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The aim of this study is to highlight the importance of the extraction of the lipid and fatty 
acids of chickpea seeds and determine their composition in terms of lipids, along with eval-
uations of the composition, nutrient content, food value and quality parameters. The rates 
of crude protein (CP), crude ash (CA), neutral detergent fibre (NDF), acid detergent fibre 
(ADF) and acid detergent lignin (ADL) of the seeds of chickpea genotypes varied between 
15.70-29.46%; 2.75-5.13%; 8.75-31.53%; 2.37-19.76% and 0.60-1.01%, respectively. 
The values of dry matter digestibility (DMD) rates, dry matter intake (DMI) rates, relative feed 
values (RFV), total digestibility nutrient (TDN) rates, digestibility energy (DE) and metabol-
ic energy (ME) of the chickpea genotypes varied between 73.50-87.06%; 3.73-13.72%; 
212.61-919.10; 67.53-80.60%; 3.42-4.00 MJ/kg and 10.50-12.80 Mcal/kg, respective-
ly. The total lipid content of the examined genotypes varied between 0.56 to 9.98%. The fat-
ty acid compositions of these seventy different chickpea genotypes were determined by gas 
chromatography of the methyl esters in their fatty acids. The results of this study indicate 
that oleic acid ranged from 15.95 to 38.25%, linoleic acid ranged from 43.61 to 65.03% 
in all genotypes. Our results show that the Cakir, 187 and ILWC243 genotypes are the most 
favourable genotypes in terms of the fatty acid profile, while 69 and 359 genotypes had 
the highest crude protein rates, and the Hisar, Diyar and Hasanbey varieties were the most 
stable genotypes in terms of the DMD, TDN, DE and ME values.

Keywords: Chickpea, seed quality, fatty acids, saturated, unsaturated.

1.	 INTRODUCTION

Legumes are of great importance for human nutrition as they are good sources 
of protein, carbohydrates, various water-soluble vitamins and minerals. Chick-
pea (Cicer arietinum L.) is a self-pollinated diploid (2n=2x=16) legume plant [1]. 
Today, there are 44 species of chickpea, 35 of which are perennial and nine are 
annual. Chickpea, one of the oldest and most widely consumed legumes in the 
world, is grown abundantly in tropical and subtropical regions [2]. Chickpea 
consumption is popular in many regions of the world, mainly due to its high 
nutritional quality. Chickpea seeds consist of carbohydrates (50-58%), protein 
(15-22%), moisture (7-8%), fat (3.8-10.20%) and micronutrients (<1%) [3, 4]. 
The average protein content of chickpeas is approximately 18% [kabuli: 18.4% 
(16.2-22.4%); desi: 18.2% (15.6-21.4%)], which is higher than that of lentils 
and peas [5]. Chickpeas are rich in lysine and arginine and low in sulfur(S)-con-
taining amino acids such as cysteine and methionine [3].
In recent years, there have been a number of reports on the importance of the 
dietary fibre of legumes in both regular and therapeutic diets. In addition to 
preventing heart attacks and colon cancer, soluble fibre works decreases blood 
cholesterol [6]. When measuring the insoluble portion of dietary fibre, neutral 
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ADL constituting the cell wall were performed by the 
method specified in Van Soest [17] and Van Soest 
and Wine [18]. The relative feed value (RFV), dry mat-
ter digestibility (DMD) and dry matter intake (DMI) of 
chickpea seeds were calculated according to the for-
mulas [19]: DMD % = 88.9 - (0.779 x ADF %); DMI % 
= 120 / NDF %; RFV = (DDM % x DMI %) /1.29. The 
total digestible nutrients (TDN) ratios and metabolic 
energy (ME) values of the seeds of barley genotypes 
were determined according to the method specified 
by Moore and Undersander [20], and the digestible 
energy (DE) value was determined by Fonnesbeck et 
al. [21] according to the method specified.

2.2.2	 Oil Extraction and the Preparation of Fatty Acid 
Methyl Esters (FAME)

Impurities were removed from the seeds of certain 
chickpea genotypes, and the clean seeds were 
ground into powder using a ball mill. Lipids were 
extracted with hexane/isopropanol (3:2) [22]. Lipid 
extracts (0.01 g) obtained from 5 g of sample were 
centrifuged at 12000 rpm for 10 min and filtered; the 
solvent was then removed in a rotary evaporator at 
50°C.

2.2.3	 Capillary GLC
Fatty acids in the lipid extracts were converted into 
methyl esters by means of 2% sulfuric acid in meth-
anol [23]. The fatty acid methyl esters were extract-
ed with 2.5 ml hexane. Then the methyl esters were 
separated and quantified by gas chromatography 
and flame ionization detection (Agilent brand 7890A 
model GC, 5975C model MS) coupled to a glass 
GC 10 software computing recorder. Chromatogra-
phy was performed with a capillary column (60 m x 
250 µm x 0.15 µm, J&W 122-7061) using nitrogen 
as the carrier gas (flow rate 34 ml/min). Chromato-
graphic conditions; it stood for 2 minutes at 50°C 
and reached 200°C at a rate of 20°C/min , at which 
time the detector temperature was 260°C, the injec-
tion port temperature was 250°C and the column 
temperature was 175°C, programmed to increase to 
230°C at 5°C/min, where it remained for 30 minutes. 
Total analysis time was 55.5 min. The sample split-
ting rate was 1:50. The samples (1 μL) were inject-
ed in triplicate. Peak areas were determined using 
Agilent Chem Station B04.03. MS results were 
determined by comparing the Whaley and NIST 
(Supelco 37 Component FAME Mix) libraries in the 
device’s memory.
The analysis of the data obtained was made in the 
Jump-Pro13 statistical package programme and the 
differences between the averages were compared 
according to the Tukey test. Correlation analysis and 
colour mapping were carried out in Jump-Pro13 and 
Biplot graphics in Genstat 12th (Copyright 2011, 
VSN International Ltd.).

detergent fibre (NDF) is the most convenient option 
[7]. This method considers the major components, 
which include cellulose (β-1,4-linked glucose units), 
hemicellulose (β-1,4-linked pyranosidic sugars), 
and lignin (phenylpropane units linked to hemicel-
luloses). When measuring acid detergent fibre (ADF), 
meal digestibility is considered [8]. Due to the absorp-
tion of water from the digestive system, the insoluble 
portion of dietary fibre helps prevent constipation [9] 
and lowers the risk of various significant conditions 
in humans, including high blood pressure, obesity, 
and appendicitis. Several writers have emphasized 
the need to gather information on the profiles of the 
dietary fibre component in legumes due to the health 
advantages [10].
Oils provide the storage energy required for seed ger-
mination [11] and comprise a small portion of chick-
pea seed components compared to other nutrients. 
Chickpea is not an oilseed crop, but it has a higher oil 
content than other legume crops [3]. Sterols, tocoph-
erols (phytosterols) and lipids are fat components all 
found in chickpeas [3]. The fatty acids in chickpeas 
(polyunsaturated fatty acids, monounsaturated fatty 
acids and saturated fatty acids) originate mainly from 
lipids. These are essential fatty acids that are vital 
for humans in the biosynthesis of hormones and the 
maintenance of cellular integrity [12].
A number of studies have been conducted on the 
lipid and fatty acid content of the seeds of legumes in 
Türkiye [13, 14]. The aim of this study is to determine 
the lipids and fatty acid compositions of the seeds of 
certain chickpea genotypes.

2.	 MATERIALS AND METHODS

2.1.	 PLANT MATERIAL
The seeds of Cicer arietinum L. and Cicer reticulatum 
were used in this study. The first ten genotypes are 
Cicer arietinum L., while the others are Cicer reticula-
tum. The seeds of chickpea genotypes obtained from 
the International Centre for Agricultural Research in 
Dry Areas (ICARDA) and our own field studies were 
sown on 25 April 2022 and harvested on 11 August 
2022 on the land of Agricultural Research and De-
velopment Centre, Sivas Science and Technology 
University. The names of the chickpea genotypes are 
given in Table I.

2.2.	 METHODS
2.2.1	 Chemical Analyses
Seeds of the chickpea genotypes were ground in a 
mill and 1 mm was used for chemical analysis. The 
crude ash (CA) ratio of chickpea seed samples was 
determined by burning at 550°C for 8 hours [15]. 
Crude protein (CP) analyses were performed by the 
methods specified in AOAC [16]. The ADF, NDF and 
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study examining the chemical composition of the Kabuli 
and Desi chickpea (Cicer arietinum L.) varieties grown 
in Xinjiang, China, it was reported that the crude protein 
and crude ash rates of four different chickpea varieties 
varied between 19.79-23.38 g/100 g and 2.59-2.69 
g/100 g, respectively [29].
The NDF, ADF and ADL ratios of the seeds of chick-
pea genotypes varied between 8.75-31.53%, 2.37-
19.76% and 0.60-1.01%, respectively. While the low-
est NDF, ADF and ADL ratios were obtained from the 
Isik, Hasanbey and Aksu varieties, respectively, the 
highest ADF and ADL rates were found in the 137 
genotype, and the highest NDF rate was found in the 
77 genotype. The total dietary fibre content and in-
soluble dietary fibre content of Desi type chickpeas 
were reported to be higher than that of the Kabu-
li type chickpea due to the thicker seed coat of the 
Desi type chickpea [27]. It has been reported that the 
soluble and insoluble dietary fibre rates in chickpeas 
are around 1.42% and 27.84%, respectively [30]. In 
the study conducted to determine the effect of differ-
ent cooking methods on the chemical composition of 
chickpea seeds, it was reported that the crude fibre 
content varied between 3.82-4.96 g/100 g dry weight 
basis [31]. On the other hand, in a study investigating 
the chemical composition of legumes, it was determined 
that the crude fibre content of chickpeas varied between 
8.50-9.88 g/100 g [32].
The DMD and DMI ratios and the RFV values of chick-
pea seeds differed statistically by 1% among geno-
types, varying between 73.50-87.06%, 3.73-13.72% 
and 212.61-919.10, respectively. The highest DMD 
rate was obtained from the Hasanbey cultivar, and the 
highest DMI rate and RFV value were obtained from 
Isik cultivar, while the lowest DMD, DMI rates and 
RFV value were determined from the 137 genotype.  

3.	 RESULTS AND DISCUSSION

3.1.	 CHEMICAL ANALYSIS
The values of crude ash, crude protein, acid deter-
gent fibre (ADF), neutral detergent fibre (NDF), acid 
detergent lignin (ADL), dry matter digestibility (DMD), dry 
matter intake (DMI) and total digestible nutrients (TDN) 
ratios and relative feed value (RFV), digestible energy 
(DE) and metabolic energy (ME) determined in the seeds 
of certain chickpea genotypes were found to be statisti-
cally significant at the 1% level (Table II).
The crude protein and crude ash rates of the seeds of 
chickpea genotypes varied between 15.70-29.46% and 
2.75-5.13%, respectively. The highest crude protein rate 
of chickpea genotypes was obtained in the 359 gen-
otype, followed by the 69, ILWC80 and ILWC74 gen-
otypes, which are statistically in the same group. The 
highest crude ash rates were found in the 77 genotype. 
On the other hand, the lowest crude protein and crude 
ash rates in seeds belonging to chickpea genotypes 
were statistically obtained in the Inci, Isik, Hisar and Di-
yar varieties, which are in the same group. It has been 
reported that the protein content in chickpeas varies 
significantly as a percentage of the total dry seed mass 
before (17-22%) and after (25.3-28.9%) dehulling [24, 
25]. While it was reported that there were differences in 
the crude protein ratios of the Kabuli and Desi chickpea 
types (241 g/kg in “Kabuli” and 217 g/kg in “Desi”) [26], 
another study observed no difference (217 g/kg in “Ka-
buli” and 215 g/kg in “Desi”) [27]. On the other hand, 
it has been reported that crude protein and crude ash 
rates of whole seeds of the Kabuli and Desi chickpea 
varieties vary between 18.4-25.1% and 2.6-3.1%, re-
spectively, and the crude protein and crude ash ratios of 
dehulled Kabuli and Desi chickpea seeds vary between 
20.4-28.7% and 1.8-3.0%, respectively [28]. In the 

Table I - Names of chickpea genotypes used in the study 

 
No Genotypes No Genotypes No Genotypes No Genotypes 
G1 Inci G19 260 G37 ILWC235 G55 155 
G2 Seckin G20 269 G38 ILWC243 G56 211 
G3 Azkan G21 276 G39 ILWC246 G57 296 
G4 Isik G22 283 G40 ILWC253 G58 541 
G5 Aksu G23 405 G41 ILWC254 G59 231 
G6 Hisar G24 450 G42 ILWC286 G60 277 
G7 Diyar G25 464 G43 ILWC285 G61 314 
G8 Cakir G26 504 G44 CRET G62 325 
G9 Yasa G27 538 G45 27 G63 358 
G10 Hasanbey G28 641 G46 35 G64 359 
G11 5 G29 ILWC62 G47 54 G65 369 
G12 18 G30 ILWC74 G48 58 G66 390 
G13 40 G31 ILWC76 G49 76 G67 398 
G14 69 G32 ILWC80 G50 77 G68 406 
G15 96 G33 ILWC113 G51 79 G69 601 
G16 152 G34 ILWC115 G52 122 G70 724 
G17 187 G35 ILWC139 G53 137   
G18 244 G36 ILWC182 G54 141   
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Table II - Means of the examined characteristics 
 

Genotypes CP CA NDF ADF ADL DMD DMI RFV TDN DE ME 
 % % % % % % %  % MJ/kg Mcal/kg 

G1 15.70z 2.78z 12.31xy 4.04w-z 0.66uv 85.75b-d 9.75d 648.46e 79.34b-d 3.94e 12.58d 
G2 17.80wx 2.99w-z 12.53x 4.58w-z 0.66uv 85.33de 9.60d 634.81e 78.94c-e 3.92f 12.51e 
G3 19.80v 3.24s-u 11.60x-z 3.18yz 0.71t 86.42ab 10.36c 694.02d 79.99b 3.97bc 12.69b 
G4 18.20wx 2.75z 8.75z 3.19yz 0.63v-x 86.41ab 13.72a 919.10a 79.98b 3.97bc 12.69b 
G5 18.76w 2.92x-z 10.74yz 3.32yz 0.60x 86.31b 11.17b 747.45c 79.88bc 3.96cd 12.67bc 
G6 16.23z 2.76z 10.55yz 2.52z 0.61x 86.93a 11.38b 766.59b 80.48a 3.99a 12.78a 
G7 15.87z 2.95x-z 11.41yz 2.62z 0.63v-x 86.86a 10.52c 708.06d 80.41a 3.99ab 12.77a 
G8 16.73yz 3.06v-y 11.39yz 3.63x-z 0.62wx 86.07b-d 10.54c 703.36d 79.65b-d 3.95c-e 12.63b-d 
G9 17.24xy 3.03w-z 14.14w 3.77x-z 0.65vw 85.97b-d 8.49e 565.71f 79.55b-d 3.95de 12.61cd 
G10 18.26wx 2.87yz 14.66w 2.37z 0.69tu 87.06a 8.19f 552.44f 80.60a 4.00a 12.80a 
G11 23.86o-q 3.64k-n 21.86tu 9.76v-y 0.88f-j 81.30f-h 5.49hı 346.05h 75.05g-ı 3.75h-j 11.82gı 
G12 22.46s-u 3.67j-m 22.36s-u 10.83t-w 0.83l-n 80.46jk 5.37h-j 334.73h-k 74.24kl 3.71lm 11.68kl 
G13 23.79o-r 3.94gh 22.94q-t 12.81n-p 0.86ı-l 78.92p-r 5.23ı-l 320.08j-m 72.76r-t 3.65s-v 11.42r-u 
G14 29.43a 3.65k-n 21.74u 13.04l-o 0.95cd 78.74p-r 5.52h 336.96h-j 72.58st 3.64t-v 11.39s-u 
G15 22.22tu 3.55m-q 25.57k-n 11.94s-u 0.94de 79.60m-o 4.69o-q 289.58q-w 73.41o-q 3.68p-s 11.53o-q 
G16 25.83f-ı 3.96g 24.16op 11.43t-v 0.96b-d 79.99lm 4.97l-o 308.08m-o 73.79m-o 3.69n-p 11.60m-o 
G17 25.32g-l 3.64k-n 25.49k-n 11.95r-u 0.83l-n 79.59m-p 4.71o-q 290.48p-w 73.40o-r 3.68p-s 11.53o-r 
G18 25.55f-j 3.94gh 23.40p-s 10.93t-w 0.94de 80.39jk 5.13j-m 319.64j-m 74.17k-m 3.71lm 11.67k-m 
G19 25.15h-m 4.01fg 24.23op 11.66t-v 0.91e-g 79.82l-n 4.95m-o 306.55m-q 73.62n-p 3.69o-q 11.57n-p 
G20 23.87o-q 3.58l-p 25.47k-n 12.03r-t 1.00a 79.53n-p 4.71o-q 290.51p-w 73.34p-r 3.67q-s 11.52p-r 
G21 23.67o-r 3.56m-q 23.59p-r 10.74u-x 0.89f-ı 80.53j 5.09k-m 317.61k-n 74.31k 3.72k-m 11.69k 
G22 22.65r-t 3.56m-q 27.79e-g 14.27f-h 0.96cd 77.79s-u 4.32s-y 260.39v-y 71.66vw 3.60wy 11.22w-y 
G23 23.94m-q 3.67j-m 22.62q-u 10.24u-x 0.88g-k 80.93hı 5.31h-k 332.87h-k 74.69ıj 3.73jk 11.76ıj 
G24 25.33g-l 3.25s-u 24.94m-o 11.63t-v 0.83l-n 79.84l-n 4.81n-p 297.80o-s 73.64n-p 3.69o-q 11.57n-p 
G25 24.74ı-o 3.54m-q 24.46n-p 11.61t-v 0.76q-s 79.86l-n 4.91m-o 304.11m-r 73.66n-p 3.69o-q 11.58n-p 
G26 26.43e-g 4.26de 26.52h-k 13.51ı-k 0.90f-h 78.37r-t 4.53q-s 275.28t-w 72.22tu 3.62v 11.32uv 
G27 24.37k-p 3.02w-z 22.93q-t 10.77t-x 0.83l-n 80.51j 5.24ı-l 327.03ı-k 74.28k 3.72k-m 11.69k 
G28 24.68j-p 3.64k-n 26.42ı-l 15.33c 0.79o-q 76.96x 4.55p-s 271.39t-w 70.86x 3.56y 11.08xy 
G29 27.17de 3.66j-m 23.40p-s 11.73s-v 0.78p-r 79.76l-o 5.13j-m 317.31k-n 73.56n-q 3.68o-r 11.56n-p 
G30 28.43a-c 3.54m-q 26.76g-j 13.56ı-k 0.88f-j 78.34r-t 4.49q-t 272.67t-w 72.19tu 3.62v 11.32v 
G31 27.62cd 3.68j-m 27.40f-ı 13.34k-m 0.75rs 78.50r-t 4.38r-v 266.65u-w 72.35tu 3.63uv 11.35uv 
G32 28.86ab 3.86g-ı 22.35s-u 9.72v-y 0.86ı-l 81.33f-h 5.37h-j 338.88hı 75.07gh 3.75hı 11.83gh 
G33 23.49p-s 3.38q-s 26.33ı-l 12.80n-p 0.85j-m 78.93o-r 4.56p-s 279.14t-w 72.76r-t 3.65s-v 11.42r-u 
G34 22.49s-u 3.32r-t 19.39v 7.33w 0.85j-m 83.19de 6.19g 399.54g 76.87df 3.83g 12.14f 
G35 25.50f-k 4.32cd 29.06d 15.48c 0.91e-g 76.84x 4.13u-z 246.22x-y 70.75x 3.56y 11.06y 
G36 24.50j-p 3.45o-r 25.57k-n 11.53t-v 0.78p-r 79.92l-n 4.70o-q 291.15p-v 73.72n-p 3.69o-q 11.59n-p 
G37 23.70o-r 3.05v-y 29.22d 14.19g-ı 0.89f-ı 77.85s-u 4.11v-z 248.04x-y 71.72vw 3.60wx 11.23wx 
G38 28.29bc 3.22s-v 29.29d 14.57e-g 0.92ef 77.55t-v 4.10w-z 246.42x-y 71.43vw 3.59wy 11.18w-y 
G39 24.06m-p 3.32r-t 30.42bc 19.56a 0.86ı-l 73.66z 3.95x-z 225.48z 67.68z 3.42z 10.52z 
G40 23.63o-r 3.22s-v 23.49p-s 10.55u-x 0.82m-o 80.68ıj 5.12j-m 319.95j-m 74.45jk 3.72kl 11.72jk 
G41 22.81q-t 4.14ef 26.31ı-l 11.63t-v 0.80n-p 79.84l-n 4.57p-s 282.61s-q 73.64n-p 3.69o-r 11.57n-p 
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and 77 genotypes, which are in the same group. 
Principal component biplot analysis was performed to 
present a visual demonstration of the results with the 
interpretation of the relationships between the traits 
examined. According to the results of the study, PCA 
explained 89.56% of the total variation, while PC1 was 
the reason for 83.04% and PC2 caused 6.52% on the 
biplot (Figure 1). While it was determined that there 
was a positive relationship between ADF, NDF, ADL, 
CP and CA, and between DMD, DMI, RFV, TDN, DE 
and ME, there was a negative relationship between 
these two groups.

The TDN ratio, DE and ME values of chickpea seeds 
differed statistically at the level of 1% among geno-
types. The TDN ratios, DE and ME values of seeds of 
chickpea genotypes varied between 67.53-80.60%, 
3.42-4.00 MJ/kg and 10.50-12.80 Mcal/kg, respec-
tively. The highest TDN rates, DE and ME values in 
seeds belonging to chickpea genotypes were sta-
tistically obtained in the Hasanbey, Hisar and Diyar 
varieties, which are in the same group. On the other 
hand, the lowest TDN rates were determined from 
the 137 and 390 genotypes, while the lowest DE and 
ME values were determined from the 137, 390, 277 

Table II - continues 

G42 26.38e-g 3.16t-w 29.52cd 15.35c 0.82m-o 76.94x 4.07x-z 242.67y 70.84x 3.56xy 11.08xy 
G43 25.42f-l 3.05v-y 21.85tu 9.31w-y 0.74s 81.65fg 5.50hı 348.11h 75.38g 3.76h 11.88g 
G44 23.56o-r 3.53m-q 29.50cd 15.25cd 0.94de 77.02wx 4.07x-z 242.99y 70.92x 3.57xy 11.09xy 
G45 25.47f-l 3.16t-w 29.57cd 15.35c 0.88f-j 76.94x 4.06x-z 242.25y 70.85x 3.56xy 11.08xy 
G46 24.68j-p 3.77h-k 27.58e-h 12.69o-q 0.87h-k 79.02o-r 4.36r-w 266.90u-w 72.85r-t 3.65s-v 11.43r-u 
G47 24.41j-p 3.95g 27.37f-ı 12.46p-r 0.87h-k 79.19o-r 4.39r-v 269.27u-w 73.02r-t 3.66s-v 11.46r-t 
G48 23.70o-r 3.63k-o 28.68de 13.29k-n 0.85j-m 78.55q-s 4.19u-z 254.94v-y 72.39s-u 3.63uv 11.35t-v 
G49 26.26e-h 3.54m-q 23.69pq 11.30t-w 0.90e-h 80.10kl 5.07k-n 314.82l-o 73.89l-n 3.70m-o 11.62l-n 
G50 25.35g-l 5.13a 31.53a 18.77b 0.78p-r 74.28y 3.81yz 219.23z 68.27y 3.45z 10.63z 
G51 22.44s-u 4.45bc 29.51cd 13.33k-n 0.75rs 78.52q-s 4.07x-z 247.65x-y 72.36s-u 3.63uv 11.35t-v 
G52 23.78o-r 3.54m-q 26.09j-m 12.46p-r 0.84k-m 79.20o-r 4.60p-r 282.57s-w 73.02r-t 3.66s-u 11.46r-t 
G53 23.61o-r 3.55m-q 32.19a 19.76a 1.01a 73.50z 3.73z 212.61z 67.53z 3.42z 10.50z 
G54 21.77tu 3.23s-v 28.45d-f 13.22k-n 0.79o-q 78.61qr 4.22t-z 257.16v-y 72.45s-u 3.63t-v 11.36t-v 
G55 26.28e-h 3.46n-r 25.25l-o 11.68t-v 0.84k-m 79.80l-n 4.76o-q 294.33p-t 73.60n-p 3.69o-q 11.57n-p 
G56 24.30l-p 3.31r-t 23.49p-s 12.23q-s 0.91e-h 79.37o-q 5.11j-m 314.73l-o 73.19q-s 3.67r-t 11.49q-s 
G57 24.46j-p 3.88g-ı 27.64e-h 13.45j-m 0.90f-h 78.43r-t 4.34r-x 264.17u-x 72.28tu 3.63uv 11.33uv 
G58 21.50u 3.34r-t 27.73e-g 13.16l-o 0.84k-m 78.65p-r 4.33r-y 264.07u-x 72.49st 3.64t-v 11.37tu 
G59 23.78o-r 3.83g-j 25.44k-n 11.67t-v 0.85j-m 79.81l-n 4.72o-q 292.24p-u 73.61n-p 3.69o-q 11.57n-p 
G60 24.50j-p 4.56b 31.27ab 18.93b 0.91e-g 74.15y 3.84yz 220.73z 68.15y 3.44z 10.61z 
G61 23.78o-r 3.31r-t 25.25l-o 13.75ı-k 0.86ı-l 78.19s-u 4.76o-q 288.45r-x 72.05u 3.62vw 11.29vw 
G62 24.38j-p 3.75ı-l 26.58h-k 13.95h-j 0.99ab 78.03s-u 4.52q-s 273.29t-w 71.90v 3.61vw 11.27vw 
G63 24.39j-p 3.62k-o 24.29op 10.94t-w 0.84k-m 80.38jk 4.94m-o 307.99m-o 74.16k-m 3.71ln 11.66kl 
G64 29.46a 4.55b 24.42n-p 12.96m-p 1.00a 78.81p-r 4.92m-o 300.60n-s 72.64st 3.64s-v 11.40r-u 
G65 23.66o-r 3.24s-u 22.49r-u 9.79v-y 0.85j-m 81.28gh 5.34h-k 336.72h-j 75.03g-ı 3.75h-j 11.82g-ı 
G66 25.08ı-n 3.56m-q 31.45ab 19.58a 0.98a-c 73.65z 3.82yz 217.99z 67.67z 3.42z 10.52z 
G67 24.49j-p 3.24s-u 28.67de 14.82de 0.91e-g 77.35vw 4.19u-z 251.14w-y 71.24vw 3.58wy 11.15w-y 
G68 26.50ef 3.87g-ı 27.32f-ı 14.70ef 0.82m-o 77.45uv 4.40r-u 263.92u-x 71.33vw 3.58wy 11.17w-y 
G69 22.47s-u 3.12u-x 28.70de 14.11g-ı 0.83l-n 77.91s-u 4.18u-z 252.68v-y 71.78vw 3.60wx 11.24wx 
G70 24.45j-p 3.43p-r 23.45p-s 10.03u-y 0.88f-j 81.08h 5.12j-m 322.10ı-m 74.84hı 3.74ıj 11.78hı 

Aver. 23.70 3.53 24.04 11.60 0.84 79.86 5.48 343.85 73.66 3.69 11.58 
Sign. ** ** ** ** ** ** ** ** ** ** ** 
CV 2.49 2.66 2.56 2.45 2.36 0.28 2.63 2.73 0.29 0.26 0.33 

 

**; significant at the P≤0.01 level. There is no statistical difference between the averages shown with the same letter. It was carried out in 3 
replications. 
 



LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL 102 - LUGLIO/SETTEMBRE 2025 LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL 102 - LUGLIO/SETTEMBRE 2025

164

found in the seeds of some chickpea genotypes 
were oleic, linoleic and linolenic acids. Myristic, 
pentadecanoic, palmitoleic, margaric, heptadeca-
noic, behenic, erucic, docosadienoic and lignoceric 
acids were shown to be lower than 1% (Table III). 
Palmitic and stearic acid content ranged from 9.63 
to 14.01% and from 0.99 to 1.86%, respectively. 
While the highest palmitic and stearic acid content 
was found in the 358 and Isik genotypes, respec-
tively, the lowest palmitic acid content was found in 
641 genotype and the lowest stearic acid content 
was found in the 296 and 541 genotypes (Table 
III). It has been reported that palmitic and stearic 
acids of unshelled and whole seeds of Kabuli and 
Desi chickpea cultivars vary between 9.1-16.9% 
and 1.1-2.5%, respectively [28]. On the other hand, 
palmitic and stearic acids were found to be 8.5-
10.3% and 1.21-1.68%, respectively, in chickpea 
seeds [37], 18.9-20.4% and 1.3-1.7%, respective-
ly, in Desi chickpea seeds [38], 10.24-13.39% and 
1.21-6.71%, respectively, in chickpea genotypes 
[39], 8.43-9.63% and 1.48-8.66%, respectively, in 
cultivated chickpea cultivars in Türkiye [35], 10.35-
12.23% and 1.58-2.19%, respectively, in four vari-
eties of chickpea [29].
Myristic, pentadecanoic and margaric acids 
from saturated fatty acids were detected in small 
amounts in seeds of all the chickpea genotypes 
examined. While the lowest myristic acid contents 
were found in the ILWC80 and ILWC285 genotypes 

3.2.	 LIPID CONTENT AND FATTY ACID COMPOSITION
In this study, the lipid content and fatty acid compo-
sition of 70 genotypes of chickpea were detect-
ed, the results of which are shown in Table III. 
The lipid content in seeds of the 70 genotypes of 
chickpea ranged from 0.56 to 9.98% (Table III). 
The highest lipid content was found in the 464 
genotype, while the lowest lipid content was in 
ILWC285 genotype. The lipid content was higher 
in 12 genotypes (Azkan, Isik, Aksu, Hisar, Diyar, 
Cakir, Yasa, Hasanbey, 464, ILWC243, ILWC286 
and ILWC285) than the other genotypes. It was 
found that the lipid content of dehulled and whole 
seeds of Kabuli and Desi chickpea cultivars grown 
in Iraq, India and Canada were found to vary be-
tween 5.3-7.2% and 4.9-6.6%, respectively [28]. 
On the other hand, the lipid content obtained 
was 1.0-3.4% in defatted chickpea flour [33], 6.17-
6.48% in chickpea seeds with different cooking 
methods [31], at 6.69% and 6.73%, respectively, 
in raw and freeze-dried cooked seeds [32], 3.03-
8.48% in seeds of M3 morphological mutants [34], 
2.91-6.43% in cultivated chickpea cultivars in Tür-
kiye [35], 5.7-5.9% in chickpea submitted to germi-
nation process [36], and 6.35-9.35 g/100 g in four 
varieties of chickpea [29].
The seeds of certain chickpea genotypes contain 
palmitic and stearic acids as the major component 
fatty acids among the saturated acids (Table III). As 
seen in Table III, the major unsaturated fatty acids 

 

Figure 1 - Principal component biplot analysis of the relationships between the examined features 
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1.6-2.5%, respectively, in chickpeas submitted to ger-
mination process [36], as 27.9-33.4%, 50.1-57.3% 
and 1.2-1.6%, respectively, in raw and processed 
chickpeas [40], as 24.81-35.98%, 49.30-58.18% 
and 0.03-0.04%, respectively, in four varieties of 
chickpea [29].
While arachidic and eicosenoic acid content in the 
seeds of all chickpea genotypes was found to be 
highest in the 12 genotype, the lowest arachid-
ic and eicosenoic acid content was found in the 
ILWC285 genotype. Erucic acid was detected in 
the seeds of all genotypes except the ILWC285 
genotype, docosadienoic acid was detected in all 
genotypes except the ILWC74 genotype and lig-
noceric acid was detected in all genotypes except 
the ILWC76 and ILWC285 genotypes. The highest 
erucic, docosadienoic and lignoceric acid content 
was found in the Cakir, 464 and 369 genotypes, 
respectively, and the lowest erucic, docosadien-
oic and lignoceric acid content was detected in 
the 18, Isik and 155 genotypes, respectively. It 
has been reported that the arachidic acid content 
in Desi chickpea seeds varies between 1.0-1.4% 
[38], and the erucic acid content in Kabuli and 
Desi chickpea seeds varies between 0.00-0.16% 
and 0.00-0.21%, respectively [37], while the ar-
achidic and eicosenoic acid content in seeds of 
chickpea genotypes varies between 0.10-1.68% 
and 0.34-0.99% [39]. On the other hand, ara-
chidic, eicosenoic, behenic and lignoceric acids 
were reported to vary between 0.59-0.76%, 0.48-
0.70%, 0.29-0.48% and 0.00-0.29%, respectively, 
in Kabuli chickpea seeds, and 0.45-0.74%, 0.41-
0.59%, 0.30-0.42% and trace level, respectively, 
in Desi chickpea seeds [37], while it was reported 
to vary between 0.78-0.97%, 0.56-0.66%, 0.39-
0.47% and 0.09-0.17%, respectively, in four vari-
eties of chickpea [29].
The unsaturated fatty acid (USFA) content of the 
chickpea genotypes studied was between 82.92 
and 88.06% (Table III). The saturated fatty acid 
(SFA) content of studied chickpea genotypes 
was between 11.94 and 17.08%. The 358 gen-
otype had the highest level of SFA; it was fol-
lowed, respectively, by the 18 (16.97%), 464 
(16.78%), ILWC243 (16.50%), 390 (16.49%), 
ILWC235 (16.33%), 398 (16.31%), 283 (16.29%), 
35 (16.20%), 69 (16.16%) and ILWC74 (16.15%) 
genotypes (Table III). It has been reported that 
saturated and unsaturated fatty acids were found 
at amounts of 10.97-23.67% and 67.22-87.66%, 
respectively, in M3 morphological mutants [34], 
10.25-17.71% and 79.96-88.01%, respectively, 
in cultivated chickpea cultivars in Türkiye [35], 
15% and 75%, respectively, in chickpea seeds 
[41], and 13.88-16.51% and 83.49-86.12%, re-
spectively, in four varieties of chickpea [29].

with 0.10%, the lowest pentadecanoic acid con-
tent was detected in Hisar genotype at 0.05%, 
and the lowest margaric acid contents were 
found in the ILWC253 and ILWC254 genotypes at 
0.03%. On the other hand, the highest myristic, 
pentadecanoic and margaric contents were de-
termined in 77, ILWC74 and ILWC243 genotypes, 
respectively. Palmitoleic and heptadecanoic ac-
ids from unsaturated fatty acids were detected in 
all chickpea genotypes in small amounts. While 
the highest palmitoleic and heptadecanoic acids 
were detected in the ILWC243 and ILWC285 gen-
otypes, respectively, the lowest palmitoleic acid 
was detected in the 5 and 141 genotypes, and 
the lowest heptadecanoic acid was detected in 
the 504 and ILWC115 genotypes. It has been re-
ported that the myristic and palmitoleic acids of 
the seeds of the Kabuli chickpea cultivars vary 
between 0.19-0.26% and 0.27-0.34%, respec-
tively, and the myristic and palmitoleic acids of 
the seeds of the Desi chickpea cultivars vary be-
tween 0.17-0.32% and 0.23-0.30%, respectively 
[37], while it has been determined that myristic, 
pentadecanoic, palmitoleic and margaric ac-
ids of four varieties of chickpea varied between 
0.15-0.21%, 0.05-0.07%, 0.19-0.28% and 0.05-
0.08%, respectively [29]. On the other hand, pal-
mitoleic acid was detected at 0.3-0.5% in Desi 
chickpea seeds [38], 0.23-0.40% in chickpea 
genotypes [39], and 0.10-0.29% in cultivated 
chickpea cultivars in Türkiye [35].
Linoleic, oleic and linolenic acids were identified as 
the main USFA components and these acids made 
up the majority of the lipid of chickpea seeds. The 
oleic, linoleic and linolenic acid content of chickpea 
seeds ranged from 15.95 to 38.25%, from 43.61 to 
65.03%, and from 1.77 to 5.66%, respectively. The 
highest oleic, linoleic and linolenic acid content was 
found in Cakir, 187 and ILWC243 genotypes, re-
spectively, while the lowest oleic, linoleic and linolenic 
acid content was found in the 187, Cakir and 152 
genotypes, respectively (Table III). While oleic, linoleic 
and linolenic acids in Kabuli and Desi chickpea seeds 
grown in Iraq, India and Canada were 14.0-39.3%, 
47.2-71.2% and 2.1-4.5%, respectively [28], it was 
determined to be 27.7-42.46%, 42.25-56.59% and 
2.23-3.91%, respectively, in Kabuli chickpea seeds 
and measured as 18.44-28.5%, 53.10-62.25% and 
2.54-3.65%, respectively, in Desi chickpea seeds [37], 
as 21.6-22.2%, 56.2-55.0% and 0.5-0.9%, respec-
tively, in Desi chickpea seeds [38], as 18.57-35.23%, 
47.15-63.44% and 1.74-3.52%, respectively, in chick-
pea genotypes [39], as 18.20-33.64%, 40.10-68.43% 
and 0.26-2.98%, respectively, in M3 morphological 
mutants [34], as 27.55-42.30%, 41.25-57.25% and 
1.68-2.68%, respectively, in cultivated chickpea culti-
vars in Türkiye [35], as 33.9-34.9%, 52.3-54.3% and 
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Table III - Lipids and fatty acid composition (%) of the seeds of some chickpea genotypes 
 

No Lipid C14:0 C15:0 C16:0 C16:1 C17:0 C17:1 C18:0 C18:1 C18:2 
G1 3.78 0.17 0.07 11.10 0.31 0.05 0.09 1.23 32.37 49.90 
G2 3.69 0.16 0.07 10.57 0.30 0.06 0.10 1.80 37.43 44.75 
G3 4.19 0.16 0.07 9.68 0.26 0.05 0.10 1.35 33.45 50.63 
G4 4.68 0.14 0.06 10.25 0.25 0.05 0.11 1.86 36.60 46.56 
G5 4.04 0.15 0.07 10.57 0.32 0.06 0.11 1.52 33.93 48.62 
G6 4.34 0.17 0.05 11.06 0.32 0.06 0.10 1.58 29.66 52.95 
G7 5.07 0.16 0.07 10.16 0.30 0.05 0.10 1.39 35.56 48.26 
G8 5.34 0.14 0.06 11.11 0.31 0.07 0.04 1.69 38.25 43.61 
G9 4.81 0.16 0.06 10.64 0.34 0.05 0.10 1.42 34.91 47.98 
G10 4.91 0.16 0.06 10.66 0.30 0.06 0.10 1.66 36.48 45.45 
G11 3.56 0.15 0.12 10.93 0.15 0.07 0.08 1.37 31.53 51.29 
G12 3.56 0.18 0.10 13.33 0.25 0.07 0.06 1.62 35.50 43.65 
G13 0.94 0.22 0.14 12.06 0.28 0.06 0.07 1.24 24.09 56.60 
G14 0.78 0.25 0.13 12.82 0.32 0.09 0.09 1.37 26.74 51.76 
G15 1.31 0.18 0.13 12.45 0.29 0.06 0.06 1.31 22.87 57.36 
G16 1.10 0.18 0.12 9.92 0.20 0.06 0.05 1.26 30.19 53.61 
G17 1.29 0.22 0.11 11.45 0.30 0.06 0.07 1.21 15.95 65.03 
G18 1.08 0.18 0.13 11.29 0.30 0.06 0.08 1.28 25.26 56.52 
G19 1.91 0.26 0.13 12.68 0.29 0.06 0.07 1.27 23.74 55.95 
G20 2.39 0.12 0.11 11.55 0.27 0.06 0.08 1.34 27.93 54.02 
G21 1.96 0.18 0.10 11.54 0.28 0.06 0.08 1.16 26.71 55.03 
G22 2.86 0.21 0.13 13.02 0.31 0.07 0.08 1.43 32.73 45.98 
G23 3.34 0.18 0.13 11.54 0.31 0.07 0.08 1.30 25.55 55.84 
G24 3.40 0.23 0.12 12.73 0.33 0.06 0.06 1.22 24.20 55.74 
G25 9.98 0.23 0.15 13.95 0.29 0.05 0.06 1.31 23.74 55.12 
G26 1.48 0.21 0.11 12.03 0.22 0.06 0.03 1.55 24.03 56.84 
G27 1.32 0.21 0.12 11.58 0.20 0.04 0.05 1.37 21.72 59.80 
G28 2.15 0.12 0.10 9.63 0.23 0.05 0.06 1.14 24.50 60.00 
G29 0.95 0.11 0.20 12.77 0.48 0.10 0.12 1.33 20.33 58.46 
G30 1.13 0.11 0.23 13.55 0.44 0.10 0.11 1.44 22.05 55.79 
G31 0.77 0.12 0.19 12.56 0.43 0.09 0.10 1.36 19.54 58.30 
G32 1.09 0.10 0.16 12.12 0.42 0.06 0.10 1.48 24.04 55.86 
G33 2.76 0.18 0.11 11.35 0.24 0.06 0.06 1.32 21.72 60.20 
G34 3.49 0.18 0.10 12.51 0.26 0.05 0.03 1.28 25.25 55.56 
G35 2.08 0.20 0.11 11.75 0.29 0.05 0.06 1.37 25.44 55.59 
G36 3.05 0.18 0.09 11.18 0.24 0.05 0.06 1.24 28.24 54.04 
G37 1.49 0.20 0.12 13.11 0.25 0.05 0.05 1.49 26.36 51.64 
G38 1.10 0.15 0.22 13.77 0.51 0.12 0.12 1.25 18.01 57.65 
G39 1.73 0.20 0.12 11.68 0.25 0.04 0.05 1.16 18.64 61.45 
G40 2.10 0.18 0.11 10.77 0.31 0.03 0.06 1.18 22.40 59.79 
G41 1.68 0.24 0.10 12.05 0.34 0.03 0.06 1.05 22.31 58.14 
G42 1.09 0.11 0.20 13.06 0.41 0.09 0.13 1.20 22.15 55.96 
G43 0.56 0.10 0.19 11.14 0.48 0.09 0.14 1.01 16.89 64.10 
G44 1.90 0.17 0.13 11.39 0.25 0.06 0.07 1.26 20.40 61.38 
G45 1.62 0.15 0.12 12.49 0.27 0.05 0.06 1.11 17.71 61.69 
G46 2.61 0.22 0.16 13.19 0.30 0.06 0.06 1.38 20.28 59.07 
G47 3.38 0.15 0.14 11.66 0.32 0.06 0.07 1.17 21.66 60.03 
G48 2.10 0.19 0.13 12.19 0.21 0.05 0.05 1.35 19.98 60.13 
G49 2.40 0.15 0.11 11.35 0.26 0.06 0.07 1.22 25.42 56.26 
G50 1.13 0.29 0.17 12.13 0.34 0.07 0.06 1.45 25.04 55.22 
G51 3.35 0.11 0.12 11.91 0.26 0.07 0.09 1.22 28.37 53.48 
G52 3.24 0.17 0.11 11.57 0.25 0.07 0.08 1.20 27.01 54.69 
G53 1.72 0.21 0.11 12.22 0.29 0.05 0.06 1.09 20.02 60.00 
G54 3.23 0.18 0.12 11.53 0.15 0.06 0.05 1.33 24.32 57.47 
G55 2.29 0.20 0.17 11.91 0.19 0.07 0.08 1.10 23.29 58.23 
G56 2.07 0.23 0.13 11.91 0.25 0.07 0.07 1.18 23.83 57.76 
G57 2.30 0.18 0.12 12.13 0.30 0.06 0.07 0.99 21.71 58.93 
G58 2.80 0.18 0.10 10.15 0.25 0.06 0.08 0.99 24.87 58.30 
G59 3.37 0.18 0.13 11.81 0.28 0.06 0.07 1.08 24.61 56.62 
G60 2.20 0.16 0.13 11.00 0.29 0.05 0.07 1.06 22.71 58.97 
G61 1.52 0.15 0.15 12.46 0.34 0.06 0.07 1.18 20.03 60.57 
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Table III - continues 

G62 2.50 0.19 0.18 12.54 0.24 0.07 0.07 1.18 25.73 54.91 
G63 1.91 0.22 0.16 14.01 0.31 0.07 0.07 1.28 29.91 47.63 
G64 1.08 0.24 0.18 12.92 0.26 0.10 0.08 1.11 24.89 54.21 
G65 3.31 0.17 0.18 12.17 0.17 0.07 0.08 1.06 25.87 55.71 
G66 2.02 0.20 0.14 13.54 0.29 0.07 0.08 1.34 23.96 55.04 
G67 3.41 0.23 0.14 13.47 0.35 0.07 0.08 1.19 24.48 54.81 
G68 3.05 0.12 0.12 9.79 0.22 0.06 0.07 1.14 24.35 59.68 
G69 2.23 0.14 0.12 12.69 0.26 0.06 0.06 1.22 19.33 60.17 
G70 3.49 0.18 0.16 12.17 0.28 0.07 0.07 1.18 22.89 57.56 

 
No C18:3 C20:0 C20:1 C22:0 C22:1 C22:2 C24:0 SFA USFA 
G1 2.06 0.62 0.65 0.13 0.62 0.43 0.20 13.58 86.42 
G2 2.26 0.83 0.71 0.12 0.48 0.16 0.19 13.80 86.20 
G3 2.17 0.61 0.69 0.10 0.39 0.12 0.16 12.18 87.82 
G4 2.16 0.62 0.60 0.09 0.36 0.08 0.21 13.28 86.72 
G5 2.44 0.70 0.60 0.09 0.46 0.15 0.20 13.36 86.64 
G6 2.10 0.64 0.52 0.06 0.37 0.16 0.19 13.82 86.18 
G7 1.97 0.61 0.63 0.06 0.38 0.11 0.17 12.68 87.32 
G8 1.62 0.78 0.73 0.08 0.80 0.28 0.42 14.36 85.64 
G9 2.05 0.65 0.62 0.08 0.49 0.20 0.25 13.31 86.69 
G10 2.37 0.78 0.68 0.08 0.63 0.18 0.33 13.80 86.20 
G11 1.80 0.75 0.78 0.10 0.57 0.09 0.20 13.70 86.30 
G12 2.01 1.12 1.12 0.11 0.08 0.36 0.44 16.97 83.03 
G13 2.54 0.78 0.67 0.12 0.46 0.43 0.23 14.86 85.14 
G14 2.96 1.00 0.95 0.14 0.52 0.50 0.36 16.16 83.84 
G15 2.66 0.76 0.68 0.13 0.40 0.43 0.21 15.24 84.76 
G16 1.77 0.69 0.82 0.17 0.60 0.18 0.17 12.58 87.42 
G17 3.00 0.79 0.64 0.14 0.43 0.39 0.19 14.18 85.82 
G18 2.28 0.78 0.80 0.11 0.40 0.28 0.23 14.06 85.94 
G19 2.44 0.92 0.87 0.15 0.54 0.26 0.35 15.84 84.16 
G20 2.37 0.65 0.65 0.10 0.40 0.15 0.19 14.13 85.87 
G21 2.26 0.74 0.80 0.11 0.50 0.22 0.22 14.12 85.88 
G22 2.44 1.00 1.09 0.12 0.77 0.30 0.31 16.29 83.71 
G23 2.40 0.76 0.77 0.10 0.44 0.27 0.25 14.33 85.67 
G24 2.31 0.76 0.76 0.13 0.42 0.63 0.28 15.54 84.46 
G25 2.18 0.71 0.72 0.13 0.40 0.71 0.25 16.78 83.22 
G26 1.99 1.03 0.64 0.10 0.56 0.34 0.25 15.34 84.66 
G27 2.47 0.72 0.63 0.11 0.53 0.31 0.14 14.30 85.70 
G28 1.80 0.58 0.68 0.11 0.50 0.29 0.20 11.94 88.06 
G29 4.47 0.47 0.43 0.06 0.28 0.19 0.18 15.23 84.77 
G30 4.71 0.46 0.46 0.06 0.28 - 0.20 16.15 83.85 
G31 5.18 0.53 0.45 0.21 0.32 0.61 - 15.06 84.94 
G32 3.60 0.56 0.48 0.07 0.43 0.28 0.23 14.79 85.21 
G33 1.88 0.82 0.65 0.10 0.51 0.56 0.22 14.17 85.83 
G34 1.99 0.80 0.69 0.16 0.49 0.38 0.25 15.34 84.66 
G35 2.07 0.92 0.78 0.12 0.56 0.46 0.22 14.74 85.26 
G36 1.78 0.83 0.73 0.12 0.52 0.52 0.17 13.86 86.14 
G37 3.60 0.90 0.82 0.23 0.47 0.47 0.23 16.33 83.67 
G38 5.66 0.64 0.50 0.12 0.38 0.66 0.22 16.50 83.50 
G39 3.64 0.75 0.65 0.14 0.42 0.62 0.18 14.27 85.73 
G40 2.41 0.71 0.66 0.17 0.45 0.52 0.23 13.39 86.61 
G41 2.59 0.80 0.81 0.22 0.46 0.51 0.27 14.77 85.23 
G42 4.14 0.62 0.58 0.10 0.34 0.70 0.19 15.57 84.43 
G43 5.03 0.31 0.07 0.17 - 0.27 - 13.01 86.99 
G44 2.23 0.79 0.67 0.10 0.48 0.36 0.24 14.15 85.85 
G45 3.86 0.75 0.71 0.12 0.43 0.27 0.21 15.00 85.00 
G46 2.51 0.88 0.69 0.11 0.45 0.42 0.20 16.20 83.80 
G47 2.18 0.76 0.73 0.11 0.48 0.30 0.18 14.23 85.77 
G48 3.10 0.87 0.66 0.11 0.53 0.26 0.18 15.07 84.93 
G49 1.97 0.88 0.89 0.12 0.71 0.29 0.22 14.11 85.89 
G50 2.34 0.88 0.69 0.21 0.38 0.40 0.32 15.53 84.47 
G51 2.26 0.56 0.62 0.14 0.28 0.37 0.14 14.27 85.73 
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Table III - continues 

G52 2.23 0.69 0.75 0.09 0.41 0.45 0.22 14.13 85.87 
G53 3.36 0.77 0.67 0.10 0.48 0.37 0.19 14.74 85.26 
G54 2.34 0.69 0.61 0.10 0.39 0.48 0.17 14.19 85.81 
G55 2.56 0.62 0.74 0.09 0.34 0.33 0.07 14.24 85.76 
G56 2.10 0.66 0.75 0.10 0.42 0.26 0.27 14.56 85.44 
G57 2.60 0.73 0.79 0.13 0.61 0.39 0.24 14.58 85.42 
G58 2.54 0.62 0.78 0.10 0.38 0.38 0.20 12.41 87.59 
G59 2.24 0.72 0.79 0.11 0.56 0.49 0.23 14.33 85.67 
G60 2.44 0.84 0.91 0.14 0.68 0.33 0.21 13.60 86.40 
G61 2.46 0.72 0.68 0.12 0.46 0.38 0.17 15.01 84.99 
G62 2.14 0.70 0.80 0.21 0.50 0.29 0.23 15.31 84.69 
G63 2.77 0.90 1.04 0.12 0.72 0.47 0.31 17.08 82.92 
G64 3.13 0.69 0.80 0.23 0.42 0.39 0.33 15.81 84.19 
G65 1.95 0.60 0.65 0.13 0.27 0.24 0.68 15.06 84.94 
G66 2.65 0.74 0.70 0.21 0.45 0.33 0.25 16.49 83.51 
G67 2.13 0.81 0.80 0.11 0.55 0.48 0.28 16.31 83.69 
G68 1.97 0.62 0.70 0.11 0.50 0.33 0.21 12.17 87.83 
G69 3.41 0.74 0.69 0.12 0.42 0.33 0.22 15.32 84.68 
G70 2.58 0.81 0.79 0.13 0.59 0.31 0.21 14.92 85.08 

C14:0 Myristic acid; C15:0 Pentadecanoic acid; C16:0 Palmitic acid; C16:1 Palmitoleic acid, C17:0 Margaric acid; C17:1 Heptadecanoic acid; 
C18:0: Stearic acid, C18:1 Oleic acid; C18:2 Linoleic acid; C18:3 Linolenic acid; C20:0 Arachidic acid; C20:1 Eicosenoic acid, C22:0 Behenic 
acid, C22:1 Erucic acid, C22:2 Docosadienoic acid, C24:0 Lignoceric acid; SFA: Saturated fatty acid; USFA: Unsaturated fatty acid. It was 
carried out in 1 replication. 

4. CONCLUSIONS

This study was conducted for the purpose of provid-
ing information regarding seed fatty acids and nutri-
tional compositions of chickpea genotypes grown in 
the Central Anatolian climate. Chickpea genotypes 
showed significant differences in terms of fatty acid 
and nutritional compositions. This study demonstrat-
ed that (i) oleic acid (18:1) and linoleic acid (18:2) were 
the major fatty acid types in all chickpea genotypes, 
(ii) Cakir, 187 and ILWC243 genotypes were the most 
favorable according to the fatty acid profile, (iii) the 69 
and 359 genotypes were the most stable genotypes 
in terms of crude protein (iv) the Isik, Aksu, Hisar and 
Hasanbey varieties displayed the lowest NDF, ADF 
and ADL rates (v) the Isik variety was the best for DMI 
and RFV values and (vi) the Hisar, Diyar and Hasanbey 
varieties were the best for DMD, TDN, DE and ME 
values.

BIBLIOGRAPHY

[1]	 R. K. Varshney, C. Song, R. K. Saxena, S. 
Azam, S. Yu, A. G. Sharpe, S. Cannon, J. Baek, 
B. D. Rosen, B. Tar’an, T. Millan, X. Zhang, L. 
D. Ramsay, A. Iwata, Y. Wang, W. Nelson, A. 
D. Farmer, P. M. Gaur, C. Soderlund, R. V. Pen-
metsa, C. Xu, A. K. Bharti, W. He, P. Winter, S. 
Zhao, J. K. Hane, N. Carrasquilla-Garcia, J. A. 
Condie, H. D. Upadhyaya, M. C. Luo, M. Thudi, 
C. L. L. Gowda, N. P. Singh, J. Lichtenzveig, K. 
K. Gali, J. Rubio, N. Nadarajan, J. Dolezel, K. C. 
Bansal, X. Xu, D. Edwards, G. Zhang, G. Kahl, 

J. Gil, K. B. Singh, S. K. Datta, S. A. Jackson, J. 
Wang, D. R. Cook, Draft genome sequence of 
chickpea (Cicer arietinum) provides a resource 
for trait improvement. Nat. Biotechnol., 31, 240-
246 (2013).

[2]	 Y. N. Sreerama, V. B. Sashikala, V. M. Pratape, 
V. Singh, Nutrients and antinutrients in cowpea 
and horse gram flours in comparison to chick-
pea flour: Evaluation of their flour functionality. 
Food Chemistry, 131, 462-468 (2012).

[3]	 A. K. Jukanti, P. M. Gaur, C. L. L. Gowda, R. N. 
Chibbar, Nutritional quality and health benefits 
of chickpea (Cicer arietinum L.): A review. Br. J. 
Nutr., 108(Suppl. 1), 11-S26 (2012).

[4]	  USDA, https://fdc.nal.usda.gov/fdc-app.html#/
food-details/174288/nutrients (Accessed Au-
gust 30, 2021) (2021).

[5]	 H. D. Upadhyaya, D. Bajaj, L. Narnoliya, S. Das, 
V. Kumar, C. L. L. Gowda, S. Sharma, A. K. Ty-
agi, S. K. Parida, Genome-wide scans for delin-
eation of candidate genes regulating seed-pro-
tein content in chickpea. Front. Plant Sci., 7, 
1-13 (2016).

[6]	 J. C. Brand, B. J. Snow, G. P. Nobhan, A. S. 
Truswell, Plasma glucose and insulin respons-
es to traditional Pima Indian meals. Am. J. Clin. 
Nutr., 51, 216-221 (1990).

[7]	 D. P. J. Burkitt, A. R. P. Walker, N. J. Painter, Di-
etary fiber and disease. J. Am. Med. Assn., 229, 
1068-1077 (1974).

[8]	 J. Van Soest, J. B. Robertson, B. A. Lewis, 
Symposium: Carbohydrate methodology, me-
tabolism, and nutritional implications in dairy 
cattle. J. Dairy Sci., 74, 3583-3597 (1991).



LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL 102 - LUGLIO/SETTEMBRE 2025 LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL 102 - LUGLIO/SETTEMBRE 2025

169

with a low toxicity solvent. Anal. Biochem., 90, 
420-436 (1978).

[23]	 W. W. Christie, Gas Chromatography and Lip-
ids: A practical guide. The Oily Press, Ayr., pp. 
307 (1990).

[24]	 J. H. Hulse, Nature, composition and utilization 
of pulses. In Uses of Tropical Grain Legumes, 
Proceedings of a Consultants Meeting, 27-30 
March 1989, pp. 11-27. Patancheru, AP: ICRI-
SAT (1991).

[25]	 A. Badshah, M. Khan, N. Bibi, M. Khan, S. Ali, 
C. M. Ashraf, K. M. Saeed, Quality studies of 
newly evolved chickpea cultivars. Adv Food Sci 
25, 95-99 (2003).

[26]	 U. Singh, R. Jambunathan, Studies on desi and 
kabuli chickpea (Cicer arietinum L.) cultivars: 
levels of protease inhibitors, levels of polyphe-
nolic compounds and in vitro protein digestibili-
ty. J Food Sci 46, 1364-1367 (1981).

[27]	 F. Rinco´n, B. Martı´nez, M. V. Iba´n˜ez, Proxi-
mate composition and antinutritive substances 
in chickpea (Cicer arietinum L.) as affected by 
the biotype factor. J Sci Food Agric 78, 382-388 
(1998).

[28]	 F. W. Solsulski, H. M. Gadan, Variations in lipid 
composition among chickpea cultivars. JAOCS, 
65(3), 36-372 (1988).

[29]	 S. Xiao, Z. Li, K. Zhou, Y. Fu, Chemical compo-
sition of Kabuli and Desi chickpea (Cicer arieti-
num L.) cultivars grown in Xinjiang, China. Food 
Sci. Nutr., 11, 236-248 (2023).

[30]	 N. Khatoon, J. Prakash, Nutritional quality of 
microwave-cooked and pressure-cooked le-
gumes. International Journal of Food Sciences 
and Nutrition, 55, 441-448 (2004).

[31]	 S. A. Alajaji, T. A. El-Adawy, Nutritional compo-
sition of chickpea (Cicer arietinum L.) as affect-
ed by microwave cooking and other traditional 
cooking methods. Journal of Food Composition 
and Analysis, 19, 806-812 (2006).

[32]	 G. E. de Almeida Costa, K. da Silva Que-
iroz-Monici, S. M. P. M. Reis, A. C. de Oliveira, 
Chemical composition, dietary fibre and resis-
tant starch contents of raw and cooked pea, 
common bean, chickpea and lentil legumes. 
Food Chemistry, 94, 327-330 (2006).

[33]	 R. Sánchez-Vioque, A. Clemente, J. Vioque, 
J. Bautista, F. Millán, Neutral lipids of chickpea 
flour and protein isolates. JAOCS, 75(7), 851-
855 (1998).

[34]	 T. M. Shah, Z. Iqbal, M. R. Asi, B. M. Atta, In-
duced genetic variability for fatty acids and oil 
contents in chickpea (Cicer arietinum). Int. J. 
Agric. Biol., 15, 419-426 (2013).

[35]	 M. Kaya, M. Kan, A. Yilmaz, R. Karaman, A. 
Sener, The fatty acid and mineral compositions 
of different chickpea cultivars cultivated. Frese-

[9]	 C. Bjergegaard, B. O. Eggum, S. K. Jensen, H. 
Sorensen, Dietary fibres in oilseed rape: Physi-
ological and antinutritional effects in rats of iso-
lated IDF and SDF added to a standard diet. J. 
Anim. Physiol. An. N., 66, 69-79 (1991).

[10]	 M. J. Hill, Steroid nuclear dehydrogenation and 
colon cancer. Am. J. Clin. Nutr., 27, 1475-1479 
(1974).

[11]	 D. L. Nelson, M. M. Cox, Lehninger principles of 
biochemistry 5th (fifth) edition, in Biochemistry. 
5th Edn. (ed.) A. Katherine. (New York, NY: W.H 
Freeman and Company) (2008).

[12]	 M. G. di Pasquale, The essentials of essential 
fatty acids. J. Dietary Suppl., 6, 143-161 (2009).

[13]	 M. Akcura, V. Turan, K. Kokten, M. Kaplan, 
Fatty acid and some micro element composi-
tions of the seeds of cluster bean (Cyamopsis 
tetragonoloba) genotypes growing under Med-
iterranean Climate. Industrial Crops and Prod-
ucts, 128, 140-146 (2019).

[14]	 B. Ciftci, C. Yururdurmaz, K. Kokten, M. Kaplan, 
Lipid contents and mineral elements of some 
cowpea genotypes (Vigna unguiculata). Chem-
istry of Natural Compounds, 60(1), 143-146 
(2024).

[15]	 AOAC, Official method of analysis. Associa-
tion of official analytical chemists 15th edition, 
Washington DC, USA (1990).

[16]	 AOAC, Official Methods of Analysis of AOAC 
International. 17th ed. 2nd Rev. Gaithersburg, 
USA, Association of Analytical Communities 
(2003).

[17]	 P. J. Van Soest, The use of detergents in the 
analysis of fibre feeds. II. A rapid method for the 
determination of fibre and lignin. Journal of the 
Association of Official Analytical Chemists, 46, 
829-835 (1963).

[18]	 P. J. Van Soest, R. H. Wine, The use of deter-
gents in the analysis of fibrous feeds. IV. Deter-
mination of plant cell wall constituents. Journal 
of the Association of Official Analytical Chem-
ists, 50, 50-55 (1967).

[19]	 D. A. Rohweder, R. F. Barnes, N. Jorgensen, 
Proposed hay grading standards based on lab-
oratory analyses for evaluating quality. Journal 
of Animal Science, 47, 747-759 (1978).

[20]	 J. E. Moore, D. J. Undersander, Relative forage 
quality: An alternative to relative feed value and 
quality index. In Proceedings 13th Annual Flor-
ida Ruminant Nutrition Symposium, 32, 16-29 
(2002).

[21]	 P. V. Fonnesbeck, D. H. Clark, W. N. Garret, C. 
F. Speth, Predicting energy utilization from alfal-
fa hay from the Western Region. Proceeding of 
American Society of Animal Sciences (Western 
Section), 35, 305-308 (1984).

[22]	 A. Hara, N. S. Radin, Lipid extraction of tissues 



LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL 102 - APRILE/GIUGNO 2025LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL 102 - LUGLIO/SETTEMBRE 2025

nius Environmental Bulletin, 27(2), 1240-1247 
(2018).

[36]	 C. D. Ferreira, V. K. Bubolz, J. da Silva, C. L. 
Dittgen, V. Ziegler, C. de Oliveira Raphaelli, M. 
de Oliveira, Changes in the chemical composi-
tion and bioactive compounds of chickpea (Ci-
cer arietinum L.) fortified by germination. Food 
Science and Technology, 111, 363-369 (2019).

[37]	 N. Wang, J. K. Daun, The chemical composi-
tion and nutritive value of Canadian pulses. In 
Canadian Grain Commission Report, pp. 19-29 
(2004).

[38]	 M. Zia-Ul-Haq, S. Iqbal, S. Ahmad, M. Imran, 
A. Niaz, M. I. Bhanger, Nutritional and compo-
sitional study of Desi chickpea (Cicer arietinum 
L.) cultivars grown in Punjab, Pakistan. Food 
Chemistry, 105, 1357-1363 (2007).

[39]	 M. K. Gul, C. O. Egesel, H. Turhan, The effects 
of planting time on fatty acids and tocopherols 
in chickpea. Eur. Food Res. Technol., 226, 517-
522 (2008).

[40]	 A. Madurapperumage, L. Tang, P. Thavarajah, 
W. Bridges, E. Shipe, G. Vandemark, D. Thava-
rajah, Chickpea (Cicer arietinum L.) as a Source 
of Essential Fatty Acids - A Biofortification Ap-
proach. Front. Plant Sci., 12, 734980 (2021).

[41]	 R. Kaur, K. Prasad, Technological, processing 
and nutritional aspects of chickpea (Cicer ari-
etinum) - A review. Trends in Food Science & 
Technology, 109, 448-463 (2021).

170

LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL 102 - LUGLIO/SETTEMBRE 2025




