containers may be constructed of burlap, paper, fiberboard,
wood, or plastic. Because of the mass of materials at re-
-ceiving points, there is increasing emphasis on materials
that are recyclable or reusable.

PROJECTIONS FOR THE FUTURE

What are the expectations for the commercial vegetable
industry as we enter the twenty-first century? Some
thoughts on this question follow: Vegetables will continue
to be consumed in greater quantities: there will be an ever-
increasing variety of vegetables from which consumers can
choose: organically grown vegetables will command ‘a
greater proportion of the market; the vegetable industry
will be global rather than national as trade barriers are
loosened; there will be fewer new pesticides available to
growers and increased monitoring of pesticide usage: the
use of genetically enhanced vegetable varieties will become
commonplace: and the number of vegetable enterprises
will decrease, but those remaining will be larger.
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VEGETABLES, PICKLING

Vegetables may be preserved by fermentation, direct acid-
ification, or a combination of these along with other pro-
cessing conditions and additives to yield products that are
referred to as pickles. Pasteurization and refrigeration are
used to ensure stability of certain products. Organic acids
and salt (NaCl) are primary preservatives for most types
of pickles. Lactic acid is produced naturally in fermented
products. Acetic acid (or vinegar) is the usual acid added
to pasteurized, nonfermented (fresh-pack) pickles. Acetic
acid also is added to many products made from fermented
(salt-stock) cucumbers. Other preservatives such as so-
dium benzoate, potassium sorbate, and sulfur dioxide may
be added to finished products. Although the term pickles
in the United States generally refers to pickled cucumbers,
the term is used herein in a broader sense to refer to all
vegetables that are preserved by fermentation or direct
acidification. Cucumbers. cabbage, olives, and peppers ac-
count for the largest volume of vegetables and fruits com-
mercially pickled. Lesser quantities of onions, tomatoes,

,cauliflower, carrots, melon rinds, okra, artichokes, beans,

and other produce also are pickled.

Although this article emphasizes pickling of cucumbers
and cabbage, which are major vegetable commodities com-
mercially preserved and consumed in the United States
and Europe, and kimchi. which is a mixture of fermented
vegetables consumed in Korea, most vegetables have been
preserved by pickling, either commercially or in the home.

HISTORY

The preservation of vegetables by fermentation is thought
to have originated before recorded history, and the tech-
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Figure 1. Flow diagrams for three methods of cucumber process-

ing. Source: Ref. 3.
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for processing. Thus, the sauerkraut tanks are used for
fermentation as well as storage. Although extended pe-
riods of holding in the tanks can result in excess acid
formation and waste generation due to the need to wash
excess acid from the product before canning, this disad-
vantage is offset by the economic advantages of bulk stor-
age. Also, most U.S. sauerkraut companies specialize in
this product only and desire the option of further process-
ing of sauerkraut throughout the year so as to distribute
labor and equipment needs. This U.S. procedure differs
significantly from that of many European manufacturers
who process the sauerkraut into finished products when it
reaches the desired level of titratable acidity (calculated as
lactic acid, typically 1%). Thus, European manufacturers
have greater control over product uniformity, but lose the
economic advantages of bulk storage. Also, the European
method results in less waste generation since less excess
acid is produced. .

The sauerkraut is removed pneumatically, by mechan-
ical fork, or by hand from the tanks as needed for process-
ing during the year. The sauerkraut may be packaged in
cans, glass, or plastic containers. When packaged in glass
or plastic, the product is not heated. Rather, sodium ben-
zoate (0.1%, w/w) and potassium metabisulfite are added
as preservatives, and the product is held under refrigera-
tion (5°C).

Canned sauerkraut is preserved by pasteurization
without the addition of preservatives. Heating is per-
formed either by steam injection into a thermal screw or
by a sauerkraut juice immersion-type cooker. The product
is heated to 74 to 82°C for about 3 min and hot-filled into
the cans. After closure, the cans are immediately cooled to
less than 32°C.

Kimchi

Kimchi is a general term applied to a Korean product made

by the lactic acid fermentation of salted vegetables (dry
salted or brined) with or without secondary ingredients.
Unless otherwise specified. however, kimchi generally
means a product made from Chinese cabbage as the pri-
mary vegetable with secondary ingredients. Kimchis made
from vegetables other than Chinese cabbage as the pri-
mary vegetable are specified with a qualifying word, eg,
radish kimchi, cucumber kimchi, and green onion kimchi.
Both solids and liquids of kimchis are consumed.

' Kimchi has been a major table condiment in Korea for
about 200 years. Kimchi provided a spicy and flavorful ad-
junct to a rather narrow choice of foods for Koreans in dif-
ficult times, complementing the bland taste of cooked rice.

Winter kimchi has been most traditional and is made
between mid-November and early December, depending on
the climate of the particular year. It is consumed until the
following spring. The fresh ingredients are tightly filled
into large earthen jars with earthen lids. The jars are par-
tially buried (80-90% of container depth) under ground
and are covered with bundles of rice straw for protection
from direct sunlight and the climate. This procedure is still
practiced in much of the rural areas and some households
in urban areas. The subsurface temperature of the earth
during the winter season is fit for slow but excellent fer-

mentation of kimchi and also for the subsequent storage.
Overacidification and development of yeasty flavor are the
two most important problems in the long-term storage of
kimchi. However, as the temperature goes up late in the
following spring, the quality of winter kimchi is reduced.

Today, lesser amounts of winter kimchi are made, and
Koreans now enjoy freshly fermented kimchi anytime of
the year owing to year-round availability of fresh vegeta-
bles, general availability of household refrigerators, and
distribution of commercial products through efficient cold
distribution systems. Also, it is common for Korean fami-
lies to make small batches of kimchi as needed and to store
it under refrigeration for short periods to extend the fresh
quality. .

Kimchis can be divided into two types simply depending
on the way the primary vegetable is salted. Primary vege-
tables are salted (either by dry salting or brining) and then
the liquid is drained off completely before blending with
secondary ingredients in the preparation of general kim-
chis. However, sufficient brine is poured over the packed
ingredients to cover whole cucumber fruits or radish roots.
Pickles are usually prepared without secondary ingredi-
ents.

FERMENTATION AND MICROBIOLOGY '

Most vegetable fermentations are the result of growth by
naturally occurring lactic acid bacteria present on the raw
vegetable and the concentration of salt present, which dic-
tates the types and extent of growth by these bacteria. The
concentration of salt used varies among commodities (Ta-
ble 1) and depends upon the flavor and textural properties
desired. Cucumbers tend to soften (enzymatically) more if
brined below about 5% NaCl. Fermentation of vegetables
occurs in various stages (Table 2). The principal species of
lactic acid bacteria and their metabolic.end products are
summarized in Table 3.

Glucose and fructose are the principle sugars of cucum-
bers and cabbage. Cabbage also contains low levels of su-
crose. The metabolic pathways involved in fermentation of
these sugars to end products are illustrated in Figure 2.

Leuconostoc mesenteroides is an important species for
initiating the fermentation of sauerkraut and kimchi be-
cause of its production of acetic as well as lactic acid and
nonacidic end products (ethanol, mannitol), which results
in a more flavorful product. However, this species is rather
acid sensitive and soon is overtaken by Lactobacillus plan-

Table 1. Brining Procedures for Vegetables

Concentration

(%, w/v) of salt
Method of salting Fermentation Storage Vegetable
Dry salting 1.5-2.5 1.5-2.5 Cabbage
Dry salting 3 3 Kimchi
Brine solution 5-8 8-16 Cucumbers

Note: The concentrations of salt indicated generally are used for the vege-
tables listed. Wide variations exist in the salt concentration used for pep-
pers, onions, and cauliflower.
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Figure 2. Major pathways for sugar fermentation by lactic acid bacteria. Source: Ref. 12.

SHELF LIFE AND BULK STORAGE

The shelf life of pasteurized pickles typically is 12 to 18
months, depending on storage temperature (22°C or below
preferred). The shelf life of refrigerated pickles varies from
a few weeks (nonacidified type) to several months (acidified
type, with preservatives). The shelf life of sauerkraut de-
pends largely on the integrity of the can. With enamel-
lined cans, the shelf life typically is 18 to 30 months. Sau-
erkraut packaged in glass or plastic bags usually contains
preservatives such as potassium bisulfite (for maintaining
a light color) and sodium benzoate or potassium sorbate
(as microbial inhibitors), which results in a shelf life of 8
to 12 months.

Fermented cucumbers held at 8% NaCl or higher before
being processed into finished products can be held for a

year or longer. The storage life is extended at higher salt
concentrations. Sauerkraut is held at relatively low salt
concentration (1.5-2.5%) in bulk storage, and typically is
held for up to a year (United States) or only for a month
or so (Europe).

SAFETY

There are no authenticated reports of pathogenic micro-
organisms associated with standard commercial pickle
products prepared under good manufacturing practices of
acid, salt, and sugar content (and combinations thereof)
from brined, salted, and pickled vegetable brine-stock, in-
cluding cucumbers. The Commissioner of the FDA stated
that “No instances of illness as the result of contamination






