
ELSEVIER 

Chemical analysis and 
lesser known pulses 

nutritional assessment 
of the genus, Mucuna 

V. R. Mohan* & K. Janardhanan 

Food Chemisrry 52 (1995) 275-280 
0 1995 Elacvier Science Limited 

Printed in Great Britain. All right.9 reamal 
03W8146/95/S9.50 

Seed Physiology Laboratory, Department of Botany, Bharathiar University, Coimbatore - 641046, India. 

(Received 14 May 1993; revised version received and accepted 29 April 1994) 

Two samples of seed materials of the Indian tribal pulse, Mucuna utilis, were 
collected from different forests in Tamil Nadu, India. The seeds of another 
tribal pulse, M. monosperma, were collected from Aliyar forest in Tamil Nadu. 
The mature seed samples were analysed for proximate composition, seed protein 
fractions, amino acid composition, fatty acid profiles, minerals and antinutri- 
tional factors. The investigated seed samples of M. utih and M. monosperma 
contained higher amounts of crude protein and crude lipid when compared with 
most of the commonly consumed pulses. Albumin and globulin fractions consti- 
tuted the major bulk of seed proteins. Amino acid profiles of M. utilis (black 
seed coat sample) revealed that the seed proteins contained relatively higher levels 
of the sulpho-amino acid cystine. The seed proteins of both samples of M. utilis 
and M. monosperma also contained higher levels of the other essential amino 
acids, isoleucine, tyrosine and phenylalanine. The fatty acid protiles of both 
samples of M. utilis and M. monosperma revealed that the seed lipids contained 
higher concentrations of palmitic acid and linoleic acid. The antinutritional fatty 
acid, behenic acid, also was detected in the present study. The investigated seeds 
were rich in minerals such as Na, P, Mg, Zn and Fe. Antinutritional substances, 
total free phenols, tannins, L-DOPA and haenragglutinating activity, were also 
analysedlassayed. 

INTRODUCTION 

Insuthcient protein of good quality is a serious problem 
in many developing countries due to the prohibitive cost 
of protein from animal sources. Alternative sources of 
proteins which could alleviate this problem include the 
proteins from different plants (Luz Femandez & Berry, 
1988). There is a world-wide interest in finding altema- 
tive sources of economically cheaper protein. Legumi- 
nous seeds are important sources of protein in the diet 
of millions of people. There has been a constant search 
for new legumes with high protein contents, and sugges- 
tions for utilization of unconventional legumes have 
been made from time to time (Pandey 8z Srivastava, 
1990). In India, information on chemical composition 
of seeds of tribal pulses and wild progenitors of culti- 
vated legumes is relatively meagre. In view of this, in 
the present study an attempt was made to understand 
the biochemical composition and assess the nutritional 
value of two samples of the tribal pulse Mucuna utilis 
wall ex Wight and one sample of Mucunu mono~ DC. 
ex Wight. The mature seeds of Mucuna utilis are known 
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to be eaten boiled by an Indian tribal sect called 
Kanikkars (Janardhanan dz Lakshmanan, 1985). The 
boiled seeds of Mucuna monosperma are eaten by the 
tribes of North Eastern India and Oceanic groups of 
tribals like Gnges, Great Andamanese and Sompens 
during extreme scarcity of food (Arora & Mehra, 1981; 
Gunjatkar 8z Vartak, 1982). 

MATERIAISANDMETHODS 

Of the two samples of Mucuna utilis, the sample with 
white seed coats was collected from Mundanthurai 
Wildlife Sanctuary, a semi-evergreen forest in the Nel- 
lai Kattabomman District, during June 1991 (late sum- 
mer). The other seed sample, with black seed coats, was 
collected from Myllaru, a semi-evergreen forest in the 
Kanyakumari District, also during June 1991. The 
seeds of another tribal pulse, M. monosperma, were 
collected from the evergreen forest of Aliyar in the 
Coimbatore District during April 1991 (early summer). 

The moisture content was determined by drying 
50 transversely cut seeds in an oven at 80°C for 24 h, 
and is expressed on a percentage basis. The seeds were 
powdered separately in a Willey Mill to 60 mesh size. 
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Table 1. Roximate composition of the seeds of Mucuna uh% and A4. monosper& along with some of the most common pulses 

Pulse Component g 100 g-’ seed flour 

Moisture Crude protein Crude lipid Crude fibre Ash Nitrogen free 
(Kjeldahl N X 6.25) extractive (NFE) 

Mucuna utiltk 
(Black seed coat) 11~40f0~11 29.6 f 0.57 8.47 + 0.03 10.40 _+ 0.02 4.12 f 0.03 47.4 

A4. utiiis 
(White seed coat) 11.60 + 0.07 25.7 f 0.21 IO.75 f 0.09 11.55 f 0.13 3.56 f 0.01 48.4 

M. monosperma 6.90 + 0.02 23.5 f 0.28 14.39 f 0.13 6.79 rt 0.01 3.21 rf: 0.03 52.2 
Phaseolus mungob - 23.3 1.25 4.04 - 67.8 
Phaseolus aureud’ - 22.3 1.12 4.83 - 68.3 
Cicer arietinunf - 20.7 4.50 3.50 2.70 57.1 
Cajanus cajand - 19.4 3.24 5.56 4.05 57.2 
Vigna unguiculatae - 22.5 1.60 5-33 3.81 56.9 

0 All values are means of triplicate determinations expressed on a dry-weight basis. f Denotes standard error. 

Sources: b Gupta & Wagle (1978); ’ Jambunathan & Singh (1980); d Nwokolo (1987); e Nwokolo & Oji (1985). 

The fine seed powder so obtained was used for further 
analysis. The crude protein content was calculated by 

multiplying the percentage Kjeldahl nitrogen 

(Humphries, 1956) by a factor of 6.25. The contents of 

crude lipid, crude fibre and ash were estimated by 

Association of Official Analytical Chemists (AOAC, 1970) 
methods. The nitrogen-free extractives (NFE) or total 
crude carbohydrates were calculated by difference 
(Muller & Tobin, 1980). The energy content of the seeds 
was determined by multiplying the crude protein, crude 
fat and nitrogen-free extractives (total crude carbohy- 
drates) contents by factors of 4, 9 and 4, respectively 
(Osborne & Voogt, 1978). The total true proteins were 
extracted by the method of Basha et al. (1976) with 
slight modification (ethanol treatment was omitted in 
order to save the prolamin fraction). The extracted 
proteins were purified by precipitation with 20% TCA. 
The albumin and globulin fractions of seed proteins 
were extracted following the method of Murray (1979). 
From the residual pellet the prolamin fraction was 
extracted by treatment with 70% ethanol 1:5 (w/v) 
overnight; after centrifugation, the supernatant con- 
taining the prolamins was air-dried and dissolved in 0.1 
N NaOH. The resulting pellet was extracted with 0.4 N 
NaOH 1 :lO (w/v) overnight and centrifuged at 20000 g 
for 20 min. The supernatant thus obtained was desig- 
nated as glutelins. The proteins in the fractions so 
obtained were estimated by the Lowry et al. (1951) 
method after 20% cold TCA precipitation. The purified 
total seed proteins were acid-hydrolysed with 6 N HCl 
at 110°C for 24 h in vacua. After flash evaporation, the 
dried residue was dissolved in a citrate buffer (pH 2.2). 
Known aliquots were analysed in a LKB-Biochrome 
Automated Amino Acid Analyser, Model 4151-Alpha 
plus. The essential amino acids were scored following 
the method of the Food and Agriculture Organisation 
and the World Health Organisation (FAO/WHO, 
1990). True protein digestibilities of the samples were 
determined following the method of Eggum (1973). 
Protein digestibility-corrected amino acid scores of the 

samples were calculated by multiplying the lowest 
amino acid ratio by the true protein digestibility 
(FAO/WHO, 1990). The total lipids were extracted 
from the seed flour with a mixture of chloroform and 
methanol in a ratio of 2:l respectively, following the 
method of Folch et al. (1957). Fatty acid methyl esters 
were prepared according to the procedure outlined by 
Metcalfe et al. (1966). Fatty acid methyl esters were 
analysed using gas chromatography (Shimadzu Model- 
RIA). All the minerals except phosphorus were anal- 
ysed by Atomic Absorption Spectrophotometer 
(Perkin-Elmer, Model-5000) (Issac 8z Johnson, 1975). 
The phosphorus content in the triple acid digested 
extract was determined calorimetrically (Dickman & 
Bray, 1940). The antinutritional factors such as tannins, 
(Burns, 1971), total free phenols (Bray & Thorne, 1954) 
and the non-protein amino acid, L-DOPA (3, 4-dihy- 
droxyphenylalanine) (Brain, 1976) were analysed. The 
haemagglutinating activity of the seed proteins (Liener, 
1976) was also assayed. 

Table 2. Caloriiic value of the seeds of Mucunu utilis and M. 
monosperma along with other Mucuna species I germphsms“ 

Name of the pulse Calorific value 
(kCa1 100 g-’ DM) 

Mucuna utilis 
(Black seed coat) 384 

M. utilis 
(White seed coat) 393 

M. monosperma 432 
M. giganted 375 
M. prurienf 

(Begur) 394 
M. prurienti 

(Silent Valley) 385 
M. prurienf 

(Lucknow) 419 

a All values are means of triplicate determinations expressed 
on a dry-weight basis. 
Sources:b Rajaram & Janardhanan (1991a); c Mary Josephine 
& Janardhanan (1992). 
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RESULTS AND DISCUSSION 

The contents of crude protein and crude lipid detected 
in the samples of the present investigation (Table 1) 
were found to be higher than the pulse crops commonly 
consumed in India, such as black gram, green gram, 
pigeonpea, chickpea and cowpea, which have been 
reported earlier (Gupta 8c Wagle, 1978; Jambunathan & 
Singh, 1980; Nwokolo & Oji, 1985; Nwokolo, 1987). 
Nonetheless, the occurrence of higher contents of crude 
lipid, compared to the values of the present samples, in 
Bauhinia vahlii (Rajaram & Janardhanan, 1991b), Mu- 
tuna hirsutu (Rajaram & Janardhanan, 1992), and 
Pa&a roxburghii (Mohan & Janardhanan, 1993) from 
our laboratory has already been detected and reported. 

The seeds of M. monosperma exhibit the highest calorific 
value, a value greater than the other Mucuna species/ 
germplasm, investigated earlier in our laboratory (Table 
2) (Rajaram & Janardhanan, 1991a; Mary Josephine & 
Janardhanan, 1992). 

The data on seed protein fractionation of the sam- 
ples of A4. utilis and M. monosperma (Table 3) show 
that the albumins and globulins constitute the major 
bulk of the seed proteins, as in most legumes and the 
other Mucuna species reported earlier (Boulter & Der- 
byshire, 1976; Duranti & Cerletti, 1979; Rajaram & 
Janardhanan, 1992; Siddhuraju et al., 1992). The amino 
acid profiles of the purified seed proteins, the essential 
amino acid score and the protein digestibility-corrected 
amino acid score are presented in Table 4. The data 

Table 3. Data on total (true) proteins and protein fractionation of Mucuna utilis and M. monosperma.a 

Fraction M. utilis M. utilis 
(Black seed coat) (White seed coat) 

M. monosperma 

g 100 g-1 g 100 g-1 g 100 g-’ g 100 g-’ g 100 g-’ g 100 g-’ 
seed flour protein seed flour protein seed flour protein 

Total protein 
(true protein) 
Albumins 
Globulins 
Prolamins 
Glutelins 

23.4 f 0.14 100 22.73 k 0.11 100 20.4 + 0.23 100 
8.32 + 0.04 355 8.39 k 0.07 36.9 4.22 f 0.01 20.7 
12.5 f 0.07 53.2 11.7 k 0.13 51.3 14.0 f 0.11 68.6 
0.89 + 0.01 3.80 0.76 f 0.01 3.34 0.68 * 0.02 3.33 
1.75 f 0.03 7.47 1.92 &I 0.06 8.45 1.51 * 0.03 1.39 

’ All values are means of triplicate determinations expressed on a dry-weight basis. f Denotes standard error. 

Table 4. Amino acid prof%s of acid-hydrolysed, purified total seed proteins of MUCUM utilis and M. monosperma 

Amino acid 

M. utilis 
(Black 
seed 
coat) 

(mg 8’ 
protein) 

Essential 
amino 
acid 
score 

M. utilis 
(White 

seed 
coat) 

(mg g-’ 
protein) 

Essential 
amino 

acid 
score 

hf. monosperma 
(mg 6 
protein) 

Essential 
amino 
acid 
score 

FAOWHO 
(1990) 

pattern 
(mg g-’ 
protein) 

Glutamic acid 
Aspartic acid 
Serine 
Threonine 
Proline 
Alanine 
Glycine 
Valine 
Cystine 

126 
147 
45.0 
49.1 
29.8 
46.0 
51.2 
33.9 
20.2 

1 
Methionine 06.8 1 
Isoleucine 72.0 
Leucine 64.8 
Tyrosine 43.0 

Phenylalanine 
Lysine 
Histidine 
Tryptophan 
Arginine 
True protein 

digestibility 
Protein digestibility- 

corrected amino 
acid score 

46.3 
56.1 
29.3 
ND“ 
71.4 

0.70 (70%) 0.71 (71%) 064 (64%) 

0.68 0.55 0.51 

144 

0.97 

1.08 

2.57 
0.98 

1.42 

0.97 

140 
142 
44.0 
45.9 
35.3 
41.6 
66.6 
42.5 
16.2 

03.2 
80.2 
64.1 
52.1 

40.6 
59.8 
30.1 
ND 
63.0 

1.35 

1.21 

0.78 

2.86 
0.97 

1.47 

1.03 

149 
113 

41.2 
33.6 
51.2 
60.4 
43.6 
44.9 

Trace 

Trace 
63.1 
51.9 
33.9 

59.8 
52.4 
26.8 
ND 
55.8 

0.99 

1.28 

2.25 
0.79 

1.49 

0.97 

34 

35 

25 

28 
66 

63 

58 

11 

‘ND, not detected. 
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Table 5. Fatty acid composition of lipids of Mncuma utih and M. mowspma wed# compared with common Ieglmre seed lipids 

Pulse Fatty acid (%) 

C14:O C16:O C16:l Cl80 C18:l Cl82 Cl&3 C2o:O C2O:l c22:o Others 

Mueuna utilis 
(Black seed coat) - 27.1 - 150 20.3 32.0 3.38 - - 2.26 - 

h4. utilis 
(White seed coat) - 39.4 - 11.7 14.6 21.4 8.99 - - 3.99 - 

IU. monospermo - 24.6 - 11.7 30.8 24.7 4.74 3.52 - 
Cajanus cajanb - 20.5 - 6.90 10-5 56.3 5.00 o;o 1 
Vigno radiatd - 14.1 - 4.30 20.8 16.3 35.7 - - 9To 1 
V. mungob 

2% 
17.8 

9To 
5.90 17.3 11.6 47.5 - - - - 

V unguiculata’ 14.6 7.30 18.9 20.7 18.2 - 790 - 1.10 
Phaseolus vulgarif 15.1 6.30 9.10 19.8 20.6 17.3 3.80 - 8.00 
Glycine mati 027 10.6 0.53 2.94 25.5 48.7 5.03 203 _ _ _ 

a All values are of two determinations. 
Sources: b Sahmkhe et al., (1982); ’ Omogbai (1990); d Ologhobo & Fetuga (1984). 

reveal that the limiting amino acids are as follows: in 
IU. utilis (black seed coat sample), both valine and 
lysine; in M. utilis (white seed coat sample), sulphur- 
containing ammo acids; and in M. monosperma, leucine. 
The seed proteins of M. utilis (both samples) and M. 
monosperma also contain higher levels of the other es- 
sential amino acids, isoleucine, tyrosine and phenylala- 
nine, when compared with the WHO requirement 
pattern (FAOWHO, 1990). The threonine content of 
M. utilis (both samples) is comparable with that of soy- 
abean (Boulter & Derbyshire, 1976). The fatty acid 
profiles (Table 5) reveal that both the samples of Mu- 
tuna utilis and Mucuna monosperma seeds contain high 
levels of linoleic acid, as in the case of some edible 
legumes such as Vigna radiata, V. mungo (Salunkhe et 
al., 1982), V. unguiculata and Phaseolus vulgaris 
(Omogbai, 1990). Oleic acid is present in large quantity 
in the seeds of Mucuna monosperma, as in Cajanus 
cajan, Vigna radiata, V. mungo, (Salunkhe et al., 1982), 
Phaseolus vulgaris and Vigna unguiculata (Omogbai, 
1990) and Glycine max (Ologhobo & Fetuga, 1984). 
Nonetheless, the palmitic acid level of an earlier investi- 
gation in Bauhinia racemosa (Mohan & Janardhanan, 
in press) is higher than the present samples. However, 
its level is comparable with that of other investigations 
(El Refai et al, 1987; Vasanthan & Hoover, 1992). 
Similarly, the level of stearic acid detected in the 
samples investigated in the present study seems to be 
lower than that of samples of Bauhinia racemosa of an 
earlier investigation (Mohan & Janardhanan, in press) 
and more or less comparable with that of another 
tribal pulse, Parkia roxburghii (Mohan & Janardhanan, 
1993). The antinutritional fatty acid, behenic acid, is 
detected in Mucuna utilis (both samples) and M. 
monosperma. Earlier reports indicate the detection of 
behenic acid in groundnut (Kritchevsky et al, 1973), 
winged bean (Bean et al., 1984; Fernando & Bean, 
1985, 1986), Parkia roxburghii and Entada phaseoloides 
(Mohan & Janardhanan, 1993). 

The mineral analysis (Table 6) reveals that the sam- 
ples of Mucuna utilis and Mucuna monosperma appear 

Table 6. Mineral compoaltion of the seeds of Mucuna utilis and 
M. mo~~spema. 

Mineral h4. utilts M. utiits 
@$ ;;(;)-’ 

M. monospermo 
(Black (White 

seed coat) seed coat) 

Sodium 71.3 f 0.11 72.0 f 0.02 62.0 f 0.11 
Potassium 1660 f 1.21 1244 f 0.84 1761 f 0.99 
Calcium 759 f 0.5 1 688 f 064 172 f 0.31 
Magnesium 271 f 0.09 261 f 0.33 72.2 f 0.23 
Phosphorus 327 f 0.57 260 f 0,14 129 f 0.13 
Iron 5.87 f 0.03 6.33 f 0.06 5.16 f 0.07 

Copper 0.45 f 0.05 0.45 f 0.03 0.43 f 0.02 
Zinc 2.03 f 0.03 1.81 f 0.03 1.07 f 0.01 
Manganese 9.26 & 0.06 8.82 f 0.08 8.16 f 0.02 

a All values are mean of triplicate determinations expressed 
on a dry-weight basis. f Denotes standard error. 

to be rich sources of Na, Mg, P, Zn, Fe and Mn, when 
compared with the other Mucuna species (Rajaram & 
Janardhanan, 1992). 

The usefulness of legumes is decreased by toxic or 
antinutritional compounds associated with the large 
protein content in their seeds (Nowacki, 1980). Some of 
the antinutritional factors such a protease inhibitors, 
lectins, tannins, goitrogens, cyanogens, amylase inhibitors 
and antivitamin factors are heat-labile (Liener, 1980); 
Whereas others such as toxic ammo acids, alkaloids, 
cyanogenic glucosides, saponins, flavones and isofl- 
avones, and pyrimidine glucosides are heat-stable 
(Nowacki, 1980). The data on antinutritional factors 
are presented in Table 7. The contents of tannins pre- 
sent in the seeds of Mucuna utilis (both samples) and 
M. monosperma appear to be low when compared with 
the other Mucuna species reported earlier (Rajaram & 
Janardhanan, 1991a; Mary Josephine & Janardhanan, 
1992) and the commonly consumed legume seeds such 
as green gram, cowpea, pigeonpea and black gram 
(Khan et al., 1979; Rao & Deosthale, 1982). The con- 
tent of total free phenols of investigated seed samples 
of Mucuna utilts and iU. monosperma is found to be 
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Component 

Total free phenols (%) 
Tannins (%) 
L-DGPA (%) 

Phytohaemagglutinating activityb 

M. utilis M. utilis 
(Black (White 

seed coat) seed coat) 

3.18 f 0.07 3.16 f 0.11 
0.06 f 0.02 0.03 f 0.001 
6.86 f 0.23 6.08 f 0.51 

h4. monosperma 

0.85 f 0.05 
0.06 f 0.01 
424 f 0.21 

Protein fraction Erythrocytes 
(human blood groups) 

Haemagglutinating activity’ 

Albumins A + + 
Albumins + + 
Albumins : + + 
Globulins A ++ ++ 
Glogulins B ++ ++ 
Globulins 0 ++ ++ 

’ Values are means of triplicate determinations expressed on a dry-weight basis. f denotes standard error. 
b Values of two independant experiments. 
‘+ some clumping, pellet disperses partially; 
++ no dispersion of pellet. 

low when compared with Mucuna pruriens (Mary 
Josephine & Janardhanan, 1992). The concentration of 
the non-protein amino acid L-DOPA in Mucuna utilis 
(both samples) and Mucuna monosperma has been 
found to be slightly low when compared with the val- 
ues reported earlier in iU. pruriens (Mary Josephine & 
Janardhanan, 1992). The globulin proteins strongly 
agglutinate all types of trypsinized human erythrocytes 
(A, B and 0) without any specificity, as in the case of 
Entada scanakns (Janardhanan & Nalini, 1991), 
whereas albumin proteins weakly agglutinate erythro- 
cytes from the human A, B and 0 blood groups. This 
observation accords with the earlier investigations in 
Dolichos lablab (Kaushik, 1984), Psophocarpus 
tetragonolobus (Kotaru et al., 1987) and Psophocarpus 
scandens (Kortt, 1988). In soyabean seeds, haemagglu- 
tinins (&tins) play a minor role in nutritional value 
(Liener, 1980). Nonetheless, Jaffe (1960) (cited by 
Liener (1980)) postulated that the action of haemagglu- 
tinin was to combine with cells lining the intestinal 
mucosa, causing non-specific interference with the 
absorption of nutrients. 

The observations made in the present study show 
that both seed samples of Mucuna utilis are rich in 
crude protein, most of the essential amino acids, fatty 
acids such as palmitic acid and linoleic acid, and some 
minerals. The seeds of Mucuna monosperma are rich in 
crude protein, crude lipid and exhibit a higher calorific 
value. The seed proteins register higher levels of the 
essential amino acids, isoleucine, tyrosine and pheny- 
lalanine. The seed lipids seem to be rich in fatty acids 
such as palmitic acid, oleic acid and linoleic acid. They 
are also rich in some minerals such as K and Mn. The 
antinutritional factors (total free phenols, tannins and 
lectins), except L-DOPA, are heat-labile and can be 
eliminated by ordinary cooking processes. 

ACKNOWLEDGEMENTS 

V.R.M. is grateful to the University Grants Commis- 
sion, New Delhi, for the award of the FIP Fellowship. 
Thanks are due to Prof. K.M. Marimuthu, Vice-Chan- 
cellor, Bharathiar University, Coimbatore, for his en- 
couragement. 

REFERENCES 

AOAC (1970). Oficial Methoak of Analysis, 1 lth edn. Assoei- 
ation of official Analytical Chemists, Washington, DC. 

Arora, R. K. & Mehra, K. L. (1981). Plant genetic resources 
of arid and semi-arid lands of India. Ann. Arid Zone., 20, 
145-54. 

Basha, S. M. M., Cherry, J. P. & Young, C. T. (1976). 
Changes in free amino acids, carbohydrates and proteins of 
maturing seeds from various peanut (Arachis hypoguea L.), 
cultivars. Cereal Chem., 53, 586-97. 

Bean, G., Fernando, T., Holden, H. & Patterson, G. (1984). 
Total plant analysis of sterols and fatty acids of the winged 
bean, Psophocarpus tetragonolobus. J. Food Sci., 49, 964-5. 

Boulter, D. & Derbyshire, E. (1976). The general properties, 
classification and distribution of plant proteins. In Plant 
Proteins, ed. G. Norton. Buttenvorths, London, ~~3-24. 

Brain, K. R. (1976). Accumulation of L-DOPA in cultures 
from Mucuna pruriens. Plant Sci. Letts, 7, 157-61. 

Bray, H. G. & Thome, W. V. (1954). Analysis of phenolic 
compounds. Meth. Biochem. Anal., 1, 21-52. 

Bums, R. R. (1971). Methods for estimation of tannin in 
grain, Sorghum. Agron. J., 63, 511-12. 

Dickman, S. R. & Bray, R. H. (1940). Calorimetric deter- 
mination of phosphate. Znd. Eng. Chem. Anal. Ed., 12, 
665-8. 

Duranti, M. & Cerletti, P. (1979). Amino acid composition of 
seed proteins of Lupinus albus. J. Agric. Food Chem., 27, 
977-8. 

Eggum, B. 0. (1973). A study of certain factors influencing 
protein utilization in rats and pigs. Report 406. National 
Institute of Animal Sience, Copenhagen, Denmark. 



280 V. R. Mohan, K. Janardhanan 

El ReFai, A. A., Gouda, M. S. & Ammar, K. A. (1987). 
Effect of processing and storage on protein and lipid com- 
position of peas. Food Chem., 23, 117-27. 

FAO/V+‘HO, (1990). Protein Quality Evaluation. Report of a 
joint FAOWHO expert consultation, Bethesda, MD, 4-8 
December 1989. FAO, Rome. 

Luz Femandez, M. & Berry, J. W. (1988). Nutritional evalua- 
tion of chickpea and germinated chickpea flours. Plant 
Foods Hum. Nutr., 38, 127-34. 

Fernando, T. & Bean, G. (1985). Variation of the antinutri- 
tional behenic acid content among the cultivars of winged 
bean (Psophocarpus tetragonolobus (L.) (DC.). Food Chem., 
l&265-9. 

Fernando, T. & Bean, G. (1986). The reduction of antinutri- 
tional behenic acid in winged bean (Psophocurpus 
tetrugonolobus (L.) (DC.) seeds. Plant Foods Hum. Ntar., 
36, 93-6. 

Mary Josephine, R. & Janardhanan, K. (1992). Studies on 
chemical composition and antinutritional factors in three 
germplasm seed materials of the tribal pulse, Mucunu 
pruriens (L.) DC. Food Chem., 43, 13-8. 

Metcalfe, L. D., Schemitz, A. A. & Pelka, J. R. (1966). Rapid 
preparation of fatty acid esters from lipids for gas chro- 
matographic analysis. Anal. Chem., 38, 514-5. 

Mohan, V. R. & Janardhanan, K. (1993). Chemical and nu- 
tritional evaluation of raw seeds of the tribal pulses, Purkiu 
roxburghii G. Don and Entadu phuseoloides (L.) Merr. Znt. 
J. Food Sci. Nutr., 44, 47-53. 

Folch, J., Lees, M. & Solane-Stanley, G.H. (1957). A simple 
method for the isolation and purification of total lipids 
from animal tissues. J. Biol. Chem., 226, 497-506. 

Gunjatkar, N. & Vartak, V. D. (1982). Enumeration of wild 
edible legumes from Pune district, Maharashtra state. J. 
Econ. Tax. Bot., 3, 1-9. 

Gupta, K. & Wagle, D. S. (1978). Proximate composition 
and nutritive value of Phuseolus mungoreous. A cross be- 
tween Phaseolus mungo and PhaseoZus aureus. J. Food Sci. 
Technol., 15, 34-S. 

Humphries, E. C. (1956). Mineral composition and ash anal- 
ysis. In Modern Methods of Plant Analysis, Vol.], eds K. 
Peach & M. V. Tracey. Springer Verlag, Berlin, pp 
468-502. 

Issac, R. A. & Johnson, W. G. (1975). Collaborative study of 
wet and dry techniques for the elemental analysis of plant 
tissue by atomic absorption spectrophotometer. J. Assoc. 
Anulyt. Chem., 58,436. 

Mohan, V. R. & Janardhanan, K. (in press). Chemical and 
nutritional evaluation of two germplasms of the tribal 
pulse, Bauhiniu rucemosu Lamb. Plant Foods Hum. Nutr, 

Muller, H. G. & Tobin, G. (1980). Nutrition and Food Pro- 
cessing. Croom Helm Ltd, London. 

Murray, D. R. (1979). The seed proteins of kowhai. Sophoru 
microphyllu AIT. Z PJunzenphysiol., 93, 423-8. 

Nowacki, E. (1980). Heat-stable antinutritional factors in 
leguminous plants. In Advances in Legume Science, eds R. 
J. Summerfield & A. H. Bunting. Royal Botanic Gardens, 
Kew, Richmond, Surrey, UK, 171-7. 

Nowokolo, E. (1987). Nutritional evaluation of pigeonpea 
meal. Plant Foods Hum. Nutr., 37, 283-90. 

Nwokolo, E. & Oji, D. I. (1985). Variation in metabolizable 
energy content of raw or autoclaved white and brown vari- 
eties of three tropical grain legumes. Anim. Food Sci. Tech- 
noL, 13, 141-6. 

Jambunathan, R. & Singh, U. (1980). Studies on Desi and 
Kabuli chickpea. (Cicer urietinum) Cultivars. 1. Chemical 
composition. In Proceedings of the International Workshop 
on Chickpea Improvement, ICRISAT, Hyderabad, India, 28 
February-2 March, 1979. 

Ologhobo, A. L. & Fetuga, B. L. (1984). Biochemical assess- 
ment of some new varieties of soybeans. Food Chem., 13, 
103-15. 

Janardhanan, K. & Lakshmanan, K. K. (1985). Studies on 
the tribal pulse, Mucuna utilis: Chemical composition and 
antinutritional factors. .I. Food Sci. Technol., 22, 369-7 I. 

Janardhanan, K. & Nalini, K. (1991). Studies on the tribal 
pulse, Entudu scundens Benth.: Chemical composition and 
antinutritional factors. J. Food Sci. Technol., 28, 249-5 1. 

Kaushik, P. (1984). Lectin from different parts of the seeds of 
Dolichos. Proc. Indian Nutl. Sci. Acad., 50, 2424. 

Khan, A. M., Jacobsen, I. & Eggum, 0. B. (1979). Nutritive 
value of some improved varieties of legumes. J. Sci. Food 
Agric., 30, 395400. 

Omogbai, F. E. (1990). Lipid composition of tropical seeds 
used in the Nigerian diet. J. Sci. Food Agric., 50, 253-5. 

Osborne, D. R. & Voogt, P. (eds) (1978). Calculation of 
calorific value. In The Analysis of Nutrients in Foods. Aca- 
demic Press, NY, 23940. 

Pandey, V. N. & Srivastava, A. K. (1990). Seed protein yield 
from some Crotulariu spp. and in vitro nutritional quality 
of that from C. juncea. Plant Foods Hum. Nutr., 40, 
195-200. 

Rajaram, N. & Janardhanan, K. (1991~). The biochemical 
composition and nutritional potential of the tribal pulse, 
Mucunu giganteu (Willd.) DC. Plant Foods Hum. Nutr., 41, 
45-51. 

Kortt, A. A. (1988). Isolation and characterization of the 
lectin from the seeds of Psophocurpus scandens. Phytochem- 
istry, 27, 2847-55. 

Rajaram, N. & Janardhanan, K. (19916). Chemical composi- 
tion and nutritional potential of the tribal pulses Buuhiniu 
purpureu. B. rucemosa and B. vuhlii. J. Sci. Food Agric., 55, 
423-3 1. 

Kotaru, M., Ikeuchi, T., Yoshikawa, H. & Ibuki, F. (1987). 
Investigation of antinutritional factors of the winged bean 
(Psophocurpus tetragonolobus). Food Chem., 24, 279-86. 

Kritchevsky, D., Tepper. S. A., Vesselinovitch, D. & Wissler, 
R. W. (1973). Cholesterol vehicle in experimental 
atherosclerosis 13. Random&d peanut oil. Atherosclerosis, 
17,225-37. 

Liener, I.E., (1976). Phytohaemagglutinins (phytolectins). Ann. 
Rev. Plant Physiol., 27, 291-319. 

Liener, 1. E., (1980). Heat-labile antinutritional factors. In 
Advances in Legume Science, eds R. J. Summerfield & A. 
H. Bunting. Royal Botanic Gardens, Kew, Richmond, Sur- 
rey, UK, pp. 157-70. 

Rajaram, N. & Janardhanan, K. (1992). Certain aspects of 
chemical analysis of Mucunu beans, Mucunu hirsutu W & A 
and M. utropurpureu DC. Adv. Plant Sci., 5,237-45. 

Rao, P. U. & Deosthale, V. Y. (1982). Tannin content of 
pulses: varietal differences and effects of germination and 
cooking. J. Sci. Food Agric., 33, 1013-6. 

Salunkhe, D. K., Sathe, S. K. & Reddy, N. R. (1982). 
Legume lipids. In Chemistry and Biochemistry of Legumes, 
ed. S. K. Arora. Oxford & IBH, New Delhi, 51-109. 

Siddhuraju, P., Vijayakumari, K. & Janardhanan, K. (1992). 
The biochemical composition and nutritional potential of 
the tribal pulse, Afysicurpus rugosus (Willd.) DC. Food 
Chem., 45,251-5. 

Lowry, 0. H., Rosebrough, N. J., Farr, A. L., & Randall, R. Vasanthan, T. & Hoover, R. (1992). A comparative study of 
J. (1951). Protein measurement with folin phenol reagent. the composition of lipids associated with starch granules 
J. Biol. Chem., 193, 265-75. from various botanical sources. Food Chem., 43, 19-27. 


