
;. CONTENTS I 
I 

I 

1. Introduction 1 

2 • Review of lierature 10 
. .--

2.1. Fermented legumes 10 

2.1.1. Kinerna 10 

2.1.2. Nat to 16 

2.1.3. Thua-nao 20 

2.1.4. Tou-shi 21 

2.1.5. Tempe 22 

2.1.6. Daddawa 29 

2.1.7. Wari 31 

2.2. Fermented vegetables 33 

2.2.1. Gundruk 33 
':: 

2.2.2. Sauerkraut 35 

2.2.3. Kim chi 37 .. 
2.2.4. Naw-mai-dong 39 . 

2.3. Fermented cereal preparation 39 

2.3.1. Jalebi 39 

·2.4. Fermerited·daicy·products 41 

~
-

-
- 2.4.1. Dahi 41 

' 

2.4.2. Yoghurt 43 

2.4.3. Chu-ra 44 

2.5. Starter cultures 44 

2.5.1. Murcha 44 

2.5.2. Ragi, Chinese yeast, bubod and loogpang 45 

(i) 



~: 

-~ 

(ii) 

2.6. Fermented beverages 48 

2.6.1. Millet beverage 48 

2.6.2. Rice beverage 48 

2.6.3. Barley beverage 48 

3. Materials and ~thods 50 

3.1. Culture media used 50 

3·.2. Reagents used 59 

3.3. Experimental 60 

3.3.1. Survey on traditional fermented foods 60 

3.3.2. Collection of sample 60 

3.3.3. Biochemical analysis 62 

3.3.3.1. Moisture 62 

3.3.3.2. Ash 62 

3.3.3.3. pH 63 

3. 3. 3 .4. Titratable acicUty 63 

3.3.3.5. Total nitrogen 63 

3.3.3.6. Protein and non-protein nitrog~n 64 

3.3.3.7. Soluble nitrogen 64 

3.3.3.8. Protein 65 

3.3.3.9. Fat (crude) 65 

3.3.3.10. Free fatty acidity 65 

3.3.3.11. Carbohydrate 66 

3.3.3.12. Energy value 66 

3.3.4. Microbial analysis 66 

3.3.4.1. Isolation and maintenance 66 

3.3.4.2. Taxonomic studies on bacterial isolates 67 

3.3.4.2.1. Gram staining 67 



·"'-" --~ 

(iii) 

3.3.4.2.2. Gem~rnl morphology 68 

3.3.4.2.3. Motility 68 

3.3.4.2.4. Production of catalase 68 

3. 3.4. 2. 5 .• Growth in sodium chloride 68 

3.3.4.2.6. Acid and gas from carbohydrates 68 

3.3.4.2.7. Production of indole 69 

3.3.4.2.8. Voges-Proskauer reaction 69 

3.3.4.2.9. Hydrolysis of gelatin 69 

3.3.4.2.10. Hydrolysis of arginine 70 

3.3.4.2~11. Reduction of nitrate 70 

3.3.4.2.12. Hydrolysis of fat 71 

3. 3 .l •• 2.13. Anaerobic growth 71 

~ 3.3.4.2.14. Pecomposition of casein 71 

3.3.4.2.15. Hydrolysis of esculin 72 

3.3.4.2.16. Growth at different pH 72 

3.3.4.2.17. Growth in 0.1% methylene blue milk 

3.3.4.2.18. Growth at different temperatures 

3.3.L •• 2.19. Haemolysis 73 

3.3.4.2.20. Requirement of growth factors 73 

3.3.4.2.21. API tests 73 

3.3.4.3. Taxonomi~ studies on yeast isolates 74 

3.3.4.3.1. General morphology 74 

3.3.4.3.2. Formation of pseudomycelium and true 

mycelium 75 

72 

72 

3.3.4.3.3. Characteristics of asci and ascospores 75 

3.3.4.3.4. Reduction of nitrate 76 

3.3.4.3.5. Hydrolysis of urea 76 

3.3.4.3.6. Hydrolysis of fat 76 



r-

" . 
(iv) 

3.3.4.3.7. Growth at 37°C 76 

3.3.4.3.8. API tests 76 

3.3.4.3.9. Fermentation of sugars 77 

3.3.4.4. Taxonomic studies on mould isolates 77 

3.3.4.4.1. General morphology 77 

3.3.4.4.2. Hydrolysis of starch 77 

3.3.4.5. Identification of the isolates 77 

3.3.5. Optimization of traditional process parame~ers 78 

3.3.6. Microbial and biochemical changes accompanying fermentation 78 

3.3.7. Teating each of the isolates or combinations thereof for 

. producing kinema 78. 
3.3.8. Growth of Bacillus isolate at different oxygen levels 82 
3.3.9. Pure culture fermentation for kinema production 82 

3.3.10. Microbial and biochemical changes during fermentation of 

sterilized soya beans inoculated with Bacillus subtilis DK-Wl 83 · 

3.3.11. Statistical analysis 83 

4. Results 84 

4.1. Traditional methods of preparation, mode of consumption and ethnic value 

of the fermented foods under survey 84 

4.1.1. Fermented legumes 84 

4.1.1.1. Kinema 84 

4.1.1.2. Masayura 88 

4.1.2. Fermented vegetables 89 

4.1.2.1. Gundruk 89 

-· . 4.L2.2. Sinki 90 -

4.1.2.3. Mesu 91 

4.1.2.4. Khalpi 92 

':: 



(v) 

4.1.3. Fermented cereal preparation 93 . 

4.1.3.1. She! roti 93 

4.1.4. Fermented dairy products 94 

4.1.4.1. Dahi 94 

4.1.4.2. Kachcha churpi 94 
. 

4.1.4.3. Churpi 95 

4.1.4.4. Dudh churpi 95 

4.1.5. Fermented meat 96 

4.1.5.1. -Sukako masu 96 

4.1.6. Starter culture 9fi 

4 . 1. 6 • 1. Murcha 96 

4.1.7. Fermented beverages 98 

4.1.7.1. Jnard 98 

4.1.7.2. Raksi 99 

4.1.8~ Distribution of traditional fermented foods 100 

4.2. Kinema 100 

4.2.1. Proximate composition lOO 

4.2.2. Microbial analysis 102 

4.2.2.1. Isolation of microorganisms from market and laboratoty­

made samples 102 

4.2.2.2. Taxonomical studies 102 

4.2.2.2.1. Bacteria 102 

4.2.2.2.2. Yeasts 105 

4.2.2.3. Microbial load in substral:e and products 113 

4.2.3. Optimization of traditional proces~ parameters 120 

0 



,., 
--1, -

~: 

~--

,',· 

*:' 
• .••• ·> ,. 

(vi) 

4,2.4. Successional studies on soya beans dtiring kinema production 129 

4.2.4.1. Microbial ch?Dges 129 

4, 2, 1-t, 2. Dlucheurlcal changes 131 

4.2.5. Testing of the isolates for producing kinema 134 .. _ 

• 
4.2.6. Growth of Bacillus subtilis DK-Wl at different oxygen levels 134 

4.2.7. lmprovement of the production of kinerna by pure culture 

fermentation 136" 

-- 4.2.8. Successional studies on soya beans during monoculture 

fermentation 136 

4.2.8.1. Microbial changes 138 

4.2.8.2. Biochemical changes 138 

4.3. Sillki 138 

4 ~ 3 .1. Prm~ima te composition 138 

4.3.2. Microbial analysis 143 

4.3.2.1. Isolation of microorganisms from market and-laboratory-

made samples 143 

4.3.2.2. Taxonomical studies 143 

4.3.2.3. Microbiat load irt substrate ap<f_ products 145 

4.3.3. Optimization of traditional pr0cess parameters 151 

4.3.4. Successional studies on radish tap root during sinki 

production 151 

4.3.4.1. Microbial change~ 155 

4.3.4.2. Biochemical changes 155 

-~-4.4. Mesu 158 

., ,. 4.4.1. Proximate composition 158 

4.4.2. Microbial analysis 158 

4.4.2.1. Isolation of itticrootga.ni8ms from rjlarket: and laboratory-­

made samples lSB 



; -~. ·_, ... _ 
~ . 

., . 

.(. 

;: ' "·-:. ;~r. 

?. '};,._ 
.~c.r .. 

J: . .... 

(vii) 

4.4.2.2. Taxonomical studies 161 

4.4. 2. 3. Micr.nhi Rl luau ln t.ntbf'Jtrate and products l61 

4.4.3. Optimization of traditional process par~eters for mesu 
" " 

production 169 

4.4.4. Successional studies on bamboo shoot dtlring mesu production 169 

4.4.4.1. Microbial-changes 173 

4.4.4.2. Biochemical changes_ 173 

4.5. Murcha 176 

4.5.1. Proximate composition of market samples 176 

4.5.2. Microbial analysis 176 

4.5.2.1. Isolation of microorgnni.sms from market 

4.5.2.2. Taxonomical studies 176 

4.5.2.2.1. Bacteria 176 

4.5.2.2.2. Yeasts 181 

4.~.2.2.3. Moulds 186 

4.5.2.3. Microbia+ load of market samples 186 

5. Discussion 189 

5 .1. Kinema 191 

5.2. Sinki 204 

5.3. Hesu 208 

5.4. Murcha 211 

6. Stmmary 214 

7. Bibliography 220 

samples 176 

. t 


