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Abstract 
Sunflower (Helianthus annuus L.) is largely con-
sumed in Iran as an oleaginous and confectionery 
product. In this study, the total phenolic and flavo-
noid contents, antioxidant activity and phenolic 
composition in different parts of the seeds from six 
sunflower genotypes were investigated. The anti-
oxidant activity of extract was evaluated by differ-
ent assays. The total phenolic and flavonoid con-
tents in kernel were 6.8 and 4.1 times higher than 
those in shell. Antioxidant activity of kernel extract 
was significantly higher than shell. It can be at-
tributed to higher total phenolic and flavonoid con-
tent. In kernel extracts, a positive correlation coef-
ficient was observed between total phenolic con-
tent and FRAP (r = 0.636) and Nitric oxide radical 
inhibition (r= 0. 721) assays. The amount of identi-
fied phenolic compounds varied in different ex-
tracts and ranged from 0.29 µg/g (Vanillic acid, 
shell of S5 genotype) to 433.6 µg/g (Syringic acid, 
kernel of S2 genotype). Therefore, the result indi-
cated that kernel sunflower seeds can be used as 
potent natural antioxidants in diet. 

Key words: Antioxidant activity, Kernel, Phenolic 
composition, Shell, Sunflower. 

INTRODUCTION 

Sunflower (Helianthus annuus L.) is one of the most 

ancient crop species in North America. It belongs to the 

family Compositae (Asteraceae) and the genus Helian-

thus. Nowadays, two main types of sunflower are 

grown: oil seed and non-oilseed or confectionery types 

(Gonzalez-Perez and Vereijken, 2007; Salunkhe et al., 

1992). Confectionery sunflower produces large seeds 

with low oil and high protein content and is used for 

baking and as snack (Lu and Hoeft, 2009). Confection-

ery kernels are roasted and salted (or not salted), and 

marketed as snacks. Confectionery type is one of the 

most popular and important crops in Iran which is cul-

tivated in all parts of the country, especially in north-

west regions. 

 Reactive oxygen species (ROS) that are produced in 

living organisms generate oxidative stress by oxidizing 

the bio-molecules in our body, such as nucleic acids, 

proteins and lipids (Harborne and Williams, 2000; 

Heim et al., 2002; Shahidi et al., 1992). Oxidative 

stress leads to different diseases including cardiovascu-

lar disease, cancer, aging, and cataracts. The antioxi-

dants are important substances because of their inhibi-

tion activity against excessive free radical accumulation 

in cells. Since antioxidants are effective elements in 

preventing oxidative stress, widespread attention has 

been focused on the importance of natural antioxidants 

and their utilization in food (Kourie, 1998; Temple, 

2000). Among antioxidant materials, phenolic com-

pounds as bioactive substances extensively present in 

plants are important in human diet (Hatamnia et al., 

2014; Kornsteiner et al., 2006). 

Butylated-hydroxyl anisole (BHA) and butylated-

hydroxyl toluene (BHT) have been used as synthetic 
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antioxidants since the beginning of this century. Nowa-

days, using these compounds is not recommended as 

they may increase carcinogenesis effects. Therefore, 

special attention is paid to find safe sources such as 

herbal antioxidants as a replacement (Hatamnia et al., 

2014; Hatamnia et al., 2016a; Mahdavi and Salunkhe, 

1995).   

Among dietary fruits and vegetables containing natu-

ral antioxidants, sunflower seed is an important source 

for high level of antioxidants (Halvorsen et al., 2002; 

Velioglu et al., 1998). However, the amount of phenol-

ic compounds in different parts of the seed is different 

from small percentage (0.7- 5.4% of total phenolics) in 

shell to higher percentage in kernel (Pedrosa et al., 

2000). 

Due to the high consumption of sunflower seeds as 

sources for oil production and confectionery use, the 

aims of this study were: (1) to estimate and compare 

the total phenolic and flavonoid contents as well as an-

tioxidant activity in different parts of seed (kernel and 

shell), (2) to estimate phenolic composition by HPLC 

(high performance liquid chromatography), and (3) to 

determine the correlation between total phenolic con-

tent, flavonoid content and different assays of antioxi-

dant activity in six sunflower genotypes.  

MATERIALS AND METHODS 

Plant materials 

Seeds of two oily sunflower genotypes and four confec-

tionery sunflower genotypes from different regions 

were kindly provided by The Seed and Plant Improve-

ment Institute (SPII), Karaj, and Department of Plant 

Breeding and Biotechnology, Urmia University, Urmia, 

respectively (Table 1). Seeds were planted in round 

pots (30 cm in diameter, 26 cm deep) filled with a mix-

ture of one part sand and one part top soil to about 1 cm 

from the top of the pots. Each genotype was planted in 

15 pots, each pot representing a replication. Pots were 

arranged in a completely randomized design with a 

spacing of 60 × 40 cm outside the greenhouse in an 

open-air area under natural environmental conditions. 

Irrigation was done using a drip irrigation system. The 

pots were watered on a daily basis until the plants 

reached maturity. Water-soluble fertilizer (20-20-20: 

N-P-K) was applied twice a week until flowering. The 

grains were harvested at physiological maturity stage. 

Preparation of methanolic extracts 

Seed parts, shell and kernel, were separated and air 

dried in shade and then ground to a fine powder. The 

fine powder (2g) was extracted with pure methanol (50 

ml) in a soxhlet apparatus at 60
°
C for 30 min (Wijerat-

ne et al., 2006). The supernatant was filtered through 

filter paper and kept at 4˚C. 

Determination of total phenolic content 

Total phenolic content was determined for the extracts 

using the Folin-Ciocalteu colorimetric method (Single-

ton et al., 1999; Tsantili et al., 2010), with a few modi-

fications. Briefly, 0.2 ml of extract was added to dis-

tilled water (2.6 ml) plus 0.2 ml of Folin- Ciocalteu 

Reagent (FCR) and mixed thoroughly. The reaction 

was neutralized with 2 ml of 7% sodium carbonate. The 

reaction mixture was incubated for 90 min at the room 

temperature and then its absorbance was read at 750 

nm using spectrophotometer (Biowave, WPA S2100, 

UK). A mixture of distilled water and reagents was 

used as a blank. All the tests were carried out in tripli-

cate. The total phenolic content was expressed as 

chlorogenic acid (mg) equivalents (CAEs) per 1 g of 

sample. 

Total flavonoid content assay 

The total flavonoid concentration was determined using 

Lenucci et al. (2006) method with some modifications. 

Briefly, 0.1 ml of extract was diluted with distilled wa-

ter (0.9 ml) up to 1 ml. Then 0.05 ml of sodium nitrite 

solution (5%) was added to the mixture and remained 

for 5 min at room temperature and subsequently the 

mixture was supplemented with 10% aluminum chlo-

ride solution (0.1 ml). The mixture was allowed to react 

 
 
 
Table 1. Details of sunflower genotypes used in the present experiment.  

Type Origin Cultivar Genotype 

Oily France Single cross hybrid Iloflor (S1) 
Oily Iran Single cross hybrid Azargol (S2) 
Confectionary Iran Local landrace Bane-Ghalami (S3) 
Confectionary Iran Local landrace Urmia-Pesteii (S4) 
Confectionary Iran Local landrace Hamedan-Ghalami (S5) 
Confectionary Iran Local landrace Saghez-Ghalami (S6) 
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for 6 min and the final composition was made by add-

ing 0.5 ml of 1M sodium hydroxide and 1ml of distilled 

water. The mixture absorbance was immediately meas-

ured at 510 nm and the flavonoid content was ex-

pressed as mg of catechin equivalents (CEs) per g of 

sample. All tests were run in triplicate.     

DPPH radical scavenging activity assay 

DPPH radical scavenging activity was evaluated as de-

scribed by Wu et al. (2003) with a slight modification. 

An aliquot of 100 µl of extracts was mixed with 1.5 ml 

of methanolic solution containing 0.1 mmol of DPPH 

(2, 2- diphenyl- 1- picrylhydrazyl). The mixture was 

shaken vigorously and allowed to stand at room tem-

perature in the dark for 30 min (until stable absorbance 

values were obtained). The reaction of the DPPH radi-

cal was estimated by measuring the absorption at 515 

nm. Samples absorbance was measured at 515 nm and 

DPPH radical scavenging activity (RSA) was measured 

by using the following equation: 

      RAS% = (A0- A1) / A0× 100 

Where A0 is the absorbance of control and A1 is the 

absorbance of the sample. The extract concentration 

providing 50% inhibition (EC50) was calculated from 

the graph of the scavenging effect percentage against 

the corresponding extract concentration. BHA was used 

as the reference compound. 

The ferric reducing antioxidant power (FRAP) ass-

ay  

The FRAP assay was performed as described by Ben-

zie, Iris and Nilsson (Benzie and Strain, 1996; Iris et 

al., 1999; Nilsson et al., 2005). The FRAP reagent was 

prepared by mixing 10 mM TPTZ (2, 4, 6-tripyridyl-s-

triazine) in 40 mM HCl, 20 mM Fe2(SO4)3.7H2O and 

acetate buffer (0.3 M, pH= 3.6) at the proportion of 

1:1:10. Acetate buffer was contained 3.1 g sodium ace-

tate trihydrate and 16 ml acetic acid in 1L distilled wa-

ter. The mixture was incubated for 30 min at room 

temperature. 

In brief, the extracts (50 µl) were added to the dilut-

ed FRAP reagent in methanol (1 ml FRAP reagent 

mixed with 2 ml methanol) and absorbance at 593 nm 

was recorded after 30 min at room temperature against 

a blank (all the FRAP reagents without the extract). 

Results were calculated according to the following 

equation that was obtained with ascorbic acid from a 

calibration curve and then expressed as ascorbic acid 

equivalents AEAC. All the tests were carried out in 

triplicate. 

Nitric oxide radical inhibition assay 

Nitric oxide was determined by using Griess Illosvoy 

reaction according to the method of Garrat (1964). The 

reaction mixture including sodium-nitroprocid (10 

mmol/L), phosphate saline buffer (0.5 ml) and 100 µl 

extracts were incubated for 150 min at the room tem-

perature. After incubation, 1ml of sulfanilic acid rea-

gent (0.33% in 20% glacial acetic acid) was added to 

0.50 ml of the reaction mixture. Then 1ml 0.1% naph-

thyl ethylenediamine dihydrochloride was added to the 

reaction mixture and remained for 30 min at the room 

temperature. A pink colored chromophore was formed 

in diffused light. Finally, 2 ml of distilled water was 

added to all samples. The absorbance of the solution 

was recorded at 540 nm against the corresponding 

blank solutions. 

Nitric oxide radical scavenging % = A blank – A 

sample / A blank × 100 

Extraction and hydrolysis for HPLC 

For HPLC analysis, 0.5 g of dried and powdered plant 

material was extracted with 50% methanol/ water for 2 

h at room temperature. The plant extract was hydro-

lyzed with 1.2 M HCl by refluxing in a water bath for 1 

h. All samples were filtered through a 0.45 µm pore 

size syringe- driven filter before injection (Hertog et 

al., 1992). 

Chromatographic separation of phenolic com-

pounds by HPLC 

A 20 μl aliquot of sample solution was separated using 

HPLC (high performance liquid chromatography) sys-

tem (Knuer, Germany) equipped with UV-Vis detector 

and a eurospher 100-5 C-18 column (25cm × 4.6cm; 

5μm). The mobile phase contained solvents A (purified 

water with 2% acetic acid, pH= 3.2) and B (methanol). 

Solvent gradient was used as the following: 0- 5 min, 

5% B; 5- 15 min, 10% B; 15- 26 min, a linear gradient 

of 10 -100% B. Total run time of analysis was 26 min. 

The flow rate was 0.8 ml/min, and the temperature was 

set at 25°C. Phenolic compounds were detected at the 

wavelength of 280 nm and identified by comparing 

their relative retention times and UV spectra with solu-

tions of each pure commercial compound.  

Statistical analysis 

All the assays were carried out in triplicate. The results 

are expressed as mean values and standard error (SE) 

of the mean. Data analysis were performed using SPSS 

software version 18 and the means were compared us-

ing Tukey's multiple comparison test at p < 0.05 fol- 

lowing analysis of variance (ANOVA). Correlation 

between various parameters was also investigated. 
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Table 2. Total phenolic and flavonoid contents of different parts of sunflower seeds. Results are mean of three rep-
licates with standard errors (Means ± S.E, n=3). In each column different letters indicate significant differences p ˂ 
0.05. 

Genotype 
Phenolic contents (mg CAEs/g)  Flavonoid contents (mg CEs/g) 

Kernel Shell  Kernel Shell 

S1 
cd

17.59 ± 0.16  
a
5.38 ±0.03  bc

4.88 ± 0.03 
b
1.61 ± 0.15 

S2 
 a
24.29 ± 0.16 

d
1.76 ± 0.11  a

7.21 ± 0.09 
d
0.89 ± 0.03 

S3 
 b
20.12 ± 0.33 

b
4.15 ± 0.07  d

3.25 ± 0.35 
a
2.29 ± 0.27 

S4 
 bc

18.72 ± 0.39 
c
2.26 ± 0.09  b

5.69 ± 0.49 
 b
1.58 ± 0.18 

S5 
 b
19.47 ± 0.32 

d
1.88 ± 0.02  a

7.13 ± 0.11 
 c
1.14 ± 0.16 

S6 
 d
16.77 ± 0.35 

d
1.55 ± 0.05  cd

3.90 ± 0.38 
 e
0.29 ± 0.02 

Mean 19.49 ± 0.27 2.83 ± 0.06  5.34 ± 0.24  1.30 ± 0.08 

 

 

 

RESULTS AND DISCUSSION  

Total phenolic and flavonoid content 

Total phenolic content in the shell and kernel of differ-

ent sunflower genotypes are shown in Table 2. There 

were significant differences between genotypes for to-

tal phenolic content (TPC). The shell's TPC ranged 

from 1.55 (for S6 genotype) to 5.38 (for S1 genotype) 

mg CAEs/g DW and in kernel of seed it was from 

16.77 (in S6 genotype) to 24.29 (S2 genotype) mg 

CAEs/g DW. The significant differences in total phe-

nolic content were found between different parts of 

seed, so that total phenolic content in kernel were 6.8 

times higher than that of shell. Furthermore, Table 2 

shows flavonoid content in different genotypes of sun-

flower shells and kernels. 

The flavonoid content ranged from 0.29 (for S6 gen-

otype) to 2.29 (for S3 genotype) mg CEs/g DW in shell 

of seed and from 3.25 (S3 genotype) to 7.21 (S2 geno-

type) mg CEs/g DW in kernel. The flavonoid content in 

kernel was 4.1-fold higher than that of shell. The aver-

age TPC value of kernels in this study (19.49 mg/g) 

was higher than TPC amount reported by Hamed et al. 

(2012). They reported the average TPC content as 

10.88 mg CAEs/ g in the kernels of Egyptian and 8.86 

mg CAEs/g in Chinese sunflower seeds. The TPC ob-

served in our study was almost two times greater than 

that reported by Pedrosa et al. (2000). Considerable 

differences in total phenolic and flavonoid content be-

tween genotypes may be due to the different regional 

conditions of plant growth and the genetic factors (Ak-

bari et al., 2012; Hatamnia et al., 2014; Hatamnia et al., 

2016b). 

DPPH radical scavenging activity assay  

Reducing power of sunflower extracts as neutralizing 

DPPH radicals was investigated. Neutralization of the 

DPPH radicals could be seen and measured by chang-

ing the samples color from purple to yellow because of 

the electron donation. The stable DPPH
•
 is neutralized 

by accepting a hydrogen atom from the hydroxyl group 

of phenolic compound resulting in the reduced form, 

DPPH-H (Huang et al., 2005). The antioxidant capacity 

of sunflower extracts was also investigated by EC50 

index, the concentration at which antioxidant com-

pounds scavenge fifty percent of radicals. The higher 

value of EC50 indicates a lower antiradical activity and 

vice versa. The results of DPPH radical quenching and 

EC50 values were compared to BHT activity as a syn-

thetic antioxidant (Table 3). Radical scavenging activi-

ties of samples ranged from 22.83% to 94.36%. The 

kernel of S2 genotype exhibited a strong antioxidant 

activity with 94.36% DPPH scavenging and EC50 value 

of 0.065 mg/ml. Moreover, other studies previously 

reported that antioxidant activities are affected by phe-

nolic compound type and structure (Thiago Inacio et 

al., 2008). A positive correlation was observed between 

the TPC and DPPH radical scavenging in kernel and 

shell extracts (r= 0.483 and r= 0.904, respectively). 

There was a negative and strong correlation between 

DPPH and EC50 as two parallel assays that confirmed 

the results of each other (Table 4). As it was previously 

mentioned, the genetic factor and condition of plant 

environment impressed the phenolic compounds syn-

thesis and target site of phenolics accumulation and 

consequently, antioxidant potential of specific parts of 

plants (Hatamnia et al., 2014; Kalt, 2005). 
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Table 3. Antioxidant activity of different parts of sunflower seeds investigated by FRAP, nitric oxide radical inhibition 

and DPPH radical scavenging assays. Results are mean of three replicates with standard errors (Means ± S.E, 

n=3). In each column different letters indicate significant differences (P 0.05). 

Genotype 
DPPH 

FRAP (mg/ml) 
Nitric oxide  

scavenging (%) EC50 (mg/ml) Radical scavenging (%) 

Kernel     

S1 
cd

0.072 ± 0.012 
a
93.44 ± 0.29 

cd
1.28 ± 0.05 

b
79.29 ± 0.19 

S2 
d
0.065 ± 0.001 

a
94.36 ± 0.26 

a
1.49 ± 0.04 

a
89.00 ± 0.20 

S3 
bcd

0.092 ± 0.014 
b
87.53 ± 0.38 

d
1.25 ± 0.01 

c
70.96 ± 0.30 

S4 
a
0.126 ± 0.015 

d
62.46 ± 0.25 

c
1.28 ± 0.02 

d
56.19 ± 0.11 

S5 
abc

0.099 ± 0.015 
b
87.52 ± 0.31  

b
1.35 ± 0. 02 

c
71.56 ± 0.30 

S6 
ab

0.110 ± 0.005 
c
72.17 ± 0.16 

b
1.34 ± 0.01 

d
44.71 ± 0.25 

Mean 0.094 ± 0.010 82.91 ± 0.27 1.33 ± 0.04 68.62 ± 0.21 

Shell     

S1 
c
0.15 ± 0.02 

a
47.70 ± 0.59 

a
0.72 ± 0.017 

a
31.42 ± 0.1 

S2 
b
0.45 ± 0.12 

c
31.14 ± 0.80 

c
0.28 ± 0.014 

c
23.64 ± 1.01 

S3 
bc

0.39 ± 0.08 
b
39.30 ± 0.69 

d
0.21 ± 0.011 

b
29.54 ± 0.74 

S4 
a
0.77 ± 0.11 

d
24.01 ± 0.60 

b
0.44 ± 0.006 

d
19.70 ± 0.05 

S5 
a
0.74 ± 0.13 

d
22.83 ± 1.31 

c
0.28 ± 0.001 

d
16.01 ± 0.11 

S6 
ab

0.57 ± 0.01 
c
28.58 ± 0.62 

e
0.11 ± 0.007 

e
9.38  ± 0.03 

Mean 0.51 ± 0.07 32.30 ± 0.37 0.34 ± 0.003 21.61 ± 0.51 
BHA 0.052 ± 0.001 96.49 ± 0.11 0.67 ± 0.0085 - 

 

 

 
 
 
Table 4. Correlation between Total phenolic content (mg CAEs/g), flavonoid content (mg CEs/g), nitric oxide scav-
enging (%), FRAP (mg AEAC/g extract), DPPH radical Scavenging (%) and EC50 assays in different parts of sun-
flower seeds. 

Character 
Total phe-
nolic con-
tents 

Flavonoid 

contents 

FRAP as-

say 

Nitric oxide 

scavenging 

DPPH rad-

ical scav-

enging 

EC50 

Assay 

Kernel       
Total phenolic contents 1 0.549

*
 0.636

**
 0.721

**
 0.483

*
 -0.504

*
 

Flavonoid contents  1 0.560
*
 0.480

*
 0.222 -0.213 

FRAP assay   1 0.814
**
 0.477

*
 -0.381 

Nitric oxide scavenging    1 0.864
**
 -0.792

**
 

DPPH radical scavenging     1 -0.855
**
 

EC50 assay      1 

Shell       
Phenolic contents 1 0.699

**
 0.685

**
 0.846

**
 0.904

**
 - 0.758

**
 

Flavonoid contents  1 0.367 0.786
**
 0.452 - 0.291 

FRAP assay   1 0.614
**
 0.541

*
 - 0.445 

Nitric assay    1 0.791
**
 - 0.691

**
 

DPPH assay     1 - 0.907
**
 

EC50 assay      1 

*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 probability level (2-tailed). 
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Table 5. The amounts of individual phenolic compounds (μg/g DW) detected by HPLC. Results are mean of three 
replicates with standard errors (Means ± S.E, n=3). DW: dry weight. (1) Ascorbic acid; (2) Gallic acid; (3 Rutin; (4) 
Caffeic acid; (5) P-hydroxybenzoic acid; (6) Vanillic acid; (7) P-coumaric acid; (8) Syringic acid; (9) Ferulic acid; (10) 
Sinapic acid. r.t: retention time; ND: not detected.  

 1 2 3 4 5 6 7 8 9 10 

r.t 
(min) 

4.03 6.20 6.66 7.06 9.33 18.10 20.35 21.25 23.18 23.66 

Kernel           
S1 31.5±0.54 15.0±0.43 N.D. N.D. 20.4±0.83 N.D. N.D. 69.5±3.7 42.1±6.3 29.9±0.88 

S2 N.D. N.D. N.D. 
88.9 ± 
1.3 

N.D. N.D. N.D. 433.6±12.7 118.2±8.9 20.6±0.55 

S3 N.D. N.D. 
17.1 ± 
53.2 

18.9 ± 
1.3 

24.6±2.4 0.42±0.01 N.D. 14.0±0.51 46.0±4.1 28.5±1.8 

S4 N.D. 18.3±1.3 N.D. 
17.1 ± 
0.94 

24.9±0.76 4.32±0.02 N.D. N.D. N.D. 112.2±10.6 

S5 N.D. 19.0±0.79 N.D. 
27.8 ± 
0.33 

23.6±0.89 2.11±0.01 N.D. 59.4±7.5 N.D. 189.9±13.9 

S6 243.1±7.9 53.2±2.4 N.D. N.D. N.D. 0.30±0.01 N.D. N.D. N.D. 107.3±3.8 

Shell           
S1 3.97±0.06 N.D. 25.4±4.2 N.D. 24.9±3.6 N.D. N.D. 16.7±0.55 78.4±7.5 22.9±1.2 
S2 243.1±24.6 N.D. N.D. 18.4±2.2 22.1±3.1 N.D. N.D. N.D. N.D. 32.2±3.5 

S3 5.22±0.54 31.1±2.4 
30.1 ± 
18.3 

12.9±3.2 31.2±12.3 0.66±0.03 10.9±0.2 105.1±5.8 N.D. 105.1±6.3 

S4 166.2±7.2 15.2±0.92 N.D. 28.2±5.2 N.D. N.D. 8.9±0.8 N.D. 50.3±7.4 N.D. 
S5 N.D. 15.9±2.4 N.D. N.D. N.D. 0.29±0.01 3.41±0.1 21.6±3.4 49.8±4.4 116.1±10.3 

S6 N.D. 15.0±2.5 
0.37 ± 
0.02 

N.D. 30.6±11.2 0.53±0.04 ND 52.3±10.5 45.7±6.3 46.4±8.3 

 

 

 

The ferric reducing antioxidant power (FRAP) as-

say  

FRAP assay is a quick, simple, sensitive and inexpen-

sive method that measures the antioxidant potential of 

extracts. This method is based on the reduction of ferric 

ion Fe
3+

 to ferrous Fe
2+

 form that reflects the antioxi-

dant capacity of extracts (Prior and Cao, 1999; Santas 

et al., 2008). The antioxidant potential was expressed 

as AEAC (ascorbic acid equivalent antioxidant capaci-

ty) and compared to the standard commercial antioxi-

dant (BHA). 

The significant differences were observed among 

genotypes and different parts of seed for FRAP assay 

(Table 3). The extracts of kernel (the mean value for 

kernels = 1.33 mg/ml) were two times more active than 

BHA, while activity of shell extracts were lower than 

BHA (Table 3). The kernel of S2 and the shell of S6 

genotypes displayed the highest (1.493 mg/ml) and the 

lowest (0.11 mg/ml) antioxidant power for ferric ions 

reduction, respectively. A positive correlation between 

FRAP assay and phenolic content was observed in ker-

nel (r= 0.636) and shell extracts (r= 0.685), which are 

consistent with Szydłowska-Czerniak et al. (2011) re-

ports. It has been suggested that the FRAP assay was 

one of the major trials to confirm antioxidant activity 

(Farhoosh et al., 2011; Hatamnia et al., 2016a). Com-

parison between FRAP assay and commercial antioxi-

dant (BHA) revealed the considerable antioxidant po-

tential of kernel. Since, the consumption of sunflower 

seed product is almost high, therefore, the sunflower 

seeds can be used as natural antioxidants in human diet.  

Nitric oxide radical inhibition assay 

The nitrite oxide radical scavenging of kernel and shell 

extracts in each genotype of sunflower is shown in Ta-

ble 3. The results obtained from nitrite oxide radical 

scavenging assay indicated that, there were significant 

differences between different parts of seed and geno-

types (Table 3). The nitrite oxide radical scavenging 

ranged from 9.38% (for S6 genotype) to 31.42% (S1 

genotype) in shell extracts and from 44.71% (in S6 

genotype) to 89.00% (S2 genotype) in kernel extracts. 

A positive correlation was observed between flavonoid 
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content and nitrite oxide radical scavenging power of 

shell extracts (r= 0.786) but not in kernel (Table 4). The 

nitrite oxide radical scavenging activity of sunflower 

extracts can be attributed to phenolic content, so that a 

positive correlation was observed between nitric oxide 

radical scavenging activity and phenolic content in ker-

nel and shell extracts (r= 0.721 and r= 0.846, respec-

tively). The high correlation between TPC and antioxi- 

dant activity in sunflower seeds have also been reported 

in other studies (Karamac et al., 2005; Szydłowska-

Czerniak et al., 2011). 

Determination of phenolic compounds by HPLC 

analysis 

Some members of phenolic compounds (ascorbic acid, 

gallic acid, rutin, caffeic acid, p-hydroxybenzoic acid, 

vanillic acid, p-coumaric acid, syringic acid, ferulic 

acid and sinapic acid) were assessed and determined in 

all fractions of sunflower seeds (Table 5). Identification 

of phenolic compounds was on the basis of comparing 

their retention times and UV-Vis spectra properties to 

those of reference standards. In kernel extract, the larg-

est and smallest amounts of detected phenolic com-

pounds were Syringic acid (433.6 µg/g, S2 genotype) 

and vanillic acid (0.30 µg/g, S6 genotype) respectively. 

In shell extract, vanillic acid with 0.29 µg/g (S5 geno-

type) and ascorbic acid with 243.1 µg/g (S2 genotype) 

were observed in the lowest and the highest amount of 

identified phenolic compounds, respectively (Table 5). 

Sinapic acid was found in the kernel of all investigated 

genotypes, while p- coumaric acid was not. In addition, 

all individual phenolics with the exception of ferulic 

acid were determined in the shell of S3 genotype (Ta-

ble 5). Considering not only the number of phenolic 

compounds but also their contents, the results indicated 

significant differences between different parts of fruits 

as well as between different genotypes. Similar to the 

results mentioned for total phenol and flavonoid con-

tent, the significant difference in phenolic composition 

can be probably due to different factors such as genetic, 

climate and environmental conditions (Barreira et al., 

2008; Hatamnia et al., 2014; Hatamnia et al., 2016b). 

The results showed that different genotypes contain 

various types of phenolic compounds which lead to 

different antioxidant potentials.  

CONCLUSIONS 

The present study revealed a positive correlation be-

tween total phenolic content and antioxidant activity in 

sunflower seeds. Moreover, the levels of total phenolic 

and flavonoid contents, as well as antioxidant activity 

changed depending on different parts of seeds and gen-

otypes. The overall results indicated that, the S2 geno-

type possessed the highest total phenolic content and 

antioxidant activity among all genotypes. The differ-

ences between the genotypes emphasize on the influ-

ence of genetic factors on phenolic compounds and 

their compositions. Nowadays, there is a considerable 

interest in natural dietary antioxidants since most addi-

tive oxidative factors generate various diseases. Since 

sunflower has a significant contribution to human die-

tary and it contains considerable amount of phenolic 

compounds with high antioxidant potential, this crop 

may be exploited as an important source of natural an-

tioxidants. 
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