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  Abstract

By deploying response surface methodology (RSM) and creating a design using central composite  rotatable

design (CCRD), the process parameters of kinema, idli and dhokla preparation were optimized with the aim

to minimize the level of antinutritional factors without impairing the sensory attributes of the products.

Kinema is a traditional, nutritious soybean-fermented food consumed mainly in the hilly region of Darjeeling

district in state of West Bengal and in the state of Sikkim in India. Traditionally, it is prepared by soaking raw

soybeans followed by cooking and fermentation. Idli is indigenous to south India. It is a white, fermented

steamed cake prepared by mixing a blackgram dal batter and rice slurry. Dhokla is similar to idli except that

bengalgram dal, in place of blackgram dal, is used as a raw ingredient. During the preparation of these

foods, the effects of linear or quadratic effects of independent variables of processing stages were significant

in minimizing the level of antinutritional factors, such as tannins, phytic acid, trypsin inhibitor activity,

haemagglut inat ing act iv i ty,  tota l  b iogenic amines and ol igosacchar ides.

Kinema preparation stages were optimized by using four independent variables of the soaking

stage, three independent variables of the cooking stage and three independent variables of the fermentation

stage.  Independent variables selected for soaking were raw soybeans-water ratio, soaking time, soaking

temperature and pH of soaking water. The predicted optimum condition for soaking was raw soybeans-

water ratio of 1:10 w/w, and soaking temperature, time and pH of 10°C, 20 h and 8.0, respectively.

Here, tannins content, phytic acid content and trypsin inhibitor activity decreased (P <0.05), while
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haemagglutinating activity remained unchanged (P <0.05) and total biogenic amines content increased as

compared to raw soybeans. The optimally soaked soybeans were cooked. The independent variables

selected for cooking include soaked soybeans-water ratio, cooking pressure and cooking time. The predicted

optimum cooking condition was optimally soaked soybeans–water ratio of 1:5 w/w, and cooking pressure

and time of 1.10 kg/cm2 and 20 min, respectively. Here, tannins content, phytic acid content, trypsin

inhibitor activity and haemagglutinating activity decreased (P <0.05), but total biogenic amines content

remained unchanged compared to optimally soaked soybeans. The optimally cooked soybeans were then

subjected to fermentation. Fermentation was carried out by using Bacillus subtilis as a starter culture. The

independent variables for fermentation stage consisted of inoculum load, fermentation time and fermentation

temperature. The optimum condition for fermentation was inoculum load of 3 log total cells/g cooked

soybean grits, and fermentation temperature and time of 37°C and 48 h, respectively. In this condition,

tannins content was below the limit of detection. Fermentation of optimally cooked beans caused a

reduction (P <0.05) of phytic acid content. While trypsin inhibitor activity remained unchanged (P <0.05),

total biogenic amines content increased (P <0.05) over optimally cooked beans. In kinema, tannins content,

phytic acid content, trypsin inhibitor activity and haemagglutinating activity decreased (P <0.05) over raw

beans by 100%, 61%, 70% and 100%, respectively. The experimental values were found to be in a

reasonable agreement with the predicted values. The overall sensory score of optimally prepared kinema

exhibited ‘excellent’ in terms of quality.

Idli preparation stages were optimized by using four independent variables of the soaking stage,

three independent variables of the fermentation stage and one independent variable of the steaming

stage. The independent variables selected for soaking were dal/rice-water ratio, soaking time, soaking

temperature and initial pH of soaking water. The dal and rice were soaked separately. The optimum

condition for soaking of blackgram dal was 1:5 w/w of dal-water ratio, time of 18 h, temperature of 16°C,

and initial pH of 4.0, and that for soaking of rice was 1:5 w/w of rice-water ratio, time of 18 h, temperature

of 16°C, and initial pH of 5.6. In this condition, the tannins content, trypsin inhibitor activity and

haemagglutinating activity reduced (P <0.05), while phytic acid content remained unchanged (P <0.05)

and total biogenic amines content increased (P <0.05) over raw ingredients. The fermentation stage was

tried with batters prepared from optimally soaked dal and rice.

The dal and rice batters were mixed in a ratio of 1:2 v/v. Independent variables selected for the

fermentation stage were added common salt, fermentation time and fermentation temperature. The

optimized fermentation condition was 16 g/kg added salt at 35°C for 19 h. In this condition, the levels of

all the antinutritional factors, except total biogenic amines content, decreased (P <0.05). Steaming of the

fermented batter for an optimized period of 20 min further reduced (P <0.05) phytic acid content and

trypsin inhibitor activity. Tannins content and haemagglutinating activity went below the limit of detection.

In idli, while total biogenic amines content increased by 339% over raw ingredients, tannins content,

phytic acid content, trypsin inhibitor activity and hemagglutinating activity decreased by 100% 89%, 58%

and 100%, respectively. The experimental values are in reasonable agreement with the predicted ones.

Oligosaccharides content of blackgram dal during idli production was determined. In raw dal, the

level of verbascose was highest, followed by stachyose, ajugose and raffinose. Raw rice was devoid of

oligosaccharides. RSM was used to optimize the soaking conditions of dal to reduce these flatogenic

sugars. The optimum condition for soaking of blackgram dal was 1:10 w/w of dal and water having initial pH

of 6.0, for 21 h and at 16°C. In this condition, total oligosaccharide reduced (P <0.05) by 95% over raw

dal. Fermentation of mixed batter, prepared by using optimally soaked dal, reduced (P <0.05) the contents

of each of the oligosaccharides below their respective limits of detection. Steaming had no effect (P

<0.05) on the oligosaccharide content of the fermented batter.

Optimum condition for soaking of bengalgram was 1:5 w/w of dal-water ratio for 20 h at 23°C and

initial pH 7.0 of soak water. For soaking of rice, the optimum condition was 1:5 w/w of rice-water ratio for

18 h at 16°C, and initial pH 5.6 of soak water. This condition caused a reduction (P <0.05) of all the

antinutritional factors in soaked dal and rice. However, total biogenic amines content increased (P <0.05)

in case of soaked rice. Unfermented dhokla batter was prepared by mixing dal batter and rice slurry in a
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ratio of 3:1 v/v, and fermented under optimum condition of added salt of 8 g/kg at 32°C for 18 h. During

fermentation, there was a further reduction in the levels of antinutritional factors, excepting total biogenic

amines content. However, optimum steaming for 20 min was effective in minimizing total biogenic amines

content of fermented batter together with other antinutritional factors. Steaming caused a reduction of

tannins content, phytic acid content, trypsin inhibitor activity, haemagglutinating activity and total biogenic

amines content by 100%, 94%, 92%, 100% and 20%, respectively, over raw ingredients. Thus, response

surface optimization could significantly minimize antinutritional factor levels in dhokla. The experimental values

are in reasonable agreement with the predicted ones.

During fermentations in both idli and dhokla, the counts of total aerobic mesophilic bacteria, lactic

acid bacteria and yeasts were studied for both unfermented and fermented mixed batters under different

experimental conditions. The microbial content, initial pH and titratable acidity values of unfermented

batter changed rapidly during the course of fermentation. At the onset of fermentation, the population of

total aerobic mesophilic bacteria exceeded (P <0.05) that of lactic acid bacteria, indicating the presence of

a relatively large number of non-lactic acid bacteria. However, after fermentation, the situation reversed,

indicating that lactic acid bacteria had outgrown (dominated) other (non-lactic acid) bacteria, indicating

successful lactic acid fermentation. Sensory attribute of optimally prepared idli showed ‘excellent’

in terms of quality.

Overall, it can be concluded that the optimally prepared kinema, idli and dhokla successfully minimized

the levels of antinutritional factors with enhanced organoleptic attributes, reaching to the ‘excellent’ score

in terms of overall quality. The results are useful for the commercial production of these foods. The optimized

process conditions can be applied in a household level and are also useful in scaling up with a minimum level

of antinutritional factors and better consumer acceptability. The outcome of this research can be exploited

to other legume-based foods as well, particularly in developing regions where the consequence of antinutritional

factors may exacerbate malnutrition and disease, thus effectively utilizing full potential of the legumes as

human and animal foods.
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Introduction

Legumes are the seeds of dicotyledonous plants belonging to the family Fabaceae (Leguminosae). The

family consists of 946 genera and 67,767 species of which 24,505 are accepted species names

(www.theplantlist.org/1.1/browse/A/Leguminosae; accessed on 10 January 2017). The plants possess

herbaceous stems, trifoliate leaves, butterfly or keel-shaped flowers and cavity pods bearing seeds of

various size, shape and colour. Legumes are an important component of agriculture food crops for their

ability to fix atmospheric nitrogen. Seeds of majority of the legumes, with some exceptions, are edible.

Those are separated into two types, one is oilseeds such as soybean and peanut which are harvested for

the source of protein and oil content, and another includes grain legumes which are grown as protein

source only (Venter and Eyssen, 2001). The term legume is derived from the latin word “legumin”, meaning

seeds harvested in pods. An alternative term pulse is also used which is derived from greek word “poltos”,

meaning porridge (Aykroyd et al., 1982; Tiwari and Singh, 2012). The terms ‘legumes’ and ‘pulses’ are

used interchangeably because all pulses are considered as legumes (but all legumes are not consid-ered as

pulses). The Codex Alimentarius Commission defined pulses as ‘dry seeds of leguminous plants which are

distinguished from leguminous oil seeds by their low fat content’. According to Food and Agriculture

Organization (FAO), the term ‘pulse’ can be used for dry grains of leguminous plants (Tiwari and Singh,

2012).
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Legumes are consumed as a wholesome and nutritious food. These play an important role innutrition

of the diets of many developing countries. Legumes form an alternate food source and improve nutritional

value as a protein supplement where animal proteins are expensive (Iqbal et al., 2006). Being called “poor

man’s meat”, legumes compensate the nutritional gap by supplying protein, carbohydrates, dietary fibre,

minerals, fatty acids and vitamins. The protein content ranges from 20-36% by weight. Legumes contain

(per 100 g): 0-65 g carbohydrates, 18-32 g total dietary fibre, 2-21 g fat and micronutrients, such as

calcium, copper, iron, magnesium, phosphorus, potassium and zinc (Venter and Eyssen 2001; Tiwari et al.,

2011). Besides their nutritional value, legumes have been beneficial to human health which includes

prevention of diseases including cardiovascular diseases, diabetes and colon cancer (Venter and Eyssen,

2001; Guillon and Champ, 2002).

The consumption preference of legumes becomes limited due to the presence of considerable

amount of antinutritional factors. Kumar (1992) defined antinutritional factors as those substances generated

in natural feed stuffs by the normal metabolism of species and by different mechanisms (i.e. inactivation of

some nutrients, diminution of the digestive process or metabolic utilization of feed) which exert effects

contrary to optimum nutrition. Legume contents of antinutritional factors are a matter of great concern

and need attention, and their elimination before consumption becomes essential. The antinutritional factors

of legumes are categorized into proteinaceous including lectins and protease inhibitors and non-proteinaceous

such as tannins, phytic acid and raffinose family oligosaccharides. Tannins, also called proanthocyanidins,

are phenolic compounds. These possess multiple phenolic hydroxyl groups and readily form complexes with

proteins and metal ions, making those less soluble and more resistant to enzymic degradation (El Gharras,

2009). The prevalence of phytic acid is of great concern as it is a strong chelator of mineral nutrients. The

complex of phytic acid and mineral elements results in reduced bioavailability of the nutrients in foods

(Kumar et al., 2010). Trypsin inhibitors protect legumes against predators. These interfere with intestinal

protein digestion by inhibiting pancreatic serine proteases and are responsible for growth inhibition and

intestinal digestion in animals (Guillamün et al., 2008). Haemagglutinin (agglutinin or lectin) is a glycoprotein

which binds to surface glycoproteins of erythrocytes, causing agglutination and anaemia. As it survives

digestion by the gastrointestinal tract of consumers, it binds to glycosyl groups on the epithelial surface of

the small intestine, interfering with nutrient absorption (Lajolo and Genovese, 2002). Biogenic amines are

nitrogenous, low molecular weight organic bases of aliphatic, aromatic or heterocyclic in nature, and are

formed by decarboxylation of amino acids or amination and transamination of aldehydes and ketones (Silla

Santos, 1996). Consumption of these amines in a higher dose in foods leads to physiological disorders, like

headache, nausea, rashes, brain haemorrhage, changes in blood pressure, and abdominal cramps and

flushing (Shukla et al., 2010). Another important antinutritional factor present in legumes is the flatulence-

causing oligosaccharides or α-galactosides. Some beneficial health effects have been registered, like

maintaining the population of gastrointestinal microbiome, reducing the risk of infections (Ngo et al., 2008)

- behaving as good probiotics. A negative attribute of the oligosaccharides is their high fermentability of

the colonic microorganisms with associated gas production and discomfort in humans and monogastric

animals (Jood et al., 1985; McCrory et al., 2010). Since they lack α-galactosidase in their gastrointestinal

tract to hydrolyze these oligosaccharides (Tachibe et al., 2011), oligosaccharides in the consumed legumes

escape stomach and small intestine, and reach colon where these are fermented by bacteria to generate

gas (Rackis, 1975; Messina, 1999). Besides social implications, flatulence causes nausea, abdnominal cramps

and diarrhoea (Albersheim and Darvill, 1985). Hence, there is necessity of determining the condition for

reducing these oligosaccharides and improving the nutritional quality and digestibility of legume-based

foods.

Indian subcontinent utilizes legumes in a variety of forms depending on cultural habit and taste

preferences. These are used as such or fried, cooked to dal (dehusked split seeds) soup or simply fermented

or mixed with cereals to prepare a variety of traditional delicacy in a household scale or in cottage industry

using simple techniques and equipments (Tharanathan and Mahadevamma, 2003; Aidoo et al., 2006).

Such techniques bring about the improvement of organoleptic quality, change in the contents of

antinutritional factors and enhancement of nutritional quality (Holzapfel, 2002). Further, fermented foods
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provide human intestinal microbial balance and improve proper functioning of human digestive system due

to their probiotic effects (Fuller, 1989). Some legume-based traditional fermented foods of India include

kinema, idli, dosa, dhokla, papad, wadi, amriti, pitha, adai, etc. (Desai and Salunkhe, 1986; Tamang et al.,

1988; Joshi et al., 1989; Aidoo et al., 2006; Roy et al., 2007a). The intake pattern relies on the consumption

practices, climatic condition and availability of raw materials (Motarjemi and Nout, 1996).

Processing of raw legumes eliminates antinutritional factors, gives acceptable, appetizing and

nutritious products which in turn enhance digestibility, nutrient bioavailability and organoleptic quality of

the product (Tharanathan and Mahadevamma, 2003). Reduction of antinutritional factors in legumes can

be achieved either by selection of plant genotypes with low levels of such factors or through post-harvest

processing. Since antinutrients are important to the plants as they function as potent defence compounds

against herbivores and pathogens, post-harvest processing has been the strategy for their elimination from

seeds. As many of the antinutritional factors are toxic, unpalatable and/or indigestible for human consumption,

the traditional domestic means of their reduction consists mainly of dehulling, leaching, germination, heating

and fermentation (Khattab and Arntfield, 2009; Kalpanadevi and Mohan, 2013). Structure of antinutritional

factors and their chemical properties, especially heat lability, dictate which physical processes will be more

effective in their reduction or removal. Dehulling of whole legumes into dal ensures better product profile

and acceptability. Dehulling also removes tannins content responsible for low protein digestibility. Soaking

is the initial step followed in the household scale which helps in leaching antinutritional factors and shortening

cooking time. Heat treatment inactivates almost all types of antinutritional factors resulting in the

enhancement of protein and overall acceptability of prepared foods. Fermentation reduces antinutritional

factors by utilizing endogenous antinutritional factor-degrading enzymes of seeds and by useful

microorganisms and enhances the nutritive value (Holzapfel, 2002; Khattab and Arntfield, 2009). It cannot

be ignored that during processing a condition may prevail where a complete destruction of these factors

may not always be achieved. It has been stated that processings using one variable-at-a-time are also less

effective and fail to determine interaction between the variables, thereby consuming more time, and

becoming less effective and more expensive (Sin et al., 2006). So, an extensive study on the effect of

household processing variables on the reduction of antinutritional factors becomes necessary. For this

purpose, response surface methodology (RSM) can be deployed to study the influence of various processing

factors on antinutrient levels (i.e. process outcomes). RSM is a powerful tool that is useful for applications

in which a response is influenced by several factors. RSM consists of a group of mathematical and statistical

procedures that are used in the study of relationships between one or more dependent and independent

variables (Montgomery, 2005). It is used extensively for optimization of different food processes.

The present work aimed to study relationship among various processing parameters and their

optimization during legume-based fermented food preparation using RSM to minimize antinutritional factor

levels without affecting sensory attributes of the products.
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2.1. General properties and characteristics of antinutritional factors in legumes

Legumes have been a source of food to mankind since early time. These are often considered as a good

source of protein, minerals and other nutritional components (Messina, 1999). Legumes are considered as

a good substitute of animal protein (Iqbal et al., 2006). However, the antinutritional factors in legumes are

a matter of great concern, thus limiting consumption of legumes. The antinutritional factors reduce the

digestibility and bioavailability of nutrients in foods, and are also responsible for various physiological

abnormalities in humans and animals (Silla Santos, 1996; Messina, 1999; Sandberg, 2002; Kumar et al.,

2010; van Buul and Brouns, 2014). General characteristics of major antinutritional factors and their interaction

with food matrix have been reviewed below.

2.1.1. Tannins

The term ‘tannin’ was used for the plant extract used to process animal skin into leather (Evans, 1989).

Bate-Smith and Swain (1962) first defined it as a water-soluble phenolic compound (MW 500-3000 Da).

Tannins are well-distributed among a large variety of plants used as a source of food. These are responsible

for the astringency of foods due their interaction with the protein of saliva or mucous tissue of the mouth.

Several phenolic compounds occurring in nature possess similar general properties, but are distinct from

one another according to their chemical structure (Amarowicz, 2007). On the basis of chemical structure
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tannins are divided into two major groups, hydrolysable tannins and condensed tannins (Fig. 1) (Hagerman

and Butler, 1989). Hydrolysable tannins possess a central core of carbohydrate and hydroxyl group which

are esterified by phenolic acid, such as gallic (gallotannins) and hexahydroxydiphenic acid (ellagitannins). A

large number of hydrolysable tannins exists in nature and exhibits diverse variation in their structure. Such

a variation is due to oxidative coupling of neighbouring gallic acid units or aromatic rings in their structures

(Chung et al., 1998). On the other hand, condensed tannins, having molecular weight higher than

hydrolysable tannins, are structurally more complex. Those are polymerised products of flavan-3-ol (catechin)

or flavan-3,4-diol (proanthocyanidins), or a mixture of the

two (Chung et al., 1998). While condensed tannins are

the main polyphenols present in commonly consumed food

products, hydrolysable tannins are present only in small

amounts (Salunkhe et al., 1990). Tannins exhibit positive

human health-related properties, such as anticarcinogenic,

antimutagenic, antimicrobial and antioxidant (Amarowicz,

2007). In spite of having these beneficial properties,

tannins have been considered as an antinutrient. This is

due to the high level of hydroxylation and property
Fig. 1. Tannins

Fig. 2. Phytic acid

of forming insoluble complexes with protein, carbohydrate, metal ions and polysaccharides. The complex

formation is associated with reversible interaction of hydrogen and hydrophobic interactions and irreversible

interactions of ionic and covalent bonds (McCallum and Walker, 1990; Schofield et al., 2001; Gilani et al.,

2005). Proline-rich protein has a high affinity for tannins in complex formation (Kumar and Singh, 1984).

The complex of tannins and protein causes inhibition of enzymes and interferes gastrointestinal digestion,

absorption of nutrients, damages intestinal tract and lowers nutrient availability (Serrano et al., 2009).

Plants possess polyphenol-oxidase which hydrolyses various phenolic compounds (Sandberg, 2002; Saxena

et al., 2003).

2.1.2. Phytic acid

Phytic acid (Fig. 2), also called myo-inositol hexaphosphoric acid or 1,2,3,4,5,6-hexakis (dihydrogen

phosphate) myo-inositol or phytate in salt form, is the principal storage form of phosphorus in many legume

seeds (Kumar et al., 2010). While it is accumulated during seed ripening and remains in the protein-rich

aleurone layer of seeds of monocotyledons, it is uniformly distributed throughout the kernels in the seeds

of dicotyledons (Ravindran et al., 1999). Phytic acid forms complex at a wider range of pH. The complex

formation alters protein structure, making it resistant to

digestion by proteolytic enzymes thereby hampering protein

solubility and digestibility (Loewus, 2002; Sandberg, 2002).

Phytic acid also reduces the availability of divalent and trivalent

metal ions such as Zn2+, Fe2+/3+, Ca2+, Mg2+, Mn2+ and Cu2+

(Lopez et al., 2002; Lönnerdal, 2002; Fredlund et al., 2006).

Inositol tri-, tetra- and penta-phosphates are also responsible

for the reduction of iron or absorption of zinc (Sandberg,

2002). Phytic acid can be degraded by phytase (myo-inositol

hexakisphosphate phosphohydrolase), a digestive enzyme

responsible for the release of phosphorus from the phytic acid molecule. Human beings cannot hydrolyze

protein-mineral complex, formed by phytic acid due to the absence of phytase (Iqbal et al., 1994). Various

possible sources of phytase have been reported, such as plant phytase, microbial (fungal and bacterial)

phytase, phytase generated by the small intestinal mucosa and gut-associated microfloral phytase. Phytase

activity of small intestine is very low, and activity in the gut is associated with a large number of bacteria

present in colon (Kumar et al., 2010). However, the International Union of Pure and Applied Chemistry

and the International Union of Biochemistry categorized phytase into two types, 3-phytase (myo-inositol
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hexakisphosphate 3-phosphohydrolase) and 6-phytase (myo-inositol hexakisphosphate-6-phosphohydrolase).

While 3-phytase is characteristic of microorganisms, 6-phytase is found in grains and seeds of higher plants

(Reddy and Pierson, 1994; Selle and Ravindran, 2007).

2.1.3. Trypsin inhibitors

Legume protease inhibitor gained much attention during 1970s and 1980s due to their interference with

digestion and growth in animals (Champ, 2002). Mainly two types of inhibitors exist- Kunitz and Bowman-

Birk. These two inhibitors differ in their polypeptide make-up, molecular weight, cysteine content and

number of reactive sites (Richardson, 1977). Polypeptide of the Kunitz inhibitor consists of 181 residues

with two disulphide bridges and one reactive site, while that of Bowman-Birk consists of 70 residues and

seven disulphide bridges (Laskowski and Kato, 1980). Trypsin inhibitor has been reported to function as

storage of sulphur amino acids during dormancy. It has a protective potential from predators, such as

pathogens and pests. Besides these, it is also used as food additives to prevent proteolysis, especially in

fishery products (Kennedy et al., 1993; Izquierdo-Pulido et al., 1994). The negative effect of trypsin

inhibitor lies in the fact that it interferes digestion by irreversibly binding with trypsin. The inactivation of

trypsin in the digestive tract by trypsin inhibitor induces the release of a cholecystokinin from the intestinal

mucosa. This hormone then stimulates pancreatic acinar cells to produce more trypsin. When this negative

feedback continues, an important loss of sulphur-rich amino acids takes place. This leads to pancreatic

hypertrophy/hyperplasia, growth depression and other carcinogenic effects (Roy et al., 2010).

2.1.4. Haemagglutinins

Haemagglutinins or lectins are abundant in legumes (Chrispeels and Raikhel, 1991). These are glycoprotein

that has an ability to reversibly bind specific carbohydrates without altering their covalent structure. Lectin

is also known to protect plants from pathogens, such as microorganisms, pests and insects. The structure

of lectins has been divided into merolectins, hololectins, chimerolectins and superlectins (van Damme et al.,

1998). These are also categorized according to sugar-binding specificities into polyspecific or monospecific.

Their interactions with galactose, mannose, mannose-containing glycan and glucose also have been reported

(Vijayan and Chandra, 1999; Barre et al., 2001). Lectin finds its important place in many areas of research.

The haemagglutinating activity of lectin is used for blood typing. Due to their anti-tumour properties,

these are used in preclinical studies in cancer therapies (Liu et al., 2010). These also play an important role

in immune function, cell growth, cell death, body fat regulation, glycoconjugate study, cell characterization

and cell separation (Sharon, 2008). Molecular weight of lectins ranges from 25,000 to 400,000 Da. In

general, lectin molecule consists of one or more units. When the number of units in such a complex

reduces, a reduction of agglutinating activity is observed (Kik et al., 1989). Lectin stimulates an immune

response and causes various human health-related abnormalities. These bind to mucosal cells of intestine,

affecting blood glucose response causing growth depression in animals (Bardocz et al., 1996). Lectins

interfere with normal gastric secretion for nutrient absorption by enhancing the shedding of bush border

membrane and decrease villus length of small intestine. These are also found to bind with glycan receptors

in the intestinal tract causing discomfort. Other toxic effects registered include nausea, bloating, vomiting

and diarrhoea (Peumans and van Damme, 1996; van Buul and Brouns, 2014).

2.1.5. Biogenic amines

Biogenic amines are nitrogenous, low molecular weight compounds (Fig. 3) which usually get accumulated

in food products as a result of microbial decarboxylation of amino acids or amination, transamination of

aldehydes and ketones (Shalaby, 1996; Silla Santos, 1996). These are aliphatic (putrescine, cadaverine,

spermine and spermidine), aromatic (tyramine and phenylethylamine) and heterocyclic (histamine and

tryptamine) (Silla Santos, 1996), and their prevalence in food is an indication of spoilage (Joosten, 1988).

Biogenic amine formation depends on the availability of free amino acids (Joosten, 1988; Marklinder and

Lönner, 1992; Soufleros et al., 1998), presence of decarboxylase-positive microorganisms (Holzapfel, 2002)

and condition suitable for microbial growth, decarboxylase synthesis and decarboxylase activity (ten Brink
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et al., 1990; Silla Santos, 1996). Several microbial groups possessing decarboxylase activity include Bacillus, 
Citrobacter, Clostridium, Klebsiella, Escherichia, Proteus, Pseudomonas, Salmonella, Shigella, Photobacterium, 
Lactobacillus, Pediococcus and Streptococcus (Rice 
et al., 1976; ten Brink et al., 1990; Huis in’t Veld et 
al., 1990). The formation of biogenic amines has 
been reported in various fermented and non-
fermented foods (ten Brink et al., 1990; Shalaby, 
1996; Silla Santos, 1996). Raw material, 
manufacturing process, pH variation, salt 
concentration and temperature are the influencing 
factors for their formation (Maijala et al., 1995; 
Eerola et al., 1998). Direct relationship between 
temperature and microbial proteolytic and 
decarboxylating activity has been reported by many 
authors (Joosten and van Boeckel, 1988; Maijala et 
al., 1995). Microbial decarboxylase activity 
increases at a low pH and a low salt concentration, 
resulting their formation (Chander et al., 1989; Silla 
Santos, 1996). Consumption of foods rich in 
biogenic amines leads to several human health-
related abnormalities.  
 Tyramine and phenylethylamine are responsible for hypersensitivity and migraine, and histamine is 
related to food poisoning (Parente et al., 2001). Although putrescine, spermine, spermidine and cadaverine do 
not have health effect, those are responsible for food spoilage (Hernández-Jover et al., 1997).  

 
2.1.6. Oligosaccharides 

Oligosaccharides of raffinose family predominate in most legumes (Reddy et al., 1984; Girigowda et al., 2005). 
These get stored during seed ripening 
(Guillon and Champ, 2002). In 1970, it 
was reported that the oligosaccharides 
present in legumes were responsible for 
gas production (Rackis et al., 1970). 
Raffinose is a first member of the series 
followed by stachyose, verbascose and 
ajugose (Fig. 4) (Peterbauer and 
Richter, 2001). Oligosaccharides are 
synthesized by sequential addition of 
galactose units to sucrose linked by a a-
1,6 bond (Peterbauer and Richter, 
2001). 
 

 

2.2. Dietary intake and biochemical effects of antinutritional factors on human health 

Majority of the world population rely on legumes for the basic nutritional requirement, such as protein, calories, 
minerals, carbohydrates and vitamins. Dietary legume improves nutritional value of the undernourished and 
promotes human health by reducing the risk of chronic diseases, such as cardiovascular disease, diabetes and 
cancers (Messina, 1999; Venter and Eyssen, 2001). In addition, legumes when blended with cereals provide a 
good plant-based supplement with balanced amino acid profile, making legumes a good dietary partner of 
cereals (Machaiah and Pednekar, 2002). Fermentation improves the 
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nutritional value of foods by synthesizing certain amino acids, increasing the availability of B-group vitamins,

essential fatty acids and other nutritional components (Sarkar et al., 1996, 1997b, 1998; Giraffa, 2004). A

variety of traditional legume-based fermented foods are being prepared and consumed in India. Such

foods have several human health-related beneficial effects. Food fermentation improves availability of

vitamins and essential amino acids, and combats various nutritional diseases, such as kwashiorkor (a

proteindeficiency disease), diarrhoea, growth retardation, muscle wasting, childhood blindness, beri-beri,

pellagra, etc. (Steinkraus, 2002). As reported earlier, the presence of antinutritional factors causes nutritional

deficiency which leads to serious human health-related abnormalities (Champ, 2002; Holzapfel, 2002).

Tannins reduce protein digestibility, making these partially unavailable for absorption, and inhibit

proper functioning of proteins and other digestive enzymes. These damage mucosal lining of gastrointestinal

tract, and increase excretion of proteins and essential amino acids. Amino acid availability becomes low in

the diets rich in tannins. Moreover, tannins reduce the bioavailability of iron and vitamin B
12

 (Chung et al.,

1998; Francis et al., 2001). Consumption of a high level of tannins (>50 g/kg dry weight) reduces voluntary

feed intake, while medium or low consumption (<50 g/kg dry weight) has no effect (Frutos et al., 2004).

According to Occupational Safety and Health Administration (OSHA), tannins have been listed as a category

I carcinogens (OSHA, 1978). Therefore, it is advisable to reduce the excess intake of tannin-rich foods.

Likewise, the presence of phytic acid in food is a matter of concern. The average daily intake of

phytic acid in a vegetarian diet is estimated to be 2000–2600 mg. For the population of rural areas of

developing countries the intake is estimated to be 150-1400 mg (Reddy, 2002). Ideally, ≤25 mg per 100

g or about 0.035% of the phytic acid-containing food is recommended for better health (Onomi et al.,

2004; Coulibaly et al., 2011). The antinutritional property of phytic acid lies in the fact that it forms

complex with minerals, forming insoluble phytic-mineral complex. Among minerals, low Zn2+ bioavailability

causes most adverse effect to human health. The reduction of Zn2+ absorption results in dwarfism and

hypogonadism (Lopez et al., 2002; Kumar et al., 2010). Also, phytic acid forms complexes with proteins

and the interaction is pH dependent (Cheryan, 1980). The phytic acid-protein complex is not readily

absorbed in the gastrointestinal tract and small intestine of humans, because humans are devoid of phytic

acid-degrading enzyme (Iqbal et al., 1994). This hampers enzymatic activity, protein solubility and protein

digestibility. With carbohydrates, it reduces solubility and digestibility of glucose (Kumar et al., 2010).

Trypsin inhibitor is another important antinutritional factor present in various legumes (Guillamon

et al., 2008). As it is resistant to pepsin and acidic pH of human digestive tract, trypsin inhibitor disturbs

normal functioning of digestive enzymes. It stimulates pancreatic hypertrophy, causes growth retardation

and decreases amino acid absorption. The retardation of growth is governed by the loss of the sulphur-

containing component of trypsin (Messina, 1999). Trypsin inhibitor binds reversibly to trypsin and inhibits its

activity. Then, secretion of pancreozymin-cholecystokinin from the gut wall takes place which in turn

secretes trypsin from pancreatic tissue and stimulates the gall bladder to empty its contents into the

intestine. The synthesis of trypsin in the pancreas results in increased requirement for amino acid cysteine,

leading to loss of sulphur-containing amino acids (Krogdahl et al., 2010).

Haemagglutinin, due to its globular tertiary structure, remains undegraded by digestive enzymes

and causes several health-related problems (van Buul et al., 2014). It interacts with enterocytes and

lymphocytes, causing persistent antigenic responses. A phenomenon, called molecular mimicry, where

haemagglutinin is mistaken as pathogens by antibodies or T-lymphocytes, triggers immunological response

(Cordain et al., 2000). It has been hypothesized that diets rich in lectins result into obesity (Spreadbury,

2012). When present in the blood stream, those bind to cell membranes, arteries and organs such as

joints, kidney, pancreas and brain, causing autoimmune disorders. Other toxic manifestations, caused by

the intake of a high dose of dietary lectin, include nausea, bloating, vomiting and diarrhoea (Kumar et al.,

2013).

Raw food, processed and stored products contain accumulated toxic amines, because of the

activity of microorganisms (Silla Santos, 1996). Presence of biogenic amines in foods leads to serious

human health-related abnormalities. A level of ≥1000 µg amines/g food is considered hazardous to human

health (Taylor, 1985), and an intake of over 40 µg/g per meal has been considered potentially toxic (Nout,
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1994). Among the amines, tryptamine increases blood pressure and hypertension (Shalaby, 1996). Amines,

such as putrescine, spermine, spermidine and cadaverine react with nitrite present in foods by forming

nitrosamines and cause poisoning (Hernández-Jover et al., 1997). Histamine consumption higher than 100

µg causes intense poisoning (Parente et al., 2001). When the intake of amines is high, the detoxification

system present in our body becomes unstable and fails to detoxify these amines effectively. Such an

inadequate detoxification makes their easy entry into the circulatory system, where those induce the

release of adrenaline and noradrenaline which in turn increase cardiac output, migraine, tachycardia, blood

sugar and blood pressure levels (Shalaby, 1996). However, the toxicity threshold of biogenic amines varies

from individual to individual as toxic dose is dependent on the efficiency of the detoxification mechanisms

of each individual (Halász et al., 1994).

Oligosaccharides have been identified as prebiotic agents, a food ingredient beneficial to human

health (van Loo et al., 1999). These promote the health of colon, increase longevity and reduce the risk

of colon cancer (Benno et al., 1989; Koo and Rao, 1991). However, oligosaccharides are considered

antinutrients because these are a major producer of flatulence. Humans are devoid of α-galactosidase to

cleave α-galactosyl linkage. As a result, these intact oligosaccharides are not absorbed by the digestive

tract. The undigested oligosaccharides accumulate in the large intestine and are rapidly degraded by

colonic microflora having α-galactosidase activity and subsequent anaerobic fermentation results in the

production of gases, such as carbon-dioxide, hydrogen and a trace of methane (Guillon and Champ, 2002).

The flatulence is usually accompanied by abdominal pain, nausea, cramps, diarrhoea and discomfort (Tanaka

et al., 1975). Because of the discomfort and social embarrassment associated with flatulence, some people

opt to avoid beans entirely (Messina, 1999).

2.3. Strategies for reduction of antinutritional factors

Protein calorie malnutrition is a current problem among the children of many developing nations (Iqbal et

al., 2006). Legumes being a nutritious food are thought to improve the nutritional status of low-income

groups of a population. The presence of a considerable amount of antinutritional factors is responsible for

the reduction of food quality and poses negative effect on human health (Rehman and Shah, 2005; Iqbal

et al., 2006). Several traditional household food preparation methods can be employed to enhance the

bioavailability of nutrients in plant-based foods by reducing the levels of antinutritional factors. During

processing, it is important that toxic components should be reduced to a minimum level so that those pose

no threat to the health of the consumers. Therefore, several approaches may be considered for their

removal. The processing treatments can be categorized into physical processing and bio-processing.

2.3.1. Physical processing

Physical processing involves the use of simple equipment in households or small industries. Physical processing

includes dehulling, soaking and heat treatment.

2.3.1.1. Dehulling

Dehulling involves removal of seed coat. In a household scale, mortar and pestle are used to dehull seeds,

and in industrial scale machine is used. Dehulled seeds are cooked more easily than seeds with intact seed

coat, thereby reducing the cooking time (Kon et al., 1973; Tharanathan and Mahadevamma, 2003).

Further, during dehulling the antinutritional factors confined to the seed coat are removed (Nakitto et al.,

2015).

2.3.1.2. Soaking

Soaking is routinely followed in a household scale for the preparation of various legume-based foods. The

solvent for soaking is water, salt solution or aqueous alkali solution. After soaking, the soaked medium is

discarded. The duration of soaking usually varies from minutes to hours depending on the condition of

processing steps. Soaking plays a dual role, one is the saving energy cost by shortening cooking time while

the other is removal antinutritional factors (Mulimani and Vadiraj, 1994). Soaking increases the permeability
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of cell membrane and facilitates leaching of the water-soluble antinutritional factors (Ibrahim et al., 2002).

However, soaking temperature, type of soaking medium and length of soaking are the important factors

affecting the removal of antinutritional factors. Soaking also stimulates the endogenous enzyme activity of

seeds, such as polyphenol-oxidase and phytase, causing reduction of antinutrients, like tannins and phytic

acid (Greiner and Konietzny, 1999; Khandelwal et al., 2010). The reduction of phytic acid during soaking

depends on pH, soaking time and soaking temperature (Greiner and Konietzny, 1999). Increase in duration

of soaking inactivates trypsin inhibitor activity to a considerable extent (Ibrahim et al., 2002; Khattab and

Arntfield, 2009). Hence, soaking can be considered as an important stage of processing. When legume

seeds are soaked, oligosaccharides get solubilized and leached out into the soaking medium (Vadivel and

Pugalenthi, 2009). Aqueous or alcoholic extraction of legumes, change in pH, temperature or humidity

leads to reduction in flatulence (Calloway et al., 1971).

2.3.1.3. Cooking

Cooking is a process which facilitates leaching of antinutritional factors into the cooking medium. Heat

treatment reduces the phytic acid content, thereby making the availability of iron, zinc and calcium for

absorption. Cooking effectively reduces heat-labile antinutritional factors, such as trypsin inhibitor and

haemagglutinins, thereby enhancing protein quality of the cooked product (Shimelis and Rakshit, 2007).

Increase in temperature during cooking unfolds the protein structure, and these unfolded proteins are

more susceptible to digestive enzymes (Sathe et al., 1984). Successive soaking and cooking are more

effective in reducing antinutritional factors than cooking alone (Nout et al., 1993; Embaby, 2010; Kalpanadevi

and Mohan, 2013).

While considering the effect of cooking, it becomes essential to what extent nutritional compo-

nents get affected so as to improve the nutrition of legume-based product by inactivating the levels of

antinutritional factors. To minimize the levels, selection of shorter cooking time and use of steaming rather

than simple boiling are necessary. One such example is autoclaving which is a moist heating technique

where cooking is done under high pressure. Further, autoclaving also shortens the duration of cooking.

High-pressure cooking imparts hydrostatic pressure on foods which sterilizes food, denatures proteins, and

controls the enzymes and other chemical reactions without causing any physical damage to the raw

material. However, in household scale, pressure cooker instead of autoclave is used. The reduction of

antinutritional factors during pressure cooking has been reported by Akande and Fabiyi (2010).

2.3.2. Bio-processing

In the traditional method of legume food preparation, after soaking and cooking, legumes are further

processed. Sometimes soaked seeds are germinated or fermented depending on the type of food being

prepared. During germination as well as fermentation, there is involvement of enzyme(s) which are either

present endogenously in the seeds or produced by microorganisms. Some of the bio-processing strategies

used and their possible role in the reduction of antinutritional factors are discussed below.

2.3.2.1. Germination

Germination is a process of intake of water by seeds followed by seed coat weakening, metabolism and

growth initiation. In legumes, several enzymes take part in the hydrolysis of seed storage proteins. Many

proteinaceous antinutritional factors, such as haemagglutinin, amylase and trypsin inhibitors get reduced

during germination (Savelkoul et al., 1992; Uwaegbute et al., 2000; Kalpanadevi and Mohan, 2013). During

germination, the activity of polyphenol-oxidase is high- the condition which is beneficial for the reduction

of tannins (Savelkoul et al., 1992; Khandelwal et al., 2010). Germination induces the synthesis of phytase

too. Plant seeds utilize phytic acid as a source of inorganic phosphorus during germination and in turn

increase the nutritive value of seeds (Kumar et al., 2010). When seeds germinate, reserve nutrients are
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released, and vitamin and mineral contents are increased. Germination mobilises reserve nutrients such as

native proteins, required for the growth of plant seedlings and removal of antinutritional factors (Uwaegbute

et al., 2000). Germination plays a positive role in the removal of trypsin inhibitor activity (Savelkoul et al.,

1992; Kumar et al., 2006).

2.3.2.2. Fermentation

Fermentation is the oldest method of food processing and preservation (Nout and Rombouts, 1992). It is

defined as a biochemical modification of primary food products brought about by the activities of

microorganisms and their enzymes (Mortajemi and Nout, 1996). The substrate for fermentation can be

whole grains, ground products or processed products. Fermentation can be initiated either by following

natural fermentation or by selection of pure culture. In traditional food preparation, fermentation is accelerated

by the addition of a starter culture of selected microbes or addition of a small amount of already fermented

material (back-slopping). This accelerates the initial phase of fermentation and imparts a desirable change

to the product. Fermentation enhances taste, aroma, texture, shelf-life and nutrition, and detoxifies food

(Mortajemi and Nout, 1996; Steinkraus, 2002). Legume fermentation is popular as it provides improved

digestibility, micronutrient availability, biosynthesis of vitamins, essential amino acids and reduction of

antinutritional factors. Reduction of antinutritional factors during fermentation is important because the

presence of these antinutrients affects protein and starch digestibility, and reduces bioavailability of calcium,

magnesium, iron and zinc in foods (Holzapfel, 2002). Tannins reduce the solubility of iron, zinc and calcium.

Fermentation lowers the pH and provides an optimal condition for enzymic degradation of tannins. In

addition, low pH favours phytase activity, resulting in the reduction of phytic acid content (Sandberg,

2002). Microbial phytase originates either from the microbiota on the surface of legumes or from the

inoculum of the starter culture which helps to hydrolyze phytic acid to inositol phosphates (Sandberg,

1991). Fermentation reduces trypsin inhibitor activity, increases availability of essential amino acids and

improves protein digestibility. Trypsin inhibitor activity gets reduced with the increase in microbial growth

during fermentation (Holzapfel, 2002). Haemagglutinin is heat-labile and can be destroyed upon heat

treatment prior to fermentation. Some traditional Indian fermented foods, such as idli and dhokla, are

prepared by soaking and fermentation before final steaming. In such cases, haemagglutinating activity can

still be detected (Reddy and Pierson, 1994). The haemagglutinin, present in fermented batter, can be

reduced by heat treatment or steaming. During food processing and preparation, toxic amines get

accumulated as a result of microbial action during fermentation (Shalaby, 1996). High temperature favours

the formation of biogenic amines, because at high temperature proteolytic and decarboxylating reaction

rates increase (Maijala et al., 1995). A better understanding of the mechanism of biogenic amine formation

during fermentation and its control during food processing becomes necessary. Lactic acid fermentation

reduces oligosaccharides of legumes (Azeke, et al., 2005; Refstie et al., 2005; Du et al., 2012).

2.3.2.3. Enzymic processing

Enzymic removal of antinutritional factors depends on the level of endogenous enzymes and supply of

extracellular enzymes from any biological source. During food processing, many endogenous enzymes

become activated, and the addition of extracellular enzymes further helps in the reduction of antinutritional

factors. Polyphenol-oxidase reduces tannins content (Sandberg, 2002). About 60% reduction of phenolic

compounds and improvement of iron availability by applying 1500 U/g polyphenol oxidase have been

reported by Sandberg (2002). The fungal tannase also has a reducing effect on phenolic compounds

(Gustafsson and Sandberg, 1995). Phytic acid gets hydrolyzed by the activity of phytase which is naturally

present in plants and microorganisms. Phytase removes six phosphorus groups one by one from the inositol

ring of phytic acid (Hurrel, 2003). A complete removal of phytic acid and an increase in mineral availability

can be achieved by the addition of extracellular phytase. Nowadays, commercial phytase of microbial origin

are available for their use in food processing industries. The commercial phytase isolated from Aspergillus

niger, named under the trademark Natuphos®, is made into use to improve the availability of
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phytate phosphorus of corn-soybean meal diets (Yi et al., 1996). Phytase has been isolated and  
characterized also from a number of plant sources, such as soybean (Hamada, 1996), maize 
(Maugenest et al., 1999), wheat (Nakano et al., 1999) and rye (Weremko et al., 1997). A number 
of microorganisms associated with fermentations exhibit the potentiality of degrading biogenic 
amines through the production of mono- and di-amino-oxidases (Leuschner et al., 1998). 
Degradation of oligosaccharides could also be achieved by using microbial or plant α-
galactosidase (Somiari and Balogh, 1995). 

2.4. Some common legume-based fermented foods of India 

Indigenous food fermentation is the oldest food biotechnological process where the activity of 
microorganisms plays an important role. The art of food fermentation might have originated long 
back through trial and error to standardize the processing conditions. Such a traditional 
technology is believed to be passed from one generation to the next with the aim to preserve 
ethnic values. Different types of fermented foods are still being prepared in a household-scale or 
small-scale industries using relatively simple available resources and facilities. Varied groups of 
microorganisms are involved in the production of fermented foods. They act either alone or in 
combination for the production of particular foods (Aidoo et al., 2006; Sharma and Sarkar, 2015). 
Microorganisms possessing this activity might be indigenously present in substrates or may be 
added as a starter culture where substrates are transformed biochemically and organoleptically 
into new upgraded edible products (Harlander, 1992; Campbell-Platt, 1994; Steinkraus, 1996). 
Some of the popular legume-based traditional fermented foods prepared and consumed all over 
India are shown in Table 1. 

 

 Fermented foods are always preferred than non-fermented ones due to their good 
keeping quality under ambient conditions, safety and acceptability (Holzapfel, 2002). A 
fermented product enhances food security and income generation to the livelihoods of both rural 
and peri-urban dwellers residing in different geographical regions of India (Sharma and Sarkar, 
2015). Some of the popular legume-based fermented foods and their preparation processes have 
been discussed below. 
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2.4.1. Kinema 

Kinema is a food of the Nepalese residing in the hilly areas of Indian Himalayan regions. In Darjeeling hills 
and Sikkim, it is sold in local periodic markets, called ‘haat’, by rural women belonging to different ethnic 
communities. They sell by taking known weight of fresh kinema wrapped in a locally available leaf which is 
tied loosely by straw to make small pouches (Fig. 5). Sun-dried kinema sealed in transparent plastic pouch 
is sold along with fresh kinema. In India, kinema is popular by different names, hawaijar in Manipur, 
tungrymbai in Meghalaya, bekang in Mizoram, aakhone in Nagaland, and aagya, chukchoro, peron namsing 
and peruyyan in Arunachal Pradesh. Their preparation method and consumption mode are more or less 
similar (Sarkar and Nout, 2014). Some of the kinema-like fermented soybean foods reported in literature 
are ‘natto ’ in Japan, ‘thua-Nao ’ in Thailand, ‘douchi ’ in China, ‘chungkook- Jong ’ in Korea, ‘tao-si’ in 
Philippines and ‘dawadawa’ in western Africa (Sarkar et al., 1994; Shrestha and Noomhorm, 2001; Hu et al., 
2010) 

 Traditionally, kinema is prepared by overnight soaking seeds of Small Yellow variety of soybean 
(Glycine max (L.) Merr.) at 10-25°C for 8-12 h. After draining soak water, fresh water is added to soaked 
beans and cooked for 2-3 h until those become soft and can easily be crushed between finger tips. The 
cook water is discarded and cooked beans are cooled, placed in a wooden mortar and crushed to make grits 
of mainly half-cotyledons using a wooden pestle. The split beans are transferred to a bamboo basket, made 
with internal lining of sackcloth and locally available fern (Athyrium sp.) fronds or leaves of banana (Musa 
paradisiaca L.), Leucosceptrum canum Sm., Macaranga pustulata King ex Hook.f., Ficus hookeriana  
Corner or Bauhinia vahlii Wight & Arn. Usually, a small amount 
(~1%) of firewood ash is added to the crushed grits to maintain 
the condition alkaline. The whole preparation is kept for about 1-3 
days in a warm place, usually above a traditional earthen oven in 
kitchen. Appearance of a white viscous fluid on beans and a typical 
kinema flavour dominated by mild smell of ammonia is a sign of 
successful fermentation. Formation of a characteristic long string 
when stretched the viscous fluid with fingers indicates a good-
quality kinema. Fresh kinema keeps for two to three days during 
summer and a maximum of one week in winter without 
refrigeration. However, sun-dried kinema can be stored for several 
months at room temperature. Fresh kinema, when fried in oil, loses its ammoniacal smell leaving a 
persistent nutty odour. A thick kinema curry is prepared with added chopped vegetables, spices and salt, 
and is taken with steamed rice. Sun-dried kinema is reconstituted by adding warm water and made to 
curry. Microorganisms responsible for the fermentation include Bacillus subtilis which is predominant. Other 
species of Bacillus, such as B. licheniformis, B. cereus, B. circulans, B. thuringiensis and B. sphaericus , are 
also present (Sarkar et al., 2002). Enterococcus faccium, Candida parasilosis and Geotrichum candidum 
accompany traditional fermentation processes (Sarkar et al., 1994; Sarkar and Nout, 2014). 

2.4.2. Idli 

Idli is prepared from dehulled blackgram (Vigna mungo (L.) Hepper; synonym Phaseolus mungo L.) dal and 
white polished rice (Oryza sativa L.). It is indigenous to south India, and over recent times it has gained 
popularity throughout India and abroad. It is a preferred snack food item in the institutions, army, railways 
and industrial canteens, etc. (Balasubramanian and Viswanathan, 2007). From nutritional point of view, idli 
is considered an ideal human food suitable for all age groups and at all times (Jama and Varadaraj, 1999). 
Traditionally, it is prepared by soaking dal and rice separately in tap water at ambient temperature (Ghosh 
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and Chattopadhyay, 2011). After soaking, soak water is discarded. The soaked dal is ground to a smooth 
mucilaginous paste and rice is coarsely ground to slurry. The paste and slurry are mixed at different ratios 
with the addition (1-2%) of common salt to form a thick batter (Balasubramanian and Viswanathan,2007). 
The batter is taken in a closed container and left to ferment for 14-24 h (Iyer and Ananthanarayan, 2008). 
The period of fermentation varies depending on the convenience of preparation. During fermentation, the 
batter volume rises two-fold. Fermentation is achieved by the growth of lactic acid bacteria which produce 
lactic acid and carbon-dioxide that make the batter anaerobic and leaven the product (Steinkraus, 2002). 
The fermented batter is thoroughly mixed in order to expel the gas formed due to the release of carbon-
dioxide. The batter is dispensed in cups of idli steamer having a batter-holding capacity of about 40 ml 
and steamed until starch is gelatinized to prepare white, soft and spongy muffins bearing a honey-comb  
crumb interior and having a pleasant acid flavour (Aidoo et al., 2006; Rakshit et al., 2015). Idli is served 
hot, and usually eaten with chutney (a batter made of coconut) and sambar (spicy vegetable soup 
containing tamarind juice) (Fig. 6). Idli batter fermentation is an auto-fermentation process. 
Microorganisms present in the raw ingredients as well as 
the environment determine the nature microbiota 
involved. The major microorganisms involved in the 
leavening process are hetero-fermentative lactic acid 
bacterium, Leuconostoc mesenteroides and 
homofermentative lactic acid bacterium, Streptococcus 
faecalis, which regulate the acidity of batter (Mukherjee 
et al., 1965). Other microorganisms associated during idli 
batter fermentation include Leuconostoc mesenteroides, 
Enterococcus faecalis and Pediococcus dextrinicus, and 
yeasts such as Saccharomyces cerevisiae, Pichia 
anomala, Debaryomyces hansenii, Trichosporon pullulans 
and Trichosporon cutaneum (Nout et al., 2007). 

 

2.4.3. Dhokla 

Dhokla, a popular food of Gujarat, is commonly available in sweet shops and can be easily prepared at 
home. The preparation procedure of dhokla is more or less similar to idli; the difference is that 
bengalgram (Cicer arietinum L.), instead of blackgram, is used (Ray et al., 2016). The antioxidative 
property of dhokla helps to cure oxidative stressed-induced diseases (Moktan et al., 2011).  

 Traditionally, dhokla is prepared by soaking 
bengalgram dal and white polished rice separately in tap 
water for 5-10 h at room temperature (Reddy et al., 
1983; Roy et al., 2007a). Soak water is drained. Soaked 
dal is ground to soft batter, and rice is ground to coarse 
slurry. The batter and slurry are mixed with the addition 
(1-2%) of common salt. The ratio of batter and slurry 
varies. The mixed batter is left overnight for 12-14 h at 
an ambient temperature (Joshi, 2016). The two-fold rise 
in the batter volume indicates completion of 
fermentation. The fermented batter is poured into a 
greased tray and steamed in an open condition for 15-20 

min to obtain soft and spongy cake (Purushothaman et al., 1993). After cooling, dhokla is cut into 
different shapes. While serving, it is usually garnished and flavoured by sprinkling grated coconut, fried 
mustard seeds and chopped curry (Murraya koenigii (L.) Spreng) leaves (Fig. 7). 
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Good-quality dhokla should have a slightly sour taste having a pleasant acid flavour. Enhanced organoleptic

quality, nutritional value and improved digestibility have made dhokla a well-accepted food item suitable for

all age groups (Ramakrishnan, 1979). Microorganisms associated with the fermentation include lactic acid

bacteria, such as Leuconostoc mesenteroides, Lactobacillus fermentum and Streptococcus faecalis.

Yeasts, like Torulopsis spp. Pichia silvicola and Candida sp. are responsible for the rise in volume of batter

and imparting sponginess to the product (Joshi et al., 1989; Steinkraus, 1996; Blandino et al., 2003).

2.5. Safety aspects

Traditional food fermentation involves preparation of food by employing simple household techniques

without prior knowledge on microbiology, chemistry and food hygiene. Fermented foods are consumed

daily by billions of people considering it safe for human consumption. However, the issues related to food

safety are also important. Improperly prepared and unhygienic foods cannot be considered as safe. Unhygienic

handling during processing poses great threat to the health of the consumers. Contaminated water,

environment where foods are being prepared have negative effect on safety of foods (Steinkraus, 2002).

Inadequate storage and cooking may reduce the safety of fermented foods (Nout, 1994).

There are various components in food systems which are hazardous to human health. The hazards

are due to the property of food itself which includes naturally present antinutritional factors in those or

generated during processing, such as biogenic amines (Adams, 2001). Household preparation of fermented

products often involves the reduction of processing time. These have serious impact on safety and nutritional

quality of food products. Time saved by shortening of fermentation period may affect functioning of

beneficial microorganisms or enzymic degradation of antinutritional factors (Motarjemi, 2002). The constraints

of processing time can be alleviated by the use of fermentation starter cultures (Holzapfel, 2002). Optimization

of household processing stage parameters might be helpful to minimize toxic compounds, like biogenic

amines and other antinutritional factors (Nout, 1994; Holzapfel, 2002). Such manoeuveration of processing

parameters can be helpful for the production of more nutritious and safe foods.

Food safety in a broader sense can be achieved through production, storage and handling in a

safer way to avoid food intoxicants and other detrimental effects associated with consumption (Adams

and Nout, 2001). Safety provides commercial reputation to prepare foods. Application of proper safety

measures leads to the improvement of overall quality of a food (Motarjemi, 2002). Food safety assurance

mainly fall into two category, namely good manufacturing practices (GMP) where safety action is taken

during purchase of raw materials, processing, transport and distribution, and good hygienic practice (GHP)

which ensures that food products are safe for consumption (Mortarjemi, 2001). Such manufacturing and

hygienic practices could be used to improve quality and safety by employing the hazard analysis and critical

control point (HACCP) system. The HACCP system is defined as a system which identifies, evaluates and

controls hazards during foods processing and ensures safety of foods (Mortarjemi, 2001). While improving

safety and nutritional value by reducing antinutritional components present in foods, a regular interaction

among the scientists, producers/processors and consumers is necessary so as to ensure acceptable and

cost-effective changes of food products.
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                                                                                                                    3
Materials and Methods

3.1. Materials

3.1.1. Culture media

MRS agar (M641; HiMedia Laboratories Pvt. Ltd, Mumbai, India)

Plate Count Agar (HiMedia M091A)

Tryptone glucose yeast extract agar (HiMedia M014)

3.1.2. Chemicals

Acetonitrile (PubChem CID: 6342; 25251 L25; S.D. Fine-Chem Limited (SDFCL), Mumbai)

4-aminoantipyrine (PubChem CID 2151; A4382; Sigma-Aldrich, St Louis, MO)

Casein (PubChem CID 73995022; HiMedia RM087)

Catechin (PubChem CID 73160; Sigma-Aldrich C1251)

Diamine oxidase (EC 1.4.3.6; Sigma-Aldrich D7876)

di-Sodium hydrogen phosphate (PubChem CID 24203; HiMedia TC051)

Ferric chloride (PubChem CID 24380; SDFCL 38379)

Ferric nitrate (PubChem CID 25251; HiMedia RM1376)

Histamine dihydrochloride (PubChem CID 5818; Sigma-Aldrich H7250)



MATERIALS AND METHODS       17

Horseradish peroxidise (EC 1.11.1.7; Sigma-Aldrich P6782)

Hydrochloric acid (PubChem CID 313; 61262325001046; Merck Specialities Pvt. Ltd, Prabhadevi, Mumbai)

Lactic acid (PubChem CID 612; HiMedia RM243)

Methanol (PubChem CID 887; Merck 1.06009.2500)

Nitric acid (PubChem CID 944; Merck 61752505001046)

Petroleum ether (PubChem CID 241; Merck 61782225001730)

Phenol (PubChem CID 966; Merck 82229605001046)

Potassium hydroxide (PubChem CID 14797; HiMedia RM1015)

Potassium thiocyanate (PubChem CID 516872; SDFCL 39666)

Raffinose (PubChem CID 10542) (Fluka Sigma-Aldrich 83400)

Sodium chloride (PubChem CID 5234; Merck 61751905001730)

Sodium dihydrogen phosphate (PubChem CID 23672064; HiMedia TC068)

Sodium hydroxide (PubChem CID 14798; Merck 61757305001046)

Stachyose (PubChem CID 439531) (Sigma-Aldrich S4001)

Sucrose (PubChem CID 5988) (Fluka Sigma-Aldrich 84100)

Trichloroacetic acid (PubChem CID 6421; Merck 82234205001730)

Tris buffer (PubChem CID 6503; 204982; Sisco Research Laboratories Pvt. Ltd, Mumbai)

Trypsin (EC 3.4.21.4; HiMedia RM618)

Vanillin (PubChem CID 1183; HiMedia RM616)

Verbascose (PubChem CID 441434) (Fluka Sigma-Aldrich 56217)

Xylose (PubChem CID 644160) (Sigma-Aldrich 95729)

3.1.3. Reagents

Acidified methanol

Conc. HCl  10 ml

Methanol            990 ml

Casein solution

Casein   2.0 g

Phosphate buffer (0.1 mol/l, pH 7.6)  100 ml

Ferric chloride solution

FeCl
3

  5.78 mg

Trichloroacetic acid (30 g/l)   1 ml

Peptone physiological saline

Peptone   1.0 g

NaCl   8.5 g

Distilled water         1000 ml

pH 7.0

Phenolphthalein solution

Phenolphthalein                                 0.1 g

Methanol                                        95 ml

Distilled water                                   5 ml

Phosphate buffer (0.1 mol/l)

Na
2
HPO

4
.7H

2
O           23.3 g

NaH
2
PO

4
.H

2
O                        1.8 g

Distilled water       1000 ml

pH 7.6

Stock trypsin solution

Trypsin            5 mg

HCl (0.001 mol/l)        100 ml
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Vanillin reagent

Solution A

Vanillin             1.0 g

Methanol          100 ml

Solution B

Conc. HCl             8 ml

Methanol           92 ml

Solutions A and B were mixed in equal proportions just before use.

3.2. Experimental

3.2.1. Preparation of samples

Raw soybean, raw blackgram dal, raw bengalgram dal and raw rice were powdered using a blender (Bajaj

Electricals, Mumbai). Soaked products (soybeans, dal and rice) and cooked soybean were made to paste.

The dal-rice mixed (unfermented and fermented) batters were divided into two sets, one for the estimation

of viable cell count, pH and titratable acidity, while the other set as well as pastes of cooked and fermented

soybeans, raw substrate powders, soaked dal pastes and macerated dhokla and idli were left overnight at

-20°C, lyophilized (Eyela freeze dryer, FDU-506, Tokyo Rikakikai Co. Ltd, Tokyo, Japan) and powdered. The

lyophilized powdered samples were used for the evaluation of antinutritional factors.

3.2.2. Extraction and estimation of antinutritional factors

3.2.2.1. Tannins

The method described by Price et al. (1978) was followed for the estimation of tannins. Powdered sample

(200 mg) was mixed with 10 ml acidified methanol and shaken at 25°C for 1 h. The mixture was centrifuged

(3000 g, 15 min) and the clear supernatant was collected. The extraction process was repeated once and

pooled. Fresh extract (1 ml) was added with 5 ml of vanillin reagent. The mixture was incubated at 30°C

for 20 min before taking absorbance at 500 nm using a UV–Vis spectrophotometer (Type 118; Systronics,

Ahmedabad, India). The tannins content was expressed as catechin equivalent using the standard curve

of catechin and the formula:

where, C was the concentration obtained from the standard curve.

3.2.2.2. Phytic acid

Phytic acid was extracted and estimated following the method of Wheeler and Ferrel (1971). A 3 g-sample

was mixed with 50 ml of 30 g/l trichloroacetic acid (TCA) and shaken on a rotary shaker (Bti-43; Bio-

Technics, Mumbai) at 25°C for 30 min followed by centrifugation (10,000 g, 10 min). A 4 ml-ferric chloride

solution was added to 10 ml of the supernatant, boiled in a water bath for 45 min and centrifuged (10,000

g, 10 min). The supernatant was allowed to react with 3 ml of 1.5 mol/l sodium hydroxide solution. The

red precipitate formed was dissolved with 40 ml of hot 3.2 mol/l conc. nitric acid and filtered using

Whatman no. 2 paper. The iron content in the samples was estimated at 480 nm immediately after adding

20 ml of 1.5 mol/l potassium thiocyanate solution. Phytate phosphorus was calculated from the iron

results, assuming 4:6 of iron:phosphorus molar ratio. Phytic acid was estimated by assuming that 0.282 g

phosphorus was present per gram sample (Deshpande et al., 1982). Calculation of iron content was made

from the standard curve prepared using ferric nitrate as standard.
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3.2.2.3. Trypsin inhibitor activity

Approximately 5 g of lyophilized samples were defatted using petroleum ether, based on the method

described by Sarkar et al. (1996). The solvent was evaporated off at room temperature. The procedure of

Kakade et al. (1969) was then followed to assay trypsin inhibitor activity. About 1 g defatted powdered

sample was mixed with 19 ml distilled water (pH 7.6). The suspension was shaken at 25°C for 1 h and

centrifuged (11,000 g, 20 min). The supernatant was pooled and diluted to 50 ml using phosphate buffer.

An aliquot (0.2–1.0 ml) of the extract was taken into each of a triplicate set of test tubes (one set for

each level of extract). The volume was bought to 1.0 ml using phosphate buffer. To each tube, 1 ml of

stock trypsin solution was added. The tubes were placed in a water bath at 37°C. One of the triplicate

sets was added with 6 ml of 50 g/l TCA solution which served as a blank. To each of the other tubes, 2 ml

of warmed (37°C) casein solution was added. All the tubes were allowed to stand at 37°C for 20 min and

added with 6 ml of 50 g/l TCA solution to terminate the reaction. After standing for 1 h at room temperature,

the suspension in the tubes was filtered using Whatman no. 1 paper. Absorbance of the filtrate was

measured at 280 nm against the blank. One unit (U) of trypsin inhibitor activity was defined as a decrease

in A
280

 of 0.01, relative to the blank, in 20 min using a 10 ml assay volume.

3.2.2.4. Haemagglutinating activity

The method described by Liener and Hill (1953) was followed for the determination of haemagglutinating

activity. A 1 g-sample was mixed with 10 ml of 9.0 g/l sodium chloride solution, blended for 1 min, allowed

to stand for 15 min and centrifuged (10,000 g, 20 min). Human blood sample (B-group female), collected

from the Health Centre of the University of North Bengal, was diluted four times with cold 9.0 g/l sodium

chloride solution and the suspension was centrifuged (313 g, 10 min). The sediment, after washing with

sodium chloride solution until the supernatant became colourless, was diluted with sodium chloride solution

to obtain a final red blood cell (RBC) concentration of 4% (v/v).

The sample extract was diluted with sodium chloride solution to get 10 different serial 2-fold

dilutions of the extract (1:0-1:528). A 0.2 ml of the RBC suspension was added to each of the 10 tubes

having dimension of 10 x 75 mm containing 0.5 ml of the diluted sample extract. After incubating the

mixture at 37°C for 1 h, agglutination was checked by observing settling of the cells down to the bottom

of the test tube. The tubes were graded (0 to 4+) to measure the degree of agglutination. One

haemagglutinating unit (U) is defined as the least amount of haemagglutinin which produced positive

agglutination (1+) under the condition of the experiment. Haemagglutinating activity was calculated as

follows:

where, D
a
 was dilution factor of the extract in tube 1 (which is 1), D

b
 was dilution factor of the tube

containing 1 HU, S represented the volume of original extract per gram sample (which was 10 ml) and V

represented the volume of extract in tube 1 (which was 0.5 ml).

3.2.2.5. Total biogenic amines

Total biogenic amines content was assayed according to the method described by Yeh et al. (2006). A 5

g-sample was mixed with 50 ml of 200 g/l TCA solution and homogenized for 10 min using a magnetic

stirrer. The supernatant (10 ml) was diluted 10 times using distilled water and filtered using a Whatman no.

1 paper.

The filtrate was adjusted to pH 9.0 with 0.5 g/ml potassium hydroxide and centrifuged (700 g, 5

min). The clear supernatant (1 ml) was mixed with 0.45 ml of the colour-developing reagent (4 parts of

1.5 mol/l Tris buffer pH 9.0, 1 part of 400 mmol/l 4-aminoantipyrine and 1 part of 40 mmol/l phenol), 0.5

ml of 300 mU/ml diamine oxidase and 0.05 ml of 175 U/ml horseradish peroxidase type VI-A. After incubating

the mixture at 50°C for 1 h, the absorbance was read at 505 nm and compared with the standard curve

prepared using histamine dihydrochloride as standard.
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3.2.2.6. Oligosaccharides

The powder samples of raw, soaked, mixed batters (both unfermented and fermented) and macerated

idli were defatted with distilled petroleum ether in a Soxhlet extractors. The extract was evaporated at

below 45°C in a rotary vacuum evaporator and quantified gravimetrically to use for fat correction during

calculation of the oligosaccharide content of the defatted samples on dry weight basis. Defatting was

followed by deproteination and oligosaccharide extraction by the procedure describe by Knudsen (1986).

Defatted sample (approximately 1 g) was mixed with 10 ml distilled water and brought just to boiling.

Then the mixture was shaken in a 60°C-water bath for 5 min, made up to 10 ml with distilled water and

centrifuged at 1100 g for 10 min. The supernatant (3.5 ml) was mixed thoroughly with 6.5 ml HPLC grade

acetonitrile and left overnight at 4°C. After filtering through a G3 sintered glass filter, an aliquot of the

filtrate was placed in a 5-ml glass vial for HPLC analysis.

The estimation of oligosaccharides was done following the method described by Sarkar et al.

(1997a). The chromatographic system (Waters Associates, Milford, MA) consisted of Waters isocratic 515

pump, a Rheodyne manual injector equipped with a 5-µl sample loop, a Waters column heating attachment,

a Waters carbohydrate column (3.9 mm i.d. x 30 cm), a Waters guard-pak column, and a refractive index

detector model 2414 (Waters). The mobile phase used for elution was acetonitrile-water (HPLC grade)

(65:35, v/v) and the flow rate was constant at 1.0 ml/min. The column and detector were maintained at

31°C. The run time for the chromatogram was maintained for 13 min.

Identification and quantification of sugars present in the samples were done by comparing each

peak retention time and area with those of the standards. The quantity of each sugar was corrected

based on the recovery ratio of the internal standard. The standard sugars used were D(+)-sucrose, D(+)-

raffinose, stachyose and verbascose. D(+)-xylose was used as an internal standard since it does not interfere

with the oligosaccharides. The chromatographic data were collected and plotted using Waters Empower

2 software.

3.2.3. Microbiological analysis

A 10 g-sample of unfermented mixed batter and batters from each combination of fermentation conditions

as per central composite rotatable design (CCRD) of idli and dhokla preparation was aseptically weighed

and homogenized with 90 ml of sterile peptone physiological saline for 1 min at ‘normal’ speed using a

Stomacher lab-blender 400 (Seward Medical, London, UK). Serial decimal dilutions were made using the

same diluent. One millilitre of the appropriate dilutions was mixed with molten media and poured into

plates. After incubation, the colonies appearing on the plates were counted as colony forming unit (cfu)

per gram fresh weight sample.

3.2.3.1. Total aerobic mesophilic bacteria

The viable counts of total aerobic mesophilic bacteria were carried out in pour-plates of plate count agar,

which were incubated at 37°C for 24 h.

3.2.3.2. Lactic acid bacteria

Lactic acid bacteria were enumerated in pour plates of Lactobacillus deMan, Rogosa and Sharpe (MRS)

agar, incubated at 37°C for 48 h in an anaerobic culture jar (HiMedia LE002) with Anaerogas pack (HiMedia

LE002A).

3.2.3.3. Yeasts

For yeast count, tryptone glucose yeast extract agar, supplemented with 10 IU/ml benzylpenicillin and 12

mg/ml streptomycin sulphate, was used. The plates were incubated at 37°C for 24 h.

3.2.4. Physicochemical analysis
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3.2.4.1. pH 

The pH of soak water of both dal and rice under different experimental conditions was measured using a 
CyberScan pH 510 meter (Eutech instruments, Thermo Fisher Scientific, Mumbai). For pH of mixed batter, a 
100 g-sample was mixed with 20 ml of carbon dioxide-free distilled water for 1 min, equilibrated to 25°C 
before measuring pH (AOAC, 1990). 
 

3.2.4.2. Titratable acidity 

A 10 g-sample was blended with 90 ml of carbon dioxide-free distilled water for 1 min. The mixture was 
filtered. About 25 ml of the filtrate was titrated with 0.1 mol/l sodium hydroxide to an end point of 
phenolphthalein (AOAC, 1990). 

                  

 

3.2.5. Sensory analysis 

Kinema prepared under optimized processing condition, and idli and dhokla prepared under different 
experimental conditions of fermentation and optimized steaming time were evaluated for organoleptic quality 
by a panel of 10 trained judges. An overall sensory quality was considered using a 100-point score card 
(Tables 2-4). Analysis of the samples was conducted in triplicate. 

 

3.2.6. Minimization of antinutrients using response surface optimization of processing 
parameters 

3.2.6.1. Experimental design 

RSM was used to optimize numerically the processing variables of kinema, idli and dhokla making to minimize 
the level of antinutritional factors, namely tannins, phytic acid, trypsin inhibitor activity, haemagglutinating 
activity, total biogenic amines and oligosaccharides. The preliminary experimental trials and literature survey 
data were used for the selection of the levels of processing variables. Experimental design consisted of a 
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series of experimental runs, fitting the mathematical models and finally selecting variable levels by optimizing the 
response. The variables optimized were soaking, cooking and fermentation for kinema preparation, and soaking, 
fermentation and steaming for idli and dhokla preparation. The coded levels used for each stage of processing 
were: corner (±1), central (0) and axial (±1.682). Randomized experiments were conducted and an optimized 
processing condition was obtained using Design Expert version 8.0 (Stat-Ease Inc., Minneapolis, MN). After 
optimization of the first processing stage parameters, the successive stages were optimized. After model fitting 
of each processing stage, 3D response surface plots were generated to decipher the relation between 
independent and response variables. A separate experiment using MINITAB 
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15.1.1.0 (Minitab Inc., State College, PA) was performed to determine optimum soaking conditions for 
reduction of oligosaccharides in blackgram dal and rice. The optimized soaking condition was used to 
determine oligosaccharide contents in the subsequent stages, i.e. fermentation and steaming. 
 
3.2.6.2. Fermented foods 
 
3.2.6.2.1. Kinema 

The three processing stages of kinema preparation, i.e. soaking, cooking and fermentation were 
optimized. The upper and lower limits of the independent variables selected for each stages of kinema 
preparation were shown in Table 5. 

 

3.2.6.2.1.1. Soaking 

Yellow variety soybeans were purchased from a retail shop in Kurseong town and kept in an air-tight 
aluminium container at room temperature until use (within 2 weeks). The beans were soaked in water 
under different conditions as per the CCRD generated. Soaking was performed by analyzing the effect of 
four independent variables, namely raw beans-water ratio (w/w), soaking time (h), soaking temperature 
(°C) and initial pH of soaking water. The pH of water was adjusted to a desired level using 0.1 mol/l lactic 
acid and 0.1 mol/l NaOH. The temperatures were controlled by placing the soaked beans in incubators, set 
at desired temperature levels. The soaking stage consisted of 30 experimental runs with 16 factorial 
points, eight axial points and six replicates at centre points (Table 6). Experiments were conducted and 
the antinutritional factors levels were evaluated. After numerical optimization, the optimally soaked beans 
were subjected to further processing and optimization. 
 
3.2.6.2.1.2. Cooking 
 
The optimally soaked beans were used for optimization of cooking. The cooking stage comprised of three 
independent variables, namely soaked beans-water ratio (w/w), cooking time (min) and cooking pressure 
(kg/cm2). Experimental design consisted of 20 experimental runs with eight factorial points, six axial 
points and six replicates at the centre point (Table 7). The soaked bean-water ratio was maintained by 
adding fresh water to the bottles containing soaked beans. Then the bottles were loosely capped and 
autoclaved at different pressure levels according to the experimental design. After autoclaving, pressure 
was released immediately and the cook water in the bottles was drained out quickly under aseptic 
condition to minimize excess heating of beans. However, a little amount of free water was allowed to 
remain inside the bottles. 
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After cooling, the samples were prepared for the evaluation of antinutritional factors. Experiments for the 
evaluation of antinutritional factors were conducted and the optimum cooking condition was determined. 
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3.2.6.2.1.3. Fermentation 

Optimally soaked and cooked beans were crushed aseptically to grits of mainly half to one-third of the 
original size. Using those grits, the fermentation stage was optimized. The independent variables selected 
for fermentation were inoculum load (log total cells/g), fermentation time (h) and fermentation temperature 
(°C). The fermentation stage consisted of 20 experimental runs with eight factorial points, six axial points 
and six replicates at the centre points (Table 8). Fermentation was initiated by inoculating the cooked   
 

 
 
beans with a culture of Bacillus subtilis DK-W1 
(MTCC 1747) (Sarkar et al., 1993). As per the 
condition of the experimental design, the inocula 
of different sizes were prepared and mixed with 
soybean grits to get a desired load of bacterial 
cells per gram grits. The beans (~ 50 g) were 
then distributed aseptically into sterile 250 ml 
glass bottles which were capped lightly and 
placed in the incubators, set at desired 
temperature levels. At selected fermentation 
times the bottles containing beans were removed 
for sample preparation and antinutrient analysis. 
Sensory analysis of the optimally fermented 
beans was carried out by a panel of 10 trained 
judges using a 100-point score card. 
 The flow sheet for the production of 
kinema has been shown, indicating the sites of 
sampling for antinutrients assay (Fig. 8). 
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3.2.6.2.2. Idli

Blackgram dal and white polished rice were purchased from a retail shop in Siliguri. The ingredients were

kept in an air-tight aluminium container at room temperature until use (within two weeks). The three

processing stage parameters, selected for optimization of idli preparation, were soaking, fermentation and

steaming. The levels of the variables for each of the stages were selected from preliminary experimental

trials in the laboratory and literature survey data (Tables 9 and 10).

3.2.6.2.2.1. Soaking

The independent variables of soaking were dal/rice:water (w/w), soaking time (h), soaking temperature

(°C) and initial pH of soaking water. The soaking stage consisted of 30 experimental runs having 16 factorial

points, eight axial points and six replicates at the centre points (Tables 11 and 12). Similarly, soaking

condition for oligosaccharide estimation consisted of 31 experimental runs having 16 factorial points, eight

axial points and seven replicates at the centre points (Table 13).

Blackgram dal and rice were dispensed into glass beakers and soaked in distilled water under

different conditions as per the software-generated design. The pH of soaking water was adjusted to the

desired values by using 0.1 mol/l lactic acid and 0.1 mol/l NaOH. The temperature was controlled by placing

the glass beakers inside incubators, set at desired temperature levels. After desired times of soaking, the

soaked beans were taken out and used for sample preparation. The final pH of soak water for each

experimental run was noted. Experiments were conducted for antinutrient determination and the optimum

soaking condition was calculated following numerical optimization procedure.
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3.2.6.2.2.2. Mixing of batters 
 
While optimally soaked dal was ground to smooth paste, optimally soaked rice was coarsely ground. The 
paste and slurry were mixed in a ratio of 2:1 v/v to prepare unfermented mixed batter which was used for 
optimizing the fermentation stage parameters. One set of batter was used for the evaluation of 
antinutritional factors, while the other was used for the determination of microbial load (total aerobic 
mesophilic bacterial, lactic acid bacterial and yeast counts), pH and titratable acidity. 
 
3.2.6.2.2.3. Fermentation 

The fermentation stage consisted of three independent variables, namely added common salt (g/kg), 
fermentation time (h) and fermentation temperature (°C). The stage comprised of 20 experimental runs 
having eight factorial points, six axial points and six replicates at the centre points (Table 14). As per the 
experimental conditions, different amounts of common salt were added to the unfermented mixed batters. 
The batters were placed inside incubators, set at desired temperature levels and fermented for a 
stipulated time according to the design. The batters were used in two sections, one was used for sample 
preparation for antinutrient determination, while the other was used for the evaluation of microbial load, 
pH and titratable acidity. Oligosaccharide content of unfermented as well as fermented (30°C, 18 h) mixed 
batter containing 8 g salt/kg was estimated. 
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3.2.6.2.2.4. Steaming 

Optimally fermented idli batter was used for 
steaming which consisted of a single 
independent variable, namely steaming time 
(min) with seven experimental runs (Table 
15). For steaming, the fermented batters 
were dispensed into cups of an idli steamer 
and steamed for desired steaming times as 
per CCRD. Experiments were performed 
from the samples prepared from steamed 
product and optimum condition was 
determined using numerical optimization 
procedure. Sensory analysis of the steamed 
product, i.e. idli was performed for each of 
the combinations of fermentation using 
optimum steaming time. 
 The flow sheet for the production 
of idli has been shown, indicating the sites 
of sampling for antinutrients assay (Fig. 9). 
 

 

3.2.6.2.3. Dhokla 

The preparation procedure of dhokla was similar to that of idli. The independent variables selected for 
soaking, fermentation and steaming for dhokla preparation were also similar to idli processing variables. 
The difference was that in case of dhokla bengalgram dal, instead of blackgram dal, was used. The level 
of independent variables selected from the preliminary experimental trials and literature survey data is 
shown in Table 16. 
 
3.2.6.2.3.1. Soaking 

Soaking was performed using four independent variables, namely dal/rice:water (w/w), soaking time (h), 
soaking temperature (°C) and initial pH of soaking water. The soaking stage consisted of 30 experimental 
runs, 16 factorial points, eight axial points and six replicates at centre points (Tables 12 and 17). The 
experiments were conducted, and predicted optimum soaking condition as produced by the software was 
selected. 
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3.2.6.2.3.2. Mixing of batters

The optimally soaked dal and rice were ground, mixed in different ratios of dal batter-rice slurry (4:1, 3:1,

2:1, 1:1, 1:2, 1:3 and 1:4 v/v) with added common salt (8 g/kg batter), fermented at 32°C for 15 h and

steamed for 15 min (Moktan et al., 2011). The prepared dhokla was subjected to sensory analysis (Table

4). Dhokla with highest sensory score was selected, and the selected ratio of unfermented mixed batter

was used for optimization of the fermentation stage parameters.

3.2.6.2.3.3. Fermentation

For the optimization of fermentation stage parameters, three processing variables, namely added common

salt (g/kg), fermentation time (h) and fermentation temperature (°C) were selected. The fermentation

stage consisted of 20 experimental runs with eight factorial points, six axial points and six replicates at the

centre points (Table 18). After performing the experiment, predicted optimum condition was selected. In

addition, pH, acidity and microbial load in unfermented mixed batter and fermented batter according to

CCRD were evaluated to study their effects on the levels of antinutritional factors and sensory attributes

of prepared dhokla.

3.2.6.2.3.4. Steaming

The optimally fermented batter was used for the optimization of steaming stage with steaming time (min)

as a single independent variable. The design comprised of seven experimental runs (Table 19). The fermented

batter was dispensed in a dhokla steamer and steamed according to the CCRD. Steamed product

sample was prepared and optimum condition was determined by following the procedure of numerical

optimization. The prepared dhokla from each experimental run of the fermentation stage parameters and

optimized steaming time were subjected to sensory analysis. Dhokla was evaluated by a panel of 10 trained

judges, using a 100-point score card.

The flow sheet for the production of dhokla has been shown, indicating the sites of sampling for

antinutrients assay (Fig. 10).

3.2.7. Statistical analysis

Regression analysis and analysis of variance (ANOVA) were conducted for fitting the models and to examine

the statistical significance of the model terms using second order polynomial equation:

where, Y was the response, i.e. antinutritional factors (tannins content, phytic acid content, trypsin

inhibitor activity, haemagglutinating activity, total biogenic amines content and oligosaccharides), and A, B,

Y = β
0
 + β

A
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                 Fig. 10. Flow sheet for the production of dhokla. Boxed texts are the sites of sampling 
                 for antinutrients assay. 
 
 
represented regression coefficients for the linear effect terms, βAA, βBB, βCC and βDD represented quadratic 
effect terms, and βAB, βAC, βAD, βBC, βBD and βBC were interaction effect terms. The regression coefficient 
produced by the software and the term combination of independent variables were selected and 
significance of the model was determined from the P-value given by the software. The insignificant (P 
>0.05) terms were removed and a reduced equation for optimizing the processing variables was drawn. 
The adequacy of the models was determined using R2 (coefficient of determination) and lack of fit test. 
Non-significant lack of fit was good, which means that the model was adequate in describing the 
response. R2 was defined as the ratio of the explained variation to the total variation and was a measure 
of the degree of fit. Higher R2 signified good fit for the predicted model. The significance of the linear, 
quadratic and interaction effects of independent variables on response was determined at 5% level of 
confidence. After model fitting, the relation between independent and response variables was studied 
using 3D response surface plots. 
 

 

 

 

 



RESULTS       35

                                                                                                                                                               44444
                                                                                                                                                      Results

4.1. Kinema

4.1.1. Raw beans

Raw soybeans contained a considerable amount of antinutritional factors (per gram dry weight: 1.8 mg

tannins, 8.4 mg phytic acid, 40 kU trypsin inhibitor activity, 427 U haemagglutinating activity and 158 µg

biogenic amines) (Table 20).

4.1.2. Soaking

The levels of antinutritional factors under experimental combinations of soaking are shown in Table 6.

Soaking caused reduction of all the factors tested except biogenic amines. The models had significant F-

value, insignificant lack-of-fit, and low standard deviation and coefficient of variance (Table 21). Adjusted

and predicted R2-values for the models were in reasonable agreement among themselves. Adequate

precision for models in the study had a ratio greater than 4, which is desirable and indicates adequate

model discrimination. The values having low CV and SD for the models show adequacy with which the

experiment was conducted and indicate a better prediction. Regression coefficient data (Table 22) indicate

that the reduction (P <0.05) in tannins content and trypsin inhibitor activity was dependent on raw bean-

water ratio and soaking time, and their interaction. The phytic acid content and haemagglutinating activity

remained unaffected (P <0.05) by individual independent variables or their interactions. While soaking
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time-temperature and temperature-pH caused an increase (P <0.05) in haemagglutinating activity, the

interaction of time, temperature and initial pH together had no effect (P <0.05) on haemagglutinating

activity. Although initial pH caused a reduction (P <0.05) of total biogenic amines content, its interaction

with temperature had an opposite effect.

The reduced polynomial equations after removing insignificant terms for coded variables of each

response were

Tannins content (mg/g) = 0.930 – 0.114A – 0.129B – 0.062AB + 0.065A2

Trypsin inhibitor activity (kU/g) = 38.269 – 0.378A – 0.466B – 0.256AB + 0.186C2

Haemagglutinating activity (U/g) = 416.833 + 20.125BC + 26.750CD + 37.708B2 – 27.292C2 – 27.292D2

Total biogenic amines content (µg/g) = 452.175 + 73.978C – 93.805D + 36.184CD + 26.084C2 + 61.031D2

where A was raw beans-water ratio, B was soaking time, C was soaking temperature and D was initial pH

of soaking water.
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The response surface 3D plots (Fig. 11) indicate that when temperature and initial pH were kept constant 
at 17.5°C and 6.0, respectively, an increase in time and ratio caused a linear reduction in tannins content 
(Fig. 11a) and trypsin inhibitor activity (Fig. 11b) to 0.71 mg/g (61%) and 37.1 kU/g (7%), respectively. 
The minimum haemagglutinating activity of 324 U/g (24%) was obtained at 25°C and pH 4.0 when the 
ratio and time were maintained at 1:7 w/w and 13.5 h, respectively (Fig. 11c). The minimum total 
biogenic amines content was (334 mg/g), when the beans were soaked at 10°C in water having initial pH 
8.0 keeping the ratio and time fixed at 1:7 w/w and 13.5 h, respectively (Fig. 11d). The initial pH 

 

Fig. 11. Response surface 3D plots showing the influence of raw soybeans-water ratio, initial pH of 
soaking water, soaking time (t) and soaking temperature (T) on antinutritional factors: influence of 
beans:water and t on tannins content (TC; a) and trypsin inhibitor activity (TIA; b) when the pH and T 
were kept constant at 6.0 and 17.5°C, respectively; influence of pH and T on haemagglutinating activity 
(HA; c) and total biogenic amines content (TBAC; d), when the ratio and t were kept constant at 1:7 w/w 
and 13.5 h, respectively. 
 
 
caused a decrease (P <0.05) in the level of total biogenic amines content of soaked soybeans; however, 
the interaction of temperature and initial pH caused an increase (P <0.05) in the content (Table 22).  
 Numerical optimization was carried out to determine optimum condition to minimize the different 
antinutritional factors during soaking. The predicted optimum condition for soaking of soybeans was 1:10 
w/w of beans-water ratio, and 20 h, 10°C and 8.0 as soaking time, temperature and initial pH, 
respectively, which predicted reduction (P <0.05) of tannins content, phytic acid content and trypsin 
inhibitor activity by 56%, 26% and 8%, respectively. While haemagglutinating activity remained 
unchanged (P <0.05), the predicted minimum increase (P<0.05) of total biogenic amines was 114% 
(Table 20). The experimental values were close to the predicated ones. 
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4.1.3. Cooking 

The levels of antinutritional factors for each combination of independent variables of cooking stage are 
shown in Table 7. Cooking reduced either quantity or activity of all the antinutritional factors. The models for 
cooking stage were significant with non-significant lack-of-fit (Table 21). The low R2-values for tannins 
content and haemagglutinating activity indicate that 52% and 55% of variations were influenced by the 
independent variables of cooking conditions and the remaining variations could be attributed to other 
factors. Adjusted and predicted R2–values for the models were found in reasonable agreement among 
themselves. Adequate precision for models in the study had a ratio greater than 4. The low values of CV, SD 
and PRESS for the models show adequacy with which the experiment was conducted and indicate a better 
prediction. 
 Regression coefficient data indicate that cooking time and pressure were significant processing 
variables for minimizing the levels of antinutritional factors (Table 23). The significant (P <0.05) linear terms 
 

 
 
for tannins content, phytic acid content and trypsin inhibitor activity, and quadratic terms for 
haemagglutinating activity and total biogenic amines content, and their interaction terms, after removing the 
insignificant terms for coded levels, can be written as 
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Tannins content (mg/g) = 0.072 – 0.035A – 0.043B 
Phytic acid content (mg/g) = 5.754 – 0.058A – 0.066B 
Trypsin inhibitor activity (kU/g) = 13.519 – 1.365A – 1.087B 
Haemagglutinating activity (U/g) = 15.663 – 5.392A – 5.392B + 5AB – 2.698A2 – 2.698B2 – 3.876C2 
Total biogenic amines content (µg/g) = 323.212 – 5.970A – 5.573B – 3.825A2 – 2.601B2 
where A was cooking time; B was cooking pressure and C was soaked beans-water ratio.  

The response surface 3D plots indicate that when cooking pressure and time were increased keeping 
soaked beans-water ratio fixed at 1:3.5 w/w, a change in the content of antinutritional factors was 
observed (Fig. 12). The minimum levels of antinutritional factors were obtained when optimally soaked 
beans were cooked at 1.3 kg/cm2 for 20 min. Cooking lowered tannins content below the limit of 
detection (Fig. 12a). The minimum levels of phytic acid content, trypsin inhibitor activity, 
haemagglutinating activity and total biogenic amines content obtained were 5.63 mg/g (Fig. 12b), 11 kU/g 
(Fig. 12c), 5 U/g (Fig. 12d) and 307 mg/g (Fig. 12e), respectively, indicating 9%, 70%, 99% and 9% 
corresponding reduction over optimally soaked beans. 

 

Fig. 12. Response surface 3D plots showing the influence of cooking pressure (kg/cm2) and cooking time 
(t) on antinutritional factors: influence of pressure and t on tannins content (TC; a), phytic acid content 
(PAC; b), trypsin inhibitor activity (TIA; c); haemagglutinating activity (HA; d) and total biogenic amines 
content (TBAC; e), when the optimally soaked soybeans-water ratio was kept constant at 1:3.5 w/w. 



                                                                                                                                                RESULTS     40 
 

The predicted optimum condition for cooking was soaked beans–water ratio of 1:5 w/w, and 
cooking pressure and time of 1.10 kg/cm2 and 20 min, respectively. In this condition, the predicted 
reduction (P <0.05) of tannins content, phytic acid content, trypsin inhibitor activity and 
haemagglutinating activity in cooked beans was 96%, 10%, 68% and 99%, respectively, over optimally 
soaked beans. Total biogenic amines content remained unchanged (P <0.05) (Table 20). The 
experimental values were in reasonable agreement with the predicted ones. 

4.1.4. Fermentation 

The response levels for each combination of independent variables during fermentation are shown in 
Table 8. The models show significant lack-of-fit (Table 21). Low R2-values for the contents of tannins and 
phytic acid show that 54% and 41% of variations were influenced by independent variables of 
fermentation conditions, and the remaining variations can be attributed to other factors. Adjusted and 
predicted R2–values for the models were in reasonable agreement among themselves. Adequate 
precision for models in the study had a ratio greater than 4. The low values of CV and SD for the models 
show adequacy with which the experiment was conducted and indicate a better prediction. 
Regression coefficient data show that fermentation time had a reducing effect (P <0.05) on the contents 
of tannins and phytic acid. Fermentation time and temperature individually shows a reducing effect on 
trypsin inhibitor activity, however, an increasing effect on total biogenic amines content (Table 24). 

 

The reduced linear equations after removing non-significant terms for coded variables of the 
antinutritional factors were 

Tannins content (mg/g) = 0.029 – 0.031A 
Phytic acid content (mg/g) = 3.527 – 0.256A 
Trypsin inhibitor activity (kU/g) = 11.964 – 0.333A – 0.232B  
Total biogenic amines content (μg/g) = 914.282 + 148.222A + 74.079B  

where A was fermentation time and B was fermentation temperature. 
 The response surface 3D plots for tannins content, phytic acid content and trypsin inhibitor 
activity indicate that at fixed inoculum load of 4.5 log total cells/g cooked beans and fermentation 
condition of 45°C and 54 h, the levels of antinutritional factors reduced sharply (Fig. 13). Tannins 
content was reduced below the limit of detection (Fig. 13a). Phytic acid content was reduced to 3.2 mg/g 
(Fig. 13b), indicating 43% reduction over optimally cooked beans. The minimum trypsin inhibitor activity 
of fermented beans was 11.4 kU/g (Fig. 13c), showing 5% reduction over optimally cooked beans. The 
minimum total biogenic amines content (694 μg/g), the value of which was 122% more than that of 
optimally cooked beans, was obtained when the fermentation temperature and time reduced to 25°C and 
18 h, respectively (Fig. 13d). 
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Fig. 13. Response surface 3D plots showing the influence of fermentation time (t) and fermentation 
temperature (T) on antinutritional factors: influence of t and T on tannins content (TC; a), phytic acid 
content (PAC; b), trypsin inhibitor activity (TIA; c) and total biogenic amines content (TBAC; d), when the 
inoculum load was kept constant at 4.5 log total cells/g optimally soaked and cooked soybeans. 

 

The predicted optimum condition of 
fermentation was 3 log total cells/g beans, and 
fermentation temperature and time of 37°C and 48 
h, respectively. Percent reduction (P <0.05) of the 
contents of tannins and phytic acid during 
fermentation is shown in Table 20. 
 The overall optimized processing 
conditions of kinema preparation stages have been 
summarized in Fig. 14 and Table 20. Kinema 
produced from optimized processing stage on per 
gram dry weight basis contained 0 mg, 3.0 mg, 12 
kU, 0 U and 991 µg of tannins, phytic acid, trypsin 
inhibitor activity, haemagglutinating activity and 
total biogenic amines, respectively. In kinema, 
tannins content, phytic acid content,    trypsin 
inhibitor activity and haemagglutinating activity 
decreased (P <0.05) over raw beans by 100%, 
61%, 70% and 100%, respectively. 
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 Kinema obtained from optimally 
processed conditions was subjected to 
sensory analysis. A good-quality kinema 
should have nutty flavour with mild 
ammoniacal odour, a greyish brown colour 
and highly sticky or mucilaginous texture. 
The sensory score of kinema scored 91 in 
terms of overall quality, justifying an 
‘excellent’ grade (Table 25).  
 

4.2. Idli 

4.2.1. Raw ingredients 
 
Raw blackgram dal contained a considerable amount of antinutritional factors (per gram dry weight: 0.49 
mg tannins, 5.1 mg phytic acid, 120 U trypsin inhibitor activity, 160 U haemagglutinating activity, 295 µg 
total biogenic amines, 1.3 mg raffinose, 5.4 mg stachyose, 40 mg verbascose and 4.1 mg ajugose, while 
raw rice contained 0.06 mg tannins, 1.5 mg phytic acid and 70 µg total biogenic amines) only. Raw rice 
is devoid of trypsin inhibitor activity, haemagglutinating activity and oligosaccharides (Tables 26 and 27). 
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4.2.2. Soaking 

The levels of antinutritional factors under different conditions of soaking dal according to CCRD are shown in 
Table 11. The models had significant F-value, insignificant lack-of-fit, low standard deviation and low 
coefficient of variation (Table 28). The low R2-values for trypsin inhibitor activity (59%) and haemagglutinating 

 

 

activity (54%) indicate that such low variations were caused by independent variables of soaking conditions, 
and the remaining variations could be attributed to other factors. Adjusted and predicted R2-values for the 
models were in reasonable agreement among themselves. Adequate precision for models in the study had a 
ratio greater than 4. Low values of CV, SD and PRESS for the models showed adequacy with which the 
experiment was conducted and indicated a better prediction. 
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 The regression coefficient data indicate that the reduction (P <0.05) of tannins content, phytic 
acid content and trypsin inhibitor activity was influenced by raw dal-water ratio and time (Table 29). The 

 

reduction of haemagglutinating activity was dependent on temperature; initial pH had no effect for its 
reduction (P <0.05). While initial pH played a significant (P <0.05) role in the reduction of biogenic amines 
content, temperature had an opposite (P <0.05) effect. Interestingly, interaction of temperature and initial 
pH had a reducing (P <0.05) effect on the levels of biogenic amines content. After removing insignificant 
terms for the coded variables of each response, the reduced polynomial equations were 

Tannins content (mg/g) = 0.283 – 0.044A – 0.054B 
Phytic acid content (mg/g) = 3.844 – 0.189A – 0.378B + 0.119A2 
Trypsin inhibitor activity (U/g) = 82.598 – 4.380A – 7.327B 
Haemagglutinating activity (U/g) = 125.756 – 6.611C + 10.972D 
Total biogenic amines content (µg/g) = 316.816 + 9.709C – 7.042D – 5.547CD – 4.724A2 – 3.615B2 + 4.454C2 
where A was raw dal-water ratio, B was soaking time, C was soaking temperature and D was initial pH of 
soaking water. 
 The response surface 3D plots (Fig. 15) indicate that when temperature and initial pH were kept 
constant at 26°C and 6.0, respectively, an increase in time and dal-water ratio caused a linear reduction in 
tannins content (Fig. 15a) to 0.19 mg/g (61%), phytic acid content (Fig. 15c) to 3.4 mg/g (33%), trypsin 
inhibitor activity (Fig. 15e) to  71 U/g (41%) and haemagglutinating activity (Fig. 15f) to 118 U/g (26%). 
The minimum content of total biogenic amines (Fig. 15g) was 308 mg/g when dal was soaked in water of 
initial pH 8.0 and at 20.5°C, keeping dal-water ratio and time constant at 1:7 w/w and 12 h, respectively. 
The results showing the levels of antinutritional factors under different soaking conditions of raw rice 
according to CCRD are given in Table 12. The models for different antinutritional factors during soaking of 
rice are significant with insignificant lack-of-fit (Table 28). For the contents of tannins and phytic acid, the 
model terms explained 50% of variations. On the other hand, R2-value of total biogenic amines indicated a 
good fit between predicted values and the experimental data points. This implies that 92% of the 
variations for reduction in the levels of antinutrients could be explained by independent variables studied. 
Regression coefficient data for the soaking of rice indicate that rice-water ratio and time caused a 
reduction (P <0.05) of the contents of tannins and phytic acid (Table 30).  
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Fig. 15. Response surface 3D plots showing the influence of blackgram dal/rice-water ratio, soaking time 
(t), soaking temperature (T) and initial pH of soaking water on antinutritional factors: influence of ratio 
and t on tannins content (TC; a, soaked dal and b, soaked rice), phytic acid content (PAC; c, soaked dal 
and d, soaked rice), trypsin inhibitor activity (TIA; e) and hemagglutinating activity (HA; f), when T and 
pH were kept constant at 26°C and 6.0, respectively; influence of T and pH on total biogenic amines 
content (TBAC; g, soaked dal and h, soaked rice), when ratio and t were kept constant at 1:7 w/w and 12 
h, respectively. 
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The main influencing factors for reduction of biogenic amines content were rice-water ratio, initial pH and 
temperature-initial pH interaction. However, temperature alone showed an opposite (P <0.05) effect. The 
reduced polynomial equations were 
Tannins content (mg/g) = 0.020 – 0.010A – 0.015B 
Phytic acid content (mg/g) = 1.217 – 0.119A – 0.116B 
Total biogenic amines content (mg/g) = 75.946 – 1.467A + 4.331C – 4.390D – 2.242CD + 2.486C2 +  
            3.191D2 
where A was raw rice-water ratio, B was soaking time, C was soaking temperature and D was initial pH of 
soaking water.  
 Response surface 3D plots indicate that keeping temperature and initial pH constant at 26°C and 
6.0, respectively, an increase in time and rice-water ratio caused a complete reduction of tannins content 
(Fig. 15b); the level of phytic acid minimized to 0.98 mg/g (Fig. 15d), indicating 35% reduction over raw 
rice. The minimum content of total biogenic amines (74 mg/g; Fig. 15h) was obtained by soaking rice at 
20.5°C in water (pH 7.0), and keeping rice-water ratio and time fixed at 1:7 w/w and at 12 h, respectively. 
 Among the oligosaccharides, raffinose was the first to be eluted with the retention time of 4.9 
min (Fig. 16). It was followed by stachyose and verbascose with retention time of 5.7 min and 6.7 min, 

 

 
 
 
 
 
Fig. 16. High-performance 
liquid chromatograms of raw 
blackgram dal (a) and raw 
rice (b) extracts. Su, sucrose; 
Ra, raffinose; St, stachyose; 
Ve, verbascose; Aj, ajugose 
(?). Injection volume, 5.0 µl; 
flow rate, 1.0 ml/min; eluent, 
acetonitrile: water (65:35 
v/v); column temperature, 
31°C.  
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respectively. A peak with retention time of 7.8 min indicated the presence of the next higher member of the 
family, possibly ajugose, in blackgram dal. Because of unavailability of the standard, the identity of ajugose 
could not be confirmed. It was considered as ajugose on the basis of its elution order and quantified using 
the calibration curve of verbascose. To quantify the loss of sugars during extraction and deproteination, 
each sample was spiked with xylose (1 mg/ml) before extraction. The post-analysis recovery of xylose was 
94%. The total oligosaccharide contents under different soaking conditions as per the design are shown in 
Table 13. The coefficients for coded and uncoded values of the experimental design for the response are 
given in Table 31. 

 

ANOVA results indicate that the models were significant (P <0.05) with F-, P-, R2- and R2
adj-values of 2.54, 

0.038, 0.69 and 0.42, respectively. Thus, the model could be used to predict the response and the following 
equation generated by the software showed the relationship between the factors and the response, i.e. 
total oligosaccharide content in soaked dal in terms of coded units. 

Total oligosaccharides (mg/g) = 7.664 – 0.528A + 0.184B + 0.003C – 3.066D + 0.428AA + 3.063BB – 2.257CC – 
1.207DD + 3.578AB + 1.203AC + 4.678AD + 9.683BC – 3.263BD – 3.468CD  

where A was dal-water ratio, B  was soaking time, C was soaking temperature and D was initial pH of 
soaking water.  

After removing non-significant terms from the model, a reduced model was obtained. The reduced 
model was significant (P <0.05) with F- and P-values of 4.04 and 0.005, respectively. The R2- and R2

adj-
values of the model were 0.55 and 0.42, respectively. Based on this model, the following reduced equation 
was generated. 

Total oligosaccharides (mg/g) = 7.025 - 0.528A + 0.184B + 0.003C - 3.066D + 3.329CC + 4.678AD + 9.683BC 

 Positive regression coefficients for soaking temperature and time indicate a linear positive effect on 
the total oligosaccharide content retaining in the dal after soaking. On the contrary, negative coefficients for 
dal-water ratio and initial pH of soaking water indicated a decrease in the total oligosaccharide contents by 
leaching out of the sugars from the soaked dal. The responses demonstrating the effect of these four 



                                                                                                                                                  RESULTS     48 
 

factors were depicted in the form of response surface 3D plots (Fig. 17). At any temperature level, the 
results of total oligosaccharide contents minimized to 6.51 mg/g with an increase in the ratio from 1:3 to 

 

Fig. 17. Response surface 3D plots showing the influence of dal-water ratio, soaking time (t), soaking 
temperature (T) and initial pH of soaking water on oligosaccharide contents: (a) influence of ratio and T 
when pH and t were kept constant at 6.0 and 12 h, respectively, (b) influence of ratio and pH when T and 
t were kept constant at 25°C and 12 h, respectively, (c) influence of ratio and t when pH and T were kept 
constant at 6.0 and 25°C, respectively, (d) influence of T and pH when ratio and t were kept constant at 
1:6.5 w/w and 12 h, respectively, (e) influence of T and t when pH and ratio were kept constant at 6.0 
and 1:6.5 w/w, respectively, (f) influence of t and pH when ratio and T were kept constant at 1:6.5w/w 
and 25°C, respectively. 
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1:10 w/w when the time and initial pH were fixed at 12 h and 6.0, respectively (Fig. 17a). Increase in initial 
pH from 4.0 to 8.0 soaking of blackgram dal for 12 h at 25°C caused a decrease in the content of total 
oligosaccharides to 0.99 mg/g (Fig. 17b). The interaction of soaking time and ratio indicated a non-linear 
relationship. At 25°C and initial pH 6.0, the minimum oligosaccharide content obtained was 7.10 mg/g after 
12 h of soaking (Fig. 17c). The minimum total oligosaccharide content of 3.95 mg/g was obtained at initial 
pH 8.0 and 15°C with the ratio and time fixed at 1:6.5 w/w and 12 h, respectively (Fig. 17d). The interaction 
of temperature and time had a pronounced effect (P <0.05) upon the response (Fig. 17e). At a lower 
temperature (18°C) with the ratio fixed at 1:6.5 w/w and the pH at 6.0, minimum oligosaccharide content of 
the dal was 4.10 mg/g after 20 h of soaking. Due to the interaction between initial pH and time, the 
minimum oligosaccharide was 10.15 mg/g dry weight (Fig. 14f).  
 After numerical optimization, the optimum condition for soaking dal was 1:10 w/w of dal-water 
ratio, time of 18 h, temperature of 16°C and initial pH of 4.0, and that for soaking rice was 1:10 w/w of rice-
water ratio, time of 18 h, temperature of 22°C and initial pH of 7.1. To minimize wastage of water, 
desirability of various target ratios was compared (P <0.01), and a ratio of 1:5 w/w for dal/rice-water was 
selected (Table 32). 

 

 Therefore, the optimized soaking condition for dal was 1:5 w/w of dal-water, 18 h, 16°C and initial 
pH 4.0. Similarly, the optimum soaking condition for rice was 1:5 w/w of rice-water, 18 h, 16°C and initial 
pH 5.6. Predicted reduction (P <0.05) of the content of antinutritional factors in soaked dal and rice is 
shown in Table 26. 
 The initial pH (set under different experimental conditions) for both dal and rice ranged from 4.0 to 
10.0. The final pH of soak water of dal and that of rice ranged from 3.0 to 6.8 and 3.0 to 6.6 (run numbers: 
18 to 8), respectively (Tables 11 and 12). 
 The predicted optimum soaking condition for reducing the content of oligosaccharides in blackgram 
dal was: dal-water ratio of 1:10 w/w, and soaking temperature, time and initial pH of 16°C, 21 h and 6.0, 
respectively. Based on optimization, the minimum total oligosaccharides content predicted was 1.97 mg/g 
dry weight; the corresponding experimental value was 2.02 mg/g dry weight. Under optimized conditions of 
soaking, the percent decrease of raffinose, stachyose, verbascose and ajugose in soaked dal was 94%, 
93%, 96% and 92%, respectively; the total oligosaccharide content decreased by 95%. The deviation 
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error between the predicted and experimental values of the results of total oligosaccharide contents 
in soaked dal was 2.5%, and this validates the model. 

4.2.3. Unfermented mixed batters 

The mixed batter, prepared from optimally soaked dal paste and optimally soaked rice slurry, 
contained 0.09 mg tannins, 1.7 mg phytic acid, 33 U trypsin inhibitor activity, 40 U haemagglutinating 
activity, 127 µg total biogenic amines, <0.05 mg raffinose, 0.14 mg stachyose, 0.40 mg verbascose 
and 0.11 mg ajugose per gram dry weight (Tables 26 and 27). 

4.2.4. Fermentation 

The levels of antinutritional factors under different fermentation conditions as per CCRD are shown in 
Table 14. The models are significant with non-significant lack-of-fit. The R2-values showed that 
independent variables explained more than 75% variation for each antinutritional factor. Adjusted 
and predicted R2-values for the models were in reasonable agreement among themselves. Adequate 
precision for the models had a ratio greater than 4. Low values of CV, SD and PRESS for the models 
showed that the models were fit for prediction (Table 28). 
 Fermentation time and temperature were significant for minimizing levels of all the 
antinutritional factors, except total biogenic amines (Table 33). Although salt concentration had a 
lowering effect on total biogenic amines content, it did not affect the other antinutritional factors. 
Reduced equations for  significant (P <0.05) linear terms for tannins content, phytic acid content, 
haemagglutinating activity and total biogenic amines content and quadratic terms for trypsin inhibitor 
activity were 

Tannins content (mg/g) = 0.091 – 0.047B – 0.026C 
Phytic acid content (mg/g) = 1.085 – 0.277B – 0.185C 
Trypsin inhibitor activity (U/g) = 22.189 – 2.183B – 0.751C + 0.630B2 
Haemagglutinating activity (U/g) = 31.667 – 19.615B – 12.426C 
Total biogenic amines content (µg/g) = 633.707 – 81.090A + 62.260B + 30.337C  
where A was salt concentration; B was fermentation time and C was fermentation temperature. 

 

The response surface 3D plots (Fig. 18) indicated that with an increase in fermentation time from 10 
h to 24 h at 30°C caused a linear reduction in tannins content (Fig. 18a) to 0.04 mg/g (56%), phytic 
acid content (Fig. 18b) to 0.7 mg/g (59%) and haemagglutinating activity (Fig. 18d) to 12 U/g (70%) 
over unfermented mixed batter. When salt concentration was fixed at 16 g/kg, the minimum level of 
trypsin inhibitor activity (Fig. 18c) was 20 U/g (39%) at 24 h and 35°C. The minimum level of total 
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Fig. 18. Response surface 3D plots showing the influence of added salt concentration, fermentation time (t) and 
fermentation temperature (T) on antinutritional factors: influence of salt and t on tannins content (TC; a), phytic 
acid content (PAC; b), hemagglutinating activity (HA; d) and total biogenic amines content (TBAC, e), when T 
was kept constant at 30°C; influence of t and T on trypsin inhibitor activity (TIA; c), when salt concentration was 
kept constant at 16 g/kg mixed dal/rice batter. 
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biogenic amines content (493 µg/g; Fig. 18e) was obtained after 10 h of fermentation when the salt 
concentration was increased to 25 g/kg, keeping fermentation temperature fixed at 30°C. 
 Although maximum reduction of antinutritional factors was at 25 g salt/kg, the presence of such a 
high concentration of salt in the finished product may affect organoleptic quality and may not be acceptable 
to consumers. Thus, based on the desirability (P <0.01) of various concentrations of salt, 16 g salt/kg was 
selected organoleptically. Similarly, although fermentation for 24 h gave maximum reduction of 
antinutritional factors, a period of 19 h was selected as the duration of fermentation (Table 34). 
 

 
 Therefore, the optimized fermentation condition was 16 g added salt/kg unfermented mixed batter 
at 35°C for 19 h. The predicted reduction in the levels of antinutritional factors is shown in Table 26. The 
experimental values agreed with the predicted ones. Fermentation of mixed batter using optimally soaked 
dal reduced the contents of each of the oligosaccharides below their respective limits of detection (Table 
27). 
 
4.2.5. Steaming 

The level of antinutritional factors after different time of steaming fermented batter, as per CCRD, is shown 
in Table 15, and the predicted reduction of tannins content, phytic acid content, trypsin inhibitor activity 
and haemagglutinating activity is shown in Table 26. The results of steaming indicated a high precision in 
predicting reduction in antinutritional factor levels. Adjusted and predicted R2-values, adequate precision, 
CV, SD and PRESS indicated adequate model discrimination (Table 28). Regression coefficient data 
indicated that the models for steaming were significant in reducing antinutritional factors (Table 35). Phytic 
acid 
 

 
content, trypsin inhibitor activity and total biogenic amines content reduced (P <0.05) with the increase in 
steaming time. The reduced significant linear equations were 

Phytic acid content (mg/g) = 0.410 – 0.288A + 0.236A2 + 0.271A3 – 0.302A4 
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Fig. 19. The overall optimized and experimentally validated process

conditions (within boxes) of idli-making.

Trypsin inhibitor activity (U/g) = 17.650 – 1.047A + 2.303 + 0.427A3 – 2.013A4

Total biogenic amines content (µg/g) = 639.577 – 11.357A – 0.329A2 + 7.877A3

where A was steaming time.

When steaming time was raised to 20 min, the levels of antinutritional factors reduced sharply

(Table 15). The phytic acid content increased initially (run numbers: 7 to 3), however after 12.5 min (run

numbers: 3 to 1) it decreased. Total biogenic amines content reduced by 7%, indicating steaming for 20

min was effective in removing total biogenic amines content in idli. Thus, the predicted optimum time for

steaming condition was 20 min.

Optimum production processes of idli with minimum level of antinutritional factors are shown in

Fig. 19 and Table 26. While traditionally prepared (non-optimized) idli contained no haemagglutinating

activity but 0.06 mg tannins,

0.7 mg phytic acid, 24 U trypsin

inhibitor activity and 641 µg

total biogenic amines, idl i

prepared under optimum

condition contained no tannins

and haemagglutinating activity

but 0.3 mg phytic acid, 17 U

trypsin inhibitor activity and 636

µg total biogenic amines per

gram dry weight of f inal

product. In idli, while the total

biogenic amines content

increased by 339% over raw

ingredients, tannins content,

phytic acid content, trypsin

inhibitor activity and

hemagglutinating activity

decreased by 100%, 89%,

58% and 100%, respectively.

Steaming had no effect (P <0.05) on the oligosaccharide content of the fermented batter (Table

27). Compared to raw ingredients, there was 100% reduction of oligosaccharide contents in idli.

Idli, prepared from batter having 16 g salt/kg and fermented under optimized condition of 35°C

for 19 h, scored maximum (94), reaching to the “excellent” level (Table 36).

4.2.6. Microbiological study

Total aerobic mesophilic bacteria, lactic acid bacteria and yeasts of both unfermented and fermented

mixed batters under different experimental conditions were enumerated (Table 14). The microbial content,

initial pH (5.6) and titratable acidity (0.03%) values of unfermented batter changed rapidly during the

course of fermentation. With the increase in added salt concentration, lactic acid bacterial and yeast

counts reduced compared to total aerobic mesophilic bacterial count, indicating a low salt concentration

favoured the growth of lactic acid bacteria and yeasts. Again, with the increase in fermentation time not

only lactic acid bacterial and yeast counts but total aerobic mesophilic bacterial count also increased. At the

onset of fermentation, the population of total aerobic mesophilic bacteria exceeded (P <0.05) that of

lactic acid bacteria (1:0.9), indicating the presence of a relatively large number of non-lactic acid bacteria.

However, after fermentation, the situation reversed (1:1.2), indicating that lactic acid bacteria had outgrown

(dominated) other (non-lactic acid) bacteria, which in combination with the demonstrated acidification is a

sign of successful lactic acid fermentation.
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4.3. Dhokla 

4.3.1. Raw ingredients 

Raw bengalgram dal contained (per gram dry weight basis) 2.2 mg tannins, 1.7 mg phytic acid, 16 kU 
trypsin inhibitor activity, 5 kU haemagglutinating activity and 423 µg total biogenic amines, while raw rice 
had no trypsin inhibitor and haemagglutinating activities but contained only 0.06 mg tannins, 1.5 mg 
phytic acid and 70 µg total biogenic amines (Table 37). 
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4.3.2. Soaking 

The levels of antinutritional factors in soaked bengalgram dal under different combinations of soaking are 
shown in Table 17. Insignificant (P >0.05) lack-of-fit indicated models to be accurate for prediction (Table 
38). The R2-values for tannins content, phytic acid content, trypsin inhibitor activity, haemagglutinating 
 

 
 
activity and total biogenic amines content were 0.97, 0.90, 0.90, 0.79 and 0.82, respectively. A high R2-
value indicates that variability of all the responses was well-explained by the models, and the models had a 
good fit. Regression coefficient data for soaking of bengalgram dal under different experimental 
combinations according to CCRD are shown in Table 39. Dal-water ratio and soaking time had a reducing 
effect (P <0.05) on tannins content. The reduction (P <0.05) of phytic acid content was influenced by 
individual effect of dal-water ratio, soaking time and soaking temperature. Similarly, trypsin inhibitor and 
haemagglutinating activities were influenced (P <0.05) by individual effect of soaking time and temperature. 
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However, in the case of total biogenic amines content, soaking time and initial pH of soaking water played

a significant (P <0.05) role in reduction. On the other hand, temperature had an opposite effect (P

<0.05) and influenced its accumulation. On the other hand, temperature had an opposite effect (P

<0.05) and influenced its accumulation. After model fitting, the insignificant terms were omitted and the

following reduced polynomial equations generated were

Tannins content (mg/g) = 0.530 – 0.038A – 0.278B + 0.126B2 + 0.146C2

Phytic acid content (mg/g) = 1.170 – 0.020A – 0.084B – 0.025C + 0.023B2

Trypsin inhibitor activity (kU/g) = 9.613 – 1.279B – 0.213C

Haemagglutinating activity (kU/g) = 1.992 – 0.533B – 0.302C + 0.253B2

Total biogenic amines content (µg/g) = 391.809 – 16.145B + 23.906C – 7.878D

where A was raw dal-water ratio, B was soaking time, C was soaking temperature and D was initial pH of

soaking water.

Similarly, the models for rice soaking (Table 12) showed insignificant lack-of-fit. The models explained

50% of the variation of tannins and phytic acid content. In case of total biogenic amines, the model

explained 92% of variation (Table 38). The regression coefficient data indicate that the increase of rice-

water ratio and soaking time caused a reduction (P <0.05) in the tannins and phytic acid content, while

rice-water ratio, initial pH, and interaction of temperature and initial pH were the influencing factors for the

reduction (P <0.05) of total biogenic amines content. However, temperature individually had an opposite

effect and was responsible for their increase (P <0.05). The polynomial equation generated after removing

insignificant terms of the models were

Tannins content (mg/g) = 0.020 – 0.010A – 0.015B

Phytic acid content (mg/g) = 1.217 – 0.119A – 0.116B

Total biogenic amines content (µg/g) = 75.946 – 1.467A + 4.331C – 4.390D – 2.242CD + 2.486C2 +

        3.191D2

where A was rice-water ratio, B was soaking time, C was soaking temperature and D was initial pH of

soaking water.

The response surface 3D plots (Fig. 20) showed minimum tannins content to be 0.37 mg/g when

the dal-water ratio and soaking time increased keeping soaking temperature and initial pH of soaking water

fixed at 30°C and 6.0, respectively (Fig. 20a). This caused 83% reduction of tannins content from raw dal.

The tannins content reduced completely in soaked rice (Fig. 20b). The minimum phytic acid content of dal

was 1.07 mg/g indicating a reduction of 37%, when the dal was soaked at a ratio of 1:4 w/w for 20 h at

40°C and initial pH 6.0 (Fig. 20c). However, the phytic acid content of rice was minimized to 0.98 mg/g,

causing 35% reduction at 1:10 w/w of rice-water when soaked for 18 h (Fig. 20d). The minimum trypsin

inhibitor activity was 8.2 kU/g showing 49% reduction, when soaked in 1:5 w/w dal-water ratio for 20 h

at 30°C and initial pH 6.0 (Fig. 20e). Haemagglutinating activity was minimized to 1.4 kU/g, indicating 72%

reduction by soaking dal at 40°C for 20 h (Fig. 20f). The minimum total biogenic amines content of 370

µg/g was obtained, indicating 13% reduction in the content when dal was soaked at a ratio of 1:5 w/w for

20 h at 30°C and initial pH 6.0 (Fig. 20g), while the minimum level in soaked rice was 74 µg/g at 20.5°C

and initial pH 7.0, when rice-water ratio and soaking time were kept constant at 1:7 w/w and 12 h,

respectively (Fig. 20h).

After numerical optimization, the optimum condition for soaking of dal was 1:5 w/w of dal-water

ratio for 20 h at 23°C and initial pH 7.0 of soak water. For soaking of rice, the optimum condition was 1:5

w/w of rice-water for 18 h at 16°C and initial pH 5.6 of soaking water. The predicted reduction of

antinutritional factors from raw ingredients is shown in Table 37.

The reduction of antinutrients might also be related to the change in pH of soaked water. The

initial pH (set under different experimental conditions) for dal ranged from 4.0 to 8.0, and that of rice

ranged from 4.0 to 10.0. The final pH of soak water of dal ranged from 3.9 to 6.9 (run number: 5 to 1),

and that of rice ranged from 3.0 to 6.6 (run numbers: 18 to 8) (Tables 12 and 17).
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Fig. 20. Response surface 3D plots showing the influence of bengalgram dal/rice-water ratio, soaking time 
(t), soaking temperature (T) and initial pH of soaking water on antinutritional factors: influence of ratio 
and t on tannins content (TC; a, soaked dal and b, soaked rice), phytic acid content of soaked rice (PAC; 
d), trypsin inhibitor activity of soaked dal (TIA; e) and total biogenic amines content of soaked dal (TBAC; 
g), when T and pH were constant at 30°C and 6.0, respectively. Influence of t and T on phytic acid 
content of soaked dal (PAC; c) and haemagglutinating activity (HA; f) of soaked dal when ratio and pH 
were constant at 1:4 w/w and 6.0, respectively. Influence of T and pH on total biogenic amines content 
(TBAC; h) of soaked rice when ratio and t were constant at 1:7 w/w and 12 h, respectively. 
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4.3.3. Unfermented mixed batters 

The mixed batter, prepared from 
optimally soaked dal paste and 
optimally soaked rice slurry, 
contained 0.30 mg tannins, 1.1 mg 
phytic acid, 6 U trypsin inhibitor 
activity, 1 U haemagglutinating 
activity, 270 mg total biogenic 
amines per gram dry weight and 
dhokla prepared from different 
ratios of dal batter-rice slurry 
showing sensory scores are shown 
in Tables 37 and 40, respectively.  
 
4.3.4. Fermentation 

The levels of antinutritional factors during fermentation are shown in Table 18. The models showed 
insignificant (P >0.05) lack-of-fit, indicating that the models were accurate for predicting response variations. 
The R2-values for tannins content, phytic acid content, trypsin inhibitor activity, haemagglutinating activity 
and total biogenic amines content were 0.77, 0.53, 0.61, 0.96 and 0.99, respectively. The high R2-values 
indicate that variability of all the responses was adequately explained by the models. The R2-values also 
indicate that 53% and 61% of the variations in phytic acid content and trypsin inhibitor activity were 
influenced by fermentation (Table 38). However, the remaining percentage of variations could be attributed 
to other factors. The regression coefficient data (Table 41) obtained for fermentation were fitted to 

 

second order polynomial equations. After removing insignificant terms, the reduced polynomial equations for 
each response were 

Tannins content (mg/g) = 0.122 – 0.055B – 0.031C 
Phytic acid content (mg/g) = 0.378 – 0.137B 
Trypsin inhibitor activity (kU/g) = 2.722 – 0.662B 
Haemagglutinating activity (kU/g) = 0.213 – 0.199B + 0.094B2 – 0.046C2 
Total biogenic amines content (µg/g) = 358.088 – 24.338A + 82.674B + 21.905C + 7.725AB + 9.435AC + 7.633BC + 
                    5.161A2 + 15.513B2   
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where A was amount of added common salt, B was fermentation time and C  was fermentation 
temperature. 
 The reduction of tannins content was influenced by fermentation time and temperature. 
However, the reduction of phytic acid content, and trypsin inhibitor and haemagglutinating activities 
were influenced by fermentation time only. Salt concentration alone had a reducing effect (P <0.05) on 
total biogenic amines content, while interactions of salt concentration and fermentation time, salt 
concentration and fermentation temperature, and fermentation time and fermentation temperature 
favoured the formation of total biogenic amines (Table 41). 
 The response surface 3D plots (Fig. 21) indicate that keeping fermentation temperature fixed 
at 31.5°C when salt concentration decreased and fermentation time increased, the minimum contents of 
tannins (Fig. 21a), phytic acid (Fig. 21b) and trypsin inhibitor activity (Fig. 21c) were 0.06 mg/g (80%), 
0.24 mg/g (78%) and 1.9 kU/g (68%), respectively, over unfermented mixed batter. The minimum 
 

 
 
Fig. 21. Response surface 3D plots showing the influence of added salt concentration, fermentation time 
(t) and fermentation temperature (T) on antinutritional factors: influence of salt and t on tannins 
content (TC; a), phytic acid content (PAC; b) and trypsin inhibitor activity (TIA; c), when T was constant 
at 30°C; Influence of t and T on haemagglutinating activity (HA; d) and total biogenic amines content 
(TBAC; e), when salt concentration was constant at 10 g/kg mixed dal/rice batter. 
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haemagglutinating activity (Fig. 21d) of 0.05 kU/g (95%) was obtained when the fermentation time and 
temperature were increased, keeping added salt concentration fixed at 10 g/kg. The minimum amines content 
was 282 mg/g when fermentation time decreased to 10 h at 27.6°C, keeping added salt concentration fixed at 
10 g/kg (Fig. 21e). 
 Optimum fermentation condition comprised 9.4 g/kg added salt and fermentation at 38°C for 24 h. 
Although this condition gave maximum reduction of antinutritional factors, a shorter fermentation time, a lower 
temperature and a lower concentration of salt were selected without affecting desirability. This is because salt-
restricted diet is the current trend, ambient temperature at night is usually low and a faster production is 
preferred. Thus, the predicted optimum fermentation condition selected was 8 g/kg added salt at 32°C for 18 h. 
The predicted reduction of antinutritional factors is shown in Table 37. 

In the present study, the values of microbial load, initial pH and titratable acidity of unfermented batter 
changed rapidly during the course of fermentation (Table 18). It was further observed that the lactic acid 
bacteria outnumbered other, non-lactic acid bacteria, causing reduction (P <0.05) in pH of fermented batter 
(Table 18). 

 
4.3.5. Steaming 

The levels of antinutritional factors during steaming of optimally fermented batter are shown in Table 19. The 
models showed insignificant (P >0.05) lack-of-fit, indicating their adequacy for predicting those response 
variations. The R2-values for all the antinutrients were high, indicating that the models could explain 100% of 
variation for reduction of antinutritional factors during steaming (Table 38). The regression coefficient data are 
shown in Table 42. 
 

 
 
The reduced polynomial equations were 
Phytic acid content (mg/g) = 0.140 – 0.070A – 0.050A2 + 0.030A3 + 0.040A4 
Trypsin inhibitor activity (kU/g) = 1.100 – 0.050A – 0.030A2 + 0A3 + 0.030A4 
Total biogenic amines content (µg/g) = 294.720 – 34.063A + 40.967A2 – 9.227A3 – 25.387A4 

where A was steaming time. 
 Increase of steaming time caused a reduction (P <0.05) of phytic acid content, trypsin inhibitor activity, 
and total biogenic amines content (Table 19). The amines content in dhokla was 269 µg/g. Therefore, the 
optimum steaming time of 20 min was effective in reducing accumulated amines during fermentation.  
 The experimentally validated optimized process condition of dhokla preparation stages is shown in Fig. 
22. The final steamed product (dhokla) experienced a reduction of tannins content, phytic acid content, trypsin 
inhibitor activity, haemagglutinating activity and total biogenic amines content by 100%, 94%, 92%, 100% and 
20%, respectively, over the average values of raw ingredients.      
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                                   Fig. 22. The optimized and experimentally validated process 
                                   conditions (within boxes) of dhokla-making. 
 
Dhokla, prepared from batter having 8 g/kg added salt, fermented under optimized conditions of 32°C for 18 h, 
scored maximum (95), ranking “excellent” in terms of sensory attributes (Table 43). 
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Discussion

5.1. Raw ingredients

Compared to rice, raw soybeans and dals contained much higher amounts of those antinutrients. The

levels of antinutritional factors (tannins, phytic acid, trypsin inhibitor activity, haemagglutinating activity and

total biogenic amines) present in raw soybeans (used for preparing kinema), blackgram dal (used for

preparing idli) and bengalgram dal (used for preparing dhokla) were in close proximity to the values reported

earlier (Hettiarachchy and Sri Kantha, 1981; Egounlety and Aworh, 2003; Lestienne et al., 2005; Alajaji

and El-Adawy, 2006; Hemalatha et al., 2007; Guillamon et al., 2008). Rice (used for preparing idli and

dhokla) contained no trypsin inhibitor and haemagglutinating activities. The levels of tannins and phytic

acid contents were similar to the value reported earlier (Hemalatha et al., 2007). The levels of oligosaccharides

present in raw blackgram dal during idli preparation were in close proximity to the values reported earlier by

Reddy and Salunkhe (1980). All these antinutrients cause pronounced health-related abnormalities in

humans (Bora, 2014).

5.2. Soaking

Soaking is considered an initial processing step which is routinely followed during the preparation of legume-

based fermented foods. The response surface plots generated from the models indicate that when
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soaking temperature and initial pH were kept constant, increase in raw ingredients (soybeans, dal and rice)

to water ratio and soaking time caused a linear reduction (P <0.05) of tannins content and trypsin inhibitor

activity from raw soybeans, tannins content, phytic acid content, trypsin inhibitor activity and

haemagglutinating activity from blackgram dal, tannins content, trypsin inhibitor activity and total biogenic

amines content from bengalgram dal, and tannins and phytic acid contents from rice. As tannins and

trypsin inhibitors are water-soluble (Chung et al., 1998; Abd El-Hady and Habiba, 2003), the increase in

water proportion might have caused a reduction (P <0.05) in their values in soaked ingredients. Subsequent

increase in soaking time might have provided an additional effect in getting those leached out of the

ingredients. The loss of tannins content is also attributed to the binding of tannins with carbohydrates and

proteins, and to the activation of polyphenol oxidase (Saharan et al., 2002; Sandberg, 2002; Saxena et al.,

2003). Since, trypsin inhibitors are low-molecular weight proteins, those are likely to leach out of the seeds

easily (Grewal and Jood, 2006). Hydration of seeds, activation of endogenous phytase and diffusion of

products might be responsible for the reduction (P <0.05) of phytic acid content, as commented by Egli

et al. (2002). Minimum haemagglutinating activity was obtained when soybeans and bengalgram dal were

soaked in water of pH 4.0 for 20 h at 25°C and 40°C, respectively. The reduction (P <0.05) of tannins

content, phytic acid content, trypsin inhibitor activity and haemagglutinating activity during soaking in the

present study is in agreement with the earlier reports (Bansal et al., 1988; Vijayakumari et al., 1995;

Egounlety and Aworh, 2003; Grewal and Jood, 2006; Shimelis and Rakshit, 2007; Khattab and Arntfield,

2009; Khandelwal et al., 2010; Kalpanadevi and Mohan, 2013). The level of total biogenic amines reduced

(P <0.05) with an increase in initial pH of soaking water and a decrease in soaking temperature. pH is an

important factor influencing microbial decarboxylase activity; pH of 3.0-6.0 is considered optimum for

bacteria to produce decarboxylase that induces formation of biogenic amines in soaked products (Silla

Santos, 1996). Low temperature adversely affects proteolytic and decarboxylating reactions, resulting in a

decreased (P <0.05) amine concentration (Joosten and van Boeckel, 1988).

The response surface 3D plots indicate that at any temperature level, the total oligosaccharides

content in soaked blackgram dal decreased with an increase in dal to water ratio keeping the time and pH

constant at 12 h and 6.0, respectively. An increase in the proportion of water might have caused leaching

of oligosaccharides from dal. pH also had a significant effect (P <0.05) upon the response. The total

oligosaccharides content after soaking dal for 12 h at 25°C decreased with an increase in pH. In fact,

alkalinity favours leaching out of sugars from the beans (Kim et al., 1973; Vijayakumari et al., 2007). In the

present study, the interaction effect of soaking time and ratio indicated a non-linear relationship on the

response. At 25°C and initial pH 6.0, the minimum oligosaccharides content obtained was 7.1 mg/g dry

weight. A similar observation was reported by Shimelis and Rakshit (2007) and Price et al. (1988) where

there was a reduction in the oligosaccharides content in kidney beans after 12 h of soaking in alkaline

water. Further, soaking may also activate dormant enzymes, like α-galactosidase, leading to the breakdown

of oligosaccharides. The absence of seed coat, which acts as a diffusion barrier, might have caused a higher

rate of oligosaccharide reduction in the present study (Upadhyay and Garcia, 1988). The minimum total

oligosaccharide content of 3.95 mg/g dry weight was obtained at pH 8.0 and 15°C with the ratio and time

fixed at 1:6.5 w/w and 12 h, respectively. The interaction of temperature and time had a pronounced

effect (P <0.05) upon the response. At a lower temperature (18°C) with the ratio fixed at 1:6.5 w/w and

initial pH at 6.0, minimum oligosaccharide contents of the dal was 4.1 mg/g dry weight after 20 h of

soaking. A curved response due to the interaction between pH and time was observed at all the pH levels.

The reduction of individual sugar content cannot be explained solely on the basis of its solubility or molecular

weight. Thus, the loss of raffinose was less than that of stachyose and verbascose, although raffinose is

more soluble and is of lowest molecular weight among the oligosaccharides. This observation indicates that

besides solubility and molecular weight, the location and natural bonding form of the sugar within a cell also

influence both rate and extent of extraction of oligosaccharides (Sarkar et al., 1997a). The reduction (P

<0.05) in pH values during soaking of dals and rice might be due to the growth of microorganisms and

accumulation of organic acids (Ashenafi and Busse, 1991).
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The predicted optimum condition for soaking of soybeans (1:10 w/w of raw beans to water, and 20 h,

10°C and 8.0 as soaking time, temperature and pH, respectively, led to reduction (P <0.05) of tannins

content, phytic acid content, trypsin inhibitor activity and haemagglutinating activity by 55%, 26%, 8%

and 18%, respectively, as compared to raw soybeans. The predicted minimum increase (P <0.05) of total

biogenic amines content was 114%. Egounlety and Aworh (2003) observed that under traditional condition

(1:3 w/v of beans to water, for 12-14 h) of soaking soybeans there were 55% reduction of tannins

content, 35% increase in phytic acid content and 2% reduction of trypsin inhibitor activity. The optimized

soaking condition of blackgram dal (1:5 w/w of dal to water, and 20 h, 16°C and pH 4.0 as soaking time,

temperature and pH, respectively) caused a reduction of tannins content, phytic acid content, trypsin

inhibitor activity and haemagglutinating activity by 49%, 25%, 35% and 26%, respectively. The predicted

minimum increase (P <0.05) of total biogenic amines content was 2%. The optimized soaking condition of

bengalgram dal (1:5 w/w dal to water, and 20 h, 23°C and pH 7.0) caused a reduction (P <0.05) of

tannins content, phytic acid content, trypsin inhibitor activity, haemagglutinating activity and total biogenic

amines by 79%, 35%, 50%, 60% and 18%, respectively. The optimized soaking condition of rice (1:5 w/

w rice-water ratio and 18 h, 16°C and pH 5.6) caused a reduction (P <0.05) of the contents of tannins

and phytic acid by 83% and 20%, respectively. The predicted minimum increase (P <0.05) of total biogenic

amines content was 7% over raw rice. Soaking of Vigna unguiculata (L.) seeds having seeds to water ratio

of 1:10 w/v for 12 h caused a reduction of tannins content, phytic acid content, trypsin inhibitor activity,

haemagglutinating activity, raffinose, stachyose and verbascose by 26%, 31%, 8%, 11%, 21%, 46% and

37%, respectively (Kalpanadevi and Mohan, 2013).

The predicted optimum condition for soaking blackgram dal was: dal-water ratio of 1:10 w/w, and

soaking temperature, time and pH of 16°C, 21 h and 6.0, respectively. Under this condition, the minimum

total oligosaccharide content predicted was 1.97 mg/g dry weight and the corresponding experimental

value was 2.02 mg/g dry weight. The percent decrease of raffinose, stachyose, verbascose and ajugose

in dal was 94%, 93%, 97% and 92%, respectively; the total oligosaccharide content decreased by 95%.

5.3. Cooking of soybeans

Since boiling improves the protein quality of beans by destroying or inactivating heat-labile antinutritional

factors (Vijayakumari et al., 1997), optimization of cooking stage is worthwhile. In the present study, the

complete removal of tannins in cooked soybeans signifies an extensive leaching due to the collective effect

of soaking and cooking. A complete removal of tannins during cooking was also reported by Egounlety and

Aworh (2003). The effect of soaking plus cooking is more effective than either soaking or cooking (Shimelis

and Rakshit, 2007). Furthermore, cooking destroys molecular structure of tannins, causing those less

extractable and detectable during the assay (Alonso et al., 1998). In this study, the phytic acid content of

cooked soybeans reduced (P <0.05) by 10% over optimally soaked ones. The reduction of phytic acid

content in legume seeds during cooking has also been reported earlier (Shimelis and Rakshit, 2007; Embaby,

2010). The degradation of phytic acid during autoclaving might be due to the formation of insoluble

complexes of phytate-protein and phytate-protein-minerals or leaching into the cooking medium or

degradation of inositol hexaphosphate into pentatetraphosphate (Vijayakumari et al., 1997, 2007). In the

present study, trypsin inhibitor activity was reduced by 70% over optimally soaked soybeans. This reduction

(P <0.05) during cooking might be due to the destruction of disulphide bonds or hydrolysis of peptide

bonds or splitting of covalent bonds (Adams, 1991). The thermolabile nature of trypsin inhibitors in various

legumes was reported earlier (Egounlety and Aworh, 2003; Shimelis and Rakshit, 2007; Embaby, 2010).

Haemagglutinin or lectin, due to its heat-sensitive nature, was reduced (P <0.05) below the limit of

detection by autoclaving. Similar reduction of haemagglutinating activity during cooking has been reported

in faba bean (Khalil and Mansour, 1995), chick pea (Alajaji and El-Adawy, 2006) and cow pea (Kalpanadevi

and Mohan, 2013). The reduction (P <0.05) in activity during cooking may be due to the breakdown of

haemagglutinins into their subunits or to other unknown conformational changes in their native form

(Batra, 1987).
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The predicted optimum condition for cooking was soaked beans-water ratio of 1:5 w/w, and

cooking pressure and time of 1.10 kg/cm2 and 20 min, respectively. Under optimum condition, the tannins

content, phytic acid content, trypsin inhibitor activity and haemagglutinating activity reduced (P <0.05)

by 96%, 10%, 68% and 99%, respectively, over optimally soaked beans. Boiling soybeans (1:6 w/v of

soaked beans to water) for 30 min caused a reduction of tannins content, phytic acid content and trypsin

inhibitor activity by 100%, 10% and 82%, respectively (Egounlety and Aworh, 2003). Total biogenic

amines content remained unchanged (P <0.05). Cooking had no effect (P <0.05) on total biogenic

amines content of soaked soybeans during the production of tempe (Nout et al., 1993).

5.4. Unfermented mixed batter

Unfermented mixed batters, prepared by mixing dal paste and rice slurry in a ratio of 1:2 v/v and 3:1 v/v,

were used for the preparation of idli and dhokla, respectively. Compared to dal, rice contained a negligible

amount of antinutritional factors. Since, in the mixed idli batter, dal constituted one-third by volume, the

level of antinutrients in mixed batter was approximately one-third of the level of that in soaked dal.

Similarly, in the mixed dhokla batter, dal constituted three-fourth by volume; hence, the level of antinutrients

in mixed batter was correspondingly lower than that in soaked dal.

5.5. Fermentation

Fermentation is an important microbial and enzymic method of food processing so as to achieve products

having improved organoleptic quality and prolonged shelf-life. After fermentation of optimally cooked

soybeans and mixed dhokla batter, the tannins content went below the limit of detection. Fermentation

of mixed idli batter caused 56% reduction of tannins content. An activity of polyphenol oxidase by the

growth of microorganisms during fermentation might be a cause of reduction of tannins content during

fermentation (Reddy and Pierson, 1994). Phytic acid content and trypsin inhibitor activity reduced by 43%

and 5%, respectively, over optimally cooked soybeans. The reduction (P <0.05) of phytic acid content in

kinema might be due to phytase activity shown by the inoculated culture of B. subtilis. Bacillus subtilis

contains phytase-encoding gene and can degrade phytate during its growth through production of

extracellular phytases (Kumar et al., 2010). Phytase activity of B. subtilis in natto has been reported by

Shimizu (1992). During idli and dhokla batter fermentation too, there was a reduction (P <0.05) of phytic

acid content. This reduction might be due to phytase activity of the fermenting microorganisms (Kumar et

al., 2010). Bacteria produce lactic and acetic acids and lower the pH, thereby favouring phytase activity,

causing the reduction of phytic acid content (Lopez et al., 1983). Lactic acid fermentation is effective in

reducing trypsin inhibitors in legumes (Khetarpaul and Chauhan, 1989; Holzapfel, 2002). A drastic reduction

(P <0.05) of haemagglutinating activity in the present study signifies its hydrolysis into simpler and more

soluble products. Leuconostoc mesenteroides, isolated from idli batter, has the potentiality to hydrolyze

lectins (Rao, 1978). The bacterium secretes a mixture of proteases, such as β-N-acetylglucosaminidase

and α-D-mannosidase, which are involved in the hydrolysis of lectin. The effect of fermentation in reducing

tannins and phytic acid contents, and trypsin inhibitor and haemagglutinating activities during legume seed

fermentation has been reported earlier (Reddy and Pearson, 1994; Holzapfel, 2002; Egounlety and Aworh,

2003; Khattab and Arntfield, 2009). The minimum level of total biogenic amines content in kinema was

166 µg/g (= 694 µg/g dry weight), the value which was 122% more than that of optimally cooked

soybeans. Similarly, the total biogenic amines contents in fermented idli and dhokla batters were 493 µg

and 282 µg/g dry weight, respectively, which are almost 288% and 4% more than those of unfermented

mixed batters. While the total biogenic amines content of traditional doenjang was 2121 µg/g

, that of its modern version was 305 µg/g (Cho et al., 2006). Natto and chungkukjang had total biogenic

amines content of 138 µg and 335 µg/g, respectively (Cho et al., 2006; Tsai et al., 2007a). Biogenic amines

are formed in fermented soybean products by microorganisms during fermentation, and high levels ofthose

have been reported in soy products (Yen, 1986; Nout et al., 1993). Bacillus spp., isolated from various

fermented foods, were found to be weak biogenic amine-formers (Silla Santos, 1996; Tsai et al., 2007a,

2007b). Kinema contains relatively high amount of free amino acids (Sarkar et al., 1997b; Sarkar and Nout,
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2014), which could be a potential source of biogenic amine formation. Decarboxylase activity has been

described in several microbial groups, including Bacillus (ten Brink et al., 1990). This is because biogenic

amines are formed by several microbial groups possessing decarboxylase activity during fermentation (Majjala

et al., 1993; Holzapfel, 2002). Interestingly, in this study, a reduction (P <0.05) in the level of total

biogenic amines content was observed when salt concentration was increased. Similar results were reported

by Chander et al. (1989) while studying the fermentation of soybeans by Lactobacillus delbrueckii susp.

bulgaricus. A high salt concentration leads to reduced cell yield and progressively disturbs the membrane-

located microbial decarboxylase (Sumner et al., 1990). The use of short fermentation time with carefully

selected active starter cultures, instead of wild fermentations, will help to prevent the formation of toxic

amines (Shukla et al., 2010).

The predicted optimum condition of soybean fermentation was 3 log total cells/g beans as inoculum

load, and fermentation temperature of 37°C and time of 48 h, causing a reduction (P <0.05) of the

contents of tannins by 100% and phytic acid by 41%. While trypsin inhibitor activity was not influenced (P

<0.05) by fermentation, total biogenic amines content increased (P <0.05) by 218% over optimally

cooked beans. Although total biogenic amines content increased (P <0.05) in optimally produced kinema

(to 238 µg/g), it remained much below the hazardous level of 1000 µg/g food (Silla Santos, 1996), and so,

it can safely be consumed by humans. The optimum idli batter fermentation condition having 16 g/kg

added salt at 35°C for 19 h caused a reduction of tannins content, phytic acid content, trypsin inhibitor

activity and haemagglutinating activity by 44%, 53%, 36% and 65%, respectively. The total biogenic

amines increased by 436% over unfermented mixed batter. The optimum dhokla batter fermentation

condition having 8 g/kg added salt at 32°C for 18 h caused a reduction of tannins content, phytic acid

content, trypsin inhibitor activity and haemagglutinating activity by 57%, 64%, 50% and 70%, respectively.

The levels of total biogenic amines increased by 32% over unfermented mixed batter. The total biogenic

amines contents in fermented batters of idli and dhokla were 681 µg and 355 µg/g dry weight, respectively.

Natural fermentation of Roba variety of dry common bean (Phaseolus vulgaris L.) at 25°C for 24 h caused

a reduction of 15% tannins content, 18% phytic acid content and 9% trypsin inhibitor activity (Shimelis

and Rakshit, 2008).

Fermentation of the mixed batter of idli, produced by using optimally soaked dal, reduced the

contents of each of the oligosaccharides below their respective limits of detection. This highlights the

importance of optimizing the soaking condition of blackgram dal. The decrease in the oligosaccharide

contents during fermentation is due to the action of α-galactosidase produced by the lactic acid bacteria

(Reddy and Salunkhe, 1980). They reported that the fermentation of blackgram-rice blends for 45 h

decreased oligosaccharides to 28% of the original value. Akinyele and Akinlosotu (1991) showed that 16

h-fermentation of cowpea led to a decrease of 38.4% raffinose, 35.4% stachyose and 49.9% verbascose.

Reduction of total oligosaccharide content in the fermented dough of wari, a blackgram dal-based fermented

food, has been reported by Tewary and Muller (1992).

5.6. Microbiological analysis

The viable counts of total aerobic mesophilic bacteria, lactic acid bacteria and yeasts for both unfermented

and fermented mixed batters of idli and dhokla were studied under different experimental conditions. The

increase (P <0.05) in titratable acidity and decrease (P <0.05) in pH from mixed batter during fermentation

indicates the growth of lactic acid bacteria. A similar situation was observed during lactic acid fermentation

of various food grains (Agarwal et al., 2000; Shimelis and Rakshit, 2008). It was further observed that lactic

acid bacteria outnumbered other, non-lactic acid bacteria causing reduction (P <0.05) in pH of fermented

batter. Lactic acid bacteria readily grow in most food substrates and can lower the pH rapidly to a point

where competing microorganisms are no longer able to grow (Shimelis and Rakshit, 2008). This lowering of

pH favours yeasts (Soni and Sandhu, 1991), which is evident from their growth (P <0.05) during

fermentation.
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5.7. Steaming of fermented products

The complete reduction of tannins during steaming might be due to degradation at high temperatures

(Nithya et al., 2007) or interaction with other seed components, such as proteins, to form insoluble

complexes (Luo and Xie, 2013). During steaming of fermented idli batter, phytic acid content increased

initially. Such a time-dependent change in phytic acid content during heating at 100°C has been reported

earlier (Kim and Kim, 1998). The decrease (P <0.05) in phytic acid content with a further increase of the

duration of steaming might be due to its degradation into penta- and tetra-phosphates (Vadivel and

Biesalski, 2012). Trypsin inhibitor activity decreased with the increase in steaming time. Reactions involving

deamidation and splitting of covalent bonds, such as hydrolysis of peptide bonds, and interchange or

destruction of disulphide bonds, might be involved in the thermal inactivation of trypsin inhibitors (Alonso

et al., 1998). Since, haemagglutinin is heat-sensitive, it reduced (P <0.05) below the limit of detection

during steaming. Lectin activity can be eliminated during steaming (Reddy and Pierson, 1994). Total biogenic

amines content in idli reduced by 7%, and its content in dhokla was 269 µg/g dry weight. Therefore,

steaming for 20 min is effective in reducing total biogenic amines content in the final product. Steaming

had no effect (P <0.05) on the oligosaccharide content of fermented idli batter. Cooking alone is not

sufficient to bring about any significant reduction in the flatulence-inducing activity of cowpeas (Price et

al., 1988). The experimental values were in a reasonable agreement with the optimum values during each

processing stages of kinema, idli and dhokla preparation. Overall, it can be stated that these foods produced

through optimized processing stages successfully minimized the levels of antinutritional factors with enhanced

organoleptic attributes, attaining ‘excellent’ score in terms of overall sensory quality. The outcome can be

the basis for their commercial production.
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ABSTRACT

Deploying response surface methodology, the stages of idli preparation were opti-

mized for minimizing the level of antinutrients. Under optimum conditions of

soaking blackgram dal (1:5 of dal and water at 16C, and pH 4.0 for 18 h) and rice

(1:5 of rice and water at 16C, and pH 5.6 for 18 h), the tannins content, trypsin

inhibitor activity and hemagglutinating activity reduced, while phytic acid con-

tent remained unchanged. The optimum conditions for fermentation of dal-rice

(1:2) mixed batter were 16 g/kg common salt supplementation and 19 h at 35C,

resulting in a decrease in all the antinutrient levels, except amines. Steaming for

an optimized period of 20 min further reduced the phytic acid content and tryp-

sin inhibitor activity. In idli, while total biogenic amines content increased by

339% over raw ingredients, tannins content, phytic acid content, trypsin inhibitor

activity and hemagglutinating activity decreased by 100, 89, 58 and 100%,

respectively.

PRACTICAL APPLICATIONS

For idli preparation, the optimization of processing stages using response surface

methodology significantly minimized the level of antinutrients from both black-

gram dal and rice without affecting the organoleptic attributes of the product.

The optimized process parameters can be applied to household level and are also

useful in scaling up idli production with a minimum level of antinutrients and

better consumer acceptability. The outcome of this research can be exploited to

other legume-based foods as well, particularly in developing regions where the

consequences of antinutrients may exacerbate malnutrition and disease, thus

effectively utilizing full potential of the legumes as human and animal foods.

INTRODUCTION

In countries, where scarcity of animal protein prevails,

legumes play an important role in the human diet. Legumes

fulfill the basic nutritional requirements, such as proteins,

dietary fibers, unsaturated fatty acids, vitamins and miner-

als. Legumes, blended with cereals, provide nutritional and

functional proteins having a well-balanced essential amino

acid profile (Boye et al. 2010). A significant part of the

world’s human population relies on legumes as staple food

for subsistence, particularly in combination with cereals.

However, besides having these beneficial qualities,

legumes and cereals contain a considerable amount of anti-

nutrients, such as galacto-oligosaccharides, nonprotein

amino acids, tannins, phytates, trypsin inhibitors, hemag-

glutins or lectins and biogenic amines which limit their con-

sumption (Hemalatha et al. 2007). Reduction of

antinutrients in legumes can be achieved either by selection

of plant genotypes with low levels of such factors or through

postharvest processing. Since antinutrients are important to

the plants as they function as potent defense compounds

against herbivores and pathogens, postharvest processing

has been the strategy for their elimination from seeds. As

many of the antinutrients are toxic, unpalatable and/or indi-

gestible for human consumption, the traditional domestic

means of their reduction consists mainly of dehulling, leach-

ing, germination, heating and fermentation. Structure of

antinutrients and their chemical properties, especially heat

1Journal of Food Processing and Preservation 00 (2016) 00–00 2016 Wiley Periodicals, Inc.

Journal of Food Processing and Preservation ISSN 1745-4549



lability, dictate which physical process will be more effective

in their reduction or removal.

Idli is a classic example of cereal-legume mixture food,

consumed throughout India, especially in southern parts,

and Sri Lanka (Aidoo et al. 2006). Traditionally, idli is pre-

pared by soaking blackgram (Vigna mungo (L.) Hepper;

synonym Phaseolus mungo L.) dal (dehulled split seeds)

and white polished rice (Oryza sativa L.) separately. The

soaked rice is ground coarsely, while soaked dal is ground

to a smooth, viscous paste. The slurry and paste are mixed

at different ratios with common salt to form a thick batter

that is left overnight at ambient temperature. The leavened

batter is poured into the cups of an idli steamer and

steamed until starch is gelatinized to prepare soft and

spongy cakes having a pleasant acid flavor (Aidoo et al.

2006; Rakshit et al. 2015). Idli is usually eaten with chutney

(a batter made of coconut) and sambar (spicy vegetable

soup containing tamarind juice). Idli is fermented natu-

rally. Many times use of the same utensils helps to stabilize

a mixed microbiota during fermentation. The leavening

and flavor formation of idli are achieved by the activities of

lactic acid bacteria, such as Leuconostoc mesenteroides,

Enterococcus faecalis and Pediococcus dextrinicus, and yeasts

such as Saccharomyces cerevisiae, Pichia anomala, Debaryo-

myces hansenii, Trichosporon pullulans and Trichosporon

cutaneum (Nout et al. 2007).

The fate of oligosaccharides in blackgram during its

processing for preparing idli has been reported elsewhere

(Rakshit et al. 2015). However, reports on the other

major antinutrients, such as tannins, phytic acid, total

biogenic amines, trypsin inhibitor activity and hemagglu-

tinating activity exhibited varied results under different

conditions.

Response surface methodology (RSM) is a powerful tool

that is useful for applications in which a response is influ-

enced by several factors (Montgomery 2005). Since RSM

also evaluates the interactions between one or more

response variables with fewer experimental runs, it is used

extensively for optimization of different food processes.

Hence, the present study aimed to use RSM for optimiza-

tion of the traditional domestic processing stages in

achieving preparation of idli having a minimum level of

antinutrients.

MATERIALS AND METHODS

Sampling

Blackgram dal and white polished rice were purchased from

a retailer in Siliguri town, packed in an air-tight aluminum

container and stored at ambient temperature (22–30C) for

earliest use (within 2 weeks).

Experimental Design

Preliminary experimental trials conducted in the laboratory

and literature survey (Rakshit et al. 2015) enabled us to

choose the minimum and maximum values of the inde-

pendent variables. The influence of variables of each stage

was evaluated using a central composite rotatable design

(CCRD). Experiments were performed in triplicate sets,

according to combinations for each processing stage to

obtain an optimized condition using Design Expert v. 8.0

(Stat-Ease Inc., Minneapolis, MN). The soaking stage con-

sisted of 30 experimental runs having 16 factorial points,

eight axial points and six replicates at central points (Tables 1

and 2). While optimally soaked dal was ground to a smooth

paste, optimally soaked rice was coarsely ground. The dal

paste and rice slurry were mixed to get a thick batter which

was used for optimization of the subsequent (fermentation)

stage employing three independent variables. This stage

consisted of 20 experimental runs having eight factorial

points, six axial points and six replicates at the central points

(Table 3). As per the experimental condition, different

amounts of common salt (sodium chloride) were added. At

different fermentation times, the bottles were sampled for

analysis of antinutrients. The results obtained were used to

optimize fermentation condition. Optimally fermented idli

batter was used in the final stage (steaming), where a single-

independent variable consisted of seven experimental runs

(Table 4). After model fitting of each processing stage, 3D

response surfaces were generated to decipher the relation

between independent and response variables.

Viable Cell Count

A 10 g sample was homogenized with 90 mL sterile

peptone-physiological saline (1 g/L neutral peptone, 8.5 g/L

sodium chloride, pH 7.2) in a stomacher lab-blender 400

(Seward Medical, London, UK) for 1 min at “normal”

speed. One milliliter of the appropriate dilution was mixed

with 15 mL molten (45C) plate count agar (M091A; HiMe-

dia Laboratories, Mumbai, India) for total aerobic meso-

philic bacterial count, MRS agar (HiMedia M641) for lactic

acid bacterial count and tryptone glucose yeast extract agar

(HiMedia M014) supplemented with 10 IU/mL benzylpeni-

cillin and 12 lg/mL streptomycin sulfate for yeast count.

The plate count agar and tryptone glucose yeast extract agar

plates were incubated at 37C for 24 h, while MRS agar plates

were incubated for 48 h at 30C in an anaerobic culture jar

(HiMedia LE002A).

pH and Titratable Acidity

For determining pH and titratable acidity, the methods

described in AOAC (1990) were followed.

IDLI-MAKING OPTIMIZATION A. SHARMA ET AL.
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Sensory Analysis

Samples of idli, prepared under different experimental con-

ditions of fermentation and optimized steaming time, were

evaluated organoleptically by a panel of 10 trained judges.

An overall sensory quality was considered using a 100-point

score card (Table 5). Analysis of the samples was conducted

in triplicate.

Evaluation of Antinutrients

While the samples of raw dal and rice were powdered, those

of soaked dal and rice were made to paste using a blender

(Bajaj Electricals, Mumbai, India). The powders, pastes and

dal-rice mixed (unfermented and fermented) batters were

left overnight at 220C, lyophilized (Eyela freeze dryer,

FDU-506, Tokyo Rikakikai, Tokyo, Japan) and powdered.

The contents of tannins, phytic acid and total biogenic

amines, and trypsin inhibitor and hemagglutinating activ-

ities were determined using the methods described by Price

et al. (1978), Wheeler and Ferrel (1971), Yeh et al. (2006),

Kakade et al. (1969) and Liener and Hill (1953), respectively.

One unit (U) of trypsin inhibitor activity was defined as a

decrease in A280 of 0.01, relative to the blank, in 20 min

using a 10 mL assay volume, while one unit (U) of hemag-

glutinating activity was defined as the least amount of

hemagglutinin which produced positive agglutination (11)

under the experimental condition. The analyses of the sam-

ples for estimating antinutrient levels were conducted in

triplicate.

Following the traditional method of idli preparation, as

described by Rakshit et al. (2015), the antinutrient levels of

the product were evaluated to compare the efficiency of the

optimized process conditions.

TABLE 1. EXPERIMENTAL VALUES, BASED ON RSM DESIGN, OF ANTINUTRIENTS IN SOAKED DAL

Run

Soaking condition (variable)

Final pH

Antinutrient (per g dry wt)*

Dal:water

(w/w) t (h) T (C) Initial pH TC (mg) PAC (mg) TIA (U) HA (U) TBAC (mg)

1 1:1 12 26 6.0 5.7 6 0.3 0.46 6 0.09 4.9 6 0 111 6 2.3 160 6 0 296 6 1

2 1:7 12 4 6.0 5.8 6 0.3 0.23 6 0.12 4.1 6 0.3 81 6 0.6 133 6 27 305 6 2

3 1:7 24 26 6.0 5.6 6 0 0.19 6 0 3.0 6 0 65 6 0 120 6 40 306 6 2

4 1:10 6 37 4.0 3.6 6 0 0.32 6 0.03 4.2 6 0 85 6 1.4 107 6 27 324 6 2

5 1:10 6 37 8.0 6.5 6 0 0.32 6 0.03 4.2 6 0 83 6 1.9 133 6 27 304 6 1

6 1:7 12 26 6.0 5.6 6 0 0.26 6 0.03 4.0 6 0 83 6 1.2 133 6 27 317 6 1

7 1:7 12 26 10.0 6.1 6 0 0.26 6 0.03 3.9 6 0 88 6 0 160 6 0 290 6 0

8 1:10 6 15 8.0 6.8 6 0 0.32 6 0.03 4.3 6 0 84 6 0 133 6 27 305 6 1

9 1:7 0 26 6.0 6.1 6 0 0.46 6 0.07 5.0 6 0 111 6 0.7 160 6 0 296 6 1

10 1:4 18 37 4.0 3.3 6 0 0.29 6 0 3.9 6 0 73 6 0.6 107 6 27 326 6 1

11 1:10 18 37 4.0 3.4 6 0 0.23 6 0.12 3.6 6 0 77 6 0 120 6 0 344 6 1

12 1:10 18 15 8.0 6.8 6 0 0.22 6 0.03 3.5 6 0 79 6 0 133 6 27 300 6 1

13 1:4 6 15 8.0 6.8 6 0 0.36 6 0.03 4.5 6 0 87 6 0.4 160 6 0 306 6 0

14 1:4 6 15 4.0 3.9 6 0 0.36 6 0.03 4.5 6 0.1 95 6 0.6 120 6 40 311 6 0

15 1:10 6 15 4.0 3.9 6 0 0.26 6 0.03 4.3 6 0 82 6 0.1 120 6 40 306 6 0

16 1:10 18 15 4.0 3.9 6 0 0.23 6 0.12 3.5 6 0 75 6 0.6 120 6 40 304 6 1

17 1:7 12 48 6.0 5.3 6 0 0.29 6 0 4.0 6 0 84 6 0.1 93 6 13 362 6 1

18 1:7 12 26 2.0 3.0 6 0 0.32 6 0.03 4.0 6 0 80 6 0.8 107 6 27 322 6 0

19 1:10 18 37 8.0 6.4 6 0 0.22 6 0.03 3.5 6 0 79 6 0.2 133 6 27 310 6 2

20 1:7 12 26 6.0 5.6 6 0 0.26 6 0.03 3.8 6 0 79 6 0.1 133 6 40 314 6 0

21 1:7 12 26 6.0 5.6 6 0 0.23 6 0.09 3.8 6 0 85 6 0.1 120 6 27 313 6 0

22 1:4 6 37 8.0 6.5 6 0 0.36 6 0.03 4.5 6 0 88 6 0.6 133 6 40 300 6 1

23 1:13 12 26 6.0 5.7 6 0 0.09 6 0 3.8 6 0 67 6 0 120 6 27 298 6 0

24 1:7 12 26 6.0 5.6 6 0 0.29 6 0.01 4.0 6 0 86 6 0 107 6 27 336 6 1

25 1:4 6 37 4.0 3.6 6 0 0.36 6 0.03 4.5 6 0 92 6 0.6 107 6 40 329 6 0

26 1:7 12 26 6.0 5.6 6 0 0.26 6 0.03 3.7 6 0 72 6 0 120 6 27 308 6 0

27 1:4 18 15 8.0 6.8 6 0 0.23 6 0.12 3.9 6 0 75 6 0.1 133 6 27 299 6 1

28 1:7 12 26 6.0 5.6 6 0 0.32 6 0.03 3.8 6 0 78 6 0.1 107 6 27 313 6 1

29 1:4 18 15 4.0 3.9 6 0 0.23 6 0.12 3.9 6 0 77 6 0 120 6 40 298 6 0

30 1:4 18 37 8.0 6.5 6 0 0.26 6 0.03 3.8 6 0 77 6 0.1 120 6 40 311 6 0

Note: TC, tannins content; PAC, phytic acid content; TIA, trypsin inhibitor activity; HA, hemagglutinating activity; TABC, total biogenic amines

content.

*Values, showing mean 6 SE, were obtained from triplicate sets.
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Validation of the Model Equations

Following numerical optimization, the optimized models of

each processing stage were subjected to validation. The devia-

tion error was expressed as a percentage, which was com-

puted by comparing the actual values with the predicted ones

at the optimum condition to evaluate model performance.

RESULTS AND DISCUSSION

Raw Dal/Rice

While raw dal contained considerable amounts of antinu-

trients, rice had a lesser amount of those (Table 6). The val-

ues of tannins content, phytic acid content and

hemagglutinating activity of raw dal and rice were similar to

earlier reports (Hettiarachchy and Sri Kantha 1981; Hemala-

tha et al. 2007).

Soaking

Results for levels of antinutrients under different soaking

conditions of dal according to RSM design are shown in

Table 1. The models have significant F value, an insignifi-

cant lack-of-fit, low-standard deviation and coefficient of

variance (Table 7). The low coefficients of determination

(R2) values for hemagglutinating and trypsin inhibitor

activities show that 54 and 59% of variations are influ-

enced by independent variables of soaking conditions,

and the remaining variations can be attributed to other

factors. The adjusted and predicted R2 for models are in

reasonable agreement. Adequate precision for models in

the study has ratio greater than 4, which is desirable and

indicates adequate model discrimination. The low values

of CV, SD and PRESS for the models show adequacy

with which the experiment is conducted and indicate a

better prediction.

TABLE 2. EXPERIMENTAL VALUES, BASED ON RSM DESIGN, OF ANTINUTRIENTS IN SOAKED RICE

Run

Soaking condition (variable)

Final pH

Antinutrient (per g dry wt)*

Rice:water

(w/w) t (h) T (C) Initial pH TC (mg)† PAC (mg) TBAC (mg)

1 1:1 12 26 6.0 5.8 6 0 0.06 6 0.03 1.3 6 0 81 6 2.2

2 1:7 12 4 6.0 5.9 6 0 0.03 6 0.03 1.1 6 0 76 6 1.7

3 1:7 24 26 6.0 4.9 6 0 <dl 0.9 6 0 78 6 2.9

4 1:10 6 37 4.0 3.8 6 0 <dl 1.3 6 0 98 6 0

5 1:10 6 37 8.0 6.4 6 0 0.03 6 0.03 1.3 6 0 79 6 0.9

6 1:7 12 26 6.0 5.8 6 0 <dl 1.4 6 0 77 6 2.3

7 1:7 12 26 10.0 6.2 6 0 0.03 6 0.03 1.3 6 0 79 6 1.0

8 1:10 6 15 8.0 6.6 6 0 <dl 1.3 6 0 75 6 0

9 1:7 0 26 6.0 6.1 6 0 0.06 6 0.03 1.4 6 0 76 6 1.0

10 1:4 18 37 4.0 3.3 6 0 <dl 1.4 6 0 96 6 1.2

11 1:10 18 37 4.0 3.2 6 0 <dl 1.1 6 0 86 6 0.9

12 1:10 18 15 8.0 6.6 6 0 <dl 1.2 6 0 73 6 1.5

13 1:4 6 15 8.0 6.7 6 0 0.06 6 0.03 1.5 6 0 80 6 0

14 1:4 6 15 4.0 3.8 6 0 0.03 6 0 1.6 6 0 87 6 0.8

15 1:10 6 15 4.0 3.8 6 0 0.03 6 0.03 1.3 6 0 82 6 0.7

16 1:10 18 15 4.0 3.7 6 0.1 <dl 0.7 6 0 78 6 1.0

17 1:7 12 48 6.0 4.4 6 0 0.03 6 0.03 1.0 6 0 95 6 1.1

18 1:7 12 26 2.0 3.0 6 0 <dl 1.2 6 0 97 6 1.7

19 1:10 18 37 8.0 5.9 6 0 <dl 1.0 6 0 81 6 0.9

20 1:7 12 26 6.0 5.9 6 0 0.06 6 0.03 1.1 6 0 73 6 6.0

21 1:7 12 26 6.0 5.9 6 0 0.03 6 0 1.3 6 0 74 6 0

22 1:4 6 37 8.0 6.6 6 0 0.06 6 0.03 1.4 6 0 84 6 0.2

23 1:13 12 26 6.0 5.9 6 0 <dl 0.9 6 0 80 6 0.1

24 1:7 12 26 6.0 5.9 6 0 <dl 0.9 6 0 80 6 0

25 1:4 6 37 4.0 3.7 6 0 0.03 6 0.03 1.4 6 0.1 96 6 0.2

26 1:7 12 26 6.0 5.9 6 0 0.06 6 0.03 1.0 6 0 73 6 0.9

27 1:4 18 15 8.0 6.6 6 0 <dl 1.1 6 0 82 6 0.3

28 1:7 12 26 6.0 5.9 6 0 <dl 1.1 6 0 79 6 0.1

29 1:4 18 15 4.0 3.8 6 0 <dl 1.5 6 0 79 6 0.1

30 1:4 18 37 8.0 6.0 6 0 <dl 1.4 6 0 81 6 0.4

Note: TC, tannins content; PAC, phytic acid content; TABC, total biogenic amines content.

*Values, showing mean 6 SE, were obtained from triplicate sets.
†dl (detection limit), 0.003 mg/g dry wt.
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The reduction (P < 0.05) of tannins content, phytic acid

content and trypsin inhibitor activity was influenced by dal-

water ratio and time. Although the reduction of hemaggluti-

nating activity was dependent on temperature, initial pH

had no effect (P < 0.05). While initial pH played a signifi-

cant (P < 0.05) role in the reduction of total biogenic

amines content, temperature had an opposite (P < 0.05)

effect. Interestingly, interaction of initial pH and tempera-

ture reduced (P < 0.05) the total biogenic amines content.

After removing insignificant terms for the coded variables of

each response, the reduced polynomial equations were:

Tannins content (mg/g) 5 0.283 2 0.044A 2 0.054B

Phytic acid content (mg/g) 5 3.844 2 0.189A 2

0.378B 1 0.119A2

Trypsin inhibitor activity (U/g) 5 82.598 2 4.380A 2

7.327B

Hemagglutinating activity (U/g) 5 125.756 2 6.611C 1

10.972D

Total biogenic amines content (lg/g) 5 316.816 1

9.709C 2 7.042D 2 5.547CD 2 4.724A2 2 3.615B2 1

4.454C2

where A was dal-water ratio, B was time, C was temperature

and D was initial pH.

An increase in time and dal-water ratio caused a linear

reduction in tannins content (0.19 mg/g; Fig. 1a), phytic

acid content (3.4 mg/g; Fig. 1c), trypsin inhibitor activity

(71 U/g; Fig. 1e) and hemagglutinating activity (118 U/g;

Fig. 1f) when temperature and initial pH were kept constant

at 26C and 6.0, respectively. The predicted reduction of tan-

nins content, phytic acid content, trypsin inhibitor activity

TABLE 5. SENSORY SCORES OF IDLI, OBTAINED THROUGH DIFFERENT FERMENTATION CONDITIONS

Run

Fermentation condition Sensory attribute

Added

salt (g/kg)

Time

(h)

Temperature

(C)

Taste (max.

score, 35)

Flavor (max.

score, 30)

Body and

texture (max.

score, 30)

Color (max.

score, 5)

Overall quality

(max. score, 100) Grade*

1 7 10 35 23 6 1 24 6 1 28 6 0 4 6 0 79 6 2 F

2 7 24 25 22 6 1 29 6 0 28 6 0 3 6 0 82 6 1 G

3 25 10 25 29 6 0 25 6 0 28 6 0 3 6 0 85 6 0 G

4 16 5.2 30 27 6 0 17 6 1 28 6 0 4 6 0 76 6 1 F

5 16 17 30 32 6 0 28 6 1 28 6 0 3 6 0 91 6 1 E

6 25 10 35 28 6 0 24 6 1 27 6 0 4 6 0 83 6 1 G

7 16 17 38.4 31 6 1 26 6 0 28 6 0 4 6 0 89 6 1 G

8 25 24 25 27 6 0 28 6 0 28 6 0 4 6 0 87 6 0 G

9 7 10 25 22 6 0 24 6 0 28 6 0 4 6 0 78 6 0 F

10 31.1 17 30 26 6 1 28 6 0 28 6 1 3 6 0 85 6 2 G

11 16 28.7 30 33 6 0 28 6 0 28 6 0 4 6 0 93 6 0 E

12 16 17 30 33 6 0 28 6 0 28 6 0 3 6 0 92 6 0 E

13 7 24 35 31 6 0 29 6 0 28 6 0 4 6 0 92 6 0 G

14 16 17 30 32 6 0 28 6 0 28 6 0 4 6 0 92 6 0 G

15 16 17 30 31 6 0 28 6 0 29 6 0 4 6 0 92 6 0 E

16 16 17 30 32 6 1 29 6 0 28 6 0 3 6 0 92 6 1 E

17 16 17 21.6 32 6 0 29 6 0 29 6 0 3 6 0 93 6 0 E

18 25 24 35 29 6 0 29 6 0 29 6 0 4 6 0 91 6 0 G

19 0.9 17 30 24 6 1 28 6 0 27 6 0 3 6 0 82 6 1 G

20 16 17 30 31 6 1 28 6 0 29 6 0 3 6 0 91 6 1 E

Opt.† 16 19 35 32 6 0 29 6 0 29 6 0 4 6 0 94 6 0 E

Note: Values are mean 6 SE (n 5 30).

*F, fair; G, good; E, excellent.
†Optimum condition, set by targeting 16 g/kg and 19 h as the desired salt level and fermentation time, respectively.

TABLE 4. EXPERIMENTAL VALUES OF ANTINUTRIENTS IN FERMENTED

BATTER, STEAMED ACCORDING TO RSM DESIGN

Run

Steaming

time (min)

Antinutrient (per g dry wt)*

TC

(mg)† PAC (mg) TIA (U)

HA

(U)†

TBAC

(mg)

1 20 <dl 0.3 6 0.02 17 6 0.1 <dl 636 6 2

2 15 <dl 0.4 6 0 18 6 0 <dl 639 6 1

3 12.5 <dl 0.6 6 0 18 6 0 <dl 644 6 5

4 20 <dl 0.3 6 0.02 17 6 0.1 <dl 636 6 0

5 17.5 <dl 0.3 6 0.02 18 6 0 <dl 635 6 3

6 10 <dl 0.4 6 0 19 6 0.1 <dl 643 6 1

7 10 <dl 0.4 6 0 19 6 0.1 <dl 643 6 4

Note: TC, tannins content; PAC, phytic acid content; TIA, trypsin inhibi-

tor activity; HA, hemagglutinating activity; TABC, total biogenic amines

content.

*Values, showing mean 6 SE, were obtained from triplicate sets.
†dl (detection limit), 0.003 mg/g dry wt for TC and 6.67 U/g dry wt for

HA.
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and hemagglutinating activity over raw dal was 61, 33, 41

and 26%, respectively. The minimum total biogenic amines

content (308 mg/g; Fig. 1g) was obtained when dal was

soaked in water of initial pH 8.0 and 20.5C, keeping dal-

water ratio and time constant at 1:7 and 12 h, respectively.

The loss of tannins content is attributed to the binding of

tannins with carbohydrates and proteins, and also to the

activation of enzyme polyphenol oxidase (Saharan et al.

2002). Therefore, an increase in dal-water ratio and time

might have enhanced leaching of tannins and phytate from

dal (beans having no external barrier, i.e., seed coat) into the

soak water. The loss of trypsin inhibitor activity might be

due to leaching of trypsin inhibitors. Since trypsin inhibi-

tors are low-molecular weight proteins, they are likely to

leach out of the seeds easily (Grewal and Jood 2006). The

reduction of tannins content, phytic acid content, trypsin

inhibitor activity and hemagglutinating activity during

soaking in the present study is in agreement with the earlier

reports (Grewal and Jood 2006; Khandelwal et al. 2010; Kal-

panadevi and Mohan 2013). The level of total biogenic

amines content reduced with an increase in initial pH and a

decrease in temperature. For the production of decarboxyl-

ase, a low pH (3.0–6.0) is favorable to bacteria (Silla Santos

1996). A higher temperature favors proteolysis and decar-

boxylation of amino acids, resulting in an increased concen-

tration of amines (Joosten and van Boekel 1988).

Results for levels of antinutrients under different soak-

ing conditions of raw rice according to RSM design are

shown in Table 2. In case of rice soaking, the models

for different antinutrients are significant with nonsignifi-

cant lack of fit (Table 7). For the contents of tannins

and phytic acid, model terms explain 50% of variations.

On the other hand, R2 value of total biogenic amines

indicates a good fit between predicted values and the

experimental data points. This implies that 92% of the

variations for reduction in the antinutrient levels are

TABLE 6. ANTINUTRIENTS IN SUBSTRATES AT OPTIMUM CONDITION OF EACH STAGE OF IDLI PREPARATION

Parameter

Antinutrient (per g dry wt)

TC (mg)‡ PAC (mg) TIA (U)‡ HA (U)‡ TBAC (lg)

Raw dal* 0.49A 6 0.06 5.1A 6 0 120A 618.5 160A 60 295B 6 3

Soaking (Raw Dal-Water of 1:5 w/w, pH 4.0, 16C, 18 h)

Predicted values 0.25 3.8 78 119 301

Experimental values* 0.26B 6 0.03 3.8A 6 0 81B 6 8.6 120B 6 0 303A 6 3

Error % 3.85 0 3.7 0.83 0.66

% change† 249.0 225.5 235.0 225.6 12.0

Raw rice* 0.06X 6 0.03 1.5X 6 0 <dl <dl 70Y 6 4

Soaking (Raw Rice-Water of 1:5 w/w, pH 5.6, 16C, 18 h)

Predicted values 0.01 1.2 0 0 75

Experimental values* <dlY 1.1X 6 0 <dl <dl 76X 6 2

Error % 0 9.09 0 0 1.32

% change† 283.3 220.0 0 0 17.1

Unfermented Mixed Batter (Dal Batter: Rice Slurry; 1:2 v/v)

Experimental values* 0.091 6 0 1.71 6 0.1 331 6 4.8 401 6 0 1273 6 3

Fermentation (Salt Concentration of 16 g/kg, 35C, 19 h)

Predicted values 0.05 0.8 21 14 681

Experimental values* 0.052 6 0 0.72 6 0 212 6 2.7 142 6 0 6811 6 1

Error % 0 14.3 0 0 0

% change† 244.4 253 236.4 265 1436.2

Steaming (20 min)

Predicted values 0 0.3 17 0 636

Experimental values* <dl 0.33 6 0 172 6 0.4 <dl 6362 6 0

Error % 0 0 0 0 0

% change† 2100 (2100) 282.4 (262.5) 248.5 (219) 2100 (2100) 1400.8 (26.6)

Note: TC, tannins content; PAC, phytic acid content; TIA, trypsin inhibitor activity; HA, hemagglutinating activity; TABC, total biogenic amines

content.

*Values are mean 6 SE of triplicate determinations in raw/processed samples. Means followed by the different superscripts in each column for raw

and soaked dal (A and B)/rice (X and Y) differ significantly (P < 0.05) as determined by t-test, and for unfermented, fermented and steamed dal-rice

mixture (1, 2 and 3) differ significantly (P < 0.05) as determined by Duncan multiple range test.
†2 and 1 indicate percent decrease and increase, respectively, of predicted values over raw dal/rice for the soaking stage, and over unfermented

mixed batter for fermentation and steaming stages (values within parentheses indicate percentages calculated over the predicted values of fermented

batter).
‡dl (detection limit), 0.003 mg/g dry wt for TC, 15.26 U/g dry wt for TIA and 6.67 U/g dry wt for HA.
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explained by independent variables studied in the pres-

ent study. Regression coefficient data for the soaking of

rice indicate rice-water ratio and time caused a reduc-

tion (P < 0.05) of the contents of tannins and phytic

acid. The main influencing factors for reduction of total

biogenic amines content were rice-water ratio, initial pH

and interaction of temperature and initial pH. However,

temperature alone showed an opposite (P < 0.05) effect.

The reduced polynomial equations were:

Tannins content (mg/g) 5 0.020 2 0.010A 2 0.015B

Phytic acid content (mg/g) 5 1.217 2 0.119A 2 0.116B

Total biogenic amines content (lg/g) 5 75.946 2 1.467A

1 4.331C 2 4.390D 2 2.242CD 1 2.486C2 1 3.191D2

where A was rice-water ratio, B was time, C was temperature

and D was initial pH.

Keeping temperature and pH constant at 26C and 6.0,

respectively, an increase in time and rice-water ratio caused

a complete reduction in tannins content (Fig. 1b); the level

of phytic acid content reduced to 0.98 mg/g (Fig. 1d), indi-

cating 35% reduction over raw rice. The minimum content

of total biogenic amines (74 mg/g; Fig. 1h) was obtained by

soaking rice at 20.5C in water (pH 7.0), and keeping the

rice-water ratio fixed at 1:7 and time at 12 h.

Optimized Soaking Condition

After numerical optimization, the optimum condition for

soaking of dal was 1:10 of dal-water ratio, time of 18 h,

temperature of 16C and initial pH of 4.0, and that for soak-

ing of rice was 1:10 of rice-water ratio, time of 18 h, tem-

perature of 22C and initial pH of 7.1. To minimize wastage

of water, desirability of various target ratios was compared

(P< 0.01) and a ratio of 1:5 for dal/rice-water was selected,

Therefore, the optimized soaking condition for dal was 1:5

of dal-water, 18 h, 16C and initial pH 4.0. Similarly, the

optimum soaking condition for rice was 1:5 of rice-water,

18 h, 16C and initial pH 5.6. Predicted reduction (P <

0.05) of antinutrient levels for soaked dal and rice is shown

in Table 6.

The initial pH (set under different experimental condi-

tions) for both dal and rice ranged from 4 to 10. The final

pH of soak water of dal and rice ranged from 3.0 to 6.8 and

3.0 to 6.6 (run numbers: 18 to 8), respectively (Tables 1 and

2). In the present study, the decrease in pH might be due to

accumulation of organic acids by the growth of microbiota

during soaking (Ashenafi and Busse 1991).

Unfermented Mixed Batter

Optimally soaked dal paste and rice slurry were mixed in a

ratio of 1:2 v/v to prepare unfermented mixed batter. Com-

pared to dal, rice contained negligible amounts of antinu-

trients. Since in the mixed batter dal constituted one-third

by volume, the level of antinutrients in mixed batter was

approximately one-third of the level of those in soaked dal

(Table 6).

TABLE 7. GOODNESS OF FIT OF THE MODELS GENERATED

Model R2 Adj R2 Pred R2 Adeq precision SD Mean CV% PRESS

Soaking of Blackgram

TC 0.724 0.680 0.587 13.033 0.043 0.283 15.113 0.068

PAC 0.934 0.872 0.683 14.289 0.149 4.010 3.732 1.605

TIA 0.593 0.528 0.391 10.344 6.940 82.590 8.402 1803.151

HA 0.539 0.466 0.331 9.839 12.641 125.756 10.052 5803.069

TBAC 0.873 0.754 0.564 11.069 7.727 311.766 2.479 3063.573

Soaking of Rice

TC 0.500 0.42 0.351 8.018 0.018 0.020 91.652 0.011

PAC 0.501 0.421 0.301 7.279 0.163 1.217 13.419 0.934

TBAC 0.915 0.836 0.636 10.642 3.064 81.799 3.746 603.469

Fermentation

TC 0.861 0.835 0.805 17.745 0.019 0.091 21.658 0.009

PAC 0.747 0.699 0.569 13.001 0.183 1.085 16.856 0.912

TIA 0.953 0.911 0.769 17.947 0.626 22.469 2.784 19.268

HA 0.892 0.871 0.817 19.751 7.469 31.667 23.567 1510.470

TBAC 0.793 0.754 0.653 15.425 50.357 633.707 7.947 67966.570

Steaming

PAC 1 1 NA – 0 1.187 0 NA

TIA 0.981 0.977 0.963 28.253 0.329 22.416 1.470 1.054

TBAC 0.998 0.996 0.983 52.986 0.234 639.366 0.037 1.571

Note: TC, tannins content; PAC, phytic acid content; TIA, trypsin inhibitor activity; HA, hemagglutinating activity; TABC, total biogenic amines con-

tent; SD, standard deviation; CV, coefficient of variation; PRESS, predicated residual error sum of squares; NA, not applicable.
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Fermentation

The levels of antinutrients under different fermentation con-

ditions as per RSM design are shown in Table 3. The models

for fermentation stage are significant with nonsignificant lack

of fit (Table 7). The R2 values show that independent varia-

bles explain more than 75% variation for each antinutrient.

The adjusted and predicted R2 values for models are in

reasonable agreement, and adequate precision for models has

ratio greater than 4. The low values of CV, SD and PRESS for

models show the models are fit for prediction.

Fermentation time and temperature were significant for

minimizing the levels of all the antinutrients, except total

biogenic amines. Although salt concentration had a reducing

effect on total biogenic amines content, it did not affect

the other antinutrients. Reduced equations for significant

FIG. 1. RESPONSE SURFACE 3D

PLOTS SHOWING THE

INFLUENCE OF BLACKGRAM

DAL/RICE-WATER RATIO,

SOAKING TIME (t), SOAKING

TEMPERATURE (T) AND INITIAL

pH OF SOAKING WATER ON

ANTINUTRIENTS: INFLUENCE OF

DAL/RICE-WATER RATIO AND t

ON TANNINS CONTENT (TC; a

and b), PHYTIC ACID CONTENT

(PAC; c and d), TRYPSIN

INHIBITOR ACTIVITY (TIA; e)

AND HEMAGGLUTINATING

ACTIVITY (HA; f) WHEN T AND

pH WERE KEPT CONSTANT AT

26C AND 6.0, RESPECTIVELY;

INFLUENCE OF T AND pH ON

TOTAL BIOGENIC AMINES

CONTENT (TBAC; g and h)

WHEN DAL/RICE-WATER RATIO

AND t WERE KEPT CONSTANT

AT 1:7 AND 12 h,

RESPECTIVELY
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(P < 0.05) linear terms for tannins content, phytic acid con-

tent, hemagglutinating activity and total biogenic amines con-

tent and quadratic terms for trypsin inhibitor activity were:

Tannins content (mg/g) 5 0.091 2 0.047B 2 0.026C

Phytic acid content (mg/g) 5 1.085 2 0.277B 2 0.185C

Hemagglutinating activity (U/g) 5 31.667 2 19.615B 2

12.426C

Total biogenic amines content (lg/g) 5 633.707 2

81.090A 1 62.260B 1 30.337C

Trypsin inhibitor activity (U/g) 5 22.189 2 2.183B 2

0.751C 1 0.630B2

where A was salt concentration; B was fermentation time

and C was fermentation temperature.

With an increase in fermentation time from 10 to 24 h at

30C, there was a linear reduction in tannins content (0.04 mg/

g; Fig. 2a), phytic acid content (0.7 mg/g; Fig. 2b) and hemag-

glutinating activity (12 U/g; Fig. 2d). The predicted reduction

of tannins content, phytic acid content and hemagglutinating

activity was 56, 59 and 70%, respectively, over unfermented

mixed batter. When the salt concentration was fixed at

16 g/kg, the minimum level of trypsin inhibitor activity

(20 U/g; Fig. 2c) obtained at 24 h and 35C was due to its

reduction by 39%. The reduction of tannins in fermented bat-

ter signifies an extensive leaching during soaking and fermen-

tation. Reduction in the level of tannins content might be due

to polyphenol oxidase, produced by the microorganisms dur-

ing fermentation (Reddy and Pierson 1994). The reduction of

phytic acid content in the present study might be due to phy-

tase activity of the fermenting microorganisms. Microbial fer-

mentation can enhance bioavailability of dietary minerals by

hydrolyzing phytic acid using their own phytase (Kumar et al.

2010). The reduction of hemagglutinating activity and trypsin

inhibitor activity during fermentation has been reported

earlier (Reddy and Pierson 1994; Holzapfel 2002).

The minimum level of total biogenic amines content

(493 lg/g; Fig. 2e) was obtained at 10 h of fermentation

when the salt concentration was increased to 25 g/kg,

keeping fermentation temperature fixed at 30C.

The total biogenic amines content in fermented batter

was almost three times more than that of mixed

FIG. 2. RESPONSE SURFACE 3D

PLOTS SHOWING THE INFLUENCE

OF SALT CONCENTRATION,

FERMENTATION TIME (t) AND

FERMENTATION TEMPERATURE (T)

ON ANTINUTRIENTS: INFLUENCE OF

ADDED SALT AND t ON TANNINS

CONTENT (TC; a), PHYTIC ACID

CONTENT (PAC; b),

HEMAGGLUTINATING ACTIVITY

(HA; d) AND TOTAL BIOGENIC

AMINES CONTENT (TBAC, e) WHEN

T WAS KEPT CONSTANT AT 30C;

INFLUENCE OF t AND T ON

TRYPSIN INHIBITOR ACTIVITY (TIA;

c) WHEN ADDED SALT

CONCENTRATION WAS KEPT

CONSTANT AT 16 g/kg
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unfermented batter. This is because biogenic amines are

formed by several microbial groups possessing decarboxyl-

ase activity during fermentation (Holzapfel 2002). Interest-

ingly, in this study, a reduction in the level of total biogenic

amines content was observed when the salt concentration

was increased. Similar results were reported by Chander

et al. (1989). The high concentration of salt leads to reduced

cell yield and progressively disturbs the membrane-located

microbial decarboxylase (Sumner et al. 1990).

Optimized Fermentation Condition

Although maximum reduction of antinutrients was

observed at salt concentration of 25 g/kg, presence of such a

high concentration of salt in finished products may affect

organoleptic quality and not be acceptable to consumers.

Thus, based on the desirability (P < 0.01) of various con-

centrations of salts, 16 g salt/kg was selected. Similarly,

although fermentation for 24 h gave maximum reduction of

antinutrients, a period of 19 h was selected as the duration

of fermentation. Therefore, the optimized fermentation

condition was 16 g/kg added salt at 35C for 19 h. The pre-

dicted reduction of antinutrient levels is shown in Table 6.

The experimental values agreed with the predicted ones.

Steaming

Regression coefficient data show models for steaming stage

to be significant with nonsignificant lack of fit (Table 7).

This implies that model terms could explain more than 98%

of variation for reduction in antinutrient levels. These

results indicate a high precision in predicting reduction in

antinutrient levels. The adjusted and predicted R2, adequate

precision, CV, SD and PRESS indicate adequate model

discrimination.

Phytic acid content, trypsin inhibitor activity and total

biogenic amines content reduced (P < 0.05) with the

increase in steaming time. The reduced significant linear

equations were:

Phytic acid content (mg/g) 5 0.410 2 0.288A 1 0.236A2

1 0.271A3 2 0.302A4

Trypsin inhibitor activity (U/g) 5 17.650 2 1.047A 1

2.303 1 0.427A3 2 2.013A4

Total biogenic amines content (lg/g) 5 639.577 2

11.357A 2 0.329A2 1 7.877A3

where A was steaming time.

When steaming time was raised to 20 min, the levels of

antinutrients reduced sharply (Table 4). The phytic acid

content increased initially (run numbers: 7 to 3), however

after 12.5 min (run numbers: 3 to 1) it decreased. Such a

time-dependent change in phytic acid content during heat-

ing at 100C was observed earlier (Kim and Kim 1998). The

decrease in phytic acid content can be due to its degradation

by heat or formation of insoluble complexes between

phytate and proteins or minerals (Vijayakumari et al. 2007).

During steaming, destruction of disulfide bonds, splitting of

covalent bonds or hydrolysis of peptide bonds might have

caused a reduction of trypsin inhibitor activity (Adams

1991). Since hemagglutinin is heat-sensitive, it reduced

below the limit of detection during the steaming process.

Total biogenic amines content reduced by 6.6%, indicating

steaming for 20 min is effective in removal of total biogenic

amines content in the final product.

Optimized Steaming Condition

The predicted optimum time for steaming condition was 20

min. Reduction of antinutrient levels is shown in Table 6.

Although there was an increase (P < 0.05) of total biogenic

amines content during optimum fermentation condition, it

reduced during steaming. Since the levels of total biogenic

amines content (636 mg/g) in optimally produced idli are

below the hazardous level of 1000 lg/g food (Silla Santos

1996), such a product is safely consumable.

Optimum production processes of idli with minimum

level of antinutrients are shown in Fig. 3 and Table 6. Tradi-

tionally prepared idli contained 0.06 mg, 0.7 mg, 24 U, 0 U

and 641 lg of tannins, phytic acid, trypsin inhibitor activity,

hemagglutinating activity and total biogenic amines, respec-

tively, per gram dry weight of idli.

Microbiological Study

The counts of total aerobic mesophilic bacteria, lactic acid

bacteria and yeasts were studied for both unfermented and

fermented mixed batters under different experimental con-

ditions (Table 3). The microbial content, initial pH (5.6)

and titratable acidity (0.03%) values of unfermented batter

changed rapidly during the course of fermentation.

FIG. 3. THE OVERALL OPTIMIZED AND EXPERIMENTALLY VALIDATED

PROCESS CONDITIONS (WITHIN BOXES) OF IDLI-MAKING
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With the increase in salt concentration, lactic acid bacterial

and yeast counts reduced compared to total aerobic meso-

philic bacterial count, indicating a low salt concentration

favored the growth of lactic acid bacteria and yeasts (Table

3). Again, with the increase in fermentation time not only

lactic acid bacterial and yeast counts but total aerobic meso-

philic bacterial count also increased. At the onset of fermen-

tation, the population of total aerobic mesophilic bacteria

exceeded (P < 0.05) that of lactic acid bacteria (1:0.9), indi-

cating the presence of a relatively large number of nonlactic

acid bacteria. However, after fermentation, the situation

reversed (1:1.2), indicating that lactic acid bacteria had out-

grown (dominated) other (nonlactic acid) bacteria, which –

in combination with the demonstrated acidification – is a

sign of successful lactic acid fermentation. A similar situa-

tion was observed during lactic acid fermentation of various

food grains (Agarwal et al. 2000; Shimelis and Rakshit

2008). Reduction (P < 0.05) in pH of batter by lactic acid

bacteria allowed yeasts to grow (Soni and Sandhu 1991).

Sensory Analysis

Idli of good quality should have a slight sour aroma and a

spongy texture with honey-comb crumb interior. Idli pre-

pared from batter (having 16 g/kg salt) fermented under

optimized conditions of 35C for 19 h scored maximum

(94), reaching to the “excellent” quality level (Table 5).

CONCLUSION

Traditionally, idli is prepared by soaking blackgram dal and

rice (dal/rice:water, 1:4–1:10) at room temperature (15–37C)

overnight (6–18 h), grinding soaked dal and rice, mixing of

those (1:1–1:4) along with common salt (7–25 g/kg), fer-

menting at room temperature (25–35C) for 6–24 h and

steaming for 15–20 min. Whereas the optimum condition for

idli preparation in the present study was soaking of dal and

rice (dal/rice:water, 1:�5) at 16C for 18 h followed by grind-

ing and mixing of those (1:2) along with 16 g/kg common

salt, fermenting at 35C for 19 h and steaming for 20 min.

In case of traditionally prepared idli, there was reduction

of tannins content, phytic acid content, trypsin inhibitor

activity and hemagglutinating activity by 70, 74, 40 and

100%, respectively, over raw ingredients. On the other hand,

the optimization of processing treatments caused a reduction

(P < 0.05) of their respective levels by 100, 89, 58 and 100%.

There was no difference (P< 0.05) between the two processes

with respect to changes in total biogenic amines content.

Thus, by deploying CCRD, idli-making was optimized

towards a minimum level of antinutrients without affecting

the organoleptic attributes of the product. The outcome of

this study has a potential of scaling up idli production.
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Abstract

Aims: Optimization of traditional processing of soybeans using response

surface methodology (RSM) to achieve a minimum level of antinutritional

factors (ANFs) in kinema.

Methods and Results: Central composite rotatable designs were used to

optimize the processing stages of kinema preparation. In each stage, the linear

or quadratic effects of independent variables were significant in minimizing

ANF levels. The predicted optimum condition for soaking was when the raw

beans–water ratio was 1 : 10, and the soaking temperature, time and pH were

10°C, 20 h and 8�0 respectively. Here, tannins content (TC), phytic acid

content (PAC) and trypsin inhibitor activity (TIA) decreased (P < 0�05). While

haemagglutinating activity (HA) level remained unchanged (P < 0�05), total

biogenic amines content (TBAC) increased. The optimum condition for

cooking was optimally soaked beans–water ratio of 1 : 5, and cooking pressure

and time were 1�10 kg cm�2 and 20 min respectively. Here, TC, PAC, TIA and

HA decreased (P < 0�05), but TBAC remained unchanged compared to

optimally soaked beans. TC and HA went below the level of detection. The

optimum condition for fermentation was obtained when inoculum load was

103 total cells g�1 grits, and fermentation temperature and time were 37°C and

48 h respectively. Fermentation of optimally cooked beans caused a reduction

(P < 0�05) of PAC. While TIA remained unchanged (P < 0�05), TBAC

increased. In kinema, TC, PAC, TIA and HA decreased (P < 0�05) over raw

beans by 100, 61, 71 and 100% respectively. Good agreement was observed

between predicted values and experimental values.

Conclusions: The processing treatments significantly minimized the level of

ANFs in soybeans.

Significance and Impact of the Study: RSM was successfully deployed to

obtain the optimum condition for kinema-making with a minimum level of

ANFs without impairing sensory attributes of the product. The results are

useful for commercial production of kinema.

Introduction

Among legumes, soybean (Glycine max (L.) Merr.) occu-

pies a unique position for its extensive production and

consumption throughout the world. Although soybeans

contain a moderately high amount of protein, calories,

vitamins and minerals, the consumption preference for

soybeans becomes limited due to the presence of

considerable amounts of antinutritional factors (ANFs)

(Bau et al. 1997; Egounlety and Aworh 2003). Phenolic

compounds, especially condensed tannins (proanthocy-

anidins) with multiple phenolic hydroxyl groups having

Journal of Applied Microbiology 119, 162--176 © 2015 The Society for Applied Microbiology162
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molecular weight of 500–3000, form complexes with pro-

teins and metal ions (El Gharras 2009). These com-

pounds form complexes, making them less soluble and

more resistant to enzymic degradation. The prevalence of

phytic acid is of great concern as it is a strong chelator of

mineral nutrients. The complex of phytic acid and min-

eral elements results in reduced bioavailability of the

nutrients in foods (Kumar et al. 2010). Trypsin inhibi-

tors, which are proteinaceous in nature, are likely to pro-

tect legume seeds against attack by predators. They

interfere with intestinal protein digestion by inhibiting

pancreatic serine proteases (trypsin and chymotrypsin)

and are responsible for the inhibition of growth and

intestinal digestion in animals (Guillamόn et al. 2008).

Soybean haemagglutinin (agglutinin or lectin) is a glyco-

protein (MW 110 000) having mannose and glucosamine

as sugar constituents of the carbohydrate moiety. In this,

the carbohydrate moiety is present as a single polysaccha-

ride unit that remains attached to the aspartic acid of the

protein moiety by covalent linkage (Lis et al. 1966). It

binds to surface glycoproteins on erythrocytes causing

agglutination and anaemia. As it survives digestion by the

gastrointestinal tract of consumers, it binds to glycosyl

groups on the epithelial surface of the small intestine,

interfering with nutrient absorption (Lajolo and Genovese

2002). Biogenic amines are nitrogenous and low molecu-

lar weight organic bases of aliphatic, aromatic or hetero-

cyclic that are formed by decarboxylation of amino acids

or amination and transamination of aldehydes and ke-

tones (Silla Santos 1996). The formation of these amines

has been reported in soybean-based fermented products

such as miso (Kung et al. 2007), doenjang (Shukla et al.

2010), natto (Tsai et al. 2007a), tempe (Nout et al.

1993), douchi (Tsai et al. 2007b) and soy sauce (Yongmei

et al. 2009). Consumption of these amines in a dose

higher than 1000 mg kg�1 food leads to physiological

disorders like headache, nausea, rashes, brain haemor-

rhage, changes in blood pressure and abdominal cramps

and flushing (Ladero et al. 2010; Shukla et al. 2010). The

concentration of these ANFs is reportedly reduced by the

application of traditional processing treatments such as

dehulling, soaking, cooking and fermentation (Khattab

and Arntfield 2009; Kalpanadevi and Mohan 2013).

Kinema is a traditional soybean-fermented food of the

people of Nepal, Bhutan and north-eastern Himalayan belt

in India. It is a solid-state fermented product where alka-

line pH favours the fermentation process. Traditionally, ki-

nema is prepared by soaking locally grown yellow variety

of soybeans overnight at ambient temperature (15–25°C),
cooking the soaked beans, crushing the cooked beans to

grits, wrapping the grits with fresh leaves and sackcloth

and leaving them at a warm place (35–25°C) to ferment

for 1–3 days. Fresh kinema is briefly fried in oil along with

salt and a few vegetables to prepare a thick curry which is

taken with boiled rice. The fermentation is achieved by the

activities of Bacillus subtilis (Sarkar and Tamang 1994; Sar-

kar and Nout 2014).

Although there are reports on the fate of flatus-causing

sugars (raffinose family oligosaccharides) in soybean dur-

ing the production of kinema (Sarkar et al. 1997), reports

on other major antinutrients, such as tannin, phytic acid,

trypsin inhibitor, lectin and total biogenic amines are lack-

ing. Hence, the objective of this study was to optimize the

traditional processing stages, i.e. soaking, cooking and fer-

mentation with respect to a minimum level of ANFs in ki-

nema, without impairing its sensory quality.

Materials and methods

Collection of samples

Yellow cultivar soybean seeds were purchased from a

local market of Kurseong town in the district of Darjee-

ling, India and packed in an airtight container.

Experimental design

Response surface methodology (RSM) was used to opti-

mize numerically the three processing stages of kinema-

making (soaking, cooking and fermentation) to minimize

the different ANFs, namely tannins content (TC), phytic

acid content (PAC), trypsin inhibitor activity (TIA), hae-

magglutinating activity (HA) and total biogenic amines

content (TBAC). The preliminary experimental trials and

literature survey data were used for the selection of pro-

cessing variation levels. Central composite rotatable designs

(CCRD) were used for analysing the effect of four indepen-

dent variables of the soaking stage (Table 1). To study the

effect of pH of soaking water on the levels of different

ANFs, distilled water with adjusted pH (using 0�1 mol lac-

tic acid l�1 and 0�1 mol NaOH l�1) was used as a soaking

medium. The soaking stage consisted of 30 experimental

runs with 16 factorial points, eight axial points and six rep-

licates at central points. Randomized experiments were

conducted, and an optimized soaking condition was

obtained using DESIGN EXPERT ver. 8.0 (Stat-Ease Inc., Min-

neapolis, MN) after setting a desired range for the indepen-

dent and dependent variables. Optimally soaked beans

were used for optimization of the subsequent cooking stage

employing three independent variables. After cooking,

pressure inside the autoclave was released immediately.

Cooked water inside the bottles was drained off quickly to

minimize excess heating of beans. However, to mimic the

traditional procedure for obtaining a desired texture of the

final product, a little free water was allowed to remain

inside the bottle. The cooking stage consisted of 20 experi-
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mental runs with eight factorial points, six axial points and

six replicates at the central points according to CCRD

design. The results were used to obtain optimized cooking

condition. Optimally soaked and cooked beans were

crushed aseptically to grits of half to one-third of the origi-

nal size. Using those grits, the fermentation stage was opti-

mized employing three independent variables. This stage

also consisted of 20 experimental runs with eight factorial

points, six axial points and six replicates at the central

points. The coded level parameters used for the central,

factorial and augmented points of design with low and

high levels of all independent variables of the three process-

ing stages are shown in Table 1.

Bacillus subtilis DK-W1 (MTCC 1747) was used as a

starter culture for fermentation (Sarkar et al. 1993). As

per the experimental condition, the inoculum of different

sizes (1�98–7�00 log total cells g�1) was mixed with soy-

bean grits to get a desired load of bacterial cells. The

beans (~50 g) were then distributed aseptically into sterile

250-ml glass bottles which were capped lightly and placed

in incubators, set at desired temperature levels (18�18–
51�82°C). At selected fermentation times, the bottles con-

taining beans were removed for analysis.

Sensory analysis

Kinema, prepared under optimized conditions, was sub-

jected to sensory analysis by a panel of 10 trained judges

who were frequent consumers of kinema. They evaluated

the overall sensory quality consisting of flavour (50), tex-

ture (45) and colour (5), using a 100-point score card

(Sarkar and Tamang 1994). All the analyses were con-

ducted in triplicate.

Evaluation of antinutritional factors

The samples of raw soybeans were ground to powder and

those of soaked, cooked and fermented beans were made

to paste using a waring blender (Bajaj Electricals Ltd.,

Mumbai, India). The powder and pastes were kept over-

night at �20°C, freeze-dried (Eyela freeze dryer, model

FDU-506, Tokyo Rikakikai Co. Ltd., Tokyo, Japan) and

ground to fine powder which were used for assay.

Estimation of tannins

The method described by Price et al. (1978) was modified

for the determination of TC. Powdered sample (200 mg)

was mixed with 10 ml acidified methanol (10 ml conc. HCl

(61262325001046; Merck Specialities Pvt. Ltd., Prabhadevi,

Mumbai, India) l�1 methanol (Merck 1.06009.2500)) and

shaken at 25°C for 1 h. The mixture was centrifuged

(3000 g, 15 min) and the clear supernatant was collected.

The extraction process was repeated once and pooled. Fresh

extract (1 ml) was added with 5 ml of vanillin reagent (1 : 1

v/v mixture of 10 g vanillin (RM616; HiMedia Laboratories,

Mumbai, India) l�1 methanol and 80 ml conc. HCl l�1

methanol). The mixture was incubated at 30°C for 20 min

before taking absorbance at 500 nm using a UV–vis spectro-
photometer (Type 118; Systronics, Ahmedabad, India). The

TC was expressed as catechin equivalent using the standard

curve of catechin (C1251; Sigma-Aldrich Inc., Shanghai,

China) and the formula:

TC ðmgg�1Þ ¼ C � vol: of extract ð10mlÞ
Sample wt ðgÞ

where, C was the concentration obtained from the stan-

dard curve (mg ml�1).

Table 1 Levels of variables in the experimental design for processing stages

Experimental parameter

Coded level*

�a† (augmented

form)

�1 (factorial

points)

0 (centre

point)

1 (factorial

points)

a† (augmented

form)

Soaking

Raw soybeans : water (w/w) 1 : 1 1 : 4 1 : 7 1 : 10 1 : 13

Soaking time (h) 0�5 7 13�5 20 26�5
Soaking temperature (°C) 2�5 10 17�5 25 32�5
pH 2 4 6 8 10

Cooking

Cooking time (min) 6�59 10 15 18 23�41

Cooking pressure (kg cm�2) 0�5 0�7 1�0 1�3 1�5
Soaked soybeans : water (w/w) 1 : 0�98 1 : 2 1 : 3�5 1 : 5 1 : 6�02

Fermentation

Incubation temperature (°C) 18�18 25 35 45 51�82

Incubation time (h) 5�72 18 36 54 66�27

Inoculum load (log total cells g�1) 1�98 3 4�5 6 7

*Low, middle and high levels of each variable were designated as �1, 0 and +1 respectively.

†a (1�682 for soaking and 2 for cooking and fermentation stage) is the axial distance from the central point.
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Estimation of phytic acid

Phytic acid was extracted and estimated following the

method of Wheeler and Ferrel (1971). The sample (3 g)

was mixed with 50 ml of 30 g l�1 trichloroacetic acid

(TCA; Merck 82234205001730) and shaken (Bti-43; Bio-

Technics, Mumbai, India) at 25°C for 30 min followed by

centrifugation (10 000 g, 10 min). A 4 ml ferric chloride

solution (5�78 mg ferric chloride (38379; S.D. Fine-Chem

Ltd., Mumbai) ml�1 TCA solution) was added to 10 ml of

the supernatant, boiled in a water bath for 45 min and cen-

trifuged (10 000 g, 10 min). The supernatant was allowed

to react with 3 ml of 1�5 mol l�1 sodium hydroxide (Merck

61757305001046) solution. The red precipitate formed was

dissolved with hot 3�2 mol l�1 conc. HNO3 and filtered

using Whatman no. 2 paper. The iron content in the sam-

ples was estimated at 480 nm immediately after adding

1�5 mol l�1 potassium thiocyanate (SDFCL 39666) solu-

tion. Phytate phosphorus was calculated from iron results

assuming 4 : 6 of iron : phosphorus molar ratio. Phytic

acid was estimated by assuming that 0�282 g phosphorus

was present per gram sample (Deshpande et al. 1982). Cal-

culation of the iron content was made from the standard

curve prepared using ferric nitrate (HiMedia RM1376) as

standard.

Estimation of trypsin inhibitor activity

Beans were first defatted, based on the method described

by Sarkar et al. (1996). Beans were blended for 1 min to

powders or pastes which were frozen to �20°C, lyophi-
lized and ground to fine powders. Approximately, 5 g of

lyophilized powders were defatted using petroleum ether

(Merck 61782225001730). The solvent was evaporated off

at room temperature.

The procedure of Kakade et al. (1969) was then followed

to assay TIA. About 1 g defatted powdered sample was

mixed with 19 ml distilled water (pH 7�6, adjusted using

0�05 mol l�1 NaOH solution). The suspension was shaken

at 25°C for 1 h and centrifuged (11 000 g, 20 min). The

supernatant was pooled and diluted to 50 ml using phos-

phate buffer (0�1 mol l�1, pH 7�6). An aliquot of the

extract (0�2–1�0 ml) was taken into a triplicate set of test

tubes (one set for each level of extract). The volume was

bought to 1�0 ml with phosphate buffer (0�1 mol l�1, pH

7�6). To each tube, 1 ml of stock trypsin solution (5 mg

trypsin (HiMedia RM618) dissolved in 100 ml of

0�001 mol l�1 HCl) was added. The tubes were placed in a

water bath at 37°C. One of the triplicate sets was added

with 6 ml of 50 g l�1 TCA solution to serve as blank. To

each of the other tubes, 2 ml of warmed (37°C) casein

solution (2 g casein (HiMedia RM087) in 100 ml phos-

phate buffer) was added. All the tubes were allowed to

stand at 37°C for 20 min; 6 ml of 50 g l�1 TCA solution

was added to terminate the reaction. After standing for 1 h

at room temperature, the suspension in the tubes was

filtered using Whatman no. 1 paper. Absorbance of the

filtrate was measured at 280 nm against the blank.

TIA was expressed as trypsin inhibitor unit (TIU) per

gram sample which was calculated from the absorbance

read against the blank. One TIU was defined as a

decrease in A280 of 0�01, relative to the blank, in 20 min

using a 10 ml assay volume.

Estimation of haemagglutinating activity

HA was assayed using the method described by Liener

and Hill (1953). Sample (1�0 g) was mixed with 10 ml of

9�0 g l�1 sodium chloride (Merck 61751905001730) solu-

tion, blended for 1 min, allowed to stand for 15 min and

centrifuged (10 000 g, 20 min).

Human blood sample (B-group female), collected from

the Health Centre of the University of North Bengal, was

diluted four times with cold 9�0 g l�1 sodium chloride

solution and the suspension was centrifuged (313 g,

10 min). The sediment, after washing with sodium chlo-

ride solution until the supernatant became colourless,

was diluted with sodium chloride solution to obtain a

final red blood cell (RBC) concentration of 4% (v/v).

The sample extract was diluted with sodium chloride

solution to get 10 different serial 2-fold dilutions of the

extract (1 : 0-1 : 528). A 0�2 ml of the RBC suspension

was added to each of the 10 tubes having the dimension

of 10 9 75 mm containing 0�5 ml of the diluted sample

extract. After incubating the mixture at 37°C for 1 h,

agglutination was checked by observing settling down of

the cells to the bottom of the test tube. The tubes were

graded (0-4+) to measure the degree of agglutination.

One haemagglutinating unit (HU) is defined as the least

amount of haemagglutinin which produced positive

agglutination (1+) under the condition of our experi-

ment. HA was calculated as follows:

HU g�1 ¼ Da � Db � S

V

where, Da was dilution factor of the extract in tube 1

(which is 1), Db was dilution factor of the tube contain-

ing 1 HU, S represented the volume of original extract

per gram sample (which was 10 ml) and V represented

the volume of extract in tube 1 (which was 0�5 ml).

Estimation of total biogenic amines

TBAC was assayed according to Yeh et al. (2006). A 5-g

sample was mixed with 50 ml of 200 g l�1 TCA solution

and homogenized using a magnetic stirrer for 10 min.

The supernatant (10 ml) was diluted 10 times using dis-

tilled water and filtered using a Whatman no. 1 paper.

The filtrate was adjusted to pH 9�0 with 50% potassium
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hydroxide (HiMedia RM1015) and centrifuged (700 g,

5 min). The clear supernatant (1 ml) was mixed with

0�45 ml of colour developing reagent (four parts of

1�5 mol l�1 Tris buffer (204982; Sisco Research Labora-

tories Pvt. Ltd., Mumbai) pH 9�0, 1 part of

400 mmol l�1 4-aminoantipyrine (A4382; Sigma-Aldrich,

St. Louis, MO) and one part of 40 mmol l�1 phenol

(Merck 82229605001046)), 0�5 ml of 300 mU ml�1 dia-

mine oxidase (EC 1.4.3.6; Sigma-Aldrich, St. Louis, MO)

and 0�05 ml of 175 U ml�1 horseradish peroxidase type

VI-A (EC 1.11.1.7; Sigma). After incubating the mixture

at 50°C for 1 h, the absorbance was read at 505 nm and

compared with the standard curve prepared using hista-

mine dihydrochloride (Sigma-Aldrich China H7250).

Statistical analysis

The DESIGN EXPERT ver. 8.0 (Stat-Ease Inc.) was used to create

designs and analyse the experimental results. Response sur-

face regression procedure was followed for analysing experi-

mental data using second order polynomial equation.

Y ¼ b0 þ bAAþ bBBþ bCC þ bDDþ bAAA
2 þ bBBB

2

þ bCCC
2 þ bDDD

2 þ bABABþ bACAC þ bADAD

þ bBCBC þ bBDBDþ bBCBC

where Y was the response (TC, PAC, TIA, HA and TBAC);

A, B, C and D were independent variables, and b0 was a

constant at the centre point of the design. While bA, bB, bC
and bD represented the regression coefficients for the linear

effect terms, bAA, bBB, bCC and bDD represented the qua-

dratic effect terms and bAB, bAC, bAD, bBC, bBD and bBC
were the cross product terms. The regression coefficient

produced by the software and the term combination of

independent variables were selected and significance of the

model was determined from the P-value given by the soft-

ware. The statistical validity of the model was verified by

conducting analysis of variance (ANOVA) for each response

variable, and the significant (P < 0�05) terms were deter-

mined. The insignificant (P > 0�05) terms were removed

to obtain a reduced equation for optimizing the processing

variables. Coefficient of determination (R2) was used to

express the model significance. Higher R2 signifies good fit

for the predicted model. After model fitting, the relation

between the independent and response variables was stud-

ied using 3D response surface plots.

Validation of the model equations

After numerical optimization, validation of the opti-

mized models was carried out at the end of each

processing stage. For model equation verification, devia-

tion error in percentage was estimated by comparing

the actual and predicted values at the optimum condi-

tion of each processing stage. It shows how the pre-

dicted models at optimum levels varied from the actual

results.

Results

Raw soybeans

Raw soybeans contained appreciable amount of ANFs:

1�76 mg tannin, 8�41 mg phytic acid, 39900 TIU trypsin

inhibitor activity, 426�67 HU haemagglutinating activity

and 157�93 lg total biogenic amines per gram dry weight

(Table 2).

Soaking

Under our experimental combinations of soaking

(Table 3), the maximum reduction in TC, PAC, TIA and

HA in soaked beans was 59�1, 27�5, 8�9 and 25�0%
respectively; however, TBAC increased by 85�5–437�5%,

compared to those in the raw beans.

Regression coefficient data (Table 4) indicate that the

reduction (P < 0�05) in TC and TIA was dependent on

ratio and time, and their interaction. The levels of PAC

and HA remained unaffected (P < 0�05) by individual

independent variables or their interactions. While time–
temperature and temperature–pH caused an increase

(P < 0�05) in the HA level, the interaction of time, tem-

perature and pH together had no effect (P < 0�05) on

HA. Although pH caused a reduction (P < 0�05) of

TBAC, its interaction with temperature had an opposite

effect. Reduced polynomial equations after removing

insignificant terms for coded variables of each response

were

TC = 0�930 � 0�114A � 0�129B � 0�062AB + 0�065A2

TIA = 38�269 � 0�378A � 0�466B � 0�256AB
+ 0�186C2

HA = 416�833 + 20�125BC + 26�750CD + 37�708B2
� 27�292C2 � 27�292D2

TBAC = 452�175 + 73�978C � 93�805D + 36�184CD
+ 26�084C2 + 61�031D2

where, A was ratio, B was time, C was temperature and

D was pH.

The response surface plots indicate that when tem-

perature and pH were kept constant at 17�5°C and 6�0,
respectively, an increase in time and ratio caused a lin-

ear reduction in TC (Fig. 1a) and TIA (Fig. 1b) to

0�71 mg g�1 (59�7%) and 37�08 TIU mg�1 (7�1%)

respectively. The minimum HA (323�63 HU g�1) was

obtained at 25°C and pH 4�0 when the ratio and time

were maintained at 1 : 7 and 13�5 h respectively

(Fig. 1c). The minimum TBAC (333�95 lg g�1) was
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obtained when the beans were soaked at 10°C in water

having pH 8�0 keeping the ratio and time fixed at

1 : 7 and 13�5 h respectively (Fig. 1d). The pH caused

a decrease (P < 0�05) in the level of TBAC (Table 4).

So, the interaction of temperature and pH caused an

increase (P < 0�05) in the TBAC of soaked beans

(Table 4). Numerical optimization was carried out to

determine the optimum condition to minimize the dif-

ferent ANFs during soaking. The predicted optimum

condition for soaking of beans was 1 : 10 of beans–
water ratio, and 20 h, 10°C and 8�0 as soaking time,

temperature and pH, respectively, which predicted

reduction (P < 0�05) of TC, PAC and TIA by 55�1,
26�0 and 7�1% respectively. While HA remained

unchanged (P < 0�05), the predicted minimum increase

(P < 0�05) of TBAC was 113�8% (Table 2). The experi-

mentally obtained values were close to the predicated

ones.

Cooking

The ANFs for each combination of independent variables

of the cooking stage are shown in Table 5. Under the

experimental combinations of cooking, the maximum

reduction in TC, PAC, TIA, HA and TBAC was 100,

10�1, 75�5, 100 and 11�4%, respectively, over optimally

soaked beans (Table 2).

Regression coefficient data indicate that cooking time

and pressure are significant processing variables for mini-

mizing the levels of all the ANFs during cooking

(Table 6). The significant (P < 0�05) linear terms for TC,

PAC and TIA, and quadratic terms for HA and TBAC,

and their interaction terms, after removing the insignifi-

cant terms for coded levels, can be written as

TC = 0�072 � 0�035A � 0�043B
PAC = 5�754 � 0�058A � 0�066B
TIA = 13�519 � 1�365A � 1�087B
HA = 15�663 � 5�392A � 5�392B + 5AB � 2�698A2

� 2�698B2 � 3�876C2

TBAC = 323�212 � 5�970A � 5�573B � 3�825A2

� 2�601B2

where, A was cooking time; B was cooking pressure and

C was ratio.

Response surface plots show a change in the contents

of ANFs when cooking pressure and time were changed

keeping soaked beans–water ratio fixed at 1 : 3�5 (Fig. 2).

The minimum levels of ANFs were obtained at

Table 2 Predicted and experimental values for the five antinutritional factors in soybeans at optimum condition for each stage of kinema-mak-

ing

Parameters under different stages

Antinutritional factors *(dry wt basis)

TC (mg g�1)§ PAC (mg g�1) TIA (TIU mg�1) HA (HU g�1)¶ TBAC (lg g�1)

Raw beans† 1�76a � 0�03 8�41a � 0�21 39�90a � 0�45 426�67a � 0 157�93c � 9�36

Soaking (raw beans–water of 1 : 10, pH 8�0, 10°C, 20 h)

Predicted values 0�79 6�22 37�06 351�33 337�66

Experimental values† 0�79b � 0 6�23b � 0�04 37�04b � 0�36 355�56a � 17�78 328�48b � 10�21

Error % 0 0�16 0�05 1�19 2�79

% change‡ �55�1 �26�0 �7�1 �17�7 +113�8
Cooking (soaked beans–water of 1 : 5, 1�10 kg cm�2, 20 min)

Predicted values 0�03 5�64 11�71 1�62 311�59

Experimental values <dl 5�61c � 0 11�74c � 0�21 <dl 310�30b � 0�87

Error % 0 0�53 0�26 0 0�42

% change �98�3 (�96�2) �32�9 (�9�3) �70�7 (�68�4) �99�6 (�99�5) +97�3 (�7�7)

Fermentation (inoculum load of 103 total cells g�1, 37°C, 48 h)

Predicted values 0 3�32 11�70 0 992�10

Experimental values <dl 3�00d � 0�02 11�74c � 0�08 <dl 990�82a � 0�87

Error % 0 10�67 0�34 0 0�13

% change �100 (�100) �60�5 (�41�1) �70�7 (�0�1) �100 (�100) +528�2 (+218�4)

*TC, tannins content; PAC, phytic acid content; TIA, trypsin inhibitor activity; HA, haemagglutinating activity; TABC, total biogenic amines con-

tent.

†Values are mean � SE of triplicate determinations in raw/processed samples. Means followed by the same superscript in each column are not

significant (P > 0�05) by Duncan multiple range test.

‡� and + indicates percent decrease and increase, respectively, of predicted values over raw beans (values within parentheses indicate percent-

ages calculated over the starting material of that particular stage).

§dl, detection limit (0�004 mg g�1 dry wt).

¶dl, detection limit (6�67 HU g�1 dry wt).
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1�3 kg cm�2 for 20 min. Cooking lowered TC below the

limit of detection (Fig. 2a). The minimum levels of PAC,

TIA, HA and TBAC obtained were 5�63 mg g�1 (Fig. 2b),

11�08 TIU mg�1 (Fig. 2c), 4�87 HU g�1 (Fig. 2d) and

306�69 lg g�1 (Fig. 2e), indicating 9�5, 70�1, 98�6 and

9�2% reduction, respectively, over optimally soaked

beans. The predicted optimum condition for cooking was

soaked beans–water ratio of 1 : 5, and cooking pressure

and time of 1�10 kg cm�2 and 20 min respectively. In

this condition, the predicted reduction (P < 0�05) of TC,

PAC, TIA and HA in cooked beans was 96�2, 9�3, 68�4
and 99�5%, respectively, over optimally soaked beans.

TBAC remained unchanged (P < 0�05) (Table 2). The

experimental values were in reasonable agreement with

the predicted ones.

Fermentation

The response levels for each combination of independent

variables are shown in Table 7. Under the experimental

combinations, the percent reduction in TC, PAC and TIA

were 100, 44�0 and 4�0%, respectively, over optimally

soaked and cooked beans; however, TBAC increased by

91�6–320�4%.

Regression coefficient data (Table 8) show that fermen-

tation time has a reducing effect (P < 0�05) on TC and

PAC. Fermentation time and temperature individually

shows a reducing effect on TIA; however, an increasing

effect on TBAC. The reduced linear equations after

removing nonsignificant terms for coded variables of the

ANFs were

Table 3 Design of RSM, and its experimental (Exp.) and predicted (Pred.) values of antinutritional factors for soaked soybeans

Run

Raw beans :

water (w/w)

Soaking

time (h)

Soaking

temp. (°C) pH

Antinutritional factors* (dry wt basis)

TC (mg g�1)

PAC

(mg g�1) TIA (TIU mg�1) HA (HU g�1) TBAC (lg g�1)

Exp.† Pred. Exp.† Pred. Exp.† Pred. Exp.† Pred. Exp.† Pred.

1 1 : 7 13�5 17�5 6 0�94 0�93 6�30 6�36 38�35 38�27 420 416�83 441�90 452�18

2 1 : 4 20�0 10�0 4 0�92 1�04 6�28 6�28 39�04 38�70 373 378�17 609�87 605�38

3 1 : 7 13�5 17�5 6 0�99 0�93 6�38 6�36 38�04 38�27 373 416�83 466�15 452�18

4 1 : 4 7�0 10�0 8 1�06 1�17 6�32 6�38 39�04 39�15 480 447�17 424�59 369�22

5 1 : 13 13�5 17�5 6 0�82 0�96 6�20 6�09 37�23 37�57 427 397�00 534�55 559�64

6 1 : 1 13�5 17�5 6 1�62 1�42 6�28 6�23 39�10 39�08 427 432�33 410�74 456�42

7 1 : 7 13�5 17�5 6 0�90 0�93 6�34 6�36 38�58 38�27 427 416�83 446�00 452�18

8 1 : 7 13�5 17�5 2 0�99 0�94 6�63 6�59 38�47 38�73 320 289�83 848�83 883�91

9 1 : 4 20�0 10�0 8 1�09 1�08 6�28 6�32 38�19 38�37 373 382�50 421�13 375�15

10 1 : 10 7�0 25�0 4 1�05 1�08 6�22 6�28 38�79 38�81 320 362�83 773�51 745�81

11 1 : 4 20�0 25�0 8 1�02 1�08 6�28 6�29 38�85 38�38 480 440�67 533�68 575�26

12 1 : 7 0�5 17�5 6 1�30 1�26 6�32 6�19 39�23 38�78 627 592�32 400�00 473�59

13 1 : 10 20�0 10�0 4 0�79 0�75 6�25 6�29 37�30 37�34 373 373�50 678�27 626�18

14 1 : 4 20�0 25�0 4 1�02 1�07 6�25 6�29 38�87 38�96 320 329�33 446�00 452�18

15 1 : 7 13�5 17�5 6 1�00 0�93 6�50 6�36 38�09 38�27 427 416�83 500�00 452�18

16 1 : 7 13�5 32�5 6 0�89 0�92 6�32 6�24 38�81 39�09 320 298�83 749�26 704�47

17 1 : 10 7�0 25�0 8 1�16 1�08 6�14 6�20 38�93 38�76 427 394�17 593�42 600�82

18 1 : 10 7�0 10�0 4 1�12 1�10 6�25 6�31 38�72 38�67 427 438�67 688�66 650�00

19 1 : 7 26�5 17�5 6 0�76 0�74 6�14 6�11 36�35 36�92 533 543�00 509�44 506�62

20 1 : 7 13�5 17�5 10 0�95 0�93 6�66 6�54 38�30 38�35 320 325�50 459�00 452�18

21 1 : 4 7�0 25�0 4 1�24 1�25 6�30 6�33 39�03 39�01 373 367�00 584�76 597�86

22 1 : 10 7�0 10�0 8 1�16 1�13 6�20 6�26 38�76 38�87 320 363�00 400�00 360�28

23 1 : 4 7�0 10�0 4 1�06 1�13 6�30 6�33 38�98 39�01 480 496�33 648�83 593�42

24 1 : 7 13�5 17�5 6 0�95 0�93 6�31 6�36 38�22 38�27 427 416�83 459�00 452�18

25 1 : 10 20�0 25�0 8 0�72 0�66 6�10 6�17 37�04 37�21 427 463�00 640�17 621�89

26 1 : 7 13�5 17�5 6 0�80 0�93 6�30 6�36 38�33 38�27 427 416�83 400�00 452�18

27 1 : 4 7�0 25�0 8 1�20 1�25 6�30 6�36 38�76 38�91 373 424�83 540�00 518�40

28 1 : 10 20�0 25�0 4 0�72 0�65 6�27 6�27 38�35 37�73 373 378�17 714�63 772�91

29 1 : 7 13�5 2�5 6 1�02 0�93 6�37 6�29 38�89 38�94 320 316�50 292�99 408�55

30 1 : 10 20�0 10�0 8 0�76 0�79 6�19 6�22 37�55 37�06 373 351�33 340�61 330�42

*TC, tannins content; PAC, phytic acid content; TIA, trypsin inhibitor activity; HA, haemagglutinating activity; TABC, total biogenic amines

content.

†Mean values of experiments carried out in triplicates.
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TC = 0�029 � 0�031B
PAC = 3�527 � 0�256B
TIA = 11�964 � 0�232A � 0�333B
TBAC = 914�282 + 74�079A + 148�222B

where, A was fermentation temperature and B was fer-

mentation time.

The response surface plots for TC, PAC and TIA

(Fig. 3) indicate that when the inoculum load was fixed

at 4�5 log total cell g�1 beans and fermentation condition

was increased to 45°C and 54 h, the levels of ANFs

reduced drastically. TC was reduced below the limit of

detection (Fig. 3a). PAC was reduced to 3�21 mg g�1

Table 4 Estimated regression coefficients on antinutritional factors of soaked soybeans

Factor*

Antinutritional factors† (dry wt basis)

TC (mg g�1) PAC (mg g�1) TIA (TIU mg�1) HA (HU g�1) TBAC (lg g�1)

Effect P-value‡ Effect P-value‡ Effect P-value‡ Effect P-value‡ Effect P-value‡

Intercept 0�930 0�0006 6�355 0�0336 38�269 0�0004 416�833 0�0002 452�175 <0�0001

A �0�114 <0�0001 �0�035 0�0749 �0�378 0�0001 �8�833 0�2366 25�805 0�0517

B �0�129 <0�0001 �0�020 0�2872 �0�466 <0�0001 �12�333 0�1058 8�258 0�5090

C �0�004 0�8609 �0�013 0�4958 0�038 0�6180 �4�417 0�5469 73�978 <0�0001

D 0�010 0�6278 �0�010 0�5818 �0�095 0�2183 8�917 0�2325 �93�805 <0�0001

AB �0�062 0�0298 0�008 0�7249 �0�256 0�0124 13�250 0�1519 �8�946 0�5585

AC �0�033 0�2182 �0�007 0�7658 0�032 0�7244 13�375 0�1483 22�841 0�1473

AD �0�001 0�9810 �0�026 0�2759 0�012 0�8959 �6�625 0�4620 �16�381 0�2905

BC �0�021 0�4360 0�001 0�9784 0�064 0�4868 20�125 0�0367 12�732 0�4078

BD 0�002 0�9430 �0�006 0�8073 �0�119 0�2072 13�375 0�1483 �1�509 0�9209

CD �0�007 0�7933 �0�008 0�7249 �0�060 0�5132 26�750 0�0081 36�184 0�0287

A2 0�065 0�0047 �0�049 0�0132 0�014 0�8412 �0�542 0�9367 13�964 0�2402

B2 0�018 0�3798 �0�051 0�0098 �0�105 0�1487 37�708 <0�0001 9�482 0�4193

C2 �0�001 0�9626 �0�022 0�2152 0�186 0�0166 �27�292 0�0010 26�084 0�0373

D2 0�008 0�6970 0�053 0�0083 0�069 0�3350 �27�292 0�0010 61�031 <0�0001

R2 0�852 0�715 0�858 0�873 0�904

Lack of fit 0�1646 0�3263 0�0559 0�0925 0�0561

*A, Raw beans–water ratio (w/w); B, Soaking time (h); C, Soaking temperature (�C); D, pH of soaking water.

†TC, tannins content; PAC, phytic acid content; TIA, trypsin inhibitor activity; HA, haemagglutinating activity; TABC, total biogenic amines

content.

‡Values of P > F < 0�0500 indicate model terms are significant.
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Figure 1 Response surface 3D plots showing

the influence of raw soybeans–water ratio,

pH of soaking water, soaking time and

soaking temperature on antinutritional

factors: influence of ratio and time on tannins

content (TC; a) and trypsin inhibitor activity

(TIA; b) when the pH and temperature were

kept constant at 6�0 and 17�50°C,

respectively; influence of pH and temperature

on haemagglutinating activity (HA; c) and

total biogenic amines content (TBAC; d)

when the ratio and time were kept constant

at 1 : 7 and 13�50 h respectively.
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Table 5 Design of RSM, and its experimental (Exp.) and predicted (Pred.) values of antinutritional factors for cooked soybeans

Run

Cooking

time (min)

Cooking pressure

(kg cm�2)

Soaked beans :

water (w/w)

Antinutritional factors* (dry wt basis)

TC (mg g�1)

PAC

(mg g�1)

TIA

(TIU mg�1) HA (HU g�1) TBAC (lg g�1)

Exp.†,‡ Pred. Exp.† Pred. Exp.† Pred. Exp.†,§ Pred. Exp.† Pred.

1 10�00 0�7 1 : 5 0�12 0�15 5�84 5�84 13�46 15�89 20�00 20�53 327�62 329�38

2 15�00 0�5 1 : 3�5 0�16 0�15 5�89 5�86 16�85 15�35 20�00 17�10 324�15 325�23

3 15�00 1�5 1 : 3�5 <dl 0 5�71 5�64 11�95 11�69 <dl 0 310�30 306�48

4 6�59 1�0 1 : 3�5 0�19 0�13 5�89 5�85 17�20 15�82 20�00 17�10 328�48 322�43

5 10�00 0�7 1 : 2 0�12 0�15 5�91 5�91 13�32 16�05 20�00 23�82 327�62 329�67

6 20�00 1�3 1 : 2 <dl 0 5�66 5�66 10�83 11�14 <dl 2�25 306�84 307�02

7 20�00 1�3 1 : 2 <dl 0 5�64 5�60 10�14 10�99 <dl 0 305�97 305�86

8 15�00 1�0 1 : 0�98 0�12 0�07 5�83 5�80 12�84 13�65 13�33 7�46 324�69 323�23

9 10�00 1�3 1 : 5 <dl 0�07 5�66 5�72 13�40 13�72 <dl 0 309�44 313�47

10 15�00 1�0 1 : 6�02 0�09 0�08 5�68 5�71 12�91 13�39 <dl 1�94 323�29 322�01

11 15�00 1�0 1 : 3�5 0�09 0�07 5�76 5�75 14�84 13�52 13�33 15�66 323�56 323�21

12 23�41 1�0 1 : 3�5 <dl 0�01 5�59 5�66 9�08 11�22 <dl 0 299�05 302�35

13 15�00 1�0 1 : 3�5 <dl 0�07 5�78 5�75 14�79 13�52 20�00 15�66 323�83 323�21

14 10�00 1�3 1 : 2 <dl 0�06 5�71 5�77 13�58 13�88 <dl 3�03 313�77 317�66

15 25�00 1�0 1 : 3�5 0�16 0�07 5�76 5�75 15�02 13�52 13�33 15�66 326�69 323�21

16 20�00 0�7 1 : 2 <dl 0�08 5�76 5�79 14�12 13�32 <dl 3�03 315�50 313�40

17 15�00 1�0 1 : 3�5 0�09 0�07 5�65 5�75 12�93 13�52 20�00 13�33 324�00 323�21

18 20�00 0�7 1 : 5 0�09 0�08 5�76 5�73 13�68 13�16 <dl 0 318�09 316�14

19 15�00 1�0 1 : 3�5 0�09 0�07 5�74 5�75 14�75 13�52 20�00 15�66 320�43 323�21

20 15�00 1�0 1 : 3�5 0�12 0�07 5�65 5�75 14�69 13�52 13�33 15�66 320�29 323�21

*TC, tannins content; PAC, phytic acid content; TIA, trypsin inhibitor activity; HA, haemagglutinating activity; TABC, total biogenic amines con-

tent.

†Mean values of experiments carried out in triplicates.

‡dl, detection limit (0�004 mg g�1 dry wt).

§dl, detection limit (6�67 HU g�1 dry wt).

Table 6 Estimated regression coefficients on antinutritional factors of cooked soybeans

Factor*

Antinutritional factors† (dry wt basis)

TC (mg g�1) PAC (mg g�1) TIA (TIU mg�1) HA (HU g�1) TBAC (lg g�1)

Effect P-value‡ Effect P-value‡ Effect P-value‡ Effect P-value‡ Effect P-value‡

Intercept 0�072 0�0066 5�754 <0�0001 13�519 0�0042 15�663 0�0007 323�212 0�0008

A �0�035 0�0190 �0�058 0�0007 �1�365 0�0032 �5�392 0�0005 �5�970 0�0002

B �0�043 0�0047 �0�066 0�0002 �1�087 0�0139 �5�392 0�0005 �5�573 0�0003

C �0�002 0�8549 �0�028 0�0582 �0�078 0�8453 �1�641 0�1557 �0�363 0�7305

AB 5 0�005 1�407 0�3185

AC 0 1 0�757 0�5846

BC 0 1 �0�974 0�4838

A2 �2�698 0�0269 �3�825 0�0033

B2 �2�698 0�0269 �2�601 0�0263

C2 �3�876 0�0040 �0�209 0�8379

R2 0�524 0�735 0�552 0�899 0�895

Lack of fit 0�6346 0�8262 0�0514 0�3026 0�0820

*A, Cooking time (min); B, Cooking pressure (kg cm�2); C, Soaked beans to water ratio (w/w).

†TC, tannins content; PAC, phytic acid content; TIA, trypsin inhibitor activity; HA, haemagglutinating activity; TABC, total biogenic amines con-

tent.

‡Values of P > F < 0�0500 indicate model terms are significant.
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(Fig. 3b), indicating 43�1% reduction over optimally

cooked beans. The lowest TIA of fermented beans was

11�40 TIU mg�1 (Fig. 3c), showing 2�6% reduction over

optimally cooked beans. The minimum TBAC

(693�9 lg g�1), the value of which was 122�7% more

than that of optimally cooked beans, was obtained when

the fermentation temperature and time reduced to 25°C
and 18 h respectively (Fig. 3d).

The predicted optimum condition of fermentation was

l03 total cells g�1 beans, fermentation temperature and

time of 37°C and 48 h respectively (Table 2). The percent

reduction (P < 0�05) of TC and PAC during fermentation

was 100 and 41�1% respectively.

The optimally processed product was finally subjected

to sensory analysis. Kinema of good quality should have

nutty flavour with mild ammonia smell, a greyish brown

colour and highly sticky or mucilaginous texture (Sarkar

and Tamang 1994). The sensory analysis was carried out

to evaluate the organoleptic quality of kinema produced

through optimized processing stages. Overall sensory

quality of kinema was evaluated by the judges based on

100-point score card (Table 9). The sensory score of opti-

mized kinema in this study was 90�7, justifying an ‘excel-

lent’ quality.

Discussion

Raw soybeans

The ANF levels in raw soybeans obtained were close to

the ranges as reported earlier (Egounlety and Aworh

2003; Lestienne et al. 2005).

Soaking

Soaking is an initial processing step which is routinely

followed during the preparation of all legume-based fer-

mented foods. The response surface plots generated for

the model of soaking stage indicate that when tempera-

ture and pH were kept constant at 17�5°C and 6�0,
respectively, an increase in time and ratio caused a linear

reduction in TC and TIA. As tannins and trypsin inhibi-
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Figure 2 Response surface 3D plots showing

the influence of cooking pressure and time

on tannins content (TC; a), phytic acid

content (PAC; b) trypsin inhibitor activity (TIA;

c); haemagglutinating activity (HA; d) and

total biogenic amines content (TBAC; e)

when the optimally soaked soybeans–water

ratio was kept constant at 1 : 3�5 (w/w).
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tors are water-soluble (Kumar et al. 1979; Afify and

Shousha 1988), the increase in ratio might have caused a

decrease in their values in soaked beans. A simultaneous

increase in time might have provided an additional effect

in getting them leached out into the soaking medium.

The loss of TC may also be attributed to its binding with

other organic substances such as carbohydrates or protein

(Saharan et al. 2002) or degradation due to an activation

of polyphenoloxidase (Saxena et al. 2003). There are

reports for the reduction in TC and TIA during soaking

of beans (Egounlety and Aworh 2003; Khattab and Arnt-

field 2009). The loss of HA in the blood group ‘B’ when

subjected to soaking is in line with the earlier reports in

chickpea (Bansal et al. 1988), cowpea (Kalpanadevi and

Mohan 2013), lentil (Batra 1987), kidney bean (Shimelis

and Rakshit 2007) and lablab bean (Vijayakumari et al.

Table 7 Design of RSM, and its experimental (Exp.) and predicted (Pred.) values of antinutritional factors for fermented soybeans

Run

Fermentation

temp. (°C)

Fermentation

time (h)

Inoculum load

(log total cells g�1)

Antinutritional factors* (dry wt basis)

TC (mg g�1) PAC (mg g�1) TIA (TIU mg�1) TBAC (lg g�1)

Exp.†,‡ Pred. Exp.† Pred. Exp.† Pred. Exp.† Pred.

1 45 18 6 0�06 0�05 3�50 3�75 12�17 12�07 898�18 875�94

2 35 36 4�5 0�03 0�03 3�55 3�53 11�74 11�96 1002�08 914�28

3 25 54 6 <dl 0 3�36 3�35 11�77 11�86 934�55 1024�24

4 25 54 3 <dl 0 3�41 3�31 11�68 11�86 926�75 952�62

5 35 36 4�5 <dl 0�03 3�41 3�53 12�44 11�96 917�55 914�28

6 35 36 4�5 0�03 0�03 3�21 3�53 12�21 11�96 978�70 914�28

7 35 36 7�02 <dl 0�03 3�85 3�56 11�94 11�96 989�09 974�51

8 35 5�73 4�5 0�12 0�08 4�80 3�96 12�41 12�53 596�88 665�00

9 25 18 6 0�09 0�07 3�55 3�86 12�74 12�53 698�18 727�79

10 35 36 4�5 <dl 0�03 3�60 3�53 11�61 11�96 925�35 914�28

11 35 66�27 4�5 <dl 0�02 3�16 3�09 11�40 11�40 1309�90 1163�56

12 45 18 3 <dl 0�05 3�55 3�70 11�90 12�07 840�17 804�33

13 35 36 4�5 0�09 0�03 3�65 3�53 12�24 11�96 1009�87 914�28

14 25 18 3 0�06 0�07 3�45 3�82 12�63 12�53 725�02 656�17

15 35 36 4�5 0�03 0�03 3�41 3�53 11�60 11�96 930�30 914�28

16 51�82 36 4�5 <dl 0�01 3�21 3�43 11�24 11�57 999�48 1038�87

17 35 36 1�98 0�03 0�02 3�70 3�49 12�25 11�96 735�87 854�06

18 18�18 36 4�5 0�03 0�05 3�60 3�63 12�17 12�36 742�34 789�69

19 45 54 6 <dl 0 3�31 3�23 11�59 11�40 1074�81 1172�39

20 45 54 3 <dl 0 3�26 3�19 11�55 11�40 1050�56 1100�77

*TC, tannins content; PAC, phytic acid content; TIA, trypsin inhibitor activity; TABC, total biogenic amines content.
†Mean values of experiments carried out in triplicates.
‡dl, detection limit (0�004 mg g�1 dry wt).

Table 8 Estimated regression coefficients on antinutritional factors of fermented soybeans

Factor*

Antinutritional factors† (dry wt basis)

TC (mg g�1) PAC (mg g�1) TIA (TIU mg�1) TBAC (lg g�1)

Effect P-value‡ Effect P-value‡ Effect P-value‡ Effect P-value‡

Intercept 0�029 0�0054 3�527 0�0341 11�964 0�0004 914�282 <0�0001

A �0�010 0�1904 �0�059 0�4659 �0�232 0�0048 74�079 0�0025

B �0�031 0�0009 �0�256 0�0052 �0�333 0�0002 148�222 <0�0001

C 0�003 0�7053 0�022 0�7873 0 0�9978 35�811 0�1028

R2 0�537 0�409 0�673 0�807

Lack of fit 0�7866 0�0621 0�9557 0�0533

*A, Fermentation temperature (�C); B, Fermentation time (h); C, Microbial load (log total cells g�1).
†TC, tannins content; PAC, phytic acid content; TIA, trypsin inhibitor activity; TABC, total biogenic amines content.
‡Values of P > F < 0�0500 indicate model terms are significant.
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1995). The incomplete destruction of HA might be due

to the presence of high levels of other ANFs, such as tan-

nin, phytic acid and trypsin inhibitor which may interfere

with the lectin destruction (Kalpanadevi and Mohan

2013). In this study, pH caused a decrease (P < 0�05) in

the level of TBAC. The pH is an important factor influ-

encing decarboxylase activity, and low pH (3�0–6�0) is

optimum for bacteria to produce decarboxylase (Silla

Santos 1996). Lower temperature adversely affects proteo-

lytic and decarboxylating reactions, resulting in a

decreased amine concentration (Joosten and van Boeckel

1988).

The predicted optimum condition for soaking of beans

(1 : 10 of beans–water ratio, and 20 h, 10°C and 8�0 as

soaking time, temperature and pH respectively) led a

reduction (P < 0�05) of TC, PAC and TIA by 55�1, 26�0
and 7�1%, respectively, as compared to raw soybean.

While HA remained unchanged (P < 0�05), the predicted

minimum increase (P < 0�05) of TBAC was 113�8%. Ego-

unlety and Aworh (2003) reported 54�6 and 2�4% reduc-

tion of TC and TIA, respectively, as compared to raw

soybean, under the traditional condition (1 : 3 w/v of

beans–tap water ratio, for 12–14 h). While they observed

34�6% increase in PAC over raw soybean, under opti-

mized soaking condition in this study PAC reduced by

26%.

Cooking

This study was carried out using optimally soaked beans.

As boiling improves the protein quality of beans by

destruction or inactivation of heat-labile ANFs (Vijayaku-

mari et al. 1997), optimization of this stage is worth-

while. Complete removal of tannins in cooked beans

signifies an extensive leaching due to the combined effect

of initial soaking followed by cooking. Shimelis and Rak-

shit (2007) reported that the combined effect of soaking

and cooking was more effective than either soaking or

cooking alone. Also, cooking can destroy heat-labile tan-

nin molecules causing a qualitative change in its molecu-

lar structure and makes them less extractable and

detectable during the assay (Rakic et al. 2007). Complete

removal of tannins in soybeans during cooking was

reported by Egounlety and Aworh (2003). PAC showed

9�5% reduction over optimally soaked beans. The reduc-

tion of PAC in legumes during cooking has also been

reported earlier (Shimelis and Rakshit 2007; Embaby

2010). The degradation during cooking under pressure

can be due to the formation of insoluble complexes of

phytate-protein and phytate-protein-minerals or leaching
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Figure 3 Response surface 3D plots showing

the influence of fermentation temperature

and time on tannins content (TC; a), phytic

acid content (PAC; b), trypsin inhibitor activity

(TIA; c) and total biogenic amines content

(TBAC; d) when the inoculum load was kept

constant at 4�5 log total cells g�1 optimally

soaked and cooked soybeans.

Table 9 Sensory scores of kinema obtained through optimized pro-

cess conditions

Attribute Score*

Flavour (maximum score, 50) 45�37 � 0�42

Body texture (maximum score, 45) 41�37 � 0�22

Colour and appearance (maximum score, 5) 3�97 � 0�11

Overall quality (total maximum score, 100) 90�70 � 0�33

*Values are mean � SE (n = 30).
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into the cooking medium or degradation of inositol

hexaphosphate into pentatetraphosphate (Vijayakumari

et al. 1997, 2007). In this study, TIA reduced by 70�1%
over optimally soaked beans. The reduction in TIA dur-

ing cooking might be due to the destruction of disul-

phide bonds or hydrolysis of peptide bonds or splitting

of covalent bonds (Adams 1991). The thermolabile nature

of trypsin inhibitors in legumes was reported earlier

(Egounlety and Aworh 2003; Shimelis and Rakshit 2007;

Embaby 2010). Haemagglutinin, due to its heat-sensitive

nature, was reduced to below the limit of detection by

the heating processes (cooking and autoclaving), and the

combination of soaking and cooking was more pro-

nounced for inactivation of the lectins (Shimelis and

Rakshit 2007). Elimination of HA by autoclaving was

observed in faba bean (Khalil and Mansour 1995), chick

pea (Alajaji and El-Adawy 2006) and cow pea (Kalpana-

devi and Mohan 2013). The reduction in lectin activity

during cooking may be due to the breakdown of haemag-

glutinins into their subunits or to other unknown confor-

mational changes in their native (Batra 1987).

The predicted optimum condition for cooking (soaked

beans–water ratio of 1 : 5, and cooking pressure and time

of 1�10 kg cm�2 and 20 min respectively) predicted a

reduction (P < 0�05) in TC, PAC, TIA and HA in cooked

beans by 96�2, 9�3, 68�4 and 99�5%, respectively, over

optimally soaked beans. TBAC remained unchanged

(P < 0�05). The cooking of soaked soybeans had no effect

(P < 0�05) on TBAC during the production of tempe

(Nout et al. 1993). Boiling soybean (1 : 6 w/v soaked

beans–water ratio) for 30 min caused a reduction in TC,

PAC and TIA by 100, 10 and 81�7% (Egounlety and

Aworh 2003).

Fermentation

Optimally soaked and cooked beans were utilized in the

final processing stage. Fermentation is an important

microbial and enzymic method of food processing so as

to achieve products having improved organoleptic quality

and prolonged shelf life. After fermentation, TC went

below the limit of detection. An activity of polyphenol

oxidase by the growth of microbiota during fermentation

might be a cause of reduction of TC (Reddy and Pierson

1994). In this study, PAC and TIA reduced by 43�1 and

2�6%, respectively, over optimally cooked beans. The

reduction in PAC might be due to phytase activity shown

by the inoculated culture of B. subtilis. It is already

known that B. subtilis contains phytase-encoding gene

and can degrade phytate during growth through produc-

tion of extracellular phytases (Kumar et al. 2010). Shi-

mizu (1992) reported phytase activity of B. subtilis in

natto samples. The reduction in PAC and TIA during

legume seed fermentation has been reported earlier (Ego-

unlety and Aworh 2003; Khattab and Arntfield 2009).

The minimum TBAC (693�9 lg g�1), the value which

is 122�7% more than that of optimally cooked beans, was

obtained when the fermentation temperature and time

reduced to 25°C and 18 h respectively. While the TBAC

of traditional doenjang was 2121�1 lg g�1, that of its

modern version was 304�9 lg g�1 (Cho et al. 2006).

Natto and chungkukjang had TBAC of 138�3 and

334�6 lg g�1 respectively (Cho et al. 2006; Tsai et al.

2007a). Biogenic amines are formed in fermented soybean

products by micro-organisms during fermentation, and

high levels of them have been reported for soy products

(Yen 1986; Nout et al. 1993). Bacillus spp. isolated from

various fermented foods were found to be weak biogenic

amine-formers (Silla Santos 1996; Tsai et al. 2007a,b).

Kinema contains relatively high amount of free amino

acids (Sarkar and Nout 2014), which could be a potential

source of biogenic amine formation. Decarboxylase activ-

ity has been described in several microbial groups,

including Bacillus (ten Brink et al. 1990). The use of

short fermentation with carefully selected active starter

cultures instead of wild fermentations will help to prevent

the formation of toxic amines (Shukla et al. 2010).

The predicted optimum condition of fermentation (l03

total cells g�1 beans, fermentation temperature and time

of 37°C and 48 h respectively) caused a reduction

(P < 0�05) of TC and PAC during fermentation by 100

and 41�1% respectively. The value of R2 (0�409) in PAC

(Table 8) shows that 40�9% of the variations in PAC are

influenced by changes in the fermentation time. However,

the remaining 59�1% variations can be attributed to other

factors. While TIA was not influenced (P < 0�05) by fer-

mentation, TBAC increased (P < 0�05) by 218�4% over

optimally cooked beans. Although TBAC increased

(P < 0�05) in optimally processed kinema, the content

remained below the hazardous level of 1000 lg g�1 food

(Silla Santos 1996) and, so, can safely be consumed by

humans.

Kinema produced through optimized processing stages

scored ‘excellent’ in terms of overall quality. Hence, the

response surface optimization of soybean processing sig-

nificantly minimized the level of ANFs which enhanced

the nutritional status of kinema.
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