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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.


