
4. RESULTS 
/ 

.. 



4.1. TRADITIONAL METHODS OF PREPARATION, ~lODE OF CONSUMPTION AND 

ETHNIC VALUE OF THE FER~IENTED FOODS UNDER SURVEY 
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Follm:iing the survey in Dar jeeling hills and Sikkim, a detailed 

information was bbtained on different traditional fermented foods 

used by the people of these places (Table 7)_. 

4.1.1. Fermented legumes 

4.1.1.1. Kinema 

Kinema is a. soya bean based food traditionally consumed by the 

non-Brahmin Nepalis. It is now populat among the Lepchas and the 

Bhutias who call it 'satlyangser' and 'bari', respectively. T~6 

indigenous cultivars, 'local yellow' and 'local brown' (Fig. 2a 

and b), of soya bean [Glycine max (L.) Merrill] are commonly grown 

in these regions. For kinema preparation, the beans of the 'local 

yeilow' cultivar are commonly used. These beans are small (5-8 mm, 

~verage ·6 mm) with smooth yellow seed coai" and dark brown hilum. 

The traditional method of kinema preparation is shown in Fig. 

3 and 4. Soya beans are cleaned, washed, soaked in water overnight 

at ambient temperature (10-25°C) and excess water is drained off. 

After soaking, the beans increase·by more than two times their 

original w~ight and become soft. Soaked beans, with fresh water, 

are cooked by boiling in open cooker upon earthen oven until they 

can be ~rushed easily between the finger tips. Excess water is 

drained off. Boiled seeds are put into a large wooden mortar and 

crushed ligntly by a wooden pestle to d~hull most of the seed~ and 

to brE!ak the seeds to maximum one-fourth of the intact seeds. A 
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TablE~ 7. Tniditiqnal fermented foods of Darjeeling hills and Sikkim 

Food Substrate Nature and use 

A. Fermented legumes 

ltinema Soya beans Cooked beans covered with 

sticky materials; served as 

curry with boiled rice 

Masayura Black gram Ball-like, hollow; used as 

spicy condiment 

B. Fermented vegetables 

Gundruk Leafy vegetables Dried, sour vegetable; eaten 

as soup or pickle 

Sinki Radish tap root Dried, sour vegetable; eaten 

as soup or pickle 

Nesu Bamboo shoot Fresh and soury; eaten as 

pickle 

Khalpi Cucumber· Fresh and soury; eaten as 

pickle 

C. Fermente<;l cereal preparation 

Shel roti Rice flour Fermented batter deep fried, 

pretzel or ring-shaped; eat-en 

as confectionary bread 

< 

D. Fennented dairy products 

Dahi Cow's milk Thick gel; acidic, non-alcoholic 

·savory 
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Food Substrate Nature and use 

Kachcha churpi Cow's milk Soft mass; used as condiment 

Ctmrpi Cow's/yak's milk Hard mass; eat(m as mastica~ory 

I 

Dudh churpi Cow's/yak's milk Hard mass; eatHn as masticatory 

E. Fennented meat 

Sttkako masu Mutton/beef/ Smoked meat; eaten as curry 

pork/yak meat 

F. Starter culture 

Hurcha Rice flour ·solid, flattened ball 

G. Fl~nnented beverages 

Jnard Finger millet/.. Mildly sweet, acidic and 

rice/starchy alcoholic drink 

material 

Raksi Rice/finger Distilled part of jnard 

millet 

small amount of firewood ash is often added and mixed. The whole 

soya bea~ grits are th~n wrapped with fresh fern (Athyrium sp~.) 

or Leucos=eptrum canum Smith leaves. At present, polythene bags 

are also sometimes used. The wrapped mass is covered with sackcloth, 

kept in a bamboo basket and placed in a warm place,_ usually above 

an earthen oven in kitehen, for l-2 days during summer or 2-3 days 



Fig. 2 . Seeds of 'local yellow' (a) and 'local brown' (b) 

cultivars of soya bean [Glycine max . (L.) Merrill] and kinema 

curry (c) 



Fig. 4. Kinema preparation in a house of rural Sikkim . (a) Dewatering after 

cooking; (b) transferring cooked seeds into mortar; (c) crushing seeds \vith a 

pestle; (d) arranging for wrapping ..... Contd 



Fig. 4 (Contd). (e) transferring soya bean grits on fern leaves in a basket; (f) 

covering with fern leaves; (g) final covering with sackcloth; and (h) leaving 

in kitchen for fermentation 



, Soyalbeans (1 kg) 

Cleaned 

\vathed 

* Soaked il water (3 1, 8-10 h) 

Dewatered 

J.(- Water 

Cooked (1-1.5 h in open cooker or l 10-12 min in pressw~e cooker) 

Dewatered 
.J, 

Crushed to grits 

l+-Firewood ash ( ca 1 g) may be added 

Wrapped 
.J, 

Fermented (25-40°C, 1-3 days) 
.J, 

KINEMA (ca 2.5 kg) 

Fig. J . Flow sheet of kinema preparation 

during win ter. Th e de s ired state of fermentation is indicated by 

t he for~a tion of a typical kinema flavour dominated by ammonia. 

Durin ~ fer~entat i on, soya beans become covered with a viscous 

fluid wllic:.h appears to det e rmine, to a large ext•?.nt, the quality 

of the fi nished l-' roduct . Kinema shows long, stringy threads when 
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touched with fin ge rs; longer the thread, better is the quality of 

kinema. Fr s h kinema keeps for 2-3 days during summer and a 

maximum qc one wee k in winter. The s helf-life is often lengthened 

t o one month or more by drying in the sun or by keeping above an 

earthe n ove n i n ki tche n. 

Kinema i s used to give a pleasant, nut-like flavour to curry. 

Kinema i ~ e aten as side dish with rice. Sometimes, it is mixed 

wi th vege t a ble s . Fr e sh kinema (Fig. 5) is fried in edible oil and 

( 



Fig. 5. Freshly prepared kinema 

Fig. 6. Kinema (a), gundruk (b) and sinki (c) being nmr keted 

at Darjeeling. A silver mug for measuri ng ki nema is a l so seen . 
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mixed ~Tith salt, onion, green chillies and tomato. A little water 

is arlded tc make a thick curry (Fig. 2c). 

Ki~ema i s sold in all periodic local markets of these regions. 

Usually, it is sold by volume taking in a silver mug (Fig. 6a) and 

packing in leaves of Ficus hookeriana Corner (locally called, 

'nevara ') loosely tied by straw. 

4.1.1.2. Ma~ayura 

Masayura is a .;:are black gram [Vigna mungo ( L.) Hepper] product, 

traditio:1ally consumed by certain castes of Nepalis. It is prepared 

(F i g. 7) during winter only. Black gram seeds are cleaned, washed 

Black gram 
J, 

Sc.aked in wa t er ( 8-·12 h) 
J/ 

Dewatered 
J, 

Seed coats removed 
--1-

Gl·ound t"" paste 

1~-.Roots of Dioscorea alata 
and turmeric powder 

Mixed 
-¥ 

Fermepted (20-30°C, 1-2 days) 
-¥ 

Moulded into balls or cones 
-¥ 

Dried upon bamboo trays fo!" 3-5 days 

MASALJRA 

Fig. 7. Fl mr s i.•.eet of r.~asayura preparation 

and soaked overnight. Excess 

water is drained off. Seeds 

are dehulled by pressing 

through hands and the hulls . 

are flown off. They are 

ground to paste which is 

added with turmeric powder 

and root of Dioscorea alata 

1., locally called 'ghar 

tarul', and fermented in 

kitchen for 1-2 days. The 

batter is then hand-moulded 

into balls or cones and sun 

-dried on bamboo trays. 

Shelf-li f e of masayura js about one year. 

Masayur a is a hollow, brittle and friable ball (Fig. 8), 

consumed as a condiment or adjunct in cooking vegetables. 

' 



Fig. 8. Masayura, showing cavities in some i nverted ones 
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4.1.2. Fermented vegetables 

4.1.2.1. Gundruk 

Gundruk, a leafy vegetable product, is traditionally consumed by 

the Nepalis. Now it is popular among all the ethnic groups of these 

regions. The Bhutias call it 'lo-kyur'. Gundruk is usually prepared 

during the months of December to February when the weather is less 

humid and there is ample supply of green vegetables. The substrate 

of gundruk is usually the leaves of 'rayo' [Brassica rapa L. ssp. 

campestris (L.) Clapham var. cuneifolia Roxb.]. Other leaves, such 

as radish (Raphanus . sativus L.), cauliflower (Brassica oleracea L. 

var. botrytis L.) and 'shimrayo' [Rorippa nasturtium-aquaticum (L.) 

Hayek] are also used. 

In the traditional method of gundruk preparation (Fig. 9 ~nd 

Fresh 'rayo' leaves or 
other leafy vegetables 

..!,. 
Wilted in the sun (1-2 days) 

..!,. 
Crushed mildly 

..!,. 
Soaked brie.Dy in hot water 

..!,. 
Packed into container 

..!,. 
Pressed tightly and weighted down 

..!,. 
Covered with l eaves 

..!,. 
Fennented (warm and dry 

l place, 15-22 days) 

Sun-dried (2-4 days) 
,J., 

GUNDRUK 

Fig. 9. Flow sheet of gtmdruk preparation 

10) fresh leafy vegetables 

are wilted in the sun · (l-2 

days depending on weather), 

crushed mildly, soaked briefly 

in hot water, placed in a 

perforated tin or jar, pressed 

tightly by wooden ladle or 

hand-pressed, and covered 

with bamboo or banana leaves 

or straw. The container is 

kept in a warm and· dry place 

for 15-22 days~ After 

ferm~ntation, deter~ined by _a 

typical flavour and sour taste, the fermented product is taken out 
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Fig. 10. A Nepali family preparing gundruk in a village of Kalimpong. (a) 'Rayo' 

leaves being wilted; (b) crushing l eaves; (c) transferring the crushed leaves 

into a tin; and (d) leaving for fermentaU on 



and dried in the sun for 2-4 days. Gundruk has a shelf-life of 

about one year. In a few places, a slight modification to the 

9J 

above method is practised. All the steps are identical to those of 

the above method, excepting that warm water (30-35°C) is frequently 

added to the perforated fermenting jar. After 3-7 days, they are 

taken out of the jar, squeezed and sun-dried. 

Gundruk (Fig. 6b and 11) is typically used as a base for soup 

and as a pickle. The soup is made by soaking gundruk in water for 

about 2 min, squeezing out the liquid and frying along with salt, 

tomato , onion and green chilli. The fried mixture is boiled in 

rice water. The soup is served hot as an appetizer. Pickle is 

prepared by soaking gundruk in water, squeezing and miiing with 

salt, oil, onion and green chilli. 

4.1.2.2. Sinki 

Like kinema and gundruk, sinki was formerly confined to the Nepalis, 

but is now consumed by all the ethnic groups of these regions. 

In the traditional method of its preparation (Fig. 12), fresh 

tap roots of radish (Raphanus sativus L.) are cleaned by washing, 

wilted for 1-2 days till they become soft, shredded, washed and 

placed tightly into earthen jar with the help of a wooden pestle. 

The jar is made air-tight by covering its mouth and kept in warm 

and dry place for 15-30 days. In some places, a pit of diameter 

and depth of about 1 m is dug in the ground and dried by fire. The 

pit is mud-plastered while hot and covered on all sides with dried 

leaves of bamboo, banana or radish. The shredded tap roots are 

placed in it, pressed tightly and covered with dried leaves. Heavy 

stone s are placed to compress the substrate. The top of the pit is 



Fig. 11. Sun-dried gundruk ready for marketing 

Fig. 13. Freshly prepared (a) and sun-dried (b) sinki 



Radish tap root 
J, 

Washed 
J, 

Wilted (1- 2 days) 
J, 

Shredded 
J, 

Washed 
J, 

Packed into container 
J, 

Pressed tightly and weighted down 
J, 

Covered with leaves 
-1.-

Fennented (wann and dry 
place, 15-30 days) 

Srm-dried (3-5 days) 
J, 

SINKI 

Fig. 12.. Flmv sheet of sinki preparation 

4.1.2 .. 3. Mesu 
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_again plastered with mud or 

cow dung and fermented for 

30-40 days. The fermented 

mass is taken out and sun-

dried (Fig. 6c and 13). The 

season of its preparation, 

its mode of consumpt i on and 

its shelf-life are s i milar to 

those of gundruk. 

Mesu, a bamboo shoot pickle is common among the people inhabi t i n g 

the bamboo-growing places of these regions. Mesu was originally 

Yormg edible bamboo shoot 

Sheathing leat base removed 
J, 

Sliced 

Placed tightly inti fresh bamboo vessel 
and made air-iight 

J, 
Fermented (wann and dry 

l place, 7-15 days) 

MESU 

confined to the Nepalis. The 

Lepchas and Bhutias call it 

'sitit' and 'nyuk-ru', 

respectively. It is prepared 

in the months of June to 

September when young bamboo 

shoots are available. 

The traditional method 

Fig. 14. Flow sheet of mesu preparation of mesu preparation is shown 

in Fig. 14. Young edible bamboo ('choya bans' or 'tama', 
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Der,<l r o-::a l am us ha milton .z i Ne cs and Arnott; 'karati bans', Bambusa 

tul da Roxb.; 'bhalu ban; ; ', ue ndro ca.J . .:u nu8 sikkimens. ·: s Gamble) 

shoots are chopped fine!y (l -1.5 ern x 0.3-0.7 em -~ 0.3-0.7 em) and 

pressed tightly into ve .;Sf! 1 s , mad e fro m fresh hall ow bamboo sterns. 

The vessel is capped by leaves to provide an almo ~ t air-tight 

env1ro nment (Fig. 15). The material is allowed to ferment at 

ambient temperature (20-25°C) for 7-15 days. Completion of 

fermentation is indicated by the typical mesu fla vour and taste. 

Fresh mesu (Fig. 16) has a shelf-life of about one week. However, 

mesu pickle can be stored for a year or more. 

Mesu is commonly used as a pickle (Fig. 17) oy mixing with 

salt, o il and green chillies. It is also used for preparing curry 

by fry lng and mi xing wi th cooked meat. 

4.1.2. 4 . Khalpi 

Ripen cucumber 
-J, 

Wilted (1-2 day3) 

-.!-
Peeled and washed 

-.!-
Pulp sliced 

Mustard oil->1(--Spices, salt 

Mixed 
-.!-

Placed into container 
-.!

Pressed tightly 

-.!-
Covered with clothes 

-.!-
Fermented (warm and dry 

place : 1-3 days) 

KHALPI 

Fig. 18. Flow shee t of khalpi preparation 

Khalpi is a salted 

cucumber pic~le, prepared in 

a few cucumt~r-growing places 

of these re g ions. It is 

usually prer•ared during 

summer and a rly autumn. 

In the traditional method 

of its prep ration (Fig. 18), 

cucumber (cu = umis sativus L.), 

usually riph1, is wilted for 

1-2 days, p ee led, washed and 

sliced (5-7 em x 2-3 em x 2-3 

em ). They a1·e mixed with salt, 



Fig. 15. Mesu along with a 

fennentation container 

Fig. 16. Mesu (close view) 

Fig. 17. Hesu pickle 
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spices and mustard oil, placed tightly into bamboo vessel or 

earthen jar, covered with clothes, kept at warm and dry place, 

and left to ferment . for 1-3 days. 

Kh a lpi used as a ready-made pickle, can be kept for 1-2 

months. 

4.1.3. Fermented cereal preparation 

4.1.3.1. Shel roti 

These are ring-shaped fried foods eaten traditionally by the 

Nepalis , Shel roti is prepared in almost every house during 

festivals. 

Tra d itionall y , the y are prepar e d (Fig. 19) by mixing rice 

Rice flour 
I 

flour paste (rice 1 kg and 

j,(- Water 

Smooth paste 

Ghee , m~~lk ,-~1(---- Sugar /hon~y, 
spi~es banana 

Mixed 
-t 

Fermented (4-24 h) 
-t 

Squeezed by hand to make rings 
on hot fat 

-t 
Fried (1 min) 

-t 
S.:-JEL ROTI 

Fig. 19 . Flow sheet of shel roti preparation 

water 1 1) with banana 

(two small pieces), ghee 

(100 g), sugar (200 g) or 

honey ( 100 g), milk (500 

ml) and some spices. 

Sometimes, instead of 

banana, sodium bicarbonate 

(3 g) is added. The well-

mixed bat ter is allowed to 

ferment for betwee n 4 h 

(during summer) and 24 h (during winter). 

Tie l e avened batter is squeezed by hand and deposited as 

continuous rings on hot fat (Fig. 20). These rings are fried and 

served hot. Shel roti is consumed as a confectionary bread (Fig . 21) 

witlt c u r ry or pickle. It has a shelf-life of about one 1veek. 



r 

Fig. 20. Fermented rice batter being squeezed by hand onto hot 

fat to prepare shel roti 

Fig. 21. Shel roti as sold in market places 
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4.1.4. Fermented dairy products 

4.1.4.1. Dahi 

Cow's milk 

"" Boiled 
,j,. 

Cooled 

1~Inoculum 
Fermented (25-40°C, 8-12 h) 

,j,. 
DAHI 

Dahi ('sho', called by the 

Bhutias) is nne of the major 

fermented dairy products 

commonly prepared in every 

house of these regions. 

Traditionally, cow's milk is 

Fig. 22 . Flow sheet of dahi preparation boiled, cool~d, inoculated 

with previous batch of dahi 

and allowed to ferment for 8-12 h at a warm plac1!, by keeping near 

oven in kitchen (Fig . . 22). 

4.1.4.2. Kachcha churpi 

Kachcha churpi ( 'chuiw ', called by the Lepchas) i s prepared (Fig. 

23) f :c om cow's milk. I •ahi is churned in a bamboo vessel. Following 

Dahi 

~Cream 
Butter milk (rnohi) 

-J,. 
Curdled by boiling 

,j,. 
Filtered off 

+ KACHCHA CHURPI 

Fig. 23. Flow sheet of kachcha 

churp:i. prepa ration 

separation of crea~, the butter milk 

('rnohi') is curdled by boiling and 

filtered through a piece of muslin 

cloth. The coagulu~ is kept under 

pressure for 3-5 h to prepare 

kachcha churpi (Fi g . 24). It can be 

kept for 2-3 days. Kachcha churpi is 

consumed as a condiment by mixing 

with sliced radish or cucumber, s al t 

and gre en chillies. It is also mixed with meat, 7egetables and 

spj c e ~; to prepare curr ' . 



, 

Fig. 24. Kachcha churpi being marketed in Kalimpong 

I 

Fig. 26. Dudh churpi (a) and churpi (b) 



,_ 
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4.1.4.3. Churpi 

Churpi ('chura', called by the Bhutias and 'khamum', by the 

Lepchas) is commonly prepared in high altitude areas (1300-1400 

m) of Darjeeling hills and North and East Sikkim. Churpi is 

Cow's/yak's milk 

~Cream 
Skirrmed milk 

Boiled 
Whey ----i 

Coagulated 
.f:-7Whey 

CooKed 

Ferm~nted (15-20°C, ca 2 day9, 
~ under pressure) 

Sliced 
~ 

Dried above ovens (1 month) 
~ 

CHURPI 

Fig. 25 . Flow sheet of churpi preparation 

prepared (Fig. 25) from 

cow's or yak's milk. 

The cream is separated 

from milk by centrifugation 

and the skimmed milk is 

boiled and curdled by adding 

whey. After straining, the 

coagulum is cooked until 

the free wat ir dries up. 

The highly stringy mass is 

wrapped with a cloth and 

cured at room temperature 

(15-20°C) for about two days under pressure of about 0.8-1.0 kg/cm2
, 

made with the aid of heavy stones. After pressing, the mass as 

such or after slicing is allowed to dry by keeping it above ovens 

in kitchen for about one month. The product becomes very hard and 

can be stored for a number of years. Churpi (Fig. 26b) is flat in 

taste and is used in much the same as chewing gum. 

4.1.4.4. Dudh churpi 

During the time of churpi making, the cooked, pressed and one we ~ k-

dried coagulum is boiled in milk till the free milk dries up. It 

is again dried for about three weeks keeping in the sun or above · 

ovens. Dudh churpi (Fig. 26a) is sweet and is used like churpi. 
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4.1.5. Fermented meat 

4.1.5.1. Sukako masu 

This smoked meat product ( 'sha-kampo', called by the Bhutias) is 

popular among the non-vegetarians of these regions. It is usually 

prepared during autumn to winter. 

Meat (mutton/pork/beef/yak) 
~ 

Cut into strips 

l ~Turmeric powder may be added 

Mixed 
~ 

Hooked in bamboo sticks , 
upon earthen oven 

~ 
Fermented (smoked and dried, 15-30 days) 

* SUKAKO MASU 

Fig. 27. Flow sheet of sukako masu preparation 

In the traditional 

method of its preparation 

(Fig. 27), mutton, pork, 

beef or yak's meat is 

cut into strips, may be 

mixed with trirmeric, 

hooked in bamboo sticks, 

hanged over earthen oven 

in kitchen and allowed 

ferment by smoking and 

drying for 15-30 days. The shelf-life of sukako masu is 1-2 months. 

Howeve~, frequent sun-drying is required for prolonged (beyond 2 

months) storage. 

Sukako masu is consumed as a curry with rice. Curry is 

prepared by soaking sukako masu in water for a few min, squeezing 

out excess water and frying with salt, spices, onion and chillies 

with little water. Som~times, it is cooked with vegetables. 

4.1.6. Starter culture 

4. L. 6 .1. }!urcha 

Murcha is not a food but a starter culture used for several 

beverage fermentations, commonly consumed locally. 'Murcha• is a 
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Nepali word; the Lepchas use the word 'thamik', the Limbu (one of 

the ethnic groups of the Nepalis) call it 'khesung' and the Bhutias 

call it 'phab'. Trade in murcha is protected as a hereditary right 

of certain castes of the Nepalis (particularly Limbu and Rai) and 

the Lepchas. 
. 

Figure 28 illustrates the sequential addition of ingredients 

for murcha preparation . Rice (glutinous and non-scented), soaked 

Rice grains 

* Soaked in water (10-12 h) 

Water, spices ~~~Roots and leaves of l certain wild plants 

Ground 
.J., 

Made into paste and kneaded into flat cakes 

1~ Old murcha powder 
sprinkled over 

Covered with fern fronds/cereal straw 
.J., 

Fermented (25-35°C, 1-3 days) 
.J., 

MURCHA 

Fig. 28. Flow sheet of murcha preparation 

in water overnight (10-

12 h), is placed in a 

large wooden mortar. A 

f~w pieces of the root 

of 'sweto-chitu'(Plumbago 

zeylanica 1.), commonly 

used by the Lepchas of 

Bong Busty of Kalimpong), 

a few leaves of 'vimsen 

pathe' (Buddleja asiatica 

Lour.), and certain 

spices such as ginger 

and chilli are blended using a heavy-wooden, foot driven pestle 

(Fig. 29). Water is added to make dough which is hand-moulded into 

flattened cakes of 2-5 em in diameter. Old murcha powder is 

sprinkled over the new cakes which are then wrapped in fern fronds 

(Athyrium sp.) with the fertile side (bearing the sari) touching 

the cakes. The cakes are placed above kitchen and covered 

successively with fresh fronds, dried fronds, straw and finally 

sackcloth. They take 1-3 days to dry at 25-35°C. This . method is 



-

Fi e . 29. Ingredients (rice grains, rice flour, old murcha 

cakes, ginger, red chilli, leaves of 'vimsen pathe' and roots 

of 'sweto-chitu') used for murcha preparation 

Fig. 30. Murcha cakes as marketed at Kalimpone 
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protected by the Limbu and the Rai communities . The Lepchas cover 

the cakes with rice straw instead of fern fronds. Cakes are dried 

in the sun a nd dry adhering fronds are removed. Murcha (Fig. 30) 

remains active for several months at room temperature and dry 

place . 

4.1.7. Fermented beverages 

4.1.7.1. Jnard 

Jnard is a sweet, sligh tly acidic and alcoholic beverage prepared 

in almost every house of these regions. The word 'jnard', derived 

from the Mangaranti or Magar language (the Mangarantis or Magar 

being one of the castes of the Nepalis), is known by many synonyms 

('chi a ng' by the Bhutias, 'chii' by the Lepchas, 'toongba' by the 

Nepalis; the word 'toongba' actually means the bamboo vessel in 

which jnard is consumed . Jnard is the fermented product of finger 

millet (Eleusine coracana Gaertn.), locally known as 'kodo' or 

'marua', and is commonly cultivated in the Kalimpong area and at 

lower altitudes (up to 1300 m) in Sikkim. 

In the traditional method of jnard preparation (Fig . 31), 

finger millet seeds are boiled in an open cooker for about 30 min, 

excess water is drained off and the boiled seeds are spread on 

leaves, preferably banana leaves. Murcha is powdered and sprinkled 

on the boiled and cooled seeds. After thorough mixing, the seeds 

are piled in a heap and kept for 24 h. They are then usually 

placed in · an earthen jar and covered with leaves and cloth, and 

fermented in warm and dry place for 3-5 days after which a typical 



Finger millet se2.ds 
.J, 

Boiled 

""' D2watered 

""' Spread on leaves 

1+- Murcha powdered 
sprinkled 

Mixed 

* Piled in a heap and kept for 24 h 

Packed in eartten v·cssel 

Covered with clotte:3 and leaves 
.J, 

Fermented (warm and dry 1 place, 3-5 days) 

JNARD 

Fig. 31. Flo·il s~eet of jnard preparation 
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flavour of jnard develops. 

In urban areas, the seeds 

are allowed to ferment in 

a polythene bag. If air 

is allowed access to the 

fermentation and sometimes 

even when the pots are 

kept air-tight, the 

product becomes sour . 

Jnard is drunk by 

placing fermented seeds 

in a bamboo vassel 

(toongba) and warm water 

is added. After about 10 

min, the beverage is ready to sip through a narrow bamboo straw 

(Fig. 32). This liquor is believed to be a good tonic, especially 

for post-natal women. 

Although the term 'jnard' is commonly used for the finger 

millet beer, other substrates such as rice, maize, wheat, bajra, • 

sweet potato, ginger, Rhododendron flower petals etc. are also 

used for jnard preparation. The names of the beers deriving from 

the raw materials used for fermentation are 'makai jnard' (maize 

beer), 'vate jnard' <(rice beer) etc. The period of fermentation 

differs from substrate to substrate. 

4. 1 . 7 . 2. Raksi 

Raksi ('arak', cal~ed by the Bhutias) is the distillate of rice 

beer, commonly used as a drink in these regions. 



~· 

Fig. 32. Sipping jnard from toongba through a bamboo straw 
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• 
4.1.8. Distribution of traditional fermented foods 

Figures 33 and 34 show the distribution of traditional fermented 

foods in Darjeeling hills and Sikkim, respectively. About 90% . 

of the inhabitants of these regions consume kinema, gundruk, sinki, 

shel roti, dahi, kachcha churpi, churpi, dudh churpi, sukako masu, 

jnard and raksi. Although mesu is consumed by the people of entire 

Kalimpong subdivision, its use is restricted to Mirik and adjoining 

areas only of Kurseong subdivision, and Bijanbari and Rimbik areas 

only of Darjeeling subdivision. In Sikkim, 60-70% of the population 

consume mesu. Consumption of masayura and khalpi is confined to a 

few pockets. 

4.2. KINEMA 

4.2.1. Proximate composition 

The proximate composition of raw soya beans and kinema from 

different sources is presented in Table 8. The mean moisture 

content of soya beans was 10.8%, whereas that of kinema was 61.8%. 

Kinema had a very high protein content. The fat content in 

fermented soya beans was less than that of its raw material. Ash 

content of the laboratory-made kinema was relatively same as that 

of the substrate. However, market samples showed higher content of 

ash. The mean pH value of kinema was 7.89, whereas that of soya 

beans was 6.75. Titratable acidity and free fatty acidity of soya 

beans increased markedly after fermentation. The energy value of 

substrate is marginally higher than that of kinema. 
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Darjeeling hills 
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Table 8. Proximate composition of raw ingredient and kinema from different sources 

Kinema 

Darjeeling Kalimpong 

Parameters Soya beans market market 

Moisture (%) 10 .8 60.1 61.7 

(9.5-12 .0) (57 .3-61.4) (58.5-64 .4 ) 

Protein (% .TIM) 47.1 47.3 47.8 

(Total N x 5.7) (45.8-48.2) (45.8-48.5) (46.6-49.0) 

Fat (% 0~1) 22 .1 16 . 3 16. 8 

(Ether extract) (20.3-24.0) (14 .4- 18. 7) (14 .8-19.2) 

Carbohydrate (% bM) 25 .8 29 .0 28 .0 
(by difference) (22.6-29.4) (24. 6-33 . 7) (23.4-32.2) 

Ash (% DM) 5.0 7.4 7.2 

(4.5-5.2 ) (6.1-8.2) (6.4-8.4) 

pH 6 .75 7.94 7. 82 

(6.60-6.85) (7 . 30-8 . 35) (7.20-8.15) 

Titratable acidity 0.01 0.08 0 .10 
(as % lactic acid) (0 .01-0.01) (0 .06-0 .09) (0 .06-0 .10 ) 

Free fat t y acidity 0.08 3.0 2 . 7 

(as % linoleic (0.04-0.15) (2.6-3 . 3) (2 . 2-3 . 3) 

acid) 

Energy 2.0 1.9 1.9 

('t-U /100 g DM) (1.9-2.2) (1.7-2.1 ) (1. 7-2.1) 

% DM, percentage on dry matter basis 

Gangtok 

market 

62.6 

(59.5-64.1) 

48.0 

(46 . 2-49.2) 

17.7 

(15.7-18.9) 

27.4 

(24.1-32 . 3) 

6.9 

(5.8-7.8) 

7.71 

(6 .95-8.05) 

0 .10 

(0 .07-0.12) 

2. 6 

(2.1-2.7) 

1.9 

(1. 8-2.1) 

Data represent t he means of 10 samples. Ranges are given in parentheses. 

Laboratory

made 

63.0 

(61. 7-64.8 ) 

48.7 

(47.9-49.0) 

16.1 

(14. 8-17. 7) 

29.6 

(27.4-32. 5) 

5.6 

(4.8-5.9) 

8 .10 

(7.70-8.50 ) 

0.10 

(0.09-0.10 ) 

2.4 

(2.3-2.6 ) 

1.9 

(1. 8-2 .0 ) 
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4.2.2. Microbial analysis 

4.2.2.1. Isolation of microorganisms from market and laboratory

made samples 

Pure culture colonies developed on nutrient agar, MRS agar, 

GYP-CaC0 3 agar, APT agar, YM agar and PDA. Five hundred a nd two 

bact e rial strains, isolated from 50 samples of kinema, wer e . 

grouped on the basis of colony morpholo gy, cell shape, spore 

formation, motility, catalase activity and oxygen r e qui rement 

(Table 9). One hundred ninety eight yeast strains, isolated from 

the same 50 samples of kinema, were grouped on the basis of colony 

characters, cell morphology and mode of ve getative r e production 

(Table 10). One representative strain from each group wa s s e lected 

randomly for identification. 

4.2.2.2. Taxonomical studies 

4.2.2.2.1. Bacteria 

The colonies of the bacterial representative strains DK-Wl, KK-Wl, 

GK-W1 , RK-Wl and LK-Wl were spreading white and fringed margin 

with dull surface. The cells of all these strains were motile, 

spore--forming, Gram positive rods (Fig. 35) showing catalas e 

activ i ty. The other group of the bacterial representative strains, 

DK-Cl , KK-Cl, GK-Cl, RK-Cl and LK-Cl had white, small, isolated 

colon i es, and were non-motile, nonspore-forming, Gram positive 

cocci in chains (Fig. 36). They were catalase negative and 

hydrolysed arginine. 



X -~ ... 
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Table 9. Selection of representative strains of bacteria isolated from kinema samplesa 

Number of Cell Spore 02 
Source strains b Colony c shape formation Motility Catalase requirement 

Darjeeling market 98 Fds Rod + + + Aerobic 

Ess Coccus - - - Facultative 

Kalimpong market H,B Fds Rod + + + Aerobic 

Ess Coccus - - - Facultative 

Gangtok market 87 Fds Rod + + + Aerobic 

Ess Coccus - - - Facultative 

Rongli market 1()9 Fds Rod + + + Aerobic 

Ess Coccus - - - Facultative 

Laboratory-made 105 Fds Rod + + + Aerobic 

Ess Coccus - - - Facultative 

~ber of samples was 10 from each source. 

bAll isolates were Gram positive. 

cFds, fringed with dull surface; Ess, entire with smooth surface 

Grouped 

strains 

6(} 

38 

65 

38 

56 

31 

62 

47 

68 

37 

... 

Representative 

strains 

DK-Wl 

DK-C1 

KK-Wl 

KK-C1 

GK-Wl 

GK-C1 

RK-Wl 

RK-C1 

LK-Wl 

LK-C1 

I-' 
0 
(.;..) 
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Table 10 . Selection of representative strains of yeasts isolated from kinema samplesa 

Nt.nnber of 

Source strains b Colony Cell shape 

Darjeeling market 37 Cgs Ellipsoidal 

Wds Cylindrical 

Kalimpong market 4'{J Cgs Ellipsoidal 

Wds Cylindrical 

Gangtok market 43 Cgs Ellipsoidal 

Wds Cylindrical 

Rongli market 45 Cgs Ellipsoidal 

Wds Cylindrical 

Laboratory-made 33 Cgs Ellipsoidal 

~ber of samples was l'{J from each source . 

Vegetative 

Mycelium reproductionc 

Pseudo B(ml) 

True s 

Pseudo B(ml) 

True s 

Pseudo B(ml) 

True s 

Pseudo B(ml) 

True s 

P8eudo B(ml) 

Grouped 

strains 

22 

15 

28 

12 

3~ 

13 

27 

18 

33 

begs , cream coloured with glistening surface; Wds , white coloured with dull surface 

cB(ml), multilateral budding; S, splitting 

~ 

Representative 

s trains 

DK-Sm1 

DK- Ch1 

KI\-Sm1 

KK- Ch1 

GK-Sm1 

GK- Ch1 

RK-Sml 

RK-Chl 

LK- Sml 

I-' 
0 
~ 
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Fig. 35. Bacillus subtilis DK-H1 (NA, 18 Fig . 36. Enterococcus faecium DK-C1 (MRS 

h, 37°C) isolated from kinema, showing broth, 3 days, 37°C) isolated from 

vege tative L:ells and endospores; phase 

contrast micrograph (x 1120) 

Fig. 37. Candida parapsilosis DK-Sml 

(Slide culture on PDA, 2 days, 28°C) 

isolated from kinema, showing ellipsoidal 

cells with pseudomycelia; phase contrast 

micrograph (x 800) 

kinema, shmving coccal cells in chains; 

phase contrast micrograph (X 1120) 

Fig. 38. Geotrichum candidum DK-Chl 

(Slide culture on PDA, 2 days, 28°C) 

isolated from kinema, showing cyl.indrlcul 

cells with true mycelia; phase contrnot 

micrograph (x 800) 
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These characteristics showed that the strains DK-Wl, KK-Wl,, 

GK-Wl, RK-Wl and L~-Wl belonged to the genus Bacillus, and the 

strains DK-Cl, KK-Cl, GK-Cl, RK-Cl and LK-Cl bel~nge~ to the genus 

S:treptococc.us,, as per the criteria laid d:own by Starr et al. (1981) 

and Sneath et al. (1986). The: morphological and physiological 
,. 

characteristics of the representative strains of Bacillus and 

Streptococcusare shown in Tables 11 and 12, respectively. 

~esult~ for the API 50CH and API 20E tests ~ere recorded 

foll6wing the manufacturer's interpretation table. On blood agar 

plates, a zone of greenish discolouration formed around the 

colonies whose margins were indistinct, indicating ~-haemolytic 

activity.of the streptococcal isolates. 

Following the taxonomic keys of Norris et ., 
a..L • (1981) at:J.d 

Hardie (1986), the Bacillus strains were tentatively identified as 

Bacillus subtilis (Ehrenberg) Cohn .and the Strept~coccus strains 
,• 

were identified as Streptococcus faecium Orla-Jensen [Enterococcus 

faecium (Orla-Jensen) Schleifer and Klipper-Balz]. 

4 .. 2.2.2.2. Yeasts 

The colonies of ·the yeast representative strains·DK-Sml, KK-Sml, 

GK-Sml, RK-Sm1 and LK-Sml were cream in colour with glistening. 

surface and entire margin when grown on agar plates. However,. they 

became mucoid without forming sediments in liquid medium. All 

these strains had ellipsoidal cells with multilateral budding and 

pseudomycelia (Fig. 37). Asci and ascospores were absent in these 

strains. The other group of the yeast repr~sentative· stiains 

DK-Chl, KK-Chl, GK-Chl, RK-Ch1 and LK-Ch1 had white coloured 



106 
Table 11. Characteristics of representative strains of spore-forming bacteria 

isolated from kinema 

Parameters DK-Wl J(K-H1 GK-m_ RK-Wl LK-Wl . 

Morphological and 

supplementary tests 

Cell shape a Rod Rod ·Rod ROd Rod 

'• Cell width C;um) 0.7-0.8 0'. 7-0.8 0.7-0.8 0.7-0.8 0.7-0.8 

Cell length <;um) ,. 2.0-4.1 2.0-4.2 2.0-4.0 2.0-4'.1 2.0-4.0 
-:t Motility + + + +' + 

Spore shape E-Cb E-C E-C E-G E-C 

Spore position C/Tc C/T C/T C/T .C/T 

Sporangium swollen 

Gram reaction + + + + + 

Catalase + + + + + 

~· 
Anaerobic growth 

Aerobic growth + + + + + ... 
-:--~-

~as from glucose 

Hydrolysis of 

Fat + + + + '+ 

Casein + + + + + 

Growth in NaCl 

y 5% + + + + + _..t,' .. 

7% + + + +- + 

Growth at 

H) and l5°C 

2~-55°C + +- + + + 

6~°C 

Optimum t~perature 
.._,~ 

45 45 45 i for growth ( °C) . - 45 45 

• 
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Parameters . · DK-Wl KK-Wl GK-Wl RK-Wl .. LK-Wl 

. ,'f 
l 

API 20E tests 

ONPG (~Galactosidase) 

ADH (Arginine dihydrolase) 

LDC (Lysine decarboxylase) 

ODC (Ornithine 

decarboxylase) 

\(/ CIT (Ci.trate utilization) 

HzS CHzS production) 

URE (Urease) 

TDA (Tryptophan desarninase) + + .+ + + 

IND (Indole Production) 

VP (Acetoin production) 0 + + + + + 

GEL (Gelatin hydrolysis) + + + + .+ 

,-I 
'":~ Oxidase 

Reduction of nitr~te 

to nit:rite 

·Reduction of nitrite.to N2 -

ain chains of 2-8 cells 

~ bEllipsoidal to cylindrical 

cCentral/Terminal 

I . 
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Table 12o Characteristics of representative strains of asporogenous b~cteria isolated 

from kinema 

Parameters . DK-C1 KK-C1 GK-C1 RK-C1 LK-C1 

Morphological and 

suppleme~tary tests 

Cell shape· C .a occus Coccus Coccus Coccus Coccus 

Cell diameter Cpm) 0 0 3¢..-00 50 0 o35-0o 52 0o30-0-~60 0o40-0·o 70. ¢ 0 3¢:-Wo 60 

Motility 

t/ Gram reaction + + + + + 

Catalase 

o2 requirement Fb F F F F 

Gas from glucose 

Hydrolysis of 

Fat + + + + + 

rl Casein 

Gelatin 

Arginine + + + + + 
-· 

Growth in 6o5% NaGl + + + + ·+ 

Growth a't pH 9 o 2 and 9'o 6 + + + + + 

·Growth in 

0ol% methylene blue + + + + +. 

,.. 
Growth at 

30-45°C + +' + + + 
< 

50°C 

Optimum temperature 

for growth. (°C) 37 37 37 37 37. 

Reduction of nitrate ·. . I ' • .. : ,'l' 

to nitrite ...! 

,.,~; 
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Parameters DK-Cl KK-Cl GK-C1 RK-Cl LK-Cl 
. ., 

I • 

Reduction of nitrite to N2 -

- Indole production 

VP (Acetoin production) + + + + + 

C( -Haemolysis + + + + + 

~-Haemolysis 

API 50CHS tests (Acid from) 

-:t Glycerol 

Erythritol 

D-Arabinose 

L-Arabinose + + + + + 

D-Ribose + + + + + 

D-Xylose 

It,: 
L-Xylose· 

Adonitol 

(6 -Methyl-D-xyloside 

D-Galactose + + + + + 

D-Glucose + + + + + 

D-Fructose + + + + + 

D-Mannose + + + + + 

L-Sorbose + + + 
'1' ·-

L-Rharrmose 

Dulcitol 

\ Inositol ,. 

#~ Mannitol + +· + + + 

Sorbitol + + + + 

o(-Methyl-D-mannoside 

·y oC-Methyl-D-glucoside 
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Parameters 

N-Acetylglucosamine 

Amygdalin 

Arbutin 

Esculin 

Salicin 

Cellobiose 

Maltose 

Lactose 

Melibiose 

Sucrose 

Trehalose 

Inulin 

Melezitose 

D-Raffinose 

Starch 

·Glycogen 

Xylitol 

@ -Gentibiose 

D-Turanose 

D-Lyxose 

D-Tagatose 

D-Fucose 

L-Fucose 

D-Arabitol 

D-Gluconate 

DK-Cl 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

- + 

+ 
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KK-Cl GK-Cl RK-Cl LK-Cl 

+ + +' + 

+ + + + 

+ + + + 

+ + + 

+ + + + 

+ + + + 

+ + + + 

+ + + + 

+ + + + 

+ + + + 

+ + + + 

+ + + + 

+ + + + 
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·Parameters 

2-Ketogluconate 

5.:..Ketogluconate 

~In chains of 2-10 cells 

bFacultative anaerobes 

DK-C1 
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KK-Cl GK-C1 RK-C1 LK-Cl 

colonies with dull surface and fringed margin when grown on agar 

plates. These strains formed sediments when grown in liquid 

medium. The cells were ·tylindrical in shape .(Fig. 3~). Vegetative 

reproduction was by the formation of splitting cells. True mycelia 

were formed with arthroconidial development. None of these strains 

produced asci and ascospores. The detailed morphological and 

physiological characteristics of ~he representative itrains of ~hose 

yeasts were shown in Tables 13 and 14. 

··According to the criteria laid down by Barnett et al· (1983) 

and Kreger-van Rij (1984), the representative strains DK-Sm1, 

KK-Sm1, GK-Sm1, RK~Sm1 and LK-Sm1 were identified as Candida 

.parapsilosis (Ashford) Langeron and Talic~, and the strains DK-Ch1, 

KK-Ch1;GK-Ch1, RK-Ch1 and LK-Chl were-identified ~s G~otrichum 

candidum Link: ~ 

4.2.2.3~ Microbial load in substrate and products 

The average microbial ~oads studied in 10 samples of kinema 
. ... ' . I 

collected from each of~.Darjeelin~, Kalimpong, Gangtok and Rongli 
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Table 13. Characteristics of representative strains of ellipsoidal-celled yeasts , isolated from kinema 

Parameters DK-Sml " KK-Sml GK-Sml RK-Sml LK-Sml 

Morphological and 

s,upplementary tests 

Cell shape Ellipsoidal Ellipsoidal Ellipsoidal Ellipsoidal Ellipsoidal 

Cell size 

Width (fill) 3.1-4.0 3.1-3.8 3.1-3.5 3.1-4.0 3.1-4.0 

~~ Length Cpu) 5.1-9.6 5.7-9.2 5.7-9.0 5.7-9.2 6.7-9.6 

Mycelium Pseudo Pseudo Pseudo Pseudo Pseudo 

Vegetative 

reproduction by B(ml)a B(ml) B(ml) B(ml) B(ml) 

Sexual reproduction 

Reduction of 

nitrate to nitrite 
-I 
.... Reduction of 

nitrite to N2 

Hydrolysis of 

Fat + + + + +' 

Urea 

Growth at 37°C + + '+ + + 

·r- Fermentation of · 

D-Glucose + + + + + 

D-Galactose 
( 

Sucrose. ...., 

Maltose -
' . 
" 

Lactose 

D-Raffinose -· 
y Trehalose 
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Parameters DK-Sm1 KK-Sm1 GK-Sm1 RK-Sm1 LK-Sm1 

' ., 
API 50Clf tests ] 

(Growth and oxidation) 

Glycerol + + + + + 

. Erythritol .. ~ .. 

D-Arabinose 

L-Arabinose + 

D-Ribose 

:-l 
~1..... ...... D-Xylose + + 

L-Xylose· 

Adonitol 

~-Methyl-1)-xyloside 

D-Galactose + + + + 

D-Glucose + + + + + 

D-Fructose ·+ + + + + 
r/ 

D-Mannose + + + + + 

L-Sorbose + + + + + 

L-Rhamnose 

:Dulcitol - + + + 

Inositol 

Mannitol +· 

f- . Sorbitol 

~-Methyl-D-mannoside 

c(-Methyl-D-glucoside· + + 
'. 

N-Acetylg~ucosamine + '+ .. + + + 

Amygdalin. + •-f 
• '' ' .... , .. ~ •• A Oo '~ '' 

Arbutin + + 

Esculin + + + + + 
.;· '"! :; 

-6. Salicin 
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Table 14. Characteristics of representative st~ains of cylindrical-celled 

yeasts isolated-from kinema 

Parameters· DK-Ch1 KK-Ch1 GK-Ch1 RK:-Ch1 

Morphological and 

supplementary tests 

Cell shape Cylindrical. Cylindrical · Cylindrical Cylindrical 

Cell size 

Width ( prn) 
.Length ( prn) 

Mycelium 

Arthroconidia 

Vegetative 

3.8- 4.6 

7.8-15.2 

True 

+ 

'reproduction by Splitting 

·Sexual reproduction · 

Reduction of 

nitrate to nit-rite 

Reduction of 

nitrite to N2 

..Hydrolysis of 

Fat 

Urea 

Growth at 37°C 

Fermentation of 

D-Glucos,e 

. D-Galactose 

Sucrose 

Maltose 
. ; 

·Lactose 

+ 

+ 

:. . ' . 

3.8- 4.1 

7.6-15.0 

True 

+ 

Splitting· 

+ 

+ 

3.8- 4.0 

7.6-14.9 

True 

+ 

Splitting 

+ 

+ 

3.8- 4.1 

7.6-15.2 

True 

+ 

Splitting 

+ 

+ 
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Parameters DK-Ch1 KK-Ch1 GK-Ch1 RK-Chl 

Esculin + + + + 

Salicin 

Cellobiose 

Maltose 

Lactose 

Melibiose 

Sucrose 

Trehalose 

Inulin 

Meiezitose 

D-Raffinose + 

Starch 

Glycogen 

Xylitol 

Gentibiose 

D-Turanose 

D-Lyxose 
... 

D-Tagatose 

D-Fucose 

L-Fucose 

D-Arabitol 
·' 

D-Gluconate 

2-Ketogluconate 
~ :-. -, 

~· :: . 
5-Ketogluconate 

'Y--
i 
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markets and of.laboratory-made as well as soya bean [Glycine max 
1 

(L.) ~errill cultivrir 'local yellow'] seeds are shown in Tabl~ 15 

and Fig. 39. Iri raw soya beans, while Bacillus sabtilis was 
. 5 

present .at an average of 8 x 10 ~cf~ /g, the other three types of 

microorganisms were absent. In kinema, the mean Bacil~us subtilis 

count was 4.1 x 108 cfu/g, the mean Enterococcus faecium count was 

7.6 x 107 cfu/g and the mean Candida parapsilosis count was 4.6 x 

104 cfu/g. In the· market samples~· the mean Geotrichum candidum 

count was 1.9 x 104 cfu/g; however, it was -absent in laboratory-

made samples. 

Table 16 shows .the prevalence of various microorganisms in 

substrate and products, Bacillus subtilis was most prevalent, 

occurring i~ 100% samples of.ra~ soya be~~s and of both market and 

laboratory-made kinema. Similarly, Enterococcus faecium was 
< 

~resent in 100% samples of market and laboratory~made kinema. 

. Yeast count in kinema was variable. candida. parapsilos'is occurred 

in 60-80% of m~rket samples and in 50% of laboratorj~made samples. 
1 • 

Geotr,i churn candi du_.m was isola ted1· from 40-50% of market samples. 

4.2.3. Optimizatiotl of traditional process parameters 

Table 17 shows the average sensory scor~s for optimizing aeration 

condition driring fermentation oi soya beans fo~ kinema production. 

All the treatments differed significantly (P<0.05) among th~mselves 

· with respect t·o flavour", body and textut:'e,, co lou~ and total score . ..-

The treatment B, perf6r~ted po1yfhene bag .tor ae;at{on condition, 

had. the -'highes't'. score. compai·ed to the treatment A, open polytherie 

sheet; ·and the. tteat.inEmt c, tightly packed polythene bag. Hence,. 
• • ::" "ll, . ! '! 

aeration condi~ion during fermeniation of soya beans'for kinema · 

,· 
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Table 15. Microbial load of raw ingredient and kinema from different sources 

Microorganisms Soya beans 

Bacteria 

Bacillus subtilis 0.8 
(0.07-1.3)_ 

Enterococcus faecium 0 

Yeasts 

candida parapsilosis 0 

Geotrichum candidum 0 

cfu, colony forming units 

Darjeeling 

. market 

322 
(261-403) 

54 
(27-88) 

0.087 
(0-0.175) 

0.040 
(0-0.081) 

0 - . 
cfu(x 1~ )/g fresh weight 

Kalimpong 

_market 

40'5 
(297-~03). 

68 
(34..:10.1) _· 

0.04J 
(0-0.090) 

0.008 
(0-0.025) 

Kinema 

Gangtok 

market 

438 
'(311-:-560) 

92-
'(57-12?) 

0.041 
(0-0.085) 

0.018 
(0-0.055) 

Data. represent th~means of 1Q samples. Ranges are given· in parentheses. 

.~,.. 

Rongli 

market 

430 
'(300-530) 

80 
(50-110) 

0.056 
(0-0.100) 

0.012 
(0-0.035) 

Laboratory-:
_:made_ 

460 
( 36(1}:-542) .. _ 

85 
-( 66..;.l'05) 

... ~ . 

0.003 
(0-~.007) 
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Fig. 39. Microbial loaa of raw ingredient and kinema £rom different 
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sources. Values are th~ means with ranges of 10 sampl~s •. 
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Table 16. Prevalence of various microorganisms in_ raw ingredient and kinema from different sources 

Microorganisms Soya beans 

Bacteria 

Bacillus subtilis 100 

Enterococcus faecium 0 
---

Yeasts 

Candida parapsilosls 0 

· Geotrichum -candidum 0 

Darjeeling 

market 

100 

100 

80 

50 

Positive samples (%)a 

Kalimpong 

market 

100 

100 

60 

40 

Kinema 

.Gangtok 

market 

100 

100 

70 

40 

.. 
aExpressed on the basis-of. a total of 1Q samples studied as· in Table 15 

Rongli · 

market 

100 

100 

60 

40 

Labor a tory-_ 

made 

100 

100 

50 

0 

.----1 

.~-,_ 

...... 
N 
N 
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'fable 17. Average sensory scores for optimizing aeration condition during 

l 
.fermentatiorr of soya beans for kinema preparation 

--~ 

Aeration condition 

A B. c 
Open polythene Perforated Tightly packed 

Attributes sheet polythene bag pelythene bag 

Flavour 37.2b 43.1a 33.1 c . ' 

( 3 7 .(/J-3 7 • 5 ) (42.9-43~3) (33.0-33.3) 

-~ Body and texture · 35.3b 41.5a 32.1c 
: 

(35.0-:35.5) . (41.2-41. 7) (32.0-32.2) 

Colour 3.4b 4.0a 2.1c 

:(3.~3. 7) :(4.0-4.0) :cz.'0-2.2) 

Total score 75.9b 88.6a 67.3c 

(75.0-76.7) ( 88 .1-89 • 0). (67.0-67.7) 

Cooking time in 0.7 kg/cm2 steam pressure, 1~ min; temperature of incubation, 

37°C; fe:rmentation time, 48 h 

Data represent the means of three replications. Ranges are given in 

par en theses .• 

Values: bearing different superscripts in each row differ significantly 

(P<0.05). 

¥ r 
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production was optimized at fermenting beans loosely packed witn 

perforated polythene bag and then covered with clothes. 

Table 18 reveals that all the treatments considered for 

opticlizing wrapping material of soya beans differed significantly 

(P<O.OS) aciong the~selves with respect to every sensory attribute. 

The treatment A, perforated polythene bag as a wrapping material, 

had tbe highest score compared t~ the other two treatments 

frequently used in the traditional p-rocess of kinema producti.on. 

Hence~ perforate~ polythene bag was the optimum wrapping material· 

. for kinema preparation. 

All the treatments considered for optimizing cooking time of 

soya beans differed significantly (P<O.OS) among themselves with 

respec~ to every sensory attribute. (Table 19). The treatment B, 
2 

cooking time of soya beans in 0.7 kg/em steam pressure for 10 min, 

had the highest score compared to the treatment C, 25 min cooking 

time .and treatment A, 0 min. Hence, 10 min treatment in steam 

pressure was the optimum cooking time for kinema production. 

All the treabments considered for optimi2ing temperature of 

incubation during soya bean fermentation differed significantly 

(P<O.OS) from each other in respect of flavour, body and texture, 

and total score, excepting treatments B and C which showed no 

significant difference (P<0.05) in respect of colour (Table ZO). 

The treatment B, temperature of incubat~on at 37°C during soya 

bean fermentation, had the highest score compared to the treatment 

C, 45°C and the treatment A, 28~c. Hence, 37°C was the optimum 

• 

temperature for fermentation of soya beans during kinema·~~oductioq. 

Table 21 shows that all the treatments considered for 
! 

optimizing fermentation time during soya bean fermentation for 
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Table 18. Average sensory scores for optimizing wrapping materials of 

soya beans for kinema preparation 

Wrapping material 

A B c 
Perforated Leaves of Leaves of 

-Attributes polythene bag _ Ficus hookeriana ferns 

Flavour 42.C/l 35.8c 37.2b 

( 41.8-42 .1) ( 35.7-36 .f/J) (37.0-37.5) 

40.8a 34.0c b 38.0 
I 

. Body. and texture 

(40. 7-41.0) (33. 7-34 •. 0) ( 3 7 • 9-38 .1)' 
" ' -. 

Colour' 4.0a 2.7c b 3. 5. 

( 4 • f/i"-4 • 0) (2~ 5_.::.3 .0) (3~4.:..3.6) 

Total score 86.8a 72. sc ' 78.7b 

(86.5-87.1) (71. 9-73.0) (78.3-79.2) 

Aerat.ion condition, loosely packed with packing materials and then covered 

with clothes; cooking time in 0.7 kg/cm2 steam pressure, 1Q min;.temperature 

of incubation, 37°C; fermentation d.me, 48-·h 
' 

Data represent the means of three replications. Ranges are given in 

.parentheses. 

Values bearing different superscripts in each row differ significantly 

(P<0.Q)S) •. 
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Table 19. Average sensory scores for optimizing cooking time of soya beans for 

I kinema preparation 
/ 

Cooking time in 0.7 kg/cm2 steam pressure (min) 

A B c 
Attributes 0· 10 25 

Flavour· 34.1c 43.4a 35.2b 

(33.8-34.5) ( 43.0-:-43. 7) (35.0-35.5) 

--r- Body and texture 32~3c 39.6a 34.9b 

(32.0-32. 7) (39. 5-39. 7) (34.8-35.0) 

Colour 2.0c 4.0a . 3.3b 

(2.0-2.0) (4.0-4.0) (3.0-3.5) 

Total score 68.4c 87 .'/Ja 73.4b 

(67.8-69.2) (86. 5-87.4) (72.8-74.0) 

j Soya beans loosely packed with perforated polythene bag and then covered 

with clothes; temperature of incubation, 37°C; fermentation time, 48 h 

Data represent the means of three repl,ications. Ranges are given in· 

parentheses. 

Values bearing different superscripts in each row differ significantly 

(P<0.05). 

' ! 
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Table 20. Average sensory scores for optimizing temperature of incubation 
I 

during; fermentation of soya beans for kinema -preparation 

Temperature of incubation. (°C) 

A B c 
Attributes 28 37 . 45 

Flavour 33.2c 42.2?- 40.4b 

(33.(/J-33.5) (42.0-42.5) (40.0-40.8) 

Body and texture 31.(/Jc 41.7a 38.2b 

(31.0..,31.1) ( 41.2-42 .0) (38.0-38.5) 

Colour ·2.2b • 4.0a a 3.8 . 

(2.0-2.5) (4.0-4.0) (3.5-4.0) 

Total score 69.4c · 87 .9a 82.4b 

(66~0-67.1) (87.2-88.5) . ( 81. 5-83. 3) 

Soya beans loosely packed with perforated polythene.bag and then covered 

with.clothes; cooking time in 0.7 kg/cm2 steam pressure, 10 mi~; fermentation 

time, 48 h 

Data represent the means of three-replications. Ranges are given~-

parentheses .. 

Values bearing different superscrl.pts in each row differ significantly 

(P<f/J.f/15). 
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Table 21. Average sensory scores for optimizing fermentation time during 

fermentation of soya beans for kinerna preparation 

Fermentation time (h) 

A B c 
Attributes 24 48 72 

Flavour 33.3c · 44.1a 35.1b 

(33.0-33.5) (44.0-44.2) (35.0-35.2) 

Body and texture 32.0c 40.2a 34.9b 

(31.5-33.0) (40.0-40.3) (34~8-35.1) 

Colour 3.0c 4.0a 3.8a 

(3.0-3.0) (4.0-4.0) (3.6-4.0)" 

Total score 68.3c 88.3a 73.8b 

(67.5-69.5) (88.0-88.5) (73.4-74.3) 

Soya beans loosely packed with perforated polythene bag and then covered 

with clothes; cooking time in 0.7 kg/cm2 steam pressure, l().min;. temperature 
• 

of incubation, 37°C 

Data represent tne means of three replications. Rang~s are given in 

... parentheses. 

Values bearing different superscripts in each row differ significantly 

(P<0.05). 
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kinema production di£fered significantly (P<O.OS) ~ith each·other 

in respect of flavour, body and texture, and total score. However, 

in respect of colour, the treatments B and C showed no significant 

difference (P<D.OS). The treatment B, fermentation time of 48 h, 

had the highest total score compared to the treatment C, 72 h and 

the treatment A, 24 h. Hence, 48 h was the optimuo tine for 

fermentation of soya beans during kinerna production. 

4.2.4. Successional studies on soya beans during kinema production 

Kinema was prepared in laboratory under the optin~zed conditions 

for studies on Tiicrobial and biochemical changes accompanying 

fernentation. Soya bean [Glycine max (L.) Merrill cultivar 'local 

yellow'] seeds were cleaned, washed, soaked in water for 8 h, 

dewatered and cooked with fresh water at 0.7 kg/cm 2 pressure for 

10 min. Excess water was drained off and cooked beans were crushed 

lightly by a heavy wooden pestle. to dehull and break the seeds. 

The whole soya bean grits were wrapped loosely "in perforated 

polythene bags, covered with clothes and incubated· at 37°C for 48 h. 

The successional studies were carried out at every 8 h intervals 

within a range of 0-48 h. 

4. 2. 4 .1. Micr"obial changes 

Table 22 and.Fig. 4b show the changes in microflora in soya beans 
. . ~ 

during kinema production. Throughout fermentation, Bacillus subtilis 

was the most predominant mictoorgani~m. At the onset of 

fermentation, . .its level was about 106 /g fresh weight of the 

fermenting substrate._ The number, of this bacterium increased 
I 



130 

Table 22. Changes in microbial load in soya· beans during kinerna preparation 

f .. Fermentation cfu(x ui)fg fresh weight ·cfu(x 1~2 )/g fresh weight 

time (h) Bacillus subtilis Enterococcus faecium Candida parapsilosis 

0 0.8a 0.02a 1.4a 

(0. 5-1. 2) (0.007-0.04) (0~8-2.1) 

8 5.2b 0.3b 2.5b 

(3.7-7.8) (0.09-0.6) (1. 5-3. 9) 

16 · 32. 7c 2.-0 c c 9.1 .. 

t- (26.7-38.9) (1.3-3.3) (5.7-13.0) 

24 d 95.8 . . 9.8d 13.2d 

(67.3-120.1) (4.5-20~0) (9.2-18.1) 

'32 187.1e 22.2e 17.9e 

(157.2-220.t) (14.2-35.1) (12.7-22.3) 

40 330.4f 51.7f 20.7e 

(277.4-375.4) ( 39 .1-71. 0) (16.4-29.0) 

l 48 455.4g 82.3f 26.·2e _..: 

(372.5-540.0) (65.7-98.8) (19.1-36.0) 

cfu, colony forming units 

Data represent the means of five batches of fermentation at 37°C. Ranges are given 

in_parentheses. 

Data were transformed into logarithmic values and then subjected to analysis of 
. . 

variance. Values bearing different superscripts in each column_ differ significantly 

•• ,·. ~ ::-~··;-:, •. i" ' .: • : . , ~ . 
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production. Values ate the means of five batches of fermentation 
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significantly (P<0.05) at every 8 h intervals till the end of 

fermentation at 48 h. Although the initial load of Enterococcus 

was 40 times less than that of Bacillus, at the end of fermentation 

the number of the former was only 5 times less than the other. The 

increase in number of Ent~i6coccus~w~$-significant. (P<0.05) at . 

every 8 h intervals t~ll the first 40 h of fermentation. The load 

.of the only yeast, Candida parapsilosis recovered from the 

·laboratory-made samples, was.much less compared to the bacterial 

load. The number of the yeast cells increased throughout the 

fermentation period; till the first 32 h, the increase was 

.significant (P<0.05) at every 8 h intervals; 

4.2.4.2. Biochemical changes 

The biochemical· ch~nges in soya beans during kinema production are 

presented in Tables 23a and 23b. During the ~irst 16 h of 

fermentation, the· mean pH value declined significantly (P<0.05) 

from 6.94 to 6.64. Then it increased sharply till. the pH became 

8.51 at 40 h (Table 23a and Fig. 41). However, after 40 h, the 

·decline in pH was not significant (P<0.05). The mean titratable 

acidity increased significantly (P<0.05) at every 8 h intervals 

from 0.02 to 0.09% (Table 23a and Fig. 41). Since the 8th. h of 

fermentation;· the free fatty acid content increased significantly 

(P<fi.05) at eve~y 8 h intervals (Table 23a and Fig. 41). The 

moisture ~ontent: did not change appreci~bly (Table··23a} •. ' · . . : , 

Interestingly, the increase in total nitrogen content. bf the 

'fermentation p~oduct~ over the raw beans, was sign{ficant (P<0.05). 
I 

Since the 8th h of fermentation, the protein nitrogen content of 
' ~ 1 

' . 
I 

l-' J• 



Table 23a. Biochemical changes in soya beans during kinema production 132 

Fermentation Titratable acidity Free fatty acidity Moisture 
f time (h). pH . (as % lactic acid) (as % linoleic acid) (%) 

0 6.94a 0.020a (/J.31a 61.91ab 

( 6. 88-6 •. 98) (0.017-0.023) (0.27-0.34) (61.64-62.18) 

8 6.8(/Jb 0.040b (/J.34a 61.97be 

(6.69-6.90) (0.037-0.044) (0.31-0.38) (61.64-6~.20) 

16 6.64c 0.060c 0.61b 62.24ace 

·t-- (6.57-6.69) (0.057-0.064) (0.54-0.70) (61. 71-62.64) 

24 7.28d 0.065d (/J.84c 62.51cd 

(7.16-7.43) (0.060-0.069) (0. 73-1.00) (61.87-63.05) 

32 7.91e 0.075e 1.30d 62.87d 

(7.70-8.12) (0.073-0.077) (1. 23-1. 38) (62.18-63.46) 

40 8.5lf 0.08(/Jf 1. 77e 62.45cd 

(8.45-8.55) (0.079-0.081) (1. 69-1.84) (62.10-62.68) 

l 48 8.4(/Jf 0.090g 2.42f 62.26ace· 

(8.34-8.50) - (0.088-0.092) ( 2 . 34-2. 50). (62.10-62.50) 

Data represent the means of five batches of fermentation at 37°C. Ranges are 

given in parentheses. , 

Values bearing different superscripts in each column differ si~ficantly 

(P<0.05.) o 



133 

Table 23b. Biochemi~al changes in soya beans during kinema production 

rl Fermentation Total Protein Non-protein Soluble 
time nitrogen nitrogen nitrogen nitrogen 
(h) (% DM) (% DM) (% DM) (% DM). 

0 8.50a 7.6sa 0.85a 1.18a 

(8.48-8.52) (7.57-7.78) (0.70-0~95) (1.12-1.24) 

8· · 8~50a 7 .6f/l 0.90a 1.54b 

(8.49-8.52) (7.52-7.69) (0 .80-1.00) (1.48-1. 62) 

._ 
16 8. Slab 7.38b 1.13b 1.99c 

(8.48-8.53) (7.35-7.40) ( 1. 08-1.18) (1. 90-2.10) 

24 · 8.51ab 7.05c 1.46c 2.69d 

'( 8. 49-8. 54) (7 .04-7 ;07) (1.42-1.50) (2.64-2.74) 

32- 8. 53 be 6.73d 1.80d 3.43e 

(8.50-8.55) (6.70-6.75) (1. 75-1.85) (3.28-3.55) 

4'/J 8.54c 6.19 e 2.35e 4.52f 

(8. 50-8. 56). (6.12-6.24) (2.26-2.44) (4.46-4.59) 

48 8.54c 5.99£ 2.55f 5 .04g 

(8.50-8.56) (5.90-6.05) . (2.45-2.65) (4.98-5.13) 

% DM, percentage on diy matter basis 

Data represent the means of five batches offermentation at 37°C~. 

Ranges are given in parentheses. 

Values bearing differ'e~t superscript_s in each colunm differ 

significantly (P<0.05) ., . 
"· 
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of the beans de~reased significiantly (P<O.OS) at every 8 h 

interv~ls·; on th~.other hand, there was significant (P<O.OS) 

increas~ in the non~protein nitrogen content. The. increase in the 

soluble nitrogen content was significant (P<0.05) at .every'8 h 

intervals· since the beginning of fermentation (Table 23b and 

Fig. 42). 

4.2.5. Testing of the isolates for producing kinema 

Sterilized soya beans were allowed to ferment with different 

combinations of Baci+lus subtilis, Enterococcus faecium, Candida 

parapsilosis and Geotrichum candidum, isolated from ~raditionally 

prep~red.kinema· (Table 24). 

All the treatments differed significantly (P<O.OS) among 

themselve~ with respect to flavour, body and texture, and total 

score. However, in respect o.f colour, no signiffcant difference 

(P<O.OS) was noticed among the treatments. The score in treatment 

A was the highest, suggesti~g B. subtilis as the best proven 

strain for production of kinema. Any microbial combination with 

this bacterium ·had an adverse effect on fermentation and co·nsequent 

scoring (Table 24). 

4.2.6. Growth of Bacillus subtilis DK-Wl at different oxygen levels 

In an attempt to study the oxygen requirement during Bacillus 

fermentation of soya beans during kinema production, B. subtilis 

DK-wl·was grown under oxygen tensions. The organism did not. grow 

at all under anaerobic condjtion~ The coun~s obtained-under 

· aero~ic as well as semi-anaerobic conditi6n were the same 1.3 x 108 
. . . ,, .i; i ~;: i: 
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Table 24. Average sensory scores for testing the best proven strain(s) for kinema production ' 

Isolate(s) 

A B c D E F - - - , 

Attributes Bs Bs+Ef Bs+Ef+Cp. . Bs+Cp Bs+Ef+Cp+Gc Ef 

Flavour 44.6a 38.9b 36.5c 33.8d 32.7e 3QL0f 

(44.4-44.8) (38.8-39.0) (36.2-36.8) (33.7-33.9) (32.5-32.9) (30.0-30.1) 

Body and texture 41.7a 38.1b 34.5c 31.6d 29.4e 27 . .1 f 

(41.5-41.8) (38.0-38.2) (34.3-34.7) (31.5-31.6) (29.2-29.5) (27.0-27.1) 

Colour · 4.0a 4.0a 3.5a 3.0a 2.0a 2.0a 

(4.0-4.0) (4.0-4.0) (3. 5-3.5) (3.(/J-3.0) (2.0-2.0) (2.0-2.0) 

Total score 90.3a 81.0b 74.5c 68.4d 64.1e 59.1f 

( 90 .1-90 .. 6) (80.0-81.2) (74.0-75.0) (68.2-68.5) (63.9-64.4) (59.0-59.2) 

Bs, Eacijlus subtilis; Ef, Enterococcus faecium; Cp, Candida pafapsilosis; Gc, Geotrichum candidum 

Datarepresent the means of three batches of fermentation at ·37°C for 24 h. Ranges are given in. 

parentheses. 

Va1ues bearing different superscripts in 'each row differ significantly (P<QL05). 
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{:range, 0.1-:-3.0) cfu/g fresh kinema, giving virtually the same· 

growth. The organism, however, spread better under semi -anaero_bic 

.condition showing larger colony sizes. 

4.2.?. Improvement of the production of kinema by pure culture 

fermentation 

Attempts were made to improve the production .of kinema by 

inoculating Bacil~us subtilis DK-W1, the best proven kinema 

producing strain isolated from kinema sample of Darjeeling market. 

The period of fermentation of soya beans in monoculture inoculation 

·was optimized (Tabl~ 25). It revealed that all the ~reatments 

differed significantly (P<0.05) among themselves in respect of 

flavour, body and texture and total score. However, in respect of 

colour, ther~·was no significant difference (P<0.05) among the 

trea-tments A, B. and C, treatments D, E and I, and treatments F, G 

and H. Treatment.G, the fermentation time of 18 h, had the highest 

score in respect ot flavour, body and texture and total score. In 

·respect of colour, treatments F, G and H had the same score which 

was higher compared to the other treatments. Hence, the 18 h 

period at 45°C was found to be optimum for soya bean fermentation 

. by B. subtilis only. 

4.2.8. Successional studies on soya beans during monoculture 

fermentation 

Kinema prepared by inoculating sterilized soya beans with Bacillus 

subtilis DK-W1 was studied at every 3 h intervals within a range 
! 

of 6-18 h. 
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Table 25. Average sensory scores for optimizing the fermentation time of kinerna production following monoculture 

· (Bacillus s~btilis DK-Wl) inoculation of soya beans 

Fermentation time (h) 

A B c D E F G H I 

Attributes 6 8 10 12 14 16 18 20 22 

Flavour 34.9i 35.4h 36.7g 38.8f 42.6de 45.6b 46.7a 44.1c 42.2e 

(34.8-35.0) (35.2-35~5) (36.5-36.8) (38.8-38.9) (42.5-42.7) (45.5-45.7) (46.5-46.8) (44.0-44.2) (42.1,-42.4) 

Body and 33.5h 34.4g -36.9f 3S.0e 41.7c 42.5b 43.2a 42.4b 
. d 

41.2 
texture (33.5-33.6) (34.2--34.5) (36.8-36.9) (38.0-38.1) (41.5-41.8) (42.4-4.2.5) (43.0-43.4) (42.3-42.5) (41.0-41.3) 

Colour 2.5c 2.5c 2.5c 3.5b b 3.5. 4 .(/Ja 4 .(/Ja 4.0a 3.6b 

(2.4-2.5) (2.4-2.5) (2.5-2.5) (3.4-3.5) (3.5-3·.5) (4.0-:4.0) ( 4 0 0-:4 ._0) (4.0-4 ._0) (3.5-3.8) 

Total score 70. 9i. 72.3h 76.1g 80.3f ·87 .8d 92.1b 9·3.9a 90.5c 87-~0e 

(70.7-71.1) (71.8-72.5) (75.8-76.2) (80.2-80.5) (87.5-88.0) (91.9-92.2) (93.5-94.2) (90.3-90.-7) (86.6-87.5) . 

Data represent the means of three batches of fermentation at 45°C. Ranges ate-given in parentheses. 

Values bearing different superscripts in each row differ significantly (P<0.05). 

"'""" w 
-...J 
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4.2.8.1. Microbial changes 

5 -The load of Bacillus subtilis DK-W1 increased from 10 cfu/g fresh 

weighe of soya beans.at 0 h to 109 cfu/g fresh w~ight of kinemaatl8h. · 

During the first 15 h of fermentation, its incredse was significan-t 
i 

(P<O.OS) at every sampling time i'ntervals (Table '26 and Fig. 43). 

4.2.8.2. Biochemical changes 

Tables. 27a and 27b sho~ the biochemical changes ~n soya beans 

during monocrilture fermentatio~ with~~cillus su~tilis DK-W1 ~or 
i 

kinema ~reduction .. During fermentation, the pH value initially 

dropped down significantly (P<0.05) from 6.9 at 0 h to 6.4 at 6 h, 

and ~hen increased significantly (P<0.05) at eveiy 3 h intervals 

until th~ pH reached 7.5 at 18 h· (Fig. 44). The titratable acidity 

and free fatty acidity· (Fig. 44) continued to increase significantly 
I 
i 

(P<0.05) at every 3 h intervals. The moisture corttent remained 

relatively constant throughout the fermentation. jHowever, there 
. . .. ~ 

was ~ignificant increa~e (P<0.05) in the total n~trogen content 

of the product over the beans at 0 h of fermentation. While the 

protein nitrogen content in the fermenting mass ~ad q significant 

( P<O. 05 ). decrease, the non-protein as well as soluble nitrogen 

contents increased significantly (P<0.05) at eve~y 3 h,intervals 

till the end of fermentation at 18 h (Fig. 45). 

4.3. SINKI 

4.3.lv Proximate composition 

The proximate composition of the substrate and t~e fermertted 
r ' 1·. !! : . t. · ~-.. t 1 •\: ··;~> 

products from different sources is presented in Table 28. The mean 
' 



Table 26. Changes in the microbial load during soya bean 

fermentation with Bacillus subtilis··.IDK-l\Tl inoculation for 

kinema production 

Fermentation time (h) 

6 

9 

12 

15 

18 

c:fu, colony forming units 

cfu(x 108)/g fresh we1ght 

(/J.(/J(/J3a 

( f/J·. f/Jf/Jl-f/J. f/Jf/J~) 

b (/).2(/J. 

(0.15-0.28) 

1. 7C 

(1.2-2.3) 

8.1d 

(7.0-10.2) 

18.5e 

(16.3-21.0)· 

29.2e 

(26.7-33.1) 

bata represent the means of three batches of fermentation at 

45°C. Ranges are given in parentheses. 

Data· were·. transformed· into logarithmic values and then 

subjected to.analysis of variance. Values bearing different 

superscripts differ significantly (P<0.05). 

!'. : . . : . ! • ··~ 
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Fig. 43. Change in the load of Bacillis subtilis DK-Wl in 

soya beans during monocultur·e fermentation for kinema 

production at 45°C. Values are the means of three batches 

of fermentation and bars represent ranges. 
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Table 27a. ~iochernical-changes in soya beans during monoculture fermentation 

-,/·- . with B·acillus subtilis DK-Wl for kinema production 

Fermentation Titratable acidity Free fatty acidity Moisture 

time (h) pH (as % lactic acid) (as % linoleic acid) (%) 
--------------------------------------------------------------------------------

0 6.91a 0.020a 0.31a 62.00a 

(6.88-6.94) (0.017-0.024) (0.27-0.34) (61.85-62.10) 

6 6.41b 0.040b 0.38b 62.03ab 

-+· (6.38-6.44) (0.038-0.042) (0.34-0.42) ( 61.85-62 .13) 

9 6.52c 0.050c 0.61c 62.10bc 

(6.46-:6.58) (0.048-0.052) (0.58-0.65) ( 61.90-62.25) 

12 6.88ad 0.070d 0.73d 62.17cd 

(6.84-6.91) (0.068-0.072) (0.69-0.77) (62.00-62.30) 

15 7.10e 0.0S0e 1.00e 62.24d 

(=7.00-7.22) (0.077-0.083) (0. 92-1.07) (62.02-62.40) 

I .. 18 7.50f 0.095f 1.19£ 62.24d 
'· 

(7.46-7.55) (0.093-0.097) (1.15-1.23) (62.04-62.36) 

Data represent the means of three batches of fermentation·at 45°C. Ranges are 

given in parentheses. 

Values bearing different superscripts in. each coltmn1 differ significantly 

(P<0.05). 

!- : 
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Table 27b. Biochemical changes in soya beans during monoculture 

fermentation. with Bacillus subtilis DK...:.Wl for kinema production 
vi 

Fermentation Total Protein Non-protein Soluble 

time nitrogen nitrogen nitrogen nitrogen 

(h) (% DM) (% DM) (% DM) (% DM) 

0 8.50 a 7~74a 0.76a 1.20a 

(8.48-8.~2) (7.69-7.78) (0.70-0.83) (1.12-1.27) 

6 8.5f/l 7.49b . 1.01 b 1.54b 

t- (8.48-8.52) (7.48-7.51) (0.97-1.04) (1.46-1.61) 

9 8.51ab 7.15c 1.36c 2.27c 

(8.49-:8.52) (7.12-7.19) (1. 30-1.40) (2.17-2.36) 

12 8. 52ab 6.80d 1.72d 2.80d 

(8.49-8.54) (6.71-6.89) (1.60-1.83) (2.75-2.89) 

15 8.53b 6.51e 2.02e 3.55e 

(8.50-8.55) (6.41-6.60) (1. 90-2.14) (3.40-3.66) 

i(' 
18 8.53b 6.30f 2.23f 4.17f 

(8.50-8.55) (6.24-6.32) (2.18-2.31~ (4.11-4.25) 

% DM, percentage on dry matter basis 

Data represe~t the means of three batches of fermentation at 45°C. 

Ranges are given in parentheses. 

Values beari~g different superscripts in each column differ significantly 
..... 

(P<0.05). 
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Table 28. Proximate composition of raw ingredient and sinki from different'.sourees 

Parameters Radish tap root 

Moisture (%) 95.4 .. 

(94.8-95.9) 

Protein (% DM) 14.6 
STatal N x 6.25) (14.1-14.7) 

-Fat (% DM) 2.5 
··(Ether extract) ~2.0-3.0) 

Ash (% DM) 11.5 
( 11. 3.-12. 5) 

pH 6.72 
(6.60-6.80) 

Titratable acid~ty 0.04 
(as %-lactic acid) (0.02-0;05) 

'% DM, percentage on dry matter basis 

Darjeeling 

market 

22.0 
(20.0-24.0) 

14.5 
(14.0-14. 7) 

2. 5 -
(2.0-3.2) 

11.3 
(10.6-12.5) 

4.45 
(4.00-4.80) 

0.65 
(0.55-0.80) 

Sinki 

Dry 

Kalimpong 

market 

20.4 
(18.6-22.5) 

14.5 
(14.0-14.6) 

2.5 
(2.0-3.1) 

11.4 
(10.8-12.1) 

4.28 
(3.90-4.55) 

0.80 
(0. 70-0.9.5) 

.. 

Gangtok 

market 

21.3. 
(19.0-23.2) 

14.6 
(13.9~14.8) 

2.5 
(2.0:...3.0) 

11.5 
(11.0-12. 5) 

4.40 
(4.00~4.68) 

0.72 
(0.60-0.85) 

"· 

·nata repr~sent the means of 10 samples. Ranges are given in parentheses. 

Fresh 

Laboratory

made 

93.5 
(93.4-93.7) 

14.6 
(14.1-14.7) 

2.5 
(2.0-3.1) 

11.3 
(10.8-12.3) 

3.30 
(3.25-3.35) 

1.28 
(1.15-1.40) 

~ 

I-' 
+:-
N 
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moisture content of radish tap root was 95.4% which was slightly 

reduced to 93.5% in freshly prepared sinki as revealed in. the 

laboratory. The sun-dried market sinki had the mean moisture 

content of only 21.3%. The content of protein, fat and ash was 

relatively same in the substrate and the fermented product. The 

mean pH value of tap root was 6.72, whereas that of freshly 

prepared Binki was 3.30. But, the sun-dried market sinki had th~ 

mean. pH of 4.38. Mea~ titratable·acidity increased from 0.04% in 

radish tap root to 1.28% in fresh laboratory-made sinki. But,- the 

sun-dried market sinki had 0.72% acidity. 

4.3a2. Microbial analysis 

4.3~2 .. 1. Isolation of microorganisms from market and laboratory

made samples. 

Pure cuitrire colonies developed. well on MRS agar, GYP-Caco3 agar 

and APT agar, and poorly on nutrient' agar, w]1ereas there was no 

colony on YM agar and PDA supplemented with penicillin and 

streptomycin. A total of 453 strains of bacteria, isolated from 40 

samples of sinki, were grouped on the basis of gas from glucose, 

ammonia from arginine, growth at l5°C and· acid from a host of 

sugars (Table 29). Twelve. representative strains·, one from each 

group, were selected randomly for identification. 

4.3.2.2. Taxonomical studies 

All :the 1solates formed small (1-5 mm), convex, smooth colonies 

with entire margin and without pigment on MRS agar. All of them 

were regular, :non-sporing, Gram; positive rods. They were 

.., 
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Table 29. Se.l,ection of representative strains of bacteria isolated-'from sinki samplesa · 

Number-·of Gas . c 
. b f stra1ns rom 

NH3 
from 

Growth 

at 
Acid produced from 

Grouped Representative 

Source isolated glucose arginine 15°C Ara- Xyl Tre Manl Sorl Cel _Lac strains 

Darjeeling market 127 + + + + + + + 

+ + + + + + + 

+ + + + + 

Kaliffipong market 98 + + + + + + + + 

+ + + + + 

Gangtok market 108 + + + + + + 

+ + + + + + 

Laboratory-made 120 + +· + + + + + 

~ + + + + + + + 

+ + + + 

+ + + + + + 

+ + + + + 

~ber of samples was 10 from each source. 

bAli- the isolates were non-motile, non-sporeforming, Gram positive and catalase pegative rods. 

52 

30 

45 

55 

43 

68 

40 

53 

19 

27 

13 

8 

strains 

DS-Rl 

DS-R7 

DS_:SRl 

KS-R1 

KS-SRl 

GS-R1 

GS-SRl 

LS-.Ri 

LS....:R9 

LS-SRl 

LS-MSl 

LS-MS2. 

cAr~~ L-arabinose; Xyl, D-xylose; Tre, trehalose; Manl, mannitol; Sorl, sorbitol; Cel, cellobiose; Lac, lactose 
~ 

., 

t-' 
~ 
~ 
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microaerophilic and catalase negative. According to the criteria 

laid down by Kandler and Weiss· (1986), these isoiates belong~d to 

the genus Lac~obacillus. -Their deta1led morphological and 

phys.iological characteristics are shown in Table 30. The strains 

DS~Rl, DS-R7, KS-Rl, GS-Rl (Fig. 46), LS-Rl and LS-R9 were 

identified as Lac~obacillus ·plan~arum Orla-Jensen; the strains 

DS-SRl, KS-SRl, G~SRl and LS-SRl (Fig. 47) as Lac~obacillus brevis 

Orla-Jensen; and the strains LS-MS1 (Fig. 48) and LS-MS2 were 

identified as·Lac~obacillus fermentum Beijerinck. 

4.3G·2.3. Microbial load in substrate and products 

The average value of microbial load studied in 10 samples of sinki 

collected from each of Darjeeling, Kalimpong and Gangtok mark~ts, 

and of laboratory-made as well as radish (Raphanus sa~ivus L.) tap 

root are presented in Table 31 and Fig. 49. The substrate showed 

the presence of three species of Lactobacillus including L. 

plantarum, L. brevis and L. fermen~um. In sinki, L. plan~~rum was 

the mast dominant bacterium (10 8-109 cfu/g) followed by L. brevis 

(10 3-104 cfu/g). Interestingly, while L. fermen~um was the 

prednminant bacterial type in the substrate, it was absent in the 

fermented product. 

Table 32 shows the prevalence of microorganisms in substrate 

and products. All the.three spec~es of Lactobacillus occurred in 

100% of the radish tap root samples. In both market and laboratory-

made sinki, the prevalence of L. plantarum and L. brevis was 100%. 
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Table 30. Characteristics of representative strains of lactic acid bacteria isolated from sinki samples 

Parameters 

Cell morphology 

Shape 

Size 

Width-. (pn) 

Length '(pro) 

Spore 

Motility 

Gram reaction 

Catalase 

02 requirement 

Gas from glucose 

Hydrolysis of 

Fat 

Gelatin-

Arginine 

Esculin· 

DS~R1 DS-R7 KS-R1 GS-R1 . LS~R1 LS-R9 DS-SR1 KS-SR1 GS-SR1 LS-SR1 LS-MS1 LS-MS2 

Rod a· Rod Rod Rod Rod Rod Rod Rod Rod Rod Rod Rod 

~.7-1.0 0.7-1.1 0.5~1.0 0.7-1.1 0&7-1.0 0.5-1.0 0.6-0.7 0.6-0.7 0.6-0.7 0.6-0.7 0.6-0.8 0.5-0.8 
' 

·- . 2.·0~5.0 :2-~0-5 .. 0 L5-4.5 2:0-5.0 2.0-5.0 2.0-5:0 2.0-3.0 2.0-3.0 -2~0-3.5 2.0-3;5 1.5-3.0 i.5-3.0 

+ + + + + + + + + + + + 

Fb F F F F F F F F F F F 

+ + + + + + 

...,. .+ + + + + + 

+ + + + + + -+ + + 

t-' 
~ 
0'> 
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Parameters DS-Rl DS-R7 KS-Rl GS-Rl LS-Rl LS-R9 DS-SRl KS-SRl GS-SRl LS-SRl LS-MSl LS-MS2 

Growth at 

l5°C + + + + + + + + + + 

~soc + - + + + - - - + + + + 

Optimum temperature 
--

for growth {°C) 30 30 30 30 30 30 30 30 30 . 30 30 30 

Reduction of 

nitrate to nitrite 

Reduction of 

nitrite to N2 

Indole production 

Acid produced from 

L-Arabinose + - + - - + + + + + + 

D-Xylose - + ;1- - + + - + + - - + 

D-Ribose + + -+; + + + + + + + + + 

D-Glucose + + + + + + + + + + + + 

D-Fructbse + + + + + .+ + + + +. + + 

D-Galactose + + + + + + + + + - + + 

Q--Mannose ·+ + + + + + - - - - + + 
t-' 
~ 
~ 
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Parameters DS-Rl DS-R7 KS-Rl GS-Rl LS-Rl 

Maltose +. +· + + + 

Lactose + + + + + 

. Sucrose + + + + + 

Cellobiose + + + + + 

Trehalose + + + + + 
" --

Melibiose + + + + + 

Raffinose + - - + + 
Mannitol + + + + + 

Sorbitol + ·+ + +· + 

Starch' 

aln chain of 2-4 cells 

bFacultative anaerobe 

; -·~ 

~. 

"'''"~':., '·:,.·,I i-
! . 

LS-R9 DS-SRl KS-SRl ·GS-SRl 

+ + + + 

+ + - + 

+ - - + 

+ - - -

+ - - -

+ + + + 

- + - + 

+ 

+ 

~. ~ 
;Jl .~- -~, 
t:· , 

LS-SRl LS-MSl 

+ + 

- + 

+ + 

- + 

- + 

+ + 

- + 

·C~ 

LS-MS2 

+ 

.+ 

+ 

+· 

+ 

I-' 
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, 0 0 • ,, nki h 

[ 

, • o .. ,, ' \ • 
0 

si ; p · ase contrast micrograph (x 
!. • ' f 0 ~ ' '.> -' 

0 

\ ~ 1120) 
·-·~-~·-'-' • • , •• p. ' ~:.J 

Fig. 47. Lactobacillus brevis LS-SR1 

(APT agar, 3 days, 30°C) isolated from· 

sinki; phase contrast micrograph (x 

1120) 
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Fig. 48. Lactobacillus fermentum LS-MSl 

(APT agar, 3 days, 30°C) isolated from 
fermenting radish tap root during sinki 

.preparation; phase contrast micrograph 

(x 1120) 
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Table 31. Microbial load of raw· ingredient and sinki from different sources 

. 6 : 
cfu(x 10 ) I g fresh 'tveight 

Microorganisms Radish tap root 

Ladtobacillus plantarum 0.1 
... " ....... (0.007;_0'."2) 

Lactobacillus brevis 0.1 
(0.008-0.2) 

·-

LaG~obacillus fermentum 0. 5 
(0.04-0.8) 

cfu, colony forming units 

Darjeeling 

market 

625.0 
(460~0-775.0) 

0.006 
(0.0003-0.009) 

0 

Kalimpong. 

market 

646.0 

Sinki 

(490.0-810.0) 

0.007 
(0.0003-0.01) . 

0 

Data represent the means of 10 samples. Ranges are given in parentheses. 

Gangtok 

market 

637~0 

(472.0"-790.0) 

0.006 
(0.004-0.009) 

0 

Laboratory

made 

650.0 
(495.0-800 .. 0) 

0.007 
(0.0003-0.01) 

'0 

' 

t-' 
~ 
\0 
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Table 32. Prevalence of various microorganisms in raw ingredient and sinki ·from different 

sources 

Positive samples (%)a 

Sinki 

DarjeeJ,.ing Kalimpong Gangtok Laboratory_; 

Microorganisms Radish tap root · niarket market rilarket. made 

Lactobacillus.plaritarum 
.... 

'100 ''100 100' 100. . .. -100-- . 

Lactobacillus brevis .100 100 100 100 100 

Lactobacillus.fermentum 100 0 0 .0 0 

aExpressed on the basis of a total.of 10 samples studied as in Table 31 
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~' 

1-' 
V1 
0 



151 

4.3.3. Optimization of tFaditional process parameters 

Table 33 represents the average sensory scores for optimizing 

fermentation coritainer of radish tap root for sinki preparation. 

All the treatnie.nts differed signific~ntly ( P<O. 05) among themselves 

with ·respect ·to taste, flavour arid total score. However, in respect 

of colour, there was no significant difference (P<0.05) between 

treatments A and· B. The treatment B, glass jar with lid as a 

fermenting container, had the highest score. 

All the treatment~ considered for optimizing temperature of· 

incubation during fermentation differed significantly (P<0.05) 

·from each other in respect of every sensory attribute (Table 34). 

The treatment B, tempe~ature of incbbation at 30°C during 

fermentation, had the highest score. 

All the treatments considered for optimizing fermentation 

time differed significantly (P<0.05) from each other in respect of 

taste, flavour and total score (Table 35). However, in respect of 

colour, the treatments B and C had no significant difference 

(P<O.OS) .between themselves. The treatment B, fermentation time of 

12 days, had the.highest score. 

4.3.4., Successional studies on radish tap root during:sinki 

production·_ 

Sinki was prepared in the laboratory under optimized conditions 

for studies on microbial and biochemical changes. Radish (Raphanus" 

sativusL.) tap root was washed,· wilted (2 days), sliced, again 

washed and squeezed to drain excess water. The .slices were placed 
. I 

· 1 · · essed t1· g.htly covered w1· th lid and fermented ·at, 1n g ass Jar, pr , ,. . . , 
1 

,,,,. , 



Table 33. Average sensory· scores for optimizing fermentation container- of 
0 

° 

radish tap root for sinki production ° 

Fermentation container 

A B c 
Attributes Earthenojar Glass jar with lid Polythene bag 

Taste 49.7b 53.3a 44.8c 

(49.5·-?0-0) (53.0-53.5) (44.2-45.3) 

Flavour 29.0b 32.3a 24.0c 

(28.8-29.3) (31.8-32.8) (23.8-24.3) 

Colour 4.0a . 4.5a 2.3b 

(4.0-4.0) (4.4-4.5) (2.0-3.0) 

Total score 82.7b 90.1a 71.1c 

(82.3-83.3) (89.2-90;8) (70.0-72.6) 

Temperature of incubation, 30°C; fermentation time, 12 days 

Data represent the means of three replications. Ranges .are given in 

parentheses. 

Values bearing different superscripts· in each row differ significantly 

(P<0.05). 

. ! 
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Table 34. Average sensory scores for optimizing t~perature.of incubation 

during fennentation of radish tap root for sinki production 

Temperature of incubation (oc) 

A B c 

Attributes 2.0 3~ 40 

Taste 49.9b -a 53.2 46.rtF 
(49.8-50.0) (52.5-54.0) (45.8-46.3) 

Flavour 26.8b a 32.3. 25.3c 

(26.5-27.0) (31. 5-32.8) (25.0-26.0) 

Colour .3.9 b 4.5a 3.0c 

·(3.8-4.0) (4.0-5.0) (2.8-3.3) 

Total score 80.6b 90.(/Ja 74.3c 

(80.1-81.(/J) (88.0-91.8) (73.6-75.6) 

Fennentation container, glass jar with lid; fermentation time, 12 days 

Data represent the means of three replications. Ranges are given in 

parentheses. 
- . 

Values bearing different-superscripts in each row differ significantly. 

(P<0~05). 

:: 
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Table 35. Average sensory scores for optimizing fermentation time during _, 
fermentation of radish tap root for sinki production ) 

Fermentation time (days) 

A B c 
Attributes 7 12 2() 

Taste 43.7c 53.6a 50.7b 

(43.6-43.8) (53.5-53.6) (50.7-50.8) 

.. ---f Flavour 25.0c 32.2a 29.7b 

(24.8-25.3) (32.0-32. 5) . (29.5-29.8) 

Colour 3.0b 4.4a 4.4a 

(3.0-3.0)' (4.3-4.5) (4.3-4.5) 

Total score n: 7c 90.2a 84.8b 

( 71. 4-72 .1 ) (89.8-90.6) (84.4-85.1) 

/ Fermentation container, glass jar with lid; temperature of·incubation, 
.! ·. 

Data represent the means of three replications. Ranges are given in 

parentheses. 

Values bearing different superscripts in each row differ significantly 

(P<0.05). 
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30°C for 12 days. Tpe successional studies were carried out at 

every .two days iriter~als within a range of 0~12 days. 

4.3.4.1. Microbial changes 

Table 36 and Fig. 50 show the changes in microflora in radish tap 

root during sinki production. During the first 2 days of. 

fermentation, Lactobacillus ferment~m pred6minated. At that time, 

iti population size increased by 50 fold. The 2nd day onward, its 

number decreased sharply; since the 4th day, the decrease was 
~ 

significa-n-t (P<.O.OS) at every 2 days intervals, and at the end of 

fermentation it disappeared from the product. The population of 

L. brevis increased significantly (P(0.05) from 105 cfu/g at the 

start to 10 7 cfu/g at 4 days; after which its number de~reased 

significantly (P<0.05) at every 2 days intervals ~o 10~ cfu/g at 

the end. On the other hand, compared ·to the others, the population 

size of L. plantarum was minimum at the onset of fermentation, but 

its load increased significantly (P<O.OS) at 2 d·ays intervals till 

the first 6 days of fermentation. The 6th day onward, L. plantarum 

formed the major component of the.microflora of the fermenting 

mass. 

4.3.4.2. Biochemical changes 

Biochemical changes in radish tap root during_ sinki production are 

preserited in Table 37. The mea~ pH value decreas~~ from 6.72 at 

the start to 3~30 at the erid of f~rmentation (F~g. 51). the 
. . . 

titratable acidity inc-reased sig;p:i-ficantly (P<0.05) at every 2 

days intervals till the lOth dai, after which there wa$ no 
\' · F l · ~·;q;p • ~ . lr ,:): 

significant rise (P<O.OS) in acidity (Fig. 51)~ The moisture and 
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Table 36. Changes in microflora in radish tap roots during sinki 

production 

cfu (x 106)/g fresh weight 

Fermentation Lactobacillus Lactobacillus Lactobacillus 

time (days) fermentum brevis plantarum 

0 0.4a 0.1a 0.07a 

(0.04-0. 7) (0.007-0.2) (0.004-0.1) 

r~ 2 20.0b 8.0b 1.01) 

(12.0-25.0) (6.0-9.0) (0.5-2.0) 

4 5.2b 23.0c 10.0c 

(2.7-7.1) (19.0-27.5) (8.0-14.1) 

' 

6 (/J.2a 5.0b 130.0d 

. (0.008:..0.3) (1.0-7 .2) (70.0-190.0) 

8 0.001c 0.2~ 355.0de 

~ (0 .. 0002-0.002) (0.07-0.4) (195.0-520.0) 

10 0~00002d 0.02d 580.0e 

(0-0.00004) (0.008-0.03) (370.0-705.0) 

12 0 0.004e 670.(/Je 

(0.0008-0.006) (490.0-825.0) 

------------------------------------------------------------------------

cfu, colony forming uni:ts 

Data represent the means of five batches of fermentation. Ranges are 

given in parentheses. . .: 

Data were transfo"rmed into logarithmic values and then subjected to 

analysis of variance. Values bearing different superscripts in each 

column differ significantly (P<(/J.(/)5). 

j. 
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Fig. 50. Changes in microflora in radish tap roots during sinki 

production. Values are the means of five batches of fermentation 

and bars represent ranges. 
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Table 37 . Biochemical changes in radish tap roots during sinki production 

. ( . Fermentati.on Titratable acidity Moisture Total nitrogen 
-·~ ' 

time (days) pH (as % lactic acid) . (%) (% DM) 

0' 6. 72a 0.04a 93.66a 2.34a 

(6.60-6.80) (0.03-0.06) (93.61-93.71) (2.32-2.36) 

2 5.18b (/J.38b 93.66a 2:.34a 

(4.9(/J-5.50) (0.32-0.42) (93.61-93.71) (2.32-2.36) 

4 4.15c 0.58c 93.66a 2.34a 

,~f (3.95-4.41) ( 0. 50-0. 6 7) . (93.60-93.70) (2.31-2.36) 

6 3.82d 0.65d 93.65 a 2.33a 

(3.70-3.95) . (0.60-0.72) (93.6(/J-93.70) (2.31-2.J6) 

8 3.50e 0.83e 93.65a 2.33a 

(3.40-3.60) (0.75-0.95) (93.60-93.70) (2.31-2.36) 

.. 10 3.35ef f 1.23 '" 93.65a 2.33a 
'• 

(3.30-3.40) (1.15-1.35) (93.60-93.70) (2.31-2.36) 
~~. 

12 3.30f 1.28f 93.64a 2.33a 

(3.25-3.35) (1.15-1.40) (93'.60-93. 70) (2.30-2.36) 

% DM, Percentage on dry matter.basis 

Data represent the means of five batche~ of fermentation. Ranges are given in 

parentheses • 

. Values bearing different superscripts in each colunm differ significantly 

(P<0.05). 

"!;· ;·· .. ,.-
, •: 
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Fig. 51. Changes in pH and titratable acidity in radish tap roots 

for sinki production. Values are the means of five batches of 

fermentation with ranges. Where ranges overlap, bars for the 

lowest ·mean are shown to the left. 
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·and total nitrogen contents remained relatively constant thro~ghout 

fermentation. 

4.4. MESU 

4.4.1. Proximate composition 

The proximate composition of young bamboo shoot and mesu from 

different sources is presented in ~able 38. The contents of 

moisture, protein, fat and ash 6f mesu were relatively as those of 

bamboo shoot. The mean pH value 'of the substrate was 6. 35, whe.rec;ts 
; 

that of mesu was 4.04. The mean titratable acidity in unfermented 

bamboo shoot was only 0.04%, while the same in the fermented 

product was 0.83%. 
·t :·· 

4.4.2. Microbial analysis 

4.4.2.1. Isolation of microorganism~ from market all.d laboratory-

made samples· 

Pure culture cblonies developed on MRS agar, GYP-CaC0 3 agar and APT 

agar, and poorly ori.nutrient agar, wherea~ there ~as no colony on 

YM agar and PDA supple~ented with penicillin and streptomycin. A 

total of '327 ~trains of bacteria, isolated from 30 samples of 

mesu, were grouped on the basis of ~ell shape, gas from glucose, 

ammonia from arginine, and acid from a host of sugars (Table 39). 

Twelve representative strains, one from each 

selected· randbmly fbr ~dentification . 
. . 

group, were 

; :•,·. "'! 
! 

t 
i 
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/ 
Table 38. Proximate composition of raw ingredient and mesu from 

} 
different sources 

Hesu 

Ka1impong Gangtok Laboratory-

Parameters 'Bamboo shoot ·market market made 

Moisture (%) 94.2 94.2 94.1 94.1 

(93.9-94.4) '(93. 9--94.3) (93.9-94.2) (94.0-94.2) 

-,; 
Protein (% DM) 17.4 17.1 17.1 1"7.2 

(Totai N x 6.25) (17.1-17.7) '(16.9-17 .6) (16.5-17.6) (16.9-17.6) 

Fat·(% DM) 2.4 2.4 2.4 2.4 

(Ether extract) · (2.2-2.5) (2.3-2.5) (2.2-2.4) (2.3-2.5) 

Ash (% DM) 11.2 . ll.0 10 .. 9 10.9. 
. (10.6-11.8) (10.5-11. 7) (10 .4-1i. 8) (10.4-11.7) 

I 
pH 6.35 4.08 4.20 3.84 

(6.16-6.50) (3.80-4.44) (3.95-4.60) (3.68-3.95) J .. 

Ti~rat?ble acidity 0.04 0.80 0.75 0.95 

(as % lactic acid) (0.03-0.05) (0.63-0.91) (0.56-0.90) (0. 90-1.00) 

% DM, percentage· on dry matter basis 

Data represent the means of 10 samples. Ranges are given in parentheses. 

_.,--
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Table 39. Selection of representative strains of bacteria isolated from mesu samplesa 

Nt.nnber of 

:~·..: ,, 
f;;: 
" 

t . b s ra1ns Cell. 

Gas 

from 
NH3 

from . Acid produced from c 
Grouped R~p~esen~ative 

·Source isolated shape glucose arginine Ara Xyl Tre Manl Sorl Cel Lac strains 

Kalimpong market 109 Rod + + + + + + 

Rod + ·+ + + + 

Rod + + + 

Coccus + + + + 

Gangtok market 103 Rod + + + + + + + 

Rod + + + + + 

Coccus + + + + + + 

Laboratory-made 115 Rod + + + + + 

Rod + + + + + + + 

Rod + + + + 

Coccus + ·+ 
_.,. 

+ + 

Coccus + + + + + 

~tnnber of samples was 10 from each source. 

bAll the isolates were non-motile, non-sporeforming, Gram positive and catalase negative. 

52 

23 

19 

15 

49 

36 

18 

38 

20 

30 

13 

14 

strains 

KM-R1 

-KM-R32 

KM-'SR1 

KM-T1 

GM-Rl 

GM-SR1 

GM-T1 

L.~-in 

LN-R14 

LM-S~1-

LM-T1 

LM-'1;2 

c~A..ra, L-arabinose; Xyl~ D-xyloJ?e; Tre, trehalose; Manl, mannitol;· Sorl, sorbitol; Cel, cellobiose; Lac, lactose 
t 

t-' 
Q'\ 

0 
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4.4.2.2. Taxonomical studies 

All the isolates were non-motile, non-sporing, microaerophilic, 

catalase negative and Gram positive. The rod-shaped cells (strains 

KM-Rl, KM-R32, KM-SRl, GM-Rl, GM-SRl, LM-Rl, LM-Rl4 and LM-SRl) 

-.;vere assigned to the genus Lactobacillus, \·!hereas the spherical 

cells in tetrads (strains KM-Tl, GM-Tl, LM-Tl and LM-TZ) belonged 

to the genus Pediococcus, according to the criteria laid down by 

Kandler and Weiss (1986) and Garvie (1986b), respectively. Their 

detailed characteristics are shown in Tables 40 and. 41. Hhile the 

strains KM-Rl, KM-R32, GM-Rl (Fig. 52), LM-R1 and LM-R14 were 

identified as Lactobacillus plantarum Orla-Jensen, the strains 

KM-~Rl, GM-SRl and LM-SRl (Fig. 53) were identified a~ Lactobacillus 

brevis O~la-Jensen. The tetrad strains KM-Tl, GM-Tl, LM-Tl (Fig. 

54) and LN-T2 were ldentified as Pediococcus pentosaceus Ness. 

4.4.2.-3. Micro}>ial load in substrate and products 

The ~verage value of microbial load studied in 10 sa~ples of geAu 

collected fran ea~h of Kalinpong and Gangtok markets and laboratory 

-made as well as young bernboo shoot (Dendrocalamus hamiltonii 

Nees.) are presented in .Table 42 and Fig. 55. All the three 

species including Lactobacillus plantarum, L. brevis and Pediococcus 

pentosaceus were present in the substrate as well as the fermente~ 

.products. In the substrate, P. pentosaceus was the most predominant 

species, whereas in ~esu, L. plantarum was rnost abundant and P. ' 

pentosaceus was least populated. 

Table 43 ~haws t~~ prevalence of microorganisms· in ·the . 

substrate and the products. All the three microorganisms incltiding 
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Table 4q. Characteristics of repres~ntative strains of asporogenous rod-shaped pacteria isolated from 

mesu samples 

-
Parameters KM-Rl KH-R32 GH-Rl LM-Rl ll1-Rl4 KM-SRl GM-SRl LM-SRl 

Cell morphology 

Shape Rod a Rod Rod Rod Rod Rod Rod Rod 

Size 
.. 

Width ( pm)_ 
! . 

0.7-0.8 0.7-0.8 0.7~0.9. 0.7-0.8 0.7-0.9 0.6-0.7 '0.6-0.7 0.6-0.7 

Length ( pm) 2.(/J-4.5 2.0~4.7 2.0-5.0 1.5-4.5 2.0-5.0 2.0-3.0 2.0-3.5 2.0-3.0 

Spore. 

Motility 

Gram reaction + + + +. + + + +' 

C~talase 

02 requirement . Fb F F ·F F F F F 

Gas from glucose - - - - - + + +· 

Hydrolysos of 

Fat 

Gelatin 

Arginine - - - - - + + + 

Esculin + + + + + + + 

"· 

....... 
(]'\ 

N 
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,, 
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Parameters KM-Rl KM-R32 .. GM-Rl 

Cellobiose + + + 

Sucrose + + + 

·Melibiose + + + 

Trehalose + + + 

Raffinose + - -

Mannitol +· + + 
':.•· 

Sorbitol + + + 
'· 

Starch 

ain chain of 2-4 cells 

bFacultative anaerobe 

:·t 

- ;,~ 

"'(_ 

LM-Rl LM-R14 KM-SRl 

+ + 

+ + + 

+ + + 

+ + 

- + -

+ + 

+ + 

GM-SRl LM-SRl 

+ + 

+ 

"' I 

1--' 
0'\ 
.j::'o 
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Table 41. Characteristics of representative strains of tetrad bacteria 

r isolated from mesu samples 
/ 

j," 

Parameters KM-Tl GM-Tl LM-Tl LM-T2 

Cell morphology 

Shape Coccus Coccus Coccus Coccus 

Arrangement Tetrad Tetrad Tetrad Tetrad 

Size: diameter ynn) 0.6-0.7 0.6-0.7 0.6-07 0.6-0.7 

' I Spore 

Motility 

Grain reaction + + + + 

Catalase 

o2 requirement ~ F F F 

Gas from glucose 

Hydrolysis of 

I Fat 
j c 

Gelatin 

Arginine + + + + 

Esculin + + + + 
I 

G~owth in NaCl 

4.0%' + + + + 

6.5% + + + + -t; 
18.0% 

Growth in pH 4.2-8.5 + + + + 

Growth at 37-45°C + .+ + + 

Growth at 5<J°C 

Optimum temperature for growth ( °C) 30 30 30 30 

Reduction of illtrate to nitrite ! 1 t' : .:~ :":";' ~·7:: 

J'f Reduction of nitrite to N2 
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Parameters KM-Tl GM-Tl LM-Tl LM-T2 
}-

Indole production 

Acid produced from 

L-Arabinose + + + + 

Cellobiose + + + + 

Fructose + + + + 

D-Glucose + + + + 

J• D-Galactose + + + + 
! 

I,.actose + + 

Maltose + + + + 

Mannitol 

Mannose 

:Melibiose + + + + 

Raffinose 

f .. D-Ribose + + + + 

Sorbitol 

Sucrose 

Starch 

Trehalose + + + + 

Xylose + + 

-t 
aFacul tati ve anaerobe; 

u· 
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i ' I 'f!.l;_:~ ~'-( ~/- ., .... < '\~ ~,Fig. ·52-.--Lactobacillus plantarum GM-Rl 

\1 I 1 ~ ' .... .t'":'- ~·~~J't~'/..i (API' agar, 3 days, 30°C) isolated from· 
I I ' - '1,1 t \ , ' · 1 

l (x' 

\
- • ',, ,.. '' .... ~_,o- · 1 mesu; phase contrast micrograph 

~ -;1 • . I~- 1'.:- '~";_-_·-_•/.._:_~_-_;_~---~-~- J 1120) 
c--------

Fig. 53. Lactobacillus brevis LM-SR1, 

(API' agar, 3 days, 30°C) iso;tate~ 
'' "' ' 

from 

mesu~ phase contrast micr;ograph (x 

1120) 

l.M-Tl 

from 

~esq, show:j..ng cp~~a_l · cells in tetrads; 
o· •' _.r 

• ... 
L---~~---------------------~-----~~~--~ • phase contrast micrograph (x 1120) 

•• ~ f • • ... ' • • • 



., 

· .. ,-;,~ 

_ _.,. 

;.~·~ 

·-~ '-~ '·~ 

Table 42. Microbial load of raw ingredient and mesu from different sources 

Microorganisms Bamboo shoot 

Lactobacillus plantarum 0.1 
(0.006-0.2) 

Lactobacillus brevis 0.08 
(0.005-0.2) 

Pediococcus pentosaceus 0.2 
(0.007-0.4) 

cfu, colony forming units 

. cfu(x 10b)/g fresh weight 

Kalimpong 

marJcet 

283.0 
(227.0-331.0) 

0.004 
(0.0008-0.008) -

. 0.00002 
(0-0.00004) 

Mesu 

·Gangtok 

market 

290.0 
(234.0-395.0) 

0.005 
(0.0008-0.008) 

0.00003 
(0-0.00006) 

Data represent the means of 10 samples. Ranges are given in parentheses. 

(, 

Laboratory

made 

300.0 
(240.0-390.0) 

:0.004 
(0.0008-0.009) 

0.00002 
(0:...0.00004) 

\. ., 

...... 
0\ 
-.....! 
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Table 43. P.revalence of various microorganisms in raw ingredient and mesti 

fr6m different sources 

Positive samples (%)a 

·Mesu 

- Kalimpong ·Gangtok Laboratory':'" 

.) 
Microorganisms Bamboo shoot market market made 

/ . 

Lactobacillus plantarum 100 100 100 100 

Lactobacillus brevis 100 100 100 100 

Pediococcus pentosaceus 100 50 :.40 ~-50 

a Expressed on the basis of a total of 10 samples studied as in Table 42 

·~ .. 



L. plantarum, L. brevis and P. pentosaceus occurred in 100% of 

banboo shoot. The p~evalence of L. plantarum and L. brevis was 

100%, but that of P. pentosaceus was 40-50% of the market and 

laboratory-made samples. 

4.4.3. Optimization'of traditional process parameters for mesu 

. production 
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Table 44 shows the average sensory scores for· optimizing 

fermentation continer of young bamboo shoot for mesu production. 

All . the treatments differed significantly (.P<O. OS). a·mqng themselves·. 

with respect to every sensory attribute~ The treatmerit B, glass 

jar with lid as f.errnehting container-, l1.ad the highest score. - ·_:· 

·All the · tr.ea'tment's for optinizing temperature of incubation 

during fermentation of bamboo shoot differed significantly (P<O.OS) 

with 'respect to taste, flavour and total score (Table 45). However, 

treatments A and B showed no significant difference (P<O.OS) in 

respect of colour. The treatment. B., temperature of incubation at 

30°C during bamboo shoot fermentation, had the highest score. 

Table 46 shows that all the treatments, considered for 

optimizing fermentation time, differed significa,ntly ( P<O .'OS) with 

.each other in respe~t of taste, flavour and total score. However, 

treatments B and C showed no significant difference .<P<O.OS) in· 

respect. of colour. The treatment B. fermentation time of 10 days, 

had the highest score. 

4.4.4. Successiona' studies'on bamboo shoot during mesu.prod~ction 
' ,J, 

Mesu was prepareq in the labor a tory under optimiz~~ co~di t,~?ns i · t:; , il~ 

for studies on microbial and biochemical changes. The bamboo shoot, 
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Table 44. Average sensory scores for optimizing fennen.tation container 

of bamboo shoot for mesu production 

Fennentation container 

A B c 
• ... 

Attributes Bamboo vessel . Glass jar· ·with lid -Polythene bag 

Taste 52.(/Jb 54.8a 44_.9c 

(51.8-52.2) (54.5~55.0) . ( 44. 6-4 5 • 0) 

Flavour 29.5b 32.1a 24.7c 

(29.2-29.8) (31.8-32.6) (24 .• 3-:-25.0) 

Colour . 4.lb 4.6a · c ·, 
2.2 .. 

(4.0-4.2) (4. 5-4. 7) . (2.0-2.5) 

Total score 85.6b 91.5a 71.8c 

(85.0-86.2) (90.8-92.3) (70.9-72.5) 

Temperature of-incubation, 3Q°C; fennentation time, 1@ days 

Data represent the means· of three replications. Ranges are given in 

par~ntheses .. 

Values bearing different superscripts in each row differ significantly 
,, 

(P<Ql.05). 

I I 
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Table 45. Average sensory scores·for optimizing temper~ture of incubation 

during fermentation of bamboo shoot for mesu production 

Temperature of incubation (oC) 

A B c 
Attributes 2fJ 3~ 4~ 

Taste ~49.6 
b 54.4a 45.2c 

(49.0-50.2) (54.0-55.0) "(44.7-45.8) 

Flavour b 28_.2 32.5a 23.8c 

(28.0-28.4) . (32.3-32.6) (23.6-24.0) 

Colour 4.1a 4.6a 2.4b 

(4.0-4.2} (4. 5-4. 7) (2.0-2.7) 
,. 

Total score 81.9b . 9L5a . 4c . 71. 

(81.0-82.8) (90.8-92.3) (70.3'-72.5) 

Fermentation container, glass jar with lid; fermentation time. 1(1 days. 

Data represent the.means of three replications. Ranges are given in 

parentheses. 

Values bearing different superscripts in each row differ significantly 
' 

(P<0.0S). 

. ! i •· 
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Table 46. Average sensory scores ·for optimizing fermentation time during 

mesu production 

Fermentation time (days) 

A B c 
Attributes 7 10 15 

Taste 46.3c 54.6a 50.1b 

(46.0-46. 7) (54.3-55.0) (49. 7-50 .• 5) 

Flavour 25,4c 32.2a 29.5b 

(25.0-25.8) (32.0-32.3) (29.2-29.8) 

U>lour 3.0b 4.4a 4.0a 

(3.0-3.1) ( 4 .• 0-4. 6) (4.0-4.0) 

' 
Total score 74. 7c ·a 91.2 83.6b 

(74.0-75.6) (90. 3-91. 9) ( 82 . 9-84". 3) 

l j . Fermentation container, glass jar with lid; temperature of incubation, 

Datd represent the means of three replications. Ranges are given in 

parenthes~s. 

Values bearing different superscripts in each row differ significantly 

(P<0.05). 

j I . it!'· 
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(Dendrocalamus hamiltonii Nees.), after removal of.its leaf base, 

was sliced (1-1.5 em x 0.5-0.8 em x 0.5-0.8 em). A glass jar was 

tightly packed with the. pieces and covered with a lid. They were 

:fermented at 30°C for 10 days. The successi6nal studies were 

c~rried out at every 2 dajs intervals within a range of 0-10 days. 

4.4.4.t. Microbial changes 

Th~ changes in microflora in bamboo ~hoot during mesu producition 

are presented·in Table 47 afid_Fig. 56. Pediococcus pentosaceui 

predominated during the early stages of ferm.entation. Its initial 

load increased significantly· (P<O.D5) after 2 days, followed by a 

steady fall in the count; the decrease was significant (P<0.05)·at 

every 2 days intervals. The load of Lactobacillus brevis was 

maximum on the 4th day, after which there was significant fall 

·(P<O.OS) at every 2 days intervals. On the other hand, the 

population of L. plantarum continuously increased from the start 

of fermentation till the formation of mesu on the lOth day; the 

increase was ~ignificant (P<0.05) at every 2 days intervals till 

the 6~h day. 

4.4.4.2. Biochemical changes 

Biochemical changes in bamboo shoo~ during mesu production are 

shown in Table 48. During £ermentation, the mean pa value decrease~ 

from 6.35 at 0 day to 3.84 at the end (Fig. 57). On the other hand, 

the mean titratable acidity increased from 0.04% at 0 day to 0.95% 

at the end of fermentation. The moisture and total nitrogen contents 

I ' 

remained constant throughout fermentation. 
i: 
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Table 47~ Changes iri microflora in b~boo shoots during mesu production 

6 ' 
cfu(x 1~ )/g fresh weight 

Fermentation Pediococcus Lactobacillus Lactobacillus 

time (days) pentosaceus brevis plantarum 

.0.2a 0.08ad 0..1~ 
' 

·0 
(0.007-0.4) (0.005-0.2) (0.006-0~2) 

2- b 18.0 3
_
0
bc 1.2b 

(12.0-28.0) (2.0-5.0) (0. 7-1.5) 

4 5.·2b 13.0b 8.0cr 
• 

( 4.0-6. 8) . (8.5-19.0) (7.0-10.0) 

6 0.2a 1.5c 110.0d 

(0 .,04-0. 4) (0.7-3.0) (80.0-150.0) 

8 . 0.001 c 0.2d 240.2d 

(0.0004-0.002) ( 0 J/J9-0 .4) (165.0-300.0) 

10 0.00001d 0.003e 
. d 

305.0. 

((/J-0.00002) (0.00008-0.006). . (250.0-400.0) 

cfu, colony forming units 

Dat~_represent the means of five batch~s of fermentation. Ranges are 

given in parentheses. 

Data were transformed into logarithmic values and then subjected to 

analysis of variance. Values bearing different s~perscripts in each 
.. . 

col~ differ significantly (P<0.05). 

., •· ',1. 

•, 

174 

:: 



I 
./ 

t 

9 

8 

7 

6 

~ 5 
cE 
(.) 

00 s 4 

3 

2 

1 

0 
0 

Lactobacillus 

' ...... ... 
' ... 
',~,(:ctobacillus brevis 

'-,,,l 
\ 

\ 
\ 

\ 
\ 

' Pediococcus pentosacr:us ... ·' 

''! 

2 4 6 8 10 
Fermentation time (days) 

Fig. 56. Changes in microflora in bamboo shoots during mesu · 

production. Values are the means of five batches of 

fermentation with ranges. Where ranges overlap, bars for tpe 

lowest mean are ·shown to the left; and. where three ranges 

overlap, bars for the highest mean are shown to the right. 



175 

Table 48. Bi?chemi~al changes in bamboo shoots during mesu production 

/ 
Fermentation -Titratable acidity Moisture Total nitrogen 
time (days) pH (as % lactic acid) (%) (% DM) 

0 6.35a 0 .. 04a 94.17a 2.78a 

(6.16-6.50) (0.03-0.05) (94.12-94.23) (2.74-2.82) 

2 5.93b 0.22b 94.17a ;2.78a 

(5.80-6.05) (0.18-0.27) (94.12-94.23) (2.74-2.82) 

t 4 5.14c 0.45c 94.17a · 2. 77a 

(5.07-5.20) (0.40-0.50) (94.11-94.23) (2.73-2.82) 

6 4.38d ' 0.68d . 94.16a 2.77a 

(4.25-4.50) (0.63-0.77) (94.11-94.22) (2.73-2.82) 

8 3.90e 0.92e 94.16a 2.76a 

(3.75-4.00) (0.87-0.97) (94.10-94.22) (2.73-2.81) 

1@ 3.84e 0.95e 94.16a 2.76a 

I (3.68-3.95) (0. 90-1.00) (94.10-94.22) (2.73-2.81) 
} 

% DM, percentage on dry matter basis 

Data represent the means of five batches of fermentation. Ranges are given 

in parentheses. 

Values bearing different superscripts in each column differ significantly 

(P<0.05). 
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Fig~ 57. Changes in pH and acidity in bamboo shoots durin~ mesu 

production. Values are the means of five batches of fermentation and 
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bars represent ·changes. 
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4 • 5 • ~IDRCHA 

4.5.1~ Pro;ximat~ composition of market samples 

Murcha cont~ins about 13% moisture and 0.7% ash on dry basis. The 

pH is acidic (Table 49). 

4.5.2. Microbial analysis 

4. 5 .. 2 .1. Isolat·ion of microorganisms from market samples 

Pure ~ulture ~olonies developed on MRS agar, GYP-CaCb 3 ~gar, ·APT: 

agar, YM agar and ~DA, but poor~y on nutrient agar. A total 6f 194 

bacte~ial, 190 yeast and 58 ~ould strains were isolated.from 30 

samples of murcha·, 10 each from Darjeeling, Kalimpong and Gangtok 

markets. The bacterial isolates were grouped on the basis of 

production of acid from D-xylose and lactose (Table 50). The yeast 

strains were grouped on the basis of colotiy characteristics and 

cell morphology (Table 51). All th~-mould isolates were identical 

in respect of all the characters studied (Table 52). One 

represen~ative strain 'from each group was selected randomly for 

detailed char~.cteriza tion and identification. 

4.5.2.2. Taxonomical studies 

4.5~2.2.1. Bacteria· 

The strains DMu-T1, DMu-T6, KMu-Tl (Fig .. 58), KMu-T9, GMu-Tl and. 

GMu·-T2 were non-sporeforming, non-motile, Gram po~itive an~ 
' . ' .. 

catalase negative cocci in tetrads. 1hey wer~ f~cultativ~ ana~robes 

and did not P.roduce g~~ t+9f11 ~lucose. These c~a.F;f.~~F~~t_+,.~~-~ ~~R.o~Td 
that all ih6se isolates b~longed to the genus ~~dioc~cg~~~ Theiri 

~ , \ 
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Table.49. Proximate composition of murcha from different sources 

/-
.I ' Parameters Darjeeling market Kalimpong market Gangtok market 

Moisture ·(%) 13.0 12.6 12.5 

(11.8-13. 6) .(11.8-13.2) (12.0-13.0) . 

Ash (% DM) 0.70 0.68 0.72 

(0.68-0.73) (0.65-0.70) (0.68-0.75) 

;. pH 5.20 5.11 5.16 

(4.95-5.70) (4.88-5.50) (4.82-5.65) 

% DM, per~entage on dry.matter basis 

Datarepresentthe means of 10 samples. Ranges are given·in pareptheses. 

l 
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Table 50. Selection of representative strains of bacteria isolated from 

nrurcha ·Samplesa 

Number of 
strai~sb Acid produced from Grouped Representative 

Source. isolated D-Xylose Lactos.e strains · strains 

Darjeeling market 64 + 38 DMu-Tl 

+ 26 DMu-T6 

Kalimpong market 6(/J + + 36 KMu-Tl 

24 KMu-T9 

Gangtok market 7(/J + 51 GMu-Tl 

+ 19. GMu-T2 

~ber of samples was 1~ from each source. 

bA-11 isolates were non-motile, non-sporeforming, .Gram positive and 

catalase negative cocci in tetrads. 
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~r of samples was 10 from each source. 

bAll the iso~ates reproduced by multilateral budding. 

· ~s, dusty surface; Ss, smooth surface 

d~Cy, oval to cylindrical; 0-E, oval to ellipsoidal 
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Table 52. selection of representative strains of 

moulds isolated from murcha ~amplesa 

Number of 

strainsb Grouped Representative 

Source isolated strains strains · 

Darjeeling market 15 15 DMu-Ml 

Kalimpong market 21 21 KMu-Ml 

Gangtok market 22 22 GMu-Ml 

~er of samples was 10 from each source. 

bAll the isolates had mycelia without septation, 

rhizoid and stolon, circinately borne sporangia 

containing oval spores. 

180 



Fig. 58. Pediococcus pentosaceus KUu-Tl 

(APT agar, 3 days, 30°C) isolated from 

murcha; showing coccal cells in tetrads; 

phase contrast micrograph (x 1120) 

Fig. 59. Saccharomycopsis fibuligera I01u

YD1 (Slide culture on PDA, 2 days, 28°C) 

isolated from murcha, showing oval to. 

cylindrical cells with true mycelia; 

phase contrast micrograph (x 800) 

Fig. 60. Pichia anomala l01u-YS1 (Slide Fig. 61.. Mucor eircinelloides KMu-Ml 

culture on PDA, 2 days, 28°C) isolated (PDA, 2 days, 28°C) isolated from murcha 

from murcha, showing oval to ellipsoidal showing stalked sporangia with spores; 

cells with pseudomycelia; phase contrast ·phase contrast micrograph (x 800) 

micrograph (x 800) 
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detailed morphological ·and physiological· characteristics are shown 

in Table 53. Following the ta.xonomic key of Garvie (1986b), the 

representative strains were identified as Pediococcus pentosaceus 

Mees. 

4.5.2.2.2. Yeasts 

The morphological and physiological characteristics of the 
. . 

representative strains isolated from market samples of murcha are 

shown in Table 54. Colonies of the three strains including DMu-YD1, 

KMu-YD1 and GMu-YD1 had dusty, dry surface a~d horn-li:ke projections 

made up of many strands of mycel:L~ when grown on agar plates. The 

cells were oval t~ cylindrical and showed true, septate hyphae 

with hlastoconidia. There were 2-4 hat-shaped ascospores in each 

·ascus. None of these strains could reduce nitrate and utilize 

cellobiose. But, all of them fermented. starch. On the other hand, 

the colonies 'of .the other three strains including DMu-YS1, KMu-YS1 

and GMu-YS1 had glistening surface with entire margin on agar 

plates. The cells were oval to ellipsoidal. There were 1-4 hat-

shaped a~cospores in each ascus. Those strains reduced nitrate 'to 

nitrite. 

Ac·cording to the criteria laid down by Barnett et al. (1983) 

·and Kreger-van Rij (1984) the strains DMu-YD1, KMu-YD1 (Fig. 59) 

and Gl1u-YD1 were identified as Endomyces fibuliger Linder,.. and the 

"' strains DMu-YS1 .(Fig. 60), KMu-YSl and GMu-YSl were identified as 

Hansenula·an~mala (H~nsen) Sydow and Sydow. Endomyces fibuliger 

Lindner·(= Endomyces lindneri Saito) and Hansenula anomala (Hansen) 

Sydow and Sydow -are now considered as Saccharomycopsis fibulLge~a 
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Table 53.· Characteristics of representative strains of tetrad bacteria 
~t· 

isolated from murcha samples 

Parameters DMu.:..Tl DMu-T6 KHu-Tl KMu-T9 GMu-Tl GMu-T2 

Cell morphology 

Shape Coccus Coccus Coccus Coccus Coccus Coccus 

Arrangement Tetrad Tetrad Tetrad Tetrad Tetrad Tetrad 

Size: diameter ym) 0.7-0.7 ·0.6-f/17 0.6-0.7 0.6-0.7 0.6-0.7 0.6-0.7 
-(! 

Spore 

t.fotility 

Gram reaction + + + + + + 

Catalase .-

0 2 requirement .~ F F F F F 

Gas from glucose 

Hydrolysis of 

Fa.t 

Gelatin 

Arginine + + + + + + 

Esculin + + + + + + 

Growth in 

4 and 6.5% · + + + + + + 

18.0% 

Growth in pH 4.2.,..8.5 + + + + 'I' 'I' 

Growth at • 

35 and 40°C + + + + + + 

50°C 

Opt~ temperature 

for growth (~C) 30 30 30 30 30 30 
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Parameters DMu-Tl DMu-T6 KMu-Tl KMu-T9 GMu-Tl GMu-T2 • 
Reduction of 

nitrate to nitrite 

Reduction of nitrite to N2 

Indole production 

Acid produced from 

L-Arabinose + +: + + + + 

!f Cellobiose + + + + + + 

Fructose + + + + + + 

lr-Glucose + + + + + + 

D-Galactose + + + + + + 

Lactose +' + + 

Maltose + + .+ + ... + + 

Mannitol 
~: 

Mannose +· + + + + + 

Melibiose + + +· + .+ + 

Raffinose -

D-Ribose + + + + + + 

Sucrose 

Sorbitol 

~- Xylose + + 

Trehaiose + + + + + + 

Starch 

aFacultative anaerobe 
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Table 54. Characteristics of representative strains of yeasts isolated from murcha samples 

Parameters DMu-YD1 KMu-YDl. GMu-YDl DMu-YS1 KMu-YSl 

Cell morphology 

Shape o-eya o-Cy o-ey o-ey o-ey 

Size 

Width. CfiD) 3.5-5.2. 3.5-5.7 3.5-5.5 2.4-3.5 2.2-3.5 
.. r. 

Length ~urn) 5.2...;8.7 5.0-8.5 5.0-8.7 3.5-5.2 3.5-5.5 

Hycelium True ·True True Pseudo Pseudo 

Vegetative reproduction 

Budding, multilateral + : + + "+ + 

Blastoconidia +' :+ + 

Sexua~ reproduction 

Ascus Evanescent Evanescent Evanescent Evanescent Evanescent 

Ascospore 2-4, hsb 2-4, .hs 2-4, hs 1-4, hs 1-4, hs 
... 

w+c Reduction of nitrate to nitrite - - - w+ 
·-.-

Reduction of nitrite to N2 - - - - -

Growth at· 37°C + + + + + 

" 

GMu-YSl 

o-ey 

2.2-3.5 

3.5-5.3 

Pseudo 

+ 

Evanescent 

1-4, hs 

w+ 

-

+ 

~ 

'-, 

1-' 
co 
~ 
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Parameters DMu-YDl KMu-YDl 

Fermentation 

D-Glucose .+ + 

D-Galactose · - -

Sucrose + + 

Maltose - + 

Cellobiose· - -

Raffinose + -

Starch + + 

aoval to cylindrical 

~t-shaped, 

<:weak positive 

A 

-~: 

GMu-YDl DMu-YSl 

+ + 

- -

+ + 

+ + 

- + 

+ + 

+ 

KMu-YSl 

+ 

+ 

+ 

+ 

+ 

+ 

GMu-YSl 

+ 

+ 

+ 

+ 

~ 

..... 
co 
V1 
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(Lindner) KlO"cker and Pichia anomala (Hansen) Kurtzman, respectively 

(Hesseltine and Kurtzman 1990). 

4.5.2.2.3. Moulds 

The myce~ia o-f- the. strains DMu-M1, KMu-M1 (Fig. 61) and GMu-Ml 

were aseptate without any rhizoid and stolon. The sporangiophores 

were repeatedly branched with many sporangia borne circinately. 

The ·sporangia! wall mostly delique~ced. Sporangiospores were oval. 

All grew at 37°C. Following the taxonomic keys of z·ycha and Siepmann 

and Hesseltine and Ellis (1973), the mould strains were identified 

as Mucor circinelloides van Tieghem. 

4. 5. 2 .• 3. Microbial load of market sa~ples 

The average microbial load studied. in 10 samples -of murcha collected 

from each of Darjeeling, Kalimpong and Gangtok markets are presented 

in Table 55 and Fig. 62. The load of Pediococcus pentosaceus 

occurred at a level of 2-42 x 10 7 dfu/ g i·n· market murcha: Amt>ng. 

the yeasts, Saccharom~copsis fibuligera showed higher load in 

murcha which ranged between 4-68 x 107 cfu/g; Pichia anomala 

occurred at a level of o.z.:..·t.2. x 10 7 cfu/g. Mucor, circinelloide.s., 

present in ~11 the ~urcha samples, were at a level of O.i-4.1 x 107 

cfu/g. 

T~ble 56 shows that all the four types of microorganisms were 

present in 100% of the market sample~. 
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Table 55. Microbial load of murcha from different sources 

cfu (x 107)/g fresh weight 

. Microorganisms 

Bact~ria 

Pediococcus pentosaceus 

Yeasts 

Saccharomycopsis fibuligera 

Pichia anomala 

l'1oulds 

Mucor circinelloides 

cfu, Colony forming units 

Darjeeling 

market 

18.8 

(2.0-38.5) 

35.8 

(4.0-57.0) 

3.0 
(0.2-7.0) 

2.1 
(0.1-3.2) 

Kalimpong. 

market 

20.0 
(2.0-41.0) 

39.0 

(4.5-68.0) 

3.0 
(0.2-7.2) 

2.0 
(0.1~3.0) 

Gangtok 

market 

21.0 

(5.0-42.0) 

37.0 

(6.2-64.0) 

2.8 

(0~2-5.7) 

2.3 

(0.2-4.1) 

Data represent the means of 10 samples. Ranges are given in parenthe.ses. 
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Fig. 62. Microbial load of nrurcha from different 

sources. Values are.the means with ranges of 10 

s~ples. Pediococcus pent;osa,ceusr D; 
. Saccharomycopsi~ fibuligera, 0; Pichia anomala., 

·~; Mucor.circinelloides, ~ 

• ! ' 



a Expressed on the basis of a total of 10 samples studied as in.Table 55 
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