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Abstract: Two faba bean cultivars  (BB7 and Hudieba-93) and two white bean cultivars  (Giza3 and RO21)
were used in this  s tudy. The seeds  of the cultivars  were cooked. For both cooked an d  uncooked, the

proximate compos ition, antinutritional factors , and the diges tibility of both total and fractionated proteins
were determined. The results  obtained showed that cooking of the cultivars  seeds  caused s ignificant (P
�0.05) change in the proxima t e  c ompos ition, with increase in some parameter and decrease in others .
Cooking of faba bean s ignificantly reduced the antinutritional factors  (tannin, phytate, and polyphenols ).

The in vitro  protein diges tibility of faba bean and white bean cultivars  was  greatly improved after cooking
with a maximum value of 89.66% obtained for faba bean cultivar BB7 and a minimum value o f 48.10%
obtained for white bean cultivar RO21. Cooking of faba and white bean cultivars  was  found to improve
the metabolism of albumin and glutelin.

Key words: Faba bean, white bean, cultivars , cooking, proximate compos ition, antinutrients .

INTRODUCTION

Plant protein play s ignificant roles  in human nutrition particularly in developing countries  where the average
protein intake is  less  than  re q u ired. Food legumes  form an important part of the human diet, providing a high
proportion of proteins , fats , carbohydrates , dietary fibers , B-group vitamins  (Thiamin, riboflavin, niacin), and

minerals , worldwide mos t grown legumes  are soybean, peanut, beans , peas , chickpeas  a n d  lentils  (Kadam and
Salunkhe, 1989). Dry grain legumes , however, contain several anti-nutritional factors , such as  á-galactos ides , tryps in
and chymotryps in inhibitors , phytates  and lectins  (Vidal-Valverde et al,. 1992).Some s imple and inexp e n s ive
process ing technique, such as  soaking and cooking are highly efficient for the reduction of these anti-nutritional

factors  and for improving legume organoleptic quality. Soaking can reduce the level of total sugars , á-galactos ides ,
minerals , phytic acid and proteolytic enzyme inhibitors  (Frias  et al., 2000; Vidal-Valverde et al., 2002), which can
be partly or totally solublized and eliminated with the discarded soaking solution. Cooking is  probably the oldes t

treatment for making legumes  edible. Usually it includes  a previous  soaking of the seeds  and subsequent cooking
in boiling water until they become completely soft. Addition of mineral salts  to the soaking and/or cooking media
c an produce a reduction of the cooking time (Lu et al., 1984; Van Buren, 1986). In general cooking produce
denaturalization of proteins  and their diffus ion to the liquid phase (Haytowitz and Matthews , 1983). Inactivation of

heat sens itive factors , such as  tryps in inhibitors  (Frias  et al., 2000), decrease of phytic acid (Lyer et al., 1989; Khalil
and Mansour, 1995; Vidal-Valverde et al . ,  1994) and á-galactos ide contents  (El Adawy, 2002). Faba beans  are
widely used in the Mediterranean region as  source of protein in both human and animal nutrition (Larraide, 1982).
The nutritional value of field bean has  been traditionally attributed to its  high protein content, which ranges  from25

to 35%, despite the imbalance in sulphur amino acids  (Santidrian et al., 1981). Most of these proteins  are globulins
(60%), albumins  (20%), glutelins  (15%) and prolamins  (Cubero and Moreno, 1983). The dry bean (Phaseolus

vulgaris) has  an important place among the legumes  of major production and consumption in Africa, India, Latin

America and Mexico (Bourg e s , 1987; Reyes  et al., 1993; Sathe et al., 1982). Storage protein of common bean,
phaseolus sp., cons is ts  of 11.5–31% albumins  and 46–81% glublins . Phaseolin, a 7S globulin is  the major s torage
protein of P. vulgaris, accounting for over 50% of the total seed proteins . It is  an oligomeric protein, cons is ting of
three polypeptide subunits , á-, â-, and ä-phaseolin (Remero et al., 1975; Hall et al, 1977; Bollini and Vitale, 1981).
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The objective of this  s tudy was  to inves tigate the effect of traditional domes tic treatment on faba bean and common
bean chemical compos ition, in vitro  total and fractionated protein diges tibility.

MATERIALS AND METHODS

Materials:

Faba bean (Vicia faba) cultivars  (BB7 and Hudieba-93) and white bean (Phaseolus vulagris) cultivars  (Giza3

and RO21) were obtained from Hudieba Agricultural Research Station, Sudan. The seeds  were carefully cleaned
and freed from broken and extraneous  matter. The seeds were milled into fine flour to pass  a 0.4 mm screen. All
chemicals  used in this  s tudy are of analytical grade.    

Cooking:

The seeds  were soaked in the dark in tap water for 8 hours . The soaked solution was  drained off, then the seeds
were cooked in boiling water. Thereafter they cooled and dried at 55°C and then ground to pass  a 0.4 mm screen.

Determination of Proximate Composition:

Moisture and ash contents  of the samples  were determined according to the methods  of AOAC (1984). Oil
content was  assessed in soxhlet extraction method with petroleum ether (AOAC, 1984). The protein content was

determined us ing Micro-Kjeldahl method described by Pearson (1981). The crude fiber was  determined by treating
an oil free sample by sulphuric acid (0.26N) and potass ium hydroxide (0.23N) solution in refluxin g  s y s tems,
followed by oven drying and muffles  furnace incineration. (AOAC, 1984). Carbohydrate was  es timated by

difference.

Protein Fractionation:

The protein fractions  were extracted according to their solubilities  in different solvents , as  described by Landry

and Moureaux (1970). The defatted flour (3.5 g) was  extracted twice with 50 ml dis tilled water for 30 min at room
temperature. The extract was  centrifuged at 3000xg for 30 min and the supernatant was  used for the determination
of a water-soluble protein (albumin). The res idue was  then extracted success ively in a s imilar manner with 1.0 M

NaCl, 70% ethanol or 0.2% NaOH. The supernatant of each extract was  collected separately and used to es timate
the salt- (globulin), alcohol- (prolamin) or alkali- (glutelin) soluble fraction. The res idue remaining after success ive
extractions  represents  the insoluble proteins .

Determination of Tannin Content:

Quantitative es timation of tannin for each sample was carried out us ing the modified vanillin–HCl in methanol
method as  described by Price et al. (1978). A s tandard curve was  prepared express ing the result as  tannic acid
equivalent i.e. amount of tannic acid (mg/100g) which gives  a color intens ity equivalent to that given by tannins  after

correction for blank.

Determination of Phytic Acid Content:

Phytic acid of raw and processed samples  was  determined according to the method described by W heeler and
Ferrel (1971).  A s tandard curve was  prepared to calculate the ferric ion concentration. The phytate phosphorous
was  calculated from the ferric ion concentration assuming 4:6 iron to phosphorous  molar ratio.

Determination of Total Polyphenols Content:

Polyphenols  of faba bean and white bean samples  were es timated us ing the Pruss ian blue assay as  described
by Price and Butler (1977). Ground sample (60 mg) was  extracted with 3.0 ml absolute methanol in a tes t tube by

cons tant shaking for one minute, then poured into a filter paper. The tube was  quickly rinsed with an additional 3.0
ml of methanol and the contents  poured at once into the filter paper. The filtrate was  diluted to 50 ml with dis tilled

3water, mixed with 3.0 ml of 0.1 M FeCl  in 0.1 N HCl for 3 minutes , followed by timed addition of 3.0 ml of 0.008

3 6M K Fe (CN) .  The absorbance was  read after 10 minutes  at 720 nm on a spectrophotometer (Corning, 259).  Tannic

acid was  used as  a s tandard.

In Vitro Protein Digestibility (IVPD):

The in vitro  pro t e in diges tibility of raw and processed samples  was  measured according to the method of
Saunders  et al. (1973). The TCA soluble fraction was  assayed for nitrogen us ing the micro-Kjeldahl method (AOAC,
1984). Diges tibility was  calculated us ing the following formula:
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N in supernatant – enzyme N
IVPD % = ))))))))))))))))))))))  x 100

N in sample

Statistical Analysis:

Each sample was  analyzed in triplicate and the values  were then averaged. Data were assessed by the analys is
of variance (ANOVA) described by Snedecor and Cochran (1987) and by Duncan’ multiple range tes t (1955) with

a probability P � 0.05.

RESULTS AND DISCUSSION

Effect of Cooking on Chemical Composition and Protein Fractionation of Faba Bean and White Bean Cultivars:

Two faba bean cultivars  (BB7 and Hudieba-93) and two white bean cultivars  (Giza3 and RO21) were used in
this  s tudy. The chemical compos ition of cooked and uncooked faba bean and white bean cultivars  seeds  is  shown

in Table 1. As  shown, the mois ture content of faba bean cultivars  was  3.92% for BB7 and 4.07% for H93, while that
of white bean cultivars  was found to be 3.66% for Giza3 and 3.41% for RO21. Cooking caused a s ignificant increase
in mois ture content for both cultivars . Fat content of faba bean was  0.81% for BB7 and 1.24% for H93 while that
of white bean cultivars  was  found to be 2.28% and 2.13% for Giza3 and RO21, respectively. Cooking caused a

s ignificant reduction in fat content for both faba bean and whit bean cultivars .  Fiber content of faba bean was
11.96% for BB7 and 10.88 % for H93 and after cooking it was  found to be 13.86% for BB7 and 13.63% for cultivar
H93. For white bean cultivars  fiber content was  6.57% for Giza3 and 7.44% for RO21 and after cooking it was  found

to be 7.13% for Giza3 and 8.53% for RO21. Onwuliri and Obu (2002) reported that cooking reduce fiber content
of white bean which disagree with our results . This  variation may be due to differences  between cultivars  as  well
as  the growing conditions .  The protein content was  29.57% for BB7 and 31.83% for H93 (faba bean cultivars ) and
21.49% for Giza3 and 19.83% for RO21 (white bean cultivars ).  After cooking the protein content was  found to be

27.7% and 28.15% for BB7 and H93 (faba bean cultivars ) and 21.32% for Giza3 and 18.99% for RO21 (white bean
cultivars ).  In general cooking s ignificantly (P � 0.05) reduced the protein content of both faba and white bean. The
re d u c t io n in protein content could be attributed to partial removal of certain amino acids , along with othe r

nitrogenous  compounds , on heating as  has  been reported by Claweson and Taylor (1993); Monica and Theres ia
(1992).  The ash content (Table 1) of faba bean cultivars  was 3.47% for BB7 and 3.37% for H.93 while that of white
bean cultivars  was  found to be 4.90% and 4.60% for Giza3 and RO21. Cooking caused a s ignificant reduction in
ash content for both faba bean and white bean cultivars . Table 2 illus trates  the protein fractions  of cooked and

uncooked faba bean and white bean cultivars  on the basis  of solubility. Untreated seeds  were fractionated into
albumin, globulin, prolamin and glutelin. The results  obtained indicated that about 96.4% of BB7 and 95.3% H93
proteins  and 97.99%  o f Giza 3 and 97.05% of RO21 proteins  could be extracted by solvents  and the remaining
percentage accounted for the non-protein nitrogen and insoluble protein. Cooking of the seeds  s ignificantly (P �

0.05) decrease albumin, globulin and prolamin content, it caused a s ignificant increment in glutelin content for both
faba bean and white bean cultivars .

Effect of Cooking on Antinutritional Factors of Faba Bean and White Bean Cultivars:

Table 3 shows the effect of cooking on tannin content of faba bean and white bean cultivars . For faba bean
cultivar BB7, tannin content was  found to be 1120 mg /100g for raw beans  and after cooking it was  decreased to
50 mg/100g, while for cultivar H93 it was  70 mg / 100g and reduced to 50 mg/100g after cooking. The values

obtained agree with those obtained by Abdulrahim (2004) for raw seeds  of faba bean. For white bean cultivar Giza3,
tannin content was  found to be 20 mg/100g for raw beans , and after cooking it was  decreased to 10 mg/100g, while
for cultivar RO21 it was  40 mg/100g and reduced to 10 mg/100g after cooking. Elsheikh et al., (2000) reported that

cooking s ignificantly (P � 0.05) decreases  tannin content of faba bean and also Nugdallah (2003) reported that
cooking s ignificantly decreases  tannin content of cowpea.  As  shown in Table 3 phytic acid content of uncooked
BB7 was  183.65 mg/100g and after cooking it was  s ignificantly (P � 0.05) decreased to 153.44 mg/100g.  For the
cultivar H93 it was  139.09 before cooking and after cooking s ignificantly (P � 0.05) decreased to 104.23mg/100g.

The values  obtained agree with those reported by Elsheikh et al., (1999) who found a range of 0.12- 0.18 mg/100g
for uncooked seeds  of faba bean.  Phytic a c id content for white bean cultivar Giza3 was  151.83mg/100g before
cooking and after cooking it was  s ignificantly (P � 0.05) decreased to 97.1mg/100g and for the cultivar RO21 was

234.51mg/100g before cooking and after cooking s ignificantly (P � 0.05) decreased to143.31mg/100g. The results
obtained for raw seeds  were lower than those reported by A/Rahaman et al., (2005) who found a range of 352.51-
457.69 mg/100g for raw seeds  of white bean. The results  obtained indicated that cooking had a profound effect on
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phytate content and s ignificantly minimize its  amount for both faba bean and white bean cultivars . The results  agree
with those of Elsheikh et al.,(2000) and Rehman and Shah (2005) who reported that cooking s ignificantly decreased
phytic acid content of faba bean and  white bean.  Polyphenols  content of the cultivar BB7 was  231.77 mg/100g for

raw seeds  and after cooking it was  s ignificantly decreased to 102.66 mg/100g while that of cultivar H93 was
331.16/100g for raw seeds  and after cooking s ignificantly (P � 0.05) decreased  t o  148.97 mg/100g. The results
obtained for raw seeds  agree with those of A/Rahaman et al., (2005) who reported 322.08-338.64 mg/100g
polyphen o ls . Po lyphenols  content for white bean cultivar Giza3 was  646.78 mg/100g before cooking and after

cooking s ignificantly (P  �  0.05) decreased to 428.02 mg/100g while that of cultivar RO21 was  234.78 before
cooking and after cooking s ignificantly (P � 0.05) decreased to 123.53 mg/100g. The results  obtained for raw seeds
agree with those reported by A/Rahaman et al., (2005) who found 218.94 to 676.21 mg/100g for white bean. The
result obtained indicated that cooking had a profound effect on polyphenols  content and s ignificantly minimize its

amount for both faba bean and white bean cultivars .

Table 1: Proximate composition (%) of cooked and uncooked faba bean (Vicia faba) and white bean   (Phaseolus vulgaris) cultivars.

Cultivars Chemical composition
T reatment ------------------------------------------------------------------------------------------------------------------------------

------------------------

Vicia faba Moisture Fat Fiber Protein Ash Carbohydrate

BB7 Uncooked 3.92(±0.02) 0.81(±0.00) 11.96(±0.03) 29.57(±0.00) 3.47(±0.03) 54.60(±0.00)b a  b  b  b  b

cooked 4.77(±0.00) 0.48(±0.01) 13.86(±0.02) 27.67(±0.02) 2.91(±0.06) 54.76(±0.02a b  a  a  a ) a

1.24(±0.03)H.93 Uncooked 4.07(±0.01)  a 10.88(±0.02) 31.83(±0.03) 3.37(±0.04) 52.96(±0.07) b  b  b  b b

1.14(±0.01)cooked 4.35(±0.02)  a 13.63(±0.00) 28.15(±0.02) 2.98(±0.02) 54.07(±0.01) a  a  a a  a

Phaseolus vulgaris

2.28(±0.01)Giza 3 Uncooked 3.66(±0.02)  a 6.57(±0.01) 21.49(±0.00) 4.90(±0.01) 61.26(±0.03) b  b  b  b  b

1.14(±0.01)cooked 3.92(±0.02)  b 7.13(±0.01) 21.32(±0.00 3.45(±0.03) 65.82(±0.10) a  a ) a  a  a

2.13(±0.00)Ro 21 Uncooked 3.41(±0.00)  a 7.44(±0.01) 19.83(±0.00) 4.60(±0.00) 67.43(±0.02) b  b  b  b  b

1.60(±0.01)cooked 3.98(±0.02)  b 8.53(±0.01) 18.99(±0.01) 4.42(±0.01) 65.14(±0.01) a  a  a  a  a

Values are means (± SD).   Values not sharing a common superscript in column significantly (P £ 0.05) different. 

Table 2: Protein fractions content (%) of cooked and uncooked faba bean (Vicia  faba ) and white bean (Phaseolus vulgaris) cultivars.

Protein Fractions
Cultivars T reatment ----------------------------------------------------------------------------------------------------------------------------
-------------------------

Vicia faba Albumin Globulin Prolamin Glotelin Insoluable Recovered
BB7 Uncooked 54.13(±0.00) 20.24(±0.00) 2.51(±0.01) 19.33(±0.03) 3.60(±0.00) 99.80(±0.03)b  b b  b  b  b

Cooked 22.91(±0.21) 4.29(±0.02) 2.09(±0.00) 51.54(±0.01) 17.50(±0.00) 98.33(±0.24)a  a  a  a  a  a

H.93 Uncooked 50.35(±0.25) 18.08(±0.03) 2.24(±0.01) 18.15(±0.01) 4.70(±0.00) 93.51(±0.21)  b  b  b  b  b b

Cooked 25.85(±0.04 ) 4.70(±0.20) 3.26(±0.05) 52.50(±0.00) 19.50(±0.00) 105.80(±0.19a  a  a  a  a ) a

Phaseolus vulgaris

Giza 3 Uncooked 66.05(±0.05) 16.5(±0.07) 6.00(±0.05) 14.38(±0.00) 2.01(±0.01) 105.01(±0.08) b b  b  b  b  b

Cooked 29.55(±0.00) 7.07(±0.00) 3.59(±0.02) 44.30(±0.21) 11.20(±0.10) 95.70(±0.32) a  a  a  a  a  a

RO 21 Uncooked 68.00(±0.00) 10.65(±0.07) 5.923(±0.13) 10.44(±0.08) 2.95(±0.05) 97.96(±0.19) b  b  b  b  b  b

Cooked 26.25(±0.15) 6.64(±0.00) 3.26(±0.00) 53.90(±0.10) 12.85(±0.35) 103.00(±0.50) a  a  a  a  a  a

Values are means (± SD).  Values not sharing a common superscript in column significantly (P<0.05) different.

Effect of Cooking on in Vitro Protein Digestibility (IVPD) of Total and Fractionated Proteins of Faba Bean and

White Bean Cultivars:

Table 4 shows the IVPD of faba bean and white bean cultivars  before and after cooking. For faba bean cultivar

BB7 the IVPD was  78.33%  before cooking and after cooking it increased to 89.66%, while for H93 cultivar it was
73.56% and after cooking it increased to 76.87%. For whit e bean cultivar Giza3 the IVPD was  52.77% before
cooking and after cooking it increased to 72.10%, and that of cultivar RO21 was  45.73% and it increased to 48.10%
after cooking. The results  obtained  agree with those reported by Elsheikh et al. (2000) who found a range of 66.2%-

80.1% for uncooked faba beans  and with those obtained by Abdul Rahim (2004)who reported value of 68.62-75.09%
for raw faba bean, and higher than those obtained by Alonso et al.,(2000) who gave a value of 70.8% for raw faba
bean. The results  obtained for white bean cultivars  agree with those obtained by Rehman and Shah (2005) who gave

a value of 34.0% and lower than those reported by Shimelis  and Raksht (2007) who found a range of 65.63-80.66%
for raw white bean seeds . The results  obtained indicated that cooking of legumes  s ignificantly affected the in vitro

protein diges tibility.   This  could be attributed to inactivation of antinutritional factors  such as  tannin and phytate.
Elsheikh et al., (2000) and Lopez et al., (1986) reported that cooking increase IVPD in faba bean and white bean

due to the reduction in antinutrients  of the seeds .   The in vitro  diges tibility of albumin and glutelin of faba bean and
white bean cultivars  before and after cooking is  shown in Table 4. Cooking of faba bean and white bean cultivars
s ignificantly (P � 0.05) increased the diges tibility of both albumin and glutelins  with higher increment observed for
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H.93 albumin. The results  obtained disagree with those obtained by Genovese and Lajolo (2001) who found that
the heat treatment reduced the diges tibility of albumin. The results  disagree with those obtained by Genoves  and
Lajolo (2001) who observed reduction in the diges tibility of white bean. Araüjo et al., (2002) found that   native

globulins  res is ted digestion by isolated enzymes , but after cooking the diges tibility greatly increased.
In conclusions, both faba bean and white bean had high protein content with high in vitro  protein diges tibility

even after cooking which was  found to minimize the antinutritional factors  of the seeds .

Table 3: T annin, phytic acid and polyphenols contents of cooked and uncooked faba bean (vicia  f a b a ) and white bean (phaseolus vulgaris)
cultivars.

                                         Antinutritional factors contents (mg/100g)
Cultivars T reatment --------------------------------------------------------------------------------------------------------------------

-----------------------------
Vicia faba T annin Phytic acid Polyphenol 

183.65(±0.00)BB7 Uncooked 1120 (±0.00)  b 231.77(±0.87)b  b

Cooked 50(±0.00) 153.44(±0.00) 102.66(±0.18)a  a  a

H.93 Uncooked 70 (±0.00) 139.09(±0.00) 331.16(±0.32) b  b  b

cooked 50 (±0.00) 104.23(±0.00) 148.97(±0.09) a  a  a

Phaseolus vulgaris 
Giza 3 Uncooked 20 ±(0.00) 151.83(±0.02) 646.78(±1.08) b  b b

cooked 10 (±0.00) 97.10(±0.00) 428.02(±0.00) a a  a

RO.21 Uncooked 40 (±0.00) 234.51(±0.00) 234.78(±0.89) b  b  b

143.31(±0.01) 123.53(±0.60)Cooked 10 (±0.00) a a
a

Table 4:  T otal protein and albumin and glutelin digestibility (%) of cooked and uncooked faba bean (V. faba) and white b ean  (P .  vu l g a r is)

cultivars.
Digestibility (%)

Cultivars T reatment -------------------------------------------------------------------------------------------------------------------
------------------------------
Vicia faba T otal Albumins Glutelins 

BB7 Uncooked 78.33 (±0.17) 30.00 (±0.16) 33.71 (±0.06) b  b  b

cooked 89.66 (±0.33) 38.75 (±0.09) 41.67(±0.01) a  a  a

H.93 Uncooked 73.56 (±0.44) 25.62 (±0.01) 47.50 (±0.16) b  b  b

cooked 76.87 (±0.17) 56.25 (±0.03) 53.33 (±0.08) a  a  a

Phaseolus vulgaris 
Giza 3 Uncooked 52.77 (±0.00) 18.33 (±0.08) 28.03 (±0.08) b   b

cooked 72.10 (±0.07) 30.00 (±0.16) 42.25 (±0.01) a  a  a

RO.21 Uncooked 45.73 (±0.42) 17.60 (±0.16) 30.00 (±0.16) a  b  b

cooked 48.10 (±0.40) 27.60 (±0.16) 37.52 (±0.01) a  a  a
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