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Genetic Variability for Antioxidant Activity and 
Total Phenolic Content in Four Major Pulse crops

Introduction
Pulses in general are nutritionally enriched as they have high 

protein content, as compared to staple cereals. They are produced 
on around 12-15% of the global arable land and their contribution 
to total human dietary protein requirement is approximately 30% 
[1]. The pulse seeds are utilized as a high protein source not only 
because of their nutritional value, but also as functional foods 
[2] and for their adaptability to marginal soils and climates. The 
potential health benefits of pulses is attributed to the presence of 
secondary metabolites such as phenolic compounds (e.g. phenolic 
acids, flavonoids, quinones, lignans, stilbenes, tannins) that possess 
antioxidant properties [3]. These plant phenolics retard the 
oxidative degradation of lipids, DNA and protein [4]. The excessive 
free radical production and lipid peroxidation is the main cause of 
the pathogenesis of several degenerative diseases [5]. Antioxidants 
act as protective factors against the oxidative damage [6] and 
prevent the development of chronic diseases such as cancer, heart 
disease, stroke, and cataracts [7]. 

Phenolic compounds swic, anti-artherogenic, anti-
inflammatory, anti-microbial, antioxidant, cardio protective, and 
vaso-dilatory effects [8,9] and play an important role in the body’s 
defence system against Reactive Oxygen Species (ROS) [10]. The 
anti-oxidant activity of phenolics is mainly because of their redox 
properties. Which could be a major determinant of antioxidant 
potential of foods [11]. Epidemiological studies have also shown 
that consumption of food rich in phenolics can slow the progression 
of various degenerative diseases [12]. Therefore, the current focus 
is on the anti-oxidant action of phenolics. Although the intake of 
natural antioxidants has been associated with reduced risks of such 
degenerative diseases but still there is considerable controversy in 
this area [13]. Some phenolic compounds can also reduce protein 
digestibility [14] and mineral bioavailability [15]. Exploitation 
of genetic variation is the basis for crop improvement through 
plant breeding [16]. However, information on genetic variability 
on phenol content and antioxidant activity of major pulse crops is 
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Abstract

Total phenolic content and antioxidant activity were evaluated in 139 diverse genotypes of four pulse crops including 54 genotypes of chickpea 
(Cicer arietinum), 37 lentil (Lens culinaris), 21 pigeonpea (Cajanus cajan), and 26 blackgram (Vigna mungo). Results indicate significant genotypic 
variation (p < 0.01) for total phenolic content (TPC) as well as antioxidant activity (AOA). Amongst the four major pulse crops tested, maximum mean 
phenolic content was recorded in blackgram genotypes (7.01mg GAE/g), followed by lentil (3.46mg GAE/g), pigeonpea (3.32mg GAE/g) and chickpea 
(2.30mg GAE/g). In general, the Mediterranean landraces of lentil had higher phenolic content as compared to the other lentil varieties and breeding 
lines. Amongst the  chickpea genotypes the phenolic content ranged from 0.40 to 5.63mg GAE/g and comparatively higher value for phenolic content 
was recorded  in desi types (2.67mg GAE/g) as compared to the Kabuli types (1.05mg GAE/g). 

The antioxidant activity (AOA) was assayed in mature dry seeds utilizing DPPH (2,2-Diphenyl-1-picryl hydrazyl) radical scavenging assay which 
ranged from 1.73 to 19.14µmole Trolox/g tissue. As observed for TPC, highest AOA was also recorded in blackgram genotypes (19.14µmole Trolox/g 
tissue), followed by pigeonpea (2.72µmole Trolox/g tissue), chickpea (2.05µmole Trolox/g tissue) and lentil (1.73µmole Trolox/g tissue). Highly 
significant genotypic as well as phenotypic correlation (p<0.01) was recorded between phenolic content and antioxidant activity in chickpea, lentil as 
well as blackgram (rG values ranging from 0.268 to 0.850 and rP from 0.253 to 0.817), however, surprisingly the values were non-significant in case 
of pigeonpea. Strongest genotypic correlation was recorded in chickpea (rG=0.850), followed by lentil (rG =0.744), and blackgram (rG =0.268). High 
broad-sense heritability (h2bs) (0.89 to 0.97) for phenol content was recorded which indicates that substantial portion of total variation for phenolic 
content is due to genetic effects.
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scanty. Thus, this work was initiated to assess the genetic variability 
for total phenol content and antioxidant activity in mature seeds of 
53 chickpea, 30 lentil, 22 pigeonpea and 26 blackgram genotypes. 

Materials and Methods

Chemicals and reagents
2,2′-diphenyl-1-picryl hydrazyl (DPPH), Trolox (6-hydroxy-

2,5,7,8-tetramethylchromane-2-carboxylic acid) and bovine serum 
albumin (BSA) were purchased from Sigma/Aldrich (St. Louis, MO), 
and Folin-Ciocalteu phenol reagent, gallic acid, were obtained from 
SRL, India All other reagents and chemicals used were of analytical 
grade procured from local sources. MilliQ water was used in the 
study.

Sample collection and extraction
Seed samples of 54 chickpea (Cicer arietinum), 37 lentil 

(Lens culinaris), 21 pigeonpea (Cajanus cajan) and 26 black 
gram (Phaseolus mungo) genotypes were obtained from Crop 
Improvement Division of this institute. The collected samples were 
ground to fine powder by a Kenwood Multi-Mill (Kenwood Ltd., UK) 
and passed through a sieve (24 mesh). The ground samples were 
dried to constant weight in desiccant at room temperature (∼23 
°C).  100mg powdered sample was extracted with 100mL of 80% 
methanol: water (80:20, v/v) at 35 °C for 24hr in a Shaking Water 
Bath.  Then the extracts were centrifuged at 10000×g for 15min and 
the supernatants were removed into new tubes. Extracts were kept 
in dark at 4 °C until used for determination of total phenolic content 
(TPC).

Estimation of DPPH Radical Scavenging Activity
The DPPH radical scavenging activity was estimated 

spectrophotometrically according to the method (17). Briefly, 100μl 

of sample extract was added to 2.9ml of DPPH reagent (0.1mM in 
methanol) and vortexed vigorously. It was incubated in dark for 
30min at room temperature and the discolouration of DPPH was 
measured against blank at 517nm. Trolox standard solution (final 
concentration 15μM) in 80% ethanol was prepared and assayed 
under same conditions. The absorbance of the resulting oxidized 
solution was compared to that of the calibrated Trolox standard. 
Results were expressed in terms of Trolox equivalent antioxidant 
capacity (TEAC, μmol Trolox equivalents per g dry weight of 
sample).

Estimation of Total Phenolic Content
Total phenolic content was estimated using the Folin-Ciocalteu’s 

phenol reagent as described previously (18). Briefly, the appropriate 
dilutions of the filtered extracts were oxidized with 0.2 N Folin-
Ciocalteu’s phenol reagent and then the reaction was neutralized 
with saturated sodium carbonate (75g/L). The intensity of the 
blue-colored complex was measured at 760nm using a Shimadzu 
UV-Vis spectrophotometer (after incubation for 2hr at 23 °C). Gallic 
acid was used as the standard and results expressed asmg of gallic 
acid equivalents per g dry weight (mg GAE/g).

Statistical Analysis
Analyses were performed in triplicate. The data were analysed 

by analysis of variance (ANOVA) [19] to detect significant 
differences between genotypes, while Pearson correlation 
coefficients were calculated by SPSS software (SPSS Inc., Chicago, IL, 
USA) at a probability level of (p≤0.05). Mean values were calculated 
and compared using t-test at 5% level of significance. Genetic 
parameters (variance components, genotypic and phenotypic 
coefficients of variations, heritability, genetic advance, correlations 
and path coefficients) were estimated [20].

Results and Discussion
Table 1:  ANOVA for quality traits in 26 lines of Blackgram and 21 lines of Pigeonpea.

Source

Mean sum of square due to

Blackgram Pigeonpea

df PC AOA df PC AOA

Replications 2 1.38** 0.91 2 0.35 4.20**

Genotype 25 3.22** 73.37** 20 10.62** 2.63**

Year 1 197.66** 493.63** 1 0.42 23.99**

Genotype x Year 25 4.95** 72.02** 20 0.53** 1.23**

Error 102 0.1 0.61 82 0.2 0.2

** Significant at P = 0.01.

Table 2:  ANOVA for quality traits in 37 lines of Lentil and 54 lines of Chickpea.

Source

Mean sum of square due to

Lentil Chickpea

df PC AOA df PC AOA

Replications 2 0.01 0.09** 2 0.19 0.71**

Genotype 36 3.93** 0.62** 53 3.08** 1.86**

Error 72 0.095 0.001 106 0.08 0.04

** Significant at P = 0.01.
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Significant genotypic variation was recorded for total phenolic 
content (TPC) as well as antioxidant activity (AOA) among the 
139diverse genotypes of four pulse crops including 54 genotypes 
of chickpea, 37 lentil, 21 pigeon pea, and 26 black gram (Table 1 
& 2). Amongst the four major pulse crops tested, maximum mean 
phenolic content was recorded in black gram genotypes (7.01mg 
GAE/g) followed by lentil (3.46mg GAE/g), pigeon pea (3.32mg 
GAE/g) and chickpea (2.30mg GAE/g) (Table 3). Amongst the 
26 black gram genotypes the phenol content ranged from 5.90 
to 9.03mg GAE/g and maximum mean TPC (9.03mg GAE/g) was 
recorded in genotype PU-31 followed by IPU-99-200 (8.35mg 
GAE/g) and PDU-1 (8.17mg GAE/g). In 37 genotypes of lentil, TPC 
ranged from 1.20 to 6.10mg GAE/g and the maximum value for 
TPC content was recorded in Mediterranean landrace IG 112128 
(6.10mg GAE/g). In general, the Mediterranean landraces of lentil 
had higher phenol content as compared to the other released 
varieties and breeding lines. In pigeon pea genotypes the total 
phenol content ranged from 0.83 to 5.80mg GAE/g and  maximum 
mean phenol content was recorded in cv. 

Table 3: Estimates of genotypic (rG) and phenotypic (rP) correlation 
coefficient for polyphenols and AOA content in pulse crops.

Characters
AOA

Chickpea Lentil Blackgram Pigeonpea

Polyphenols
rG 0.850** 0.744** 0.268* 0.203

rP 0.817 ** 0.715 ** 0.253 * 0.174
** Significant at P=0.01, 
* Significant at P=0.05, rG: Genotypic correlation, rP: Phenotypic 
correlation.

Birsa Arahar (5.52mg GAE/g), followed by LRG-38 (5.28mg 
GAE/g). Amongst the 54 chickpea genotypes the phenol content 
ranged from 0.40 to 5.63mg GAE/g and comparatively higher value 
for phenol content was recorded  in desi types (2.67mg GAE/g) 
as compared to the Kabuli types (1.05mg GAE/g). In the 36 desi 
types the phenol content ranged from 1.60-3.32mg GAE/g and 
0.51-1.36mg GAE/g in the 14 kabuli types, whereas, in 03 wild 
accessions the phenol content was significantly high which ranged 
from 4.48 to 5.65mg GAE/g (Table 3). 

The TPC in chickpea as recorded in the present study is close to 
recently published reports [21,22], where the total phenolic content 
in chickpea was reported to range from 0.92 to 1.68mg gallic acid 
equivalents/ g. In another study [23], the phenolic content was 
reported as 12mg/g for lentil, 2.2mg/g for chickpea, 2.5mg/g for 
yellow peas and 1.2mg/g for green peas The values reported for 
chickpea (2.2mg/g) in this study is very close to the mean values 
of phenol content reported in our study, whereas, value for phenol 
content in lentil (12mg/g) is higher than the values reported in our 
study. In another study [24],  the phenolic content was estimated 
for germinated and cooked pulses and reported that the TPC in 
non-germinated seeds varied from 1.54-6.71mg/g in different 
pulses, with red gram (pigeon pea) showing the highest total 
phenolic content (6.71mg ferulic acid/g flour). The values for TPC 
reported in other pulses was, black gram (5.70mg/g), green gram 

(mungbean) (3.05mg/g) and lentil (6.20mg/g).  It has also been 
reported (25) that black gram dhal had the highest (418mg/100 
g) whereas, green gram dhal showed the least TPC (62.4mg/100 g) 
amongst the tested pulses. The total phenol content of pulses was 
analyzed and it was reported that the total phenols ranged from 
54.43mg GAE/100g to 345.2mg GAE/100g [26].  

Rajmash had the highest total phenolic content (345.2±4.8mg 
GAE/100g) followed by green gram (mung bean whole) 
(193.59±6.3mg GAE/100g) and Bengal gram (chickpea whole, 
black) (114.33±5.9mg GAE/100g) while bengal gram (chickpea) 
dhal (96.25±2.8mg GAE/100g), red gram dhal (pigeonpea) 
(73.49±2.2mg GAE/100g) and green gram dhal (mung bean) 
(54.43±4.2mg GAE/100g) had lesser total phenolic content. In 
pigeonpea, it has been reported that the whole seed extract had 
higher total phenol content (9.44±0.02mg GAE/g extract) as 
compared to the cotyledons [27]. 

The antioxidant activity (AOA) was assayed in mature dry seeds 
utilizing DPPH (2,2-Diphenyl-1-picryl hydrazyl) radical scavenging 
assay which ranged from 1.73 to 19.14µmole Trolox/g tissue (Table 
3). As observed for TPC, highest AOA was also recorded in black 
gram genotypes (19.14µmole Trolox/g tissue) followed by pigeon 
pea (2.72µmole Trolox/g tissue), chickpea (2.05µmole Trolox/g 
tissue) and lentil (1.73µmole Trolox/g tissue) (Table 3). Significant 
genotypic differences were recorded in AOA for all the four pulse 
crops. In the black gram genotypes the AOA ranged from 12.90 to 
26.00µmole Trolox/g tissue and maximum mean AOA was recorded 
in black gram genotype UH-85-3 (26.00µmole Trolox/g tissue) 
followed by IPU 96-12 (24.42µmole Trolox/g tissue). Amongst 
the pigeon pea genotypes the AOA ranged from 0.77 to 3.78µmole 
Trolox/g tissue and maximum AOA was recorded in pigeon pea 
genotype IPA-15F (3.67µmole Trolox/g tissue) followed by IPA 
8F (3.35µmole Trolox/g tissue) and KPL-43 (3.33µmole Trolox/g 
tissue). Amongst the lentil cultivars, the AOA ranged from 1.23 to 
2.56µmole Trolox/g tissue and maximum AOA was recorded in 
lentil genotype PL-02 (2.56µmole Trolox/g tissue) followed by the 
Mediterranean landraces (2.33 to 2.43µmole Trolox/g tissue). 

Surprisingly, only one of the five Mediterranean landraces 
tested, showed low AOA (1.33 Mediterranean landraces) as well 
as low TPC (3.43mg GAE/g). In the chickpea genotypes, the AOA 
ranged from 1.01-3.09µM Trolox equivalents/g in the desi types 
and 0.41-1.16µM Trolox equivalents/g in the Kabuli types.  In 
the 3 wild accessions of chickpea the antioxidant activity ranged 
from 2.25 to 2.89µM Trolox equivalents/g. The desi type chickpea 
genotypes as well as the wild accessions with colored testa (seed 
coat) contained high levels of polyphenolic compounds and also 
exhibited high levels of antioxidant activity. 

In an earlier study, high correlation between phenolic 
composition and antioxidant activity of legume extract was 
reported [2]. The antioxidant activity of lentils, chickpea and pea 
was investigated and it was reported that total antioxidant activity 
(AA) determined by ABTS (2,2′-azinobis-3-ethyl-benzthiazoline-6-
sulfonic acid) assay was highest in lentil (14μmol Trolox equivalent 
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antioxidant capacity (TEAC) /g) and lowest in green peas (1.9μmol 
TEAC /g) [23]. They also reported that total AA was significantly 
correlated with total phenol content. The total antioxidant capacity 
(TAC) for chickpea was reported as 10.7±1.3mmol Trolox/kg and 
lentil 34.9±2.4 to 38.2±2.3 mmol Trolox/kg [28]. In a recent study 
[29], the total poly-phenols, flavonoids and antioxidant capacity in 
colored chickpea lines was estimated and reported that both TPC 
and TFC varied significantly among different lines and were highly 
correlated to antioxidant activity.

In the present study, highly significant genotypic as well as 

phenotypic correlation (p<0.01) was recorded between phenol 
content and antioxidant activity in chickpea, lentil as well as 
blackgram (Table 3) (rG values ranging from 0.268 to 0.850 and 
rP from 0.253 to 0.817), however, surprisingly the values were 
non-significant in case of pigeonpea (Table 4). Strongest genotypic 
correlation was recorded in chickpea (rG=0.850) followed by 
lentil rG=0.744) and blackgram (rG=0.268). These findings clearly 
suggest that total phenol content may be important contributor to 
the antioxidant activity in case of chickpea, lentil and blackgram 
and are in agreement with the earlier reports [30]. 

Table 4: Genetic components for polyphenols and AOA in pulses.

Crops Mean Range
Coefficient of variation Heritability (Broad Sense) Expected genetic advance as % of mean

Genotypic (GCV) Phenotypic (PCV)

Polyphenols (mg/g)

Chickpea 2.3 0.40 to 5.63 43.42 45.19 0.923 85.92

Lentil 3.46 1.20 to 6.10 32.7 33.89 0.931 65

Blackgram 7.01 5.90 to 9.00 10.19 10.74 0.899 19.9

Pigeonpea 3.32 0.83 to 5.80 39.83 40.38 0.973 80.93

AOA

Chickpea 2.05 0.43 to 3.10 37.95 39.16 0.939 75.78

Lentil 1.73 1.23 to 2.56 26.45 26.51 0.996 54.36

Blackgram 19.14 12.9 to 26.0 18.18 18.44 0.971 36.9

Pigeonpea 2.72 0.77 to 3.78 24.23 27.32 0.787 44.27

In another study [31], it was shown that the total phenolic 
content highly correlated with the antioxidant activity in pulses 
like faba bean, mungbean, soybean and zuaki bean. The chemical 
and cellular antioxidant activities and phenolic profiles of 11 lentil 
cultivars was estimated and showed that different phenotype 
lentils possessed considerable variations in their individual 
phenolic compounds, as well as chemical and cellular antioxidant 
activities [32]. They have further reported that caffeic acid, 
catechin, epicatechin and total flavonoids significantly (p<0.05) 
correlated with peroxyl radical scavenging assay. In another study 
[24], it has been reported that the total phenolic content highly 
correlated with the antioxidant activity in the pulses. However 
in contrast to this, several studies have reported that there is no 
significant correlation between TPC and AOA among plant extracts 
[33, 34]. The total antioxidant capacity (TAC) and total phenol 
content of pulses was estimated and reported that the TAC of pulses 
ranged from 5246.81μmol TE/100g in soyabean to 1879.16μmol 
TE/100g in pigeonpea by ORAC assay and 563.61μmol TE/100g 
in rajmash to 26.97μmol TE/100g in chickpea whole (white) by 
FRAP assay [26]. They have reported that there was no correlation 
observed between the TAC values by both the methods in both raw 
(r=0.2174) and cooked (r=-0.0825) pulses. In an earlier study [25] 
also, it has been reported that ferric reducing antioxidant power 
(FRAP) assay (r=0.91) and reducing power (r=0.90) showed 
significant correlation with total phenol content (TPC) in cereals 
and millets, but not in pulses and legumes.

Further, the inheritance of nutritional traits appears to be 
mostly quantitative, influenced by the environment, but more 

specific to source genotypes [35]. Thus to determine whether the 
phenol content in a particular crop can be improved by traditional 
breeding methods, it must be known to what extent these traits are 
heritable.

Genetic Components of TPC and AOA 
In general the phenotypic coefficient of variability was higher 

than corresponding genotypic coefficients of variability among all 
four pulses for both TPC and AOA content reflecting the influence 
of environment on these traits. This was expected as there is always 
some environmental influence on the expression of quantitative 
traits (Table 4). Higher estimate of phenotypic and genotypic 
coefficient of variation for both TPC and AOA was observed in 
chickpea, lentil and pigeon pea indicating presence of exploitable 
genetic variability for the traits in these pulse crops. However, 
estimate of phenotypic and genotypic coefficient of variation for 
both TPC and AOA were relatively lower in black gram reflecting 
poor exploitable variability for the traits among the genotypes 
under study. 

Heritability and genetic advance as percent of mean provides 
a clear picture of the scope for improvement in various quality 
traits through selection. In the present study high broad-sense 
heritability (h2bs) (0.89 to 0.97) was recorded among all the 
pulses for TPC. The genetic gain due to selection was higher in 
all the pulses except black gram genotypes which exhibited poor 
variability in the present study. Although heritability estimates for 
grain phenol content are high enough to permit effective selection 
for these traits in pulse crops the genetic gain estimate was high in 
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chickpea and pigeonpea, moderate in lentil and poor in black gram. 
Similarly, higher genetic advance due to selection was expected in 
chickpea followed by lentil, pigeon pea and black gram.

Conclusion
Our findings suggest that there was significant genotypic 

variation (p<0.01) for total phenolic content (TPC) as well as 
antioxidant activity (AOA) in 139 diverse genotypes of four pulse 
crops. Amongst the four major pulse crops tested, maximum mean 
phenolic content was recorded in blackgram genotypes followed 
by lentil, pigeon pea and chickpea. In general, the Mediterranean 
landraces of lentil had higher phenol content as compared to the 
other lentil varieties and breeding lines. Amongst the chickpea 
genotypes higher value for phenol content was recorded in 
desi types as compared to the Kabuli types. Highest antioxidant 
activity (AOA) was recorded in blackgram genotypes, followed 
by pigeonpea, chickpea and lentil Highly significant genotypic as 
well as phenotypic correlation (p<0.01) was recorded between 
phenol content and antioxidant activity in chickpea, lentil as well as 
blackgram, however, surprisingly the values were non-significant 
in case of pigeonpea. High broad-sense heritability (h2bs) (0.89 
to 0.97) for phenol content was recorded which indicates that 
substantial portion of total variation for phenol content is due to 
genetic effects.
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