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Abstract

Raw and pressure-cooked ripened beans of Canavalia maritima were assessed for nutritional quality. The beans possess
high protein, carbohydrate, fiber and energy contents. Potassium, magnesium, zinc and manganese of the raw and cooked
beans meet NRC/NAS recommended pattern for infants. The essential amino acids (threonine, valine, isoleucine, leucine, tyro-
sine/phenylalanine and lysine) in raw and cooked ripened beans fulfill the FAO/WHO/UNU recommended pattern for adults. Oleic
acid in raw beans and linolenic acid in cooked beans were highest and linoleic and arachidonic acids were confined to raw beans.
Cooking lowered the total phenolics, while tannins were negligible and devoid of orthodihydric phenols and trypsin inhibitors.
Hemagglutinating activity decreased up to 50% in cooked beans. Rats fed with a pressure-cooked bean diet showed significant
elevation of all growth and nitrogen balance parameters (P < 0.05) than the rats which received the raw bean diet. The low protein
quality of beans warrants appropriate thermal processing to eliminate antinutritional factors. To cite this article: B. Bhagya et al.,
C. R. Biologies 332 (2009).
© 2008 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
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1. Introduction

Pulses meet only about 20% of protein requirement
in developing countries [1] facing the scarcity of ani-
mal protein, the exploitation of wild legumes is neces-
sary to combat protein malnutrition [2]. Investigations
on the nutritional features of African wild legumes re-
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vealed the potential usefulness as food [3–7]. Many wild
legumes, although they contain antinutritional factors,
possess adequate amount of proteins, essential amino
acids, essential fatty acids and vitamins. About 28 wild
legumes are known to be consumed as food by tribal
sects in India [8,9]. Among them, the genera Canavalia
comprises of four subgenera and 51 species distributed
in tropical and subtropical biomes [10]. Canavalia mar-
itima Thouars has been widely distributed in coastal
sand dunes of the southwest coast of India [11]. The
y Elsevier Masson SAS. All rights reserved.
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dry seeds of C. maritima comprise a potential source of
proteins and minerals, but the presence of antinutritional
factors limits their use [12,13]. The aim of the present
study is to evaluate biochemical, nutritional and antinu-
tritional qualities of raw and pressure-cooked ripened
beans of C. maritima obtained from the sand dunes
of southwest coast of India. This study also envisages
evaluating protein qualities of raw and cooked ripened
beans through growth and nitrogen balance using a rat
model.

2. Material and methods

2.1. Materials

Light yellow mature pods of C. maritima were har-
vested during post-monsoon season (November 2002)
from the coastal sand dunes of Kanhangad, Kerala, on
the southwest coast of India (12◦20′N, 75◦05′E). They
were de-shelled to separate ripened beans. Dry weight
of beans, cotyledons and bean coat were determined
(dried at 80 ◦C for 24 h). Fresh beans were divided into
2 sets of which the first set was sun dried. Each bean
of the second set was cut into four pieces, pressure-
cooked with freshwater (1:3 v/v), and sun dried. Raw
and pressure-cooked beans were powdered (Wiley Mill,
30 mesh) and preserved in airtight glass containers.

2.2. Methods

2.2.1. Proximate and mineral analysis
Moisture of bean flour was determined after attain-

ing constant weight at 80 ◦C. Total nitrogen and the
crude protein (N × 6.25) were determined by the micro-
Kjeldahl method [14]. Crude lipid, crude fiber, ash, and
minerals were assessed based on methods outlined in
Association of Official Analytical Chemists Methods
[15]. Crude carbohydrate and gross energy were cal-
culated by the procedures outlined by the Müller and
Tobin [16] and the Osborne and Voogt methods [17],
respectively. The vitamin C was estimated according to
Roe [18], while phosphorus content was measured us-
ing the ascorbic acid method [19].

2.2.2. Protein fractions and isolation
Protein fractions of the bean flours were extracted

based on Basha et al. [20]. To extract the proteins, seed
flours (in 100 µg aliquots) were dissolved in 100 µl
of buffer (Tris-HCl, 60 m Mol l−1, pH 6.8, 10% w/v;
glycerol, 2% w/v; sodium dodecyl sulfate (SDS) and
mercaptoethanol, 10% v/v), boiled (2 min at 100 ◦C),
cooled, and bromophenol blue solution (2 µl, 50%, w/v)
was added [21]. Protein separation was carried out using
1-dimensional sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) with a 5% (w/v) stack-
ing gel and 13.5% (w/v) separating gel [22]. An equal
quantity of protein was loaded to the gel, run for
3 h (70 V), and stained with Coomassie brilliant blue
R-250.

2.2.3. Amino acid analysis
The method described by Hofmann et al. [23,24] was

followed to assess amino acids. Bean flours (15 mg)
were hydrolyzed (15 ml 6 N HCl for 4 h at 145 ◦C),
cooled, and HCl was eliminated in a rotoevaporator
combined with a diaphragm vacuum pump. An internal
standard, trans-4-(aminomethyl)-cyclohexanecarboxy-
lic acid, was added to each sample for quantitative
analysis of amino acids. The derivatization consisted
of esterification with trifluoroacetylation [25]. Samples
were dried using CH2Cl2, 12 ml of fresh acidified iso-
propanol (acetyl chloride, 3 ml + 2-propanol, 12 ml)
was added, mixed, heated (110 ◦C, 1 h), cooled, and
filtered through glass fiber paper. The reagent was elim-
inated in a gentle stream of helium (45 ◦C) followed
by combined evaporation with aliquots of CH2Cl2.
The residue was acetylated (300 µl of trifluoroacetic
anhydride, 12 h, 20 ◦C) and amino acids were deter-
mined using gas chromatography-combustion-isotope
ratio mass spectrometer (Hewlett Packard 5890 se-
ries II; MAT 252).

2.2.4. Fatty acid analysis
Fatty acid methyl esters (FAMEs) were determined

following the method by Garces and Mancha [26].
Bean flours (50 mg) with fatty acid standard (Ameri-
can Oil Chemists Society) (AOCS) were taken in tubes
with Teflon-lined caps and methylated with a mixture
containing methanol; benzene; 2,2-dimethoxypropane
(DMP) and H2SO4 (37:20:5:2 v/v). The sample was
placed in water bath (80 ◦C for 2 h) and the mixture
was made up to a total volume of 5 ml with heptane,
cooled and shaken to separate two phases. One ml upper
layer containing FAMEs was injected to gas liquid chro-
matograph and separated using a glass column (Silar,
10% packed with ethylene glycol succinate, 5% on Su-
pelcoport 80/100 isothermically at 200 ◦C). The ratio of
polyunsaturated and saturated fatty acid (P/S ratio) was
calculated.

2.2.5. Antinutritional factors
Total phenolics in the bean flours were determined

after extracting in 50% methanol [27]. Tannins were
determined by a radial diffusion method using bovine
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Table 1
Diet composition (g 100/g).

Ingredients Basal
diet

Casein
diet

Test diets

Raw bean
diet

Cooked bean
diet

Cornstarch 80 70 47.3 43.6
Corn oil 10 10 10 10
Non-nutrition cellulose 5 5 5 5
Casein – 10 – –
Raw bean flour – – 32.7 –
Cooked bean flour – – – 36.4
Salt mixturea 4 4 4 4
Vitamin mixtureb 1 1 1 1

a Salt mixture: CaCO3, 78.6 g; Ca3C12H10O14·4H2O, 308.3 g;
CaHPO4·2H2O, 112.8 g; K2HPO4, 218.8 g; KCl, 124.7 g; NaCl,
77.1 g; MgSO4, 38.3 g; MgCO3, 35.2 g; Fe(C6H17N3O7), 15.3 g;
MnSO4·H2O, 0.201 g; CuSO4·5H2O, 0.078 g; KI, 0.041 g;
AlNH4(SO4)2·12H2O, 0.507 g.

b Vitamin mixture: vitamin A, 1000 IU; vitamin D, 100 IU; vitamin
E, 10 IU; vitamin K, 0.5 mg; thiamine, 0.5 mg; riboflavin, 1 mg; pyro-
doxine, 0.4 mg; pantothenic acid, 4 mg; niacin, 4 mg; choline, 200 mg;
inositol, 25 mg; para-aminobenzoinc acid, 10 mg; vitamin B12, 2 µg;
biotin, 0.02 mg; folic acid, 0.2 mg; added cellulose to make up to 1 g.

serum albumin for precipitation [28]. Orthodihydric
phenols were estimated employing the method by Ma-
hadevan [29]. Trypsin inhibitory activity of bean flour
was determined by an enzyme assay [30]. Hemaggluti-
nating activity was carried out using a rabbit erythrocyte
suspension [31,32]. Trypsin-treated erythrocytes were
suspended in phosphate-buffered saline to have a 2%
(v/v) cell suspension. Twofold serial dilutions of crude
lectin (50 µl) with the erythrocyte suspension (50 µl)
were incubated in microtitre plates (30 min, 30 ◦C)
and examined for hemagglutination. Maximum dilution
where agglutination was observed was considered as
titre value.

2.2.6. Biological evaluation of protein quality
The experimental protocol has been performed fol-

lowing the approved norms (Ministry of Social Justice
and Empowerment, Government of India # 25/1/99–
AWD). The Wistar male rats (21-day-old each weighing
30±5 g) were divided randomly into 4 groups each with
5 rats and housed in polypropylene metabolic cages
(room temperature, 22 ± 1 ◦C, 50% relative humidity,
12 h photoperiod). Food and water was provided ad libi-
tum. The rats were offered 4 different diets: protein-free
diet (as basal diet), casein diet (as standard protein diet),
and raw and pressure-cooked bean flour diets (as test
diets) (Table 1). The basal diet consisted of cornstarch
(80%), corn oil (10%), non-nutritive cellulose (5%), salt
mixture (4%), and vitamin mixture (1%). The rat group
fed with casein (10%) as a source of protein served as
the control. Raw and pressure-cooked bean flours were
incorporated into the basal diet at the expense of corn-
starch to make up 10% protein. The protein efficiency
ratio (PER) and net protein ratio (NPR) were carried
out up to 28 days according to the method by Pellet
and Young [33]. Food consumption and body weight of
rats were assessed at weekly as well as 10-day intervals.
The PER, corrected PER, food efficiency ratio (FER)
for 4 weeks, NPR for 10 days, and protein retention ef-
ficiency (PRE) were calculated [34].

Nitrogen balance studies were performed according
to Chick et al. [35]. Twenty adult male rats (weigh-
ing 60–68 g) were divided into 4 groups and fed 1
of the 4 diets (protein-free, raw bean, pressure-cooked
bean, and casein). The experiment was continued for
14 days (9 days for acclimatization; 5 days for collec-
tion). The nitrogen in urine and feces was estimated us-
ing the micro-Kjeldahl method [15]. The true digestibil-
ity (TD), biological value (BV), and net protein utiliza-
tion (NPU) were evaluated [36].

2.3. Statistical analysis

Paired t test was employed to detect the difference in
nutritional and antinutritional composition between raw
and pressure-cooked beans. The differences in growth
and nitrogen balance in rats fed with raw and cooked
bean diet were evaluated by paired t test [37].

3. Results

3.1. Bean features, proximal and mineral composition

Whole bean, cotyledon, and bean coat weights (n =
20) were 0.19 ± 0.12, 0.1 ± 0.08, and 0.09 ± 0.05 g,
respectively. The bean length, width, thickness, and
hilum length (n = 20) were 1.51 ± 0.21, 0.67 ± 0.14,
0.67 ± 0.06, and 0.41 ± 0.07 cm, respectively. Among
proximal features, except for total carbohydrates and
energy, the rest were significantly lower in cooked beans
than in raw beans (P < 0.05) (Table 2). Cooking drasti-
cally declined minerals in beans (P < 0.05) (Table 3).

3.2. Proteins, amino acid and fatty acid profiles

Total proteins, albumins, globulins and glutelins
were higher in raw beans than cooked beans (Table 4).
Except for prolamins, the rest of the protein fractions
significantly differed between raw and cooked beans
(P < 0.05). Globulins (13.3–16.6%) constitute the ma-
jor fractions in raw as well as cooked beans followed by
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Table 2
Proximate composition of ripened bean flours of Canavalia maritima
on dry weight basis.

Component Ripened beans

Raw* Cooked*

Moisture (%) 8.55±0.39a 6.34±0.42b

Crude protein (g 100/g) 30.62±0.62a 27.47±1.59b

Crude lipid (g 100/g) 2.26±0.17a 1.92±0.13b

Crude fiber (g 100/g) 10.65±1.06a 6.98±0.41b

Ash (g 100/g) 3.18±0.08a 2.40±0.21b

Crude carbohydrates (g 100/g) 53.29±1.38a 61.23±1.72b

Energy value (kJ 100/g) 1490±18.45a 1558±6.67b

Vitamin C (mg 100/g) 0.23±0.02a 0.07±0.01b

* Values (mean ± SD, n = 5) across the columns with different let-
ters are significantly different (P < 0.05, t test).

Table 3
Mineral compositions of ripened bean flours of Canavalia maritima
on dry weight basis (mg 100/g).

Minerals Ripened beans NRC/NAS

pattern**
Raw* Cooked*

Sodium 53.77±3.33a 34.60±3.35b 120–200
Potassium 1028.00±108.31a 627.67±47.7b 500–700
Calcium 139.20±6.94a 91.43±2.25b 600
Phosphorus 228.29±2.83a 159.52±6.01b 500
Magnesium 84.73±5.89a 78.20±6.82b 60
Iron 1.39±0.09a 0.70±0.06b 10
Copper 0.48±0.004a 0.27±0.02b 0.6–0.7
Zinc 11.57±0.71a 3.48±0.18b 5
Manganese 1.58±0.35a 0.31±0.08b 0.3–1
Selenium 39.45±3.18a 31.32±1.35b –

* Values (mean ± SD, n = 5) across the columns with different let-
ters are significantly different (P < 0.05, t test).
** NRC/NAS [57] pattern for infants.

Table 4
True proteins and their fractions of ripened bean flours of Canavalia
maritima on dry weight basis (mg 100/g) (% in parenthesis).

Protein
fractions

Ripened beans

Raw* Cooked*

True proteins 27.01±0.21 (100)a 20.93±0.61 (100)b

Albumins 7.41±0.27 (27.43)a 5.04±0.22 (24.08)b

Globulins 16.61±0.42 (61.5)a 13.25±0.53 (63.31)b

Prolamins 0.74±0.02 (2.74)a 0.55±0.04 (2.63)a

Glutelins 2.25±0.09 (8.33)a 2.08±0.03 (9.94)b

* Values (mean ± SD, n = 5) across the columns with different let-
ters are significantly different (P < 0.05, t test).

albumins (5–7.4%). The SDS-PAGE of raw beans re-
sulted in four major protein fractions (53.7, 40.36, 34.1
and 16.49 kDa), while three protein fractions in cooked
beans (48.59, 26.96 and 9.86 kDa) with smear like un-
clear bands.
Table 5
Amino acid composition of ripened bean flours of Canavalia mar-
itima (g 100/g protein).

Amino acid Ripened beans FAO/WHO/UNU
patterna

Raw Cooked

Glutamic acid 19.09 10.53
Aspartic acid 7.36 4.66
Serine 4.27 1.93
Threonine 2.28 1.57 0.9
Proline 1.98 1.72
Alanine 2.10 2.01
Glycine 1.45 1.42
Valine 4.22 2.08 1.3
Cystine NDd NDd

Methionine 0.90 0.84 1.7b

Isoleucine 4.24 1.52 1.3
Leucine 4.52 0.26 1.9
Tyrosine 10.31 0.20
Phenylalanine 4.08 3.09 1.9c

Tryptophan NDd NDd 0.5
Lysine 4.26 4.22 1.6
Histidine NDd NDd 1.6
Arginine NDd NDd

a FAO/WHO/UNU amino acids pattern for adults [38].
b Methionine + Cystine.
c Phenylalanine + Tyrosine.
d ND = Not detectable.

Amino acid profile of raw and cooked beans have
been compared with Food and Agricultural Organiza-
tion/World Health Organization/United Nations Univer-
sity (FAO/WHO/UNU) pattern of essential amino acid
(EAA) requirement for adults [38] (Table 5). The beans
were devoid of arginine, cystine, histidine and trypto-
phan. The glutamic acid was highest in raw (19.1%) as
well cooked beans (10.5%) followed by aspartic acid
(7.4 and 4.7%). Phenylalanine and lysine of raw beans
were not drastically declined on cooking, while leucine
and tyrosine drastically decreased.

The raw beans consist of more unsaturated fatty
acids, whereas saturated fatty acids in cooked beans
(Table 6). The oleic acid was highest in raw beans,
while lauric acid in cooked beans. Among essential fatty
acids, linoleic as well as arachidonic acids were con-
fined to raw beans. Cooking increased linolenic acid in
beans (0 vs. 7.3 mg/g lipid). The polyunsaturated fatty
acids/saturated fatty acids (P/S) ratio was elevated in
raw than cooked beans.

3.3. Antinutritional features

Total phenolics and tannins were significantly low-
ered in cooked beans (P < 0.05) (Table 7). Total phe-
nolics decreased to about 50% in beans on cooking.
Tannins of beans were negligible and further lowered on
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Table 6
Mean fatty acid values (mg/g lipid, n = 3) of ripened bean flours of
Canavalia maritima.

Fatty acid Ripened beans

Raw Cooked

Saturated fatty acids
Lauric acid (C12:0) 0.44 12.47
Myristic acid (C14:0) 0.99 0.33
Pentadecanoic acid (C15:0) 0.23 0.28
Palmitic acid (C16:0) 2.67 1.15
Heptadecanoic acid (C17:0) NDa 2.13
Stearic acid (C18:0) 0.07 0.5
Tricosanoic acid (C23:0) NDa 0.02
Pentacosanoic acid (C25:0) 0.02 NDa

Polyunsaturated fatty acids
Myristoleic acid (C14:1) 0.31 0.02
Palmitoleic acid (C16:1) 0.51 1.76
Oleic acid (C18:1) 6.06 NDa

Linoleic acid (C18:2) 4.53 NDa

Linolenic acid (C18:3) NDa 7.28
Eicosenoic acid (C20:1) 4.96 NDa

Eicosadienoic acid (C20:2) NDa 2.12
Arachidonic acid (C20:4) 0.001 NDa

Eicosapentaenoic acid (C20:5) 0.002 0.08
Nervonic acid (C24:1) 0.002 NDa

Sum of essential fatty acids 4.531 7.28
Sum of saturated fatty acids 4.42 16.9
Sum of polyunsaturated fatty acids 16.4 11.3
P /S ratiob 3.7 0.67

a ND = Not detectable.
b P/S ratio: ratio of polyunsaturated/saturated fatty acids.

Table 7
Antinutritional components of ripened bean flours of Canavalia mar-
itima.

Component Ripened beans

Raw Cooked

Total phenolics (g/100 g)* 5.480 ± 0.030a 2.720 ± 0.130b

Tannins (g/100 g)* 0.051 ± 0.005a 0.019 ± 0.002b

Orthodihydric phenols NP NP
Trypsin inhibition activity NP NP
Hemagglutination activity** 23 13

NP indicates not present.
* Values (mean ± SD, n = 5) across the columns with different let-

ters are significantly different (P < 0.05, t test).
** Titre value: maximum dilution where agglutination was observed.

cooking, while they were devoid of orthodihydric phe-
nols and trypsin inhibitors. Raw beans exhibited severe
agglutination of rabbit erythrocytes and it diminished to
about 50% on cooking.

3.4. Protein quality

Results on the growth and nitrogen balance experi-
ments in rats on feeding control and test diets have been
compared in Table 8. Pressure-cooked bean diet sig-
nificantly elevated growth as well as nitrogen balance
parameters in rats (P < 0.05). Food intake of cooked
beans was better than raw beans (117.74 vs. 90.06 g), so
also the protein intake (11.77 vs. 9.06 g). Although the
gain in body weight on feeding raw or cooked bean di-
ets was lower than for the casein diet, the cooked bean
diet elevated the body weight more than the raw bean
diet (2.19 vs. 0.56 g for 10 days). The overall growth
and nitrogen balance parameters of cooked beans were
lower than casein diet, but it was higher than the raw
bean diet.

4. Discussion

Dry weights of whole bean, cotyledon and coat were
lower than dry seeds, while the bean dimensions except
for the length were below dry seeds (1.51 vs. 1.3 cm)
[12]. Moisture of raw beans was higher than cooked
beans and comparable to dry seeds [12]. Protein exceeds
in raw over cooked beans (30.62% vs. 27.47%) indi-
cates cooking destroys bean protein. Protein of raw and
cooked beans is comparable with most edible legumes
(17–30%) [1,39] and exceeds winged bean (20.6%),
sword bean (26.8%), velvet bean (23.5%), green gram
(22.3%), black gram (23.3%), pigeon pea (19.4%),
chick pea (20.7%), cow pea (22.5%), whole wheat flour
(8.5%), parboiled rice (7.7%), and egg (12.6%) [40–
48]. Lipid in beans ranged between 1.92% (cooked)
and 2.26% (raw), which is higher than dry seeds of
Canavalia species (1.6–1.8%) [12,49] and lower than
dry seeds of edible wild legumes of India (4.6–12.3%)
[50]. Crude fiber of raw beans (10.65%) was more
than cooked beans (6.98%) and dry seeds (1.7–2.26%)
[12], while less than dry seeds of Canavalia gladiata
(12.8%) and C. maritima (17.3%) of Central America
[49]. Bressani et al. [49] indicated that high amount
of seed coat of C. maritima dry seeds contribute to
high fiber. Although low crude fiber is nutritionally
appreciable as it traps less proteins and carbohydrates
[51], certain health benefits have been reported by high
fiber diets (e.g. lowering blood cholesterol and reducing
risks of large bowel cancers) [52,53]. Ash was higher
in raw (3.18%) than cooked (2.4%) beans, but below
dry seeds [12] of Canavalia ensiformis (4.64%), and
C. gladiata (3.72). Crude carbohydrate was higher in
cooked (61.23%) than raw (53.29%) beans as seen in
dry seeds [12]. High carbohydrate in seeds known to
combat intestinal cancers [54] and characterized by low
glycemic index, which helps in the prevention and man-
agement of type II diabetes mellitus [55]. The energy
of beans elevated on cooking as in dry seeds [12]. Vita-
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Table 8
Mean food intake, protein intake, gain in body weight, FER, NPR, PRE, TD, BV and NPU of casein and ripened bean flour diets of Canavalia
maritima fed to rats.

Assay Casein* Ripened beans*

Raw Cooked

Growth studies
Food intake for 28 d (g) 144.31±2.4a 90.06±0.6b,c 117.74±1.72b,d

Protein intake for 28 d (g) 14.39±0.23a 9.06±0.06b,c 11.77±0.17b,d

Gain in body weight for 28 d (g) 34.88±0.42a 1.47±0.3b,c 6.10±0.05b,d

FER 0.24±0.01a 0.02±0.004b,c 0.06±0.001b,d

PER 2.42±0.06a 0.17±0.04b,c 0.54±0.007b,d

Corrected PER** 2.50±0a 0.17±0.03b,c 0.56±0.007b,d

Gain in weight for 10 d (g) 9.63±0.17a 0.56±0.005b,c 2.19±0.007b,d

Weight loss for 10 d (g) 2.64±0.03 2.64±0.03 2.64±0.03
Protein consumed for 10 d (g) 4.73±0.04a 2.97±0.12b,c 3.93±0.06b,d

NPR 2.59±0.02a 1.08±0.06b,c 1.24±0.03b,d

PRE 41.51±0.41a 17.21±1.01b,c 19.80±0.54b,d

Nitrogen balance studies
TD(%) 98.50±0.37a 41.76±3.27b,c 53.33±2.15b,d

BV(%) 86.18±0.24a 30.40±2.3b,c 40.20±0.46b,c

NPU(%) 85.73±0.47a 12.71±0.92b,c 21.42±1.02b,d

* Values (mean ± SD, n = 5) across the columns with different letters are significantly different (P < 0.05, t test).
** Based on values of 2.5 as standard for casein.
min C was higher in raw than cooked beans (0.23 vs.
0.07 mg/100 g), but lower than green gram, bengal
gram and horse gram (2.4–3.9 mg/100 g) [56].

The beans are rich in potassium, magnesium, zinc
and manganese and they meet the National Research
Council/National Academy of Sciences (NRC/NAS)
recommended pattern for infants [57]. Iron, zinc and
manganese were lower in ripened beans than dry seeds
[12]. A bean diet with low sodium is suitable for in-
dividuals suffering with hypertension. Selenium, being
prosthetic group of antioxidant enzymes, protects cells
against free radicals [58] and also known to prevent the
toxic effects of heavy metals (e.g. arsenic, cadmium,
mercury and tin).

Total proteins, albumins, globulins and glutelins
were higher in raw beans than cooked beans and lower
than dry seeds [12]. Prolamins were higher in beans
(0.28 vs. 0.55–0.74%) than dry seeds [12]. The SDS-
PAGE of raw beans revealed four major protein frac-
tions (53.7, 40.36, 34.1 and 16.49 kDa), while three
protein fractions in cooked beans (48.59, 26.96 and
9.86 kDa) with smear like unclear bands indicating par-
tial denaturation. Albumins are known to contain more
sulfur-amino acids and other EAA [59]. True protein
(27%) of raw beans surpassed winged bean (15.2%),
sword bean (20.8%) and Cassia floribunda (16–17.7%)
[40,60]. Canavanine (2-amino-4-guanidinooxy-butyric
acid), an antimetabolite, reported about 3% and 5%
of seed dry matter of C. ensiformis and Canavalia
brasiliensis [61,62] respectively.

Glutamic acid (10.5–19.1 vs. 8.1–18%) and tyro-
sine (0.2–10.31 vs. 0.19–4%) in ripened beans exceeded
the concentrations in dry seeds [12]. The EAAs (thre-
onine, valine, isoleucine, leucine, tyrosine/phenylanine
and lysine) in raw and cooked ripened beans fulfill the
FAO/WHO/UNU pattern of requirement for adults [38].
Generally, legumes are high in lysine and low in sulfur-
amino acids [63]. Although, lysine is lower in beans
than in dry seeds [12], a considerable amount of lysine
(4.22–4.26%) exists in raw as well as cooked beans,
which surpassed the FAO/WHO/UNU recommended
pattern for adults [38].

The total quantity of saturated and unsaturated fatty
acids is lower in beans (Table 6) than dry seeds [12].
The sum of the essential fatty acids in cooked beans
was more than cooked dry seeds (7.3 vs. 0.4 mg/g
lipid) [13]. Cooking increased the essential fatty acid,
linolenic acid (0 vs. 7.3 mg/g lipid) in beans unlike in
cooked dry seeds [12]. Linoleic as well as arachidonic
acids confined to raw beans or raw as well as cooked dry
seeds [12,13]. The polyunsaturated fatty acids/saturated
fatty acids (P/S) ratio was elevated in raw beans than
cooked beans, while reverse in dry seeds [12,13]. As the
beans of C. maritima possess low fat protein, it may be
suitable to combat protein-energy malnutrition particu-
larly in hyperlipedemic patients [64].
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Total phenolics decreased to about 50% in beans on
cooking, but it was lower in raw and cooked dry seeds
[12,13] than beans. Hemagglutinating activity is due to
the presence of lectins (e.g. con A), which combines
with cells lining the intestinal mucosa and interferes
with absorption of nutrients [65]. In dry seeds of C. en-
siformis, lectin constitutes 20% of total protein [66].
Although C. maritima beans are potential source of pro-
tein, their bioavailability becomes limited probably due
to presence of con A. A considerable decrease in antin-
utritional factors of beans on cooking indicates further
scope for different thermal treatments to eliminate or re-
duce to below threshold level.

Food intake of cooked beans by rats was better than
raw beans (117.74 vs. 90.06 g), which is similar to dry
seeds [12]. The gain in body weight of rats feeding on
raw and cooked bean diets was comparable with dry
seeds [12], but lower than casein diet. However, feed-
ing cooked bean or cooked dry seed diets [13] resulted
elevated body weight in rats than raw bean or raw seed
diets [12]. Low food intake, decreased FER as well as
PER and other growth parameters in cooked beans as
seen in cooked dry seed diet [13]. The NPR and PRE
of cooked beans were better than raw beans, but lower
than casein. Feeding cooked bean diet resulted in higher
TD, BV and NPU than raw bean diet corroborating the
results of earlier studies on dry seed diet [12,13]. Bres-
sani and Sosa [67] also showed that feeding rats with
roasted whole seed diet of C. ensiformis decreased the
weight. An important antinutritional factor limits the
use of Canavalia beans as food is con A-like lectin,
which may have resulted in low TD, BV and NPU in
our study. Con A is known to trigger over production of
mucus resulting in high fecal output in rats fed with raw
seed diets. Even though feeding cooked beans improved
the nitrogen balance with respect to raw beans in rats,
the nitrogen balance was insufficient, possibly due to the
residual effect of toxin in the cooked bean diet. In spite
of low NPU by antinutritional factors, the animals re-
ceiving raw bean or cooked bean diets showed a positive
nitrogen balance, suggesting further scope to eliminate
toxins by improved thermal processing strategies. Al-
though cooked ripened beans of C. maritima fulfils the
recommended nutritional values, it is necessary to con-
firm whether there are any intestinal abnormalities in the
rats fed with such diets.

5. Conclusions

Raw and pressure-cooked C. maritima ripened beans
possess high proximal value (protein, carbohydrate,
fiber, energy) and minerals with low lipids. Globu-
lins and albumins are comparable to common edible
legumes. Many essential amino acids (threonine, va-
line, isoleucine, leucine, tyrosine/phenylalanine and
lysine) in raw as well as cooked beans satisfy the
FAO/WHO/UNU pattern of requirement for adults.
Linolenic acid is highest in cooked beans, while linoleic
and arachidonic acids are confined to raw beans. To-
tal phenolics and tannins in beans are low and devoid
of orthodihydric phenols as well as trypsin inhibitors.
The hemagglutinating activity of beans considerably de-
creased on cooking. Positive nitrogen balance in rats
received cooked bean diet gives a clue for possible
enhancement of nutritional value of ripened beans of
C. maritima through alternative thermal strategies.
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