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This paper describes the manufacture procedure of lactic acid-fermented vegetable juices, nutri-
tional aspects of lactic acid fermentation, and wholesome effects of lactic acid bacteria that are used
as starter cultures for preparation of lactic acid-fermented vegetable juices. The topic of antioxi-
dants, sensory and biologically active compounds present in selected vegetables and current trends
in manufacture of lactic acid-fermented juices are also discussed.

Fermented foods are of great significance because
they provide and preserve vast quantities of nutritious
foods in a wide diversity of flavours, aromas, and tex-
tures which enrich the human diet.

Fermentation can be defined as a desirable pro-
cess of biochemical modification of primary food prod-
ucts brought about by microorganisms and their en-
zymes. Fermentation is carried out to enhance taste,
aroma, shelf-life, texture, nutritional value, and other
attractive properties of foods [1]. Fermented foods
can be generally described as palatable and whole-
some foods, prepared from raw or heated raw materi-
als by microbial fermentation [2]. While there are 21
different commercial vegetable fermentations in Eu-
rope along with a large number of fermented veg-
etable juices and blends, the most economically rel-
evant of these are the fermentations of olives, cucum-
bers (pickles), and cabbage (sauerkraut, Korean kim-
chi}) [3].

The lactic acid fermentation of vegetable juices,
applied as a preservation method for the production
of finished and half-finished products, is again being
ranked as an important technology and it is being
further investigated because of the growing amount
of raw materials processed in this way in the food
industry. The main reasons for this interest are the
nutritional, physiological, and hygienic aspects of the
process and their corresponding implementation and
production costs {4]. Therefore, in the recent years,
several scientists deal with the field of lactic acid fer-
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mentation of vegetables or vegetable juices. Examples
of various lactic acid-fermented vegetables and veg-
etable juices are presented in Table 1.

The purpose of this study was to describe process
manufacture of lactic acid-fermented vegetable juices
and nutrition and healthy effects of their consumption.

MANUFACTURE OF LACTIC
ACID-FERMENTED VEGETABLE JUICES

In a lot of countries consumption of the lactic acid-
fermented vegetable juices increases [19]. The Chinese
cabbage, cabbage, pH-adjusted tomato (to pH 7.2),
carrot, and spinach media gave relatively higher fer-
mentability than other vegetables because they have
more fermentable saccharides than other vegetables
[13]. Lactic acid-fermented vegetable juices are pro-
duced mainly from cabbage, red beet, carrot, celery,
and tomato [18].

The lactic acid fermented vegetable juices can be
produced by two procedures: the vegetable is fer-
mented by usual way and then it is processed by press-
ing the juice (manufacture from sauerkraut) or the
vegetable is at first processed to mash or raw juice and
it is consecutively fermented. There are three fermen-
tation types of vegetable juices: spontaneous fermen-
tation by natural microflora, fermentation by starter
cultures which are added into raw materials, and fer-
mentation of heat-treated materials by starter cultures
(20].
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Table 1. Examples of Lactic Acid-Fermented Vegetables and Vegetable Juices

Vegetable or vegetable juice Microorganism Ref.
Garlic Lactobacillus plantarum (5]
Carrot slices Lactobacillus sacei (6]
Lye-treated carrot Lactobacillus plantarum or mixture culture Lactobacillus plantarum and (7]
Saccharomyces cerevisiae

Carrot, capsicum Different Lactobacillus strains (8]
Olives Lactobacillus pentosus (9
Gourd, cabbage, celery Lactobacillus plantarum, Lactobacillus brevis, Lactobacillus pentosus [10]
Cucumber Lactobacillus plantarum (11}
Mixture of cabbage, carrot, Mixture starter cultures (12]
onion, and red beet

Various vegetables Lactic acid bacteria and bifidobacteria (23]
Sauerkraut and sauerkraut  Lactobacillus plantarum, Lactobacillus casei, Pediococcus pentosaceus, [14]

juice Enterococcus faecium
Cabbage juice or cabbage-

carrot juice

16 strains of Lactobacillus genera or Lactobacillus plantarum, mixture culture
Lactobacillus plantarum and Saccharomyces cerevisiae

(15—18]

At the manufacture of lactic acid-fermented veg-
etable juices, the pressed juice can be pasteurized at
first and consecutively it is inoculated by culture of se-
lected lactic acid bacteria [19] at a concentration from
5 x 108 to 1 x 107 CFU cm™—3.

For fermentation of juices, of the highest impor-
tance are commercially offered strains such as Lac-
tobacillus plantarum, Lb. bavaricus, Lb. zylosus, Lb.
bifidus, Lb. brevis [21]. The desirable properties of fer-
mented vegetable juices can be achieved by choosing
Lactobacillus strains suitable for the lactic acid fer-
mentation of individual raw materials. The criteria
used for finding out a strain suitability are as follows:
the rate and total production of acids, change of pH,
loss of nutritionally important substances, decrease
of nitrate concentration and production of biogenic
amines [4, 8], ability of substrate to accept the starter
culture, type of metabolism, and ability of culture to
create desirable sensory properties of fermented prod-
ucts [22]. Bacteriocin-producing starter cultures have
been suggested as a mean to obtain more controlled
and reproducible vegetable fermentations [6, 23].

Enzyme mash treatment is a well-known modern
process for gaining more juice from vegetable [24]. The
enzyme decomposition is applied before the lactic acid
fermentation of products to achieve a concentration of
compounds that commonly remain in the pomace. It
refers especially to some of mineral compounds, in-
cluding calcium, phosphorus, and magnesium {19].

The fermentation is performed at the temperature
about 20-—30°C [25]. For optimal course of lactic acid
fermentation, the content of sugars in raw materials
must be sufficient (at least 40 g kg~!) and the content
of proteins, that neutralize emergent acids must be
minimal [19]. During fermentation, the pH of juices
decreases from 6—6.5 to 3.8—4.5 [25]. A rapid de-
crease of pH in the beginning of fermentation is of
great importance for the quality of the end product
[26]. The rapid increase of acidity minimizes the in-
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fluence of spoilage bacteria. In the slowly acidified en-
vironments the lactic acid fermentation can be sup-
pressed by butyric bacteria [27]. The acidity below
pH 3.6 is undesirable from the sensory point of view
[28]. By the fermentation, the juices obtain pleasant
acid taste and characteristic aroma. After fermenta-
tion, the juices can be filled into bottles and pasteur-
ized or aseptically filled into bottles after previous fil-
tration [29].

The current trends in manufacture of lactic acid-
fermented juices are oriented to qualitative and quan-
titative development [19]. The high priority should be
given to the research of the effect of lactic acid fer-
mentation on the viruses, parasites, some bacteria and
mycotoxins, risk assessment using HACCP approach,
health education of the handlers and consumer per-
ception of new fermented juices, characterization and
optimalization of fermentation processes and develop-
ment of appropriate starter cultures, and some physio-
logical and nutritional effects of consumption of lactic
acid-fermented vegetable juices {1, 22].

VEGETABLE JUICES AS
SOURCE OF ANTIOXIDANTS

Vegetables as raw materials for manufacture of lac-
tic acid-fermented vegetable juices are naturally low in
fat, saturated fat, cholesterol, energy, and sodium and
are rich in potassium, fibre, and vitamins [30—32].

Cuo et al. [33] found that vegetables, such as kale,
beets, broccoli, spinach, shallots, potato, carrots, and
cabbage, have high antioxidant activities. Their study
indicates that each type of vegetable has different an-
tioxidant activity, contributed by different antioxidant
components, such as a-tocopherol, (3-carotene, vita-
min C, selenium or phenolic compounds [34].

The importance of antioxidant constituents of veg-
etables in the maintaining of health and protection
from coronary disease and cancer is also raising in-
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terest among scientists, food manufacturers, and con-
sumers since the future trend is towards functional
foods with specific health effects {35].

Sujotha and Srinivas [36] found that aqueous ex-
tracts of cabbage and onions inhibit lipid peroxidation
by 65 % and 66 %, respectively. Carrot is a major
source of f3-carotene and the other carotenoids which
are thought to scavenge free radicals and other oxi-
dants involved in disease processes. The antioxidant
action of (-carotene has been observed in vitro and in
vivo [37, 38]. Organosulfur compounds of garlic inhibit
the peroxidation of lipids and possess antioxidant and
radical-scavenging activity [39]. Red beet is the most
important source of betalaines. Betalaines are a class
of compounds with antioxidant and radical-scavenging
activities [40].

Sensory and Biologically Active Compounds
Present in Selected Vegetables

Glucosinolates and their degradation products are
responsible for the characteristic taste and odour of
cabbage and Brassica vegetables (isothiocyanates are
responsible for the bite and pungency) [41—45]. Na-
ture of glucosinolate breakdown product formation in
cabbage is strongly affected by pH and depends on the
glucosinolate substrate, as well as on the presence of
other enzyme inhibitors and activators, such as ascor-
bate [46]. Kyung and Fleming [47] documented that
cabbage juice exhibited antibacterial activity against
some bacteria strains, but that inhibition was elimi-
nated when the cabbage was heated before juice ex-
traction.

S-Methylmethionine present in fresh cabbage, cab-
bage juice, and sauerkraut reduces tumourigenesis risk
in the stomach. The isothiocyanatans and indoles con-
tained in cabbage account for anticancer effects. These
compounds protect from cancer of colon, breast [19],
lung, forestomach, and liver [48].

Carrot has a complex flavour. There is no single
compound that accounts for a distinctively carrot-
like flavour. Although there are many factors that
influence carrot flavour, including nonvolatile chem-
ical constituents, such as free sugars, phosphates and
nitrogenous compounds, bitter compounds, pheno-
lic compounds and organic acids, the characteristic
flavour of carrot is mainly due to the volatile con-
stituents which are mostly made up of terpenes and
sesquiterpenes [49]. Carotenoids present in carrot may
help reduce risks for developing tumours in various
tissues [50] by interfering with the metabolic activa-
tion of such substances to the ultimate carcinogens,
which damage DNA, proteins and lipids [33, 51]. Ox-
idative DNA damage is significantly reduced during
carrot juice intervention. It is likely that the effect
was partly due to carotene [33, 52].

Tertiarly alcohol geosmine is mainly responsible for
earthy taste and odour of red beet [53]. Red beet has
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a beneficial health effect against tumour cells [54]. Ex-
tracts of this plant have been used for the therapy of
liver, spleen, and skin diseases [55].

Health-related properties of garlic are attributable
to the organosulfur compounds, particularly to al-
licine, the pungent-smelling compound [39]. Diallyl
disulfide and diallyl sulfide also appear to be the bioac-
tive components of garlic that exert the anticarcino-
genic effects. These allylic compounds stimulate glu-
tathione S-transferase activity in the liver. This trans-
ferase binds to and detoxifies potential carcinogens
[48, 56]. Garlic is believed also to affect the microbial
flora in two ways: by acting as an antimicrobial agent,
in particular against gram-negative bacteria due to
allicine and by stimulating the growth of lactic acid
bacteria [567]. The antimicrobial activity may serve to
inhibit the bacterial conversion of nitrate to nitrite in
the stomach, thereby reducing the amount of nitrite
available for reaction with secondary amines to form
nitrosamines, which may be carcinogenic, particularly
in the stomach [38].

Wholesome Effects of Lactic Acid Bacteria

Among bacteria associated with food fermentation
lactic acid bacteria are of predominant importance.
Their association with the human environment and
their beneficial interactions, both in food and in the
human intestinal tract, combined with the long tradi-
tion of lactic acid-fermented foods in many cultures,
have led to the general conclusion that this group may
be generally recognized as safe [2]. By definition, lac-
tic acid bacteria are bacteria that ferment a sugar
(e.g. glucose) predominantly to lactic acid {58]. Lac-
tic acid production resulting in acidification to pH <
4.2 contributes to a major safety factor. However, re-
cent observations confirm that other metabolites with
antimicrobial properties also contribute to the safety
of lactic acid-fermented foods. Metabolic products of
lactic acid bacteria with antimicrobial properties are
presented in Table 2 {2].

Each of these properties and especially a combina-
tion of some of them, can be used to extend the shelf
life and safety of food products [59].

Lactic and acetic acids are characteristic products
of lactic acid fermentation [26]. The antimicrobial ac-
tion of these acids is related to the ability of the undis-
sociated acid molecules to penetrate through the bac-
terial plasma membrane as a function of their diffusion
constant. In the cytoplasm, the acid dissociates to re-
lease protons and conjugate bases with higher pH, this
disrupts the membrane proton-motive force, thus dis-
abling the energy-yielding and transport process de-
pendent upon it [60]. The lactic acid also forms the
natural protection of the body against various infec-
tions, increases immunity and effects as physiological
disinfection agent, improves digestion and acts at liver
diseases [21].
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Table 2. Metabolic Products of Lactic Acid Bacteria with Antimicrobial Properties

Product

Main target organisms

Organic acids
Lactic acid
Acetic acid
Hydrogen peroxide
Enzymes
Lactoperoxidase system with HoOz

Putrefactive and gram-negative bacteria, some fungi
Putrefactive bacteria, clostridia, some yeasts and fungi
Pathogens and spoilage organisins, especially in protein-rich foods

Pathogens and spoilage bacteria (milk and dairy products)

Lysozyme (by recombinant DNA technology) Undesired gram-positive bacteria

Low-molecular-mass metabolites
Reuterin (3-OH-propionaldehyde)

Wide spectrum of bacteria, moulds, and yeasts

Some lactic acid bacteria and gram-positive bacteria, notably endospore-formed

Diacetyl Gram-negative bacteria
Fatty acids Different bacteria
Bacteriocins
Nisin
Other

Gram-positive bacteria, inhibitory spectrum according to producer strain

and bacteriocin type

Table 3. Classification of Bacteriocins of Lactic Acid Bacteria

Class Properties
I Small membrane-active, heat-stable peptides (M; < 10%)
Ia Lantibiotics
Ib Nonlanthionine-containing peptides:
Peptides active against Listeria (A-terminal sequence of consensus: -Tyr-Gly-Asn-Gly-Val-Xaa-Cys-)
Bacteriocins the activity of which depends on the complementary action of two peptides
Thiol-active bacteriocins requiring cysteine for their activity
I Large heat-sensitive proteins (M; > 3 x 10%)
1144 Complex bacteriocins, requiring a nonprotein component (e.g. a carbohydrate or lipid moiety) for their

activity

Carbon dioxide can directly create an anaerobic en-
vironment and is toxic to some aerobic food microor-
ganisms through its action on cell membranes and its
ability to reduce internal and external pH {3]. Carbon
dioxide produced replaces air and provides anaerobic
conditions favourable for the stability of ascorbic acid
and the natural colour of vegetable products [61].

Hydrogen peroxide can accumulate and be in-
hibitory to some microorganisms. Inhibition is medi-
ated through the strong oxidizing effect on membrane
lipids and cell proteins [3].

Bacteriocins produced by lactic acid bacteria are
peptides or small proteins that are frequently in-
hibitory towards many undesirable bacteria, including
foodborne pathogens (e.g. Listeria monocytogenes)
[62]. Classification of bacteriocins of lactic acid bac-
teria is presented in Table 3. An advantage of bacte-
riocins over classical antibiotics is that digestive en-
zymes destroy them. Bacteriocin producing strains
can be used as part of, or adjunct to starter cultures
for fermented foods in order to improve safety and
quality [3].

Lactic acid bacteria are considered to have several
beneficial physiological effects, such as antimicrobial
activity, enhancing of immune potency [63] and abil-
ity to prevent cancer and lower serum cholesterol levels
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[64]. Proposed health and nutritional benefits of Lac-
tobacillus species are [65] enzyme (lactase) presenta-
tion, colonization and maintenance of the normal mi-
croflora, competitive exclusion of undesirable microor-
ganisms, microbial interference and antimicrobial ac-
tivities, pathogen clearance, immuno-stimulation and
modulation, cholesterol reduction/removal, deconju-
gation of bile acids, anticarcinogenic and antimuta-
genic activities, reduction of endotoxemia from alco-
holic liver disease. Because lactic acid bacteria pro-
hibit colonization by the invader and control the in-
testinal pH through the release of acetic and lactic
acids, these bacteria could effectively prevent consti-
pation and diarrhea caused by lactose intolerance or
pathogenic bacteria. A synergistic effect of the dietary
fibre and lactic acid bacteria for the improvement of
the large intestinal health of the most may be achieved
by providing a fermented fibre-rich natural plants to
the host [13].

Several research studies confirm the ability of lactic
acid bacteria to reduce the mutagenicity of intestinal
contents by suppressing the levels of specific bacterial
enzymes that promote the activation of procarcino-
genic compounds [66]. Lactobacilli have been periodi-
cally associated with anticarcinogenic, antimutagenic,
and antitumourigenic activities. These activities may
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oceur via the following: binding, inhibition or inacti-
vation of mutagens in vitro, reductions in carcinogen-
generating fecal enzymes in wvivo, stimulation of the
immune system, suppression of tumour formation [65].

Progress in gene technology allows modification
of lactic acid bacteria by introducing new genes or
by modifying their metabolic functions. These modi-
fications may lead to improvements in food technol-
ogy (bacteria better fitted to technological processes,
leading to improved organoleptic properties, improved
product safety and quality), or to new applications in-
cluding bacteria producing therapeutic molecules that
could be delivered by mouth [67].

The implementation of carefully selected strains
as starter cultures or co-cultures in fermentation pro-
cesses can help to achieve in situ expression of the
desired property, maintaining a perfectly natural and
healthy product [68]. Examples are lactic acid bacte-
ria that are able to produce antimicrobial substances,
sugar polymers, sweeteners, aromatic compounds, use-
ful enzymes, or nutraceuticals, or lactic acid bacte-
ria, with health-promoting properties, the so-called
probiotic strains. This represents a way of replacing
chemical additives by natural compounds, at the same
time providing the consumer with new, attractive food
products. It also leads to a wider applications area and
higher flexibility of starter cultures [69].

Nutritional Aspects of Lactic Acid Fermenta-
tion

The nutritional value of a particular food depends
on its digestibility and its content of essential nutri-
ents. Both digestibility and its nutrient content may
be improved by fermentation [59]. The different ways
by which the fermentation process can affect the nutri-
tional quality of foods include improving the nutrient
density and increasing the amount and the bicavail-
ability of nutrients [70].

Lactic acid fermentation leads to a decrease in the
level of carbohydrates as well as some nondigestable
poly- and oligosaccharides. The latter reduces side ef-
fects such as abdominal distension and flatulence [1].
The nutritional impact of fermented foods on nutri-
tional diseases can be direct or indirect. Food fermen-
tations that arise the protein content or improve the
balance of essential amino acids or their availability
will have a direct curative effect. Similarly fermenta-
tions that increase the content or availability of vita-
mins, such as thiamine, riboflavin, niacin or folic acid
can have profound direct effects on the health of the
consumers of such foods [71].

It was shown that lactic acid fermentation in-
creases utilization of iron from food by breakaway of
inorganic iron from complex substances under influ-
ence of vitamin C [72, 73].

Acid-fermented vegetables are important sources
of vitamins and minerals [61]. Vitamin C is better
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preserved in lactic acid-fermented vegetable products,
compared with those processed by alternative meth-
ods [1].

Fermented foods may reduce the serum cholesterol
concentration by reducing the intestinal absorption
of dietary and endogenous cholesterol or inhibiting
cholesterol synthesis in liver [59].

CONCLUSION

Fermentation can have multiple effects on the nu-
tritional value of food [1]. Lactic acid fermentation im-
parts attributes of robust stability and safety in the
product, and thereby preempts disease infections, such
as diarrhea and salmonellosis [74].

The fundamental reason for the development and
acceptance of fermented foods can be variably as-
cribed to preservation, improved nutritional proper-
ties, better flavour/aroma, upgrading of substrates to
higher value products and improved health aspects
[69]. The assumption of the higher consumption of lac-
tic acid-fermented food is the publicity. An important
factor is also the supply of lactic acid-fermented veg-
etable juices with new quality characteristics, without
application of preserving agents [19].
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