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and consumed for centuries, probably for more than 2500 years. A few
products are lesser known and confined to particular communities and
specific regions in the Himalayas. The mountain women play an impor-
tant role with their indigenous knowledge of food fermentation. Their par-
ticipation spans from cultivation to harvesting, fermentation to culinary
skills, and production to marketing. Rural women also sell the ethnic food
products in local markets and earn their livelihood, thereby directly or
indirectly enhancing the regional economy.

1.6.1  Microbiology of fermented foods

Fermented foods harness diverse functional microorganisms from the
environment (Tamang 2002). Microorganisms are present in or on the
ingredients, utensils, and the general environment, and they are selected
through adaptation to the substrate for fermentation (Hesseltine 1983;
Steinkraus 1997, Tamang 1998a). In the Indian subcontinent, mostly due
to wide variation in agroclimatic conditions and the diverse forms of food
culture of different ethnic peoples,a diversity of microorganisms is asso-
ciated with traditional fermented foods and beverages (Soni and Sandhu
1990b; Tamang 1998a; Tamang and Holzapfel 1999). Microorganisms
change the chemical composition of raw materials during food fer-
mentation, enhancing the nutritive value; enriching the bland diet with
improved flavor and texture; preserving the perishable foods; fortifying
the products with essential amino acids, vitamins, and minerals; degrad-
ing the undesirable components and antinutritive factors; improving the
digestibility; and stimulating the probiotic functions (Steinkraus 1994;
Stiles and Holzapfel 1997; Adams and Nout 2001).

Any food researcher studying fermented food should accomplish the
following objectives, such as determination of microbial profiles, isolation,
enrichment, purification, phenotypic and genotypic characterization,
proper identification of functional microorganisms, and preservation and
deposition of identified strains in microbial culture collection centers.
Authentic identification of functional microorganisms associated with
the production of final edible products is an important aspect of micro-
bial properties that determine the quality of the product (Tamang and
Holzapfel 1999). Studies on the nutritional profile, technological or func-
tional properties, food safety, process optimization, medicinal value, etc.,
are also important aspects of fermented foods. Genotypic identification
using molecular methods such as DNA base composition, DNA hybrid-
ization, and ribosomal RNA and chemotaxonomical tools such as cell wall
studies, cellular fatty acids, and isoprenoid quinones are helpful when
the conventional approach of identitfication is not reliable. These ethnic
fermented foods have been extensively studied, and the functional micro-
organisms have been isolated, properly characterized, and identified,
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based on modern phenotypic (API and Biolog systems) and genotypic
characteristics (RAPD-PCR, rep-PCR, species-specific PCR techniques,
16S rRNA sequencing, DNA-DNA hybridization), and preserved in 15%
glycerol at —20°C.

Three major groups of microorganisms are present or associated
with ethnic fermented foods: bacteria (mostly lactic acid bacteria), yeasts,
and mycelial fungi. Lactic acid bacteria are Gram-positive, nonspor-
ing, catalase-negative, devoid of cytochromes, of nonaerobic habitat but
aerotolerant, fastidious, acid-tolerant, and strictly fermentative, with lac-
tic acid as the major end product during sugar fermentation (Axelsson
1998). LAB produce lactic acid during traditional fermentation, the char-
acteristic fermentative product, which reduces the pH of the substrate
to a level where growth of putrefactive, pathogenic, and toxinogenic
bacteria are inhibited (Holzapfel et al. 1995). The LAB that are usu-
ally designated as GRAS (generally recognized as safe) status in foods
(Donohue and Salminen 1996) can also exert a biopreservative effect
(Holzapfel et al. 2003). The genera of LAB most often present in foods are
Carnobacterium, Enterococcus, Lactobacillus, Lactococcus, Leuconostoc, Oeno-
coccus, Pediococcus, Streptococcus, Tetragenococcus, Vagococcus, and Weissella
(Stiles and Holzapfel 1997; Carr et al. 2002). The advantages of lactic acid
food fermentations include resistance to spoilage and food toxins, which
make the foods less likely to transfer pathogenic microorganisms. They
also preserve the foods between the time of harvest and consumption,
modify the flavor of the original ingredients, and improve the nutri-
tional value (Nout and Ngoddy 1997; Salminen and Wright 1998). LAB
are the dominant microorganisms in many traditional fermented foods.
Among nonlactic bacteria, Bacillus is mostly encountered in many Asian
fermented soybean foods and also in some African fermented foods. The
most common species reported in fermented foods are B. subtilis and
B. natto, along with B. licheniformis, B. thuringiensis, B. megateriumni, etc.
(Kiers et al. 2000). Bacillus is an endospore forming, rod-shaped, Gram-
positive, catalase positive, motile, and aerobic to semi-anaerobic growing
bacterium (Gordon 1973). Some Bacillus strains produce A-polyglutamic
acid (PGA), which is an amino acid polymer commonly present in fer-
mented soybean foods, giving a sticky texture (Urushibata et al. 2002).

Yeasts play vital roles in the production of many traditional fermented
foods and beverages across the world (Aidoo et al. 2006), signifying the
food culture of the regions and the community (Tamang and Fleet 2009).
About 21 major genera with several species of functional yeasts have been
isolated from fermented foods and beverages across the world, and these
include Brettanomyces (its perfect stage, Dekkera), Candida, Cryptococcus,
Debaryomyces, Galactomyces, Geotrichum, Hansenula, Hanseniaspora (its
asexual counterpart Kloeckera), Hyphopichia, Kluyveromyces, Metschnikowia,
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Pichia, Rhodotorula, Saccharomyces, Saccharomycodes, Saccharomycopsis, Schizo-
saccharomyces, Torulopsis, Trichosporon, Yarrowia, and Zygosaccharomyces
(Kurtzman and Fell 1998; Pretorius 2000; Tsuyoshi et al. 2005; Romano
et al. 2006; Tamang and Fleet 2009).

Fungi in fermented foods are relatively limited. Some of the common
genera of mycelial fungi associated with fermented foods and beverages
of the world are Actinomucor, Mucor, Rhizopus, Amylomyces, Monascus,
Neurospora, Aspergillus and Penicillium (Hesseltine 1983, 1991; Samson 1993;
Nout and Aidoo 2002). All species of Aspergillus and Penicillium are non-
toxin-producing species in fermented foods (Hesseltine 1983).

Functional microorganisms present in fermented foods have many bio-
logical functions that enhance their health-promoting benefits. These biolog-
ical functions include biopreservation of perishable foods, bioenrichment
of nutritional value, enrichment of diet, protective properties, improve-
ment in lactose metabolism, production of enzymes, antimicrobial proper-
ties, destruction of undesirable components, degradation of antinutritive
factors, improved digestibility, production of antioxidants, anticarcino-
genic property, therapeutic values, bioavailability of minerals, lowering
of serum lipids (and cholesterol), immunological effects, prevention of
infectious diseases, etc. (Tamang 2007a; Shah 2007; Liong 2008).

1.6.2  Consumption patterns of fermented foods and beverages

A food consumption survey is an indispensable tool for assessing the
nutritional intake and pattern of food consumption by the community
(Tee et al. 2004). Yonzan and Tamang (1998) for the first time conducted a
brief survey on the consumption patterns of traditional fermented foods
of Darjeeling hills and Sikkim in India. About 13% of fermented foods
constitute the daily meal of the ethnic people of Sikkim and Darjeeling
hills (Tamang et al. 2007b). The survey on food consumption patterns in
Sikkim shows that 11.7% of rural people are vegetarians and 88.3% are
nonvegetarians (Tamang et al. 2007b). Daily per capita consumption of
ethnic fermented foods in Sikkim is shown in Table 1.2. The survey report
shows that 67.7% of people prepare most of the ethnic fermented foods at
home for consumption (Tamang et al. 2007b). Consumption of fermented
foods to total foods is highest in the north district of Sikkim (18.6%), fol-
lowed by the south (13.9%), west (13.7%), and east (7.5%) (Tamang et al.
2007b). Consumption of alcoholic beverages and meat products is higher
among the Bhutia and Lepcha than the ethnic Nepali, who have hetero-
geneous food habits ranging from vegetarian Brahmin to nonvegetarian
non-Brahmin castes.

Food consumption data are needed to develop appropriate food-
based dietary guidelines for the region and to monitor changes in dietary
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Table 1.2 Daily Per Capita Consumption of Fermented Foods in Sikkim

Per capita consumption by different ethnic people

Ethnic in Sikkim (g/day)
fermented foods Nepali Bhutia Lepcha Total in Sikkim
Kinema 3.4 1.1 14 2.3
Maseura 0.5 0 0 0.5
Gundruk 1.7 0.9 0.6 14
Sinki 1.8 0.5 0.2 1.1
Mesu 0.9 0.3 0.5 0.6
Khalpi 73 0 0.2 6.9
Dahi (ml) 37.1 32.8 26.5 34.1
Mohi (ml) 89.7 33.8 58.9 74.2
Gheu 7. 14.9 2.8 7.9
Chhurpi (soft) 3.4 8.1 4.0 4.5
Chhurpi (hard) 0.02 0.8 0.01 0.3
Dudh chhurpi 0.03 0.01 0 0.01
Chhu 0 5.0 7.0 5.6
Somar 0 0.1 8.3 2.8
Philu 0 0.9 0.1 0.9
Suka ko masu 6.7 30.3 9.8 16.3
Selroti 8.4 3.6 5.9 8.0
Kodo ko jaanr 71.7 124.7 115.6 101.7
Makai ko jaanr 18.9 86.4 41.7 37.8
Bhaati jaanr 14.9 8.9 8.9 10.4
Gahoon ko jaanr 30.8 56.8 14.6 26.4
Raksi (ml) 33.7 203.8 7.9 57.7

behavior and patterns. Himalayan ethnic fermented foods and beverages
play an important role as sources of protein, calories, minerals, and vita-
mins in the local diet. Because such ethnic fermented foods are rooted
in a long tradition of dietary culture, their consumption is unlikely to be
changed over a short period of time.



