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ABSTRACT 

The present investigation was conducted to stud)' the in-vitro starch and 
protein digestibility of five high-yielding varieties ( RB-4, RB-32, RB-37, RB- 
40 and RB-53 ) of  rice bean (Vigna umbellata) and one variety each of green 
gram (K-851) and black gram (MT-9) as affected by various domestic 
processing and cooking methods which included soaking in tap water for 6, 12 
and 18 h; sprouting for 40 and 60 h; ordinary cooking of  unsoaked seeds and 
seeds soaked for 12 h; and autoclaving of unsoaked and soaked seeds. In-vitro 
starch digestibility (rag maltose released/g meal) and protein digestibility 
(per cent) of raw rice bean varied from 29"3 to 36"5, and 57.2 to 62.8, 
respectively. Both starch and protein digestibilities improved significantly on 
soaking, sprouting, cooking and autoclaving. There was a progressive and 
significant increase in starch and protein digestibility with successive increase 
in soaking and sprouting period. 

INTRODUCTION 

Legumes are used as a major source of dietary proteins in developing 
nations, not only because of cultural and religious beliefs, but also due to 
expensiveness of animal foods and their non-availability. They also act as an 
essential supplement to cereal-based meals. Although the product ion of  
grain legumes is increasing, the per capita consumption in some countries is 

* To whom correspondence should be addressed. 

263 
Food Chemistry 0308-8146/90/$03.50 © 1990 Elsevier Science Publishers Ltd, England. 
Printed in Great Britain 



264 Deepinder Kaur, Amin C. Kapoor 

decreasing as the production has not kept pace with increasing population. 
Therefore, it becomes imperative to explore some unconventional high- 
yielding grain legumes, as well as breeding programmes. 

Rice bean (Vigna umbellata), a non-conventional pulse having high- 
yielding potential even in adverse agro-climatic conditions, is attracting the 
attention of plant breeders throughout the world. Rice bean, like other 
legumes, contains anti-nutritional factors such as amylase inhibitor, phytic 
acid, polyphenol, which lower the utilisation of starch and protein (Singh 
et al., 1982; Deshpande & Cheryan, 1983, 1984; Tan et al., 1984; Kaur, 1986). 
Studies on other legumes have shown that different processing and cooking 
methods affected the level of these factors negatively, and thus enhanced the 
utilisation of the legumes (Tan et ai., 1984; Knuckles et al., 1985; Kataria, 
1986). Therefore, the present study was undertaken to investigate the effect 
of various domestic processing and cooking methods on starch and protein 
digestibilities of different varieties of rice bean and to compare them with 
other common grain legumes. 

Materials 

MATERIALS AND METHODS 

The grains of five high-yielding varieties (RB-4, RB-32, RB-37, RB-40 and 
RB-53) of rice bean (Vigna umbellata) and one variety each of green gram 
(K-851) and black gram (MT-9) were obtained from the Department of 
Plant Breeding, Haryana Agricultural University, Hisar. Green gram and 
black gram have been included in the present study as standard because 
these are acceptable and widely used legumes. Grains were thoroughly 
cleaned and freed from broken seeds, dust and other foreign materials. 

Processing and cooking methods 

Soaking in tap water 
Seeds were soaked in tap water (seed:water, 1:5, w/v) for 6, 12 and 18h at 
room temperature (30°C). The water left after soaking was discarded. The 
soaked seeds were washed twice with ordinary water followed by rinsing 
with distilled water and then dried in a hot air oven at 60°C. Dried samples 
were ground in a Cyclotic sample mill (60 mesh sieve) and then stored in air- 
tight plastic containers for further chemical analysis. 

Sprouting 
The seeds were placed in sterile Petri plates lined with wet filter paper and 
kept in an incubator at 30°C for 40 and 60 h. The sprouted samples were 
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dried in a hot air oven maintained at 60°C, ground (60 mesh sieve) and 
stored for further analysis. The sprouted sample of black gram could not be 
prepared because of growth of fungus during sprouting which appeared 
repeatedly in the samples. 

Ordinary cooking 
The seeds soaked for 12h in water and unsoaked seeds were cooked in 
beakers. The ratio of seed to water in the case of soaked seeds was 1 : 5 (w/v) 
and in the case of unsoaked 1: 6 (w/v). The water was allowed to boil before 
the addition of seeds. The seeds were cooked until soft as felt between fingers. 
The cooking time for soaked seeds was 10 min and unsoaked seeds, 15 min. 
The cooked samples were then mashed and dried in a hot air oven 
maintained at 60°C and then ground to a fine powder (60 mesh sieve) and 
stored. 

Autoclaving 
The seeds soaked for 12h and unsoaked seeds were autoclaved at 
1.05 kg/cm 2 for 5 and 10 min, respectively. The ratio of seed to water was 1:5 
(w/v) for unsoaked seeds and 1:4 (w/v) for soaked seeds. The autoclaved 
seeds were then mashed, dried at 60°C, finely ground (60 mesh sieve) and 
stored. 

Chemical analysis 

In-vitro starch digestibility was assessed by employing pancreatic amylase 
(Singh et al., 1982) and protein digestibility by pepsin and pancreatin 
(Akeson & Stahman, 1964). The nitrogen content of the samples and the 
supernatant containing digestible proteins was determined by the micro- 
Kjeldahl method (AOAC, 1980). 

The data thus obtained were subjected to analysis of variance (Panse & 
Sukhatme, 1961). 

RESULTS AND DISCUSSION 

Starch digestibility 
Total starch and in-vitro starch digestibility of raw rice bean varieties varied 
from 52.4 to 55-9g/100g and 29.3 to 36.5mg maltose released/g meal, 
respectively (Table 1). The total starch content of rice bean varieties was 
higher than that of green gram and black gram. Variety RB-32 had the 
lowest starch digestibility and differed significantly (P < 0.05) from other 
varieties. Green gram had a comparable value of digestibility whereas black 
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gram had significantly (P < 0-05) lower digestibility than that of rice beans, 
except RB-32. Differences observed in the starch digestibilities of different 
legumes in the present study may occur because some granular starches 
resist digestion much more strongly than others (Fuwa et al., 1980). The 
exact reasons for this are not known but may involve the crystal packing 
structure of the starch in the granules and/or the granule size. The reason for 
the poor digestibility of legume carbohydrates as compared with that of 
cereal carbohydrates is not known at present. However, it has been claimed 
that the content and chain length of the amylose component of the starch 
may play a part in causing such low digestibilities (Rao, 1976). The higher the 
content of amylose the lower is the digestibility of the starch because there is 
a positive correlation between amylose content and the formation of 
resistant starch (Berry, 1986; Sievert & Pomeranz, 1989). Studies conducted 
to evaluate the nutritional properties of resistant starch (Asp et aL, 1986; 
Bjorck et al., 1987; Wyatt & Horn, 1988) show that resistant starch in the 
processed foods resists not only amylolytic hydrolysis in vitro but also in the 
human small intestine. Factors that were shown to affect starch digestion in 
foods include degree of gelatinisation, granule particle size, amylose/ 
amylopectin ratio, starch-protein interactions, amylose/lipid complexes and 
percentage of resistant or retrograded starch (Holm et al., 1987). The 
presence of other non-starchy carbohydrates (dietary fibre) may also 
influence the starch digestibility. Several dietary fibres have been reported to 
decrease the activity of human pancreatic amylase, lipase, trypsin and 
chymotrypsin, and this may be due to enzyme inhibitors or nonspecific 
absorption of enzyme molecules to dietary fibres (Dunaif & Schneeman, 
1981) or entrapment of starch in the fibrous-walled cells (Wursch et al., 
1986). 

Soaking of seeds for 6, 12 and 18 h enhanced the level of digestible starch 
of all rice bean varieties as well as other legumes (P < 0.05). Rice bean and 
green gram had significantly (P < 0.05) higher starch digestibility than black 
gram. A successive and significant (P < 0-05) increase was observed in starch 
digestibility with increase in time period of soaking. Factors such as amylase 
inhibitors, phytic acid and polyphenols are reported to inhibit amylase 
(Deshpande & Cheryan, 1984; Thompson & Yoon, 1984). Soaking may 
improve the starch digestibility, possibly by decreasing the level of these 
anti-nutritional factors in the seed. Reduction in the content of polyphenols 
and phytic acid of the legume seeds may explain this phenomenon 
(Deshpande & Cheryan, 1983; Boralkar & Reddy, 1985). 

On sprouting there was a significant (P < 0-05) increase in starch digestibility 
in all the legumes with some varietal differences. After sprouting green gram 
had a starch digestibility significantly (P < 0.05) higher than rice bean. The 
increase in starch digestibility on sprouting was four- to six-fold. This 
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increase in starch digestibility may be because, during germination, amylase 
and phosphorylase may become active and catalyse amylolysis. The 
resulting increased concentration of oligosaccharides may contribute 
towards better starch digestibility oflegume sprouts (Jaya & Venkataraman, 
1980; E1Faki et al., 1984; Boralkar & Reddy, 1985). 

Cooking of unsoaked seeds brought out significant (P < 0.05) increase in 
starch digestibility of all pulses. The starch digestibility was further 
significantly enhanced (P < 0-05) when soaked seeds were cooked. Some 
significant (P < 0.05) varietal differences in starch digestibility of rice bean 
were observed. Black gram had significantly (P<0-05) lower starch 
digestibility than those of rice bean and green gram. 

Autoclaving of unsoaked seeds increased starch digestibility five- to nine- 
fold. When the soaked seeds were autoclaved, the starch digestibility further 
increased significantly (P < 0.05) in all the legumes. This increase was 10- to 
14-fold. A similar increase in starch digestibility of legumes after autoclaving 
was noted by Traianedes and O'Dea (1986). 

Enhancement of starch digestibility in cooked legumes may be attributed 
to the swelling and rupturing of starch granules. This facilitates a more 
randomised configuration for or-amylase to affect hydrolysis. Increased in- 
vitro digestibility of carbohydrates after cooking has been reported for other 
legumes such as chick pea, green gram, cow pea and red gram (Rao, 1969; 
Kumar & Venkataraman, 1976; E1 Faki et aL, 1984; Boralkar & Reddy, 
1985). 

Protein digestibility 

The protein content of rice bean varieties was slightly lower than that of 
green bean and black gram (Table 2). The protein digestibility of rice bean 
varieties, which varied significantly (P < 0.05) from one another, was higher 
(P < 0.05) than that of black gram and lower than green gram except for RB- 
4. The relatively low protein digestibility of legumes may be attributed to the 
resistance of globulins, the major protein in pulse seed, to the proteolytic 
enzymes (Walker & Kochhar, 1983). Anti-nutritional factors, such as trypsin 
inhibitors, phytate and polyphenols, adversely affect protein digestibility 
(Tan et al., 1984; Singh, 1984; Knuckles et aL, 1985). The protein digestibility 
has been reported to vary from 59 to 93 per cent among the various legumes 
(Jaffe, 1950). 

On soaking for 6, 12 and 18 h, RB-4 had significantly (P < 0.05) higher 
protein digestibility than the other four varieties of rice bean which varied 
significantly from one another. When compared with other legumes, it was 
found that green gram had significantly (P < 0.05) lower starch digestibility 
than rice bean. 
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The protein digestibility of soaked seeds was better than that of unsoaked 
seeds. The digestibility further improved significantly (P <0-05) with 
increase in the period of soaking. Loss of various anti-nutritional factors 
such as the trypsin inhibitors, phytic acid and polyphenols may partly be 
responsible for better protein digestibility. 

The in-vitro protein digestibility of all the legumes studied increased 
significantly (P < 0.05) on sprouting. The protein digestibility showed a 
progressive and significant (P < 0.05) increase with increase in sprouting 
time. This improvement in protein digestibility on sprouting may be 
attributed to the modification and degradation of storage proteins. 
Sprouting has been reported to increase in-vitro protein digestibility of 
soybean (Boralkar & Reddy, 1985), chick pea, cow pea and horse gram (El 
Faki et al., 1984) and moth bean (Subhalakshmi et al., 1976; Khokhar & 
Chauhan, 1986). Sprouting causes mobilisation of proteins with the help of 
proteases leading to the formation of polypeptides, oligopeptides and free 
amino acids. Further, during sprouting trypsin inhibitors, tannins, phytate, 
etc., are catabolised leading to lower levels of these anti-nutritional factors in 
the legume sprouts. This may also be responsible for increasing the protein 
digestibility during sprouting. 

On ordinary cooking and autoclaving of unsoaked seeds of all pulses, RB- 
4 had a significantly (P < 0.05) higher protein digestibility than the other 
four varieties which did not differ significantly from one another. Green 
gram had significantly (P < 0.05) higher protein digestibility than rice bean, 
but black gram had significantly (P < 0-05) lower protein digestibility. Thus, 
ordinary cooking and autoclaving significantly (P < 0-05) increased the 
protein digestibility over that of the raw pulse which was further 
significantly (P < 0.05) enhanced when soaked seeds were cooked. The data 
further show that autoclaving is better than ordinary cooking in improving 
the protein digestibility. 

Cooking and heat-processing have been shown to increase protein 
digestibility (Ray, 1969; Kamalakanan et al., 1981). The increase in the 
protein digestibility of legumes on cooking and autoclaving may be due to 
the inactivation of proteinase inhibitor and by opening up of protein 
structures through denaturation. Legumes contain a wide range of anti- 
nutritional factors; some of these, including tannins and phytates, may be 
involved in lowering protein digestibility in raw seeds. Reduction in the 
contents of these anti-nutritional factors, brought about by processing and 
cooking, may be responsible for increasing the protein digestibility. 

The varietal x period interaction in protein digestibility was significant 
(P < 0.05) on soaking, sprouting, ordinary cooking and autoclaving. 

The results of the present study show that rice bean, which has a great 
potential to alleviate protein malnutrition due to its high yield and 
adaptability to adverse agroclimatic conditions, has protein and starch 
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digestibilities comparable  to other  legumes and these are enhanced by 
processing and cooking treatments.  However,  to obtain the best results for 
improvement  of  starch and protein digestibility in rice bean, grain should be 
soaked in plain water and then pressure cooked. 
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