
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 


