Evaluation of the phenolic content and
antioxidant activity of sunflower seeds
under deficit irrigation conditions
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Abiotic stress like deficient irrigation might affect the synthesis of secondary metabolites in
plants, which has several pharmacological effects. In this study, the effect of water deficit
was determined on sunflower (Helianthus annuus L.) seed protein content, antioxidant
activity, phenolic content and flavonoid and phenolic compounds of defatted seed extract
for industrial usage. One sunflower genotype was planted in a field with six irrigation
regimes (IR) under water deficit conditions that were set according to evaporation values
measured during the 7-day irrigation interval (Kcp: 0, 0.25, 0.50, 0.75, 1.00 and 1.25)
in a randomised complete block design. Results indicated that total phenolic content of
seed extracts varied between 1.29-1.96 times higher than that under drought stress
conditions (IR,). The antioxidant capacity of seed extracts was 7.82 (IR,) and 9.87% (IR,)
higher than under drought stress conditions. The most abundant phenolic compounds
that accumulated due to low water deficit (75%) were gallic acid and catechin. Based
on principal component analysis, the biplot generated from PC1 and PC2 indicated that
phenolic compounds in different irrigation regimes were collected under four subgroups.
The drought stress conditions separated higher caffeic acid in a subgroup distant from
the other irrigation regimes.

Keywords: Sunflower; Drought stress; Irrigation; Phenolic compounds; Antioxidant
activity

1. INTRODUCTION

Sunflower (Helianthus annuus L.) is the third most important oilseed crop cul-
tivated worldwide after soybean and rapeseed with a production of 56 million
tons [1]. Turkey is an important country for sunflower production, ranking 7th
in the world, and the Thrace region, the largest sunflower production area in
Turkey, accounts for 50% of production.

Sunflower, to some extent more drought resistant than other oilseed crops,
is highly sensitive to drought stress from flowering to seed filing stage [2]. In
sunflower agriculture, especially in dry conditions where hybrid cultivars are
used, if the precipitation is irregular and low, the yield is low. Among the vari-
ous types of stress, water deficit has gained prominence in the literature due
to its implications for the cultivation of plants, especially in arid and semi-arid
regions where the decrease in precipitation is persistent [3, 4]. Fresh water is
a resource that needs to be carefully managed for global food security, and
optimisation of irrigation is essential to increase yield per unit of water in these
regions [5]. Major changes have occurred in global and regional precipitation
regimes due to global warming in recent years [6].

Sunflower seeds are an important nutrient due to their high oil (44%) and
protein content (16%). Besides being an important oil plant, it is the third
oilseed meal, comprising 5.6% of the global production [7]. Although many
plants are cultivated for their economically important primary metabolites, the
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secondary metabolites obtained from these plants
are also extremely important for human nutrition be-
cause environmental, economic and social difficulties
experienced in the world have made it necessary to
use resources effectively. The pulp remaining after oil
extraction from sunflower seeds is rich in secondary
metabolites and can be used as a food additive.

Recent studies about the pharmacological effects of
sunflower extract indicated that it is antioxidant [8],
antibacterial [9], antifungal [10], anti-inflammatory
[11], anticancer [12], cardioprotective [13], and der-
mo protective [14]. Pharmacological characteristics
of sunflower are mainly due to its ability to accumulate
some active secondary metabolites, mainly phenolic
(caffeic acid, chlorogenic acid, caffeoylquinic acid,
gallic acid, protocatechuic, B-coumaric, ferulic acid,
sinapic acid) and flavonoid compounds (heliannone,
quercetin, kaempferol, luteolin, apigenin) [15-16].

Secondary metabolite components in plants are
greatly affected by abiotic stress factors such as
drought stress [17]. Drought stress changes a plant’s
physiological and biochemical characteristics [18-19].
Phenols are involved in plant adaptations to biotic
and abiotic stresses [20], and these compounds may
contribute to the reduction of environmental stress
effects [21]. Flavonoids are an important defensive
secondary metabolite that protects plants from water
stress [22]. The literature shows that plant flavonoid
and phenolic contents could be affected by drought
stress, and this response could be different among

Table I - Climate data of location for 2019.

and within species and plant parts. In some studies,
water stress increased plant total phenolic content,
flavonoid content, and antioxidant activity [23-25].
In addition to this, it was reported that oilseed plant
total phenolic content [26], antioxidant capacity [27],
phenolic and flavonoid components [28-29] can be
affected by drought stress. There is little information
about the changes in secondary metabolites of plant
seeds in response to different irrigation treatments in
semi-arid regions. The aim of this study was to de-
termine the phenolic content antioxidant scavenging
activity, and protein content, and to measure phenolic
and flavonoid compounds in defatted sunflower seed
extract from a semi-arid region.

2. MATERIALS AND METHODS
2.1 PLANT MATERIAL AND GROWTH CONDITIONS

In the study, sunflower seeds of the Sanay MR va-
riety were used as plant material. This study was
carried out in Tekirdag Viticultural Research Institute,
Tekirdag, Turkey. The experimental area was located
4 m above sea level between 40° 59’ north latitude
and 27° 29’ east longitude. The region has a semi-ar-
id climate. The climate data for the locations are given
in Table 1.

Soil samples taken from three different depths in the
experimental area were analysed in the laboratory
(Tab. 1l). According to these results for soil analysis,
clay loam, slightly salty, low calcareous and low or-

Month tem:;‘:'g.ture Avg. relative Avg. wind Sunshine Evaporation Precipitation
oc ’ humidity (%) speed duration (h) rate (mm/d) (mm)
April (30) 17.50 67.80 3.10 11.5 4.00 -
May (1-10) 15.29 69.88 245 4.62 3.88 5.40
May (11-20) 17.75 74.26 2.41 5.26 3.27 22.0
May (21-31) 20.39 67.73 2.09 8.45 4.81 3.80
June (1-10) 2217 68.16 245 8.65 5.82 2.30
June (11-20) 24.33 64.68 2.66 7.04 5.89 4.90
June (21-30) 25.69 61.44 3.30 8.02 722 0.30
July (1-10) 24.71 64.27 2.54 10.11 7.00 2.60
July (11-20) 22.23 65.10 3.19 7.75 5.24 16.20
July (21-31) 24.61 64.06 2.82 10.40 7.29 -
August (1-10) 24.92 63.81 2.91 10.23 7.05
August (11-20) 24.84 62.47 4.09 8.96 6.98
August (21-31) 25.92 60.48 3.97 9.22 7.30
September (1-5) 24.68 63.40 4.32 9.18 6.54
(Turkish State Meteorological Service, 2019).
* Measured at 2m height; ** These are the total values measured from a class A evaporation pan.
Table Il - Soil properties of the experimental area.
Soil depth pH EC CaCo; Field capacity Wilting point Bulk density
(cm) (ds m) (%) (%) (%) (g cm?)
0-30 719 0.62 1.00 23.01 15.91 1.49
30-60 6.71 0.49 1.00 27.05 17.711 1.58
60-90 6.95 0.55 1.50 31.76 20.96 1.61




ganic matter content were determined as the soil pa-
rameters. The quality class of the irrigation water was
C2S1. According to the United States Salinity Labo-
ratory classification system, the electrical conductivity
(EC)was 0.72 dS m™ and the sodium absorption ratio
(SAR) was 0.62.

The field trial was conducted in randomised block
design with 3 replications. Plants were sown on April
30, 2019 by sowing machine. Each plot consist-
ed of 25.20 m? (4.20 m x 6.00 m) and there were
120 plants cultivated at 0.70 m x 0.30 m intervals
in the plot area. A space of 3 m was created be-
tween all parcels in order to prevent the effects of
the treatments on each other. A total of 250 kg ha’'
23(N)12(P)9(K)+10(SO,) + 2(MgO)+B+Zn fertilisation
was applied during sowing, and this fertilisation was
specially prepared for sunflowers. Mechanical control
was applied against weeds.

2.2 IRRIGATION TREATMENT
In this study, a drip irrigation method was used. The
irrigation water in the storage pool was transferred
to the parcels by means of a pump. In the irrigation
system, a 50 mm polyethylene (PE) pipe was used for
the main pipe, 32 mm for the manifold, and 16 mm
for the laterals. In the experiment, a lateral pipe was
laid for every two rows of plants. The dripper flow rate
was 4 L h™' under 1 atm operating pressure. Dripper
intervals were selected as 0.50 m according to soil
properties. The percentage of wetted area (P) was
calculated as 36% [30].
In the studly, irrigation treatments were created based
on different rates of evaporation measured from class
A evaporation pans during the 7-day irrigation inter-
val. Treatments are shown as O (IR,), 0.25 (IR,), 0.50
(IRy), 0.75 (IR,), 1.00 (IR,) and 1.25 (IRy), respectively.
The amount of irrigation water was determined using
the equation below:
IR=E xK,xP (1)

Where:
IR = Irrigation amount (mm)
Ep = Cumulative pan evaporation (mm) for 7 days in-
terval
Kcp = Crop-pan coefficient
P = Percentage of wetted area.
The soil water content in the plots was measured
gravimetrically every 30 cm to a depth of 90 cm be-
fore irrigation. Evapotranspiration was determined
using the soil water balance equation [31]. The soil
water balance equation is as follows;

ET=IR+P+ASW-DP -RO (2
Where:
ET = Evapotranspiration (mm)
IR = Irrigation water (mm)
P = Precipitation (mm)
ASW = Change in soil water storage in 0.90 m sail
profile (mm)
DP = Deep percolation (mm)
RO = Runoff (mm).

The runoff was assumed to be zero, as the amount of
irrigation water was controlled.

2.3 TOTAL PROTEIN CONTENT OF THE SEED

Total protein content in the samples was investigated
in accordance with the Kjeldahl method procedures
described in the AOAC method 991.20 (1995). For
this purpose, 1 g of solid sample was mineralised
with 10 mL of 96% H,SO, (v/v) and approximately 10
mg of catalyst at 450°C during 150 min. Subsequent-
ly, the sample was distilled with 32% NaOH (w/v) and
after reaction with 4% boric acid (w/v) solution, it was
titrated against 0.1 N HCI. The blank consisted of a
non-protein sample. To convert total nitrogen content
into sunflower protein concentration, a conversion
factor of N x 5.6 was used, as previously described
[32, 33]. All analyses were performed in triplicate and
average values were calculated with standard devia-
tion.

2.4 PROCEDURE FOR EXTRACTION OF PHENOLIC
CONTENT OF DEFATTED SEEDS

Methanol extraction was carried out according to the
method of Khattak et al. [34]. The sunflower seeds
were ground in a laboratory mill (AnalysenmUhle A10,
IKA-Werke GmbH, Germany) and defatted with hex-
ane using a magnetic stirrer for 24 hours. A 5-g portion
of the defatted flour was weighed into screw-capped
dark glass bottles and extracted at room temperature
for 24 hours at 140 rpm by shaking (Edmund Buhler
GmbH KS-15) with 200 mL of 80% (v/v) aqueous
methanol. Extractions were carried out three times.
The extracts were centrifuged at 10,000 rpm for 30
min at 15°C and the supernatant was collected. The
extraction procedure was carried out in triplicate.

2.5 DETERMINATION OF ANTIOXIDANT CAPACITY
(AC) BY DPPH RADICAL SCAVENGING METHOD
Antioxidant activities of extracts were determined ac-
cording to Brand-Williams et al. [35]. Different con-
centrations of seed extracts were taken into tubes
and 600 pl of molar DPPH* radical solutions were
added to each tube; the total volume was completed
to 6 ml with methanol. After mixing and incubating
the tubes for 30 min at room temperature in a dark
environment, absorbance was read at 517 nm wave-
length against the control. By using the absorbance
value, the % inhibition of DPPH radicals (I %) for each
of the samples was calculated by using equation (3).
In equation (3), the absorption of control (methanol
instead of seed extract) is expressed as A, and
the absorption of the analysed sample is expressed
as A

sample*

Inhibition % = ((A_(control) - A_sample)/(A_control)) x 100 (3)

Inhibition values were graphed versus different con-
centrations for each seed and linear regression
analysis was applied in order to obtain the equation
defining the curve. By using the equation, the EC,,
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value was calculated. The ECg, value is the amount
of antioxidant necessary to decrease the initial DPPH’
concentration by 50%.

2.6 DETERMINATION OF TOTAL PHENOLIC MATTER
CONTENT

Total phenolic content of methanolic extracts, as stat-
ed Sadasivam and Manickam [36], was carried out by
modifying the method based on the reaction occur-
ring between phenolic compounds in the seed and
Folin-Ciocalteu reagent. A 500 pl aliquot of methano-
lic extract was diluted with 2.0 ml of deionised water,
and the obtained solution was mixed with 2.5 ml of
Folin-Ciocalteu reagent. Then, 2 ml of sodium car-
bonate solution was added after an incubation time of
3 minutes. The absorption of the blue-coloured solu-
tion after an incubation time of 60 minutes was read
at 720 nm wavelength and evaluated with the stan-
dard curve for gallic acid [37]. The results are given as
mg gallic acid equivalent/g dry matter (mg GAE/g dry
matter) of seeds.

2.7 DETERMINATION OF THE COMPOSITION OF
PHENOLIC COMPOUNDS

Analyses of the flavonoids and phenolic acids were
quantified by high-performance liquid chromatogra-
phy (HPLC; SHIMADZU LC-20A Series, Japan), cou-
pled with a diode array detector (SPD-M20A, spectra
from 300 to 800 nm, Shimadzu), according to the
method described by Uysal Seckin et al. [38]. An In-
ertsil-ODS3 C18 column (GL Science, Tokyo, Japan)
with size 4.6 mm x 250 mm (5 pm) was used as the
stationary phase and maintained at 40°C.

Phenolic acids, such as ferulic, chlorogenic, p-cou-
maric and caffeic acids, were detected at 320 nm
and gallic and vanillic acids were detected at 280
nm. Flavonoids such as quercetin, kaempferol and
rutin-3-hydrate were monitored at 360 nm and epi-
catechin was detected at 280 nm. All the standards
for flavonoids and phenolics were provided by Sig-
ma Company. The standards were dissolved using
HPLC-grade methanol. Chromatographic separation
was performed with gradient elution at a flow rate
of 1.5 ml/min using two solvents: Eluent A -2% (V/V)
acetic acid in water and Eluent B — and acetonitrile
(100, v/v; eluent B), as mobile phases. The gradient
program was identical to Meng et al. [39] and Uysal

Seckin [38]. Solutions were injected into the column
with an injection volume of 20 pm and the flavonoid
and phenolic content of the seed extracts were cal-
culated by comparison of the peak area and retention
times with the pure standards according to the meth-
od described by Yeloojeh et al. [29]. The results are
shown as mg per 100 g of dried seed weight.

2.8 STATISTICAL METHODS

Data were statistically analysed using analysis of vari-
ance (ANOVA) by JMP 7 (SAS Institute Inc.) statis-
tical software. LSD (least significant difference) test
(P<0.05) was used to determine differences among
means [40]. Principal component analysis (PCA) was
used for the metabolite profiles and the entire tran-
scriptome dataset, respectively, using R software.

3. RESULTS AND DISCUSSION

3.1 IRRIGATION WATER AMOUNTS AND
EVAPOTRANSPIRATION

The total sunflower growing period was recorded as
129 days for the year 2019. The amounts of applied
irrigation water, precipitation, measured soil water
depletion and measured seasonal evapotranspiration
data are shown in Table IIl.

In 2019, all treatments were irrigated 12 times. The to-
tal amount of irrigation water applied varied between
133.7 and 668.1 mm in the treatments. During the
total growing season, seasonal evapotranspiration
measured from the treatments ranged from 278.2
mm to 801.3 mm [41]. Seasonal evapotranspiration
increased as the amount of water applied increased.
The total seasonal evapotranspiration values for sun-
flowers obtained from the study are consistent with
the values obtained from previous studies in the Thra-
ce region, Turkey and the world [42-44].

3.2 TOTAL PROTEIN CONTENT OF THE SEEDS

The total protein content of the sunflower seed is
shown in Table V. Although there was a difference
between irrigation applications in terms of protein
content of the samples, this difference was not found
to be statistically significant. In irrigation studies of
sunflowers, stress reduced the seed filling stage, re-
sulting in decreased oil content and increased protein
content [45-50]. The protein content and amino acid

Table Il - Applied irrigation water and measured seasonal evapotranspiration for treatments.

N Soil water depletion s Total applied irrigation Measured se:aso_nal
Irrigation Treatment Precipitation (mm) evapotranspiration

(mm) water (mm) (mm)

[R1 220.7 - 278.2

IR2 176.0 133.7 367.2

IRs 156.0 575 2674 480.9

IR4 120.9 ' 401.1 579.5

IRs 90.7 534.4 682.6

IRs 75.7 668.1 801.3
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Table IV - Analysis of variance (mean squares) for the traits in
seed of sunflower genotype evaluated at six levels of irrigation
regimes (IR).

Source of DF TPC ECso Protein
variation

IR 5 182.80** 78.20** 1.59ns
Rep (IR) 2 25.16m 1.62ns 1.11ns
Error 10 69 1.28 0.55
Total 17 53.80 23.94 0.92
CV % 0.77 1.37 4.99

ns: non-significant. DF: Degrees of freedom. TPC: Total phenolic
content; ECso: the effective concentration at which the absorbance
was 0.5; CV: Coefficient of variation

**Significant at 5 and 1% levels of probability.

composition of sunflowers are not only affected by
factors such as irrigation and fertilisation, but also by
genetic variation, environmental factors and other ag-
ronomic practices [51]. Therefore, it is important to
use drought tolerant genotypes suitable for sunflower
production in drought stress conditions. The Sanay
MR genotype used in the study may have been stable
under stress conditions in terms of quality character-
istics such as oil and protein, which are important for
sunflower breeding. At the same time, there was no
significant difference in oil content in different irriga-
tion regimes for the Sanay MR genotype used in a
previous investigation related to this study [41].

3.3 TOTAL PHENOLIC CONTENT (TPC)

The analysis of variance results for the total phenolic
content (TPC) of seeds under the six irrigation regimes
are presented in Table IV. TPC of non-irrigation regime
extract estimated by the Folin-Ciocalteu method was
694.90 mg of GAE/ g DW. The phenolic content of
sunflower seed significantly increased when plants
were subjected to different irrigation regimes com-
pared to drought stress conditions. Thus, the total
phenolic contents of seed extracts were increased
significantly by 1.29-, 1.60-, 1.96-, 1.85- and 1.55-
fold under irrigation regimes from |, to |, respective-
ly, compared to the phenolic content observed un-
der drought stress conditions (l,). This increase was,
however, marginally greater under a low water deficit

than under severe drought (Fig. 1). The irrigation re-
gime of 75% recorded the highest and 25% irrigation
had the lowest increase in phenolic contents (Fig.
1). Thus, under irrigation treatments of 25, 50, 75,
100 and 125%, TPC were about 29.02%, 60.01%,
95.99%, 85.14% and 54.92% higher than the non-ir-
rigation regime (l,), respectively. Phenolic acids occur
in plants in different forms, such as aglycones (free
phenolic acids), esters, glycosides, and/or bound
complexes [52-53]. Phenolic acids are natural hydro-
philic antioxidants, which occur ubiquitously in fruits,
vegetables, spices and aromatic herbs [54]. Predom-
inant phenolics in sunflower seeds are chlorogenic,
quinic and caffeic acids [55, 16]. In addition to these,
caffeoylquinic, sinapic, ferulic, gallic, coumaric, and
protocatechuic acids, glucoside, glucopyranoside,
and cynarine are the sunflower seed polyphenols
which have high antioxidant potential. Similarly, the
results for the phenolic content correlated with the
findings of Alinian et al. [56], who reported a signif-
icant increase in the total phenolic content of both
seeds and aerial parts of cumin under water stress.
Consistent with our findings, Rasheed et al. [57] re-
ported that the total leaf phenolic content of sunflow-
ers increased under water deficit stress; however, the
effect of the stress on the phenolics of seeds was
not investigated. Furthermore, the results agree with

600
500
400
300 l
0
7 A l
R1 R2 R3 IR& IRS R&

IRRIGATION REGIME

ra
=1

INCREASE INTPC (MG GAE/100 G DRY MATTER)
=
=

Figure 1 - Phenolic response to water stress in sunflower seed.

Table V - Mean comparisons of the irrigation regimes for TPC, EC s0 and protein content of sunflower seed extract.

Treatments TPC (mg GAE/g DW) ECso (ug/ml) on DPPH Protein (%)
IR1 694.90+5.57 f 83.7310.34 ¢ 13.51+1.84
IR2 896.56+4.16 © 77.18+2.20 ¢ 15.05+1.22
IR3 1111.90+7.21¢ 85.89+0.32 14.68+0.48
IR4 1361.90+8.54 2 75.46+1.48 ¢ 14.84+0.48
IRs 1286.56+5.51 b 88.64+0.92 2 15.530.01
IRs 1076.56+12.90 ¢ 83.88+0.18 b¢ 15.4240.70
Mean 10714 82.45 14.84

LSD 15.10 2.05 -
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those reported by Rebey et al. [26] who found that
phenolic content of cumin seeds increased by 43.7%
and 15.3% under moderate and severe drought. In-
deed, as reported by Jaafar et al. [58] and Rebey et
al. [26], the total phenol content of the plant is also
dependent on the cultivar used and affected by the
origin of varieties. The increase in phenolic contents
under drought stress was ascribed to the accumula-
tion of soluble carbohydrates in plants because of re-
duced soluble sugar transport [59, 56]. Furthermore,
the increase could be attributed to the enhanced
phenylalanine ammonia-lyase enzyme activity under
water stress conditions [20]. There is a lack of stud-
ies addressing metabolic response to water stress
in different varieties of seeds. Moreover, Weisz et al.
[55] reported that defatted sunflower meal had high
total phenolic content (4200 mg/100g) and it could
be used as a natural antioxidant. Furthermore, the
relationship between secondary metabolites and ir-
rigation regime is important in relation to sunflower
proteins. Although phenolic compounds have various
beneficial health roles, they might reduce the quality
of sunflower proteins by inhibiting digestibility, caus-
ing undesirable browning and structural modifica-
tions, and altering protein functional properties and
behaviour in various food matrices [53].

3.4 ANTIOXIDANT CAPACITY

The analysis of variance results for the antioxidant ac-
tivity of seeds under six irrigation regimes are present-
ed in Table IV. The DPPH radical scavenging activities
of methanol extracts obtained from the sunflower
seeds irrigated under high and low stress conditions
of 25% and 75% showed the highest activity to neu-
tralise the DPPH radical compared to the extract
procured under drought stress conditions (Table V).
The antioxidant capacities of seed extracts were 7.82
and 9.87% higher than under drought stress condi-
tions. In a similar way, the highest total phenolic con-
tent of seed extracts was obtained in the low water
deficit condition. The results showed that irrigation
regimes had a significant (P < 0.01) impact on an-
tioxidant activity of the sunflower seeds, except for
125%, compared to drought stress conditions. The

highest antioxidant activity was obtained with the
75% treatment, while there was no change in antiox-
idant activity of the over-irrigation treatment of 125%
compared to drought stress conditions. Similarly,
Rezaei-Chiyaneh et al. [27] reported that antioxidant
enzyme activity increased with increasing water defi-
cit stress. The behaviour of antioxidant activity and
phenolic components of defatted extracts are quite
different from each other. The reason for this could be
due to the substantially different contributions of in-
dividual phenolic compounds to antioxidant capacity
[60-55]. In addition to this, Pajak et al. [16] suggested
that non-phenolic compounds such as tocopherols
or L-ascorbic acid might be potential scavengers of
DPPH radicals.

3.5 PHENOLIC AND FLAVONOID COMPOUNDS

The phenolic and flavonoid compound concentra-
tions in the extracts of seeds studied under different
irrigation regimes are shown in Table VI for a clear
understanding of phenolic responses under different
irrigation regimes. Five of eleven phenolic and flavo-
noid compounds quantified were phenolic acids, in-
cluding ferulic, gallic, caffeic, chlorogenic, vanillic and
p-coumaric acids and the other 5 were flavonoids of
rutin-3-hydrate, quercetin, catechin, epicatechin and
kaempferol-3-glucoside. Concerning phenolic and
flavonoid compounds in seed extracts, water deficit
stress reduced vanillic acid, epicatechin, caffeic acid
and rutin-3-hydrate, while it increased gallic acid,
catechin, chlorogenic acid coumaric and ferulic ac-
ids, quercetin. It was also reported by Krol et al. [28]
and Yeloojeh et al. [29] that water deficit stress sig-
nificantly reduced caffeic acid in grapevine and rutin
in safflower extracts, respectively. Water deficit stress
was identified to increase gallic and chlorogenic acid
in seed extracts [29]. The highest amount of pheno-
lics and flavonoids in seed extracts was detected low
water stress of 75% treatment. In addition to this, the
second highest phenolic compounds were detected
under high stress of 25% treatment. Moreover, an in-
crease in all irrigation regimes conditions was detect-
ed compared to full irrigation treatment (100%). High
water deficit was found to enhance the biosynthesis of

Table VI - Contents of individual phenolic compounds in non-oilseed sunflower kernels and shells (mg/100 g of DW).

Compound IR1 IRz IRs IR4 IRs IRs
Gallic acid 0.5 0.6 0.9 1.2 0.8 0.8
Catechin 181.1 266.0 216.3 271.8 216.8 233.6
Vanillic acid 683.5 701.4 522.2 643.4 576.0 616.5
Epicatechin 20.0 22.0 18.8 17.0 15.8 20.8
Chlorogenic acid 5956.3 6850.4 6101.5 74443 5803.4 6762.5
Caffeic acid 37.4 33.3 29.8 15.9 32.7 30.4
Coumaric acid 7.0 13.0 13.1 14.0 13.6 11.9
Ferulic acid 3.3 4.1 3.5 4.3 34 3.8
Rutin 3-hidrat 9.7 10.4 8.2 94 6.9 9.1
Kaempferol-3-glucoside 110.8 120.5 117.8 130.7 1004 121.8
Quercetin 7.0 8.6 9.0 8.9 8.6 8.8
Total amount 7016.8 8030.2 7041.1 8560.9 6778.6 7820.0




phenolic compounds such as vanillic acid, epicatechin
and rutin-3-hydrate, while the low water deficit (75%)
induced the accumulation of phenolic compounds
such as catechin, gallic, ferulic, chlorogenic and cou-
maric acids. The increase in phenolic acids seems to
be a biochemical response to stress conditions and
could be related to lignin biosynthesis in the cell wall
to prevent water loss and the synthesis of certain ami-
no acids maintaining osmotic adjustment in plant cells
[61]. Furthermore, coumaric acid is one of the starting
substances for lignin biosynthesis [61-64]. Although
the increase in total protein content of sunflower seed
extracts was insignificant, the increasing levels of ami-
no acids were related to triggering of the production
of phenolic acids (via cinnamic acid pathway) leading
to lignin biosynthesis. Furthermore, a spectacular in-
crease in free amino acid content was also determined
in some plants subjected to water stress [65, 66]. In
conclusion, the increase in the synthesis of phenolic
compounds could be attributed to the stress induced
in the plant because of an abiotic stress factor like
water deficit or over-irrigation regimes.

3.6 PRINCIPAL COMPONENTS ANALYSIS (PCA)

The eleven phenolic compounds from the six irri-
gation regimes of sunflowers were analysed using
principal component analysis (PCA) (Fig. 2). The first
PC (PC1) explained 52.5% of the total variance with
positive correlations with flavonoid compounds in-
cluding kaempferol-3-glucoside, catechin, quercetin
and phenolic acids including ferulic, coumaric and
gallic acid, but with negative correlations to caffeic
acid. The second PC (PC2) explained 33.1% of the
total variance and had positive correlations with vanil-
lic acid, rutin-3-hydrate, epicatechin and no negative
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Figure 2 - Principal component analysis of sunflower phenolic
components (Gal: Gallic acid, Cat: Catechin, Van:Vanillic acid,
EC: Epicatechin, Chl: Chlorogenic acid, Caf: Caffeic acid,
Cou: Coumaric acid; Fer: Ferulic acid, Rut: Rutin-3-Hidrat,
Kae: Kaempferol-3-glucoside, Que: Quercetin.

correlation. The first two principal components (PCH
and PC2) explained most of the variation (85.6%) (Fig.
2). The biplot generated from PC1 and PC2 indicat-
ed that phenolic compounds were collected under
four subgroups in different irrigation regimes. The low
water stress conditions (75%) were characterised
by quercetin, gallic acid and coumaric acid, kaemp-
ferol-3-glucoside, chlorogenic-acid, ferulic acid and
catechin, situated in subgroups 1 and 2. The second
subgroup in the over-irrigated regime (I6) was charac-
terised by kaempferol-3-glucoside, chlorogenic-acid,
ferulic acid and catechin and was situated in the top
right quadrant of the plot. The third subgroup, which
was the low water stress conditions (25%), constitut-
ed rutin 3-hydrate and vanillic acid. The drought stress
condition (fourth subgroup) was separated from the
other irrigation regimes by higher caffeic acid. Moder-
ate (60%) and full irrigation (100%) regimes were not
characterised as subgroups by phenolic compounds.

4. CONCLUSION

Plant secondary metabolites, which mostly act as
antimicrobials and antioxidants, have an important
role in plant defence. These metabolites also have
economical value due to their roles such as phar-
maceuticals, food flavourings and agrochemicals. In
this study, total phenolic content in seed extracts of
sunflower increased under water deficit conditions. In
addition to this, the induced water deficit stress af-
fected bioactive components such as phenolic acids
and flavonoids in sunflower seed extracts. Moreover,
low and high-water stress conditions positively in-
fluenced the antioxidant potential of seed extracts.
Therefore, water deficit stress increased seed qual-
ity in terms of phenolic and antioxidant content. Al-
though the change in the amount of phenolic and
flavonoid compounds in seed extracts due to water
deficit stress was distinctive, chlorogenic acid and
vanillic acid were detected as the most abundant
polyphenol compounds in seed extracts under all ir-
rigation regimes. Therefore, the antioxidant activity of
defatted sunflower seed extracts could be attributed
to the presence of these compounds. Sunflower is
an important feedstock especially in the production
of seed oil. This research ascertains that residue in
sunflower oil production emerge as a natural source
of phenolic compounds and might be used as natu-
ral antioxidants in diet and implementations such as
pharmaceuticals due to the presence of components
with high antioxidant activity. The irrigation regime
should be kept at an economical point to enhance
the phenolic content of the plant. The residue of
sunflower processing, which has high polyphenolic
content, could be converted to a polyphenol-enrich-
ment agent in different food systems. There is a lack
of studies addressing metabolic response to water
stress in different varieties of seeds. In addition to this,
although the increase in protein content was not sig-

LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL. XCIX - OTTOBRE/DICEMBRE 2022




nificant, based on common knowledge about protein content of antioxidants in sunflower seed and

digestibility being affected by phenolic compounds, kernel. Helia 33(52), 75-84 (2010)

further investigations regarding the interaction be- [9] G.L. Darmstadt, N. Badrawi, PA. Law, S.
tween the phenolics and sunflower protein digestibili- Ahmed, M. Bashir, I. Iskander, M. Santosham,
ty in different irrigation regimes are planned. Topically applied sunflower seed oil prevents

invasive bacterial infections in preterm infants
in Egypt: a randomized, controlled clinical trial.

Auth tributi
uthor contributions The Pediatric infectious disease journal 23(8),

SBG: Conceptualisation; data curation; formal anal- 719-725 (2004)

ysis; investigation; methodology; software; supervi- [10] S. Menendez, L. Falcon, D.R. Simon, N. Landa,

sion; validation; visualization; writing — original draft; Efficacy of ozonized sunflower oil in the treat-

writing. YE: Data curation; formal analysis; investiga- ment of tinea pedis. Mycoses 45(7-8), 329-332

tion; methodology; validation; software; writing — orig- (2002).

inal draft; writing. EG: Data curation; Formal analysis;  [11] F. Odabasoglu, Z. Halici, A. Cakir, M. Halici, H.

methodology; writing — original draft; writing. BS: For- Aygun, H. Suleyman, F. Atalay, Beneficial effects

mal analysis; writing. TE: Conceptualisation; method- of vegetable oils (corn. olive and sunflower oils)
ology; writing. All authors have read and approved and a-tocopherol on anti-inflammatory and gas-
the final manuscript. trointestinal profiles of indomethacin in rats. Eu-

ropean journal of pharmacology 591(1-3), 300-

. . 306 (2008)

Conflict of interest [12] G.J. Kapadia, M.A. Azuine, H. Tokuda, M. Taka-
The authors declare they have no conflict of interest. saki, T. Mukainaka, T. Konoshima, H. Nishino,

Chemopreventive effect of resveratrol. sesamol.

REFERENCES sesame oil and sunflower oil in the Epstein—-Barr

virus early antigen activation assay and the

[11 FAO, https://www.fao.org/faostat/en/#data/ mouse skin two-stage carcinogenesis. Pharma-
QCL, 2021. cological Research 45(6), 499-505 (2002)

[2] M. Hussain, S. Farooqg, W. Hasan, S. Ul-Allah, [13] I|. Lepran, L. Szekeres, Effect of dietary sun-
M. Tanveer, M. Farooq, A. Nawaz, Drought flower seed oil on the severity of reperfusion-in-
stress in sunflower: Physiological effects and its duced arrhythmias in anesthetized rats. Journal
management through breeding and agronom- of cardiovascular pharmacology 19(1), 40-44
ic alternatives. Agricultural water management (1992)

201, 152-166 (2018) [14] G.L. Pérez, M.T. Altamirano, Indication of sun-

[8] A.B. McKiernan, M.J. Hovenden, T.J. Brodribb, flower oil concentrated in the treatment of atop-

292 B.M. Potts, N.W. Davies, J.M. O’Reilly-Wapstra, ic dermatitis. Revista Alergia Mexico 53(6), 217-
Effect of limited water availability on foliar plant 225 (20006)
secondary metabolites of two Eucalyptus spe- [15] J. Kamal, Quantification of alkaloids. phenols
cies. Environmental and Experimental Botany and flavonoids in sunflower (Helianthus annu-
105, 55-64 (2014) us L.). African Journal of Biotechnology 70(16),

[4] E.T. Albergaria, A.F.M. Oliveira, U.P. Albuquer- 3149-3151 (2011)
que, The effect of water deficit stress on the [16] P. Pajak, R. Socha, D. Gatkowska, J. Roznows-
composition of phenolic compounds in medici- ki, T. Fortuna, Phenolic profile and antioxidant
nal plants. South African Journal of Botany 737, activity in selected seeds and sprouts. Food
12-17 (2020) chemistry 743, 300-306 (2014)

[5] H. Ozer, F. Coban, U. Sahin. S. Ors, Response  [17] F. Stagnari, A. Galieni, M. Pisante, Drought
of black cumin (Nigella sativa L.) to deficit irriga- stress effects on crop quality. Water stress and
tion in a semi-arid region: Growth. yield. quali- crop plants: a sustainable approach 2, 375-392
ty. and water productivity. Industrial Crops and (2016)

Products. 144. 112048 (2020) [18] C.J. Atkinson, M. Policarpo, A.D. Webster, G.

[6] J.Li L. Fei, S. Li, C. Xue, Z. Shi. R. Hinkelmann, Kingswell, Drought tolerance of clonal Malus de-
Development of “water-suitable” agriculture termined from measurements of stomatal con-
based on a statistical analysis of factors affect- ductance and leaf water potential. Tree Physiol-
ing irrigation water demand. Science of The To- ogy 20(8), 557-563 (2000).
tal Environment. 744. 140986 (2020) [19] J.Y. Wang, N.C. Turne, Y.X. Liu, K.H. Siddique,

[7] E. Pilorgé, Sunflower in the global vegetable oil Y.C. Xiong, Effects of drought stress on mor-
system: situation, specificities and perspectives. phological. physiological and biochemical char-
OCL 27, 34 (2020) acteristics of wheat species differing in ploidy

[8] S. Zili¢, J.M. Dragigi¢, V. Maksimovi¢, M. Mak- level. Functional Plant Biology 44(2), 219-234
simovi¢, Z. Basi¢, M. Crevar, G. Stankovi¢, The (2017)

LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL. XCIX - OTTOBRE/DICEMBRE 2022



(20]

(21]

(22]

(23]

(24]

(29]

(26]

(27]

(28]

(29]

(30]

[31]

M.M. Oh, H.N. Trick, C.B. Rajashekar, Second-
ary metabolism and antioxidants are involved in
environmental adaptation and stress tolerance
in lettuce. Journal of plant physiology 166(2),
180-191 (2009)

R. Terzi, N.S. Guler, N. Caligskan, A. Kadioglu,
Lignification response for rolled leaves of Cten-
anthe setosa under long-term drought stress.
Turkish Journal of Biology 37(5), 614-619
(2013)

R. Nakabayashi, K. Yonekura-Sakakibara, K.
Urano, M. Suzuki, Y. Yamada, T. Nishizawa, K.
Saito, Enhancement of oxidative and drought
tolerance in Arabidopsis by overaccumulation of
antioxidant flavonoids. The Plant Journal 77(3),
367-379 (2014)

F. Stagnari, A. Galieni, S. Speca, M. Pisante,
Water stress effects on growth. yield and quality
traits of red beet. Scientia Horticulturae 765, 13-
22 (2014)

C.B. Wegener, G. Jansen H.U. Jurgens, Bioac-
tive compounds in potatoes: Accumulation un-
der drought stress conditions. Functional Foods
in Health and Disease 5(3), 108-116 (2015)

S. Gharibi, B.E.S.Tabatabaei, G. Saeidi, S.A.H.
Goli, Effect of drought stress on total phenoalic.
lipid peroxidation. and antioxidant activity of
Achillea species. Applied biochemistry and bio-
technology 778(4), 796-809 (2016)

[.B. Rebey, N. Zakhama, |.J. Karoui, B. Marzouk,
Polyphenol composition and antioxidant activity
of cumin (Cuminum cyminum L.) seed extract
under drought. Journal of food science 77(6),
734-739 (2012).

E. Rezaei-Chiyaneh, S.M. Seyyedi, E. Ebra-
himian, S.S. Moghaddam, C.A. Damalas, Ex-
ogenous application of gamma-aminobutyric
acid (GABA) alleviates the effect of water deficit
stress in black cumin (Nigella sativa L.). Industri-
al Crops and Products 7172, 741-748 (2018)

A. Krol, R. Amarowicz, S. Weinder, Chang-
es in the composition of phenolic compounds
and antioxidant properties of grapevine roots
and leaves (Vitis vinifera L.) under continu-
ous of long-term drought stress. Acta Physiol.
Plant. 36, 1491-1499. https://doi.org/10.1007/
s$11738-014-1526-8 (2014)

K.A. Yeloojeh, G. Saeidi, M.R. Sabzalian,
Drought stress improves the composition of
secondary metabolites in safflower flower at the
expense of reduction in seed yield and oil con-
tent. Industrial Crops & Products 154, 112496
(2020)

J. Keller, R.D. Bliesner, Sprinkle and Trickle Irri-
gation. Van Nostrand Reinhold. New York. USA
(1990)

R.G. Allen, L.S. Pereria, D. Rae, M. Smith, Crop
Evapotranspiration. Guidelines for computing
crop water requirements. FAQO. Irrigation and

(32]

(33]

[34]

[39]

[36]

[37]

(38]

(39]

(40]

[41]

[42]

(43]

[44]

Drainage Papers. Paper No: 56. Rome. ltaly
(1998)

C. Pickardt, S. Neidhart, C. Griesbach, M.
Dube, U. Knauf, D.R. Kammerer, R. Carle, Op-
timisation of mild-acidic protein extraction from
defatted sunflower (Helianthus annuus L.) meal.
Food Hydrocolloids 23(7), 1966-1973 (2009)

C. Defaix, A. Aymes, S.A. Slabi, M. Basselin, C.
Mathé, O. Galet, R. Kapel, A new size-exclusion
chromatography method for fast rapeseed albu-
min and globulin quantification. Food chemistry
287, 151-159 (2019)

A.B. Khattak, A. Zeb, N. Bibi, S.A. Khalil, M.S.
Khattak, Influence of germination techniques on
phytic acid and polyphenols content of chick
pea (Cicer arietinum L.) sprouts. Food Chemis-
try 104, 1074-1079 (2007)

W. Brand-Williams, M.E. Cuvelier, C.L.W.T. Ber-
set, Use of a free radical method to evaluate an-
tioxidant activity. LWT-Food science and Tech-
nology 28(1), 25-30 (1995)

S. Sadasivam, A. Manickam, Biochemical Meth-
ods for Agricultural Sciences. Wiley Eastern
Ltd., New Delhi (1992)

V.L. Singleton, Citation Classic-Colorimetry of
total phenolics with phosphomolybdic-phos-
photungstic acid reagents. Current Contents/
Agriculture Biology & Environmental Sciences
48, 18-18 (1985)

G. Uysal Seckin, Research the drying proper-
ties of some grape varieties and obtaining inter-
mediate moisture raisin. Tekirdag Namik Kemal
University. Graduate School of Natural and Ap-
plied Sciences. pHD Thesis. 189 pages. (2019)
Tekirdag. Turkey. [in Turkish].

J. Meng, Y. Fang, A. Zhang, S. Chen, T. Xu, Z.
Ren, G. Han, J. Liu, H. Li, Z. Zhang, H. Wang,
Phenolic Content And Antioxidant Capacity Of
Chinese Raisins Produced in Xinjiang Province.
Food Research International 44, 2830-2836
(2011)

R.G.D. Steel, J.H. Torrie, Principles and proce-
dures of statistics: a biometrical approach. Mc-
Graw-Hill (1986)

B. Salbas, Usage possibilities of plant-based
measurement techniques in irrigation schedul-
ing of sunflowers. Tekirdag Namik Kemal Uni-
versity. Graduate School of Natural and Ap-
plied Sciences. MSc. Thesis. 107 pages (2020)
Tekirdag. Turkey. [in Turkish].

T. Erdem, L. Delibas, Yield response of sunflow-
er to water stress under Tekirdag conditions.
Helia, 26(38), 149-158 (2003)

A. Demir, A. Goksoy, H. Buyukcangaz, Z. Turan,
E. Koksal, Deficit irrigation of sunflower (Helian-
thus annuus L.) in a sub-humid climate. Irriga-
tion Science 24, 279-289 (20006)

S.M. Sezen, A. Yazar, S. Tekin, Effects of partial
root zone drying and deficit irrigation on yield

LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL. XCIX - OTTOBRE/DICEMBRE 2022




[49]

[46]

[47]

(48]

[49]

(50]

294
(51]

(52]

(53]

(54]

[59]

LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL. XCIX - OTTOBRE/DICEMBRE 2022

and oil quality of sunflower in a Mediterranean
environment. Irrigation and Drainage 60, 499-
508 (2011)

l. Alahdadi, H. Oraki, Effect of water stress on
yield and yield components of sunflower hy-
brids. African Journal of Biotechnology 70(34),
6504-6509 (2011)

Y. Esmaeilian, A.R. Sirousmehr, M. Asgripour,
E. Amiri, Comparison of sole and combined
nutrient application on yield and biochemical
composition of sunflower under water stress.
International Journal of applied science and
technology 2(3), (2012)

J. Jalilian, S.A.M. Modarres-Sanavy, S.F. Saber-
ali, K. Sadat-Asilan, Effects of the combination
of beneficial microbes and nitrogen on sunflow-
er seed yields and seed quality traits under dif-
ferent irrigation regimes. Field Crops Research
127, 26-34 (2012)

M. Gholamhoseini, A. Ghalavand, A. Kho-
daei-Joghan, A. Dolatabadian, H. Zakikhani, E.
Farmanbar, Zeolite-amended cattle manure ef-
fects on sunflower yield, seed quality, water use
efficiency and nutrient leaching. Soil and Tillage
Research 726, 193-202 (2013)

S. Zamani, M.R. Naderi, A. Soleymani, B.M. Na-
siri, Sunflower (Helianthus annuus L.) biochem-
ical properties and seed components affected
by potassium fertilization under drought condi-
tions. Ecotoxicology and environmental safety
190, 110017 (2020)

L. Feng, W. Li, Q. Shi, S. Zhao, Y. Hao, H. Liu,
H. Shi, Effects of Irrigation and Nitrogen Appli-
cation Rates on Protein and Amino Acid Con-
tent of Sunflower Seed Kernels. Water 73(1), 78
(2021)

S. Gonzélez-Pérez, Sunflower proteins. In Sun-
flower, 331-393, AOCS Press (2015)

K.A. Ross, T. Beta, S.D. Arntfield, A compara-
tive study on the phenolic acids identified and
quantified in dry beans using HPLC as affected
by different extraction and hydrolysis methods.
Food Chem 773(1), 336-344 (2009)

S. Guo, VY. Ge, KIN. Jom, A review of phyto-
chemistry, metabolite changes, and medic-
inal uses of the common sunflower seed and
sprouts (Helianthus annuus L.). Chemistry Cen-
tral Journal 77(1), 1-10 (2017)

H. Ghamarnia, Z. Jalili, Water stress effects on
different Black cumin (Nigella sativa L.) compo-
nents in a semi-arid region. International Journal
of Agronomy and Plant Production 4(3), 545-
554 (2013)

G.M. Weisz, D.R. Kammerer, R. Carle, Iden-
tification and quantification of phenolic com-

(56]

(57]

(58]

(59]

(60]

(61]

(62]

(63]

(64]

(63]

(66]

pounds from sunflower (Helianthus annuus L.)
kernels and shells by HPLC-DAD/ESI-MSn.
Food chemistry 775(2), 758-765 (2009)

S. Alinian, J. Razmjoo, H. Zeinali, Flavonoids,
anthocynins, phenolics and essential oil pro-
duced in cumin (Cuminum cyminum L.) acces-
sions under different irrigation regimes. Industri-
al Crops and Products 87, 49-55 (2016)

R. Rasheed, H. Yasmeen, |. Hussain, M. Igbal,
M.A. Ashraf, A. Parveen, Exogenously applied
5-aminolevulinic acid modulates growth. sec-
ondary metabolism and oxidative defense in
sunflower under water deficit stress. Physiology
and Molecular Biology of Plants, 1-11 (2020)
H.Z.E. Jaafar, M.H. lbrahim, N.FEM. Fakri, Im-
pact of soil field water capacity on secondary
metabolites, phenylalanine  ammonia-lyase
(PAL) malondialdehyde (MDA) and photosyn-
thetic responses of malaysian kacip fatimah (La-
bisia Pumila Benth.). Molecules 77, 7305-7322
(2012)

M.H. lbrahim, H.Z.E Jaafar, Primary secondary
metabolites, H202, malondialdehyde and pho-
tosynthetic responses of Orthosiphon stimane-
us Benth. to different irradiance levels. Mole-
cules 17, 1159-1176 (2012)

P. Goupy, C. Dufour, M. Loonis, O. Dangles,
Quantitative kinetic analysis of hydrogen trans-
fer reactions from dietary polyphenols to the
DPPH radical. Journal of Agricultural and Food
Chemistry 57(3), 615-622 (2003)

FA. Ayaz, A.R. Kadioglu, R. Turgut, Water stress
effects on the content of low molecular weight
carbohydrates and phenolic acids in Ctenanthe
setosa (Rosc.) Eichler. J Plant Sci 80, 373-8
(1999)

D. Fengel, G. Wegener, Wood chemistry, ul-
trastructure, reactions. Walter de Gruyter, New
York, NY. 133-135 (1984)

L. Taiz, E. Zeiger, Plant physiology. The Benja-
min/Cummings Comp., In., Redwood City, CA
(1991)

I. Raskin, Role of salicylic acid in plants. Annu.
Rev. Plant Physiol. Plant Mol. Biol. 43, 439-463
(1992)

A.K. Handa, R.A. Bressan, A.K. Handa, N.C.
Carpita, PM. Hasegawa, Solutes contributing
to osmotic adjustment in cultured plant cells
adapted to water stress. Plant Physiol. 73, 834-
843 (1983)

H. Svenningsson, P. Sundin, C. Lilienberg, Lip-
ids, carbohydrates and amino acids exuded
from the axenic roots of rape seedlings exposed
to water-deficit stress. Plant, Cell Environ. 73,
155-162 (1990)





