
4. RESULTS 



4.1. SURVEY ON FERMENTED BEVERAGES 

Survey was conducted using questionnaire in the Darjeeling hills and 

Sikkim. The traditional methods of preparation, equipment used, mode 

of consumption, feeding frequency, socio-economy and ethnical 

importance of indigenous fermented beverages (Table 1) were 

documented. Survey data showed that in rural areas majority of people 

prepared indigenous fermented beverages (57.6 % the Darjeeling hills 

and 76.7% in Sikkim) for home consumption. 

Table 1; Traditional fermented beverages of the Darjeeling hills and Sikkim 

Product Substrate Consumption rate (%) 

The Darjeeling 
hills 

Sikkim 

Marcha (starter) Rice, wild herbs, spices 

Common Alcoholic Beverages: 

Kodokojaanr 

Bhaatijaanr 

Makaikojaanr 

Gaboon kojaanr 

Finger millet 

Rice 

Maize 

Wheat 

Lesser-known Alcoholic Beverages: 

Simal tarul kojaanr 

Jao ko jaanr 

Faapar kojaanr 

Distilled liquor: 

Raksi 

Cassava tuber 

Barley 

Buck wheat 

Starchy substrates 

95.0 

55.0 

45.0 

15.0 

< 10.0 

<10.0 

<]0.0 

85.0 

85.0 

40.0 

35.0 

25.0 

<10.0 

<10.0 

<10.0 

60.0 
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MARCHA 

1 
INOCULATION 

1 
SUBSTRATE 

"^ Finger millet 

- • Rice 

"^ Maize 

- • Wheat 

~^ Barley 

~^ Buckwheat 

~^ Cassava 

PRODUCT 

-^ Kodo ko jaanr 

-^ Bhaati jaanr 

"* Makai ko jaanr 

-^ Gahoon ko jaanr 

"* Jao ko jaanr 

•> Faapar ko jaanr 

DISTILLATE 

T 
Raksi 

Simal tarul ko jaanr 
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4.2. MARCHA 

Marcha is the traditionally prepared mixed dough inocula used as a 

starter culture for production of various indigenous alcoholic beverages. 

Marcha is a dry, round to flattened, creamy white to dusty white, solid 

ball like starter ranging from 1.9 cm to 11.8 cm in diameter with the 

weight ranging from 2.3 g to 21.2 g (Plate 1). 

4.2.1. Synonym of marcha 

Marcha is a Nepali word. Different ethnic communities of this region 

call it by their own dialect such as khesung by Limboo, bharama by 

Tamang, bopkha or khabed by Rai, phab by Bhutia, and also by the 

Tibetan, and buth/thanbum by the Lepcha. 

4.2.2. Traditional method of preparation 

A traditional method of marcha preparation practiced by the Limboo 

women in Aho village in East Sikkim was cited. During marcha 

preparation, glutinous rice {Oryza sativa L.) is soaked in water for 6-8 h 

at ambient temperature. Unheated soaked rice is crushed in a foot-driven 

heavy wooden mortar by a pestle. In 1 kg of grinned rice, ingredients 

added include roots of 'guliyo jara' or 'chitu' (Plumbago zeylanica L.), 

2.5 g; leaves of 'bheemsen paate' (Buddleja asiatica Lour), 1.2 g; 

flowers of'sengreknna' {Vemonia cinerea (L.) Less}, 1.2 g; ginger, 5.0 

g; red dry chilli, 1.2 g; and previously prepared marcha as a mother 

culture, 10.0 g. The mixture is then made into paste by adding water and 

kneaded into flat cakes of varying sizes and shapes, and placed 

individually on the ceiling floor made up of bamboo stripes above the 

kitchen, bedded with fresh fronds of ferns, locally called 'pire uneu' 
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{Glaphylopteriolopsis erubescem (Wall ex Hook.) Ching), and covered 

with dry ferns (Plate 2 & 3) and jute bags. These are left to ferment for 

1-3 days, the longer period being used under the colder condition. 

Completion of fermentation is indicated by distinct alcoholic and ester-

aroma and puffy/swollen appearance of marcha. Finally, cakes of 

marcha are sun dried for 2-3 days (Fig 1). Marcha is stored at room 

temperature and in dry place for more than a year. 

In Jhosing and Tibuk villages in North Sikkim, root-barks and 

flowers of wild herbs locally called 'marcha jar' (Pofygala arillata 

Buch. Hum.) are mixed and grinded with soaked water during marcha 

preparation. 

Rice 

Soaked in water (6-8 h) 

i 
Crushed in foot-driven heavy wooden mortar 

<- Mixed with herbs, spices and 
previously prepared marcha 
powder (~ 1 %) 

i 
Made into paste and kneaded into flat cakes 

i 
Wrapped in fern leaves, covered by jute bags 

i 
Fermented (25-35° C, 1-3 d) 

> ^ 

Sun dried (2-3 d) 

i 
Marcha 

Fig 1. Flow sheet of marcha preparation in East Sikkim 
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Plate 1. Marcha of varying sizes Plate 2. Marcha preparation by the 
I.imboo woman in Aho village. 

Plate 3. Kneaded dough of marcha are 
incubated in fern leaves. 

Plate 4. Marcha is sold in Gangtok 
market. 



4.2.3. Socio-economy 

Marcha is produced at household level in few villages in the Sikkim 

Himalayas (Table 2 and Fig 2) exclusively by the rural women 

belonging to the Limboo, Rai and the Lepcha. Men can help women in 

collection of wild herbs and pounding the herbs during marcha 

preparation. This art of technology is protected as hereditary trade and 

passes from mother to daughters. 

Table 2. Important marcha-making villages in the Sikkim Himalayas 

Village Location 

The Darjeeling Hills: 

Nor Busty 

Kashyorig 

Mangzing 

Sikkim: 

Jhosing 

Tibuk 

Chhejo 

Lingchom 

Salghari 

Barnyak 

Aho 

Kopchey 

Darjeeling 

Kalimpong 

Kalimpong 

North 

North 

West 

West 

South 

South 

East 

East 

Altitude 
(Feet) 

2300 

4500 

1800 

3200 

3120 

6800 

5000 

4150 

4000 

3630 

3510 

Linked Market 

Bijanbari, 
Darjeeling 

Algarah, 
Kalimpong, 
Rhenock 

Kalimpong, 
Lava, 
Gorubathan 

Magan, Gangtok 

Magan, Gangtok 

Geyzing, Legsep 

Geyzing, 
Yoksum 

Jorethang 

Namchi, 
Ravangia 

Gangtok, 
Pakyong 

Rhenok, Rongli 

Sample 
code 

MN 

MK 

MM 

MJ 

MT 

MC 

ML 

MS 

MB 

MA 

MKo 

Dominant 
marcba-maker 

Rai and Limboo 

Limboo and Rai 

Limboo, Rai and 
Lepcha 

Limboo 

Limboo 

Limboo 

Limboo 

Limboo 

Limboo and Rai 

Limboo 

Limboo 
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INDIA 

28°/N 

^ S I K K I M 
NORTH 

t « 

• Tibuk 

• Chbejo 
• Barnyak 

• Lingchom.' * 
^ ) SOUTH ; 

"N \ • Salghari '•. 
V -^ iH^t t 

J hosing Y 

/ 1 

EAST C, 

Aho 

Konchey 

• Nor busty 
Darjeeling • Kashvong 

UARJEELf^C HILLS 

Kalimpong 
• (Vlangzing, 

Kurseong 27''/N 

Fig 2. Location map of marcha-making villages in the Sikkim Himalayas. 
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Some people are economically dependent upon this product. 

Marcha is sold in local markets, called "haats" (Plate 4). Cost of marcha 

depends on its size. Small-sized marcha (~2.0 cm) costs about 0.50 paise 

each, while the large-sized (~12 cm) marcha is sold at Rs.5.00 per piece. 

4.2.4. Similar Product 

Marcha is similar to ragi of Indonesia, nuruk of Korea, bubod of the 

Philippines, loogpang of Thailand and chiuyueh of China. These starter 

cultures are used to prepare alcoholic beverages from starchy substrates. 

4.2.5. Microorganisms 

Sixty-six samples of marcha were collected from main source of 

marcha-making villages of the Darjeeling hills and Sikkim as shovm in 

Table 2. Samples were analysed for microbial load (Table 3). Mould 

population in marcha was detected at the level of 10^ cfii/g, whereas the 

loads of yeasts and lactic acid bacteria were 10̂  cfli/g and lO' cfu/g, 

respectively. Total viable count was at the level of 10® cfri/g. Out of 733 

strains of microorganisms isolated from marcha samples, 152 isolates 

were filamentous moulds, 321 were yeasts and 260 were lactic acid 

bacteria. 
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Table 3. Microbial load of marcha collected from marcha-making villages 

Source 

Nor Busty 

Kashyong 

Mangzing 

Jhosing 

Tibuk 

Chhejo 

Lingchom 

Salghari 

Bamyak 

Aho 

Kopchey 

Mould 

0.2 
(0.1-0.3) 

0.2 
(0.1-0.3) 

0.2 
(0.1-0.3) 

0.3 -
(0.1-0.2) 

0.1 
(0.08-0.14) 

0.2 
(0.1-0.2) 

0.3 
(0.1-0.4) 

0.2 
(0.1-0.3) 

0.08 
(0.05-0.1) 

0.3 
(0.2-0.3) 

0.15 
(0.1-0.2) 

xlO' 

Yeast 

3.3 
(2.8-3.8) 

5.6 
(4.6-6.7) 

0.7 
(0.5-0.9) 

8.1 
(5.8-10.4) 

23.0 
(15.0-29.0) 

9.7 
(6.3-11.0) 

6.7 
(6.3-13.0) 

21.0 
(15.0-26.0) 

18.0 
(15.0-21.0) 

15.0 
(13.0-18.0) 

1.0 
(0.4-1.8) 

cfu/g dry weight 

LAB 

3.5 
(2.8-4.1) 

3.7 
(1.6-6.5) 

0.3 
(0.2-0.4) 

4.7 
(1.4-7.7) 

13.0 
(6.0-18.0) 

0.5 
(0.3-0.7) 

1.0 
(0.3-1.2) 

16.0 
(4.0- 30.0) 

7.8 
(6.8-8.5) 

18.0 
(16.0-20.0) 

2.0 
(0.9-3.6) 

Total Viable Count 

6.9 
(5.3-9.8) 

9.1 
(5.9-11.8) 

1.4 
(0.6-2.3) 

15.0 
(14.0-18.0) 

37.0 
(34.0-40.0) 

12.0 
(8.0-16.0) 

10.0 
(7.0-15.0) 

28.0 
(24.0-33.0) 

29.0 
(24.0-33.0) 

34.0 
(31.0-36.0) 

3.5 
(1.8-5.3) 

LAB, lactic acid bacteria 
Data represent the means of 6 samples from eadi source. Ranges are given in parentheses. 

4.2.5.1. Characterisation and identification of moulds 

On the basis of morphology and presence or absence of stolon and 

rhizoids, all 152 strains of filamentous moulds isolates from each source 

were classified into two genera: Mucor (94 strains) and Rhizopus (58 

strams) belonging to family Mucoraceae (Table 4). 
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Table 4. Selection of representative strains of moulds isolated from marcha'* 

Source 

Nor Busty 

Kashyong 

Mangzing 

Jhosing 

Tibuk 

Chhejo 

Lingchom 

Salghari 

Barnyak 

Aho 

Kopchey 

Number of 
strains'' isolated 

12 

14 

7 

13 

20 

16 

10 

16 

10 

18 

16 

Stolon 
and 

rhizoids 

Absent 

Present 
Absent 

Present 

Absent 

Absent 

Present 

Absent 

Present 

Absent 

Present 

Absent 

Absent 

Present 

Absent 

Absent 

Present 

Absent 

Present 

Grouped 
strains 

6 

6 
8 

6 

7 

8 

5 

10 

10 

8 

8 

10 

8 

8 

10 

10 

8 

9 

7 

•a 

h 
n 

MN:Mul 

MN:Rhl 
MK:Mu2 

MK:Rh2 

MM:Mul 

MJ:Mul 

MJ:Rhl 

MT:Mul 

MT:Rhl 

MC:Mul 

MC:Rh2 

ML:Mu2 

MS;Mu3 

MS:Rh2 

MB:Mul 

MA:Mul 

MA:Rh3 

MKo:Mu4 

MKo:Rhl 

* Number of samples was six from each source. 

''All strains had aseptate mycelia. 
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Table 5. Characteristics of representative strains of moulds isolated from marcha 

Strain 

MM:Mul 

MJ:Mul 

MA:Mul 

MC:Mul 

MS:Mu3 

MJ:Rh3 

MA:Rh3 

MC:Rh2 

MS:Rhl 

MKo:Rh2 

Sporangiuiii 

Shape 

Globose, borne 
circinately 

Globose 

Globose, borne 
circinately 

Globose 

Globose, borne 
circinately 

Globose to sub-
globose 

Globose 

Globose to sub-
globose 

Globose to sub-
globose 

Globose 

Diameter 
Oim) 

30-68 

18-52 

34-92 

28-80 

32-80 

72-144 

52-116 

44-120 

72-148 

76-160 

Sporangiospore 

Shape 

Ellipsoidal to oval 

Ellipsoidal to oval 

Ellipsoidal to oval 

Spherical, 
ellipsoidal to oval 

Ellipsoidal to oval 

Round to ellipsoidal 

Round 

Round to ellipsoidal 

Round to ellipsoidal 

Round 

Diameter 
(fim) 

5.6-7.2 

4.8-7.2 

4.2-5.6 

2.4-5.6 

4.5-5.6 

4.0-8.0 

2.0-5.0 

5.0-8.0 

4.0-8.5 

3.0-6.0 

Q. 
n 
s 
B) n 
ta 
A 
O 
3 

8 

>3 

1 

Following the taxonomical keys of Schipper (1976, 1984) and 

Hesseltine (1991), representative strains MM:Mul (IMI 375454), 

MA:Mul and MS:Mu3 which had repeatedly branched sporangiophores 

with many sporangia borne circinately (Plate a) were identified as 

Mucor circinelloides forma circinelloides van Tieghem. Representative 

strains MJ:Mul (EMI 375452) and MC:Mul were identified Mucor sp. 

close to M. hiemalis sensu late. Sporangial walls of these isolates were 
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IMulc (ii). Miicor cininctloiih-s 
loniiii circiiiclloiilc.s MJ;Miil 
(I'DA. 3 d, 2S° C), isolated 
iVoin marc ha, showing 
circinately borne sporangium 
in pliase conliiisl micrograph 
(X 480). 

Plate (b). Afiicor circinclloic/cs 
Ibrina ciiciiwlloUlcs M.I:Mul 
(I'DA, 7 d, 28° C), isolated from 
niarcha. sliowiiig deHtjiicsecd 
sporangia witii sponingiosporcs 
in phase contrast micrograph (x 
250). 

riatc (c). Rhizopus chinensis 
MJ.Rh3 (PDA, 7 d, 28° C). 
isokued iVoiu marcha. sliowing 
rhi/.oids, sporangiophores and 
sporangia in phase contrast 
micrograpli (x 250). 



mostly deliquesced (Plate b). Representative strains MJ:Rh3, MC:Rh2 

and MS:Rhl were identified as Rhizopus chinensis Saito (Plate c). 

Representative strains MA:Rh3 (IMI 375453) and MKo:Rhl were 

identified as Rhizopus stolonifer variety lyococcus (Ehrenb.) Stalp. & 

Schipper. Confirmation of identity of these strains was done at 

Mtemational Mycological histitute, Surrey, U.K. Prevalence of Mucor 

and Rhizopus was 100 % and 73 %, respectively in sixty-six samples 

collected from eleven different marcha-making villages in the Sikkim 

Himalayas. 

4.2.5.2. Characterisation and identification of yeasts 

Four genera of yeasts were selected on the basis of colony, cell 

morphology, vegetative reproduction and type of ascospore among 321 

yeasts isolates (Table 6a & b). 
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Table 6a. Selection of representative strains of yeasts isolated from marcha of the 
Darjeeling hills 

Source 

Nor Busty 

Kashyong 

Mangzing 

Number" 
ofstrains 
isolated 

30 

32 

33 

Colony 

Ds 

Ss 

Ss 

Fs 

Ds 

Ss 

Ss 

Fs 

Ds 

Ss 

Ss 

CeU 

Shape 

O-Cy 

0-E 

O-E 

0-E 

0-Cy 

0-E 

0-E 

0-E 

O-Cy 

0-E 

0-E 

Mycelium 

True 

Pseudo 

Pseudo 

-

True 

Pseudo 

Pseudo 

" 

True 

Pseudo 

Pseudo 

Ascospore 

Hat-shaped 

Hat-shaped 

Globose 

-

Hat-shaped 

Hat-shaped 

Globose 

-

Hat-shaped 

Hat-shaped 

Globose 

Grouped 
strains 

10 

8 

6 

6 

10 

10 

6 

6 

15 

10 

8 

n 

S i-^ 

5" 

MN:YD3 

MN:YP1 

MN:YS1 

MN:YC2 

MK:YD1 

MK:YP1 

MK:YS5 

MK:YC1 

MM:YD3 

MM:YP2 

MM:YS1 

dumber of samples was six from each source. All isolates reproduced by multilateral budding. 

Ds, dusty surface; Ss, smooth surfece; Fs, fringed surface; O-Cy, Oval to cylindrical; 0-E, Oval to 
ellipsoidal. 
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Table 6b. Selection of representative strains of yeasts isolated from marcha of Sikkim 

Source 

Jhosing 

Tibuk 

Chhejo 

Lingchom 

Salghari 

Bamyak 

Aho 

Kopchey 

Number" 
ofstrains 
isolated 

26 

35 

29 

28 

26 

24 

32 

26 

dumber of samples 
Ds, dusty surfece; Ss, i 
ellipsoidal. 

Colony 

Ds 

Ss 

Ss 

Ds 

Ss 

Ss 

Ds 

Ss 

Ss 

Fs 

Ds 

Ss 

Ss 

Fs 

Ds 

Ss 

Ss 

Ds 

Ss 

Ss 

Ds 

Ss 

Ss 

Fs 

Ds 

Ss 

Ss 

was six from 
smooth surface 

CeU 

Shape 

O-Cy 

O-E 

O-E 

O-Cy 

O-E 

O-E 

O-Cy 

O-E 

O-E 

O-E 

O-Cy 

O-E 

O-E 

O-E 

O-Cy 

O-E 

O-E 

O-Cy 

O-E 

O-E 

O-Cy 

O-E 

O-E 

O-E 

O-Cy 

O-E 

O-E 

Mycelium 

True 

Pseudo 

Pseudo 

True 

Pseudo 

Pseudo 

True 

Pseudo 

Pseudo 

-

True 

Pseudo 

Pseudo 

-

True 

Pseudo 

Pseudo 

True 

Pseudo 

Pseudo 

True 

Pseudo 

Pseudo 

-

True 

Pseudo 

Pseudo 

Ascospore 

Hat-shaped 

Hat-shaped 

Globose 

Hat-shaped 

Hat-shaped 

Globose 

Hat-sh^ed 

Hat-shaped 

Globose 

-

Hat-shaped 

Hat-shaped 

Globose 

-

Hat-shaped 

Hat-shaped 

Globose 

Hat-shaped 

Hat-shaped 

Globose 

Hat-shaped 

Hat-shaped 

Globose 

-

Hat-shaped 

Hat-shaped 

Globose 

Grouped 
strains 

12 

S 

6 

15 

12 

8 

10 

8 

6 

5 

10 

7 

6 

5 

12 

8 

6 

10 

8 

6 

12 

8 

6 

6 

10 

8 

8 

5 
•a 

a- n 
» n> 
- • B 

» ^ 

i' 
MJ:YD1 

MJ:YP1 

MJ:YS2 

MJ:YD2 

MT:YP2 

MT:YS1 

MC:YD2 

MC:YP1 

MC:YS1 

MC:YC1 

ML:YD2 

ML:YP1 

ML:YS7 

ML:YCI 

MS:YD2 

MS:YP1 

MS:YS1 

MB:YD1 

MB-.YP2 

MB:YS2 

MA:YD1 

MA:YP2 

MA:YS2 

MA:YC3 

MKo:YD2 

MKo:YPl 

MKo:YS3 

each source. All isolates showed by multilateral budding. 
; Fs, fringed sur&ce; O-Cy, Oval to cylindrical; O-E, Oval to 
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Sugar fermentation and assimilation tests of randomly selected 

representative strains of yeasts were carried out (Table 7). Following the 

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

Fell (1998), representative strains MC:YD2 and MKo:YD2 had dusty 

and dry surfaced colonies with horn-like projections made up of many 

strands of mycelia when grown on agar plates. There were 2 to 4 hat-

shaped ascospores per ascus. All of them fermented starch and 

assimilated sucrose. These strains were identified as Saccharomycopsis 

flbuligera (Lindner) Klocker (Plate d). Representative strains MN:YP1 

and MJ:YP1 had glistening surfaced colonies on agar plates, showed 1 

to 4 hat-shaped ascospores per ascus and could not ferment starch. Asci 

were deliquescent. They were identified as Pichia anomala (E.G. 

Hansen) Kurtzman (Plate e). Representative strains MK:YS5 and 

MS:YS1 had smooth surfaced colonies, showing globose ascospores and 

fermented starch. They were identified as Saccharomyces cerevisiae 

Meyen ex Hansen (Plate f). Representative strains MN:YC2 and 

ML:YC1 showed fiinge-surfaced colonies without ascus and ascospore 

and fermented only glucose and trehalose. They were identified as 

Candida glabrata (Anderson) Meyer et Yarrow (Plate g). 

Prevalence of all strains of yeasts in marcha samples was 100 % 

except Candida glabrata showing only 45 % in sixty-six samples 

analysed. 
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fihulii^cni MC:YD2 (YMagar, 5 
d, 28° C), isolated Ironi marcha, 
siiowing oval to cylindrical cells 
with true iiiycelia in phase 
conlrasl micrograph (x 480). 

I'latc (c). Pichia anoniala 
MN:YPI (YM agar. 3 d. 28° C). 
isolated from niarcha, showing 
oval cells with mullilatcral 
budding in phase contrast 
micrograph (x 480). 

l*hite (f). Saccharomyi-i'.s 
cerevisiac MK:YS5 
(Ascospore agar, 7 d, 28° C), 
isolated iVoiii marcha. showing 
globose ascospores in phase 
contrast micrograph (x 480). 



Table 7. Characteristics of representative strains of yeasts isolated from marcha 

Parameter 

Cell width (|ini) 

Cell length ((un) 

Nitraie reduction 

Growth at 37° C 

2.0-5.0 

3.0-7.0 

— 

+ 

Sugar fenncntation: 

Glucose 

Galactose 

Lactose 

Maltose 

RaflinosB 

Sucrose 

Starch 

Trehalose 

Sugar assimilation 

Arabinose 

. Cellobiose 

Galactose 

Glycerol 

Inositol 

Lactose 

Maltose 

Melibiose 

Mannitol 

Rhamnose 

Raflinose 

Sucrose 

Starch 

Trehalose 

Xylose 

Identification 

+ 

-

-

+ 

-

+ 

+ 

-

-

+ 

-

-

+ 

-

+ 

+ 

-

-

+ 

+ 

+ 

-

-

Q 
>̂  
o 

2.0-5.0 

3.0-7.0 

-

+ 

+ 

-

-

+ 

+ 

+ 

+ 

-

-

+ 

-

-

-

-

+ 

+ 

+ 

-

+ 

+ 

+ 

-

-

Saccharomycopsis 

1-4 

1 
1.6-4.5 

1.9-5.4 

+ 

+ 

+ 

-

-

+ 

+ 

+ 

-

+ 

+ 

+ 

+ 

-

-

-

+ 

-

+ 

-

+ 

+ 

+ 

+ 

-

1—t 

s 
1,6-3.2 

1.9-5.4 

+ 

+ 

+ 

-

-

+ 

+ 

+ 

-

-

+ 

+ 

+ 

-

-

-

+ 

-

+ 

-

+ 

+ 

+ 

+ 

+ 

Pichia 

>-

1.6-4.5 

2,0-5.0 

-

+ 

+ 

+ 

-

+ 

+ 

+ 

+ 

~ 

-

-

+ 

-

-

-

+ 

+ 

-

-

+ 

+ 

+ 

+ 

-

1 
1.6^.0 

2.0-5.0 

-

+ 

+ 

+ 

-

+ 

+ 

+ 

+ 

-

-

-

+ 

-

-

-

+ 

+ 

-

-

-1-

+ 

+ 

+ 

-

Saccltaromyces 

1 
0.8-2.4 

L6-4.0 

-

+ 

+ 

-

-

-

-

-

_ 

+ 

-

~ 

-

-

-

-

-

-

-

-

-

-

-

+ 

-

> 

i 
0.6-2.7 

1.3-3.7 

-

+ 

+ 

-

-

-

-

-

-

+ 

-

-

-

+w 

-

-

-

-

-

-

-

-

-

+ 

-

Candida 

+, positive;—, negative; +„, weak positive 

69 



4.2.5.3. Characterisation and identification of bacteria 

Out of 260 lactic acid bacteria strains isolated fiom sixty-six samples of 

marcha, 195 strains were coccii-tetrads and 65 strains were non-

sporeforming rods (Table 8). 

Table 8. Selection of representative strains of LAB isolated from marcha 

Source 

Nor Busty 

Kashyong 

Mangzing 

Jhosing 

Tibuk 

Chhejo 

Lingchom 

Salghari 

Bamyak 

Aho 

Kopchey 

Number" of 
strains 
isolated 

35 

20 

30 

30 

15 

15 

30 

20 

25 

25 

15 

Cell 
Shape 

Coccus 

Rod 

Coccus 

Coccus 

Rod 

Coccus 

Rod 

Coccus 

Coccus 

Coccus 

Rod 

Coccus 

Coccus 

Rod 

Coccus 

Rod 

Coccus 

Gas 
from 

glucose 

— 

+ 

-

-

+ 

-

+ 

-

-

-

+ 

-

-

+ 

-

+ 

-

NH3 
from 

ai^inine 

+ 

-

+ 

+ 

-

+ 

-

+ 

+ 

+ 

-

+ 

+ 

-

+ 

-

+ 

Grouped 
strains 

20 

15 

20 

20 

10 

20 

10 

15 

15 

20 

10 

20 

15 

10 

15 

10 

15 

5" 
•a 

W "1 3 ^ 
g 1 

MN:C1 

MN:R5 

MK:C7 

MM:C3 

MM:R1 

MJ:C2 

MJ:R2 

MTCl 

MC:C7 

ML:C3 

ML:R8 

MS:C7 

MB:C9 

MB:R4 

MA:C1 

MA:R5 

MkoCl 

'T̂ Jumber of samples was 6 from each source 

""All isolate were Gram-positive, catalase-negative, non-sporeformers and non-motile 
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All isolates of lactic acid bacteria were Gram-positive, non-

sporeforming, non-motile, catalase negative and facultative anaerobes; 

they did not hydroiyse casein, gelatin and starch (Table 9a). 

Representative strains MN:C1, MM:C3, MA:C1 and MKo:Cl were 

coccii in tetrads, grew well in 4 % and 6.5 % NaCl but not in 18 % 

NaCl, produced no gas from glucose. Phenotypic and sugar fermentation 

characterisation of coccii representative strains MK:C7, MJ:C2, MT;C1, 

and MS:C7 were identical to strains MN:C1 whereas strains MC:C7, 

MC:C3, and MB:C9 were identical to MA:C1. All rod-shaped lactic 

representative strains MN:R5, MJ:R2, MB:R4 and MA:R5 produced gas 

from glucose. Rod-shaped lactic strain MM:R1 was identical to MN:R5 

whereas strain ML:R8 was identical to MA:R5. Following sugar 

fermentation pattern of isolates using API 50 CHL system (Table 9b) 

and the taxonomical keys of Sneath et al. (1986) and Wood and 

Holzapfel (1995), coccii-tetrads were identified as Pediococcus 

pentosacetts Mees (Plate h). P. pentosaceus is closely related to P. 

acidilactici due to hydrolysis of arginine, but is distinguished from P. 

acidilactici due to fermentation of maltose and trehalose, and no growth 

at 50° C. Rod strains were identified as heterofermentative Lactobacillus 

bifermentans Kandler, Schillinger and Weiss (Plate i) due to similar 

characters such as gas from glucose, no hydrolysis of arginine, growth at 

15° C but no growth at 45° C, fermented ribose, D-xylose and L-

arabinose. However, Lb. bifermentans has been placed in Group B 

(facultative heterofermentative lactobacilli) by Hammes and Vogel 

(1995). 

Prevalence of P. pentosaceus was 100 %, whereas that of ifc. 

bifermentans was only 54 % in sixty-six samples analysed. 
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I'liife ((^). CiiiulUki ^iahrata 
MN:YC2 (YM agar. 3 d. 28° 
C). isolated from niarcha, 
showing oval to ellipsoidal 
cells in phase contrast 
micrograph (x 480). 

Pluto (h). Pciiiococcus 
pentoiciceus- MA:C1 (Ml^S 
agar, 3 d. 30° C). isolated 
iVorii niarcha. showing 
coccoid cells in (elrads in 
phase contrast micrograph 
(X 1200). 

Î̂ ^K^ * 
^m « 
^K B 7 
r "»c \ 
fc^ '̂  ^^^^^^^ •̂' 

^̂ Ĥ 

\ 

/ *^ 
# • 

t 
\ 

^ ^ v ^ ^ 

'>^^H 
1 cj 

^^i^g^^^^i 

Plate (i). Lactobacillus 
bifennemam MA:R5 (MRS 
agar, 3 d, 30° C). isolated 
IVoni niarcha, showing non-
sporelbrming rod cells in 
phase coiitrasi micrograph {x 
1200). 



Table 9a. Phenotypic characterisations of representative strains of LAB isolated from 
marcha 

Parameter 

Cell shape 

Cell diameter ((um) 

Cell width (pm) 

Cell length {\m) 

Anaerobic growth 

Hydrolysis of: 

Casein 

Gelatin 

Arginine 

Starch 

Indole production 

Nitrate reduction 

Growth in NaCl: 

4.0 % 

6.5 % 

10.0 % 

18.0% 

Growth in pH: 

4.2 

7.5 

8.5 

Growth at: 

15° C 

45° C 

1 
Ct 

0.2-0.7 

4-

-

-

+ 

-

-

-

+ 

+ 

+ 

-

+ 

+ 

+ 

+ 

-

i 
ct 

0.2-0.6 

+ 

-

-

+ 

-

-

-

+ 

+ 

+ 

-

+ 

+ 

+ 

+ 

-

^4 

< 

ct 
0.2-0.6 

+ 

-

+ 

-

-

-

+ 

+ 

+ 

-

+ 

+ 

+ 

+ 

-

Ct 

0.4-0.7 

+ 

-

-

+ 

-

-

-

+ 

+ 

+ 

-

+ 

+ 

+ 

+ 

-

s 
1 
R 

0.2-0.3 

0.8-2.3 

+ 

-

-

~ 

-

-

-

+ 

+ 

+ 

-

+ 

+ 

+ 

+ 

-

R 

0.2-0.3 

0.8-2.2 

+ 

-

-

-

-

-

-

+ 

+ 

+ 

-

+ 

+ 

+ 

+ 

-

1 
R 

0.2-0.3 

1.0-2.0 

+ 

-

-

-

-

-

-

+ 

+ 

+ 

-

+ 

+ 

+ 

+ 

-

i 
R 

0.2-0.3 

1.0-2.4 

+ 

-

-

-

-

-

-

+ 

+ 

+ 

-

+ 

+ 

+ 

4̂  

-

Ct, coccii-tetrad; R, rod in chain with 2-3 cells 
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Table 9b. Sugar fennentation of LAB strains using API 50 CHL system 

Parameter 

Glycerol 

Erythritoi 

D-Arabinose 

L-Arabinose 

Ribose 

D-Xylose 

L-Xylose 

Adonitol 

P-Methyl-D-Xyloside 

Galactose 

D-Glucose 

D-Fructose 

D-Mannose 

L-Sorbose 

Rhamnose 

Dulcitol 

Inositol 

Mannitol 

Sorbitol 

a-Methyl-D-Mannoside 

a-Methyl-D-Glucoside 

N-Acetyl-Glucosam ine 

Amygdalin 

Arbutin 

Esculin 

Salicin 

Cellobiose 

Maltose 

Lactose 

+ 

+ 

+ 

+ 

+ 

+ 

-

+ 

-

+ 

-

-

-

+w 

+ 

+ 

-

-

+ 

+ 

-

+ 

+ 

-

-

+w 

+ 

+ 

-

0 

+ 

+ 

+ 

+ 

+ 

+ 

-

+ 

-

+ 

-

-

+ 

-

+ 

+ 

-

-

+ 

+ 

-

+ 

+ 

-

-

-

+ 

+ 

-

u 
< 

-

-

-

+ 

+ 

+ 

-

-

-

+ 

+ 

+ 

-{• 

-

-

-

-

-

-

-

-

+ 

+ 

-

-

+w 

+ 

+ 

-

-

-

~ 

+ 

+ 

+ 

-

-

-

+ 

+ 

+ 

+ 

-

-

-

-

-

-

-

-

+ 

+ 

-

-

-

+ 

+ 

+ 

-

-

-

+ 

+ 

+ 

-

-

-

+ 

+ 

+ 

-

-

-

-

. -

-

-

-

+w 

+w 

-

-

-

-

-

+ 

-

i 
-

-

-

+ 

+ 

+ 

-

-

-

+w 

-

+ 

-

-

-

-

-

-

-

+« 

+« 

- • 

-

-

-

-

-

+ 

-

s 
m 
S 

+ 

-

-

+ 

+ 

+ 

-

+ 

+̂ v 

-

+ 

+ 

+ 

-

+ 

-

-

-

-

+ 

+ 

+ 

-

-

-

-

-

+ 

-

in 

i 
-

-

-

+ 

+ 

+ 

+w 

-

-

+w 

+ 

+ 

_ 

-

-

-

-

+w 

-

-

+ 

+ 

-

-

-

-

-

+« 

-
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Parameter 

Melibiose 

Sucrose 

Trehalose 

Inulin 

Melezitose 

Raffinose 

Starch 

Glycogen 

Xylitol 

Gentiobiose 

D-Turanose 

D-Lyxose 

D-Tagatose 

D-Fucose 

L-Fucose 

D-Arabitol 

L-Arabitol 

Gluconate 

2-Keto-Gluconate 

5 -Keto-Gluconate 

Identification 

U 

-

-

+ 

-

~ 

-

-

-

-

+ 

-

-

+ 

-

-

-

-

" 

-

-

0 

-

-

+ 

-

-

-

-

-

-

+ 

-

-

+ 

-

-

-

-

-

-

-

-

-

+ 

-

-

-

-

-

-

+ 

-

-

+ 

-

-

-

-

-

-

-

Pedicoccus 

u. 
e 

-

-

+ 

-

-

-

-

-

-

+ 

-

-

+ 

-

-

-

-

~ 

-

-

+w 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

+w 

+w 

+w 

+w + 

-

- -

-

-

- -

-

-

-

-

-

-

-

_ 

-

- -

-

+w 

+w 

+w 

Lactobacilltis 

Vi 

+^ 

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

+w 

4.2.6. Composition of marcha 

Marcha is slightly acidic in nature containing pH 5.58 with 0.1 % 

acidity. Marcha contained 14 % moisture and 1.4 % ash (Table 10). 
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Table 10. Proximate composition of marcha 

Parameter 

pH 

Acidity 
(%) 

Moisture 
(%) 

Ash 
(%) 

Kashyong 

5.77 
(5.76-5.78) 

O.IO 
(0.10-0.10) 

15.3 
(14.6-15.8) 

1.8 
(1.2-2.0) 

Salghari 

6.20 
(6.16-6.24) 

0.10 
(0.10-0.10) 

13.9 
(12.6-14.2) 

2.6 
(2.3-2.7) 

Jhosing 

5.28 
(5.27-5.29) 

O.IO 
(0.10-0.11) 

16.2 
(13.3-16.8) 

1.0 
(0.8-1.3) 

Aho 

5.43 
(5.43-5.43) 

O.IO 
(0.10-0.10) 

13.3 
(12.2-13.6) 

0.9 
(0.7-1.2) 

Chhejo 

5.20 
(5,18-5.22) 

0.12 
(0.11-0.13) 

14.0 
(12.3-15.0) 

0.9 
(0.7-1.3) 

Data represent the means of 5 samples from each source. Ranges are given in parentheses. 

4.2.7. Enzymatic activities of isolates 

En2ymatic profiles of selected strains of moulds, yeasts and lactic acid 

bacteria isolates of marcha were assayed using API zym (bioMerieux, 

France) galleries (Table 11). Marcha isolates showed relatively weak 

esterase and lipase activities as compared with phosphatase activities. 

Preliminary screenings of amylolytic activities of all isolates of marcha 

were tested in starch agar plates. On the basis of amylolytic activity 

(showing >1.0 mm hydrolysis zone in starch agar plate), 5 strains of 

Rhizopus spp., 6 strains of Mucor spp., 7 strains of Saccharomycopsis 

fibuligera, 5 strains of Pichia anomala, 5 strains of Saccharomyces 

cerevime and 4 strains of Candida glabrata were selected for a-amylase 

and glucoamylase assays (Table 12). None of the lactic acid bacteria 

showed amylolytic activity, hence they were not selected for amylolytic 

enzyme assay. Saccharomycopsis fibuligera MS:YD4 showed highest 

liquefying activity (a-amylase) and Rhizopus chinensis MJ:Rh3 showed 

highest saccharifying activity (glucoamylase). 
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Table 11. Emynatic profiles using API zym system of representative strains of 
microorganisms isolated from marcha 

Enzyme 

Control (without enzyme) 

Phosphatase alcaline 

Esterase (C4) 

Esterase Lipase (C8) 

Lipase (CM) 

Leucine arylamidase 

Valine arylamidase 

Cystine arylamidase 

Trypsin 

Chymotrypsin 

Phoshatase acid 

Napthol-AS-BI-
phosphohydrolase 

a-galactosidase 

P-galactosidase 

p-glucuronidase 

a-glucosidase 

p-glucosidase 

N-acetyl-p-
glucosaminidase 

a-mannosidase 

a-fiicosidase 

A 

0 

>40 

0 

0 

0 

^40 

0 

0 

0 

0 

^40 

^40 

0 

0 

0 

5 

>40 

0 

10 

0 

B 

0 

S40 

0 

^40 

0 

^40 

5 

5 

0 

0 

5 

^40 

0 

0 

0 

5 

S40 

0 

0 

0 

c 

0 

0 

5 

5 

0 

^40 

5 

0 

0 

0 

^40 

5 

0 

0 

0 

0 

0 

0 

0 

0 

Activity (nanomoles) 

D 

0 

5 

5 

5 

0 

^40 

5 

0 

0 

0 

5 

10 

0 

0 

0 

0 

0 

0 

0 

0 

E 

0 

5 

5 

0 

0 

^40 

5 

0 

0 

0 

5 

10 

0 

0 

0 

0 

0 

0 

0 

0 

F 

0 

20 

5 

10 

0 

>40 

0 

0 

0 

0 

10 

10 

0 

0 

0 

0 

0 

0 

0 

0 

1 

G 

0 

>40 

10 

20 

0 

>40 

0 

0 

0 

0 

10 

10 

20 

0 

0 

0 

0 

0 

0 

0 

H 

0 

0 

5 

5 

0 

>40 

>40 

5 

0 

0 

5 

5 

10 

>40 

0 

>40 

>40 

0 

0 

0 

I 

0 

0 

0 

0 

0 

S40 

2:40 

5 

0 

0 

5 

5 

0 

0 

0 

0 

5 

10 

0 

0 

A = Saccharomycopsis fibtdigera MS:YD4; B = Pichia anomaJa MN:YP1; C = Saccharomyces 
cerevisiae MJ:YS2:Y2; D = Mucor sp. (close to M. hiemalis) MJ:Mul; E = Mucor circinelloides 
MM:Mul; F = Rhizopus chinensis MJ:Rh3; G = Rhizopus stolonifer var lycoccus MKo:Rhl; H= 
Lactobacillus bifermentans MA:R5; I = Pediococcvs pentosaceus MA:C1 

Data represent the means of 2 replicate sets. 
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Table 12. Amylolytic activities of selected strains isolated from marcha 

Strain oc-amylase (U/ml) Glucoamylase (U/ml) 

Rhizopus stolonifer var lycococcus MKo:Rh I 5.3 71.3 

Rhizopus stolonifer var lycococcus MA:Rh3 2.8 59.3 

Rhizopus chinensisMTiShl 0.7 67.9 

Rhizopus chinensis Mi:^h3 1.5 96.3 

Rhizopus chinemislAK:^] 0.4 87.4 

Mucor sp (close to M. hiemalis) MJ:Mul 0.7 37.0 

MucorcircinelloidesyiL:M\i\ 0.4 16.3 

Mucor circinelloicksMSiMul 1.8 15.4 

Mucor sp (close to M hiemalis) MC:Mu 1 1.6 8.9 

Mucor circinelloides MM:Mii2 1.2 11.7 

Mucor circinelloidesMAiiMul 1.6 24.0 

SaccharomycopsisfibuUgera MK:YDl 4.5 40.2 

SaccharomycopsisfibuUgera MKo:YD2 4.2 47.0 

Saccharomycopsis/ibuligera MA:YD4 4,0 81.5 

SaccharomycopsisfibuUgera MS:YD4 6.6 43.1 

SaccharomycopsisfibuUgera MC:YD3 5.6 63.3 

SaccharomycopsisfibuUgera MA:YD5 5.3 46.0 

Saccharon^copsisfibuUgeraMti:YDl 4.8 62.8 

Pichia anomala MC:Y?3 1.4 45.7 

Pichia anomala MN:YP1 2.4 30.8 

Pichia anomala MAiVn, 4.3 23.1 

Pichia anomala MAr^3 2.0 37.0 

Pichia anomala MA:Y?& 2.2 24.5 

Saccharomyces cerevisiae MJ-.YSl 4.1 18.8 

Saccharomyces cerevisiae MJ:YS2 5.6 24.5 

Saccharomyces cerevisiae MS:YS2 4.6 24.5 

Saccharomyces cerevisiae MA: YS3 1.2 9.1 

Saccharomyces cerevisiae MA;YS7 0.8 11.7 

Candida glabrataMS:YCZ 1.2 19.4 

Candida glabrata MS:YC4 16 27.1 

Candida glabralaMSiYCS 1.7 35.8 

Candida glabrata MS:YC6 1.3 3.1 
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4.3. KODO KO JAANR 

Kodo ko jaanr is the most common fermented beverage prepared from dry 

seeds of finger millet [Eleusine coracana (L) Gaertn.], locally called 'kodo' 

in the Darjeeling hills and Sikkim. Finger millet is sown in June and is 

harvested in December (Plate 5). Some indigenous local varieties of fmger 

millet of these regions are 'mudke', 'nangrey', 'fyakre', 'nangkatwa', etc. 

Hybrid varieties of fmger millet such as PR-202, HR-374 and VL- 101 have 

also been introduced to these regions. Finger millets, grown in these 

regions, are mostly utilized for preparation of alcoholic beverages. Non-

fermented dough of grounded millet is also consumed as baked bread 

commonly called kodo ko roti, which is a traditional food. 

4.3.1. Synonym of kodo ko jaanr 

Jaanr is common name for all alcoholic beverages in Nepali. Different 

ethnic groups call it by their own dialect such as mamiofq?enaa thee by 

Lunboo, sampicha ummaak by Rai, naarr paa by Gurung, saangla chi by 

Tamang, chirs shyaabu by Sunwar, paadaare haan by Magar, gyaar 

chyyaang by Sherpa, minchaa chhyaang by Bhutia, and mong chee by 

Lepcha. 

4.3.2. Traditional method of preparation 

During traditional method of kodo ko jaanr preparation, seeds of finger 

millet are cleaned, washed and cooked for about 30 min in an open cooker. 

Excess water is drained off and spread on a mat made up of bamboo locally 

called mandro for cooling. Powdered raarcha (1 to 2 %) is sprinkled over 
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cooked seeds (Plate 6), mixed thoroughly and packed in a bamboo basket 

lined with fresh fern, locally called 'thadre unioon' (Thelypteris erubescens 

Well ex Hook.) or banana leaves, then covered with sack clothes, and kept 

for 2-4 days at room temperature for saccharification. During 

saccharification sweet aroma is emitted out and the saccharified mass is 

transferred into an earthen pot or into specially made bamboo basked CEilled 

'septu' and made it air-tight and fermented for 3-4 days during summer and 

5-7 days in winter at room temperature (Fig 3). 

Finger millet 

Cleaned and Washed 

Cooked 
i 

Excess water drained off 
I 

Spread on bamboo mat for cooling (20 -25° C) 
i 

<- added marcha (~ 2 %) 
i 

Mixed 

Packed in heaps and saccharified for 2-4 d 
>^ 

Transferred into a closed earthen pot 

Fermented (25-30° C, 3-7 d) 

i 
Kodo ko jaanr 

Fig 3. Flow sheet of kodo ko jaanr preparation in East Sikkim 
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Good quality of jaanr has sweet taste with mild alcoholic flavour 

(Plate 7). Prolonged fermentation makes the product bitter in taste and more 

alcoholic. Sour taste and unpleasant flavour of jaanr is unacceptable to 

consumers. 

4.3.3. Mode of consumption 

Kodo ko jaanr is consumed in an unique way in the Himalayan regions. 

About 200-500 g of kodo ko jaanr is put into a vessel called toongbaa (Plate 

8 & 9) and lukewarm water is added up to the edge of the toongbaa. After 

10-15 min, milky white extract of kodo ko jaanr is sipped through a narrow 

bamboo straw called pipsing having a hole in a side near the bottom to 

avoid passing of grits (Plate 10). Water can be added 2-3 times after sipping 

up the extract. Guests are served with toongbaa along with fiied meat or 

pickles. Alternately, thick milky white liquid pressed fi"om the kodo ko 

jaanr is filtered using a filter called chhapani under pressure. Such liquor is 

believed to be good tonic for ailing persons and post-natal women. After 

consumption, grits of kodo ko jaanr are used as fodder for pigs and cattle. 

This is a good example of total utilization of substrate as food and fodder. 

Feeding fi-equency of kodo ko jaanr has been summarised in Table 

13. About 70 % of people consume kodo ko jaanr daily in rural areas of the 

Sikkim Himalayas. Per capita daily consumption of kodo ko jaanr extract in 

the Darjeeling hills and Sikkim is 5.1 ml and 6.5 ml, respectively. 

80 



*i.V*' 

Plate 5. Finger millets "kodo" 
field in West Sikkim 

Plate 6. Kodo ko jaanr preparation 
by the Bhutia woman. 
Cooked millets are placed 
on mandro (bamboo-made 
mat) and powdered marcha 
is added, 

Plate 7. Finger millets seeds 
and kodo ko jaanr 



Plate 8. Fermented grits of finger 
millets are filled in toongbaa. 

Plate 9.Toongbaa: (a) silver-lined wooden 
toongbaa; (b) with lid; (c) bamboo-
made toongbaa: (d) straw called 
pipsing 

Plate 10. (a) Kodo ko jaanr extract is sipped 
through the pipsing (a) by Rai woman 
in bamboo-made toongbaa and (b) by 
Lcpcha man in wood-made toongbaa 
in Sikkim. 



Plate 11. (a) Bamboo-made sepiu and (b) wood-made septu 

Plate 12. Chappani made up of bamboo stripes 


