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1 
Introduction 

Rod is one of the basic needs of man, the consumption of which, besides satisfying hunger and 
promoting growth and energy to the body, enhances friendliness and social warmth. Every society or 

group has its own conception of food and own history of food habits, rather indigenous, which shape 
their food culture. Indians have always made a mark in the cuisine world with mouth-watering 
delicacies that make even a full stomach crave for more. Indian food presents a range of flavours, 
inteMe and subtle, as vast as the country itself. Regional influences range from climate and elevation 

to history and religion. They define cuisines that differ widely, no surprise in a country of more than 
one hundred million people occupying an area of 3,287,263 sq. km. Unarguably, the strongest influence 

defining Indian food is religion. Centuries of Hindu practice and the profound belief in reincarnation 
have resulted in the most delidous vegetarian cuisine to be found in the world. For protein, vegetarians 

rely on a wide range of legumes. Mixed with grain, boosted by vegetables and dairy products, they 
provide a wholesome, varied diet. The frontline staple foods of the Indian population are 
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cereals and legumes which are consumed in diverse forms. One of the important forms of consumption 

is the fermented one. Majority of the Indian population depends heavily on several indigenous 

fermented products made from either cereal or legume, or a mixture of both. 

Fermented foods are those foods which have been subjected to the action of microorganisms or 

enzymes so that desirable biochemical changes cause significant modification to the food (Campbell

Platt, 1987). These foods are of great significance because they not only extend shelf -life of foods but 

also improve their nutritional value and enhance sensory properties. Fermented foods are easy to 

digest and have increased bioavailability of proteins, carbohydrates, lipids and minerals. Many of the 

undesirable factors such as toxins, phytates, tannin and polyphenols present in raw foods are 

detoxified or removed during fermentation. During fermentation, the microorganisms secrete hydrolytic 

enzymes into the substrate and assimilate some of the fatty adds, amino adds and simple sugars thus 

hberated. These are then converted to microbial structural components and secondary metabolites. In 

some cases, the microorganisms are capable of producing pectinases and cellulases, softening the 

texture of the food and liberating sugars that would otherwise be unavailable to the human digestive 

system. Hence, fermented foods are expected to be more digestible than their unfermented counterparts. 

According to Food and Agricultural Organization, pulses, the food legumes, are 'annual 

leguminous crops yielding from one to 12 seeds within the pod, harvested for the dry seeds'. This 

definition excludes seeds that can use for extracting oil, e.g. soybean (Glycine nulX (L.) Merr .), peanut or 

groundnut (Arachis hypogaea L.), and vegetable crops like green pea (Pisum sativum L.) and green 

beans. In India, the word 'pulse' is used to describe the decoated cotyledons of legume seeds. Pulses 

have been grown by farmers since millennia, and these have contnbuted in providing nutritionally 

balanced food to the people of India. The pulses, in order of importance in India, are chick pea or 

Bengalgram (Cicer arietinum L.), pigeon pea or red gram (Cajanus cajan(L.) Millsp.), mung bean or green 

bean (Vigna radiata (L.) R.Wilczek), blackgram (Vigna mungo (L.) Hepper), cow pea (Vigna unguiculata 
(L.) Walp.), lentil (Lens culinaris Medik.) and moth bean (Vigna aconitifolia Oacq.) Marechal) (Draper, 

2006). 

Pulses are a quintessential part of Indian cuisine and occupy a prominent place in Indian 

diets and the agricultural economy. In India, food legumes are recognized as one of the most important 

sources of edible plant proteins, and virtually all Indians, rich and poor as well as vegetarian and 

non vegetarian, consume pulses. Pulses are served at home and in all types of establishments. Most 

pulses are consumed in shelled and split form. In India, pulses are used to make dal (a gravy-like 

dish), curries and snacks. Practically, all legumes are consumed only after these are subjected to some 

forms of processing such as heating, roasting, soaking, sprouting, fermenting, boiling and pressure 

cooking. All these methods are known to improve their palatability and digestibility, decrease 

antinutritional factors and convert vital constituents of the pulses into simpler compounds which are 

ultimately benefidal nutritionally. However, regional preferences exist with respect to pulse 

consumption. Besides their high nutritional value, pulse crops have unique characteristics of containing 

and restoring soil fertility through biological nitrogen fixation (I<annaiyan, 1999). 

India is the largest producer and consumer of pulses in the world, accounting for about 25% 

of global production, 27% of consumption, and 34% of food use (Price et al., 2003). Pulses are cultivated 

in about 23 million hectares in India with production of 12 million metric tonnes build up from an 

average productivity of 534 kg ha-1• The per hectare productivity of pulses in India is very low when 

compared to the average productivity of 1494 and 637 kg ha-1 in other developed and developing 

countries, respectively, as well as the global average pulse productivity of 797 kg ha-1 (Ramanathan, 

2t»)). India is also a top importer of pulses with an 11% share of world imports (1995-2001), although 
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imports have only accounted for about 6% of domestic consumption during the same period (Price et 
al., 2003). 

Domestic demand and consumption, however, are much more than the production, mainly 

because pulses are the major source of protein for a large section of the vegetarian population in the 
country. India has given food legumes a more important place in its agriculture than most other 

countries and has the distinction of growing more than 12 types of food legumes on a larger scale 
(Nene, 2006). Madhya Pradesh is the largest pulse producing State in the country, accounting for 

about 26% of total production. Other States with significant output include Uttar Pradesh (18%), 
Maharashtra (14% ), Rajasthan (14% ), Karnataka (5% ), Andhra Pradesh (5%) and Bihar (5%) (Price et 
al., 2003). 

However, pulse production in India has fluctuated widely, leading to a steady decline in per 
capita availability over the past 20 years. In fact, 15 years ago, the production was 14.3 million tonnes; 
however the current production has stagnated at around 13 million tonnes a year, while the 

consumption has been hovering around 17 million tonnes a year. Consequently, the per capita 
availability of pulses has dropped from 22.5 kg in 1965-66 to 10.6 kg in 2003-04. While the World 

Health Organization and Indian Council of Medical Research recommended 85 g and 47 g, respectively, 
per capita consumption of pulse per day to meet the protein requirement. The actual consumption in 

India, however, is much less i.e., around 30-35 g pulse per capita per day (Surendran and Muthiah, 
2000). This situation warrants producing a three-fold increase as that of the current pulse production 
even to meet the minimum need of protein requirement. Hence, it is a contradiction that India is not 
only the biggest producer and consumer of pulses in the world, but also the biggest importer. In spite 

of the reduction in their per capita availability, food legumes are an integral part of the diet of the 

predominantly vegetarian population of the Indian Subcontinent. 

The fact that food legumes provide protein supplement to the diet cereals suggests that the 
most practical means of eradication of the widespread protein calorie malnutrition, in several areas of 

the world, is to increase the supply of cereal-pulse mixture for human diets. Although consumption of 
meat and dairy products as primary sources of protein and calories is common in India, many 

consumers rely on cereals and pulses and exclude meat products from their diets due to their high cost 
or for religious reasons. Compared to animal foods, edt.ble legumes have only a secondary nutritional 

value and low utilization. This has been partially attributed to (i) inherent presence ofbeany flavour, 
(ii) prolonged preparation and cooking prior to consumption, (iii) defictency of sulphur-containing 

amino adds, particularly methionine, (iv) presence of several antinutritional and toxic factors, including 
enzyme inhibitors, phytohaemagglutinins, cyanogenic glucosides, lathyrogens, supenins, allergens, 

antivitamins, favism factors, polyphenolic compounds, phytic acid and flatulence-causing 

oligosaccharides. Reduction or elimination of these factors would make grain legumes more acceptable 

as a source of inexpensive nutritious proteins and maximize their utilization in human food. 

Indians are credited for discovering the methods of souring and leavening cereal-legume batters. 

The traditional fermented foods derived from edible legumes form the basic component of human diet 

across the country. Several legume-based fermented foods are being produced at cottage industry 
scale, manufactured by employing traditional or technologically less advanced methods using natural 

microbiota from the staples and the surroundings. Soybean, blackgram and Bengalgram are the 

prindpallegumes used in the preparation of a variety of fermented foods in India. They are fermented 

either separately or in combination with cereals, particularly rice ( Oryza sativa L. ). Many fermented 

products made of cereal grains and legume beans (mixed preparation) give a high protein content, 
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and provide a better balance ratio of amino acids, overcoming the danger of lysine deficiency from 

cereal alone. Legume-based traditional fermented foods have made a significant contribution to human 
diet. They not only add variety to the human diet, but a1so serve as an economic source of supplementary 

proteins for the large human population in developing countries, like India, where a bulk of the 
population is vegetarian. 

Due to her wide variations in agroclimatic features, social behaviour, cultural and religious 
beliefs, and dietary cultures among the multi-ethnic population, India harbours an excellent source of 

legume-based indigenous fermented foods. Although some of these, native to different parts of country, 
have been well-studied and even several of these are scaled-up, there is even no documentation on 

other lesser known similar legume-based fermented foods indigenous to India. 

The present study is an attempt to focus on some of the obscure yet important legume-based 

traditional fermented foods of India. It aims to study the indigenous methods of their preparation, 
mode of consumption, ethnic values, and microbial and selected biochemical associations in them. 

The information obtained will provide comprehensive and systematic studies for the development of 
improved fermentation technology of some of the legume-based fermented foods of India. 

To accomplish these, the following strategies were adopted: 
1) Obtaining information on the methods used by the local people to prepare various legume-

based traditional fermented foods, their modes of consumption and ethnic values; 
2) Studying proximate composition of some selected legume-based indigenous fermented foods; 

3) Isolating dominant microorganism(s) from some selected foods; 

4) Optimizing traditional process parameters of some selected foods; 
5) Studying succession of micro biota and selected biochemical parameters; 
6) Characterizing the proven producing strain(s) in order to identify their taxonomic status; and 

7) Studying the influence of fermentation on antioxidative activities of substrates of some foods. 
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Review of literature 

2.1. Legume-based traditional femtented foods 

Legume-based fermented foods, prepared mainly with the intention of adding variety and nutritional 

quality to an otherwise monotonous vegetarian diet, are practiced worldwide (Table 1) since prehistoric 
time. 

2.1.1. Dawadawa 

In many of the West African countries, a fermented product of seeds from the African locust bean tree 

(Parkia biglobosa Benth.) is widely used as a condiment for preparing soups and stews. Dawadawa is 

the name designated by the Hausa Nigerian tribe for fermented locust beans. Similar fermentations 

have been characterized throughout Africa, with local adaptation in the form of raw material selection 
or (post) processing. These regional versions are often given local names such as 'daddawa' in 

Northern Nigeria, 'kinda' in Sierra Leone, 'soumbala' in Burkina Faso and Mali, 'iru/ dorowa/ ogin
igala' in the Savannah areas of Nigeria, 'soumbara' in Ivory Coast, 'netetou' in Senegal, and 



Table 1. Some eopular legume-based traditional fermented foods consumed worldwide 
--------------

Product name Country or Substrate/ Functional microbiota Type of Appearance and mode of Reference 
area ingredient fermentationa consumption 

Dawadawa West Africa, African locust Bacillus subtilis, B. licheniformis, B. SSF;N Flavouring agent, soup Odunfa (1981, 1985a); 
Nigeria bean pumilus and stew ingredients Ogbadu and Okagbue (1988a,b) 

Dhokla India Bengal gram Leuconostoc mesenteroides, SSF;N Steamed soft cake, snack Desai and Salunkhe (1986); Joshi 
and rice Lactobacillus fermentum, et al. (1989); Ramakrishnan 

Pichia sr1vicola (1979) 
Dosa India Blackgram and Leuconostoc mesenteroides, SSF;N Breakfast food Soni et al. (1985, 1986); Soni and 

rice Enterococcus faecal is, Lactobacillus Sandhu (1989b, 1990b) 
fermentum, Saccharomyces cerevisiae, 
Debaryomyces hansenii 

Idli India, Sri Blackgram and Leuconosctoc mesenteroides, SSF;N Steamed spongy cake, Ramakrishnan (1979); Steinkraus 

Lanka rice Lactobac!llus fermentum Lb. snack et al. (196 7) 
delbrueckit Enterococcus faceaclis, 
Galactomyces geotrichum, Candida 
holmit C. glabrata, C. sake, C. 
tropicalis, Pichia anomala 

Kinema India, Nepal Soybean Bacillus subtilis SSF;N Paste, made to thick Batra and Milner (1974); Sarkar et 
curry, side dish al. (1994) 

Masayura India, Nepal Black gram Leuconostoc mesenteroides, SSF;N Dried, hollow, brittle, and Dahal et al. (2003); Gajurel and 

Pedoiococcus cerevisiae friable, balls; Baidya (1979); Tamang (1992) 
condiment or adjunct 

Meitauza China, Tiawan Soybean press- Actonomucor elegans, Mucor meitazua SSF;N Cake, fried or cooked, Kronenberg and Hang (1984); 

cake side-dish O'Toole (1999) 

Miso Japan, China Soybean, rice Aspergillus aryzae. Torulopsis etchellsii, SSF;TS Paste, soup base or Hesseltine (1965); Shibasaki and 

and other Lactobact1lus sp. seasoning agent Hesseltine (1962); Shurtleff and :;o 

cereals Aoyagi (1983) rn 

Natto Japan Soybean Bacillus subtilis SSF;PS Mucilaginous snack, used Fukushima (1979); Ohta (1986) < 
rn 

as meat substitute ~ 

Okpehe Nigeria African locust Bacillus subtr1is, B. pumilus, B. SSF;N Flavouring agent, soup Odibo et al. (1992); Omafuvbe et al. 0 
-n 

bean megaterium and stew ingredient (1999) r-
::::; 

On com Indonesia Peanut press- Neurospora intermedia, less often SSF;TS Cake, deep-fried or Sastraatmadja et al. (2002); rn 
:;o 

(ontjom) cake Rhizopus oligosporus roasted; side dish or Shurtleff and Aoyagi (1979a) )> 

soup ingredient 
-i 
c 

Saccharomyces spp. SSF;N Deep-fried or roasted; Batra and Milner (1974); 
:;o 

Papad India, Black gram iTI 

(papdam) Pakistan, snack or condiment Shurpalekar and Venkatesh 

Bangladesh (1975) 0> 



Product name 

Soumbala 

Soy sauce 

Sufu 

Tempe 

Thua-nao 

Ugba (ogiri) 

Wadi 

Country or 
area 

Africa 

East and 
Southeast 
Asia 

China, Taiwan 

Indonesia and 
vicinity 

Northern 
Thialand 

Nigeria, West 
and Central 
Africa 

India, 
Pakistan. 
Bangladesh 

Substrate/ 
ingredient 

African locust 
beans 

Soybean and 
wheat 

Soybean whey 
curd 

Soybean 

Soybean 

African oil bean 
or castor oil 
bean, or melon 
or sesame seed 

Blackgram 

Functional microbiota 

Bacillus subtt1is, B. lichenifonnis, B. 
pumilus 

Aspergillus oryzae or A. soyae, 
Lactobacillus spp., 
Zygosaccharomyces rouxii 

Actomnomucor elegans, Mucor 
hiemalis, M sl1vaticus, M. 
subtilissimus 

Rhizopus oligosporus 

Bacillus subtilis 

Bacillus subtilis, Micrococcus luteus, M. 
roseus, Bacillus sp. 

Leucanostoc mesenteroides, 
Enterococcus faecal is, Lactobacl1lus 
fermentum, Bacillus subtilis, 
Saccharomyces cerevisiae, Pichia 
membranaefaciens, Candida 
vartiavaarai, Kluyveromyces 
marxiJmus, Trichosporan beigelii, C. 
kursei, Hansenula anomala 

Type of 
fermentationa 

SSF;N 

SSF;SmF; TS 

SSF;N 

SSF;TS 

SSF;TS 

SSF;N 

SSF;N 

Appearance and mode of 
consumption 

Flavouring agent, soup and 
stew ingredient 

Brown salty liquid, 
seasoning agent 

Paste, condiment 

White, mould-penetrated 
and covered cake, 
stewed or deep-fried; 
side dish or snack, or 
soup ingredient 

Dark brown balls, salad 
ingredient or flavouring 
agent in soups, stews 
and sauces 

Dried, hollow, brittle, spicy 
and friable balls or cones 
spicy; condiment or an 
adjunct 

Reference 

Odunfa (1986); Sarkar et al. 
(2002) 

Nunomura and Sasaki (1993) 

Han et al. (2001); Su (1986); 
Wang and Hesseltine (1970) 

Nout and Rombouts (1990); 
Shurtleff and Aoyagi 
(197'9b) 

Leejeerajumnean et al. (1997 a, 
b); Sundhagul et al. (1972) 

Isu and Njoku (1997); Odunfa 
and Oyeyiola (1985) 

Batra (1986); Batra and Milner 
(1974, 1976); Soni and 
Sandhu (1989b, 1990) 

aSSF, solid-state fermentation; SmF, submerged fermentation; N, natural and/ or back-sloped fermentation; TS, traditional undefined starter; PS, pure culture starter (based on 

Nout et al., 2007) 
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'kpalugu' in parts of Ghana. Dawadawa is a culinary product that can be used to enhance or intensify 

meatiness in soups, sauces and other prepared dishes. It is considered as one of the most important 

food condiments in the entire West and Central African Savanna regions (Odunfa, 1986; Sarkar et al., 
2002; Steinkraus, 1996). 

Seeds of the locust bean tree are the traditional substrate for the production of Nigerian 

dawadawa. Occasionally, other materials such as soybean, groundnut and African yam bean 

(Sphenostylis stenocarpa Harms) have also been used to replace the African locust beans. Dawadawa 

production is a multistep process which does not include the formal inoculation step (Amadi et al., 
1999; Ogbadu and Okagbue, 1988a; Wokoma and Aziagba, 2001). 

In the traditional method of dawadawa preparation, the dried seeds of African locust bean 

tree are washed and boiled in a covered container for 18-24 h with occasional renewal of water to 

swell the seeds and soften the very tough seed coats which are then removed by pounding and 

flushing. The seeds are put in a mortar, pressed with feet to remove the softened testa; sand or other 

abrasive agents may be added. The cotyledons are washed and boiled again for 1-2 h. Excess water is 

drained off. The heap (10-15 em-thick) of cooked cotyledons on a calabash is then covered with leaves 

and sackcloth and allowed to ferment for 3-4 days at ambient temperature (25-35°C) till the beans 

become covered by a sticky mucilaginous layer and develop a strong odour. Wood ash is sometimes 

mixed to reduce the odour. Millet flour is often added. The fermented mass is air-dried in the sun or hot 

shade, where the beans darken further to dark brown, and are then used loose or shaped into balls or 

pyramids for convenient handling and stored into traditional earthenware pots. To extend shelf-life, 

salt is added in some areas. Sun-drying facilitates stabilization of the final product through reduction 

of moisture. A 40-60 g dawadawa ball may be used by a single family for up to two weeks or more, 

depending on personal tastes and quantities used (Beaumont, 2002; Campbell-Platt, 1980, 1987; 

Odunfa, 1981, 1985a, 1986; Sarkar et al., 2002; Steinkraus, 1996). 

The optimal time-temperature for fermentation was 36 h at 35°C and 48 h at 40°C. The 

traditional method of dawadawa fermentation was improved by cooking beans in pressure cooker for 

75-90 min to remove seed coats, cleaning, washing, further cooling with the addition of starter culture 

for 1 h, placing on a flat calabash and fermenting at 30"C for 18 h. It is likely that dawadawa fermentation 

begins when the softened, washed and dehulled beans are placed in perforated trays and covered. 

This cover most likely provides a moisture trap and possibly serves as a source of inoculum (Odunfa 

and Adewuyi, 1985; Osinowo et al., 1990). 

Predominant microorganisms isolated and/ or characterized from dawadawa include Bacillus 
subtilis, Bacillus pumilus, Bacillus licheniformis and Staphylococcus saprophyticus (Ikenebomeh, 1989; 

Odunfa, 1981; Ogbadu and Okagbue, 1988a, 1988b; Ogbadu et al., 1990). Antai and Ibrahim (1986) 

reported the presence of Leuconostoc mesenteroides and Leuconostoc dextranicus in almost equal proportion 

with the Bacillus spp. in dawadawa. However, Ogbadu and Okagbue (1988b) could not find any of 

these lactics during dawadawa production. They found that the species of Bacillus responsible for 

dawadawa production were variable, and reported B. subtilis, B. pumilus and B. licheniformis from six 

separate fermentations. Osinowa et al. (1990) reported B. subtilis, Bacillus cereus, Pseudomonas aeruginosa 

and Enterobacter aerogenes from dawadawa. 

Bacteria required for the fermentation appeared to be inddental to both the process and raw 

materials. Indigenous flora was likely carried over from fermentation to fermentation through sieves, 

trays and bags which were repetitively used in dawadawa production. Contamination of spores from 

the local building/ environment might also contribute to the fermentation micro flora (Beaumont, 2002). 
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Changes over the course of 2-4 days-fermentation period included increase in pH, temperature 

and moisture from near neutral to 8.0, 25°C to 45°C and 43 '% to 56'%, respectively (Odunfa, 1986). The 

fatty adds in both nonfermented and fermented beans were linoleic, oleic, stearic, palmitic and a trace 

of arachidonic acids. The major fatty add was linoleic add, an essential fatty add (Odunfa and 

Adesomoju, 1986). The amino add profile of fermented Parkia beans was similar to that of raw beans, 

with a small decrease in essential sulphur-containing amino adds and a large decrease in the 

nonessential aspartic and glutamic adds (Fetuga et al. 1973). However, Odunfa (1986) reported a five

fold increase in free amino add content. Glutamate concentration also increased almost five-fold (11. 9 

mg (100 g) 1 dawadawa) (Odunfa, 1985b). The quantities of the flatus-forming oligosaccharides 

decreased significantly during the first 24 h of fermentation, and this decrease was attributed to the 

activities of a- and 13-galactosidase which hydrolyzed the oligosaccharides to redudng sugars (Odunfa, 

1983 ). Thiamine and riboflavin content increased during fermentation (Eka, 1980; Leung et al. 1968; 

Platt, 1964). 

Flavour properties of dawadawa are most likely due to its amino add content, in particular 

glutamate which contributes to flavour enhancement as well as peptides and aroma volatile 

constituents. Volatiles may of course be directly produced during fermentation or may evolve as a 

result of the effect of heat on amino add and fatty add constituents of dawadawa (Beaumont, 2002). 

During fermentation, postfermentation processing and in-home cooking applications, it is likely that 

several volatile aroma molecules are generated which reflect the characteristic flavour for which 

dawadawa is known. Evidence for the partidpation of indigenous enzymes and biota in the 

development of the flavour of dawadawa was presented by Ikenebomeh et al. (1986). They demonstrated 

that both autoclaved (sterile) andy-irradiated (which destroyed indigenous biota) beans were unable 

to develop the characteristic aroma of dawadawa. Additionally, the increase in pH observed during 

formation of dawadawa was absent, implicating that active microbial metabolism is required in order 

to bring about the changes observed in locust beans during fermentation. 

Dawadawa contains 20-52'% moisture, and per 100 g dry matter: 40-45 g protein, 30-40 g fat, 

10-15 g carbohydrate, 3-7 g fibre, 3-6 gash, 2.1-2.3 MJ energy, 300 mg Ca, 550 mg P, 40 mg Fe, 0.05 mg 

thiamine, 0.6 mg riboflavin, 2 mg niacin and 0.9 J,!g folic add (Campbell-Platt, 1987). 

2.1.2. Dhokla 

Dhokla, a steamed product with appealing taste, colour, flavour and spongy texture, constitutes one 

of the categories of the Gujarati dishes known as 'farshana'. Because of its organoleptic attributes, 

nutritional quality and improved digestibility, dhokla is well accepted by young children, adults and 

patients with digestive disorder, and can be ranked as one of the popular indigenous fermented foods 

of India (Ramakrishnan, 1979). 

The amazing thing about the dhok1a is its versatility; it can be prepared with different ingredients, 

with different proportions being used at various places (Lobo, 1986). Traditionally dhokla is prepared 

by overnight fermentation of a mixture Bengalgram dal (dehusked split beans) flour and rice batter at 

room temperature. Desai and Salunkhe (1986) were of opinion that the prime ingredients used in the 

preparation of dhokla are polished rice and Bengalgram dal, however, both of these ingredients can 

be substituted for i.e. suji,. coarsely ground meal of wheat (Triticum aestivum L.), maize (Zea mays L.), or 

kodri (Paspalum scrobiculatum L.) for rice, and soybean cotyledons, split peas, red gram, or moth beans 

for Bengalgram. The redpes usually made in Gujarati homes call for equal part by volume of 

Bengalgram, rice, mung and blackgram (Lobo, 1986). 
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Traditionally, the ingredients are soaked separately in tap water for 8-10 hat room temperature 

and coarsely ground to thick batter using a stone mortar. These are then mixed and allowed to ferment 

overnight (12-14 h) at room temperature (28-30°C). Fermented batter is poured onto a greased tray, 

steam-cooked for 10-15 min and cut into diamond shape. A mixture of peanut or sesame oil with 

brown hot cracked seeds of mustard and sesame, chilli, pepper, ginger and curry leaves is poured over 

the steamed pieces of dhokla as seasonings, and garnished with coriander leaves (Desai and Salunkhe, 

1986; Mahajan and Chattopadhyay, 2000; Ramakrishnan, 1979). 

During dhokla fermentation, there is an almost two-fold rise in the batter volume and a decline 

in pH from 5.2 to 4.5. The microorganisms involved in the fermentation are Lactobacillus fermentum, 
Leuconostoc mesenteroides and Pichia silvicola (up to 107 cfu g-1) Ooshi et al., 1989). The lactic add bacteria 

contribute lactic add and acetoin, imparting a sour taste and a pleasant flavour. The yeast produces 

folic add and raises the volume of the batter, imparting sponginess to the product (Aidoo et al., 2006; 

KanekarandJoshi, 1993). 

Dhokla serves a vital source of protein, calories and vitamins. Several studies have indicated 

that dhokla can be used as a supplementary diet to treat young children suffering from protein calorie 

malnutrition, patients with digestive disorder, and to improve the nutritional status of pregnant 

women (Ramakrishnan, 1979). 

2.1.3. Dosa 

Dosa is a thin, fairly crisp, fried and highly seasoned griddled pancake-like staple food made from 

fermented batter oflegume-cereal mixture. Dosa is relished mainly as a breakfast food along with 

chutney (a batter containing fresh ground coconut and spices) and sambar (a thin spiced soup prepared 

from redgram dal, vegetables, tamarind juice, salt and herbs). Though indigenous to southern part of 

India and many places of Sri Lanka, due to its acceptable organoleptic properties dosa is being prepared 

and consumed as a snack food throughout India (Aidoo et al., 2006; Soni and Sandhu, 1999; Soni et al., 
1985, 1986). 

Traditionally, dosa is prepared by overnight (10-12 h) soaking of equal quantities of rice and 

blackgram dal separately. The soaked ingredients are ground to a fine slurry by adding 2.0-2.5 parts 

(w w-1
) water and mixed together. About 0.8-1.0% salt is added to the batter, and then allowed to 

ferment at room temperature (28-30°C) for 12-16 h. A bit of freshly fermented batter ('backslop') is often 

added to newly ground batter. The fermented batter is then spread on a hot greased griddle where it 

assumes the form of a crisp pancake (Soni and Sandhu, 1999). 

Both bacteria and yeasts, whenever present, increased significantly with the progress in 

fermentation resulting in addification and leavening. During fermentation, Leuconostoc mesenteroides 
was the most commonly encountered bacterium followed by Enterococcus foecalis, Lactobacillus formentum, 
Badllus amyloliquefodens, Lactobacillus delbrueckii, Badllus subtilis, Pediococcus cerevisiae, Badllus polymyxa 
and Enterobactersp. Saccharomyces cerevisiae is the most predominant yeast involved in the fermentation, 

followed by Debaryomyces hansenii, Pichia anomala, Trichosporon beigelii, Oosporidium margaritiferum, 
Trichosporon pullulans, Kluyveromyces marxianus, Candida kefyr and Candida krnsei. Both the ingredients 

of dosa i.e. rice and blackgram have been found to contribute the microbiota responsible for the 

fermentation(Soniand Sandhu, 1990a; Soniet al., 1986). 

The fermentation of dosa batter causes a decline in pH from 5.1 to 4.1 and an increase in 

volume, soluble solids and redudng sugars. Total nitrogen and proteins do not vary significantly 
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although nonprotein nitrogen and total adds increase from 0. 7 to 1.3% and 0.4 to 0. 9 %, respectively. 

Soluble nitrogen and free amino adds also exhibit a rise from 0.5 to 1% and from 10 to 18 mg g-1, 

respectively, during fermentation. Amylase activity shows an early rise (31 to 39 IU p,-1
) and finally 

declines to 33 IU p,-1 • Water-soluble vitamins, including thiamine (B1), riboflavin (B) and 

cyanocobalamine (B
12

) also increase significantly with the progress in dosa batter fermentation (Soni 

and Sandhu, 1989a; Soni et al., 1985). 

2.1.4. Idli 

Idli, a steam-cooked product of fermented blackgram-rice mixed batter, is prepared and widely 

consumed throughout India and many places of Sri Lanka. An early history of its use dates back to 

1100 AD (Ramakrishnan, 1979). It, along with chutney and sambar, is relished mainly as a breakfast 

food . The ever-increasing popularity of idli is due to its appealing sour flavour, spongy texture, easy 

digestibility and nutritional qualities with improved balance of carbohydrates and proteins (Aidoo et 
al., 2006; Nout and Sarkar, 1999: Nout et al., 2007). 

Traditionally, idli is made from naturally fermented batter prepared from a mixture of either 

parboiled or polished rice plus blackgram dal. The proportion of rice and dal ranges from 1:4 to 4:1 

(Radhakrishnamurthy et al., 1961; Reddy et al., 1986; Steinkraus et al., 1967). The substrates are washed 

and soaked separately in tap water for 8-10 hat room temperature. While rice is coarsely ground in a 

stone mortar, dal is ground to a smooth mudlaginous paste. Salt is added to taste(- 8.0 g kg1 batter), 

and the mixture is kept into a covered container and left overnight in a warm place. The fermented 

batter, with significant leavening (2 to 3-fold increase in the original volume) and pleasant add 

flavour, is poured into the cups of idli pan, and steamed until the starch is gelatinized and the idli 

cakes are soft and spongy with a honeycomb structure inside (Aidoo et al., 2006; Nout and Sarkar, 

1999: Nout et al., 2007; Steinkraus, 1996; Venkatasubbaiahet al., 1985). 

2.1.5. Kinema 

Kinema is a nonsalted, flavoursome, naturally fermented alkaline food, traditionally consumed mainly 

by the non-Brahmin Nepalis. It is now popular among the Lepchas and Bhutias who call it' satlyangser' 

and 'bari', respectively (Sarkar and Tamang, 1995; Sarkar et al., 1994; Tamang et al., 1988). 

Kinema is popular for its characteristic nutlike flavour and high protein content ( 480 g kg-1 

dry weight) {Sarkar et al., 1994, 1996}. It is also dried, fried in edible oil and mixed with salt, onion and 

chillies to produce pickle. The deep-fried kinema is used as an adjunct to staples such as rice (T amang 

et al., 1988). Per capita daily consumption of kinema was recorded as 3.3 gin the Darjeeling hills with 

annual production of 326 tonnes, and 2.2 g with annual production of 326 tonnes in Sikkim during 

1997-98 (Yonzone and Tamang. 1998). Kinema resembles Japanese natto, West African dawadawa 

and Thai thua-nao (Nout et al., 1998). 

The method of kinema preparation was reported briefly by Batra and Milner {1976 ), Batra 

(1986) and Tamang et al. (1988). In the traditional method ofits preparation, yellow seeded soybeans 

are cleaned, washed, soaked in water overnight (12-20 h) at ambient temperature (10-25°C), and 

excess water is drained off. Soaked beans are cooked by boiling in an open cooker until they can be 

crushed easily between the finger tips, the water removed and crushed lightly by a wooden pestle to 

dehull the seeds. A small amount of firewood ash is often added. The soybean grits, containing teared 

hulls, are then wrapped with fresh fern (Athyrium sp.), Musa paradisiacaL. or Leucosceptrum canum Sm. 
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(sometimes replaced by broad leaves from other plants, such as Macaranga pustulata King ex Hook.f., 

Ficus hookeriana Corner or Bauhinia vahlii Wight&. Am.), covered with sackcloth, and kept in a bamboo 

basket above an earthen oven in kitchen to ferment for 1-3 days. The desired state of fermentation is 

indicated by the formation of a typical kinema flavour dominated by ammonia. Kinema shows long 

stringy threads when touched with fingers; the longer the thread, better is the quality of kinema. Fresh 

kinema keeps for 2-3 days during summer and a maximum of one week in winter. The shelf life kinema 

is often lengthened to one month by drying in the sun or by keeping on earthen ovens in kitchens 

(Sarkaretal., 1993). 

Kinema is a naturally fermented product. No deliberate inoculum is used during the traditional 

method of preparation. While Bacillus subtilis was the most dominant bacterium isolated from raw 

soybeans, kinema contained B. subtilis as well as Enterococcus foecium. In addition, yeasts such as 

Candida parapsilosis and Geotrichum candidum were found in 50-80% of market samples (Sarkar et al., 
1994). The high prevalence of B. subtilis and E. faecium in kinema indicates their possible involvement 

in its production. However, the Bacillus-fermentation of soybeans to produce kinema was quite 

unaffected by the presence of E. Jaecium in terms of proteolytic activity, ammonia production and final 

pH of the fermentations (Sarkar et al., 1993). B. subtilis, therefore, is the sole organism carrying out the 

kinema production; the members of accompanying flora are merely opportunists (Sarkar and Tamang, 

1994). The initial count of B. subtilis increased significantly from 105 cfu g-1 of soybean at 0 h to lOS cfu 

g-1 kinema produced at 48 h (Sarkar and Tamang, 1995). Monoculture fermentation of soybean by B. 

subtilis produced kinema with superior organoleptic attributes (Sarkar and Tamang, 1994). The 

fermentation processes as well as the acceptability of kinema were improved further by fermenting 

sterilized beans with B. subtilis at 45°C which led to more desirable fermentation within a much 

shorter period, compared to the traditional fermentation process (Sarkar and Tamang, 1995). 

The pH and moisture content of kinema range between 7.7-8.1 and 60-63%, respectively. 

Kinema contains per 100 g dry matter: 47-49 g protein, 16-18 g fat, 27-30 g carbohydrate, 6-7 g ash, 2.4-

3.0 g free fatty adds (as linoleic add), 100 mg tritable acids (as lactic add) and 1.9-2.0 MJ energy 

(Sarkar and Tamang, 1995; Sarkar et al., 1994). 

Studies on the lipid profiles of soybean during kinema production revealed that the formation 

of kinema led to an overall increase in fatty add levels over the raw beans (9% for saturated and 6% for 

unsaturated fatty adds). The content of individual fatty adds, except for palmitic and stearic acids, 

was higher in kinema than that in raw beans. Free fatty adds liberated from soybeans in kinema also 

play an important role in the development of flavour. However, nonspecific inhibitory activity of free 

fatty acids could diminish the nutritional quality of kinema. Fermentation also increased about 20-

30% crude lipids and 58% phytosterols of the raw substrate (Sarkar et al., 1996). 

B-group vitamin content of kinema was generally higher than that in unfermented beans. 

Soaking of beans led to a significant decrease in thiamine content, but no change was observed in 

nboflavin content. The remarkable decrease in thiamine content may be due to increased thiaminase 

activity or complex formation. Cooking, on the other hand, had no significant influence on thiamine 

content, although riboflavin and niacin levels increased. Bacillus-fermentation (at 37°C for 48 h) 

enhanced thiamine, nboflavin and niacin levels by 45, 71 and 23%, respectively. These levels declined 

by 31, 18 and 74%, respectively, in the presence of E. faecium, indicating that this bacterium uses 

readily available vitamins for growth and metabolism. Since thiamine is susceptible to heat, kinema 

prepared at 45°C led to a 33% decrease in levels of this vitamin compared to that prepared at 37°C. 

Riboflavin and niacin are heat stable, and no significant changes in their concentrations during 

fermentation at the elevated temperature were noted (Sarkar et al. 1998). 
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Compared to raw soybean, kinema contained significantly lower levels of minerals. The 

concentrations of calcium, iron, phosphorus and potassium in kinema are similar to those reported in 

natto (Ohta, 1986). Potassium showed the largest reduction (8.3 times) during kinema production. 

Water discarded during kinema preparation (after soaking and cooking) may be responsible for the 

six-fold depletion in mineral levels (Sarkar et al., 1998). In traditional practices, spring water is used 

for soaking raw beans, and mineral content of traditional kinema may not be less than that observed 

and may even be higher in some instances than in raw beans. However, mineral content ofkinema is 

influenced by the mineral content of the water used for soaking raw soybean. Importantly, levels of 

toxic elements such as cadmium, nickel and lead were below the detection limit. Despite such large 
losses in minerals during processing, kinema still contains appreciable quantities of calcium, 

magnesium, phosphorus and potassium (Sarkar et al., 1998). 

In a study on foodbome pathogens in kinema, Nout et al. (1998) found Bacillus cereus exceeding 

1()4 cfu g-1 product in 33% of the market samples. Enterobacteriaceae and coliforms exceeding lOS cfu 
g-1 were found in 67% of the samples. Escherichia coli exceeding lOS cfu g-1 was found in 13% of the 

samples. Staphylococcus aureus was not detected in kinema. Though diarrhoeal type enterotoxin was 

produced by many B. cereus strains, it was inactivated during frying kinema in oil (Nout et al., 1998). 

Interspecific as well as intraspecific relationships among the microbial components, 

particularly Bacillus and related genera, from indigenously fermented soybean (kinema) and locust 

bean (soumbala) were characterized. RAPD-PCR fingerprint analysis showed a high level of genomic 

diversity among the B. subtilis isolates. Profiles of different carbon source fermentation and functionality 
(based upon estimations of pH, free amino nitrogen and stickiness) of B. subtilis isolates were associated 

with their genotypic and phenotypic profiles (Sarkar et al., 2002). 

2.1.6. Masyaura 

Masyaura, a savoury made from blackgram dal, is a dried, hollow, brittle, and spongy friable ball of 

5-10 em in diameter, and shares similarity with North Indian Punjabi wadi and South Indian sandige. 

It is usually prepared in cottage or home-scale level, and used as a condiment or adjunct in cooking 

vegetables, or mixed with curry to make soups and served with rice as a side dish (Dahal et al., 2003; 
Gajurel and Baidya, 1979; Tamang, 1992). 

In India, consumption of masyaura is confined to a few places in Sikkim and Darjeehng hills 

of West Bengal. In Darjeehng hills, the average consumption rate of masyaura during 1996-97 was 

about 17%, whereas Sikkim had only 11% average consumption rate of masyaura during the sam(' 
period (Yonzone and Tamang, 1998). 

Traditionally, blackgram dal is the primary substrate for masyaura, occasionally supplemented 
with starchy roots or tubers of colocasia (Colocasia esculenta (L.) Schott), dioscorea (Dioscorea alata L.), 

radish (Rhaphanus sativus L.) or ash gourd (Benincasa hispida (Thunb.) Coqn.), depending upon their 

availability (Karki, 1986; Tamang, 1992). Blackgram dal is washed and soaked in water overnight (16 

h). Seeds are drained and dehulled by hand-pressing. The hulls are flown off. Seeds are ground to a 

thick paste which is then added with turmeric (Curcuma longa L.) powder and shredded roots of 

dioscorea (Tamang, 1992) orcolocasia tuber or ash gourd or radish, mixed properly in a ratio of1 :1, 

and allowed to ferment at room temperature for 1-2 days (Karki, 1986). The fermented batter is then 

hand-moulded into balls or cones (5-10 em in diameter) and sun-dried on bamboo trays for 3-5 days 

depending upon the weather conditions (room temperature, 27°C; humidity, 65%) (Dahal eta/., 2(XP.). 

Masayura has a long shelf-life (about one year) (Tamang, 1992). 
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Sun-drying of moulded paste favours microbial growth; the load of mesophilic aerobes and 

lactic add bacteria increased significantly from lOS and 107 to 109 and 109 cfu ~\respectively. The 

results also indicated that lactic add bacteria, accounted for 90% of the total flora during masyaura 

production. Pediococcus pentosaceus (75%) and Pediococcus acidilactici (10%) were the major lactic acid 

bacteria recovered from masyaura, followed by Lactobacillus spp. It is likely that colocasia shreds used 

in the preparation and handling might have contributed to the initial inoculum of the product. 

Enumeration of yeasts and moulds from masyaura revealed that Saccharomyces cerevisiae and Candida 
versatilis are the major yeasts involved in the fermentation, whereas the principal moulds involved are 

Cladosporium spp., Penicillium spp. and Aspergills niger. However, the mould count was almost constant 

up to 3 days and later increased to lOS cfu ~1 after 4 days (Dahal et al., 2003). 

From the nutritional point of view masyaura is a good source of protein {18-20% ), carbohydrate 

( 67-70%) and minerals. The soluble proteins, nonprotein nitrogen and B-vitamins increased during 

drying of masyaura. The changes in proximate composition observed were probably the result of 

microbial activities especially of lactic acid bacteria in the dough involving fermentation, thus 
accounting for the two-fold rise in total acidity and reduced pH (6.1-5.4). Increase in the levels of 

soluble protein, amino nitrogen and nonprotein nitrogen was presumably the result of the production 

of proteolytic enzymes by the fermenting microbes and the enzymatic hydrolysis of insoluble polymers 

under acidic conditions. The rise in various vitamin levels especially thiamine and riboflavin during 

the preparation appeared to be the ability to produce vitamins from simple precursors. Increase in 

total acidity in the product also helps in enhancing the shelf-life of the food. The in vitro digestibility 

of protein and starch was higher in sun-dried masyaura which may be due to fermentation and 

breakdown of proteins during drying (Dahal et al., 2003). 

2.1.7. Meitauza 

Meitauza is made by solid-state fermentation of okara (insoluble carbohydrate residue that is left over 

after the production of soymilk or tofu) (Kronenberg and Hang, 1984; O'Toole, 1999). Okara is ground, 

steeped, strained and formed into round cakes of 10-14 em in diameter and 2-3 em thick at the middle 

and 1-1.3 em thick at the edges. The cakes are placed in a vessel and left to ferment with moderate 

aeration until, after 10-15 days, they are covered with white mycelium of Actinomucor elegans. The 

moulded cakes are then sun-dried. Meitauza is served either fried in vegetable oil or cooked with 
vegetables as a flavouring agent (Nout et al., 2007). 

Changes in proximate composition of okara during fermentation were characterized by the 

liberation of ammonia, an eight-fold increase in nonprotein nitrogen and production of acid protease, 

and a rise in pH from 5.5 to 7.5 (Kronenberg and Hang, 1984). This product has also been used as a 

model for studying solid-state fermentations (Kronenberg and Hang, 1985). Their studies showed that 

mycelial growth, and not water loss or crust formation, caused increased firmness during fermentation. 

2.1.8.Miso 

Miso is one of the most typical kinds of traditional soybean fermented foods of Japan. Similar kind of 

fermented soy pastes are known as chiang in China, jang or doenjang in Korea, taoco in Indonesia and 

tao chieo in Thailand. In addition to soybean and salt, most of these products also contain cereals 

su<:h as rice or barley {Minamiyama and Okada, 2003). As an all-purpose seasoning with a rich, 

hearty, often meat-like flavour and aroma, miso can be used (often like a meat stock or bouillon) in the 
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preparation of soups, sauces, gravies, dips, dressings and many other foods. As a result of the current 

healthier trend in dietary habits, there has been a recent increase in the popularity of miso and its 
processed products (Ebine, 1990). 

The origin of miso is not clear, although most scholars agree that its earliest progenitor came 
from either China or Korea along the arrival of Buddhism in the 6th Century AD. Others trace the 

origin of miso to the northeastern provinces, known as the 'miso heartland', of Japan itself, where 
archeological evidence indicates the early mastery of fermentation. The first records of miso date from 
the Nara period (AD 710-784). 

Miso is fermented using Aspergillus oryzae and Zygosaccharomyces rouxii. Shibasaki and 

Hesseltine (1962) described the traditional method of miso preparation, using a two-part fermentation. 
In the first part, steamed grains (typically rice or barley, but in some cases soybean) are inoculated 

with the mould and incubated for about 48 h to make koji, which serves as a source of enzymes. In the 
second part, koji is mixed with cooked soybean, salt, water and seed miso, packed into large vats and 
fermented for 6-18 months. 

Heat-treated rice and/ or soybean are used to prepare shinshu or rice-soybean miso. After the 

initial solid-state fermentation dominated by A. oryzae, salt (38% of the original weight of dry soybean) 
is mixed with the koji. The mixture is inoculated with Z. rouxii. Traditionally, sound miso from a 
previous batch is used to inoculate the koji-soybean-salt mixture prior to fermentation. Although 

halophilic yeasts such as Candida versatilis may be present, only Z. rouxii produces the desired 

metabolites for an acceptable product. Depending on the concentration of salt added and the period of 
fermentatio~ final product can be categorized as white miso, soybean miso, yellow or brown miso etc. 
(Nout et al., 2007). 

Three basic types of miso can be recognised (Hesseltine, 1 %5; Shibasaki and Hesseltine, 1962): 

'kome miso' (made from beans and rice), 'mugi miso' (made from beans and barley) and 'marne 
miso' (made from soybeans alone), sold as 'hatcho miso' in the United Kingdom. For the production 

of kome and mugi misos, the koji is made by soaking polished rice overnight in water, steaming it for 
about an hour, then inoculating it with mould spores. Incubation is for 50 hat 35°C with thorough 

stirring at least twice. The koji is then mixed with an appropriate mixture of soake~ cooked soybean, 
barley or rice, and salt. Even in the case of marne miso, only a portion of the beans is moulded. The 

precise proportions of beans and grain used, and also the extent to which the beans are cooked, 
depend on the type ofmiso being made (Wood, 1W7). 

Shibasaki and Hesseltine (1962) reported high microbial counts in the early stages of miso 

production and their decline during later stages. Lactic add bacteria, ranging from 1()3 to 1()6 cfu g\ 
were present as the indigenous microbiota on the nonsterilized miso samples (Onda et al., 2002). Some 
salt-tolerant (halophilic) lactic add bacteria and yeasts are involved in the miso fermentation (Collins 

et al., 1990; N out et al., 2007; Okada, 1996; Yoshii, 1995). Strains of halotolerant Enterococcus faecalis are 

predominant early in the fermentation process and play roles in add production and maintenance of 
the bright colour (the so-called I sae' effect) of miso. During the ripening of miso, haloplilic strains of 
Tetragenococcus halophila predominate and atributte some important functions, like add production 

(decrease in pH), production of preferable flavour (the so-called 1 shio-nare' effect and 'oshi-aji' effect), 
masking of offensive flavour and induction of yeast growth (Y oshii, 1995). 

Strains of Bacillus subtilis, Pediococcus acidilactici, Micrococcus sp., Lactobacillus plantarum, 
Lactobacillus fructivorans and Clostridium sp. are known to be undesirable bacterial contaminants in 
miso, which adversely affect its quality (Ito and Ebine, 1967; Nikkuni et al., 1996; Y oshii, 1995). The 
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predominant growth of B. subtilis in miso koji causes irregular koji (also called 'nebari-koji' and 'natto

koji'), and causes the off-flavour and dark-colouration during fermentation (Y oshii, 1995), resulting 
in the unacceptable organoleptic quality of the final product. Pasteurization ('hi-ire') and addition of 

ethanol C aruten') are general practices to control the growth of contaminants in miso products. 
However, addition of alcohol to miso is not cost -effective (Miyasaka, 1992). Onda et al. {1999) isolated 

a bacteriocin-producing lactic add bacterial strain (Enterococcus sp. GM005) from miso. However, 

bacteriodn-produdng lactic add cocci were widespread at high frequendes in miso and were identified 

as Enterococcus durans and Enterococcus foecium. They are supposed to play important roles in preventing 
the growth of undesirable bacteria, such as B. subtilis, P. acidilactici, L. plantarum and L. fructivorans, 
and act effectively as safe biopreservatives in miso (Onda et al., 2002). 

Miso is considered as a health-promoting functional food, offering protection against 

gastrointestinal disorders, cancers of breast, stomach and colon, and cholesterol-associated and 

degenerative diseases (Minamiyama and Okada, 2003). In vitro studies on experimental animals 

have shown that miso has a protective effect against radiation injury and appearance of cataract 

(Gotoh et al., 1998a; Ito, 1991; Watanabe et al., 1991 ), and reduces the risk of liver, stomach and mammary 

tumours, and colonic aberrant crypt fad (Gotoh et al., 1998a; Masaoka et al., 1996; Watanabe et al., 
1997). Miso contains a variety of biologically active substances. Two of the isoflavones, genistein and 

diadzein, are known to have a diverged biological activities and to be present in significant amounts 

(0.2-0.9g kg-1).inmiso as compared with other soy products (Fukutake etal., 1996; Manachetal.,2004). 

Although it has been reported that genistein and daidzein might play an important role in preventing 

several type of cancer (Adlercreutz, 1997), Hirota et al. (2000) are of opinion that 8-hydroxygenistein 

recovered from miso might inhibit proliferation of cancinogenic cells rather than genistein and 

daidzein. They further isolated and elucidated the structure of DPPH · (1,1-diphenyl-2-picryl-hydrazyl 

radical)-scavengers from miso, and studied their DPPH :.scavenging activities, and antiproliferative 

activities towards cancer cell lines. Miso is a useful agent for chemoprevention of MNU (N-methyl-N

nitrosourea)-induced rat mammary cancer, and is expected to have an excellent antitumour effect, 
(•specially when used in combination with tamoxifen (Gotoh et al., 1998b ). 

In miso, the moisture content is 44-52%, protein is 8-19%, carbohydrate is 6-13% and fat is 2-
10%, depending upon the ratio of soybean, rice and barley used as ingredients. During fermentation 

and aging of miso, soybean protein is digested by proteases produced by A. oryzae in the koji. Amino 

acids and their salts, particularly sodium glutamate, contribute to flavour. Miso contains 0.6-1.5% 
adds, mainly lactic, sucdnic and acetic. Esters of ethyl and higher alcohols with fatty adds in soybean 

hpid are important in giving miso its characteristic aroma. Up to 35% of the initial hpid content is 

degraded into fatty acids; the extent of maturation can be conveniently monitored by the levels of fatty 
acid ethyl ester (Yamabe et al., 2004). Furanones, HEMF (4-hydroxy-2{or 5)-ethyl-S(or 2)-methyl-3(2H)

furanone) and HDMF (4-hydroxy-2,5-dimethyl-3(2H)-furanone), produced by Z. rouxii have been 

identified as important flavour components in miso. Miso also contains B-vitamins (riboflavin and 
cyanocobalamin) as a result of yeast fermentation (Nout et al., 2007). 

2.1.9. Natto 

Natto is a popular soybean fermented alkaline food in the Japanese diet. It is gray to tan in colour, and 

has a strong and persistent unique flavour, sometimes associated with a noticeable odour of ammonia 

(Ohta, 1986; Steinkraus, 1983). Natto is usually eaten as is with shoyu (soy sauce) or with spicy 

mustard (Fukushima, 1979; Kiuchi et al., 1 '176), or eaten with boiled rice and often used as a flavouring 

agent in cooked meat, vegetables and sea foods (Ohta, 1986). 
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Traditionally, three major types of natto are known to prepare, 'yukiwari-natto' and 'hama
natto' are koji (Aspergillus oryzae)-based products, while the 'itohiki-natto' (sticky natto), which is 

more common, is a Bacillus-fermented product. Itohiki-natto, generally referred to as natto, is popular 

in the eastern Kanto region (Tokyo). It is produced by fermenting whole cooked soybean with Bacillus 
subtilis and accounts for more than the total production of the other two major types of natto. The less 

common yukiwari-natto is prepared by mixing itohiki-natto with rice koji and salt, and then aging. 
Hama-natto is prepared by using the koji mould Aspergillus oryzae (IGuchi et al., 1976). Itohiki-natto 

was traditionally consumed by the Buddhist monks and also by the farmers during winters (Ohta, 
1986). Japanese domestic soybeans of small (up to 5.5 mm in diameter) and uniform size with white to 
pale yellow hilum, thin and smooth seed coat and a high carbohydrate content are preferred for natto 
preparation(Ohta, 1986). 

To prepare natto traditionally, soybeans are soaked overnight and boiled until tender. Excess 
water is drained off and the beans are allowed to partially air dry over bamboo trays for 20 min. The 

beans are put into shallow paper, and containers are stacked one above the other in large wooden 
boxes, covered with straw-mats and placed near ovens to ferment at approx. 36°C for one day (Standal, 

1%3 ). The straw used as wrapping material of cooked soybeans, before pine-wood sheet came into 

use, contained B. subtilis (USDA, 1958). 

The use of modem technologies, such as the use of B. subtilis as a starter culture was developed 

after the 1920s (Ohta, 1986). The cooked beans are inoculated with spores of B. subtilis and tumbled in 
a barrel until the organisms are well distributed (Ohta, 1986; USDA, 1958). The beans are wrapped in 

paper-thin sheets of pine wood (USDA, 1958) or plastic package (Hesseltine and Wang, 1967). 
Polysterene foams are also in use. They are fermented for 18-20 h (Hesseltine and Wang, 1 %7; Ohta, 

1986; USDA, 1958). The most favourable conditions for natto production are created by inoculating 
cooked beans with 10S-109 B. subtilis spores mP; equivalent to 0.5-1% substrate at 45°C, mixing 
thoroughly and fermenting at 40-43 oc for 6 h (Sakurai, 1960). The best quality natto can be produced 
by incubating the inoculated beans at 40°C and 85% relative humidity for 12-16 h (Takahashi and 

Shimakawa (1976). 

Yabe (1984) was the first to study the microorganisms involved in natto production. Sawamura 

(1906) identified the fermenting organisms as Bacillus natto in natto. Gordon et al. (1973) considered 
this species to be a synonym of Bacillus subtilis (Ehrenberg) Cohn. However, not all strains of B. subtilis 
are suitable for making good natto (Hesseltine, 1983, 1986). Hayashi (1977) and Ohta (1977) mentioned 

B. natto SB 3010 as the most suitable strain for natto production. The unique feature of the natto strain 

is the formation of a sticky viscous material which gives natto its unique character (Ohta, 1986). 

Natto is also characterized by the presence of a sticky paste on its surface. When stirred, the 
paste increases in volume, becomes stickier and is held together like a spider web by gossamer-like 
threads. Natto mucin is composed mainly of an addic glycopeptide and contains 61.5% sugars, 2.8% 
hexosamine, 4.1% total nitrogen, 2.9% amino-nitrogen and 20.4% uronic add (Hayashi et al., 1971). 
Ishikawa et al. (1972) examined the characteristic spinnability of a natto mucin solution and found 

that the mucin contained 22% fructan and 78% poly-DL-glutamic add with &.peptide linkage (8-

PGA). Saito et al. (1974) found that natto mucin is composed of 58% 8-PGA and 40% polysaccharide. 

Production of 8-PGA in the natto strains of B. subtilis is regulated by comQXP A quorum-sensing system 
and is genetically unstable because of translocation of IS4Bsu 1 into the comP gene at a high frequency 

(Nagai et al., 2000). The JS4Bsu1 is widely distributed among B. subtilis strains in other similar so_ybean

fermented foods, such as kinema, Thai thua-nao, Chinese douchi, Korean chungkuk-jang, ~~ . 
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chine pepoke (lnatsu et al., 2002). Natto mucin can absorb 5,000 times its weight in water, and this 

remarkable property is used in cosmetics and wrapping of food products. 

Natto has a characteristic pungent but pleasant aroma. The unique flavour of natto was 

thought to be related to its diacetyl content (Obata, 1959). Sulphur-containing compounds derived 

from cooked soybeans and pyrazines formed during fermentation are the main contributors to the 

characteristic natto odour. The sulphur compounds include 4-ethyl-2-methylthiazole, 3,5-dimethyl-

1,2,4-triothiolane and thialdine. The pyrazines present at the highest concentrations include 

tetramethyl, trimethyl and 2,5-dimethyl derivatives (Owens et al., 1997). Kosuge et al. (1962) identified 

tetramethyl pyrazine as the flavour component in natto. They also established that some of the free 

fatty adds, like butyric and isovaleric adds produce an undesirable odour in natto. Some of the 
flavours originate from the hydrolysis of soy protein to peptides and amino adds (Ohta, 1986). The 

nature of free amino add profile in natto is similar to that ofkinema (Nikkuni et al., 1995). 

During 18 h-fermentation of natto, the dry matter and total nitrogen content remained fairly 

constant at 95.5-96.1% and 7.2-7.5%, respectively; soluble nitrogen and aminonitrogen increased from 

1.3 to 3.1% and 0.3 to 0.6%, respectively; ammonia nitrogen increased from 0.02 to 0.2%, whereas 

reducing sugars decreased from 13.4 to 11.8% (Sakurai, 1960). However, Hayashi (1974a,b,c,d) found 

4% increase in total nitrogen in natto over total nitrogen of raw soybeans. This was because B. subtilis 
could fix dinitrogen. Natto is rich in essential amino add content, compared to soybean (Sano 1961). 

The fatty add compositions of natto and soybean do not differ significantly. The predominant fatty 

add in natto is linoleic add followed by oleic, linolenic and stearic adds (Goto, 1974). The riboflavin 

content, however, increased after fermentation (Arimoto, 1961). 

Natto is prized for its high nutritional value and improved digestibility, and appreciable 

amount of certain vitamins, produced as a result of fermentation (Ohta, 1986; Reddy et al., 1982; 

Standal, 1963; Steinkraus, 1996). Natto is a good source of fibre and free fatty acids (Ohta, 1986). 

Hayashi and Nagao (1975) reported the conversion of bacterial cells to spores during preservation 

increases the nutritive value of natto. It is the only food in the category of alkaline fermentations that 

has been industrialized. 

Natto contains 50-60% moisture, and per 100 g dry matter: 45-55 g protein, 23-28 g fat, 10-15 

g carbohydrate, 4-6 g fibre, 5-10 gash (higher, if salt added), 2 MJ energy, 300 mg Ca, 300 mg P, 1200 

mg K, 15 mg Fe, 0.1 mg thiamine, 0.6 mg riboflavin, 1.3 mg niacin, 60 ~g j3-carotene and 20 mg vitamin 
C (Campbell-Platt, 1987). 

2.1.10. Okpehe 

Okpehe ( okpiye) or ogiri-okpei or kpaye is an alkaline fermented condiment, prepared from the seeds 

of Prosopis afriCJlna Taub. It imparts pleasant aroma and flavour to soups and stews, and commonly 

used as a food condiment by Igbos of Eastern Nigeria and I galas of Northern Nigeria (Odibo et al., 
1992; Oguntoyinbo etal., 2001; Omafuvbe etal., 1999). 

During the traditional method of okpehe preparation, the seeds are boiled for 6-7 h. Seed coats 

are removed and the cotyledons, after washing, are boiled for 30 min. On cooling, the cooked cotyledons 

are wrapped with plantain (Musa sapientum L.) leaves and allowed to ferment for 3-5 days at room 

temperature (28-30°C) with intermittent exposure (2-3 h) of the packet to sunlight. At the end of 

fermentation, the fermented seeds are mashed with a pestle, moulded into small balls and sun-dried 

to obtainokpehe (Odiboetal., 1992). 
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Several species of bacteria, especially Bacillus spp., Staphylococcus epidermidis, Staphylococcus 
aureus, Pseudomonas aernginosa, Proteus mirabilis, Enterobacter cloacae, Klebsiella pneumoniae, Lactobacillus 
plantarum and Micrococcus spp. were recovered from the fermenting and fermented mass of okpehe. 

Furthermore, okpehe purchased from local markets gave a similar flora in addition to the presence of 

Pediococcus sp., Escherichia coli and Enterococcus faecalis (Achi, 1992; Odibo et al., 1992). Bacillus spp. 

were most dominant in fermented okpehe with an average count of 1()7 -1Q9 cfu g-1
. They were identified 

as Bacillus subtilis (36% ), Bacillus pumillus (20% ), Bacillus licheniformis (16%) and Bacillus megaterium 
(13%) (Oguntoyinbo et al., 2001). However, E. cloacae and K. pneumoniae made significant contributions 

to the microbial ecology during okpehe fermentation. Lactobacillus spp. were present in low numbers 

towards the end of fermentation. Variations in the important microbial groups show that Bacillus spp. 
were most prevalent and occurred until the end of fermentation (A~ 1992). The occurrence of E. coli 
and E. foecalis from the market samples is an index of poor sanitary handling of the food condiment by 

the seller (Odibo et al., 1992). 

The potentiality of Bacillus spp. and Enterococcus spp., isolated from traditional okpehe 

fermentations as starter cultures for the fermentation of P. africana seeds for okpehe production, was 

studied by Oguntoyinbo et al. (2007a,b). Although monoculture fermentation using only B. subtilis 
strain BFE 5372 produced okpehe with good sensory characteristics, the growth of Bacillus cereus was 

detected after 48 h of fermentation. However, mixed culture fermentation with the combination of 
bacteriocin-producing starter B. subtilis (BFE 5301) and the nonbacteriocin-producing B. subtilis BFE 

5372 produced a product with good sensory characteristics in which growth of B. cereus was delayed. 

The bacteriocin, identified as subtilisin, was heat-stable at 100°C for 10 min and exhibited the 

highest activity at pH values lower or equal to pH 6.0, but was sensitive to proteolytic enzymes. 

Other combinations of mixed culture fermentations did not yield organoleptically acceptable products 

(Oguntoyinbo et al., 2007a,b). 

Okpehe fermentation involved a rise in pH, temperature, moisture content and total free 

amino acids, while titratable acidity and reducing sugar decreased gradually after 24 hand 72 h of 

fermentation, respectively (Omafuvbe et al., 1999). Temperature, pH and titratable acidity varied with 

time and were influenced by the metabolic activities of the microorganisms (Achi, 1992). The pH of the 

fermenting seeds decreased from 6.3 (0 h) to 5.0 (96 h), while the temperature and moisture content 

increased from 32-38°C and 30-40%, respectively (Odibo et al., 1992). The fatty acids identified in both 

nonfermented and fermented products ( okpehe) were linoleic, oleic, stearic and palmitic. Oleic acid 

was present in large proportion as a free fatty acid, and linoleic add in appreciable amounts in 

fermented sample (Sanni et al., 1993). The total nitrogen in the fermented mash decreased, while a high 

proteinase activity as well as an increase in the amounts of amino acids were observed. Amylase 

activities also increased culminating in a peak at 72 h before stepping down. Soluble sugars showed 

a fluctuating pattern, whereas lipase activity was low in the fermenting mash (Sanni, 1993). 

The moisture content of okpehe from different markets varied from 41 to 60%, while the 

protein content ranged from 33 to 35%, fat content 1.2 to 1.4%, fibre 1.3 to 1.6%, ash 3.1 to 4.4%, starch 

13.6 to 14.2% and pH value 6.8 to 7.8 (Oguntoyinbo et al., 2001). 

With a view to obtain an adequate understanding of the wild strains of B. subtilis isolated 

from okpehe, investigation was carried out for their phenotypic diversity and functionality such as 

the production of enzymes, &-PGA and bacteriocin. It was believed that the data thus generated would 

enable the selection of appropriate starter cultures for fermentation that will aid complete hydrolysis 

of the complex composition of the vegetable proteins and further achieve consistency of a product free 

of pathogenic and spoilage organisms. Moreover, application of such information could aid the 
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maximization of functionality of wild strains, particuJarly during the industrial take-off of condiment 

production (Oguntoyinbo et al., 2007b). 

2.1.11. Oncom 

Onchom (formerly called I ontjom ', now spelled I oncom') is a traditional Indonesian fermented food, 

and a close relative of okara tempeh, except that the fermentation is done with Neurospora (rather than 

Rhizopus), which envelops the cakes with a brilliant orange mycelium. Made and consumed for 
centuries, but only in West Java and especially in Bogor, the food is known there as onchom merah, 
onchom bereum or onchom tahu (Sastraatmadja et al., 2002; Shurtleff and Aoyagi. 1979a). 

The raw materials of oncom are mainly the wastes of agricultural products. Traditionally, 
oncom is produced by mixing soaked peanut press cake with starchy ingredients (such as cassava 

residues or tapioca flour) and soybean curd (15:5: 1 ). The mixture is steamed for 1 hand inoculated, 

after being cooled, with pre-growing fungal mycelium, usually Neurospora sitophila, Neurospora 
intennedia, Mucor sp. and Rhizopus sp. The inoculated dough is moulded to form brick-shaped pieces 
that are incubated for 24-48 h in banana leaves at ambient temperature (25-30°C) (Djien, 1986; 

Sastraatmadja et al., 2002). Oncom hitam (black oncom) and oocom merah (yellow-red oncom) contain 

different mycoflora. The merah type contains mainly Neurospora, whereas hitam is dominated by 

Rhizopus spp. Rhizopus sporangiospores are black due to melanoids, while carotenoids form the basis 

of the orange-yellow colour of Neurospora (Nout et al., 2007). 

Oncom flavour has been described as fruity and somewhat alcoholic; after frying, mince-meat 

or almond flavour can be detected. The enzymic activities (hpases and proteases) provoke an increase 

in free fatty add content and degradation of proteins, resulting in improved protein digestibility 
which is relevant for consumers with digestive disorders (Nout et al., 2007). Soy oncom, made with 

soybean inoculated with Neurospora sp., resembles tempeh except that the flavour was more nutlike. 
Fermentation causes no significant change in water content or pH of oncom. Total nitrogen content 

increased slightly, probably because of evaporation of nonnitrogen volatile compounds formed during 

fermentation. Soluble nitrogen content, however, increases in different degrees, depending on the 

fermenting mould spedes (Sastraatmadja et al., 2002). 

Low salt 0-miso was prepared from koji fermentation ofsoybean-oncom (5-oncom) and okara
oncom (0-oncom). Strong activities of DPPH·-scavenging, superoxide anion-scavenging and 

antimutagenic activities were detected in both ethanolic (70%) and aqueous extracts of N. intermedia
fermented seasonings. These activities are attributable to the higher contents of isoflavone-aglycones 

and melanoidines present (Matsuo, 2004a, 2006; Matsuo and Takeuchi, 2003). The hydrophilic 

antimutagenidty of defatted-oncom (D-oncom) against N-nitrosodimethylamine was investigated 

(Matsuo, 2004b ). Aqueous extract of D-oncom had a stronger antimutagenidty than that of defatted 

soybean, about one-sixth of that of ascorbic add. The main antimutagenic fraction of D-oncom was 

anionic and stable against heating at 37°C, and could be involved in the reduction of oxidative stress 
by scavenging superoxide anions (Matsuo, 2004b ). 

Oncom is the only food for human consumption produced by fermentation with the Neurospora 
spp. (Sastraatmadja et al., 2002). Instead of using dry spore-based starters, starters for oncom are 

propagated and maintained by mycelial growth in a kind of fed-batch solid-state fermentation kept 

active by the processor. Although very little controlled experimentation has been done on this 

fermentation, it is presumed that a method of vegetative propagation is needed because Neurospora 
spores have limited viability when stored dry and have poor germination ability (Nout et al., 2007). 
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2.1.12. Papad 

Papad constitutes an important legume-based traditional food adjunct. It is made from legume-based 

dough often containing other farinaceous materials along with added salt, spices and condiments. 

This thin, usually circular, wafer-like product is used to prepare curry or is eaten by itself as a crackly 

snack or appetizer with meals after roasting or deep-frying in vegetable oil (Aidoo et al., 2006; 

Bhattacharya and Narasimha, 1999). 

Traditionally, blackgram dal flour or its blend with Bengalgram, lentil or mung dal flour is 

hand-kneaded with a small quantity of peanut oil, common salt('"' 8%, w w 1
), papad khar or sajji khar 

(saltworts produced by burning a variety of plant spedes or from highly alkaline deposits in the soil) 

and water, and then beaten or pounded with a cylindrical stone device into a stiff dough. The dough 
(sometimes with a backslap and spices added) is left to ferment for 1-6 h. The fermented dough is 

shaped into small balls which are rolled into thin, circular flat sheets (10-24 em in diameter and 0.2-

1.2 mm in thickness) and generally dried under shade to 12-17% (w w 1
) moisture content ( Aidoo et al., 

2006; Shurpalekar, 1986). 

Extensive work on proximate composition, storage, packaging and quality control of papads in 

India has been reported (Kulkarnietal., 1996; Mananetal., 1988; Pruthietal., 1984; Shurpalekar1986). 

Though not much is known about the functional microbiota of papad, the possible role of Candida 

krusei and Saccharomyces cerevisiae during the preparation of papad has been suggested by Shurpalekar 

(1986). The occurrence of Bacillus cereus in 21% of the papad samples collected from different retail 

sources suggested the potential risk to the consumers (Roy et al., 2007). Since papad is roasted or deep

fried in refined vegetable oil before consumption, the heating step may lower down, if not eliminate 

completely, the count of these undesirable bacteria. 
Papad contains 10-15% moisture and per 100 g dry matter 15-30 g (or even higher with higher 

proportion of legume) protein, 2-8 g fat, 40-55 g carbohydrate, 12-15 gfibre, 6-8 gash, 1.2-1.5 MJ 

energy, 300mg Na, 100 mg K, 100 mg Ca, 300 mg Mg, 15 mg Fe, 0. 7 mg Cu, 3.0 mg Zn, 0.25 mg thiamine, 

0.15 mg riboflavin, 1.7 mg niacin and 75 11g folic acid (Campbell-Platt, 1987). 

2.1.13. Soy sauce 

Soy sauce Oapanese 'shoyu') is light to dark brown liquid produced from fermented soybean with 

meathke salty flavour. It is used as a table condiment, and is probably the man's oldest prepared 

seasoning. Traditionally made in the Orient, this savoury seasoning source is now widely produced 

and used in European as well as American cuisine (Kataoka, 2005; Nout et al., 2007; Nunomura and 

Sasaki, 1993). Soy sauce could be classified into Japanese-type and Chinese-type. In Japanese-type 

soy sauce, soybean and wheat are used with the ratio 1: 1, whereas less wheat is used in the Chinese

type (Nunomura and Sasaki, 1993}. In Japan, several distinguished types of soy sauce are being used 

viz., koikucji, usukucji, tamari, saishikome and shiro soy sauces, all having characteristic colour and 

flavour (Kataoka 2005; Nout et al., 2007). About 83% of all soy sauce products consumed in Japan are 

koikuchi shoyu. The annual production of soy sauce in Japan has been about 1 million kilolitres in 
recent years. Japan exports soy sauce to more than 110 countries (Kataoka, 2005). 

Soy sauce is prepared by digesting mould-cultured soybean-wheat koji, in presence of about 

17-19% sodium chloride and concurrently fermenting them by lactobadlli and yeasts. After 6-8 months, 

the mash is pressed and the liquid part obtained is pasteurized to make the final product. The 

characteristic flavour-aroma formation in the soy sauce depends on the manner of production employed 
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as well as raw materials and strains of microorganisms used. The raw ingredients for soy sauce are 

soybean, wheat and brine (Nunomura and Sasaki, 1993). 

There are two specific fermentation stages involved in soy sauce production, the first being an 

aerobic koji fermentation. Seed ('tane') koji is produced by culturing single or mixed strains of Aspergillus 
oryzae or Aspergillus sojae on either steamed, polished rice or a mixture of wheat bran and soybean 

flour. Seed koji is added to a soybean/ wheat mixture at a concentration of 0.1-02% and fermented into 

what is then simply called 'koji'. The second stage is an anaerobicmoromi or salt mash which undergoes 

lactic acid bacteria and yeast (Zygosaccharomyces rouxii) fermentation. In the moromi fermentation, 

Tetragenococcus halophila initially proliferates and produces lactic acid, which lowers the pH to 5.5 or 

less. This is followed by the growth of add-tolerant yeasts, notably Z. rouxii, which produce about 3% 

alcohol and several compounds that contribute to the characteristic aroma of soy sauce. Although Z. 

rouxii is the dominant moromi yeast, other yeasts such as Candida versatilis and Candida etchellsii also 

produce phenolic compounds which contribute to soy sauce aroma (Nout et al., 2007). 

Production ofkoji is essentially a solid-state fermentation. The two main groups of enzymes 

produced by A. oryzae during kojifermentation are carbohydrases (a-amylases, amyloglucosidase, 

maltase, sucrase, pectinase, 13-galactosidase, cellulase, hemicellulase and pentosan-degrading 

enzymes) and proteinases, although lipase activity has also been reported. These enzymes hydrolyze 

carbohydrates to sugars and proteins to amino acids and low molecular weight peptides. These 

soluble products are essential for yeast and bacterial activities during the moromi fermentation (Aidoo 

eta1.,1994;ChouandRawn,1995). 

Nearly 300 flavour compounds have beee identified in Japanese soy sauce (Kataoka, 2005; 

Nunomura and Sasaki, 1992). Z. rouxii produces flavour compounds, including alcohol, glyceroL 

esters and furanones. Furanones (HEMF) produced by Z. rouxii and Candida spp. give Japanese-type 

soy sauce with its characteristic flavour (Nunomura and Sasaki, 1992). This compound is also reported 

to have antitumour and antioxidative properties (Lee, 1996). Notwithstanding its high salt content, 

soy sauces require pasteurization and adequate bottling for their preservation (N out et al., 2007). 

Soy sauce has been expected to possess an ability to inhibit the deterioration of food and has 

been used as natural preservatives. Soy sauce with p-hydroxybutyl benzoate as preservative killed 

food borne pathogens such as Escherichia coli, Shigella flexneri, Salmonella typhi, Salmonella paratyphi A, 
Salmonella enteritidis and Vibrio cholerae within 6 h (Kataoka, 2005). The antimicrobial activity of soy 

sauce is mainly based on the combined effects of NaO, ethanol, pH, preservatives and temperature 

(Yamamotoetal., 1978). 

Soy sauce increases the appetite, imparts a delicious flavour and promotes digestion. It 

contains relatively high levels (17 -19%) of salt and is used to enhance the flavour of meats, seafoods 

and vegetables. Typical ranges in other characteristics are: 4.6-4.8 pH, 0.5-2.5 g total nitrogen, 0.2-1.1 

g formol nitrogen, 3.8-2.0 g reducing sugars, and traces to 2.2 ml ethanol per 100 ml (Nout et aL, 2007). 

2.1.14. Sufu 

Sufu or fu-ru is a fermented soybean food that originated in China. It is a soft creamy cheese-type 

product made form cubes of soybean crud (tofu) by the action of a mould which is consumed as an 

appetizer or a side dish, e.g. with breakfast rice or steamed bread (Steinkraus, 1996; Su, 1986). This 

fermented product with its characteristic flavour adds zest to the bland taste of the rice and flour diet 

and has been widely consumed by Chinese people as a salty appetizer for many centuries, which can 

be used in a similar way as cheese (Steinkraus, 1996). 
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Sufu is a name of the product that first appeared in the literature (Wang and Hesseltine, 1970). 

Literally, sufu means 'moulded milk' and tosufu (dou fu-ru) means 'moulded soymilk'. Because of 
numerous dialects used in China and difficulties of phonetic translation from Chinese into English, 

sufu has appeared in literature under many different names. The following synonyms for sufu in the 
literature have been found: sufu, tosufu, fu-ru, dou-fu-ru, tou-fu-ru, toe-fu-ru, jiang-dou-fu, fu-yu and 

foo-yue. Sufu is also known as tofu yo, nyu-fu and fu-nyu in Japan (Yasuda and Kobayashi, 1989), 

chao in Vietnam, ta-huri in the Philippines, taokaoan in Indonesia and tao-hu-yi in Thialand (Beuchat, 

1995). The names confuse Western people as well as the Chinese. Officially, sufu should be named 
'furu' or' doufuru' in Chinese (Han et al., 2001). It has been one of the most popular highly flavoured 
side dishes consumed in China for many centuries and is becoming popular in Chinese shops all over 
the world. Sufu products are manufactured both commercially and domestically in China. 

Manufacture of tofu (soybean curd) began during the era of the Han dynasty. The 'Ben-Cao
Gang-Mu' (Chinese Materia Medica), compiled by Li Shi-zhenin 1597, indicated that tofu was invented 

by Li An (179 BC to 122 BC), the king of Weinan (Shi and Ren, 1993; Steinkraus, 1996). However, it is 

not known when sufu production began. Due to the long history and incomplete written records, no 

attempt was made to search for its origin. The first historical record mentioned that the sufu process 
was carried out in the Wei Dynasty (220-265 AD) (Wang and Du, 1998). It became popular in the Ming 

Dynasty (1368-1644), and there are many books describingsufu processing technologies (Zhang and 
Shi, 1993). 

Preparation of sufu is a centuries-old household activity involving natural fermentation which 
can be produced by various processes in different localities of China (Wang and Du, 1998). However, 

the mould-fermented sufu is the most popular type (Han et al., 2001 ). Four steps are normally involved 
in making this type of sufu: (1) preparing tofu, (2) preparing pehtze (pizi) by fungal solid-state 

fermentation of tofu using Actinomucor elegans, (3) salting of pehtze and (4) ripening in dressing mixture 

( Aidoo et al., 2002). Traditionally, the process of preparing sufu starts with the production of soymilk. 

Dehulled soybeans are washed and soaked overnight in water, drained off the excess water, and 
ground in a stone mill. The slurry is diluted and pressed to obtain soymilk. Next, a coagulation step is 

carried out by adding salts (calcium or magnesium sulphate) or acid in order to obtain a precipitate of 

mainly soy protein and entrapped lipids. This is collected and pressed to obtain sheets of tofu (soybean 

curd) of the required moisture content and firmness. 

To obtain pehtze (fresh bean curd overgrown with mould mycelia) cubes (dices) of tofu are 

placed in wooden trays, the bottom of which is made of bamboo strips loosely woven together. The 

loaded trays are piled up and covered with straw for natural inoculation and kept at 15-20"C for 5-15 

days. Luxuriant mycelial development over the tofu usually results in the production of pehtze. Pehtze 
contains about 74% water, 12% protein, and 4.3% lipid. After flattening the mycelium to form a protective 

skin on the cubes, those are submerged in a salt-saturated solution and kept for 6-12 days. During this 
period, the pehtze adsorbs about 16% of the salt. The salted pehtze is washed with water and then 
transferred for ripening. For the ripening, alternate layers of salted pehtze and dressing mixture 
(consist of angkak, alcoholic beverage, salt, sugar, bean paste and spices) are packed into jar at the 

ratio of about 2: 1. The mouth of the jar is wrapped with sheath leaves of bamboo, sealed with clay and 
aged for about 6 months for further maturation. The main functions of the maturation mix are 

preservation, flavouring and colouring. Preservation of sufu is achieved by a combination of salt and 
alcohol (rice beer may be used), whereas angkak and other ingredients impart specific flavour and 
colour to the product (Han et al., 2001, 2004). 
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According to the colour and flavour, sufu can be classified into four types, i.e. red sufu, white 

sufu, grey sufu and others, which are mainly based on the different ingredients of dressing mixtures 

in the ripening (Han et al., 2001). Depending upon the desired flavour and colour, pehtzes may be 

submerged in salted, fermented rice or soybean mash, fermented soybean paste or a solution containing 

5-12% sodium chloride, red rice and 10% ethanol. Red rice and soybean mash impart a red colour to 

sufu. Use of brine containing high levels of ethanol results in sufu with a marked alcoholic bouquet. 

The major functions of the moulds in this process are the formation of a protective layer of mycelial 

biomass surrounding the pehtze cubes and, most importantly, to release several enzymes that are 

responsible for the partial degradation of the protein, fibre and lipid fractions in pehtze during the 

maturation. This degradation results in softening of the texture, solubilization of constituents and 
accumulation of flavour-enhancing compounds, such as glycine and glutamic add (Han et al., 2004; 

UuandChou, 1994). 

The fungal genera involved were Actinomucor, Mucor and Rhizopus spp., all belonging to 

Mucorales. A. elegans, Actinomucor taiwanensis, Mucor spp. and Rhizopus spp. are used as pure starter 

cultures in the manufacture of Chinese furu or sufu (Benjamin and Hesseltine, 1957; Chou et al., 1988; 

Han et al., 2001; Su, 1986). Mucor sufu and Mucor wutingqiao have been mentioned as popular starter 

cultures. Nevertheless, most of Actinomucor and Mucor species only grow well at 20-30°C; so it is hard 

to produce sufu during hot summer (Hu and Zhao, 1998a). Hu and Zhao (1998b) and Deng et al. 
(1996) screened mutants, made by using conventional mutagens and isolated strains of Mucor sp. M263 

and Mucor sp. H4' which could grow at 30-40°C and ensure sufu production all year round; however, 

the author did not provide information about the stability and safety of these mutants. 

Sufu has a higher content of protein-nitrogen than other oriental soybean food, such as miso 

and natto (Su, 1986). Nontraditionally, soybean milk, tofu and sufu have the same importance to the 

people of Asia as cow's milk and cheese do the people of the Western Hemisphere. Asians prefer the 

salt-coagulated bean curd, not only because it has the desired texture, but also because it serves as an 

important source of caldum (Wang and Hesseltine, 1970; Zhao, 1997). 

Sufu contains per 100 g fresh weight: 58-70 g moisture, 12-17 g crude protein, 8-12 g crude 

lipid, 0.2-1.5 g crude fibre, 6-12 g carbohydrate, 4-9 gash, 100-230 mg Ca, 150-300 mg P, 7-16 mg Fe, 

0.04-0.09 mg thiamine, 0.13-0.36 mg riboflavin, 0.5-1.2 mg niacin, 1. 7-22 llg cyanocobalamin and 460-

750 kJ energy (Su, 1986; Wang and Du, 1998). 

In spite of their differences in colour and flavour, most types of sufu have a similar proximate 

composition. Glutamic add and aspartic add were the most abundant amino adds found in red sufu 

and grey sufu. Yen (1986) reported that the average amine contents (mg g1
) in 15 samples of commerdal 

sufu from Taiwan, China were: cadaverine, 0.039; histamine, 0.088; 13-phenylethylamine, 0.063; 

putresdne, 0.473; tryptamine, 0.150; and tyramine, 0.485. Tyramine and putresdne were the major 

amines found and these might have a potential harmful effect on human beings if levels are very high. 

Subunits of soybean protein have not been detected in sufu, and most proteins are degraded 

into peptides and amino adds (Han, 2003). It has been reported that sufu contains 22 esters, 18 

alcohols, 7 ketones, 3 aldehydes, 2 phenols and other volatile compounds (Hwan and Chou, 1999). 

The esters contnbute a characteristics flavour to red sufu (Ho et al., 1989). 

Sufu fermentation converts soybean isoflavones from the glucosides in tofu into the 

corresponding aglycones under hydrolysis by a.-glucosidase (Yin et al., 2004). lsoflvones are referred 

to as phytoestrogens due to their estrogenic activities in soybean and soybean foods (Bickoff et al., 
1962). 
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2.1.15. Tempe 

Tempe ( tempeh) is one of the most important mould-fermented soybean products of Indonesia. Fresh 

tempe of food quality has a clean, compact, grayish-white and sliceable mass of cooked particles of 

raw material covered, penetrated and held together by matrix of dense, cottony, nonsporulated fungal 

mycelia. The major desirable aspects of tempe are its attractive mushrooomy or nutty odour and 

texture (Mitaland Garg, 1990; Nout and Rombouts, 1990; Shurtleff and Aoyagi, 1979b). 

The keeping quality of tempe is short at ambient temperature. Therefore, it is consumed the 

same day (Mital and Garg, 1990). Irrespective of storage temperature fresh tempe eventually turns 

brown, the beans become visible due to senescence of the fungal mycelium, the material softens and 

ammonical odours emerge (Nout et al., 1985). In Indonesia, such tempe is referred to as 'tempe bosok' 

(=ripe tempe). Although tempe bosok is unacceptable for frying or stewing purposes, it is used in 

Indonesian kitchen to produce strongly flavoured cookies (mendol) (Nout and Rombouts, 1990). 

The traditional tempe production is a household art. Raw soybeans are washed and soaked 

overnight in water, followed by wet dehulling and hull separation. The hulls are removed manually 

and the loosened hulls are floated away with water (Mital and Garg, 1990; Nout and Rom bouts, 1990). 

Spontaneous and uncontrolled fermentations take place during the soaking of soybeans. Acidifying 

the beans during soaking at pH <4.3 yields tempe of good quality in which bacilli and 

Enterobacteriaceae could not be detected. The addification during soaking can be controlled by recycling 

part of the soak water from a previous batch as an inoculum, contnbuting to the shelf-life and safety 

of tempe. The dehulled beans are then boiled with excess water for varying lengths of time. Cooking by 

steaming for at least 30 min at 100CC or by boiling in excess water for 2-3 h fadlitates fungal penetration 

and human digestion. The bitter soy taste disappears in less than 15 min at 95 OC. Partial cooking of 

soybeans destroys trypsin inhibitors, inactivates some undesirable factors such as phytic acid, and 

flatus-causing oligosaccharides, leaches out a heat-stable and water-soluble mould inhibitor, destroys 

contaminating bacteria that interfere with fermentation, releases some of the nutrients required for 

mould growth and destroys the bitter soy taste. Cooked cotyledons are then spread quickly on plaited 

bamboo trays ('tampah') in thin layers in order to allow the water to drain and evaporate from the 

surface of the soybeans. Addition of approximately 2% (w v 1) maize starch, rice flour or cassava 

starch helps to absorb the remaining moisture, stimulates fungal growth and results in better tempe 

firmness. These are mixed with the starter or inoculum. The inoculum for tempe fermentation can be 

obtained from dried and pulverized tempe of previous batch(' tempe-to-tempe'), mould grown on 

dried leaves (of Hibiscus similes Blume, Hibiscus tiliaceus L., Tectonagrandis L.f., Bambusaspp. or Musa 
paradisiacaL.), locally referred to as' usar' or 'laru' or ragi (2.5 em in diameter) containing the tempe 

mould and a variety of microorganisms, sold on Indonesian markets. The inoculated cotyledons are 

then wrapped tightly in leaves and allowed to ferment at room temperature until the soybeans are 

completely moulded (Albrecht et al., 1966; Djien and Hesseltine, 1979; Mital and Garg, 1990; Nout et 

al., 1985, 1987; Steinkraus, 1996;WangandHesseltine, 1979;Wangetal., 1979). 

Traditionally, large leaves are preferred as ideal material for wrapping cooked beans for 

fermentation (Steinkraus, 1996). Because tempe takes the shape of its fermentation container, the 

product with irregular surface developed when wrapped and fermented with rough-surfaced leaves. 

However, smooth polythylene sheets, metallic or hard plastic boxes give tempe with straight edges 

and smooth shiny surfaces. For better shape and texture, use of perforated plastic bags or tubes to 

allow access of oxygen for the mould, is not less common (Martinelli and Hesseltine, 1964). Plastic 

bags for tempe fermentation have also been widely adopted in Indonesia (Wang and Hesseltine, 

1979). Steinkraus et al. (1960) used a covered stainless steel cake pan. 
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Incubation takes 50-20 hat 25-37°C. The higher the incubation temperature, the more rapidly 

Rhizopus oligosporous grows (Martinelli and Hesseltine, 1964). The optimum relative humidity during 

tempe preparation was reported as 60-65% (Usmani and Noorani, 1986a), 75% (Wadud et al., 1988) 

and 90% (Steinkraus, 1985). As soon as the bean cotyledons are overgrown completely by the mould 

and knitted into a compact cake, tempe is harvested and cut into cubes (2.5 em x 2.5 em). It is then 

directly transported to the market or preserved by boiling in brine, steaming, canning, dehydration or 

deep frying (Djien and Hesseltine, 1979; Winarno, 1985; Winarno and Reddy, 1986) 

Though it is generally accepted that fungal (Rhizopus) growth is essential for tempe 
preparation, the most frequently occurring fungi were Rhizopus oryzae, R. oligosporus, Mucor indicus, 
Trichosporon beigelii, Clavispora lusitaniae, Candida maltosa and Candida intermedia (Nout et al., 1987). In 

addition, lactic acid bacteria and Enterobacteriaceae, at the level of 10S-109 cfu g-\ were found in 

fermenting tempe (Mulyowidarso et al., 1990). The role of these 'accompanying' flora of bacteria and 

yeasts to the properties of tempe is only partly understood (Winarno and Reddy, 1986). Most probably, 

they contribute in the development of flavour and enhance the chemical composition through substrate 

modifications and synthesis of vitamins. 

Studies carried out by Steinkraus et al. (1960) and Hesseltine et al. (1963) resulted in pure 

culture fermentation. However, the most desirable strain is R. oligosporus NRRL 2710. The 

characteristics which make this strain most suitable for tempe production are its ability to grow 

rapidly at 30-40 oc, ferment sucrose, high proteolytic and lipolytic activities, produce strong 

antioxidants and impart pleasing flavour and aroma (Steinkraus, 1996). However, other strains, 

including CBS 338.62 or NRRL 5905 can be used to make good tempe (Nout and Rombouts, 1990). 

Since use of pure culture starters for large-scale industrial purpose is too expensive and time

consuming, semi-pure culture starters are preferred for the cost-effective production of tempe (Djien, 

1985). Semi-pure culture starters are prepared by growing a pure culture of Rhizopus strain on 

traditionally cooked or steamed substrate, mostly rice (Djien, 1985) or soybeans (Usmani and Noorani, 

1986b ). The dry starters contain mould as well as bacteria (Djien, 1985). Instead ofleaving it to chance, 

attempts were made to prepare mixed culture starters with simultaneous growth of lactic acid bacteria 

and R. oligosporous by adding 1% sour soak water to the boiled substrate. The resulting tempe was of 

superior quality (Tuncel et al., 1989). Mixed pure cultures of R. oligosporous and Klebsiella pneumoniae 
are used to produce vitamin B12containing tempe (Areekul et al., 1990) 

The temperature of the fermenting beans rises by 5-rc above the incubation temperature as 

the mould begins to grow rapidly during tempe production. As a result of protein metabolism, pH 

increases from 4.5 (0 h) to 6.0 (26 hat 28°C, 18 hat 38°C) and 7.0 (48 hat 28°C, 30 hat 38°C), leveling 

off towards pH 7.5 to 8.0. During fermentation, there is increase in total soluble solids, soluble nitrogen 

and free amino adds, while total nitrogen remains fairly constant (Steinkraus et al., 1960; Wang and 

Hesseltine, 1966). 

R. oligosporus possesses a strong lipolytic activity, hydrolyzing over one-third of neutral fat of 

soybeans after 72 h-fermentation at 37°C. Lipolysis yields predominantly linoleic acid (Wagenknecht 

et al., 1961). The free fatty acids, particularly oleic, linoleic and linolenic acids are associated with 

nonspecific antitryptic activity (Winarno and Reddy, 1986). R. oligosporous derives much ofits energy 

from oleic add (Nout and Rombouts, 1990). This supported the findings of Paredes-Lopez et al. (1987) 

who reported the 50% reduction of oleic acid content in bean tempe. 

Carbohydrates of soybeans, especially raffinose and stachyose cause flatulence (Mital and 

Garg, 1990; N out and Rombouts, 1990). Shallenberger et al., 1967) observed substantial hydrolysis of 
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stachyose during tempe production by R. oligosporous. The fermentation reduced total flatus factors 

from 16.5 to 2.0 mg g-1 soybean (Winarno and Reddy, 1986). Protein-bound starch decreases the 
digestibility of soy protein; during prolonged fermentation ( 48-72 h), starch decreases from 0.4 to 0.1% 

(dry weight) with the formation of some unidentified carbohydrates (Vander Riet et al., 1987). Phytic 
add present in soybean hinders mineral absorption in intestinal tract. During steaming and 

fermentation of raw soybean, phytic add is degraded into myo-inositol and orthophosphates and 
inorganic phosphate (Sutardi and Buckle, 1985). Sudarmadji and Markakis (1977) observed 22% 
reduction in phytic add during tempe production 1hey attributed it to phytase activity of R. oligosporous. 
Since phytic add has a strong chelating effect, its degradation was expected to improve the bio
availability ofCa, Mg, Zn and Fe (Nout and Rombouts, 1990). Zinc availability of tempe was 1.2 times 
better than of boiled beans (Moeljopawiro et al., 1988). 

The vitamin content of soybean increases substiantially during fermentation (Mital and Garg, 

1990). Tempe has been reported to possess two-fold increase in riboflavin, seven-fold increase in 
niadn, and 33-fold increase in B

12 
(Steinkraus et al., 1961; Truesdell et al., 1987; VanVeen and Steinkraus, 

1970). Except for thiamine which was reduced by approx. 50%, there were two to four-fold increase in 
all the other vitamins including riboflavin, nicotinic add, panthothenate, pyridoxine, folate, 

cyanocobalamin and biotin(Gintingand Arcot, 2004; Murata, 1985;0kadaetal., 1983). 

Substances with antioxidant activities are produced in soybean tempe (Winarno and Reddy, 

1986). Tempe showed a remarkably stronger antioxidative activity than natto (Esaki et al., 1996). 
Gyorgy et al. (1964) isolated 6,7,4' -trihydroxyisoflavone which is a potent antioxidant in lipid/ aqueous 

systems. A potent antioxidant, 3-hydroxyantranilic add (HAA), isolated from tempe possessed the 
antioxidative effect on both soybean oil and powder (Esaki et al., 1996). HAA increased during R. 

oligosoporous-fermentation and reached a maximum content (500 mg kg-1 dried matter) after 3 days of 
fermentation. HAA is the prindpal antioxidant responsible for the atuoxidative stability of dried 
tempe (Esaki et al., 1996). 

The typical flavour of a fermented product depends upon metabolites such as pyridine 

derivatives, diacetyl, acetoin, 2,3-butylene glycol, valerie add etc. (Mittal and Garg, 1990). According 
to Whitaker (1987), the beany flavour would be released from the proteins to which they are bound as 

a result ofproteolysis.The flavour of tempe prepared at 31 oc included the original soybean components 
and newly formed 3-methylbutanoL acetoin, aectic add, methylcarbinoL 2,3-butanediol and iso-valeric 
add (Moroe, 1985). 

Wang et al. (1969, 1972) reported that R. oligosporus NRRL 2710 produced a heat-stable 

antimicrobial substance active against a number of Gram positive bacteria including S. aureus, Bacillus 
subtilis, Clostridium perfringens, and Clostridium sporogenes. The only Gram negative bacterium sensitive 

to this substance was K. pneumoniae. The compound contains polypeptides whose activity was neither 
influenced by pepsin nor by R. oligosporous protease but slightly decreased by trypsin and peptidase. 
However, it is readily inactivated by protease (Mitaland Garg, 1990; Wang et al., 1969, 1972). Tempe 
contains 25-65% moisture, and per 100 g dry matter: 45-55 g protein, 15-25 g fat, 15-25 g carbohydrate, 

3-7 g fibre, 5-10 gash, 1.8-1.9 MJ energy, 400 mg Ca, 400 mg P, 25 mg Fe, 0.4 mg thiamine, 0.7 mg 

nboflavin, 6.0 mg niadn, 0.3 mg pantothenic add, trace of vitamin B12and 50 ~g vitamin A (Campbell

Platt, 1987). In vivo tests on protein effidency ratio (PER) and the digestibility of tempe confirmed that 

rats do not utilize protein from tempe any better than from cooked substrate (Wang, 1986; Zamora and 

Veum, 1988; Agosin et al., 1989). However, Girija Bai et al. (1975) and Winarno and Reddy (1986) 
reported that mixed soybean-groundnut tempe gave a better net protein utilization (NPU) and PER 
than soybean protein 
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2.1.16. Thua-nao 

Thua-nao, common in northern Thai1and, is sold as paste or as dried disk, dark brown in colour with 
a quite different aroma from natto. The dried paste is used as a flavouring agent in vegetable dishes 

(Leejeerajumnean, 2000; Sundhaguletal., 1972). 

Traditionally, soybeans are washed and boiled in an aluminum bowl over wood-fire for 7 h 

or more to soften the seeds. The excess water is drained off and the seeds are spread in bamboo baskets 
lined with fresh fronds of Thelypteris subelata (Bak.) K Iwats .. The fern fronds are made into a cylinder

shaped bar and put in the centre of the bamboo basket which is then covered with banana leaves or 
with a layer of polypropylene mesh and covered with a thick polyethylene bag to provide warmth and 
a humid atmosphere, and kept at room temperature for 3-4 days to undergo natural fermentation 
(Leejeerajumnean, 2000; Sundhagul et al., 1972). 

The fermented product appears greenish brown in colour with a slightly viscous covering 
and pungent odour of ammonia. Mter fermentation, the raw thua-nao is ground into paste and added 

with salt, garlic, onion and red pepper. The paste is wrapped in small portions with banana leaves 
and cooked either by steaming or over an open fire before eating (Sundhagul et al., 1972). 

The cookedthua-nao paste, for its high moisture content, is kept for about two days at room 
temperature. Sometimes, the paste is moulded manually into circular-shaped balls of approx. 3 em in 

diameter, and pressed between a plastic and a glass sheet to produce circular, thin and flat disks of 
about 10 em in diameter and 2 mm in thickness. The disks are then sun-dried for a day. The dry 

product can be kept for up to 6 months (Leejeerajumnean, 2000). 

The fermenting organism for thua-nao has been identified as Bacillus subtilis and Bacillus 
megaterium; the former being predominant species present from the beginning to the final product 
(Leejeerajumnean et al., 1997a; Sundhagul et al., 1972). The initial bacterial load of1<Y'cells g-1 cooked 

beans increased to 1010 cells g-1 thua-nao. The increase was rapid during the first two days, but remained 
relatively unchanged afterwards. Lactic add bacteria was found after 24 h of fermentation and reached 

1()6 cfu g-1 at the end. Mould was detected after 48 h of fermentation. No enterococci or yeasts were 
detected during the course of fermentation. 

During fermentation, the pH increased from 6.3 to 8.6 in the second day and remained relatively 
unchanged afterwards (Sundhagul et al., 1972). Production of volatile compounds in thua-nao during 

fermentation has been studied by Chairote and Kobayashi (1987). Esters, pyrazines, carbonyl 
compounds, and various other compounds contributed to the aroma of thua-nao (Leejeerajumnean et 
al., 1997b). 

The moisture level of thua-nao at 62% remained relatively constant. The protein contents of 

thua-nao paste and chips were 16.9 and 36.8%, and the fat contents were 7.4 and 14.8% for paste and 
chips, respectively. A low cost, protein rich food, called 'ferro-soy-mix' in powder form, ready-to-eat 

with long shelf -life under normal conditions has been developed by blending thua-nao powder with 
flavouring agents and a small proportion of high-grade fish meat (Sundhagul et al., 1972). 

2.1.17. Ugba 

U gba is the native (Ibo) name of a fermented product made from African oil bean (Pentaclethra macrophylla 
Benth.) seed. It is produced and eaten particularly among certain ethnic groups in the southeastern 

States of Nigeria as a food supplement, generally mixed with other foods like tapioca, boiled yam, 
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boiled maize, fish meat, with palm oil, pepper and other additives, like salt and' akanwu' (potash). As 

a condiment, it is taken as delicacy or added to soup and sauces as flavour enhancer and consumed 
as a meat analogue especially by the poor. As salad, ugba serves as an indispensable dessert or 

appetizer in most traditional ceremonies of Ibo. Besides its informal consumption, ugba is an essential 

food item for various traditional ceremonies, consumed by all socio-economic groups (Isu and Njoku, 

1997; Mabajunwa et al., 1998; Sanni et al., 2002). 

Production of ugba like other fermented foods in sub-Saharan Africa, particular in rural areas, 

is still an age-old family art. Traditionally, African oil bean seeds are boiled in water for 4-5 h to soften 

the hard brown shell The shells are broken to remove the kernels which are soaked overnight in water 

over a low flame and smouldering wood. The seeds are allowed to cool, washed several times and 

soaked in water again for 6 h. They are then cut into long narrow slices of approx. 5 em long. The sliced 

beans are either packed into baskets lined with blanched banana leaves or wrapped in small packets 

(approx. 50 g portions) using blanched leaves of Mallotus oppositifolius Mull.Arq. or banana leaves, 

transferred into an earthen ware pot and covered with a jute bag. The processed beans are allowed to 

ferment at room temperature (- 30°C) for 3-5 days (Odunfa and Oyeyiola, 1985; Isu and Abu, 2000; 

Sanni et al., 2000, 2002). 

Alternatively, toasting the oil bean seeds in hot (100°C) sand for 30 min helps in effident 

dehulling. The toasted seeds are sliced to 1 mm, and further boiling for 30 min followed by 2 h soaking 

aids in removal of bitter tastes. This process is shorter and labour- and fuel-efficient, and achieves the 

same quality of ugba after fermentation as the much more cumbersome, fuel-wasting and time

consuming traditional technique, and saving up to 2 days (Sokari and Wachukwu, 1997). Optimizing 

the process parameters, such as relative humidity, temperature and thickness of the packing material 

to 80%, 35°C and 70 f.1In high density polyethylene (HDPE), respectively, lsu and Njoku (1998) showed 

that the combined application of these optimal conditions resulted in better ugba when compared 

with the traditionally fermented products in terms of pH, texture, amino-nitrogen and viable count. 

Bacillus spp. dominated the microbial population during ugba production, constituting over 

95% of the total microbial density during the first 3 days of fermentation. Although several 

microorganisms (Staphylococcus spp., Micrococcus spp. and Lactobacillus spp.) were isolated form ugba, 

only the Bacillus spp. were believed to be important in the biochemical transformations necessary for 

ugba production. Bacillus spp. that fermented African oil bean seeds to ugba were identified as Bacillus 
coagulans, Bacillus macerans, Bacillus megaterium, Bacillus pumilus and Bacillus subtilis. However, market 

samples of ugba revealed the occurrence of Bacillus licheniformis and Bacillus brevis, along with 

B.subitis, B. pumilus, B. megaterium and Bacillus polymyxa (Sanni et al., 2000). Mbajunwa et al. (1998) 

reported the occurrence of B. sutilis, along with B. cereus, Pseudomonas chlororaphis, Micrococcus roseus 
and Staphylococcus saprophyticus in ugba. However, no yeast and mould was recovered from ugba 

throughout the fermentation (lsu and Njoku, 1997; Mbajunwa et al., 1998). 

B. subtilis has been selected as the single starter culture for the fermentation of the African oil 

bean into ugba. P. chlororaphis, nevertheless, has a high potential to ferment African oil bean since the 

ugba produced with it had good texture and preferred aroma but the green colour it imparts into the 

ugba mash makes its presence in ugba very objectionable (Mbajunwa et al., 1998). The use of other 

bacterial isolates, such as Staphylococcus spp. and Micrococcus spp, however, resulted in products with 

undesirable sensory qualities (lsu and Njoku, 1997). The ugba produced by using B. subtilis had the 

best preferred texture, aroma and colour with an overwhelming overall acceptability. Dominance and 

persistence of B. subtilis from the onset to the end of fermentation indicates B. subtilis as the main 

organism responsible for the production of ugba (Mbajunwa et al., 1998). 
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Using starter cultures of B. subtilis cells and spores in association with cowpea granules, lsu 

and Abu (2000) studied on the improvement of indigenous method of ugba production. The starter 
cultures resulted in inaeasein proteaseadivity (from 2.8mg N min-1 to 51.6 mg N min-1

) in 48 h, while 

changes in the protease activity due to natural fermentation were gradual and increased from 3.0 mg 
N min-1 to 38 mg N min-1, after 5 days of fermentation. Consequently, the corresponding increase in 

amino-nitrogen content of ugba produced by the starter cultures after 48 h was significantly higher 
(18.5 mg N (100 g)-1 dry matter) than the maximum amino nitrogen content (12.5 mg N (100 g)-1 dry 

matter) of ugba obtained by the natural process. U gba produced by the starter cultures were well 
accepted and compared favourably with the natural product 

U gba has been reported to be nutritious, with crude protein content that includes 20 essential 
amino adds (Achinewhu, 1983). Mba et al. (197 4) showed that although ugba is low in its content of 

sulphur-containing amino acids, it is rich in lysine. Fermentation brings about nutritionally better 
product than the raw seeds (Achinewhu, 1986; Enujiugha, 2000; Enujiugha and Olagundoye, 2001), 

and the enzyme systems, especially amylases and protease, aid in breaking down the seed 
macromolecules (Enujiugha et al., 2002). The main biochemical process that takes place during ugba 

production is hydrolysis of seed protein resulting in about seven-fold increase in amino-nitrogen 
content and an increase in pH from 5.9 to 8.2 (Achinewhu, 1983; Isu, 1995; Njoku and Okemadu, 

1989). In addition, ugba has been shown to contain significant amounts of thiamine, nbovlavin and 
other important vitamins and minerals (Achinewhu and Ryley, 1986). 

Free fatty acids, such as linoleic (67.6%), oleic (22.6%), palmitic (7.0%) and stearic (2.0%), 
along with traces of lauric, myristic and capric acids were identified in 72h-fermented ugba. However, 

previous studies on raw African oil bean seeds have shown that linoleic acid is the major fatty acid 
followed by oleic acid (Enujiugha, 2003). Ugba contains 40-45% moisture, and per 100 g dry matter: 

14.8-19.8 g carbohydrate, 18.0-35.4 g crude protein, 38-44 g crude fat, 6.0 gash, 5.6 g crude fibre and 
0.1-1.2 g titratable acids (as lactic acid),. The total amino nitrogen content of ugba was found to be 13.7 

mg N g-1
, which is about 7 times more than that of unfermented seeds (Enujiugha, 2003; Isu and Njoku, 

1997; Sanni et al., 2000). 

2.1.18. Wadi 

Wadis (warries) or Punjabi warries are dried, hollow, brittle, spicy friable balls or cones (3-8 em in 

diameter and 15-40 gin weight) and used as spicy condiment or adjunct for cooking vegetables, grain 

legumes or rice. Traditionally consumed in the States of Punjab and West Bengal, wadis are now 

popular in many places in In~ Pakistan and Bangladesh (Aidoo et al., 2006; Batra, 1986; Nout et al., 
2007; Soni and Sandhu 1989b, 1990b, 1999). 

Traditionally, wadis are prepared by soaking dal, generally ofblackgram, in water for 6-12 h, 
draining, grinding into a smooth soft dough and fermenting for 1-3 days at 20-27'C, with or without 

spices, but with salt and backslop added. Spices, when added, include asafoetida (Ferula asafetida 

H.Karst.), caraway (Carum carvi L.), cardamom (EleHaria cardomomum Maton), clove (Syzygium 

aromaticum (L.) Merr. & L.M.Perry), fenugreek (Trigonella foenum-graecum L.), ginger (Zingiber offidnale 
Roscoe) and red pepper (Capsicum frutescens L. ). In an alternative method, the dough is combined with 

shredded wax gourd, ash gourd or winter melon and whisked vigorously until it becomes light and 

fluffy due to incorporation of air. The fermented or whisked dough is hand-moulded into cones or 

balls (3-8 em in diameter), deposited on bamboo or palm mats smeared with oil and sun-dried for 4-8 
days. Dried wadi can be stored in an airtight container for future use. The surface of the cones or balls 
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becomes covered with a mucilaginous coating which retains the gas formed during fermentation 

within them. Wadis look hollow with many air pockets and yeast spherules in the interior and have 
a characteristic surface crust (Aidoo et al., 2006; Batra, 1981; Batra and Millner, 197 4, 1976; Nout et al., 
2007; Soni and Sandhu, 1999). 

Several bacteria and yeasts constituting the natural flora of blackgram, spices and 
surroundings are associated with wadi production. The development and prevalence of microbiota 

are affected by the seasons; summer being more favourable for bacteria, and winter for yeasts (Soni 
and Sandhu, 1999). Soni and Sandhu (1989b) observed the occurrence of 109-1012 cfu bacteria g-1 

sample; however, only 55% of the samples contained yeasts (0-107 cfu g-1
). 

Two types of yeasts, including Candida krusei and Saccharomyces cerevisiae were isolated from 
wadis (Batra and Millner, 1974, 1976). Later on, although a wide variety of yeasts and lactic add 
bacteria were found to be associated with wadi, only the combination of Hansenula sp. and Leuconostoc 
mesenteroides was found responsible for their production (Batra, 1981, 1986). L. mesenteroides was most 
abundant and present in all the market samples, followed by Enterococcus faecalis, Lactobacillus Jennentum 
and Bacillus subtilis, whereas S. cerevisiae and Pichia membranifaciens were the most abundant yeasts, 
found in all the positive samples, followed by Candida vartiovaarae, Kluyveromyces marxianus, 
Trichosporon beigelii, C. kursei and Pichia anomala (Soni and Sandhu, 1989b ). Bacteria and yeasts generally 
occur in the nonfermented paste of wadi in the range of 1()6 and 1()3 cfu g-1, which increases to the levels 

of 107 and 1()6 cfu g-1
, respectively, as fermentation progresses (Batra, 1981 ). 

Laboratory-made samples were found to contain a higher bacterial load (1010-1012 cfu g-1
) than 

yeast load (0-1()6 cfu g-1). The microbial load of 13 cfu g-1 nonfermented dough increased to 1012 cfu g-1 

at the end of fermentation. Among the bacteria, L. mesenteroides, Ladobadllus delbrueckii, L. fermentum, B. 

subtilis and Flavobacter spp., and among the yeasts, T. beigelii, S. cerevisiae, C. krusei, P. membranifadens 
and P. anomala dominated the initial stages of fermentation. With the progress in fermentation, most of 

the microorganisms, except L. mesenteroides, L. frrmentum, S. cerevisiae and T. beigelii disappeared (Soni 
and Sandhu, 1989b ). 

Lactic add bacteria are mainly responsible for acidification of dough, a condition which 
favours the growth of yeasts and leavening. Production of add and gas during wadi production 

results ina decrease in pH from5.6 to 3.2, an increase in total add (as lactic add) from 0.5% to 1.5% 
and a two-fold increase in dough volume. Fermentation brings about a significant increase in soluble 

solids, nonprotein nitrogen, soluble nitrogen, free amino adds and water soluble B-vitamins including 

thiamine, riboflavin and cyanocobalamin in finished product. Enzymatic activity of amylase and 

proteinase also increased to some extent during wadi production. Most of these changes cause 
improvement in digestibility and nutritional value. Increase in total acidity during fermentation helps 

in extending shelf -life of the product (Nout et al., 2007; Soni and Sandhu 1990b, 1999). 

2.2. Influence of fermentation on antioxidative properties 

Antioxidants in foods have recently attracted spedal interest because these can protect the human 
body from free radicms which cause oxidation ofbiomolecules leading to cell death and tissue damage 

resulting in various common maladies, such as atherosclerosis, cancer, emphysema, cirrhosis and 

arthritis Oacob, 1994; Kehrer, 1993). Food-derived antioxidants not only have corresponding beneficial 

effect on human health (Lin and Yen, 1999), but can also retard rancidity and oxidative deterioration 

of foods caused by atmospheric oxidation and thus protect oils, fats and fat-soluble components and 
other nutritive ingredients present in foods. 
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Besides plants, microbial sources have been shown to be a potential means of producing natural 

antioxidants (Ishikawa, 1992). However, its isolation did not become a focus of research until the 

early 1980s, although Forbes et al. (1958) and Meisinger et al. (1959) established a relationship between 

antioxidants and microorganisms. Since this early work, a vast number of compounds and 

microorganisms have been characterized. The antioxidative activity of soybean fermented products 

such as miso, tempe and natto, inoculated with Aspergillus oryzae, Rhizopus oligosporus and Bacillus 
subtilis, respectively, was significantly higher than that of nonfermented steamed soybean (Berghofer 

et al., 1998; Santiago et al., 1992). Dried tempe powder has sometimes been used as an antioxidant by 

covering freshly caught fish with it. Gyorgy et al. (1964) reported tempe to be very stable to rancidity 

development and identified 6,7,4' -trihydroxyisoflavone as an antioxidant from tempe. Moreover, several 

oriental fermented foods, including furu or sufu (Ren et al., 2006), douchi (Wang et al., 2007); soybean 

koji fermented with various filamentous fungi (Lin et al., 2006); rice koji fermented with Aspergillus 
candidus (Yen et al., 2003), monoscal adlay (Monascus-fermented Chinese pearl barley), showed the 

enhancement of antioxidative activities during fermentation(fseng et al., 2006) . 

The antioxidant activity has been attributed to various mechanisms, among which are total 

phenolic content, prevention of chain initiatio~ binding of transition metal ion catalysts, decomposition 

of peroxides, prevention of continued hydrogen abstractio~ reductive capadty and radical-scavenging 

(Yildirimetal., 2001). 

2.2.1. Total phenol content 

Phenolic compounds are secondary metabolites, and in part, are produced as a result of the plants' 

interaction with the environment (Synder and Nicholson, 1990). They possess metal-chelating 

capabilities and radical-scavenging properties (McCue and Shetty, 2003). 

After fermentation, the concentrations of phenolic compounds were reported to increase in 

soybean (McCue and Shetty, 2003), fava beans (Vattem and Shetty, 2002) and cranberry (Vaccinium 
sp.) pomace (Randhir et al., 2004). The total phenolic contents of methanolic extract of various soybean 

koji, depending on the starter organisms, ranged between 23.7 and 45.7 mg gallic acid equivalent 

(GAE) g-1 extract, and were higher than that of the nonfermented soybean extract (Lin et al., 2006) . 

Similarly, Tseng et al. (.2006) reported that the total phenol contents of methanolic extracts of monascal 

a daly products were higher than those of uninoculated adlay products. The antioxidant activity of 

the methanolic extract from peanut hulls correlated with its contents of total phenols (Yen et al., 1993). 

Therefore, increase in total phenolic contents after fermentation might explain enhanced antioxidant 

properties in various soybean koji extracts (Lin et al., 2006) and adlay products (fseng et al., 2006). 

2.2.2. Free tadical-scavenging activity 

Free radical scavenging is the main mechanism by which antioxidants act in foods. Several methods 

have been developed in which the antioxidant activity is assessed by the scavenging of synthetic 

radicals in polar organic solvents, e.g. methanol at room temperature. Those used include DPPH· 

which is a stable nitrogen-centered, lipophilic free radical that is widely used in evaluating the 

antioxidant activities in a relatively short time as compared to other methods. 

Aspergillus-soy koji exhibited a nine-fold higher scavenging effect compared to cooked 

nonfermented soybeans; the scavenging activity of the methanolic extract of soy koji, at 20 mg mll, 

varied from 55 to 100% depending on the starter organism (Lin et al., 2006). While extracts of furu 
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exhibited 20-50% of free radical-scavenging activity (Renet al., 2006), a higher scavenging activity (25-

79%)was observed at200-800 ,...gmP in rice koji (Yenetal., 2003). Inmonascal adlay products, at 1-10 

mg mP, the scavenging abilities of methaonohc extracts ranged from 81 to 94% (Tseng et al., 2006). 

Similarly, various monascal rice products at 1-10 mg mPscavenged 93-98% of DPPH" (Tseng et al., 
2003). According to Wang et al. (2007), the scavenging activity of the douchi extract, expressed as 

trolox equivalent antioxidative capadty (TEA C) on DPPH ·and 2,2' -azino-bis(3-ethylbenzthiazobne-

6-sulphonic add) significantly increased from 0.6 to 7.2 and from 19.6 to 45.1, respectively, during 

fermentation. However, the TEAC of the douchi extracts were influenced significantly by the salt 

contents and showed negatively correlated with this parameter (Wang et al., 2007). 

2.2.3. Reducing power 

The reducing capadty of a compound may serve as a significant indicator of its potential antioxidant 

activity (Mier et al., 1995). The reducing capability of the substance is generally associated with the 

presence of reductones which have been shown to exert antioxidant activity by breaking the free 

radical chain by donating a hydrogen atom, and indicates that these compounds can reduce the 

oxidized intermediates of lipid peroxidation processes, and act as primary and secondary antioxidants 

(Duh, 1998; Yen and Chen, 1995). 

The reducing power of the methanolic extracts of soybean koji increased to a certain extent, and 

then leveled off despite further increases in concentration (Un et al., 2006). There are reports on similar 

findings of the enhanced reducing power of fermented beans and bean products (Berghofer et al., 1998; 

Chung et al., 2002; Wang et al., 2004, 2007; Yang et al., 2000). Monascal adlay products too displayed 

higher reducing power than uninoculated adlay products (Tseng et al., 2006). According to Yang et al. 
(2000) the intracellular antioxidants, peptides of the starter organism and their hydrogen-donating 

ability may also contribute to the increased reducing ability. The increased reducing power observed 

may be due the formation of reductants that could react with free radicals to stabilize and terminate 

radical chain reactions during fermentation (Yang et al., 2000). The reducing power of the 50% ethanolic 

extracts of douche, a traditional salt -fermented soybean product of China, were increased significantly 

during the first two weeks of postfermentation stage, and the level of salt content did affect the reducing 

power of the extracts which decreased with the increase in salt content. However, the effects of salt 

contents on the reducing powers were not significant after three weeks (Wang et al., 2007). 

2.2.4. Metal-chelating activity 

Transient-valency metal ions, Fe2+ in particular, are the most important pro-oxidants found in food 

system, which affect both the speed of auto-oxidation and the direction ofhydroperoxide decomposition 

that leads to the deterioration of food (Gordon, 1990; Pokorny, 1987; Yamaguchi et al., 1998). They 

cannot be completely removed by normal food processing. Minute traces of copper and iron, and to a 

lesser degree manganese and cobalt, therefore, are important promoters of lipid oxidation. 

Many metal-chelating substances, such as salts of phytic add, phospholipids and oxalates 

present in foods may have a dramatic effect on increasing the oxidation stability through blocking the 

pro-oxidant metal ions, and thus limiting the formation of chain initiators by preparing metal-assisted 

homolysis of hydroperoxides (Ang and Hamm, 1986). Amino adds and peptides are considered as 

typical metal-chelating agents (Fujimoto et al., 1984). The antioxidant activity of histidine-containing 

peptides is thought to be related to their metal-chelating ability as well as to lipid-radical trapping 
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potential of the imidazole ring (Murase et al., 1993; Uchida and Kawakishi, 1992). The metal-chelating 

characteristic of natural phenolics is also an important factor in their antioxidant activities (Chen and 

Ahn, 1998; Nardiniet al., 1995). 

The chelating ability increased with the increase in concentration of metal. At 1 mg mt1
, chelating 

abilities of methanolic extracts from Monascus-fermented polished adlay and dehulled adlay on Fe2+ 

were 45% and 27%, respectively. The chelating ability increased to 96 and 98%, respectively, at 20 mg 

mi-1 (Tseng et al., 2006). Similarly, in their earlier findings, Tseng et al. (2003) reported that the chelating 

abilities of methanolic extracts of Monascus-fermented polished rice and dehulled rice on Fe2
+ at 1 mg 

mP methanolic extract were 34% and 32%, respectively, which increased to 69-92% when the 

concentration of the extract was increased to 10 mg ml 1. Though monascal adlay products showed 

higher chelation of Fe2
+ than the uninocualted adlay products, the chealting abilities of various 

Monascus-fermented rice products were better than those of Monascus-fermented adlay products. 

While investigating the chelating ability of methanolic extracts of soybean koji towards ferrous 

ions, Lin et al. (2006) found that at all the tested concentrations soybean koji exhibited a higher Fe2+

chelating effect than the extract ofnonfermented steamed soybean. The Fe2+ -chelating ability of soybean 

increased by 2 to 7 -fold after fermentation. However, at the same dosage, methanol extract of soybean 

kojis exhibited 84% or more chelating activity, regardless of the nature of functional moulds (Lin et al., 
2006). This further demonstrated the influence of fermentation on the enhancement of Fe2

+ -chelating 

ability of soybean. 

2.2.5. Lipid peroxidation inhibit01y activity 

Membrane lipids are rich in unsaturated fatty acids that are most susceptible to oxidative processes. 

Specially, linoleic and arachidonic acids are the targets of lipid peroxidation which leads to rapid 

development of rancid and stale flavour and ic; considered as a primary mechanism of quality 

deterioration in lipid foods and oils (Guntensperger et al., 1998; Yu, 2001). Superoxide indirectly 

initiates lipid peroxidation because superoxide anion acts as a precursor of singlet oxygen and 

hydroxyl radical (Gao et al., 2000). Hydroxyl radicals eliminate hydrogen atoms from the membrane 

lipids which result in lipid peroxidation (Ordonez et al., 2006). Hence, inhibition of lipid peroxidation 

by antioxidants may be due to their free radical-scavenging activities. 

Synthetic antioxidants, such as butylated hydroxyanisole (BHA) and butylated hydroxytoulene 

(BHT), are added in food during processing to suppress lipid peroxidation. Because of the possible 

toxicities of the synthetic antioxidants, increasing attention has been directed toward natural 

antioxidants (Naimiki, 1990). Recently, various extracts of plants have provoked interest as sources of 

natural antioxidant. Moreover, they offer an effective way to prevent the development of various off

flavour and undesirable compounds that result from lipid peroxidation in foods (Wang et al., 1998). 
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3 
Materials and Methods 

3.1. Materials 

3.1.1. Culture media 

Arginine hydrolysis test medium (Thornley, 1960) 
Peptone 1.0 g 

Arginine 10.0 g 

NaG 5.0g 

~HP(\_ 3Hp 0.3 g 
Phenol red 0.01 g 

Agar 4.0g 

Distilled water 1000 ml 

pH7.2-7.4 
I 

I 

I 

I 

I 

I 
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Basal medium for acid and gas production fotm carbohydrates (Gordon et al., 1973) 

(NHJ2HP04 1.0 g 

KO 0.2g 

MgS04.~0 0.2g 
Yeast extract 0.2 g 

Bromocresol purple 0.4 g 
Distilled water 1000 ml 

pH7.0 

Davis and Mingioli' s broth (Davis and Mingioli, 1950) 

~4 7.0g 
KHzP04 3.0g 
Sodium dtrate.3Hz0 0.5 g 

MgS04.~0 0.1 g 

(NH4)pC\ 1.0g 

Glucose (sterilized separately) 10.0 g 
Distilled water 1000 ml 

pH7.0 

Esculin hydrolysis test medium 
Esculin 1.0 g 

Ferric chloride 0.5 g 
Peptone 5.0 g 

Yeast extract 1.0 g 

Agar 20.0g 

Distilled water 1000 m1 

Gelatin agar (Sneath and Collins, 1974) 

Beef extract 3.0 g 

Peptone 5.0 g 

Agar 20.0g 

Gelatin 10.0 g 
Distilled water 

pH7.2 

1000ml 

Glucose-yeast extract-peptone (GYP)-CaCO 
3 
agar (Okada et al., 1986) 

Glucose 10.0 g 

Yeast extract 5.0 g 
Peptone 5.0 g 
Tween 80 0.5 g 
Salt solution 5.0ml 

CaC03 (sterilized separately in 5.0 g 
an oven at 180 oc for 6 h) 

Agar 

Distilled water 

pH6.8 

15.0g 
1000m1 



Salt solution 

MgS04.~0 
MnS04.4Hp 
FeSC\.~0 

NaO 

Distilled water 

4.0g 

0.2g 

0.2g 

0.2g 
100ml 

Glucose-yeast extract-peptone water(Kreger-van Rij, 1984) 

Glucose 20.0 g 
Peptone 10.0 g 
Yeast extract 5.0 g 

Distilled water 1000 ml 

pH unadjusted 

Agar (2% w v 1) was added to prepare glucose-yeast extract -peptone agar. 

Gorodkowa agar (Kreger-van Rit 1984) 

Glucose 1.0 g 

Peptone 10.0 g 

NaO S.Og 

Agar 20.0g 

Tap water 1000 ml 

pH unadjusted 

Lactobacillus MRS agar 

(HiMedia M641) 

Lactobacillus MRS broth 
(HiMedia M369) 

Malt extract 

(HiMedia RM004) 

Malt extract agar (Kreger-van Rij, 1984) 

Malt extract powder 100.0 g 

Agar 20.0g 

Demineralized water 1000 ml 

pH5.4 

Nitrate broth 
(HiMedia M439} 

Nubient agar 
(HiMedia M561) 

Nutrient broth 

(HiMedia M002) 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 



Plate count agar 

(HiMedia M019) 

Potato dextrose agar 

(HiMedia M096) 

Sugar basal broth (for lactic add bacteria) (Garvie, 1984) 

Peptone 10.0 g 

Yeast extract 2.5 g 

Tween80 0.1g 

Bromocresol purple 1.0 ml 

(1.6% w v 1 in ethanol) 

Distilled water 

pH6.8 

Tributyrin agar 
(HiMedia M157, FD081) 

1000ml 

Tryptone-glucose-yeast extr.lct broth 

(HiMedia M592) 

Urea agar 
(HiMedia M112, FD048) 

Yeast carbon base 

(HiMedia M141) 

Yeast extract-malt extract agar 

(HiMedia M424) 

Yeast nitrogen base 

(HiMedia M139) 
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All media mentioned above were sterilized by autoclaving for 15 11lin, unless mentioned 

otherwise. 

3.1.2. Reagents 

Actylamide solution 

Acrylamide (SRL 014022) 

N,N,-methylene bisacrylamide (SRL 134985) 

Deionized water 

Burke's iodine solution (Bartholomew, 1962) 

Iodine 1.0 g 

Potassium iodide 2.0 g 

Distilled water 100 ml 

300.0g 

8.0g 

1000ml 



Coomassie brilliant blue solution 
Coomassie brilliant blue R250 (SRL 024018) 0.4 g 

Methanol (SRL 132977) 90 ml 

Glacial acetic add (Merck 60006325001046) 20 ml 

Deionized water 90 ml 

Crystal violet stain (Bartholomew, 1962) 

Crystal violet 2.0 g 

95% (v v 1) ethanol 20.0 ml 

Ammonium oxalate 
(1.0% w v 1 aqueous solution) 

Destaining solution 

Methanol 

Glacial acetic add 

Deionized water 

80.0ml 

40ml 

10ml 

50ml 

Ehdich-Btihme ~agent (Iswaran, 1980) 

p-Dimethylaminobenzaldehyde 1.0g 

95.0ml 

20.0ml 
95% (v v 1) ethanol 

Conc.HO 

Folin-Oocalteu ~agent 

(SRL 62015) 

Peptone physiological saline (Nout et al., 1998) 

Peptone 1.0 g 

NaO 8.5g 

Distilled water 1 (X)O ml 

pH7.0 

Phenolphthalein 

Phenolphthalein 

Ethanol (95% v v 1
) 

0.1 g 

1(X)ml 

Reagent for nittate reduction test (Norris et al., 1981) 

Solution A: Sulphanilic add 0.8 g 

5 N Acetic add 1(X) ml 

(Glacial acetic add: water, 1:2.5} 

Solution B: a.-Napthylamine 0.5 g 

5 N Acetic acid 100 ml 

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

Resolving gel buffer 

Tris (hydroxymethyl) aminomethane (Tris-HO; SRL 204991) 3.0 M 

pH8.9 
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Safraninstain(Norriset. al., 1981) 

2.5% (wv1)safraninin95% (vv1)ethanol 10.0ml 

Distilled water 100 ml 

Sample buffer 2X 
Sodium lauryl/ dodecyl sulphate (SDS; SRL 1948101, 10% w v 1

) 

Stacking gel buffer 

Glycerol (SRL072483) 

Bromophenol blue (SRL 0240168) 

J3-mercaptoethanol (SRL 1327198) 

Stacking gel buffer 

Tris-HO 0.5 M 

pH6.8 

Tank buffer 

Tris-HO 

Glycine (Merck India 4201) 

SDS 
pH8.3 

3.2. Experimental 

3.2.1. Survey 

0.025M 

0.129M 

10% (w v 1) 
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4.0ml 

2.5ml 

1.5ml 

10.0mg 

2.0ml 

A moderate survey was conducted in different places of India including the States of Assam, Bihar, 
Karnataka, Meghalaya, Orissa, Sikkim, Tamil Nadu and West Bengal on the detailed information 

about the different types, traditional methods of preparation, modes of consumption, ethnic value (if 

any) and distribution of various legume-based indigenous fermented foods used by the local people. 

A format of survey sheet (Table 2) was prepared exclusively for this survey. 

3.2.2. Sampling 

Approx. 250 g of fermented batter, dough and freshly prepared products were collected aseptically in 

sterile Nasco sample bags (HiMedia PW389) or screw-capped glass bottles from different food outlets. 

The raw ingredients, used for the preparation of some selected legume-based fermented foods, were 

procured from local markets. Those were kept in an ice-box, transported immediately to the laboratory 

and analysed as early as possible. 

3.2.3. Analysis of proximate composition 

3.2.3.1. Moisture content 

Approx.10 g sample was accurately weighed using a Sartorius (Gottingen, Germany) model CP224S 

balance into a cooled and weighed Petri dish, previously heated to 105± 10C. The sample was uncovered 

and allowed to dry for 48-72 hat 105± 1°C in a hot air oven. The dish was covered while still in oven, 

transferred to a desiccator and weighed soon after reaching room temperature. The process of drying, 



Table 2 Format of survey on consumption of legume-based traditional fermented foods 

State: District: Tehsil /Town: 

Name of informant: Status of informant: 

Sl Name Nature Mode of Taste Reason for Daily/ Shelf 
No. of of consumption consuming weekly/ life 

product product monthly/ 
occasional 

Village: 

Age: 

Household If suitable for 
preparation ailing/ pre- or post-
/market natal 
purchase women/ children 

Approx. population: 

Date of survey: 

Market Source of the 
price preparation 

procedure 

Ethnic value, 
if any 

s:: 
)> 
-l 
rn 
:::0 
t-: 

::5: 
11"~ 

~ ...... 
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cooling and weighing were repeated until two successive weighings reached a constant value. Moisture 

content was calculated by subtracting the final weight from the initial weight (AOAC, 1990; Roy et al., 
2007). 

3.2.3.2. Ash 

A well-mixed sample (ca 2 g) was accurately weighed into a previously dried and weighed porcelain 

crudble and placed in a muffle furnace, preheated at 6()(1>C. The sample was held at that temperature 

for 2 h. The crucible was transferred directly to a desiccator, allowed to cool to room temperature and 

weighed immediately (AOAC, 1990). The process of heating for 30 min, cooling and weighing was 

repeated until the difference between two successive weighings was <1 mg. The lowest mass was 

recorded (IS: 5162, 1980). 

3.2.3.3.pH 

Approx. 10 g sample was mixed with 20-30 ml of C02 -free distilled water in a warring blender (Bajaj, 

India) for 1 min. The temperature of the slurry prepared was equilibrated to 2,50C, and the pH was 

noted (AOAC, 1990) using a pH meter (model335, Systronics, Naroda, India) calibrated with the 

standard buffer solutions (HiMedia BC004, BC007) (Roy et al., 2007). 

3.2.3.4. Titratable acidity 

A well-mixed sample (10 g) was blended with 90 ml C02 -free distilled water for 1 min. The mixture 

was filtered, and 25 ml of the filtrate was titrated with 0.1 N aqueous solution of NaOH to an end point 

of phenolphthalein (AOAC, 1990). 

o/ "tratabl ·di ( 1 . .d) 100xmlofNaOHxNofNa0Hx0.09 
/ot1 e ac1 ty as acne ac1 = ------------

Weight of sample (g) 

3.2.3.5. Free fatty acidity 

An accurately weighed (ca 5 g) sample was dissolved in 25 ml of 95% (v v 1) ethanol neutralized 

previously by 0.1 N aqueous solution of NaOH, using phenolphthalein. After mixing, the solution 

was heated to boiling on water-bath. The mixture was titrated with 0.1 N aqueous solution of NaOH 

until a faint pink colour persisted (Sarkar and Tamang, 1995; Shieh et al., 1982). 

% fatty acid content = 100 x ml of NaOH x N of NaOH x 0.192 
Weight of sample (g) 

3.2.3.6. Total nitrogen 

The method (microKjeldahl method) as described in AOAC (1990) was followed. Approx. 1.0 g 

accurately weighed sample, taken in a digestion flask, was added with 0.7 g of HgO, 15 g powdered 

Kz504 and 25 ml cone. ~504• The flask was heated gently until frothing ceased, boiled briskly until 

the solution became cleared and then continued the boiling for about 1 h. The solution was transferred 

quantitatively to a round bottom flask, and mixed with 100 ml distilled water and 25 ml40 g Na
2
S 1-1 

to predpitate mercury. A pinch of zinc granules to prevent bumping and a layer of 40% (w v 1)aqueous 
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solution of NaOH were added carefully. The flask was immediately connected to a distillation 

apparatus and the tip of the condenser was immersed in standard (0.1-0.5 N) ~SO 4 containing about 

5 drops of methyl red indicator (0.5% w v 1 methyl red in ethanol). The flask was rotated to mix the 

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

the tip of the condenser was washed with distilled water. The remaining acid in the receiver was 

titrated with standard (0.1-0.5 N) NaOH solution. The blank determination on reagent was considered 

for correction. 

.[ .. (mlc:...__o_f_H""""""'2!-S_0..!!.4 _x_N_o_f_H~2'-S0_.;!.:4 )~-...o.(ml_o_f_N_a_O_H_x_N_of_N_aO_H)-"-"-1 _x_l._400_7 
%mtrogen =-

Weight of sample (g) 

3.2.3.7. Protein and nonprotein nitrogen 

A sample (0.5 g) was mixed with 30 m1 of 100 g cold trichloroacetic add (SRL 204842) 1-1 and allowed 

to stand at 5°C for 20 h. The solution was centrifuged at 8500 g for 10 min. Nitrogen contents in the 

supernatant fraction (nonprotein nitrogen) and the precipitate (protein nitrogen) (Nirenberg and 

Matthaei, 1961) were measured by the microKjeldahl method as described in section 3.2.3.6. 

:U.3.8. Soluble nitrogen 

A well-mixed sample (ca 2 g) was shaken with 100 m1 distilled water for 45 min on a rotary shaker (120 

rpm) and centrifuged at 8000 g for 10 min. The supernatant was filtered through Whatman no. 2 filter 

paper (Shieh et al., 1982), and the nitrogen in the known volume of the filtrate was determined using 

the microKjeldahl method as described in section 3.2.3.6. 

3~3.9. Total protein 

Total protein contents in the sample were determined by multiplying total nitrogen, estimated using 

microi<jeldahl method by 5.95 for rice (STFCJ, 2000), 5.7 for the soybean products and 6.25 for the 

others (AOAC, 1990). 

3.2.3.10. Cmde fat 

Crude fat content of the sample was determined by ether extraction method using Soxhlet apparatus 

(AOAC, 1990). One round bottom flask was oven dried and kept in the desiccator. Accurately weighed 

(ca 2.0 g) dried sample was transferred to the dry and fat-free absorbent cotton which was placed into 

the fat extraction tube of the Soxhlet apparatus. Crude fat was extracted by using petroleum ether 

(Merck 61784925001046); b.p., 40-60"q on a heating mantle at W'C for 4-5 h. A pinch of carborandum 

powder was added to prevent bumping. At the end of extraction, the flask was kept on a steam-bath at 

low heat to evaporate the ether. The flask was then dried for 1 hat 100"C in a hot air oven, cooled in a 

desiccator and weighed. Crude fat was calculated in percentage. 

3.2.3.11. Carbohydrate 

%crude fat = Weightof ether-solublematerialx 100 
Weight of sample(g) 

The carbohydrate content was calculated by difference (Standal, 1963): 
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%carbohydrate = 100- (%protein+ %fat + %ash) 

3.2.3.12. Energy value 

The Energy value of the sample was estimated by multiplying its percent protein. fat and carbohydrate 

contents by the factors 4, 9 and 4, respectively, and adding all the multiplication values to get kcal (100 

g)-1 (4184kcal =1 Joule) dry matter (Gopalanetal., 1995) 

3.2.4:. Microbial analysis 

3.2.4:.1. Isolation and maintenance 

A representative 10 g of sample was suitably homogenized with 90 ml of sterile peptone physiological 

saline using a Stomacher lab-blender (Seward Medical, London, UK) at 'normal' speed for 1 min. 

Serial dedmal dilutions were made with the same diluent. Appropriate dilutions were used in duplicate 

for the isolation of microbiota by pouring or surface seeding. Total aerobic mesophilic bacteria were 

enumerated by pour-plating using plate count agar and incubated at 350C for 18-24 h. In order to 

estimate aerobic mesophilic bacterial spores, 10% (v v 1) sample suspension was heated at WC for 30 

min, suitably diluted and spread on plate count agar plates followed by incubation at 300C for 72 h 

(Banerjee and Sarkar, 2003). Yeasts and moulds were isolated on yeast-extract malt-extract agar and 

potato dextrose agar, respectively, supplemented with benzylpenicillin (10 IU mi-1
) and streptomycin 

sulphate (12 Jl,g mi-1
), and incubated at 28 OC for 48 h. Lactic add bacteria were enumerated in pour 

plates of MRS Lactobacillus agar, incubated at 37'C for 48-72 h in an anaerobic jar with AnaeroHiGas 

pack (HiMedia LE002A). Usually, the plates containing 50-300 colonies were selected for enumeration. 

The colonies appeared were counted as colony forming units (cfu) g-1 fresh weight sample. Five colonies 

of each morphotype appearing from each sample were picked up randomly and the purity of the 

isolates was checked by streaking them on fresh agar plates of the isolation media followed by 

microscopic examination The purified colonies were grown on suitable slants or in broth. Homogeneity 

of the isolates under each morpho type was checked using a few selected parameters. One of the five 

isolates of each morphotype from each of the positive samples was tagged randomly as a representative 

strain and stored at 40C by subculturing after every two months (15-20 days for lactic add bacteria). 

All the representative strains of different groups of isolates were depU"tited in the Culture Collection of 

the Microbiology Laboratory of the Department of Botany, University of North Bengal. 

3.2.4:.2. Taxonomical studies on bacterial isolates 

3.2.4:.2.1. Gram staining 

The method of Bartholomew (1962) was followed. A suspension of 24 h-old bacterial culture on slant 

was prepared in distilled water. A drop of that suspension was taken on a grease-free slide and 

spread to smear. It was heat-fixed, flooded with crystal violet stain for 1 min and washed for 5 s with 

water. The smear was flooded with Burke's iodine solution, allowed to react for 1 min and washed 

again for 5 s with water. Holding the slide against a white surface, 95% (v v 1)ethanol was poured 

dropwise from the top edge of the slide until no more colour came out from the lower edge of the slide. 

After washing with water, the smear was stained with safranin for 1 min and washed again with 

water. The slide was air-dried and observed under an oil-immersion objective. 
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3.2.4.2.2. General motphology 

An air-dried (not heat-fixed) smear of a 24 h-old bacterial culture was stained for 30 s with safranin, 
washed with water, air-dried and observed under an oil-immersion objective (Norris et al., 1981). Cell 

dimension was measured with a standardized ocular micrometer. 

3.2.4.2.3. Motility 

A drop of a 24 h-old culture in nutrient or MRS broth was used to prepare a hanging drop in a cavity 

slide. The drop was observed using a phase-contrast microscope (model BH2-PC-PA-1, Olympus, 

Tokyo, Japan). 

3.2.4.2.4. Production of catalase 

A 24 h-old slant culture was flooded with 0.5 m1 of 100 m1 Hp2 1-1 solution and observed for the 

production of gas bubbles, indicating the presence of catalase (Norris et al., 1981 ). 

3.2.4.2.5. Growth in sodium chloride 

Tubes containing 5 m1 of tryptone-glucose-yeast extract broth (HiMedia M592) supplemented with 40, 
65 and 180 g of NaO l-1 medium were inoculated each with a loopful of culture and incubated at 30°C 

for 7 days (Norris etal., 1981). 

3.2.4.2.6. Acid and gas from catbohyd.rates 

Tubes containing 10 m1 sugar basal broth supplemented with 20 g sugar P medium with inverted 

Durham tubes were inoculated and incubated at 30°C for 10 days. Any changes in the colour of basal 

broth and accumulation of gas in the inverts indicated positive result (Okada et al., 1986; Pederson 

and Albury, 1950) 

3.2.4.2.7. Production of indole 

Cells were grown at 30°C in 10 m1 Davis and Mingioli's broth (Davis and Mingioli, 1950), prepared by 

replacing (NHJ
2
SO 

4 
with 1.0% (w v 1) L-tryptophan and supplementing with yeast extract (0.02%, w 

v 1). 1-2 m1 of Ehrlich-Bt>hme reagent was gently layered on 3, 5 and 7 days-old broth culture. Formation 

of a red ring at the culture-reagent interface was considered as an indication of positive result (lswaran, 

1980). 

3.2.4.2.8. Reduction of nitrate 

Cultures (24 h-old) were grown in 5 m1 nitrate broth incubated at 30°C. After 3, 7 and 14 days, 1 m1 of 

the culture was mixed with 3 drops of the reagent for the nitrate reduction test and observed for the 

development of a red or yellow colour indicating the presence of nitrite. A small amount of zinc dust 

was added to the tube that was negative even after 14 days of incubation and observed for the 

development of red colour indicating the presence of nitrate i.e., absence of reduction (Norris et al., 
1981). 
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3.2.4.2.9. Hydrolysis of gelatin 

The streaked MRS agar plates containing 10 g gelatin P medium were incubated at 30°C for 3 and 5 

days. Plates were flooded with 10 m11 N Hfi04 saturated with (NH,J;;c>4• Hydrolysis was indicated 

by dear zone, under and around the growth, in contrast to the opaque precipitation of unchanged 

gelatin (Sneath and Collins, 1974). 

3.2.4.2.10. Hydrolysis of aqpnine 

Tubes of 5 ml arginine hydrolysis test medium were inoculated by stabbing. Immediately after 

inoculation, a layer (ca 1 em) of sterile mineral oil was added over the stab. The tubes were incubated 

at 30°C for 3 days and observed for the change in colour from yellow to red, indicating the formation 

of ammonia from arginine (Lelliott et al., 1966). 

3.2.4.2.11. Hydrolysis of fat 

Surface-dried plates of tributyrin agar were streaked with the isolates and incubated at 30°C for 4 days 

Lipolytic activity was indicated by the formation of clear zones around the streaks (Stolp and Gadkari, 

1981). 

3.2.4.2.12. Hydrolysis of esculin 

Slants of esculin hydrolysis test medium were inoculated and incubated at 30°C for 7 days. Esculin 
hydrolysis was indicated by blackening of the medium (Facklam and Wilkinson, 1981 ). 

3.2.4.2.13. Growth at different pH 

The pH of MRS broth was adjusted to different levels using 1 N HO or 100 g NaOH P solution. The 

medium was distributed into tubes containing 10 m1 in each. Those were autodaved, cooled to room 

temperature and inoculated with 0.2 m1 of 48 h-old MRS broth cultures. The tubes were incubated at 

30°C for 24 hand observed for any growth (Hesseltine and Ray, 1988). 

3.2.4.2.14. Growth at different temperatures 

Tryptone-glucose-yeast extract broth was inoculated and incubated at 15, 30, 37, 45 and sooc for a 

maximum period of 21 days. The growth was checked visually. 

3.2.4.3 Taxonomical studies on yeast isolates 

3.2.4.3.1. General motphology 

Malt extract agar and glucose-yeast extract-peptone agar or yeast malt agar were streaked with actively 

growing (24 h-old) yeast isolates, incubated at 28°C for 3 days and observed for the colony 
characteristics. 

Malt extract and glucose-yeast extract-peptone water (30 m1 each) containing in separate 

Erlenmeyer flasks (100 ml) were inoculated with 24 h-old yeast cultures. They were incubated at 280C 
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for 3 days and observed for cellular morphology and mode of vegetative reproduction (Kreger-van Rij, 

1984). The dimension of cells was measured with a standardized ocular micrometer. 

3.2.4.3.2. Fonnation of pseudomycelium and true mycelium 

For slide culture preparation, a Petri dish, containing U-shaped glass rod supporting two glass slides, 

was autoclaved at 121°C for 15 min. Molten (45°C) yeast malt agar was poured onto the slides. The 

solidified agar on the slide was inoculated very lightly with the yeast isolate in two lines along each 

slide. A sterile cover slip was placed over part of the lines. Some sterile water was poured into the Petri 

dish to prevent the agar from drying out. The cultures were then incubated at 2SOC for 4 days. For 

observation, the slides were taken out of the Petri dish and the agar was wiped off from the back of the 

slide. The edges of the streak under and around the cover slip were examined microscopically for the 

formation of any pseudomycelium or true mycelium (Kreger-van Rij, 1984). 

3.2.4.3.3. Characteristics of asci and ascospores 

A yeast extract-malt extract agar or yeast malt agar (presporulation medium) slant was streaked with 

a 24 h-old culture of the yeast isolate and incubated at 2SOC for 2 days. This was used as an inoculum 

for Gorodkowa agar and potato dextrose agar (sporulation medium) slants. They were incubated at 

28°C for 3 days and examined at weekly intervals up to 4 weeks for the observation of asd and 

ascospores. A heat-fixed smear was covered with 5.0 g malachite green }-1 solution, heated to 3-4 times 

steaming over the spirit lamp, washed for 30 s and counterstained with 5.0 g safranin 1-1 solution for 
30s (Wickerham, 1951). 

3.2.4.3.4. Reduction of nitr.tte 

The method was the same as described in section 3.2.4.2.9, excepting that the temperature of incubation 
was2SOC. 

3.2.4.3.5. Hydrolysis of urea 

Christensen's urea agar plates were streaked with 24 h-old yeast cultures, incubated at 280C for 3 days 
and observed for any change in colour of medium (Christensen, 1946). 

3.2.4.3.6. Hydrolysis of fat 

The method was the same as described in section 3.2.4.2.12, excepting that the plates were incubated 
at280C. 

3.2.4.3.7. Growthat37°C 

Yeast extract-malt extract agar slants were inoculated with 24 h-old yeasts and incubated at 3'JOC for 

48 h (Kreger-van Rij, 1984). 
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3.2.4.3.8. Fennentation of carbohydrates 

The method was based on Kreger-van Rij (1984 ). Cells were grown at 30"C for 18 h on malt extract agar 
plates or yeast extract-malt extract agar plates overlaid with cellophane. The growth was harvested in 
25 m1 of filter-sterilized yeast nitrogen base. After thorough mixing, the cell suspension was incubated 
at 3QOC for 4 h. Tubes of 10 m1 yeast nitrogen base supplemented with 2.0% (w V

1
) filter-sterilized 

sugars containing Durham tube were inoculated with the above mentioned inoculum preparation. 
The tubes were incubated at 25°C and shaken regularly to observe for any accumulation of gas in the 

inverts. 

3.2.4.3.9. Assim.iJation of catbon compounds 

The method was based on Wickerham and Burton (1945) and Wickerham (1951). The tests were done 
in rimless tubes each containing 5 m1 of filter-sterilized yeast nitrogen base added with 2.0% (w v 1

) of 
test substrate, i.e. carbon compound. The cells were grown at 2SOC for 24-48 h on yeast malt agar 
plates. Growth was harvested in about 3 m1 of filter-sterilized yeast nitrogen base, taking care to avoid 

carrying over any of the nutrient medium. A white card with black lines of approx. 0.75 mm in width 
drawn on it was held behind the tube. The suspension was diluted aseptically until the lines become 
visible through the tubes as dark bands. Each of the tubes containing the test media was inoculated 
with 0.1 ml of the above-mentioned suspension and incubated at 28°C, usually up to 21 days. The 
degree of growth was assessed visually by placing the tubes, after they have been shaken well to 
thoroughly disperse the cells, against a white card with black lines. 

3.2.4.3.10. Assimilation of nitrogen compounds 

A 0.1-ml aliquot of yeast cell suspension was used to inoculate the tube containing 5 ml filter-sterilized 
yeast carbon base supplemented with required amount of the nitrogen sources to be tested. The tubes 
were then incubated at 28°C for 3-7 days and the results were read in the same way as descried in 
section 3.2.4.3.9. 

3.2.4.3.11. Growth in vitamin-fnae medium 

Tubes of 5 ml vitamin-free medium were inoculated with the cells from young and actively growing 
cultures and incubated at 28°C for 2-3 days with regular shaking. 

3.2.4.3.12. Formation of extracellular amyloid compounds (stan:h formation) 

Ammonium sulphate-glucose agar plates were inoculated with actively growing (24 h-old) yeast 
cultures and incubated at 2SOC for 1-2 weeks. The plates were flooded with Lugol's iodine solution 
and inspected for formation of any blue to green colouration. 

3.2.4.4. Taxonomical studies on mould isolates 

3.2.4.4.1. General motphology 

The moulds were grown on potato dextrose agar plates at 28°C for 48 h, and the general morphology 
of the mycelium and reproductive structures were studied. 
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3.2.4.4.2. Hydrolysis of stan:h 

Starch agar (20 g starch and 20 agar P) plates were streaked with the mould isolates and incubated at 

280C for 2-4 days. The plates were flooded with Burke's iodine solution and observed for any formation 

of a clear zone around and underneath the growth, indicating the presence of amylase. 

3.2.4.5. Identification of isolates 

All the representative strains of the bacterial isolates were identified following the taxonomic keys of 

Starr et al. (1981) and Sneath et al. (1986). Yeasts were identified according to the criteria laid down by 

Kurtzman and Fell (2000) and Barnett et al. (2000). Moulds were identified according to the criteria 

laid down by Samson and van Reenen-Hoekstra (1988) and Hesseltine (1983) 

3.2.5. Optimization of process parameter 

Various process parameters involved in the production of fermented foods were considered for 

optimization. The sensory attributes of the laboratory-made samples were evaluated immediately 

after sampling by a panel of seven trained judges. The formats of score cards (Tables 3 and 4), specially 

prepared for the purpose, were based on the score card prepared by Patil and Gupta (1986). 

3.2.6. Microbial and biochemical changes accompanying fetmentation 

The succession of microbial and biochemical changes during fermentation of some selected fermented 

foods was studied following their traditional methods of preparation in the laboratory. While dhokJa 

and wadi were studied under semicontrolled conditions, idli and papad preparations were optimized 

before this study. 

For the preparation of dhokJa, Bengalgram dal and white polished rice ( 4:1 proportion) were 

cleaned, washed and allowed to soak separately in excess of tap water at room temperature (-25°C} 

for 10 h. Excess water was decanted. While soaked dal was ground to a smooth paste, rice was 

coarsely ground using a waring blender (Bajaj, India). The slurries were mixed thoroughly along with 

common salt (8 g kg-1). The thick batter, in 100 ml aliquots, was dispensed into presterilized 250 ml 

beakers, the mouths of which were then wrapped with aluminium foil. The batches of batter were 

incubated at 32°C for 15 h. Studies on microbial and biochemical changes were carried out at every 3 

h-interval within a range of 0-15 h. The fermented batter was dispensed in greased cups (7 em in 

diameter having holding c_apadty of 40 ml) and steamed for 15 min to prepare dhokJa. 

Employing the traditional techniques, wadi was prepared in laboratory under semicontrolled 

conditions. Blackgram dal was washed and allowed to soak in excess of tap water at 25°C for 10 h. 

The soaked dal was ground to a thick, smooth and mucilaginous paste. The thick batter was incubated 

in a sterile glass beaker (500 ml), the mouth of which was then wrapped with aluminium foil, at 32°C 

for 10 h. The fermented batter was manually beaten continuously for 30 min, and hand-moulded to 

small cones (3-5 em in diameter) and deposited on a greased bamboo mat and sun-dried (29-33 °C) for 

8 h followed by 16 h shade-drying at room temperature (28-30°C} daily for three successive days. 

Studies on microbial and biochemical changes of batter was carried out after 10 h of fermentation 

while drying wadis were analysed at every 12 h-interval within a range of 0-60 h. 

Traditional process parameters for the preparation of idli were optimized with the ingredients 

ratios, fermented temperature and period. Blackgram dal and parboiled rice were cleaned, washed 
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Table 3. Format of sensory score card for idli 

Name: Date: Time: 

Please rate these samples for the quality attributes according to the following grade 
description and scoring: 

Attribute Defect 

Taste, 35 Bland 
Normal range: 28-34 Rancid 

Flavour (smell), 30 Starchy 
Normal range: 22-28 Beany 

Body and texture, 30 Hard 
Normal range: 25-28 Sticky 

Colour, 5 
Normal range: 4-5 

Total score, 100 

Grading of idli: 
Total score 
92-100 
82-91 
72-81 
62-71 
::5:61 

Yellowish 

Grade 
Excellent 
Good 
Fair 
Poor 
Bad 

Intensity 
Slight 
23 
19 

20 
18 

20 
18 

3 

Sample No. 

Distinct Pronounced A B c 
20 17 
17 16 

18 15 
16 13 

17 15 
15 14 

2 1 

~-~-~ 

(Signature of the judge) 

Requirement of high-grade idli: 
Taste: sour 
Flavour: acidic 
Body and texture: spongy (honeycomb inside) 
Colour: white 

and allowed to soak separately in excess of tap water at room temperature (-25oC) for 10 h. Excess 

water was decanted. While soaked da1 was ground to a smooth paste, rice was coarsely ground using 

a waring blender. The slurries were mixed thoroughly along with common salt (8 g kg-1
). The thick 

batter, in 100 m1 aliquots, was dispensed into presterilized 250 m1 beakers, the mouths of which were 

then wrapped with aluminium foil. The batches of batter were incubated at 30°C for 18 h. Studies on 

microbial and biochemical changes were carried out at every 3 h-interval within a range of 0-18 h. The 

fermented batter was dispensed in the idli pan (7 em in diameter having holding capacity of 40 ml) 

and steamed for 15 min to prepare idli. 

Traditional process parameters for the preparation of papad were optimized for the ratio of 

ingredients, fermentation period and drying period of papad sheets under laboratory 

conditions. Properly mixed ingredients were hand-kneaded and pounded with a cylindrical stone 

pestle to attain homogenous and stiff lump of dough and left at 300C for 3 h. The fermented dough was 

drawn into a rope and manually made into small balls (4-5 g each) between the palms, and rolled over 

'bellani' (wooden roller) into circular flat sheets (9-10cm indiameterand0.7-1.0mm in thickness). 

Circular papad discs were dried under controlled conditions (70± 5% relative humidity and 30± 1 °C) 

to final moisture content of 14-16%. Dried papad was fried in refined groundnut oil. Studies on 

microbial and biochemical changes of papad dough were carried out after 3 h of fermentation_ and the 

drying papad sheets were analysed at every 2 h-interval within a range of 0-8 h. 
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Table 4. Format of semmy &:ore card for ~d 

Name: Date: Ttme: 

Plmse mte trese samples for the quality attributes according to the following grade de<icription ani &:oring 

Attribute IMect lntenrii!}: Sample No. 

Slip,ht Distirv.::t Prorouoced A B 

Hand feel, 25 Hard 17 14 <11 

Normal range: ~23 Noncolmve 18 13 <10 

Rolling,25 Tough with cracked edges 15 12 <10 
<9 Normal range: 18-22 Sticky 

Colour, 15 Dull 
Normal range: 10-14 Yellowish h'own 

Texture,20 Hard 
Normal range: 14-18 Sticky 

Taste,.15 Bland ani floury 
Normal range: 10-13 Salty 
Total &:ore, 100 

Grading of ?~-pad: 
Total &:ore Grade 
92-100 Excellent 
82-91 Good 
72-81 Fair 
62-71 Poor 
s;61 Bad 

3.2.7. SDS-PAGE 

16 13 

9 7 <5 
8 7 <5 

12 10 <9 
13 11 <11 

8 6 <5 
7 5 <5 

(Signature of the judge) 

Requirement of high-grade papa.d 
Hand feel (dough): soft 
Rolling (dough): smooth and msy 
Texture (papad): crisp and brittle 
Appearaoce/ colour {papad): bright and light yellowish 

c 

SDS-P AGE was carried out following the method described by Laemmli (1970) in a vertical gel 

electrophoresis system (cat. no. 05-03, Genei, Bangalore, India). A 10% (w v 1
) solution of running 

gelwas prepared by taking appropriate volume of acrylamide solution.. resolving gel buffer, 10% (w v 
1) SDS solution and deionized water. Excess N,N,N' ,N' -tetramethyl ethylenediamine (TEMED; SRL 

202788) and a pinch of ammonium persulphate (APS; SRL 0148134) were added to set the gel suitably. 

When the resolving gel set, 4% (w v 1) of stacking gel prepared by taking appropriate volume of 

solution A, stacking gel buffer, aqueous solution oflO% SDS, deionized water, TEMED and APS, was 

poured over the resolving gel. 

Samples were prepared by taking four loopful of ingredient slurry or fermenting batter, and 

washing it thrice with 0.2 M phosphate buffer-saline, pH 7.0, by centrifugation at 3000g for 15 min 

each. The pellet was suspended in stacking gel buffer and boiled in a boiling water-bath for 10 min 

after adding equal volume of 2x sample buffer. A discontinuous buffer system was used. Samples 

were stacked at constant current of 15 rnA and resolved at 25 rnA until the tracking dye reached the 

bottom of the gel. After electrophoresis, the gel was fixed in 10% glacial acetic add for 30 min, stained 

with coomassie brilliant blue solution for 12 hand washed in a destaining solution until the protein 
bands became dearly visible in a colourless gel matrix. 



MATERIALS AND METHODS 52 

3.2.8. Preparation of different food samples for the antioxidant activity assay 

Dohk1a, idh and kinema were selected for the evaluation of antioxidant activities during their different 

stages of preparation. 

3.2.8.1. Dhokla 

Employing the traditional process parameters, dhokla was prepared at laboratory under semicontrolled 

conditions. A portion of nonfermented and fermented dhokla batters, used for successional study of 

the dominant microbiota and their proximate composition, and the corresponding steam-cooked 

dhokla were assayed for their antioxidant activities. 

3.2.8.2. Idli 

Following the traditional techniques, the preparation process of idh was optimized at laboratory 

under semicontrolled conditions. A portion of nonfermented and fermented batters, used for 

successional study of the dominant microbiota and their proximate composition, and the corresponding 

steam-cooked idh were assayed for their antioxidant activities 

3.2.8.3. Kinema 

Although there are slight variations in the traditional method ofkinema-making, the optimized process 

(Sarkar and Tamang, 1994) was followed in this study. Bacillus subtilis DK-W1 (MTCC 1747), used for 

the preparation of kinema, was maintained in the laboratory on nutrient agar slants. For inoculum 

preparation, the activated culture was streaked onto a nutrient agar slant and incubated at 37'C for 16 

h. The cells were harvested in sterile distilled water, and after adjusting to a concentration of Hf' -lOS 
total cells mi-l, the suspension was used to inoculate cooked soybeans for fermentation. 

Soybeans of 'local yellow' cultivar were purchased from Kalimpong market in the district of 

Darjeeling. Approximately 250 g of the beans were washed thoroughly under tap water and then with 

distilled water. Those were soaked in 11 distilled water at 25°C for 16 h. after decanting the water, 100 

g of the soaked beans were put into each of several500 ml-capadty screw-capped bottles and 250 ml 

of distilled water was added. Those were autoclaved at 0.7 kg cm-2 for 10 min, cooled to about sooc, 
and the water was decanted off. The beans from all the bottles were transferred into a sterile polyethylene 

bag and pestled from outside the bag in a mortar, so that about, two-thirds of the beans were dehulled 

and the cotyledons separated and crushed to give grits of mainly half-cotyledons. The beans were 

distributed into two portions; one was used for kinema preparation, while the other was dried directly 
for the extraction process. 

A 2 ml-suspension of the organism was mixed with the cooked beans to make a load of 10S-1()6 

total cells g-1
• The inoculated beans were then distributed in approximately 100 g amounts to sterile 

glass bottles (500 ml) plugged with cotton wool and incubated at 37'C and 75± 5% relative humidity 

for 48 h to produce kinema (Sarkar et al., 1993 ). 

3.2.9. Preparation of methanolic exttacts of different food samples 

Samples of nonfermented and fermented substrates and fermented steam-cooked products were dried 

separately for 24 hat 60°C in a hot air oven and pulverized to powder using mortar and pestle. The 
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ground powder was extracted with 10 vol. of methanol for 5 hat room temperature with continuous 

stirring. The extraction process was repeated thrice, and the extracts were pooled together and filtered 

through Whatman no. 1 paper. The filtrates were concentrated at 40°C under vacuum and freeze

dried (model FDU-506, Eyela freeze dryer, Japan). The lyophilized extracts were stored in a desiccator 

at 4 oc. Prior to use, the lyophilized extract was dissolved in methanol 

3.2.10. Assay of antioxidant activities of erode methanolic extracts 

3.2.10.1. Total phenol content 

Total soluble phenolics in the extracts were assessed using the method described by Yen and Hsieh 

(1998). A 0.1-ml aliquot of lyophilized extract solution (10-50 mg mi-1 methanol) was added to 2 ml 

aqueous solution of 20 g sodium carbonate (HiMedia RM861) I-1. After 2 min, 0.1 ml of 1 N Folin

Ciocalteu reagent (SRL 62015) was added to the mixture and the absorbance was read after 30 min at 

750 nm. The concentration of the total phenolics was expressed as gallic acid equivalents, GAE (mg 

gallic acid g-1 extract), using the standard curve of gallic acid (HiMedia RM 233). 

3.2.10.2. Free radical-scavenging activity 

The antioxidant activity of the extracts was measured in terms of hydrogen-donating or radical

scavengingability using the DPPH"method (Sanchez-Moreno et al., 1998). A 0.1 ml methanolic solution 

of the lyophilized extract (10-50 mg ml·1) was added to 2. 9 ml of 60 mM methanolic solution of DPPH · 

(HiMedia RM2798). The mixture was shaken immediately and allowed to stand at room temperature 

in dark. The decrease in absorbance at 517 nm was measured using a Systronics spectrophotometer, 

at 10 min-interval up to 60 min till a plateau was reached. 

The scavenging percentage of DPPH ~as calculated according to Shyu and Hwang {2002), is as 
follows: 

A -(A-A) 
o/oScavenging = 0 

b x 100 
Ao 

where A0 was the A517 ofDPPH"without sample (control), A was the A
517 

of sample and DPPH", and Av 
was the A517 ofsample without DPPH'(blank). 

3.2.10.3. Reducing power 

The ability of the extracts to reduce Fe3
+ was assessed according to the method of (Oyaizu, 1986). A 1.0-

ml aliquot of lyophilized extract solution (10-50 mg mi-1 methanol) was mixed with 2.5 m1 of 0.2 M 

phosphate buffer, pH 6.6 and 25 ml aqueous solution of 10 g potassium ferricyanide (HiMedia RM1034) 

P. The mixture was incubated at SOOC for 20 min, added with 2.5 ml aqueous solution of 100 g 

trichloroacetic acid (SRL 204842) P and centrifuged at 1200 g for 10 min. The upper layer of the 

solution (25 ml) was mixed with 2.5 ml of distilled water and 0.5 ml of 1.0 g ferric chloride (SRL 64765) 

1-1, and the absorbance was measured at 700 nm. The reducing power was expressed as ascorbic acid 

equivalents, ASE (mg ascorbic acid g-1 extract) using standard curve of ascorbic acid (SRL 0149100). 

3.2.10.4. Metal-chelating activity 

The Fe2+ -chealting ability by the extracts was carried out according to Carter (1971 ). The ability was 

monitored by measuring the formation of Fe2+ -ferrozine complex. A 200-ml aliquot of a methanolic 



solution of the lyophilized extract (10-50 mg m1~1 ) was added to 100 m1 of 2.0 mM aqueous ferrous 

chloride (Merck 1.03861.0250) and 900 m1 methanol. After incubation for 5 min, the reaction was 

initiated by adding 400 ml of 5.0mM ferrozine (SRL 64956). The mixture was shaken and left at room 

temperature for 10 min to equilibrate. The absorbance of the resulting solution was recorded at 562 

nm. A lower absorbance indicates a stronger Fe2
+ -chelating ability which was calculated as follows: 

Chelating effect(%)= [(1- A.)/ AJ x 100 

where A. was absorbance of the sample and Ac was that of the control. 

3.2.10.5. Lipid peroxidation inhibitoty activity 

The total antioxidant activity of the lyophilized extracts was assessed by thiocyanate method of Duh 

et al. (1997). A 50-ml emulsion of linoleic add was prepared by mixing and homogenizing 155 Ill 
linoleic add (HiMedia RMS66) and 175 JJ.g Tween 20 (HiMedia RM156) as emulsifier and 0.02 M 

potassium phosphate buffer, pH 7.0. The emulsion was mixed with different concentrations of the 

lyophilized extract solutions (10-50 mg m1~1 methanol) and incubated at 37"C. A 0.1-ml aliquot was 

withdrawn at every 24 h intervaL and added sequentially with 5 ml of solution of 750 ml ethanol 

(Merck 1.00983.0511) J-1, 0.1 ml of aqueous solution of 300 g ammonium thiocyanate (SRL 0149153) 1~ 
1 and 0.1 ml of 0.02 M ferrous chloride in 35 ml hydrochloric add I-1 aqueous solution. The absorbance 

was measured at 500 nm. The lipid peroxidation inhibition activity (LPIA) in percent was calculated 

by the following equation: 

LPIA (%) = ((A/ A)} x 100 

where A. was the absorbance of the sample and Ac was that of the control. 

3.2.11. Statistical analysis 

The experimental results are expressed as means± SEM. Data were processed using Microsoft Excel 

2002 and subjected to analysis of variance (ANOV A) after converting the microbial counts to a 

logarithmic (log10) scale by using SPSS v. 12.0. For the assay and evaluation of antioxidant activities, 

the data were subjected to correlation and regression, t-test and ANOV A. Bivariate regression equations 

between total phenol content and different antioxidant parameters, and also coefficients of correlations 

among the different antioxidant parameters of the methanolic extracts at different concentrations 

were determined. P values of <0.05 were regarded as significant and of <0.01 as highly significant. 
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4 
Results 

4.1.Survey 

Following a moderate survey through a well-structured pretested proforma and by personal interviews, 

the distribution, indigenous methods of preparation, modes of consumption, shelf life and ethnic 

values of different legume-based traditional fermented foods used by the people of India were 

documented (Table 5). 

4.1.1. Fermented legume products 

4.1.1.1. Aakhuni 

Aakhuni is a nonsalted soybean-fermented food traditionally prepared (Fig. 1) and consumed by the 

Serna tribe. It is also popular among the Aoo tribe who call it' azukenshe'. The finished product 



Table 5. Legume-based traditional fermented foods of India 
Food State/ area of Substrate 

consumption 

Legume 
Aakhuni Nagaland 

Arnriti West Bengal 

Bekang Mizorarn 

Bethu Manipur 

Dalervada West Bengal 
Dalernadu West Bengal 

Hawaijar Manipur 

Kinema Darjeeling hills of 
West &.ngal, 
Sikkim 

Masyaura Darjeeling hills of 
West Bengal, 
Sikkim 

Papad All over India 

Rasvada West Bengal 

Turumbai Meghalaya, 
Arunachal 
Pradesh, Assam 

Vada Southern India 

Wadi Northern and 
Eastern India 

Cereal-legume mixture 
Adai Southern India 

Bhapapitha Orissa, West 
Bengal 

Chakuli Orissa 

Oiliuchipatra Orissa 
pitha 

Oritou Orissa 

Daler patisapta West Bengal 

Soybean 

Blackgrarn 

Soybean 

Soybean 

Grass pea, lentil 
Bengal gram, 

pigeon pea, 
grass pea 

Soybean 

Soybean 

Blackgrarn 

Legume flours 

Green pea, mung 
dal 

Soybean 

Legume beans 

Blackgram 

Blackgrarn. 
Bengalgram, 
pigeon pea, rice 

Grass pea, rice 

Blackgram, rice 

Blackgram, rice 

Bengalgram, rice 

Green pea, lentil, 
rice 

Dhokla Gujarat (now all Bengalgram, rice 
over India) 

Dosa Southern (now all Blackgram, rice 
over India) 

Enduri pitha Orissa Blackgrarn, rice 

Idh Southern (now Blackgram, rice 
all over) India 

Maunha pitha Orissa Blackgram, rice 

Poda pitha Orissa Blackgram/ grass 
pea, rice 
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Nature and mode of consumption 

Cooked beans with typical ammoniacal flavour, covered 
with sticky materials; made to thick curry; side dish 

Deep-fried, sugar syrup-dipped pretzel; confectionary or 

sweet dish 
Cooked beans with typical ammoniacal flavour, covered 

with sticky materials; made to thick curry; side dish 
Cooked beans with typical ammoniacal flavour, covered 

with sticky materials; made to thick curry; side dish 
Deep-fried spicy ball; snack 
Sweet confectionary ball; snack 

Cooked beans with typical ammoniacal flavour, covered 
with sticky materials; made to thick curry; side dish 

Cooked beans with typical ammoniacal flavour, covered 
with sticky materials; made to thick curry; side dish 

Dried, hollow balls or cones; spicy condiment 

Thin, circular, wafer-like product; deep-fried or roasted; 

snack or condiment 
Sweet ball, with coconut fillings, immersed in sugar 

syrup; snack 
Cooked beans with typical ammoniacal flavour, covered 

with sticky materials; made to thick curry; side dish 

Deep-fried ball; breakfast food or snack with chutney, 

sarnbar or curd 
Dried, hollow balls or cones; spicy condiment 

Confectionary pancake; savoury with sauces or chutney 

Soft and spongy steam-cooked cake; breakfast food or 
snack, with chutney 

Fried pancake; snack, with sambar, sugar, jaggery and 
vegetable curry 

Fried pancake stuffed with grated coconut, dahi-chhana 
(curd) and sugar; savoury 

Fried pancake; snack, with sambar, sugar, jaggery and 
vegetable curry 

Fried pancake stuffed with coconut and sugar; snack 

Steamed-cooked soft cake; breakfast food or snack 

Thin, fried, griddled pancake; breakfast food, along with 
chutney and sambar 

Steam-cooked cake stuffed with coconut, dahi-chhana 
and sugar fillings; savoury 

Steam-cooked spongy cake; breakfast food or 
snack, along with chutney and sambar 

Steam-cooked spongy cake supplemented with 
grated coconut, cashew nut, raisins, sugar or 
jaggery; breakfast food or snack 

Oven-baked cake; breakfast food or snack 



Soybam 

Water---;. 

Washed 

,f+ Water 

Boiled under pressure till berome soft 

Firewoodash ~ Ex<F.SSwater 

Pad<ed with banana leaves in a bamboo basket 

• Left in a wamt plare for -3 days 

1 AakLi 1 

Fis- 1. Flow sheet for the preparation d aakhuni 
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resembles kinema in several organoleptic aspects including 

appearance, texture and flavour. Selling of aakhuni (sold by 

volume) packed with banana leaves and loosely tied by straw 

is a common scenario in the periodic markets ('haat'). 

4.1.1.2. Amriti 

The method of preparation of 

amriti (Fig. 2 and 3) resembles 

that of jalebi, excepting that the 

refined wheat flour (maida) in 

jalebi is replaced by blackgram 

dal and the fermentation time is 

shorter. Amritihasshelf-life of 
Fig. 2. Market sample of 
amriti 

6-7 days and consumed during different festivals. 

4.1.1.3. Bekang 

The traditional method of preparation of bekang 

(Fig. 4) is similar to that of aakhuni, excepting the 

step of adding firewood ash. The finished product 

resembles kinema. Bekang is made to chutney or 

curry and served with rice. 

Soy bam 

Water-; 

Washoo 

Water-; 

Boiled under fl'essure till berorne soft 

,f-+ Excess water 

Packed with bamm leaves and sack doth 

• Left in a warm plare for 3 days 

~ 
Fig. 4. Flow sl-eet for the fl'ep.rration ofbekang 

4.1.1.4. Bethu 

Blackgram dal 

Water1 

Washed 

Water1 

Soaked for 5-10 h 

,f-+ Excess water 

Ground to a smooth paste 

• Hand-beaten for -30 min 

• Left at room temperature for 4-6 h 

• Extruded to make rings into hot vegetable fat 

• Deep-fried for -5 min (until golden brown) 

• Dipped into warm sugar syrup for -5 min 

I A:riti I 
Fig. 3. Flow sheet for the preparation of amriti 

Bethu is traditionally prepared {Fig. 5) and consumed by the Kuki tirbe. Though the serving protocol 

of bethu varies among the consumers, it is generally used as curry to serve with rice. 



Soybean 

Water4 

Washed 

Water-1 

(Soaked) 

+ 
Boiled in an earthen pot t+ Excess water 

Dried preferably by smd<ing or in sun 

+ 
Packed with banana leaf 

+ 
Smoked 

Left in an earthen container for 2-3 months 

\ Be!hu I 
Fig. 5. Flow sheet for the preparati<m ofbethu 

4.1.1.5. Dalervada 
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Grass pea/lentil 

Water4 

Soaked for10-12 h t+ Excess water 

Ground into paste 

Left for 3-4h (in sumir), 8-12 h (in winter) 

Minred garlic * Ginger paste 
Minred onion Salt 

Green dillly Tunreric 

Mixed 

+ 
Hand-moulded into balls 

t 
Deep-fried in hot oil 

I Dal!vada I 
Fig. 6. Flow sheet for the preparation of daler vada 

Traditionally, daler vada (literally, vada made up of legume) is prepared (Fig. 6) from varying 

proportions of grass pea and lentil. Sometimes a little amount of raw or parboiled rice flour may be 

added. Daler vada is served with chutney made up of ground nut, coconut and mustard seeds. 

Bengalgrarn/ Jigeon pea/ grass pea dal 

t 
Fried briefly en a hot pate 

t 
Ground to powder 

Milk -+ Ginger paste 
Sugar __,..-. Salt 

Mixed & rrade into dough 

+ 
Leftfur3-6 hin su.rrurer/10-12 hin winter 

+ 
Moulded into bills (cr cthe:- smpes) 

~ 
Fig. 7. Flow sreet fur the prermaticn of daler nadu 

4.1.1.8. Kinema 

4.1.1.6. Dalernadu 

Traditionally, it is prepared (Fig. 7) in every house 

during festivals. These sweet balls are usually taken 

as snacks with puffed rice ('moori'). 'Chaitra 

sankranti' is the festival during which daler nadu is 

specially prepared. 

4.1.1.7. Hawaijar 

The traditional method ofhawaijar preparation (Fig. 

8) resembles that of kinema. In haats hawaijar is 

found to sell in small packets wrapped with banana 
leaves, loosely tied with straw. 

Kinema is used by the nonBrahmin Nepalis. In the traditional method of its preparation (Fig. 9), 

yellow seeded soybeans are preferred. The boiled soybean grits, containing teared hulls, are wrapped 

with fresh fern fronds or leaves of banana or Leucosceptrum canum Smith (sometimes by broad 



Soybean 

Water--; 

Washed 

Water--; 

Boiled under p-essure till berome soft f+ Excess water 

Wrapped with a rottm cloth .. 
Kept in a bamboo basket and rovered with rice husk .. 

Left in snn for -7 days 

I Ha!ijar I 
Fig. 8. Flow sheet for the JXeparation of hawaijar 

Kinema has been used traditionally as 

an excellent substitute for animal protein 

sources. It is used to give a pleasant, nutlike 

flavour to curry. Fresh kinema (Fig. 10) keeps 

for 2-3 days during summer and a maximum of 

one week in winter. The shelf life ofkinema is 

often lengthened to one month by drying in the 

sun or by keeping on earthen ovens in kitchens. 

Fig. 10. Market sample of kinema 

4.1.1.9. Masyaura 
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leaves of other plants such as Macaranga pustulata 
Kin~ Ficus hookeriana Comer and Bauhinia vahlii 
Wt. and Arnott), covered with sackcloth and kept 

in a bamboo basket above an earthen oven in the 

kitchen to ferment for 1-3 days. The desired state 

of fermentation is indicated by the formation of a 

typical kinema flavour dominated by ammonia. 

Kinema shows long stringy threads when 

touched with fingers; the longer the thread better 

is the quality of kinema . 

Soybean 

Water --1 
Washed 

Water --1 
Soaked in excess water for 8-10 h 

Water ~ Excesswater 

Cooked for 1-1.5 h in open cooker 
(or 10-12 min in pressure cooker) 

.,f-+ Water 

Waited till temperature is down to -45°C .. 
Crushed to grits 

Firewood ash --1 
Mixed .. 

Wrapped with leaves & sack doth .. 
Left to ferment at warm temperature for 1-3 days 

IKin~maj 
Fig. 9. Flow sheet for the preparation ofkinema 

Masyaura, consumed by certain castes of Nepalis, is dried, hollow, brittle, spongy friable ball of 5-10 

em in diameter and shares similarity with North Indian Punjabi wadi and South Indian sandige. It is 

prepared in cottage or home scale level. Traditionally, blackgram dal is the primary substrate for 

masyaura (Fig. 11), occasionally supplemented with starchy root/tuber of colocasia, dioscorea, radish 

or ash gourd, depending upon their availability. Masayura has shelf life of about one year. 



Blackgram dal 

Water--;. 

Soaked for 8-12 h 

• Rubbed 

Seed ooat + Excess water 

Cotyledons 

• Ground to paste 

Turmeric powder + Tuber of Dioscorea alata 

Mixed 

• Fermented (20-30°C) for 1-2 days 

• Moulded into balls or cones (5-10 em dia) 

• Dried in sun upon bamboo trays for 3-5 days 

I Ma!yura I 
Fig. 11. Flow sheet for the preparation of masayura 
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4.1.1.10. Papad 

Papad (Fig. 12) is made from the legume-based dough 
often containing other farinaceous materials along 

with salt, spices 

and condiments 

(Fig. 13). Due to its 

mucilaginous 

texture, blackgram 

dal flour is the 

indispensable 
constituent in 

papad dough. Fig. 12. Market sample of papad 

Dal flour 
(Blad<gram or its mixture 

with Bengal gram/ lentil/ redgram/ greengram) 

Peanut oil ---+"- Papid khar 

Cornman salt --,.- Water 

Hand kneaded 

t 
However, partial replacement of blackgram with 
other legume and cerealflom is also being practiced 

in recent days. This is yet another option to reduce 
the cost of production. Moreover, a cereal-pulse 

combination offers a balanced blend from the 

standpoint of amino add composition and improved 

nutritional value of the product. 

Pounded into stiff dough 

Backslop ~Spices 

Mixed 

• Left at room temperature (25-30oq for 1-6 h 

• Shaped into small tails 

Grass pea and/ or nnmg dal 

t 
Fried little on a hot pate 

t 
Ground to powder 

Water4 

Mixed & rrade into dough 

t 
Left for 8-10 h in winter, 34 h during summer 

t 
Rolled with hands to a thick sheet 

Coronut filling 4 
Folded completely in a special shape 

t 
Immersed in sugar syrup 

I Ras!ada 1 

Fig. 14. Flow sheet for the preparation of ras vada 

• Rolled into l:hin. drcular flat sheets 
(10-24 andia, 0.2-1.2 mm thick) 

t 
Dried in shade to 12-17% (ww1) moisture oontent 

I Pa!ad I 
Fig. 13. Flow sheet for the prep:rratiort of pafBd 

4.1.1.11. Ras vada 

This confectionary is an attractive menu 

during spedal occasions, such as 'chaitra 

sankranti'. Traditionally, rasvada is made 

either from roasted grass pea or mung dal 

flom, or a combination of both (Fig.14). 
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Soybean 

Water--1 

4.1.1.12. Tummbai 

Washed 

Water--1 

Soaked 

The traditional method of preparation (Fig. 15) of 

turumbai is similar to that of aakhnnit excepting that 

addition of firewood ash to the cooked beans is not 

practiced. The product resembles kinema in several 
Excess water organoleptic aspects. 

Boiled under pressme till become soft .. 
Packed with banana leaves 

• Left to ferment for 5-6 days at room temperature 

jTu!baij 
Fig. 15. Flow sheet for the preparation of turumbai 

4.1.1.13. Vada 

The freshly prepared hot vada is relished as a 
breakfast item and is now popular among all the 

groups of people. Traditionally, this spicy fried ball 
is prepared from a variety of legumes (Fig. 16). 

Depending upon the kind of ingredients used 

different types of vada are being prepared 

throughout the country following the similar 

traditional method. 

Blackgram dal 

Water-; 

Soaked for 6-12h .. 
Ground to smooth batter 

Backslop ---r- Salt. spire 

Mixed .. 
Left at room temperature (a)--27"0 for 1-3 days .. 

Hand-moulded to balls or oones (3-8 an dia) 

• Deposited on bamboo or pilin mat smeared with oil .. 
Sun-dried for~ days 

~ 
Fig. 17. Flow sheet for the prepn"ation of wadi 

Blackgram/ Bengalgram dal 

Water---1 

Soaked for -6 h 

• Ground to ptste 
Spire _,..__ Rice flour 

Left to ferment at room temperature for 12-48 h 

• Made into balls or flat rnkes 

Dee~fried in vegetable oil, butter or ghee 

jvatj 
Fig. 16. Flow sheet for the preparation of vada 

4.1.1.14. Wadi 

In In~ 'wadi' has been called by different names. 
In Punjab and adjoining States of northern India, 

it is named as 'wadi' or 'Punjabi wadi'; in the States 

of Bihar and Jharkhand it is called 'adhaurC 

whereas in the States of West Bengal, Orissa and 
Assam the name 'bodi' or 'bori' is given for the 

same product. 

Traditionally~ wadi is prepared by soaking 

blackgram dal (Fig. 17). The dough is allowed to 

ferment for 1-3 days (for Punjabi wadi) or 8-10h 

(for adhauri or bori) at room temperature (20-27'0, 

with or without spices, but generally with backs lop 

added. In Punjabi wadi, spices, when added, 

include asafetida, caraway, cardamom, doves, 

fenugreek, ginger and red pepper. In an alternative 

method, the dough is combined with shredded 
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wax gourd and whisked vigorously until it becomes 

light and fluffy due to incorporation of air. The fermented or 

whisked dough is hand-moulded into cones or balls (3-8 em 

in diameter), deposited on bamboo or palm mats smeared 

with oil and sun-dried till the moisture content reaches 14-

18% (w w1). Wadis look hollow with many air pockets in 

the interior and have a characteristic surface crust. Dried 

wadi (Fig. 18) is stored in an airtight container for future 

use. 
Fig. 18. Market sample of wadi 

4.1.2. Fermented cereal-legume mixed products 

4.1.2.1. Adai 

This pancake is popular among the children as 

well as adults. Traditionally, adai is prepared 

by mixing ground rice with blackgram, 

Bengal gram and pigeon pea dals (Fig. 19). It has 
a shelf life of about 2-3 days. 

4.1.2.2. Bhapa pitha 

This steam-cooked cake is popular in the rural 

pockets. Traditionally, bhapa pitha is prepared 

(Fig. 20) by mixing ground batter of rice and grass 

pea dal. A good quality bhapa pitha becomes 

Polished rice + par boiled rice + grass pea dal 
(4:1:2) 

• Oeaned 

Water_, 

Soaked for 12 h f+ Excess water 

Ground to thick ?~Ste 
Salt __,.._ Baking powder 

Left overnight at room temperature 

• Poured the batter rna cloth tied over the mouth of a 
handi (earthen pitcher) conlainingwater 

• Boiled fa 4-5 min 

I Bba: pitba I 
Fig. 20. Bow sheet for tm pre?ll'a lim of bha?t pitha 

Parboiled rice+ dal (BI.ackgram + Bengalgram + Pigecn pea) 
(10 parts) (3 parts) (3 parts) (3 parts) 

• Oeaned 

Water--;. 

Soaked for 3-4 h 
...._.Water 

Ground coorsely 

Salt --1 
Left to ferment for2-3 hinsummer, ovtnright in winter 

Grated coconut _.,j._ Cl1illi pepper 
Minced rnion --;--- Water 

Mixed to make batter 

• Depa;ited -40 g batter 01.1 to ciled hot plate 

• Flatten to 10 mm thick 

• Fried till brown m both sides 

Fig. 19. Flow sheet for ~ preparati.m c:X adai 

soft and spongy like idli. The shelf life ofbhapa 

pitha is one day, hence is usually consumed 
.fresh. 

4.1.2.3. Chakuli 

Chakuli, which resembles dosa and 

consumed in the rural belt, is traditionally 

prepared from varying proportions of 

parboiled rice and blackgram dal (Fig. 21 and 

22). A little amount of boiled rice may 



Parboiled rice 

Water_, 

Soaked 

Excess water +1 
Sun-dried briefly 

Blackgram dal .r---Water 

Soaked 

,f+ Excess water 

Rubbed 

~ Water--t+ Hull 

Ground Grmmd 

• Sieved Beaten 

• Fine powder Smooth batter 

L~ewMm~ 
Mixed 

• Left under rover 
(4-5 h in summer, 12-15 h in winter) 

• Fermented batter 

• Fried over a hot greased pm 

I Chiuli I 
Fig. 21. Flow sheet for the prepu'ation of chakuli 
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Fig. 22. Preparation of chakuli: a, dewatering soaked 
rice through a perforated bowl; b, sun-drying briefly 
of soaked rice; c, grinding of rice; d, sieving pounded 
rice; e, grinding of blackgram; f, blending of rice 
powder with blackgram paste; g, leaving batter in 
a closed container to ferment; h, spreading 

fermented batter over a hot greased plate 

be added, and blackgram may be substituted with juice of jackfruit (Artocarpus heterophyllus Lam.) or 

Fig. 23. Chakuli, showing 

both the surfaces 

4.1.2.4. Chhuchipatta pitha 

palmyra palm (Borassus jlabellifer L.) fruit (in phal chakuh) during 

summer. Spices, like ginger, onion and black pepper powder are 

sometimes added at the time frying the fermented batter. Though the 

shelf life of chakuli (Fig. 23) is one day, it is consumed hot and fresh for 

optimum delicacy. Depending on the kind and ratio of ingredients used, 

different varieties of chakuli (such as phal chakuh (supplemented with 

fruit juice), mota chakuli (spicy) jau chakuli, and saru chakuli) are being 

prepared and consumed by the ethnic people during festivals. 

The traditional method of chhuchipatra pitha preparation (Fig. 24) is similar to that of chakuh in 

respect of making and fermenting batter. The mixed fermented batter is flattened thin on a hot greased 

pan using a spatula. The filling is taken in the centre of the pancake which is then folded into a square 

shape and fried suitably (Fig. 25). It has shelf life of two days and is usually taken without any adjunct 

due to its sweet taste. Chhuchipatra pitha is prepared especially during 'bataosha' festival. 
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Parboiled rice Bladcgram dal 

Water_, .r--water 

Soakal Soakal 

Excess water~ ~Excess water 

Oeanal Oeanal & dehulled 

+ 
.r--water 

Dried Ground 

t • Ground & sieved Beaten 

t • Fine powder Smooth batter 

Luke-¥' 
Mixed thoroughly 

• Incubation (4-5 h in summer, 12-15 h in winter) Fig. 25. Preparationofchuchipatra pitha: 
a_ stuffing with coconut, b, pitha • Fermental batter 

t 
Friel over a hot greasal pm, stuffed and folded 

• 

Fig. 26. Chitou 

4.1.2.6. Dalerpatisapta 

4.1.2.5. Chitou 

The traditional method of preparation of 

chitou (Fig. 26) is similar to that of chakuh 

in respect of making and fermenting batter. 

After fermentation, the batter is mixed with sugar and grated 

coconut and taken in a special earthen mould or deep bowl 

which is then covered with a lid. The junction is dosed with a 

wet doth and water is sprinkled intermittently. It is fried on a 

low heat. Although it has shelf life of one day, chitou is 

delidous when taken fresh and hot. Generally, it is taken with 

curry, sugar, curd or tea. Oritou is prepared in popular festivals, 

like 1makar sankranti1 and 1 chitou-amabasal. 

Daler patisapta is a popular confectionary, traditionally prepared (Fig. 27) in almost every house 

during festivals, espedally during 1 chaitra sankranti1
• It has shelf-life of one day, and hence, these 

sweet pancake rolls are usually taken freshly as a snack. 

4.1.2.7. Dhokla 

Dhokla is a steamed product with appealing taste (mild sour), colour, flavour and spongy texture. It 

constitutes one of the Gujarati dishes known as' farshana'. Traditionally, it is a part of the Gujarati 

meal (called, 'thali'), but very often is eaten a little part, as either a premeal appetizer or a break from 



Grass pea/ lentil+ p:rr boiled rire 
(1:1) 

Water1 

Soaked for 8-12 h 

~Water 

Ground into smooth ptsle Milk__,._ Sugar 

Made a thin bitter 

• 

Polished rice 

Water--;. 

Washed 

+ 
Soaked for 5-10 h 

Water----; 

; round to coarse slurry 
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Bengalgram dal 

.r--water 

Washed 

• Soaked for 5-10 h 

,r-water 

Ground to fine paste 

Left to ferment frr 34 h Left at room temperature (25-30°C) for 12-15 h 

• • DepositEd bitter cntohot ciled pate Mixed 

• Flatten to~ 2 mm thick Poured into a greased tray 

• • Stuffed with sweet axx:nut Steamed in open cooker for 10-15 min 

• Rolled I Dh!klal 

• 1 Dalerpatisapta 1 

Fig. 28. Flow sheet for the preparation of dhokla 

Fig. 27. Flow sheet for the prep:rraticnof daler ptlisapta 

the meal. Because of its sensory attributes, nutritional quality and improved digestibility, dhokla is 

well-accepted by young children, adults and patients with digestive disorder, and can be ranked as 

Fig. 29. Dhokla 

one of the popular indigenous fermented foods of India. 

Traditionally, dhokla is prepared (Fig. 28) by overnight 

fermentation of a mixed batter of Bengalgram dal and rice at room 

temperature. However, both these ingredients can be substituted with 
suji, coarsely ground meal of wheat, maize or kodri for rice, and 

soybean, peas or moth beans for Bengalgram dal 1he recipes usually 

made in Gu:jarati homes call for equal parts by volume of Bengal gram 
dal, rice, mung dal and black gram dal. In the State of Maharashtra, 

dhoklais being prepared by fermenting a mixture of Bengal gram flour 

and curd for 16-18 h. Steamed dhokla is cut into diamond shape. A mixture of peanut or sesame oil with 
brown hot cracked seeds of mustard and sesame, chilli, pepper, ginger and curry leaves is poured over 

the steamed pieces of dhokla as seasonings (Fig. 29). 

4.1.2.8. Dosa 

Dosa (Fig. 30) is relished mainly as a breakfast food along with 

chutney and sambar. Due to its acceptable organoleptic properties, 

dosa is being prepared and consumed as a snack food throughout 

India. Traditionally, dosa is prepared using equal quantities of rice 
and blackgram dal (Fig. 31). 

Fig. 30. Dosa 
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Rice Blackgram dal 4.1.2.9. Enduri pitha 

Water-1 (-Water 

Washed Washed 

Soaked for 5-10 h Soaked for 5-10 h 

Enduri pitha is a steamed, 
flavoured popular cereal-legume 

based fermented cake. The 

traditional preparation procedure 

(Fig. 32) of end uri pitha, a popular 

flavoured cake, is similar to that of 

chakuli in respect of making and 

fermenting batter. Its shelf life and 

mode of consumption are similar 

to those of chhuchipatra pitha . 

'Prathama astami' is the festivity 

during which enduri pitha is 

specially prepared. 

Water---; r-Water 

Ground to coarse slurry Ground to smooth thick gelatinous paste 

Mixed 

• Left to ferment at room temperature ((25-30"C) for 15-22 h 

t 
Fried as a pancake 

Spices and seasonings --; 

8 
Fig. 31. Flow sheet for the prep.uation of dosa 

4.1.2.10. Idli 

Idli (Fig. 33) belongs to an interesting 

group of cereal-legume based foods 

Fig. 33. Idli 

which are a major source of 

economical dietary energy and 

nutrients countrywide. It is relished 

mainly as a breakfast snack along 

with chutney and sambar. The ever

increasing popularity of idli is due 

to its appealing sour flavour, 

spongy texture, nutritional quality 

and easy digestibility. 

Traditionally, idli is made from 

naturally fermented batter prepared 

Blackgram dal 

Water_, 

Soaked 

Excess water+i 

De hulled 

Water_, 

Oeaned 

! 
Ground to thick ptste 

Parboiled rice 

.r--water 

Soaked 

,f-+ Excess water 

Oeaned 

• Dried 

• Ground and sieve 

• Fine powder 

Mixed thoroughly 

Coocnut~Sug~ 

Inrubation (4-Shinsummer, 12-15 h in winter) 

• Fermented batter 

• Stuffed with coconut, dahi-<hhana and sugar 
fillings, and folded with tunreric lalf 

• Steam<.'OOked for -30 min 

I Endl pitha I 
Fig. 32. Flow sheet for the prep.uation of enduri pitha 
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Blackgram dal Parboiled rice 

• • Soaked in water (5-10 h) Soaked in water (5-10 h) 

from a mixture ofeitherpatboiled 

or white polished rice with 

blackgram dal (Fig. 34). In 

general, idli is prepared on a 

household level, but in recent 

times it is widely prepared in 

catering establishments as well. 

• • Ground to coarse batter Ground to smooth thick gelatinous paste 

Mixed thorough! y 

• 4.1.2.11. Maunha pitha 
Left to ferment at(25-30"C) for 15-22 h 

... 
Steam-cooked for -15 min 

This delicious and nutritious 

cake (Fig. 35) is a popular 

fermented product. To prepare 

maunha pitha, parboiled rice 

powder and black gram dal paste 

are mixed in the ratio of 3:1. 
Fig. 34. Flow sheet for the prepu-ation of idli 

However, the traditional preparation procedure (Fig. 36 and 37) of maunha pitha is similar to 

that of chakuli in respect of making and fermenting batter. Sufficient water is taken in a handi, and a 

piece of cloth is tied over its mouth keeping a shallow cavity. When the water starts boiling, a thick 

Fig. 33. Seved maunha pitha 

batter is poured over the doth. An 
empty handi is kept upside down 

over the previous one to capture 

the steam. The continuously 

generated steam cooks the 

material, and completion of 

cooking is checked by inserting a 

sharp object through the centre of 

the batter mass and observing if 

the batter has stuck to the surface. 

No adherence of batter to the 

object indicates completion of 

cooking even at the centre. A good 

quality munha pitha becomes 

spongy like idli and it is served 

by cutting into pieces. The shelf 

Blackgram dal 

Water_, 

Soaked 

Excess water~ 

Oeaned and dehulled 

l 

Parboiled rice r-- Water 

Soaked 

,f+ Excess water 

Oeaned 

Dried 

Beatm to thick pl.Ste Ground and sieve fine powder 

Mixed thorough! y 

• Incubation (4-5 h in summer, 12-15 hin winter) 

... 
Fermented batter 

Cocooutj cashew nut/raisin ---T- Sugar f jaggery 

Mixed batter poured over the 
shallow rnvi ty at the mouth of Jumdi 

• Steamed in an earthen pitcher (34 h) 

... 
I Maunba pitba I 

Fig. 36. Flow sheet for the prepu-a tion of maunha pitha 
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Fig. 37. Preparation of munha pitha: a, tying cloth around mouth of a handi; pouring fermente~ batter ~ver 
the cloth; c, covering batter with another handi in an inverted position; d, pitha after steammg; e, p1tha 

showing the lower (convex) surface 

life of munha pitha is one day, and 

it is taken with sugar or curry. 

Munha pitha is prepared during 

different festivities. 

4.1.2.12. Poda pitha 

Poda pitha, a baked cake, is popular 

among the ethnic people belonging 

to the rural pockets. The traditional 

method of preparation (Fig. 38) of 

poda pitha is similar to that of 

chaku1i in respect of making and 

fermenting batter. Mter preparation, 

the product is cut into pieces and 

served. Poda pitha has a shelf life of 

three days and is usually taken 

without a side dish. It is prepared 

during different festivals including 

'bijoya dashami' and 'raja'. 

4.2. Sampling 

Parboiled rice 

Water--; 

Soaked 

Excess water +i 
Sun-dried briefly 

• 

Blackgram/ grass pea dal .r-- Water 

Soaked 

,f-+Excess water 

Rubbed 

.f"+Hull 
Ground and sieve fine powder Ground to smooth batter 

Mixed thoroughly 

• Left under cover 
(4-5 hinsummer, 12-15 hin winter) 

• Fermented batter wrapped with sal or banana leaves 

• Baked in earthen oven over hot charcoal for 30-60 min 

I Pod: pitha j 

Fig. 38. Flow sheet for the preparation of poda pitha 

A total of 106 samples of five different kinds of most popular and commonly used legume-based 

traditionalfermented foods were purchased from 75 different retail outlets and their sites of preparation 

scattered over five States in India (Table 6). The quality of the outlets, including sweetmeat parlours, 

restaurants, stationary and grocery shops and roadside cafes, represented a cross-section of the 

available standards. The collection included 10 samples of fermented dhokla batter, 12 samples each 

of fermented dosa and idli, 31 samples of papad and 41 samples of wadi. While dhokla, dosa and idli 

batters were freshly prepared, papad and wadi samples were packaged. 
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Table 6. Collection of different kinds of legume-based traditional foods from retail sources 
Sl Date of Sample Kind of sample Place of collection Open/ 
No. collection No Town State Pkd• 

1 20.10.03 51 Wadi Shivmandir West Bengal Open 
2 28.10.03 52 Wadi Haldibari West Bengal Pkd 
3 10.11.03 S3 Wadi Jalpaiguri West Bengal Pkd 
4 17.11.03 54 Wadi Maida West Bengal Open 
5 22.12.03 55 Wadi Sealdah West Bengal Open 
6 29.12.03 56 Wadi Medinipur West Bengal Pkd 
7 29.12.03 57 Wadi Medinipur West Bengal Open 
8 25.01.04 S8 Wadi Kalimpong West Bengal Open 
9 09.02.04 59 Wadi Siliguri West Bengal Pkd 

10 09.02.04 510 Wadi Bagdogra West Bengal Open 
11 16.02.04 511 Wadi Mohitnagar West Bengal Pkd 
12 16.02.04 512 Wadi Matigara West Bengal Open 
13 08.03.04 517 Wadi Raiganj West Bengal Open 
14 08.03.04 518 Papad Shivmandir West Bengal Pkd (B) 
15 22.04.04 523 Papad Koch Bihar West Bengal Pkd(B) 
16 25.05.04 S38 Wadi Bokharo Jharkhand Open 
17 25.05.04 339 Wadi Madhubani Bihar Open 
18 27.05.04 540 Wadi Muzaffarpur Bihar Open 
19 27.05.04 541 Wadi Bhagalpur Bihar Open 
20 29.05.04 542 Wadi Patna Bihar Open 
21 31.05.04 543 Wadi Koch Bihar West Bengal Open 
22 01.06.04 S44 Wadi Mainaguri West Bengal Pkd 
23 04.06.04 545 Wadi Garifa West Bengal Pkd 
24 26.06.04 546 Wadi Aranghata West Bengal Open 
25 26.06.04 547 Wadi Krishnanagar West Bengal Open 
26 28.06.04 548 Wadi Shyambazar West Bengal Open 
27 01.07.04 549 Wadi Bishnupur West Bengal Open 
28 04.07.04 550 Wadi Uttarpara West Bengal Open 
29 04.07.04 551 Wadi Uttarpara West Bengal Open 
30 11.07.04 552 Papad lslampur West Bengal Pkd (B) 
31 11.07.04 553 Papad Raiganj West Bengal Pkd(B) 
32 16.07.04 S54 Papapd Alipurduar West Bengal Pkd (B) 
33 27.07.04 S56 Papad Haldibari West Bengal Pkd(B) 
34 27.07.04 557 Papad Haldibari West Bengal Pkd(B) 
35 27.04.04 558 Papad 5iliguri West Bengal Pkd(B) 
36 09.08.04 S65 Wadi Haora West Bengal Open 
37 09.08.04 S66 Wadi Haora West Bengal Open 
38 10.08.04 567 Wadi Jadavpur West Bengal Pkd 
39 10.08.04 S68 Wadi Tollyganj West Bengal Pkd 
40 10.08.04 569 Papad Bhadreswar West Bengal Pkd(B) 
41 10.08.04 570 Wadi 5rerampore West Bengal Open 
42 10.08.04 571 Wadi Nungi West Bengal Open 
43 10.08.04 572 Papad Titagarah West Bengal Open 
44 10.08.04 573 Papad Nungi West Bengal Pkd(B) 
45 10.08.04 574 Papad Nungi West Bengal Pkd (B) 
46 11.08.04 575 Papad Haora West Bengal Pkd (B) 
47 11.08.04 576 Papad Haora West Bengal Pkd(B) 
48 11.08.04 577 Papad Naihati West Bengal Pkd(B) 
49 11.08.04 578 Papad Titagarh West Bengal Pkd(B) 
50 11.08.04 579 Papad C.R. Avenue West Bengal Pkd(B) 
51 11.08.04 580 Papad Nadia West Bengal Pkd(B) 
52 11.08.04 581 Papad 5rerampore West Bengal Pkd(B) 
53 11.08.04 582 Papad Santoshpur West Bengal Pkd (B) 
54 11.08.04 S83 Papad Titagarh West Bengal Pkd (B) 
55 11.08.04 S84 Papad Haora West Bengal Pkd(B) 
56 11.08.04 585 Papad Naihati West Bengal Pkd (B) 
57 08.11.04 S86 Papad Chennai TamilNadu Pkd (B) 
58 08.11.04 587 Papad Metupallayam TamilNadu Pkd(B) 
59 15.12.04 S88 Wadi Balasore Orissa Pkd 
60 16.1204 589 Wadi Mayurbhanj Orissa Open 
61 18.12.04 590 Wadi Kharagpur West Bengal Pkd 
62 18.12.04 591 Wadi Kharagpur West Bengal Open 6..1 18.12.04 592 Papad Kharagpur West Bengal Pkd (B) 
64 18.12.04 593 Papad Kharagpur West Bengal Pkd (B) 
65 31.01.05 5107 Wadi Maida West Bengal Open 66 31.01.05 5108 Wadi Maida West Bengal Open 67 31.01.05 5109 PaJ:?ad Maida West Bengal Pkd(B) 
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Sl Date of Sample Kind of sample Place of collection Open/ 

No. collection No Town State Pkd• 

68 31.01.05 5110 Papad Maida West Bengal Pkd(B) 

69 15.02.05 5111 Wadi Farakka West Bengal Pkd 

70 15.02.05 5112 Wadi Farakka West Bengal Open 

71 15.02.05 5113 Papad Baharampur West Bengal Pkd(B) 

72 15.02.05 5114 Papad Baharampur West Bengal Pkd(B) 

73 20.06.05 5118 Idli batter Siliguri West Bengal Open 

74 20.06.05 5119 Idli batter Siliguri West Bengal Open 

75 20.06.05 5120 Idli batter Siliguri West Bengal Open 

76 24.06.05 5122 Dosa batter Bagdogra West Bengal Open 

77 24.06.05 5123 Dosa batter Bagdogra West Bengal Open 

78 24.06.05 5124 Dosa batter Siliguri West Bengal Open 

79 27.06.05 5125 Idli batter Siliguri West Bengal Open 

80 27.06.05 5126 Idli batter Bagdogra West Bengal Open 

81 27.06.05 5127 Idli batter Siliguri West Bengal Open 

82 30.06.05 5128 Dosa batter Shivmandir West Bengal Open 

83 30.06.05 5129 Dosa batter Shivmandir West Bengal Open 

84 02.07.05 5130 Dosa batter Kadamtala West Bengal Open 

85 02.07.05 5131 Dosa batter Kadamtala West Bengal Open 

86 02.07.05 5132 Dosa batter Kadamtala West Bengal Open 

87 06.07.05 5133 Idli batter Bagdogra West Bengal Open 

88 06.07.05 5134 Idli batter Bagdogra West Bengal Open 

89 06.07.05 5135 Dosabatter Siliguri West Bengal Open 

90 10.07.05 5136 Idli batter Jalpaiguri West Bengal Open 

91 10.07.05 5137 Idli batter Jalpaiguri West Bengal Open 

92 10.07.05 5138 Dosa batter Jalpaiguri West Bengal Open 

93 16.07.05 5139 Dhokla batter Sukuna West Bengal Open 

94 16.07.05 5140 Dosa batter Sukuna West Bengal Open 

95 16.07.05 5141 Dosa batter Sukuna West Bengal Open 

% 16.07.05 5142 Dhokla batter Siliguri West Bengal Open 

97 16.07.05 5143 Dhokla batter Siliguri West Bengal Open 

98 20.07.05 5144 Dhokla batter Siliguri West Bengal Open 

99 20.07.05 5145 Dhokla batter Siliguri West Bengal Open 

100 24.07.05 5146 Dhokla batter Kalirnpong West Bengal Open 
101 24.07.05 5147 Dhokla batter Kalirnpong West Bengal Open 
102 24.07.05 5148 ldli batter Kalirnpong West Bengal Open 
103 24.07.05 5149 ldli batter Kalirnpong West Bengal Open 

104 25.07.05 5150 Dhokla batter Rangpo Sikkirn Open 
105 25.07.05 5151 Dhokla batter Melli West Bengal Open 
106 30.07.05 5152 Dhokla batter Sukuna West Bengal Open 
•Pkd, packaged; B, branded. 

4.3.Dhokla 

4.3.1. Proximate composition 

The proximate compositions of fermented batter and their substrates (white polished rice and 

Bengalgram dal) are presented in Table 7. The moisture content of fermented batters was approximately 

5 times higher than that of the substrates. While the substrates had relatively neutral pH, the fermented 

batter was addic. Titratable and free fatty addity, and nonprotein and soluble nitrogen contents of the 

substrates increased significantly after fermentation. The ash, fat and carbohydrate contents of the 

fermented batter were in between those of the two substrates. 

4.3.2. Microbial analysis 

4.3.2.1. Isolation of microorganisms 

A total of 375 strains of lactic add bacteria (Table 8) and 245 strains of yeasts (Table 9) were isolated 

from 3 samples each of rice and Bengalgram dal, 10 samples of marketed batter and 18 samples of 
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Table 7. Proximate compositiona of substrates and fermented batter of dhokla 

Parameter __!:lg~(1~00~g)-~1~dr~yL.ma~~tt~er~-----~;;-----;-;-~------
Substrate Fermented batter 

Polished rice 
(n=3) 

Bengalgram dal 
(n=3) 

Marketed 
(n =10) 

Laboratory
made 
(n=3) 

pH 6.9a±0.07 7.0a±0.04 4.8b±0.07 4.7b±0.10 
Moisture (g (100 g[l) 11.& ± 0.20 14.2c ± 0.42 67.6a ± 0.82 60.5b ± 0.70 
Ash 0.7c ± 0.03 7.5a ± 0.09 1.8b ± 0.15 2.0b ± 0.05 
Titratable acid (as lactic acid) 0.1c ± 0.01 0.1c ± 0.01 1.5a ± 0.05 l.Ob ± 0.05 
Free fatty acid (as linoleic acid) 0.1b ± O.Dl 0.1b ± 0.01 2.1a ± 0.06 2.2a ± 0.04 
Totalnitrogen 1.2b±0.04 3.8a±0.01 3.7a±0.12 3.9a±0.06 
Protein nitrogen l.lc ± 0.04 3.0a ± 0.02 2.5b ± 0.08 2.9a ± 0.05 
Nonprotein nitrogen 0.1c ±0.02 0.7b± 0.02 1.3a ±0.08 l.la ±0.10 
Soluble nitrogen 0.3b ± 0.02 0.4b ± 0.02 1.0a ± 0.03 1.2a ± 0.02 
Total protein (total N x 6.25b) 7.4b ± 0.23 23.5a ± 0.04 23.4a ± 0.75 24.5a ± 0.04 
Crude fat 0.4c ± 0.02 6.1a ± 0.35 4.4b± 0.19 4.1b± 0.10 
Carbohydrate (by difference) 91.5a ± 027 62.9c ± 0.42 7D.4b ± 0.92 69.4b ± 0.40 
Energy (MJ (100 g[l dry matter) 1.7a ± 0 1.7a ± 0.01 1.7a ± 0.01 1.7a ± 0 
•Values are expressed as mean ± SEM. Means within a row sharing a common letter are not significantly 
different (P <0.05). 
bProtein factor is 5.95 for rice. 

Table 8. Selection of representative strains of dominant lactic acid bacteria isolated from substrates and fermenting batter 
of dhokla 

Source Stage(s) of Cell Gas from Growth in/at Groured strainsb No. of 
fermentation shapea glucose pH4.8 45°C Group No. Restrains 

Substrate 
Bengalgrarn da1 Cp/c + Dk-LA 10 2 
(n= 3) Ct + + Dk-LB 10 2 

Rod + ND + Dk-LC 10 2 

White polished rice Cp/c + Dk-LA 5 1 
(n= 3) Ct + + Dk-LB 5 1 

Mixed batter 
Marketed Final Cp/c + Dk-LA 35 7 

(n = 10) Ct + + Dk-LB 20 4 
Rod + ND + Dk-LC 40 8 

Laboratory-made Oh-15h Cpfc + Dk-LA 85 17 
(n = 18) (3 h-interval) Ct + + Dk-LB 65 13 

Rod + ND + Dk-LC 90 18 
•Cp/ c, cocci in pair or short chain; Ct, cocci in tetrad. 
bAll the isolates were nonmotile, nonsporeforrning, Gram positive and catalase negative. 
cR, representative. 

Table 9. Selection of representative strains of dominant yeasts isolated from substrates and fermenting batter of 
dhokla 

Source Stage(s) of Colonya Cell Pellicle Grouped strains No. of 

Substrate 
fermentation shapeb formation Grour No. Rc strains 

Bengalgram dal Cgs G-0/E Dk-YA 5 1 
(n=3) Wbs G-E Dk-YE 10 2 

Polished rice (n = 3) Cgs G-0/E Dk-YA 5 1 

Mixed batter 
Marketed (n = 10) Final Cgs G-0/E Dk-YA 25 5 

Wbs G-E Dk-YE 40 8 
Wsw 0-E + Dk-YC 5 1 

Laboratory-made Oh-15h Cgs G-0/E Dk-YA 65 13 
(n = 18) (3 h-interval) Wbs G-E Dk-YE 85 17 

aCgs, cream colour with glisterling and butyrous surface; Wsw, tarmish white surface with wrinkl . .....::.e_d_ma_rgi-.-n; 
Wbs, white, butyrous and smooth surface. 
bG, globose; 0, oval; E, ellipsoidal. 
<R, representative. 
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laboratory-made fermenting and fermented batter. While all the lactic acid bacterial isolates were 

grouped into 3 cell morphotypes, the yeast isolates were grouped into three colony morphotypes. One 

representative strain, from each group of each positive sample, was selected randomly to ascertain 

their taxonomic status. 

4.3.2.2. Taxonomical studies 

4.3.2.2.1. Bacteria 

On the basis of selected morphological, physiological and cultural characteristics of lactic add bacteria 

shown in Table 8, all the representative strains of group Dk-LA belonged to the genus Leuconostoc, 
while those of the groups Dk-LB and Dk-LC belonged to the genera Pediococcus and Lactobacillus, 
respectively. The detailed morphological and physiological characteristics of all those representative 

strains are presented in Table 10. Following the criteria laid by Garvie (1986a, 1986b) as well as 

Intelligent Bacteria Identification System (IBIS) (Wijtzes et al., 1997), the representative strains belonging 

Table 10. CharacteristiCS" of groups of representative strains of lactic acid bacteria isolated from 
substrates and fermenting batter of dhokla 

Parameters Dk-LA (n = 27) Dk-LB (n = 20) Dk-LC (n = 28) 
+ d + d + d 

Cellshapeb Cpjc Ct Rod 
Cell size (pm) 0.31)...{).33 0.32-0.40 0.5-().7 X 1.3-1.8 
Gas from glucose 100 100 100 
Growth in NaO (g P) 

30 100 65 20 15 nd< 
65 100 100 nd 
80 100 100 nd 

Growth at pH 
4.2 (initial) 100 100 nd 
7.5 (initial) 100 100 nd 

Hydrolysis of 
arginine 100 100 100 
esculin 74 26 100 100 

Growth at 
15°C 100 100 100 
45°C 100 100 100 

Acid from 
L-arabinose 100 100 75 18 7 
[).cellobiose 59 26 15 100 56 36 8 
esculin 100 70 30 100 
glycerol 100 100 nd 
D-lactose 48 52 40 35 25 83 17 
D-mannitol 100 100 100 
D-mannose 100 100 100 
D-melibiose 67 26 7 50 30 20 100 
D-raffinose 78 19 3 100 64 25 11 
L-rhamnose nd 60 30 10 100 
D-ribose 100 70 30 100 
salicin 71 22 7 100 100 
sucrose 100 15 85 100 
D-trehalose 100 100 64 25 11 
D-xylose 67 22 11 65 20 15 72 14 14 

•Data represent %strains showing+ (positive), d (delayed) and - (negative) reactions. All the strains 
were Gram positive, nonmotile, nonsporeforming, catalase negative, capable of growing at 4()0C and 
produ.cing ~cid from D-~ctose, D-galactose, D-glucose and D-maltose, however not capable of 
reducmg rutrate, producmg indole, hydrolyzing fat, gelatin and starch, and producing acid from 
sorbitol and starch. 
bCp/ c, cocci in pair or chain; a, ax:ci in tetrad. 
"nd, not determined. 



RESULTS 73 

to groups Dk-LA, Dk-LB and Dk-LC were tentatively identified as Leuconostoc mesenteroides (fsenkovskii) 

van Tieghem 1879, Pediococcus pentosaceus Mees 1934 and Lactobacillus fermentum Beijerinck 1901, 

respectively. 

4.3.2.2.2. Yeasts 

The detailed morphologicaL cultural and physiological characteristics of the 48 representative strains 

of yeasts, comprising 3 different colony morphotypes, isolated from substrates and fermenting and 

fermented batter are shown in Table 11. Following the taxonomic keys of Barnett et al. (2000) and 

Table 11. O!aracteristics• of groups of representative strains of yeasts isolated from fermenting 
batter of dhokla and its substrates 

Parameters Dk-YA (n = 20) Dk-YC(n=1) Dk-YE (n = 27) 
+ +w + +w + +w 

Colony morphology" Cgs Wsw Wbs 
Cell shape< (G-0)/E O.E 0-E 
Cell width x length (p.m) 3.6-5.2 X 4.4-7.9 2.8-5.7 X 5.3-8.5 3.0-5.1 X 3.5-6.6 
Ascus 

Asci evanescence Persistent Evanescent Evanescent 
Ascospore<! (R-O)+Sm Str/R Hat 

Pellicle formation 100 100 100 
Hydrolysis of fat 100 100 100 
Fermentation of 

D-cellobiose 100 100 70 30 
D-galactose 65 25 10 100 81 19 
D-glucose 100 100 100 
D-maltose 55 30 15 100 100 
D-melibiose 75 15 10 100 100 
melezitose 60 15 25 100 100 
D-raffinose 85 15 100 100 
sucrose 75 20 5 100 100 
D-trehalose 85 15 100 100 

Assimilation of 
L-ara binose 100 100 100 
D.-cellobiose 100 100 100 
citrate 100 100 100 
m-erythritol 100 100 48 52 
D-galactose 65 15 20 100 100 
D-glucitol 25 75 100 100 
D-glucosamine 100 100 100 
N-acetyl-glucosamine 100 100 100 
glycerol 30 70 100 100 
D-rnaltose 70 20 10 100 56 18 26 
D-rnannitol 35 65 100 59 7 34 
melezitose 45 30 25 100 74 26 
D-melibiose 60 30 10 100 100 
D-raffinose 85 15 100 100 
D-ribose 100 100 62 19 19 
L-rhamnose 100 100 100 
sucrose 80 20 100 56 44 
D-trehalose 85 15 100 78 22 
Vitamin-free medium 100 100 100 
D-xylose 100 100 100 

•Data repr~ % stains showing + (positive), +w (weak positive) and - (negative) reactions. 
All the strams produced pseudomycelium, reproduced by multilateral budding and sexual 
rep_nx:tu~ion, produced 1-4 ascospores per ascus, were capable of growing at 37"C and 
ass~ting D-glucose, however not capable of reducing nitrate, forming starch, hydrolyzing 
gelatin, starch and urea, fermenting D-lactose and D-xylose, and assimilating m-inositol, D-
lactose, nitrate and starch. 

•C~, cream colour with glistening and butyrous surface; Wsw, 
wrinkled margin; Wbs, white, butyrous and smooth surface. 
cG, globose; 0, oval; E, elongated. 

tannish white surface with 

dR, round, 0, oval; Sm, smooth; Str, Saturn-shaped. 
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Kurtzman and Fell (2000), and using BioloMICSNet software ( www .cbs.knaw .nl/ yeast/BioloMICS. 

aspx), the taxonomic status of the representative strains of yeasts belonging to group Dk-Y A, Dk-YC 

and Dk-YE were tentatively identified as Saccharomyces cerevisiae Meyen ex Hansen 1883, Pichia 

membranifaciens Hansen 1904 and Pichia silvicola (Wickerham) Kurtzman 1984, respectively. 

4.3.2.3. Microbial loads in substrates and femtented batter 

The average microbial load studied in 10 market samples of fermented batter, in 3 samples each of the 

two kinds of substrates (white polished rice and Bengalgram dal) and laboratory-made fermented 

dhokla batters are shown in Table 12. The total aerobic mesophilic bacterial (T AMB) cells and their 

spores (aMBS) were recovered from all the samples studied (Table 13). While Leuconostoc mesenteroides 
and Pediococcus pentosaceus were recovered from both the substrates and the fermented batters, 

Lactobacillus Jermentum, which dominated the fermented batter with an average load of >1()8 cfu g-t, 
could not be recovered from raw rice. Saccharomyces cerevisiae was the only yeast isolated from both the 

two types of substrates and the fermented batter. Pichi a silvicola, which dominated with an average 

count of> 111 in batter, could be recovered from one of the two types of substrates. Pichia membranifociens 
was recovered from marketed samples of fermented batter only. 

Table 12. Dominant microbialload8 in substrates and ferrrented batters of dhokla 
Mncrohlom -=~~dU~g~~~~~h~w~~~·@~t ____________________________ _ 

Substrate Ferrrented batter 
Polished rice Bengalgram dal Marketed Laboratory-made 
(n=3) (n=3) (n = 10) (n = 3) 

TAMB 4.4b±0.33 3.9b±0.14 9.7a±0.31 10.4a±0.25 
aMBS 3.7c±0.35 3.3c±0.35 4.6a±0.31 4.0b± 0.12 
Yeastsb 

Saccharomyces cerevisiae 3.9c±O 3.5d±0.48 6.1a±0.33 5.6b± 0.41 
Pichia silvicola <DL 4.0c± 0.16 6.7b±0.35 7.la±0.05 
Pichia membranifaciens <DL <DL 5.8± 0 <DL 

Lactic acid bacteria< 
Leuconostocmesenteriodes 3.8b ± 0 4.3b ± 0.28 7.9a ±0.44 7.5a ± 0.27 
Pediococcus pentosaceus 3.3b ± 0 3.5b ± 0.17 6.6a ± 0.32 6. Sa ± 0.20 
Lactobacillus Jermentwn <DL 3.7b ± 0.13 8.~ + 0.32 8.4a ± 0.28 

a Values are expressed as mean± SEM Means within a row sharing a comrron letter are not signifiamtly 
different (P <0.05). 
bDL (detection limit), 20 log dU gl fresh weight. 
<DL, 1.0 log dU gl fn'Sh weight. 

Table 13. Prevalence of dominant microorganisms in fenrented batter of dhokla and its suh'ltrates 
Mnauhlom ~fu&~·ti~w~~~~e~(%~) ____________________________ __ 

Suh'ltrate Fenrented ootter 
Polished rice Bengalgramdal Marketed Lalx>ratory-Imde 
(n=3) (n=3) (n -10) (n- 3) 

TAMB 100 100 100 100 
aMBS 100 100 100 100 
Yeasts 

Sacmaromyces rereuisioe 33 33 50 100 
PidUa silviaJla 0 67 80 100 
PidUa membranifociens 0 0 10 0 

Lactic add oocteria 
Inumwstoc mesenteroides 33 67 70 100 
PedioaJCalS pentvsareus 33 67 30 100 
l11C:tolxu:r1lus frrmentum 0 67 80 100 
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4.3.3. Successional studies on batter during fetmentation 

4.3.3.1. Microbial changes 

Table 14 shows the changes in microbial load of batter during fermentation under semicontrolled 

conditions. T AMB cells in<reased significantly at every 3 h-interval till9 h of fermentation, while their 

spore count remained constant during the entire period of fermentation. Saccharamyces cerevisiae and 

Pichia silvicola were the dominant yeasts during fermentation. Their respective load of 3.7 and 3.9log 

cfu g-1 fresh mixed batter increased to 5.6 and 7.1log cfu g-1 after fermentation. Lactobacillus jermentum 
was the dominant bacterium encountered during fermentation; it increased significantly at every 3 h

interval. The load of Leuconostoc mesenteroides and Pediococcus pentosaceus increased significantly during 

fermentation. 

Table 14. Changes in microbial load• in mixed batter of dhokla during fermentation under semicontrolled conditions 
Microbiota Fermentation period (h) 

0 3 6 9 12 15 
TAMB 6.5d±0.13 7.5c±0.24 8.6b±0.25 10.0a±0.05 10.1a±0.10 10.4a±0.25 

(100) (100) (100) (100) (100) (100) 

aMBS 3.9a±0.20 3.9a±0.57 4.0a±0.40 4.2a ±0.17 3.8a ± 0.07 4.0a±0.12 
(100) (100) (100) (100) (100) (100) 

Yeasts 
Saccharomyces cerevisiae 3.7d±O 4.3c±O 4.7b±0.21 4.8b±0.31 5.2ab ±0.17 5.6a ±0.41 

(33) (33) (67) (100) (100) (100) 

Pichia silvicola 3.9e±O.ll 4.5d±0.42 4.&d±0.25 5.1c ±0.23 6.6b±0.32 7.1a ±0.05 
(100) (100) (100) (100) (100) (100) 

Lactic acid bacteria 
Leuconostoc mesenteriodes 5.1d±0.16 5.2d±0.35 5.7c±0.27 6.3b±0.10 7.5a ± 0.38 7.5a±0.27 

(67) (100) (100) (100) (100) (100) 

Pediococcus pentosaceus 4.9b±O 4.5b±O 4.9b±0.23 5.2b± 0.42 6.4a ±0.20 6.5a±0.20 
(33) (33) (67) (100) (100) (100) 

Lactobacillus fermentum 4.5f ±0.32 5.1e±0.22 6.2d±0.09 6.&±0.18 7.7b± 0.10 8.4a±0.28 
{100) (100) (100) ~100) (100) (100) 

•Values, expressed as mean± SEM of log cfu if1 fresh weight, were obtained from three different samples. Data within 
parentheses are expressed as %positive samples. Means within a row sharing a common letter are not significantly 
different (P <0.05). 

4.3.3.2. Changes in proximate composition 

The changes in proximate composition of mixed batter during fermentation are shown in Table 15. 

The batter volume gained 1.8-fold increase during fermentation. The pH declined significantly from 

initial6.3 to 4.7 with 10-fold increase in titratable addity. Free fatty addity of fermented batter registered 

3.7 -fold increase. While the nonprotein nitrogen content remained constant although. soluble nitrogen 
content increased significantly during batter fermentation. While the content of carbohydrate decreased 

significantly, there was no significant change in the contents of moisture, ash, crude fat and energy 
value during fermentation. 

4.3.4. SDS-P AGE 

Fig. 39 shows the electrophoretic pattern of whole-cell proteins of the substrates (white polished rice 

and Bengalgram dal) and mixed-batter of dhokla at different stages of fermentation. As could be seen 

from the protein fingerprinting, most of the resolved major protein subunits of the mixed batter revealed 
the combination of both the ingredients. 



Table 15. 0\anges in proximate cornpooitiooa of mixed batter of dhokla during fermentation under semicontrolled 
conditions 

Parameter Fermentation time (h) 
~ poo g)-1 drl matter) 0 3 6 9 12 
pH 6.3a±0.05 6.1a±0.06 5.7b±0.11 5.2lx: ± 0.03 5.0c±0.04 
Batter volurre (ml) 100.0d ± 0.00 104.7d±0.67 128.0c ± 1.15 1627b±0.67 178.7a ± 1.76 
Moisture (g (100 g)-1) 60.7a±0.53 60.6a ±0.53 60.8a±0.62 60.7a±0.74 60.8a±0.82 
Ash 22a±0.03 2.1a±0.03 21a±0.02 21a±0.04 21a±0.05 
Titratable acid (as lactic acid) 0.1c± 0,01 0.2c±0.01 0.4b±O.Q1 0.6b±0.03 0.9a±0.02 
Free fatty acid (as linoleic acid) 0.6d±O.Q1 0.7d±0.01 1.1c ± 0.02 1.6b±0.03 2.0a±0.04 
Total nitrogen 3.4b±0.06 3.5b±0.05 3.5b±0.02 3.8a±0.04 3.9a±0.05 
Protein nitrogen 24b±0.02 2.3b±0.04 2.2b±0.01 2.4b±0.03 2.6b±0.05 
Nonprotein nitrogen 1.1a±0.07 1.2a ±0.02 1.3a±0.01 1.4a±0.02 1.3a±O.Q1 
Soluble nitrogen 0.4b±0.02 0.6b±0.03 0.7b±0.02 1.0a±0.02 1.1a ± 0.01 
Total protein (total N x 6.251') 21.5b±0.38 21.7b±0.32 21.8b±0.14 23.8a±0.27 24.3a±0.30 
Crude fat 4.3a±0.17 4.2a±0.06 4.3a±0.10 4.2a±0.07 4.2a± 0,07 
Carbohydrate (by differenre) 72.1a±0.36 72.3a ±0.21 71.8ab ± 0.17 69.9b±0.32 69.5b±0.32 
Fnergy (MJ (100 g)-1 dry matter~ 1.7a±O 1.7a ±0 1.7a±O 1.7a ±0 1.7a±O 
a Values, expressed as mean± SEM, were obtained from three different samples. :Means within a row sharing 
a con:unon letter are not significantly different (P <0.05). 
bProtein factor is 5.95 for rice. 
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4.3.5. Evaluation of antioxidant properties 

4.3.5.1. Extraction yield in methanol 

The yield from fermented batter was 

significantly higher than that from either 

nonfermented batter or steamed product 

(Table16). 

43.5.2. Total phenol content 

··-66 • ,. 

Table 16 shows the total phenol content of 

the methanolic extracts. After fermentation, 

the mean total phenol content of mixed 

batter increased by 154%. However, 

steaming of the fermented batter for 10-15 

min during dhok.la preparation caused a 

130% decline in the total phenol content. 

97.4 ..... 

2 

Fig. 39. SDS-PAGE profile of substrates and fermenting batter 
(a mixture of rice slurry and bengalgram dal paste, 1:4, 32oC for 
18 h) of dhokla. Lanes: 1, protein molecular weight marker; 2, 
polished rice; 3, Bengalgram dal; 4, 0 h-old batter; 5, 3 h-old 
batter; 6, 6 h-old batter; 7, 9h-old batter; 8, 12 h-old batter; 9, 15 
h-old batter; 10, 18 h-old batter. 

43.5.3. Reducing power 

The mean reducing powers of the crude 

lyophilized extracts of samples in 

methanol are shown in Table 16. Extract 

from fermented batter registered the highest amount of reducing power, which was about double the 

value in nonfermented one. However, steaming of fermented batter for 10-15 min caused 96% decline 

in activity. 

Table 16. Yield of methanolic extract, total phenol content and reducing power of 
dhokla at different stages of its preparation 

Samplea mg g-1 dry weightb 

Dk-0 
Dk-15 
Dk..SP 

Yield Total phenol content 
(gallic acid equivalent) 

7 4.80b ± 2.19 0.85c ± 0.04 
91.63a ± 3.71 
54.53c ± 1.04 

2.16a ±0.03 
0.94b±0.04 

Reducing power 
(ascorbic acid equivalent) 
4.65b±0.15 
8.71a ±0.22 
4.44b±0.11 

aDk-0, nonfermented dhokla batter; Dk-15, 15 h (fully)-fermented dhokla batter; 
Dk-SP, steamed product (dhokla). 
bValues, expressed as mean± SEM, were obtained from three different samples. 
Means within a column sharing a common letter are not significantly different (P 
<0.05). 

4.3.5.4. Free radical-scavenging activity 

Under different dosage (10-50 mg ml-1
) of methanohc extracts of nonfermented and fermented batter 

and steamed product, the scavenging effect for DPPH·increased correspondingly after 50 min of 

incubation (Table 17). During incubation, the DPPH ·-scavenging activity of all the tested concentrations 

(10-50 mg ml-1) increased significantly. IC50 of these samples, obtained by interpolation from linear 
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regression analysis, revealed that 161 mg mJl, 57 mg mi-1 and 76 mg mP of the respective extracts 

could decrease the initial concentration of DPPH ·by 50% when the reaction mixture was incubated 

for 50 min. While the relative scavenging activity of the batter was enhanced by 3.5-fold after 

fermentation, steam-cooking of the batter brought down the same to 1.6. 

Table 17. DPPI-r -Qavenyptg activity" ci. rrethanolic extract of drokla during different stages of its prepuatioo 
Sampleb Tlrre %DPPI-r -scaverWng activi!Y in extract (nv; ni-l) IGo (mg ml-1 

(min) 10 ;J) ~ 40 50 extract)d 

Dk-0 
161.3±219 1.00 

0 0.3c±0.10 0.6b±0.14 0.7b±0.04 1.0ab±0.16 1.4a±0.29 

10 26e±0.29 4.5d±0.77 7.&±1.06 9.5b±0.77 11.4a±0.93 

20 3.0e±0.43 5.8d±0.59 9.2c±0.95 11.5b±0.70 14.0a±0.97 

30 3.2e±0.46 6.6d±0.51 9.5c±0.83 120b±1.01 15.5a±0.88 

40 3.5e±0.42 7.5d±0.66 9.9c±0.83 125b±0.75 16.0a±1.02 

50 3.5e±0.45 7.7d±0.31 10.0c±0.39 12.5b±0.46 16.1a±1.01 

Dk-15 56.7±0.67 3.:il 

0 1.2d±0.14 1.3d±0.13 4.&±0.61 7.2b±0.81 8.5a±0.48 

10 6.9e±0.53 8.9d±0.51 16.&±0.87 20.7b±0.96 221a±1.16 

20 125e±1.13 15.6d±0.41 'Zl.3c ± 0.80 329b±1.00 36.6a±0.96 

30 13.8e±0.94 225d±0.42 31.1c±1.06 35.4b±0.98 39.5a±0.98 

40 13.9e±0.99 23.0d±0.44 31.7c±0.85 38.0b±0.84 41.9a±1.10 

50 14.1e±0.78 23.2d±0.60 32.0c±0.75 38.0b±0.92 42.0a±1.10 

Dk-SP 76.3±1.20 1.55 

0 1.2e±025 24d±0.58 4.0c±0.87 4.3b±0.41 4.8a±0.46 

10 4.6e±0.58 8.4d±0.87 11.2c±0.84 14.9b±0.67 17.4a±0.74 

20 5.5e±0.87 11.4d±0.99 16.9c±0.99 23.6b±0.99 29.5a±0.98 

30 5.7e±0.58 122d±0.88 ;Jl.9c±0.99 28.0b±1.06 30.6a±0.79 

40 6.0e±0.47 125d±0.91 21.3c±0.69 28.6b±1.12 31.2a±0.98 

50 6.1e±O.S7 125d±0.92 21.5c±0.71 28.9b±0.92 31.2a±0.98 

a values, expressed as rram ± SEM, were obtained fran three independent samples. Meam within a row sharing a cornm:r 
letter are not signifiamt.ly different (P <(105). 
bDk-0, rutfernutteddhokla hitter; Dk-15, 15h(fully)-ferrrented drokla hitter; Dk-SP, stearred prodoct(drokla). 

<Jncuhitioo titre of reactioo mixture. 

diGo (th! efficient cm:mtratioo of antioxidant decreasing initial concentratioo of DPPH" by 50%) was d>tained b) 
interpolatioo fran linear regre;sion amlysis. 
•Relative antioxidant effect was obtained by dividing extractioo rate with IGo value and COll"lplred with that o 
ralfermmted hitter which was assigred as 1.0. 

4.3.5.5. Metal-chelating activity 

The chelation power of methanolic extracts of batters and product examined against FeZ+ is shown in 

Table 18. At 10 mg mi-\ the dhokla extract had a significant (51%) FeZ+ -chelating capadty which was 

demonstrated by the decrease in purple colour formed due to ferrozi.ne-Fe-2+ complex formation. At the 

same dosage level, the respective activities of the methanolic extracts of nonfermented and fermented 

Table 18. fe2+-chelating activitya of methanolic extracts of dhokla during different stages of its preparation 
Sampleb %Fe2+ -chelating activity in extract (mg ml-1) IC50 (mg ml-1 RAEd 

10 20 30 40 50 extract)< 
Dk-0 24.7c±1.36 48.1c±2.49 66.5b±3.12 68.0b±3.44 69.0b±3.62 21.83a±1.09 1.00b 
Dk-15 34.2b ± 2.31 61.4a ± 3.48 79.4a ± 3.29 79.9a ± 2.74 80.6a ± 3.11 15.83b ± 0.88 1.69a 
Dk-SP 51.0a ± 3.48 56.1b ± 2.15 58.9c ± 2.87 60.3c ± 3.34 60.3c ± 3.44 9.83c ± 0.60 1.63a 
a Values, expressed as mean± SEM, were obtained from three different samples. Means within a column sharing 
a common letter are not significantly different (P <0.05). 
bDk-0, nonfermented dhokla batter; Dk-15, 15 h (fully)-fermented dhokla batter; Dk-SP, steamed product 
(dhokla). 
ciGo (the efficient concentration of antioxidant decreasing initial concentration by 50%) was obtained by 
interpolation from linear regression analysis. 
dRelative antioxidant effect was obtained by dividing extraction rate with IC50 value and compared with that of 
non-fermented batter which was assigned as 1.0. 
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batters were 25% and 34%. Though their chelating abilities varied significantly at 10 mg mJ-1, those 

increased up to a certain extent with the increase in dosage level, and then leveled off despite further 

increase in concentration. At 30 mg ml\ the extracts of nonfermented and fermented batters and 

steamed product showed 67, 79 and 59%, respectively, of Fe2+ -chelating ability. Further increase in the 

dosages, however, could not increase the percentage of chelation ability significantly. The mean half

inhibition concentration (IC
50

) of the extracts was obtained by interpolation from linear regression 

analysis. The steamed product showed an IC
50

-value of 9.8 mg ml1 methanol, while 21.8 mg ml-
1 
and 

15.8 mg mPmethanolic extracts of nonfermented and fermented batters, respectively, could chelate 

the initial Fel+ concentration by 50%. However, a higher relative Fe2+ -chelating ability was observed 

with the fermented batter extract than the steamed product extract, when their initial yield of crude 

extract in methanol was taken in account. The relative Fe2+ -chelating ability increased by about 69% 

after fermentation, which revealed that the Fe2+ -chelating ability of dhokla batter enhanced after 

fermentation. Steaming the fermented batter for 10-15 min, however, showed a significant decline in 

the relative Fe2+ -chelating ability. 

4.3.5.6. Lipid pemxidation inhibitoty activity 

Table 19 showed the in vitro assay of lipid peroxidation inhibitory activity of the methanolic extracts 

of nonfermented and fermented batters and steamed product, at different concentrations (10-50 mg mi-

1 methanol) on the peroxidation of linoleic acid emulsion system. After 24 h of incubation at 37°C, 

methanolic extracts of fermented batter showed the highest antioxidant activity, followed by steamed 

product and nonfermented batter. A significant increase in percentage inhibition of linoleic acid 

peroxidation with the :increase in concentration of the extract was evident at all the tested concentrations 

(10-50 mg ml-1) of the extracts. At 50 mg :ml-1, the extract of nonfermented batter exhibited a total 

antioxidant activity with 24.2% inhibition of linoleic acid peroxidation at 24 h, while the fermented 

batter and steamed product extracts inhibited 41.6% and 31.8%, respectively, of linoleic acid 

peroxidationat similar concentration and incubation period. However, the mean peroxidation 

inhibition of the extracts was found to decline with time and reached 19%, 30% and 28%, respectively, 

after 72 h. In comparison, the extract of fermented batter exhibited effective antioxidant activity than 
the steamed product and nonfermented batter at tested concentrations, revealing its ability to deter 

lipid peroxidation. 

Table 19. Lipid peroxidation inhibitory activity• of methanolic extracts of dhokla at different stages of 
its preparation 

Sampleb Time< %inhibition by lyophilized extract (mg ml-1 methanol) 
(h) 10 20 30 40 50 

Dk-0 24 6.24d ± 0.45 12.46c ± 0.82 18.53b ± 1.00 23.53a ± 1.08 24.23a ± 0.89 

Dk-15 

48 5.90d ± 0.58 10.25c ± 1.20 15.83b ± 0.78 20.53a ± 0.63 21.49a ± 0.66 
72 5.50d ± 0.74 9.06c ± 1.16 15.28b ± 0.83 16.83ab ± 0.85 18.53a ± 0.94 

24 
48 
72 

12.57e ± 0.90 
8.21d±0.80 
8.29d±0.88 

24.72d±O.% 
17.54c ± 1.03 
16.20c ± 0.80 

33.77c ± 1.08 
23.67b ± 0.82 
21.63b ± 0.89 

40.55b ± 0.79 
29.59a ± 0.66 
28.70a ± 0.97 

41.62a ± 1.10 
31.54a ± 1.09 
29.79a ± 0.86 

Dk-SP 24 8.38e ± 0.79 16.51d ± 0.90 25.4& ± 0.94 29.67b ± 0.77 31.84a ± 0.52 
48 6.86e ± 1.04 13.30d ± 1.00 18.81c ± 0.98 25.43b ± 0.79 27.43a ± 0.82 
72 6.85e±0.81 12.90d±1.05 19.86c±0.81 26.93b±0.83 28.44a±1.07 

•Values, expressed as mean ± SEM, were obtained from three independent samples. Means within a 
row sharing a common letter are not significantly different (P <0.05). 
hDk-0, nonfermented dhokla batter; Dk-15, 15 h (fully)-fermented dhokla batter; Dk-SP, steamed 
product ( dhokla). 
cJncubation time of reaction mixture. 
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4.3.6. Correlation and regression 

Correlation coefficients between every two antioxidative parameters tested for nonfermented and 

fermented batters and steamed product are shown in Table 20. The data exhibited all the five antioxidant 
parameters exhibited significant 

Table 20. Coefficient of correlations" among various antioxidative 
parametersb of nonfennented dhokla batter (Dk-0), 15 h (fully)
fennented dhokla batter (Dk-15) and steamed product or dhokla (Dk

positive correlation among the every 

two parameters. In batters, the 

highest correlation was observed 

between metal-chelating activity and 

reducing power (r = 0.995), and lipid 

peroxidation inhibitory activity and 

reducing power (r = 0.989), 

respectively, while in dhokla it was 

total phenol content with lipid 

peroxidation inhibitory activity (r = 

0.977), being closely followed by 

radical-scavenging activity and total 

phenol content (r = 0.944). 

SP) (13 d.f.) 
Parameter 
TPC 

RP 

RSA 

MCA 

Sample 
Dk-0 
Dk-15 
Dk-SP 

Dk-0 
Dk-15 
Dk-SP 

Dk-0 
Dk-15 
Dk-SP 

Dk-0 
Dk-15 
Dk-SP 

TPC 
1.000 
1.000 
1.000 

0.869 
0.906 
0.880 

0.978 
0.947 
0.944 

0.858 
0.843 
0.653 

RP RSA MCA TAA 

1.000 
1.000 
1.000 

0.914 1.000 
0.953 1.000 
0.865 1.000 

0.995 0.903 1.000 
0.942 0.900 1.000 
0.793 0.686 1.000 

LPIA Dk-0 0.909 0.920 0.937 0.926 1.000 The regression equations and 

coefficients of correlations between 

different antioxidant parameters and 

total phenol content of the extracts 

are presented in Table 21. All the 

Dk-15 
Dk-SP 

0.936 
0.977 

OSignificant at P <0.01 (two-tailed). 

0.989 
0.901 

0.965 0.918 1.000 
0.936 0.679 1.000 

bTPC, total phenol content; RP, reducing power; RSA, radical
scavenging activity; MCA, metal-chelating activity; LPIA, lipid 
peroxidation inhibitory activity (after 72 h). 

tested samples showed that the total 

phenol contents were positively correlated (P <0.01) with DPPH-scavenging activity, reducing power, 

metal-chelating ability and lipid peroxidation inhibitory activity. Relevant regression equations 

exhibited that the antiradical activity is greatly influenced by the total phenol content which accounted 

for 96%, 'X>% and 89% DPPH :..scavenging activities in nonfermented and fermented batters and dhokla, 

respectively (Table 21: eq. 1, 5 and 9). Similarly, the respective correlations between total phenol 

content and reducing power were 76%, 82% and 77% (Table 21: eq. 2, 6 and 10). Total phenol content 

Table 21. Regression equations• for antioxidant parametersb as related to total phenol content 
(TPC) of nonfermented dhokla batter (Dk-0), 15 h (fully)-fennented dhokla batter (Dk-15) and 
steamed product or dhokla (Dk-SP) 

Sample Equation 

Dk-0 

Dk-15 

Dk-SP 

1.RSA 
2.RP 
3.MCA 
4. I.PIA 

5.RSA 
6.RP 
7.MCA 
8. LPIA 

y= -340.260'fPC2+ 273.920TPC- 23.091 
y =- 4.453'fPC2+ 2.668TPC- 0.194 
y = -1670.100TPG+ %1.140TPC- 66.334 
y= -308.500TPG+ 199.970TPC -14.623 

y =- 51.918TPC2+ 95.479TPC- 3.143 
y =- 0.812'fPC2+ 1.197TPC + 0.115 
y=-246.140'fPC2+ 315.220TPC -17.407 
y=- 47.229TPO+ 84.581TPC- 6.749 

9. RSA y=4.818TPO+ 29.705TPC-0.733 
10. RP y = - 3.401 'fPC2 + 2.666TPC - 0.204 
11. MCA y=-115.860'fPC2+ 98.414TPC- 39.599 
12. LPIA y = - 64.152'fPC2 + 1 04.680TPC - 6. 928 

OSignificant at P <0.01 (two-tailed). 

0.998 
0.988 
0.%9 
0.9% 

TPC accounted 
for(%) 
95.65 
75.52 
73.62 
82.63 

0.997 89.68 
1.000 82.10 
0.988 71.10 
0.987 87.61 

0.971 
0.958 
0.977 
0.997 

89.11 
77.44 
42.64 
95.45 

bRSA, radical-s<.eivenging activity; RP, reducing power; MCA, metal-chelating activity; LPIA, 
lipid peroxidation inhibitory activity (after 72 h). 
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could also explain 74%,71% and43% respectivemetal-chelatingability(Table 21: eq. 3, 7 and 11), and 

83%, 88% and 95% respective lipid peroixidation inhibitory activity (Table 21: eq. 4, 8 and 12). On the 

whole, total phenol content of the extracts exhibited a high positive correlation (P <0.01) with all the 

antioxidant parameters tested. 

4.4.Dosa 

4.4.1. Proximate composition 

Table 22 shows the proximate composition of market sample of dosa batter. The average moisture 

content of the acidic batter was 67.8 g 100 g-1• The mean ash and crude fat contents of the batter were 

1.1 g and 1.5 g 100 g-1 dry weight, respectively. Free fatty add content in the dosa batter was 1.8%. Total 

nitrogen, protein nitrogen, nonprotein nitrogen and soluble nitrogen contents of dosa batter were 3.0, 

1.8, 1.2 and 1.0 g (100 g)-1 dry matter, respectively. 

Table 22 Proximate composition• of substrates and fennented batter of dosa 
Parameter ___..g_,_(1_00___..g.._)-1_dry_.__ma_tte_r _________ _ 

Substrate Marketed 
Parboiled rice 
(n=3) 

pH 6.8a± 0.05 
Moisture (g (100 g)-1) 9.4c± 0.15 
Ash 0.6c± 0.05 
Titratable add (as lactic add) 0.1b± 0.01 
Free fatty add (as linoleic add) 0.7b±0.01 
Total nitrogen 0.9c±0.03 
Protein nitrogen 0.9c±0.03 
Nonprotein nitrogen O.lc± 0.01 
Soluble nitrogen 0.2c±0.02 
Total protein (total N x 6.25h) 5.5c±0.20 
Crude fat 0.2b±0.04 

Blackgram dal 
(n=3) 
7.0a±0.05 

ll.Ob±0.09 
6.3a±0.09 
O.lb ± 0.01 
0.7b± 0.01 
4.la ± 0.03 
3.6a±0.03 
0.4b±0.03 
O.Sb ± 0.02 

25.4a±0.21 
l.Sa ±0.10 

batter 
(n = 12) 

4.5b±0.04 
67.8a±0.75 
1.1b± 0.03 
0.8a±0.04 
l.Ba ± 0.04 
3.0b ± 0.11 
1.8b± 0.08 
1.2a ± 0.05 
l.Oa± 0.02 

18.6b±0.67 
l.Sa ± 0.02 

Carbohydrate (by difference) 93.7a ± 0.20 66.8c ± 0.30 78.8b ± 0.69 
Energy value (MJ(lOO g)-1 dm) 1.7a ± 0 1.6a ± 0 1.7a ± 0 
•Values are expressed as mean± SEM Means within a row sharing a common letter are 
not significantly differertt (P <0.05) .. 
hProtein factor is 5.95 for rice. 

4.4.2. Microbial analysis 

4.4.2.1. Isolation of microorganisms 

A total of 90 strains of lactic acid bacteria (Table 23) and 85 strains of yeasts (Table 24) were isolated 

from 12 samples. While all the lactic bacterial isolates were grouped into two cell morphotypes, the 

Table 23. Selection of representative strains of dominant lactic acid bacteria isolated 
from marketed samples of fermented batter of dosa 

Paran1eter Cltaracter 

Cell shape Cocci in pair/short chain Cocci in tetrad 
Gas from glucose + 

Growth in/ at 
~u + 
45°C + 

Grouped strains• 
Group 
Total number of strain in group 

No. of representative strains 
•All the strains were nonmotile, 
negative. 

Do-LA 
60 
12 

Do-LB 
30 
6 

nonsporeforming, Gran1 positive and catalase 



RESULTS 82 

Table 24. Selection of representative strains of dominant yeasts 
isolated from marketed samples of fermented batter of dosa 

yeast isolates were grouped into three 

colony morphotypes. One 

representative strain, from each group 

of each positive sample, was selected 

randomly to ascertain its taxonomic 

status. 

Parameter 
Colony• 
Cellshapeb 
Pellicle formation 
Grouped strains 

Character 
Cgs Tds 
G-0/E 0-E 

+ 

Pgs 
G-E 

Group Do-YA Do-YB Do-YD 
Total number strains in group 40 40 5 

No. of representative strains 8 8 1 
aegs, cream colour with glistening and butyrous surface; T ds, 
tannish white colour with dull and flat surface; Pgs, pink colour 
with glistening and butyrous surface. 

4.4.2.2 Taxonomical studies 

bG, globose; 0, oval; E, ellipsoidal. 4.4.2.2.1. Bacteria 

On the basis of selected morphological, 

physiological and cultural characteristics of lactic add bacteria shown in Table 23 all the representative 

strains of the group Do-LA belonged to the genus Leuconostoc, while that of the group Do-LB belonged 

to the genus Pediococcus. The 

detailed morphological and 

physiological characteristics 

of all those representative 

strains are presented in Table 

25. Following the criteria laid 

by Garvie (1986a, 1986b) as 

well as IBIS (Wijtzes et al., 
1997), the representative 

strains of group Do-LA and 

Do-LA were tentatively 

identified as Leuconostoc 
mesenteroides (Tsenkovskii) 

van Tieghem 1879 and 

Pediococcus pentosaceus Mees 

1934, respectively. 

4.4.2.2.2. Yeasts 

The detailed morphological, 

cultural and physiological 

characteristics of the 17 

representative strains of 

yeasts, comprising 

three different colony 

morphotypes, isolated from 

Table 25. Characteristics• of groups of representative strains of lactic acid 
bacteria isolated from marketed samples of fermented batter of dosa 

Parameters Do-LA (n = 12) Do-LB(n-6) 
+ d + d 

Cell shape Cocci in pair or chain Cocci in tetrad 
Cell diameter (p.m) 0.30-0.70 0.30-0.65 
Gas from glucose 100 100 
Growth in NaG (g ~1) 

30 100 67 33 
65 67 33 100 
80 100 100 

Growth at pH 4.8 100 100 
Hydrolysis of 

arginine 100 100 
esculin 58 42 83 17 

Growth at 45°C 100 100 
Acid from 

D-cellobiose 42 50 8 100 
esculin 83 17 75 25 
D-lactose 78 22 33 50 17 
D-mannitol 100 100 
D-mannose 100 100 
D-melibiose 50 42 8 76 33 
D-raffinose 75 25 100 
D-ribose 100 65 35 
salicin 67 33 100 
sucrose 100 50 50 
D-xylose 58 42 67 17 16 

•Data represent %strains showing + (positive), d (delayed) and - (negative) 
reactions. All the strains were Gram positive, nonmotile, nonsporeforming, 
catalase negative, capable of growing at pH 6.5 and 15-40"(:. and producing 
acid from L-arabinose, D-fructose, D-galactose, D-glucose, D-maltose and D
trehalose, however not capable of reducing nitrate, producing indole, 
hydrolyzing fat, gelatin and starch. and producing acid from glycerol, sorbitol 
and starch. 

the samples of marketed dosa batter are shown in Table 26. Following the taxonomic keys of Barnett et 
al. (200)) and Kurtzman and Fell (200)), and using BioloMICSNet software (http://www .cbs.knaw .nl/ 
yeast/BioloMICS.aspx), the representative strains of yeasts belonging to group Do-Y A, Do-YB and 

Do-YD were tentatively identified as Saccharomyces cerevisiae May en ex Hansen 1883, Issatchenkia 
orientalis Kudryavtsev 1960 and Rhodotorula minuta (Saito) Harrison 1928, respectively. 
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Table 26. Characteristics• of groups of representative strains of yeasts isolated from marketed samples of 

fermented batter of dosa 
Do-YD(n 1) 

Parameter Do-YA (n 8) Do-YB(n 8) 

+w + +w + +w + 

Colony morphologyb Cgs Tds Pgs 

Cell shapec (G-0) /E 0-E G-E 

Cell width x length (pm) 3.4-4.7 X 4.0-8.8 2.7-6.5 X 3.1-7.1 3.8-3.7 X 3.8-4.8 

Psd 100 
Myceliumd Psd 
Vegetative reproduction 100 100 100 

Budding Multilateral Multilateral 

Sexual reproduction 100 100 100 

Ascus 100 100 100 

Asci evanescence Persistent Persistent 100 

Ascospore• (R-O)+Sm O+Sm 100 

Ascospore/ ascus 1-4 1-2 100 

Pellicle formation 100 100 100 

Hydrolysis of 
fat 48 52 100 100 

urea 100 100 100 

Fermentation of 
100 D-galactose 52 27 21 100 

D-glucose 100 90 10 100 

D-rnaltose 61 15 24 100 100 

D-melibiose 64 36 100 100 

melezitose 52 27 21 100 100 

D-raffinose 100 100 100 

sucrose 100 100 100 

Assimilation of 
L-arabinose 100 100 100 

D-cellobiose 100 100 100 

citrate 100 100 100 

D-galactose 43 21 36 30 70 100 

D-glucitol 100 100 100 

D-glucosamine 100 100 100 

N-acetyl-glucosamine 100 95 5 100 
glycerol 100 100 100 

D-lactose 100 100 100 
D-rnaltose 100 15 85 100 

melezitose 62 25 13 100 100 
D-melibiose 50 25 25 100 100 
D-raffinose 100 100 100 
D-ribose 100 100 100 
sucrose 100 100 100 
D-trehalose 100 100 100 
vitamin-free medium 100 100 100 
D-xylose 100 100 100 

•Data represent %strains showing+ (positive), +w (weak positive) and - (negative) reactions. All the strains 
were capable of growing at 37°C and assimilating D-glucose, however not capable of reducing nitrate, 
forming starch, hydrolyzing gelatin and starch, fermenting D-cellobiose, D-lactose, D-trehalose and D-xylose, 
and assimilatingm-erythritoL m-inositoL D-rnannitoL nitrate, L-rhamnose and starch. 
bCgs, Cream colour with glistening and butyrous surface; Tds, tannish white colour with dull and flat 
surface; Wsw, tannish white surface with wrinkled margin; Pgs, pink colour with glistening and butyrous 
surface. 
<G, globose; 0, oval; E, elongated. 
dPsd, pseudomycelium/ pseudohyphae. 
•R, round, 0, oval; Sm, smooth; Str, Saturn-shaped. 

4.4.2.3. Microbial load in fermented batter 

83 

The average microbial load and their percentage occurrence in 12 market samples dosa batter are 

shown in Table 27. T AMB cells and their spores were recovered from all the samples studied. While 

Leuconostoc mesenteroides and Pediococcisus pentosaceus were the two dominant bacteria occurring in 

100% and 50% of dosa batter, respectivey, yeast microbiota comprises Saccharomyces cereoisiae, followed 

by Issatchenkia oriental is and Rhodotorula minuta. Each of the former two members of yeast was 
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encountered in 67% of the 

samples, while R. minuta was 

isolated from only 8% of the 

samples studied. 

Table 27. Dominant microbial load in the marketed samples (n = 12) 
of fennented batter of dc&~ 

4.5.Idli 

4.5.1. Proximate composition 

The proximate composition of 

substrates (parboiled rice and 

black gram dal) and fermented idli 

Microbiota 

TAMB 
aMIE 
Yeasts 

Sacdwomyres rereuisiae 
IssatdrenkiJl oriental is 
Rhodotorula minuta 

Lactic acid bacteria 
Leuconostoc mesenteroides 
PedioaJccus pentosareus 

Log cfu gi fresh wt %occurrence 
(mean±SEM) 
9.8±0.15 100 
4.1 ±0.14 100 

5.8 ±0.57 
4.9±0.61 
4.1 ±0.45 

9.4 ±0.17 
7.5±025 

67 
67 
8 

100 
50 

batter from different sources are presented in Table 28. The moisture content of fermented idli batter 

was six times higher than that of the substrates. Blackgram dal showed a significantly higher ash 

content than the fermented idli batter and parboiled rice. The fermented batter was distinctly addic in 

contrast to the neutral pH of the substrates. The titratable and free fatty addity of the ingredients 

increased significantly during fermentation. While the mean protein content of black gram dal was 

higher than that of parboiled rice and the fermented batter, the crude fat content of rice was less than 
that ofblackgram dal and fermented batter. 

Table 28. Proximate oomposition" of substrates and ferrrented batter of idli 

~~ter -ag~(1~00~&~1 ~WJ~ma~~~r~--------~----~---------------
Substrate Ferrrented batter 

pH 
Moisture (g (1 00 gP) 
Ash 

Parboiled rice 
(n=3) 
6.8a±0.05 
9.4c±0.15 
0.6c±0.05 

Blackgram dal 
(n=3) 
7.0a±0.05 

ll.Oc±0.09 
6.3a±0.09 

Marketed Laboratory-made 
(n=12) (n=3) 
4.7b ± 0.08 4.3b ± 0.04 

57.0b±0.72 61.1a±1.46 
1.2b ± 0.05 1.5b ± 0.02 

Titratable acid (as lactic acid) O.lc ± 0.01 O.lc ± 0.01 0.7b ±0.03 1.8a ± 0.03 
Free fatty acid (as linoleic acid) 0.7b ± 0.01 0.7b ± 0.01 1.6a ± 0.04 1.6a ± 0.01 
Total nitrogen 0.9c ± 0.03 4.1a ± 0.03 25b ± 0.07 2.7b ± 0.12 
Proteinnitrogen 0.9c±0.03 3.6a±0.03 1.9b±0.06 1.4b±0.03 
Nonprotein nitrogen O.lc ± 0.01 0.4bc ± 0.03 0.6b ± 0.04 1.3a ± 0.13 
Soluble nitrogen 0.2c ± 0.02 0.5bc ± 0.02 O.Sbc ± 0.03 0.7a ± 0.03 
Total protein (total N x 6251>) 5.5d ± 0.20 25.4a ± 0.21 15.4c ± 0.45 16.7b± 0.75 
Crude fat (ether extract) 0.2c ± 0.04 1.5a ± 0.10 1.5a ± 0.02 l.lb ± 0.02 
Carbdlydrate(bydifference) 93.7a±0.20 66.&±0.30 81.9b±0.49 80.7b±0.79 
Energy (MJ (100 g)·1 dry matter) 1.7a ± 0 1.6a ± 0 1.7a ± 0 1.7a ± 0 
aVaiues are expressed as mean ± SEM Means within a row sharing a common letter are not significantly 
different (P <{J.05). 
bProtein factor is 5. 95 for rice. 

4.5.2. Microbial analysis 

4.5.2.1. Isolation of microorganisms 

A total of 295 strains of lactic add bacteria (Table 29) and 365 strains of yeasts (Table 30) were isolated 

from three samples of raw blackgram dal, 12 samples of marketed batter and 21 samples of laboratory

made fermenting and fermented batter. However, the occurrence of lactic add bacteria and yeasts 

were below the detection limit in parboiled rice. While all the lactic add bacterial isolates were grouped 

into two cell morphotypes, the yeast isolates were clustered into four colony morphotypes. A total of 

30 strains of mould were isolated from Oh and 3 h-old batch of idli batter fermenting under laboratory 

conditions (Table 31). One representative strain, from eac.h group of each positive sample, was selected 
randomly to ascertain its taxonomic status. 
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Table 29. Selection of representative strains of dominant lactic add bacteria isolated from suh>trates and fermenting batter of 
idli 

Source Stage(s) of 
fermentation 

Cell Gas from 
gluca;e 

Growth in/ at Grouped strainsb No. of 

Suh>trate 
Parboiled rice (n = 3) 
Blackgram dal (n = 3) 

Mixed batter 
Marketed (n = 12) Final 

shape• 

Cp/c 

Cp/c 
Ct 

Laboratory-made Oh-18h Cp/c 
(n = 21) (3 h-interval) Ct 

aCp/ c, cocci in pair or short chain; Ct, cocci in tetrad. 

pH4.8 45°C 

+ 

+ 
+ 

+ 

+ + 

bAll the isolates were nonmotile, nonsporeforming. Gram positive and catalase negative. 
eR, representative. 

Group No. Restrains 

0 
Id-LA 15 3 

Id-LA 60 12 
Id-LB 35 7 
Id-LA 105 21 
Id-LB 80 16 

Table 30. Selection of representative strains of dominant yeasts isolated from substrates and fermenting batter of 
idli 

Source 

Substrates 
Parboiled rice (n = 3) 
Blackgram dal (n = 3) 

Mixed batter 
Marketed (n = 12) 

Laboratory-made 
(n = 21) 

Stage(s) of 
fermentation 

Final 

Oh-18h 
(3 h-interval) 

Colony• Cell Pellicle Grouped strains No. of 
shapeb formation Group No. Restrains 

0 
Cgs G-0/E Id-YA 10 2 

Cgs G-0/E Id-YA 50 10 
Tds 0-E + Id-YB 30 6 
Wsw 0-E + Id-YC 5 1 
Pgs G-E Id-YD 10 2 
Cgs G-0/E Id-YA 105 21 
Tds 0-E + Id-YB 70 14 
Wsw 0-E + Id-YC 85 17 

•Cgs, Cream colour with glistening and butyrous surface; Tds, tannish white colour with dull and flat surface; 
Wsw, tannish white surface with wrinkled margin; Pgs, pink colour with glistening and butyrous surface. 
bG, globose; 0, oval; E, ellipsoidal. 
<R, representative. 

Table 31. Selection of representative strains of nvulds isolated from 
ferrrenting batter of idli 

~ --~~~~of~---------------
strains grouped representative 
isolated• strains strains 

Noofermented batter (n = 3) 15 15 3 
3 h-fenrenting batter (n = 3) 15 15 3 

•All the isolates had mycelia without septation, rhizoid and stolon; 
sporangiophores branched and arose directly from the substrate mycelia; 
sporangiospores, ellipsoidal to globa>e; colUIIEllae, ellipsoidal to 
pyriform; chlamydospores, numerous and barrel-shaped. 

4.5.2.2. Taxonomical studies 

4.5.2.2.1. Bacteria 

On the basis of selected morphological,. physiological and cultural characteristics of lactic add bacteria 

shown in Table 29, all the representative strains of the group Id-LA belonged to the genus Leuconostoc, 
while those of the group Id-LB belonged to the genus Pediococcus. The detailed morphological and 

physiological characteristics of all those representative strains are shown in Table 32. Following the 

criteria laid by Garvie (1986a, 1986b) as well as IBIS (Wijtzes et al., 1997), the representative strains 

belonging to group Id-LA and Id-LB were tentatively identified as Leuconostoc mesenteroides (fsenkovskii) 

van Tieghem 1879 and Pediococcus pentosaceus Mees 1934, respectively. 



Table 32. Characteristics• of groups of representative strains of lactic acid 
bacteria isolated from substrates and fermenting batter of idli 

Parameters Id-LA (n- 36) Id-LB (n 23) 
+ d + d 

Cell shape Cocci in pair or chain Cncci in tetrad 

Cell diameter (Jlm) 
Gas from glucose 
Growth in NaO (g P) 

0.30- 0.70 0.30 - 0.65 
100 100 

4.5.2.2.2. Yeasts 

30 
65 
80 

Growth at pH 4.8 
Hydrolysis of 

arginine 
esculin 

Growth at 45°C 
Acid from 

100 
69 

56 

31 

44 

53 
14 
22 

44 
25 

39 

100 
100 

100 

100 

61 
100 
100 
100 

100 
87 

100 

39 

13 

•Data represent %strains showing + (positive), d (delayed) and - (negative) 
reactions. All the strains were Gram positive, nonmotile, nonsporeforming, 
catalase negative, capable of growing at 15-40"C and producing acid from L
arabinose, D-fructose, D-galactose, D-glucose, D-maltose and D-trehalose, 
however not capable of reducing nitrate, producing indole, hydrolyzing fat, 
gelatin and starch, and producing acid from glycerol, sorbitol and starch. 
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Table 33 shows the detailed morphological, cultural and physiological characteristics of the 73 

representative strains of yeast, comprising four different colony morphotypes, isolated from the 

substrates and fermenting and fermented batters. Following the taxonomic keys of Barnett et al. (2<XX>) 

and Kurtzman and Fell (2<XX>), and using BioloMICSNet software (http://www .cbs.knaw .nl/ yeast/ 

BioloMICS.aspx), the representative strains of yeasts belonging to group Id-YA, Id-YB, Id-YC and Id

YD were tentatively identified as Saccharomyces cerevisiae May en ex Hansen 1883, Issatchenkia orientalis 
Kudryavtsev 1960, Pichia membranifadens Hansen 1 ~~and Rhodotorula min uta (Saito) Harrison 1928, 

respective! y. 

4.5.2.2.3. Moulds 

The detailed morphological characteristics of the six representative strains of mould, isolated from 

samples of fermenting batter at 0 hand after 3 h, are shown in Table 34. Following the taxonomic keys 

of Hesseltine (1983) and Samson and van Reenen-Hoekstra (1988) all the representative strains of the 

mould were identified as Mucor racemosus Pres. 

4.5.2.3. Microbial load in subsbates and fermented batter 

The average microbial load studied in 12 market samples of fermented batter, three samples each of 

two kinds of substrates (blackgram dal and parboiled rice) and laboratory-made fermented idli batters 
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Table 33. Characteristics• of groups of representative strains of yeasts isolated from fermenting batter of idli and its 
substrates 

Parameters Id-YA (n- 33) Id-YB (n - 20) Id-YC (n 18) Id-YD (n 2) 
+ +w + +w + +w + +w 

Colony morphology~> Cgs Tds Wsw Pgs 
Cell shape< (G-0)/E 0-E 0-E C..-E 
Cell width x length (pm) 3.4-4.7 X 4.0-8.8 2.7-6.5 X 3.1-7.1 2.7-5.3 X 3.4-7.3 3.:M.2 x3.9-5.9 
Myceliumd Psd Psd Psd 100 
Vegetative reproduction 100 100 100 100 

Budding Multilateral Multilateral Multilateral 
Sexual reproduction 100 100 100 100 
Ascus 100 100 100 100 

Asci evanescence Persistent Persistent Evanescent 
Ascospore• (R-O)+Sm O+Sm Str/R 
Ascospore/ ascus 1-4 1-2 1-4 

Pellicle formation 100 100 100 100 
Hydrolysis of 

fat 48 52 100 100 100 
urea 100 100 100 100 

Fermentation of 
D-galactose 52 27 21 100 100 100 
D-glucose 100 90 10 83 17 100 
D-maltose 61 15 24 100 100 100 
D-melibiose 64 36 100 100 100 
melezitose 52 27 21 100 100 100 
D-raffinose 100 100 100 100 
sucrose 100 100 100 100 

Assimilation of 
L-arabinose 100 100 100 50 50 
D-cellobiose 100 100 100 50 50 
citrate 100 100 100 100 
D-galactose 43 21 36 30 70 100 50 50 
D-glucitol 100 100 100 50 50 
D-glucosamine 100 100 100 100 
N-acetyl-glucosamine 100 95 5 100 100 
glycerol 100 100 100 100 
D-lactose 100 100 100 50 50 
D-maltose 100 15 85 100 100 
melezitose 52 15 33 100 100 100 
D-melibiose 40 33 27 100 100 100 
D-raffinose 100 100 28 72 100 
D-ribose 100 100 100 50 50 
sucrose 100 100 100 100 
D-trehalose 100 100 17 83 50 50 
vitamin-free medium 100 100 100 100 
D-~lose 100 100 100 50 50 

•Data represent %strains showing+ (positive), +w (weak positive) and - (negative) reactions. All the strains were 
capable of growing at 37°C and assimilating of D-glucose, however not capable of reducing nitrate, forming starch, 
hydrolyzing gelatin and starch, fermenting D-cellobiose, D-lactose, D-trehalose and D-xylose, and assimilating m-
erythritol, m-inositol, D-mannitol, nitrate, L-rhamnose and starch. 
bCgs, cream colour with glistening and butyrous surface; Tds, tannish white colour with dull and flat surface; Wsw, 
tannish white surface with wrinkled margin; Pgs, pink colour with glistening and butyrous surface. 
<G, globose; 0, oval; E, elongated. 
dPsd, pseudomycelium/ pseudo hyphae. 
•R, round, 0, oval; Sm, smooth; Str, Saturn-shaped. 

are shown in Table 35. T AMB cells and their spores (aMBS) were recovered from all the samples 

studied (Table 36). While Leuconostoc mesenteroides was dominant in fermented batters and raw 

blackgram dal, Pediococcus pentosaceus was recovered from the fermented batters only. The average 

load of Saccharomyces cerevisiae in the blackgram dal was> 10' cfu g-1• However, the occurrence of lactic 

acid bacteria and yeasts in parboiled rice was below the detection limits. While the average load of 

yeast in fermented batter ranges between 1()3 and 1CY'cfu g-1
, all the four morphotypes of representative 

strains were present in market samples. S. cerevisiae was most dominant followed by Issatchenkia 
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orientalis and Pichia membranifaciens. Rhodotorula minuta, with an average load of> 104, was recovered 

from 17% of the market samples. 

Table 34. Characteristics of representative strains of moulds isolated from nonfermented 
and fermenting batter of idli 

Otaracter Representative strains• 
Lld-MOA Ud-MOs Lid-MOe Ud-M3A Lld-M3B Lld-M3c 

Sporangiospore 
Length (lun) 4.~.4 4.6-6.3 4.4-6.4 4.6-6.7 4.~.5 4.0-6.7 
Breadth (Jim) 4.4-5.5 4.~5.2 4.0-4.8 4.5-5.3 4.5-5.5 4.~5.5 

Columella 
Length (lim) 4047 42-46 38-44 35-45 42-48 4045 
Breadth (lim) 4045 35-45 4045 38-45 4048 30-45 

Otlamydospore 
Length U!m) 15-18 14-19 16-19 15-22 17-21 15-20 
Breadth(J.Lm) 12-15 12-15 11-14 1~16 1~16 1~15 

• All the isolates had aseptate mycelium, rhizoid, stolon, branched sporangiophores which 
arose directly from the substrate mycelium, ellipsoidal to gl~ sporangiospores, 
ellipsoidal to pyriform rolumellae, and nurrerous, barrel-shaped chlamydospores, 
however were not capable of growing at 37"C. 

Table 35. Dominant microbiallooda in substrates and fermented batter of idli 
Microbiota Log du gi fresh weight 

Substrate Fermented batter 
Parboiled rice Blackgram dal Marketed Laboratory-made 
(n=3) (n=3) (n= 12) (n=3) 

TAMB 4.7c ±0.14 5.3c±0.08 9.8b±0.26 ll.Oa±0.35 
aMffi 3.2a±0.08 3.2a±0.15 3.1a±0.49 3.1a ±0.13 
Lactic acid bacterial> 

Leuronostsoc mesenteroides <DL 4.&±0.W 9.4b±0.16 11.8a±0.31 
Pediorocms pentvsareus <DL <DL 8.7b±0.71 9.8a±0.14 

Yeasts< 
Sacdurromyres cerevisille <DL 3.6b±0.10 6.0a±0.37 5.9a ±0.12 
Issatdrenkia orientalis <DL <DL 4.9b±0.41 6.2a ±0.83 
Pidtia membmnifocieus <DL <DL 5.6a±0.38 3.3b±0.08 
Rhodotoni/a minulll <DL <DL 4.9±0.45 <DL 

<Values are expressed as rrean ± SEM Means within a row sharing a common letter are not significantly 
different (P <0.05). 
bQL (detection limit), 1.0 log cfu gi fresh weight. 
cDl_,. 20 log cfu g-I fresh weight 

Table 36. Prevalence of dominant microorganisms in fermented batter of idli and its substrates 

Nficrdrnrna -=P~OSI~·t~i~~~~~el(rc~o)~----------=-----~-------------
Substrate Fenrented batter 

TAMB 
aMBS 
Lactic acid bacteria 

Leuconostsoc mesenteroides 
Pedioroccus pentosaceus 

Yeasts 
Socdwomyces cereuisiae 
lssatdrenkia orientalis 
Pidrirz membranifociens 
Rhodotorula minuta 

Pruboiled rice Blackgram dal Marketed Laboratory-rm.de 
(n = 3) (n = 3) (n = 12} (n = 3) 
100 100 100 100 
100 

0 
0 

0 
0 
0 
0 

100 

100 
0 

67 

0 
0 
0 

100 100 

100 
58 

83 
50 
8 

17 

100 
100 

100 
100 
100 

0 
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4.5.3. Optimi7.ation of traditional process parameters 

Table 37 shows the average sensory scores for optimizing proportions of substrates (parboiled rice: 

blackgram dal) during idli batter fermentation. All the treatments differed significantly among 

themselves with respect to flavour, body texture, colour and total score. The treatment B (2: 1) had the 

highest score compared to the 

treatment A (1 :1 ); treatment C 

(3:1) and treatment D (4:1). 

Hence, the proportion of 

substrates for the preparation of 

idli was optimized at 

fermenting mixture of two parts 

of parboiled rice and one part 

ofblackgram dal. 

Table 38 reveals that all 

Table ~. Average sensory scores'" of idli for optimizing ingredients' 
proportions of mixed batter for fermentation (30°C, 18 h) 

Attributes Proportion of rice and blackgramdal (ww-1) 

A (1:1) B (2:1) C (3:1) D (4:1) 
Taste (35) 21.7b ± 0.5 31.8a ± 0.5 31.1a ± 1.0 30.7a ± 1.2 
Texture (30) 2l.Ob ± 0.3 25.8a ± 0.8 25.8a ± 0.8 21.2b ± 0.5 
Flavour (30) 21.4b ± 0.4 25.9a ± 0.5 24.8a ± 0.5 23.1ab ± 0.4 
Colour (5) 4.fu ± 0.1 4.2a ± 0 4.3a ± 0.1 4.1a ± 0.1 
Total score (100) 68.1c ± 0.3 87.7a ± 1.3 85.6a ± 0.8 79.1b ± 1.2 
•Values, expressed as mean± SEM, were obtained from three different 
samples. Means within a row sharing a common letter are not significantly 
different (P <0.05). 

the treatments considered for optimizing fermentation period of batter during idli preparation differed 

significantly among themselves with respect to every sensory attribute. The treatment C (fermentation 

Table 38. Average sensory scoresa of idli for optimizing fermentation (3QDC) 
period of mixed batter> 

Attribute Fenrentation period (h) 

Taste(35) 
Texture (30) 
Flavour (30) 
Colour (5) 
Total score (100) 

A (12) B (15) C (18) D (21) 
22.6c ± 0.8 27.7b ± 0.7 31.8a ± 0.5 31.5a ± 0.6 
23.0b±0.9 
22.6c± 0.4 
4.2a± 0.1 

72.4c± 1.3 

24.0ab±0.8 
24.8b±0.8 
4.1a±0.1 

80.6b± 1.1 

25.8a±0.8 
25.9a±0.5 
4.2a±O 

87.7a± 1.3 

25.6a±0.4 
23.4b±0.4 
4.1a ± 0.1 

84.6ab±0.6 
avalues, expressed as mean ± SEM, were obtained from three different 
samples. Means within a row sharing a common letter are not significantly 
different (P <0.05). 
bProportions of ingredients: parboiled rice and blackgram dal, 2:1 (w wl). 

period of 18 h) had the 

highest score compared to 

the treatment A (12 h), 

treatment B (15 h) and 

treatment D (21 h). Hence, 

18 his optimum time for the 

fermentation of mixed idli 

batter during idli 

preparation. 

All the treatments 

considered for optimizing 

temperature of incubation (fermentation) during idli batter fermentation differed significantly from 

each other in respect of flavour, texture 

and total score (Table 39). The 

treatment B (temperature of 30°C 

during idli batter fermentation) had the 

highest total score compared to the 

treatment A (25°C) and the treatment C 

(35°C). Hence, 30°C was the optimum 

temperature for the fermentation of idli 

batter during idli preparation. 

Table 39. Average sensory scores• of idli for optimizing 
fermentation (18 h) temperature of mixed batterb 

Attribute Fermentation temperature eq 

Taste (35) 
Texture (30) 
Flavour (30) 
Colour (5) 
Total score (100) 

A (25) B (30) C (35) 
26.4b ± 0.5 31.6a ± 1.0 22.3c ± 0.6 
24.0a±0.3 25.4a±0.4 24.8a±0.4 
23.3ab±0.2 25.8a±0.5 20.9b±0.9 
3.9b±0.7 43a±O.I 3.9b±0.1 

77.6b±0.6 87.la± 1.4 71.9c ±0.9 
•Values, expressed as mean± SEM, were obtained from three 
different samples. Means within a row sharing a common letter 
are not significantly different (P <0.05). 
bProportions of ingredients: parboiled rice and blackgram dal, 2:1 
(ww-1). 

4.5.4. Successional studies on batter during fennentation 

4.5.4.1. Microbial changes 

Table 40 shows quantitative changes in the count of dominant microorganisms during idli batter 

fermentation under optimized conditions. T AMB cells increased significantly from 1()6 to 1011 cfu g 



Table 40. 01anges in microbiallood• in mixed batter of idli during fermentation under optimized conditions 
Microbiota Fenrentation period (h) 

--~--------~-------------· ---

0 3 6 9 12 15 18 
TAMB 6.6f±0.09 7.3e±0.34 8.4d±0.14 9.3c±0.07 10.4b±0.05 11.0a±0.28 11.0a±0.35 

(100) (100) (100) (100) (100) (100) (100) 
aMBS 4.2a±0.12 3.1b±0.09 2.8b±0.42 3.2b±0.07 3.3b±0.10 3.2b± 0.13 3.1b± 0.13 

(100) (100) (100) (100) (100) (100) (100) 
Lactic acid hlcteriab 

Leuamostsoc mesenteroides 4.9f ± 0.35 5.4e±0.25 7.2d±0.05 8.1c±O.~ 10.7b±0.12 11.8a ± 0.12 11.8a ± 0.31 
(100) (100) (100) (100) (100) (100) (100) 

Pediococcus pentosacxus <DL 4.5f ±1.51f 5.%±1.95 6.9d ±0.07 7.9c±O.l3 9.1b± 0.10 9.8a ±0.14. 
(0) (67) (67) (100) (100) (100) (100) 

Yeasts< 
Sacd!aromycxs !l'Tevisioe 4.3c±0.16 4.8b±0.14 4.8b±O.~ 5.2ab±0.22 5.8a ±0.22 5.9a±0.13 5.9a ±0.12 

(100) (100) (100) (100) (100) (100) (100) 

Jssatdtenkia orienta/is <DL <DL 4.7c±0.15 4.&±0.11 5.5b±0.34 6.1a ± 0.25 6.2a ±0.2:1 
(0) (0) (67) (l!XJ) (100) (100) (100) 

Pichia membranifociens <DL 4.1c ± 0.15 5.2b±0.34 6.0a±O.IAS 6.2a ±0.12 3.6de±0.09 3.3e±0.08 
(0) (67) (100) (100) (100) (100) (100) 

Mould' 
Mucor racemosus 4.4a ±0.12 3.3b±0.11 <DL <DL <DL <DL <DL 

{100) ~100) (0~ (0) (0~ (0) (0) 
a Values, expressed as mean± SEM of log cfu g-1 fresh weight, were obtained from three different samples. Data within plrentheses an~ 
expressed as %positive samples. :Means within a row sharing a comrron letter are not significantly different (P <0.05). 
hDL (detection limit), 1.0 log cfu gl fresh weight. 
'DL, 2.0 log cfu g 1 fresh weight. 
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fresh weight, while the count of their spores decreased by one log-cydc after fermentation. Since idli 

fermentation is an addic one, Leuconostoc mesenteroides and Sacclulromyces ccrc7)isiac were the most 

predominant microorganisms encountered throughout fermentation. The number of cells of L. 

mesenteroides increased significantly at every 3 h-interval till15 h of fermentation. The presence of 

Pediococcus pentosaceus and yeasts was variable. P. pentosaceus, although not found at the onset of 

fermentation, was detected after 3 hand increased significantly after every 3 h-interval till the end. 5. 
cerevisiae, which occurred in raw daL was present at the initial stage and increased during fermentation. 

Issatchenkia orienta/is, which was detected only after 6 h of fermentation, increased during fermentation. 

Pichia membranifaciens, which appeared after 3 h, increased at the midway of fermentation, but decreased 

at the end. Unlike market samples, no Rhodotorula minuta was recovered during entire process of 

fermentation. Mucor racemosus, the only mould involved in idli batter fermentation, was found at the 

onset of fermentation, however its cell number declined after 3 h and eventually perished after 6 h 

onwards of fermentation. 

4.5.4.2. Changes in proximate composition 

The proximate compositional changes in idli batter during fermentation are presented in Table 41. 

Fermentation caused a 3-fold increase in titratable addity with a decrease in pH. During initial3 h of 

fermentation, no appredable change was observed in the batter volume. However, from 3 h onward 

the batter volume increased significantly at every 3 h interval till12 h of fermentation, during which 

the batter gained double the original volume. Further change in the batter volume, beyond 12 h, was 

not significant. Total protein content showed mild fluctuations during intermediate stages of 

fermentation, but eventually remained the same. While protein nitrogen content decreased, 
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Fig. 40. SDS-PAGE profile of raw ingredients and 
fermenting batter (a mixture of rice slurry and 
blackgram dal paste, 2:1; 30"C) of idli. Lanes: 1, 
protein molecular weight marker; 2, parboiled rice; 3, 
blackgram dal; 4, 0 h-old batter; 5, 3 h-old batter; 6, 
6 h-old batter; 7, 9 h-old batter; 8,. 12 h-old batter; 9, 
15 h-old batter; 10, 18 h-old batter; 11,21 h-old batter. 

nonprotein nitrogen increased during 

fermentation. No significant change in the 

contents of moisture, carbohydrate, crude fat, 

total protein, free fatty add, ash, soluble nitrogen 

and energy value was observed during idli batter 
fermentation. 

4.5.5. SD5-PAGE 

Fig. 40 showed the electrophoretic pattern of 

whole-cell proteins of the substrates (parboiled 

rice and blackgram dal) and mixed-batter of idli 

at different stages of fermentation. As could be 

seen from the electrophoretic pattern, the rice 

protein resolved in as much as 10 major bands 

with molecular weights ranging between 14.3 to 

97.4 kDa. Blackgram dal had one major bands 

corresponding to molecular weight 45 kDa and 

six minor but significant protein fractions 

corresponding to molecular weight ranging 

between 45 to 55 kDa. The protein fingerprint of 

the mixed batter revealed the combination of both 

rice and black gram dal protein subunits. 



Table 41. Olanges in proximate LUI!lfXX'itiorl" of mixed batter ofigli <fl!fi!lgfermentation under optimized conditions 
Parameter Fermentation time (h) 
~100 g)-1 dry rmtter) ---..:,:o===::.:..::::3~:2_ __ --c6-----=9:------1:-::2------=-=15::------:-:18::-----

pH 5.9a ± 0.06 5.8a ± 0.02 5.6a ± 0.03 5.1b ± 0.04 4.7c ± 0.02 4.4d ± 0.04 4.3d ± 0.04 
Batter volume (ml) 60.0d ± 0 60.0d ± 0 &l.Oc ± 1.73 104.0b ± 208 120.7a ± 1.77 121.7a ± 0.88 120.7a ± 0.67 
Moisture (g(100 g)-1) 62.7a ±0.27 62.7a ±0.14 622a ± 1.35 61.8a ±0.88 61.3a ± 1.09 61.1a ±0.94 61.la ± 1.46 
Ash 1.5a ± 0.03 1.5a ± O.D3 1.5a ± 0.02 1.5a ± 0.07 1.5a ± 0.04 1.5a ± 0.02 1.5a ± 0.02 
Titratable acid(as lactic add) 0.6c ±0.03 1.1b± 0.02 1.2b± 0.03 l.lb ± 0.03 1.5a±0.06 1.7a ± 0.07 1.8a ± 0.03 
Free fatty add (as linoleic add) 1.3a ± 0.02 1.4a ± 0.07 1.4a ± 0.01 1.4a ± 0.05 1.6a ± 0 .14 1.6a ± 0.04 1.6a ± 0.01 
Total nitrogen 2.6a ± 0.03 28a ± 0.03 26a ± 0.03 2.5a ± 0.07 2.3a ± 0.07 2.5a ± 0.06 2.7a ± 0.12 
Proteinnitrogen 2.2a±O 2.2a±0.03 1.8b±0.07 1.5bc±0.03 1.1c±0.03 1.3bc±0.10 1.4bc±0.03 
Non-protein nitrogen 0.4c ± 0 0.6bc ± 0.03 0.8b ± 0.03 l.Oab ± 0.03 1.2a ± 0.07 1.2a ± 0.06 1.3a ± 0.13 
Soluble nitrogen 0.4a ± O.Oa 0.4a ± 0.02 0.5a ± 0.03 0.5a ± 0.03 0.6a ± 0.03 0.6a ± 0.03 0.7a ± 0.03 
Total protein (total N x6.25b) 16.5a ±0.21 17.3a ±0.21 16.0a±0.21 15.4ab±0.42 14.2b± 0.42 15.6ab±0.36 16.7a ±0.75 
Crude fat (ether extract) l.la ± 0.02 1.2a ± 0.02 1.0a ± 0.04 1.1a ± 0.04 l.la ± 0.03 l.la ± 0.02 l.la ± 0.02 
Carbohydrate (by difference) 80.9a ±0.27 80.0a± 0.25a 81.5a ± 0.19 82.0a ± 0.56 83.2a ±0.48 81.8a ±0.38 80.7a ±0.79 

. Energy (MJ (100 g)-1 dry matter) 1.7a ± 0 1.7a ± 0.02 1.7a ± 0 1.7a ± 0.01 1.7a ± 0.05 1.7a ± 0 1.7a ± 0 
a Values, expressed as mean± SEM, were obtained from three different samples. Means within a row sharing a COIIUJ:K)n letter are not significantly 
different (P <0.05). 
bProtein factor is 5.95 for rice. 
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4.5.6. Evaluation of antioxidant properties 

4.5.6.1. Exttaction yield in methanol 

As shown in Table 42 the yield of the crude lyophilized extracts in methanol from the fermented batter 

was significantly higher than that from either nonfermented batter or steamed product. Fermentation 

resulted in 1.6-fold increase in the extract yield. 

Table 42. Yield of methanolic extract, total phenol content and reducing power of 
idli at different stages of its preparation• 

Sample- mg g-1 dry weight 

Id-0 
Id-18 
Id-SP 

Yield Total phenol content 
(gallic acid equivalent) 

32.73b ± 4.77 
52.66a± 2.17 
31.18b± 1.89 

0.79c ±0.01 
2.33a ± O.D1 
1.05b±O.Ol 

Reducing power 
(ascorbic acid equivalent) 
0.60b±0.03 
1.35a ± 0.05 
0.59b±0.02 

•Values, expressed as mean± SEM, were obtained from three different samples. 
Means within a column sharing a common letter are not significantly different (P 
<0.05). 
bJd-0, nonfermented idli batter; Id-18, 18 h (fully)-fermented idli batter; fd-SP, 
steamed product (idli). 

4.5.6.2. Total phenol content 

Table 42 shows the total phenol content of the methanolic extracts. The mean total phenolic content of 

the mixed batter increased by 135% after fermentation. However, steam-cooking of the fermented 

batter for 10-15 min during idli preparation significantly reduced the total phenol content. 

4.5.6.3. Reducing power 

The mean redudng power of the crude 1yophili7.ed extracts of samples in methanol is shown in Table 

42. Crude extract of fermented batter registered the highest amount of redudng power, which was 

about 125% higher than that of nonfermented batter. However, steam-cooking of fermented batter for 

10-15 min resulted in about 2.3-fold decrease in the redudng activity which eventually leveled off 
with that of nonfermented batter. 

4.5.6.4. Free radical-scavenging activity 

Table 43 shows the dose-time-response of DPPH"-scavenging activity of extracts at different dose 

levels of nonfermented and fermented batter and steamed product, incubated for 50 min. The mean 

DPPH"-scavenging activity of all the tested concentrations (10-50 mg mJ-1) increased significantly 

during incubation. The IC50 of these samples, obtained by interpolation from linear regression analysis, 

revealed that 128 mg ml·1
, 79 mg ml-1 and 118 mg ml 1 of the respective extracts could decrease the 

initial concentration of DPPH ·by 50% when the reaction mixture was incubated for 50 min (Table 43). 

While the relative scavenging activity of the idli batter was enhanced by 2.6-fold after fermentation, 

steam-cooking of fermented batter reduced the relative radical-scavenging activity to that of the 
nonfermented batter (Table43). 

4.5.6.5. Metal-chelating activity 

The data generated through in vitro assay of chelating ability of extract of batters and products examined 

against Fe2
+ are shown in Table 44. The Fe2

' -chelating activity of all the extracts increased up to a 
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Table 43. DPPH"-sc.avenging activi~• of methanolic extract of idli during different st~es of its £reparation 
SampJeb Time< %DPPH"-scavenging activi~ in extract (mg mJ-1) ICso (mg mi-1 RAE• 

(min) 10 20 30 40 50 extract)d 

Id-0 128.3 ± 15.06 1.00 

0 2.2d±0.3'7 2.7c ± 0.44 3.6b± 0.71 4.la ± 0.49 4.3a±0.73 

10 5.4e±0.65 7.8d±0.49 10.1c ± 1.12 13.8b ± 1.01 16.8a ± 1.62 

20 6.5e ±0.60 8.9d ± 0.41 12.& ± 1.35 16.6b± 1.60 18.0a ±1.66 

30 7.2e±0.63 10.0d±0.85 13.2c ± 1.49 17.6b± 1.75 19.7a± 1.80 

40 7.2e±0.62 10.1d±0.84 13.2c ± 1.48 l7.7b± 1.73 19.9a ± 1.83 

50 7.2e±0.62 10.1d±0.83 13.2c±1.47 17.7b±1.72 19.9a±1.82 

Id-18 79.0±3.00 2.60 

0 3.9e ±0.21 4.5d±0.24 6.5c ± 0.95 7.6b± 0.20 9.0a ±0.36 

10 7.6e±0.53 13.2d± 1.23 18.lc ± 1.06 21.4b±0.64 26.9a ± 0.45 

20 8.6e± 1.07 14.5d ± 1.54 19.&±0.98 2'1.9b±0.40 29.4a ±0.28 

30 9.4e ± 1.28 15.4d± 1.48 21.0c ±0.91 25.4b±0.99 31.2a ± 1.54 

40 9.4e ± 1.28 15.5d ± 1.51 2l.lc ± 0.88 25.6b±0.90 31.8a ± 1.59 

50 9.4t>± 1.2R 15.5d ± 1.52 21.1c ± 0.88 25.7b± 1.00 31.8a ± 1.58 

Id-SP 117.7 ±3.28 1.03 

0 0.9e ±0.06 1.7d± 0.22 2.4c ±0.23 3.8b±0.22 4.1a ±0.19 

10 3.6e±0.21 5.5d± 0.13 7.5c ±0.29 10.5b ± 0.38 14.1a ± 0.39 

20 4.3e±0.34 8.ld± 0.30 11.7c ± 0.66 15.5b±0.56 19.1a±0.24 
30 4.8e±0.16 8.8d±0.33 14.1c±0.71 16.4b±0.51 20.2a±0.22 
40 4.8e±0.49 9.3d±0.38 14.4c±0.81 16.7b±0.57 20.8a ±0.37 

50 4.8e±0.75 9.3d±0.62 14.&±0.80 16.8b±0.72 20.9a±0.51 
•Values, expressed as mean± SEM, were obtained from three different samples. Means within a row sharing a common 
letter are not significantly different (P <0.05). 
bJd-0, nonfermented idli batter; Jd-18, 18 h (fully)-fermented idli batter; Id-SP, steamed product (idli). 
<Incubation time of reaction mixture. 

dJCso (the efficient concentration of antioxidant decreasing initial concentration of DPPH" by 50%) was obtained by 
interpolation from linear regression analysis. 
•Relative antioxidant effect was obtained by dividing extraction rate with ICso value and compared with that of 
nonfermented batter which was assigned as 1.0. 

certain extent with the increase in dosage level (20 mg ml1 for steamed product and 30 mg ml 1 for 

batters), and then leveled off despite further increase in concentration. The respective mean IC50 for 

FeZ+ -chelating activity of extracts obtained by interpolation from linear regression analysis revealed 

that fermented batter of idli has efficient FeZ+ -chelating ability superior to the nonfermented batter and 

steamed product. A higher relative FeZ+ -chelating ability was observed in fermented batter than the 

steamed product, when their initial yields in methanol were taken in account. However, steam-cooking 

of the fermented batter reduced the relative Fcl+ -chelating ability of the extract by 84%. 

Table44. Fe2•-chelating activi~• of methanolic extracts of idli during different stages of its rrepuation 
Sampleb %Fe2+-chelating activicy in extract (mg mJ-1) ICso (mg ml-1 RAEd 

10 20 30 40 50 extract)< 
Id-0 19.56c ± 1.68 30.4& ± 2.31 37.88b ± 2.54 38.29c ± 1.48 38.41c ± 1.52 55.67a ± 0.88 l.OOc 
Id-18 23.9lb ± 1.31 39.0lb ± 1.65 47.6la ± 1.38 48.7la ± 2.11 49.30a ± 2.07 40.33c ± 0.33 2.22a 
Id-SP 26.61a ± 1.91 44.27a ± 2.13 45.78a ± 1.63 46.15b ± 1.68 46.17b ± 2.21 43.33b ± 1.01 1.21b 
•Values, expressed as mean ± SEM, were obtained from three different samples. Means within a column sharing a 
common letter are not significantly different (P <0.05). 
bfd-0, nonfermented idli batter; Id-18, 18 h (fully)-fermented idli batter; Id-SP, steamed product (idli). 
<IC50 (the efficient concentration of antioxidant decreasing initial concentration by 50%) was obtained by interpolation 
from linear regression analysis. 
dReJative antioxidant effect was obtained by dividing extraction rate with IC>O value and compared with that of non
fermented batter which was assigned as 1.0. 

4.5.6.6. Lipid pemxidation inhibitory activity 

The results of the in vitro assay of lipid peroxidation inhibitory activity (LPIA) of the extracts of 

nonfermented and fermented batters and steamed product of idli at different concentrations (10-50 mg 

ml 1 methanol) on the peroxidation of linoleic add emulsion system is shown in Table 45. A significant 
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increase in LPIA with the increase in concentration of the extract was evident at all the tested 

concentrations of the extracts. At 50 mg mP, the extract of unfermented batter exhibited 21% of LPIA 

when the reaction mixture was kept for 24 h, while the extracts of fermented batter and steamed 

product showed better but relatively similar percentage of LPIA at same concentrations and time 

(Table 45). However, the total antioxidant activity of the extracts declined significantly with time. At 

all the tested concentrations the extracts of fermented batter and steamed product showed better LPIA 

than the unfermented batter, when the reaction mixtures were incubated for 24, 48 and 72 hat 37oc, 

revealing their ability to deter lipid peroxidation. 

Table 45. Lipid peroxidation inhibitory activity• of methanolic extracts of idli at different stages of its 
ereparation 

Sample!> Time< %inhibition b:r I:roehilized extract (mg mJ-lmethanol) 
(h) 10 20 30 40 50 

Id-0 24 3.72e± 0.56 8.50d± 1.00 15.36c ± 0.76 18.59b ± 1.11 20.83a ± 0.90 
48 3.67e±0.55 6.93d ±0.99 12.30c ± 0.81 16.40b±1.19 18.66a ± 0.92 
72 3.60e ± 0.42 5.67d±0.69 8.60c± 1.09 13.92b ± 0.90 15.27a ± 0.98 

Id-18 24 8.14e ± 1.00 18.97d ± 1.32 27.65c ± 1.41 32.58b ± 1.01 36.64a ± 0.98 
48 6.89!>±0.59 13.33d ± 0.79 18.82c ± l.o2 25.44b ± 0.89 27.90a ± 1.26 
72 5.58e± 0.94 11.43d ± 1.16 16.09c ± 0.81 2'3.51b±1.15 26.37a ± 0.98 

Id-SP 24 5.75d ±0.93 17.19c± 0.92 2o.53b ± 1.06 34.44a ± 1.30 35.73a ± 1.03 
48 5.31~> ± 0.85 12.77d ± 1.07 19.57c ± 0.57 23.95b ± 1.09 26.20a ± 0.82 
72 4.84e±0.57 12.40d ± 0.97 18.1& ± 1.05 21.67b ± 1.29 24.87a ± 0.99 

•Values, expressed as mean± SEM, were obtained from three different samples. Means within a row 
sharing a common letter are not significantly different (P <0.05). 
bJd-0, nonfermented idli batter; ld-18, 18 h (fully)-fermented idli batter; and ld-SP, steamed product 
(idli). 
<Incubation time of reaction mixture. 

4.5.6.7. Con-elation and regression 

Correlation coefficients between every two antioxidative parameters tested for nonfermented and 

fermented batters and steamed products are shown in Table 46. The data exhibited that all the five 

Table 46. Coefficient of correlations• among various antioxidative 
parameters of nonfermented idli batter (Id-0), 18 h (fully)-fermented 
idli batter (ld-18) and steamed product or idli (Id-SP) (13 d. f.) 

Parametersb Sample TPC RP RSA MCA TAA 
TPC Id-0 1.000 

Id-18 1.000 
Id-SP 1.000 

RP Id-0 0.705 1.000 
ld-18 0.897 1.000 
Id-SP 0.768 1.000 

RSA Id-0 0.863 0.758 1.000 
Id-18 0.959 0.878 1.000 
Id-SP 0.951 0.860 1.000 

MCA Id-0 0.707 0.906 0.828 1.000 
Id-18 0.908 0.986 0.879 1.000 
Id-SP 0.641 0.816 0.789 1.000 

LPIA Td-0 0.790 0.916 0.835 0.923 1.000 
Id-18 0.953 0.884 0.935 0.883 1.000 
ld-SP 0.916 0.820 0.968 0.838 1.000 

>Significant at P <0.01 (two-tailed). 

hTPC, total phenol content; RP, reducing power; RSA, radical-
scavenging activity; MCA, metal-chelating activity; LPIA, lipid 
peroxidation inhibitory activity (after 72 h). 

antioxidant parameters exhibited a 

significant positive correlation 

among the every two parameters. In 

batters, the highest correlation was 

observed between metal-chelating 

activity and lipid peroxidation 

inhibitory activity (r = 0.923), and 

metal chelating activity and 

reducing power (r = 0.986), 

respectively, while in idli it was 

radical-scavenging activity with 

lipid peroxidation inhibitory 

activity (r = 0.968), being closely 

followed by metal-chelating activity 

and total phenol content (r = 0.951). 

The regression equations 

and coefficients of correlations 

between different antioxidant 



parameters and total phenol content of the extracts are presented in Tahl<' 47. All the tested samples 

showed that the total phenol content was positively correlated with DPPH -scavenging activity, 

reducing power, metal...chelating ability and 1ipid peroxidation inhibitory activity. Relevant regression 

Table 47. Regression equatirns" for antioxidant parametersb as related to total phenol 
content (TPC) of nonfermmted idli hitter (Id-0), 18 h (fully}-fermmted idli batter (Id-18) and 
steamed product or idli (Id-SP) 

Product Equation 

Id-0 

ld-18 

Id-SP 

1. BSA 
2. RP 
3.MCA 
4. LPIA 

S.BSA 
6.RP 
7.MCA 
8. LPIA 

y= -12.346'fPC2+ 31.220TPC + 0.382 
y = -0.284'fPC2 + 0.625TIC - 0.056 
y = -30.861'fPCl+ 63.83'1TPC -0.074 
y = -18.681 'fPC2 + 41.197fPC- 2.917 

y = 2550'fPC2 + 5.150TPC + 8.301 
y = -0.114TPC'2 + 0.405TPC + 0.121 
y = -12311TPC2+ 42.888TPC + 2.308 
y = 2.521 'fPC2 + 5.221 TPC + 4.391 

9. BSA y=- 5899TPC2+ 21.658TPC- 0.802 
10. RP y = - 0.246'fPC2 + 0.643TPC + 0.020 
11. MCA y = - 24.4<X5'fPC2 + 58. 'J())TPC + 4.879 
12 LPIA y = -11.188'fPC2 + 35.097TPC- 3.748 

aSignificant at P <0.01 (two-tailed). 

0.979 
0.866 
0.962 
0.989 

0.966 
0.957 
0.965 
0.964 

0.951 
0.969 
0.712 
0.950 

TPC accounted 
for(%) 
61.62 
49.70 
49.98 
62.41 

91.97 
80.46 
8245 
90.82 

90.44 
89.98 
41.09 
&1.91 

bBSA, radical-scavenging activity; RP, reducing power; MCA, metal-chelating activity; 
LPIA, lipid perox:idation inhibitory activity (after 72 h). 

equations exhibited that the total phenol content accounted for 62%, 92% and 90 % DPPH'-scavenp,ing 

activities in nonfermenled and fermented batters and idli, respectively (Table 47: eq. 1, 5 and 9). 

Similar1y, the respective correlations between total phenol and reducing power were 50%, 81% and 

90% (Table 47: eq. 2, 6 and 10). Total phenol content could also explain 50%, 80% and 41% metal

chelating ability (Table 47: eq. 3, 7 and 11}, and 62%, 91% and 84% 1ipid peroxidation inhibitory 

activity (Table 47: eq. 4, 8 and 12). On the whole, total phenol content of the extracts exhibited a high 

positive correlation with all the antioxidant parameters tested. 

4.6.Kinema 

4.6.1. Evaluation of antioxidant properties 

4.6.1.1. Extraction yield in methanol 

The yields of crude lyophilized extracts of cooked nonfermented (CNF) soybean and kinema in methanol 

are shown in Table 48. Kinema registered 1.7-fold higher yield of crude extract than that of CNF 
soybean. 

Table 48. Yield of methanolic extract, total phenol content and reducing power of cooked 
nonfermented (CNF) soybean and kinema 

Sample mg g-1 dry weighta 

Yield Total phenol content Reducing power 
(gallic acid equivalent) (ascorbic acid equivalent) 

CNFsoybean 90.50b±8.32 3.26b±0.14 3.80b±0.27 
Kinema 153.83a ± 5.45 7.95a ± 0.61 9.74a ± 0.14 

•Values, expressed as mean± SEM, were obtain~d from three different saffi.pi~s. Means 
within a column sharing a common letter are not significantly different (P <0.05). 
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4.6.1.2. Total phenol content 

As shown in Table48, the mean total phenol content ofkinema was about 144% higher than that of 

CNF soybean. 

4.6.1.3. Reducing power 

The reducing powers of the crude lyophilized extracts of CNF soybean and kinema are shown in 

Table 48. The extract of kinema registered about 2.6-fold reducing power than the CNF soybean. A 

significant increase in the redudng activity of kinema extracts revealed the influence of fermentation 

on the enhancement of reducing activity of soybean. 

4.6.1.4. Free radical-scavenging activity 

Table 49 shows the dose-time-respon~ for the antiradical activities of different dosages (10-50 mg ml 
1) of the crude extracts of CNF soybean and kinema, incubated for 40min. The mean DPPH ·-scavenging 

activity of the extracts increased significantly (P <0.05) with the increase in concentration up to 40 min 

of reaction, and leveled off with further increase in time. At all the tested dosages, the extracts of 

kinema was better DPPH"-scavenger than that of CNF soybean. The IC50 of CNF soybean and kinema 

obtained by interpolation from linear regression analysis revealed that SO mg mP and 41 mg mJ-l of 

the respective extracts could scavenge the initial DPPH"concentration by SO% when the reaction 

mixture was incubated for 40 min. The relative DPPH"-scavenging activity of CNF soybean increased 

by 2.1-fold after fermentation. 

Table 49. DPPffi.scawnging activity' of rretharrlic extract of ~d oonfemmted (CNF) soyOOm and kirerm 
Sample Tureb %DPPH"~~adivityinextrcKt(II!?mP) ICoo (mgmP RAE! 

(min) 10 :J) l) 40 50 extract)< 

CNF 50.0±1.19 1.00 
soyrean 

0 2.1e±0.52 5.5d±O.S3 7.4d0.11 lO.Ob±l.Ol 12lli±1.38 
10 5.6P±0.30 15.7d ±1.58 21.5c± 1.91 29.8h ± 1.:18 35.7a±1.54 
:J) 8.6e±0.24 19.2d±l.16 26.&±0.76 34.5b±1.44 38.9a±1.50 
30 9.7e±O.OS Z2.0d±1.03 31.5c± 1.02 38.9b±1.83 44.5a±1.56 
40 10.2e±0.65 Z2.6d±l.OO 33.1k±0.47 41.3b±1.22 47.4a±l.l4 
50 10.4e±0.66 Z2.8d±1.62 33.4c±3.05 41.5b±1.98 47.5a±l.66 
ED 10.5e±0.62 23.0d±l.53 1"3.7c ± 3.a7 41.8b±1.96 47.5a±1.70 

.Kinerra 40.8±0.74 210 
0 3.1e ± 0.53 7.3d ± 0.85 9.5c ± 0.35 12.5b ± 0.41 16.6a. ± 0.49 

10 8.4e±0.83 2l.Od±0.74 28.4c±0.89 34.5b±1.31 40.lli±0.28 
20 11.3e±0.43 25.9d±1.45 33.&±0.49 425b±0.25 50.7a±0.96 
30 12 7e :l: 0.31 29.3d ± 1.11 37.4c ± 1.&1 46.4b ± 1.36 54.6a. ± 1.32 
40 13.4e±0.41 :n.td±1.7:1 38.9c±1.31 47.9h±1.67 59.2a±1.28 
50 13.5e±0.44 31.4d±1.79 39.4c±0.9:! 48.3b±1.82 ffi.la±l.lO 
1i0 13.5e±0.43 31.5d±1.77 39.4<:±0.94 48.4h±1.81 li0.1a±1.10 

"Values, ~ as rrmn ± SEM, were obl:aired from three different samples. Mm-s within a row slming a <DII111U1 

letter are rot significantly different (P <0.05). 
bJncuh!tirn tirre of rooction mixture. 

~ICoo (ti-e. effident .con::entratirn of antioxidant decrmsing initial con::entratirn of DPPH by ;j)%) was ootained by 
intelp:llationfromlirear~onamlysis. 

dJ<eJatiw antioxidant effect was obl:aired by dividing extraction rate with IGo value and c~ with that of CNF 
scybean which was assigrn:J as 1.0. 
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4.6.1.5. Metal-chelating activity 

The in vitro assay of chelating ability of the extracts of CNF soybean and kinema examined against 

Fe2+ are shown in Table 50. The chelating ability of the extracts increased with the increase in 

concentration. At all the tested concentrations (10-50 mg m1~1), the extract of kinema had a superior 

metal-chelating ability, which was demonstrated by the decrease in purple colour formed due to 

ferrozine-Fe2+ complex formation, to that of the CNF soybean. Also illustrated in the Table 50 is the 

mean IC
50 

of the extracts obtained by interpolation from linear regression analysis. The ability of 

kinema extract to chelate the initial Fe2+ concentration by 50% was 2-fold than that of CNF soybean. 

Kinema exhibited higher relative Fel' -chelating ability than the CNF soybean, when their extract 

yields were taken in account. 

Table 50. Fe2+ ..ffielating activity" of trelhanolic extract of cooked non-fenrented (CNF) soybean and kineim 
Sample %Fe2+-<helatingactivity in extract (1$mP) ICso (1$ mP RA£c 

10 2D 30 40 50 extract)h 

CNF soybean 22.33b ± 0.47 38.62b ± 1.09 55.77b ± 0.98 64.22b ± 0.51 68.45b ± 0.31 31.02b ± 0.41 1.00 
Kinetm 63.57a ± 1.% 70.86a ± 0.93 74.34a ± 0.79 78.00a ± 0.69 8235a ± 0.24 16.~ ± O.:B 3.27 
•Values, exprm>ed as rrean ± SEM, were obtained from three different samples. Means within a column sharing a comrron 
letter are not significantly different (P <O.ffi). 

b{Q;o (the efficient COllL"'entration of antioxidant decre-dSing initial COnL"'entraUon by 50%) was obtained by interpolation from 
linear regression analysis. 
<Relative antioxidant effect was obtained by dividing extraction rate with J('~ value and compared with that of CNF soybean 
whidl. was assigned as 1.0. 

4.6.1.6. Lipid peroxidation inhibitoty activity 

Table 51 showed the in vitro assay of lipid peroxidation inhibitory activity (LPTA) of the extracts CNF 

soybean and kinema on the peroxidation of linoleic acid emulsion system. At all the tested 

concentrations (10-50 mg m1~1 ), kinema extracts exhibited better LPIA than that of CNF soybean, when 

the reaction mixtures were incubated for 24 at 37°C. At 50mg mJ-1, the extracts ofkinema and CNF 

soybean exhibited 44% and 36% ofLPIA, respectively. Though LPIA of extracts increased significantly 

with the increase in the dosage levels, the values declined significantly with the time of incubation. 

After 48 h, the extracts of both CNF soybean and kinema, at a concentration of 50 mg mP, exhibited 

only 29% ofLPIA. 

Table 51. Lipid peroxidation inhibitory activity• of methanolic extracts of cooked nonfermented (CNF) 
soybean and kinema 

~e Timec %inhibitioo by lyophilized extract (mg m)~I rrethard) 

(h) 10 20 30 40 50 
CNF soybean 24 

48 
72 

6.3c1e ± 0.36 
4.09e±0.38 
3.47e ±0.43 

14.36d± 1.19 
10.79d ± 1.01 
8.41d±1.14 

18.53c ± 1.18 
15.2Sc ± 1.03 
13.46c ± 0.70 

30.68b±1.7 
25.29b±1.17 
21.88b± 1.36 

35.59a ± 0.53 
29.37a ± 0.48 
26.02a ± 0.96 

Kinema 24 9.34e±1.12 20.54d±2.37 3219c±299 39.13b±l.50 44.26a±1.79 
48 6.70e±0.71 1230d±1.84 20.4&±215 25.67b±1.48 29.37a±1.93 
72 4.02e±0.48 7.76d±1.49 13.~±1.52 20.41b±220 26.16a±0.70 

•Values, expressed as rrean ± SEM, were obtained from three different samples. Means within a row 
sharing a COilliOOilletter are not significantly different (P <(J.05). 
rincuootioo liire of reaction mixture. 

4.6.1.7. Con-elation and regression 

Table 52 shows correlation coeffidents between every two anti oxidative parameters tested for CNF 

soybean and kinema. All the five antioxidant parameters exhibited significant positive correlation 
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among the every two parameters. 

In CNF soybean, the highest 

correlation was observed between 

radical-scavenging activity and 

Fe2+ -chelating activity (r = 0.988), 

while in kinema it was radical

scavenging activity with lipid 

peroxidation inhlbitory activity (r 

= 0.959), being closely followed 

by Fe2
+ -chelating activity (r = 

0.953). 

Table 52. Coefficient of correlatiotlia among various antioxidative 
p:trameters of cooked non-fermented (CNF) soybean and kine rna (13 d.f.) 
Pmterb Sample LPIA RSA MCA RP TPC 

LPIA CNF soybf'an 1.000 
Kinema 1.000 

RSA CNFsoybean 0.958 

Ki.nema 0.979 

MCA CNFsoybean 0.947 
Ki.nema 0.926 

RP CNFsoybean 0.968 
Ki.nema 0.915 

1.000 
1.000 

0.988 1.000 
0.960 1.000 

0.970 0.961 1.000 
0.953 0.949 1.000 

TPC CNF soybean 0.815 0.822 0.763 0.823 1.000 
Ki.nema 0.910 0.959 0.953 0.940 1.000 

"Significant at P <0.01 (two tailed). 

The regression equations 

and coefficients of correlations 

bl..PJA, lipid peroxidation inhibitory activity; RS.A, radical-scavenging 
activity; MCA, metal-chelating activity; RP, reducing ~wer; TPC total 
phenol content 

between different antioxidant 

parameters and total phenol content of the extracts are presented in Table 53. All the tested samples 

showed that the total phenol content was positively correlated with DPPH:.scavenging, reducing, 

Fe2+ -chelating and lipid peroxidation inhibitory activities. Relevant regression equations exhibited 

that the total phenol content accounted for 68% and 92% DPPR-scavenging activities in CNF 

soybean and kinema, respa'tively (Table 53: eq. 1 and 5). Similarly, 68% and 88% correlations between 

total phenol content and reducing power were found in CNF soybean and kinema, respectively (Table 

53: eq. 2 and 6). Total phenol content could also explain 58% and 91% Fe2
• -chelating ability (Table 53: 

eq. 3 and 7), and 66% and 83% lipid peroxodation inhibitory activity of the CNF soybean and kinema 

extracts, respectively (Table 53: eq. 4 and 8). On the whole, total phenol content of the extracts exhibited 

a high positive correlation with all the antioxidant parameters used. 

4.7.Papad 

Table 53. Regression equaUoo.sa for anlioxidanl paramelersb as related l.o lola! phenol 
content of cooked nonfermented (CNF) soybean and kinema 
~ation R2 

CNFsoybean 
1. RSA = -27.86ZfPC2 + 85.320TPC- 14.356 
2. RP = -0.()69'fPCl + 0.219TPC + 0.006 
3. MCA = -42.975TPC2+ 126.153TPC-13.184 
4. LPIA = -24.862TPC2 + 76.094TPC - 17.802 

Ki.nema 
5. RSA = -52.397fPC2 + 154.680TPC- 51.310 
6. RP = -0.177fPC.2+ 0.431TPC- 0.086 
7. MCA = -30.079TPC2 + 79. 980'fPC2 + 30.621 
8. LPIA = -66.306TPC2 + 166.420TPC- 58.340 

a Significant at P< 0.01 (two tailed). 

0.958 
0.915 
0.941 
0.%3 

0.946 
0.951 
0.951 
0.882 

(adjusted) 

0.951 
0.901 
0.931 
0.957 

0.937 
0.943 
0.942 
0.862 

TPC acmunted 
for(%) 

68 
68 
58 
66 

92 
88 
91 
83 

bRS.A, radical-scavenging activity; TPC, total phenol content; RP, reducing ~wer; MCA 
rnetal-<:helating activity; LPIA, lipid peroxidation inhibitory activity. 

4.7.1. Proximate composition 

The proximate compositions of substrates (blackgram and mung da1 flours) and papad from different 

sources are presented in Table 54. The moisture content of papad was about 3 times higher than the 

moisture contents of the substrates. The ash content of papad was >3 times higher than that of its 
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substrates. The pH, titratable and free fatty acidity, soluble nitrogen and crude fat contents of the 

papads were higher than those of the substrates. The carbohydrate contents of the substrates were 

higher than those of the products. 

Table 54. Proximate COIIlJXl>itiona of J?El?ldand its s~trates 
g (100 g)-1 dry IIBtter 

S~te~fl~) --~~pa~d------~------~--
Blackgram dal Mung dai Market Labomtory-IIBde 
(n = 3) (n = 3) (n = 31) (n = 3) 

pH 6.98lx:±0.17 6.34c±0.14 8.72a±0.42 7.08b±0.01 
%Diametricexpansicnb ND ND 25.9lli±213 27.6ili±0.36 
M>isture (g (100g)-1 dm) 5.39c ± 0.38 5.93c ± 0.11 18.001 ± 0.87 14.44b ± 0.37 
Ash 3.39b ± 0.00 3.23b ± 0.06 11.20a ± 0.33 9.87a ± 0.21 
Titratable add (as lactic acid) 0.11 b ± 0.02 0.13b ± 0.01 0.67a ± 0.00 0.58a ± 0.03 
Free fatty add (as linoleic acid) 0.21b ± 0.03 0.21b ± 0.03 1.63a ± 0.06 1.33a ± 0.04 
Total nitrogen 4.04a ± 0.04 3.07b ± 0.06 206c ± 0.05 3.88ab ± 0.03 
Proteinnitrogen 3.37a±0.06 221b±0.07 1.39c±0.05 241b±0.02 
Nonprotein nitrogen 0.68b ± 0.04 0.86b ± 0.03 0.67b ± 0.01 1.47a ± 0.02 
Soluble nitrogen 0.85c ± 0.28 0.71c ± 0.04 213a ± 0.21 1.32b ± 0.04 
Total protein (total N x 6.25) 25.29a ± 0.23 19.17b ± 0.39 13.94c ± 0.74 24.27a ± 0.20 
Crudefat 1.44c±0.04 1.52c±0.03 3.92b±0.12 4.73a±O.OO 
Carl.rltydrate (by di.ffereoce) 69.87b±0.25 76.00a ± 0.31 53.94d± 0.34 61.13c ± 0.10 
Frergy value (MJ (100 g[1 dm) 1.65a ± 0 1.65a ± 0 1.28a ± 0 1.61a ± 0 
aValues are expressed as mean± SEM. M!ans within a row sharing a comrron letter are not signifiamtly 
different (P <{).05). 
b After deep-fat frying 

4.7.2. Microbial analysis 

4.7.2.1. Isolation of microotganisms 

A total of SO strains of lactic add bacteria (Table 55) and 75 strains of yeasts (Table 56) were isolated 

from 3 samples each of raw blackgram and mung dal flours, and 18 samples of laboratory-made 

Table 55. Selection of representative strains of dominant lactic acid bacteria isolated from substrates and fermenting dough 
of d 

Source Stage(s) of Cell Gas from Growth in/ at Total No. No. of representative 
fermentation shapea glucose pH4.8 45°C of strainsb strains 

Substrate (dal flour) 
Blackgram (n = 3) Ct + + 15 3 
Mung(n=3) Ct + + 10 2 

Papadjdough 
Marketed (n = 31) Final 0 
Laboratory-made Oh-8h Ct + + 55 11 

(n = 18) (2 h-interval) 
act, cocci in tetrad. 
bAll the isolates were nonmotile, nonsporeforming, Gram positive and catalase negative. 

Table 56. Selection of representative strains of dominant yeasts isolated from substrates and fermenting dough of 
papad 

Source Stage(s) of Colonya Cell Pellicle Total No. No. of representative 
fermentation shape~' formation of strains strains 

Substrate ( dal flour) 
Blackgram (n = 3) 
Mung(n=3) 

Papadjdough 
Marketed (n = 31) Final 

Cgs 
Cgs 

G-0/E 
G-0/E 

Laboratory-made Oh-8h Cgs G-0/E 
(n = 18) (2 h-interval) 

acgs, cream colour with glistening and butyrous surface. 
bG, globose; 0, oval; E, ellipsoidal. 

10 
10 

0 
55 

2 
2 

11 
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fermenting papad dough and drying papads. While all the isolates of lactic acid bacteria were grouped 

into a single cell morphotye, yeast isolates were grouped into a single colony morphotype. One 

representative strain, from each group of each positive sample, was selected randomly to ascertain 

their taxonomic status. 

4.7 .22. Taxonomical studies 

4.7.2.2.1. Bacteria 

On the basis of selected morphological, physiological and cultural characteristics of lactic acid bacteria 

shown in Table 55, all the 15 representative 

strains belonged to the genus Pediococcus. The 

detailed morphological and physiological 

characteristics of all the representative strains 

of lactic acid bacteria are presented in Table 

57. Following the criteria laid by Garvie 

(1986a, 1986b) as wellas IBIS (Wijtzes et al., 

Table 58. O!aracteristicsa of representative strains of 
yeasts isolated from papad and its substrates and 
fermenting dough 

Parameter Re:eresentative strains (n = 15~ 
+ +w 

Hydrolysis of fat 67 33 
Fermentation of 

D-galacta;e 47 33 20 
D-malta;e 33 54 13 
D-melibia;e 60 40 
melezita;e 73 14 13 
D-raffinose 73 20 7 
sucra;e 67 20 13 
D-trehala;e 27 53 20 

Assimilation of 
D-galacta;e 60 33 7 
D-gludtol 14 53 33 
glycerol 60 20 20 
D-malta;e 53 14 33 
D-mannitol 47 33 20 
melezita;e 80 13 17 
D-melibia;e 73 20 7 
D-raffinose 87 13 
sucra;e 80 13 7 
D-trehala;e 60 27 13 

•Data represent %strains showing + (positive), +w 

(weak positive) and - (negative) reactions. All the 
strains were globose to oval or elongated (3.4-5.8 x 
5.5-8.7 pm), produced cream colour with glistening 
and butyrous surface, pseudomycelium, reproduced 
by multilateral budding and sexual reproduction, 
produced round to oval and smooth persistent 1-4 
ascospores per ascus, were capable of growing at 
37"C, fermenting glucose, and assimilating D
gluCC6e, however not capable of producing pellicle, 
reducing nitrate, forming starch, hydrolyzing gelatin, 
starch and urea, fermenting D-cellobia;e, D-lacta;e 
and D-xyla;e, and assimilating L--arabina;e, D
cellobia;e, citrate, m-erythritol , D-glucosamine, N
acetyly glucosamine, m-inositol, D-lacta;e, nitrate, D
ribose, L--rhamnose, starch, vitamin-free medium and 
D-xyla;e. 

Table 't;J. <lmacteristicsa of representative strains of lactic 
acid recteria isolated from JXlJXld, and its substrates and 
fermenting dough 

Parameter 

Growth in 30 g NaCll-J 
Add from 

D-laclaie 
D-~relibiose 

L--rhanmose 

Representative strain; ~n = 15) 
+ d 
60 27 13 

60 27 13 
54 33 13 
47 33 20 

D-ribose 60 33 7 
sucrose 20 80 
D-xylose 67 27 6 

•Data represent %strain; slvwi:ng + ({X'Sitive), d (delayed) 
and - (negative) reactioos. All the strains were Gram 
{X)Sitive, norurotile, nonsporeforming, catalase negative 
cocci (0.35-0.6 J.11I1 in diaJreter), caJXlble of growing at 80 g 
NaG l-1, pH 4.2 and 7.5, 15-45"C,. hydrolyzing arginine 
and esculin, and producing acid from L--arabinale, D
cellobicse, esculin, D-fruclaie, D-galactose, D-glueu>e, D
malta>e, D-~, salicin and D-trehala.e, however not 
caJXlble of growing at 50"C reducing nitrate, producing 
indole, hydrolyzing fat. gelatin and starch, and producing 
acid from glycerol, D-mannit.ol, D-raffina>e, sorbitol and 
starch. 

19W), all the 15 representative strains of lactic add 

bacteria were tentatively identified as Pediococcus 
pentosaceus Mees 1934. 

4.7.2.2.2. Yeasts 

The detailed morphological, cultural and 

physiological characteristics of the 15 

representative strains of yeasts, comprising a 

single colony morphotype, isolated from substrates 

and laboratory-made fermenting dough and 

drying papads are shown in Table 58. Following 

the taxonomic keys of Barnett et al. (2000) and 

Kurtzman and Fell (2000), and using 

BioloMICSNet software (http:/ /www.cbs.knaw. 

nl/yeast/BioloMICS.aspx), all the representative 

strains of yeasts were tentatively identified as 

Saccharomyces cerevisiae Mayen ex Hansen 1883. 
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4.7.23. Microbial load in substrates and product 

The average microbial load studied in 31 market samples of papad, 3 samples each of two kinds of 

substrates (blackgram dal and mung dal flours) and laboratory-made papad are shown in Table 59. 

Table 59. Dominant microbial load in papad and its substrate from different sources 
Microbiota Ipg du g-t fresh weight (rrean ± SEM) 

Sub;trate (dal flour) _Pa::...::.t:p:t::.:d=-----------
Blackgram Mung Marketed Laboratory-made 
(n=3) (n=3) (n=31) (n=3) 

TAMB 3.85b±0.14 3.95b±0.42 4.98a±0.17 4.67a±0.25 
aMIB 3.17c±0.05 3.39bc±0.26 4.36a±0.17 4.01a±0.16 
Sacdulromyces rerevisiaea 3.59b±0.29 3.97a ±0.19 <DL <DL 
PedioaJcCllS pentosaceu# 4.94a ± 0.09 3.46b ± 0.24 <DL <DL 
aDL (detection limit), 20 log cfu g-t fresh weight. Means within a row sharing a common letter are 

not significantly different (P <0.05). 
bDL, 1.0 log cfu g-t fresh weight. 

T AMB cells were recovered from all the samples studied. The average loads ofT AMB cells and their 

spore (aMBS) count in the papads were higher than those of substrates. While Pediococcus pentosaceus 
was found below the detection limit (2.0 log cfu g-1 fresh weight) in the papads, they occurred in 100% 

and 67% ofblackgram and mung dal flours, respectively (Table 60). Similarly, Saccharomyces cerevisiae, 
the only yeast present in the substrates, was not encountered in the finished product. 

Table 60. Prevelance of dominant microorganisms in papad and its substrates from different 
sources 

Microbiota 

TAMB 
aMB5 
Saccharcmyces cerevisiae 
Pediococcus pentosaceus 

Positive sample (%) 
Substrate (dal flour) 
Blackgram Mung 
(n=3) (n=3) 
100 100 
67 100 
67 67 

100 67 

4.7.3. Optimization of traditional process parameters 

Papad 
Marketed Laboratory-made 
(n=31) (n=3) 
100 100 
94 100 
0 0 
0 0 

Table 61 shows the average sensory scores for optimizing proportions of substrates (blackgram dal 

flour and mung dal flour) during the preparation of papad. All the treatments differed significantly 

Table 6L Average sensory scores" for optimizing proportions of ingredients during papad preparationb 
Treat- Flour Attribute 

~~~~-----------------~--------------------------------ment blend Dough _.:.cPa.cL...d.._._ ___________________________ _ 
(BF:MF) Handfeel Rolling App:arance Texture Taste Total score 

A 1:0 19.7bc±0.44 20.3c±0.33 9.8d±0.17 13.5b±0.29 10.0c±0.58 73.3c±1.17 
B 0:1 16.1c±0.55 14.8e±0.17 13.0b±0.50 11.0c±0.29 6.8d±0.22 61.&l±O.exl 
c 1:1 19.9b±0.82 20.3c±0.52 11.9c±0.51 13.1b±0.36 10.8bc±0.25 75.9c±1.23 
D 2:1 20.3b±0.73 19.6cd±0.30 121bc±0.58 13.lb±0.36 11.7b±0.51 76.&±0.66 
E 3:1 20.2b±0.60 18.5d±0.29 11.1cd±0.22 128b±0.25 11.5b±.029 74.0c±1.13 
F 1:2 23.3a±0.14 23.5a±0.29 14.0a±0.29 18.2a±0.33 13.8a±0.14 92.7a±0.46 
G 1:3 21.0b±0.29 22.0b±0.29 13.2b±0.44 13.3b±0.17 13.5a±0.29 83.7b±0.50 
•Values, expressed as Irean ± SEM, were obtained from three different samples. Means within a column sharing a 
collllTDl'lletter are not significantly different (P <0.05). 
hMade by using 15 g papad khar, 70 g cormron salt and 500 ml water kg-I flour blend (BF, blackgram dal flour; MF, 
mung dal flour) which was then cabinet--dried at 70 ± 5% relative humidity and 30 ± 1 °C for 8 h.. to final moisture content 
of14-16%. 



among themselves with respect to handfeel and rolling of dough, appearance, texture, taste of the 

product and total score. The treatment F, 1:2, had the highest score compared to the treatment A, 

blackgram dal flour alone; treatment B, mung dal flour alone; treatment C, 1:1; treatment D, 2:1; 

treatment E, 3 :1; and treatment G, 1:3. Hence, proportion of ingredients for the preparation of papad 

was optimized by fermenting mixture of one part of black gram dal flour and two parts of mung dal 

flour. 

Table 62 reveals that all the treatments considered for optimizing amount of papad khar added 

to the flour mixture during the preparation of papad, differed significantly among themselves with 

respect to every sensory attribute and total score. The treatment B, 15 g papad khar kg-1 legume flour 

blend, had the highest score compared to the treatment A, 10 g; treatment C, 20 g; and treatment D, 25 

g. Hence addition of 15 g papad khar kg-1 legume flour blend is optimum for the preparation of papad. 

Table 62. Average sersory scores" for optimizing amount of p~.p~.d khar to be added during p~.p~.d Ereparatioob 
Treat- PafQdkhar Attribute 
rrent (g kg-1flour Dou~ Pa[Qd 

blend) Handfeel Rolling Appearance Texture T~te Total score 
A 10 20.5c±0.52 20.7c±0.44 10.3d±0.38 14.8d±0.22 11.6c±0.35 77.9d±0.59 
B 15 23.3a±0.20 23.9a±0.69 13.6a±0.32 18.0a±0.38 13.4a±0.32 92.la±0.70 
c 20 22.3b±0.56 21.8b±0.46 12.3b±0.30 17.3b±0.14 12.3b±0.25 86.0b±0.35 
D 25 20.9c±0.30 20.2c±0.33 11.6c±0.44 16.1c±0.22 122b±0.86 80.9c±0.97 
a Values, expressed as mJan ± SEM, were obtained from three different samples. Means within a column sharing a 
corruron letter are rot significantly different (P <0.05). 
bMade by using 70 g comm:m salt and 500 ml water kg-1 flour blend (blackgram da1 flour : mung da1 flour, 1:2) which 
w~ then cabinet-dried at 70 ± 5% relative humidity and 30 ± l"C for 8 h, to final nristure ron tent of 14-16%. 

All the treatments considered for optimizing amount of water added during papad preparation 

differed significantly from each other in respect of dough hand feeL rolling properties, papad texture, 

taste and total score (fable 63). The treatment D, 500 m1 water kg-1 legume flour blend during papad 

preparation, had the highest total score compared to the treatment A, B, C and E with 350, 400, 450, 

and 550 m1 water kg-1 legume flour blend, respectively. 

Table 63.. Average seRiOlY scoresa for optimizing rurount of luke warm water to be added during p~.p:td J?re[lll'8tioob 
Treat- Water Attribute 

--------------~~~-----------------------------mmt (mlkg-1 Ihl{1l Pa[Qd 
flour blend) Handfeel Rolling ---:-A ...... ppearanre-----=ll-exture------=11=-~-te-------Total---score--

A 350 15.ld±0.46 128e±0.52 7.9c±0.30 11.2d±0.44 6.0e±0.29 529d±0.46 
B 400 19.6c±0.47 17.~±0.22 10.3b±0.60 13.3c±0.44 8.4d±0.36 69.6c±1.11 
C 450 221b±0.22 20Jb±0.76 12.1a±0.22 15.3b±0.38 11.2c±O.l7 80.6b±0.55 
D 500 24.1a±0.22 229a±0.30 128a±0.43 18.~±0.29 13.3a±0.30 91.1a±0.88 
E 550 21.3bc+0.38 16.2d±0.44 12~±0.29 15.7b+0.17 128b±0.52 77.8lx:±1.02 
aValues, expressed ~ Imm ± SEM, were obtained from three different samples. Mean> within a colmm sharing a 
00Jl1[I'Q1letrer are rot significantly different (P <0.05). 
bMade by using 15 g pa[Qd khar and 70 g COil1IIUl salt kg-1 flour blend (black gram flour: rrumg da1 flour, 1:2) which was 
then cabinet-dried at70±5% relative humidity and 30 ± l"C for8h, to final rroisture contentof14-16%. 

Table 64 shows the average sensory scores for optintizing amount of common added during 

preparation of papad. All the treatments differed significantly among themselves with respect to 

every sensory attribute. The treatment C, 70 g common salt kg-1 legume flour blend, had the highest 

sensory score compared to the treatment A, 40 g; treatment B, 60 p; treatment D, 80 g; treatment E, 90 g; 
and treatment F, 100 g common salt kg-1 legume flour blend. Hence, amount of the common salt added 
during papad preparation was optimized at 70 g kg-1 legume flour blend. 



Table 64. Average sensory scoresa for optimizing arrount of common salt to be added during papad preparationb 
Trea~ &Ut ~A=ttrt~·bu~re ______________ _ 
rrent (g kg-1 Dough _:_:Pa:rpa:=:d::__ ____________________ -:----

flour Handfeel Rolling Appearance Texture Taste Total score 
blend) 

A 40 19.2<:±0.36 19.3b±0.22 11.7b±0.22 13.6c±0.36 6.8f±0.15 70.5d±0.50 
B 60 21.3ab±0.14 19.8ab±0.65 12.7a±0.08 14.1b±0.22 11.6cd±O.l7 79.4bc±l.l0 
c 70 21.8a ±0.38 20.4a ±0.51 13.0a ±0.29 15.0a ±0.38 14.6a ±0.51 84.8a ± 1.80 
D 80 20.5b±0.38 20.2a±0.33 128a±O.l4 14.3b±0.25 13.5b±0.25 81.2b±0.46 
E 'KJ 20.8b±0.29 19.9ab±0.36 12.3ab±0.25 14.2b±0.46 120c±0.14 79.1bc±0.22 
F 100 20.4b±0.51 19.6b±0.30 123ab+0.22 14.2b±0.22 8.7e±0.30 75.2<:±0.82 
•Values, expressed as Ill'!all ± SEM, were obtained from three different samples. Means within a rolunn sharing a 
romrron.letter are not significantly different (P <0.05). 
bMade by using 15 g papad khar and 500 ml warer kg I flour blend (blackgram dal flour: mung dal flour, 1:2) and cabinet
drying at 70 ± 5% relative humidity and 30 ± 1 oc for 8 h to final moisture content of 14-16%. 

4.7 .4. Successional studies on dough during fennentation and dtying 

4.7.4.1. Microbial changes 

Table 65 shows the quantitative changes in microbiota during preparation of papad under optimized 

conditions. TAMB cells and their spore count prevailed throughout the preparation process. 

Saccharomyces cereroisiae, the only yeast recovered from the ingredients, occurred relatively at constant 

load before perished after 6 h of drying. The initial load of the Pediococcus pentosaceus, the only lactic 

add bacteria encountered in the ingredients, was increased by a log cycle during 3 h fermentation of 

the dough. Their count, however, gradually declined to below detection limit (2.0 log cfu g-1 fresh 
weight) beyond 6 h of drying of papad sheets. 

4.7.4.2. Changes in proximate composition 

The changes in proximate composition of the papad dough fermented for 3 hand subsequent drying 

of papad sheets are presented in Table 66. The data exhibited no significant change in the proximate 

composition of the papad dough during initial3 h of fermentation. However, during the subsequent 

drying of papad sheets the mean moisture content of the papad decreased significantly by 3-fold. The 

pronounced effect of decline in moisture content of papad was evident from the significant increase in 

percentage diametric expansion of papad sheets after every 2 h-interval till6h of drying when the raw 

papadsheets attained the mean moisture content o£14.4 g (100 g)-1 dry weight. The other parameters 

were relatively constant, and changes in proximate compositions, if any, were insignificant during 

the fermentation and subsequent drying of papad under optimized conditions. 

4.8. Wadi 

4.8.1. Proximate composition 

The proximate composition of substrate (blackgram dal) and fermented wadi from different sources 

are presented in Table 67. The mean moisture content of the wadi was higher than that of the substrate. 

While the substrate had neutral pH. wadi was addic. While titratable and fatty addity contents of the 

wadi were higher than that ofblackgram dal, the ash content of the substrate 2.6 times higher than of 

wadi. Protein nitrogen of the substrate decreased, while the nonprotein nitrogen and soluble nitrogen 

contents increased by 2.5-3.5 times, and 2.6-2.8 times respectively, after fermentation. Mean 
carbohydrate and fat contents of wadi was higher than that of blackgram dal. 



Table 65. Olan~f!!i<:robiallO<l<i" in papad dough during fermentatioo and subsequent drying under semicontrolled conditions 
Microbiota Fermentation period (h) -=Dryin:..t.::.':.:~g:wpe=ri:::od=(h:.t..) ________ --:------::-----

0 3 0 2 4 6 8 
TAMBb 4.06d±0.06 4.60c±0.16 4.60c±0.16 4.91b±0.17 5.01a±0.10 4.63c±0.30 4.67c±0.25 

(100) (100) (100) (100) (100) (100) (100) 
aMBSc 4.04c±0.10 4.14b±0.11 4.14b±0.11 4.25a±0.24 4.05c±0.15 4.04c±0.22 4.01c±0.16 

(100) (100) (100) (100) (100) (100) (100) 
Yeast< 

Saccharomyces cereuisiae 4.48b±0.11 4.60a ± 0.15 4.60a ± 0.15 4.68a±0.25 4.40b±0.18 <DL <DL 
(67) (100) (100) (100) (100) 

Lactic add bacterial> 
Pediorocrus pentosaceus 4.82b ± 0.31 5.25a ± .26 5.25a ± .26 4.33c ± 0.25 3.75d ± 0.14 <DL <DL 

(100) (1002_ _ _ _ (l(X))_ _ (100) (67) 
•Values, expressed as mean± SEM of log cfu g-1 fresh weight, were obtained from three different samples. Data within parentheses are 
expressed as %positive samples. Means within a row sharing a common letter are not significantly different (P <0.05). 
bDL (detection limit), 1.0 log cfu g-1 fresh weight. 
cDL, 2.0 log cfu g-1 fresh weight 
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Table 66. Changes in proximate coml"osition• of papad dough during fermentation and subsequent drying under optimized conditions 

Parameter Fermentation period (h) ___:.D:::r~y..::in~g~p:;:e;::ri~o:::::d~(.;:h:t,)-------,---------:-------;:------
(g_{1oo g)-1 dry matter) o 3 o 2 4 6 8 
pH 7.04a ± 0.04 7.08a ± 0.07 7.08a ± 0.07 6.95a ± 0.03 7.02a ± 0.07 7.08a ± 0.01 6.95a ± 0.01 
%diametric expansion after frying NDb ND 6.6d ± 1.58 14.27c ± 0.88 24.6b ± 0.40 27.6a ± 0.36 28.0a ± 0.71 
Moisture (g (100 g)-1) 39.79a ± 0.89 39.76a ± 0.91 39.76a ± 0.91 23.67b ± 0.63 18.38c ± 0.29 14.44d ± 0.37 13.79d ± 0.51 
Ash 9.91a ± 0.15 9.9a ± 0.18 9.9a ± 0.18 9.92a ± 0.15 9.95a ± 0.11 9.87a ± 0.21 9.97a ± 0.13 
Titratable acid (as lactic acid) 0.56a ± 0.03 0.59a ± 0.02 0.59a ± 0.02 0.52a ± 0.03 0.55a ± 0.06 0.58a ± 0.03 0.55a ± 0.05 
Free fatty acid (as linoleic acid) 1.28ab ± 0.03 1.23b ± 0.05 1.23b ± 0.05 1.30a ± 0.07 1.31a ± 0.03 1.33a ± 0.04 1.34a ± 0.02 
Total nitrogen 3.86a ± 0.11 3.82a ± 0.07 3.82a ± 0.07 3.89a ± 0.07 3.89a ± 0.02 3.88a ± 0.03 3.77a ± 0.04 
Protein nitrogen 2.46a ±0.07 2.47a ± 0.11 2.47a ± 0.11 2.41a ± 0.10 2.38b ± 0.10 2.41a ± 0.02 2.37b ± 0.02 
Nonprotein nitrogen 1.40ab ± 0.07 1.35b ± 0.05 1.35b ± 0.05 1.49a ± 0.09 1.51a ± 0.14 1.47a ± 0.02 1.40ab ± 0.03 
Soluble nitrogen l.17b ± 0.01 1.28a ± 0.02 1.28a ± 0.02 1.28a ± 0.04 1.29a ± 0.03 1.32a ± 0.04 1.31a ± 0.03 
Total protein (total N x 6.25) 24.13a ± 0.68 23.88a ± 0.42 23.88a ± 0.42 24.31a ± 0.43 24.31a ± 0.40 24.25a± 0.20 23.56a ± 0.26 
Crude fat (ether extract) 4.77ab ± 0.09 4.69c ± 0.08 4.69c ± 0.08 4.79ab ± 0.24 4.83a ± 0.19 4.73b ± 0.08 4.93a ± 0.15 
Carbohydrate (by difference) 61.18a ± 0.77 61.55a ± 0.46 61.55a ± 0.46 60.97a ± 0.47 61.34a ± 0.53 61.13a ± 0.10 61.59a ± 0.27 
Energy (MJ (100 g)-1 dry matter) 1.61a ± 0.00 1.60a ± 0.00 1.60a ± 0.00 1.61a ± 0.01 1.61a ± 0.01 1.61a ± 0.00 1.61a ± 0.00 
•Values, expressed as mean± SEM, were obtained from three different samples. Means within a row sharing a common letter are not significantly different 
(P <0.05). 
bND, not determined. 

..... 
~ 
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Table 67. Proximate compositiona of wadi and its substrate 
Parameter _.o.g~(1::;:00.:::..g.g)t.....-1_::dry:::..L..ma=tt:::er::.:_ ___________ _ 

pH 
Moisture (g (100 g)-1) 
Ash 

Substrate Wadi 
(blackgram dal) Marketed 
(n=3) (n=41) 
7.0a ± 0.04 5.6b ± 0.04 

11.1b±0.10 14.7a±0.37 
6.4a ± 0.07 2.5b ± 0.05 

Laboratory-made 
(n=3) 
5.4b±0.05 

14.5a±0.40 
2.6b±0.10 

Titratable acid (as lactic acid) O.lc ± 0.01 l.Ob ± 0.03 1.6a ± 0.04 
Free fatty acid (as linoleic acid) 0.7b ± 0.01 25a ± 0.06 2.7a ± 0.04 
Total nitrogen 4.1a ± 0.02 3.4b ± 0.08 4.1a ± 0.07 
Protein nitrogen 3.7a ±0.03 2.4b ± 0.08 2.7b ± 0.05 
Nonprotein nitrogen 0.4b ± 0.05 l.Oa ± 0.05 1.4a ± 0.09 
Soluble nitrogen 0.5b ± 0.01 2.3a ± 0.09 2.4a ± 0.04 
Total protein (total N x 6.25) 25.5a ± 0.11 21.0b ± 0.51 25.6a ± 0.44 
Crude fat 0.3b ± 0.02 1.9a ± 0.03 2.2a ± 0.03 
Carbohydrate (by difference) 67.& ±0.16 74.6a ± 0.50 69.6b ± 0.43 
Energy (MJ(lOO g)=l dm) 1.7a ± 0.01 1.7a ± 0.01 1.7a ± 0.01 

aValues are expressed as mean ± SEM. Means within a row sharing a common letter are no1 
significantly different (P <0.05). 

4.8.2. Microbial analysis 

4.8.2.1. Isolation of microorganisms 

A total of 555 strains of lactic add bacteria (fable 68) and 635 strains of yeasts (fable 69) were isolated 

from 3 samples of raw blackgram dal, 41 samples of market wadi, and 21 samples of laboratory-made 

Table 68. Selection of representative strains of dominant lactic add fficteria isolated from substrate and fenrenting 
ffitter of wadi 

Source 

Substrate 
Blackgram dal 

(n=3) 

Wadi/ffitter 
Marketed 

(n=41) 

Stage(s)of 
fenrentation 

Final 

Cell 
shape" 

Cpfc 
a 

Cpfc 
a 

Gas from 
gll.lCale 

+ 

+ 

Growth in/ at 
pH4.8 4SOC 

+ + 

+ + 

Grouped strainsb 
Group No. 

W-LA 
W-LB 

15 
10 

No. ofRc 
strains 

3 
2 

W-LA 135 27 
W-LB 185 37 

l.alxlratory-rmde Oh-60h Cpjc + W-LA 105 21 
(n=21) (12h-interval) a + + W-LB 105 21 

aepj c, cocci in prir or short chain; Ct. cocci in tetrad 
b Alllhe isolates were nmrrotile, nrnsporeforming. Gram po>itive and catalase negative. 
<R, representative. 

samples of fermenting and fermented wadi. While all the lactic add bacterial isolates were grouped 
into 2 cell morphotypes, the yeast isolates were grouped into 4 colony morphotypes. A total of 30 
strains of mould were isolated from 6 market samples of wadi (Table 70). Since all the mould isolates 
exhibited identical morphological characters, they were clustered under a single group. One 
representative strain, from each group of each positive sample, was selected randomly to ascertain 
their taxonomic status. 

4.8.2.2. Taxonomical studies 

4.8.2.2.1. Bacteria 

On the basis of selected morphological, physiological and cultural characteristics of lactic add bacteria 
shown in Table 68, all the representative strains of group W-LA belonged to the genus Leuconostoc, 
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Table 69. Selection of representative strains of dominant yeasts isolated from substrate and fermenting batter of wadi 
Source Stage(s) of No. of Colonya Cell Pellicle Grouped strains No. of 

fermentation samples shapeb formation Group No. Rd strains 
Suh;trate 

Blackgram dal (n = 3) 3 

Wadi/OO.tter 
Marketed (n = 41) Final 41 

Cgs 

Cgs 
Tds 
Wsw 
Pgs 

GO/E 

GO/E 
0-E 
0-E 
G-E 

W-YA 15 3 

W-YA 50 10 
+ W-YB 110 22 
+ W-YC 180 36 

W-YD 25 5 

laboratory-made 
(n=21) 

Oh-60h 21 Cgs GO/E W-YA 105 21 
(12h- Tds 0-E + W-YB 80 16 
interval) Wsw 0-E + W-YC 70 14 

aCgs, cream colour with glistening and butyrous surface; Tds, tannish white colour with dull and flat surface; Wsw, tannish 
white surface with wrinkled margin; Pgs, pink colour with glistening and butyrous surface. 
bG, globa;e; 0, oval; F. ellipsoidaL 
dR,. representative. 

while those of the group W

LB belonged to the genus 
Pediococcus. The detailed 

morphological and physio
logical characteristics of all 

those representative strains 
are presented in Table 71. 
Following the criteria laid by 
Garvie (1986a, 1986b) and 

IBIS (Wijtzes et al., 1997), the 
representative strains 

belonging to groups W-LA 
and W-LB were tentatively 

identified as Leuconostoc 
mesenteroides (Tsenkovskii) 

van Tieghem 1879 and 
Pediococcus pentosaceus Mees 

1934, respectively. 

4.8.2.2.2. Yeasts 

The detailed morphological, 

cultural and physiological 
characteristics of the 127 
representative strains of 
yeasts, comprising of 4 

different colony morpho
types, isolated from 

substrates market samples of 
wadi and laboratory-made 
fermenting and fermented 
wadi are shown in Table 72. 

Table 70. Selection of representative strains of moulds isolated from wadia 

Source ~~==~~r~of~--------------------
Strains Grouped Representative 
isolateda strains strains 

Raw ingredients (n = 3) 0 0 0 
Marketed wadi (n = 41) 30 30 6 
Laboratory-made wadi (n = 21) 0 0 0 
aAII the isolates had mycelia without septation, rhizoid and stolon; 
sporangiophores, branched and arose directly from the substrate mycelium; 
sporangiospores, ellipsoidal to globose; columellae, ellipsoidal to pyriform; 
chlamydospores, numerous and barrel-shaped 

Table 71. CharacteristiCS" of groups of representative strains of lactic add 
bacteria isolated from wadi, and its substrates and fermenting batter 

Parameters W-LA(n=51) W-LB(n=60) 
+ d + d 

Cell shape Coed in pair or chain Coed in tetrad 
Cell diameter (pm) 0~.65 0.33-{).68 
Gas from glucose 100 100 
Growth in NaCI (g 1-1) 

30 100 56 32 12 
65 71 25 4 100 
80 100 100 

Growth at pH 4.8 100 100 
Hydrolysis of 

arginine 100 100 
esculin 71 25 4 100 
gelatin 100 100 

Growth at 45°C 100 100 
Add from 

D-cellobiose 65 29 6 100 
esculin 70 22 8 100 
D-lactose 55 45 52 33 15 
D-mnnitol 100 100 
D-mannose 100 100 
D-melibiose 69 25 6 71 22 7 
D-raffinose 72 28 100 
D-ribose 100 68 32 
salicin 63 25 12 100 
sucrose 100 23 77 
D-xylose 67 19 14 67 25 8 

aData represent %strains showing + (positive), d (delayed) and - (negative) 
reactions. All the strains were Gram positive, nonmotile, nonsporeforming, 
catalase negative, capable of growing at 15-40°C and producing add from L-
arabinose, D-fructose, D-galactose, D-glucose, D-maltose and D-trehalose, 
however not capable of reducing nitrate, producing indole, hydrolyzing fat 
and starch, and producing add from glycerol, sorbitol and starch. 
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Table 72. OlaracteristiCS' d. groups d. representative strains d. yeasts isolated from wadi and its subitrates and fermenting 
batter 

Parameter W-YA(n-34) W-YB(n 38) W-YC(n 50) W-YD(n 5) 
+ +.., + +.., + +.., + +.., 

Colony morphology c~ Tds Wsw p~ 

Cell shape (GO)/E 0-E 0-E GE 
Cell width X length (pm) 3.2-5.7 X 4.8-7.5 2.7-6.4 X 3.7-7.3 22-5.6 X 3.1-7.4 2.3-4.3 X 29-5.7 
Myceliumd Psd Psd Psd 100 

Vegetative reproducti<m 100 100 100 100 
Budding Multilateral Multilateral Multilateral 100 

Sexual reproduction 100 100 100 100 
Ascus 100 100 100 100 

Asci evanescence Persistent Persistent Evanescent 100 
Ascospore- (R-O)+Sm O+Sm Str/R 100 
Ascospore/ ascus 1-4 1-2 1-4 100 

Pellicle formation 100 100 100 100 
Hydrolysis of 

fat 65 35 100 78 22 40 60 
urea 100 100 100 80 20 

Fermentation of 
D-galact~ 59 12 '19 100 100 100 
D-gluc~ 100 100 82 18 0 100 
D-malt~ 53 29 18 100 100 100 
D-melibi~ 54 23 23 100 100 100 
melezit~ 62 29 9 100 100 100 
D-raffinc6e 70 15 15 100 100 100 
sucrose 62 26 12 100 100 100 
D-trehalose 18 32 50 100 100 100 

Assimilati<nof 
L-ara~ 100 100 100 60 20 20 
D-cellobi~ 100 100 100 80 20 
citrate 100 100 100 80 20 
D-galactose 70 18 12 24 76 100 40 40 20 
D-gludtol 56 44 100 100 20 60 20 
D-glucosamine 100 100 100 100 
N-acetyl-glucosamine 100 100 100 100 
glycerol 56 6 38 76 24 58 30 12 80 20 
D-lactose 100 100 100 60 20 20 
D-malta;e 62 20 18 100 100 100 
D-mannitol 15 56 '19 100 100 20 80 
melezita;e 50 18 32 100 100 40 40 20 
D-melibia;e 76 18 16 100 100 100 
D-raffinc6e 73 9 18 100 100 20 80 
D-ribaie 100 55 24 21 100 40 40 20 
suer~ 68 32 100 100 100 
D-trehala;e 70 9 21 100 100 80 20 
vitamin-free medium 100 68 19 13 78 22 0 100 
D-xyla;e 100 100 70 22 8 60 40 

aData represent %strains showing+ (positive), +.., (weak positive) and- (negative) reactions. All the strains were capable d. 
growing at 37"C and assimilating D-glucose, however not capable of reducing nitrate, forming starch. hydrolyzing gelatin 
and starch. fermenting D-cellobia;e, D-lacta;e and D-xyla;e, and assimilating m-erythritol_ m-incsitol, nitrate, L-rhamnose 
andstan:h. 

bC~, cream colour with glistening and butyrous surface; Tds, tannish white colour with dull and flat surface; Wsw, tannish 
white surface with wrinkled margin; P~, pink colour with glistening and butyrous surface. 
<G, globaie; 0, oval; E, elongated. 
dPsd, pseudomyceliuml/ pseudohyphae. 
•R, round, 0, oval; Sm, smJOth; Str, Saturn-shaped 

Following the taxonomic keys of Barnett et al. (2000) and Kurtzman and Fell (2000), and using 

BioloMICSNet software (http:/ /www.cbs.knaw.nl/yeast/BioloMICS.aspx) the taxonomic status of 

the representative strains belonging to group W-Y A, W-YB, W-YC and W-YD were tentatively identified 

as Saccharomyces cerevisiae Mayen ex Hansen 1883, Issatchenkia orientalis Kudryavtsev 1960, Pichia 
membranifadens Hansen 1904, and Rhodotorula min uta (Saito) Harrison 1928, respectively. 



4.8.2.23. Moulds 

Table 73 shows the detail 

morphological characteristics 

of 6 representative strains of 

mould, recovered from the 

market samples of wadi. The 

mycelia were aseptate, and 

without rhizoids and stolons. 

The sporangiophores with 

ellipsoidal to globose 

sporangiospores were 

branched and arose directly 
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Table 73. Cllaracteristics of representative strains of moulds isolated from rmrket 

wadi 
Cllaracter 

Sporangiospore 
Length~m) 
Breadth (11m) 

ColUIIElla 
Length~m) 
Breadth~m) 

Chlamydospore 

Representative strains" 
W-M1 W-M2 W-M3 W-M4 W-M5 W-M6 

4.0-6.2 
4.5-5.3 

3540 
3540 

3.8-6.8 
4.8-5.6 

46-50 
35-44 

4.8-6.6 
3.8-4.3 

43-48 
38-45 

4.1-6.6 4.6-5.7 
3.6.-4.7 4.1-5.0 

44-50 
38-40 

40-48 
35-43 

4.0-6.9 
3.5-5.3 

44-47 
30-41 

Length~ 22-25 18-22 20-24 17-25 17-22 20-24 
Breadth~ 14-17 15-20 16-20 14-18 14-16 13-17 

•All the isolates had aseptate myceliUIIl, rhizoid, stolon, brandted 
sporangiophores whidl arose directly from the substmte myceliUIIl, ellipsoidal 
to globose sporangiospores, ellipsoidal to pyriform colUIIEllae, and numerous, 
barrel-shaped chlamydospores, however were not capable of growing at 37"C 

from the substrate mycelium, while the chlamydospores were numerous and barrel-shaped. Following 

the taxonomic keys of Hesseltine (1983) and Samson and van Reenen-Hoekstra (1988), all the 

representative strains of the mould were tentatively identified as Mucor racemosus Fres. 

4.8.23. Microbial loads in substrate and product 

The average microbial load studied in 41 market samples of wadi, 3 samples each of blackgram dal 

and laboratory-made wadi are shown in Table 74. T AMB cells and their spores (aMBS) were recovered 

form all the samples studied (Table 74). While the average load ofT AMB cells in wadi was 3log cycles 

Table 74. Dominant microbial load in substrates and fermented batter of wadi 
Microbiota Log cfu g-1 fresh weight• 

~Su~bs~tr~a~t~e~----~W~a~di~.------------------

TAMB 
aMBS 
Yeasts 

Saccharomyces cereuisiae 
Issatchenkia orienta/is 
Pichia membranifaciens 
Rhodotorula minuta 

Mould 
Mucor racemosus 

Lactic add bacteria 
Leuconostoc mesenteroides 
Pediococcus pentosaceus 

(blackgram dal) Marketed 
(n = 3) (n = 41) 
5.2c± 0.11 B.Ob ± 0.91 
3.5b±0.34 4.la±0.18 

3.4c±0.43 4.4b±0.84 
<DLb 5.2a±l.31 
<DL S.la ± 1.14 
<DL 4.0±0.60 

<DL 4.1 ± 0.50 

4.3c±0.45 7.9b±l.28 
3.1b±0.08 8.1a± 1.30 

Laboratory-made 
(n=3) 
9.2a±O.l8 
3.8ab±0.17 

5.2a±0.27 
5.2a±0.21 
4.5b±0.87 
<DL 

<DL 

9.3a±0.31 
8.6a±0.28 

•Values are expressed as mean± SEM. Means within a row sharing a common letter are 
not significantly different (P <0.05). 
bDL (detection limit), 2.0 log cfu g-1 fresh weight. 

more than that of substrate, their spore count was between 3.5 to 3.9log cfu g-1 fresh weight, in the 

samples studied. Similarly, the mean load of Leuconostoc mesenteroides and Pediococcus pentosaceus in 

substrate was increased by 3.5log cycles during fermentation. In laboratory-made wadi, the average 

load of Saccharomyces cerevisiae, the only yeast found in substrate, was highest followed by Issatchenkia 
orientalis and Pichia membranifaciens. Market wadi was dominated by I. orientalis, followed by P. 
membranifaciens, S. cerevisiae, and Rhodotorula minuta. Mucor racemosus, the only mold recovered had the 

average load of 4.1log cfu g-1 fresh weight sample. However, both R. minuta and M. racemosus, 
encountered in 12% and 15% of market samples, respectively, were recovered neither from the raw 
blackgram dal nor from the laboratory-made wadi (Table 75). 



Table 75. Prevalence of dominant microorganisms in wadi and its substratP from 
different sources 

·----------
Microbiota Positive sample (%) 

Substrate Wadi 
(blackgrarn dal) Marketed Laboratory-made 

TAMB 
aMBS 
Yeasts 

Saccharomyces cerevisiae 
Issatchenkia orientalis 

Pichia membranifaciens 
Rhodotorula minuta 

Mould 
Mucor racemosus 

Lactic add bacteria 
Leuconostoc mesenteroides 
Pediococcus pentosaceus 

(n=3) 
100 
100 

100 
0 
0 
0 

0 

100 
67 

(n = 41) (n=3) 
100 100 

93 100 

24 100 
54 100 
88 67 
12 0 

15 0 

66 100 
90 100 

4.8.3. Successional studies on batter during fermentation and chying 

4.8.3.1. Microbial changes 

111 

Table 76 shows the quantitative changes in microbial load of wadi during fermentation and subsequent 

drying. The load of lactic add bacteria, yeast and T AMB cells increased significantly during 10 h

fermentation, followed by 24 h of drying when the population size increased by 4-5log cycles. The 

average load of Leuconostoc mesenteroides increased significantly, and it formed the dominant component 
of the wadi micro biota. However, the final12 h-drying (from 48 h to 60 h) showed a sharp declined in 

their count by 2-log cycles. 

Similarly the average count of Pediococcus pentosaceus, after initial increased by about 4log 

cycles, declined gradually after 24 h of drying. Saccharomyces cerevisiae, the most predominant yeast 
encountered during the wadi preparation, increased significantly during 10 h-fermentation and at 

every 12 h-interval of drying till24 h, followed by the steady fall in the population. The decrease was 

significant after every 12 h-interval. Issatchenkia orienta/is, which was detected only after 10 h 

fermentation of wadi dough, increased significantly by 3.5-log cycle during initial 24 h drying, 

eventually declined to the final load of> lOS cfu g-1 fresh weight at the end. The decrease was significant 

after every 12 h-interval. Pichia membranifadens, which was not recovered during the onset of process, 
appeared after 12 h of drying and remained constant before marginal decrease at the end. 

4.8.3.2. Changes in proximate composition 

The proximate compositional changes of wadi batter during fermentation and drying are shown in 
Table 77. During the initial10 h-fermentation, though the moisture content of the batter remained 

unchanged, the volume increased by 1.4-fold. However, the subsequent drying (sun-drying for 8 h 

followed by 16 h shade-drying at room temperature (28-30°C) daily) for a total of 60 h, reduced the 

initial moisture content of wadi by 4.3 times. The pH declined during the initial10 h from 6.2 to 5.8, 

and then at every 12 h-interval till36 h of drying to reach 4. 9. The titratable and free fatty addity of 

the batter increased significantly during fermentation and drying. The protein nitrogen declined 

during the initial fermentation, but gradually increased during the subsequent drying period. While 

the content of soluble nitrogen increased by 3.4 times during wadi preparation, there was no significant 
change in the contents of nonprotein nitrogen, crude fat and energy value during wadi preparation. 



Table 76. Changes in microbial load• in wadi batter during fennentation and subsequent drying under semicontrolled conditions 
Micro biota Fermentation ~iod (h) D:!!ing ~riod (h) 

0 10 0 12 24 36 48 60 
TAMB 6.2f±0.20 8.7e±0.25 8.7e±0.25 9.9c±0.50 11.2ab ± 0.31 11.4a ±0.22 10.9b±0.22 9.2d±0.18 

(100) (100) (100) (100) (100) (100) (100) (100) 
aMBS 3.1b±0.03 4.2a±0.12 4.2a±0.12 4.0a±0.43 3.9a±0.20 4.0a±0.08 4.0a±0.10 3.8a±0.17 

(100) (100) (100) (100) (100) (100) (100) (100) 
Yeasts 

Saccharomyces cerevisiae 4.3e±0.31 7.1c±0.27 7.1c±0.27 8.1b±O.ll 8.8a±0.30 7.0c±0.08 5.2±0.25 5.2d±0.27 
(100) (100) (100) (100) (100) (100) (100) (100) 

lssatchenkia orienta lis <DLb 3.9d±0.64 3.9d±0.64 6.3b±0.24 7.5a±0.32 6.4b±0.31 5.4c±0.21 5.2c±0.21 
(33) (33) (100) (100) (100) (100) (100) 

Pichia membranifaciens <DL <DL <DL 5.0b±0.43 5.5a±0.23 5.5a ±0.16 5.4a±0.42 4.5c±0.87 
(100) (100) (100) (100) (67) 

Lactic add bacteria 
Leuconostoc mesenteroides 5.6c±0.24 9.1b±0.06 9.1b±0.06 11.2a±0.33 11.4a ±0.33 11.7a±0.3 11.3a±0.28 9.3b±0.31 

(100) (100) (100) (100) (100) (100) (100) (100) 
Pediococcus pentosaceus 5.8d±0.08 8.6c±0.27 8.6c±0.27 10.1a ±0 .18 10.1a±0.09 9.9b±0.05 9.4bc±0.25 8.6c±0.28 

(100) (100) (100) (100) (100) (100) (100) (100) 
•Values, expressed as mean ± SEM of log cfu g-1 fresh weight, were obtained from three different samples. Data within parentheses are expressed as 
%positive samples. Means within a row sharing a common letter are not significantly different (P <0.05). 
bDL (detection limit), 2.0 log cfu g-1 fresh weight. 
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Table 77. Cbanges in proximate comrnitiOil" of~~i ~ugh <furing fermentation an<i subsequent drying under semi-controlled conditions 

Parameter Fermentation period (h) _::::I?ryil}:!.Z..!:·~g:upe::::::!.::ri:::::od:::...\!.(h:L) ----~----~:-------:-:------::::-----
(g_ (100 g)-1 dry matter) 0 10 0 12 24 36 48 60 
pH 6.2a±0.11 5.8b±0.10 5.8b±0.10 5.6b±0.05 5.3c±0.06 4.9d±0.04 5.0d±0.06 5.0d±0.05 
Moisture(g(100g)-1) 61.9a±1.03 61.9a±0.96 61.9a±0.96 53.8b±0.82 47.1c±0.70 33.6d±0.38 26.2e±1.05 14.5f±0.40 
Volume(ml) 250.0b±O 346.7a±1.67 N1Jb ND ND ND ND ND 
Ash 3.4a±0.10 3.2a±0.23 3.2a±0.23 2.9b±0.17 27b±0.12 2.7b±0.11 2.7b±0.13 2.6b±0.10 
Total nitrogen 3.8b ± 0.08 3.3b ± 0.20 3.3b ± 0.20 3.5b ± 0.08 3.6ab ± 0.04 3.9a ± 0.02 4.0a ± 0.08 4.1a ± 0.07 
Protein nitrogen 26a ±0.14 2.1b ±0.19 2.1b ± 0.19 2.3ab±0.4 2.5a ±0.05 2.6a ±0.12 2.7a ± 0.04 2.7a ±0.05 
Nonprotein nitrogen 1.2a ±0.04 1.a2 ±0.04 1.2a ± 0.04 1.2a ± 0.10 1.2a ±0.09 1.3a ±0.12 1.3a ±0.08 1.4a ±0.09 
Soluble nitrogen 0.7d ± 0.06 1.2c ± 0.02 1.2c ± 0.02 1.8b ± 0.04 1.9b ± 0.04 2.2a ± 0.02 2.3a ± 0.04 2.4a ± 0.04 
Total protein (total N x 6.25) 23.8ab±0.50 20.8d ±1.25 20.8d ± 1.25 21.7c ±0.48 23.0b±0.20 24.2a ±0.14 25.2a ±0.47 25.6a ±0.44 
Titratableacid (as lactic acid) 0.6c ±0.05 1.1b ±0.05 1.1b ±0.05 1.2b± 0.02 1.3ab±0.04 1.4a ±0.04 1.5a ±0.05 1.6a ±0.04 
Free fatty acid acid (as linoleic acid) 1.5c ± 0.04 20b± 0.02 2.0b ± 0.02 2.2b± 0.02 2.3ab±0.04 2.5a ± 0.02 2.6a± 0.05 2.7a ±0.04 
Crudefat 22a±0.04 21a±0.11 2.1a±0.11 2.2a±0.14 22a±0.06 22a±0.03 2.2a±0.01 2.2a±0.03 
Carbohydrate(by difference) 70.1c ±0.39c 73.9a ±1.25 73.9a ± 1.25 73.2ab±0.69 721b±0.15 71.0bc ±0.23 69.0d ±0.51 69.6c ±0.43 
Energy (MJ (100 g)-1 dry matter) 1.7a ± 0.01 1.7a ± 0. 01 1.7a ± 0. 01 1.7a ± 0.00 1.7a ± 0.00 1.7a ± 0.00 1.7a ± 0.01 1.7a ± 0.01 

a Values, expressed as rrean ± SEM, were obtained from three different samples. Means within a row sharing a corrnnon letter are not significantly different (P <0.05). 
hND, not determined. 
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5 
Discussion 

Taditional or indigenous fermented foods are those popular products that since early history have 
formed an integral part of the diet and that can be prepared in the household or in cottage industry 
using relatively simple techniques and equipment ( Aidoo et al., 2006). Although several legume-based 
fermented foods are being prepared in different parts of India by employing indigenous techniques, 
the origins of most of these fermentation technologies are lost in the mist of history. 

Indians are credited for discovering the methods of souring and leavening cereal-legume 
batters. Due to her diverse agroclimatic locations, social behaviour, cultural and religious beliefs, and 
dietary habits among the multi-ethnic population, India harbours an excellent source of legume
based indigenous fermented foods (fable 5). The traditional fermented foods, both alkaline and addic, 
derived either from edible legume alone or in combination with different kinds of cereals, have made 
a significant contribution to human diet across the country. They not only add variety to the human 
diet, but also serve as an economic source of supplementary proteins for the large human population 
of the country like India, where bulk of the population is vegetarian. Many fermented foods are now 
receiving world attention for their health-promoting or disease-preventing effects. 
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Although some of these legume-based traditional products, native to different parts of the 

country have beenwell-studied(Aidooetal.,2006; Batra, 1981,1986; BatraandMillner,1976; Campbell

Platt,1987; DesaiandSalunkhe, 1986; NoutandSarkar, 1999; Noutet al.,2007; Ramakrishnan, 1979; 

Reddyetal.,1982,1986;Soniand5andhu,1989a,1989b,1990,1991;Steinkraus,1996;Tamangetal., 

1988; Venkatasubbaiah, 1985), there is dearth of information on other lesser-known, similar legume

based fermented foods indigenous to India. Due to changes in the life style of people, their rapid 

migration to dties, decreased time at home, lack of awareness of fermentation techniques and numerous 

other factors, and most importantly the ongoing modernization processes, there is a gradual inclination 

of the newer generation towards the modem fast foods, under-estimating their own traditional foods. 

Consequently, these factors have diminished greatly the tradition of fermenting foods at home. Since 

the production of indigenous fermented foods has remained a traditional village art practiced in 

homes following crude and technically ill manner, it is obvious that many of them are being replaced 

by industrially processed and convenience foods. But the unfortunate outcome of this replacement is 

the inevitable loss of traditional know-how and much valued resources before it is fully understood 

and harnessed for the future generations. In addition, the food industry's success with truly massive 

production, distribution, storage and merchandising of processed foods and designer foods has helped 

to relegate many earlier commonly consumed fermented foods to the dusty region of dim memory. 

Detailed information on the types, traditional methods of preparation, modes of consumptiollt 

shelf-lives and ethnic values of a variety oflegume-based fermented foods used traditionally by the 

local people was obtained by conducting a moderate survey through a well-structured pre-tested 

proforma and by personal interview method. Most of the fermented products are delicious and easily 

digestible. While some are consumed by all the communities irrespective of caste and creed, others are 

confined to the particular ethnic groups. The products were also suitable for ailing persons, pre- or 

post -natal women and children. 

S.l.Dholda 

Dhokla is one of the fermented foods with appealing sour taste, colour, flavour and spongy texture. 

The redpes for dhokla preparation varied in details from home to home, which resulted in the 

inconsistent quality of product (Desai and Salunkhe, 1986; Mahajan and Chattoapdhayay, 2000; 

Ramakrishnan, 1979). In the present study, dhokla with organoleptically acceptable and desirable 

quality was obtained when the mixed batter of Bengalgram dal and white polished rice in the 

proportion of 4:1 was fermented at 32'C for 15 h under semicontrolled conditions. The product had a 

characteristic sour aroma and was soft, spongy and light yellow colour with a honeycomb structure 

inside. Desai and Salunkhe (1986) were of the opinion that the prime ingredients used in the preparation 

of dhokla are white polished rice and Bengalgram dal which can be substituted by suji (coarsely 

ground meal of wheat, maize or kodri) and soybeallt split pea, red gram or moth beans, respectively. In 

the State of Maharashtra, dhokla is being prepared by fermenting the mixture of Bengalgram flour and 

curd for 16-18 hand steaming for 20 min Ooshi et al., 1989). Although Mahajan and Chattoapdhayay 

(2000) reported that the batter mixture containing rice, Bengalgram daland blackgram dal (1:6:3) was 

found to be the best in respect of minimum bulk density and hardness as well as acceptable taste of the 

products, the 4:1 ratio of the Bengalgram dal and rice employed in the present study imparted an 

optimum stickiness to the fermenting batter which retained adequate gas during fermentation resulting 

in about 2-fold increase in the batter volume. Most of the organoleptic scores and desirable biochemical 

changes during dhokla batter fermentation may be ascribed to the nature of substrates, fermentation 

environment and composition and activity of functional as well as accompanying microbiota. 
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Due to prolonged soaking and addition of water during grinding, acidic dhokla batter had a higher 

moisture content than the substrates (Table 7). A significant increase in total acidity as indicated by 

fall in pH probably helps in to prevent the growth and transmission of various food borne pathogenic 

organisms. The total protein content of fermented batter was that of Bengal gram dal. The fermented 

batter was superior to raw substrates with regard to soluble nitrogen content. The highest carbohydrate 

content of fermented batter was less than that of rice, indicating the balanced dietary status of the 

product. 

Dhokla batter ripening is essentially an autofermentation process, depending entirely on the 

environmental inoculum. The microbial study of the substrates as well as the fermented batter showed 

the involvement of both lactic add bacteria and yeasts (Table 12). The lactic add bacteria included 

Leuconostoc mesenteroides, Pediococcus pentosaceus and Lactobacillus fermentum (Table 10), and the yeasts 

included Saccharomyces cerevisiae, Pichia membranifaciens and Pichia silvicola (Table 11 ). L. mesenteroides, 
P. pentosaceus and S. cerevisiae were recovered from both the two types of substrates and the fermented 

batters. This suggests that substrates, Bengalgram dal in particular, might act as the primary source of 

functional microbiota responsible for the fermentation. P. membranifaciens, which occurred in one of 

the positive sample of marketed batter only, could be considered as a mere opportunistic organism. A 

number of interesting changes occurred during the fermentation under semicontrolled conditions. 

The occurrence of L. mesenteroides, P. pentosaceus, L. fermentum, S. cerevisiae and P. silvicola at the onset 

of fermentation was due to their presence in the substrates and subsequent passage through soaking. 

Joshi et al. (1989) reported that besides L. mesenteroides and L. fermentum the other dominant lactic acid 

bacteria involved in dhokla batter fermentation was Lactobacillus lactis and Lactobacillus delbrueckii, 
both of which eventually became extinct after about 12 h of fermentation. Although recovered from 

one of the substrates (Bengalgram dal) only, L. fermentum and P. silvicola occurred throughout the 

fermentation as a dominant candidate (Table 14). 

Yeast growth can be essential for the development of typical texture and aroma profiles of 

certain fermented products, the outcome of their strong proteolytic and lipolytic activity Oakobsen 

and Narvhus, 1996; Spinnler et al., 2001). To have any effect on fermented products, yeasts need to 

reach high cell densities and must compete and interact with other microorganisms present, especially 

with the dominant lactic add bacteria (Beresford et al., 2001; Wouters et al., 2002). While Joshi et al. 
(1989) reported participation of P. silvicola only; the present study shows that S. cerevisiae along with 

P. silvicola appeared as the dominant yeasts throughout the fermentation. Such anomaly in the 

composition of microbiota, particularly yeasts, involved in the fermentation of a particular food may 

depend on the quality of raw substrates, locality of production and deviations in the production 

method including the use of different types and varieties of substrates (Owuama, 1999). Moreover, it 

has been reported that S. cerevisiae provides essential metabolites such as pyruvate, amino acids and 

vitamins to the other microorganisms, including lactic acid bacteria, and stimulates their growth and 

easy proliferation. They, in tum, utilize certain bacterial metabolites as carbon sources (Gadaga et al., 
2001 ). However, in cocultures, yeast strains might use as an alternative source of energy the galactose 

moiety of lactose secreted by some lactic acid bacteria in the presence of an excess of lactose (Marshall 
and Tamine, 1997). 

While the interactions between yeasts and lactic add bacteria species have been reported 

(Alvarez-Martinet al., 2008), the functional role of L. mesenteroides and L. fermentum along with P. 
silvicola in dhokla batter fermentation under controlled conditions was strongly advocated by Kanekar 

and Joshi (1993). Positive interactions include the stimulation of lactic acid bacteria through the 

production of C02' pyruvate, propionate and succinate (Leroi and Pidoux, 1993 ). Lactic acid bacteria 
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have nutritional requirement for many compounds, and can also be stimulated by the synthesis of 

vitamins or by the production of amino adds by yeasts (Roostita and Fleet, 1996). In addition, some 

lactic add bacteria release galactose, which may favour the growth of lactose-negative yeasts (Marshall 

and Tamine, 1997). The combination oflow pH produced by the bacterial starter plus the alcohol and 

C0
2 
produced by the yeasts is inhibitory to many undesirable microorganisms (Ferreira and Viljoen, 

2003). 

The remarkable physicochemical changes occurred during the fermentation was acidification 

and leavening of the batter (Table 15). These have been used as criteria for judging the progress of 

fermentation. The changes in pH and total titratable acidity due to fermentation are well agreed with 

those of Joshi et al. (1989). Lactic acid is undoubtedly the main end product of sugar metabolism by 

lactic acid bacteria as growth of lactic add bacteria and lactic add production are coupled processes. 

They also produce small quantities of other organic adds such as acetic, butyric and propionic adds 

(Dellaglio et al., 1994). Orotic add is not only an intermediary in the synthesis of nucleotides, but also 

acts as a growth promoter for some lactic add bacteria (0stile et al., 2003). Succinic add is consumed 

by lactic add bacteria since in this bacterial group carbohydrates are metabolized following the citric 

add route (Gadaga et al., 2001 ). It is also well known that Leuconostoc species use citrate from which 

they produce acetoin and diacetyl (Schmitt et al., 1997), but other lactic add bacteria and yeasts also 

produce these compounds (Bartowsky and Henschke, 2004). 

The batter increased 1.8 times its original volume. The increase was significant (P <().05) after 

every 3 h-interval till12 h. The evolution of C02 by the heterofermentative members of lactic add 

bacteria could be attnbuted for the significant rise in batter volume. Free fatty acidity content of the 

batter registered a 3.5-fold increase by the end of15 h-fermentation. According to Joshi et al. (1989) 

acetoin and volatile fatty adds are the major compounds imparting characteristic flavour to dhokla at 

their optimum concentration. They further reported that the recovery of total titratable addity, diacetyL 

acetoin and total volatile fatty adds in unfermented batter could be due to their presence in curd, one 

of the ingredients. However, subsequent rise in these compounds during fermentation may be due to 

the corresponding rise in microbial population particularly of L. Jermentum, L. mesenteroides and P. 

silvicola, and their increased metabolic activity. Kanekar and Joshi (1993) established that the 

development of characteristic flavour and desired sour taste of dhokla can be attributed to L. formentum 
and L. mesenteroides, while the yeast contributes to the production of soft spongy and fluffy texture of 

the steamed product. The contents of total protein, total nitrogen and protein nitrogen increased 

marginally, however soluble protein content showed a 3-fold increase after fermentation. 

As could be seen from the protein fingerprinting, most of the resolved major protein subunits 

of the mixed batter revealed the combination of both the substrates (Fig. 39). A significant proteolysis 

of the rice oligopeptides corresponding to molecular weight of 'l9 kDa and those ranging from 32 to 35 

and 85 to 88 kDa was observed during soaking. Three major bands (with molecular weight ranging 

from 35 to 40 kDa) in the mixed-batter, which seem to be derived exclusively from the Bengalgram daL 
resolved significantly as fermentation progressed. While protein subunits of the mixed batter 

corresponding to the molecular weight of approximately 43 and 75 kDa appeared after the first 3 h of 

fermentation and persisted till the end, the resolution of all the protein subunits of the mixed batter 

beyond 6 h having molecular weight of d"27 kDa, was significantly prominent than the corresponding 

bands of the substrates. The influence of fermentation on the electrophoretic pattern of protein subunits 

during fermentation of mixed batter was not significant. However, a different scenario was figured by 

Hatzikamari et al. (2007) during the submerged fermentation of chickpea for 8-10 h. They found that 

both high molecular weight and low molecular weight protein subunits were broken down into 
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smaller peptides during fermentation. They attributed the proteolytic activities of Bacillus spp. and 

clostridia for the change in protein fingerprint during the fermentation of chickpea. 

The antioxidant activities of different polar and nonpolar solvent extracts from plant -derived 

foods were reported (Esaki et al., 1996; Gtll(in et al., 2003; Mokbel and Hashinaga, 2006; Negi et al., 

2005; Ordonez et al., 2006). However, differences in the polarity of the extracting solvents could result 

in a wide variation in the polyphenolic contents of the extract. The methanolic extract was reported to 

possess higher antioxidant activity than that of other extracts in various model systems (Chyau et al., 

2002). So, in the present investigation, the antioxidant activities of the free and soluble esterified 

polyphenolics from the methanolic extracts, but not of the ones bound in cell walls, were evaluated. 

The lyophilized crude extract of fermented batter gave the highest yield in methanoL than that of 

nonfermented batter and steam-cooked dhokla (Table 16). The enhancement in the yield of the 

methanolic extracts after fermentation, observed in the present study, is consistent with the findings 

of Lin et al. (2006) in mould-fermented soybean-koji. However, the enhanced effect on the yield of crude 

extracts in soybean-koji varied with the starter organisms (Lin et al., 2006). 

In complex systems, such as foods, various mechanisms may contribute to oxidative processes, 

such as in Fenton reactions, where transition metal ions play a vital role. During such oxidative 

processes different reactive oxygen species might be generated and various target structures such as 

lipids, proteins and carbohydrates, can be affected. Therefore, it is important to characterize the crude 

extracts by a variety of antioxidant assays (Halliwell, 1997). In the FeJ+ -reduction assay, the general 

ability of the extracts to donate electrons is tested, whereas in the DPPH"-scavenging assay hydrogen 

atoms are involved as well One of the important mechanisms of antioxidant action may be the chelating 

ability of Fe3• which serves as a catalyst in Fenton reactions. Unoleic acid, a polyunsaturated fatty 

acid, acts as a model lipid for the assay of lipid peroxidation inhibitory activity. 

The Folin-Oocalteu phenol reagent, used to obtain a crude estimate of the amount of phenolic 

compounds present in the extract, undergoes a complex reaction with phosphotungstic add and 

phosphomolybdic add present in the reagent. However, the assay has been shown not specific to just 

polyphenols but to any other substances that could be oxidized by the Folin-Ciocalteu reagent. The 

phenolic compounds, depending on the number of phenolic groups they have, respond differently to 

this reagent, and various workers reported the poor spedfidty on this assay (Escarpa and Gonzalez, 

2001; Singleton et al., 1999). In spite of all these, the total phenol content assay is a convenient was to 

quantify it. 

Phenolics are secondary metabolites, and in part, are produced as a result of the plant's 

interaction with the environment (Snyder and Nicholson, 1990). Phenolic compounds have been 

demonstrated to exhibit scavenging effect for free radicals and metal-chelating ability (McCue and 

Shetty, 2003; Shahidi et al., 1992). The mean total phenol content of the crude extracts of batter 

significantly increased by 2.5-fold after fermentation (Table 16). The enhancement in the total phenol 

content batter after fermentation is consistent with the findings reported by other investigators (Un et 
al., 2006; Randhir et al., 2004; Vatte:m and Shetty, 2002). However, the total phenolic content of fermented 

batter declined significantly after steam-cooking for 10-15 min, eventually leaving only 11% of total 

phenol content higher than that of nonfermented batter. 

The reducing property of the compound indicates that these are electron donors and can 

reduce the oxidized intermediates of lipid peroxidation process, and therefore, can act as both primary 

as well as secondary antioxidants. The crude lyophilized extract of fermented batter shows 187% 

higher redudng activity than the unfermented one. However, steam-cooking for 10-15 min resulted in 
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about two-fold decrease in the redudng activity of the batter (Table 16). The effect of fermentation on 

the enhancement of redudng power of fermented bean and bean products have been previously 

reported by several workers (Bergofer et al., 1998; Chung et al., 2002; Lin et al., 2006; Wang et al., 2004; 

Yang et al., 2000). The increased redudng power observed may be due to the formation of reductants 

that could react with free radicals to stabilize and terminate radical chain reactions during fermentation. 

In addition, the intracelluJar antioxidant peptides of microbiota involved and their hydrogen-donating 

ability, may also contribute to this increased reducing ability (Yang et al., 2000). 

DPPH is a stable nitrogen-centered, lipophilic free radical that is widely used in evaluating 

the antioxidant activities in a relatively short time period. At different stages of dhokla preparation, 

the crude extracts at the same dose leveL incubated for 50 min, exhibited various degrees of scavenging 

potential for DPPH" (Table 17). Interestingly, Lin et al. (2006) reported that the Aspergillus-soy koji 

exhibited a 9-fold higher scavenging effect compared to unfermented soybean at 20 mg mP. The 

scavenging activity of soy-koji varied from 55 to 100% depending on the starter organism (Lin et al., 
2006), while in furu, 30-50% scavenging was observed (Ren et al., 2006). In rice-koji, however, a higher 

scavenging activity (25-79%) was observed at 200-800 J..Lg mi-1 (Yen et al., 2003). Though the antiradical 

activity of all the tested concentrations (10-50 mg mP) of the extracts was the function of the tested 

concentrations (10-50 mg mi-1 ), they increased significantly up to a certain extent (20 min) and then 

gradually leveled off despite further extension of incubation period (Table 17). With respect to the 

scavenging activity of DPPH ~ IC50 and relative scavenging activity fermented batter were superior to 

those of its nonfermented counterpart and the steamed product. 

Transition metal ions have a great importance in the generation of oxygen-free radicals in 

both living organisms and food systems. Iron is known as the most important lipid oxidation pro

oxidant due to its high reactivity. The ferrous state of iron accelerates lipid oxidation by breaking 

down hydrogen and lipid peroxides to reactive free radicals via the Fenton reaction. Fel+ is the most 

powerful pro-oxidant among various species of metal ions encountered in the food system (Halliwell 

and Gutteridge, 1984; Lin et al., 2006), while Fe3+ is the relatively biologically inactive form of iron. 

However, it can be reduced to the active Fel+, depending on the conditions, particularly pH (Strlic et al., 

2002), and oxidized back through Fenton type reactions, with the production of hydroxyl radicals or 

Haber-Weiss reactions with superoxide anions (Kehrer, 2000; Wong and Kitts, 2001). A metal chelating 

agent may inactivate metal ions and potentially inhibits the metal-dependent processes (Finefrock et 
al., 2003). They possess dramatic effect in blocking the formation of chain initiators by preventing 

metal-assisted homolysis ofhydroperoxides. Free iron is known to have low solubility, and a chela ted 

iron (i.e., iron-ligand) complex, such as EDT A-Fe, has greater solubility in solution, which can be 

contributed solely from the ligand. Furthermore, chelated iron, such as EDTA-Fe, is also known to be 

active, since it can participate in iron-catalyzed reactions (Wong and Kitts, 2001). 

Ferrozine can quantitatively form complexes with Fel+, which fades in the presence of chelating 

agents. By measuring the colour reduction, therefore, it is possible to estimate the chelating activity of 

the co-existing chelator (Yamaguchi et al., 2000). In this assay, the natural antioxidants present in the 

extract interfered with the formation of the Fel+ -ferrozine complex, suggesting that it has chelating 

ability. Hence, the chelating activities ofFel+ by crude extracts of dhokla were estimated by the ferrozine 
assay. 

The Fe2+ -chelating activity of all the extracts, regardless of their source, significantly increased 

at the lower concentrations. In fact, they disrupted the Fel+ -ferrozine complex at the dose levels of 10-

30 mg mi-1 methanol (Table 18). At 10 mg mi-l, the extract of dhokla exhibited 51% of metal-chelating 

activity which was about 49% higher than that of fermented batter. However, beyond this dose level 
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the Fe2+ -che1ating activity of the extracts of fermented batter was superior to that of unfermented batter 

and steamed product. The che1ating ability of the extracts significantly increased up to a certain extent 

with the increase in dosage level, and then leveled off despite further increase in concentration. The 

che1ating ability exhibited by the extracts revealed that dhokla had better IC50 (9.8 mg mi-1
) than those 

of batters, while higher re1ative Fe2+ -che1ating ability was observed in the extracts of fermented batter. 

The overall increase in re1ative Fe2+ -che1ating ability of fermented batter, therefore, revealed that the 

fermentation enhanced the Fe2+ -che1ating ability significantly. Steam-cooking of the fermented batter 

showed a marginal decline in the re1ative Fe2+-che1ating activity. Metal che1ating capacity was 

significant, since it reduced the concentration of the catalyzing transition metal in lipid peroxidation. 

It was reported that che1ating agents are effective as secondary antioxidants because they reduce the 

redox potential thereby stabilizing the oxidized form of the metal ion. 

One of the major concerns in food technology is the auto-oxidation of lipids which occurs 

autocatalytically through free-radical intermediates and is generally initiated by trace metals and 

peroxides present as ubiquitous impurities in food systems. Upid peroxidation results in the rapid 

development of rancid and stale .flavour and is considered as a primary mechanism of quality 

deterioration in food lipids and oils (Guntensperger et al., 1998). 

In vitro assay of LPIA of the extracts on the peroxidation of linoleic add emulsion system was 

performed. The extracts showed significant LPIA which increased significantly with increase in 

concentration (Table 19), however negatively correlated with the incubation time. The ability of the 

extract to retard lipid peroxidation could be attributable to the ability of its phenolic constituents to 

quench reactive oxygen species. The fact that fermentation enhanced the total antioxidant activity of 

the dhokla batter could be supported by the findings of Tseng et al. (2006). According to their 

observations, the methanolic extract of Monasrus-fermented dehulled adlay showed higher antioxidant 

activity than the nonfermented counterpart. With the increase in concentrations (10-20 mg mi-1), the 

antioxidant activities of the extracts of adlay increased to about 94%; indicating that the fermented 

adlay was superior to unfermented one (Tseng et al., 2006). A different scenario was pictured by Esaki 

et al. (1997), while evaluating antioxidant activities of natto. The antioxidant activity of methanolic 

extract of natto, made by using a natto stain (B. subtilis) was almost equal to that of nonfermented 

soybean. However, they found that the methanolic extracts of Aspergillus-fermented soybean had a 

better antioxidant activity than the nonfermented soybean, and tempe was more effective than miso. 

The relationship between rates of lipid oxidation and water is complex. The amount of water, the 

water activity and the state of water in a food system along with other factors are vital (Frankel, 1998; 

Nelson and Labuza, 1992). Since nonlipid components such as proteins, sugars and minerals present 

in foods may also have a strong influence on the rate and mechanism of lipid oxidation mostly in the 

presence of water (Pokorny et al., 1985), antioxidant activity of the crude extracts should be evaluated 

in a variety of model systems using several different indices because the effectiveness of such 

antioxidant materials is largely dependent upon the chemical and physical properties of the system of 

which they are added and a single analytical protocol adopted to monitor lipid oxidation may not be 

sufficient to make a valid judgment. 

The change in the activities of the natural antioxidants during the processing of commodity is 

of utmost concern. The factors that influence the activity of natural antioxidants include temperature, 

pH, fermentation, presence of metal, as well as numerous microcomponents acting as prooxidants or 

synergists (Kamal-Eldin and Appelqvist, 1996). Moreover, the usefulness of natural antioxidant will 
be dependent on the fractions of components used in the foods or whether a crude extract can provide 
sufficient antioxidant activity (Hall, 2001). 
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As suggested by Yen and Dhu (1993 ), the pH of the system also dictates antioxidant activity. 

In the present study, the pH of the mixed batter of dhok1a declined from 6.3 to 4.7 after the fermentation. 

The fermented batter exlubited superior antioxidant activities than the nonfermented one. The result 

was in consistent with the findings of Yen and Dhu (1993) who reported that the effectiveness of the 

methanolic extracts of peanut hull decreased as the pH increased from 3.0 to 9.0. At pH 7.0 the extract 

retained about 80% of the antioxidant activity which was completely lost when the pH was increased 

to9.0. 

Steam-cooking of fermented dhok1a batter for 15-20 min dramatically changed the antioxidant 

activities of the crude extracts. The variation in temperature may change the mechanism of action as 

well as the order of effectiveness of the antioxidants (Marinova andY anishlieva, 1992). In the earlier 

findings the effect of temperature on the antioxidative activity of different foods has been reported. A 

5% decrease in the oxidative inhibition was found when methanolic extracts of peanut hull was 

heated at 185°C for 20 min prior to the addition to linoleic add (Yen and Dhu, 1993). Similarly, 

Berghofer et al. (1998) reported that the steaming of the faba bean flour caused a reduction in the 

antioxidant activity. Because of its accelerating effect on lipid oxidation, the increase in temperature is 

undesirable as alternation in the structure of the phenolics, due to the application of heat, may be 

responsible for the loss of the hydrogen-donating activity. Frankel (1993) summarized several problems 

with using elevated temperatures to predict antioxidant activity. Although an increase in temperature 

accelerates oxidation by a large factor, the temperature may affect the mechanism of auto-oxidation, 

the stability and volatility of the antioxidant and oxidation products, and the partition of the 

antioxidant between different phases present in the food. At high temperatures where reaction rates 

are fast, transport of oxygen may become rate-limiting. Ragnarsson and Labuza (1977) claimed that 

antioxidants were normally less effective at elevated temperatures than that at ambient temperature. 

LOlinger (1991), therefore, suggested that the optimum oxidative stability can be achieved by minimizing 

exposure of lipids and lipid-containing food products to air, light and higher temperature during 

processing and storage. 

Furthermore, amino adds and polypeptides are typical metal-chelating agents (Pokorny, 

1987; Fujimoto et al., 1984). The higher level of antioxidant activity in fermented batter compared to 

nonfermented batter could be attributed to the hydrolysis of protein during soaking and fermentation. 

The antioxidant activity ofhistidine-containingpeptides is thought to be related to their metalchelating 

ability as well as to lipid radical trapping potential of the imidazole ring (Uchida and I<awakishi, 

1992; Murase et al., 1993). 

Analysis of correlation coeffidents between every two antioxidative parameters tested for the 

extracts of fermented and nonfermented batters and the steamed product ( dhok1a) reflects significant 

correlation (Table 20). In nonfermented batter the highest positive correlation was observed between 

metal-chelating activity and redudng power; while in fermented batter a strong correlation was found 

between redudng power and LPIA. Metal-chelating is an example of a secondary antioxidant 

mechanism by which many natural antioxidants can influence the oxidation process. Metal chelators 

can stabilize the oxide forms of metals, i.e. reduce redox potentials, thus preventing metals from 

promoting oxidation. In addition, they also form complexes with the metals making them unavailable 

to promote oxidation (Hall, 2001). The positive correlation between the reducing power and metal

chelating activity further indicates that the extracts of nonfermented batter capable of redudng ferric 

ions were also able to chelate Fel+. However, no dear relationship has been reported between Fe~

redudng ability with metal-chelating activities (Wong et al., 2006). Similarly, dhok1a registered the 

highest correlation between total phenol content and LPIA. The satisfactory correlation between every 
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two parameters in extracts of batters and dhokla in the present study was in consistent with the 

findings of Amos et al. (2002), Mathew and Abraham (2006) and Dhu and Yen (1999). 

Using regression analysis it is possible to ascertain the relation itself beyond developing a 

measure of relatedness of two variables with the assumption of unilateral causality (Kapsalis et al., 
1973). The regression equations and coefficients of correlations between different antioxidant 

parameters and total phenol content of the methanolic extracts of dhokla batters and the steamed 

product revealed that all the tested samples exhibited that the total phenol contents were positively 

correlated (P <0.001) with DPPH ·-scavenging, reducing power, metal-chelating and lipid peroxidation 

inhibitory activities (Table 21). The phenolic compounds and other chemical components present in 

the extract may inhibit lipid peroxidation through different chemical mechanisms, including free 
radical-quenching, electron transfer, radical addition or recombination (Mathew and Abraham, 2006). 

Relevant regression equations reveal that they possess curvilinear relationships which demonstrate 

that although correlation exists between total phenol contents and other antioxidant parameters, 

their relationships are not always linear. Kapsalis et al. (1973) studied the linearity curve fitting of 

higher order and transformation of data obtain linearity of relationship with possible predictions and 

found that correlations between the two variables may be the result of third variable which may be 

unspecified. Relevant regression equations exhibited that the total phenol content accounted for 

significantly higher percentage of DPPH :..scavenging activity in the extracts. Since antiradical activity 

depends on the structural conformation of phenolic compounds (Bors et al., 1990), it was greatly 

influenced by the phenolic contents which accounted for 96%, 90% and 89% DPPR-scavenging 

activities innonfermented and fermented batters and dhokJa, respectively. A similar correlation between 

total phenolic contents and antiradical activities was also reported by other workers (Miliauskas et al., 

2004; Ordonez et al., 2006). The present study also revealed that polyphenols in the extracts may play 

a significant role of electron and hydrogen donors. The observation was in consistent with the findings 

in grams, herbs and spices (Choi et al., 2007; Hinneburg et al., 2006). 

The metal-chelating ability of natural phenolics is also an important factor regarding their 

antioxidant activity (Manasev et al., 1989; Chen and Ahn, 1998; Nardini et al., 1995). Total phenol 

content in nonfermented batter accounted highest Fe2• -chelating activity closely followed by fermented 

batter. However, lesser correlation between total phenol content and Fe2• -chelating activity of steamed 

product could suggest that the phenolic compounds alone might not be the main chelators of Fe2•. 

Moreover, in a complex system, especially in food, organic acids, amino acids and sugars can be the 

main sequesters of transition metal ions. During dhokla batter fermentation, probably the organic 

add contents of the batter increased (as revealed by significant fall in pH) along with release of amino 

acids and free sugars. The accumulation of the organic adds and amino peptides could act as the 

primary chelators of the Fe2+ in the fermented batter. Though phenolic compounds have been 

demonstrated to exhibit a scavenging effect for free radicals and metal-chelating activity (McCue and 

Shetty, 2003; Shahidi et al., 1992), their ability to chelate metal ions depends on the availability of 

properly oriented functional groups (Van Acker et al., 1996). A sample high in polyphenols might not 

chelate metal if the polyphenols present did not have suitable groups that could chelate the cations. 

Bidentate ligands are more powerful scavengers of metal cations than monodentate ligands, for 

example, catechol binds ferric ions tightly whereas phenol does not (Hider et al., 2001). When a 

phenolic group is conjugated with a carbohydrate group, as in naturally occurring phenolic glycosides, 
it can no longer bind metals (Hider et al., 2001). 

The ability of the extract to retard lipid peroxidation is attributable to the ability of its phenolic 
constituents to quench reactive oxygen spedes. There are, however, reports of phytophenolics exhibiting 
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antioxidant/ prooxidant activities, which depend on several factors such as metal reducing potential, 

chelating behaviour, pH, solubility characteristics etc. (Decker, 1997). Total phenol content also 

accounted 83%, 88% and 96% of LPIA in extracts of fermented and nonfermented batters and steamed 

products, respectively. Positive correlation were found between total phenol contents and antioxidant 

activities of red wines (Vinson and Hontz, 1995), vegetables (Kaur and Kapoor, 2002), and grape, 

pomace must, wine and juice (Yildirim et al., 2005). Yen et al. (1993) reported that the antioxidant 

activity of the methonolic extract from peanut hull correlated with its content of total phenols. The 

high content of total phenol in the extracts might explain high antioxidant properties in the extracts. 

On the whole, total content of extracts exhibited a significantly high positive correlation (P<0.01) with 

all the antioxidant parameters tested. The good correlation between the results from total phenol 

analysis and the antioxidative assays has been previously reported (Zheng and Wang, 2001 ). 

The importance of the antioxidants present in foods is well appreciated for both preserving 

the foods themselves and supplying essential antioxidants in vivo. With increasing experimental, 

clinical and epidemiological data which show the beneficial effects of antioxidants against oxidative 

stress-induced degenerative and age related diseases, cancer and ageing, the importance and role of 

antioxidants have received renewed attention (Shi, 2001). The present study on the antioxidative 

assay of dhokla samples during different stages of its preparations reveals that all the tested samples 

exhibited fair DPPH:.scavenging activity, metal-chelating ability, reducing power and LPIA in linoleic 

add emulsion system. The antioxidant activities of fermented batter of dhokla was significantly higher 

(P <0.05) than those of nonfermented batter suggests the role of fermentation in enhancing these 

attributes. Statistically, all the anti oxidative parameters used were positively correlated (P <0.01) with 

their respective total phenol contents. However, the possible mechanism and the essential biofactors 

contributing to the enhancement of antioxidative activity remained to be further investigated. 

5.2. Dosa 

Dosa is mostly preferred by restaurant hunters to other snacks relished as a breakfast food along with 
chutney and sam bar, vegetables, tamarind juice, salt and herbs (Aidoo et al., 2006; Nout and Sarkar, 

1999; Soni and Sandhu, 1999; Soni et al., 1985, 1986). 

While thin consistency of the dosa batter (slurry) was due to high level of moisture (Table 22), 

the higher count of lactic add bacteria (Table 27) could be attributed for the acidic nature (pH 4.5) of 

fermented batter. The overall protein and carbohydrate contents and energy value of fermented batter 

indicate dosa as a nutritionally rich fermented product. Hence, consumption of cereal-legume mixture 

is advantageous from the nutritional point of view, as these results in an improved balance of 

carbohydrates and proteins, particularly dietary essential amino acids (Aidoo et al., 2006; Nout and 
Sarkar, 1999). 

The microbial analysis of marketed batter of dosa showed the prevalence of both lactic add 

bacteria and yeasts along with TAMB and their spores (aMBS) (Table 27). Lactic add bacteria isolated 

from all the positive samples were identified as Leuconostoc mesenteroides and Pediococcus pentosaceus 
(Table 25). While L. mesenterioids with >1<J9cfu g-1load was the dominant lactic add bacterium, P. 

pentosaceus with an average load of> 10" cfu g-1 was recovered from only 50% of the samples. They 
possibly contribute the enhancement of the product flavour. The presence of L. mesenterioids along 

with Enterococcus faecalis, Lactobacillus fermentum, Lactobacillus delbrueckii, Pediococcus cerevisiae, Bacillus 
subtilis, Bacillus amyloliquefociens, Bacillus polymyxa and Enterobacter sp. in fermented batter of dosa has 
been reported by Soni et al. (1985, 1986). 



Likewise, three distinct groups of yeasts isolated from the fermented batter were identified as 

Saccharomyces cerevisiae, Issatchenkia orienta/is and Rhodotorula minuta (Table 26). The occurrence of 

67% each of S. cerevisiae and I. orienta/is in fermented batter indicates that these two are the dominant 

yeast flora involved. In earlier reports, Soni et al. (1985, 1986) advocated S. cerevisiae as the most 

predominant yeast involved in the fermentation, followed by other members such as Debaryomyces 
hansenii, Pichia anomala, Trichosporon beigelii, Oosporidium margaritiferum, Trichosporon pullulans, 
Kluyveromyces marxianus, Candida kefyr and Candida krusei. However, the prevalence of I. orienta/is and 

R. minuta in fermented batter of dosa was hitherto unreported. They further attributed the raw substrates 

of dosa as the primary source of inoculum of the functionalmicrobiota responsible for the fermentation. 

However, R. minuta recovered from only 8% of the sample could be assumed as opportunistic. 

5.3.Idli 

Idli comprises the interesting group of fermented cereal-legume based steam-cooked product which 

is basically indigenous to the southern part of India but widely consumed throughout the country 

and many places of Sri Lanka. It imparts an appealing sour flavour, spongy texture and nutritionally 

rich with easy digestibility and relished mainly as a breakfast snack along with chutney and 

sambar(Noutand Sarkar, 1999). 

The prolonged soaking and addition of water during grinding of substrates caused higher 

moisture content in batter which remained relatively constant throughout the fermentation (Tables 28 

and 41 ). The fermented batter was addic (pH, 4.5) in contrast to that of relatively neutral substrates 

(pH, 6.8-7.0). This supports the involvement of add-produdng microbiota, predominantly lactic add 

bacteria and yeasts, during fermentation. The increase in titratable addity after fermentation was in 

contrast to pH which probably helped to inhibit the proliferation and cross contamination of various 

foodbome pathogens. Total protein content was in descending order ofblackgram dal- fermented 

batter- white polished rice. Blackgram dal had a significantly higher content of protein; although 

incorporation of rice lowered the protein level of the dal slurry, the mixed batter produced a balanced 

dietary status of carbohydrate and protein. 

The microbial study of the substrates as well as fermented idli batter showed the involvement of 

both lactic add bacteria and yeasts (Table 35). While the two morphologically distinct groups of lactic 

add bacteria isolated from all the positive samples were assigned as Leuconostoc mesenteroides and 

Pediococrus pentosaceus (Table 32), the four morphologically distinct groups of yeasts were identified as 

Saccharomyces cerevisiae, Issatchenkia orienta/is, Pichia membranifaciens and Rhodotorula minuta (Table 

33). WhileS. cerevisiaewas the only yeast isolated from the raw blackgram dal, parboiled rice was 

devoid of any yeast flora. Mucor racemosus, which was recovered from 100% of the samples of 

nonfermented and 3 h-fermented batters, disappeared thereafter. 

The traditional method of idli preparation varies in details from home to home resulting in 

inconsistent quality of the product. In order to prepare a reproducible quality product with acceptable 

texture and aroma attractive to large groups, and to scale up, the process parameters employed in the 

traditional fermentation conditions were optimized by sensory evaluation (Tables 37-39). Most of the 

organoleptic scores and desirable biochemical changes occurring during idli fermentation may be 

ascribed to the nature of substrates, fermentation environment, and composition and activity of 

functional as well as accompanying microbiota. Although blackgram dal is a rich fermenting substrate, 

leavening and souring of the mixed batter are more pronounced when the two major ingredients are 

fermented together rather than the sum total of their individual contribution. Parboiled rice, either 
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singly or in combination with b1ackgram dal, p1ays a significant secondary role supporting the growth 

of1actic add bacteria and yeasts (Radhakrishnamurthy et al., 1961). Though the proportion of rice and 

dal ranges from 1:4 to 4:1, the appropriate ratio of the ingredients is a matter of concern in idli 

preparation (Reddy et al., 1986; Steinkraus et al., 1967). 

Idli with organoleptically acceptable and desirable quality was obtained when a mixed batter 

of parboiled rice and b1ackgram dal in the proportion of 2:1 was fermented at 3QOC for 18 h. That 

product had a characteristic sour aroma and was white and spongy with a honeycomb structure 

inside, scoring' good' grade. The batter did not develop the characteristic flavour until a period of 12 

h had elapsed, before which the aromas of raw rice and raw dal were apparent. The 2:1 ratio of the 

ingredients imparted an optimum stickiness to the fermenting batter which caused adequate leavening. 

When the proportion was changed to 4:1, the products were hard and unacceptable. Idli prepared 

from 1:1 proportion tended to be sticky even though the batter registered a maximum increase in 

volume. Radhakrishnamurthy et al. (1961) also preferred the 2:1 ratio to others. However, in a study 

of Desikachar et al. (1960) idli made from batter fermented at 310C: for 16 h was found organoleptically 

better than that prepared at 41 °C for 10 h. Steinkraus (1996) indicated a probable temperature of 30-

320C as optimum for fermentation of idli batter. 

Idli batter ripening is essentially an autofermentative process, depending entirely on the 

environmental inoculum. A number of interesting changes occurred during the fermentation. The 

high initial load of L. mesenteroides and S. cerevisiae, even at the onset of fermentation, was due to their 

presence on raw b1ackgram dal and passage through soaking which did not change (P <0.05) their 

load (Table 40). Although Venkatasubbaiah et al. (1985) found yeasts in parboiled rice, they were not 

recovered from any of the raw parboi]ed rice samples studied. Among the dominant microbiota iso1ated, 

L. mesenteroides was the only organism found in 100% of raw b1ackgram dal and fermented batter. 

More interestingly, this is the only bacterium which occurred in 100% samples of fermenting batter 

analysed at every 3 h-interval (Table 40). This suggests that L. mesenteroides, supplied by the ingredient, 

is an essential functional component of microbiota responsible for the fermentation of idli batter, 

followed by the only other bacterium Pediococcus pentosaceus, which first appeared after 3 h, and 

remained predominant till the end. The exclusive role of L. mesenteroides in idli batter fermentation was 

strongly advocated by Mukherjee et al. (1965). Ramakrishnan (1979) iso1ated L. mesenteroides along 

with Lactobacillus fermentum, Lactobacillus delbrueckii and Enterococcus faecalis from fermented batter of 

idli. All these organisms, excepting L. Jermentum which occurred in rice only, were found to occur in 

both the major ingredients. B1ackgram dal harbours L. mesenteroides and other lactic add bacteria 

which p1ay a major role in its fermentation (Mukherjee et al., 1965; Ramakrishnan, 1979; Soni and 

Sandhu, 1990a). Steinkraus et al. (1967) were of opinion that the fermentation of idli batter was entirely 
due to heterofermentative L. mesenteroides. 

However, the functional microbiota in idli batter fermentation has been a controversial point. 

Although Mukherjee et al. (1965) were unable to iso1ate yeasts from any stage of the fermentation, 

Lewis and Johar (1953) reported, for the first time, the role of Galactomyces geotrichum and Candida 
holmii in the production of gas during idli batter fermentation Subsequently, Batra and Millner (1974) 

reported participation of Candida saitoana, Candida holmii and Guehomyces pullulans. Venkatasubbaiah 

et al. (1985) reported the iso1ation of G. pullulans, Pichia anomala, C. holmii, C. saitoana, Candida glabrata, 
Candida tropicalis and Candida sake as the dominant yeasts from fermenting batter. Soni and Sandhu 

(1991) reported that during fermentation, along with L. mesenteroides, several yeasts, namely S. cerevisiae, 
Debaryomyces hansenii, P. anomala and G. pullulans were predominant appearing first, and Trichosporon 
cutaneum developed subsequently; however, only S. cerevisiae persisted till the end. In the present 
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study the dominant yeast flora, next to 5. cerevisiae, included I. orientalis and P. membranifecians, both 

hitherto unreported from idli batter (Table 35) Such a variation in the composition of yeast flora is not 

unusual, because composition of yeast population involved in the fermentation of a particular food 

may vary depending on locality and deviations in the production method including the use of different 

types and varieties of ingredients (Owuama, 1999). 5. cerevisiae stimulates the growth of other 

microorganisms, including lactic add bacteria, by providing essential metabolites such as pyruvate, 

amino adds and vitamins; the yeast utilizes certain bacterial metabolites as carbon sources (Gadaga 

et al., 2001). 

M racemosus, the only mould species recovered from the initial stage of fermentation was present 

neither in raw ingredients nor in fermented batters. Since the source of the mould is not apparent, it is 

likely that the surfaces of utensils and grinder used, workers handling the preparation and the aerial 

environment are contributing to the initial inoculation. Their sudden disappearance after early phase 

of fermentation might be due to the inhibitory effects of the yeasts, particularly substrate competition. 

However, inhibition of the spore germination might occur due to the production of high concentration 

of organic acids (Halm and Olsen, 1996), or some possible synergism between diverse groups of 

predominant microbiota. Since among the isolates, M. racemosus is the only am ylolytic organism, the 

mould certainly helps in the degradation of starch into maltose and glucose, essentially required for 

the growth and metabolism of the lactic add bacteria and yeasts. 

According to the Mukherjee et al. (1965), the souring and leavening attributes of idli batter are 

entirely due to the activity of heterofermentative L. mesenteroides. However, the role of yeasts in the 

production of gas during fermentation cannot be overlooked. 1hey were responsible for the production 

of more than 50% of the C02 and 2-fold increase in the batter volume imparting acceptable texture and 

organoleptic qualities of idli, while lactic add bacteria were confined to reduce the pH of batter and 

make them optimum for yeast activity (V enkatasubbaiah et al., 1985). 

During the fermentation. two significant changes are acidification and leavening of the batter. 

These have been used as criteria for judging the progress of fermentation. The pH decreased (P <0.05) 

from 5.9 to 4.3 with three-fold increase in titratable acidity. 1he batter increased two times its original 

volume. The results agree well with those of Steinkraus et al. (1967) and V enkatasubbaiah et al. (1985). 

There was no influence of fermentation on the total protein content. An increase (P <0.05) in nonprotein 

nitrogen content of the fermenting batter, as was found in this study, was also observed by Soni and 

Sandhu (1990a). 

The occurrence ofT AMB cells in 100% samples of the substrates (rice and dal) and also the 

fermenting batters indicates that the substrates as well as the batter provide a suitable environment to 

support their growth. Bacillus spp. are important as food-spoilage organisms Oohnson. 1984). Hence, 

the presence of aerobic mesophilic bacterial spores in 100% samples of ingredients and fermenting 

batters poses a threat to the shelf-life of idli. Although the batter is steamed at the final stage of idli 

preparation, the heating step could not eliminate them but only lower the count of these undesirable 

bacteria. This is because these bacterial cells escape the steaming process through certain' cool pockets'. 

Indeed, total aerobic mesophilic bacteria and their spores were found in 100% and 85% of the samples, 

respectively, of freshly-prepared idli (Roy et al., 2007). 

As could be seen from the electrophoretic pattern of whole-cell proteins of the substrates and 

mixed-batter of idli at different stages of fermentation (Fig. 40), the rice protein resolved in as much as 

10 major bands with molecular weights ranging between 14.3 to 97.4 kDa. Blackgram dal had one 

major band corresponding to molecular weight of 45 kDa and 6 minor but significant protein fractions 
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corresponding to molecular weight ranging between 45 to 55 kDa. However, as expected, the resolved 

protein fingerprint of the mixed batter revealed the combination of both rice and blackgram dal protein 

subunits. The electrophoretic patterns of mixed batters, which remained constant throughout the 

fermentation period, indicate the nonproteolytic nature of fermentation which was in contrast to the 

similar findings of Hatzikamari et al. (2007) in submerged fermentation of chickpea. 

As was obtained in dhokla, the lyophilized crude extract of fermented idli batter in methanol 

gave the highest yield followed by nonfermented batter and steam-cooked product (Table 42). 

Fermentation caused 1.6-fold increase in total phenol content of the idli batter. This result obtained is 

in consistent with the findings of Lin et al. (2006), Randhir et al. (2004) and Vattem and Shetty (2002). 

Steam-cooking of fermented batter for 10-20 min significantly reduced the total phenolic content. 

The redudng activity of the extracts of nonfermented and fermented batters and steamed product 

was estimated. Fe3+ -ferricyanide complex was reduced to the Fel+form by the formation of reductants 

(antioxidants) present in the extracts, which was then monitored by measuring the formation of Perfs 

blue at 700 nm (Oyaizu, 1986) to evaluate the reducing activity. Significant variation in the reducing 

activity of the crude extracts was observed during different stages of preparation (Table 42). While the 
extract of fermentation enhanced 125% of redudng activity, steam-cooking of the fermented batter for 

10-15 min showed 2.3-fold decrease in the reducing activity. In vitro assay of antiradical activity of the 

extracts of idli during different stages of its preparation exhibited various degrees of DPPH·-.scavenging 

activity (Table 43 ). Fermented batter inhibited DPPH ·absorption, incubated for 50 min, at all the tested 

concentrations and was superior to that of nonfermented batter and steamed product. Enhancement 

of 2.8-fold scavenging activity of the nonfermented batter was observed when the concentration of the 

extract was increased from 10 to 50 mg mP while the respective scavenging activity of the crude 

extracts of fermented batter and steamed idli was increased significantly by 3.4 and 4.5-fold. Thus the 

data reflect that DPPH"-scavenging activity of all the tested extracts was the function of their 

concentrations. However, the dose-time-response of extracts at all the tested concentrations revealed 

that the scavenging effect increased up to a certain extent with increase in concentration and leveled 

off despite further increase in time. The chelating activity of Fel+ by crude extracts of the fermented and 

nonfermented batters and steamed product was estimated by the ferrozine assay (Table 44). Regardless 

of their source, the Fel+ -chelating activity of all the tested concentrations of the extracts increased up to 

20 mg mP. In fact, the extracts disrupted the Fel+ -ferrozine complex at 20 mg m1·1 concentration. At 

this dosage level, the extract of steamed product exhibited better chelating effect ( 44% ). However, it 

was found that the chelating ability of the extracts of steamed product and batters increased up to the 

dosage level of 20 mg m1·1 and 30 mg m1·1 
), respectively, and then leveled off despite further increase 

in concentration. Extract of fermented batter showed better IC
50 

and relative Fe2+ -chelating activity. In 

the earlier investigations Dhu and Yen (1999) reported that the methanolic extracts of mung beans 

were found to be prominent metal chelators. The LPIA of the methanolic extracts of idli batters and 

steamed product was estimated on linoleic add emulsion system. The extracts showed a significant 

LPIA at all the tested concentrations (10-50 mg m1·1) (Table 45). While the LPIA of the extracts increased 

significantly with the increase in concentration, the efficiency gradually decreased as the incubation 

period progressed. In all the cases, extract of fermented batter exhibited a better LPIA than others. 

1he analysis of correlation coefficients between every two antioxidative parameters tested for 

the extracts of nonfermented and fermented batters and steam-cooked product exhibited positive 

correlation (Table 46). While in nonfermented batter a strong correlation was observed between metal

chelating activity and LPIA, in fermented batter it was between metal-chelating activity and redudng 

power. However, in steamed idli a strong correlation was found between the antiradical and lipid 
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peroxidation inhibitory activities, closely followed by the correlation between total phenol content 

and metal-chelating activity. In earlier findings the free-radical scavenging capacity and ability to 

inhibit lipid peroxidation was found to be of considerable interest in Cinnamomum verm leaf extract 

(Mathew and Abraham, 2006). However, Dhu andY en (1999) reported that the methanohc extracts of 

mung bean were found to be both metal chelators and radical scavenger. The data also reflect that all 
the 5 antioxidant parameters exhibited significant positive correlation among the every two parameters 

The regression equations and coefficients of correlations between different antioxidant 

parameters and total phenol content of the extracts were analysed (Table 47). All the tested samples 

showed that the total phenol contents were positively correlated (P <0.001) with DPPH-scavenging 

activity, reducing power, metal-chelating ability and lipid peroxidation inhtbitory activity. The 

equations suggest that the total phenol content accounted for 62%, 92% and 90% DPPH-scavenging 

activity in respective extracts of nonfermented and fermented batters and steamed product. The 

structural conformation of phenolic compounds determines the antiradical activity of the extract 

(Bors et al., 1990). 

As revealed from the relevant equations, total phenol also accounted for 50%, 81% and 90% of 

reducing power in extracts nonfermented and fermented batters and steamed product, respectively. 

This indicates that polyphenols in extracts of fermented batter and the steamed idh, may generate 

reducing power. The observation was in consistent with the findings in grams, herbs and spices (Choi 

et al., 2007; Hinneburg et al., 2006). The total phenol content in fermented batter could account higher 

metal-chelating ability (82%) than the nonfermented batter and steamed product. This clearly indicates 

the effect of fermentation on enhancement of metal-chelating ability of the idh batter. On the other 

hand, lesser correlation between total phenol content and Fe2+ -chelating activity in unfermented batter 

and the steamed product might explain that the phenolic compounds alone might not be the primary 

chelator of ferrous ions. Total phenol content also accounted for 91% of LPIA in extracts of fermented 

batter, followed by nonfermented batter and steamed product. The ability of the extract to retard lipid 

peroxidation is attributable to the ability of its phenolic constituents to quench reactive oxygen species. 

5.4.Kinema 

I<inema constituents a significant dietary component for the people living in NepaL and Darjeehng 

hills of West Bengal and Sikkim, India (Sarkar et al., 2007). The respective yields of lyophilized 

methanolic extracts of cooked nonfermented (CNF) soybean and kinema were 9.1 g and 15.4 g (100 g)-
1 (dry weight) (Table 48). The corresponding values in CNF soybean and soybean kojis (fermented by 

different molds) were 5.3 and 6.7-16.8, respectively (Lin et al., 2006). Recently, the antioxidant activities 

of different polar and nonpolar solvent extracts from plant-derived foods have been reported. 

The total phenol content ofkinema was 144% higher than that ofCNF soybean (3.3 mg g-1 dry 

weight) (Table 48), the value which is consistent with the data (3.1 mg g-1 soybean, dry weight basis) 

provided by Bajpai et al. (2005). The reducing power in kinema was higher (P <0.05) than that in CNF 

soybean (Table 48). The dose and time-response curve for the antiradical activities of the crude 

methanolic extracts of kinema and CNF soybean revealed that the scavenging effect increased (P 

<0.05) with the increasing concentration of the extracts up to 50 mg mP and up to 40 min of reaction, 

however leveled off with further increase in time. I<inema extract inhibited DPPH ·absorption at all the 
tested concentrations and was superior to the CNF soybean (Table 49). Estimation of the IC

50 
of the 

methanolic extracts revealed that on average about 50.03 and 40.83 mgmJ-1 of the methanolic extract( dry 

weight basis) of CNF soybean and kinema, respectively, could decrease the initial concentration of 
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DPPH ·by 50% when the reaction mixture was incubated for 40 min. Since the yield of methanolic 

extracts of CNP soybean and kinema varies, the relative scavenging effect exerted by the different 

samples, taking into account the extract yield, were estimated. In this regard, kinema exhibited a 

relative DPPH"-scavenging effect of 2.1 compared with that of CNP soybean, which was assigned as 

1.0 (Table 49). The chelating ability of methanolic extract of CNP soybean and kinema was examined 

against Pel+, since it is the most effective pro-oxidant that is found in the food system (Lin et al., 2<0>). 

Metals abstract hydrogen atom from the fatty adds and affect both the speed of auto-oxidation and the 
direction ofhydroperoxide breakdown to volatile compounds. At all the tested concentrations, the 

crude methanolic extract ofkinema had a significant metal-chelating capacity, which was demonstrated 

by the decrease in purple colour formed due ferrozine- Pel+ complex formation, as compared to that of 

the CNP soybean (Table 50). At 10 mgml-1 concentrations the methanolic extract ofkinema exhibited 

64 'fo metal chelation which was much higher than the activity shown by CNP soybean (22'fo ). The 

chelating ability increased with the increase in concentration. I<inema exhibited better IC50 for Pel+

chelating activity than CNP soybean. Likewise, a 3.3-times higher Pel+ -chelating ability was observed 

with the methanolic extract ofkinema (Table 50). The significant increase in the relative Pel+ -chelating 

ability of kinema, therefore, revealed that the fermentation enhanced the Pel+ -chelating ability. The 

antioxidation effects of the methanolic extracts of CNF soybean and kinema, at different concentrations 

on the peroxidation of linoleic add were investigated (Table 51). At 50 mg g\ after 24 h, while kinema 

exhibited antioxidant activity 44'fo inlubition oflino1eic add peroxidation, CNF soybean showed 36'fo 

inhibition. However, the peroxidation inlubition of both CNP soybean and kinema extracts was found 

to decline with time and reached merely 26'fo after 72 h. At lower concentrations, the methanolic 

extracts of CNF soybean and kinema showed almost similar level of per oxidation inhibition. Thus, the 

kinema strain (B. subtilis) is an effective producer of antioxidant activities. The sharp decline of the 

peroxidation inhibition in methanolic extract of kinema beyond 24 h can be attributed to the shelf life 

of kinema. After about 12 h of traditional fermentation, the surfaces of the beans are covered with a 

rough, white viscous mass when kinema is ready for cooking (Sarkar et al., 1993). The shelf-life of 

kinema is 2 days, after which a rapid softening along with a strong off-flavour develops in the product, 

rendering it unacceptable for consumption. CNF soybean also followed a similar patter; however, it 

inhibited lipid peroxidation to a much lesser extent. 

All the five antioxidant parameters from CNP soybean and kinema exhibited significant 

positive correlations among the every two parameters (fab1e 52). In CNF soybean the highest correlation 

was observed between radical-scavenging activity and metal-chelating activity, while in kinema it 

was radical-scavenging activity with lipid peroxidation inhibitory activity, being closely followed by 

metal-chelating ability. 

The regression equations and coefficients of correlations between different antioxidant 

parameters and total phenol content of CNF soybean and kinema showed that the total phenol content 

was positively correlated (P <0.01) with DPPH ·-scavenging activity, reducing power, metal-chelating 

and lipid peroxidation inhibitory activity (Table 53). Antiradical activity is greatly influenced by the 

phenolic content which ac.counted for 68% and 92% DPPH"-scavenging activities in CNP soybean 

and kinema, respectively. Again, 68% and 88% correlations between total phenol content and reducing 

power in CNP soybean and kinema, respectively, were consistent with the findings in grains, herbs 

and spices (Choi et al., 2007; Hinneburg et al., 2006). This indicates that polyphenolics in methanol 

extracts of soybean and soybean products may play a role as electron and hydrogen donors. Total 

phenol content could also explain 58% and 91% metal-chelating ability, and 66'fo and 83'fo lipid 

peroxidation inhibitory activity of the CNP soybean and kinema extracts, respectively. On the whole, 
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it can be concluded that total phenol content of the extracts had a high positive correlation (P <0.01) 

with all the antioxidant parameters tested. 

The trend towards eating a healthier diet has led to an increase in consumption level of grains 

products. Soybean health claims on food labels have recently been approved by the food administrative 

authorities in several countries. The fact that kinema exhibited a better antioxidant activity than CNF 

soybean could be due to the fact that individual phenolic compounds; with high antioxidant activities 

might have been produced through the fermentation step. A high level of correlation between phenolics 

and antioxidant activities was shown earlier on the studies of fruits and vegetables (I<aur and Kapoor, 

2002; Yildirim et al., 2005). The higher level of antioxidant activity in kinema compared to CNF soybean 

could be attributed to the extensive hydrolysis of proteins and an increase of 58% in the overall 

content of phytosetrols (campesteroL stigmasterol and ~-sitosterol) that happens during the Bacillus
fermentation of soybeans (Sarkar et al., 1996, 1997). Since, the sequence and composition of amino 

adds in the peptides are criticaL several peptides in soy protein hydrolysate were found to have good 

antioxidant activity while the others had marginal activity (Quinn and Tang, 1996). 

5.5.Papad 

Papad, a thin, usually drcular, wafer-like product, constitutes an important legume-based traditional 

food adjunct, being manufactured and extensively consumed in India. 

Though, extensive work on the proximate composition, packaging, storage and quality control 

of papads in India has been reported (Kulkarni et al., 1996; Manan et al., 1988; Pruthi et al., 1984; 

Shurpalekar, 1986), there are no comprehensive reports available on the interplay of papad microflora 

and their consequent biochemical changes. The traditional methods of preparation, however, vary in 

details from place to place resulting in the inconsistent quality of the product. The variations in 

methods and ingredients used in the preparation of papads encounter difficulties in obtaining papad 

dough with consistent rolling properties and papads of uniform quality attributes. In order to produce 

papad of reproducible quality different parameters employed in the traditional methods were optimized 

under semicontrolled conditions by sensory evaluation. Since it was necessary to understand the 

functional attributes of the ingredients, attributes such as dough consistency, rolling property, texture, 

taste and post-frying expansion of papads, were considered as the main criteria for producing papad 

with acceptable quality. 

The microbial analysis of the substrates and product exhibited the presence of both lactic add 

bacteria and yeasts (Table 59). The representative strains were identified as members of Pediococcus 
pentosaceus and Saccharomyces cerevisiae. While T AMB were encountered in all the samples studied, the 

respective occurrence of their spore (aMBS) count in blackgram dal flour and marketed papads were 

67% and 94% (Table 60). However, the load of P. pentosaceus and S. cerevisiae in papad were below the 

detection limits. The occurrence ofT AMB indicates that these samples provide the suitable environment 

to support their growth. Their presence in the products possesses a threat to the shelf -life of papa d. 

Indeed, TAMB and their spores (aMBS) were found in 100% of the raw papads collected from different 

retail sources (Roy et al., 2007). Since Bacillus spp. are considered as important food-spoilage organisms 

Oohnson, 1984), the presence of this organism at high levels suggests potential risk to the consumers, 

because of the subsequent production of toxin associated with food poisoning (Banerjee and Sarkar, 
2004). 

The desirable papad dough with homogeneous and consistent rolling properties was obtained 

when 1 kg-blend ofblackgram dal and mung dal flours (1: 2) was mixed with 500 mllukewarm water, 



15 g papad khar and 70 g common salt (Table 61-64). Papad with acceptable, uniform quality attributes 

and satisfactory shelf-life was obtained when the corresponding dough, after fermenting at room 

temperature (28 ± 2°C) for 3 h, was rolled into thin drcular discs and dried under controlled conditions 

(70 ± 5% relative humidity and 30 ± 1 oq for 8 h. The papad, dried under controlled conditions, was 

superior with respect to colour and texture and had a 'good' grade scoring. 

Though blackgram dal flour is the indispensable constituent in papad dough because of the 

mucilaginous substances it contains, most of the commercially available papads are prepared from 

blends of blackgram dal with other legume or cereals flours, unless mentioned otherwise. Black gram 

and mung bean dal flours in the proportion of 1:2 ratio imparted a desirable consistency and rolling 

property to papad dough (Table 61). The blackgram or mung bean dough, when used alone, was 

difficult to roll, and had a tendency to crack at the edges, resulting in papads with bean-like taste and 

unacceptable colour. This was in accordance with the findings of Shurpalekar (1986) who reported 

similar observations when papads were prepared from mung bean dal flour alone. However, the 

posstbility of using other legumes, such as cowpea (Bharati et al., 1995), Bengalgram, green gram, lentil 

and redgram (Saxena et al., 1989), soy flour (Deepa et al., 1992), with or without blackgram has been 

reported. Bhattacharya and Narasimha (1999) characterized the papads from different blends of 

blackgram dal flour with cereals and observed that the papads made by using 25% rice flour and 75% 

blackgram dal flour resembles the product made from blackgram dal flour alone. The use of cereal 

flours to partially replace blackgram dal flour is yet another option, which not only reduces the cost of 

production but also offers a balanced amino acid composition and improved the nutritional quality of 

the product (Almeida-Dominguez et al., 1990; Juneja et al., 1980). Bhattacharya et al. (1999) showed that 

the blackgram dal flour with 20-40% of wheat flour or up to 22% rice flour was suitable for making 

papad. Deepa et al. (1992) found that incorporation of soy-flour up to 40% with the black gram dal flour 

was acceptable for makingpapads. Even the papads prepared from a blend of 1:1 ratio ofblackgram 

dal flour and soy flour compared well with those from blackgram dal flour alone. Shurpalekar and 

Venkatesh (1975) reported that at least 20% ofblackgram dal flour is essential in making greengram 

papad having desired quality attributes. However, replacing the legume flour with cereal flours at the 

level of 30% and above adversely affects the taste and acceptability of papad (Bhattacharya and 
Narasimha, 1999; Singh et al., 1996) 

'Papad khar' or 'saji khar' is traditionally used as an additive in the papad formulations. 

Papad khar, ashy in nature, is presumably used to improve the rolling properties of the dough and the 

frying quality of papad. They are obtained from saltworts by burning a variety of p1ant species, or from 

very alkaline deposits in the soil, e.g., dhobi' s earth. The chemical composition of papad khar revealed 

mainly carbonates, chlorides and sulphates along with a trace of phosphorus, iron and sulphur 

(Shurpalekar, 1986). However, chemical analysis on different samples of papad khar offers an 

alternative choice of sodium carbonate for producing papads of desired taste and crispness. 

Amount of water is another variable for obtaining papad dough of desired consistency and 

rolling characteristics, and papads of acceptable quality attributes and satisfactory shelf-life (Table 

63). Optimization of the level of edible salt is equally important for obtaining dough with the desired 

characteristics and papad having a balanced and acceptable taste when roasted or fried (Table 64). 

Common salt not only imparts desirable taste to the product but also softens the papad dough and 

helps in rolling it out into thin sheets. Salt also facilitates uniform distribution of flour components 

such as protein, mucilages, and starch, and contributes to the blooming or expansion of papads on 

frying. While excessive addition of salt caused salt bloom on raw papads during storage (Shurpalekar, 
1986) inadequate salt yields an insipid and unacceptable product. 



The moisture level of the papads ranges between 12-17.5% above which they become 

suscepbble to fungal spoilage (Shurpalekar, 1986). The pliability of papads was affected and tends to 

wrap when the moisture content was below the minimum level. In the traditional method of 

preparations, papads are dried in shade, under widely fluctuating conditions of atmospheric humidity 

and temperature. The nonuniform thickness of papads also influences their drying characteristics. 

Optimization of drying period ofpapad sheets under controlled temperature and humidity for desired 

moisture content avoids the fear of over or underdrying. However, moisture content in the market 

samples of papad ranged between 9-17%. 

The initial load of Pediococcus pentosaceus and Saccharomyces cerevisiae in papad dough was 

probably inherited from the substrates (Table 65). However, after a significant (P <0.05) increase at 

onset of fermentation, their count gradually declined to below the detection limit after4 h-drying of the 
papad sheets. The decrease in the count of P. pentosaceus was significant after every 2 h-interval. The 

incorporation of common salt (70 g kg-1 flour blend) and papad khar (15 g kg-1 flour blend) could affect 
the luxuriant growth of and P. pentosaceus and S. cerevisiae. The high pH of the dough, which probably 

did not allow the proliferation of addiphilic microbiota of papad, further justified the disappearance 

of P. pentosaceus and S. cerevisiae after 4 h-drying. 

No significant influence of fermentation on the physicochemical properties of papad dough 

was observed except the increase (P <0.05) in soluble nitrogen content and decrease in free fatty 

addity, protein nitrogen and crude fat content. However, two significant changes occurred in papad 

sheets during drying were decrease (P <0.05) in moisture content and corresponding increase (P 

<0.05) in %diametric expansion of papad sheets after deep-frying in oil for 10-15 s (Table 66). These 

parameters have been used as criteria for judging the progress of drying the papad sheets. Besides, the 

other parameters were relatively constant, and changes in proximate compositions, if any, were 

insignificant during the fermentation and subsequent drying of papad sheets. Moreover, the period 

for which the papad dough fermented was not suffident for its microbiota to cause any significant 

changes. The findings, therefore, revealed that fermentation of the papad dough and the subsequent 

drying of papad sheets have lesser effect on its proximate composition. 

5.6.Wadi 

Traditionally consumed in the northern and north eastern states of India, wadis are now popular in 

many places in India, Pakistan, Bangladesh and Nepal. A similar product, with slightly different in 

preparation techniques and raw substrate used, has been called by different synonyms in different 

regions of India (Punjabi wadi in states of Northern India (Batra, 1981; Soni and Sandhu, 1989b ), bori 

in West Bengal and Orissa; adhauri or wadi in Bihar and Jharkhand, and masyuara in Darjeeling 

hills of West Bengal and Sikkim (Y onzone and Tamang, 1998). 

Because of continuous drying for 60 h the mean moisture content of wadi declined significantly 

to 14.6% (Table 67). Though the raw substrate was neutral, the mean pH of wadi (5.5) reflects its addic 

nature. The reduced moisture content, along with low pH of wadi, could probably enhance its shelf

life. While blackgram dal showed higher ash and protein nitrogen contents, wadi had significantly 

higher titratable and free fatty addity, and contents of nonprotein and soluble nitrogen and crude fat. 

The microbial analysis of substrate and wadi showed the prevalence of both lactic add bacteria 

and yeasts (Table 74). The two types of predominant lactic add bacteria, isolated from all the positive 

samples were identified as Leuconostoc mesenteroides and Pediococcus pentosaceus (Table 71). Similarly, 
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the four culturally and morphologically distinct groups of yeast isolated from the positive samples 

were identified as Saccharomyces cerevisiae, Issatchenkia orienta/is, Pichia membranifaciens and Rhodotarula 
minuta (Table 72). While S. cerevisiae was the only yeast isolated from the substrate, laboratory made 

wadi harboured all the species of yeasts except R. minuta. Mucor racemosus was isolated from only 15% 

of the marketed wadi samples (Table 73). 

Fermentation of wadi batter and subsequent drying to wadi showed interesting microbial 

kinetics. While T AMB cell increased (P <0.05) up to 36 h of drying, the change in their spore count had 

no significant effect of drying. Occurrence of high level ofT AMB cells in the samples generally indicates 

either the use of highly contaminated substrates or the poor processing practices. Plate count agar 

(used for the enumeration of TAMB cells) is a nonselective complex medium commonly used for 

enumerating total microbial content in foods. So, the viable count in the samples was likely of fermenting 

microorganisms along with associated contaminating microbiota (Roy et al., 2007). Considering that 

no sign of spoilage was recorded in wadi, it might be assumed that most mesophilic bacterial spores 

either did not germinate or were not metabolically active during wadi fermentation and drying. 

P. pentosaceus and L. mesenteroides, which dominated throughout fermentation and subsequent 

drying of wadi, increased by 5 and 6log cycles, respectively, during the initial24 h of drying (Table 

76). However, P. pentosaceus gradually declined (P <0.05) from 24 h onwards. L. mesenteroides, although 

comprised the major component of the wadi microbiota, showed a sharp decrease (P <0.05) by 2-log 

cycles during the last 12 h-drying. S. cerevisiae, the most predominant yeast encountered during entire 

fermentation and drying, appeared at the onset of fermentation. Its count increased significantly (P 

<0.05) during initial10 h-fermentation and at every 12 h-interval of drying till24 h, followed by the 

steady fall in the count. The decrease was significant (P <0.05) after every 12 h-interval ti1148 h. I. 

orientalis, which appeared after fermentation of the batter, increased significantly (P <0.05) during the 

first 24 h of drying. Its count decreased to the final load of 5.2log cfu g-1 fresh wadi at the end of the 

drying period. The decrease was significant (P <0.05) after every 12 h interval. Pichia membranifaciens 
appeared after initial12 h of drying, had maximum count of 5.5log cfu g-1 fresh weight at 24 h, beyond 

which they remained significantly unchanged. Rhodotorula minuta and Mucor racemosus, though 

recovered from 12 and 15%of the marketed wadi, respectively, were not encountered during the entire 

process of wadi preparation under semicontrolled conditions. 

The occurrence and role of several bacteria alone or with lesser proportion of yeasts in naturally 

fermented Punjabi wadi based on black gram dal has been reported by Soni and Sandhu (1989b ). L. 

mesenteroides, Lactobacillus fermentum and Enterococcus faecalis were the principal bacteria followed by 

Bacillus subtilis, Lactobacillus delbrueckii, Flavobacter sp. and Enterobacter sp. involved in Punjabi wadi 

dough fermentation causing addification and leavening. Dahal et al. (2003) reported that P. pentosaceus 
constituted 75% of the total lactic add bacteria recovered from masyaura,. Besides S. cerevisiae, P. 
membranefaciens and Trichosporon beigelii the yeast flora generally encountered in Punjabi wadi 

fermentation comprises Candida vartiovaarai, Kluyveromyces marxianus, Candida krusei, Pichia anomala, 
Candida aqiatoca Cryptococcus humicolus and Geotrichum candidum. They were supposed to enhance the 

addification and leavening of wadi dough during fermentation (Soni and Sandhu, 1989b). The 

enumeration of yeast from masyaura samples revealed that S. cerevisiae and Candida versatilis are the 

major yeasts involved in fermentation (Dahal et al., 2003 ). Though the involvement of Cladosporium 
spp., Penicillium spp. and Aspergillus niger in masyaura, has been reported by Dahal et al. (2003), the 

appearance of Mucor racemosus in 15% of the market sample of wadi in the present study could be 

assumed as mere opportuni'itic or may be due to cross contamination during marketing. 
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Soni and Sandhu (1989) further advocated that the development and prevalence of microbial 

types in Punjabi wadi is affected by seasons; summer being more favourable for bacteria and winter 

for yeasts. The effect of seasonal variations on the development and prevalence of microbes could be 

attributed to the appreciable difference in atmospheric temperature during the two seasons. 

Temperature during summers (37 -42°0 probably favoured the rapid multiplication of bacteria, while 

high prevalence of yeasts during winters can be as due to prevailing favourable temperature for their 

propagation. However, in present study, the ability of S. cerevisiae, P. membranifaciens, and I. orientalis 
to grow at 37°C justified their occurrence, irrespective of the seasonal variations, in both market as 

well as laboratory-made wadi. 

Fermentation of wadi dough is essentially an autofermentation process where inherent 

microflora contributes a major functional role. Since the defined source of inoculum in the wadi 

fermentation is not apparent, it is likely that the raw substrates (blackgram dal) used, workers handling 

the preparations and the aerial environment contribute to the initial inoculation for the fermentation. 

Moreover, microbial analysis of the substrate exhibited the association of L. mesenteroides and P. 

pentosaceus. Some earlier findings have also suggested the role of natural microbial load of ingredients 

and the environment in the initiation of traditional fermentations. Mukherjee et al. (1965) and 

Ramakrishanan {1979) reported that dehulled blackgram harbours L. mesenteroides and other lactic 

add bacteria in large numbers which play a significant role in blackgram dal fermentation. The 

significant role of L. mesenteroides has also been reported earlier in blackgram dal fermentations by 

Batra (1981) and Sandhu et al. (1985) who also isolated L. Jermentum and S. cerevisiae from wadi paste. 

Yeast in the substrate was represented by S. cerevisiae only. The lower frequency of occurrence 

of yeast in the fermentations carried out by natural microbiota is probably due to their less prevalence 

on the dry substrates and/ or due to low moisture content of the latter. Since the blackgram dal is 

presoaked in water before ground to smooth batter, yeast spedes probably developed only after the 

softening of substrate, presumably, because yeasts require higher moisture content for their survival 

than bacteria. I. orientalis and P. membranifaciens, though found below the detection limits in substrate, 

appeared only after initial stage of fermentation. They probably come from air during drying and 

produce more add causing further addification. The aerial contamination of wadi by yeasts during 

open air-drying was justified by Sandhu and W araichi (1981) who isolated seven yeasts, including S. 

cerevisiae, from air. However, the contributions of these yeasts cannot be over looked by considering 

them as contaminant or opportunist. Their occurrence in the market (54% and 88% of I. orientalis and 

P. membranifaciens, respectively) and 100% each in laboratory-made wadi focused on their functional 
role as a dominant microbiota in wadi fermentation. 

Besides successive rise in bacterial and yeast cell counts, the pronounced effect of fermentation 
of wadi dough was noticed in the decrease in pH (Table 77). The decrease was significant at every 12 

h-interval till36 h of drying. The decrease in pH was in contrast to the load of lactic add bacteria, 

yeasts and T AMB. Titratable and free fatty addity registered significant increase (P <0.05) after 

fermentation followed by subsequent drying. While the moisture content of the batter during 

fermentation remained constant, their volume registered a 1.4-fold increase (P <0.05). However, a 

gradual decrease in the moisture content of wadi was observed during drying. The decrease was 

significant (P <0.05) at every 12 h-interval. While the contents of protein nitrogen and total protein of 

the batter reduced {P <0.05) during fermentation, subsequent drying of wadi caused significant increase 

(P <0.05) in their contents after 12 h-drying. The overall carbohydrate content in wadi batter declined 
during fermentation followed by drying. 



The physicochemical changes are probably the result of microbial activities in the wadi batter 

involving the production of add and gas from various carbohydrates thus accounting for the rise in 

total add levels and volume during the fermentation. Moreover, the rise in the levels of soluble nitrogen 

and total protein is presumably due to the production of proteolytic enzymes by the microorganisms 

and the hydrolysis of insoluble polymers under ad die conditions by these enzymes. Increase in total 

addity during fermentation helps in extending shelf-life of wadi. It is apparent that the traditional 

wadi fermentation is brought about by the microbiota coming from staples and the environment 

which probably bring about several changes leading to improved digestibility and nutritional value. 

However, the pOSSlbility of various undesirable microorganisms and the production of toxic substances 

by certain species is a point of serious concern. 

The recognition that the fermented foods have generally higher nutritive value and that their 

flavour and aroma are more attractive than their unfermented precursors has greatly increased the 

demand for foods produced by fermentation. Improving the nutritive and microbial qualities of 

traditional fermented foods employingsdentific and technological skills would be benefidal to preserve 

this precious culture. To do this, greater efforts will be required to carry out the comprehensive and 

systematic studies to explore and preserve the traditional food cultures which have never been reported 

to the industrial sodety before. It would also provide a great opportunity to achieve commercial 

success. Traditional fermented foods then definitely contnbute to increase the value of agricultural 

products and vitalize the rural economy. Moreover, microbial diversity associated with traditional 

fermented foods may contribute a significant gene pool, and may have potential biotechnological 

applications. Furthermore, interactions with a general tendency between lactic add bacteria and 

yeasts in the cocultures emphasize the need to carefully screen individual yeast and lactic add bacterial 

strains for every application to avoid off -flavours and other defects in different types of traditional 

fermented foods. This will also focus on the indigenous knowledge of rural people to preserve and 

supplement microorganisms for production of fermented foods. Moreover, people who invented and 

preserved the age-old traditional food fermentation technology should be reassured about the worth 

of their indigenous knowledge. 
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6 
Summary 

I present study reveals that some of the indigenous legume-based fermented products, particularly 

made from the legume (such as akuni, bekang, hawaijar, kinema, masuyra and turumbai), are still 

confined to the area of their preparation, while others know no geographical barriers. Like many other 

states in India, the people of Orissa have a tradition of relishing a variety of cakes, locally called pitha, 

specially prepared during various festivals and rituals. These products include chakuli, chhuchipatra 

pitha, enduri pitha, maunha pitha, poda pitha and chitou, which are unknown to the scientific 

community. 

Dhokla constitutes one of the categories of the traditional Gujarati dishes. Dhokla batter had 

higher moisture than its substrates. In the fermented batter titratable and free fatty add values increased, 

but the pH value decreased. The respective contents of crude fat and carbohydrate in Bengalgram dal 
and polished rice were higher than those of fermented batter. All the samples showed the occurrence 

of total aerobic mesophilic bacteria (T AMB) and aerobic mesophilic bacterial spores (aMBS). A total of 

375 strains of lactic add bacteria (135 strains of Leuconostoc mesenteroides, 100 strains of Lactobacillus 
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Jermentum and 140 strains of Pediococcus pentosaceus) and 240 strains of yeast (100 strains of 

Sacchilromyces cerevisiae 135 strains of Pichia silvicola and 5 strains of Pichia membranifaciens ) were 

isolated from three samples each of white polished rice and Bengalgram dal, 10 market samples of 

fermented batter, and 21 samples of laboratory-made fermenting and fermented batters of dhokla. L. 

mesenteroides, P. pentosaceus and S. cerevisiae were recovered from all the samples studied. L. formentum 
and P. silvicola were found in raw dal and mixed batter only, but not in rice. P. membranifaciens was 

encountered in 10% of fermented batter of marketed samples only. 

Succession of micro biota during dhokla batter fermentation under semicontrolled conditions 

(Bengalgram dal and rice in 4:1, fermentation at 32°C for 15 h, steam-cooking for 10-15 min) revealed 

that L. fermentum was the dominant bacterium increasing significantly at every 3 h-interval, followed 

by L. mesenteroides and P. pentosaceus, resulting in a decreased pH (4.7). Although S. cerevisiae and P. 

silvicola were present althrough, the latter dominated the fermentation. The contents of titratable add, 

free fatty add, soluble nitrogen and also batter volume increased significantly after fermentation. 

The antioxidant activities of methanolic extracts of nonfermented and fermented batters of 

dhokla and steam-cooked product were evaluated by four in vitro methods. The yield of lyophilized 

crude extract of the fermented batter was higher than that of nonfermented batter and steamed product. 

While fermentation enhanced phenolic content of the batter by about 2.5-fold, steam-cooking of 

fermented batter for 10-15 min significantly reduced the content. At all the tested concentrations (10.. 

50 mg mJ-1), the methanolic extract of fermented batter showed a better antiradical activity than that of 

corresponding nonfermented batter and steamed product, which increased in a time-dose-response 

manner. The DPPH :.scavenging ability of the extracts increased significantly up to 30 min of reaction 

and then leveled off despite further increase in time. Fermented batter had the better IC50 and higher 

relative DPPH'-scavenging activity than those of steamed product and nonfermented batter. Fermentation 

also caused a 1.9-fold increase in the reducing power of dhokla batter which eventually reduced by 

96% during steam-cooking. Though the Fe2+ -chelating activity of the crude extract of steam-cooked 

dhokla batter was superior to the corresponding batters at 10 mg mi-1 concentration, fermented batter 

showed better chelating activities at higher dose levels. The chelating effects of the extracts increased 

up to a certain extent with the increase in dosage leveL and then leveled off despite further increase in 

concentration. IC50 of the methanolic extracts of the samples indicates that steamed product was an 

efficient Fe2+ -chelating agent, followed by fermented and nonfermented batters. While fermentation 

significantly enhanced the relative Fe2+ -chelating ability of the batter, steam-cooking of the batter reduced 

the same by 69%. The extracts of fermented batter also exhibited a better LPIA than its corresponding 

nonfermented batter and steamed product at all the tested concentrations. However, when kept for a 

longer period of incubation, the LPIA of the extracts was found to decline significantly. The total 

phenol contents of nonfermented and fermented batters and steamed product exhibited a positive 

correlation with respective values of antiradical activity, reducing power, metal-chelating activity and 

LPIA. Relevant regression equations showed that the total phenol contents of nonfermented batter, 

fermented batter and dhokla could explain 96, 90 and 89% DPPH ·-scavenging activities, 76, 82 and 

77% reducing power, 74, 71 and 43 r.. metal-chelating ability, and 83, 88 and 95 r.. LPIA, respectively. 

The data also revealed a significant correlation between any two of these five parameters, indicating 

while total phenol content as the dependent variable, all other parameters as the dependent variables. 

Dosa, a thin, fairly crisp, fried and highly seasoned griddled pancake-like food is indigenous to 

southern India. The fermented batter was addic (pH 4.5) and had moisture content of 67.8%, and per 

100 g dry weight basis 1.1 gash, 1.5 g crude fat, 3 g total nitrogen, 1.8 g protein nitrogen, 1.2 g 

nonprotein nitrogen and 1 g soluble nitrogen. The titratable and free fatty add contents of fermented 
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batter were 0.8% and 1.8%, respectively. The toal protein and carbohydrate contents of fermented 

batter indicate dosa as a nutritionally rich fermented product. A total of 90 strains of lactic add 

bacteria (60 of L. mesenteroides and 30 of P. pentosaceus) and 85 strains of yeasts (40 each of S. cerevisiae 
and Issatchenkia orientalis and 5 of Rhodotorula minuta) were isolated from 12 market-samples of fermented 

batter of dosa. While the dominant lactic add bacteria were identified as L. mesenteroides and P. 

pentosaceus, the dominant yeast was S. cerevisiae. R. minuta was encountered in only 8% of the samples. 

While L. mesenteroides was recovered from all the samples studied, the prevalence of each of S. cerevisiae 
and I. orientalis was in 67% of the samples. 

Idli,is highly popular and widely consumed as a snack food in India. The moisture content of 

fermented idli batter was six-fold higher than that of the substrates. The acidic batter registered a 

significantly higher titratable and free fatty add contents. The process parameters for the preparation 

of idli, with respect to ingredient proportions and fermentation time-temperature, were optimized 

under semicontrolled conditions. The proportion of parboiled rice and blackgram dal as 2:1 and 

fermentation period of 18 hat 30°C were found optimum with respect to all sensory scores. A total of 

295 strains of lactic add bacteria (180 of L. mesenteroides and 115 of P. pentosaceus }, 365 strains of yeasts 

(165 of S. cerevisiae, 100 of I. orientalis, 90 of P. membranifaciens and 10 of R. minuta) and 30 strains of 

Mucor racemosus (mould) were isolated from three samples of raw blackgram dal, 12 marketed samples 

of fermented batter and 21 samples of batters fermenting under optimized conditions. 

Heterofermentative L. mesenteroides was recovered from all the samples studied, excepting 

raw rice, confirming the source and role of the organism in idli batter fermentation. P. pentosaceus, 
although appeared only after 3 h of the start of fermentation, dominated thereafter. Like L. mesenteroides, 
S. cerevisiaewas recorded in raw blackgram dal and in 100% samples of the batter fermenting althrough. 

I. orientalis and P. membranifaciens, hitherto unreported from fermenting idli batter, were although not 

present at the start, dominated the later stages of fermentation. During the fermentation, pH of the 

batter dropped from 5.9 to 4.3 along with a three-fold increase in titratable acidity and a two-fold 

increase in batter volume. M. racemosus was present at the onset of fermentation, but declined after 3 h 

and disappeared after 6 h. Among the isolates, the last one happened to be the only organism capable 

of hydrolyzing starch. So its importance in idli batter fermentation by hydrolyzing rice starch to 

simple sugars conducive for the growth of lactic add bacteria and yeasts is indicated. 

The fermented batter of idli showed a higher yield of lyophilized crude extract than its 

corresponding steamed product and nonfermented batter when extracted in methanol Fermentation 

also caused 135% increase in total phenolic content of idli batter. However, steam-cooking for 10-15 

min significantly reduced the total phenolic content. At all the tested concentrations, the methanolic 

extract of fermented batter exhibited a better free radical-scavenging activity than the corresponding 

nonfermented batter and steamed product, which increased in a time-dose-response manner. The 

scavenging ability of the extracts increased nearly up to 30 min of reaction and then leveled off despite 

further increase in time. IC50 and the relative DPPH ·-scavenging activity of the extracts of fermented 

batter were superior to the corresponding steamed product and nonfermented batter. The methanolic 

extract of fermented batter of idli showed 125% more reducing power than that of nonfermented 

batter. Steam-cooking for 10-15 min resulted in about 2.3-fold decrease in the reducing activity of the 

same. While the extract of idli showed a higher metal-chelating activity at lower dose (10 mg mP), the 

chelating activity of fermented batter was better than that of corresponding nonfermented and steamed 

product at higher dose (30 mg mi-1
). Chelating effects of the extracts increased up to a certain extent 

with the increase in dosage level, and leveled off despite further increase in concentration Methanolic 

extracts of fermented batter of idli showed a better IC50 closely followed by the steamed product. While 
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the fermentation enhanced the relative chelating activity of the batter by 2.2-fold, steam-cooking of the 

fermented batter for 10-15 min reduced the same by 46%. Extracts of fermented batter also exhibited a 

better LPIA than those of nonfermented batter and steamed product at all the tested concentrations. 

However, the LPIA of all the samples declined with time after 72 h. 

Total phenol contents of the nonfermented and fermented batters and steamed product 

exhibited a positive correlation with antiradical activity, reducing power, metal-chelating activity 

and LPIA. Relevant regression equations showed that the total phenol contents of nonfermented and 

fermented batters and idli could exp1ain 61%, 92% and 90% antiradical activity, 50%, 80% and 90% 

reducing power, 50%, 82% and 41% metal-chelating ability and 62%, 91% and 84% LPIA, respectively. 

The data also revealed a significant correlation between any two of these five parameters, indicating 

total phenol content as the dependent variable, while all other parameters as the dependent variables. 

The antioxidant activities of methanolic extract of kinema, fermented using Badllus subtilis, 
and cooked nonfermented (CNF) soybean were evaluated by four in vitro methods. The average yields 

of lyophilized methanolic extracts of CNF soybean and kinema were 91 and 154 mg g-1 (dry weight 

basis), respectively. The total phenol content of kinema was 144% higher than that of CNF soybean At 

all the tested concentrations, kinema extract was found to be a better free radical-scavenger, which 

increased in a time and dose-dependent manner than the corresponding CNF soybean extract. The 

scavenging activity increased nearly up to 40 min of reaction and then leveled off with further increase 

in time. IC5 ofCNF soybean and kinema was better than that of CNF soybean. Fermentation caused a 

two-fold enhancement of the relative DPPH'-scavenging activity of CNF soybean. The reducing power 

ofkinema was 147% higher than that of CNF soybean, which reflects the influence of fermentation on 

the enhancement of reducing power of CNF soybean. At 10 mgml-1, the methanolic extract ofkinema 

exhibited 64% of metal-chelation which was much higher than the activity shown by CNF soybean 

(22% ). The chelating ability increased with the increase in concentration. The methanolic extracts of 

kinema was two-fold effident than that of CNF soybean for the chelation of the initial Fe2+ concentration 

by 50%. A higher relative Fe2+ -chelating ability was observed in kinema than the CNF soybean. The 

extracts of kinema exhibited a better LPIA than the CNF soybean. The inhibition of both of them was 

found to decline with time. 

The total phenol contents of kinema and CNF soybean were positively correlated with the 

respective values of free radical-scavenging activity, reducing power, metal-chelating activity and 

LPIA. Whereas the total phenol content in CNF soybean accounted for 68% of each of free radical

scavenging activity and reducing power, 58% of Fe2+-chelating activity and 66% of LPIA, that in 

kinema could reflect 83-92% of all the antioxidant parameters studied. The data also revealed a 

significant correlation (P <0.01) between any two of these five parameters, indicating while total 

phenol content as the independent variable, all other parameters as the dependent variables. Thus, 

kinema may be exploited as a functional food to alleviate oxidative stress. 

Papad constitutes an important food adjunct, manufactured and extensively consumed in 

India. While pH, titratable and free fatty addity, and the contents of moisture, ash soluble nitrogen 

and crude fat of papad were significantly higher than those of its substrates, the carbohydrate contents 

of the substrates were higher than those of the products. Traditional process parameters for the 

preparation of papad were optimized with respect to ingredients' proportions, and amount of papad 

khar, common salt and water to be added to the flour blend. The proportion of black gram and mung 

dal flours as 1:2 and the addition of 15 g, 70 g and 500 m1 kg-1 legume flour blend of papad khar, 

common salt and water, respectively, per kg flour blend were found optimum with respect to the 

rolling property and handfeel of the papad dough as well as to all sensory scores when the mixed 
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dough fermented for 3 hat room temperature (28± 2°C) was rolled into thin sheets and dried under 

semicontrolled conditions (30± 1 oc and 70 ± 5 % relative humidity) for 8 h. 

A total of 80 strains of P. pentosaceus and 75 strains of S. cerevisiae were isolated from 3 samples 

each of raw blackgram and mung dal flours, and 18 samples of laboratory-made fermenting papad 

dough and dryingpapads. Though bothP. pentosaceus and S. cerevisiaewere isolated from the substrates, 

they were not recovered from the papads. While T AMB cells and their spore counts prevailed throughout 

the preparation process, S. cerervisiae and P. pentosaceus, after initial increase in their load exhibited 

gradual decrease and eventually went below the detection limit after 6 h of drying. The papad sheets 

showed sharp decline in their moisture content during drying. The pronounced effect of decline in 

moisture content of papad was evident from the significant increase in percentage diametric expansion 
of papad sheets. 

Wadi, a savoury prepared traditionally from bengalgram dal by fermentation following natural 

inoculation and sun-drying, is popularly consumed in many places in India. The similar product has 
different synonyms in different parts of country (Punjabi wadi in the States of northern India, bori in 

West Bengal and Orissa, adhauri or wadi in Bihar and Jharkhand, and masyuara in Darjeeling hills 

of West Bengal and Sikkim. Wadi had the higher moisture content than that of the substrate. The 

contents of moisture, nonprotein nitrogen, soluble nitrogen, crude fat and carbohydrate were higher 

in the wadi than those of substrates. The fermentation ofblackgram dal to wadi caused a decrease in 

pH The titratable and free fatty add, ash, protein-nitrogen and crude fat contents of wadi were higher 

than those of the blackgram dal. 

A total of 555 strains of lactic add bacteria (255 of L. mesenteroides and 300 of P. pentosaceus) 
and 635 strains of yeasts (170 of S. cerevisiae, 190 of I. orientalis, 250 of P. membranifaciens and 25 of R 

minuta) were isolated from three samples of raw blackgram dal, 41 samples of market-fermented wadi, 

and 21 samples of laboratory-made fermenting and fermented wadi A total of 30 strains of M. racemosus 
were also recovered from the market samples. 

Wadi was prepared under semicontrolled conditions which mimiced the traditional method 

of preparation. The blackgram dal batter, after fermentation at 32°C for 10 h, was hand-moulded to 

small cones (3-5 em diameter) and deposited on a greased bamboo mat and sun-dried (29-33°C) for 8 

h followed by 16 h shade-drying at room temperature (28-30°C} daily for three successive days. L. 

mesenteroides, P. pentosaceus and S. cerevisiae comprised the major components of the wadi microbiota. 

Their prevalence in the laboratory-made wadi (100%) was significantly higher than that of market 

samples and the substrates. After a significant increase during fermentation and initial drying for 24 

h, their loads gradually declined towards the end. The growth kinetics of the T AMB cells was also 

similar to that of dominant microbiota. While I. orientalis was detected only after 10 h-fermentation of 

wadi dough, P. membranifaciens appeared after 12 h of drying. Though they dominated the later stages 

of the drying, their occurrence in the market samples was 54% and 88%, respectively. R minuta and M. 

racemosus, though isolated from 12 and 15% of the marketed wadi, respectively, were neither encountered 

during the preparation of wadi under semicontrolled conditions, nor recovered from the ingredients. 

The batter volume of the wadi increased by 1.4-fold after fermentation. Subsequent drying of wadi 

reduced the initial moisture content by 4.3 times. The overall pH declined from 6.2 to 4. 9. Fermentation 

also resulted in the significant increase in titratable and free fatty addity and soluble nitrogen contents 

of the substrate. The protein nitrogen declined during the fermentation, but gradually increased during 
the subsequent drying period. 
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