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Mineral Composition of Some Kabuli Chickpea
(Cicer arietinum L.) Cultivars Leaves
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In this paper, the leaf mineral concentrations of ten
nationally registered Kabuli type chickpea cultivars were
characterized. Young, fully expanded leaves (fourth thorough
seventh nodes from apex) were harvested at both early (30 d
after emergence) and late (55 d after emergence) vegetative
stages. The leaves were dried, ashed and analyzed for mineral
concentrations. In general, N, P, K, Ca, Fe, Mn and Zn contents
of chickpea plants were higher than those of common leafy
vegetables such as spinach, radish, pepper, lettuce, cabbage,
broccoli and celery. No major differences were observed in
leaf mineral concentrations among the Kabuli type chickpea
cultivars. Mineral concentrations were generally lower in
leaves collected at the later harvest date except for P content
of plants. Overall, chickpea leaves were found to be a good
source of several minerals required for humans. Most of these
leaf mineral contents significantly exceed those previously
reported for common leafy vegetables.

Key Words: Macro, Micro mineral contents, Nutritional
value, Chickpea.

INTRODUCTION

Chickpea is a legume which is widely consumed throughout the world.
According to the size, shape and colour of seed, two biotypes are usually
acknowledged. The Kabuli type chickpea, characterized by large seeds with
a salmon-white testa, is mainly grown in the Mediterranean area, the Near
East, Central Asia and America.The Desi type chickpea, characterized by
small seeds with a coloured testa, is grown in India and East Africa1. It is
generally accepted that the Kabuli type was derived from the Desi type
through a mutation followed by conscious selection2. Moreover, a poly-
morphism has been reported between Cicer arietinum and its wild relative
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Cicer reticulatum3. Elsewhere, major environmental influences have often
caused genotype-environmental interactions4,5, yet the differences among
cultivars are less pronounced than those due to cultivation in different agro-
climatic regions6. Thus, genetic and biotype differences in chemical com-
position must be evaluated while excluding the agroclimatic effect. For
instance, Dodd et al.7 found great variations in mineral content due to the
effect of the growing location. Differences have also been reported in the Cu
and Zn contents for both biotypes due to the effects of their location8,9.

In several developing countries, chickpea serves as a stable food for
humans and can account for a significant proportion of daily caloric and
nutrient intake10. Unfortunately, malnutrition and micronutrient deficiencies
are prevalent in many chickpea-consuming regions11, even though chickpea
seeds are a good source of protein and can provide several essential minerals12.
The nutritional problems stem from inadequate overall food intake, along
with a low density of micronutrient minerals within the diet. New sources
of nutrient-dense foods would be helpful, therefore, in the effort to alleviate
these problems13-16.

Although chickpea is predominantly consumed as a seed food, young
leaves of the plant are also cooked and consumed as a vegetable green in
India and Nepal17,18. Green vegetables rich in vitamins, minerals and various
health-beneficial phytochemicals can play an important complementary
role in an otherwise nutrient-incomplete diet19. For chickpea leaves, data
on leaf mineral concentrations are limited17-19, however, available reports
on Fe, Zn and Cu suggest that this food could be a good source of these
minerals. More information is needed on the concentrations of all nutrients
essential to humans that are present in chickpea leaves and whether certain
types and/or cultivars of chickpea might be more nutritious than others.

The aim of this study was to evaluate leaf mineral concentrations and
differences in mineral composition of ten Kabuli type chickpea cultivars
grown under the same environmental agronomic conditions in Turkey and
to evaluate nutritional value of this food relative to other green vegetables.

EXPERIMENTAL

This study was carried out of the experimental farm of Atatürk University,
Erzurum at Eastern Anatolia (29º 55'N and 41º 16'E at an altitude of 1850
m a.s.l), Turkey in 2005 using ten nationally registered Kabuli type chickpea
cultivars (Cicer arietinum L. cvs. Aziziye-94, Akçin-91, Aydin-92, Küsmen-
99, Gökçe, Diyar-95, Izmir-92, Damla-89, Canitez-87, Iliç 482). The an-
nual precipitation was 384.0 mm in 2004-2005.

The experimental soil was a sandy loam with organic matter content
between 1.68 and 1.87 % and lime content between 0.34 and 0.66 % (pH =
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6.36-6.62). Available P2O5 content ranged between 87 and 119 kg ha-1 and
K2O content between 1422 and 1596 kg ha-1. The experimental field
received 40 kg N ha-1 in ammonium sulphate form and 60 kg P2O5 ha-1 in
triple super phosphate form. The experimental design was randomized com-
plete blocks with three replications. Each cultivar was planted by hand
plots having 6 rows of 5 m length with 30 cm inter row spacing so as to
give 40 seeds per m2 on May 7, 2005.

Plant sampling and tissue analysis:  Twenty young, fully expanded
leaves (forth through seventh nodes from the apex of the main stem) were
harvested for chemical analysis from each plot (i.e., a total 60 leaves per
plant cultivar) at early (30 d after emergence) and late vegetative stages
(55 d after emergence, just prior to the initiation of flowering). The leaves
were dried at 68 °C for 48 h.

Moisture content was determined gravimetrically by using fresh and
dry weights of the plant material. Plant ash was determined by burning the
material at 550 ºC. Ten fresh leaf materials were mixed with 50 mL deionized
water and the volume was made up to 100 mL. After 12 h at 25 ºC, it was
filtered and than extracting suspension was measured by pH meter. Total
nitrogen was determined using the micro-Kjeldahl method20. Protein contents
of plant species were determined21 by multiplying N contents by a coefficient
of 6.25.

Plants samples were washed to remove soil using deionized water. Plants
samples were oven-dried at 68 ºC for 48 h and ground to pass 1 mm. The
Kjeldahl method20 and a Vapodest 10 Rapid Kjeldahl Distillation Unit
(Gerhardt, Germany) were used to determine total N. Phosphorus and S
contents were determined after wet digestion using a HNO3-HClO4 acid
mixture (4:1 v/v). Phosphorus in the extraction solution was measured spectro-
photometrically using the indophenol-blue and ascorbic acid method and a
UV/Vis Aqumat Spectrophotometer (Thermo Electron Spectroscopy LTD,
Cambridge, UK). K, Na, Ca and Mg, Fe, Mn, Zn and Cu were determined
after wet digestion using a HNO3-HClO4 acid mixture (4:1 v/v). In the
diluted digests, K, Na, Ca, Mg, Fe, Mn, Zn and Cu analysis were deter-
mined by atomic absorption spectrometry (Perkin Elmer 3690).

Statistical analysis: Statistical analyses were done using SAS statistical
software22.

RESULTS AND DISCUSSION

Mineral concentrations were determined in leaf samples (fourth through
seventh nodes from the shoot apex) from ten Kabuli chickpea cultivars
collected at early (30 d after emergence) and late vegetative stages (55 d
after emergence).
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Nitrogen and protein contents and pH of cultivars are given in Table-1.
Nitrogen, protein and pH varied by plant cultivars and by harvest date. pH
was the highest in the Damla-89 variety (6.14) and the lowest in Aziziye-94
(5.19) cultivars. Within each harvest date, few differences in mean pH
degree were observed between chickpea cultivars. The chickpea cultivars
harvested at early vegetative stage had higher pH values, as compared with
the cultivars harvested at late vegetative stage.

Aziziye-94 had the highest ash (16.14 %) and moisture (5.13 %) content
(Table-2) while Damla-89 had the lowest values (14.24 and 4.55 %,
respectively). Ash contents of chickpea cultivars harvested at early vegeta-
tive stage were lower than cultivars harvested at late vegetative stage. This
may be because moisture contents of chickpea cultivars harvested at early
vegetative stage were higher than cultivars harvested at late vegetative stage.

Nitrogen and protein: Nitrogen and protein contents (Table-1) were
the highest in Aziziye-94 and the lowest in Izmir-92. When compared with
vegetative stage, chickpea cultivars harvested at late vegetative stage had
higher N and protein contents.

Phosphorus: Phosphorus content among the various chickpea cultivars
and harvest date was variable (Table-2). Phosphorus content was the highest
in Aziziye-94 (150.46 mg 100 g-1) and the lowest in Canitez-87 (132.29
mg 100 g-1).

Potassium: Potassium content was the highest in Aziziye-94 (852 mg
100 g-1) and the lowest in Iliç-482 (719 mg 100 g-1).

Sulphur: Sulphur content among the various plant cultivars and harvest
date was fairly variable. Sulphur content was the highest in Aziziye-94
(70.08 mg 100 g-1) and the lowest in Iliç 482 (39.40 mg 100 g-1).

Calcium: Calcium values of the cultivars ranged between 350 mg 100
g-1 (Aziziye-94) and 272 mg 100 g-1 (Izmir-92).

Magnesium: The highest and the lowest magnesium contents were
found in Aziziye-94 (101.72 mg 100 g-1) and Diyar-95 (79.11 mg 100 g-1),
respectively.

Sodium: Sodium content significantly changed among the chickpea
cultivars. The lowest (0.89 mg 100 g-1) and the highest (1.94 mg 100 g-1)
Na contents were determined in Izmir-92 and Aziziye-94, respectively.

Micro nutrients: Aziziye-94 had the highest Fe (3.09 mg 100 g-1), Mn
(1.22 mg 100 g-1), Zn (2.44 mg 100 g-1) and Cu (0.8 mg 100 g-1) contents.
The lowest Fe (1.46 mg 100 g-1) and Cu (0.05 mg mg 100 g-1) contents
were determined in Diyar-95 and the lowest Mn (0.91 mg 100 g-1) and Zn
(1.07 mg 100 g-1) contents were observed in Iliç 482 (Table-2).
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Most of the cultivars analyzed in the present study were found to contain
significant quantities of variety of essential nutrients. The highest macro
and micro element contents were observed in Aziziye-94 cultivar. Across
the two harvest dates and within each chickpea cultivars, mineral concen-
trations were generally lower in leaves collected at the late vegetative stage.
Exceptions to this tendency were seen for Ca and P. It should be stressed
that leaves at each harvest were collected from the forth through seventh
nodes (from the shoot apex) and thus a different population of leaves was
collected at day 55 relative to day 30. Plants were much bigger at day 55
and it is possible that the partioning of root-absorbed nutrients through the
larger shoot mass of older plants may have let to a lower overall delivery of
nutrients to the terminal leaves.

Ten Kabuli chickpea cultivars were grown under the same environ-
mental conditions in order to characterize the mineral nutritional value
leaves as food source for humans. Although variation was observed in mineral
concentrations among the harvest date, no major differences were seen
between the plant cultivars. The concentrations observed for all minerals
in this study were within the acceptable ranges reported for mature leaves
from other species23,24. Because the focus of this study was on chickpea
leaves as a food sources, we were interested in assessing their nutritional
value relative to other leafy vegetables. Data obtained from chickpea plants
show that they had a very high nutritional potential and their mineral content
was greater than that of some leafy vegetables presented in Table-3. The
chickpea plants may offer a good nutritional potential. Compared with some
leafy vegetables, in general chickpea plant mineral content was higher than
those of some culture plants such as spinach, radish, pepper, lettuce, cab-
bage, broccoli and celery (Table-3).

TABLE-3 
MINERAL CONTENTS OF SOME SELECTED CULTIVATED VEGETABLES28 

N P K Ca Mg Fe Cu Zn Mn 
Species 

Protein  
(g 100/g) mg 100/g fresh weight 

Spinach 2.2 0.35 49 558 160 79 2.6 0.10 0.5 0.9 
Radish 3.5 0.57 44 370 100 26 3.8 0.11 0.5 0.5 
Pepper 5.5 0.46 80 220 30 24 1.2 0.14 0.4 0.5 
Lettuce 0.8 0.13 28 220 28 6 0.7 0.01 0.2 0.3 
Cabbage 1.0 0.16 25 246 47 14 0.6 0.01 0.3 0.2 
Broccoli 3.1 0.50 57 170 40 13 1.0 0.12 0.4 0.2 
Celery 0.9 0.15 63 330 40 63 0.7 0.11 0.3 0.1 
Asparagus 1.6 0.26 50 220 25 13 0.6 0.08 0.1 0.2 
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For instance, calcium, which is important for bone growth and muscle
strengthen, was most abundant in Aziziye-94 cultivars leaves. Considering
that the daily requirement of calcium is 1200 mg, one modest serving
chickpea leaves (ca. 10 g) per day would more than satisfy a daily calcium
requirement25.

Iron is required for hemoglobin formation. Anaemia, due to hookworms
and iron deficiency, is a widespread problem. Similarly, zinc, a trace mineral
that is especially important for the normal functioning of the immune system,
was relatively abundant in Kabuli chickpea cultivars leaves.

Many people living in Anatolia rely almost exclusively on farming and
gathering and therefore are generally vegetarians. As in many vegetarian
diets, protein quality and quantity are major concerns. Most plants contain
incomplete proteins, but eating a combination different plant food (nutrient
supplementation) can insure a supply of complete proteins. Lack of
adequate protein, either in quality or quantity contributes to low body mass,
growth retardation in children and infancy which developmental problems
during pregnancy. The average adult requires ca. 0.8 g of protein per kg of
lean body mass per day to maintain normal function; so, a 70 kg person
needs ca. 56 g of protein a day.

Conclusion

The present study reveals that young leaves of several tested cultivars
of Kabuli chickpea can contain high levels of N, P, K, Ca, Fe, Mn and Zn,
comparing favourably with other common leafy vegetables. Thus, chickpea
leaves show great promise as a dietary source of several human essential
minerals, especially for populations where malnutrition and micronutrient
deficiencies are prevalent26,27. In general, N, P, K, Ca, Fe, Mn and Zn contents
of chickpea plants were higher than spinach, radish, pepper, lettuce, cabbage,
broccoli and celery vegetables. It is very important that chickpea plants are
the least expensive sources for a number of nutrients and provide macro
and micro minerals.

REFERENCES
1. J. Gil and J.I. Cubero, Plant Breeding, 111, 257 (1993).
2. S. Jana and K.B. Singh, Crop Sci., 33, 626 (1993).
3. S.M. Udapa, A. Sharma, R.P. Sharma and R.A. Pai, J. Plant Biochem. Biotechnol., 2,

83 (1993).
4. G.L. Hosfield, Food Technol., 9, 98 (1991).
5. K.B. Singh, G. Bejiga and R.S. Malhotra, J. Sci. Food Agric., 63, 87 (1993).
6. R.S. Attia, A.M. El-Tabey, M.E. Aman and M.A. Hamza, Food Chem., 50, 125 (1994).
7. N.K. Dodd and P. Pushpamma, Indian J. Agric. Sci., 50, 139 (1980).
8. R. Jambunathan and U. Singh, J. Agric. Food Chem., 29, 1091 (1980).
9. M.V. Ibanez, F. Rincon, M. Amaro and B. Martinez, Food Chem., 63, 55 (1998).
10. F.J. Muehlbauer, in eds.: J. Janick and J.E. Simon, Food and Grain Legumes, in New

Crops,  Wiley, New York, pp. 256-265 (1993).

Vol. 20, No. 4 (2008) Mineral Composition of Kabuli Chickpea Leaves  2699



11. FAO: The State of Food Insecurity in the world. Food and Agriculture Organisation of
the United Nations, Rome (2000).

12. P.B. Geil and J.W. Anderson, J. Am. Coll. Nutr., 13, 549 (1994).
13. M.A. Grusak and D. DellaPenna, Ann. Rev. Plant Physiol. Plant Mol. Biol., 50, 133

(1999).
14. H.E. Bouis, R.D. Graham and R.M. Welch, Food Nutr. Bull., 21, 374 (2000).
15. E. Frossard, M. Bucher, F. Mavhler, A. Mozafar and R. Hurrell, J. Sci. Food Agric., 80,

861 (2000).
16. M.A. Grusak, J. Am. Coll. Nutr., 21, 178 (2002).
17. C.P. Awasthi and P.K. Tandan, Prog. Hort., 19, 207 (1987).
18. P. Pushpamma, in eds.: M.C. Saxena and K.B. Singh, Utilization of Chickpea, The

Chickpea, Wallingford, Oxon, CAB International, pp. 357-368 (1987).
19. V.V. Agte, K.V. Tarwadi, S. Mengale and S.A. Chiplonkar, J. Food Compos. Anal., 13,

885 (2000).
20. AOAC: Association of Official Analytical Chemists-International, Official Methods

of Analysis, AOAC-Int., Arlington, VA, edn. 15 (1990).
21. A.L. Frank, Basic Food Chemistry, Westport: The Avi Publishing Company Inc. (1975).
22. Institute SAS, SAS Users guide. SAS Institute, Cary, N.C. (1982).
23. H. Marschner, Mineral Nutrition of Higher Plants, Acadenmic Press, edn. 2 (1995).
24. H.A. Mills and J.J.B. Jones, Plant Analysis Handbook II, Micro Macro Publishing,

Jefferson City, M.O. (1996).
25. National Research Council, Food and Nutrition Board, Recommended Dietary Allow-

ances, Washington, DC: National Academy of Sciences, edn. 10 (1989).
26. M. Ali and S.C.S. Tsou, Food Policy, 22, 17 (1997).
27 H. Ibrikci, J.B. Sharon, L. Kenewtson and A.G. Micheal, J. Sci. Food Agric., 83, 945

(2003).
28. L. Holland, D. Unwin and D.H. Buss, Fruit and Nuts the Composition of Food the

Royal Society of Chemistry and Ministry of Agriculture, Fisheries and Food (1992).

(Received: 30 April 2007;          Accepted: 3 January 2008)           AJC-6168

2700  Turan et al. Asian J. Chem.

EUROPACT 2008 1ST EUROPEAN CONFERENCE ON
PROCESS ANALYTICS AND CONTROL TECHNOLOGY

22 — 25  APRIL  2008

FRANKFURT AM MAIN, GERMANY

Contact:
Natalie Driscoll, CPACT, University of Strathclyde,
R6.16 Colville building 48 North Portland Street,
Glasgow G1 1XN, UK.
Tel:+44-141-548-4836, Fax:+44-141-548-4713,
E-mail:natalie.driscoll@strath.ac.uk,
Website: http://events.dechema.de/EuroPACT_2008.html


