59 rats (Orsolic and Basic 2004). A pronounced antimetastatic
effect was observed when honey was applied before tumor cell inoculation (peroral
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2 g kg! for mice or 1 g kg™! for rats, once a day for 10 consecutive days) (Orsolic et
al. 2003). Jaganathan and Mandal (2009) demonstrated an antiproliferative effect
in colon cancer cells. Honey ingestion by rats induced antitumor and pronounced
antimetastatic effects (Gribel and Pashinskii 1990). In another study, the antitumor
effect of bee honey against bladder cancer was demonstrated in vitro and in vivo in
mice (Swellam et al. 2003). Greek honey extracts (thyme, pine, and fir honey) had
an anticancer effect and suggested that a honey-enriched diet may prevent cancer-
related processes in breast, prostate, and endometrial cancer cells (Tsiapara et al.
2009). Jungle honey, collected from tree blossoms by wild honeybees that live in the
tropical forest of Nigeria, enhanced immune functions and has antitumor activity in
mice (Fukuda et al. 2011). The in vitro evaluation of two honeydew honey samples
carried out using the blast transformation test indicated a possible stimulatory influ-
ence on the avian leukocytes’ growth capacity (Niculae et al. 2008).
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INTRODUCTION

Honey is a very complex mixture and no honey is completely the same as another
one. Its composition and also different biological effects vary to a great extent, but
not completely, on its nectar and/or honeydew providing plant species (botanical
origin). Caution must be taken in applying the ranges characteristic of unifloral hon-
eys from country to country. Due to the variation of botanical origin, honey differs
in appearance, sensory perception, and composition (Bogdanov et al. 2008). There
are three types of honeys with regard to their origin: nectar honey (made from plant
nectar), honeydew honey (made mostly from the secretion of insects feeding on plant
juices or plant secretion), and mixed honey (honeydew and nectar honey). The same
floral origin honey composition may be quite different depending on several fac-
tors, such as geographic area (soil characteristics and climate), season, bee species,
harvest technology and condition, and mode of storage. This variability could be a
handicap, given the market requirement for a consistent product, but when properly
managed, it also could represent an opportunity for enhancing honey by offering to
the consumer a number of typical products with special characteristics, according
to the particular botanical origin (Bogdanov 2009). The price of honey is usually
dictated by its botanical and/or geographical origin. In the case of botanical origin,
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the most expensive are unifloral honeys (Cajka et al. 2009); thus, the floral determi-
nation and certification of unifloral honey play an important role in quality control.

Most unifloral honeys are marketed in Europe. Up to now, the European Union
(EU) has specified 18 protected denominations of origin regions for honey (1 Greek,
1 Italian, 1 Luxembourgian, 1 Polish, 2 French [including the island of Corsica], 3
Spanish, and 9 Portuguese) (Cajka et al. 2009). In non-European countries, with the
exception of the manuka New Zealand honey, unifloral honeys have a smaller impor-
tance (Bogdanov 2009). Research indicates that honeys have functional properties
in human health promotion, which depend largely on the floral source of the honey.
Moreover, the increasing interest in the therapeutic or technological uses of certain
honey varieties may also contribute to the demand of a reliable determination of their
botanical origin. Therefore, different honey properties were expected since the com-
position of active compounds in honey from different locations should be different.

According to the Codex Alimentarius Standard for Honey (Codex Committee on
Sugars 2001) and the EU Council Directive (EU Council 2002) relating to honey, the
use of a botanical designation of honey is allowed if it originates predominantly from
the indicated floral source. Although the composition of unifloral honeys has been
described in various studies, internationally accepted criteria and the measures to be
considered for their authentication have not been defined yet (Ruoff 2006).

The very first problem that arises when approaching the subject of unifloral hon-
eys is when to define a honey as unifloral. A continuous series of intermediate pos-
sibilities exists between a multifloral honey and a unifloral honey. At what point and
on what basis does the unifloral/multifloral discrimination take place (Persano Oddo
et al. 1995)? It is difficult to find a unanimous opinion about the floral markers of
honey collected from different floral origins; indicators that might distinguish one
honey from another depend on many factors. Therefore, unambiguous and unique
indicators for honey collected from the same plant source have not been identified so
far; very often, honey from the same botanical origin analyzed in various studies is
characterized by different compounds (Kaskonien and Venskutonis 2010).

THERAPEUTIC PROPERTIES OF HONEY
FOR SOME BOTANICAL ORIGINS

Over the centuries, honey has been used to treat everything from sore throats and
coughs, conjunctivitis, and corneal damage to fungal infections and dry skin and
used as a facial softener. Paradoxically, honey has also been recommended to treat
constipation and diarrhea, sleepiness, and insomnia. Several studies on the honey-
bee products, including honey as the most familiar product, started a long time ago.
Most of these studies have focused on their potential health benefits for humans. In
light of modern science, several important therapeutic effects of honey have been
elucidated (Table 5.1). But neither of these explanations seems likely to provide the
whole answer. Whatever the reasons why honey works, and why different honeys
have different medicinal actions, it is accepted that the type of flower on which the
bees have been feeding is important and can affect the medicinal quality of honey.
However, the fact that honey’s different biological effects depend to a great extent
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on its botanical origin was often not considered in the reviewed studies (Bogdanov
et al. 2008). Although the pharmacologic properties of all its many constituents are
being explored, it will be years before they are understood. However, its only sci-
entifically proven use is as an antibacterial wound dressing. Numerous reports of
clinical studies, case reports, and randomized controlled trials (RCTs) show that it
rates favorably alongside modern dressing materials in its effectiveness in managing
wounds (Ahmed et al. 2003). The effects of different types of honey on the tensile
strength of burn wound tissue healing were evaluated in 105 male Sprague-Dawley
rats. Their floral sources were from Melaleuca spp. (Gelam) trees, Cocos nucifera
spp. (Kelapa) trees, Ananas comosus spp. (Nenas) trees, and Durio zibethinus spp.
(durian) trees manuka honey. Tensile strength of the animals treated with manuka
honey demonstrated the highest value throughout the study, except at day 21 post-
burn, followed by D. zibethinus (durian) and A. comosus. Since wounds treated with
D. zibethinus (durian) honey and A. comosus (Nenas) honey showed greater tensile
strength compared to wounds treated with two other honeys (Melaleuca [Gelam] and
C. nucifera [Kelapa)), it may be inferred that the former honey groups increased col-
lagen concentration and stabilization of the fibers (Rozaini et al. 2004). Studies have
shown good results using Medihoney dressings for patients with diabetic ulcers and
in its advantage over topical antibiotics in preventing catheter-associated infections
(Medical Journals Buzzing over Honey for Wound Care 2007). However, skepticism
still exists among the medical and nursing fraternity in the use of honey in the treat-
ment of legs ulcers, partially because there is a lack of level and evidence to support
the fact that this type of dressing and topical agent will have a definitive bearing on
ulcer healing (Moore et al. 2001).

The PubMed, MEDLINE, EMBASE, CINAHL database, and the Cochrane
Library were searched for relevant publications on the efficacy of honey as an anti-
bacterial agent and in the promotion of wound healing in chronic leg ulcers from
1980 to 2004. Thirteen publications had been found concerning the use of honey
in chronic leg ulcers, but only two were clinical trials of relevance to our study.
The studies analyzed were influenced by different sources of bias, especially lack of
blinding, poor reporting quality, and poor sample size. None of those studies was an
RCT. In order to elucidate the evidence for the use of honey as a first-line treatment
in chronic leg ulcers, RCTs and laboratory studies on cellular effects are urgently
needed (Mwipatayi et al. 2004). Jessica Beiler, M.P.H. (Penn State College of
Medicine Pediatric Division, Hershey, Pennsylvania), delivered a presentation sum-
marizing the findings of a rather elegant research study funded by the National Honey
Board comparing honey as a cough suppressant to dextromethorphan or no treatment
in pediatric patients. Citing numerous studies that showed no significant beneficial
effect of over-the-counter cough medicines in treating children’s cough due to cold
symptoms, Beiler presented a strong rationale for using honey, a recommendation of
the World Health Organization 2001 topic review, which concluded that honey was
a cheap and safe demulcent treatment for cough and cold symptoms (Committee for
the Promotion of Honey and Health 2008). On the contrary, Oduwole et al. (2010)
presented an RCT of 108 children with upper respiratory tract infections compar-
ing the effect of honey, dextromethorphan, and no treatment on cough and sleep
quality for coughing children and their parents. Comparing symptoms and sleep
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quality scores of children that received honey with those that received no treatment
showed that honey was more effective in reducing frequency of cough (mean differ-
ence, bothersome cough, and sleep quality of the child, but did not differ significantly
between the honey versus no treatment groups in resolving severity of cough and
sleep quality of the parents). Dextromethorphan and honey did not differ significantly
on cough frequency, cough severity, bothersome cough, and sleep quality of the chil-
dren or their parents. The authors’ conclusion was that there was insufficient evidence
to advise for or against the use of honey for acute cough in children. Manuka honey
was shown to have bacteriostatic properties against Helicobacter pylori at concentra-
tions of 5% (v/v), with most clinical strains showing complete inhibition of growth
with honey concentrations of 20% (v/v). Importantly though, solutions of glucose,
fructose, and their combinations have also been shown to inhibit the growth of H.
pylori at concentrations equal to 15% (Osato et al. 1999), suggesting that the inhibi-
tion may be due to the osmotic action of the honey/sugar solutions rather than any
inherent antibacterial activity. In addition, whereas manuka honey has been shown to
be effective at retarding the growth of H. pylori in vitro, it has not been demonstrated
to have any effect in vivo. In a small clinical study, McGovern et al. (1999) reported
that all patients (n = 6) remained positive for H. pylori 4 weeks after a 2-week regi-
men of a tablespoon of manuka honey taken four times a day. However, honey may
offer an effective therapeutic treatment for gastric ulcers both via its antibacterial
effect on the H. pylori organisms directly and via prevention of ammonia-induced
gastric lesions (Ali 2003). After a study designed to determine whether the anti-
H. pylori activity of honey differed regionally (honey from Texas, lowa, and New
Zealand) and to determine whether this activity was due to the presence of hydrogen
peroxide, Osato et al. (1999) concluded that regional differences in honey activity
against H. pylori were not detected nor was the effect of killing related to the pres-
ence of hydrogen peroxide in the honey samples. Osmotic effects were shown to be
the most important parameter for killing H. pylori.

The oligosaccharides have been reported to cause an increase in population of bifi-
dobacteria and lactobacilli, which are responsible for maintaining a healthy intestinal
microflora in humans (Kleerebezem and Vaughan 2009). A small number of research-
ers have demonstrated that honey can stimulate the growth of bifidobacteria in vitro
(Chick et al. 2001; Ustunol and Gandhi 2001; Kajiwara et al. 2002; Sanz et al. 2005).
In a large study funded by the US National Honey Board, 3% to 5% (w/v) of honey
significantly enhanced the growth and survival of bifidobacteria BF-1 and BF-6 and
Bifidobacterium longum in vitro. There is emerging interest in studying the poten-
tial health benefits of eating honey. The prebiotic effects of different honey samples
(Leatherwood, Banksia, Bees Creek Woolybutt, Grey Ironbark, and Mugga Ironbark)
from Australia were compared to inulin and sucrose using intestinal microcosms inoc-
ulated with human fecal material and hence containing the full complex microbial
community of the human intestine. All tested honeys showed higher prebiotic index
values than either inulin or sucrose. It is noted, however, that it is possible that this
outcome reflects a synergistic effect of the simple and complex sugars present in the
honey, which differs from the test conditions for sugar or inulin alone (Conway et al.
2010). In another study carried out in Malaysia, both wild and commercial Tualang
honeys were found to support the growth of B. longum BB 536 (Jan Mei et al. 2010).
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It was shown that consumption of honey has a favorable effect on diabetes patients,
causing a significant decrease in plasma glucose (Peretti et al. 1994; Al-Waili 2003,
2004). The consumption of honey types with a low glycemic index (GI) (e.g., aca-
cia honey) might have beneficial physiologic effects and could be used by type 2
diabetes patients. An intake of 50 g honey of unspecified type by healthy people
and diabetes patients led to smaller increases in blood insulin and glucose than the
consumption of the same amounts of glucose or of a sugar mixture resembling honey
(Al-Khalidi et al. 1980; Jawad et al. 1981). According to different studies, long-term
consumption of food with a high GI is a significant risk factor for type 2 diabetes
patients (Liu et al. 2001). However, the GI concept for the general population is still
an object of discussion (Pi-Sunyer 2002).

The antimutagenic activity of honeys from seven different floral sources (acacia,
buckwheat, fireweed, soybean, tupelo, and Christmas berry) against Trp-p-1 was
tested by the Ames assay and compared to a sugar analog as well as to individually
tested simple sugars. All honeys exhibited a significant inhibition of Trp-p-1 muta-
genicity. Glucose and fructose were found to have a similar antimutagenic activity
as honey (Wang et al. 2002). Rady and Yahya (2011) showed that adiponectin com-
bined with honey extracts exerted their antitumor effects on HepG2 cells through the
inhibition of cell growth and the enhancement of alkaline phosphatase activity rather
than through acceleration of apoptosis via Bcl-2 downregulation.

PoLLEN ANALYSIS FOR CHARACTERIZATION OF HONEY BoTANICAL ORIGIN

Traditionally, the botanical origin of honey has been determined in many laboratories
by pollen analysis, a method that is called melissopalynology. The melissopalyno-
logic method, which was elaborated and proposed by the International Commission
for Bee Botany in 1970 (Louveaux et al. 1970) and later revised and updated in 1978
(Louveaux et al. 1978), is frequently used until the present time. Moreover, in the
EU Council Directive (2002) related to honey, it is indicated that the product names
may be supplemented by information referring to floral or vegetable origin, if the
product comes wholly or mainly from the indicated source and possesses the organo-
leptic, physicochemical, and microscopic characteristics of the source (Kaskonien
and Venskutonis 2010). The nectar in honey is characterized by the pollen grains,
and so honeydew as a source of honey is characterized by algae, fungal spores, and
molds. These microscopic particles can be found on the leaves and needles of coni-
fers or can get in the honeydew by rain or wind (Karabournioti 2000). However, the
microscopic analysis of the pollen in the honey is the most time-consuming part,
which, in addition, can only be done by specialists (Louveaux et al. 1970; Von der
Ohe et al. 2004). It has to be borne in mind that melissopalynologic methods will
not meet the quality standards for a modern validated and quality-assured analytical
method. The methods are based on experience and are thus subjective and have not
been tested by modern proficiency test trials (Bogdanov and Martin 2002). Since the
early 1980s, in a study carried out in Canada, Adams and Smith (1981) showed very
clearly the unreliability of melissopalynology in determining the floral source of a
honey. Nowadays, it is assumed that such procedure has severe drawbacks.
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There are many reasons why the results from melissopalynology may not be
showing the nectar sources correctly. Molan (1998) reported that melissopalynology
is valid only for the determination of the geographical origin of honey, while it is less
valid for determining its botanical origin by the fact that there may occur possible
alterations of pollen content in honey by the action of bees or contamination by the
actions of apiarists; in addition, the source of some honeys, for example, collected
from cotton plants, castor-oil plants, and rubber trees, cannot be identified by melis-
sopalynology. According to Bogdanov and Martin (2002), melissopalynology is very
efficient only for the differentiation of honeys produced in distinctly different geo-
graphic and climatic areas. If the geographical differences are less pronounced, the
determination of the pollen spectrum will generally not yield a confident authenticity
proof. In recent years, honey plants typical of certain countries or regions are now
grown in many other different areas or countries. For example, Eucalyptus species,
which are endemic in Australia and New Zealand, have been used in recent years
in Greece as boulevard trees and Eucalyptus-type pollen grains are found in Greek
honeys (Karabournioti 2000).

It has also been regarded that several types of honey whose pollen is considered
are “underrepresented” by the International Commission for Bee Botany (Louveaux
et al. 1970). Their guidelines for floral origin state that honeys with only 10% to 20%
citrus pollen may be considered as largely of that origin (“monofloral”) rather than
the 45% required for most other types. In Citrus species, anthers yield little pol-
len or are completely sterile (Maurizio 1975). However, there are other studies that
report high percentages of Citrus-type pollen grains (Bonvehi et al. 1987; Munuena
and Carrion 1994). In a study on the intraannual variations of the pollen spectrum
of honey from Patagonia, obtained by successive harvests (between September and
March), Forcone et al. (2003) showed that the pollen composition of honey was het-
erogeneous in all periods, and when comparing pollen composition noted of honey
for the three periods, they found highly significant differences. The same authors
noted that some species that frequently visited for nectar had very little or almost
no presence in the honey pollen as occurred in Salix spp. and Glycyrrhiza astraga-
lina. The low representation of these taxa was attributed to the predominance of the
female foot in the most widespread Salix spp. and the small pollen production of G.
astragalina. Furthermore, there are several plants poor or rich in pollen grains, and
it is impossible to determine from pollen analysis their contribution to the honey.
Fossel (1958) reported this finding in honey of a pollen substitute that is fed to bees.

Pollen analysis still cannot define which quantity of honey is represented by a
certain number of pollen grains (Karabournioti 2000). Honey that has been filtered
with diatomaceous earth has no pollen left in it to be identified. Also, honey pro-
duced from secretions of extrafloral nectaries (a major source of honey from cotton
plants [Gossypium hirsutum], castor-oil plants [Ricinus cornmunis], and rubber trees
[Hevea brasiliensis]) and the honeydew secreted by sap-sucking insects will contain
no pollen other than airborne grains that become trapped and which will not neces-
sarily be from the plant that was the source of the secretion. There are also honeys
that come from flowers such as those of the rewarewa (Knightia excelsa) that are
pollinated by nectar-eating birds: bees can collect nectar from these flowers without
dislodging pollen from the anthers (Molan 1998).
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In some cases, botanical origin of honey was based on the claims of local bee-
keepers, when determination of honey origin is performed by sensory analysis or
by considering the predominant flowers surrounding the hive. The latter approach
may be quite precise, for example, allowing collecting honey with 72% to 75% of a
predominant pollen (Jerkovi€ et al. 2009a,b).

However, regarding the growing interest accorded to controlling the quality and
authenticity of honey, to preserve the production area, to develop particular standards
of quality, and to protect consumers from commercial speculation without forgetting
the relation of botanical origin of honey and its medicinal properties, many other
studies were performed to establish new methodologies and different analytical meth-
ods, mostly combined with chemometric analysis, to assess the geographical and/or
botanical origin of honey. A number of techniques and a search for faster methods,
which would be suitable for routine analysis, particularly involving many samples in a
short work period, to determine honey authenticity and botanical origin are now car-
ried out, including the determination of aromatic compounds and flavonoids, amino
acids, and sugars by high-performance liquid chromatography (HPLC), detection of
aroma compounds by gas chromatography—mass spectrometry (GC-MS), determina-
tion of anions and cations by ion chromatography, and mineral content (Anklam 1998;
Mateo and Bosch-Reig 1998; Anapuma et al. 2003; Serrano et al. 2004). Spectroscopic
techniques, such as mid-infrared, near-infrared, and Raman spectroscopy, were also
used to determine chemical characteristics (e.g., sugars) and contamination in honey
samples from different origins (Cozzolino and Corbella 2005; Bertelli et al. 2007),
electrospray MS (Beretta et al. 2007), inductively coupled plasma—optical emission
spectrometry (Terrab et al. 2005), thin-layer chromatography (Rezi¢ et al. 2005),
atomic absorption spectroscopy (Herndndez et al. 2005), high-performance anion-
exchange chromatography with pulsed amperometric detection (Nozal et al. 2005),
nuclear magnetic resonance (NMR) (Tuberoso et al. 2010), Fourier transform-Raman
(FT-Raman) (Paradkar and Irudayaraj 2002), Fourier transform infrared (Etzold and
Lichtenberg-Kraag 2008), rheology (Wei et al. 2010), and voltammetric electronic
tongue with the chemometrics method (Wang 2011).

POSSIBLE MARKERS OF HONEY

VoLATtiLE COMPOUNDS

Unifloral honeys differ from each other, among other features, in volatile compound
composition, which influences remarkably the individual sensory characteristics of
each honey type. The composition of the honey’s volatile fractions can be one of the
distinguishable characteristics of honeys collected from different sources. Honey
aroma has been studied since the early 1960s. Unifloral honeys possess highly char-
acteristic aromas due to the presence of specific volatile organic components derived
from the original nectar sources. The main volatile compounds in honey have their
origins, in general terms, in different chemical families, such as alcohols, ketones,
aldehydes, acids, esters, and terpenes (Zhou et al. 2002; Bastos and Alves 2003).
The studies of a Belgian analyst using GC-MS found the presence of 400 volatile
compounds in 11 floral honeys (Wolski et al. 2006). Radovic et al. (2001) identified



70 Honey in Traditional and Modern Medicine

110 volatile compounds in 43 samples of honey with the Purge-and-Trap GC-MS
method from various botanical and geographical origins. In four analyzed honeys,
86 compounds were identified as solid-phase microextraction (SPME) and GC-MS
(Wolski et al. 2006). To date, 600 compounds have been identified by GC-MS
(Montenegro et al. 2009) and the list is certainly far from being exhaustive. Some
of these organic compounds are used as marker compounds for certain commercial
honeys. However, honey volatiles may be also derived from the transformation of
plant compounds by a honeybee, directly generated by honeybees, from heating
or handling during honey processing or storage, from the isolation method, and
from microbial or environmental contamination (Bastos and Alves 2003; Serra and
Ventura 2003; Iglesias et al. 2004; Alissandrakis et al. 2005a,b; Baroni et al. 2006;
Castro-Vazquez et al. 2006; Jerkovic et al. 2007). It is worth noting that some furan
derivatives, considered for discrimination purposes, are known to arise from honey
heat processing or from honey storage (Soria et al. 2004) or due to the extractive
solvent used. Solvent extraction is the most common technique for volatiles isola-
tion but not suitable for reliable honey fingerprinting due to intense promotion of
artifact formation (Bonvehi and Coll 2003; Alissandrakis et al. 2005a,b). Bouseta
and Collin (1995) optimized the Bicchi et al. (1983) method by preextraction with
dichloromethane instead of acetone under an inert atmosphere followed by an opti-
mized steam distillation extraction. They detected less furan derivatives in the
dichloromethane extracts than in the acetone extracts, which are due to a nonenzy-
matic browning reaction (Cuevas-Glory et al. 2007). However, some aldehydes and
alcohols reflect product quality and may also be a consequence of microbiological
activity, heat exposure, and honey aging (KasSkonien and Venskutonis 2010). Some
organic acids, ketones and benzenes, such as 2-hydroxy-2-propanone, butanoic acid,
benzyl alcohol, or 2-phenyl-ethanol found in fresh honey, gradually increase their
concentration with higher temperature and storage (Castro-Vizquez et al. 2008).
Heating honey at temperatures as low as 50°C leads to the formation of new volatile
flavor compounds, and the peak areas of many compounds vary significantly as a
result of different heating conditions (Visser et al. 1988). Overton and Manura (1999)
affirmed the presence of octane, hexanal, octanal, nonanal, and decanal forming in
honey during its storage as a consequence of oxygenation of fatty acids (mainly
of linoleic and linolenic acids). An example of such a situation is the presence of
ethanol, particularly in the lime-honeydew honey, probably as a result of the fer-
mentation process (Wolski et al. 2006). A research conducted by Rothe and Thomas
(1963) on the aroma thresholds revealed that not all volatile compounds contributed
to aroma. This implies a strategy change when searching for odor activity values or
compounds of major sensorial activities. Using prepared synthetic samples, Grosch
(2001) determined that no more than 5% of the sample’s volatile compounds con-
tributed to its aroma. However, a few compounds with low concentrations can still
contribute significantly to honey aroma (Castro-Vazquez et al. 2007). Specific vola-
tile compounds can be considered as aroma fingerprints because they provide infor-
mation about the botanic origin of the honey (Alissandrakis et al. 2005a,b; Escriche
et al. 2009) (Figure 5.1).

In some cases, certain honey types present a rich volatile chromatographic profile
that can be used as a fingerprint of these honeys (Figures 5.2 through 5.4).
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FIGURE 5.2 TIC profiles obtained by GC-MS from heather and rosemary honey volatiles
fractionated by SPME using PA fiber. For identification of numbered peaks, see Soria et al.
(2003).

Many studies have been carried out in order to specify volatile compounds that
are most closely associated with a particular type of honey and consequently would
be helpful for a fast and reliable identification of its botanical source (KaSkonien
and Venskutonis 2010). It has been claimed that methyl anthranilate is a marker
of Citrus honey (Bonvehi 1988; Ferreres et al. 1994b; White and Bryant 1996;
Nozal et al. 2001; Piasenzotto et al. 2003; Soria et al. 2003; Alissandrakis et al.
2007). It was reported that heather (Calluna vulgaris) honey may be distinguished
by benzoic acid, decanoic acid, and dehydrovomifoliol (Hdusler and Montag 1989;
Guyot et al. 1999) and chestnut honey by 2-aminoacetophenone (Guyot et al. 1998)
and 3-aminoacetophenone (Radovic et al. 2001). However, only a few compounds
seem really specific for certain unifloral honeys and many of them can be found in
variable concentrations in various honey types. 3-Aminoacetophenone and dehy-
drovomifoliol have been detected in Tasmanian leatherwood (Eucryphia lucida)
honey (Rowland et al. 1995). More recently, Sesta et al. (2008) reported that methyl
anthranilate cannot be considered suitable as a chemical marker to assess the level
of uniflorality of this honey type. It may be used only as a further descriptive ele-
ment to complete the analytical picture of unifloral Citrus honey, together with
other authenticity criteria. Later, Castro-Vazquez et al. (2009) distinguished sinensal
isomers, linalool derivatives, lilac aldehydes, lilac alcohols, limonyl alcohol, and
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FIGURE 5.3 TIC profiles obtained by GC-MS from heather and rosemary honey volatiles
fractionated by SPME using C/PDMS fiber. For identification of numbered peaks, see Soria
et al. (2003).

a-4-dimethyl-3-cyclohexene-1-acetaldehyde as other constituents involved in the
formation of citrus honey aroma. D’Arcy et al. (1997) have reported the presence of
2,6-dimethylocta-3,7-diene-2,6-diol in Australian blue gum and yellow box honey
extracts and Rowland et al. (1995) have identified it in leatherwood honey extracts.
Some volatile compounds have been used for the geographical discrimination of
honey samples. It was suggested that English honey samples can be distinguished
by the presence of l-penten-3-ol and honey from Denmark by the absence of
3-methylbutanal. 2,2,6-Trimethylcyclohexanone, ethyl-2-hydroxypropanoate, 3-hexenyl-
formate, and a few not as yet identified compounds with characteristic fragment
ions have been suggested as possible marker compounds for honey from Portugal.
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FIGURE 5.4 TIC profiles obtained of the SPE extract and GC-MS from Eucalyptus honey.
For identification of numbered peaks, see Castro-Vazquez et al. (2006).

1-Octen-3-ol or 2,6,6-trimethyl-2,4-cycloheptadien-1-one has been suggested as pos-
sible marker compounds for honey from Spain, while pentanal and cis-linalool oxide
were not found in the Spanish honeys (Radovic et al. 2001). However, it should be
noted that Radovic et al. analyzed only three English samples, one from Denmark,
two from Portugal, and two from Spain; therefore, their data may be considered as
rather preliminary; considerably more samples from the same country should be
evaluated in order to obtain more reliable conclusions (Kaskonien and Venskutonis
2010). Coumarin, previously proposed to characterize French lavender honeys,
emerges here rather as an indicator of the freshness of lavender honey, being mainly
released from glycosides during storage (Guyot-Declerck et al. 2002). Four volatile
compounds in honey from the central valley of Nuble Province, Chile, had never been
reported before as honey compounds, these being 1,3-propanodiol, 2-methyl butanoic
acid, 3,4-dimethyl-3-hexen-2-one, and 6-methyl-5-octen-2-one (Barra et al. 2010).
The head-space SPME (HS-SPME)-based procedure, coupled to comprehensive 2D
GC—time-of-flight (TOF) MS (GCxGC-TOF-MS), was employed for fast character-
ization of honey volatiles. In total, 374 samples were collected over two production
seasons in Corsica (n = 219) and other European countries (n = 155), with the empha-
sis to confirm the authenticity of the honeys labeled as “Corsica” (protected denomi-
nation of origin region). For the chemometric analysis, artificial neural networks with
multilayer perceptrons (ANN-MLP) were tested. The best prediction (94.5%) and
classification (96.5%) abilities of the ANN-MLP model were obtained when the data
from two honey harvests were aggregated in order to improve the model performance
compared to separate year harvests (Cajka et al. 2009) (Figure 5.5).
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FIGURE 5.5 (See color insert.) HS-SPME-GCxGC-TOF-MS chromatogram of honey
volatiles (Corsica sample) with marked markers. For the description of analytes, see Cajka
et al. (2009).

The main compounds suggested as possible markers of various honeys are listed
in Table 5.2.

The absence of a particular compound in a particular honey could be a characteristic
feature of its type (Table 5.3). The absence of 2-buten-1-ol, 2-methyl-; 2(3H)-furanone,
dihydro-3-methyl-; linalol; and methyl salicylate in heather honey was affirmed, and
the absence of oxime-, methoxy-phenyl-; benzenemethanol, o-methyl-; phenol,
3,4,5-trimethyl in buckwheat honey and butanoic acid, 3-methyl-; and butanoic
acid, 2-methyl in lime honeydew honey (research conducted in Poland) (Wolski et al.
2006). Radovic et al. (2001) reported that the absence of 2-methyl-1-propanol and the
simultaneous presence of dimethyl disulfide in the volatile fraction is characteristic
for rape honey; they reported also lack of phenyl acetaldehyde as a characteristic
headspace feature of acacia honeys. Unfortunately, Plutowska et al. (2011) by using
GC-MS as the method of final determination and optimized HS-SPME as the sample
preparation method, taking into account the type of fiber coating, effect of sample
dilution, sample amount, salt addition, pH decrease, extraction temperature, and
extraction time, on the enrichment of volatiles as well as influence of thermostating
time and sample sonification before extraction on results, showed that the presence
of disulfide and the simultaneous absence of isobutyl alcohol, except for honeydew
honey, is not a peculiar feature for the examined rape honey and can also be found
in other studied honeys (i.e., heather honey, linden honey, buckwheat honey, and aca-
cia honey). These authors also showed that phenyl acetaldehyde occurred in greatest
quantities in acacia and heather honeys. However, it must be pointed out that the
Radovic et al. studies were carried out on honeys from Denmark, Germany, Italy,
France, the Netherlands, Spain, Portugal, and England and those of Plutowska et al.
on Polish honeys. Pérez et al. (2002), using HS-SPME/GC-MS for Spanish honeys,
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orange, eucalyptus, jasmine, lavender, and thyme, determined unique compounds for
each variety, but in the Plutowska et al. (2011) study it was stated that some of these
compounds, such as 3-methyl-2-buten-1-ol, hotrienol (3,7-dimethyl-1,5,7-octatrien-
3-ol), or lilac aldehydes, are typical elements of the volatile fraction in Polish honeys.

Sensory quality, especially aroma and taste, are often the most important factors
from the consumer’s point of view. Flavor qualities of honey are very much depen-
dent on the volatile organic compounds; on the contrary, honey volatiles exhibit a
potential role in distinguishing honeys as a function of botanical origin.

Volatile compound identification with the purpose of assessing the botanical origin
of honey has the potential to be an extremely useful strategy, but these compounds
occur most frequently in very low concentrations and are a complicated mixture of sub-
stances with various physicochemical properties and various levels of stability. The iso-
lation of volatile components from a complex mixture such as honey in order to obtain
representative extracts is very difficult. Methods of extracting the honey volatiles may
display a varying degree of selectivity and effectiveness depending upon the com-
pounds involved and the extraction conditions (Cuevas-Glory et al. 2007). Different
methods can be used, but the use of one single technique is not adequate for reliable
honey volatiles profiling (Jerkovi¢ et al. 2009a,b). In addition, aroma profile analysis
should be combined with other methods for the determination of other constituents.

PHENOLIC COMPOUNDS

Phenolic compounds or polyphenols are one of the most important groups of com-
pounds occurring in plants, where they are widely distributed, comprising at least
8000 different known structures (Bravo 1998). In general, phenolic compounds can
be divided into at least 10 types depending on their basic structure: simple phenols,
phenolic acids, coumarins, isocoumarins, naphthoquinones, xanthones, stilbenes,
anthraquinones, flavonoids, and lignins. Flavonoids constitute the most important
polyphenolic class, with more than 5000 compounds already described (Wollgast
and Anklam 2000); they are divided into several groups according to their chemi-
cal structure, including flavonols (quercetin and kaempferol), flavanols (the cate-
chins), flavones (apigenin), and isoflavones (genistein) (Young and Woodside 2001).
Polyphenols are reported to exhibit anticarcinogenic, anti-inflammatory, antiath-
erogenic, antithrombotic, immunomodulating, and analgesic activities (Catapano
1997; Vinson et al. 1998); antiproliferative and vasodilatory actions (Lule and Xia
2005); antiallergic, antiplatelet, and anti-ischemic actions (Shi 2001); and antimicro-
bial action (Taguri et al. 2006). Epidemiologic studies point to the possible role of
flavonoids in preventing cardiovascular diseases and cancer. Flavonoids behave as
antioxidants in a variety of ways, including direct trapping of reactive oxygen spe-
cies, inhibition of enzymes responsible for producing superoxide anions, chelation
of transition metals involved in processes forming radicals, and prevention of the
peroxidation process by reducing alkoxyl and peroxyl radicals (Rice-Evans et al.
1996). Dietary phenolic acids are also considered to be powerful antioxidants. Their
antioxidant activity is much higher in vitro than of well-known vitamin antioxidants
(Tsao and Deng 2004). The occurrence of flavonoids in honey has been reported a
number of times over the past 30 years (Bogdanov 1984; Amiot et al. 1989; Ferreres
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et al. 1991; Sabatier et al. 1992); their content can vary between 60 and 460 pg/100 g
of honey and was higher in samples produced during a dry season with high tem-
peratures (Kenjeri¢ et al. 2007). Bioactive substances may be transferred from the
plant to the nectar and further to honey by imparting to the final product different
properties that may reasonably depend on the floral origin of honey (Kaskonien and
Venskutonis 2010).

Honey is rich in phenolic acids and flavonoids, which exhibit a wide range of
biological effects and act as natural antioxidants (Pyrzynska and Biesaga 2009), but
the levels of single phenolics or other compounds in honey are too low to have a
major individual significance. Hence, the total antioxidant capacity of honey can be
the result of the combined activity and interactions of a wide range of compounds,
including phenolics, peptides, organic acids, enzymes, Maillard reaction products,
and other minor components (Pérez et al. 2006). Phenolic compounds contribute
to organoleptic properties such as color, taste, or flavor of honey. They also have
antibacterial and antioxidant activities together with other substances (Gheldof et
al. 2002).

The phenolic acids in honey are divided in two subclasses: the substituted ben-
zoic acids and cinnamic acids and the flavonoids in three classes with similar struc-
ture: flavonols, flavones, and flavanones (Davidson et al. 2005). Moreover, honey
phenolic compound composition depends on their floral sources used to collect
honey, the predominance of which is dependent on seasonal and environmental
factors (Al-Mamary et al. 2002; Yao et al. 2003). Considerable differences in both
composition and content of phenolic compounds have been found in different uni-
floral honeys (Amiot et al. 1989); thus, phenolic acids and flavonoids are considered
potential markers of the honey botanical origin (Davidson et al. 2005). Flavonoid
analysis is a very promising technique in studies of the botanical (Amiot et al.
1989; Ferreres et al. 1992; Anthony et al. 2000; Merken and Beecher 2000; Tomds-
Barberan et al. 2001; Gomez-Caravaca et al. 2006) and geographical (Ferreres
et al. 1991, 1992; Tomas-Barberan et al. 1993; Yao et al. 2004a) origins of honey
(Table 5.4). The characteristic polyphenols present in honeys that are able to per-
form the role of biomarkers are flavonoids such as hesperetin, kaempferol, quercetin
and chrysin, and phenolic acids: abscisic, ellagic, p-coumaric, gallic, and ferulic
(Ferreres et al. 1994a,b,c; Kenjeri¢ et al. 2007; Soler et al. 1995; Tomds-Barberan
et al. 2001; Yao et al. 2003, 2005).

Ferreres et al. (1993) found that hesperetin (hesperetin-7-rutinoside) was the
major flavonoid detected in Citrus honey and suggested that this compound could be
a useful floral marker for citrus honey. Naringenin (Andrade et al. 1997b) and luteo-
lin (Ferreres et al. 1994a) were suggested as markers of lavender honey. Martos et
al. (2000a,b) and Yao et al. (2004b) found tricetin (5,7,3',4’,5-pentahydroxyflavone),
quercetin, luteolin (5,7,3"4~tetrahydroxyflavone), myricetin, and kaempferol to be
present in Australian monofloral Eucalyptus honey and suggested that this flavonoid
profile could be used to verify the botanical origin of Eucalyptus honey.

Quercetin was suggested as a marker for sunflower honey (Tomas-Barberdn et
al. 2001); 8-methoxykaempferol was the main compound in rosemary (Ferreres et
al. 1994a); naringenin (Andrade et al. 1997b) and luteolin (Ferreres et al. 1994a)
were suggested as markers of lavender honey. Myricetin, luteolin, and tricetin were
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found to be the main flavonoids in Australian jelly bush honey (Leptospermum
polygalifolium) (Yao et al. 2003). Myricetin, tricetin, quercetin, luteolin, and an
unknown flavonoid were found to be the main flavonoids in Australian crow ash
honey, while quercetin, quercetin 3,3-dimethyl ether, myricetin, and luteolin were
characteristic only for the Australian sunflower honey (Yao et al. 2004c).

Several studies made on honey show that European honeys have a rich phenolic
profile, consisting of benzoic, cinnamic acids, and flavonoid aglycones (Ferreres et
al. 1992, 1994a,b; Andrade et al. 1997a; Martos et al. 2000a,b; Toméas-Barberan et
al. 2001).

There are high differences between quantities of phenolic in the samples originat-
ing from different geographic areas and not between the profiles of these compounds.
This could be due to the climatic conditions, purity of the sample, method of analy-
sis, and sensitivity of the apparatus (Marghitas et al. 2010). Australian Eucalyptus
honeys showed a common flavonoid profile comprising tricetin, quercetin, and luteo-
lin, which, together with myricetin and kaempferol, were previously suggested as
floral markers for European Eucalyptus honeys (Yao et al. 2004c). Ferreres et al.
(1996) found that abscisic acid isomers were the main constituents in Portuguese
“heather” honeys derived from Erica spp. and they suggested that these compounds
were the main floral markers for the Portuguese heather (Erica spp.) honeys. High
levels of abscisic acid isomers were also found in New Zealand Erica spp. honeys
(Senanayake 2000).

Hesperetin, previously indicated as a possible marker for citrus honey (Ferreres et
al. 1993, 1994b), was found, in different amounts, also in other honey types (Pulcini
et al. 20006). Liang et al. (2009) using HPLC-electrochemical detection found that
hesperetin content in Chinese citrus honey was lower than that reported by Ferreres
et al. (1994). Homogentisic acid, indicated as a possible marker for Arbutus honey
(Cabras et al. 1999), was found also in honey from Erica (which belongs to the same
botanical family as Arbutus [Ericaceae]) (Pulcini et al. 2006). Gallic acid was found
in Australian honeys from five botanical species (Yao et al. 2003, 2005) and it was
suggested that gallic acid is the dominant component in the profile of phenolic acids
in Australian honeys (Yao et al. 2005). However, it was determined only in linden
honey by Michalkiewicz et al. (2008) after selection of suitable chromatographic and
detection conditions.

AMINO AcIDs

The origin of amino acids in honey is attributable both to animal and vegetal sources,
although the main source is the pollen, so the amino acid profile of a honey could
be characteristic of its botanical origin. There are studies that appear to classify the
geographical origin of the honey with the use of its amino acid content (Bosi and
Battaglini 1978; Gilbert et al. 1981; Davies et al. 1982; Cometto et al. 2003; Iglesias
et al. 2004; Seif Eldin and Elfadil 2010). The highest values were reported in honey
of thymus origin, while the lowest were in honey samples from Rhododendron,
Brassica, and Robinia (Persano Oddo and Piro 2004). In the 1970s, Davies (1975,
1976) attempted to correlate floral origin with the free amino acid composition but
failed to identify any simple relationships between floral sources and the resulting
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honey. Bonaga et al. (1986) attempted to determine if honey amino acid profiles
could be correlated with biochemical modification(s) of amino acids carried out by
honeybees; however, no such correlations were identified. Bosi and Battaglini (1978)
were able to distinguish the geographical origin of some European honeys on the
basis of free amino acid composition. Davies et al. (1982) found that amino acid
levels could be used to distinguish British and foreign honeys. Gilbert et al. (1981)
in a study of 45 samples of honey, by using GC, found that some groups of honey
samples originating from different countries could be distinguished from each other
on the basis of their amino acid profiles. On the basis of the results obtained for
56 honey samples from three Argentinian regions, Cometto et al. (2003) suggested
that free amino acid profile could be used to verify the floral, or geographical, ori-
gin of a honey. However, the amino acid profile is characteristic of the flora in the
immediate vicinity of the apiary rather than the overall floral characteristic of the
geographic region from which the honey was collected. Using HPLC analysis and
statistical processing by principal component analysis (PCA) on seven selected floral
varieties, Cotte et al. (2004b) concluded that only lavender honeys were perfectly
characterized, but complete satisfaction was not obtained with the six other varie-
ties. However, the method enabled them to detect the addition of sugar syrup to rape
and fir honeys.

After a study carried out on 48 Spanish honey samples from different botanical
and geographical origin (eucalyptus, lavender, rosemary, orange blossom, thyme,
heather, holm oak, forest, oak, and multifloral), Hermosin et al. (2003) concluded
that amino acid composition was not absolutely able to distinguish the botanical
origins of honey samples. However, according to a study by Iglesias et al. (2004) on
free amino acid content of 46 honey samples (vipers bugloss, multiflower, heather,
rosa bush, rosemary, and honeydew honey samples) collected from central Spain,
glutamic acid and tryptophan were considered to be good floral source and/or hon-
eydew marker substances. Pirini et al. (1992) reported that the content of proline
(the main amino acid in honey) of chestnut honey is higher than that of the other
honeys analyzed. Bouseta et al. (1996) found higher concentrations of proline and
phenylalanine in lavender honeys than in Eucalyptus honeys. Sanchez et al. (2001),
Sabatini and Grillenzoni (2002), and Oddo and Piro (2004) noted that if proline (the
main amino acid in honey) shows characteristic values in different unifloral honeys,
the variation of this parameter in different unifloral honeys is quite high and it is not
possible to classify unifloral honeys on the basis of proline content only. Kanematsu
et al. (1982) showed that free amino acid patterns and certain ratios (e.g., proline/
phenylalanine) could be used to characterize the floral origins of honey. Bouseta et
al. (1996) found higher concentrations of proline and phenylalanine in lavender hon-
eys than in Eucalyptus honeys. Proline content of honey is roughly correlated with
the enzyme activity (Sabatini and Grillenzoni 2002). Pirini et al. (1992) suggested
that the presence of arginine is an important discriminating factor useful for the
characterization of chestnut honey. Arginine tryptophan and cysteine contents were
found similar for honeys produced from different botanical sources and this finding
indicated that an amino acid or an amino acid group was not enough for discrimina-
tion of specific honey (Nisbet et al. 2009). A study with Turkish honeys showed that
phenylalanine and tyrosine contents may contribute to distinguishing honeys, with
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valine, leucine, and isoleucine being other important amino acids for recognizing
botanical and geographic origins (Senyuva et al. 2009). Furthermore, the authors
suggested combining one or two amino acids with other phytochemicals such as
volatile compounds or oligosaccharides to achieve improved discrimination. Fifteen
Italian honey samples from 10 different floral types and 3 honeydew samples were
analyzed. Amino acids were determined by an automatic precolumn derivatization
with fluorenylmethyl-chloroformate and by reverse-phase liquid chromatography
with fluorescence detector. The results obtained show that glutamic acid, proline,
and tyrosine were major components in floral honeys. However, the overall amino
acid profile did not enable the botanical origin of honey samples to be distinguished,
as arather high variation among honeys from the same botanical source and between
honey types from different floral origin was found (Carratu et al. 2011); as a sig-
nificant part of the free honey amino acids is added by the bees (Bergner and Hahn
1972), that fact leads to a high variability of the amino acid content within honeys
from the same botanic source (Davies 1975; Gilbert et al. 1981).

With all these results, data on honey amino acids are too scarce to make sound
assumptions on the use of these components in the characterization of different
honey types. Baroni et al. (2002) applied immunoblot assays for the analysis of
honey proteins and showed that it was possible to differentiate the pollen originated
from sunflowers and Eucalyptus spp. and suggested this method as an alternative or
complementary method to the melissopalynologic analysis. This method, however,
will have all the shortcomings of pollen analysis (Bogdanov et al. 2004). There was
no protein specificity in honeys produced from different botanical sources (rhodo-
dendron, chestnut, blossom, pine, etc.). Arginine, tryptophan, and cysteine contents
were found similar for honeys produced from different botanical sources and this
finding indicated that an amino acid or an amino acid group was not enough for
discrimination of specific honey (Nisbet et al. 2009).

Cometto et al. (2003) found that, under some circumstances (see above), amino
acid profiles can be used to verify the geographical origin of Argentinian honeys.

AMINO AciDs (BIOCHEMICAL MODIFICATION)

Bonaga et al. (1986) attempted to determine if honey amino acid profiles could be
correlated with biochemical modification(s) of amino acids carried out by honey-
bees; however, no such correlations were identified.

CARBOHYDRATES

Honey is a natural syrup containing primarily fructose (38.5%) and glucose (31.3%).
Other sugars in honey include maltose (7.2%), sucrose (1.5%), and a variety of oligo-
saccharides (4.2%) (National Honey Board [NHB] 1996).

Carbohydrate composition and content of honey are variable and are dependent
on the floral source of the honey (Swallow and Low 1990; Weston and Brocklebank
1999). The characteristics of the honey sugar profile depend on two parameters: the
first is the action of enzymes that transform disaccharides and trisaccharides into
simple sugars (i.e., slow or rapid honey flow), which affects the final sugar contents,
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and the second is that the honey profile is correlated with the initial profile of its pre-
cursor. If a monosaccharide is present at high concentrations in one nectar compared
to another, it will also be present in larger quantities in the honey produced (Cotte
et al. 2004a). Trisaccharides and tetrasaccharides, which are formed mainly by the
action of honey enzymes, were reported for Spanish and New Zealand honeys by
Ruiz-Matute et al. (2010).

Available methods can be used to evaluate fructose and sucrose in honey
(Palmer and Brandes 1974; Ziircher et al. 1975; Thean and Funderburk 1977,
Deifel 1985; Bogdanov and Baumann 1988; Horvath and Molmir-Perl 1997,
Mateo and Bosch-Reig 1997; Batsoulis et al. 2005). However, honey proved to
be a difficult matrix because its sugar composition is one of the most complex
mixtures of natural carbohydrates. Honey is a matrix of several saccharides
with the same degree of polymerization (Horvath and Molmir-Perl 1997). The
simultaneous mass percentage determination of fructose and glucose in honey
has been achieved with the application of FT-Raman spectroscopy combined
with the appropriate software. The proposed method further demonstrates the
efficiency of transmittance spectroscopy methods for the quantitative analysis of
complex mixtures. The returned results were statistically tested with those of the
HPLC method. Both methods appear to score equally in terms of reproducibility
(Batsoulis et al. 2005).

Use of sugar profiles such as fructose, glucose, sucrose, maltose contents, and glu-
cose/water ratios has been suggested for characterization of unifloral honeys (Mateo
and Bosch-Reig 1998; Da Costa Leite et al. 2000).

Acacia and chestnut honeys are characterized by high fructose/glucose ratios in
contrast to rape and sunflower honeys (Persano Oddo et al. 1995; Cotte et al. 2004a).
The fructose/glucose ratios could be used to classify groups of floral origins (Cotte et
al. 2004a). Fructose and glucose are the major sugars, the former one being a major
component almost in all honey types, except for some honeys of rape (Brassica
napus), dandelion (Taraxacum officinale), and blue curls (Trichostema lanceola-
tumi) origin, when glucose is present in higher amounts (Cavia et al. 2002).

The saccharide distribution in honeys of various floral origin (8 acacia, 8 mixed
flower, 1 linden, 1 rape, 1 sunflower, and 1 pine sample) revealed that acacia hon-
eys contain significantly higher fructose, sucrose, and minor oligosaccharides than
samples from other floral sources (Horvath and Molmir-Perl 1997).

Heather honey was noted for the presence of erlose and nigerose, forest honey
contained higher amounts of trehalose and melezitose, spike lavender honey was
specified by isomaltose, while French lavender and thyme honeys were characterized
by panose (Nozal et al. 2005), maltose being characteristic of both rhododendron
and honeydew honeys (Senyuva et al. 2009).

Cotte et al. (2004b) reported that fir samples were characterized by a high con-
tent in trisaccharides, particularly raffinose melezitose and erlose in agreement with
Sabatini et al. (1990); erlose was practically absent in rape and sunflower honey
samples, enabling them to be distinguished from other botanical varieties; lavender
and linden were characterized by intermediate erlose concentrations. Alcohol per-
seitol (D-glycero, D-galacto-heptitol) in spite of its low concentration could be used
as a marker for avocado honey (Dvash et al. 2002).
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Honey carbohydrate composition had also been used in characterizing its geo-
graphical origin. Maltose and raffinose were selected as two oligosaccharide param-
eters to be used in the classification of Turkish honey (Senyuva et al. 2009). Sanz et
al. (2004) found the highest amounts of maltulose and turanose of honey, respec-
tively, in 10 samples of honey from different regions of Spain.

Maltose was the major disaccharide present in 80 genuine Brazilian honey sam-
ples (mostly Eucalyptus spp., extrafloral, and multifloral honeys) (Da Costa Leite
et al. 2000).

A study of 91 English honey samples for 40 oligosaccharides and a combination
of hierarchical cluster analysis, PCA, and canonical discriminant analysis showed
that it was possible, with some exceptions, to discriminate floral types, but unfor-
tunately, these authors did not indicate which of the oligosaccharides contributed
most to the discrimination (Goodall et al. 1995). Sugar profiles (determined by GC)
were examined to test their suitability for characterizing Spanish unifloral honeys.
Satisfactory results were obtained only for some honey types (Mateo and Bosch-Reig
1997). A study including 280 French honeys from seven monofloral varieties (acacia,
chestnut, rape, lavender, fir, linden, and sunflower) was carried out with chromato-
graphic analyses and multivariate statistical processing of the sugar contents. The
PCA enabled zones of the different varieties to be differentiated (i.e., fir samples that
were totally separated); even so, the complete distinction of each floral origin could
not be obtained. The other origins were paired: acacia and chestnut honeys, lavender
and linden, and rape and sunflower. This PCA thus indicates a trend. It is in fact pos-
sible to control an origin known in advance. On the contrary, it was impossible to use
this PCA to determine the origin of an unknown sample. The authors concluded that,
combined with other criteria, sugars are thus a relevant parameter for characterizing
certain monofloral honeys (Cotte et al. 2004a).

In spite of contradictory results, it must be borne in mind that the storage duration
may play an essential role.

Cavia et al. (2002) noted that increases in fructose and glucose contents were
observed in most honey samples studied (30 samples) after 1 year. Their results were
clearly different from those reported in previous papers by Donner (1977) where
decreases in monosaccharides below their original values have been described.

It may be concluded that sugar composition is a more reliable indicator for honey
classification and authentication only in the case of unifloral honeys with a very high
amount of dominating plants; when the fraction of the dominating plant of nectar
source reduces, the interpretation of the results of the measurement of saccharides
becomes more difficult and almost unusable in determining the floral origin of such
honeys (Kaskonien and Venskutonis 2010).

OTHER COMPOUNDS AS PossiBLE FLORAL ORIGIN MARKERS AND COMBINED DATA

Honey is a complex matrix, the minerals of which are minority components. The
mineral content in floral honeys ranged from 0.020% to 1.028% with an average
content of 0.169% (White 1978). Any marked deficiency of soil, rocks, or water in
any particular element is reflected in the mineral composition of plants and hence
that of nectar and pollen (Herndndez et al. 2005). Therefore, the contents of metal
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ions in honey can help to identify its geographical origin, as this is consistent with
the environmental conditions (Przybylowski and Wilczynska 2001). Honey has a
rather low mineral content (typically 0.1%—0.2% in floral honey and 1% or higher
in mellate honey) that varies widely depending on the particular botanical origin,
pedoclimatic conditions, and extraction technique. The dominant element in honey
is potassium followed by chlorine, sulfur, sodium, phosphorus, magnesium, silicon,
iron, and copper (Ramos et al. 1999). In comparison with nectar honeys, honey
dew honeys are higher in minerals, resulting in higher electrolytic conductivity.
Potassium is the major metal followed by calcium, magnesium, sodium, sulfur, and
phosphorus. Trace elements include iron, copper, zinc, and manganese (Lachman et
al. 2007).

Nine metals were determined in 42 Spanish honey samples, which were divided
into two categories: Galician and non-Galician honeys. Multivariate chemometric
techniques such as cluster analysis, PCA, Bayesian methodology, partial least-squares
(PLS) regression, and neural networks were applied to modeling classes on the basis
of the chemical data. The results obtained indicated good performance in terms
of classification and prediction for both the neural networks and PLS approaches.
The metal profiles provided sufficient information to enable classification rules to be
developed for identifying honeys according to their geographical origin (Latorre et
al. 2000). Golob et al. (2005) detected up to 16 elements in Slovenian honey by total
x-ray fluorescence spectroscopy and established statistically significant differences
between different types of honey originating from acacia, flowers, lime, chestnut,
spruce, fir, and forest honeydew. Different types of honey produced in the Canary
Islands were characterized on the basis of their mineral contents. Overall, 10 met-
als were determined in 116 samples, 81 of which were from the Canaries and 35
from various other places. Iron, copper, zinc, magnesium, calcium, and strontium
were determined by atomic absorption spectrophotometry and potassium, sodium,
lithium, and rubidium by atomic emission spectrophotometry. A flow injection man-
ifold was employed to analyze those samples requiring dilution. The chemometric
processing of the spectroscopic results by various techniques (including PCA, cluster
analysis, discriminant analysis, and logistic regression) allowed the accurate classifi-
cation of the honey samples according to origin (Herndndez et al. 2005). Like Slovak
and Polish honeys, samples of Czech honeys had higher nickel levels than honeys
originating from other parts of the world (Lachman et al. 2005). PCA and cluster
analysis revealed that Canary honeys can be characterized in terms of their Na, K,
Sr, Mg, Ca, and Cu contents (Herndndez et al. 2005).

In fact, the mineral content of honey has been successfully correlated with its
origin by using various statistical techniques, including PCA, PLS regression, neu-
ral networks, cluster analysis, linear discriminant analysis, the K nearest neighbor,
and/or independent modeling of class analogy (Latorre et al. 1999, 2000; Rashed
and Soltan 2004). Nevertheless, some risks should be carefully considered when
using microelements for the authentication of honey. For instance, some minerals,
such as Na and K, are of floral origin because they are accumulated in the plant
cells and depend on the content of enzymes, while some metals, particularly Pb and
Cd, may be present in honey due to the environmental contamination. Therefore,
the concentration of such metals in honey may be dependent on contamination of
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the environment to a larger extent than to the floral and/or geographic origin of the
honey (Kaskonien and Venskutonis 2010).

The electrical conductivity of honey is closely related to the concentration of min-
eral salts, organic acids, and proteins; it is a parameter that shows great variability
according to the floral origin and is considered one of the best parameters for dif-
ferentiating between honeys with different floral origins (Krauze and Zalewski 1991;
Mateo and Bosch-Reig 1998; Terrab et al. 2002). However, it allows for the separa-
tion of only some varieties of nectar honeys among all the multifioral nectar and
honeydew honeys (Kubisoéwa and Mastny 1976; Barikowska-Penar and Pieczonka
1987; Popek 1998).

Pfidal and Vorlova (2001) reported that classification of honey must be carried
out not only by measuring the conductivity but also in relation to optical rotation
and microscopic analysis, namely, in transition intervals of conductivity between
the individual honey groups. By combination of element content and electrolytic
conductivity, it was possible to divide the samples into two main groups according
to their origin, namely, honeydew honeys and nectar honeys. Since the content of
elements in honey not only depends on its nature but also reflects the environmen-
tal contamination of the locality as well, knowledge of element contents without
conductivity does not allow separation of honey samples according to their ori-
gin (Lachman et al. 2005). According to Soria et al. (2004), color, electrical con-
ductivity, acidity, ash content, and pH were the physicochemical parameters with
higher discrimination power in the differentiation of nectar and honeydew honeys.
Senyuva et al. (2009) showed that a combined data set of amino acids, volatiles,
saccharides, and water activity measurements allows the floral origin of Turkish
honey to be accurately predicted and thus provides a useful tool for authentication
purposes.

Physicochemical parameters of 98 samples of Moroccan honeys were analyzed;
nine parameters were measured, including water content, pH, acidity (free, lactonic,
total, and lactonic acidity/free acidity ratio), hydroxymethylfurfural, diastase activ-
ity, and proline. In addition, characterization of the five unifloral honeys (Eucalyptus
spp., Citrus sp., Lythrum sp., Apiaceae, and honeydew) by PCA and stepwise dis-
criminant analysis was carried out. PCA showed that the cumulative variance was
approximately 62%, and about 82% of the samples were correctly classified by using
the stepwise discriminant analysis, with the best results being obtained or the euca-
lyptus and honeydew honeys (100% correct) (Terrab et al. 2002).

CONCLUSION

The increasing interest in the therapeutic properties of certain honey varieties
contributes to the demand of a reliable determination of their botanical origin. In
addition to the different methods cited above, some others are suggested, involving
measurements of dozen of parameters showing physical and chemical characteristics
of honeys, with measured values statistically assessed with use of various analyses.
As seen in this chapter, diverse contradictions exist between authors perhaps due to
the differences in geographical origin or the experimental conditions. In other cases,
the majority of methods suggested were only enabled to group investigated honeys
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into groups that, unfortunately, did not strictly correspond to the individual honey
variety. As melissopalynology is the only method validated nowadays that suffer
from many shortcomings, determining the honey botanical origin still needs a har-
monized, implemented, and validated method.
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INTRODUCTION

The use of honey in healing dates back to ancient times. There has been growing
interest in honey as a natural treatment, which has led to scientific investigations
addressing its therapeutic properties. Research has revealed that particular honeys
have effective healing properties. One such group of honeys is the Leptospermum
honeys, which have been described as “the best natural antibiotic in the world”
(Davis 2002). The Leptospermum honeys, known for their therapeutic properties,
can be grouped as New Zealand manuka honey from Leptospermum scoparium and
the Australian jelly bush honey from Leptospermum polygalifolium. This honey is
produced by honeybees (Apis mellifera) feeding on Leptospermum flora (Chepulis
and Francis 2013).

The therapeutic uses of honey are wide ranging and include management of
wounds, ulcers, burns, oral mucositis, chemoprevention, dermatitis, and gangrene
(Efem 1988; Al-Waili 2001; Jaganathan and Mandal 2009; Bardy et al. 2012).

However, honey is increasingly being used as a topical antibacterial agent for
the treatment of surface infections, which include ulcers and bedsores, and those
caused by burns, injuries, and surgical wounds (Allen et al. 1991; Carr 1998). The
main body of clinical evidence generated for honey relates to ulcers, wound care,
and burns. Honey-based wound care products have been registered in Australia,
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New Zealand, European Union, Hong Kong, and the United States, with the rel-
evant regulatory authorities. In most cases, these products use manuka honey from
New Zealand or the equivalent honey produced from the Leptospermum species in
Australia (Irish et al. 2011).

The antimicrobial component of Leptospermum honeys has been attributed to
acidity, high osmolarity, and hydrogen peroxide. More recently, these honeys have
been identified for their nonperoxide antimicrobial activity due to the presence of
plant-derived compounds (Allen et al. 1991; Carr 1998). Methylglyoxal (MGO) has
been identified as one of the key compounds that contribute to the nonperoxide anti-
microbial activity in the New Zealand manuka (L. scoparium) honey (Adams et al.
2008, 2009).

CHEMICAL COMPOSITION AND CHARACTERIZATION
OF LEPTOSPERMUM HONEY

Honey is a natural nutritious food that is produced from the nectar and pollen of
plants. However, the composition of honey varies widely and depends on the botani-
cal origin of the nectar and also on the geographical location. Honey composition
includes the sugars glucose, fructose, maltose, and sucrose; water; and other minor
components such as proteins, organic acids, amino acids, flavonoids, vitamins, and
minerals (Wang and Li 2011). The chemical composition of 18 Leptospermum hon-
eys, including manuka and jelly bush, is given in Table 6.1 based on a study done by
Mossel (2003).

Studies evaluating the antioxidant properties of honey are relatively recent, with
the first one published in the 1990s. Among the phenolic compounds, phenolic
acids (caffeic acid, coumaric acid, ferulic acid, ellagic acid, chlorogenic acid, gallic
acid, and syringic acid) and flavonoids (chrysin, pinocembrin, pinobanksin, querce-
tin, kaempferol, luteolin, galangin, apigenin, hesperetin, and myricetin) have been

TABLE 6.1

Chemical Composition of Leptospermum Honeys
Chemical Parameters Units
Moisture 20.21%
Ash 0.23%
pH 3.95
Total acidity 34.08 meq/kg
Fructose 39.22%
Glucose 26.63%
Sucrose 0.605%
Turanose 0.577%
Maltose 0.587%

Source: Mossel, B.L., Antimicrobial and quality parameters of Australian unifloral
honey. Ph.D. thesis, University of Queensland, Australia, 2003.




Leptospermum (Manuka) Honey 115

identified as the most important in A. mellifera honeys (Bastos and Sampaio 2013).
A study of the phenolic compounds in Leptospermum honeys revealed 15 flavonoids
in the Australian jelly bush honey with an average content of 2.22 mg/100 g honey.
The main flavonoids were myricetin, luteolin, and tricetin. The average of the phe-
nolic acids in jelly bush honey was 5.15 mg/100 g with gallic and coumaric acids.
Abscisic acid was quantified as twice the amount at 11.6 mg/100 g honey of the
phenolic acids. In the New Zealand manuka honey, the total flavonoids amounted to
3.06 mg/100 g and are composed of quercetin, isorhamnetin, chrysin, luteolin, and
an unknown flavanone. The phenolic acids were up to 14 mg/100 g honey, with gallic
acid as the main component. A significant amount of abscisic acid (32.8 mg/100 g)
was present in manuka honey (Yao et al. 2003). The Leptospermum honeys are
within the concentration range for phenolic acids (16—113 mg/100 g) and flavonoids
(1-16 mg/100 g) reported for other Apis honeys. Information from the current litera-
ture indicates that honey samples from different botanical origins are good radical
scavengers and the antioxidant activity is positively associated with total polyphenol
content (Bastos and Sampaio 2013). Leptospermum honeys and its effects in ame-
liorating a 2.4,6-trinitrobenzene sulfonic acid—induced colitis in rats were evaluated.
The findings showed reduced colonic inflammation and the biochemical parameters
(myeloperoxidase, lipid peroxidation, glutathione, and antioxidant enzymes) were
reduced. These honeys restored lipid peroxidation and improved antioxidant param-
eters (Prakash et al. 2008). Another study reported on the ability of manuka honey to
quench free radicals formed within 5 min of spiking the sample of honey in compari-
son with pasture honey, which showed quenching after 1 h, indicating the potential
of using Leptospermum honeys to decrease inflammation that is present in chronic
wounds (Henriques et al. 2006).

BioAcTiviTY ofF Leprospermum HONEYS

The antimicrobial activity of honey has been extensively studied; acidity, osmolar-
ity, and hydrogen peroxide have been identified as three components contributing to
antimicrobial activity. Hydrogen peroxide is the most significant contributor and is
produced by the enzyme glucose oxidase, which is added to the nectar during con-
centration by the honeybee (A. mellifera) from its hypopharyngeal gland (White et
al. 1963). The other two antibacterial factors are osmolarity and acidity.

Honey is a saturated sugar solution and this high concentration of sugars leaves
very little available water for the growth of microorganisms. Honey also contains
many organic acids, mainly gluconic acid, produced from glucose by glucose oxi-
dase and is characteristically acidic with a pH in the range of 3.2 to 4.5 (Davis 2002).
The relative distribution of antimicrobial activity against Staphylococcus aureus
and Microcossus luteus was studied by fractionating 10 different honeys into four
basic groups: volatile, nonvolatile and nonpolar, acidic, and basic substances. The
acidic fraction had the greatest inhibitory activity, whereas the volatiles were the
weakest inhibitors. However, in manuka honey, 90% of the activity was found in
the acidic fraction in comparison with the other honeys (sunflower, rape, lavender,
mountain, blossom, and honeydew), which had 44% activity in the acidic fraction.
In this study, the antibacterial activity correlated significantly with honey acidity but
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did not correlate with honey pH (Bogdanov 1997). Nonperoxide activity in honeys
is observed when the hydrogen peroxide is removed by the addition of catalase, but
this activity is not found in all honeys (Allen et al. 1991), suggesting that the variation
in activity of New Zealand honeys might be attributable to the floral source. Honey
from L. scoparium (manuka) demonstrated high antibacterial activity and this was
shown to be due to a nonperoxide component.

Numerous studies have analyzed the antibacterial activities of Australian and
New Zealand honeys and have revealed that several honey types contained signifi-
cant levels of hydrogen peroxide antibacterial activity; however, only manuka and
jelly bush honeys from the Leptospermum spp. gave consistent high levels of nonper-
oxide activity (Allen et al. 1991; Carter et al. 2010).

NONPEROXIDE ACTIVITY OF LEPTOSPERMUM HONEYS

Many antibacterial phenolic acids, such as caffeic, ferulic, and syringic, and flavo-
noids, such as quercetin, isorhamnetin, and luteolin, have been identified in honey
(Russell et al. 1990; Weston et al. 2000; Yao et al. 2003). The concentrations of
these phenolic compounds in honey were far too low to have an antimicrobial effect.
Mavric et al. (2008) were the first group from Dresden, Germany, to report that MGO
was directly responsible for antibacterial activity. Three 1,2-dicarbonyl compounds
(3-deoxyglucosulose, glyoxal, and MGO) were measured using reverse-phase high-
performance liquid chromatography (HPLC) and ultraviolet detection in 50 com-
mercial honey samples of various origin and 6 manuka honeys. The manuka honeys
showed very high amounts of MGO ranging from 38 to 761 mg/kg, which was up to
100-fold higher than what had been reported for conventional honeys. Antibacterial
activity of honey indicated a minimum inhibitory concentration (MIC) of 1.1 mM for
MGO against both types of bacteria (S. aureus and Escherichia coli) using an agar
well diffusion assay; MIC for glyoxal was 6.9 mM (E. coli) and 4.3 mM (S. aureus),
respectively. 3-Deoxyglucosulose showed no inhibition in concentrations up to 60
mM. Most of the honey samples investigated in this study showed no inhibition in
dilutions of 80% or below, whereas the samples of manuka honey exhibited antibac-
terial activity when diluted from 15% to 30%, which corresponded to MGO con-
centrations of 1.1 to 1.8 mM. This clearly demonstrates that the high antibacterial
efficacy is due to the MGO present in manuka honey. A similar finding of MGO
levels of 38 to 828 mg/kg was reported for 49 manuka honey samples (Adams et al.
2008). The question of whether MGO is formed by chemical or enzymatic means
was addressed by Adams et al. (2009). During the isolation of MGO in manuka hon-
eys, a second peak was observed in the HPLC trace, and this peak was only seen in
manuka honey and not from other floral sources. The second peak was identified as
dihydroxyacetone (DHA) and showed a linear relationship to nonperoxide antibac-
terial activity, but the correlation was less for MGO (Adams et al. 2008). Addition
of DHA to clover honey in the presence of arginine or lysine amino acids resulted
in the rapid formation of MGO, indicating that the conversion of DHA to MGO
was nonenzymatic (Adams et al. 2009). Testing of freshly produced manuka hon-
eys taken from the comb after depositions by the bees revealed low levels of MGO
and high levels of DHA. Storage of these honeys at 37°C resulted in an increase
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in MGO and a decrease in DHA, and loss of both DHA and MGO was observed
when manuka honeys were heated in excess of 50°C with a 10-fold increase in the
hydroxymethylfurfural content (Adams et al. 2009). The relationship between DHA
and MGO in manuka honeys was established by Atrott et al. (2012). DHA was deter-
mined in 6 fresh manuka honeys taken directly from the beehive and 18 commercial
manuka honey samples, ranging from 600 to 2700 mg/kg and from 130 to 1600 mg/
kg, respectively. The corresponding MGO contents varied from 50 to 250 mg/kg in
fresh manuka honey and from 70 to 700 mg/kg in commercial manuka honey. This
study reported a good linear correlation between DHA and MGO in commercial
manuka honeys, which gave a mean ratio of DHA to MGO of 2:1. In comparison, the
fresh manuka honeys gave a much higher ratio of DHA to MGO but stabilized to a
ratio of 2:1 during storage. Heating of the manuka honey did not elevate the levels of
MGO. Atrott and Henle (2009) reported a very good correlation (r> = 0.91) for MGO
in 61 samples of manuka honey ranging from 189 to 835 mg/kg and the correspond-
ing antibacterial activities of the samples, which were between 12.4% and 30.9%
equivalent phenol concentration. This indicates the potential of using MGO as a tool
for labeling the unique bioactivity of manuka honey. In addition to MGO, there are
other markers that have been evaluated in Leptospermum honeys that could be used
for identification and quality assessment of these honeys. Kato et al. (2012) isolated
and characterized a novel glycoside of methyl syringate and named it “leptosin” after
the genus Leptospermum. The concentration of leptosin was positively correlated
to the unique manuka factor (UMF). This glycoside was only found in manuka and
jelly bush honeys and could be used as a chemical marker for Leptospermum honeys.

ANTIMICROBIAL AcTIVITY OF LEPTOSPERMUM HONEYS

Leptospermum honeys have been identified for its potent antimicrobial activity and
are being increasingly used in wound care products globally. Several studies have
reported on the in vitro antimicrobial activity of these honeys (Allen et al. 1991;
Davis 2002; Irish et al. 2011) and a summary of their effects on pathogenic bacteria
of clinical importance is given in Table 6.2.

The results for antimicrobial activity reported by several authors cannot be
directly compared because different methods have been used. However, the broad-
spectrum antibacterial activity of Leptospermum honeys is quite clear from the lit-
erature presented in Table 6.2. The resurgence in the interest of honey as a treatment
for infections is due to the emergence of resistant strains of bacteria to the currently
available antibiotics. Honey has been used in infection management for centuries,
where these resistant strains have not been demonstrated, and this is very attrac-
tive as an antimicrobial treatment. In the study by George and Cutting (2007), a
broad range of antibiotic-resistant bacteria were evaluated, and these included mul-
tiresistant Acinetobacter baumannii, Enterobacter cloacae, vancomycin-susceptible
Enterococcus faecalis, extended-spectrum [-lactamase-producing isolates of
E. coli and Klebsiella pneumoniae, Pseudomonas aeruginosa, methicillin-resistant
S. aureus (MRSA), and vancomycin-resistant E. faecalis (VRE). All these clinical
isolates of antibiotic-resistant bacteria were completely inhibited by Leptospermum
honeys; P. aeruginosa required the highest concentration at 12% to 14% (v/v) and
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TABLE 6.2

In Vitro Testing of Leptospermum Honeys against Bacteria
Leptospermum Honeys Tested Bacteria References
Manuka Streptococcus mutans Badet and Quero 2011

Streptococcus sobrinus
Lactobacillus rhamnosus
Actinomyces viscosus
Porphyromonas gingivalis
Fusobacterium nucleatum

Manuka and jelly bush MRSA Blair et al. 2009
Staphylococcus aureus
Acinetobacter calcoaceticus
Citrobacter freundii
Enterobacter cloacae
Enterobacter aerogenes
Enterobacter agglomerans
Escherichia coli
Klebsiella pneumoniae
Morganella morganii
Serratia marcescens

Manuka MRSA Cooper et al. 2010, 2011
VRE Jenkins et al. 2011
E. coli

Pseudomonas aeruginosa
Staphylococcus epidermidis

Jelly bush S. aureus Irish et al. 2011
Manuka S. aureus Jervis-Bardy et al. 2011
Manuka MRSA Kilty et al. 2011
P. aeruginosa
S. aureus
Manuka Bacillus subtilis Kwakman et al. 2011
E. coli
Pseudomonas aeruginosa
MRSA
Manuka Campylobacter jejuni Lin et al. 2009

Campylobacter coli
Manuka E. coli Lin et al. 2010, 2011
Salmonella typhimurium
P. aeruginosa
E. aerogenes
E. cloacae
Shigella flexneri
Shigella sonnei
Yersinia enterocolitica

Manuka Alcaligenes faecalis Lusby et al. 2005

(continued)
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TABLE 6.2 (Continued)
In Vitro Testing of Leptospermum Honeys against Bacteria

Leptospermum Honeys Tested Bacteria References

C. freundii

E. coli

E. aerogenes

K. pneumoniae
Mycobacterium phlei
Salmonella california
Salmonella enteritidis
S. typhimurium

S. sonnei

S. aureus

S. epidermidis

Manuka Streptococcus pyogenes Maddocks et al. 2012
Manuka Helicobacter pylori Somal et al. 1994; Ndip et al. 2007
Manuka MRSA Sherlock et al. 2010

P. aeruginosa

E. coli
Leptospermum spp. Acinetobacter baumannii George and Cutting 2007

E. cloacae

E. faecalis

E. coli

K. pneumoniae

P. aeruginosa

S. aureus

MRSA

VRE

MRSA was completely inhibited at 4% (v/v) concentration of honey. Jenkins and
Cooper (2012a) have done studies to demonstrate the effectiveness of using com-
bined therapies such as manuka honey and antibiotics. It is suggested that two or
more antimicrobials with differing modes of action will decrease the growth or sur-
vival of these organisms. Another advantage of combined therapy is that less of each
antimicrobial agent has to be given, thus reducing costs and the possibility of side
effects. They have found synergistic relationships between oxacillin and manuka
honey against MRSA and imipenem and manuka honey against MRSA but not
toward P. aeruginosa (Jenkins and Cooper 2012b), and no synergistic interactions
were found between vancomycin and manuka honey against vancomycin-sensitive
S. aureus (Jenkins et al. 2012). Another important factor worth considering in the
use of Leptospermum honey in wound applications is that you require a lower con-
centration to completely inhibit the bacteria and this would reduce the cost of the
wound care product.
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APPLICATIONS IN WOUND CARE AND OTHER HEALING BENEFITS

Manuka honey is well known for its positive effects on health and wellness and
there is literature to support the antimicrobial, anti-inflammatory, and immuno-
stimulatory activities and wound-healing properties (Chepulis and Francis 2013).
A 5.8-kDa component isolated from manuka honey stimulated the production of
inflammatory cytokines, and these findings could lead to the development of novel
therapeutics to improve wound healing for patients with acute and chronic wounds
(Tonks et al. 2007). Systematic reviews of 43 studies were done to synthesize the
evidence regarding honey’s role in health care, and some of these studies also
included Leptospermum honeys. The conclusion of this review stated that honey
was a suitable alternative for wound healing, burns, and various skin conditions and
also could potentially have a role within cancer (Bardy et al. 2008). This was con-
sidered to be a positive outcome to the honey industry. Manuka honey has also been
found to be effective against Helicobacter pylori. This bacterium is a human gastric
pathogen known to cause gastric or peptic ulcers and has been implicated in gastric
cancer (Somal et al. 1994). Another study reported on manuka honey dressing as an
effective treatment following surgical intervention for chronic or recurrent pilonidal
sinus disease (Thomas et al. 2011). This study was done with Leptospermum honey
dressings to reduce the incidence of wound infection after microvascular free tissue
reconstruction for cancer of the head and neck. There was a reduction in duration of
the hospital stay in the honey group (12 days) in comparison with the control (18 days),
and the costs of standard and honey dressings were similar (Robson et al. 2012).
The shorter stay in the hospital would significantly reduce the costs of the hospital
and would be a comfort to the patient in terms of recovery. There are numerous
studies that have been done on honey, and its healing and health benefits all indicate
a positive effect; the trend toward acceptance within the medical fraternity is also
increasing.

LABELING OF NONPEROXIDE LErTOSPERMUM HONEYS

At present, there are two ways of labeling Leptospermum honeys to indicate the
quality and bioactivity of these honeys to the consumer.

The most widely used one is the UMF, which was named by Professor P. Molan to
indicate the antibacterial activity of manuka honey. The UMF units of antibacterial
activity used commercially are for the nonperoxide antibacterial equivalent to that
of w/v % phenol on a standardized antibacterial agar diffusion assay using S. aureus
(NCTC 6571) as the control test organism. Therefore, manuka honey with a higher
UMF has a greater antibacterial activity and these honeys would be more desir-
able for the development of wound care products or other therapeutic applications
(Stephens 2006).

The other unit for labeling is the chemical marker MGO. As mentioned before,
the MGO has a positive correlation to the antimicrobial activity and could be used as
a tool for labeling of the bioactivity of Leptospermum honeys. The MGO values are
used for labeling some of the L. polygalifolium honeys in Australia.
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SAFETY OF LeprosPERMUM HONEYS

The safety of using Leptospermum honeys either as a topical wound application or
ingesting it as food has been questioned due to the high levels of MGO present in
these honeys. MGO could be a potential toxic metabolite that accumulates in vari-
ous cell types. It can react with protein during processing, giving rise to unstable
intermediate products that can degrade to advanced glycation end-products. They
are implicated in a number of diseases such as renal disease, diabetes, and neuro-
degenerative and heart diseases (Wallace et al. 2010). A study was done to investi-
gate the safety of consuming manuka honey (UMF 20+ about 800 mg/kg of MGO)
on healthy individuals by knowing whether the honey caused allergic response,
changed the microbiota in the gut, and affected the levels of N1-(carboxymethyl)-
lysine (CML), a common advanced glycation end point. The results revealed that the
honey did not change the CML levels or the gut microbiota and did not cause any
allergic response (Wallace et al. 2010). Another study reported on the influence of in
vitro simulated gastric and gastroduodenal digestion on the MGO content of manuka
honey. MGO levels were determined before and after digestion and the effect of
MGO on the proteins and enzymes was investigated. The results revealed that the
MGO levels decreased as it reacts with digestive enzymes but did not influence the
physiologic activity and therefore did not interfere with the digestion process (Daglia
et al. 2013). These studies indicate the safety of using Leptospermum honeys and
confirm the very long history that honey has as a safe food and traditional medicine.

CONCLUSION

Honey from L. scoparium (manuka) and L. polygalifolium (jelly bush) has a broad
range of antibacterial activities and this demonstrates its potential use in wound care
and other novel therapeutic applications. The nonperoxide activity is a unique factor
in these honeys and contributes to the potent antimicrobial activity. The key con-
tributor to the nonperoxide component of Leptospermum honey is MGO, but this is
not the only factor—other phytochemicals, glycosides, polysaccharides, peptides,
and proteins have been also evaluated and shown to have efficacy. The possibility of
using these honeys in combination with other antimicrobials from natural sources
and current antibiotics opens an entire new field of study and gives opportunities to
develop more potent and cost-effective antimicrobial agents for in vivo therapeutic
applications.
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INTRODUCTION

All civilizations on the globe have relied on natural therapeutic agents to meet their
primary health care needs at some point in time. Honey is one of the oldest topical
wound-healing herbals and has been used for thousands of years. The use of honey
as a wound dressing extends some 4500 years into the past. The ancient Egyptians
were among the earliest recorded beekeepers and regularly used honey as a primary
wound treatment. Honey has even been found in Egyptian tombs to help preserve
body parts. Ancient papyrus documents have recorded that honey was used as an
integral part of the “Three Healing Gestures” that included cleaning the wound,
applying a salve made from honey, lint (vegetable fiber), and grease (animal fat),
and bandaging the wound. These three steps of ancient wound care are very similar
to how wounds are still treated today. Honey and honey dressings applied directly
to the skin were commonly used to relieve pain, promote wound healing, and treat
sores, boils, cuts, abrasions, insect bites, burns, and skin disorders. Despite the long
history of honey being used for medical conditions, it largely fell out of favor in
conventional medical practice during the era of modern antibiotics in the 1970s.
However, due to the development of antibiotic-resistant wound infections, the use of
honey for wound care has undergone a renaissance in the last few years. Now, the use
of honey in wound care is regaining popularity again, as researchers are determining
exactly how honey can help fight serious skin infections. According to their findings,
certain types of honey might be “more effective” than antibiotics. Until the first part
of the 20th century, honey dressings were part of everyday wound care practice. The
misuse of antibiotics, the emergence of resistant bacteria, and an increasing interest
in therapeutic honey have provided an opportunity for honey to be reestablished as
a broad-spectrum, antibacterial agent that is nontoxic to human tissue. The present
chapter discusses the usefulness of honey in wound management and skin care.

MOLECULAR MECHANISM UNDERLYING THE ROLE
OF HONEY IN WOUND-HEALING PROCESS

One way in which honey may work is through its stimulation of an inflammatory
response in leukocytes (Abuharfeil et al. 1999; Tonks et al. 2001, 2003). There are
also suggestions that a small amount of bacteria may be beneficial to the wound-
healing process (Edwards and Harding 2004), and many reports suggest that honey
could contain osmophilic bacteria that stimulate an inflammatory response (Molan
2002a,b), as inflammation triggers the cascade of cellular events that give rise to
the production of growth factors that control angiogenesis and proliferation of fibro-
blasts and epithelial cells (Denisov and Afanas’ev 2005). Honey may influence the
activation of various cellular and extracellular matrix components and cells. Fukuda
et al. (2009) described the properties of a protein (MRJP1) from jungle honey as
an effective component that could have potential therapeutic effect for the treat-
ment of wounds. It was reported that incubation of human fibroblasts from normal
skin or chronic wounds in the presence of the immunostimulatory component of
honey enhances cellular proliferation (Tonks and Tonks 2008). Other authors have
found that concentration of honey as low as 0.1% stimulates the proliferation of
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lymphocytes in cell culture and activates phagocytes from blood (Abuharfeil et
al. 1999; Molan 2002b). Immunomodulatory effects were demonstrated in vitro
by cytokine release from the monocytic cell line Mono Mac 6 (MM6) and human
peripheral monocytes after incubation with honey (Tonks et al. 2003). Honey could
also induce interleukin (IL)-6, IL-1f, and tumor necrosis factor (TNF)-a release
(Tonks et al. 2001). Tonks et al. (2007) discovered a 5.8-kDa component of manuka
honey that stimulates the production of TNF-a in macrophages via Toll-like recep-
tor 4. These molecules also induced the production of IL-1p and IL-6 (Tonks and
Tonks 2008). Honey can also stimulate angiogenesis, granulation, and epithelializa-
tion in animal models (Bergman et al. 1983; Gupta et al. 1992). In wound and burn
management, hydration is an important factor for optimal wound healing (Atiyeh et
al. 2005). Moisture retaining dressings provide a protective barrier, prevent eschar
formation, reduce dermal necrosis seen in wounds that have been allowed to dry,
and significantly accelerate wound reepithelialization (Jurjus et al. 2007). Healing
under both wet and moist environments is significantly faster than under dry condi-
tions (Eaglstein et al. 1987). Thus, it is suggested that honey dressings do not stick
to the surface of wounds as they sit on a layer of diluted honey without any growth
of new tissue into the dressing (Tonks et al. 2007). The physical properties of honey
explain its effectiveness as a wound dressing (Caskey 2002; Bray et al. 2009), and
the osmolarity of honey draws fluid out from tissues to create a moist healing envi-
ronment (Molan 2006). Several aspects of healing such as cell proliferation and
migration are supported by redox signaling where low-level reactive oxygen spe-
cies (ROS) produced by nonphagocytic oxidases serve as messenger molecules (Sen
and Roy 2008) and induce Nrf2, a transcription factor implicated in the transacti-
vation of genes encoding antioxidant enzymes. However, an intermediate amount
of ROS triggers an inflammatory response through the activation of nuclear factor
(NF)-xB and AP-1. The transcription factor NF-kB is crucial in a series of cellular
processes, such as inflammation, immunity, cell proliferation, and apoptosis (Gloire
et al. 2006). Wound fluid from healing tissues contains the highest concentration
of hydrogen peroxide (H,0,) compared with all other body fluids (Roy et al. 2006;
Ojha et al. 2008), and this serves to stimulate the growth of fibroblasts and epithelial
cells to repair the damage (Ojha et al. 2008). The hydrogen peroxide produced in
honey would also be a factor responsible for the rapid rate of healing observed when
wounds are dressed with honey. It has been shown that the optimal dilution at which
the honey will produce maximal amounts of hydrogen peroxide is between 40% and
60% (Henriques et al. 2006). Honey provides such a controlled delivery of hydrogen
peroxide, with the enzymatic production giving a slow release achieving equilibrium
concentrations of 20 to 95 pmol/L (Tonks and Tonks 2008). Prolonged exposure
to elevated levels of ROS causes cell damage and may eventually inhibit healing
of both acute and chronic wounds. Typically, burn injuries show excessive activity
of free radicals (Wan and Evans 1999; Subrahmanyam et al. 2003). It is likely that
reducing levels of free radicals and other oxidants in the wound bed will aid wound
management. Natural honey has been shown to reduce the production of ROS in
endotoxin primed MM6 cells (Tonks et al. 2001) and serves as a source of natural
antioxidants, which are effective in reducing the risk of different inflammatory pro-
cesses (National Honey Board 2003). Honey has a wide range of phytochemicals
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including polyphenols (Saravana and Mahitosh 2009). Important groups of polyphe-
nols found in honey are flavonoids (chrysin, pinocembrin, pinobanksin, quercetin,
kaempferol, luteolin, galangin, apigenin, hesperetin, and myricetin), phenolic acids
(caffeic, coumaric, ferrulic, ellagic, and chlorogenic), organic acids, enzymes, and
vitamins (Gheldof et al. 2002).

Honey has been used since ancient times for wound repair, but the subjacent
mechanisms are almost unknown. Very recently, Ranzato et al. (2012) tried to eluci-
date the modulatory role of honey in an in vitro model of HaCaT keratinocyte reepi-
thelialization by using acacia, buckwheat, and manuka honeys. Scratch wound and
migration assays showed similar increases in reepithelialization rates and chemoat-
tractant effects in the presence of different types of honey (0.1%, v/v). However, the
use of kinase and calcium inhibitors suggested the occurrence of different mecha-
nisms. All honeys activated cyclin-dependent kinase 2, focal adhesion kinase, and
rasGAP SH3 binding protein 1. However, vasodilator-stimulated phosphoprotein,
integrin-p;, cdc25C, and p42/44 mitogen-activated protein kinase showed a variable
activation pattern. Reepithelialization recapitulates traits of epithelial-to-mesenchymal
transition (EMT) and the induction of this process was evaluated by a polymerase
chain reaction array, revealing marked differences among honeys. Manuka honey
induced a few significant changes in the expression of EMT-regulatory genes, while
the other two honeys acted on a wider number of genes and partially showed a com-
mon profile of upregulation and downregulation. In conclusion, these findings have
shown that honey-driven wound repair goes through the activation of keratinocyte
reepithelialization, but the ability of inducing EMT varies sensibly among honeys,
according to their botanical origin (Ranzato et al. 2012). Table 7.1 summarizes the
biological activities and their rationale.

TABLE 7.1

Summary of Bioactivity of Honey and Its Rationale

Bioactivity of Honey Suggested Rationale

Prevention of cross-contamination Viscosity of honey provides a protective barrier

Provides a moist wound-healing environment Osmolarity draws fluid from underlying tissues

Dressings do not adhere to wound surface Viscous nature of honey provides an interface
Tissue does not grow into dressings between wound bed and dressing

Promotes drainage from wound Osmotic outflow sluices the wound bed

Removes malodour Bacterial preference for sugar instead of protein

(amino acids) means that lactic acid is produced in
place of malodorous compounds

Promotes autolytic debridement Bacterial preference for sugar instead of protein
(amino acids) means that lactic acid is produced in
place of malodorous compounds

Stimulates healing Bioactive effect of honey

Anti-inflammatory Number of inflammatory cells reduced in honey-
treated wounds

Managing infection Antiseptic properties found to be effective against a
range of microbes including multiresistant strains
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SCIENTIFIC EVIDENCE FOR THE ROLE OF
HONEY IN WOUND MANAGEMENT

Empirical evidence established honey as a treatment for wounds and sores in ancient
times. Today, an extensive body of scientific literature on the wound-healing capa-
bilities of honey confirms its value as both an antimicrobial agent and a promoter of
healing (Molan 2006). A multitude of wound types have successfully been treated
with honey dressings. There have only been a few cases reported where improve-
ment did not occur: a Buruli ulcer, a small group in which only a small amount of
honey was applied, two cases with immunodepression, one who stopped treatment
because of a painful reaction to honey, one burn that had only a good initial response,
and an ulcer complicated by the presence of varicose veins (Molan 2001). Clearly,
the antimicrobial activity in honey that prevents and treats infections is fundamen-
tal to its wound-healing properties. However, scientific evidence points to a more
diverse role for honey in the process (Efem et al. 1992; Phuapradit and Saropala 1992;
Subrahmanyam 1993; Cooper 2001). Observed therapeutic effects attributed to using
honey as a wound dressing include rapid healing, stimulation of the healing process,
clearance of infection, cleansing action on wounds, stimulation of tissue regeneration,
reduction of inflammation, and the comfort of the dressings due to lack of adhesion to
the tissues (Molan 2001). Healing is a complex, dynamic process that involves many
systems and cell types. Molecular and cellular components are responsible for the
degradation and repair of tissues that occur during healing (Jones 2001). Although
the exact mechanisms for all the observed effects of honey when applied to wounds,
burns, and skin ulcers are yet to be defined, recent research clarifies and elucidates
some possible explanations.

The clinical evidence in support of the effectiveness of honey in wound care has
been comprehensively reviewed (Vermeulen et al. 2005). This review summarizes
the findings of 17 randomized controlled trials involving a total of 1965 participants
and 5 clinical trials of other forms involving 97 participants treated with honey.
All of these found that honey was more effective than the conventional wound care
practices used as controls, other than one trial on burns in which, only in respect of
control of infection, early surgical tangential incision was found to be more effec-
tive than dressing the wounds with honey. The review also summarizes the findings
of 16 trials on a total of 533 wounds on experimental animals, where again honey
was found to be more effective than the controls in assisting wound healing. There
is also a summarized large amount of evidence in the form of case studies that have
been reported. Ten publications have reported on multiple cases, totaling 276 cases.
There are also 35 reports of single cases (Vermeulen et al. 2005). This evidence is
far greater than that for modern wound dressings. Perhaps the most heavily adver-
tised wound dressings are the nanocrystalline silver dressings, but if the PubMed
database is searched for evidence to support their use, it can be seen that there is
in fact very little good clinical evidence that has been published other than two
recent trials. A conclusion reached in a recent systematic review of publications on
the use of advanced dressings in the treatment of pressure ulcers has found that
their generalized use in the treatment of pressure ulcers is not supported by good
research evidence (Zumla and Lulat 1989). There is now a general movement toward
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evidence-based medicine. In this, decisions should be made on the basis of the avail-
able evidence. If randomized controlled trials of the highest quality have not been
conducted, then it is necessary to consider evidence of a lower quality. Advertising,
other than that which presents good clinical evidence, should not be allowed to influ-
ence decisions (Molan 2006).

EVIDENCE IN ANIMAL STUDIES

In one experimental study (Postmes et al. 1997), comparisons were made between
honey and silver sulfadiazine, and between honey and sugar, on standard deep der-
mal burns, 7 X 7 cm, made on Yorkshire pigs. Epithelialization was achieved within
21 days with honey and sugar, whereas it took 28 to 35 days with silver sulfadia-
zine. Granulation was clearly seen to be suppressed initially by treatment with sil-
ver sulfadiazine. In all honey-treated wounds, the histological appearance of biopsy
samples showed less inflammation than in those treated with sugar and silver sul-
fadiazine, and a weak or diminished actin staining in myofibroblasts suggesting a
more advanced stage of healing. In another study on experimental burns (Burlando
1978), superficial burns created with a red-hot pin (15 mm?) on the skin of rats were
treated with honey or with a sugar solution with a composition similar to honey.
Healing was seen histologically to be more active and advanced with honey than
with no treatment or the sugar solution. The time taken for complete repair of the
wound was significantly less (P < 0.01) with honey than with no treatment or with
the sugar solution, and necrosis was never so serious. Treatment with honey gave a
clearly seen attenuation of inflammation and exudation and a rapid regeneration of
outer epithelial tissue and rapid cicatrization.

In another experimental study on buffalo calves (Gupta et al. 1992), full-thickness
skin wounds, 2 X 4 cm, were made after infecting the area of each wound by sub-
cutaneous injection of Staphylococcus aureus 2 days prior to wounding. Topical
application of honey, ampicillin ointment, and saline as a control were compared as
treatment for the wounds. Clinical examination of the wounds and histomorphologi-
cal examination of biopsy samples showed that honey gave the fastest rate of healing
compared with the other treatments, the least inflammatory reaction, the most rapid
fibroblastic and angioblastic activity in the wounds, the fastest laying down of fibrous
connective tissue, and the fastest epithelialization.

An experimental study carried out using mice (Bose 1982) also compared honey
with saline dressings on wounds made by excising skin (10 X 10 mm) down to mus-
cle. Histological examination showed that the thickness of granulation tissue and the
distance of epithelialization from the edge of the wound were significantly greater,
and the area of the wound significantly smaller, in those treated with honey (P <
0.001). None showed gross clinical infection (honey or control). In another study on
rats (Kandil et al. 1987; El-Banby et al. 1989), a 10-mm-long incision was made in
the skin of each rat and the wounds were treated topically or orally with floral honey,
honey from bees fed on sugar, or saline. A statistically significant increase in the rate
of healing was seen with the treatment with floral honey compared with the saline
control, this being greater with oral than with topical administration. The treatment
with honey from bees that fed on sugar, while initially giving a greater rate of healing,
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after 9 days gave results no better than those obtained with the saline control. The
granulation, epithelialization, and fibrous tissue seen histologically reflected the rate
of healing, which is measured as a decrease in wound length. The infiltration of
granulation tissue with chronic inflammatory cells was greatest in wounds treated
with honey from bees that fed on sugar, less in those treated topically with floral
honey, and least in those treated orally with floral honey.

Oral and topical application of honey were compared in another study on rats
(Suguna et al. 1992), in which full-thickness 2 X 2 cm skin wounds were made on
the backs of the rats by cutting away the skin. The rats were treated with topical
application of honey to the wound, oral administration of honey, or intraperitoneal
administration of honey, or untreated as a control. After 7 days of treatment, tritiated
proline was injected subcutaneously to serve as an indicator of collagen synthesis
in the subsequent 24-h period. Both the quantity of collagen synthesized and the
degree of cross-linking of the collagen in the granulation tissue were found to have
increased significantly compared with the untreated control as a result of treatment
with honey (P < 0.001). Systemic treatment gave greater increases than topical treat-
ment, with the intraperitoneal route giving a better result than the oral route. In a
similarly conducted study following this (Suguna et al. 1993), the rats were treated
in the same way, but different parameters were studied to assess healing. The gran-
ulation tissue that had formed was excised from the wounds for biochemical and
biophysical measurement of wound healing. The content of DNA, protein, collagen,
hexosamine, and uronic acid and the tensile strength, stress—strain behavior, rate of
contraction, and the rate of epithelialization were found to have increased signifi-
cantly as a result of treatment with honey (P < 0.05 to P < 0.001). Systemic treatment
gave greater increases than topical treatment, with the intraperitoneal route giving
the best results.

EvIDENCE IN CLINICAL STUDIES

What was effectively a form of crossover trial was conducted in a study (Efem 1988)
of 59 patients with recalcitrant wounds and ulcers, 47 of which had been treated for
what clinicians deemed a “sufficiently long time” (1 month to 2 years) with conven-
tional treatment (such as Eusol toilet and dressings of Acriflavine, Sofra-Tulle, or
Cicatrin or systemic and topical antibiotics) with no signs of healing, or the wounds
were increasing in size. The wounds were of varied etiology, such as Fournier’s gan-
grene, burns, cancrum oris and diabetic ulcers, traumatic ulcers, decubitus ulcers,
sickle cell ulcers, and tropical ulcers.

Microbiological examination of swabs from the wounds showed that 51 wounds
with bacteria present became sterile within 1 week and the others remained sterile.
In one of the cases, a Buruli ulcer, treatment with honey was discontinued after 2
weeks because the ulcer was rapidly increasing in size. The outcomes of the 58 other
cases were reported as follows: “showed remarkable improvement following topical
application of honey.” Some general observations reported for the outcomes from
honey treatment of these recalcitrant wounds were that sloughs and necrotic and gan-
grenous tissues separated so that they could be lifted off painlessly within 2 to 4 days
in Fournier’s gangrene, cancrum oris, and decubitus ulcers (but it took much longer
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in other types). Sloughs and necrotic tissue were rapidly replaced with granulation
tissue and advancing epithelialization. Surrounding edema subsided, weeping ulcers
dehydrated, and foul smelling wounds were rendered odorless within 1 week. Burn
wounds treated early healed quickly, not becoming colonized by bacteria.

A similar study, but with less detail given, was carried out on 40 patients, half
of which had been treated with another antiseptic that had failed (Ndayisaba et al.
1993). The wounds were of mixed etiology: surgical, accidental, infective, trophic,
and burns; the average size of the wounds was 57 cm?. One third of the wounds
were purulent; the rest were red with a whitish coat. The number of microorganism
isolates from the wounds dropped from 48 to 14 after 2 weeks of treatment. Seven
of the patients had necrotic tissue excised after treatment with honey, and three of
these had skin grafts. It was noted that the honey delimited the boundaries of the
wounds and cleansed the wounds rapidly to allow this. Of the 33 patients treated
only with honey dressings, 29 healed successfully, with good quality healing, on an
average time of 5 to 6 weeks. Of the four cases where successful healing was not
achieved, two were attributed to the poor general quality of the patients who were
suffering from immunodepression: one was withdrawn from treatment with honey
because of a painful reaction to the honey and one burn remained stationary after
a good initial response.

EviDENCE IN CLINICAL TRIALS

Twenty consecutive cases of Fournier’s gangrene managed conservatively with sys-
temic antibiotics (oral amoxicillin/clavulanic acid and metronidazole) in addition
to daily topical application of honey were compared retrospectively with 21 similar
cases of Fournier’s gangrene managed by the orthodox method (wound debridement,
wound excision, secondary suturing, and in some cases scrotal plastic reconstruc-
tion in addition to receiving a mixture of systemic antibiotics dictated by sensitivity
results from cultures) (Efem 1993). The microorganisms cultured in both treatment
groups were similar. Although the average duration of hospitalization was slightly
longer, topical application of honey showed distinct advantages over the ortho-
dox method. Three deaths occurred in the group treated by the orthodox method,
whereas no deaths occurred in the group treated with honey. The need for anesthesia
and expensive surgical operation was obviated with the use of honey. Response to
treatment and alleviation of morbidity were faster in the group treated with honey.
Although some of the bacteria isolated from honey-treated patients were not sensi-
tive to the antibiotics used, the wounds became sterile within 1 week.

The usefulness of honey dressings as an alternative method of managing abdomi-
nal wound disruption was assessed in a prospective trial over 2 years compared
retrospectively with patients of a similar age over the preceding 2 years (Phuapradit
and Saropala 1992). Fifteen patients whose wound disrupted after caesarean section
were treated with honey application and wound approximation by micropore tape
instead of the conventional method of wound dressing with subsequent resuturing.
(The comparative group, 19 patients, had had their dehisced wounds cleaned with
hydrogen peroxide and Dakin solution and packed with saline-soaked gauze prior to
resuturing under general anesthesia.)
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It was noted that with honey dressings, slough and necrotic were replaced by granu-
lation and advancing epithelialization within 2 days, and foul-smelling wounds were
made odorless within 1 week. Excellent results were achieved in all the cases treated
with honey, thus avoiding the need to resuture, which would have required general anes-
thesia. Eleven of the cases completely healed within 7 days, and all 15 within 2 weeks.

The required period of hospitalization was 2 to 7 days (mean 4.5) compared with
9 to 18 days (mean 11.5) for the comparative group. Two from the comparative group
had their wounds become reinfected, and one developed hepatocellular jaundice
from the anesthetic.

A retrospective study of 156 burn patients treated in a hospital over a period of
5 years found that the 13 cases treated with honey had a similar outcome to those
treated with silver sulfadiazine (Adesunkanmi and Oyelami 1994).

A prospective randomized controlled trial was carried out to compare honey-
impregnated gauze with OpSite as a cover for fresh partial thickness burns in two groups
of 46 patients. Wounds dressed with honey-impregnated gauze showed significantly
faster healing compared with those dressed with OpSite (mean 10.8 vs. 15.3 days;
P < 0.001). Less than half as many of the cases became infected in the wounds dressed
with honey-impregnated gauze compared with those dressed with OpSite (P < 0.001).

Another prospective randomized clinical study was carried out to compare honey
impregnated gauze with amniotic membrane dressing for partial thickness burns
(Subrahmanyam 1994).

Forty patients were treated with honey-impregnated gauze and 24 were treated
with amniotic membrane. The burns treated with honey healed earlier compared
with those treated with amniotic membrane (mean 9.4 vs. 17.5 days; P < 0.001).
Residual scars were noted in 8% of patients treated with honey-impregnated gauze
and in 16.6% of cases treated with amniotic membrane (P < 0.001).

Honey was compared with silver sulfadiazine—impregnated gauze for efficacy as
a dressing for superficial burn injury in a prospective randomized controlled trial
that was carried out with a total of 104 patients (Subrahmanyam 1991). In the 52
patients treated with honey, 91% of the wounds were rendered sterile within 7 days.
In the 52 patients treated with silver sulfadiazine, 7% showed control of infection
within 7 days. Healthy granulation tissue was observed earlier in patients treated
with honey (mean, 7.4 vs. 13.4 days). The time taken for healing was significantly
shorter with the honey-treated group (P < 0.001): of the wounds treated with honey,
87% healed within 15 days compared with 10% of those treated with silver sulfadia-
zine. Better relief of pain, less exudation, less irritation of the wound, and a lower
incidence of hypertrophic scar and postburn contracture were noted with the honey
treatment. The honey treatment also gave acceleration of epithelialization at 6 to 9
days, a chemical debridement effect, and removal of offensive smell.

In another prospective randomized controlled trial comparing honey with sil-
ver sulfadiazine—impregnated gauze on comparable fresh partial thickness burns
(Subrahmanyam 1998), histological examination of biopsy samples from the wound
margin as well as clinical observations of wound healing were made to assess rela-
tive effects on wound healing in two groups of 25 patients. The time taken for heal-
ing was significantly shorter with the honey-treated group (P < 0.001). Of the wounds
treated with honey, 84% showed satisfactory epithelialization by the 7th day and
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100% by the 21st day. In wounds treated with silver sulfadiazine, epithelialization
occurred by the 7th day in 72% of the patients and in 84% of patients by 21 days.
Histological evidence of reparative activity was seen in 80% of wounds treated with
honey dressing by the 7th day, with minimal inflammation. Of the wounds treated
with silver sulfadiazine, 52% showed reparative activity, with inflammatory changes,
by the 7th day. Reparative activity reached 100% by 21 days with the honey dress-
ing and 84% with silver sulfadiazine. In honey-dressed wounds, early subsidence of
acute inflammatory changes, better control of infection, and quicker wound heal-
ing were observed, while in the wounds treated with silver sulfadiazine, sustained
inflammatory reaction was noted even on epithelialization. No skin grafting was
required for the wounds treated with honey, but four of the wounds treated with sil-
ver sulfadiazine converted to deep wounds and required skin grafts.

Honey was also compared with boiled potato peel as a cover for fresh partial-
thickness burns in another prospective randomized controlled trial (Subrahmanyam
1996a). Of the 40 patients treated with honey who had had positive swab cultures at the
time of admission, 90% had their wounds rendered sterile within 7 days. All of the 42
patients treated with boiled potato peel dressings who had had positive swab cultures
at the time of admission had persistent infection after 7 days. Of the wounds treated
with honey, 100% healed within 15 days compared with 50% of the wounds treated
with boiled potato peel dressings. The mean times to heal, 10.4 days with honey ver-
sus 16.2 days with boiled potato peel, were significantly different (P < 0.001).

Clinical observations from human trials reported that honey-debrided wounds (Efem
1988; Molan 2002a) facilitated formation of granulating tissue (Subrahmanyam 1993),
improved epithelialization (Molan 2002b), and reduced inflammation (Subrahmanyam
1998). This was consistent with what was reported in the animal study data previ-
ously discussed; however, clinical observation without the support of histological evi-
dence is limited. Although animal studies report accelerated healing time with the use
of medical-grade honey (Saber 2010), results in humans have been varied. Recently,
three small (n = 40, each study) randomized, single-blind (examiner) controlled trial
(Motallebnejad et al. 2008; Khanal et al. 2010) and one small (n = 40) randomized,
nonblinded controlled trial (Rashad et al. 2009) demonstrated that honey may have
some protective effects against radiation-induced mucositis in head-and-neck cancer
patients undergoing therapy.

In a randomized, double-blind, controlled trial, honey dressing showed no dif-
ference in healing time compared with hydrogel dressings in patients who sustained
abrasions or minor lacerations (Ingle et al. 2006). In a randomized, double-blind
controlled trial (McIntosh and Thomson 2006) and a randomized single-blind con-
trolled trial (Marshall et al. 2005), patients who sustained toenail avulsions showed
no differences in mean healing times when honey was compared with paraffin gauze
and iodoform gauze, respectively. A meta-analysis of these three studies confirmed
no statistical difference in mean time to healing between honey and conventional
dressing in these minor acute wounds (Jull et al. 2008).

In several randomized controlled trials, using honey on minor burns (superficial
to partial-thickness burns) shows accelerated healing time compared with conven-
tional dressings, such as silver sulfadiazine dressing (Bangroo et al. 2005; Mashhood
etal. 2006) and transparent polyurethane film dressing. In addition, honey was found
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to be superior to nonconventional dressings, such as potato peels (Subrahmanyam
1996a) and amniotic membrane (Subrahmanyam 1994). However, the strength of
these studies has been questioned because of the absence of the description of how
randomization was achieved (Wijesinghe et al. 2009). Meta-analyses of these trials
showed the use of honey to accelerate healing of minor burns compared with the
previously mentioned comparators (Moore et al. 2001).

Other histological and clinical studies of wound healing were performed in com-
parable cases of fresh partial-thickness burns treated with honey dressing or mafenide
acetate in two groups of 50 randomly allocated patients. Of the patients with honey-
treated wounds, 84% showed satisfactory epithelialization by day 7 and 100% by day
21. In wounds treated with mafenide acetate, epithelialization occurred by day 7 in
72% of cases and in 84% by day 21. Histological evidence of reparative activity was
observed in 80% of wounds treated with honey dressing by day 7 with minimal inflam-
mation. Fifty-two percent of the mafenide acetate—treated wounds showed reparative
activity with inflammatory changes by day 7. Reparative activity reached 100% by day
21 with the honey dressing and 84% with mafenide acetate. Thus, in honey-dressed
wounds, early subsidence of acute inflammatory changes, better control of infection,
and quicker wound healing were observed, while in mafenide acetate—treated wounds,
a sustained inflammatory reaction was noted even on epithelialization. Further in vitro
studies and animal research need to be done to identify other components of honey
involved in antibacterial, debriding, and anti-inflammatory properties. This may shed
more light for the reason behind the variation between the different types of honey and
may lead to the standardization of the type of honey used in therapy.

RoLe oF MaNuUKA HONEY IN WOUND HEALING

With high-activity manuka honey being available commercially, especially that
which has been sterilized by y-irradiation (a process that does not reduce the activity;
Molan and Allen 1996), there have been several clinical cases published where the
results have been remarkable. Three, using manuka honey with a “Unique Manuka
Factor” (UMF) rating of 12, have reported healing wounds infected with methicillin-
resistant S. aureus (MRSA) (Dunford et al. 2000a; Betts and Molan 2001). Another
case, also using manuka honey with a UMF rating of 12, reported rapidly heal-
ing widespread serious skin ulcers resulting from meningococcal septicemia that
were heavily infected with Pseudomonas, S. aureus, and Enterococcus and had not
responded to all modern conventional treatments over a period of 9 months in inten-
sive care (Dunford et al. 2000b). Also, Cooper et al. (2001) have reported a case of
hidradenitis suppurativa that had been giving recurrent abscesses for 22 years and
had given a nonhealing wound for the past 3 years that had had three attempts at
surgical removal of infected tissue and a wide range of antibiotics, antiseptics, and
wound dressings. This healed (with no recurrence of infection in the 2 years since)
within 1 month by dressing with manuka honey with a UMF rating of 13. Another
case reported was of a large wound from surgical removal of an area of necrotiz-
ing fasciitis, which was heavily infected with Pseudomonas after surgery and so a
skin graft could not be applied: this was rapidly cleared of infection by application
of a dressing of manuka honey with a UMF rating of 12 and then successfully skin
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grafted (Robson et al. 2000). Betts and Molan (2001) have reported a trial using
manuka honey with a UMF rating of 12 on a wider range of types of infected wounds
(venous leg ulcers, leg ulcers of mixed etiology, diabetic foot ulcers, pressure ulcers,
unhealed graft donor sites, abscesses, boils, pilonidal sinuses, and infected wounds
from lower limb surgery). Infection was rapidly cleared and all wounds were healed
successfully other than the ones where there was an underlying failure in arterial
blood supply creating nonviable tissue.

A prospective observational multicenter study was conducted using Medihoney
dressings in 10 hospitals: 9 in Germany and 1 in Austria. Wound-associated param-
eters were monitored systematically at least three times in all patients. Data derived
from the treatment of 121 wounds of various etiologies over a period of 2 years were
analyzed. Almost half of the patients were younger than 18 years old, and 32% of
the study population were oncology patients. Overall, wound size decreased signifi-
cantly during the study period and many wounds healed after relatively short time
periods. Similarly, perceived pain levels decreased significantly, and the wounds
showed noticeably less slough/necrosis. In conclusion, the findings show honey to
be an effective and feasible treatment option for professional wound care. In addi-
tion, the study showed a relationship between pain and slough/necrosis at the time
of recruitment and during wound healing (Biglari et al. 2012). Table 7.2 gives some
examples on the successful results achieved by using honey as a dressing.

TABLE 7.2
Examples of Honey Dressings That Have Achieved Successful Results after
Other Treatments Failed

Wound Outcome Reference

Porous nonadherent dressing Pseudomonas eliminated; donor sites Robson et al. 2000
placed between graft and honey healed faster; better cosmetic results
dressing

36-month-old surgical wound in Healed in 1 month Cooper et al. 2001
the axilla

Skin lesions infected with Healed within 10 weeks Dunford et al. 2000a
Pseudomonas, S. aureus, and
Enterococcus

Skin-graft failure of lower leg Healed in 8 weeks: elimination of Dunford et al. 2000b
cavity wound; infected with wound odor

Pseudomonas, S. aureus, and
MRSA: donor-site infection
Hydroxyurea-induced leg ulcer Infection cleared in 14 days; healed in Natarajan et al. 2001
infected with MRSA treated with 21 days
UMF 12 manuka honey under

DuoDERM (ConvaTec)
4 % 4 cm nonhealing traumatic Granulation and epithelialization Dunford et al. 2000a,b
wound visible within 1 week; complete

healing in 6 weeks

(continued)
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TABLE 7.2 (Continued)

Examples of Honey Dressings That Have Achieved Successful Results after

Other Treatments Failed
Wound

Ulcer from back of knee to ankle,
infected with S. pyogenes and
S. aureus treated with Medihoney

Bilateral leg ulcers, extending
18 cm up from ankle on the inner
and outer surfaces of an
88-year-old patient, treated with
Medihoney

Chronic leg ulcers (20 years),
Medihoney compared with
Aquacel

25-year history of venous
ulceration and recurrent infection
treated with UMF 10+ manuka
honey

14 cases of gangrene in the genitals
and perineum; honey was applied
directly to the wounds, which
were covered with a honey-
soaked compress

Fournier’s gangrene, postsurgical
debridement

Retrospective review of 50 cases of
lactational breast abscesses
incised, drained, and packed daily
with honey

Skin excoriation due to ostomy bag
leakage

Soaked ribbon gauze; 16 acute
traumatic, 23 complicated
surgical, and 21 chronic
nonresponding wounds treated
with time HoneySoft (Mediprof)

Outcome

Elimination of odor; reduction in pain;
reduced bleeding at dressing change;
80% reduction in size in 15 weeks

Healed in 6 weeks

Cleaner wound bed; infection and
exudate cleared in 10 days

Rapid removal of odor; eczema cleared

after 10 days

Average debridement time: 5.2 days;
granulation: 9.4 days; healing:
28.7 days

Healing in six patients

Good response

Rapid epithelialization

Two wounds did not heal but did not
worsen; others healed in a mean of 3
weeks (range, 1-28 weeks)

Reference
Stewart 2002

Richards 2002

Alcaraz and Kelly
2002

Kingsley 2001

Anoukoum et al. 1998

Giirdal et al. 2003

Efem 1995

Aminu et al. 2000

Ahmed et al. 2003

TYPES OF WOUNDS AND BURNS CURED BY HONEY

INFECTED WOUNDS AND BURNS

Of course, infected wounds and burns are more difficult to manage clinically. Honey
has been evaluated recently for its usefulness in dealing with these conditions.
Research in the 1990s found honey to be effective in healing infected nonhealing
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skin wounds (McInerney 1990; Somerfield 1991). Studies on Fournier’s gangrene
treated with topical unprocessed honey showed rapid improvement with decreased
edema and discharge, rapid regeneration with little or no scarring, wound debride-
ment, and reduced mortality (Efem 1991; Hajase et al. 1996). Animal studies with
buffalo calves compared honey to ampicillin and nitrofurazone in treating infection
and found that honey decreased infection and healing time and was generally more
effective (Gupta et al. 1992; Kumar et al. 1992).

WOUND INFECTION AND BIOFILMS

Microbial resistance to honey has never been reported, which makes it a very prom-
ising topical antimicrobial agent. Indeed, the in vitro activity of honey against
antibiotic-resistant bacteria and the reported successful application of honey in the
treatment of chronic wound infections that were not responding to antibiotic therapy
have attracted considerable attention.

Wounds that are infected with Streptococcus pyogenes often fail to respond to
treatment. This is largely due to the development of biofilms that may be difficult for
antibiotics to penetrate, in addition to problems of antibiotic resistance. The results
of the team working in Cardiff University (United Kingdom) showed that very small
concentrations of honey prevented the start of biofilm development and that treating
established biofilms grown in Petri dishes with honey for 2 h killed up to 85% of
bacteria within them. The latest study reveals that honey can disrupt the interaction
between S. pyogenes and the human protein fibronectin, which is displayed on the
surface of damaged cells. “Molecules on the surface of the bacteria latch onto human
fibronectin, anchoring the bacteria to the cell. This allows infection to proceed and
biofilms to develop,” explained Dr. Sarah Maddocks who led the study. “We found
that honey reduced the expression of these bacterial surface proteins, inhibiting
binding to human fibronectin, therefore making biofilm formation less likely. This
is a feasible mechanism by which manuka honey minimizes the initiation of acute
wound infections and also the establishment of chronic infections.”

Ongoing work in Dr. Maddocks’ laboratory is investigating other wound-associated
bacteria including Pseudomonas aeruginosa (PA) and MRSA. Manuka honey has
also been shown to be effective at killing these bacteria. “There is an urgent need to
find innovative and effective ways of controlling wound infections that are unlikely
to contribute to increased antimicrobial resistance. No instances of honey-resistant
bacteria have been reported to date, or seem likely,” said Dr. Maddocks. “Applying
antibacterial agents directly to the skin to clear bacteria from wounds is cheaper than
systemic antibiotics and may well complement antibiotic therapy in the future. This
is significant as chronic wounds account for up to 4% of health care expenses in the
developed world” (Maddocks et al. 2012).

Alandejani et al. (2009) used a biofilm model to assess antibacterial activity of
honey against 11 methicillin-susceptible S. aureus (MSSA), 11 MRSA, and 11 PA
isolates. Honeys were tested against both planktonic and biofilm-grown bacteria.
They found that honey was effective in killing 100% of the isolates in the planktonic
form. The bactericidal rates for the Sidr and manuka honeys against MSSA, MRSA,
and PA biofilms were from 63% to 82%, from 73% to 63%, and from 91% to 91%,
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respectively. These rates were significantly higher (P = 0.001) than those seen with
single antibiotics commonly used against S. aureus.

SurcicAL WOUNDS

Bulman (1955) used honey as surgical dressing for vulvectomies because of its bac-
tericidal capabilities. He also noted success in treating ulcerations following radical
surgery for carcinoma of the breast and varicose veins with honey. In 1970, other
researchers reported using undiluted honey following radical operations for carci-
noma of the vulva, resulting in no infections, minimal debridement, and reduced
hospital stays (Cavanagh et al. 1970). In the 1980s, a number of studies used mice
to investigate honey in surgical wound healing and found that there were more
granulation, smaller wounds, and more rapid healing (Kandil et al. 1987). Other
research evaluated the use of honey and microtape for wound closure in women with
wound disruption following caesarean sections and showed healing within 2 weeks
(Phuapradit and Saropala 1992).

PRESSURE SORES AND SKIN ULCERS

Numerous studies have demonstrated that the use of unprocessed/undiluted honey
resulted in rapid debridement and epithelialization, quick recovery, wound cleanli-
ness, improved taking of grafts, and ease of dressing changes. Table 7.3 summarizes
some of the key studies on the use of honey to treat pressure sores and skin ulcers.

BURNS

Management of burn victims requires reestablishment of a barrier that will pro-
tect the internal environment from external contaminants but also help hold in and
regulate fluids and tissues under repair. Honey may be able to heal burns as well as
or better than conventional dressings (Postmes et al. 1997). A series of studies by
Subrahmanyam in India has shown that dressings with pure, unprocessed, undiluted

TABLE 7.3
Some Clinical Findings Related to the Use of Honey for Pressure Sores
and Ulcers

Findings References
Rapid debridement, rapid epithelialization; quick recovery Efem 1988
Increased granulation, wound cleanliness, and prompt taking of grafts Farouk et al. 1988
Manuka honey helped heal leg ulcers also treated with antibiotics Wood et al. 1997

Successful treatment of wounds with honey under dry dressing in accident and ~ Blomfield 1993
emergency room departments
Treatment of pressure ulcer in orthopedic patients; accelerated healing time Weheida et al. 1991
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honey obtained from hives had advantages over standard medical treatments such
as OpSite (Subrahmanyam 1993), silver sulfadiazine, and traditional, low-cost treat-
ments such as boiled potato peels, but not over early tangential excision and skin
grafting of moderate burns (Subrahmanyam 1999). Results from the studies compar-
ing different dressings demonstrated that honey is an effective dressing that speeds
healing, sterilizes wounds, reduces pain with enhanced formation of granulation tis-
sue, and lessens inflammation and scarring. Its viscous quality protects the surface
from infection and scraping. Other benefits are the ease of dressing changes and its
lower cost.

FOURNIER’S GANGRENE

According to a study conducted by Subrahmanyam (2004), 30 patients admitted with
the diagnosis of Fournier’s gangrene were randomly allocated to two groups, one
treated by honey dressing and the other by Eusol dressing. All patients were treated
with broad-spectrum antibiotics and underwent debridement and delayed closure as
required. In 14 patients treated with honey dressing, healthy granulation appeared
in 4 patients in 1 week and in all patients within 3 weeks. In 16 patients treated with
Eusol dressing, healthy granulation appeared in 1 week and by 4 weeks in remain-
ing patients. Secondary suturing and skin grafting was required in 9 patients in each
group. Mean hospital stay was 28 days (range, 9-40 days) in the honey-treated group
and 32 days (range, 12-52 days) in the Eusol-treated group.

TYPES OF DRESSINGS

Medical honey for wound healing comes in a variety of forms: pure-form honey,
tube honey, honey ointment, a variety of honey-impregnated fiber dressing, and
honey-impregnated calcium alginate dressings. Honey has many beneficial proper-
ties including analgesia, anti-inflammatory, antibacterial, antiviral, antifungal, anti-
oxidant, immunostimulant, debridement, and deodorizing actions. Honey also has
the ability to nourish and moisten the skin and decrease scarring. For these reasons,
honey should not be looked at as a generic substance. From a medical perspective,
choosing the right type of honey that has been appropriately produced, tested, pro-
cessed, and packaged is critical for optimal treatment outcome. Topical honey has
been shown to be safe and effective and can be combined with conventional medica-
tions and therapies in the clinic and at home to decrease pain and promote overall
quality of life.

For wound and burn management, many kinds of temporary dressings have
been designed in a membranous shape to provide a physical barrier and contribute
to an adequate environment for epithelial regeneration. Furthermore, on the basis
of strategies of tissue engineering and wound repair, several approaches involving
the use of growth factors, matrix materials, epidermal and dermal cell inocula-
tions, and complex skin substitutes have been explored (Sha Huang and Xiaobing
2010). Topical application of growth factors to wound has shown good capability
to speed up tissue repair in animal models (Mustoe et al. 1991; Pierce et al. 1992).
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Moreover, human recombinant platelet-derived growth factor that directly inter-
feres and favors the repair process has given good results in the healing of diabetic
patient ulcers (Steed 1998). Modern hydrocolloid wound dressings are presently
favored as moist dressing, although such wound dressings are expensive. Foams,
gels, and alginates are also available for treating chronic wounds. Although moist
wound care enhances the healing process through tissue regrowth, such moist con-
ditions favor the growth of infecting bacteria (Caskey 2004). Recently, researchers
have focused on the incorporation of antibiotics into the membranes to prevent
infections, because sustaining a sufficient drug concentration at the site of infec-
tion is important for the treatment of an infected wound. Therefore, different types
of medicated collagen dressings with antibiotics have been developed (Lee et al.
2002). Health care professionals are aware that wound dressings should be judged
on effectiveness, safety, and cost. As such, honey that is to be used for medicinal
purposes has to be free of residual herbicides, pesticides, heavy metals, and radio-
activity. Also, it has to be sterilized by y-radiation to prevent wound infection
(wound botulism). Furthermore, glucose oxidase in honey has to be controlled
during processing to maintain the potency for infection prevention without doing
harm to the wound tissues. Besides these primary conditions, the application of
honey should be easy (Emsen 2007). Understanding the scientific basis of the
anti-inflammatory properties of honey could potentially lead to the development
of novel therapeutic agents with a view to rationalizing and optimizing its use for
wound therapy. It seems that the optimum environment would be an intermediate
gelatinous environment between moist and dry such as seen under highly vapor-
permeable dressings (Bernabei et al. 1999; Braddock et al. 1999). Formulation of
honey-based gel compositions containing protein growth factors and/or debriding
enzymes is provided to achieve rapid and optimal wound healing (Gunwar 2005).
Moreover, in many patented products, honey has been combined with fatty ester,
wax, and wax-like compound to form an ointment that could be applied on wounds
(Van Den Berg and Hoekstra 2009; Vandeputte 2009; Caskey 2010; Cotton 2010).

WHAT MAKES HONEY IDEAL FOR WOUND CARE?

WoUND BED PREPARATION

Wound bed preparation may be viewed as management of the wound in order to accel-
erate endogenous healing. The bioactivity of honey aligns closely with the concept
of wound bed preparation. The physiology of healing in acute wounds is a carefully
controlled series of events that ensures that healing progresses in a timely fashion.
However, in chronic wounds, this orderly sequence is disrupted and the repair pro-
cess is delayed. If wound bed preparation is to be successful, the impediments to
healing must be recognized and addressed, implying appropriate management of
exudate, devitalized tissue, and associated bioburden. The appropriate application of
honey dressings offers a way forward in managing potential wound-related barriers
to healing (Bogdanov 2012). Table 7.4 shows the comparison in terms of wound heal-
ing between honey and conventional treatment.
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TABLE 7.4
Mean Healing Time Comparison between Honey and Conventional Products
for Wounds

Healing Time with Other Healing Time with % Difference + P Value

Products (days) Honey (days) (Statistically Significant)
Skin tears 24 17 24% (P = 0.490)
Burns 22 16 27% (P = 0.045)
Venous ulcers 62 38 39% (P =0.001)
Pressure ulcers 93 78 17% (P = 0.027)
Diabetes 48 37 23% (P = 0.260)

Source: Nestjones, D. and Vandeputte, J., Wounds UK, 8(2), 106-112, 2012.

DEALING WITH EXUDATE

Betts and Molan’s (2001) in vivo pilot study reported that honey helps reduce the amount
of wound exudate. This is most likely a consequence of honey’s anti-inflammatory
properties. Inflammation increased vessel permeability, which increases fluid move-
ment into soft tissue, subsequently increasing surface exudate. A decrease in inflam-
matory cells has been found (histologically) in animal models following application
of honey in full-thickness burns. It follows that reducing inflammation lessens exu-
date production and dressing change frequency, which may conserve resources in
terms of dressings used, staff time, and unnecessary disturbance of the patient and
the wound bed.

DevitALizED TisSUE

The osmotic pull of honey draws lymph from the deeper tissues and constantly
bathes the wound bed. Lymph fluid contains proteases that contribute to the debrid-
ing activity of honey. In addition, the constant sluicing of the wound bed is believed
to help remove foreign body contamination (Molan 2002a). Molan (2005) has sug-
gested that the most likely explanation for honey’s debriding activity involves the
conversion of inactive plasminogen to plasmin, an enzyme that breaks down the
fibrin that tethers slough and eschar to the wound bed. Stephen-Haynes (2004), who
presented the results of three patient case studies and an additional five patients who
benefited from management of wound malodor, attested to the clinical impact of
honey in debridement. Malodor is known to occur in a variety of wounds in con-
junction with slough and necrotic tissue; it is a particular concern when managing
fungating lesions. Malodorous substances such as ammonia and sulfur compounds
are produced when bacteria metabolize protein. Because honey provides bacteria
an alternative source of energy (glucose), these noxious compounds are no longer
produced and wound malodor is avoided.
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RebpucING THE Risk OF MACERATION

Macerated periwound skin can be a problem in some wounds and is often related to
the dressing used (Cutting and White 2002). The osmotic action of honey, previously
mentioned, has been shown in previous reviews of the literature to reduce the risk
of maceration; honey draws moisture rather than donates it (Molan 2002a). Thus,
periwound skin is protected from overhydration.

PREVENTING INFECTION

An ample variety of microorganisms may colonize the burn wound, proliferate
on and within the eschar, progress in depth, and initiate a systemic infection that
remains a major cause of death among people with burns (Bauer and Yurt 2005;
Soares de Macedo and Santos 2005) and any means of preventing will lead to
higher survival rates in burned patients. Prevention and treatment of burn wound
infection include proper wound dressing (Edwards et al. 2003), surgical debride-
ment, and systemic and topical antimicrobial therapy (Monafo and Bessey 2002).
Third-degree burn wound eschar is avascular and frequently several millimeters
distant from the patient’s microvasculature. Therefore, systemically administered
antimicrobial agents may not achieve therapeutic levels by diffusion to the wound,
where microbial numbers are usually very high. In addition, systemic antibiotics
can lead to the development of drug-resistant respiratory and urinary tract infec-
tions. Many studies (Natarajan et al. 2001; Cooper et al. 2002; Lusby et al. 2002;
Henriques et al. 2006; Simon et al. 2009) have shown that application of honey to
severely infected cutaneous wounds is capable of clearing infection from the wound
and improving healing. Honey contains an enzyme that produces hydrogen perox-
ide when diluted (White et al. 1963). It has been reported that hydrogen peroxide
is more effective when supplied by continuous generation with glucose oxidase
than when added in isolation (Pruitt and Reiter 1985). Additional nonperoxide anti-
bacterial factors have been identified (Allen et al. 1991). Methylglyoxal has been
recently isolated and identified as the dominant antibacterial fraction of manuka
honey (Adams et al. 2008, 2009; Mavric et al. 2008). The most frequently isolated
bacteria from burns and wounds, namely, S. aureus and P. aeruginosa, have been
found to be sensitive to honey action (Boukraa and Amara 2008; Boukraa et al.
2008). Table 7.5 lists the common infectious agents isolated from wounds that have
been sensitive to honey.

ANTI-INFLAMMATORY EFFECT

Normal burn healing is a complex process in which damaged tissue is removed
and gradually replaced by restorative tissue during an overlapping series of events
that include inflammation, cell proliferation, and tissue remodeling (Figure 7.1).
Topical application of honey to burn wounds and other wounds has been found to
be effective in controlling infection and producing a clean granulating bed (Bulman
1995; Subrahmanyam 1996b). Tonks et al. (2003) suggested that the wound-healing
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TABLE 7.5

Most Common Wound-Infecting Bacteria and Fungi Found to Be Sensitive

to Honey

Bacterial Strains References

S. aureus Attipou et al. 1998; Molan 2002a,b; Moore et al. 2001; Cooper et al. 2002;
Davis 2002; Fox 2002; Lusby et al. 2005; Kwakman et al. 2008; Morris 2008;
Alandejani et al. 2009; Simon et al. 2009; Alvarez-Suarez et al. 2010; Mandal
and Mandal 2011; Stephen Haynes and Callaghan 2011; Subrahmanyam et al.
2001; Subrahmanyam 2004; Visavadia et al. 2008

MRSA Allen et al. 2000;; Natarajan et al. 2001; Cooper et al. 2002; Davis 2002;

Coagulase-negative
staphylococci

P. aeruginosa

S. pyogenes

Burkholderia cepacia

Escherichia coli

Klebsiella oxytoca
Alcaligenes faecalis
Serratia marcescens

Proteus mirabilis

Candida albicans

Dermatophytes

Blaser et al. 2007; George and Cutting 2007; Kwakman et al. 2008; Maeda et
al. 2008; Visavadia et al. 2008; Yasunori et al. 2008; Alandejani et al. 2009;
Simon et al. 2009; Boukraa and Sulaiman 2010; Mandal and Mandal 2011;
Stephen Haynes and Callaghan 2011

French et al. 2005; Kwakman et al. 2008; Simon et al. 2009; Mandal and
Mandal 2011

Attipou et al. 1998; Subrahmanyam et al. 2001, 2003; Cooper et al. 2002;
Davis 2002; Wilkinson and Cavanagh 2005; George and Cutting 2007;
Mullai and Menon 2007; Kwakman et al. 2008; Alandejani et al. 2009;
Boukraa and Sulaiman 2010; Sherlock et al. 2010; Mandal and Mandal 2011

Molan 1992a,b; Willix et al. 1992; Attipou et al. 1998; Bogdanov 2011;
Mandal and Mandal 2011

Cooper et al. 2000

Willix et al. 1992; Attipou et al. 1998; Subrahmanyam et al. 2001; Cooper et
al. 2002; Davis 2002; Badawy et al. 2004; Lusby et al. 2005; Wilkinson
and Cavanagh 2005; Adeleke et al. 2006; Kwakman et al. 2008; Mandal et
al. 2010; Sherlock et al. 2010; Stephen Haynes and Callaghan 2011

Kwakman et al. 2008; Mandal and Mandal 2011

Molan 1992a,b; Lusby et al. 2005

Molan 1992a,b; Willix et al. 1992; Lusby et al. 2005

Willix et al. 1992; Attipou et al. 1998; Cooper 2001; Subrahmanyam et al.
2001; Subrahmanyam and Ugane 2004; Lusby et al. 2005; Mandal and
Mandal 2011

Obaseiki-Ebor and Afonya 1984; Toth et al. 1987; Molan 1992a,b; Thenussen
etal. 2001; Kog et al. 2011; Stephen Haynes and Callaghan 2011

Sheikh et al. 1995; Brady et al. 1997

effect of honey may in part be related to the release of inflammatory cytokines from
surrounding tissue cells, mainly monocytes and macrophages. The findings show
that natural honeys can induce IL-6, IL-1f3, and TNF-a release. Artificial honey
only induces release of these cytokines to a negligible extent (Tonks et al. 2001).
Honey has been shown to have mitogenic activity on human B and T lymphocytes
(Abuharfeil et al. 1999) and a human myeloid cell line (Watanabe et al. 1998).
Proteins present in honey will be highly glycosylated because of high sugar content.
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FIGURE 7.1 (See color insert.) Wound-healing process.

Glycosylated proteins have been shown to activate a number of cell types including
monocytic cells (Brownlee 1995). It is possible that these may affect MM6 activa-
tion. It has been reported, in a recent study, that honey significantly stimulated the
rate of burn wound healing as the rate of wound contraction at day 7 was greater
compared with untreated control groups (Norimah et al. 2007). Similarly, Suguna
et al. (1993) and Aljadi et al. (2000) reported that honey hastens wound healing by
accelerating wound contractions.

REGULATING OXIDATIVE STRESS

Levels of several antioxidants are measurably lower in burn victims, including
B-carotene and vitamins A, C, and E. For this reason, antioxidant therapy using
vitamins C and E and carotenoids is often part of the treatment of burns (Nguyen et
al. 1993). Another important point is that the regions of interest (ROIs) formed dur-
ing wound healing cause more inflammation and tissue destruction (Cochrane 1991).
The enzyme catalase present in honey has an antioxidant property; thus, honey may
have a role as an antioxidant in thermal injury (Subrahmanyam 1996b). The nutrient
contents of honey, such as glucose and fructose, improve local substrate supply and
may help promote epithelialization. Furthermore, the increase in vitamin C and other
antioxidants caused by honey in the blood concentration is particularly important for
granulation tissue development and wound healing (Al-Waili 2003; Schramm et al.
2003). The reduction in ROIs seen in the presence of honey may serve to limit tissue
damage by activated macrophages during the healing process. Natural honey has
also been shown to reduce the production of ROS in endotoxin primed MM6 cells
(Senyuva et al. 1997). The harmful effects of hydrogen peroxide are further reduced
because honey sequesters and inactivates the free iron, which catalyzes the forma-
tion of oxygen free radicals produced by hydrogen peroxide (Bunting 2001), and its
antioxidant components help to mop up oxygen free radicals (Frankel et al. 1998).
A study was conducted in the Netherlands in order to select honey for use in
wound-healing products. Different samples were compared for their capacity to
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reduce levels of ROS in vitro. Although most honey samples were shown to be
active, significant differences were observed, with the highly active honey exceeding
the activities of samples with minor effects by factors of 4 to 30. Most pronounced
activities were found for American buckwheat honey from the state of New York.
Phenolic constituents of buckwheat honey were shown to have antioxidant activity
(Van Den Berg et al. 2008).

PROVIDING MOISTURE

It has been shown that wounds epithelialize more rapidly in a moist environment
(Davies 1984), which depends on the qualities of dressing such as adherence, occlu-
siveness, and limitations of water vapor transport. Honey, because of its high viscos-
ity, forms a physical barrier, creating a moist environment that appears to be helpful
and accelerate wound healing. Honey-impregnated gauze acts as a viscous barrier
to wound invasion and fluid loss, although this is not well understood (Quinn et al.
1985). Furthermore, honey as a topical agent does not adhere to the surface. Since
there was no difficulty in removing the honey gauze and not much pain during dress-
ing, these factors, associated with easy availability, make honey suitable as cover for
burns in their management.

DEeoODORIZING AND DEBRIDING

Malodor is a common feature of chronic wounds and is attributed to the presence of
anaerobic bacterial species that produce malodorous compounds from decomposed
serum and tissue proteins (Bowler et al. 2001). It is probably more than just antimi-
crobial action that is responsible for the rapid deodorizing of wounds that is observed
when honey dressings are used. Honey provides a rich source of glucose that bacteria
metabolize in preference to amino acids, resulting in the production of a nonodorous
metabolite, lactic acid (White and Molan 2005). Honey facilitates the debridement of
wounds by the autolytic action of tissue proteases. It creates a moist wound environ-
ment by drawing out lymph fluid from the wound tissues through its strong osmotic
action. This provides a constant supply of proteases at the interface of the wound bed
and the overlying necrotic tissue, which may help to explain the rapid debridement
brought about by honey. This action also washes the surface of the wound bed from
beneath, explaining the frequent observations that honey dressings remove debris
such as foreign bodies with the dressing (Molan 2002a) and the painless lifting off
of slough and necrotic tissue (Subrahmanyam 1998). The activation of proteases by
hydrogen peroxide liberated by honey may also offer an explanation for the observed
rapid debridement (White and Molan 2005). Honey is known to deodorize wounds
rapidly (White and Molan 2005). Van der Weyden (2003) reported that the use of
honey alginate on patients with pressure ulcers led to quick and complete healing
as well as having a deodorizing and anti-inflammatory effect. Similarly, Stephen-
Haynes (2004) reported upon clinical cases where the use of honey resulted in the
debridement of wounds in three patients and the management of odor in five patients.
There is clearly a need for the control of malodorous wounds within primary care,
particularly with pressure ulcers, and honey has proven effective at achieving this
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goal (Scanlon and Stubbs 2002; Booth 2003). In addition, Hampton (2004) identified
the importance of the control of malodor with patients with fungating wounds and
recognized the role that honey could play in treating these patients. This debriding
action of a honey dressing may also contribute to the lowering of a wound’s bacterial
load by removal of dead tissue. Dead tissue is well known to provide an excellent
medium for bacterial growth and increase the risk of infections if left in the wound
(Leaper 1994).

PAIN MANAGEMENT AND REDUCTION IN SCARRING

While several clinical outcomes that have been reported in relation to the use of
honey are attributed to its therapeutic mechanisms, the management of pain (Molan
2002a,b; White and Molan 2005) (although some patients complain of stinging
or drawing sensation) (Pieper 2009) and minimizing scarring are also reported
(Dunford et al. 2000a; Molan 2001; Stephen Haynes 2005). A study carried out on
patients with burns has shown that application of antioxidants to mop up free radi-
cals reduces inflammation (Tanaka et al. 1995). Honey has a significant content of
antioxidants that perform this function (Frankel et al. 1998), and this may account
for the fact that honey dressings prevent partial-thickness burns from converting to
full-thickness burns requiring plastic surgery (Subrahmanyam 1998).

GETTING HONEY ACCEPTED AS WOUND HEALER

Honey does have significant potential to assist with wound healing and this has
been demonstrated repeatedly (Molan 1998; Dunford et al. 2000b; Natarajan et al.
2001). As the potential for honey as a topical wound dressing is further recognized
by the health care community, there continues to be a search for other honeys that
can be used in this way. These newly identified honeys may be advantageous due
to enhanced antibacterial activity, local production (and therefore ready availabil-
ity), greater selectivity, or broad spectrum of activity against medically important
organisms.

The establishment by research that there are bioactive components in honey, and
the wide dissemination of this knowledge, has led to a general acceptance that honey
is a respectable therapeutic agent and to a rapidly increasing uptake of its usage by
clinicians as well as by the general public. The finding that there are multiple bioac-
tive components involved in the therapeutic action makes it a much more attractive
option to use the natural product rather than to attempt to identify individual active
components and use synthesized copies of those.

Despite lack of promotional support from large corporations, interest in the use
of honey in wound management has increased in recent years. However, a clinical
profile in wound care commensurate with other modalities has not been achieved
despite offering similar indications of use and an increase in research activity and
clinical reports. It is observed that “the therapeutic potential of uncontaminated,
pure honey is grossly underutilized” (Zumla and Lulat 1989). Clinicians need reas-
surance that any health-related agent is safe and meets its stated therapeutic purpose.
Therefore, it is important to emphasize that, although natural in origin, the honey
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used in wound care should be of medical-grade standard and not sourced from honey
destined for the supermarket shelf. Medical-grade honey is filtered, y-irradiated, and
produced under carefully controlled standards of hygiene to ensure that a standard-
ized honey is produced (White et al. 2005).

BENEFITS OF WOUND DRESSING WITH HONEY

Some of the features of honey-based wound dressings include the following:

¢ Its antibacterial properties clear infections rapidly and prevent new micro-
bial growth.

* Unlike many other topical antiseptics, honey causes no tissue damage.

¢ Reduces inflammation, which leads to less swelling and pain relief.

e Increases blood circulation to the wound.

e Reduces wound odor by preventing ammonia production.

¢ Honey provides a moist healing environment; a moist healing environment
aids healing in most wound types.

e Stimulates tissue healing and thus wound closure by hastening granulation
and epithelialization. The acidity of honey might be the cause of the stimu-
lation of the healing process.

¢ Promotes rapid healing with minimal scarring.

¢ Honey makes direct contact with the wound’s surface, but the dressing does
not stick, so there is no pain or tissue damage when dressings are removed.

¢ Its antioxidant activity decreases the amount of destructive free radicals.

¢ Its osmotic effect draws dead tissue, exudate, and dirt from the wound.

e Its debriding action allows easy detachment of scabs and dead tissue.

e Honey is more effective than silver sulfadiazine and a polyurethane film
dressing for the treatment of burns.

PRACTICAL CONSIDERATIONS FOR HONEY
APPLICATION ON WOUNDS

According to Professor Peter Molan from Waikato University (New Zealand), the
following points should be observed when applying honey on wounds and burns:

(a) Start using honey on a wound from the onset.

(b) Use only honey that has been selected for use in wound care.

() Use dressings that will hold sufficient honey in place on a wound to get a
good therapeutic effect.

(d) Ensure that honey is in full contact with the wound bed.

(e) If a nonadhering dressing is used between the honey dressing and the
wound bed, it must be sufficiently porous to allow the active components of
the honey to diffuse through it.

(f) Ensure that honey dressings extend to cover any area of inflammation sur-
rounding wounds.
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(g) Use a suitable secondary dressing to prevent leakage of honey.

(h) Change the dressings frequently enough to prevent the honey from being
washed away or excessively diluted by wound exudate.

(1) When using honey to debride hard eschar (slough), scoring and softening
the eschar by soaking with saline will allow better penetration of the honey.

The successful use of honey for wound healing requires that an adequate amount
be used and it must be kept in close contact with the wound bed. The severity, loca-
tion, and level of wound exudate are the primary determining factors for choosing
the appropriate type of honey product or dressing to use for a particular wound or
condition.

Most commercial honey dressings contain 20 mL (25-30 g) of honey per slow
release 10 X 10 cm dressing. If too little honey is used, it will be quickly diluted by
exudate to the point where it becomes ineffective. The frequency of dressing changes
also depends on the amount of exudation present. The higher the level of exuda-
tion, the greater the dilution of honey and the more frequently the dressing changes.
Wounds with low or mild exudation may only require dressing changes every 3 to
5 days, whereas moderate exudation typically requires once-daily dressing changes.
Wounds with heavy exudation may initially require twice-daily dressing changes
and should be closely monitored.

ADVERSE EFFECTS AND LIMITATIONS

As a medical treatment, honey is rather innocuous. Other than occasional sting-
ing when applied to wounds and redness in the eye, no adverse effects have been
reported. In theory, wound botulism from naturally occurring Clostridium botuli-
num spores is possible, but in practice this has never been reported. Since high heat
is known to inactivate the antimicrobial factors in honey, pasteurization or other heat
treatments are not sterilization options. However, treatment with y-irradiation will
kill the spores while leaving the components responsible for antimicrobial activity
intact (Molan 2001; Molan and Allen 1996).

Allergic reactions to honey are rare (Kiistala et al. 1995) and have been attributed
in some cases to a reaction to specific pollen in the honey (Helbling et al. 1992; Bauer
et al. 1996). Honey processed for use in wound care is passed through fine filters that
remove most of the pollen. In more than 500 published reports on the clinical usage
of honey in open wounds (Al-Waili and Saloom 1999; Subrahmanyam 1999; Robson
et al. 2000; Dunford et al. 2000a,b; Betts and Molan 2001; Natarajan et al. 2001),
there have been no adverse reactions noted other than a localized stinging sensation
described by some patients. This may be due to the acidity of honey as it has not
been reported when the acidity is neutralized (Betts and Molan 2001). A transient
stinging sensation was also observed in 102 cases in a trial of honey for ophthalmo-
logical use (Emarah 1996), although this was never severe enough to stop treatment.
In papers describing the application of honey to open wounds, it has been reported
to be soothing and to relieve pain (Subrahmanyam 1993), be nonirritating (Bulman
1955; Cavanagh et al. 1970; Subrahmanyam 1996a,b), be pain free on application
(Mclnerney 1990), and have no adverse effects (Ndayisaba et al. 1993). A number
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of histological studies examining wound tissues also support the safe use of honey
(Bergman et al. 1983; El-Banby et al. 1989; Gupta et al. 1992; Postmes et al. 1997).

CONCLUSION

Wound healing is a complex process; the ultimate aim of this process is to repair
the barrier properties of the skin as quickly as possible. Despite the advances in
the development of wound dressings, no single dressing is suitable for all types of
wounds, and often, different types are needed during the healing of a single wound.
Additionally, the healing process may be delayed as a result of disease conditions,
such as in the case of diabetic foot ulcers. Therefore, a continual search for new
drugs and dressings capable of interacting with the damaged tissue to speed up the
healing process is carried out by physicians. In this regard, one question remains
unanswered: which “molecule(s)” from honey is best suited for wound and burn
management? Thus, understanding the mechanism of anti-inflammatory action
seems crucial since the composition of this natural product varies widely from one
type of honey to another. Whichever honey is used for medicinal purposes, consider-
ation needs to be given to its quality. Natural products may have a large variance in
therapeutic components depending on their origin. Thus, the floral source of honey
plays an important role on its biological properties. In consequence, it would not be
surprising that the provenance of honey could determine its healing properties. It is
also possible that the mixing of bee products affects their biological activity since
those with lower activities may mask the higher activity of others. Moreover, bee
products that are to be used for medicinal purposes have to meet certain criteria.
As such, they have to be free of residual herbicides, pesticides, heavy metals, and
radioactivity. They have also to be sterilized to prevent secondary infections. The
problem of antibiotic residues should also be highlighted. As long as beekeepers con-
tinue to use antibacterial drugs to control bee diseases, the risk of antibiotic residues
in some bee products will remain. Although authorities have allowed a maximum
residue limit for each molecule, consumers want honey free of residues because it is
perceived as a pure, natural product.
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INTRODUCTION

Since ancient times, people have speculated about honey’s curative properties. The
ancient Egyptians, Assyrians, Chinese, Greeks, and Romans all used honey, in com-
bination with other herbs and on its own, to treat the diseases of the gut (Molan
1999). Until recently, there was little scientific evidence to support therapeutic uses
of honey. Lately, however, many studies have shown that honey has valid medi-
cal use because of its antibacterial, anti-inflammatory, and antioxidant activities.
It can inhibit the growth of a wide range of bacteria, fungi, protozoa, and viruses
(Molan 1992; Blair and Carter 2005). In more recent times, its role in the treatment
of burns, gastrointestinal (GI) disorders, asthma, infected and chronic wounds, skin
ulcers, cataracts, and other eye ailments has been reported (Molan 1992; Marcucci
1995; Castaldo and Capasso 2002; Orhan et al. 2003). Pure honey is bactericidal for
many pathogenic organisms, including enteropathogens, such as Salmonella spp.,
Shigella spp., enteropathogenic Escherichia coli, and other gram-negative organ-
isms (Cavanah et al. 1968; Jeddar et al. 1985), and is a readily available source of
glucose and fructose. It has been reported to contain about 200 substances: a com-
plex mixture of sugars but also small amounts of other constituents such as miner-
als, proteins, vitamins, organic acids, flavonoids, phenolic acids, enzymes, and other
phytochemicals (White 1979).

Infections of the intestinal tract are common throughout the world, affecting
people of all ages. Diarrhea and gastroenteritis are major causes of death and
health problems in many developing countries. Loss of water and electrolytes from
the body can lead to severe dehydration, which can be fatal in young children,
especially those already in poor health and malnourished. The infectious diarrhea
exacerbates nutritional deficiencies in various ways, but as in any infection the
calorific demand is increased (Jeddar et al. 1985; Farthing et al. 2008; Borhany
2011; Diskin 2012). The increasing interest in the use of alternative therapies is
the result of the development of antibiotic resistance in bacteria becoming a major
problem and because people are experiencing the sometimes severe side effects
of many pharmaceuticals, which in the currently prevailing ambience of chemo-
phobia may be sufficient to give rise to an aversion to all synthetic drugs (Molan
1999). Honey has been credited for solving problems ranging from sore throats
to GI distress. Some honey benefit claims are more substantially supported with
research than others.

HUMAN GI SYSTEM

The digestive tract (Figure 8.1) is a long muscular tube that begins with the mouth
leading to the pharynx, esophagus, stomach, and the small and large intestines and
terminating at the anus. It is associated with several accessory digestive organs, such
as the pancreas, liver, and gallbladder (Ahmed et al. 2007). As ingested, food is
slowly propelled through this tract; the gut assimilates calories and nutrients that are
essential for the establishment and maintenance of normal bodily functions (Siegel
et al. 2008).
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FIGURE 8.1 Human digestive system.

DiGEsTIVE PROCESS

The start of the process—the mouth: The digestive process begins in the mouth.
Food is partly broken down by the process of chewing and by the chemical action
of salivary enzymes (these enzymes are produced by the salivary glands and break
down starches into smaller molecules).

On the way to the stomach—the esophagus: After being chewed and swallowed,
the food enters the esophagus. The esophagus is a long tube that runs from the mouth
to the stomach. It uses rhythmic, wave-like muscle movements (called peristalsis)
to force food from the throat into the stomach. This muscle movement gives us the
ability to eat or drink even when we are upside-down.

In the stomach—The stomach is a large, sack-like organ that churns the food
and bathes it in a very strong acid (gastric acid). Food in the stomach that is partly
digested and mixed with stomach acids is called chime (Maton 1997).

In the small intestine—After being in the stomach, food enters the duodenum,
the first part of the small intestine. It then enters the jejunum and then the ileum
(the final part of the small intestine). Digestive enzymes are produced by the inner
wall of the small intestine to help in the breakdown of food. Also, the pancreas
secretes hormones into the small intestine to assist in digestion and into the blood to
regulate blood glucose levels. Enzymes in pancreatic juice include the carbohydrate-
digesting enzyme: pancreatic amylase; several protein-digesting enzymes: trypsin,
chymotrypsin, and carboxypeptidase; and lipid-digesting enzymes: lipase.
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The liver has several important functions. It acts as a mechanical filter by filter-
ing blood that travels from the intestinal system. It detoxifies several metabolites. In
addition, the liver has synthetic functions, such as plasma protein production. It plays
an important role in the digestion and processing of food. Liver cells produce bile, a
greenish-yellow fluid that aids the digestion of fats and the absorption of fat-soluble
nutrients. Bile is delivered to the small intestine (at the duodenum) through the bile
duct; when there is no food to digest, extra bile is stored in the gallbladder located
beneath the liver (Highleyman and Franciscus 2012).

In the large intestine—After passing through the small intestine, food passes
into the large intestine. In the large intestine, some of the water and electrolytes are
removed from the food. Many microbes (bacteria such as Bacteroides, Lactobacillus
acidophilus, E. coli, and Klebsiella) in the large intestine help in the digestion pro-
cess. These bacteria are beneficial because they can help crowd out potentially patho-
genic bacteria from the digestive tract; they also play an important role in regulating
the immune system. The first part of the large intestine is called the cecum. Food
then travels upward in the ascending colon. The food travels across the abdomen in
the transverse colon and goes back down the other side of the body in the descending
colon and then through the sigmoid colon. Solid waste is then stored in the rectum
until it is excreted via the anus (Maton 1997).

HONEY AND GI DISORDERS

GI disorders afflict a lot of people in the world. Whereas some GI disorders
may be controlled by diet and pharmaceutical medications, others are poorly
moderated by conventional treatments (National Organization for the Reform
of Marijuana Laws 2012). Functional GI disorders are the most commonly pre-
sented illnesses seen in primary care or gastroenterology. They are those in
which the bowel looks normal but does not work properly. They are the most
common problems affecting the colon and rectum and include constipation and
irritable bowel syndrome (IBS). Structural disorders are those in which the
bowel looks abnormal and does not work properly. Sometimes, the structural
abnormality needs to be removed surgically. The most common structural dis-
orders are those affecting the anus as well as diverticular disease and cancer.
Upper GI complaints include chest pain, chronic and recurrent abdominal pain,
dyspepsia, lump in the throat, halitosis, nausea and vomiting, and rumination.
Some upper GI complaints represent functional illness. Lower GI complaints
include constipation, diarrhea, gas and bloating, abdominal pain, and rectal pain
or bleeding (Greenberger 2012).

According to the Muslim Holy Hadith, dating back to the 8th century AD, the
prophet Mohamed recommended honey against diarrhea. Also, the Roman physician
Celsus used honey as a cure for diarrhea. Honey has continued as a medicine into
present-day folk medicine. Preparations of honey have been proposed as potentially
useful for many conditions of the GI tract (GIT), including periodontal and other
oral diseases, dyspepsia, and gastritis, and as part of ORT (Molan 1999; Ghosh and
Playford 2003).
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HoONEY FOR ORAL HEALTH

Periodontal Diseases

Any inherited or acquired disorder of the tissues surrounding and supporting the
teeth (periodontium) can be defined as a periodontal disease. These diseases may be
of developmental, inflammatory, traumatic, neoplastic, genetic, or metabolic origin.
However, the term periodontal disease usually refers to the common inflammatory
disorders of gingivitis and periodontitis that are caused by pathogenic microflora
in the biofilm or dental plaque that forms adjacent to the teeth on a daily basis
(Pihlstrom et al. 2005).

The antimicrobial characteristics of honey may make it a helpful treatment for
periodontal disease, gingivitis, and mouth ulcers in some cases. Honey having an anti-
inflammatory activity raises the possibility of it being useful as a therapeutic agent
for periodontitis. Its antibacterial activity would provide “anti-infective” therapy of
periodontal disease, by removing the etiologic factor, and the anti-inflammatory
activity would block the direct cause of the erosion of the connective tissues and
bone (Molan 2001a). Another beneficial feature of using honey to treat periodontal
disease would be its well-established stimulation of the growth of granulation tissue
and epithelial cells, which would aid in repair of the damage done by infecting bac-
teria and by the free radicals from the inflammatory response to them (Altman 2010).

Stomatitis

Stomatitis is an inflammation of the mucous lining of any of the structures in the
mouth, which may involve the cheeks, gums, tongue, lips, and the roof or floor of
the mouth. The inflammation can be caused by conditions in the mouth itself, such
as poor oral hygiene, poorly fitted dentures, mouth burns, cheek biting, and jagged
teeth, or by conditions that affect the entire body, such as medications, allergic reac-
tions, or infections such as herpetic infections, gonorrhea, measles, leukemia, AIDS,
and lack of vitamin C. Other systemic diseases associated with stomatitis include
inflammatory bowel disease (IBD) and Behcet’s syndrome. Bad breath (halitosis)
may also accompany the condition (Swartout-Corbeil and Knight 2006).

Aphthous stomatitis, also known as recurrent aphthous ulcers or canker sores, is a
specific type of stomatitis that presents with shallow, painful ulcers that are usually
located on the lips, cheeks, gums, or the roof or floor of the mouth. It has the most
incidences of all oral mucosal diseases. Exposure to heavy metals can cause stoma-
titis. Thrush, a fungal infection, is a type of stomatitis (El-Haddad 2009).

Ulcerous stomatitis, common to childhood, is indicated by ulceration commenc-
ing on or near the gums, more frequently in the lower than in the upper jaw, and
usually on one side only, and spreading over the entire mouth. Ulceration speedily
occurs, exposes the necks of the teeth, and extends to the mucous membrane of
the mouth generally. Ulcers of the mouth are often due to syphilis and dyspepsia
and are aggravated by the irritation resulting from the irregular edges of fractured
and decayed teeth. When neglected, such ulcers may assume the appearance of
epithelioma, especially when induration of the glands beneath the jaw is present
(Gorgas 1901).
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A study done by El-Haddad (2009) demonstrated that the topical application of
commercial honey seemed to be very effective in treatment of minor recurrent aph-
thous stomatitis, while current therapy does not provide a satisfactory means for
cure.

Honey can be used to treat stomatitis, ulcers or “boils” inside the mouth or on
the tongue, or inflamed gums. To treat these conditions, smear the individual ulcers,
boils, or aphthae with honey—or simply trickle a good spoonful of honey in the
mouth and then swirl it around the mouth. Honey penetrates the tissues very quickly,
and it seems that it is precisely when diluted that its curative power is activated
(Hermyan 2010).

There is much debate whether honey is harmful to teeth. Some reports show
a cariogenic effect of honey (Shannon et al. 1979; Bowen and Lawrence 2005),
while others claim that the effect of honey is less cariogenic than sucrose (Decaix
1979; Emarah 1982). Due to its antibacterial activity, honey ingestion inhibits the
growth of bacteria that cause caries (Steinberg et al. 1996; Molan 2001b) and might
have a carioprotective effect (Edgar and Jenkins 1974; Sela et al. 1998). It was also
shown that manuka honey has a positive effect against dental plaque development
and gingivitis and thus can be used in place of refined sugar in the manufacture
of candy (Molan 2001b). According to electron microscopic studies, ingestion of
honey does not cause erosion of tooth enamel as observed after drinking fruit juice
(pH 3.5). Ten minutes after consumption of fruit juice, tooth erosion was seen,
while 30 min after honey ingestion, the erosion was only very weak. This effect
can be explained only partially by the calcium, phosphorous, and fluoride levels
of honey; other colloidal honey components have to also be responsible (Grobler
et al. 1994).

Halitosis (Oral Malodor)

Halitosis is a frequent or persistent unpleasant breath malodor. The majority (some
85%—-90%) of the cases of breath odors come from the oral cavity itself. Other
sources may include nasopharyngeal or upper respiratory conditions, metabolic dis-
orders, systemic diseases, and other external sources. In the oral cavity, most of the
odor is due to putrefactive microbial activity (Sterer and Rosenberg 2011). It most
often results from fermentation of food particles by anaerobic gram-negative bac-
teria in the mouth such as Porphyromonas gingivalis or Fusobacterium nucleatum,
producing volatile sulfur compounds (VSCs) such as hydrogen sulfide and methyl
mercaptan. Causative bacteria may be present in areas of periodontal disease. The
causative organisms reside deep in periodontal pockets around teeth. In patients
with healthy periodontal tissue, these bacteria may proliferate on the dorsal poste-
rior tongue. GI disorders rarely cause halitosis because the esophagus is normally
collapsed (Murchison 2012).

Manuka honey is well known for a pronounced antibacterial activity, which is
higher than in any other honey. It contains a typical antibacterial substance “meth-
ylglyoxal (MGO)” and shows the strong antibacterial activity against oral bacteria,
by which it can be a promising functional food for oral care. A study done by Shiga
et al. (2010) reported the decrease of halitosis by intake of manuka honey or acacia
honey in 10 healthy subjects (average age: 36 years old, 5 men and 5 women). The
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concentrations of VSCs and anaerobic bacteria in the mouth decreased after intake
of both honeys, but the decreasing effect of manuka honey was markedly stronger
than that of acacia honey. Manuka honey showed a 127 times higher amount of
MGO than acacia honey by reverse-phase high-performance liquid chromatography
analysis. Because there is a strong relationship between the MGO level in honey and
the antibacterial activity, the results indicate that the decreasing effect of halitosis by
manuka honey would originate from the strong antibacterial activity of MGO.

HONEY FOR PHARYNGITIS (SORE THROAT)

Pharyngitis is an inflammation of the pharynx that can lead to a sore throat. The most
common bacterial cause of pharyngitis, GABHS, is also known as Streptococcus
pyogenes. Viruses (such as the flu or mononucleosis), other nonstreptococcal bacte-
ria (Mycoplasma or Haemophilus), fungal infections, or irritants such as pollutants
or chemical substances can also cause pharyngitis (Wilson 2008).

Manuka honey with its anti-inflammatory, antiviral, antibacterial, and antifungal
powers is used more and more for a sore throat. The best honey rating for a sore
throat is a unique manuka factor rating of 10 to 18, as these ratings are recommended
for most therapeutic uses. To treat a sore throat, gargling honey is a very effective
preventive and curative measure. Honey coats the lining of the throat, destroying
harmful germs and soothing it at the same time (Hermyan 2010). Also a way to rem-
edy throat problems involves taking 1 glass of skim milk in which has been poured
1 teaspoon of butter, 1 teaspoon of honey, and 1 teaspoon of turmeric powder. It
should be drunk hot. A cup of tea with honey is also very soothing.

HoNEY For CouGH

In a study involving 105 children aged 2 to 18 years with upper respiratory tract
infections of 7 days or less and nighttime coughing, a single nighttime dose of buck-
wheat honey was an effective alternative treatment for symptomatic relief of noc-
turnal cough and sleep difficulty compared with a single dose of dextromethorphan
(DM). The dose of honey used was 1/2 teaspoon for 2- to 5-year-olds, 1 teaspoon
for 6- to 11-year-olds, and 2 teaspoons for 12- to 18-year-olds. Buckwheat honey was
chosen in this study because of its high antioxidant properties. The same study shows
that honey is more effective than a chemical anti-cough syrup. These anti-cough
properties of honey are related to its capacity to dilute bronchial secretions and to
improve the function of the bronchial epithelium (Paul et al. 2007).

Researchers from the Pennsylvania State College of Medicine (United States)
asked parents to give either honey, honey-flavored DM, or no treatment to the chil-
dren. The first night, the children did not receive any treatment. The following night,
they received a single dose of buckwheat honey, honey-flavored DM, or no treatment
30 min before bedtime. The trial was partially blind, as parents could not distinguish
between the honey and the medication. Significant symptom improvements were
seen in the honey-supplemented children compared with the no treatment group and
DM-treated group, with honey consistently scoring the best and no-treatment scor-
ing the worst.
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HoNEey For Hiccups

Hiccups are caused by swallowing air, either as a result of eating too quickly, drink-
ing carbonated beverages, or smoking. Drinking alcohol, excitement, and switching
between hot and cold drinks have also been said to cause hiccups. Hiccups can be
annoying and even painful at times. There are numerous home remedies that can get
rid of this condition, several of which feature honey (Kurz 2012).

Combine 1 teaspoon of honey, 1 teaspoon of ginger juice, 1 teaspoon of limejuice,
and a pinch of pepper. Stir the mixture together in a cup or small bowl until it is uni-
form in color and texture. Dip a spoon into the mixture and lick it every few minutes
until the hiccups have disappeared.

HONEY FOR GASTROESOPHAGEAL REFLUX DISEASE

Acid reflux or gastroesophageal reflux disease (GERD) is one of the most commonly
occurring diseases affecting the upper GIT. During gastroesophageal reflux, gastric
contents (chyme) passively move up from the stomach into the esophagus. Among
the contents is acid that causes irritation, and possible inflammation, which might
cause permanent damage to the esophagus. This usually feels like heartburn or
leaves a taste of bile or acid in the mouth. It can be caused by the relaxation of the
muscle around the top of the stomach, which may cause a “hiatus hernia” or because
the stomach is being pressed on due to pregnancy or obesity. This chronic injury is
called esophagitis (Siegel et al. 2008).

Although there is no clinical evidence for the medical use of manuka honey on
acid reflux, abundant anecdotal reports show that it does at least seem to offer heart-
burn relief. Common medicines are known to offer relief, but these have side effects,
whereas manuka honey does not.

To treat acid reflux, the recommended method of use is to eat 1 tablespoon of raw
organic honey before each meal. The honey can also be taken with a small piece of
fruit or bread. No liquids should be taken for at least 20 min afterward, as this can
dilute the honey and reduce its efficacy. The thickness of the honey coats the esopha-
gus and the opening of the stomach and keeps more acid from coming up. The use of
honey stimulates the tissue on the sphincter and helps it to regrow and hence reduces
the chances of acid reflux (Sarfaraz 2012).

HONEY FOR MALABSORPTION

Malabsorption is inadequate assimilation of dietary substances due to defects in
digestion, absorption, or transport. It can affect macronutrients (e.g., proteins, car-
bohydrates, and fats), micronutrients (e.g., vitamins and minerals), or both, causing
excessive fecal excretion, nutritional deficiencies, and GI symptoms. Malabsorption
may be global, with impaired absorption of almost all nutrients, or partial (isolated),
with malabsorption of only specific nutrients (Ruiz 2012).

The effects of honey and its carbohydrate constituents (glucose, fructose, and
raffinose) on calcium absorption in rats were investigated in acute and chronic feed-
ing studies done by Ariefdjohan et al. (2008). It was observed that rats given honey,
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in the acute study, showed an increase in calcium absorption. Although a positive
dose—response effect of honey and its carbohydrate constituents on calcium absorp-
tion was observed, this effect disappeared upon long-term feeding in rats, implying
that adaptation had occurred.

In certain cases, consumption of relatively large amounts of honey (50-100 g)
can lead to a mild laxative effect in individuals with insufficient absorption of honey
fructose. Supplementation of honey in concentrations of 2, 4, 6, and 8 g/100 g to
protein fed to rats improved the protein and lipid digestibility (Sirnik et al. 1978).

HONEY FOR Dyspepsia, GAsTRITIS, AND GASTRIC ULCER

Dyspepsia, also known as upset stomach or indigestion, refers to a condition of
impaired digestion. It is a medical condition characterized by chronic or recur-
rent pain in the upper abdomen, upper abdominal fullness, and feeling full earlier
than expected when eating. It can be accompanied by bloating, belching, nausea,
or heartburn. Other symptoms include irregular bowel movements and constipation.
Dyspepsia is a common problem and is frequently associated with GERD or gastri-
tis. In a small minority, it may be the first symptom of peptic ulcer disease and occa-
sionally cancer (National Institute for Health and Clinical Excellence 2004; Talley
and Vakil 2005).

Gastritis is a stomach inflammation without an ulcer or sore. It is usually caused
by medications, including corticosteroids, nonsteroidal anti-inflammatory drugs
(NSAIDs), cancer drugs, or antibiotics, or by drinking alcohol or experiencing stress
or some trauma. In the elderly, poor HCI secretion allows for bacterial growth such
as Helicobacter pylori and may be another cause of gastritis. A long-term effect
of gastritis is vitamin B12 deficiency, which mimics that of senility (Connor and
Connor 2010).

A stomach ulcer or gastric ulcer, also called a peptic ulcer, is small erosion (hole)
in the GIT. The most common type, duodenal, occurs in the first 12 in. of small intes-
tine beyond the stomach. Duodenal ulcers are almost always benign, while stom-
ach ulcers may become malignant. Within the past decade, it has become accepted
that gastric ulcers primarily result from altered mucosal defenses, whereas duo-
denal ulcers are associated with increased acid production. It has become clear that
H. pylori plays a vital role in peptic ulcer development in both sites. Ninety-five
percent of duodenal ulcers and 80% of stomach ulcers are caused by H. pylori, which
may be transmitted from person to person through contaminated food and water. The
remaining 20% of gastric ulcers and 5% of duodenal ulcers are caused by NSAIDs.
A complex relationship exists between host defense mechanisms, the presence of
elevated acid, pepsin levels, and H. pylori (Siegel et al. 2008).

In the traditional medicine of some parts of the world, honey has been used to
treat dyspepsia and stomach ulcers. There are numerous reports of this treatment
being used successfully in clinics in Russia in modern times and a recent report of a
clinical trial in Egypt, which established that this traditional remedy is in fact effec-
tive. However, there has been no explanation of how honey works in this treatment,
which has prevented the treatment from being considered seriously by many in the
medical profession (Sharma 2006).
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Honey is a potent inhibitor of the causing agent of peptic ulcers and gastritis,
H. pylori. In vitro studies of H. pylori isolates have been shown to be inhibited by a
20% solution of honey. Even isolates that exhibited a resistance to other antimicro-
bial agents were susceptible (Ali et al. 1991; Osato et al. 1999). In a clinical study,
the administration of a bland diet and 30 mL of honey three times a day was found
to be an effective remedy in 66% of patients and offered relief to a further 17%,
while anemia was corrected in more than 50% of the patients (Salem 1981). Clinical
and animal studies have shown that honey reduces the secretion of gastric acid. The
possibility that the healing effect of honey on the stomach may be through its acting
on H. pylori was suggested by Niaz Al Somai at the University of Waikato. A study
in 1994 showed that the manuka antibacterial factor in raw active manuka honey
completely halted the growth of the bacteria at concentrations as low as 5%, but the
hydrogen peroxide components in other honeys did not, even at concentrations as
high as 50%. Additionally, gastric ulcers have been successfully treated by the use
of honey as a dietary supplement. An 80% recovery rate of 600 gastric ulcer patients
treated with oral administration of honey has been reported. Radiologic examina-
tion showed that ulcers disappeared in 59% of patients receiving honey (Kandil et
al. 1987). In rats, honey acted against experimentally induced gastric ulcers. Honey
intake in rats prevented indomethacin-induced gastric lesions in rats by reducing the
ulcer index, microvascular permeability, and myeloperoxidase activity of the stom-
ach. In addition, honey has been found to maintain the level of nonprotein sulfhydryl
compounds (e.g., glutathione) in gastric tissue subjected to factors inducing ulcer-
ation (Nasuti et al. 2006). The effect of honey under clinical conditions on more
than 40 gastric ulcer patients was studied in a Russian hospital. It was found that
ingestion of 120 mL of 33% honey solution by gastric ulcer patients improves the
microcapillary blood circulation, which can beneficially influence the gastric ulcers.
Ingestion of 120 mL of 33% warm honey solution decreases the acidity of the gastric
juice, while the ingestion of the same amount and concentration of a cold honey solu-
tion increased the acidity of the gastric juice. The sleep of the gastric ulcer patients
was also improved by ingestion of 50 g of honey before sleep. In order to decrease
gastric juice acidity, the author recommends the intake of warm honey solution 40
to 60 min before eating. The function of the gallbladder is improved by the inges-
tion of cool solution of 100 mL of 50% honey (13°C-15°C) (Dubtsova 2009). There
are reports on healing of patients suffering from gastritis, duodenitis, and duodenal
ulcers by intake of 30 mL of honey (Salem 1981). Another author concludes that
ingestion of warm honey in combination with propolis is a good way to treat gastric
ulcers (Dubtsova 2009). In a previous study, it was found that honey administered
subcutaneously or orally before oral administration of ethanol affords protection
against gastric damage and reverses changes in pH induced by ethanol (Ali 1991).

The anti-ulcerous capacity of honey has been attributed to the presence of phe-
nolic compounds, particularly the flavonoids (Gracioso et al. 2002; Batista et al.
2004; Hiruma-Lima et al. 2006). The action mechanism of these compounds varies.
According to Speroni and Ferri (1993), flavonoids increase the mucosal content of
prostaglandins, which enhances the protective effect on the gastric mucosa, thus
preventing ulceration. Honey is not involved on prostaglandin production but has a
stimulatory effect on the sensory nerves in the stomach that respond to capsaicin (Ali
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1995; Al-Swayeh and Ali 1998). Vilegas et al. (1999) also mention how the flavonoids
increase the mucosal content of prostaglandins and have an important inhibitory
effect on acid secretions, preventing the formation of peptic ulcers. Other researchers
argue that ulcers are related with reactive oxygen species, and flavonoids inhibit lipid
peroxidation, which considerably increases glutathione peroxidase activity (Martin
et al. 1998; Young et al. 1999; Duarte et al. 2001). Another mechanism of the gastro-
protective effect of honey has been suggested by Beretta et al. (2010). It involves the
salivary reduction of nitrate | NO5 ) to nitrite { NO; ) and the intragastric formation
of nitric oxide (NO), the latter involved in the preservation of the gastric mucosa
capillaries and in boosting mucous production. The antigastric ulcer and antigastritis
effect of honey can be explained by its antibacterial, anti-inflammatory, and anti-
oxidant action as well as with its inhibitory effect on the acidity of the gastric juice.
The positive effect of honey on nutrition function is also due to its prebiotic effect.

HONEY FOR GASTROENTERITIS

Gastroenteritis (often called “gastro” or “stomach flu,” gastric flu, tummy bug) is
an inflammation of the digestive system involving both the stomach and the small
intestine. Most cases are infectious, although gastroenteritis may occur after inges-
tion of drugs and chemical toxins. Acquisition may be foodborne, waterborne, or via
person-to-person spread. It may be caused by bacteria or parasites from spoiled food
or unclean water or eating food that irritates the stomach lining and causes emotional
upsets such as anger, fear, or stress (Borhany 2011). Gastroenteritis is typically charac-
terized by vomiting, watery diarrhea, abdominal cramps, and nausea. Headache and
low-grade fever may also be reported. Gastroenteritis can cause dehydration, which
sometimes results in a loss of sugar and salts that the body needs to work normally. It
is more common in winter and affects people of all ages. Viruses, particularly rotavi-
rus, and the bacteria E. coli and Campylobacter are the primary causes of gastroen-
teritis. There are, however, many other infectious agents that can cause this syndrome
(norovirus, adenovirus, and astrovirus, Salmonella, Shigella, Clostridium difficile,
Yersinia enterocolitica, Giardia, Cryptosporidium, and Cyclospora) (Boyce 2012).

The primary treatment of gastroenteritis in both children and adults is rehydration.
This is preferably achieved by oral rehydration therapy (ORT), although intravenous
delivery may be required if there is a decreased level of consciousness or dehydration
is severe. Complex carbohydrate—based ORT, such as those made from wheat or rice,
may be superior to simple sugar-based ORT (Ingle and Hinge 2012).

A clinical study of honey treatment in infantile gastroenteritis was reported by
Haffejee and Moosa (1985). They found that by replacing the glucose in the standard
electrolyte-containing oral rehydration solution (ORS) recommended by the World
Health Organisation/UNICEF as well as the solution of electrolyte with honey, the
mean recovery times of patients (aged 8 days to 11 years) were significantly reduced.
Honey was found to shorten the duration of diarrhea in patients with bacterial
gastroenteritis caused by organisms such as Salmonella, Shigella, and E. coli. The
researchers concluded that the high sugar content in honey promoted electrolyte and
water reabsorption in the gut. At the same time, honey does not result in osmotic
diarrhea due to its ratio of fructose to glucose being greater than 1:1.
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Another study done by Abdulrhman et al. (2010) was carried out to verify whether
the addition of honey in ORS could affect the duration of symptoms of acute gas-
troenteritis in infants and children. In the honey-treated group, the frequencies of
vomiting and diarrhea were significantly reduced compared with the control group.
Also, the recovery time, defined as the number of hours from initiation of treatment
to when normal soft stools are passed, with the patient showing normal hydration
and satisfactory weight gain, was significantly shortened after honey ingestion. It
was concluded that honey added to ORS-promoted rehydration of the body and sped
the recovery from vomiting and diarrhea.

Honey was tested for its relative antibacterial potency against all the bacterial
species that commonly cause gastroenteritis, comparing manuka honey and a honey
with the usual hydrogen peroxide activity, and also with an artificial honey, to assess
how much of the antibacterial activity was due simply to the acidity and the osmotic
effect of the sugar in honey. With some of the species of bacteria, the assessment was
repeated with additional strains obtained from clinical isolates supplied by medi-
cal and animal health laboratories to see if there was any variation in sensitivity
between different strains of a species. The results (Table 8.1) showed that honey

TABLE 8.1

Minimum Inhibitory Concentration of Honeys in Nutrient Agar Plates
(%, v/v) Giving Partial Inhibition, Bacteriostatic Activity, and Bactericidal
Activity against Various Strains of Bacteria That Cause Gastroenteritis

Manuka Honey With Catalase Pasture Honey
Bacterial Strain PI BS BC PI BS BC
Escherichia coli 916 6% 7% 10% 5% 6% 6%
Escherichia coli ex AHL 6% 7% 10% — 6% 6%
Escherichia coli K88+ 6% 6% — 10% 7% 6%
S. enteritis 3484 7% 8% 10% 4% — 6%
Salmonella hadar 326 6% 7% 10% — 6% 6%
Salmonella infantis 93 7% 8% 10% 6% 7% 10%
Salmonella typhimurium 298 6% 7% 8% — 6% 8%
Salmonella typhimurium 1739 6% 7% 9% — 6% 7%
Salmonella typhimurium ex WH — 5% 10% — 5% 10%
Shigella boydii 2616 6% 7% 10% — 5% 6%
Shigella flexneri 983 6% 7% 10% — 6% 6%
Shigella sonnei 86 6% 7% 10% — 5% 5%
Shigella sonnei ex WH 5% 6% 10% — 6% 10%
Vibrio cholerae 5% 7% 10% 6% 7% 10%
Vibrio parahaemolyticus 5% 6% 10% — 4% 6%
Yersinia enterocolitica 10% 11% 15% 7% 8% 9%

Source: Ko, Y.-J. 2005. Investigating the sensitivity of enteropathogenic bacteria to the antibacterial
activity of honey. Thesis (M.Sc. Biological science). University of Waikato, New Zealand.
Note: BC, bactericidal activity; BS, bacteriostatic activity; PI, partial inhibition.
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TABLE 8.2

Minimum Inhibitory Concentration (% v/v) of Tualang Honey by Visual
Inspection and Spectrophotometric Measurement against Selected
Strains of Wound and Enteric Microorganism

Tualang Honey

Microorganism MICv MICs
Streptococcus pyogenes 12.5 12.5
Coagulase-negative staphylococci 12.5 12.5
Methicillin-resistant Staphylococcus aureus 125 12.5
Streptococcus agalactiae 25 25
Staphylococcus aureus 25 25
Stenotrophomonas maltophilia 12.5 12.5
Acinetobacter baumanii 12.5 12.5
Salmonella enterica serovar typhi 25 25
Pseudomonas aeruginosa 25 25
Proteus mirabilis 25 25
Shigella flexneri 25 25
Escherichia coli 25 25
Enterobacter cloacae 25 25

Note: MICs, MIC by spectrophotometric measurement; MICv, MIC by visual inspection.

with an average level of hydrogen peroxide activity is bacteriostatic at 4% to 8%
(v/v) and bactericidal at 5% to 10% (v/v). The nonperoxide activity of an average
manuka honey is bacteriostatic at 5% to 11% (v/v) and bactericidal at 8% to 15%
(v/v). Activity (just bacteriostatic) was not seen with artificial honey unless it was at
20% to 30% (v/v), clearly showing the importance of factors other than sugar and
acidity (Ko 2005).

Another study done in Nigeria to evaluate the antimicrobial effect of natural
honey on diarrhea-causing bacteria (E. coli, Campylobacter jejuni, Salmonella
enterocolitis, and Shigella dysenteriae) revealed that samples of natural honey used
were effective in inhibiting the growth of all the organisms tested.

A study done by Kaur-Kirnpal et al. (2011) evaluated the antibacterial proper-
ties of Tualang (Koompassia excelsa) honey against wound and enteric bacteria; the
results of this study are presented in Table 8.2.

HonNEey anD IBS

IBS, also called spastic colon, irritable colon, or nervous stomach, is a functional
bowel disorder in which abdominal pain or discomfort is associated with defeca-
tion or a change in bowel habits. Bloating and distension are commonly associated
features. Often, people with IBS have alternating constipation and diarrhea. It has a
prevalence of 12% worldwide (Mertz 2003; Quigley et al. 2009).
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Active manuka honey is used for the entire GIT from acid reflux, heartburn, upset
stomach, stomach ulcer, duodenum ulcer, IBS, diverticulitis, and mild forms of
diverticulitis. The osmotic effect of this particular type of honey helps stool to move
by affecting the way fluids move into the colon (Buonanotte 2009). People have
reported being able to conquer IBS completely with the combination of a good diet
and taking 1 teaspoon of raw manuka honey dissolved in a cup of warm water three
times daily on an empty stomach (Isaacs 2010).

Researchers at the Chandigarh Postgraduate Institute of Medical Education and
Research (India) have discovered that eating regular doses of manuka honey can
help in cases of IBS and ulcerative colitis. They induced the digestive ailments in
experimental rats and then fed the animals with manuka honey. At examination, the
rats that received the honey showed greatly reduced levels of inflammation in the
bowel and improved values for cell changes and antioxidant levels. The dose used
in the studies was 5 g/kg of body weight daily (Williams 2012). A drop of dill oil to
1 teaspoon of honey may also be useful as a home remedy. Take after every meal.

HoNEY FOR CONSTIPATION

Constipation is the passage of small amounts of hard, dry stool fewer than three
times per week or a significant change in one’s usual routine, accompanied by strain-
ing, and feelings of being bloated, or having abdominal fullness. Persistence of these
symptoms for 3 months or longer is defined as chronic constipation. It sometimes
causes problems such as fissures, hemorrhoids, arthritis, high blood pressure, cata-
ract, appendicitis, and more. Constipation can be attributed to at least one of sev-
eral factors: poor eating habits, lack of exercise, not eating enough fiber or drinking
enough fluids, side effects of medicines, or even poisoning by heavy metals (Folden
et al. 2002).

Constipation can be treated by increasing the intake of water. Apart from these,
constipation can also be treated with honey. Using honey for constipation is one
of the many home remedies one can use. Many modern and ancient writings have
mentioned that honey has a variety of healing properties, which include being a mild
laxative.

The mild laxative properties of honey are used for the treatment of constipation in
Eastern Europe, China, and the Near East (Cutting 2007).

It has been scientifically proven recently that raw honey absorbs water and can
also hold a lot of water. This combination helps honey to keep the fecal matter soft
and wet when it passes through the digestive system. Hence, it acts like a lubricant
stimulating the bowels for the passage of fecal matter. Sugar molecules in honey can
change into other sugars, for example, fructose can change to glucose. Therefore, in
spite of its large content of acid, honey can be easily digested especially by people
who have sensitive stomachs. Honey helps the intestines and kidneys perform bet-
ter, thus helping combat constipation. It can be used in several ways for constipation
(www.ApitherapyHealth.com).

Take 1 tablespoon of honey three times a day. Consuming 10 g of honey in the
morning on an empty stomach and not eating anything for at least an hour gives
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relief from constipation. Also, mixing 2 tablespoons of lemon juice and 1 teaspoon
of honey into 1 glass of warm water and drinking 1 glass in the morning and one in
the evening brings back regularity. Add 1 teaspoon of honey to 1 glass of warm milk
and consume it two times a day. This aids in curing severe constipation.

HoONEY FOR ANAL DISORDERS

Hemorrhoidal disease and anal fissure are common disorders of the anorectal area.
In addition to surgery, many procedures and preparations have been used for the
treatment of hemorrhoids (Al-Waili et al. 2006).

Hemorrhoids

Hemorrhoids, or piles, are swollen and inflamed veins around the anus or in the
lower rectum. They can cause mild itching or discomfort and often bleeding. Less
often, the blood inside a hemorrhoid forms a clot, or thrombus, causing a great deal
of pain. They are caused by chronic excess pressure from straining during a bowel
movement, persistent diarrhea, or pregnancy. Hemorrhoids may be located just
inside the anal canal (internal hemorrhoid) or surrounding the anal opening (external
hemorrhoids) (University Health Services 2009; National Institutes of Health 2010).

Anal Fissures

Anal fissures are splits or cracks in the skin at the opening of the anus, leaving
exposed some of the muscle fibers of the anal canal. Pain results from recurrent
opening of the wound when the bowels are open and this is often accompanied by
bleeding. In addition, the inner circle of muscle in the anal canal (called the internal
sphincter) goes into spasm: this makes the pain worse and can prevent healing. The
most common cause of an anal fissure is the passage of very hard or watery stools
(Colorectal Surgery 2010). Initial treatment for anal fissures includes pain medicine,
dietary fiber to reduce the occurrence of large, bulky stools, and sitz baths (sitting in
a few inches of warm water).

A study done by Al-Waili et al. (2006) demonstrated that the mixture of natu-
ral honey, olive oil, and beeswax was effective for the management of anal fissure
and hemorrhoids. The improvement was probably due to the antimicrobial, anti-
inflammatory, antioxidant, and healing properties of the mixture according to the
properties of the ingredients (Table 8.3). Honey reduces prostaglandin concentration
and enhances NO production. NO, which has antimicrobial activity, can acceler-
ate wound healing, improves microcirculation of the flap, and increases its survival
rates. Exogenous NO has been shown useful in decreasing the internal anal sphincter
tone. NO donors have been used for treatment of chronic anal fissure and acute stran-
gulation of prolapsed internal hemorrhoids.

A mixture of onion and honey can be surprisingly effective in treating hemor-
rhoids. Honey is an antibacterial and antifungal, while onion can have a soothing
property. Combining these two ingredients helps the hemorrhoids shrink and reduces
pain. Just mash an onion and mix together with 1 tablespoon of honey. After clean-
ing the area, dab the mixture onto hemorrhoids as an at-home cream (Table 8.2).
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TABLE 8.3

Some Physical and Biological Properties of the Mixture Ingredients
Honey Beeswax Olive Oil
Increases NO Decreases prostaglandins Increases NO

Decreases prostaglandins Antioxidant effect Decreases prostaglandins
Liberates H,O, Anti-inflammatory effect Antioxidant effect
Acidity effect Healing property Anti-inflammatory effect
Osmolality effect Decreases leukotriene B4 Healing property
Antioxidant effect Decreases leukotriene B4
Anti-inflammatory effect Modulate cytokine production
Healing property Antimicrobial effect

Antimicrobial effect
Modulate cytokine production

Anal Abscesses and Fistula

Anal abscesses and fistulas are the result of an anal gland infection. Anorectal
abscesses vary depending on the site of the abscess and can be classified as peri-
anal, ischiorectal, intersphincteric, or supralevator (Rickard 2005). Treatment
includes draining the abscess, usually under local anesthesia. Often, a fistula fol-
lows an abscess draining. Symptoms of anorectal abscesses and fistulas include pain,
swelling, drainage, bleeding, constipation, general feeling of being ill, and rarely
urinary difficulties. People with IBD may also develop an anal abscess and fistula
(Sseitzinger 2008).

A case study done by Vlcekova et al. (2011) followed a 55-year-old male who had
been suffering from ongoing perianal fistulas for 10 years. The patient tested posi-
tive for Staphylococcus aureus, Staphylococcus haemolyticus, and E. coli. After 10
days of treatment with local y-irradiated honeydew honey, either diluted with sterile
physiologic solution or undiluted, purulent discharge was reduced, and after 24 days,
epithelization had begun. After 5 months, fistulas in the left region of the buttocks
had disappeared.

HoNEey For IBD

IBD is a general classification of inflammatory processes that affect the large and
small intestines. Ulcerative colitis and Crohn’s disease together make up IBD.
Ulcerative colitis involves the mucosa and submucosa of the colon. Crohn’s disease
or regional enteritis involves all layers of the gut. When the inflammation occurs in
the rectum and lower part of the colon, it is called ulcerative proctitis. If the entire
colon is affected, it is called pancolitis. If only the left side of the colon is affected,
it is called limited or distal colitis (Siegel et al. 2008; National Institutes of Health
2010). Ulcerative colitis and Crohn’s diseases are chronic conditions that can last
years to decades. Men and women are affected equally. They most commonly begin
during adolescence and early adulthood, but they also can begin during childhood
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and later in life. It can be difficult to diagnose an ulcerative colitis because its symp-
toms are similar to other intestinal disorders and to Crohn’s disease. Ulcerative
colitis may also cause problems such as arthritis, inflammation of the eye, liver dis-
ease, and osteoporosis. It is not known why these problems occur outside the colon.
Scientists think these complications may be the result of inflammation triggered by
the immune system. About 5% of people with ulcerative colitis develop colon cancer.
The risk of cancer increases with the duration of the disease and how much the colon
has been damaged (Schoenfeld and Wu 2011).

A study carried out by Prakash et al. (2008) to evaluate the effect of different
doses of manuka honey in experimentally induced IBD in rats showed a signifi-
cant protection with manuka honey. All the treated groups showed reduced colonic
inflammation and all the biochemical parameters, and also morphologic and his-
tologic scores, were significantly reduced in the treated group. Manuka honey at
different doses restored lipid peroxidation as well as improved the antioxidant
parameters. In the inflammatory model of colitis, oral administration of manuka
honey 5 g/kg and manuka honey 10 g/kg body weight significantly reduced the
colonic inflammation.

As a home remedy, to properly treat colitis, cider vinegar and honey can be used.
Both have been used effectively in the treatment of colitis. Take 2 teaspoons of cider
vinegar and honey and mix in water. Be sure to drink this three times a day.

HONEY FOR LivEr CARE

A healthy liver is essential for proper functioning. Damage in the liver can lead
to disturbance in body functions. It plays a crucial role in removing toxicants or
unwanted substances introduced in the body by long chemical-based medicine. Liver
functioning gets disturbed because of harmful infectious particles, accidents, severe
illness, and inadequate rest.

Chronic liver diseases are the biggest problem. An estimated 30% of the world’s
total population have been infected with the hepatitis B virus and more than 350
million people are inflicted by chronic hepatitis B virus. About 170 million people
have hepatitis C. Chronic liver diseases from viral hepatitis might lead one fifth
of the patients to liver cirrhosis, which might end in the need of a liver transplan-
tation. Again, 20% of the cirrhotic patients are at risk of developing hepatocel-
lular carcinoma, which calls for liver resection. A much smaller number of liver
patients, about 12,000 per year, get fulminant hepatic failure or acute liver diseases
(Stolzke 2008).

Honey works to harmonize the liver system, neutralize toxins, and relieve pain
(Brody 2011). Many complications have been attributed to oxidative damage.
Obstructive jaundice from a blocked common bile duct results in severe oxidative
damage and inflammation of liver tissue. Results of a study done by Erguder et al.
(2008) showed that honey, with its antioxidant activity, has a potential protective
effect on liver damage induced by obstruction of the common bile duct.

A mixture of honey and bhringaraj (Eclipta alba) is effective in treating liver cir-
rhosis and provides good liver care. Make natural solution using juice of the medici-
nal herb bhringaraj (2 tablespoons) and honey (2 tablespoons). This is a dose that
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should be taken two times in a day (half in the morning and half in the evening). This
is one of the important home remedies of liver care.

The average 1:1 ratio of fructose to glucose found in commonly available honey
is the key to one of its most significant health benefits. Fructose derivatives in the
liver activate the release of glucokinase from the liver mitochondria. Glucokinase is
necessary for the conversion of glucose to glycogen in the liver. In other words, the
presence of fructose facilitates or accelerates the conversion of glucose to glycogen.
Insulin becomes in effect a fat-storing hormone that rapidly ushers glucose out of the
bloodstream and into the cells. Depending on the immediate energy needs of muscle
cells, some of the glucose is converted to glycogen to be used for fuel. Most of the
glucose from a typical high-carbohydrate meal (excluding one with honey) is stored
in the cells as fat. With fructose present, as in honey, glucose is stored as glycogen in
the liver, where it is available for use by the brain, the heart, the kidneys, and the red
blood cells during periods of rest and recovery.

A positive effect of honey on hepatitis A patients was found after ingestion of
clover and rape honey, causing a decrease of alanine aminotransferase activity (by
9-13 times) and of bilirubin production by 2.1 to 2.6 times (Baltuskevicius et al.
2001).

HONEY FOR PANCREAS DISEASES

The pancreas is an organ that has two important functions in digestion: the produc-
tion of enzymes to digest food and the production of hormones to control blood
sugar.

There are a variety of disorders of the pancreas including acute pancreatitis,
chronic pancreatitis, hereditary pancreatitis, and pancreatic cancer. The evalua-
tion of pancreatic diseases can be difficult due to the inaccessibility of the pancreas
(National Pancreas Foundation).

In a study done by Erejuwa et al. (2010), on diabetic rats, treatment with Tualang
honey had significantly reduced blood glucose levels and restored superoxide dis-
mutase and catalase activities. These results suggest that the hypoglycemic effect of
Tualang honey might be attributed to its antioxidative effect on the pancreas.

HONEY AS A PREBIOTIC

Prebiotics are food ingredients that are supposed to stimulate the activity and poten-
tially alter the composition of the gut flora by providing energy to selected species of
the microbial community. For a food ingredient to be classified as a prebiotic, it must
fulfill the following criteria: (1) it should either be hydrolyzed or absorbed in the
upper part of the GIT; (2) it should be selectively fermented by one or a limited num-
ber of potentially beneficial bacteria commensal to the colon (e.g., bifidobacteria and
lactobacilli), which are stimulated to grow and/or become metabolically activated;
and (3) prebiotics must be able to alter the colonic microflora toward a healthier
composition (Gibson 1998). Attempts have been made to increase the number of
Bifidobacterium and Lactobacillus bacterial strains, which are considered to have
health-promoting properties. Studies have demonstrated positive effects on calcium
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and other mineral absorption (Scholz-Ahrens and Schrezenmeir 2007), immune
system effectiveness, bowel pH, reduction of colorectal cancer risk, inflammatory
bowel disorders, hypertension, and intestinal regularity (Geier et al. 2006; Hedin et
al. 2007; Lomax and Calder 2009). Recent human trials have reinforced the role of
prebiotics in preventing and possibly stopping early-stage colon cancer (Munjal et al.
2009). It has been argued that many of these health effects emanate from increased
production of short-chain fatty acids (SCFAs) by the stimulated beneficial bacte-
ria. Thus, food supplements specifically enhancing the growth of SCFA-producing
intestinal bacteria (such as Clostridia and Bacteroides spp.) are widely recognized
to be beneficial. It has been argued that prebiotics are beneficial to Crohn’s disease
through production of SCFAs to nourish the colon walls and beneficial to ulcer-
ative colitis through reduction of hydrogen sulfide gas due to reduction of sulfate-
producing bacteria, which do not thrive in the slightly acidic environment that
SCFAs create.

The immediate addition of substantial quantities of prebiotics to the diet may
result in a temporary increase in gas, bloating, or bowel movement. Human colonic
bacteria substrates are relatively stable. Productions of SCFA and fermentation qual-
ity are reduced during long-term diets of low fiber intake (El Oufir et al. 1996). Until
bacterial flora are gradually established to habilitate or restore intestinal tone, nutri-
ent absorption will be impaired and colonic transit time temporarily increased with
an immediate addition of higher prebiotic intake (Givson et al. 1996).

Important effects of honey on human digestion have been linked to oligosac-
charides. These honey constituents have prebiotic effects, similar to that of fructo-
oligosaccharide (FOS) (Sanz et al. 2005). According to an in vitro study on five
bifidobacteria strains, honey has a growth-promoting effect similar to that of fructose
and glucose oligosaccharides. It has been found that the activity of certain species
of Bifidobacterium in the colon can be stimulated by FOSs (Kajiwara et al. 2002).
The effect of honey was similar to that of commercial FOS, gluco-oligosaccharide,
and inulin. It has been established that different honeys contain specific oligosac-
charides. The oligosaccharide panose was the most active one, and isomaltose and
melezitose would also prove stimulatory to Bifidobacterium spp. Equally relevant
is the fact that the lactobacilli in the small intestine could well be affected advan-
tageously by the sugars and/or other components in honey (Haddadin et al. 2007).
Researchers from Michigan State University have shown that adding honey to dairy
products such as yogurt can enhance the growth, activity, and viability of these ben-
eficial bacteria (Altman 2010).

Although the stimulatory role of oligosaccharides on the gut flora(s) has received
the most attention, it has been speculated that the same components in honey could
inhibit the development of pathogens such as H. pylori or S. aureus in the body. More
specifically, it has been proposed that the oligosaccharides could become attached to
the cell walls of the bacteria and prevent adhesion to human tissues.

The benefits of FOS are numerous. They help carry moisture through the diges-
tive system and therefore promote healthy bowel movements. Growth of the benefi-
cial bacteria encourages the production of SCFAs, lowering pH, inhibiting unhealthy
bacteria, and detoxifying carcinogens in the diet. FOS also helps to lower blood
sugar and cholesterol levels by reducing absorption of carbohydrates and fats into the
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bloodstream and nourishes the cells in the gut, which is important for digestive well-
being and the prevention of constipation. Improving digestion is the key to estab-
lishing good health. When in good health, we get rid of wastes and toxins through
regular bowel movements and eliminate the buildup of unhealthy microorganisms
and internal toxins, providing a strong and intact intestinal barrier to prevent the
leaking of undigested food fragments into the bloodstream (http://www.benefits-of-
honey.com/milk-and-honey.html).

SOME HONEY-BASED MIXTURES FOR GI DISORDERS

The use of honey in medicinal mixtures has a long tradition. Research showed that
the employment of honey in mixtures prevails over the use of pure honey (Tables 8.4
and 8.5).

HoNEY AND LEMON

Honey and lemon have been combined by many cultures for countless generations.
Combining pure, raw honey with fresh lemon juice is a popular weight-loss remedy,
although there are many other benefits to be had, including enhancing the digestion.
Honey and lemon share some of the same properties that benefit the GI system, but
they contrast in other ways, especially their sweet and sour tastes. The acidity of
lemon juice can aid the ability of stomach acid to chemically digest food, which not
only provides more nutrients to absorb in the intestines but also reduces symptoms of
indigestion, bloating, and heartburn. Lemon juice also displays antimicrobial prop-
erties and is a rich source of vitamin C, which combine to reduce the incidence
of infections throughout the GIT. It also contains calcium, magnesium, and potas-
sium. Honey and lemon both possess antimicrobial and antioxidant properties, and
they are good sources of nutrients. A better approach is to use slightly warm water
to dissolve the honey before adding lemon juice. The ratios sometimes used are 1
tablespoon of raw honey to 2 tablespoons of lemon juice in an §-ounce glass of warm
water. Honey and lemon can also be added to tea, but the tannins and caffeine in
black tea leaves may lead to GI upset (Bond 2011).

HoNEey AND CINNAMON

The combination of honey and cinnamon has been used in both oriental and
Ayurvedic medicine for centuries. Cinnamon is one of the oldest spices known to
mankind and honey’s popularity has continued throughout history. The two ingre-
dients have a long history as a home remedy. On January 17, 1995, Weekly World
News, Canada published a list of ailments/diseases that can be treated with a honey/
cinnamon mixture. Cinnamon’s essential oils and honey’s enzyme that produces
hydrogen peroxide qualify as the two “antimicrobial” foods with the ability to help
stop the growth of bacteria as well as fungi. Both are used not just as a beverage fla-
voring and medicine but also as an embalming agent and are used as alternatives to
traditional food preservatives due to their effective antimicrobial properties. People
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TABLE 8.5

Explaining the Use of Honey in Medicine

Therapeutic and Health-Enhancing Use

Therapy of digestive diseases such as peptic
ulcers and gastritis

Against children’s diarrhea

Improvement of gut microbial health and of
digestion

Improvement of immune reaction of the body

Long-term ingestion of honey can reduce the risk
of human cancer

Positive glycemic nutritional effect; can be used
as a sweetener for people with diabetes type 2
and also probably type 1

Use for the treatment of radiation-induced
mucositis

Positive effect of honey ingestion on hepatitis A
patients

Improvement of cough in children

Biological Rationale

Antibacterial and anti-inflammatory effects

Antibacterial and anti-inflammatory effects
Prebiotic effect

Immunoactivating effect
Anticancerogenic effect

Some honeys have a low glycemic index
(e.g., acacia honey); other fructose-rich honeys
such as thyme, chestnut, heather, and tupelo are
good alternatives

Antibacterial and anti-inflammatory effects

Anti-inflammatory effect

Contact soothing effect, sweet substances, as a
sweetener honey causes reflex salivation and
increases airway secretions, which may lubricate
the airway and remove the trigger that causes a
dry, nonproductive cough

Source: Cutting, K., Ostomy Wound Management, 53(11), 49-54, 2007.

have claimed that the mixture is a natural cure for many diseases and a formula for
many health benefits (http://www.epatienthealthcare.com/tag/colds/).

Gas: According to the studies done in India and Japan, it is revealed that if honey
is taken with cinnamon powder, the stomach is relieved of gas.

Immune system: Daily use of honey and cinnamon powder strengthens the
immune system and protects the body from bacterial and viral attacks. Constant use
of honey strengthens the white blood corpuscles to fight bacterial and viral diseases.

Indigestion: Cinnamon powder sprinkled on 2 tablespoons of honey taken before
food relieves acidity and digests the heaviest of meals.

Upset stomach: A mixture of honey and cinnamon is also beneficial in treating
various stomach problems. A mixture prepared by equal quantity of honey and cin-
namon powder can help in relieving pain caused by gas or bladder infection. If taken
regularly, the mixture is also helpful in facilitating proper digestion of food.

Bad breath: In order to maintain fresh breath throughout the day, the people of
South America gargle with 1 teaspoon of honey and cinnamon powder mixed in hot

water first thing upon awakening.

Gastric disturbances: Honey taken with cinnamon powder cures stomach aches
and can help heal stomach ulcers. According to studies done in India and Japan,



Honey for Gastrointestinal Disorders 181

honey mixed with cinnamon powder relieves gas by removing acidity and helps with
digestion and absorption of nutrients. Honey mixed with cinnamon can also help
cure bladder infections by destroying germs in the bladder (Patel 2012).

HoNEey AND AppLE CIDER

Apple cider vinegar and honey have been proven over time to help heal the body
in several ways. Going back several hundred years, apples have continuously been
used for medicinal purposes as well as for cleaning. Apple cider vinegar is usu-
ally fermented and contains many vitamins, minerals, and other elements that
help promote a healthy body. Some of those are magnesium, potassium, iron,
and calcium. All these substances clean out the body by helping multiple areas
rid themselves of toxins, impurities, and inflammation. Honey is a carbohydrate
compound that helps create and move energy through the body. It also promotes
cell oxidation and the breaking down of harmful bacteria to keep the body clean
and balanced.

Mix 1 tablespoon of honey and 1 tablespoon of apple cider vinegar, add the
mixture to a cup of boiling water, stir, and drink. This will help cleanse the colon.
Drinking a cup of this mixture daily should help regulate the digestive tract.

With the combination of apples and honey in the system, there are several inter-
nal ailments that can slowly be cured. It all begins when these two ingredients are
taken and they stimulate the immune system. Possibly the most important thing is
that they are both used as disinfectants and antiseptics to kill harmful bacteria in
the digestive tract that are responsible for causing food poisoning. Also, for body
chemical and energy balance, apples and honey help restore pH levels. That means
having greater resistance to the common cold and flu, ulcers, headaches, and even
yeast infections. Apple cider vinegar and honey also make a good fiber additive
that helps lower cholesterol and controls blood sugar. The combination also helps
detoxify the liver to promote overall health and aid in weight loss. Inflammation in
joints that could cause arthritis and osteoporosis is lowered, so bone mass can stay
strong (Bailey 2012).
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