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Abstract 
Anti-nutritional studies on cowpea (Vigna ungiculata L.) seeds as whole cowpea flour (WCF), de-
hulled cowpea flour (DCF), dehulled defatted cowpea flour (DDCF) and protein isolates obtained 
from DDCF by isoelectric (CPIA) and micellization (CPIB) precipitation. The protein content of 
WCF and DDCF were 22.3% and 26.75% respectively, while CPIA and CPIB showed 75% and 76% 
respectively. The abundant minerals in WCF and DCF were calcium (32.38 - 33.61 mg/100 g); po-
tassium (29.25 - 24.99 mg/100 g); and sodium (1.76 - 1.00 mg/100 g). The least abundant miner-
als were iron (0.004 - 0.013 mg/100 g); copper (0.04 - 0.25 mg/100 g); manganese (0.18 - 0.30 
mg/100 g) and zinc (0.26 - 1.22 mg/100 g); respectively. Trypsin inhibitor activity for WCF, CPIA 
and CPIB was found 16,640 TIU/g, 4293 TIU/g and 4290 TIU/g respectively. Condensed tannins in 
RCF and DDCF were found 0.003% and 0.004% respectively while phytic acid content 0.8% and 
1.17% respectively, no phytic acid and tannins were observed in protein isolates. Cowpea flour 
was also similar to other edible grain legumes in content of anti-nutritional factors; appropriate 
processing methods improved cowpea nutritive value and significantly reduced the levels of anti- 
nutritional factors. 
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1. Introduction 
Legume seeds are important source of protein, supplement cereals not only for protein, but also for minerals and 
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vitamins of B complex; the Legumes also provide additional nicotinic acid and minerals. Legumes together with 
cereals are the main plant source of proteins in human diet. They are also rich in dietary fibre and carbohydrates 
[1]. 

Cowpea (Vigna unguiculata L. Walp) is an important legume crop in most part of the world and is of health 
benefit in addition to the nutritional potential. 

In addition to dietary fiber, cowpeas contain many health-promoting components such as vitamins, minerals 
and phytochemicals, which include phenolic compounds which are antioxidants with ability to prevent degener-
ative diseases (heart diseases and cancer) [2]. 

The partial replacement of animal foods with legumes improves nutritional status [3] due to lower cholesterol 
level in plant foods. Plant food diets increase the level of fibre intake, which reduces the risk of bowel diseases, 
including cancer and reduction in osteoporosis incidence [4]. High protein (18% - 35%) and carbohydrates (50% 
- 60%) contents together with amino acid pattern complementary to that of cereal grains, however, make cowpea 
a potentially important nutritional component in the human diet [5]. The protein nutritive value of cowpea is 
lower than that of animal proteins.  

Factors contributing to the poor protein quality include poor digestibility, deficient of sulfur amino acids and 
present of anti-nutritional factors (phytate, polphenols), enzyme inhibitors (trypsin, chymotrypsin). Several stu-
dies show that physical treatments, including de-hulling, soaking, cooking, thermal treatments, irradiation and 
protein fractionation, moreover, germination and fermentation, lead to reduce anti-nutritional compounds [6], 
[7]. Cowpea protein concentrates and isolates can be utilized in the production of several conventional food 
formulations to increase their protein content as well as in the production of textured foods. 

The aim of this study is to study the effect of de-hulling on the possible reduction or inactivation of some an-
ti-nutrient factors (tannins, phytic acid and trypsin inhibitors) in raw cowpea flour and protein isolates. 

2. Materials and Methods 
Samples: Dehulled cowpea (Vigna unguiculata L. Walp) of white coloured seed (Figure 1), brought from the 
local market at Wad Medani city, Sudan. The seeds were stored in polyethylene bags at room temperature (29˚C - 
30˚C) until used. 
 

 
Figure 1. (a)-(d): Cowpea seeds and protein isolates, CPIA: Cowpea 
protein isolate prepared by isoelectric precipitation, CPIB: Cowpea 
protein isolate prepared by micellization precipitation.                
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2.1. Preparation of Cowpea Seed Flours 
The dehulled cowpea seeds, ground to pass through a 35 mesh. The flour was defatted by soaking in petroleum 
ether (BP. 40˚C - 60˚C), at room temperature for 48 h with several changes of the solvent. The solvent, decanted 
and the defatted flour was air dried over night at room temperature, kept in clean bottles at room temperature 
ready for analysis. 

Protein isolates preparation: Preparation of protein isolate (PI) by isoelectric precipitation (CPIA): 
Protein isolate-A, (CPIA) was prepared from cowpea seed flour as shown in Figure 2; following the method 
described by [8], slightly modified [9] [10]. The insoluble matrices, separated by refrigerated centrifuge at 4 × 
103 g for 20 min and discarded. The extraction and centrifugation procedures were repeated on the residue. The 
supernatant, adjusted to pH 4.0 with 1.0 N HCl and stirred at room temperature for 20 min. The mixture, centri-
fuged in a refrigerated centrifuge (4000 g−1 20 min). The precipitate washed by distilled water several times until 
it was free from the salt and then neutralized by 1.0 N NaOH to pH 7.0. The neutralized precipitate left over 
night in refrigerator (4.0˚C). The isolate, dried using freeze-drying and then ground into powder using a ceramic 
mortar and pestle and finally stored in a desiccators at room temperature until analysis. 
 

Dehulled cowpea flour

Milled and defatted

Protein isolate by miscellization 
precipitation (CPIB)

Protein isolate by isoelectric point 
precipitation (CPIA)

Suspended in distilled water
(1: 5 W/V)

Adjust pH to 9.0 
(with 1N NaOH

Stir mechanically
for 20 min (room temp)

Suspended in NaCl
(1N solution) 

(1: 10)

Stir mechanically
for 2 hr (room temp)

Centrifuge 
(4000 xg for 20 min)

Centrifuge 
(4000 xg for 20 min)

Supernatant 
adjusted to pH 4.0 (1N HCl)

Supernatant diluted to 10 fold by 
distilled water

Refrigerated (4 oC) for 18 hr

Stirred for 20 min 
(room temp)

Centrifuge
(4000 xg for 20 min)

Wash with distilled water 
(several times)

Neutralize by 1N NaOH to pH 7.0 

Cowpea protein isolate by 
isoelectric point precipitation (CPIA) 

Centrifuge 
(4000 xg for 20 min)

Freeze dried

Cowpea protein isolate by  
miscellization precipitation 

(CPIA)

  
Figure 2. Preparation of cowpea protein isolates by isoelectric (CPIA) and micellization preci- 
pitate (CPIB).                                                                     
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Preparation of protein isolate (PI) using micellization precipitation (CPIB): Preparation of protein iso-
late-B using micella method, presented in Figure 2 as described by [11]. The defatted seed flour, suspended in 
NaCl 1.0 N solution in a 1:10 (w/v) ratio, then stirring for 2 h at room temperature. The suspension was centri-
fuged at 3000 × g for 30 min and then the residue was extracted again as described above. The combined super-
natant was diluted ten folds by distilled water and left to stand at refrigeration temperature (4˚C) for 18 h). 

Chemical analysis: Cowpea seed flour and protein isolate composition were determined following metho-
dology for total nitrogen (Kjeldahl), fat (Soxhlet), carbohydrates, moisture and ash (gravimetrically) and crude 
fibre by a chemical-gravimetric method [12] and the means reported on dry weight basis. 

Total tannins are determined by vanillin method as described by [13]. 200 mg of ground sample of each de- 
hulled defatted cowpea seed flour (DDCF) and protein isolate (CPIA and CPIB) was extracted, within a day af-
ter grinding, with 10 ml methanol, in a desk top centrifuge. The test tube containing the sample, capped and 
continuously shacked for 20 min and then centrifuged at 2500 rpm for 5 minutes.  

Vanillin reagent prepared fresh daily by mixing equal volumes of 1% vanillin in methanol and 8% concen-
trated HCl in methanol is added (5 ml) at 1-min intervals to 1 ml aliquots of the samples. The blanks were pre-
pared by adding 5 ml of 4% concentrated HCl in methanol to 1 ml aliquot of the sample. Absorbance, read on 
spectrophotometer (Shimadzu UV-1201) at 500 nm. Readings, taken after 20 min for the tubes remaining in the 
water bath maintained at 30˚C. Absorbance of the blank, subtracted from the absorbance with vanillin. Tannin 
concentration, expressed as catechin equivalent (C.E) as follows: 

10 100. %
200

CC E × ×
=  

where: C = Concentration corresponding to the optical density. 
10 = Volume of extract (ml); 200 = Sample weight (mg). 

2.2. Determination of Phytic Acid 
Phytic acid was determined according to the method described by [14] using chromogenic solution. Forty-five 
milliliters of methanol, mixed with 25 ml of distilled water and 25 ml of solution C. This solution was stable at 
least three months when stored at 4˚C - 5˚C. 

Solution B: Forty milliliters of concentrated HCl and 10 ml of elemental mercury, shaken with 80 ml of solu-
tion A for 30 min. Filtered using Whatman No. 1 filter paper and the filtrate used. 

2.3. Anti-Nutritional Factors: Tannins (as Tannic Acid) 
Solution C: Exactly two hundred milliliters of concentrated sulfuric acid, added carefully to the remainder of 
solution A and mixed with filtrate of solution B. 

2.4. Extraction of Phytate 
A sample (0.5 g) of defatted cowpea flour, placed in a 125-ml Erlenmeyer flask and extracted with 25 ml of 3% 
trichloroacetic acid for 45 min. using a shaker of moderate speed at room temperature. Eight milliliters of the 
slurry, centrifuged at 2 × 104 g for 15 min at 23˚C three milliliters of 1.0 N HC1, 3% FeCl. 6 H2O in 1.0 N HCl 
was added to 5 ml of supernatant and heated in a boiling water bath for 45 min.; allowed to cool and centrifuged 
at 2 x 104 g for 10 min. The precipitate ferric phytate, suspended in 0.5 N HCl and incubated at room tempera-
ture (30˚C) for 2 hr. The precipitate, washed twice with 0.5 N HCl allowing 10 min incubation period between 
each wash. Three milliliters of 1.5 N NaOH and 7 ml of distilled water, added to the precipitate ferric phytate 
and heating in a boiling water bath for 15 min.; cooled and centrifuged for 15 min; the supernatant was used for 
estimation of phytate. 

2.5. Determination of Extracted Phytate 
Extracted phytate (0.2 ml), mixed with 4.6 ml of distilled water and 0.2 ml of chromogenic solution; heated in 
water bath at (95˚C) for 30 min.; allowed to cool and the absorbance was recorded at 830 nm. The concentration 
of phytate was determined by using calibration curve constructed by solution containing known concentrations 
of sodium phytate from Sigma Company, (purity 97%) containing 12 Na per mol from corn (Type V) as pre-
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pared by dissolving 11.740 mg and the volume adjusted to 100 ml using distilled water.  

2.6. Trypsin Inhibitors 
The method [15], used to estimate trypsin inhibitors in cowpea seed flours and protein isolates. One g sample 
was extracted with 50 ml of 0.01 N NaOH (the pH adjusted, when required, to (8.4 - 10.0) for 3 hr. stirring, suf-
ficient to keep the sample in suspension. This suspension, then diluted so that 2 ml of the sample extract inhi-
bited 40% - 60% of the trypsin used as standard in the analysis. To each of the four test tubes, 2-ml aliquots of 
the diluted sample extract added with a wide-tip pipette. A fifth tube was prepared for the trypsin standard by 
adding 2 ml of distilled water. To three of the four tubes containing the sample extract and the tube containing 
distilled water, 2 ml of trypsin solution was added, and the tubes were placed in a constant temperature bath 
(37˚C) for 10 min. Five ml of Benzoyl-DL-argnine-p-nitroanalide hydrochloride (BAPA) solution (pre warmed 
to 37˚C), rapidly blown into each tube. The content, stirred immediately on a vortex mixer, and the tubes, re-
placed in the constant temperature bath. The reaction, terminated exactly 10 min later by blowing in 1 ml of 30% 
acetic acid with immediate mixing with a vortex mixer. A sample blank (the fourth tube containing sample ex-
tract), prepared by the same procedure except that the trypsin solution was added after the reaction termination 
by the addition of acetic acid. The absorbance of each solution was determined at 410 nm against the sample 
blank. Values obtained from each of the three sample extractsl, subtracted from the trypsin standard. These val-
ues, averaged, and the trypsin inhibitor content was determined from the following relationship: 

differential absorbanceTI,  mg g  of sample dilution factor
0.019 1.000

= ×
×

 

1 µg of pure trypsin have an equivalent of 0.019, absorbance units [16]. 

3. Result and Discussions 
3.1. Chemical Composition  
Results of the proximate composition of the seed flour and the protein isolates, presented in (Figure 1). The whole 
(WCF) and de-hulled defatted (DDCF) cowpea seed flour contained 22.30% - 26.73% protein; 2.10% - 2.30% fat; 
4.10% - 1.02% fibre; 3.77% - 3.87% ash and 60% - 59% carbohydrates, respectively (on dry weight basis) as major 
components (Table 1). The data obtained is comparable to that reported by [17] for four cow pea cultivars: 22.97% 
- 25.40% protein, 3.24% - 3.66% fat, 5.66% - 6.85% crude fibre, and 56.50% - 60.44% carbohydrates. 

Minerals: Minerals compositions for each of the whole and dehulled cowpea flour, shown in Table 2. Rela-
tively small differences were observed between whole and de-hulled cowpea flour in their mineral content. The 
minerals K, Na and Ca were the major inorganic constituents of the ash in all studied samples. [18]-[20] re-
ported similar finding. 

Leguminous plants are good source of minerals and are higher in Ca than most cereals [21]. Therefore, cow-
pea seed could be used as supplementation for cereal flour to improve its Ca content. Cowpea seed flour had 
higher amounts K; Ca and Na. Calcium (essential for bone and teeth development) level was high in cowpea 
flour. Minerals in the studied samples, whole cowpea flour (WCF) and de-hulled defatted cowpea flour (DDCF)  
 
Table 1. Proximate composition (%) of whole cowpea flour (WCF), de-hulled defatted cowpea flour (DDCF) and protein 
isolates (CPIA) and (CPIB) on dry basis.                                                                             

Chemical constituents WCF DDCF CPIA CPIB LSD 

Crude protein (N × 6.25) 22.30d ± 0.20 26.73c ± 0.06 75.0b ± 0.06 76.0a ± 0.12 0.26 

Crude fat 2.10a ± 0.10 2.30a ± 0.10 Traces Traces 0.43 

Crude fibre 4.10a ± 0.20 1.02b ± 0.08 Traces Traces 0.35 

Total ash 3.77a ± 0.06 3.87a ± 0.06 2.63b ± 0.15 2.3b ± 0.20 0.55 

Carbohydrate (by difference) 60.07a ± 0.06 59.78 ± 0.28 13.0b ± 0.17 13.1b ± 0.0 0.43 

Means in the same raw with different letters are significantly different (P < 0.05). CPIA = Cowpea protein isolate by isoelectric point precipitation; 
CPIB = Cowpea protein isolate by micellization precipitation. 
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Table 2. Minerals composition of whole and dehulled cowpea seed flours (WCF and DCF) 
(mg/100 gm sample).                                                              

Element Whole cowpea flour (WCF) Dehulled cowpea flour (DCF) 

Macro element:   

Potassium (K) 29.25 ± 0.71 24.99 ± 0.08 

Sodium (Na) 1.76 ± 0.08 1.0 ± 0.07 

Calcium (Ca) 32.28 ± 0.68 33.61 ± 0.79 

Micro element:   

Zinc (Zn) 0.260 ± 0.036 1.22 ± 1.545 

Iron (Fe) 0.004 ± 0.001 0.013 ± 0.019 

Copper (Cu) 0.04 ± 0.006 0.25 ± 0.012 

Manganese (Mn) 0.18 ± 0.010 0.30 ± 0.006 

Note: Crude fibre for WCF and DCF were 4.10% and 1.02%, respectively. 
 
were: calcium (32.38 - 33.61 mg/100 g) potassium (29.25 - 24.99 mg/100 g) and sodium (1.76 - 1.0 mg/100 g). 
These values compare favorably with some reported values of cowpea varieties and utilized legumes, [22]-[25]. 
Among the trace elements the least abundant minerals in the studied samples were iron (0.004 0.013 mg/100 g) 
and copper (0.04 - 0.25 mg/100 g). Sodium ranged between 1.17 - 1.0 mg/100 g for de-hulled and whole cowpea 
flour respectively, which is relatively lower than those reported for cowpea (6.5 - 13.4 mg/100 g), [26]. IIn 
cowpea cultivars, calcium, zinc, and Iron were found in the range from 383.75 - 567.25; 32.34 - 34.71 and 33.44 
- 35.63 (mg/kg), respectively [17]. A study carried on cowpea grains in Africa, [27] stated that it consist of Cal-
cium, 958 - 992.4 mg/kg; Zinc, 32.6 - 31.5 mg/kg; while iron content ranged from 27.6 to 28.9 mg/kg. Studying 
four cow pea cultivars, Calcium, Zinc, and Iron ranged from 383.8 - 567.3; 32.3 - 34.7 and 33.4 - 35.6 (mg/kg), 
respectively [28]. 

Tannin: content appears to be related to the color of the pericarp of the grain [29]. Since tannins, are located 
mainly in the testa or seed coats of cowpea physical removal of seed coat by either de-hulling or milling and se-
parating hulls may decrease the tannin content in de-hulled cowpea and improve the nutritional quality. No tan-
nins, observed in both cowpea protein isolates. Tannins are poly phenols and all poly phenolic compounds are 
water soluble in nature [30], then reduction in the tannin content may be attributed to leaching out of phenols 
during preparation of isolates. This is a good advantage regarding protein quality of cowpea seed. Tannin con-
tent percentages, using vanillin method for raw cowpea, decorticated and decorticated roasted cowpea was (0.76, 
0.02 and 0.005), respectively [31]. 

3.2. Anti-Nutritional Factors  
Table 3 illustrates some anti-nutritional compounds including trypsin inhibitor activity, tannins, and phytic acid 
content found in cowpea seed flours and protein isolates.  

Tannins are complex poly phenolic compounds widely distributed in food and feeds of plant origin that have 
a large influence on nutritive value of forage legumes. Tannins in raw de-hulled cowpea and dehulled defatted 
cowpea flours were 0.004% and 0.003% respectively, these values are low compared to (0.40%) for vegetable 
cowpea (Sesquipedalis) [32] and 175 - 590 mg/100 g for whole cowpea (Vigna sinensis. L.) [33] and 0.95% - 
2.40% and 0.08% - 0.32% for colored-flouring varieties and white-flowering varieties of faba beans (Vicia faba 
L.) respectively as reported by [34] [35] found a clear correlation between color of the flower, seed color and 
tannins content of faba beans. White-flowering varieties, with no pigments in the flowers, yield white and grey 
seeds with low tannins contents. Tannins values were reported to range from 0.0% to 0.7% for cowpea, pigeon 
peas and mung beans [36]. 

Phytate represents a complex class of naturally occurring compounds that can significantly influence the 
functional properties of foods. No phytate, observed in cowpea protein isolates (CPIA and CPIB) [37]. A signif-
icant (P < 0.05) reduction of phytic acid of chickpea, founds the result of soaking. [38]. Cooking resulted in (60% 
and 50%) reduction in phytic acid content of lentils and butter beans respectively, while for broad beans only 11%  
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Table 3. Anti-nutritional factors of dehulled cowpea flour (DCF), dehulled defatted cowpea flour (DDCF) and protein 
isolates (CPIA and CPIB).                                                                                    

Type of product Tanninsa % Phytic acida % Trypsin inhibitor activityb (TIU/g) Crude protein % 

Dehlled cowpea flour (DCF) 0.004a 0.80b - - 

Dehulled defatted cowpea flour (DDCF) 0.003b 1.17a 16640a 26.7 

Cowpea protein isolate-A (CPIA) 0.00 0.00 4293b 75 

Cowpea protein isolate-B (CPIB) 0.00 0.00 4290b 76 

SEM± 0.00018 0.0002 0.1323 - 

SEM± is standard error mean; a: Mean of triplicate determinations; b: Mean of fourth determinations; abc: Means within the same column with dif-
ferent superscripts are different (P < 0.05). CPIA = Cowpea protein isolate by isoelectric point precipitation; CPIB = Cowpea protein isolate by mi-
cellization precipitation. 
 
was lost as the result of cooking [39]; while reported values (0.28% - 0.41%) and 0.43% for raw soy bean and 
soy bean isolates respectively. The result of phytic acid content in the flour and both cowpea protein isolates, 
presented in Table 3. Phytic acid content of raw cowpea and dehulled defatted cowpea flour was (0.80% - 
1.17%). Generally, this result, higher than those reported: 0.60% and 0.29% for raw and de-hulled cowpea re-
spectively [40]. Meanwhile 4.25%, reported for vegetable cowpea (Sesquipedalis) [32]. Values of 4.4%, 14.6%, 
11.5% and 11.7% phytic acid for chick peas, black gram, black eyed beans and red kidney beans respectively, 
were reported [41] and (1.5%) for broad beans [42]. Other values ranging from 0.3% to 1.7% phytic acid of dry 
legumes, chickpea (0.9% - 1.1%) and lentil (0.3% - 0.4%) [43], and phytic acid content of chickpea, 0.28% [44]. 
Variation in phytic acid content may be due to the effect of genetic, climatic and soil conditions. 

De-hulling decrease the amount of phytic acid; it is recommended for cowpea before cooking where people 
are using them in great amounts, as in developing countries. Moreover, when such legumes are used for baby 
foods, de-hulling helps to prevent mineral deficiency. 

Trypsin inhibitor is one of most important anti-nutritional factors present in plants particularly in legumes 
and reported to affect the nutritive value and protein digestibility. Significant difference (P < 0.05), observed 
between the raw cowpea flour and de-hulled defatted cowpea seed flour in their trypsin inhibitor activity of de-
hulled defatted cowpea seed flour was 16,640 TIU/g on dry weight basis (Table 2). 18850 TIU/g were found for 
raw cowpea [45]; 9035 TIU/g for cowpea flour [46], and 1113 TIU/g for raw vegetable cowpea seeds (Sesqui-
pedalis), [32]. Analysis of 18 pea and five bean varieties for trypsin inhibitor activity gave values ranging from 
0.15 to 4.62 TIU/mg, [45]. It can be concluded that de-hulled defatted cowpea has considerably lower levels of 
for trypsin inhibitor activity than other peas. The level of trypsin inhibitor activity in cowpea protein isolates 
(CPIA and CPIB) were 4293 and 4290 TIU/g respectively. 18 TIU/g for cowpea protein isolate (CPI), [46] and 
faba bean contained 8.13 TIU/mg proteins [47]. It was shown that the anti-nutritional factors of cowpeas can be 
reduced and nutritional quality improved by plant breeding, de-hulling, heat treatment or supplementation of di-
ets with enzymes [31]. Trypsin inhibitor (in TU units) was reported (1.68, 0.74 and 1.36), respectively for raw, 
decorticated and decorticated roasted cowpea seeds [31]. 

4. Conclusions 
The abundant minerals in WCF and DCF were calcium (32.38 - 33.61 mg/100 g); potassium (29.25 - 24.99 
mg/100 g); and sodium (1.76 - 1.00 mg/100 g). The least abundant minerals were iron (0.004 - 0.013 mg/100 g); 
copper (0.04 - 0.25 mg/100 g); manganese (0.18 - 0.30 mg/100 g) and zinc (0.26 - 1.22 mg/100 g); respectively. 
Trypsin inhibitor activity for RCF, CPIA and CPIB was found 16,640 TIU/g, 4293 TIU/g and 4290 TIU/g re-
spectively. Condensed tannins in RCF and DDCF were found 0.003% and 0.004% respectively while phytic ac-
id content 0.8% and 1.17% respectively, no phytic acid and tannins were observed in protein isolates. 

Cowpea flour was also similar to other edible grain legumes in content of anti-nutritional factors; appropriate 
processing methods improved cowpea nutritive value and significantly reduced the levels of anti-nutritional 
factors. 
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DDCF  dehulled defatted cowpea flour 
CPIA  cowpea protein isolates (from DDCF) by isoelectric method 
CPIB  cowpea protein isolates (from DDCF) by micellization method 
HCl  hydrochloric acid 
NaOH  sodium hydroxide 
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