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Indigenous fermented milk products 

Consumption of milk and milk products are the dietary culture of ethnic 

· people living in the Sikkim Himalayas, where livestock and dairy play 

important role in mixed-farming system. Cow milk is popular. In the 

high altitude (>21-00 m), J;ak rearing is common practice for milk, meat 

and skin and hair. Consumption of buffalo milk and goat milk is 
I 

,uncoffimon irt this region. The people of the Sikkim Himalayas prepare a 

variety of indigenous fermented milk products for long centuries. Some 

of these products are common to all; few are confined to particular 

community and the region. Dahi, mohi, gheu, soft chhurpi, dudh chhurpi 

are common products and are prepared and consumed by all 
I 

communities. However, chhu and philu are mostly consumed by the 

Bhutia and the Lepcha; somar is exclusively prepared and consumed by 

the Sherpa of the region living in high altitude. Similarly, kno (female 

yak) is common in sub-alpine and alpine region in East and North 

districts bordering with China (Tibet), and West Sikkim bordering with 

Nepal. Kno milk and its fermented products such as maa (butter), philu 

are produced only in these high altitude regions by the Bhutias. 

Traditional foods have important bearing in the dietary habits of 

the Sikkimese people. Their indigenous knowledge of making various 
\ 

milk products is W!)rth-documentation; probably the indigenous 

technology of food fermentation has evolved as a result of traditional 

' wisdom and empirical experiences of generations over a period of time, 

based on agro-climatic condition, ethnical preference, socio-economic 

development status, religion and cultural practices. Milk and milk 

products play important role in dietary habit of the vegetarian Hindu 

belonging to majority Nepali communities. However, meat-eater Bhutia, 

Lepcha and other Nepali communities also enjoy eating the milk 
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products as part of their dietary culture. Rice is the staple food for all 

and is eaten with vegetable, meat or dairy products in every meal. 

Fermented Qiilk products are prepared at household levels using 

the indigenous knowledge. Use of standard starter culture is not a 

practice yet. They use the back-sloping techn'ique i.e., use of previous 

fermented product as source of inocula into the freshly boiled milk. The 

Nepalis like mild-flavoured milk products, whereas the Bhutia, Lepcha 

and Lepcha, · mostly living in high altitude prefer to have strong 

flavoured produGts such as chhu and somar. Dahi is still most popular 

milk product with annual production of 76.2 kg per individual 
' 

household in Sikkim and
1
per capita consumption is 33 g per day. Mohi 

is also most common by-product of dahi. fermentation, consumed as 
I ' 

· buttermilk drink with cooked rice or ~ refreshing beverage. 

Ethnic Importance 

Dahi plays an important. part in the socio-religious activities of the local 

~:ommunity in Sikkim. For the Nepali community, dahi is a sacred item 

in many of their festivals and religious pujas. Dahi is used to prepare 

'Tika' with rice and coloured-powder during 'Dashai', the main festival 

of the Nepali community. Dahi is mixed with beaten-rice ( chiura) and 

makes essential fooq item during the festival such as 'Ashar ko pandra' 

signifYing the beginning of work in the fields for the farmers. Dahi is 

offered to the bridegroom as a symbol of good luck during marriage in 

the Nepali. It is an essence to solemnize the marriage of Hindu. The 

Bhutias and the Lepchas too use dahi (shyow) in their religious and 

social events like marriages.; and funerals. Mohi is used as a beverage in 

. meals during many social festivals and religious events. It is offered to 
' 

guests and visitors in many of the homes in Sikkim with the intention of 
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relieving their tiredness. This social custom is still practiced today. For 

the Nepali community, gheu is a sacred item in all their religious 

customs. It is used in the birth, marriage, death as well.as in other pujas 

as sacred offerings. The Nepalis, Bhutias and Lepchas use gheu for 

lighting the lamps for ,gods and goddesses in religious places. 

Soft chhurpi is served as an important dish as curry and 'achar' in 
( 

the various religious and social festivals of the people of the Sikkim 

. Himalayas. Chhu is an important local food and is consumed by the 

people as soup along with rice when other foods are not easily available. 

As it is stored for a long time the problem of spoilage does not arise and 

can be consumed at any time. Presently, so mar is consumed mostly by 

the older generation of the Sherpas. It is generally consumed to increase 

the appetite and to cure digestive problems. 

MICROORGANISMS 

The microbial load of indigenous fermented milk products analysed 

reveals that lactic acid bacteria (LAB) was the dominant microorganism 

with high population levels up to 108 cfu/g,. followed by yeasts. The 

population of Bacillus was low. No filamentous mould was detected in 

any of the samples ?f fermented milk products analysed. The prevalence 

of lactic aciq bacteria in milk (cow and kno) fermented products was 

'1 00 %, indicating their dominance in the milk products; that of yeasts 

was 60% and 45.5 %in cow milk fermented and kno milk fermented 

products, respectively, whereas that of Bacillus species was 50.6 % in 

cow milk products. 

Among LAB microflora, rods were represented by 86 % whereas 

coccii were represented only by 14 % in the analysed samples. All 

isolates of lactic acid bacteria were Gram-positive, non..,sporeforming, 
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non-motile, catalase negative and facultative anaerobes; they did not 

hydrolyse casein, gelatin and starch. Gas production fr~m glucose was 

used as a first step in the differentiation of lactic rods (Kandler, 1983). 

· Two groups of noq-sporeforming rods were identified: homo-

fermentative and hetero-fermentative. On the basis of sugar fermentation 
\ 

using the API system, lactic acid configuration and meso-

diaminopimelic determination and also the taxonomical keys described 

· by Sneath et·.al. (1986) and Wood and Holzapfel (1995), homo-
' 

fermentative lactics were identified as Lactobacillus plantarum, 

Lactobacillus alimentarius, Lactobacillus casei subsp. 

pseudoplantarum, Lactobacillus casei subsp. casei, Lactobacillus 
., 

farciminis and Lactobacillus salivarius. Heteto-fermentative lactics 

were identified as Lactobacillus bifermentans, Lactobacillus hilgardii, 

Lactobacillus kefir, Lactobacillus brevis'and Lactobacillus confusus 

On the basis of API 50 CHL system and the taxonomical keys of 
' 

Sneath et a/. (1986) and Wood and Holzapfel (1995), coccus-shaped, 

non-motile and homo fermentative strains of. LAB were identified as 

Lactococcus lactis subsp. lactis, Lactococcus lactis subsp. cremoris and 

Enterococcus faecium. 

Differ~nt species of LAB were found to be associated with the 

fermentation of different types of indigenous fermented milk products. 

Their relative importance in the fermentation process is indicated by 

their numbers exceeding 107/g, based on' the dilution factors. Wide 

variety of microorganisms was present in raw milk of cow and kno. 
I 

I 

. Microorganisms mostly LAB present in raw cow milk may contribute to 
' 

the spontaneous fermentation of the milk (Gaya eta/., 1999; Gadagl et 

a/., 2001). It was observed that rods dominated the lactic acid microflora 

in the fermented milk products analysed. This finding appears to be 
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novel and has not been reported in literature yet. The identity of the 

LAB seems to correspond with that of LAB typically reported for dairy 

products (Hammes and Vogel, 1995). 

Spore-forming is?lates· were Gram-positive, catalase-positive, 

aerobic and motile. Following the dichotomous key of Slepecky and 

Hemphill. (1992) embodying all 34 species of Bacillus described by 

Claus and Berkeley ( 1986), spore-forming rods were identified as 

Bacillus subtilis · (Ehrenberg) Co~. Species of Bacillus were also 

present in kishk (Mahmoud, 1977). It show~ Bacillus subtilis also play 
I 

· some role in milk fermentation. There has been no record of outbreak of 
' 

illnes~ associated with Bacillus subtilis in fermented foods (Beumer, 
I 

2001). 

Two types of yeasts were isolated: cylindrical-shaped with true 

mycelia and oval-shaped without ascoscope and ascus. Following the 

taxonomical keys described by Kreger-van Rij (1984) and Kurtzman and 

Fell (1998), the cylindrical-shaped strains were identified as 

Saccharomycopsis crataegensis. , The oval to elliptical-shaped yeast 

strains CURI:Yl (cow chhu) and DCI:Y1 (cow dudh chhurpi) were 
' 

identified as Candida caste/Iii. Oval-shaped yeast strains CMR1: Y6 

(cow milk), CDR2:Yl (cow dahi), COSI:Yl (cow mohi), CCGI:Yl 

(cow soft chhurpi), PC1 :Y01 (cow philu) were identified as Candida. 

Species identification could not be confirmed. 

The presence of high number of yeasts, indicate some role for 

this group, especially' during the early stages of traditional and partly 

spontaneous fermentation processes. Depending on the substrate and 

.environmental conditions, yeasts may show up to I 0-fold higher 

metabolic act.ivities as bacteria and may particularly influence the 

quality and acceptability of the final product. Yeasts bring about 
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desirable fermentation changes m some fermented milk products 

(Westall and Filtenborg, 1998). Yeasts are important in ripening of 

certain cheese (Olson, 1996). Two strains oflactose-fermenting Candida 

COS1:Y1 and PC1:Y01 were isolated from cow mohi and cow philu, 

respectively (Table 13). This result indicates that some of the strains of 

Candida have· roles in fermentation of milk products particularly mohi 

and philu. Several lactose and non~lactose fermenting yeasts have been 

isolated from milk and fermented milk prod,ucts (Ashenafi, 1989; Paula 
I 

· et al., 1998). Presence of ~easts in fermented milk products particularly 

in chJ;m and ,somar may have roles in aging and flavour development. 

This observation may be justified by similar work on cheddar cheese, 

where yeasts have roles in aging and flavour development (W elthagen 

and Viljoen, 1998). Yeast growth in milk products is attributed to the 

ability of the yeasts to ·Utilize milk constituents, such as protein, fat, 

lactose and citrate (Fleet, 1990). Though, many yeasts cause spoilage in 

milk products (Westall and Fil~enborg, 1998), information on their 

significant role in lactose-fermentation in milk fermented milk is little. 

Pathogenic contaminants 

Bacillus cereus was detected in few samples of chhu, somar, 

philu and dudh chhurpi. However, none of these fermented milk samples 

was found to contain more than 103/g of Bacillus cereus population. 

Small number of Bacillus cereus in foods is not considered significant 

(Roberts et al., 1996). 

Staphylococcus,· aureus was detected in soft chhurpi, chhu, somar, 

philu and dudh chhurpi. Numbers of Staphylococcus aureus were <103/g 

in all milk product samples tested. Concentration of 1 05-106 I g of 

Staphylococcus aureus in food samples is necessary to produce 
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, enterotoxin (Bisping and Amtsberg, 1988). Moreover, Staphylococcus 

aureus is· regarded as a poor competitor and its growth in fermented 

foods is generally associated with a failure of the normal microflora 

(Nychas and Arkoudelos, 1990). LAB can reduce the contents of 

Staphylococcus aureus during cold storage of yoghurt (Pazakova et al., 

1997). This observation shows that less numbers of Staphylococcus 

aureus in fermented milk products of ~ikkim may not be harmful to 

consumers. 

Enterobacteriaceae was present in all samples except dahi, mohi 

and soft chhurpi. However, the load of these pathogenic contaminant 

was <103 cfu/g in all s~ples tested except somar which showed slightly 

higher numbers of -104/g. Unboiled milk contained all pathogenic 

contaminants. 

Factors such as water activity (aw), and pH can determine 

chances of survival or proliferation of microbial food contaminants 

(Hauschild, 1992; Sutherland et al., 1996). The presence of Bacillus 
I 

cereus, Staphylococcus a¥reus and enterobacteriaceae in milk products 

was due to tpeir presence in unsterilised milk. However, the population 

of these contaminants was not more than 103 cfu/g in the milk product 

sample tested, which would be the impact of competition and/or 

antagonistic reaction of pre-dominant lactic acid bacteria that have 

prevented the proliferation (Adams and Nicolaides, 1997). Lactic acid, 

produced by LAB may reduce pH to a level where pathogenic bacteria 

(Staphylococcus aureus, Bacillus cereus, Clostridium botulinum) will be 

either inhibited or destroyed (Holzapfel et al., 1995). There has been no 
I 

reported case of toxicity or illness due to consumption of the fermented 

milk products particularly aged and strong-flavoured chhu and somar in 

Sikkim. 
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Enzymatic activity· 

Seven strains of LAB vtz. Lactococcus lactis subsp. cremoris 

COM1 :C3, Lactobacil!us · plantarum CCD2:R1, Lactobacillus 

plantarum CCD2:R1, Lactobacillus alimentarius CUG3 :R1, 

Lactobacillus casei subsp. casei DC2:R1, Lactobacillus confusus 

DC4:R1, Lactobacillus casei subsp. casei KPY1 :R1 showed proteolytic 

activity. All strains of Bacillus subtilis showed proteolytic activity. 

Proteolysis induced an increase in free amin~ acids content (Rasic et al., 
I , 

· 1971), improves the diges~ibility of proteins (Breslaw and Kleyn, 1973). 

Thirteen str8;ins of LAB showed amylolytic activity. The highest a

amylase activity was that of Lactobacillus· alimentarius CDC 1 :R1 and 
• 

Lactobacillus casei subsp. pseudoplantarum KSY1 :R2 (>5 U/ml). All 

strains of Bacillus subtilis showed amylolytic activity. Five strains of 

LAB Lactococcus lactis subsp. lactis CMR2:Cl, Lactococcus lactis 

subsp.. cremoris CMS2:C1, Enterococcus faecium ' PC1:C4, 

Lactobacillus plantarum KMK1:R1, Lactobacillus brevis KCY1:Rl 

showed lipolytic activity on tributyrin agar plates and three strains of 
' . 

Bacillus viz. Bacillus subtilis CCG1:S2, Bacillus subtilis CSR2:Sl and 

Bacillus subtilis CSN1 :S2 showed lipolytic activity. 

The use of the API-Zym technique has been reported (Arora et 

a/., 1990) as a rapid and simple means of evaluating and localizing 19 

different hydrolases of microorganisms associated with dairy 
' 

fermentations. This method is also of relevance for selection of strains 

as potential starter cultures' on the basis of superior enzyme profiles, 

·especially peptidases,· and esterases, for accelerated maturation and 

flavour development of milk products (Tamang et a/., 2000). The 

process of cheese maturation involves sequential breakdown of milk 

components, such as fat, protein and lactose by the starter bacteria 
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(Davies and Law, 1984). Therefore, a fundamental understanding of 

starter culture enzymes is of prime importance in evaluating their 

suitability and in predicting their influence on the final cheese quality. 

The absence of proteinases (trypsin an~ chymotrypsin) and 

presence of high .peptidase (leucine-, valine- and cystine-arylamidase) 

and esterase-lipase (C4 and C8) activitie~ produced by the predominant 

LAB isolat~d from indigenous fermented milk products of Sikkim are 

traits of desirable quality for their use in production of typical flavours. 

Cheese starters with low proteinases and strong peptidases are also 

useful in reducing bitteft;Iess and improving body and textural defects, 

which are often caused by most of the microbial preparations when used 

as rennet substitutes (Davies and Law, 1984). In addition, soapiness 

defect caused ·by the accumulation of long-chained fatty acids in many 

ripened cheese varieties can be removed by using strains with high 

esterase and lipase activities (Davies and La~, 1984). 
I 

High activity of; ~-galactosidase exhibited by species of 

Lactobacil/Wf are essential features in indigenous fermented milk 

products of. Sikkim. The ~-galactosidase activity shown ·by 

Lactobacillus casei subsp. casei PC2:R6, Lactobacillus bifermentans . 
KSKl :Rl and Lactobacillus plantarum CCD2:Rl, isolated from philu, 

dahi and soft-chhurpi, · respectively indicates that these indigenous 

fermented milk products particularly philu, dahi and soft chlmrpi are 

suitable for consumptiop by lactose-intolerant infants. ~-galactosidase, 

responsible f?r hydrolysing the naturally occurring ( 1-6) linked 

galactosidase in milk has been demonstrated in Lactobacillus 

acidophilus, Bifidobacterium bifidum (Premi eta/., 1972). A decline in 

lactose content and an increase in lactase activity due to ~-galactosidase 
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activity of the starter cu~ture make fermented milk more suitable for 

lactose-intolerant infants (Shah, 2001). Similar observation was made in 

low-lactose dahi which was found suitable for infants suffering from 

lactose-intolerance due to presence of ~-galactosidase (Chandrasekaran 

et a/., 1975; R'ao et ·a/., 1985). Yoghurt bacteria produce higher ~

galactosidase than p~;obiotic bacteria (Shah and Jelen, 1990; Shah, 

1994). 

Antimicrobial activity 

Antagonism refer& to the inhibition of other (undesired or 

pathogenic) microorganisms,~ caused by competition for nutrients, and 

by the production of antimicrobial metabolites (Holzapfel et a/., 1995). 
• 1 

Lactic acid bacteria compete with other microbes by screening 

antagonistic compounds and modifying the micro-environment by their 

metabolism (Lindgren and Dobrogosz, 1990). The antagonistic 

properties of the strains, isolated from fermented milk products of the 

Sikkim Himalayas were tested against the indifator strains (Listeria· 

monocytogenes DSM 20600, Bacillus cereus CCM 2010, Enterococcus 

faecium DSM 20477 and Streptococcus mutans DSM 6178). Some of 

strains Lactococcus la9tis subsp. cremoris CDM1:C1, Lactobacillus 

casei subsp. casei DC2:R1 and Lactobacillus bifermentans KSK1 :Rl 

inhibited the growth of Listeria monocytogenes DSM 20600. 

Lactococcus lactis subsp. cremoris CDM1 :C1, Lactobacillus casei 

subsp. pseudoplantarum CSR1:R1, Lactobacillus plantarum KMK1:R1, 

Lactobacillus casei subsp. pseudoplantarum KSY1 :R2 showed 

inhibition zone against Bacillus cereus CCM 2010, Enterococcus 
' ' 

faecium CCB1:Cl, Lactococcus lactis subsp. cremoris CUR1:C1, 

Lactobacillus casei subsp. pseudoplantarum CSR1 :R1, Lactobacillus 
' 
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brevis KCY1 :Rl against Enterococcus faecium DSM 204 77 and 

Lactobacillus bifermtmtans CDP1 :R1, Lactococcus lactis subsp. /actis 

COSl :C1, Lactococcus lactis subsp. cremoris CURl :Cl, Lactobacillus 

casei subsp. pseudoplantarum KSY1 :R2 against Streptococcus mutans 

. DSM 6178. This reveals that some of these LAB strains have 

antimicrobial properties; which can reduce the number of other 

undesired microorganism in' the milk products as well as help in the 

preservation of milk, products (Einarsson and Lauzon, 1995). The 

, inhibitory effect of LAB against Bacillus cereus was also observed in 

dahi samples collected from South Indian markets (Gandhi and 

Nambudripad, 1975; Balasubramanyam and Varadaraj, 1994). The 

antimicrobial compounds produced by LAB are natural preservatives 

which could be used for safety of minimally processed foods (Niku

Paavola et al., 1999). 

None of the straias were found to produce any bacteriocin with 

the method applied. The antimicrobial activity of most bacteriocins is 

directed against species that are closely related to the producer and also 

against different strains of the same species as the producer (Schillinger 

et al., 1996, 2001 ). Growth rate and competitiveness of a culture are 

detennined by its adaptation to a substrate and by a number of intrinsic 

and extrinsic factors including redox potential (Eh), water activity (aw), 

. pH and temperature (Holzapfel et a/., 1995). Moreover, the inhibition 

zones were relatively small and not clear (among many strains, data not 

shown), which indicates that inhibition was probably caused by lactic 
I 

acid production. According to Daeschel (1992), organic acids, such as 

lactid acid and acetic acid, cause a gradient of inhibition and therefore 

these somewhat diffuse inhibition zones, 'whereas substances such as 

bacteriocin and hydrogen peroxide give very sharp boundaries. 
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Biogenic amines 

Fermentation may ibe important in the formation of biogenic 

amines through the action of added lactic ~cid cultures or the natural 
I ' 

microflora (Silla-Santos, 2001). Biogenic a:rp.ines have been reported in 

fermented milk products (Ten Brink et al., 1990; Halasz et a/., 1994), 

which are formed by decarboxylation of their precursor amino acids, as 

a result of the action of ~ither by decarboxylase activity (Halasz et al., 

1994) or by the growth of decarboxylase positive microorganisms (Silla

Santos, 2001 ). Several toxicological problems resulting from the 

ingestion of food containing relatively high levels of biogenic amines 

have been reported (Ten Brink et a/., 1990). In susceptible human, 

biogenic amines can. lead to a variety of cutaneous, gastrointestinal, 

haemodynamic and neurological symptoms (Taylor, 1986). Lactic acid 

bacteria frequently produce histamine and tyramine in a variety of foods 

such as processed cheese, fish, fermented vegetables and beverages 

(Stratton eta/., 1991; Lei~ner eta/., 1994). 

None of the strains ,of LAB produced tyramine, cadaverine, 

histamine and putrescine in the applied method. This result indicated 
' 1 

that biogenic amine is not produced by the dominant microorganisms 

(LAB an,d Bacillus spp.) in fermented milk products of Sikkim, 

products. Amino acid decarboxylase activity has been shown to depend 

on the composition of the medium and the growth phase of the 

microorganisms (Halasz et a/., 1994). The major biogenic amine ., 

producers in foods are enterobacteriaceae and enterococci (Nout, 1994). 

Most functional LAB do not produce significant levels of biogenic 

amines (Nout, 1994). 
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Some authors have suggested that the main biological feature 

influencing biogenic amine formation is the extent of growth of 

microorganisms possessing decarboxylase activity (Yoshinaga and 

Frank, 1982; Gardini et a!., 2001). Enterobacteriaceae also play vital 

role in the metabolisms of biogenic amines, especially of putrescine and 

cadaverine (Simon-Sarkadi and Holzapfel, 1995). Before confirming the 

non-production ·of biogenic amine in the indigenous fermented milk 

products, qualitative and quantitative analysis of biogenic amine is 

necessary. 

Degree of Hydrophobicity 

Baeteri3;l adherence to hydrocarbons, such as hexadecane, proved 

·to be a simple and · rapid method to determine cell surface 

hydrophobicity (Rosenberg et a!., I 980; van Loosdrecht et a!., 1987). 

Adherence is one of the most important selection criteria for probiotic 

bacteria (Shah, 2001). Nin'eteen strains of LAB showed high degrees of 
I 

I 

hydrophobicity (>75%), among which Lactobacillus casei subsp. casei · 
' 

PC2:R6 (isolated from cow philu) and Lactococcus lactis subsp. 

cremoris CURl :C I (isolated from cow chhu) showed . the highest 

percentage of hydrophobicity of 97.89 % and 97.15 %, respectively, 

showing strong hydrophobic properties. All strains of LAB had more 
I 

than 36 % hydrophobicity, indicating that the strains isolated from 

·fermented milk products ·of the Sikkim Himalayas were not hydrophilic 

in nature. The adherence of microorganisms to various surfaces seemed 

to be mediated by hydrophobic interactions (Rosenberg, 1984). 

Functional effects of probiotic bacteria include adherence to the 

intestinal cell wall for colonization .in the gastrointestinal tract with 
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I ' 

capacity to prevent pathogenic adherence or pathogen activation (Bernet 

et al., 1993; Saiminen et al, 1996). 

High degree of hydrophobicity by the lactic acid bacteria 

isolated from lesser-known traditional fermented milk products of the 

Sikkim Himalayas indicates the potential of adhesion to gut ~pithelial 

·cells of human intestine, advocating their 'probiotic' character 

(Holzapfel et al., 1998). Lactic acid bacteria are normal residents of the 

complex ecosystem of the gastrointestinal tract (GIT) (Mitsuoka, 1992; 

Holzapfel et al., 1997~. 

Proximate composition 

Proximate composition of the indigenous fermented milk (both cow and 

kno) products is presented in Table 22 and 23. The pH of all these 

products was acidic in natur~ with higher acidity content, due to lactic 

acid fermentation. Moisture content of kno maa and dudh chhurpi was 
' ' 
low due to drying after fermentation. Some of the products had high fat. 

High con~ent of protein was observed in all milk products. Indigenous 

. fermented milk products are high calorie-content foods of which maa 

(butter) made from female yak had high calorie value of 876.3 

kcaV1 OOg. Among the minerals of the milk products, calcium content ., 
was higher than other minerals estimated. 
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Microbial changes 

During soft-variety chhurpi fermentation, LAB increased remarkable 

during fermentation. It shows that LAB are the main functional 

microorganisms in chhurpi fermentation. Due to spontaneous 

·fermentation nature of chhurpi, yeasts. population was just next to LAB 

and increased during fermentation·. Bacillus, though, present in the 

initial stage, increased gradually. Due to lactic acid fermentation, pH 

went down and acidity increased during soft chhurpi fermentation. 
I 

I 

Reducing sugar decreased gradually during fermentation due to 
' 

amylolytic activity of LAB, breaking glucose to lactic acid, thus 

increasing pH (Nout, 2001). 

Conclusion 

Traditional fermented milk products are typically produced at 

household levels in the Sikkim Himalayas. Traditional foods harness the 

dietary history of particular community. Indigenous knowledge of ethnic 

people for production of fermented milk products for consumption is 

worth-documentation. Though, the fermented milk products of Sikkim 

are lesser-known, role of LAB in. fermentation/pro~ess enhancing 

functional properties such as wide spectrum of enzymatic activities as 

· well as enzymatic pro:(iles, antimicrobial activities, probiotic (adherence 

character showing high degree of hydrophobcity), and even non-
( 

producer of biogenic amine is remarkable observation in this study. 

Some of these lactic 'acid bacteria strains possess the protective and 

functional properties which can be used as starter culture for controlled 

optimized production of fermented milk products. The use of starter 

culture in the production of fermented foods increases the safety of 
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processes and reduces losses caused by false fermentation (Geisen and 

Holzapfel, 1996). 

This study has demonstrated that microbial diversity rangmg 

from species of lactic acid bacteria belonging to coccus-lactics 

(Lactococcus, Enterococcus). to species of homo-and hero-fermentative 

rods (Lactobacillus), Bacillus subtilis to species of yeasts (Candida, 

Saccharomycopsis) were present in the indigenous fermented milk 

products. Biodiversity of strains within. each analysed sample as well as 

the expression of strains specific characteristics was dependent on the 

. intrinsic and extrinsic par'ameters of food-related eco-system. Some of 

these 
1 
strains, particularly species of Lactobacillus showed high ~

'galactosidase activity in dahi, philu ap.d soft chhurpi, indicating these 

products as low-lactose milk products, which can be suitable for 

consumption by lactose intolerance-infants. Isolated arid identified 

microorganisms from common as well lesser-known fermented milk 

products may contribute significant information on unknown 1microbial 

gene pool as genetic resources of t~e Himalayan regions. 
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