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In this study, the effects of different processing ways such as roasting, soaking and
boiling on heavy metal, macro and micro element contents of chickpea grains were
investigated. P and K amounts of raw (control) and processed chickpea seeds were mea-
sured between 59.20 (Boiled chickpea) and 4238.69 mg/kg (control) to 600.77 (Boiled
chickpea water) and 7883.69 mg/kg (Dry roasted chickpea), respectively. Fe and Mn
amounts of raw (control) and processed chickpea seeds were recorded between 0.59
(Soaked chickpea water) and 58.87 mg/kg (Dry roasted chickpea) to 0.63 (Boiled chick-
pea water) and 27.04 mg/kg (Dry roasted chickpea), respectively. Al ve As contents of
raw and processed chickpea seeds were measured between 0.75 ug/g (Boiled chickpea
water) and 17.81 (control) to 3.93 (Boiled chickpea) and 9.50 pg/g (Dry roasted chick-
pea), respectively. In addition, Pb amounts of chickpea seeds were determined between
0.188 (Boiled chickpea) and 0.928 ug/g (Dry roasted chickpea).
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Introduction

Chickpea (Cicer arietinum L; Leguminosae family) as Gar-
banzo bean or Bengal gram is one of the most consumed
legumes in the World, and it grows mainly in tropical and
subtropical regions (Lev-Yadun et al., 2000; Alajaji and El-
Adawy, 2006; Ozcan et al., 2013). Legumes, which play an
important role in the agricultural sector, contribute a lot to
nutrition and are an important food source for many peop-
le in developed and developing countries (Kamchan et al.,
2004; Jukanti et al., 2012; Bulbula and Urga, 2018). In ad-
dition to being an important and cheap source of legume
protein that can be used instead of animal protein, chickpe-
as grown in many parts of the world also contain significant
amounts of leucine, isoleucine, lycine, cystine and phenyl-
alanine, methionine, tryptophane and valine, especially
histidine, which is very important for the development of
children (Akgin). 1988; Lev-Yadun et al. 2000; Alajaji and
El-Adawy, 2006). The chemical properties of chickpeas, len-
tils and mung beans is affected during long-term cooking,
and some essential amino acids and other nutritional values
are significantly reduced (Chau et al., 1997). Like other le-
gumes, chickpea seeds are exposed to one of the processes
of soaking, sprouting, boiling, roasting, frying, steaming, so
that the anti-nutritive factors in its structure are eliminated
and the digestibility of chickpea seeds is increased and of-
fered for consumption (Chau et al., 1997, Wang et al., 1997,
Vijayakumari et al., 1998). However, cooking leads to signi-
ficant losses in the soluble components of foods, especial-
ly vitamins and minerals (Barampama and Simard, 1995).
Chickpeas such as other legumes provide essential vitamins
and minerals for the grain-based daily diet of millions of
people in many parts of the world. (Cabrera et al., 2003; Du-
han et al., 1999). The use of chickpea grains for human nut-
rition has a long history and is consumed in different ways as
green vegetables, soaked and roasted, boiled seeds and sau-
ces (Abebe et al., 2006). Chickpeas, one of the plant foods
that have an important place in human nutrition, are cooked
in various ways depending on traditional practices and taste
preferences (Attia, 1994; Huisman and Van Der Poel, 1994;
Clemente et al., 1998). The objective of present study was
to examine the effects of different processing ways such as
roasting, soaking and boiling on heavy metal, macro and mi-
cro element contents of chickpea grains.

Material and methods

Material

Chickpea seeds (Cicer arietinum L.) were obtained as dry
seeds from a local farmer producing chickpeas in Konya
during the 2022 harvest season. The shriveled, broken,
moldy seeds and foreign matter in the chickpeas have been
removed. Chickpea seeds were classified as larger than
8 mm and smaller than 10 mm (8<chickpea seeds>10mm),
and it was manually mixed homogeneously with chickpeas
separated in each size.

Method

Boiling

After adding the chickpea seeds to a pot containing 1:4
(w/v) tap water, they were cooked at 100 °C (after starting
to boil) until they soften (50 min).

Soaking
Cleaned and sorted chickpea seeds were soaked in tap

water at a ratio of 1:3 (w/v) for 12 hours until easily crus-
hed between fingers. Each group consisted of 1 kg and was
made in three repetitions.

Dry roasting

The cleaned chickpea seeds were roasted in a traditional
oven at 210 oC for 105 minutes. After roasting, it was co-
oled in a desiccator.

Soaked and roasted process

After the cleaned chickpea seeds were soaked in tap water
at a ratio of 1:3 (w/v) for 12 hours, the water droplets on
the surface of the chickpeas were dried with a clean cloth.
Softened chickpeas were roasted in an oven at 210 °C for
10 minutes.

Boiled and roasted process
After the chickpea grains were cooked in a pot containing
1:4 (w/v) at 100 °C/50 min, boiled seeds were roasted in
oven at 210 °C for 10 minutes.

Soaking and boiling waters

After the chickpea grains were cooked in a pot containing
1:4 (w/v) at 100 °C/50 ml, and soaked in a pot containing
1:3 (w/v) for 12 h, water remaining in the pot at each treat-
ment sample was taken for analysis. The dissolved sub-
stances that settled to the bottom of the boiling water were
homogenized in a shaking mixer to ensure homogeneous
mixing in the liquid for analysis.

Moisture content
The amounts of moisture in chickpea samples were detec-

ted at 105 °C using an oven (hot air) up to constant weight
(AOAC, 1990).

Protein contents

Nitrogen (N) content was determined by Kjeldhal appa-
ratus and crude protein was calculated utilizing 5.75 as N
conversion factor for legume protein (AOAC, 1990).

Macro-, micro and heavy metal analysis

of chickpea samples

0.2 g chickpea sample was burned in a microwave device
((CEM Mars X press 6 One Touch Modeli USA) at 210 °C
and under 200 PSI pressure by adding 5 ml of concentrated
HNO, and 2 ml of H,0, (30% w/v). A 40-cell microwave
was used to ensure the reliability of the analysis. After the
volumes of the dissolved samples were made up to 20 ml
with deionized water, the heavy metal concentrations in
the samples were analyzed by Inductively coupled plasma
optical emission spectrometry (ICP-OES; Agilent-5110)
equipment (Tosic et al., 2015).

Se analysis of samples

After the volumes of the dissolved samples were filled to
30 ml with deionized water for Se analysis, the selenium
concentration in the samples was measured with the ICP-
OES device to which the ETC-60 (Electro Thermal Tem-
perature Controller) and HS 60 (Hydride) device were
connected. First, 10 ml of sample is taken and after being
treated with 10 ml of hydrochloric acid, the Se (+ VI) form
is reduced to the Se (+ I'V) form by keeping it in a water
bath at 90 °C for 20 minutes. Then, Se measurements are
made by installing a hydride generator in front of the sam-
ple inlet system of the ICP-OES device.
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Statistical analysis

The JMP statistical program (JMP, SAS Institute, Cary,
NC) was applied for the statistical analysis of the obtained
data. Samples were taken in three groups and each group
was analyzed in three replicates. Statistically significant
difference (p<0.01) in all data was determined by analysis
of variance (ANOVA) procedure (Savasli et al., 2019).

Results and discussion

Some chemical properties and macro element
contents of raw and processed chickpea seeds and
soaking and boiling waters

In this study, the effects of roasting, boiling and soaking
on some chemical properties, macro-, micro element and
heavy metal amounts of chickpeas were investigated. In
addition, the amounts of these parameters passed into
the soaking and boiling water were also determined. Mo-
isture, protein and macro element contents of chickpeas
processed with different processes are shown in Table 1.
Significant differences were observed in moisture, protein
and macro element contents of boiled, soaked and roas-
ted chickpeas. As a result of the applied heat treatment,
in addition to the change in the moisture content of the
chickpeas, differences were also observed in the element
contents. In addition, the protein contents in the boiling
and soaking waters of chickpeas were found low compa-
red to protein results of other samples. Also, the total ni-
trogen and macro element contents of boiled and soaked
chickpeas decreased significantly low compared to protein
results of other samples. While the moisture amounts of
chickpea samples change to be between 3.54% (dry roas-
ted chickpea), the crude protein amounts of raw (control)
and processed chickpea seeds were determined between
9.02% (Boiled Chickpea) and 16.98% (control). It was ob-
served that the crude protein content of processed chick-
peas decreased significantly compared to the control. P
and K amounts of raw (control) and processed chickpea
seeds were measured between 59.20 (Boiled chickpea) and
4238.69 mg/kg (control) to 600.77 (Boiled chickpea water)
and 7883.69 mg/kg (Dry roasted chickpea), respectively.
Also, while Ca amounts of chickpea seeds are determined
between 73.29 (Boiled chickpea water) and 1531.80 mg/
kg (control), Mg contents of raw (control) and processed
chickpea varied between 61.86 (Soaked chickpea water)
and 2091.46 mg/kg (control). In addition, S amounts of
chickpea samples changed between 62.00 (Soaked chick-
pea water) and 1635.82 mg/kg (Dry roasted chickpea). The

lowest P, K and Ca were determined in boiled chickpea
sample. Moisture, crude protein, total nitrogen and macro
element contents of chickpea samples showed statistical-
ly significant differences when compared to the control
(p<0.01). It was observed that the macro element contents
of chickpeas exposed to the process decreased at different
levels (except for S) when compared to the control. The
reason for this decrease is probably due to the temperatu-
re and duration of soaking, roasting and boiling water, as
well as the freedom of oscillation of the elements in the tis-
sue. It was observed that the protein content of boiling and
soaking waters was at the lowest levels when compared to
the control and other processed chickpeas (except water
samples). Total protein and Non-protein nitrogen contents
of raw and boiling cooking chickpeas were 23.64 and 1.82,
23.21 and 1.42 g/100g, respectively (Alajaji and El-Ada-
wy, 2006). The ranges for Moisture content, crude protein
were 5.9-9.4% and 13.8-16.7%, respectively (Bulbula and
Urga, 2018). The chickpea seeds contained 19.47-21.27%
(dw) proteins (Daur et al. (2008). Protein contents of
chickpea seeds were found between 14.9 and 30.6% (dw)
crude protein (Chavan et al., 1986). The protein contents
of the total dry seed mass and dehull chickpea seeds sig-
nificantly varied between 17 and 22% to 25.3 and 28.9%,
respectively (Sanchez-Vioque et al., 1999). Among the mi-
nerals, potassium was highest (6435.2-8231.7 mg kg™') fol-
lowed by phosphorus (2573.9-3094.0 mg kg™') and sulphur
(1710.9-2060.7 mg/kg), and copper was lowest followed by
boron and manganese (Doganay et al. 2020). Chickpea
contained 875 mg potassium, 331 mg phosphorus, 105 mg
calcium, 24 mg sulphur, 11.5 mg magnesium, 8.2 mg seleni-
um, 6.2 mg iron and 3.4 mg/100g zinc (Khetarpaul, 2018).
The raw and roasted chickpea seeds contained 100.3 and
99.0 mg/100g Na, 1171 and 1165 K, 252.7 and 252.0 P, 194.0
and 193.7 mg/100g Ca (Daur et al., 2008). Alajaji and El-
Adawy, (2006) reported that raw, boiling, autoclaving and
microwave cooking chickpea contained 870, 341, 407 and
432 K, 176, 124, 131 and 131 Ca, 176, 165, 171 and 173 Mg,
226, 195, 208 and 216 g/100g P. Our results on macro ele-
ment content differed from the results of previous studies.
The protein quantities of our samples were generally hig-
her than the results of Bulbula and Urga (2018) and parti-
ally lower than the results of Sdnchez-Vioque et al (1999)
and Daur et al (2008). While the K content (control) of our
chickpea samples was found to be similar to the results of
Doganay et al (2020), the K contents of our other chickpea
samples were found to be low. In general, the S quantities
of our samples were lower than the results of Doganay et
al. (2020). In addition, the macro element contents of our

TABLE 1: Some chemical properties and macro element contents (mg/kg) of raw and processed chickpea seeds and soked-

and boiled-waters.

Sample names Moisture Protein N P K Ca Mg S

% %
Chickpea (Raw-Control)  9.56+0.66* 1698:0.44°  29528.57+764.58° 4238.69+596.42° 6905.06+618.66°  1531.8049.21°  2091.46+206.57  1362.71£3197°
Boiled Chickpea 58.20+0.78 9.02:00%°  15687.964153.38° 1997.05:23396% 1815.57+12164¢  769.90+12.69°  789.6796.61°  616.52+47.26'
Soaked Chickpea 57.53+0.71° 998+0.54  17355.70£93090° 2268.83+256.51° 2916.75+382.36  685.50+40.15¢  942.83£106.50  782.09+94.34¢
Dry Roasted Chickpea 3542014 16.430.86°  28579.47+149294° 414397+37372* 7883.69+154.88° 1279.34+10263°  1977.86+46.40°  1635.82+65.58°
Boiled Roasted Chickpea ~ 45.02+1.77 1232£052°  21421.66£901.85° 2841704182.43°  2822.47+65.03°  921.38+722°  1096.65+62.60°  962.53+13.95¢
Soaked Roasted Chickpea  35.51+1.66° 13.05£0.68°  22700.73%1188.33° 2723.86£177.12%  4148.38£10.15¢  859.02£65.40°  1278.1551.63°  1069.95+30.64¢
Boiled Chickpea Water  98.59+0.62° 727+036°  12641.90£633.58  59.20+0.91 600.77+20.07" 73.29+1.54¢ 86.4111.11¢ 79.06+8.04¢9
Soaked Chickpea Water ~ 98.36+0.43° 6.73:0.58°  11699.46+1014.20°  91.81+1.66° 986.18+69.81f 79.38+0.69¢ 61.86+0.98¢ 62.00+2.319
*p<0.01
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chickpea samples were generally found to
be lower than the results of Alajaji and El-
Adawy (2006). These differences may be
due to the variety, type of process, growing
conditions, soil characteristics, and climatic
conditions.

Microelement contents of raw and pro-
cessed chickpea seeds and soaking and
boiling waters

Micro element quantities of raw and pro-
cessed chickpea samples are depicted in
Table 2. The amounts of microelements in
chickpeas were found to be significantly lo-
wer than the macro element contents. The
microelement quantities of the chickpea
samples fluctuated compared to the cont-
rol depending on the process type. These
fluctuations were mostly observed in Fe and
Mn, followed by B, Cu and Zn in decreasing
order. Fe and Mn amounts of raw (control)
and processed chickpea seeds were asses-
sed to be between 20.57 (Soaked Chickpea)
and 58.87 mg/kg (Dry roasted chickpea) to
10.20 (Boiled Chickpea) and 27.04 mg/kg
(Dry roasted chickpea), respectively. While
Cu quantities of chickpea seeds are determi-
ned to be between 2.77 (Boiled Chickpea)
and 8.19 mg/100g (Dry roasted chickpea),
Zn quantities of chickpea seeds were mea-
sured between 15.61 (Boiled Chickpea) and
31.62 mg/kg (Dry roasted chickpea). Also,
B amounts of raw (control) and processed
chickpea seeds were determined between
1.58 (Boiled Chickpea) and 7.30 mg/kg
(Dry roasted chickpea). In general, micro-
element contents of boiled chickpea sample
were lower than those of other processed
chickpea samples (excep water samples).
The microelement contents of the water
obtained as a result of boiling and soaking
the chickpeas were determined at very low
levels. The Mn, Zn and B contents of Soa-
ked Chickpea Water were higher than the
contents of boiled chickpea water. It was
observed that the microelement contents
of the processed chickpeas were decreased
compared to the control (except dry roasted
chickpea). It was determined that proces-
sed chickpeas are rich in iron, followed by
Zn, Mn, Cu and B in decreasing order. It
was observed that the Fe, Cu, Mn, Zn and B
contents of dry roasted chickpea chickpea
were higher than raw and other processed
chickpea samples. The raw and roasted
chickpea seeds contained 2.93 2.71 Fe, 11.37
and 11.30 Cu, 6.87 and 6.70 Zn, 1.93 and
1.87 Mn, 4.70 and 4.67 Mg mg/100g (Daur
et al., 2008). Alajaji and El-Adawy (2006)
reported that raw, boiling, autoclaving and
microwave cooking chickpea contained
2.11,1.80,1.90 and 2.03 Mn, 4.32, 3.42, 3.89
and 395 Zn, 1.0, 0.73, 0.81 and 0.94 Cu, and
7.72,6.81,7.10 and 7.30 g/100g Fe. From our
microelement findings, Fe and Mn contents
were determined by Daur et al. (2008), the

TABLE 2: Micro element contents of raw and processed chickpea seeds
and soked-and boiled-waters (mg/kg).

Sample names Fe Cu Mn Zn B
Chickpea (Raw-Control) 57.88+0.21*  4.36+0.63*  2379+1.05°  25.07+1.21°  6.28+0.28°
Boiled Chickpea 18.00£057%  2.77+0.07¢  10.20+158°  15.61£1.94°  158+0.09%
Soaked Chickpea 20.57£0.93°  3.09£0.39%  15.46+0.12¢  24.38+0.99°  2.71x0.19¢
Dry Roasted Chickpea 58.87£5.60°  8.19£0.39°  27.04+2.04* 31.62:£096°  7.3041.56°
Boiled Roasted Chickpea 30.08+0.04°  3.66+0.50¢  20.38+0.41°  21.63+2.06°  2.40+0.17¢
Soaked Roasted Chickpea ~ 43.04+4.33°  4.85:0.69°  22.05+1.52°  21.73£1.70°  3.08+0.09¢
Boiled Chickpea Water 0.63£0.022¢  0.34:0.019"  0.63£0.027"  0.61£0.032°  0.60+0.008¢
Soaked Chickpea Water 0.59+0.06°  0.24+0.02f 1.22£0.13"  0.68+0.02°  0.61+0.06°
*p<0.01

TABLE 3: Heavy metal contents of raw and processed chickpea seeds and
soaked- and boiled-waters (ug/g).

Sample names Al As Ba cd Co
Chickpea (Raw-Control) 17.81£0.449%*  4.69+0.226% 232+0.098° 0.169+0.002* 0.322+0.015°
Boiled Chickpea 0.814+0.030%  3.93:0.809° 0.818+0.017¢ 0.015£0.002¢ 0.128+0.006*
Soaked Chickpea 1.84£0.356°  4.17+0.048¢ 0.969+£0.300¢ 0.018+0.002¢ 0.13820.015¢
Dry Roasted Chickpea 17.38+0.763  9.501.61°  2.21x0.058 0.174+0.004° 0.259+0.044°
Boiled Roasted Chickpea ~ 1.85¢0.330°  5.73:0.68  1.08+0.040° 0.054+0.003¢ 0.133+0.039
Soaked Roasted Chickpea ~ 6.01£0.179°  6.39£0.737°  1.60+0.239°  0.073+0.005° 0.195+0.014
Boiled Chickpea Water 0.754+0.076°  5.79+0.621°  0.25040.014¢ 0.043+0.004¢ 0.233+0.052"
Soaked Chickpea Water 1.50£0.4519  5.22+0.425°¢ 0.262+0.043¢ 0.055+0.004¢ 0.226+0.014"
Sample names Cr Mo Ni Pb Se
Control Chickpea 0.222+£0.034>*  1.91£0.150°  1.70£0.03% 0.815+0.088" 1.01£0.033°
Boiled Chickpea 0.104+0.022¢ 0.370+0.006% 0.209+0.007¢ 0.254+0.124% 0.177+0.003¢
Soaked Chickpea 0.112£0.007°  0.678+0.098 0.352+0.046° 0.188+0.005¢ 0.124+0.001¢
Dry Roasted Chickpea 0.289:0.062° 2.77+0.367°  1.04£0.175°  0.928+0.021° 0.210+0.046°
Boiled Roasted Chickpea 0.163£0.009° 0.515+0.051¢ 0.375+0.059¢ 0.303+0.008° 0.161+0.007<
Soaked Roasted Chickpea  0.164+£0.010°  0.752+0.228° 0.460+0.083¢ 0.224+0.036% 0.143+0.001%
Boiled Chickpea Water 0.10620.018¢  0.224+0.029¢ 0.171+0.005¢  0.565£0.021¢ 0.337+0.337°
Soaked Chickpea Water 0.105£0.002¢ 0.505+0.020 0.092+£0.011% 0.539+0.068 0.343+0.040°
*p<0.01
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FIGURE 1: The highest heavy metal contents of processed chickpeas.
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Cu and Zn contents of our samples were lower (2.77-8.19
mg/kg). From our findings, while Mn was higher than the
results of Alajaji and El-Adawy (2006), the Fe, Cu and Zn
contents of our chickpea samples were low. These differen-
ces may possibly be due to factors such as cultivar, genetic
structure, processing and analytical conditions.

Heavy metal contents of raw and processed chickpea
seeds and soked - and boiled-waters

The heavy metal contents of raw and processed chick-
peas are illustrated in Table 3. The heavy metals found
in the highest amounts in chickpea samples were Al, As
and Ba (Fig.1). The amounts of other heavy metals were
found at low levels. Al ve As contents of raw ve processed
chickpea seeds were measured between 0.75 pg/g (Boiled
chickpea water) and 17.81 (control) to 3.93 (Boiled chick-
pea) and 9.50 pg/g (Dry roasted chickpea), respectively.
Also, Ba and Cd contents of raw and processed chickpea
seeds changed between 0.250 (Boiled chickpea water) and
2.32 pg/g (Dry roasted water) to 0.015 (Boiled chickpea)
and 0.174 pg/g (Dry roasted chickpea), respectively. Whi-
le Co amounts of chickpea seed samples vary to be bet-
ween 0.128 (Boiled chickpea) and 0.322 pg/g (control), Cr
contents of chickpea seeds were recorded between 0.104
(Boiled chickpea) and 0.289 pg/g (dry roasted chickpea).
Also, Mo and Ni amounts of raw (control) and proces-
sed chickpea seeds were recorded between 0.370 (Boiled
chickpea) and 2.77 pg/g (Dried roasted chickpea) to 0.092
(Soaked chickpea) and 1.70 pg/g (control), respectively. In
addition, Pb and Se amounts of chickpea seeds were de-
termined between 0.188 (Boiled chickpea) and 0.928 pg/g
(Dry roasted chickpea) 0.124 (Soaked chickpea) and 1.01
ug/g control), respectively. The lowest amounts of Cd, Cu
and Cr were measured in the boiled chickpea sample. In
general, the heavy metal contents of the processed chick-
pea seeds were found to be low compared to the control.
This decrease may be due to the transfer of some of the
heavy metals to the boiling and soaking water. As a re-
sult of the processes applied to chickpeas, the reduction
of heavy metal content is of great importance for human
health in a positive way. In addition, the heavy metal con-
tents of dry roasted chickpeas were slightly higher than
that of chickpeas subjected to other processes. It is due
to lower water content and a resulting higher heavy metal
content. Chickpea is reported to have other trace elements
including aluminum (10.2 pg /g), chromium (0.12 pg/g), ni-
ckel (0.26 pg/g), lead (0.48 pg/g), and cadmium (0.01 pg/g)]
(Cabrera et al., 2003). Aletor and Ojo (1989) reported
that a significant decrease in minerals was observed after
cooking cowpea, and this decrease is likely due to the in-
creased permeability of the seed coat of legumes. In other
study, cooking treatments caused significant decreases in
minerals of chickpeas (Cicer arietinum L.) (Alajaji and El-
Adawy, 2006). The chemical composition of agricultural
products is subject to differences depending on various
internal and external factors such as variety and maturity
stage, climatic factors, genetic makeup, storage, soil type,
agricultural practices and technological processes (Paoli-
ni et al., 2003).

Conclusion
It was observed that the macro element contents of chick-

peas exposed to the process decreased at different levels
(except for S) when compared to the control. The micro-

element contents of the chickpea samples fluctuated com-
pared to the control depending on the process type. It was
determined that processed chickpeas are rich in iron, fol-
lowed by Zn, Mn, Cu and B in decreasing order. It was
observed that the Fe, Cu, Mn, Zn and B contents of dry
roasted chickpea chickpea were higher than raw and other
processed chickpea samples. The heavy metals found in
the highest amounts in chickpea samples were Al, As and
Ba. The amounts of other heavy metals were found at low
levels. The lowest amounts of Cd, Cu and Cr were measu-
red in the boiled chickpea sample. In general, the heavy
metal contents of the processed chickpea seeds were found
to be low compared to the control. This decrease may be
due to the heat treatment applied and the transfer of some
of the heavy metals to the boiling and soaking water. As a
result of the processes applied to chickpeas, the heavy me-
tal contents of dry roasted chickpeas were slightly higher
than that of chickpeas subjected to other processes.
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