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INTRODUCTION 



I 

Milk is a universal food and is polyphasi~ e~ulsion having a range of 

physical, chen1ical and biological properties (lluria, 2002). Fermented 

milk products are prepared from whole milk, or partially or fully 

skimmed milk, or concentrated milk by microbial fermentation mainly 

by lactic acid 1;mcteria (Oberman, 1985). Fermented milk products 

account for about 20% of all fermented food production (Campbcll

Platt, 1987). Popularity of fermented milk is attributed to its taste as well 

as its extended 'shelf-life, played by pure or mixed cultures of lactic acid 

bacteria which are u.sed to produce the properamount of diacetyl and 

other desirable flavour (Steinkraus, 1994). In fermented milk products, 

lactic acid bacteria largely convert the lactose into more digestible 

lactate and proteins into free amino acids imparting digestibility to the 

product (Tarnang and Holzapfel, 1999). 

Studies on microbiology and biochemistry of some common 

~ndigenous fermented ,milk products of India such as misti dahi (Ray and 

Srinivasan 1972, Gupta et a/., 2000), dahi (Ramakrishnan, 1979; Misra 

1992), shrikhand (Patel and Chakraborty, 1985; Sarkar and Misra, 1997) 

have been carried. Production statistics, microbial biodiversity, nutritive 

value, development of starter culture(s), antimicrobial activities of 

cultures, of some common fermented milk products such as cheese 

(Galloway and Crawford, 1985), yoghurt (Pazakova et a/., 1997; 

Robinson, 1999), kcfir and koumiss (~osikowski, 1977), and probiotics 

properties . of some lactic acid bacteria isolated from fermented milk. 

products (Holzapfel et a/., 1997) have been well documented and 

in vcstigated. 

Food fermentation is one of the oldest 'biotechnological 

processes' from which development of fermented foods and beverages, 
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based on trial and error, has been rooted in the cultural history of luunan 

being (Geisen and llolzapfcl, 1996). Fertncntcd foods are prepared by 

the action of microorganism(s), either spontaneously or by adding starter 

culture(s), which modify . the substrates biochemically and 

organoleptically into edible products, and are thus generally palatable, 

safe and nutritious (Kwon, 1994; Campbell-Platt, 1994). 

Microorganisms bring about some biochemical changes in the substrates 

during fermentation such as'- enrichment of human diet with acceptable 

flavour, texture and ~· aroma, biopreservation of perishable foods, 

, bioenrichment .of substrates with vitamins, protein and essential amino 

acids, and detoxification of undesirable components (Campbell-Platt, 

1994; Steinkraus, 1994; Stiles and Holzapfel, 1997). Bacteria, mostly 

lactic acid bacteria, yeasts and filamentous fungi constitute the 

microflora associated with the traditional fenn.ented foods which are 

present in or on the ingredients, utensils, environment, and are selected 

through adaptation to the substrate (11esseltine, 1983; Trunang, 1998). 

Sikkim, a tiny I-Iimalayan state of India, with an area of 7096 sq. 

km and altitudes ranging from 300 m to 8500 Jn is bounded in the north 

by the Tibetan Plateau, in the east by the Chumbi. Valley of Tibet and 

Bhutan, in the west by Nepal and in the south by the Darjeeling hills of 

West Bengal. The state comprises four districts viz.North, East, South 

and West Three major ethnic groups of people the Nepali, the Bhutia 

.and the Lepcha comprise the population of Sikkim. Agriculture fonns a 

major co.mponent ·of the mixed farming system and is the main econon1y 

of the state. Livestock mostly plays a subsidiary role in this tnixed 
I 

farming set up. Cattle rearing are co1nmon practice in the mixed 

~gricuttural farming systetn in Sikkitn. The' itnportant don1cstie livestock 
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of Sikkim arc cattle, buffaloes, yaks, sheep, goats, pigs, etc. (Balaranum 

and Golay," 199.1 ). Cow milk is consurncd and is particularly 1crtncntcd 

ihto a number of indigenous ·milk products. In the alpine and sub-alpine 

regions between 2100 m to 4500 m altitudes, yak (Bos grunniens) is also 

~eared mostly for milk and, its fermented products, meats, skin and hairs. 

Inter-specific crossing between yak and ca~tle called 'Joe' gives better 
I 

yield in milk 'production and work capaci~y, and can tolerate warmer 

weather conditions. 

The Bhat-dal-tharkari-achar (rice-legume soup-curry-pickle) 

followed by milk product~ ~d meat constitute the daily basic diet of the 

people in Sikkim (Tamang et a/., 1988; Tamang, 2001 ). Milk and its 

fermented products form an important part of food consutnption. Some 

of the common fermented milk products of these regions are chhurpi, 

dahi, mohi, pllilu, chhu, etc., and their documentation may be 

worthwhile after thorqugh survey. Information in the literature related to 

few milk products of Sikkit:n has been limited to its traditional 

preparation and consumption pattern (Tamang et a/., 1988; Yonzan and 

Tamang, 1998), compositional and sensory characteristics of chhtirpi 

(Katiyar et a/., 1991) and. optimisation of process parameters of chhurpi 

(Pal eta/., 1993, 1994, 1995,'-1996). Production of indigenous fermented 

milk products is mainly confined to the unorganised sector as well as 

individual household levels in the Sikkitn Himalayas. Preliminary data 
\ . 

on production statistics of common and lesser-known traditional milk 

products, information on tnicrobiology and on economical aspects are 

not available. 'fhe proposed dissertation is aitned to study in depth the 

n1icrobiological evaluation of eon1n1on as well as lcsscr .. known 

indigenous fermented tnilk products, their identity and characteristic 
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properties of few selected strains such as antilnicrobial activity .. 

enzymatic activity, ability to produce· biogenic runtnes and 

hydrophob~city. Study of microbial · diversity in the indigenous 

fermented milk products of the Sikkim Himalayas, may contribrtte a 
I ' 

significant unknown microbial gene pool, which should be preserved~ 

Objectives 

The proposed research is aimed at the achievement of the following 

objectives ~ 

• Documentation of indigenous knowledge of traditionall?rocessing 

of· milk: common as well as lesser-known fermented milk 

products of the Sikkim llimalayas. 

• Analysis of food value of the products such as protein, fat, 

carbohydrate, caloric content, minerals. 

• Isolation, characterization and identification of predominant 

microorganisms associated \vith the indigenous fermented milk · 

products. 

• Study of microbial ~opulation, enzymatic activities of major 

1nicrobial groups .. 

• Study o.f pathogenic contaminants, and the potential of 

fermentative bacteria to produce biogenic amines. 

• Study of antimicrobial activities of dominating microorganisms. 

• Determination of degree · of hydrophobicity, as presumptive 

probiotic properties of dominant n1icroorganisms. 
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REVIEW OF LITERATURE 



According to FIL-IDF ( 1981 ), fermented milk is defined as product 

prepared from tnilk-whole, partially or fully skiJntned, concentrated 

milk or milk substituted from partially or fully skimmed dried milk 
'_t 

homogenized or not, pasteurized or sterilized and fcnnented by tneans of 

specific microorganistns. 

Fenncntcd tnilk products arc generally classified into four types: 

( 1) ~cid/alcohol-typ~ such as kefir and koumiss, (2) high acid-type such 

as Bulgarian sour milk, (3) medium acid-type such as acidophilus milk 

and yoghurt and ( 4) low acid-type such as cultured buttermilk and 

cultured cream (Kosikowski, 1977). Today, there are more than 70 

bitidus- and acidophilus containing milk products produced worldwide 

(Shah, 200 I) .. some of the widely consun~cd fennented n1ilk products 

'are listed in Table A . 

. Acidophil us milk 

Acidophilus milk ts sour milk where ~tarter culture Lactobacillus 

acidophilus is inoculated to sterilized ~ilk (Robinson and Tamitne, 

1981). Acidophilus milk contains from 1.5 to 2.0% acid (aslactic)·and · 

no alcohol and is used therapeutically but its high acidity makes it poor 

table beverage (Kosik~wski, 1977). Acidic conditions produced by 

Lactobacillus acidophil us in the intestinal tract discourage! the growth 

and proliferation of gas-forming putrefactive bacteria in the gut 

(Oberman, 1985). Lactobacillus acidophilus has probiotic properties 

(Shah, 2001 ). 'Acidophil us milk fermented by Lb. ·acidophi/us reduce 

serum cholesterol level through several mechanisms (Ashar and 

Prajapati, 2001 a,b ). 
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Table A. Traditional fermented milk products of the world (Campbell-Platt, 1987) 

l•roduct Milk type Nature lteglons of prod uctlon 

Acidophil us Cow milk Sour milk Russia, East Europe, Greece, 
milk Turkey, North America, 

Scandinavia 

Bulgarian Cow milk Sour milk Yugoslavia, Bulgaria, Greece, 
puttermilk Turkey, Albania, Romru1ia 

Butter Milk Soft paste All parts of the world 

Buttermilk . Cow milk Sour milk USA, Canada, Russia, 
; 

Scandinavia, Middle East, Egypt, 
I Ethiopia, India, Australia, New 

Zealru1d 

Cheese Milk Soft or hard solid I All parts of the world 

Dahi Cow or buffalo Yoghurt-like Indian subcontinent 
milk fermented milk I 

Ghee Milk Soft paste Indian subcontinent, Middle East, 
Africa, South East Asia 

Kefir Goat, sheep, or Acidic, mildly Russin, Europe, Middle East, 
cow milk alcoholic, North Africa 

effervescent milk 

Kishk Sheep milk- Milk-wheat mixture; Greece, Turkey, Egypt, Libya, 
wheat dried balls Middle East, Iran 

Koumiss/ Horse, donkey or Acid/alcoholic milk Scandinavia, Russia, Mongolia, 
Kumiss camel milk China 

Lassi Milk Buttermilk or dahi, Indian subcontinent, Mongolia, 
I sometimes Middle East, North Africa, West 

sweetened Africa, Europe 

Laban Milk Yoghurt-like Egypt, Turkey, Middle East 
fermented milk 

Misti dahi Milk Sweet yoghurt-like Eastern India 

Paneer Buffalo, cow, Cheese-like solid Indian subcontinent, Middle East 
milk 

Rabri Buttermilk, Thick slurry-like India 
cereals, puls~s product 

Shrikhand Cow or buffalo Sweetened Western and southern India 
milk 4ewatered dahi 

Trahru1as Sheep milk, . Wheat- fermented Cyprus, Greece, Turkey 
wheat , sheep milk; 

consumed as sweet-

' 
sour soup or biscuit 

Yoghurt Cow, goat, Fermented milk All parts of the world 
sheep, buffalo or 
camel milk 
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Bulgarian buttermilk 
I ' 

Bulgarian 'Of bulgaricus buttennilk is extrcn~ely sour tnilk prepared fron1 

boiled milk of goat or cow, inoculated with a portion of previous 

fermented milk (Oberman, 1985). Bulgarian buttermilk might have 

originated from Trak's ~radition i.e. from the tradition of the sheep 

breeders who came to Asia from Bulgaria in the 15th century (Oberman, 

1985). Lactobacillus bulgaricus is the primary fermenting organism in 

Bulgarian milk and is high acid milk in which total acidity (as lactic 

acid) may reach from 2.0 to 4.0 % (Kosikowski, 1977). Incubation 

temperature for bulgaricus buttermilk is from 38° C to 47° C 

(Steinkraus, 1983). Lactobaci/l~s bulgaricus convert the milk lactose to 

lactic acid, and produce the flavour compounds acetaldehyde (Marshall, 

1982). 

Buttermilk 

True buttermilk is the ·fluid remaining after the creatn is churned into 
' ~ 

butter '(Oberman, 1985). 1-Iowever, cultured buttermilk is made from 

fresh ski~ milk or from partially skimmed pasteurised milk fermented 

commonly with one or more selected strains of Lactococcus lac tis, 

Lactococcus cremoris and one or more species of citric acid fermenting 

streptococci, Leuconostoc cren1oris, sotnctin1cs and Lactococcus /actis 
',; 

subsp. diacetylactis (R.obinson and Tatnitnc, 1981 ). Increase in bacterial 

population was very rapid, the fungal and yeast population increased 

gradually in buttermilk (Viajayalakshmi and Murugesan, 2001). 
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Cheese 

Cheese and cheese products derived from the fermentation of tnilk are of . 
'! 

major nutritional and commercial importance· thr~ughout the world 

(Galloway and Crawford, 1985). According to USDA (1978), cheese 

can be classified .into four major groups: very hard (grating) type, hard, 

semi-son and so fl. Sotne of the cotn1non varieties of cheese nrc: asiago . 
I 

old, parmesan, romano, sapsago, spalen, cheddar, caciocavallo, swiss, · 

emmentaler, gruyere, brick, ~unster, Iimburger, port du salut, trappist, 

roquefort, gorgonzola, blue stilton, blue wensleydale, brie, camembert, 

neufchatel, cottage, etc. (Androuet, 1976). Conversion of lactose to 

lactic acid in ~hecse is achieved by LAB, particularly Lactococcus spp. 

'(Carr, 1981 ). 

Biogenic amines which are organic basic compow1ds are found to 

occur in cheese, fish ptoducts, wine, be'er, dry sausages and other 

fermented foods (Ten Brink et a/., 1990; llab1sz et a/., 1994). Cheese is 
I 

the most commonly implicated food associated with histatninc 
' 

poisoning (Silla-Santos, 2001). The· first reported case of histatnine 

poisoning occurred in 1969 in the Netherlands and involved gouda 

cheese (Stratton et a/., 1991 ). Many studies have been undertaken to 

determine the amine contents of cheese products, and a
1 

variety of 

. amines; such as histamine, tyramine, cadaverine, putrescine, tryptamine 

and phenylethylamine, have been found in different cheeses (Besancon 

et a/., 1992; Abd-Alla et a/., 1996; Schneller et a/., 1997; Vale and 

Gloria, 1997). Lactic acid bacteria frequently produce histamine and 

tyramine in fermented foods including dairy products (Stratton et a/., 

1991; Leisner et a/., 1994). Enterococcus faeca/is has been associated 

with tyramine in cheese and other fennented milk products (Holt et a/., 

· 1994; Celano et al., 19,96). 
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Dahi 

Dahi is the most popular fermented milk product in India and is obtained 
I 

. by lactic .acid fermentation of cow or buffalo milk (Ramakrishnan, 

1979). Dahi is ~ell known for its palatability and nutritive value (Rathi 
I I 

et a/., 1990). It rcscJnblcs plain yoghurt iJ,1 oppco.rnncc and consistency 

and differs in having less acidity (Batra and Millner, 1976; Mital, 1977; 

Shuaib and Azmey, 1977). Preparation and consumption of dahi has 

been recorded since 2000 B.C. (Prakash, 1961). Lactobacillus 

bulgaricus, Lb. acidophilus, Lb. helviticus, Lb. casei, ~Lb. brevis, 

· Streptococcus thermophilus, Lactococcus lactis, Lactococcus cremoris, 

Enterococcus faecalis were isolated from dahi (Laxminarayana et a/., 

1952; Rangandthan et a/., 1964; R:amakrishnan, 1979; Mohanan et a/., 

1984). 

According to BIS ( 19~0a) specification, dahi is either plain or 

flavoured and should have 0.6 to ·0.8 % acidity, not tnore than 18 

coliforms/g, 100 yeast and moulds/g and a negative phosphatase test. A 

commercial production. of dahi using starter culture combination of 

Lactococcus lactis subsp. lt;zctis, Lactococcus /actis subsp. diacetylactis 

or with Leuconostoc spp. has been described by Misra (1992). 
• 1 

Kefir 

Kefir is acidic, mildly alcoholic, distinctly effervescent milk in Russia 

(Hartles et a/., 1977). It can be made from the· milk of goat, sheep or 

cow. KcJir is served in a glass and can be either drunk or eaten with a 
'J 

spoon, or it may be sweetened with sugar like yogurt or combined with 

fruits or biscuits (Mogilevsky, 1977). The essential material, along with 

the milk substrate, is t~e kefir grains (Hartles eta/., 1977). 
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Predominant yeasts in kefir include Torulopsis holmii and 

Saccharomyces delbrueckii in a ratio of about 10: I, both of which are 

lactose-negative (Ia Rieviere, 1963; Hartles et a/., 1977). The total 

number of viable lactose negative yeasts per g wet weight of grains 

amount to 1.4 to 3) x 108 (Ia Rieviere, 1969). Predominant bacterium is 

Lactobacillus brevis (Ia Ri(wiere et a/., 1967). Both lactose and non

lactose fermenting species of yeasts Klyuveromyces marxianus, Candida 

kefir, Candida pseudotropicalis, Saccharomyces cerevisiae, 
( 

Saccharomyces exiguou,s and Torula holmii were isolated from kefir 
' ' 

(Chin Wen eta/., 1999). 

During kcfir fermentation, pH may drop below 3; total acid 

increases from 0.85 to 1.0% (as lactic), carbon dioxide is produced, 

· making the product effervescent (Ia Rieviere et a/., 1967). Generally, 

less than 1% ethanol is produced. All these changes produce desirable 

organoleptic qualities (la Rieviere et al., 1967). Kefir is a low-cost 

method of preserving milk (Steinkraus, 1983). 

Kishk 

Kishk is a fermented milk-wheat mixture stored in the form of dried 

balls of Egypt (Abd-el-Malek ~d Demerdash, 1977). Kishk is a popular 

food among the rural populations and the Bedouins of Egypt. Syria, 

Lebanon, Jordan, Iraq and North Africa (Basson, 1981). Kishk is a 

balanced food with excellent keeping quality, richer in B vitamins than 

either wheat or milk and well adapted to hot climates by its content of 

lactic acid and has a therapeutic· value (Morcos et a/., 1973). The 

principal lactobacilli involved in kishk fermentation are Lactobacillus 

casei, Lb. plantarum, Lb. brevis (Abd-el-Malek and Demerdash, 1977). 
I 

I 

Bacillus spp. were also reported in kishk (Mahmoud, 1977). 
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Koumiss 

Koumiss 
. 
IS an effervescent acid/alcoholic fermented milky 

white/greyish liquid made primarily from mare milk (Kosikowski, 

1977). It has beep. known since ancient times and is the principal food of 

, wandering tribes in European Russia and 'the plains of south. western 

and central Asia (Auclair and Accolas,· 1974). 

The description of traditional method 1s illustrated below 
I 

· (Kosikowski, 1977; Steinkraus, 1983; Campbell-Platt, 1987). In early 

times 'mare milk was stored in smoked horse skins, but now fresh mare 

or goat milk is placed in a wooden vessel.· Boiling water is added to the 

warm mare milk in the proportion of 1:6 (v/v). An eighth part (v/v) of 

old koumiss is added and the mixture is covered and held for 15 to 24 h. 

Additional heat and agitation is applied if necessary to stimulate the 

fermentation. The fermentation is complete when the milk is thoroughly 

sour and sends up a thick mass to' its surface. It is then beaten and stirred 

until the curd ~s thoroughly broken and forms a thick liquid. It is again 

covered and fermented for an additional 24 h or longer, and blended 

until perfectly smooth. Koumiss is then ready to drink. 

The primary fermenting microorganisms m koumiss are 

Lactobacillus bulgaricus, yeasts Candida kefyr, Torulopsis spp . 

. (Kosikowski, 1977; Tamime, 1981). The primary fermentation products 
I 

are lactic acid (0.7-1.8 %), ethanol (1-2.5 %), carbon dioxide and these 
i 

products account for the · effervescence and sour, alcoholic flavor 

(Kosikowski, 1977). 'Koumiss is not only regarded as a food high in 

· nutritional qu~lity, it is also considered to be therapeutic, particularly in 

the treatJnent of pulmonary tuberculosis (Auclair and Accolas, 1974). 
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Kosikowski (1977) reported that more than 50 Russian sanatoria offer 

koumiss treatment tor tuberbulosis. 

Lassi 

Lassi is a by-product obtained in the preparation of country butter (ghee) 

from dahi by indigenous methods (Mital, 1977). Dahi is churned with 

frequent addition of water. until butter granules are formed. The product 

ob~ained by manual removal of butter granules is called lassi 

(Laxminarayan and Shankar, 1980). The composition of lassi is water, 

96.20 %; fat, 0.80 %; protein, 1.29 %; lactose, 1.20 %; lactic acid, 0.44 

%; ash, 0.40 %; calcium, 0.60 % and phosphorus, o·.o4 % (Rangappa 

and Achaya, 1974). ratidar and Prajapati (I 998) reported that lassi 

prepared by combination of Lactobacillus acidophi/us and 

Streptococcus thermophilus was organoleptically acceptable and stable. 

Laban rayeb 

Laban rayeb (laben) has a slightly acid taste with aroma resembling that· 

of buttermilk (Morcos, ·1977; Oberman, 1985). Laban is used as dairy . ' 
spread and yoghurt cheese (El-Samargy, 1997). The pH of laban varies 

between 4,.1 and 4.8 with acidity ranging from 0.8-1.3 % (Morcos, 

1977). The predominating organisms are Lactococcus lactis subsp. 

lactis, Streptococcus thermophilus, Lactobacillus bulgaricus and lactose 

fermenting yeasts (Vedamuthu, 1982). 

Misti dahi 

Misti dahi (sweetened dahi, mishti doi, lal dahi or payodhi) is a 

sweetened fcrmente,d milk product from the eastern part of India (Ray 

and Srinivasan, 1972). Traditionally, milk with cane sugar is heated in 

12 



for 6-7 hours to evaporate part of the moisture. Aller cooling. the mix is 

inoculated with commercial starter culture kept from the previous day 

and transferred to earthenware pots. Curdling takes place at room 

temperature overnight (Ghosh and Rajorhia, 1990). Mixture of starters 
I 

Lactococcus lact{s, Lactococcus diaceytylactis, Lactococcus cremoris 

and Leuconostoc is most appropriate for commercial production of misti 

dahi from buffalo milk (Ghosh and Rajorhia, 1990). Wide variations in 

total solids (27-43 %), non fat milk solids (11-16 %) and sucrose (13-19 

%) in the market samples of misti dahi (Ghosh and Rajorhia, 1987). 

Gupta et a/., (2000) optimized the production of misti dahi from buffalo 

milk using starter combinations comprising (i) Streptococcus salivarius 

subsp. thermophilus, ,·Lactobacillus acidophil us and Lactobacillus 

·, delbrueckii subsp. bulgaricus; and (ii) Lactobacillus acidophilus, 

Lactococcus lactis subsp. lactis and Saccharomyces cerevisiae. 

Rabri 

Rabri, an indigenous fermented milk-based, thick slurry-like product of 

India, is prepared by fermenting cereals and pulses including wheat, 

barley, maize, pearlmillet, chickpea, etc. with country buttermilk (Gupta 

et a/., 1991; Chatterjee et a/., 1994 ). Cooked maize flour is cooled and 

combined with buttermilk to make rabdi. The mixture is fermented 

overnight and consumed. Pediococcus acidilactici (3.6 x 105/g), 

Bacillus sp. (1.1 x 106/g), and Micrococcus sp. (7.9 x 105/g) have been 

isolated from fermented rabid (Ramakrishnan, 1977). The pH changes 

from 6. 7 to 6.4 and a slight volume increase of 5% occurs. There is no 

phangc in amino nitrogen or free sugar (Ramakrishnan, 1977). 
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Shrikhand 

Shrikhand is an indigenous, concentrated sweetened lactic fermented 

milk product, widely consumed in western part of India (Sarkar and 
' Misra, 1997). It has a distinctive rich flavour and fairly long shelf-life 

due to higher aci<,lity, reduc~d water content (Garg et a/., 1983) and 

addition of sugar (Patel and Chakraborty, 1988). Shrikhand possesses 

.antibacterial properties against pathogenic as well as spoilage organisms 

(Sarkar et' a/., 1996). Shrikhand preparation involves intentional 

fermentation and coagulation and generally buffalo milk is used for the 

manufacture of chakka because of higher yield and consumer preference 

(BIS, 1980b ). Chakka, the basic raw material, is obtained by drainage of 

whey from the acid curd (Boghra and Mathur, 2000). 

Trahanas 

Trahanas, known as 'kapestoes or zamplaricos in Greek and tarhanocirv 

in Turkish, arc fermented food made from crushed wheat and fermented 

sheep milk, which arc boiled together, dried and stored in the form of· 

biscuits (Economidou, 1975). They are made into a thick, sweet-sour 

soup for consumption, the fermentation and the products are closely 

r.elated to Egyptian kishk. 

Trahanas is· found in every horne and consumed mainly during 

the winter and are widely used for feeding, weaned infants and young 
I 

children (Economidou and Steinkraus, 1977). Economidou (1975) 

r~ported the presence of Streptococcus thermophilus and Lactobacillus 

bulgaricus as the major fermenting organisms in trahanas. 
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Yoghurt 

According to some sources yoghurt originated in Asia (Oberman, 1985). 

' Yoghurt is prepared from milk of cow, goat sheep, buffalo or camel 

using 2-5 % lactic starters (Campbell-Platt, 1987). The predominant role 

in production ~f yoghurt lie with Lactobacillus bulgaricus and 

Streptococcus thermophilus (Robinson, 1999). Widely distributed yeasts 

(Candida mycoderma, Candida krusei, Candida tropica/is) were 

regarded as spoilage .microorganisms whereas bacterial strains, 

Lactococcus lactis, Lactocoocus lactis subsp. diacetylactis, Leuconostoc 

spp., Lactococcus /actjs var. taette (slime producer), were regarded as 

supplementary microflora (Robinson, 1990). In original Bulgarian and 
' ' 

Yugoslavian yoghurts, Geotrichum candidum was also found 

(Robinson, 1990). The metabolic activity of yoghurt bacteria results in a 

considerable increase in cell numbers, the total count of viable yoghurt 

bacteria ranges between 200 and 1000 million per ml of fresh yoghurt 

but decreases during subsequent storage (Chandan, 1989). Finished 

yoghurt with pi I 4.2-4.3 is thus the end rroduct of a symbiotic culture of 

Streptococcus thermophilus and of Lactobacillus bulgaricus growing at . 

temperatures in the. range 40-45° C (Gilliland, 1985). A proportion of 

1:1 of the 'rods' and 'cocci' forms is considered to be optimum for 

flavour and texture production but 1 :5 or 1:10 or 2.1:1.2 are also 

favourable (Rasic and · Kurmann, 1978; Vedamuthu, 1982). 

Lactobacillus bulgaricus demonstrates a much stronger proteolytic 

, activity than does Streptococcus thermophilus (Tamine and Robinson, 

1985). 

Y oghurts exhibit an antagonistic ~ffect against a number of 
I 

·pathogenic and saproph~tic organisms but this effect shows many 

variat~ons depending on the bacterial strains used, and on their particular 

15 



\ 

antagonistic properties (Shah, 2001 ). Yoghurt bacteria produce higher ~-

galactosidase activity .than probiotic bacterin {Shnh ru1d Jelen, 1990; 

Shah, 1994). Yoghurt to be considered as a probiotic product, 

Lactobacillus acidophilus and Bifidobacterium spp. are incorporated as 

a dietary adjunct (Shah, 2000). Yoghurt containing these two probiotic 

bacteria is referred as "AR" yoghurt (Shah, 2001 ). 
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MATERIALS & METHODS 



CULTURE MEDIA 

' 
Anaerobic Agar (HiMedia M288) 

Arginine Hydrolysis Medium (Thomley, 1 ~60) 
I 

Peptone . 
Y cast ~xtract 
D (+)glucose 
K2HP04·.3H20 
Magnesium sulphate 
Manganese sulphate 
Sodium acetate 
Tri-sodium citrate· 
Tween 80 
Arginine 
Phenol red 
Distilled water 
pH 

Ascospore Agar (Hi~edia M804) 

Bacillus cereus Agar Base (HiMedia M833) 

Baird Parker Agar Base (HiMedia M043) 

Basal Medium (Gordon et al., 1973) 

Diammonium hydrogen phosphate 
Potassium chloride 

. MgS04. 7H20 ' 
Yeast extract 
Br~mocresol purple 
Distilled water 
pH 

167774 
17 

10.0 g 
5.0 g 
0.5 g 
2.0 g 
0.1 g 
0.05 g 
5.0 g 
20.0 g 
1.0ml 
0.3% 
0.01 g 
1000 ml 
5.0 ' 

1.0 g 
0.2 g 
0.2 g 
0.2 g 
0.4 g 
1000 ml 
7.0 



Biogenic Amine Sub-culturing Medium 
(Bover-Cid and Holzapfel, 1999) 

gil 
MRS Broth (HiMedia M369) 52.2 
D-Tyrosine (HiMedia RM 1520) 1.0 
L-Histidine monohydrochloride (Merck) 1.0 
L-Lysine mpnohydrochloride (Merck) 1.0 
L-Omithine monohydri>chloride (Merck) 1.0 
Pyridoxal-5-Phosphate (HiMedia RM 1554) 0.001 
pH ' 6.00 

Biogenic A,mine' Screening Medium 
(Joosten and Northold, 1989; modified by Bover-Cid and Holzapfel, 
1999) 

Tryptone 
Yeast extract 
Meat extract 
Sodium chloride 
Glucose 
Tween 80 
K2HP04 . 
Ammonium citrate 
Calcium carbonate 
MgS04. 71-hO 
MnS04AH20 
FeS04.?H20 
Thiamine 
Pyridoxal-5-phosphate 
Bromocresol purple 
Agar 
Amino acid· 

gil 
5.0 
5.0 
5.0 
2.5 
0.5 
1.0 
2.0 
2.0 
0.1 

. 0.2 
0.05 
0.04 
0.001 
0.005 
0.05 
22.0 
5.0 

Amino acids are Dr-Tyrosine (pH 5.3) (HiMedia RM 1520); L-

Histidine monohydrochloride (pH 5.0) (Merck); L-Lysine 
I 

monohydrochloride (pH 5.15) (Merck); L-Omithine monohydrochloride 

(pH 5.0) (Merck); No amino acid (pH 5.15). 
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Egg Yolk Emulsion (HiMedia FD045) 

Egg Yolk Tcllurite Emulsion (HiMedia FD046) 

F'ermentation Basal Medium (Wickerham, 1951) 

. 
Yeast extract , 4.5 g 
Peptone 7.5 g 
Distilled water 1000 ml 
ijromot~ymol blue (Till sufficiently dense green colour appears) 

Lactate Configuration Medium (Prof. W.H. Holzapfel, unpublished) 

Peptone from casein 
Yeast extract 
Glucose 
Di-potassium hydrogen phosphate 
Tween 80 
Di-ammonium hydrogen phosphate 
Magnesiu,m sulphate 
Manganese sulphate 
Distilled water 

Malt Extract Agar (HiMedia M137) . 

Malt Extract Agar (K.reger-van Rij, 1984) 

Malt extract 
Agar 
Distilled water ' 
pH 

19 

10.0 g 
4.0 g 
20.0 g 
2.0 g 
1.0 g 
2.0 g 
0.2g. 
0.04 g 
1000 ml 

100.0 g 
20.0 g 
1000 ml 
5.4 



Milk A~ar (Gordon eta/., 1973) 
I 

Skim milk powder (HiMedia RM1254) 5.0 gin 50 ml distilled 
water 

Agar 1.0 g in 50 ~ distilled 
water 

Autoclaved separately at 121° C for 20 min, cooled to 45° C, 
' 

mixed together and poured into Petri-dishes. The plates were allowed to 

stand at 37°C for 24 h to dry the surface of the agar. 

I 

MRS Agar (HiMedia M641) 

MRS Broth (de Man et a/., 1960) 

Peptone 
Beef extract 
Yeast extract 
K2HP04 
Diammonium citrate 
Glucose 
Tween 80 
Sodium acetate ' 
MgS04. 7I-h0 
MnS04AH20 
Distilled water 
pH 

10.0 g 
10.0 g 
5.0 g 
2.0 g 
2.0 g 
20.0 g 
1.0 g 
5.0 g 
0.58 g 
0.28 g 
1000 ml 
6.2-6.4 

Agar (2% w/v) was added to prepare MRS agar. 

MRS Broth (HiMedia M369) 

Nitrate Broth (Gordon eta/., 1973) 

Peptone 
Beef e~tract 
Potassium nitrate 
Distilled water 
pH 

20 

5.0 g 
3.0 g 
1.0 g 
1000 ml 
7.0 



Nutrient Agar (HiMediaMM012) 

' Nutrient Broth (HiMedia M002) 

Plate Count Agar (HiMedia M091) 

. 
Polymyxin B Selective Supplement (HiMedia FD003) 

Potato Dextrose Agar (HiMedia M096) 

Phytone broth (Nagai eta!., 1994) 

Phytone peptone. 
Mono-Sodium glutamate 
Sucrose 
Potassium dihydrogen phosphate 
Disodium hydrogen phosphate 
Sodium chloride 
Magnesium chloride 

Biotin 
Distilled water 
pH 7.0 

Starch Agar (Gordon et al., 1973) 

Starch (HiMedia RM089) 
Tryptone 
Yeast extract 
Potassium dihydrogcn phosphate 
Agar · 
Distilled water 

21 

15.0 g 
15.0 g 
15.0 g 
2.5 g 
1.7 g 
0.05 g 
0.05 g 
0.1 !J.g/ml 
1,000 ml 

1.0 gin cold distilled water 
5.0 g 
15.0 g 
3.0 g 
20.0 g 
1000 ml 



Tributyrin Agar (Stolp and Gadkari, 1981) 

Peptone 
Yeast extract \ 
Tributyrin (HiMedia FD081) 
Agar · 
Distilled water 
pH 

Tryptone Soya Agar (HiMedia 290) 

5.0 g 
3.0 g 
10.0 g 
12.0 g 
1000 ml 
7.4-7.6 

Violet Red Bile Glucose Agar w/o Lactose (HiMedia M581) 

Voges-Proskauer (VP) Broth (Gordon et al., 1973) 

Peptone 
Glucose 
Sodium chloride · 
Distilled water 

' 
pH 

Yeast Malt Agar (HiMedia M424) 

Yeast Malt Broth (HiMedia M425) 

7.0 g 
5.0 g 
5.0 g 
1000 ml 
6.5 

Yeast Extract-Malt Extract Agar (Wickerham, 1951) 

Yeast extract 
Malt extract 
Peptone 
Glucose 
Agar 
Distilled water 

' 
pH 

Yeast Morphology Agar (HiMedia M138) 

Yeast Nitrogen Base (HiMedia M139) 

22 

3.0 g 
3.0 g 
5.0 g 
10.0 g 
20.0 g 
1000 ml 
5-6 



REAGENTS 

' 

Acidic Ninhydrin. 

!-Butanol/water saturated 
Acetic acid 
Ninhydrin· 

. I 

465 ml 
' 

35 ml 
2.5 ml 

Burke's Iodine Solution (Bartholomew, 19~2) 

Iodine 
Potassium iodide 
Distilled water 

Gram's Crystal Violet (HiMedia S012) 

Malachite Green (HiMedia S020} 

Nitrate Reductfon Test Reagent 

Solution A 
Sulphanilic acid 
5 N acetic acid 
(Glacial acetic acid: water, 1: 2.5) 

Solution B 
oc-Napthylamine 
5 N acetic acid 

1.0 g 
2.0 g 
100 ml 

0.8 g 
100 ml 

0.5 g 
100 ml 

The solutions A .and B were mixed in equal quantities just before 
.use. ' 

Phenolph~halein (HiMedia 1009) 

Reagents for reducing sugar estimation 

Reagent A 
Anhydrous sodium carbonate 
Sodium potassium tartarate 
Sodium hydrogen carbonate 
Anhydrous sodium sulphate 

23 

25.0 g 
25.0 g 
20.0 g 
200.0 g 



These are dissolved in 800 ml distilled water and diluted to 1000 
ml. 

Reagent B 
CuS04.5H20 
Distilled water with 4 drops 
of cone. H2~04 

Reagent C 
(a) Ammonium molybdate 
Distilled water with 21 ml 
of cone. H2S04 

30.0 g 
200ml 

25.0 g 
450 ml 

(b) Disodium hydrogen arsenate heptahydrate 3.0 g 
Distilled .water 25 ml 

. Solution (b) was added to solution (a) slowly with stirring, then 
diluted to 500 ml, kept at 3 7° C to 40° C overnight and stored in 
a brown bottle. 

Reagent D (Somogyi copper solution) 
25 ml of Reagent A was mixed with I ml of Reagent B. Freshly 
prepared Reagent D was used. ' 

Reagents for a.-amylase assay 

100 mM Tris- HCI buffer, pH 7.0 

1.5% soluble starch was dissolved in 100 mM Tris 
(hydroxymethyl) aminomethane- HCI buffer, pH was adjusted 
to 7.0. 

Stop solution 

0.5 N Acetic acid- 0.5 N HCI (5:1) 

Iodine solution 

h = 0.01% 
Kl = 0.1% 
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Reagents for Protease activity assay 

100 mM phosphate buffer pH 6.8 

0.1 MIL Na2HP04.12~0 
Q.l MIL KH2P04 
1% Azoc~ein was dissolved in 0.1M phosphate buffer (Sigma 

·Chemicals, St. Louis, USA), pH 6.8 

10% Trichloroacetic acid 

IN NaOH 

Safranin (HiMedia S027) 

Voges-Proskauer test reagent 

I 

Potassium hydroxide (40%) 
Ethanolic a-napthol {5%) 
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REFERENCE STRAINS 

Reference Strains Origin· Purpose in this experiment 

Listeria monocytogenes 20600 DSM Indicator strain (Antimicrobial 
. ' activity) 

Enterococcus faecium 204 77 ( DSM Indicator strain (Antimicrobial 
activity) 

' Streptococcus mutans 6178 DSM Indicator strain (Antimicrobial 
activity) 

Bacillus cereus 2010 CCM Indicator strain (Antimicrobial 
activity) 

Lactobacillus plantarum 20174 DSM Standard ( +) strain for meso-
diaminopimelic acid 
determinJtion 

Originally these reference strains were obtained from DSM 

(Deutsche Sammlung von Mikroorganismen, GOttingen, Germany) and. 

CCM (Czechoslovak Collection of ')Microorganisms, Brno, 

Czechoslovakia). Listeria monocytogenes DSM 20600 and Bacillus 

cereus CCM 20 10 were propagated in standard nutrient agar (HiMedia 

M002), Enterococcusfaecium DSM 20477, Streptococcus mutans DSM 

6178 and Lactobacillus plantarum DSM 20174 were cultivated in MRS 

broth (HjMedia M369). The cultures were maintained as frozen stocks 

at -20° C in 15% glycerol, 
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EXPERIMENTAL 

Collection of samples 

For sampling of milk products~ the method of Harrigan ( 1998) 

was followed. Samples were collected directly from their place of 

preparation in different villages located in the Sikkim Himalayas. For 

liquid samples, the liquid mass was thoroughly mixed up and down with 

a sterile ladle before the sample was taken. For soft milk products a 

sterile knife was used to make a wedge by two cuts radiating from the 

center of the product mass. For hard milk products a sterile cheese trier 

was inserted obliquely towards the center of the product on one of the 

flat surface not less than 10-20 em from the wedge. The weight of the 

sample taken was not less than 250 g and the sampling equipments were 

sterilized before use. Samples were collected aseptically in pre-sterile 

poly-bags as well as sterile bottles, sealed, labelled and stored at -20° C 

for analyses. 

Survey 

A survey was conducted on the fermented milk products of the Sikkim 

Himalayas based on the method of the Indian Statistical Institute, 

Kolkata (Dr B. Mukhopadhay, unpublished). Three villages from each 

of the nine sub-divisions of the state of Sikkim were randomly selected. 

The method employed for selection of villages was unbiased and 

incorporated a high degree of randomness. The names of all 

villages/revenue blocks listed in the District Census Handbook of 

Sikkim (Census of India, 1991) were written in small~ equal-sized pieces 

of paper, folded similarly and mixed well. Three slips corresponding to 

three villages were picked from each group for the sub-division and 

these villages were selected for the survey. Questionnaire was prepared 
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to collect information on. the various types of fermented milk products 

produced and consumed by the people. the traditional methods of 

preparation, the ingredients used, the equipments used, mode of 

consumption and the socio-economic importance of these milk products. 

A total of 228 households were surveyed in Sikkim. Based on the 

information collected,. average annual production per household and per 

capita consumption per day of the various fermented milk products were 

statistically calculated using SPSS · (Statistical Package for Social 

Sciences) 7.5 for Windows. 

Microbial analysis 

Ten g of sample· was suspended in 90 ml of 0.85 o/o (w/v) sterile 
1 

physiological saline and homogenized in a stomacher lab-blender 400 

(Seward, VK) for 1 min. For aerobic spore-counts, 1 ml dilution was 

mixed with 9 ml sterile physiological saline, and heated for 2 min in 

continuously boiling water (Tamang and Nikkuni, 1996). Decimal 

dilution series were prepared in sterile diluent and diluted suspension of ., 

sample was mixed with the molten media and poured into plates. Lactic 

acid bacteria (LAB) were selectively isolated on MRS agar (HiMedia 

M641) plates supplemented with 1 % CaC03 and incubated under 

anaerobic condition, in an Anaerobic Gas-Pack system (HiMedia LE002) 

at 30° C for 3 days. Spore-forming bacteria were isolated on nutrient 

agar (HiMedia MM012) and incubated at 37° C for 1 day. Aerobic 

mesophilic counts were determined using plate count agar (HiMedia 

M091 A) and incubated aerobically at 30° C for 2 days. Moulds and 

,yeasts were isolated on potato dextrose agar (HiMedia M096) and yeast 

extract-malt extract agar (HiMedia M424), respectively supplemented 
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with 10 IU/ml benzylpenicillin and 12 llglml streptomycin sulphate and 

incubated aerobically at 28° C for 3 days. Colonies were either selected 

randomly or all sampled if the plate cqntained less than 10 colonies, 

according to Lei~ner et al. (1997). 

Purity of the' isolates was checked by streaking again on fresh 

agar plates of the isolation media, followed by microscopic 

examinations. Colonies appeared were counted as colony forming units 

(cfu) per g of sample. The isolated strains were picked up on slants of 

their respective media and kept at 4 ° C. Cultures were sub-cultured after 

~very two months. Identified representative strains of the different 

groups of the isolates were deposited ·and preserved in the respective 

broth media with 15 % glycerol in cryotubes at -20° C at Food 
I 

Microbiology Laboratory of Department of Botany, Sikkim Government 

College, Gangtok, Sikkim, India. 
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Characterization of bacterial isolates 

Gram staining 

The method of Bartholomew (1962) was followed. A suspension 

of a 24 h-old bacterial culture on slant was prepared in distilled water. A 

drop of that suspepsion was taken on grease-free slide and a smear was 

made. It was then heated-fixed, flooded by crystal violet stain for 1 min, . 
and washed for 5 sec with

1 
water. The smear was flooded with Burke's 

iodine ~olutio~, allowed to react for 1 min, ·and washed again for 5 sec 

with water. Holding the slide against a. white surface, 95o/o ethanol was 

poured drop-wise from the top edge of the slide until no more colour 

came out from the lower edge of the slide. After washing with water, the 

smear was stained with safranin for 1 min and washed again with water. 

The slide was air-dried and observed under oil-immersion objective. 

Cell morphology 
' An air-dried (not heated-fixed) smear of a 24 h-old bacterial 

culture was stained for 30 sec with safranin, washed in water, air-dried· 

(Norris et al., 1981) and observed under oil-immersion objective. Cell 

dimensions were measured with a standardized ocular micrometer. 

Motility 

A drop of a 24 h-old culture in MRS broth for LAB; nutrient 

broth for Bacillus was used to prepare a hanging drop in a cavity slide 

, following the method of Harrigan (1998). The prepared culture was 

observed in a phase contrast microscope (Olympus CH3-BH-PC, Japan) 

for motility test of the strains 
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·Production of catalase 

The 0.5 ml of 10 % hydrogen peroxide solution was added to a 
\, ' 

24 h-old culture and. observed for the production of gas bubbles, 
' indicating the presence of catalase (Norris et a/., 1981 ). 

Hydrolysi.~ of arginine 

Tubes of5 ml arginine hydrolysis medium (Thomley, 1960) were 

inoculated with 24 h-old culture. The tubes were incubated at 30° C for 
'j 

3 days and observed for the formation of ainmonia from arginine 

(Schillinger and LUcke, 1987). 

Ga~ (COJ) producti?n from glucose 

For lactic acid bacteria, tubes of 10 ml MRS broth without citrate 

and containing inverted Durham tubes was ·inoculated with 24 h-old 

cultures and incubated· at 30° C (Schillinger and LUcke, 1987). 

Accumulation of gas in the inverts indicated positive result. 

Acid and gas production from glucose 

For spore forming bacteria, tubes of 10 ml basal medium 
' 

. containing 0.5% w/v sugars and inverted Durham tubes were inoculated 

with the isolates and incubated at 37° C for, 3 days (Norris et al., 1981). 
I 

Growth at different pH 

The pH of MRS broth was adjusted to different levels using 1 N 

HCI or 10% w/v NaOH. The medium was distributed into tubes 

containing 5 ml in each. They were autoclaved, cool~d to room · 

temperature and inoculated with 24 h-old MRS broth culture. The tubes 

were incubated at 30° C for 24 hand observed for growth (Dykes et al., 
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. 1994). For spore forming bacteria the pH of nutrient broth was aqjusted 

to 6.8, inoculated with 24 h-old cultures and incubated at 37° C for 3 

days. 

Growth at different temperatures 
' . 

MRS broth and nutrient broth were inoculated with 24 h-old 

cultures and incubated at 10° C and 15° C for 7 days, 37.° C and 45° C 

for 3 days, respectively and observed for growth (Dykes eta/., 1994). 

Salt Tolerance 

Salt tolerance was tested by inoculating a loop-full of culture in 

MRS broth ~upp,lemented with 6.5%, 10.0% and 18.0o/o NaCl, 

respectively, and incubated for 3 days at 30° C in a slanting position to 

improve aeration (Schillinger and LUcke, 1987). For spore forming 

bacteria, nutrient broth waS supplemented with 7.0% w/v NaCl, 

inoculated with 24 h-old culture and incubated at 37° C for 7 days in a 

· slanting position to improve aeration. Cultures were observed for growth 

after incubation. 

Acid from carbohydrates 

The me~hod was based on Schillinger and LUcke ( 1987). Tubes 

of 5 ml MRS broth without beef extract and glucose containing 0.5% 

w/v of different carbohydrates and 0.004% phenol red indicator were 

inoculated and incubated at 30° C for 2-5 days. Colour change from red 

to yellow indicated acid production. 
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Voges-froskauer reaction 
I 

Tubes of 10 ml Voges-Proskauer broth were inoculated with the 

isolates and incubated at 37° C for 7 days. To the culture, 0.6 ml 5% w/v 

ethanolic a.- naphthol and 0.2 ml 40% w/v aqueous potassi~m hydroxide 

were added and k~pt for 1 h at room temperature for the production of a 

pink colour, indicating positive reaction. Initial and final pH dfthe broth 

was measured using pH meter (Gordon eta/., 1973). 

Reduction of nitrate 

Cultures were ·grown in 5 ml nitrate broth incubated at 37° C. 

After 3, 7 and 14 days, 1 ml of the culture was mixed with 3 drops of the 

reagent for nitrate reduction test and observed for the development of a 

.red of yellow colour, indicating the presence of nitrate. A small amount 

of zinc dust was added to the tube that was negative even after 14 days 

and observed for the development of red colour, indicating the presence 

of nitrate i.e. absence of reduction (Norris eta/., 1981 ). 

An alte~ative method was also followed. A strip of filter paper 

moistened· with 10% w/v aqueous potassium iodide and then with a few 

drops of 1 N hydrochloric acid was touched with a drop of the culture. It 

was observed for the production of purple colour, indicating the 

presence of nitrite (Claus and Berkeley, 1986). ., 

Anaerobic growth 

Anaerobic agar · (HiMedia M228) was distributed into culture 

tubes in amount sufficient to give 7.5 em depth of the medium and 

sterilized by · autoclaving at 121 o C for 20 min. The tubes were 

inoculated with a small (outside diameter 1.5 m) loop-full of 24 h-old 

nutrient broth culture by stabbing up to the bottom of the column. They 
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were incubated, at 37° C for 3 and 7 days, and observed for. growth along 

the length of the stab (anaerobic) and on the surface ofthe agar (aerobic) 

(Claus and Berkeley, '1986). 

Lactic acid configuration 
The configuration of lactic acid produced was determined 

enzymatically using' ~-lactate and L-lactate dehydrogenase kits 

(Boehringer-Mannheim GmpH, Cat. No. 1112821, Germany) based on 

the method of Boehringer-Mannheim (1989). Lactic acid bacteria strains 
' ' 

were grown in lactate configuration medium (Prof. W .H. Holzapfel, 

Institute ~f Molecular Biology and Biotechnology, Karlsruhe, Germany, 

unpublished) at 37° C overnight. One ml culture was centrifuged in a 

microcentrifuge (Heraeus, Germany) at 10,000 rpm for 5 min. The 20 J,tl 

of the supernatant was mixed with 980 J.tl of re~istilled water to obtain 

1:50 sample dilution. The 1 ml of Solution (1), 0.2 ml of Solution (2), 

0.02 ml of Suspension (3), 0.1 ml sample solution and 0.9 ml of 

redistilled water was pipetted into a cuvette, followed by gentle swirling . 

to mix the contents of the cuvette after closing it with parafilm. 

Similarly, a blank was prepared by adding all the reagents except the 

sample solution being replaced with 1.0 ml of redistilled water. After 5 

minutes the absorbance of the solutions (A1) was measured in UV-VIS 

Spectrophotometer (Analytik Jena, Germany) at 340 nm. The 

absorbance differences (ArA1) for both, blank and sample was 

determined and the difference of the ·absorbance difference of the blank · 

from that of the sample (~AD-lactic acid) was calculated. The reaction was 
' 

·started by adding 0.02 ml
1 
of Solution (4) to the sample as well as to the 

' 

blank., The cuvettes were swirled gently to mix the contents by closing it 
I 

with parafilm. After 30 minutes the 3;bsorbance (A2) of the sample ru1d 
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the blank were measured immediately one after another at 340 nm. The 

0.02 ml of Solution (5) was added to both the sample and the blank 

followed by mixing. These were allowed to stand for 30 minutes. The 

absorbance (A3) was measured immediately one after another for the 

sample as well ~ for the blank at 340 nm. The absorbance differences 

(A3-A2) for both, blank and sample was determined and the diflcrence of 

the absorbance difference of the blank from that of the sample (.~AL-tactic 

~cid) was calculated. The lactic acid isomer concentration was calculated 

as: 

c = v X M w X !lA (gil) 

ex d x v x IOOd 

V = final v.olume (ml) 

v =sample volume (ml) 

M W = molecular weight of lactic acid = 90.1 (glmol) 

d = light path = I em 

e =extinction coefficient ofNADH at 340 nm = 6.3 (1/mmol x em) 

The result was multiplied by the dilution. factor. 

meso-Diaminopimelic acid (meso-DAP) 

The presence of meso-diaminopimelic acid in the cell walls of 

lactic acid bacteria wa~ 'determined using thin-chromatography on 

cellulose plate (Schillinger and LUcke, 1987). Cells were grown in 5 ml 

MRS broth for 48 hours and were harvested by centrifuging at 13,000 

rpm for 5 min,' and washed with 3.0 ml of distilled water. The sediment 

was resuspended in 1.0 ml 6 N ~Ci and transferred to screw-capped ' 

tubes. The cells were hydrolysed overnight, at 100° C in a water-bath. 
I 

The contents of the tubes, were blow-dried while immersed in boiling 
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water. The sediment was resuspended in 1.0 .ml of distilled water and 

blow dried again and oven dried for 1 h. Finally, the sediment was 

suspended in 0.1 ml of distilled water and each sample (5 J.Ll) was 

spotted on thin-layer chromatography plates on cellulose plates (Merck, 

Germany). Desc~nding one-dimensional chromatography was done by , 

keeping the plates in a TLC chamber in a solvent solution containing 

methanol: pyridine: 10 N HCl: water (32:4: 1 :7). The solvent solution 

was prepared 1 hour before use. After keeping for 4-5 h the plates were 
I 

qried with a' hair drier and the chromatograms were developed by 
' 

spraying acidic ninhydrin and when aimost dried, placed for 5 minutes 

in 100° C oven. Spots representing meso-diaminopimelic acid appeared 

dark green to grey and turned yellow within 24 hour. Lactobacillus 

plantarum DSM 20174 was used as standard (meso-DAP pos~tive). 

API Tests 

The abHity to ferment various carbon sources by lactic acid 

bacteria was determined using API 50 CHL system (bioMerieux, 

France) according to manufacturer's instructions and also based on ·the 

method described by Tamang and .Holzapfel (1999). Cultures were 

grown on MRS agar at 30° C for 48 hour. The growth was harvested in 2 

·ml sterile normal NaCl solution which was used to prepare suspensions, 

corresponding to 107 cells/mi. The incubation box was prepared by 
( 

distributing about 10 ml of sterile water into the honeycombed base of 
' \ 

the 50 CHL trays. The strips were unpacked, placed them in the trays 

' and the tubes were filled with the bacterial suspensions. The inoculated 

strips were kept slightly tilted and incubated at 30° C for 48 h. The 

results were read by referring to the manufacturer's interpretation table 
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at 24 hour and 48 hour, respectively. All spontaneous reactions were 

recorded. 

Characterisation of yeast isolates 

Cell morphology . 

Sterile yeast morphology agar (HiMcdia M138) slants were 

inoculated with an actively . growing (24 h-old) yeast culture and 

incubated at 28° C for 3 days and observed for cell morphology and 

mode of vegetative reproduction (Yarrow, 1998). Dimensions of cells 

were measured with a standardized ocular micrometer. 

Pseudo- and True-mycelium 

For observation of pseudo-mycelium' and true-mycelium of yeast 

isolates, the slide culture 'method described by Kreger-van Rij (1984) 
I 

\Vas fo'llowed: A petri-dish, containing U-shaped glass rod supporting 

two glass slides, was autoclaved at 1 i 1° C for 20 min. Molten potato 

dextrose agar (IliMedia M096) was poured onto the slides. The 

solidified agar on the slides was inoculated very lightly with yeast 

isolates in two lines along each slide. Four sterile coverslips were placed 
f 

over part of the lines. Some sterile water was poured into the petri-dish 

to prevent the agar from. drying out. The culture was then incubated at 

28° C for 4 days. The slides were taken out of the petri-dish and the agar 

was wiped off from the back of the slide. The edges of the streak under 

and around the coverslips were examined microscopically for the 

formation of pseudo-mycelium· or tru~-myce1ium. 
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Characteristics of asci and ascospore 

Sterile ascospore agar (HiMedia M804) slants were streaked with 
I 

a, 24 h-old yeast isolates, incubated at 28° C for 3 days and examined at 
' 

weekly intervals up to 4 weeks for observation of asci and ascospores. A 

heat fixed smear .was flooded with 5 % w/v aqueous malachite green 

(HiMedia S020) for 30 to 60 sec, heated to steaming 3 to 4 times over 

the flame of a spirit lamp and counterstained with safranin (HiMedia 
I 

S027) for 30 sec and observed under the microscope (Yarrow, 1998). 

Reduction of nitrate 

Cultures were grown in 5 ml nitrate broth incubated at 28° C. 

After 3, 7 and 14 days, 1 ml of the culture was mixed with 3 drops ofthe 

reagent for nitrate reduction test and observed for the development of a 

red or yellow colour, indicating the presence of nitrate. A small amount 

of zinc dust was added, to the tube that was negative even after 14 days 

and observed for the development of red colour, indicating the presence 
( 

of nitrate, i.e. absence ofreduction (Yarrow, 1998). 

· Growth at 3 7° C 
' 

Slants of malt-extract agar (HiMedia M137) were inoculated with 

cells of young yeast isolates and incubated at 37° C for 4 days and 

observed for growth (Yarrow, 1998). 

Sugar fermentation 

The method was based on Kreger-van Rij (1984) and Yarrow 

( 1998). Cells Were grown at 28° C on yeast extract-malt extract agar 
' 

(HiMcdia M424) slants for 3 days. Tubes of 10 ml of fermentation basal 

medium (Wickerham, 1951) supplemented with 2 % w/v sterile sugars 
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containing inverted Durham tubes, were inoculated with the above yeast 

culture and incubated at 28° C and were shaken regularly to observe gas 

accu~ulation in the inverts. 

Sugar assimilatio'! 

The method was based on Krcgcr-van Rij (1984) and Yarrow 

( 1998). Yeast isolates were grown at 28° C on yeast extract-malt extract 

agar (Hi Media M424) slants for 3 days. Tubes containing 5 ml mixture 

of yeast .nitrogen· base (HiMedia · Ml39) and carbon source were 

inoculated with cultures anp incubated at 28° C for 3 to 7 days. Control 

test tube was made by adding 0.5 ml of yeast nitrogen base (HiMedia 
I 

~139) 'in 4.5 · ml of sterilized distilled water (devoid of any carbon 

source). Assimilation of carbon sources was observed by comparing 

with the control. 

Pathogenic contaminants 

Samples were tested for enumeration of pathogenic contaminants 

such as Bacillus cereus using selective Bacillus cereus agar base 

(HiMedia M833), Staphylococcus aureus using Baird· Parker agar base 

(HiMedia M043) and enterobacteriaceae using Violet Red Bile Glucose 

agar w/o lactose (IIi Media M581) (Nout et a/., 1998). Ten g of sample 

was blended with 90 ml of peptone-physiological saline (0.1 o/o neutral 

peptone, 0.85% NaCl) in a stomacher lab-blender 400 (Seward, UK) for 

1 min. Serial decimal d\lution series was prepared in the same diluent in 

duplicates. 
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Bacillus cereus: Select~ve enumeration was carried out on spread plates 

of Bacillus cereus agar base (HiMedia M833) with appropriate additions 
\ 

of Polymyxin B Selectiye Supplement (HiMedia FD003) and Egg yolk 
' ' emulsion (HiMedia FD045). The inoculated plates were incubated at 30° 

'C for 24 h to 48 .h. Characteristic turquoise to peacock blue colonies 

surrounded by zone of precipitate of the same colour were regarded as 

presumptive Bacillus cereus. A representative number (usually five per 

plate counted) were isolated and purified on Bacillus cereus agar base, 
., 

followed by nutrient agar. Confirmation was on the basis of endospore 

formation, fermentation of glucose, xylose and arabinose and ability to 

grow at 50° C. 

Staphylococcus aureus: Selective enumeration was carried out on 

spread plates of Baird Parker agar base ·(HiMedia M043) with 

appropriate additions of Egg yolk tellurite emulsion (HiMedia FD046) 

and incubated at 30° C for 24 h to 48 h. The black colonies appeared 

which were regarded as presumptive Staphylf!coccus aureus. 

Enterobacteriaceae: Sample dilutions in Tryptone soya broth (HiMedia 

MO 11) were allowed to resuscitate on thin Tryptone soya agar (HiMedia 

290) plates for 1-2 h at 27'° C, followed by, a thick overlay of selective 
I 

Violet Red Bile Glucose agar (without lacto~e) medium and incubated at 

30° C for 20 ·h. Colonies appeared were regarded as presumptive 

enterobacteriaceae. 
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ldentifi.cation 

For identification of bacterial species, taxonomic keys laid down 

in Bergey's Manual of Systematic Bacteriology, volu~e 2 (Sneath eta/., 
' 

1986) and keys described by Wood and Holzapfel ( 1995) were 

followed. Endo~pore-forming rod-shaped bacteria were identified 

accordinSQ tok the ke
1
vs(

2
h
0
ru
0
s
2
e)d on Claus and Berkeley (1986), Slepecky and 

ar ar eta. . . 
Hemphill (1992~Table.B). Yeast strains were identified according to 

.the criteria laid down by K.reger-van Rij (1984), and Kurtzman and Fell 

(1998). 

Table n: Phenotypic key ue~ed for tentative identification of Gram-positive endospore 
forming rod-shaped bacteria• 

, I Allantoin or urate required Positive Bacillus fastidiosus 

' 
Negative 2 

2 Catalase Positive 3 
Negative 20 

3 Voges-Proskauer Positive 4 
Negative 11 

4 Growth in anaerobic agar Positive 5 
Negative 10 1 

5 Growth at 50° C Positive 6 
Negative 7 

6 Growth in 7% NaCl Positive Bacillus licheniformis 
Negative . Bacillus coagu/ans 

7 Acid and gas from glucose Positive Paenibacil/us polymyxa 
Negative 8 

8 Reduction ofN03" to N02" Positive 9 
Negative Paenibacillus alvei 

9 Parusporal body in sporungium Positive Bacillus tlmringie11sis 
Ncgutive 37 

10 Hydrolysis of starch Positive Bacillus subtilis 
Negative Bacillus pumilus 

11 Growth at 65° C Positive 32 
Negative 12 

12 Hydrolysis of starch Positive 13 
Negative 17 

13 Acid and gas ·from glucose Positive Paenibaci/lus macerans 
Negative 14 

14 Width of rod~ 1.0 mm Positive 34 
Negative 15 
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15 Growth at pH 6.8 Positive 16 
Negative Bacillus alcalophilus 

16 pH in VP broth < 6.0 Positive 28 
Negative 26 

17 Growth in 10 % NaCI Positive Bacillus pasteurii 
Negative 18 

18 Growth in anaerobic agar ( Positive Brevibacillus laterosporus 
Negative 19 

19 Acid from glucose Positive 30 
Negative 24 

20 Growth at 6S° C Positive 33 
Negative 21 

21 Growth 'in anaerobic agar Positive 22 
Negative Bacillus azotoformans 

22 Decomposition of casein Positive 35 
Negative 23 

23 Parasporal body in sporangium Positive Paenibacil/us popilliae 
Negative 3S 

24 Growth at S0° C Positive Bacillus badius 
Negative 2S 

2S Growth at so C Positive Bacillus inso/itus 
Negative Bacillus sphaericus 

26 Acid from arabinose Positive Bacillus Ienius 
Negative 27 

27 Growth at soC Positive 30 
Negative 31 

28 Growth at So C Positive Paenibacillus macquariensis 
Negative 29 

29 Growth in 1 0% NaCl Positive Virgibacillus pantothenticus 
Negative Bacillr1s circulans 

30 llydrolysis of urea Positive Bacillus globisporus 
Negative Bacillus marinus 

31 pH in VP broth> 7 Positive Brevibacillus brevis 
Negative Bacillus firmus 

32 Hydrolysis of.starch Positive 33 
Negative Bacillus schlegelii 

33 Growth at pH 6.8 Positive Bacillus stearothermophilus 
Neg~tive Alicyclobacil/us acidoca/darius 

34 Growth in anaerobic agar Positive Bacillus thuringiensis 
Negative 

' 
Bacillus megaterium 

3S Growth in 1 0% NaCl Positive Bacillus pasteurii 
Negative 36 

36 Growth at 40° C Positive Paenibacillus larvae 
Negative Paenibacillus /entimorbus 

37 Colony rhizoidal Positive Bacillus mycoides 
Negative 38 

38 Cells motile Positive Bacillu.v cereus 
Negative Bacillus anthracis 

"Numbers on the right indicate the number (on the lei\) of the next test to be applied until the right-hand 
number is replaced by a species name (based on Claus and Berkeley, 1986; Slepecky and llcmphill, 
1992)

1 
Sarkar eta/. (2002) · 
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Enzymatic activity 

Proteolytic activity 

Surface-dried plates of milk ag~ (Gordon et al., 1973) were 

streaked with 24 h-old cultures, incubated at 30° C for 4 days (lactic acid 

bacteria) and 37° C for 2 days (spore forming bacteria), and examined 

for any clearing of casein around and underneath the growth for 

assessment of proteolytic activity. 

Amylolytic activity 

Surface-dried plates of starch agar (Gordon et al., 1973) were 

streaked with 24 h ... old cultures, inc~ bated at 30° C for 4 days (lactic acid 

bacteria) and 37° C for 2 days (spore forming bacteria). After incubation 
I 

the plates were flooded with iodine solution for 15-30 min and 
' 

examin,ed the ~lear zone underneath (after the growth was scrapped oft) 

for amylolytic activity. 

Lipolytic activity 

Surface-dried plates of tributyrin agar (Stolp and Gadkari, 1981) 

were streaked with 24 h-old culture and incubated at 30° C 'for 4 days 

(lactic acid bacteria) and 37° C for 2 days (spore forming bacteria). 

Lipolytic activity was detected by a clear zone surrounding the culture 
\ . 

in the turbid tributyrin agar (Leuschner et al., 1997). 
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Protease Activity Assay · 

Protease activity was measured by a modification of the method 

of Maeda et al. (1993). Cultures were gro~ in phytone broth (Nagai et 

a[,, 1994) on a rotary shaking incubator at 30° cat 180 rev/min for 72 h, I 

Cultures were i~mediately centrifuged at 17,000 rpm for 10 min. The 
' 

enzyme solution was diluted to an appropriate concentration. Then, the 

enzyme solution and the 'substrate solutio,n containing 1% Azocasein 
I , 

(Sigma Chemical Co., USA) was dissolve<;! in 0.1 M phosphate buffer, 

(pH 6.8) were· pre-incubated separately at 37° C for 5 min in a water

bath incubator (Remi, India). The enzyme reaction was started by 

adding 2 ml of 1% Azoc~sein to 1 ml of enzyme solution and incubated 

at 37°C for 20 min. The reaction was quenched by the additiQll of2.5 ml 

of 10% (w/v) trichloroacetic acid. After centrifugation at 15,000 rpm for 

10 min, 2 ml of supernatant was neutralized with equal amount of IN 

NaOH and the absorbance was measured at 450 nm in UV-VIS 

Spectrophotometer (~alytik Jena, Germany). One unit of protease 

activity was defined as the quantity required to increase the absorbance 

by 0.1 under the above conditions. 

a-Amylase Activity Assa~ 

The blue value m<?thod of Fuwa (1954) as modified by 

Kawaguchi eta/. (1992) was followed for determination of a-amylase . ' 
activity. Cultures were grown on broth medium (1.0% soluble starch, 

1.0% beef extract, 1.0% peptone, and 0.3% NaCl, pH 7.0) on a rotary 

shaking incubator at 30° C at 180 rev/min for 48 h. The cultures were 

immediately centrifuged at 17,000 rpm for 10 min. The enzyme solution 

was diluted to an appropriate concentration. Tl~e enzyme solution and 

1.5% soluble starch dissolved in O.IM Tris-HCl buffer (pH 7.0) were 
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pre-incubated separately at 37° c for 5 111in in water-bath incubator. 
I 

Then, the reaction mixture was started by ~dding 1 ml of 1.5% soluble 

starch (HiMedia RM089) to 0.5 ml enzyme solution and incubated at 

37° C for 10 min. The reaction was stopped by the addition of2.5 ml of 

stop solution (0.~ N ac~tic acid-0.5 N HCI 5:1). The 100 m1 of the 

reaction mixture was added to 5 ml of 0.01% h- 0.1 o/o Kl so~lution, left 

at room · temperature for 20 min and the absorbance of the resulting 

solution was measured · at 660 nm in UV-VIS Spectrophotometer 

(Analytik Jena, Germany). One unit of a-amylase activity (dextrinizing 

power) was defined as the amount of a-amylase which produced 10% 

reduction in the intensity of blue colour at the above conditions. 

Enzymatic profiles by API-:zym system 

The enzymatic pr~file of selected strains of lactic acid bacteria 

were assayed following the lllethod of Arora et a/. (1990) uisng API

zym (bioMerieux, France) galleries by testing for the activity of the . ' 
following 19 enzymes: phosphatase alkaline, esterase (C4), esterase 

lipase (C&), lipase (Cl4), leucine, valine and cystine arylamidase, 

trypsin, chymotrypsin, phosphatase acid, naphthol-AS-BI

phosphohydrolase, a-galactosidase, ~-galactosidase, ~-glucuronidase, 

a-glucosidase, ~-glucosidase,· N-acetyl-~-glucosaminidase, a-

mannosidase, a-fucosidase. Cultures were grown on MRS broth and 

growth was harvested in 2 ml sterile di~tilled water which was used to 

prepare suspension of 10 7 cells/mi. The API zym strip was unpacked 

and ·2 drops of cell· suspensions was inoculated in each cupule .of the 

strip containing ready-made enzyme substrates and incubated at 30° C 

for 6 h. After incubation, 1 'drop of ready-made zym-A and zym-B 
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reagents was added 'and observed for colour development based on the 

manufacturer's colour chart. 

Antimicrobial Activity 

Agar Spot Test 

The method was based on Schillinger and LUcke (1989) and Uhlman et 

a/. (1992). Cultures were grown on the respective broth media for 24 h. 

Sterilized Petri-plates were plated with MRS agar (containing 0.2% 
I 

glucose) and allowed to dry. These were spotted with a drop of the broth 
I 

culture' of the producer strain and incubated at 30° C for 24 h. The 
' 

' 
indicator strains Listeria monocytogimes DSM 20600 and Bacillus 

cereus CCM 2010 were propagated in standard nutrient agar (HiMedia 

M002), Enterococcus faecium DSM 204 77 and Streptococcus mutans 

DSM 6178 were cultivated in MRS broth (HiMedia M369). The 0.1 ml , 
of an overnight culture ( ~ 1 0 7 cells) of each indicator strain was 

inoculated into 7 ml of soft MRS agar (containing 0.7% agar) and 

poured over th~ plate on which the producer was grown, respectively. 

These were incubated at 30 °C for 24 h. After incubation the plates were 

checked for inhibition zones (clearing of the medium) around the 

producer colony. Inhibition was score.d positive if the width of the clear 

zone around the colonies of the producer strain was 1 mm or larger. 

Bacteriocin Activity 
{ 

Bacteriocin activity was estimated using an agar spot assay as 

described by Schillinger eta/. (1993). The antimicrobial-positive strains 

' were grown in MRS broth at 30° C for 24 hand a cell-free extract was 
' 

obtained by centrifuging the culture in a microcentrifuge· (Heraeus, 
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Germany). The supernatant was heated · at 100° C for 5 min m 

blockthermostat (Staurt Scientific, UK). The cell-free supernatant was 

adjusted to pH 6.5 by addition of 1 N NaOH. Agar plates overlaid with 7 

ml soft MRS agar (containing 0.7% agar) were inoculated with 0.1 ml of . 
I 

an overnight culture of the indicator strains (as mentioned above), 

respectively. After incubation at 25° C for 24 h, 0.01 ml.of the culture 

supernatant was spotted onto the agar surface. The pl~tes were incubated 
\ 

at 30° C for 24 h and subsequently examined for zones of inhibition. 

Biogenic Amine 

The ability to produce biogenic amines was determined 

·qualitatively on an improved screening medium as described by Bover

Cid and Holzapfel (1999) using a 'cocktail' of four precursor amino 
( 

acids (histidine, lysine, ornithine and tyrosine). Freshly grown cultures 

were sub-cultured in '5 ml of biogenic amine Sub-culturing medium 

· (Bover-Cid and Holzapfel, 1999) twice and incubated at 30° C for lactic 

acid bacteria and 37° C for Bacillus for 24 h to promote decarboxylase 

activity. The modified biogenic amine screening medium of Joosten and 

Northold ( 1989) (Bovcr-Cid and Holzapfel, 1999) was prepared, poured 

on to sterilized Petri-plates and allowed to dry. Bromocresol purple was 

used as pll indicator. These plates were streaked with the broth cultures 

in duplicates and incubated at 30° C for lactic acid bacteria and 37° C 

for !Jacillus specie~ for 4 days under aerobic and anaerobic conditions. 

Control plate lacked the amino acid. After incubation observation for 

positive reaction was made by the purple coloration of the colony and in 

case of tyramine production a clear halo due to tyrosine precipitate 

disappearance. 
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Hydrophobicity 

The degr.ee of hydrophobicity of the strains was determined by 

employing the methods described by Rosenberg (1984), and Ding and 

Uimmler ( 1992). These methods were based on adhesion of cells to 

hexadecane dropJets. Cultures were grown in 5 ml of MRS broth 

(llcMcdia M369). The 4 ml of this broth cult~re was centrifuged at 

7,500 rpm for 5 mih and the supernatant was discarded. The cell pellet 

was washed with 9 ml of Ringer solution (Merck), resuspended in a 

cylomixer and again centrifuged at 7,500 rpm for 5 min. The 
' 

supernatant was again discarded; the cell pellet was washed with 9 ml of 

Ringer solution (Merck) and resuspended in a cylomixer. The 1 ml of 

this suspension was taken and the absorbance at 580 nm was measured 

in UV-VIS Spectrophotometer (Analytik Jena, Germany). The 1.5 ml of 

the suspension was mixed with 1.5 ml of n-Hexadecane (HiMedia RM 

2238) in duplicates and mixed thoroughly in a cylomixer for 2 min. The 

two phases were allowed to separate for 30 min. The 1 ml of the lower 

phase was taken and the 1absorbance was measured at 580 nm in UV

VIS Spectrophotometer.' The percentage hydrophobicity of strain 

~dherihg to hexadecane was calculated usi~g the equation: 

Hydrophobicity(%) = 0Ds80 (initial)·- 00580 (with hexadecane) x 100 

ODsso (initial) 

Adherence value greater than 75% were considered hydrophobic, 

less than 25% as hydrophilic and those between 25% and 75% as 

intermediate. 
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Proximate composition 

pH 

Ten g of sample was mixed with 20 ml carbon dioxide-free 

distilled water in a blender for. 1 min and the· pH of the slurry was 

determined directly. (AOAC, 1990) using a J.1 pH meter (Systronics, 

Type 361) calibrated with standard buffer solutions (Merck). 

Titratable Acidity 

Titratable acidity of sample · was calculated by titrating the 

filtrates of a well blended '1 0 g sample in 90 ml carbon-dioxide free 

' distilled water with 0.1 'N sodium hydroxide to end point of 
I 

I 

phenolphthalein (0.1 o/o w/v in 95 o/o ethanol) ~AOAC, 1990). 

Moisture 

Moisture content of sample was calculated by drying 2.5-3.0 g of 

well-mixed sample at 135 ± 1° C for 2 h to constant weight
1
(AOAC, 

1990). 

Ash 

A sample (- 2 g) was accurately weighed into a previously dried 

and weighed porcelain crucible and placed in a muffle furnace preheated 

to 550° C for 3 h. The crucible was transferred directly to a desiccator, 

allowed to cool to room temperature and weighed immediately (AOAC, 

1990). The process of he~ting for 30 min, cooling and weighing was 

repeated until the difference ~etween two successive weighing was~ I 

m~. 
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Fat 

Fat content was determined by ether extraction usmg glass 

soxhlet (AOAC, 1990). Flat-bottomed flask was oven dried and kept in 

a desiccator for cooling. The weight (W1) o~ the round-bottomed flask 

was taken. A cellu~ose thi~ble (dry and fat free) was taken and in which 

~ 2 g of sample was placed and put in the soxhlet. Fat was extracted by 
1 

using petroleum ether with boiling range 40-60° C, on a heating mantle 

at 60° C for 5 h. The flat bottomed flask was dried for 1 h at 100° C to 

evaporate ether and moisture, cooled in desiccator and weighed (W2). 

Fat was calculated in percentage. 

Fat(%)= w2- w dSample weight X 100 

Protein 

Total nitrogen of sample was determined following the method 

described in AOAC (1.990). Approximately 1 g of sample was taken in a 

digestion flask, 0. 7 g catalyst (CuS04: K2S04, 1 :9) and 25 ml of 

concentrated H2S04 were added to it. The flask was heated gently until . 

frothing ceased, boiled briskly until the solution became clear and then 

continued the boiling' f~r about I h. The solution was transferred 

quantitatively to a round-bottomed flask, and mixed with approximately 

1.00 ml of distilled wat~r and 25 m14% w/v aqueous Na2S to precipitate 

mercucy. A pinch of zinc granules to prevent bumping and a layer of 40 

% w/v NaOH were added carefully. The flask was immediately 

connected to a distillation apparatus and the tip of the condenser was 

immersed in standard 0.1 N H2S04 containing about 5 drops of methyl 

red indicator (HiMedia !007). The flask was rotated to mix the contents ., 

thoroughly and heated until all the ammonia had distilled. The receiver 

was removed and the tip of the condenser was washed with distilled 
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water. The remaining acid in the receiver was titrated with standard 0.1 
I 

N NaOH solution. The blank determination on reagents was considered 
I 

for correction. Nitrogen was calculated in percentage. 

Total nitrogen(%)= 

(ml of standard acid x N of standard acid)- (ml of standard NaOH x N of standard 

NaOH) xl.4007/weight of sample (g). 

Protein content was determined by multiplying total · nitrogen 

value with 6.38 (for milk products) (AOAC, 1990). 

Protein(%)= Total Nitrogen(%) x 6.38 

Carbohydrate 

The carbohydrate content was calculated by di~erence (St~dal, 1963). 

Carbohydrate(%)= 100- [protein(%)+ fat(%)+ ash(%)] 

Energy Value 

:rhe energy vaiue was determined by multiplying the protein, fat and 

carbohydrate contents by the factors. 4, 9 and 4, respectively, and adding 

all the multiplication values to get kcal per 100 g. (Gopalan et al., 1995). 
I 

Reducing sugfl,r 

Reducing sugar content of sample . was· determined by modified 

colorimetric method of Somogyi (1945) using glucose as standard 

solution. To 1 ml of sample extract in a 20 ml capped glass tube, 1 ml of 

Reagent D was added and heated in a vigorously boiling water-bath for 

20 min. This was allowed to cool for 5 min in running tap water and 1 

ml of Reagent C was added and the test tube shaken until no bubbles 

evolved. After standing for 20 min, this was diluted to 25 ml with 
\ . 
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distilled water and absorbance was measured at 520 nm in UV-VIS 

Spectrophotometer (Specord 200, Analytik Jena, Germany). Reducing 

sugar was calculated in percentage. 
. 3 

Glucose(%)= (As-Ab)/(Ag-Ab) x [G] x 10· x V111 x 250N2x 100/10 

As = absorbance of' sample 

Ab =absorbance of blank 

Ag = absorbance of glucose 

[OJ= concent~ation of glucose solution (JJ.g/ml) 

10"3 = mg tog 

V 1 = total dilution volu~e for reaction (ml) 

1 = 1 ml for reaction 
I 

V2 = pipetting volume of extract for dilution (ml) 

250 =total volume of extract (ml) 

100=% 

I 0 = sample size for preparation of extract 

Minerals 

The method was based on AOAC (1990). The ash after heating the 

sample at 550° C for 3 h was dissolved in 5 ml of.20 % HCI. The 
\ 

solution was evaporated to dryness on a hot plate at a temperature of 

100-110° C and in an 'oven at 110° C for 1 h. The minerals in the dried 

residue were dissolved in about 10 ml of 100 % HCl and the solution 

was heated on a hot plate at a temperature of 100-110° C for 3-4 times. 

The solution was mad~ up to 100 ml with 1 % HCI. Calcium, iron, 

magnesium, manganese arid zinc was estimated in an atomic absorption 
{ 

spectrophotometer (Model 3110, Perkin-Elmer). 

52 



Microbial and physico-chemical changes during fermentation 

Soft chhurpi was prepared in the laboratory following the traditional 

method. Fresh cow milk was collect~d from a local milk producer. It 

was boiled, cooled and allowed to stand for 2 days at room temperature 

· after which dahi 'Yas p~oduced. The dahi was churned for I h to produce 

mohi and gheu. The mohi was boiled for 15 min to produce soft chhurpi, 
( 

which in tum was hung in a muslin cloth for 1 day to drain out excess 

whey .. The soft chhurpi
1 

was then put into a bottle and covered with a lid. 

This was allowed to ferment for 6 days at room temperature. Samples 

were taken every one day and the miCrobial and physico-chemical (pH, 

titratable acidity, reducing sugar) analysis done. 
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RESULTS 



SURVEY ON FERMENTED MILK PRODUCTS 

S~rvcy was conducted in randomly selected 228 households within entire 

state of Sikkim (Fig 1 ): The number of households surveyed in North 

district was 54, South district was 48, East district was 78 and West district 

was 48. The various types of indigenous fermented milk products, their 

traditional methods ·of preparation, equipment used, mode of consumption, 

socio-economy and ethnical importance were documented (Table I). Based 

on the survey, per capita consumption of different indigenous fermented 

milk products in the four districts of Sikkim was calculated (Table 2). The 

annual production of the various indigenous fermented milk products in 

Sikkim was also calculated (Table 3). 

Some of the common indigenous f~rmented milk products are dahi, 

mohi, gheu, soft chhurpi, dudh chhurpi, and lesser-known milk products 

are ch:hu, somar and philu. These milk products are prepared from cow 

milk as well as· kno (female yak) milk in Sikkim. Traditional method of 

preparation with flow-sh~et, mode of consumption, socio-economy of 

some of the ihdigenous fermented milk products were documented . 

. I 
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ClllNA 

INDIA 

• Setong 

• Yangri 

NORTH 

• Lachen 
• Lachung 

SIKKIM 
• Mangan 

WEST 

• Dentam 

Fig 1. Location map of indigenous fermented milk products making villages in 
the Sikkim Himalayas 



Table I. Indigenous fermented milk products of the Sikkim llimnluyus 

J•roduct Substrnte Nature nnd use Dominnnt consumer 

Dahi Cow/kno8 milk Thick-gel; Nepali, Bhutia, Lepcha 
refreshing 
beverage, savory 

. 
Mohi Cow/kno milk Buttermilk; Nepali, Bhutia, Lepcha 

j 

refreshing 
beverage 

Gheu Cow/kno milk Butter; important Nepali, Bhutia, Lepcha 
ingredient in many 
other local foods 

Soft Cow milk Soft, rubbery, Nepali, Bhutin, Lcpehn 
Chhurpi crumby-muss; 

curry, pickle, 
. soup, side-dish 

Dudh Cow milk Hard-mass; Nepali, Bhutia, Lcpclm 
chhurpi masticatory 

Chhu Cow/kno milk Semi-solid, strong .Bhutia 
' flavoured; soup, 

curry, side~dish 

So mar Cow milk Soft paste with .Sherpa 
1strong flavour; 
condiment, soup 

I 

Philu Cow/kno milk Soft solid cream; Bhutia 
cooked with butter 
and salt to produce 
a syrup delicacy, 
side-dish 

n kno, female yak 
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Table 2. Per capita consumption of indigenous fermented milk products of the Sikkim Himalayas 
; 

Per CRJ,itR con!IUlllJ,tlon (K J,er day) 

District 

North• Southb Eastc Westd Sikkimt 

Dahi 29.9 :i; 54.4 28.8 ± 35.5 46.2 ±48.1 19.2±19.2 33.0± 38.8 

<ihcu 10.3 ± 12.7 4.4 ±4.8 9.8 ± 21.3 1.7 ± 2.0 7.1 ± 14.5 

Soil chhurpi 5.0± 7.5 4.5 ±9.9 1.6 ± 5.0 0.7± 1.7 2.8±6.7 

Chhu 3.4 ± 5.9 3.5 ± 9.9' 0.3 ±0.9 0.4 ± 1.8 1.7 ± 5.6 

Somar 0 0.003±0.017 0.1 ± 1.0 0 0.04 ± 0.56 

Philu 0.4 ± 0.8 0.08 ± 0.31 0.0()6 ± 0.040 0.03 ± 0.13 0.1 ±0.4 

Dudh chhurpi ().0005 ± 0.0009 0.001 ± 0.007 0.005 ± 0.026 0 0.002±0.016 

l;er cat, Ita consam•J,tltm ( mlt,er day) 

Mohi 22.7± 32.9 52.5 ± 56.7 68.6± 89.9 53.8 ± 57.5 51.2 ± 68.1 

Products included both cow and kno fermented milk products. 

Data represent the means of households" SD ±54; householdsb SD ± 48; households0 SD ± 78; householdsd SD ± 
48; households" SD ± 228. 

Table 3. Annual productipn of indigenous fermented milk products in each household of Sikkim 

(kg per household) 

Product 

Dahl Gheu Soft chhurt,l . Chlm Somar l'hllu 
., 

; 76.2 ± 97.7 14.2 ± 28.5 5.0 ± 13.3 4.0± 12.3 0. I± 1.2 0.2 ± 1.0 125.4± 171.0 

• Litre per household 

Data represent the means SD± 228 of households. 

56 



DAUI 

Dahi is a traditional curd of the Sikkim Himalayas. It is a whitish semi-
' 

solid with a typical aroma and sour taste. Dahi is produced in most of the 

households for direct consumption as well as for the preparation of a 

number of other milk products like gheu, mohi, soft chhurpi, chhu, etc. 

Dahi is the Nepali ward. The Bhutias and Lepchas call it shyow. 

' 
Traditional method of preparation 

Fresh milk obtained from cow or kno (female yak) is boiled in a vessel. 

After boiling, the milk is ,cooled to room temperature. Sometimes a little 

amount of previous dahi (called 'mau' in Nepali) is added to the milk to 

speed the fermentation process. This is left for 1-2 days in summer or for 

~-4 days in winter at room temperature for natural fermentation (Fig 2). 

The duration of fermentation depends on the season as well as on the 

. geographical location of the place. 

Milk 
,J, 

Boiled 
,J, 

' Cooled to room temperature 
,J, 

Previous dahi ('mau') adde.d 
. ,J, 

Fermentation ( 1-2 days) 
,J, 

Dahi 

Fig 2. Flow sheet of dahi preparation in Sikkim 
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Mode of consumption 

Oahi is consumed <.lireclly us u rcH·eshing non-alcoholic beveruge. Sugur 

may or may not be added before consumption. It is also consumed aner · 
I 

mixing it with rice or 'chewra' (beaten-rice). Dahi is used to prepare a 

number of other milk products. like gheu, mohi, soft chhurpi, chhu, etc. 

Dahi is one of the important items in local diet including boiled rice, 

vegetable, pickle in meal (Plate 1 ). Per capita consumption of dahi is 33 

g/day iH Sikkim (Table 2). 

Socio-economy 

Many people in Sikkim produce dahi not m1Iy for self-consumption but 

' also for selling the product in the local markets. Dahi, being very popular, 
I ' 

I 

finds a good market in all places of Sikkim. It costs about Rs. 16 per kg in 

Gangtok market.· 

Ethnical importance 

l3csidcs consumption, dahi is an essence in many religiou~ occasions. 

Details of ethnical 'importance are discussed in discussion chapter of this 

thesis. 
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Plate 1. Typical Nepali meal including 
(a) dahi and (b) chhurpi curry 

Plate 3. Gheu being taken out of 
the theki 

Plate 2. Churning of dahi in a 
(a) theki with (b) madani to 
produce gheu and mohi 

Plate 4. Maa stored inside 
the sheep skin as maata 



MOHI 

Mohi is buttermilk, liquid fermented milk product. It is whitish-coloured 

with a sour taste. Mohi is the by-product during the production of gheu 

(butter) from dahi. However it serves as an important item in the diet of the 

local people. Mohi is the Nepali name. The Bhutias and Lepchas call it 

kachhu. 

Traditional method of preparation 
\ 

Fresh milk obtained from cow or kno is boiled in a vessel. After boiling, 

the milk is cooled to ro·om temperature. In most cases a little amount of 

previous dahi (called 'mau' in Nepali) is added. to the milk and left for 

fermentation for 1-2 days in summer or 2-4 days in winter at room 

temperature. Fermentation leads to the formation of dahi. The dahi is 
' 

churned to produce gheu and mohi. The churning can be done in a two 

ways. The most common and easy-to-use method is by using a long 
' 

bamboo vessel, variously called as 'Tolung', 'Somg', or 'Padung' and a 

'Madani', a long. stick (Shar) with a circular or star-shaped flat wooden 

disc (Pangra) at one end. The dahi is poured into the bamboo vessel and the 

. dahi is churned by lifting and lowering of the madani inside the bamboo 
\ 

vessel (Plate 2). The churning is done for 30-45 minutes with the addition 

of either cold or warm water as the weather demands to facilitate better 

separation of the gheu (butter) from the liquid mohi (buttermilk). After a 

big lump of gheu is formed and seen floating on the mohi, it is carefully 

lifted out with the hand and transferred to another vessel. Another method 

of churning is by using a 'Theki', a hollow wooden vessel and a 'Madani' 

consisting of the 'Ghurra', the churning part and the pulling string called 

'Neti'. The dahi is kept inside the Theki and churned by pulling the Neti 

with either hand so that the Madani rotates in alternating clockwise and 

anticlockwise direction in the Theki. Cold or warm water is added as the 
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weather demands to facilitate better separation of the gheu (butter) from the 
' 

liquid mohi (buttermilk). The' gheu is collected as in the first method. The 

liquid that remains behind is mohi (Fig 3). 
I 

Milk 
.J, 

Dahi 
.J, 

Churned in bamboo or wooden vessel (30-45 min) 
with the addition of warm or cold water 

.J, 
~ Gheu(butter) 
:j, 

Mohi 

Fig 3. Flow sheet ofmohi and gheu preparation in Sikkim 

Mode of consumption 

Mohi is consumed as a cooling beverage during hot days and also to 

overcome tiredness. It is also processed further to produce other fermented 

milk products like soft chhurpi, chhu, dudh chhurpi, etc. Per capita 
\ 

consumption of mohi is 5 .1.2 ml/day in Sikkim (Table 2). 

' 
Socio-economy 

Mohi is consumed at home as buttermilk drink. 
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GHEU 

Ghcu (butter) is a white-coloured. son: paste fermented milk product with a 

typical pleasant flavour and aroma. It is important cqmmercially as well as 

for various other functions. Gheu is the Nepali name. The Bhutias and the 

Lepcha call maa and mor, respectively. 

Traditional method of preparation 

The dahi is churned to produce gheu (Plate 3) and mohi as described in 

mohi preparation (Fig 3). In ,North Sikkim, the Bhutias store gheu (maa) by 

wrapping it in a cubical shaped dried skin of 'bhenglung' (high altitude 

sheep) by stitching on all the edges from the inside called as 'maata' (Plate 

4 ) .. Maata can be stored for several months or ·years for later consumption 

of the maa inside. 

, Mode of consumption 

Freshly prepared gheu (called 'nuhaune gheu~) is rarely consumed as it is. 
' 

It is clarified further by boiling till the oily liquid separates from the 

unwanted dark-brown precipitate ('bilauni' or 'khar'). The clarified gheu 

(butter) is then consumed in a variety ofways. Gheu is mixed with boiled 

rice and eaten.· It provides excellent aroma to the rice. It is also spread over 

bread and consumed. Gheu is used to prepare a large number of dishes like 

'parathas', 'sclroti', 'khabjay', 'pulao', various sweets and dishes, etc. Per 

capita consumption of gheu is 7.1 glday in Sikkim (Table 2). 
' 

Socio-economy 

Gheu is a highly priced milk product and serves as a major source of 

income for farmers and cattle-rearers i~ the Sikkim Himalayas. It is sold in 

the local markets all the year round. Cow milk gheu costs about Rs.l60 per 

kg in Gangtok market. 
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SOFT CHHURPI 

Soil chhurpi (Plate 5) is a cheese-like 'fermented milk product. It has a 

rubbery texture with slightly sour taste and excellent aroma when it is 

fresh. Soft chhurpi is used to prepare various dishes and its popularity is 

increasing as it provides a different taste to food. 

1~raditional method of preparation 

Dahi is churned iri a bamboo or wooden vessel, with the addition of warm 

or cold water, to produce gheu and mohi. The mohi is cooked for about 15 

minutes till a soft, whitish mass is formed. This mass is seived out and put 

inside a muslin cloth, which is hung by a string to drain out the remaining ., 

· whey. The product is called soft-variety of chhurpi (Fig 4). 

Milk 
-1-

Dahi 
-!-

Churned in bamboo or wooden vessel (30-45 min) 
with the addition of warm or cold water 

' -1-

~ Gheu(butter) 

Mohi (buttermilk) 
-!-

Cooked for 15 min 
-!-

Solid, white mass seived out 
I -!-

Whey squeezed out with a muslin cloth 
-i-

S oft chhurpi , 

Fig 4. Flow sheet of soft chhurpi preparation in Sikkim 
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Mode of consumption 

Soft chhurpi is prepared into a curry by cooking it in oil along with onions, 

tomato and chilies. Curry is also be prepared with wild edible ferns (Plate 

6), locally called 'sauney ningro' (Diplazium po(ypodiodes) and 'kali 

ningro' (Diplazium sp.). This curry is consumed with rice or chapattis. It is 

also used to prepare "achar' or pickle by mi~ing it with chopped cucumber, 

radish, chilies, etc. Soup prepared from soil chhurpi can be consumed as a 

substitute for dal along,with rice. Per capita consumption of soft-variety of 

chhurpi is 2.8 glday in Sikkim (Table 2). 

Socio-economy 

Soft chhurpi is sold in the local markets (Plate 8). It is consumed as an 

ex~ellent source of protein and as a substitute for vegetables. Soil chhurpi 

costs about Rs. 60 per kilogram in Gangtok market. 

DUDH CHHURPI 

Dudh chhurpi (P,late 7) is a common fermented milk product consumed as 
' 

a masticatory in the Sikkim Himalayas. ·It is' usually prepared from cow 

milk and is available as small cubical shaped white solid mass in the local 

markets. A sweet, white powdery surface covers the hard-textured mass 

inside. In the market, dudli chhurpi pieces are sold after sewing in long 

strings. The Bhutias and Lepchas call it khamu. 

Traditional method of preparation 
\ 

Cow milk is boiled, cooled and kept for 1-2 days at room temperature to 

produce dahi. Dahi is churned in a bamboo vessel to produce gheu (butter) 

which is separated from the liquid mohi (buttermilk). The mohi is cooked 

in a vessel over fire for about 15 minutes to produce a solid white mass. 

This mass is taken out using a bamboo sieve (called 'chucha') and after the 
' 
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Plate 5. Soft chhurpi Plate 6. Soft chhurpi curry with 
edible ferns and red chilli 

Plate 7. Dudh chhurpi 

Plate 8. Gheu and soft chhurpi 
being sold in the local market 

Plate 9. Dudh chhurpi being 
sold in the local market 



:liquid whey is drained on: it is placed inside a jute~sack. It is then pressed 

with a heavy stone for 2-4 hours to drain out the liquid. The solid is taken 

out of the sack, cut to cubical pieces (about 6.0 g weight). 'Thake', a thick · 

paste prepared from the cooked mohi and milk, is applied on the surface of 

theses pieces, which are then, are woven in a thread and hung in the open 

air for sun drying for 3-4 days (Fig 5). After 9rying, this unique dairy 

product is consumed as masticatory. 

Milk (boiled) 
-1-

Dahi. 
-1,. 

Dahi churned 
-1-
~ Gheu (butter) 
-1-

Mohi (butter-milk) 
-1-

Cooked for 15 min 
-1-

Solid, white mass sieved out 
-1-

Pressed in ·a sack with heavy stones (2-4 h) 
-1-

Cut into cubical pieces 
·-1-

+- Thake paste added in the surface 
-1-

Wovcn in long thread and sun dried for 3-4 days 
-1-

Dudh chhurpi 

Fig 5. Flow sheet of dudh chhurpi preparation in Sikkim 
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Mode of consumption 

Dudh chhurpi is consumed as a nutritious masticatory (like a chewing 

gum) by the people of Sikkim. 

Socio-economy 

Dudh chhurpi is sold· in allloeal markets of Sikkim (Plate 9). It is available 

in chains woven in strings or as individual pieces. Dudh chhurpi costs 

about Rs.l to 2 per piece in Gangtok market. 

CHHU. 

Chhu (Plate 1 0) is a traditional fermented milk product consumed mostly 
' I 

by the Bhutia community in ~ikkim. It is prepared from boiled or unboiled 

milk. Lik~ chhurpi, it initially has a rubbery texture with slightly sour taste 

when it is fresh. But after further fermentation it becomes more liquid, 

creamish to pale yellow coloured and develops a strong flavour. 

Traditional method of preparation 

Dahi ('shyow') is prepared from boiled or unboiled milk (which helps in 

the formation of a highly sour and rapidly fermenting chhu later on). The 

dahi is churned in a bamboo or wooden vessel, with the addition of warm 
\ 

or cold water to produce gheu ('maa') and mohi ('kachhu'). The mohi is 

cooked for 15 minutes .till a soft, whitish mass is formed. This mass is 

seived out and put inside a muslin cloth, which is hung by a string to drain 

out the remaining whey. The product is called chhu (Fig 6). The chhu is 

pl~ced in a closed vessel and kept for several days to months to ferment the 

product further after which it is consumed. 
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Milk (boiled or unboiled) 
,l, 

Dahi (shyow) 
,l, 

Churned in bamboo or wooden vessel 
,l,. 
~ Gheu(maa) 

,l, . 

, Mohi (kachhu) 
,l, 

Cooked for 15 min 
,l, 

Solid, white mass sieved out 
-1, 

Whey squeezed out with a muslin cloth 
-J-

Fresh chhu 
-J-

Further fermentation (7-30 days) 
,l, 

Chhu 

Fig 6. Flow sheet of chhu preparation in Sikkim 

Mode of consumption 

Fresh chhu is placed inside a vessel· with a tight lid and left for 

fermentation at room te111perature for a few days to several months. Chhu 

is prepared into a curry by cooking it in oil along with onions, tomato and 
( 

chilies. This curry is consumed with cooked rice. Per capita consumption 

of chhu is 1. 7glday in Sikkim (Table 2). 

' 
Socio-economy 

·Fresh chhu is sold in the local markets. It costs about Rs. 60 per kilogram 

of fresh chhu ~n Gangtok market. 
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SO MAR 

Somar (Plate 11) is a traditional fermented milk product prepared from cow 

milk consumed mostly by tpe Sherpa community belonging to Nepalis 

ethnic group resides at high altitudes in the Sikkim Himalayas. It is a soft 

paste. with slightly bland apd bitter taste and has a highly fermented smell. 

Somar is kept for a lohg period of time by cooking it with gheu (butter) and 
' . 

'hardi' (tumeric) to produce a soft-brown paste to form a new type of 

somar. This is consumed as soup along with rice or 'dhero', a dish 

prepared from fingermillet. 

Traditional method of preparation 

Dahi ('shyow') is prepared from boiled and cooled cow milk. The dahi is 

churned in a bamboo vessel ('tolung') with a 'madani' for 30 minutes, with 

the addition of warm. or cold water, to separate butter ('mor') from 

buttermilk ('thara'). The mohi is cooked for 15 minutes till a soft, whitish 

mass is formed. This mass is seived out with a cloth or plastic sieve. The 

product is called 'shergem' (same as soft chhurpi). The shergem is placed 

in a closed glass or plastic vessel and kept for several days (about 15 days) 

to ~erment the product further. The fermented product is then cooked with 

milk, 'mor' (butter) and 'hardi' (tumeric) to prepare a thick brown paste, a 

new form of somar (Fig 7). This type of so mar ,is stored several months for 

later consumption. 
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Cow milk 
,!.. 

Shyow (duhi) 
-!, 

Churned in a to lung with a madani (30 min) 
with the addition of warm or cold water 

,!.. 
~ Mor (butter) 

,!.. 
Thara (buttermilk) 

,!.. 
Boiled in a vessel till it coagulates ( 15 min) 

~ 
Shergem (soft chhurpi) 

-!, 
Sieved in a cloth or plastic sieve to drain out water 

,!.. 
Fermented in a closed glass or plastic bottle for 15 days 

,!.. 
Cooked with milk, mor (butter), hardi (tumeric) 

to form a thick brown paste (30 min) 
-!-

Stored in bottles for 3-6 months 
' -!-

( Somar 

' Fig 7. Flow sheet of so mar preparation in Sikkim 

Mode of consumption 

·A thick soup of somar is made by mixing with oil, garlic and salt. Somar 

soup is consumed with rice or 'dhero', a fingermillct dish. 

Socio-economy 

Somar is not sold in the market due to limited number of consumers. It is 

occasi<?nally prepared ~n the homes of the Sherpas for self-consumption. 
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PIDLU 

Philu (Plate 12) is a typical indigenous fermented butter-like milk product 

obtained from cow or kno (female yak) milk. It is commonly consumed as 

cooked-paste delicacy, with boiled rice by the Bhutias of Sikkim. Philu 

produced from cow milk js white coloured with a butter-like texture. It has 

a faint butter-like aroma and slightly bland taste.' The philu obtained from 

kno milk has a creamish~white colour with an inconsistent semi-solid 

texture. It is more flavoured and sour in taste. 

Traditional method of preparation 

During the· traditional method of philu prepar~tion, fresh milk collected in 

cylindrical bamboo vessels (locally called 'dhungtuk' and 'dzydung' by the 

Bhutias) or in wooden vessels (called 'yadung' or 'thongba' in North 
I ' 

Sikkirn) is slowly swirled around the walls of these vessels by rotating 

these vessels for a few minutes (Plate 13). Sometimes a thick mesh of dried 

creeper is kept inside the vessel to increase the surface area of the vessel. A 

creamy mass sticks to the walls of the vessels and around the creeper. The 

milk is then poured off and utilized elsewhere. The vessel is then1 kept in an 

upside down position to drain out !he remaining liquid. This process is 

repeated daily for about 6 to 7 days until a thick, white cream-layer is 
\ 

formed on the vessel walls and the creeper surface (Fig 8). This soft mass, 

known as philu, is scraped off and sold or consumed. 
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Milk ( unboiled) 
~ 

Collected in bamboQ or wooden vessels 
(sometimes with creeper mesh inside) 

~ 
Rotated and swirled in the vessel 

-i 
Milk poured off, vessel upturned 

-i 
Process repeated for 7 days 

until thick, layer formed on vessel wall and creeper mesh, 
fermentation of the creamy mass continues throughout the entire period 

-i 
Scrape off whitish layer of cream from vessel walls and creeper 

' -i 
\ Philo 

Fig 8. Flow sheet of philu preparation in Sikkim 

Mode of consumption 

Philu is consumed as a side dish with rice. Gheu ('maa') is cooked for 

sometime in a vessel. To this philu is added and cooked further after ,, 

,. adding a little salt. Rich gravy is prepared and consumed along with boiled 

nee. 

Socio-economy 

Philu is a high-priced traditional milk product of the Sikkim Himalayas. 

Cow milk philu costs Rs. 200 per kg in Gangtok market. Many people are 

dependent on this product for their livelihood. In North Sikkim, philu is 

produced mostly from kno milk and is produced and consumed at the 

household level by the Bhutias. 
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Plate 10. Chhu 

Plate 12. Philu and philu wrapped 
in a leaf for selling purpose 

Plate 11. Somar 

Plate 13. Preparation of philu in a 
bamboo vessel 



MICROORGANISMS, 

Microbial load 

One hundred 'and eighty-five samples of cow milk-fermented 'milk products 

,and eighty-one samples of kno (female yak) milk-fermented milk products 

were collected from different places of Sikkim as shown in Table 4 and 5, 

. respectively. Samples were analysed for microbial load (Table 6 and 7). 

The lactic acid bacteria (LAB) numbers were generally higher ranging 

from 104 to 108 cfulg in all the fermented milk products analysed. The 

population of spore-formers was recovered in unboiled milk of cow and 

kno, soft chhurpi, cow 'chhu and so mar at the level of 1 0 to 103 cfu/ g. The 

yeast population ranged at the level of 103 to 107 cfu/g. However, yeasts 

were not detected in samples of kno mohi, kno maa and kno philu. No 

filamentous mould was detected in any of the samples of fermented milk 

products analysed. Aerobic mesophilic counts were 108 cfulg in unboiled 

milk (cow and kno ), 108 to 109 cfu/ g in dahi, chhu, philu, 108 cfu/ g in mohi 

and soft chhurpi, 105 cfulg in somar,. 104 cfulg in dudh chhurpi and 106 

cfulg in maa. 

Out of 1050 isolates of microorganisms obtained from 266 samples 

of fermented milk products, 772 isolates were 'lactic acid bacteria, 74 were 
' 

spore-formers and 204 were yeasts. 
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Table 4. Collection of cow milk and its fermented products from different places of Sikkim 

Product Sample code Place of collection District No. of samples collected • ' CMN Namchi South 3 
Milk CMR Ranka East 4 
(unboiled) CMS Syari \ East 3 

CMD Den ):am West 3 

COM Mangan North 3 
CDRI Ralong South 5 
CON Namchi South 5 
CDC Changey East 4 

Dahi CDR Ranka East 5 
CDS Sam dong East 4 

COP Pakyong East 4 

CDR2 Rhenock East 5 
COB Bhusuck East 6 
COD Den tam West 5 

COM ·Mangan North 4 

CON Namchi South 5 

Mohi ·cos Sam dong East 4 

COR Rank a East 6 

COD Den tam West 4 
CCM Mangan North 5 
CCN Namchi South 6 
ccs Sam dong East 5 

Soft CCRI Rani pool East 5 
chhurpi CCR2 Ranka East 4 

CCB Bhusuck East 6 
CCP Pakyong East 6 
CCG Geyzing West 5 
ceo Den tam West 4 
CUR Ralong South 6 

Chhu <:;UN Namchi South 5 
CUGI Gangtok East 5 
CUG2 Geyzing West 5 
CSRI Rongli, East 5 

Somar CSR2 Rongli East 5 
CSNI• Begha West 6 
CSN2 Begha West ' 4 

Philu PCI Changey East 5 
PC2 Changey East 5 

Dudh DCI Changey East 3' 
chhurpi DC2 Changey East 3 

72 



Table 5. Collection ofkno (female yak) milk and'its ferniented products from different places 
ofSikkim 

Product Sample code Place of collection District No. of samples collected 

KML Lachen North 3 

KMLg Lachung North 3 

Milk KMY . Yangri North 3 
(unboiled) 

KMS Setong North 3 
. I 

KMK Kupup East 3 
I 

KSY Yangri North 5 

Dahi KSS 
I 

Setong North 6 

KSK Kupup East 5 

Mohi KOY Yangri North 5 

KOS Setong North 5 

KCY Yangri North 5 

Chhu KCS Setong North 4 

KCK Kupup East 5 

Philu KPY Yangri North 6 

KPS ,Setong North 5 

KAL Lachen North 3 

Maa KAY Yangri North 4 

KAS Setong North 5 

KAK Kupup East 3 
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Table 6. Microbial load of fermented cow milk products ofthe Sikkim Himalayas 

Log cfulg fresh weight 
Product 

LAB Yeast Sporeformer Aerobic mesophilic 
count 

Milk 8.2 7.3 2.0 8.5 
(unboiled) (8.0-8.3) (7.2-7.4) (1.8-2.3) (8.4-8.7) 

Dahi 8.6 6.7 <DL 8.9 
(8.5-8.7) . (6.6-6.8) (8.7-9.0) 

Mohi 8.5 6.3 <DL 8.8 
(8.5-8.6) (6.2-6.4) (8.5-8.9) 

Soft chhurpi 8.4 6.6 2.5 8.6 
(8.4:-8.6) (6.3-6.9). (2.4-2.7) (8.5-8.7) 

Chhu 8.2 6.8 3.1 9.0 
(7.9-8.3) (6.6-6.9) ' (2.7-3.2) (8.9-9.1) 

So mar 4.4 3.0 3.2 5.3 
(4.2-4.6) (2.7-3.3) I (3.0-3.3) (5.1-5.4) 

Philu 8.1 6.5 <DL 9.5 
{7.9-8.2) (6.4-6.7) . (9.2-9.6) 

Dudh chhurpi 4.0 3.3 <DL 4.5 
(3.8-4.1) (3.0-3.7) (4.3-4.7) 

cfu, colony forming units; LAB, lactic acid bacteria; DL, detection limit was 10 cfu/g 

Data represent the means of 13 samples of unboiled milk; 46 samples of dahi; 23 samples of m,ohi; 46 
samples of soft chhurpi; 21 samples ofchhu; 20 samples ofsomar; 10 samples ofphifu; 6 samples of 
dudh chhurpi. 

Ranges are given in parentheses. Mould was not' detected. 
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Table 7. Microbial load of fermented kno (female yak) milk products of the Sikkim Himalayas 

Log cfu/g fresh weight 

LAB Yeast Spore-former Aerobic 

Product mesophilic 
count 

7-.1 5.0 1.2 8.2 

Milk 
(7.0-7.3) (4.9-5.2) (0.8-1.4) (8.1-8.3) 

(unboiled)' 

8.5 6.7 <DL 9.1 

Dahi 
(8.3-8.6) (6.7-6.8) (9.0-9.2) 

8.7 <DL <DL 8.9 

Mohi 
(8.5-8.8) (8.8-9.0) 

6.2 <DL <DL 6.9 

Maa 
(6.1-6.6) (6.8-7.0) 

8.7 7.2 <DL 9.3 

Chhu 
I (8,5-8,8) (7.0-7.3) (9.2-9.4) 

8.0 <DL <DL 8.5 

Philu 
(7.9-8.1) (8.4-8.6) 

cfu, colony forming units; LAB, lactic acid bacteria; DL, detection limit was 10 cfulg 

Data represent the means of 15 sampies ofunboiled milk; 16 samples of dahi; 10 samples ofmohi; 15 
samples of maa; 14 samples of chhu; ll samples of philu. 

Ranges are given in parentheses. Mould was not detected. 

Lactic acid bacteria 

Out of 772 lactic acid bacteria strains isolated from 266 samples of 

fermented milk (both cow and kno) products, 663 isolates were non

sporeforming rods and 109 isolates were coccii (Table 8). 
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Table 8. Selection of representative strains of LAB isolated from fermented milk products of 
the Sikkim Himalayas 

Producf' Number Cell Gas NH3 Grouped Representative 
of strains Shape \from from strains strains 
isolated glucose arginine 

Coccus 2 CMS2:C1 

Cow milk 45 ' Coccus + 2 CMR2:Cl 
(unboiled) 

Rod 34 CMN1:R1 

Rod + 7 CMDl:Rl 

Coccus - 27 CDM1:C1 

Cow dahi 92 Coccus + 4 CDN1:C4 

Rod 58 CDC1:R1 

Rod + 3 CDP1:R1 

Coccus 17 COM1:C3 

Cow mohi 46 Coccus + 14 CON1:C4, 

Rod 15 
COS1:Cl 

COD1:R2 

Coccus 4 CCB1:Cl 

Cow soft 93 Rod 23 CCDl:Rl 
chhurpi 

Rod 18 CCD2:R1 + 

Rod + + 28 CCNl:Rl 

Rod + 20 CCR2:Rl 

Coccus 10 CURl:Cl 

Cow chhu 70 Rod 46 CUG3:Rl 

Rod + 8 CUG1:R2 

Rod + + 6 CUG2:R2 
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Product" Number Cell Gas NH3 Grouped Representative 
of strains Shape from from strains strains 
isolated glucose arginine 

Cow 25 Coccus 10 CSR2:C1 
so mar 

Rod 15 CSRl:Rl 

Coccus + 19 PC1:C4 

Cow philu 80 Rod 17 PC2:R6 

Rod + + 18 PC1:R11 

Rod + 26 PC1:R1 

Rod 5 DC2:Rl 

Cow dudh 49 Rod + 4 DCI:R2 
chhurpi' ' 

Rod + + 20 DC4:R1 

Rod + 20 DC4:R2 

Rod 25 KMKl:Rl 

Kno milk 58 Rod + 15 KMLl:R2 

Rod + + 9 KMK3:R1 

Rod + 9 KMYI:Rl 

Kno dahi 53 Rod 23 KSYl:R2, 
KSY2:R2 

Rod + 30 
KSKI:Rl 

Rod 41 KCKl:R1 

KQo chhu 
I 

81 Rod + + 12 KCY1:R1 

Rod + 28 KCK2:R4 

Kno philu 80 Rod 80 KPYl:Rl 

~umber of samples is given in Table 6 and 7. 

All isolates were Gram-positive, catalase-negative, non-sporeformers and non-motile. 
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All isolates of l~ctic acid bacteria were Gram-positive, non-

. sporeforming, non-motile, catalase negative and facultative anaerobes; they 

did not hydrolyse casein, gelatin and· starch. Representative strains 

CMNl:Rl (cow milk), CCD2:Rl (cow soft chhurpi), KMKI:Rl (kno 

milk), CMDl:Rl (cow milk),.CDPl:Rl (cow dahi), PCl:Rll (cow philu), 

PC 1 :Rl (cow philu), DC4:R2 (cow dudh chhurpi), KMYl :Rl (kno milk), 

KSK,l:Rl (kno dahi), K~K2:R4 (kno chhu), CDCl:Rl (cow dahi), 

CODl:R2 (cow mohi), CCDI:Rl (cow soft chhurpi), CUG3:Rl (cow 
' . 

chhu), CCNl~Rl (cow chhu), CCR2:Rl (cow soft chhurpi), CUG2:R2 

(cow chhu), KCYI:Rl (kno chhu), PC2:R6 (cow philu), DC2:Rl (cow 

dudh chhurpi), KPYl:Rl (kno philu), CSRI:Rl (cow somar), KSYI:R2 

(kno dahi), KSY2:R2 (kno dahi), DC4:Rl (cow dudh chhurpi), K.MK3:Rl ., 

'(kno milk), CUGI:R2 (cow chhu), DCl:R2 (cow dudh chhurpi), KMLl:R2 

(kno milk), KCKl:Rl (kno chhu) were non-sporeforming rods. 

On the basis of sugar fermentation using the API system, lactic acid 

configuration and meso-diaminopimelic determination (Table 9) and also 

the taxonomical keys described by Sneath et al. (1986) and Wood and 

Holzapfel (1995), homo-fermentative lactic ·cMNI:Rl, CCD2:Rl, 

KMK.l:Rl were identified as Lactobacillus plantarum (Orla-Jensen) 

Bergey et al. (Plate a), strains CDCI:Rl, CODI:R2, CCDl:Rl, CUG3:Rl 

as Lactobacillus· alimentarius Reuter, strains CSRI:Rl, KSY1:R2, 
' 

KSY2:R2 as Lactobacillus casei subsp. pseudoplantarum Abo-Elnaga and 

Kandler, strains PC2:R6, DC2:Rl, KPYl :Rl as Lactobacillus casei subsp. 
' 

casei (Orla-Jensen) H~sen' and Lessel, strains CUGI:R2, DC1:R2, 

KMLl :Rf as ~actobacillus farciminis Reuter, strain KCKl :Rl as 

Lactobacillus salivarius Rogosa, Wisem~, Mitchell and Disraely; whereas 

hetero-fermentative lactics CMDl:Rl, CDPl:Rl, PCI:Rll, PCI:Rl, 

DC4:R2, KMYI:Rl, KSKI:Rl, KCK2:R4 were identified as Lactobacillus 

bifermentans Kandler, Schillinger and Weiss, strain CCNI :Rl as 
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Lactobacillu~ hilg'ardii Douglas and Cruess, CCR2:Rl as Lactobacillus 

kefir Kandler and Kunath, strains CUG2:R2, KCYI :Rl as Lactobacillus 

brevis (Orla-Jensen) Bergey et a/. and strains DC4:Rl, KMK3:Rl as 

Lactobacillus confusus (Holzapfel and Kandler) Sharpe, Garvie and ,, 

:Tilbury 

Representative strains CMR2:Cl (cow milk), CDNI:C4 (cow dahi), 

CONl:C4 (cow mohi), COSI:Cl (cow mohi), CMS2:Cl (cow milk), 

CDMI.:Cl (cow dahi), COMI:C3 (cow mohi), CURl:Cl(cow chhu), 

CSR2:Cl (cow somar) were coccii in shape, grew well at 10° C and 15° C, 

pH 3.9 but not in pH 9.6, grew in NaCl 6.5 %, produced no gas from 

glucose. Foil owing sugar fermentation pattern of isolates using API 50 

CHL system and the taxonomical keys of Sneath et al. (1986) and Wood 

and Holzapfel (1995), strains CMR2:Cl, CDN1:C4, CON1:C4, COSl:Cl 

were identified as Lactococcus lactis subsp. lactis Schleifer et al. and 

CMS2:Cl, ·cDMl:Cl, COMl:C3, CURI:Cl, CSR2:Cl as Lactococcus 

lactis subsp. cremoris Schleifer eta/. 
; 

Rrpresentative strains CCBl :Cl (cow ,soft chhurpi), PCl :C4 (cow 
I 

philu) were coccus-shaped, grew well at,10° C, 15° C and 45° C, pH 3.9 

and pH 9.6, grew in NaCl 6.5 %, produced no gas from glucose. Following 

sugar fermentation pattern of isolates using API 50 CHL system and the 

taxonomical keys of Sneath et al. (1986) and Wood and Holzapfel (1995), 

strains CCBl:Cl, PCI:C4 were identified as Enterococcusfaecium (Orla

Jensen) Schleifer and Kilpper-Balz (~late b). 

79 



Plate (a). Lactobacillus plantarum 
CCD2:Rl (MRS agar, 3d, 30° C), 
isolated from soft chhurpi, showing 
non-sporeforming rod cells in phase 
contrast micrograph (x 825). 

Plate (b). Enterococcus faecium 
PCl :C4 (MRS agar, 3 d, 30° C), 
isolated from phil~ showing 
coccus cells in phase contrast 
micrograph ( x 825). 

Plate (c). Bacillus subti/is 
CSR2:S 1 (NA, 2 d, 30° C), 
isolated from somar, showing 
endospore-forming rods in 
phase contrast micrograph 
(x 825). 
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Table 9: Characteristics of LAB strains Isolated from fennanted milk products of 1he Slkklm Himalayas 

,. 
() 

Growth at/In 

'" 
() Cl 
~ !;> 0 :; No 

'i ; • 1: 1: z z z I! 
~ = il () - [ • • • .. 
t i i a- i () () () t: • !2 !2 ; i ,. 

Product Strain code .. !!. 

i l .. ~ 

0 ... 0 ... 
2. 'E' c at at .. 
~ 2. 

:; 

i I 'li 
;; 

. 1.1 (0.8-1.2) 
CMN1:R1 Rod X + - - - + + - + - + - - + DL 

0.5 10.4-0.6) 

- 1.0 (0.8-1.2) 

Cow milk 
CMD1:R1 Rod X + - - + + + - + - - - - - DL 

0.5 10.4-0.8) 

CMR2:C1 Coccus 1·.3 (0.8-1.6) + - + - + - - + - - - - nd L 

CMS2:C1 Coccus 1.2 (0.8-1.6) + - - - + + - + - + - - nd L 

1.0 (0.8-1.2) 
CDC1:R, Rod X + - - - + + - + - + - - - L(D) 

0.5 (0.4-0.8) 

CDM1:C1 Coccus 1.1 (0.8-1.6) + - - - + + - + - + - - nd L 

Cow dahl 
CDN1:C4 Coccus 1.2 (0.8-1.6) + - - - + + - + - + - - nd L 

1.0 (0.8-1.2) 

CDP1:R1 Rod X + - - + + + - + - + - - - DL 

0.5 (0.4-0.8) 

0.9 (0.8-1.2) 
COD1:R2 Rod X + - - - + + - + - + - - - L(D) 

0.4 !0.3-0.5) 

Cowmohl 
COM1:C3 Coccus 1.1 (0.8-1.6) + - ·-- - + + - + - + - - nd L 

CON1:C4 Coccus 1.3 (0.8-1.6) + - + - + + - + - + - - nd L 

COS1:C1 Coccus 1.1 (0.8-1.6) + - + - + + - + - + - - nd L 

0.9 (0.8-1.3) 
CCD1:R1 Rod X + - - - + + - + - + - - - L(D) 

0.5 (0.3-0.6) 
1.2(1.0.1.6) 

CCD2:R1 Rod X + - + - + + - + - + - - + DL 

0.6 10.5-0.6) 
Cow soft 1.5(1.0.1.9) 
chhurpi CCN1:R1 Rod X + - + + + + - + - + - - - DL 

0.7 10.5-0.8) 
0. 7 (0.5-0.8) 

CCR2:R1 Rod X + - - + + + - + - - - - - DL 

0.4 !0.3-0 5) 

CCB1:C1 Coccus 1.3(1.0.1.6) + - - - + + + + + + - - nd L 

nd, not determined 

Sugars Fermented 

,. ;a )( f !!' i ~ ~ I i f I 1: 

'" 
1: ~ 1: 

il il • t I ~ • 
~ 

i' i " • " §: i I a i ; " IE " 'Identity 

I " I I I " I i i 

~ 

- + - + + + - + - + + + + + + - + I.M:tobaciiiiM ,__,., . 
- + - + + + - + - + + + + + + - + l.llt:tDI»ccll ~ . 
- + - + - + - + - + + + + + + - - t..cfocaccua /ectJa au~p. /ectJa 

- + - + - + - + - + + + + + + - - U/ctococcw /ectJa subap. c,..,.,. 
_r, 

- + - + + + - + - + + + + + + - + l.llt:tDI»ccll..,_,.. 

- + - + - + - + - + + + + + + - - t..cfocaccua /ectJa sur.p. 
~ 

+ + - + + + - + - + + + + + + - + Ucfocaccua /ectJa SUMp.-.. 

- + - + + + - + - + + + + + + - -~ ,.,.,_. 

- + - + + + - + - + + + + + + - - ,__..,. .,_,.,.,. 

+ + - + + + - + - + + + + + + - - U/ctococc.,. /ectJa aubap. c......,. 
+ + - + + + - + - + + + + + + - - Lllcfococcue- subap. /ectJa 

+ + - + + + - + - + + + + + + - - Uctococc.,.- SUMp. lectJa 

- + - + + + - + - + + + + + + - + Lactobllclllw~ 

+ + + + + + + + + + + + + + + - + Lactobllclllw p/MifMum 

+ + + + - - - - - - - - + - + - - Uctol»c/llue h/lgatflll 

+ + + + + - - - - - - - + - + - - Uctol»c/llue keflr 

+ + - + + + + + - + + + + + + - -Entwococc.,.fNclum 
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contd. Table 9: Characteristics of LAB strains Isolated from fennented milk products of'!"' Slkklm Himalayas 

J> Growth Ulln ,... Sug•n Fel'l'!lefltM 
0 Cl 0 • 
~ li Gl :;.?-~~..,..,zzz &J>::o><c:>~~>-<::O!I:II>mll>li!I:~"'!I:::O!I: 
~ : ; () 3" a ~ -o o X X ~ ~ ~ 3 n il 0: l !!. ~ ~ ; ! i :; ! : ~ ; !: ~ ~ -
o "' 3!1•3ooo!-'"'---6J>cro •a 3::acrcnooocr = 

Product Strain code -a N' , !. :J: "' C. !" -~ : _ !!. :; I I ~ : ~ :a o g §' :; !!: : ·: o ~ ;; Identity 
:r • cn."<Q u. - ... a.o o•- o •:o 
!!. €' !: = a- c "~- "~- 3 • = = : = . = . = 
.g a :J -<S ~ 
'< ;. • !: -

1.2(0.6-1.6) - -
CUG2:R2 Rod x + - + + + + - + - + - - - DL + + + + - - - - - - - - + - - - - LM:ttoblldl/118 b,.W. 

0.6 (0.4-0.8) 
0. 7 (0.&0.6) 

CUG3:R1 Rod x + - - - + + - + - + - - - L(D) - + - + + -t - + - + + + + + + - + ~1118allmentlll1118 
Cow chhu 0.5 (0.3-0.6) ' 

1.5(1.0.1.9) 
CUG1:R2 Rod x + - + - + + - + - w - '- - L(OJ + + + + - - - - - - - - - - + - - LM:ttoblldl/118 t.n:lmltm 

o.4 ro.3-0.5J I 
. l..c:lacaccii811Jctia aubsp. I 

CUR1:C1 Coccus 1.1 (0.6-1.5) + - - - + + - + + + - - nd L - + - + - + - + - + + + + + - -~ 

M~~~ 1 
PC1:R11 Rod x + - + + + + - + - + - - - OL - + + - - - - - - - - - + - - - - LM:ttoblldl/118~ I 

0.4 (0.3-0.5) 

PC1:C4 Coccus 1.0(0.6-1.3) + - + - + + + + + + - - nd L + + - + + + - + - + + + + + + - - ~fftolum 

Cow phllu 0.9 (0.6-1.2) LM:tobM:IIIII8 -.1 subsp. 
PC2;R6 "Rod X + - - - + + - + - + - - - l - + - + + + - + + + + + + - + - - caael 

0.5 (0.4-0.6) 
1.3(1.2-1.6) 

PC1:R1 Rod x + - - + + + - + - + - - - OL + + + - + - - - - - - - + - - - - LM:tobM:II/ua b~ -
0.5 (0.3-0.6) 

1.6~.6-2.4) ~,.__, aubsp. 
CSR1:R1 Rod x + - + + + + - + - + - - - DL - + - + + + - + - + + + + + + + + ~ 

Cowsomar 0.9(0.6-1.3) 
UcA:Icacc•~ aubap. 

CSR2:C1 Coccus 1.3(1.0.1.6) + - - - + + - + + + - - nd L - + - + - + - + - + + + + + + - -~ 

0.9 (0.6-1.2) 
OC1:R2 Rod x + - + - + + - + - + - - - L(O) + + + - - - - - - - - - + - - - - I.M:tObacll/118 ,_,Int. 

0.5 (0.4-0.6) 

0.9 (0.&0.9) I.M:t0baclllll8 __, aubsp. 
DC2:R1 Rod x + - - - + + - + - + - - - L - + - + + + - + + + + + + + -+ - - c.e1 

Cow dudh 0.4 (0.2.0.4) 

chhurpl 1.1 (0.6-1.2) 
DC4:R1 Rod x + - + + + + + + - + - - - DL + + + + - + + + - + + + + - - - - LM:tobM:IIIue confuall8 

0.5 (0.4-0.6) 
1.1 (0.6-1.2) 

DC4:R2 Rod x + - - + + + + + - + - - - DL + + + + - + + + - + + + + - - - - LM:tobM:IIIue bltemtentan• 
0.6 (0.4-0.8) 

ncl, not deleminod 
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contd. Table 9: Characteristics of LAB strains isolated from fennented milk products of the Slkklm Himalayas 

0 _ ~ o Growth at/In '" Sugars Fennented 
• 0 -.P & 
~ !: ~ o ~ " ~ .ii ; 1 1 f f f 3 o ~ 2!! ~ ~ ~ ~ ~ f f W ~ ~ i '" I ! I 
If Cll !!!.eO wa»OOO l>cr8"o• 0 :::r•::ICJ. --jflJ.-::~~~ 

Product Strain code .; ii i ~ x 3 ° 0 0 io io ;; :: :: b ~ :; : : !1 o !. ~ 5 ~ 5: g. g. l' l! !!:0 =0 Identity 
:::r ..... '<Q ·o .. -aa.o 5 111 o~ .. o:s o•• 
o ~ ;•a.- '11~~3-. ···:a·- • :: 1 o 3 :;•g_gc OF ~ • • • • 

Cl -· '< 3 ~ \t( ;.s • . 
0.9 (0.8-1.6) 

KML 1 :R2 Rod x + - + - - + + + - + - - - L(D) - + - + + + + + + + + + + + + + - Uctobecllus #Welmlnis 
0.4 (0.2-0.4) 
0.9 (0.6-1.2) ·~ 

KMK1:R1 Rad x + - - - - + - + - + - - +· _OL - + - + + + - + + + + + + + + + - Lecfobecllusplllnfanlm 
Kno milk 0.5 (0.4-0.6) -

1.0 (0.8-1.2) 
KMK3:R1 Rod x + - + + - - - + - - - - - DL - - - + + + - + - - - - + + + + - L.llctobecllusconluiiUs 

0.5 (0.4-0.6) 
1.0 (0.8-1.6) 

KMY1:R1 Rod x + - - + + + - + - + - - - DL - - - + + + - + - - - -· + + + + - ~us blfennenfans 
0.5 (0.4-0.8) 
1.1 (0.8-1.6) 

KSK1:R1 Rod x + - - + - - .- + - - - - - DL - + - + + + - + - + + + + + + - + L.llctobecllusbllenrlantans 
0.6 (0.4-0.8\ 

1.0 (0.8-1.2) 'obllcMJ ----' 
Ksy1·R2 Rod - l.ltctD us- sublp. 

Knodahl · X + - - - - + - + -- - - - - DL - + - + + + - + - + + + + + + - + ~ 
0.4 (0.2-0.4) 

0.8 (0.6-0.8) 
Ksy2 R2 Rod 

. --· t..cfobecllus cael sublp. 
: X +----+-+-----DL-+-+++-+-++++++-+~ 

0.4 (0.2-0.4} 

1.1 (0.8-1.4) L.llctobecllus cael bs 
Kno philu KPY1:R1 Rod x + - - - + + - + - + - - - L - - - + + + - - - - - - + + + + - cael su p. 

0.5 (0.4-0.8) 
'1.6 (0.8-2.4) 

KCK1:R1 Rod x + - - - + + - + - + - - - L + - + + + + - + - - + - + + + + - l.llctobflcllus..nv.rlus 
0.3 (0.2-0.6) 

1.9 (0.8-2.9) 

Kno chhu KCK2:R4 Rod x + - - + + + - + - + - - - DL + - - + + + - + - - - - + + + - - Lltcfobltclllus blletrnenmna 

0.5 (0.4-0.8) 

0.9 (0.5-1.2) 
KCY1:R1 Rod x + - + + + + - + - - - - - DL - + - + + + - + + + + + + + - + - Lllclobeclllusbnwls 

0.6 (0.5-0.6) 
nd, not determined 



Spore-former rods 

Seventy-four strains of endospore-forming rods were isolated from 

two hundred and sixty-six samples of fermented milk (both cow and kno) 

products. All 74 spore-forming strains were G~fUD-positive, catalase-

, positive, aerobic and motile (Table I 0). Based on dichotomous key of 

Slepecky and Hemphill (1992) embodying all 34 species of Bacillus 

described by Claus and Berkeley (1986), representative strains CCD I : S I 

(cow soft chhurpi), CCGI:S2 (cow soft chhurpi), CUNI:SI (cow chhu), 

CUN2:S2 (cow chhu), CSR2:SI (cow somar) (Plate c), CSNI:S2 (cow 

somar), were identified as Bacillus subtilis (Ehrenberg) Cohn (Table li). 

T~ble 10. Selection of representative strains of spore-formers isolated from fermented cow 
milk products of the Sikkim Himalayas 

Products Numberof Cell Catalase Starch Representative strains 
strains Shap~ hydrolysis 
isolated 

Soft 1,9 Rod + + CCDI:S 1, CCG I :S2 
chhurpi 

Chhu 25 Rod + + CUNl:Sl, CUN2:S2 

So mar 30 Rod + + CSR2:SI, CSNI :S2 

8 Number of samples is given in Table 6. 

All isolates were Gram-positive, aerobic, motile and endo-sporeformers. 
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Table 11: Characteristics of Bacillus species Isolated from fermented milk products of the Slkklm Himalayas, based on taxonomical keys of Claua and Berkeley (1986); 
Slepecky and Hemphill (1992) 

0 ~(i)- 1: 
(i) 

~ r < 0 0 z (i) i ~ .. ::;: ,t 0 !: 0 • ii i .. ::t :I !: (i) .... .... i • tl '< i: il 0 a a ::r a ::r :i 
i: 0 fll 3 

.. ::r .. !l ~ :a lit 3 .3 & 
.. a;, Identity Product Strain code 0 -a N" 

~ ! n -a • ii (i) 2 z Q. 
0 ~ ::r 

~ • c c ~ .. (i) a i ::r 2. • c 
~ 

::t 52 a :I if 0 0 ~ :i n n 

"' ! 'f • 0 CQ i : a. ;-I c CQ '< • :I 0 ::r ii .. 
'< ~ 

CCD1:S1 
White, irregular, 

Rod 
L= 3.3 (2.8-4.0) 

+ + - + + + . + - + + 5.5 Bacillus aubtlils 
Cow soft on surface B= 0.9 (0.8-1.2) 
chhurpi 

CCG1:S2 
White, irregular, 

Rod 
L= 3.3 (3.2-3.6) 

+ + - + + + + - + + 5.5 Bacillus aubtllls 
on surface B= 0.9 (0.8-1.2) 

CUN1:S1 
White, irregular, 

Rod 
L= 3.2 (3.2-3.2) 

+ + - + + + - - + + 5.5 Bacillus aubtllls 
Cowchhu on surface B= 1.3 (1.2-1.6) 

CUN2:S2 
·white, irregular, 

Rod 
L= 3.5 (3.2-3.6) 

+ + - + + + + - + + 5.5 Bacillus aubtllls 
on surface B= .0.9 (0.8-1.2) 

CSR2:S1 
White, irregular, 

Rod 
L= 3.5 (3.2-3.6) 

+ + - + + + - - + + 5.5 Bacillus aubtllls 
Cowsomar on surface B= 0.8 (0.7-0.9) 

CSN1:S2 
White, irregular, 

Rod 
L= 3.5 (3.2-3.6) 

+ + - + + + + - + + 5.5 Bacillus aubtllls 
on surface __ B= 0.8 (0.4-1_g) 

- - '-- ---- -- --- '---
L, length; 8, breadth 



Yeasts 

Representative strains of yeasts were selected on the basis of colony, 

cell morphology and type of mycelium among 204 yeasts isolates (Table 

12). Sugar fermentation and assimilation tests of randomly selected 

representative strains of yeasts were carried out (Table 13). Two types of 

genera of yeast were grouped .. All cylindrical-shaped yeasts showed true 

type of mycelia and had globose-shaped ascospores. Following the 

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

Fell (i998), these . cylindrical-shaped strains CMRI :Yl (cow milk), 

CDCl:Yl (cow dahi), COMl:Yl (cow mohi), CCDl:Yl (cow soft 
' 

chhurpi), CUGI:Yl (cow clllm), PCl:YCl (cow philu), CSNI:Yl (cow 
' 

somar), KMKI:Yl (kno milk), KSKI:Yl (cow dahi), KCKl:Yl (cow 
I ' 

chhu) were identified as SaccharomycC?psis, crataegensis Kurtzman et 

Wickerham (Plate d). 

No ascus and ascospore were present in the oval to elliptical-shaped 

yeast strains. All of them showed the multilateral budding. On the basis of 

the taxonomical keys laid down by Kreger-van Rij (1984) and Kurtzman 

and Fell (1998), oval-shaped strains of yeasts CURI:Yl (cow chhu), and 

DCl :Yl (cow dudh chhurpi) were identified as Candida casttdlii 

(Capriotti) Meyer'et Yarrow (Plate e). However, strains CMRI:Y6 (cow 

milk), CDR2:Yl (cow dahi), COSI :Yl (cow mohi), CCGl :Yl (cow soft 

chhurpi), PCI :YOI (cow philu). could be grouped as Candida. Species 

identification could not be confirmed. 
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Plate (d). Saccharomycopsis 
crataegensis KCKl: Yl (YM 
agar, 3 d, 28° C), isolated from 
chhu, showing cylindrical cells 
with true mycelia in phase 
contrast micrograph ( x 330). 

Plate (e). Candida castellii 
DCl:Yl (YM agar, 3d, 28° C), 
isolated from dudh chhurp~ 
showing elliptical cells with 
budding in phase contrast 
micrograph (x 330). 



Jable 12. Selection of representative strains ofyeasts isolated from fermented milk products 
of the Sikkim Himalayas 

Product• Number Colony Cell Mycelium Ascospore Grouped Representative 
of strains Shape strains strains 
isolated 

Cow 20 . Ds Cy True Globose 10 CMR1:Y1 
milk 

Ss 0-El Absent Absent 10 CMR1:Y6 

Cowdahi 18 Ds Cy True Globose 10 CDCl:Y1 

Ss 0-El Absent Absent 8 CDR2:Y1 

Cow 9 Ds Cy True Globose 3 COS1:Y1 
mohi 

Ss , 0-El Absent Absent 6 COM1:Yl 

Cow soft 21 Ds Cy True Globose 18 CCDl:Yl 
chhurpi 

Ss 0-EI Absent Absent 3 CCG1:Y1 

Cow 25 Ds Cy True Globose 12 CURl:Yl 
chhu 

Ss 0-El Absent Absent 13 CUG1:Yl 

Cow 5 Ds Cy True Globose 5 CSNl:Yl 
somar 

I 
Cow 70 Ds Cy True Globose 20 PCl:YC1 

I philu 
Ss 0-El Absent 1,\bsent 50 PCl:Y01 

Cow 5 Ds Cy True Globose 5 DC1:Y1 
dudh 
chhurpi 

Kno milk 9 Ds Cy True Globose 9. KMKl:Y1 

Kno dahi 10 Ds Cy True Globose 10 KSKl:Yl 

Kno chhu 12 Ds Cy True Globose 12 KCK1:Y1 

"Number of samples is given in Table 6 and 7. 

Ds, dusty surface; Ss, smooth surface; Cy, cylindrical; 0-El, elliptical; All oval to elliptical yeasts 
showed multilateral budding. 
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Table 13: Characteristics of yeasts Isolated from fennented milk products of the Slkkim Himalayas 

0 

'" z 
Sugars Fennented Sugars Assimilated 

o. 0 n Q 0 ~ 0 c I Q Q 
" 31: 

~ gt en -1 ~ 0 Q Q 5'-" 31: 31: 31: :Ill ~ gt en -t 

i ;) • 31: • 1 c • n • II' ; • !. . - a n • • • ::r II' ; 
'< 31: =· • r ii :1 n - '< f ~ ;) . :1 n 

'< ;) n I I = a il ::r !Z 0 • n ~ ! ;) 3· ;) i a ::r 
31: 0 en n a. 0 n ::r !. ;, cr n • ::r !. Product Strain cOde 0 -a i !. :Ill • ! a : : : f 1r a - . . : if g i . : Identity 

I 3. • • -a ::r c .. • . - - : • • ::r 0 ~ 3 c .. 
2. l 3 n ..., -ct ?, .8 - "8 0 '< ;) 
'< ; 

CMR1:Y1 Ds Cylindrical 
L= 10.0 (6.0-14.0) True Globose - - - - - - - - - - + - + + - - w - + - - + + - + Sacchatomycopsis 

Cow milk 
B= 6.0 (4.~.0) Ctatllegensis 

CMR1:Y6 Ss· !:lliptical 
L= 6.0 (2.~.0) Absent Absent - + + + - - - + - - + - + - - + + - - - - + + - + Candida sp. 
B= 4.0 (2.0-6.0) 

CDC1:Y1 Ds Cylindrical L;: 20.0 !12.0.28.0) True Globose - - - - - - - - - - + - + + - - + - + - - + + - + Saccharomycopsls 

Cow dahl B= 5.0 (4.0-6.0) ctatHgensls 

CDR2:Y1 Ss Ellipticat L= 6.3 (4.~.0) 
Absent Absent - + + + - - - + - - + w + - - + w - + + - + + - + Candida sp. 

B= 4. 7 (4.0-6.0) 

COS1:Y1 Ss Sliptical L= 7.0 (6.~.0) Absent Absent - + + + + - - + - - + + + w - + + - + - + + + - + Candida sp. 
Cow mohl B= 4. 7 (4.0-6.0) 

COM1:Y1 Ds Cylindrical 
L= 18.7 (12.0.24.0) True Globose - - - - - - - - - - + - + + - - w - + - - + + - + Saccharomycopsis 
B= 6.0 (4.~.0) Ctatftgensls 

CCD1:Y1 Ds Cylindrical L= 17.3 (12.0.24.0) True Globose - - - - - - - -Cow soft B= 4.3 (4.0-5.0) 
- - + - +' + - - w - + - - + + - + Saccharomycopsls 

CtatHgensls 
chhurpl 

CCG1:Y1 Ss Sliptical 
L= 5.0 (4.0-6.0) Absent Absent - + + + - - - + - - + w + - - - - - - - + + + - w Candida sp. 
B= 3. 7 (3.0-4.0) -

CUR1:Y1 Ss Elliptical 
L= 8.7 (6.0-11.0) Absent Absent - + + - - - - - - - w - w + - - w - - - - + + - + Candida caste/Ill 

Cow chhu B= 4.3 (4.0-5.0) 

CUG1:Y1 Ds Cylindrical L= 24.0 (15.0.31.0) True Globose - - - - - - - - - - + w + + - - + - + - - w + w + Sacchatomycopsis 
B= 4. 7 (4.0-5.0) cratsegensls 

PC1:YC1 Ds Cylindrical L= 20.0 (12.0.28.0) True Globose - - - - - - - - - - + - + + - w w - + - - + + - + Sacchatomycopsls 

Cow philu 
B= 4.3 (4.0-5.0) crataegensls 

PC1:Y01 Ss Sfiptical 
L= 8.0 (7.0-9.0} Absent Absent - + + + + - - + - - + w + w - + w - w - + + + - + Candida sp. 
B= 4.0 (3.0.5.0) 

Cowsomar CSN1:Y1 Ds Cylindrical 
L= 22.0 (12.0.29.0) True Globose - - - - - - - - - - + w + + - - w - + - - + w - + Sacchatomycopsls 
B= 5.0 (4.o-6.0) crataegensls ' 

Cowdudh L= 8.0 (7.0-9.0) -
i 

DC1:Y1 Ss Elliptical Absent Absent - + + - - - - - - - w - + + - - + - - - - + w - + Candida caste/Ill 
chhurpl B= 6.0 (5.0.7.0) 

Kno milk KMK1:Y1 Ds Cylindrical L= 22.7 J8.0-40.0) True Globose - - - - - - - - - - + - + + - w - - + - - + + - + 
Saccharomycopsla 

I 
B= 6.0(4.~.0) ctatHgensls I 

Kno dahl KSK1:Y1 Ds Cylindrical 
L= 22.7 (12.0.32.0) True Globose 

Saccharomycopsla I - - - - - - - - - - + - + + - - - - + - - + + - + I B= 5.7 (4.0-7.0) crauegenals 

Knochhu KCK1:Y1 Ds Cylindrical L= 19.0J11.0.26.0l True Globose - - - - - - - - - - + - + + - - - - + + - + - - + Saccharomycopsls I 

B= 6.3 (5.~.0) crafaegenals I 
- L-~------ - - - - - - -- '- - -

Ss, smooth surface; Ds, dusty surface; w, weak; l, length; B, breadth. 



Prevalence of microorganisms 

Prevalence of lactic acid bacteria was 100 % in both cow and kno 

milk as well as their products, that of yeasts was 60% and 45.5 %in cow 

milk fermented product and kno milk fermented products, respectively, 

whereas that· of Bacillus species was 50.6 % in cow milk fermented 

products (Fig 9). BaCillus was not detected in kno milk fermented product 

tested. However, prevalence of LAB, yeasts and Bacillus spp. was 100 % 

in both unboiled cow milk and kno milk. 

Fig 10 shows the distribution of micro flora m fermented milk 
I 

I 

products. Lactic acid bacterial strains ~ere dominant microflora 

representing 7 4 %·in fermented milk products followed by yeasts 19 % and 

Bacillus 7 %, respectively. Among LAB, rod-shaped lactics were 

represented by 86 % whereas coccus-shaped lactics were represented only 

by 14 % in the analysed samples of fermented milk products of t~e Sikkim 

Himalayas (Fig 11 ). 

Occurrence of pathogenic contaminants 

Table 14 summarises the .distribution of the pathogenic 

contaminants mainly Bacillus cereus, Staphylococcus aureus and 

enterobacteriaceae in fermented milk . (both cow and . kno) products 

collected from different places of the Sikkim Himalayas. Bacillus cereus 

was detected in few samples of chhu, somar, philu and dudh chhurpi. 

Staphylococcus aureus was detected in soft chhurpi, chhu, somar, philu 
\, 

and dudh chhurpi (Table 14). Enterobacteriaceae was present in all samples 
' ' 

except dahi, mohi and soft chhurpi. However, the load of these pathogenic 

contaminants was·. <103 cfu/g in all samples tested except somar which 

showed slightly higher numbers of-104 cfu/g (Table 14). Unboiled milk 

·contained all pathogenic contaminants (Table 14). 
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Fig 9. Prevalence of microorganism~ in fermented milk 
products ofthe Sikkim Himalayas (SH) 
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Fig 10. Distribution ofmicroflora in 
fe_rmented milk products of SH 

Fig 11. Distribution of LAB in 
fermented milk products of SH 
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Table 14. Occurrence of pathogenic bacteria in fermented milk products of the Sikkim 
Himalayas 

Log cfu/g fresh weight 
Product 

Bacillru· cereus Staphylococcus aureus Enterobacteriaceae 

Cow milk 2.3 2.5 3.5 
(1.8-2.7) (2.0-2.8) (2.5-3.8) 

Cow dahi 0. 0 0 

Cow mohi 0 0 0 

Cow soft 0 2.0 0 
chhurpi (0-2.3) 

Cowchhu 3.1 3.0 3.4 
(2.8-3.2) { (2.8-3.3) (3.2-3.5) 

Cow somar 4.0, 4.0 4.4 
(3.5-4.5) (3.8-4.2) (4.2-4.5) 

Cow philu 2.5 2.5 4.3 
(2.0-2.7) (2.4-2.6) (4.0-4.5) 

Cowdudh 4.5 2.7 3.0 
chhurpi (4.2-4.7) (2.6-2.8) (2.8-3.3) 

Kno milk 1.6 2.0 2.7 
(0-1.8) (1.7-2.3) (2.4-2.8) 

Kno dahi 0 0 0 

Kno chhu 2.2 . 2.1 2.7 
(0-2.4) (1.5-2.5) (2.3-2.9) 

' 

Data represent the means of 5 samples from each source. Ranges are given in parentheses. 
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Enzymatic activity 

Forty-eight selected represtmtativ~ strains of specie~ of lactic acid 

bacteria and Bacillus, isolated from samples of fermented milk (both cow 

and kno) products were tested for proteolytic (Table 15), amylolytic (Table 
' 

16) and lipolytic activities (Table 17). Out of 42 LAB strains tested, only 
( 

seven strains, viz.' Lactococcus lactis subsp. cremoris COMl :C3, 

Lactobacillus plantarum ~CCD2:Rl, Lactobacillus plantarum CCD2:Rl, 

.tactobacillus ali11Jentarius CUG3:Rl, Lactobacillus casei subsp. casei 

DC2:Rl, Lactobacillus confusus DC4:Rl, Lactobacillus casei subsp. casei 

· KPYl :Rl showed proteolytic activity (showing >2 mm hydrolysis zone in 

milk agar plate), though the estimated protease activity of these strains was 

. <1.5 U/ml. All six strains of Bacillus subtilis show~d proteolytic activity. 

However, the protease activity of these Bacillus strains, estimated was not 

more than 1.5 U/ml (Table 15). Thirteen strains of LAB were screened for 

amylolytic activity (showing >2 mm hydrolysis zone in starch agar plate) 
' 

and a.-amylase activity was estimated. The highest a.-amylase activity was 

that of Lactobacillus alimentarius CDCl:Rl and Lactobacillus casei 

subsp. pseudoplantarum KSYl :R2 (>5 U/ml) (Table 16). All strains of 

Bacillus subtilis showed amylolytic activity. Five strains of LAB 

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

cremoris CMS2:C 1, Enterococcus faecium PC 1 :C4, Lactobacillus 

plantarum KMKl :Rl, Lactobacillus 'brevis KCYI :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 
I 

CSNl :S2 showed lipolytic activity (Table 17). 
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Table 15. Proteolytic activity ofthe selected strains isolated from fermented milk products of the Sikkim Himalayas 

Pro~uct 

Cow milk 

Cow milk 

Cow milk 

Cow milk 

Cowdahi 

Cowdahi 

Cowdahi 

Cowdahi 

Cowmohi 

Cowmohi 

Cow mohi 

Cowmohi 

Cow soft 
chhurpi 

Cow soft 
chhurpi 

Cow soft 
chhurpi 

Cow soft 
chhurpi 

Cow soft 
chhu~pi 

Cowphilu 

Cowphilu 

Cowphilu 

Cowphilu 

Cowchhu 

Cowchhu 

Cowchhu 

'Strain 

' 
Lactobacillus p/antarum CMNI :Rl 

Lacto~acil/us bifermentans CMD l :Rl 

Lactococcus lacti~ subsp. lactis CMR2:Cl 

Lactococcus /actis subsp. cremoris CMS2:Cl 

Lactobacillus a/imentarius CDC l :R 1 

Lactococcus /actis subsp. cremoris CDMl:Cl 

Lactococcus lactis subsp.lactis CDNl:C4 

Lactobacillus bifermentans CDPl :RI 

Lactobacillus a/imentarius COD l :R2 

Lactococcus /act is subsp. cremoris COM I :C3 

Lactococcus lac tis subsp. lactis CON l ;C4 

Lactococcus lactis subsp./acti~ COSl:CI 

Lactobacillus alimentarius CCD 1 :Rl 

Lactobacillus plantarum CCD2:Rl 

Lactobacillus hilgardii CCN 1 :Rl 

Enterococcus faecium CCB 1 :C 1 

1 Lactobacilfus kejir CCR2:RI 

Lactobacillus bifermentans PC I :R II 

Enterococcus faecium PC I :C4 

Lactobacillus casei subsp. casei PC2:R6 

Lactobacillus bifermentans PCl:Rl 

Lpctobacillus alimentarius CUG3:RI 

Lactococcus /actis subsp. cremoris CURl :C l 

Lactobacillus farciminis CUGI:R2 
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Casein bydrolysis Protease:• (U/ml) 

+ 1.0 

+ 
1.0 

+ 1.0 

+ 1.5 



Product Strain 

Cow chhu Lactobacillus brevis CUG2:R2 

Cow somar Lactobacillus casei subsp. pseudoplantarum CSRI :R1 

Cow somar Lactococcus /actis subsp. cremoris CSR2:C1 

Cow dudh Lactobacillus farciminis DC 1 :R2 
chhrJCpi 

Cowdudh 
chhurpi 

Cowdudh 
chhurpi 

Cowdudh 
chhurpi 

Kno milk 

Kno milk 

Kno milk 

Kno milk 

Kno dahi 

Knodahi 

Kno dahi 

Knophilu 

Kno chhu 

Kno chhu 

Kno chhu 

Lactobacillus casi!i subsp. casei DC2:R1 

Lactobacillus confusus DC4:R1i 

Lactobacillus bifermentans DC4:R2 
I 

Lactobacillu;; farciminis KML 1 :R2 

Lactobacillus plantarum KMK1 :R1 

Lactobacillus confusus KMK3:RI 

Lactobacillus bifermentans KMY1:R1 

Lactobacillus bifermentans KSK1 :R1 

Lactobacillus casei subsp. pseudop/antarum KSY 1 :R2 

Lactobacillus casei subsp. pseudoplantarum KSY2:R2 

Lactobacillus casei subsp. casei KPY1:R1 

Lactobacillus sa/ivarius KCKI :R 1 

Lactobacillus bifermentans KCK2:R4 

Lactobacillus brevis KCY1 :R1 

Cow soft Bacillus subtilis CCDI:SI 
chhurpi 

Cow soft Bacillus subtilis CCGI:S2 
chhurpi 

Cow chbu Bacillus subti/is CUN 1 :S 1. 

Cow chbu Bacillus subti/is CUN2:S2 

' Cow somar Bacillus subiilis CSR2:S 1 

Cow somar Bacillus subtilis CSN 1 :S2 

Casein hydrolysis Protease• (U/ml) 

+ 
1.0 

+ 
0.8 

+ 0.7 

+ 
1.0 

+ 
1.2 

+ 0.9 

+ 0.9 

+ 1.0 

+ 1.1 

·only the strains showing positive casein hydrolysis agar test (>2.0 mm) were assayed for protease activity. The data represent the 
means of three set. 
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Table 16. Amylolytic activity of the selected strains isolated from fermented milk products ofthc Sikkim Himalayas 

Product Strain Starcb hydrolysis a-Amylase• (U/ml) 

Cow milk Lactobacillus plantarum CMN I :R I + 3.0 

Cow milk Lactobacillus bifermentans CMD I :Rl + 4.6 

Cow milk Lactococcus'lactis subsp.lactis CMR2:CI 

Cow milk Lactococcus lactis subsp. cremoris CMS2:Cl 

Cowdahi Lactobacillus alimentarius CDC I :R I + 5.6 

Cowdahi Lactococcus lactis subsp. cremoris CD M I :C I 

Cowdahi Lactococcus lac tis subsp.' lac tis CON I :C4 

Cowdahi Lactobacillus bifermentans COP I :RI + 3.0 

Cowmohi Lactobacillus alimentarius COD I :R2 + 2.3 

Cowmohi Lactococcus lactis subsp. cremoris COM I :C3 

Cowmohi Lactococcus lactis subsp.lactis CONI:C4 

· Cowmohi Lactococcus lac tis subsp. lac tis COS I :C I 

Cow soft chhurpi Lactobacillus a/imentarius CCD I :RI + 3.8 

Cow soft chhurpi Lactobacillus plantarum CCD2:RI 

\ 
Cow soft chhurpi Lactobacillus hilgardii CCN I :R I + 3.1 

Cow sbft chhurpi Enterococcusfaecium CCBI:CI 

Cow soft chhurpi Lactoba9illus kefir CCR2:RI + 4.0 

Cowphilu 'Lactobacillus bifermentans PCI :Rll 

Cow philu Enterococcus faecium PC I :C4 

Cowphilu Lactobacillus casei subsp. casei PC2:R6 

Cowphilu Lactobacillus bifermentans PCI:Rl 

Cowchhu Lactobacillus alimentarius CUG3:RI + 3.3 

Cowchhu Lactococcus lac tis subsp. cremoris CUR I :C I 

Cowchhu Lactobacillusfarciminis CUGI:R2 

Cowchhu· Lactobacillus brevis CUG2:R2 

Cow somar Lactobacillus casei subsp. pseudop/antarum CSR I :R I 

Cow somar Lactococcus lactis subsp. cremoris CSR2:CI 
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Product 

Cowdudh 
chhurpi 

Cowdudh 
chhurpi 

Cow dudh 
chhurpi 

Cowdudh 
chhurpi 

Knomilk 

Knomilk 

Kno milk 

Knomilk 

Kno dahi 

Knodahi 

Knodahi 

Kno philu 

Kno chhu 

Kno chhu 

Kno chhu 

Strain 

Lactobacillus farciminis DC I : R2 

Lactobacillus casei su!Jsp. casei DC2:RI 

Lactobacillus c~nfusus DC4:Rl 

Lactobacillus bifermentans DC4:R2 

Lactobacillus farciminis KMLI :R2 

Lactobacillus plantarum KMKl :RI 

Lactobacillus confusus KMK3:Rl 

Lactobacillus bifermentans KMY 1 :RI 

Lactobacillus bifermentans KSKI :RI 

I 
Lactobacillus casei subsp. pseudoplantarum KSY 1 :R2 

Lactobacillus casei subsp. pseudoplantarum KSY2:R2, 

Lactobacillus casei subsp. casei KPY I :RI 

Lactobacillus salivarius KCK1 :RI 

Lactobacillus bifermentans KCK2:R4 

Lactobacillus brevis KCY I :Rl 

Cow soft chhurpi Bacillus subti/is CCD 1 :S I 

Cow soft chhurpi · Bacillus subtilis CCG 1 :S2 

Cow chhu Bacillus subtilis CUN I :S 1 

Cow chhu Baci/lus,rubtilis CUN2:S2 

Cow somar Bacillus subtilis CSR2:S I 

Cow somar Bacillus subtilis CSN I :S2 

Starch hydrolysis a-Amylase• (Ufml) 

+ 4.2 

+ 4.4 

+ 5.1 

+ 3.7 

+ 3.7 

+ 2.0 

+ 5.7 

+ 5.3 

+ 2.0 

+ 3.6 

'Only the strains showing positive starch hydrolysis agar test (>2.0 mm) were assayed for a-amylase activity. The data represent 
the means of three set. · 
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, Table 17. Lipolytic activity ofthe selected strains isolated from fermented milk products of the Sikkim Himalayas 

Product 

Cow milk 

Cow milk 

Cow milk 

Cow milk 

Cowdahi 

Cowdahi 

Cowdahi 

Cowdahi 

Cowmohi 

Cowmohi 

Cowmohi 

Cowmohi 

Cow soft chhurpi 

Cow soft chhurpi 
I 

Cow' soft chhurpi 

Cow soft chhurpi 

Cow soft chhurpi 

Cowphilu 

Cowphilu 

Cow philu 

Cowphilu 

Cowchhu 

Cowchhu 

Cowchhu 

Cowchhu 

Cow somar 

Co\v somar 

Strain 

Lactobacillus plantarum CMNI :RI 

Lactobacillus bifermentans CMD I :Rl 

Lactococcus lactis subsp.lactis CMR2:CI 

Lac(ococcus lactis subsp. cremoris CMS2:CI 

Lactobacillus alimentarius CDC I :RI 

Lactococcus lactis subsp. cremoris CDMI:Cl 

Lactococcus lactis ~ubsp. lactis CDN I :C4 

Lactobacillus bifermentans CD PI :RI 

Lactobacillus alimentarius COD I :R2 

Lactococcus lactis subsp. cremoris COM I :C3 

Lactococcus lactis subsp. lac tis CON I :C4 · 

Lactococcus lactis subsp. lactis COS I :C I 

I 
Lactobacillus alimentarius CCDI :RI 

Lactobacillus plantarum CCD2:RI 

Lactobacillus hilgardii CCN I :RI 

Enterococcusfaecium CCB I :C I 

Lactobacillus kefir CCR2:RI 

Lactobacillus bifer'!'entans PCI :Ril 

Enterococcusfaecium PCI :C4 

Lactobacillus casei subsp. casei PC2:R6 

Lactobacillus biferinentans PCI :RI 

Lac~obacillus alimentarius CUG3:RI 

Lactococcus lactis subsp. cremoris CURl :CI 

Lactobacillusfarciminis CUGI:R2 

Lactobacillus brevis CUG2:R2 

Lactobacillus casei subsp. pseudoplantarum CSRI :RI 

Lactococcus laflis subsp. cremoris CSR2:CI 
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Product 

· Cow dudh chhurpi 

Cow dudh chhurpi 

Cow dudh chhurpi 

Cow dudh chhurpi 

Knomilk 

Kno milk 

Kno milk 

Kno milk 

Knoodahi 

Kno dahi 

Kno dahi 

Kno philu 

Kno chhu 

Kno chhu 

Kno chhu 

Cow soft chhurpi 

Cow soft chhurpi 

Cowchhu 

Cowchhu 

Cowsomar 

Cowsomar 

Strain 

Lactobacillus farciminis DC I :R2 

Lactobacillus casei subsp. casei DC2:Rl 

Lactobacillus confusus DC4:Rl 

Lactobacillus bifermentans DC4:R2 

Lactob~cillus farciminis KML 1 :R2 

Lactobacillus planta'rum KMKl :RI 

Lactobacillus confusus KMK3:RI 

Lactobacillus bifermentans KMY I :RI 

Lactobacillus bifermentans KSKI :Rl 

Lactobacillus casei subsp. pseudoplantarum KSYI :R2 

Lactobacillus casei subsp. pseudoplantarum KSY2: R2 
I 

Lactobacillus casei subsp. casei KPYI :RI 

Lactobacillus salivarius KCKI :RI 

Lac;tobacillus bifermentans KCK2:R4 

Lactobacillus brevis KCYI:RJ 

Bacillus subtilis CCDJ :S I 

Bacillus subtilis CCO I :S2 

Bacillus subtilis CUN I :S I 

Bacillus subtilis CUN2:S2 

Bacillus subtilis CSR2:SI 

\ 

Bacillus subtilis CSNI :S2 

+=the clearing zone was~ 3.0 mm 
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Enzymatic profiles of randomly' selected lactic acid bacteria strains 

of milk products were assayed using the API zym (bioMerieux, France) 

galleries (Table 18). Each of the predominant LAB strains produced a wide 

spectrum of enzymes. These strains showed relatively weak esterase and no 

lipase (Cl4) activities. All seven strl}ins of LAB s~owed strong 

phosphatase, ~-galactosidase and ~-glucosidase activities (Table 18). 

However, they showed no ,detectable proteinase activity with the methods 

applied. 
( 

Antimicrobial activity 

Table 19 shows the antagonistic properties of the lactic acid 

bacterial strains and Bacillus strains, isolated from fermented milk (both 

cow and kno) products which were tested against the indicator strains 

(Listeria monocytogenes DSM 20600), Bacillus cereus CCM 2010, 
,, 

Enterococcus faecium DSM 204 77 and Streptococcus mutans DSM 6178). 

Only 11 strains of LAB showed antimicrobial activities against the 

indicator strains used. Lactococcus lac tis· subsp. cremoris CDMI :C 1, 

Lactobqcillus casei sub,sp. casei DC2:Rl and Lactobacillus bifermentans 

KSK1 :R1 inhibited the growth of Listeria monocytogenes DSM 20600. 

Lactococcus lactis subsp. cremoris CDM1:C1, Lactobacillus casei subsp. 

pseudoplantarum CSRI :R1, Lactobacillus plantarum KMKI :R1, 

Lactobacillus casei subsp. pseudoplantarum KSY1 :R2 showed inhibition 

zone against Bacillus cereus CCM 2010, Entero_coccusfaecium CCB1:Cl, 

Lactococcus lac tis subsp. cremoris CURl :C 1, Lactobacillus case i subsp. 

pseudoplantarum CSR1 :Rl, Lactobacillus brevis KCYI :Rl against 

Enterococcus faecium DSM 204 77 and L~ctobacillus bifermentans 

' CDP 1 :R1, Lactococcus lac tis' subsp. lac tis CQS 1 :C 1, Lactococcus lac tis 
I 

subsp. cremoris 'cUR1:C1, Lactobacillus casf!i subsp. pseudoplantarum 

KSY1 :R2 against Streptococcus mutans DSM 6178. Bacillus subtilis 
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CUNI:Sl, Bacillus subtilis CUN2:S2, Bacillus subtilis CSNl:S2 showed 

the antagonistic properties again~t the indicator strains. 

None of the strains,were found to produce any bacteriocins with the 

methods applied (data not shown). 

Table 18. Eil.Z)Tilatic profile~ using API zym system of representative strains of LAB isolated from fermented 
' milk products of the Sikkim Himalayas 

Activity (nanomoles) 

Enzyme 
A B c o., E F G :. 

Control (without enzyme) 0 0 0 0 0 0 0 

Phosphatase alkaline <::40 <::40 <::40 <::40 <::40 <::40 <::40 

Esterase (C4) 0 5 0 5 0 0 0 

Esterase ppase (C8) 5 5 5 5 0 5 5 

Lipase (Cl4) 0 0 0 0 0 0 0 

Leucine arylamidase 5 20 20 5 20 10 5 

Valine arylamidase 0. 0 0 0 0 0 0 

Cystine arylamidase 0 5 20 0 5 10 0 

Trypsin 0 0 0 0 0 0 0 

Chymotrypsin 0 0 0 0 0 0 0 

Phoshatase acid <::40 <::40 <::40 <::40 <::40 <::40 <::40 I 

Napthol-AS-BI~ 10 20 30 30 10 20 10 
phosphohydrolase 

a-galactosidase 5 I 10 10 10 5 10 10 

13-ga1actosidase <::40 <::40 10 10 <::40 10 <::10 
I 

13-glucuronidase 0 0 0 0 0 0 0 

a-glucosidase 20 30 5 5 5 10 10 

fl-g1ucosidase <::40 ~40 10 10 ~40 10 ~10 

N-acety1-j3-glucosaminidase 0 0 0 0 0 0 0 

a-mannosidase e 0 0 0 0 0 0 

a-fucosidase 0 0 0 0 0 0 0 

A- Lactobacillus casei subsp. casei PC2:R6 (philu); B =Lb. bifermentans KSK1:R1 (dahi); C = Lactococcus 
lactis subsp. lactis CDN1:C4 (dahi); D =Enterococcus faecium CCB1:C1 (soft chhurpi); E =Lb. plantarum 
CCD2:R1 (soft chhurpi); F =Lb. brevis CUG2:R2 (chhu); G = Lactococcus /actis subsp. cremoris CSR2:C1 
(somar). Data represent the means of2 replicate sets. 

' 
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Table 19. Antimicrobial activity of bacterial strains isolated from fermented milk products of the Sikkim 
Himalayas 

Product Strain' 

Cow milk Lactobacillus plantarum CMNI :RI 

Cow milk Lactobacillus bifermentans CMDI :RI 

Cuw milk Lactococcus /actis subsp.lactis CMR2:CI 

Cow milk Lactococcus lactis subsp. cremoris 
CMS2:CI 

Cowdahi Lactobacillus alimentarius CDC I :RI 

Cow'dahi Lactococcus /actis subsp. 'remoris 
CDMI:CI 

Cowdahi Lactococcus lap tis subsp.lactis CON I :C4 

Cowdahi Lactobacillus bifermentans CD PI :RI 

Cowmohi Lactobacillus alimentarius COD I :R2 

Cowmohi Lactococcus lactis subsp. cremoris 
COMI:C3 

Cowmohi Lactococcus lac tis subsp. laclis CON I :C4 

Cowmohi Lactococcus lactis subsp./actis COS I :C I 

Cow soft Lactobacillus a/imentarius CCDI :RI 
chhurpi 

Cow soft Lactobacillus plantarum CCD2:RI 
chhurpi 

Cow soft· Lactobacillus hi/gard;i CCN I :RI 
chhurpi 

Cow soft Enterococcus faecium CCB I :C I 
chhurpi 

Cow soft Lactobacillus keftr CCR2:RI , 
chhurpi 

Cowphilu Lactobacillus bifermentans PC I :RII 

Cowphilu Enter.ococcusfaecium PC I :C4 

Cowphilu Lactobacil/u~ casei subsp. casei PC2:R6 

Cowphilu Lactobacillus bifermentans PCI :RI 

Cowchhu Lactobacillus alimentarius CUG3:Rl 

Cowchhu Lactococcus /actis subsp. cremqris 
CURI:CI 

Cowchhu Lactobacillusfarciminis CUGI:iu 

Listeria 
monocytogenes 

DSM20600 

+ 
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Indicator Strains 

Bacillus 
cereus 

CCM2010 

+ 

Enterococcus 
faecium 

DSM20477 

+ 

+ 

Streptococcus 
mutans 

DSM 6178 

+ 

+ 

+ 



Product Strain Listeria Bacillus Enterococcus Streptococcus 
monocytogenes cereus faecium mutans 

DSM 20600 CCM 2010 DSM 20477 DSM 6178. 

Cowchhu. Lactobacillus brevis cyo2:R2 

Cow Lactobacillus casei subsp. + + 
so mar pseudoplantarum CSR1:Rl 

Cow Lactococcus lactis subsp. cremoris 
so mar CSR2:Cl 

Cowdudh Lactobacillus farciminis DC 1 :R2 
chhurpi 

Cowdudh Lactobacillus casei subsp. casei DC2:Rl + 
chhurpi 

Cow dudh Lactobacillus confuses DC4:Rl 
chhurpi 

Cowdudh Lactobacillus bifermentans DC4:R2 
chhurpi 

Knqmilk Lactobacillus farciminis KMLI :IU 
Knomilk Lactobacillus p/antarum KMKI :Rl + 

Kno milk Lactobacillus confuses KMK3:Rl 

Kno milk Lactobacillus bifermentans KMYl:Rl 

Knodahi Lactobacillus biftrmentaris KSKl:Rl + 

Kno dahi Lactobacillus casei subsp. + + 
pseudoplantarum KSY l: R2 

Kno dahi Lactobacillus casei subsp. 
pseudoplantarum KSY2:R2 

Knophilu Lactobacillus casei subsp. casei KPYl:Rl 

Kno chhu Lactobacillus salivarius KCKl :Rl 

Kno chhu Lactobacillus bifermentans KCK2:R4 

Kno chhu Lactobacillus brevis KCYl :Rl + 

Cow soft Bacillus subti/is CCDl:Sl 
chhurpi 

Cow soft Bacillus subti/is CCG I :S2 
chhurpi 

Cowchhu Bacillus subti/is CUN I :S I + 

Cowchhu Bacillus subti/is CUN2:S2 + 

Cqw Bacillus subti/is CSR2:S I 
so mar 

Cow Bacillus subtilis CSN l :S2 + + 
so mar 

+, inhibition zone was> I .0 mm; -, no in~ibition zone 
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Biogenic amines 

Forty eight strains of lactic acid bacterial and Bacillus isolated from 

' fermented milk (both cow and kno) products were tested for biogenic 
' 

amjne production with the surface plate method applied (Table 20). None 

of the strains produced tyramine, cadaverine, histamine and putrescine in 

the applied method. 

Hydrophobicity 

Table 21 shows the percentage hydrophobicity of the LAB isolated from 

fermented milk (both cow· and kno) products. Nineteen strains of LAB 

showed high degrees of hydrophobicity (>75%); among which 

Lactobacillus casei subsp. casei PC2:R6 (isolated from cow philu) and 

Lactococcus lac tis subsp. cremoris CURl :C I (isolated from cow chhu) 

showed the highest percentage of hydrophobicity of 97.89.% and 97.15 %, 

respectively (Fig 12). All of the strains tested showed more than 36 % 

hydrophobicity. 
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Table 20. Screening of biogenic amines producing strains isolated from fermented milk products of the Sikkim Himalayas 

Product Strain 

Cow milk Lactobacillus plantarum CMN l :R1 

\ 
Cow milk Lactobacillus bifermentans CMD l :Rl 

Cow milk Lactococcus lactis subsp.lactis CMR2:C1 

Cow milk Lactococcus lactis subsp. cremoris CMS2:C1 

Cow dahi Lactobacillus alimentarius CDCt:R1 

Cow dahi Lactococcus laclis subsp. cremoris CDM1:C1 

Cow dahi Lactococcus lac tis subsp. lac tis CDN 1 :C4 

Cow dahi Lactobacillus biferrpentans CDP1 :Rl 

Cow mohi Lactobacillus alimentarius CODl :R2 

Cow mohi Lactococcus lactis subsp. creinoris COM1 :C3 

Cow,mohi Lactococcus laclls ~ubsp.lactis CON1:C4 

Cow mohi Lactococcus lac tis subsp. lactis COS I :C I 
I 

Cow soft chhurpi Lactob.acillus alimentarius CCDl :Rl 

Cow soft chhurpi Lactobacillus plantarum CCD2:Rl 

Cow soft chhurpi Lactobacillus hilgardii CCNI:RI 

Cow soft chhurpi Enterococcusfaecium CCB1:CI 

Cow soft chhurpi Lactobacillus kefir CCR2:R 1 

Cow philu Lactobacillus bifermentans PCl:Rll 

Cow philu Enterococcus faecium PC I :C4 

Cow philu Lactobacillus casei subsp. casei PC2:R6 

Cow philu Lactobacillus bifermentans PC I :R1 

Cow chhJI Lactobacillus alimentarius CUG3:R1 

Cow chhu Lactococcus laclis subsp. cremoris CURI:CI 

Cow chhu Lactobacil/usfarciminis CUG1:R2 

Cow chhu Lactobacillus brevis CUG2:R2 

Cow somar Lactobacillus casei subsp. pseudoplantarum 
CSRI:RI 

Cow somar Lactococcus lactis subsp. cremoris CSR2:Cl 

103 

Tyr Lys Hist Oro 



'Product 

Cowdudh 
chhurpi 

Cow(\udh 
chhurp1 

Cowdudh 
chhurpi 

Strain 

Lactobacillus fare/minis DC I :R2 

Lactobacillus easel subsp. easel DC2:RI 

Lactobacillus Donfuses DC4:RI 

Cow dudh Lactobacillus bifermentqns DC4:R2 
chhurpi . 

Kno milk Lactobacillus fare/minis KMLI:R2 

Kno milk Lactobacillus plantarum KMKI :RI 

Kno milk Lactobacillus confuses KMKJ:RI 

Kno milk Lactobacillus bifermentans KMYI:RI 

Kno dahi Lactobacillus bifermentans KSKI :RI 

Kno dahi Lactobacillus easel subsp. pseudoplantarum 
KSYI:R2 

Kno dahi Lactobacillus easel subsp. pseudoplantarum 
KSY2:R2 

Kno philu Lactobacillus easel subsp. easel KPY I :RI 

Kno chhu Lactobacillus sa/ivarlus KCKI :RI 

Kno chhu Lactobacillus bifermentans KCK2:R4 

Kno chhu Lactobacillus brevis KCYI:RI 

Cow soft chhurpi Bacillus subti/is CCD I :S I 

Cow soft chhurpi Bacillus subti/is CCG I :S2 

Cow chhu Bacillus subti/is CUNI:S I 

Cow chhu Bacillus subtilis CUN2:S2 

Cow somar Bacillus subtilis CSR2:S I 

Cow so mar Bacillus subtilis CSN I :S2 

Tyr Lys Hist Oro 

Tyr =tyramine precussor; Lys = Lysine, cadaverine precussor; His= histidine, histamine precussor; Om= ornithine, putresine 
precussor 
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Table 21. Percentage hydrophobicity of LAB strains isolated from fermented milk products of the Sikkim Himalayas 

Cow milk 

Cow milk 

Cow milk 

Cow milk 

Cowdahi 

Cowdahi 

Cowdahi 

Cowdahi 

Cowmohi 

Cowmohi 

Cowmohi 

Cowmohi 

Product 

Cow soft chhurpi 

Cow soft chhurpi 

Cow soft chhurpi 

Cow soft chhurpi 

Cow soft chhurpi 

Cowphilu 

Cowphilu 

Cowphilu 

Cowph1lu 

Cowchhu 

Cowchhu 

Cow chhu 

Cowchhu 

Cow somar 

Cow somar 

Cow dudh chhurpi 

Strain 

Lactobacillus plantarum CMNl :Rl 

Lactobacillus bifermentans CMD l :Rl 

Lactococcus lactis subsp. lactis CMR2:C l 

Lactococcus lactis subsp. cremoris CMS2:Cl 

Lactobacillus alimentarius CDC l : R l 

Lactococcus lactis subsp. cremoris CDMl :Cl 

Lactococcus lactis subsp. lactis CONI :C4 

Lactobo,cillus bifermenlans CDPl :Rl 

Lactobacillus alimentarius COD l :R2 

Lactococcus lac tis subsp. cremoris COM l :C3 

Lactococcus lac tis subsp. lac tis CON l :C4 

Lactococcus lac tis subsp. lac tis COS l :C l 

Lactobacillus alimentarius CCD I :Rl 

Lactobacillus plantarum CCD2:Rl 

Ladtoba~illus hilgardii CCN l :Rl 

Enterococcusfaecium CCB l :C l 

Lactobacillus kefir CCR2:Rl 

Lactobacillus bifermentans PCl:Rll 

Enterococcus faecium PC I :C4 

Lactobacillus casei subsp. casei PC2:R6 

Lactobacillus bifermentans PCl:Rl 

Lactobacillus alimentarius CUG3:RI 

Lactococcus lactis subsp. cremoris CURl :Cl 

Lactobacillusfarciminis CUGI:R2 

Lactobacillus brevis CUG2:R2 · 

Lactobacillus casei subsp. pseudoplantarum CSRl :Rl 

Lactococcus lactis subsp. cremoris CSR2:Cl 

Lactobacillus farciminis DC I :R2 
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o/o Hydrophobicity 

58.74 (+) 

73.57 (+) 

82.05 (++) 

64.32 (+) 

48.61(+) 

43.64 (+) 

37.64 (+) 

43.30 (+) 

36.81 (+) 

81.48 (++) 

70.85 (+) 

80.31 (++) 

82.87 (++) 

89.94 (++) 

65.32 (+) 

68.25 (+) 

74.88 (+) 

69.64 (+) 

71.29 (+) 

97.89 (++) 

76.49 (++) 

74.33 (+) 

97.15 (++) 

96.28 (++) 

79.20 (++) 

53.94 (+) 

49.35 (+) 

81.15 (++) 



Product Strain % Hydrophobicity 

Cow dudh chhurpi Lactobacillus easel subsp. easel DC2:RI 84.39 (++) 

Cow dudh chhurpi Lactobacillus confusus DC4:R1 66.35 (+) 

Cow dudh chhurpi Lactobacillus bife_rmentans DC4:R2 42.46 (+) 

Knomilk Lactobacillus fare/minis KMLI :R2 85.22 (++) 

Kno milk Lactobacillus plant arum KMK1 :R I 83.05 (++) 

Kn~milk Lactobacillus confusus KMK3:R1 90.00 (++) 

Knomilk Lactobacillus bifermentans KMY I :RI 72.84 (+) 

Kno dahi Lactobacillus /Jifermentans KSK1 :Rl 86.19 (++) 
\ 

Knodahi Lactobacillus easel subsp. pseudoplantarum KSY 1 :R2 53.54 (+) 

Kno dahi Lactobacillus easel subsp. pseudoplantarum KSY2: R2 41.76(+) 

K,no philu Lactobacillus easel subsp. easel KPY1 :R1 53.98 (+) 

Kno chhu Lactobacillus salivarius KCK1 :Rl 85.54 (H) 

Kno chhu Lactobacillus bifermentans KCK2:R4 82.14 (++) 

, Kno chhu Lactobacillus brevis KCY I :Rl 85.95 (++) 

++ = hexadecane adherence~ 75% (hydrophobic);+= hexadecane adherence 26-74% (intermediate) 
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Fig 12. Percentage hydrophobicity ofLAB strains isolated from 
fermented milk products of the Sikkim Himalayas 
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Proximate composition 

Proximate composition of the indigenous fermented milk (both cow and 

kho) products is presented in Table 22 and 23. The pH of cow milk 

products wa5 3.9-4.3 except in ·chhu, somar and dudh chhurpi which had 

·pH value of 6.0. The pH of kno milk products was 3.7-4.8 except maa 

showing pH 6.0. The titratable acidity ranged from 0.04 % (in somar) to 

,. 0.89% in (kno mohi). Moisture content was low upto 12% in kno maa, 16 

% in dudh chhurpi but high in all other milk products at 36.5 % to 92.6 %. 

The ash content was also found to be around 1.1 to 7. 7 % on dry matter 

basis. Fat content varied from product to product. Philu contained high fat 

whereas cow chhu had very low fat of 5.8% dry matter basis. High content 

of protein was observed in all milk produc~s except in kno maa. 

Carbohydrate content was also variable in the products. Energy value of 

cow philu (645.6 kcal/100g) and kno maa (876.3 kcal/100g) was the 

highest among the milk products analysed (Table 23). Among the minerals 

of the milk products, calcium content was higher than other minerals 

estimated (Table 24). Among the milk products analysed, cow chhu 

contained highest amount of
1
calcium and magnesium. 
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Table 22. Proximate composition of fermented cow milk products of the Sikkim Himalayas 

Parameter ' 

Product % 0/o on dry matter basis 
Energy 
(kcall 

pH Tit ratable Moisture Ash Fat Protein Carbohydrate 
lOOg 

At:idity 
DM) 

Milk 6.5 0.15 87.0 5.5 30.8 28.0) 35.8 531.9 
(6.4-6.6) (0.13-0.16) (84.4-89.6) (4.2-6.0) (29.1-39.1) (27.4-28.4) (32.4-39.2) 

Dahi 4.2 0.73 84.8 4.7 24.5 22.5 48.2 503.6 
(3.8-4.3) (0.70-0.75) (77.9-88.2) (4.1-5.6) (23 .5-25. 7) (21.0-24.0) (47.7-51.4) 

Mohi 3.9 0.73 92.6 2.7 12.4 44.7 40.2 451.2 
(3.7-4.0) (0.71-0.75) (90.6-95.0) (2.4-3.0) (12.0-12.8) (39.6-51.8) (32.5-46.0) 

Soft · 4.3 0.61 73.8 6.6 11.8 65.3 16.3 432.4 
chhurpi (4.0-4.5) (0.59-0.63) (67.9-77.9) (5.6-8.6) (8.8-13.9) (63.9-67.8) (9.8-21.8) 

Chhu 6.3 0.15 75.5 1.9 5.8 58.4 33.9 42l.l 
(5.1-7.3) (0.14-0.18) (71.0-79.6) ( 1.6-2.3) (4.6-7.8) (55.7-58.7) (31.2-38.1) 

So mar 6.0 0.04 36.5 2.7 15.4 35.0 46.9 465.7 
(5.9-6.0) (0.04-0.04) (32.2-39.2) (1.9-4.0) (14.8-15.8) (33 9-35.9) (44.3-49.5) 

Philu 4.3 0.61 38.2 3.6 52.0 32.0 . 12.5 645.6 
(4.2-4.4) (0.59-0.62) (37.4-38.8) (2.6-4.1) (47.5-57.0) (31.2-32.6) (6.4-18.7) 

Dulili 6.0 0.29 16.8 5.2 6.1 57.2 31.6 409.4 
chhurpi (5.8-6.2) (0.27-0.32) ! (8.0-24.6) (4.0-6.1) (5.3-6.7) (55.3-58.6) (28.5-35.4) 

Data represent the means of 5 samples. Ranges are given in parentheses. 
\ 

109 



Table 23. Proximate composition of fermented kno (female yak) milk products of the Sikkim Himalayas I 

Parameter 

Product % o/o on dry matter basis 
Energy 
(kc:al/ 

pH Ash Fat Protein Carbohydrate 
lOOg 

Titratable Moisture DM) 
Acidity 

Milk 6.7 0.16 84.2 5.8 61.7 26.2 6.3 685.1 
(6.4-6.8) (0.14-0.19) (79.8-87.4) . (5.5-6.1) (60.0-63.2) (25.4-27.0) (3.7-9.1) 

Dahi 4.0 0.82 86.3 7.5 69.4 28.2 5.1 758.0 
(3.8-4.2) (0.80-0.85) (78.7-89.8) (7.2-8.3) (66.1-72.9) (27.4-29.2) (1.0-10.3) 

Mdhi 3.7 0.89 90.7 7.7 14.1 59.2 19.0 439.4 
(3.5-3.8) (0.86-0. 92) ! (89:8-91.8) (7.1-8.2) (12.9-16.0) (56.9-62.4) (13.4-23.1) 

Maa 5.9 0.28 12.6 \ 1.1 96.1 1.6 1.2 876.3 
(5.4-6.2) (0.26-0.30) (12.5-12.8) (1.1-1.1) (94.8-97.0) (1.3-1.8) (0.1-2.8) 

Chhu· 4.8 0.44 70.1 6.1 11.2 62.5 20.2 431.6 
(4.5-5.2) (0.42-0.46) (65.2-75.3) (5.0-6.6) ( 1 0.5-12.7) (58.9-66.8) (13.9-25.6) 

' 
Philu 4.8 .0.79 47.9 1.4 48.0 38.7 12.0 634.5 

(4.3-5.~) (0.78-0.81) (42.1-52.3) (0.6-1.8) (40.6-53.2) (38.0-39.2) (5.8-20.7) 

Data represent the means of5 samples. Ranges are given in parentheses. 

Table 24. Mineral contents of fermented milk products of the Sikkim Himalayas 

Product mg/100 g 

Calcium Iron ,Magnesium Manganese Zinc 

Cow milk . 103.8 1.7 39.7 1.2 57.7 

Cow soft chhurpi 44.1 l.2 16.7 0.6 25.1 

Cow chhu 111.0 4.5 64.3 3.1 87.6 

Cow so mar 31.2 0.4 13.7 0.5 17.2 

Cowphi1u 34.9 0.8 16.9 0.9 27.1 

Cow dudh chhurpi 19.8 0.5 6 .. 3 0.4 10.0 

Kno milk 76.9 1.0 34.7 1.0 49.1 

Kno maa 81.2 1.0 32.4 1.8 43.9 
' 

Data represent the means of2 samples. 
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Successional studies during chhurpi (soft-variety) fermentation 
( 

Chhurpi (soft-variety) ~as prepared in the laboratory following the 

traditional method as mentioned in Materials and Methods. Successional 

studies were carried at every 1 day interval within a range of 0-6 days. 

· Microbial changes 

Table 25 shows the changes in microbial population in cow milk during 

; soft-variety chhurpi fermentation. Load of lactic acid bacteria increased 

from 105 cfu!g in boiled milk to108 cfu/g at the end of fermentation (Fig 

13). Population of yeasts increased from '103 cfu!g to 107 cfu/g during 

ferme~tation. Subsequently, load of Bacillus increased up to 103 cfu/ g on 

the sixth day. 

Physico-chemical changes.· 

The mean pH value of boiled milk was decreased from 6.38 to 4.08 on the 

sixth day of fermentation (Table 26). Titratable acidity increased from 0 d 

till the end (Fig 14). Reducing sugar content was decreased remarkably 

during fermentation (Table 26). 
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Table 25. Microbial changes during soft chhurpi fermentation from cow milk 

Fermentation time Log cfu/g 
(d~ys) 

LAB Yeast Bacillus 

Oun 7.8 7.0 2.0 
(7.2-7.9) (6.6-7.2) (1.9-2.1) 

ob 5.2 3.9 1.8 
(4.8-5.6) (3.7-4.1) (1.7-2.0) 

8.0 4.3 2.1 
(7.8-8.2) (4.0-4.6) (1.8-2.3) 

2 8.5 5.0 2.2 
(8.3-8.7) (4.8-5.3) (2.0-2.4) 

3 8.9 5.6 2.2 
(8.6-9.0) (5.3-5.8) (2.1-2.4) 

4 8.9 6.9 2.3 
(8.6-9.1) (6.7-7.1) (2.0-2.5) 

5 8.7 7.0 2.8 
(8.5-8.8) (6.8-7.2) (2.5-3.0) 

6 8.6 7.6 3.4 
(8.5-8.7) (7.5-7.7) (3.2-3.7) 

Oun = Unboiled milk, 0 d; 0., = Boiled milk, 0 d 

Data represent the means of three batches of fermentation at 30° C. Ranges are given in parentheses. 
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Table 26. Physico-chemical changes during'soft chhurpi fermentation from cow milk 

Fermentation time pH Acidity Reducing sugar 
(days) 

\ 

(%) (%) 

OIDI 6.45 0.16 6.8 
(6.42-6.46) (0.14-0.18) (6.7-6.9) 

ob 6.38 0.18 6.6 
(6.37-6.39) (0.16-0.20) (6.5-6.7) 

1 4.28 0.59 5.4 
( 4.27 -4.29) (0.55-0.61) (5.3-5.5) 

2 4.22 0.61 1.7 
'(4.21-4.23) (0.58-0.64) (1.5-1.9) 

3 4.20 0.62 0.7 
(4.18-4.22) (0.61-0.63) (0.6-0.8) 

4 4.17 0.66 0.6 
(4.16-4.18) (0.63-0.69) (0.5-0.7) 

5 4.13 0.75 0.5 
(4.12-4.14) (0.71-0.79) (0.4-0.6) 

·, 

6 4.08 0.82 0.4 
(4.07-4.09) (0. 79-0.83) (0.3-0.5) 

Oun = Unboiled milk, 0 d; Ob = Boiled milk, 0 d 

Data r~present the means of three batches of fermentation at 30° C. Ranges are given in parentheses. 
' 
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Fig 13. Changes in microbial load during soft chhurpi fermentation. 
Values are the means ofthree baches of fermentation. 

Oun = Unboiled milk, 0 day 
Ob = Boiled milk, 0 day 
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Fig 14. Changes in pH, acidity and reducing sugar during soft chhurpi 
fermentation. Values are the means of three batches of fermentation. 

Oun = Unboiled milk, 0 day 
Ob = Boiled milk, 0 day 

115 . 

-~ = -,e. ·-:9 
~ 



DISCUSSION 



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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non-moti~e, catalase negative and facultative anaerobes; they did not 

hydrolyse casein, gelatin and starch. Gas production from glucose was 

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

Two groups of non-sporeform.ing 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 a!. ,(1986) and Wood aiJ.d 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. Hetero-fermentative lactics 

were identified as Lactobacillus bifermentqns, 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) and1 Wood and Holzapfel (1995), coccus-shaped, 
' 

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

I 

· Lactococcus lactis subsp. lactis, LactococqJ.S lactis subsp. cremoris and 

Enterococcus faecium. 

Different species of LAB were. found to be associated with the 

fermentation of differen~ types of indigenous fermented milk products. 

Their relative importance in the fermentation process is indicated by 

their ~umbers exceeding 107/g, based on the dilution factors. Wide 

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

Microorganisms mostly LAB present in raw cow milk may contribute to 

the spontaneous ferrJ?.entation of the milk (Gaya et a!., 1999; Gadaga 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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SUMMARY 



The people of the Sikkim Himalayas prepare a variety of indigenous . . 
fermented milk products for long centuries. Some of these milk products 

. are dahi, mohi, gheu, soft chhurpi, dudh chhurpi, chhu and philu. Their 
' 

indigenous knowledge of food fermentation for production of various 

milk products has been docukented, along with per capita consumption 

and annual production 'of each milk product in Sikkim. Dahi is the most 

· popular milk p~oduct with annual production of 76.2 kg per individual 

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

Besides consumption, some of the indigenous fermented milk products 

have deep-rooted socio-ethnical importance. Dahi plays an important 

part in the socio-religious activities of the local community in Sikkim. It 

is an essence to solemnize the marriage of Hindu. The Bhutias and the 

Lepchas too use dahi (shyow) in the religious and social events. Gheu is 

a sacred item in all their religious customs. It is used in the birth, 

marriage, death as well as in other religious occasions 

One hundred and eighty-five samples. of cow milk-fermented 

products and eighty-one_. samples of kno (female yak) milk-fermented 

products were collected from different places of Sikkim and were 

analysed ·for microbial load. Lactic acid bacteria (LAB) was the 

. dominant microorganism with high population levels up to I 08 cfuf g, 

followed by yeasts with load of 107 cfu/g. The population of spore

formers was recovered in
1 
unboiled milk of ·cow and kno, soft chhurpi, 

cow chhu and somar at the level of <103 cfulg. No filamentous mould 

.was detected. Aerobic mesophilic counts ~ere 108 cfu!g in unboiled 

milk (cow and kno), 108 to 109 cfu/g in dahi, chhu, philu, 108 cfu!g in 

mohi and soft chhurpi, 105 cfufg in somar, 104 cfu/g in dud4 chhurpi and 

106 cfufg in maa. Out of 1050 isolates of microorganisms obtained from 
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266 samples of fermented milk products, 772 isolates were lactic acid 

bacteria, 74 were spore-formers and 204 were yeasts. 

Out of 722 LAB isolates, 663 strains were rod-shaped and 109 

were coccus-shaped, Gram-positive, non-sporeforming, catalase-
\ 

negative and non-motile. Homo-fermentative rods were identified as 
1 

Lactobacillus p/antarum, Lactobacillus alimentarius, Lactobacillus 

casei su~sp. pseudoplantarum, Lactobacillus casei subsp. casei, 

Lactobacillus farciminis and Lactobacillus salivarius and hetero

fermentative rods were identified as Lactobacillus bifermentans, 

Lactobacillus hilgardii, Lactobacillus kefir, Lactobacillus brevis and 
., 

Lactobacillus confuses. Homofermentative coccus-latics were identified 

as Lactococcus lactis subsp. /actis, Lactococcus /actis subsp. cremoris 

and Enterococcus faecium. Endospore-forming isolates were identified 

as . Bacillus subti~is. Yeasts were identified as Saccharomycopsis 

crataegensis and Candida castellii. 

Prevalence of LAB in fermented milk (cow and kno) products 

was 100 %, 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. Lactic acid bacteria were 

dominant micro flora representing 7 4 % in milk products followed by 

yeasts i 9 % and Bacillus 7 %, respectively. Among LAB micro flora, 

rods were represented by186 % whereas coccii were represented only by 

14% in the analysed samples. 
I 

Bacillus cereus was detected in f~w samples of chhu, somar, 

philu and dudh chhurpi at the level <103/g. Staphylococcus aureus was 

detected in soft chhurpi, chhu, somar, philu and dudh chhurpi. Numbers 

of Staphylococcus aur~us were <103/g in all milk product samples 

tested. Enterobacteriaceae was present in all samples except pahi, mohi 
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and soft chhurpi. However, the load of these pathogenic contaminant 

was <I03 cfulg in all ;amples tested except somar which showed slightly 

higher numbers of ~I 04/g. Unboileq milk contained all pathogenic 

contaminants. 

Lactococcus /a~ tis subsp. cremoris COMI :C3, Lactobacillus 

p/antarum CCD2:RI, Lactobacillus p/antarum CCD2:RI, Lactobacillus 
( 

alimentarius CUG3:RI, Lactobacillus casei subsp. casei DC2:RI, 

Lactobacillus confusw DC4:RI, Lactobacillus casei subsp. casei 

KPYI :RI showed proteolytic activity. The highest a-amylase activity 

was that of Lactobacillus alimentarius CDC I :RI and Lactobacillus 

casei subsp. pseudoplantarum KSYI :R2 (>5 U/ml). All strains of 

Bacillus subtilis showed proteolytic and amylolytic activity. 

Lactococcus lac tis subsp. /actis CMR2:C 1, Ladococcus lac tis subsp. 

cremoris CMS2:C I, Enterococcus faecium PC I :C4, Lactobacillus 

plant arum KMKI :RI, Lactobacillus brevis KCYI :RI, Bacillus subtilis 

C~GI:S2, BaCillus subtilis CSR2:SI and Bacillus subtilis CSNI:S2 

showed lipolytic activity. 

Enzymatic profiles of randomly selected lactic acid bacteria 

strains of fermented milk products were assayed using the API zym 

galleries. LAB strains produced a wide spectrum of enzymes. These 

strains showed relatively weak esterase and no lipase (CI4) activities. 

' All strains showed strong phosphatase, P-galactosidase and P
glucosidase activities. However, they showed no detectable proteinase 

activity with the methods 1applied. The absence of proteinases (trypsin 

and chymotrypsin) and presence of high peptidase (leucine-, valine- and 
I 

· cystine-arylamidase) and esterase-lipase (C~ and C8) activities produced 

by the predominant LAB isolated from indigenous fermented milk 

products of Sikkim are traits of desirable quality for. their use in 
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production of typical flavours. High activity of P -galactosidase exhibited 

by species of Lacto.bacillus are essential features in indigenous 

fermented milk products of Sikkim. 

The antagonistic properties of the strains, isolated from fermented 

milk products were tested against the indicator strains (Listeria 

monocytogenes DSM 206qo, Bacillus cereus CCM 2010, Enterococcus 

faecium DSM 204 77 and( Streptococcus mutans DSM 6178). 

Lactococcus lactis subsp. cremoris CDMI :Cl, Lactobacillus casei . ' 
subsp. · casei DC2:Rl and Lactobacillus bifermentans KSKI :Rl 

inhibited ,the growth of Listeria monocytogenes DSM 20600. 

Lactococcus lactis subsp. cremoris CDMI :Cl, Lactobacillus casei 

subsp. pseudoplantarum CSRI :Rl, Lactobacillus plantarum KMKI :Rl, 

Lactobacillus casei subsp. pseudoplantarum KSYI :R2 showed ., 

inhibition zone against Bacillus cereus CCM 2010, Enterococcus 

faecium CCBI:Cl, Lactococcus lactis subsp. cremoris CURI:Cl, 

Lactobacillus casei subsp. pseudoplantarum CSRI :Rl, Lactobacillus 

brevis KCYI :Rl against Enterococcus faecium DSM 204 77 and 

Lactobacillus bifermentans CDPI :Rl, Lactococcus lactis subsp. lactis 

COS 1 :C 1, Lactococcus lac tis subsp. cremoris CURl :C 1, Lactobacillus 

casei subsp. pseudoplantarum KSYI :R2 against Streptococcus mutans 

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

antimicrobial properties, which can reduc.e the number of other . 
undesired microorganism in the milk products as well as help in the 

preservation of milk products. None of the strains were found to produce 
' 

any bacteriocin with the m~thod applied. 

Forty eight strains of lactic acid bacteria and Bacillus 
' 

isolated from fermented milk (both co~ and. kno) products were tested 

for biogenic amine production with the surface plate method applied. 
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None of the strains produced tyramine, cadaverine, histamine and 

putrescine in the applied method. This result indicated that biogenic 

· amine is not produced by the dominant microorganisms (LAB and 
' 

Bacillus spp.) in fermented milk products of Sikkim, products. 

Nineteen strains of LAB showed high degrees of hydrophobicity 

(>75%), among which Lactobacillus casei subsp. casei PC2:R6 (isolated 
., 

from cow philu) and Lactococcus lactis subsp. cremoris CURl :C1 

(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 than 36 % 
' 

hydrophobicity, indicating that the strains isolated from fermented milk 

products of the Sikkim Himalayas were not hydrophilic in nature. 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 epithelial cells of human 

· intestine, advocating their 'probiotic' character. 

Proximate composition of the indigenous fermented milk was 

analysed. The pH of cow milk products was 3.9-4.3 except in chhu, 

somar and dudh chhurpi which had pH value of 6.0. The pH of kno milk 
I 

,products was' 3.7-4.8 except maa showing pH 6.0. The titratable acidity 

ranged from 0.04 % (in somar) to 0.89 % in (kno mohi). Moisture 

content was low upto 12% in kno maa, 16% in dudh chhurpi but high 

in all other milk products at 36.5 % to 92.6 %. The ash content was also 

found to be around 1.1 to 7.7% on dry matter basis. Fat contynt varied 

from product to product. Philu contained high fat whereas cow chhu had 

very low fat of 5.8 % dry matter basis. High content of protein was 

observed in all~ milk products except in kno maa. Carbohydrate content 

was also variable in the products. Indigenous fermented milk products 
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are high calorie-.content foods of which maa (butter) made from kno 

(female· yak) is high calorie food havi~g energy value of 876.3 

kcal/1 OOg. Among the ~inerals of the milk products, calcium content 

was higher than other minerals estimated. I 

I I 

Chhurpi (soft-variety) was prepared in the laboratory following 

the traditional method. Succession studies were carried at every I day 

interval within a range of 0-6 days. Load of lactic acid bacteria increased 

from I 05 cful g in boiled milk to I 08 cful g at the end of fermentation. 

Population of yeasts increased from I03 cfulg to I07 cfu/g during 

spontaneous fermentation. Subsequently, load of Bacillus increased up 

to 103 cfulg on the sixth day. The mean pH value of boiled milk was 

decreased from 6.38 to 4.08 and titratable acidity increased from 0 day 

till the end. Reducin,g sugar content was decreased remarkably during 

fermentation. 

Traditional fermented milk products are typically produced at 

household levels in Sikkim Himalayas. Though, the fermented milk 

products of Sikkim are lesser-known, role of LAB m 

fermentation/process enhancing functional properties such as wide 

.spectrum of enzym~tic activities as well as enzymatic profiles, 

antimicrobial activities, probiotic (adherence character showing high 

degree of hydrophobicity), 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. 

This study has demonstrated that microbial diversity rangmg 

from species of lactic acid bacteria belonging to coccus-lactics 

(Lactococcus, Ente,rococcus) to species of homo-& hetero-fermentative 
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rods (Lactobacillus), Bacillus subtilis to species of yeasts (Candida, 

Saccharomycopsis) were present in the indigenous fermented milk 

products. Table C shows the schematic presentation of microbial 

diversity in the indigenous fermented milk products <;>f the Sikkim 

Himalayas. Isolated and identified microorganisms from common as 

·well lesser-known fel1llented milk products may contribute significant 

information on unknown microbial gene pool as genetic resources of the 
i 

Himalayan regions. 
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Table C: Schematic presentation of microbial diversity in 
indigenous fermented milk products of the Sikkim Himalayas 

MICROORGANISMS 

\ . 1 
Bartl· ria 

I 

LAB 

Rod 

I 

Iomo-fermentative rod 

Lactobacillus plant arum 
Lactobacillus alimentarius 
Lactobacillus farciminis 
Lactobacillus salivarius 
Lactobacillus casei subsp. 
casei 
Lactobacillus casei subsp. 
pseudoplantarum . 

Candida sp. 
Candida castellii 

~ 
jMotj 

Not recovered 

r • Saccharomycopsis crataegensis 

( 

Spore former 

~ 
Bacillus subtilis 

Coccus 

Lactococcus lactis subsp . 
..-------------, /actis 

Hetero-fermentative rod 
L-------.---------J Lactococcus lactis subsp. 

Lacto~acillus bifermentans 
Lactobacillus hilgardii 
Lactobacillus kefir 
Lactobacillus brevis 
Lactobacillus confusus 

11.0 

cremoris 
Enterococcus faecium 
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