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Chickpea (Cicer arietinum L.) is an important pulse crop grown and consumed all over the world because it is a good source
of carbohydrates and protein. However, presence of antinutritional components restricts its use by interfering with digestion of
macronutrients during consumption. Therefore, the objective of this study was to evaluate physicochemical properties and effect
of processing methods on antinutritional factors and mineral composition of improved chickpea varieties (Natoli of Desi and
Arerti of Kabuli) grown in Ethiopia. The experiment was factorial with complete randomized design. The result indicated that
physicochemical properties such as seed mass, seed density, hydration capacity, swelling capacity, unhydrated seeds, and cooking
time of Arerti and Natoli chickpeas had 260.69 and 280.65 g/1000 seeds, 3.48 and 3.61g/ml, 1.07 and 1.03 g/g, 2.12 and 1.94ml/g, 1.64
and 14.75%, and 21.00 and 246.33 min, respectively. After processing, Zn, Fe, and Ca contents of improved chickpea varieties had
4.48 to 5.85mg/kg, 8.52 to 10.17mg/kg, and 536.56 to 1035mg/kg, respectively. The antinutritional factors, tannin and phytic acid,
in the raw chickpeas were reduced to 25 to 82.25% and 5.89 to 57.35%, respectively. The results of the current study showed that
Arerti of Kabuli variety showed low antinutritional factors and better physicochemical properties, specifically low cooking time,
than Natoli of Desi variety. All processing methods were effective in reduction of antinutritional factors; however, boiling was found
to be the best for reduction of antinutritional factors.

1. Introduction

Legumes are important sources of protein in the diets of
millions of people in the world [1]. Among the different
legumes, chickpea (Cicer arietinum L.) is categorized in
Fabaceae (Leguminosae) family, one of the oldest and most
widely consumed legumes in the world, and it is a staple
food crop particularly in tropical and subtropical areas [2]. A
large number of grown chickpea cultivars have various phys-
ical, hydrating, cooking, and parching characteristics [3].
According to the color of seed and geographic distribution,
chickpea is grouped into two biotypes: Desi (Indian origin)
and Kabuli (Mediterranean and Middle Eastern origin); while

Kabuli cultivars have large seeds with white to cream colored
seed coat, Desi cultivars have small and wrinkled seeds with
brown, black, or green color [4]. Chickpea is a good and
cheap source of protein for people in developing countries
(especially in South Asia), who are largely vegetarian either by
choice or because of economic reasons. In addition, chickpea
was reported as important means of controlling bronchitis,
cholera, and constipation and acids in chickpea seed are
supposed to lower the blood cholesterol levels. Also, regular
pulse consumption such as chickpeas prevents diabetes and
reduces risks of heart disease [5].

Ethiopia is one of the major producers of chickpea and
ranked sixth worldwide in 2016 and serves as a multipurpose
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crop [6]. In Ethiopia, the use of chickpea grains for human
food has long history and they are used in different forms as
green vegetable (green immature seed), “Kolo” (soaked and
roasted), “nifro” (boiled seeds), and “wot” (sauces) made up
of “shiro” (powdered seeds) or blended with cereals and/or
legumes for preparing of infant and young children foods
using traditional food processing techniques like soaking,
germination, fermentation, boiling, and roasting. For prepa-
ration of infant and young children at certain community,
bioavailability of macro- and micronutrients like protein,
Fe, and Zn is critical beside sensory acceptability, cost for
purchasing, and processing and preparing using local food
items [7].

However, presence of antinutritional components re-
stricts its use by interfering with digestion of carbohydrates
and proteins. They also interfere with growth, reproduction,
or health and reduce protein and carbohydrate utilization
when consumed regularly even in normal amounts. Some
of these factors include trypsin inhibitors, phytic acid, tan-
nins, saponin, and haemagglutinin activity which can cause
adverse physiological responses or diminish the availability
of certain nutrients [8, 9].

Chickpea is known with having phytate and tannin
which will bind with minerals like Fe, Zn, and protein,
respectively. Subsequently, it will decrease the bioavailability
and digestibility unless appropriate and affordable process-
ing techniques are implemented, and such antinutritional
problems can be reduced by processing techniques such as
dehulling, soaking, boiling, germinating, and roasting [9, 10].
The consumption of processed chickpea provides consumers
with valuable nutrition and potential health benefits [11].

The materials selected for this study were improved
varieties of Natoli and Arerti with superior performance
at national and regional level in terms of production and
productivity and adaptation to both biotic stress (disease,
insect, and weed) and abiotic stress (particularly terminal
drought) and widely adapted by farmers [12]. Their physico-
chemical properties of raw improved chickpea seed varieties
and effect of processing methods on mineral composition
and antinutritional factors of improved chickpea varieties
(Natoli of Desi and Arerti of Kabuli) grown in Ethiopia have
not been analyzed yet. Therefore, the present study was
designed to fill this gap. Hence, the objective of this study
was to investigate physicochemical properties and the effect
of selected processing methods on mineral composition and
antinutritional factors of improved chickpea varieties.

2. Materials and Methods

2.1. Materials. Six kilograms of each Natoli of Desi and Arerti
of Kabuli chickpeas was collected from Debrezeit Agricul-
tural Research Centre (DZARC), Ethiopia. The analysis was
done in triplicate. The seeds were cleaned manually by remov-
ing any foreign material, damaged and broken seeds, and
shriveled and insect attacked seeds. The seeds were processed
by direct grinding (used as control), dehulling, soaking, ger-
minating, boiling, and dry roasting. The processed samples
except the roasted one were dried in an oven at 50°C for
24 h. All the samples including the control were ground by
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a laboratory mill (Cyclo sample mill model no. 3010-081p)
to pass through a 75 pym sieve and were kept in moisture
proof plastic bag placed in air tight tin container at 4°C. The
seed flours of both the control and processed samples were
evaluated for nutritional composition, antinutritional, and
functional properties.

2.2. Experimental Design. Completely randomized design
(CRD) with a 2x6 factorial experiment with three replica-
tions was implemented. Totally, 36 experimental units were
included in the study. Two improved chickpea varieties,
Natoli of Desi and Arerti of Kabuli, were tested under five tra-
ditional processing methods (dehulling, soaking, sprouting,
roasting, and boiling). Raw chickpeas of the two varieties are
used as control and three replications were used.

2.3. Processing Methods. Raw (control): Cleaned seeds of 500
g of each of the two chickpea varieties samples were directly
ground by a mill [13]. Dehulling: the cleaned seeds of 500g
of each of the two chickpea varieties hulls were removed
manually after soaking 600 g clean seeds of the two varieties
for 6 h in distilled water at room temperature. Seeds were
completely covered by water using seed-to-water ratio of 1:3
(w/v) [14]. The dehulled seeds were then dried and milled to
flour. Soaking: cleaned 500g each of the two improved chick-
pea varieties were soaked for 12 h in distilled water at room
temperature. Seeds were completely covered by water using
seed-to-water ratio of 1:3 (w/v) [14]. Dry roasting: Cleaned
500 g seeds each of the two chickpea varieties were roasted by
hot air oven for 30 minutes at 150°C. The cooled samples were
then milled into flour [15]. Germinating: Cleaned 500 g each
of the two chickpea varieties were washed and cleaned with
tap water. Germinating was done according to the method
used by [16]. It was performed at room temperature in a
dark room. Washed chickpea varieties were soaked for 12
h in distilled water using seed-to-water ratio as 1:5(w/v).
Soaked seeds were spread on moist filter paper on large
plastic screen. The seeds were then covered with filter paper
to reduce evaporation. The screen was placed in perforated
plastic container and kept in the dark at room temperature
for 72 h to germinate. The seeds were splashed every 24 h
with running sodium hypochlorite at concentration of 0.01%
(w/v) for 10 min to avoid mold contamination. At the end
of germination period, nongerminated seeds were discarded
and the germinated ones were dried at 50°C for 24 h. The dry
germinated seeds were milled to flour. Boiling: Cleaned 500
g seeds of the two chickpea varieties were washed under tap
water, rinsed with distilled water, placed in 2 L of distilled
boiling water at 96°C, and cooked for 60 min (until soft) [13].
The boiled samples were then dried and milled.

2.4. Physicochemical Properties of Chickpea Raw Seed. Thou-
sand seeds” weight: cleaned samples of each of two chickpea
varieties were determined according to [17] by counting 1000
seeds using an electronic seed counter and weighing. Results
were expressed as the mean of triplicates determination. Seed
density: cleaned seed of each of two chickpea varieties was
determined according to the method of [18]; one thousand
seeds were weighed and transferred into 500 ml measuring
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TABLE 1: General characteristics of the seeds of the two chickpea varieties.
Varieties Type Pedigree 1000 Seed weight (g) Seed density (g/ml)
Arerti Food X87THI186 260.69 +1.10° 3.48 £ 0.12%
/TCC14198
XFLIP 82-150c¢

Natoli Food ICCX-910112-6 280.65 + 2.38% 3.61 +0.24*

Ccv 119 9.25

LSD 729 0.74

CV= coefficient of variation; values are mean + SE and mean values followed by the same letter in column are not significantly different at 5% level of

significance; LSD = least significance difference.

cylinder containing 250 ml of tap water. Immediately the
volume of water displaced was recorded. The mass and
volume were used to calculate the seed density as g/ml.
Hydration, swelling capacities, and indices: A 20 g samples
from each were soaked in 60 ml deionized water for 24 hrs at
22°C using a 100 ml measuring cylinder [16]. After soaking,
the water was drained and the peas were toweled dry with
absorbent paper. The hydrated peas were weighed again to
determine the increase in mass. The hydration capacity was
calculated as the weight of water absorbed per gram of seeds
(g of water per g of seeds):

Hydration capacity

Wt of after soaking — Wt before soaking (g) @
B Wt before soaking (g)

Hydration capacity

()

Hydration indices =
ydration indices 2 of one seed

Swelling capacity was measured by calculating the difference
in volume of deionized water displaced by peas before and
after soaking (ml of water per g of seeds) [16]:

Swelling capacity

_ Vol after soaking — Vol before soaking ®)

g of seeds

Swelling capacity @

Swelling indices = g of one seed
Cooking time: This was determined according to [16] using
Mattson cooking device. A chickpea sample (50 g) was soaked
in deionized water (100 ml) for 24 hours at room temperature
before cooking, and the soaked samples were then positioned
into each of the 25 cylindrical holes found in the cooker so
that the piercing up of the 82 g rod will be in contact with the
surface of the chickpea seeds. The cooker was placed into a 2
I metal beaker containing 1.5 1 of boiling water. The chickpea
seeds were considered as “cooked” when the tip of the brass
rod passed through the seed. Cooking time (time required to
cook 50% of the sample) was then recorded from the point
of contact between cooker and boiling water. Unhydrated
seed: Unhydrated seed was determined according to [16]
percentage of number of unhydrated seeds after soaking seeds
overnight to the total number of seeds which initially has a
mass of 100 g.

2.5. Mineral Contents. Ca, Fe, and Zn were determined by
atomic absorption spectrophotometer [19].

2.6. Antinutritional Factors. Tannin was analyzed by the
modified Vanillin-HCI methanol method [20] and phytic
acid was determined according to [21].

2.7. Statistical Analysis. Data were analyzed using SAS 9.1
software. The Analysis of Variance (ANOVA) and mean sepa-
ration values were determined using least significance (LSD)
and Duncan multiple range test (DMRT) and significant
differences were defined at p<0.05. The results were presented
as mean + standard Error. The model used for two factors
(Y=p+Ti+Bj+(J B)ij+€ijk) was used.

3. Results and Discussion

3.1. Physicochemical Properties of Raw Chickpea Varieties.
The general characteristics of two improved chickpea vari-
eties are indicated in Table 1. The thousand-seed masses of
Arerti (260.69 g/1000 seeds) and Natoli (280.65 g/1000 seeds)
chickpea varieties were significantly (P<0.05) different from
each other. The seed mass can be considered as an indicator
of the yield performance of chickpea [22].

Physicochemical and cooking properties of the two
improved chickpea varieties are presented in Table 2. Arerti
revealed the following values: hydration capacity of 1.07 g/g,
hydration index of 2.05, swelling capacity 2.12 ml/g, and
swelling index of 4.08. Similarly, Natoli variety also was char-
acterized by hydration capacity of 1.03 g/g, hydration index
1.85, swelling capacity 1.94 ml/g, and swelling index of 3.77.
The hydration capacity, swelling capacity, and swelling index
were significantly (P<0.05) different between the varieties.
Arerti variety had the greater hydration capacity, swelling
capacity, hydration index, and swelling index than Natoli
varieties. These values are close to those of Pakistani varieties
[23]. Unhydrated seeds of Arerti chickpea were 1.64% and
those of Natoli were 14.75% (Table 2). These values had
significant (P<0.05) difference between them. Unhydrated
seeds are undesirable and indicate the variation in hydration
capacity between varieties as well as their respective cooking
time.

Cooking time: The cooking time of the two improved
chickpea varieties are shown in Table 2. The values exhibited
significant (P<0.05) difference between the varieties with
cooking times of 21.00 min for Arerti and 246.33 min for
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TaBLE 3: Effects of processing methods on mineral composition of improved chickpea varieties.

Processing Zinc Iron Calcium
Methods (mg/kg, db) (mg/kg, db) (mg/kg, db)
Raw (control) 7.06 + 0.05° 10.68 + 0.10° 126733+ 124.47°
Dry roasting 5.47 + 0.08 10.17 + 0.03 844.83 +19.82°
Dehulling 4.48 +0.08° 8.52 + 0.08° 536.56 + 52.56
Soaking 5.64 + 0.31° 8.90 + 0.03¢ 899.00 + 10.80°
Germination 5.85 + 0.14° 9.39 + 0.03° 930.24 + 27.83°
Boiling 5.48 + 0.03¢ 9.03 +0.06° 1035.68 + 57.97°
cv 114 126 0.76

LSD 0.11 0.20 11.78

CV= coefficient of variation; values are mean + SE and mean values followed by the same letter are not significantly different at 5% level of significance; LSD

= least significance difference.

TaBLE 4: Effect of processing methods on the antinutritional factors.

Processing Tannin Reduction Phytic acid Reduction
Methods (%) (%) (' mg/100g) (%)
Raw (control) 0.16 + 0.01* - 88.28 + 1.74" -
Dry roasting 0.12 +0.01° 25.00 83.08 + 0.77° 5.89
Dehulling 0.05 + 0.014 68.75 56.13 + 2.11° 36.42
Soaking 0.08 + 0.01° 50.00 74.86 +1.31° 15.20
Germinating 0.04 +0.01° 75.00 60.91+1.79¢ 31.00
Boiling 0.03 + 0.00° 82.25 3765 + 1.81' 5735
Cv 14.84 4.07

LSD 0.02 4.58

CV=coeflicient of variation; values are mean + SE and mean values followed by the same letter in column are not significantly different at 5% level of significance;

LSD = least significance difference.

Natoli. The cooking time of the Arerti was very much lower
than that of Natoli. Hence, Arerti variety would require less
fuel energy and should be promoted to consumers. Natoli
variety showed hard-to-cook (HTC) characteristic due to
high number of unhydrated seeds and excessively long time
it requires to cook. The cooking times observed for Arerti
of Kabuli variety in this study were much less than the
results reported by [24], 32.5-42.5 and 31-34 min for Desi and
Kabuli varieties, respectively, of India. In another study [25].
The cooking time of the whole grains of fresh chickpeas in
Netherlands varied from 112 to 142 min. The seed coat is the
major barrier to chickpea softening during cooking and its
contribution to cooking time exceeded that of the cotyledon
in the fresh samples [26]. The cotyledon’s contribution to
cooking time increases with storage time [27].

3.2. Effect of Processing Methods on Mineral Composi-
tion of Improved Chickpea Varieties. Statistically significant
(P<0.05) reduction occurred in zinc contents after the dif-
ferent methods of chickpea processing (Table 3). The average
zinc content of raw unprocessed samples was 7.06 mg/kg
whereas that of the dehulled one was 4.48 mg/kg. Boiling
also resulted in lower zinc content. This reduction could be
attributed to the leached minerals from the chickpea seeds
into the water at different rates during water related treat-
ments. In the dehulled samples, the average zinc content of

chickpea seed was reduced due to removal of seed coat. This
reduction of zinc due to dehulling was in agreement with the
finding of chickpea varieties of Saudi Arabia [28]. Processing
methods had significant (P<0.05) effect on iron content. The
average iron content of the raw chickpeas (10.68 mg/kg)
was significantly higher than that obtained after processing
by different processing methods (Table 3). Soaking with the
value of 8.90 mg/kg and boiling of the value of 9.03 mg/kg
had no difference between them but were significantly higher
than the value obtained by dehulling (8.52 mg/kg). Similar
reduction of iron content occurred in Indian chickpeas with
the processing methods of germinating, boiling, pressure
cooking, and roasting [29]. Similar results were also observed
in Egypt mung bean seeds with the processing methods of
dehulling, soaking, germination, boiling, autoclaving, and
microwave cooking [30].

The average calcium content of the raw chickpeas, 1267.33
mg/kg, was statistically (P<0.05) the highest as compared
to those obtained by different processing methods (Table 4).
The maximum reduction of calcium content occurred in
dehulling process (536.56 mg/kg). This might be due to the
loss of the hull as minerals are more concentrated in the testa
rather than in the cotyledon [31]. Processing methods showed
similar effects on calcium contents in mung bean seeds [30].
The results of this study were higher than those reported
in Egyptian chickpea varieties with values of 166, 131, and



124 mg/kg after germinating, microwave cooking, and boil-
ing, respectively [32].

3.3. Effect of Processing Methods on Antinutritional Factors of
Improved Chickpea Varieties. Processing methods exhibited
significant (P<0.05) effect on tannin content of chickpea
(Table 4). The tannin content was reduced by 25.00, 50.00,
68.75, 75.00, and 82.25% due to dry roasting, soaking,
dehulling, germinating, and boiling, respectively. As indi-
cated in Table 4, boiling processing method had the highest
reduction tannin in chickpeas. Tannin is a water-soluble
phenol compound and predominantly found in seed coat.
Thus, tannin leached out from chickpea, moreover, increasing
tannin solubility. Significant tannin reduction in chickpea
varieties by processing methods in this study was comparable
to tannin reduction in improved dry beans studied by [16]
and Indian chickpea varieties reported by [29].

Processing reduced the phytic acid (PA) content sig-
nificantly (P<0.05) (Table 4). The phytic acid content was
reduced by 5.89, 15.20, 31.00, 36.42, and 57.35% as a result of
dry roasting, soaking, germinating, dehulling, and boiling,
respectively. The maximum reductions of phytic acid, which
occurred due to boiling process, were due to leaching out
into soaking water [1]. In addition, germinating also reduced
the phytic acid content in chickpea flour due to increase in
the activity of endogenous phytase for its use as source of
inorganic phosphate during germination [33].

4. Conclusions

According to the finding of this study, Arerti of Kabuli
chickpea variety had shown low antinutritional factors and
better physicochemical composition properties such as low
cooking time than Natoli of Desi variety. All processing
methods were effective in reduction of antinutritional factors;
however, boiling was found to be best for reduction of
antinutritional factors. This indicated that improved Arerti
of Kabuli chickpea flour if applied in the food processing
industries is commendable in production of quality food
formulation especially conventional flours which are low in
protein in order to increase utilization of improved chickpea
flour, thereby alleviating protein malnutrition.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.
Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.
Acknowledgments

Great deal thanks are extended to the Ministry of Education
for granting me the financial support. I also thank Debrezeit

International Journal of Food Science

Agricultural Research Center for providing me with Chick-
pea Varieties. Melkessa Research Center and Harar Brewery
are gratefully acknowledged for providing distilled water.

References

[1] V. Ramakrishna, P. J. Rani, and P. R. Rao, “Anti-nutritional
factors during germination in indian bean (dolichos lablab 1.)
seeds,” World Journal of Dairy Food Sciences, vol. 1, no. 1, pp. 6
11, 2006.

[2] S. A. Alajaji and T. A. El-Adawy, “Nutritional composition
of chickpea (Cicer arietinum L.) as affected by microwave
cooking and other traditional cooking methods,” Journal of
Food Composition and Analysis, pp. 1-17, 2006.

[3] N. Singh, K. S. Sekhon, U. Bajwa, and S. Goyal, “Cooking and
parching characteristics of Chickpea (Cicer arietinum L.),” Food
SciTech Journal, vol. 29, pp. 347-350, 1992.

[4] M. Kaur and N. Singh, “Studies on functional, thermal and
pasting properties of flours from different chickpea (Cicer
arietinum L.) cultivars,” Food Chemistry, vol. 91, no. 3, pp. 403—
411, 2005.

[5] A. K. Jukanti, P. M. Gaur, C. L. L. Gowda, and R. N. Chibbar,
“Nutritional quality and health benefits of chickpea (Cicer
arietinum L.): A review;” British Journal of Nutrition, vol. 108,
no. 1, pp. S11-826, 2012.

[6] Food and Agricultural organization statics (FAOSTAT), 2016,
http://faostat.fao.org/site/291/default.aspx.

[7] Y. Abebe, B. J. Stoecker, M. J. Hinds, and G. E. Gates, “Nutritive
value and sensory acceptability of corn- and kocho- based foods
supplemented with legumes for infant feeding in Southern
Ethiopia,” African Journal of Food, Agriculture, Nutrition and
Development, vol. 6, no. 1, p. 13, 2006.

[8] S. S. Ibrahim, R. A. Habiba, A. A. Shatta, and H. E. Embaby,
“Effect of soaking, germination, cooking and fermentation on
antinutritional factors in cowpeas,” Nahrung-Food, vol. 46, no.
2, pp. 92-95, 2002.

[9] K. Urga, H. Fufa, E. Biratu, and A. Husain, “Evaluation of Lath-
yrus sativus cultivated in Ethiopia for proximate composition,
minerals, f-ODAP and antinutritional components,” African
Journal of Food Agriculture and Nutritional Development, vol.
5, no. 1, pp. 1-15, 2005.

[10] S. Tizazu, Improvement of energy and nutrient density of
sorghum based weaning food using germination [M. S. thesis],
Addis Ababa University, Addis Ababa, Ethiopia, 2009.

[11] V. A.Ikujenlola and]J. B. Fashakin, “The physico-chemical prop-
erties of a complementary diet prepared from vegetable pro-
teins,” Journal of Food Agriculture and Environment, vol. 3, no.
3, pp. 23-26, 2005.

[12] Debre Zeit Agricultural Research Center (DZARC) and Inter-
national Research Institute for Semi-Arid Tropics (ICRISAT),
Improved Chickpea (C. arietinium L.) Technologies and Seed
Production Research Project in Debre Zeit, Ethiopia, 2009.

[13] R. Tekle-Haimanot, B. M. Abegaz, E. Wuhib et al., “Pattern
of Lathyrus sativus (grass pea) consumption and beta-N-
oxalyl-a-f3-diaminoproprionic acid (3-ODAP) content of food
samples in the lathyrism endemic region of northwest ethiopia,”
Nutrition Research, vol. 13, no. 10, pp. 11131126, 1993.

[14] T. Nestares, M. Barrionuevo, M. Lopez-Frias, C. Vidal, and
G. Urbano, “Effect of different soaking solution on nutritive
utilization of minerals (calcium, phosphorus, and magnesium)
from common beans (phaseolus vulgaris 1.) in growing rats,”


http://faostat.fao.org/site/291/default.aspx

International Journal of Food Science

Journal of Agricultural and Food Chemistry, vol. 51, no. 2, pp.
515-520, 2003.

[15] S. bhattarya and M. prakashi, “Kinetics of roasting of split
chickpea (cicerarienum),” International Journal of Food Science
and Technology, vol. 32, no. 1, pp. 81-84, 1997.

[16] E. A. Shimelis and S. K. Rakshit, “Proximate composition and
physico-chemical properties of improved dry bean (Phaseolus
vulgaris L.) varieties grown in Ethiopia,” LWT—Food Science
and Technology, vol. 38, no. 4, pp. 331-338, 2005.

[17] R.Raviand].B. Harte, “Milling and physicochemical properties
of chickpea (Cicer arietinum L.) varieties,” Journal of the Science
of Food and Agriculture, vol. 89, no. 2, pp. 258-266, 2009.

[18] C. Alfonso, J. Sanchez-viogue, J. Bastiata, and F. Millan, “Effect
of processing on water absorption and softening kinetics of
chickero pea seed,” Journal of the Science of Food and Agricul-
ture, vol. 18, pp. 169-174, 1998.

[19] Approved methods of the American Association of Cereal
Chemists (AACC), Saint Paul, Minn, USA, 2000.

[20] M. L. Price, A. E. Hagerman, and L. G. Butler, “Tannin content
of cowpeas, chickpeas, pigeon peas, and mung beans,” Journal
of Agricultural and Food Chemistry, vol. 28, no. 2, pp. 459-461,
1980.

[21] E. L. Wheeler and R. E. Ferrel, “A method for phytic acid
determination in wheat and wheat fractions,” Cereal Chemistry,
vol. 48, no. 3, pp. 312-320, 1971.

[22] M. Alpaslan and M. Hayta, “Hydration properties, soymilk and

okara yield of soybean affected by agronomic factors,” Nahrung-

Food, vol. 46, no. 3, pp. 141-143, 2002.

S. H. Riaz Malik, M. Saleem, U. Igbal, M. Ashraf Zahid, A.

Bakhsh, and S. M. Igbal, “Genetic analysis of physiochemical

traits in chickpea (cicer arietinum) seeds,” International Journal

of Agriculture & Biology, 2011.

M. A. Khan, N. Akhtar, I. Ullah, and S. Jaffery, “Nutritional

evaluation of desi and kabuli chickpeas and their products

commonly consumed in Pakistan,” International Journal of Food

Sciences and Nutrition, vol. 46, no. 3, Pp. 215-223,1995.

C. Reyes-Moreno, J. Okamura-Esparza, E. Armienta-Rodelo, R.

M. Gémez-Garza, and J. Mildn-Carrillo, “Hard-to-cook phe-

nomenon in chickpeas (Cicer arietinum L): Effect of accelerated

storage on quality;” Plant Foods for Human Nutrition, vol. 55, no.

3, pp. 229-241, 2000.

G. M. JACKSON and E. VARRIANO-MARSTON, “Hard-

to-cook phenomenon in beans: effects of accelerated storage on

water absorption and cooking time,” Journal of Food Science, vol.

46,10. 3, pp. 799-803, 1981.

[27] H.J. Morris, Cooking Qualities of Dry Beans. Sixth Annual Dry

Bean Conference, Los Angeles, Calif, USA, 1963.

S. A. Alajaji and T. A. El-Adawy, “Nutritional composition

of chickpea (Cicer arietinum L.) as affected by microwave

cooking and other traditional cooking methods,” Journal of

Food Composition and Analysis, vol. 19, no. 8, pp. 806-812, 2006.

R. Mittal, H. P. S. Nagi, P. Sharma, and S. Sharma, “Effect of

processing on chemical composition and antinutritional factors

in chickpea flour,” Journal of Food Science and Engineering, vol.

2, pp. 180-186, 2012.

A. E. Mubarak, “Nutritional composition and antinutritional

factors of mung bean seeds (Phaseolus aureus) as affected by

some home traditional processes,” Food Chemistry, vol. 89, no.

4, pp. 489-495, 2005.

[31] J. O. Agbede and V. A. Aletor, “Studies of the chemical com-
position and protein quality evaluation of differently processed

(23]

(24]

(25]

[26]

(28]

(29]

(30]

Canavalia ensiformis and Mucuna pruriens seed flours,” Journal
of Food Composition and Analysis, vol. 18, no. 1, pp. 89-103, 2005.
T. A. El-Adawy, “Nutritional composition and antinutritional
factors of chickpeas (cicer arietinum L.) undergoing different
cooking methods and germination,” Plant Foods for Human
Nutrition, vol. 57, no. 1, pp. 83-97, 2002.

K. G. Kumar, L. V. Venkatraman, T. V. Jaya, and K. S. Krishna-
murthy, “Cooking characteristics of some germinated legumes:
changes in phytin, Ca**, Mg"" and pectins,” Journal Food
Science, pp. 43-85,1978.



The Scientific
y\lorld Journal

Anatomy
Research International

Advances in

Bioinformatics

International Journal of

Genomics

Enzyme
Research

International Journal of

Peptides

Hindawi

Submit your manuscripts at
www.hindawi.com

Stem Cells
International

Neuroscience
Journal

Journal of oumal of
Parasitology Research Marine Biology

Journal of

Nucleic Acids

Biochemistry
Research International

Genetics
Research International

BioMed
Research International

Archaea


https://www.hindawi.com/journals/ijz/
https://www.hindawi.com/journals/ari/
https://www.hindawi.com/journals/ijpep/
https://www.hindawi.com/journals/jpr/
https://www.hindawi.com/journals/ijg/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/abi/
https://www.hindawi.com/journals/jmb/
https://www.hindawi.com/journals/neuroscience/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/ijcb/
https://www.hindawi.com/journals/bri/
https://www.hindawi.com/journals/archaea/
https://www.hindawi.com/journals/gri/
https://www.hindawi.com/journals/av/
https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/er/
https://www.hindawi.com/journals/ijmicro/
https://www.hindawi.com/journals/jna/
https://www.hindawi.com/
https://www.hindawi.com/

