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Abstract: The aim of the study was to determine the effect of water deficiency at different development stages on
the bioactive content and phenolic compounds in sunflower (Helianthus annuus L.) cake, the residue left after oil is
extracted from sunflower seeds. A sunflower genotype was randomly planted in a complete block design with eight
different combinations of irrigation (T,;-Tg) by increasing the available soil moisture measured at different plant
growth stages (vegetative, flowering and grain formation). Results indicated that the total phenolics of extracts va-
ried between 1.03-2.03 times more than under drought stress (T,). The antioxidant capacity response of seed cake
was 14—39% lower than under drought stress. Irrigation treatment, except in the grain formation stage, was found
to enhance the biosynthesis of phenolic compounds such as vanillic and caffeic acids. Irrigation only in the grain
formation stage induced the accumulation of phenolic compounds such as coumaric acid and rutin hydrate. The
present study established that residues resulting from oil extraction could be converted to a polyphenol-enrichment

agent for food systems by manipulating the irrigation treatments.
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By-products of agricultural and industrial resources
are a disposal problem for the industry, but they
also represent sources for promising compounds
of technological and nutritional interest (Sarkis et
al. 2014). The extraction process of oilseeds results
in oil cake. These residues are a source of bioactive
compounds with beneficial properties for health that
can be used in foods, cosmetics, and pharmaceutical
industries (Ancuta and Sonia 2020). Sunflower seed
kernels and hulls, as well as the seed oil-pressing by-
product (cakes), are an important source of secondary
metabolites (De Leonardis et al. 2005).

Phenolic compounds like simple phenols, flavonoids,
and phenolic acids possess positive attributes such

as anticarcinogenic, antioxidant, antimicrobial, and
antimutagenic activity (Lule and Xia 2005). The an-
tioxidant potential of sunflower was higher than that
reported for other common oilseeds and nuts (Sarkis
et al. 2014). Sunflower seeds also contain significant
amounts of phenolic compounds (Zoumpoulakis et al.
2017). Sunflower seed kernels and hulls, as well as the
seed oil pressing by-product (cake), have antioxidant
properties (De Leonardis et al. 2005). Gou et al. (2017)
reported that the antioxidant activity of sunflower seeds
is due to enzymatic antioxidants, phenolic compounds,
carotenoids, L-ascorbic acid and peptides.

Water is one of the most important inputs used in
agricultural production. It has become even more
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Figure 1. Monthly mean temperature and monthly total precipitation in 2019 and long periods (1960-2019)

important in arid and semi-arid regions due to climate
change. Drought stress initiates the biosynthesis of
different types of protective secondary metabolites,
and these secondary metabolites provide multi-stress
tolerance, including abiotic and biotic stresses (Yadav
et al. 2021). Sunflower is a moderately drought-
tolerant plant, but severe drought causes a reduction
in seed and oil production (Hussein et al. 2018).
Drought stress significantly enhanced total pheno-
lics, as well as the activities of antioxidant enzymes
in sunflower plants (Kosar et al. 2021). The number
of studies describing the effect of drought stress on
secondary metabolite components obtained from
sunflower meal, which is a by-product of sunflower,
is insufficient.

The research aimed to evaluate the effect of ir-
rigation applied at different growth stages on sun-
flowers’ phenolic and antioxidant responses and to
determine the phenolic and flavonoid compounds
in defatted seed kernels (by-product cake) from
a semi-arid region.

MATERIAL AND METHODS

Growth conditions and plant material. This study
was carried out at Tekirdag Viticultural Research

Table 1. Soil properties of the experimental area

Institute, Tekirdag, Turkiye. The experimental area
is located 44 m a.s.l. between 40°59' north latitude
and 27°29' east longitude. The region has a semi-arid
climate. According to the meteorologic data of 2019,
the highest temperature was 25.3 °C in August. The
highest total precipitation was obtained in April, with
42.9 mm, and there was no precipitation in August.
The monthly average temperature and precipitation
values for 2019 and long periods (1960-2019) are
shown in Figure 1.

According to the analysis of soil samples (Table 1),
the soils are clay loam, slightly salty, less calcareous
and low in organic matter. The quality class of irriga-
tion water has been determined as C2S1.

Sunflower seeds of cv. LG 5542 CL were used
as plant material. A field trial was conducted with
a randomised block design, including 3 replicates.
Plants were sown on April 30, 2019, by a sowing ma-
chine. Each plot consisted of 8.40 m? (3.00 m x 2.80 m)
and there were 40 plants cultivated at 0.70 m x
0.30 m intervals in the plot area. A gap of 3 m has
been left between blocks and parcels. Sunflowers
were harvested on September 4, 2019.

Irrigation treatment. In the study, the drip ir-
rigation method was used. One lateral pipe with
a diameter of 16 mm was laid for each plant row.

Soil depth Electrical conductivity ~ CaCOjy Field capacity Wilting point Bulk density
(cm) (dS/m) (%) (g/cm?®)
0-30 7.19 0.62 1.00 23.01 1591 1.49
30-60 6.71 0.49 1.00 27.05 17.71 1.58
60-90 6.95 0.55 1.50 31.76 20.96 1.61
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The dripper spacing on the lateral was 0.50 m. The
dripper flow was 4 L/h under 100 kPa operating
pressure. The wet area percentage (P) was calculated
as 71% (Keller and Bliesner 1990).

Irrigation was applied in the middle of each growth
period and one time. The amount of irrigation water
was calculated by subtracting the amount of moisture
measured from the T, treatment before irrigation
from the field capacity value obtained before the
experiment during the development periods of the
plant at an effective root depth of 90 cm.

Treatments are: T, — vegetative, flowering, grain
formation (3-irrigations); T, — vegetative, flowering
(2-irrigations); T, — vegetative, grain formation (2-ir-
rigations); T, — vegetative (1-irrigation); T, — flower-
ing, grain formation (2-irrigations); T, — flowering
(1-irrigation); T., — grain formation (1-irrigation);
Ty - no irrigation.

The amount of irrigation water was determined
using the following equation:

I=(FC-SMCpi) x A x P (1)
Where: I — irrigation amount (mm); FC — field capacity
(mm); SMCpi — pre-irrigation soil moisture content (mm);
A — plot area, and P — percentage of wetted area.

The soil water content in the plots was measured
gravimetrically every 30 cm for a depth of 0-90 cm
before irrigation. Evapotranspiration was determined
using the soil water balance equation (James 1988).
The soil water balance equation is as follows:

ET=1+P+AS-DP-RO (2)
Where: ET — evapotranspiration (mm); I — irrigation water
(mm); PSW — change in soil water storage in 90 cm soil pro-
file (mm); DP — deep percolation (mm) and RO — runoff
(mm). The runoff was assumed to be zero, as the amount of

irrigation water was controlled.

Extraction of the phenolic content of seeds. The
extraction procedure was performed according to
the method of Khattak et al. (2007). The sunflower
seeds were ground in a laboratory mill (IKA-Werke
GmbH & Co., Staufen, Germany) and defatted with
hexane. A 5-g portion of the defatted flour was
weighed into dark glass bottles and extracted at room
temperature for 24 h at 140 rpm by shaking (Edmund
Bithler GmbH, Bodelshausen, Germany) with 200 mL
0of 80% (v/v) aqueous MeOH. The extracts were cen-
trifuged, and the supernatant was collected. The
extraction was carried out in triplicate.

Radical scavenging activity assay by DPPH.
Radical scavenging activity assay (RSA) was per-
formed according to Brand-Williams et al. (1995).

Different concentrations of seed extracts were placed
into tubes, and 0.6 mL of molar DPPH* (diphe-
nylpicrylhydrazyl) radical solutions were added to
each tube. The total volume was completed to 6 mL
with MeOH. Absorbance was read at 517 nm
against the control after incubating the tubes for 30 min.
RSA was estimated (1%) by using Eq. 3:

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

In Eq. 3, the absorptions of the sample and the control are
expressed as Asample and A . respectively. Inhibition
values were graphed against different concentrations for
each extract, and linear regression analysis was applied
in order to obtain the equation defining the curve. By
using the equation, the EC50 value, which is the number
of antioxidants necessary to decrease the initial DPPH*
concentration by 50%, was calculated.

Determination of total phenolic content. The
total phenolic content (TPC) of extracts was exam-
ined by modifying the method based on the reaction
occurring between phenolic compounds and the
Folin-Ciocalteu reagent (Sadasivam and Manickam
1992). The absorption was read at 720 nm after 1-h
incubation and calculated with the standard curve
for gallic acid (Singleton 1985). The results are given
as mg gallic acid equivalent/g dry matter (mg GAE/g
dry matter) of seeds.

Determination of the composition of phenolic
compounds. The flavonoids and phenolic acids were
quantified by high-performance liquid chromatog-
raphy (HPLC; SHIMADZU LC-20A Series, Kyoto,
Japan), coupled with a diode array detector (SPD-
M20A, Shimadzu, Kyoto, Japan), as stated by Uysal
Seckin (2019). An Inertsil-ODS3 C18 column (GL
Science, Tokyo, Japan) with size 4.6 mm x 250 mm
(5 um) was used as the stationary phase and main-
tained at 40 °C.

Phenolic acids (Sigma Co., Tokyo, Japan), such as
chlorogenic, ferulic, p-coumaric and caffeic acids,
were detected at 320 nm and gallic and vanillic acids
were monitored at 280 nm. Flavonoids (Sigma Co.,
Tokyo, Japan) were detected at 360 nm and epicat-
echin was monitored at 280 nm. 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 — 100% (v/v) acetonitrile, as mobile phases. The
flavonoid and phenolic contents of the seed extracts
were calculated by comparing the peak area and
retention times with the pure standards, as stated
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Table 2. Applied irrigation water (mm) and measured seasonal evapotranspiration (mm) for treatments

Irrigation Soil wgter Precipitation Total applied irrigation water Measured se}aso‘nal
treatment depletion late vegetative flowering grain formation evapotranspiration
T, 189.4 100.0 105.0 90.0 541.9
T, 202.5 100.0 105.0 - 465.0
T3 192.7 100.0 - 90.0 440.2
T, 209.8 o 100.0 - - 367.3
T5 187.4 - 105.0 90.0 439.9
T, 203.4 - 105.0 - 365.9
T, 193.2 - - 90.0 340.7
T 211.8 - - - 269.3

o«

by Yeloojeh et al. (2020). The results are shown as
mg/100 g of dried seed.

Statistical methods. Data were statistically ana-
lysed using analysis of variance with the JMP Pro-16
(SAS Institute Inc., North Carolina, USA) statisti-
cal software. The differences among means were
analysed by the least significant difference (LSD)
test (P < 0.05). Principal component analysis (PCA)
was used for the metabolite profiles and the entire
transcriptome dataset using R software.

RESULTS AND DISCUSSION

Irrigation water amounts and evapotranspira-
tion. The amount of irrigation water applied in the
experiment, amount of precipitation, decrease in
moisture in the soil and measured seasonal evapo-
transpiration data are shown in Table 2.

The total amount of irrigation water applied in
the treatments varied between 90 mm and 295 mm.
During the total growing season, seasonal evapo-
transpiration measured from the treatments ranged
from 269.3 mm to 541.9 mm. The total seasonal
evapotranspiration values for sunflowers are con-
sistent with those obtained from previous studies
(Goksoy et al. 2004).

Total phenolic content. The results for the total
phenolic content of seeds under the eight irriga-
tion treatments are presented in Table 3. The TPC
of the non-irrigation regime extract was 566.90 mg
of GAE/g DW (dry weight). The highest phenolic
content was detected in T,, which was irrigated at
vegetative and flowering stages, as 1 153 mg of GAE/g
DW. T, irrigated only in the vegetative stage, was
detected to have high phenolic content similar to T,,.
This increase was, however, marginally greater with
irrigation only at the vegetative stage and irrigation
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at both vegetative and flowering stages than under
severe drought (T). However, all treatments had
a significant effect on the TPC of the defatted seeds.
The lowest TPC was obtained with the non-irrigated
treatment (Ty). In addition, the irrigation treatment
at the grain formation stage decreased the TPC of
seeds (T, < T, < T,). Therefore, the lower TPC of
these treatments could be attributed to the intersec-
tion of irrigation performed at the grain formation
stage. The late vegetative stage irrigation enhanced
the TPC of seeds (T, < T,). Under irrigation treat-
ments at different development stages, TPC was
about 2.7-103.5% higher than for the non-irrigation
regime (Tg). Thus, TPCs of seed extracts increased

Table 3. Mean comparisons of irrigation regimes on
total phenolic content (TPC) and EC,, values of sun-
flower seed extracts

Irrigation RSA TPC
treatment EC,, (ug/mL) of DPPH (mg GAE/g DW)
T, 85.97 + 0.79¢ 663.57 + 4.04°
T, 75.60 + 0.33¢ 1153.57 + 5.86°
T, 86.77 + 1.06° 631.57 + 2.52f
T, 89.45 + 0.38" 1023.90 + 7.94°
T, 92.19 + 0.55? 582.23 + 1.158
T, 87.70 + 0.61¢ 690.90 + 3.61¢
T, 85.97 + 1.194 798.23 + 2.08°
Ty 66.22 + 0.57! 566.90 + 4.00M
LSD 1.47 7.25
Prob-F < 0.0001** <0.0001**
cv 1.00 0.54

RSA —radical scavenging activity; DPPH — diphenylpicryl-
hydrazyl; GAE — gallic acid; DW — dry weight; LSD — least

significant difference; CV — coefficient of variation
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significantly by 1.03-,1.11-,1.17-,1.22-, 1.41-, 1.81-
and 2.03-fold under irrigation regimes T, T,, T, T,
T,, T,and T,, respectively, compared to the phenolic
content observed under drought stress (T,).
Unlike these results, Tonkaz et al. (2019) and Lipan
et al. (2019) detected an insignificant difference in
total phenolics in defatted hazelnut kernels and
almonds, respectively, related to irrigation applica-
tion. However, Uslu and Ozcan (2022) reported that
the effect of the irrigation process on the phenolic
content of the plant showed differences regarding
variety and collection time. In addition, as reported
by Rebey et al. (2012), the TPC of the plant is also
dependent on the cultivar used and is affected by the
origin of the varieties. Accumulation of anthocya-
nins and other phenolic compounds in the tissue of
fruit species is associated with high phenylalanine
ammonia-lyase (PAL) enzyme activity (Tovar et al.
2002), which catalyses a reaction that includes the
formation of flavonoids, lignin and hydroxycinnamic
acids. Furthermore, the increase could be attributed
to the enhanced PAL activity under water stress (Oh
et al. 2009). In addition to variety and harvest time
reported previously, the plant’s development stage
affects the accumulation of phenolics due to the al-
teration in PAL activity. Tovar et al. (2002) reported
that PAL activity significantly decreased with fruit
ripening under all the irrigation treatments for olives.
There is a lack of studies addressing the metabolic
response to water stress in different varieties of seeds
and water stress at different developmental stages.
However, there are several studies on the alteration
of phenolics in different parts of plants with different
irrigation treatments. The results for the phenolic
content are correlated with the findings of Rebey et
al. (2012) and Rasheed et al. (2020), who reported
significant increases in the TPC of cumin seeds un-
der moderate and severe drought, the TPC of both
seeds and aerial parts of cumin under water stress
and the total leaf phenolic content of sunflowers,
respectively. The results established that residues
resulting from sunflower oil extraction are a natural
source of phenolic compounds and could be converted
to a polyphenol-enrichment agent for food systems.
Radical scavenging activity assay. The analysis
of variance results for the radical scavenging activity
assay (RSA) of seeds under eight irrigation treatments
is presented in Table 3. The RSA of extracts irrigated
at all growth stages, irrigated only at the grain forma-
tion stage and irrigated except at the flowering stage,
had no significant difference compared to each other.

Unlike phenolic accumulation, the response of the
seeds grown in drought conditions was significantly
higher than all other treatments. The antioxidant
capacities of all seed extracts were 14-39% lower
than those under drought stress. The results showed
thatirrigation treatments had a significant (P < 0.01)
impact on the RSA of the sunflower seeds compared
to drought stress. This response could be attributed
due to the plant stress level under drought conditions.
The antioxidant activity responses were affected
negatively by irrigation only at the vegetative stage
and no irrigation at the vegetative stage. Similar
to the results, Rezaei-Chiyaneh et al. (2018) found
that the antioxidant enzyme activity of black cumin
increased with increasing water deficit stress. Unlike
this, the lowest antioxidant capacity of defatted ha-
zelnut kernels was detected in drought conditions.
In contrast, the highest antioxidant activity was
observed in extracts irrigated at all (1%¢, 2”4 and 3"9)
growth stages (Tonkaz et al. 2019). By our data, the
total antioxidant capacity increased with irrigation
at the two growth stages of vegetation and kernel
development compared to irrigation only at the
vegetative stage (Tonkaz et al. 2019). On the other
hand, the antioxidant capacity of almonds was not
affected by irrigation (Lipan et al. 2019). Uslu and
Ozcan (2022) found that irrigation decreased the
antioxidant capacity of olive leaves from one of the
varieties. The irrigation process caused minor dif-
ferences in the antioxidant activity of olive leaves in
the rest of the studied varieties.

As can be seen from the literature, the response
of the plants to drought in terms of antioxidant and
phenolic content might be affected by the stage of
irrigation treatment. The emphasis in the results
is that a distinctive effect could occur in terms of
antioxidant activity and phenolic components of
defatted extracts according to irrigation treatments
(Weisz et al. 2009). The different responses between
the antioxidants and phenolics could be attributed
due to the nature of the phenolic compounds. The
antioxidant ability of the phenolic acids is strictly
related to the phenolic hydroxyl group (Reis Giada
2013). In addition to this, the position and the number
of the phenolic hydroxyl group directly affect the
antioxidant capacity of the phenolic compounds.
Moreover, the carboxylic acid and methoxy groups
contribute to the antioxidant capacity of phenolic
acids (Reis Giada 2013, Lorigooini et al. 2020).
Therefore, hydroxybenzoic acids, such as gallic and
vanillic acids, and hydroxycinnamic acids, such as
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caffeic, chlorogenic, coumaric and ferulic acids, act
as powerful antioxidants (Abramovi¢ 2015, Lu et al.
2020). The results obtained in the RSA (Table 3) were
found in accordance with the results in the individual
phenolic compounds (Table 4) obtained from the
drought stress conditions (T). Non-phenolic com-
pounds such as tocopherols (Mohanan et al. 2018)
or L-ascorbic acid might be potential scavengers
of DPPH radicals, which could be one reason for
seasons different responses in terms of the antioxi-
dants and phenolics (Foti and Amorati 2010). It was
also known that di-alkyl nitroxides and y-terpinene,
anon-phenolic monoterpene, act as radical-trapping
antioxidants (Mollica et al. 2022). In addition, Uslu
and Ozcan (2022) reported that not only cultivar
and harvest time, but also irrigation significantly
affected olive leaves’ TPC and antioxidant activities.
The results established that the residues from the
sunflower r oil extraction process have a possibil-
ity to be converted to a valuable input for another
process as a natural additive. Therefore, enhancing
the antioxidant capacity of the plant can be kept
economical by manipulating the irrigation treatments.

Phenolic and flavonoid compounds. The phe-
nolic and flavonoid compounds in the extracts from
eight irrigation treatments are shown in Table 4 for
a clear understanding of phenolic responses to dif-
ferent irrigation treatments at different development
stages. Predominant phenolics in sunflower seeds
are caffeic, quinic and chlorogenic acids (Weisz et
al. 2009). In addition to predominant phenolics,

https://doi.org/10.17221/440/2022-PSE

gallic, ferulic, coumaric, caffeoylquinic, sinapic and
protocatechuic acids are sunflower seed polyphenols
with high antioxidant potential. Concerning phenolic
and flavonoid compounds in seed extracts, drought
stress enhanced catechin, quercetin, kaempferol-
3-glucoside, ferulic and chlorogenic acids, while
it reduced gallic acid and epicatechin. Similar to
our results in terms of drought, Salem et al. (2014)
found that severe water deficit decreased gallic acid
and epicatechin in safflower extracts. Yeloojeh et al.
(2020) reported that water deficit stress significantly
reduced chlorogenic acid in safflower extracts while
ferulic and vanillic acid increased. Drought stress
was identified to increase ferulic and chlorogenic
acid in sesame seed extracts (Ghotbzadeh Kermani et
al. 2019). Results indicated that changes in phenolic
and flavonoid compounds under different irrigation
treatments depend on species, different plant parts,
and the drought stress level (Yeloojeh et al. 2020).
Moreover, weather, cultivation, genotype, maturity
at harvest, and storage conditions are significant
(Stagnari et al. 2016). The highest total amount of
phenolics and flavonoids in seed extracts was de-
tected with drought stress (T,). In addition, the
second-highest phenolic compounds were detected
in seeds irrigated at both vegetative and flowering
stages of development (T,). Irrigation treatment,
except in the grain formation stage, was found to
enhance the biosynthesis of phenolic compounds
such as vanillic and caffeic acids and catechin. At
the same time, the seeds irrigated only at the grain

Table 4. Contents of individual phenolic compounds in non-oilseed sunflower kernels (mg/100 g of dry weight)

Compound T T T

T T T T T

1 2 3 4 5 6 7 8
Phenolic acids
Caffeic acid 37.2 38.9 37.2 37.2 33.4 31.2 33.6 37.8
Chlorogenic acid 58752 60574 61438 58877 58513 56229 62153 65674
Coumaric acid 14.0 16.1 16.3 14.4 16.3 14.6 17.9 15.6
Ferulic acid 3.2 3.2 3.3 3.2 3.4 3.3 3.4 5.2
Gallic acid 1.2 2.3 2.7 2.9 2.9 2.8 2.7 1.3
Vanillic acid 185.9 780.6 653.7 777.3 729.8 586.6 675.2 719.3
Flavonoids
Catechin 357.1 433.7 332.7 348.7 311.0 354.0 341.1 429.0
Epicatechin 51.9 45.3 32.4 28.5 31.9 34.1 24.1 19.8
Kaempferol-3-glucoside 138.9 136.6 131.4 140.0 130.9 134.9 141.8 167.4
Rutin hydrate 8.3 8.8 9.1 8.4 9.2 8.3 10.1 9.2
Quercetin 9.2 11.0 9.5 10.6 9.1 10.2 9.3 11.7
Total amount 66821 75340 73723 7259.0 71292 6802.7 74743 7983.6

184



Plant, Soil and Environment, 69, 2023 (4): 179-187

Original Paper

https://doi.org/10.17221/440/2022-PSE

formation stage of development (T.) accumulated
phenolic compounds such as coumaric acid and rutin
hydrate. However, the lowest phenolic and flavonoid
compounds detected in the treatment irrigated at
all development stages were 6 682.1 mg/100 g of
DW. The increase in phenolic acids could be a bio-
chemical response to stress conditions, especially
the increase in the non-irrigation conditions (T)).
It could be related to lignin biosynthesis in the cell
wall to prevent water loss and the synthesis of certain
amino acids maintaining osmotic adjustment in plant
cells (Ayaz et al. 1999). Consequently, the increase in
the synthesis of phenolic compounds would be key
for protection against damage caused by an abiotic
stress factor like water deficit or over-irrigation re-
gimes (Salem et al. 2014). Terzi et al. (2013) revealed
that the accumulation of polyphenols in cell walls
is a significant part of tolerance/defence responses
related to lignification. Stefanelli et al. (2010) pro-
posed that flavonoid biosynthesis was a favoured
pathway under drought conditions. The result of the
present study is in accordance with this fact, with
the highest flavonoid content of 637.02 mg/100 g of
DW in non-irrigation conditions. However, there is
a lack of studies addressing the metabolic response
to water stress according to the stage of irrigation
in different varieties of seeds. Thus, Stagnari et al.
(2016) reported that the influence of water deficit
on phenolic content is strictly related to the time at
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Figure 2. Principal component analysis (PCA) of sun-
flower phenolic components

which the stress condition occurs for Brassicaceae
species.

Principal component analysis of different irriga-
tion patterns and phenolic compounds in sunflower.
The principal component analysis model was applied
to all data to determine the most important variables
that explain the relationships between the eight irriga-
tion implementations for sunflowers to identify any
group patterns (Figure 2). Two principal components
explaining 73.1% of the overall variance (45.5% and
27.6% for PC1 and PC2, respectively) divided the
analysed irrigation patterns into four distinct clusters.
PC1 positively correlated with caffeic acid, catechin,
quercetin, kaempferol-3-glucoside, ferulic acid, chlo-
rogenic acid, vanillic acid, rutin hydrate and coumaric
acid but negative correlations with epicatechin and
gallic acid. The biplot generated from PC1 and PC2
indicates that phenolic compounds in different irri-
gation regimes were collected under four subgroups.
The highest total phenolic compounds were obtained
from drought stress (T,). The first subgroup involved
drought stress (Tg) and was characterised by caffeic
acid, catechin, quercetin, kaempferol-3-glucoside, feru-
lic acid, and chlorogenic acid. The second subgroup of
samples irrigated only at the grain formation stage of
development (T.) was characterised by vanillic acid,
rutin hydrate and coumaric acid. The third subgroup
of samples irrigated at flowering and grain formation
stages of development (T ) was characterised by gallic
acid. The fourth subgroup of sunflowers irrigated at
the vegetative, flowering and grain formation stages
(T,) was characterised by epicatechin.

REFERENCES

Abramovi¢ H. (2015): Chapter 93 — Antioxidant properties of hy-
droxycinnamic acid derivatives: a focus on biochemistry, phys-
icochemical parameters, reactive species, and biomolecular
interactions. In: Preedy V.R. (ed.): Coffee in Health and Disease
Prevention. Cambridge, Academic Press, 843—852. ISBN: 978-
0-12-409517-5

Ancuta P, Sonia A. (2020): Oil press-cakes and meals valorization
through circular economy approaches: a review. Applied Sci-
ences, 10: 7432.

Ayaz F.A., Kadioglu A.R., Turgut R. (1999): Water stress effects on
the content of low molecular weight carbohydrates and phenolic
acids in Ctenanthe setosa (Rosc.) Eichler. Canadian Journal of
Plant Science, 80: 373-378.

Brand-Williams W., Cuvelier M.E., Berset C. (1995): Use of a free
radical method to evaluate antioxidant activity. LWT — Food Sci-

ence and Technology, 28: 25-30.

185



Original Paper

Plant, Soil and Environment, 69, 2023 (4): 179—-187

De Leonardis A., Macciola V., Di Domenico N. (2005): A first pilot
study to produce a food antioxidant from sunflower seed shells
(Helianthus annuus). European Journal of Lipid Science and
Technology, 107: 220-227.

Foti M.C., Amorati R. (2010): Non-phenolic radical-trapping an-
tioxidants. Journal of Pharmacy and Pharmacology, 61: 1435—
1448.

Ghotbzadeh Kermani S., Saeidi G., Sabzalian M.R., Gianinetti A.
(2019): Drought stress influenced sesamin and sesamolin con-
tent and polyphenolic components in sesame (Sesamum indicum
L.) populations with contrasting seed coat colors. Food Chemis-
try, 289: 360—368.

Goksoy AT, Demir A.O., Turan Z.M., Dagistii N. (2004): Re-
sponses of sunflower (Helianthus annuus L.) to full and limited
irrigation at different growth stages. Field Crops Research, 87:
167-178.

Guo S., Ge Y., Na Jom K. (2017): A review of phytochemistry, me-
tabolite changes, and medicinal uses of the common sunflower
seed and sprouts (Helianthus annuus L.). Chemistry Central
Journal, 11: 1-10.

Hussain M., Farooq S., Hasan W., Ul-Allah S., Tanveer M., Farooq
M., Nawaz A. (2018): Drought stress in sunflower: physiological
effects and its management through breeding and agronomic al-
ternatives. Agricultural Water Management, 201: 152—-166.

James L.G. (ed.) (1988): Principles of Farm Irrigation Systems
Design. Hoboken, John Wiley and Sons. Inc., 543. ISBN-10:
0894648020

Keller J., Bliesner R.D. (1990): Sprinkle and Trickle Irrigation. New
York, Van Nostrand Reinhold.

Khattak A.B., Zeb A., Bibi N., Khalil S.A., Khattak M.S. (2007):
Influence of germination techniques on phytic acid and poly-
phenols content of chickpea (Cicer arietinum L.) sprouts. Food
Chemistry, 104: 1074—-1079.

Kosar F., Akram N.A., Ashraf M., Ahmad A., Alyemeni M.N., Ah-
mad P. (2021): Impact of exogenously applied trehalose on leaf
biochemistry, achene yield and oil composition of sunflower un-
der drought stress. Physiologia Plantarum, 172: 317-333.

Lipan L., Moriana A., Lépez Lluch D.B., Cano-Lamadrid M., Sen-
dra E., Hernindez F., Vazquez-Aragjo L., Corell M., Carbonell-
Barrachina A.A. (2019): Nutrition quality parameters of almonds
as affected by deficit irrigation strategies. Molecules, 24: 2646.

Lorigooini Z., Fatemeh J.-K., Hosseini Z. (2020): Chapter 4 —
Analysis of aromatic acids (phenolic acids and hydroxycinnamic
acids). In: Silva A.S., Nabavi S.F.,, Nabavi S.M. (eds.): Recent Ad-
vances in Natural Products Analysis. Amsterdam, Elsevier, 199—
219. ISBN: 978-0-12-816455-6

Lu HJ., Tian Z.M., Cui Y.Y,, Liu Z.C., Ma X.Y. (2020): Chloroge-
nic acid: a comprehensive review of the dietary sources, proces-
sing effects, bioavailability, beneficial properties, mechanisms of
action, and future directions. Comprehensive Reviews in Food
Science and Food Safety, 19: 3130-3158.

186

https://doi.org/10.17221/440/2022-PSE

Lule S.U., Xia W.S. (2005): Food phenolics, pros and cons: a review.
Food Reviews International, 21: 367—-388.

Mohanan A., Nickerson M.T., Ghosh S. (2018): Oxidative stability
of flaxseed oil: effect of hydrophilic, hydrophobic and intermedi-
ate polarity antioxidants. Food Chemistry, 266: 524—533.

Mollica F., Gelabert 1., Amorati R. (2022): Synergic antioxidant ef-
fects of the essential oil component y-terpinene on high-tem-
perature oil oxidation. ACS Food Science and Technology, 2:
180-186.

Oh M.-M,, Trick H.N., Rajashekar C.B. (2009): Secondary metabo-
lism and antioxidants are involved in environmental adaptation
and stress tolerance in lettuce. Journal of Plant Physiology, 166:
180-191.

Rasheed R., Yasmeen H., Hussain L., Igbal M., Ashraf M.A., Parveen
A. (2020): Exogenously applied 5-aminolevulinic acid modulates
growth. secondary metabolism and oxidative defense in sunflow-
er under water deficit stress. Physiology and Molecular Biology
of Plants, 26: 489-499.

Rebey LB, Zakhama N., Karoui LJ., Marzouk B. (2012): Polyphe-
nol composition and antioxidant activity of cumin (Cuminum
cyminum L.) seed extract under drought. Journal of Food Sci-
ence, 77: C734-739.

Reis Giada M. de L. (2013): Food phenolic compounds: main class-
es, sources and their antioxidant power. In: Moralez-Gonzélez
J.A. (ed.): Oxidative Stress and Chronic Degenerative Diseases:
A Role for Antioxidants. Rijeka, Intech Publisher, 87-112. ISBN
978-953-51-1123-8

Rezaei-Chiyaneh E., Seyyedi S.M., Ebrahimian E., Moghaddam
S.S., Damalas C.A. (2018): Exogenous application of gamma-
aminobutyric acid (GABA) alleviates the effect of water deficit
stress in black cumin (Nigella sativa L.). Industrial Crops and
Products, 112: 741-748.

Sadasivam S., Manickam A. (1992): Biochemical Methods for
Agricultural Sciences. New Delhi, Wiley Eastern Ltd. ISBN:
8122403883

Salem N., Masaada K., Dhift W., Sriti J., Mejri H., Limam F., Mar-
zouk B. (2014): Effect of drought on safflower natural dyes and
their biological activities. EXCLI Journal, 13: 1-18.

Sarkis J.R., Correa A.P.F., Michel I., Brandeli A., Tessaro 1.C.,
Marzak L.D.F. (2014): Evaluation of the phenolic content and an-
tioxidant activity of different seed and nut cakes from the edible
oil industry. Journal of the American Oil Chemists’ Society, 91:
1773-1782.

Singleton V.L. (1985): Citation classic-colorimetry of total pheno-
lics with phosphomolybdic-phosphotungstic acid reagents. Cur-
rent Contents/Agriculture Biology and Environmental Sciences,
48:18.

Stagnari F., Galieni A., Pisante M. (2016): Drought stress effects on
crop quality. In: Ahmad P. (ed.): Water Stress and Crop Plants:
A Sustainable Approach. Hoboken, John Wiley & Sons, Ltd.,
375-392. ISBN: 9781119054368



Plant, Soil and Environment, 69, 2023 (4): 179-187

Original Paper

https://doi.org/10.17221/440/2022-PSE

Stefanelli D., Goodwin I., Jones R. (2010): Minimal nitrogen
and water use in horticulture: effects on quality and con-
tent of selected nutrients. Food Research International, 43:
1833-1843.

Terzi R., Giiler N.S., Caliskan N.K., Kadioglu A. (2013): Lignifica-
tion response for rolled leaves of Ctenanthe setosa under long-
term drought stress. Turkish Journal of Biology, 37: 614-619.

Tonkaz T., Sahin S., Bostan S.Z., Korkmaz K. (2019): Effect of sup-
plementary irrigation on total antioxidant capacity and phenolic
content of hazelnut. Akademik Ziraat Dergisi, 8: 79-84.

Tovar J.M., Romero M.P,, Girona J., Motilva M.]. (2002): L-Pheny-
lalanine ammonia-lyase activity and concentration of phenolics
in developing olive (Olea europaea L cv Arbequina) fruit grown
under different irrigation regimes. Journal of the Science of Food
and Agriculture, 82: 892-898.

Uslu N., Ozcan M.M. (2022): Effect of collection period and irriga-
tion process on antioxidant activity and phenolic compounds of

olive leaves. Akademik Gida, 20: 122-131.

Uysal Seckin G. (2019): Research the drying properties of some
grape varieties and obtaining intermediate moisture raisin. [PhD
Thesis] Tekirdag, TNKU.

Weisz G.M., Kammerer D.R., Carle R. (2009): Identification and
quantification of phenolic compounds from sunflower (Heli-
anthus annuus L.) kernels and shells by HPLC-DAD/ESI-MSn.
Food Chemistry, 115: 758-765.

Yadav B., Jogawat A., Rahman Md.S., Narayan O.P. (2021): Second-
ary metabolites in the drought stress tolerance of crop plants:
a review. Gene Reports, 23: 101040.

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

Zoumpoulakis P,, Sinanoglou V.J., Siapi E., Heropoulos G., Proestos
C. (2017): Evaluating modern techniques for the extraction and
characterisation of sunflower (Hellianthus annus L.) seeds phe-
nolics. Antioxidants, 6: 46.

Received: December 16, 2022
Accepted: April 13, 2023
Published online: April 25, 2023

187



