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Abstract

Wheat is an important source of energy and nutrition including 
antioxidants having health benefits to humans. In this investigation, 
19 and 12 prominent wheat genotypes grown (during cropping 
season 2019-20) at three locations in two production environments 
representing North-Western Plains Zone (NWPZ) and Central 
Zone (CZ), respectively, were used for evaluating their antioxidant 
potential. There was a significant positive correlation between total 
soluble phenol and ABTS activity (p<0.01) while non-significant with 
DPPH scavenging activity in NWPZ genotype. However, there was 
a significant positive correlation of total soluble phenol with DPPH 
(p<0.01) and ABTS (p<0.05) radical scavenging activities in CZ 
genotypes. The genotypes HI 1628 and PBW 771 of NWPZ and HI 
1634, CG 1029 and GW 322 of CZ exhibited higher mean phenolic 
content and antioxidant potential and were found comparatively 
stable across their environments with respect to the parameters 
tested. Overall, the Karnal location (NWPZ) was shown to have 
higher phenolic content and ABTS activity compared to genotypes 
grown at different locations of both the zones. The additive main 
effects and multiplicative interaction-based ANOVA indicated 
highly significant effect of environment, genotype and genotype(x)
environment interactions on soluble phenolics and antioxidants 
among genotypes in both the zones. The identified genotypes can 
be used for cultivation and improving nutritional value.

Key words: Whole meal flour, Soluble phenol, Trolox equivalent 
antioxidant capacity, GGE biplot, AMMI, Stability, 
Correlation studies

1. Introduction

Recently there is surge in demand of food products high 

in bioactive compounds because of their role in thwarting 

various chronic diseases (Moore et al., 2006; Sadeer et 

al., 2020; Tan et al., 2018). Bioactive compounds play an 

active role in reducing reactive oxygen species (ROS) 

generated during normal metabolic processes. The free 

radicals are the by-products of inescapable seepage of 

electrons on to molecular oxygen during the electron 

transport activities in the cellular arena viz. plasma 

membrane, chloroplast and mitochondria (Kumar and 

Malhotra, 2008; Kumar et al., 2011). The reduction of 

molecular oxygen to water requires four electrons, but 

ironically these electrons are taken up one by one and 

not as a whole, thus leading to the generation of reactive 

oxygen species (ROS) during normal metabolism; notable 

among those are ̇ O2
– (superoxide anion), H2O2 (hydrogen 

peroxide), ˙OH˙ (hydroxyl radical) and ˙O2
’ (singlet 

oxygen). The ROS accumulation in turn, opens a 
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pandora of deteriorative changes in several biomolecules, 

viz. DNA, protein, enzyme and lipids in the form of 

mutation, denaturation, inactivation and peroxidation, 

respectively (Regoli and Winston, 1999). Ultimately, this 

may lead to the augmented occurrences of a panoply of 

degenerative diseases like cancer, cardiovascular diseases, 

brain and neural dysfunction, and arthritis etc. (Sadeer 

et al., 2020). Although, the human body comprehends 

several endogenous antioxidant systems, yet a better-

quality diet can impart an imperative share of exogenous 

antioxidants to maintain the redox status of the entity 

in question (Narwal et al., 2014). Among cereals’ health-

promoting phytochemicals, phenolic compounds have 

been considered among scientific research in full swing 

owing to their potent antioxidant behaviour (Gu et al., 

2019; Žilić, 2016).

Globally, wheat is one of the main sources of nutrients, 

contributing more than 20% of the required calories and 

proteins to most public across the world (Braun et al., 

2010). India is the second-largest producer of wheat in 

the world where a substantial part of human population 

consumes wheat grains as energy and nutrient source. 

Apart from being a stockpile of essential nutrients like 

carbohydrates and proteins, wheat contains significant 

amount of antioxidants activity (Narwal et al., 2014; 

Sedej et al., 2011). Phenolics, such as ferulic, vanillic, and 

caffeic acids etc., are the major antioxidants in wheat and 

concentrated mainly in its outer bran layer and might 

play significant role in antioxidant mediated health 

benefits (Adom et al., 2003; Beta et al., 2005; Moore et 

al., 2006). Generally, phenolic compounds encompass 

phenolic acids, flavonoids, stilbenes, coumarins, lignans 

and tannins; still, in cereals, the former duo represent the 

most abundant phenolic compounds (Žilić et al., 2011). 

Phenolic acids’ antioxidant properties are attributable 

to their reactive hydroxyl substituent on the aromatic 

ring of phenol moiety (Žilić, 2016). The concentration 

of cereal phenolic compounds is influenced by the types 

of the compound and also the cultivars and grain part 

where these are concentrated (Žilić et al., 2011; Žilić et 
al., 2012). Many of these phenolics scavenge or neutralize 

free radicals and obviate oxidative mediated damage to 

cellular proteins, DNA, and lipids. This, in turn, leads to 

the inhibition of diseases like cancer and cardiovascular 

ailments, which may be caused or exacerbated once the 

disease has progressed as a consequence of mounting 

cellular oxidative stress (Verma et al., 2008). 

Since wheat is an important source of energy and nutrition 

to large part of Indian population, the knowledge of 

antioxidant potential of different wheat varieties will help 

in improving wheat for health benefits. Traditionally, 

wheat cultivars have been developed taking into account 

of agronomic features such as yield and pathogen 

resistance and some quality traits for end product quality. 

However, phenolic content and antioxidant capacity 

have not been used as criteria for developing varieties. 

Therefore, understanding the phenolic and antioxidant 

characteristics of the diverse wheat genotypes will lead 

to enhanced health benefits for large population in the 

country. Furthermore, the levels of phenolic compounds as 

well as the antioxidant properties can appreciably vary due 

to environmental growing conditions (Moore et al., 2006; 

Verma et al., 2008). Therefore, in the present investigation, 

the soluble phenolic content and antioxidant potential of 

different wheat varieties of three different locations each 

of the North-western plain zone and Central zone in India, 

were evaluated.

2. Materials and methods

2.1 Materials

Nineteen and twelve released wheat cultivars were 

selected and grown in three production environment/

locations of North-Western Plains Zone (NWPZ) (viz. 

Karnal, Ludhiana and Pantnagar) and Central Zone 

(CZ) (viz. Junagarh, Powarkhera and Vijapur) of India, 

respectively, the details of which regarding location, 

growing condition etc. have been furnished in Table 1. 

The cultivars selected were some prominent genotypes 

of the last two decades having superior yield or other 

superior agronomic traits. The mentioned genotypes were 

grown during the cropping season 2019-20 at respective 

locations with the recommended package of practice. The 

conditions of sowing included: Irrigated timely sown (ITS), 

Restricted irrigation timely sown (RITS) and Irrigated 

late sown (ILS); the respective details of each genotype 

concerning sowing conditions have been elaborated 

in Table 1. The chemicals, ABTS, DPPH, potassium 

persulfate, Trolox, and gallic acid were purchased from 

Sigma-Aldrich company. All other chemicals and solvents 

were of the highest analytical grade. 
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Table 1: Varieties of bread wheat employed for experimentation in North-Western Plains Zone and 
Central Zone grown at three different locations

Zone 
(Centres)

Growing 
condition

Sample 
code

Genotype Year of release (Pedigree)

North 
Western 
Plains Zone 
(Ludhiana, 
Karnal, 
Pantnagar)

ITS S1 DBW 88 2014 (KAUZ//ALTAR84/AOS/3/MILAN/ KAUZ/4/
HUITES)

S2 DBW 187 2019 (NAC/TH.AC//3*PVN/3/MIRLO/BUC/ 
4/2*PASTOR/5/KACHU/6/KACHU (45th 
IBWSN-1316)

S3 HD 2967 2011 (ALD/COC//URESH/HD2160M/HD2278)

S4 WH 1105 2013 (MILAN/S87230//BABAX)

S5 DBW 222 2020 (KACHU/SAUAL/8/ATTILA*2/PBW65 /6/
PVN//CAR422/ANA/5/BOW/CROW//BUC/PVN/3/
YR/4/TRAP#1/7/ATTILA/2*PASTOR) 

S6 HD 3086 2014 (DBW14/HD2733//HUW468)

S7 PBW 550 2008 (WH 594/RAJ 3856//W 485)

ILS S8 HD 3059 2013 (KAUZ//ALTAR84/AOS/3/MILAN /KAUZ/4/
HUITES)

S9 DBW 173 2018 (KAUZ/AA//KAUZ/PBW602)

S10 WH 1021 2008 (NYOT95(GW 296)/SONAK)

S11 PBW 771 2020 (BW 3246/2*DBW17)

S12 HD 3298 2021 (CL1449/PBW343//CL882/HD2009)

S13 WH 1124 2014 (MUNIA/CHTO/AMSEL)

RITS S14 HD 3043 2012 (PJN/BOW//OPATA*2/3/CROC_1/ 
Ae.squarrosa(224)//OPATA)

S15 PBW 644 2012 (PBW175/HD2643)

S16 HI 1628 2020 (FRET2*2/4/SNI/TRAP#1/3/KAUZ*2/ TRAP//
KAUZ/5/PFAU/WEAVER//BRAMBLING)

S17 WH 1080 2011 (21STSAWSN151)

S18 WH 1142 2015 (CHEN/AEGILOPS SQUARROSA (TAUS)//
FCT/3/2*WEAVER)

S19 NIAW 3170 2020 (SKOLL/ROLF07)

Central Zone 
( Junagarh, 
Powarkhera, 
Vijapur

ILS S1 HI 1634 2021 (GW 322/PBW 498)

S2 HD 2932 2008 (KAUZ/STAR//HD 2643)

S3 MP 3336 2013 (HD 2402/GW 173)

S4 HD 2864 2005 (DL 509-2/ DL 377-8)

S5 CG 1029 2021 (HW 2004/ PHS 725)

ITS S6 GW 322 2002 (PBW 173/GW 196)

S7 HI 1544 2008 (HD2402/HW 3007)
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2.2 Sample preparation and extraction 

The whole-meal was prepared in the Cyclotec-1093 mill 

(Tecator) using a 0.5 mm screen. The antioxidant activity 

and soluble phenolics were analyzed in whole-meal flour. 

The extraction was done as per Beta et al. (2005) with 

minor modifications. Methanol extracts were prepared 

by adding 1.0 mL of 80% methanol to 0.1 g of each flour 

sample and mixing followed by constant shaking for 2 h 

in order to release the soluble phenolic. After shaking, the 

contents were centrifuged at 5000xg for 10 min (Hermle 

Z383K, India). The supernatants obtained were collected 

as methanolic extracts and used to estimate the phenols 

and total antioxidant activity. Unless stated otherwise, all 

the estimations were performed in four replicates.

2.3 Total soluble phenolic content 

The total soluble phenolic content of 80% methanolic 

extracts was assessed as described by Singleton et al., 

(1999). Briefly, 50 μL of the extracts were mixed with 

1.55 mL of water and oxidized with 100 μL of the Folin-

Ciocalteu reagent (1 N). After 5 min, the reaction was 

stopped by adding 300 μL of 20% sodium carbonate 

solution followed by incubation at 40 °C in a water bath 

for 30 min. The absorbance was recorded at 765 nm 

(Systronics UV-Vis, 2202, India) and the concentration of 

the soluble phenolic compound was determined against 

the gallic acid standard and the content was expressed as 

micrograms of gallic acid equivalent (GAE) g-1 d. wt. (dry 

weight) of whole meal flour. 

2.4 Determination of total antioxidant activity 

2.4.1 ABTS assay 

The radical cation ABTS·+ scavenging activity was 

determined by following Re et al. (1999). For the ABTS 

reagent, 7 mM ABTS was dissolved in water (stock 

solution), added 2.45 mM potassium persulphate and 

allowed the reaction to occur by keeping the mixture in 

the dark for nearly 16 h. The reagent was diluted with 

methanol just before using to an OD value of 0.7 at 734 

nm against blank. The methanol extract (10 μL) was 

reacted with 1000 μL of ABTS reagent. The absorbance 

was recorded after 6 min using 80% methanol as blank 

at 734 nm. The ABTS radical scavenging activity was 

calculated as % discolouration of sample and expressed 

as Trolox equivalent antioxidant capacity (TEAC) and 

defined as nmols of TEAC g-1 d. wt. of whole meal flour. 

2.4.2 DPPH assay 

The free radical scavenging activity was measured using 

DPPH, a stable free radical (Beta et al., 2005). The 

methanol extract (25 μL) was reacted with 975 μL of 6×10−5 

mol L-1 of DPPH solution. The absorbance was recorded 

after 30 min using 80% methanol as blank at 515 nm. 

Antioxidant activity was calculated as % discolouration of 

the sample and radical scavenging activity was expressed 

as Trolox equivalent antioxidant capacity (TEAC) and 

defined as nmols of TEAC g-1 d. wt. of whole meal flour. 

2.5 Statistical analysis 

Data was reported as the mean ± standard error of the 

deviation for each sample. The ANOVA, two-tailed ‘t’ 

test and Pearson’s correlation were performed using 

the SPSS software (version 26.0) to identify differences 

between values, location etc. Least significant difference 

was calculated using Statistical Tools for Agricultural 

Research (STAR) software. Principal component analysis 

and GGE biplot analysis were performed using the 

GEA-R (G x E Analysis with R) software (version 4.1) 

to study variations in soluble phenolic and antioxidant 

activity between selected genotypes under investigation, 

interactions of genotype (G), environment (E) and G x E, 

and the stability of genotypes across various locations.The 

statistical significance was declared at P<0.05 (significant) 

and P<0.01 (highly significant).

RITS S8 MP 3288 2011 (DOVE/BUC/DL 788-2)

S9 HI 8627 (D) 2007 (HD 4672 / PDW 233)

S10 UAS 466 (D) 2020 (Amruth/Bijaga Yellow//AKDW 2997-16)

S11 DBW 110 2015 (KIRITAT/4/2*SERI*2/3/KAUZ*2/ BOW//
KAUZ)

S12 DDW 47 (D) 2020 (PBW34/RAJ1555//PDW314)

ITS: Irrigated timely sown; RITS: Restricted irrigation timely sown; ILS: Irrigated late sown; D = Durum
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3. Results & Discussion

There has always been a quest to evaluate the food 

commodity for its antioxidant potential and components, 

which can augment the deterrence to various human 

diseases prevalent in recent times including heart 

disease and cancer (Laddomada et al., 2015; Sadeer et 

al., 2020). India is the second largest producer of wheat 

in the world and a large number of varieties have been 

developed with different genotypic and phenotypic traits 

across the environments. Selected wheat varieties grown 

under different agro-climatic conditions at three different 

locations in each of NWPZ and CZ were evaluated for 

their total antioxidant activity and soluble phenol content. 

The antioxidant activity was measured by the employment 

of two radical systems i.e., ABTS and DPPH radical 

scavenging antioxidant capacities in the present study 

thus,making it more informative (Narwal et al., 2014; Opitz 

et al., 2014; Sadeer et al., 2020). 

3.1 Effect of location on the content of soluble phenolics 
and antioxidant capacity of wheat genotypes representing 
NWPZ

The data for soluble phenolic content, ABTS and DPPH 

radical scavenging activity of whole meal flour has 

been elaborated in Table 2. Average phenolic content 

of whole meal flour ranged from 764±12 (DBW 222; 

S5) to 1086±20 (PBW 771; S11) μg GAE g-1d. wt. basis 

(Table 2). Overall, Karnal location (1322±20) had nearly 

two times higher mean phenolic content compared to 

Ludhiana (664±20) and Pantnagar (664±40) locations 

in terms of GAE g-1 d. wt. basis. However, the DPPH 

trolox equivalent antioxidant capacity (TEAC) of 

phenolic extract ranged from 626±79 (WH 1080; S17) 

to 1150±43 (PBW 771; S11) n mols TEAC g-1 d. wt. 

basis (Table 2). Among NWPZ environment, Pantnagar 

location had the highest mean DPPH activity (998±68) 

followed by Karnal (932±31), and Ludhiana (823±52) 

locations expressed as nmols TEAC g-1 d. wt. basis. The 

ABTS TEAC of phenolic extract ranged from 4634±151 

(PBW 771; S11) to 5716±146 (WH 1080; S17) nmols 

TEAC g-1 d. wt. basis (Table 2). The Karnal location had 

the highest mean ABTS activity (5328±113) followed 

by Ludhiana (5039±150), and Pantnagar (4966±142) 

locations expressed as nmols TEAC g-1 d. wt. basis for 

NWPZ genotypes. Pearson’s correlation studies showed 

a significant correlation of soluble phenol (r= 0.278**) 

with ABTS activity while non-significant correlation (r= 

0.117) with DPPH radical scavenging activity. However, 

the ABTS and DPPH activities showed a significant 

negative correlation (r= -0.213**). Principal component 

analysis was carried out to identify better performing 

genotypes using software-mediated simulations 

(GEA-R, version 4.1) taking stability, overall mean 

and ranking of genotypes into considerations (Verma 

and Singh, 2021).

The analysis of variance based on additive main effects 

and multiplicative interaction (AMMI) indicated highly 

significant environment, genotype and genotype-

environment (GxE) interactions, with a total variation 

of 17.65, 47.35 and 35.01%, respectively for ABTS; 

the corresponding variations were 10.03, 37.29 and 

52.68%, for DPPH radical scavenging activity (Table 

3). However, in case of phenols, the environment had 

maximum contribution (81.71%) to variation followed 

by GxE (11.59%) and G (6.70%) (Table 3). The GGE 

biplots “Mean vs. stability” of total soluble phenol 

(1a), DPPH (1b) and ABTS (1c) for NWPZ explain 

the stability of various genotypes with respect to their 

mean performance (Yan and Tinker, 2006) (Fig. 1). 

The highest mean values were reported with PBW 

771 (S11) for phenol and DPPH while WH 1080 (S17) 

for ABTS activity (Fig. 1; Table 2). On the basis of the 

performance of various genotypes with respect to their 

phenolic content and ABTS activity, HI 1628 (S16) was 

proved most stable while with respect to DPPH radical 

scavenging activity, WH 1124 (S13) was found most 

stable across environments.The genotype PBW 771 

(S11) (with highest mean for phenols and DPPH) was 

found having comparable stability with respective stable 

genotypes for DPPH (3rd next) and phenol (4thnext). The 

genotype WH 1080 (S17) (with highest mean values for 

ABTS) was 4th most stable genotype(Fig. 1; Table 2).
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3.2 Effect of location on the content of soluble phenolics 
and antioxidant capacity of wheat genotypes representing 
CZ

Similarly, the varieties of central zone grown at three 

different locations were evaluated for their total antioxidant 

activity and soluble phenol content. The data for phenolic 

content, ABTS and DPPH radical scavenging activities 

of whole meal flour has been elaborated in Table 4. The 

phenolic content of whole meal flour ranged from 709±35 

(DDW 47; S12) to 891±39 (HI 1634; S1) μg GAE g-1 d. 

wt. basis (Table 4). Overall, Junagarh location had shown 

higher mean phenolic content (861±37) compared to 

Powarkhera (783±34) and Vijapur (765±34) locations 

in terms of μg GAE g-1 d. wt. basis. The DPPH TEAC 

of phenolic extract ranged from 326±36 (HI 8627; S9) 

to 1252±57 (CG 1029; S5) n mols TEAC g-1 d. wt. basis 

(Table 4). For CZ environment, the Junagarh location had 

the highest mean DPPH activity (1391±66), followed by 

Vijapur (584±54), and Powarkhera (570±56) locations 

expressed as nmols TEAC g-1 d. wt. basis. Interestingly, 

the DPPH activity was higher (> 2 folds) in varieties grown 

at Junagarh location as compared to the varieties grown 

at both Powarkhera and Vijapur locations. The ABTS 

activity of phenolic extract ranged from 3915±141 (DDW 

47; S12) to 5554±143 (GW 322; S6) nmols TEAC g-1 d. 

wt. basis (Table 4). The Powarkhera location (3881±200) 

showed lower mean values of ABTS as compared to Vijapur 

(4849±110) and Junagarh (4847±167) locations expressed as 

nmols trolox equivalent g-1 d. wt. basis. Pearson’s correlation 

studies showed a significant positive correlation of phenol 

with DPPH (r = 0.598**) and ABTS (r = 0.186*) radical 

scavenging activities. However, there was no significant 

correlation among ABTS and DPPH activities (r = 0.155).

 1a Soluble Phenolics 1b DPPH 1c ABTS
Fig. 1 The average environment coordination view of the GGE biplot for North-Western Plains Zone showing mean 
performance and stability of the genotypes

The analysis of variance based on additive main effects 

and multiplicative interaction (AMMI) indicated highly 

significant environment, genotype and genotype-

environment (GxE) interactions, contributing 31.33, 34.68 

and 33.99% of variations, respectively for ABTS; the 

corresponding variations were 51.97, 28.44 and 19.59%, 

for DPPH radical scavenging activity (Table 3). However, 

in case of CZ, contributions of environment, genotype and 

genotype-environment interactions were 24.16, 41.62 and 

34.22% (Table 3) for soluble phenolic content, respectively. 

The GGE biplots “Mean vs. stability” of phenol (2a), 

DPPH (2b) and ABTS (2c) for CZ are given in Fig. 2. 

On the basis of the performance of various genotypes 

with respect to their phenolic content, DPPH and ABTS 

activities, most stable genotypes across environments 

found respectively, were MP 3288 (S8), HI 1634 (S1) 

and MP 3336 (S3) (Fig. 2). The highest mean values 

for phenolic content, DPPH and ABTS activities were 

recorded with genotypes HI 1634 (S1), CG 1029 (S5) and 

GW 322 (S6), respectively. The genotypes with highest 

mean values for phenol (HI 1634) and DPPH (CG 1029) 

were 3rd next for their respective parameters while just 

next in stability for ABTS (GW 322) to their respective 

stable genotypes (Fig. 2; Table 4).

The soluble phenolic content in the present study ranged 

from 457-1664 μg GAE g-1 d. wt basis for whole wheat 

flour across the environment. Vitaglione et al. (2008) 

reported range of phenolic content from 305-1505 μg g-1 

for whole wheat flour while Yuet al. (2003) reported total 

phenols in the lower range of 177-257 μg g-1. However, 

Adom et al. (2003) reported phenol content in the higher 

range of 1207-1463 μg g-1 in a set of whole wheat flours 
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 2a Soluble Phenolics 2b DPPH 2c ABTS
Fig. 2 The average environment coordination view of the GGE biplot for Central Zone showing mean performance and 
stability of the genotypes

of 11 diverse wheat varieties and experimental lines. The 

observed differences may be due to the diverse genetic 

backgrounds as well as the effect of the environment 

differing in soil type, solar radiation, average rainfall 

and temperature etc. Adom et al. (2003) and Moore et al. 

(2006) also reported significant effect of environmental 

factors towards variation in phenolic content as well as 

antioxidant activity. Likewise, variation in antioxidant 

activity might fall prey to assay methods used (Moore et 

al., 2006). 

In this investigation for NWPZ genotypes, there was a 

significant positive correlation of phenol (r= 0.278**) 

with ABTS activity while non-significant (r= 0.117) with 

DPPH radical scavenging activity. The ABTS and DPPH 

activities showed a significant negative correlation (r= 

-0.213**). On the other hand, for CZ genotypes, there 

was a significant positive correlation of phenol content 

with DPPH (r = 0.598**) activity and ABTS (r = 0.186*) 

radical scavenging activities. The ABTS and DPPH 

activities, however, showed a non-significant correlation 

(r = 0.155). Both negative and positive correlations have 

been reported between phenolic content and antioxidant 

activity. Gammoh et al.(2017) found a negative correlation 

between antioxidant activity (DPPH) and total phenols (r= 

-0.067). There was a strong negative correlation (r= -0.828) 

between total phenolic content and DPPH in the case of 

Terminalia sericea Burch (Anokwuru et al., 2018). A similar 

negative but significant correlation has been reported by 

Al-Laith et al.(2019) and Thoo et al. (2013) between total, 

free and bound phenols with ABTS and DPPH free 

radical scavenging activities in three medicinal plants 

and Androgaphis paniculata extracts, respectively. On the 

other hand, Verma et al.(2008) found a positive correlation 

between free, bound and total phenols with antioxidant 

activity (r=0.8, p<0.05) in wheat. Moore et al.(2006) have 

also reported a highly significant positive correlation with 

ABTS but a negative correlation with DPPH vs. total 

phenols in hard winter wheat. Contrary to various negative 

and positive correlations by various researchers, Yu et 

al.(2003) reported no correlation between total phenolic 

content with DPPH and ABTS antioxidant activities in 

hard winter wheat varieties (Akron, Trego and Platte).

Overall, a wide variation in correlations between phenolic 

extract vs. their antioxidant activity may be explained 

on the basis that phenols alone might not be responsible 

for all the antioxidant activity and there might be some 

other secondary metabolites (flavonoids, anthocyanin 

etc.) contributing to total antioxidant activity (Shahidi and 

Ambigaipalan, 2015; Žilić, 2016). It has been reported that 

DPPH radical can screen mostly lipophilic compounds, 

while ABTS radical can be used to screen both lipophilic 

as well as hydrophilic samples (Sadeer et al.2020) and 

that might be the probable cause of higher ABTS activity 

reported for all samples tested compared to their DPPH 

scavenging activity, as extraction was done with 80% 

methanol in the current investigation. The yield of phenol 

extraction and total consequent antioxidant activity may 

also vary depending upon the type of extracting solvent 

and other factors like extraction time, sample-to-solvent 

ratio etc. Particularly methanol happens to be quite efficient 

in extracting lower molecular weight polyphenols (Dai 

and Mumper, 2010).
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Conclusions

A wide variation in correlations between soluble phenolic 

extract vs. their antioxidant activities has been observed 

in Indian wheat genotypes grown at multi-locations. The 

NWPZ genotypes had higher overall mean values for 

soluble phenols, DPPH and ABTS activities compared to 

CZ genotypes. Significant differences in the antioxidant 

activity and phenol content were observed among the 

genotypes. Overall, the Karnal location of NWPZ was 

shown to have higher phenolic content and ABTS 

activity compared to genotypes grown at different 

locations of both zones. There was significant effect by 

the environment, genotype and their interactions on the 

phenolic content and antioxidant activities on genotypes 

of both the zones. The genotypes HI 1628 and PBW 771 

of NWPZ and HI 1634, CG 1029 and GW 322 of CZ 

exhibited higher mean phenolic content and antioxidant 

potential and were found comparatively stable across their 

environments with respect to the parameters tested. The 

identified genotypes can be used in breeding as well for 

cultivation in respective zones for higher phenolic content 

and antioxidant potential.
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