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Preface

Vegetables, fresh or frozen, are always part of a balanced meal, especially in a family setting.
Think of all the processed vegetables we have been eating all these years: canned beans, frozen
corn, pickled cucumbers and peppers, tomato paste, mushrooms, vegetable soups, cold salads,
and many more. Of course, don’t forget those frozen French fries. This book is about processing
and preserving vegetables and vegetable products. It uses several approaches:

The science of vegetables: botany, nutritive values, and postharvest technology.

The principles of traditional processing of vegetables: canning, drying, freezing,
fermenting, and chemical preservation.

The manufacturing procedure for vegetable products, such as canned tomatoes, canned
water chestnuts, frozen peas, frozen French fries, mushrooms, herbs, jalapefio
peppers, kimchi, and sourkraut.

The safety of processing vegetables: pH, pathogens, vegetable juices, modified atmosphere
packaging, acidified foods, action levels, macroanalytical methods, and new
technology in microbial inactivation.

Apart from the above, this book introduces additional topics that are related to vegetable
processing:

Minimally processed products: cook—chill and sous vide, salads, and cold soups.

The use of vegetables and vegetable products in dietary supplement and functional foods.

Fermented soy products. These are made from soybeans including soy sauce, miso, tempeh.
Although they are favorites among Asians, Americans and Europeans are consuming
them in increasing numbers. Although soybeans are legumes, soy products are
usually consumed as vegetables or seasonings.

This book is unique in several aspects. It is an updated and comprehensive reference source,
and contains many topics not covered in similar books. An appendix that reproduces major
enforcement tools used in the United States to safeguard the wholesomeness of fresh and
processed vegetables is included. This information does not appear in similar books. Contributors
to this volume include experts from the government, industry, and academia of 12 countries. In
sum, this book is an essential reference for professionals in vegetable products processing.



The editorial team thanks all the contributors for sharing their experience in their fields of
expertise. They are the people who made this book possible. We hope you enjoy and benefit from
the fruits of their labor.

We know how hard it is to develop the contents of a book. However, we believe that the
production of a professional book of this nature is even more difficult. We thank the production
team at Marcel Dekker, Inc., and express our appreciation to Ms. Theresa Stockton, coordinator of

the entire project.

Y. H Hui

Sue Ghazala
Dee M. Graham
K. D. Murrell
Wai-Kit Nip
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1

Vegetables: Types and Biology

Shing-Jy Jocelyn Tsao

National Taiwan University, Taipei, Taiwan

Hsiao-Feng Lo
Chinese Culture University, Taipei, Taiwan

. DEFINITION OF A VEGETABLE

Avegetable is defined as “an edible, usually succulent plant or a portion of it eaten with staples as
main course or as supplementary food in cooked or raw form” (1).

II. IMPORTANCE OF VEGETABLES

More than 10,000 plant species are eaten as vegetables worldwide. Among these species, only
fifty or so are commercially important (2). Vegetables contribute to humans with essential
minerals, vitamins, dietary fibers, proteins, fats, starches, and energy. Vegetables are major
sources of vitamin C. The amounts of carotenes in pumpkins, capsicum peppers, and tomato are
useful to mankind. Dietary fibers in vegetables include cellulose, hemicellulose, pectic
substances, and lignin, which are important in preventing several human diseases. Vegetables also
neutralize the acid substances produced by other high-energy foods (3). While organic acids and
volatile compounds are responsible for flavor and aroma, chlorophyll, carotene, and anthocyanin
make up the colors. Vegetables not only form an essential part of a well-balanced diet, but the
flavor, aroma, and color also make them important in human diet and appetite (4).

lll. DOMESTICATION OF VEGETABLES

All modern crops had their earliest beginnings as wild plants. These wild plants with specific
characteristics attracted humans to harvest them for medicinal (5), herbal, or food purposes. Then
the seeds and other plant parts were dispersed. This was the beginning step during plant
domestication. Vegetables were brought into cultivation 10,000 years ago; thus humans produced
sufficient vegetables of their own. Artificial selection created gene combinations for higher yield
and better quality (6). The evolution of consumption, production techniques, socioeconomic
interest, general political climate, production policy, international competition and trade
agreements made the structure of today’s vegetable exploitation heterogeneous (7).

Copyright 2004 by Marcel Dekker, Inc. All Rights Reserved.



IV. CLASSIFICATION OF VEGETABLES

Vegetables are commonly grouped according to botany, edible parts, life cycle, sensitivity to
temperature, family grouping, or accepted use (2). Other classification schemes include sensitivity
to soil pH and chilling damage, tolerance to nutrient levels and salt, and depth of rooting
(2-4,8-10).

A. Botanical Classification

Botanical classification is based on morphology, anatomy, embryology, physiology, biochemistry,
etc. The successive groupings of plants are kingdom, division, subdivision, phylum, subphylum,
class, subclass, order, family, genus, and species (2,8). All vegetables belong to the class
Angiospermae, which is divided into the subclasses Monocotyledoneae and Dicotyledoneae.
Most vegetables belong to the Dicotyledoneae. There are fewer monocot vegetables, i.e. sweet
corn, asparagus, yam, and onion. The genus and species make up the scientific name that is
accepted worldwide. The climate requirements, the use for economic purposes, and the disease
and insect controls of a particular family or genus are often similar. Well-known families of
vegetables are Solanaceae, Brassicaceae, Fabaceae, Alliaceae, and Apiaceae (10).

B. Classification Based on Edible Part

Classification of vegetables by edible part informs a grower or handler with specific cultural or
handling techniques. Common groupings include root, stem, leaf, immature flower bud, fruit, and
sprout. Root crops include carrot, radish, beet, turnip, and sweet potato. Stem vegetables are
asparagus and potato. The yield and quality of root and stem vegetables are affected by soil
texture, fertility, and irrigation. Leafy crops include lettuce, cabbage, celery, spinach, kale, and
mustard, which are very perishable. The edible parts of cauliflower, broccoli, and artichoke are
immature flower buds. Immature fruits are harvested from pea, snap bean, lima bean, summer
squash, cucumber, okra, sweet corn, and eggplant. But actually we eat the immature seeds of lima
beans and sweet corn. Edible parts of cucurbits (pumpkin, white gourd, squash, muskmelon, and
watermelon), tomato, and pepper are mature fruits (1-3,8—10).

C. Classification Based on Temperature

Vegetables are separated into warm-season and cool-season vegetables based on temperature
requirement for optimum growth and development. Warm-season crops are adapted to 18—29°C,
intolerant to frost, and mostly grown for edible fruits. Exceptions are sweet potato for storage root
and New Zealand spinach for leaves. Cool-season vegetables have optimum growth at cooler
temperature and are shallower rooted and smaller sized. Cool-season crops are grown for edible
stems, leaves, roots, and immature flower parts. Asparagus, brussels sprouts, broccoli, cabbage,
celery, garlic, onion, pea, radish, artichoke, and spinach are cool-season vegetables. Exception is
garden pea grown for seeds. Harvested parts are usually stored near 0°C except potato (2,8—10).

The subgrouping of cool-season crops into hardy and half-hardy vegetables, and warm-
season crops into tender and very tender vegetables, is based on the ability of young plants to
withstand frost, and the ability of seeds to germinate at low temperatures. Hardy vegetables
generally tolerate moderate frost without injury. Tender vegetables are susceptible to damage
during cold weather. The very tender vegetables are easily damaged by light frost (10).
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D. Classification Based on Life Cycle

Vegetables are also classified based on their life span. Most vegetables are annuals that complete
life cycles within one growing season. Biennial vegetables require two seasons for completing
their life cycle. Many cole crops such as broccoli, caulifiower, cabbage, and root crops such as
carrot are biennials but grown as annuals. Perennial vegetables complete their life cycle in more
than two years. Rhubarb, globe artichoke, and asparagus are grown commercially as true
perennials. Tomato, pepper, eggplant, potato, and sweet potato are perennials in their native
environments but are grown as annuals for production in temperate regions (2,3,8—10).

V. TYPES OF VEGETABLE GROWING

There are several types of vegetable growing such as home gardening, commercial production,
and processing production. The commercial vegetable production includes at least three
categories: fresh market, processing, and controlled environment production (5,11).

A. Home Gardening

People grow vegetables in their own gardens for money saving, outdoor leisure, fresher tasting
and better quality vegetables, and better nutrition and improved health (2).

B. Commercial Production

The goal of commercial production of vegetables is only economic profits.

1. Fresh Market

The harvested vegetables are sold for fresh use (2,5,11).

1. Market Garden. Market gardens are located near but on the outskirts of population
centers. A wide variety of small-scale high-profit crops are grown intensively and year-round. The
harvested vegetables are for local consumption (2,5,11).

2. Truck Farm. Truck farms are often located in inexpensive rural areas and near
transportation systems. One or two crops are grown on a large acreage for distant markets.
Transport over large distances permits specialization and the delocalization of production (2,11).

3. Controlled Environment Production. Vegetables are grown in the modified
environment for optimal plant growth. Light, temperature, humidity, nutrients, and even the
composition of the atmosphere may be controlled. Investment and production costs including
heating and cooling are expensive (5).

2. Processing Production

Vegetables are highly perishable. Postharvest decay is estimated to be more than 20—50% in the
tropics and subtropics. Processing is one of the various feasible technological measures to reduce
high postharvest losses of vegetables (3). Now in processing production, vegetables are grown in
the field as raw materials for processing, usually on large acreage, harvested by machines and
through contracts. The contract specifies production techniques, the price at a given quality, and
standards for the acceptance of the harvest. Growers usually have a low margin of profit (11).
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VI. CONSUMPTION OF VEGETABLES

The per capita consumption of vegetables varies among countries and regions, according to
people’s eating habits and the supply. The average world consumption of vegetables is around 85
kilograms per person per year; in industrialized countries it is around 120 kg per capita (12). It is
around 30 kg per capita in sub-Saharan Africa and around 150 kg per capita in China (7).

Vil. COMMERCIALLY IMPORTANT VEGETABLE CROPS
A. Root Crops

Several root crops are grown especially for their edible storage roots and tuber portions. They
belong to different botanical families. Only one enlarged (fleshy) underground root is produced
per plant for carrot (Apiaceae), table beet (Chenopodiaceae), radish, turnip, and rutabaga
(Brassicaceae). Several fleshy roots are produced from one plant for sweet potato
(Convolvulaceae). They are consumed either fresh or in processed forms. Most root crops have
long storage life and extend the market supply over a long period. There are other minor root
crops produced more on a regional basis, such as salsify (Tragopogon porrifolius) and black
salsify (Scorzonera hispanica) of the Compositae, parsnip (Pastinaca sativa) and celeriac (4.
graveolens var. rapaceurm) of the Apiaceae, yam bean (Pachyrrhizus erosus) of the Fabaceae, and
horseradish (Armoracia rusticana) of the Brassicaceae (12,14).

The carrots, table beet, radish, turnip, and rutabaga are all direct-seeded to well-prepared
seedbeds. After emergence, plants are thinned to desired population density. The crops are
established more easily under cool and moist conditions (14).

1. Carrots [Daucus carota L. spp. sativus (Htoffm.) Arcang]

Cultivated carrots, which originated in Afghanistan and central Asia, became popular in Europe
around the 13th century. European settlers brought carrots to the U.S. in the 17th century (15,16).
Carrots are now mainly grown in Asia and Europe. The Eastern/Asiatic carrots have reddish
purple (anthocyanin-containing) or yellow roots, pubescent leaves, and a tendency for early
flowering. Western carrots have orange, yellow, red, or white roots, fewer pubescent leaves, and
also a tendency to bolt. The Western orange type, as selections from yellow ones for high
carotenoid content, developed into modern cultivars. In the U.S., carrots are mainly grown for the
fresh market, California being the leading state in acreage. For processing, Washington state leads
the production (14).

Carrot is a cool-season crop with optimal mean growing temperatures ranging between 16
and 21°C. At these temperatures, root color and shape are also optimized. At a mean temperature
of 12—13°C, roots tend to grow relatively long and slender, whereas at a constant 24°C, roots are
shorter and thicker. Alternating low night and moderate day temperature also tends to produce
roots long and slender. Temperature greater than 30°C, particularly in the later stage of
development, induces undesirable strong flavor and coarseness in the roots (16).

Carrot cultivars are classified by root shape and date of maturity (14):

1. Danvers: roots medium to long with broad shoulders, tapering toward the tip (tapered
tips).

2. Imperator: roots slender, slightly longer and smoothly tapered, late maturing, good for
storing, grown for winter market consumption.

3. Nantes: roots nearly cylindrical shaped, medium to long, early maturing, eaten fresh in
summer.

Copyright 2004 by Marcel Dekker, Inc. All Rights Reserved.



4. Chatenay: medium to short and tapered with blunt end, maturing by midsummer.

Carrots are usually mechanically harvested 90—120 days after planting. Large-scale carrots are
eaten raw, cooked, or processed into juice. The harvest stage is judged by suitability, before the
carrots achieve their full potential size or weight. Fresh carrots are marketed either topped or
bunched with attached tops. Fresh cut-and-peel baby carrots are also available; they may also be
cut into short pieces from mature carrots. Carrots are good plant sources of provitamin A,
containing about 5—8 mg/100 g of B-carotene (14).

2. Radish (Raphanus sativus L.)

Radish is unknown in the wild state. Its origin may be in the eastern Mediterranean or in China,
with a long history of cultivation. Now radishes are grown worldwide but consumed mostly by
Chinese, Koreans, and Japanese. Large variations exist in the shape, size, and color of the roots.
Radishes were among the first European crops introduced into America by the Spaniards and
grown by the early colonists (14,16).

Radish is a cool-season vegetable crop with optimum growing temperature ranging between
15 and 20°C. At higher temperatures, the enlargement of the roots is retarded, which results in
coarseness and pungency (14).

Radishes are commonly grouped into four types (16):

Western or small radishes, usually consumed raw as relishes

Oriental radishes, with mild-flavored large roots, usually cooked or pickled in the East
Leaf radishes, consumed as greens by Chinese, also cultivated for fodder

Rattailed radishes, cultivated in Asia with young pods consumed raw, cooked, or
pickled

halb o e

In the U.S. garden radishes are very popular in home gardens because of their short growth cycle
and because they are easy to grow. The white, long-rooted types are also popular in many regions.

3. Table Beets (Beta vulgaris L. Crassa group)

Originating in Europe and Western Asia, the garden beet or table beet is one of the various forms
of Beta vulgaris of Chenopodiaceae family (17). It is closely related to Swiss chard, sugar beet,
and fodder beet. The leaf beets were developed before the root beets. Red root beets were
cultivated by the Romans. The root beet is grown throughout Europe and America. The red
pigment, betanin (a nitrogen-containing anthocyanin) can be used for food coloring. The table
beet, being introduced in 1800, is one of the most popular home garden crops in the U.S.

Table beets prefer a cool climate and sunny days. Temperatures for optimum growth range
between 16 and 19°C. During hot weather, the roots may become tough. They are very sensitive to
soil acidity and require a pH of 6.2 to 6.8 (17).

Beet roots may vary in color and shape. The oblate- or globe-shaped red-rooted types are
most popular, and most of the commercial production is for processing (14).

4. Turnip [Brassica rapa L. var. rapa (DC) Metzz.] and Rutabaga [B. napus L. var.
napobrassica (L.) Reichb.]

Both turnip and rutabaga are members of the Brassicaceae family. They are similar in plant size
and general characteristics. Turnip is an ancient crop, its exact origin unknown, while rutabaga is
of European origin and known as Swede in Europe (13,14). The turnip roots have little or no neck
and a distinct taproot, while the rutabaga roots have a thick neck bearing a number of leaf-base
scars, and roots containing the taproot and those originating from the underside of the edible root.
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Turnips and rutabagas are both cool-season crops, requiring 15—18°C for best root growth.
Turnips are easy to grow and require two months of growth. Rutabagas grow less rapidly and
require an additional four weeks.

Both turnip and rutabaga have swollen roots in different colors or shapes. However, most
turnip cultivars are round, and white-fleshed and rutabaga cultivars are globe-shaped with yellow
flesh. There are also turnip cultivars grown for green foliage (14).

5. Sweet Potato [Ipomoea batatas (L.) Lam]

Sweet potato, a member of Convolvulaceae family, originated from tropical America. It was
grown for its storage roots in the New World long before Columbus arrived. Storage root of sweet
potato is a major carbohydrate source in developing nations. It contains about 27% carbohydrate,
provitamin A, vitamin C, calcium, and iron. Tender leaves and shoot tips are also used as
vegetables in Southeast Asia. Besides as food, sweet potato has industrial applications as a source
of starch, glucose, syrup, and alcohol. It is also used as livestock feed. Older vines are fodder for
cattle, swine, and fish. Some vining cultivars can be used as ground cover or ornamental (18).

Sweet potato is a tender, warm-season crop. The best growing temperatures are 29°C days
and 21°C nights, with an optimum mean of 24°C (14,18). It is a perennial herb but is commonly
grown as an annual. Adventitious buds arise from fleshy storage roots and develop into branching
vines that quickly cover the ground (18).

Sweet potato is propagated by slips or vine cuttings. The thin skin of the storage root is
easily broken. Four to 7 days of 26.6—29.4°C and 85-90% RH curing promotes the formation of
cork layers on wounded surfaces, which prevents decay (18).

Storage roots of sweet potato as food are of two types: soft-fleshed and firm-fleshed (18):

1. Soft-fleshed (wet): sweeter, softer, medium to deep orange flesh, commonly used for
baking

2. Firm-fleshed (dry): yellow skin with white, yellow, or light orange flesh, mostly used
for boiling and frying

B. Stem and Tuber Crops

Stem vegetables are those grown for their succulent tender shoots (asparagus, bamboo shoots),
fleshy stems (kohlrabi, celtuce, strumous mustard), starchy underground tubers (potato), corms
(taro), and succulent rhizomes (ginger). Among them, kohlrabi, celtuce, strumous mustard, and
asparagus are seed propagated, and the others are asexually propagated. The latter have low
multiplication rates and need reliable sources for healthy growing materials. In the United States,
asparagus and potatoes are of greater commercial importance.

1. Potato (Solanum tuberosum L.)

The potato, native to the Andean regions of Peru and Bolivia, has been cultivated since early
civilization (19). It is one of the most important food crops in the world. The Spaniards introduced
it to Europe, and Irish immigrants brought it to New England in 1718. The potato is referred to as
the Irish potato because of its association with the potato famine in Ireland in 1845—1846. Idaho
and Washington states are the largest producers of potatoes in the United States (20).

Potatoes are grown for its tubers, the enlarged underground storage stems. In addition to
their starch content, the tubers serve as a good source of vitamin C. It is also a source of moderate
levels of proteins and minerals. The protein of potato is richer in lysine than that of cereal, and its
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biological value is high. Potatoes can be cooked in a great variety of ways. They can also be
processed into chips, French fries, flakes, and dehydrated products. French fries and potato chips
are popular food items worldwide (19).

Potatoes are asexually propagated by healthy tubers, which are obtained from certified
disease-free stocks grown in favorable cool areas. The young shoots develop from the buds or
“eyes” of the seed tubers. Potato is a cool-season crop. The interaction of photoperiod and
temperature are the most important factors affecting plant and tuber development. Long days
delay the start of tuberization, and temperatures above 30°C prevent tuber initiation. Tubers are
usually initiated about 45 days after planting. Following tuberization, tuber enlargement is ideal at
mean temperatures of 17°C (19).

Based on skin color and texture, potato cultivars are classified as white, red, or russet.
Russet tubers tend to be oblong and relatively dark colored and thick skinned at maturity. There
are early, midseason, and late cultivars according to maturity time. Based on starch content or
specific gravity, potatoes are grouped into baking, boiling, and processing types. Russet Burbank
is the leading cultivar grown in the U.S., being excellent for frying and baking. Kennebec is an
excellent all-purpose potato (20).

2. Asparagus (Asparagus officinalis L.)

Asparagus, a dioecious perennial monocot, is a member of the Liliaceae family (21). The region
between the eastern Mediterranean and eastward to the Caucasus Mountain is the center of origin
of asparagus (22). It has been cultivated for medicinal and food use for more than 2,000 years. In
the 1600s it was introduced into America. Commercial production is centered in California,
Washington, and Michigan states (23).

Priced as a gourmet item, asparagus produces tender spears, the unexpanded shoots, each
year. Nutritionally, asparagus is a source of vitamins A and C (22). The plant is composed of ferns,
a crown, and the root system. The fern is a photosynthetically active modified stem called a
cladophyll. The crown is a series of rhizomes (underground rootlike stems) attached to the plant
base. Upper portions of the horizontal rhizome contain the buds from which spears arise. Fleshy
and fibrous roots develop from the lower portion of the rhizome. The fleshy roots act as storage
organs. The carbohydrates stored in crown and roots support spear growth in the spring.

Asparagus grows best under conditions of high light intensity, warm days, cool nights, low
relative humidity, and adequate soil moisture. Optimum productivity occurs at 25—29°C in the
day and 13—19°C at night (22).

Female plants generally produce larger spears than males, but the males produce more and
smaller diameter spears. All male lines are developed for superior productivity with reduced seed
production (23).

C. Bulb Crops

Bulb crops are all herbaceous monocot species of Allium and are members of Alliaceae family.
The genus Allium contains about 500 species, mostly wild. The few species cultivated as
vegetables are grown for their fleshly leaf bases and/or tender leaves. Only onions and garlic have
prominent bulbs; all others have pseudostems instead. All bulb crops contain the thioallyl
compound alliin, which breaks down to give a number of volatile sulfur-containing compounds,
which give the characteristic odor and pungency of the crop. The chemical substances in onion
and garlic especially are believed to be associated with reduced risks of cardiovascular diseases
and certain cancers (21,24).
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The bulb crops are propagated by seeds (onion, Welsh onion, and Chinese chives), cloves
(garlic), or division (Welsh onion and Chinese chive).

1. Onion (Allium cepa L. Cepa group)

Originating in Central Asia, the common onion has been cultivated for more than 4,000 years
(24,25). As an important flavoring, onion is a very popular crop worldwide. Asia is the largest
producer, with Japan and China taking a share of 27%. Columbus introduced onion to America
and it soon spread to all parts of the Americas. The onion has many culinary uses. It can also be
processed into dry products such as rings, flakes, and powder for the food processing industry. Its
quercetin, a flavonoid, provides the protective effect against cancer. Onions can be planted using
sets (small bulbs produced in the previous season), transplants, and seeds.

The onion is a cool-season crop, optimum growth temperature ranging between 13 and
24°C. Onion bulbing is usually favored by long days. However, the lengths of time required for
specific cultivars are different. Under favorable day length, temperatures of 21-27°C are
favorable for bulb development. Low relative humidity extending into the harvest and curing
periods is desirable (24,25).

Onions are usually grouped by their day length requirement for bulbing. Within the group,
there are early and late maturing cultivars. Onions can also be grouped into mild or pungent (26):

1. Short-day type (European onion): bulbing in response to 10—11 h day length, mild,
soft-fleshed bulbs for fresh use

2. Intermediate-day type: bulbing in response to 12—13 h day length, pungent, soft-
fleshed for fresh use

3. Long-day type (Spanish onion): bulbing in response to 14 or more hours of day length,
pungent, hard, good for storage

Bulbs vary in skin color, shape, and size. There are more yellow or brown onion cultivars than red
or white cultivars.

2. Garlic (Allium sativum L.)

Originating in Central Asia, garlic has been cultivated from at least 2000 B.c. Being widely grown
in Asia, garlic is eaten not only for the bulbs but also for the foliage and the flower stalks. Each
plant develops the bulb underground, and 8—20 cloves together form a cluster covered by a white
or purplish papery sheath.

Garlic has long been believed to have medical advantages in addition to its flavoring use.
Garlic is dehydrated to produce garlic powder, and garlic oil capsules are made of garlic extracts
as a diet supplement. In the U.S., most garlic is produced in California for the bulbs. The planting
is carried out in late summer and fall from clean and healthy cloves. Overwintered in the field, the
plants resume rapid top growth after spring. Large cloves produce greater yields than small cloves.

Garlic is a cool-season crop with cloves germinating best in temperatures of 20—25°C. The
optimum temperatures for plant growth and bulb development are 18—20°C and 20-25°C,
respectively. Bulbing is initiated as temperatures and day length increase (24,25).

Garlic cultivars can be grouped by their day length requirement for bulbing (26). They are
classed as late and early. They can also be classed as the hardneck type and the softneck type. In
the Orient, the softneck type is preferred for foliage production (27).
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D. Cole and Related Crops

Cole crops from the east Mediterranean and Asia Minor are members of the species Brassica
oleracea of the family Brassicaceae. During domestication, many cultivated types with distinct
edible parts have formed, including cabbage and brussels sprouts (head), kohlrabi (thickened
stem), cauliflower and broccoli (inflorescence), kale and Chinese kale (foliage) (28—31).

1. Cabbage (Brassica oleracea L. Capitata group)

Cabbage has been used as food for more than 3,000 years. The ancient Greeks held cabbage in
high esteem. Cabbage was probably introduced by the Romans or by Celts from the coastal
regions of the Mediterranean Sea to the chalky coasts of England and northwestern France.
Present-day cultivars most likely originated from wild nonheading types. Cabbage is very popular
worldwide and is grown extensively in Eastern Europe and the Far East (30).

Cabbage is a herbaceous biennial but is grown as an annual. During vegetative
development, the plant produces a succession of outspreading leaves on a stem with very short
internodes. New leaves, around twenty, incurve, overlap, and form a compact head. Leaves are
broad, thick, fleshy, heavily veined, and covered with wax. Cabbage is durable for storing and
shipping. It ranks higher than tomato but lower than spinach in mineral content (30).

Cabbage is grown for three types of markets: fresh market, late or stored market, and the
sauerkraut market. There are several types of cabbage head (31):

Wakefield: pointed, small, pointed head, early-maturing

Copenhagen market: round, medium-large head, early maturing

Flat Dutch: large, flat, very solid head

Danish Ballhead: round-oval, medium-sized head, relatively late maturing, storable
Savoy: medium-large, flat-globe-shaped head, crinkly leaves, good quality for the fresh
market

Red: round, medium-sized heads, reddish-purple leaves
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2. Cauliflower (Brassica oleracea L. var. botrytis L.)

Both cauliflower and broccoli are of the cabbage family with caulifiower being more exact in
environmental and cultural requirements. Cauliflower is grown for the curd (head), which is the
shortened shoot with bracts and undifferentiated flower parts at the terminal end of the plant axis.
The curd may be white, creamy, yellowish green, purple, or orange. However, pure white curds are
preferred. It was first mentioned in the United States in 1806. California has been leading in
commercial production (30).

Optimum temperatures for growth are 15—-20°C with an average maximum of 25°C and a
minimum of 8°C. But many tropical cultivars are early maturing and require higher temperature
and long days to have good vegetative growth before forming the curd. After the white head has
developed to 5—7.5 cm, it is protected from sunburn and turning green by tying the outer leaves
together over the head center or just bending a few outer leaves to cover it. In Asia, blanching is
achieved by covering the developing head with a piece of spun-bonded material which can be
reused (28,29).

Cauliflowers are generally grouped into three major types by maturity (30):

1. Super Snowball (early): dwarf with medium sized leaves and somewhat flattened,
maturing in 50—55 days after transplanting

2. Snowball (mid-season): larger and later, large rounded and very dense curd, maturing
in 70—80 days after transplanting
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3.  Winter (later): grown where winters are mild, maturing 150 or more days after
transplanting

The later the maturity, the larger the curd. In California, they may also be grouped by curd size and
density.

3. Broccoli (Brassica oleracea L. var. italica Plenck)

Broccoli was evolved from wild cabbage earlier than cauliflower and was cultivated by the ancient
Romans (28). However, it was relatively unknown in England until the 18th century and was
grown in the United States in the early 1800s (28—30). But its popularity was much later.

Broccoli is similar to cauliflower in the structure of its flower head. Unlike cauliflower, the
edible plant portion is the inflorescence consisting of fully differentiated immature flower buds
and the tender portion of the upper stem. These flower buds form a compact head. If the terminal
inflorescence is removed, secondary inflorescences may develop in the axils of lower leaves.

Broccoli is the most nutritious of the cole crops in vitamin content, calcium, and iron.
Recently its anticancer advantage has been often reported. Per capita consumption continues to
increase. California is the largest producer in the United States (30).

Broccoli is adapted to a range of soil types and can tolerate heat to a greater degree than
cauliflower. The optimum temperatures for plant growth are 20—22°C, for head development
18°C. It is sensitive to boron deficiency (28,29).

There is no major subgroup for broccoli. The cultivars Calabrease, Green Comet, Green
Duke, and Premium Crop are popular (30).

E. Other Leafy Vegetables

Greens are grown for leafy portions both for cooking and for salads. They are high in mineral and
vitamin contents. All greens are specialty crops except spinach, which is produced on a large
commercial scale. All greens in North America are cool-season crops except New Zealand
spinach, a warm-season crop (32).

Lettuce, endive-escarole, and chicory are leafy salad vegetables. Their tender leaf blades
with a little petiole and stem are used fresh or raw in salads. They are excellent dietary sources of
bulk and fiber. Only lettuce is grown on a large scale (34).

1. Chinese cabbage, pe-tsai (Brassica rapa L. Pekinensis group)

Chinese cabbage is native to China and eastern Asia (32). Its recent popularity has resulted in a
considerable increase in Europe and the United States. It produces an elongated head. Moderate
day and cool night temperatures are essential for productivity and quality. Temperatures ranging
between 13 and 21°C and suitable for its growth (28).

A high temperature during head formation causes a loose head and increased incidence of
topburn. There are several types of head: elongated, shorter, tall, and short and compact (28,32).

2. Spinach (Spinacia oleracea L.)

Spinach is thought to be native to Central Asia. It ranks second only to broccoli in total nutrient
concentration. Spinach is used fresh and for canning, freezing, and pureed baby food. Owing to its
short growth period of 30—50 days, annual spinach is cultivated between plantings of other
vegetable crops (33).
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Spinach is usually dioecious, and rarely monoecious. Dioecious types produce extreme
male and vegetative male. The extreme male plant is small. While the vegetative male and female
plants produce more foliage and flower more lately, they are the preferred types for commercial
production (33).

Spinach is a hardy, cool-season vegetable. It prefers 15—20°C for growth and 15°C for seed
germination. Spinach is direct-seeded. Now, sized seed and specialized belt seeders are used to
reduce the seeding rate (33).

Cultivars of spinach are classified into (33)

1. Savoy type: large, fresh market use, suitable to longdistance shipment for less
anaerobic respiration

2. Smooth-leaved: mostly for processing, for easy washing of leaves

3. Semi-savoyed type: for both fresh market and processing into frozen packs

3. Lettuce (Lactuca sativa L. var. capitata)

Lettuce is native to the Mediterranean area and inner Asia Minor. From the 18th century, lettuce
has been widely used in the Americas. Now the U.S. leads in the production and consumption of
lettuce in the world. Lettuce cannot be processed. It is a leafy salad vegetable (34).

Lettuce prefers 24°C for seed germination and 18—-23/7—11°C of day/night temperatures
for growth. Lettuce is direct-seeded or transplanted. Coated or pelleted seeds are direct-seeded by
the seeder. Osmoconditioning of seeds and fluid drilling are also used (34).

There are four distinct types of lettuce (34):

1. Crisphead type (Iceberg): large and solid head, usually over 0.9 kg and 15.2cm in
diameter, brittle and crisp leaves with prominent veins and midribs, very large outer
leaves in medium to dark green, inner leaves tightly folded in light color, most
endurable for shipping and handling

2. Butterhead type (Boston, Bibb, or semiheading): smooth, soft, pliable leaves forming a
loose head, better table quality and more delicate flavor than crisphead type, leaves
easily torn and bruised, mainly for local markets, often for greenhouse production

3. Cos type (Romaine): long and narrow leaves, upright plant, long and somewhat loose
heads, more tolerant to stress, best for local markets

4. Loose-leaf type (bunching): not heading, early, easy to grow, popular in home gardens,
not suitable for long-distance shipment because of its short market life, produced
primarily in greenhouses in winter

Stem lettuce or celtuce (L. sativa var. asparagina Bailey) is grown for its thick, succulent stem. It
is usually cooked in stews and other dishes, or pickled. Stem lettuce is popular in the Far East, but
it is not widely grown in the U.S.

4. Celery (Apium graveolens L. var. dulce)

Celery came from Sweden. It was initially used for medicinal purpose. Now the long, fleshy, but
low-nutritive-content petiole is harvested for its flavor and texture, mostly for the fresh market. It
is used mainly as a salad crop, some in soups, and a little dehydrated. The seeds are also a
condiment for flavor (35).

Celery is biennial but is grown as an annual. Outer ribs along the petiole’s abaxial length are
composed mainly of thick-walled collenchyma cells responsible for mechanical strength and
stringiness. Celery is dependent on climates. It prefers 15.6—18°C for growth. The production
costs per acre are the highest among all vegetable crops (35).

Celery cultivars are classified into two types (2):
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1. Golden (yellow or self-blanching) type: golden foliage, earlier, less vigorous, thinner
petioles, more sharply ribbed, stringy, inferior in eating and keeping quality, primarily
for specialty markets
2. Green type: green foliages
a. Utah type: predominate, many attractive and well-overlapped petioles, a well-
developed heart

b. Summer Pascal type: excellent eating quality, generally lacking compactness, few
petioles, poor heart development, less affected by cold, less likely to bolt in early
planting

c. Slow Bolting type: less affected by cold, less likely to bolt in early planting

Celeriac or knob, root celery (Apium graveolens var. rapaceum) is grown for its enlarged root.
Smallage (4. graveolens var. secalinum), occurring long before, celery is most popular in Asian
and Mediterranean regions. It produces rosettes of long, thin petioled leaves (16,36).

F. Fruit Vegetables

Fruit vegetables are grown for their fruits for consumption. They are mainly grouped into
Cucurbits, legumes, and Solanum fruits. Within the same botanical family, different crop species
have similar cultural requirements and pest problems. Other fruit vegetables include okra and
sweet corn.

1. Cucurbitaceae

The Cucurbitaceae, a very important food crop family, have been consumed and utilized by
human beings for more than 10,000 years. The gourd family consists of 118 genera, of which only
nine are used as vegetables. Among them, three genera, Cucumis, Citrullus, and Cucurbita, are of
commercial importance in the world as a whole; however others are of more importance in Asia or
other regions. These include genera of Benincasa, Lagenaria, Luffa, Momordica, Sechium, and
Trichosanthes. Genera Cucurbita (pumpkin and squash) and Sechium (chayote) were
domesticated in the Americas, while the others were of Old World origin (Asia and Africa).
All are warm-season crops and much susceptible to cold injury. However, some types adapt to
cool and dry climates. They are herbaceous annuals except chayote, which can be grown as a
perennial. These cultivated species of the Cucurbitaceae have similar plant habits and cultural
methods. They are also known as cucurbits or vine crops. The plant is either a climbing or trailing
vine or a bush type. The bush type is of determinate growth and usually bears earlier than the vine
type. The root system consists of a deep taproot and highly branched short laterals with horizontal
distribution similar to the range of plant canopy. They are grown mainly for their fruits. Other
parts of the plant may also be consumed as food such as seeds of watermelon and squash, flowers
of squash and luffa, and shoots of chayote. Indeterminate vines continue to grow until the plant
dies. Side shoots emerge from the leaf axils. Large leaves are born singly and alternately (38—41).

Most cucurbits are monoecious, producing female and male flower at separate nodes in the
same plant. Usually female flowers are borne singly and male flowers either singly or in clusters in
the leaf axils. Melons are of the andromonoecious type, producing perfect flowers and male
flowers in the same plant. The gynoecious types, producing only female flowers, are also available
in cucumber. The sex expression, a genetic trait, can be modified by environmental factors and
growth regulators. High temperature and long day length favor male blooms, while low
temperature and short days favor female flowers. The use of ethephon induces female flowering,
while gibberellic acid and silver nitrate promote male flowers. The plants can be manipulated for
the purpose of seed production (38—41).
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Most Cucurbits can be grown from direct seeding or by transplanting, but special care is
required for the latter practice (43). The seedlings are grown in individual containers to the 3—4
true leaf stage to be transplanted. Most crops are direct-seeded in the field in the U.S. The plant
spacing varies according to the plant types, with closer in-row spacing for small vined and bush
types than that for large vined ones. Plastic mulch can be used in the field to raise the temperature
for early plantings. A critical period for water occurs during blooming and early fruit set. For
sufficient pollination of the plants, the beehives may be brought into the field after female flowers
bloom. Cultivation, weed control, irrigation, and pest control are managed similarly to all vine
crops (39,42).

a. Bitter Melon (Momordica charantica L.) Bitter melon, indigenous to the tropics of
India and Southeast Asia, is very popular in tropical areas. It is distinct from other vegetable
cucurbits by its delicate foliage, slender stems, and simple tendrils. The fruit surface is studded
with protuberances. The bitterness of the fruit is due to momordicosides, glycosides of tetracyclic
triterpenoids. Immature fruits are less bitter and can be eaten raw or cooked. It may also be picked
or dried for later use. At maturity the fruits turn orange and split open at the blossom end, to
expose the bright red fleshy arils surrounding the seeds. The sweet arils can be eaten. Young
shoots, leaves, and flowers are eaten as potherbs in India and southeast Asia. All parts of the whole
plant are employed as folk medicine. The fruit of bitter melon is a good source of vitamin C and
has been also investigated as an agent inhibiting the growth of the HIV virus.

Bitter melon requires warm, sunny areas with fertile, high water-retaining soils of pH 5.5—
6.5. The optimum temperatures for seed germination are 30—35°C, for vine growth and fruiting,
25°C. Commercial crops are produced either on the ground or on support in an arch shape or in a
triangle shape. The fruits are usually protected from light and fruit flies with paper bags or crude
fibers (42,44).

The cultivated forms of bitter melon are grouped by fruit color into white, light green, and
green, by fruit shape into spindle, pear-shapped, and elongated, by fruit size and shape into regular
(up to 30 cm long and 10 cm in diameter) and wild (up to 8 cm long and 4 cm in diameter), and by
the shape of the protuberence.

b.  Pumpkins and Squashes (Cucurbita spp.) Pumpkins and squashes make up four of
the five cultivated species of the genus Cucurbita. They come from tropical and subtropical
America and have been cultivated for thousands of years. However, different types of pumpkins
and squashes are not easily distinguished by botanical names or by morphological characteristics.
The intercrossability among different types and among species makes clear classification difficult.
The classification is largely based on culinary use and stage of maturity. C. moschata is believed
to have originated in Central America or northern South America, C. maxima in the Andes
mountains of South America, and both C. pepo and C. argyrosperma in northern Mexico and the
southwestern U.S. After pumpkins were introduced to China and Japan, they became important
vegetable crops there and many oriental types were derived. All this give much diversity in fruit
shape, color, and size to the crop (42,44).

The crop requires a warm season with temperatures between 18 and 30°C for optimum
growth. Optimum temperatures for seed germination are 25-30°C, and for fruit development,
25-27°C. Growth periods from planting to harvest range from 40—60 days for summer squash up
to 80 to 140 days for pumpkins and winter squash. For early production, a light loamy soil is
desired. Sunny, dry weather is important for successful pollination by honeybees and good fruit
development (39,42,43).

C. maxima, in general, has better fruit quality in flavor and texture than C. moschata. But C.
moschata has disease resistance and stands high temperature better than C. maxima.

In the U.S., Cucurbita species that have round and orange fruits are called pumpkins, while
those that have fruits of other colors and shapes are called squashes (39,43):
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1. Summer squash: commonly C. pepo, grown for their immature fruits with soft skin,
including yellow crookneck and straight neck, scallop squash, cocozelle, and zucchini

2.  Winter squash: including all four Cucurbita species, grown for mature fruits usually
with hard rind, such as acorn, hubbard, butternut, banana, and orange marrow

3. Pumpkins: mostly C. pepo and C. moschata, grown for their ripe fruits used as an
ingredient in pies

The naked-seeded pumpkins are grown for their seeds to be roasted for snacks. C. maxima can
grow to jumbo size (22—45 kg) for exhibition purposes.

c.  Cucumber (Cucumis sativa L.) Both cucumber and melon are members of genus
Cucumis, though each belongs to a different subgenus. Cucumber is indigenous to India and has
been cultivated for more than 3,000 years. It also has a long history in China where it is considered
a secondary center of genetic diversification. Early travelers brought cucumber to Mediterranean
countries (42). In the early 14th century, cucumber was cultivated in the U.K. It was introduced to
the U.S. by 1539. Now cucumber is widely used as fresh and processed products. The leading
states in the U.S. for fresh market cucumbers are Georgia and Florida, while Michigan, North
Carolina, and Texas lead in processing type production (43).

Cucumber requires temperature of 30°C in the day and 20°C at night for optimum plant
growth. The seeds germinate best at 25—30°C, and in this range fruits develop rapidly. The crop
growth rate increases steadily as the temperature increases to 32°C (42,43). Glasshouse
cultivation is also common for the cucumber in northern Europe, Asia, and the Middle East.

Cucumbers are divided by use into slicing type and pickling type, by culture into outdoor
type and greenhouse type (39,43):

1. Pickling cucumber: fruits cylindrical in shape with blocky ends and a medium green
color

2. Slicing cucumber: smooth, symmetrical, and white-spine, fruits longer than pickling
type, with glossy, dark-green skin

3. Greenhouse cucumber: mostly parthenocarpic (set fruit without pollination)

d.  Wax Gourd (Benincasa hispida (Thunb.) Cogn) Wax gourd is the only species of the
genus Benincasa, which is named for Italian botanist Count Benincasa. The species name refers to
the pubescence on the foliage and immature fruit. Of Indo-Malayan origin, the wax gourd is an
important vegetable in India, China, the Philippines, and elsewhere in Asia. Both mature and
immature fruits are consumed, either cooked or picked. The mature fruits harvested in summer
can be stored at 13—15°C and 70—75% RH for over 6 months. The name winter melon refers to its
long storage life. The fruits are especially valued for their high water content, bland taste, and
cooling properties. The sliced pulp is dried for later use and sometimes candied in sugar syrup.
The candied fruits are boiled to make the popular summer drink wax gourd tea, and it serves as a
seasonal and festival specialty. The Chinese steam the entire mature fruit for soup with various
ingredients. The wax gourd is also important in traditional medical practices. The rinds and seeds
enter into various medications throughout southern Asia. The fruit wax is sometimes collected to
make candles. Mo-kwa (B. hispida var. Chieh-qua How.), a botanical form of wax gourd, is
usually grown for its immature fruit, which is about 0.4—0.7 kg and 18—25 cm long. It is high
yielding and greatly heat tolerant.

Wax gourd grows best in sunny, moderately dry areas. It requires fertile, well-drained soils
of pH 5.5-6.4. The optimum temperatures for seed germination are 30—32°C and for plant
growth and fruiting 24—27°C (42,44). The cultivated forms of wax gourd can be divided by fruit
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shape into long cyclindrical and short cylindrical, by fruit size into small (1.5-5kg) and large
(7-20kg), by skin color and the presence of waxy white bloom on fruits into dark green, light
green, and waxy.

e. Other Cucurbits As many Asian immigrants moved to the U.S., other cucurbits of
Asian or African origin become common in areas with large Asian populations. These crops
include immature fruits of smooth luffah (Luffa aegyptaca Miller), angled loofah [L. acutangula
(L.) Roxb.], bottle gourd [Lagenaria siceraria (Mol.) Standl.], wax gourd or Mo-kwa, and the
immature fruits of Benincasa hispida (42,44).

2. Legumes

Vegetable legumes, all dicotyledonous annuals, are members of the Leguminosae (Fabaceae)
family. The immature fruits are important vegetables, and the dry seeds are an important staple
food. In some, the leaves, the tender shoots, or the roots are harvested and used as vegetables (47).
Legumes may be classified according to the position of the cotyledons in the germinated
seedlings. The epigeal is the type whose cotyledons are above the ground; the hypogeal is the type
whose cotyledons remain underground. Many legumes can assimilate their own source of
nitrogen as a result of the symbiotic relationship with bacteria of Rhizobium in their root nodules.
However, before a successful symbiotic relationship is established, the crop needs an adequate
supply of nitrogen in the soil for growth (46,47).

Peas and broad beans are cool-season crops, while beans are warm-season crops, intolerant
of frost. Each legume species has strains or varieties adapted to a particular range of conditions.
All vegetable legumes are direct-seeded to the field. The pole type or the tall cultivars are usually
supported or trained on poles. Generally bush types require less time for flowering than the pole
cultivars (48).

a. Common Bean, Snap Bean (Phaseolus vulgaris L.) The common bean is the most
widely cultivated bean in the genus Phaseolus. Dated over 7,000 years ago, the common bean
originated in Central and South America. It was introduced into Europe in the 16th century and
soon spread to other parts of the Old World (47). Beans are marketed fresh, canned, or frozen.
Wisconsin is the largest bean-producing state for processing, and Florida leads in fresh market
production (48,49).

The optimum soil temperatures for germination are 25 to 30°C. The optimum temperature
range for growth is 16 to 30°C. Temperatures above 30°C at flowering can cause flowers to abort.
Vine types are adapted to cooler temperatures than bush types. The desirable maturity
characteristics are undersized seed development and low sidewall fibers (47-49).

Common beans are divided into bush and vining types according to growth habits, fresh
market and processing cultivars according to uses. Based on pod color, common beans are either
green-podded or yellow-podded, and sometimes even purple-podded. Beans may also be
classified by the shape of the pod or the color of the seeds (48).

b. Lima Bean (Phaseolus lunatus L.) These are two types of lima beans, the large-
seeded and the small-seeded. They originated in both Central and South America before 5000 B.C.
(47). Native Americans spread the crop and it became an important vegetable crop in the U.S. It
can be consumed fresh, frozen, or canned. The lima bean growth habit is similar to that of the
common bean. California is the only state to harvest dry lima beans, both baby lima beans and
large-seeded ones (48,49).

Lima beans require a slightly warmer climate than do common beans (47). They germinate
at 15-30°C with an optimum soil temperature of 25°C. Mean monthly temperatures of 15—-24°C
are necessary to grow the crop. The small-seeded type, being less restrictive, can tolerate hotter
and drier conditions than the large-seeded one (47).
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The U.S. cultivars have seed coats of white, creamy, buff, or light green. The large-seeded
type is narrowly adapted but is of better quality. The small-seeded type is grown widely (48):

1. Bush type: productive with small seeds, ex. Henderson, Early Thorogreen
2. Pole type: largely for home gardens (Pierce), producing small seeds

¢. Peas (Pisum sativum L. spp. sativum) As one of the most ancient crops, peas
originated in the eastern Mediterranean region and the Near East. They can be dated to 7,000—
9,000 years ago (47,48). Dry peas were used for food in Europe from very early days, though
green peas were not used until the 16th century (46). The edible podded types evolved in more
recent times. In the Orient, the tender shoots of peas are used as greens (50). The term English pea
reflects the many cultivars of peas developed and grown in England. Columbus brought the pea to
North America where it quickly spread to all parts. Commercial production in the U.S. is primarily
for processing, including canning and freezing. Seeds are either smooth or wrinkled, the former
being starchy and the latter sweeter (48,49).

Peas thrive in cool and moist weather. The crops grow best at mean temperatures of 13—
18°C. Long days and cool temperatures accelerate flowering. The smooth-seeded types are more
adapted to cool weather conditions than the wrinkle-seeded types. The edible podded types are
more adapted to warm conditions than the green pea types. Heat units are commonly used to
predict harvest dates for the processing industry (47).

There are several types of peas, including shelled peas, edible podded peas, and dry peas.
Pea cultivars are classified by seed color, growth habit, seed quality, and pod appearance (48,49):

Dry peas: light green seed color, starchy

Canning peas: most determinate, light green and sugary seeds

Freeze peas: most determinate, dark green and sugary seeds

Edible podded peas: pods lacking the stiff, papery inner parchment, the whole pods
consumed

a. Snow peas: sugary seeds slightly enlarged

b. Snap peas: sugary seeds more developed and pod wall thickened

bl e

d. Southern Pea [Vigna unguiculata (L.) Walp. spp. unguiculata (L.) Walp.] The origin
of the southern pea is rather obscure. It is possibly of tropical African origin (47) or a native of
India (47,48). There are three distinct cultivar groups in Vigna unguiculata, characterized by
growth habit and pod character (48). The immature pods of all three are used as vegetables. The
yard-long bean is popular with Southeast Asians with pods ranging from 30 to 75 cm in length.
Catjang cowpea has erect small pods 7—12 cm long with seeds small and cylindrical. It is more
common in India. Southern peas, also known as black-eyed peas, mostly confined to the south in
the United Sates, are grown primarily for the green shelled seeds, of which large amounts are
processed and canned or frozen (48).

The southern pea grows best in hot, dry climates. Optimum temperatures for growth are
27-30°C in the day and 17—22°C at night. It tolerates heat better than common beans or lima
beans. Fresh market peas may be harvested 16 to 17 days after blooming (47).

Cultivars of the southern pea differ in maturity, in pod color, and in the crowding of seeds in
the pods. Black-eyed peas are those having a dark outline or eye around the hilum. Other major
types include purple hulled and creamy yellow. The large cultivars are well suited for pick-your-
own and local sale (49).
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3. Solanum Fruits

Solanum fruit crops, all of tropical origin, are members of the Solanaceae family. They include
tomato, peppers (both bell and chili peppers), and eggplant, all grown as annuals for commercial
production. Tremendous phenotype variations are available in fruit shape, size, and color. They
are warm-season crops, eggplant being more heat tolerant than pepper or tomato. Chili peppers
can grow in higher temperatures than bell peppers. The potato, in same genus as the eggplant, is
discussed under stem and tuber crops (20,52).

These crops share similar disease problems. In some countries, grafting of tomato and
eggplant on resistant stocks are done to combat soil-borne diseases. Early production can be
forced by planting transplants to fields mulched by plastics. Direct seeding can be successfully
used for later, especially processing, production. Transplants are usually greenhouse grown in
plugs. Tomato and bell pepper are grown in glasshouses or other protective structures in some
regions where climate limits field production (20).

a. Tomato [Lycopersicon esculentum (L.) Mill] The tomato originated in the Andes of
South America and evolved from the cherry tomato (L. esculentum var. cerasiforme). It was
introduced from Mexico into Europe early in the 16th century (37,52). Early use of the tomato was
hampered by the belief that it was poisonous, because many of the Solanum species contain
alkaloids. The tomato was introduced into the United States in 1710 and was produced in New
Orleans in 1779 (51,52).

Worldwide, the tomato is one of the most important vegetables or salad plants (37). The
acidic sweet taste and unique flavor account for its popularity and diverse usage. Although not
among the most valuable crops in nutrient contents, the tomato is an important contributor of
vitamins A and C because of the substantial per capita consumption. The U.S. leads in total
tomato production and processing of the tomato. California and Florida lead the nation in fresh
market and processing tomatos, respectively (20).

The tomato requires temperatures of 25—30°C for optimum germination. Day temperatures
of 25—-30°C and night temperatures of 16—20°C are optimal for growth and flowering (20,51,52).
Fruit set is best between 18 and 24°C, night temperatures being more critical than day
temperatures. Cultural practices of pruning, staking, and caging are used to increase light
interception and aeration for production enhancement.

Tomatoes are classified as determinate and indeterminate in growth. Higher planting
densities are given to the former type to compensate for their lower yield potential. Tomatoes are
grouped as fresh market, processing, and home garden types according to use. Processing
cultivars are usually determinate and ready for harvest in 75 days after field setting. Greenhouse
tomatoes are indeterminate, and the home garden types may be either determinate or
indeterminate. Variation in shapes (globe to pear), fruit color (yellow, pink, and red), and size
(cherry, beef) exist in different cultivars (20).

b.  Pepper (Capsicum annuum L.) With a long history of cultivation for more than 7,000
years, peppers are native to tropical and subtropical America (52). Among the five domesticated
species in the genus Capsicum, C. annuum is the most widely cultivated and economically
important species and includes both bell pepper and chili pepper. C. frutescens has small fruits.
Tabasco is the best known cultivar, grown commercially for making Tabasco sauce (20,54).

Columbus introduced peppers into Europe and subsequently into Africa and into Asia.
Peppers were soon integrated into people’s cuisine owing to the characteristic flavor and
pungency. Peppers are also used in pharmaceutical products such as pepper plaster. They are even
an indispensable food in many countries. Asia is the largest producer with China leading in world
production (53). In the United States, New Mexico leads in chili pepper production, while
California leads in bell pepper production (55). Peppers are good sources of vitamins C and A.
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Peppers are a warm-season crop. The optimum temperature for pepper growth and
development is higher than that for tomato. The seeds germinate rapidly at 25—30°C. The base
growing temperature is 18°C. The average temperature for optimum growth is 21-30°C, for fruit
set 20—25°C, and for color development 18—24°C. The plants are not photoperiod sensitive for
flowering. The small fruit cultivars are more tolerant to high temperature (51—-53).

Peppers are classified into two main types, the sweet fleshed fruit and pungent fleshed fruit.
They can also be grouped by the fruit appearance and use. Classified by pod type, there are bell,
pimiento, cheese, ancho, cayenne, Cuban, jalapens, serran, wax, and cherry, etc. Important
commercial types are listed as follows (20,54):

1. Bell type: large blocky fruit with three to four lobes and thick flesh, mature green fruits
harvested for fresh market, mature colored fruits in red, orange, or gold, also in
commercial markets

2. Cherry peppers: round or slightly flattened fruits, orange to deep red when harvested,
sweet or hot, small or large

3. Chili type: pungent and thin-flesh fruit, from cherry size to slender fruit up to 20 cm
long

4. Pimento peppers: fruit sweet with thick wall, conical or heart-shaped, turning red at
maturity

5. Tabasco peppers: fruits 2.5—7.5 cm long, slim, tapered, and highly pungent

Peppers can be fresh, canned, brined/pickled, frozen, fermented, dehydrated, and extracted for
oleoresin (53).

c. Eggplant (Solanum melongena L.) A native of India, the eggplant is not as popular as
tomato or pepper as a vegetable. However, it is widely used in China, India, Japan, and many
Mediterranean countries. The name egg-plant is believed to reflect the early forms with small,
white fruits resembling eggs. There are in general three forms of eggplant: round egg-shaped
fruits, long slender fruits, and dwarf plant forms (20,51,52). Fruit tissues contain high levels of
phenolics; upon cutting they are quickly oxidized by enzymes resulting a brown discoloration of
the flesh (51).

Introduced into American gardens in 1806, it was primarily an ornamental curiosity until
the 20th century. Commercial eggplant acreage is primarily located in Florida and New Jersey
(20).

Eggplant is very sensitive to low temperatures, and it requires a relatively long, warm
growing season. Optimum temperatures for seed germination are 24—32°C and for growth and
development, day temperatures of 22—30°C and night temperatures of 18—24°C. The elongated
fruit type tends to be more resistant to high temperature than the small fruit type. To have high
yield, plants require high light intensity (51,52).

There are two basic types of eggplants based on fruit shape (52):

1. Standard oval-shaped type: large, smooth, glossy purplish-black fruit
2. Oriental type: long slender purple-black fruit

There are also types with white, yellow, or apple-green fruits.

4. Sweet corn (Zea mays L.)

Sweet corn is a monocot of the Poaceae (Gramineae) family. Being an ancient crop from about
5,000 B.C., corn originated in the highlands of Central and South America. Sweet corn originated
from a mutation of grain corn (56). It was not favored in early cultures because of the difficulty of
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store it. Commercial sweet corn production began about 200 years ago in the United States, which
leads world sweet corn production. In addition to fresh use, a considerable volume is processed by
canning and freezing of kernels after removal from the cob (57).

Corn plants are monoecious with male flowers borne as the terminal inflorescence on the
main stem and female flowers borne as lateral ear shoots. The basal nodes of an ear shoot are
concentrated, so there is little internode space. They form a tight husk around the developing ear.
Each individual kernel is a single-seeded fruit composed of a small embryo and a large
endosperm. Sweet corn kernels contain less starch and more sugar and water-soluble
polysaccharides, which are responsible for the creamy texture (56).

The optimum temperature range for corn growth is 24—30°C. In general, the warmer the air
temperatures, the faster the corn will grow to maturity (57). However, moderate temperatures are
optimum for carbohydrate accumulation. Cool nights are particularly important at harvest time.
Plants flower sooner under short days. The crop is sensitive to soil acidity, requiring a soil pH of
6.0-6.8. It demands much water, but not waterlogging, and high fertilization.

Sweet corn cultivars are classified by kernel color (yellow, white, and bicolor), by maturity
date (early and late), and by use (market, freezing, canning, or shipping). By the difference in
kernel sweetness, there are (57):

1. Standard sweet corn: containing recessive su I, traditional sweet corn flavor and texture

2. Modified sugary sweet corn: containing sugary enhancer gene se, high sugar, thin
pericarp

3. Supersweet corn: containing recessive sk 2 gene, higher in sugar, lower in starch,
tougher skinned

G. Bean Sprouts

Bean sprouts are produced mostly from germinated seeds of mung bean [Vigna radiata (L.)
Wilcz] and soybean [Glycine max (L.) Merr]. The use of bean sprouts has a long history in China.
The seeds are soaked for 24 h, sprouted, and allowed to grow in the dark for several days before
harvesting for consumption. The etiolated hypocotyls and young cotyledonary leaves are eaten
with other vegetable dishes (58). The sprouts are a good source of vitamins B1 and B2 and dietary
fiber. More than 20 kinds of sprouts have been developed. Among them, pea sprouts and alfalfa
sprouts are popular vegetable sprouts grown from legume seeds. Light is given a few days before
harvest to produce pea sprouts green in color. Sprouts are grown under light to harvest green
sprouts. Daily watering is necessary. The growth of sprouts does not require supplemental
nutrients but depends on the storage reserve of the seeds. Given optimum temperature for seed
germination, water for sprouts to grow, and proper aeration, bean sprouts can be produced year
round in controlled environments (58).
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Nutritional Value of Vegetables

C. Alan Titchenal and Joannie Dobbs

University of Hawaii at Manoa, Honolulu, Hawaii, U.S.A.

. INTRODUCTION

Vegetables are considered a significant part of all major dietary guidance systems. Their many
chemical elements and compounds are known to affect thousands of physiological functions and
to promote health (1). This chapter provides an overview of nutrients and non-nutrient
phytochemicals commonly found in vegetables, along with a description of the basic nutrient
profile for vegetables in general. Factors affecting nutrient variations, both naturally occurring and
due to processing, are summarized. Lastly this chapter reviews many of the purported health
benefits derived from various vegetable phytochemicals.

II. NUTRIENTS
A. Nutrients

About a century ago, researchers observed that the growth and survival of animals were directly
affected by various individual components in foods. These components were termed nutrients and
came to be considered required for normal growth and health. In the early 1900s, researchers
began to focus on the disease-preventing properties of vegetables. McCollum and colleagues
realized that the addition of vegetables to a seed diet was necessary to prevent deficiency
conditions in omnivore species (2). Researchers then realized that a diet deficient in even a single
essential nutrient (required from food) could result in a dietary deficiency disease or even
death (3).

Strictly speaking, nutrients are compounds that cannot be synthesized by the human body
from other chemicals or cannot be synthesized rapidly enough to meet the needs of the body.
Thus, by the classical definition of nutrient, the term essential nutrient is redundant. However, the
terms nonessential nutrient and dispensable nutrient are sometimes used to describe chemical
compounds that are contained in foods and have a function in the body but are typically
synthesized by the body in adequate amounts.

As nutrition science evolved, a third category of nutrients has been identified as
conditionally essential. This terminology is used to describe substances that may become essential
under specific conditions that reduce the body’s capability of synthesizing adequate amounts of
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the compound. This may be caused by changes in physiological demands due to a genetic defect, a
disease condition, the stress of surgery, or the use of certain drugs as with statins and coenzyme
Q10 (4,5).

Presently, there are approximately 50 individual food elements and chemical compounds
identified as essential nutrients. These nutrients are classified into six broad chemical categories
based on chemical structure and functions: water, proteins, fats, carbohydrates, vitamins, and
minerals. Table 1 lists nutrients by essentiality category and the basic physiological functions of
providing energy, structure, or regulation of the body’s thousands of chemical reactions.

Nutrients frequently act in concert to regulate specific physiological functions. For example,
calcium, magnesium, and potassium regulate muscle contraction and relaxation (7,8). Vitamins
B-6, B-12, and folate function in concert to prevent the excessive accumulation of homocysteine,
which in turn reduces the risk of coronary artery disease (9).

The proper proportion of specific nutrients is also important in maintaining health. For
example, the ratio of omega-3 fatty acids (primarily from fish oils and some vegetable oils) to
omega-6 fatty acids (primarily derived from many vegetable oils) is an example of the essentiality
of correct nutrient proportions. Both types of fatty acid are essential for regulating eicosanoid
synthesis, which in turn affects physiological functions such as blood pressure, inflammation, and
blood clotting. The appropriate proportion of omega-3 to omega-6 fatty acids is 1 to 4 up to 1 to
10. An imbalance of these fatty acids appears to be related to various chronic health problems
(10).

Nutrients, even essential nutrients, are known to be harmful in excessive amounts. The
Institute of Medicine has published both the recommended levels of intake and the tolerable upper
intake levels for many nutrients. These recommendations provide guidelines on what constitutes
generally safe ranges of intake and what levels of a nutrient may be excessive and even harmful to
humans (11-14).

The use of certain drugs may require nutrient intake to be maintained within a more narrow
range. For example, excess vitamin K intake, even from naturally occurring plant sources, can
interfere with the function of common blood anticoagulant drugs (15).

B. Nutrient Profiles

Foods from various common food groups (meat and poultry, milk products, fruits, vegetables,
grains, and beans) have classic nutrient profiles or distinctive nutrient fingerprints. Typically, these
nutrient profiles are expressed as the amount of various key nutrients typically contained in 100
grams of an edible portion.

Compared to other food group nutrient profiles, vegetables provide the nutrient
characteristics that most consumers perceive as health promoting (Table 2). Vegetables contain
no cholesterol, very little fat, sugar, and sodium, yet provide concentrated sources of many
vitamins and minerals. There are literally hundreds of vegetables, with the majority of these
cultivated in Asia (17). Table 3 presents representative nutrient ranges and means for 38 of the
more commonly consumed vegetables in the United States (18).

C. Factors Affecting Nutrient Composition of Vegetables

Biological, chemical, and physical factors all affect the nutrient composition of vegetables. For
these reasons, nutrient values for any particular vegetable may differ significantly from published
values commonly used in databases. Table 4 presents a partial list of factors that can significantly

Copyright 2004 by Marcel Dekker, Inc. All Rights Reserved.



Table 1

Human Essentiality and Physiological Function of Nutrients Found in Plants

Physiological function

Nutrient Essentiality Energy Structure Regulation Examples of key specific functions
WATER Essential X X Provides fluid structure for every cell
PROTEIN-AMINO ACIDS Source of kilocalories; protein structure of
Histidine, isoleucine, leucine, lysine, Essential X X X all cells; regulate chemical reactions
methionine, phenylalanine, threonine, through enzymes; necessary for DNA
tryptophan, valine
Alanine, arginine, asparagine, aspartic Dispensable X X X
acid, glutamic acid, glycine, proline,
serine
Cysteine, glutamine, tyrosine Conditional X X X
LIPID-FATTY ACIDS Source of calories; cell membrane,
Linoleic—omega-6, alpha-Linolenic: Essential X X X structure; eicosanoid synthesis
omega-3
Other fatty acids Dispensable X X
CARBOHYDRATES Energy source especially essential, for red
Glucose Dispensable X blood cells and brain
MINERAL ELEMENTS
Calcium, fluoride, magnesium Essential X X Bone and tooth structure
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Table 1 Continued

Physiological function

Nutrient Essentiality Energy Structure Regulation Examples of key specific functions
Phosphorus Essential X X Miscellaneous physiological and
Chloride, chromium, copper, iodine, Essential X regulatory functions including energy

iron, manganese, molybdenum, metabolism; synthesis and transport of
potassium, selenium, sodium, zinc red blood cells and hormones, water
balance, and immune system functions
Arsenic, boron, nickel, silicon Essential X Functions unclear

VITAMINS

Biotin, choline, folate, niacin (B-3), Essential X Miscellaneous regulatory functions
pantothenic acid, riboflavin (B-2), including preventing oxidation; energy
pyridoxine (B-6), hiamin (B-1), metabolism; blood clotting; and eye
vitamin A (carotenoids), vitamin C health

(ascorbic acid),vitamin E
(tocopherol), vitamin K

Essential nutrients not present in vegetables include vitamin D and vitamin B12. Dietary fiber is commonly classified as a nondigestible form of carbohydrate. However, it is not a nutrient
and has been included in Table 5 as a phytochemical.
Source: Ref. 6.
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Table 2 Nutrient Profile of “Classic” Food Groups Based on 100 g of Edible Material as Raw or Minimally Prepared for Consumption®

‘Water Calories Total fat Saturated fat  Cholesterol Sodium Carbohydrate Fiber Sugar Protein Vitamin A Vitamin C Calcium Iron
(@ (keal) (€3] (@ (mg) (mg) (@ (@ (€3] (@ au) (mg) (mg) (mg)
Vegetables 64-96 5-145 0.04-0.7 0.0-0.17 0 2-201 2-24 0-5 0-6 0-5 0-19000 3-93 0-119 0.1-3.3
90 35 0.25 0 0 35 7 2 1.5 2 1770 24 50 0.9
Fruits (not 70-95 27-92 0.09-0.96  0-0.22 0 0-20 6-23 0-4 1-18 0-1 10-3800 4-98 4-40 0.1-0.6
including
avocado) 85 50 0.25 0 0 2 12 1.8 10 1 550 28 15 03
Grains, cooked 65-90 43-135 0.16-1.08  0.2-2.0 0 1-35 9-30 0-7 0-1 1-4 0-98 0 1-13 02-1.5
76 96 0.5 1 0 15 20 22 0.5 2.5 10 0 8 08
Beans, cooked 61-70 118-173 0.38-8.98  0.05-1.32 0 1-13 10-28 2-9 0-3 7-17 0-9 0-2 14-142  1.1-52
65 139 2.2 0.5 0 3 21 6 2 10 3 1 62 2.8
Nuts 2-47 224-718 1.12-76.5  0.16-29.7 0 0-38 12-73 0-11 0-13 3-26 0-1091 0-36 1-234  0.9-9.2
12 533 45 7 0 9 28 5 4 13 130 8 74 32
Meat 47-76 110-274 1.25-21 0.33-8.54 41-440 39-102 0-6 0 0 17-32 0-35350 0-34 4-11 0.7-8.6
66 173 8.5 3 100 68 0 0 0 22 2165 3 11 22
Eggs 70-75 149-185 10.0-13.8 3.1-3.7 425-933 125-150 0-1 0 0-1 13-14 300-1328 0 50-100 1.4-4.1
73 170 12 3.5 790 140 1 0 1 13 820 0 67 33
Milk 81-91 35-108 0.18-7.01  0.12-4.6 2-27 44-52 4-5 0 4-5 3-6 126-205 1-4 119-193  0.0-0.1
87 64 3 2 11 50 5 0 5 4 180 2 138 0.1

“Information is based on USDA Nutrient Database Series 14 and presented as unrounded range and rounded mean for each food group.

Source: Ref. 16.
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Table 3 Vegetable Composition Based on 100 grams (g) of Edible Material as Raw or Minimally Prepared for Consumption®

Total

Vegetable Water (g) Kilocalories Fat (g) Protein (g) carbohydrates® (g) Sugar (g) Fiber (g)
Artichoke (globe) 80—-86 17-70 0.3-0.4 0.5-4.5 13 2 0.8-5.4
Asparagus 92-93 9-27 0.2 22-39 4.6 1.3-23 0.07-2.1
Beetroot 83-89 44-58 Tr-0.7 1.3-1.8 10 6-7.3 0.6-3.1
Broccoli 89-91 28 Tr-0.3 3.1-4.0 53 0.4-2 1.3-3

Brussels sprouts 84-89 16-58 Tr-0.5 24-44 8.7 3.6-4 1.3-4.6
Cabbage 86-93 8-36 Tr-0.7 1.4-33 5.4 2.7-3.8 0.6-3.4
Carrot 84-95 19-47 Tr-0.7 0.6-2.0 10.1 5.4-75 0.6-2.9
Cassava 50-74 120-153 Tr-0.7 0.7 27 1-12 0.6—1.7
Cauliflower 84-92 11-34 Tr-0.3 1.8-34 52 24-2.6 0.8-2.4
Celery 89-96 5-22 Tr-0.5 0.7-2.0 3.7 1-1.2 0.7-2.7
Chard 91-94 16-19 0.2-0.4 1.5-2.6 3.8 0.8-1.1 0.6-1.6
Chayote 74-95 24-29 0.1 0.8 5.1 — 0.4-0.6
Cucumber 91-97 9-16 Tr-0.2 0.6-14 2.8 1.8-2.6 0.3-0.7
Eggplant 89-94 15-38 Tr-0.7 0.7-2.4 6.7 2.1-4.2 0.9-2.5
Endive 93-94 11-24 Tr-0.2 1.6—1.8 3.4 0.3-1.0 0.8-2.2
Leek 71-92 25-52 Tr-0.4 1.3-2.5 7.6 1-4 1.0-3.3
Lettuce 92-97 11-27 Tr-0.5 0.8-1.6 22 1.1-2.2 03-1.4
Mustard 68—-89 10-28 Tr-0.3 1.6-2.4 2.1 0.4-0.9 1.8-3.7
Onion 81-93 13-49 Tr-0.35 09-22 8.6 5.2-6.7 0.5-1.7
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Parsley 68—89 21-60 Tr-1.0 3.7-5.2 6.9 Tr 0.9-9.1

Parsnip 79-83 56-83 Tr-0.5 1.5-1.7 19.5 5.5-9.5 2.2-44
Pea 65-81 49-138 Tr-0.8 4.6-8.2 15.6 2.3-74 1.8-5.5
Peppers 70-93 27-37 0.1-0.7 1.2-2.0 6.4 1.7-13.9 0.5-2.7
Plantain 58-74 116-128 0.05-0.8 1 31.2 5.6 0.3-2.3
Pumpkin 80-96 15-36 Tr-0.2 0.6—-1.8 49 2.5-3.2 0.5-1.3
Potato 71-85 75-109 Tr-0.1 1.6-2.3 25.2 0.3-1.6 0.3-2.4
Radish 92-95 15-22 Tr-1.1 0.7-1.2 3.6 2.0-34 0.5-1.0
Spinach 91-93 16-35 0.3 2.3-5.1 3.5 0.3-0.4 0.6-2.7
Summer squash 86-95 19-44 0.03-0.3 0.6—1.5 4.4 1.0-3.9 0.3-1.9
Sweet corn 57-80 86—142 0.8-2.1 2.9-45 19 32-52 0.6-3.2
Sweet potato 60-80 98-125 0.04-0.7 0.5-2.8 24.3 54-11.6 0.5-2.3
Taro 54-83 111-142 0.1-0.5 0.5-2.9 34.6 1 04-5.1
Tomato 90-96 14-23 Tr-1.26 0.7-1.2 4.7 1.2-34 0.4-1.8
Turnip 87-93 11-35 Tr-0.2 0.6-1.1 6.5 3.8-4.6 0.7-2.8
Watercress 90-94 11-29 Tr-0.6 1.7-3.1 1.3 0.2-0.6 0.5-33
Yam 54-84 104-116 0.03-4 1.5-2.4 27.6 0.5 04-3.9
Zucchini 95-98 7-16 Tr 0.4 4 1.3-2.2 0.6-1.4

“Range information based on various including USDA nutrient database series 14 and others.
PUSDA database values only—expressed as total carbohydrate by difference; includes sugar, starch, and dietary fiber.
Sources: Refs. 16, 18.
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Table 4 Factors that Can Affect Nutrient Content of Foods or Reported Nutrient Values

General references relating to multiple factors (19-22)

Agriculture production
Genetics: species and plant variety

Harvesting, shipping, and storage
Plant maturity, harvesting time and method;
ripeness of plant, harvesting time and
temperature, time before, during, and after
processing

Level and type of processing
Fresh, canned, frozen, concentrated, dehydrated,
dried, fermented, salted, smoked, with/without
sweeteners, salt, fat, added liquid

Heat processing
Pasturization, irradiation, ultra-high temperature,
high-temperature short term, microwave,
pressure

Environmental
Geography, altitude, climate, pest control,
season, sunlight, soil composition/fertilization,
water

Added food ingredients and/or supplemented
with nutrients

Preparation methods
Whole or cut, cut/grind size, mixed/whipped/
blended, hot/cold preparation, dry or moist heat,
frying, cooled/frozen

Laboratory analysis (23)

Sampling scheme, chemical analysis methods,
laboratory procedures, use of calibration
standards, intralaboratory variation,

interlaboratory variation, data transcription

Source: Refs. 18—-22.

affect the variability of nutrient content in foods. Comprehensive texts and research papers (as
well as references cited within) are referenced in this table for those interested in a deeper
understanding of any single production factor.

Because of the virtually endless possibilities of factor combinations, there is no definite set
of rules dictating how the exact nutrient composition of any single plant may vary from the usual.
Vitamins and minerals, rather than protein, fat, and carbohydrates, are the nutrients likely to have
the greatest variation even within a single plant species.

Vitamins, functioning as cell regulating cofactors, will continue to be utilized by the plant
even after being harvested (24). Other factors such as heating, acid or alkaline exposure, and
processing techniques that cause oxidation can decrease the vitamin concentration to a fraction of
the initial value (25).

The content of some minerals in plants is dependent upon the amount of a particular
element available in the soil for the growing plant. For example, depending upon the selenium
content in the soil, plants may have very low levels of selenium or contain toxic amounts (26).

D. Bioavailability

Even though vegetables may contain ample quantities of nutrients and phytochemicals, some
vegetables also contain chemicals that bind with nutrients and phytochemicals, making the
beneficial compounds unavailable for absorption. An understanding of these bioavailability
considerations is essential to avoid using nutrient data of vegetables in a misleading way (27,28).

Nutrient antagonists can significantly decrease the bioavailability of nutrients from foods.
High levels of one mineral may competitively reduce the absorption of another mineral element.
For example, magnesium interferes with calcium absorption (29). Zinc also is known to interfere
with magnesium absorption (30). And phytochemicals, like dietary fiber and phytic acid, can
reduce the bioavailability of minerals such as iron or calcium.
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Minerals are the nutrient class most commonly affected by decreased bioavailability. Most
commonly, the low availability of the mineral to the body is due to the mineral’s chemical form or
to other components in the diet. Bioavailability for each mineral can vary extensively. For
example, on the average, a human absorbs from the diet about 1 to 10% of the iron and
manganese, 1 to 20% of the zinc, and 15 to 40% of the magnesium and calcium. These
percentages will vary based on the quantity of food components such as dietary fiber and oxalic
acid which bind with minerals, making them unavailable for absorption. Spinach is a good
example of a vegetable with relatively high levels of calcium that is virtually unavailable to the
body owing to the high oxalate concentration in the spinach. Consequently, listing spinach as a
food that is high in calcium is technically correct, but it is misleading because spinach is not a
good source of calcium for humans (31).

Another factor that can affect the bioavailability of minerals is the physiological status of a
person. For some minerals, the efficiency of absorption is increased (within certain limits) during
times of dietary deficiency, and the absorption efficiency is decreased during times of high intake
(32).

lll. NON-NUTRITIVE PHYTOCHEMICALS
A. Phytochemicals

Many components of foods are not strictly required by the body for growth and daily
maintenance, yet some of these components may promote health and help to prevent disease. It
has become common to call these compounds by the general term phytochemicals when present
in plant foods or zoochemicals when present in animal foods. Some phytochemicals are
conspicuous by their colors (carotenoids) or flavors (tannins), but the presence of many other
phytochemicals is not as evident.

In 1919, E. V. McCollum wrote in his Newer Knowledge of Nutrition,

A plant structure, or an animal body is an exceedingly complex mixture of chemical substances
many of which are themselves individually as complicated in their structure as the most
complex machine. The first step in the direction of reaching an understanding of the chemistry
in the living mass, must involve the separation and the study of the structural units of which the
tissues are composed (2, p. 2).

Although McCollum was likely writing about nutrients, his statement is as true today as it was
nearly a century ago. Presently the field of nutrition is identifying and quantifying thousands of
nonnutritive phytochemicals. Many of these plant chemicals have been identified as having
health-promoting qualities. A partial list of vegetable phytochemicals linked to beneficial
biological activities is presented in Table 5. Other phytochemicals have negative effects upon
health either by inhibiting specific nutrient utilization or by being toxic (57).

B. Phytochemical Profiles
The development of chemical profiles for vegetable phytochemicals is in its infancy, and owing to
the enormity of the task, it will likely be decades before good phytochemical profiles exist.

C. Factors Affecting Phytochemical Composition of Vegetables

Many of the factors that affect nutrient composition (i.e. genetics, environmental factors, and
processing) likely also affect the phytochemical composition of vegetables. This is especially true
for the phytochemicals functioning as antioxidants. However, information on this topic is
extremely limited.
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Table 5 List of Important Non-Nutrient Phytochemicals in Vegetables

Anti- Blood Eye GI tract Heart Immune Examples of
Phytochemical Anticancer Antioxidant inflamatory clotting Detoxification health health health system Osteoporosis food sources Ref. #
Capsaicin +/ = + Hot chile peppers 33
Carotenoids +/ = + + + Orange, yellow, and 34,3536
alpha-carotene, beta-carotene, green vegetables
beta cryptoxanthin, lutein,
lycopene, zeaxanthin
Curcumin (phenolic) + + + + Turmeric, mustard 37
Coumarins + Vegetables, tonka bean, 38,39
sweet clove
Dietary fiber + + + Wide variety of vegetable 33,40,41,
sources 42,43
Glucosinolates (glucobrassicin) + + Cruciferous vegetables, 36,37,40,
isothiocyanates broccoli, sprouts 44,4546
(sulphorophane)
indoles (indole-3-carbinol)
Inositol phosphates (phytate) + + ‘Whole grains, beans 47
Monoterpene (limonene) + Citrus fruit peel 36,37,40
Organousulfur compounds +/ - Garlic, onions and other 33,48,49
diallyl sulfide, allyl allium vegetables,
methyl disuflide, allyl mustard and
methyl trisulfide, S-allyl horseradish
cysteine, allyl trisulfide, and
others allyl isothiocyanate
Protease inhibitors +/ = Legumes, cereals, 36,50
vegetables
Tannins +/ - + + Grapes, tea, lentils, wine 51,52
Flavonoids + + + + a + Green vegetables, 40,47,48,
apigenin, catechins, chrysin, onions, garlic, tea 53
kaempferol, myricetin,
quercetin
Isoflavonoids, biochanin A, +/ - + + Soybeans, clover sprouts, 54,55
daidzein, formononetin, alfalfa sprouts
genistein, glycitein
Ligans + Flaxseed, berries, whole 54,56
grains
Coumestans + Soybeans, clover sprouts, 54,56

alfalfa, beans
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IV. HEALTH BENEFITS DERIVED FROM VEGETABLES

Modern society has dramatically affected how we eat. Since the introduction of TV dinners, it
appears that convenience greatly influences people’s food choices. Researchers have found that
monkeys or apes foraging in the wild appear to get far higher levels of many essential nutrients
and beneficial phytochemicals relative to their body weight than the average American (58).

Without a doubt, vegetables can be considered more nutrient-dense (nutrient content per
kilocalorie of food) than foods from other food groups. However, the phytochemicals in
vegetables may provide equally important benefits for the prevention of chronic diseases like
cancer and heart disease (59).

Research on the purported health benefits of vegetables focuses on two main areas of study:
maintenance of gastrointestinal tract health and reduction of chronic disease risk.

A. Gastrointestinal Tract Health

The gastrointestinal tract (GI tract) is the gateway through which the body transports nutrients and
phytochemicals into the circulation for delivery to body cells. A complex network of internal
organs and tissues is responsible for the digestion or breakdown of food components into
compounds and elements that can be absorbed into the body. In addition, the GI tract serves as a
protective barrier to prevent some substances from entering the body (60).

Due to the extremely active and chemically hostile internal environment necessary to
accomplish the digestive process within the GI tract, cells along the 25—30 feet of intestine are
exposed to a great deal of chemical and physical damage. Consequently, many of these cells have
only a 3 to 5 day life span. This constant turnover of GI tract cells results in continuous cellular
replacement and repair of damage.

There is a significant amount of nutrient recycling from injured GI tract cells, which allows
many nutrients to be digested and absorbed along with new food components. This combination
of recycled and dietary nutrients is utilized to support adequate replacement of the cell lining of
the GI tract.

Over the last decade there has been an increase in the number of reported cases of various
gastrointestinal diseases. Two of the most common GI tract diseases are diverticulitis
(inflammation of small pouches formed along the gastrointestinal tract) and gastroesophageal
reflux disease (GERD), the common cause of indigestion, which causes the pain popularly called
heartburn (61). In fact, GERD is so common and chronic in the United States that Prilosec® was
one of the world’s top selling drugs in the year 2000.

Diverticulitis and GERD have one significant dietary factor in common. Both of these
conditions appear to be related to years of inadequate dietary fiber intake (61,62). Ironically, fiber
is the most abundant phytochemical in vegetables.

Vegetables contain both soluble and insoluble forms of dietary fiber. The physiological
effects of these two dietary fiber types have both similarities and some significant differences.

Both soluble and insoluble fiber types hold water and create bulk inside the GI tract. Soluble
fibers slow the rate of stomach emptying into the small intestine. It is thought that the stomach
distension caused by fiber bulk and the slower stomach emptying produces an extended feeling of
satiety after a meal (63,64). Intake of high soluble fiber also tends to decrease the overall nutrient
absorption rate and may also reduce the amount of nutrients and phytochemicals absorbed. This
can benefit those with problems in the management of blood glucose and may reduce the
absorption of cholesterol (65). Excessively high intake of dietary fiber can interfere with the
absorption of minerals.
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B. Immune System Health

The immune system is part of the body’s natural defense system against disease and disease-
producing conditions. Approximately 80 percent of the immune system is located directly
adjacent to the gastrointestinal tract. Ordinarily, undigested food molecules, microorganisms, and
many toxins cannot readily cross through the intestinal lining and do not enter the circulatory
system. However, disruptions to the integrity of the GI tract can challenge the immune system
beyond its capacity to maintain health (60).

C. Chronic Disease

Many phytochemicals have been associated with preventing or decreasing the incidence of
disease. Disease conditions and related mechanisms that are purported to be affected by various
phytochemicals are summarized in Table 5.

No doubt there are numerous triggers in the initiation of cancer and heart disease. Although
there may be many varied mechanisms of phytochemicals with anticancer and heart-promoting
properties, one mechanism may be related to the antioxidant property shared by many of these
compounds. The process of normal cellular metabolism produces chemicals that are reactive
oxygen species like hydrogen peroxide and the superoxide anion free radical. It is thought that
free radical production causes a secondary oxidative stress whenever there is an imbalance of
antioxidants to oxidants. This can occur with an excess of oxidation stress or an inadequate
amount of antioxidants in the diet.

Research has shown that antioxidants are involved in delaying many diseases and
conditions that are associated with aging, such as cancer, heart disease, decreased immune
functioning, and visual and cognitive impairment (66). A number of vitamins, minerals, and
phytochemicals provide antioxidant protection in the body. On a per gram or per kilocalorie basis,
vegetables contain significant amounts of antioxidants.

Dietary phytoestrogens may help reduce the risk of developing certain hormone-stimulated
cancers such as breast and prostate cancers. However, much more research on this relationship is
needed, since some studies indicate that phytoestrogen compounds may stimulate the progression
of some types of cancer (67).

Flavonoids such as those found in onions, tea, and red wine also are under study for
potential cancer prevention. The possible mechanisms of action may vary from one flavonoid to
another. They may prevent cancer cell proliferation through specific enzyme inhibition (68).

V. SUMMARY

As a major category of foods, vegetables have a variety of qualities and characteristics that
supports common recommendations to include them as a significant part of a balanced and varied
diet. They serve as important sources of a wide variety of vitamins and minerals essential for
normal human nutrition.

Vegetables supply these nutrients in forms that are generally low in energy and fat, making
them more nutrient-dense than most other foods. The nutrient content of a particular vegetable can
vary, with the extent dependent on the nutrient, and a variety of factors including plant genetics,
agricultural factors, storage and handling, processing, packaging, and preparation. Nutrient
content values in databases generally reflect averages.

The extent to which a vegetable food is a good source of a nutrient also depends on the type
of processing and the bioavailability of the nutrient. In some cases, a vegetable can contain high
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levels of a mineral such as calcium or iron, but the form of the mineral or interfering compounds
in the vegetable allow very little of the mineral to be absorbed into the body. Some nutrients are
not found in vegetables, including vitamins D and B-12 and the long-chain omega-3 fatty acids
commonly found in fish oils and some species of algae.

In addition to nutrients, vegetables provide a great variety of nonnutrient chemical
compounds commonly called phytochemicals. The potential benefits and risks of various
phytochemicals found in vegetables represents an increasingly active area of nutrition research.
The body of scientific research to date supports the inclusion of a wide variety of vegetables in the
human diet for reducing the risk of developing a number of disease conditions that tend to develop
with age. Additional research is needed to clarify more specific risks and benefits of various types
of chemical compounds found in vegetables.
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. INTRODUCTION

A diverse range of tissues, cell types, and structures give vegetables, as a class of perishable
products, a correspondingly diverse range of responses after harvest, creating a wide range of
storage potential. For example, compare the highly perishable nature of leafy vegetables to the
much longer storage life of storage organs such as potatoes (Solanum tuberosum L.).

While growing, vegetables are connected to a parent plant and obtain all the resources
needed for growth and maintenance of biological structures. However, once harvested, the only
resources available are those within the plant part harvested. As the living cells and tissues of the
harvest vegetable continue living and responding to the environment, the cellular and
physiological processes occurring deplete these resources, leading to an irreversible decline in
quality.

Furthermore, harvested vegetables still undergo developmental processes, e.g., growth,
maturation, and ripening, which may accelerate the decline in quality. The corollary of these
processes is that the quality of harvested vegetables is the greatest at harvest.

This chapter briefly describes the major physiological processes that lead to a decline in
quality of harvested vegetables. Vegetables can be grouped based on the major physiological
processes that occur after harvest (Fig. 1). The importance of these processes is different for each
vegetable. We discuss the current understanding of the influence of developmental changes on the
quality and physiological behavior and the ways that various factors of the environment influence
harvested vegetables. Finally we show how typical postharvest handling practices for vegetables
take these factors into account.

Il. PHYSIOLOGICAL PROCESSESS AFTER HARVEST
A. Respiration

Respiration is an essential process in all living cells. Respiration releases energy, carbon dioxide,
and water through the breakdown of stored reserves of carbon compounds (1,2). Two forms of
respiration, aerobic and anaerobic, occur in harvested vegetables.

Copyright 2004 by Marcel Dekker, Inc. All Rights Reserved.



‘ Respiration and water loss ’

Leafy Q//
” vegtables Growth é Senescence
| Vegetative %
g buds Growth 7/, Dormancy Senescence
‘ Floral| Growth %/ Flowering  Senescence
) buds
\Climacteric| Growth % Senescence
fruit
. : Z L
Noncli mEth‘:lr.:it: Growth % ;/Hieﬁgj&% Senescence
V
“oozlsr;ctlut?j::ss, Growth % Dormancy Regrowth  Senescence

Temperature
Relative humidity

Airflow
Atmosphere composition

Figure 1 Outline of major physiological and developmental processes of harvested vegetables.
Vegetables are classed into five major groups that experience similar processes after harvest. Shelf life for the
vegetables within each group will differ as determined by the species, cultivar, and environmental conditions
used during handling after harvest. The hatched areas indicate commercial harvest periods, which will differ
depending on the vegetable.

A generalized equation, Eq. (1), for the complete oxidation of glucose during aerobic
respiration is

CeH,06 + 60, —

glucose oxygen

6CO; + 6H,0 + 686 kcal

carbon water energy
dioxide

1

Glucose from starch or sucrose is broken down in a sequence of enzymatically controlled steps
within the cell. The chemical energy released from these sugars is made available to the cell in the
form of ATP (adenosine triphosphate), the universal carrier of energy for plant and animal cells.

If oxygen is limited, cells begin a process termed anaerobic respiration. A product of
anaerobic respiration is acetaldehyde that is converted to ethanol in vegetables. This can lead to
the development of alcoholic flavors often termed off-flavors in vegetables.

The primary functions of respiration are the release of energy from the stored chemicals and
the formation of carbon skeletons used in other maintenance reactions in the cell. Respiration
requires the presence of a carbohydrate substrate such as starch or lipids. These molecules are
broken down into simple sugars for respiration. Therefore respiration results in a depletion of
energy reserves, reducing the subsequent shelf life of the product and the total nutritional value
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through the reduced energy content. Often, when normal energy reserves of tissues are exhausted,
organic acids or proteins are utilized for respiration; accelerating senescence (3), particularly in
plant parts that do not have large carbon resources [e.g., leaves and flower parts (1)].

During respiration there is a net loss of carbon (Eq. 1). This net loss of carbon represents a
loss of saleable weight from the product (4). In those fresh product sales that are predominately
based on weight, this net loss of carbon represents a decreased value.

As oxygen is the other substrate in respiration (Eq. 1), the rate of respiration depends on the
oxygen concentration. A reduction of environmental O, levels (controlled atmosphere storage or
modified atmosphere packaging) is used in postharvest handling to reduce the respiration rate and
lengthen preservation, as is discussed later in this chapter. On the other hand, if oxygen levels
around vegetables are reduced excessively, anaerobic respiration may occur with the possible
development of off-flavors or injury to vegetables (5).

Carbon dioxide is produced during respiration, so in an enclosed environment, respiration
also results in elevated CO, levels. While increased levels of carbon dioxide can be effective at
slowing the rate of respiration, excessive levels (greater than 2—5%) can lead to injury in many
stored vegetables (6).

Respiration is an inefficient process, and most of the energy generated by respiration is lost
as heat (about 60%), while the remaining energy is retained in chemical forms by the cell (1). This
addition of heat from respiration influences the temperature balance of fruit and is often referred
to the heat of respiration.

B. Water Loss

Fresh vegetables continuously release water vapor through transpiration into the surrounding
atmosphere. Transpiration is the diffusion of water vapor from the plant part into the surrounding
environment. Diffusion is a spontaneous process leading to the net movement of a material from
one region to an adjacent one, from high concentration to low concentration (7).

This diffusive water loss can be represented by a steady-state solution of Fick’s first law of
diffusion (7):

”f{zo = AP/HzoAszO 2)

where
#iy.0 = rate of water loss from product (mol-s~")
"A = surface area of fruit (m?)
Py, o = effective permeance of the fruit surface to movement of water vapor under
prevailing conditions (mol-s~'-m~2-Pa™ ')

Apyy,o = difference in partial pressure of water vapor between the environment and inside

the fruit (Pa)
Equation (2) illustrates that the rate of water loss depends on barrier properties of the vegetable
surface (water vapor permeance), surface area of the vegetable, and the driving force for water
vapor transfer (difference in partial pressures between fruit and environment). Any difference in
rate of water loss of vegetables relates to change in one or more of these factors.

Like the net loss in carbon during respiration, the continuous loss of water vapor from the
vegetables represents a saleable net loss in mass or weight over time that, in weight based product
sales, represents a loss in value.

However, in addition to the loss in saleable weight, a loss of a small amount of water (3—
10%) can have a serious effect on other quality parameters (8). For example, transpiration leads to
a reduction of the tissue’s moisture content; initially the cells within the vegetable lose turgor
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pressure (pressure exerted against the cell wall by contents of the cell), leading to a loss in
crispness and the development of a rubbery texture. Ongoing water loss leads to the development
of other symptoms such as discoloration or the loss of greenness or loss of flavor and aroma (8).
During water stress, vitamins are often lost, reducing the nutritional value (9—11). In addition,
water stressed vegetables are more susceptible to chilling injury (12) and pathological infection
(13). In avocado (Persea Americana Mill.), water loss has been shown to encourage ripening (16),
and in other vegetables, senescence (see Sec. I1.D) is accelerated (9,11,15). Finally, excessive
water loss results in a wilted or shriveled appearance (16), when the reductions in volume of the
product exceed the elasticity of the skin.

Water loss is a major cause of postharvest losses in leafy vegetables such as lettuce (Lactuca
sativa L.) and spinach (Spinacea oleracea L.), and is important in immature fruits such as
cucumbers (Cucumis sativus L.), eggplant (Solanum melongena L.), and snap beans (Phaseolus
vulgaris L.) (9). Water loss is less important in mature fruits such as tomatoes (Lycopersicon
esculentum Mill) and root vegetables such as potatoes (Solanum tuberosum L.) and sweet potatoes
(Ipomoea batatas L. Lam.).

Permeance to water vapor characterizes the ease with which water vapor can escape from
vegetables, and it is a characteristic of vegetable surface structures. The cuticle is the outermost
layer of some vegetables and acts as a barrier to prevent excessive loss of water by evaporation
from the plant to its environment (18). Below the cuticle is the epidermis, a tightly packed layer of
regular cells. The cuticles are found on leaves, primary stems, flowers, petioles, fruits, hairs, and
even glands (19) and contain cutin and crystalline waxes, which provide substantial barriers to gas
movement (O,, CO,, and water vapor).

Instead of epidermis and cuticle, some vegetables have a periderm. A periderm consists of a
layer of phellogen or cork cambium from which phellem or corked cells arise. The phellem cells
are dead when mature and the cell walls are suberized. Suberin is a fatty acid substance like a wax
in the cell walls (1) that provides some barrier to water movement and pathogen invasion.
Periderm is formed in response to the wounding of any part of the plant in most species. In some
vegetables, e.g., parsnips (Pastinaca sativa, L.) and carrots (Daucus carota L.) the periderm
consists of only a few living phellem cells, while the potato (Solanum tuberosum L.) has 5—-15
layers of mature phellem cells (20). Sometimes the periderm is not fully developed at harvest: a
curing period is required to encourage periderm development.

While the outer layers of vegetables present considerable barriers to gas movement, they
have to be sufficiently permeable to exchange oxygen and carbon dioxide for normal aerobic
respiration to occur (19). Stomata, lenticels, and stem scars provide gas exchange pores for
oxygen and carbon dioxide, but these structures are also permeable to water vapor.

The numbers of stomata and lenticels per unit of surface area differ for each type of plant
part. This influences both the amount and location of transpiration. In leafy vegetables most of the
water is lost through the many stomata (92% in brussel sprouts, Brassica oleracea L., Gemmifera
group, and kale, Brassica oleracea L., Acephala group) (21). In comparison, for those vegetables
that are botanically fruit or root structures, the majority of water is lost through the cuticle or
periderm (3% through lenticels in potatoes, Solanum tuberosum L.) (20).

Many factors are known to influence the permeance to water vapor or susceptibility to water
loss in a given environment of vegetables, including species (8), cultivar (20), maturity (20),
ripening and senescence (22—24), mechanical damage during handling (25), application of
artificial waxes (8), and presence of surface structures such as hair (26).

Surface area will influence the rate of water loss in direct proportion when water loss is
expressed as represented in Eq. (2). However, as water loss is commonly expressed on a per unit
weight basis (% weight loss), the surface area to volume ratio must also be considered.
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Large vegetables will have a large surface area, but a smaller surface area to volume ratio
than smaller vegetables. This leads to a greater rate of water loss per vegetable [from Eq. (2)] but
less weight loss when water loss is expressed on a per unit weight basis. In general, smaller
vegetables will develop wilting or shriveling symptoms of excessive water loss sooner than larger
vegetables because of their large surface area to volume ratio.

The driving force for transpiration from vegetables is the difference in moisture content
between the intercellular spaces and the surrounding air, expressed as partial pressures. The
amount of water vapor in the air can be described in different ways. Relative humidity (RH) is
probably the best known term for quantifying the amount of water vapor in air. RH is a ratio,
usually expressed as a percentage, of partial pressure of water vapor actually in the air to the
saturation partial pressure at the environmental temperature. However, it should be noted that the
saturation partial pressure is dependent on the temperature, i.e., the amount of moisture in the air
at 100% RH and 20°C is considerably more than that in air at 100% RH and 5°C (Fig. 2).
Therefore an RH at one temperature represents a different amount of moisture than that RH at
another temperature.

The partial pressure of water vapor in the intercellular spaces can be assumed to be very
close to saturation at fruit temperature (20). The amount of water vapor of air in typical storage
environments is generally less than the partial pressure of water vapor in the intercellular spaces.
The magnitude of this difference depends upon temperature and relative humidity of the air, so the
main factors influencing driving force for water loss are fruit temperature, relative humidity, and
temperature of the environment.

C. Ripening

Ripening is a series of irreversible qualitative and quantitative transformations that occur toward
the end of the growth phase for fruits. There are two general classes of fruit that some vegetables
fall into: fleshy fruits (parenchymatic) such as tomato (Lycopersicom esculentum Mill.) and bell
peppers (Capsicum annuum L.); and dry fruits (sclerenchymatic) such as peas (Pisum sativum L.)
or corn (Zea mays L.). Ripening in fleshy fruits is distinct and dramatic, whereas it is less defined
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Figure 2 Effect of temperature and relative humidity (RH) on partial pressure of water vapor in air.
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for dry fruit (1). Ripening in these fleshy fruits will be discussed briefly here. For information on
ripening in dry fruits see Kays (1).

There is considerable variation in the ripening behavior among fleshy fruits. Fruits can
differ in the time required to ripen, the ability to ripen once detached from the parent plant, and the
time after initiation of ripening before senescence (1). Within fleshy fruits, there is a distinction
between climacteric and nonclimacteric fruits. Climacteric fruits can be harvested unripe and will
undergo normal ripening when detached from the plant, whereas nonclimacteric fruit will not
ripen further once detached and tend to enter senescence after being harvested. Climacteric and
nonclimacteric fruits also exhibit different behavior during ripening when considering changes in
respiration rate and production of the plant hormone ethylene.

It is important to note that some vegetables that are fruit, e.g., cucumbers (Cucumis sativas
L.) and squash (Cucurbita pepo L.), are marketed and utilized in their unripe state. Changes
occurring during ripening therefore have undesirable effects on the quality attributes for these
vegetables. Thus inhibiting the ripening process may be of interest during postharvest handling of
these vegetables.

There are many biochemical processes that may occur during the process of ripening
(Table 1). These processes can be grouped by the influence they have on the three main quality
attributes: texture, appearance, and flavour.

1. Textural Changes

The texture of fleshy fruits is influenced by the composition of the cell walls, cellular constituents,
and turgor. During ripening, the pectin-rich middle lamella region becomes more soluble, and the
structural components of cell walls are enzymatically broken down (1,27). These changes

Table 1 Chemical and Physical Changes That Occur During the Ripening of Fleshy Fruits

Attribute Specifics

Color Pigmentation Loss of chlorophyll
Synthesis of carotenoids
Synthesis of anthocyanins

Texture Softening Changes in pectin composition
Alteration in structural components of cell
walls
Hydrolysis of storage materials

Flavor Carbohydrate composition Starch conversion to sugar
Sugar introversions
Organic acids Decrease in organic acids
Aroma volatiles Increase in synthesis of volatiles

Qualitative changes in volatile compounds

Energy Respiration rate Sudden peak in respiration for climacteric fruit
Gradual decline for nonclimacteric fruit

Ethylene metabolism Ethylene production Sudden peak in production for climacteric fruit
Constant production for nonclimacteric fruit
Tissue sensitivity to ethylene Increase in tissue sensitivity to ethylene

Source: Ref. 1.
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influence adhesion between cells and strength of cell walls leading to softening. The
biochemistries of these changes are not clearly understood, but the changes are likely to be
mediated by complex interactions of enzymes (27).

2. Appearance

The most visible change during ripening is that of color. Color changes are often used as an index
for the degree of ripening or to indicate suitable harvest time for some fleshy fruits (1). Generally,
the alteration in pigments consists of the loss of chlorophyll to unmask pigments formed earlier in
the development and/or the further synthesis of carotenoids and anthocyanins (27).

3. Flavor

Sugars, acids, and volatile compounds determine flavor, taste, and aroma of vegetables. During
ripening there is often an increase in sugars (28) via translocation from the parent plant while fruit
are attached or from hydrolysis of starch reserves in harvested fruit. In many fruits, there is also a
decrease in organic acids during ripening as these acids are utilized for respiration (29).

In addition, the characteristic aromas of many fruits change during ripening. Many volatiles
contribute to the characteristic aroma of fruit. During ripening the synthesis of these volatiles
increases, but the selection of volatiles also changes (1).

4. Respiration Rate

Respiration is essential for ripening as it provides the energy required to drive many of the
reactions and changes described briefly here. Indeed, if respiration is inhibited, ripening is also
inhibited (30,31).

Based on their respiration characteristics, vegetables that are fruit can be divided into
climacteric or nonclimacteric fruit. In nonclimacteric fruits the relatively low, consistent rate of
respiration is maintained during ripening (Fig. 3). These fruit often do not have large carbohydrate
reserves, and ripening occurs while attached to the plant. Cucumber (Cucumis salivus L.) (32) and
olive (Olea europaea L.) (33) are vegetables that are nonclimacteric.

In contrast, in climacteric fruits the respiration rate declines during the final stages of
maturation (preclimacteric minimum) (Fig. 3). As ripening proceeds, the respiration rate
increases, rapidly reaching a peak (often referred to as the climacteric peak), after which there is a
subsequent decline in respiration (Fig. 3). Tomato (Lycopersicum escalentum Mil.) and bitter
melon (Momordica charantia L.) exhibit climacteric ripening (1). The timing of the climacteric in
relation to optimal eating quality, the speed of ripening, and the maximum respiration rate differs
for each species of fruit.

5. Ethylene Production and Its Role in Regulating Ripening

Ethylene is a plant hormone with many roles in plant developmental processes (34). Ethylene is
synthesized and evolves from cells of all fruits during their growth and development. Both
nonclimacteric and climacteric fruit produce a background level of ethylene.

In nonclimacteric fruit, exposure to an external ethylene source leads to increased
respiration rate. Ethylene also stimulates anthocyanin synthesis and loss of chlorophyll in fruit
(35). The magnitude of responses depends on the concentration of ethylene. Respiration rate,
anthocyanin synthesis, and loss of chlorophyll will return to normal when exposure to ethylene is
discontinued (1).

In contrast, climacteric fruit respond more dramatically. During ripening there is a
substantial increase in ethylene production during the respiratory climacteric period (36).
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Figure 3 Relative respiration and ethylene production for climacteric and nonclimacteric fruits after
harvest.

Climacteric fruits can be stimulated into ripening by exposure to an external source of ethylene.
The fruit are particularly sensitive to ethylene just before the climacteric rise in respiration.
Additional application of ethylene or removal of ethylene around fruit (particularly bulky organs)
has little effect once ripening has been initiated (35), as ripening is irreversible. Higher
concentrations of ethylene will stimulate ripening faster until a threshold is reached, above which
there is no further effect.

D. Senescence

Senescence is the degradative changes that occur as all plants and harvested plant parts eventually
die. Many of the changes occurring during senescence cause detrimental changes in product
quality. Senescence is a genetically programmed sequence (37) occurring as a natural part of plant
development.

In harvested vegetables, senescence is a premature process induced by detaching the
vegetable from the parent plant (3). Senescence in harvested vegetables is most likely triggered by
the inability of tissue to maintain homeostasis (38) or in other words maintain its internal stability
through coordinated responses to disruptions of normal function (1).

Repair reactions are necessary to maintain homeostasis; these require the energy and carbon
skeletons produced by respiration. In harvested vegetables there may be a lack of substrate for
respiration (1). This situation may lead to the dismantling of nonessential cell components to
obtain substrate to maintain homeostasis, eventually leading to the dismantling of essential cell
components (mitochondria, nucleus, plasma membrane), which leads to death.

The degradation of chlorophyll is the most evident symptom of senescence in harvested
vegetables.
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Storage conditions can damage cell components and processes, placing the harvested
vegetable under stress, which further accelerates senescence. Stresses known to accelerate
senescence are high or low temperature (12,39), gas atmospheres (40), water deficit (8),
pathogens, mechanical damage, and mineral imbalances (1).

Exposure to ethylene promotes chlorophyll loss in leaves (35). The delays in senescence by
treating with 1-methylcyclopropene (1-MCP, 41) and nitric oxide and nitrous oxide (42,43), both
inhibitors of ethylene activity (44), indicate that ethylene plays an integral role in senescence.
However, starvation for substrate for respiration may initiate senescence in vegetables that are
rapidly growing and respiring prior to harvest (3).

E. Dormancy and Regrowth

Dormancy is a period of suspended growth that allows for regrowth and sprouting to occur when
environmental conditions are favorable (1). During dormancy, the rates of respiration and other
physiological changes are very low compared to other harvested vegetables. This makes dormant
vegetables particularly suitable for long-term storage. Storage life of dormant vegetables is
generally limited by the break in dormancy resulting in regrowth and sprouting (3).

Dormancy in some vegetables can be induced by environmental conditions, i.e., extended
cold or dry periods (1). This type of dormancy is exhibited by carrots (Daucus carota L.) and
beetroot (Beta vulgaris L.). Sprouting and regrowth from these dormant vegetables can be
avoided by maintaining the appropriate temperature and moisture levels during storage.

In some cases, a form of dormancy is entered when the internal balance of plant hormones
prevents growth (1). Onions (Allium cepa L.) and cabbage (Brassica oleracea L., Capatita group)
exhibit this type of dormancy. These vegetables will eventually start regrowth and sprouting
regardless of the storage conditions. In these vegetables, breeding and antisprouting compounds
are used to extend storage (3).

lll. ENVIRONMENTAL INFLUENCES
A. Temperature

Temperature is the most important environmental factor that influences the preservation of
harvested vegetables. Deterioration is mediated through the effect of temperature on the
physiological and biochemical processes that occur in harvested vegetables.

Lowering the temperature influences all metabolic processes governed by enzymes.
Temperature will influence the activity of the enzymes catalyzing the biochemical reactions
maintaining homeostasis in cells. However, these enzyme systems can be affected differentially
by temperature. This can lead to imbalances in metabolism; an often-quoted example of this is low
temperature sweetening in potatoes (Solanum tuberosum L.) (3,45).

As respiration is a series of biochemical reactions catalyzed and controlled by enzymes, it
will be influenced by temperature. As temperature increases, respiration increases dramatically
(Fig. 4), although the extent of this increase varies for each species and cultivar (20). The rate of
the increase in respiration slows, and then respiration rate declines, as temperatures are raised
above 25—35°C. This high temperature effect may be due to a denaturing of respiratory enzymes
or from lack of oxygen because of a limited rate of diffusion.

The rate of deterioration in harvested vegetables generally increases with increasing
temperature (Fig. 5) (46). As temperature is reduced, the relative shelf life of vegetables generally
increases (Fig. 5) (46).
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Figure 4 Effect of temperature on respiration rate of peas (Pisum sativum L.), asparagus (Asparagus
officinalis L.), lettuce (Lactuca sativa L.), carrots (Daucus carota L.), and onions (4/lium cepa L.). (Data
calculated from Ref. 20.)

However, all harvested vegetables suffer tissue damage if frozen (Table 2). Some vegetable
species, mainly of tropical or subtropical origin, are injured by nonfreezing temperatures less than
20°C (Table 2) (47). These vegetables when stored below their optimum temperature develop
symptoms of injury that include discoloration, surface pitting, internal breakdown, loss of
ripening ability, wilting, and decay (1). Injury from chilling is caused by initial physical changes
in membrane lipids (48), which lead to secondary responses including an increase in respiration
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Figure 5 Effect of temperature on shelf life and decline in quality of fresh vegetables (developed from
data from Ref. 55) not susceptible to damage from chilling.
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Table 2 Optimum Transport Conditions and Predicted Storage Life for Some Vegetables

Transport Freezing Predicted storage

Vegetable temperature® (°C) temperature® (°C) Ventilation® RHY (%) life®
Artichoke (Cynara scolymus L.) —-0.5-4 -1 L 95-98 2-16 w
Asparagus (4Asparagus officinalis L.) 0-4 -0.5 M 95-98 2-5w
Beans (Phaseolus vulgaris L.) 0-8 —0.5 M/H 98 10-20d
Beetroot (Beta vulgaris L.) 0 —0.5 L 92-95 2-12w
Broccoli (Brassica oleracea L. Italica group) 0-5 -0.5 H 95-98 10-30d
Brussels sprouts (Brassica oleracea L., Gemmifera group) —-1-5 -0.5 H 95-100 1-4m
Cabbage (Brassica oleracea L., Capatita group) —-2-0 -0.5 H 98-100 3w—6m
Carrots (Daucus carota L.) 0-1 —14 L 98-100 10 d-8 m
Cauliflower (Brassica oleracea L., Botrytis group) 0 -0.5 H 95-100 3-12w
Celery (Apium graveolens (Mill.) Pers. 0 -03 H 98-100 2-3m
Chicory (Chircorium intyvus L.) —1-0 —-0.5 H 98-100 2-12w
Cucumber (Cucumis sativus, L.) 7-13 —-0.3 H 95 1-3w
Eggplant (Solanum melongena L.) 7-12 -0.5 L 90-95 7-14d
Garlic (Allium sativum L.) —1-0 —-0.5 L 65-70 3-7m
Ginger (Zingiber officinale, Roscoe) 12-13 — L 65 3-6m
Leek (Allium ampeloprasum L., Porrum group) 0 —-0.5 M =95 2-5m
Lettuce (Lactuca sativa L.) 0-1 —0.2 H 98 2-6w
Marrow (Cucurbita spp.) 7-12 —-0.3 L/M 60-90 1-12w
Onion (Alium cepa L.) 0 -0.5 M 65-95 0.5-8 m
Pea (Pisum sativum L.) —1-0 -0.5 M 98 1-3w
Pepper (sweet) (Capsicum annuum L.) 7-13 —-0.5 M 90-95 2-5w
Potato (Solanum tuberosum L) 4-10 —-0.5 M 90-95 3w-9m
Pumpkin (Cucurbita spp.) 10-13 -0.5 L 50-70 2-3m
Rhubarb (Rheum rhaponticum L) 0 —0.5 L 95-100 2—-4 w
Salsity (Tragopogon porrifolius L.) 0 -1 L 95-98 2-4m
Sweet potato (l[pomoea batatas (L.) Lam.) 13-16 —-0.8 L 85-90 4-7m
Tomato (Lycopersicom esculentum, Mill) 4-16 —0.5 H 85-95 1-6 w

*Transport temperature depends on many factors, including variety, country of origin, and maturity. ®The most conservative value from the literature was used. “Ventilation = changes/h:
L = 1/h, M = 2-3/h, H = 4/h. “Depends on variety, country of origin, maturity, etc. “Determined by storage conditions and factors in noted.
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rate and ethylene production as cells attempt to maintain homeostasis. Vegetables that have been
injured by low temperature show an accelerated rate of senescence (39), associated poorer quality,
and reduced shelf life.

Heat treatments have been used with varying success on harvested vegetables for insect
disinfestations and disease control (49). For some vegetables, exposure to high temperatures has
led to reduced senescence (50), most likely via the inhibition of ethylene biosynthesis (51) and
reducing the susceptibility to and severity of injury from chilling when subsequently placed at low
temperatures.

For vegetables that are fruit and are harvested, mature or optimal eating quality occurs when
they are ripe; quality is dependent on the timing and balance of the various enzymatically
controlled processes involved in ripening (Sec. II. C). As each enzyme system is influenced
differentially by temperature, fruit temperatures during ripening will influence the final ripe
quality. The optimum ripening temperatures are between 15 and 25°C (52); below these
temperatures ripening is slowed, and aspects of texture, color, and flavor changes required for
optimal quality may not occur. Above 30°C ripening may also be inhibited (52).

Ethylene production, a series of enzymatically catalyzed reactions (35), is influenced by
temperature. Lowering temperature reduces the production of ethylene and hence delays ripening
and senescence to some extent. In addition, reducing temperature also influences the sensitivity of
plant tissue to ethylene (46), i.e., greater amounts of ethylene are required to induce the same
magnitude of response obtained at a warmer temperature. However, lowering temperature below
the low-temperature threshold for products susceptible to injury from chilling may induce a
wound response, increased respiration rate, and ethylene production, leading to reduced shelf life.

Senescence in harvested vegetables has been linked to starvation for respiratory substrate
(3), consequently reducing temperature, and the subsequent demand for respiratory substrate is
essential for maintaining postharvest quality. The effects of temperature on rates of senescence
through its effects on ethylene metabolism indicate that temperature is the most important
environmental factor to preserve the quality of vegetables after harvest.

Temperature also influences preservation through its effects on water loss. The saturated
partial pressure of water vapor in the air is highly dependent on temperature (Fig. 2). This
influences the driving force for water loss, the difference between the amount of water with the
fruit and that in the air. Reducing the driving force for water loss is the most manipulable of the
factors governing water loss (see Sec. II. B). Reducing the temperature of harvested vegetables is
effective in reducing the driving force and hence water loss (Fig. 6).

B. Relative Humidity

Relative humidity is the most common way of expressing the amount of moisture in air. The
difference in the amount of moisture between the air in the vegetable and around the vegetable
determines the driving force for water loss from harvested vegetables. When at a given
temperature, the relative humidity of the air around the vegetable increases, the driving force is
reduced rapidly (Fig. 6). However, even at 100% RH (saturated conditions), there may be some
water loss, because the vegetable temperature is unlikely to equal the air temperature owing to
heat of respiration.

The amount of moisture in air at a specified RH at one temperature is not the same as in air
of the same RH at another temperature (Fig. 2). In addition, the maximum amount of moisture
held in air is dependent on the temperature. This causes condensation when cold vegetables are
placed in warm environments. When warm air comes in contact with the cold vegetable, it cools
rapidly and can no longer hold as much moisture. Consequently the air deposits the excess water
as condensation on the vegetable surface.
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Figure 6 Effect of temperature and RH on difference in partial pressure of water vapor between fruit and
environment, or driving force water loss from vegetables.

As temperature is reduced, it is easier to generate air with high humidity, as less moisture is
required to humidify the air. However, at lower temperatures, fluctuations in temperature rapidly
result in condensation on vegetable and packaging surfaces. Free water on the surface of
vegetables encourages pathogens when temperatures are favorable (13). Condensation on
paperboard-based packaging can lead to loss of strength and packaging collapse, causing further
mechanical damage to products (53).

Enclosing harvested vegetables in packaging can generate high relative humidities by the
reduction in airflow past the vegetables. Some packaging materials also act as barriers to water
vapor movement, e.g., plastic films allowing an even higher relative humidity to be generated
within packages.

Higher humidities reduce water loss (Fig. 6) and hence avoid losses in turgor, texture,
appearance, and saleable weight. Once such high-humidity environments are generated,
temperature fluctuations should be prevented to avoid condensation. For most vegetables, the
relative humidity should be about 90 to 95 percent, except as noted under individual vegetables
(Table 2).

C. Airflow

Airflow around vegetables affects relative humidity, temperature, and gas composition. Uneven or
inadequate airflow will result in a wide spread of product temperatures throughout unit loads (i.e.,
packages or pallets of product), inducing spatial variation in product quality and subsequent shelf
life. Sufficient air movement is necessary to remove heat of respiration and to minimize
temperature gradients; but the higher the flow rates, the higher the rates of water loss from the
produce (by reduced RH). The optimum airflow will be a compromise between removing heat
from and maintaining water in harvested vegetables.

D. Atmosphere Composition

Air is normally composed of 78% N,, 21% O,, and 0.03% CO,. Holding vegetables at altered
atmospheres (decreased O, and increased CO, concentrations) as in controlled atmosphere (CA)
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storage and modified atmosphere packaging (MAP), can be used to maintain quality for longer
periods. Modified atmosphere storage is only a supplement to optimal temperature and relative
humidity conditions (46). Atmosphere composition can be changed by utilizing the natural
depletion of O, and production of CO, by respiring vegetables during MAP or by active
modification and control of gas concentrations during CA storage. Adjusting the concentration of
0, and CO, in the storage atmosphere will result in diverse reactions of the stored plant organ,
depending on the actual gas composition inside the tissue. We will refer to the concentrations of
0O, and CO, in the atmosphere surrounding the vegetable, rather than the resulting atmosphere
within the product. Manipulation of gases in the storage atmosphere has been the subject of an
enormous number of studies (e.g., 5,6,54—65).

As oxygen is a substrate required for respiration, the rate of respiration depends on the
concentration of O, within harvested vegetables (Fig. 7). The major reductions in respiration due
to oxygen concentration often do not occur until oxygen is less than 10% (Fig. 7) (55). Depending
on the product, anaerobic respiration begins around 2% O, as oxygen becomes limiting within the
product (Fig. 7); energy to maintain and drive metabolism is sourced via the much less efficient
anaerobic respiration (Fig. 7) (5). Anaerobic respiration produces an excessive amount of CO,
and off-flavors from the further metabolism of acetaldehyde.

The effect of CO, on the respiration of vegetables is not as clear as for O,. High CO, has
been found to inhibit, have no effect on, or to stimulate respiration (6,69). The inhibition of
respiration by high CO, is proposed to be via inhibition of an enzyme in the Krebs cycle (70) and
decreasing pH of the cell sap (3). The stimulation of respiration is likely due to a stress response to
injury (6,71).

Reduced O, or increased CO, reduces sensitivity to the action of ethylene (55,61,65) and
inhibits enzymes in the biosynthetic pathway of ethylene, reducing production (35,61,72). The
effect of reduced O, on ethylene production and the sensitivity of tissue is often considered the
most useful application of modified atmospheres (67).

Modified atmospheres influence changes in pigment metabolism. Reduced O, and
increased CO, can lead to a reduced chlorophyll loss (5,68,71), which is associated with
senescence in leafy vegetables and unwanted ripening in vegetables that are immature fruits.
However, for vegetables that are eaten as mature fruit, reduced chlorophyll loss during ripening
may be unacceptable leading to a masking of other pigments. Overall, the effect of reduced O, and
increased CO, on the physiology of vegetables can lead to an inhibition of ripening and a delay in
senescence.
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Figure 7 Effect of concentration of O, on respiration rate of vegetables.
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Low O, inhibits the browning reaction catalyzed by polyphenol oxidase (PPO) (66). The
suppression of PPO activity is particularly useful for applications with minimally processed
vegetables (cut, sliced, diced, or shredded vegetables) that have exposed cut surfaces.

Reduced O, and increased CO, has some effect on volatile production of vegetables (73).
When atmospheres are outside the tolerance limits of the vegetables and anaerobic respiration
increases, accumulation of acetaldehyde and ethanol will influence the flavor and aroma of
vegetables. The production of other volatiles is suppressed by low O,, and elevated CO, either
has no effect or appears to reduce synthesis (5). All changes are dependent on the volatiles of
interest, the cultivar, and the storage conditions.

Modified atmospheres have an effect on texture via the effect on ethylene production and
sensitivity of tissue to ethylene but also through changes in cell wall metabolism. Low O, and
high CO, both decrease the action of enzymes associated with cell wall degradation (5,66,64,71)
and hence reduce the loss of texture in storage.

Tolerance of commodities to low O, and high CO, varies greatly among vegetables.
Broccoli (Brassica oleracea L., Italica group) and onion (A/lium cepa L.) will tolerate about 1%
O, compared to pea (Pisum sativum L.) and asparagus (4sparagus officinalis L.), which can only
tolerate 5% O,, or lettuce (Lactuca sativa L.) and celery [Apium graveolens (Mill.) Pers.], which
can tolerate 2% CO,, compared to sweet corn (Zea mays Bonaf.) and spinach (Spinacea oleracea
L.), which can tolerate up to 15% CO,. For a more comprehensive list see Kader (55), Herner
(71), or Salveit (74). The tolerances for each gas are dependent on temperature, time of exposure,
and concentration of each other (55,71,6).

When O, is reduced below or CO, is enhanced above the tolerance levels for that product,
detrimental effects may occur. Induction of anaerobic respiration can lead to the production of off-
flavors, but it can lead to a build up of CO,, which can cause CO, injury. Various symptoms
characterize CO, injury: internal browning disorders, pitting of surface, brown staining of surface,
and a subsequent increase in susceptibility to decay (71,6). Care must be taken to avoid exposing
vegetables to injurious CO, levels, as these symptoms will reduce the quality and the shelf life of
vegetables.

Altered atmospheres have been shown to have insecticidal and fungicidal effects
(71,5,55,75). High levels of CO, (10—15%) have been used to control fungal pathogens on some
fruit (55) and, depending on tolerances to CO,, could be expanded to some vegetables.

IV. POSTHARVEST HANDLING
A. Packaging

The choice of packaging for vegetable products is influenced by a wide range of factors including
containment of the product, protection from damage, preservation of product quality, and
presentation. Packaging must include ventilation both to enable cooling and to prevent the
buildup of undesirable gases, while retaining strength in the storage environment, so a number of
design factors must be balanced. The basic functions of packaging are outlined below, but it must
be recognized that the environmental and purchase costs are still major criteria in the selection of
packaging for vegetable products.

1. Containment

The basic function of packaging is to contain the product. This function is often ignored or its
importance not appreciated (71). The package, whether it is a bottle of processed carrot juice
(Daucus carota L.) or a bulk export bin of potatoes (Solanum tuberosum L.), must contain the
product to function successfully.
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2. Protection and Preservation

Protection is often regarded as the primary function of packaging. The package is expected to
protect its contents from outside environmental effects such as dust, microorganisms, changes in
temperature and humidity, gases (oxygen, carbon dioxide, and ethylene), shocks, vibrations, and
compression forces that can bruise and mark harvested vegetables (72).

The package must have sufficient barrier properties to protect vegetables from microbial,
chemical, and physical contamination, thus minimizing quality loss from the product. The
primary packaging must meet such requirements as a low water vapor transmission rate, to reduce
water loss, maintenance of strength, and performance at the storage temperature, properties that
encourage the removal of field heat (if the vegetable is packed warm) and freedom from taint and
odor. A further essential requirement of the package is that it does not interact with the product
negatively.

3. Presentation

The package, if used at point of sale, presents the vegetables to the consumer. The appearance of
retail packs (the consumer appeal) can have considerable influence on the sale of a product. High
quality printing and graphics are required in many countries.

B. Packaging Materials Requirement

An example of a wide variety of materials, such as plastic bins and corrugated cardboard cartons,
are used in primary (in direct contact with the product) and secondary (also termed outer or
transport) packaging systems for vegetables. Primary packaging of fresh vegetables in plastic
films has been a common practice to extend their shelf life. Packaging in plastic films enables
changes in relative humidity and atmosphere compositions that all influence the basic physiology
of harvested vegetables.

1. Perforated Packaging

Excessive in-package humidity levels may stimulate microbial growth, while low levels of
humidity within the package would enhance weight loss of the fresh vegetables. Packaging should
be designed to provide optimal water vapor levels in the package. Regulation of the exchanges of
gases in the package, particularly water vapor, can be achieved by the use of perforation. An
example of such studies by Tanner and coworkers (73—75) utilized a generalized mathematical
simulation model for the development of an appropriately perforated package for kumara (a native
sweet potato from New Zealand, Ipomoea batatas (L.) Lam). The optimal perforation area will be
a compromise, balancing enhanced quality (reduced weight loss) with reduced risk of
condensation (Fig. 8).

A number of studies have been carried out to look at the effects of perforations to the
exchange of particularly CO, and O, (66,67,69,70) and in lesser extent to water vapor movement
(68,74,76).

2. Modified Atmosphere Packaging

Modified atmosphere packaging (MAP) involves the modification of the gaseous conditions
within the product’s package, with the aim of reducing metabolic activity. This modification is
realized by fine-tuning the permeability characteristics of the polymer film used in the MAP
package, to the ambient environment and the physiology of the packed product.
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Figure 8 Conceptual assessment of product mass loss as a function of perforation area for New Zealand
kumara (a native sweet potato, [pomoea batatas (L.), Lam).

MAP is particularly useful when marketing minimally processed products (cut, sliced,
diced, or shredded vegetables). With the generation of an acceptable modified atmosphere, MAP
can reduce respiration, microbial spoilage, physiological disorders, enzymatic browning, and
chlorophyll loss.

V. METHODS OF COOLING

All vegetables are perishable foodstuffs, and maintaining the freshness of vegetables for as long as
possible is a major challenge. High product temperatures increase the rate of deterioration (Fig. 4).
Rapid cooling of vegetables immediately after harvest to reduce their temperature to the
recommended level, together with good temperature maintenance during subsequent storage and
transport, is essentially important to maximize the shelf life of harvested vegetables.

There are a number of techniques available for cooling fresh produce. Most of these
techniques can be used for vegetables, depending upon the market requirements. The selection
between methods is based on capital cost, operating cost, cooling time required, volume of
vegetables to be cooled, and the characteristics of the vegetable.

A. Icing

This method is commonly applied to boxes of vegetables by placing a layer of crushed ice on top
of the vegetables or directly mixing it with the vegetables. Cooling is achieved as the ice melts and
the cold water runs down through the vegetables. Ice slurry can also be applied, which is typically
made from 60% fine crushed ice, 40% water, and usually 0.1% sodium chloride to lower the
melting point of ice (80). This results in much quicker cooling than top icing because of the
greater contact between the vegetables and the ice. The icing method is mainly used for road
transport and can also be applied in the field immediately after harvest. However, packages used
must be able to withstand exposure to free water. Ice also needs to be readily available at various
points, for replenishment during long-distance transport (Fig. 9).
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Figure 9 Broccoli cooled by icing.

B. Hydrocooling

Hydrocooling is used for root and stem vegetables. Most leafy vegetables can be hydrocooled but
are usually vacuum cooled, as this method does not require a water-resistant box (78). In
hydrocooling, the vegetables are rapidly cooled by contact with cold water. Water can be a very
effective heat exchange medium when it is properly dispersed and flows rapidly over the
vegetables. Efficient hydrocooling thus requires water moving over the surface in direct contact
with the vegetables. Hydrocooling causes less or no water loss from vegetables and may even
revive slightly wilted vegetables. Cooling can be achieved either by spraying cold water over the
vegetables or by immersing them in cold water. In the first method, the vegetables move slowly
and continuously through the shower. Immersion of the vegetables in cold water brings it in
contact with all surfaces. For fast cooling, water must be actively circulated past each individual
vegetable. Because the movement of the vegetables in the tank is slow, pumps or propellers are
usually installed to circulate the water. Submersion in cold water is best suited for vegetables that
are denser than water; this allows them to stay completely submerged. In general, submerging the
vegetables in cold water tends to be less efficient because it is quite difficult to keep water moving
fast through submerged vegetables (Fig. 10).

C. Vacuum Cooling

Vacuum cooling is most effective for cooling vegetables with high surface-area-to-volume ratios,
such as leafy vegetables. It is based on the principle that the boiling point of water decreases as the
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Figure 10 Hydrocooler used for cooling of harvested vegetables. (Photo courtesy of GROPAK,
Palmerston North, NZ.)

pressure is reduced. The vegetables are placed into a sealed chamber and the pressure reduced
using a vacuum pump. Water on the surface of the vegetable boils and turns to water vapor. As the
pressure falls, water evaporates from the vegetables. The evaporation of water from the surface
causes the vegetables to cool. The rate of cooling is largely influenced by the ease with which the
vegetables lose water. Weight loss may be minimized by spraying vegetables with water before
enclosing them in the vacuum chamber or toward the end of operation (77). However, this process
requires a large amount of energy, and the high cost of the vacuum cooling equipment limits its
suitability to a wider application (Fig. 11).

D. Forced-Air Cooling

Forced-air cooling is used for rapidly cooling packed containers of vegetables. Cooling is
achieved by forcing cold air through containers and past individual items of vegetables (78). This
method operates by a fan drawing refrigerated air through the packed vegetables, allowing close
contact between the warm vegetable items and the cool air. The differential in air pressure forces
air through the containers and carries product heat away by flow around the individual vegetables.
The speed of cooling can be adjusted by regulating the rate of airflow. The method has the
advantage of rapid cooling of pallet stacks of vegetables compared to room cooling, although
usually it is slower than the other methods (i.e., hydrocooling, vacuum cooling). It has the
drawback of causing excessive water loss in some vegetables. Effective forced-air cooling thus
requires packaging with moisture barrier properties designed to prevent excessive moisture loss
(Fig. 12).
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Figure 11  Vacuum cooler used for cooling of harvested vegetables. (Photo courtesy of Intercoast Express
Pty. Ltd., Werribee South, Victoria, Australia.)

E. Room Cooling

This method is the most commonly used cooling technique. Cooling is achieved by exposing
vegetables to cold air in refrigerated storage. Cold air is horizontally discharged into a cold room,
just below the ceiling. The air sweeps past the outside of the bins, pallets or individually spaced
containers stacked on the floor. The air-handling system must be designed to distribute air
uniformly throughout the storage room. This requires spaced stacking of palletized product to
allow air to flow through the gaps. Room cooling has several advantages including simplicity in
facility design and operation and less rehandling, as the vegetables may be cooled or stored in the
same place. The major limitation of this method is that cooling is slow and may be inadequate for
more sensitive vegetables.
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Figure 12 Forced draft cooling of harvested vegetables in ventilated packaging.

VI. STORAGE TECHNOLOGIES

To balance fluctuations in product supply and market demand, fresh vegetables often require
short- or long-term storage. In some cases, long-term storage is necessary to extend the supply of
these vegetables beyond the end of the harvest season. The storage potential of vegetables is very
much dependent on their physiology as well on the storage conditions. Understanding the
interaction between the vegetables and the environment is crucial in obtaining the most suitable
conditions for extending shelf life. Good management of storage conditions is essential to slow
down and delay the loss of quality.

A. Precooling Systems

The design of a cooling system depends largely on the specific requirements for each particular
situation. In order to design efficient and effective cooling systems, one should be aware of the
many factors that affect the cooling rate and cooling cost. The vegetable’s physical properties (i.e.,
shape and size), thermal properties, configuration (i.e., bulk, cartons, unpackaged), initial
temperature, and the desired final temperature influence the rate of cooling. A number of
additional factors need to be considered when designing a cost-effective cooling system. These
include the costs for cooling space, refrigeration equipment, labor, and electricity. A number of
possible tradeoffs can occur when selecting design variables for a cooling system (81). For
instance, while rapid cooling in forced-air cooling systems can be achieved by applying higher air
velocities, the fan power requirement is also increased. Furthermore, lowering the temperature

Copyright 2004 by Marcel Dekker, Inc. All Rights Reserved.



accelerates the cooling process with the added expense of higher energy consumption. The
selection of the cooling system should therefore be tailored on several considerations, such as the
vegetable’s limitations and temperature requirements, and the costs of operation.

B. Storage Facilities

Close control of the storage conditions is essential to optimize the storage life of vegetables. The
maintenance of optimal storage conditions within the prescribed range depends on several design
factors. The refrigeration system should be designed to handle maximum heat load. The air
temperature leaving the refrigeration coils should be as close as possible to the desired
temperature to prevent large fluctuations as the refrigeration system cycles on and off (79). Air
circulation as well as adequate wall and ceiling insulations should also be provided to minimize
temperature variation. The refrigeration equipment should also be designed to allow control of
high humidity conditions. The advancement of computer technology and improvement of
electronic and sensing components enable continuous monitoring and precise control of storage
conditions of large refrigeration systems.

ViIl. TRANSPORT

It is important that the required conditions for storage of vegetables are maintained throughout
transport. The most crucial factors (temperature, relative humidity, airflow, and atmospheric
composition) have already been mentioned. Different commodities require different transport
conditions and should be transported separately (e.g., respiring product, nonrespiring product,
product producing high levels of ethylene, products requiring different temperatures). Optimal
storage conditions for various vegetables are shown in Table 2.

Modern transportation systems provide avenues for a wide distribution of fresh vegetables
to areas where they cannot be grown. There are number of important factors that need to be
considered to ensure a high level of quality maintenance in the distribution chain. These include
minimization of mechanical damage, maintenance of proper temperatures, and ensuring
compatibility of the produce. These considerations are influenced by the type of transport system
employed (e.g., air, road, or sea). The choice of a particular type of transportation is usually not
quite simple, as the transport requirements between vegetables and the cost of transportation vary
in postharvest systems.

A. Air

For air transport, vegetables are usually packed into cartons and placed in closed containers or net
covered pallets specifically designed to fit into the aircraft (80). This mode of transport is used for
quickly moving highly perishable vegetables over long distances. Airfreight cargo is usually
exposed to pressurized compartments with facilities to provide control of temperature and other
gases. Normally, airfreight charges are much higher than other transport systems (e.g., sea
freight), hence the transport cost is a major issue to consider. Special care is also necessary for
perishable vegetables transported by air, as no power is available during flights. Good insulation is
essential, as is adequate precooling of product. In-transit cooling can be provided by water ice or
dry ice where necessary.
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B. Road

Transportation by road is appropriate for quickly moving fresh vegetables over short distances, for
example from the field to the market or directly to the consumer. This mode of transport appears to
be simple and relatively cheap, but it may result in losses due to physical damage if appropriate
measures are not taken.

Extra hazards to be avoided during road transport include

Physical damage due to vibration of the vegetables. Suitable packaging should be used to
prevent this by providing adequate cushioning.

Interruption to refrigeration. Truck refrigeration units should remain on power continuously
until delivery of the vegetables.

Mixed loads.

Loading vegetables that are inadequately precooled. Truck refrigeration systems are unable
to cool warm product efficiently.

C. Sea

This mode of transport is not generally used for vegetables owing to their relatively short storage
life and their need for rapid transit to discerning markets. In cases where this is utilized (where the
distance between markets is short or the product has a longer storage life, e.g., onions, Allium
cepa L., and potatoes, Solanum tuberosum L.), care must be taken. Refrigeration and ventilation
(where required) must be uninterrupted. Most important is that vegetables be adequately
precooled prior to loading, as refrigerated containers are not designed to remove field heat.
Palletized vegetables should be tightly stowed to ensure both even distribution of cool air
throughout the stow and reduced movement of the vegetables, since movement can cause physical
damage. Dunnage should be used where necessary to prevent the short-circuiting of airflow
through the stow and maintain a “tight” stow.

Viil. CONCLUSION

Postharvest handling and storage systems influence the quality of harvested vegetables by
affecting the physiology of harvested vegetables. Changes in the physiology of harvested
vegetables are mediated through the influence of the environmental conditions created by the
handling and storage system. The physiology of the harvested vegetables, environmental
conditions, and handling and storage systems all interact and therefore cannot be considered in
isolation when successfully preserving and storing high quality harvested vegetables.
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Canning Principles

H. S. Ramaswamy and C. R. Chen
McGill University, Ste. Anne de Bellevue, Quebec, Canada

. INTRODUCTION

Since ancient times, several techniques have been used to preserve vegetables and their products:
drying, concentration, freezing, fermentation, and chemical preservation. Thermal processing,
sterilization or canning, used for food preservation, is a more recent technology but has proven to
be one of the most effective methods. Although several advanced processing techniques such as
microwave heating, ohmic heating, and aseptic processing have been developed in recent years,
the traditional canning processing is still dominant in the food industry. In North America alone,
billions of cans of processed foods are produced each year.

The canning process was invented by the Frenchman Nicholas Appert in 1809, for which he
received an award from the French government. In recognition, the canned food sterilization
process is also referred to as “appertization”. Nicholas Appert described the process very well but
could not explain why the process achieved stability of the food and its extended shelf life. It was
not until 1860 that Louis Pasteur, another Frenchman, explained that the heating process killed (or
inactivated) the microorganisms that limited the shelf life of foods. This laid the foundations for
advances in canning methods that eventually revolutionized the industry. In the 1890s, several
scientists including Prescott, Underwood, Russell, and Barlow discovered the relationship
between thermophilic bacteria and the spoilage of canned corn and peas. In the beginning of the
20th century, the basic biological and toxicological characteristics of Clostridium botulinum were
investigated by several U.S. scientists, which became the theoretical foundation for understanding
the importance of controlling C. botulinum in canned foods and establishing its control process.

Another important discovery, for canned foods was the relationship between the pH of
foods and the heat resistance of bacterial spores, which was developed by Bigelow and Esty in the
early 1920s. Their work laid the foundation for the classification of canned foods into acid foods
and low-acid foods on the basis of their pH.

Bigelow et al. (1) developed the first scientific method for the calculation of minimum safe
sterilization processes for canned food sterilization. It became known as the graphic or general
method. Ball (2) subsequently developed theoretical methods, to be later recognized as formula
methods, for the determination of thermal processes. Most subsequent developments on the
subject have been based on these early concepts. Notably, Stumbo (3) developed procedures for
the calculation of sterilization processes based on integrating lethality values over the entire
volume of the contents of a container with mixed microflora. Since then, more advanced
mathematical methods that eliminated certain relatively small errors inherent in some of the
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previous mathematical procedures were developed. Teixeira et al. (4) led to the use of computers
for more accurate, rapid, and routine heat process calculations and for monitoring and controlling
thermal processes by on-line measurement of accomplished lethality. Today canning technology,
with perhaps the most advanced scientific and technological background available, has become
the backbone of the food processing industry.

Il. BASIC CANNING OPERATIONS

Figure 1 illustrates the basic canning operations involved in the processing of vegetables:
preparation of the food, container filling, exhausting the container, sealing, and thermal
processing (sterilization).

A. Preparation of the food

Preparation of the food involves a number of processes such as washing, grading, peeling, and
blanching. Washing usually involves agitating or tumbling the vegetables on moving belts or
revolving screens while they are immersed in water or subjected to water sprays. Washing by
means of high-pressure water sprays is the most satisfactory method. Sprays are effective only if
the water reaches all parts of the product. This can be achieved if the sprays are directed from
above and below a traveling woven wire-cloth conveyor, or by designing the washer so that the
product is induced to roll over during the spraying process. Grading/sorting ensures the removal
of inferior and/or damaged produce. An inspection belt may be used, in addition to trained
personnel who detect poor quality produce unsuitable for canning. Several noninvasive
technologies have been developed for the quality detecting, such as magnetic resonance imaging,
ultrasound, and infrared. Application of these new technologies can improve the detecting
efficiency and save labor costs for sorting. Acceptable vegetables are then size-graded by passing
them over screens with holes of different diameters. Some vegetables are passed over a series of
parallel bars with varying distances between the bars. In either case the screens may revolve or
vibrate. Peeling is another important preliminary operation since, in conjunction with washing, it
removes surface soiling and associated microbial contamination. Methods used include steam,
mechanical, flame, abrasive, and lye peeling.

Blanching of vegetables is carried out prior to the canning process for the following
reasons: (1) to remove respiratory gases that would reduce the ultimate vacuum in the can if they

Preparation
Containers —— | +——  Covering liquid

Exhausting

Sealing  *+—— Canends
Subject matter i
in this paper Sterilization
—_— ¥
Cooling .

Figure 1 Flow diagram of the canning process.
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were released during processing; (2) to inhibit enzymic reactions that might occur prior to the
heat-processing stage; (3) to promote shrinkage of the product, thus permitting an adequate fill of
the container: (4) to hydrate certain dry products that are not fully rehydrated prior to the
blanching operation, and (5) to preheat the product in order to assist the vacuum formation in the
can.

Different methods of blanching have been proposed. The most common is to immerse the
vegetables in hot water at 85—-95°C. The rotary immersion blancher, in which the product is
conveyed by a screw on the inside of a rotating reel, the bottom part of which is immersed in the
hot water, is widely used for this purpose. Chain conveyors are also used for transporting products
through the hot water. In hydraulic-type pipe blanchers, the product is pumped with hot water
through a continuous length of pipe; steam jets along its length are used to heat the water and
assist the flow.

Because hot-water blanching causes loss of some nutrients and gives rise to large volumes
of waste water, other methods have been proposed. The individual quick blanching (IQB)
technique (5), based on a two-stage heat-hold principle, was shown to improve significantly the
nutrient retention. The vegetable is heated in single layers to a temperature sufficiently high to
inactivate the enzymes; in the second stage they are held in a deep bed sufficiently long to cause
enzyme inactivation. Research and engineering efforts in the 1980s have led to the development
of improved blanching equipment that makes use of steam (saturated or superheated) and
recirculating hot water to improve nutrient retention, reduce leaching losses, and improve energy
efficiency (6). Other nonconventional blanching procedures use moisturized hot gas, microwave,
or ohmic heating techniques generally together with air cooling to minimize leaching.

B. Filling

Filling into glass or metal containers is accomplished mechanically or by hand. Apart from the
economic aspects, careful control of the filling weight is important for technical reasons. The
volume of the headspace may affect the efficiency of the exhausting procedure, and if an agitating
process is used, the rate of heat penetration into the container. The ratio of solid to liquid material
also influences the rate of heat penetration, thus affecting the extent of the heat processing
treatment.

C. Exhausting the Container

The basic objective for the exhausting operation is to create an anaerobic environment (vacuum)
in the can, which would inhibit microbial spoilage and minimize the strain on the can seams or
pouch seals during processing. The creation of a vacuum after cooling ensures that the ends
remain flat or slightly concave throughout moderate changes of storage temperature or barometric
pressure, thus providing assurance to the consumer of the integrity of the container (7).

There are three methods used for achieving a vacuum in the container: a heat-exhaust,
mechanical means, and steam injected into the headspace just prior to sealing. The heat-exhaust
method, a conventional technique, involves the passage of the filled containers through a steam
chamber or exhaust box prior to sealing. A vacuum is created in the can following condensation of
the steam. The mechanical method includes sealing cans in a vacuum closing machine, sometimes
preceded by vacuum syruping. In this method, cans filled cold with vegetable and syrup/brine are
passed into a clincher, which clinches the cans but does not form an airtight seal. The cans are then
subjected to a vacuum for only a short period of time. This practice will remove only the free
headspace air, but not all dissolved gases within the product. In the headspace injection method,
steam is flushed through ports around the seaming head of can closing machines in order to sweep
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out air from the headspace. Steam flow is generally used during sealing of glass containers. The
method is effective if a covering syrup or brine is present but may not be suitable for uncovered
solids containing occluded air. Pouches may be sealed in a partial vacuum, although the use of a
pressure plate that squeezes the pouch during sealing is often adequate.

D. Sealing

Can containers should be closed immediately after filling to prevent excessive cooling of the
surface of the product. Modern can seaming machines operate at speeds as high as 300 cans per
minute. Liquid products may be sealed in cans at speeds of up to 1600 per minute (8). The double
seaming operation is critical for the assurance of a hermetic seal and good keeping quality of the
final product during storage. Faulty seaming can result in deformations in the can during
processing and eventual recontamination. Glass jars are closed with a screw cap. The sealing of
flexible pouches, which relies on the fusion of two thermoplastic materials, is a slow operation,
and the high speeds obtainable for cans and glass containers are not yet possible.

E. Thermal Processing

The objective of thermal processing is to effect sterilization of the contents in the sealed container.
This is usually achieved by heating for a predetermined time and temperature under the given
heating medium. The often used heating medium for food thermal processing can be saturated
steam, heated water, or a steam—air mixture, which is largely determined by the type of package.
Those requiring excess overpressure, such as glass and pouch packs, are processed in water with
air overpressure, or in a steam—air mixture. The most widely used heating medium is saturated
steam, since it transfers heat to the product by a high heat transfer coefficient and high latent heat
of condensation. This is an ideal medium for the processing of cans. Water may be a more suitable
medium for glass jars where care must be exercised to prevent thermal shocks to prevent breakage
of containers. Some overpressure is desirable for these containers, especially during cooling, to
prevent seal collapse. For flexible containers, overpressure processing is necessary during both
heating and cooling. Steam/air mixtures or water with air overpressure media are employed for
these products. Several types of thermal processing have been applied for vegetable cans, such as
retort thermal processing. Some are detailed below. Following the retort operations, the containers
are adequately cooled to slightly above the room temperature (which helps in efficient surface
drying), labeled, and stored.

1. Retort Thermal Processing

Batch retorts. Retorts are specially designed pressure vessels in which the cans are loaded,
usually stacked or jumbled into crates or cars. They can be classified into different types such as
still vs. rotary or vertical vs. horizontal retorts. In general, these retorts are equipped to operate
with pressurized steam or steam-heated water with or without added air overpressure.
Conventional retorts have adequate control for steam pressure or temperature (since only steam is
present in these retorts, a given pressure will have a specific temperature). In these retorts, venting
is an essential step to remove the air from the retort so that a pure steam environment prevails in
the retort. However, those operating on the overpressure principle will have both temperature and
pressure controllers in order to maintain the desired temperature and overpressure processing
conditions. Several types of industrial-scale batch retorts are commercially available. Rotary
retorts are those in which the cans held in carts may be agitated through axial or end-over-end
rotation process. The Rotamat can provide end-over-end or axial agitation depending upon the can
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alignment in the rotating can, while the Orbitort rotates cans around their vertical axes after
locking them in a helix. The heat penetration into the canned product is vastly improved by
agitation, thus reducing process times and enabling higher temperatures to be used.

Continuous retorts. These can be of the rotary type, in which cans enter and leave the
pressure zone through self-sealing rotary valves, or of the hydrostatic type, in which the
mechanical valves are replaced by columns of water that balance the internal pressure.

Several types of continuous retorts are available in the food industry. The most widely used
rotary type is the FMC Sterilmatic cooker—cooler, in which cans are carried in compartments at
the circumference of a rotating reel. The reel pushes the cans through a spiral track attached to the
inside of the shell, the lead of the spiral advancing the cans through the chamber. In the Hydrolock
continuous cooker—cooler, agitation is achieved by cans rolling on a fixed perforated stainless
steel plate as they are pushed through the equipment by carriers. The containers enter via a rotary
paddle wheel with spring-loaded sealing bars. Hydrostatic cooker—coolers comprise “bring-up”
and “come-down” legs, which balance the internal pressure of the steam chamber. The containers,
which are conveyed through the machine by means of carriers connected to heavy duty chains, are
subjected to gradual pressure and temperature changes as they enter and leave the sterilizing zone.
Additionally, because only gentle rotation is applied, hydrostatic cookers are particularly gentle in
their treatment of product and container alike.

2. Aseptic Processing

Aseptic processing has become a success story for liquid or liquid-containing small particulate
foods. In this process, the food and the package are sterilized separately, and then they are
assembled under sterile conditions. The product is first subjected to heat by passing the liquid
product through a heat exchanger and held for a sufficient time in holding tubes to complete the
required heat treatment. Following the required treatment, the product is then passed through
another heat exchanger where it is cooled. The filling and sealing operations are then performed
under aseptic conditions. There are two main reasons for its use: (a) to permit the use of containers
that are unsuitable for in-package sterilization and (b) to take advantage of high-temperature
short-time (HTST) processes, which are thermally efficient and generally give rise to food that is
superior in quality to that produced by processing at lower temperatures for longer times.

3. Flame Sterilization

This technique is high-temperature (1370—1605°C) sterilization procedure for continuous, high-
speed processing of liquid-filled cans containing vegetable pieces under axial agitation. Thin
liquids, or solids packed in thin liquids, are suitable products for flame sterilization. The cans roll
over the flames for a short time interval. Because of the direct contact with flame and the large
temperature difference, heat is rapidly transferred to the contents of the can, creating the HTST
processing conditions. A preheating section, which uses steam at atmospheric pressure to bring
the contents to a uniform minimum temperature, is an essential step in this process.

lll. PACKAGING MATERIALS
A. Cans

There are usually two types of metal cans: three piece and two piece. The three-piece can remains
the most economical, reliable, and widely accepted form of tinplate container. Modern tinplate is
made by electrolytically depositing tin onto a thin steel base plate, which may vary in thickness
from 0.166 mm (double reduced) to 0.25 mm. Base plate specification is critical. Low phosphorus
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and trace metal content is necessary if good corrosion resistance is required, as is the case for
some fruits. Tin coating weight is expressed in grams per meter squared (g/m?) and varies from
1.4 to 11.2, the actual amount depending upon the condition applying, and whether a protective
lacquer is applied. The tin coating weight may need to be different for the internal and external
surfaces of the can. To satisfy this requirement, differentially coated plate is available as follows

®):

Type L: Used for strongly corrosive products, so this steel carries the most rigorous
restrictions on composition.

Type MR: To furnish benefits of low phosphorus steel for uses where small amounts of
nonferrous metals are of no consequence. Used for mildly corrosive foods.

Types MC: Containing added P for strength. Used for applications in which neither this nor
other residual elements matters. Used for foods producing little corrosion.

The three-piece can is made from a cylindrical body and two ends. To form the body, sheet
cut from the coil is formed into blanks which are notched at the corners, so that when the side
seam is formed the ends of the seam comprise only two thicknesses of metal. The side seam is
formed by hooking the edges and locking these together to form the cylinder. Solder flowed into
the seam completes the seal, after which the edges are flanged ready to receive the can ends. The
can ends are stamped from tinplate and sealing compound is deposited in the curl at the edge.
Once the end is positioned on the flange of the can body it can be formed into a seam by a two
stage operation consisting of (a) rolling the curl of the end under the flange of the body and (b)
ironing these together in a precise manner.

Two-piece cans, made from either tinplate or aluminum, are popular for some applications,
for example, in the beverage industry. These are made by drawing a can complete with base from a
single disc of metal. Developments in the methods of producing drawn cans enable full height
cans to be made by this process. Two-piece drawn-redrawn cans, unlike their three-piece
counterparts, nest top-to-bottom in stacks, giving greater stack stability and lower shelf profiles
for an equal number of cans.

B. Glass Containers

Glass containers are suitable for a wide variety of heat-processed foods. When provided with a
suitable closure, the jar or bottle provides an inert, hermetic, durable, and transparent package that
is well suited for processed vegetables. Transparency of glass makes it the ideal choice for many
products displayed for the consumer on the retail shelf. In addition, the resealability and storage
characteristics of glass containers give them added consumer appeal.

Containers used for sterilized low-acid products such as vegetables are sealed by vacuum
hermetic closures, the three types in general use being the pry-off (side seal), the lug type (twist-
off), and the PT (press-on twist-off). These caps are applied and sealed in steam-flow cappers, and
retained in place during the sterilization process by the vacuum so formed and an applied
overpressure.

C. Flexible Pouches

Development of the retort pouch concept began in the U.S. in the early 1950s. Japanese and
European firms obtained U.S. methods and technology through licensing arrangements that
allowed them to start production of foods packed in retort pouches in the late 1960s. In 1968 the
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U.S. Army Natick Development Center undertook a reliability study of the pouch. In comparing
seal integrity, sterility, and overall defects, it was found that retort pouches could be produced that
were equal to metal cans.

The structure of the pouch in general use is a three-ply laminate of polyester/aluminum foil/
polypropylene in which the polypropylene forms the inner seal and the aluminum an oxygen and
light barrier. Pouches of this makeup withstand sterilization temperatures of up to 130°C, which
enables an HTST process to be applied, thus taking advantage of the thin cross section.

Many commodity foods such as corn, green beans, sliced or diced carrots, as well as special
packs, such as potato salad, are candidates for this method of packaging.

IV. PRINCIPLES OF THERMAL PROCESSING

Foods subjected to thermal processing are not sterile, and the processes are not designed to make
them sterile. The success of thermal processing depends on the destruction of all pathogenic and
most spoilage-causing microorganisms in a hermetically sealed container, and creating an
environment inside the package that is not conducive to the growth of spoilage-type
microorganisms and their spores. Indeed, together with the nature of the food (pH), the
environment (vacuum), its hermetic packaging, and the storage temperature, the given heat
process prevents the growth of microorganisms of spoilage and public health concern.

In foods that are packaged under vacuum in hermetically sealed containers, low oxygen
levels are intentionally achieved. Therefore the prevailing conditions do not support the growth of
microorganisms that require oxygen (obligate aerobes) to result in food spoilage or public health
problems. Furthermore, the spores of obligate acrobes are less heat-resistant than the microbial
spores that grow under anaerobic conditions (facultative or obligate anaerobes). The growth and
activity of these anaerobic microorganisms are largely pH dependent. From a thermal processing
standpoint, foods are divided into three pH groups: (a) high-acid foods (pH < 3.5), (b) medium-
acid foods (pH < 4.5), and (c) low-acid foods (pH = 4.5). Vegetables and most of their products
belong to the low acid group. The most important distinction in the pH classification, especially
with reference to thermal processing, is the dividing line between acid and low-acid foods. Most
laboratories concerned with thermal processing have devoted attention to Clostridium botulinum.
It has been generally recognized that C. botulinum does not grow and produce toxin below a pH of
4.6. Hence the dividing pH between the low-acid and acid groups is set at 4.5. In the low-acid
foods (pH > 4.5), the destruction of C. botulinum spores is the primary concern and is the basis
for establishing the process. However, there may be other microorganisms, for example, Bacillus
stearothermophilus, B. thermoacidurans, and C. thermosaccolyaticum, more heat resistant than
C. botulinum. These are generally thermophilic in nature (optimal growth temperature ca. 50—
55°C) and hence are of little concern if the processed cans are stored at temperatures below 30°C.

In order to determine the extent of heat treatment, several factors must be known (9): the
type and the heat resistance of the target microorganism, spore, or enzyme present in the food; the
pH of the food; the storage conditions following the process; the heating and heat transfer
conditions; and the thermophysical properties of the food and container shape and size. Some of
these are reviewed below.

A. Heat Transfer

The mechanism of heat transfer is one of the key basic theories for the successful establishment of
thermal processes, since it is used for determining the time—temperature profiles at specific
positions in the container. The process of retort thermal processing (or canning) belongs to

Copyright 2004 by Marcel Dekker, Inc. All Rights Reserved.



unsteady-state heat transfer as the temperature of foods in the container continuously changes
during processing. From an overall heat transfer process of view, there are three stages in the
processing of canned foods. The first stage is heat transfer to the container from the heating or
cooling medium; the main modes of heat transfer in this stage to be considered for the various
heating media are detailed in Holdsworth (10). When the heating media is steam, the heat is
transferred by condensation, which results in extremely rapid heat transfer across the container
surface; thus the surface resistance to heat transfer can practically be neglected. In the case of
other media (air, water, steam/air, or water/air), the main mode of heat transfer is convection, and
it is necessary to take the convective heat transfer coefficient into account.

The second stage is through the container wall, in which the main transfer mode is
conduction. For metallic containers of normal thickness, the thickness and the thermal
conductivity of the material are such that there may be no appreciable resistance to heat transfer.
However, for glass bottles and plastic containers there is a significant resistance, and this should
be considered in determining the overall heat transfer resistance. The third stage is heat transfer
into the product from the container wall; the types of heat transfer modes in this stage will be
conduction, convection, or a combination depending on the types of food materials to be heated.
Usually vegetable foods can be divided into four types: solid and liquid, which have
corresponding heat transfer modes, conduction and convection.

1. Conduction

Governing equations. Heat penetration by conduction is based on Fourier’s equation, established
by the French physicist Jean Baptiste Joseph Fourier (1768—1830) and written as

oT
— = kV’T 1
e, (1
or
oT
— = aV?T 2
= (2

where p is the density (kg/m?), ¢ the specific heat or heat capacity (J/kg°C), k the thermal
conductivity (W/m°C), « the thermal diffusivity (m?/s), and V* the Laplace operator, given by
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Equation (3) can be expressed in a variety of forms depending upon the coordinate system
being used (Carslaw and Jaeger, 1959), such as
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FT 20T 10T

Fw = (6)

2 ror aor
where Egs. (4), (5), and (6) usually represent the governing differential equations (no heat flow in
angular) with different can or particulate shapes: rectangle, cylinder, and sphere, respectively. x, y,
z are the coordinates of a rectangle can or food particulate, 7 is the coordinate in the radius, and z is
the coordinate in the height.
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Initial and boundary conditions. The solution of a partial differential equation is dependent
on the initial and boundary conditions. For the retort thermal processing of foods in cylinder cans,
there are two types of initial conditions: a uniform temperature 7 or temperature function 7 (7, z,
0) in space. Usually the former is used at the beginning of the heating period, while the latter is
used at the beginning of the cooling for canned foods which have not achieved a uniform
temperature distribution at the end of the heating period, especially with large can sizes. These
initial conditions can be expressed as

T(r,z,t) =T at t=0 (7)
T(r,z,t)=Ty(r,z, 1) at t=0 (8)
Boundary conditions specify the temperature as a function of time at the two boundaries of the

object. There are usually three categories of boundary conditions: Dirichlet, Neumann, and
Robbins, which are expressed as

T,z t)=Tr atr=aorz=1L 9)
oT

87:0 atr =0

; w
g:O atz=0

oT

k—=hTr — T(r,z,t)] at r=a

or

oT (an
kg:h[TR—T(r,z,t)] at z=1L

where Ty is the retort temperature constant or varying with time at come up time or VRT
processing, / is the over-heat transfer coefficient, a is the radius of the can, and L is half of the can
height. Eq. (9), the Dirichlet condition, is used at the can surface for the heating medium, pure
steam; Eqs. (10), the Neumann conditions, is used at the can center axes of radius and height; Eqs.
(11), the Robbins conditions, are used at the can surface but for the heating medium not pure
steam.

Solutions of the governing partial differential equations. There are two ways to solve the
governing partial differential equations: analytical and numerical. Taking Eq. (5) (a cylindrical
can) as an example, solutions are described as

1. Analytical method. This, called classical method, was first used for solving the
differential equations of heat conduction. The solutions for temperature ratios (U) under transient
conditions in an infinite slab and infinite cylinder with uniform initial temperature and finite
convective surface heat transfer, when plunged into a constant-temperature medium, were
obtained by Carslaw and Jaeger (11). Equations were for an infinite slab or plate,

T & 2sin B B,x  at
U= - S P s(%) exp (-8, 73) 12
Tr — To ZBn + sin 3, cos B, cos( L )exp B L? (12)

n=1

where 3, is the nth positive root of

Btan B = Bi (13)
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where Bi is the Biot number, and for an infinite cylinder,

Jo(yur/a) o
_2BZZ(BZZ+%72)JO(%[) p(—vn;> (14)

Where v, is the nth positive root of

YJo(y) = Bi Jo(7y) (15)

For sufficiently large values of 7 (at/L? or at/a* > 0.2), all terms in (12) and (14) except the
first will vanish. Further, at the center of a cylinder or slab, x = r = 0. Imposing these conditions,
Eqgs. (12) and (14) are then simplified for an infinite slab or plate to

ot
Unp = Ry exp( =5, p) (16)
and for an infinite cylinder,
t
Use = R. exp(—SC %) (17)
a
where R,,, R., Sp, and S; are characteristic functions of Biot number as given below:
2sin 3,
Ry =———————— 18
P B +sin B, cos B, (13)
Sp =By’ (19)
2Bi
Ri=—i—"b— (20)
(B2 + y)Jo(yy)
S. =7 1)

Ramaswamy et al. (12) developed simple equations to predict R and S values from the Biot
number for an infinite slab or plate,

Bi Bi
R, = 0.1138 arctan (Bi) + 0.1111 arctan (3) — 0.05142 arctan (71) +1.0016  (22)

Bi Bi
Sp = 20738 (=5 + 02795 arctan (3’) —0.02915 arctan (5Bi) +0.001171  (23)

and for an infinite cylinder,

Bi
R. = 0.4411 arctan <21> + 0.007242 arctan (11Bi) — 0.1021Bi(Bi + 11) 4+ 0.9984 (24)

Bi Bi
Se =4.1093 — Bit2) + 1.2365 arctan (;) — 0.1641 arctan (2Bi) — 0.007762 (25)

Some values of characteristic R and S functions at low and high Biot numbers are listed in Table 1.

The temperature at any other location can be conveniently obtained from the center
temperature. The unsteady temperature ratio at any given location for an infinite slab (U,,) and
infinite cylinder (U,.) can be obtained from

Usp = Usp cos(Spl/z %) (26)

”
U = Usedo (Scl/2 ;) (27)
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Table 1 Some Properties of R and S Functions at Low and High Biot Numbers

Infinite slab Infinite cylinder
Biot number R, Sy R, S.
0.02 1.003 0.020 1.005 0.040
50.0 1.273 2.372 1.600 5.557
Infinite 1.273 2.467 1.602 5.783

where the Bessel functions of zero order (Jy) can be calculated by

X 1\1.2n
Joz) =1+ 2(221()7['2)2 (28)

Some finite objects may be considered to be formed as the intersections of two or more
infinite objects. A finite cylinder, for example, may be thought of as being formed from the
intersection of a finite slab with an infinite cylinder. Temperature ratios at the centers of a finite
cylinder can be obtained from

Uote = Uop Use (29)
and at any given location other than the center
U = U Uy (30)

In most thermal processing applications, the heating behavior is characterized by a heating
rate index, £, and a lag factor, j. Representing f'and j by the following expressions, the equation for
the temperature distribution in the cylinder can be written as

U :jexp(—z'j,mt> 31
2.303

/= S+ Sjaa ey

J=RyR. (33)

2.  Numerical solutions. Many of the mathematical models for heat transfer into
cylindrical containers have complex boundary conditions that do not permit simple analytical
solutions to be obtained in a form that can easily be manipulated. Consequently, numerical
methods have been developed, and they are now extensively used because of their suitability for
modern computing (10). Numerical techniques used for solving partial differential equations
include the finite difference method and the finite element method. The former is suitable for the
case of regular shape and constant thermophysical properties and the latter for more complex
cases. For the present case, the finite difference method was chosen to solve the differential
equations for obtaining the temperature distribution, on the assumption that the can shapes are
regular such as cylindrical or rectangular and the food thermal properties remain constant during
heating.

The finite difference method consists of four steps. The first step is to take a section from a
can or a particulate and divide it into a number of nodes dependent on the size and time interval.
The second step is to replace the derivatives with the difference quotients. The third step is to give
the initial and boundary conditions. The final step is to use an iteration method to calculate the
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temperature at different times and locations. Taking the cylindrical can for example, one fourth of
a vertical cross section is divided into n*n elements as shown in Fig. 2. There are two methods,
explicit and implicit, for solving the partial differential equations. Using the explicit method, Eq.
(5) can be written in finite difference form as

alt
TG j k) = T4, k) +F[T(i—l,j,k) — 2T i) + Tis1,j.0)]
alt

E[T(H,j,k) — Tiv1,j0)]
alAt
+ E[T(i,jfl,k) — 2T 0 + Ta, j+1.0] (34)

where subscripts i, j, k represent the step in radius, height, and time, respectively.

Two important aspects of this solution method are the convergence and the stability criteria.
Convergence implies that the finite difference solution will reduce to the exact solution when the
size increments are infinitesimally small. Stability implies that the errors associated with the use
of increments of finite size, round-off errors, and numerical mistakes will not increase as the
calculations proceed. The convergence condition for the explicit method is

1 [ APPAZ2
3= 5 (s a0) 43

Comparatively, using the implicit method, the basic equation is given by

alt
Tijk+1) = T jn +E[T(i71,j,k+l) — 2T j i1y + Tl k1)

alt
il i/ —Toit
+2rAr[ =17, 5+1) — Tiit1,j.k+1)]

alt
+ E[T(Lj—],k-k—l) =274 jk+1) + T jr1,k41)] (36)

Theoretically, the solution of the implicit method is unconditionally stable, but this method
results in three unknown temperatures, as shown in Eq. (36), and m*n equations, where m and n

—
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- r é
1+1,)
0
Y a
Ax »
Zz . L
N 0+l
__--""-/
F

Figure 2 Labeling of grid nodes on a vertical plane of the can.
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are the number of nodes for the radius and half of the height of the can. The nodal temperatures
are obtained by simultaneous solution of the equations. Thus the implicit method will take much
more computing time than the explicit method.

Both the explicit and the implicit method have been used to model the heat penetration for
the canned thermal processing (4,13).

2. Convection

Convection heat transfer inside containers results either from the natural effects of changes in
density in the liquid induced by changes in temperature at the container walls (free or natural
convection) or by creating motion in the container contents by axial or end-over-end rotation
(forced convection). There are three approaches developed for the prediction of temperatures in
the heating of canned foods by convection: the energy balance model, the effective thermal
diffusivity model, and the transportation equation model. The energy model is the simplest of the
models, in which a bulk mean temperature (75) of the fluid and the overall heat transfer (%) were
used. The basic equation for the temperature in the fluid core is

TR_TS
Ir — T

=1 0*2.3(;?,)(1/’ (37)

where / is the overall transfer coefficient, A4 is the area of the can surface, c is the specific heat, V'is
the volume of can, and p is the density of the foods.
Comparing Eq. (37) with the heat penetration equation in the same form, we have

o — T
s AL G8)
Therefore
2.303pcV
f= hAPC and  j=1 (39)

It should be noted that this equation was derived assuming that the system complies with
Newton’s law of heating/cooling. Convection heating under these ideal conditions implies that at
time zero a step change in the heating medium temperature occurs with an instantaneous surface
response to the new temperature. Under ideal conditions, there will be no temperature gradients
inside the body. These conditions occur only in a unit of infinitely small volume. The associated
Biot number will be very small (Bi < 0.1).

B. Kinetics and Thermal Processing

1. Basic Equations

The kinetics changes in thermal processing, including microbial inactivation, enzyme
inactivation, and the degradation of quality factors, is mostly widely described by the general
equation

dC

— = —k(C)" 40

= —k(O) (40)
where £ is the rate constant; c is the concentration of a reacting species at any time ; » is the order
of reaction. For the majority of foods, the time dependence relationships appear to be described by
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zero- or first-order models (14). By integrating Eq. (40), we can have zero-order (Eq. 41), first-
order (Eq. 42) and fractional conversion (Eq. 43) kinetic models as follows:

C=Cy+kt (41)
C = Cyexp(—kt) (42)
Cc—-C
—_ T _ — 4
Go-C exp(—kt) (43)

where Cy and Cy represent the initial and final equilibrium value of the quality factor C. In
addition, the logistic model is one of the important kinetic models. As a special case of logistic
model, we can write

U

C = U ek = 1)) (44)

where U, is a constant value related to the initial C value, U is a constant value related to the final
C equilibrium value, and #, is the time constant value when the C value increases (decreases) to
half of U.

2. Decimal Destruction Time (D value)

Numerous evidences suggest that the thermal destruction of microorganisms and quality factors
follow a first-order reaction indicating a logarithmic order of death. In other words, the logarithm
of the surviving number of microorganisms following a heat treatment at a particular temperature
plotted against heating time will give a straight line curve (Fig. 3). These curves are commonly
called survivor curves. The destruction rate is defined as a decimal reduction time (D value),
which is the heating time in minutes at a given temperature required to result in one decimal
reduction in the surviving microbial population or the concentration of quality factors. In other
words, the D value represents a heating time that results in 90% destruction of the reactant
concentration. Graphically, this represents the time range between which the survival curve passes
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Figure 3 A typical survivor curve.
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through one logarithmic cycle (Fig. 3). Mathematically,

_ (-t)
"~ log(a) — log(b)

where a and b represent the survivors following heating for #; and 7, min, respectively.

The logarithmic nature of the survivor or destruction curve indicates that complete
destruction of microbial population is not a theoretical possibility, because a decimal fraction of
the population should remain even after an infinite number of D values. In practice, calculated
fractional survivors are treated by a probability approach; for example, a surviving population of
10~ ®/unit would indicate one survivor in 10® units.

In food microbiology, another term is often employed: thermal death time (TDT), which is
the heating time required to cause microbial death or destruction. TDT data are obtained by
subjecting a microbial population to a series of heat treatments at a given temperature and testing
for survivors. The TDT represents a time between the shortest destruction and the longest survival
times. The death in this instance generally indicates the failure of a given microbial population,
after the heat treatment, to show a positive growth in the subculture media. If TDT is measured
with reference to a standard initial load or load reduction, it represents a multiple of the D value.
For example, if TDT represented the time to reduce the population from 10" to 10°, then TDT is a
measure of 12 D values.

It should be noted that there are several causes for deviation in the logarithmic behavior of
the survivor curve. The first deviation is observed as a lag during the start of the heating period,
whereas the second is represented by the tailing of the survivor curve at the end of the holding
period and the commencement of the cooling process. The presence of a shoulder on the survivor
curve of a spore-forming microorganism is attributed to the nature of the spore germination. A
detailed discussion of several factors causing apparent deviations of the logarithmic order of
microbial death has been provided (15), showing typical survivor curves for each situation: (a)
heat activation for spore germination, (b) mixed flora, (c) clumped cells, (d) flocculation during
heating, (e) the nature of the subculture medium, and (f) anaerobiosis. The various factors that
influence the thermal resistance of bacteria are also summarized (15): conditions present during
sporulation (temperature, ionic environment, organic compounds, lipids, age, or phase of growth)
and conditions present during heat treatment (pH and buffer components, ionic environment,
water activity, and composition of the medium).

(45)

3. Temperature Dependence (z value)

The D value depends strongly on the temperature employed. Higher temperatures obviously result
in smaller D values. There are two types representing the relationship between the D value and the
temperature: (a) the thermal death time method and (b) the Arrhenius kinetic method.

Thermal death time method (D—z model). The temperature sensitivity of D values at
various temperatures is normally expressed as a thermal resistance curve with log D values plotted
against temperature (Fig. 4). The temperature sensitivity indicator is defined as a z value, which
represents a temperature range that results in a 10-fold change in D values, or graphically it
represents the temperature range through which the D value curve passes through one logarithmic
cycle. Mathematically,

. (T, — Th)
~ log(Dy) — log(Dy)

where D and D, are the D values at 7 and 75, respectively. The D value at any given temperature
can be obtained from a modified form of the above equation using a reference D value (D, at a

(46)
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Figure 4 A typical thermal resistance curve.

reference temperature, 7, usually 121°C for thermal sterilization):
D = Dy 1071z (47

Arrhenius kinetic method (k—E model). One of the most important approaches to modeling the
effect of temperature 7 (in kelvins) on the specific reaction rate k (s~ ') was produced by Arrhenius
(1889) as

k= Aexp <;l;a) (48)

k =exp <—§a) (Tjef - ;) (49)

where 4 is a frequency factor (s~ '), Ea is the activation energy (kJmol "), and R is the molar gas
constant (8.135Jmol 'K~ !). T and T, are the temperature and reference temperature (K),

respectively.
The following relationship between Fa and z is useful and works well within the range of

temperatures used for kinetic data gathering, but it can lead to large errors if used outside the
range (16):

or

T
Ea = 2.303R e — (50)
z

C. Lethality Concept

Lethality (£ value) is a measure of the heat treatment or sterilization processes. To compare the
relative sterilizing capacities of heat processes, a unit of lethality needs to be established. For
convenience, this is defined as an equivalent heating of 1 min at a reference temperature, which is
usually taken to be 121°C for the sterilization processes. Thus the F value would represent a
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certain multiple or fraction of the D value, depending on the type of the microorganism; therefore
a relationship like Eq. (4) also holds good with reference to the F' value:

F = Fy107-1/= (51)

The Fj in this case will be the F' value at the reference temperature (7;). A reference (or
phantom) TDT curve is defined as a curve parallel to the real TDT or thermal resistance curve
(i.e., having the same z value) and having a TDT (F value) of 1 min at 121°C. With a phantom
TDT curve so defined, it will be possible to express the lethal effects of any time—temperature
combination in terms of equivalent minutes at 121°C or lethality or

Fy = F107-1/z (52)

Thus an F value of 10min at 115°C is equivalent to an Fy of 2.78 min while the same F'
value at 125°C is equivalent to an Fy of 27.8 min when z = 10°C. In these situations, it is assumed
that heating to the appropriate temperature and the subsequent cooling are instantaneous. For real
processes, where the food passes through a time—temperature profile, it should be possible to use
this concept to integrate the lethal effects through the various time—temperature combinations.
The combined lethality so obtained for a process is called process lethality and is also represented
by the symbol Fj. Furthermore, with reference to the processing situation, the lethality can be
expressed as related to a specific location (normally thermal center) or any other arbitrarily chosen
location or the integrated over the container. From the microbiological safety point of view, the
assurance of a minimal lethality at the thermal center is of utmost importance, while from a
quality standpoint it is desirable to minimize the overall destruction throughout the container.

The criteria for the adequacy of a process must be based on two microbiological
considerations: (a) destruction of the microbial population of public health significance and (b)
reduction in the number of spoilage-causing bacteria. For low-acid foods, the microorganism of
public health significance is C. botulinum, and hence destruction of the spores of this organism is
used as the minimal criterion for processing. Once again, it has been arbitrarily established that
the minimum process should be severe enough to reduce the population of C. botulinum through
12 decimal reductions. Based on published information, a decimal reduction time of 0.21 min at
121°C (15) is normally assumed for C. botulinum. A 12-decimal reduction would thus be
equivalent to an F value of 12—0.21 = 2.52min. The minimal process lethality (F,) required is
therefore 2.52 min. Several low-acid foods are processed beyond the minimum value. An F, value
of Smin is perhaps more common for these foods. The reason for this is the occurrence of more
heat-resistant spoilage-type microorganisms that are not of public health concern. The average D,
for these spoilage microorganisms is about 1 min. An F value of 5min would only be adequate to
achieve a 5D process with reference to these spoilage microorganisms. It is therefore essential to
control the raw material quality to keep the initial count of these organisms below 100 per
cont?iner on an average, if the spoilage rate were to be kept below one can in a thousand (107 to
1077 = 5D).

D. Process Calculations
1. General Method

The general method devised by Bigelow et al. (1) is the simplest and most accurate of all methods,
involving graphical or numerical integration of the Eq. (53):
r

!
F :J 10="dt (53)
0
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The lethal effects at the different time—temperature combinations in a thermal process are
integrated so as to account for the total accumulated lethality, since each temperature is considered
to have a sterilizing value. Thermal destruction curves are obtained by plotting the time required
to destroy the microbial population against the heating temperature. From the thermal destruction
curve it is possible to obtain a lethal rate value for any temperature during the entire process.
Process time calculation is based on the formula

F
I _10%-D/z = pr (54)
Fr

The term 10" or TDT is equivalent to the thermal death time of 1 min at the reference
temperature 7,. However, to determine the lethal effect at any temperature 7T the reciprocal of Eq.
(54) is used:

1 1
_ _ 10Dz
o7 ~ 100-% 10 (55)

The lethality rate (1/7DT) is then used in a graphical integration procedure to compute
thermal process times (17). The precision of this method is mainly dependent on how accurate the
temperature measurements are as well as the time intervals for these measurements. This method
is known as the improved general method since it is accurate and does not rely on assumptions
about the heat penetration, but it is laborious (9,15,17).

2. Some Formula Methods

In order to estimate the process time or accumulated lethality under a given processing condition
easily and faster, several formula methods (Ball, Stumbo, Pham, etc.) have been developed since
the 1920s.

The Ball method is the simplest and most widely used technique for process calculations. It
is based on the following equations derived from the heat penetration curve to estimate the
process time, B (min):

1
B = fnlog (jh h)
8c

L =T —T; (56)
gc:TR—T
. TR — Tpin
=
Ir — T

where Ty is the retort temperature, Ty is the initial product temperature, 7T, is the pseudo-initial
product temperature, f; is the heating index, j}, is the heating lag factor, and /;, and g, are the initial
and final temperature differences (at the end of cooking), respectively. The determination of g, is
the key to estimate the process time using Eq. (56). Ball found and developed the relationship
between f;,/U and g in the form of a table as well as in figure format, which greatly increases their
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usefulness and ease of application; U is numerically equivalent to

U = FyF; (57)

F, = 1001211-Tw)/z

where F| is the desired process lethality and F; is the number of minutes at the retort temperature
equivalent to 1 minute at 121.1°C.

In deriving the above relationship between g and f;,/U, Ball gave some assumptions as
follows: fi, = f., j. = 1.41, z = 10°C, and the cooling curve is initially hyperbolic followed by
logarithmic. These assumptions became limitations to the use of Ball method.

In order to overcome these limitations of Ball method, Stumbo and Longley (18) published
limited tables (z of 12 to 22) of f,/U : g that accounted for variations in the j value of cooling
curves. Relationships for these tables were arrived at manually using the general method of
integration. Later, Jen et al. (19) presented representative tables of f,/U : g, the values which were

Table 2 Process Calculation by the General Method

Time (min) Temperature (°C) L=10(T — T)/z L*At > L*At
0 16.4 0.000 0.000 0.000
2 17.5 0.000 0.000 0.000
4 21.4 0.000 0.000 0.000
6 29.2 0.000 0.000 0.000
8 36.9 0.000 0.000 0.000

10 46.4 0.000 0.000 0.000

12 56.4 0.000 0.000 0.000

14 68.1 0.000 0.000 0.000

16 76.9 0.000 0.000 0.000

18 86.4 0.000 0.001 0.001

20 94.2 0.002 0.004 0.005

22 103.6 0.018 0.036 0.040

24 110.0 0.077 0.155 0.195

26 113.6 0.178 0.356 0.551

28 116.1 0.316 0.632 1.183

30 118.1 0.495 0.990 2.173

32 119.2 0.639 1.278 3.451

34 119.7 0.726 1.453 4.904

36 120.0 0.774 1.549 6.452

38 120.3 0.825 1.651 8.103

40 120.8 0.938 1.876 9.979

42 121.1 1.000 2.000 11.979

44 121.1 1.000 2.000 13.979

46 118.6 0.562 1.125 15.104

48 110.3 0.083 0.165 15.269

50 96.4 0.003 0.007 15.276

52 82.5 0.000 0.000 15.276

54 69.2 0.000 0.000 15.276

56 58.1 0.000 0.000 15.276

58 46.9 0.000 0.000 15.276
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Figure 5 Semilogarithmic plot of a heating curve.

obtained by the computerized finite difference method of Teixeira et al. (4). Purohit and Stumbo
(20) refined the method of Jen et al. (19) and developed separate tables (57) covering the z values
from 8°F to 200°F, which make it possible for the Stumbo method to be used for the destruction of
different microorganisms such as bacterial spores, vegetative cells, and nutrients.

Pham (21) developed two sets of simple algebraic equations and simplified tables for
thermal process calculations, one for U/f;, > 1 and the other for U/f;, < 1. Pham (1987) claimed
that his method provides values at least as accurate as Stumbo’s and is more versatile because his
one table substitutes for the 57 tables published by Stumbo. Pham (22) amended his equations to
cover situations in which the heating and cooling rates differ, i.e. f;, # f..

3. Methodology of Process Calculation for Sterilization of Vegetables

Canned vegetables belong to the low-acid foods (pH value > 5.0), for which the minimum
process required is Fy = 2.52min, which is often referred to as a “botulinum cook”. Frequently,
based on the presence of other heat-resistant micro-organisms, a process lethality of 5—10min is
usually adapted. The process calculation can be performed using either the general or the formula
method as discussed above. A typical calculation using numerical integration techniques is shown
in Table 2.

The formula method may also be employed using one of two approaches. The first approach
is based on the criterion of achieving a certain minimal center point temperature in the product, for
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Table 3 Process Time Calculation Using Ball Method

1 f 30min
2 Jeh 1.2
3 Retort temperature (7;) 121°C
4 Initial temperature (73) 21°C
5 L=T—-T, 100°C
6 Jenln 120°C
7 log ( jenlhn) 2.33
8 Target temperature (7;) 111°C
9 g=T,—-T, 10°C
10 log(g) 1.0
11 B = fi*log(jenln) — log(g) 68.9min

example, 111°C. Using the heat penetration parameters and the above criterion, the process time
can easily be calculated using Ball’s formula:

B = fo(logjentn — log gc) (58)

The parameters f;, and j;, are obtained from the heat penetration data (Fig. 5), and T, and 7;
are known. The value for g. is also known because g. = T, — 111 (using the above criterion). A
sample calculation is shown in Table 3.

The other approach in using the formula method is based on Ball or Stumbo tables with a
reference temperature of 250°F and a z value of 18°F. Typical examples of process calculations
using Stumbo’s formula method (1) for calculating process times when the required process
lethality is known and (2) for calculating process lethality when the process time is known are
shown in Tables 4 and 5.

Table 4 Calculation of Process Time Using Stumbo Method

1 Jeh 1.30
2 o 12.9min
3 Process lethality (F) Smin
4 Retort temperature (7;) 121°C
5 Initial temperature (73) 60°C
6 L=T—-T 61°C
7 Jen™ln 79.3
8 log (jen*Tr) 1.9
9 z 10°C
10 F=101217T2)= 1.0
11 U = fi/(Fo*Fy) 2.58
12 Jec 1.6
From Stumbo’s table for z = 10°C ( j.. = 1.8)
Obtain g value by interpolation
/U g value
20 234
3.0 3.89
Interpolate
2.58 3.23
13 B = f [log (Jjen In/2)] 17.9min
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Table 5 Calculation of Process Lethality Using Stumbo Method

1 Jeh 1.30
2 f 12.9min
3 Process time B 17.9min
4 Retort temperature (7;) 121°C
5 Initial temperature (7;) 60°C
6 L=T—-T 61°C
7 Jen*h 79.3
8 log ( jen*I1) 1.9
9 z 10°C
10 F, = 10189 Ty/7 1.0
11 Blfy 1.39
12 log (g) = log (jen*I) — Bl 0.51
13 g 3.23
14 Jee 1.6
From Stumbo’s table for z = 18°F ( j.. = 1.8)
Obtain f;/U value by interpolation
/U g value
2 2.34
3 3.89
Interpolate
2.58 3.23
15 Fo = A/[( S/ U)*F] 5.0min
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Vegetarian Products
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I. CANNED CHINESE BAMBOO SHOOTS
A. Raw Materials

Young stems of bambusa, a perennial Gramineae, are called bamboo shoots. Bambusa oldhamii,
Phyllostachys makinoi, Phyllostachys pubescens, Phyllostachys pubescens (in winter), Bambusa
edulis, and Dendrocalamus latiflorus (Fig. 1) are the six principal species used in our diet (1). As a
food material, bamboo shoots have many merits: they are abundant in vitamins A, B, B,, and C
(2), are low in calories, contain crude fiber valuable for digestion, have crisp texture, are covered
with several layers of hulls to prevent pesticide contamination, and retain a good taste after
processing. Bamboo shoots can be processed to obtain canned, refrigerated, dried, salted, or cured
products. Canned products may be in tinplate cans or retort pouches. Tinplate cans contain
processed fresh materials; retort pouches contain processed salted or cured materials. Most
tinplate can products are used for cooking, and the pouch products are ready to eat.

It is necessary to choose the right materials for suitable products. This means paying
attention to bamboo shoot quality, which in turn depends on soil, climate, and culturing
techniques. Quality aspects for canned-product raw materials to be considered include size,
freshness, tenderness, and shape (3). Excellent shoot materials are generally thick in the fleshy
portion and short between knobs, have almost no crook, and look similar to a cannonball or
hanging bell in shape. Length is also important: with regard to Dendrocalamus latifloxus, 2.5
times the length from base to tip of the base diameter is required for manufacturing good products.
Bamboo shoots with stale fiber, worm disease, scratch marks, or knife injury, whether from
harvesting or from tip cut (see dehulling below), should be rejected as canning materials, though
they may be acceptable for salting or curing.

B. Processing Procedures

Canned bamboo shoots are usually processed as shown in Fig. 2. Described below are crucial
steps and key points to be heeded to obtain good quality products (3,4).
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Figure 1 Bamboo shoots.

1. Boiling

The raw bamboo shoots are put in stainless tanks. A large volume of water is added and steam is
introduced for boiling. Boiling specifications depend on the size and texture of the shoots: either
continuous boiling at 100°C for 4 hours (by far the most common method) or at 120° for 40—60
minutes is necessary. To prevent damage to the shoot bodies, strong metal cages with open-and-
close bottoms are used. The cages are easily hung up with chain pulleys while the boiling water is
drained from the tanks.

2. Cooling and Floating

Cool water is flushed into the tanks; the boiled shoots float and their centers cool rapidly. About
1020 hours are required to complete this step. Insufficient cooling will result in bacterial growth
and pH decline, turning the shoots from white-yellow to pink-brown. Floating the shoots too long,
however, will likely also degrade color, flavor, and nutrition. In addition to making dehulling and
cutting easy, cooling and floating also remove tyrosine, a compound contained in bamboo shoots
that would otherwise cause juice turbidity in finished canned products.

3. Dehulling, Cutting the Base Part, and Chamfering

Hulls are outer protective layers of bamboo shoots; after cooling and floating, they should be torn
off either by hand or by dehullers. Dehulling by machine is much faster, but the tip shoots are
more easily injured, so the action must be done carefully. Longer shoots will also require that the
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Figure 2 A flow sheet for processing of canned bamboo shoots.

bottoms of their base parts, which are not suitable for canning, be cut off. This is done manually
with a knife. The cut should be done close to the bottom of the base so that no cavity appears in
cross section. Chamfering follows, using a bow-shaped bamboo strip drawn with nylon line to
remove the soft cuticle and remaining epidermis.

4. Sorting/Grading and Cutting

Shoots are sorted to separate out faulty shoots and are then graded according to size and length.
Measuring by shoot base diameter, bamboo shoots are divided into four grades: LL, L, M, and
S. The specifications of LL, L, M, and S are shown in Table 1.

The shoots are then cut eight ways (Table 2) for products of different kinds and sizes. LL
grade shoots are appropriate for canned #5 gallon or style “half,” and L, M, S are for style “whole”
(3-95).
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Table 1 Canning Size Specifications for Bamboo Shoots According to Shoot Base

Diameter
Diameter of bamboo shoot Length of bamboo
Size specification (code) base part (cm) shoot (cm)
LL Above 13.1 16.0-26.0
L 9.1-13.0 13.5-16.5
M 7.1-9.0 10.5-13.5
S 4.0-7.0 7.5-10.5

5. Weighing and Filling

The sorted and graded bamboo shoots are then weighed and put in cans. Similar shoot size in a
can is important; as a basic rule, the size of the largest shoot should not be more than two times
that of the smallest. Shoots are placed in alternating directions in the can, with bases and points
touching. Then water is added to complete the filling. Content and drained weights for various can
sizes are shown in Table 3 (3,5). Boiling time, floating time, and shoot size, shape, and texture
may all affect drained weight; these factors must always be taken into account.

6. Exhausting, Sealing and Sterilizing

The filled cans are put into an exhausting box for a specified period of time and at a specified
temperature. To reach the required vacuum degree, the temperature of the shoot centers should be
above 70°C (or higher, depending on the exact product) after exhausting. Sometimes, the cans are
drain-covered and turned over to discard the shoot juice (removes tyrosine). The cans are then
refilled with hot water (over 80°C). After exhausting, cans are sealed with automatic sealing
machines. They are then sterilized in a retort, with various sterilization specifications depending
on can sizes. Table 4 displays exhausting and sterilization specifications for several bamboo-shoot
product can sizes (6).

7. Quality Change During Storage of Canned Bamboo Shoot Products

Two types of quality degradation during storage of canned bamboo shoot products may occur
(though rarely): soft spoilage and swelling with butyric acid—like odor (6). Both types of
degradation are due to microorganisms present because of either improper sterilization or faulty
closure, and both types render a product inedible.

Juice turbidity may also develop during storage. Affected products remain edible but
decrease greatly in value, because the resulting sediment in the can affects the appearance of the
juice and may frighten consumers. Juice turbidity is caused by shoot components such as pectin,
hemicellulose, starch, and most importantly tyrosine, which form colloidal compounds in
presence of Ca>* or other inorganic ions (6). Proper boiling, cooling and floating, and exhausting
effectively remove tyrosine.

1. CANNED WATER CHESTNUTS
A. Raw Materials

Grown mostly in Japan, Taiwan, mainland China, Thailand, and Australia, water chestnuts
(Eleochris plantaginea) are tuber vegetables that resemble chestnuts in color and shape. Their
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Table 2 Style of Bamboo Shoots Cut for Canning
Style of cut Appearance Description of shoot after cut
Whole Fleshy portion occupies whole length of shoot at
over 1/4; short between knobs
Half ? Whole cut lengthwise into two halves
Top or top é Long shoots almost without fleshy portion, 10—15cm in
whole = length
Tip é Shoot tail part without fleshy portion, 5S—10cm in length
Lump ,-"";"-::'I Shoot without tip and cut lengthwise into quarters
Sliced Lot Fleshy portion cut from long part of whole and cut into
about 40 x 10 x 3mm for length, width, and thickness,
respectively
Strip = Fleshy portion cut from long part of whole and cut into
about 60—80 x 2—4 x 2—4mm for length, width,
and thickness, respectively
Diced @

Fleshy portion cut from long part of whole and cut into
about 10 x 10 x 10mm
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Table 3 Contents and Drained Weights for Can Sizes of Bamboo Shoots in Taiwan, R.O.C (g)

Can size #5 gallon N#1 #1 #2 #3 #4 #5 Flat #2
Content 17,000 2,950 2,800 800 540 425 300 230
Drained weight 11,000 2,265 1,800 500 300 240 170 140

unique texture, interesting taste, and suitability for being cooked to varying degrees all combine to
make them excellent ingredients in food dishes. Processed water chestnuts can also be eaten
uncooked; simply drain the water from the can for a healthy and nutritious ready-to-eat snack.
Two subspecies, red-skin and black-skin, possess a sweet and firm texture that make them suitable
for canning. For both subspecies, quality is measured by size. First-grade raw materials have
diameters above 32mm when not peeled, and 25mm once peeled. Diameters of 25—-32mm
unpeeled and of 20—25mm peeled merit the second grade, while water chestnuts below 25 mm
unpeeled and 20mm peeled are considered unacceptable for canning (3). The yield from raw
materials ranges from 60 to 75%, depending mostly on size specifications: the larger the unpeeled
diameters, the greater the yield. Time is also a factor: harvested raw materials should be processed
within 24 hours to prevent rotting.

B. Processing Procedures

Figure 3 is a flow sheet for canning water chestnuts. Below are the crucial steps and key points to
be heeded in order to obtain quality products (3,4).

1. Washing and Peeling

Water chestnuts should first be washed to remove adhering soil, which could cause bacterial
contamination should it come in contact with peeled materials. Rotary washers are usually used
for this step. Peeling follows; the small size of the water chestnut makes this step labor intensive.
Automatic peelers have been developed but are not widely used because they too often fail to
remove all bits of skin and also sometimes crush the materials. Though more time-consuming,
manual peeling avoids these problems and also allows for the removal of rotten water chestnuts
and those with worm disease or mottles. Once peeled, the water chestnuts are left in running water

Table 4 Exhausting and Sterilization Conditions for Bamboo Shoots by Can Size

Exhausting Sterilization (min)
Central Pressure process” Normal
Temperature Time  temperature 5 5 pressure
Can size °C) (min)  of shoots (°C) 0.2kg/em”  1.2kg/em process 100°C
#1 98 30 70 80 50 100
#2 98 20 70 70 40 80
#3 98 15 80 60 35 70
#4 98 10 80 50 30 60
Flat #2 98 10 85 45 30 60

#5 Gallon Boiling for 90—120min

* Gauge pressure.
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Figure 3 A flow sheet for canning water chestnuts.

for 10—16 hours. This procedure further cleans them, removes some starches, and allows for easy
removal of still-adhering bits of peel.

2. Blanching and Cooling

Water chestnuts are blanched by boiling in water for 15 minutes, a step that gelatinizes and
dissolves starches. The blanching water is then discarded and the water chestnuts are cooled,
usually in running water for 30 minutes. If standing water is used, it must be changed several times
because it tends to interact with airborne bacteria to produce acid. Care must be taken not to cool
too long as this will decrease flavor.
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Ill. CANNED MUSHROOMS
A. Raw Materials

Mushrooms are fungal fruit bodies. In addition to their use as fresh vegetables, a large quantity of
mushrooms is used as raw materials for canned products. Mushrooms do not tolerate lengthy
storage: they are perishable and their quality changes easily (7). Six species are cultured
worldwide: common mushrooms Agaricus brunnescens, paddy straw mushrooms
Volvariella volvacea, golden mushrooms Flammulina velutipes, forest mushrooms Lentinus
edodes, abalone mushrooms Pleurotus abalonus, and oyster mushrooms Pleurotus ostreatus.
Below are key steps involved in processing the first three species listed above, beginning with
common mushrooms. Processing of the latter three species is very similar to the processing of
common mushrooms.

B. Processing Procedures for Canned Common Mushrooms

Common mushrooms, in particular the white, the milky, and the brown subspecies, are widely
cultivated all over the world. The white subspecies is the most widely grown and canned, owing to
good color and shape (1). Common mushrooms are bed-cut or pulled up with their roots intact
and must be harvested at tight-cap maturity, about twelve hours before the velum opens. To avoid
color change, freshly harvested mushrooms must be transported quickly to a processing plant for
heat treatment. Ideally, heat treatment should be performed within one hour after harvesting, thus
yielding maximum volume and quality. Delays may occur, however; then mushrooms must be
refrigerated at 2—3°C and in high humidity (RH over 90%). The specifications for common
mushrooms used in can processing are given in Table 5 (3,8).

Figure 4 is a flow sheet for canning common mushrooms (3). Though most processing steps
are similar to those for canned bamboo, a few are not. Below are several special steps involved in
canning mushrooms.

1. Determination of Mushroom Worm Bodies

Mushrooms from some places contain worms due to culturing conditions, including fertilizer use,
temperature, and sunlight. Invisible to the naked eye and detrimental neither to taste nor to health,
worm bodies are not cause for import rejection except in the United States, where no more than
fifteen worms per 130 g of raw common mushrooms are allowed. Procedures used for determining
the number of worm bodies are as follows (9):

1. Put 130g mushrooms in a blender along with 300 mL of water. Blend them at 3,500 rpm
until the mushroom pieces are 3—5mm in diameter.

2. Put the blended mushrooms on three overlapping sieves with a No. 20/No. 40/No. 140
top-to-bottom order of mesh.

3.  Wash the blended mushroom tissues with pressurized tap water through the No. 20
sieve for two to three minutes.

4. Discard the residue remaining on the No. 20 sieve, then wash the blended mushroom
tissues with pressurized tap water through the No. 40 sieve for about one minute.

5. Discard the residue remaining on the No. 40 sieve, then wash the residue remaining on
the No. 140 sieve into a beaker, and add water so that the beaker’s contents total
100mL.

6. Add SmL of crystal violet solution (13.7g crystal violet dissolved in 350mL of 95%
alcohol and diluted to 1,000mL with distilled water).
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Table 5 Specifications for Mushrooms Used for Canning

Grade Diameter of pileus Shape Texture Appearance Stem
Ist grade 12.7-38.1mm Tight-cap; no Fresh, firm, not Clean; white prior Without hypha or
malformation, withered, no to washing, soil; clean; cut
disease, insect cavity in internal without spots, surface flat;
damage, or other stem and not length from the
injuries discolored end of stem to the
top of pileus less
than the diameter
of pileus
2nd grade Same as 1st grade Same as 1st grade Same as 1st grade Clean; white, with Without hypha or

Unacceptable 1. Open velum
2. Broken or malformed
pileus or stem
3. Disease or insect-
damaged; serious
discoloration or black
spots

4. Not fresh: withering or

hardening
5. With soil or compost

6. With serious water (or

other) injuries
7. Have been washed or
dipped in water

light
discoloration;
water injury and/
or other defects
covering not over
1/3 of the pileus
surface

soil; clean; cut
surface not flat;
stem a bit long
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Figure 4 A flow sheet for canning common mushrooms.

7. Heat the mixture almost to boiling, thus dying the tissue; then cool to 40°C.

8. Bleach completely the tissues with a washing bottle filled with 10% bleaching solution
(100 g bleaching powder dissolved in 1,000mL distilled water). The worm bodies will
remain purple and will now be apparent.

9. Put the bleached tissues with worm bodies on lined filter paper atop a Buchner funnel
and perform aspirating filtration.

10. Count the number of worms under a microscope, making calculated guesses as to the
number of worms from partial worm bodies.
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2. Blanching

The principal purpose of blanching is to prevent enzymatic color degradation. Additionally,
blanching excludes air present in mushroom tissues, thus shrinking them and permitting easier
filling later. Blanching may be done with water or steam, with the choice and heat specifications
depending on the size and freshness of the mushrooms. Proper specifications are 4—8 minutes in
boiling water, 8—15 minutes in 85°C water, or 5—7 minutes at 96°C. Steam-blanching of
mushrooms turns them slightly brown in color but retains better flavor. If whiteness is sought,
0.01-0.05% sodium sulfite may be added to water for washing (the step prior to blanching) or to
the hot water if the mushrooms are to be blanched. Sodium sulfite in food, however, is prohibited
in some countries for health reasons; citric acid or ascorbic acid may be used instead (3).

3. Sorting and Cutting

Once blanched, sorting is done by size with an automatic sieve separator to which a ductile
material such as gum or plastic is applied to the sieve holes in order to prevent damage to the
mushrooms. Figure 5 shows some operations in canning common mushrooms including the sieve
separator. A typical set of size standards in Taiwan, R.O.C., is shown in Table 6 (3,8). After
sorting, the mushrooms are then trimmed for various kinds of products. The style of cut chosen
depends on quality factors such as tightness of cap, injury, discoloration, and stem length. Table 7
shows six styles and specifications of cutting for canned mushroom products: whole, buttons,
sliced whole, sliced buttons, random sliced whole, and stems and pieces.

4. Filling

The mushrooms are put into cans along with water and a salt tablet is added; the resulting brine
has a salt content of 1.5—2.0% by weight. Ascorbic acid, citric acid, and monosodium glutamate
are also sometimes added to improve color and flavor.

C. Canned Paddy Straw Mushrooms

Paddy straw mushrooms were first cultured by the Chinese and are thus called Chinese
mushrooms (1). Those of gray-brown color and with closed vela of a diameter between 16 and
60mm are used for canned products. The shape and size of canned contents must be uniform, with
the largest mushroom not exceeding three times the weight of the smallest one. The velum
diameter is 30—45 mm for size ‘L, 23—29 mm for size ‘M’, and 16—22 mm for size ‘S’. Figure 6 is
a flow sheet for paddy straw mushroom canning operations (3), and Fig. 7 shows some operations
during processing.

Washing Sorting Sterilizing

Figure 5 Some operations in canning common mushrooms, including the sieve operator.
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Table 6 Size Standards for Common Mushrooms (Taiwan Specification)

Grain shape Diameter of velum (mm)
No. 5 (extra large; E) 41

No. 4 (large; L) 29-41

No. 3 (medium; M) 22-19

No. 2 (small; S) 16-22

No. 1 (tiny; T) 13-16

No. 0 (midget; m) Below 13

Blend of sizes Mix with two sizes of grains

D. Canned Golden Mushrooms

Golden mushrooms, called enokitake mushrooms in Japan, have a long stalk and a golden cap and
are grown either in low temperature regions or in controlled-atmosphere conditions designed to
simulate autumn (10). Their caps and stems contain polysaccharides, which help prevent tumors
and provide a boost for the immune system. In Taiwan, R.O.C., most of the golden mushrooms are
not processed but rather are used as dish materials for hot pots. In order to boost consumption,
however, retort pouch seasoned products have also been developed and are increasingly being
promoted. Figure 8 shows a flow sheet for acidified seasoned retort pouch golden mushrooms

(11).

IV. IMITATION VEGETARIAN PRODUCTS
A. Imitation Products

Recently, imitation food, also called copy food, has appeared on supermarket shelves and is
becoming increasingly popular (12,13). Imitation food products imitate both plant and animal
products in flavor, texture, color, and even shape. They are manufactured with materials from both
animal and plant sources, and their degree of similarity to the imitated product can be astonishing.

The products usually cost less and often have better nutrition than the product imitated.
Some products also offer vegetarians the opportunity to enjoy a meat taste while maintaining their
nonmeat diet. It is important to understand, however, that the term vegetarian is defined in
different ways in different countries (see definitions below), and that imitation vegetarian products
may in fact contain not only eggs or dairy materials but also seafood materials. One of the first and
still most popular such products developed, for example, is crab-flavor kamaboko (imitation crab
legs), which, along with soy protein (the major ingredient) and various other constituents,
contains cod-surimi (to improve gelation properties), crab extract, and crab flavoring (12).
Imitation vegetarian products are thus best defined as products that (a) contain vegetable materials
and (b) meet one of the definitions for vegetarian food given in the next section.

Copy (imitation) scallops, ikura (salted fish eggs of salmon or trout), dried mullet roe, and
ice cream are other imitation vegetarian products which have become commercially important.

B. Vegetarian Products

1. Definition

The definition of vegetarian products varies by country, with some definitions being recognized in
some countries and not in others. In total, there are six kinds of vegetarian products (14,15):
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Table 7 Styles of Mushroom Products

Styles Appearance

Specifications

Whole

Buttons @

Sliced whole

Sliced buttons

. .-n-"_-_-_“_—___'_‘--u-.
il Y
Random sliced . =
whole v a X
_...-/

Stems and pieces % ‘ﬁ?

Ho ®a

Without opened velum; stem is horizontally
cut and above 3.2mm in length remaining;
distance from top of velum to end of stem
is not over diameter of velum

Without open velum; stem is horizontally cut
and 90% within 3.2 mm in length, 10% not
over 6.4mm

Slices obtained by straightly cutting whole
mushrooms along with shaft; thickness
2—-8mm; regular slices over 80% in total
weight; detached and crushed stems not
over 5%

Slices obtained by straightly cutting button
mushrooms along with shaft; thickness
2—6mm; regular slices over 80% in total
weight; detached and crushed stems not
over 5%

Slices obtained by random cutting from
whole mushrooms; detached and crushed
stems not over 15%

Irregular shape and size of stems and pieces;
stems not over 40% in weight
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Figure 6 A flow sheet for paddy straw mushroom canning operations.

1. Pure vegetarian products: plant products free of any animal source materials, including
even honey.

2. Egg vegetarian products: plant products, with eggs included.

3. Dairy vegetarian products: plant products, with dairy products included.

4. Dairy and egg vegetarian products: plant products, with eggs and dairy products
included.

5. Dairy, egg, and fish vegetarian products: plant products, with fish and either/both dairy
products and eggs included.

6. Religious (Buddhist) vegetarian products: most often these are pure (by definition);
however, they are not permitted to contain onions, garlic, or leeks.
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Figure 7 Some operations in canning paddy straw mushrooms.

2. Development and Use of Imitation Vegetarian Food

Western sour pickles and Oriental cured vegetables are recognized as the original vegetarian
products. In the course of history, further products were developed to meet consumer desire for
multiplicity. Thus, in rough historical order of development and use, the following became
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Figure 8 A flow sheet for acidified seasoned retort pouch golden mushrooms.
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fundamental materials in vegetarian products: soybean products such as tofu (a coagulated curd of
soybean milk), dried tofu, yuba (film-type products formed by heating soybean milk) and soybean
proteins including both concentrated and isolate; wheat flour products such as gluten (a residual
of wheat flour dough washed in water); mushrooms such as common mushrooms, shiitake fungus,
and golden mushrooms; konjac (a powder made from the tuber elephant foot). Vegetarian
products must be in balanced amounts if the nutrients necessary for optimum human health are to
be obtained. Further, vegetarian materials alone can supply ample and sufficient nutrients,
provided they are consumed in proper and complete enough combinations. It is necessary to
consider how nutritive aspects of vegetarian food, including carbohydrates, proteins, fats,
vitamins, and minerals are affected during processing (13,16).

C. Processing Procedures

As noted above, earlier imitation products—chiefly, imitation crab-flavored kamaboko, dried
mullet roe, and fried scallops—used animal-source materials together with plant materials to
obtain optimal flavor and texture. Imitation products that are solely made from plant sources, such
as imitation filled milk, coffee whitener, cheese, ice cream, and hamburger, however, are
becoming increasingly popular and important (12). Table 8 shows the raw materials used for
making the above listed imitation products (including several animal source materials); Table 9
shows the functional properties of the most commonly used plant materials (12,13,15,17).

It should be noted that pure vegetable products such as bamboo shoots, water chestnuts, and
mushrooms are rarely copied; imitation products would not be cheaper to produce. Similarly, pure
vegetarian dishes are not copied either. Whereas such pure vegetarian products often are packaged
in cans, imitation vegetarian products are not. Instead, they are packaged in vacuum-sealed plastic
bags and preserved either through refrigeration or freezing; the choice and processing procedures
depend on which and what combination of animal and plant proteins the product contains. Figure
9 shows a typical flow chart for processing of copy food containing soybean proteins (17).

D. Labeling of Imitation Vegetarian Food

As is the case with other foods, imitation vegetarian food is packaged with attention given to
hygiene, maximizing the length of preservation, carrying convenience, and increasing commodity
value through attractiveness of packaging. Many processed food items have identity specifications
that must be certified by government inspectors or associations to which such authority has been
delegated. Similarly, imitation vegetarian food has to be made in accordance with standard
operation (processing) processes and it is recommended to put the word “imitation” on the

Table 8 Raw Materials Used for Making Imitation Products (Including Animal Source Materials)

Imitation products Raw materials

Crab flavored kamaboko Frozen cod surimi, starch, egg white, crab extract, crab flavor, various
condiments

Hamburger steak Texturized soybean protein, powder vegetable protein, salad oil, egg white,
gelatin, bread crumbs, onion, beef extract, various condiments

Coftee whitener Vegetable oil, protein, corn syrup, emulsifier, buffer agent, stabilizer

Cheese Casein, vegetable proteins, whey protein, flour, starch, vegetable oil,
cheese flavor, other additives

Shrimp meat Konjac, carrot, alkali liquor
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Table 9 Functional Properties of Raw Materials Frequently Used in Imitation Vegetarian Products

Raw materials Functional properties

Soybean proteins Solubility; gelation; viscosity and elasticity increasing; water holding capacity;
oil absorptiveness; emulsification; binding capacity; whipping property

Gluten Solubility; viscosity and elasticity increasing; binding capacity

Konjac Water thickening; forming heat-stable gel; forming cooking resistant thin layers;
interacting with carageenan, xanthan gum, and starch to improve processing
quality

Starch Viscosity and elasticity increasing; water holding capacity
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Figure 9 A typical flow chart for processing of copy food containing soybean proteins.
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product package. Vegetarian products, whether imitation or pure, may be labeled “Vegetarian”,
“Edible for Vegetarians”, “Appropriate for Vegetarians.” In some Asian countries, a picture of the
Buddha, a monk, or even a reverse swastika (sometimes to the distaste of adherents of Buddhism)
is used to distinguish vegetarian food. In some countries, though, there are no such regulated
labeling practices, and it may be difficult for a consumer to discern which food products on
supermarket shelves are vegetarian.
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Canned Tomatoes: Production and Storage
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. INTRODUCTION

This chapter first covers the steps required to produce canned whole, sliced, or diced tomatoes.
This is followed by a section specifically for diced tomatoes. Next, quality changes during
processing and storage of canned tomatoes are reviewed. Finally, a list of useful government
websites for reference material is given. The history, biology, growth, harvesting, production
statistics, and nutritional value are not covered. These subjects, as well as the production and
quality changes during processing of tomato paste and sauces, are covered in the chapter on
freezing tomato products in this book.

Il. ECONOMICS

Fresh tomatoes are the fifth most popular vegetable consumed in the United States (16.6 pounds
per capita), after potatoes (48.8), lettuce (23.3), onions (17.9), and watermelon (17.4) (1). Canned
tomatoes are the most popular canned vegetable, at 74.2 pounds per capita in the United States. In
the condiment category, salsa and ketchup are number one and two, respectively. The popularity
of tomato products explains why the tomato ranks number one in nutritional contribution to the
U.S. diet (2).

Processed tomatoes are an important product both for the domestic market and for export.
In general, both exports and imports of tomato products are increasing. Exports of canned whole
tomato products, paste, ketchup, and sauces are all increasing, while juice exports have been
relatively constant (Fig. 1.) The import market has seen some large fluctuations in recent years,
but over the last ten years, imports of canned tomato products have been increasing, while
imported paste has decreased.

lll. PROCESSING STEPS: CANNED WHOLE OR SLICED TOMATOES
A. Grading

Tomatoes for canning whole, sliced, or diced are graded on the basis of color, firmness, defects,
and size. Solids content is unimportant, unlike in tomatoes for juice or paste. Graders must be
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Figure 1 Trends in processed tomato imports and exports. (Adapted from Ref. 1.)

trained to evaluate and score color and firmness. Color should be a uniform red across the entire
surface of the tomato. It is graded using USDA issued plastic color comparators, the Munsell
colorimeter or the Agtron colorimeter, or the tomato is ground into juice and used in a colorimeter
with a correlation equation to convert it to the Munsell. Firmness, or character, is important to be
sure the tomato will survive canning. Soft, watery cultivars or cultivars possessing large seed
cavities give an unattractive appearance and therefore receive a lower grade. Defects include
worm, mold, insect, freezing, mechanical damage, and the presence of extraneous material. Size is
not a grading characteristic per se, but all tomatoes must be above a minimum agreed upon size.

Some processors grade based on their own standards, while others use the USDA voluntary
grading standards for Italian type tomatoes for canning (3) or for tomatoes for processing (4).
Both standards are similar, though tomatoes for canning must be above a minimum agreed-upon
size. Tomatoes for processing may be graded on either whole or juice color.

B. Washing

Tomatoes must be thoroughly washed to remove dirt and contaminants from the fields. There is
little problem with drosophila eggs and mold, since canned tomatoes are typically peeled.
However, washing is still an important step to remove dirt and reduce microbial counts. Tomatoes
are soaked for several minutes in tanks with paddles or aeration to agitate the tomatoes and loosen
adhering dirt. After soaking, a rinse step using overhead sprays removes any remaining dirt.

C. Sorting

Several kinds of sorters are used. Some plants use all of these while others use only the
photoelectric sorters. The less common sorters include the hydrosorter, size sorter, and texture
sorter. Hydrosorters are used to remove immature fruit while doubling as a washing step. In the
hydrosorter, tomatoes go through a water tank. The immature fruit floats while the ripe fruit sinks.
Immature fruit are discarded or may be diverted to the juice line. Size sorters remove excessively
small tomatoes, which would be undesirable in the can. The small tomatoes are diverted to the
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juice or crushed tomato line. Texture sorters remove excessively soft tomatoes. Firm tomatoes will
jump the gap between two conveyors, while soft tomatoes will fall between them, again to be
diverted to the juice line. Photoelectric sorters are used in almost all tomato plants and are
commonly installed both before and after peeling. The initial sorter removes green tomatoes. The
second sorter is used on the peeled tomatoes to remove the pink tomatoes. Green or pink tomatoes
are ejected by a pneumatic finger as the tomatoes fall between conveyor belts. The green tomatoes
can be diverted to the juice line, but pink tomatoes will decrease the color score of the juice.

D. Coring and Trimming

In the past, tomatoes were cored by machine, or more frequently by hand to remove the stem scar.
Modern tomato varieties have been bred with very small cores so that this step is no longer
needed. Trimming to remove rot or green portions is not practiced in the United States owing to
the high cost of labor.

E. Peeling

Tomatoes are almost always peeled before further processing. The FDA standard of identity does
allow for canned unpeeled tomatoes if the processor so desires, though this is not common on the
market. This is likely because the peel is very tough and undesirable to the consumer, and
unpeeled tomatoes would show many blemishes that are hidden from the consumer by peeling.
Some easy peeling varieties have been bred; they may be suitable for canning with the peel on,
since the peel is less tough. However, these varieties also have less resistance to insect and
microbial attack on the plant and so are not typically used by growers.

There are two commonly used peeling methods: steam and lye. In California most peeling is
done by steam, while in the Midwest U.S. and Canada peeling is done with a hot lye solution. In
steam peeling, the fruit are placed on a moving belt one layer deep and pass through a steam box
in a semicontinuous process. Steam peeling is done at 24—27 psig, which equals about 260°F
(127°C), for 25—40 seconds. Peel removal is possible because of the rupture of the cells just
underneath the peel. Due to the high temperature and pressure, the temperature of the water inside
these cells exceeds the boiling point but remains in a liquid state. When the pressure in the
chamber is released, the water changes to steam, bursting the cells. Time and temperature are the
most critical factors to control to optimize the peeling process. The higher the temperature the
shorter the time required and the more complete the peel removal. At higher temperatures there is
also less mushiness in the fruit due to cooking. The process uses relatively little water and
produces little waste effluent. The waste peels that are produced can be used as fertilizer or animal
feed or processed into other products such as lycopene extract.

In lye or caustic peeling, the tomatoes pass on a conveyor belt under jets of hot lye (sodium
hydroxide) or through a lye tank in a continuous operation. The tomatoes go through a solution of
12—18% lye at 185-212°F (85—100°C) for 30 seconds followed by holding for 30—60 seconds to
allow the lye to react. The lye dissolves the cuticular wax and hydrolyzes the pectin. The
hydrolysis of the pectin in the middle lamella causes the cells to separate from each other, or
rupture, causing the peel to come off. This produces a wastewater containing a high organic load
and high pH. Potash, or potassium hydroxide, can be used instead of lye. The advantage of potash
peeling is that the potash waste can be discarded in the fields since it does not contain the sodium
ion that is detrimental to soil quality. One processor has done this for several years with no
apparent detrimental effect. In some cases, potassium hydroxide can be used at almost half the
concentration of sodium hydroxide to produce the same result (5). Time in the lye, temperature of
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the bath, and concentration are the three major controllable factors that determine peeling
efficiency. Increasing any of these factors increases the extent of peel removal. Time and
temperature are linearly correlated, while time and concentration are correlated exponentially (6).

With lye peeling, various additives are frequently added to the lye bath to improve peeling.
These additives work by removing the wax (7), speeding the penetration of lye into the peel, or
decreasing the surface tension of water, increasing the wettability of the cuticle. C6—C8 saturated
fatty acids, especially octanoic acid, have been claimed to be very effective (8). One processor
tried octanoic acid but reported that the odor was so objectionable that the workers threatened to
quit. Wetting agents are typically used at a level of approximately 1/2 percent in the lye bath. Lye
peeling typically produces a higher yield of well-peeled tomatoes than steam peeling, but disposal
of the lye wastewater can be difficult (9). Steam gives a higher total tomato yield but removes
much less of the peel than lye (10). For this reason, lye is used exclusively in the Midwest U.S.,
where peeled tomatoes are the most important tomato product produced.

After either steam or lye peeling, the tomatoes pass through a series of rubber disks or
through a rotating drum under high-pressure water sprays, to remove the adhering peel. Fruit with
irregular shape and wrinkled skins are difficult to peel and result in excessive loss during the
peeling step. Thus varieties prone to these characteristics are undesirable. Over peeling is
undesirable because it lowers the yield, results in higher waste, and strips the fruit of the red,
lycopene-rich layer immediately underneath the peel, exposing the less attractive yellow vascular
bundles.

Both fruit variety and maturity affect the efficiency of the peeling process. One study
attempted to determine how well a tomato would peel based on physical structure (11). They
found that an abrupt cell size change in the pericarp and the absence of small cells in the mesocarp
correlated to better peeling.

Other proposed peeling methods include freeze heat peeling and hot calcium chloride.
Freeze heat peeling submerges the tomatoes in liquid nitrogen, refrigerated calcium chloride, or
Freon to rupture the cells, releasing pectolytic enzymes. The tomatoes are then transferred into
warm water to encourage enzyme activity (12—15). The hot calcium chloride process is similar to
peeling in boiling water, which was the standard before the discovery of lye peeling. The
disadvantages of the process are that it is patented, that the tomatoes may take up more calcium
than allowed in the standards of identity, and that the method requires trained operators to adjust
conditions based on maturity and variety (16,17). These methods have been tested in laboratories
but never put into commercial practice. The other peeling method, no longer used in the U.S., is to
blanch the tomatoes in boiling water and then hand peel them.

F. Manual Sorting

Peeled tomatoes are inspected by hand before filling into the can. Sorters are mainly looking for
rotten parts that cannot be detected by the photoelectric sorters. The main defects of concern are
those included in the USDA grading standards for canned product: presence of peel, extraneous
vegetable material, blemished areas, discolored portions, and objectionable core material (18).
Inadequately peeled, blemished, small, and misshapen fruit are diverted to the juice line. For
greatest efficiency, roller conveyors should be used to turn the tomatoes as they travel, exposing
all sides to the sorters.

G. Filling, Additives, and Containers
Cans may be filled by hand, but owing to labor costs almost all manufacturers use mechanical

filling. The container must be filled to not less than 90% of the container volume, and drained
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weight must be at least 50% of the water weight, to meet standards of identity (19). The exact
drained weight affects the USDA grade (18). A headspace is left in the can to allow for expansion
during retorting.

Because of the acidic nature of the fruit, enameled cans and lids are used. When
unenameled cans are used, hydrogen swells may occur. These are caused by a reaction between the
metal of the can and the acid in the fruit. Glass can also be used, but it is not common in the
market. The tomatoes are packed into the can and filled with tomato juice. FDA standards of
identity require that some form of tomato juice or puree be used as the packing medium (19).
Alternatively, tomatoes may be in a solid pack, where no packing medium is used, though this
product is not currently on the market.

Heating softens the tomatoes, so calcium is typically added. Calcium can be added in the
form of calcium chloride, calcium sulfate, calcium citrate, or monocalcium phosphate. The final
amount of calcium cannot exceed 0.045% by weight in whole tomatoes or 0.08% in dices, slices,
and wedges (19). The calcium ion migrates into the tomato tissue, creating a salt bridge between
methoxy groups on adjacent pectin chains and forming calcium pectate or pectinate. This
minimizes the softening that occurs during canning. The calcium may be mixed with the cover
juice or added directly to the can. Tablets may be added directly, but typically the calcium is mixed
with the juice. The amount of calcium added is adjusted based on the firmness of the tomatoes.
The typical range is 0—1%, with an average of 1%.

Most tomatoes are naturally high-acid foods; however, overly mature tomatoes and certain
cultivars can result in a higher pH. The standard of identity allows organic acids to be added to
lower the pH as needed. Citric acid is most common, although malic and fumaric acids are also
used. Sugar may be added to offset the tartness from the added acid. Sodium chloride is frequently
added for taste. The standard of identity allows calcium, organic acids, sweeteners, salt, spices,
flavoring, and vegetables to be added (19). Because of the presence of other natural components
that inhibit botulinum growth, the U.S. allows tomatoes up to a pH of 4.7 to be canned as high-
acid foods, rather than a pH 4.6 as for other foods.

H. Exhausting and Sealing

Cans are typically exhausted and sealed at the same time. The old style of filling the tomatoes cold
and then conveying the cans through an exhaust box to be heated before sealing is seldom used.
Tomatoes peeled by either steam or lye are already hot; they are immediately filled, cover juice is
added, and the cans are sealed. Steam is injected into the headspace of the can as the can is sealed.
When the steam condenses, a partial vacuum is created, preventing “flippers”, which suggest
spoilage to the consumer. A headspace is critical if the product is going to be retorted, since the
product will expand during heating. Without adequate headspace the ends of the can will bulge
out. This is referred to as a “flipper” if the end can be pushed back down, or a “hard swell” if it
cannot.

. Canning

Because tomatoes are a high-acid food, they do not have to be sterilized. Tomato products can be
hot filled and held, or they can be processed in a retort as needed to minimize spoilage. Most
tomato products receive a retort process to ensure an adequate shelf life. Of the retorts, the
continuous rotary retort is the most commonly used for tomato products. This retort provides
agitation of the product and can handle large quantities in a continuous process. Because tomatoes
are a high-acid food, the retort may operate at boiling water temperatures, 212°F (100°C).
Continuous rotary retorts set at 220°F (104°C) for 30—40 minutes are also common. Exact
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processing conditions depend on the product being packed, the size of the can, and the type and
brand of retort used. The key is for the internal temperature of the tomatoes to reach at least 190°F
(88°C).

Based on experience, spoilage of tomato products other than juice and whole tomatoes is
caused by non—spore forming aciduric bacteria (20). These bacteria are readily destroyed by
processes in which the inside of the can reaches at least 185°F (85°C). Spoilage of whole tomatoes
can be caused by these same microorganisms, but they are also susceptible to spoilage by spore-
formers such as Clostridium pasteurianum. Juice is commonly spoiled by Bacillus coagulans
(formerly Bacillus thermoacidurans.) In the past, flat sour spoilage due to B. coagulans was a big
problem in tomato products. Flat sour spoilage causes off-flavors and odors, and the pH of the
juice drops to 3.5. The spores of these microbes are too resistant to heat to be destroyed by
practical heat treatments at 212°F (100°C) if they are present in high numbers and so must be
controlled by limiting initial levels or processing at temperatures about the boiling point. These
organisms occur in the soil and grow on some equipment (20). The National Canners Association
recommends Fhgoop = 10 minutes when the pH is above 4.3, and F,go-r = 5 minutes when the
pH is below 4.3, against clostridium spores. Against spores of B. coagulans the recommendation
is Fysep = 0.7 minutes at pH 4.5 (21).

Historically, the occurrence of swelled cans is most commonly due to either hydrogen swells
or growth of C. pasteurianum. C. pasteurianum produces carbon dioxide, so determination of the
type of gas in the headspace is one way to determine the cause.

J. Cooling

After canning, the product must be cooled to 100°F (30—40°C) to minimize quality loss. The
product may be cooled by water or by air. When cooling water is used, it should be chlorinated to
2—-5ppm free chlorine to prevent contamination of the product while the seals are soft (22). Even
though the cans are sealed, spoilage rates increase when the water is not chlorinated. The vacuum
that forms as the contents cool must draw some microorganisms into the can. A rotary water
cooler may be used in a continuous process after a rotary retort. Water cooling is more efficient
than air cooling, so longer retort process times are recommended when water cooling is used than
when air cooling is used (9).

K. Waste and Wastewater

By volume, approximately half of the wastewater in a tomato processing plant comes from tomato
washing, a third from peeling, and a fifth from canning (23). Most of the waste and wastewater
produced during tomato processing is biodegradable and can be disposed of on the fields (24). Lye
peeling wastewater is the major exception. This wastewater can be disposed of in the sewer system
but it has a high organic load and thus is expensive. Some treatment plants also object to the high
pH. Some processors report that they have disposed of their potash peeling solution on their fields
without any adverse effects. It has also been proposed that the lye peeling waste be treated with
HCl and reclaimed as salt for use in canning, though this is not done in practice. In most cases, lye
peeling wastewater must be disposed of in the sewer system.

Several treatment methods have been tried to reduce the organic load before its disposal in
the sewer system. These methods are used to decrease the amount the plant is charged for
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wastewater treatment, or because local laws restrict the BOD and volume of wastewater that can
be discharged into the public sewer system. Treatment methods include microbial digestion,
coagulant chemicals (25), and membrane filtration (26).

L. Final Grading

The United States Department of Agriculture sets grading standards for canned tomatoes, as well
as ketchup, juice, paste, puree, and sauce. Canned tomato products are graded A, B, C, or
substandard based on their average drained weight, character (firmness), color, wholeness, flavor,
odor, and lack of defects (18). The tomatoes themselves may be whole, diced, sliced, halved, or in
wedges.

IV. PROCESSING STEPS: CANNED DICED TOMATOES

Diced tomatoes have become very popular because of the increase in salsa consumption. Dices
are processed in a similar manner to canned tomatoes. The major difference is that the peeled
tomatoes are diced into 3/8", 1/2", or 1" cubes, inspected to remove green or blemished dices, then
calcified. Calcification can occur by direct addition of calcium to the container or by conveying
the dices through a calcium bath. The dices are then packed into cans for thermal processing or
aseptically packed. In the past, 80% of dices were thermally processed in #10 cans (27). Cans are
still common, but aseptic processing has increased the amount of dices sold in 55 and 300 gallon
containers. Dices have an 18 to 24 month shelf life.

Calcium salts can be added as needed to increase firmness and drained weight, but the final
amount of calcium cannot exceed 0.08% by weight (19). These salts are typically in the form of
calcium chloride, calcium sulfate, calcium citrate, or monocalcium phosphate. For direct addition,
the calcium can be added in the form of a tablet or mixed with the cover juice. For immersion, the
dices are conveyed through a calcium bath, or mixed with the solution that is drained off after a
holding period. Immersion causes a significant loss of acid and sugar compared to addition of
calcium to the can; however immersion results in significantly firmer tomatoes for the same final
calcium content (28).

A number of studies have attempted to determine the best conditions for immersion of the
dices. The best conditions have been determined to be dipping in 0.75% calcium for one minute
(29) or 0.43% calcium for 3.5 minutes (27). The resulting firmness is dependent on calcium
concentration and time, but not temperature (27). The drained weight is dependent on the calcium
concentration, time, and temperature (29). In general, calcium concentration in the dipping
solution is the most important factor. The firmness and drained weight are linearly related to the
calcium content and dipping time, though the changes in firmness are much larger than the
changes in drained weight (28).

Experimentally, it has been shown that the addition of pectin methylesterase (PME) further
increases the firmness of the dices (30). The PME activity deesterifies the galacturonic acid
subunits, making them available to bind to the calcium ions. The firmness of the dices can be
doubled with the addition of PME. This can be done more economically by processing the dices in
a dip solution at a higher pH (7.5) for longer times (5 minutes) to allow the natural enzymes to act
within the tomato (31).

Based on sensory evaluation, dices become inedible at approximately 1.5 times the legal
limit of calcium in the dices (29). It has been reported that an adverse effect can be observed as
low as 0.045-0.050% (28). The lower the calcium content, the higher the dices score in sweetness
and natural taste (29). The higher the calcium, the higher the acidity taste and the lower the pH.
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V. QUALITY CHANGES DURING PROCESSING
A. Nutritional Value

The type of process is important in determining how much quality loss occurs. For the same F
value, significantly more vitamin C is lost during thermal processing of whole peeled tomatoes in
arotary pressure cooker than in an HTST process (32). Similarly, the texture is significantly firmer
after the HTST (32). During canning the nutrient content remains fairly stable (Table 1). The
already small lipid content decreases because of the removal of the skin. The calcium and sodium
contents increase because the processors add them to improve the firmness and flavor of the
tomatoes. The vitamin A content is fairly constant, while the vitamin C content is reduced by
45%. Bioavailable lycopene content increases, because processing makes the carotenoid more
available to the body (33,34).

B. Color, Texture, and Flavor Changes
There is little problem with color changes during processing. The red color of tomatoes is mainly

determined by the carotenoid lycopene (Fig. 2). Lycopene is very stable to heat. Texture does

Table 1 Nutrition Composition of Tomatoes, Value per 100g of Edible Portion

Raw Canned (salt added) Daily values
Water (g) 93.76 93.65
Protein (g) 0.85 0.92 50
Total lipid (g) 0.33 0.13 65
Carbohydrate, by difference (g) 4.64 4.37 300
Fiber, total dietary (g) 1.1 1.0 25
Ash (g) 0.42 0.93
Minerals
Calcium, Ca (mg) 5 30 1000
Iron, Fe (mg) 0.45 0.55 18
Magnesium, Mg (mg) 11 12 400
Phosphorus, P (mg) 24 19 1000
Potassium, K (g) 222 211 3500
Sodium, Na (mg) 9 148 2400
Zinc, Zn (mg) 0.09 0.16 15
Copper, Cu (mg) 0.074 0.110 2.0
Manganese, Mn (mg) 0.105 0.127 2.0
Selenium, Se (mcg) 0.4 0.7 70
Vitamins
Vitamin C (mg) 19.1 14.2 60
Thiamin (mg) 0.059 0.045 1.5
Riboflavin (mg) 0.048 0.031 1.7
Niacin (mg) 0.628 0.735 20
Pantothenic acid (mg) 0.247 0.167 10
Vitamin B-6 (mg) 0.080 0.090 2.0
Folate, total (mcg) 15 8 400
Vitamin B-12 (mcg) 0.00 0.00 6
Vitamin A (IU) 623 595 5000
Vitamin E (mg) 0.380 0.20 301U

Source: Adapted from the USDA Nutrient Database.
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Figure 2 Lycopene.

change during processing, however. Canning significantly softens the fruit; therefore calcium is
frequently added to increase the firmness. Varieties have been bred to be firm to withstand
machine harvesting, which has also increased the firmness of canned tomatoes. During heat
treatment, fresh tomato volatiles, especially cis-3-hexenal, are destroyed while cooked flavors due
to compounds such as dimethyl sulfide and acetaldehyde are created (35). The characteristic
tomato taste, mainly due to fructose, glucose, and citric acid, shows very little change during
processing.

VI. QUALITY LOSSES DURING STORAGE

Sensory evaluation of flavor has been suggested to be the best predictor of the end of shelf life
(36). The method that best correlated to the flavor was serum color.

A. Color and Lycopene

There is little problem with color changes during storage. When no oxygen is present, the red
pigment lycopene slowly degrades by an autocatalytic mechanism. No loss of lycopene was seen
in tomato puree stored up to a year, which had undergone a hot break process (37). Cold break
puree did show a loss of lycopene, likely due to enzymatic activity (37). In addition to degradation
of lycopene, darkening occurs during storage due to nonenzymatic browning (38).

Typically the color does not change during storage if the product is kept at room
temperature or below (39,40). No difference in serum color was seen after 300 days at 68°F
(20°C), for either hot or cold break tomato paste (41). When stored at 88°F (31°C), cold break
paste did darken faster than hot break paste (41). Extreme conditions of twelve months at 88°C
were required to reduce the color of tomato juice to grade C (42). Lower temperatures or shorter
times were still grade A.

B. Flavor

Changes in flavor are the most sensitive index to quality deterioration during storage, followed by
color (36). The Maillard reaction is the major mode of deterioration during storage of canned fruit
and vegetable products in general and leads to a bitter off-flavor (43).

A number of studies have used hedonic measurements to determine the end of shelf life for
tomato products. However, many of them did not go on long enough to find the end of shelf life.
No significant differences were found in the flavor of tomato concentrates stored for 6 months at
40 or 70°F (4 or 21°C) (44). The samples at 100°F (38°C) were significantly different but, neither
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the fresh nor the stored sample was preferred (44). Canned tomatoes stored for 3 years at 70°F
(21°C) were rated fair, owing to a slightly stale, bitter, or tinny off-flavor (45,46). Storage at 70°F
(21°C) should be limited to 24—30 months, and at 100°F (38°C) to less than a year.

C. VitaminC

Vitamin C is the most labile of the nutrients, and so its degradation is used as an indicator of
quality. No loss in natural vitamin C was found in tomato juice after 9 months of storage at up to
68°F (20°C) (42). In another study, some losses were seen at 88°F (31°C). After 1.2 years, some
degradation of vitamin C was seen at storage temperatures of 43—52°F (6—11°C) (47), but at least
80% was still present when stored at 43—68°F (6—20°C). At 77°F (25°C), 55% remained. When
samples were fortified with vitamin C, this added vitamin C degraded at storage temperatures as
low as 35°F (2°C). This occurs because the vitamin C was not bound or protected in the juice the
way the natural vitamin C is.

VIl. USEFUL WEBSITES

USDA voluntary grading standards for Italian type tomatoes for canning and for tomatoes
for processing: http://www.ams.usda.gov/standards/vegpro.htm

Code of Federal Regulations for Standard of identity for canned tomatoes: http://
www.access.gpo.gov/nara/cfr/cfr-table-search.html

USDA Grading Standards for canned tomatoes: http://www.ams.usda.gov/standards/
vegcan.htm

USDA Agricultural Statistics: http://www.usda.gov/nass/pubs/agstats.htm

U.S. Census Bureau Production, import and export statistics: http://www.census.gov/statab/
www/

USDA nutrient composition database: http://www.nal.usda.gov/fnic/foodcomp/

California League of Food Processors: http://www.clfp.com/

California Tomato Growers Association: http://www.ctga.org/

World Processing Tomato Council: http://www.wptc.to/

REFERENCES

1. US Department of Agriculture. Agricultural Statistics. US Government Printing Office, Washington
DC, 2000.

2. CM Rick. The tomato. Sci Am 239(2):66—76, 1978.

3. United States Department of Agriculture. United States Standards for grades of Italian type tomatoes
for canning. Fruit and vegetable division, AMS, USDA, Washington, D.C., 1997.

4. United States Department of Agriculture. United States Standards for grades of tomatoes for
processing. Fruit and vegetable division, AMS, USDA, Washington, D.C., 1997.

5. DJ Das. Factors affecting the peelability of tomatoes and methods to improve chemical peeling for
tomatoes. Thesis, the Ohio State University, Columbus, OH, 1997.

6. L Bayindirli. Mathematical analysis of lye peeling in tomatoes. J Food Eng 23:225-231, 1994.

7. DI Das, and SA Barringer. Use of organic solvents for improving peelability of tomatoes. J Food
Process Preserv 23(4): 193-202, 1999.

8. HJ Neumann, WG Schultz, JP Morgan, and JE Schade. Peeling aids and their application to caustic
peeling of tomatoes. J Food Sci 43(5): 1626—1627, 1978.

9. DL Downing, ed. A Complete Course in Canning and Related Processes. Book III. Processing
procedures for canned food products. 13th ed. CTI, Timonium, MD, 1996.

Copyright 2004 by Marcel Dekker, Inc. All Rights Reserved.


www.arms.usda.gov
www.access.gpo.gov
www.usda.gov
www.census.gov
www.nal.usda.gov
www.wptc.to
www.ctga.org
www.clfp.com

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

DV Schlimme, KA Corey, and BC Frey. Evaluation of lye and steam peeling using four processing
tomato cultivars. J Food Sci 49:1415-1418, 1984.

WP Mohr. The influence of fruit anatomy on ease of peeling of tomatoes for canning. Int J Food Sci
Tech 25:449-457, 1990.

HE Brown, F Meredith, G Saldana, and TS Stephens. Freeze peeling improves quality of tomatoes. J
Food Sci 35:485-488, 1970.

WM Thomas, DW Stanley, and DR Arnott. 1976. An evaluation of blanch, lye and freeze-heat methods
for tomato peel removal. Can Inst Food Sci Technol J 9(3):118-124.

WM Thomas, WP Mohr, DW Stanley, and DR Arnott. 1978. Evaluation of conventional and freeze
heat peeling methods for field tomatoes. Can Inst Food Sci Technol J 11(4):209-215.

S Leonard, and F Winter. 1974. Pilot application of freeze-heat peeling of tomatoes. J Food Sci
39:162—-165.

TS Stephens, G Saldana, and HE Brown. Effect of different submergence times in hot calcium chloride
on peeling efficiency of tomatoes. J Food Sci 38:512-515, 1973.

TS Stephens, G Saldana, and HE Brown. Peeling tomatoes by submerging in a hot solution of calcium
chloride. Annu Proc J Rio Grande Valley Hort Soc 21:114—124, 1967.

United States Department of Agriculture. United States Standards for grades of canned tomatoes. Fruit
and vegetable division, AMS, USDA, Washington, D.C., 1990.

United States Office of the Federal Register. 21CFR155.190 Code of Federal Regulations. U.S. General
Services Administration, National Archives and Records Service, Office of the Federal Register,
Washington, D.C., 2000.

C Denny, ed. Tomato Products. 7th ed. Washington, D.C.: National Food Processors Association, 1997,
p- 106.

National Canners Association. Laboratory manual for food canners and processors. Vol

1. Microbiology and processing. AVI, Westport, CT, 1968.

DL Downing, ed. A Complete Course in Canning and Related Processes. Book 1. Fundamental
information on canning. 13th ed. CTI, Timonium, MD, 1996.

MA Napoli. A study of treatment of wastewater from a peeled-tomato factory. Agric Wastes 1:143—
156, 1979.

GA Pearson. Suitability of food processing waste water for irrigation. J Environ Quality 1(4): 394-397,
1972.

S Pandrangi, and SA Barringer. Coagulation of tomato lye peeling waste using ferric chloride. J Food
Proc Preserv 24(4): 303-314, 2000.

CA Merlo, WW Rose, and NL Ewing. Membrane filtration handbook/selection guide. National Food
Processor’s Association, Dublin, CA, 1993.

JD Floros, A Ekanayake, GP Abide, and PE Nelson. Optimization of a diced tomato calcification
process. J Food Sci 57(5): 1144—1148, 1992.

G Villari, F De Sio, R Loiudice, D Castaldo, A Giovane, and L Servillo. Effect of firmness of canned
peeled tomatoes dipped in calcium solution at neutral pH. Acta Alimentaria 26(3): 235—242, 1997.
S Poretta, G Poli, and L Palmieri. Optimization of the addition of calcium chloride to canned diced
tomatoes. Sci Aliment 15: 99—112, 1995.

D Castaldo, L Servillo, B Laratta, G Fasanaro, G Villari, A de Giorgi, and A Giovane. Preparation of
high-consistency vegetable products: tomato pulps. II. Ind Conserve 70(3): 253-258, 1995.

D Castaldo, G Villari, B Laratta, M Impembo, A Giovane, G Fasanaro, and L Servillo. Preparation of
high-consistency diced tomatoes by immersion in calcifying solutions. A pilot plant study. J Agric
Food Chem 44:2600-2607, 1996.

SJ Leonard, RL Merson, GL Marsh, and JR Heil. Estimating thermal degradation in processed foods. J
Agric Food Chem 34:392-396, 1986.

W Stahl, and H Sies. Uptake of lycopene and its geometrical isomers is greater from heat-processed
than from unprocessed tomato juice in humans. J Nutr 122(11): 2161-2165, 1992.

C Gartner, W Stahl, and H Sies. Lycopene is more bioavailable from tomato paste then from fresh
tomatoes. Am J Clin Nutr 66:116—122, 1997.

Copyright 2004 by Marcel Dekker, Inc. All Rights Reserved.



35.

36.

37.

38.

39.

40.

41.

42.
43.

44.

45.

46.
47.

M Petro-Turza. Flavor of tomato and tomato products. Food Reviews International: 2(3): 309-351,
1987.

JR Eckerle, CD Harvey, and T-S Chen. Life cycle of canned tomato paste: correlation between sensory
and instrumental testing methods. J Food Sci 49:1188—-1193, 1984.

R Tamburini, L Sandei, A Aldini, F de Sio, and C Leoni. Effect of storage conditions on lycopene
content in tomato purees obtained with different processing techniques. Industria-Conserve 74(4):
341-357, 1999.

GS Mudahar, JS Sidhu, and KS Minhas. Technical note: Effect of low pH preservation on the color and
consistency of tomato juice. J Food Tech 21:233-238, 1986.

AA Kattan, WL Ogle, and A Kramer. Effect of processed variables on quality of canned tomato juice.
Proc Am Soc Hort Sci. 68:470-481, 1956.

RB Davis, and WA Gould. The effect of processing methods on the color of tomato juice. Food Tech
9:540-547, 1955.

BS Luh, CO Chichester, H Co, and SJ Leonard. Factors influencing storage stability of canned tomato
paste. Food Technol 18(4): 159-162, 1964.

WA Gould. Quality evaluation of processed tomato juice. J Agric Food Chem 26(5): 1006—1011, 1978.
OTA. Open Shelf-Life Dating of Foods. Office of Technology Assessment, Government Printing
Office, Washington, DC, 1979.

RJ McColloch, RC Rice, and JC Underwood. Storage stability of canned concentrated tomato juice.
Food Technol 10:568—-570, 1956.

SR Cecil, and JG Woodruf. Stability of canned foods in long-term storage. Food Technol. 17:131-138,
1963.

SR Cecil, and JG Woodruf. Long-term storage of military rations. Ga Agric Exp Stn Bull 25, 1962.
BS Luh, S Leonard, and GL Marsh. Objective criteria for storage changes in tomato paste. Food Tech
12:347-351, 1958.

Copyright 2004 by Marcel Dekker, Inc. All Rights Reserved.



4

Canned Vegetables: Product Descriptions

Peggy Stanfield
Dietetic Resources, Twin Falls, Idaho, U.S.A.

. INTRODUCTION

This book is not the proper forum to present the manufacturing process for all categories of
canned vegetables being marketed in the United States. Therefore, this chapter provides a short
description for the major commercial canned vegetables.

In the United States, two federal agencies have the responsibility to make sure that the
canned vegetables in the market are safe and do not pose any economic fraud. The U.S. Food and
Drug Administration issues regulations to achieve both goals. The U.S. Department of
Agriculture issues voluntary guides to achieve the same goals. The information in this chapter has
been modified from such regulations and guidelines.

Il. CANNED CORN

Canned sweet corn is the product prepared from clean, sound kernels of sweet corn packed with a
suitable liquid packing medium that may include water and the creamy component from corn
kernels. The tip caps are removed. The product is of the optional styles.

For more details on canned corn products, see Chapter 8 and Appendix A.

lll. CANNED GREEN BEANS AND CANNED WAX BEANS
A. General Description

Canned green beans and canned wax beans are the foods prepared from succulent pods of fresh
green bean or wax bean plants conforming to the characteristics of Phaseolus vulgaris L. and
Phaseolus coccineus L. Such food is so processed by heat, in an appropriate manner before or
after being sealed in a container, as to prevent spoilage.

Requirements are provided for optional color and varietal types, styles of pack, ingredients,
and labeling:

Optional color types are green or wax. Optional varietal types include

1. Round. Beans having a width not greater than 1% times the thickness of the bean
2. Flat. Beans having a width greater than 1% times the thickness of the bean.
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Optional styles of pack:

Whole. Whole pods of any length.

Shoestring or sliced lengthwise or French style. Pods sliced lengthwise.

Cuts. Transversely cut pods not less than 19mm (0.751in.) long as measured along the
longitudinal axis, which may contain the shorter end pieces that result from cutting
such pods.

Short cuts. Pieces of pods cut transversely, of which 75 percent, by count, or more are
less than 19mm (0.751n.) in length and not more than 1 percent by count are more
than 32mm (14 in.) in length.

Diagonal cuts. Pods cut in lengths as specified, except that the pods are cut at an angle
approximately 45° to the longitudinal axis.

Diagonal short cuts. Pods cut in lengths as specified, except that the pods are cut at an
angle approximately 45° to the longitudinal axis.

Mixture. Any mixture of two or more of the styles specified.

Optional ingredients:

—_

11.
12.
13.
14.
15.

16.
17.

SO B WD —

Salt

Monosodium glutamate

Disodium inosinate

Disodium guanylate

Hydrolyzed vegetable protein

Autolyzed yeast extract

Nutritive carbohydrate sweeteners

Spice

Flavoring (except artificial)

Pieces of green or red peppers or mixtures of both, either of which may be dried, or
other vegetables not exceeding in total 15 percent by weight of the finished product
Vinegar

Lemon juice or concentrated lemon juice

Gluconodeltalactone

Mint leaves

Butter or margarine in a quantity of not less than 3 percent by weight of the finished
product

When butter or margarine is added, emulsifiers or stabilizers or both added

No spice or flavoring simulating the color or flavor imparted by butter or margarine

Labeling: The name of the food is “green beans” or “wax beans” as appropriate. Wax beans may
be additionally designated “golden” or “yellow.”
A declaration of any flavoring that characterizes the product:

A declaration of any spice, seasoning, or garnishing that characterizes the product,
e.g., “with added spice,” or, in lieu of the word “spice,” the common name of the spice,
e.g., “seasoned with green peppers.”

The words “vacuum pack” or “vacuum packed” when the weight of the liquid in the
container is not more than 25 percent of the net weight, and the container is closed
under conditions creating a high vacuum in the container.
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3. The name of the optional style of bean ingredient, if a product consists of a mixture of
such styles, the words “mixture of ,” the blank to be filled in with the names of
the styles present, arranged in the order of decreasing predominance, if any, by weight
of such ingredients.

4. If the product consists of whole beans and the pods are packed parallel to the sides of
the container, the word “whole” may be preceded or followed by the words “vertical
pack,” or if the pods are cut at both ends and are of substantially equal lengths, the
words “asparagus style” may be used in lieu of the words “vertical pack.”

5. If the product consists of short cuts or diagonal short cuts, a numerical expression
indicating the predominate length of cut in the finished food may be used in lieu of the
word “short,” e.g., 5 inch cut.”

The following may be included in the name of the food:

[u—

The word “stringless” if the beans are in fact stringless.
2. The name of the optional varietal type, or the specific varietal name, e.g., “Blue Lake
Green Beans,” or both.

3. If a term designating diameter is used, it should be supported by an exact graphic
representation of the cross section of the bean pod or by a statement of the maximum
diameter in common or decimal fractions of an inch and, optionally, by the millimeter
equivalent stated parenthetically. The diameter of a whole, cut, diagonal cut, or short
cut is determined by measuring the thickest portion of the pod at the shorter diameter
of the bean perpendicular to the longitudinal axis.

IV. CANNED MUSHROOMS
A. Legal Requirement

The FDA has established a standard of identity for canned mushrooms. Some aspects are
presented below.

1. Definition

Canned mushrooms are the food properly prepared from the caps and stems of succulent
mushrooms conforming to the characteristics of the species Agaricus (Psalliota) bisporus or A.
bitorquis, in one of the optional styles, packed with a suitable liquid medium, which may include
water and may contain one or more safe and suitable optional ingredients. The food is sealed in a
container and, is before or after sealing, so processed by heat as to prevent spoilage.

2. Styles
The optional styles of the mushroom ingredient are

1. Buttons—consisting of whole mushrooms with attached stems not exceeding 5
millimeters (0.21in.) in length, measured from the bottom of the veil.

2.  Whole—consisting of whole mushrooms with attached stems cut to a length not
exceeding the diameter of the cap, measured from the bottom of the veil.

3. Quarters—consisting of buttons or whole style cut into four approximately equal
parts.
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4. Slices or sliced—consisting of buttons or whole style of which not less than 50
percent are cut parallel to the longitudinal axis of the stem and 2 millimeters to 8
millimeters (0.08 to 0.32in.) in thickness.

5. Random sliced—consisting of buttons or whole style sliced in a random manner.

6. Pieces and stems—consisting of pieces of caps and stems of irregular shapes and
sizes.

3. Optional Ingredients
Optional ingredients are

Salt.

Monosodium glutamate.

Disodium inosinate

Disodium guanylate

Hydrolyzed vegetable protein.

Autolyzed yeast extract.

Ascorbic acid (vitamin C) in a quantity not to exceed 132 milligrams for each 100

grams (37.5 milligrams for each ounce) of drained weight of mushrooms.

8. Organic acids (except no vinegar is permitted), only where the inside metal of the
container is fully enamel-lined and in glass containers with fully enamel-lined caps.
Ascorbic acid is an example.

9. Calcium disodium ethylenediaminetetraacetate (CaNa, EDTA) in a quantity not to

exceed 200 parts per million for use to promote color retention.

Nk

4. Fill of Container

1. The fill of the mushroom ingredient and packing medium container is not less than 90
percent of the total capacity of the container.

2. The drained weight of the mushroom ingredient is not less than 56 percent of the water
capacity of the container.

B. General Processing

Canned mushroom is considered a low acid canned food, and there are stringent regulations
govering its manufacture. This section provides some background information. A commercial
processor must comply with basic federal requirements.

1. Types and Varieties

All cultivated mushrooms belong to the species Agaricus campestris. Various bracket fungi,
puftballs, and other fungi have been used as food, but none have been grown commercially in this
country. Mushrooms are classified as white, cream, or brown, depending on the color of the cap.
Those grown for canning are almost exclusively of the white variety. In the East and Midwest the
white variety is also the principal kind grown for fresh mushroom consumption, while in the West
and in Canada a fair quantity of the cream variety is used. Of course, in the last two decades or so,
many varieties of mushrooms are available from imports, e.g., from countries in the Pacific Rim.

2. Growing Requirements

Since mushrooms, like all fungi, do not possess chlorophyll with which to manufacture
carbohydrates from CO, absorbed from the air, they must obtain carbohydrates and other
nutrients by growing on organic material containing these ingredients. Compost is the favorite
growing medium in commercial mushroom houses.
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Unlike plants possessing chlorophyll, mushrooms can grow in tare in darkness. A cool,
moist atmosphere is most favorable for their development. Caves and abandoned mines have been
used extensively for the growing of mushrooms.

Most mushrooms are grown in houses constructed especially for the purpose. Cinder blocks
are a favorite construction material. The houses should be well insulated against cold in winter
and heat in summer, and should have heating facilities for use in winter and means for keeping the
air moist when the outside humidity becomes low.

Most houses produce two distinct crops a year. Each crop consists of several “breaks.” After
the mushrooms are harvested the north beds are covered with a new layer of “casing” soil and
watered down for the next growth of mushrooms. After several such “breaks,” the beds are
cleaned out and filled with fresh compost. The entire cycle areas may be completed in as little as
three months or even less, up to as long as seven months, depending largely on temperature.

Higher temperatures usually mean a greater proportion of small land mushrooms.

Artificial air conditioning enables some growers to obtain three crops a year.

The months of October to May, inclusive, are the months of heaviest production. Harvesting
is light during the warm weather months. A few growers maintain production during the summer
by means of artificial air conditioning.

3. Harvesting and Delivery

Most canners grow the greater part of the mushrooms they use, purchasing the remainder of their
requirements from other growers. Some canners grow for canning exclusively; others grow both
for the fresh market and for processing.

Mushrooms are pulled from the beds with roots attached before the “veil” or membrane
breaks open and exposes the “gills.” Depending upon the contract between the packer and grower,
the mushrooms may be delivered to the plant either with or without roots attached. In the latter
case, the roots are cut from the mushrooms in the growing houses by the harvesters. In either case
they are placed in baskets holding from three to as much as ten pounds for delivery to the plant.
Obviously, large corporations use a more advanced system to handle this harvesting and delivery.
However, small growers have not changed much.

Freshly harvested mushrooms with the root portion attached will remain fresh longer than if
the root portion has been removed. Mushrooms frequently grow in clusters, which may contain
from three to five or more units. The units may vary in size from tiny to large in the same cluster
that developed from one root.

Mushroom deteriorate rapidly after picking, becoming discolored and wilted. They should
be delivered to the cannery or processor promptly after picking. When mushrooms cannot be
processed promptly after delivery to the cannery, they should be placed in a refrigerated room at a
temperature of 36° to 37°F until needed. Refrigeration permits the supplies to be carried overnight
to begin canning operations the following morning, or late weekend deliveries may be carried over
to Monday morning.

Mushrooms must be handled carefully at all times to avoid bruising, which results in dark
discolored areas.

C. Preparation and Canning

The following description of a canned mushroom operation is reasonably typical. The order,
methods, and equipment may vary from plant to plant, especially a small versus a big one.

After delivery to the plant, mushrooms that cannot be processed immediately are placed in
refrigerated storage until they can be processed.
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The baskets of mushrooms are taken to the cutting line for the removal of root stubs and
stems. In most plants, the cutting operation is performed mechanically, although some plants may
still be cutting by hand. The stem may undergo one or two cuttings, depending on the style of
mushrooms desired, whether whole or button.

In the case of whole mushrooms, only the root portion of the stem is removed by the
mechanical cutter. If the style of buttons is desired, the cutter first removes the root portion of the
stem, which is carried away for waste. The rest of the stem is then removed by cutting immediately
below the veil. This portion of the stem is used in the style of stems and pieces.

1. Washing, Trimming, and Sorting

After cutting, both the caps and the stems are conveyed to a spray washer, which removes the
clinging bits of casing soil or other dirt. The mushrooms then pass over an inspection belt where
seriously blemished mushrooms may be trimmed or sorted out. Misshapen, blemished, trimmed,
and broken mushrooms are sorted out and placed with other mushroom material for the stems and
pieces style.

Mushrooms with partially open veils may be placed with the pieces, delivery material, or be
added to the buttons or whole mushrooms intended for one of the sliced styles.

2. Sizing
Mushrooms intended for whole mushrooms or buttons are conveyed by means of water flume or
other techniques to the sizers.

The mushrooms may be sized in a revolving drum sizer submerged in water. Rotary size
graders that are not immersed in water may also be used. A submerged sizer minimizes bruising
and gives the mushrooms an additional washing. The caps float upward from the sizer, and each
size is floated off into a separate holding tank.

The buttons may be separated into six different sizes. The larger sizes are generally sliced
and the smaller sizes packed as buttons. Price lists of packers may quote sizes in terms of the
number of buttons per 8-ounce can as 20/40, 40/60, 60/80, or 100/120. The same size
designations apply when the mushrooms are packed in smaller sized cans. For example, the 40/60
size would pack between 20 to 30 buttons in a 4-ounce can.

3. Slicing
Mushrooms intended for slicing are generally sliced prior to blanching; however, slicing may be
performed after blanching. The mushrooms are passed through a mechanical slicer with circular
knives, which cut them into slices of predetermined thickness. A shaker screen removes the small
pieces after slicing.

Three styles of sliced mushrooms are produced: Sliced Whole, Sliced Buttons, and Random
Sliced Whole.

Sliced Whole style is prepared by aligning the mushrooms prior to slicing so that the
mushroom is sliced lengthwise from stem to apex.

Sliced Buttons style is prepared by positioning the mushrooms prior to slicing so that the
mushroom is sliced parallel to the longitudinal axis.

Random Sliced Whole style is prepared by slicing the mushroom in any direction.
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4. Blanching

The mushrooms are flumed from the holding tanks or slicer to the blancher. The purpose of
blanching is to shrink the mushrooms in order to obtain the proper fill. Shrinkage is due to loss of
mushroom juice. Mushrooms may shrink as much as 30 to 40 percent in size in blanching.

Mushrooms may be blanched by immersing in water at a temperature of 200°F or more. The
usual method, however, is to pass the mushrooms through a continuous steam blancher where they
are exposed to live steam for a period of 5 to 8 minutes. In some cases, the mushrooms may be
filled into the cans and then blanched in the cans. Since iron tends to discolor mushrooms, the
blancher should be made of stainless steel or other noncorrosive metal. During blanching, the
color of some white varieties may change from near-white to a light tan or buff color.

5. Filling and Weighing
Whole or Button styles are generally filled into the can by hand, whereas a semiautomatic filler is
usually used for slices and piece pack. After filling, the cans are moved by belt conveyor in front
of the weighers, who weigh the individual cans and adjust the fill so that the finished product will
meet the required minimum drained weight.

As a safety factor, weighers generally overfill the cans, usually in accordance with a
schedule of overfill weights which vary according to can size and style of pack.

Cans may vary considerably in weight, particularly in the smaller sizes. Deficient drained
weights have been found to be due in some cases to the use of an unusually light can as tare by the
weigher. The weigher should choose a tare can of average weight.

6. Brining and Cooking

After weighing, a salt tablet, which may also contain ascorbic acid, is added and cans are moved
under taps of hot water, the temperature of which may range from 190° to 200°F. The taps are
adjusted to fill the cans to overflowing. A hot brine solution is sometimes used instead of the water
and salt tablet. It is generally unnecessary to use an exhaust on the filled cans, since a sufficiently
high vacuum is obtained for most purposes by the addition of hot water.

After closing, the cans are processed in retorts under steam pressure. After processing, the
cans may be cooled by water in the retort or a cooling tank. The cans should be cooled to 90° to
100°F in order to check the cook but leave cans warm enough to dry off readily and prevent
rusting.

7. Modern Technology and FDA Regulations

The information in this section on mushrooms must be interpreted in terms of the following
premises:

1. Depending on the size and operation of a processor, the use of new equipment and
machinery has eliminated a lot of problems that used to accompany the processing of
mushrooms.

2. [Ifused properly, food additives can contribute to the proper processing of mushrooms.

3. Always be concerned that mushrooms in a container are subject to the important
regulations promulgated by the FDA for low-acid canned and acidified foods.
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V. CANNED ONIONS
A. Production

1. Varieties

Yellow globe onions, a commercial term applied to several different varieties and strains of
onions, are preferred by processors of onions. The more acceptable varieties are the Southport
yellow globe and the yellow globe Danver. Western processors for the most part use only the
yellow globe Danver.

2. Harvesting

The customary period at which to harvest onions for canning is in the fall, when the tops of the
onions have begun to turn greenish yellow. Usually the crop is dug by a hoe or an implement that
turns the ground, exposing the onions to the surface. After the onions are taken from the ground
they are thrown in windrows or piles in the field, where they remain until the tops are completely
dry. After curing sufficiently, the tops are cut or pulled off close to the bulbs. The onions are then
placed in sacks or crates and are placed in storage or shipped.

B. Preparation and Canning

1. Receiving

Onions are usually delivered to the cannery in sacks or crates, and are placed in storage until used.
Well cured onions will keep for several months if stored in a well-ventilated place. In some areas it
may be necessary to store them in an enclosed shed for protection against freezing. Onions will
sprout within a few months if stored in a warm place. Badly spoiled onions become soft. The fresh
fruit and vegetable inspection service inspects a large volume of onions for shippers and buyers at
time of shipment or in receiving markets. Onions delivered to canners may or may not have been
officially inspected.

2. Presizing and Trimming

Generally the onions are emptied from sacks onto a belt conveyor carrying them to a sizer, which
eliminates over- and under-sized onions. From the sizer the onions are placed in buckets or pans
on a merry-go-round sorting table where ends of the onions are trimmed and onions possessing
rot, decay, or other serious defects are discarded.

3. Peeling

From the merry-go-round sorting table, the onions are conveyed to a carborundum peeler, which
tends to loosen the outer skin of the onion bulb. As the onions leave the carborundum peeler they
pass through a continuous lye peeler containing a 3—10 percent lye solution, depending upon the
variety and character of the onions, which further loosens the outer scales of the onion bulb.

4. Washing

Following the peeling process, the onions pass through a rotary screen washer where adhering
portions of the outer loosened scales are washed off under a strong spray of water. A closely
controlled check is necessary to assure complete removal of the lye solution from the onion bulbs.
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5. Preremoving of Blemishes and Defects

After washing, the onions are moved by conveyer belt to an inspection table where onions
containing blemishes are removed.

6. Sizing

Normally onions are separated into three size classifications: tiny, small, and medium. Each
processor has developed his own particular sizing operation. However, for the most part onions
exceeding an inch and one-half in diameter and those with a diameter of less than % of an inch are
not used for canning.

7. Final Removing of Blemishes and Defects

As the onions come from the sizer, they are conveyed onto a final inspection table where loosened
scales, loose centers, onions possessing blemishes, or excessively discolored onions are removed.

8. Filling

The onions are then filled into cans or glass jars and a sufficient amount of hot brine is added for
proper fill. After the cans or glass jars are filled they are quickly closed. In packing onions, the
product is acidified to assure sterilization and to prevent spoilage. A pH of 4.5 is most desirable.
The acid solution may be used as a dip, or it may be added directly to the containers in the filling
operations.

9. Defects

a. General Immediately after ascertaining the uniformity of size and shape, segregate
any defects in the following groups in accordance with the definitions outlined by the USDA.

b.  Extraneous Vegetable Material Remove from each container the pieces present and
arrange all the extraneous material such as loose skins and dried onion tops. Extraneous vegetable
material refers to harmless vegetable material, and the material falling into this category is
evaluated with respect to its effect on the overall requirements for the grade classification. No
tolerance is provided for extraneous vegetable material of a different origin than the onion plants,
such as weeds and weed seeds. When such extraneous material is found the supervisor should be
contacted.

¢. Blemished Onions A blemished onion is one that is affected by surface or internal
discoloration to such an extent that the appearance or eating quality is materially affected. The
following are examples of onions scoreable as being blemished:

1. Staining. Onions that show brown or streaked discoloration from lying on the ground.

2. Seed Stems. Onions often throw up stalks on which to bear seeds during the later part
of their growth. When harvested, the seed stems are cut or broken off, leaving thick,
tough stems extending through the centers of the onions. Onions possessing tough or
woody seed stems should be considered as blemished onions.

3. Sunburn. Sunburn is a green discoloration caused by exposure of the bulb to the sun
and is normally present only on the outer scale of the onion bulb. This condition
should not be confused with the natural greening of certain varieties of onions wherein
the green color may be present in the outer scales of the onion bulbs.

4. Sunscald. This injury takes place at harvest time when the bulbs are exposed to heat
and bright sunlight. The tissue of the exposed area of the bulb will scald and become
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soft and slippery. When temperatures are reduced and the onions are exposed to the
air, the scalded tissue loses moisture by evaporation, and leatherlike areas are
produced that may be bleached almost white.

5. Freezing injury. This injury is recognized by the water-soaked appearance, soft feel,
and discoloration appearing in a portion of the scale or scales. The affected area
normally has a translucent or paperlike appearance.

6. Smudge. Smudge is characterized by black blotches or aggregations of minute black
or dark green dots on the outer scales. These dots are often arranged in concentric
rings. Generally the lesions are on the outer scales, but they may also be found on
inner scales. On the fleshy scale of the bulb the fungus produces sunken yellowish
spots.

7. Surface Molds. Surface molds may be black, blue, or gray in color and may be found
growing either on the outer scales or, frequently, between the outer scales of the bulb.

8. Rot. Several types of rot may be present in onions, envelopes of which are bacterial
soft rot, blue mold rot, fusarium rot, and green mold rot. Normally, onion bulbs
affected by rot have a water-soaked appearance with various discolorations of outer or
inner scales. Canned onions should not contain any units showing rot other than an
accidental unit.

d. Seriously Blemished Onions A seriously blemished onion is an onion that is affected
by surface or internal discoloration to such an extent that the appearance or eating quality is
seriously affected. Insect injury, wherever the insect bite extends through the scale of an onion
bulb, is very noticeable and should be considered seriously blemished. Dark pathological areas
that are unsightly are considered seriously blemished.

e. Mechanical Damage Onion bulbs mechanically damaged by crushing, gouging, or
trimming should be classified as damaged only when the condition materially affects the eating
appearance or quality of the bulb.

1. Loose Scales or Pieces of Scales Loose scales or pieces of scales are those not
attached to an onion bulb. Do not aggregate pieces of scales to give the equivalent of one loose
scale.

g. Detached Center Detached center is when the center portion of the onion bulb has
become detached. The onion bulb thus damaged is scored as a defect and the loose centers that
have become detached are disregarded.

10. Well Trimmed

Determining whether onions are well trimmed is judged entirely on an appearance basis. In
meeting the requirement for well trimmed, the top and root of the onion should be neatly removed.
Onion bulbs with off-slant cuts that materially affect the appearance of the unit are not considered
well trimmed.

VI. CANNED PEAS AND DRY PEAS

Canned peas are the food prepared from fresh or frozen succulent seeds of the pea plant of the
species Pisum sativum L. but excluding the subspecies macrocarpum. Only sweet wrinkled
varieties, smooth-skin varieties, or hybrids thereof may be used. The product is packed with water
or other suitable aqueous liquid medium to which may be added one or more of the other optional
ingredients. Such food is sealed in a container and, before or after sealing, is so processed by heat
as to prevent spoilage.
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Optional ingredients. In addition to the optional packing media, the following safe and
suitable optional ingredients may be used:

Salt.

Monosodium glutamate.

Disodium inosinate.

Disodium guanylate.

Hydrolyzed vegetable protein.

Autolyzed yeast extract.

One or any combination of two or more of the dry or liquid forms of sugar, invert

sugar sirup, dextrose, glucose sirup, and fructose.

8. Spice.
9. Flavoring (except artificial).

10. Color additives.

11. Calcium salts, the total amount of which added to firm the peas should not result in
more than 350 milligrams/kilogram (0.01ounce/2.2pounds) of calcium in the
finished food.

12. Magnesium hydroxide, magnesium oxide, magnesium carbonate, or any mixture or
combination of these in such quantity that the pH of the finished canned peas is not
more than 8, as determined by the glass electrode method for the hydrogen ion
concentration.

13. Seasonings and garnishes:

14. Pieces of green or red peppers or mixtures of both, either of which may be dried, or
other vegetables not exceeding in total 15 percent of the drained weight of the finished
food.

15. Lemon juice or concentrated lemon juice.

16. Mint leaves.

17. Butter or margarine in a quantity not less than 3 percent by weight of the finished food,
or other vegetable or animal fats or oils in a quantity not less than 2.4 percent by
weight of the finished foods.

18.  When butter, margarine, or other vegetable or animal fats or oils are added, emulsifiers

or stabilizers or both may be added, but no color, spice, or flavoring simulating the

color or flavor imparted by butter or margarine may be used.

AR el

A. Labeling

The name of the food is “peas,” and this may include the designation “green.” The term “early,”
“June,” or “early June” should precede or follow the name in the case of smooth-skin peas or
substantially smooth-skin peas, such as Alaska type peas or hybrids having similar characteristics.
Where the peas are of sweet green wrinkled varieties or hybrids having similar characteristics, the
name may include the designation “sweet,” “wrinkled,” or any combination thereof. The term
“petit pois” may be used in conjunction with the name of the food when an average of 80 percent
or more of the peas will pass through a circular opening of a diameter of 7.1 millimeters (0.28
inch). If any color additive has been added, the name of the food should include the term
“artificially colored.”

The following should be included as part of the name or in close proximity to the name of
the food:

1. A declaration of any flavoring that characterizes the food
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2. A declaration of any spice, seasoning, or garnishing that characterizes the product,
e.g., “seasoned with green peppers,” “seasoned with butter,” “seasoned with _____
oil,” the blank to be filled in with the common or usual name of the oil, “with added
spice,” or, in lieu of the word spice, the common or usual name of the spice

3. The words “vacuum pack” or “vacuum packed” when the weight of the liquid in the
container is not more than 20 percent of the net weight, and the container is closed

under conditions creating a high vacuum in the container

EEINT3

VIl. CANNED PUMPKIN AND CANNED SQUASH
A. Production

1. Varieties

The names pumpkin and squash are popularly applied to the fruits of the species of the genus
Cucurbita, namely C. pepo, C. maxima and C. moschata. In general, the term pumpkin is applied
to the late maturing or fall varieties of C. pepo and C. maxima. The principal varieties of C. pepo
and C. maxima used for canning are the Connecticut field pumpkin, the Dickinson pumpkin, the
Kentucky field pumpkin, the Boston marrow squash, and the Golden Delicious squash.

2. Harvesting

Pumpkin and squash should not be harvested for canning until fully matured. Harvesting is
usually done after the leaves begin to turn yellow. Mature pumpkin or squash have a hard rind that
can be dented only with difficulty with the thumbnail. If picked too green the under portions of the
pumpkin will have a greenish color, and this may be carried over into the finished product.
Pumpkin and squash are usually harvested starting approximately September 15 in the Midwest
and the Northeast States, and October 1 in the Pacific Northwest.

B. Preparation and Canning

1. Receiving

Pumpkin and squash are usually delivered as harvested and stored at the cannery until used. Well-
matured pumpkin or squash will keep for several weeks if stored in a well-ventilated place. In
some areas it may be necessary to store them in an enclosed shed for protection against freezing.
Normally no inspection is made of pumpkin or squash received by the plants.

2. Washing

Whole pumpkins or squashes are fed by hand or conveyed into a combined tank and spray washer,
consisting of a rotary drum partially submerged in a tank of water. The combined soaking and
rotary motion loosens adhering dirt, which is removed by strong sprays of water. Grit sometimes
becomes embedded in the rind, necessitating thorough washing.

3. Trimming

From the washer the pumpkins or squash pass to the inspection belt where stems are knocked off
by hand and blossom ends, scar tissue rot, and other blemishes are trimmed out.
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4. Cutting

In some canneries the trimmers also cut the pumpkin or squash into halves or quarters with long
knives and scrape out the seeds and stringy pulp by hand. In many plants mechanical cutters are
used into which the whole units (or halves) are fed by a conveyor cutting the units into pieces.
Strong sprays of water help to knock out most of the seeds, which drop from the cutter through
small perforations.

Where the units are cut and the seeds and pulp removed in separate operations, the cut
pieces pass to a revolving drum where they are tumbled under strong sprays of water, which
remove most of the seeds and pulp.

Where seeds are to be saved for planting, they may undergo further washing to separate
them from the pulp.

Cut pieces are in some cases passed over an inspection belt where imperfect pieces and
internal rot, not visible from the outside, may be picked out by hand.

5. Wilting (Steaming)

The cut pieces are cooked in live steam until they are tender all the way through. The length of
time necessary depends upon the size of the pieces and the nature of the equipment in which the
steaming is done. The following are examples in which the wilting or steaming may be
accomplished:

1. In metal baskets in retorts, either under pressure or at atmospheric pressure.

2. In continuous metal box wilters. The pieces are carried through on a continuous belt
and are subjected to live steam.

3. In wilting towers. These are tall, cylindrical silolike structures into which the cut
pieces are fed continuously at the top by conveyor and removed at the bottom by a
screw conveyor. The pumpkin or squash is continuously treated with live steam as it
passes through the wilting tower.

6. Pressing

The wilted pumpkin or squash is soggy with liquid which is a mixture of condensed steam and
pumpkin or squash juice. The product is treated to remove excess liquid in order to attain the
desired consistency in the canned product. This is done by putting the wilted pumpkin or squash
through an adjustable press. In certain plants the pressing and wilting is done simultaneously by
the use of augers inside of cone-shaped perforated screens.

7. Pulping
The pressed pumpkin or squash goes to the pulper or cyclone to remove hard particles, pieces of
stems, seeds, fiber, and other extraneous material. In some cases the product is first put through a
coarse, heavy cyclone to remove the bulk of the extraneous material and an ordinary cyclone to
reduce the size of the particles. For the latter a screen with perforations % inch in diameter is
commonly used.

Some processors use what is commercially known as a Fitz mill. This machine, constructed
with hammer and knife edges on opposite sides, reduces or pulps pumpkin by a combined impact
mashing action.

8. Finishing

From the pulper the product goes to the finisher, which removes the finer bits of seeds or other
material and gives the final product the desired physical character. There is a difference of opinion
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among canners as to the most desirable size of the particles of pumpkin in the finished product.
Some prefer a very smooth product which can be obtained by using a very fine finisher; others feel
that the canned pumpkin or squash should have a noticeable amount of grainy structure and
therefore use a finisher that is relatively coarse.

9. Preheating

The filling temperature of the prepared pumpkin or squash is an important part of processing.
Heat penetration of the product is very slow because of its physical character, and the temperature
at the beginning of the process is correspondingly important. By use of the preheater, it is possible
to fill all of the cans at a uniform high temperature.

The preheater is usually a straight piece of pipe surrounded by a larger pipe. The product is
pumped through the smaller internal pipe and the space between the two pipes is filled with steam,
the temperature of which can be controlled. The rate of flow of the product through the pipe and
the temperature of the steam determines the temperature at which it goes to the filler. The
preheater normally raises the temperature of the product to 190—200°F. To prevent scorching the
preheater is usually constructed so that it will shut off automatically if, for any reason, the flow
through the inside pipe is stopped.

10. Filling

The hot pumpkin or squash goes directly to the filler and into cans. If the thickness of the product
at this point is too great, the product may not be handled properly by the filler. If, for any reason,
the filler or closing machine is forced to stop for any length of time, all of the pumpkin material
should be put back with the material going though the preheater. Pumpkin or squash has a
corrosive action on tinplate and should be packed in enamel-lined cans. It is important to fill the
cans completely so that the product is in contact with the entire inner surface of the cover when the
can is sealed. Even a small headspace may result in some discoloration after processing.

11. Processing

The filled cans should be processed promptly. High closing temperature may be offset by undue
delay between closing and starting of the process time. A partially filled crate of cans should be
sent at once to the retort rather than waiting any length of time for additional cans.

12. Cooling

Prompt and adequate cooling is especially important since canned pumpkin has a slow heating
and cooling rate. Failure to cool the product promptly may result in overcooking and loss of color
and may be directly responsible for spoilage by thermophilic bacteria. Cooling is usually
accomplished by moving the metal retort baskets through a long tank of water by means of an
overhead endless chain. The speed of the chain is regulated according to the degree of cooling
desired. Cold water is kept continuously flowing into the tank to hold down the temperature.
Immediately after cooking, while the cans are distended by heat and internal pressure, minute
openings in the double seams may be present. Cooling water contaminated with bacteria may be
drawn through seam openings as pressure in the cans is replaced by vacuum, so water in the
cooling tank should be kept clean. Some canners cool by means of a water spray in order to reduce
the contamination hazard.
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VIll. CANNED VEGETABLES

Additional production descriptions are provided for the following vegetables: artichokes,
asparagus, bean sprouts, beans, shelled, beans, lima or butter beans, beets, beet greens, broccoli,
brussels sprouts, cabbage, carrots, cauliflower, celery, collards, dandelion greens, kale, mustard
greens, leaves of the mustard plant, okra, onions, parsnips, peas, black-eye or black-eyed, field
peas, green sweet peppers, red sweet peppers, pimientos (pimentos), potatoes, rutabagas, salsify,
spinach, potatoes, sweet potatoes, Swiss chard, truffles, turnip greens, turnips.

Table 1 provides a basic description of each canned vegetable. Column I describes the
canned vegetable. The vegetable ingredient in each such canned vegetable is obtained by proper
preparation from the succulent vegetable described in column II of the table. If two or more forms
of such ingredient are designated in column III of the table, the vegetable in each such form is an
optional ingredient. To the vegetable additional ingredients (required or permitted) are added, and
the food is sealed in a container and so processed by heat as to prevent spoilage.

Water is added to the vegetable ingredient, except that pimientos may be canned with or
without added water, and sweet potatoes in mashed form are canned without added water.
Asparagus may be canned with added water, asparagus juice, or a mixture of both. Asparagus
juice is the clear, unfermented liquid expressed from the washed and heated sprouts or parts of
sprouts of the asparagus plant, and mixtures of asparagus juice and water are considered to be
water when such mixtures are used as a packing medium for canned asparagus. In the case of
artichokes, a vinegar or any safe and suitable organic acid, which either is not a food additive as so
defined or (if it is a food additive as so defined) is used in conformity with regulations established,
is added in such quantity as to reduce the pH of the finished canned vegetable to 4.5 or below.

The following are optional ingredients in the cases of the vegetables in Table 1.

An edible vegetable oil, in the case of artichokes and pimientos. Snaps, in the case of
shelled beans, black-eyed peas, and field peas.

In the case of all vegetables (except canned mashed sweet potatoes), one or more of the
following optional seasoning ingredients may be added in a quantity sufficient to season the food.

Refined sugar (sucrose)

Refined corn sugar (dextrose)

Corn sirup, glucose sirup

Dried corn sirup, dried glucose sirup

Spice

A vinegar

Green peppers or red peppers, which may be dried
Mint leaves

Onions, which may be dried

10. Garlic, which may be dried

11. Horseradish

12.  Lemon juice or concentrated lemon juice

13. Butter or margarine in a quantity not less than 3 percent by weight of the finished food

PNAN R WD
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When butter or margarine is added, safe and suitable emulsifiers or stabilizers, or both, may be
added. When butter or margarine is added, no spice or flavoring simulating the color or flavor
imparted by butter or margarine is used.

In the case of all vegetables, the following optional ingredients may be added:

1. Salt
2. Monosodium glutamate
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Table 1 Canned Vegetables, Source, and Optional Forms of Vegetable Ingredients

Name or synonym of canned vegetable Source Optional forms of vegetable ingredient
Artichokes Flower buds of the artichoke plant Whole; half or halves or halved; whole hearts;
halved hearts; quartered hearts
Asparagus Edible portions of sprouts of the asparagus plant, as follows:
3% in. or more of upper end Stalks or spears
3% in. or more of peeled upper end Peeled stalks or peeled spears
Not less than 2% in. but less than 3% in. of upper end Tips
Less than 2% in. of upper end Points
Sprouts cut in pieces Cut stalks or cut spears
Sprouts from which the tip has been removed, cut in pieces Bottom cuts or cuts—tips removed
Bean sprouts Sprouts of the mung bean
Shelled beans Seed shelled from green or wax
bean pods, with or without snaps (pieces of immature unshelled
pods)
Lima beans or butter beans Seed shelled from the pods of the lima bean plant
Beets Root of the beet plant Whole; slices or sliced; quarters or quartered; dice
or diced; cut; shoestring or French style or
julienne
Beet greens Leaves, or leaves and immature root, of the beet plant
Broccoli Heads of the broccoli plant
Brussels sprouts Sprouts of the Brussels sprouts plant
Cabbage Cut pieces of the heads of the cabbage plant
Carrots Root of the carrot plant
Cauliflower Cut pieces of the head of the cauliflower plant
Celery Stalks of the celery plant Cut; hearts
Collards Leaves of the collard plant
Dandelion greens Leaves of the dandelion plant
Kale Leaves of the kale plant

Mustard greens
Leaves of the mustard plant
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Okra
Onions
Parsnips

Black-eye peas or black-eyed peas

Field peas

Green sweet peppers

Red sweet peppers
Pimientos or pimentos

Potatoes

Rutabagas

Salsify
Spinach
Sweet potatoes

Swiss chard
Truffles
Turnip greens
Turnips

Pods of the okra plant
Bulb of the onion plant
Root of the parsnip plant

Seed shelled from pods of the black-eye pea plant, with or
without snaps (pieces of immature unshelled pods)

Seed shelled from pods of the field pea plant (other than the
black-eye pea plant), with or without snaps (pieces of
immature unshelled pods)

Green pods of the sweet pepper plant

Red-ripe pods of the sweet pepper plant
Red-ripe pods of the pimiento, pimento, pepper plant

Tuber of the potato plant

Root of the rutabaga plant

Root of the salsify plant
Leaves of the spinach plant
Tuber of the sweet potato plant

Leaves of the Swiss chard plant
Fruit of the truffle

Leaves of the turnip plant

Root of the turnip plant

Whole; cut

Whole; cut

Whole; quarters or quartered; slices or sliced; cut;
shoestring or French style or julienne

Whole; halves or halved; pieces; dice or diced;
strips; chopped

Whole; halves or halved; pieces; dice or diced;
slices or sliced; chopped

Whole; slices or sliced; dice or diced; pieces;
shoestring or French style or julienne; French fry
cut

Whole; quarters or quartered; slices or sliced; dice
or diced; cut

Whole leaf; cut leaf or sliced; chopped

Whole; mashed; pieces or cuts or cut
(longitudinally cut halves may be named on
labels as halves or halved in lieu of pieces or cuts
or cut)

Whole; quarters or quartered; slices or sliced; dice
or diced; cut
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Disodium inosinate
Disodium guanylate
Hydrolyzed vegetable protein
Autolyzed yeast extract
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In the case of all vegetables, flavoring (except artificial) may be added.

In the case of bean sprouts, lima beans, carrots, green sweet peppers, red sweet peppers, and
potatoes, any safe and suitable calcium salts may be added as a firming agent.

In the case of canned artichokes packed in glass containers, ascorbic acid may be added in a
quantity not to exceed 32 milligrams per 100 grams of the finished food.

In the case of canned asparagus, ascorbic acid, erythorbic acid, or the sodium salts of
ascorbic acid or erythorbic acid may be added in an amount necessary to preserve color in the
“white” and “green-tipped and white” color types.

In the case of canned asparagus packed in glass containers, stannous chloride may be added
in a quantity not to exceed 15 parts per million calculated as tin (Sn), except that in the case of
asparagus packed in glass containers with lids lined with an inert material, the quantity of
stannous chloride added may exceed 15 parts per million but not 20 parts per million calculated as
tin (Sn).

In the case of canned black-eyed peas, disodium EDTA may be added in a quantity not to
exceed 145 parts per million.

In the case of potatoes, calcium disodium EDTA may be added in a quantity not to exceed
110 parts per million.

A vinegar or any safe and suitable organic acid for all vegetables (except artichokes, in
which the quantity of such optional ingredient is prescribed by the introductory text) in a quantity
which, together with the amount of any lemon juice or concentrated lemon juice that may be
added, is not more than sufficient to permit effective processing by heat without discoloration or
other impairment of the article.

The name of each canned vegetable is designated in column I of the table.

When two or more forms of the vegetable are specified in column III of the table, the label
should bear the specified word or words, showing the form of the vegetable ingredient present;
except that in the case of canned spinach, if the whole leaf is the optional form used, the word
“spinach” unmodified may be used in lieu of the words “whole leaf spinach.”

If the optional ingredient specified is present, the label should bear the statement “____ oil
added” or “With added ____ 0il”, the blank being filled in with the common or usual name of the
oil.

If asparagus juice is used as a packing medium in canned asparagus, the label should bear
the statement “Packed in asparagus juice.”

If the optional ingredient specified is present, the label should bear the statement “With
snaps.”

The name of the food should include a declaration of any flavoring that characterizes the
product as specified, and a declaration of any spice or seasoning that characterizes the product; for
example, “with added spice,” “seasoned with red peppers,” “seasoned with butter.”

Wherever the name of the vegetable appears on the label so conspicuously as to be
easily seen under customary conditions of purchase, the words and statements specified
should immediately and conspicuously precede or follow such name, without intervening
written, printed, or graphic matter, except that the varietal name of the vegetable may so
intervene.
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IX. CANNED CHILI SAUCE

Product description. Chili sauce is the product prepared from mature, clean, sound tomatoes of the
red or reddish varieties, which are peeled and chopped or crushed, or all (or a portion) of the
tomatoes may be chopped, crushed, or macerated and the peelings screened out in a manner so
that at least a substantial portion of the seed remains in the product, to which is added salt, spices,
vinegar, and nutritive sweetening ingredients, and to which may be added vegetable flavoring
ingredients such as chopped onion, chopped green or red pepper, chopped green tomatoes,
chopped celery, and sweet pickle relish in such quantities as will not materially alter the
appearance of the product with respect to the predominance of the tomato ingredient, and any
other ingredients permissible under FDA regulations and standards. The chili sauce is processed
in accordance with good commercial practice; is packed in hermetically sealed containers; and is
sufficiently processed by heat, before or after sealing, to assure preservation of the product. The
refractive index of the filtrate of the chili sauce at 20°C is not more than 1.3784.

A. Ingredients

1. Tomato Pulp

The primary ingredient in chili sauce is red tomatoes. The tomatoes may be hand peeled and
broken up by stirring or they may be prepared by any one of a number of machines especially
designed for the purpose, or there may be a combination of whole peeled tomatoes and more or
less macerated tomatoes from which the peelings have been removed by screening. These
machines are usually similar to the tomato pulper or finisher, except that the holes through which
the tomato material is forced are usually quite large. They are not nearly as efficient as the usual
finishing machine at removing the peeling and defects from the tomatoes. For economic reasons
some manufacturers have resorted to using a large amount of cyclone pulp and a small amount of
hand peeled or mechanically peeled tomatoes or tomatoes that have been forced through small
openings. In general, the more of the larger pieces of tomato material are present, the better the
pulp is for chili sauce.

2. Sugar

The use of any of the nutritive sweetening ingredients is permitted in this product. The usual
sweetener is sugar (sucrose). The solids of chili sauce are usually brought up higher by the use of
sugar and lowered by concentrating the tomatoes than the usual level of solids in catsup. Some
manufacturers use as much as % more sugar than they do with catsup yet finish at about the same
point with respect to soluble solids.

3. Spices, Salt, and Acids

About the same spices are used as in the manufacture of catsup, except that garlic is seldom used
in chili sauce. The proportions of the various spice ingredients are not standardized between
manufacturers. Salt and vinegar are used in about the same proportions as with catsup.

4. Other Ingredients

The other ingredients, such as onion, bell peppers, celery, and sweet pickle relish, contribute to the
flavor of the product and also provide body to the finished product; that is, they provide part of the
consistency and most of the chewiness of the finished chili sauce. The ingredients used and the
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proportions of the ingredients used vary widely from packer to packer, so quite a variety of flavors
can be expected in chili sauces. The onion ingredient is often dehydrated onion flakes. Red or
green diced dehydrated peppers are often used.

B. Manufacture

Most important in the manufacture of chili sauce is the preparation of the tomato pulp.

1. Tomato Pulp

Where peeled tomatoes are used for a part or all of the tomato pulp, they are usually taken from
the regular canning lines after at least a partial preparation by mechanical or hand peeling,
trimming, and coring. There is usually some selection of the raw tomatoes that are to be run
through chili sauce preparation machines. Some packers divert very ripe tomatoes that need no
trimming to the chili sauce lines, while others box-sort or load-sort the tomatoes and trim them on
the conveyer belts. This trimming removes defective parts and stems that would become defects in
the sauce. The trimmers may or may not remove most of the green portions of the tomatoes
depending on the machinery used and the manufacturer’s desires with respect to the appearance of
the chili sauce. If green pepper, pickle relish, or green tomatoes are added, green shouldered
tomatoes are not usually trimmed. Manufacture consists of combining the ingredients in a manner
so that the finished chili sauce will have the desired qualities of color, consistency, finish, absence
of defects, and flavor. The tomato pulp, whether from broken peeled tomatoes or from special chili
sauce machines, or cyclone juice to which some tomato material containing tomato seed is added,
is run to kettles, usually steam jacketed, and reduced by boiling to about one-half the original
volume. Concentration in vacuum pans is particularly satisfactory for this operation.

2. Adding Other Ingredients

Onion is often added at the beginning of the boil. The other ingredients may be added at any time,
but the sugar is usually added late to prevent caramelization. Spices, if in the form of oils or cream
of spice, are usually added late to prevent evaporation of the flavor ingredients.

3. The Finishing Point

Because of the nature of the ingredients there is no accurate means of determining a correct
finishing point that will apply to all formulae. The first batches when starting, or after any major
change in formula, are dropped when they appear to be about correct. As with tomato catsup, the
consistency of the hot sauce may be measured by any suitable device and the refractive index may
be taken. Succeeding batches can then be adjusted by these instruments by increasing or
decreasing the boiling or by adjusting the amounts of pulp and sugar to the desired result.

4. Processing

Chili sauce is usually closed at about 180 degrees, at which temperature further processing is
usually not necessary. Foaming may occur at higher temperatures, and an additional process is
usually given if the sauce is closed at lower temperatures.
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X. CANNED TOMATOES

Canned tomatoes are the food prepared from mature tomatoes conforming to the characteristics of
the fruit Lycopersicum esculentum P. Mill, of red or reddish varieties. The tomatoes may or may
not be peeled, but they should have had the stems and calyces removed and should have been
cored, except where the internal core is insignificant to texture and appearance.

Canned tomatoes may contain one or more of the safe and suitable optional ingredients, be
packed without any added liquid or in one of the optional packing media, and be prepared in one
of the styles. Such food is sealed in a container, and before or after sealing it is so processed by
heat as to prevent spoilage.

Optional ingredients: One or more of the following safe and suitable ingredients may be
used:

Calcium salts in a quantity reasonably necessary to firm the tomatoes, but the amount of
calcium in the finished canned tomatoes is not more than 0.045 percent of the weight, except that
when the tomatoes are prepared in one of the styles specified, the amount of calcium is not more
than 0.08 percent of the weight of the food.

A. Organic Acids for the Purpose of Acidification

Dry nutritive carbohydrate sweeteners whenever any organic acid is used, in a quantity
reasonably necessary to compensate for the tartness resulting from such added acid

Salt

Spices, spice oils

Flavoring and seasoning

Vegetable ingredients such as onion, peppers, and celery, that may be fresh or preserved by
physical means, in a quantity not more than 10 percent by weight of the finished food

B. Packing Media

The liquid draining from the tomatoes during or after peeling or coring

The liquid strained from the residue from preparing tomatoes for canning consisting of
peels and cores with or without tomatoes or pieces thereof

The liquid strained from mature tomatoes (tomato juice)

Tomato paste, or tomato puree, or tomato pulp complying with the compositional
requirements

C. Styles

Whole
Diced
Sliced
Wedges

D. Name of the Food

The name of the food is “tomatoes,” except that when the tomatoes are not peeled the name is
“unpeeled tomatoes.”

The following should be included as part of the name or in close proximity to the name of
the food:

A declaration of any flavoring that characterizes the product as specified.
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A declaration of any added spice, seasoning, or vegetable ingredient that characterizes the
product [e.g., “with added ____ " or “with ____)” the blank to be filled in with the word(s)
“spice(s),” “seasoning(s),” or the name(s) of the vegetable(s) used or in lieu of the word(s)
“spice(s)” or “seasoning (s)” the common or usual name(s) of the spice(s) or seasoning(s) used]
except that no declaration of the presence of onion, peppers, or celery is required for stewed
tomatoes.

The word “stewed” if the tomatoes contain characterizing amounts of at least the three
optional vegetables listed.

The styles: “Diced,” “sliced,” or “wedges” as appropriate.

The name of the packing medium: “tomato paste,” “tomato puree,” or “tomato pulp” or
“strained residual tomato material from preparation for canning.” The name of the packing
medium should be preceded by the word “with.”

The following may be included as part of the name or in close proximity to the name:

The word “whole” if the tomato ingredient is whole or almost whole, and the weight of such
ingredient is not less than 80 percent of the drained weight of the finished food as determined in
accordance with the method prescribed.

The words “solid pack” when none of the optional packing media are used.

The words “in tomato juice” if the packing medium is used.

Label declaration. The name of each ingredient used should be declared on the label as
required.

The standard of quality for canned tomatoes is as follows:

The drained weight is not less than 50 percent of the weight of water required to fill the
container.

The strength and redness of color is not less than that of the blended color of any
combination of the color discs.

Blemishes per kilogram (2.2 pounds) of the finished food cover an area of not more than 3.5
cm (0.54 square inch), which is equivalent to 1.6cm (0.25 square inch) per pound based on an
average of all containers examined.

If the quality of canned tomatoes falls below standard with respect to only one of the factors
of quality specified, there may be substituted for the second line of such general statement of
substandard quality (“Good Food—Not High Grade”) a new line to read as follows:

“Poor color” or “Excessive peel” or “Excessive blemishes.”

E. Fill of Container

The standard of fill of container for canned tomatoes is a fill of not less than 90 percent of the total
capacity of the container.

If canned tomatoes fall below the standard of fill of container, the label should bear the general
statement of substandard fill: CANNED TOMATO JUICE

Tomato juice is the food intended for direct consumption, obtained from the unfermented
liquid extracted from mature tomatoes of the red or reddish varieties of Lycopersicum esculentum
P. Mill, with or without scalding followed by draining. In the extraction of such liquid, heat may be
applied by any method that does not add water thereto.

Such juice is strained free from peel, seeds, and other coarse or hard substances, but
contains finely divided insoluble solids from the flesh of the tomato in accordance with current
good manufacturing practice. Such juice may be homogenized, may be seasoned with salt, and
may be acidified with any safe and suitable organic acid. The juice may have been concentrated
and later reconstituted with water and/or tomato juice to a tomato soluble solids content of not
less than 5.0 percent by weight.
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The food is preserved by heat sterilization (canning), refrigeration, or freezing. When sealed
in a container to be held at ambient temperatures, it is so processed by heat, before or after sealing,
as to prevent spoilage.

The name of the food is

“Tomato juice” if it is prepared from unconcentrated undiluted liquid extracted from mature
tomatoes of reddish varieties.

“Tomato juice from concentrate” if the finished juice has been prepared from concentrated
tomato juice as specified or if the finished juice is a mixture of tomato juice and tomato juice from
concentrate.

Label declaration. Each of the ingredients used in the food should be declared on the label
as required.

The standard of quality for tomato juice is

The strength and redness of color complies with specific requirement.

Not more than two defects for peel and blemishes, either singly or in combination, in
addition to three defects for seeds or pieces of seeds, defined as follows, per 500 milliliters (16.9
fluid ounces):

1. Pieces of peel 3.2 millimeters (0.125 inch) or greater in length.

2. Blemishes such as dark brown or black particles (specks) greater than 1.6 millimeters
(0.0625 inch) in length.

3. Seeds or pieces of seeds 3.2 millimeters (0.125 inch) or greater in length.

If the quality of the tomato juice falls below the standard, the label should bear the general
statement of substandard quality.

In lieu of such general statement of substandard quality, when the quality of the tomato juice
falls below the standard in one or more respects, the label may bear the alternative statement,

“Below Standard in Quality ”, the blank to be filled in with the words:
1. “Poor color.”
2. “Excessive pieces of peel.”
3. “Excessive blemishes.”

4. “Excessive seeds” or “excessive pieces of seed.”

Fill of container. The standard of fill of container for tomato juice is not less than 90 percent of the
total capacity, except when the food is frozen.

If the tomato juice falls below the standard of fill, the label should bear the general statement
of substandard fill.

Xl. CANNED TOMATO CONCENTRATES, “TOMATO PUREE,” “TOMATO PULP,”
OR “TOMATO PASTE”

Tomato concentrates are the class of foods each of which is prepared by concentrating one or any
combination of two or more of the following optional tomato ingredients:

The liquid obtained from mature tomatoes of the red or reddish varieties (Lycopersicum
esculentum P. Mill).

The liquid obtained from the residue from preparing such tomatoes for canning, consisting
of peelings and cores with or without such tomatoes or pieces thereof.

The liquid obtained from the residue from partial extraction of juice from such tomatoes.

Such liquid is obtained by so straining the tomatoes, with or without heating, as to exclude
skins (peel), seeds, and other coarse or hard substances in accordance with good manufacturing
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practice. Prior to straining, food-grade hydrochloric acid may be added to the tomato material in
an amount to obtain a pH no lower than 2.0. Such acid is then neutralized with food-grade sodium
hydroxide so that the treated tomato material is restored to a pH of 4.2 = 0.2. Water may be added
to adjust the final composition. The food contains not less than 8.0 percent tomato soluble solids
as specified.

The food is preserved by heat sterilization (canning), refrigeration, or freezing. When sealed
in a container to be held at ambient temperatures, it is so processed by heat, before or after sealing,
as to prevent spoilage.

Optional ingredients. One or any combination of two or more of the following safe and
suitable ingredients may be used in the foods:

1. Salt (sodium chloride formed during acid neutralization considered as added salt)
2. Lemon juice, concentrated lemon juice, or organic acids

3. Sodium bicarbonate

4. Water

5. Spices

6. Flavoring

The name of the food is

1. “Tomato puree” or “tomato pulp” if the food contains not less than 8.0 percent but less
than 24.0 percent tomato soluble solids.

2. “Tomato paste” if the food contains not less than 24.0 percent tomato soluble solids.

3. The name “tomato concentrate” may be used in lieu of the names “tomato puree,”
“tomato pulp,” or “tomato paste” whenever the concentrate complies with the
requirements of such foods; except that the label should bear the statement “for
remanufacturing purposes only” when the concentrate is packaged in No. 10
containers (3.1 kilograms or 109 avoirdupois ounces total water capacity) or
containers that are smaller in size.

4. “Concentrated tomato juice” if the food is prepared from the optional tomato
ingredient described and is of such concentration that upon diluting the food
according to label directions as required, the diluted article will contain not less than
5.0 percent by weight tomato soluble solids.

The following should be included as part of the name or in close proximity to the name of the
food:

The statement “Made from” or “Made in part from,” as the case may be, “residual tomato
material from canning” if the optional tomato ingredient is present.

The statement “Made from” or “Made in part from,” as the case may be, “residual tomato
material from partial extraction of juice” if the optional tomato ingredient is present.

A declaration of any flavoring that characterizes the product and a declaration of any spice
that characterizes the product, e.g., “Seasoned with ,” the blank to be filled in with the words
“added spice” or, in lieu of the word “spice,” the common name of the spice.

The label of concentrated tomato juice should bear adequate directions for dilution to result
in a diluted article containing not less than 5.0 percent by weight tomato soluble solids; except that
alternative methods may be used to convey adequate dilution directions for containers that are
larger than No. 10 containers (3.1 kilograms or 109 avoirdupois ounces total water capacity).
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1. Fill of Container

The standard of fill of container for tomato concentrate, as determined by the general method for
fill of container, is not less than 90 percent of the total capacity, except when the food is frozen.

Xill. TOMATO CATSUP

Catsup, ketchup, or catchup is the food prepared from one or any combination of two or more of
the following optional tomato ingredients:

1. Tomato concentrate as described.

2. Lemon juice, concentrated lemon juice, or safe and suitable organic acids may be used
in quantities no greater than necessary to adjust the pH.

3. The liquid derived from mature tomatoes of the red or reddish varieties Lycopersicum
esculentum P. Mill.

4. The liquid obtained from the residue from preparing such tomatoes for canning,
consisting of peelings and cores with or without such tomatoes or pieces thereof.

5. The liquid obtained from the residue from partial extraction of juice from such
tomatoes. Such liquid is strained so as to exclude skins, seeds, and other coarse or
hard substances in accordance with current good manufacturing practice. Prior to
straining, food-grade hydrochloric acid may be added to the tomato material in an
amount to obtain a pH no lower than 2.0. Such acid is then neutralized with food-
grade sodium hydroxide so that the treated tomato material is restored to a pH of
42 £ 0.2.

The final composition of the food may be adjusted by concentration and/or by the addition of
water. The food may contain salt (sodium chloride formed during acid neutralization should be
considered added salt) and is seasoned with optional ingredients (see above).

The food is preserved by heat sterilization (canning), refrigeration, or freezing. When sealed
in a container to be held at ambient temperatures, it is so processed by heat, before or after sealing,
as to prevent spoilage.

Ingredients. One or any combination of two or more of the following ingredients in each
category is added to the tomato ingredients.

Vinegars.

Nutritive carbohydrate sweeteners.

Spices, flavoring, onions, or garlic.

Labeling.

The name of the food is “Catsup,” “Ketchup,” or “Catchup.”

A

The following should be included as part of the name or in close proximity to the name of the
food:

1. The statement “Made from” or “Made in part from,” as the case may be, “residual
tomato material from canning” if the optional tomato ingredient or tomato concentrate
containing the ingredient is present.

2. The statement “Made from” or “Made in part from,” as the case may be, “residual
tomato material from partial extraction of juice” if the optional tomato ingredient or
tomato concentrate containing the ingredient is present.
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The name “tomato concentrate” may be used in lieu of the names “tomato puree,
or “tomato paste” and when tomato concentrates are used.

tomato pulp,”

1. Fill of Container

The standard of fill of container for catsup is not less than 90 percent of the total capacity except
when the food is frozen, or when the food is packaged in individual serving-size packages
containing 56.7 grams (2 ounces) or less.
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Canned Corn: Standard and Grade

Peggy Stanfield
Dietetic Resources, Twin Falls, Idaho, U.S.A.

In the United States, two federal agencies have the responsibility to ensure that the canned
vegetables in the market are safe and do not pose any economic fraud. The U.S. Food and Drug
Administration (FDA) issues regulations to achieve both goals. The U.S. Department of
Agriculture (USDA) issues voluntary guidelines, which, in addition to achieving the same goals,
are aimed at facilitating commerce. The information in this chapter has been modified from such
regulations and guidelines.

This chapter will present the complete FDA requirements for canned corn (21 CFR 155.130
Canned Corn).

. IDENTITY
A. Definition

Canned sweet corn is the product prepared from clean, sound kernels of sweet corn packed with a
suitable liquid packing medium, which may include water and the creamy component from corn
kernels. The tip caps are removed. The product is of the optional styles specified in paragraph B of
this section. It may contain one, or any combination of two or more, of the optional ingredients set
forth in paragraph C of this section. Such food is processed by heat, in an appropriate manner,
before or after being sealed in a container so as to prevent spoilage.

B. Styles

The optional styles referred to in paragraph A of this section consists of succulent sweet corn of
the yellow (golden) or white color type, conforming to Zea mays L. having sweet corn
characteristic as follows:

1. Whole kernel or whole grain or cut kernel consisting of whole or substantially whole
cut kernels packed with a liquid medium

2. Cream style consisting of whole or partially whole cut kernels packed in a creamy
component from the corn kernels and other liquid or other ingredients to form a
product of creamy consistency
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C. Optional Ingredients

The following safe and suitable optional ingredients may be used:

Salt

Monosodium glutamate
Disodium inosinate

Disodium guanylate

Hydrolyzed vegetable protein
Autolyzed yeast extract

Nutritive carbohydrate sweeteners
Spice

Flavoring (except artificial)

Citric acid

Starch or food starch-modified in cream style corn when necessary to ensure
smoothness

Seasonings and garnishes
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a. Mint leaves.

b. Pieces of green peppers or red peppers, or mixtures of both, either of which may be
sweet or hot and may be dried, or other vegetables, not exceeding 15 percent by weight
of the finished food.

c. Lemon juice or concentrated lemon juice.

d. Butter or margarine in a quantity not less than 3 percent by weight of the finished
food. When butter or margarine is added, emulsifiers or stabilizers, or both, may be
added. When butter or margarine is added, no spice or flavoring simulating the color
or flavor imparted by butter or margarine is used.

D. Labeling

The name of the food is “corn” or “sweet corn” or “sugar corn” and shall include a declaration of
any flavoring that characterizes the product as specified in 21 CFR 101.22 and a declaration of any
spice, seasoning, or garnishing that characterizes the product, for example, “With added spice,”
“Seasoned with red peppers,” “Seasoned with butter.” The name of the food shall also include the
following:

1. The optional style of the corn ingredient as specified in paragraph B of this section.

2. The words “vacuum pack” or “vacuum packed” when the corn ingredient is as
specified in paragraph B.1 of this section and the weight of the liquid in the container,
as determined by the method prescribed in paragraph II.B.1 of this section, is not more
than 20 percent of the net weight, and the container is closed under conditions creating
a high vacuum in the container.

3. The color type used only when the product consists of white corn.

4. The color type used only when the product consists of white corn.

E. Label Declaration

Each of the ingredients used in the food shall be declared on the label as required by the applicable
sections of parts 21 CFR 101, 130.
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IIl. QUALITY
A. The Standard of Quality for Canned Corn

1.  When tested by the method prescribed in paragraph II.B of this section, canned whole-
kernel corn (paragraph I.B.1 of this section) (a) contains not more than seven brown or black
discolored kernels or pieces of kernel per 400g (14 ounces) of drained weight; (b) contains not
more than 1 cubic centimeter of pieces of cob for each 400g (14 ounces) of drained weight; (c)
contains not more than 7 square centimeters (1.1 square inch) of husk per 400g (14 ounces) of
drained weight; and (d) contains not more than 180mm (7 inches) of silk per 28 g (1 ounce) of
drained weight.

2. When tested by the method prescribed in paragraph I1.3 of this section, canned cream
style corn (paragraph 1.B.2 of this section) (a) contains not more than 10 brown or black
discolored kernels or pieces of kernel per 600 g (21.4 ounces) of net weight; (b) contains not more
than 1 cubic centimeter of pieces of cob per 600g (21.4 ounces) of net weight; (c) contains not
more than 7 square centimeters (1.1 square inch) of husk per 600 g (21.4 ounces) of net weight; (d)
contains not more than 150 mm (6 inches) of silk for each 28 g (1 ounce) of net weight; and (e) has
a consistency such that the average diameter of the approximately circular area over which the
prescribed sample spreads does not exceed 30.5cm (12 inches), except that when the washed
drained material contains more than 20 percent of alcohol-insoluble solids, the average diameter
of the approximately circular area over which the prescribed sample spreads does not exceed
25.4cm (10 inches).

3. (a) The weight of the alcohol-insoluble solids of whole-kernel corn (paragraph I.B.1 of
this section) does not exceed 27 percent of the drained weight, when tested by the method
prescribed in paragraph II.B of this section. (b) The weight of the alcohol-insoluble solids of the
washed drained material of cream style corn (paragraph [.B.2 of this section) does not exceed 27
percent of the drained weight of such material, when tested by the method prescribed in paragraph
II.C of this section.

B. Method of Testing

The method referred to in paragraph II.A of this section for testing whole-kernel corn (paragraph
I.B.1 of this section)

1. Determine the gross weight of the container. Open and distribute the contents of the
container over the meshes of a U.S. No. 8 circular sieve that has previously been weighed. The
diameter of the sieve is 20.3 cm (8 inches) if the quantity of the contents of the container is less
than 1.36kg (3 pounds), and 30.5cm (12 inches) if such quantity is 1.36kg (3 pounds) or more.
The bottom of the sieve is woven-wire cloth that complies with the specifications for such sieve set
forth in the “Definitions of Terms and Explanatory Notes” prescribed in “Official Methods of
Analysis of the Association of Official Analytical Chemist