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Abstract Legumes are good source of proteins and micronutrients. Chickpea is one such preferred legume source
of protein after milk only. Development of chickpea cultivars with high concentration of zinc (Zn) and iron (Fe) is
one of the prime objective of breeding programmes. The aim of this study was to analyze chickpea seeds and
compare their biochemical properties. Biochemical characterization of 20 different chickpea seed accessions vis-a-
vis total protein, proline and antioxidant activity was carried out. Atomic absorption spectroscopy was employed to
quantify zinc and iron contents. Significant variation in biochemical composition of chickpea was noted for total
protein (144.59 mg/g), proline (15.89 mg/100g) and antioxidant activity (48.2%) in all the accessions that are tested.
The average content of Zn and Fe across these accessions was observed in a range of 0.37 and 0.91 mg respectively.
ILWC-257 contained highest Zn (0.66 mg) and Fe (2.76 mg). The overall results indicated that the chickpea seeds
exhibit different biochemical properties.

Keywords: chickpea, Fe and zn, proline

Cite This Article: Sameer S. Bhagyawant, Neha Gupta, and Nidhi Shrivastava, “Biochemical Analysis of
Chickpea Accessions vis-a-vis; Zinc, Iron, Total Protein, Proline and Antioxidant Activity.” American Journal of

Food Science and Technology, vol. 3, no. 6 (2015): 158-162. doi: 10.12691/ajfst-3-6-3.

1. Introduction

The potential health benefits of micronutrients/trace
elements and their antioxidant roles are well-known.
Micronutrients are required by organisms throughout life
in small quantities as they play important roles in
regulation of metabolism, heart-beat, cellular pH and bone
density. Micronutrients are found naturally in a variety of
plant and animal based foods. The impact of Zn and Fe for
overall growth and multifunction of cells has been widely
documented [1]. The amount of Zn and Fe from plant
sources could be as high as animal sources thus provide
health benefits. The levels of Zn and Fe in a variety of
food legume types have been reported varied [2].

Chickpea (Cicer arietinum L.) belonging to the family
Leguminosae, is one of the world’s most important pulse
crops. Chickpea seeds are nutrient-dense foods providing
rich content of protein and certain dietary minerals such as
iron and phosphorus. Thiamin, vitamin Bg, magnesium
and zinc contents are also present in the seeds at moderate
levels [2]. Chickpea seeds contain some essential amino
acids except sulphur-containing amino acids [3].
Determination of free proline levels is a useful parameter
to assess physiological status and stress of plants [4].
Chickpea in combination with other pulses and cereals
could have beneficial effects on some important human

diseases like cardio vascular diseases, type 2 diabetes and
digestive diseases [2].

The Indian Institute of Pulses Research, Kanpur, India
has more than 3000 chickpea accessions maintained in
cold module with relative humidity of 40 % (www. iipr.
res. in). The development of new cultivars with elevated
concentrations of Fe and Zn would alleviate malnutrition.
The identification of chickpea accessions rich with
micronutrients help breeders to identify donors for
targeted Zn and Fe bio-fortification. The need for more
information on Zn, Fe and total protein levels of chickpea
foods is apparent. The atomic absorption spectrometry
techniques have been applied to discriminate the metal
contents in seeds. Literature perusal suggest that the
variability of Zn, Fe and Mg found in different food crops
are analyzed by earlier workers [5,6]. Therefore, the
objective of this study was to analyse different chickpea
seeds and compare their biochemical properties.

2. Material and Methods

2.1. Seed Material

Twenty chickpea (Cicer arietinum L.) accessions were
used for analysis (Table 1). The mature and dry seed
material was obtained from Indian Institute of Pulses
Research (lIPR), Kanpur (U.P.), India under MTA
understanding.
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Table 1. Agronomic details of Cicer accessions used in the study

S.N. Accessions Agronomic characteristics
1 ILWC-257 Wild, Small seeded

2 IPC-12-12 Small seeded, wilt resistant
3 IPC-12-20 Wilt resistant

4 IPC-12-279 Small seeded and wilt resistant
5 IPC-12-28 Resistant wilt

6 IPC-12-283 Small seeded and wilt resistant
7 IPC-12-284 Wilt resistant

8 IPC-07-29 Normal seeded

9 IPC-12-11 Wilt resistant

10 IPC-12-30 Wilt resistant

11 IPC-10-137 Medium, Dwarf

12 IPC-12-82 Wilt Resistant

13 ILWC-142 Wild type

14 ICC-6816 Normal Height

15 IPC-11-83 Tall heighted

16 IPC-10-81 Medium Dwarf

17 ICCL-81248 Normal Height

18 IPC-07-28 Normal Height

19 ILWC-292 Wild type

20 ICCV-07102 Normal Height

2.2. Extraction and Estimation of Total
Protein Content

Powdered seed samples were first defatted using chilled
acetone and air dried. For total protein quantification,
about 100 mg of seed powder were homogenized with the
help of mortar and pestle using 1M Tris-Hcl buffer (pH
7.5). The resulting homogenates were centrifuged at
15000rpm for 10 minutes. Then-after supernatants were
separated into the freshly autoclaved centrifuge tubes and
supernatant is collected. The total seed protein content
was determined using BSA as a standard [7].

2.3. Extraction and Estimation of Proline
Content

Proline concentrations were determined using the rapid
colorimetric method of Bates et al. [8]. Proline was
extracted from 0.5 g of each dry seed by grinding in 10 ml
3% (v/v) sulphosalicylic acid. The mixtures were then
centrifuged at 10,000 x g for 10 min. Two ml of the
supernatant was placed in a test-tube, to which 2 ml of a
freshly prepared ninhydrin solution was added. The tubes
were incubated in a water bath at 90 °C for 30 min and the
reaction was terminated in an ice bath. Each reaction
mixture was extracted with 5 ml toluene and vortex-mixed
for 15 s. The tubes were allowed to stand for at least 20
min in the dark at room temperature to allow separation of
the toluene and aqueous phases. Each toluene phase was
then carefully collected into a clean test-tube and its
absorbance was read at 520 nm using Systronics make
UV-visible spectrophotometer. The free proline content in
each sample was determined from a standard curve using
analytical grade proline.

2.4. DPPH radical Scavenging Assay

Scavenging activity on DPPH free radicals was
assessed according to the method reported [9] with slight
modifications [10]. Briefly, 2.0 ml solution of the extract
at different concentrations diluted two fold (2-125 ug/ml)

in methanol was mixed with 1.0 ml of 0.3 mM DPPH. The
mixture was shaken vigorously and allowed to stand at
room temperature in dark for 25 min. Blank solutions
were prepared with each test sample along with negative
control. L-Ascorbic acid was used as a positive control.
Then-after, the absorbance of the assay mixture was
measured at 518 nm against each blank using Systronics
2203 UV-vis spectrophotometer. Lower absorbance of the
reaction mixture indicated higher radical-scavenging
activity.

DPPH radical-scavenging activity was calculated using
the equation;

DPPH % = (A blank — A sample) / A blank) x100

2.5. Extraction and Estimation of Zn and Fe
Contents

The micronutrients in the chickpea seeds vis-a-vis Zn
and Fe were analyzed by Atomic Absorption Spectroscopy
(AAS) by measuring absorbance of the species at its
resonance wavelengths. Briefly, the samples in the
powdered form were accurately weighed and digested in
mixture of nitric acid and perchloric acid (5:1) [11]. After
digestion few drops of concentrated HCI was added. The
solution was heated gently and then filtered. The residue
was again subjected to digestion and filtrate was collected.
The entire filtrate was diluted suitably with deionized
water. The diluted filtrate was used for analysis of Zn and
Fe in all the accessions by AAS using suitable hollow
cathode lamps. The concentration of various elements was
determined by relative method using analytical grade
solutions of elements of interest.

2.6. Statistical Analysis

All analysis was done in triplicates and the data presented
are means * S.D. of three independent determinations.
Significance was accepted at p < 0.05.

3. Result

For the present experiment, seeds were subjected for
estimation the amounts of total protein, proline, DPPH
radical scavenging activity, Zn and Fe contents. The
proximate seed composition of these biochemical
parameters investigated are represented in the form of
graph (Figure 1, Figure 2, Figure 3).

3.1. Total Protein

The protein content of different chickpea seeds is
diverse in its contents. The study revealed total proteins in
the range of 100-266 mg/g. The average content of total
protein across these accessions was observed to be 144.59
mg/g. The highest (266.4 mg) amount of total protein was
found in the accession ICP-12-28, while lowest (100.5 mg)
amount was observed in ICCV-07102. The average
content of total protein across these accessions was
observed to be 144.5 mg/g. The protein content of ILWC-
257, IPC-12-12, IPC-12-28, IPC-12-283, IPC-12-284,
IPC-12-29, |IPC-12-11, |IPC-12-30 and IPC-12-82
accessions were higher than the average value.
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Figure 2. Proline content and DPPH radical scavenging activity expressed as mean + SE (n=3)
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Figure 3. Fe and Zn content in mg/100g expressed as mean + SE (n=3)

antioxidant whose average content across the accessions
was observed to be 15.3 mg/100g. The proline content

An assorted range of proline contents in the seeds of ~ was highest in IPC-12-82 (19.4 mg) while lowest in IPC-
chickpea was observed. The proline is an important ~ 12-20 (12.2 mg). Other genotypes exhibiting proline
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content significantly above average levels were IPC-12-
279, IPC-12-28, IPC-12-283, IPC-12-284, IPC-07-29,
IPC-10-137, IPC-12-82, I1CC-6816, IPC-07-28, ILWC-
292 and ICCV-07102. Proline is known to maintain redox
metabolism by removing excess levels of ROS and re-
establishing cellular redox balance.

3.3. DPPH Radical Scavenging Activity

DPPH radical scavenging activity is a measure of non
enzymatic antioxidant activity. It was observed to be
highest in IPC-12-283 and lowest in IPC-12-12 accession.
Rest of the chickpea accessions also accounted above
average levels viz. IPC-12-20, IPC-12-28, IPC-12-283,
IPC-07-29, IPC-12-11, IPC-12-82, ICC-6816, IPC-11-83,
IPC-07-28 and ICCV-07102. High levels of DPPH radical

scavenging activity may be due to increased stress tolerance.

3.4. Zn and Fe Content

Legumes are a good source of minerals. The most
important minerals contained in chickpea are iron and zinc
etc. The average content of Zn and Fe across the accession
was observed to be 0.37 and 0.91 mg respectively. Zn and
Fe content was also observed to be higher in ILWC-257
(2.76 mg) while lower in IPC-12-11 (0.14 mg) and ILWC-
292 (0.34mg) accessions.

4. Discussion

Quantification of seed parameters is one of the
requirements for breeding programmes to aim at the
development of cultivars suitable for human consumption
and food industry. This information therefore, can be
useful for selecting the donor parents. The objective of
quality evaluation programmes is to identify the
germplasm with superior quality for inclusion and also for
the exclusion of germplasm of inferior quality. In the
present study, seeds of chickpea cultivars contain
considerable amount of proline and micronutrients.
Abiotic stress tolerance of chickpea genotypes depends
upon antioxidant potential and nutritional quality of seeds.
Proline has also been reported to protect and stabilize
reactive oxygen species (ROS) scavenging enzymes and
activate alternative detoxification pathways in plants [12].
Studies carried out by Kour et al. [12] revealed that
chickpea genotypes which performed better under water
deficit conditions had higher levels of proline content as
compared to those which could not resist stress conditions
[13]. The relation between higher levels of seed proline
and stress tolerance of the plant could be supported by the
fact that proline accumulation in roots occurs due to its
translocation from the endosperm during germination
under stress conditions [12,14].

Immune systems weakened by a lack of micronutrients
puts children at increased risk of illness. About 3000
million people are afflicted with malnutrition which
induces adverse metabolic disturbances. Micronutrient
deficiencies which affect over two billion people around
the globe today, are the leading cause of mental
retardation, preventable blindness and death during
childbirth. Zinc plays a fundamental role in protein

metabolism, gene expression and bio-membranes integrity.

It is also involved in maintaining the balance of ROS

production and its subsequent scavenging activities in
plants [15]. Zinc and iron deficiencies therefore constitute
global challenge. According to world health organization,
deficiencies in zinc and iron are responsible for overall
poor health, anemia and increased mortality rates for the
human population in developing countries [16]. Therefore,
identification of food legumes like chickpea rich in these
micronutrients would be beneficial for a healthy living
[17].

Most plants grow by absorbing nutrients from the soil.
Their ability to do this depends on the nature of the soil. In
plants, iron and zinc participates in chlorophyll formation
and also activates many enzymes. Sources of iron are soil,
iron sulfate, iron chelate while sources of zinc includes
soil, zinc oxide, zinc sulfate, zinc chelate. The deficiency
of these micronutrient otherwise results in chlorosis and
stunted growth. Depending on its location a soil contains
some combination of sand, silt, clay and organic matter.
Sixteen chemical elements are known to be important to a
plant's growth and survival. The sixteen chemical
elements are divided into two main groups: non-mineral
and mineral. The non-mineral nutrients are hydrogen (H),
oxygen (O) and carbon (C). The 13 mineral nutrients
which come from the soil are dissolved in water and
absorbed through a plant's roots. There is not always
enough of these nutrients available in the soil for a plant to
grow healthy. That is why many farmers and gardeners
use fertilizers to provide external supplement of these
nutrients to the soil [18,19].

The mineral nutrients are divided into two groups:
macronutrients and micronutrients. Macronutrients can be
broken into two more groups: primary and secondary
nutrients. The primary nutrients are nitrogen (N),
phosphorus (P) and potassium (K). These major nutrients
usually are lacking from the soil first because plants use
large amounts for their growth and survival. The
secondary nutrients are calcium (Ca), magnesium (Mg)
and sulfur (S).There are usually enough of these nutrients
in the soil so fertilization is not always needed.
Micronutrients are essential for plant growth needed in
micro quantities. The micronutrients are boron (B), copper
(Cu), iron (Fe), chloride (Cl), manganese (Mn),
molybdenum (Mo) and zinc (Zn). Recycling of organic
matter such as grass clippings and tree leaves are an
excellent ways of providing micronutrients as well as
macronutrients to growing plants [18,19].

A plant accumulates and produces these micronutrients,
vitamins and other organic compounds as a by-product of
secondary metabolism. Among the 49 essential nutrients
for sustaining human life, 16 are mineral (Seven macronutrients
and nine micronutrients) and 13 are vitamins. Only two
vitamins, B12 and D are not present in plants [20,21]. We
also note the existence of other compounds, often named
“phytochemicals” with putative health benefits such as
antioxidant and protective characteristics [22]. The present
results showed that presence of micronutrients, antioxidant
activities in chickpea accessions can extend the guidelines
in developing the cultivars with high Fe and Zn contents.

5. Conclusion

Micronutrients are nature’s wonder drug and they are
remarkably cheap when added to the existing food supply.
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Such seed analysis may address gaps in the cultivar
development. The chickpea accession ILWC-257 contained
reasonable amounts of Fe and Zn amongst all the
accessions that are tested and hence promising.

Conflicts of Interest Statement

Authors declare that the work carried out by them is
original and have no conflict of interests.

References

[1]

[2]

(3]

(4]

[5]

(6]

[7]

(8]

[°]

Brown, K. H., Peerson, J. M., Rivera, J. & Allen, L., Effect of
supplemental zinc on the growth and serum zinc concentrations of
prepubertal children: a meta-analysis of randomized controlled
trials, American Journal of Clinical Nutrition, 75(6), 1062-71,
2002.

Khatoon, N. & Prakash, J., Nutritional quality of microwave-
cooked and pressure-cooked legumes, Int J Food Sci Nutrition,
55(6), 441-448, 2004.

Jukanti, A. K., Gaur, P. M., Gowda, C. L. & Chibbar, R. N,
Nutritional quality and health benefits of chickpea (Cicer
arietinum L.): a review, Br J Nutrition, 108, 11-26, 2012.

Marin, J.A., Andreu, P., Carrasco, A. & Arbeloa, A,
Determination of proline concentration, an abiotic stress marker,
in root exudates of excised root cultures of fruit tree rootstocks
under salt stress, Revue des RégionsArides — Numéro special, 24,
722-727, 2010.

Oury, F. X., Leenhardt, F., Balfourier, F. & Charmet, G., Genetic
variability and stability of grain magnesium, zinc and iron
concentrations in bread wheat, Eur. J. Agronomy, 25, 177-185,
2006.

Umran, H., Canan, O., Sermin, C., Ali, O. & Serap, F. E., Major-
minor element analysis in some plant seeds consumed as feed in
Turkey, Natural Science, 4(5), 298-303, 2012.

Lowry, O. H., Rosebrough, N. J., Farr, A. L. and Randall, R. J.,
Protein measurement with the Phenol Reagent, J. Biol. Chemistry,
193, 265-275. 1951

Bates, L., Waldren, R. P. & Teare, |. D., Rapid determination of
free proline for water-stress studies, Plant and Soil, 39, 205-207,
1973.

Awah, F. M., Uzoegwu, P. N., Oyugi, J. O., Rutherford, J., Ifeonu,
P. & Yao, X. Free radical scavenging activity and

[10]

[11]
[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[21]

[22]

immunomodulatory effect of Stachytarpheta angustifolia leaf
extract, Food Chemistry, 119, 1409-1416, 2010.

Gyamfi, M. A., Yonamine, M., & Aniya, Y., Free-radical
scavenging action of medicinal herbs from Ghana: Thonningia
sanguinea on experimentally-induced liver injuries, General
Pharmacology, 32, 661-667, 1999.

Herber, R.F.M. & Stoeppler, M.: Eds. Trace Element Analysis in
Biological Specimens, Elsevier, New York 1994.

Kaur, K., Kaur, N., Gupta, A. K., and Singh I., Exploration of the
antioxidative defense system to characterize chickpea genotypes
showing differential response towards water deficit conditions,
Plant Growth Regul, 70; 49-60, 2013.

Khedr, A. H., Abbas, M. A., Wahid, A. A., Quick, W. P. &
Abogadallah, G. M., Proline induces the expression of salt-stress-
responsive proteins and may improve the adaptation of Pancratium
maritimum L. to salt-stress, J Exp Bot., 54, 2553-2562, 2003.
Raymond, M. J. & Smirnoff, N., Proline Metabolism and
Transport in Maize Seedlings at Low Water Potential, Ann Bot, 89,
813-823, 2002.

Marshner, H., Mineral Nutrition of Higher Plants, 2nd edn.
Academic Press, London, 889 1995.

Peleg, Z., Saranga, Y., Yazici, A., Fahima, T., Ozturk, L. &
Cakmak, 1., Grain zinc, iron and protein concentrations and zinc-
efficiency in wild emmer wheat under contrasting irrigation
regimes, Plant Soil, 306, 57-67, 2008.

Kaur, N., Kumar, A., Kaur, K., Kaur, S., Gupta, A. K. & Singh, 1.,
Antioxidant Enzymes and DPPH-Radical Scavenging Activity in
Chilled and Heat-Shocked Rice (Oryza sativa L.) Seedlings
Radicles, Proc. Natl. Acad. Sci, 85(2), 615-623, 2015.

Asher, C.J. Beneficial elements, functional elements and possible
new essential elements, In: Micronutrient in Agriculture 2™ Ed.
Soil Science Society of America, Inc. Madison, WI, USA 703-723,
1991.

Bressani, R. & Elias, L.G., Nutritional value of legume crops for
human and animals. Advances in legume Science (Summerfield,
R.J. and Bunting, AH Eds.) Royal Botanic Gardens, Kew. P. 135,
1980.

Louis, G., Stéphane, M. & Wolfgang, S., Iron in seeds — loading
pathways and subcellular localization, Frontiers in Plant Science
Plant Nutrition, 4, 535, 2014.

Kumar, O. A., & Tata, S. S., SDS-PAGE Seed Storage Protein
Profiles in Chili Peppers (Capsicum L.), Notulae Scientia
Biologicae, 2(3), 86-90, 2010.

El-Adawy, T. A., Nutritional composition and antinutritional
factors of chickpeas (Cicer arietinum L.) undergoing different
cooking methods and germination, Plant Foods for Human Nutr,
57(1), 83-97, 2002.



