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Abstract

Aim of this study was to investigate the effect of
supplementary  irrigation on  the  total
antioxidative capacity and total phenolic content
of hazelnuts. Orchard of hazelnut trees were
irrigated at the different growth stages
combinations. To determine antioxidative
capacity, the samples were analyzed by the
spectrophotometric assay using the stable DPPH
radical. The total phenolic content
determined by the Folin-Ciocalteu assay. The
results indicated that the total antioxidative
capacity was affected by the irrigation
conditions. The hazelnut kernels and defatted
hazelnut kernels from irrigated at all growth
stages showed the highest antioxidative capacity,
while the lowest antioxidative activity was
observed in control (no irrigation applied). On
the contrary, the hazelnut kernel oil obtained
from control induced higher antioxidative
capacity than irrigated at the first growth stage.
These spectrophotometrically measurements
confirm that hazelnut kernels and their oils
contain  antioxidative  components having
different structural properties such as lipophilic
and hydrophilic character and amounts of these
compounds were changed by irrigation
conditions. In contrast, any notable change of
total phenolic content was observed in hazelnut
samples, depending on the irrigation condition.
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Destekleme sulamanin findigin toplam
antioksidan kapasitesi ve fenolik miktarina etKisi

0z

Bu ¢alismanin amaci, destekleme sulamanin findigin
toplam antioksidan kapasitesi ve fenolik icerigine
etkisini arastirmaktir. Findik agaglarina farkl
bliyiime evrelerinde sulama yapilmistir. Antioksidan
kapasiteyi belirlemek i¢in numuneler DPPH radikali
ile spektrofotometrik bir yontemle analiz edilmistir.
Toplam fenolik icerigi folin-ciocalteu metodu ile
belirlenmistir.  Sonuglar  toplam  antioksidan
kapasitesinin sulamadan etkilendigini gdstermistir.
Gelisiminin  biitiin evrelerinde sulanmis (tam
sulama) findik vebu findiklardan elde edilen yag
alinmis numuneler en yiliksek antioksidan kapasite
gosterirken, en diisiik antioksidan aktivite kontrol
gruplarinda (sulama yapilmamis) gozlemlenmistir.
Buna karsin, kontrol gruplarina ait yag 6rneklerinin
antioksidan kapasitesi, gelisiminin ilk evresinde
sulamaya tabi tutulan findik érneklerinin yaglarinin
antioksidan Kkapasitesinden daha biiytiktiir. Bu
spektrofotometrik o6l¢iimler, findik ve yaglarinin,
lipofilik ve hidrofilik gibi farkli yapisal 6zelliklere
sahip oldugunu ve bu bilesiklerin miktarlarinin
sulama kosullarina gore degistigini dogrulamaktadir.
Buna karsilik, sulamaya bagh olarak, findik
orneklerinin toplam fenolik iceriginde gozle gorilir
bir degisim gézlemlenmemistir.

Anahtar kelimeler: Findik, sulama,
evreleri, antioksidan kapasite, fenolik igerik
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Introduction

Turkey, the motherland of hazelnut culture, is the
biggest hazelnut producer country in the world
(islam, 2018). It was reported that the total hazelnut
production in the world is over a billion ton and
Turkey provides 67 percent of the global supply
(FAO, 2019).

The major constituent of hazelnut is fat (about 60.0
%). Hazelnut oil is rich in unsaturated fatty acids,
especially oleic acid which is a monounsaturated
fatty acid (Crews et al., 2005; Koyuncu et al, 2005).
Hazelnut oil is a good source of lipid-soluble
vitamins such as vitamin E showing high antioxidant
capacity and health benefits (Alasalvar et al., 2006;
Amaral et al,, 2006 Crews et al., 2005). In addition to
vitamins, hazelnut contains several phytochemicals
such as phenolic compounds which are soluble in
water (hydrophilic) and have antioxidant activity.
Due to its phytochemicals, hazelnuts have high
antioxidant activity (Alasalvar and Shahidi, 2009;
Altun et al. 2013; Arcan and Yemenicioglu, 2009). In
several studies, the total antioxidant capacity, total
phenolic content and also phenolic and antioxidant
active compounds in hazelnut have been reported
(Altun et al. 2013; Arcan and Yemenicioglu, 2009; Li
and Parry, 2011). The irrigation influences the
quality and quantity of product in agriculture
(Schmidt and Zinkernagel, 2017). It has been shown
that, the irrigation application enhanced the kernel
growth and quantity of hazelnut (Cristofori et al,
2014; Kulahgilar et al,, 2018). However, the effect of
irrigation on antioxidant capacity and phenolic
content are not fully evaluated. Therefore, the aim of
this study was to investigate the antioxidant capacity
and phenolic content of hazelnut irrigated at the
different growth stages combinations.

Materials and Methods
Chemicals

Trolox  (6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid), DPPH (2,2-diphenyl-1-
picrylhydrazyl), sodium carbonate and gallic acid
were purchased from Sigma-Aldrich (St. Louis, USA).
Hexane, folin-ciocalteu, and n-Butanol were obtained
from Merck (Darmstadt, Germany).

Plant material and irrigation condition

The samples were obtained from Tombul hazelnut
orchard, about 100 years old, located in 40°52’
latitude and 38°36’ longitude in Giresun province.
The orchard is south-facing slope, with a gradient of
60%. The drip irrigation was applied on hazelnut

orchard during growth stages of kernels. Hazelnut
“ocak” (multi-stemmed bushes) were irrigated
during vegetation. The first stage of growth is the
fruit set period after the fertilization (15-30 May).
The second stage of growth is called the kernel
development period (1-31 Jun). The third stage of
growth is the preharvest period (1-31 July).
Irrigation application stages are presented in Table
1.

Table 1 Irrigation applications during vegetation

Irrigation

Irrigation treatment
§ amount (mm)

Control; no irrigation; only rain feed 0

Irrigation at the first stage of growth 40

Irrigation at the first and second stage (no

irrigation water applied because enough 41
rainfall at this stage) of growth

Irrigation at the first, second (no irrigation
water applied because enough rainfall at
this stage) and third stage of growth; full
irrigation; no water stress

237

After the harvest (hand-picked from branches) on
August 19, 2016, hazelnuts were separated from its
husks using a husker and dried under open air
condition. The dried hazelnut shells were broken
and removed from kernels. The hazelnut kernels
were grounded prior to analysis.

Extraction of oil and preparation of defatted
samples

Total fat in hazelnut kernels was extracted with n-
hexane by using Soxhalet extraction apparatus (Velp
Ser 148, Milano, Italy) according to literature (Sahin
et. al, 2019). The extracted oil was stored at - 18°C

until to analysis. The defatted samples were
obtained from the solid residue of Soxhalet
extraction.

Determination of total antioxidative activity

To determine the antioxidant capacity of the
hazelnut kernels, defatted hazelnut kernels, and
hazelnut oils, the DPPH (2,2-diphenyl-1-
picrylhydrazyl) radical scavenging assay was
performed by the method according to literature
(Sahin, 2011). The absorbance was measured at 515
nm with a UV/Vis spectrophotometer (Perkin-Elmer
710 Bridgeport Avenue Shelton, CT 06484-4794,
USA). Total antioxidant capacity was calculated using
trolox standard curves and expressed as millimoles
per liter trolox equivalents.

Determination of total phenolic content

Total phenol contents of hazelnut kernel and
defatted hazelnut kernel extracts were determined
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by the Folin-Ciocalteu method described by Altun et
al. (2013). The absorbance was recorded spectro-
photochemically at 765 nm. Gallic acid was the
standard used to calculate total phenolic content.

Data analysis

The results of all analysis were expressed as means *
standard deviation (SD) and the data were
statistically analyzed using repeated measures one-
way ANOVA. Following ANOVA, the Fisher pairwise
comparisons test was used with significance levels p
<0.05.

Results and Discussion

The present study evaluated the total antioxidative
capacity and total phenolic content in kernel, kernel
oil and defatted kernel of hazelnut irrigated at the
different growth stages combinations.

Total antioxidant capacity

Antioxidants inactivate the free radicals and inhibite
oxidative stress, which is associated with some
chronic and acute diseases, including cardiovascular
diseases, cancer, and neurodegenerative diseases
(Willcox et al., 2004). It has been reported that
hazelnut is rich natural antioxidants (Alasalvar and
Shahidi, 2009). Previous studies have shown that
hazelnut exhibits high antioxidative activity in
several assays (Altun et al, 2013; Arcan and
Yemenicioglu 2009; Contini et al., 2008; Delgado et
al., 2010; Miraliakbari and Shahidi 2008; Li and
Parry 2011; Yang et al,, 2009). In the present study,
the antioxidant capacity of hazelnut samples was
analyzed by DPPH radical scavenging assay. The
antioxidative capacity of hazelnut kernels was
shown in Figure 1. The highest antioxidative capacity
was observed in kernels of hazelnut from irrigated at
all (1st, 2nd and 3rd) growth stages (0.48 + 0.03 mmol
/L TE), while the hazelnut without irrigation showed
the lowest antioxidant activity (0.24 + 0.03 mmol/L
TE). Total antioxidant capacity was increased
twofold by irrigation at all growth stages. Among the
defatted hazelnut kernels, hazelnuts, which were
irrigated at all growth stages, exhibited the greatest
antioxidant activity (Fig. 2). In the defatted hazelnut
kernels, the total antioxidant capacity increased with
increasing irrigation stages (Fig. 2).

Although previous studies demonstrated the positive
impacts of irrigation on vegetative growth and yield
characters of hazelnut (Cristofori et al, 2014;
Kiilahgilar et al,, 2018), the effects of irrigation on
the amounts of bioactive compounds and antioxidant

capacity of hazelnut are not yet reported. Lipan et al.
(2019) observed that the antioxidant capacity of
almonds was not affected by irrigation. Marin et al.
(2009) investigated the effect of irrigation frequency
on the amounts of antioxidant compounds in green
and red peppers. They reported that the amount of
vitamin C, a water- soluble antioxidant, decreased in
green pepper when increased the irrigation amount,
whereas the content of lipid- soluble (lipophilic)
antioxidants such as carotenoids was not affected by
irrigation. On the other hand, there was no
significant difference in the content of vitamin C
between low and high irrigated red pepper, while
the lipid-soluble carotenoids content was reduced by
irrigation frequency at the red ripening stage.
Similarly, Pernice et al. (2010) reported that the
irrigation led to a decrease in lipid-soluble
carotenoids content. In the present study, the
antioxidant capacity of hazelnut oil was also
decreased when irrigated at first growth stage of
kernel (Fig. 3). The result observed can be explaned
that hazelnut oil is rich in the lipid-soluble
antioxidants, which were decreased by irrigation. It
has been reported that hazelnut oil had high amount
of vitamin E belonging to lipid-soluble antioxidants
(Crews et al.,, 2005; Krist et al., 2008; Kornsteiner et
al,, 2006).

Total phenolic content

It was shown previously that some antioxidants in
hazelnut have the phenolic structure (Altun et al,
2013). Total phenolic contents of hazelnut varied
depending on cultivars and geographical origin
(Altun et al., 2013; Li and Parry 2011; Sahin et al,,
2017; Pelvan et al, 2012). Figure 4 showed total
phenolic contents of hazelnut kernels. The amount of
total phenolic content ranged from 0.145 to 0.161
mmol/L GAE. It was found that there was no
significant difference in total phenolic content
between control (not irrigated) and irrigated
samples. In addition, the amount of total phenolics in
defatted hazelnut kernels did not change
significantly related to irrigation application (Fig. 5).
Recently, it has been reported that the total phenolic
content of almond was not changed by irrigation
(Lipan et al., 2019). Likewise, it has been shown that
the content of total phenolics in red pepper was not
affected by irrigation frequency. However, the high
irrigated green pepper had a lower phenolic content
compared to the low irrigated green pepper (Marin
etal, 2009).
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Figure 1 Total antioxidant capacity of hazelnuts irrigated at the different growth stages combinations. The
values indicated by different letters are different from each other at p <0.05 level.
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Figure 2 Total antioxidant capacity of defatted hazelnut kernels irrigated at the different growth stages
combinations. The values indicated by different letters are different from each other at p <0.05

level.
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Figure 3 Total antioxidant capacity of the oils of hazelnuts irrigated at the different growth stages

combinations. The values indicated by different letters are different from each other at p <0.05
level.
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Figure 4 Total phenolic contents of hazelnuts irrigated at the different growth stages combinations.
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Figure 5 Total phenolic content of defatted hazelnuts irrigated at the different growth stages

combinations.

Conclusion

The effect of supplementary irrigation on total
phenolic contents and antioxidant capacity of
hazelnut was performed for the first time in this
study. The antioxidant capacity of hazelnut was
affected by irrigation at the different growth stages,
while irrigation program did not influence the total
phenolic content of hazelnuts. Overall total
antioxidant capacity increased by irrigation,
therefore, it can be concluded that the irrigation
could be a good agriculture practice to enhance of
some bioactive compounds of hazelnuts kernels.
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