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Abstract: Jack Bean (JB) (Canavalia ensiformis) is an indigenous legume promoted in Tamilnadu as a green 
manure cover crop. It contains high protein but it is under - utilized due to the presence of 3, 4-dihydroxy- 
Lphenylalanine (L-D6pa) and other anti nutritional compounds. To improve its nutritional potential as a protein 
source, Jack bean was processed and evaluated for nutritional composition. Effects of processing at different 
methods like soaking, cooking and autoclaving on the contents of anti-nutritional compounds and crude protein 
were investigated. Raw beans contained high crude protein (29.8 g/100'). Contents of ether extract; crude fibre 
and ash were 4.2, 7.37 and 4.48 g/100 ', respectively. Raw whole Jack bean contained L-Dopa (1.7 g/100 ‘) 
content. Other anti-nutritional compounds included total phenols 3.83 g/100-1, trypsin inhibitor activity (TIA) 
378.3 TIU and tannins 82.5 mg/100 '. The present study also evaluated the changes of anti-nutritional factors 
of Jack bean by subjecting to soaking, autoclaving and cooking. Maximum reduction was observed in TIA, 
L-Dopa and Total free phenols with autoclaving, while the soaking and cooking decreases the levels of tannins. 
Autoclaving was more effective method in reducing trypsin inhibitor activity, polyphenols and L-Dopa than the 
various cooking treatments.
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Introduction

Legumes are good sources o f cheap and widely 
available proteins for human consumption. They are 
staple foods for many people in different parts of 
the world (Youseff et al., 1989). Legume seeds have 
an average o f twice as much protein as cereals and 
the nutritive value o f the: proteins are usually high 
(Vijayakumari et al., 1997). They range between the 
highly utilized legumes such as soybeans, cowpeas 
to the lesser known ones like African yam beans 
(Sphenoslylis stenoscarpa), Mucuna conchinchinesis 
and Miicunaflagellipes (“ukpo”). Studies have shown 
that the lesser known legumes together with other 
conventional legumes can be used for combating 
protein malnutrition prevalent in the third world. This 
can be achieved by^the consumption of the legumes 
whole and in various processed forms (condiments) 
(Arisa and Aworh, 2007).

Jack bean {Canavalia ensiformis) is one o f the 
under exploited tropical dry beans. It is, however, 
fairly widely distributed, being cultivated in Africa, 
Asia, the West Indies, Latin America and India. The 
jack bean can be grown in marginal soils and arid to 
semi arid regions not suitable for common legumes 
such as Phaseolus and Vigna species. It has, therefore,

great potential in most tropical and subtropical parts 
o f the world (Akpapunam and Sefa-Dedeh, 1997). 
The seed o f jack bean, the highly produced large 
seeded tropical legume, contains about 300 g/kgcrude 
proteins and 600 g/kg carbohydrates (Udedibie and 
Nkwocha, 1990). Canavalia ensiformis ranks among 
the underutilized legumes that could ameliorate 
protein deficiency in human nutrition, particularly in 
developing countries. The mature seeds are consumed 
by the Indian tribal sects, Kurumba, Malayali, Erula 
and other Dravidian groups, after cooking (Mittre, 
1991).

In western countries this legume is used as 
a cover crop and the roasted seeds are ground to 
prepare coffee-like drink (Bressani et a l, 1987). 
It can be grown relatively easily and produce higli 
yields in the region o f low altitude; high temperature 
and relative humidity. The environment of different 
locations plays an important role in the determination 
of quality and quantity o f seed proteins. Location 
effect is relatively more important than that of cultivar 
of effect o f  protein content (Dodd and Pushpamma, 
1980). The objective o f  this study was to process 

jack bean by different methods in order to remove 
anti-nutritional compounds and assess effects of 
treatments on nutritional composition.
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"^^f^tW SirSird M ethods

Status o f  the germplasm collection
Mature seeds o f  jack bean were collected from 

Kuppanatham, Madurai (Dt), Tamilnadu, South 
India.

Nutritional value
The dried seeds were cleaned thoroughly and any 

foreign materials, broken seeds and immature seeds 
were removed. The moisture content o f the seeds was 
estimate by taking 25 transversely cut seeds at a time 
the weight was taken before and after incubation in a 
hot air oven at 80°C for 24 hours, followed by cooling 
in a desicator. Oven dried seeds were weight and 
ground in a Willey Mill (Scientific equipment) and 
passed through a 60-mess size screen. The proximate 
composition such as moisture, crude protein, crude 
lipid and ash content o f  raw and processed JB seeds 
were determined by followingAOAC (1990) method 
by employing the micro-kjeldahl method for crude 
protein, and soxhiet extraction method for crude 
lipid analysis. The total carbohydrate was estimated 
by following the method of Hedge and Hofreiter 
(1962).

EMinUtfUn' f̂WigosacchoHdes
The oligosaccharides composition o f raw and 

processed JB seed samples was determined by taking 
5 g o f the seed flour was extracted with 50 ml o f  70% 
(v/v) aqueous ethanol. Separation of oligosaccharides 
was done by TLC. The separated spots were compared 
with standard (raffinose, stachyose and verbascose 
obtained from Sigma Chemicals) and the sugar spots 
were scrapped, eluted in 2 ml of distilled water and 
then filtered. 1ml o f the extract was treated with 1 
ml o f 0.2 M thiobarbituric acid and 1 ml o f cone. 
HCL and kept on boiling water bath for 6 min. After 
cooling, the absorbency was measured at 432 nm and 
the oligosaccharide contents were quantified.

Determination o f  haemagglutinating activity
The haemagglutinating activity o f  raw and 

processed samples was analyzed by haemagglutinating 
assay in the presence o f  10 mM Mn '̂  ̂ in a round 
bottomed micro-titer plate using 2% (v/v) trypsinized 
cattle blood erythrocyte suspension in saline 
phosphate buffer (pH 7.0). One haemagglutinating 
unit (HU) is defined as the least amount o f the extract 
per ml of the last dilution, which giving positive 
agglutination.

Soaking
Whole seeds were soaked in distilled water for 

24 h at room temperature in the bean: water ration of 
l:10(w/v). After soaked, the water was drained off 
and the seeds were dried at 55°C for 6 h in a hot air 
oven.

C o o k i n g ____________ ___________________
Another set o f  seeds were cooked in distilled 

water (100“C) in a bean: water ratio o f 1:10 (w/v) for 
20 min. The cooked seeds were rinsed with distilled 
water and dried at 55“C for 6 h in a hot air oven.

Autoclaving
Separated batches o f seeds were autoclaved at 15 

psi (121°C) in distilled water in the bean: water ratio 
o f 1:10 (w/v) for 30 min. After treatment, the seeds 
were rinsed with distilled water and dried at 55®C for 
6 h in a hot air oveii.

Antinutritional compounds
The anti-nutritiorial compounds such as tannins, 

L-Dopa, oligosaccharides such as raffinose, 
verbascose, stachyose, haemagglutinating activity, 
tiypsin inhibitor activity were analyzed according to 
the methodology described by Vadivel and Pugalenthi 
(2008).

Determination o f  trypsin inhibitor activity
The trypsin inhibitory activity was determined 

by taking 2 g o f the seed sample was stirred with 30 
ml o f 0.1 M sodium phosphate buffer (pH 7.6) for 4 
h. The contents were centrifiiged at 12,000 rpni for 
20 min at 0“C. The clear supernatant obtained was 
dialyzed against 0.05 M sodium phosphate buffer 

^pH27,6) JThexlialyzed extract obtained was used for
trypsin inhibitor assay procedure, which consisted 
o f reaction mixture o f suitable amount o f enzyme, 
inhibitor extract and buffer (0.1 M sodium phosphate 
buffer, pH 7.6). The mixture was incubated for 10 min 
at 37®C and the reaction was initiated by adding 1 ml 
o f 2% casein solution (substrate). The reaction was 
stopped exactly after 20 min by adding 3 ml o f 5% 
trichloro acetic acid solution. After standing for 20 
min at room temperature the solution was centrifuged 
at 2,000 X g for 10 min. The clear supernatant obtained 
was analyzed for residual enzyme activity. One 
trypsin inhibitor unit (TIU) is defined as the number 
o f trypsin units inhibited by 1 ml of the extract and 
expressed in TIU/kg DM.

Estimation o f  tannins
The tannins content o f  the raw and processed 

JB seed samples were estimated by taking 1 g o f air 
dried seed flour was extracted with 50 ml o f 1% (v/v) 
HCL in methanol. The samples were shaken on a



reciprocating shaker for 24 h at roorn feiftpwathfet- 
Then the contents were centrifuged at 10,000 x g for" 
5 min and the supernatant was collected and used for 
further analysis. The tannins content was quantified 
by using Vanillin-MCL method. The vanillin reagent 
reacts with any phenol that has an unsubstituted 
resorcinol or phluroglucinol nucleus and fornis a 
purple coloured product, which is measured at 500 
nm. Average values o f tliree separate determinations 
were expressed in g/kg DM basis.

Estimation o f  L-Dopa
The L-dopa content was quantified by taking 1 g 

of seed flour with 5 ml o f 0.1 NHCL in a test tube and 
kept on a boiling water bath for 5 min. After cooling,
5 ml o f ethanol was added and shaken for 10 min. 
Then the contents were centrifuged at 5000 x g for 
10 min and the supernatant was collected and made 
up to a known volume. From this extract, the L-dopa 
content was determined by measuring the ultra violet 
liglit absorption at 282 nm in a spectrophotometer 
(Make: Elico; Model: SL-177) using L-dopa (Sigma 
chemicals) as a standard.

Estimation o f  poly phenols
Polyphenol substances were estimated by Folin- 

Denis method. About 200 mg defatted material was 
taken in a 250 ml found bottomed flask and 100ml 
o f 1% HCL in methanol was added. The contents 
were refluxed for 2 h, cooled, filtered and the volume 
was made up to 100 ml with acid-methanol after few 
types of washing. 0.2 ml o f extract was taken and 
7.5 ml of water and 0.5 ml Folin-Denis reagent were 
added and mixed. To this, 1 ml o f saturated sodium 
carbonate solution was added and volume made up 
to 10 ml with water, mixed and the absorbance was 
measured at 760 nm after 30 min. The results were 
calculated as mg tannic acid equivalent/g sample and 
expressed as mg/100 d dry wt.

Results and Discussion

Nutritional value
The crude protein content o f raw JB seeds 

(29.8 g/kg DM) (Table 1) were found to be higher 
when compared to an earlier report on certain 
common legume grains such as Mucuna pruriens 
var.pniriens (24.9 g/kg DM) (Udedibie and Carlini, 
1998); Canavalia gladiata  (29.3 & 2.46 g/kg DM) 
(Siddhuraju and Becker, 2001) and Entada scandens 
(26.82 g/kg DM) (Vadivel et al., 2008). According 
to Bressani (2002), higher level o f protein content of 
seed materials oiCanavalia ensiformis has nutritional 
significance, since moderate intake o f these seeds will

‘ greatly increased the totaLdlfiaiy  proteiff t o  of 
the consumers. Its utilization as a protein ingredient 
in the animal feed will reduces the over-dependence 
on the conventional protein supplements notably 
soybean and other common legumes. The crude lipid 
content of raw JB seeds (4.2 g/kg DM) were found to 
be higher than Cassiaflorihiinda (2.1-3.1%) (Vadivel 
and Janardhanan, 2001); Canavalia gladiata  (2.46%) 
(Siddhuraju and Becker, 2001) and Canavalia 
gladiata (2.8-3.8%) (Pugalenthi and Vadivel, 2005), 
but lower than the value reported earlier on Mucuna 
pruriens vex.pruriens (9.6%) (Adebowale et al., 2005) 
and Entada scandens (9.53%) (Vadivel et al., 2008). 
The crude fiber content o f  raw JB seeds (7.37 g/kg 
DM) was found to be comparable with that of earlier 
reports on the same Jack bean (4.71-11.4%) (Sridhar 
and Seena, 2006); Canavalia gladiata  (9.32%) and 
C, virosa (10.47%) (Siddhuraju and Becker, 2001); 
Mucuna monosperma (8.9-9.2%) (l^ugalenthi et al., 
2003). The Nitrogen Free Extractive (NFE) or crude 
carbohydrate raw JB seeds (54.15%) were found 
to be lower when compared to previous reports on 
certain under-utilized food legumes such as Cassia 

floribunda  (58-60.5%) (Vadivel and Janardhanan, 
2001); Mucuna monosperma (59.60%) (Pugalenthi et 
al., 2003) and Tamrindus indica (58.8%) (Pugalenthi 
et al., 2004). When considering the effect of various 
common processing methods on the nutritional 
profiles o f JB, all the presently studied processing 
methods have not exhibited any significant reduction 
of proximate composition o f JB seeds.

Table t. Proximate composition of raw and differentially 
processed Jack bean seeds

Nutritional
aiialysiA

T reatm ents
R»w Soflkint^ CookifiE A utoclaving

Moisture' 8,41 ±0.01 6.51 ±0.011 6.45 ±  0.05 5.97 ± 0.05
Ash' 4.48 ±0.05 4 .1 6 ± 0 .0 I 4.20 ±0,01 4.01 ±0.05
Crude lipid' 
Crude fibre'

4 .2 ±  0.11 4.19±0.011 4.06 ±0.015 3.74 ±  0.05
7.37 ±0.06 6 .36± 0 .15 6.73 ± 0 .20 6,86 ±0 .15

Total
cadxjhydrate'
Protein‘s

50.8 ±  1.0 44.9 ± 0.1 4 7 .13± 0 .15 49.1 ± 0.1
29.8 ±0.47 3 1 ± 0 .i 30.3 ± 0 .15 29.9 ±0.152

NFE= 54.15 54.29 54.71 55.49
Calorific
value^ 1560.3 1582,30 1572.71 1567,0

Values are mean of three replicates, ± Standard error 
'Values expressed on g/100 g sample
*NFE -  Nitrogen Free Extractives expressed on Percentage (%) basis 
^Values expressed on KJ/100 g DM

Anti-nutritional compounds
The effect o f various processing methods such 

as soaking pressure cooking and autoclaving on 
the levels o f anti-nutritional compounds o f JB 
seeds were given in the table 2 & 3. The level o f 
total free phenolics (3.83%) o f JB seeds was found 
to be lower when compared to earlier reports on 
Sesbania seshan (5.95%) (Hossain and Becker, 
2001); Mucuna pruriens var. utilis (9.7%) (Vadivel 
and Pugalenthi, 2007); M. pruriens (7.75%), M. 
cochichinensis (6.53%) (Adebowale et al., 2005) 
and Entada scandens (6.23%) (Vadivel et al., 2008).



TabIe-2'.-Effecl of various processing methods’on the anti-

Processing
melhod.s

'Total free 
phenols ^Tannins ’T ryp sin

In h ib ito rs ‘L-D opa

Raw seeds 

Suukiiig 

Cooking 

Autoclaving

m r

m r
2 « ^ ± U .l  
(- 6 A % )
\ \ 9 ± 0 . l  
(- 83Vo)

634 1̂ ;  a. 0.152
(o’o W

Values are mean o f three replicates, ± Standard error
'Values expressed on g/100 g sample
^Values expressed on mg/100 g sample
•'Values expressed on trypsin inhibitor unit (TlUy g sample

__ Tables.. Effect of various processing roethods x>n Jlrc-anti- 
nutritional compounds of Jack bean seeds

Processing O ligosaccharides l ia e .a g g lu ti.
actisTtym ethods 'R an iiiosc 'Stachyose 'V erb ascose

Raw seeds 

Soaking  

Cooking 

Autoclaving

f - ? 6 4 r '

+

Values are mean of three replicates, ± Standard error 
'Values expressed on g/100 g sample 
' denotes agglutination 
denotes no agglutination

The tannin content o f JB (0.825%) was also found 
to be lower when eompared to the tannin content 
o f  certain common legume seeds such as Pisum 
sativum (0.92%) (Nikolopoulou et a l ,  2007); 
Phaseolus vulgaris (1.7%) and Cajanus cajan (1.4%) 
(Sangronis and Machado, 2007). In nutritional point 
o f  view, the content o f both total free phenoiics and 
tannins are not desirable for human consumption. 
Phenolic compounds were reported to decreases 
the digestibility o f proteins, carbohydrates and the 
availability o f vitamins and minerals (Liener, 1994). 
They also have decreased the activity o f digestive 
enzymes such as a  -  amylase, trypsin, chymotrypsin 
and lipase and may cause damage to the mucosa of 
digestive tract and also reduced the absorption of 
nutrients such as vitamin B12.

The L-Dopa content o f  JB seeds (1.7%) (Table 
2) was comparable with that o f Cassia floribunda 
(1.57%) and C. obtusifolia (1.34%) (Vadivel and 
Janardhanan, 2005) and appears to be lower when 
compared to Tamrindus indica (2.64%), Erythrina 
indica (2.96%) and Sesbania bispinosa (2.01%) 
(Pugalenthi et al., 2004); Arbus precatorius (2.03%) 
(Pugalenthi e ta l,  2007) and Entadascandens (3.95%) 
(Vadivel et a l ,  2008). L-Dopa is a pharmaceutically 
active compound, used in the treatment o f Parkinson’s 
disease, but potentially toxic in nutritional point of 
view (Pugalenthi et a l ,  2007). The raw JB seeds were 
found to exhibit the oligosaccharides level o f 1.51% 
rafflnose, 1.80% stachyose and 4.86% verbascose 
(Table 3). These values were found to be comparable 
with that of an earlier report on Mucut^a pruriens 
var utilis (0.95 - 1.20% of raffinose, 1.05 - 1.45% of 
stachyose and 2.49 - 4.34% o f verbascose) (Vadivel 
and Pugalenthi, 2007) and higher when compared to

the oligosadchaDrides content o f Vigna rhutfgb X G ^ ^  
0.76 % of raffinose, 0.25 - 0.8U % of stachyose and 
1.12 - 3.32% verbascose) (Girigowda et a l ,  2005), 
The trypsin inhibitor activity of the raw JB seeds 
(378.3 TIU) (fab le  2) was found to be higher when 
compared with that o f  previous results on Mucuna 
pruriens var utilis (94 TIU) (Vadivel and Pugalenthi, 
2007); Mucuna monosperma (65.4 TIU); Vigna 
unguiculata (75.2 TIU) (Rivas-Vega et a l ,  2006).

The soaking and cooking processing m ethods
em’pToyed in the present study were found to reduced 
significant levels ofvarious antinutritioani compounds 
such as total free phenoiics (53 and 67% respectively), 
tannin (45 and 64% respectively), L-Dopa (35 and 
52% respectively), trypsin inhibitor activity (30 
and 62% respectively), oligosaccharides such as 
raffinose (58 and 66% respectively), stachyose (52 
and 70% respectively) and verbascose (45 and 69% 
respectively) (Table2). Among the various processing 
methods employed, the autoclaving was found to be 
more effective in reducing the maximum levels of 
total free phenoiics (78%), tannin (83%), L-Dopa 
(71%), oligosaccharides such as raffinose (76%), 
stachyose (82%) and verbascose 980%) and trypsin 
inhibitor activity (74%) o f  presently investigated JB 
seeds. Similarly, a maximum level of reduction of 
various antinutritional compounds under autoclaving 
treatment was reported in some previous studies on 
Vigna aconitifolia and V. sinensis (Vijayakumari et 
a l,  1998); Mucuna pruriens var utilis (Vadivel and 
Pugalenthi, 2007); Bauhiniapurpurea  (Vijayakumari 
et a l ,  2007); Phaseolus vulgaris (Shimelis and 
Rakshit, 2007) and Entada scandens (Vadivel et a l, 
2008).

The results o f the present study indicated that the 
JB seeds have good nutritional profile with high level 
protein, lipid and other nutrients comparable with 
that o f other common legume grains. Among the 
various common processing methods employed, the 
autoclaving treatment was found to be more effective 
in reducing various antinutritional compounds of JB 
seeds without affecting the nutritional quality.

Acknowledgements

Authors are grateful to the University Grants 
Commission for giving financial support to a Major 
Research Project (Sanction No. RNo. 35-37/2008 
(SR) dt: 19.03.2009) and thankful to the Management 
and Administrative authorities o f RVS Educational 
Trust for their encouragement and support.



References

Adebowale, Y.A., Adeyemi, A. and Oshodi, A. A.2005. 
Variability in the physicochemical and anti nutritional 

— attributes of six Mwerma species. Food Chemistry 89; 
37-48. ■

. Akpapunnm, M.A. and Sefa-Dedch, S. 1997. Some 
physical chemical properties and antinutritional factors 
of raw, cooked and germinated Jack bean {Canavalia 
ensiformis). Food Chemistry 59 (I); 121-125.

AO AC. 1990. Official methods of analysis, 15"’ edition. 
Association of Official Analytical Chemists, 
Washington, DC.'

Arisa, N.U. and Aworh, O. C. 2007. Production, quality 
assessment and acceptability of African yam bean 
Sphenostylis stenoscarpa sauce. Journal of Food 
Processing and Preservation 31; 771-778.

Bressani, R. 2002. Factors influencing nutritive value 
in food grain legumes: Miicuna compared to other 
grain legumes. In: Proceedings of an International 
Workshop on: “Food and Feed from Mucuna: Current 
uses and the way forward” Flores,M., Eilitta,M., 
Myhrman,R., Careuev, L.B. and Carsky, R.J. 
(Eds.),Tegucigalpa,Honduras,26-29 April 2002; 164- 
188.Available in the online : www.cidicco.hn.

Bressani, R., Brenes, R. S., Garcia, A. and Elias, L. G. 
1987. Chemical composition, amino acid content and 
protein quality of Canavalia spp. Seeds. Journal of 
Science Food and Agriculture 40: 17-23.

Dodd, N.K. and Pushpamma, P. 1980. Effects of locate and 
varieties on protein, amino acids and mineral contents 
of Chick pea. Indian Journal of Agricultural Science 
50:139-144.

Girigowda, K., Prasanth, S. J. and Mulimani, V. H. 2005. 
Oligosaccharides of black gram (Vigna mungo L.) as 
affected by processing methods. Plant Food Human 
Nutrition 60: 173 -  180.

Hedge, J.E. and Hofreiter, B. T. 1962. In: Methods in 
Carbohydrate chemistiy. Whistler, R.,Be Miller, 
J.N.,(Eds.), Academic Press, New York.

Hossain, M.A. and Becker, K. 2001.Nutritive value and 
antinutritional factors in different varieties of Sesbania 
and their morphological fractions. Food Chemistry 
73:421-431.

Liener, I.E. 1994. Implications of antinutritional 
components in soybean foods. CRC Critical Reviews 
in Food Science and Nutrition 34: 31 -  67.

Mittre, V. 1991. Wild plants in Indian folk life- a historical 
perspective. In S.K.Jain (Ed.), Contribution to 
ethnobotany of India, Jodhpur, India. Scientific 
Publishers. Pp. 37-58.

Nikolopoulou, D., Grigorakis, K., Stasini, M., Alexis M. 
N. and Iliadis, K, 2007. Differences in the chemical 
composition of field pea {Pisum sativum) cultivars; 
Effect of cultivation area and year. Food Chemistry 
103: 847-852.

Pugalenthi, M. and Vadivel, V. 2005. Nutritional 
evaluation and the effect of processing methods on 
antinutritional factors of sword bean (Canavalai 
gladiata (Jacq. DC.). Journal of Food Science and

Technology 42:5l0'5 i6 f
Jfugalenthi, M., Vadivel, V. and Janaki, P. 2007.

Comparative evaluation of protein quality of raw and
differentially processed seeds of an under-utilized food

....... legume, Arbus.precatorius 'L. 'Lwtsi.ock Research for-
Rural Development. 19, Article # 168, Retrieved on 
November 02, 2007.

Pugalenthi, M., Vadivel, V., Gurumooithi, P. and
Janardhanan, K. 2003. Nutritional potential of an 
under-exploited legume, Mucuna monospenna DC ex 
Wight. Indian Journal of Agriculture and Biochemistry 
16: 73-78.

Pugalenthi, M., Vadivel, V., Gurumoorthi, P. and
Janardhanan, K. 2004. Comparative nutritional 
evaluation of little known legumes, Tamarindus indica, 
Erythrina indica and Sesbania bispinosa. Tro])ical and 
Subtropical Agroecosystem 4: 107- 123.

Rivas-Vega, M.E., Goytortua-Bores, E., Ezquerra-Brauer, 
J. M., Salazar-Garcia, M. G., Cruz-Suarez, L. E., 
Nolasco, H. and Civera-Cerecedo, R. 2006. Nutritional 
value of cowpea [Vigna ungidculata L. Walp) meals 
as ingredients in the diets for Pacific white shrimp 
[Lilopenaeus vannamei Boone). Food Chemistry 97: 
41-49 .

Sangronis, E. and Machado, C. J. 2007. Influence of 
germination on the nutritional quality of Phaseolus 
vulgaris and Cajanus cajan. LW T- Food Science and 
Technology 40: 116- 120.

Shimelis, E.A. and Rakshit, S. K. 2007. Effectofprocessing 
“  on antinutrients and in vitro protein digestibility of 

kidney bean [Phaseolus vulgaris L.) varieties grown 
in East Africa. Food Chemistry 103: 161 -  172.

Siddhuraju, P. and Becker, K. 2001. Species / variety 
differences in biochemical composition and nutritional 
value of Indian tribal legumes of the genus Canavalia. 
Nahrung/Food 45:224-233.

Sridhar, K.R. and Seena, S. 2006. Nutritional and 
antinutritional significance of four unconventional 
legumes of the genus Canavalia -  A comparative 
study. Food Chemistry 99: 267-288. ■

Udedibie, A.B.I. and Nkwocha, C. O. 1990.'Comparative 
study of jack bean (C. ensiformis) and sword bean (C. 
gladiata) as protein supplements for young broiler 
chicks. Agriculture Journal 24: 7-14.

Udedibie, A.B.I. and Carlini, C. R. 1998. Questions 
and answers to edibility problem of the Canavalia 
emiformis seed a review. Animal Feed Science and 
Technology 74: 95-106.

Vadivel, V. and Janardhanan, K. 2001. Nutritional and 
antinutritional attributes of the under-utilized legume 
Cassis /ioribunda cav. Food Chemistiy 73 (2); 209- 
215.

Vadivel, V. and Janardhanan, K. 2005. Nutritional and 
antinutritional characteristics of seven South Indian 
wild legumes. Plant Foods Human Nutrition 60: 69 
-7 5 .

Vadivel, V. and Pugalenthi, M. 2007. Biological value and 
protein quality of raw and processed seeds of Mucuna 
pruriens var. utilis. Livestock Research for Rural 
Development.!9, Article # 97, Retrieved on July 9,

http://www.cidicco.hn


_  - m m . ..— -
Vadivel, V. and PiigRianflii, M. 2008. Removal of 

antimitritional/toxic substances and improvement in 
the protein digestibility of velvet bean seeds during 
various processing methods. Journal of Food Science 
and Technology 45:242 -  246.

Vadivel, V., Pugalenthi, M. and Megha, M. 2008. 
Biological evaluation of protein quality of raw and 
processed seeds ofgila bean (Entada scendens Benth.) 
Tropical and Subtropical Agroecosystem 8: 125-133.

Vijayakumari, K., Pugalenthi, M. and Vadivel., V. 2007. 
Effect of soaking and hydrothermal processing 
methods on the -levels of antinutrients and in vitro 
protein digestibility of Bauhinia purpurea L. seeds. 
Food Chemistry 103; 968 -  975.

Vijayakumari, K., Siddhuraju, P., Pugalenthi, M. and 
Janardhanan, K. 1998. Effect of soaking and heat 
processing on the levels of antinutrients and digestible 
proteins in seeds of Vigna aconitifolia and Vigna 
sinensis. Food Chemistry 63: 259 -  264.

Vijayakumari, K., Siddhuraji, P. and Janardhanan, K. 1997. 
Effect of domestic processing the levels of certain 
antinutrients in Prosopis chilensis (Molina) Stunz. 
Seeds. Food Chemistry 59(3): 367-371.

Youseff, M.M., Abdal, M. A., Shekibs, L. A. E. and 
Ziena, H. M. 1989. Effects of dehulling, soaking 
and germination of chemical composition, mineral 
elements and protein patterns of feba beans (J7c/afeba 
L.). Food Chemistry 23: 129 — 136.


