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Abstract
Chickpea is the world’s second most widely grown pulse. This legume will become increasingly important due to its natural 
drought and heat tolerance ability, and its capacity to fix atmospheric  N2 in symbiosis with rhizobia what makes this pulse 
a low-water and carbon fingerprint crop. The aim of this study was to assess the nutritional value, the mineral composi-
tion, and the phenolic compound profiles of ten Spanish chickpea genotypes. Seed morphological characteristics were also 
determined as useful traits for analyzing plant biodiversity. Most of these advanced lines and/or recombinant inbred lines 
(RILs) were derived from intraspecific crosses among kabuli-type chickpeas genotypes. The variety Kasin and two RILs, 
namely 5-RIL-33 and 5-RIL-92, shared the same parental lines, one of them from India (WR315) of desi type. Only one 
genotype (5-RIL-33) has colored grains and pink flowers (common desi-type traits). These three genotypes were resistant to 
both ascochyta blight [Ascochyta rabiei (Pass.) Labr] and Fusarium oxysporum f. sp. ciceris race 5. The protein content of 
all genotypes was higher than 20% with some outstanding lines having > 25%. Other functional components such as crude 
fat, fiber, and carbohydrates contents and minerals were broadly uniform across the studied material. The analysis of the 
phenolic compounds on methanolic seed extracts reveals common features as the presence of gentisic and 4-hydroybezoic 
acids, besides l-glutamic, citric, and succinic organic acids. In contrast, some compounds such as gallic acid, gallocatechin, 
and rutin are exclusively present in the colored 5-RIL-33 line, in addition to the reference Apulian black chickpea variety.
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Introduction

Chickpea (Cicer arietinum L.) is one of the earliest culti-
vated legumes and belongs to the family Fabaceae (subfam-
ily Faboideae). Remains of this pulse from the Middle East 
have been found dating to around 7500–9000 years ago. Cul-
tivated chickpeas are divided into two main types, namely 
“desi” and “kabuli” [1, 2]. The “desi” types have pigmented 
vegetative parts and pink flowers, and seeds are generally 
small and colored (mostly dark) with a thick seed coat. The 
“desi” chickpeas occupy about 80–85% of the chickpea cul-
tivation areas in the world and are mainly grown in South 
Asia (India), East Africa, and Australia. The “kabuli” types 

have non-pigmented vegetative parts, white flowers, and are 
relatively larger, having a thin coat and whitish or cream 
colored testa, and are mostly cultivated in the Mediterranean 
Basin, the Near East, and East Asia [3]. A third chickpea 
type, “pea-like” has also been described usually in germ-
plasm collections and breeding populations [4].

Today, chickpea is the world’s second most widely grown 
pulse after soybean and its cultivation is well adapted to the 
climate and agronomic features of the Mediterranean basin. 
It will become increasingly important facing the forecast 
climate change scenario due to its natural drought and heat 
tolerance ability, and its capacity to fix atmospheric  N2 in 
symbiosis with rhizobia soil bacteria which also increase 
the soil fertility. All these facts make this pulse a low water 
and carbon fingerprint crop. At the same time, it is the most 
important food legume cultivated among cool season food 
legumes in the arid and semi-arid regions of the world under 
rainfed conditions. In recent years, India has been the lead-
ing producer of chickpeas with a total production of more 
than 11 million metric tons of chickpeas in 2020 and Turkey 
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is the second with an estimated 630,000 metric tons. In 
Spain, the surface dedicated to grain legumes cultivation 
in 2021 exceeded 360,000 ha raising a total production of 
431,796 tons where chickpeas represent a 12% of surface 
cultivation and 9% of the grain legumes production. It is 
noticeable that less than a 1% of the production is dedicated 
to human consumption (https:// www. mapa. gob. es/ es/ estad 
istica).

Pulses have gained more attention since the United 
Nations General Assembly declared 2016 as the Interna-
tional Year of Pulses (IYP) recognizing their importance 
for nutrition, health, and agriculture. The IYP contributed to 
increase the awareness on the multiple benefits of pulses for 
humans and agriculture and, thus, increase pulse consump-
tion and production. To encounter the challenge of provid-
ing affordable, nutritious foods at low environmental costs, 
pulses can play an important role. Legumes such as soybean, 
chickpeas, lentils, peas, beans, peanuts, and forage legumes 
such as alfalfa, clover, etc., are used worldwide for human 
food supply as well as for animal feed purposes. Along with 
their environmental, nutritional, and agronomic benefits, 
pulses foster sustainable agriculture, contribute to climate 
change mitigation and adaptation, and promote biodiversity 
[5, 6].

Most countries face some form of malnutrition, rang-
ing from undernutrition and micronutrient deficiencies to 
obesity and diet-related diseases. In this context, pulses 
are important food crops and should be part of a healthy 
diet because they are recognized as being readily available 
sources of protein, complex carbohydrates, fibers, vitamins, 
minerals, and bioactive compounds while being low in fat 
[7–9]. Then, pulses have been used as plant-based solutions 
in the food system, which deserve the attention of many 
researchers, food technologists, and marketers. For nutri-
tionists, pulses are considered healthy and high nutrient-
like protein-rich diet, that mainly decrease the risk of stroke 
and heart diseases. Even though grain legumes were part 
of many traditional diets, pulse consumption has decreased 
globally; in Spain, the current human consumption rate is 
2.5 kg/year/per capita far from the 4 kg/year/per capita of 
the beginning of the century being chickpeas the preferred 
food legume followed by lentils and common beans.

Materials and methods

Plant material

Chickpea genotypes used in this work and the parental lines 
are listed in Table 1. This material has been provided and 
informed (biological status and parental lines) by Dr. J. 
Rubio (Department of Plant Breeding and Biotechnology), 
IFAPA (Andalusian Institute of Agrarian, Fishing, Food 

Investigation and Ecological Production), Center Alameda 
del Obispo, Córdoba, Spain. The original material has been 
multiplied under field conditions, during 2022 at the Agri-
culture Experimental Station Tomejil, (IFAPA-Center Las 
Torres, Seville, Spain). Seeds have been stored at 8ºC till 
its use for chemical and nutritional analyses. In addition, a 
black-pigmented chickpea type Apulian black, local vari-
ety (Cece nero rugoso della Murgia), kindly provided by 
Dr. A.R. Piergiovanni (Institute of Biosciences and BioRe-
sources, Bari, Italy), has been used as reference genotype 
for some purposes.

Seed morphological and physical characteristics

Shape, ribbing, and color of seed were accomplished by 
visual assessment (VG) following the codes of UPOV (Inter-
national Union for the Protection of new varieties of Plants) 
[10], by two independent observers. Seed coat incidence was 
calculated based on three independent samples of ten seeds 
following Avola et al. [11]. 100-seed weight (100SW) was 
gravimetrically determined on three independent samples. 
The seed shape analysis (length, width, and circularity) of 
the genotypes has been analyzed by traitor [12], a computer-
aided image analysis system. Briefly, selected 80 seeds/gen-
otype were set up in matrices of 8 files × 10 columns, with 
the ventral side of seed touching the surface of a scanner HP 
OfficeJet 8600. Images were taken with HP Easy Scan 2.0, 
in a blue background. A coin was used to normalize meas-
urements to the nearest 0.1 mm. A matrix of 775 records of 
the ten genotypes has been used for graphical and statistical 
analyses. The interaction between length and circularity was 
performed in R (lineal model circularity ~ variety* length).

Proximate and mineral composition of seeds

Dry and raw seeds of each genotype were ground and sieved 
at 1 mm to obtain the corresponding flour. Sample flours 
were sent to authoritative specialized analyses unit Labora-
torio Agroalimentario de Córdoba, (AGAPA) for proximate 
and mineral composition determination. The constituents 
referred as mandatory nutrition declaration (energy, fat, 
carbohydrates, sugar, salt, and protein) on EU Regulation 
No. 1169/2011 (art. 30) plus fiber content, ash, and humidity 
were determined. Mineral components: N, P, K, Ca, Mg, Na, 
Fe, Mn, and Cu were determined by ICP-OES (Inductively 
Coupled Plasma-Optical Emission Spectrometer).

Phenolic compounds determination

Methanolic extracts (methanol:water, 70:30) of chickpea 
flours were analyzed by UHPLC–HRMS (Ultra High-Per-
formance Liquid Chromatography–High-Resolution Mass 
Spectrometry) by the target screening method against more 

https://www.mapa.gob.es/es/estadistica
https://www.mapa.gob.es/es/estadistica
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than 90 phenolic compounds at CITIUS (Centre of Research, 
Technology and Innovation University of Seville, Spain).

Results and discussion

The genetic background and denomination of the chickpea 
germplasm used in this study are shown in Table 1. Most of 
the chickpea genotypes derived from interspecific crosses 
of three kabuli-type parental lines from Russia, Syria, and 
Spain. However, two RILs (Recombinant Inbred Lines): 
5-RIL-33 and 5-RIL-92 plus the variety Kasin, derived 
from reciprocal crosses that include the desi type from 
India (WR315) and the kabuli-type from Russia (ILC3279), 
respectively. 5-RIL-33 and 5-RIL-92, although derived from 
the same parental lines cross (female × male), have segre-
gated distinctive morphological characteristics such as seed 
type and color, flower color, seed weight (100SW), and 
shape (Table 2).

All genotypes were resistant to ascochyta blight 
(Ascochyta rabiei) [13], and most of them showed sensitivity 
to Fusarium oxysporum f. sp. ciceris race 5 [14], exception 
made of 5-RIL-33, 5-RIL-92, and Kasin variety, which were 

resistant probably due to the desi genotype WR315 partner 
on their pedigree.

Morphological seed traits such as seed shape and size 
have been accepted as useful tools for studying plant biodi-
versity and to characterize intra- and inter-species variation 
as well as for genotypic discrimination and local varieties 
improvement [15, 16]. Thus, with the aim of distinguishing 
this set of Spanish chickpea genotypes, we have assessed 
six traits: seed size, 100SW (100-seed weight), shape, seed 
color, coat %, and ribbing. The morphological character-
istics of the studied chickpeas are shown in Table 2 and 
Fig. 1. Most of the genotypes belong to kabuli type, excep-
tion made of 5-RIL-33 which belongs to desi type, thus 
exhibiting characteristics of this group such as pink flow-
ers, angular shape, small seeds, reddish brown color, and 
thick coat denoted by the highest coat % and strong ribbing. 
Among the kabuli genotypes, 5-RIL-92, RR-33, RR-51, and 
RR-98 form a sub-group that shows intermediate character-
istics such as medium size, 100SW ranging 16–30 g, round 
shape, grayed brown color, and absent to very weak ribbing. 
Half of the genotypes (BT-, meaning good size) could be 
gathered as a second sub-group of the kabuli seeds, as they 
present the highest seed size and 100SW (> 50 g), in agree-
ment with the macrocarpa kabuli-type descriptors [1, 2]. 

Table 1  Denomination and genetic background of chickpea genotypes

a Varieties
b Tolerance: Resistant (R) or Susceptible (S) to Rabia (Ascochyta rabiei)/Fusarium oxysporum f. sp. ciceris race 5

Denomination of advanced lines/recombinant inbred lines and 
registered  varietiesa

Parental lines, used for plant crosses Toleranceb

5-RIL-33 WR315/ILC3279 R/R
5-RIL-92 WR315/ILC3279 R/R
Kasina (RR-98) ILC3279/WR315 R/R
Velekaa (RR-33) ILC5275/CA2156/ILC72/CA1938 R/S
RR-51 CA1592/ILC5275 R/S
BT3-13 ILC5275/CA2156/ILC72/CA1938/ILC3279 R/S
BT3-23 ILC5275/CA2156/ILC72/CA1938/ILC3279 R/S
BT5-7 ILC5275/CA2156/ILC72/CA1938/ILC3279 R/S
Kaverya (BT6-17) CA1938/ILC2956/ILC5275/CA2156/ILC72 R/S
BT6-19 CA1938/ILC2956/ILC5275/CA2156/ILC72 R/S

Parental lines of chickpeas genotypes

Parental lines Type Origin

WR315 Desi India
ILC3279 Kabuli Russia
ILC5275 Kabuli Syria
CA2156 Kabuli Spain
ILC72 Kabuli Russia
CA1938 Kabuli Spain
CA1592 Kabuli Spain
ILC2956 Kabuli Russia



1010 European Food Research and Technology (2024) 250:1007–1016

These BT-chickpea seeds have an intermediate shape, whit-
ish color, and medium to strong ribbing. The absence of ribs 
was well correlated with the round shape of seeds. In addi-
tion to the visual determination of shape and ribbing, digi-
tal seed morpho-metrics characterization has been used for 
cultivar discrimination in this work and those of others [12, 
15, 17], which allowed a high number of replicates. Results 
of the relationship between length and width, and seed cir-
cularity and length are shown in Figs. 2 and 3, respectively. 
Those genotypes called BT-grouped together, as well as 
those assigned to round shape (5-RIL-92, RR-33, RR-51 
and RR-98, Table 2), accordingly this image analysis is in 
agreement with the visual observations of shape. As stated 
by Cervantes et al. [15], modeling seed shape is an easy 
approximation that may help to understand and quantify dif-
ferences between related genotypes among other purposes.

The Apulian black cultivar Cece nero (desi type), 
included as reference, presents pink flowers, small seeds, 
and angular shape; it showed the highest seed-coat value 
(14.2%). The analysis of seed-coat incidence of the Span-
ish genotypes ranged from 5% to 9.7%, corresponding the 
upper value to 5-RIL-33. In contrast to Gil and Cubero [18], 
who found that correlation between seed-coat thickness with 
seed size was always negative and low, in this study, we have 
found a high and positive correlation (r = 0.85) between the 
variables seed-coat thickness (seed coat %) and seed size. 
Most probably, the morphological trait of ribbing, which is 
well associated with the seed size, as all big-seeded geno-
types (BT-) (Table 2) exhibited strong ribbing, may account 
for this correlation. The intermediate values of coat % in our 
study are in accordance with those from the Sicilian kabuli-
type cultivars [11].

The proximate composition of seeds is presented in 
Table  3. We have determined the constituents referred 
as mandatory nutrition declaration on EU Regulation 
No. 1169/2011 (art. 30), plus fiber, ashes, and humid-
ity content. The energy values slightly varied from 370 to 
380 kcal/100 g, and it was positively correlated with the total 
fat content (saturated plus unsaturated) (r = 0.856). Energy 
values of this set of chickpeas are consistent with those 
reported for other grain legumes [19]. Fat values ranged 
from 5.8 to 7.2% among the Spanish genotypes. These val-
ues are higher than those previously reported for Sicilian 
cultivars (average 4.4%) [11], and for chickpea accessions 
(average 3.6%) reported by Costantini et al. [20]. Nonethe-
less, some Ecuadorian chickpea varieties had up to 7.4% of 
fat content [21]. Saturated fat content of the studied chick-
peas did not exceed 1%. Carbohydrates available content 
represented more than 50% of seed composition in the stud-
ied seeds and agreed with other studies [20]. Protein con-
tent ranged from 21.8 to 26.3%, there are some outstanding 
breeding lines such as BT3-13, BT5-7, BT6-19 plus Kasin 
variety with ≥ 25%. This value exceeds the reported data Ta
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of 18, 19.4, 21.5, and 24% for the Pakistani, other Spanish 
varieties, Ecuadorian, and Sicilian chickpeas, respectively. 
Costantini et al. [20] reported the proximate and mineral 
composition of twelve chickpea genotypes from different 
geographical origin, which had an average of 20% protein 
content. Thus, all genotypes of our study afford for a greater 
protein content. Salt content of seeds, calculated in base of 
sodium content × 2.5, is below 0.05% in all samples. Crude 
fiber averages 3.6%, like values previously reported for 
Sicilian seeds and others. However, 5-RIL-33 had a fiber 
value of 6.6%, most probably related with its highest seed-
coat proportion (9.7%), and the strong ribbing morphology 
(Table 2). In the study of Costantini et al. [20], data of die-
tary fiber were higher, with an average value of 18%. None-
theless, this value, lowered to less than 10%, when consider-
ing only the kabuli-type accessions, indicating that desi-type 
accessions had higher values of fiber. The mineral fraction 
of seeds (ashes) accounts for a 3% like values reported else-
where in the literature. The nutritional constituents of our 

Spanish kabuli genotypes were also contrasted with the val-
ues reported in the FAO’s user guide [7]. We have taken 
into account the reported values from kabuli-type acces-
sions (CIA001, CIA006, from Australia), (CIA004 from 
Canada) and, (CIA002 from India); all comparisons were 
made based on mature, whole, dried and raw seeds analyses. 
Protein, available carbohydrates, and fat contents showed to 
be higher in our samples, but fiber content (averaging 3.6%) 
was very low in comparison with FAO’s kabuli accessions 
data (ranging from 13 to 21%).

The humidity content of seeds was quite uniform, with 
values ranging from 7.9 to 8.8%, although higher contents of 
water has been described for Ecuadorian chickpea varieties, 
ranging 9–12% [21], and 8.6–10.3% for Pakistani kabuli-
type genotypes [22]. Khattak et al. [22] found a strong posi-
tive correlation between seed size and protein content, and 
only positive correlation with seed moisture content. Our 
results did not reveal such interactions; on the contrary, in 
this study, there was a low and positive correlation (r = 0.29) 

Fig. 1  Spanish chickpea genotypes: 1) 5-RIL-33; 2) 5-RIL-92; 3) RR-33; 4) RR-51; 5) RR-98 (Kasin); 6) BT3-13; 7) BT3-23; 8) BT5-7; 9) 
BT6-17; 10) BT6-19
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among seed size with protein content, and negative correla-
tion between seed size and humidity (r = − 0.38).

The seed concentrations of macro- and micronutrients 
elements are summarized in Table 4. Nitrogen % content 
analysis gathers the genotypes in two groups with mean 
ranging 357–324 and 347–317 mg/100 g, that did signifi-
cantly differ one from another. P content was quite uniform 
across all genotypes in this study, with a general mean of 
371 mg/100 g). BTs advanced lines plus Kasin variety did 
show the highest content of K (> 1100 mg/100 g). In gen-
eral, the values of macronutrients (N, P, K, Ca, and Mg) 
obtained in this study agree with those reported by Cos-
tantini et al. [20] involving 12 chickpeas and those by Van-
dermark et al. [9] involving 22 chickpeas genotypes, but 
higher than those reported in FAO’s database [7]. In rela-
tion to micronutrients, both RILs had the lowest values of 
Fe and Mn content, while Cu concentration did not show 
significant differences across all ten genotypes. Contrasting 

our values of micronutrients composition, with those of the 
surveys mentioned above, Spanish genotypes have higher 
Fe and Mn concentrations, and an intermediate Cu content. 
Most probably, these differences may be due to soil chemical 
characteristics of the place where chickpeas were cultivated. 
The EU Regulation No. 1169/2011 on the provision of food 
information to consumers, established that when claiming a 
significant amount of a listed nutrients, the food should meet 
a 15% of the nutrient reference values (NRV) supplied by 
100 g (Annex XIII). In our study, all chickpea genotypes can 
be claimed as containing significant amounts of P, K, Ca, 
Mg, Fe, Mn, Cu, and, Zn. It is noteworthy that the content 
in P, Fe, and Mn exceeds NVR values 3, 4, and 21 times, 
respectively (Table 4). However, grain legumes are mostly 
consumed after processing (hydration, boiling and cook-
ing); it is well known that soaking and cooking may lead 
to losses in some nutrients [11, 23], nonetheless, nutrient 
retention factors (RFs) have been established in FAO’s user 

Fig. 2  Seed size image analysis
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guide [7], and were defined as the coefficient expressing 
the preservation of nutrients in a food or dish after stor-
age, preparation, warm holding, or re-heating. In the case of 
boiled pulses, the RFs are applied to minerals, vitamins and 

inositol. Applying these RFs (ranging 0.7–0.9) to minerals 
content, our chickpea samples would still contain, even after 
processing, significant amounts of minerals according with 
the EU Regulation No. 1169/2011.

Fig. 3  Seed circularity image analysis

Table 3  Proximate composition (nutritional analysis) of chickpea seeds

Data: g/100 g of seed flour. CH-AVD, carbohydrates available by difference (FAO/INFOOD equation 4 = 100-water-total fat-total protein-fiber-
ash)
a Salt = equivalent content of sodium × 2.5

Genotype Energy (Kcal) Fat CH-AVD Total sugars Protein Salta Crude fiber Ashes Humidity (%)

5-RIL-33 371 6.6 52.0 4.5 23.4 0.04 6.6 2.6 8.8
5-RIL-92 374 5.8 54.6 6.4 24.5 0.02 4.0 2.8 8.3
RR-33 382 7.2 54.1 4.5 24.6 0.04 3.1 2.7 8.3
RR-51 379 6.7 56.6 7.0 21.8 0.03 3.8 2.7 8.4
RR-98 377 6.5 52.6 5.8 25.6 0.03 4.0 3.0 8.3
BT3-13 377 6.6 54.5 6.1 24.1 0.06 3.6 3.0 8.2
BT3-23 379 6.8 52.7 7.0 25.7 0.03 3.5 3.2 8.1
BT5-7 375 6.2 52.1 4.6 26.3 0.05 4.4 3.1 7.9
BT6-17 376 6.1 53.8 6.2 25.3 0.04 3.7 3.1 8.0
BT6-19 375 6.1 54.6 6.2 24.6 0.03 3.1 3.1 8.5
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Legumes have gaining additional interest because they 
are excellent sources of bioactive compounds and can be 
important sources of ingredients for uses in functional foods 
and other applications. A target analysis including more 
than 90 polyphenol compounds have been conducted in the 
methanolic extracts of the 10 chickpea genotypes and the 
Apulian black variety; results of seed phenolic composition 
are shown in Table 5. All genotypes present two polyphe-
nolic compounds: gentisic acid and 4-hydroxybenzoic acid 
(except 5-RIL-92 that did not contain 4-hydroxybenzoic 
acid); in addition, organic acids such as glutamic, citric, 

and succinic acids are common in these chickpea seeds. 
Some genotypes present unique compounds. Thus, gal-
lic acid, gallocatechin (flavanol), and rutin (quercitin fla-
vonol) were only detected in 5-RIL-33 and Apulian black 
variety extracts; 2,4-dihydroxybenzoic acid has been found 
exclusively in 5-RIL-92 and Apulian black variety. On the 
other hand, p-coumaric acid was found in both inbred lines 
5-RIL33 and 5-RIL92 plus BT6-19 and Apulian black seeds. 
Abscisic acid was present only in BT3-23 seeds and proto-
catechuic in BT6-19. In summary, colored seed genotypes 
share a high number and assortment of phenolics acids. It 

Table 4  Mineral content of chickpea seeds

Genotype Macronutrients (mg/100 g) Micronutrients (mg/100 g)

N P K Ca Mg Na Fe Mn Cu Zn

5-RIL-33 317 b 350 bc 960 d 170 bc 160 bc 14.2 c 6.0 b 6.0 c 0.57 a 4.2 abc
5-RIL-92 341 ab 350 bc 980 cd 240 a 170 ab 8.6. d 6.1 b 6.0 c 0.47 a 2.6 c
RR-33 324 ab 320 c 980 cd 130 d 150 c 14.9 bc 8.9 ab 6.4 ab 0.54 a 3.4 abc
RR-51 316 b 350 bc 1050 bcd 180 b 160 bc 12.2 cd 9.2 ab 6.4 ab 0.49 a 3.1 bc
RR-98 357 a 410 b 1170 abc 180 b 170 ab 12.7 cd 8.9 ab 6.2 abc 0.50 a 3.8 abc
BT3-13 337 ab 370 bc 1190 ab 150 cd 180 ab 22.8 a 14.3 a 6.2 bc 0.51 a 4.4 ab
BT3-23 316 b 350 bc 1300 a 160 bcd 190 a 12.7 cd 8.0 ab 6.3 abc 0.49 a 3.6 abc
BT5-7 347 ab 420 b 1300 a 160 bcd 190 a 20.3 ab 7.5 ab 6.5 a 0.59 a 4.8 a
BT6-17 324 ab 400 bc 1270 a 170 bc 170 ab 15.8 bc 6.6 ab 6.4 ab 0.59 a 4.4 ab
BT6-19 317 b 3148 a 1190 ab 160 bcd 170 ab 12.5 cd 7.4 ab 6.4 ab 0.58 a 3.7 abc
Means 329 650 1130 170 170 14.2 8.3 6.3 0.53 3.8
15% of reference intakes (EU 

regulation no. 1169/2011)
– 105 300 120 56.3 – 2.1 0.3 0.15 1.5

Table 5  Phenolic compounds in chickpea seeds

*Unique compound among the studied genotypes. t, Trace compounds. Compounds are ordered based on downward RT (retention time)

Phenolic acids 5-RIL33 5-RIL92 RR-33 RR-51 RR-98 BT3-13 BT3-23 BT5-7 BT6-17 BT6-19 Cece nero

Gallic * – – t – t t t t –  + 
Gallocatechin *  + 
Protocatechuic – – t t t t t t t *
Gentisic  +  +  +  +  +  +  +  +  +  +  + 
3-O-methyl gallic *
4-Hydroxybenzoic  + –  +  +  +  +  +  +  +  +  + 
Salicylic  +  + t t t t t t t  +  + 
2,4-Dihydroyibenzoic *  + 
p-Coumaric  +  + t t t t t t t  +  + 
Ferulic t t
Rutin *  + 
Abscisic *
Organic acids
l-Glutamic  +  +  + t t t t t t  +  + 
Pyruvic *
Citric  +  +  + t t t t t t  +  + 
Succinic  +  +  + t t t t t t  +  + 
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is well-known that the content of bioactive compounds of 
legumes is generally affected by planting environmental and 
genetic factors such as cultivar, cultivation year, cultivation 
location, and temperature [24, 25]. Hoek et al. [25] observed 
a significant genotype × environment interaction, although 
differences between the cultivars having the highest and 
lowest, total and individual isoflavone contents, were rela-
tively consistent across the 16 environments tested. In our 
study, differences in polyphenol profiles may be mainly due 
to the genetic factor more than to environment component, 
as all chickpea genotypes were cropped in the same cultiva-
tion location and year. These data are in accordance with 
those obtained by Lin and Lai [24] on bioactive compound 
in legumes, they concluded that the dark-coat seeds, such as 
azuki beans and black soybeans, contained high amounts of 
phenolic compounds and contributed to high antioxidative 
ability. In agreement with Lin and Lai [24] work, results on 
17 chickpea lines having colored seed coats [26] established 
that colored seed contained up to 13- and 11-fold more total 
polyphenol and total flavonoid content, respectively. This 
characteristic, high bioactive compounds content in colored 
seeds, seems a general rule in other legumes such as Pha-
seolus vulgaris and Vigna subterranea [27, 28], which rein-
force the worldwide accepted importance of grain legumes 
consumption as source of bioactive compound in addition 
to their nutritional and mineral provisions. Further work 
should be done to valorize the role of the unique phenolic 
compounds found in this study in the human diet.

Conclusions

In summary, proximate, mineral composition, and polyphe-
nols content have allowed us the genotypic discrimination of 
ten Spanish chickpea genotypes. The protein content of this 
set of chickpea genotypes (>25%), to our best knowledge 
overcome the described values of other genotypes. So, this 
study could be an useful tool to guide farmers and breed-
ers in choosing chickpea genotypes, taking into account 
the nutritional composition and, the consumer preferences 
(morphological characteristics). Moreover, as three of these 
genotypes are resistant to both Ascochyta blight and Fusar-
ium oxysporum, they could be recommended depending on 
the annual incidence of these diseases. These results also 
reinforce the idea of healthy habit of legumes consumption 
based on (1) alternative to the consumption of animal pro-
teins, (2) their antioxidant capacity, and (3) their advantages 
in the forecast climate change scenario.
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