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Abstract

Fermentation is an old age biotechnological technique for preservation of vegetables, which has paved pathway
towards nutritional and functional value of the foods. It not only preserves food for long period of time but also
increases functional, nutritional and sensory features of food commodities. Fermentation is the outcome of the the
microbes which grow in the food commodity with the passage of time. Leuconostoc mesenteroides and related LAB,
including Weissella and other Leuconostoc spp. are important in the initiation of the fermentation of many
vegetables. Fermented foods are supposed to be rich in the health beneficial probiotics. Fermented vegetables are
low-calories foods as they contain considerably lower quantities of sugars compared to their raw counter parts. They
are source of dietary fibre, which impedes the assimilation of fats and regulates peristalsis in the intestines and
valuable source of vitamin C, B group vitamins, phenolics and many other nutrients.

Keywords: Fermentation; Vegetables; Microbes; Probiotics; Health
beneficial

Introduction

The term probiotics was first coined by Kollath and Vergio [1].
Probiotics were originally defined as microorganisms who promote the
growth of other microbes [2,3]. Probiotics have been re-defined a
number of times. Probiotics as a live microbial, feed supplement which
beneficially affects the host animal by improving its intestinal microbial
balance [4]. Probiotics are mono or mixed cultures of live
microorganisms which when applied to animal/man, beneficially affect
the host by improving the property of the indigenous flora [5].
Probiotics have been defined by the German Federal Institute for
health and consumer protection and veterinary medicine as specific
live microorganisms which reach the intestinal tract in active form and
in sufficient number to positively affect the health of the host. The most
recent definition of the probiotics by [6] states that probiotics are live
microorganisms which when administered in adequate amounts
(10%-107 CFUg! of food) confer health benefits on the host. Any
bacterial strain, before being used as probiotics, should be screened for
various imperative characteristics in order to satisfy the regulatory
bodies as well as ensure consumer acceptance. The ideal probiotic
bacteria possess all such characteristics like ability to colonize human
intestine, resistance to bile and low pH, antibiotic susceptibility and
antimicrobial activity [7,8].

Two classes of lactic acid producing microorganisms have been
recommended for human application. These include the bifidobacteria
and lactic acid bacteria including species of Enterococcus,
Lactobacillus,  Lactococcus,  Leuconostoc,  Pediococcus  and
Streptococcus [9]. Some yeast strains such as Saccharomyces cerevisiae
and Saccharomyces boulardii also have shown a probiotic influence on
human intestinal flora [10].

An Overview of Indian Fermented Vegetable Products

Gundruk

Gundruk is a pickled product of Nepal, which is obtained from
fermentation of leafy vegetables. The production process is similar to
that of sauerkraut, however no salt is added to the shredded leaves
prior to fermentation. Gundruk fermentation is usually dominated by
Pediococcus and Lactobacillus spp., L. cellobiosus and L. plantarum
being the initiators of fermentation. During the course of fermentation
the pH drops slowly to a final value of 4 and total acidity as lactic acid
increaes to about 1% [11]. Gundruk may be served as a side dish
(soup/pickle) and also as an appetizer.

Sinki

It is a sour pickled radish taproot that is traditionaly consumed in
India, Nepal and Bhutan either as a pickle or as a base for soup [12].
Sinki has been shown to act as an effective appetizer, helps cure
diarrhea and relieves stomach pain. Sinki fermentation is carried out
by L. fermentum, L. brevis and L. plantarum decreasing the pH from
6.7 to 3.3.

Khalpi

Khalpi is a fermented cucumber product of Nepal which is usually
eaten as pickle after mixing with mustard oil, salt and powderd chillies.
The bacteteria like L. plantarum, L. brevis and Leuconostoc fallax are
usually involved in khalpi fermentation.

Inziangsang

It is a traditional fermented leafy vegetable product which is
consumed in Northeast India, especially in Nagaland and Manipur. It
is made from mustard leaves and the production process is similar to
that of gundruk [13]. Inziangsang can be stored for a year or more at
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room temperature. It is usually consumed as a soup. Fermentation
usually involves L. plantarum, L. brevis and Pediococcus [12].

Soidon

Soidon is a fermented product of bamboo shoots and is popular in
Manipur. Only the tips are used for fermentation while the rest
portions are removed. For the enhancement of flavor, leaves of Roxb
(Garcinia pedunculata) may be added during fermentation.
Lactobacillus brevis, Leuconostoc fallax and Lactococcus lactis are the
predominant organisms involved in its fermentation [12].

Goyang

Goyang is a fermented vegetable product of Sikkim and Nepal
which is prepared from the leaves of magane-saag (Brassicaceae).
Lactobacillus plantarum, Lactobacillus brevis, Lactobacillus lactis,
Enterococcus faecium, Pediococcus pentosus and yeast like candida
spp. are the main strains that carry out fermentation.

Mesu

Mesu is a traditional fermented bamboo shoot product of
Darjeeling hills and Sikkim. It is made from the defoliated and finely
chopped young edible shoots of choya bans (Dendrocalamus
hamilfonii), Karati bans (Bambusa tulda) and Bhalu bans
(Dendrocalamus sikkimensis). The typical taste and mesu flavor
indicate the completion of fermentation. Mesu is usually consumed as
a pickle. Mesu pickle, after mixing with edible oil chillies and salt can
be stored for several months without refrigeration. Lactobacillus
plantarum, Lactobacillus brevis, Lactobacillus curvatus, Leuconostoc
citreum, Pediococcus pentosaceus are the dominant origanisms
involved in fermentation [14].

Soibum

Soibum is a fermented bamboo shoot product of Manipur with
whitish colour, faint aroma and sour taste. It is made from succulent
bamboo shoots of Dendrocalamus hamiltonii, D. sikkimensis and D.
giganteus, Bambusa tulda and B. balcona. Soibum is usually consumed
as a side dish. The bacterial flora like L. plantarum, L. brevis, L.
coryniformis, L. delburkii, Leuconostoc fallax, Lactococccus lactis, L.
mesenteroides, Entreococcus durans, Streotococcus lactis, Bacillus
subtillis, B. licheniformis, B. coagulans and yeast like Candida,
Saccharomyces and Torulopsis are mostly involved in its fermentation
[15,16].

Ekung

Ekung is a fermented bamboo tender shoot product of Arunachal
pradesh. It is made from young bamboo tender shoots of
Dendrocalamus hamiltonii, D. giganteus, Bambusa balcooa,
Phyllostachys assamica, B. tulda.

Anishi

Anishi is a fermented vegetable product of Nagaland. It is made
from Yam leaves and is usually used as a condiment [17].
Lung-Siej

Lung-Siej is another fermented bamboo shoot product of
Meghalaya. It is made from the bamboo species Dendrocalamus

hamiltonii. The bamboo shoots fermented in bottles have a better shelf
life compared to that of bamboo cylinders. Lung-siej is usually
consumed as curry mixed with meat and fish [18].

Fermented garlic

A number of garlic based products are manufactured in the world
which includes garlic oil, garlic flakes, fried garlic slices, baked garlic
slices, garlic salt and garlic paste. Blanching and fermentation of garlic
has also been studied for their beneficial effects [19]. Due to its
beneficial health effects, which include anti-microbial activity, anti-
oxidant activity, garlic has attracted much more research interest. It is
used as condiment in the preparation of dressed olive oils in Spain. It is
used an agent for prevention and treatment of cardiovascular,
atherosclerosis, hyperlipidemia, thrombosis, and diabetes. Both raw
and fermented garlic increases the production of Nitric Oxide Synthase
(NOS), a key in the lowering of blood pressure. Garlic enhances the
immune system of some people living with HIV by increasing the
number of natural killer cells which not only destroy white cells that
are infected by viruses but also those which are cancerous. Fermented
garlic not only lowers down the cholesterol level but triglycerides as
well.

Fermented Vegetables as a Source of Probiotics

Fermentation is the oldest biotechnological method to preserve
vegetables. The preservation of vegetables by fermentation was
recognized before recorded history [20]. Vegetables belong to the
category of perishable foods. Consequently different preservation
techniques like refrigeration, freezing and canning have been
developed to prolong their shelf life. However, in underdeveloped and
developing countries such preservation methods are inaccessible
making them to rely on the well adapted and proven natural
preservation methods. Fermentation remains the most-oldest
biotechnological and practiced method to preserve vegetables, which is
accompanied by changes in organoleptic properties and enhancement
of nutritional quality [21]. Lactic acid bacteria (LAB) are naturally
present on the various parts of the vegetables, which cause
spontaneous lactic acid fermentation once the favourable conditions of
water activity, salt concentration, anaerobiosis and temperature are
provided. Leuconostoc, lactobacillus and pediococcus are the most
common genera involved in lactic acid fermentation of vegetables. The
presence of the species of genus Lactococcus next to these three genera
has been confirmed by [22]. Several species of Weisellalike W cibaria
and W, paramesenteroides have also been reported in some fermented
vegetables such as cabbage and mustard [23,24]. Researches have
concluded that the LAB derived from plants are similarly resistant to
artificial gastric juices and bile as are the animal derived LAB and are
therefore considered as promising probiotics for human consumption.
Thus, it is supposed that fermented vegetables as such can serve as an
alternative source of probiotic.

Increasing demand for vegetarian foods has been challenging the
food industry to manufacture high quality functional products [25]. In
addition to this lactose intolerance of a larger segment of world
population together with the undesirable cholesterol content of
fermented dairy products has opened a window of opportunities for
developing non-dairy probiotic products [26]. This calls for alternative
sources of LAB such as fruits, vegetables, legumes and cereals [27]
which by appropriate technological handling may serve as probiotic
vectors. There is unfortunately scare information available about the
vegetables in terms of delivery of probiotic strains.
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Various efforts have been made by the researchers on the isolation
of LAB with probiotic properties from the fermented vegetables.
Pedjococcus pentosaues strain MP12 and Lactobacillus plantarum
strain LAPG6, isolated from pickled cabbage, have been found to show
antagonist activity against Sa/monella spp. in mice where both the
strains were able to adhere to the mouse intestinal epithelium [28].
Similarly Lactobacillus plantarum CO6 and Lactobacillus acidolphillus
Cll, that were isolated from pickled cabbage were found to
satisfactorily adhere to duodenum, tolerate the gut biotic stress-gastric
juices and bile salts, exhibit antimicrobial activity against gram-
positive and negative pathogens and P-galactosidase activity [29].
Lactococcus lactis has been isolated from sauerkraut that produces
bacteriocin-nisin. LAB from fermented cucumber produce
bacteriocin-plantaricin C19 against Listeria grayi, while as LAB from
fermented olives are the producers of bacteriocins against Weissela
mesenteroides [30]. Various in vitro studies have reported that LAB
isolated from fermented olives are capable of adhering to epithelial
cells IPEC-J2 of porcine jejune and produce bacteriocins against
Helicobacter  pylori, Propionibacterium spp. and Clostridium
perfringens [31]. Lactobacillus starins isolated from fermented carrot
produce bacteriocins against E. coli, S. aureus and B. cereus [32]. L.
sakei isolated from fermented chinese cabbage produces bacteriocin
Sakacin C2 which strongly inhibits E. coli. And . aureus ATCC 63589.
Also L. plantarum IB2, isolated from inziangsang is the producer of a
bacteriocin against Staphylococcus aureus S1. LAB strains isolated
from fermented vegetable pickles have been found to be effective
against type-I allergies, by increasing the production of Th1/Th2
balance and reducing the production of IgE [33]. These studies suggest
that LAB strains isolated from various fermented vegetable products
can serve as a good alternative for the supply of health-benefiting
probiotics.

Health benefits of fermented vegetables due to probiotics

Consumption of fermented vegetables has been associated with a
range of health benefits arising from the growth and activity of
probiotic lactic acid bacteria during fermentation. The exact
mechanisms behind the health promoting properties of probiotics are
not still completely understood. However the most beneficial effects of
the probiotic are related to pathogen interference, exclusion or
antagonism, immune modulation, anticarcinogenic and antimutagnic
activities, alleviation of lactose intolerance symptoms, reduction in
serum cholesterol levels, reduction in blood pressure, prevention of
bacterial vaginosis and urinary tract infection, maintenance of
mucosal integrity and improved periodontal health. The various health
benefits from fermented vegetables are discussed as follows.

Anticancerous properties: LAB from various fermented vegetables
have been shown to posses anticancerous and antimutagenic
properties. Cancer preventative activity of kimchi and inhibition of the
proliferation of human cancer cell lines for 3 weeks by the extract of
fermented kimchi has been reported earlier [34]. It was seen that the
leukemia cells treated with kimchi extract showed increased apoptosis
and decreased mitochondrial transmembrane potential [35], however,
the normal cells remained unaffected. The anticarcinogenic effect of
kimchi LAB has been shown to be due to the suppression of the
activity of carcinogen activating enzymes such as azoreductase,
nitroreductase, 7-a-dehydrogenase, p-glucosidase and p-glucuronidase
and neutralization of cancer causing agents. The anticancer property of
probiotic like L. reuteri and down regulation of nuclear-factor-kappa B
dependent gene products which inturn regulate cell proliferation and
survival has been investigated earlier [36]. Besides it, L. reuteri was

found to suppress TNF induced NF-xB activation and slowed down
the growth of cancer cells. Antitumourigenic activity of the
exopolysaccharide producing L. acidophillus and L. rhamnosus against
colon cancer cells by the activation of autophagic cell death by
inducing Beclin-1 and GRP78 and Bcl-2 and Bak has been investigated
[37], also L. acidophillus and L. casei can be used as adjuvants in
anticancer chemotherapy due to their enhanced apoptosis induction
capacity of fluorouracil in colorectal carcinoma cell line LS513 [38].
The antitumour properties of LAB are mainly by the activation of
immune cells to fight against tumor cells. Earlier Studies have shown
an increase in TNF-a interferon-y and regulatory cytokine IL-10 due
to the probiotic LAB [39].

The probiotic bacteria were reported to show high degree of survival
after genotoxin exposure [40]. 8 out of 11 probiotic bacteria showed a
strong genotoxicity inhibition and the strain Enterococcus faecium
AdF2 and Lactobacillus plantarum AdF10 were reported to have
maximum antigenotoxicity, comparable to that of the refrence strain
Lactobacillus rhamnosus G G (ATCC 53103). Inhibition of
genotoxicity has been suggested to be due to the binding of genotoxins
to the probiotics.

Anticholesterolemic effects: It is well established fact that high-total
cholesterol and LDL-cholesterol levels are the major risk factors for
coronary heart diseases and it is the leading cause of death in West
[41]. Consequently it becomes important to devise new methods to
reduce the serum cholesterol levels. Recently LAB from fermented
foods have been reported to show various anticholesterolemic effects.

It was reported that after 7 days of kimchi intake, the concentrations
of fasting blood glucose (FBG), total glucose, total cholesterol and LDL
was significantly dropped. Various studies have suggested mechanisms
on the lipid lowering effect of kimchi. LAB involved in the
fermentation of kimchi have been reported to posses cholesterol
lowering activity either by binding the cholesterol in their cell wall,
decomposing the cholesterol for assimilation or deconjugation of bile
acids.

Bioactive compound of kimchi, when administered into
hypercholesterolemic rabbits showed a decrease in plasma cholesterol
and LDL-cholesterol within 4 days after treatment [42]. Additionally
other ingredients of kimchi such as Chinese cabbage, hot red peppers,
garlic, ginger etc. have been shown to contribute to cholesterol
lowering activity. These ingredients contain certain bioactive
compounds like B-sitosterol (Chinese cabbage), S-methylcystein-
sulfoxide and S-allylcysteinsulfoxide (garlic) and capsaicin (red
peppers) that are believed to contribute to anticholesterolemic effect.
B-sitosterol being a phytosterol competes with the dietary cholesterol
for intestinal absorption [43]. Sulphur compounds in garlic promote
the secreation of hormones like adrenalin and glucagon and hence
stimulate lipolysis or suppress enzyme activities that are responsible for
cholesterol synthesis. Allicine has been reported to inhibits the activity
of Acetyl-CoA synthetase and/or 3-hydroxy-3-methyl-glutaryl CoA
reductase [44]. Capsaicin elevates the activity of 7a-hydroxylase and
thereby stimulating the secreation of cholesterol to extra-circulation as
bile [45].

Lactobacillus plantarum is one of the most frequent LAB strain to
occur in fermented vegetables and has been isolated from fermented
cucumbers, cabbage, eggplant, tomato, red-beet etc. Also L. plantarum
has been evalvated as a potential probiotic with cholesterol lowering
effect. It was reported that feeding of L. plantarum PHO04 to
hypercholestrolemic mice at doses of 107 CFU/mouse/day for 14 days
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resulted in 7% lower total cholesterol and 10% lower serum
triglycerides compared to the control mice. The mechanism behind the
cholesterol lowering effect has been suggested to be the deconjugation
of bile salts by the enzyme bile salt hydrolase [46]. Which in turn
promotes the excreation of bile salts and leads to an increased synthesis
of bile salts from serum cholesterol or by decreasing the solubility of
cholesterol and consequently reducing the uptake from gut.

Immunomodulatory effect: Clinical and animal studies have
provided evidences that LAB can modify the immune response of the
host [47]. Earlier 159 strains of lactic acid bacteria from traditional
Taiwan fermented mustard for evalvation of their immunopotentiating
activity on a murine macrophage cell line RAW 2647 has been studied
[48]. Of all, the strain L. plantarum B0040, Weissella cibaria BO145 and
B0110 were able to activate the macrophage and showed a pronounced
increase in the level of nitric oxide, tumor necrosis factor-a and
interleukin-6. Earlier studies has reported the modulation of immune
response by P pentosaceus NB-17 by inducing the production of
cyotokines in the mouse spleen cells and was also able to survive the
gastric conditions of rats [49].

The probiotic potential of fermented vegetable derived LAB, L.
plantarum 10HK2 was investigated and was reported to show
antibacterial activity against pathogens and immune modulating
effects on murine macrophage cell lines. A reduced number of enteric
Salmonella and Shigella species was reported in the mice fed with L.
plantarum as compared to the controls for upto 4 weeks. The effect on
immunoglobulin (Ig) and cytokine production was investigated by oral
administration of the live and heat killed A17 to OVA sensitized mice.
The immune responses of Al7 by IFN-y production,were verified
using human peripheral blood mononuclear cells. It was reported that
A17 modulated the OVA-induced allergic effects by modulating B-cell
and T-cell responses. The former through increased IgE production
and elevated OVA specific IgG2a production while as the later through
increased IFN-y production and decreased IL-4 production. A17 also
down regulated the mRNA expression of nucleotide-binding
oligomerization domain protein, NOD-1, NOD-2 and Toll like
receptor (TLR)-4.

Lactobacillus strains like L. plantarum CJLP133, L. plantarum
CJLP243, L. plantarum CJNR26 and L. gasseri CJMF3 has been
isolated from Korean fermented vegetables and investigated for their
capacity to modulate cellular and humoral immune responses [50]. It
was found that 8 weeks feeding of the tested /actobacilli did not affect
the weight of and cell numbers in the mice spleen. However the strains
CJLP133 and CJLP243 were found to increase the T lymphocyte
population while as the strains CJNR26 and CJMF3 increased the B
lymphocyte population in the spleenocytes treated with concanavalin
A. These results indicate that CJLP133 and CJLP243 have immune
stimulating activity via increased T-cell activation. While as CJNR26
and CJMF3 exhibit immunopotentiation through enhancement of B-
cell activation. The probiotic potential of Lactobacillus sakei probio 65,
isolated from kimchi, for treating allergic dermatitis has been reported
[51]. The strain was administered to allergen-induced mice, trigerred
with 1-chloro-2,4-dinitrobenzene. It was reported that the mice
receiving L. sakei probio 65 treatment recovered rapidly compared to
control mice through the regulation of Ig and IL-4 levels in the
sensitized mice.

The results showed that the strain offered 100% protection against
infection with influenza A viruses, prevented significant weight loss
and lung viral loads were lowered in the mouse. High levels of
cytokine-IL-12 and IFN-y were found in the mice treated with DK119.

The results showed that DK119 exhibited antiviral effects on influenza
virus infection through the modulation of host innate immunity of
dendritic and macrophage cells and cytokine production.

Shelf life of probiotics in fermented vegetables

Plant tissues consist of intricate internal cells, intercellular spaces,
pores and capillaries. Although the intact cell wall acts as an effective
barrier against the microbial action. However the microorganisms
which tend to enter the plant tissue via lenticels and tissue lesions are
entrapped. Once the microbes cross all the barriers, there growth is
facilitated by the release of nutrients through the holes formed in the
plant tissues. The release of nutrients is further increased by steps like
cutting and peeling, thereby allowing the vegetables to be used as a
carrier of probiotics. It is further suggested that like in fermented dairy
products certain LAB strains show high survival rates in the fermented
plant materials (table olives and artichokes) or even higher than the
dairy probiotics. This has been attributed to the microstructure of
plants that provides favourable and protective conditions for the
bacterial survival. Besides the cell wall is solid and resistant enough to
allow the bacterial adaptation to the harsh environmental conditions of
the plant matrices such as high osmotic pressure, poor nutrient profile,
presence of antimicrobial compounds, etc. [33].

Conclusion

Fermentation is a cost effective technique utilized for the
preservation of the perishable vegetables. It not only presreves the food
commodity for off season consumption, but also increases its
nutritional and functional value. Fermented foods are cherished for
their specific taste and flavor. Fermented foods are laid with large
number of probiotic microorganisms, which have proven health
benefical effect. However further scientific approaches are required in
order to fully explore the vast benefits of the fermented foods.
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