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ABSTRACT

Carbon tetrachloride (CCls) is a xenobiotic compound with
toxicological action. It is absorbed by gastrointestinal system,
respiratory system, and skin. Studies have reported that many
countries have used Ganoderma lucidum (GL, Reishi Mushroom) as a
medicinal mushroom against liver diseases induced by hepatotoxic
agents such as CCls for more than thousands of years and is used for
many diseases, including cancer since it has been thought that it
Increases resistance against them and treats them. In the present
study, immunohistochemical localization and expression of
cyclooxygenase-2 (COX-2) by administrating carbon tetrachloride and
Ganoderma Iucidum in adult rats were examined. In the study, 32
adult Spraque-Dawley male rats that were 8-10 weeks old were used.
Rats were divided into 4 groups as control, CCls, Ganoderma lucidum
(GL), and CCIs++GL. As a result of the experimental applications, the
liver tissue was found to be normal in the control and GL groups, and
multifocal necrosis areas, hepatocellular degeneration, cell
infiltration, sinusoidal dilatation, and congestion were observed in the
central and portal areas in CCIs group. In the CCI4++GL group,
decreases were observed in lesion severity and density. COX-2
immunoreactivity was detected as more common in hepatocyte
cytoplasm in the area from the central vena to the Kiernan space,
while it was observed as sporadic in the hepatocyte nucleus. While
CCIs caused a decrease in total antioxidant level (TAS) in blood
plasma samples, it caused an increase in total oxidant level (TOS),
Aspartate aminotransferase (AST), and alanine aminotransferase
(ALT) levels. It is seen that Ganoderma lucidum, which has an
important place in alternative and folk medicine, reduces oxidative
stress with its hepatoprotective effect and inhibits the inflammatory
response in the liver.

Hasan ve Siklooksijenaz-2 Immunoreaktivitesi Uzerine Etkisi

OZET

Karbon tetrakloriir (CCls) toksik etkiye sahip ksenobiyotik bir
bilesiktir. CCl4, gastrointestinal sistem, solunum ve deri tarafindan
emilir. Yapilan calismalarda Ganoderma Ilucidumun (GL, Reishi
Mantar1), CCls gibi hepatotoksik ajanlarin neden oldugu karaciger
hastaliklarina karsi, birgok lilkede binlerce yili agkin stiredir tibbi
mantar olarak kullanilmakta oldugu ve kansere varincaya kadar
bir¢ok hastaliga kars1 direng arttirdigi ve tedavi ettigi diiginulerek
kullanildig: bildirilmigtir. Calismada yetiskin dénemdeki sicanlara
karbon tetraklorir ve Ganoderma Iucidum uygulamasi1 yapilarak
siklooksijenaz-2 (COX-2)'nin immunohistokimyasal lokalizasyon ve
ekspresyonu incelendi. Calismada 8-10 haftalik 32 adet yetigskin
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Spraque-Dawley 1irki erkek sigcan kullanildi. Sicanlar; kontrol, CCly, Histopatoloji
Ganoderma lucidum (GL), CCI++GL olmak tizere 4 gruba ayrildi. Immunohistokimya

Deneysel uygulamalar sonucunda kontrol ve GL grubunda karaciger
dokusu normal, CCI4 grubunda ise sentral ve portal alanda multifokal
nekroz alanlari, hepatoselliiler dejenerasyon, hiicre infiltrasyonu,
sinuzoidal dilatasyon ve konjesyon gézlendi. CCls ile birlikte GL
verilen grupta ise lezyon siddet ve yogunlugunda azalmalar tespit
edildi. COX-2 immunoreaktivitesi; sentral venadan kierman araligina
kadar olan bolgede hepatosit sitoplazmasinda daha yaygin olarak
saptanirken, hepatosit niikleusunda sporadik olarak tespit edildi.
Kan plazma &érneklerinde CCIs, Total antioksidan seviyede (TAS)
azalmaya yol acarken, Total oksidan seviye (TOS), Aspartat
aminotransferaz (AST) ve Alanin aminotransferaz (ALT)
diizeylerinde ise artisa sebep oldugu gozlenmistir. Alternatif ve halk
tibbinda 6nemli yere sahip olan Ganoderma lucidum'un ise oksidatif
stresi hepatoprotektif etkisi ile azalttig1, karacigerdeki enflamatuar

yanit1 inhibe ettigi gorulmektedir.
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INTRODUCTION

The liver provides many functions in the body, such as
the process of metabolism (Kandimalla et al., 2016).
Toxic molecules of foreign origin and xenobiotics are
absorbed by the intestine and then pass through the
liver and they are detoxified here (Stickel et al., 2002;
Elmubarak & Ozsoy, 2016). Carbon tetrachloride
(CCl4) is a xenobiotic causing chemical-related injuries
both in most living beings and in humans and it has
the potential to develop cellular injury (Tekeli &
Bildik, 2013). It has a toxic character in the organs
such as the heart, testis, brain, and especially liver and
kidneys (Abraham & Wilfred, 1999; Elmubarak &
Ozsoy, 2016). In the metabolism of action of CCly,
enzymes that are defined as microsomal enzymes
metabolizing medicine and chemical substances, play
arole. After CCls enters in the liver, it is converted into
two free radicals, as trichloromethyl and
trichloromethyl-peroxyl, by the microsomal system
that is dependent on monooxygenase P-450 (Zhao et
al., 2016). The toxic character of CCls emerges after it
is converted to trichloromethyl (CCls). CCls is first
converted to a harmful intermediate metabolite called
trichloromethyl radical (-CCls) through the cytochrome
P-450 enzyme system, and then to trichloromethyl
peroxy (-OOCCls) radical in the presence of oxygen.
These  reactive free radicals react  with
polyunsaturated fatty acids and bind either to fats or
lipids or start lipid peroxidation. As a result of lipid
peroxidation occurring in CCl4 exposure, more common
tissue injury occurs as a result of the septicemia of
some cellular enzymes (El-haskoury et al., 2018; Li et
al., 2019).

A number of studies have shown that various plant

extracts can protect the liver and kidney against
oxidative stress caused by CCls by inhibiting lipid
peroxidation and increasing antioxidant enzyme
activity (Shahjahan et al., 2004; Bellassoued et al.,
2018). Ganoderma lucidum (GL, Reishi Mushroom) is
used as a medicinal mushroom in many countries for
more than 2000 years and has been used by
considering that it increases resistance against and
treats many diseases, including cancer (Kim et al.,
2016). In the recent studies conducted with G. Jucidum,
its anti-tumor, anti-inflammatory, hepatoprotective,
and anti-microbial effects are reported. Additionally,
the components of reishi mushrooms have an
antioxidant character. Its antioxidant character is
provided by terpene and polysaccharide content (Cor et
al., 2018). Triterpenoids, also called as ganoderic acid,
carry a carboxyl group and have immunomodulatory
and antioxidant properties. Thus, they gain their
hepatoprotective properties (Satria et al., 2019).

COX enzyme has two types; constitutive and inducible.
COX1, that is the structural cyclooxygenase, and COX-
2, the inducible cyclooxygenase, catalyze the same
reactions, but differ in structure and function. There
are differences in structure and shape between these
two enzymes caused by two amino acid changes in the
amino acid sequence (Fu et al., 1990; Hawkey, 2001).
While COX-1 is present in endoplasmic reticulum
(ER), COX-2 is localized in ER and nuclear membrane.
Both enzymes convert the arachidonic acid to
prostaglandins (Dannhardt & Kiefer, 2001; Kaya
Cavusoglu et al., 2021). COX-1 protects the tissues
generally in terms of physiological reactions, while
COX-2 has a completely reverse effect (Hawkey, 2001;
Smith et al., 1996). COX-2, activated by inflammatory
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agents, 1s present in inflammatory cells, especially
macrophages (Hawkey, 2001). Proinflammatory
agents such as cytokines, tumour necrosis factors,
growth factors, and bacterial endotoxins cause the
release of COX-2. Prostaglandins (PG), which the
products of COX-2 and involved in inflammatory
reactions, are responsible for the major symptoms of
inflammation such as swelling, redness, pain, fever,
and loss of function (Smith et al., 1996; Domitrovica et
al., 2011). PGs developing by the induction of COX-2
degrade the cellular apoptosis mechanism in some
cancer types and provide the metastasis of cancer
(Hoffmann, 2000).

While PGs are synthesized via COX-1, the ones
causing inflammatory response are only synthesized
via COX-2. COX-2 is involved in the regulation of most
of the renal functions (perfusion, fluid use, renin
production) in both natural and pathophysiological
(renal failure, congestive heart failure and liver
cirrhosis) cases (Gambaro, 2002).

In the present study, the effects of Ganoderma Iucidum
on general oxidant/antioxidant levels, liver injury
markers, histopathological lesions and COX-2
immunoreactivity levels of the rats with carbon
tetrachloride-induced liver inflammation were
determined.

MATERIAL and METHOD
Study design

Ethics committee approval required for the study was
obtained from Animal Experiments Local Ethics
Committee of Gaziantep University (GAUN-DAM,
Decision no: 2018/22). In the study, 32 adult (8-10
weeks old) Spraque-Dawley male rats weighing
approximately 250-300 g, obtained from Gaziantep
University Experimental Animals Research Centre
were used as the material. Care and material
administrations of the rats were also conducted at the
research units of Gaziantep University Experimental
Animals Research Centre. The rats were kept in an
environment at the ambient temperature of 21 °C with
a 12-hour light/12-hour dark cycle and were fed with
standard rat feed (containing 21% crude protein) and
tap water. The subjects included 32 rats in total as 8 in
each group. The rats were divided into 4 groups as
control, carbon tetrachloride (CCly), Ganoderma
ITucidum (GL), Carbon tetrachloride
(CCIw+Ganoderma Iucidum. Ganoderma lucidum. The
G. lucidum extract used in the experiment was
commercially obtained from GanoTurk (Seyhan,
Adana). Physiological saline at a dose of 2 ml/kg was
administered to the control group via gavage for 14
days, Ganoderma lucidum extract at a dose of 1000 mg
kg! was administered to GL group via gavage for 14
days, Carbon tetrachloride at a dose of 10 ml/kg was
administered to the CCIs group as a single dose
intraperitoneally only on the first day. After giving G.

lucidum extract to the CCI4+GL group via gavage for
the first 3 days, CCls was administered in a single dose
of 10 ml/kg. Then, (. Jlucidum extract was
administered only via gavage for 14 days. At the end of
the experiment, the rats were dissected after they have
killed wvia cervical dislocation under ketamine
hydrochloride/ xylazine (80/10 mg kg!) anaesthesia
administered intramuscularly (i.m.). All the animals
were weighed at the beginning and end of the study. At
the beginning of the study, the animals were randomly
divided into 4 groups provided that their mean weights
were close to each other. The dose of CCl4 in the study
was determined according to Karakus et al., 2011, and
the dose of G. lucidum extract was determined based
on the data of researchers working in this field (Sliva
et al., 2012; Lin & Lin 2006; Zhang et al., 2002).

Histological analysis

At the end of the experiment, liver tissue of the rats
that were killed and dissected via cervical dislocation
under general anaesthesia was fixed in 10% buffered
formalin solution (SigmaAldrich, HT501128). After
fixation, routine tissue follow-up (graduated alcohols,
methyl benzoate, and benzole follow-up) was
performed and then the tissues were embedded in
paraffin and 5 um serial sections were taken from the
blocks with a microtome on slides previously coated
with chrome alum gelatin (CAG). Hematoxylin-eosine,
one of the histological staining methods, was applied
to the sections and the histopathological changes were
examined via light microscopic study (Luna, 1968).

Immunohistochemical analysis

Liver tissues taken from the rats were fixed in 10%
buffered  formaldehyde  solution for COX-2
immunoreactivity and then, they were blocked in
paraffin after passing through graduated alcohols,
methyl benzoate, and benzoles. Anti-COX2
(Cyclooxygenase 2 antibody ab15191, Abcam) primary
antibody was applied to 4-5 um sections taken from
paraffin blocks for one hour at room temperature in a
humid environment at a ratio of 1/100. Only PBS
(phosphate buffer solution) (Invitrogen™, AM9624)
was dropped on the tissue sections for the negative
control group. After primary antibody incubation,
Streptavidin- biotin peroxidase technique, one of the
indirect methods, was used (Shu et al., 1988).
Chromogen application was conducted by adding 3-
Amino-9-Ethylcarbazole (AEC) (Thermo Fisher
Scientific, 1122). After adding AEC solution, the
sections were controlled under a light microscope and
when immunoreactivity developed, the reaction was
stopped with distilled water and contour staining was
performed with Mayer’s hematoxylin. At the end of the
processes, the sections were dried, and water-based
adhesive was dropped and closed by using a lamella.
Random areas were selected in the preparations and
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their photographs were taken after they were
examined under a Zeiss Primo Star integrated camera
light microscope, assessment was conducted semi-
quantitatively and the density was examined
according to an immunoreactive score (Zhu, 1989;
Seidal et al.,, 2001; Nur et al, 2015). COX-2
immunoreactivity in the cells was determined by
comparing them with each other according to the
degree of darkness of the colours.

Biochemical analysis

Blood samples taken for plasma output were
centrifuged at 3000 rpm for 10 minutes and stored at -
20 °C until the time of analysis. Total oxidant level
(TOS) and total antioxidant levels (TAS) (Rel Assay
Diagnostics, Mega Medical Industry and Trade
Limited Company, Gaziantep) were measured in the
blood samples (Erel, 2004; Erel, 2005). Plasma
Aspartate aminotransferase (AST) and Alanine
aminotransferase (ALT) activity analyses were
measured by using an autoanalyzer (HumaStar 600,
Germany).

Data analysis

Statistical analysis of the data was conducted in SPSS
package program (IBM SPSS Statistics 22).
Kolmogorov-Smirnov normality test was employed to
reveal the compatibility of the data to normal
distribution. For groups showing a normal

distribution, one-way analysis of variance (ANOVA), a
parametric test, was used. If there was a difference
between the means of the experimental groups, the
"Anova-Duncan" test was applied to the group
averages to determine this difference and the value of
P<0.05 was accepted as statistically significant.

RESULTS and DISCUSSION
Biochemical findings

When the biochemical data of the study were
evaluated, the values in the control and G. lucidum
groups were normal and close to each other. No
statistical difference was observed between TAS, TOS,
AST, and ALT values of the control and G. lucidum
groups. There was no statistical difference between the
biochemical data obtained from CCIs and CCI4++GL
groups in terms of TAS, TOS, AST, and ALT levels.
However, a statistically significant difference was
found between these two groups and the control and G.
lucidum groups in terms of TAS, TOS, and AST levels
(P<0.01). When ALT level was assessed, there was a
statistical difference between CCIs group and control
and G Jucidum (P<0.05). However, different from
other biochemical indicators, no statistical difference
was observed between the CCI4++GL group and control
and G. lucidum groups (P>0.05). Data of the groups
obtained from the study are shown in Table 1 and
Figure 1.

Table 1. TAS, TOS, AST, and ALT values of the groups and statistical significance.
Cizelge 1. Gruplara ait TAS, TOS, AST ve ALT degerleri ve istatistiki onem.

GROUPS
Control Ganoderma Iucidum (GL) CClL4 CCIL+GL
PARAMETERS (n:8) (n:8) (n:8) (n:8) P<
Mean+SE Mean +SE Mean +SE Mean +SE
TAS (mmol Trolax eqivalen/L) 1.91 £ 0.0452 1.85 £ 0.0422 1.43 £ 0.045P 1.56 £ 0.035P wk
TOS (umol H20z equiv./L) 7.33 £ 0.20° 7.40 £ 0.19b 8.96 + 0.162 8.34+0.172 *k
AST (U/L) 158.56 + 3.4b 165.79 + 3.75P 203.38 £ 3.72 194.07 £ 6.192 wk
ALT (U/L) 65.27 +£4.21P 67.10 £ 2.54P 79.37+1.752 74.14 + 2.32ab *

*: P<0.05= Statistically significant difference, **: P<0.01= Statistically significant difference, a, b: The difference between the averages of the
groups having different letters on the same line is significant. n: number of the subjects in the group, Mean + SE: Mean+Standard Error.

Histological findings

Liver tissues were embedded in paraffin blocks after
routine fixation and tissue follow-up processes. After
staining the 5 pm serial sections taken from these
blocks via microtome with hematoxylin-eosin, they
were examined under a light microscope. In the
sections obtained from the groups, the central vena
and Kiernan’s space were normal, the remark cords
were regular, the parenchymal structure was normal,
and sinusoids were found between hepatocytes in the
control and G. Jucidum groups. In the portal area, the
connective tissue area including the hepatic artery,
portal vein, and bile duct had a normal structure
(Figure 2a, 2b, 2¢). In the CCI4 group, congestion was
observed in the central vein and in the vein in portal
area. Multifocal necrosis areas and hepatocellular

degeneration were observed between the central vein
and the portal region in this group sections. In
addition, cell infiltration, vacuole in hepatocyte
cytoplasm, irregular remark cords, sinusoidal
dilatation, and congestion were observed (Figure 2d,
2e). In the CClst+Ganoderma Ilucidum group, focal
necrosis areas and hepatic degeneration, congestion,
sinusoidal dilatation, and cell infiltration were
detected (Figure 2f, 2g, 2h). The incidence of the lesions
occurring in this group was detected as close to the
CCl4 group. Thus, G. lucidum is not sufficient on its
own in terms of the treatment of degeneration in the
liver caused by CCl4 (Table 2). Table 2 shows the tissue
change ratings of histopathological lesions occurring in
the liver tissue and the frequency ratings were adopted
from Bernet et al. (1999).
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Figure 1. Graphical presentation of TAS, TOS, AST, and ALT values of the groups.
Sekil 1. Gruplara ait TAS, TOS, AST ve ALT seviyelerinin grafiksel gosterimi.

Table 2. Tissue change ratings of the histopathological lesions in the liver tissue.
Cizelge 2. Karaciger dokusunda histopatolojik lezyonlara ait doku degisim derecelendirmeleri.

Groups
Liver lesions Control group Ganoderma lucidum (CCI»+GL Carbon tetrachloride
(GL) (CCLy)

Degeneration in hepatocytes - ++ 4+
Infiltration - - ++ et
Irregularity in remark cords - + ++ +++
Vascular degeneration - - ++ —+
Sinusoidal dilatation - - ++ 4
Central and portal congestion - - ++ 4+
Necrosis - - ++ i
Sinusoidal congestion - - ++ 4+
Vacuolization - + ++ ++

- no abnormality, +: low abnormality frequency, ++: moderate abnormality frequency, +++: high abnormality frequency.
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Figure 2. a, b. Liver tissue obtained from the animals in the control group. Hepatocytes and sinusoidal structure have a normal appearance

Sekil 2. a,

(CV: central vein, arrows: hepatocyte, rc: radially sequenced remark cords, dashed arrows: sinusoid). c. Liver tissue obtained from
the animals in the group to which G. Jucidum was administered at a dose of 1000 mg kg'l. Hepatocytes and sinusoidal structure have
a normal appearance (CV: central vein, arrows: hepatocyte, black dashed arrows: sinusoid, green dashed arrows: kupffer cells). d, e.
Liver tissue obtained from the animals in the group to which carbon tetrachloride was administered at a dose of 10 ml/kg (CV:
central vein, VP: vena porta, asterisk: congestion in central and portal vein, black arrows: Cell infiltration, blue arrows: Vacuole in
hepatocyte cytoplasm, black dashed arrows: Sinusoidal dilatation, green dashed arrows: kupffer cells, yellow dashed arrows:
sinusoidal congestion, irc: irregular remark cords, n: Multifocal necrosis areas and hepatocellular degeneration). f, g, h. Liver tissue
obtained from the animals in the group to which carbon tetrachloride at a dose of 10 ml/kg and G. lucidum at a dose of 1000 mg kg
1 are administered. vena centralis, black arrows: sinusoidal dilatation, n: Multifocal necrosis areas and hepatocellular degeneration,
black dashed arrows: Cell infiltration, asterisk: congestion in central and portal vein, yellow dashed arrows: sinusoidal congestion.
H&E. Bar: 100 pm.

b. Kontrol grubundaki hayvanlardan elde edilen karaciger dokusu. Hepatositler ve sinozoidal yapi normal goriiniimde (CV: vena
centralis, oklar: hepatosit, rc: 1smsal dizilmis remark kordonlari, kesik ¢izgili oklar: sinuzoid). c¢. 1000 mg kg~ dozunda G. Iucidum
uygulanan gruptaki hayvanlardan elde edilen karaciger dokusu. Hepatositler ve sinozoidal yap: normal goriiniimde (CV: vena
centralis, oklar: hepatosit, siyah kesik ¢izgili oklar: sinusoid, yesil kesik ¢izgili oklar: kupffer hiicreleri). d, e. 10 ml/kg dozunda
karbon tetrakloriir uygulanan gruptaki hayvanlardan elde edilen karaciger dokusu (CV: vena centralis, VP: vena porta, yildiz:
sentral ve portal vende konjesyon, sivah oklar: hiicre infiltrasyonu, mavi oklar: hepatosit sitoplazmasinda vakuol, sivah kesik ¢izgili
oklar: sinusoidal dilatasyon, yesil kesik ¢izgili oklar’ kupfter hiicreleri, sar1 kesik ¢izgili oklar: sinusoidal konjesyon, irc: diizensiz
remark kordonlari, n: multifokal nekroz alanlar: ve hepatoselliiler dejenerasyon). £ g, h. 10 ml/kg dozunda karbon tetrakloriir ve
1000 mg kg dozunda G. lucidum uygulanan gruptaki hayvanlardan elde edilen karaciger dokusu (CV: vena centralis, sivah oklar:
sinusoidal dilatasyon, n: multifokal nekroz alanlari ve hepatoselliiler dejenerasyon, siyah kesikli oklar: hiicre infiltrasyonu, yildiz:
sentral ve portal vende konjesyon, sar1 kesik ¢izgili oklar: sinusoidal konjesyon. H&E. Bar: 50 um (b, ¢, d ,e, £, g, h), 100 um (a).
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Immunohistochemical findings

COX-2 immunoreactivity was assessed in the
preparations obtained from control, Ganoderma
ITucidum, CCl4, and CCls+Ganoderma lucidum groups.
In all the groups, COX-2 immunoreactivity was
commonly observed in the hepatocyte cytoplasm with
moderate intensity in the region from the central vena
to the Kierman’s space, and sporadically in the
hepatocyte nucleus (Table 3, Figure 3). COX-2
immunoreactivity was commonly observed at a higher
intensity in the hepatocyte cytoplasm both in
centrilobular and in perilobular area in the CCI4 group
when compared to other groups.

Carbon tetrachloride is a toxic material that is widely
used by researchers to induce liver injury (El-haskoury
et al., 2018; Li et al., 2019). It is known that contact
with this toxic chemical induces oxidative stress with
the formation of free radicals and causes tissue
damage (Ganie et al., 2011). Injuries induced by the
substances such as CCls cause apoptosis formation in
the cells. Various studies have revealed that natural
antioxidants have organ-preserving potential against
toxic materials such as CCls (Said et al., 2018; Satria
et al., 2019). In a study in which CCls and locust honey
there against were used, it was stated that 1 mg kg1
dose of CCls administration caused an increase in the

Table 3. COX-2 immunoreactivity density in the control and application groups. (+++) very dense, (++) moderately
dense, (+) less dense, (-) no reaction.

Cizelge 3. Kontrol, ve uygulama gruplarinda COX-2 immunoreaktivite yogunlugu. (+++) ¢ok yogun, (++) orta
derecede yogun, (+) az yogun, (-) reaksiyon yok.

Structure Control Ganoderma CClI4 group Ganoderma
Cyclooxygenase  showing immune group Iucidum group ITucidum+CCl4 group
reaction
Centrilobular + + +++ +
area
Hepatocyte + + +++ ++
cytoplasm
COX-2 Hepatocyte + + + +
nucleus
Perilobular area + + +++ ++
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Figure 3. COX-2 immunoreactivity in the liver tissue of the rats. A, B

. Control group, moderately dense immunoreactivity in hepatocyte

cytoplasm and nucleus in some regions. C. Ganoderma lucidum group, moderately dense immunoreactivity in the hepatocyte
cytoplasm around central vein. D, E. Carbon tetrachloride group, moderately dense in hepatocyte nucleus between central vena and
kiernan’s space, and dense immunoreactivity in the hepatocyte cytoplasm. F, G. Carbon tetrachloride+ Ganoderma Iucidum group,
mildly dense around the central vein in hepatocyte cytoplasm and moderately dense immune reaction in the area up to the remaining
kiernan’s space. CV: central vein, KA: Kiernan’s space, Bar: 50 um.

Sekil 3. Sigan karaciger dokusunda COX-2 immunoreaktivitesi. A, B. Kontrol grubu, bazi bolgelerde hepatosit sitoplazmasi ve niikleusunda
orta yogunlukta immunoreaktivite. C. Ganoderma lucidum grubu, vena sentralis cevresindeki hepatosit sitoplazmasinda orta
yogunlukta immunorektivite. D, E. Karbon tetrakloriir grubu, sentral vena ve kierman araligr arasinda hepatosit niikleuslarinda
orta yogunlukta, hepatosit sitoplazmasinda yogun immunoreaktivite. F, G. Karbon tetrakloriir+Ganoderma Ilucidum grubu,
hepatosit sitoplazmasinda vena sentralis civarinda hafif, geri kalan kierman araligina kadarki alanda orta yogunlukta immun
reaksiyon. CV: vena sentralis, KA kierman araligr, Bar: 25 um (E), 50 um (A, B, C, D, F, G).

liver enzymes, lactic acid dehydrogenase, blood
glucose, uric acid, urea, MDA, and serum kreatinine
values (El-haskoury et al., 2018). In a study in which
the ethanol extract of G- Jucidum was administered, as
a result of improvements in liver and kidney MDA
levels, reductions were observed in the injury of these
organs (Shieh et al., 2001). In another study, the
curative effect of 100 mg kg?! dose of G. lucidum
administered in the liver against alcohol-induced liver
cirrhosis was explained (Kwon & Kim, 2011).

Determination of alternative treatment sources
against many degenerative and chronic diseases takes
place among the most popular issues in the scientific
world. Side effects and concerns of synthetic
treatments in the society have increased the tendency
to natural alternative treatment resources. The
studies on the biological activities of plants and
mushroom supporting this situation have increased in
recent years (Ozkan et al., 2016). Liver injury after
CClI4 exposure is characterized by elevated levels of

serum hepatic marker enzymes indicating cellular leak
and loss of functional integrity of the hepatic
membrane architecture. High levels of ALT and AST
activities are sensitive indicators of liver cell injury.
The increase in serum hepatic marker levels revealed
that an extensive liver injury has occurred by CCl4 due
to the increased lipid peroxidation which can cause
membrane injury (Pradeep et al., 2010). Many
chemicals can have toxic effects on the liver. For
example, liver and kidney function biomarkers of rats
exposed to aluminum were adversely affected. In the
group given pomegranate juice as a preservative, it
was stated that serum biomarkers almost approached
the values of the control group (Ciftci et al., 2022).

In recent years, G. lucidum has drawn attention due to
its oxidative stress-reducing capability. The current
results have also indicated that treatment with G.
lucidum has decreased the effect of the CCls-induced
hepatotoxicity as shown by the decrease in AST, ALP,
and ALT liver enzymes (Lin et al., 1995; Gao et al.,



KSU Tarim ve Doga Derg 27 (1), 1-13, 2024
KSU J. Agric Nat 27 (1), 1-13, 2024

Arastirma Makalesi
Research Article

2019). Results obtained from animal experiments have
shown that CCls causes fibrosis and injury in the liver
tissue and also increases the liver enzyme levels such
as Alanine aminotransferase (ALT) and Aspartate
transaminase (AST) (Gao et al., 2019). It is observed
that warm water and ether extracts of orally and
intraperitoneally administered G. [lucidum have an
active hepaprotective effect against CCls-induced liver
injury and cause recovery in aspartate and alanine
transaminase (AST-ALT) and lactate dehydrogenase
(LDH) values that are accepted as markers for liver
injury (Lin et al., 1995; Kim et al., 1999).

In the studies conducted by Kocak et al. (2019) and
Atasever & Yaman (2014) for TAS, TOS, and OSI
levels, they reported that a single dose of 1 mlkg
decreased the serum TAS level of CCls and increased
TOS and OSI levels. It is shown that the use of
antioxidant legalon (silymarin) against CCIs4 reduces
total oxidant and oxidative stress index levels and
increases the total antioxidant level (Verma et al.,
2015). In studies in which CCls was administered
chronically, it was noted that there was a significant
increase in ALT enzyme due to the deterioration of cell
membrane permeability depending on hepatocyte
destruction (Abdel-Daim et al., 2016; Atasever et al.,
2020). The data obtained from the current study is
parallel with the findings of other researchers.

CCls 1s widely used to cause injury in the tissues,
especially in the liver (Liv et al., 2006; Lida et al., 2009;
El-haskoury et al., 2018). Rats were administered with
a dose of 0.2 ml/100 g of CCI4 three times a week for
eight weeks (Basu, 2003) and once a week for ten
weeks (Lida et al., 2009), and then, widespread areas
of necrosis were detected in the fibrous tissue in the
portal region of the liver tissue. In addition, fat
degeneration and inflammatory cell infiltrations have
been reported in hepatocytes. In other studies, it was
shown that CCls caused fatty vacuoles in the
hepatocyte within the liver tissue, inflammatory cell
infiltrations at varying severities, and fibrosis
(Atasever et al., 2020, Basu, 2003). In the present
study, congestion, multifocal necrosis areas, cell
infiltration, and sinusoidal dilatation around the
central vein and portal region of CCls were observed.
This is compatible with findings of other studies in
which CCls was administered. Grape seed oil slightly
reduced the number of fat vacuoles and partially
reduced the necrosis areas, and also prevented the
formation of fibrous tissues in the liver. Numerous
studies have reported that grape seed oil caused
histological recovery in the liver lesions caused by
other toxic materials. In the studies conducted with
grape seed oil against various hepatotoxins, it was
thought that the hepatoprotective effects of grape seed
oil were caused by antioxidant and free radical
scavenger components (Khalifa et al., 2011; Al-Attar,
2015). In the current study, it is understood that G.

Iucidum, which is used against the toxic properties of
CClI4, reduced the histopathological lesions in the liver,
however, it was not sufficient alone in the treatment of
lesions.

Immunohistochemical findings are a current method
that has been used by many researchers in order to
determine and reveal the releasing tissue parts of
expressed proteins (Y1ildiz et al., 2013; Nur et al., 2014;
Nur et al., 2015). While CCls increased iNOS, COX-2,
TNF-a and IL-18 mRNA, and protein expression levels
in the liver tissues, it significantly decreased iNOS,
COX-2, TNF-q, IL-18 mRNA and protein expression
levels that are similar to the findings in the silymarin
group as a result of the inflammation inhibiting effect
of the hawk tea. As a result of CCls administration in
the histological examination of the tissue, congestion
in the central zone of the liver, haemorrhage, and
necrosis in the hepatocytes were observed, and
decreases in the severity of the lesions were detected
in the groups to which hawk tea and silymarin were
applied. Serum AST, ALT, and LDH levels that
increased by the CCls administration have
significantly decreased as a result of hawk tea
application (Zhao, 2013). In a study examining the
expression of cyclooxygenases in liver tissue, COX-1
and COX-2 immunoreactivity was detected in all the
groups at similar intensity and in hepatocyte
cytoplasm (Nur et al., 2015). COX-2 immunoreactivity
in the kidney tissue of the rats to which capsaicin was
administered in puberty decreased in the macula
densa, Henle’s loop, distal and proximal tubules in the
capsaicin group compared to the control group, while
COX-1 immunoreactivity increased in the proximal
tubules in the capsaicin group when compared to the
control group (Yildiz et al., 2013). In a study
investigating the protective effect of berberine and
silymarin against CCls administration, COX-2
immunoreactivity was detected in the hepatocyte
cytoplasm and nucleus in the necrosis areas. Berberine
and silymarin decreased the COX-2 immunoreactivity
when compared to the CCls group. In the histological
examination of the liver, vacuole-fat formation,
inflammatory cell infiltration, and extensive necrotic
areas were stated in the CCls group. When compared
to the control group, serum AST, ALT, and alkaline
phosphatase (ALP) levels increased in the CCls group
(Domitrovica et al., 2011). In a study that investigated
the effect of L-thearinin, which is an amino acid in the
tea, against CCls hepatotoxicity, it was reported that
L-thearinin that suppresses COX-2 and iNOX
expression in the liver with increased serum TNF-a
and IL-18 in CCls group, thus, inhibited the
inflammatory response. L-thearinin decreased AST,
ALT, and bilirubin levels and also, and there was a
decrease in the severity of histopathological changes in
the liver (Jiang et al., 2012).
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CONCLUSION

In the present study, similar to the other studies
conducted with toxic substances, it was concluded that
carbon tetrachloride can cause significant biochemical
and histological changes in the rats due to oxidative
damage, while G. lucidum has a therapeutic feature by
showing a reduction in the severity of the lesion. It is
thought that the hepatoprotective effect of G. lucidum
may be related to decreasing oxidative stress and
inhibiting the inflammatory response in the liver due
to its free radical scavenging feature. When the results
of the study were assessed, G. lucidum showed a
protective character against acute liver injury by
suppressing the inflammatory response by preventing
the increase of carbon tetrachloride-induced oxidant
capacity and reducing the apoptotic reaction
developing in hepatocytes.
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ABSTRACT

Centaurea species has great potential as a traditional medicinal herb
and C. cadmea subsp. pontica collected from rocky slope crevices of
Kire Mountain is endemic to the flora of Tlrkiye. In the present work,
to reveal the plant's pharmacological importance, its potency to inhibit
various medicinal enzymes was investigated, supported by molecular
docking studies. The half-maximal inhibitory concentration (ICso)
results for studied enzymes were quantified between 0.50-86.97 pg
mL™, and the extract was efficient against HMG_CoA R, a-
glucosidase, and a-amylase enzymes linked to diabetes and
cholesterol. Nine phenolic compounds were identified in the C. cadmea
subsp. pontica extract and the interactions of the most abundant
phenolic compounds with the enzymes were examined with molecular
docking studies. In conclusion, findings amassed from the present
study inclined to support the opinion that C. cadmea subsp. pontica
may be beneficial as an effective herb for formulating novel health-
promoting ingredients.
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Tibbi Acidan Onemli Enzimlere Karg: inhibisyon Yeteneginin Invitro ve Insilico Caligmalarla
Degerlendirilmesi: Endemik Centaurea cadmea subsp. pontica Bitkisinin Fenolik Icerigi

OZET

Centaurea tirleri geleneksel sifali bitki olarak blytiik bir potansiyele
sahiptir. Kiire Dagi'min kayalik yamag¢ yariklarindan toplanan C.
cadmea subsp. pontica Turkiye florasina endemiktir. Bu ¢alismada,
bitkinin farmakolojik 6nemini ortaya koymak i¢in c¢esitli tibbi
enzimleri inhibe etme pontansiyeli, molekiiler yerlestirme ¢alismalari
ile desteklenerek arastirilmigtir. Caligilan enzimler ic¢in yari
maksimum inhibitér konsantrasyon (ICso) sonuclari 0.50-86.97 pg
mL™ arasinda belirlendi. Bitki ekstrakti diyabet ve kolesterol ile
baglantil1 olan HMG_CoA R, a-amilaz ve a -glukosidaz enzimlerine
karsi etki gosterdi. C. cadmea subsp. pontica 6ziitiinde dokuz fenolik
bilesik tanimlandi ve en fazla bulunan fenolik bilesiklerin enzimlerle
etkilesimleri molekiiler yerlestirme c¢alismalar1 ile incelenmistir.
Sonug olarak, mevcut ¢alismadan elde edilen bulgular, bu endemik
bitkinin saghkli yasam kalitesinin gelistirilmesine yo6nelik yeni
bilegsenlerin formile edilmesi igin etkili bir bitki olarak yararh
olabilecegini gostermektedir.
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INTRODUCTION

The genus Centaurea L. belongs to the Asteraceae
family, Turkiye is the major distribution center of the
plants, and it is the third-largest genus in Anatolia.

The taxonomically problematic Centaurea genus is
represented by over 600 species worldwide depending
on the classification used, and there are 218 species in
Turkiye, and the endemism rate of the taxon has
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reached 64 %. Centaurea cadmea subsp. pontica
spreads to Bartin and Zonguldak provinces in the
northern Anatolia region (Tirkiye). The plant is a
chamaephyte that grows in limestone rock cracks and
on rocky slopes far away from brookside. C. cadmea
subsp. pontica was described by Kése et al. (2010) and
considered as the least concern (LC) category.
Flowering in the plant occurs in June-September, and
fruiting occurs in July-September (Kose et al., 2010;
Yaman et al., 2020; Ozbek, 2021; Duman et al., 2021).
Plants belonging to the genus Centaurea were
reportedly used in traditional medicine as herbal
remedies for digestive, antipyretic, antidiarrheal,
expectorant, and tonic effects (Bancheva et al., 2023;
Astari et al., 2014). As a continuation of research on
the genus and secondary metabolites, we have
investigated the phenolic components of the Centaurea
cadmea subsp. pontica collected from its natural
habitat. Since plants contain various phytochemical
ingredients, their effects on enzymes of medical
importance associated with various deficiencies are
being screened.

Chronic and non-communicable diseases, including
cardiovascular, cancer, diabetes, and
neurodegenerative diseases (Alzheimer's), have long-
term adverse effects on public health and cause 63% of
deaths globally. Experimental and epidemiological
studies show that some phytochemical molecules play
an essential role in preventing these diseases. In fact,
enzyme inhibitors are used to treat some diseases such
as hypertension, metabolic disorders,
neurodegenerative diseases, and some cancers
(Goncgalves & Romano 2017). Bioactive molecules bind
to the active site of proteins and function as organic
compounds that decrease the bioactivity of enzymes.
Many drug molecules are used as inhibitors or
activators for enzymes. These compounds affect the
catalysis rate of biochemical reactions leading to
conformational changes on the active surface of the
target protein. Some drugs used today are inhibitors of
enzymes that are associated with regulation in the
ailment process. According to the currently used
therapy, the “inhibition of key enzymes” approach is an
effective way to regulate pathologies. For example,
HMG-CoA reductase and ACE (angiotensin-converting
enzyme) inhibitors regulate cholesterol and blood
pressure levels, respectively. Synthetic inhibitors lead
to the research for novel, safe, and effective
compounds, especially from natural resources, due to
their comparatively low toxicity and side effects.
Investigating the new biologically active agents from
natural sources is one of the study strategies for
medicinal drugs due to the easy accessibility of herbal
phenolic substances (Guerrero et al., 2012; Baskaran
et al., 2015; Zengin et al., 2016; Gongalves & Romano
2018; Yin et al., 2019).
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Phytochemical ingredients of plants vary according to
the natural environment in which they grow, locality,

and altitude. Studies on the Centaurea genus
extensively focused on phytochemical contents,
antidiarrheal, antimicrobial, antioxidant, and

antipyretic activities (Astari, 2013; Grafakou, 2018;
Alper & Giines, 2019; Tugay 2020). Nonetheless,
Centaurea cadmea subsp. pontica has been selected to
reveal its medical importance as no enzyme inhibition
has been performed on this species. As a novelty,
enzyme inhibition, assisted with molecular docking
studies in the broad spectrum, was investigated to gain
further knowledge on the endemic plant.

MATERIALS and METHODS
Plant sample and extraction method

The samples (Centaurea cadmea subsp. pontica) were
collected from the rocky slopes around Ulukaya
waterfall at the foothills of Kiire Mountain in Ulus-
Bartin province, Turkiye, in July 2020. The collected
samples were left to air dry at room conditions. The
voucher  specimen (BofHerb_495) has  been
authenticated by Prof. Z. Kaya and deposited in the
Herbarium of the Department of Forest Engineering,
Faculty of Forestry, Bartin University.

The aerial parts of dried plant samples were grounded
in a mechanic grinder, and the powdered material was
extracted in methanol at ambient conditions. The
admixture was sonicated for 30 min at 37°C and
centrifuged at 4500 x g for 12 min. The upper solvent
of the filtrated extract was evaporated at an ambient
temperature of less than 55 °C. The extract was kept
at -20 °C for biochemical analysis.

Determination of the total phenolic compound (TPC)
and total flavonoid contents (TFC)

The analysis of TPC and TFC in the Centaurea cadmea
subsp. pontica extracts were performed by the Folin-
Ciocalteu reagent and aluminum chloride (AlCIs)
colorimetric method, respectively described by the
earlier studies. The quantities of them were expressed
as mg of gallic acid and quercetin per gram of the
extract (Singleton & Rosi, 1965; Pekal & Pyrzynska,
2014).

Determination of individual phenolic compositions

Phenolic compound profiles of the plant extract were
quantified using a reverse-phase HPLC system
coupled with an SPD-M20A detector and LC 20AT
pump (Shimadzu Scientific Instruments, Japan). The
extract solution (20 uL) was filled to the equipment set
to 1 mL min-! with automatic injection. The mobile
phases, solvent A (methanol) and solvent B (acetic
acid, 2% v/v), were formed, and the elution was given
to the reverse phase C18 analytical column (GL
Sciences, 5 pm, 4.6 mm x 250 mm, and the
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temperature was kept at 25°C. The flow rate was set
to 1 mL min-! for gradient elution. Then, the obtained
chromatographic profiles belonging to the phenolic
compound in the plant extract solutions were defined
and quantified with the accompaniment of the UV
spectra, retention times, and chromatograms with
known standard phenolic compounds. The calculated
results were specified as mg g7 plant extract (Elmastasg
et al., 2017).

Enzymes inhibition studies

The enzyme inhibitory potency of C. cadmea extract
was evaluated using the 96-microwell plate
spectrophotometric method referred to in the following
sentences (Microplate Reader, Thermo Scientific).
AChE and BChE activity were evaluated using the
well-known  Ellman’s spectrophotometric method
(Ellman et al, 1961). The inhibitory assay for
Angiotensin-converting enzyme (ACE) was done in
Tris-HCI buffer (50 mM, pH 7.5) with a referred
research (Hou et al., 2003). The reaction components of
wells contain 10 pL of ACE solution, 10 pL of plant
extracts, and 150 pL of substrate FAPGG solution
(0.88 mM). Captopril was used as a reference
compound, and the reduced absorbance due to
hydrolysis of the FAPGG was read at 340 nm at 37 °C
for 5 min. The a-amylase inhibition method was
achieved using the modified Caraway technique (Yang
et al., 2012). Briefly, 30 uL of phosphate buffer, 20 uL
of extract solution, and a-amylase (30 ul) were
pipetted to wells, and the plate was preincubated for
10 min at 37 °C. After the 50 puL of the starch-substrate
(1 %) was pipetted to the wells, the mixture was
allowed to incubate for ten min at 25°C. Then, the
reaction was aborted by adding 10 ml of 25 pL of 10 %
HCI and was added 100 pl of iodine/potassium iodide
solution. The absorbance of the colored wells d was
recorded at 630 nm. The a-glucosidase inhibitory
assay was done using p-nitrophenyl a-D-
glucopyranoside (2 mM) as substrate (Tao et al., 2013).
In each mixture of the well microplate, 120 pL of
KH2PO4, 10 pL of test solution, and 20 pL of a-
glycosidase were added and incubated for 10 min at 37
°C. After the p-NPG (50 pL) was supplemented to each
well, the absorbance of released p-nitrophenyl was
measured at 405 nm. The inhibitory study of
pancreatic lipase was carried out using substrate
pnitrophenylpalmitate (p-NPP) with cited research
(El-Korany et al., 2020). The wells comprised Tris-HCI
(100 mM, pH 8.2), 20 pL of lipase solution and plant
extract was incubated for 10 min at 37 °C and then the
absorbance of liberated p-NP was monitored at 410
nm. The urease inhibitory property of plant extracts
was determined using the indophenol method to
quantify the amount of ammonia formed due to the
enzymatic reaction (Tkram et al., 2017). In each well,
microplates briefly containing 50 pL of urea prepared
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in KH2PO4 buffer (pH 8.2, 100 mM), 25 uL of jack bean
urease solution, and 20 pL of extract were incubated
for 15 min at 37 °C. Then, then phenol reagent and
alkali reagents were added to react with the released
ammonia. The absorbance of colored complex was read
at 630. For the tyrosinase inhibition assay; substrate
L-DOPA, mushroom tyrosinase in phosphate buffer
(pH 6.8, 100 mM), and plant extract were used
according to the previously described
spectrophotometric method (Masuda et al., 2005). The
increased absorbance of the colored mixture caused by
dopachrome was recorded at 475 nm. For the HMG-
CoA reductase activity assay; an HMG-CoA reductase
assay kit (BioVision Inc., USA) containing HMG-CoA
reductase, NADPH, HMG-CoA, and assay buffer was
used, and the inhibitory ability of the plant extract was
assessed by reading the absorbance at 340 nm. The
inhibitory ability of plant extract was performed using
Clostridium  histolyticum collagenase with a
previously designed method (Thring et al., 2009).
Briefly, collagenase in tricine buffer (pH 7.5) was
incubated with the extract solutions at 25 °C for 15 min
and substrate FALGPA was added to wells. The
reduced absorbance due to hydrolysis of the FALGPA
was read at 340 nm.

Antimicrobial test

The antibacterial and antifungal properties of C.
cadmea subsp. pontica were determined according to
the minimal inhibitory concentration (MIC) test.
Fungal strains (Cancida utilise and Cancida albicans),
Gram-positive (E. faecalis and S. aureus), and Gram-
negative (K. pneumonia and E. coli) were used for this
test. The frozen stock was taken from cells and
inoculated. Cultures were adjusted to 0.5 McFarland
Units, and the extract was added as serial dilutions to
a concentration of 1 mg/mL in a 96-microwell plate.
Microbial cells were incubated at 37°C for 24 hours,
and MIC results were evaluated by reading in the
spectrophotometer.

Computational study

Molecular docking is a widely used in silico method for
learning protein-ligand interactions (Meng et al.,
2012). In this context, to examine in silico enzyme
inhibition ability, molecular docking-based
computations were executed on AChE, ACE, BChE, a-
glycosidase, a-amylase, lipase, collagenase, HMG_CoA
R, urease, and tyrosinase by using Autodock vina 1.2.0
(Troot & Olson, 2010; Meng et al., 2012; Eberhardt et
al., 2021). The chemical structure of the plant
metabolites was retrieved from PubChem. Afterward,
geometry optimization and energy minimization were
performed to utilize Chimera software (Pettersen et
al., 2004). The Auto- DockTools 1.5.7 package (Morris
& Dallakyan, 2013) was utilized to generate entry files
before molecular docking. Protein structures were
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withdrawn from the protein data bank (PDB) and the
structure of ligands (PubChem and Drugbank).
Discovery Studio (DS) 2021 was also used to prepare
the targets for docking studies. Water molecules were
removed using the DS 2021 program, and polar
hydrogen bonds were added to the structure. The grid
of the studied complexes was portrayed with literature
and via the subprotocol of DS 2021. The grid box of size
126 x 126 x126 represents X, Y, and Z coordinates, with
8 comprehensive values and 0.375 A °grid point space.
The results were evaluated with the DS 2021 program,
and images were taken.

RESULTS

Enzyme inhibitory activity of C. cadmea subsp. pontica
extract

In the current study, the inhibitory potential of the
plant extract was screened against ten different
medicinal enzymes to reveal the herbal medicine

potential. The ICso values of the plant extract were
shown in Fig 1 and Table 1. In this current screening
study, the extract has inhibitory potential at different
concentrations and the obtained ICso values were
86.97+1.93 png/mL, 75.60+1.87 pg/mL, 24.67+1.39
pg/mL, 0.509+0.00, 82.48+1.91 pg/mL, 66.20+1.82
pg/mL, 69.15+1.84 pg/ml, 72.05+1.5 ug/ml,
26.66+1.42 png/mL, and 46.02+1.60 pg/mL for AChE,
BChE, ACE, HMG_CoA R, a-glycosidase, a-amylase,

lipase, collagenase, urease, and tyrosinase,
respectively. The same extract was found to be
effective against HMG_CoA R, amylase, and

glycosidase, which is better than the ICso values of the
known standards. When the result of urease was
examined, the extract was obtained from C. cadmea
subsp. ponticawas found to display a remarkable effect
(ICs0: 26.66+1.42, r2: 0.999); it is slightly weaker than
the ICso of the thiourea.

Table 1. ICsovalues of C. cadmea subsp. pontica extract on studied enzymes
Cizelge 1. Calisilan enzimler tizerine C. cadmea subsp. pontica ekstraktinin I1Cso degerleri

Enzymes AChE BChE ACE a-Glucosidase a-Amylase
Values ICs0 r2 ICso r2 ICso r2 ICso r2 ICso r2
ﬁ’gﬁf—o 86.97+1.93 0.986 75.60+1.87 0.984 24.67+1.39 0.984 69.15+1.84 0990 82.48+1.91 0.993
(S:grfﬁﬁfs 23.36+1.36 0.985 24.84+1.39 0.992 21.36+1.33 0.988 174.3+2.24 0993 131.2+2.11 0.995
Enzymes HMG_CoA R Collagenase Lipase Tyrosinase Urease
Values ICs0 r2 ICso r2 ICso r2 ICso r2 ICso r2
a’gﬁgo 0.509+0.00 0.967 72.05+1.5 0.984 66.20+1.82 0.985 46.02+1.60 0.989 26.66+1.42 0.999
(Sigrlfﬁﬁ;is 8.78+0.94 0.997  2.52+0.40 0.998 3554258 0.991  3.49+0.54 0.999 20.36+1.30 0.989

Evaluation of phenolic compounds of methanolic
extracts of C. cadmea subsp. pontica

The quantification of phenolic compositions was
accomplished in the obtained extract of C. cadmea
subsp. pontica and the constituents were given in
Table 2. Chlorogenic acid, gentisic acid, rosmarinic

acid, rutin, cinnamic acid, quercetin, eugenol,
apigenin, and methyl chavicol were identified as the
main  phytochemical compounds. Rutin was

determined as the richest metabolite identified in C.
cadmea subsp. pontica extract, followed by methyl
chavicol, the most abundant metabolite, calculated
their values as 119.49 +£1.02 and 40,83+1.74 pg g7,
respectively. The total phenol and flavonoid amount of
the same extract were 36.93 = 0.51 mg g1 as gallic acid
equivalent (GAE), 11.66 = 0.41 mg g~ as quercetin
equivalents (QE), respectively (Table 3).

Antimicrobial assessment of C. cadmea subsp. pontica
plant extracts

The MIC method was used to assess the antibacterial
and antifungal activity of C. cadmea subsp. pontica
against different bacteria strains such as Enterococcus
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faecalis, Kscherichia coli, Staphylococcus aureus,
Klebsiella pneumonia, and fungal strains Candida
albicans and Candida utilis. As shown in Table 4, the
MIC value of the plant extract ranged from 296.6 +
2.472 to 645 + 2.810 for microorganisms, and the
extract exhibited higher inhibitory potential against £.
coli than other microorganisms.

Molecular docking result of phenolic compounds of C.
cadmea subsp. pontica

In the present work, the enzyme inhibition potency of
three secondary compounds [methyl chavicol (1),
gentisic acid (2), and rutin (3)] most detected in C.
cadmea subsp. pontica, according to the data obtained
from the HPLC study, was assessed with the
assistance of computational methods. Although many
in silico analyses were carried out in the literature, in
this goal was to interrelate attachment points of
substances to enzymes in which the quantity of
secondary metabolites varies according to the plant
species and even where the plant is grown. The three
target enzymes with the best interaction and binding
scores are HMG_CoA R, tyrosinase, and urease.
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Figure 1. ICso graphs for the studied enzymes of the C. cadmea subsp. pontica extracts
Sekil 1. C. cadmea subsp. pontica ekstraktlarinin incelenen enzimler icin 1Cso grafikleri

Table 2. The main constituents of the aerial part
extract of C. cadmea subsp. pontica

Table 3. TPC and TFC in the plant extract
Cizelge 3. Bitki éziitiinde TPC ve TFC

Cizelge 2. C. cadmea subsp. pontz'cg toprak tistii Extracts TPC TFC
oziitiiniin temel bilesenleri (mg g DW) (mg g DW)

Phenolic Retention Amount (pg C. cafimea subsp. 36.93 £ 051 11.66 4 0.41
Compounds time (min) g™ pontica : : : :
Chlo?ogeni(.: acid 11.348 19.06+0.19 Table 4. MIC results for selected bacterial and fungal
Gentisic acid 12.099 26.45+0.21 strains
Rutin 26.691 119.49+1.02 Cizelge 4. Segilen bakteri ve mantar suslari i¢cin MIK
Rosmarinic acid 217.226 16.88+0.18 sonuglari
Cinnamic acid 38.622 16.89+0.17 . . MIC Values of C. cadmea
Quercetin 42.209 10.01+0.61 Microorganisms subsp. pontica (ug mL™)
Apigenin 47.434 22.22+0.23 K. pneumoniae 645 + 2.810
Methyl chavicol 55.471 40.83+1.74 S. aureus 461 + 2.664

E. faecalis 321 + 2.507

C. albicans 347 + 2.541

C. utilis 438 + 2.641
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Compound 3 exhibited the best results against target
enzymes in the molecular insertion study, with a better
binding tendency than control compounds. When the
retrieved compounds’ docking results were examined,
it was concluded that the metabolites of the plant

extract highly interacted with HMG_CoA R,
tyrosinase, and urease, and the detailed interaction
data of the selected compounds were provided in Table
5.

Table 5. The binding scores of the selected compounds (methyl chavicol 1, gentisic acid_2, and rutin_3) with the
target proteins. *The known inhibitory substances are remarked for each target enzyme (BE: Binding

energy).

Cizelge 5. Secili bilesiklerin (metil chavicol 1, gentisik asit 2 ve rutin_3) hedef proteinlere baglanma skorlari.
*Bilinen inhibitor maddeler her bir hedef enzim igin belirtilmistir (BE: Baglanma enerjisi).

AChE BE (kcal/mol) HMG_CoAR BE (kcal/mol)

1 -5.7 1 -6.2

2 -6.0 2 -7.4

3 -8.2 3 -10.3

Tacrine” -7.6 Atorvastatin® -7.7
BChE BE (kcal/mol) a-Amylase BE (kcal/mol)

1 -6.0 1 -4.5

2 6.1 2 -5.8

3 -8.3 3 -8.2

Tacrine” -7.2 Acarbose” -9.9
ACE BE (kcal/mol) Collagenase BE (kcal/mol)

1 -5.2 1 -4.3

2 -5.6 2 -5.2

3 -9.5 3 -84

Captopril® -4.3 EGCG* -7.2
Urease BE (kcal/mol) a-Glucosidase BE (kcal/mol)

1 -5.0 1 -5.2

2 -5.6 2 -6.7

3 -10.2 3 -8.8

Thiourea” -3.5 Acarbose” -9.5
Tyrosinase BE (kcal/mol) Lipase BE (kcal/mol)

1 -5.6 1 4.4

2 -6.3 2 -5.8

3 -9.7 3 9.4

Kojic acid” -5.5 Orlistat” -7.2

Firstly, atorvastatin, the control compound Ser170) and hydrophobic interaction (Argl63 and

atorvastatin for HMG-CoA R, formed a hydrogen bond
with Alal10, and Alal87 residue, hydrophobic
interaction with Lys108, and electrostatic interaction
with Arg187 and Glul109. Compound 3 has a hydrogen
bond (Thr152, Prol48, Glyl49, and Glyl198) and
hydrophobic interaction (Phe236, Pro235, Leu239,
Tyr205, Tyr307, Pro235, and Leu853) with the protein.
Compound 2 has a hydrogen bond (Asn276, Gly198,
and His233) and hydrophobic interaction (Pro235).
Compound 1 showed only hydrophobic interaction
(Pro148, Val196, Tyr307, and Vall96). The
interactions of the selected molecules with the control
substance were shown in Fig. 2.

The control compound of tyrosinase, kojic acid, formed
a hydrogen bond with Thr345 residue, hydrophobic
interaction with Phe355, Ala295, Ala346, Val366 (Fig.
3). Compound 3 has a hydrogen bond (Ser291, Gln294,
Asp344, Thr343, and Lys151) and hydrophobic
interaction (Phe355) with the target enzyme. Second,
compound 2 has a hydrogen bond (GIn37, Lys335, and
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Pro341). Compound 1 has a hydrogen bond (Thr345)
and hydrophobic interaction (Phe355, Ala295, Ala346,
and Val366). These locations are presented in Fig. 3.
Compound 3 displays the best numerical and visual
results in possible complexes with the urease shown in
Fig. 4. When the docking results are evaluated,
compound 3 occurred in a hydrogen bond with Ala440,
Asp633, Ala636, Asp633, and Pi-Sulfur interactions
with His545 and Gly550 amino acid in the binding
surface of the enzyme. Compound 2 has a hydrogen
bond (Ser665, Asn668, Glu303, Asp664, and Asn668).
Compound 1 has a hydrogen bond (The33) and
hydrophobic interaction (Tyr32, Val36, Lys716,
Phe712, and Val744). These situations are shown in
Fig. 4.

DISCUSSION

Humankind has been compelled to use various natural
substances by resorting to nature to manage their
diseases, and the tendency to research the healing
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aspects of medicinal plants has continued since ancient
times. Nature has provided human beings with
various opportunities, and medicinal plants have been
used to cure and alleviate various diseases.

Intercultural medicine essentially includes health
practices, bridging indigenous medicine and modern
medicine, both of which are considered complementary
(Baydoun et al., 2015; Dutta et al., 2021; Tiwana et al.,
in medicinal

2021). Interest plants, including

I
)

—
s b
)1
1
it

Centaurea species having several
ethnopharmacological properties, is reemphasized,
and they are being screened for pharmacological
activities. Although various studies have been carried
out on Centaurea species for their biological effect, the
extract of C. cadmea subsp. pontica has not been
evaluated for its potential to inhibit various enzymes
and its phenolic compound content.

Figure 2. Demonstration of the interaction of methyl chavicol (A), gentisic acid (B), rutin (C), and atorvastatin (D)

with HMG-CoA R, respectively.

Sekil 2. Metil chavicol (A), gentisik asit (B), rutin (C) ve atorvastatinin (D) sirasiyla HMG-CoA R ile etkilesiminin

gosterilmesi

3

i
L&

Figure 3. Demonstration of the interaction of methyl chavicol (A, blue color, stick form), gentisic acid (B, green
color, stick form), rutin (C, purple color, stick form), and kojic acid (D, yellow color, stick form) with
tyrosinase, respectively.

Sekil 3. Metil kavikol (A), gentisik asit (B), rutin (C)
gosterilmesi

ve atorvastatinin (D) sirasiyla tirozinaz ile etkilesiminin
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Figure 4. Demonstration of the interaction of methyl chavicol (A, red col
stick form), rutin (C, blue color, stick form), and kojic acid (D, black color, stick form) with urease,
respectively.

Sekil 4. Metil chavicol (A), gentisik asit (B), rutin (C) ve atorvastatinin (D) sirasiyla iireaz ile etkilesiminin
gosterilmesi

In this study, we screened the enzyme inhibition
potency with molecular docking details to advance
novelties related to herbal medicine. The evaluation of
enzyme inhibitors such as plant-derived compounds, is
one of the most important topics in pharmaceutical
areas such as traditional medicine. The plant extract
has lower ICso values than the known standards of
HMG-CoA R, «a-amylase, and a-glucosidase,
respectively. Although the plant extract inhibits
studied enzymes (ACE, AChE, BChE, collagenase,
lipase, tyrosinase), its inhibitory power is lower than
known commercial inhibitors. Also, the obtained ICso
result of the study suggests that the plant extract may
have an alternative potential to thiourea in terms of
inhibiting the urease enzyme. The literature survey
indicated an inadequacy of studies relevant to the
enzyme inhibition effect of C. cadmea subsp. pontica
extracts. In a study of them, Zengin (2016) reported
different solvent extracts of Centaurea species, except
C. cadmea subsp. pontica exhibited inhibitory activity
against AChE, BChE, Try, a-Amyl, and a-Gly at the
concentration of 2 mg/mL. They declared that
inhibition ability changed to solvent types (ethyl
acetate and chloroform) and plant taxa, and %
inhibition value was between 43.94 + 1.51 - 95.69 +
0.06 for BChE, 60.04 + 0.09 - 95.93 + 0.07 for AChE,
0.91+0.08 - 12.54 + 0.08 for Try, 17.53 +£ 0.08 - 59.54 +
0.59 for a-Amyl, and 36.03 + 0.24 - 60.31 + 2.13 for a-
Gly in chloroform extracts (Zengin et al., 2016). When
the present study results are compared with the same
enzymes in the aforementioned study, it is seen that C.
cadmea subsp. pontica extracts have a higher
inhibitory potential. Another study was conducted to
screen for AChE inhibitory potency of Centaurea
plants (C. antalyensei, C. polypodiifolia, and C.
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or, stick form), gentisic acid (B, green color,

pyrrhoblephara) declared that methanol extracts had
better ability against AChE than aqueus extracts at 2
mg mL". Aqueous extracts of C. antalyense and C.
pyrrhoblephara had no activity against AChE. The
same methanolic extract, except for C. pyrrhoblephara,
displayed inhibitory activity between 37.14 + 8.17 -
45.50 + 9.62 % at the concentration of 2 mg mL*
(Aktumsek et al., 2013). In another work, it is stated
that extracts of C. depressa Bieb., C. balsamita Lam.,
and C. Iycopifolia Boiss collected from southeastern
Turkiye did not show any inhibitory activity against
AChE, while different solvent extracts showed
moderate activity against BChE at 200 pg/mL (Boga et
al., 2016). Compared to the aforementioned studies,
the current results show that C. cadmea subsp. pontica
extracts are screened in a broader spectrum and have
higher inhibitory ability. We assumed that the
inhibitory ability of the plant extract could be
connected to plant species and used solvents.

Secondary metabolites, including phenolic compounds,
are thought to be the reason why plants have notable
biological activities such as antioxidant, antimicrobial,
and anti-carcinogenic. Some biological activities of
plants, such as antidiabetic and anti-Alzheimer’s
properties, are linked with the inhibition of enzymes
that play a role in the biochemical metabolic pathways.
Therefore, the phenolic composition in the plant
extract was investigated, as it is important to quantify
their phenolic contents and to evaluate their
contribution to enzyme inhibitory ability. Rutin
(119.49 ug g™ is the most abundant flavonoid among
the 11 metabolites calculated in the plant extract,
while the amounts of chlorogenic acid, gentisic acid,
and rosmarinic acid, cinnamic acid apigenin were
found to be close to each other. TFC and TPC were
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11.66+0.41 mg g~ and 36.93+0.51 mg g~ as QE and
GAE, respectively. Different taxa of Centaurea have
been investigated with respect to phytochemical
ingredients. In one of them, Alper et al. (2021) reported
that 15 phenolic compounds (caffeic acid, chlorogenic
acid, cinnamic acid, p-coumaric acid, epicatechin,
ellagic acid, ferulic acid, gallic acid, naringin,
quercetin, rutin, vanillic acid, 3,4-dihydroxybenzoic
acid, 4-hydroxybenzoic acid) were identified in the
ethanolic extracts of the both Centaurea solstitialis.
They determined the TPC and TFC in the same extract
as 52.31 mg g! GAEs and 30.10 mg g! QEs,
respectively (Alper et al.,, 2021). In the study
investigating the phytochemical ingredients in
Centaurea karduchorum from Eastern Anatolia,
apigenin glucuronide, chlorogenic acid, and luteolin
derivatives were quantified in plant aerial parts by L.C-
MS spectroscopy (Dalar et al., 2015). A study
conducted to the determination of the methanol extract
of C. gigantea declared that chlorogenic acid and
flavonoids (isoorientin, 2-(4-hydroxybenzoyl)-
isoorientin, isoquercitrin, orientin, and cirsiliol studied
with reversed-phase HPLC analysis (Shoeb et al.,
2007). Acet (2021) investigated the phenolic
composition and biological activity of C. triumfetti and
explained caffeic acid, p-coumaric acid, chlorogenic
acid, t-cinnamic acid ferulic acid, and syringic acid as
phenolic components. She also stated that the plant
extracts had a-glucosidase and a-amylase inhibitory
activity, especially in the ethyl acetate extract of the
plant stem (Acet, 2021). In a previous study,
chlorogenic acid, scutellarin, and syringin were
isolated from the aerial parts of Centaurea cadmea,
and the structures of these compounds were elucidated
by spectroscopic methods such as NMR and LC-MS/MS
(Astari et al., 2013). In similar earliear studies,
researchers also investigated the metabolite
components and enzyme inhibitory activities of
Centaurea species (C. Iycopifolia, C. drabifolia, and C.
rupestris). They have specified caffeic acid, apigenin,
chlorogenic acid, luteolin, p-coumaric acid, and
quercetin as plant phenolic ingredients and their
enzyme inhibitory properties on AChE, try, a-amy, and
a-gly (Curkovié-Perica et al., 2014; Zengin et al., 2018).
When compared with the studies exemplified in the
upper lines, it is seen that the plant has some similar
phenolic  substances but  different phenolic
compositions. We could propound that the content and
quantity of metabolites vary according to the plant
type, tissue, extraction method, and analysis
equipment.

The antibacterial activity in the plant extract may be
due to the presence of phenolic and flavonoid contents.
It 1s stated in the literature that various plants,
including Centaurea species, exhibit antibacterial and
antifungal properties in vitro conditions, and this is
related to medicinally important compounds
synthesized by plants. MIC values were found in the
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concentration range of 0.0625 to 8 mg/mL against
bacterial and fungal species in various antimicrobial
studies (Karamenderes et al., 2006; Kose et al., 2016;
Albayrak et al.,, 2017; Sonmez & Cakiloglu, 2020;
Naeim et al., 2020; Reda et al., 2021). It has been
reported that the aerial parts of C. cadmea extracted
in chloroform show strong activity on Enterococcus
faecalis (8 pg/mL) and Bacillus cereus (16 pg/mL)
(Astari et al., 2014). These values in such a wide range
are due to factors such as the plant's collection time,
light exposure time, soil type, the geography where it
grows, and the extraction method of metabolites. These
factors affect the plant’s biological properties, causing
a change in secondary metabolite content. From the
results obtained according to the HPLC analysis of C.
cadmea subsp. pontica, computational chemistry
estimations were done to predict the biological
activities of the main compounds found in the highest
amount in the plant content against target enzymes
and understand the interaction mechanisms.

CONCLUSION

In the treatment of some metabolic diseases, in the
context of inhibition of key enzymes that play an
important role in biochemical reactions, eleven
different medically important enzymes associated with
common diseases in the society were chosen as the
target. In summary, this present study endeavors to
highlight the phenolic contents of C. cadmea subsp.
pontica, which is one of the endemic medicinal
Centaure species in folk medicine in Anatolia. In order
to assert natural sources as a substitute for synthetic
enzyme inhibitor substances used for therapeutic
purposes, the enzyme-inhibiting potentials of these
compounds should be revealed. For this reason,
enzyme inhibition capacity and phenolic components of
C. cadmea subsp. pontica extracts were worked for the
first time in addition to molecular docking details.
Accordingly, among all inhibitory potential of the
extracts, it came to the forefront in terms of higher
inhibitory power against HMG_CoA R, a-glucosidase,
and a-amylase. We suppose that the inhibitory ability
might be linked to its phenolic components, or the
synergic effects supported by molecular docking
studies. Compared to previous studies on Centaurea
taxa, the high bioactivity level of the plant might be
related to the climatic conditions of the plant collected
region. Taken together, in vitro findings emphasize the
importance of C. cadmea subsp. pontica plant.
However, further experimental studies (isolation of
metabolites and in vivo animal studies) could be
planned in the future to better understand the detailed
pharmacological effect in light of present findings.
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ABSTRACT Biochemistry

The cultivation of medicinal and aromatic plants with conventional

and organic farming techniques in order to protect biodiversity due to Research Article

depleted natural resources is becoming increasingly common. The

expense of organic farming techniques necessitates more careful Article History

selection of the plants to be grown. Evaluation of the bioactivity and Received - 07.11.2022
phytochemical contents of these plants is important for the Accepted +08.06.2023

pharmaceutical and food industry. In this study, the antioxidant,

antidiabetic, anticholesterolemic and antiobesity activities of the Eei’,"("i?rg St'

extracts obtained from the fruit, root and leaves of Lycium barbarum Ant} 1a de 1;:

grown with organic farming techniques using infusion and decoction ntioxidan
Goji berry

techniques were evaluated in vitro. The phytochemical contents of the
extracts were investigated by spectroscopic and chromatographic
techniques. In the study in which five different antioxidant activity
methods were used, L. barbarum root decoction showed a strong
antioxidant effect in almost all methods. While none of the extracts
exerted an inhibitory effect on the a-glucosidase enzyme, the leaf
infusion of the plant at 2 mg mLl concentration caused strong
inhibitions especially on pancreatic lipase (62.16+3.33%) and
pancreatic cholesterol esterase (93.98+0.54%) enzymes compared to
the reference compounds. L. barbarum leaf infusion was standardized
by RP-HPLC technique on the basis of chlorogenic acid (1.339+0.056 g
100g! dry extract) and quercetin-3- O-glucoside (1.801+0.042 g 100g™
dry extract) as markers. The findings displayed that leaf infusions of
L. barbarum grown with organic farming techniques could be the
source  of natural product development  studies  for
hypercholesterolemia and obesity control, and the extract could be
standardized using chlorogenic acid and quercetin-3-O-glucoside as
markers.

Lycium barbarum
Organic farming

Organik Tarim Yéntemleri ile Yetistirilmis Lycium barbarum Infiizyonunun Standardizasyonu ve
Antioksidan ve Enzim Inhibitér Etkileri

OZET Biyokimya
Tukenen dogal kaynaklar sebebiyle biyocesitliligi korumak maksatlh

tibbi ve aromatik bitkilerin konvansiyonel ve organik tarim teknikleri Aragtirma Makalesi
ile yetigtirilmesi giderek yayginlasmaktadir. Organik tarim

tekniklerinin pahali olmasi yetistirilmesi diistintilen bitkilerin daha Makale Tarihgesi

dikkatli secilmesini gerektir. Bu bitkilerin biyoaktivitelerinin ve Gelig Tarihi  :07.11.2022
fitokimyasal igeriklerinin de degerlendirilmesi ilag ve gida sanayi i¢in Kabul Tarihi :08.06.2023
onem arz etmektedir. Bu calismada, organik tarim teknikleri ile

yetistirilen Lycium barbarumun meyve, kék ve yapraklarindan Anahtar Kelimeler
inflizyon ve dekoksiyon teknikleri kullanilarak elde edilen ekstrelerin Antidiyabetik
antioksidan, antidiyabetik, antikolesterolemik ve antiobezite Antioksidan
aktiviteleri in vwvitro olarak degerlendirilmistir. Ekstrelerin Goji berry
fitokimyasal igerikleri spektroskopik ve kromatografik tekniklerle Lycium barbarum
incelenmigtir. Yaprak infuzyonunun en yiiksek toplam fenol Organik tarim

(72.53+9.13 mg GAE g ekstre) ve toplam flavonoid (14.92+0.53 mg
QE g! ekstre) icerigine sahip oldugu bulunmustur. Bes farkh
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antioksidan aktivite yénteminin (ABTS ve DPPH radikal siipiiriicii
aktivite, metal baglama kapasitesi, toplam antioksidan kapasite ve
demir indirgeme giicii) kullamldigi calismada, tiim bulgular
degerlendirildiginde L. barbarum kok dekoksiyonu, toplam
antioksidan kapasite yontemi digindaki tiim yontemlerde giiclii bir
antioksidan etki gostermistir. Ekstrelerin hic¢biri a-glukozidaz enzimi
tzerinde inhibitor etki gostermezken, 2 mg mL?! konsantrasyonda
bitkinin yaprak infiizyonu referans bilesiklerle (orlistat ve
simvastatin) karsilastirildiginda o6zellikle pankreatik lipaz1 ve
pankreatik kolesterol esteraz enzimleri tizerinde gii¢lii inhibisyonlara
neden olmustur. Bu sonuglar 1s1ginda L. barbarum yapragi inflizyonu,
markér olarak klorojenik asit (1.339+0.056 g 100g! kuru ekstre) ve
kersetin-3- O-glukozit (1.801+0.042 g 100g! kuru ekstre) iizerinden
RP-HPLC teknigi ile standardize edilmigtir. Bulgular, organik tarim
teknikleriyle yetistirilen L. barbarum’un yaprak infizyonlarinin,
hiperkolesterolemi ve obezite kontroli i¢in dogal urin gelistirme
calismalarinin kaynag olabilecegini ve ekstrenin markor olarak
klorojenik asit ve kersetin-3-(O-glukozit kullanilarak standardize

edilebilecegini gostermigtir.
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INTRODUCTION

The genus Lycium belongs to the Solanaceae family
and includes about 100 species, mainly distributed in
temperate and subtropical regions of America,
Eurasia, South Africa and Australia. There are three
known species of Lycium; Lycium barbarum L.,
Lycium chinense L. and Lycium ruthenicum L. (Lei et
al., 2021). Goji berry is the name given to the fruits of
L. barbarum and L. chinense (Kulczynski & Gramza-
Michatowska, 2016). L. barbarum grows in
northwestern and central Anatolia (TUBIVES, 2006).
Goji berry is a local food widely consumed in arid or
semi-arid regions of China, Korea, Japan, Europe,
North America and North America (Lei et al., 2021).
Goji berry contains between 39.5% and 46.5%
carbohydrates, various essential amino acids,
unsaturated fatty acids, vitamin C and mineral
elements. In addition, goji berry is known to contain
more than 200 different compounds, including
carotenoids, phenylpropanoids, flavonoids,
polyphenols and polysaccharides (Tian et al., 2019). L.
barbarum polysaccharides (LBP) are also one of the
main bioactive compounds of goji berry and have
recently attracted the attention of many researchers.
Researchers report that goji berry and LBP
supplementation are anti-tumor, hepatoprotective,
neuroprotective, antidiabetic and beneficial in
cardiovascular diseases and vision improvement (Zhou
et al., 2022). The fruit of L. barbarum is used in
traditional Chinese herbal medicine and as a
functional food in daily life. In addition, in China, L.
barbarum, L. chinense and L. ruthenicum species are
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used as a medicinal and functional food due to their
anti-aging, antioxidant, antidiabetic, anticancer,
cytoprotective, neuroprotective and
immunomodulatory effects (Tian et al., 2019).

Diabetes is an endocrine system and metabolism
disease characterized by chronic hyperglycemia, which
can lead to disorders in carbohydrate, protein and fat
metabolism as a result of insufficiency, absence and/or
deficiency of the insulin hormone (Yalin et al., 2011).
Overweight and obesity are defined by excessive
accumulation of adipose tissue that impairs both
physical and psychosocial health and well-being.
Obesity is considered a health problem in both
developed and developing countries. It is stated that
both type 2 diabetes and obesity are associated with
insulin resistance (Al-Goblan et al., 2014). Oxidative
stress has an important role in the development of
diabetes-related complications. Existing
hyperglycemia in diabetic patients increases the
formation of free radicals. Endogenous antioxidants
are 1nsufficient to balance toxic reactive oxygen
species, and accordingly, an increase in oxidative
stress occurs. Since the protective effects of
antioxidants have been presented in experimental,
clinical and epidemiological studies, it is thought by
some researchers that antioxidants may help in the
treatment of diabetes and its complications
(Hamamecioglu, 2017). Dyslipidemia has an important
place in the development of coronary artery disease,
which is the number one cause of mortality in the
world. In addition to dyslipidemia, diabetes and
obesity are reported to cause the development of
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coronary artery disease in different ways. It is stated
that with the control of glycemia level and losing
weight in diabetic patients, lipid parameters can also
improve and the risk of developing coronary artery
disease may decrease (Ozdogan et al., 2015). It may be
possible to treat these diseases or alleviate their
complications by inhibiting key enzymes that play a
role in the pathophysiology of diabetes (a-glucosidase
and aamylase enzymes), obesity (pancreatic lipase
enzyme), and hyperlipidemia (pancreatic cholesterol
esterase enzyme), which is the main subject of the
study. Therefore, natural resources have an important
role in the research of new drug molecules with
antioxidant activity, effective on diabetes, obesity and
lipid profile.

Medicinal and aromatic plants, which are the raw
materials of herbal medicines and food supplements,
are either collected from nature or cultivated. Since
these plants, which are collected from nature, are the
raw materials for both food and medicines, serious
hazards will arise for biodiversity if they are collected
uncontrollably. Cultivation of medicinal and aromatic
plants with conventional or organic farming
techniques is very important for both biodiversity and
human health. It is necessary to examine the biological
activities and phytochemical contents of these plants,
whose production is very limited by organic farming
techniques, and to evaluate whether they have the
same or superior characteristics with the species
collected from nature.

In this study, the extracts of the root, fruit and leaves
of L. barbarum grown with organic farming were
prepared by infusion technique, while the extract of
the root part was prepared by decoction technique. The
antioxidant (total antioxidant capacity, metal
chelating capacity, ferric reducing power, 2,2-
diphenyl-1-picrylhydrazil (DPPH) and 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonate) (ABTS'*) cation),
antidiabetic (a-amylase and a-glucosidase enzymes),
antiobesity = (pancreatic lipase enzyme), and
anticholesteremic (pancreatic cholesterol esterase
enzyme) effects of the extracts were evaluated. The
total phenolic and total flavonoid content of the
extracts were determined by the Folin-Ciocalteu and
the aluminum chloride method, respectively.
Phytochemical content analysis of the extracts was
achieved by Reverse Phase-HPLC (RP-HPLC) method.

MATERIAL and METHODS
Plant Material

L. barbarum grown with organic farming techniques
was provided from Beysehir Road, 3. km Akyokus
Mevki, Konya in 2021 (Certificate no: TR-OT-014-1-
197/01, Temmuz Organik Ciftligi). These species were
produced in accordance with the Organic Agriculture
Law and Regulation of Turkish Republic and has been
certified by Nissert Ltd. Company authorized by the
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Ministry of Agriculture.

Chemicals

In addition to various standard compounds and high
purity solvents used in the RP-HPLC study, many
compounds such as enzyme substrates used in enzyme
and antioxidant studies were obtained from Sigma-
Aldrich.

Extraction

Extracts were prepared from the fruit and leaves of the
plant by infusion method and from the roots by using
both infusion and decoction methods. In the infusion
method, the plant parts (10 g) were kept in hot water
(200 mL) for 10 minutes in a closed flask. In the
decoction method, plant parts (10 g) were boiled in cold
water (200 mL) for 30 minutes. Then the extracts were
filtered and this process was repeated 3 times. After
combining the obtained filtrates, these extracts were
frozen and dried in a lyophilizer at -80 °C.

Chemical Composition of Extracts
Total Phenol Content

After adding 100 pL of Folin-Ciocalteu reagent (10% w
v-1) to the extracts prepared by infusion or decoction
technique, the extracts were incubated at 25°C for 5
minutes. Then, 80 pL of sodium carbonate solution at
a concentration of 7.5% was added to the mixture. The
extracts were incubated for 30 minutes at room
temperature in a dark place. After incubation, the
absorbance of the extracts was measured at a
wavelength of 735 nm using ELISA (SpectraMax 13x,
Molecular Devices, USA) microplate reader. The total
phenol content of the extracts was calculated as gallic
acid equivalent mg (GAE) g1 extract. The calibration
equation was found to be y= 6.3667x — 0.0118, and r2=
0.9999 (Zongo et al., 2010).

Total Flavonoid Content

Ethanol, 20 pL sodium acetate and 10% aluminum
chloride solutions were added to the extracts, and the
mixture was diluted to 1 mL with distilled water. After
30 minutes of incubation at room temperature, the
absorbance of the mixture was measured at 415 nm
with an ELISA microplate reader. The total flavonoid
content of the extracts was expressed as quercetin
equivalent mg (QE) g! extract. Calibration curve
equation; y= 2.1694x — 0.0067, r>= 1 (Kosalec et al.,
2004).

Antioxidant activity
Total Antioxidant Capacity

Distilled water and 1 mL molybdate reagent were
added to the extracts and the tubes were vortexed.
After 90 minutes of incubation at 90°C, the tubes were
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cooled in an ice bath. The absorbances of the samples
were measured with an ELISA microplate reader at
695 nm and the results were expressed as ascorbic acid
equivalent mg (AAE) g1 extract. The calibration curve
equation was found to be y= 1.8309x — 0.1606 and r?*=
0.9981 (Orhan et al., 2017).

DPPH Radical Scavenging Effect

20 pL of 1 mM DPPH (1,1-diphenyl-2-picrylhydrazil)
solution was added onto the extracts in 96-well
microplates. The mixture was then incubated in the
dark for 30 minutes. After this process, the absorbance
of the extracts and the reference compound was
measured at 520 nm with an ELISA microplate reader.
Ascorbic acid was used as the reference compound. In
the experiment, DPPH radical scavenging activity was
calculated as inhibition % = /[(Absorbancecontroi—
Absorbancesampie)/Absorbancecontrol/ X 100 (1),
Experiments were made in triplicate repetitions (Jung
et al., 2011).

Metal Chelating Capacity

2 mM 10 pL FeCl: solution was added to the extracts
prepared by infusion or decoction technique, whose
metal binding capacity was to be evaluated, and
incubated for 5 minutes at room temperature. After
this process, 5 mM ferrozine solution was added and
the mixture was kept at room temperature for 10
minutes. The absorbance values of the extracts and the
reference compound were then measured at a
wavelength of 562 nm using an ELISA microplate
reader. EDTA (Ethylene Diamine Tetra Acetic acid)
was used as the reference compound. Metal chelating
capacity % of the extracts was calculated as
[(Absorbancecontro—Absorbancesampie)/Absorbancecontroi]
x 100 (2). Experiments were made in triplicate
repetitions (Dinis et al., 1994).

Ferric Reducing Power

0.1 mol L! sodium phosphate buffer (pH= 7.2) was
added to the extracts and the reference compound.
After this process, 1% (w v'1) 10 pL KsFe(CN)s solution
was added and the mixture was left to incubate in an
oven at 37°C. After incubation, 10% w vl
trichloroacetic acid solution was added and absorbance
values were calculated at 700 nm wavelength using an
ELISA microplate reader. After the measurement,
0.1% (w v'1) FeCls solution was added to the mixture
and the absorbance was measured again, then the
difference between the two absorbance measurements
was calculated. Quercetin was used as the reference
compound. Experiments were made in triplicate
repetitions (Orhan et al., 2017).

ABTS Radical Scavenging Activity
1 mL ABTS (7 mM) was dissolved in distilled water
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and 2.45 mM potassium persulfate solution. The
prepared mixture was incubated for 16 hours at 20°C
in the dark. pH adjusted ABTS and phosphate buffer
solutions were added to the extracts prepared by
infusion or decoction technique. After the samples
were vortexed, their absorbance was measured at 734
nm using an ELISA microplate reader. Gallic acid was
used as the reference compound. In the experiment,
ABTS radical scavenging activity was calculated as
inhibition (%) = [ (14bSOI' bancecontro—Absor, bancesampje)/
Absorbancecontrol/ X 100 (3) (Orhan et al., 2017).

Enzyme Assays
a-Glucosidase Enzyme Inhibitory Activity

The a-glucosidase type IV enzyme to be used in the
experiment was dissolved in a phosphate buffer
solution (0.5 M, pH 6.5). The extracts were prepared at
different concentrations using 80% ethanol solution.
The enzyme solution and extracts were pre-incubated
at 37°C for 15 minutes in a 96-well microplate. Then,
20 mM 10 upL pnitrophenyl-a-D-glucopyranoside
solution (PNG) was added to the wells. In the
microplate, after incubating the mixture for 35
minutes at 37 °C, the increase in absorption at 405 nm
due to hydrolysis of PNG by aglucosidase was
measured using an ELISA microplate reader. In the
experiment, acarbose (Bayer, Turkey) was used as a
reference compound. Experiments were made in
triplicate repetitions (Orhan et al., 2017).

a-Amylase Enzyme Inhibitory Activity

The enzyme a-amylase type I-A (EC 3.2.1.1, Sigma) to
be used in the experiment was dissolved in the buffer
solution. 15 pL Potato starch (2.5%, w v'1) prepared in
phosphate buffer solution (pH 6.9) was used as
substrate solution in the experiment. The extracts
were prepared at different concentrations using 80%
ethanol solution. After the enzyme solution was added,
the mixtures were incubated at room temperature for
5 minutes, then substrate solution was added. The
mixtures were then allowed to a new incubation at
37°C for 15 minutes. The mixture in the microplate to
which 3,5-dinitrosalicylic acid (DNSA) color reagent
solution (5.31 M sodium potassium tartrate in 96 mM
DNS, 2 M NaOH) was added, was placed in an oven at
80°C. After 40 minutes, distilled water was added. The
absorbances of the mixtures were measured at 540 nm
using an ELISA microplate reader. Acarbose was used
as reference compound. Then, the standard maltose
calibration chart was prepared, the amount of maltose
produced was calculated using the standard maltose
calibration chart (y = 0.6762x - 0.0044 and r?= 0.9966)
and the net absorbance values were obtained.
Experiments were made in triplicate repetitions
(Orhan et al., 2017).
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Pancreatic Lipase Enzyme Inhibitory Activity

The pancreatic lipase enzyme type II solution to be
used in the experiment was prepared in 10 mM 4-
morpholinepropanesulfonic acid and 1 mM EDTA
buffer solution (pH 6.8). The extracts were prepared at
different concentrations using 80% ethanol solution.
The enzyme solution and extracts were pre-incubated
for 15 minutes at 37°C in 150 pL Tris buffer (100 mM
TrissHCl and 5 mM CaCle, pH 7.0) in a 96-well
microplate. After this process, 4-nitrophenyl butyrate
solution, which was used as a substrate, was added to
the wells. The mixture on the microplate was
reincubated at 37°C for 30 minutes. The increase in
absorption at 405 nm as a result of hydrolysis of 4-
nitrophenylbutyrate with the pancreatic lipase
enzyme was measured using an ELISA microplate
reader. Orlistat was used as the reference compound.
Experiments were made in triplicate repetitions (Lee
et al., 2012).

Pancreatic Cholesterol Esterase Enzyme Inhibitory
Activity

The porcine pancreatic cholesterol enzyme was
dissolved in 100 mM buffer solution containing 100
mM NaCl (pH 7). 20 pL extracts prepared at different
concentrations were added to 50 pL of phosphate
buffer. After adding taurocholic acid (12 mM) and its
substrate, this mixture was left to incubate at room
temperature for 5 minutes. After incubation, porcine
pancreatic cholesterol esterase enzyme (0.1 pg mL)
was added to the mixture and a kinetic reading was
performed at 405 nm for 15 minutes using an ELISA
microplate reader. Simvastatin was used as a
reference compound in the experiment (Ngamukote et
al., 2011).

Standardization of L. barbarum Leaf Infusion using
RP-HPLC Method

HP Agilent 1260 series LC System and ACE 5 C18 (5
um, 150 mm x 4.6 mm) column were used in the HPLC
system used for phytochemical analysis. The device
also has an HP Agilent 1260 series Autosampler unit.
The column temperature was kept constant at 25°C
throughout the analysis. The following standard
copmoun mixtures were used for the qualitative and
quantitative analysis of the phenolic compounds and
flavonoids in the extract. Phenolic compound mixture;
gallic acid, protocatechic acid, chlorogenic acid, vanillic
acid, syringic acid, p-coumaric acid, ferulic acid,
sinapic acid, ellagic acid, caffeic acid, transcinnamic
acid, rosmarinic acid, epicatechin, catechin. The
flavonoid mixture; rutin, naringenin, hesperidin,
quercetin-3- O-glucoside, apigenin-7- O-glucoside,
myrcetin, quercetin, luteolin, apigenin. All of the
standard compounds were purchased from Sigma-
Aldrich. The gradient flow was initiated with a mobile
phase system containing 5% solvent A (acetonitrile:
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water: formic acid, 50:50:0.5) and 95% solvent B
(water: formic acid, 100:0.5). Total analysis time is 55
minutes. The injection volume is 20 pl. Analyzes were
carried out at 4 different wavelengths, 260, 280, 320
and 350 nm, using the DAD detector. The extract was
prepared at a concentration of 10 mg mL! using 25% v
vl acetonitrile solution. All sample solutions were
filtered through a 0.45 pm membrane filter. Then,
qualitative and quantitative analysis of the compounds
in the extract was carried out (Gok et al., 2021). The
calibration equations and correlation coefficients
determined for chlorogenic acid (Rt= 15.36 min) and
quercetin-3-O-glucoside (Rt= 29.52 min) were [y=
114.77x + 25.057] (r2= 0.998) and [y= 65.002x — 40.251]
(r2= 0.998), respectively.

Statistical analysis

All analyses were repeated in triplicate and the results
were averaged. All values are expressed as mean *
standard deviation (S.D.). Linear regression analyses
and calculations were made using Microsoft Excel and
GraphPad Instat software. A difference in p<0.05
values was considered statistically significant
(*p<0.05, *¥*p<0.01, ***p<0.001).

RESULTS and DISCUSSION

It was determined that the infusion prepared from L.
barbarum fruits had the highest extract yield among
the extracts prepared by infusion and decoction
techniques from various parts of the L. barbarum
grown with organic farming. It was found that L.
barbarum leaf infusion had the highest total phenol
(72.5349.13 mg GAE g! extract) and total flavonoid
(14.92+0.53 mg QE g! extract) content. It was
determined that the extract with the lowest total
phenol (9.03+0.77 mg GAE g extract) and flavonoid
(1.24+0.80 content QE g extract) was L. barbarum
fruit infusion (Table 1).

Five different methods were used to evaluate the
antioxidant activities of the extracts prepared from
various parts (root, leaves, and fruit) of L. barbarum
using the infusion or decoction technique. In the
antioxidant capacity evaluation method, which is one
of these methods, L. barbarum fruit infusion
(170.19+11.56 mg AAE g1 extract) was found to be the
extract with the highest total antioxidant capacity. It
was concluded that the extracts obtained from the
roots of the plant by both decoction and infusion
techniques had the lowest total antioxidant capacity
(Table 1). ABTS radical scavenging activities of all
samples, except L. barbarum root infusion, increased
in a dose-dependent manner. Especially L. barbarum
root decoction (81.46+3.71%) showed inhibitory
activity close to gallic acid (98.15+0.80%) used as
reference compound. Interestingly, in the method in
which DPPH radical scavenging activity was
evaluated, no activity was observed at 2 mg ml!
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concentrations of other extracts except L. barbarum
fruit infusion, while L. barbarum root decoction and
leaf infusion had the highest radical scavenging
activities at both 0.5 (74.15+0.36% and 76.29+1.28%,
respectively) and 1 mg mL?! concentrations
(79.19+£3.39% and 62.84+5.81%, respectively). When
the metal chelating capacity of the extracts was
evaluated, it was determined that the metal chelating
capacity of all extracts was the same as that of EDTA

(100%), except for L. barbarum fruit infusion
(57.13+0.75%) at a concentration of 2 mg mL1. While
the absorbance values of the extracts increased
depending on the concentration in the ferric reducing
power method, it was found that L. barbarum root
decoction was the most effective extract with the
highest absorbance value (3.220+0.31) as in the DPHH
radical scavenging method (Table 2).

Table 1. Results of the yields (w w-1), total phenol, total flavonoid contents and total antioxidant capacity of the

extracts
Cizelge 1. Ekstrelerin verim (a a’l), toplam fenol, toplam flavonoid igerigi ve toplam antioksidan kapasitesi
sonuglari
Extracts Yield%  Total Phenol Content Total Flavonoid Content Total Antioxidant Capacity
(wwl) mg (GAE) gl mg(QE) gtextracttSD  mg (AAE) g! extract+SD
extract+SD
L. barbarum root 7.82 40.28+3.80 4.78+1.41 98.28+5.84
infusion
L. barbarum fruit 27.17 9.03+0.77 1.24+0.80 170.19£11.56
infusion
L. barbarum leaf 11.05 72.53+£9.13 14.92+0.53 121.76+11.54
infusion
L. barbarum root 5.96 62.48+6.12 11.85+1.38 50.39+3.01
decoction

GAE: Gallic Acid Equivalent, QE: Quercetin Equivalent, AAE: Ascorbic Acid Equivalent, SD: Standard Deviation

Table 2. ABTS, DPPH radical scavenging activity, metal chelating capacity and ferric reducing power results of

the extracts

Cizelge 2. Fkstrelerin ABTS, DPPH radikal stipiirticii aktivitesi, metal baglama kapasitesi ve demir indirgeme

glicti sonuglari

Samples Concentration (mg ABTS Radical DPPH Radical Metal Ferric Reduction
mL1) Scavenging Scavenging Chelating Power
Effect Activity Capacity (Absorbance+SD)
(Inhibition%+SD) (Inhibition%+SD) %+SD
L. barbarum 0.5 64.28+5.81"" 15.26+8.33*™ 67.35+5.58" 0.282+0.02*
root infusion 1 28.10+6.39"** 90.92+3.72* 0.365+0.03"

2 32.88+0.91*
L. barbarum 0.5 14.87+0.72*
fruit infusion 1 17.56+£1.71*
2 21.52+2.59*"
L. barbarum 0.5 25.86+0.72***
leaf infusion 1 25.11£1.79***
2 44.844+2.16*

L. barbarum 0.5 26.08+1.62**
root 1 30.87+0.93
decoction 2 81.46+3.71"
References GA/AA/EDTA/QE 0.5 99 5541042
GA/AA/EDTA/QE 1 98.92+0.262**
GA/AA/JEDTA/QE 2 98.15+0.802"**

21.6945.12™

10.76+2.78"
17.02+1.33*
25.22+3.63"
76.29+1.28™
62.84+5.81"

74.15+0.36™"
79.19+£3.39™

89.40+0.61>*
89.63+0.35>*"
90.48+0.59p

100"
58.44+1.81"
32.96+0.71
57.13+0.75"
78.01+£2.46™
99.46+2.11"
100™*
89.31+0.79
80.85+2.78"*
100™*
100
100
100

1.001+0.04™*
0.100+0.01*
0.185+0.01*
0.455+0.01*
0.486+0.02™
1.096+0.00"
2.439+0.27"
0.509+0.03™*
0.904+0.01™*
3.220+0.31*
3.930+0.004"**
3.932+0.004"*
3.845+0.144

-t No activity. SD: Standard Deviation. ns: Not statistically significant. *p<0.05. **¥p<0.01. ***p<0.001. GA: 2Gallic acid. AA:
bAscorbic acid. (EDTA: Ethylenediamine tetraacetic acid. 1QE: Quercetin

The inhibitory effects of extracts prepared from
various parts of L. barbarum by infusion or decoction

method on four different enzyme systems (a-
glucosidase, a-amylase, pancreatic lipase and
pancreatic cholesterol esterase enzyme) were
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evaluated. None of the extracts showed an inhibitory
effect on the a-glucosidase enzyme, which was used to
evaluate their antidiabetic effect potential. All of the
extracts showed an extremely weak inhibitory effect
(1.21+0.15-19.82+0.58%) on the aamylase enzyme
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when compared with the reference compound acarbose
(98.40+0.50%). L. barbarum root and fruit infusion
displayed no inhibitory effect on pancreatic lipase
enzyme. L. barbarum leaf infusion at a concentration
of 2 mg mL! among all extracts was determined as the
extract with the highest effect with an inhibition value
of 62.16+3.33%, while this inhibition value was found
to be the same as the reference compound orlistat
(62.80+£1.76%). While all of the extracts inhibited
pancreatic cholesterol esterase enzyme, L. barbarum

leaf infusion had the highest inhibition with a value of
97.35+0.82% at a concentration of 1 mg mL1. It was
determined that this value was considerably higher
than that of the reference compound simvastatin
(53.20+3.26%) at the same concentration. It was
determined that the extract with the weakest effect on
pancreatic cholesterol esterase enzyme was L.
barbarum fruit infusion (23.29+0.50-37.35+1.30%).
(Table 3).

Table 3. The Inhibitory effects of extracts on a-glucosidase, a-amylase, pancreatic lipase and pancreatic cholesterol

esterase enzyme

Cizelge 3. Ekstrelerin a-glukozidaz, a-amilaz, pankreatik lipaz ve pankreatik kolesterol esteraz enzimi tizerindeki

Inhibitor etkileri

Samples Concentration (mg Inhibition%+SD
mL7) aGlucosidase aAmylase Pancreatic Pancreatic
Lipase Cholesterol
Esterase
L. barbarum 0.5 3.53+0.06ns 42.47+3.93"
root infusion 1 3.77+2.050s 44.26+2.03°*
2 10.15+4.69" 45.87+1.65™
L. barbarum 0.5 1.21+0.15ms 37.35+1.30™**
fruit infusion 1 10.28+1.81* 23.29+0.50**
2 7.77+2.65" 23.80+3.81*
L. barbarum 0.5 19.82+0.58" 46.01+7.26"" 88.27+4.05"
leaf infusion 1 6.44+1.67" 57.91+1.67 97.35+0.82"*
2 13.62+5.82™ 62.16+3.33"* 93.98+0.54™*
L. barbarum 0.5 9.07+2.86" 34.05+3.97 74.25+0.84*
root decoction 1 12.40+6.78™ 32.22+1.78™ 27.94+2.27
2 . 4.41+1.50* 25.20+2.08™ 96.46+0.43"*
References ACA/OR/SIM 0.5 99.10+0.122"* 94.86+0.602"** 52.17+0.00b** 47.89+5.11¢*
ACA/OR/SIM 1 99.88+0.09a"** 98.40+0.502" 69.55+4.19>** 52.25+0.12¢"
ACA/OR/SIM 2 99.75+0.052""* 95.25+2.602 62.80+1.76>" 53.20+3.26¢

-t No activity, SD: Standard Deviation, ns: Not statistically significant *p<0.05, **p<0.01, ***p<0.001, 2ACA: Acarbose, "OR:

Orlistat, ¢<SIM: Simvastatin

When the enzyme inhibitory activity findings of the
extracts were evaluated, it was thought that this
extract should be standardized with the RP-HPLC
technique, since L. barbarum leaf infusion showed a
strong inhibitory effect especially on pancreatic lipase
and pancreatic cholesterol esterase enzymes. Leaf
infusion was screened with diode array detector using
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Figure 1. RP-HPLC chromatogram of chlorogenic acid
Sekil 1. Klorojenik asidin RP-HPLC kromatogrami
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RP-HPLC technique for 22 standard phenolic
compounds and standardization was made by choosing
chlorogenic acid (1.339+0.056 g 100g! dry extract) and
quercetin-3- O-glucoside (1.801+0.042 g 100g! dry
extract) as marker compounds in leaf infusion (Fig 1-
6).
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Figure 2. RP-HPLC chromatogram of quercetin-3- 0-glucoside
Sekil 2. Kersetin-3-O-glukozitin RP-HPLC kromatogrami
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Figure 3. RP-HPLC chromatogram of L. barbarum leaf infusion at 260 nm
Sekil 3. L. barbarum yaprak infiizyvonunun 260 nm 'deki RP-HPLC kromatogrami
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Figure 4. RP-HPLC chromatogram of L. barbarum leaf infusion at 320 nm
Sekil 4. L. barbarum yaprak infiizyonunun 320 nm’deki RP-HPLC kromatogrami
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Figure 5. The overlaid UV spectra of standard chlorogenic acid and chlorogenic acid in the extract
Sekil 5. Ekstredeki klorojenik asit ve standart klorojenik asidin ¢akistiriimis UV spektrumlari
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Figure 6. The overlaid UV spectra of standard quercetin-3- O-glucoside and quercetin-3- O-glucoside in the extract
Sekil 6. Ekstredeki kersetin-3-O-glukozit ve standart kersetin-3-O-glukozitin ¢akistirilmis UV spektrumlari

This is the first study to examine the antioxidant,
antidiabetic, antiobesity and anticholesterolemic effect
potential and phytochemical contents of the extracts
prepared by using infusion and decoction techniques
from the root, fruit and leaves of L. barbarum grown in
organic farming techniques in Turkey.

Mocan et al. (2014) investigated the total phenol
(61.59+1.68 mg GAE g! plant material) and total
flavonoid (43.73+1.43 rutin mg g! plant material)
content and in vitro antioxidant activity (DPPH radical
scavenging activity and antioxidant capacity) of the
70% ethanolic extract of L. barbarum leaves. The
DPPH radical scavenging activity of L. barbarum
extract was calculated as 29.30+4.34 quercetin ug mg
1 plant material equivalent, and the antioxidant
capacity was calculated as 35.72+6.29 trolox pg mg’!
plant material equivalent. It was determined that the
DPPH radical scavenging activity of L. barbarum
extract (29.30+4.34 quercetin ug mg! plant material
equivalent) was lower than its antioxidant capacity
(35.72+6.29 trolox pg mg! plant material equivalent)
(Mocan et al., 2014).

Islam et al. (2017) compared the total phenol and
flavonoid profiles and antioxidant capacities of
extracts prepared with acetonewater:acetic acid
mixture from red (L. barbarum) and black (L.
ruthenicum) goji berries collected from different
regions of China. The total phenol and flavonoid
contents of black goji berry extracts were higher than
red goji berry extracts. Likewise, considering the
results of the three antioxidant activity methods
(ABTS and DPPH radical scavenging activity, FRAP)
used in the study, it was observed that black goji berry
extracts had stronger antioxidant effects than red goji
berry extracts (Islam et al., 2017).

It has been reported that the total polyphenolic content
of the extracts obtained by ultrasound extraction
technique using water at different temperatures from
the fruits of cultivated L. barbarum and L. chinensis
in Greece varies between 234.3-394.3 mg GAE L1. The
antioxidant effects (DPPH and ABTS radical
scavenging, peroxyl radical-induced DNA plasmid
strand cleavage assay) of these extracts, which were
prepared using different temperatures, were evaluated
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by comparing them with each other (Skenderidis et al.
2018).

Total phenol contents of the extracts prepared by using
ultrasound extraction with 70% methanol from two
cultivars (cv. Erma and cv. Biglifeberry) grown in
Romania with organic farming were calculated as 11.6
mg GAE g1 dw for cv. Erma and 15.7 mg GAE g1 dw
for cv. Biglifeberry. The antioxidant activity of both
extracts was tested with six different methods. While
cv. Biglifeberry had a high antioxidant capacity, both
cultivars showed strong antioxidant activities in the
CUPRAC method. Both methanol extracts moderately
inhibited both a-glucosidase and a-amylase enzymes.
The highest a-amylase inhibition was calculated as
0.24+0.01 acarbose mmol g1 extract equivalent for cv.
Biglifeberry and the highest a-glucosidase inhibition
was calculated as 0.22+0.02 acarbose mmol g1 extract
equivalent for cv. Erma (Mocan et al., 2018).

Among the methanol extracts of red, yellow and black
goji berries cultivated in Serbia, it was found that
black fruits (295.7+18.8 mg GAE 100g!) had the
highest total phenol content and yellow fruits
(335.5+27.1 mg hyperoside equivalent 100g'!) had the
highest total flavonoid content. According to the
antioxidant compound index obtained using the results
of FRAP, CUPRAC, DPPH, ABTS and beta-carotene
bleaching experiments, it was determined that black
goji berries had the highest antioxidant activity (Ili¢ et
al., 2020).

It was determined that the total phenol content of the
methanol and digested methanol extracts prepared
from the cultivated L. ruthenicum and L. barbarum
fruits varied between 18.5+0.4 and 64.9+0.4 mg GAE g’
1 of extract, and the total flavonoid content varied
between 17.9+2.6 and 93.9+1.0 mg QE g! of extract. In
the study, four methods (DPPH radical and nitric oxide
scavenging assay, ferric reducing antioxidant power
and iron chelating activities) were used to evaluate the
antioxidant activity of the extracts and the results
were expressed in terms of ECso value, while no
reference compound was used for comparison
(Magalhaes et al., 2022).

When the previous studies on L. barbarum samples
grown with organic or conventional farming
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techniques were evaluated, it was found that the total
phenol and total flavonoid content of L. barbarum
leaves in this study were quite high, while the total
phenol and flavonoid content of the fruits were found
to be quite low. It was thought that the differences in
the total phenol and flavonoid results reported in
previous studies and the total phenol and flavonoid
content of L. barbarum may be caused by factors such
as soil, climate factor, organic farming techniques and
harvest time.

Wojdylo et al. (2018) investigated the inhibitory effects
of aamylase and aglucosidase enzymes of 80%
methanol extract obtained from the fruits of 21
different L. barbarum samples collected from Poland.
As a result of the study, it was reported that while the
inhibition rates of 21 different extracts on the a
glucosidase enzyme ranged from 5.7+0.3% to
15.3+2.1%, the inhibition rates of these extracts on the
a-amylase enzyme ranged from 9.6+0.5% to 89.0+3.1%.
Researchers emphasized that Goji berries can be used
for medicinal or cosmetic purposes, as well as
functional foods (Wojdyto et al., 2018). Nikolava et al.
(2018) investigated the antidiabetic activity of Goji
berry fruit extracts and their corresponding
polyphenols. Researchers found a 50% inhibitory
concentration on the a-glucosidase enzyme of the
extract as IC50=91.7 ng GAE g fruit. As a result of the
study, it was stated that some polyphenols in the
examined extracts showed competitive properties
against the enzyme (Nikolava et al., 2018). When we
evaluated the findings in the above-mentioned two
literature, it was determined that the a-amylase and
aglucosidase inhibitory activities of goji berries did
not have strong inhibitory effects like the goji berries
grown with organic farming used in this study. Pollini
et al. (2020) examined the antioxidant capacity and
total phenol content of the methanol extract of L.
barbarum leaves collected from Italy. As a result of the
study, it was determined that the total phenol content
of the extract was 7.75 GAE mg g! dry leaves. The
DPPH radical, ABTS radical scavenging potential and
ferric reducing the power of the extract was found to be
9.39, 11.28 and 8.25 Trolox equivalent mg g?! dry
leaves, respectively. In the study, it was determined
that the extract showed an inhibitory effect against the
aamylase enzyme with an ICso value of 25.4 mg mL1,
while this value was found to be 0.1 mg mL! for the
reference compound acarbose. The findings of the
enzyme inhibition assay indicated that the leaf extract
of L. barbarum caused a concentration-dependent
inhibition of the aamylase enzyme (Pollini et al.,
2020).

Donno et al. state that goji berry fruits contain various
bioactive compounds such as various cinnamic acid
and benzoic acid derivative compounds, hyperoside,
catechins, various monoterpenes, organic acids, and
vitamin C (Donno et al., 2015). Mocan et al. (2014)
detected the presence of rutin, chlorogenic acid,
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gentisic acid, caffeic acid, p-coumaric acid, ferulic acid,
quercetin-3- O-glucoside (25.08+0.72 ng g'), quercitrin
and quercetin in 70% ethanol extracts of cultivated L.
barbarum leaves collected from Romania by HPLC-MS
technique. Chlorogenic acid (12045.96+9.25 ng g'') and
rutin (5646.66+3.32 pg g1 as major phenolic
compounds were detected in the extract (Mocan et al.,
2014). Pollini et al. (2020) analyzed the phenolic
content of the methanol extract of L. barbarum leaves
harvested in Italy by QTOF-LC/MS method. It was
stated that the most abundant phenolic acids in L.
barbarum leaf extract were chlorogenic (358.34+0.004
ug g'1) and salicylic (239.02+0.005 pg g'1) acids. In this
study, quercetin-3- O-glucoside could not be detected in
the leaves (Pollini et al., 2020). In this study, it was
determined that the amount of chlorogenic acid in leaf
infusions was lower than the amount of chlorogenic
acid found in leaf extracts of L. barbarum grown with
organic farming in Romania, while the amount of
quercetin-3- O-glucoside, on the contrary, was lower. In
addition, p-coumaric acid, ferulic acid, caffeic acid,
rutin, and quercetin could not be detected in the leaf
samples in this study.

There are no phytochemical analysis and bioactivity
studies on L. barbarum roots to date. And root
decoction showed even higher effects on pancreatic
cholesterol esterase enzyme than simvastatin at 0.5
and 2 mg mL! concentrations. While it was seen in
previous studies that L. barbarum leaf and fruit
extracts had a-glucosidase enzyme inhibitory activity,
albeit weak, in this study infusions and decoctions
obtained from all parts of the plant were found to have
no a-glucosidase inhibitory activity. In this study, it
has been reported that chlorogenic acid, which was
found to be in leaf infusion by HPLC analysis, has a
strong effect on pancreatic lipase enzyme, and has
lipid-lowering and anticardiovascular effects in vivo
(Miao et al., 2020; Ahmad et al., 2021). Docking studies
on the pancreatic lipase enzyme of quercetin-3-0O
glucoside, which is used for the standardization of leaf
infusion, have been reported in the literature. Chen et
al. (2020) revealed that quercetin 3-O-glucoside has a
potential binding ability to pancreatic lipase enzyme
with high energy scores (-30.02 kcal mol!) (Chen et al.,
2020).

CONCLUSION and RECOMMENDATIONS

Supporting medicinal and aromatic plants with
organic agriculture can be a solution to many problems
such as protecting biodiversity and growing healthy
and high-quality species. On the other hand, it is
necessary to examine whether these species grown
with organic agriculture have biological activities
similar to or superior to those of wild species in terms
of health and changes in their phytochemical contents.
In this study, the phytochemical contents, antioxidant
activity and effects on some metabolic enzymes (a-
glucosidase, aamylase, pancreatic lipase and
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cholesterol esterase enzymes) of all parts of the L. chemical constituents. Food chemistry, 333,
barbarum plant grown with organic farming 127478.  httpsi//doi.org/10.1016/j.foodchem.2020.
techniques in Turkey were evaluated for the first time. 127478.

In terms of antioxidant activity, L. barbarum leaf
infusion had a higher effect and this was also
correlated with total phenol and flavonoid content. It
has been determined that the effect of L. barbarum leaf
infusion on pancreatic lipase enzyme, which is effective
in obesity control, is close to that of orlistat. On the
other hand, more in vitro and in vivo studies should be
conducted on this extract so that it can be considered
as a source for natural product development studies for
obesity control. For the first time in this study, the
determination that L. barbarum root decoction and
leaf infusion has strong cholesterol esterase inhibitory
activity showed that further antihyperlipidemic effect
studies on the roots and leaves of the plant should be
performed. Because of the promising antioxidant,
antihyperlipidemic and antiobesity activity potential
of the infusion prepared from the leaves among all
plant parts tested, this extract was standardized by
RP-HPLC technique using two marker compounds
(chlorogenic acid and quercetin-3-O-glucoside). As a
result, it was concluded that both roots and leaves of
L. barbarum grown with organic farming techniques
can be a good source for developing natural products.
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OZET

Bu calismada, akya bahgimin (Lichia amia) yag asidi kompozisyonu
uzerine bitkisel yaglarda kizartma ile firinda, mikrodalgada pisirme,
1zgara ve bugulama yapma gibi pisirme yontemlerinin etkisi
arastirilmistir. Kizartma igleminin baliklarin yag asidi kompozisyonunu
degistirdigi belirlenmigtir. Aycicek yag1 ve misirézi yaginda kizartilan
filetolarda 18:2n-6 ile Yn-6 PUFA'nin, zeytinyag ve findik yaginda
kizartilan 6rneklerde ise 18:1n-9 ve Y MUFA’'nin 6nemli diizeyde arttigi
saptanmistir (p<0.01). Izgara, mikrodalga ve bugulama ile pisirilen
akyada Y SFA’'da bir miktar artis, Y PUFA ve Yn-3 PUFA’da azalma
kaydedilmigtir. n-3/n-6 orani, denenen tim bitkisel yaglarda kontrole
oranla 6nemli derecede azalmis (p<0.01); kizartma disinda pisirilen
yontemlerde ise bu oran yakin degerlerde bulunmustur (p>0.05). Tiim
pisirme y6éntemlerinden elde edilen aterojenik indeks (AI) ve trombojenik
indeks (T1) degerleri, beslenme uzmanlarimin énerdigi deger olan 1.0’in
altinda bulunmustur.

ABSTRACT

In this study, the effects of cooking methods such as frying in vegetable
oils, cooking in the oven and microwave cooking, grilling and steaming on
the fatty acid composition of leer fish (Lichia amia) were investigated. It
was determined that the frying process changed the fatty acid
composition of the fish. It was determined that 18:2n-6 and > n-6 PUFA
were significantly increased in fillets fried in sunflower oil and corn oil,
and 18:1n-9 and Y MUFA in samples fried in olive oil and hazelnut oil
(p<0.01). A slight increase in Y} SFA and a decrease in Y PUFA and Yn-3
PUFA were observed in leer cooked by grilling, microwave and steaming.
n-3/n-6 ratio was significantly decreased in all vegetable oils tested
compared to the control.(p<0.01); this ratio was found to be close to in
methods cooked other than frying (p>0.05). The atherogenic index (AI)
and thrombogenic index (TI) values obtained from all cooking methods
were below 1.0, which is the value recommended by nutritionists.
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GIRIS suda ¢ozlinen vitaminleri ve yagda ¢éziinen A, D ve E

Balik; igerdigi vitamin, mineral, protein ve ¢oklu
doymamis yag asitlerinden (PUFA) dolay:1 giiclii bir
antioksidan ve antiiflamatuvar o6zellige sahip olup
insan diyetinde bulunmas1 gerekli bir gidadir.
Onerilen giinliik enerji ve besin 6geleri, giivenilir alim
diizeylerine gore ortalama 100 gramlik bir porsiyon;
onerilen giinlik protein aliminin %50'sinden fazlasini,
minerallerin %10 ila %20’sini, degisen miktarlarda

vitaminlerinin énemli bir yiizdesini saglar (Perea ve
ark., 2008).

Deniz baliklarinin yag asidi bilesiminin yiksek
seviyelerde n-3 PUFA ve D3 vitamini igerdigi
bilinmektedir. Baliketi yapisindaki yag asitlerinden
oturi kaliteli bir diyet urinadir. Balik yaglan
genellikle; %30-40 oraninda doymus (SFA), %25-30
oraninda tekli doymamis (MUFA), %25-30 oraninda
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ise coklu doymamis yag asitlerini icerir. Ozellikle
soguk su baliklarinda yliksek oranda bulunan EPA ve
DHA’nin; plazma trigliserit diizeylerini 6nemli 6l¢iide
azalttigl, disik yogunluklu lipoprotein kolesterol
diizeylerini dugturmek gibi farkli fizyolojik islevleri
yerine getirdigi ve antitrombotik, antiinflamatuvar,
antiaritmik ve vazodilatér o&zellikler gosterdigi
bildirilmistir (Un ve ark., 2007).

Cesitli epidemiyolojik calismalar, balik tiiketiminin
koroner kalp hastaliklarinin 6nlenmesinde anahtar
rolinliin oldugunu, kan basincimi disiirdigini ve
kanin pihtilasmasini azalttifim gostermistir (Kris-
Etherton ve ark., 2003; Ruxton, 2011).

Turun yasam alani, beslenme gekli, besin bollugu ve
besin ¢esidi, mevsim, baligin boyutu, yas, sicaklik,
tuzluluk gibi faktorler baliklarin lipit icerigi ve yag
asidi profilini etkiler (Chaouch ve ark., 2003). Baliklar;
degisik bitkisel yaglarda kizartma, 1zgara, bugulama
ve firinda pigirme gibi farkli pigsirme yontemleri
uygulanarak tliketilmektedir. Pisirme yo6ntemleri
balik filetolarindaki yag asidi igeriginde Onemli
degisikliklere yol acmaktadir (Weber ve ark., 2008).
Eikosapentaenoik asit ve DHA gibi fazla ¢ift bag iceren
n-3 PUFA'larin, 1s1 uygulanarak yapilan pisirme
islemi serbest radikallerin olusumuna neden olur
(Loughrill ve ark., 2016). Sonucta faydah yag
asitlerinin oksidasyon urinlerinin de tiiketilme riskini
beraberinde getirir (Turkkan, ve ark., 2008).

Akya (Lichia amia) ozellikle Akdeniz bolgesinde
siklikla tiiketilen ekonomik ve besin degeri oldukca
fazla olan bir deniz baligidir. Daha o6nce yapilan
calismada da bu balikla birlikte Akdeniz’den toplanan
sekiz balik tartinin yag asidi kompozisyonunu
arastirnlmigtir. Ancak; akyanin yag asidi bilesimine
degisik pisirme tekniklerinin etkisi ile 1lgili bir calisma
yapilmamigtir. Bu calismanin amaci, akya filetolarinin
yag asidi kompozisyonuna farkli bitkisel yaglarda
kizartma, firin ve mikrodalga firinda pisirme, 1zgara
ve bugulama gibi farklh pisirme tekniklerinin etkisini
arastirmaktir.

MATERYAL ve METOD

Arastirmada, Mersin ili Aydincik ilgesi Karatepe
Koy’'unda 2021 yili eylil ayinda olta ile yakalanan
akya (Lichia amia) deniz balig1 kullanilmigtir. Balik
filetolari, sekiz farkli pigsirme teknigi ile pisirilmis,
pisirilmeyen (ham, c¢ig) filetolar standart olarak
kullanilmigtar.

Ornekleme Yontemi

Findik yagi, misir 6z1, aycicek ve zeytinyagi kizartma
iglemi i¢in kullanilmigtir. Tavaya konulan yaglar 1s1
yardimiyla kizginlik derecesine ulastiktan sonra
filetolarin her iki tarafi kizgin yagda tgcer dakika siire
ile kizartilmigtir. Farkli pisirme yontemleriyle
pisirilen balik filetolarinin i¢ kisim sicaklhiklar
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ortalama 75°C olacak sekilde; firinda (180°C, 30
dakika), mikrodalgada (2450 MHz 500 W, 6 dakika),
bugulamada (bugulama suyunda, 45 dakika) ve
1zgarada (filetonun her iki tarafi, 8 dakika) ise komiir
atesinde pisirilmistir.

Laboratuvar Analizleri

Orneklerin yag asidi kompozisyonunu belirlemek
amaciyla; filetolar 2:1 oranindaki Kkloroform -
metanolde parcalandiktan sonra (Folch ve ark., 1957)
lipit kisminin ayrimi i¢in KCl kullanilmistir. Lipitteki
¢ozlcl evaporatorle buharlastirildiktan sonra érnege,
asitli metanol eklenip 2 saat streyle reflux sisteminde
(85 °C’de) 1sitilmis ve boylece yag asitlerinin metil
esterlerine donlisimi gerceklegtirilmistir. Hekzan
kullanilarak alinan metil esterleri 2 ml kalincaya
kadar evapore edilmistir. Ornekler, Rtx-2330 (Bonded
90 % Dbicyanopropyl/ 10% phenylcyanopropyl
polysioxane) kapiller kolon (30m x 0.25mm i¢ ¢ap1 x
0.20pum film kalnlig1) kullanilarak SHIMADZU GC
2010 PLUS model gaz kromatografi cihazinda analiz
edilmigtir. Dedektor ve enjektor sicakhigi: 250°C;
enjeksiyon: Split-model 1/20. Gazlardan helyumun
akis hizi 0.5 ml/dk; hidrojenin: 30 ml / dk ve kuru
havanin 400 ml/dk. Kolon sicakligi 170°C’de 2 dakika
tutulduktan sonra 2°C/dakika olacak sekilde 210°C’ye
kadar 1sitilmig ve bu sicaklik derecesinde 20 dakika
beklenmigtir.

Numune, alete 1 mikrolitre olarak verilmigtir. Metil
esterleri  karisgitmi  (Sigma-Aldrich ~ Chemicals)
kullanilarak, yag asitleri belirlenmigtir. GC Solution
(Versiyon 2.4) programi kullanilarak kromatogramlar
ve toplam yag asidi miktarlar: elde edilmigtir. Analizi
yapilan numunenin kromatograminda olusan pikler,
standarttaki alikonma zamanlar: ile karsilastirilarak
tespit edilmigtir.

Istatistik Analizler

SPSS 10.0 bilgisayar programi kullanilarak yag asidi
yuzdeleri karsilagtirilmigtir. Arastirma sonucu elde
edilen tim veriler ¢ tekrarin ortalamasi olup, yag
asidi  metil esterlerinin gaz  kromatografik
analizlerinde, her pisirme yontemine ait licer numune
ayr1 ayri enjekte edilmis aymi yag asidine ait Uug
degerin ortalamasi alinmistir. Yag asidi yiizdeleri
arasindaki farkhiliklar tek yonli ANOVA ile analiz
edilmigtir. Farkhliklar TUKEY HSD testi ile
saptanmigtir. Istatistikler farklar, p<0.05 diizeyinde
oldugu zaman farklarin 6nemli oldugu kabul
edilmigtir.

Yag asidi analizi ile ilgili Cizelgelerde her veri 3
tekrarin ortalamasidir. Her tekrarda 3 enjeksiyon
yapilmigtir. Her satirda aymi harflerle belirlenen
veriler P>0.05 olasihik diizeyinde birbirinden farkli
degildir.
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Lipit Kalite Indeksleri BULGULAR ve TARTISMA
Genellikle balik lipit kalitesinin belirlenmesinde; Akya Filetolarinin Kizartilmasinda Kullanilan

PUFA/SFA, n-3/n-6 PUFA ile Aterojenik indeks (AI,
doymus yag asitleri ile doymamig yag asitleri toplami
arasindaki iliski) ve Trombojenik indeks (TI, kan
damarlarinda piht1 olusma egilimi) gibi parametreler
kullanilmaktadir (Ulbritcth ve Southgate, 1991;
Hosseini ve ark., 2014).

AL 12:0+4 X 14:0+16:0
XPUFA+XMUFA

14:04+16:04+18:0

I: N-3
(0,5) Xx=MUFA+(0,5) X (N—6PUFA)+3 X (N—3PUFA) e

Bu indeks, pro-trombojenik (doymus yag asitleri) ve
anti-trombojenik yag asitleri arasindaki iligkiyi
gostermektedir (Ulbritcth ve Southgate, 1991).

Bitkisel Yaglarin Yag Asidi Kompozisyonu

Calismada yagda kizartma yontemi i¢in; aycicek yagi,
zeytinyagi, misirézii yagi, findik yagr gibi farkh
bitkisel yaglar kullanilmigtir. Kizartmada kullanilan
yaglarin yag asidi kompozisyonu Cizelge 1'de
verilmigtir.

Her yagin kendine 6zgi bir yag asidi kompozisyonuna
sahip oldugu goralmustiir. Ornegin 16:0 ve YSFA en
¢ok zeytinyagr ile misir 6zl yaginda, 18:1n-9 ve
YMUFA findik yag1 ve zeytinyaginda, 18:2n-6 ve
YPUFA ile Yn-6 PUFA misir 6z yagi ve aygicek
yaginda tespit edilmistir (Cizelge 1).

Cizelge 1. Kizartmada kullanilan yaglarin yag asidi kompozisyonu

Table 1. Fatty acid composition of oils used in frying

Yap Asids Zeytin Yag1 Aycicek Yag Maisir Ozii Yag Findik Yagi
ag sed (ORT+SH) (ORT-SH) (ORT=SH) (ORT=SH)
12:0 - 0.03+0.004 0.04+0.006 0.04+0.003
14:0 - 0.04+0.005 0.18+0.01 0.03+£0.005
16:0 14.22+1.13 6.78+0.54 12.45+0.99 6.31+0.50
17:0 - - 1.56+0.12 -
18:0 2.62+0.21 3.24+0.26 0.01+0.00 2.45+0.20
Y SFA 16.85+1.34 10.10+0.81 14.26+1.14 8.83+0.70
16:1n-7 1.15+0.09 0.15+0.01 0.08+0.01 0.20+0.02
18:1n-9 71.04+5.67 36.97+2.95 30.12+2.40 76.25+6.08
SMUFA 72.20+5.76 37.11+2.96 30.20+2.41 76.45+6.10
18:2n-6 9.95+0.79 52.51+4.19 54.80+4.37 14.53+1.16
18:3n-6 0.28+0.02 0.23+0.02 - 0.10+0.01
18:3n-3 0.73+£0.06 0.04+0.00 0.74+0.06 0.09+0.01
> PUFA 10.95+0.87 52.79+4.21 55.54+4.43 14.72+1.17
>n-3 PUFA 0.73+£0.06 0.04+0.00 0.74+0.06 0.09+0.01
>n-6 PUFA 10.23+0.82 52.74+4.21 54.80+4.37 14.62+1.17
n-3/n-6 0.07+£0.005 0.00+0.00 0.01+0.00 0.01+0.00
> PUFA/YSFA 0.64+0.05 5.22+0.41 3.89+0.31 1.66+0.13
Al 0.17+0.01 0.08+0.00 0.15+0.01 0.07+0.00
TI 0.39+0.03 0.22+0.01 0.28+0.02 0.19+0.01

S.H.:Standart Hata, SFA: DoymusYag Asitleri, MUFA: Tekli Doymams Yag Asitleri, PUFA: Coklu Doymams Yag Asitleri, AI: Aterojenik Indeks, TI: Trombojenik Indeks.

Degisik Bitkisel Yaglarla Kizartilan Filetolarin Total
Lipitteki Yag Asidi Kompozisyonu

Bitkisel yaglarla pisirilen filetolarla, ¢ig (ham)
filetonun total lipitteki yag asidi kompozisyonu
Cizelge 2’de verilmistir. Denenen yaglarda kizartilan
filetolar ile ¢ig filetolarda 16:0'in SFA’lar arasinda,
18:1n-9un MUFA’lar arasinda dominant yag asitleri
oldugu gorilmistir. Bitkisel yaglarda kizartilan
orneklerde PUFA’lar i¢inde 18:2n-6, ¢ig 6rneklerde ise
% 34.33 ile 22:6n-3, ylzde dagilimda en fazla
bulunmustur. Cig filetolarda yag asidi gruplarinda
siralama PUFA>SFA>MUFA sgeklinde olmustur. Bu
sonuglar Akdeniz’den toplanan baliklardan elde edilen
sonuclarla uyumludur (Prato ve Biandolino, 2012;
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Akgiil, 2019). Aycicek yag1 ile misir 6zii yag1 benzer yag
asidi kompozisyonuna sahip olduklar: i¢in (Cizelge 1),
bu yaglarla pisirilen filetolarin yag asidi iceriklerinin
de yakin oldugu géralmiistiir (Cizelge 2). Ornegin her
iki yagda pigirilen 6rneklerde 18:2n-6 ve Y PUFA ile
>n-6 PUFA’larin ¢ig filetolardan oldukg¢a yuksek
oldugu saptanmigtir. Bunun nedeni aycicek ile misir
6z yaginin yiksek duzeyde 18:2n-6 icermesidir
(Cizelge 1). Kizartma islemi ile filetolara gecen linoleik
asit, baligin yag asidi kompozisyonunu degistirmistir.
Zeytinyag ile findik yaginda kizartilan filetolarda ise
18:1n-9 ve dolayisiyla Y MUFA igeriginin hem ¢ig
baliklardan hem de diger bitkisel yaglarda kizartilan
orneklerden c¢ok daha fazla oldugu tespit edilmistir
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(Cizelge 2). Bunun nedeni, zeytinyagi ile findik
yaginda yiiksek yiizdede bulunan 18:1n-9un (Cizelge
1), kizartma esnasinda filetolarca emilmesi ve onlarin
yag asidi kompozisyonunu degistirmesidir (Cizelge2).
Cig filetolardaki 16:0 ve Y SFA’lar ile 20:5n-3, 22:5n-3
ve 22:6n-3 diizeylerinin degisik bitkisel yaglarda
kizartilan filetolardan olduk¢a yiiksek oldugu, oleik
asit ve YMUFA’larin ise daha dusuk oldugu
gorilmistiir. Bunun nedeni yukarda da belirtildigi
gibi baz1 yaglarin 18:1n-9 bakimdan zengin olmalari ve
bitkisel yaglarda 20:5n-3, 22:5n-3 ve 22:6n-3 gibi n-3
yag asitlerinin olmamasidar.

Daha onceki c¢alismalarda, kizartma igsleminde
kullanilan yagin yag asidi kompozisyonunun,
baliklarin yag asidi igerigine etki ettigi belirlenmigtir
(Sanchez-Muniz ve ark.1992; Little ve ark., 2000; &
Bashan, 2019). Uskumrunun linoleik asit yiizdesini
aycicek yagr 9.74, misir 6z yag1 ise 13.7 kat
arttirmistir. Zeytinyaginda kizartilan filetolarin
18:1n-9 diizeyi % 48.18 yiikselmistir (Bashan, 2019).
Zeytin yaginda kizartilan lagosta (Epinephelus
coioides) 18.1n-9 diizeyi artmis, EPA ve DHA azalma
gostermistir (Zahra Momenzadeh ve ark., 2017).
Calismada da belirlendigi gibi belirli yag asitleri
bakimindan zengin olan bitkisel yaglar, kizartma
islemi ile filetolara ge¢ip yag asidi kompozisyonunun
degisimine neden olmustur. Bitkisel yaglarin
bazilarinda 6rnegin, zeytinyaginda %71.04 ile 18:1n-9;
aycicekyaginda %52.51 ve misiréziu yaginda %54.80
oranmi ile 18:2n-6 gibi yluksek yiizdede bulunan yag
asitleri kizartma islemi ile baliklara ge¢mekte ve
baliklarin yag asidi kompozisyonlarinmi degistirerek n-
3 PUFA’lardan EPA ve DHA yizdelerinde 6nemli
oranlarda azalmaya neden olmaktadir (Cizelge 1).

Gidalardaki yaglarin besinsel kalitesini belirleyen
baslica parametreler; n-3/n-6 orani, PUFA/SFA oran,
aterojenik indeks (AI) ile trombojenik indekslerdir
(TD). Calismada ¢ig akya filetosunda n-3/n-6 oran1 5.95
olarak bulunmustur (Cizelge 2). Saghkli beslenme i¢in
bu indeksin 0.2 den fazla olmas1 gerekir (Simopoulos,
2002). Cig akyadaki n-3/n-6 oraninin, tavsiye edilen
degerlerin oldukc¢a tistiinde olmasi, baligin 6nemli bir
besinsel kaynak oldugunu gosterir. Farkli balik
turlerinde bu oran 0.24 - 4.1 arasinda belirlenmigtir
(Hosseini ve ark., 2014). Mersin Karatepe Koy'undan
temin edilip ¢alisilan sekiz balikta n-3/n-6 orani, 2.3-
7.86 arasinda saptanmistir (Akgil, 2019). Farkh
bitkisel yaglarda kizartilan akya filetolarinda n-3/n-6
orani 0.07 (misir 6zii yaginda kizartilmis baliklar) —
0.35 (zeytinyaginda kizartilmig balklar) arasinda
tespit edilmistir (Cizelge 2). Gorildiigii gibi bitkisel
yaglarda kizartilan akya filetolarinda, n-3/n-6 orani
ham filetolara oranla hayli disik bulunmustur. Bu
orana gore, denenen yaglar arasinda en saghkli yagin
zeytinyag1 oldugu sdylenilebilir. Misir 6zi yag ve
aycicek yaginda 18:2n-6'min fazla diizeyde olmasi, bu
yaglarla kizartilan baliklarin n-3/n-6 oraninmin dasik
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olmasina neden olmustur. Daha &nce yapilan bir
calismada, bu orandaki azalma en fazla ayc¢icek
yaginda, en az zeytinyaginda kizartilan oérneklerde
bulunmustur (Bashan, 2019). Misir 6zii yaginda
kizartilan Hamsi (Engraulis encrasicholus) baliginda
n-3/m-6 orani 1.21, ¢ig balikta ise 9.93 olarak
saptanmistir (Turhan ve ark., 2011). Aycicek yagi,
¢ipura baliginda n-3/n-6 oraninm 26.75 kat azaltmigtir
(Ozogul ve ark., 2009).

Diinya Saghk Orgiiti (WHO, 2003) PUFA/SFA
oraninin saglikli bir diyet i¢in 0.4’ten fazla olmasinm
onermektedir. Arastirmada ¢ig akyada bu oran 1.09,
degisik bitkisel yaglarda kizartilan filetolarda 0.66 —
3.63 arasinda bulunmustur. Aycicek yagi ve misirozi
yvaginda 18:2n-6 yiiksek oldugu ig¢in bu yaglarda
kizartilan filetolarda oran yiiksek olarak saptanmigtir
(Cizelge 2). Ornegin, aycicek yaginda kizartilan
sardalyada PUFA/SFA oranm kontrole oranla 3.0 kat
(Gall ve ark., 1983), uskumruda ise 1.5 kat artmistir
(Bashan, 2019). Ulbricht ve Southgate ‘mn (1991),
kullandigi ve formiilleri daha ©6nce belirtilen
indekslerden Aterojenik indeks (AI), cesitli yag
asitlerinin, serum kolesterol diizeyi tiizerine olan
etkileriyle ilgilidir. Trombojenik indeks (TI) ise
trombositlerin agregasyonunu uyarma potansiyelinin
bir olgiistidiir. Her iki indeksin yiiksek olmasi, kalp-
damar hastaliklari i¢in bir risktir. Beslenme
uzmanlari bu indekslerin 1.0’den dusik olmasim
onermektedir. Calismada Al indeksi 0.08 (findik
yaginda kizartilan filetolar) — 0.53 (¢ig fileto); TI ise
0.20 (findik yaginda kizartilan filetolar) — 0.37
(zeytinyaginda  kizartilan filetolar) araliginda
bulunmustur (Cizelge 2). Findik yaginda kizartilan
filetolarda her iki indeksin, ¢ig ve diger bitkisel
yaglarda kizartilan filetolardan daha digstk olmasinin
nedeni, bu yagda kizartilan baliklarda 16:0'in disuk;
18:1n-9 ve total MUFAMn yiiksek olmasidir (Cizelge
2). Bu verilere gore, Al ve TI indeksi bakimindan en
uygun yagin findik yagi oldugu goéruliir.

Kizartma Digindaki Yontemlerle Pigirilen Akyanin
Total Lipitteki Yag Asidi Kompozisyonu

Kizartma digindaki teknikler olan firinda, mikrodalga
firinda pisirme, 1zgara ve bugulama yontemi ile
pisirilen akya filetolarinda da ¢ig 6rneklerdeki gibi
SFA’lar i¢inde 16:0, MUFA’lardan 18:1n-9 ve
PUFA’lardan 22:6n-3 dominant yag asitleri olarak
tespit edilmistir (Cizelge 3). Baz1 bireysel yag asitleri
disinda, belirtilen pisirme yontemlerinin akya
baliginin yag asidi kompozisyonunu c¢ok &nemli
diizeyde degistirmedigi gériilmiistiir. Kontrol (cig) ve
diger pisirme yontemleri ile karsilastirildiginda
bugulama yoéntemi ile pigirilen filetolarda palmitik
asidin bir miktar daha az yiizdede, kontrol (cig) ve
firinda pigirilenlerde ise 22:6n-3 ve bu yag asidine
baglh Y PUFA ve Y n-3 PUFA'nin ise daha fazla yiizdede
olduklar: belirlenmistir. Pigsirme yontemleri arasinda
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hem bireysel yag asitleri hem de yag asidi gruplarinin
yiizde degerleri bakimindan ham (cig) filetolara en
yakin pisirme tekniginin firinda pisirme oldugu
soylenilebilir. Bu bulgu daha 6nce yapilan
calismalarda da ortaya konmusgtur. Firinlama
isleminin; PUFA icerigi ve n-3/mn-6 oran1 gibi

parametreler dahil olmak tzere balik etinin tim lipit
ozelliklerinin korunmasi acisindan en iyi 1sil islem
oldugu birgok arastirmaci (Garcia-Arias ve ark., 2003;
Turkkan ve ark., 2008; Neff ve ark., 2014; Baghan,
2019) tarafindan kabul edilmistir.

Cizelge 2. Farkl: bitkisel yaglarda kizartilan akya ile ham (cig) akyanin yag asidi kompozisyonu
Table 2. Fatty acid composition of leer fried in different vegetable oils and raw (raw) leer

Yag Asidi Cig (HAM) Aycicek Yag Zeytin Yag Misir Ozii Yag Findik Yag
(ORT+SH) (ORT+SH) (ORT+SH) (ORT+SH) (ORT+SH)
12:0 - 0.14+0.01a - - 0.05+0.001b
14:0 0.96+0.08a 0.17+0.01b 0.06+0.00c 0.09+0.01c 0.07+£0.01c
15:0 0.20+0.02a 0.03+0.004b 0.01+0.002c¢ 0.02+0.003bc 0.03+£0.003b
16:0 27.99+2.23a 9.30+0.74b 14.53+1.16¢ 12.76+1.02¢ 7.39+0.59b
17:0 - - 0.19+0.02 - -
18:0 11.21+0.89a 4.62+0.37b 3.79+0.30b 2.02+0.16¢ 3.00+0.24b
>SFA 40.38+3.22a 14.28+1.14b 18.59+1.48¢ 14.91+1.19b 10.54+0.84d
16:1n-7 1.36+0.11a 0.32+0.03b 0.73+0.06¢ 0.11+0.01d 0.19+0.02e
18:1n-9 14.07+£1.92a 35.91+2.87b 68.23+5.44c 30.67+2.45d 72.55+5.79¢
20:1n-9 0.14+0.01a 0.15+0.01a 0.12+0.01a 0.09+0.01b 0.11+0.01a
>SMUFA 15.567+2.04a 36.38+2.90b 69.08+5.51c 30.88+2.46d 72.86+5.81e
18:2n-6 3.34+0.27a 43.85+3.50b 8.34+0.67¢ 50.30+4.01d 13.54+1.08e
18:3n-6 0.25+0.02a 0.15+0.01b 0.40+0.03c 0.15+0.01b 0.12+0.01b
18:3n-3 0.27+£0.02a 0.27+0.02a 0.54+0.04b 0.65+0.05b 0.16+£0.01c
20:2n-6 0.25+0.02a 0.16+0.01b 0.04+0.006¢ 0.02+0.003d 0.05+0.007c
20:3n-6 0.19+£0.02a 0.01+0.001b 0.07+£0.01c 0.05+0.00d 0.04+0.006d
20:4n-6 2.29+0.18a 0.64+0.05b 0.25+0.02¢ 0.2440.02¢ 0.23+0.02¢
20:5n-3 2.20£0.18a 0.31+0.03b 0.21+0.02¢ 0.19+0.02¢c 0.18+0.01c
22:5n-3 0.93+£0.07a 0.14+0.01b 0.08+0.01c 0.09+£0.01c 0.06+£0.01c
22:6n-3 34.33+1.94a 3.81+0.30b 2.40+0.19¢ 2.51+0.20¢ 2.21+0.18¢
> PUFA 44.05+£2.72a 49.34+3.94b 12.33+0.98¢ 54.21+4.32d 16.60+1.32¢
>n-3 PUFA 37.72+2.21a 4.54+0.36b 3.23+0.26¢ 3.44+0.27¢c 2.62+0.21d
>n-6 PUFA 6.33+£0.50a 44.81+3.57b 9.10+0.73c 50.77+4.05d 13.99+1.12¢
n-3/n-6 5.95+0.62a 0.10+0.08b 0.35+0.052¢c 0.07+0.006d 0.19+0.02¢
YPUFA/Y SFA 1.09+0.12a 3.45+0.42b 0.66+0.074c 3.63+0.28b 1.57+0.16d
Al 0.53+0.045a 0.12+0.03b 0.18+0.07c 0.15+0.02bc 0.09+0.01b
TI 0.30+£0.05a 0.26+0.032b 0.37+0.04c¢ 0.29+0.04a 0.20+0.03d

S.H.:Standart Hata, SFA: DoymusYag Asitleri, MUFA: Tekli Doymamis Yag Asitleri, PUFA: Coklu Doymamis Yag Asitleri, Al: Aterojenik Indeks, TI: Trombojenik Indeks.

Kizartma disinda denenen cesitli pisirme teknikleri
uskumru (Bashan, 2019), Ringa (Ilow ve Ilow, 2002) ve
Deniz Levreginin (Yanar ve ark., 2007) bireysel yag
asitleri ile yag asitleri grubu kompozisyonu lzerinde
6nemli bir etki olugturmamgtir.

Bugulama iglemi, Cipura baliginda 18:1n-9 ve >n-3
PUFA ylzdesinde azalmaya neden olmus, Sar
Benekli Lagos baliginda ise n-3 PUFA’lardan EPA ve
DHA diizeylerini degistirmemigtir (Zahra
Momenzadeh ve ark., 2017).

Calismada kizartma disinda wuygulanan pigirme
yontemleri akya filetolarinin n-3/n-6 ile PUFA/SFA
oranini pek fazla etkilememistir (Cizelge 3). Daha 6nce
yapilan calismalarda, mikrodalgayla pigirilen ve
bugulama yapilan dort tatli su baliginda (Neff ve ark.,
2014), firinda ve mikrodalga firminda pisirilen,
bugulama, tiitsileme ve 1zgara yapilan uskumruda n-
3/m-6 ile PUFA/SFA orani degismemistir (Bashan,
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2019).

Farkl pisirme teknikleri ile pisirilen akyadaki Al ve
Ti degerleri, beslenme uzmanlarinin 6nerdigi degerler
arasinda bulunmustur (Cizelge 3). Cizelgede de
goruldugu gibi, 1zgara, mikrodalga ve bugulama
yontemleri ile pigirilen balikta ¢ig érneklere oranla Al
ve TI indekslerinin biraz daha yiksek olmasinin
nedeni, bu pisirme yéntemlerinde toplam >n-3 PUFA
ile Y PUFA yuzdelerinin daha diisiik olarak saptanmisg
olmasidir.

Tirsi (Alosa immaculata) baliginda, Al indeksi
1zgarada, TI ise hem 1zgara hem de bugulamada
artmistir (Merdzhanova ve ark., 2016). Firinda
pisirilen Hazar kutumu (Rutilus kutum) bahginda Al
ve TI degerleri kontrole yakin ¢kmig, ancak
mikrodalgada pisirme yonteminde artmistir (Hosseini
ve ark., 2014). Bu sonuclar, yapilan calismadan elde
edilenlerle uyum igindedir.
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Cizelge 3. Degisik pisirme yontemleri ile pisirilen akya filetolar ile ¢ig filetolarin yag asidi kompozisyonu
Table 3. Fatty acid composition of leer fillets cooked with different cooking methods and raw fillets
Yag Asidi Cig (HAM) Firin Izgara Mikrodalga Bugulama
(ORT+SH) (ORT+SH) (ORT+SH) (ORT+SH) (ORT+SH)
12:0 - 0.13+£0.01a 0.09+0.01b 0.18+0.01c 0.20+0.02¢
14:0 1.13+0.09a 0.46+0.04b 0.62+0.05¢ 0.78+0.06d 6.43+0.51e
15:0 0.32+0.03a 0.10+0.01b 0.36+0.03a 0.47+£0.04c 0.20+0.02d
16:0 26.67+1.73a 28.02+2.24a 28.24+2.25a 28.01+2.23a 24.60+1.96b
17:0 0.02+0.00a 0.08+0.01b 0.04+0.00c¢ 0.27+0.02d 0.26+0.02d
18:0 10.39+0.67a 11.21+0.89a 12.37+0.99b 13.90+1.11b 10.06+0.80a
YSFA 38.54+2.52a 40.00+3.19a 41.73+3.33b 43.61+3.48¢ 41.76+3.33b
16:1n-7 1.67+0.13a 1.02+0.08a 1.17+0.09b 1.08+0.09a 0.95+0.08¢
18:1n-9 13.84+2.54a 11.2440.90b 14.02+1.12a 12.92+1.03a 15.58+1.24¢
20:1n-9 0.11+0.01a 0.20+0.02b 0.04+0.00c¢ 0.08+0.01d 0.22+0.02b
>SMUFA 15.62+2.68a 12.46+0.99b 15.23+1.22a 14.08+1.12¢ 16.75+1.34d
18:2n-6 3.45+0.91a 2.19+0.17b 4.63+£0.37a 2.12+0.17b 4.67+0.37a
18:3n-6 0.41+0.03a 0.34+0.03a 0.35+0.03a 0.30+0.02a 0.16+0.01b
18:3n-3 0.36+0.03a 0.35+0.03a 0.48+0.04b 0.31+£0.02a 0.22+0.02¢
20:2n-6 0.19+0.02a 0.31+0.02b 0.27+0.02b 0.27+0.02b 0.18+0.01a
20:3n-6 0.24+0.02a 0.17+£0.01a 0.10+0.01b 0.11+0.01b 0.05+0.00c¢
20:4n-6 3.67+0.13a 5.04+0.40b 3.00+0.24a 3.71+0.30a 3.18+0.25a
20:5n-3 2.88+0.15a 3.22+0.26a 2.83+£0.23a 2.51£0.20a 2.70£0.22a
22:5n-3 0.81+0.06a 0.87+£0.07a 0.92+0.07a 1.22+0.10b 0.64+0.05¢
22:6n-3 33.83+1.42a 35.04+2.80b 30.47+2.43c¢ 31.75+2.53d 29.69+2.37e
> PUFA 46.85+2.78a 47.55+3.79a 43.04+3.43b 42.31+3.38¢c 41.49+3.31c
>n-3 PUFA 38.89+1.67a 39.50+3.15a 34.70+£2.77b 35.79+2.86b 33.244+2.65¢
>n-6 PUFA 7.96+1.11a 8.05+0.64a 8.34+0.67a 6.52+0.52b 8.25+0.66a
n-3/n-6 4.88+0.65a 4.91+0.65a 4.16+0.55a 5.49+0.73a 4.03+£0.53a
> PUFA/YSFA 1.21+0.16a 1.18+0.15a 1.03+0.13a 0.97+0.12a 0.99+0.13a
Al 0.50+0.06a 0.50+0.06a 0.52+0.06a 0.55+0.07a 0.90+0.12b
TI 0.29+0.03a 0.30+0.03a 0.34+0.04a 0.34+0.04a 0.35+0.04a

S.H.:Standart Hata, SFA: DoymusYag Asitleri, MUFA: Tekli Doymamis Yag Asitleri, PUFA: Coklu Doymamis Yag Asitleri, Al: Aterojenik Indeks, TI: Trombojenik Indeks.

SONUC ve ONERILER

Her bitkisel yagin kendisine o6zgu bir yag asidi
kompozisyonuna sahip oldugu, ay¢icek yagi ile misir
6zii yaginin linoleik asit (18:2n-6), zeytinyag: ile findik
yagiin oleik asit (18:1n-9) bakimindan zengin oldugu
belirlenmigtir.

Kizartma igleminin baliklarin yag asidi
kompozisyonuna 6nemli etki yaptigi, aygicek ve misir
0zu yaginda kizartilan filetolarda 18:2n-6 ile Yn-6
PUFAnin, zeytinyag ve findik yaginda kizartilan
orneklerde 18:1n-9 ve YMUFA’min kontrole oranla
onemli diizeyde arttig1 saptanmistir (p<0.01).

Izgara, mikrodalga ve bugulama ile pisirilen akyanin
yag asidi gruplarindan Y SFA’da bir miktar artis,
> PUFA ve >n-3 PUFA’da azalma kaydedilmigtir.

n-3/n-6 orani, ozellikle aycicek ve misirézi yaginda
kizartilan baliklarda énemli diizeyde azalmis (p<0.01);
kizartma disinda pisirilen yontemlerde ise kontrole
yakin  degerlerde bulunmustur. Tim pisirme
yontemlerinden elde edilen aterojenik (A ve
trombojenik indeks (TI) degerleri, énerilen deger olan
1.0’in altinda bulunmustur.
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ABSTRACT Biochemistry
It was aimed to investigate the active ingredients limonin, quercetin and )
kaempferol in propolis against SARS-CoV-2 main protease(MPro) using Research Article

in silico methods. Absorption, distribution, metabolism, excretion, and
toxicity (ADMET) screening of ligands assists US to state their

Article History

absorption properties, toxicity, and drug-likeness. Ligand molecules ieceive(; 33'03'2033
obtained from PubChem in smiles format were loaded on SWISSADME ool £22.08.20
and PROTOX-II webservers for ADMET screening. The three compounds

. . . Keywords

in propolis were obtained from the PubChem database. Compounds were Sars Cov 2 Main Protease
located at the active site of the SARS-CoV-2 MPro receptor with PDB Propolis

ID:6LU7. Molecular docking work was done with Autodock program. COVID-19

Molecular docking results were found as -8.7 kcal/mol in limonin, -7.5 ADMET

kecal/mol in quercetin and -7.7 kcal/mol in kaempferol. In silico ADMET
estimation showed they have a potential for antiviral therapy. In
conclusion, we thought that propolis active components limonin,
quercetin and kaempferol have the potential to be a SARS CoV-2 MPro
inhibitor.

Propolisin Aktif Bilegiklerinin Sars Cov-2 Ana Proteaz Yapisinda Molekiiler Yerlestirme Yontemiyle
Aragtirilmasi: In Silico Caligmasi

OZET Biyokimya

Propolisin aktif bilesikleri olan limonin, quercetin ve kaempferol'i SARS-

CoV-2 ana proteaza (MPro) karsi in silico yontemlerle arastirmasi Aragtirma Makalesi
amaglandi. Ligandlarin absorpsiyon, dagilim, metabolizma, atilim ve

toksisite (ADMET) taramasi, absorpsiyon 6zelliklerini, toksisitesini ve Makale Tarihgesi

ilaca benzerligini belirtmesine yardimeci olur. PubChem'den smiless Gelig Tarihi  :26.03.2022

formatinda elde edilen ligand molekiilleri, ADMET taramasi1 igin
SWISSADME ve PROTOX-II web sunucularina yiiklendi. Propolisteki ti¢
bilesik, PubChem veritabanindan elde edildi. Bilesikler, PDB ID:6LU7
ile SARS-CoV-2 MPro reseptorinin aktif bolgesine yerlestirildi.

Kabul Tarithi :22.08.2022

Anahtar Kelimeler
Sars Cov 2 Main Protease

Autodock programi ile molekiiler yerlestirme c¢alismas1 yapildi. Propolis
Molekiiler yerlestirme sonuglar: limoninde -8,7 kcal/mol, quercetin'de - COVID-19
7,5 kcal/mol ve kaempferol'de -7,7 kcal/mol olarak bulundu. In silico ADMET

ADMET tahmini, antiviral tedavi potansiyeline sahip olduklarim
gosterdi. Sonug olarak, propolis aktif bilegenleri limonin, quercetin ve
kaempferol'in SARS CoV-2 MPro inhibitérii olma potansiyeline sahip
olabilecegi diisiiniilmektedir.

To Cite : Oner, E., Demirhan, I., Kurutas, EB., & Yalin, S (2024). Investigation of Active Compounds in Propolis
Structure Against Sars Cov-2 Main Protease by Molecular Docking Method: In Silico Study. KSU J. Agric Nat
27(1), 46-55. https://doi.org/10.18016/ksutarimdoga.vi.1093707.

Ataf Sekli: Oner, E., Demirhan, I., Kurutas, EB., & Yalin, S (2024). Propolisin Aktif Bilesiklerinin Sars Cov-2 Ana Proteaz

Yapisinda Molekiiler Yerlestirme Yontemiyle Arastirilmasi: In Silico Calismasi. KSU Tarim ve Doga Derg 27
(1), 46-55. https://doi.org/10.18016/ksutarimdoga.vi.1093707.

INTRODUCTION

Coronaviruses (CoVs) are the etiological cause of

serious infections in the respiratory tract as well as the
digestive tract in both animals and humans. Previous
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reviews of CoVs have indicated that from mammals to
reptiles, and birds, a wide range of species have been
affected by these viruses (Malik et al, 2020). COVID-
19 was accepted as a pandemic disease by the WHO on
January 30, 2020 (Rodriguez et al., 2020). Although
various measures and effective treatment methods
have been adopted by countries to reduce the course of
the disease, prevention management strategies were
limited for eradication. The SARS coronavirus main
protease (Mpro) of the coronavirus consists of
glycoprotein and it is required for virus replication
(Hofmann et al., 2004).

The chemical composition of propolis differs depending
on its source, and more than 300 components have
been identified in raw propolis (Gulcin et al., 2010).

Many researchers report that propolis extract is
effective in the prevention of viral infection on plants
(such as cucumber mosaic, tobacco mottle, tobacco
gangrene), animals (HSV-1, varicella-zoster, and
influenza), and humans (human immunodeficiency-
HIV, herpes simplex virus type 1 and 2, adenovirus
type 2, pharyngitis virus, and poliovirus type 2
(Marcucci, 1995). Studies show that propolis has the
potential to be used as an antiviral drug. (Silici et al.,
2005). Propolis has a lethal effect against the influenza
virus (type A) in vitro, while aqueous propolis extract
greatly reduces the effect of the smallpox virus within
15 minutes (Hegazi et al., 2000).

The process of revealing the in silico structures of
receptor-ligand complexes with various software is
called molecular docking. The receptors consist of
proteins, while the ligands may consist of another
protein or small molecule. In drug discovery studies,
the wvirtual screening process with the molecular
docking method is becoming more and more important.
Such a virtual scan is usually performed in three steps.
First, the molecular insertion program predicts the
optimal structure for the complex of a target protein
and a compound from the screening libraries. Second,
complexes are scored according to their binding energy
strength. Finally, classification is made according to
the placement scores, and the best grades are selected
from the virtual scan results (Onodera et al., 2007).

The aim of this study was to investigate the propolis
bioactive components limonin, quercetin and
kaempferol compounds in SARS CoV-2 Mpro structure
by molecular docking method and to conduct drug

similarity studies of limonin, quercetin and
kaempferol.
MATERIALS and METHODS

ADMET and toxicity prediction

The ADMET (absorption, distribution, metabolism,
excretion and toxicity) screening helps determine the
toxicity and drug-likeness of compounds. Ligand
molecules and selected propolis active ligands
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(limonin, quercetin and kaempferol) obtained in smile
format from PubChem (https://pubchem.
ncbi.nlm.nih.gov) were uploaded to the SWISSADME
and PROTOX-II web servers for ADMET screening.
Investigating the pharmacokinetics and ADME
properties of a molecule or compound is done on a
server called SWISSADME. Lipophilicity, water
solubility, drug similarity, pharmacokinetic properties
of the molecule, blood-brain barrier (BBB) and
intestinal permeability were estimated through this
server. (Table 1). The analysis was carried out for
each physicochemical property (Absorption,
Distribution, Metabolism, Excretion, and Toxicity) by
submitting a SMILE format of the query compounds
taken from the PubChem database. PROTOX-II is a
Rodent oral toxicity server that predicts LD50 value
and toxicity class of query molecule. Toxicity values on
the PROTOX-II web server are as follows: Class I: fatal
if swallowed (LD50 < 5 mg/kg), Class II: fatal if
swallowed (5 mg/kg < LD50 < 50 mg/kg), Class III: toxic
if swallowed (50 mg/kg < LD50 < 300 mg/kg), Class IV:
harmful if swallowed (300 mg/kg < LD50 < 2000
mg/kg), Class V: may be harmful if swallowed (2000
mg/kg < LD50 < 5000 mg/kg) and Class VI: non-toxic
(LD50 > 5000 mg/kg). (Banerjee P et al., 2018).

Table 1. Drug likeness rules and their properties
Cizelge 1. llag benzerlik kurallar: ve ozellikleri

Name of rule  Property Rules
Molecular weight <500
Lipinski's Lipophilicity (logP) <5
rule Hydrogen bond acceptor <10
Hydrogen bond donors <5
Lipophilicity (logP) — 5.6<logP< — 0.4
Molecular weight 160 < MW <480
Ghose’s  Molar refractivity 40 <MR <130
rule Total number of atoms 20 < atoms < 70
No. of rotatable bonds >10
Veber’s TPSA <140
rule Hydrogen bond donor <12
Hydrogen bond acceptor <12

Molecular Docking Method
Ligand System

Limonin, quercetin and kaempferol in propolis used in
this study were taken from the PubChem database
(https://pubchem.ncbi.nlm.nih.gov). 3D structures of
compounds were obtained in SDF format from
PubChem. Compounds in SDF format were converted
to PDB format from the Open Babel GUI program.

Protein Preparation

3D structure of the SARS-CoV-2 Mpro (PDB ID: 6LU7)
was retrieved from the Protein Data Bank (PDB)
(http://www.rcsb.org/pdb/). The resolution of the PDB
ID: 6LLU7 protein is 2.16 A Firstly, ligands and water
molecules in the 6LLU7 protein structure were removed
from the receptor, after that, polar hydrogen and a
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charge (colman charge) were added together with the
receptor in the protein structure. All preparatory
processes were carried out using AutoDock 4 software
(Morris et al., 2009).

Validation Method

The N3 inhibitor (N-[(5-methylisoxazol-3-
yDcarbonyllalanyl-1-valyl-N~1~-((1R, 27)-4-
(benzyloxy)-4-oxo-1-{[ (3R)-2-oxopyrrolidin-3-yl]
methyl }  but-2-enyl)-1-leucinamide) was
deconstructed using AutoDock 4 (Jin et al., 2020). N3
inhibitor, the natural ligand of SARS CoV-2 Mpro, was
superimposed on the protein structure according to the
insertion procedure. Also, the root mean square
deviation (RMSD) value was checked using PyMOL
software to validate. If the RMSD value is less than 2.0
A, it indicates that the method is valid. (Bell & Zhang.,
2019).

Molecular Docking

It was carried out by applying all the parameters valid
for the simulation of molecular docking. SARS-CoV-2
Mpro structure active region coordinates and grid box
dimensions were determined in Discovery Studio
program. The active site coordinates of SARS-CoV-2
Mpro are x=-9.732, y=11.403 and z=68.925. Grid box
sizes are 64 A, 60 A and 60 A, respectively. 100
replicates were made for each active compound to
ensure the accuracy of the binding energy and amino
acid interactions. Molecular docking was done with
AutoDock 4 (Laskowski, 1995).

RESULTS and DISCUSSION
ADMET and toxicity prediction

The SWISSADME analysis and toxicity estimation
results are shown in Table 2. Limonin, quercetin, and
kaempferol showed good human intestinal solubility
(HIA), and the selected propolis active compounds all
belong to the same class (Class-IV) in acute rat toxicity
(LD50). These phytochemicals are inactive for
cytotoxicity and hepatic toxicity.

The LD50 values of propolis active compounds are
limonin: 244mg/kg, quercetin:159 mg/kg, and
kaempferol:3919 mg/kg.

Drug likeness prediction

When both limonin, quercetin, and kaempferol
molecules are evaluated based on the Lipinski, Ghose,
and Veber rules, it has been observed that the
molecules are compatible with these rules, that 1is,
these molecules are within the limits that can be
considered as drugs.

The radar image obtained from the SwissADME web
server in Figure 1 indicates substances that can be
considered drug-like in a pink area, based on 6
different  physicochemical  parameters. These
parameters are lipophilic (LIPO), molecular size
(SIZE), polarity (POLAR), solubility (INSOLU),
flexibility (FLEX), and saturation (INSATU). The
areas where these parameters are restricted specify
certain value ranges for the candidate molecule.

Figure 1. The radar image of limonin, quercetin, and kaempferol molecule.
Sekil 1. Limonin, kersetin ve kaempferol molekiiliiniin radar gériintiisi.

Firstly, when the radar images of limonin, quercetin,
and kaempferol molecules are evaluated, it is seen that
the only limonin is in the pink area in 6 different
parameters, while the quercetin and kaempferol only
deviate in terms of saturation.

Tophological Polar Surface Area (TPSA) is defined as
the sum of areas on all polar atoms or molecules of a
molecule, including primarily nitrogen and oxygen,
and later hydrogen atoms. It is mostly used as an
indicator for molecular transport through biological
barriers, such as the blood-brain barrier (BBB), in the
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body. If this value is more than 140 A2, molecular
transport through cell membranes would be difficult.
It has been shown that the TPSA values for candidate
molecules targeted at central nervous systems should
be less than 60-70 A2 to overcome BBB. The TPSA
values of limonin, quercetin, and kaempferol molecules
were evaluated as 104.57A2, 131.36A2, and 111.13 A2,
respectively. Since the TPSA values obtained for these
three molecules are greater than 60-70 A2, they do not
have the ability to cross the BBB (Figure 2, Table 2).
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Figure 2. Boiled-Egg image of limonin, quercetin, and kaempferol molecule.
Sekil 2. Limonin, kuersetin ve kaempferol molekiiltiniin hagslanmis yumurta gériintiisti.

Table 2. The results of the ADMET test with SwissADME
Cizelge 2. SwissADME ile ADMET testinin bulgulari

Property Limonin Quercetin Kaempferol
Molecular weight 470.51 g/mol 302.24 g/mol 286.24 g/mol
TPSA 104.57 A? 131.36 A? 111.13 A?
iLOGP 2.87 1.63 1.7

XLOGP3 1.77 1.54 1.90
WLOGP 2.81 1.99 2.28
MLOGP 1.45 -0.56 -0.03

Silicos- IT LogP 3.83 1.54 2.03
Consensus Log P 2.55 1.23 1.58

ESOL Log S -3.92 -3.16 -3.31

ESOL class Soluble Soluble Soluble

Ali LogS -3.40 3.60 -5.00

Ali class Soluble Soluble Moderately soluble
Silicos- IT LogSw -3.58 -3.91 -3.86
Silicos-IT class Soluble Soluble Soluble

GI absorption High High High

BBB perme- ant Yes Yes Yes

Log Kp, cm/s (Skin penetration) -4.87 cm/s -4.74 cm/s -5.93 cm/s
Lipinski violations Yes; 0 violation Yes; 0 violation Yes; 0 violation
Ghose violations Yes Yes Yes

Veber violations Yes Yes Yes

Egan violations Yes Yes Yes

Muegge violations Yes Yes Yes
Bioavailability score 0.55 0.55 0.55

PAINS alerts 0 alert 0 alert 0 alert
Brenk alerts 0 alert 0 alert 0 alert
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Molecular weight is important to determining whether
specific molecules can penetrate into particular types
of barriers in the human body since large molecules
can not pass through highly selective barriers. Since
the molecular weight of limonin, quercetin and
kaempferol is <500 g/mol, this value is within the
limits of the molecule being a drug (Table 2).

Candidate drug molecules must have optimal
hydrophilicity and lipophilicity (ClogP) values. CLogP
values were calculated as 2.55, 1.23, and 1.58 for

limonin, quercetin, and kaempferol, respectively
(Table 2).
Validation Results

Revalidation was performed with the ligand N3
inhibitor to determine the strength of binding affinity.
The result of the verification was shown in the Figure
3. The RMSD value of the ligand was found 1.5 A and
the binding energy was -6.9 kcal/mol.

Molecular Docking Results

The binding energies of propolis bioactive compounds
after the insertion process are shown in Table 3.
RMSD, and theoretically inhibitory concentration
(Table 4) were calculated by molecular docking method
in SARS-CoV-2 Mpro structure (PDB ID: 6LU7) for the
active compounds N3 inhibitor, limonin, quercetin, and
kaempferol compounds in propolis. Autodock vina
results from the Molecular docking model were

extracted with the 3D BIOVIA Discovery Studio 2020
program (Figure 4). In addition, the binding site
estimates and bond structures of the Dbioactive
compounds in the propolis structure in the SARS CoV-
2 Mpro structure were determined (Figure 5-7).

The binding interactions of N3 inhibitor, which is an
inhibitor of SARS CoV-2 Mpro receptor, and propolis
active compounds were compared. According to the
results, the molecular docking scores of the bioactive
components limonin, quercetin, and kaempferol were
determined as <-6.5 kcal/mol. Docking scores indicate
good binding in the SARS CoV-2 Mpro structure. Since
molecular docking study result was below 2 A, it
showed that docking study was accurate and
successful.

The binding energy of N3 inhibitor was -6.9 kcal/mol,
limonin -8.7 kcal/mol, quercetin -7.5 kcal/mol, and
kaempferol -7.7 kcal/mol in SARS CoV-2 Mpro (PDB
ID: 6LU7) structure and all results showed high
binding energy. When we compared the binding energy
of the N3 inhibitor with the binding energy of the
active components of propolis, we saw that the N3
inhibitor had low binding affinity. Similar results were
obtained when compared with other studies. In

addition, inhibitor concentrations were found to be 41
pM in limonin, 85uM in quercetin, and 115 uM in
kaempferol. ADMET results have shown that three
compounds can meet the characteristics of being a
drug.

Figure 3. SARS-CoV-2 MPro receptor state before validation (red), state of the receptor after insertion (yellow),

inhibitor model

Sekil 3. Dogrulama éncesi SARS-CoV-2 MPro reseptér durumu (kirmizi), yerlestirme sonrasi reseptér durumu

(sar1), inhibitor modeli
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Table 3. Molecular docking results of propolis compounds in SARS CoV 2 Mpro structure

Cizelge 3. SARS CoV 2 Mpro yapisindaki propolis bilesiklerinin molekiiler kenetlenme sonuglari

Analysis Visualization Protein Ligand Docking Amino Acid Residue
Program Program Score(kcal/mol)

3 D BIOVIA VAL171, ALA194,
Autodock Vina Discovery Studio 6LU7 N3 inhibitor 6.9 TYR199, MET276,

Visualizer LEU286, LEU287

3 D BIOVIA ARG131, LYS137,
Autodock Vina Discovery Studio 6LU7 Limonin -8.7 TYR239, TYR237

Visualizer

3 D BIOVIA META49, LEU141,
Autodock Vina Discovery Studio Quercetin -7.5 CYS145, MET165,

Visualizer 6LU7 GLU166, GLN189

3 D BIOVIA HIS41, MET49,
Autodock Vina Discovery Studio 6LU7 Kaempferol -7,7 LEU141, CYS145,

Visualizer MET165, GLU166,

ASP187
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A | - 41

Figure 4. Molecular docking results of active coy

aktif bilesiklerin molekiiler kenetlenme sonuglar:

Sekil 4. SARS CoV 2 Mpro, N3 inhibitorii ve .
N3 Inhibitor

YUeTLEUTT

TR
A237

ARG
Al1il

s
A137

Interatctons

rventons wyorogen Sond A5 Teeond

Figure 5. Bond structures in limonin SARS CoV-2 Mpro structure.
Sekil 5. Limonin SARS CoV-2 Mpro yapisindaki bag yapilari.

Alas et
Al

Brirractions

Figure 6. Bond structures in quercetin SARS CoV-2 Mpro structure.
Sekil 6. Quercetinin SARS CoV-2 Mpro yapisindaki bag yapilari
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Figure 7. Bond structures in kaempferol SARS CoV-2 Mpro structure.
Sekil 7. Kaempferoliin SARS CoV-2 Mpro yapisindaki bag yapilari
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Figure 8. Bond structures in N3 inhibitor SARS CoV-2 Mpro structure.
Sekil 8. N3 inhibitorii'niin SARS CoV-2 Mpro yapisindaki bag yapilari

Table 4. RMSD and Inhibition constant scores of limonin, quercetin, and kaempferol in SARS CoV 2 Mpro structure
Cizelge 4. SARS CoV 2 Mpro yapisinda limonin, kersetin ve kaempferoliin RMSD ve Inhibisyon konsantrasyonlari

Analysis Program Protein Ligand RMSD (A) Inhibition Constant
Autodock Grid 6L.U7 Limonin 1.70 41 uM
Autodock Grid 6L.U7 Quercetin 1.99 85 uM
Autodock Grid 6L.U7 Kaempferol 1.82 115 uM

Many studies have reported that propolis and/or its
components support strengthening the immune
system and reducing inflammation due to their anti-
inflammatory properties. These properties will help
reduce the symptoms and harmful effects caused by
COVID-19 (Vardeny et al., 2020).

Jin et al. found that the N3 inhibitor is promising in
the SARS CoV-2 Mpro construct (Jin et al. 2020).

Vardhan et al. stated that limonin has a good binding
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affinity to the SARS CoV-2 Mpro (PDB ID: 6LU7)
structure in their study. The binding affinity result
was -8.7 kcal/mol and it was similar to this result
(Vardhan et al., 2020).

In the study of Khan et al., the molecular docking score
of the kaempferol compound was -6.4 kcal/mol and the
inhibitory concentration was 116 micromolar in the
SARS CoV-2 Mpro structure. (Khan et al., 2021). A
close result was found when compared with this result.
Yang et al. showed that kaempferol has a high binding
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energy (-7.5 kcal/mol) at its major receptor (ACE2) for
viral entry (Yang et al., 2018).

Arokiyaraj et al. determined that the binding affinities
of quercetin were -6.49 kcal/mol and kaempferol was -
7.76 kcal/mol in the SARS-CoV-2 Mpro structure (PDB
ID: 6LU7) (Arokiyaraj et al., 2020). Their results were
consistent with these findings. Luo et al. showed that
54 patients with novel coronavirus pneumonia
improved their immune ability against COVID-19
after traditional Chinese medicine treatment and
shortened patients' hospital stay. Compound
quercetin, luteolin, kaempferol, acacetin etc., were all
involved in the treatment of various disease stages on
the compound Ilevel both in generality and
individuality (Luo et al., 2020).

CONCLUSION

In summary, coronavirus has emerged as the deadliest
disease the world has faced after the Spanish flu. It is
important to find a solution to control this virus
urgently. It is important to carry out studies on this
virus with computer-aided drug design programs in
terms of being fast and saving time. We conducted a
computer-assisted drug discovery study against the
protein involved in the action mechanism of SARS
CoV-2. These results show that the bioactive
compounds of propolis (limonin, quercetin, and
kaempferol) have the ability to inhibit the target
protein Mpro (PDB ID:6LU7) in SARS CoV-2 in the
least energy conformation. We suggest that three
compounds can prevent the coronavirus infection.
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ABSTRACT Botany
In recent years, plants with bioactive properties as well as nutritional
value have been densely researched. Asteraceae, the most species-rich Research Article
family of flowering plants, includes numerous wild species most of which : :
. . . Article History
are consumed as bioactive compound-rich vegetables and herbal teas. In : -
this study, radical scavenging, antibacterial, and phytotoxic activity as Received ) 05.07.2022
well as phenolic content of some Mediterranean Asteraceae species, Accepted +10.08.2023
Calendula arvensis, Cichorium intybus subsp. intybus, Glebionis Keywords
coronaria, Scolymus hispanicus, and Tragopogon porrifolius subsp. Antioxidant
longirostris, were investigated. As a result, C. intybus, G. coronaria, and Antibacterial
S. hispanicus extracts have higher 2,2-diphenyl-1-picril-hydrazyl radical Phytotoxic
scavenging activity than that of the others (P<0.05). The highest Asteraceae

superoxide radical scavenging activity and the highest gallic acid
equivalent total phenolic content were detected in G. coronaria extract.
The highest catechin equivalent total flavonoid content was found in C.
intybus and S. hispanicus extracts, respectively. High-performance liquid
chromatography analyses showed that the extracts contained various
levels of phenolic acids and quercetin. C. intybus, S. hispanicus, and 7.
porrifolius extracts inhibited the growth of both gram-positive bacteria:
Listeria monocytogenes and Staphylococcus aureus and gram-negative
bacteria: Salmonella enterica subp. enterica and Escherichia coll.
(Minimal inhibitory concentration = 4 mg mL1). All the concentrations of
gallic acid (as a positive control) and 4 g Li"! concentrations of C. arvensis,
S. hispanicus and 7T. porrifolius extracts showed severe inhibition on
garden cress (Lepidium sativum L.) seedlings.

Akdeniz Bolgesinden Beg Asteraceae Tiiriiniin Biyoaktif Potansiyeli ve Fenolik Profili Uzerine

Kargilagtirmali Bir Degerlendirme

Phenolic content

OZET Botanik

Besin degerinin yanisira biyoaktif 6zellikleri de olan bitkiler son yillarda

oldukca yogun arastirilmaktadir. Tir cgesitliligi bakimindan ¢igekli Aragtirma Makalesi
bitkilerin en zengin familyas1 olan Asteraceae cogu sebze ve bitki ¢ayi

olarak tiiketilen ve biyoaktif bilesiklerce zengin olan bir¢ok yabani tiir Makale Tarihgesi

icerir. Bu calismada, Calendula arvensis, Cichorium Iintybus subsp. Gelis Tarthi  :05.07.2022
intybus, Glebionis coronaria, Scolymus hispanicus ve Tragopogon Kabul Tarihi :10.08.2023
porrifolius subsp. longirostris tiirlerinin radikal suptrici, antibakteriyel

ve fitotoksik aktivitesi ile fenolik igerikleri arastirildi. Sonug olarak C. Anahtar Kelimeler
intybus, G. coronaria ve S. hispanicus ekstraktlar: digerlerinden daha Antioksidan

yiksek 2,2-difenil-1-pikril-hidrazil radikali supurict aktivite gésterdi Antibakteriyel

(P<0.05). En yiiksek siiperoksit radikali siipiiriicii aktivite ve gallik aside Fitotoksik

esdeger toplam fenolik madde G. coronaria ekstraktinda goézlendi. En Asteraceae

yiksek katesine esdeger toplam flavonoid miktar1 sirasiyla C. intybus ve Fenolik igerigi

S. hispanicus ekstraktlarinda gozlendi. Yiksek Basingh Sivi
Kromatografi analizleri ekstraktlarin cesitli diizeylerde fenolik asitler ve
kuersetin igerdigini gosterdi. C. intybus, S. hispanicus ve T. porrifolius
ekstraktlar1 hem gram-pozitif (Listeria monocytogenesve Staphylococcus
aureus) hem de gram-negatif (Salmonella enterica subp. enterica ve
Escherichia coll) bakterilerin biiyiimesini inhibe etti (Minimal Inhibitor
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Konsantrasyon =

4 mg mL™). Gallik asidin (pozitif kontrol) biitiin

konsantrasyonlar: ile C. arvensis, S. hispanicus ve T. porrifoliusun 4 g
L' konsantrasyonlar1 tere (Lepidium sativum L.) fideleri iizerinde

siddetli inhibisyon gosterdi.

Karadeniz-Pekgoz, A. (2024). A comparative evaluation of potential bioactive properties and phenolic profiles

271), 56-67. https://doi.org/ 10.18016/
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INTRODUCTION

The last few decades have been the era that plant
active metabolites not only shed light on research for
new medicinal, agricultural, and industrially
important active compounds but also paved the way for
many functional food candidates for public health
(Shaikh et al., 2016). Plant extracts have been used
since ancient times in curing a wide range of diseases
such as diabetes, microbial infections, and stress-
related disorders, and are evaluated as sources of
antioxidants (Rashed et al., 2018; Petropoulos et al.,
2019; Rayan et al.,, 2020). Infectious diseases are
leading causes of death in low-income countries, also
during the course of the pandemic, COVID-19 has
become a significant cause of death in many countries
(WHO, 2022). The unceasing production and usage of
antibiotics and the rapid spread of new infections
worldwide trigger the emergence of multidrug-
resistant pathogens (Rashed et al.,, 2018). These
factors have pulsed the science environment to
generate new and capable antimicrobial solutions.
Return to nature/naturals is the new trend to avoid
different disorders among people. The need to control
disease-causing microorganisms with new
antimicrobials has pushed researchers towards
natural products and, over the last few years, herbal
sources have emerged as potential candidates
(D’Amato et al., 2018).

On the other hand, phytochemicals can be utilized for
biopesticide production as a replacement for synthetic
chemicals 1in agricultural production. The term
phytotoxicity is usually used for the same meaning as
the term allelopathy, as a group of interactive
reactions containing both stimulatory and inhibitory
influences, among plants or sometimes between higher
plants and microbes (Weston & Duke, 2003).
Allelopathy majorly takes place in agricultural
management like crop re-establishment, crop
protection, and weed control. Efforts to attain eco-
friendly compounds for weed control in the
agroecosystems are the new trend (Scavo et al., 2020).

There is a wide range of wild species in the
Mediterranean basin which have been utilized in food
and medicine throughout centuries. Asteraceae family,
the most species-rich family of flowering plants,
includes numerous species yet to rehabilitate and are
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native to the Mediterranean basin. Most of these wild
species are consumed for their fresh and tender leaves
in salads (Petropoulos et al., 2019).

In this study, phenolic compounds in the plant extracts
which have lots of bioactive properties (Zhang et al.,
2019) were considered probable radical scavengers,
bacterial growth inhibitors, and phytotoxic chemicals.
Calendula arvensis (Vaill) L., Glebionis coronaria (L.)
Spach, Cichorium intybus subsp. intybus L., Scolymus
hispanicus L., and Tragopogon porrifolius subsp.
longirostris (Sch. Bip.) Greuter, belongs to the
Asteraceae family and the last three are edible and in
the same tribe (Cichorieae or Lactuceae). These taxa
have some bioactive properties such as antioxidative
and antimicrobial. Nevertheless, current literature on
their phytotoxicity or potent herbicidal activity is very
limited. This study was conducted in order to
contribute to the scientific knowledge about the
antioxidant, antibacterial, and phytotoxic activities of
the edible or traditionally used parts of C. arvensis, C.
intybus, G. coronaria, S. hispanicus, and 7. porrifolius
grown in the specific Mediterranean regions. As far as
we know, this study reports SO RSAs of these plants,
also phytotoxicity of current plant extracts on cress
(Lepidium sativum L.) seedlings and antibacterial
effects of 7. porrifolius on an organism for the first.

MATERIALS AND METHODS
Chemicals and Reagents

Methanol (extra pure), Folin-Ciocalteu phenol reagent,
dimethyl sulphoxide (DMSO), and nitroblue
tetrazolium (NBT) were supplied from Merck
(Germany). Aluminium chloride (AICls), sodium nitrite
(NaNOs;), catechin, sodium carbonate (Na2COs3),
sodium hydroxide (NaOH), L-ascorbic acid, gallic acid
and DPPH (2,2-diphenyl-1-picril hydrazyl) from
Sigma-Aldrich (Sigma-Aldrich Co. St. Louis). Mueller
Hinton II Broth was purchased from Oxoid
(Massachusetts-USA).

Plant Material

Traditionally consumed aerial parts of the plants were
collected from rocky places in Quercus coccifera
maquis at Akdeniz University Campus
(Antalya/Turkey) area (altitude 10 m) on 5 May 2019.
All the plant parts but S. hispanicus were stems with
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leaves and flowers. S. hAispanicus was stem with leaves Plants Laboratory of Mehmet Akif Ersoy University.
(Figure 1, Table 1). A part of all the plant samples were Plant names were confirmed with the sources such as

dried in a cool and shady place and used for the Flora of Turkey and the East Aegean Islands (Davis,
bioactivity assays and other parts were saved as 1985) and Plants of the World Online Powo (2022).
herbarium material. Voucher specimens were coded as (Table 1).

MPL201911 (to 15) and deposited in the Medicinal

Figure 1. Plants used in the study: Calendula arvensis, Glebionis coronaria, Cichorium intybus subsp.
intybus, Scolymus hispanicus and Tragopogon porrifolius subsp. longirostris, from left to right.

Sekil 1. Calismada kullanilan bitkiler: Soldan saga, Calendula arvensis, Glebionis coronaria, Cichorium
Intybus subsp. intybus, Scolymus hispanicus ve Tragopogon porrifolius subsp. longirostris.

Table 1. Plants used in the study
Cizelge 1. Calismada kullanilan bitkiler

Plant Abbreviation used in the study English name Local name
Bitki Calismada kullanilan Ingilizce adi Yerel adi
kisaltmasi
Calendula arvensis (Vaill) L. CA Field marigold Aynisafa
Cichorium intybus subsp. intybus L. CI Chicory Hindiba
Glebionis coronaria (Syn. GC Garland Sar1 papatya
Chrysanthemum  coronarium)
(L) Spach
Scolymus hispanicus L. SH Golden thistle Sevketibostan
Tragopogon  porrifolius  subsp. TL Purple salsify Yemlik
longirostris (Sch. Bip.) Greuter
Extraction activity (RSA) tests, total flavonoid and total phenolic
Air-dried and powdered plant parts were extracted contents, and antibacterial activity.

three times with methanol at 40°C by using a magnetic ) ) o
stirrer, for three days. Afterward, the obtained Radical Scavenging Activity Assays

methanolic extracts were filtered and evaporated to DPPH RSA potentials of the methanolic extracts of the
obtain crude extracts. Extract yields were calculated plants were detected according to the method of Blois
by the following formula: (1958). Each methanol sample or control of 200 uL was
. weight of crude extract added DPPH, a stable free radical, (50 pL, 1 mM) at
Yield(%) = weight of plant powder x100 certain concentrations and then mixed well. The

remaining DPPH had an absorbance value of 517 nm
after 30 minutes. The RSA of a negative control well
that contained only DPPH and solvent was taken as a
comparison to the RSA of the extract. Ascorbic acid was
the positive control. All assays were conducted in
triplicates. RSA was asserted as percent inhibition and
calculated by the following equation:

Distilled water was applied to crude extracts to
dissolve. Equal volumes of petroleum ether were used
for partitioning each to remove chlorophylls and other
lipophilic compounds. Finally, the remaining aqueous
extracts were lyophilized (Harput et al., 2012). Water
extracts for early seedling growth bioassay were
prepared from dried and powdered plants by mixing
continuously at room temperature (22°C) for 24 h. o __ Abs (control)—Abs (sample) o
Extracts were filtered (Whatman No.1) and used as Inhibition percentage = Abs (control) x100 (1
0.5, 2, and 4 g dry matter L' concentrations for the

phytotoxicity assay. Methanol extracts were prepared Inhibitory concentration (ICs0) values were also
for HPLC analysis, DPPH and SO radical scavenging calculated.
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Superoxide (SO) RSA was detected via the method of
Kunchandy & Rao (1990). In sum, a non-enzymatic
system was established to generate superoxide radical.
The mixture which included 10 pL of nitroblue
tetrazolium (NBT) (1 mg mL™ solution in dimethyl
sulphoxide, DMSO) and 30 pL of each sample was
dissolved in DMSO. 100 uL of alkaline DMSO (1 mL of
which contained 5 mM NaOH in 0.1 mL of water) was
put to make a final volume of 140 uL and the
absorbance was read at 560 nm. Ascorbic acid was the
positive control. All assays were done in triplicates.
RSA was asserted as percent inhibition and calculated
by the following equation:

Abs (sample)—Abs (control)
Abs (sample) x100 (2)

Inhibitory concentration (ICs0) values were also
calculated.

Inhibition percentage =

Antibacterial Activity

The Minimum Inhibitory Concentration (MIC) method
using a 96-well plate by Klanénik et al., (2010) was
applied to examine antibacterial activities of the
extracts on the following gram (+) bacteria: Listeria
monocytogenes (ATCC 02028) and Staphylococcus
aureus (ATCC 25923) along with two gram (-)
bacteria: Salmonella enterica subp. enterica (ATCC
700408) and Escherichia coli (ATCC 35150). The
concentrations that entirely inhibited bacterial growth
(MIC) were determined by spectrophotometric
absorbance read at 600 nm in a microplate reader to
detect microbial growth. Bacterial strain starters were
grown overnight, and shaken at 37°C. The inoculum
density was regulated to catch 0.5 on the McFarland
scale with an interval of 0.080-0.100 optical density at
600 nm. 20 mg mL™ of extract was prepared with
DMSO and each well was added 160 pL extract which
is serially diluted with Mueller Hinton II Broth. The
highest final concentration of the extract was 4 mg
mL1. MIC values were determined via incubation of
the bacteria in 96-well microplates for 24 and 48 h at
37°C.

Phytotoxicity Assay: Early Seedling Growth Bioassay

Tests were conducted using 70 mm glass Petri dishes
and two layers of filter paper. All materials but seeds
were sterilized. Undamaged and almost identically
sized cress seeds, (Pasa Seed Company,
Balikesir/Turkey, Cultivar name: Zeybek®©) a crop that
is sometimes considered a weed (Kadioglu & Yanar,
2004), were pregerminated in distilled water for 24 h
at 25°C at an incubator. 25 pregerminated seeds were
laid on the filter paper in each dish which contained 4
mL of filter-sterilized plant extract and gallic acid at
0.5, 2, and 4 g L'! concentrations. Each condition was
tested in triplicates. All dishes were incubated in the
dark, at 25°C, for 72 h. Blank (distilled water)
experiments accompanied every treatment. Seeds were
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treated with one of the phenolic compounds,
responsible for the phytotoxic activity, with gallic acid,
also, in this experiment. Seedling (root and shoot)
lengths were measured by using a ruler. In each case,
the mean number of germinated seeds (N) and mean
lengths of roots and shoots (L) were taken.

Relative seed germination: RSG = % x100 (3)

where Nb is the mean number of germinated seeds in
the blank.

Relative root and shoot growth: RRG = & x100(4)

where Lb is the mean length of the seedlings in blank

and percent germination indices are calculated as

follows:
Gl

RSGXRRG
=100 (5)
Phytotoxicity ratings of tested extracts were
determined according to the germination index scale
proposed by Trautmann & Krasny, (1998) as; GI<40%:
severe inhibition, 40%<GI<60%: strong inhibition,
60%<GI<80%: mild inhibition, GI>80%: no inhibition
(Pinho et al., 2017).

Total Phenolic and Total Flavonoid Contents

The method of Singleton & Rossi, (1965), and the
method of Zhishen et al, (1999)— with minor
modifications— were used to detect total phenolic
content (TPC) and total flavonoid content (TFC) of the
extracts, respectively. For TPC, 10 uL of sample or
standard (10-500 pg mL! gallic acid) plus 150 ulL of
diluted Folin-Ciocalteu reagent (1:4 reagent/water)
and 50 uL of saturated sodium carbonate (7.5%) were
added to each well of a 96-well plate and incubated for
2 h at room temperature. The absorbance was read at
725 nm. TPC was expressed as gallic acid equivalent
(GAE). For TFC, 10 pL 5% sodium nitrite was added to
the 10 uLL sample or standard. After 5 min., 10 uLL 10%
aluminum chloride, 150 pL 1 M sodium hydroxide, and
50 L. water were added. The plate was mixed well.
Then the absorbance was read at 510 nm. Methanol
was used as the control. TFC was expressed as
catechin equivalent (2-250 pg CE mL™).

HPLC Analysis

HPLC analysis of phenolic compounds (benzoic acid,
caffeic acid, ferulic acid, p-coumaric acid, vanillic acid,
and quercetin) were done at Scientific and Technology
Application and Research Center of Mehmet Akif
Ersoy University. System: Shimadzu Prominence,
CBM: 20ACBM, Detector: DAD (SPD-M20A), Pomp:
LC20 AT, Column Oven: CTO-10ASVp, Autosampler:
SIL 20ACHT, Computer Programme: LC Solution,
Mobile Phase A: 3% Formic acid, Mobile Phase B:
Methanol. The elution gradient was applied at a flow
rate of 1 mL minl was: 95%A/56%B for 3 min.,
80%A/20%B for 2 min., 60%A/40%B for 10 min.,
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50%A/50%B for 10 min., 100%B for 10 min. until the
end of the run. 10 uL. methanol samples were injected
into the column (Caponio et al., 1999). Benzoic acid
LOD: 0.03 ppm, 270 nm, RT: 34 min., caffeic acid LOD:
0.01 ppm, 280 nm, RT: 22.7 min., p-coumaric acid LOD:
0.01 ppm, 320 nm, RT: 26.1 min., ferulic acid LOD: 0.01
ppm, 320 nm, RT: 30.1 min., quercetin LOD: 0.01 ppm,
360 nm, RT: 70.4 min., vanillic acid LOD: 0.11 ppm,
320 nm, RT: 19.2 min.

Statistical Analysis

One-way analysis of variance followed by Tukey HSD
test was used to evaluate differences among groups in
DPPH and SO RSA, TPC, and TFC tests. Non-normal
data which also weren’t suitable for transformation
were treated with the Kruskal-Wallis test. The
significance level was set at P<0.05. IBM SPSS
Statistics software version 22 was used for statistical
analysis.

RESULTS AND DISCUSSION
Radical Scavenging Activity and Phenolic Contents
Radical scavenging activities of the plant extracts

(yields as %; 18.33, 10.25, 31.51, 16.28 and 17.10 for
CA, GC, CI, SH and TL, respectively) were evaluated
by DPPH and SO RSA. DPPH radical is a rare type of
stable organic nitrogen radical that has a deep purple
color. DPPH RSA assay is based on the reducing ability
of antioxidants towards DPPH. Antioxidant ability can
be seen in the decrease of its absorbance (Brand-
Williams et al., 1995). On the other hand, the nitroblue
tetrazolium (NBT) assay tests whether the extracts
scavenge SO anions. Alkaline DMSO, used as an SO
generating system, reacts with NBT to give colored
diformazan. Following the DPPH RSA of ascorbic acid
which was the positive control, activities of SH, GC,
and CI extracts (ICso values; 124.28, 136.87, and
140.20 pg mL, respectively) were higher than the
others (P<0.05). The lowest ICs0 means the highest
RSA. It shows the extract is effective in lower
concentrations (a concentration in which the extract
can scavenge 50% of the radical). The highest SO RSA
was detected in GC extract. The ICso values of DPPH
and SO RSA were shown in Table 2. The highest gallic
acid equivalent TPC was determined in GC extract
(114.25 pg GAE mL™) followed by CI and TL extracts
(82.92 and 76.51 GAE mL, respectively).

Table 2. DPPH and SO radical scavenging activity (ICso values) and phenolic profiles of the plant extracts
Cizelge 2. Bitki ekstraktlarimin DPPH ve SO radikali siipiiriicii aktiviteleri (ICso degerleri) ve fenolik profili

Antioxidant activity™
Antioksidan aktivite™

HPLC analysis (ug mL™?)
YBSK analizi (ug mL™)

TPC TFC
PE DPPH RSA SO RSA ) (ugCE mL™)
BE (ug mL) (ng mLD) (4g GAE mL) TFLI

TFl(ug GAE mL™) (ug KE mL)
CA  274.97+3.94a 59.60+7.65abc  66.97+2.44c 22.16+5.01b
GC  136.85:2.41c 36.91413.10a  114.25+8.24a 30.50+4.66b
Cl  140.23+4.66c 70.94:2.13bc  82.92+4.88b 54.16+8.47a
SH  124.28+0.06c 63.46:5.05abc  30.97+0.79d 48.50+8.78a
TL  182.17+#14.72b  90.35:25.01c  76.51:4.98b 27.50+3.43b
AA  15.89+2.10d 49.08+5.30ab

Vanilli Caffeic p-Coumaric  Ferulic = Benzoic

c acid acid acid acid acid Quercetin
2.221 27.00 0.016 0.058 21.30 4.044
0.314 3.787 0.467 0.020 0.49 0.515
2.138 9.238 0.004 0.107 0.22 10.08
0.914 11.36 0.372 0.011 nd 1.237
0.702 4.950 0.099 0.059 0.006 7.142

m: Means of three replicates+SD, different letters show significant differences (P<0.05), PE: Plant extract, RSA: radical scavenging activity, TPC: total phenolic content, TFC: Total flavonoid

content, GAE: gallic acid equivalent, CE: catechin equivalent, nd: not determined, AA:Ascorbic acid

m: Ug tekrarin ortalamasi+SS, farkh harfler istatistiksel olarak énemli farkliliklar: gésterir (P<0.05), BE: Bitki ekstrakti, RSA: radikal siipiiriicii aktivite, TFI: toplam fenolik icerigi, TFLI:

toplam flavonoid igerigi, GAE: gallik aside esdeger, KE: katesine esdeger, nd: belirlenemedi, AA: askorbik asit

The highest catechin equivalent TFC was found in CI
and SH extracts, (54.16 and 48.50 pg CE mL7,
respectively) (Table 2). The highest quercetin content
was also found besides vanillic and ferulic acids in CI
extract. Higher both TFC (catechin equivalent) and
quercetin show that C. intybus is rich in flavonoids.
Moreover, flavonoids are chemosystematic markers in
the Cichorieae tribe (Sareedenchai & Zidorn, 2010). C.
intybus contains several important metabolites such
as 3-o-caffeoylquinic acid (Shilpa and Lakshmi 2019),
hydroxycinnamic acids, including chlorogenic and
cichoric acid (Sinkovi¢ et al., 2015), and flavonoids
(Dalar & Konczak, 2014; Papetti et al., 2017) that are
responsible for bioactivity.

Antibacterial Activity

CI, SH, and TL extracts inhibited growth of both gram
() (E. coli and S. enterica) and gram (+) (S. aureus
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and L. monocytogenes) bacteria (Minimal inhibitory
concentration (MIC) = 4 mg mL™1) in this study
(Figures 2, 3 and 4). CA and GC extracts were weak to
inhibit bacterial growth in 4 mg mlL! concentrations,
although they are rich in phenolic substances (Table
2). There are some reports on the antibacterial
activity of both methanol and other solvent extracts
such as chloroform or petroleum ether of C. arvensis
and G. coronaria. For example, Tosun et al., (2012)
found that essential oil and methanolic extract of C.
arvensis showed moderate antibacterial activities
against S. aureus. It contains sesquiterpene and
flavonol glycosides, triterpene saponins and alcohols,
flavonoids, carotenoids, xanthophylls, phenolic acids
and is antibacterial on Bacillus subtilis, E. coli, and S.
aureus (Kemper, 1999). The minimum concentration of
inhibition for leaf extract of C. arvensis was
determined as 2 pg mL™ in chloroform against K
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pneumoniae and E. coli and in petroleum ether against
E. coli (Jamal et al., 2014). G. coronaria has also an
inhibitory effect on bacterial growth. For example,
non-polar extract of G. coronaria has an antibacterial
effect on Staphylococcus mutans at 1Cso of less than 20
ppm concentration, besides a moderate value of DPPH
RSA (EC5=587 ppm) (Rayan et al, 2020).
Antibacterial effects of G. coronaria essential oil were
demonstrated against the gram-positive strains while
it failed to inhibit gram-negative bacterial growth
(Bardaweel et al., 2015). Caffeoylquinic acids are
reported as the major component of G. coronaria (Lai
et al., 2007; Wan et al., 2017).

As seen in the literature, C. arvensis, G. coronaria, C.
Intybus and S. hispanicus have certain DPPH RSAs.
Besides its RSA activity, C. intybus has antibacterial
activity on both our tested gram (+) and gram (-)

C. intybus

bacteria, as well. There are some studies exhibiting the
antibacterial activity of chicory. Its root and aerial
extracts showed antibacterial activity with the disc
diffusion method on both gram (-) and gram +)
bacteria. The ethyl acetate extract was the most active
(Petrovic et al., 2004). Shaikh et al., (2016) determined
potential activities of C. Intybus on Pseudomonas
aeruginosa, B. subtilis, S. aureus, S. epidermidis. Its
seed extracts showed to have MIC values below 0.1 mg
ml1 against the pathogenic microorganisms tested,
including S. aureus, P. aeruginosa, and FE. coli. Ethyl
acetate and ethanol extract were found considerably
responsive to S. aureus and P. aeruginosa. In another
study, C. intybus MIC was 16 to 256 ng mL! against
E. coli CCM 3988, S. enterica CCM 3807, Yersinia
enterocolitica CCM 5671, and three gram (+)
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Figure 2. MIC graphic of Cichorium intybus subsp. intybus extract.
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T. porrifolius subsp. longirostris
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Figure 4. MIC graphic of Tragopogon porrifolius subsp. longirostris extract
Sekil 4. Tragopogon porrifolius subsp. longirostris ekstraktinin MIK grafigi

bacteria:  Bacillus thuringiensts CCM 19, L.
monocytogenes CCM 4699, S. aureus CCM 2461
(Rashed et al., 2018). The whole plant of C. intybus is
active against Enterococcus faecalis, with MIC values
of 13.01 pg mL and 6.50 pg mL, respectively (Giir
et al., 2017). Antifungal activities of C. intybus have
also been reported (Abbas et al., 2014; Rehman et al.,
2014; Shaikh et al, 2016; Gir et al, 2017).
HPLC/DAD/MS analysis identified some
hydroxycinnamic acids and flavonoids (quercetin,
kaempferol, luteolin, and apigenin glycosides) in
chicory (Heimler et al., 2009) and chicoric acid is its
main component (Heimler et al., 2009; Tardugno et al.,
2018). Although folkloric use of chicory has a rich
historical background just a few of its constituents
have been studied in terms of pharmacological
potential. Data on the toxicity of C. intybusis currently
limited (Mahadeva Rao et al., 2020).

One of our tested plants that has antibacterial activity
is S. hispanicus. Marmouzi et al., (2017) reported that
its roots showed the most promising antibacterial
activity on £, coli CIP 53126 at a MIC value of 1.56 mg
mL1. Furthermore, flowers exhibited the highest
activity on S. aureus CIP 483 (3.12 mg mL!) and B.
subtilis CIP 5262 (1.56 mg mL™) while its leaves
displayed better activity (MIC=1.56 mg mL™) against
S. enterica CIP 8039 and P. aeruginosa CIP 82118. On
the other hand, lipophilic metabolites (at 100 pM
concentration) (Kandil et al., 2020) of pollen extracts of
S. hispanicus have DPPH RSA as 1C50=0.78 mg mL™!
(Bakour et al., 2020).

Tested plants which belong to the tribe Cichorieae,
have antibacterial effects with MIC at 4 mg mL™
concentration, all of our tested plants have RSA and
phenolic content at different levels. All the plants we
studied were collected from the same area and at the
almost same time on the same day. Most of the tested
plants are edible both in Turkey and European
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countries and have some medicinal properties (Lai et
al., 2007; Marmouzi et al., 2017; Tardugno et al., 2018;
Abdalla & Zidorn, 2020). In studies conducted on
medicinal plants, it’s pointed out that the geographical
origin of the variety and the harvest season have
influences on the chemical composition (Dehkordi et
al., 2010). On the other hand, different functional
groups of the compounds may cause different bioactive
effects.

Phytotoxic Activity

The phytotoxic effects of the extracts on seedling
growth of cress seeds were expressed by germination
indices. Germination indices as a percentage of cress
seeds treated with plant extracts are given in Table 3.
Kruskal Wallis test showed that germination indices of
plant extracts are significantly different (P<0.05).
According to the germination index scale of
Trautmann & Krasny, (1998) all the concentrations of
gallic acid and 4 g "1 concentrations of CA, SH, and,
TL extracts showed severe inhibition. Strong
inhibition was observed in the 4 g L™ concentrations of
CI and GC extracts and 2 g L.'! concentrations of CI,
SH, and TL. 2 g L™ concentrations of CA and GC
extracts and 0.5 g L'! concentrations of CA and SH
extracts showed mild inhibition while 0.5 g L7
concentrations of CI, GC, and TL extracts showed no
inhibition (Table 3). The germination index can be
greater than 100%, in cases that the extract enhances
the germination and/or the radicle growth rather than
impairing it (Trautmann & Krasny, 1998; Begum et
al., 2019). Seedling growth enhanced by GC extract at
0.5 g L't concentration was observed. Similarly, Chon
et al., (2003) found that the root length of alfalfa was
scaled up by 13-33% when treated with extracts of
Bidens frondosa, Breea segeta, Chrysanthemum
Indicum, and Youngia sonchifolia, at concentrations
below 20 g dry matter L 1.
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Table 3. Germination indices of cress seeds treated with the plant extracts.
Cizelge 3. Bitki ekstraktlari uygulanan tere tohumlarinin ¢gimlenme indislerl.

Plant extract

Germination Index (%)* Cimlenme Indisi (%)

Bitki ekstrakti 0.5 g L1 2gL1 4gl1

CA 76.42+3.75efgh 60.04+3.40cdef 6.45+1.05ab
GC 111.38+6.04h 60.50+3.58cdefg 40.38+3.20c
CI 87.52+4.40gh 49.89+3.52cde 43.70+£2.70c
SH 64.09+3.54defg 45.76+2.69cde 9.14+1.27b
TL 92.65+4.21fgh 43.69+2.28cd 18.16+2.78b
GA 38.10+3.00c 9.63+1.30b 2.69+0.20a

*: Means+SE, Different letters indicates significant differences (P<0.05) from Kruskal-Wallis test Stepwise

Step-down multiple comparisons.
GA:Gallic acid

*ortalama+SH, Farkli harfler Kruskal-Wallis, ardisik basamakli ¢oklu karsilastirma testine gore istatistiksel olarak onemli farkliliklar

gosterir (P<0.05), GA: gallik asit

HPLC analysis (Table 2) showed that well ahead the
highest caffeic, vanillic and benzoic acids were found
in CA extract which has shown the most severe
inhibition following gallic acid at 4 g ™! concentration.
This suggests causative phytotoxic chemicals could be
caffeic, vanillic, and benzoic acids in this plant.
Activities of caffeic acid (Batish et al., 2008; Li et al.,
2017), and benzoic acid (Zhu et al., 2017) are known.
Some studies report the phytotoxicity of C. arvensis
extracts. For example, Ullah et al., (2012) found that
the methanolic extract of C. arvensis has toxic
potential against Lemna minor at 1000 pg mL! (1 mg
mL1). Not only phenolic compounds but also essential
oils can cause phytotoxicity. For example, C. intybus
oil showed significant phytotoxic activity (61.12%
inhibition against Lemna minor at a high dose such as
1000 pg mL1) (Shah et al., 2012). C. arvensis extract
showed 20%, 50%, and 60% inhibitions on maize,
sunflower, and wheat seeds respectively (Khan et al.,
2012). Methanol extracts of C. arvensis flowers showed
19% DPPH radical inhibition at 250 pg mL
concentration (Ercetin et al., 2012). On the other hand,
about 45% DPPH radical inhibition at 250 pg mL™
concentration of CA extract was found in our study.
Possible reasons for this difference can be explained by
localities, parts of the plants used, and methodological
details. Faustino et al., (2018) identified C. arvensis as
smart food or natural medicine because of its phenolic
acids, flavonoids, and saponins in its aerial parts,
detected by UHPLC-MS/MS.

The highest p-coumaric acid was found in GC and SH
extracts, respectively. SH extract showed severe
inhibition like CA extract at the highest concentration
(4 g LY. Catechin equivalent TFC and the highest
DPPH RSA were also found in SH extract (Table 2). S.
hispanicus is rich in phenolics and flavonoids and has
antioxidant (Tabaraki et al., 2013), and phytotoxic
(Qasem, 2017) activity. It showed severe toxicity on
cress seeds at 4 g L'! concentration in our study. No
data was found on the phytotoxic activity of 7.
longirostris despite containing flavonoids, terpenoids,
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bibenzyl derivatives, benzyl phtalides, stilbenes,
dihydro isocoumarin derivatives, phenylmethane
derivatives, hydroxy phenylacetic acid derivatives,
esters of phenylpropanoic acids, phenylpropane
derivatives, spermine derivatives, and coumarin
derivatives (Abdalla & Zidorn, 2020). Among the
plants we focus on, exhibiting inhibition, there are
reports about their phytotoxic impacts on Lemna
minor (Ullah et al.,, 2012) or some other seeds or
seedlings of plants like sunflower (Ercetin et al., 2012).
However, no study has been found about the inhibitory
effects of these plant extracts on cress seedlings.

General knowledge about secondary metabolites from
commercially interesting Cichorieae genera, including
C. intybus, S. hispanicus, and T. porrifolius taxa, is
satisfying. However, most of the other genera of this
tribe had not been studied phytochemically at all
according to Zidorn (2008). A total of 135 various
flavonoid compounds were detected in 354 taxa of 299
species, including many cultivars of common
vegetables like chicory and lettuce of the Cichorieae
(Lactuceae) tribe (Sareedenchai & Zidorn, 2010). The
highest TFC was detected in CI and SH extracts (Table
2), both belonging to the tribe Cichorieae. DPPH RSA
of GC extract was not significantly different from that
of CI and SH. TPC of GC was also statistically higher
than the others (P<0.05). GC extract positively affected
the seedling growth of cress seeds contrarily to the
others at 0.5 and 2 g L™ concentrations. Probably
because of methodological differences or because
different compounds are responsible for the phytotoxic
activity. G. coronaria was reported to have phytotoxic
activity, in the literature. Its extract inhibited root and
shoot elongations of Echinochloa crus-galli, one of the
worst weeds, 21%, and 6.3%, respectively at 1000 ug
mL 1 concentration (Abdelgaleil et al., 2020), and it
has a high DPPH RSA and allelopathic activity on the
seed germination and seedling growth of two annual
weeds (Sinapis arvensis and Phalaris canariensis) and
two crops (Triticum durum and Zea mays) (Hosni et al.,
2013). Caffeoylquinic acids are the major components
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of G. coronaria (Wan et al., 2017). C. intybus root
extracts have also a potential for use as bioherbicides
(Wang et al.,, 2011). S. hispanicus has phytotoxic
activity, too (Zidorn, 2008).

Chon et al., (2005) informed of the most prominent
phytotoxic compounds via HPLC as coumarin, trans
cinnamic acid, o-coumaric acid, p-coumaric acid, and
chlorogenic acid. Pinho et al., (2017) states that
increasing -OH and -OCHs groups in the molecule
seem to reduce phytotoxicity. Lipophilic phenolics
appear to be the most causative chemicals for
phytotoxicity. They tested the phytotoxicity of gallic
acid, protocatechuic acid, cinnamic acid, syringic acid,
3,4,5-trimethoxybenzoic acid, 4-hydroxybenzoic acid,
vanillic acid, p-coumaric acid, caffeic acid, veratric
acid, and phenol and they found that cinnamic acid is
the most phytotoxic because of its hydrophobicity.
Further possible phytotoxic properties of hydrophobic
fractions of these plant extracts should be investigated.
Phenolic acids are often assumed as phytochemicals in
the literature and maybe they are the most widely
investigated compound type among the proposed ones
(Abdelgaleil et al., 2020).

CONCLUSION

Asteraceae species we studied exhibit phytotoxicity
changing from none to severe and including phenolics
at various levels. We concluded that these plants have
different bioactive properties depending on their
phenolic variation. Furthermore, this study is the first
to report in the literature on the SO RSA of
phytotoxicity of 7. porrifolius as far as is known.
Assaying the bioactivity of polar and apolar fractions
of plant extracts will amplify results as well as
assaying plant parts separately. The phytotoxicity of
these extracts at different concentrations on different
weed seeds should be researched as well. Field trials
will also contribute to the topic besides laboratory
experiments. Briefly, the plants we studied, must be
taken into account since they not only bear the
potential of phytotoxicity but also are antibacterial
agents.
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ABSTRACT Botany

Consolida species have traditional uses in the treatment of various

diseases, especially skin diseases. There is also traditional use of some Research Article

Consolida species in Turkey. Phenolic compounds have significant

pharmacological effects, therefore it is important to know their amount Article History

in plants. Consolida thirkeana is endemic to Turkey and known as “boz Received 125.11.2022
mahmuz” and no study had conducted in terms of phenolic compounds. Accepted 1 15.06.2023

Therefore, some phenolic amount, which has been done for the first time
for C. thikeana, was analyzed. In this study, C. thirkeana was analyzed Anahtar Kelimeler

quantitatively for caffeic acid, chlorogenic acid, hyperosit, and rutin by Consolida sp.
using HPLC and the method was validated (linearity, precision, accuracy, HPLC
recovery, limits of detection (LOD), and limits of quantification (LOQ)). Phenolics

While chlorogenic acid (0.098%), caffeic acid (0.107%), rutin (0.078%), and Ranunculaceae
hyperoside (0.134%) were detected in the aerial part, only rutin (0.007%) Validation

was detected in the root. As a result of this study, this endemic species

was evaluated in terms of some phenolic compounds. It is thought that

phenolic compounds can be determined on other Consolida species with

this method.

Consolida thirkeana (Boiss.) Bornm.daki Baz1 Fenolik Bilegiklerin YPSK ile Miktar1 Tayini ve
Yontemin Validasyonu

OZET Botanik
Consolida tirleri basta deri hastaliklar: olmak tizere c¢egitli hastaliklarin :
tedavisinde geleneksel kullanima sahiptir. Tiirkiye'de de baz1 Consolida Aragtirma Makalesi

turlerinin geleneksel kullanimi mevcuttur. Fenolik bilesiklerin 6nemli
farmakolojik etkileri bulunmaktadir, bu nedenle bitkilerde miktarlarinin
bilinmesi 6nemli bir yere sahiptir. Consolida thirkeana, Turkiye'de “boz
mahmuz” olarak bilinen endemik bir tirdir ve fenolik bilesikler
acisindan herhangi bir g¢alismaya rastlanmamigtir. Bu nedenle C. Anahtar Kelimeler
thikeana i¢in baz1 fenolik bilesiklerin miktar tayini yapilmistir. Bu Consolida sp.
calismada, C. thirkeana, YPSK kullanilarak kafeik asit, klorojenik asit, YPSK

hiperosit ve rutin agisindan kantitatif olarak analiz edilmis ve yéntemin Fenolikler
validasyonu (dogrusallik, kesinlik, dogruluk, geri kazanim, tespit
limitleri ve olciim limitleri) gerceklestirilmistir. Toprak iistii
kisimlarinda, klorojenik asit (%0,098), kafeik asit (%0,107), rutin
(%0,078) ve hiperosit (%0,134) tespit edilirken, toprak alt1 kismi sadece
rutin (%0,007) tespit edilmistir. Bu ¢alisma sonucunda bu endemik tiir
baz1 fenolik bilegikler agisindan degerlendirilmigtir. Bu yontem
kullanilarak diger Consolida turleri tuzerinde fenolik bilesiklerin
tayininin yapilabilecegi diisiiniilmektedir.
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Gelig Tarihi @ 25.11.2022
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To Cite : Cicek Polat, D., & Hiirkul, M.M., (2023). Quantification of Some Phenolic Compounds in Consolida thirkeana
(Boiss.) Bornm. by HPLC and Validation of Method. KSU J. Agric Nat 27 (1), 68-74. https://doi.org/
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Atif Sekli: Cicek Polat, D., & Hiirkul, M.M., (2023) Consolida thirkeana (Boiss.) Bornm.daki Baz1 Fenolik Bilesiklerin
YPSK ile Miktar: Tayini ve Yontemin Validasyonu. KSU Tarim ve Doga Derg 27 (1), 68-74. https://doi.org/
10.18016/ksutarimdoga.vi.1210096

INTRODUCTION approximately 59 species found in Ranunculaceae
Consolida (DC.) S.F. Gray is a genus with family, and distributed in Europe, northern Africa, and
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western Asia. Anatolia, which 1s an important
distribution area for Consolida, is also considered as
the center of diversity in the Mediterranean (Munz,
1967; Ertugrul et al., 2010; Jabbour and Renner, 2011;
Yin et al, 2020). The general classification of
Consolida was previously included in Delphinium L.,
then recognized as a separate genus (Suzgec et al.,
2009; Ertugrul et al., 2010; Jabbour & Renner, 2011;
Pakravan et al., 2018; Yin et al., 2020). Consolida
thirkeana (Boiss.) Bornm. is Turkish endemic species
and called “boz mahmuz” (Giiner et al., 2012; Hiirkul,
2021; Tok & Yayla, 2022). Delphinium thirkeanum
Boiss. is accepted as a synonym (Giiner et al., 2012;
Hirkul, 2021). Laciniate linear leaves, pale lilac
flowers, and sessile follicles are characteristic of C.
thirkeana (Giiner et al., 2012; Hiirkul, 2021).

Consolida species have been used for hundreds of years
in the treatment of various diseases such as traumatic
injury, rheumatism, sciatica, stomach-ache, intestinal
worms, insomnia, lack of appetite, scabies, and other
skin diseases. In Turkey, Consolida species are also
used for body lice (Ulubelen et al., 1996; Baytop, 1999;
Bitis et al., 2006; Kostic et al., 2013; Yin et al., 2020).
In the studies on the chemical components of Consolida
species, 143 different compounds (alkaloids,
flavonoids, and phenolic compounds) have been
isolated. It has many biological activities because of
the compounds it contains (Sener et al., 2007; Suzgec
et al., 2009; Mericli et al., 2012; Rocchetti et al., 2020).
It is known that flavonoid glycosides isolated from
Consolida species have cytotoxic, anti-tyrosinase, anti-
leishmaniasis, and anti-trypanosomatid activities
(D1az et al., 2008; Marin et al., 2009; Marin et al., 2017;
Zengin et al., 2019).

Bioactive compounds such as flavonoids, and phenolic
compounds are secondary metabolites produced under
stress conditions. These phytochemical contents of the
plants may change according to various stress
conditions, climatic conditions, harvesting time of the
plants and parts of the plant (Van Vuuren et al., 2007;
Cicek Polat et al., 2019; Kubes et al., 2018; Ouerfelli et
al., 2021). One of the most important groups of
bioactive compounds is phenolic compounds. These
compounds have important pharmacological effects.
Studies have found that phenolic compounds, such as
chlorogenic acid, caffeic acid, rutin, and hyperoside,
have significant antioxidant, anti-inflammatory,
anticancer, and antimicrobial effects (Magnani et al.,
2014; Gullén et al., 2017; Raza et al., 2017; Naveed et
al., 2018; Birkova et al., 2020; Bender & Atalay, 2021;
Satari et al., 2021; Wang et al., 2021; Seker
Karatoprak et al., 2022).

High performance liquid chromatography (HPLC) is
one of the most useful and easy methods used for the
analysis of active compounds from plant samples. In
HPLC analyses, it is important to find the appropriate
solvent system for chromatographic separation of
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analytes. Therefore, validation of the method used for
analysis is also important (Mendoza et al., 2011; Cicek
Polat & Coskun, 2016; Kendir et al., 2021). In the aim
of this study, wusing high performance liquid
chromatography, methanolic extracts of aerial part,
and root of C. thirkeana were analysed quantitatively
for caffeic acid, chlorogenic acid, hyperoside, and rutin.
The reason why these four phenolic compounds were
chosen for quantification was that they have proven
important biological activities. Separate extracts were
prepared to determine the compound profile in the
aerial part and root. The linearity, precision, accuracy,
recovery, limits of detection (LOD), and limits of
quantification (LOQ) of the method were displayed
thus demonstrating validation procedure.

MATERIALS and METHODS
Plant material

Specimens of C. thirkeana were collected at Ayas,
Ankara, Turkey, during the flowering period
(Date:12.07.2020). The voucher sample was deposited
in Herbarium of Ankara University, Faculty of
Pharmacy (No: AEF 30483). (AEF: Ankara
Universitesi Eczacilik Fakiiltesi Herbaryumu). Other
samples collected from the same habitat on the same
day were reserved for extract preparation.

Sample preparation

The aerial parts were separated from roots, and they
were separately air dried in the shade. Methanol was
used in the extraction process. Dried aerial parts and
roots were separately powdered and extracted with
methanol (Sigma-Aldrich) (24 h). Finally, the samples
were extracted using an ultrasonic bath (25°C, 60 min.)
(ISOLAB 621.05.010). After filtered, the extracts were
concentrated with an evaporator (Heidolph WB2000)
(Acikara et al. 2019). Dry extract was dissolved in
methanol (4 mg mL71). The samples prepared for
analysis were stored in the refrigerator (+4°C) during
the analysis.

High performance liquid chromatography (HPLC)
analysis

For HPLC analysis, a liquid chromatographic system
device (Agilent 1100 Series) (automatic injector, pump,
thermostated column, and DAD) was used. Phenolic
compounds (caffeic acid, chlorogenic acid, hyperoside,
and rutin) were quantified in HPLC using a Waters
Spherisorb C18 column (25 cm X 4.6 mm, 5um)
maintained at 40 °C. The mobile phase consisted of
0.01% formic acid (A) and acetonitrile (B) delivered at
a flow rate of 1 mL/min. Detection of all samples was
performed at a wavelength of 254 nm.

Method validation
The method was validated (ICH 2005; Cicek Polat &
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Coskun, 2016). Each compound’s stock reference
solutions (caffeic acid, chlorogenic acid, hyperoside,
and rutin) were made by dissolving 1 mg in 2 mL
methanol (500 pg mL1). For the calibration curve,
different concentrations of reference solution were
injected in triplicate. Carrying on intra-day and inter-
day variation, the precision of method was carried out,
and differences were expressed by relative standard
deviation (RSD). LOD is signal/noise value is 3:1, while
LOQ is signal/noise value is 10:1. For LOD and LOQ,
10 injections of standards were made and averaged.
For the recovery assay, 3 different known
concentrations of standards were spiked into the
sample solution. The mixtures were examined using
the same method that was used to analyse the samples
for standards.

Statistical analysis

All analyses were executed in triplicates and the mean
values were calculated. All the data presented as the
mean * standard deviation (SD), relative standard
deviation (RSD), linear regression analysis and

calculations were performed using Microsoft Excel
program.

RESULTS and DISCUSSION

In this study, aerial part, and root of C. thirkeana were
analyzed quantitatively for caffeic acid, chlorogenic
acid, hyperoside, and rutin by using HPLC. Methanol
was used in the extraction process (Acikara et al.,
2019; Okur et al., 2020; Ayla et al., 2019). Yields of
aerial part and root extracts are 15.85% and 5.84%,
respectively. While chlorogenic acid (0.098%), caffeic
acid (0.107%), rutin (0.078%) and hyperoside (0.134%)
were detected in the aerial part, only rutin (0.007%)
was detected in the root (Table 1, Figure 1, Figure 2).

A liquid chromatographic system device was used for
HPLC analysis, and the method was validated. Within
the ranges of 5 to 100 ug mL1, 5 to 100 pg mL1, 10 to
100 ug mL1, and 5 to 100 ug mL1, the calibration plots
for caffeic acid, chlorogenic acid, hyperoside, and rutin
were linear. The LOD and LOQ values for these
phenolics were determined (Table 2).

Table 1. Contents of chlorogenic acid, caffeic acid, rutin and hyperoside in C. thirkeana methanol extracts (n=3).
Cizelge 1. C. thirkeana methanol ekstrelerinde kolorojenik asit, kafeik asit, rutin ve hiperosit icerikleri (n=5).

Caffeic acid (% = SD*)

Chlorogenic acid (% + SD*)

Hyperoside (% + SD*)  Rutin (% + SD*)

Aerial part 0.107 £ 0.002 0.098 +£ 0.001 0.134 +£0.001 0.078 £ 0.003
Root ND* ND* ND** 0.007 £ 0.001
*SD: Standard Deviation; **ND: Not Detected
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Figure 1. HPLC chromatogram of aerial part (C. thirkeana)
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Figure 2. HPLC chromatogram of root (C. thirkeana)

Sekil 2. Toprak alt1 kisminin YPSK kromatogrami (C. thirkeana)
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Intra-day and inter-day variations were used to of standards were spiked into the sample solution. The
determine the method’s precision. The result showed mean extract.ion recovery of ca.ffeic acid, chlorogenic
that relative standard deviation (RSD) values were acid, hyperoside, and rutin was in the range of 96.124-
always less than 3% (Table 3), 101.270%, 97.837-101.881%, 97.879-101.103, and

For a recovery assay, 3 different known concentrations 97.289-101.778, respectively (Table 4).

Table 2. Calibration values for standards.
Cizelge 2. Standartlar i¢in validasyon degerleri

Standards Calibration range Linear Equation Correlation RT* LOD LOQ

(ug mL1) factor ®2+SD*)  (min) (ug mL1) (ug mL1)
Caffeic acid 5-100 y=65.998x-244.18 0.985 + 0.005 9.5 0.371 1.237
Chlorogenic acid 5-100 y=11.965x%-9.2492  0.99 £+ 0.008 7.6 0.777 2.590
Hyperoside 10-100 y=14.1x-36.65 0.996 + 0.004 18.4 0.348 1.160
Rutin 5-100 y=23.625x+9.898 0.995 + 0.006 17.9 0.036 0.123

*SD: Standard Deviation; “ND: Not Detected

Table 3. Intra-day and inter-day precision data of the method.
Cizelge 3. Metodun giin i¢i ve gilinler arasi kesinlik verileri.

Standards Amount (ug mL1)  Intra-day precision (RSD*%)  Inter-day precision (RSD*%)
5 1.105 0.846
10 0.709 0.342
Caffeic acid 25 0.315 1.255
50 2.486 1.133
100 0.730 2.558
5 1.347 1.579
10 1.291 2.784
Chlorogenic acid 25 2.913 1.357
50 1.060 0.580
100 0.831 2.932
10 2.744 2.607
Hyperoside 25 2.145 0.820
50 2.859 0.711
100 0.415 1.090
5 2.735 0.502
10 1.806 1.116
Rutin 25 0.595 0.361
50 1.354 2.659
100 1.423 1.717

“RSD: Relative Standard Deviation

Table 4. Recovery assay’s statistical data of the method (n=3).
Cizelge 4. Methot geri kazanim testinin istatistiksel verileri (n=3).

Standards Concentration in  Amount spiked Mean amount found in Mean recovery (%) RSD*
sample (ug mL1) (ug mL1) mixture (ug mL1)
0.003 0.0045 96.124 0.204
Caffeic acid  0.006 0.006 0.006 96.739 1.200
0.012 0.009 101.270 0.331
0.0015 0.0025 101.881 1.570
Chlorogenic  0.003 0.003 0.003 97.837 2.359
acid 0.006 0.0045 98.854 2.694
0.0025 0.00225 98.937 1.620
Hyperoside  0.005 0.005 0.005 101.103 1.636
0.01 0.0075 97.879 1.502
0.0015 0.0025 101.778 2.726
Rutin 0.003 0.003 0.003 99.369 1.355
0.006 0.0045 97.289 2.519

*SD: Standard Deviation, “RSD: Relative Standard Deviation
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Some phytochemical studies have been carried out on
Consolida genera and there are many alkaloids
isolation studies on Consolida species grown in
Turkey. In the study of Ulubelen et al. (1996),
consolidine (a new norditerpenoid alkaloid),
pubescenine, gigactonine, desolline and ajaconine
alkaloids were isolated from the aerial parts of C.
oliveriana (DC.) Schrodinger. Bitis et al. (2006)
isolated delphatine, delcaroline, browniine, which are
very toxic alkaloids and hetisine, dehydronapelline,
12-epidehydronapelline alkaloids from aerial parts of
C. olopetala (Boiss.) Hayek. Especially Mericli et al.
have many isolation studies on Consolida species.
Mericli et al. (1999) isolated hetisine, hetisinone and
ajadelphinine alkaloids from aerial parts of C.
stenocarpa (Davis & Hossain) Davis. Mericli et al.
(2001) isolated delcosine, delsoline, gigactonine,
lycoctonine, takaosamine, atisine and hetisinone
diterpenoid alkaloids from aerial parts of C. regalis
S.F.Gray subsp. paniculata (Host) Soo var. paniculata.
Mericli et al. (2012) isolated methyllycaconitine and
leucanthumsine alkaloids from aerial part of C.
thirkeana (Boiss.) Bornm. and they also isolated
browniine, gigactonine and neolinine alkaloids from
aerial parts of C. sulphurea (Boiss. & Hausskn.) P.H.
Davis.

In terms of phenolic compounds, 93 phenolic acids were
detected in the study on some Consolida species (C.
glandulosa (Boiss. & A. Huet) Bornm, C. hellospontica
(Boiss.) Chater, C. raveyi (Boiss.) Schrédinger, C.
regalis (Boiss.) Schrédinger, C. staminosa P.H. Davis
& Sorger and C. stenocarpa (Davis & Hossain) Davis)
which grown in Turkey. However, in this study,
information about these species was not given
separately (Rocchetti et al., 2020). p -hydroxybenzoic,
caffeic, ferulic and p - coumaric acids have been
detected in aerial parts of C. armeniaca (Stapf ex
Huth)F.C.Schrad and protocatechuic, vanillic,
cinnamic, chlorogenic, galllic, sinapic and benzoic
acids, kaempferol, quercetin, and hyperoside have
been detected in C. orientalis (J.Gay) Schrodinger (Yin
et al., 2020). Phenolic compounds have also been
isolated 1n other species belonging to the
Ranunculacea family. p -Hydroxy benzoic, caffeic, p -
coumaric, chlorogenic and trans-aconitic acids were
isolated from Delphinium formosum Boiss.&A.Huet
(Diirtist et al., 2001). Caffeic, ferulic, isoferulic,
fukinolic, cimicifugic A, and cimicifugic B acids were
isolated from Actaea racemosa L. (Li et al., 2003).
Considering the studies conducted, data could not be
reached in terms of quantification. In addition to the
detection of bioactive compounds, the determination of
their amounts is also important.

This study was conducted for the first time for C.
thirkeana. According to the results, chlorogenic acid,
caffeic acid, rutin, and hyperoside were detected in C.
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thirkeana. At the root, only rutin was found. When the
amount of rutin was compared, it was found that it was
higher in the aerial part. Studies on Consolida species
have generally been studied with aerial parts and
bioactive compounds have been isolated. This is due to
the presence of more compounds in the aerial parts.

CONCLUSION

The method used in this study for the HPLC
determination of chlorogenic acid, caffeic acid, rutin,
and hyperoside in C. thirkeana extracts is rapid,
simple, effective, and reliable. The linearity, intra-day
and inter-day precision, recovery, LOD, and LOQ of
the method were all validated. At the end of this study,
C. thirkeana was evaluated in terms of these phenolic
compounds. Elaborated studies are needed to
determine the other major compounds and it is thought
that with this method, phenolic compounds can be
determined on other Consolida species as well. Thus,
comparisons can be made between species in terms of
the amount of phenolic compounds.
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ABSTRACT Botany

The nutritional value of the edible fungus Clitocybe odora (Bull.) P.

Kumm was evaluated by measuring its total phenolic, total antioxidant, Research Article

total oxidant, and total flavonoid contents. In this case, a soxhlet was

used to extract the methanol from the mushroom. The investigation Makale Tarihgesi

involved the utilisation of Rel Assay kits to ascertain the total antioxidant Received :23.01.2023
status and total oxidant status. The DPPH (2,2-Diphenyl-1- Accepted 1 08.06.2023
picrylhydrazyl) test was used to measure the ability to quench free

radicals. Folin-Ciocalteu reagent was used to measure total phenolic Keywords

content. Aluminum chloride analysis was used to determine the total Antioxidant,

flavonoid content. As a result of the study, the total antioxidant status of
C. odora was determined to be 6.801+0.243 mmol L1, the total oxidant
status was 5.748+0.137 pmol L1, and the oxidative stress index was
0.085+0.003. The extract has a scavenging activity of 73.38+1.60 percent
against DPPH free radicals at a concentration of 2 mg mlL!. Total
phenolic content was determined as 82.646+1.623 mg g! and total
flavanoid content as 117.753+3.491 mg g1. This led to the conclusion that
the mushroom had significant antioxidant potential.

Clouded agaric,
Edible mushroom,
Flavonoid,
Phenolic

Yenilebilir Dogal Mantar Clitocybe odora'nin Toplam Fenolik, Toplam Flavonoid ic;erig”gi ve Antioksidan

Potansiyeli
OZET Botanik
Yenilebilir mantar Clitocybe odora (Bull.) P. Kumm'nin toplam fenolik, .
toplam antioksidan, toplam oksidan ve toplam flavonoid icerikleri Aragtirma Makalesi
Olctlerek degerlendirildi. Bu kapsamda, mantardan metanol 6zitu elde Article Hi
etmek i¢in soxhlet cihazi kullanildi. Toplam antioksidan durumunu G t;c% 1.;t‘ory‘
(TAS) ve toplam oksidan durumunu (TOS) belirlemek icin Rel Assay Ke SS 1 r?n. }11 :23'01'2023
kitleri kullanildi. DPPH (2,2-Diphenyl-1-picrylhydrazyl) testi, serbest abul Tarihi - 08.06.2023
radikal stipiirme yetenegini 6l¢gmek icin kullanildi. Toplam fenolik igerigi Anahtar Kelimel
6l¢mek i¢in Folin-Ciocalteu reaktifi kullanildi. Toplam flavonoid igerigini AnZoka:i dafl meter

belirlemek i¢in aliminyum kloriir analizi kullanildi. Calisma sonucunda
C. odoramin total antioksidan durumu 6.801+0.243 mmol L1, total
oksidan durumu 5.748+0.137 pmol L1! ve oksidatif stres indeksi
0.085+0.003 olarak belirlendi. Mantar o6ziitinin 2 mg mLlik
konsantrasyonda DPPH serbest radikallerine karsi 73.38+1.60'lik bir
stipurme aktivitesine sahip oldugu belirlendi. Toplam fenolik madde
igerigi 82.646+1.623 mg g1 ve toplam flavaoid igerigi 117.753+3.491 mg
gl olarak belirlendi. Bu sonuglar mantarin 6nemli bir antioksidan
potansiyelinin oldugunu gosterdi.

Bulutlu agarik,
Yenilebilir mantar,
Flavonoid,

Fenolik

Mushrooms have been used for many purposes in
different communities around the world (Eralan et al.,

To Cite : Sevindik, M., (2023). Total Phenolic, Total Flavonoid Contents and Antioxidant Potential of The Wild Edible
Mushroom Clitocybe odora. KSU J. Agric Nat 27(1), 75-81. https://doi.org/10.18016/ ksutarimdoga.vi.1241327
Ataf Sekli: Sevindik, M, (2023) Total Phenolic, Total Flavonoid Contents and Antioxidant Potential of The Wild Edible
Mushroom Clitocybe odora. KSU Tarim ve Doga Derg 27 (1), 75-81. https:/doi.org/10.18016/
ksutarimdoga.vi.1241327
INTRODUCTION 2021). They are distributed in different ecosystems

(Akata et al., 2018). In religious rituals, natural
products that are of significant importance are utilized
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as a source of sustenance or for medicinal purposes
(Sevindik and Bal, 2021). They are invariable elements
of diets in many countries (Giirgen et al., 2021). They
are natural products with high nutritional properties
such as protein, carbohydrates, vitamins, essential
amino acids and nutritional elements (Torres-Gémez
et al., 2022; Bal et al., 2023). In addition to nutritional
properties, they are very useful sources from a medical
point of view (Baba et al., 2020). Numerous studies
have reported the diverse activities of fungi, such as
antimicrobial, anticancer, antiproliferative,
hepatoprotective, antioxidant, and DNA-protective
properties (Canli et al., 2017; Oloke et al., 2017; Bal et

Cizelge 1. Clitocybe tirrlerinin Antioksidan aktiviteleri
Table 1. Antioxidant activities of Clitocybe species

al., 2019; Atila et al., 2021; Majeed et al., 2021; Bal et
al., 2022; Peng et al., 2022; Sevindik et al., 2023).

Clitocybe odora (Bull) P. Kumm (Agaricales) are
mushrooms that are abundant in conifer-dominated
forests and broad-leaved forests. It can spread
intensively from late summer to late spring. It is an
edible type of mushroom. But when consumed heavily,
it causes gastrointestinal syndrome (Walther et al.,
2005; Sahin et al., 2021). Antioxidant activity studies
on members of the genus Clitocybe in the literature are
shown in Table 1.

Species Extract Country References

Clitocybe alexandri Methanol, ethanol  Portugal Vaz et al., 2010

Clitocybe maxima Hot water, China, Taiwan Tsai et al., 2009; Liu et al., 2012; Hu et
Methanol, ethanol, al., 2017
aqueous

Clitocybe geotropa Ethanol, Metanol, Turkey, Serbia Kosanié et al., 2020; Sevindik et al., 2020

(Current name: acetone

Infundibulicybe

geotropa)

Clitocybe odora Ethanol, water Portugal, Egwim et al., 2011; Vaz et al., 2011;

Nigeria, Serbia Dimitrijevic et al., 2015

Clitocybe squamulosa aqueous China Yuan et al., 2022

Clitocybe methanol India Debnath et al., 2020

brunneocaperata

Clitocybe nebularis Acetone, ethanol, Serbia Dimitrijevic et al., 2019; Kosanic¢ et al.,
methanol, distilled 2020
water

Clitocybe nuda Water Slovakia Strapac et al., 2019

Clitocybe gibba Methanol Korea Kim et al., 2012

Clitocybe species have been shown to exhibit Evaporator).

antioxidant activity in a variety of published research
(Table 1). Research shows that antioxidant properties
may be found in Clitocybe species from all over the
world. We analyzed C. odora for its total phenolic and
flavonoid content, as well as its antioxidant and
oxidant potential and DPPH activity. In this study,
total antioxidant and total oxidant status of C. odora
was determined for the first time using Rel Assay kits.
In addition, the suppression ratio (OSID with
antioxidant compounds included in the oxidant
compounds was determined for the first time.

MATERIAL and METHOD

C. odora samples (MS-352) used in the study were
collected from a fir forest in Kocaeli province. After
collecting the fruiting bodies of mushroom samples,
they were extracted with methanol MeOH) for about
six hours at 50 °C using a soxhlet extractor. Solvents
of the resulting extracts were made using a rotary
evaporator (Heidolph  Laborota 4000 Rotary

76

Total Phenolic and Flavonoid Tests

Dilution with distilled water brought the volume of the
MeOH extracts to 0.1 mL. After that, we added 1 mL
of Folin-Ciocalteu reagent (1:9, v/v) and gave it a good
whirl. 0.75 mL of a 1% Na2COs solution was added to
the mixture. Following a 2-hour incubation period at
room temperature, the absorbance was measured at
760 nm. From the gallic acid standard solution
calibration curve, we were able to determine the total
phenolic content (TPC) in mg GAE (Gallic Acid
Equivalent) g'' (Yurmutas et al., 2009).

Aluminium chloride analysis was used to determine
the total flavonoid content (TFC) of the mushroom
(Chang et al., 2002). Combined the Quercetin (0.5 mL),
mushroom sample (0.5 mL), MeOH (4.3 mL), 10% Al
(NO3)3, and NHsCH3COO (1 M) to make the final
solution. Finally, a 40-minute incubation period was
performed. The absorbance was checked at 415 nm.
Flavonoids were expressed as mg QE (Quercetin
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Equivalent) g'1. In order to ensure accuracy, we triple- Statistical Analysis
checked all 9f the results. Standard deviations were The analysis of all assays was performed in triplicate.
computed using the averages of the data sets used in The data were recorded as means + standard
the investigation. deviations and analyzed in a completely randomized by
o o using Statistical Package for Social Sciences (SPSS
Antioxidant activity tests version 22.0). Statistically significant differences
The TAS, TOS, and OSI values of C. odora were (p<0.05) among means of experimental results were
determined using Rel Assay kits (Mega Tip/Tiirkiye). analyzed by ANOVA and tests of significance were
Trolox was utilized as a calibrator in TAS tests. The carried out using Duncan's multiple range tests.

results were presented as mmol Trolox equiv./L (Erel,
2004). In order to determine the TOS values, hydrogen RESULTS and DISCUSSION
peroxide (H202) was utilized as a calibrator and the Antioxidant activity

resulting outcomes were presented as pmol H20:2
equivalent L1, as reported by Erel in 2005. OSI values
were determined by dividing the TOS values from the
TAS values and taking the percentage (Sevindik et al.,

Organisms are constantly under stress due to
environmental factors. These organisms produce
oxidising free radicals as a result of their metabolic
activities in response to environmental influences

2017). (Mohammed et al., 2019). As the levels of these
Samples of C. odora were tested for their MeOH compounds increase, the antioxidant defence system in
extract's ability to scavenge free radicals using 1- living organisms is activated. The antioxidant defence
diphenyl-2-picrylhydrazyl (DPPH). The mushroom system suppresses oxidant compounds. However, in
extracts were dissolved in 10% DMSO to make stock cases where the antioxidant defence system is
solutions with concentrations of 0.25, 0.50, 1, and 2 mg insufficient, oxidative stress occurs (Korkmaz et al.,
mL1. To 160 mL of %0.039 DPPH, 50 mL of the 2018). The occurrence of significant health conditions
produced solution was added. After that, we let it sit in such as cancer, cardiovascular diseases, Alzheimer's,
the dark and at room temperature for 30 minutes. The and Parkinson's can be attributed to oxidative stress
517 nm absorbance was then measured (Shimada et in humans (Saridogan et al., 2021). Supplementation
al, 1992). Each extract had its unique series of with exogenous antioxidants can be utilized to
procedures. The antioxidant ascorbic acid served as a reinforce the inadequate antioxidant defence system,
standard. which falls short in reducing the effects of oxidative
DPPH free radical scavenging percentages (1); stress. In this context, it is highly important to
The scavenging activity was calculated according to evaluate the potential use of mushrooms as a
the formula (%)= [(ADPPH-ASample)/(ADPPH)]x100 supplementary antioxidant (Unal et al., 2022). In this
1) study, the MeOH extract of C. odora was evaluated for

its DPPH free radical scavenging activity at
concentrations of 0.25, 0.50, 1, and 2 mg mL!. The
results obtained have been presented in Table 2.

Cizelge 2. Clitocybe odoranin DPPH Aktivitesi
Table 2 DPPH Activity of Clitocybe odora

Mushroom and Control (%) 0.25 mg mL! 0.50 mg mL! 1 mg mL! 2 mg mL!
Clitocybe odora 37.49+1.302 52.94+1.46b 66.29+1.23¢ 73.38+1.604
Ascorbic acid 76.16+2.12a 90.56+0.30P 93.29+0.31¢ 96.49+0.544
*Means followed by different letter(s) differ significantly at p < 0.05 (Duncan’s multiple range test)
The study found that higher concentrations of scavenging action against DPPH radicals.
mushroom extract resulted in greater DPPH activity. In this study, TAS, TOS and OSI values of C. odora
Activity was measured to be 73.38+1.60 at a 2 mg mL- were determined for the first time. The results
1 concentration. The ascorbic acid control showed obtained are shown in Table 3.
96.49+0.54 activity at 2 mg mL’. Also, the DPPH TAS value represents the antioxidant-effective
activity of different concentrations of the sample was compounds detected in the mushroom (Sevindik,
found statistically different (p < 0.05). The mushroom 2020). TAS value of C. odora was calculated to be
extract was found to be less active than the reference 6 .801+0.243 in this investigation. Previously, different
standard. Multiple research conducted in many wild mushrooms Gyrodon Iividus (Bull.) Sacc.
countries have indicated that C. odora possesses  (TAS:2.077, TOS:13.465, OSI:0.651), Hohenbuehelia
antioxidant activity (Egwim et al., 2011; Vaz et al., myxotricha (Lév.) Singer (TAS:4.549, T0S:2.623,

2011; Dimitrijevic et al., 2015). This study shows that 0SI:0.058), Ramaria stricta (Pers.) Quél. (TAS:4.223,
the MeOH extract of C. odora has potent free radical TOS:8.201, OSI: 0.194), Laetiporus sulphureus (Bull.)
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Cizelge 3. Clitocybe odoranin TAS, TOS, OSI, TPC ve TFC degerleri
Table 3 TAS, TOS, OSI, TPC and TFC values of Clitocybe odora
TAS mmol L1 TOS pmol L'1 OSI TPC mg g1 TFC mg g1
Clitocybe odora 6.801+0.243¢ 5.748+0.137> 0.085+0.0032 82.646+1.6234 117.753+3.491e
*Means followed by different letter(s) differ significantly at p < 0,05 (Duncan’s multiple range test)

Murrill (TAS:2.195, TOS:1.308, 0SI1:0.059), research has the potential to be a significant source
Tricholoma virgatum (Fr.) P. Kumm (TAS:3.754, due to its high phenolic content. It is generally agreed
TOS:8.362, 0S1:0.223), Suillus granulatus (TAS:3.143, that flavonoids play a crucial role in protecting human
TOS:18.933, 0OSI:0.603), Helvella leucopus Pers health and vigor through their powerful antioxidant
(TAS:2.181, TOS:14.389, OSL:0.661) and Cerioporus ~ impact (Gasecka et al., 2016; Shi et al., 2019). The
varius (Pers.) Zmitr. & Kovalenko (TAS:2.312, flavonoid content of C. brunneocaperata has been
TOS:14.358, 0S1:0.627) have been reported (Bal, 2018; FeP_OTted ir} the past to b? 13 g g’ (Debnath et al., 2020).
Sevindik et al., 2018; Sevindik, 2019; Krupodorova and Using a different species, C. odora, we were able to

Sevindik, 2020; Mushtaq et al., 2020; Selamoglu et al., determined its total phenolic _ confcent to  be
2020; Sevindik and Akata, 2020; Krupodorova et al., 117.753+3.491 mg g'. Mushrooms, in this regard, are
2022). TAS values for G. lividus, H. myxotricha, E. considered a potential resource for the extraction of
stricta, L. sulphureus, T. virgatum, S. granulosus, H. flavonoids. In addition, the TAS, TOS, QSI’ TPC and
leucopus, and C. varius were found to be lower than TFC values of sample were found statistically different

those for C. odora in this research. To combat free (p <0,05).
radical damage, mushrooms make a plethora of
chemicals that act as antioxidants (Sevindik, 2020). CONCLUSION

We can observe that C. odora has a strong antioxidant C. odora, a wild edible mushroom, has its antioxidant,
capacity in this setting. oxidant, phenolic, flavonoid, and oxidative stress index
The total oxidant potential (TOS) is a measure of all levels analyzed in this article. The results indicated
chemicals present in fungus that have oxidizing effects that the mushroom had significant anti-oxidant
(Sevindik, 2020). C. odora had a greater TOS value potential. Moreover, both the phenolic and flavonoid
than H. myxotricha and L. sulphureus, but a lower content levels were discovered to be rather high.
TOS value than G. lividus, R. stricta, T. virgatum, S. Mushrooms, it is believed, can serve as a natural
granulatus, H. leucopus, and C. varius. We found that supply of antioxidants in this setting.

the mushrooms utilized in this investigation had
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oxidant chemicals generated in mushrooms by None

antioxidant compounds is represented by the OSI
value (Sevindik, 2020). This study showed that the OSI
for the C. odora we utilized was lower than that of G.
Iividus, R. stricta, T. virgatum, S. granulosus, H.
leucopus, and C. varius, and higher than that of H.

Author’s Contributions
The contribution of the authors is equal.

myxotricha and L. sulphureus. From these findings, it CONFLICT of INTEREST

is clear that the C. odora we utilized in this study The authors report no declarations of interest.
significantly mitigates the harmful effects of oxidant

chemicals. REFERENCES

Akata, 1., Kabaktepe, S., Sevindik, M. & Akgul, H.
(2018). Macrofungi determined in Yuvacik Basin
(Kocaeli) and its close environs. Kastamonu
University Journal of Forestry Faculty 182), 152-

Total Phenolic and Flavonoid Values
Antioxidant actions are linked to total phenolic

content, as is well known (Alispahi¢ et al., 2015). 163. http:/dx.doi.org/10.17475/kastorman. 459418
Different types of wild mushrooms have been shown to Alispahié, A Sapéanin A Salihovié. M.. Ramié. E
have varying amounts of total phenolic contents, Dedié,’A.S,zPazalja, I</I (é015).PheI;olic’content,an(i

according to numerous research (Wong et al., 2013;
Salachna et al., 2021; Bristy et al., 2022). The total
phenolic content of the ethanol extract of C. odora,

antioxidant activity of mushroom extracts from
Bosnian market. Bulletin of the Chemists and
Technologists of Bosnia and Herzegovina 442), 5-8.

previously collected from Serbia, was reported as Atila. F.. Owaid. M. N. & Shariati. M. A. (2021). The
38.112 mg g (Dimitrijevic et al., 2015). C. odora used nt’ltrit;ional .;1nd medical ben’efits of Agaricus

in this study was determined as 82.646+1.623 mg g bisporus. a review. Journal of Microbiology,

It is speculated that the solvent and the site where the Biotechnology and Food Sciences 2021, 281-286
fungus is gathered are the primary contributors to this http://dx.doi.org/10.15414/jmbfs.2017/18.7.3.281-
variation. In contrast, the C. odora we employed in this

78


http://dx.doi.org/10.15414/jmbfs.2017/18.7.3.281-286

KSU Tarim ve Doga Derg 27 (1), 75-81, 2024
KSU J. Agric Nat 27 (1), 75-81, 2024

Arastirma Makalesi
Research Article

286

Baba, H., Sevindik, M., Dogan, M. & Akgiil, H. (2020).
Antioxidant, antimicrobial activities and heavy
metal contents of some Myxomycetes. Fresenius
Environmental Bulletin 2909), 7840-7846.

Bal, C., Akgul, H., Sevindik, M., Akata, I. & Yumrutas,
0. (2017). Determination of the anti-oxidative
activities of six mushrooms. Fresenius
Environmental Bulletin 26(10), 6246-6252.

Bal, C. (2018). A Study on antioxidant properties of
Gyrodon Iividus. Furasian Journal of Forest
Science &2), 40-43. http://dx.doi.org/

Bal, C., Sevindik, M., Akgul, H. & Selamoglu, Z. (2019).
Oxidative stress index and antioxidant capacity of
Lepista nuda collected from
Gaziantep/Turkey. Sigma Journal of Engineering
and Natural Sciences 37(1), 1-5.

Bal, C., Baba, H., Akata, 1., Sevindik, M., Selamoglu,
Z., & Akgiil, H. (2022). Biological Activities of Wild
Poisonous Mushroom Entoloma sinuatum (Bull.) P.
Kumm (Boletales). KSU Tarum ve Doga Dergisi
25(1), 83-87.

Bal, C., Eraslan, E. C., & Sevindik, M. (2023).
Antioxidant, Antimicrobial Activities, Total
Phenolic and Element Contents of Wild Edible
Mushroom Bovista nigrescens. Prospects in
Pharmaceutical Sciences 21(2), 37-41.

Bristy, A. T., Islam, T., Ahmed, R., Hossain, J., Reza,
H. M. & Jain, P. (2022). Evaluation of total phenolic
content, HPLC analysis, and antioxidant potential
of three local varieties of mushroom: A comparative
study. International Journal of Food Science 2022,
http://dx.doi.org/10.1155/2022/3834936

Canli, K., Yetgin, A., Akata, I. & Altuner, E. (2017).
Antimicrobial activity and chemical composition
screening of Epilobium montanum root. Indian
Journal of Pharmaceutical FEducation and
Research 51(3), S239-243
http://dx.do1.org/10.5530/ijper.51.3s.21

Debnath, S., Saha, K., Das, P. & Saha, A. K. (2020).
Medicinal properties of Clitocybe brunneocaperata
(Agaricomycetes) from India. International Journal
of Medicinal Mushrooms  224), 379-388
http://dx.doi.org/10.1615/IntJMedMushrooms.2020
034124

Dimitrijevic, M. V., Mitic, V. D., Nikolic, J. S.,
Djordjevic, A. S., Mutic, J. J., Stankov Jovanovic, V.
P. & Stojanovic, G. S. (2019). First report about
mineral content, fatty acids composition and

biological activities of four wild edible
mushrooms. Chemistry & Biodiversity 162),
e1800492. http://dx.doi.org/10.1002/cbdv.
201800492

Dimitrijevic, M., dJovanovic, V. S., Cvetkovic, J.,
Mihajilov-Krstev, T., Stojanovic, G. & Mitic, V.
(2015). Screening of antioxidant, antimicrobial and
antiradical activities of twelve selected Serbian
wild mushrooms. Analytical Methods 710), 4181-

79

4191. http://dx.doi.org/10.1039/C4AY03011G

Egwim, E. C., Elem, R. C., & Egwuche, R. U. (2011).
Proximate composition, phytochemical screening
and antioxidant activity of ten selected wild edible
Nigerian mushrooms. American Journal of Food
and Nutrition 1(2), 89-94.

Eraslan, E. C., Altuntas, D., Baba, H., Bal, C., Akgtl,
H., Akata, I. & Sevindik, M. (2021). Some biological
activities and element contents of ethanol extract of
wild edible mushroom Morchella esculenta. Sigma
Journal of Engineering and Natural Sciences 391),
24-28.

Erel, O. (2004). A novel automated direct
measurement method for total antioxidant capacity
using a new generation, more stable ABTS radical
cation. Clinical biochemistry 37A4), 277-285.
http://dx.doi.org/10.1016/j.clinbiochem.2003.11.015

Erel, O. (2005). A new automated colorimetric method
for measuring total oxidant status. Clinical
biochemistry 3512), 1103-1111. http://dx.doi.org/
10.1016/j.clinbiochem.2005.08.008

Gasecka, M., Mleczek, M., Siwulski, M., Niedzielski, P.
& Kozak, L. (2016). Phenolic and flavonoid content
in Hericium erinaceus, Ganoderma Ilucidum, and
Agrocybe aegerita under selenium addition. Acta
Alimentaria 452), 300-308. http://dx.doi.org/
10.1556/066.2016.45.2.18

Geng, X., Guo, D., Lei, J., Xu, L., Cheng, Y., Chang, M.
C., Meng, J. & Bau, T. Effects of in Vitro Digestion

and Fecal Fermentation Onphysicochemical
Properties and Metabolic Behavior of
Polysaccharides from Clitocybe squamulosa.

International Journal of Biological Macromolecules
208, 343-355 http://dx.doi.org/10.1016/j.ijbiomac.
2022.03.126

Giirgen, A., Sevindik, M., Yildiz, S. & Akgiil, H. (2020).
Determination of antioxidant and oxidant
potentials of Pleurotus citrinopileatus mushroom
cultivated on various substrates. KSU Tarim ve
Doga Dergisi 233), 586-591. http://dx.doi.org/
10.18016/ksutarimdoga.vi.626803

Hu, S. H., Chen, K. S., Liu, M. Y., Cheung, P. C. K.,
Wang, J. C. & Chang, S. J. (2017). Optimization of
submerged cultivation conditions for production of
big cup culinary-medicinal mushroom Clitocybe
maxima (Agaricomycetes) biomass with significant
antioxidative and antihyperlipidemic activities.
International Journal of Medicinal Mushrooms
197), 641-651 http:/dx.doi.org/10.1615/IntJMed
Mushrooms. 2017021151

Kim, S. E., Lee, I. K., Jung, Y. A., Yeom, J. H., Ki, D.
W., Lee, M. S., Lee, LK. & Yun, B. S. (2012).
Mushrooms collected from Deogyu Mountain, Muju,
Korea and their antioxidant activity. Mycobiology
40(2), 134-137. http://dx.doi.org/10.5941/MYCO.
2012.40.2.134

Korkmaz, A. 1., Akgul, H., Sevindik, M. & Selamoglu,
Z. (2018). Study on determination of bioactive


http://dx.doi.org/10.15414/jmbfs.2017/18.7.3.281-286
http://dx.doi.org/10.5530/ijper.51.3s.21
http://dx.doi.org/10.1615/IntJMedMushrooms.2020034124
http://dx.doi.org/10.1615/IntJMedMushrooms.2020034124
http://dx.doi.org/10.1016/j.clinbiochem.2003.11.015

KSU Tarim ve Doga Derg 27 (1), 75-81, 2024
KSU J. Agric Nat 27 (1), 75-81, 2024

Arastirma Makalesi
Research Article

potentials of certain lichens. Acta Alimentaria
47(1), 80-87. http://dx.doi.org/10.1556/066.2018.
47.1.10

Kosanié, M., Petrovi¢, N. & Stanojkovié, T. (2020).
Bioactive properties of Clitocybe geotropa and
Clitocybe nebularis. Journal of Food Measurement
and Characterization 142), 1046-1053.
http://dx.doi.org/10.1007/s11694-019-00354-7

Krupodorova, T. & Sevindik, M. (2020). Antioxidant
potential and some mineral contents of wild edible
mushroom Kamaria stricta. AgroLife Scientific
Journal A1), 186-191.

Krupodorova, T., Barshteyn, V. & Sevindik, M. (2022).
Antioxidant and antimicrobial potentials of
mycelial extracts of Hohenbuehelia myxotricha
grown in different liquid culture
media. BioTechnologia. Journal of Biotechnology
Computational Biology and Bionanotechnology
1051), 19-28 http://dx.doi.org/10.5114/bta.
2022.113912

Liu, Y. T., Sun, J., Luo, Z. Y., Rao, S. Q., Su, Y. J., Xu,
R.R. & Yang, Y. J. (2012). Chemical composition of
five wild edible mushrooms collected from
Southwest China and their antihyperglycemic and
antioxidant activity. Food and Chemical Toxicology
50(5), 1238-1244. http://dx.doi.org/10.1016/
j.fct.2012.01.023

Majeed, M., Khan, M. U., Owaid, M. N., Khan, M. R.,
Shariati, M. A., Igor, P. & Ntsefong, G. N. (2021).
Development of oyster mushroom powder and its
effects on physicochemical and rheological
properties of bakery products. Journal of
Microbiology, Biotechnology and Food
Sciences 2021, 1221-1227. http://dx.doi.org/
10.15414/jmbfs.2017.6.5.1221-1227

Mohammed, F. S., Karakas, M., Akgiil, H. & Sevindik,
M. (2019). Medicinal properties of Allium
calocephalum collected from Gara Mountain
(Iraq). Fresenius Environmental Bulletin 2510),
7419-7426. .

Mushtaq, W., Baba, H., Akata, I. & Sevindik, M.
(2020). Antioxidant potential and element contents
of wild edible mushroom Suillus granulatus. KSU
Tarim ve Doga Dergisi 233), 592-595.
http://dx.doi.org/10.18016/ksutarimdoga.vi.653241

Oloke, J. K. (2017). Oyster mushroom (Pleurotus
species); a natural functional food. The Journal of
Microbiology, Biotechnology and Food
Sciences, 7A3), 254. http://dx.doi.org/
10.15414/jmbfs.2017/18.7.3.254-264

Peng, X. R., Wang, Q., Su, H. G., Zhou, L., Xiong, W. Y.
& Qiu, M. H. (2022). Anti-Adipogenic Lanostane-
Type Triterpenoids from the Edible and Medicinal
Mushroom Ganoderma applanatum. Journal of
Fungi 84), 331. http://dx.doi.org/ 10.3390/
jof8040331

Sahin, E., Keskin, E. & Akata, I. (2021). Molecular
characterization of the complete genome of a novel

80

partitivirus hosted by the saprobic mushroom
Leucocybe candicans. Archives of
Microbiology 2039), 5825-5830. http://dx.doi.org/
10.1007/s00203-021-02540-y

Salachna, P., Wesolowska, A., Meller, E. & Piechocki,
R. (2021). Mushroom waste biomass alters the
yield, total phenolic content, antioxidant activity
and essential oil composition of Tagetes patula
L. Industrial Crops and Products 171, 113961.
http://dx.doi.org/10.1016/j.indcrop.2021.113961

Saridogan, B. G. O., Islek, C., Baba, H., Akata, I. &
Sevindik, M. (2021). Antioxidant antimicrobial
oxidant and elements contents of Xylaria
polymorpha and X Ahypoxylon (Xylariaceae).
Fresenius Environmental Bulletin 30(5), 5400-
5404.

Selamoglu, Z., Sevindik, M., Bal, C., Ozaltun, B., Sen,
I. & Pasdaran, A. (2020). Antioxidant, antimicrobial
and DNA protection activities of phenolic content of
Tricholoma virgatum (Fr.) P. Kumm. Biointerface
Research in Applied Chemistry 10(3): 5500-5006.
http://dx.doi.org/10.33263/BRIAC103.500506

Sevindik, M. (2019). The novel biological tests on
various extracts of Cerioporus varius. Fresenius
Environmental Bulletin 2585), 3713-37117.

Sevindik, M. (2020). Antioxidant and antimicrobial
capacity of  Lactifluus rugatus and its
antiproliferative activity on A549 cells. Indian
Journal of Traditional Knowledge 142), 423-4217.

Sevindik, M. & Akata, I. (2020). Antioxidant, oxidant
potentials and element content of edible wild
mushroom Helvella leucopus. Indian Journal of
Natural Products and Resources 10(4), 266-271.

Sevindik, M. & Bal, C. (2021). Antioxidant,
antimicrobial, and antiproliferative activities of
wild mushroom, Laeticutis cristata
(Agaricomycetes), from Turkey. International
Journal of Medicinal Mushrooms 23(11), 85-90.
http://dx.doi.org/10.1615/IntJMedMushrooms.2021
040415

Sevindik, M., Akgul, H., Pehlivan, M. & Selamoglu, Z.
(2017). Determination of therapeutic potential of
Mentha longifolia ssp. lIongifolia. Fresenius
Environmental Bulletin 26(7), 4757-4763.

Sevindik, M., Akgul, H., Dogan, M., Akata, I. &
Selamoglu, Z. (2018). Determination of antioxidant,
antimicrobial, DNA protective activity and heavy
metals content of Laetiporus sulphureus. Fresenius
Environmental Bulletin 273), 1946-1952.

Sevindik, M., Bal, C., Eraslan, E. C., Uysal, 1., &
Mohammed, F. S. (2023). Medicinal mushrooms: a
comprehensive study on their antiviral potential.
Prospects in Pharmaceutical Sciences 21(2), 42-56.

Shimada, K., Fujikawa, K., Yahara, K., & Nakamura,
T. (1992). Antioxidative properties of xanthan on
the autoxidation of soybean oil in cyclodextrin
emulsion. Journal of agricultural and food
chemistry, 4006), 945-948. https://doi.org/


http://dx.doi.org/10.1007/s11694-019-00354-7
http://dx.doi.org/10.33263/BRIAC103.500506

KSU Tarim ve Doga Derg 27 (1), 75-81, 2024
KSU J. Agric Nat 27 (1), 75-81, 2024

Arastirma Makalesi
Research Article

10.1021/5f00018a005

Shi, L., Tan, Y., Sun, Z., Ren, A., Zhu, J. & Zhao, M.
(2019). Exogenous salicylic acid (SA) promotes the
accumulation of biomass and flavonoid content in
Phellinus igniarius (Agaricomycetes). International
Journal of Medicinal Mushrooms 21(10), 955-963
http://dx.doi.org/10.1615/IntJMedMushrooms.2019
032557 5

Strapac, 1., Bedlovicova, Z., Cuvalova, A., Handrova, L.
& Kmet, V. (2019). Antioxidant and anti-quorum
sensing properties of edible mushrooms. Journal of
Food & Nutrition Research 582), 146-152
http://dx.doi.org/

Torres-Gémez, M., Garibay-Orijel, R., Pérez-Salicrup,
D. R, Casas, A. & Guevara, M. (2022). Wild edible
mushroom knowledge and use in five forest
communities in central México. Canadian Journal
of Forest Research 53(1), 25-37.
http://dx.doi.org/10.1139/cjfr-2022-0043

Tsai, S. Y., Huang, S. J., Lo, S. H., Wu, T. P., Lian, P.
Y. & Mau, J. L. (2009). Flavour components and
antioxidant properties of several cultivated
mushrooms. Food Chemistry 1132), 578-584.
http://dx.doi.org/10.1016/j.foodchem.2008.08.034

Unal, O., Eraslan, E. C., Uysal, I., Mohammed, F. S.,
Sevindik, M. & Akgul, H. (2022). Biological
activities and phenolic contents of Rumex scutatus
collected from Turkey. Fresenius Environmental
Bulletin 31(7), 7341-7346.

81

Vaz, J. A., Barros, L., Martins, A., Santos-Buelga, C.,
Vasconcelos, M. H. & Ferreira, I. C. (2011).
Chemical composition of wild edible mushrooms
and antioxidant properties of their water soluble
polysaccharidic and ethanolic fractions. Food
Chemistry 126(2), 610-616. http://dx.doi.org/
10.1016/j.foodchem.2010.11.063

Vaz, J. A., Heleno, S. A., Martins, A., Almeida, G. M.,
Vasconcelos, M. H. & Ferreira, I. C. (2010). Wild
mushrooms Clitocybe alexandri and Lepista
Inversa: in vitro antioxidant activity and growth
inhibition of human tumour cell lines. Food and
Chemical  Toxicology — 48(10), 2881-2884.
http://dx.doi.org/10.1016/;.fct.2010.07.021

Walther, G., Garnica, S. & Weill, M. (2005). The
systematic relevance of conidiogenesis modes in the
gilled Agaricales. Mycological research 1045), 525-
544. http://dx.doi.org/10.1017/S0953756205002868

Wong, F. C., Chai, T. T., Tan, S. L. & Yong, A. L. (2013).
Evaluation of bioactivities and phenolic content of
selected edible mushrooms in Malaysia. 7Tropical
Journal of Pharmaceutical Research 1246), 1011-
1016. http://dx.doi.org/10.4314/tjpr.v12i16.21

Yuan, H., Xu, L., Chang, M., Meng, J., Feng, C., Geng,
X., Cheng, Y. & Liu, Z. (2022). Effects of different
cooking methods on volatile flavor compounds,
nutritional constituents, and antioxidant activities
of Clitocybe squamulosa. Frontiers in Nutrition 9.
http://dx.doi.org/10.3389/fnut.2022.1017014


http://dx.doi.org/10.1615/IntJMedMushrooms.2019032557
http://dx.doi.org/10.1615/IntJMedMushrooms.2019032557
http://dx.doi.org/10.1139/cjfr-2022-0043
http://dx.doi.org/10.1016/j.foodchem.2008.08.034
http://dx.doi.org/10.1017/S0953756205002868
http://dx.doi.org/10.4314/tjpr.v12i6.21

KSU Tarim ve Doga Derg 27 (1), 82-91, 2024 . ) &
KSU J. Agric Nat 27 (1), 82-91, 2024 > /8
DOI:10.18016/ksutarimdoga.vi.1288895

Palynology of Taxa of Crepis L. Genus Growing in Canakkale, Tirkiye

Hanife AKYALCIN'™, Sunay ALTAN?

1Canakkale Onsekiz Mart University, Science Faculty, Department of Biology, Canakkale, Tiirkiye, 2Canakkale Onsekiz Mart University,
School of Graduate Science, Department of Biology, Canakkale, Tturkiye

thttps://orcid.org/0000-0001-8020-6372, 2https://orcid.org/0000-0002-2621-1338

P<: hakyalcin@comu.edu.tr

polenlerinin SEM mikrograflarinda polar alanin koéselerinde
¢okuntiller mevcuttur. Cokuntiler paraboral lakunalar tistinde
bulunmakta ve belirgin olarak lakuna goriinimindedir Sonug olarak
bu ¢alismada C. smyrnaea DC., C. micrantha Czerep., C. commutata
(Spreng.), C. reuterana Boiss. & Heldr. subsp. reuterana
taksonlarinin palinolojik 6zellikleri ilk defa calisilmistir. C. smyrnaea
DC. ex Froel. Flora of Turkey’'deki tip kayitlarina gore Canakkale’de
ilk defa bu ¢alisma kapsaminda toplanmisgtar.

ABSTRACT Botany
This study investigated the pollen morphology of the taxa belonging
to the genus Crepis L. collected from various localities in Canakkale Research Article
in 2015. Wodehouse (1935) and Acetolysis (Erdtman, 1960) methods
were used in the research. Pollen morphologies of 3 species and two Article History
subspecies belonging to the Crepis L. genus were defined according to Received 1 27.04.2023
light microscopy (LM) and scanning electron microscopy (SEM) Accepted 1 06.08.2023
examinations. In LM, pollens are monad, radially symmetrical and
isopolar. Pollens are suboblate and oblate spheroidal, Amb shape is Keywords
inter-hexagonal-subtriangular. The pollen of the genus is tricolporate. Crepis L.
The view from the equator is circular and oval. In the examinations Asteraceae
made with LM, the ornamentation is echinulophate. Pollen has 15 Pollen morphology
lacunae as 3 poral, 6 abporal, 6 paraboral. Ornamentation is Canakkale
echinulophate; the tectum surface is microperforate. SEM Turkey
micrographs of C. smyrnaea and C. commutata pollen show
depressions at the corners of the polar field. The collapses are located
on the paraboral lacunae and are distinctly lacuna-like. As a result, in
this study, palynological features of C. smyrnaea DC., C. micrantha
Czerep., C. commutata (Spreng.), C. reuterana Boiss. & Heldr. subsp.
reuterana taxa were studied for the first time. C. smyrnaea DC. ex
Froel. was collected for the first time in Canakkale within the scope
of this study, according to the type records in Flora of Turkey.
Canakkale Bolgesinde Yetisen Crepis L. Cinsine Ait Taksonlarin Palinolojisi
OZET Botanik
Bu calismada 2015 yilinda Canakkale ilinde cesitli lokalitelerden
toplanilan Crepis L. cinsine ait taksonlarin polen morfolojisi Aragtirma Makalesi
arastirilmistir. Arastirmada Wodehouse (1935) ve Asetoliz (Erdtman,
1960) yontemleri kullamilmistir. Crepis L. cinsine ait 3 tiir ve 2 alt Makale Tarihgesi
tiiriin polen morfolojileri 151k mikroskobu (LM) ve taramali elektron Gelis Tarith1  :27.04.2023
mikroskobu (SEM) incelemelerine gére tamimlanmigtir. LM Kabul Tarihi :06.08.2023
incelemelerinde polenler monad, radyal simetrili ve izopolardir.
Polenler suboblat ve oblat sferoidal, Amb sekli interhegzagonal- Anahtar Kelimeler
subtriangular bicimdedir. Cinsin polenleri trikolporattir. Ekvatordan Crepis L.
goruntug sirkular, ovaldir. LM 1ile yapilan incelemelerde Asteraceae
ornamentasyon ekintilofattir. Polenler 3 poral, 6 abporal, 6 paraboral Polen morfolojisi
olmak tizere 15 lakunaya sahiptir. Ornamentasyon ekintilofat, tektum Canakkale
yuzeyi mikroperforat bir yapidadir. C. smyrnaea ve C. commutata Turkiye
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INTRODUCTION

The Asteraceae family spreads all over the world
except Antarctica. With more than 1100 genera and
more than 20.000 species, it ranks first in diversity
among flowering plants. Among the species belonging
to the family, there are annual and perennial ones. The
most characteristic feature of this family is that its
flower shows a flower state structure called a
capitulum (Yildiz & Aktoklu, 2010). Plants are
primarily found in mountain vegetation, open
grasslands, and open forest areas. They are less
common in humid tropical forests (Kadereit & Jeffrey,
2007).

Crepis L., the genus number 129 in the Lactuceae
tribus, is in the Asteraceae family. There are 40 taxa
of the genus Crepis registered in the 5th volume of
Flora of Turkey. The genus Crepis was written by
Lamond (Davis, 1975). In the List of Plants of Turkey,
C. foetida L. subsp. commutata (Spreng.) Babcock has
been upgraded from subspecies to C. commutata
(Spreng.) Greuter (Giiner et al., 2012).

The Asteraceae family was divided into nine pollen
types, and the Crepis genus was studied within the
Helianthus type (Erdtman et al., 1961). Inceoglu and
Karamustafa (1977) described light microscopy
measurements of various genera in their pollen
morphology studies for the Compositae family and
evaluated the genus within the Lacunae. On the other
hand, Enke (2009) reclassified Crepis (Cichorieae,
Compositae) phylogenetics according to achene,
pappus feathers, and pollen morphology
characteristics. Wang et al. (2009) defined pollen
morphological features of four Crepis species by light
(LM) and scanning electron microscopy (SEM).

Peng et al. (2013) reported the pollen characteristics of
three species of the Crepis genus with SEM images in
their research belonging to the Asteraceae family.
Yildirim et al. (2011) stated the morphological
features, pollen, and seed SEM images of the C. gemicii
species grown in Van province in Eastern Anatolia.
However, researchers were not specified measurement
values related to the pollen characteristics. Qureshi et
al. (2002) defined the pollen morphology of C. flexuosa,
C. multicaulis, C. sancta, and C. thomsonil species
belonging to the Crepis genus in Pakistan by light
microscopy.

This study aims to examine in detail the pollen
morphology of the taxa of the Crepis genus growing in
the Canakkale province belonging to the Asteraceae
family. The results obtained are intended to contribute
to the genus systematic studies and the pollen atlas
that can be created for Turkey.

83

MATERIAL and METHOD
Sampling Method

Specimens of flowering plants belonging to Crepis were
collected during field studies in Canakkale in 2015
(Table 1). The samples were dried and turned into a
herbarium sample. Pollen slides were prepared from
dried samples for microscope examination.
Identification of plant samples was made by Prof. Dr.
Bayram YILDIZ (Retired lecturer) and Assoc. Dr. Giil
TARIMCILAR (Uludag University, Faculty of Arts and
Sciences, Department of Biology). Plant herbarium
samples are kept in the Palynology Laboratory of the
Biology Department of the Faculty of Science of COMU
and the IZEF Herbarium of the Faculty of Pharmacy
of Ege University.

Laboratory Analysis

Preparations of pollen were prepared by Wodehouse
(1935) and Acetolysis (Erdtman, 1960) methods for LM
analysis. Measurements of pollen were made with a
Leica 2500 DM light microscope. Pollen photos were
taken with a Cence 2.0 MP camera connected to a Leica
2500 DM microscope. Immersion oil, ocular 10X, and
objective 100X were used for light microscope
measurements. Each taxa in the preparations under
the light microscope was measured on an average of 50
samples, excluding spins. According to the method of
Wodehouse and Erdtman, P (polar axis), E (equatorial
axis), P/E ratio, Meso (mesocolpium), Amb (the length
of diameter in the polar view of the pollen), Icrl ( inter
colpus ridge length), Icsn (inter colpus spinules
number), Ilgl (nterlacunal gaps length), Ilgw
(interlacunal gaps width), Alw (Abporal lacuna width),
All (Abporal lacuna length), Pw (pore width), P1 ( pore
length), Plw (poral lacuna width), PIl (poral lacuna
length), Pasn (number of spinules in the polar area),
Pad (polar area diameter), Slle (spinule length
equatorial view), Sllp (spinule length polar view) An
(Aperture number) was measured.

For electron microscopy studies, according to the
acetolysis method (Erdtman, 1960), pollen was placed
on the stup with double-sided adhesive tape by taking
it from the tube with the help of a clean, thin needle.
Stups are plated with gold. JEOL SM 7100F brand
SEM from Canakkale Onsekiz Mart University
Science and Technology Application and Research
Center (COBILTUM) was used for electron microscope
examinations. Surface ornamentations, polar and
equatorial images, and spin properties of pollen were
examined in detail, and photographs were taken. Some
morphological features of pollen in SEM images; SLAL
(spinule length at abporal lacuna), SBWAL (spinule
base width at abporal lacuna), DBSICR (the distance
between spinules at inter colpus ridge), SLICR
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(spinule length at inter colpus ridge), SBWICR
(spinule base width at inter colpus ridge), SLP (spinule
length at polar area), SBWPA (spinule base width at
polar area), ILGW (interlacunal gaps width) were
measured using the freely available software Imaged
1.36b (Wayne Rasband, NIH, MD, USA).

Wodehouse (1935), Erdtman (1943, 1960, 1969),
Skvarla & Turner (1966, 1971), Moore & Webb (1983),
Faegri & Iverson (1992), Punt et al. (2007), Tirkmen
et al. (2010), Pinar et al. (2016) sources were used in
pollen terminology. Pollen slides are in the Palynology
Laboratory of Canakkale Onsekiz Mart University.

Tablel. The places where the taxa belonging to the genus Crepis were collected, the dates they were collected, the

collectors and the descriptors.

Tablo 1. Crepis L. cinslerine ait taksonlarin toplandigi yerler, toplandigi tarihler, toplayan kigiler ve teshis edenler

TAXA Location
i{Oet]d& L. Canakkale Science High School,
i‘bozg‘dj folia Cinarh Village, Canakkale,

. 35447402 D. 4435386 K., 98 m.
(M.Bieb.)

C. commutata
(Spreng.) Greuter

Dumrek Village,Canakkale,
35445310 D. 4426339 K.,81m.

Intepe Village, Canakkale,
35441869 D. 4427628 K.,92m.

Canakkale Science High School,
Cinarli Village, Canakkale,
35447402 D. 4435386 K.,98 m.
Between Intepe and Gokeali
Village Canakkale, 35441869 D.
4427628 K.,92m.

C. smyrnaea D.C

C.micrantha
Czerep.

C. reuteriana
Boiss. & Heldr.
subsp. reuteriana

Collected .
Date Collectors Descriptors
Hanife ?Zah};[%m YILDIZ
09:06.2015 SKYAIA%}\I ay Gl TARIMCILAR
Ay BURSA
Hanife ?Zal\s/llri?{m YILDIZ
1062010 ‘SﬁAIggAN Giil TARTMCILAR
Y BURSA
Hanife .
09.05.2015  AKYALCIN gI‘}E{TSiRIMCILAR
Sunay ALTAN
Hanife
08.06.2015  AKYALCIN ?Zaﬁ%m YILDIZ
Sunay ALTAN
Hanife
11.06.2015  AKYALCIN ?Zal\y&%m YILDIZ
Sunay ALTAN

Statistical Analysis

The mean (M), standard deviation (S) and min-max
values of the measurements of the light microscope
images and the min-max values of the electron
microscope images were made in the IBM SPSS
Statistics 22 program.

RESULTS and DISCUSSION

In light microscopy observations of five taxa of the
genus Crepis, pollens are radially symmetrical,
monad, and isopolar. In the pollen slides prepared
according to the Wodehouse method, all the taxa are
oblata spheroidae shape pollens. In slides made
according to the Erdtman method, C. smyrnaea, C.
reuterana subsp. reuteriana are suboblate shape, C.
foetida subsp. rhoeadifolia, C. commutata, C.
micrantha are oblatae spheriodal shape pollen.
Equatorial axis values of pollens are between 19-30 p
(W) and 20-29 u (E), and polar axis values are between
16-27 p (W) and 17-28 p (E) (Table 2). Pollen has a
tricolporate aperture. Amb shape in pollen grains is
inter-hexagonal-subtriangular (Figure 2).

The view from the equator is circular and oval. In the
examinations made with LM, ornamentation 1is
echinulophate. Pollen grains have 15 lacunae (3 poral,
6 abporal, 6 paraboral). The pollen slides examined
have an operculum on the pore, and the pores are
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elliptical-circular. The pore length is in the range of
4.10-6.04 p (W), 4.17-5.98 pu (E), and the pore width is
in the range of 4.76-6.96 p (W), 4.86-7.06 p (E). The
average spinule number in the polar area is 3.27-7.52
in the examinations made with LM in the Wodehouse
and Erdtman method. The ornamentation is
echinulophate (Table 2, Figure 2).

In SEM micrographs (Table 3, Figures 2, 3 and 4), the
ends of the spinules have obtus-acute endings.
Spinules are upright or curved in different directions.
Ornamentation is echinulophate, tectum surface is
microperforate. In the taxa belonging to this genus,
collapses were observed in the polar area. The
collapses, which are very prominent in the polar area
of the pollens of C. smyrnaea and C. commutata, seem
to be separate lacuna at the polar area border of the
paraboral lacunae (Figure 2, 3).

C. commutata by Giiner et al., (2012) C. foetida subsp.
commutata has been upgraded from subspecies to C.
commutata.

Except for C. micrantha, no significant variations were
observed in pollen shape, sexin, aperture, abporal
lacuna, inter lacunal gaps, spinule, mesocolpium,
aperture features, and polar area features in the pollen
of the genus Crepis according to light microscopy
measurements (Table 2).
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Table 2. Pollen morphological data of Crepis taxa in light microscopy analyses.
Tablo 2. Isik mikroskobu analizlerinde Crepis taksonlarinin polen mortfolojik verilerli.
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Meso, mesocolpium; Amb, the length of diameter in the polar view of the pollen; Icrl, inter colpus ridge length; Icsn, inter colpus spinules number; Ilgl, interlacunal gaps
length; Ilgw, interlacunal gaps width; Alw, Abporal lacuna width; All, Abporal lacuna length; Pw, pore width; Pl, pore length; Plw, poral lacuna width; P11, poral lacuna
length; Pasn, number of spinules in polar area; Pad, polar area diameter; Slle, spinule length equatorial view; Sllp, spinule length polar view; An, Aperture number, all
measurements in pm.
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Figure 1. Pollen morphology of Crepis by light microscopy (LM). A-B (E), C-D (W) C. foetida subsp. rhoeadifolia; E-
F (E), G-H C. commutata; I-J (E), K-L. (W) C. smyrnaea; M-N (E), O-P (W), C. micrantha; R-S (E), T-U
(W) C. reuteriana subsp. reuteriana. Erdtman (E), Wodehouse (W). Scale bar 10 p.

Sekil 1. Erdtman ve Wodehouse yontemine gore 1sik mikroskobu resimleri. A-B (E), C-D (W) C. foetida subsp.
rhoeadifolia; E-F (E), G-H C. commutata; I-J (E), K-L (W) C. smyrnaea; M-N (E), O-P (W), C. micrantha;
R-S (E), T-U (W) C. reuteriana subsp. reuteriana. Erdtman (E), Wodehouse (W). Olgek ¢ubugu 10 p.

Polar and equatorial axis dimensions were smaller and
significantly different between the taxa whose C.
micrantha pollens were studied, compared to the
Erdtman and Wodehouse methods—the investigated
C. reuteriana subsp. Reuteriana, while the P/E ratios
have a wide range in the Erdtman method, the range
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is very narrow according to the Wodehouse method
(Table 2).

In SEM micrographs, the ends of the spinules have
obtus-acute endings. Spinules are upright or curved in
different directions. Ornamentation is echinulophate,
and the tectum surface is microperforate. There are



KSU Tarim ve Doga Derg 27 (1), 82-91, 2024
KSU J. Agric Nat 27 (1), 82-91, 2024

Arastirma Makalesi
Research Article

apparent collapses in the polar area. Pollen
morphological studies of the genus Crepis are limited.
C. foetida subsp. rhoeadifolia was also studied by
Inceoglu and Karamustafa (1977), and light
microscope measurements of the taxa were given. C.
foetida subsp. rhoeadifolia pollen grain is 27.7 X 31.6
(E), 24 X 27.6 u (W), triporate, oblate spheroid, amb
inter-hexagonal. Pollen grains have been described as
lacunae. In this study, pollens were observed as 24.38

X 27.70 p (E), 25.74 X 29.25 u (W), tricolporate, oblate
spheroidal, amb subtriangular-subhexagonal (Table
2,3 and Figure 1). There is no significant difference
between the results obtained and the results of the
study conducted by Inceoglu and Karamustafa (1977),
except for the number of apertures. The aperture of C.
foetida subsp rhoeadifolia is tricolparate, not triporate,
as stated by Inceoglu and Karamustafa (1977).

Table 3. Ornamentation and spine measurements of Crepis species in SEM analyses
Tablo 3. SEM analizlerinde Crepis tiirlerinin ornamentasyon ve spin lgtimleri

SBWP

SBWA

DBSIC SBWIC SBWP

DBSPL I SLPL DBSAL SLAL L R SLICR R SLP A ILGW
Max- Max- Max- Max- Max- Max- Max- Max- Max- Max- Max- Max-
Min Min Min Min Min Min Min Min Min Min Min Min
C.
foetida
subsp. 1.79- 1.82- 2.00- 1.54- 2.25- 1.74- 1.69- 1.84- 1.69- 2.01- 1.84- 0.99-
. 0.66 1.23 1.24 0.62 0.96 1.12 0.54 0.91 0.95 1.04 0.95 0.58
rhoeadif
olia
gmmut 1.60- 1.25- 0.87- 2.02- 1.56- 1.41- 1.38- 1.19-
ata - - - - 0.92 0.82 0.71 0.93 0.86 1.14 1.14 0.43
gz;qyrnae 1.57- 1.24- 1.69- 1.88- 1.87- 1.36- 0.68-
2 - - - - 1.01 1.03 - 1.12 0.84 0.84 0.82 0.38
C.
micrant 1.52- 1.48- 0.46- 1.51- 1.17- 0.69-
ha - - - - 1.07 0.95 0.35 1.02 0.90 - - 0.54
C.
reuteria
na 2.08- 2.08- 0.97- 1.92- 1.65- 1.75- 1.61-
subsp. - - - - 1.46 1.20 0.31 1.27 1.24 0.95 1.22 -
reuteria
na

DBSPL, the distance between spiniils at paraboral lacuna; SBWPL, spintile base width at paraboral lacuna; SLPL, spiniile
length at paraboral lacuna; DBSAL, the distance between spiniils at abporal lacuna; SLAL, spintle length at abporal lacuna;
SBWAL, spiniile base width at abporal lacuna; DBSICR, distance between spiniils at inter colpus ridge; SLICR, spiniile length
at inter colpus ridge; SBWICR, spiniile base width at inter colpus ridge; SLP, spintile length at polar area; SBWPA, spintile
base width at polar area; ILGW, interlacunal gaps width; —, unmeasured, all measurements in p.

Qureshi et al. (2002) examined the four species of
Crepisin Pakistan. Qureshi et al. (2002) are similar to
the results in this study, but according to their
measurement results, the pollen is more prominent in
size than the pollen examined in this study.

Wang et al. (2009) reported that Crepis pollen has
small polar areas with 1-10 spines. This study
observed that the polar areas are small, and the
number of spinules is low (Figures 1, 2, 3 and 4). In
addition, there are visible collapsed areas in the polar
regions of the pollen in this study. However, this is not
reported by Wang et al. (2009).

In the study of Enke (2009), pollen of C. foetida was
specified as echinolophate between 26-32 p. In this
study, C. foetida subsp. rhoeadifolia pollen is
echinulophate with a size of 23-30 p. The results
obtained in this study regarding pollen size and
ornamentation characteristics are in harmony with the
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results of Enke (2009). Unlike the polar region of
Crepis foetida, depressive areas are seen in the polar
region of the pollen of C. foetida subsp. rhoeadifolia
(Figures 1 and 2).

The results of this research are similar to the results
of the study conducted by Osman (2006). In his study,
Osman (2006) evaluated the Crepis genus within the
Launaea pollen type. Palynological features observed
in Launaea pollen type and morphological features of
Crepispollens in this study are similar. To summarise,
both Launaea type and Crepis pollens have 15 lacunae
(3 poral, 6 abporal, 6 paraboral). Osman (2006)
examined Crepis species within the pollen species of
Launaea and expressed the polar axis length in the
range of 32-44 p. However, the polar-equatorial axis
dimensions of the pollens measured in this study are
shorter than the lengths specified in the pollen type of
Launaea, and the pollens are small.
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Figure 2: Pollen morphology of Crepis by SEM. A-D C. foetida subsp. rhoeadifolia; E-H C. Commutata
Sekil 2. SEM ile Crepis polen morfolojisi. A-D C. foetida subsp. rhoeadifolia; E-H C. Commutata
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Figure 3 Pollen morphology of Crepis by SEM. I-L C. smyrnaea; M-P C. micrantha
Sekil 3: SEM ile Crepis polen morfolojisi. I-L C. smyrnaeas M-P C. micrantha
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Figure 4. Pollen morphology of Crepis by SEM. R-U C. reuteriana subsp. reuteriana
Sekil 4: SEM ile Crepis polen morfolojisi. R-U C. reuteriana subsp. reuteriana

Peng et al. (2013) defined the morphological
characteristics of the Crepis genus pollen in their
study. They show similarities with the results of this
study, except for the pollen sizes.

Dauti et al.(2018) compared the pollen morphology of
C. albenica with the pollen morphology of four Crepis
species. As a result, he stated that the pollen of C.
albenica is larger than the other species. The taxa of
Crepis examined in this study are similar to other taxa
except for C. albenica.

Qiu et al. (2020) described a new species from the
genus Crepis with morphological and molecular data.
The results of this study show similarities, except for
pollen sizes.

CONCLUSION

This study  revealed pollen morphological
characteristics of Crepis taxa for the first time, except
for light microscopy measurements of the C. foetida
subsp. rhoeadifolia taxa. The pollens of the genus
Crepis examined within the scope of this research are
compatible with the results of research in other
countries regarding general pollen morphological
characteristics. The most important difference of this
study from other studies is that the pollen sizes are
smaller, and C. micrantha has the smallest pollen
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among the taxa studied. The second significant
difference is the presence of depressions in the polar
areas of the studied taxa. However, the depressions are
very prominent in the polar areas of C. commutata and
C. smyrnea pollens. These depressions are so obvious
that they appear as separate lacuna at the polar area
border of paraboral lacunae. According to the type
records of the Flora of Turkey (Davis, 1975), C.
smyrnaea was collected for the first time in Canakkale
within the scope of this study. It is thought that it
would be helpful to carry out pollen morphology
studies, including all taxa of the genus Crepis and to
evaluate the results of the genus by systematists. We
believe the data obtained from this study will be an
essential source for the pollen atlas of Turkish plants
to be prepared in the future.
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ABSTRACT

The anatomical definition, antimicrobial, and antimutagenic activity of
Turgenia latifolia (L.) Hoffm. (Apiaceae) were investigated in this
research. The root cortex region of the plant is quite narrow and the
cambium has 3-4 layers. Epidermis contains non-glandular trichrome in
stem and leaf. Numerous secretory channels and collenchyma cells were
reported in the stem cortex. Cells of palisade parenchyma were present
on both sides of the leaf. Cells of spongy parenchyma were reduced to a
thin layer in the center of the mesophyll and had 1-2 layers. Stomata
were anomocytic. The antibacterial and antifungal activities of the
methanolic leaf extract of 7. latifolia were investigated against some
selected pathogenic gram (+) (Micrococcus Iuteus, Bacillus cereus,
Staphylococcus aureus, Staphylococcus epidermis), gram (-) bacteria
(Klebsiella pneumonia, Pseudomonas aeruginosa, Escherichia coli,
Salmonella typhi, Proteus vulgaris, Enterobacter aerogenes) and yeast
(Candida albicans). The extract exhibited varying degrees of inhibitory
effects on the growth of the different pathogenic strains. In addition,
methanol leaf extract of 7. latifolia (TLm) was analyzed for mutagenic
activity. The results showed that TLm exhibited antimutagenic activity
at concentrations of 10, 25 and 50 pL.
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Turgenia latifolia (L.) Hoffm'un (Apiaceae) Anatomik, Antimikrobiyal ve Antimutajenik Ozellikleri

OZET

Bu arastirmada, Turgenia latifolia (L.) Hoffm’'un anatomik, ézellikleri,
antimikrobiyal ve antimutajenik aktiviteleri arastirilmigtir.Bitkinin kok
korteks bolgesi oldukg¢a daralmig olup kambiyum 3-4 katmanhdir. Gévde
ve yaprak, epidermis Ortii tuylerine sahiptir. Govde korteksinde ¢ok
sayida salgi kanali ve kollenkima hiicresi belirlenmistir. Yapragin her iki
yuzeyl palizat parankimasi hicreleri igerir. Sunger parankimasi
hiicreleri, mezofilin merkezinde ince bir tabaka halinde olup ve 1-2
siralidir. Stomalar anomositiktir. 7. Jatifolianin metanol yaprak
ekstraktinin antibakteriyal ve antifungal aktivitesi, Gram (+)
(Micrococcus — luteus, Bacillus cereus, Staphylococcus aureus,
Staphylococcus epidermis) ve Gram (1) (Klebsiella pneumonia,
Pseudumonas aeroginosa, Escherichia coli, Salmonella typhi, Proteus
vulgaris, Enterobacter aerogenes) bakterilerine ve mayaya (Candida
albicans) kars1 arastirildi. Ekstrakt, farkli patojenik suslarin gelismesi
uzerinde degisen derecelerde inhibisyon etkisi gostermistir. Ek olarak, 7.
latifoliamin metanol yaprak ekstresinin (TLm) mutajenik aktivitesi
analiz edildi. Sonuglar, TLm'in 10, 25 ve 50 uL'lik konsantrasyonlarinin
antimutajenik aktiviteye sahip oldugunu gosterdi
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INTRODUCTION were collected from the coordinates N 39°10'0.86", E

Apiaceae (Umbelliferae) is an economically important
family and is a large family that includes 300-462
genera and 2,500-3,750 species around the world
(Cronquist & Takhtadzhian, 1981; Heywood, 1993;
Pimenov & Leonov 1993). The Apiaceae family is the
eighth largest family in Tirkiye and 451 species are
represented (Davis, 1972). Of the 101 genera belonging
to the family, 53 contain only one species. Four genera
and 53 species were identified in recent studies about
the flora in Tirkiye. The endemism rate in Turkiye is
33%. 37 of 159 endemic species are endangered. There
is a species belonging to the genus 7urgenia identified
in Tiirkiye (Giiner et al., 2012). The Apiaceae family is
the largest family utilized in conventional treatment in
Tirkiye. 7Turgenia latifolia (L.) Hoffm., known as
Karaheci or Pitrakin Turkish, is also distributed in
Europe (Menemen, 2012), North Africa, Southwest
Asia, Turkmenistan, Pakistan, and Kashmir (Cullen,
1972). The taxon is used in Iran to treat urinary tract
problems (Mosaddegh et al., 2012). The species is used
for rheumatism in Tirkiye (Bulut et al., 2014).

Metcalfe and Chalk (1950) and Watson and Dallwitz
(1992) clarified the anatomical characteristic features
of the Apiaceae family. Members of the Apiaceae
family, which are used as medicine (especially for
antimicrobial properties), food and spice, landscape
and ornamental plants, and animal feed due to the
alkaloids and resins they contain, are among plant
groups with economic value in the world (Shahsavari
et al., 2008; Enez et al., 2016). Nowadays, herbs and
herbal medicine raw materials constitute 25% of
prescription medicines (Farnsworth et al., 1985). The
inadequacy of synthetic drugs against increasing
diseases in recent years and the detection of side
effects have increased the necessity of using natural
products. For this purpose, many plants were
investigated in terms of microbiological
pharmacological aspects and even in terms of plant
defense mechanisms for biological warfare in recent
years (Vanderbank, 1949).

Studies about the vegetative anatomy of Turgenia and
its antimicrobial, antimutagenic and mutagenic
features were not found in the literature. In this study,
the aim was to investigate the 7. latifolia species in
Tirkiye in detail in terms of anatomical, antimicrobial
and mutagenic features. These findings will be
presented for the first time and will serve as a resource
for future studies about the species.

MATERIAL and METHOD

The samples of 7. latifolia, selected as research subject,
were collected from Kirsehir (Tiirkiye) in 2019. They
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34°26'15" in May—dJuly and converted to alcohol and
herbarium samples. Species were identified according
to Davis (1972).

Anatomical method

Sections were made into a permanent preparation
according to the glycerin gelatin method (Vardar
1998). The cell types obtained from the root, stem and
leaf sections of the species were determined by using
Upright Microscope Eclipse Ni-U imaging system and
photographed. Cell measurements were made from
transverse and superficial sections of the taxa.
Stomata and epidermis cell numbers per mm? were
counted on the lower and upper surfaces of leaves of
the same age and the stomata index was calculated
(Meidner & Mansfield, 1968). Analysis of anatomical
studies was made using 20 plant specimens. An
average of 25 measurements was taken from tissues
such as  epidermis, periderm, parenchyma,
collenchyma, and sclerenchyma (Table 1).

Antimicrobial method

Fresh leaves (100 g) were ejected with 1 L of methanol
using a Soxhlet (ISOPAD, Heidelberg, Germany)
device for 72 h at a temperature not exceeding the
welding point of the solvent. The extract was filtered
using Whatman filter paper (No. 1), and then
concentrated in a vacuum at 60°C using a rotary
evaporator (Buchi Labortechnik AG, Flawil,
Switzerland). Leaf extracts were then freeze-dried and
kept in the dark at + 4°C until experiments.
Pathogenic bacterial cultures (Staphylococcus aureus
ATCC25923, Escherichia coli ATCC1280, Salmonella
typhi H NCTC901.8394, Staphylococcus epidermidis
ATCC12228, Micrococcus luteus ATCC9341, Bacillus
cereus RSKK863, Enterobacter aerogenes, Klebsiella
pneumonia ATCC 27853, Proteus vulgaris RSKK
96026, Pseudomonas aeruginosa ATCC27853) and
yeast (Candida albicans Y-1200-NIH) were used.
Methanolic leaf extracts of 7. latifolia, were analyzed
for their antimicrobial activity using the well-diffusion
method against pathogenic gram-positive bacteria (S.
aureus, S. epidermidis, M. Iuteus, B. cereus), gram-
negative bacteria (S. typhi, E. coli, K. pneumonia, P.
vulgaris, P. aeruginosa, E. aerogenes), and one yeast
(C. albicans) (Ogiitct et al., 2017; Rubab et al., 2021).
Methanol was employed as resolvent for the extract
and for control. In methanol, the organisms tested did
not show antimicrobial activity. Then 1% (v/v) of 24-
hour broth culture (selected pathogenic bacteria and
yeast) containing 106 CFU/mL was placed in a sterile
petri dish. Mueller-Hinton Agar (MHA) (15 mL) kept
at 45°C was then poured into the Petri dishes and
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allowed to solidify. Then, wells of 6 mm diameter were
- carefully punched by employing a sterile cork borer
and were entirely filled (20 pL) with extract. The plates
were incubated for 24 h at 37 °C in the incubator. At
the end of incubation, the average value obtained for
two wells was employed to calculate the growth

Table 1. Anatomical measurements of 7. Jatifolia
Cizelge 1. T. latifolid nin anatomik 6l¢iim sonuglari

inhibition zone for each pathogenic bacteria and yeast
(pathogenic bacteria and yeast were tested for
resistance to four antibiotics (Kanamycin,
sulfamethoxazole, ampicillin, amoxicillin) and one

anticandidal (Nystatin) agent) (Nartop et al., 2020).

Plant organ Characteristic Width (um) Mean + SE  Length (um) Mean + SE
Root Periderm cells 23.75+1.88 40.89+1.80
Diameter of trachea 25.73+1.05
Phloem cells 9.23+0.58
Cambium cells 4.12+0.36
Stem Epidermis 16.27+1.52 22.61+1.39
Cortex cells 41.35+4.36
Cuticle 10.48+0,65
Sclerenchyma 9.25+1.00
Collenchyma 11.36+0.92
Diameter of trachea 21.46+1.17
Phloem 7.28+0.78
Pith cells 73.66+6.87
Leaf Upper epidermis cells 10.84+0.83 22.07+1.31
Lower epidermis cells 16.35+1.29 27.92+1.79
Lower epidermis cuticle 8.87+0.23
Upper epidermis cuticle 5.50+0.29
Spongy parenchyma cells 21.52+1.78
Palisade parenchyma cells 9.02+0.42 35.08+2.70
Collenchyma 18.73+1.47
Diameter secretory channels 51.84+4.58
Trachea 18.73+1.47

SE, Standard error.

Determination of Antimutagenic Activity: Micronuclei
Test

The antimutagenic activity of methanol leaf extract
from 7. latifolia (TLm) was studied against sodium
azide (NaNs3) in human lymphocyte cells with the
micronuclei (MN) test. Eight culture media were
created in the study. The 1st culture medium was
negative control (pure water), 2rd culture medium was
positive control (5 pM NaNs), and the 3t culture
medium was only TLm (25 pL). TLm was added to
other tubes (4-8) along with NaNs (5 pM) at
concentrations of 10, 25, 50, 75 and 100 ulL,
respectively. The concentrations used in the study
were determined based on preliminary studies.

For the determination of micronuclei, the procedure
previously described by Fenech (2000) was used. Forty-
four after the initiation of incubation at 37 °C,
cytochalasin-B was added to each tube at a final
concentration of 3 pg/mL to prevent cytoplasmic
division. After 72 h, cells were removed from the
incubator. Samples were centrifuged at 1000 rpm for
10 min. After removing the supernatant, a hypotonic
solution (6 mL -0.075 M KCI) was added and samples
were replaced in the incubator (7 min.). Cells were
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then immediately centrifuged and fixed three times
with cold methanol/glacial acetic acid (3:1). The fixed
cells were dropped onto slides and allowed to dry at
room temperature (72 h). The preparations were
stained with 6% Giemsa Merck, Darmstadt,
Germany) for 10 min. For MN analysis, bi-nucleated
cells were evaluated under a light microscope
(magnification 1000x) and scored (Nartop et al., 2020).

Statistical analysis

In this study, three replicates of all experiment groups
were used for the reliability of data. The data in each
experiment group were analyzed with SPSS 18.0
version using a one-way analysis of variance.
Significance was determined by Duncan’s test. In
statistical calculations, the significance level was
taken as p<0.05.

RESULTS and DISCUSSION
Anatomical results

Periderm was 5-8 layers on the outer surface of the
root. The cortex had very few layers and
parenchymatic cells were crushed in some parts (Table
1). Phloem elements were located in the large region of
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the root, and were polygonal shaped with 10-15 layers.
Cambium cells had 3-4 layers and were undulating.
Xylem covered a large area, composed of trachea and

sclerenchyma cells. Trachea differed in size (Figure 1
A, B).
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Figure 1. T latifolia A, B root transverse section; C, D, E, F stem transverse section; G leaf transverse section; H
leaf lower superficial section; I upper leaf superficial section. ca, cambium; cr, cortex; co, collenchyma; e,
epidermis; gh, glandular hair; le, lower epidermis; nh, non-glandular hair; p, pith; pe, periderm; ph,
phloem; pp, palisade parenchyma; xy, xylem; s, stomata; sc, sclerenchyma; sd, secretory duct; sp, spongy
parenchyma; ue, upper epidermis; vb, vascular bundle (Scale 50 pm)

Sekil 1. T. latifolia A, B kék enine kesiti; C, D, E, F gévde enine kesiti; G yaprak enine kesiti; H yaprak alt ytizeysel
kesiti; I yaprak tist yiizeysel kesiti. ca, kambiyum; cr, korteks; co, kollenkima; e, epidermis; gh, salgi tiiyti;
le, alt yiizey epidermis; nh, ortii tiiyii; p, 6z pe, peridermis; ph, floem; pp, palizat parankimasi; xy, ksilem;
s, stoma; sc, sklerenkimas sd, salgi kanall’ sp, stinger parankimasi; ue, iist epidermis; vb, vaskiiler demet

(Skala 50 um)

According to the stem transverse section of 7. latifolia,
the stem was wavy shaped. Epidermis cells were
circular and rectangular and covered with cuticles. In
addition, non-glandular hairs were observed on the
epidermis (Table 1). There was collenchyma in groups
in the cortex consisting of polygonal cells (Figure 1 C).
Cortex parenchyma cells were polygonal and
cylindrical shaped, with 2-3 layers. In the cortex, 14—
16 secretory channels were seen (Figure 1 D, E).
Vascular bundles also continued in the intervascular
space. Cambium cells were distinguishable and had 1-
2 layers. Sclerenchyma cells were located around the
bundles. The large pith region was composed of
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parenchymal cells. As in the cortex, secretory canals
were observed in the pith region (Figure 1 F).

According to the leaf transverse section, epidermis
cells on the upper and lower surfaces had one order.
Epidermis cells were generally oval and rectangular in
shapes. Non-glandular and glandular hairs were
observed on the epidermis. The cuticle was observed on
the lower and upper epidermis. One vascular bundle
was observed in the midrib region. The leaf was in
isolateral type. On the upper and lower surfaces, there
were 2-3 layers of thin, long, cylindrical palisade
parenchyma containing plenty of chloroplasts. Spongy
parenchyma had 1-2 layers. A secretory channel was
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observed on the leaf. Stomata were present on the
abaxial and adaxial surface (Figure 1 G, H, I). The
number of upper surface stomata cells was 79 and was
160 for epidermis. Again, the number of lower surface
stoma cells was 40 and was 133 for epidermis. The
stomata index on the leaf upper surface was 33.05. The
stomata index on the leaf lower surface was 22.98.

Antimicrobial activity

The antibacterial and antifungal activity of methanolic

leaf extracts from 7. latifolia were investigated against
some microorganisms causing disease including gram-
positive and gram-negative bacteria and yeast. These
extracts demonstrated changing inhibitive efficacies
(19 mm-30 mm). (19 mm-30 mm) when a dose of 20
mg/ml was used with the tested pathogenic species.
The antibacterial activity of 7. latifolia was compared
with five commercial antibiotics and methanol leaf
extracts that were as effective as the afore mentioned
antibiotics (Figure 2, Table 2).

2
4

Figure 2. Photographs of inhibition zones (mm) of some pathogenic Gram (+) and Gram (-) bacteria and yeast.
Sekil 2. Bazi patojenik Gram (+) ve Gram (-) bakteri ve mayalarin inhibisyon bolgelerinin (mm) fotograflari.

Table 2. Antimicrobial activities of leaf extract of 7. Jatifolia
Cizelge 2. T. latifolia'nin yaprak ekstraktinin antimikrobiyal aktiviteleri

Microorganism Leaf extract AMP 10 SXT 25 AMC 30 K 30 NYS 100
M. Iuteus 30 22 21 25 23 N
n S. epidermis 19 26 25 27 25 N
= S. aureus 20 30 24 30 25 N
© B. cereus 21 23 25 20 28 N
@)
E. aerogenes 22 21 19 20 24 N
P. aeruginosa 21 8 18 15 14 N
. K. pneumonia 20 21 20 21 23 N
< S. typhi H 24 11 17 19 20 N
&  Ecoli 20 10 18 14 25 N
3 P. vulgaris 21 17 19 20 21 N
Yeast C. albicans 30 N N N N 20

*Standard reagents (Diameter of zone inhibition (mm). SXT25, Sulfamethoxazole; AMP10, Ampicillin; NYS100,
Nystatin; K30, Kanamycin; AMC30, Amoxycillin; N, Not tried.

Antimutagenic activity

We analyzed MN after treatment with different
concentrations of TLm (10, 25, 50, 75 and 100 pL)
against sodium azide (NaNs). When the results in
Table 3 are evaluated, TLm exhibited antimutagenic
activity at concentrations of 10, 25 and 50 uLL and was
particularly effective at a concentration of 50 pL.
However, increasing concentrations of TLm (75 and
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100 pL) increased the mutagenic effect of NaNs in a
dose-dependent manner.

In addition, we investigated the antimutagenic effects
of leaf extracts of 7' latifolia against mutagenicity of
NaNs. As seen in Table 3, leaf extracts of 7. latifolia
exhibited antimutagenic activity against the
mutagenicity of NaNs at certain concentrations (10, 25
and 50 pL).
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Table 3. Effects of NaNs and TLm on MN in human
peripheral lymphocytes

Cizelge 3. NaN3 ve TLm'nin insan  periferik

lenfositlerinde MN tizerindeki etkileri

Test Item Concentration MN numbers +

SE

Control 1.76 + 0.622

NaNs 5 uM 3.20 + 0.38de

TLm 25 uLL 1.92 + 0.652

NaNs+ TLm 5uM+ 10l 3.94 + 0.83cd

NaNs+ TLm 5uM+25ul. 2.80+0.67¢

NaNs+ TLm 5uM+50ul.  2.36+0.62P

NaNs+ TLm 5uM+75ul.  3.35+0.92¢

NaNs+ TLm 5uM + 100 ul. 3.68 £ 0.72¢

aeMean + SE, Values within each column not sharing a
common superscript are significantly different (p<0.05) as
determined by Duncan test.

In this research, the anatomical, antimicrobial,
mutagenic and antimutagenic properties of the 7'
Iatifolia taxon, which is naturally found in Kirgsehir
(Tirkiye) and surroundings, were investigated. No
anatomical information on 7. latifolia was available in
the literature except for general taxonomic properties.
The 7. latifolia taxon had a secondary root structure.
In roots, the cortex was narrowed and the central
cylinder was filled with xylem elements. The tracheas
in the center had larger diameters. Numerous
secretory channels were observed in the stem cortex of
T. latifolia. In Scandix 1berica Bieb. species belonging
to Apiaceae family, secretory cells in stem cortex were
also mentioned (Demirpolat et al., 2019). The presence
and location of collenchyma on the stem of Apiaceae
famlya has taxonomic value. Stesevic et al. (2016)
stated that the presence of collenchyma varies in some
species belonging to the family. Collenchyma in the
stem of 7. latifolia is located in clusters just below the
epidermis. In an anatomical study conducted with
three genera belonging to the family, the differences of
collenchyma cells between the genera are mentioned
and their distinctive features are emphasized (Idman
et al., 2019). In our study, secretory cells were also seen
in the pith region. The Apiaceae species have special
fragrances as they contain secretory cavities, which
are schizogenous oil channels containing resin, oil, or
mucilage. They were found in roots, petioles, stems,
leaves, and fruits (Metcalfe & Chalk, 1979; Plunkett et
al., 2014). The nature of the secretory elements and
their contents is taxonomically important (Metcalfe,
1944). In our study, secretory canals were found in the
stem, cortex and pith of the species. The number of
secretory channels in the cortex especially may be
characteristic for the species. Sclerenchyma cells were
seen between vascular bundles based on the stem
cross-section. Esau (1977) reported that in members of
the Apiaceae family, the stem inter fascicular
cambium sometimes produces more sclerenchyma cells
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towards the xylem side. The epidermis cells of the leaf
of the species consisted of oval- and rectangular-
shaped cells. Anisocytic stomata were scattered on
both the lower and upper surfaces. Two to three
epidermis cells formed around the stoma cells. The leaf
was isolateral type. Metcalfe and Chalk (1972)
reported that the number of epidermis cells with
stomata in members of the Apiacaeae family, which
mostly had isolateral leaf structure, could be very
variable.

Methanol leaf extract of 7. latifolia was examined
against ten bacterial and one fungal pathogenic strain.
It was concluded that this extract was more effective
against gram (-) bacteria than gram (+) bacteria (Table
2). The possible reason for this may be the presence of
an  external impermeable membrane, fine
peptidoglycan monolayer, presence of periplasmic
cavity and cell wall in the composition of gram (-)
bacteria (Afzal et al., 2017). M. luteus is considered a
profiteering pathogen that may be responsible for
hospital infections. It can also cause skin disease and
septic shock in immunocompromised patients. This
extract showed higher inhibitory activity (30 mm)
against M. luteus than all standard antibiotics tested
(Table 2) (Gl et al., 2020).

Leaf extract of 7. latifolia exhibited higher activity
(21lmm) than standard antibiotic AMP10 (20mm)
against B. cereus (Table 2). Salmonella serovars cause
many different clinical symptoms, ranging from
asymptomatic infection to severe typhoid-like
syndromes in infants or in some high-sensitivity
animals (Karadeniz et al., 2019; Karakilic et al., 2020).
Leaf extract of 7. latifolia showed higher inhibition
activity (24mm) than all standard antibiotics against
this important pathogen of S. typhi (Table 2).

Leaf extract showed significantly higher inhibition
activity (21 mm) than all canonical antibiotics against
P. aeruginosa (Table 2). The genus Pseudomonas is
widespread in nature, and causes opportunistic, and
nosocomial infections. P. aeruginosa is a leading cause
of nosocomial infections, may improve resistance to
various antibiotics and cause high mortality and
morbidity because of infections (Pollack, 1995;
Hanberger et al., 1999). It is responsible for 10-25% of
nosocomial infections (Giinseren et al., 1999). As this
bacteria is generally resistant to multiple antibiotics,
it also causes trouble for treatment. P. aeruginosa
septicemia occurs particularly in debilitated and
immunocompromised patients and the mortality rate
is 10-20% (Nadaroglu et al., 2020).

In K. pneumonia, leaf extract showed similar degree
(20 mm) of inhibition activity as the antibiotic SXT25
(Table 2). Also, this extract had higher inhibitory effect
than standard antibiotics SXT25 (18 mm), AMP10 (10
mm) and AMC 30 (14 mm) against K. coli (20mm)
(Table 2). The extract showed higher inhibition activity
(21 mm) against P. vulgaris than the canonical
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antibiotics AMP10 (17 mm) SXT25 (19 mm) and AMC
30 (20 mm). It had the same inhibitory activity as the
K30 (21 mm) standard antibiotic (Table 2). P. vulgaris
is easily isolated in long-term care facilities and
hospitals and patients with underlying diseases or
patients with weak immune systems. Patients with
recurrent  infections, those with  structural
abnormalities of the urinary tract, those with urethral
instrumentation, and those with hospital infections
have increased intensity of infections caused by
Proteus spp. and other microorganisms. In the case of
E. aerogenes, this extract (22 mm) showed high
inhibition activity compared to the standard
antibiotics, except for K30 (24 mm) (Table 2).

Systemic fungal infections, including C. albicans, have
emerged as significant causes of morbidity and
mortality in immunosuppressed patients (Cancer
chemotherapy, tissue or organ transplantation, AIDS)
(Sar1 et al., 2013; Nartop et al. 2014). Leaf extract of 7.
latifolia showed higher inhibitory effect (30 mm) than
the commercial antifungal (20 mm) (Table 2). Also,
other reports indicated that total plant extract of 7.
latifolia exhibited anticandidal effect against C.
albicans, but stimulating effects for other Candida
species (Sardari et al., 1998).

Bazzaz and Haririzadeh (2003) found that total plant
extract of 7. latifolia did not have any effect on C.
albicans, E. coli and S. typhi, but its effect was
insignificant against B. subtilis, Morganella morgani,
P. aeruginosa and S. aureus. However, in our study,
methanol leaf extracts of 7. latifolia showed higher
inhibitory activity than standard antibiotics and
anticandidal agents against P. aeruginosa, S. typhi, E.
coli (except K30) and C. albicans (Table 2).

This study is the first record of antimicrobial activity
of methanolic leaf extract of 7. latifolia and high
antimicrobial activity was observed against the
bacteria and yeast tested.

To our knowledge, there is no previous studies about
the antimutagenic and mutagenic activities of 7.
latifolia. However, some species belonging to the
Apiaceae family were reported to have antimutagenic
effects, mutagenic effects, cytotoxic activities, and
apoptosis properties (Abdelwahed et al., 2008). The
antimutagenic effect of 7. Ilatifolia leaf methanol
extracts at certain concentrations can be explained by
the polyphenols (for example, flavonoids and tannins)
and sesquiterpene coumarins. Actually, in previous
studies, it was determined that some species belonging
to the Apiaceae family contained polyphenols and
sesquiterpene coumarin compounds These compounds

are known to exhibit antimutagenic activity
(Edenharder & Tang, 1997; Besaratinia & Pfeifer,
2004; Abdelwahed et.al., 2008; Kasaian &

Mohammadi, 2018). Moreover, it was stated that
polyphenolic compounds, especially flavonoids, can
induce DNA damage depending on concentration and
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time, and that their genotoxic effects may be due to
their prooxidant activities (Rusak et al., 2010; Ceker et
al., 2019). In this study, the increased MN frequency
at high concentrations of TLm (75 and 100 pL) may be
related to the prooxidant activities of phenolic
compounds. In the future, analysis of these compounds
will help to clarify the cause of the biological activities
of 7. latifolia.

CONCLUSION

The root of 7. latifoliais thickened and secondary. The
shape of the stem is undulate. The stem has
collenchyma and sclerenchyma tissue, non-glandular
and glandular hair. Anisocytic stomata are distributed
on both surfaces of the isolate leaf. A large number of
secretory ducts form in the root, stem and leaf.

Microbial pathogens are a universal health concern
and therefore new or alternative antibiotics are ingreat
demand to combat infections and infections caused by
resistant pathogens. Natural products are still
recognized as unique resources.

Due to antimutagenic and antimicrobial properties, 7.
latifolia might be important as a medicinal herb.
Because T latifolia has the potential to be used as a
new antimicrobial agent, it is thought that this study
will help with the treatment of many diseases and
guide future studies. Therefore, this study may provide
a different perspective for pharmacological studies
about the treatment of bacterial and fungal infections.
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ABSTRACT Botany
Stachys woronowii (Schisk. ex Gross.) R.R.Mill subsp. bingolensis, which
has been collected from Geng district (Bingol-Tiirkiye), has been defined Research Article
as a new subspecies on behalf of the scientific world. This subspecies;
differs from typical subspecies in plant height, verticillate number and Article History
spacing, and seed characteristics. Stachys woronowii (Schisk. ex Gross.) Received 112.06.2023
R.R.Mill subsp. bingolensis grows on steppe slopes in the oak forest Accepted :10.08.2023
openings. Description, photographs and general ecological preferences of
the newly identified taxon are given. Keywords
Stachys Woronowii subsp.
bingolensis
Lamiaceae
New subspecies
Bingol/Tiirkiye
Bing¢l (Tiirkiye)’den Yeni Bir Stachys (Lamiaceae) Taksonu
OZET Botanik
Geng (Bingél-Tiirkiye) ilcesinden toplanan Stachys woronowii (Schisk.
ex Gross.) R.R.Mill subsp. bingolensis, bilim diinyas1 adina yeni bir alttiir Aragtirma Makalesi
olarak tanimlandi. Bu alt tiir; bitki boyu, vertisillat sayis1 ve araligi ve : :
tohum ozellikleri bakimindan tip alt tiirden farklidir. Stachys woronowii éle'tﬁf;l%gl;ﬁory. 12.06.2023
subsp. bingolensis mese acikliklarindaki step yamaclarda yetisir. Yeni Kabul Tarihi : 10.08.2023

olarak tamimlanan alttirin betimlemesi,
fotograflar: verildi.

ekolojik tercihleri ve

Anahtar Kelimeler

Stachys Woronowil subsp.
bingolensis
Lamiaceae
Yeni alttur
Bingol/Tiirkiye
To Cite : Behcet, L. & Cetin, A. (2023). A New Taxon of Stachys (Lamiaceae) from Bingél — Tiirkiye. KSU J. Agric Nat
271), 101-107. https://doi.org/10.18016/ksutarimdoga.vi. 1313123
Atif Sekli: Behcet, L. & Cetin, A. (2023). Bingél (Tiirkiye)’den Yeni Bir Stachys (Lamiaceae) Taksonu. KSU J. Agric Nat
271), 101-107. https://doi.org/10.18016/ksutarimdoga.vi. 1313123
INTRODUCTION distribution of a significant part of these taxa is in the

The genus Stachys is one of the largest genera of the
Lamiaceae family with 362 species in the world
(POWO, 2023). Although the distribution of some taxa
of this genus is in Europe, North and South America;
the majority of members of the genus are native to the
warm temperature regions of the Mediterranean and
southwestern Asia. The genus members consisting of
annual, perennial grasses and subshrubs form taxa;
they grow in different habitats such as steppe, forest
openings, rocky places, limestone, fallow fields,
meadows and stream banks (Bhattacharjee, 1980).

In Turkiye, the genus Stachys is represented by 95
species (122 taxa), 65 of which are endemic, and the

Mediterranean floristic region of Tiirkiye (Giiner,
2022).

The province of Bing6l is located in the transition zone
from the Eastern Anatolia Region of Turkiye to the
Southeastern Anatolia Region. In the northern areas
of Bing6l, the winter season is much more continental
and cold, and the vegetation period is shorter; the
south of this province is the areas that extend towards
the Syrian deserts and have more summer drought.
Bingél is in a transition zone between these two
contrasting climates. In the last 10 years, several plant
taxa new for the scientific world (Behcet et al., 2017;
Behget & Yapar, 2020, 2021; Hamzaoglu et al., 2020;
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ilgim & Behget, 2016; Dogan et al., 2015; Sinan et al.,
2021) were published from Bingél. In addition, new
distribution records for Tiirkiye (Pinar et al., 2018;
Behget & Altinsoy, 2023; Behget & Cengiz 2023a and
2023b) and some interesting taxa (Behcet & Yapar,
2019; Dogan & Behget 2021) were determined.

In May 2023, the second author collected some
interesting Stacyhs samples (Figure 1) from Geng
district, which is located within the provincial borders
of Bingdl and located in the transition zone between
the Eastern Anatolia region and the Southeastern
Anatolia region. Although these collected annual
Stachys samples are similar to S. woronowii (Schisk.
ex Gross.) R.R.Mill (Syn- Sideritis woronowii Schischk.
ex Grossh., Sideritis balansae Boiss. and Stachys

Figure 1. Habit of Stachys woronowii subsp. bingolensis
Sekil 1. Stachys woronowii subsp. bingolensis’in habitusu

MATERIALS and METHODS

Specimens belonging to S. woronowii subsp.
bingolensis defined were collected from Geng district of
Bingél Province in Tiirkiye. In addition to the relevant
literature (Bhattacharjee, 1982; Knorrring, 1977;
Rechinger, 1982), samples from the herbaria BIN,
GAZI, ANK, L, Max Nydegger and G were also used in
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pseudosideritis R.Bhattacharjee & Hub.-Mor.) it was
different from it with some features (Verticillaster
numbers, longer lower internodes, longer plant height
and robust structure and nutlet sizes and structure).
S. worowii is an annual species (Figure 2) known to
spread from Iran, Lebanon-Syria, Transcaucasus and
Turkiye. Stachys specimens collected from Bingdl were
compared with the S woronowii based on the
descriptions in the flora works of Tirkiye
(Bhattacharjee 1982), Russia (Knorrring 1977) and
Iran (Rechinger 1982), and holotype images from
herbarium G and the photograph taken by L. Behget
in 2023 among the rocks in the northwest of Elazig
(Figure 2); Stachys woronowii subsp. bingolensis has
been identified as a new subspecies.

the identification and evaluation of the specimens
belonging to the subspecies.

RESULTS and DISCUSSION

Stachys woronowii (Schischk. ex Grossh.) R.R.Mill.
subsp. bingolensis Behget and Cetin, subsp. nov.

Type: Tirkiye. B8 Bing6l: Geng district, west of Servi
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town, around Harmancik village, 38° 33'5641" K - 40°
15'595" D, openings of oak communities, cliffs-steppe
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Figure 2. A. The image of Stachys woronowii holotype in Geneva

Diagnosis: Stachys woronowii subsp. bingolensis
differs from Stachys woronowii (subsp. woronowii
)mainly because it has a plant height of 32 cm (not 2-
24 cm); Verticillasters number up to 11 (not 2-8); lower
verticillasters distance from each other to 37 mm (not
5-20 mm); nutlets 2 X 1.6 mm, smoth (not 1-1.5 x 1.2-
1.5 mm and rugose).

Description: Annual herb, pale green, robust,
divaricately branched or simple, 12-32 cm, densely
glandular patent-pilose. Lower cauline and median
leaves broadly obovate to elliptic, 20-35 X 8-16 mm,
serrate, apex obtuse to broadly acute, base attenuate
into 2-5 mm petiole. Floral leaves short-petioled to
sessile, oblong to obovate, 15-25 X 5-10 mm.
Verticillasters 8-11, lower ones distinctly remote,
congested above, spicate, 5-37 mm apart, lower
internodes far longer than the calyx length; (4-)6-
flowered, Bracteoles linear to linear-lanceolate,
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areas, 1038 m a.s.l., 17.05.2023, A. Cetin 2711 (holo.
BIN, iso. ANK, BIN) (Figures 1,3,4).

N e
T Al

22), B. View of

Herbarium (G) (from JSTOR
Stachys woronowii (subsp. woronowii) in its original habitat (Photo by L. Behget)
Sekil 2. A. Cenevre Herbaryumundaki (G) Stachys woronowii holotipi'nin gériiniimii, B. Stachys woronowii (subsp.
woronowii)’nin orjinal habitatindaki goriiniimii (fotograf L. Behget)

'’ ; 3~

herbaceous, softly spinescent, 6-7 mm, pilose. Pedicels
2-4 mm. Calyx deflexed, bilabiate, subcampanulate, 9-
12 mm, base gibbous, constricted in upper part; calyx-
teeth as long as or slightly shorter than tube, erect or
spreading, tube strongly nerved, patent pilose; teeth
unequal, erect, ovate-lanceolate mucronate, upper and
lower teeth 3.5-4 and 5-5.5 mm respectively; abruptly
attenuate to 1-1.5 mm mucro. Corolla pink, 8-10 mm,
almost included. Stamens little exserted from corolla
tube. Nutlets obovoid, 2 X 1.6 mm, smoth. Fl. 4-5; Fr.5-
6. Oak forest scrub clearings, rocky limestone ridges,
slopes, 1000-1100 m.

Ecology: Stachys woronowii subsp. bingolensis is a
local endemic taxon which is distributed around
Harmancik village within the borders of Geng district
in the south and southwest of Bingol Province in
eastern Tiirkiye (Figure 4).
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: o A
Figure 3. Stachys woronowii subsp. bingolensis. (a) Calyx, (b) Image of calyces in verticillasters, (c) Image of corolla
shorter than calyx, (d) Style and dissected corolla, (e) The appearance of nutlets inside the calyx, (f) Nutlet

structure.
Sekil 3. Stachys woronowii subsp. bingolensis. (a) Kaliks (b) Vertisillattaki kaliks goriintiisii (c) Kaliksten kisa
olan korolla gériiniimii (d) Sitilus (boyuncuk) ve korollanin boyuna kesit goriiniimii(e) kaliks icindeki

nutletlerin gériiniimii (f) Nutlet yapi ve boyut gériiniimii.
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Figure 4. Distribution map of Stachys woronowii subsp. bingolensis (M) and Stachys woronowii subsp. woronowii

(&) in Turkiye

Sekil 4. Stachys woronowil subsp. bingolensiss ) ve subsp. woronowii (& )nin Tiirkiye deki dagilis haritasi

It prefers rocky slopes in oak clearings and grows at
altitudes of 1000-1100 m. Other important taxa
accompanying the subspecies in the area where it is
distributed are: Adiantum capillus-veneris L.,
Antitoxicum tmoleum (Boiss.) Pobed. Bromus
scoparius L. B. tectorum L., Campanula reuteriana
Boiss. & Balansa, Cota coelopoda (Boiss.) ﬁoiss.,
Crepis foetida subsp. rhoeadifolia (M.Bieb.) Celak.,
Crepis alpina L., Dactylis glomerata subsp. hispanica
(Roth) Nyman, Marrubium parviflorum Fisch. &
C.A.Mey. Nepeta italica L. Polypogon viridis (Gouan)
Breistr., Stachys annua (L) L., Umbilicus Iuteus
(Huds.) Webb & Berthel, Veronica orientalis Mill.
subsp. orientalis, V. triloba Opiz, Vulpia ciliata
Dumort subsp. ciliata

In the 7th volume of the Flora of Turkey and the East
Aegean Islands; Stachys woronowii is reported to be
close to Stachy obscura Boiss. & Ball. in Sect

Sideritopsis Bhattacharlee and differs from it with
attenuate-based obovate leaves, linear-lanceolate
bracts, short included corollas and deflexed calyx
(Bhattacharjee 1980). Stachys woronowii, which grows
on rocky slopes, plains and forest-bush environments;
it is distributed in Iran, Lebanon-Syria, Transcaucasus
and Turkiye. Specimens collected from Geng district
are close to annual Stacys woronowil with their
features (especially with its deflexed calyx structure)
(Figure 2, 3).

Although there are many similarities between Stachys
woronowil subsp. woronowii and Stachys woronowii
subsp. bingolensis, there are also some important
morphological differences, the most important of which
are the high number of verticillasters (8-11), lower
verticillasters being distinctly distant (to 37 mm),
lower internodes far longer than the calyx length,
nutlets larger and their surfaces are smooth (Table 1).

Table 1. Diagnostic characters between Stachys woronowii subsp. bingolensis and Stachys woronowil

(subsp. woronowii).

Cizelge 1. Stachys woronowii subsp. bingolensis ve Stachys woronowii (subsp. woronowil) arasindaki ayirt edici

karakterler

Characters / Karakterler

Stachys woronowii subsp. bingolensis

Stachys WOronowii
(subsp. woronowii)

Habit/Bitki 12-32 cm long, rob

ust

2-24 cm long, slender

8-11, lower verticillasters distinctly remote, up
to 3.7 cm apart and far longer than the calyx
length, upper verticillasters approximate, 0.3-10

Verticillasters/Vertisillatlar mm apart

2-8, verticillasters
usually congested, 0.5-2
cm apart, usually the
internodes shorter than
calyx;

Nutlets/ Nutletler

2 X 1.6 mm, smooth

1-1.5 X 1-1.5 mm, rugose
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While the distribution of Stachys woronowii subsp.
woronowil is not found in the areas further east of
Turkiye's A7 and B7 squares; distribution of S.
woronowil subsp. bingolensis in B8 square was
determined (Figure 4).

The number of taxa increased to 121 with this new
subspecies of the genus Stachys, which is represented
by 93 species and 120 taxa (endemism rate 53.3%) in
Tirkiye.

Additional Specimens: Stacyhs woronowii (subsp.
woronowil): Tirkiye, B7 Elazg: northwest of Baskil
district, east of Iclikaval village, rocky-steppe areas to
the north of the irrigation dam, 1500-1600 m,
05.05.2022, L.Behget 20701(BIN); ibid.,14.07.2022,
L.Behget 20830 (BIN); ibid, the rocky slopes between
the villages of Odabasi and Tavsanusagi, 1400-1500 m,
12.05.2023 L.Behget 20929 (BIN and Figure 2B);
Tirkiye, C4 Konya: Hiigel westlich ob Sille, 1250-1300
m, 5.June 1948, A. Huber.-Morath 8369 (G; E—Photo!)
(Holotypus); Tiirkiye, Tunceli: 7 km SW of Pertek, near
the bridge the over, in the road Murat, in the road
Elazig-Erzurum), stony, glassy slope near the river,
1200 m, 28.05.1959 E.HENNIPMAN, P.NIJHOFF,
C.SWENNEN, AS.TULP, WJM.VADER, WJJO. DE
WILDE 1551 (I, E-Photo!); Tiirkiye, B6 Maras:
Elbistan-Darende 30. km, serpentine rocky-steppe
areas, 1600 m, 09.07.1981, Herbarium Max Nydegger
Flora Anatolica 16752 (E—Photo! Although it is
identified as Stachys pseudosideritis Bhattacharjee &
Hub.-Mor., which is the synonym of Stachys
WOoronowin it resembles
Stachys ramosissima Montbret & Aucher ex Benth. in
that the specimen's corolla length significantly exceeds
the calyx length and the calyces are erect (not
deflexed).)
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ABSTRACT Botany

Tripleurospermum tempskyanum, T. disciforme and 7. decipiens

(Asteraceae) are species with similar morphological characteristics that Research Article

can therefore be easily confused with one another. In this study, achene

fatty acid content of 7" tempskyanum and 7T. disciforme from Tirkiye was Article History

analysed using gas chromatography (GC) for the first time. The fatty acid Received :18.05.2022
data for these species together with the fatty acid data in the literature Accepted 1 15.05.2023
of 7. decipiens were evaluated in terms of taxonomy using cluster

analysis and principal components analysis. Eleven fatty acids were Keywords

determined in the achenes of 7. tempskyanum and 7. disciforme. Fatty acid

Additionally, linoleic acid (C18:2n6¢), palmitic acid (C16) and a-linolenic Chemotaxonomy

acid (C18:3n3c) were detected as major fatty acids. The results of cluster Multivariate analyses
analysis and principal components analysis indicated that achene fatty Tripleurospermum

acids may be used as a chemotaxonomic marker to support the
morphological separation of these species.

Morfolojik Olarak Birbirine Benzeyen U¢ Tripleurospermum (Asteraceae) Tiiriiniin Aken Yag Asidi
Igeriginin Taksonomik Degerlendirmeleri

OZET Botanik
Tripleurospermum tempskyanum, 7T. disciforme ve T. decipiens
(Asteraceae) morfolojik 6zellikleri bakimindan birbirlerine benzeyen Aragtirma Makalesi
tirlerdir ve bu ytizden birbirleri ile karistirilabilirler. Bu ¢alismada, ; :
Turkiye'den 7. tempskyanum ve T. disciformenin aken yag asidi icerigi Makale T'ar.lhge.m
ilk kez gaz kromatografisi (GC) kullanilarak analiz edildi. 70 decipiens'in Gelis Tarlhl' ) 18.05.2022
literaturdeki yag asidi verileri ile birlikte bu tiirlerin yag asidi verileri, Kabul Tarihi  :15.05.2023
kﬁmelem% analiz.i ve temel bilesenler analizi l.iul.lamlara.k taksonqmik Anahtar Kelimeler
acidan degerlendirildi. 7. tempskyanum ve T. disciformenin akenlerinde Yag asidi
11 adet yag asidi tespit edildi. Ayrica, sirasiyla linoleik asit (C18:2n6c), Kemotaksonomi
palmitik asit (C16) ve a-linolenik asit (C18:3n3c)’lerin, major yag asitleri Cok degiskenli analizler
oldugu belirlendi. Kiimeleme analizi ve temel bilegsenler analiz sonuglari, Trin

ipleurospermum

yag asidi iceriginin, bu tiirlerin morfolojik ayrimini desteklemek ic¢in
kemotaksonomik bir belirte¢ olarak kullanilabilecegini gésterdi.

To Cite : Inceer, H. & Ayaz, F.A. (2024). Taxonomic Evaluations of the Achene Fatty Acid Composition of Three
Morphologically Similar 7ripleurospermum (Asteraceae) Species. KSU J. Agric Nat 27 (1), 108-113.
https://doi.org/10.18016/ksutarimdoga.vi.1118192

Atif Sekli: Inceer, H. & Ayaz, F.A. (2024) Morfolojik Olarak Birbirine Benzeyen U¢ Tripleurospermum (Asteraceae)

Tiirinin Aken Yag Asidi Iceriginin Taksonomik Degerlendirmeleri. KSU Tarim ve Doga Derg 27 (1), 108-
113. https:// doi.org/10.18016/ksutarimdoga.vi.1118192

INTRODUCTION

Hayek, 7. disciforme (C.A.Mey.) Sch.Bip. and 7.

Tripleurospermum Sch.Bip., with c. 41 species, is one
of the small genera of Asteraceae (Oberprieler et al.,
2007). Most Tripleurospermum species are distributed
in Turkiye with c. 33 taxa, the main center of its
diversity (Inceer, 2021a; Inceer & Ozcan, 2021; Teksen
et al., 2022). The endemism rate in the genus is above
fifty percent with 17 endemic taxa in Turkiye.

Tripleurospermum tempskyanum (Freyn & Sint.)

decipiens (Fisch. & Mey.) Bornm. are similar to one
another in terms of their morphological traits and can
therefore be easily confused with one another (Inceer,
2021b, Figure 1). 7' tempskyanum is separated from 7.
disciforme by possessing non-mucilaginous achenes
and from 7. decipiens by having perennial habits and
a hemispherical receptacle (Inceer, 2021b). T
disciforme differs from 7. decipiens by possessing
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ecoranate achenes and an ovoid-oblong receptacle
(Enayet Hossain, 1975). 7. disciforme and T. decipiens
share similar anatomical traits in the leaves and
achenes, while 7. tempskyanum differs from these

species to some degree in terms of various anatomical
traits of the leaves and achenes (Inceer & Ozcan,
2021).

Figure 1. Habit of the studied species; a: 7. tempskyanum, b:T. disciforme, c¢:T. decipiens

Sekil 1. Calisilan tiirlerinin genel goriinitisti; a: T. tempskyanum, b: T. disciforme, c:T. decipiens

In Turkiye, 7. tempskyanum mainly grows in wet
environments in Uludag National Park in the province
of Bursa (Inceer, 2021b). 7 disciforme grows in damp
places, such as meadows, fields and river beds (Enayet
Hossain, 1975), while 7. decipiens grows on steppe,
rocky slopes and cultivated and fallow fields (Enayet
Hossain, 1975).

Fatty acids (FAs) are found in all organs of plants.
Additionally, FAs in the seeds can be good
chemotaxonomic markers in certain plant groups, such
as Achemilla L., Carex L., Micromeria Bentham,
Satureja L. and Thymus L. (Marin et al., 1991; Ayaz et
al., 1999; Ayaz & Olgun, 2000). Likewise, the FAs in
the fruit (achene/cypsela) are of chemotaxonomic
significance in some members of Asteraceae, such as
Centaurea, .. Matricaria L., and Tripleurospermum
(Ayaz et al., 2016; 2017; Janackovic et al., 2017). The

achene FA profile of 7. decipiens was previously
reported by Ayaz et al. (2016). However, no FA analysis
of the achenes in 7. tempskyanum and 7. disciforme
has been conducted to date. The aims of the present
work are to fill the gaps in the existing literature and
to investigate FA variation among 7' tempskyanum, T.
disciforme and T. decipiens using cluster analysis and
principal components analysis.

MATERIALS and METHODS
Plant Material

Achenes from five specimens of 7. tempskyanum and
T. disciforme were collected from the Turkish
provinces of Bursa and Izmir, respectively. The locality
and voucher details are given in Table 1. The vouchers
are deposited in the KTUB herbarium.

Table 1. Collection data of 7. tempskyanum and T. disciforme
Cizelge 1 T. tempskyanum ve T. disciforme’nin koleksiyon verileri

Species Locality Voucher
T. tempskyanum A2 Bursa: Uludag National Park, near hotels, meadows, damp places, Inceer 354
1690 m a.s.l., 27.6. 2007, N40°07'0.4", £E29°06'45.3"
T disciforme B2 Izmir: Boz Dag, Golciik plateau, near Golciik lake, meadows, Inceer 593

roadsides, 1057 m a.s.l., 06.7.2008, N38'19'14.26", E28'01'25.07"

Fatty Acid Analysis
Total lipids of mature achenes were extracted as

described by Folch et al. (1957), with some minor
modifications. Pulverized achene samples (0.5 g) were
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extracted using chloroform/methanol (2:1, v/v) in
triplicate at 4°C for 18 h. The extracted lipids in the
chloroform phase were separated by partitioning with
one-fourth sodium chloride solution (0.9%, in water,
w/v). These were then collected and evaporated using
a rotary evaporator (Laborata 4003, Heidolph
Instruments, Schwabach, Germany).

Analysis of FA methyl ester (FAME) extracted with n-
hexane was carried out using an IUPAC (1989)
accredited analysis method. A Perkin Elmer Auto
System XL gas chromatography (GC) equipped with a
flame-ionization detector was used for the FAME
analysis. The column characteristics, injector and
detector temperatures of the GC running conditions
were selected as described elsewhere by Ayaz et al.
(2016). The gas carrier was again helium. The FAs in
the lipid samples were identified and quantified by
comparison with the retention times of a standard
FAME, as used earlier by Ayaz et al. (2016).

Multivariate Analyses

The data (12 quantitative characters) for the achene
FAs of T. tempskyanum and 7T. disciforme, together
with additional data for the achene FAs of 7. decipiens
(Ayaz et al., 2016), were evaluated using clustering
analysis (UPGMA, dissimilarity, and standardized
variable) and principal components analysis (PCA).
These multivariate analyses were performed on
Statistica version 12 software.

RESULTS and DISCUSSION
Achene Fatty Acids

The results of achene FA analysis are summarized in
Table 2. This shows that the FA profiles varied
considerably between 7. tempskyanum and T.

disciforme. The major FA in these species is linoleic
acid, with values of 47.62% and 43.96%, respectively.
Table 2 also shows total FA contents (the sum of the
individual FAs quantified) in 7. tempskyanum and 7.
disciforme, 33.43% and 26.13% for SFAs, 4.77% and
10.09% for MUFASs and 61.81% and 63.80% for PUFAs,
respectively. These results indicate that PUFA levels
are higher than SFAs and MUFAs levels in these
species. Similar results have been reported for other
species of Tripleurospermum (Ayaz et al., 2016). As
already noted by Shorland (1963) and Janackovic et al.
(2017), Asteraceae species possess rich linoleic acid
contents in the achenes.

The present results show that the levels of unsaturated
FAs are higher than those of SFAs in both 7'
tempskyanum and T disciforme (Table 2). The
concentrations of total unsaturated FAs in 7.
tempskyanum and 7. disciforme are 66.58% and
73.89%, respectively. These results agree with
previous report for a number of other species of the
genera Tripleurospermum, Achillea L., Anthemis L.,
Matricaria and Tanacetum L. (Ayaz et al., 2016). The
present results indicate that palmitic acid is the major
SFA in both 7' tempskyanum and 7. disciforme (Table
2). As seen in Table 2, palmitic acid levels in 7.
tempskyanum are higher than those of 7. disciforme.
This finding is in agreement with the previous report
for Tripleurospermum and other Anthemideae
(Asteraceae) genera, such as Anthemis and Matricaria
(Ayaz et al., 2016).

The results of this work also show that levels of a-
linolenic and oleic acids in both species are higher than
those of other FAs, after linoleic and palmitic acids.
The results also indicate that these FA levels are
higher in 7' disciforme than in 7. tempskyanum.

Table 2. Fatty acid profiles in the achenes of 7! tempskyanum and T disciforme (mean value + standard deviation, %)
Cizelge 2 T. tempskyanum ve T. disciforme’nin yag asidi profilleri (ortalama deger + standart sapma, %)

Fatty acid T. tempskyanum T. disciforme
Capric acid (C10:0) 0.25+0.1 0.93+0.30
Myristic acid (C14:0) 0.41+0.15 0.58+0.06
Palmitic acid (C16:0) 23.13+0.38 19.90+0.47
Stearic acid (C18:0) 3.46+0.36 3.12+0.29
Arachidic acid (C20:0) 1.09+0.08 0.44+0.14
Behenic acid (C22:0) 2.35+0.20 -
Lignoseric acid (C24:0) 2.74+0.21 1.16+0.15
Palmitoleic acid (C16:1) 1.28+0.06 1.50+0.19
Oleic acid (C18:1n9¢) 3.49+0.34 8.59+0.47
Linoleic acid (C18:2n6c¢) 47.62+0.53 43.96+0.69
a-Linolenic acid (C18:3n3c) 14.19+0.29 17.82+0.25
Arachidonic acid (C20:4n6c) - 2.02+0.02
Y SFA 33.43+0.46 26.13+0.47
> MUFA 4.77+0.29 10.09+0.56
> PUFA 61.81+0.65 63.80+0.72
PUFA/SFA 1.85 2.44
n6/n3 3.36+0.07 2.47+0.05

Eleven FAs were identified and quantified from the

achenes of both species in the present study (Table 2).
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However, the achenes of 7. disciforme contain no
behenic acid, and the achenes of 7. tempskyanum
contain no arachidonic acid. Similarly, 7' decipienshas
no behenic acid in its achenes (Ayaz et al., 2016).
Capric acid is present as a minor FA (0.25%) in 7!
tempskyanum, whereas arachidic acid is found as a
minor FA (0.44%) in 7' disciforme. Similar results have
been reported for various other species of
Tripleurospermum, Achillea and Matricaria (Ayaz et
al., 2016).

The accumulation of PUFAs with linoleic and o-
linolenic acids is known to increase the meat quality of
animals grazed on pastures, grasslands or meadows.
In addition, linoleic and o-linolenic acids are not
synthesized by herbivores and other consumers (Wee
et al., 2017). The results of the FA analysis show a high
accumulation of PUFA in the achenes of both T
tempskyanum and T. disciforme and that these species

may be a rich PUFA source for domestic animals.

Taxonomic Implications

The results of the cluster analysis for 7’ tempskyanum,
T. disciforme and T. decipiens are presented in Figure
2, which shows that these species are connected with
each other at several levels depending on their FA
profiles. In the dendrogram (Figure 2), 7'
tempskyanum is linked to 7. disciforme in the same
group at a low level, and these species exhibit a high
level of similarity in terms of the FA profiles. On the
other hand, 7' decipiens is linked to these species at a
high level in another group, and this species is thus
similar to 7. tempskyanum and T. disciforme at a low
level in terms of the FA profiles. These findings
indicate that the FA profiles of the achenes are useful
for the delimitation of these species.

Dissimilarity
T. tempskyanum
T. disciforme
T. decipiens
1,25 1,30 1,35 1,40 1,45 1,50 1,55 1,60
Distance

Figure 2. UPGMA clustering of 7’ tempskyanum, T. disciforme and T. decipiens on the basis of achene fatty acids
Sekil 2. T. tempskyanum, T. disciforme and T. decipiens’in aken yag asitlerine dayali UPGMA kiimelenmesi

The PCA results showed that two PC factors accounted
for 100% of the total variance (Figure 3). PC1 with an
8.14 eigenvalue describes approximately 68% of the
variance. Its loadings indicate that it receives high
contributions from stearic (-0.99), oleic (0.96), palmitic
(-0.93), lignoseric (-0.92) and arachidonic (0.90) acid
variables (Figure 4). PC2 with a 3.85 eigenvalue
explains 32% of the difference in the data set, showing
a high positive loading for capric (0.84) and myristic
(0.80) acids (Figure 4). The results indicate that
stearic, oleic, palmitic, lignoseric, arachidonic, capric
and myristic acids explain most of the total variation
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among the species.

CONCLUSION

The species T. tempskyanum, T. disciforme and T.
decipiens have similar morphological traits. It is
therefore difficult to separate these species on the basis
of morphological characters. The multivariate analysis
results show that the achene FAs may be used as a
chemotaxonomic marker to support the morphological
separation of these species.
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Figure 3. Results from principal components analysis of 7. tempskyanum, T. disciforme and T. decipiensbased on achene fatty
acids
Sekil 3. T. tempskyanum, T. disciforme and T. decipiens’in aken yag asitlerine dayali temel bilesenler analiz sonuglari
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Figure 4. Results from principal components analysis of achene fatty acid composition in 7. tempskyanum, T.
disciforme and T. decipiens
Sekil 4. T. tempskyanum, T. disciforme and T. decipiens’de yag asidi i¢eriklerinin temel bilesenler analiz sonuglari
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Calismada, Saghik Bakanligi Adana Bélge Tiberkiiloz Laboratuvari’na

gonderilen klinik 6rneklerden izole edilen rifampisin direngli tiiberkiiloz Aragtirma Makalesi
suglar:1 ile referans sus M. tuberculosis H37Rv tlizerine benzimidazol

cekirdegi iceren 3 farkli Dbilesigin ((S1): 1-(N-metilftalimid)-3- Makale Tarihgesi
benzilbenzimidazolyum bromiir, (S2):  1-(N-metilftalimid)-3-(4- Gelis Tarithi  : 08.04.2023
metilbenzil) benzimidazolyum bromiir, (S3): 1-(N-metilftalimid)-3- Kabul Tarihi :25.08.2023
(naftalen-1-ilmetil) ~benzimidazolyum bromiir) antimikobakteriyel

aktivitesinin tespiti amaclandi. Benzimidazol tiirevi bilesiklerinin Anahtar Kelimeler

rifampisin diren¢li 35 klinik M. tuberculosis ve H37Rv suslarinda Tuberkiiloz
antimikobakteriyel aktiviteleri in vitro sartlarda BACTEC MGIT 960 Rifampisin
sistemi kullanilarak test edildi. Ayrica, antimikobakteriyel -etkili Molekiler doking
bilesiklerin olasi etkilesimleri molekiiler doking ile incelendi. Calisma Benzimidazol
sonucunda sadece S2 bilesiginin yalniz M. tuberculosis H37Rv susuna

karst antimikobakteriyel aktivite gosterdigi, rifampisin direncli A

tuberculosis suslarina karsi aktivitesinin olmadigi belirlendi. S1 ve S3

bilesiklerinin ise hem klinik hem de referans susa kars:
antimikobakteriyel aktivitesi tespit edilemedi. Molekiiler doking

sonuclari S2nin InhA ile baglandigini1 ve onu inhibe ederek
antimikobakteriyel etkisini gosterebilecegi ortaya ¢ikardi. Sonug olarak

S2 bilesiginin tuberkiiloz tedavisinde yeni ajan olarak sunulabilir ancak

daha kapsamli ¢alismalarin yapilmasina da ihtiya¢ duyulmaktadar.

Investigation of the Antimicobacterial Activity of Benzimidazolium Salts on Rifampicin Resistant
Mycobacterium tuberculosis Complex Strains

ABSTRACT Microbiology

In this study, it was aimed to determine the antimycobacterial activity of

3 different compounds ((S1): 1-(N-methylphthalimide)-3- Research Article
benzylbenzimidazolium bromide, (S2): 1-(N-methylphthalimide)-3-(4- . .

methylbenzyl) benzimidazolium bromide, (S3): 1-(N-methylphthalimide)- Artlc.l e History .
3-(naphthalen-1-ylmethyl) benzimidazolium bromide) containing Received ) 08.04.2023
benzimidazole nuclei on M. tuberculosis reference strain H37Rv and Accepted +25.08.2023
rifampicin resistant tuberculosis strains isolated from clinical samples Keywords

sent to the Ministry of Health Adana Regional Tuberculosis Laboratory. Tuberculosis

Using the BACTEC MGIT 960 system, the antimycobacterial activity of Rifampicin

benzimidazole derivative compounds were examined in vitro against M. Molecular docking
tuberculosis H37Rv and 35 clinical strains of M. tuberculosis that were Benzimidazole

resistant to rifampicin. Furthermore, molecular docking was used to look
into the possible interactions of the antimycobacterial compounds.
According to the results of the study, compound S2 showed
antimycobacterial activity against the M. tuberculosis H37Rv strain but
it didn’t have any effect on rifampicin-resistant M. tuberculosis strains.
Compounds S1 and S3 didn’t exhibit any antimycobacterial activity
against both clinical and reference strains. The results of the molecular
docking analysis revealed that S2 could bind to InhA and thus could exert
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its antimycobacterial activity by inhibiting it. As a result, the S2
compound can be suggested as a new agent for the treatment of
tuberculosis, however, more comprehensive studies are needed.

Atif Sekli:

Inci, Y., Kizilyildirim, S., Kéksal, F., Muhammed, MT., Akkoc S., (2023). Rifampisin Direncli Mycobacterium

tuberculosis Kompleks Suslari Uzerine Benzimidazolyum Tuzlarmin Antimikobakteriyel Etkinliginin
Arastirilmas1. KSU Tarim ve Doga Derg 27 (1), 114-119. https://doi.org/10.18016/ksutarimdoga.vi. 1278595
Muhammed, MT., Akko¢ S., (2023). Investigation of the
Antimicobacterial Activity of Benzimidazolium Salts on Rifampicin Resistant Mycobacterium tuberculosis
Complex Strains. KSU J. Agric Nat 271), 114-119. https://doi.org/10.18016/ksutarimdoga.vi. 1278595

To Cite : Inci, Y., Kizilyildirnm, S., Koéksal, F.,

GIRIS

Yaklagik 30 yillik kiiresel halk saghgi c¢abalarina
ragmen, Tiiberkiiloz (TB), diinya ¢apinda bulasica bir
patojen tarafindan 6nde gelen 6lim nedeni olmaya
devam etmektedir (WHO, 2018). Mycobacterium
tuberculosisin neden oldugu TB, yilda yaklagsik 10
milyon kigiyi etkilemektedir.

TB tedavisinde ilaglarin onerilen kombinasyonu,
birinci basamak rifampisin, izoniazid, etambutol ve
pirazinamid dahil olmak lzere 6 aylik standart bir
rejimi icerir (Khan ve ark., 2021). Rifampisin, TB icin
standart alt1 aylik birinci basamak tedavi rejiminin
temel ilacidir ve 50 yili agkin bir stredir etkili TB
tedavisinin temel tas1 olmustur (Schweebel ve ark.,
2020; Malenfant ve ark., 2021) . Rifampisin direncli TB
(RD-TB), diinya capinda insan saghg: icin artan bir
endise olmustur ve TB’nin kontroli i¢in ciddi bir tehdit
olusturmaktadir (Prasad ve ark., 2018).

Ilaca direncli TB’nin mevcut tedavisi oldukca zor ve
karmagiktir. Hasta uyumunu iyilestirmek, niks
riskini ve ila¢ direnci evrimini azaltmak amaciyla
daha kisa rejimleri degerlendirmek igin ¢ok fazla
arastirma yapilmahdir (Gill ve ark., 2022). Bu
baglamda direngli TB gelisimini yavaslatmak, direncli
varyantlarin bulagsmasini sinirlamak, ayni1 zamanda
tedavi sonucunu iyilestirmek i¢in yeni tedavi
rejimlerine, ilaclara ve teshislere acilen ihtiya¢ vardir
(Gygli ve ark., 2017).

Benzimidazol cekirdegi, biyolojik aktivite
calismalarinda énemli bir yere sahiptir (Yoon ve ark.,
2013). Yapilan calismalarda, benzimidazol iskelesinin
in vitro antimikobakteriyel aktivite gosterdigi tespit
edilmistir. Bu da onu yeni antimikobakteriyel
ilaclarinmin kesfi icin umut verici bir baslangi¢ noktasi
haline getirmektedir. Yakin zamanda, benzimidazol
tirevlerinin TB’a kars1 kullanilmasi ile ilgili nispeten
iyi sonuglar elde edilmig farkli ¢alismalar rapor
edilmistir (Yoon ve ark., 2013; Gong ve ark., 2014).

Bu caligmada, 3 farkli benzimidazolyum tuzu hem
klinik RD-TB suglarina hem de duyarh refarans M.
tuberculosis susuna kargt 1in vitro sartlarda
antimikobakteriyel aktivitesinin potansiyel etkinligini
belirlemek amaciyla test edilmistir.

MATERYAL ve METOD
Calismada, 01.10.2021-01.06.2022 tarihleri arasinda
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Saglhik  Bakanlhign Adana  Bolge  Tuberkiiloz
Laboratuvari’na pulmoner tuberkiiloz glphesi ile
gonderilen hastalara ait klinik materyallerden izole
edilen ve rifampisin direnci tespit edilen 35 klinik M.
tuberculosis susu ile M. tuberculosis H37Rv referans
susuna kargi u¢ farkli benzimidazolyum tuzunun
antimikobakteriyel aktivitesi arastirilmistir. Calisma
i¢in Cukurova Universitesi Girigimsel Olmayan Klink
Aragtirmalar Etik Kurulu tarafindan (Karar No:55,
Say1: 114, 10.09.2021) onay alinmistir.

Benzimidazolyum Tuzlarmin Sentezi

Benzimidazolyum  tuzlar, Stleyman  Demirel
Universitesi Arastirma Laboratuvari’nda
sentezlenmigtir. Benzimidazolyum tuzlarinin sentezi
i¢in, 1.5 mmol oraninda potasyum hidroksit, 40 ml etil
alkol icindeki 1 mmol benzimidazol ¢6zeltisine yavas
yavas ilave edildi. Hazirlanan reaksiyon karigimi bir
saat oda sicakliginda karistirildiktan sonra ortama 1
mmol alkil halojeniir ilave edildi ve 6 saat reflux
yapildi. Daha sonra olusan potasyum kloriir stizilerek

uzaklagtirildi. Uriin, etil alkol iginde
kristallendirilerek saflagtirildi.  Sentezlenen  N-
alkilbenzimidazoliin dimetilformamid (DMF)

¢Ozeltisine yavas yavag farkli bir alkil halojentir ilave
edildi ve 80 °Cde 24 saat karistirildi. Reaksiyon
bittikten sonra ortamdaki DMF vakum uygulanarak
uzaklagtirildi. Bu yontemle, farkli benzimidazolyum
tuzlar1 sentezlendi ve Urilinler etil alkol-dietil eter
karisiminda kristallendirilerek saflagtirildi (Akkog ve
ark., 2016a; Akkoc ve ark., 2016b). Bu calisma icin
hazirlanan benzimidazolyum tuzlarinin agik yapilar:
asagida verilmistir (Sekil 1).

Benzimidazol tiirevi bilegiklerin antimikobakteriyel
aktivitesinin incelenmesi

Calismada kullanilan her bir benzimidazol tilirevi
bilesik dimetilstlfoksit iginde ¢ozdirilerek stok
soliisyonlar1 hazirlandi. MGIT tiiplerine 800 ul OADC
(MGIT GrowthSupplement, BD, ABD) ve 500 pul
bakteri inokiile edildi. Ureme kontrol (GC) tiipii 1:100
oraninda diliie edilmis bakteri inokilimi hazirland.
Test edilen ilag konsantrasyonlari, 0.25 ug/ml, 0.5
pg/ml, 1pg/ml, 2 pg/ml ve 4 pg/ml olmak tizere 5 farkh
dilisyonda degerlendirildi. Minimum inhibisyon
konsantrasyon (MIC) degerleri, her bir érnek icin
benzimidazol tirevi icermeyen, sadece 1.0 pg/ml
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rifampisin iceren GC kontrol tipleri ile kiyaslanarak kontrol edilerek analiz edildi (Judrez ve ark., 2020).
sonuclar BD EpiCenter veritabaninda 18-24 saatte bir

(I Cr

N

Sekil 1. Sentezlenen benzimidazolyum tuzlarinin agik yapilar

Figurel. Open structures of synthesized benzimidazolium salts
(S1): 1-(N-metilftalimid)-3-benzil benzimidazolyum bromiir
1-Benzilbenzimidazol (1.2 g, 1 mmol)'un DMF deki ¢ézeltisine N-(bromometil)ftalimid (1.29 g, 1 mmol) ilave edildi ve reaksiyon
24 saat 80°C de stirdiiriilerek bilesik S1 hazirlandi (Akkog ve ark., 2016).
(82): 1-(N-metilftalimid)-3-(4-metilbenzil)benzimidazolyum bromiir
2-((1H-benzol[dlimidazol-1-i)metil)izoindolin-1,3-dion (1 g, 1 mmol)’un DMF deki ¢ézeltisine 4-metilbenzil bromiir (0.558 g, 1
mmol) ilave edildi ve reaksiyon 24 saat 80°C de siirdiiriilerek bilesik S2 hazirlandi (Akkog ve ark., 2016b).
(83): 1-(N-metilftalimid)-3-(naftalen-1-ilmetil)benzimidazolyum bromiir
1-(Naftalen-1-ilmetil)benzimidazol (1 g, 1 mmol)’'un DMF deki ¢6zeltisine N-(bromometil)ftalimid (0.929 g, 1 mmol) ilave edildi
ve reaksiyon 24 saat 80°C de siirdiiriilerek bilesik S3 hazirlandi (Akkog ve ark., 2016b
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Molekiiler Doking konsantrasyonda antimikobakteriyel etki gésterdigi
TB’a karg: ilac tasarlanmasinda énemli bir hedef olan tespit edildi. S1 ve S3 bilesikleri ise M. tuberculosis
InhA enzimin {i¢ boyutlu (3B) yapisi protein veri H37Rv referans susunda herhangi bir
bankasi1 (PDB)'den elde edildi. Kullanilan protein antimikobakteriyel aktivite gostermedi.
yapisl icerisinde etkili bir ligant icermektedir (PDB Guntimuzde TB tedavisine yonelik yeni ajanlarin
kodu: 6R9W) (Kamsri ve ark., 2020). Molekiiler doking geligtirilmesi i¢in ¢aligmalar yapilmakta ve giderek
islemi AutoDock Vina kullanilarak yapildi (Trott ve artmaktadir. Son zamanlarda, antimikobakteriyel
ark., 2010). Arastirilan bilesikler ise ChemDraw aktivite ¢alismalar i¢in farkli fonksiyonel gruplara
programi ile cizildi (Cousins ve ark., 2022). sahip yeni benzimidazol bilesikleri sentezlenmekte ve
Doking iglemi baglamadan énce grid kutusu bagh etkinligi aragtirilmaktadir. Calismamizda oldugu gibi
ligandi kapsayacak sekilde belirlendi. Sonra protein benzimidazol  halkasi igeren yeni bilesiklerin
yapisi icindeki su silinerek, polar hidrojen eklenerek antimikobakteriyel — etkinligi  literatiirlerde  de
ve Gasteiger yiikii belirlenerek isleme hazirlandi. mevcuttur. Cahismalarda antimikobakteriyel
Benzer sekilde bilesikler polar hidrojen eklenerek ve aktiviteleri tespit edilen bilesiklerin 1, 2, 5 ve 6
Gasteiger yiikii eklenerek isleme hazirlandi. Sonra pozisyonunda degisen bir dizi ile ikame edilen
ilgili parametreleri kullanilarak AutoDock Vina (halojenler, nitro, amino, metil gibi fonksiyonel
komutu ¢aligtirildi. Doking sonuglar: Biovia Discovery gruplardan, triflorometil, hidroksil, alkoksi, stilfonil
Studio program: kullanilarak gériintiilendi ve analiz veya N-siilfonamid stibstitiie edilmis aril/heteroaril
edildi (Khawbung ve ark., 2021). stibstitiientleri gibi) umut verici antimikobakteriyel
adaylar oldugu bildirilmistir (Keri ve ark., 2016).
BULGULAR ve TARTISMA Calismamizda ise antimikobakteriyel aktivite

Calismada, rifampisin direncli M. tuberculosis klinik gosteren S2 bilesigi 4-metilbenzil grubu icermektedir.

suslarma karsti S1, S2 ve S3 bilesiklerinin Sangani ve arl@daslan, 'kinolin ve metil grubuna
antimikobakteriyel aktivitesi tespit edilmedi. Buna ekle?nen etel'r b'aglantlh.arl.l haqkrflsmda flor grubung
karsilik M. tuberculosis H37Rv referans susunda S2 sahip - benzimidazol blleslklerlmn. M tubefrca‘]oteuic
bilesiginin (S2:1-(N-ftalimidometiD)-3-(4-metilbenzi)- ~ H37Rv'ye karsi daha yiiksek aktivite sergiledigini

1H-benzo[dlimidazol-3-yum bromiir)), 2 pug/ml tespit etmiglerdir (Sangan ve ark., 2013). Farkh
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fonksiyonel gruba sahip (E)-N'-(4-ariloksibenziliden)-
1H-benzimidazol-2-karbohidrazid tlrevlerinin M.
tuberculosis H37Rv susuna kargst MIC degerlerinin
1.5-25 ug/mL  konsantrasyonlarinda iyi  bir
antimikobakteriyel aktivitesi gosterdigini
bildirmiglerdir (Siddiki ve ark., 2014). Malasa ve
arkadaslari yeni benzimidazol-2-il kinazolin
tirevlerini, umut verici antimikrobiyal ajanlar olarak
tamimlamiglardir (Malasala ve ark., 2021). M.
tuberculosis H37TRv'ye karsi 2,6-diarilpiperidin-4-on
benzimidazol turevlerinin, standart rifampisin ilacina
kiyasla %200 antimikobakteriyel aktivite sergiledigini
tespit etmislerdir (Aridoss ve ark., 2008). M.
tuberculosis H37Rv susu ve ¢oklu ilaca direngli TB
klinik suglara karsi benzoimidazol-5-karbohidrazid
tirevlerinin potansiyel in vitro antimikobakteriyel
aktiviteleri arastirilmis ve bilegiklerin orta dizeyde

bir antimikobakteriyel aktivite
bildirmislerdir (Camacho ve ark., 2011).

Antimikobakteriyel etkinligi bulunan S2 bilegiginin,
InhA enzimi uzerindeki olasi etkisini aydinlatmak
amaciyla molekiiler doking yapilmistir. Molekiiler
doking igleminde kullanmilan PDB yapida bagh
bulunan ligandin InhA enzimiyle olan baglanma
noktalar1 ve baglanma enerjisi doking iglemini valide
etmek icin belirlenmigtir. Ligandin InhA enzimiyle
etkilesimi iyl olmasi ile birlikte elde edilen etkilesim
noktalar bundan 6nce yapilmis deneysel ¢aligmalarla
uyumlu oldugu ortaya c¢ikmigtir. Molekiiler doking
islemi sonucunda bagli ligandin NAD301, Met103,
Phel49, Alal57, Tyr158, Metl61, Ala198, Met199 ve
Ile215 noktalarinda InhA ile baglandig1 ortaya
cikmistar (Sekil 2, Cizelge 1).

sergiledigini

Cizelge 1. Standart ligandin ve S2 kodlu bilesigin InhA (6R9W) ile etkilesim noktalari
Table 1 The interaction points of the standard ligand and the S2-encoded compound with InhA (6R9W)

Bilesikler Baglanma  Hidrojen Diger Etkilesim Noktalar
Enerji Bag
(keal/mol) Karbon- Pi-sigma Pi-kikirt Pi-pi Alkil/Pi-alkil
hidrojen
bag1
Ligant 8.5 NAD301 Met103 (2) Met199 Phel49 Alal57, Tyrl58,
Met161, Alal98,
Ile215
S2 7.5 NAD301 Met103 (3) Phe97  Phe97, Alal57,
Met161, Met199
ALA
ILE B:157
TYR B:215
B:158
NAD
PHE 8:301 ey
MET - 8:97
B:161 MET)
%1
g MET
B:199
PHE
B:149 MET
ALA a B:103
B8:198
MET
= s 8199
(NAD) i
B:30%
Ligand S2

Sekil 2. Standart ligandin ve S2 kodlu bilesigin InhA (6R9W) ile etkilesimlerin 2 boyutlu gosterimi
Figure2. 2D representation of the interactions of the standard ligand and the S2-encoded compound with InhA

(6RIW).

Standart ligandi iceren InhA

enzimin X-1s1n1

kristalografisi ile belirlendiginde Met103, Phel49,
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Alal157, Tyr158, Ala198, Met199 ve I1e215 noktalarda
bir baglanma oldugu tespit edilmistir (Kamsri ve ark.,
2020). X-1s1n1 kristalografisi calismasinda belirlenen
yapinin icerisindeki bilesigin InhA ile NAD301 ve Met
161 dahil burada tespit edilen baglanma noktalarin
cogunluguyla baglandig1 aciklanmistir (Rozwarski ve
ark., 1999). Farkli bir calismada, birkac ortak
baglanma noktalarin belirlenmesi ile birlikte NAD ile
hidrojen bag1 etkilesimi tespit edilmistir (Sullivan ve
ark., 2006). Deneysel bir calismada triklosanin InhA
ile burada belirlenen noktalarin ¢ogunluguyla
etkilesimi oldugu ve NAD ile de hidrojen bag:
olusturdugu aciklanmigtir (Kuo ve ar., 2003) ve
yapilan diger c¢alismalarda da benzer sonuglar elde
edilmistir (Manjunatha ve ark., 2015). Bir inhibitériin
InhA enzimiyle Phe97 amino asidiyle hidrofobik bir
etkilesiminin oldugu yapilan deneysel calismada
gozlemlenmistir (Martinez-Hoyos ve ark., 2016). Bu
modelleme  calismasinda  belirlenen  baglanma
noktalarmin hepsi daha o6nceki yapilan deneysel
calismalarda da tespit edilmistir. Dolayisiyla
molekiler doking c¢alismanin sonuclar: literatiirdeki
sonuclara uygun olduklar1 ortaya ¢ikmistir. Ayrica,
S2nin etkilesimleri standart ligandin InhA ile olan
etkilesimlerine benzer oldugu gorilmustiar. Bu
baglamda NAD301, Met103, Alal57, Metl61l ve
Met199 noktalarindaki etkilesimlerin iki bilesikte de
gorulmustiir. Bununla birlikte S2'nin standart liganda
gére daha az etkilestigi ortaya cikmigtir. S2’nin
baglanma enerjisi standart liganttan daha yiiksek
oldugundan dolay1r InhA enzimine baglanma
afinitesinin daha az olmasi beklenir (Tablo 1).
Kisacasi, molekiiler doking calisma sonuglari S2'nin
InhA  enzimiyle baglanabildigi gorilmustir.
Dolayisiyla da antimikobakteriyel etkisini InhA
enzimini inhibe ederek gosterebildigi ortaya ¢ikmigtir.

SONUC ve ONERILER

TB, kiiresel halk sagligin1 tehdit eden salgin
hastaliklardan biridir. TB tedavisi, M. tuberculosisin
ilaca direngli varyantlarinin ortaya ¢ikmasiyla daha
zor hale gelmistir (Khawbung ve ark., 2021). Ilaca
direnc¢li TB vakalarinin arttigi bildirilmekte ve TB
tedavisine yonelik yeni ajanlarin geligtirilmesi
gerekmektedir.

Calismada oldugu gibi diger yapilan ¢alismalarda da
yapisal olarak ortak basit benzimidazol halkasina
sahip, fonksiyonel gruplarn farkli tlrevlerdeki
bilesiklerin TB tedavisinde etkili olabilecegi acikg¢a
gosterilmigtir. Ancak bu bilegiklerin yeni TB ajani
olarak sunulmasi igin makrofaj igi basillere kars:
etkinliginin aragtirilmas1 ve kapsamli in vivo
calismalarin yapilmasina da ihtiya¢ duyulmaktadir.

TESEKKUR

Bu ¢aligma, Cukurova Universitesi Bilimsel Aragtirma
Projeleri (TYL-2021-14313), tarafindan
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desteklenmistir. Cukurova Universitesi’ne

desteginden dolay: tesekkir ederiz.

Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye egit oranda katki saglamig
olduklarini beyan eder.
Cikar Catismas1 Beyam
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catigsmasi olmadigini beyan ederler.
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OZET Bahge Bitkileri
Calismanin amaci, ali¢ anacinin, Hafif Cukurgébek (HCG) yenidiinya

cesidinin verim ve meyve kalitesi tizerine etkilerinin belirlenmesidir. Aragtirma Makalesi
Calismada, yenidiinya ¢ogur anaci da kontrol olarak kullanilmigtir.

Calismada yer alan gesit/ana¢ kombinasyonlarinin meyve pomolojik Makale Tarihgesi
analizleri ve verim 6zellikleri belirlenmigtir. Meyve kalitesini belirlemek Gelig Tarihi  :28.05.2022

amaciyla her cesit/ana¢ kombinasyonundan tesadiifi olarak 50 meyve
alinmis ve 5 tekerriirlii (10 meyve/tekerriir) olarak fiziksel 6l¢iim ve
kimyasal analizler yapilmistir. Ali¢ anaci, yenidiinya ¢6giir anacina gore
meyve deriminde (17 Mayis) iki giin erkencilik saglamistir. Meyve
agirliglr ve meyve boyutlari, ali¢ anacinda sirasiyla, 16.89 g, 32.13 mm ve
34.62 mm; yenidinya ¢ogur anacinda 18.32 g, 31.72 mm ve 33.67 mm
olarak belirlenmigtir. Tohum sayisi ve tohum agirligi, alic anacinda
(sirasiyla 3.40 adet ve 4.40 g) yenidiinya ¢ogiir anacindan (sirasiyla 4.02
adet ve 5.25 g) daha diisiilk bulunmustur. Et/tohum orani bakimindan
alic anacindan (2.84) yenidiinya ¢ogiir anacina (2.50) gére daha yiiksek
deger elde edilmigtir. Suda c¢ozunebilir kuru madde degeri, ali¢ anaci
uzerinde yetistirilen meyvelerde %9.40 yenidiinya ¢6glr anaci tizerinde
yetistirilen meyvelerde %11.30 olarak belirlenmistir. Titre edilebilir asit
degeri, alic anacinda %0.34, yenidiinya anacinda %0.44 olarak
hesaplanmistir. Anaglarin, meyve kabuk ve et renklerine etkisi genellikle
benzer olmustur. Sadece meyve kabuk rengi L ve a*(kirmizi-yesil renk)
yenidiinya anaci tizerinde yetistirilen meyvelerde ali¢ anacina gore daha
yuksek bulunmustur. Birim gévde kesit alanina diusen verim ve birim
alana verim bakimindan ali¢c anaci (sirasiyla, 1.48 g mm? - ve 1141 kg
da-1), yenidiinya ¢égiir anacindan (sirasiyla, 0.79 g mm2-! ve 1051 kg da-
1) daha yiiksek degerler vermistir. Ancak, daha kesin yargiya
varilabilmesi i¢in ¢calismanin devam ettirilmesi gerekmektedir.

Effects of Hawthorn Rootstock on Yield and Fruit Quality in Loquat

ABSTRACT

The aim of the study is to determine the effects of hawthorn rootstocks
on yield and fruit quality of the Hafif Cukurgébek (HCG) loquat cultivar.
In the study, loquat seedling rootstock was also used as a control. Fruit
pomological analysis and yield characteristics of the cultivar/rootstock
combinations in the study were determined. In order to determine the
fruit quality, 50 fruits were randomly picked from each cultivar/rootstock
combination, and physical measurements and chemical analyses were
carried out with five replicates. Plants grafted on hawthorn rootstock
provide two days of earliness on the fruit harvest date. Hawthorn
rootstock provided two days of earliness in fruit harvest (May 17)
compared to loquat seedling rootstock. Fruit weight and fruit dimensions
were 16.89 g, 32.13 mm and 34.62 mm, respectively, on quince rootstock
while it was determined as 18.32 g, 31.72 mm and 33.67 mm in loquat
seedling rootstock. Seed number and seed weight were lower in hawthorn
rootstock (3.40 and 4.40 g, respectively) than in loquat seedling rootstock
(4.02 and 5.25 g, respectively). In terms of flesh/seed ratio, a higher value
was obtained from hawthorn rootstock (2.84) than from loquat seedling
rootstock (2.50). The total soluble solid value was determined as 9.40% in
fruits grown on hawthorn rootstock and 11.30% in fruits grown on loquat
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seedling rootstock. Titratable acidity was calculated as 0.34% in
hawthorn rootstock and 0.44% in loquat rootstock. The effect of rootstocks
on fruit skin and flesh color was generally similar. The fruit skin color L
and a* (red-green color) were found to be higher in fruits grown on loquat
rootstock than on hawthorn rootstock. Hawthorn rootstock gave higher
values (1.48 g mm? -1 and 1141 kg da-!, respectively) than loquat seedling
rootstock (0.79 g mm? -1 and 1051 kg da-1, respectively) in terms of yield
per unit trunk cross-sectional area and yield per unit area. However, the
study needs to be continued in order to reach a more definite conclusion.

At:f Sekli: Polat, A.A, (2024) Ali¢ Anacimin Yenidiinyada Verim ve Meyve Kalitesi Uzerine Etkileri . KSU Tarim ve Doga
Derg 27(1), 120-129. https://doi.org/10.18016/ksutarimdoga.vi.1122612
To Cite : Polat, A.A, (2024). Effects of hawthorn rootstock on yield and fruit quality in loquat. KSU J. Agric Nat 27A1),
120-129. https://doi.org/10.18016/ksutarimdoga.vi.1122612
GIRIS yetistiricilikte sik dikim ile ilgili farkindahgm

Meyvecilikte kullanilan anaclarin, f{izerine asih
cesitlere biiyume, gelisme, verimlilik yaninda abiyotik
stres kosullari ve olumsuz toprak kogullarina
dayanim, meyve kalitesini dogrudan ilgilendiren irilik,
renk, sertlik, besin elementi icerigi, kuru madde ve
asit kapsami gibi 6nemli etkileri bulunmaktadir (Bolat
& Ikinci 2019). Diger meyve tiirlerinde oldugu gibi
yenidiinya yetigtiriciliginde de bahge tesisinde bodur
anag uzerine agili gesitler tercih edilmelidir. Clinki
bodur anaclar ile kurulan bahgelerde, budama,
hastalik ve zararlilarla micadele, hasat gibi kultiirel
islemler daha kolay ve basarili yapilabildigi gibi, bu
gibi islemler igin gereken igcilik ve maliyet
azalmaktadir. Bu nedenle, yirminci yuzyilin ikinci
yarisindan itibaren meyve yetistiriciliginde kullanilan
bodur anaclar sayesinde agaglar aras1 dikim
mesafeleri azalmig, birim alana diisen trin miktar: ve
elde edilen gelirde 6nemli artiglar meydana gelmistir
(Bolat & Tkinci 2019).

Bugiin hemen tim yumusak ve sert cekirdekli
meyvelerde tiir i¢ci veya tiirler aras1 melezlemelerle
farkl gelisme kuvvetine sahip bir¢ok klonal anacg elde
edilmigtir. Meyvecilikte bodur ve yar1 bodur anag
kullanimiyla daha kiigik hacimli agaglar elde
edilmektedir. Bu anaglarla kurulacak bahcelerde daha
sik dikim yapilarak, birim alandaki agac¢ sayisinda
¢ogur anaclara gore 15 - 20 kata ulasan artiglar
saglanmaktadir. Bu sayede de birim alana yapilan
masraf azalirken, ayni alandan elde edilen triun ve
gelir artig gostermektedir (Rom & Carlson,1987; Oz ve
ark., 1995; Akca, 2000; Gercekcioglu ve ark., 2009).

Yenidiinyalar, ¢6giir anaci iizerine asilandiginda 5-10
m boyunda dizgiin govdeli, sik gériinimlii, yayvanla
yuvarlak arasinda taclanan, birim alana dikilebilecek
agac sayisin sinirlayan ve merdivenle meyve hasadini
zorunlu kilan biyik tagh agaclar olusturmaktadir
(Polat, 2018). Biiyiik tac yapan agaclarin cogu genclik
kisirligr gostermekte ve meyve verimine geg
baslamaktadir  (Janick, 2011). Bu nedenle,
yenidinyada buylime kuvvetini azaltan zayif ya da
bodur anaglarin  kullanilmasi  bluylik  6nem
tagimaktadir. Nitekim son yillarda 6zellikle de ortiialt:
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artmasiyla bodur anag¢ tUzerine asili yenidinya
fidanlarina olan talep artis gostermistir. Ancak,
fidanliklarda bodur anaclara asili yenidiinya fidam
tiretimi olmadigindan, yetistiricilerin bu talebi
karsilanamamakta ve yenidiinya ¢6giir anacina asili
fidanlar ile dikimler yapilmaktadar.

Yenidiinya yetistiricilerinin bodur fidan talebinin
kargilanarak sik dikim yetigtiriciligin gelistirilmesinin
yanisira, bodur anaclarin meyve verim ve kalitesine
etkilerinin de arastirmalar ile belirlenerek
yetigtiricilerin bilgisine sunulmasi gerekmektedir.
Yenidinyalarda bodur ana¢ olarak kullanilabilme
potansiyeli bulunan ve arastirilmasi gereken
turlerden biri de alictir. Nitekim, bazi bodur ayva
anacglarinin, Hafif Cukurgébek yenidiinya c¢esidine
etkisini arastiran Akkus (2020), bodur ana¢ olarak
ayva klon anac¢larinin yanm sira kuraga da dayamkl
olan alic anacinin da c¢alisilmasinin biyik yarari
oldugunu belirtmigtir.

Alig, Rosaceae familyasinin Crataegus cinsi altinda
yer almaktadir (Agaoglu ve ark., 1995). Ali¢ bitkileri
kurakliga olduk¢a dayamklidir ve su tasarrufu
saglayan bahcecilik uygulamalari i¢in 6nerilmektedir
(Nas ve ark., 2012). Ayvadan daha dayanikli olan
aliclar, musmula, ayva ve armut i¢in ana¢ olarak
kullanilabilmektedir (Phipps ve ark., 2003). Nitekim
Iran’in baz1 bolgelerinde gevresel strese dayanikhi ve
bodur ana¢ olarak ali¢ ¢ogiirleri kullanilmaktadir
(Lombard & Westwood, 1987; Qurunfleh, 1993;
Hummer & Janick, 2009). Tirkiye'nin farkh
bolgelerinde dogal olarak yetisen aliglar, gevirme
asilariyla armut ve bazen de elmaya
dontsturilmektedir. Ali¢, derinligi az, kurak, kumlu
ve tagh topraklarda, yetistirilecek armutlar i¢in iyi bir
anag Ozelligi tasimaktadir. Ali¢ anacina asilanan
armutlar fazla buylimemekte ve bodur kalmaktadir
(Ozbek, 1978). Diger taraftan, pek yaygin olmamakla
beraber, alicin ayva i¢in de anag¢ olarak kullanildig:
bildirilmektedir (Ghasemi ve ark., 2013; Gharaghani
ve ark., 2016; Valipour ve ark., 2018; Tataria ve ark.,
2020). Kurak kosullara dayanikli olmasi ve bodur
biiylime géstermesi nedeniyle, kiiresel 1sinmaya bagh
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kurak iklim sartlarinda yetistiriciligi strdurilebilir
kilmasi1 bakimindan alic anacinin diger yumusak
cekirdekli meyve tlrlerinin yanisira yenidiinyalarda
da ana¢ olarak kullanilmasi blyik 6nem
tasimaktadar.

Baz1 kaynaklarda (Demir, 1987; Polat, 1995; Polat &
Kaska, 1992), aliclarin, yenidiinyalar icin anac olarak
kullanilabilecegi belirtilmekle birlikte, bu tlrin
yenidiunyalarda meyve verim ve kalitesine etkilerinin
incelendigi herhangi bir arastirmaya rastlanmamagtir.
Yenidiinyalarda, anag olarak alicin kullanimina iligkin
sadece ii¢c kaynaga (Jamil ve ark., 2012; Polat, 2020,
2021) ulasilabilmis ancak bunlarin da alic anacina
agilanan yenidinya c¢esitlerindeki as1 bagarisinin
belirlenmesi ile ilgili oldugu gorilmiistiir. Bu nedenle,
aliclarin yenidinyalarda anac¢ olarak kullanilabilme
imkanlarinin arastirilmasi ve bu anacin, tizerine asili
yenidinya c¢esitlerinde meyve kalite 6zellikleri tizerine
etkilerinin belirlenmesi blyiik 6énem tasimaktadir.
Nitekim bu calismada, ali¢ anaci1 tizerine asili Hafif
Cukurgébek yenidiinya c¢esidinin, meyve kalite
ozellikleri ile vejetatif buylime ve meyve verimi
lizerine etkileri belirlenmigtir. Literatiirde,
yenidiinyalarin meyve verim ve kalitesi ile vejetatif
biylmeleri lzerine ali¢ anacinin etkilerine iligkin
calismalarin bulunmamasi, bu arastirmanin verilerine
alanindaki ilk veriler olma 6zelligi kazandirmakta ve

Research Article
literatire katki bakimindan da O6nemini ortaya
koymaktadir.

MATERYAL ve METOD

Bu ¢alisma, 2019-2020 vejetasyon periyodunda, Hatay
Mustafa Kemal Universitesi, Ziraat Fakiltesi, Bahce
Bitkileri Bo6luimii'ne ait arastirma alanindaki
yenidinya parselinde yurutilmustir. Arastirma
alani, 36°12' dogu ve 36°52' kuzey enlem derecelerinde
olup denizden yuksekligi 80 metredir.

Materyal

Arastirmada, yenidlinya ve ali¢ ¢6glr anaglarina asil
10ar adet 2 yasindaki Hafif Cukurgébek (HCG)
yenidiinya cesidine ait agaclar kullamlmistir (Sekil 1).
Deneme materyali agaclar, Goble terbiye sistemi ile
sekillendirilmig olup damla sulama sistemiyle
sulanmistir. Ayrica yillik teknik ve kiiltiirel bakim
iglemleri diizenli olarak yapilmigtir. Denemenin
yuriatildigi bahgede, dikim araligi, anac1 alig
olanlarda 1.0 x 0.5 m, anaci yenidinya ¢6guiri
olanlarda 1x1 metredir.

Aragtirma alanin toprak ve iklim ozellikleri ile

kullanilan anaclar ve yenidinya cesidine ait bazi
bilgiler asagida verilmistir.

Sekil 1. Alig(a) ve yenidiinya ¢ogiir(b) anaclari iizerine asili HCG yenidiinya cesidi
Figure 1. HCG loquat cultivar grafted on hawthorn(a) and loquat seedling(b) rootstocks.

Aragtirma Yerinin Ozellikleri
Aragtirma yerinin iklim 6zellikleri

Deneme parselinin bulundugu bélgenin
(Antakya/Hatay) iklimi, Akdeniz iklimi etkisi altinda
olup kiglar1 1lik ve yagigh, yazlar: ise sicak ve kurak
gecmektedir. Deneme parselinin bulundugu bélgede,
her iki yilda, en yiksek ortalama sicaklik, agustos
ayinda (sirasiyla, 28°C ve 29°C); en diisiik ortalama
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sicaklik ise ocak ayinda (sirasiyla, 8.1°C ve 8.3°C )
gerceklesmistir. En yuksek sicaklik, 2019 yilinda
mayis ayinda 42°C, 2020 yilinda eylil ayinda 47°C
olarak; En dusgiuk sicakliklar ise 2019 yilinda ocak
ayinda 1°C, 2020 yilinda subat ayinda -2.5°C olarak
gerceklesmistir (Anonim, 2020).

2019 yilinda en fazla yagis 334.5 mm m?2 1 ile arahk
ayinda, en az yagis 0.3 mm m?2 ! ile mayis ayinda
gergeklegmistir. 2020 yilinda en fazla yagis 164.1 mm
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m?2 1 ile ocak ayinda meydana gelirken, temmuz, eylil
ve ekim aylarinda hi¢ yagis olmamigtir. 2019 yilinda
toplam yagis miktarn1 1289.8 mm m?2 1 olarak
gerceklesirken, 2020 yilinda ise toplam yagis miktari
669.5 mm m2 ! olmustur (Anonim, 2020).

Denemenin yurituldagi 2019-2020 vegetasyon
periyodunda ¢igeklenme sonu ve meyve tutumu
doneminde, sicakligin -2.5°C’ye distiga 2020 yili
subat ayinda, meydana gelen don olayinda kiugik
meyvelerde zararlanmalar goralmistir. Ardindan
hasat olumundan yaklagitk bir hafta 6nce, mayis
ayinda gerceklesen 42°C derecelik yiiksek sicakliktan
dolay1 meyvelerde giines yanikliklarina bagh
zararlanmalar ve kayiplar yasanmistir.

Aragtirma yerinin toprak 6zellikleri

Aragtirmanin yapildigi bahg¢enin 20 cm derinliginden
alinan toprak orneklerinde yapilan analizlere gore
deneme alani topragi, alkali 6zellikte (pH:7.76), cok az
kirecli (%2.4), orta tuzlu (EC microsiemens:446) ve
kumlu tinhh (Kum:%57.37; Kil: %17.3; Silt: %25.32),
organik madde bakimindan yetersiz (%1.44) ve K
(73.81 ppm), P (9.78 ppm), Fe (6.43 ppm), Cu (1.13
ppm), Mn (4.69 ppm), Zn (1.4 ppm) icerigine sahip
yapidadir.

]?enemede Kullanilan Anacglarin ve Cegidin Genel
Ozellikleri

Alig; Rosaceae familyasi, Maloidae alt familyas1 ve
Crataegus cinsi altinda yer almaktadir. Alig, kisin
yapragini doken, ender olarak da yar: herdem yesil,
genelde dikenli ¢cali ya da agagcik formunda bulunan
odunsu bir bitki tiirtidir (Davis, 1972). Kuraga
dayanmikli ve oldukc¢a yavas blytiyen bir bitki olmasi
nedeniyle basta armut olmak tuzere baz1 meyve
turlerinde bodurlagtirici anag olarak
kullanilmaktadir.

Yenidiinya ¢ogiiri; Herdem yesil, subtropik iklim
kogullarinda kuvvetli biiyliyen ve Uzerindeki kalemi
de 8-10 metre biiyiiten bir anactir (Polat, 2019).

Hafif Cukurgobek; Tirkiye'de selekte edilmis erkenci
bir ¢esit olup, orta irilikte, pembe portakal renkli,
gosterigli, c¢ok lezzetli, tathh meyvelere sahiptir.
Tasinmaya ve karaleke hastaligina dayanikli, kendine
verimli bir cesittir. 15-20 yagli bir bahg¢enin dekara
verimi 1000-1200 kg’dir (Demir, 1987; Polat, 2019).

Yontem

Deneme, tesadif parselleri deneme desenine goére 5
tekerrurli olarak kurulmus, her tekerriirde 2 agag
kullanilmigtar.

Fenolojik Gozlemler

Calismada yer alan anag/cesit kombinasyonlarinin,
ciceklenme dénemleri Polat 2018 ve Akkus (2020)’ye
gore incelenmisgtir.
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Meyve Kalite Analizleri

Ceside has buylklik ve rengini alarak derim
olgunluguna erismis (Ferreres ve ark., 2009)
meyvelerden her anag¢ i¢in tesadiifi olarak 50 adet
meyve alinmig ve her tekerriirde 10 meyve olacak
sekilde, 5 tekerriirlii olarak Polat ve ark. (2004 ve
2005) ile Akkus (2020)a gére asagidaki olciim ve
analizler yapilmigtir.

Meyve agirligr (g Meyve ornekleri 0.01 g hassas
terazide tek tek tartilarak belirlenmistir.

Meyve eni (mm): Meyveler ekvatoral bolgeden dijital
kumpas ile 6l¢iilerek hesaplanmistir.

Meyve boyu (mm): Meyvenin sap kismi ile kaliks kism1
arasindaki mesafenin dijital kumpas ile 6l¢tilmesiyle
saptanmigtir.

Tohum agirligr (g)° Her meyvede bulunan tohumlar
meyve etinden ayrilarak tartilmigtir.

Tohum sayisi (adet): Her meyvede bulunan tohumlarin
sayilmasiyla belirlenmigtir.

Et/tohum oranr: Meyve eti agirliginin tohum agirlhigina
béliinmesiyle belirlenmigtir.

Meyve kabuk ve et rengi Meyve kabuk ve etinde renk
olgimleri C.I.E. L* a* b* metoduna gore “Minolta CR-
300” renk ol¢im cihaziyla meyvenin orta kismindaki
iki bolgeden yapilmigtir.

Suda ¢oziinebilir kuru madde orani (SCKM) (%):
Meyve etlerinin sikilmasiyla elde edilen meyve
suyundan bir damla alinarak el refraktometresi ile %
olarak belirlenmigtir.

Titre edilebilir toplam asitlik (%)- Meyve etlerinin
parcalanmasiyla elde edilen meyve sular stiziilerek 5
ml’lik meyve suyu 6rnegi alinmig ve saf su ile 100 ml'ye
tamamlanarak seyreltilmigtir. Seyreltilen meyve suyu
orneklerinin pH’s1 8.10’a ulasincaya kadar 0.1 N
NaOH ¢ozeltisi ile titre edilmis ve sonuglar malik asit
cinsinden hesaplanmistir (Karacali, 1990).

TA=V xNx Fx megx100
A

TA: Asitlik, g 100 mL1

V: Titrasyonda harcanan NaOH c¢o6zeltisinin hacmi
(ml)

N: NaOH normalitesi

F: NaOH c¢6zeltisinin faktora

A titrasyon icin alinan érnegin hacmi (ml)
Meg: Malik asit equvalent agirligi, 0.067

pH: Meyvelerin sikilmasiyla elde edilen meyve suyuna
ait pH degerler1 dijital pH metre okumalar1 ile
saptanmaigtir.

Verim Ozellikleri

Bitkilerin vejetatif bliylimeleri ile verimliligin birlikte
degerlendirilebilmesi  i¢in  asagidaki  ozellikler
Olcilmustur.
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Bitki basina verim (g bitki-):Her bitkinin hasat edilen BULGULAR ve TARTISMA
meyveleri 5 g hassas 30 kg kapasiteli terazide Anaclarm, HCG yenidiinya cesidinin fenolojik

tartilarak belirlenmistir.

Govde kesit alanina diisen verim (g mm? -1): Bitkilerin
as1 noktasinin 5 c¢m tuzerinden 6l¢lilen govde birim
kesit alanina diisen verim degerleri hesaplanmigtir.

Birim alana verim (kg da-!): Denemede bitki bagina
elde edilen verim, anacglarin dikim aralig1 da dikkate
alinarak dekara verime dontstirilerek
hesaplanmigtir.

Istatistik Analizler

Verilerin varyans analizleri, SPSS paket programinda
“Tesadif Parselleri Deneme Desenine” gore yapilmis
ve ortalamalar aras1 farkhiliklar LSD testi ile
belirlenmisgtir.

ozellikleri, meyve kalitesi, vejetatif biytime ve verimi
uzerine etkilerine iligkin elde edilen bulgular, agagida
ayr1 baghiklar altinda incelenmisgtir.

Fenolojik Gozlemlere Ait Bulgular

Ciceklenme baglangici, alic anacina asili bitkilerde,
yenidiinya  ¢6glir anacindan 24 giin  Once
gerceklegmistir. Tim ¢igeklenme dénemleri ve meyve
tutumu, ali¢ anaci tizerindeki bitkilerde, yenidinya
¢oglr anacindan daha erken meydana gelmistir. Ali¢
anacina asili olan bitkiler, yenidiinya anacina asili
olanlara gore meyve deriminde iki giun erkencilik
saglamistir (Sekil 2).

Ciceklenme Donemleri ve Hasat

Ablg

Yenidimya
ol

14.12.2019
29.12.2019
29.01.2020

14.01.2020
13.02.2020

Ik Cigekl

Tam Cigel Cigek

28.02.2020
13.03.2020
28.03.2020
17.05.2020
02.06.2020

Sonu @ Meyve Tutumu Hasat Periyodu h

Sekil 2. Farkli anaglar tizerine agili HCG yenidiinya ¢esidinin ¢igceklenme ve meyve derim periyotlari.
Figure 2. Flowering and fruit harvesting periods of HCG loquat cultivar grafted on different rootstocks.

Meyve Kalite Kriterleri Ile Tlgili Bulgular

Denemedeki anaglarin, HCG yenidinya ¢esidinin

meyve kalite kriterlerine etkileri ile ilgili veriler
Cizelge 1 ve Sekil 3'de verilmigtir.

Cizelge 1. Farkli anaglarin Hafif Cukurgobek yenidinya cesidinin meyve kalite 6zellikleri tizerine etkileri
Table 1. The eftects of different rootstocks on fruit quality characteristics of loquat cv. Hafif Cukurgobek.

Meyve agirhign  Meyve eni Meyve boyu Tohum Tohum
1. Sayis1 (adet)
Anagclar (2) (mm) (mm) agirlig: (g) Seed Et/Tohum orani
Rootstock Fruit weight  Fruit width Fruit length  Seed weight number per Flesh/seed ratio
e (mm) (mm) ) Foui P
ruit

Ali¢c (Hawthorn)  16.89+0.31 32.13+0.38  34.62+0.49 4.40+0.27 3.40+0.25 2.84+0.17
Efqi‘;gt“;e‘; ding 1832130 31.72:0.46  33.67+1.09 5.25:0.35  4.02+0.30 2.50+0.21
LSDus ODx OD OD OD OD OD

x: Onemli degil, *’Not significance

Calismada, meyve agirhigi, yenidiinya ¢6gir anacina
asih bitkilerde 18.32 g ve ali¢ anacina agihi bitkilerde
16.89 g olarak belirlenmigtir. Onceki ¢aligmalarda,
yenidiinya ¢6gur anacina agili olan HCG yenidiinya
¢esidinin meyve agirhigr 20.45 g - 39.70 g arasinda
belirlenmistir (Paydas ve ark.,1992; Polat ve ark.,
2004, 2005 ve 2010; Polat ve Caliskan, 2011). Bu
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farkin, aga¢ yasi, bahg¢enin kurulu oldugu bélgenin
toprak yapisi, o yilki iklim kosullari, meyve tutum
oran1 ve bitki besleme durumunun farklilik
gbstermesinden kaynaklanmig olabilecegi
diistiniilmektedir. Akkus ve Polatn (2022) yapmis
oldugu calismada, Quince-A, Quince-C ve BA-29
anaclarina agili HCG ¢esidinin meyve agirliklarini
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sirasiyla 18.80 g, 23.33 g ve 20.22 g olarak belirlerken,
Sezer ve Polat (2022) aymi cesidin ortalama meyve
agirliklarimi sirasiyla 23.58 g, 22.08 g ve 24.81 g olarak
belirlemisgtir. Genel olarak c¢alismadan elde edilen
meyve agirhign degerleri, Akkus ve Polat (2021) ile
Sezer ve Polatn (2022) degerlerinden daha diisiik

12

10

[ ]

SCKM(%)

A——

Asitlik(%)

bulunmaktadir. Bu farkliliklarin denemede yer alan
anact alig olan bitkilerin, ayva anaclarina asili
bitkilerden 2 yas, yenidlinya ¢6gir anacina asili
bitkilerin de bir yas daha kiigiik olmasindan kaynaklh
olabilecegi diisiiniilmektedir.

= Alg

pH

Sekil 3. Anag¢larin HCG yenidiinya ¢esidinin SCKM, asitlik ve pH 6zellikleri tizerine etkileri.
Figure 3. The effects of rootstocks on TSS, acidity and pH properties of HCG loquat cultivar.

Meyve eni ve boyu degerleri ali¢ anacinda sirasiyla
32.13 mm ve 34.62 mm, yenidiinya ¢6gur anacinda
sirasiyla 31.72 mm ve 33.67 mm olarak ol¢ulmuigtiir.
Akkus ve Polat (2021) ile Sezer ve Polatn yapmis
oldugu calismalarda, ayva klon anaclar1 {izerinde
yetigtirilen HCG meyvelerinin meyve en ve boy
degerleri, bu calismada elde edilen degerlerden kismen
yiksek bulunmustur.

Calismada, tohum sayis1 ve tohum agirhigi, alig
anacinda (sirasiyla 3.40 adet ve 4.40 g) yenidiinya
¢ogiir anacindan (sirasiyla 4.02 adet ve 5.25 g) daha
diisik bulunmustur. Et/tohum orani bakimindan alig
anacindan (2.84) c¢égiir anacina (2.50) gore daha
yiksek deger elde edilmistir. Ayva klon anaclar
uzerinde yetistirilen HCG meyvelerinin tohum sayisi
ve tohum agirligi, Akkus ve Polat (2021) tarafindan
sirasiyla 3.34-3.82 adet ve 4.50-5.71 g; Sezer ve Polat
(2022) tarafindan ise sirasiyla 4.04-4.16 adet ve 5.59-
6.04 g olarak belirlenmigtir. Et/tohum orani ise her iki
calismada da bu ¢alismada belirlenen degerden daha
yiksek  bulunmustur. Gorialdugi tzere, alig
anaglarina asili bitkilerin meyvelerinin i¢cerdigi tohum
sayis1 ve agirhigi, gerek ayva anacglari gerek yenidiinya
¢oglir anacina asili bitkilerinin degerlerinden daha
dustiktir.

Alig anaci tizerine agih bitkilerin meyve agirligi degeri,
yenidiinya ¢6giir anaci lzerinde yetistirilenlere gore
kismen daha diisiik olmasina karsin meyve boyutlar
daha yiksek bulunmustur. Ayrica, ali¢ anaci
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uzerindeki meyvelerin gerek tohum agirhigi, gerek
tohum sayisi, ¢6gir anacina gére daha disiuk bir
degere sahipken; et/tohum orani yenidiinya anacina
gore daha yluksek bulunmustur. Her tg¢ o6zellik de

yenidinya yetigtiriciliginde meyve kalitesi
bakimindan buyik oOnem tasiyan ve tuketici
tercihlerini etkileyen ¢ok oOnemli 6zelliklerdir.

Yenidiinya meyvelerinde tohum sayisinin ve iriliginin
az olmasi ve meyve eti/tohum oraninin da yiksek
olmasi istenir. Calismanin bulgulari, ali¢ anacinn,
belirtilen meyve kalite 6zelliklerine etkisinin tuketici
tercihleri  acisindan  olumlu yo6nde oldugunu
gostermektedir. Ancak, bu bulgular, alic anacina
iliskin hentiz ilk veriler oldugu icin, bu asamada
genellegtirilmesinin dogru olmayacag
diustniulmektedir.

Nitekim, Polat (2007) ile Polat ve Caligkan’in (2011)
yaptigl ¢alismalarda yenidiinya ¢6giir anacina agih
HCG c¢esidinde et/tohum orami 3.85-8.92 degerleri
arasinda bulunmustur. Calismada, yenidinya ¢o6gur
anacindan elde edilen et/tohum oraninin oldukca
distk oldugu goézlemlenmistir. Bunun, denemedeki
bitkilerin heniiz ¢ok gen¢ yasta olmalarindan
kaynaklanmis olabilecegi diisintilmektedir.

Calismada, suda ¢6zlUnebilir kuru madde ali¢ anaci
tuzerinde yetigtirilen meyvelerde %9.40 yenidiinya
¢Ogur anaci uzerinde yetistirilen meyvelerde %11.30
olarak belirlenmistir. Paydas ve ark. (1992), Polat ve
ark. (2004, 2005 ve 2010), Durgac ve ark. (2006) ile
Polat ve Caligkan (2011), yenidiinya c¢ogiir anaci
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uzerinde yetigtirilen meyvelerde SCKM’y1 %8.05-12.80 yetistirilen HCG meyvelerinde ise titre edilebilir asit
arasinda olgmiuslerdir. Ayva klon anaclar1 lzerinde degeri %0.40-0.92 arasinda (Polat ve Caliskan, 2011;
yetistirilen HCG meyvelerinin SCKM igerigi, Akkus ve Tepe, 2013) bulunmustur. Bu arastirmanin bulgulari,
Polat (2021) tarafindan %10.32-12.36; Sezer ve Polat onceki ¢alismalarda belirlenen bulgular ile uyumlu
(2022) tarafindan  ise  %9.24-10.80  arasinda bulunmaktadir.

belirlen.m.ist.ir. Onceki (;ahsnlla.larla klya}slandlgm.da} Calismada, pH degerleri ali¢ anacinda 3.04, yenidiinya
elde ett1g1m1g SCKM degerlerinin benzerlik gosterdigi ¢ogiir anacinda 3.16 olarak belirlenmis olup, bu
goriilmektedir. bulgular, Polat ve Caliskan’in (2011) yenidiinya ¢ogiir
Titre edilebilir asit degeri, ali¢ anacinda %0.34, anacinda (3.26); Akkus ve Polat (2021) ile Sezer ve
yenidinya anacinda %0.44 olarak hesaplanmigtir. Polatin (2022) ayva anaclarinda belirledikleri pH
Ayva klon anaclar1 tzerinde yetistirilen HCG degerleri (sirasiyla,3.42-3.79 ve 3.34-3.52) ile benzer
meyvelerinin titre edilebilir asit igerigi, %0.34-0.81 bulunmustur.

ara_smda (Al.{kus ve Polat, 2021; Sezer ve Polat, 2922) Anaclarin HCG yenidiinya cesidinin meyve kabuk ve
belirlenmigtir. ~Yenidiinya ¢6gir anaci tzerinde et renkleri lizerine etkileri Cizelge 2’de verilmistir.

Cizelge 2. Anaglarin HCG yenidiinya ¢esidinin meyve kabuk ve et renkleri tizerine etkileri.
Table 2. The effects of rootstocks on fruit skin and flesh colors of HCG loquat cultivar.

Meyve kabuk rengi Meyve et rengi
Anaclar . . X
Rootstock Fruit skin color Fruit flesh color

L a b L a b

Alic (Hawthorn)  63.32+0.97bx 10.90+0.65b  57.64+1.77a  68.74+0.75a  8.96+0.46a 53.32+0.46a
YD gogard 67.86£0.59a  13.13+0.44a  55.94+0.73a  69.37+0.39a 9.55+0.45a  55.39+0,80a
Loquat seedling
LSDus * * ODy OD OD OD

x:Aym siitunda farkl harfler LSD testine gore % 5 diizeyinde 6nemli farklilig1 gostermektedir, v: Onemli degil
x:Different letters within columns are indicate significant diftference by LSD’s test at P < 0.05. 7 Not significance

Meyve kabuk ve et renk degerleri incelendiginde; degerler  vermigtir. Incelenen  oteki  biitiin
meyve kabuk rengi L ve a* disindaki tiim parametreler parametreler bakimindan da yenidinya c¢o6gir
bakimindan anaclar arasinda o¢nemli bir farklilik anacinin daha kuvvetli vejetatif bliytime gosterdigi
olmadigr gorilmektedir. Meyve kabuk rengi belirlenmigtir. Elde edilen bu ilk verilere goére alig
L(parlaklik) ve a*(kirmizi-yesil renk) yenidiinya anaci anacl, yenidiinya ¢6glir anacina gore iizerine asihi
uzerinde yetigtirilen meyvelerde alic anacina gore kalemde yaklasitk %60 bodurluk saglamaktadir.
daha yuksek bulunmus ve anaglar arasindaki Iran’da yapilan bazi ¢aligmalarda da alig anacinin,
farkliliklar istatistiksel olarak oOnemli c¢ikmagtir tizerine asili farkl ayva ve armut gesitlerinde 6nemli
(Cizelge 2). Bu bulgular, Sezer ve Polat'in (2022) ayva diizeyde bodurluk sagladig1 belirlenmistir (Abdollahi
anaci tizerinde yetistirilen meyvelerde belirledigi renk ve ark. 2012; Ghasemi ve ark. 2013; Rahmati ve ark,
degerlerine benzerlik gostermektedir. Literatiirde, 2015; Abdollahi ve ark. 2018; Tataria ve ark., 2020).
yenidiinyalarda ali¢ anacimn kullammina iliskin Ali¢ anacinin, tzerindeki kalemi bodurlastiric: etkisi,
yaymlanmis ~ kaynaklara ulagilamadigindan bu yenidiinyalarda sik dikim yetistiricilik acisindan
¢ahsmammn  verilerinin  karsilagtinlmast  miimkiin biiyiik 6nem tagimakta ve alicin yenidiinyalarda bodur
olamamigtir. Buna karsin, ali¢ anacinin ayva i¢in anag anag olarak kullanilabilecegini gostermektedir.

olarak  kullamildigi  bir arastirma  sonucuna
ulagilabilmistir. Dért ayva klon anaci (BA-29, A, Bve
C) ile ayva ve alic ¢ogiirlerinin iizerine asilhi Isfahan
ayva cesidinin meyve kalite 6zelliklerine etkisinin
incelendigi bir calismada (Tatari ve ark., 2020), alic,
BA-29 ve QA anacglarimin ¢6gir anacina gore daha

Verim ile Tlgili Bulgular
Denemedeki anaglarin, HCG yenidiinya ¢esidinin
verim parametreleri lizerine etkilerine iligkin veriler
Cizelge 3’ te verilmistir.

yiikksek meyve agirligl, toplam ¢ozinir kat Bitki basina verim bakimindan yenidiinya ¢6giir anaci
madde/toplam asitlik ve meyve sertligi degerlerine (1051.74 g /bitki-1) alic anacina (570.89 g bitki-1) gore
sahip olduklar1 belirlenmistir. daha yiiksek bir degere sahip olmasina ragmen gerek

birim gévde kesit alanina diisen verim, gerek birim
Vejetatif Biiyiime ile jlgﬂi Bulgular alana verim bakimindan alic anaci (sirasiyla, 1.48 g

mm? -1 ve 1141 kg da-!), yenidiinya ¢égiir anacindan
(sirasiyla, 0.79 g mm?2 -1 ve 1051 kg da-!) daha yiiksek
degerler vermigtir. Bitki basina verim ve birim gévde
kesit alanina diisen verim bakimindan anaglar

Yillik strgiin  uzunlugu, kalem ve ana¢ c¢ap1
bakimindan yenidiinya c¢ogiir anaci (sirasiyla, 65.02
cm, 41.09 mm ve 43.18 cm) ali¢ anacina (11.78 cm, 5.45
mm, ve 15.36 mm) gore énemli diizeyde daha yiiksek
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arasindaki farklihk istatistiksel olarak oOnemli
bulunurken, birim alana verim bakimindan anaglar
arasindaki farklihk istatistiksel olarak o6nemsiz
bulunmustur. Bu bulgular, ali¢ anacinin yenidinya
yetistiriciliginde, bodur anag olarak sik dikime uygun

bir anag¢ oldugunu ve yenidiinya ¢6gir anacina gore
onemli verim artis1 saglayacagini gostermektedir.
Ancak, elde edilen bu veriler alanindaki ilk veriler
olmasi1 nedeniyle, kesin bir yargiya varmak igin
arastirmanin sirdirilmesi gerekmektedir.

Cizelge 3. Anacglarin HCG yenidiinya ¢esidinin meyve verim unsurlari izerine etkileri.
Table 3. The effects of rootstocks on fruit yield components of HCG loquat variety.

Bitki bagina
verim (g)
Yield (g plant-1)

Anaclar (Rootstock)

Birim gévde kesit alanina

Yield per unit trunk cross
sectional area (g mm-2)

Birim alana
verim (kg da'l)
Yield (kg da-1)

diisen verim (g mm?2 1)

Al¢ (Hawthorn)
YD cogiirii (Loquat seedling)

570.89+29.43 bx
1051.74+32.86 a

1.48+0.15a
0.79£0.11b

1141+30.15a
1051+33.12a

*

LSDws

* ODY

x:Aym siitunda farkl harfler LSD testine gore % 5 dizeyinde 6nemli farklilig1 gostermektedir, v: Onemli degil.
x:Different letters within columns are indicate significant difference by LSD’s test at P < 0.05. v Not significance.

Yenidiinyalarda bodur anag olarak kullanilabilen ayva
anaclar1 ile yapilan onceki calismalarda (Akkus ve
Polat, 2021; Sezer ve Polat, 2022) bitki basina verim,
279.35 g bitki-1-955.67 g bitki-1; birim govde kesit
alanina verim, 0.69 g mm2-11.02 g mm? -1; birim alana

verim ise 558 kg da -1 1911 kg da-! olarak
belirlenmigtir.  Yenidlinyalarda ali¢  anacinin
kullanimina  iligkin yaymlanmisg kaynaklara

ulagilamadigindan mevcut verilerin karsilastirilmas:
mimkin olmamakla birlikte, ayva icin anag¢ olarak
alicin  kullamildign  bir  arastirma  sonucuna
ulagilabilmistir. BA-29, A, B ve C ayva klon anaglarn
ile ayva ve alig ¢égiirlerinin tizerine agihi Isfahan ayva
cesidinin baz1 kalitatif ve kantitatif o6zelliklerine
etkisinin incelendigi bir ¢alismada, birim gévde kesit
alanina diisen verim bakimindan en diisiik deger (0.22
kg cm? -1 ) ayva cogiiriinden, en yiiksek deger ise alig
anacindan (0.35 kg cm?-1) elde edilmistir. Elde edilen
sonuclara gore, Isfahan ayva cesidi ile bahge tesisinde
bodur anac olarak ali¢ dnerilmistir (Tatari ve ark.,
2020).

Alig anaci Uzerine agili HCG yenidinya ¢esidinin bitki
ta¢ yapisi ve yasi diger anaglardan kiigiik olmasina
ragmen, bitki basina verim ve birim alana verim
bakimindan Quince-A anacindan fazla trin vermesi
ve govde kesit alanina disen verim bakimindan da
Quince-A, Quince-C ve BA-29 ayva anaclarindan daha
yiksek degere sahip olmasi, ali¢ anacinin
yenidinyalarda  ana¢ olarak  kullanilabilmesi
acisindan, calismanin en dikkat cekici ve 6nemli bir
bulgusu oldugu séylenebilir. Ancak bu anaca iligkin
verilerin diger anacglarla tam kiyaslanabilmesi igin
calismalarin  stirdirilmesi ve Gteki anaglarla
kiyaslamali  istatistiksel analizlerin  yapilarak
degerlendirilmesi gerekmektedir.

SONUC ve ONERILER

Bu calismadan elde edilen bulgular, alig anacinin
yenidiinyalarda kullanimi1 agisindan ilk bulgular
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olmas1 bakimindan oldukg¢a 6nemli ve degerlidir. Bu
bulgular, anaci ali¢ olan bodur fidanlarla sik dikim
yapilarak birim alandan daha fazla {riin alma
olanaklarinin mumkiin oldugunu gostermektedir.

Calismanin bulgular: genel olarak
degerlendirildiginde; ali¢ anacinin yenidinya ¢6gur
anacina gore daha Ustin sonucglar verdigi
goriilmektedir. Ozellikle alic anacimin  kalemin

vejetatif bliyiimesini baskilayarak birim goévde kesit
alanina digen verim bakimindan énemli verim artigi
saglamas1 dikkat cekici bulunmustur. Hentiz iki
yasindaki agaclarda gorilen bu o6nemli verim
artiginin, ileri yaslarda ¢ok daha yiksek degerlere
ulasacagr beklenmektedir. Ancak bu tiir calismalarda

daha kesin sonuclarin elde edilebilmesi igin
calismalarin bir stre daha devam ettirilmesi
gerekmektedir. Ayrica, ileriki calismalarda

yenidunya/ali¢ kombinasyonunda asi uyusmazligina
iliskin hususlarin arastirilmasi da yararh olacaktir.
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ABSTRACT Irrigation

A study was managed to identify the water stress effect on marketable

yield, osmatic potential, and potassium (K) and calcium (Ca) ions for drip Research Article

and furrow irrigated processing red pepper in the 2010 and 2011 growing

seasons in Tarsus, Turkey. The treatments for drip irrigation; comprise Article History

full irrigation (Dr1.0), deficit irrigation Doio.75, Dprpo.s, Drprpo.5, and Doio.s; Received :07.04.2023
for furrow irrigation; full irrigation (Frr.0), fix alternative furrow (Faro.s) Accepted 1 04.06.2023
and PRD furrow (Fprpos). Faros and Frroos received 50 % of the water

applied to Frri.0. In Faros the same furrows were irrigated while in Fprpo.5 Keywords

irrigated alternately. Irrigation methods and irrigation levels had a Pepper

remarkable effect on the total yield of red pepper in both experimental Furrow

years. Drip irrigation treatments manufactured higher red pepper yields
than the furrow irrigation treatments. The maximum yield in the drip
irrigation system was acquired from the Driio treatment followed by
Dbpr10.75, Dpios, and Drprpos treatments. Though Dprpos, Drprpos, and
Dbpro.s applied the same amount of water, Dprpo.s resulted in a higher yield.
In furrow treatments, Frri.o resulted in the highest yield followed by
Frroos and Faros. Water use efficiency (WUE) diminished with increasing
the water amount for drip and furrow irrigation methods. While lower
osmotic potential values were measured in full irrigation treatments in
furrow and drip irrigation plots, higher osmotic potential values were
determined in treatments where water stress was determined in both
years. In both drip and furrow irrigation, the lowest Ca (%) values were
obtained in full irrigation, while the highest Ca values were obtained in
limited irrigation with water stress in the 2010 and 2011 years. K ion
values were generally similar in the first and fourth pepper harvests in
drip and furrow irrigation.

Drip irrigation
Osmotic potential
Partial root drying

Karik ve Damla Sulama Yéntemleriyle Kirmiz1 Biberde Farkhh Sulama Stratejilerinin Yaprak Osmotik
Potansiyeli ile K ve Ca Iyon Konsantrasyonlar1 Uzerine Etkilerinin Belirlenmesi

OZET Sulama

Tarsus, Turkiye'de 2010 ve 2011 yetistirme sezonlarinda damla ve karik

sulama ile kirmiz1 biberin pazarlanabilir verim, osmatik potansiyel ve Aragtirma Makalesi
potasyum (K) ve kalsiyum (Ca) iyonlar: tizerindeki su stresi etkisini . .
belirlemek icin bir ¢alisma gerceklestirildi. Damla sulama konulari; tam Mal.{ale T.ar.lh(;e‘s1

sulama (Drrio), kistmitl sulama Dbio.7s, Drrpos, Drprpos ve Dbios'ten Gelis Tarll.n' 207'04'2023
olusurken; karik sulama konulary; tam sulama (Friio), sabit alternatif Kabul Tarihi : 04.06.2023
karik (Faros) ve PRD karik (FPRDO..5).'tan olusmaktadir. Faros ve Frrpo.s, Anahtar Kelimeler

Friio 'a uygulanan suyun %50'sini almigtir. Faros konusunda aym Biber

kariklar, Fprpos'te dontsumli olarak kariklar sulanmistir. Sulama Kark

yontemleri ve sulama seviyeleri, her iki deneme yilinda da toplam kirmizi
biber verimi tzerinde dikkate deger bir etkiye sahip olmustur. Damla
sulama konulari karik sulama konularina goére daha yiiksek kirmizi
biber verimi saglamigtir. Damla sulama sisteminde en yiiksek verim
Drr11.0 konusundan alinirken, ardindan Doio.75, Dpio.s ve Drprpo.s konular:
izlemistir. Dprpos, Drprpos ve Doios konularina ayni miktarda sulama
suyu miktar:1 uygulansa da, Drrpos konusunda daha yiiksek verimle

Damla Sulama
Ozmotik Potansiyel
Kismi Kok Kurutma
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sonuclanmistir. Karik uygulamalarinda

Friio en yiksek verimle

sonuclanirken, bu konuyu Fprpo.s ve Faros konualr: izlemisgtir. Damla ve
karik sulama yontemlerinde su miktar1 arttikga su kullanim etkinligi
(WUE) azalmistir. Karik ve damla sulama parsellerinde yer alan tam
sulama konusunda daha diisiik ozmotik potansiyel degerleri 6l¢iiliirken,
her iki yilda da su stresinin belirlendigi uygulamalarda daha yiiksek
ozmotik potansiyel degerleri belirlenmistir. 2010 ve 2011 yillarinda hem
damla hem de karik sulamada en diigiik Ca (%) degerleri tam sulamada
elde edilirken, en yiiksek Ca degerleri su stresi yasanan kisintili sulama
konularinda elde edilmistir. Damla ve karik sulamada birinci ve
dordiincii biber hasadinda K iyon degerleri genel olarak benzer olmustur.
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INTRODUCTION

Pepper is an important vegetable that is grown in most
countries around the world, and covers 1.93 million
hectares (Penella & Calatayud, 2018). Pepper is
consumed as a spice and only its fruit and only its fruit
is used in cooking. According to data from 2017, the
world’s pepper production was 34 million tons (Penella
& Calatayud, 2018). Sweet and paste pepper
(Capsicum annum L. is one of the most important
vegetable products, especially in the Mediterranean
region, where high efficiency and good fruit quality can
be obtained in greenhouse conditions compared to open
field conditions (Serret et al., 2018). Water resources
are limited in the Mediterranean region, and there is
increasing pressure on the use of these resources by
other sectors such as domestic, urban, and industrial
sectors, as well as irrigation. The agricultural sector is
the largest consumer of water resources in the world,
and it is important to use water efficiently (Sezen et
al., 2017). The drip irrigation system can be used to
apply irrigation water more efficiently and uniformly,
resulting in significant savings in irrigation water
usage, and maximizing water usage efficiency.
Traditional irrigation scheduling is mainly based on
monitoring the water content of the soil in the plant
root zone. However, the internal water condition of the
plant, which is located at the midpoint of the soil,
plant, water, and atmospheric system, to both climate
and soil water changes. Many published studies have
shown that partial root-zone drying (PRD) increases
the physiological mechanisms of osmotic pressure,
stomatal conductivity, and enzyme activities in plants.
The PRD system puts the plant in a continuous water
retention state, drying out part of the plant root system
while the remaining roots are well watered and
develop better (Mousavi et al., 2010). Liu et al., (2006)
reported that the mechanism of the PRD irrigation
strategy increases the abscisic acid (ABA) and provides
better yields than the products that are properly
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irrigated condition. Dodd (2009) compared the impacts
of PRD and RDI (regular deficit irrigation) on the yield
of varied crop species have indicated that dissimilar
PRD and RDI plants were more subject to the potential
decrease in yield. This risk could be reduced by near
monitoring plant water status to prevent the
development of heavy water stress that could notably
diminish yield. The benefits of the PRD in comparison
to RDI are also based on the increasing root growth
and development and better control of vegetative vigor
and assimilate partitioning (Mingo et al., 2004; Costa
et al., 2007). This study aims to compare the effects of
full, deficit irrigation (DI) regimes and partial root-
zone drying (PRD) strategy under drip and furrow
irrigation conditions through periodic measurements
of K and Ca ion concentrations and leaf osmotic
potential in red pepper (Capsicum annuum L.) leaves
in Mediterranean climate conditions. In addition, the
effects on marketable fruit yield, WUE, and IWUE of
red pepper under furrow and drip irrigation conditions
were compared under deficit irrigation, partial root-
zone drying (PRD), and full irrigation conditions.

MATERIAL and METHOD
Experimental site, soil description, and climate

The field experiment was managed for 2 years (2010 -
2011) at the Tarsus Soil and Water Resources Unit of
Alata Horticultural Research Institution (37°01'N and
35°01'E and altitude 60.0m above sea level), in Topcu,
Tarsus, Turkey. The soil of the experimental field is
clay loam clay texture with a relatively high water-
holding capacity. The available soil water holding
capacity of the experimental site was determined 120
mm in a 0.60 m soil profile. The soil water content at
field capacity ranged from 0.29 to 0.37 g g'! and wilting
point ranged from 0.15 to 0.23 g g'! on a dry weight
basis for the experimental area. In the effective root
zone, soll water contents at the field capacity and
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permanent wilting point are 284 and 164 mm,
respectively. The dry soil bulk densities varied from
1.44 to 1.45 g cm™ throughout the 60 cm soil profile.

The experimental area has a well-specified typical
Mediterranean-type climate. Average the average
yearly rainfall is 616 mm, and 54% of whole falls
during the winter months. Considering long-term
climatic information (1952-2007), the yearly
evaporation, yearly average temperature, and yearly
relative humidity of the region were 1490 mm, 17.8 °C,
and 70.66%, respectively. The seasonal (April to
October) mean rainfall during the 2010 and 2011
growing seasons are 165 and 172 mm, respectively.

Experimental design and treatments

The experiment was set out in a completely
randomized block design with four replications for drip
and furrow irrigation experiments. In drip irrigation,
the first treatment (Drr.o) which is considered full
irrigation, is the required amount of water to complete
field capacity in the upper 60 cm soil depth when 25%
of the soil available water is used. Also, drip
treatments comprised deficit irrigation (Dpio.75, Dpio.5)
and partial root drying (Dprpos and Drprpo.s). Dpio.7s
and Dvpios received 75 and 50% of Drnio, Drprpos
received 50% of Driioirrigation permanently from one
side of the crop row; Dprpo.s received 50% of Dr11.0 water
alternately from the lateral.

In furrow treatments, the (Frii.0) treatment which is
considered as a full irrigation, is the required amount
of water to complete to field capacity in the 60 cm soil
depth when 40% of the soil available water is used.
Deficit irrigation treatments comprised fixed alternate
furrow (Faros) and PRD furrow (Fprpos) in the furrow
irrigation. Faros and Fprpo.s received 50% of the water
applied to Friio. In Faros the same furrows were
irrigated while Fprpo.sirrigated alternate furrows.

In drip-irrigated plots, laterals were settled in each
plant row for Dri1.0, Dpio.75, and Dopios treatments, and
inline emitters with a discharge rate of 2.3 L h-lwere
spaced at 20 cm intervals on the lateral line (Sezen et
al., 2006). In the Drrpos treatment plots, two drip
laterals were settled out 20 cm away from the plant
row. In the Drprpos treatment plots, a single lateral
was placed 20 cm away from the plant row. The system
was operated at 100 kPa during the growing season.
The control unit of the system occurs of a pump, gravel,
and disk filters, a flow meter, control valves, a fertilizer
tank, and pressure gauges.

The amount of irrigation water was computed based on
the pre-irrigation soil water (Wi) in the measured soil
profile according to the following equation (Eq. (1)):

I= (WFC - Wi)'Y .D.A
where I is the amount of irrigation water (m3); WFC is

the soil water at field capacity; y is the soil bulk density
(g cm=3); D is the soil depth (0.6 m), and A is the area
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of the plot (m2?).The seasonal ET value was calculated
using a water balance method expressed by Allen et al.
(1998). WUE and IWUE values were calculated as the
marketable yield of red pepper divided by seasonal ET
and total irrigation during the all-growing season in
2010 and 2011 (Sezen et al., 2019).

Agronomic practices

Seedlings of Capsicum annuum (Karaisall), a variety
widely used in the region, were gently transplanted
into the plots on 15 April 2010 and 19 April 2011,
respectively in the first and second year of the study.
Karaisali pepper is a local cultivar that originated from
Adana city. The cultivar has capita-type pepper fruit.
The fruit has a flabby and cylindrical form with a deep
green color; the ripe fruit has red color. Thick flesh,
good aroma, and sweet taste properties are
appropriate for fresh table consumption in immature
and mature stages in the local region. This cultivar is
also extensively used for pepper paste manufacture in
the area by the local people. The plants were grown in
seven 70 cm spaced rows in each plot with 25 c¢cm
spacing in each row. Each plot had sizes of 10m long
and 7 plant rows (4.9 m) in width with 280 plants per
plot (5.7 plants m~2).

All treatment plots received the same amount of total
fertilizer. Preplant manure was applied at a rate of 20-
30 tons per hectare in a manner that soil organic
matter content was provided over 2%. The following
fertilizer program was applied in the experiment at
planting: 200 kg ha-1 N, 100 kg ha~1 P20s, 250 kg ha!
K20, 100 kg ha! CaO, and 50 kg ha-! MgO. The total
amount of P2Os fertilizer and the remaining amount of
fertilizer was applied through fertigation and began 3
weeks after transplanting. In each application, 1/6th of
the above-mentioned fertilizer was applied for 3 weeks
until the production of green fruit pepper. Also,
microelements (Mn, Zn, Cu, B, and Mo) were applied
at a rate of 5 kg hal. Microelements were applied at 3
different times starting 3 weeks after transplanting,
second during the green fruit formation phase, and
third application at the red pepper formation phase
(Salk et al., 2008).

The harvest area in each sub-plot was 28.0 m2 (five
rows, each 8 m in length). Mature red peppers were
harvested six times in 2010 and seven times in 2011.
The first collection was performed on August 02, 2010
(109 DAT: days after transplanting) and the final
collection was performed on November 04, 2010 (203
DAT); the corresponding figures for the second year
were July 19, 2011 (91 DAT) and November 03, 2011
(198 DAT), respectively.

Measurement of Leaf Osmotic Potential

As a physiological response when plants are exposed to
water stress cells undergo osmotic regulation. In this
case, the production of water-soluble organic
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substances usually sugars and amino acids is
increased or there may be an accumulation of ions such
as K and Ca. This osmotic regulation, which also
ensures the preservation of turgor in the plant, was
measured in the leaves of red pepper plants grown on
different irrigation treatments in drip and furrow
irrigation experiments. Thus, the effect of water stress
on plants that applied the PRD irrigation strategy with
the classical drip and furrow methods with limited
irrigation was presented comparatively. In both drip
and furrow irrigation, leaf samples were taken before
irrigation applications and the dates are indicated in
the text. For this purpose, mature leaf samples were
taken periodically during the experiment and the
"osmotic potential" values were measured with the
help of the "osmometer" device (Turner & Buirchell,
2007).

Determination of K and Ca Ion Concentrations in
Leaves

In drip and furrow irrigation plots, osmotic regulation
occurs with the accumulation of K and Ca elements as
a reaction of plants to water stress, especially in deficit
Irrigation treatments. For this purpose, the
concentrations of K and Ca elements at different
irrigation levels were determined in leaf tissues. Dried
and ground leaf samples were burned at 550 °C and
dissolved in 3.3% (v/v) HCl and elemental
concentrations were read in an atomic absorption
spectrometer (Varian 220 FS) in emission mode
(Dasgan et al., 2009).

Treatments were compared using Duncan's multiple
test. Additionally, the values in the charts are given as
mean + Standard errors.

RESULTS and DISCUSSION

Irrigation, seasonal ET, Marketable Yield, WUE, and
IWUE

To accomplish a uniform plant stand, a total of 55 mm
in 2010 and 20 mm in 2011 of irrigation water was
implemented same to all treatment plots. In drip
irrigation plots, the first treatment irrigation was
implemented on June 07, 2010, and May 18, 2011. The
last irrigation practice was provided on October 25,
2010, and October 21, 2011. The sum of total irrigation
water applied altered from 385 mm to 715 mm in 2010
and 395 mm to 770 mm according to the treatments in
drip irrigation plots Table 1). Irrigation frequencies in
the drip irrigation treatments ranged from 4 to 9 days
in 2010 and 4 to 8 days in 2011. Drip irrigation
treatments were irrigated 22 times in the first year
and 25 times in the second year.

In the furrow plots, the first treatment irrigation was
implemented on June 11, 2010, and June 07, 2011. The
last irrigation practice was implemented on October
28, 2010, and October 21, 2011. The sum of irrigation
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water applied ranged from 429 mm to 823 mm in 2010
and 452 mm to 884 mm depending on the treatment
(Table 1). Irrigation frequencies ranged from 6 to 13
days in 2010 and from 6 to 12 days in 2011 in the
furrow treatments. Furrow irrigation treatments were
irrigated 16 and 18 times in the 2010 and 2011
seasons, respectively.

Seasonal evapotranspiration (ET) by red pepper
ranged from 515 mm in Dprpos to 809 mm in Driio
treatment in 2010; and 539 mm in Dprpo.s to 824 mm
in Drro treatment in 2011 (Table 1). The ET values
raised with the increasing amount of irrigation under
furrow and drip irrigation treatments. PRD
treatments in the drip irrigation systems (Drprnos,
Drrno.s) showed slightly lower ET than Doios treatment
even though receiving the same amount of water.

WUE and IWUE values were notably impacted by
irrigation treatments and irrigation methods (Table 1).
WUE values varied from 5.46 kg m3 in Driioto 7.14 kg
m3 in the Dprpo.sin 2010 and varied from 5.79 kg m™3
in Drrioto 7.48 kg m3 in the Dprposin 2011 in drip
treatments. Dprpo.s resulted in the highest WUE values
in drip treatments. In furrow treatments, WUE values
varied from 3.84 to 5.80 kg m™3 in 2010; 4.23 to 4.82 kg
m3in 2011. IWUE values ranged from 6.18 kg m™3 in
Drri.0 to 9.55 kg m-3 in Dprpos treatment in the 2010
and varied from 6.21 kg m™ in Drr1.0 to 10.20 kg m™ in
the Dprpo.s in the 2011 season.

Leaf Osmotic Potential

As a physiological response when plants are exposed to
water stress cells undergo osmotic regulation. This
osmotic regulation, which maintains the turgor state
of the plant, was measured in the leaves of red pepper
plants grown under different irrigation treatments in
drip and furrow irrigation plots. For this purpose, the
mature leaf samples that have completed their
development periodically during the experiment were
taken and the '"osmotic potential" values were
measured with the '"osmometer" device in the
laboratory. The first osmometer measurement was
started on July 02, 2010, and the last measurement
was made on September 29, 2010. The temporal
variation of leaf osmotic potential in drip and furrow
irrigation is given in Figures 1 and 2.

While lower osmotic potential values were measured in
Dr11o treatments, higher osmotic potential values were
determined in Dpios and Drprpos treatments, where
water stress was determined in Figure 1. While lower
osmotic potential values were measured at the
beginning of the experiment, the osmatic potential
values increased towards the end of the season.

While lower osmotic potential values were measured
for Frn.o, increased water stress resulted in higher
osmotic potential values, especially for Faros
treatment in Figure 2. Leaf osmotic potential values
resulted in higher values under increasing stress
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conditions. Mullet ve Whitsitt, (1996) indicated that
the mechanism of tolerance to water stress has been

reported as “osmotic regulation” and protection of
membranes in the cell.

Table 1. Yield, irrigation, ET, WUE, and IWUE values of red pepper in-furrow and drip irrigation treatments

(2010, 2011)

Cizelge 1. Karik ve damla sulama uygulamalarinda kirmizi biberde verim, sulama, ET, WUE ve IWUFE degerleri

(2010, 2011)

Veups Drrigation oo lfif‘;;t?;ll ET (mm) Yield WUE IWUE
methods o (kg ha't) ** (kg m) ** (kg m™3) **
(mm)
Frrpo.s 439 602+17.15b 34940+ 64.42 a 5.80+0.18 a 7.95+0.10 a
Furrow Faros 439 631+11.21b 31720+ 127.80b 5.03+0.15 ab 7.22+0.18 a
Fri.o 823 928+12.28a 35590+ 156.84a 3.84+ 0.20 b 4.32£0.19b
2010 Derpo.s 385 515+ 9.40 d 36750+ 147.20c 7.14+ 0.18 a 9.55+0.18 a
Drprpo.5 385 558+ 585 ¢ 34160+91.29 d 6.12+ 0.20 b 8.87+0.09a
Drip Drrio 715 809+ 1156a 44170+ 148.55a 546+ 0.16 b 6.18+0.13 ¢
Dbio.75 561 707+1449 b 40830+ 147.20b 5.78+ 0.18 b 7.28+0.10b
Dbio.s 385 5724931 ¢ 34920 + 147.20d  6.10+ 0.20 b 9.07+0.18 a
Frrpo s 452 638+1023¢c 30740+ 91.29 b 4.82+0.20 ns 6.80+0.18 a
Furrow Faros 452 663+14.93b  29320+380.09 b 4.42+ 0.15 ns 6.49+0.12 a
Fro 884 980+9.97 a 41500+ 204.12 a 4.23+0.20 ns 469+0.14b
Drrbos 395 539+7.14 d  40330+204.12 b 7.48+0.19 a 10.20 + 0.21a
2011 Drprpos 395 572+ 11.87¢  33760+132.92 d 5.90+0.20 b 8.55 £ 0.19 be
Drip Driio 770 824+763 a 47790+204.12 a 5.79+0.18 b 6.21+£0.18d
Doio 75 595 752+11.35 b 47170+ 142.83 a 6.27+0.16 b 7.93+0.14c
Doios 395 592 +16.05 ¢ 35970 +203.47 ¢ 6.08+0.18 b 9.11+0.13b

Letters indicate significant differences at *P < 0.05 and **P < 0.01

Figure 2 showed that while lower osmotic potential
values were measured for Frri.0, increased water stress
resulted in higher osmotic potential values, especially
for Faros treatments. The temporal variation of leaf
osmotic potential values for 2011 in drip and furrow
irrigation treatments are given in Figures 3 and 4. The
first osmometer measurement was started on June 07,
2011, and the last measurement was made on October
04, 2010.

In 2011, while the lowest osmotic potential values were
measured for Drro in drip irrigation, the highest
values were determined for Dpros and Drprpos
treatments. While lower osmotic potential values were
measured at the beginning of the experiment, osmotic
potential values increased towards the end of the
season in 2011 (Figure 3).

In 2011, while the lowest osmotic potential values were
measured for Friio in furrow irrigation, it resulted in
the highest osmotic potential values for Faros. While
lower osmotic potential values were measured at the
beginning of the experiment in furrow irrigation
treatments, the osmatic potential values increased
towards the end of the season in 2011 (Figure 4).
Physiological, biochemical, and molecular biological
levels of the plant were investigated in PRD
applications in different plants and, for example,
potato crops showed positive physiological regulation
due to osmotic adaptation (Su et al., 2020). Water
stress occurs from the osmotic salinity of soil and
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water. (Lian et al., 2004). Under stress conditions,
absisic acid (ABA) is produced and osmotic adjustment
processes carry it to the leaves via the xylem
(Schachtman & Goodger, 2008). The osmotic
concentration in the leaves of plants is related to its
osmotic potential. After the salt of the water decreases,
the osmotic potential in the leaf is irrigated conditions
(Saleh, 2012). Conversely, Alvares et al., (2012)
reported that no osmotic adjustment was observed in
plants submitted to water stress. The osmatic
potential responds not only to water stress but also to
other factors including cultivar, environment, soil
type, and the relationships between canopy and root
system, i.e. the resistance to water movement.
Therefore, the water potential thresholds to schedule
irrigation are site-specific (Garcia-Tejera et al., 2021).

K and Ca Ion Concentrations in Leaves

K and Ca ion concentrations in pepper were
determined on the leaf samples taken in the first
(August 02, 2010, and July 19, 2011) and fourth
harvest (September 13, 2010 and September 05, 2011)
periods in the 2010 and 2011 experimental years for
furrow and drip irrigation (Figures 5-8).

In drip irrigation, the Ca ion values of 2010 were
determined to be higher both in the first harvest and
in the fourth harvest compared to the 2011 season. The
highest Ca (%) values were determined for Dprpo.s in
both trial years and the lowest Ca (%) values for Drri.0
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treatment (Figure 5). Similar to drip irrigation, it was
determined that Ca ion values in furrow irrigation in
2010 were higher both in the first harvest and in the
fourth harvest compared to the 2011 season. In both
experimental years, the highest Ca (%) values were
determined for Faros treatment, and the lowest Ca (%)
values were determined for Frri.o treatment (Figure 6).

In drip irrigation, the K ion values of both years were
generally similar in the first and fourth harvests. In
the 2010 and 2011 experimental years, the highest K
(%) values were found in Drprpo.s, Dpio.s, and the lowest
K (%) values were in Dprpos (Figure 7). In the furrow
irrigation treatments, the K ion values of both years
were generally similar in the first and fourth harvests.
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Figure 1. Temporal change of leaf osmotic potential in drip irrigation treatments (2010)
Sekil 1. Damla sulama konularinda yaprak ozmotik potansiyelinin degisimi (2010)
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Figure 2. Temporal change of leaf osmotic potential in furrow irrigation treatments (2010)
Sekil 2. Karik sulama konularinda yaprak ozmotik potansiyelinin degisimi (2010)
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Figure 3. Temporal change of leaf osmotic potential in drip irrigation treatments (2011)

Sekil 3. Damla sulama konularinda yaprak ozmotik potansiyelinin degisimi (2011)
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Figure 4. Temporal change of leaf osmotic potential in furrow irrigation treatments (2011)
Sekil 4. Karik sulama konularinda yaprak ozmotik potansiyelinin degisimi (2011)

In the 2010 and 2011 growing seasons, K (%) values
varied between 2.1-2.5 % and 2.3-2.8%, respectively
(Figure 8). Potassium (K) ion consentrations plays an
important role in protein synthesis, photosynthesis,
stomatal regulation, sugar transport, enzyme activity,
and improving yield and quality (White and Karley,
2010; Marschner, 2012; Oosterhuis et al., 2014).
Potassium (K) values, which is the most abundant
inorganic cation that provides plant growth, tend to
increase from the first harvest to the fourth harvest in
drip and furrow irrigation treatments in 2010 and
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2011 growing seasons. Similar many studies were
obtained by Shabala and Cuin, (2008); Walker et al.,
(2000); Amjad et al., (2014)

CONCLUSION

In this study, the impacts of irrigation methods,
irrigation water amount and irrigation strategies
(deficit and PRD) are notably significant for acquire
higher marketable yields of red pepper under the
Mediterranean climatic conditions in Turkey.
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Figure 5. Changes of Ca ion concentrations in leaves in drip irrigation treatments (2010-2011)
Sekil 5. Damla sulama konularindaki yapraklardaki Ca iyon konsantrasyonlarinin degisimleri (2010-2011)
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Figure 6. Changes of Ca ion concentrations in leaves in furrow irrigation treatments (2010-2011)
Sekil 6. Karik sulama konularinda yapraklardaki Ca iyon konsantrasyonundaki degisimleri (2010-2011)
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Figure 7. Changes of K ion concentrations in leaves in drip irrigation treatments (2010-2011)
Sekil 7. Damla sulama konularinda yapraklardaki K iyon konsantrasyonlarinin degisimleri (2010-2011)
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Figure 8. Changes of K ion concentrations in leaves in furrow irrigation treatments (2010-2011)
Sekil 8. Karik sulama konularinda yapraklardaki K iyon konsantrasyonundaki degisimleri (2010-2011)

This results revealed that irrigation methods and
irrigation levels had a prominent impact on
marketable yield of red pepper. The highest yield was
obtained from the Drii.o treatment in drip irrigation
which had the highest ET in drip irrigation in both
years. Furthermore, the Dri1o treatment provided in
greater quality red pepper yield compared to other
deficit irrigation treatments, since the higher
irrigation level absolutely impacted yield quality
parameters (data not shown). In furrow irrigation, the
highest marketable red pepper yield was acquired from
the Friio treatment which had the highest ET value.
Regarding the rising water shortage conditions in the
Mediterranean region, Dpio.7s and Ferpos reveal to be
well alternative to full irrigation for high marketable
yields and further high water use efficiency. Different
water deficit levels at all growth stages of red pepper,
especially PRD treatments, indicated that the ET
values of deficit irrigation treatments were
significantly reduced compared to full irrigation
applications in furrow and drip irrigation methods.
The results showed that WUE and IWUE values
diminished with enhancement irrigation level in
furrow and drip irrigation methods. In order to ensure
sustainable agriculture, especially efficient water
management strategies should be established in arid
and semi-arid regions with insufficient water
resources. The findings in this study indicated that
Driio and Frio applications, which are irrigated by
using 25% of the available water in drip irrigation and
40% of the available water in furrow irrigation and
completed to field capacity at 60 cm soil depth are
recommended to obtain higher marketable yield and
quality of red pepper in the Mediterranean region.
While lower osmotic potential values were measured in
full irrigation treatments in furrow and drip irrigation
plots, higher osmotic potential values were determined
in treatments where water stress was determined in
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both years. In both drip and furrow irrigation, the
lowest Ca (%) values were obtained in full irrigation,
while the highest Ca values were obtained in limited
irrigation with water stress in 2010 and 2011 years. K
ion values were generally similar in the first and
fourth pepper harvests in drip and furrow irrigation in
2010 and 2011 seasons.
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minutus (Linnaeus, 1767), Corticarina curta (Wollaston, 1854),
Cortinicara gibbosa (Herbst, 1793), Melanophthalma rhenana Riicker &
Johnson, 2007, M. taurica (Mannerheim, 1844), M. fuscipennis
(Mannerheim, 1844), Corticaria serrata (Paykull, 1798), Corticaria
elongata (Gyllenhal, 1827), C. pubescens (Gyllenhal, 1827) and
Migneauxia crassiuscula (Aubé, 1850). E. rugosus (Herbst, 1793) and M.
distinguenda (Comolli, 1837) species are new records for the Marmara
Region, while Cartodere apfelbecki (Reitter, 1901) species are new
records for the local fauna of Balikesir Province. In addition, the
zoogeographic distribution of the recorded species was also evaluated.

OZET Entomoloji
Balikesir Ili mese ve kayin alanlarinda bulunan Latridiidae familyasina
bagh tiirleri saptamak amaciyla pencere ve ¢ukur tuzak kullanilarak Aragtirma Makalesi
yurutilen bu calisma Nisan-Aralik aylari arasinda 2012-2014 yilinda
gerceklegtirilmistir. Calismanin sonucunda, Latridiidae (Coleoptera) Makale Tarihgesi
familyasina bagh dokuz cinse ait toplam 22 tir tespit edilmigtir. Bu Gelig Tarithi  :26.01.2023
tirlerden, Cartodere nodifer (Westwood, 1839), Corticaria longicollis Kabul Tarihi :06.07.2023
(Zetterstedt, 1838), C. obscura C.N.F Brisout de Barneville, 1863,
Corticarina minuta (Fabricius, 1792), Enicmus fungicola (C. G. Thomson, Anahtar Kelimeler
1868) ve E. testaceus (Stephens, 1830) olmak tizere alt1 tiir Tirkiye icin Coleoptera
yeni kayit niteligindedir. Ilk kez Tiirkiye’den lokalite kaydi verilen 13 tiir Latridiidae
ise Metophthalmus hungaricus Reitter, 1884, FEnicmus transversus New records
(Oliver, 1790), E. brevicornis (Mannerheim, 1844), Latridius minutus Balikesir
(Linnaeus, 1767), Corticarina curta (Wollaston, 1854), Cortinicara Turkiye
gibbosa (Herbst, 1793), Melanophthalma rhenana Riicker & Johnson,
2007, M. taurica (Mannerheim, 1844), M. fuscipennis (Mannerheim,
1844), Corticaria serrata (Paykull, 1798), C. elongata (Gyllenhal, 1827),
C. pubescens (Gyllenhal, 1827) ve Migneauxia crassiuscula (Aubé, 1850)
dir. E. rugosus (Herbst, 1793) ve M. distinguenda (Comolli, 1837) tiirleri
Marmara Bolgesi, Cartodere apfelbecki Reitter, 1901) tiirii ise Balikesir
Ili lokal faunasi icin yeni kayittir. Ek olarak, kaydedilen tiirlerin
zoocografik dagilislar: da degerlendirilmistir.
New Records for The Latridiidae (Coleoptera) Fauna of Turkey
ABSTRACT Entomology
This study, which was carried out using window and pitfall traps, was
conducted between April-December in 2012-2014 to identify the species Research Article
connected to the Latridiidae (Coleoptera) family found in oak and beech . .
areas in Balikesir. As a result of the study, a total of 22 species belonging Artlc.le History -
to nine genera of the family Latridiidae were determined. Six of these Received ) 26.01.2023
species, Cartodere nodifer (Westwood, 1839), Corticaria longicollis Accepted - 06.07.2023
(Zetterstedt, 1838), C. obscura C.N.F Brisout de Barneville, 1863, Ke d
. . . .. . . yworas
Corticarina minuta (Fabricius, 1792), Enicmus fungicola (C. G. Thomson, Coleoptera
1868) and FEnicmus testaceus (Stephens, 1830) are new records for Latridiidae
Turkey. The 13 species whose locality was recorded for the first time from New records
Turkey are Metophthalmus hungaricus Reitter, 1884, E. transversus Balikesir
(Oliver, 1790), Enicmus brevicornis (Mannerheim, 1844), Latridius Didsy
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INTRODUCTION Riicker et al., 2009; Lord et al., 2010; Quiroz-Gamboa

Despite their wide geographical distribution, long
history among taxonomists, their place in the
ecosystem's nutrient cycle, their decomposing role with
fungi, and the fact that some 30 species are listed as
storage pests in many places, there i1s very little
information on the number of species, their local and
regional zoogeographic distribution and biology of the
Latridiidae (Coleoptera) family, which we can call
‘mold beetles' in Turkish.

Latridiidae family, which occurs in all regions except
the north and south Polar Regions, is represented by
31 genera and 839 species depending on two
subfamilies in the world. While 235 species belonging
to 17 genera belonging to the Latridiidae family have
been recorded in the Western Palearctic Region, 182
species belonging to 17 genera are known in Europe.
In Turkey, 57 species belonging to 12 genera were
recorded (Riicker, 2018, 2020, 2021).

Most of the species of the family Latridiidae do not
show strong diagnostic morphological features, with
the exception of their yellow, yellow-brown, or dark
brown to black exterior, small size, and the 3-3-3 tarsal
formula. Despite the increasing number of studies,
very few species have been revised, and the abundance
of synonyms causes specimens to be misidentified or to
remain under old names in many collections and to
receive little attention from systematists (Hartley et
al., 2007; Trikhleb & Simutnik, 2008; Trikhleb, 2009;

-

Figurel. The Map of the study fields (Google Earth pro 2022).

& Serna, 2011; Lépez, 2014; Otero & Riucker, 2017;
Riicker, 2018, 2020, 2021). Despite many studies in the
world in recent years, there are almost no studies on
the Latridiidae fauna of Turkey.

The aim of this study was to determine the species
belonging to the family Latridiidae in oak and beech
areas of Balikesir Province and to contribute to the
knowledge of the distribution, biodiversity, and local
and regional zoogeographic distribution of these
species.

MATERIAL and METHODS

The material of the study consisted of Latridiidae
species caught between April-December in 2012-2014
using the window and pitfall trap method in old, hollow
oak (Quercus frainetto Ten., Q. cerris L., Q. infectoria
Olivier., @. petraea Lieble., @. pubescens Willd., @.
frainetto Ten.X @. petraea Lieble., @. cerris L.x @.
pubescens Willd., Quercus spp. L. (dead tree) and
beech (Fagus orientalis Lipsky., F. sylvatica L., Fagus
spp. L. (dead tree)) trees in 11 different localities in
broad-leaved forests of Balikesir Province. Considering
the width of the sampling areas, the number of traps
set was determined between five and 10 for each
trapping method. The map of the oak and beech areas
where window and pitfall traps were set is shown in
Figure 1, while coordinates, altitude and biotope
information are given in Table 1.

Sekil 1. Calisma alanlarinin genel goriiniimii (Google Earth pro 2022).
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Table 1 The Information belonging to study fields
Cizelge 1. Calisma Alanlarina Ait Bilgiler

No Localty Coordinate Altitude Trap Biotope
1 Erdek District, Goletalta 40°28'16"N 290-345 m W, P Quercus petraea,
27°53'52”EK Q. frainetto x Q.petraea
2 Erdek District, Kurtbogazi  40°27°45”N 601-612 m W, P Fagus orientalis,
27°49'25”"E F. sylvatica
3 Gonen District, Sarkoluk 40°0854”N 406-508m W, P Quercus frainetto,
Store 27°29'35”E Q. cerris
4 Gonen District, Porta Hill 40°07'37°N 730-776 m W, P Fagus orientalis,
27°25'44”E Fagus spp.
5 Susurluk District, Bagiran 39°51’41”’N 794-812 m W, P Fagus orientalis,
Stream 28°18'13”E F. sylvatica
6 Susurluk District, Darialan 39°52’06”N 570-798 m W, P Q. petraea,
28°16'35”E Quercus spp.
7 Balya District, Ilica 39°54’19”’N 311-325m W, P Quercus frainetto,
Quarter, Hisaralan 27°50’43”E Q. cerris
8 Karesi District, Bakacak 39°40°52”N 432-495 m W, P Quercus Infectoria, €. frainetto,
Quarter, Koruluk 27°43'31"E Q. cerris, Quercus spp., . cerris
x @.pubescens, . pubescens
9 Savastepe District, 39°21'24”N 782-832 m W, P Quercus cerris,
Mancilik 27°48'45”E Q. frainetto
10 Bigadi¢  District, Ulus 39°1926"N 1612-1632m W, P Fagus orientalis,
Mountain 27°23'41”E Fagus spp.
11 Bigadi¢ District, Davutlar 39°29'15”"N 666-719 m W, P Quercus cerris
Village 28°19'21”"E
Field Studies surface tension). Pitfall trap (P) consisted of 250 ml

In Turkey and other countries, studies using window
and pitfall traps are among the techniques used to
identify species that belong to the Latridiidae family.
(Sama et al., 2011; Jansson et al., 2011; Platia et al.,
2014; Riicker, 2018). The window trap (W), as shown
in Figure 2A, consisted of a 30 x 60 cm wide
transparent plastic plate with a tray underneath.
These traps were placed in the trunks of oak and beech
trees (<1 m) beside or in front of a hollow entrance, at
a height of 1.5-2.5 m above the ground. The tray was
half filled with trapping liquid (1:1 mixture of ethylene
glycol and water with a little detergent to reduce

Figure 2. Th trapping

plastic containers with an upper diameter of 6.5 cm.
These traps were placed at the base of the cavities in
the trunk of old hollow oak and beech trees so that the
mouth of the trap was flush with the soil level, and the
trap was half filled with trapping liquid and
camouflaged with stones and plant parts (Figure 2B).
The material collected from the traps was taken
regularly at three-week intervals, labeled and brought
to the laboratory and the trap liquid was completed.
The material collected from the traps was regularly
taken at three-week intervals, labeled, brought to the
laboratory and the decreasing trap fluid was
completed.

mthods, A. Window trap; B.. itfll trap.

Sekil 2. Tuzak yontemleri. A. Pencere Tuzak, B. Cukur Tuzak.
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Laboratory analysis

The samples brought to the laboratory were washed
with water using a 0.1 mm wire strainer to remove the
trap liquid. The cleaned samples were taken into a 30
x 50 cm rectangular white container with water and
the Latridiidae species were separated from the other
insects caught under a white light table lamp and
taken into 2 ml Ependorf tubes containing 70% ethyl
alcohol. The separated specimens were grouped into
upper and lower taxa under Nikon model SMZ 1500
and Olympus model SZX10 stereo microscope and
species level distinctions, aedeagus removal, and
identification procedures were performed. The
material referred to in this study is stored in Balikesir
University, Faculty of Arts and Sciences, Department
of Biology, Zoological Museum, Balikesir, Turkey.

RESULTS

Among the 8537 individuals of the Latriididae family
recorded in the study, nine of the 22 species belong to

Latridiinae and 13 belong to the Corticariinae
subfamily.
Familya Latridiidae

Altfamilya Latridiinae Erichson, 1842
Genus Metophthalmus Motschulsky, 1850
Metophthalmus hungaricus Reitter, 1884

Material examined: Balikesir, Savastepe, Mancilik,
39°21’25”N  27°48'43”E, 791 m, . frainetto,
06.VII1.2012, 4P, 19. Totally 1 ex.

Distribution in the world: Europe: Bulgaria, Greece,
Hungary, Italy, Romania, Sicily, and Ukraine; Asia:
Turkey (Riicker, 2018, 2021, Anonymous, 2023).

Distribution in Turkey: Regions of Turkey entering the
Asian continent (Riicker, 2018, 2021). This is the first
time a locality record is given with this study.

Genus Latridius Herbst, 1793
Latridius minutus (Linnaeus, 1767)

Material examined: This species was identified in
traps set on each date. Totally 14129 233J, 164 exs.

Distribution in the world: Europe: Albania, Austria,
Azores, Baliear Islands, Belarus, Belgium, Bosnia and
Herzegovina, Britain, Bulgaria, Croatia, Czech
Republic, Denmark, Estonia, Feroe Islands, Finland,
France, Georgia, Germany, Greece, Hungary, Iceland,
Ireland, Italy, Latvia, Liechtenstein, Lithuania,
Luxembourg, Macedonia, Malta, Moldova,
Netherlands, Norway, Poland, Portugal, Romania,
Russia: Central European Territories, Russia: Eastern
European Territories, Russia: Northern European
Territories, Russia: Southern European Territories,
Slovakia, Slovenia, Spain, Sweden, Switzerland,
Turkey, Ukraine, and Yugoslavia; Asia: Mongolia,
Russia: East Siberia, Russia: Far East, Turkey, and

144

Russia: West Siberia; North Africa: Canary Islands,
Madeira Archipelago, and North Africa; Afrotropics
Region; Australia Region; Nearctic Region: North
America; Neotropical Region: South America; Near
East; Near Region; East Region: (Johnson, 2007;
Riicker, 2018, 2021; Anonymous, 2023).

Distribution in Turkey: Turkey (Asia and Europe)
(Johnson, 2007; Anonymous, 2023). This is the first
time a locality record is given with this study.

Genus Enicmus (C.G. Thomson, 1859)
Enicmus transversus (Oliver, 1790)

Material examined: This species was identified in
traps set on each date. Totally 25299 2433, 276 exs.

Distribution in the world: Europe: Armenia, Austria,
Azerbaijan, Balear Adasi, Belarus, Belgium, Bosnia
and Herzegovina, Britain, Bulgaria, Croatia, Czech
Republic, Denmark, Estonia, Finland, France,
Georgia, Germany, Greece, Hungary, Ireland, Italy,
Latvia, Liechtenstein, Lithuania, Luxembourg,
Macedonia, Malta, Moldova, Netherlands, Norway,
Poland, Portugal, Romania, Russia: Central European
Terrtories, Russia: Eastern European Territories,
Ruissia: Northern European Territories, Russia:
Southern European Territories, Slovakia, Slovenia,
Spain, Sweden, Switzerland, Ukraine, and Yugoslavia;
Asia: Afghanistan, Cyprus, Israel, Jordan, Nepal,
Russia: West Siberia, Syria, and Turkey; North Africa:
Algeria, Canary Islands, Egypt, Madeira Archipelago,
Morocco, and Tunisia; Afrotropics Region; East
Palearctic; Near East; East Region (Johnson, 2007;
Riicker, 2018; Anonymous, 2023).

Distribution in Turkey: Regions of Turkey entering the
Asian continent (Riicker, 2018; Anonymous, 2023).
This is the first time a locality record is given with this
study.

Enicmus rugosus (Herbst, 1793)

Material examined: This species was identified in
traps set on each date. Totally 38922 7083, 459 exs.

Distribution in the world: Europe: Austria, Belarus,
Belgium, Bosnia and Herzegovina, Britain, Bulgaria,
Croatia, Czech Republic, Denmark, Estonia, Finland,
France, Georgia, Germany, Greece,Hungary, Italy,
Latvia, Lithuania, Netherlands, Norway, Poland,
Portugal, Romania, Russia: Central European
Territories, Russia: Eastern European Territories,
Russia: Northern European Territories, Serbia and
Montenegro, Slovakia, Slovenia, Spain, Sweden,
Switzerland, Turkey, Ukraine and Yugoslavia; Asia:
China, Iran, Mongolia, Russia: Eastern Siberia, and
Baikal Region, Russia: Far East, Russia: West Siberia,
and Turkey; North Africa: Morocco, and Tunisia; East
Palearctic: (Johnson, 2007; Riicker, 2018, 2021;
Anonymous, 2023).

Distribution in Turkey: Izmir (Karsiyaka-Yamanlar
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Mountain) (Johnson, 2007; Tezcan et al., 2010; Riicker,
2018, 2021). This species is reported for the first time
from Marmara Region.

Enicmus brevicornis Mannerheim, 1844)

Material examined: This species was identified in
traps set on each date. Totally 65629 14933, 805 exs.

Distribution in the world: Europe: Austria, Belgium,
Bosnia and Herzegovina, Britain, Croatia, Czech
Republic, Estonia, Finland, France, Georgia,
Germany, Greece, Hungary, Italy, Latvia, Lithuania,

Netherlands, Norway, Poland, Romania, Russia:
Central European Territories, Russia: Southern
European Territories, Slovakia, Spain, Sweden,

Switzerland, Ukraine, and Yugoslavia; Asia: Iran, and
Turkey; North Africa: Algeria, Morocco, and Tunisia;
East Palearctic (Johnson, 2007; Riicker, 2018, 2021;
Anonymous, 2023).

Distribution in Turkey: Regions of Turkey entering the
Asian continent (Johnson, 2007; Riicker, 2018, 2021).
This is the first time a locality record is given with this
study.

Enicmus fungicola (C. G. Thomson, 1868)

Material examined: This species was identified in
traps set on each date. Totally, 7999 58, 84 exs.

Distribution in the world: Europe: Austria, Belarus,
Belgium, Britain, Bulgaria, Croatia, Czech Republic,
Denmark, Estonia, Finland, France, Germany,
Hungary, Italy, Latvia, Lithuania, Netherlands,
Norway, Poland, Romania, Russia: Central European
Territories, Russia: Northwest European Territories,
Slovakia, Slovenya, Sweden, Switzerland, Ukraine,
and Yugoslavia (Johnson, 2007; Riicker, 2018;
Anonymous, 2023).

Distribution in Turkey: This species is the first record
for the fauna of Turkey.

Enicmus testaceus (Stephens, 1830)

Material examined: This species was identified in
traps set on each date. Totally 9829 17, 99 exs.

Distribution in the world: Europe: Austria, Belarus,
Belgium, Britain, Czech Republic, Denmark, Estonia,
Finland, France, Germany, Greece,Hungary, Ireland,
Italy, Latvia, Lithuania, Netherlands, Norway,
Poland, @ Romania,Russia: Northern  European
Territories, Serbia and Montenegro, Slovakia, Spain,
Sweden, Switzerland, and Yugoslavia; Asia: Iran;
North Africa: Algeria, and Canary Islands (Johnson,
2007; Riicker, 2018, 2021; Anonymous, 2023).

Distribution in Turkey: This species is the first record
for the fauna of Turkey.

Genus Cartodere (C.G.Thomson, 1859)

Cartodere (Cartodere) apfelbecki (Reitter, 1901)
Material examined: Balikesir, Erdek, Goletalts,
40°28'15”"N  27°53'52”E, 345 m, . petraea,
16.VI1.2012, 2W, 19; Susurluk, Darialan, 39°52’03"N
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28°16’39”E, 572 m, Q. petraea, 27.VI1.2012, 10W, 19
18; Karesi, Bakacak, Koru, 39°40’53”N 27°43’33”E,
485 m, . frainetto, 02.VIII.2012, 7TW, 19; Goénen,
Porta Hill,, 40°07°’36”N 27°25’47’E, 759 m, Fagus spp.,
10.VIII.2012, 6P, 299; Erdek, Goletalti, 40°2815”N
27°53'52”E, 345 m, @. petraea, 20.1X.2012, 2P, 1%;
Susurluk, Darialan, 39°52’04”N 28°16’37”E, 5682 m, .
petraea, 26.1X.2012, 2P, 19; Susurluk, Bagiran
Stream, 39°51’40”N 28°18’14”E, 806 m, F orientalis,
26.1X.2012, 8P, 19; Susurluk, Darialan, 39°52’04”N
28°16’37°E, 582 m, €. petraea, 23.V.2013, 2P, 1%;
Erdek, Kurtbogazi, 40°2746"N 27°49'25”E, 604 m, F
orientalis, 24.V.2013, 3W, 19; Erdek, Kurtbogaz,
40°2746”N 27°49°26”E, 601 m, F sylvatica, 24.V.2013,
4W, 135 Gonen, Porta Hill,, 40°07°36”N 27°25’48”E, 735
m, F orientalis, 24.V.2013, 1W, 19; Goénen, Porta Hill,,
40°07'38”N 27°25’44”E, 730 m, F orientalis, 24.V.2013,
4W, 19; Savastepe, Mancilik 39°21’26”N 27°48'47"E,
832 m, Q. cerris, 11.V1.2013, 6P, 19; Susurluk, Bagiran
Stream, 39°51’40”N 28°18'14”E, 806 m, F orientalis,
19.V1.2013, 8P, 19; Erdek, Goletalti, 40°2815”N
27°53'53”E, 334 m, @. petraea, 26.VI1.2013,4W, 1%;
Erdek, Kurtbogazi, 40°2746”N 27°49'26”E, 601 m, F
sylvatica, 26.VI1.2013, 4W, 19; Susurluk, Darialan,
39°52’04”N  28°16'36"E, 578 m, . petraea,
16.VIII1.2013, 4W, 19; Susurluk, Bagiran Stream,
39°51’41”"N  28°18'13”E, 807 m, F sylvatica,
16.VII1.2013, 5W, 19; Erdek, Kurtbogazi, 40°2745"N
27°49°26”E, 606 m, F orientalis, 27.1X.2013, 8P, 19;
Erdek, Kurtbogazi, 40°27°46"N 27°49'23”E, 608 m, £
sylvatica, 01.X1.2013, 10P, 19; Karesi, Bakacak, Koru,
39°40’55”N  27°43’39”E, 455 m, Quercus spp.,
7.X1.2013, 11W, 19; Erdek, Kurtbogazi, 40°2746”N
27°49°23"E, 608 m, F sylvatica, 28.X1.2013, 10P, 19;
Erdek, Goletalty, 40°28'11”N 27°53’51”E, 290 m, 6.
petraea, 26.V1.2014, 1W,19; Erdek, Kurtbogaz,
40°2746°N  27°4923"E, 612 m, F orientalis,
26.V1.2014, 1P, 135 Gonen, Porta Hill,, 40°07'37"N
27°25'44”E, 730 m, F orientalis, 26.V1.2014, 5P, 19;
Totally 2492 383, 27 exs.

Distribution in the world: Europe: Bulgaria, Hungary,
Serbia, and Turkey; Asia: Turkey (Johnson, 2007;
Riicker, 2018, 2021; Anonymous, 2023).

Distribution in Turkey: Anatolia, and Istanbul
(Johnson, 2007, Riicker, 2018, 2021; Anonymous,
2023). This species is reported for the first time from
Balikesir Province.

Note: The main distribution area is Turkey, that is,
Anatolia, and Istanbul. Probably migrated to Bulgaria,
Serbia, and Hungary from Istanbul (Riicker, 2018).

Cartodere (Aridius) nodifer (Westwood, 1839)

Material examined: Balikesir, Karesi, Bakacak, Koru,
39°40’51”N 27°43’29”E, 478 m, ). infectoria, 18.V.2012,
3W, 19; Balya, Ilica Village, Hisaralan, 39°54°24”N
27°50'377E, 317 m, @. frainetto, 31.VI1.2012, 1P, 19;
Balya, Ilica Village, Hisaralan, 39°54°25”N 27°50’39”E,
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325 m, . frainetto, 31.VIL.2012, 3P, 19; Karesi,
Bakacak, Koru, 39°40’51”N 27°43’29”E, 478 m, @.
infectoria, 02.VII1.2012, 3W, 19Q; Savastepe, Mancilik
39°21°24”N 27°48'45”E, 825 m, Q. cerris, 06.VII1.2012,
5W, 19; Gonen, Porta Hill,, 40°07’37”N 27°25’44”E, 730
m, F orientalis, 10.VII1.2012, 5P, 19; Susurluk,
Bagiran Stream, 39°51’40”N 28°18’13”E, 795 m, F
orientalis, 31.X.2012, 9P, 19; Bigadig, Davutlar
Village, 39°29'12"N 28°19'17’E, 685 m, . cerris,
16.V.2013, 10W, 19; Savastepe, Mancilik 39°21’25"N
27°48'43”E, 802 m, Q. frainetto, 21.V.2013, 9W, 12173;
Susurluk, Darialan, 39°52’04”N 28°16’38”E, 584 m, @).
petraea, 23.V.2013, 3W, 19; Erdek, Goletalts,
40°28'15”N 27°53’53”E, 334 m, Q. petraea, 24.V.2013,
4W, 19; Gonen, Sarkoluk Store, 40°0853”N
27°29'44”E, 439 m, . frainetto, 24.V.2013, 2W, 1%;
Gonen, Sarkoluk Store, 40°08’56”N 27°29’38”E, 425 m,
Q. frainetto, 24.V.2013, 3W, 19; Savastepe, Mancilik
39°21’26”N 27°48'41”E, 782 m, @. cerris, 11.V1.2013,
2W, 19; Gonen, Porta Hill,, 40°07°37”N 27°25’44”E, 730
m, F orientalis, 21.V1.2013, 5P, 19; Karesi, Bakacak,
Koru, 39°40’55"N 27°43’39”E, 455 m, Quercus spp.,
28.V1.2013, 11W, 19; Bigadi¢, Davutlar Village,
39°29'15”N 28°19’21”E, 706 m, Q. cerris, 11.VI1.2013,
5P, 19; Erdek, Goletalt1, 40°28'15”"N 27°53'54"E, 322
m, . frainetto X @. petraea, 26.VI1.2013, 6W, 19;
Erdek, Kurtbogazi, 40°2745"N 27°49'26”E, 606 m, F
orientalis, 26.VII.2013, 8P, 1J; Bigadi¢, Davutlar
Village, 39°29'12"N 28°19'17”E, 685 m, . cerris,

13.VII1.2013, 10W, 299Q; Susurluk, Darialan,
39°52’°06”"N  28°16’36”E, 565 m, . petraea,
16.VII1.2013, 6P, 19; Gonen, Sarkoluk Store,

40°08'51”N 27°29’43”E, 508 m, Q. cerris, 21.VII1.2013,
8P, 19; Karesi, Bakacak, Koru, 39°40’55”N 27°43’35”E,
495 m, Q. cerris, 06.1X.2013, 9W, 19; Bigadig¢, Davutlar
Village, 39°29°17"N 28°19'20”E, 699 m, . cerris,
10.IX.2013, 8W, 19; Savastepe, Mancilik 39°21’26”N
27°48'47°E, 832 m, @. cerris, 13.1X.2013, 6P, 19;
Erdek, Kurtbogazi, 40°2746”N 27°49°22”E, 611 m, F
sylvatica, 27.1X.2013, 7P, 19; Erdek, Kurtbogaz,
40°2746”N 27°49’23”E, 608 m, F! sylvatica, 27.1X.2013,
10W, 19; Balya, Ilica Village, Hisaralan, 39°54’22”N
27°50°39”E, 321 m, @. frainetto, 03.X.2013, 2W, 19;
Susurluk, Bagiran Stream, 39°5140"N 28°18'13”E,
795 m, F orientalis, 30.X.2013, 9P, 19; Gonen,
Sarkoluk Store, 40°08'53"N 27°29’33”E, 406 m, @.
cerris, 01.X1.2013, 7P, 19; Bigadig, Ulus Mountain,
39°19°25”N  27°23'41”E, 1.617 m, F orientalis,
05.X1.2013,2P, 19; Erdek, Kurtbogazi, 40°27'45”N
27°49°26”E, 606 m, F orientalis, 28.X1.2013, 8W, 29 9;
Gonen, Sarkoluk Store, 40°08’53”N 27°29’33”E, 406 m,
Q. cerris, 28.X1.2013, 7P, 19; Erdek, Kurtbogazi,
40°2746”N 27°49°23”E, 608 m, F sylvatica, 16.V.2014,
10P, 19; Susurluk, Bagiran Stream, 39°51’36”N
28°18'15”E, 795 m, F! orientalis, 30.V.2014, 2P, 1%;
Bigadig, Davutlar Village, 39°29'15”N 28°19'24”E, 666
m, . cerris, 19.VI.2014, 2P, 19; Bigadig, Ulus
Mountain, 39°1921”N 27°23’41”E, 1.617 m, ZF
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orientalis, 21.VII1.2014, 7P, 1Q; Totally 3822 248, 40
exs.

Distribution in the world: Europe: Albania, Austria,
Azores, Baliear Islands, Belarus, Belgium, Bosnia and
Herzegovina, Britain, Bulgaria, Croatia, Czech
Republic, Denmark, Estonia, Faroe Islands, Finland,
France, Germany, Greece, Hungary, Iceland, Ireland,
Italy, Latvia, Liechtenstein, Lithuania, Luxembourg,
Macedonia, Malta, Moldova, Netherlands, Norway,
Poland, Portugal, Romania, Russia: Central European
Territories, Russia: Eastern European Territories,
Russia: Northern European Territories, Russia:
Northwest European Territories, Russia: Southern
European Territories, Slovakia, Slovenia, Spain,
Sweden, Switzerland, and Ukraine; Asia: Cyprus, and
Japan; North Africa: Canary Islands, Madeira
Archipelago, and Morocco; Afrotropics Regions;
Australia Region; Neotropical Region: South America;
Nearctic Region: North America, and South
Greenland; East Palearctic Bolge; Near East; Near
Region; East Region (Johnson, 2007; Riicker, 2018,
2021; Anonymous, 2023). COS

Distribution in Turkey: This species is the first record
for the fauna of Turkey.

Altfamilya Corticariinae Curtis, 1829
Genus Corticarina Reitter, 1880
Corticarina curta (Wollaston, 1854)

Material examined: Balikesir, Susurluk, Darialan,
39°52'04”N 28°16’38”E, 584 m, . petraea, 22.V1.2012,
3W, 195 Susurluk, Darialan, 39°51°48”N 28°1755”E,
750 m, @. petraea, 27.VI1.2012, 15P, 19; Karesi,
Bakacak, Koru, 39°40’55”N 27°43'35”E, 495 m, @.
cerris, 02.VII1.2012, 9W, 19; Karesi, Bakacak, Koru,
39°40°57’N 27°43'34”E, 432 m, Q. pubescens,
02.VII1.2012, 16P, 19; Gonen, Sarkoluk Store,
40°08'55"N  27°29'35”E, 443 m, . frainetto,
27.1X.2012, 6W, 19; Bigadig, Davutlar Village,
39°29'18”N 28°19°22”E, 719 m, . cerris, 19.X.2012,
6W, 19; Karesi, Bakacak, Koru, 39°40’51”N
27°43'30”E, 493 m, @. cerris, 04.X11.2012, 4P, 19;
Susurluk, Darialan, 39°52°04”N 28°16’37”E, 582 m, .
petraea, 23.V.2013, 2W, 19; Susurluk, Bagiran
Stream, 39°51’40”N 28°18’12”E, 803 m, F. orientalis,
23.V.2013, 7W, 19; Erdek, Kurtbogazi, 40°2746”N
27°49'23”E, 608 m, F. sylvatica, 24.V.2013, 10W, 299
Gonen, Porta Hill,, 40°07'36”N 27°25’47”E, 776 m, F.
orientalis, 24.V.2013, 9W, 222 1J; Susurluk, Bagiran
Stream, 39°51’41”N 28°18'13”E, 807 m, F. sylvatica,
19.V1.2013, 5W, 19; Susurluk, Darialan, 39°52°04”N
28°16’37°E, 582 m, @. petraea, 19.V1.2013, 2W, 19;
Erdek, Kurtbogazi, 40°2746”N 27°49’25”E, 604 m, F.
orientalis, 21.V1.2013, 3W, 19; Gonen, Sarkoluk Store,
40°08'55"N  27°29'37’E, 425 m, . frainetto,
21.VL.2013, 1W, 299; Susurluk, Bagiran Stream,
39°51’39”N  28°18’11”E, 794 m, F. orientalis,
23.VI1.2013, 1W, 299; Gonen, Porta Hill,, 40°0736”N
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27°25'48”E, 735 m, F. orientalis, 26.VI1.2013, 1W, 19;
Erdek, Goletalt, 40°28'15”N 27°53'53”E, 334 m, 6.
petraea, 26.VI11.2013, 4P, 19 145 Goénen, Sarkoluk
Store, 40°08’56”N 27°29’38”E, 425 m, . frainetto,
21.VII1.2013, 3W, 299; Bigadi¢, Davutlar Village,
39°29’'17”N 28°1920”E, 699 m, . cerris, 08.V.2014,
8W, 19; Gonen, Sarkoluk Store, 40°08'53"N
27°29'44”E, 439 m, . frainetto, 16.V.2014, 2W, 19;
Gonen, Sarkoluk Store, 40°08°56”N 27°29'38”E, 425 m,
Q. frainetto, 16.V.2014, 3W, 1Q; Totally 2722 24J, 29
exs.

Distribution in the world: Europe: Austria, Azores,
Belgium, Bosnia and Herzegovina, Britain, Bulgaria,
Croatia, France, Georgia, Greece, Hungary, Italy,
Macedonia, Malta, Poland, Portugal, Romania, Russia:
Southern  European  Territories, Serbia and
Montenegro, Slovenia, Spain, Switzerland, Turkey,
Ukraine, Véreion Aiyaion (North Aegean Island), and
Yugoslavia; Asia: Cyprus, Turkey, and Uzbekistan;
North Africa: Algeria, Canary Islands, Egypt, Madeira
Archipelago, Morocco, and Tunisia; Nearctic Region:
Alaska, America, and Canada; Neotropical Region
(Johnson, 2007; Riicker, 2018, 2021; Anonymous,
2023). COS

Distribution in Turkey: Turkey (Asia, and Europe)
(Johnson, 2007; Riicker, 2018, 2021; Anonymous,
2023). This is the first time a locality record is given
with this study.

Corticarina minuta (Fabricius, 1792)

Material examined: Balikesir, Karesi, Bakacak, Koru,
39°40’568”"N  27°43’36”E, 453 m, @.infectoria,
17.07.2012, 15W, 19; Erdek, Kurtbogazi, 40°2746”N
27°49°23”E, 608 m, F. sylvatica, 15.VII1.2012, 10P, 19;
Bigadig, Ulus Mountain, 39°19°20”N 27°23’43”E, 1.615
m, F. orientalis, 19.X.2012, 6W, 19; Gonen, Porta Hill,,
40°07'37’N  27°25'44”E, 730 m, F. orientalis,
23.X.2012, 5W,19; Gonen, Porta Hill,, 40°0736”N
27°25'47T°E, 768 m, F. orientalis, 23.X.2012, TW,19;
Savastepe, Mancilik 39°21°24”N 27°4845”E, 825 m, @).
cerris, 21.V.2013, 5W, 19; Bigadi¢, Ulus Mountain,
39°19'24’N  27°23'42°E, 1.619 m, F orientalis,
30.V.2013, 1W, 19; Karesi, Bakacak, Koru, 39°40'49”N
27°43'28”E, 485 m, @. frainetto, 03.V1.2013, 2W, 19;
Karesi, Bakacak, Koru, 39°40’55”N 27°43’35”E, 495 m,
Q. cerris, 03.V1.2013, 9W, 19; Karesi, Bakacak, Koru,
39°40°53”N 27°43'40”E, 461 m, @. cerris, 03.V1.2013,
14P, 19; Balya, Ilica Village, Hisaralan, 39°54’22”N
27°50’39”E, 321 m, @. frainetto, 07.V1.2013, 2W, 19;
Susurluk, Bagiran Stream, 39°51’41”N 28°18'13”E,
807 m, F. sylvatica, 19.V1.2013, 5W, 19; Erdek,
Goletalt1, 40°28’11”N 27°53’51”E, 290 m, . petraea,
21.VL.2013, 1W, 19; Gonen, Sarkoluk Store,
40°08'54”N 27°29'35”E, 451 m, @. cerris, 21.V1.2013,
5P, 19; Gonen, Sarkoluk Store, 40°0856”N
27°29’38”E, 425 m, @). frainetto, 21.VII1.2013, 3W, 19;
Gonen, Sarkoluk Store, 40°08°55”N 27°29'35”E, 443 m,
Q. frainetto, 21.VII1.2013, 6W, 19; Bigadi¢, Davutlar
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Village, 39°29’'17’N 28°19'20”E, 699 m, . cerris,
10.IX.2013, 8W, 1J&; Erdek, Kurtbogaz, 40°27°46”N
27°49°23”E, 608 m, F. sylvatica, 27.1X.2013, 10W, 19;
Bigadig, Ulus Mountain, 39°19°24”N 27°23’47”E, 1.632
m, F. orientalis, 08.X.2013, 9W, 19; Savastepe,
Mancilik 39°21'26”N 27°48'41”E, 782 m, €. cerris,
07.X1.2013, 2W, 19; Bigadig, Ulus Mountain,
39°1923”"N  27°23’46”E, 1.608 m, F. orientalis,
08.V.2014, 8W, 19; Savastepe, Mancilik 39°21°26”N
27°48'41”E, 782 m, €. cerris, 19.V1.2014, 2W, 19;
Savastepe, Mancilik 39°21°25”N 27°4847”E, 830 m, Q).
cerris, 19.V1.2014, 3W, 12; Totally 2229 13, 23 exs.

Distribution in the world: Europe: Austria, Belarus,
Belgium, Britain, Croatia, Czech Republic, Denmark,
Estonia, Finland, France, Georgia, Germany,
Hungary, Ireland, Italy, Latvia, Lithuania,
Netherlands, Norway, Poland, Portugal, Romania,
Russia: Central European Territories, Russia: Eastern
European Territories, Russia: Northern European
Territories, Russia: Southern European Territories,
Slovakia, Slovenya, Spain, Sweden, Switzerland, and
Ukraine; Asia: Canary Islands, and Russia; North
Africa: Afghanistan, China, Kazakhstan, Mongolia,
Russia: East Siberia, Russia: Far East, and Russia:
West Siberia; Nearctic Region: Alaska, America and
Canada; Neotropical Region; Near Region (Johnson,
2007; Riicker, 2018, 2021; Anonymous, 2023). COS

Distribution in Turkey: This species is the first record
for the fauna of Turkey.

Genus Corticaria Marsham, 1802
Corticaria pubescens (Gyllenhal, 1827)

Material examined: This species was identified in
traps set on each date. Totally 7622 23, 78 exs.

Distribution in the world: Europe: Austria, Belarus,
Croatia, Czech Republic, Denmark, Estonia, Finland,
France, Georgia, Germany, Hungary, Italy, Latvia,
Lithuania, Norway, Poland, Portugal, Romania,
Russia: Central European Territories, Russia: Eastern
European Territories, Russia: Northern European
Territories, Russia: Southern European Territories,
Slovakia,, Spain, Sweden, Switzerland, and Ukraine;
Asia’ Russia: East Siberia, Russia: Far East, Russia:
West Siberia, and Turkey; North Africa: Canary
Islands, Madeira Archipelago, Morocco, and Tunisia;
Afrotropics Region; Australia Region; Nearctic Region:
USA, Alaska, and North America: Canada; Near East;
Near Region (Johnson, 2007; Riicker, 2018, 2021;
Anonymous, 2023).

Distribution in Turkey: Regions of Turkey entering the
Asian continent (Johnson, 2007). This is the first time
a locality record is given with this study.

Corticaria serrata (Paykull, 1798)

Material examined: This species was identified in
traps set on each date. Totally 6929 63, 75 exs.

Distribution in the world: Europe: Austria, Azerbaijan,
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Azores, Belarus, Belgium, Bosnia and Herzegovina,
Britain, Bulgaria, Croatia, Czech Republic, Denmark,
Estonia, Finland, France, Georgia, Germany, Greece,

Hungary, Ireland, Italy, Latvia, Liechtenstein,
Lithuania, Luxembourg, Netherlands, Norway,
Poland, Romania, Russia: Central European

Territories, Russia: Northern European Territories,
Russia: Southern European Territories, Slovakia,
Slovenia, Spain, Sweden, Switzerland, Ukraine, and
Yugoslavia; Asia: Afghanistan, Cyprus, Israel, Japan,
Kazakhstan, Lebanon, and Turkey; North Africa:
Algeria, Canary Islands, Madeira Archipelago,
Morocco, and Tunisia; East Palearctic; Nearctic
Region: Canada: Alberta, British Columbia, Labrador,
Monitoba, Newfoundland, Northwest Territories,
Nova Scotia, Ontario, Saskatchewan, USA: Alaska,
Arizona, Montana, Wyoming; Neotropical Region:
Chile; Near Region: (Johnson, 2007; Riicker, 2018,
2021; Anonymous, 2023). COS

Distribution in Turkey: Regions of Turkey entering the
Asian continent (Johnson, 2007; Riicker, 2018, 2021).
This is the first time a locality record is given with this
study.

Corticaria elongata (Gyllenhal, 1827)

Material examined: This species was identified in
traps set on each date. Totally 8292 443, 86 exs.

Distribution in the world: Europe: Albania, Armenia,
Austria, Azerbaijan, Azores, Belarus, Belgium, Bosnia
and Herzegovina, Britain, Bulgaria, Croatia, Czech
Republic, Denmark, Estonia, Finland, France,
Georgia, Germany, Greece,Hungary, Iceland, Ireland,
Italy, Latvia, Lithuania, Luxembourg, Macedonia,
Moldova, Netherlands, Norway, Poland, Portugal,
Romania, Russia: Central European Territories,
Russia: Northern FEuropean Territories, Russia:
Southern  European  Territories, Serbia and
Montenegro, Slovakia, Slovenia, Spain, Sweden,
Switzerland, Turkey, Ukraine, and Yugoslavia; Asia:
Afghanistan, Cyprus, India, Japan, Nepal, Pakistan,
Russia: Far East, Russia: West Siberia, Saudi Arabia,
and Turkey; North Africa: Azores Archipelago,
Morocco, and Tunisia; Etiyopya Bélgesi: Democratic
Republic of the Congo; Afrotropics Region; Australia
Region; Neotropical Region: Argentina, Peru:
Panguana; Nearctic Region: Canada, and USA; Near
East; Near Region; East Region: (Johnson, 2007;
Riicker, 2018, 2021; Anonymous, 2023). COS

Distribution in Turkey: Turkey (Asia, and Europe)
(Johnson, 2007; Riicker, 2018, 2021). This is the first
time a locality record is given with this study.

Corticaria obscura C.N.F Brisout de Barneville, 1863

Material examined: Balikesir, Erdek, Kurtbogaz,
40°2746°N  27°49'23"E, 608 m, F sylvatica,
15.VII1.2012, 10W, 1 &; Erdek, Kurtbogazi, 40°27'46”N
27°49°25”E, 604 m, F. orientalis, 27.1X.2013, 3W, 19;
Gonen, Porta Hill,, 40°07’36”N 27°25’47”E, 776 m, F.

148

orientalis, 27.1X.2013, 3W, 19; Totally 292 14, 3 exs.

Distribution in the world: Europe: Austria, Azerbaijan,
Belgium, Croatia, Czech Republic, France, Germany,
Greece, Hungary, Italy, Netherlands, Poland,
Romania, Slovakia, Slovenia, Spain, Switzerland,
Ukraine, and Yugoslavia; North Africa: Algeria, and
Tunisia; East Palearctic: (Johnson, 2007; Riicker,
2018, 2021; Anonymous, 2023).

Distribution in Turkey: This species is the first record
for the fauna of Turkey.

Corticaria longicollis (Zetterstedt, 1838)

Material examined: This species was identified in
traps set on each date. Totally 5392 43, 57 exs.

Distribution in the world: Europe: Austria, Belarus,
Belgium, Bosnia and Herzegovina, Britain, Croatia,
Czech Republic, Denmark, Estonia, Finland, France,
Georgia, Germany, Hungary, Italy, Latvia,
Liechtenstein, Lithuania, Netherlands, Norway,
Poland, Portugal, Romania, Russia: Central European
Territories, Russia: Northern European Territories,
Russia: Southern European Territories, Slovakia,
Spain, Sweden, Switzerland, and Ukraine (Johnson,
2007; Riicker, 2018; Anonymous, 2023).

Distribution in Turkey: This species is the first record
for the fauna of Turkey.

Genus Cortinicara C. Johnson, 1978

Cortinicara gibbosa (Herbst, 1793)

Material examined: Balikesir, Erdek, Goletalt:,

40°28'15"N 27°53'54”E, 322 m, . frainetto X ).
petraea, 16.VI1.2012, 6P, 19; Erdek, Kurtbogaz,

40°2746°N  27°4926”E, 601 m, F. sylvatica,
16.VI1.2012, 4P, 19; Karesi, Bakacak, Koru,
39°40’64”N  27°43’34”E, 483 m, Quercus spp.,

17.VII.2012, 8P, 19; Susurluk, Darialan, 39°52°05”N
28°16’'36”E, 563 m, @. petraea, 27.V11.2012, 8P, 19;
Balya, Ilica Village, Hisaralan, 39°54’25”N 27°50’39”E,
325 m, @. frainetto, 31.VI1.2012, 3W, 19; Gonen,
Sarkoluk Store, 40°08’51”N 27°29'43”E, 508 m, .
cerris, 10.VII1.2012, 8P, 19; Erdek, Goletalts,
40°28'11”"N  27°53'51”’E, 290 m, . petraea,
15.VIII.2012, 1W, 12 244&; Erdek, Goéletalt,
40°28'15”N 27°53'52”E, 345 m, @. petraea, 14.X.2012,
2P, 145 Bigadig, Davutlar Village, 39°29'19”N
28°19'17°E, 702 m, @. cerris, 19.X.2012, TW, 299;
Karesi, Bakacak, Koru, 39°40’51”N 27°43’30”E, 493 m,
Q. cerris, 04.X11.2012, 4W, 19; Bigadig, Davutlar
Village, 39°29'15”N 28°19'23”E, 678 m, . cerris,
16.V.2013, 3P, 19; Susurluk, Daralan, 39°52°03”N
28°16’39”E, 572 m, @). petraea, 23.V.2013, 10W, 299
Susurluk, Bagiran Stream, 39°51’36”N 28°18’15”E,
795 m, F. orientalis, 23.V.2013, 2W, 19; Susurluk,
Bagiran Stream, 39°51’40”N 28°18’'12”E, 803 m, F.
orientalis, 23.V.2013, TW, 12 13 Goénen, Sarkoluk
Store, 40°08'53”"N 27°29’44”E, 439 m, €. frainetto,
24.V.2013, 2W, 499; Gonen, Porta Hill,, 40°0736”N
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27°25'4T’E, 776 m, F. orientalis, 24.V.2013, 9W, 19;
Balya, Ilica Village, Hisaralan, 39°54’25”N 27°50’39”E,
325 m, @. frainetto, 07.V1.2013, 3W, 19; Bigadig,
Davutlar Village, 39°29’15”N 28°1924”E, 666 m, @).
cerris, 11.V1.2013, 2P, 19; Karesi, Bakacak, Koru,
39°40°52”N  27°43'32”E, 490 m, . frainetto,
28.V1.2013, 6W, 19; Savastepe, Mancilik 39°21°26”N
27°48'41”E, 782 m, . cerris, 11.VI1.2013, 2W, 19;
Susurluk, Bagiran Stream, 39°51’40”N 28°18’14”E,
806 m, F. orientalis, 23.VI1.2013, 8P, 1J; Susurluk,
Darialan, 39°52’03”N 28°16’39”E, 572 m, . petraea,
23.VI1.2013, 10W, 299; Erdek, Goletalt1, 40°28'15"N
27°53'564”E, 322 m, . frainetto X (. petraea,
26.VI[.2013, 6W, 19; Karesi, Bakacak, Koru,
39°40°62”N  27°43'32”E, 490 m, . frainetto,
05.VIII.2013, 6W, 4229 24J; Karesi, Bakacak, Koru,
39°40°53”N  27°43'33”E, 485 m, . frainetto,
05.VIII.2013, 7TW, 429 14J; Bigadi¢, Ulus Mountain,

39°19'23”N  27°23'39”E, 1.616 m, F. orientalis,
13.VII1.2013, 4W, 19; Bigadi¢, Ulus Mountain,
39°19'23”N  27°23'46”E, 1.608 m, F. orientalis,
13.VIII.2013, 8P, 19; Bigadi¢, Davutlar Village,

39°29'15”N 28°19°24”E, 666 m, Q. cerris, 13.VII1.2013,
2P, 19; Erdek, Kurtbogazi, 40°2745”N 27°49’25”E, 607
m, F. sylvatica, 27.1X.2013, 5W, 19; Balya, Ilica
Village, Hisaralan, 39°54’25”N 27°50’39”E, 325 m, @.
frainetto, 03.X.2013, 3P, 19; Goénen, Sarkoluk Store,
40°08'53”"N  27°29'44”E, 439 m, . frainetto,
01.X1.2013, 2W, 19; Erdek, Goletalti, 40°28'16"N
27°53'52”E, 315 m, . frainetto X €. petraea,
26.V1.2014, 5W, 1J; Erdek, Kurtbogaz, 40°27°45”N
27°4925”E, 607 m, F. sylvatica, 26.V1.2014, 5W, 19;
Bigadig, Ulus Mountain, 39°19°23”N 27°23’39”E, 1.616
m, F. orientalis, 17.VI1.2014, 4P, 19; Totally 4399
943, 52 exs.

Distribution in the world: Europe: Austria, Azerbaijan,
Azores, Belarus, Belgium, Bosnia and Herzegovina,
Britain, Bulgaria, Croatia, Cyclades Islands, Czech
Republic, Denmark, Estonia, Finland, France, Franz
Josef Land, Georgia, Germany, Greece, Hungary,
Iceland, Ireland, Italy, Kaliningrad Region, Latvia,
Liechtenstein, Lithuania, Luxembourg, Macedonia,
Malta, Moldova, Netherlands, Norway, Novaya
Zemlya, Poland, Portugal, Romania, Russia: Central
European Territories, Russia: Eastern European
Territories, Russia: Northern European Territories,
Russia: Northwest FEuropean Territories, Russia:
Southern European Territories, Slovakia, Slovenia,
Spain, Sweden, Switzerland, The Twelve Islands,
Turkey, Ukraine, and Yugoslavia; Asia: Afghanistan,
Bhutan, China, Cyprus, Democratic People's Republic
of Korea, India, Indonesia, Japan, Mongolia, Nepal,
Pakistan, Russia: East Siberia, Russia: Far East,
Russia: West Siberia, Svalbard and Jan Mayen
Islands, Taiwan, Turkey, and Véreion Aiyaion (North
Aegean Island); North Africa: Canary Islands, Egypt,
Madeira Archipelago, and Selvagens Islands; Etiyopya
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Boélgesi; Afrotropics Region; Australia Region; East
Palearctic; Nearctic Region; Neotropical Region; East
Region; Near East; Near Region (Johnson, 2007;
Riicker, 2018, 2021; Anonymous, 2023). COS

Distribution in Turkey: Turkey (Asia, and Europe)
(Johnson, 2007; Anonymous, 2023). This is the first
time a locality record is given with this study.

Note: Cortinicara sp. is represented by only one species
in the Western Palearctic Region. The center of
diversity of Cortinicara sp. is the Oriental and
Australian Regions (Riicker, 2018).

Genus Melanophthalma Motschulsky, 1866

Melanophthalma (Cortilena)
(Mannerheim, 1844)

Material examined: This species was identified in
traps set on each date. Totally 19492 313, 225 exs.

Distribution in the world: Europe: Austria, Croatia,
France, Georgia, Germany, Greece, Hungary, Italy,
Portugal, Romania, Russia: Southern European
Territories, Slovenia, Spain, Switzerland, and Turkey;
Asia: Cyprus, and Turkey; North Africa: Canary
Islands, Egypt, Madeira Archipelago, Morocco, and
Tunisia (Johnson, 2007, Riicker, 2018, 2021;
Anonymous, 2023).

fuscipennis

Distribution in Turkey: Turkey (Asia and Europe)
(Johnson, 2007; Riicker, 2018). This is the first time a
locality record is given with this study.

Melanophthalma (Melanophthalma)
(Mannerheim, 1844)

Material examined: This species was detected in traps
set on each date during spring, summer and fall
seasons. Totally 13299 138, 145 exs.

Distribution in the world: Europe: Azerbaijan, Russia:
Southern European Territories, and Ukraine; Asia:
Afghanistan, Iran, Kyrgyzstan, Tajikistan, Turkey,
and Turkmenistan (Johnson, 2007; Riicker, 2018,
2021; Anonymous, 2023).

Distribution in Turkey: Regions of Turkey entering the
Asian continent (Johnson, 2007; Riicker, 2018, 2021).
This is the first time a locality record is given with this
study.

Melanophthalma
(Comolli, 1837)

Material examined: This species has been intensely
determined in traps set up at all times. Totally 128339 %
28733, 1570 exs.

Distribution in the world: Europe: Austria, Belarus,
Belgium, Britain, Croatia, Czech Republic, Denmark,
France, Germany, Greece, Hungary, Italy, Lithuania,
Malta, Netherlands, Poland, Portugal, Romania,
Sweden, Switzerland, and Ukraine; Asia: Iraq, and
Turkey; North Africa: Madeira Archipelago; Nearctic
Region: (Johnson, 2007, Riicker, 2018, 2021;
Anonymous, 2023).

taurica

(Melanophthalma) distinguenda
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Distribution in Turkey: Regions of Turkey entering the
Asian continent, and Izmir (Johnson, 2007; Tezcan ve
ark., 2010; Riicker, 2018). This species is reported for
the first time from Marmara Region.

Melanophthalma (Melanophthalma) rhenana Riicker
& Johnson, 2007

Material examined: This species has been intensely
determined in traps set up at all times. Totally 30929 ¢
106643, 4158 exs.

Distribution in the world: Europe: Germany:
Rhineland-Palatinate: Neuwied, Baden, Saxony, Italy:
Sardinia, and Sicily; Asia: Iran, and Turkey (Riicker,
2018, 2021; Anonymous, 2023).

Distribution in Turkey: Regions of Turkey entering the
Asian continent (Riicker, 2018, 2021). This is the first
time a locality record is given with this study.

Note: The main distribution region of this species is
thought to be Central Asia. It probably spread through
Turkey to Italy and Germany.

Genus Migneauxia Jacquelin du Val, 1859
Migneauxia crassiuscula (Aubé, 1850)

Material examined: This species was identified in
traps set on each date. Totally 6829 13343, 81 exs.

Distribution in the world: Europe: Azerbaijan,
Bulgaria, Croatia, France, Georgia, Greece, Hungary,
Italy, Spain, and Ukraine; Asia: Afghanistan, Cyprus,
Iraq, Israel, Jordan,Turkey, and Uzbekistan (Johnson,
2007; Riicker, 2018, 2021; Anonymous, 2023).

Distribution in Turkey: Regions of Turkey entering the
Asian continent (Johnson, 2007; Riicker, 2018, 2021).
This is the first time a locality record is given with this
study.

DISCUSSION and CONCLUSIONS

In the oak and beech areas of Balikesir province, 22
species belonging to nine genera belonging to two
subfamilies were identified from 8537 specimens of
Latriididae family by using window and trap trapping
methods.

When we examine the geographical distribution of the
genera of the family Latridiidae in the world; it is seen
that the species belonging to the genera Cartodere,
Corticaria, Melanophthalma, and Migneauxia are
cosmopolitan. Species belonging to the genus Enicmus
are distributed in the Holarctic, Oriental, Australian,
and Neotropical regions, species belonging to the genus
Latridius are distributed in the Holarctic, and Oriental
regions, species  belonging to the genus
Metophthalmus are distributed in the Holarctic,
Neotropical, and Afrotropical regions, species
belonging to the genus Corticarina are distributed in
the Holarctic, Neotropical, Afrotropical, and Oriental
regions, and species belonging to the genus Cortinicara
are distributed in the Holarctic, and Indo-Australian
regions (Lépez Fernandez, 2014; Riicker, 2018, 2020,
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2021).

It is possible to divide the Palaearctic Region into nine
sub-regions, namely Siberia, Far East, Central Asia,
Middle East, North Africa, Southern Europe, Northern
Europe, Western Europe and Eastern Europe (Demir,
2019). When the distribution status of the 22 species
in the subregions of the Palaearctic Region was
evaluated, it was determined that 16 species were
found in Siberia, 16 in the Far East, 16 in Central Asia,
16 in the Middle East, 11 in North Africa, 16 in
Southern Europe, 13 in Northern Europe, 15 in
Western Europe and 21 in Eastern Europe. Enicmus
transversus, Cartodere nodifer and Cortitinicara
gibbossa species have the widest distribution in all
subregions of the Palaearctic Region. These species are
followed by Latridius minutus, Enicmus rugosus, E.
brevicornis, Corticaria pubescens, C. serrata and C.
elongata.

When the status of the 22 species belonging to the
Latridiidae family in the fauna of Turkey is evaluated,
it is seen that six species (Cartodere nodifer, Corticaria
Iongicollis, C. obscura, Corticarina minuta, Enicmus
fungicola and E. testaceus) are reported from Turkey
for the first time. 13 species (Metophthalmus
hungaricus, Enicmus transversus, K. brevicornis,
Latridius minutus, Corticarina curta, Cortinicara
gibbosa, Melanophthalma rhenana, M. taurica, M.
fuscipennis, Corticaria serrata, C. elongata, C.
pubescens and Migneauxia crassiuscula) have been
previously recorded from Turkey without giving the
locality name, and with this study, the locality is
recorded for the first time. Enicmus rugosus and
Melanophthalma distinguenda were also detected for
the first time in the Marmara Region. Cartodere
apfelbecki i1s a new record for the local fauna of
Balikesir Province.

According to these data, the number of species
belonging to Latridiiddae family in Turkey has
increased from 57 to 63. In addition to providing
important information about the Latridiidae fauna of
Turkey, this study is important in terms of
contributing to the zoogeographic distribution of this
family due to the many cosmopolitan species.
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ABSTRACT

Several harmful pest species can cause damage to apricot trees. Chemical
control is the often preferred method in controlling these pests. The use
of pesticides has generally resulted in pesticide resistance and
elimination of natural enemies. FExochomus nigromaculatus is a
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predatory insect of globose scale and other scale insects. Inappropriate Received 20.04.2022
use of pesticides has been linked with adverse effects on non-target Loiouiis Ll
organisms (e.g., reduction of beneficial species populations and increase Keywords

of pest populations). This study evaluated the side effects of five e
insecticides (Acetamiprid, deltamethrin, spirotetramat, sulfoxaflor, Ayt

dimethoate) and a plant extract (orange oil) on immature stages of
E. nigromaculatus using dry film method. Acetamiprid and deltamethrin
caused the highest mortality rate (97.3%) besides standard toxic
dimethoate. Sulfoxaflor accounted for approximately 70% mortality to Z.
nigromaculatus. In contrast, spirotetramat and orange oil caused less
than 20% mortality to the predator. As a result of the dry film method
applied against the pre-adult stage of E. nigromaculatus; dimethoate was
classified as harmful (class 4), acetamiprid and deltamethrin were
classified as moderately harmful (class 3), sulfoxaflor were classified as
less harmful, (class 2) while spirotetramat and orange oil were classified
as harmless. Thus, it was concluded that spirotetramat and orange oil
did not have a negative effect on the predatory insect, . nigromaculatus
and could be used safely in IPM programs.

Plant protection product
Non-target effect

Kayis1 Bahgelerinde Kullanilan Baz Pestisitlerin Laboratuvar Kosgullarinda Exochomus
nigromaculatus (Coleoptera:Coccinellidae)’a Karg1 Yan Etkilerinin Aragtirilmas:

OZET Bitki Koruma

Kayis1 agacglarinda ¢esitli bocek turleri zarara neden olmaktadir. Bu

zararlilarla miucadelede kimyasal miicadele siklikla tercih edilen Aragtirma Makalesi

yontemdir. Pestisitlerin uygunsuz kullanimi, hedef olmayan

organizmalar iizerinde de olumsuz etkilerle sonuclanmaktadir (6rnegin, Makale Tarihgesi

faydali tir populasyonlarinin azalmasi ve hasere poptilasyonlarinin Gelis Tarithi  :20.04.2022

artmas1). Exochomus nigromaculatus, erik kosnili ve diger kosnillerin Kabul Tarihi :01.11.2022

avcl bocegidir. Bu ¢calismada, bes insektisit (Acetamiprid, deltamethrin,
spirotetramat, sulfoxaflor, dimethoate) ve bir bitki ekstraktinin (portakal
yagl) FE. nigromaculatusun kuru film yéntemi kullanilarak larva

Anahtar Kelimeler
FExochomus nigromaculatus

dénemlerine yan etkisi degerlendirilmigtir. Acetamiprid ve deltamethrin Kayis1
en yilksek o6liim oranina (%97.3) neden olmustur. Sulfoxaflor, E. Bitki koruma trini
nigromaculatusigin yaklasik %70 6lime neden olurken, spirotetramat ve Hedef dis1 etki

portakal yagi avcilarda %20'den az oOlime neden olmustur. Z.
nigromaculatusun ergin oéncesi evresine karsi uygulanan kuru film
yontemi sonucunda; dimethoate zararhh (simif 4), acetamiprid ve
deltamethrin orta derecede zararli (simif 3), sulfoxaflor az zararl (sinif
2), spirotetramat ve portakal yag1 zararsiz olarak smiflandirilmistir.
Boylece, spirotetramat ve portakal yaginin aver bécek .
nigromaculatusa olumsuz bir etkisinin bulunmadigi ve IPM
programlarinda giuvenle kullanabilecegi sonucuna varilmigtir.
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INTRODUCTION

Apricot 1s a stone fruit tree that has spread from
Central Asia to a wide geography including countries
neighboring the Mediterranean (Anonymous 2019).
Among the world’s apricot-producing countries,
Turkey ranks first with a share of 23.1% (Anonymous
2020). In the year 2020, 863 thousand tons of apricot
were produced in Turkey; 53% of this production was
from Malatya, 12% from Mersin and 7% from Elazig
(Anonymous 2021). Apricot grown in Malatya is
important for both domestic consumption as well as for
the country's economy as it is an important
agricultural export product.

Various diseases and pests impact apricot cultivation
in Malatya. The peach twig borer and flat-headed root-
borer are the main pests of apricot (Anonymous 2017).
Apart from these, for years, several other harmful
insect species directly affect apricot production and
cause significant input costs for crop production in the
world and in Turkey (Viggiani 1989; Cravedi and
Molinari 1995; Ulusoy et al. 2001; Oztiirk et al. 2004;
Anonymous 2008; Uygun et al. 2013; Oztirk and
Ulusoy 2014; Anonymous 2017). Many researchers
have stated that Sphaerolecanium prunastri (Boyer de
Fonscolombe) (Hemiptera: Coccidae) is a harmful
insect pest species of stone fruits in Turkey
(Bodenheimer 1953; Lodos 1982; Ulgentiirk et al. 2001;
Ozgen and Bolu 2009; Apak 2021). The pest
overwinters as first and second instar larvae in apricot
trees in Malatya province. This pest sucks plant sap
from the trunks of trees, especially from one or two-
year branches, causing intense fumagin formation in
the trees; this affects the quality and quantity of fruits
produced and weakens the trees. Continued
introduction and feeding of species belonging to the
Scolytidae family kill weakened trees (Anonymous
2008; Uygun et al. 2013). Reportedly, this pest is found
on other plants belonging to the Rosaceae family in all
geographical regions of Tiirkiye (Bodenheimer 1953;
Soydanbay 1976; Onciier 1977; Ulgentiirk et al. 2001;
Ozgen and Bolu 2009; Yigit and Tunaz 2015).

Several natural enemies including predators and
parasitoids from different groups have been recorded
against the globose scale in Turkey. Among them,
Discodes aeneus and Coccophaegus sp. are important
parasitoids whereas Exochomus quadripustulatus and
FE. nigromaculatus have been identified as predators
(Ozgen and Bolu 2009; Yigit and Tunaz 2015; Kececi et
al. 2020). A recent study that detected intense
infestation with the globose scale pests of apricot
orchards in Kale, Kuluncak and Ak¢adag districts of

153

Malatya province, found high rates of parasitoid D.
aeneus, and predatory insects F. quadripustulatus and
E. nigromaculatus which are the natural enemy of
globose scale, in an apricot orchard in Kale district in
which chemical pesticides are not utilized. When
chemical pesticides were unused in the orchard, the
pest were suppressed in a short period of two years by
these beneficial organisms (Kececi et al. 2020). It is
reported that the application of broad-spectrum
synthetic insecticides leads to the resurgence of
harmful insects due to their toxic effects on beneficial
insects, and has negative impacts on their success
(Karacaoglu et al. 2020; Bibi et al. 2021).

Although FE. nigromaculatus is naturally found in the
orchards, pesticide use reduces its populations hence
an increase in the harmful insect population. In order
to carry out sustainable agriculture, the application of
pesticides with less adverse effects on beneficial
insects and their application at appropriate doses are
important within the scope of integrated control. In
literature, there have been many studies that have
sought to analyze the impact of side effects of
pesticides on commercially available and widely used
benefits (Hassan et al. 1985; Dalci et al. 2009;
Portakaldali and Satar 2015a, b; Kaya and Kececi
2021). However, the most challenging situation is the
lack of knowledge of predator or parasitoid which are

naturally occurring and suppressing the pest
population. The aim of this laboratory study was to
determine the side effects of acetamiprid,
deltamethrin, spirotetramat, sulfoxaflor, dimethoate
and orange oil on immature stages of ZE.
nigromaculatus.

METHODS

Branches infested with globose scales as well as larvae
of its predator were brought to and cultured in the
laboratory after surveys carried out in Malatya Apricot
orchards. FExochomus nigromaculatus was mass-
reared in plexiglass cages 30 X 30 x 50 cm (LWH) with
the two sides covered by netting to allow ventilation.
Citrus mealybug (Planococcus citr)) (Hemiptera:
Pseudococcidae) with potato sprouts were offered to
predators as prey. The dry film method was applied
against the pre-adult stages of E. nigromaculatus,
which i1s one of the plant protection products that
farmers mainly use in their orchards. IOBC methods
were taken into account in determining the effects of
these chemicals (Hassan et al. 1985; Candolfi et al.
2000). In the experiments, the pesticides were sprayed
onto glass plates of 12 cm diameter with the help of a
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spray tower, and a thin film layer of chemical-infused
liquid was formed with a thickness of 2+0.2 mg/cm2 on
surface of the glass. Then, the treated surfaces of these
plates were placed upside down and 2 cm high, 13 cm
diameter, 5 cm diameter five-chamber cells made of
fiber class were used as the test unit. Tap water was
used to prepare the pesticide solutions for the
experiment. For the control group only tap water was
applied. The experiment was carried out in a
randomized plot design with six groups (four
pesticides, a standard toxic compound and water as
control) with 4 replications. Ten 2nd stage larvae were
used, one per cell in each replicate. These larvae were
kept in these cells until they reached the adult stage
(Karacaoglu and Satar 2010; Satar et al. 2012). Food
was provided to the larvae in the cells every day and
the number of live-dead individuals were monitored
and recorded.

Ten adult individuals that newly emerged were
collected and placed into a 0.5 liter plastic rearing cage

to mate. The number of eggs laid per female for 10 days
after the adult individuals were placed in the cage was
recorded daily to evaluate the effect on reproduction.
From here, the effect on reproduction was calculated
using the formula (R) =(1-(Rt/Rc))*100 (R: Reduction in
fecundity, Rt Egg number in the insecticide treatment,
R Egg number in the control treatment) (Anonymous
2010). Fecundity was used only as a quality criterion,
while toxicity was determined only by considering
mortality rates in pre-adult stages. Fecundity was not
evaluated for characters with a corrected mortality
rate of less than 50% compared to the control in the
treated unit. The experiments were carried out in the
climate rooms of the Plant Protection Department in
Malatya Turgut Ozal University. Conditions in the
room were 25+t1 °C temperature, 65+5% relative
humidity and 14/10 hours of light/dark conditions. The
active substance, trade names, formulation and dose
values of the plant protection products included in the
trial are given in Table 1.

Table 1. The active substance, trade names, formulation and dose values of the plant protection products used in
the experiments against the pre-adult stages of Exochomus nigromaculatus

Cizelge 1. Exochomus nigromaculatus'un ergin éncesi dénemlerine karsi yapilan denemede kullanilan bitki
koruma tiriinlerinin etken maddesi, ticari adlari, formiilasyonu ve dozlari

Active ingredient and Trade name

formulation®

Chemical group Applied rate

Acetamiprid, (20 g/L, SP) Mospilan 20 Neonicotinoids 40 gr /100 L

Deltamethrin (25 g/L, EC) Decis EC 2.5 Pyrethroids 30 ml /100 LL

Spirotetramat (100 g/L, SC) Movento SC 100 Tetronic and Tetramic Acid 100 g /100 L
Derivatives

Sulfoxaflor (240 g/L, SC) Breaker 240 Sulfoximines 40 m1/100 L

Orange oil (60 g/L, EC) Orange oil Unknown 200 g /100 L

Dimethoate** (400 g/L, EC) Poligor Organophosphates 150 ml/100 L

* EC, emulsion concentrate; SC, suspension concentrate; SP, water soluble powder

** Dimethoate is included as a standart toxic.

Table 2. Classification of plant protection products
according to their toxicity IOBC)
Cizelge 2. Bitki koruma lirtinlerinin toksisitelerine
gore siniflandiriimas: AIOBC)

Effect (%) IOBC value Class

0-30 1 Harmless

31-79 2 Slightly harmful
80-98 3 Moderately harmful
99-100 4 Harmful

Mortality data obtained from daily counting of the live
and dead individuals were calculated and corrected
using the Abbott formula (Abbott 1925). Arc-sin square
root transformation was applied to the percent
mortality values obtained and analysis of variance was
applied to the transformed data (SPSS package
statistical program, version 13.0) The differences
between the applications were separated using Tukey
Test (Efe et al. 2000). The plant protection products
were classified according to the toxic categories

developed by the IOBC (Table 2) (Hassan et al. 1985),
taking into account the mortality rate (Abbott 1925).

RESULTS

The side effects of some plant protection products used
in apricot orchards were assessed using the dry film
method on the pre-adult stages of E. nigromaculatus
and mortality data and IOBC classification are given
in Table 3.

Acetamiprid and deltamethrin caused 97.3% mortality
of predator larvae and were found to be as harmful as
in standard toxic dimethoate. However, another active
ingredient, sulfoxaflor, was produced 72.5% mortality
on K. nigromaculatus immature stages and was
classified as slightly harmful. Spirotetramat and
orange oil presented 10.3% and 16.2% activity,
respectively, and were found to be harmless and
grouped in IOBC category 1. Moreover, the effect of
these active ingredients on egg reproduction was
accepted as zero, whereas spirotetramat 10.5%
effective followed by orange oil with 12.2%.
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Table 3. Classification of the effects of some plant protection products on the pre-adult stages of Exochomus
nigromaculatus according to Abbott and IOBC

Cizelge 8. Exochomus nigromaculatus'un larva donemlerine bazi bitki koruma lriinlerinin etkilerinin
siniflandirilmasi (Abbott ve IOBC)

Mortality rates of % Effect (Corrected IOBC Reduction on
Treatments N*  immature stages (%) using Abbott) category  reproduction capacity
Control 40 7.5+2.50a -
Acetamiprid 40 97.5+2.50¢ 97.3 3 -k
Deltamethrin 40  97.5+2.50c 97.3 3
Spirotetramat 40 17.5+2.50a 10.3 1 10.5
Orange oil 40 22.5+4.78a 16.2 1 12.2
Sulfoxaflor 40 72.5+4.78b 70.3 2 -
Dimethoate 40 100.0+ 0.00c 100.0 4

*Shows the number of replicates.
** Since more than 50% mortality was observed in these characters, the effect on reproduction was not evaluated. Means with
the same letter in the same column were not statistically significant according to the Tukey test (P>0.05). SD= 6.21, F: 84,070

Sig: 0.000

Based on the data obtained from the side effect
experiments on A, nigromaculatus, dimethoate,
acetamiprid and deltamethrin were produced similar
effect, and clustered in the same statistical group
whereas sulfoxaflor was in a different group.
Spirotetramat and orange oil were found to be
harmless after applications. Thus, the both were
statistically included in the same group as the control.

DISCUSSION

The aim of the present study was to determine the side
effects of five insecticides and a plant extract to F.
nigromaculatus. As a result of the study, acetamiprid
and deltamethrin were harmful to the larva of F.
nigromaculatus. Despite the Class II IOBC categories
(slightly harmful), sulfoxaflor caused approximately
70% mortality to the predator. Spirotetramat and
orange oil were harmless with 10.3 and 16.2 mortality,
respectively.

Currently, no studies have determined the side effects
of pesticides against Exochomus species. Erkili¢ et al.
(1994) assessed the effects of buprofezin and summer
white oil against Chilocorus bipustulatus in their
study. They stated that these active substances were
harmless or less harmful to the adults of the insect. In
the current study, orange oil was similarly harmless
against the immature stages of K. nigromaculatus,
which belongs to the same family as C. bipustulatus.
Bagpinar et al. (2002) tested the effects of the
recommended doses of deltamethrin, azadirachtin,
azadirachtin water extract, summer white oil and
chlorfenapyr against adults and larvae of
Cryptolaemus montrouzieri using spraying and dry
film method. According to their results, deltamethrin
was highly toxic against adults and larvae of
C.montrouzieri with the dry film method. In another
study, deltamethrin was also found highly toxic on
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Discodes aeneus Dalman (Hymenoptera: Encyrtidae),
the parasitoid of globose scale found in apricot
orchards (Karacaoglu et al. 2020). We report that
deltamethrin was moderately toxic to the pre-adult
stages of E. nigromaculatus.

Briick et al. (2009) stated that spirotetramat is
harmless against Stethorus spp, Coccinella spp. and
Chilocorus nigritus. Planes et al. (2013) investigated
the effects of spirotetramat, chlorpyriphos and
pyriproxyfen against Cryptolaemus montrouzieri
larvae and adults, and reported spirotetramat as
harmless to C. montrouzieri larvae and that adults
continued to reproduce after exposure. Likewise, we
have determined that the active substance of
spirotetramat gave similar results against the pre-
adult stages of E. nigromaculatus belonging to the
same family. Karacaoglu et al. (2013) evaluated the
effects of spirotetramat and dimethoate on the
immature stages of Chilocorus bipustulatus, Anagyrus
pseudococcl, and Amblyseius swirskil and found that
the mortality rates of C. bipustulatus after exposure to
these chemicals were produced 11.11% and 100%
mortality, respectively. Similarly, in the current study,
dimethoate caused 100% mortality  while
spirotetramat exhibited 10.50%. Satar et al. (2018)
examined the side effects of sulfoxaflor against C.
bipustulatus (L.) (Coleoptera: Coccinellidae) under
laboratory conditions and classified it according to
IOBC standards. They stated that this active
compound caused 71.16% mortality effect against C.
bipustulatus. Likewise, sulfoxaflor had a similar effect
on the pre-adult stages of E. nigromaculatus in this
study. Kahraman and Oztop (2019) assessed the side
effects of dimethoate, which is the active ingredient of
buprofezin pesticide used in citrus orchards against C.
bipustulatus and found that this compound was 100%
effective, thus was classified as harmful according to
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the IOBC categories. Dimethoate was also 100%
against F. nigromaculatus in the present study.

Bibi et al. (2021) tested the effects of orange oil against
Cryptolaemus montrouzieri and Chrysoperla carnea
under laboratory conditions. They reported that
orange oil caused 25.9% C. montrouzieri larva
mortality. In this study, a mortality rate of 22.5% was
determined for orange oil against the second stages of
E. nigromaculatus.

CONCLUSIONS

In conclusion, it was determined that the presence of
plant protection chemical products particularly
acetamiprid and deltamethrin have a negative effect
on a beneficial organism £. nigromaculatus by causing
97.2% insect mortality. This shows that these two
insecticides are not compatible for use in IPM
programs. It should be emphasized that inappropriate
insecticide selections easily disrupt the mnatural
balance and can cause pest population to rise. Incorrect
practices cause damage to the agricultural ecosystem
as well as economic losses for the producer. Currently,
spirotetramat, a temporarily recommended pesticide
against the harmful mealy plum aphid (Hyalopterus
pruni) in apricots, had low side effects against
E. nigromaculatus and therefore it is compatible with
use in IPM programs.
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Edremit Koérfezi Zeytinliklerinde Dasineura oleae Angelini’nin (Diptera: Cecidomyiidae)
Bulagma ve Parazitlenme Oranlari ile Parazitoitlerinin Belirlenmesi
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OZET

Bu calismanin ilk amaci, 2019-2021 yillarinda Balikesir ilinin Edremit
Korfez Bolgesindeki zeytinliklerde Dasineura oleae Angelini (Diptera:
Cecidomyiidae) ve parazitoitlerinin tespiti ve tanimlanmasidir. Diger
amag ise, D). olea€nin yaprak ve surgunlerdeki bulagsma orani ile bazi
iklim faktorleri arasindaki iligkileri arastirmaktir. Calismanin 2020—
2021 yillarinda bélgeyi temsil edebilecek 6zellikte birbirine sinir olan g
ilcenin (Burhaniye, Edremit ve Havran), ii¢ farkli rakimdaki (69, 163 ve
321 m) toplam dokuz bahcesinde D. oleaenin bulagma ve parazitlenme
oranlari hesaplanmistir. Rakim, giinliikk ortalama nispi nem ve hava
sicakligr degerlerinin D). oleae'nin bulagsma orani tizerinde etkili oldugu
belirlenmigtir. Glinliik yagiglarin bulagsmada etkisiz oldugu, aylik toplam
yagis miktarinin ise etkili oldugu saptanmigtir. Yaprak ve surgunlerdeki
bulagma oranlar1 2020 yilinda 2021’e gore (%4.71-16.93) daha yiiksek
bulunmustur. Calismanin 2020-2021 yili verilerine gore; surgunlerdeki
bulagsma, yapraklara gore %33.10 daha yliksek bulunmustur. Ayrica,
Burhaniye ve Havran’a kiyasla Edremit’teki zeytinliklerde bulagsma
(%3.30-13.69) daha diisiik olmustur. Yaprak ve stirgiinlerdeki
parazitlenmeler en diigiik Burhaniye'de (%27.79, %21.84), en yiiksek ise
Havran'da (%47.39, %30.28) tespit edilmistir. Calisma siiresince, D.
olea€yl parazitleyen Hymenoptera takimindan dort familyaya bagl 10
farkli tir belirlenmistir. Platygaster oleae Szelenyi en fazla (%30.21),
Torymus phillyreae Ruschka ise en az (%1.27) rastlanan tiir olmustur.

ABSTRACT

The first objective of this study was to detect and identify Dasineura oleae
Angelini (Diptera: Cecidomyiidae) and parasitoids in olive orchards in the
Edremit Bay Region of Balikesir province in 2019-2021. The second
objective of the study was to investigate the relationship between the
infestation rates of D. oleae on leaves and shoots, and climatic factors.
The infestation and parasitization rates of D). oleae were determined in
nine orchards, with three orchards at different altitudes (69, 163, and 321
m) in three districts that border each other (Burhaniye, Edremit, and
Havran), which can represent the region, in 2020-2021. It was
determined that orchard altitude, daily average relative humidity and air
temperature affected the infestation rates of D). oleae. Although daily
precipitation had no effect on infestation rates, monthly total
precipitation was determined to be effective. The infestation rates on
leaves and shoots were found to be (4.71-16.93%) higher in 2020 than in
2021. According to the data from the 2020—2021 years, the infestation
rate on shoots was 33.10% higher than that on the leaves. In addition,
the infestation rate in olive orchards in Edremit was (3.30—13.69%) lower
than that in Burhaniye and Havran. The parasitization rates on leaves
and shoots were lowest in Burhaniye (27.79%, 21.84%) and highest in
Havran (47.39%, 30.28%). During the study, 10 different species
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belonging to four families from the order Hymenoptera parasitized D.
oleae larvae were determined. Platygaster oleae Szelenyi was the most
common (30.21%) species recorded in the study region, while ZTorymus

phillyreae Ruschka was the least common (1.27%).
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27(1), 159-173. https://doi.org/10.18016/ksutarimdoga.vi.1241397

To Cite : Vatansever Sakin, G. (2023). Determination of infestation and parasitization rates, and parasitoids of
Dasineura oleae Angelini (Diptera: Cecidomyiidae) in olive orchards in Edremit Bay. KSU J. Agric Nat 271),
159-173. https//doi.org/10.18016/ksutarimdoga.vi.1241397
GIRIS (Hymenoptera: Eulophidae)’in, D. oleaenin yerel iki

Akdeniz ikliminin hikim sirdigi boélgelerin vaz
gecilmez bitkisi olan zeytin (Olea europaea L.)
meyvesi, yagi, sabunu ve odunu ile insanliga hizmet
etmektedir. Turkiye’de bu iklime sahip bdélgelerde
zahmetsizce yetigsen zeytin agaci, Ulke ekonomisi i¢in
oldukca 6nemli bir gelir kaynagidir. Turk
zeytinciliginin  6nemli merkezlerinden biri olan
Balikesir ili, 2022 yil1 verilerine gore 11 402 687 adet
ile Turkiye'nin meyve veren zeytin agaci sayisinin
%6.8’ini, ilin Edremit Korfez Bolgesi ise 9 697 909
adedini icermektedir. Caligmanin yapildigi Edremit,
Havran ve Burhaniye ilgeleri ise 6 362 909 adet meyve
veren agag sayisi ile bolgenin zeytin agaci varliginin
%65.6'sin1  kapsamaktadir (Anonim, 2022). Zeytin
ureten Akdeniz Bolgesi’ndeki birgok yerde oldugu gibi,
Turkiye’deki Balikesir ilinin Edremit Korfez Bolgesi
icin de olduk¢a o6nemli gelir kaynagi olan zeytin
agacinin  birgok  hastallk ve  zararhh  tlrud
bulunmaktadir. Bu zararlhlardan Zeytin sinegi ve
Zeytin guvesi vb. turler, birinci derecede ekonomik
6neme sahip olup her yil duzenli olarak kontrol
edilmesi gereken zararhh tiirlerdir (Kaplan, 2019;
Kaplan & Alaserhat, 2020a; Kaplan & Bayram, 2021).
Bir kismi da ekonomik oOnemde olmayan, dogada
bulunan parazitoit ve predatoérleri ile denge halinde
yasayan boceklerdir. Bu sgekilde olup ikinci derece
zararlilar olarak adlandirilan boéceklerden biri de
Zeytin yaprak sigili olarak bilinen Dasineura oleae
Angelini (Diptera: Cecidomyiidae)’dir (Skuhrava &
Skuhravy, 1997; Darvas ve ark., 2000; Kaplan, 2019).
Ancak, zeytin Akdeniz Bolgesinin en Onemli
urinlerinden birisi olmasina ragmen bu ikinci derece
zararhlar: hakkinda ¢ok az gsey bilinmektedir. Akdeniz
Bolgesi tilkelerinde Zeytin yaprak sigili ile ilgili simirh
sayida c¢alisma bulunmaktadir. Ralya’nln orta
kisimlarindaki, zeytin bahgelerinde yapilan Dbir
calismada, D. oleae gal sayisimin ortalama %23-71
arasinda degistigi, bazi bahgelerde hi¢ parazitlenme
gorulmezken bazilarinda ise bu oranin %43.7’ye kadar
ulastigi  bildirilmistir  (Picchi ve ark., 2022).
Yunanistan’da ise D). oleae bulasma oraninin %70-90
arasinda oldugu, agaclar arasinda bulagsma diizeyinin
farklilik gosterdigi ve i¢ kesimlerde bulagma oraninin
azaldign saptanmigtir (Simoglou ve ark., 2012).
Filistin’de, Platygaster oleae Szelenyi (Hymenoptera:
Platygastridae) ve Zeytinus hatayensis Doganlar
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parazitoiti oldugu parazitleme oraninin %82.7’ye
kadar ulastigl, Z hatayensisin ise daha disuk
oranlarda bulundugu (%38.4) bildirilmistir (Batta &
Doganlar, 2020). Dasineura oleaenin dogal
dismanlari olan baz1 parazitoitlerin etkisine ragmen,
son zamanlarda beklenmedik D. oleae salginlari, bilim

adamlarin1  bu zararlimin bitki fizyolojisi ve
biyokimyasi tuzerindeki  etkisini arastirmaya
yoneltmistir (Caselli ve ark., 2021). Salgin

doénemlerinde D. oleae, genel olarak zeytin agaglarinin
oncelikle yapraklarinda olmak tizere stirgin gibi diger
vejetatif organlarinda gal (ur veya siskinlik)
olusturarak verimde azalmaya neden olmaktadir.
Dasineura oleae erginlerinin mart ayindan mayis ay1i
baglarina kadar dogada gorildikleri ve gen¢ zeytin
sturgunlerindeki yapraklarda epidermisin altina
yumurta biraktiklar: gézlenmistir. Yumurtadan ¢ikan
ilk donem larvalar zeytin yapraklariyla beslenirken
dokular1  uyararak, doku anormallikleri ve
siskinliklere yol acmaktadirlar (Doganlar ve ark.,
2011; Batta, 2019). Zararh tarafindan yapraklarda gal
olusturuldugunda; bitkinin fotosentez olusturma
ozelliginin  azaldigi, meyve verim miktar1 ve
kalitesinin diistiigii bildirilmektedir (Gonzales ve ark.,
2005; Huang ve ark., 2014). Caselli ve ark. (2021)
yaptiklar: calismada, D. oleae tarafindan yapraklarda
net-fotosentez ve stoma iletkenliginin 6nemli Glgtide
azaldigini gostermiglerdir. Bu konulardaki ¢alismalar
ile arazi calismalarinin az olmasi nedeniyle, D.
oleaeénin zeytin agaci sagligina ve dolayisiyla meyve
uretimine verdigi zararin degerlendirilebilmesi icin
acilen daha ileri arastirmalarin  yapilmasi
gerekmektedir. Dasineura olea€nin yilda bir dol,
ancak uygun iklim kosullarinda iki d6l de verebildigi
bildirilmistir (Darvas ve ark., 2000; Batta, 2019). Tim
Akdeniz Bolgesi tlkelerinin zeytinliklerinde var
oldugu uzun yillardan beri bilinen Zeytin yaprak
sigilimin Israil (Gerson & Harpaz, 1968), Urdiin (Al-
Tamimi, 1997), Suriye (Darvas ve ark., 2000) ve
Yunanistan'da (Skuhrava & Skuhravy, 1997; Simoglou
ve ark., 2012; Perdikis ve ark., 2015) bulundugu
bildirilmistir. Dasineura oleaenin Turkiye’deki varligi
degisik kaynaklara atfen Skuhrava ve ark. (2005)
tarafindan verilmis ve sadece Hatay Bolgesi
zeytinliklerinde Doganlar ve ark. (2011) tarafindan bu
turle ilgili baz1 ¢aligmalar yapilmigtir. Su ana kadar
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Turkiye'de bu konuda bagka bir c¢alisma
bulunmamaktadir. Son yillarda yapilan ¢aligmalarda,
Zeytin yaprak sigili'nin Ozellikle sahil kesimlerinde
yiksek poptilasyonlar olusturdugu rapor edilmektedir
(Doganlar ve ark., 2011; Caselli ve ark., 2022). Tondini
& Petacchi (2019), Italya’nmin Toscana Bélgesinin
gliney-batisinda 2013 yilindan beri D. olea€nin salgin
yaptigi ve bu salgimin biylk oranda D. oleae
parazitoitlerinin eksikliginden kaynaklandigi ve
bunun diger zararhlara karsi uygulanan kimyasal
micadele uygulamalarindan kaynaklanmis olabilecegi
bildirilmigtir.

Kuzey Ege Bolgesi'nin énemli zeytin agaci varligina
sahip Balikesir ilinin Edremit Korfez Bolgesi’nde
bulunan {i¢ ilcesindeki (Burhaniye, Edremit ve
Havran) zeytin bahcelerinde bulunan ancak bu giine
kadar tzerinde yeterince calisma bulunmayan D.
oleaeénin baz ozelliklerini belirlemek amaciyla ele
alinan bu calismada; 2019-2021 wyillar1 arasinda
orneklenen  bahgelerde agaclarin yaprak ve
strginlerindeki D. oleaenin bulagsma oranlari tespit
edilerek, meteorolojik veriler (hava sicakligi, nispi
nem, yagig) ve rakim arasindaki iliskiler incelenmis ve
D. oleaénin parazitlenme orani ile parazitoitleri
belirlenmigtir.

MATERYAL ve METOD

Calisma ilk olarak 2019 yilinda Balikesir ili Edremit
Korfezi'nde birbirine sinir ilgeler olan Burhaniye,
Edremit ve Havranin zeytin bahgelerindeki D. oleae
ve parazitoitlerinin tespiti i¢in baglatilmig ve t¢ yil
sirmugtir. Calismanin 2020-2021 yillarinda ad:
gecen uc ilcede, bolgeyi temsil edebilecek 6zellikte ve
farklh yiksekliklerde tucer bahceden toplam dokuz
bahcede D. oleaénin bulasma ve parazitlenme
oranlarinin tespiti i¢in ¢aligilmigtir.

Deneme =zeytin bahgelerinin 6zellikleri: Ayvalik
(Edremit) cesidi zeytin yetistirilen bahcelerin deniz
seviyesine  gore  yilksekliklerinin  ortalamalar:
alinarak, her ilgedeki tUcger bahge, disik rakim
(69£8.29 m), orta rakim (163+11.59 m) ve yiiksek
rakim (321+9.21 m) olarak ii¢ gruba ayrilmistir. Bahce
buyuklukleri sirasiyla Burhaniye’'de 26.07, 2.08, 8.65
dekar, Edremit’te 10.88, 8.62, 7.04 dekar ve Havran’da
ise 21.80, 1.27, 7.93 dekar seklindedir. Burhaniye ve
Havran’daki deneme bahcelerinde c¢alisma stresi
boyunca zararlhilara karst kimyasal miicadele
uygulanmazken, Edremit’teki bahgelerde insektisit
uygulamalar1 yapilmigtir. Edremit’teki ti¢ bahcgede
2020—2021 yillar1 nisan ayinda Zeytin pamuklu biti
[Euphyllura spp. (Hemiptera: Psyllidae)] ve Zeytin
giivesi [Prays  oleae  Bern. (Lepidoptera:
Hyponomeutidae)] icin 125 g 11 Beta-cyfluthrin,
haziran ay1 ortasinda Zeytin sinegi [Bactrocera oleae
(Rossi) (Diptera: Tephritidae)] ve Zeytin giivesi i¢in 25
g 11 Deltamethrin ve temmuz sonunda yine Zeytin
sinegi icin Alphacypermethrin 100 g 1 (EC)
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uygulanmigtir. Edremit’teki zeytin bahgelerinde
zararhlara karsi, bahsi gecen kimyasal miicadele
disinda, genelde kiiltiurel onlemlere dikkat edilmig ve
agaclara bordo bulamaci uygulanmigstir. Havran ve
Burhaniye'deki bahgelerde ise yabanci otun fazla
oldugu ve agaglara bordo bulamaci uygulanmadigi
gérilmiustir.

Iklim verileri: Dasineura oleaenin yaprak ve
stirglinlerdeki bulasma oranlarinin meteorolojik
faktorlere gore analizini yapmak i¢in gerekli olan
veriler, T.C. Cevre, Sehircilik ve Iklim Degigikligi
Bakanlign = Meteoroloji  Genel  Miudirliginden
saglanmigtir.

Dasineura oleae Angelini ve parazitoitlerinin elde
edilmesi ve tanisi

Dasineura oleae ve parazitoitlerinin teshisi igin
kullanilan laboratuvar materyalleri: i¢ci su dolu 50
mllik cam kavanozlar (D. oleae gal sayimlar
yapildiktan sonra igerisine yaprak ve slrglnlerin
konulmasi i¢in), plastik kavanozlar (ters ¢evirerek cam
kavanozlarin  istiinii  kapatmak icin), plastik
kavanozlarin iizerine gecirilen siyah kiliflar (sistemin
151k almamasi igin), plastik kavanozlara acilan
deliklere yerlestirilen ¥25x150 mm ebatlarinda cam
tipler (D. oleae erginleri ve parazitoitlerin 1s18a
yonelme davramslarindan  faydalanmak  icin),
icerisinde %96’lik etil alkol bulunan eppendorf tiipleri
(elde edilen D. oleae erginleri ve parazitoitlerinin
muhafazas1 ve teshise gonderilmesi icin) ve Olympus
SZ51 stereo mikroskop (6rneklenen yaprak ve
strglinlerdeki galler ile parazitoit ¢ikig1 olan delikli
gallerin belirlenmesi icin) kullanmilmigtir.

Dasineura oleaehin tanimlanmasi i¢in; 2019 yili nisan
bagi — mayis sonu arasinda 7 gin araliklarla g
ilcedeki 51 koyde toplam 173 adet zeytin bahgesine
rastgele girilerek iclerinde Zeytin gal sinegi (D). oleae)
oldugu diistiniilen urlu (sigkin) yaprak ve siirgiinler
rasgele toplanmistir (Sekil la, b). Dasineura oleae
erginlerinin  1s18a  yb6nelme davraniglarindan
faydalanarak urlardan citkmasi saglanmis (Sekil 1e) ve
taksonomik calisma i¢in %96 etil alkolde muhafaza
edilmigtir. Elde edilen D). oleae ve parazitoitlerinin
erginleri teghis icin Prof. Dr. Mikdat Doganlar’a
(Biyolojik Miicadele Arastirma Enstitiisii Yiiregir-
Adana) génderilmistir.

Parazitoitlerin belirlenmesi i¢in; yukaridaki
uygulamaya benzer sekilde 2019—-2021 yillarinda ¢ yil
boyunca nisan bagi — mayis sonu arasinda 7 giin
araliklarla ¢ ilgedeki 54 koylin toplam 530 adet zeytin
bahgesine rastgele girilerek, bu kez urlar tizerinde
olas1 parazitoit ¢ikis deligi bulunan yaprak ve
stirglnler incelenmigtir. Parazitoitlerin de 1s18a
yonelme davraniglarindan faydalanarak parazitoit
cikislar: saglanmistir (Sekil 1c, d, e ve Sekil 2). Cikis1
saglanan parazitoitler de icinde %96’lik etil alkol
bulunan eppendorf tiiplerine alinmis ve adi gegen
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uzmana teghis i¢in gonderilmistir. Teghis sonuglar:
yaymlanmistir (Doganlar ve ark., 2020). Teshis edilen
tirlerin ornekleri, Balikesir Universitesi Edremit

Meslek Yiiksekokulu (Edremit-Balikesir) Entomoloji
Laboratuvarinda saklanmaktadar.

Sekil 1. Dasineura oleae Angelini’nin (a) yaprak ve (b) siirgiindeki galleri, (c) pupa, (d) larva ve e) ergini (disi)
Figure 1. (a) galls on leaves and (b) shoots, (c) pupae, (d) larvae and e) adult (female) of Dasineura oleae Angelini

Sekil 2. Dasineura oleae Angelini’nin parazitoitlerinin elde edilmesi

Figure 2. Obtaining the parasitoids of Dasineura oleae Angelini

Dasineura oleae Angelininin bulagsma oram ile
parazitlenme oranlarinin belirlenmesi ve Istatistiksel
analizler

Dasineura oleaénin bolgedeki zeytin bahgelerinde
bulasma ve parazitlenme oranlar: ile parazitoitlerinin
belirlenmesi amaciyla 2020-2021 yillarinda
calisilmigtir. Bu ¢alismada nisan ay1 bagindan aralik
ay1 sonuna kadar 15 giin araliklarla arazi gikiglari
yapilmigtir. Her tg ilgede farkli ¢ rakimda olmak
uizere belirlenen dokuz zeytin bahgesinin her birinde
tim bahgeyi temsil edecek sekilde rastgele bes adet
agag secilmig, her agactan rastgele 20 adet yaprak ve
2 adet stirgin olmak tizere toplam 100 adet yaprak ve
10 adet sirgin alinmigtir. Ornek alinacak
stirglinlerdeki yapraklar, yaprak sapindan makas ile
kesilmig, 20-25 cm’lik siirgiinler ise budama makasi
ile kesilerek alinmigtir. Yaprak ve siirgiinlerin
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agaclarin gliiney-kuzey yonlerinden alinmasina 6zen
gosterilmigtir. Alinan yaprak ve siirgiinler 6nce kagit
torbalara yerlestirildikten sonra naylon posetler
icerisine  konularak  buz  kutusu igerisinde
laboratuvara gotiuralmustir. Laboratuvarda zararh
ile bulagik yaprak ve siirgiinler tizerinde bulunan D.
oleae gal sayisi ile parazitoit ¢ikig deligi bulunan galler
mikroskop altinda sayilarak kaydedilmigtir.

Iki y1l boyunca, 318 yaprak ve 277 adet veri ise siirgiin
i¢cin incelenmis ve analiz i¢cin SPSS 24 istatistik
programina girilmistir. Bu veriler kullanmilarak D.
oleaénin yaprak ve surglinlerdeki bulagsma ve
parazitlenme oranlarin1  belirlemede asagidaki
formiiller kullamilmistir (Tondini & Petacchi, 2019).
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Yapraklardaki bulasma orant (%)

al goriilen yaprak sayist
(g g yap y ) 2 100 (1)

toplam yaprak sayist

Strginlerdeki bulasma orant (%)

al goriilen sirgiun sayist
(9 gorulen sirgin say )xlOO 2

toplam siirgin sayist

Parazitlenme orani (%)
parazitlenmis gal sayist

(3

100
(analiz edilen toplam gal saytsz) x

Biitiin veriler normallik ve varyansin homojenligi
acisindan test edilmigtir. Pearson korelasyon analizi,
ortalamalarin karsilastirilmasi i¢in tek yonli ANOVA
ile Tukey HSD ¢oklu karsilagtirma testleri ve Stepwise
metodu 1ile c¢oklu regresyon analizleri SPSS
programiyla yapilmigtir. Ayrica ayni programla,
yaprak ile sturgiinler ve 2020 ile 2021 yil1 verilerinin
karsilagtirilmas: i¢in t-testi yapilmistir. Burhaniye,
Edremit, Havran il¢elerinin bagimsiz olarak her biri
ve {i¢ ilce birlikte (Edremit Korfezi) olmak iizere D.
oleaenin iki yillik yaprak ve surginlere bulasma
oranlari igin normallik testleri yapilmistir. Carpiklik

0

ve basiklik degerleri -2 ile +2 araliginda oldugundan
verilerin normal dagildig1r varsayilmistir (George &
Mallery, 2003; George, 2011).

BULGULAR ve TARTISMA

Dasineura oleae Angelini'nin yaprak ve siirgiinlerdeki
bulagma oranlari

Literatiirde bulunan galismalarda; genellikle sadece
zeytin agacindan rastgele alinan yaprak ve siirgiinler
esas alinarak tuzerlerindeki . oleaenin bulagma
oraninin belirlendigi gériilmiistiir (Tondini & Petacchi,
2019; Batta & Doganlar, 2020; Caselli ve ark., 2022;
Picchi ve ark., 2022). Bu arastirmada ise dallardan
rastgele kesilen geng¢ slrglnlerin tzerinde bulunan
yapraklar ile ¢icekli ve meyveli dallarin yapraklari
ayr1 ayr1 degerlendirilmigtir. Burhaniye, Edremit ve
Havran’daki zeytinliklerde D). oleaenin yaprak ve
stirgiinlerdeki yillik (nisan—aralik) bulasma oranlar:;
ortalama giinliikk sicaklik (OGS), giinliilk nispi nem
(%0ONN), giinliik toplam yagis (GTY) ve bahce rakimi
gibi faktorlerle iligkili olarak Sekil 3 ve Sekil 4’de elde
edilmigtir. Elde edilen verilere gore 69 m rakimdaki
zeytin bahc¢elerinde bulagma orani daha yiiksek, 321 m
rakimlarda ise daha diisiik olarak saptanmistir (Sekil
3ve 4)
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Sekil 3. Dasineura oleae Angelini’nin yapraklardaki bulasma oranlari; (a) Burhaniye (b) Edremit (c) Havran
Figure 3. The infestation rates of Dasineura oleae Angelini on leaves; (a) Burhaniye (b) Edremit (c) Havran
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Oncelikle Burhaniye, Edremit ve Havran’dan elde bulasma oranina, rakim, ginlik nispi nem ve
edilen 1iki yilin verileri birlikte analiz edilmigtir. sicakligin  etkisinin 6nemli oldugu gorilmustir
Bulagsma oranlarinin bahsedilen faktorler icin (Cizelge 1 ve 2). Ancak, yapraklardaki bulasma

korelasyon ve coklu regresyon analizleri yapilmaisg,
sonuclar sirasiyla Cizelge 1 ve Cizelge 2’de verilmistir.
Bu analiz sonucunda, D. oleaenin yapraklardaki
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oraninin, yagis miktar1 ile dogrudan bir iligkisinin
bulunmadigr  belirlenmistir. Dasineura olea€nin
stirgiinlerdeki bulagsma oranminin rakim ile iligkili
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oldugu goriilmiis (Cizelge 1 ve 2), diger degiskenlerle rakimdaki bahgelerin yapraklarindaki bulagsma

ise bir iligkisi saptanmamistir. Edremit Korfezi'ndeki oranlar1 (Sekil 5a) arasinda anlamli farklar yoktur.
zeytin  bahcgelerinde . oleaénin yaprak ve 2021 yilinda Burhaniye ve Havran bahgelerinin
stirglinlerdeki bulagsma oranlarinin bah¢e rakimi ve siirgiinlerindeki bulasma oranlar1 (Sekil 6b) arasinda
giinliilk nispi nem miktarina gore ters (-) oranda da anlamh farklar yoktur. Benzer sekilde, Sekil 5 ve
degistigi Cizelge 1 ve Sekil 5(a) ve (b)de 6’daki grafiklerde verilen ayni harfin takip ettigi her
goriilmektedir. ANOVA sonuclarina gére (Post-Hoc, bir siitundaki ortalamalar arasinda anlaml bir fark

Tukey HSD testi), 2020 yilinda 163 ve 321 m yoktur (20.05).

I
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Sekil 4. Dasineura oleae Angelini’nin siirgiinlerdeki bulasma oranlari; (a) Burhaniye (b) Edremit (c) Havran
Figure 4. The infestation rates of Dasineura oleae Angelini on shoots; (a) Burhaniye (b) Edremit (¢c) Havran

Cizelge 1. Edremit Korfezinde (ii¢ ilcede) Dasineura oleae Angelini'nin yaprak ve siirgiinlerdeki bulagsma oranlari
ile meteorolojik faktérler ve rakimlar arasindaki korelasyonlar (2020-2021)
Table 1. Correlations among the infestation rates of Dasineura oleae Angelini on leaves and shoots, meteorological
factors and altitudes in Edremit Bay (in three districts) (2020-2021)

Zeytin agaci Korelasyon Ort. Gunluk Ort. Gunluk Gunlik Top. Ort. Bahge
Degerleri Sicaklik (°C) Nispi nem Yagis (kg m?) Rakimi (m)
(0GS) (%ONN) (GTY) (RKM)
r-degeri 0.135* -0.144** 0.043 -0.361**
Yapraklardaki Bulasma (%) Pdegeri 0.016 0.010 0.443 0.001
N 318 318 318 318
r-degeri -0.047 -0.010 -0.009 -0.298**
Siirgiinlerdeki Bulasma (%) P-degeri 0.434 0.873 0.879 0.001
N 277 277 277 277

**Pearson korelasyonu 0.01 diizeyinde anlamlhidir (2-yonli). *Pearson korelasyonu 0.05 diizeyinde anlamlidir (2-y6nlii).

Cizelge 2. Edremit Korfezi'nde (ii¢ ilcede) Dasineura oleae Angelininin yaprak ve siirgiinlerdeki bulagsma oranlari
ile meteorolojik faktérler ve rakimlar icin regresyon sonuclari (2020-2021)
Table 2. Regression results for infestation rates of Dasineura oleae Angelini on leaves and shoots, meteorological
factors and altitudes in Edremit Bay (in three districts) (2020-2021)

Zeytin agaci Regresyon denklemi * df F-degeri  Pdegeri
Yapraklardaki Bulasma (%) YBO = 16.840 — 0.025RKM — 0.0650NN 2,315 26.850 0.0001
Siirgiinlerdeki Bulasma (%) SBO = 54.003 — 0.070RKM 1,275  26.806 0.0001

*Elde edilen regresyon denklemleri /<0.05 diizeyinde anlamlidir.

Yapilan t-testine gore stirglinlerdeki digtiintilmektedir. Calisma siiresince D. oleae
(X=%41.44+24.62, N=277) bulagma ortalamalariin popiilasyonunun denize yakin, diisik rakimh zeytin
yapraktakine (X=%8.34+7.38, N=318) gore cok daha bahgelerinde ve bahge igerisinde ise kenar siralarda
yiiksek (%33.1) oldugu tespit edilmistir (t[593]=22.82, daha yogun oldugu gozlenmistir. Goriilldigii gibi D.
P<0.05) (Sekil 5 ve 6). Bunun, D. oleae erginlerinin oleaehin zeytin agacglarina bulagsma orani 6ncelikle
yumurta birakmak i¢in daha ¢ok geng, taze siirglin ve bahge rakimi ve boélgenin iklim kosullar ile oldukga
yapraklar1  tercih  etmesinden  kaynaklandigi ilgilidir. Literatiirde de benzer gekilde; Filistin’de
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Sekil 5. Dasineura oleae Angelini’nin (a) yaprak ve (b) siirgiinlerdeki bulagma oranlarina bahce rakiminin etkisi.
Figure 5. Effect of orchard altitude on infestation rates of Dasineura oleae Angelini on (a) leaves and (b) shoots
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Sekil 6. Dasineura oleae Angelini'nin (a) yaprak ve (b) siirgiinlerdeki bulagma oranlarinin ilcelere gore degisimi.
Figure 6. Variation of infestation rates of Dasineura oleae Angelini on (a) leaves and (b) shoots depending on

districts

yapilan ¢aligsmalarda D. oleae’ nin bulagsma oraninin
disik rakimli bahgelerde, yiksek rakimlilara gore
daha yiiksek oldugu belirtilmistir (Batta, 2019; Batta
& Doganlar, 2020). Al-Tamimi (1997) tarafindan da D.
oleae larvalarinda ana 6lim nedenlerinin, iklim
kosullar1 (sicaklik ve bagl nem) ve 6zellikle
endoparazitoit P. oleae gibi dogal diismanlar dan
kaynaklandigi bildirilmigtir. Benzer sekilde, D.
oleaénin  denize  yakin  kesimlerde  yiiksek
popiilasyonlar olusturdugu (Doganlar ve ark., 2011),
Italyamin bazi bolgelerinde salgin yaptizi ve bu
salginin  biytik oranda parazitoit azhgindan
kaynaklandig1 bildirilmistir (Tondini & Petacchi,
2019). Bir bagka énemli veri ise Cizelge 3’de goriildiigii
gibi iki ¢aligma yilinin ortalamalarina gore; Burhaniye
ve Havran’daki zeytinliklerin yaprak ve
surgunlerindeki bulagma oranlar1 arasindaki fark

onemsiz bulunmakla birlikte bunlarin Edremit’teki
bulagsma orami ile aralarindaki farklar &nemli
bulunmustur (£<0.05). Edremit'teki popiilasyonun
Burhaniye ve Havran’dan %3.30-13.69 daha dusiik
bulunmasinin nedeninin bahgelerin ti¢ farkl1 zamanda
diger zeytin zararlilarina karsi ilaglanmis olmasindan
kaynaklanmisg olabilecegi kanisina varilmistir.

Edremit Korfezindeki o6rnekleme yapilan zeytin
bahcelerinde yaprak (%AYBO) ve siirgiinlerdeki
(%ASBO) aylik olarak tespit edilen ortalama D. oleae
bulagma oranlarinin; nisan—aralik arasindaki aylara
(AYNO), ortalama aylk sicakliga (OAS), nispi nem
miktarina (%AONN) ve yagis miktarina (AOYA) gore
analizleri yapilmistir (Cizelge 4 ve 5).

Cizelge 4’de goriildiigii gibi yapraklarda (%AYBO) ve
siirgiinlerdeki aylik ortalama (%ASBO) bulasma
oranlar1 ile aylar (AYNO) ve aylik ortalama yagis
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miktar1 (AOYA) arasinda anlamli negatif (-) Yapraklardaki aylik ortalama bulagsma oraninin
korelasyon saptanmistir (/<0.05). Benzer sekilde, sadece aylik ortalama yagisa bagli, aylik ortalama
zeytin bahgelerinin 6nemli bir zararh tiri olan Zeytin stirglinlerdeki bulagsma oraninin ise sadece aylara
pamuklubiti’nin de popiilasyon yogunlugu ve zararinin (zamana) baghh  regresyon denklemleri elde

aylhik yagis miktariyla negatif iligkili oldugu edilebilmistir (Cizelge 5).
bildirilmistir ~ (Kaplan &  Alaserhat, 2020b).

Cizelge 3. Ilgelerdeki zeytin bahcelerinde Dasineura oleae Angelini’nin ortalama bulagma oranlar: (2020-2021)
Table 5. Average infestation rates of Dasineura oleae Angelini on olive orchards in the districts (2020-2021)

Tlce Yapraklardaki bulasma (%) Siirgiinlerdeki bulasma(%)
Burhaniye 9.36 = 8.97a 45.61 £ 29.21a
Edremit 5.95 + 4.68b 31.92 +18.37b
Havran 9.25 £ 6.91a 45.41 £ 22.04a
Korfez Bolgesi ortalamas: 8.34 + 7.38 41.44 + 24.62

Ayni siitunda gésterilen farkli harfler (a, b) istatistiksel olarak anlaml farkliliklar: géstermektedir (£<0.05)

Cizelge 4. Edremit Korfezinde (iic ilcede) Dasineura oleae Angelini’nin yaprak ve siirgiinlerdeki aylik bulasma
oranlari ile aylik meteorolojik faktorler arasindaki korelasyonlar (2020—2021)

Table 4. Correlations among the monthly infestation rates of Dasineura oleae Angelini on leaves and shoots, and
monthly meteorological factors in Edremit Bay (in three districts) (2020-2021)

Zeytin agaci Korelasyon Aylara Aylik ort. Ayhk ort.  Aylik ort.
Degerleri gbre Sicaklik (°C) Nispi Nem Yagis (kg m-2)
(AYNO) (OAS) (%AONN) (AOYA)
r-degeri -0.282%* 0.177 -0.136 -0.286*
Yapraklardaki Bulagsma (%) Pdegeri 0.039 0.199 0.328 0.036
N 54 54 54 54
r-degeri -0.322% -0.029 -0.070 -0.309*
Siirgiinlerdeki Bulasma (%) Pdegeri 0.018 0.834 0.614 0.023
N 54 54 54 54

*Pearson korelasyonu 0.05 diizeyinde anlamlidir (2-y6nlii)

Cizelge 5. Edremit Korfezinde (iic ilcede) Dasineura oleae Angelini'nin yaprak ve siirgiinlerdeki aylik bulasma
oranlari ile aylik meteorolojik faktorler i¢in coklu regresyon sonuclar: (2020-2021)
Table 5. Regression results for the monthly infestation rates of Dasineura oleae Angelini on leaves and shoots, and
monthly meteorological factors in Edremit Bay (in three districts) (2020-2021)

Zeytin agaci Regresyon denklemi * df F-degeri Pdegeri
Aylik Ort. Yapraklardaki Bulagma (%) AYBO = 9.507 — 0.899A0YA 1, 52 4.645 0.0360
Aylik Ort. Siirgiinlerdeki Bulasma (%) ASBO =53.994 — 1.838AYNO 1,52 5.997 0.0180

*Elde edilen regresyon denklemleri /<0.05 diizeyinde anlamlidir.

Sekil 7(a) ve (byde gorilldigii gibi 2021 yilinda bulagsmanin en yiiksek seviyede oldugu gérilmektedir.
bulasma oranlar1 2020 yilina gore oldukca diisiik Ornegin;  yapraklarda en  yiiksek  bulagma
bulunmustur. Bu durum meteorolojik faktérler Burhaniye'de  21.05.2020°'de  (%36), Edremit'te
acisindan degerlendirildiginde, calismanin yapildigt 28.07.2020°'de (%22) ve Havran'da ise 15.07.2020’de
nisan—aralik aylar1 arasinda 2021 (21.25+6.26 °C) yili (%36) tespit edilmistir. Strgtinlerde en yiksek
giinliik sicakhk ortalamasi 2020'ye (20.11+6.60 °C) bulagma Burhaniye’de 9.04.2020’de (%100), Edremit’te
gore 1.15 °C daha yiiksek, giinliik nem ortalamalari ise 8.04.2020’de (%70) ve Havran'da ise 8.04.2020'de
2021 (%54.51+11.33) yilinda 2020’ye (%61.69+11.33) (%100) tespit edilmistir.

gore %7.18 dusiik olmustur. Ginlik yagis

ortalamalar1 ise 2021 (1.68+5.91 kg m?) yihinda Dasineura oleae Angelini’nin parazitlenme orani
2020'ye (0.82+3.30 kg m™) gére 0.86 kg m? daha Her iki calisma yilina ait (2020-2021) yaprak ve
yiksek gerceklesmigtir. Sonu¢ olarak, 2021 yilinda stirglin gallerindeki parazitlenme oranlar:1 Cizelge 6’da
2020’ye gore glnlik sicaklik ve yagis degerlerinin verilmistir.

daha yiksek, {1ispi nem deger}erinin is:e dusuk olmas.l, Sekil 8(a) ve (b)’de goriildiigii gibi parazitlenme orani
D. oleae varligim1 olumsuz yénde etkilemigtir. Sekil agisindan  ilceler  arasindaki  farklar  6nemli

7(a) ve (b)de goruldugi gibi ézellikilie_ agustos—aral}k bulunmustur (7<0.05). Ancak, ANOVA (ortalamalarin
araliginda bulagsmanin diisme egiliminde oldugu karsilagtiriimasy), korelasyon ve regresyon
belirlenmisgtir. Nisan—-temmuz arasinda ise
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analizlerine gore; hava sicakligi, nispi nem, yagis
miktar1 ve ortalama bahge rakimi gibi degiskenler ile
yaprak ve surgunlerdeki parazitlenme oranlar
arasindaki farklar énemli bulunmamistir (Sekil 9).
ANOVA sonuclarina gére (Post-Hoc, Tukey HSD testi),
Sekil 8 ve 9°da a, b veya A, B gibi farkli harflere sahip
grafikteki degerler arasinda 6nemli 6lciide anlaml
farklar belirlenmistir (P<0.05).

bulagma ile parazitlenme oranlar1 arasindaki farklar
ortaya koymak amaciyla, verilere t-testi
uygulanmigtir. Elde edilen sonuglar Cizelge 7'de
verilmigtir. Sonucta 2020 yilinda D. oleaeile yaprak ve
stirgiinlerdeki bulagsma oranlar1i 2021 yilina gore
anlamli  olarak %4.71-16.93 daha  yuksek
bulunmustur. Ancak yaprak ve surgiinlerdeki
parazitlenme oranlarinin analizi sonucunda, 2020 ve

2021 yillar1 arasinda istatistiksel olarak anlamli bir

Calisma yillarina gore yaprak ve stirgiinlerdeki asi )
fark goriilmemistir (Cizelge 7).
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Sekil 7. Dasineura oleae Angelini’nin (a) yaprak ve (b) siirgiinlerdeki aylik bulagsma oranlarinin meteorolojik
faktorlere gore degisimi.
Figure 7. Variation of monthly infestation rates of Dasineura oleae Angelini on leaves and shoots depending on
the meteorological factors.

Cizelge 6. Dasineura oleae Angelini'nin ilcelerde ortalama parazitlenme oranlar: (2020-2021)
Table 6. Average parasitization rates of Dasineura oleae Angelini in districts (2020-2021)

Tice Yapraklardaki parazitlenme (%) Siirgiinlerdeki parazitlenme (%)
Burhaniye 27.79 £ 2.96a 21.84 +£3.07a
Edremit 34.86 + 3.81a 27.55+4.01a
Havran 47.39 + 3.53b 30.28 + 3.55a
Korfez Bolgesi ortalamasi 36.49 + 2.01 26.48 + 2.04

Aymi siitunda gosterilen farkli harfler (a, b) istatistiksel olarak anlamli farkliliklar: géstermektedir (2<0.05)
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Sekil 8. Dasineura oleae Angelini’nin parazitlenme oranlarinin ilgelere gore degisimi.
Figure 8. The variation of the parasitization rates of Dasineura oleae Angelini depending on the districts.
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Sekil 9. Dasineura oleae Angelininin parazitlenme oranlarinin bahge rakimlarina gére degisimi.
Figure 9. Variation of parasitization rates of Dasineura oleae Angelini depending on the orchard altitudes

Dasineura oleae Angelini’nin parazitoitleri

Calisma sonucunda, Balikesir ilinin Edremit Korfez
Bolgesi'ndeki Burhaniye, Edremit ve Havran ve
ilgcelerinde D. olea€yi parazitleyen Hymeoptera
takiminin, 4 familyasina ait 10 tir belirlenmigtir.
Eulophidae familyasina bagh 7 tirden, Zeytinus
cinsine ait 3 tir; Z. balikesirensis Doganlar ve Sakin,
Z. edremitensis Doganlar ve Sakin ve Z marmarae
Doganlar ve Sakin turleri bilim dinyas: i¢in ilk kez
tespit edilmis ve 2020 yilinda tanimlanmigtir
(Doganlar ve ark., 2020). Platygastridae, Pteromalidae
ve Torymidae familyalarindan ise sadece birer tiir elde
edilmistir (Cizelge 8).

Dasineura oleaénin dogal diismanlar1 konusunda
Turkiye'de sadece Hatay'da ¢aligma yapilmig olup, bu
calismada zeytin alanlarinda iki farkl gal sinegi, D.
oleae ve Lasioptera oleicola Skuhrava, 2011
belirlenmigtir. Boélgede her iki gal sineginden
Hymenoptera takimindan 5 familyaya bagh 12 tur

169

larva veya pupa parazitoiti olarak tespit edilmigtir
(Doganlar, 2011; Doganlar ve ark., 2011).

Bu tirlerden; Platygaster oleae, Torymus phillyreaeve
Mesopolobus mediterraneus bu c¢alismada da elde
edilmistir (Cizelge 8). Ayrica yine ayni bélgede D. oleae
gallerinden yeni bir parazitoit tir, Quadrastichus
dasineurae n. sp. (Hymenoptera: Eulophidae) ilk kez
tanmilanmistir (Doganlar ve ark., 2009). Dasineura
oleaenin parazitoitleri ile ilgili Orta Dogu’da yapilan
calismalarda; Filistin’deki zeytinliklerde D. oleaenin
iki yerli parazitoiti; P. oleae ve Z. hatayensis (Batta &
Doganlar, 2020); Suriyenin Sahil Bélgesinde
ektoparazitoit FEupelmus urozonus Dalm
(Hymenoptera: Eupelmidae) ve Z Hatayensis ile
endoparazitoit Platygaster demades Walker, 1835
(Hymenoptera: Platygastridae)’in varhig bildirilmistir
(Ramadhane ve ark., 2017). Urdiin’de ise P. oleae ve
Aprostocetus sp. ile birlikte tanis1 yapilamamig iki
parazitoit tirinin daha D. olea€yil parazitledigi
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belirlenmistir (Al-Tamimi, 1997). Italya’da yapilan
calismalarda ise D. olea€’yi parazitleyen P. demades,
P. oleae, M. mediterraneus ve M. aspilus (Walker
1835) belirlenmistir (Tondini & Petacchi, 2019;
Magagnoli ve ark., 2022; Picchi ve ark., 2022). Cizelge

incelenmistir. Platygaster oleae, D. oleae gallerinden
en fazla elde edilen tiir olmus (%30.21), en az elde
edilen tiir ise 7. phillyreae (%1.27) bulunmustur.
Ayrica Zeytinus cinsine dahil olan turler, Aprostocetus
tirlerine gore daha az tespit edilmigtir.

9da goruldiugiu gibi calismada 629 adet parazitoit

Cizelge 7. Dasineura oleae Angelini bulasma ve parazitlenme oranlarinin yillara gore degisimi (t-testi)
Table 7. The variation of infestation and parasitization rates of Dasineura oleae Angelini depending on the study
years (t-test results)

Degisken Yil N X SS T-testi

t df Pdegeri
Yapraklardaki Bulasma (%) ;83(1) ﬂg é07;14 ZZ? 6.17 311.8 0.0001
Siirgiinlerdeki Bulasma (%) 383(1) 122 3283 341“512 6.04 275.0 0.0001
Yapraklardaki Parazitlenme (%) 383(1) 112 gg?g gggg -1.18 316.0 0.2390
Siirgiinlerdeki Parazitlenme (%) Sooy loq oity  aaep 072 a0 4TI

N: Veri sayisin, X: ortalama degeri, SS: standart sapmayi, df: serbestlik derecesini, P. anlamlilik seviyesini gosterir. t: verilerin
varyasyona gore farklarinin boyutu hakkinda bilgi verir (1.96'dan yiiksek veya -1.96’dan diisiik olmas1 testin anlamli oldugu
anlamina gelir).

Cizelge 8. Dasineura oleae Angelini'nin Edremit Kérfezi'nde (ii¢ ilcede) belirlenen parazitoit tiirleri
Table 8. The identified parasitoid species of Dasineura oleae Angelini in Edremit Bay (in three districts)

Takim Familya Tur
Hymenoptera Eulophidae Aprostocetus arenarius (Erdos, 1954)
Aprostocetus flavifrons (Walker, 1849)
Aprostocetus humilis (Graham, 1961)
Aprostocetus ligus (Walker, 1839)
Zeytinus balikesirensis (Doganlar ve Sakin, 2020)
Zeytinus edremitensis (Doganlar ve Sakin, 2020)
Zeytinus marmarae (Doganlar ve Sakin, 2020)
Platygastridae Platygaster oleae (Szelenyi, 1940)
Pteromalidae Mesopolobus mediterraneus (Mayr, 1903)
Torymidae Torymus phillyreae (Ruschka, 1921)

Cizelge 9. Dasineura oleae Angelininin Edremit Kérfezinde (ii¢ ilcede) belirlenen parazitoit tiir ve oranlar:
Table 9. Determined parasitoid species and rates of Dasineura oleae Angelini in Edremit Bay (in three districts)

Tur Birey sayis1 (adet) Bulunma orani (%)
A. arenarius 39 6.20
A. flavifrons 60 9.54
A. humilis 63 10.02
A. ligus 77 12.24
Z. balikesirensis 39 6.20
Z. edremitensis 41 6.52
Z. marmarae 37 5.88
P. oleae 190 30.21
M. mediterraneus 75 11.92
T. phillyreae 8 1.27
Toplam 629 100.00

Hatay ili zeytinliklerinde D. oleae gallerinden birgok (Doganlar ve ark., 2009). Filistin’deki cahsmada ise 7.

parazitoit tur elde edilmesine karsin; E. urozonus, P.
oleae ve @). dasineurae en fazla belirlenen tirler olmus
ve Dbunlarin diger parazitoitlerle birlikte gal
popiilasyonunu ciddi oranda azalttiklari bildirilmigtir
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oleaénin, D. oleaénin en etkili parazitoiti oldugu, her
rakimda olmak T{zere bolgedeki zeytinliklerin
hepsinde bulundugu, parazitleme oraninin %82.7’ye
kadar c¢iktig1 belirtilmistir (Batta & Doganlar, 2020).
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Italya’da D. oleaenin Pteromalidae ve Platygastridae
familyalarina ait ikigser tiir parazitoiti bulunmasina
ragmen, yalmzca P. oleaenin, gal sineginin spesifik
parazitoiti oldugu, digerlerinin tim Cecidomyiidae
familyas1 turlerini parazitleyebildigi bildirilmistir
(Picchi ve ark., 2022).

SONUC ve ONERILER

Dasineura oleae, Turkiye genelinde oldugu gibi
Edremit Bolgesinde de her zaman parazitoitleri
tarafindan baski altinda tutulmus, su ana kadar
zararli konuma ulagmamis ve bu nedenle pek dikkate
alinmamigtir. Ancak son yillarda 6zellikle Kuzey Ege
Bolgesi'nin sahil kesimlerinde bulunan zeytinliklerde,
D. olea€nin yaprak deformasyonlarina neden oldugu
ve siurgiin uglarim1i kivirarak sekil bozuklarina yol
actign gozlenmis ve bazi ureticilerin kimyasal
micadele uyguladiklar1 bilgisine ulasilmistir. Bu
calismada, denize yakin, fazla riuzgar almayan
bahgelerde D. oleae popiilasyonun daha yiiksek
oldugu, sahilden uzaklastikca i¢ kesimdeki bahcelerde
populasyonun oldukc¢a distiigu gorilmus, hatta bazi
bahgelerde hi¢ D. oleaeye rastlanmamigtir. Bu
calismada D. oleaehin bulagsma oraninin, 6rneklenen
zeytinliklerin deniz seviyesine olan yiiksekligine bagh
olarak degistigi tespit edilmistir. Cunki bulasma
oranlarinin orta ve yiksek rakimdaki
zeytinliklerdekilere (163 m ve 321 m) gore diisiik
rakimlardaki (69 m rakim) zeytinliklerde daha yiiksek
oldugu bulunmustur. Bu iligkinin, disiik rakimlarda
bulunan zeytin bahgelerindeki sicaklik ve nispi nemin

D. oleae gelisimi i¢in daha uygun olmasindan
kaynaklanabilecegi sonucuna varilabilir. Ayrica D.
oleae’nin  yuksek rakimlarda bulunan zeytin
bahgelerinde yilda bir nesil tretirken dusik
rakimdakilerde birden fazla nesil dretebildigi
distinilmektedir. Bu c¢alismada, Edremit
Korfezi'ndeki zeytin bahgelerinde . oleaenin bir¢ok
parazitoit tara tarafindan parazitlenmesi,
parazitlenmenin yapraklarda %47.39lara kadar

citkmasi D. olea€nin yaprak basina bulagsma oraninin
oldukca diisiik (2020°de %10.44, 2021°de %5.73) olarak
gozlenmesi imit var bir durum olarak gérilmektedir.
Ancak taze slrglnlerde parazitlenmenin %21.84’de
kalmas1 ve D. oleaénin surgin basina bulasma
oranlarinin 2020’de %49.02 ve 2021’de %32.09 olarak
tespit edilmesi ciddiye alinmasi gereken bir durumdur.
Bariz bir gekilde stirgiinlerdeki gen¢ yapraklarda D.
oleaénin bulagma orani diger yapraklara goére daha
fazladir. Bunun nedeni ise D). oleae yumurtalarini
yalmizca yeni gelismig taze yapraklar tizerine
birakmasi olabilir. Akdeniz Bolgesi'ndeki
zeytinliklerde oldugu gibi suan itibariyle D. oleae,
Balikesir ili Edremit Korfezi'ndeki zeytin agaglarinda
da halen ekonomik bir zararli konumunda degildir.
Simdilik, bu zararliya karsi Dbiyolojik miicadele
calismalarinin desteklenmesi disinda ilaveten bir
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micadelenin yapilmasi1 gereksiz gibi gériulmektedir.
Cunki diger ekonomik diizeydeki zeytin zararlarina
karsi Edremit’teki zeytinliklerde halihazirda yapilan
kimyasal miicadele uygulamalari sonucunda, D.
oleaénin bulagsma orani1 Burhaniye ve Havran’a
kiyasla daha az iken, parazitlenme agisindan da diger
iki ilgeye oranla énemli bir degisim goérilmemigtir
(Sekil 5 ve 7, Cizelge 6). Yani D. oleaenin bélgedeki
zeytinliklere bulagsma oraninin bir¢cok faktére bagl
oldugu ispatlanmasina ragmen, zeytinde bulunan
ekonomik zararlilara karsi yapilan kimyasal
micadelenin de D. oleaénin gal olusumunu da
azaltarak etkiledigi dusiinilmektedir. Bunun igin
bélgede D. oleae ile ilgili daha kapsamli ¢alismalarin
yapilmas gerekliligi ortaya cikmaktadar.
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ABSTRACT

Root-knot nematodes (Meloidogyne spp.) are organisms that spread
over large areas and cause economic damage to vegetables. In this
study, root-knot nematode populations obtained from vegetable
growing areas of Kahramanmaras province were identified. Overall,
132 root samples were taken from the vegetable crop fields. Root-knot
nematode was detected in 25 of the collected samples and their
diagnosis was determined based on biochemical (esterase isoenzyme
phenotype), perineal pattern, and molecular methods. The race
determination of root-knot nematodes was made according to the
North Carolina Differential Host Test. Results showed that while
Meloidogyne incognita was detected in Andirin, Onikisubat,
Dulkadiroglu, Turkoglu, and Ekinozi districts of Kahramanmaras,
both M. incognita and M. javanica were found in Beyoglu of Turkoglu.
This is the first report of M. javanica infection in Kahramanmaras.
Races of root-knot nematodes were determined as M. incognita race 1,
race 2 and M. javanica race 2.
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Kahramanmarasg Ilindeki Kok-Ur Nematodu Tiir ve Irklarinin Belirlenmesi, Turkiye

OZET

Bitki paraziti kok-ur nematodlar: (Meloidogyne spp.) genis alanlara
yayilan ve sebzelerde ekonomik zararlara neden olan canlilardir. Bu
calismada, Kahramanmaras ilindeki sebze yetistirme alanlarindan
elde edilen kok-ur nematodlarinin teshisi yapilmistir. Genel olarak,
sebze alanlarindan 132 adet kok oOrnegi alinmistir. Toplanan
orneklerden 25 adetinde kok-ur nematodu tespit edilmis ve teghisleri
biyokimyasal (esteraz izoenzim fenotipi), perineal kesit ve molekiiler
yontemlere gore belirlenmigtir. Kok-ur nematodlarimin irk tespiti
Kuzey Karolina Konukc¢u Testine gore yapilmistir. Calisma sonunda,
Kahramanmarag’in Andirin, Onikisubat, Dulkadiroglu, Turkoglu,
Ekinézi ilgelerinde Meloidogyne incognita, Turkoglu Beyoglu'nda ise
hem M. incognita hem de M. javanica tespit
Kahramanmarag ilinde M. javanica ilk kez bulunmustur. Koék-ur
nematodlarimin irklar1 M. incognita irk 1, irk 2 ve M. javanica irk 2
olarak belirlenmigtir.
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Anahtar Kelimeler

Biyokimyasal,

Teghis,

Meloidogyne spp.,
edilmigstir. Molekiler,
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INTRODUCTION losses (Gowda et al. 2019; Tapia-Vazquez et al. 2022;

Among several biotic stresses, root-knot nematodes
(RKN) are a major threat to vegetable production.
Tomato, pepper and eggplant are some of their
important host plants. Eggplant and tomato are known
to be extremely susceptible to root-knot nematodes
infection, causing severe damage that leads to great

Shaaban et al. 2023). Generally, root-knot nematodes
are easily spread through vegetable areas (Collange et
al. 2011; Rao et al. 2015). Second-stage juveniles (J2)
cause the main damage to root cells of plants.
Continuously sucking plant tissue through their styles
gives rise to plants nutrition and element deficits.
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Thus, it causes adverse effects on plant growth. RKN
infections characteristically lead to the formation of
galls on roots.

Plants that are infected by RKN lead to crop reduction,
stunted growth, yellowing, and wilting, and become
more sensitive towards bacteria and fungi in plants
(Wang et al. 2013). The abundance of these organisms
can affect the survival of the plants. Thus when they
are present in high amounts of plant roots, they may
dry and eventually the plant can die (Thorne, 1961).

There are some ways of controlling root-knot
nematodes, including soil solarization, crop rotation,
chemical control, plant resistance, and using other
plant extracts or essential oils as nematicides (Young,
1992; Roberts, 1992; Sijmons et al.1994; Tzortzakakis
et al. 1999; Tytgat et al. 2000). In order to efficiently
control the root-knot nematodes, diagnosis of species
and detection of race methods have great importance.
RKN species are mostly identified based on
morphologic characters (female perineal patterns)
(Eisenback & Triantaphyllou, 1991), isozyme
phenotypes (Esbenshade & Triantaphyllou, 1990) and
molecular techniques (Powers & Harris, 1993; Powers
et al. 1997; Zijlstra et al. 1995; Zijlstra et al. 2000;
Adam et al. 2007).

Biochemical and molecular techniques currently
improve the accuracy of RKN species identification
(Resquin-Romero et al. 2023). Geri¢ Stare et al. (2018,
2019) reported that the best way to distinguish root-
knot nematode is to use the esterase enzyme
phenotype. Esterase phenotyping has been proven to
be species-specific in many cases for Meloidogyne
species (Carneiro et al. 2001; 2008). Nevertheless,
using this technique is limited to the stage of adult
females, but females are not always suitable for
analysis due to the state of root decomposition
(Salgado et al. 2015). Specific sequence characterized
amplified region (SCAR) markers have been
successfully developed to diagnose the dominant
tropical RKNs associated with important crops such as
tomato, coffee, guava, and grapevine; these nematodes
include Meloidogyne javanica, M. arenaria (Zijlstra et
al. 2000), M. incognita (Randig et al. 2002), M.
paranaensis, M. exigua (Randing et al. 2002), M.
enterolobii (Tigano et al. 2010), M. arabicida, M.
izalcoensis (Correa et al. 2013) and M. ethiopica
(Correa et al. 2014). Because of providing a faster
diagnosis possibility, molecular techniques are used in
the identification of root-knot nematodes. Proper and
precise analysis of plant parasitic nematodes is critical
for crop protection (Devran & Sogiit, 2011; Adzitey et
al. 2013).

This study aimed to diagnose root-knot nematode
species and races collected from vegetable growing
areas of Kahramanmarag using perineal patterns,
biochemical (esterase isozyme phenotypes), and
molecular techniques.
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MATERIAL and METHOD
Collection of galled root samples

Surveys were conducted in August and September of
2014 and 2015 in 11 districts (Afsin, Andirin,
Caglayancerit, Dulkadiroglu, Elbistan, Ekinozii,
Goéksun, Nurhak, Onikisubat, Pazarcik and Tiirkoglu)
of Kahramanmarasg province. Root-knot nematode was
found in only 5 districts (Andirin, Dulkadiroglu,
Ekinézii, Onikisubat and Tiirkoglu) of the 11 districts
surveyed. Overall 132 roots of eggplant (Solanum
melongena), tomato (Lycopersicon esculentum) and
pepper (Capsicum annuum) were checked and the 25
samples having galls were collected, placed into
polyethylene bags labelled with necessary information
including coordinates and, stored at refrigerator at +4
°C until use.

Pure cultures of nematodes

In order to make an accurate diagnosis pure cultures
are needed. Egg masses of 25 populations were picked
up from roots with the help of a needle for pure culture.
Tomato seedlings (Falcon) were transplanted into 250-
mL plastic pots filled with sterilized sandy loam soil
and sand (ratio of 2:1) at the fourth true leaf stage and
inoculated with a single egg mass of each population.
Female and J2 were obtained 65 days after inoculation.

Species identification

Identification of nematodes was done with biochemical
(esterase isozyme phenotypes), perineal pattern, and
molecular methods.

Identification of species with the biochemical method

The females obtained pure cultures were crushed and
homogenized individually in 5 pl of extraction buffer
and 5 ul deionized water in an eppendorf tube.
Electrophoresis process was carried out in a
discontinuous buffer system with 8% acrylamide
running gel, pH 8.8, and 4% acrylamide stacking gel,
pH 6.8 in a Bio-Rad mini-PROTEIN II (Bio-Rad,
Singapore).

Then, the homogenized sample was loaded carefully
into the well in the stacking gel. The first and last wells
were loaded with sample of Meloidogyne javanica as a
reference. The voltage was maintained at 80 volts for
the first 13 minutes and increased to 200 volts for the
remaining 45 minutes of running period. Following
electrophoresis, the gels were removed and put into a
staining solution for 45 minutes in the dark. After this
period samples were washed with deionized water and
esterase phenotype bands were compared to diagnosis
according to Esbenshade & Triantaphyllou (1985).

Morphological characterization

Roots were washed with tap water, and cleared from
residues and each female separated with help of a
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scalpel. Adult females were extracted from each root
system under a light microscope (EUROMEX PB 416)
and were placed into %45 lactic acid for 20-25 min.
Perineal patterns of females were cut and mounted in
a glycerol. The perineal pattern method was completed
as described by Hunt & Handoo (2009).

Molecular characterization

DNA extraction: DNA was extracted from egg masses
of each nematode population using DNeasy Tissue
Blood Kit (QIAGEN, Hilden, Germany) according to
instructions of the manufacturer. DNA samples were
kept at -20 °C until used.

PCR conditions: DNA amplifications were conducted
with species-specific primers listed in Table 1. PCR
amplifications were performed in a DNA thermal
cycler with the following thermal cycling program:

initial cycle, 2 min at 95°C; next 40 cycles, 1 min at
94°C; 1 min at 64°C, and 1.5 min at 72 °C for primers
Fjav/Rjav and 2 min at 95 °C; next 40 cycles, 1 min at
94 °C; 1 min at 54 °C, and 1.5 min at 72 °C for primers
Finc/Rinc and 2 min at 95 °C; next 40 cycles, 1 min at
94 °C; 1 min at 64 °C, and 1.5 min at 72 °C for primers
Inc-K14-F/Inc-K14-R. PCR amplification reactions
were performed in a total volume of 40 pL containing 4
ul of 10x PCR Buffer, 1 ul of 250 M deoxynucleoside
triphosphates (dNTPs) (Favorgen Biotech Corp.,
Taiwan), 1ul 20 picomoles of each primer, 2 mM
MgCI2, 20 ng of template DNA and 1 Unit Taqg DNA
Polymerase (Vivantis). PCR was run using a Techne
PHC-3 (Techne, Cambridge, UK) thermal cycler.
Amplified PCR products were run on 1.5%
electrophoresis gel (Bio-Rad, Hercules, CA) and
analyzed under UV light.

Table 1. Primers used for molecular identification of Meloidogyne incognita and M. javanica
Cizelge 1. Meloidogyne incognita ve M. javanica’nin molekiiler tespiti i¢in kullanilan primerler

Name of primer  Species Primer sequences (5-3) DNA Fragment (bp) References
Finc | M. incognita CTCTGCCCAATGAGCTGTCC 1200 Zijlstra et al. (2000)
Rinc CTCTGCCCTCACATTAAG
Inc-K14F | M. incognita CCCGCTACACCCTCAACTTC 399 Randig et al. (2002)
Inc-K14R GGGATGTGTAAATGCTCCTG
Fjav | M. javanica GGTGCGCGATTGAACTGAGC 670 Zijlstra et al. (2000)
Rjav CAGGCCCTTCAGTGGAACTATAC

Race determination

The North Carolina Differential Host Test was
conducted in the growth chambers. Experiment
conditions were 25+1 °C and %60+10 humidity with 16
h light. Four-leaf stage seedlings of tobacco (NC 95),
cotton (Delta Pine 16), tomato (Rutgers), peanut
(Florunner) and pepper (California wonder) plants
were transplanted into 250 ml plastic pots filled with
sterilized sandy soil (%80 sand, %20 peat). The trial
was designed as a randomized plots design, with four
replications. RKN egg masses were obtained from pure
cultures and were incubated for two days at 28 °C
based on the modified Baermann-funnel method
(Hooper 1986) and then J2 counted under stereo
microscope. Seedlings were inoculated with
approximately 1000 J2. They were watered as needed
and fertilized during the trial. Sixty-five days after
nematode inoculation, plants were harvested and egg
masses on roots were assessed using 0-5 scale galling
index (Hartman & Sasser, 1985).

RESULTS
Species 1dentification of 25 populations obtained from
vegetable areas infested  with RKN in

Kahramanmarasg province and its districts were made
using the perineal pattern, biochemical and molecular
methods. Two species were identified M. incognita (23
populations) and M. javanica (2 populations). While
Meloidogyne incognita was found in eggplant (11
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populations), pepper (4 populations), and tomato (10
populations) grown in Andirin, Dulkadiroglu, Ekinézii,
Onikisubat and Turkoglu districts, M. javanica was
detected in tomato and eggplant in a location (Beyoglu)
in Tirkoglu district (Table 2). The morphological
species diagnosis indicated that the perineal shape of
M. incognita was oval-round, the dorsal arch was
angular and high, and the striae were wavy. The
perineal pattern of M. javanica was typical with a
rounded low dorsal arch, smooth striae, and clear
parallel lateral lines (Figure 1). According to the
esterase 1sozyme phenotypes diagnostic results, three
different esterase phenotypes were detected as J3, I1
and I2 in this study (Figure 2). Two population
exhibited M. javanica-specific phenotype J3 as used
reference samples. Phenotypes I1 and I2 are species-
specific for M. incognita. Phenotype 12 was the most
prevalent esterase phenotypes and were detected in 18
populations, while phenotype 11 was in 5 populations.

Species-specific SCAR primer pairs were used for the
identification of Meloidogyne incognita and M.
javanica. Three pairs of primers were tested on DNA
samples obtained from egg masses and resulted in
consistent amplifications. Meloidogyne incognita
species primer pairs Finc/Rinc and inc-K14-F/ inc-K14-
R produced a single band of 1200 bp and a single band
of 399 bp for 23 populations, respectively (Figures 3
and 4). DNA samples of these populations were no
amplifications when Fjav/Rjav primer set was used.
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Figure 1. Perineal patterns of Meloidogyne incognita
(a) and Meloidogyne javanica (b).

Sekil 1. Meloidogyne incognita (a) ve Meloidogyne
javanica (b) anal kesitleri

Figure 2. Esterase phenotypes results in Meloidogyne
species a) Meloidogyne incognita (Est: 11)
(Sample no: 56 B) b) Meloidogyne incognita
(Est: I2) (Sample no: 49 P) ¢) Meloidogyne
javanica (Est: J3) (Sample no: 53 D), Positive
control (L1 and L2)

Sekil 2. Meloidogyne tiirlerinin esteraz fenotip
sonuglarr a) Meloidogyne incognita (Est: 11)
(Ornek no: 56 B) b) Meloidogyne incognita
(Est: 12) (Ornek no: 49 P) ¢) Meloidogyne
javanica (Est: J3) (Ornek no’ 53 D), Pozitif
kontrol (L1 and L2).

Meloidogyne  javanica  species-specific  primers

Fjav/Rjav produced a band of 670 bp for two

populations (Figure 5). However, the DNA of these

populations was not amplified products when

Finc/Rinc and inc-K14-F/ inc-K14-R primer sets were

used.

In this study, race identification of root-knot
nematodes was made according to the North
Carolina Differential Host Test. As a result of the
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experiment, M. incognita race 1 egg mass was not
found in tobacco, cotton and peanut plants but found
in pepper and tomato plants. For M. incognita race 2
egg mass was not found in cotton and peanut plants,
egg mass was observed in tobacco, pepper and tomato
plants. For M. javanica race 2 egg mass was not found
in tobacco, cotton, peanut plants, egg mass was
observed in pepper and tomato plants. The races of the
species were determined as Meloidogyne incognita
race 1 (Andirin/cicek,  Déngele, = Merkez;
Onikisubat/Aksu; Tiirkoglu/Beyoglu), M. incognita
race 2 (Tiirkoglu/Beyoglu and Yenipinar) and M.
Jjavanica race 2 (Tiirkoglu/Beyoglu) (Table 2).

DISCUSSION and CONCLUSION

Root-knot nematode populations obtained on tomato,
pepper, and eggplant plants in Kahramanmaras and
its districts were diagnosed based on perineal pattern,
biochemical and molecular methods, and Meloidogyne
Incognita and M. javanica were determined in the
study. In previous studies, it was stated that the most
important and common species were M. incognita and
M. javanica in Tirkiye (Sogit & Elekcioglu, 2000;
Ozarslandan & Elekcioglu, 2010). In the Eastern
Mediterranean Region, M. incognita was found as the
dominant species previously

(Ségut & Elekgioglu, 2000; Ozarslandan & Elekcioglu,
2010; Giirkan et al. 2019, Aslan & Elekcioglu, 2022).
Similarly, in our data, Meloidogyne incognita was
found to be the most common RKN in
Kahramanmaras. The study by Cetintas & Cakmak
(2016), diagnosis of Meloidogyne incognita was made
according to esterase phenotypes and perineal pattern
methods and while only Meloidogyne incognita has
been reported in Kahramanmaras (Pazarcik,
Tirkoglu, and Centre) in their study, M. incognita and
M. javanica were detected in Tiurkoglu/Beyoglu in this
current study. Previous studies in the Mediterranean
region, Giirkan et al. (2019) the species identification
study of root-knot nematodes in vegetable fields
(tomato, pepper, eggplant, bean and okra) of Gaziantep
and Osmaniye provinces based on biochemical and
perineal methods. They identified M. incognita, M.
javanica and M. arenaria in Gaziantep and M.
Incognita, M. javanica, M. arenaria and M. luci in
Osmaniye. In the study of Aslan & Elekgioglu, 2022,
the diagnosis of root-knot nematodes in the greenhouse
vegetable areas of the Eastern Mediterranean Region
was made according to biochemical and molecular
(SCAR primers) methods. M. incognita and M.
javanica were detected in Mersin, Adana, and Hatay
provinces.

In this study, M. incognita race 1 was detected in
Turkoglu, Onikigubat, and Andirin, while M. incognita
race 2 and M. javanica race 2 were detected in
Turkoglu. At the end of the study, M. incognita race 1
and race 2, M. javanica race 2 in tomato and eggplant
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M 12D 13D 14P 15D 178 30pP 331D 34Pp 35D 3s6p
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M 38B 39D 40D 44D 45B 47P 49P S1P 52P 54P 55P 56B 103D

ISOObp — — — — e - . —— —— G O

Figure 3. Amplification products with the Meloidogyne incognita Finc/Rinc SCAR primers. M: 100 bp DNA Ladder
(Vivantis), Samples (12D-103D).

Sekil 3. Meloidogyne incognita Finc/Rinc SCAR primerleri ile amplifikasyon triinleri. M: 100 bp DNA Ladder
(Vivantis), Ornekler (12D-103D).

M 12D 13D 14P 15D 7B 309 33D 34P 35D 36P 35B 39D 40D 44D 458 47P 40P S|P S2P S4P S5P 56B 1030

: %

399 bp

Figure 4. Amplification products with the Meloidogyne incognita Inc-K14-F/Inc-K14-R SCAR primers. M: 100 bp
DNA Ladder (Vivantis), Samples (12D-103D).

Sekil 4. Meloidogyne incognita Inc-K14-F/Inc-K14-R SCAR primerleri ile amplifikasyon tirtinleri. M: 100 bp DNA
Ladder (Vivantis), Ornekler (12D-103D).
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Figure 5. Amplification products with the Meloidogyne javanica Fjav/Rjav SCAR primers. M: 100 bp DNA Ladder
(Vivantis), Samples (50P and 53D).

Sekil 6. Meloidogyne javanica Fjav/Ejav SCAR primerleri ile amplifikasyon tirtinleri. M: 100 bp DNA Ladder
(Vivantis), Ornekler (50P ve 53D).

Table 2. Species and race determination in Kahramanmaras and its districts
Cizelge 2. Kahramanmaras ve ilgelerindeki tir ve irk tespiti

Sample Host District/Location  Latitude Longitude Altitude Species Race

Code plant (m) identification* identification
12D Tomato Turkoglu/Aydin Kavak  37°24'37"  36°47'25" 696 M. incognita (Est 11) Race 1
13D Tomato Tiurkoglu/Aydin Kavak  37°25'12"  36°48'13" 682 M. incognita (Est 11) Race 1
14P Eggplant Tirkoglu/Yenipinar 37°25'28"  36°48'29" 726 M. incognita (Est: 12) Race 2
15D Tomato Tiirkoglu/Yenipinar 37°25'28"  36°48'29" 727 M. incognita (Est: 12) Race 2
17B Pepper Onikisubat/Aksu 37°32'08"  36°55'01" 490 M. incognita (Est: 12) Race 1
30P Eggplant  Dulkadiroglu/Cigli 37°29'272" 37°03'986" 689 M. incognita (Est: 12) Race 1
33D Tomato Andirin/Déngele 37°33'847"  36°38'447" 609 M. incognita (Est: 12) Race 1
34P Eggplant Andirin/Déngele 37°33'663" 36°38'442" 652 M. incognita (Est: 12) Race 1
35D Tomato Andirin/Déngele 37°33'479" 36°38'236" 671 M. incognita (Est: 12) Race 1
36P Eggplant  Andirin/Déngele 37°33'434" 36°38'480" 691 M. incognita (Est: 12) Race 1
38B Pepper Andirin/Durdular 37°33'352" 36°38'042" 704 M. incognita (Est: 12) Race 1
39D Tomato  Andirin/Centre 37°34'217" 36°21'523" 995 M. incognita (Est: 11) Race 1
40D Tomato Andirin/Cicekli 37°34'704"  36°20'168" 1102 M. incognita (Est: 12) Race 1
44D Tomato  Andirin/Centre 37°31'760" 36°22'240" 644 M. incognita (Est: 12) Race 1
45B Pepper Tiirkoglu/Beyoglu 37°17'213"  36°09'630" 503 M. incognita (Est: 12) Race 1
47P Eggplant Turkoglu/Beyoglu 37°17'129"  36°47'101" 506 M. incognita (Est: 11) Race 1
49P Eggplant Turkoglu/Beyoglu 37°17'157"  36°47'084" 509 M. incognita (Est: 12) Race 1
50P Eggplant Turkoglu/Beyoglu 37°17'254" 36°47'124" 512 M. javanica (Est: J3) Race 2
51P Eggplant Tirkoglu/Beyoglu 37°17'259"  36°47'120" 511 M. incognita (Est: 12) Race 1
52P Eggplant Turkoglu/Beyoglu 37°17'271"  36°47'104" 515 M. incognita (Est: 12) Race 1
53D Tomato Turkoglu/Beyoglu 37°17'442"  36°47'337" 503 M. javanica (Est: J3) Race 2
54P Eggplant Tirkoglu/Beyoglu 37°17'453" 36°47'337" 504 M. incognita (Est: 12) Race 2
55P Eggplant Tiirkoglu/Beyoglu 37°17'440" 36°47'332" 507 M. incognita (Est: 12) Race 2
568 Pepper Tiirkoglu/Beyoglu 37°17'427"  36°47'333" 505 M. incognita (Est: 11) Race 2
103D Tomato Ekinézii/Centre 38°02'831"  11°33'7" 1251 M. incognita (Est: 12) Race 1

*Est: Esterase phenotypes

plant, M. incognita race 1 and race 2 in pepper plant for the first time in located in the KEastern
were determined. Race determination for the Mediterranean Region. In previous studies of race
populations obtained from Kahramanmaras was made detection in our country, M. incognita race 1, race 2,
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race 4, race 5, race 6 and M. javanica race 1 and race 5
were reported (Ségiit & Elekcioglu, 2000; Mennan &
Ecevit, 2001; Devran & Sogiit, 2011; Kacar, 2011). In
the study of Cetintas & Cakmak, (2016), only the
species were identified in Turkoglu/Aydin kavak and
Dulkadiroglu/Cigli, while in this study, the race of M.
incognita was determined according to the North
Carolina Differential Host Test (race 1). Gurkan et al.
(2019) detected race 1, race 2, race 3 of M. incognita,
race 3 of M. javanica and race 1 and race 3 of M.
arenaria from 20 populations examined in the
Mediterranean regio.

This study showed that precise diagnostic of root-knot
nematode relies not only on morphological features but
also on other techniques including molecular and
biochemical methods. Identification studies are mostly
time-consuming and need much professional skills
(Blok et al. 2002). Furthermore, perineal patterns of
some species are closely similar to each other which
makes the morphological identifications incomplete.
Nevertheless, it is needed for the confirmation of the
other identification steps. Thus, controlling the root-
knot nematodes requires rapid and precise analysis
tools. In this study, species of Meloidogyne incognita
and M. javanica that are very important parasites of
vegetables and lead to high crop losses in
Kahramanmaras province were determined by
applying SCAR primers.

Meloidogyne spp. is one of the key plant parasitic
nematode groups becoming a growing concern for
vegetable producers. Control of parasitic nematodes
depends on detection ability and accurate diagnosis of
nematode species to apply suitable and sustainable
management methods. This is the first report of M.
javanica on tomato and eggplant in Kahramanmarag
province. These findings show a potential risk of
nematode presence and possible crop losses in eggplant
and tomato growing areas in this region. Setting up
cultural control techniques will be needed to reduce
infestation around these areas. It is suggested that
more effective control management tactics such as the
use of resistant varieties and crop rotation should be
applied. In addition, an integrated nematode
management approach involving the combination of
two or more suitable approaches using locally available
resources in an integrated form can be necessary to
deal with the threat of Meloidogyne spp. in vegetable
areas.
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OZET Tarla Bitkileri
Anadolu adagay1 (Salvia fruticosa MILL.) gida, kozmetik ilac gibi bircok

sektorde yaygin olarak kullanilmaktadir. Tirkiye dogal florasinda Aragtirma Makalesi
yayilig gésteren bu tiirtin ticari degeri, diger Salvia tirlerine gore oldukea

yiuksektir. Ticarete konu olan wriinin biuylk g¢ogunlugu dogadan Makale Tarihgesi
toplanmakta ve standart bir 6zellige sahip degildir. Dogadan toplanan Gelis Tarth1  :21.07.2022
turlerde verim ve kaliteyi etkileyen bir¢cok faktor bulunmaktadir. Kabul Tarihi :24.02.2023
Standart 6zelliklere sahip bir Grtinin elde edilmesi i1slah ¢alismalar ile

mumkiindiir. Bu ¢alisma, klonal olarak gelistirilen 6 adet C-klonu ile 1 Anahtar Kelimeler

dogal populasyonun verim ve kalite 6zelliklerini belirlemek amaciyla Salvia triloba
yuritulmustir. C-klonlarinda 2 yil st tste bitki boyu, dal sayisi, taze Clone selection

herba ve yaprak verimi, kuru herba ve yaprak verimi gibi verim kriterleri Breeding

yaninda ucgucu yag orani ve bilesenleri belirlenmistir. Ugucu yag oranlari, Essential oil
hidrodistilasyon yontemiyle klevenger diizeneginde belirlenmistir. 1,8 cineoles

Ugucu yaglarin bilegen oranlar1 ise GC-MS/FID cihaz ile kapiler kolon
kullanilarak analiz edilmistir. Iki y1lik degerlendirmede, ilk y1l klonlar
arasinda verim Kkriterleri acisindan bir farklhilik gérilmezken ikinei yil
farklilik goértilmustir. Kuru herba verimi 1100.00-4280.00 g bitki!
arasinda degisim gosterirken kuru yaprak verimi 123.33-576.67 g bitki!
arasinda degisim gostermistir. Ugucu yag orami %2.00-2.33 arasinda
tespit edilmistir. Analizler sonucunda, 1,8 cineol, camphor, B-pinene ve
B-caryophyllene uc¢ucu yagda bulunan ana bilegsenler olarak
belirlenmigtir. Calisma sonucunda, geligtirilmis Anadolu adacayi
klonlarinin verim ve kalite 6zellikleri bakimindan 6ne ¢ikan iki genotip
(Fk2-9 ve Fk4-9) ticari cesit olarak énerilmistir.

Determination of Yield and Quality Characteristics of Improved Anatolian Sage (Salvia fruticosa MILL.)
Clones

ABSTRACT Field Crops

Salvia fruticosa MILL. 1s widely used in many sectors such as food and

pharmaceuticals. The commercial value of this species, which 1is Research Article
widespread in the natural flora of Turkey, is quite high compared to other : :

Salvia species. The majority of the product that is subject to trade is Artlc}e Hlstory'

collected from nature and does not have a standard feature. There are Received ) 21.07.2022
many factors that affect yield and quality in species collected from nature. Accepted e
Obtaining a product with standard features is possible with breeding Keywords

studies. This study was carried out to determine the yield and quality
characteristics of 6 clonally developed C-clones. In C-clones, yield criteria
such as plant height, the number of branches, fresh herb and leaf yield,
dry herb and leaf yield, as well as essential oil content and components
were determined for 2 consecutive years. Essential oil ratios were
determined by hydrodistillation method in the Klevenger apparatus.
Component ratios of essential oils were analyzed by GC-MS/FID. Dry
herb yield varied between 1100.00-4280.00 g plant!, while dry leaf yield
varied between 123.33-576.67 g plantl. The essential oil ratio was
determined between 2.00 and 2.33%. As a result of the analysis, 1,8
cineol, camphor, B-pinene and B-caryophyllene were determined as the

Salvia triloba
Clone selection
Breeding
Essential o1l
1,8 cineoles
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main components in the essential oil. As a result of the study, two
genotypes that stand out in terms of yield and quality characteristics of
improved Anatolian sage clones were registered as commercial varieties.

Atif I¢in:

Uysal Bayar, F., Géliikcii, M., Alan, M., Alim, E., & Turgut, K (2024). Gelistirilmis Anadolu Adacay1 (Salvia

fruticosa MILL.) Klonlarinin Verim ve Kalite Ozelliklerinin Belirlenmesi . KSU Tarim ve Doga Derg 27 (1),
183-193. https://doi.org/10.18016/ksutarimdoga.vi. 0000-0002-7130-5704

To Cite :

Uysal Bayar, F., Goliikcii, M., Alan, M., Alim, E., & Turgut, K (2024). Determination of Yield and Quality

Characteristics of Improved Anatolian Sage (Salvia fiuticosa MILL.) Clones. KSU J. Agric Nat 27(1), 183-
193. https://doi.org/10.18016/ksutarimdoga.vi.1146526

GIRIS

Lamiaceae familyasina ait S. fruticosa tiliriin tarimi
son yillarda ivme kazanmistir. Bu tir, siklikla
Anadolu adacay: olarak bilinirken, adacayi, boz ¢alba
veya elma calbasi olarak da bilinmektedir. Yapraklari
cay olarak tiketilir ve yapraklarindan elde edilen
ugucu yaga ‘elma yagr’ denir. Solunum yolu
enfeksiyonlarina, sinir hastaliklarina ve ishale iyi
geldigi bilinen Anadolu adagayinin ayni zamanda agri
kesici 6zelligi oldugu bildirilmektedir (Baytop, 1999).
Son yillarda dogal iriinlere olan talebin artmasiyla
birlikte tibbi aromatik Dbitkilerin pazar hacmi
artmigtir. Turkiye’de bu bitkiler daha ¢ok dogadan
toplanmaktadir. Dogadan toplanan uriinlerde kalite

standardizasyonu anlaminda zorluklarla
karsilagilabilmektedir. Bununla birlikte, dogal
floranin korunmasi ic¢in, bu bitkilerin dogadan

toplanmasi denetlenmeli, Ureticiler desteklenmeli ve
standartlara uymayan turunler pazarlanmamalidir
(Metin ve ark. 2012; Erol, 2015).

Gunumiizde yeterli miktarda standart ve kaliteli tirtin
temini dogal bitkilerin toplanmasiyla mimkiin
olamamakta, bu bitkilerin diizenli olarak kultiiriniun
yapilabilmesi i¢in seleksiyon ve 1slah c¢aligsmalariyla
istenilen niteliklere ulastirilmasi gerekmektedir
(Bayram ve ark., 2010; Leontaritou ve ark., 2020).
Standart ham maddeyi elde etmenin baglica yolu ise
ilgili tirde uygun cesit gelistirmektir. Bitkilerde verim
ve ucucu yag miktari, genetik faktorler basta olmak
uzere, bitki tur ve cesidi, bitki yasi, yetistirildigi
ekolojik kogullar, hasat edildigi zaman, maruz kaldig:
abiyotik stres kogsullari gibi bir¢ok faktore gore degisim
gosterebilmektedir (Saharkhix ve ark., 2009; Karik &
Saglam, 2017; Elmas ve ark., 2019). Tibbi ve aromatik
bitkilerden elde edilen dogal triinlerde olugsan agigin
giderilmesi i¢in yuritilen 1slah ¢aligmalar: ile gerek
herba verimi gerekse ugucu yag orani agisindan yeni
cesitler gelistirilmistir (Bayram, 2001; Telci & Sahbaz,
2005; Telci ve ark., 2006; Arslan ve ark., 2014, Lal ve
ark., 2021). Ancak, farkli ekolojilerde yoreye uygun
cesit gelistirme ¢aligmalari ve ugucu yag ana bilesen
oranlar1 degisim konusunda degerlendirmeler kisitl
diizeydedir. Islahta belirleyici olan, liretici ve piyasa
talebi dogrultusunda arastirma yapmaktir (Franzel ve
ark., 1996). Piyasa taleplerinin uzun vadede dogadan
toplanarak karsilanmasi mimkiin degildir. Ayrica,
diinya pazarlari, ila¢ sanayii; etken madde miktar ve
kalitesi yiksek, “standart” tiriin talep etmektedir. Bu
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kapsamda yuksek verimli ve piyasanin talep ettigi
kalite standartlarina uygun c¢esit gelistirme
caligmalar: énem kazanmigstir. Bugliine kadar yapilan
pek ¢ok calisma tohumdan gelen genotipler tizerinde
yuriatilmustur. Bu c¢alisma ile klonal olarak
gelistirilen 6 adet C-klonunun (cesit adaylarinin) baz
morfolojik 6zellikleri, taze-kuru herba ve yaprak verim
degerleri, ucucu yag orani ve bilesenleri ortaya
konulmus, verim agisindan bazi klonlarin tescil
edilmesi 6nerilmistir.

MATERYAL ve METOD

Materyal olarak, ‘Antalya Florasinda Yetisen Baz
Adacay1 (Salvia spp.) Tirlerinde Seleksiyon Islahr’ ve
‘Antalya Florasinda Bulunan Anadolu Adacay1 (Salvia
fruticosa MILL.) Populasyonlarinda Seleksiyon Islahi
ile Ustiin Ozelliklere Sahip Genotiplerin Belirlenmesi’
isimli projelerde, 15 farkli popiilasyondan 1250 klon
uzerinde yapilan ¢aligmalardan gelistirilen, 6 adet C-
klonu kullamilmigtir. Buna ek olarak, Antalya-
Gelidonya populasyonu tohumlarindan elde edilen
fideler kontrol amagh ¢aligmada yer almistir. Materyal
bilgileri Cizelge 1’de verilmistir. Standart tiretimde
daha elverigli olmasindan dolayi, bu ¢calismada klonal
materyal kullanilmigtir.

Calisma Bati1 Akdeniz Tarimsal Arastirma Enstitlisi
Aksu yerlegkesinde yuriutilmustir. Deneme alaninin
bulundugu Antalya ilinde yazlar sicak ve kurak, kiglar
ihk ve yagishdir. Antalya Meteoroloji Bolge
Mudirlugi kayitlarina gore denemenin yurutuldiga
yillara ait ortalama yagis, sicaklik ve oransal nem
degerlerinin, uzun yillar ortalamalarina yakin
degerler  oldugu  belirlenmigtir.  Arastirmanin
yurituldiga 24 ay boyunca ortalama sicaklik 19 °C,
ortalama yagis 60 mm ve ortalama nispi nem %73
olarak kaydedilmistir (Cizelge 2).

Calisma, tesaduf bloklar1 deneme desenine gére 4
tekerrirli olarak kurulmustur. Deneme alaninda
toprak hazirligi yapilmis alana, damlama sulama
sistemi kurulmusg ve malg serilmisgtir. Deneme alanina
28 Mart 2017 tarihinde, segilen C-klonlar: sira arasi 70
cm, sira Uzeri mesafe 40 cm ve her sirada 10 bitki
olacak sekilde 4 sira halinde dikilmistir. Yetigsme
siirecince, tiim kiiltiirel uygulamalar (giibreleme,
sulama, yabanci otlarin temizlenmesi, ilaglama, hasat,
vb. islemler) yapilmistir. Kiiltiirel islemlere iliskin
gorintiler Sekil 1'de verilmigtir. Dikimden bir yil
sonra 2018 y1li mart ayinda, ¢iceklenme ile birlikte ilk
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y1l hasadi yapilmistir. Ikinei yil hasat, ilk y1l oldugu
gibi, cigeklenmenin oldugu mart ayinda
gerceklesmigtir. Ikinci yilda klonlardan Fk5-7 ve Fd4-

13 hastalik (Fusarium ssp. ) nedeniyle énemli kayiplar
yasamis ve deneme dig1 birakilmigtir.

Cizelge 1. Arastirma kapsaminda kullanilan bitkisel materyal bilgileri
Table 1. Herbal material information used within the scope of the research

Materyal Lokasyon Yiikseklik (m) Kordinat
Fk3-16 Kemer 31 363459K 303433D
Fk4-9 Kemer 137 363206 K 303235D
Fk4-14 Kemer 137 363206 K 303235D
Fk5-7 Kemer 20 364096 K 303343 D
Fd2-9 Demre 68 401049K 357557D
Fd4-13 Demre 5 401018K 357549D
Standard Kumluca 57 361411 K 302441 D
Cizelge 2. Denemenin yurituldigi yillara ait iklimsel veriler
Table 2. Climatic data of the years of the experiment
Yallar 2017 2018
Aylar Haziran Temmuz Agust. Eylil Ekim Kasim Aralik Ocak Subat Mart Nisan Mayis
Yagis (mm) 0.0 0.0 0.0 0.0 29.0 48.0 74.0 93.0 91.0 940 2.0 19.0
Ort. nispi
nem (%) 66.4 62.0 72.3 724 649 74.0 81.8 722 83.0 78.9 68.7 66.2
Ortalama
sicaklik (°C) 25.8 29.4 27.9 25.2 19.7 14.4 12.0 10.8 12.8 15.0 18.5 23.2
En yuksek
sicaklik (°C) 44.5 44.8 40.3 36.9 19.7 32.2 25.9 20.9 21.2 25.8 35.2 35.6
En dusuk
sicaklik (°C) 15.5 18.3 19.0 14.7 19.7 3.1 0.8 1.7 3.4 6.8 6.7 11.9
YILLAR 2018 2019
AYLAR Haz. Tem. Agust. Eylil Ekim Kasim Aralik Ocak Subat Mart Nisan Mayis
Yagis (mm) 65.0 18.0 0.0 13.0 24.0 57.0 156.0 300.0 127.0 720 149.0 7.0
Ort. nispi
nem (%) 72.8 65.8 71.2 65.1 67.3 72.5 78.0 85.1 80.1 76.7 75.6 71.9
Ortalama
sicaklik (°C) 25.5 28.5 28.0 25.9 20.4 15.7 11.5 9.6 114 13.4 15.8 21.3
En yiksek
sicaklik (°C) 38.0 43.3 40.8 40.7 35.5 31.5 21.6 17.6 20.6 27.4 27.6 36.3
En dusuk
sicaklik (°C) 16.3 18.2 172 15.2 7.2 7.2 0.0 0.8 36 25 5.6 9.9

Ornekleme Yontemi

Hasattan once, toprak ylizeyinden bitkinin en ug
noktasina kadar olan yiikseklik bitki boyu (cm) olarak
belirlenmistir. Dal sayis1 (adet) ise, bicimden once
bitkide olusan ana dallar sayilarak tespit edilmigtir.
Yesil herba verimi (g bitkil), bitkiler, toprak
seviyesinden 10 cm yukseklikte bic¢ilip tartilarak, bitki
basina yesil herba verimi g/bitki olarak belirlenmistir.
Yesil yaprak verimi (g bitki?) ise, taze herbadan alinan
500 g'lik 6rneklerde yaprak-sap ayrimi yapilarak %
yaprak orani belirlenmis ve bundan yararlanmilarak
bitki bagina yesil yaprak verimi hesaplanmigtir. Kuru
herba ve kuru yaprak verimleri, taze herbadan alinan
500 g’lik 6rnek 35 °C de kurutularak % nem kayiplari
hesaplanarak belirlenmistir (Uysal, 2015).

Laboratuvar analizleri

Ucucu yag orami (%), hidrodistilasyon yontemiyle
klevenger diizeneginde belirlenmigtir. 20 g 6rnek
tzerine 200 ml saf su ilave edilerek 3 saat slireyle
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distilasyon gerceklestirilmis ve ucucu yag orani (ml
100 g kuru érnek, %) hesaplanmistir (Anonim 2011).
Adagay1 orneklerinde elde edilen ugucu yaglarin
bilesen oranlari, GC-MS/FID (Gaz kromatografisi
(Agilent 7890A)-kiitle detektér (Agilent 5975C)/alev
iyonizasyon dedektérii) cihazi ile kapiler kolon (HP
Innowax Capillary; 60.0 m x 0.25 mm x 0.25 pm)
kullanilarak gergeklestirilmistir. Bu amacla 6ncelikle
ornekler 1:100 oraninda n-hekzan ile seyreltilmigtir.
Analizde tasiyic1 gaz olarak 0.8 ml dakika! akig
hizinda yiiksek saflikta helyum kullamilmigtir.
Ornekler cihaza 1 pl olarak 40:1 split orani ile enjekte
edilmistir. Enjeksiyon blogu sicakligi 250°C, kolon
sicaklik programi 60°C (10 dakika), 60°C’den 220°C’ye
4°C/dakika ve 220°C (10 dakika) olacak sekilde
ayarlanmigtir. Bu sicaklik programi dogrultusunda
toplam analiz siliresi 60 dakika olmustur. Kitle
detektérii icin tarama arahig (m/z) 35-450 atomik
kiitle linitesi ve elektron bombardimani iyonizasyonu
70 eV kullanilmistir. Ugucu yagin bilesenlerinin
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teshisinde MS dedektor verileri esas alinmis bu
amagla Wiley7n ve Oil Adams kiitiphanelerinden
yararlanilmistir. Ayrica bilegsen tanimlamada C8-40

alkan serisi verileri ile birlikte bilesenleri alikonma
indisi verileri de dikkate alinmigtir. Sonuglarin bilesen
oranlar1 FID dedektor kullanilarak belirlenmigtir.

Sekil 1. Deneme alanina ve kilturel islemlere iligkin gortintiler
Figure 1. Images of the trial area and cultural operations

Istatistik Analizler

Istatistik analizler icin iki yil siiresince olciilen ve
gbézlenen bilegen verilerinin asagidaki karma (mixed)

model  kullanmilmigtir. Her yil aynn ayn
degerlendirilmigtir.

yijk:ﬂ+Bi+Cj+eijk (1)
Modelde;

Yijk = 1 . blokta, ;. klonda, k. gézlemi,

B; = 1. blogun sabit (fixed) etkisini (=1, 2...4),

C; = J. klonun (genotip) rastlantisal etkisini (I= 1, 2 7),
e;jx = deneysel hatay1 géstermektedir.

Verilerde sira disi  gozlemler olup olmadig:
denetlenmig, normal dagilim gostermeyen dal sayisi,
kuru herba, taze yaprak ve kuru yaprak 6zelliklerine
karek6ék dontstimi uygulanmig, diger o6zelliklerin
normal dagildigi goriillerek istatistik analizler
yuritulmustir. Her bir 6zellik igin yapilan varyans
analizi sonucunda farkhilik gésteren faktorler igin ise
duyarliligr daha yiiksek olan Student-Newman-Keuls
(SNK) coklu karsilastirma testi uygulanmistir.
Verilerin analizinde SAS 9.0 istatistik paket programi
kullanilmistir (SAS Institute Inc. 2002).

BULGULAR ve TARTISMA

Anadolu adagay1 klonlarindan elde edilen ve piyasada
siklikla kullanilan kuru yaprak miktar: 2018 yili genel
ortalamasi1 326.82 g bitki!, 2019 yili genel ortalamasi
667.83 bitki! olmustur (Cizelge 3). Ikinci yi1l kuru
yaprak verimi iki kattan fazla artis gostermistir.
Adagay1 tariminda 6nemli parametrelerden olan ugucu
yag orani 2018 yili genel ortalamasi %2.06, 2019 yili
genel ortalamas: ise %2.17 olarak tespit edilmistir.
Buradan anlagildig1 Gizere genel ortalamalar agisinda
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klonlar arasindan ugucu yag orani acisindan buytk bir
degisimin olmadigr gorilmektedir. Arastirmada
incelenen diger parametreler olan bitki boyu, dal
sayisi, taze herba verimi, kuru herba verimi, taze
yaprak verimi 2018 yil1 genel ortalamalari sirasiyla
139.08 cm, 13.63 adet bitki!, 3537.34 g bitkil, 818.45
g bitki-1ve 1365.24 g bitki! olarak belirlenmistir. Ayni
ozelliklere ait 2019 yil1 genel ortalamalar ise sirasiyla
107.31 cm, 23.05 adet bitki!, 5576.71 g bitki1, 2120.46
g bitki! ve 2409.17 g bitki-! bulunmusgtur. Bitki boyu
ortalamalar1 yillar itibari ile farklilik gostermekte ve
bitki boyu ikinci yil dismektedir. Bu durum ilk yil
dikimde 5 aylik fidelerin kullanilmasi ve fidelerin
belirli bir boyda olmasi ile agiklanabilir. Dal sayisi
ortalamasinda ikinci yil bir artis sé6z konusudur. Bu
durum 1ise, ilk yil hasadindan sonra apikal
dormansinin kirilmasi ile birlikte yan dallanmanin
tesvik edilmesi ile aciklanabilir. Ikinci yil verim
degerleri, dallanma artigina paralel olarak artig
gbstermigtir.

Ozelliklerde 2018 yilina ait varyans analizi Cizelge
4’verilmigtir. C-klonlar1 arasinda tum 6zellikler
acisindan istatiksel anlamda bir farklihk
gorulmemigstir. Bitki boyu 6l¢iimleri 82.33-196.33 cm
arasinda degisim gosterirken, bitki dal sayis1 ise 7.00-
19.66 adet arasinda degisim gostermistir. Onemli
verim degerlerinden olan taze herba verim degeri ilk
yil en yiksek 6273.33 g bitki! olurken, sanayide asil
kullanilan kisim olan kuru yaprak verimi en yluksek
576.67 g bitki!l olmustur. Ugucu yag oranlar1 ise
%2.00-2.50 arasinda degisim géstermigtir.
Ozelliklerde 2019 yilina ait varyans analizi Cizelge
5’verilmigtir. Ugucu yag disinda klonlar arasindaki
farklhiliklar istatistik olarak 6nemli bulunmustur.
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Cizelge 3. Yillara gore verim ozelliklerine iligkin temel parametreler
Table 3. Basic parameters of yield characteristics by years
Parametreler Yil Ortlama+SH Standart sapma En disuk En yiiksek
Bitki boyu (cm) 2018 139.08+5.11 27.08 82.33 196.33
2019 107.31+£3.63 16.22 78.67 141.67
Dal sayis1 (adet bitki1) 2018  13.63+0.61 3.22 7.00 19.66
2019 23.05+1.56 7.00 12.33 41.33
Taze herba verimi (g bitki ) 2018 3537.34+272.99 1444.54 1340.00 6273.33
2019 5576.71+389.82 1743.35 2420.00 8660.00
Kuru herba verimi (g bitki) 2018 818.45+66.89 353.97 283.00 1423.33
2019 2120.46+180.02 805.10 1100.00 4280.00
Taze yaprak verimi (g bitki1) 2018 1365.24+114.45 605.59 433.33 2760.00
2019 2409.17+155.85 697.00 1360.00 4120.00
Kuru Yaprak Verimi (g bitki1) 2018 326.82+21.39 113.23 123.33 576.67
2019 667.83+36.44 162.98 380.00 930.00
Ucucu Yag Orani (%) 2018  2.06+0.03 0.15 1.67 2.33
2019 2.17+0.14 0.15 2.00 2.33
Cizelge 4. Ozelliklerde 2018 yilina ait varyans analizi
Table 4. Analysis of variance in properties for 2018
Parametreler Varyasyon Serbestlik Kareler F degeri P degeri
kaynagi derecesi ortalamasi
Bitki boyu (cm) Blok 3 534.57 0.74 0.5433
Klon 6 858.16 1.18 0.3582
Hata 18 724.84
Dal sayis1 (adet bitki™ Blok 3 0.56 3.29 0.0446
D) Klon 6 0.12 0.70 0.6548
Hata 18 0.17
Taze herba verimi (g Blok 3 4062174.00 1.75 0.1924
bitki1) Klon 6 402790.00 0.17 0.9806
Hata 18 2318738.00
Kuru herba verimi (g Blok 3 38.12 0.72 0.5505
bitki1) Klon 6 5.05 0.10 0.9959
Hata 18 52.64
Taze yaprak verimi (g Blok 3 182.99 3.08 0.0536
bitki1) Klon 6 23.06 0.39 0.8767
Hata 18 59.34
Kuru yaprak verimi (g Blok 3 7758.28 0.50 0.6900
bitki1) Klon 6 6841.15 0.44 0.8446
Hata 18 15658.00
Ucucu yag orani (%) Blok 3 0.02 1.20 0.3381
Klon 6 0.06 1.49 0.2387
Hata 18 0.02
Bitki boyu uzunluklar1 95.58-124.30 c¢m arasinda (41.33 adet bitki-1) ise Mossi ve ark., 2011 ile
degisim gosterirken en yiiksek bitki boyu standart benzerlik géstermektedir.
olarak kullanilan populasyondan elde edilmigtir. Bitki Yapilan istatistik analizi sonucunda, C-klonlar

dal sayisiise 17.20-31.50 adet bitki-1 arasinda degisim
gostermigtir. Fd2-9 numarali klon en fazla dal sayisina
sahip klon olmustur. Bu klonu, 24.9 adet bitki-1 ile
Fk4-15 numarali klon takip etmistir (Cizelge 6).
Aragtirmadan elde edilen bitki boyu 6lgiimleri, Karik
(2015) ile uyum icerisindeyken, Mossi ve ark., (2011)
ve Elmas ve ark. 2019°dan daha yiiksektir. Bitki dal
sayis1 acisindan diger arastirmalar ile farklihik
gostermekle birlikte ilk yi1l elde edilen maksimum dal
sayist (19.66 adet bitki-1) Elmas ve ark. 2019 ile
benzerlik gosterirken, ikinci yil elde edilen deger
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arasinda taze herba verimi agisindan énemli bir farkin
oldugu belirlenmistir (Cizelge 5). Taze herba verimi
3835.00-7796.00 g bitki! arasinda  degisim
gosterirken, kuru herba verim degeri 1581.30-3041.20
g bitki! arasinda degisim géstermistir. En yiiksek taze
herba verim degeri, Tohumluk Tescil ve Sertifikasyon
Merkez Miidiirliigii'ne (TTSM) sunulan Fk4-9
numarali klondan elde edilmigtir. Bu klonu 6573 g
bitki! ile Fd2-9 numaral klon izlemigtir. Klonlardan
elde edilen kuru yaprak verimi, 525.80-830.00 g bitki!
arasinda degisim géstermistir. En yiiksek kuru yaprak
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verim degeri, TTSM’ye tescile sunulan bir diger gesit
adayr Fd2-9 numarali klondan elde edilmistir. Fk4-9
numarali klon herba verimi agisindan 6n plana
cikarken Fd2-9 numarali klon yaprak verimi agisindan
én plana cikmaktadir (Cizelge 6). Bu durum, Fd2-9
klonundaki bitkilerin internot araliklarinin dar olmasi
ve bitki bagina diigen yaprak sayisinin fazla olmas ile
aciklanabilir. Anadolu adagayinin verimi tiizerine
bircok arastirici calismalar yiiritmiistiir (Turhan,
2020; Yilmaz, 2019; Elmas ve ark. (2019), Karik &
Saglam, 2017; Uysal, 2015; Karik, 2015; Mossi ve ark.,
2011; Bayram ve ark. 1999). Calismadan elde edilen
verim degerleri bu arastirmalardan elde edilen

Cizelge 5. Ozelliklerde 2019 yilina ait varyans analizi
Table 5. Analysis of variance for 2019 in features

calismalardan oldukca yiiksektir. Yilmaz (2019)’da 6
kat, Bayram ve ark. (1999)’dan 8 kat fazla yesil herba
verimi elde edilmistir. Elde edilen yesil herba verim
degeri Karik (2015) ile benzerlik géstermekle birlikte,
elde edilen kuru yaprak verimi Karik (2015)’den 2 kat
daha fazladir. Bu durum farkli morfolojik bitkisel
ozellikler (sik yaprak dizilisi, kalin gévde sap1 vb.) ile
aciklanabilecegi gibi, gelistirilmis adagay1 klonlarinin
ustunluga ile de aciklanabilir.  Cizelge 5.
incelendiginde, klonlar arasinda ucgucu yag oram
acisindan 6nemli bir farkin olmadig1 gérilmektedir.
Oysa verim ve kalite agisindan 6ne ¢ikan klonlar
ozelliklere gore Cizelge 6’da gorilmektedir.

Parametreler Varyasyon Serbestlik Kareler F degeri P degeri
kaynagi derecesi ortalamasi

Bitki boyu (cm) Blok 3 134.53 1.50 0.2652
Klon 4 879.15 9.79 0.0009
Hata 12 89.84

Dal sayisi (adet bitki?)  Blok 3 0.30 1.00 0.4258
Klon 4 1.30 4.34 0.0212
Hata 12 0.30

Taze herba verimi (g Blok 3 833448.00 0.73 0.5530

bitki1) Klon 4 10391853.00 9.12 0.0013
Hata 12 1139842.00

Kuru herba verimi (g Blok 3 3.62 0.09 0.9656

bitki1) Klon 4 202.18 4.87 0.0144
Hata 12 41.50

Taze yaprak verimi (g Blok 3 24.92 0.89 0.4733

bitki1) Klon 4 122.03 4.37 0.0208
Hata 12 27.94

Kuru yaprak verimi (g Blok 3 1212.39 0.08 0.9671

bitki1) Klon 4 82268.00 5.74 0.0081
Hata 12 14332.00

Ugucu yag oran1 (%)  Blok 3 0.005 0.17 0.9168
Klon 4 0.015 0.50 0.7365
Hata 12 0.029

Cizelge 6. Ozelliklerin SNK coklu kargilagtirma testi sonuglar1 (2019)
Table 6. SNK multiple comparison test results of features (2019)

Bitki boyu Dal sayis1 Taze herba  Kuru herba  Taze yaprak kuru yaprak

Ornekler (cm) (adet bitki'  Verimi (g Verimi (g verimi (g verimi (g bitki-
D, bitki1) bitki1) bitki1) D)

Standart 124.3+7.5a 17.242.6 b 4419+363 bc 1652+167 ab 1872+73 ab 525.8+50.7 ¢
Fk4-9 119.4+1.8 a 19.7+0.6 ab 7796+324 a 3041+405 a 28344272 a 812.5+51.0 ab
Fd2-9 107.6+4.0 ab 31.5+3.5a 6573+393 ab 2568+363 ab 2610+80 a 830.0+26.4 a
Fk3-16 95.6:3.0 b  20.8+3.2ab 3835+498 ¢ 1581+203 b 1771£175 ab  610.8+83.3 abc
Fk4-15 89.8+6.2 b 24.9+42.2ab 5258+841bc 1631+208 b 2855+509 a 560.0+42.4 be

Gunumiizde, tibbi aromatik bitkiler i¢in en yiiksek
ugucu yag orani tespiti yeterli olmamakta, ugucu
yvagda bulunan bilesenlerin degisimlerini ortaya
koymak onem arz etmektedir. Bu nedenle mevcut
calismada her iki yilda hasat ile birlikte klonlarin
ugucu yag bilesenleri belirlenmistir. Elde edilen
sonuclar c¢izelge 7’de verilmistir. Yapilan analizler

sonucunda farkli klon ve yillarda 16-21 aras: bilegsen
belirlenmigtir. Tim klonlarda 1,8 sineol, beta-pinene,
beta-Caryophyllene, alpha.-pinene ve Camphor ana
bilesen olarak tespit edilmistir. Anadolu adagayi ugucu
yag bilesenleri icerisinde 1,8 sineol 6nemli bir yer
tutmaktadir. Ik y1l ve ikinci yil belirlenen ugucu
yagdaki 1,8-sineol oranlar1 Cizelge 7’de verilmistir.
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Cizelge 7. Klonlarin 2018 ve 2019 yillarina iliskin ucucu yag bilesenleri (%)

Table 7. Essential oil components of clones for 2018 and 2019 (%)
Bilesenler (%) Fk4-9 Fk4-14 Fk3-16 Fk5-7 Fd2-9 Fd4-13 Standart

2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019

a-pinen 4.55 4.79 4.78 4.79 4.96 4.56 3.90 4.98 4.54 4.29 5.39 4.79
Kamfen 2.25 2.74 0.43 0.20 0.50 2.31 0.49 0.82 5.34 2.50
Bpinen 12.13  9.90 17.18 14.02 1592 1398 6.04 16.57 13.73 12.48 7.76 8.22
B-Mirsn 4.18 4.60 6.56 5.13 6.62 5.16 12.94 6.43 5.56 3.90 4.14 6.00
Limonen 0.96 1.27 0.89 0.97 0.91 0.97 0.98 0.88 0.97 2.04 1.40 1.37
1,8-sineol 48.84 53.01 48.16 58.37 51.00 57.35 43.22 51.14 56.31 62.62 48.14 53.68
y-terpinene 0.68 0.72 0.82 0.70 0.80 0.69 0.82 0.74 0.81 0.41 0.56 0.80
alpha.-Thujone 2.16 1.50 - - 0.80 2.08 1.23
beta.-thujone 2.66 1.68 0.57 0.68 0.51 0.66 1.76 0.56 0.75 1.57 1.54 1.13
Sabinene hydrate  0.65 0.32 0.58 0.56 0.53 0.54 0.29 0.59 0.80 0.69 0.46 1.86
Camphor 4.02 5.73 0.80 1.22 0.75 1.14 4.56 0.64 3.13 2.26 8.33 3.67
Bornyl acetate - - -
beta- 9.01 6.59 9.83 6.85 8.85 6.47 12.76 8.73 4.92 5.32 10.28 7.86
Caryophyllene
delta-terpineol 0.31 0.28 0.96 1.07 0.90 1.10 4.15 0.95 0.73 0.15 0.31
alpha-Humulene 0.93 1.21 0.52 - 1.03 0.46 1.23 1.38 1.66
alpha-Terpineol 0.91 0.45 4.39 0.43 3.62 1.40 0.45 4.25 0.44 1.33
Borneol 0.83 - - 0.41 - 0.30 0.68
Viridiflorol 3.03 1.59 2.92 - 2.16 1.43 2.15 2.07 0.86 0.77 1.27
Spathulenol 0.57 1.38 - 0.40 1.09
Aromadendrene 1.12 0.59 - 0.67 0.62 1.57 0.88 1.01 0.95 0.53
Terpinolene 1.02 3.16 - 3.31 - 3.06 0.13 0.27 1.34
Terpinen-4-ol - - - 0.15
Caryophyllene 0.89 - 0.21 - 0.92 0.80
oxide
alpha.-thujene 0.24 - - - 0.16
1-Octen-3-ol - 0.18 - 0.14
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Cizelge incelendiginde, en yuksek 1,8-sineol orani
(%62.62) calismanin ilk yili, Fd4-13 numaral klonda
bulunmustur. En diisiik 1,8 sineol orani ise (%43.22),
yine calismanin ilk yili Fk5-7'den elde edilmigtir.
Calismanin ikinci yilinda 1,8 sineol oranlar1 %53.01-
58.37 arasinda degisim gostermistir. En yiiksek 1,8-
sineol orani Fk4-14'den elde edilmistir.

Anadolu adagayr ugucu yag bilegenleri icerisinde
onemli bilegsenlerden bir digeri ise beta-pinendir.
Klonlar arasi beta-pinene orani %6.04-17.18 arasinda
degisim gostermistir. En yliksek beta-pinene orani
Fk4-14’de tespit edilmistir. En disiik beta-pinene
orani ise Fk5-7'den elde edilmistir. Ana bilesenlerden
beta-Caryophyllene, alpha-Binene ve Camphor ise
2018 yilinda siras1 ile %5.32-12.76, %3.90-5.39 ve
%0.64-8.33 arasinda tespit edilirken, 2019 yilinda
%7.86-4.92, %4.54-4.79 ve %0.64-5.73 arasinda tespit
edilmistir. Leontaritou ve ark., (2020), Yunanistan'da
Nisan-Mayis aylarinda yaptiklar: ¢alismada a-pinene
oranini %4.19, Fcaryophellene oranini %9.74 olarak
belirlemistir. Sarrou ve ark., (2016) ise nisan-ekim
aylar1 aras1 yaptig1 calismada maksimum #pinene
(%14.07) ve B-caryophyllene (%7.17) oranlar1 nisan
ayinda tespit edilmiglerdir. Calismalardan elde edilen
sonuglar arasindaki farklilhlk temel olarak genetik
farklilik ile aciklanabilir. Diger yandan sicaklik ve
151810 da etkili oldugu (Kargiolaki ve ark., 1994), 11k
ve sicakligin ise yoresel olarak farklilik gosterebilecegi
dikkate alinmalidir. Ayrica bitkilerde bulunan ugucu
yag orani ve bilegenleri, toplanan veya hasat edilen
bitki kisimlarina (Bellomaria ve ark., 1992), bitkinin
farkl gelisme dénemlerine (Porres-Martinez ve ark.,
2014, Kara, 2020), hasat sonras1 kurutma sicakligina
(Venskutonis, 1997, Aydin ve ark., 2019) ve depolama
kosullarina (Dinger ve ark., 2012) gore degisiklik
gosterebilir.

Baz1 sektorler tarafindan istenmeyen Dbilesenler
arasinda yer alan alfa ve B-thujone oranlar: (Hold ve
ark., 2000) klonlara gore farkhihk gdstermektedir.
Fk4-14, Fk3-16, Fd2-9 ve Fd4-13’de alfa-thujone

Cizelge 8. Ozellikler arasindaki korelasyon katsayis1 (2018 yil)

Table 8. Correlation coefficient between features (year 2018)

rastlanmazken, B-thujone eser miktarda rastlanmistir
(Cizelge 7). Ucucu yagdaki bilesenler faydal olabildigi
kadar doza bagli olarak bir¢ok toksik etkiye de sahip
olabilmektedir. Ozellikle camphor ve thujone
bilesenlerinin toksikolojisi lizerine bir¢ok calismalar
yapilmistir. Nikolié ve ark., (2015), yaptig1 bir
¢alismada camphorun mutajenik etkisi oldugunu
ortaya koymustur. Ayrica, Narayan & Singh (2012)
camphorun 6zellikle kiigliik c¢ocuklara toksik etki
yapabilecegini bildirirken, Chen ve ark., (2013),
dugtklere sebep olabilecegini bildirmigtir. Yine
Lachenmeier ve ark., (2006) thujonun merkezi sinir
sitemine etki ettigini ifade ederken Olsen (2000),

thujone’'nun toksik oldugunu ama merkezi sinir
sistemine etki etmek yerine beyni uyar1 etkisi
oldugunu bildirmistir. Calismada ele alinan

geligtirilmis klonlarin diigsik camphor ve thujone
oranlar1 dikkat ¢ekicidir.

Calismada ayrica, morfolojik oOzellikler, verim
degerleri ve ugucu yag oranlari arasindaki etkilesim
degerlendirilmigtir. Elde edilen sonuglara goére 2018
yilinda, ugucu yag orani ile bitki boyu ve dal sayisi
arasinda disik seviyeden negatif korelasyon
goriilmiistiir. Bu sonu¢, Elmas ve ark. (2019 min
yaptigl calisma ile uyum igerisindedir. Diger tum
parametreler arasindaki etkilesim pozitif yonde
olmustur. En yiiksek pozitif korelasyon taze herba
verimi ile taze yaprak verimi arasinda tespit edilmigtir
(Cizelge 8). Bunu taze herba verimi ile kuru herba
verimi arasindaki pozitif korelasyon takip etmistir.
2019 yilinda ise, en yiiksek negatif korelasyon ucucu
yag orani ile dal sayis1 arasinda tespit edilmigtir. En
yiksek pozitif korelasyon ise, taze herba verimi ile
kuru yaprak verimi arasindabelirlenmistir (Cizelge 9).
Ucucu yag orani ile bitki boyu ve dal sayisi arasinda
tespit edilen negatif korelasyon, yetersiz isiklanma ile
aciklanabilir. Bitki boyu ve dallanma arttikca bitkinin
i¢ kisimlarina glines 1s18mnin yeterince ulagsmamasi
beklenen bir durumdur. Nitekim Kargiolaki ve ark.,
(1994), 151k yogunlugu azaldikca, ucucu yag oraninin
azaldigini bildirmiglerdir.

Parametreler Bitki boyu* Dal sayis1 Taze herba Kuru herba Taze yaprak Kuru yaprak
verimi verimi verimi verimi
Dal sayis1 0.04
0.83
Taze herba verimi  0.44 0.58
0.01 0.0012
Kuru herba 0.47 0.56 0.88
verimi 0.0108 0.0019 <.0001
Taze yaprak 0.32 0.55 0.94 0.72
verimi 0.0986 0.0024 <.0001 <.0001
Kuru yaprak 0.45 0.42 0.85 0.72 0.82
verimi 0.0149 0.0280 <.0001 <.0001 <.0001
Ucgucu yag orani -0.05 -0.03 0.03 0.05 0.08 0.08
0.7986 0.8842 0.8848 0.7791 0.6856 0.6635

*Ustteki deger korelasyon katsayisini, alttaki deger olasihig: (istatistik anlamlilik) géstermektedir
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Cizelge 9. Ozellikler arasindaki korelasyon katsayis1 (2019 yil1)
Table 9. Correlation coefficient between features (year 2019)

Bitki Dal sayis1 Taze herba Kuru herba Taze yaprak Kuru yaprak
Parametreler boyu * verimi verimi verimi verimi
Dal sayis1 -0.14
0.5467
Taze herba verimi 0.32 0.22
0.1687 0.3569
Kuru herba verimi 0.36 0.17 0.87
0.1187 0.4684 <.0001
Taze yaprak verimi -0.11 0.26 0.76 0.53
0.6202 0.2661 0.0001 0.0152
Kuru yaprak verimi 0.10 0.38 0.72 0.74 0.52
0.6867 0.1021 0.0003 0.0002 0.0190
Ucgucu yag orani -0.23 -0.28 0.05 -0.11 0.16 0.00
0.3224 0.2271 0.8348 0.6418 0.5082 0.9846

*Ustteki deger korelasyon katsayisini, alttaki deger olasihig: (istatistik anlamlilik) gostermektedir

SONUC ve ONERILER

Bu ¢alisma, klonal olarak gelistirilen C-klonlarinin
(cesit adaylarinin) bazi morfolojik 6zellikleri, verim
degerleri, ugucu yag orami ve bilesenleri belirlemek
amaciyla yuriutilmustir. Calismada, taze herba verim
degeri acisindan Fk4-9 numaral klon ve kuru yaprak
verim degeri agisindan Fd2-9 numarali klon one
caikmigtir. Calismada ele alinan gelistirilmis klonlarin
yiksek 1,8 sineol, disik camphor ve thujone
oranlarina sahip oldugu tespit edilmistir. Anadolu
adacayr farkli amacglar i¢in kullanilmakta ve her
sektorin talep ettigi kalite kriterleri degisiklik
gostermektedir. Sonug olarak; ¢ay tiketimi i¢in dalli
bitki pargalar: kullanildig: i¢in herba verim degeri en
yiiksek ve thujone oran diisiik olan klon (Fk4-9) caylik
cesit olarak 'TURGUT' ticari ismi 1ile tescil
ettirilmistir. Ote yandan sanayide kullanim i¢in, kuru
yaprak verimi ve 1,8 sineol orani ylksek olan klon
(Fd2-9) yaghk cesit olarak 'UYSAL' ticari ismi ile
tescili gerceklestirilmistir. Ileride yapilacak olan
calismalarda, verimin yani sira, bilesenler arasi
korelasyonun g6z 6nitinde tutulmasi, piyasanin talep
ettigi, amaca uygun, hastaliklara dayanikli standart
cesit gelistirilmesi 6nem arz etmektedir.

TESEKKUR

Bu calisma TAGEM/17/A07/P06/10 numarali proje
kapsaminda ytirttilmistir. Tarimsal Arastirmalar ve

Politikalar Genel Miudirligi'ne verilen mali
destekten dolay1 tesekkiir ederiz.

Aragtirmacilarin Katki Oran1 Beyan Ozeti

Yazarlar makaleye egit oranda katki saglamig
olduklarini beyan eder.

Cikar Catigmas1 Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.
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ABSTRACT Soil Science
There are important relationships between humic acid (HA) and the
bioavailability, reactions and mobility of trace elements in the soil. For Research Article

this reason, soils are tried to be improved chemically, biologically and
physically with HA applications. In this study, the relationship of Article History

humic acid contents of 118 agricultural soil samples from Diyarbakir Received 102.01.2023
region with some trace elements (Al, As, Ba, Be, Cd, Fe, Mn, Pb, Sb, Accepted :01.06.2023
Sn, Se, V and P) was evaluated by multivariate statistical analysis.

After the soil samples were solubilized by the microwave wet digestion Keywords

method, the element contents were determined with the ICP OES Trace element
(Inductively Coupled Plasma Optical Emission Spectrometer) device. Humic acid

SRM NIST 2586 was used as SRM (Standard Reference Material) for Correlation

the accuracy of the method. Recovery values were found between Regression

91.6% and 105.9% as a result of the analysis. Humic acid was ICP OES
extracted from soils by the International Society for Humic
Substances (IHSS) method and determined using a shaker and
centrifuge device. For the accuracy of the method, it was tested with
Humic Acid Sodium Salt (HA-Na). Pearson correlation and partial
correlation analysis were applied to the obtained data set. In addition,
multivariate statistical analyses such as multiple regression HCA
(Hierarchical Cluster Analysis) and PCA (Principal Component
Analysis) were applied. Multiple regression analysis was performed
according to the Step-wise method. Manganese and P (p< 0.01) were
significant when HA was taken as the dependent variable. According
to the Pearson correlation coefficient, the correlation between HA and
As (r = -0.282*%) in soil was negative and significant, while Fe (r =
0.185%), Mn (r = 0.273*%)), Sn (r = 0.242%), Se (r = 0.325**) and P (r =
0.315**) were determined as positive and significant. In clustering
and PCA analysis, HA, P Mn and Fe were found to be in the same
group. The analyses have shown that HA has a positive effect on the
plant nutrients in the soil.

Diyarbakir Yéresindeki Bazi Tarim Topraklarimin Hiimik Asit Icerikleri ile Eser Elementler Arasindaki
Iligkinin Cok Degiskenli Istatistiksel Yontemlerle Degerlendirilmesi

OZET Toprak Bilimi
Hiimik asit (HA) ile topraktaki iz elementlerin biyoyarayishhgi,
reaksiyonlar1 ve  hareketliligi arasinda 6nemli iligkiler Aragtirma Makalesi

bulunmaktadir. Bu nedenle topraklar, HA uygulamalariyla kimyasal,

biyolojik ve fiziksel yonden iyilestirilmeye c¢alisilmaktadir. Bu Makale Tarihgesi
calismada, Diyarbakir yoresinden 118 adet tarimsal toprak Gelis Tarth1  :02.01.2023
orneklerinin hiimik asit iceriklerinin bazi iz elementlerle (Al, As, Ba, Kabul Tarihi :01.06.2023
Be, Cd, Fe, Mn, Pb, Sb, Sn, Se, V ve P) olan iligkisi ¢ok degiskenli

istatistiksel analizlerle degerlendirilmigtir. Toprak o6rnekleri Anahtar Kelimeler
mikrodalga yas yakma yontemiyle c¢oziinirlestirildikten sonra Iz element

element icerikleri ICP OES (Inductively Coupled Plasma Optical Humik asit



KSU Tarim ve Doga Derg 27 (1), 194-204, 2024
KSU J. Agric Nat 27 (1), 194-204, 2024

Arastirma Makalesi
Research Article

Emission Spectrometer) cihazi ile belirlenmistir. Yontemin dogrulugu
icin SRM (Standard Reference Material) olarak SRM NIST 2586
kullanilmigtir. Yapilan analiz sonucunda geri kazanim degerleri
%91.6 ile %105.9 arasinda bulunmustur. Hiimik asit topraklardan
International Society for Humic Substances (IHSS) yéntemiyle
ekstrakte edilmig, calkalayici ve santifrij cihazi kullanilarak
belirlenmigtir. Yontemin dogrulugu i¢in Humik Asit Sodyum Tuzu
(HA-Na) ile test edilmistir. Elde edilen veri setine Pearson
korelasyonu ve kismi korelasyon analizi uygulanmigtir. Ayrica ¢oklu
regresyon, HCA (Hiyerarsik Kiime Analizi) ve PCA (Principal
Component Analysis) gibi cok degiskenli istatistiksel analizler
uygulanmigtir. Coklu regresyon analizi Step-wise yontemine gore
yapilmistir. Manganese ve P (p< 0.01), HA bagimlh degisken olarak
alindiginda 6nemli bulunmustur. Pearson korelasyon katsayisina
gore toprakta HA ile As (r = -0.282%%) arasindaki iliski negatif ve
anlaml iken, Fe (r = 0.185%), Mn (r =0.273%%)), Sn (r = 0.242%), Se (r =
0.325**) ve P (r = 0.315%*) gibi diger elementlerle pozitif ve anlamli
olarak belirlenmigstir. Kimeleme ve PCA analizinde HA, P Mn ve
Fe'nin aymi grupta oldugu saptanmistir. Yapilan analizler HA’in
topragin bitki besin elementleri lehinde pozitif etki yaptigini

Korelasyon
Regresyon
ICP OES

gOstermigtir.
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INTRODUCTION

Soil and water are the most important natural
resources for living things and all kinds of life forms
and essential food fiber and sheltering production
necessary for the continuity of human life (Nebel, 1990;
Cobanoglu, 2001). It is very important to know the
nature of the soil, and the interactions of the
components in the soil with each other. Understanding
the relationship between organic and inorganic
substances that make up the main body of the soil is
necessary for economically feasible, environmentally
friendly and sustainable utilization of soil. Humic
acids, an economical form of humus, which is the main
component of soil organic matter, can support
traditional fertilisation methods with significant
influences towards enhancing chemical, physical and
biological properties of soil, which have resulted in
increasing consumption in the intensive agricultural
systems. The addition of humic acids to the soil can
stimulate the growth of plants beyond the sustaining
mineral nutrients. These advantages of humic acids let
it common usage all over the world, due to their readiy
accessibility and relatively low cost, in poor organic
matter-containing soils (Conte et al., 2005; Tarhan,
2011; Prado et al., 2016; Yang & Hodson, 2019).

Iron, aluminium and manganese oxides; organic
matter; phosphates, carbonates and sulphides are
important components of soil. The deficiency of certain
elements especially those of cationic micro elements
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are commonly observed in the organic matter scarcity
in the soils and plant responds to this stress
differently. Some heavy metals mainly essential and
beneficial plant nutrients play an important role in the
nutrition of plants, animals, and humans, but their
excessive concentrations can be toxic. The nutritional
functions of humic acids appear especially in the
absorption of plant nutrients in nutrient-deficient
growth environments. Humic acids adsorb some
pesticides applied to the soil, especially herbicides and
buffer their toxicity to untargeted organisms and,
prevent them from mixing into the ground waters. In
addition, it has functions in limiting the mobility and
availability of some toxic heavy metals as well as
harmful radioactive metals to translocate to the plants
(Bozkurt, 2005; Eren, 2020).

Potential toxic metals (As, Ba, Be, Se, V, Sn, Sh, Cd,
Pb and Al) are the leading factors that cause pollution
as a result of agricultural activities and create greater
danger over time. These metals, which cause
significant pollution in the soil, not only negatively
affect productivity in vegetative production, but also
threaten human and animal health by entering the
food chain (Daghan, 2011; Eren & Mert, 2017; Eren,
2019).

As the significance considered, the relationships of
humic substances and trace elements in agricultural
soils have little attention in the current scientific
(Donisa at al., 2003). The aim of this study is to
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evaluate the relationship of some trace elements with
humic acid with some multivariate statistical methods.

MATERIAL and METHOD

Study Area and Samples

Diyarbakir City is located in North Mesopotamia and
in the South-eastern Anatolia Region of Turkey. The
total area of Diyarbakir is 15.355 km2, of which about
2000 km? is classified as urban. It has the largest
urban settlement in Tigris Basin. The continental
climate of the area is called as a subtropical plateau

= ™ 2

climate.

A total of 118 soil samples were collected from
agricultural soils according to the sampling criteria in
different areas and seasons (May, June and July)
shown on the map (Fig 1). The samples were stored at
ambient temperature condition in sealed plastic bag to
preserve the original quality of the soil. The soil
samples were dried in an oven at 80 °C for 12 h. and
samples were crushed using a rotary mill at 18 000
rpm and then were packaged in the glass bottles.

Figure 1. Map of Soil Samples Collected (37.0640, 39.068° latitude, 38.858°, 41.685° longitude)

Sekil 1. Toplanan Toprak Orneklerinin Haritas1 (37.064°, 39.068 enlem, 38.858°, 41.685° boylam )

Reagents and Digestion Procedure

Analytical grade (E. Merck, Darmstadt, Germany)
nitric acid (HNOs, 65%), HCI (37%), HF (40%) and
hydrogen peroxide (H202, 30%) were used for the
digestion of soil samples by means of a Milestone Start
D microwave digestion system (MW). The procedures
were as follows: 0.3 g of soil samples or reference
material (SRM 2586 NIST Gaithersburg, MD 20899
SC), the acid mixture (3 mL HNOs + 9 mL HCl + 1 mL
H202+ 1 mL HF) were placed in a pressure-resistant
PTFE vessels, and was added to each sample and hold
on until gas exhausted. The protocol of the MW
digestion is given in Table 1. After the digestion
procedure, the digests were filtered through Whatman
42 filter paper and diluted to 50 mL with deionized
water.

The instrumental operating protocols are given in
Table 2 and The Detection and Quantification Limits
of Elements, Analytical Wavelengths and  Accuracy
Assessment of Analysis CRM SOIL-A and SRM 2586
by ICP OES showed in Table 3.

Table 1. Microwave digestion procedure for soil

samples

Cizelge 1. Toprak numuneleri i¢in mikrodalga yakma
prosediirti

Step T (min) T ©C) Power (W)

1 15 150 1200

2 20 150 1200

196

Accuracy and Precision of Analytical Method

The ICP OES (Thermo ICAP 6300) were calibrated
with a multi-element Standard solutions (High-purity,
ICV-4, 1408726, Charleston). As, Se and Sb elements
were analyzed in hydride system and working
standard solutions (10, 20, 40, 60 and 100 pg L-1) were
prepared by adding of ascorbic acid and 1.0 % KI and
then they were diluted with 10 % HCI as the samples.
The quantification (LOQ) and detection limits (LOD)
for each metal were calculated as follows: 10
independent analyses of a blank solution spiked with
the metal at a level of lower concentration of the
analytical curve were performed. The quantification
(LOQ) and detection limits (LOD ) were calculated
from the standard deviation (a) of all measurements
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determinations (LOD = 3 x (a) and LOQ = 10 x (). The
certified standard reference materials (SRM 2586
NIST Gaithersburg, MD 20899 SC) and (CRM-SOIL-

A, Lot:1309920 Charleston) were used to assess the
accuracy and precision of the method.

Table 2. Instrumental Operating Conditions Using ICP-OES

Cizelge 2. ICP OES I¢in Cihaz Calisma Kosullar:

Parameters Working conditions Hydride System conditions
Power 1150 W 1350 W
Rotation speed of pump for Flush 100 rpm 50 rpm
Rotation speed of pump for analysis 50 rpm 30 rpm
Pump rest time 5 sec. 5 sec.
Purge gas Argon Argon
Plasma gas Argon Argon
Plasma flow 12 L min! 16 L min'!
Auxiliary flow 0.5 L min! 0.5 L min!
Nebulizer flow 0.6 L min’! 0.3 L min!
Plasma viewing Radial, Axial Axial
Source equilibrium delay 20 sec. 20 sec.

Table 3. The Detection and Quantification Limits of Elements, Analytical Wavelengths and

Accuracy

Assessment of Analysis CRM SOIL-A and SRM 2586 by ICP OES '
Cizelge 3. Elementlerin Tayin ve Dedeksiyon sinirlari, Dalgaboylari ve CRM SOIL-A ile SRM 2586 Referans
Maddelerinin ICP OES ile Analizlerinin Sonuglari

CRM-SOIL-A SRM - 2586
Chemical Found Certified Recov Found Certil;ied values Iiecovery
Flements LOD 10 I(’&.[U&.IS‘) ;a]ue.ls') ?ZL‘)’ I(’&[U&.IS‘) (g gV %)
(1 nm) (gg!) (g g') (Lg & (ng & %, (Lg &
Al (396.152) 0.0716 0.2389 495+5.500 500+3.000 99 63526+540 66520+760 95
As (189.042) 0.0016 0.0050 0.19+0.002 0.20+0.010 95 8.2+2.200 8.7+1.50 94
Ba (493.409) 0.0015 0.0051 4.85+0.060 5.00+0.050 97 402+24.0 413+18.0 97
Be (234.861) 0.0005 0.0017 - - - 1.32 1.4 94
Cd (214.438) 0.0005 0.0018 0.0029+0.00025  0.003 97 2.60+0.620 2.71+0.54 96
Fe (259.940) 0.0190 0.0634 203.6+2.500 200+1.00 102 50315+962 51610+£890 97
Mn (257.610) 0.0017 0.0057 0.098+0.002 0.100+£0.001 98 1024+32.0 1000+18.0 102
Pb (261.418) 0.0227 0.0759 0.38+0.030 0.40+0.020 95 412+13.0 432+17.0 95
Sb (206.833) 0.0067 0.0224 0.031+0.003 0.030+0.001 103 - - -
Sn (189.918)  0.0037 0.0123 - - -
Se (196.090) 0.0030 0.0100 0.0095+0.0008 0.010+0.001 95 0.55+0.090 0.6 92
V (292.402) 0.0077 0.0259 0.98+0.050 0.100+0.005 98 152+12.0 160 95
P (177.495) 0.1682 0.5606 10.6+0.080 10.0+0.100 106 1029+96.0 1001+77.0 103

Isolation of Humic Acid From Soil

The humic acid (HA) coverage of soil (T) samples were
studied using extraction techniques reported by the
International Society for Humic Substances (IHSS)
(Schnitzer & Khan 1972; Stevenson, 1982). 1 g of
Humic acid sodium salt was weighed into the
centrifuge tube and 50 ml of 0.5 N NaOH was added.
200 rpm for 20 hours at 25 °C in a shaker and agitated.
After the agitation was completed, the extract
separated by decantation was centrifuged at 6000 rpm
for 30 minutes and all the suspended solid part was
separated from the solution phase. This process was
continued until the solution turned into a light tea
color. All the extracts were then combined and the
alkaline solution completely separated from the solid
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phase was acidified with 6 M HCl to a pH between 1.0
and 2.0 (pH meter, Inolab 720). Humic acid
precipitated because its solubility was very low
between pH 1.0 and 2.0. After the solution was kept in
the refrigerator for 24 hours, the humic acids became
visible and dark colored humic acids were obtained.
Humic acid was dried in an oven at 65 °C for 24 hours
and its amount was calculated according to the formula
below.

The same procedures were applied to 118 soil samples,
the amount of soil was taken as 50 g.

% Humic Acid = (m/n).100

m: sample weighed after oven (g)

n: ODW of the sample taken (Oven dry weight value,

g)
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Statistical Analysis

The data were subjected to multivariate statistical
analysis procedures by using SPSS 21.0 statistical
package programs. In order to reveal the coherence
between the measured parameters and differentiate
the origin of metals Pearson correlation, multiple
regression, cluster analysis (CA) and principal
component analysis (PCA) were performed after
normalizing the data set (Lu et al. 2012; Zhang, 2006).
The Kaiser-Meyer-Olkin (KMO) coefficient above 0.60
showed that our data set was suitable for PCA. The
Barlett Test of Sphericity significance value was found
to be 0.01. PCA results were interpreted according to
hypothetical chemical element sources (Peris et al.,
2008; Yuan et al., 2013). Hierarchical CA was
performed according to Ward method (Cai et al., 2012;
Chen et al., 2012; Franco-Uria et al., 2009; Mico et al.,
2006; Xia et al., 2011). The results are summarized in
a dendrogram. As the K-S (Kolmogorov Smirnov)
normality test revealed that the data-set can be
considered normally distributed (p>0.05) unless
otherwise the related data set were transformed by log
transformation. Differences between applications were
considered significant if p<0.05 and when the analysis
results were below the LOD, they were accepted as the
half of the LOD.

RESULTS and DISCUSSION

In this study, a total of 118 soil samples collected from
agricultural lands in different regions of Diyarbakir
determined the relationships between humic acid (HA)
and trace elements (Al, Fe, Ba, P, Sn, Cd, Pb, V, Sb,

As, Mn, Be, Se). Statistical analysis such as Pearson
correlation multiple regression analysis, HCA
(Hierarchical clustering analysis, Fig. 5-6) and PCA
(Principle component analysis, Fig. 3) were applied to
results and The amount of humic acid obtained from
soil samples showed in Table 4.

Pearson correlation was applied to results and the
relationship in between HA and elements evaluated by
coefficient showed a correlation of elements and humic
acid with each other. Pearson correlation coefficient
indicated that As showed a negative correlation with
HA, while Fe, Mn, Sn and Se showed a positive
correlation with humic acid and all variables stuations
were showed in Table 6.

Partial correlation coefficients showed variables
situations when HA stabilized and all coefficients were
showed in Table 7.

The descriptive statistics for the total trace element
concentration of experimental soils showed in Table 5.

The results of HA were not showed normal distribution
therefore log transformation applied to results and
results were showed normalized distribution (Fig. 2).

Principal component Analysis (PCA) was applied to
data-sets before this KMO (Kaiser-Mayer-Olkin)
coefficient and Barlett globality test were determined.
These coefficients showed data suitable for component
analysis. KMO coefficient of 0.624 was found and
Barlett globality test was significant at p< 0.01. When
scree plot Eigenvalue bigger than 1 value, it were
found as 5 components, P1: Mn, Fe, Pb, Cd, Sb, P2: HA
and P, P3: V, Al, As, P4: Be, Se, P5: Ba and Se (Fig.3)

Table 4. The amount of humic acid obtained from soil samples
Cizelge 4. Toprak orneklerinden elde edilen hiimik asit miktari

Samples HA (%) Samples HA (%) Samples HA (%) Samples HA (%) Samples HA (%)
T1 0.360 T25 0.102 T49 0.390 T73 0.171 T97 0.092
T2 1.020 T26 0.142 T50 0.142 T74 0.152 T98 0.040
T3 0.133 T27 0.096 T51 0.440 T75 0.095 T99 0.085
T4 0.112 T28 0.170 T52 0.106 T76 0.113 T100 0.076
T5 2.340 T29 0.455 T53 0.134 T77 0.106 T101 0.070
Te 0.133 T30 0.146 T54 0.200 T78 0.130 T102 0.087
T7 0.390 T31 0.126 T55 0.230 T79 0.103 T103 0.230
T8 0.146 T32 0.211 T56 0.080 T80 0.133 T104 0.158
T9 0.076 T33 0.170 T57 0.076 T81 0.120 T105 0.177
T10 0.115 T34 0.130 T58 0.122 T82 0.132 T106 0.172
Ti1 0.230 T35 0.144 T59 0.151 T83 0.105 T107 0.166
Ti2 0.112 T36 0.090 T60 0.441 T84 0.156 T108 0.082
T13 0.121 T37 0.070 T61 0.092 T85 0.142 T109 0.360
T14 0.155 T38 0.141 T62 0.181 T86 0.130 T110 0.933
T15 0.074 T39 0.221 T63 0.133 T87 0.095 Ti111 0.110
Ti16 0.142 T40 0.154 T64 0.132 T88 0.097 T112 0.126
T17 0.190 T41 0.126 T65 0.232 T89 0.113 T113 0.172
T18 0.112 T42 0.110 T66 0.174 T90 0.220 T114 0.131
T19 0.121 T43 0.087 T67 0.190 T91 0.116 T115 1.230
T20 0.100 T44 0.121 T68 0.240 T92 0.076 T116 0.910
T21 0.133 T45 0.235 T69 0.122 T93 0.152 T117 0.210
T22 0.164 T46 0.090 T70 0.151 T94 1.920 T118 0.111
T23 0.100 T47 0.086 T71 0.177 T95 0.104

T24 0.122 T48 0.132 T72 0.160 T96 1.080

*:significant (P<0.05), **:significant (P<0.01)
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Table 5. Descriptive statistics for total trace element concentration of experimental soils
Cizelge 6. Topraklarin toplam iz elementi i¢erigine ait tanimlayici analizler merkezi egilim ve dagilim édlgiileri

Standard standard (0174
Elements N Mean Median deviationnn error Distorti  Stickiness  Min. Max. %)
Al 118 45967.9 44811.5 16117.9 1483.7 -0.401 0.129 1522 81696 35.06
As 118 6.77 7.29 4.42 0.406 -0.083 -0.839 0.0008 16.5 65.24
Ba 117 209.9 203 75.03 6.93 1.023 3.072 63 555 35.74
Be 116 0.746 0.74 0.371 0.034 1.734 8.641 0.0003 2.88 49.74
Cd 118 0.968 0.945 0.487 0.044 -0.161 -0.311 0.00025 2 50.27
Fe 118 46587.7 45236 14651.3 1348.7 0.470 0.327 13367 86647 31.44
Mn 118 1249.6 1126.5 529.4 27.5 1.352 1.474 419 3006 42.36
Pb 118 40.5 40.25 11.3 1.03 0.511 0.778 15 74.8 27.85
Sb 118 4.43 4.37 1.81 0.16 0.767 0.680 1.54 9.92 40.79
Sn 118 0.495 0.435 0.248 0.02 1.484 3.029 0.08 1.55 50.10
Se 115 0.856 0.83 0.464 0.04 1.011 2.741 0.093 2.8 54.20
Vv 89 134.1 133 51.8 5.49 -0.041 -0.226 5.83 252 38.62
P 118 860.2 787 304.6 14.44 1.779 4.578 200 2154 35.40
HA %) 118 0.221 0.133 0.316 0.029 4.643 24.471 0.040 2.340 143.63
Tablo 6. Humik asit ve toplam iz element konsantrasyonlar1 arasindaki Pearson korelasyon katsayisi
izelge 6.Pearson correlation coefficients between humic acid and total trace element concentrations
£
s a e e n n e

Al A B. B cd Fe Mi Pb Sh S S Vv P HA
Al
As 0.178
Ba 0.398** -0.411**
Be -0.035 -0.060 -0.043
Cd 0.020 -0.030 0.005 -0.027
Fe 0.623** -0.405** 0.428** 0.054 0.032
Mn 0.374%% -0.595%*% 0.471** 0.021 0.104 0.734*:
Pb 0.105 0.008 0.129 0.057  0.338** 0.245* 0.225%
Sph 0.181* -0.311**  0.082 0.231* 0.352**  0.441* 0.515** 0.252%*
Sn 0.112 -0.279**  0.193* -0.220* -0.175 0.250** 0.208* 0.023 0.066
Se 0.135 -0.066 0.025 0.179  -0.007 0.447* 0.368%* 0.140 0.299** (0.224*
VvV -0.451** -0.399** 0.100 0.029 0.043 -0.088 0.248* -0.237*  -0.005 0.299** 0.103
P -0.081 0.143 -0.071 -0.113 0.101 -0.035 -0.042 -0.125 -0.046 0.161 0.138 0.111
HA -0.004 -0.282**  (0.002 -0.098 0.082 0.185* 0.273** 0.011 0.087 0.242** (0.325%* 0.040 0.31f

Table 7. The Partial correlation relationship in between elements and stabilized humic acid in soil samples
Cizelge 7. Toprak orneklerinde elementler ve stabilize hiimik asit arasindaki kismi korelasyon iliskisi

Al As Ba Be Cd Fe Mn Pb Shb Sn Se vV P
Al
As 0.020
Ba 0.268*  -0.324%*
Be -0.010 -0.160  0.005
Cd 0.423** -0.045 0.135 -0.246*
Fe 0.636** -0.221* 0.310** 0.223*  0.555%*
Mn 0.283** -0.479%* 0.361** 0.204 0.424**  0.663**
Pb 0.265* -0.131  0.249*  -0.075  0.465** 0.509%* 0.507**
Sb  0.188 -0.141  -0.037  0.289%* 0.244*  0.521** 0.579** (.300%*
Sn -0.002 -0.141 0.120 -0.270*  0.169 0.070 0.109 0.118 -0.015
Se 0.094 0.068 -0.127 0.257* -0.098 0.323*%* 0.216 0.150 0.276*%  0.293**
\% -0.567** -0.310** 0.005 0.145 -0.124 -0.273*  0.119 -0.206 -0.097 0.225* 0.006
P -0.138 0.379*%* -0.173 -0.054 -0.055 -0.318** -0.338** -0.303** -0.157 -0.014 -0.051 -0.084

When we performed multiple regression analysis with
Stepwise Method, it was possible to develop two
models with P and Mn at significance level p<0.01

when the

dependent variable was HA. In the
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model

18

shown

below;
The

regression model, R2=0.407, F = 23.69 were found. The
equation
0.294+0.000201*Mn+0.000282*P.
determination coefficient, F is Fisher coefficient, N is

HA= -
R2,
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the sample number. As the HA independent variable,
The HA can explain a significant portion of variation

HAHOmik asit(%)

Frequency

Frequency
s s

HAHOmik asie(%)

(R? in the dependent variable, as shown in Fig 4 for
As, Mn, P, and Se in the regression models.

HA logT

|

HAlogT

Figure 2. Histograms with normal distribution curve for the original and log-transformed data set
Sekil 2. Orijinal ve log donlisiimii ile normallestirilmis veri setinin histogram ve normal dagilim egrisi

Scres Plot

Eigenvaive

N R
Component Number

Component Plot in Rotated Space

Cemponart 2

Figure 3. Scree plot and component graphs
Sekil 3. Scree plot ve bilesen grafikleri

Statistical data of HA and some elements

According to the results of the statistical analysis data,
the relationship between humic acid and phosphorus
element was better than other elements. A significant
portion of soil P is bound to soil organic matter
(Stevenson, 1994) and soil organic matter can only
accumulate in recalcitrant fractions such as HA, fulvic
acids and humin (Usta, 1995). According to the
results, minimum and maximum values of P in soil
were between 200- 2154 mg kg-1, and the CV values
were found as 35.40%. In the factor (PCA) analysis, HA
and P were in the same principal component (N:118).
This indicates above mentioned co-occurrence and co-
accumulation fact of P and soil organic matter.
According to Pearson correlation, P was found to show
a significant positive correlation with HA (r = 0.315%%).
In the multiple regression analysis, a significant
regression model was observed with P and Mn (P
<0.01) when HA was the dependent variable with Step-
wise regression procedures. The hierarchical cluster
and factor analysis results pointed out similar
coherence between P and HA.

200

The descriptive statistics describing the nature and
occurrence of some elements and humic acid were
calculated and briefly given below.

Aluminium: The mean, minimum and maximum
values of Al were 45967.9, 1522, and 81696 mg kg-1,
respectively. The coefficient of variation (CV) was
found to be 35.06%. In factor analysis, Al, V, and As
were in the same in the same principal component (N:
118), in addition, Al, Ba, Cd, Mn, and Fe were also in
close relation in the CA (Cluster analysis). The PCA
and correlation analysis were relived a significant
correlation coefficients Al-V (0.81), As-Fe (0.85), As-Pb
(0.56), Cd-Sn (0.71), Fe-Mn (0.70), Fe-V (0.59) are
reported in the literature (Rodriguez et al., 2015). The
PCA and CA analysis aggregate Fe and Mn always in
the same group due to the accumulation of these
elements in the soil formation processes. A significant
correlation was found between Fe and humic acid (r =
0.383*) according to Giirel et al. (2015). It can be stated
that the soil organic matter and Fe concentrations of
soils developing from any parent material is largely
dependent on the weathering levels controlled by
mainly water and thermal regime of any specific
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location (Weil and Brady, 2016; Usta, 1995). In
general, the more weathering causes the higher
organic matter, including HA and sesquioxides (mainly
Fe, Al oxi(hyd)oxides in the soil) accumulation.

HA =-0,156672 +
0,0003022*Mn
F:39,862

HA =-0,060297 +
0,000327*P
F:12,75

Regression graphs of some elements showing
significant correlation with humic acid showed in
Fig.4.

HA =0,0776942 +
0,161145*Se,
F:6,92,

o . ® __0_’-— ps
| AP Ve 2

=

HA =0,0471129 +
0,0392035*Sh
F:6,12

| AR

HA = 0,3580029 -
0,0202239*As
F:10,050

-

[
-~

MRREITR S Lo NS

Figure 4. Regression graphs of some elements showing significant correlation with humic acid
Sekil 4. Hiimik asit ile 6nemli korelasyon gésteren bazi elementlerin regresyon grafikleri

Cadmium: The mean, minimum and maximum values
of Cd were found as 0.968, <0.0005, and 2 mg kg-1,
respectively. The CV value was 50.25%. In factor
analysis, Cd, Mn, Fe, Pb, and Sb were the same factor
and in cluster analysis Cd, Mn and Fe were in the same
group (N: 118). This can be explained as Fe and Mn
oxides have excessive adsorption capacity for Cd.
(Alloway, 1996).

Humic Acid: The mean, minimum and maximum
values of HA were determined as 0.221, 0.040, and
2.340 (%), respectively. According to Sahin (2012), HA
reported a HA abundance of 29.3% in Chernozem soil
while Giirel et al. (2015) found HA content between
%0.35 and %2.09 in the Blacksea region’s soils,
moreover according to Tokay and Yasar (2008) in
Kigikkuyu and Burhaniye soils HA were found %0.38
and %1.23 respectively. CV value of humic acids in the
soils was found as 143.63% and the range and
variation of the results were too large, the data were
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far from normal distribution thus log transformation
was applied to normalize the data. In factor and HCA
analysis HA and P were the same group (N: 118).

Hierarchical clustering analysis was performed and
the summarized version was given in the form of a
dendrogram. When all variables are taken into
account, the clustered version of the samples and the
clustered version of the variables on the basis of the
samples are given in Figure 5 and Figure 6.

CONCLUSIONS

Heavy metals were found to be above the permissible
threshold values in some soils, but generally, the soils
of the region were found to be in safe range for the
respective trace elements. Both Pearson correlation
analysis and multiple regression, PCA and CA
analyses showed that the elements useful to the soil (P,
Fe, Mn and Se) were more attached to the soils with
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HA, whereas toxic elements such as As and Cd were
less bound. Naturally, this is an important condition
for the healthy growth of plants. Therefore, it has been
concluded that HA can be a good regulator for
agricultural soils and can be used for this purpose.

e )

g =

v e

Except for Karacadag region, all agricultural soils in
Diyarbakir province were found to be poor in terms of
humic acid (Table4, Fig 1). Thus, it is advisable for
producers to improve their soils with HA fertilizers.

LERRRREANY

Fig. 5. Dendrogram of clustering analysis of Fig. 6. Dendrogram of clustering analysis of all
variables samples

Sekil 5. Degiskenlerin kiimeleme analizinin Sekil 6. Tim oOrneklerin kiimeleme analizinin
dendrogrami dendrogrami
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ABSTRACT

In this study, extracts were obtained from rosemary, anise, cinnamon,
ginger, peppermint, turmeric, fennel, clove, laurel leaves and thyme. The
total phenolic content amount, antioxidant activity value and antifungal
properties of these extracts were aimed to determine the extracts. Among
the extracts, clove, cinnamon, turmeric and ginger were superior in terms
of total phenolic content values, clove, cinnamon, turmeric, ginger, laurel
leaves and rosemary extracts were superior in terms of antioxidant
activity. The highest inhibition zone diameters among mold strains were
determined by the use of extracts of cinnamon, turmeric, ginger, clove
and laurel leaves against Aspergillus oryzae, Penicillium digitatum and
Aspergillus niger strains. The results suggested the potential use of
cinnamon and clove extracts as natural agents.

OZET

Bu calismada biberiye, anason, tarcin, zencefil, nane, zerdecal, rezene,
karanfil, defne yapragi ve kekik' ten ekstrakt elde edilmistir. Bu
ekstraktlarin toplam fenolik madde miktari, antioksidan aktivite ve
antifungal ozelliklerinin belirlenmesi amaclanmistir. Ekstraktlardan
karanfil, tarcin, zerdecal ve zencefilin toplam fenolik madde miktara
daha yiksek iken antioksidan aktivite degerleri agisindan karanfil,
tarcin, zerdecal, zencefil, defne yaprag: ve biberiye ekstraktlar1 daha
ustin olmustur. Kif sugslarina kars: en yiiksek inhibisyon zon ¢aplari,
tarcin, zerdecal, zencefil, karanfil ve defne yapragi ekstraktlarinin
Aspergillus oryzae, Penicillium digitatum ve Aspergillus niger suslarina
karst belirlenmigtir. Tim sonuglar degerlendirildiginde, tarcin ve
karanfil ekstraktlarinin dogal koruyucu ajan olarak potansiyel
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INTRODUCTION

Antioxidant and antimicrobial substances have
essential effects in preventing spoilage and increasing
food's shelflife, quality, and safety in the food industry.
Synthetic agents have toxicity, high costs, and less
effect than natural agents (Ansari et al., 2013). Also,
synthetic agents cause different negative health effects
such as diabetes, allergenic reactions, asthma,
hyperkinesis, cancer and cardiovascular diseases
(Tewari et al., 2020).

Natural preservatives can be obtained from different

sources as spices, animals and microbial (Ribes et al.,
2018). Spice sources have important antifungal effects
thanks to secondary metabolite components such as
phenolic compounds, essential oils, flavonoids and
alkaloids (Ciocan & Bara, 2007). Bioactive compounds
having antimicrobial effects derived from spices are
eugenol in cloves, thymol in thyme, carvacrol in
oregano, vanillin in vanilla, allicin in garlic, cinnamic
aldehyde in cinnamon and allyl isothiocyanate in
mustard (Lopez-Malo et al., 2005).

The dominant active ingredient of anise is anethole;



KSU Tarim ve Doga Derg 27 (1), 205-215, 2024
KSU J. Agric Nat 27 (1), 205-215, 2024

Arastirma Makalesi
Research Article

eugenol and (E)-cinnamyl acetate of cinnamon;
curcumin of curcuma; eugenol of ginger; transanethol
of fennel; eugenol of clove and laurel leaves; bornyl
acetate of rosemary; catechin of mint and carvacrol of
thymeThese spices can be wused as anticancer,
antidepressant, antiviral, nematocidal, mutagenic,
antispasmodic, antifungal, antibacterial and anti-
inflammatory agents thanks to this Dbioactive
component (Luigia & Giuseppe, 2005; Salehi
Surmaghi, 2006; Fecka & Turek, 2007; Al-Bayati,
2008; Shojaii & Abdolahi Fard, 2011; Ribeiro-Santos et
al.,, 2015; Koldas et al.,, 2015; Kumar et al.,, 2011;
Kumar et al., 2019; El-Saber Batiha et al., 2020). The
spice extraction process ensures a great advantage
that the removal of unwanted components as well as
the preservation of bioactive components. For this
reason, the evaluation of spice sources in extract form
is safer, more effective and easier than in whole spice
form (Karakas, 2003).

Spice extracts are the new alternative to protect
against the harmful effects of synthetic antioxidants
and chemical preservatives and to prevent spoilage in
the food industry. The total phenolic content of spice
extracts is directly proportional to antioxidant activity
and antifungal activity capacity. In addition to their
antifungal activities, bioactive compounds including
phenols, alcohols, aldehydes, ketones, ethers and
hydrocarbons increase the storage stability of food
products thanks to their antimicrobial and antioxidant
properties (Coskun, 2021).

The antifungal activity of bioactive components occurs
through two different mechanisms of action. One of
these is that the components cause retraction of the
mycelium cytoplasm with an attack on the cell wall,
eventually causing cell membrane disruption,
resulting in the death of the hyphae. Another
mechanism is the death of the microorganism as a
result of the intervention of bioactive components in
the enzymatic reactions of cell wall synthesis, which
affect the morphogenesis and growth of bacteria or
molds (Carmo et al., 2008).

Considering the above-mentioned negative aspects of
chemical preservatives, natural preservatives will
have a great place in the food industry. For this reason,
this study investigated the total phenolic content,
antioxidant activity and antifungal activity (inhibition
zone diameter, minimum inhibitory concentration and
minimum fungicidal concentration) properties of spice
extracts as natural preservatives and aimed to
determine the spice extracts with the best properties
that can be an alternative to chemical preservative
food additives.

MATERIAL and METHOD
Materials
Rosemary, anise, cinnamon, ginger, peppermint,
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turmeric, fennel, clove, laurel leaves and thyme used
in the study were obtained from a local market in
Konya, Turkey. Aspergillus flavus, Aspergillus oryzae,
Aspergillus niger, Penicillium digitatum and
Penicillium camemberti were obtained from Tokat
Gaziosmanpasa University Plant Protection
Department and Yildiz Technical University Food
Engineering Department.

Methods
Preparation of ethanolic extracts

Spice extract production was carried out by modifying
the method of Grigoras et al. (2013). The raw materials
were ground into powder in a laboratory grinder (Sinbo
SCM2934, Turkey). Firstly, 100 g of sample with 600
mL solvent were mixed and subjected to agitation in a
shaking water bath (Daihan Wisebath WSB-30,
Gangwon, South Korea) for 3 h at 170 rpm at 25+1°C
for ethanolic extraction and was filtered with whatman
filter paper no: 1. Then, agitated with 400 mL of
ethanol for 6 h and kept at room temperature for 12 h
and the filtration process was repeated at the end of
the period. Evaporation was carried out using a rotary
evaporator (Biichi R20, Switzerland) at 40°C. Extracts
were stored at 4°C until analysis.

Total phenolic content

The total phenolic content was performed
colorimetrically as a method described by Maurya and
Singh (2010) with slight modifications. For analysis,
extracts of rosemary, anise, cinnamon, ginger, mint,
turmeric, fennel, laurel and thyme were diluted 4000-
fold and clove extract was diluted 7000-fold with pure
ethanol. Briefly, 500 pL of extract samples are added
2.5 mL Folin -Ciolcalteu reagent (1/10, v/v in water)
and 2 mL of sodium carbonate solution (7.5%, w/v, in
water). The mixture was incubated for 60 min at room
temperature (25+1°C) in darkness. After incubation,
the absorbance was read against pure ethanol & 99.5
%) at 760 nm with a UV-vis spectrophotometer
(Hitachi-U1800, Japan). The total phenolic content
value of each extract was expressed as milligram gallic
acid equivalents per gram of extract (mg EAG gt
extract).

Antioxidant activity

The antioxidant activity analyses of extract samples
were estimated according to the DPPH (2-2-Diphenyl-
2-picrylhydrazyl) methods described by Ahmad et al.
(2013). The 4000-fold diluted extract samples (1 mL)
were mixed with solution of DPPH (2 mL) and kept for
30 mins at room temperature (25+1°C). After
incubation, The absorbance value was measured
against pure ethanol (> 99.5 %) at 517 nm with a UV-
vis spectrophotometer (Hitachi-U1800, Japan). The
percentages inhibition of the DPPH radical were
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calculated using the following Eq. (1).
% Inhibition=[(Abscontrol - Abssample)/Abscontrol] x 100(1)

Antifungal assay
Fungal cultures

Aspergillus flavus, Aspergillus oryzae, Aspergillus
niger, Penicillium digitatum and Penicillium
camemberti cultures were used as test micro-
organisms. Molds were subcultured on Potato Dextrose
Agar (PDA) plates and incubated at 26.5°C for 7 days.
Then, the spores were suspended by adding 10 mL of
0.01% Tween 80 (Sawai and Yoshikawa, 2004). The
concentration of spores was adjusted to equal the 0.5
McFarland standard with absorbance 0.400-0.450 (1-5
x 106 CFU mL1) at 400 nm wavelength in a UV-
spectrophotometer (Hitachi-U1800, Japan)
(Kazilkecili, 2007).

Disc diffusion methods

The antifungal activity was analyzed with agar disc
diffusion method. Firstly, 0.1 mL of mold suspension
adjusted according to 0.5 McFarland standard were
inoculated over agar with a sterile pipette (Research
Plus, Eppendorf, Germany) and spread uniformly
using a glass spreader. Firstly, stock ethanol solutions
of concentration 100 and 200 mg mL?! of extract
samples were prepared from each extract. Then, on the
surface of plate were placed 4 discs, and 20 nL from 100
mg mL1 extract samples, 200 mg mlL-1 extract
samples, negative controls (ethanol) and positive
controls (2 mg mL?! calcium propionate) were
impregnated on the disk. The plates were incubated at
25°C for 72 h. After incubation, observations were
recorded as the diameter of growth inhibition around
the discs and were expressed in millimeters.

Minimum inhibition concentration (MIC) and

minimum fungicidal concentration (MFC)

The MIC values of the extract samples were
determined by the agar dilution method. Stock
solutions of dissolved extract in ethanol were added to
sterile melted PDA at 50°C to give a final
concentrations of 20, 10, 5, 2.5, 1.25, 0.625, 0.312, 0.156
and 0.078 mg mL! with PDA at 50°C. The resultant
dilutions were poured into petri plate in the amount of
12-15 mL and waited for 10 min. Then, 0.1 mL mold
suspension prepared separately for Aspergillus flavus,
Aspergillus oryzae, Aspergillus niger, Penicillium
digitatum and  Penicillium camemberti was
transferred in petri dishes and was spread
homogeneously on the petri plate with a glass
spreader. Finally, the petri dishes were incubated at
25°C for 48-72 h and the lowest concentration value at
which no growth was determined as the MIC value (mg
mL).

Minimum fungicidal concentration was defined as the
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lowest concentration with no visible growth indicating
99.9% killing of the original inoculum. For MFC, the
samples in the petri plate with no growth were
transferred onto fresh PDA medium by streaking with
a loop. Then, these plates were incubated at 25°C for
48-72 h, and the lowest concentrations without visible
growth were recorded as MFCs.

Statistical analysis

For the statistical analysis, the JMP statistical
program, version 5.01 (SAS Institute Inc., Cary, NC,
USA) was used. The average values of the main
variation sources were compared at p < 0.05
significance levels.

RESULTS and DISCUSSION

When the spice extraction in the literature is
examined; water, ethanol and methanol are used as
solvents in the extraction process and stated that the
extract yield is higher with the ethanolic extraction
process and antimicrobial properties than other
solvents. Most importantly, ethanol is preferred among
other chemical solvents as methanol due to its low
toxicity (Ballesteros et al., 2014). Considering these
data, ethanol was preferred as a solvent in the
extraction process of spices used in the study.

Total phenolic content

The total phenolic content values of the extract
samples obtained from spice sources are given in Table
1. The total phenolic content values of extract samples
varied between 62.22 mg GAE g! and 461.38 mg GAE
g'l. When the results were examined, the highest total
phenolic content value was determined with clove
(461.38 mg GAE g). Clove was followed by cinnamon
(172.53 mg GAE g'1), turmeric (173.53 mg GAE g'1) and
ginger (181.75 mg GAE g1), which gave statistically
similar values. In a study investigating the amount
and quality of the curcumin component in turmeric
ethanolic extract, Himesh et al. (2011) reported that
turmeric contains many phytochemical components,
including curcumin, demetoxy curcumin,
bisdemethoxycurcumin, zingiberene, curcum-enol,
curcumol, eugenol, tetrahydrocurcumin, turmerine,
turmerone and turmerin-onols, and besides, curcumin
is found hydrophobic in nature and freely soluble in
dimethylsulfoxide, acetone, ethanol and oils.
Therefore, they applied ethanolic extraction to obtain
a high percentage of curcumin component, which
constitutes an 1important proportion of turmeric
extract components. The lowest total phenolic content
amount among the extract samples was obtained from
anise with 62.22 mg GAE g1. The solubility of phenolic
compounds is affected by solvent type, the
polymerization degree of phenolics, phenolics-other
ingredients interaction and insoluble complex
formation (Falleh et al., 2008). Considering all these
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different values, the total phenolic content values can
effect significantly with different intrinsic and
extrinsic factors, including the composition and
amount of phenolics, spice genetics and varieties, soil
and growing conditions, maturity and harvest
conditions (Jeffery, 2003). The difference in total
phenolic content amount may be due to the various
efficiencies of extraction solvents to dissolve

endogenous compounds (Anwar et al., 2009). Chirinos
et al. (2007) and Chandra et al. (2014) reported that
various extraction factors such as extraction time,
sample, solvent ratio, temperature, pH, solvent type
and extraction method, as well as crop growing factors
such as soil, irrigation and climatic conditions, were
effective on total phenolic content.

Table 1. Total phenolic content and antioxidant activity values of extract samples?!
Cizelge 1 Ekstrakt orneklerine ait toplam fenolik madde ve antioksidan aktivite sonuglari?

Extract type Total Phenolic Content Antioxidant Activity
FEkstrakt Tiirt Toplam Fenolik Madde Miktari Antioksidan Aktivite
(mg GAE g1) (%)
Anise 62.22+1.10¢f 48.70+1.62f
Cinnamon 172.53+2.43> 90.37+0.22ab
Turmeric 173.53+4.64b 89.18+0.152b
Ginger 181.75+10.61P 87.10+0.29bc
Fennel 82.45+1.68¢ 39.44+0.158
Clove 461.38+3.042 91.83+0.072
Laurel leaves 124.78+0.59¢ 89.13+0.52ab
Rosemary 94.72+1.554 84.65+0.81¢
Peppermint 91.43+1.32de 74.04+1.844
Thyme 77.20+2.46¢f 64.78+0.37¢

1 Means followed by the different letters within a column are significantly different.

Antioxidant activity

The antioxidant activity values of the extract samples
are given in Table 2. The antioxidant activity values of
the extract samples were found to be between 39.44%
and 91.83%. The highest antioxidant activity was
found in clove extract with 91.83%, followed by
cinnamon (90.37%), turmeric (89.18%), laurel leaves
(89.13%), ginger (87.10%), rosemary (84.65%),
peppermint (74.04%), thyme (64.78%), anise (48.70%)
and fennel (39.44%) extracts. The relationship between
antioxidant activity and total phenolic content may
depend on many factors. Antioxidant activity potential
has affected both synergy and structures of phenolic
substances. Because the antioxidant activity level of
the extract is not only dependent on the concentration
of phenolic compounds but also on the structure and
interaction between these compounds. This situation
can explain the difference in antioxidant activities in
similar total phenolic component concentrations in the
sample (Piluzza & Bullitta, 2011). Contrary to all
these, the total phenolic content value shows a
generally compatible change with antioxidant activity
of extracts. Considering the results obtained in our
study, the high antioxidant activity values were
determined in the extracts with high total phenolic
content amount. As stated by Amer and Aly (2019),
many factors lead to differences in antioxidant activity
of extract despite using the same solvent. Because raw
material chemical nature, particle size, storage time,
the extraction conditions and interfering substances
presence can significantly affect the activity of solvent
(Naczk & Shahidi, 2004). A polar solvent such as
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ethanol can reveal more polar components together
with non-polar components, and therefore antioxidant
activity is obtained higher than other solvents (Liu et
al., 2007). According to Silva et al. (2007), the
antioxidant activity value of extracts can be increased
with usage of suitable solvents by further recovery of
phenolic compounds. Also, Ghasemzadeh et al. (2011)
concluded that the extracts with high polarity solvents
(methanol) have more effective radical scavengers
compared to less polar solvents (acetone and
chloroform), and this could be explained by the
antioxidants found in ginger varieties or active
compounds with different polarities. Chun et al. (2005)
stated that the hydrophilic and hydrophobic ratio of
phenolic has an important function in different
antioxidant activity values of the extract samples.

Antifungal Activity
Inhibition zone diameter

The antifungal activity of anise, cinnamon, turmeric,
ginger, fennel, clove, laurel Ileaves, rosemary,
peppermint and thyme against Aspergillus oryzae,
Penicillium digitatum, Aspergillus flavus, Penicillum
camemberti and Aspergillus niger strains were
determined with inhibition zone diameter using disc
diffusion methods and values shown in Table 2.
Phenolic compounds in extracts lead to damage to the
cell walls, causing cell deformation, increasing cellular
permeability and causing cellular contents to flow out
and so, cell death occurs with the release of cellular
contents out of the cell (Sharayei et al., 2020). Extract
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samples were tested at 100 and 200 mg mL?!
concentrations. The negative and positive control
group used ethanol and 2 mg mL! calcium propionate,
respectively. The extract samples represented
relatively high antifungal activity against the
Aspergillus oryzae at 100 mg mL-! and 200 mg mL
with percentage of mycelium growth inhibition varied
between 14.7-39.2 mm and 15.90-55.20 mm. The
highest inhibition zone diameter values against
Aspergillus oryzae were obtained with cinnamon (39.2
mm) and clove (36.7 mm) extracts at 100 mg mL!
concentration (p<0.05). This is followed by anise (21.4
mm), peppermint (18.8 mm), turmeric (18.0 mm),
laurel leaves (16.7 mm), rosemary (16.6 mm), ginger
(16.4 mm), fennel (15.4 mm) and thyme (14.7 mm). The
high antifungal activity of cinnamon is associated with
the presence of many bioactive components such as
cinnamaldehyde, eugenol and cinnamic acid (Gill &
Holly, 2004). When the antifungal activities of the
extracts at 200 mg mL?! concentration against
Aspergillus oryzae were evaluated, anise, cinnamon,
turmeric, ginger, fennel, clove, laurel leaves, rosemary,
peppermint and thyme was determined an increase as
6.0, 16.0, 6.0, 3.6, 4.5, 14.1, 5.9, 5.6 and 1.2 units
respectively, compared with the zone diameters at 100
mg mL! concentration.

All extract samples showed inhibition zone diameter
against Penicillium digitatum as seen in Table 2 and
the ethanolic extract of each of the ten spices formed a
larger inhibition zone diameter in the discs compared
to 2 mg mL1 calcium propionate used as the positive
control group (7.6 mm). The spice extract samples
demonstrated more effective antifungal effect than
calcium propionate used as an antimicrobial agent.
The inhibition zone diameter values against
Penicillium digitatum increased from 13.0-42.1 mm
(100 mg mL) to 16.8-57.4 mm (200 mg mL?) with
increased concentration. The highest antifungal effect
against Penicillium digitatum found with cinnamon
extract with 42.1 mm in 100 mg mL discs and 57.4
mm in 200 mg mL1 discs, following clove extract with
an inhibition zone of 41.0 mm in 100 mg mL! discs and
55.2 mm in 200 mg mL?! discs. The high antifungal
activity of cinnamon extract against Penicillium
digitatum may be caused by cinnamaldehyde, an
important bioactive component in cinnamon bark, and
some studies have shown that cinnamaldehyde kills
80% of mold and bacteria (McCann, 2003). In addition,
the presence of flavonoids, alkaloids, tannins,
saponins, terpenes, steroids and essential oil in
cinnamon extract may be responsible collectively or
individually for the antifungal activity (Mahmoud,
2012). Fennel extract at 100 mg mL! showed the
lowest antifungal activity against Penicillium
digitatum with a 13.0 mm inhibition zone diameter
value. The highest antifungal activity against
Aspergillus flavus was recorded with cinnamon extract
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(44.2 mm) in disc containing 100 mg mll. As seen in
Table 2, increasing concentration has increased the
inhibition zone diameters against Aspergillus flavus.

The inhibition zone diameter of 200 mg mL! extracts
against Aspergillus flavus showed the highest effect
with cinnamon and clove extracts at 50.2 mm and 44.5
mm. Inhibition zone diameters of the extract samples
on Penicillum camemberti strain varied between 12.4-
42.1 mm at 100 mg mL?! concentration and between
16.5-54.7 mm at 200 mg mL?! concentration. The
highest inhibition zone diameter (54.7 and 51.7 mm)
were observed by the concentration of 200 mg mL1 of
the cinnamon and clove extract samples and other
extract samples were demonstrated similar values.
The inhibition zone diameter values of anise,
cinnamon, turmeric, ginger, fennel, clove, laurel
leaves, rosemary, peppermint and thyme extracts
increased at 4.1, 12.1, 2.9, 3.9, 3.7, 12.6, 2.7, 1.2, 2.2
and 2.4 units, respectively with the increase of the
extract concentration from 100 mg mL! to 200 mg mlL-
1, This high increase in cinnamon and clove extracts
may be due to the high total phenolic content.

When the antifungal activity of the extract samples
against Aspergillus niger was examined, the inhibition
zone diameter of extracts prepared at 100 mg mL!
concentration were determined 10.1-40.6 mm while
13.5-45.5 mm at 200 mg mL?! concentration. The
highest inhibition zone diameter at both 100 mg mL?
and 200 mg mL! concentrations was found with the
use of cinnamon, followed by clove, turmeric, laurel
leaves and thyme were found to have statistically
similar effects. The highest increase in the inhibition
zone diameter with usage of high concentration was
obtained with clove extract (9.7 units). Antifungal
activity mechanisms of extracts are associated with
low water-soluble properties and also with the easy
incorporation of high hydrophobicity compounds into
the plasma membranes and membranes of
intracellular organelles (especially mitochondria) (Jing
et al., 2014). These compounds can change the lipid
membrane composition, such as lowering the levels of
ergosterol, which is the main component of the cell
membrane (Kedia et al.,, 2015). The decrease or
absence of ergosterol can lead to maintaining cell
function and integrity, membrane binding enzyme
activity, cell viability and cellular transport systems,
changes in cell permeability, disruption of cell
organelles and cell death (Kiran et al., 2016).
According to E1 Khoury et al. (2017), the antimicrobial
activity mechanism of extracts occurs in three different
ways. The first of these, enzymes responsible for
intracellular functions change with the presence of -
OH groups and form hydrogen bonds. The second of
these explain by the loss of rigidity and integrity of the
hyphae cell wall due to the interaction of these
compounds with the membrane enzymes of the mold
strains, while the third mechanism is expressed by
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rupture of the cytoplasmic membrane, changes in the
permeability of the cell membranes and granulation of
the cytoplasm. Also, da Cruz Cabral et al. (2013) stated
that some hydrophobic compounds in the extracts may
cause to cross the cell membrane and change
permeability of cations such as H+ - K+, thus changing
the flow of protons and the pH of the cells, affecting
chemical composition and activities. In addition to, the
high  phenolic compound levels can cause
macromolecules loss from cell by changing of the mold
cell permeability, and the deformation of structure and
functionality by interacting with the membrane
proteins (Fung et al., 1977).

In a study investigated compounds against Aspergillus
flavus and Aspergillus niger, Kim et al. (2006)
associated with targeting the mitochondrial oxidative
stress defense system of compounds as action

mechanism on growth inhibition of mold strain.
Similar to our study results, Gupta et al. (2008) stated
that the high antimicrobial activity of cinnamon may
be due to cytoplasmic granulation, cytoplasmic
membrane rupture and inactivation or inhibition of
intracellular enzymes. Also, cinnamon have rich highly
electro-negative cinnamaldehyde content (50.5%), and
these electro-negative compounds affect biological
processes containing electron transfer and also can be
inhibit the growth of microorganisms as a result of the
reaction with  nitrogen-containing components
(proteins and nucleic acids). In literature has been
suggested that exposure of microorganisms to
antifungal components may cause disruption of
membrane integrity and function, which may slowly
lead to loss of cell homeostasis, leakage of intracellular
components, and ultimately cell death (Hammer &
Carson, 2011).

Table 2. Inhibition zone diameter values against different molds of extract samples (mm)?
Cizelge 2 Ekstrakt érneklerinin farkl kiif suslarina karsi inhibisyon zon ¢ap: degerleri (mm)!

Extract Aspergillus oryzae Penicillium digitatum Aspergillus flavus Penicillum camemberti Aspergillus niger
type 100 mg 200 mg 100 mg 200 mg 100 mg 200 mg 100 mg 200 mg 100 mg 200 mg
Ekstrakt mL?! mL?! mL? mL? mL?! mL?! mL? mL? mL? mL?
Ttirt

Anise 21.4+0.57° 27.4+1.27° 15.9+0.71¢d 18.3+0.42de 18.6+1.56¢ 20.8+1.56" 12.4+1.27¢ 16.5+0.71P 10.1+0.14¢f 16.2+0.714e
Cinnamon 39.2+1.132 55.2+1.412 42.1+1.132 57.4+0.852 44.241.842 50.2+1.842 39.6+1.702 51.7+2.692 40.6+1.702 45.5+1.272
Turmeric 18.0+0.57b¢ 24.0+0.66" 18.1+0.99b¢ 20.6+0.57¢d 17.3+1.56¢ 21.1+0.99> 17.8+1.70° 20.7+2.120 15.0+0.99¢4 21.3+0.57¢
Ginger 16.4+0.71¢ 20.0+0.85¢4 18.4+0.57  22.0+0.71bc 15.3+0.42¢4  17.8+0.85>  16.9+1.56P¢  20.8+1.70>  12.9+0.57de 15.3+1.414
Fennel 15.4+0.57¢ 19.9+0.85< 13.0+0.424 17.1+0.42¢ 12.0+0.284 14.3+0.99¢ 13.0+0.57b¢ 16.7+1.84P 10.6+0.57¢ 13.5+0.99¢
Clove 36.7+2.262 50.80+2.402 41.0+0.572 55.2+0.852 37.7+2.26> 44.5+1.982 42.1+1.132 54.7+2.122 27.1+0.420 36.8+1.56"
Laurel 16.7+0.28¢ 22.6+1.70P¢ 20.7+0.57° 23.5+0.57" 16.4+1.41¢d 22.9+1.56P 16.4+0.71%  19.1+0.99P 18.4+0.71¢ 21.6+1.84¢
leaves

Rosemary 16.6+1.84°¢ 22.7+2.40b¢ 14.3+0.714 16.8+0.14¢ 16.0+0.42¢4  17.7+1.98>  15.6+1.84P  16.8+1.56° 10.3+1.27¢ 16.9+1.56¢de
Peppermint 18.8+1.41b¢ 24.4+1.13b 19.0+0.85P 21.8+0.71bc 17.0+£0.99¢d 18.6+1.13b¢ 16.4+1.70b¢ 18.6+1.84P 10.4+1.56¢ 16.4+0.57de
Thyme 14.7+0.71¢ 15.9+0.714 15.7+0.57¢4  18.3+0.57d  14.8+0.42¢d  17.7+1.98>  16.0+0.28>  18.4+1.56 17.4+1.41¢ 19.8+1.27¢d
Negative

control?

Positive 6.8+0.80 7.6+0.00 6.4+0.40 6.0+0.00

control?

1Means followed by the different letters within a column are significantly different. 2Negative control: Ethanol, 3Positive control:

2 mg mL! calcium propionate.

(MIC) and

Minimum inhibition concentration
minimum fungicidal concentration (MFC)

MIC and MFC were used to evaluate the fungicidal
potential of cinnamon, turmeric, ginger, clove and
laurel leaves extract against Aspergillus oryzae,
Penicillum  camemberti, Penicillium digitatum,
Aspergillus niger and Aspergillus flavus. The results
obtained were summarized in Table 3. The lowest MIC
value on Aspergillus oryzae strain was obtained at
0.312 mg mL?! with cinnamon and clove extracts, in
contrast, turmeric extract was found to have the
weakest antifungal activity with high MIC value.
Similarly, the lowest MIC value against Penicillum
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camemberti strain was obtained with cinnamon and
clove extracts, while the MIC value of turmeric and
ginger extracts was found to be higher than 20 mg mL-
1, On the other hand, the MIC values for Penicillium
digitatum strain was determined as 0.312 mg mL! for
cinnamon, 0.625 mg mL1 for clove, 5 mg mL! for laurel
leaves, 10 mg mL? for turmeric and >20 mg mL! for
ginger, respectively, and so Penicillium digitatum
strain was observed to be more resistant to ginger
extract. This result was consistent with the
investigation conducted by Vieira et al. (2022), wherein
evaluated the antifungal effects of green tea, rosemary,
cinnamon, anise, clove, curcumin and lemon balm
extracts against Aspergillus spp. and Penicillium spp.
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As demonstrated by the study, extracts demonstrated mL1, laurel leaves with 5 mg mL1, clove with 0.625 mg
antifungal activity against fungi species activity with mL! and cinnamon with 0.078 mg mL1. The MIC
MIC values in the range of 0.55-2.18 mg mL!. The values of turmeric and ginger extract samples against
obtained results agree with El-Fallal et al. (2019) who the Aspergillus flavus strain were obtained as >20 mg
found that clove and cinnamon were recommended as mL1, and hence low antifungal activity on mold strain.
the best anti-fungal spices that exhibited antifungal The lowest MIC value on Aspergillus flavus was
activity with a minimal concentration of 0.05 g L'1. As determined with the use of cinnamon extract with
seen in the literature, the use of spices in extract form 0.312 mg mL1l. As a result, the highest inhibition
can show an inhibition effect against fungus even at properties were provided on Aspergillus niger for
very low concentrations. According to Table 3, the MIC cinnamon (0.078 mg mL), on Penicillium digitatum
values of all extract samples except for turmeric for turmeric (10 mg mL1), on Aspergillus oryzae for
extract against Aspergillus niger strain were obtained ginger (5 mg mL1), on Aspergillus oryzae and
below 20 mg mL! concentration. Turmeric (>20 mg Penicillum camemberti for clove (0.312 mg mL1) and
mL1) was found as the most resistant extract of Penicillium  digitatum, Aspergillus niger and
Aspergillus niger strain, following ginger with 10 mg Aspergillus flavus (5 mg mL?) for laurel leaves.

Table 3. Minimum inhibition concentration values of extract samples (mg mL1)!
Cizelge 3 Ekstrakt érneklerine ait minimum inhibisyon konsantrasyon sonuglar: (mg mL1)!

Extract type Aspergillus Penicillum Penicillium Aspergillus Aspergillus
FEkstrakt Tiri oryzae camemberti digitatum niger flavus
Cinnamon 0.312 0.312 0.312 0.078 0.312
Turmeric >20 >20 10 >20 >20
Ginger 5 >20 >20 10 >20
Clove 0.312 0.312 0.625 0.625 0.625
Laurel leaves 10 20 5 5 5
IMeans followed by the different letters within a column are significantly different.
The MFC values of extract samples were given in Table humulene, methyl salicylate, iso-eugenol, methyl
4. Extract samples demonstrated fungicidal effect in eugenol (Yang et al., 2003). Turmeric extract showed a
response to  Aspergillus oryzae, Penicillum fungicidal effect with 20 mg mL? on only the
camemberti, Penicillium digitatum, Aspergillus niger Penicillium digitatum and Aspergillus flavus strains.
and Aspergillus flavus with concentration between On the other hand, the MFC value of ginger and laurel
0.312 mg mL?! - >20 mg mL!. The cinnamon extract leaves extract was found to be greater than 20 mg mL-
exhibited stronger fungicidal activity against 1 for all mold strains. According to the MIC and MFC
Aspergillus oryzae (0.625 mg mL1), Penicillum values of cinnamon extract, Aspergillus oryzae,
camemberti (0.312 mg mL"Y), Penicillium digitatum Penicillum camemberti, Penicillium digitatum,
(0.625 mg mLY), Aspergillus niger (0.312 mg mL1) and Aspergillus niger and Aspergillus flavus can be shown
Aspergillus flavus (0.625 mg mL1). Birhanu et al. as the first extract having high sensitivity. For this
(2014) reported that Cinnamomum zeylanicum extract reason, cinnamon is the most successful extract in
has potential to inhibit microorganism growth at a preventing mold development. This high antifungal
very low concentration compared to other extract activity of Cinnamomum extract can be associated
samples and stated that the MIC values against with cinnamaldehyde, eugenol, cinnamic acid and
Aspergillus sp. of Cinnamomum zeylanicum extract organic acids (Birhanu et al., 2014). Aspergillus and
specified as 30%, while as 20% againts Penicillium sp. Penicillium  species  demonstrated the highest
The second greatest effect against mold strains was resistance against ginger and laurel leaves extract.
obtained with clove extracts. The effect can be The extract samples used in our study were not equally
attributed to the eugenol component in clove. Eugenol- effective against all mold strains may be related to
induced inhibition may be due to caused by the having different phenolic compositions and amounts of
permeability of cell membranes (Li et al, 2021), extracts. To Moreno et al. (2006), the antimicrobial
disruption of the cytoplasmic membrane, impaired effect of various phenolic complexes is associated with
proton motive force, increased permeability of the the inactivation of different cellular enzymes based on
phospholipid bilayer (Zhang et al., 2019), electron flow, the penetration rate of substances into the cell and
active transport, and coagulation of cell contents changes in membrane permeability, and this change in
(Davidson et al., 2012). The antifungal activity cell membrane permeability has been cited as the main
presented by clove extract may be attributed to the factor in the antimicrobial effect of a particular
demonstration of components in great amounts such as compound. Also, phenolic compounds can completely
eugenol, eugenyl acetate, beta-caryophyllene, 2- disrupt cell membranes, affect cell integrity and cause
heptanone (Chaieb et al., 2007), acetyl-eugenol, alpha- eventual cell death.
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Table 4. Minimum fungicidal concentration values of extract samples (mg mL1)!
Cizelge 4 Ekstrakt érneklerine ait minimum fungisidal konsantrasyon sonuglar: (mg mL1)!

Extract type Aspergillus Penicillum Penicillium Aspergillus Aspergillus
Fkstrakt Ttiri oryzae camemberti digitatum niger flavus
Cinnamon 0.625 0.312 0.625 0.312 0.625
Turmeric >20 >20 20 >20 20
Ginger >20 >20 >20 >20 >20
Clove 5 10 10 2.5 5
Laurel leaves >20 >20 >20 >20 >20

1Means followed by the different letters within a column are significantly different.
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ABSTRACT

This study aimed to reveal the effect of cold plasma application using

Food Science

different gases and mixtures on some physicochemical and Research Article
microbiological properties of tomato paste. For this purpose, applications

were performed in different gases and times, and the effect of each Article History
application was examined separately. As a result of the study, the pH Received 109.11.2022
values of the samples varied between 3.77 and 4.87, and the aw values Accepted 106.07.2023
between 0.718 and 0.819. When the color values were examined, it was

determined that the L* value varied between 22.42 — 32.48, the a* value Keywords

varied between 23.59 — 30.18 and the b* value varied between 12.16 — Tomato Paste

19.52 (P<0.05). In addition to this, when the samples were evaluated Cold Plasma
microbiologically, TMAB counts varied between 3.02 — 5.42 log cfu/g, Shelf Life

TPAB values ranged between 1.80 — 3.37 log cfu/g, total mold counts were Quality

between 3.08 — 5.67 log cfu/g, total yeast counts were between 3.13-5.42
and osmophilic yeast counts were between 1.74 — 3.49 log cfu/g. Lycopene
values of samples in the study were in the range of 15.30 — 23.42 mg/100g
DM. When the data obtained from the study are evaluated as a whole, it
is thought that cold plasma application has positive effects on the shelf
life and quality of tomato paste. In the research where two different gases
and mixtures of these gases were used, oxygen gas application showed
the most effect on the physicochemical and microbiological properties of
the samples (P<0.05). Mixture and argon gas applications followed this
effect, and prolonging the application period also increased the effect.
When the data obtained from the study are evaluated as a whole, it has
been revealed that cold plasma application delays the mold problem,
which is one of the most critical problems in industrially produced tomato
paste, extends the shelf life, and slows down the negative changes in
physicochemical quality values due to storage.

Farkli Dozlarda Soguk Plazma Teknigine Maruz Birakilan Domates Salcasinin Fizikokimyasal ve
Mikrobiyolojik Ozelliklerindeki Degisikliklerin Belirlenmesi

OZET Gada Bilimi
Bu ¢alismanin amaci, farkh gaz ve karigimlar: kullanilan soguk plazma )
uygulamasinin domates salgcasinin baz fizikokimyasal ve mikrobiyolojik Aragtirma Makalesi
ozelliklerine etkisinin ortaya koyulmasidir. Bu amagcla farkli gaz ve Makale Tarihcesi
stirelerde uygulamalar yapilmis ve her uygulamanin etkisi ayri ayr Gal' a’l? g}:l (;e‘51 9099
incelenmigtir. Calisma sonucunda numunelerin pH degerleri 3,77 ile 4,87 Keblsl rf}rl }11 ) 09'11'202
arasinda, aw degerleri ise 0,718 ile 0,819 arasinda degismistir (P<0.05). 2y ta IGO0l 025
Reflk ‘d(.agerlerl incelendiginde L* degerlnvln 22.42 — 32.48 arasinda, a* Anahtar Kelimeler
degerinin 23.59 — 30.18 arasinda ve b* degerinin 12.16 — 19.52 arasinda

o e . e : X .. Domates Salcas1
degistigi tespit edilmistir (P<0.05). Ayrica numuneler mikrobiyolojik Soguk Plazma
olarak degerlendirildiginde depolama siiresince tiim 6rneklerde sayilarin Raf Omrii
arttigit (P>0.05), ancak CP uygulamasimin bu artisi ciddi anlamda Kalite

yavaglattign belirlenmistir.Orneklerin TMAB sayilar1 3.02 — 5.42 log
kob/g, TPAB degerleri 1.80 — 3.37 log kob/g, toplam kiif sayis1 3.08 — 5.67
log kob/g, toplam maya sayis1 3.13 — 5.42 log kob/g ve ozmofilik maya
sayilar1 1.74 — 3.49 log kob/g aras1 arasinda degismektedir. Calismadaki
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orneklerin likopen degerleri 15.30 — 23.42 mg/100g DM araligindayda. Tki
farkli gaz ve bu gazlarin karisimlarinin kullanildigr arastirmada
orneklerin fizikokimyasal ve mikrobiyolojik 6zellikleri tizerinde en fazla
etkiyi oksijen gaz1 uygulamasi gostermistir (P<0.05). Bu etkiyi karisim
ve argon gaz1 uygulamalari takip etmis olup uygulama siiresinin uzamasi
etkiyi de artirmistir. Calismadan elde edilen veriler bir biitin olarak
degerlendirildiginde, soguk plazma uygulamasinin endiistriyel olarak
uretilen salgalarda en énemli problemlerden birisi olan kiiflenme sorunu
geciktirerek raf 6mrii uzattig1 ve depolamaya bagh fizikokimyasal kalite
degerlerinde meydana gelen olumsuz degisimleri yavaglattigi ortaya

konulmustur.
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INTRODUCTION 2021) produced by energizing gas in an

Tomato is one of the agricultural products with high
biological activity because it contains components such
as lycopene, B-carotene, flavonoid and ascorbic acid
(Himashree et al., 2022). The antioxidant (Briones-
Labarca et al., 2019) and anti-inflammatory properties
of these components and the use of tomatoes in the
production of products with commercial value such as
tomato paste, ketchup and fruit juice increase their
importance (Uribe-Wandurraga et al., 2021; Aygel &
Aslan, 2023). Tomato paste; is an indispensable
component of the cuisines of many countries, it has its
unique aroma and taste, tomatoes are obtained by
subjecting them to different production processes after
being harvested from the field. Since tomato is a
perishable product, chemical preservatives must be
used in tomato paste (Jafari et al., 2021).

Especially molds are effective in spoiling tomato paste
and shortening its shelf life. But today, consumers
prefer minimally processed and additive-free products.
For this reason, studies on minimal treatments as
alternatives to traditional heat treatment methods and
chemical preservatives have increased. Today, new
technologies are being developed in food production in
order to, save time and energy and increase the shelf
life of food (Ablay et al.,, 2020). Atmospheric cold
plasma (CP) is one of the minimal processes applied to
foods. CP has been already effective in maintaining
microbial inactivation in previous studies (Herceg et
al., 2016). The aim of this study should be written in
detail since the optimization procedure has not been
applied in this study. CP has also proved its high
inactivation efficiency resulting in the detoxification of
mycotoxins produced by fungi (Waghmare, 2021). CP
is an emerging non-thermal decontamination
technique for microorganisms in food products (Gao et
al., 2021; Mao et al., 2021; Wan et al., 2021).

Plasma is accepted as the fourth state of matter (Mir
et al., 2016; Varilla et al., 2020; Saremnezhad et al.,
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electromagnetic field and consists of reactive species,
positive and negative ions, and UV photons (Heo et al.,
2021). Plasma is defined as the use of ionized gas in
cold sterilization (Fernandez et al., 2013). On the other
hand, CP is the process that occurs as a result of
applying an electric current or electromagnetic
radiation to some gases at room temperature under
vacuum (Yiiksel & Karagézlii, 2017). CP application is
effective in the decontamination of vegetative Gram-
negative and Gram-positive bacteria, yeasts, viruses,
and endospores (Rod et al., 2012; Yiiksel & Karagozlii,
2017; Albayrak & Kilic, 2020).

The general belief about the effect of CP application on
microorganisms 1s related to reactive oxygen which
occurs during the process and affects the cell nucleus
resulting in DNA damage (Albayrak and Kilic, 2020).
Based on the gas type used, examples of reactive
oxygen species (ROS) (Sruthi et al., 2022) species
commonly associated with antimicrobial activity and
inactivation steps include alkoxyl (ROs), peroxyl
(ROQ¢), hydroperoxyl (HOzs), superoxide anion (Ogze-),
singlet oxygen (102), hydroxyl radical (¢OH), carbonate
anion radical (COse-), hydrogen peroxide (H202), and
ozone (Os). Similarly, examples of reactive nitrogen
species (RNS) include nitrogen dioxide radical (¢sNO3),
nitric oxide (NOs), alkylperoxynitrite (ROONO),
peroxynitrous acid (OONOH), and peroxynitrite
(ONOO-) (Misra & Jo, 2017).

Although similar studies were carried out on sun-dried
tomatoes before (Molina Hernandez et al., 2022), it was
important for the planning of this study that no
research was conducted to prevent mold growth, which
is the most significant critical problem of industrially
produced tomato pastes (especially those with low brix
degrees). This study aimed to investigate the effect of
CP application, which is described as a minimal
process, on the microbiological quality and some
physicochemical properties of tomato paste. In this
context, two different gases and their mixtures were



KSU Tarim ve Doga Derg 27 (1), 216-227, 2024
KSU J. Agric Nat 27 (1), 216-227, 2024

Arastirma Makalesi
Research Article

applied to tomato pastes at two different effect times,
and it was aimed to reveal the changes in the quality
values of the samples by determining the changes that
occurred during storage.

MATERIAL ve METHOD
Tomato Paste

The tomato paste (Brix: 28,14°, Total acidity:
1.71g/100g, Ash insoluble in 10% HCl: 0.19%) used in
the research was obtained from the local market in
Afyonkarahisar — Turkey. The tomato paste sample
used in the research was produced from tomatoes
collected in the summer of 2022. When provided,
tomato paste is in the original tin can package used by
the manufacturer. Before  the  application,
approximately 15 g of tomato paste was spread on

sterile Petri dishes to form a thin film in a biological
safety cabinet.

The reason for using industrial products in the
research was that the quality of industrial pastes
(especially low brix degree) deteriorates quickly after
opening, especially molding, in terms of microbiology.

Cold Plasma Application

The cold plasma application was modified from the
method of Yong et al. (2017) (Fig 1). The gases (Habas,
Turkiye) used in CP application were Argon and
Oxygen. The gases were purchased from
Afyonkarahisar province (Kocasaban Gazlar1 Corp.,
Afyonkarahisar, Turkey). The gases used in the system
were mixed in certain proportions after that given to
the system.

Gas Intake

!

Wy

O 22

Power Supply
25 kV
42 kHz

Fig 1. Application of Cold Plasma (Gok et al., 2019)
Sekil 1. Soguk Plazma Uygulamasi (Gék ve ark., 2019)

To maintain the plasma a power supply was used
which has a 25 kV potential and 42 kHz frequency. The
power supply was designed by a company (Diker
Electronics) operating in Afyonkarahisar. The
operation was carried out in continuous mode. The
media in which the CP application was performed was
a semicircular glass chamber with a 28 mm radius.
This part is fixed to a plate made of stainless steel by
a plastic ring with a diameter of 46 mm.

In order to produce the plasma form, a total of seven 1
mm thick tungsten steel electrodes (Astor, Tiirkiye)
were used. One of these electrodes was placed
horizontally in front of the other six electrodes in order
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to create plasma between the anode-cathode tips. The
temperature of the tomato paste samples during the
application was measured consistently using an
infrared thermometer (Coleman-Parmer, Vernon
Hills, IL).

In the research, only oxygen gas plasma was applied to
FO1, and FO2 coded samples, only argon gas plasma
was applied to FA1, and FA2 coded samples, and 50%
oxygen + 50% argon was applied to MOA1 and MOA2
coded samples. Applied gases, mixing ratios, and flow
rates are shown in Table 1. The exposure times of the
samples to the gases were determined as 20 and 30
minutes. Each application was performed in 3
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parallels, separately and on different days.

The processing time was determined due to the
preliminary trials made before. Since the further
extension of the application period causes severe

Table 1. Samples and coding used in the research

Cizelge 1. Arastirmada kullanilan érnekler ve kodlamalari

quality losses in the product, it was kept at these
levels. After the procedure, the samples were stored in
a closed, sterile glass petri dish under aerobic
conditions in the refrigerator at 4°C.

Samples Processing/Time Code
1 Control C

2 %100 O2/20 min. FO1

3 % 100 O2/30 min. FO2

4 %100 Ar/20 min. FA1

5 %100 Ar/30 min. FA2

6 %50 O2 and %50 Ar/20 min. MOA1
7 %50 O2 and %50 Ar/30 min. MOA2

Microbiological Analysis
Preparation of samples for microbiological analysis

After the tomato paste samples were exposed to CP, 10
g of each sample was weighed on a precision balance
(Laboratory Balances, Radwag PS R2.H, Poland) and
put into another sterile stomacher bag. Sterile Ringer's
solution with a volume of 90 mL (Merck, 115525,
Germany) was added to it and homogenized for 2
minutes in a stomacher (BagMixer® 400 P-
080921247). Then, the mixture was diluted with
Ringer's solution by preparing serial dilutions at the
desired ratios. The same procedures were applied in
the control group. The control group consisted of
untreated samples (Anonymous 2001).

Total mesophilic aerobic bacteria count (TMAB)

Plate Count Agar (Oxoid, CM0325) was used for total
aerobic mesophilic bacteria count. It was incubated at
30 °C for 72 hours under aerobic conditions, and the
total number of aerobic mesophilic bacteria was

determined by counting the colonies that developed at
the end of the incubation (ISO 2013a; ISO 2013b).

Total yeast count

Total yeast count was determined on Yeast Exctract
Agar (Oxoid, CM0019) after incubation in aerobic
conditions for 5-7 days at 30 °C. At the end of the
incubation, the colony-forming units were counted and
the results were calculated as viable cfu/mL (ISO
2008).

Total mold count

Total mold count was determined on Malt Exctract
Agar (Merck, 1.05398) after incubation in aerobic
conditions for 5-7 days at 30 °C. At the end of the
incubation, the colony-forming units were counted and
the results were calculated as viable cfu/mL (ISO
2008).
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Osmophilic yeast count

Total mold count was determined on DG18 medium
modified with gliserol (Merck, 1.00465) after
incubation in aerobic conditions for 5-7 days at 30 °C.
At the end of the incubation, the colony-forming units
were counted and the results were calculated as viable
cfu/mL (ISO 2008).

Physicochemical Analysis

The color values, pH and water activity (aw) of tomato
paste samples were examined.

pH value

A 10 g tomato paste sample was mixed with 10 mL
distilled water and homogenized (Daihan Wisestir,
HS-30T, South Korea). To measure the pH values of
the prepared mixtures a pH meter (HANNA, HI 2215
pH/ORP meter) was used (AOAC 2016).

Activity of water (aw) value

To determine the aw values of the samples a water
activity analyzer (Novasina LabTouch-aw, Lachen,
Switzerland) was used (AOAC 2016).

Color analysis

Color values of tomato paste samples were determined
using a colorimeter (Konica Minolta Chroma Meter
CR-400, Osaka). The brightness (L*), redness (a*) and
yellowness (b*) values of the samples were measured
according to Akarca (Akarca, 2013). The Brown Index
value was calculated according to the formulas below
(Kurtuldu & Ozcan, 2018).

_ 1,75 L 3 012 + b
x=latg syt @ (30124 b)]
BI = [100 X~ 231
= *
[ 0,17 ]
Lycopene Analysis

Lycopene analysis was conducted by using HPLC
according to the method of Demiray et al. (2013).
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Statistical Analysis

The results obtained in the study were made in two
parallels and SPSS software program V 23.0.0 was
used for the variance analysis. A significant difference
was determined by Duncan's multiple range tests
(*P<0.05) (Atik & Giimiis, 2021).

RESULTS and DISCUSSION

TAMB counts of the samples increased during storage
(P<0.05). When the TMAB results were examined, it
was determined that CP application provided 1 log
reduction. An increase in TMAB values was observed
in the 14-day shelf life. It was determined that the rate

of increase was less in the samples treated with CP.
Changes in TMAB count of samples are given Table 2.

Although TPAB numbers increased during 14 days of
storage in all samples (P<0.05), CP application was
effective in TPAB values of tomato paste samples
(P<0.05). As a result of the study, a reduction of 2 logs
was achieved. The maximum microbial decrease was
achieved in the MOA2 sample. An increase was
observed in the TPAB counts of the samples during the
storage period. While this increase was not significant
for control and FO1, it was significant for other CP
applications (P<0.05). The TPAB counts of samples are
given in Table 3.

Table 2. Changes in TMAB count of tomato paste samples during storage (log cfu/g)
Cizelge 2. Domates sal¢asi érneklerinin depolama siiresince TMAB sayisindaki degisiklikler (log kob/g)

TMAB Count

Sample Storage Days
0 7 14

C 4.30+0.13¢Ca 4.79+0.02bA 5.42+0.032A
FO1 3.23+0.12Bd 3.15+0.04bCD 3.66+0.022E
FO2 3.16+0.01Bd 3.02+0.01¢C 3.35+0.032F
FA1 3.36+0.10Bcd 3.114+0.03¢DE 4.21+0.052B
FA2 3.51+0.15C¢ 3.60+0.01bB 4.01+0.02aC
MOA1 3.98+0.014b 3.224+0.02PF 3.90+0.042D
MOA2 3.90:£0.14Ab 3.04+0.02¢EF 3.75+0.04bE

a(—)c: Values with the same capital letters in the same rows for each analysis differ significantly (P<0.05)
A())F: Values with the same capital letters in the same column for each analysis differ significantly (P<0.05) TMAB: Total

Mesophilic Aerobic Bacteria

Table 3. Changes in TPAB count of tomato paste samples during storage (log cfu/g)
Cizelge 3. Domates sal¢asi érneklerinin depolama stiresince TPAB sayisindaki degisiklikler (log kob/g)

TPAB Count

Sample Storage Days
0 7 14

C 2.82+0.382A 3.37+0.012A 3.24+0.052A
FO1 2.31+0.093AB 2.4440.04aC 2.65+0.09aBC
FO2 2.00+0.02bAB 2.10+0.02bD 2.40+0.04a¢
FA1 2.12+0.03bAB 2.75+0.082B 3.11+0.1924B
FA2 1.96+0.10bB 2.72+0.042B 2.97+0.10aAB
MOA1 1.85:+0.19bB 2.76+0.02aB 2.93+0.12aAB
MOA2 1.80+0.05%B 2.51+0.052C 2.96+0.1824B

a(—)b: Values with the same capital letters in the same rows for each analysis differ significantly (P<0.05)
A(])D: Values with the same capital letters in the same column for each analysis differ significantly (P<0.05) TPAB: Total

Psychrophilic Aerobic Bacteria

Mold, yeast, and osmophilic yeast results are given in
Table 4, 5, and 6, respectively. Yeast, mold, and
osmophilic yeast counts increased during storage in all
samples (P<0.05). A 1 log reduction was achieved in the
count of mold, which is an important deterioration
factor in tomato paste, depending on the gas
composition applied and the processing time. During
the storage period, especially on the 14th day, the total
mold rate increased significantly (P<0.05).
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CP application was effective on total yeast count
(P<0.05). No significant difference was detected
between applied gas concentrations and treatment
times (P>0.05). A 0.82 log reduction was achieved with
CP application. During the 14-day storage period,
while the total count of yeasts increased by 2 log in the
control sample, the increase remained below 1 log in
the samples treated with CP. In this sense, CP
application was effective in the increase rate of
microorganisms.
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Table 4. Changes in mold count of tomato paste samples during storage (log cfu/g)
Cizelge 4. Domates salgasi érneklerinin depolama stiresince kiif sayisindaki degisiklikler (log kob/g)
Total Mold Count

Sample Storage Days
0 7 14

C 4.19+0.12bA 4.25+0.06bA 5.67+0.03a4
FO1 3.34+0.14bCDE 3.34+0.07bD 4.66+0.032B
FO2 3.08+0.08bE 3.17+0.11bD 4.53+0.02aC
FA1 3.65:+0.03¢BC 3.99+0.00pB 4.20+0.042D
FA2 3.27+0.18bDE 3.79+0.042C 4.14+0.02aDE
MOA1 3.75+0.02bB 3.74+0.03bC 4.16+0.03aPE
MOA2 3.47+0.02¢BCD 3.72+0.01bC 4.10+0.022E

a(—)c: Values with the same capital letters in the same rows for each analysis differ significantly (P<0.05)
A(])E: Values with the same capital letters in the same column for each analysis differ significantly (P<0.05)

Table 5. Changes in yeast count of tomato paste samples during storage (log cfu/g)
Cizelge 5. Domates sal¢asi érneklerinin depolama siiresince maya sayisindaki degisiklikler (log kob/g)
Total Yeast Count

Sample Storage Days
0 7 14

C 3.95+0.10bA 5.23+0.1124 5.42+0.002A
FO1 3.21+0.132B 3.32+0.062D 3.52+0.012DE
FO2 3.13+0.08B 3.25+0.05bD 3.48+0.012F
FA1 3.41+0.06bB 3.50+0.012bBC 3.60+0.052BC
FA2 3.21+0.10vB 3.35+0.042bCD 3.56+0.10aCD
MOA1 3.41+0.03vB 3.58+0.022B 3.66+0.052B
MOA2 3.39+0.072B 3.50+0.112BC 3.58+0.04aC

a(—)b: Values with the same capital letters in the same rows for each analysis differ significantly (P<0.05)
A(])E: Values with the same capital letters in the same column for each analysis differ significantly (P<0.05)

Table 6. Changes in osmophilic yeast count of tomato paste samples during storage (log cfu/g)
Cizelge 6. Domates salgasi 6rneklerinin depolama siiresince ozmofilik maya sayisindaki degisiklikler (log kob/g)
Osmophilic Yeast Count

Sample Storage Days
0 7 14

C 3.14+0.05bA 3.37+0.02a4 3.49+0.02aA
FO1 2.05+0.044C 2.16+0.132B 2.3440.01aB
FO2 1.74+0.04<E 2.07+0.05bB 2.30+0.032B
FA1 2.21+0.02bB 2.28+0.012BB 2.34+0.03:B
FA2 2.05+0.01bC 2.19+0.062BB 2.31+0.01aB
MOA1 2.00:£0.02bCD 2.16+0.042BB 2.30+0.09aB
MOAZ2 1.91+0.02bD 2.13+0.032B 2.23+0.06aB

a(—)b: Values with the same capital letters in the same rows for each analysis differ significantly (P<0.05)
A(])E: Values with the same capital letters in the same column for each analysis differ significantly (P<0.05)

Similarly, approximately 1.4 log reduction was nitrogen species (RNS) are significant in the
achieved in the count of osmophilic yeasts, depending inactivation mechanism of pathogens (Asl et al., 2022).
on the gas applied and the application time. An ROS produced during plasma production cause strong
increase in the count of osmophilic yeasts was observed oxidative stress, and cells are damaged by enzyme
during the storage period. inactivation, lipid peroxidation, and DNA cleavage. In

addition, RNS is highly toxic and can cause cell death
by damaging DNA (Heo et al., 2021). During the
plasma application, the oxygen in the air plasma
causes the formation of peroxide and the formation of
lethal species such as O*, 02, and O3. In addition, the

The disruption of the cell structure and the resulting
microbial inactivation depend on the exposure time to
the cold plasma application and the type of gas used
for disinfection (Ganesan et al., 2021). Reactive species
such as reactive oxygen species (ROS) and reactive
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accumulation of charged particles on the outer cell
membrane, and electrostatic forces could cause
subsequent rupture of the cell membrane and
subsequent cell death (Devi et al., 2017). DNA damage
caused by UV radiation produced during plasma is also
thought to be effective in microbial inactivation (Liao
et al., 2017).

Akarca et al. (2023) reported that CP application
significantly reduced mold growth in kosher cheese. In
addition, Molina-Hernandez et al. (2022) reported that
CP application significantly slowed spore germination
on the growth of mold spores in sun-dried tomatoes.
Similarly, Ulbin-Figlewicz et al. (2015) stated that CP
application using helium gas reduced the number of
yeast and mold on the meat surface by 2 logs. Devi et

Table 7. pH changes of tomato paste samples during storage
Cizelge 7. Domates salgasi orneklerinin depolama stiresince pH degigsiklikleri

al. (2017) revealed that CP application to peanuts
largely stopped the growth of two important molds, A.
flavus and A. parasiticus, in aflatoxin production.

Although the pH values of all samples decreased
during storage (P<0.05), in general, CP application
decreased the pH value (Table 7). The increase in H
ions during CP application is thought to be effective in
this decrease in pH value. Reactive species produced
by plasma, mainly with acidic properties such as nitric
acid (HNO3) and nitrous acid (HNOZ2), are responsible
for the pH decrease (Wang et al., 2022). The pH of
tomato paste samples decreased during storage. The
highest pH decrease was observed in the MOA2
sample.

pH
Sample Storage Time (Day)
0 7 14

C 4.39+0.0728 4.06+0.01bF 3.95+0.06PA

FO1 4.13+0.08pC 4.34+0.022D 3.87+0.01c¢AB
FO2 3.99+0.02bCD 4.17+0.052E 3.84+0.01cAB
FA1 4.57+0.04234 4.47+0.02a€ 3.91+0.09AB
FA2 3.90+0.02bD 4.33+0.032D 3.78+0.04bAB
MOA1 4.52+0.03bAB 4.72+0.032B 3.77+0.05¢B
MOA2 3.89+0.04bD 4.87+0.0424 3.79+0.07bAB

a(—)b: Values with the same capital letters in the same rows for each analysis differ significantly (P<0.05)
A(l)FI Values with the same capital letters in the same column for each analysis differ significantly (P<0.05)

The aw value of tomato paste samples (Table 8)
decreased both with CP application and during storage
(P<0.05). This decrease in aw is thought to be caused
by the drying on the surface due to the flow rate of the
gas applied during the process. Lee et al. (2020)

Table 8. aw changes of tomato paste samples during storage
Cizelge 8. Domates salgasi orneklerinin depolama siiresince aw degisiklikleri

applied cold plasma to red pepper flakes and reported
a similar decrease in aw. The decrease in aw could be
attributed to the ability of Oz and Ar gases used in
plasma application to take up free water molecules on
the tomato paste surface.

aw

Storage Time (Day)

7 14

Sample
0

C 0.819+0.03aA
FO1 0.808+0.022B
FO2 0.798+0.01a¢€
FA1 0.801+0.022C
FA2 0.733+0.012E
MOA1 0.808+0.032B
MOA2 0.741+0.012D

0.797+0.03vA
0.740+0.02bC
0.739+0.02bC
0.742+0.08bBC
0.735+0.032C
0.748+0.02bB
0.739+0.012C

0.788+0.04b4
0.739+0.04»B
0.731+0.02¢BC
0.734+0.03bBC
0.718+0.03D
0.727+0.04¢CD
0.734+0.012BC

a(—)c: Values with the same capital letters in the same rows for each analysis differ significantly (P<0.05)
A(l)Ei Values with the same capital letters in the same column for each analysis differ significantly (P<0.05)

Since the plasma treatment is applied only to the
product's surface, the chemical reaction takes place on
the product's surface. The presence of a chemical
reaction can be traced from the change in color,
texture, or aroma (Bermudez-Aguirre et al., 2013).
Both CP application and storage process caused an
increase in L* value (Table 9) (P<0.05). The highest L*
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value was determined in the MOA2 sample. In non-
thermal applications such as CP, the free radicals
formed due to the low-temperature processing of the
product and the liberation of intracellular compounds
during the application were effective in increasing the
product's brightness (Mehta et al., 2019).
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Table 9. Changes in L*values of tomato paste samples during storage

Cizelge 9. Domates sal¢asi orneklerinin depolama sitiresince L* degerlerindeki degisiklikler

L*Value
Sample Storage Days
0 7 14

C 22.24+0.72bC 25.80+1.29bB 30.99+0.042D
FO1 24.82+1.12bBC 30.22+1.1724 30.41+0.022E
FO2 24.3240.02¢BC 28.92+0.36PA 30.12+0.152F
FA1 29.67+0.07bA 29.99+0.12bA 30.79+0.092D
FA2 29.31+0.02¢A 30.74+0.09bA 31.67+0.072B
MOA1 29.64+0.48bA 30.59+0.0824 31.37+0.052C
MOA2 28.7641.97bAB 29.94+0.1728A 32.48+0.0324

a(—)c: Values with the same capital letters in the same rows for each analysis differ significantly (P<0.05)
A())F: Values with the same capital letters in the same column for each analysis differ significantly (P<0.05)

CP application and storage time caused a decrease in
a* value (Table 10), but this decrease was not
statistically significant (P>0.05). The lowest a* value
was measured in the MOA1 sample. These results are
in accordance with Jayasena et al. (2015). Bermudez-
Aguirre et al. (2013) applied atmospheric cold plasma
to fresh tomatoes and stated that the a* value
increased after 7 and 10 minutes of application, but
this increase was not statistically significant.

Similarly, b*values (Table 11) of tomato paste samples
decreased with CP application. Jiang et al., (2017), and
Khani et al., (2017) reported that cold plasma
application to tomatoes did not cause a significant
change in color. It is thought that there is a decrease
in a* and b* values due to the loss of phenolic
components (Mehta et al., 2019). The changes in these
color parameters could be a result of oxidation of both
pigments and lipids (Olatunde et al., 2019).

Table 10. Changes in a*values of tomato paste samples during storage
Cizelge 10. Domates sal¢asi érneklerinin depolama sitiresince a* degerlerindeki degisiklikler

a*Value
Sample Storage Days
0 7 14

C 28.28+0.212AB 28.18+0.072A 27.29+0.02bA
FO1 28.45+0.22aAB 27.81+0.742AB 27.36+0.292A
FO2 30.184+1.9924 27.57+1.972AB 26.61+0.272B
FA1 26.55+0.812B 26.18+0.052AB 25.34+0.042C
FA2 29.36+0.022AB 25.99+0.87bAB 23.87+0.05bD
MOA1 26.56+0.042B 25.12+0.03bAB 23.59+0.04¢D
MOA2 26.41+0.5428 25.05+0.022bB 23.81+0.13bPD

a(—)c: Values with the same capital letters in the same rows for each analysis differ significantly (P<0.05)
A(])D: Values with the same capital letters in the same column for each analysis differ significantly (P<0.05)

The lycopene results of the samples are given in Table
12. A decrease in lycopene values was observed after
14 days of storage. However, this change is not
statistically significant (P > 0.05). It should be noted
that only for FO1 the change between day 7 and day
14 of storage was significant (P < 0.05). Cold plasma
application caused a significant change in the lycopene
values of the samples (P < 0.05). A decrease in lycopene
values was observed. In particular, a decrease occurred
in the samples that applied 100% oxygen (FO1 and
FO2), and the decrease in lycopene values was more
remarkable as the application time increased.

The BI indexes of the samples decreased during
storage (P<0.05). At the end of storage, the highest
decrease was detected in the FO2-coded sample with a
value of -3284.84, while the least decrease was
detected in the MOAZ2-coded samples with a value of
4792.79 (Table 12)
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The main reason for the decrease in the amount of
lycopene is that it has a highly unsaturated structure
and as a result, oxidation occurs by photooxidation or
auto-oxidation. The colorless end products formed from
these oxidative reactions may cause the red color to
bleach or lighten (Jayathunge et al., 2019). The leading
causes of lycopene degradation at elevated
temperatures are isomerization and oxidation. In
addition, environmental factors such as weather, light,
and temperature can change the effect of these two
processes on the lycopene content of tomato products
(Jabbari et al., 2018). In cold plasma application, the
mechanism responsible for the change in the amount
of lycopene is oxidation. It should be stated that the
decrease in the lycopene value, especially in the
samples using 100% Oz, is due to the increase in
oxidation.
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Table 11. Changes in b*values of tomato paste samples during storage

Cizelge 11. Domates sal¢asi érneklerinin depolama stiresince b* degerlerindeki degisiklikler

b*Value
Sample Storage Days
0 7 14

C 15.93+0.17bA 16.98+0.22aBA 17.9440.353AB
FO1 14.48+0.03¢B 15.61+0.56AB 16.93+0.17aAB
FO2 14.24+0.022B 15.60+1.292AB 19.52+2.4524
FA1 13.34+0.04bC 16.39+0.35aBAB 17.204+1.382AB
FA2 12.16+0.03¢E 14.71+0.70bB 16.26+0.07aABC
MOA1 12.65+0.09vD 12.59+0.35bC 14.47+0.05aBC
MOA2 12.20+0.10<E 12.40+0.06C 13.11+0.022C

a(—)c: Values with the same capital letters in the same rows for each analysis differ significantly (P<0.05)
A(])E: Values with the same capital letters in the same column for each analysis differ significantly (P<0.05)

Table 12. Changes in Brown Index(BI) values of tomato paste samples during storage )
Cizelge 12. Domates salgasi érneklerinin depolama siiresince Esmerlesme Indeksindeki (EI) degisiklikler

BI Index

Sample Storage Days

0 7 14
C 5046.38+775.35aC 3071.35+646.862C 314.546+852.02bAB
FO1 7815.44+315.92aBC 5054.52+180.26bB 2195.24+60.74¢AB
FO2 10275.96+3260.8124B 4795.77+45.35bB -3284.84+5697.94bB
FA1 7599.95+1447.882BC 1763.75+162.562bD -653.72+3511.83pAB
FA2 13005.38+29.37a4 4519.69+1263.77bB -717.67+79.67cAB
MOA1 8834.24+192.23aB 7255.28+37.78bA 2118.48+54.52¢AB
MOAZ2 9455.06+923.492B 7500.71£100.43bA 4792.79+195.35¢A

a(—)c: Values with the same capital letters in the same rows for each analysis differ significantly (P<0.05)
A(])C: Values with the same capital letters in the same column for each analysis differ significantly (P<0.05)

Table 13. Changes in lycopene values of tomato paste samples during storage
Cizelge 13. Domates sal¢asi érneklerinin depolama stiresince likopen degerlerindeki degisiklikler

Lycopene mg/100g DM

Sample Storage Time (Day)

0 7 14
C 23.42+0.2624 23.20+0.12a4 22.67+0.09a4
FO1 19.58+0.114E 19.27+0.062F 18.91+0.04bD
FO2 15.96+0.09aF 15.82+0.10abC 15.30£0.16PE
FA1 22.03+0.1028 21.96+0.082bB 21.60+0.07bB
FA2 21.75+0.132B 21.63+0.092bC 21.22+0.11bB
MOA1 20.61+0.12aC 20.44+0.112P 19.89+0.234C
MOA2 20.05+0.072D 19.83+0.062bE 19.21+0.22bD

a-b: Values with the same capital letters in the same rows for each analysis differ significantly (P<0.05)
A(])F: Values with the same capital letters in the same column for each analysis differ significantly (P<0.05)

In the study where two different gases and mixtures of
these gases were used, oxygen gas application showed
the most effect on the physicochemical and
microbiological properties of the samples compared to
the control sample. Mixture and argon gas applications
followed this effect, and prolonging the application
period also increased the effect.

CONCLUSION
Tomato paste, one of the indispensable components of
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many cuisines in the world, is a product especially
sensitive to mold growth. In this study, the effect of CP
application, which is a minimal treatment, on the
microbiological quality of tomato paste was
investigated. CP application caused a decrease in pH
and aw values of tomato paste. While L* value
increased, a*and b* values decreased in the samples.
For microbiological evaluation, TMAB, TPAB, total
mold, total yeast and osmophilic yeast values were
examined. A decrease of 2 log in TPAB value and 1 log
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in other microbiological criteria was achieved. The
most effective application was determined as the
application coded MOA2.

Different brix ranges are produced by companies in the
production of industrial tomato paste. Especially a low
brix degree is preferred, especially for lower-cost
products. As a result, especially after the product is
opened, high water activity leads to rapid molding,
significantly shortening its shelf life.

Parallel to the results obtained from similar studies on
the subject, it was demonstrated in this study that CP
application could be used effectively to prevent or at
least delay the mold problem, which is one of the
biggest problems in tomato paste production. Further
studies on the subject should be planned to reveal the
positive/negative biochemical and chemical effects of
CP application on the product in more detail.
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OZET
Bu arastirmada, Van Ili Damizhik Sigir Yetistiricileri Birligine (VDSYB)

Tarim Ekonomisi

iye olan ve olmayan siit sigircilig1 igsletmelerinin sosyo-demografik ve Aragtirma Makalesi
isletmecilik yapilarinin karsilagtirilmasi amaglanmistir. Arastirmanin

materyalini, Van Ili Damizlik Sigir Yetistiricileri Birligine tiye olan 89 ve Makale Tarihgesi

liye olmayan 89 igletmeden toplanan anket verileri olusturmustur. Gelig Tarihi @ 26.05.2023

Isletmelerin  sosyo  demografik ve isletmecilik  yapilarimn Kabul Tarihi :03.08.2023
karsilastinlmasinda  parametrik ve non parametrik testler

kullanilmigtir. Isletmelerin sosyo demografik ozellikleri; yas, egitim Anahtar Kelimeler
durumu ve deneyim bakimindan o6nemli farklhiliklarin olmadigi Damizlik sigir yetistiricileri
belirlenmigtir. Ancak igletmecilik yapilari bakimindan; traktoére sahip birligi,

olma, inek sayisi, siit verimi, sagim oOncesi meme temizligi yapma, St sigircilig,

isletmede kayit tutma, tarimsal desteklerden faydalanma, silaj ve Isletmecilik yapast,

hayvan hayat sigortasi yaptirma degiskenleri bakimindan birlige liye Van

olan ve olmayan igletmeler arsinda 6nemli farkhiliklarin oldugu tespit
edilmigtir. Bu sonuglara goére, VDSYBne tiye olan sut sigirciligi
isletmelerinin goreceli olarak daha bilingi ve daha iyi tretim
olanaklarina sahip oldugu séylenebilir. Bu sonuglar tarimsal érgutlerin
uyelerine ve ortaklarina dogrudan veya dolayh olarak énemli katkilar
sagladigimi1 gostermigtir.

ABSTRACT

In this study, it was aimed to compare the socio-demographic and

Comparison of Socio Demographic and Management Characteristics of Dairy Cattle Enterprises in Van
Province

Agricultural Economics

management structures of dairy cattle enterprises that are and are not Research Article
members of the Cattle Breeders' Association of Van Province. The . .
material of the study consisted of survey data collected from 89 member Artlc.le Hlstory.
and 89 non-member dairy cattle enterprises of Van Province Cattle Lisezed : g0 AL
Breeders' Association. Parametric and non-parametric tests were used to Accepted - 03.08.2023
compare the socio-demographic and management structures of the Ke d

. . . X ywords
gnterprlses. It was determmesl that there were no significant dliffer'ences Tt Tesclos asseslaifon,
in terms of socio-demographic characteristics of the enterprises; age, Dty cartille

education level and experience. However, in terms of management
structures; it was determined that there were significant differences
between the enterprises that were members and non-members of the
union in terms of the variables of having a tractor, number of cows, milk
yield, udder cleaning before milking, keeping records in the enterprise,
benefiting from agricultural supports, silage and animal life insurance.
According to these results, it can be said that dairy cattle enterprises that
are members of Cattle Breeders' Association are relatively more
conscious and have better production opportunities.

Enterprise structure,
Van Province

Ataf Sekli: Terin, M., Ceylan, M., Ciftci, K., & Yildirim, I., (2023) Van Ilindeki Siit Sigircihigr Isletmelerinin Sosyo
Demografik ve Isletmecilik Ozelliklerinin Karsilastirilmasi. KSU Tarim ve Doga Derg 27 (1), 228-237.
httpsi//doi.org/10.18016/ksutarimdoga.vi.1303086

To Cite : Terin, M., Ceylan, M., Ciftci, K., & Yildirim, 1., (2023). Comparison of Socio Demographic and Management

Characteristics of Dairy Cattle Enterprises in Van Province. KSU J. Agric Nat

httpsi//doi.org/10.18016/ksutarimdoga.vi.1303086

271), 228-237.




KSU Tarim ve Doga Derg 27 (1), 228-237, 2024
KSU J. Agric Nat 27 (1), 228-237, 2024

Arastirma Makalesi
Research Article

GIRIS

Tarimsal Uretimin ana bilegenlerinden bir olan
hayvansal uretim faaliyeti, hayvansal kaynakh gida
maddelerinin tiretim yeri olmasi, aile iggciine istihdam
saglamasi, kirsal alandan kentsel alana gogi
azaltilmasi gibi o6nemli sosyal ve ekonomik
fonksiyonlara sahiptir (Sayin, 2001; Yildirim & Sahin,
2003; Aksoy ve ark., 2012; Bakir & Kibar, 2019;
Ozdemir ve ark., 2021; Terin ve ark., 2022). Bu nedenle
hayvancilik bitin diinyada o6zellikle de gelismig
ulkelerde oOnemli bir endistri haline gelmis ve
ekonominin ayrilmaz bir parcasi durumuna gelmistir
(Ergiin & Bayram, 2021).

Hayvansal kaynakli gida maddelerinin baginda et ve
slit trunleri gelmekte olup, Turkiye’de sit ve kirmizi
et Uretiminin buytk bir boélimiu buylukbas
hayvanciliktan saglanmaktadir. Nitekim 2021 yihi
itibariyle Turkiye’de tretilen toplam sit miktarinin
%92.11 (21,37 milyon ton) ve kirmizi et iiretiminin de
%74.81 (1,46 milyon ton) sigirdan elde edilmigtir
(HAYGEM, 2023). Tiirkiye’de hayvancihigin gelismesi
icin ginimiize kadar birgok 1slah ve destekleme
politikasi uygulanmig ve uygulanmaya devam
etmektedir. Ozellikle 20001i yillardan sonra
hayvancilik desteklerinde 6nemli artiglar saglanarak,
hayvansal tretimin gelistirilmesine c¢alisilmigtir. Bu
calismalarin bir sonucu olarak toplam tarimsal Gretim
degeri icerisinde hayvansal tretimin pay:1 2003’te %25
iken, 2017de %34’e ve 2020 yilinda %55’e yiukselmigtir
(TUIK, 2023a). Bu énemli artiglara karsin halen
hayvansal tiretiminde basta verim dusukligu ve kayit
disihik olmak tgzere isletmelerin kicuk o6lgekli ve
orgilitsiz olmasi1 temel yapisal sorunlar olarak
karsimiza ¢ikmaktadar.

Turkiye’'de buytkbas hayvancilik yapan isletmelerinin
%44.5'1 1-4 bas arasinda biiyukbags hayvana sahip
olup, bu igletmelerin sahip oldugu biiylikbas hayvan
varliginin, toplam buylikbas hayvan varhig i¢indeki
payr %7.9dur (TUIK, 2023b). Bu sonuclara gére
Turkiye'de bluylikbas hayvancilik yapan isletmelerin
yaklasik olarak yarisinin kiigiik aile igletmesi oldugu
soylenebilir. Igletmelerin kiicik 6lcekli olmasi, bu
isletmelerin girdi tedariginde ve Urun satiglarinda
rekabet giliciine sahip olamamasina ve dolayisiyla
igletmelerin yeter gelir elde edememesine neden
olmaktadir. Bu nedenle, kiigiik 6lgekli igletmelerin
ekonomik yonden gigli, strdiralebilir ve sahip
olduklari kaynaklari daha etkin ve verimli
kullanabilmeleri i¢in 6rgiitlii olmasi gerekmektedir.

Damizlik Sigir Yetistiricileri Birlikleri (DSYB) ciftci
cikarlarim1 karsilikli yardimlagma yoluyla koruyan
ekonomik &rgiitlerdir (Yercan, 2007; Aksoy ve ark.,
2014; Tapki ve ark., 2018; Demirbiikk ve Kizilaslan,
2020). Tarim ve Orman Bakanhg tarafindan ¢ikarilan
yonetmeliklerle kurulan ve temel amaclari, hayvan
yetigtiricilerini  kendi aralarinda o&rgitlendirip,
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rekabet edebilirligini arttiran, tistiin verimli irklarin
yetistirilmesine olanak saglayan ve liyelerin egitim ve
ihtiyaclarimi temin ve tedarik eden kuruluglardir
(Anonim, 2001).

Literatiirde DSYB'ne tye olan ve olmayan sigircilik
isletmeleri c¢esitli agilardan karsilastirilmis olup
bazilarina bu kisimda yer verilmistir. Savran (2003)
tarafindan Canakkale’de yapilan ¢alismada DSYB'ne
uye olan ve olmayan siit s1gir1 igsletmeleri kullandiklar:
uretim teknikleri ve sosyal o6zellikleri bakimindan
kargilagtirmigs ve iki grup arasinda sosyal yonde
belirgin farkliliklarin olmadigini tespit etmigtir.
Amasya’da yapilan c¢alismada DSYB'ne tuye olan
igletmelerin arazi varliginin iye olmayan igletmelere
gore 2.2 kat, yem bitkisi ekim alaninin 2.5 kat daha
fazla oldugu belirlenmistir (Oziidogru, 2010). Bhuayn
(2012) tarafindan Kuzeydogu Amerika’da yapilan
calismada, siit kooperatifine tye olan isletmelerin
ortalama inek sayisinin, toplam siit Gretiminin, mera
alanlarinin ve deneyim slrelerinin iye olmayan
isletmelere gore daha fazla oldugu tespit edilmigstir.
Erzurum’da yapilan calismada DSYBmne iiye olan
igsletmelerdeki yetistiricilerin daha geng ve hayvan
bagina siit verimlerinin daha yiiksek oldugu tespit
edilmistir (Aksoy ve ark., 2014). Akkurt & Kéknaroglu
(2016) tarafindan Isparta’da yapilan calismada
DSYB'ne iye olan igletmelerin hayvan varhga,
ortalama aylik geliri ve gunlik siit Gretiminin birlige
uye olmayan igletmelere gore daha fazla oldugu
belirlenmistir. Chagwiza ve ark. (2016) tarafindan
Etiyopya’da yapilan ¢alismada, kooperatife iye olan
isletmelerin ailedeki birey sayisi, siit sigirciligindan
elde edilen gelir, giinliik siit tiretimi ve inek bagina siit
veriminin Uye olmayan igletmelere goére daha fazla
oldugu, ancak tiye olan ve olmayan igsletmeler arasinda
deneyim, arazi varligi ve ortalama siit satig fiyati
bakimindan énemli bir farkin olmadig1 belirlenmisgtir.
Santosh (2017) tarafindan yapilan c¢alismada
kooperatife liye isletmelerin sit sigircilig: bilgi diizeyi,
yeniliklerin adaptasyonu, siit uretimi ve hayvan
varliginin Uye olmayan igletmelere gore daha fazla
oldugu tespit edilmistir. Fikadu ve ark. (2019)
tarafindan Etiyopya’'da yapilan ¢alismada kooperatife
ortak olan igletme sahiplerinin kooperatife tye
olmayan igletme sahiplerine goére; daha yagli, daha
egitimli, daha fazla hayvana sahip oldugu ve yayim
servislerini daha sik ziyaret ettikleri tespit edilmigtir.

Van’da konu ile ilgili daha o6nce bir arastirma
yapilmamis olmasi, c¢alismanin yapilmasi igin
motivasyon kaynagi olusturmustur. Arastirmanin
temel amaci, Van Ili Damizhk Sigir Yetigtiricileri
Birligi'ne iye olan ve olmayan igletmelerin sosyo-
demografik ve igletme yapilar1 arasinda fark olup
olmadigini ve bu 6zelliklerin Birlige iiye olup olmama
ile arasindaki iligkiyi tespit etmektir.
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MATERYAL ve METOD
Materyal

Aragtirmanin materyalini, Van ili Damizhik Sigir
Yetistiricileri Birligi'ne iiye (89) ve iiye olmayan (89)
toplam 178 siit sigirciligi igletmesinden toplanan
anket verileri olugturmustur. Anket yapilacak birlik
iyesi igletme sayisinin belirlenmesinde oransal 6rnek
hacmi formiilii kullamilmistir (Newbold, 1995; Miran,
2002). Anketler 2019 yili Haziran-Eylil aylar
arasinda gerceklegtirilmigtir.

e Np(1—p)
(N—=1Doj, +p (1 —p)

oy

Yontem

Anketlerden elde edilen sosyo-demografik veriler
frekans, capraz tablolar ve ortalamalar verilerek ile
analiz edilmigtir. Birlige Uye olan ve olmayan
isletmelerin sahip olduklar1 sosyo-demografik ve
isletme yapilarina ait ozellikler arasinda fark olup
olmadiginin belirlenmesi i¢in, verilerin normal dagilim
gosterdigi degiskenlerde t-testi, verilerin normal
dagilim géstermedigi degiskenlerde ise Mann-Whitney

Cizelge 1. Yetigtiricilerin yas gruplarina gore dagilimi
Table 1. Distribution of breeders by age groups

U testi kullanilmistir. Yani sira, isletmelerin Damizlik
Sigir Yetistiricileri Birligi'ne tyelik durumu ile sosyo-
demografik ve isletmecilik 6zellikleri arasindaki
iligkilerin belirlenmesinde Ki kare testi kullanilmigtir.
Elde dilen verilerin analizi SPSS 22 istatistik paket
programi ile yapilmistir.

BULGULAR ve TARTISMA

Arastirmada ortalama yetistirici yast DSYBne tye
isletmelerde 47.65 yil ve lye olmayan isletmelerde
47.01 yil olarak tespit edilmistir (Cizelge 1).
Antalya’da yapilan ¢alismada DSYB’ne iiye olan ve
olmayan igletmelerde ¢iftlerin ortalama yas: sirasi ile
45.5 y1l ve 49.7 y1l (Kizilay & Akcadz, 2008), Amasya’da
yapilan ¢calismada 44.0 yil ve 48.0 y1l (Oziidogru, 2010)
ve Erzurum’da yapilan ¢calismada 39.9 yil ve 46.3 yil
(Aksoy ve ark., 2014) olarak tespit edilmistir.
Arastirmadan elde edilen sonuclarin literatiirle
benzerlik gosterdigi gorilmektedir. Damizlhik Sigir
Yetigtiricileri Birligime tuye olan ve olmayan
isletmelerde treticilerin ortalama yaslari arasindaki
farkin énemli olmadig1 tespit edilmistir (P>0.05).

Uyelik Durumu
Yas gruplar Uye Degil Toplam
Frekans % Frekans % Frekans %

20-40 32 35.96 27 30.34 59 33.15
41-60 41 46.07 48 53.93 89 50.00
61 ve lizeri 16 17.98 14 15.73 30 16.85
Toplam 89 100.00 89 100.00 178 100.00
Ortalama 47.65 47.01 47.33

X2=1.11 p=0.575

Aragtirmada, DSYB'ne luye yetistiricilerin
%67.42’sinin, Uye olmayan yetigtiricilerin ise
%62.92’sinin ilkokul mezunu olduklar1 belirlenmigtir
(Cizelge 2). Tirkiyenin farkli illerinde yapilan
calismalarda Damizlik Sigir Yetistiricileri Birligine
uye olan yetigtiricilerin ilkokul mezunu olma oranlar:
Usak'ta %58.0 (Kése, 2006), Sivas'ta %49.0 (Bas
Hozman, 2014), Igdirda %49.4 (Yesil, 2015) ve
Hatay’da %66.6 (Tapki ve ark., 2020) olarak tespit

Cizelge 2. Isletmelerde yetigtiricilerin egitim durumu

edilmigtir. Arastirmada elde edilen sonuglarla
literatiir arasinda fark oldugu ve arastirma
bélgesindeki yetistiricilerin egitim diizeylerinin daha
diustik oldugu soOylenebilir. Khi kare testine gore
DSYB’ne uye olma ile egitim diizeyi arasinda 6nemli
bir iligki yoktur (P>0.05). Giil (2014) tarafindan
Amasya’da ve Akkurt & Kéknaroglu (2016) tarafindan
Isparta’da yapilan ¢aligmalarda da DSYB’ne tiye olma
ile egitim diizeyi arasindaki iligki istatistiki olarak
onemli bulunmamagtir.

Table 2. Educational status of the breeders in the enterprises

Uyelik Durumu

Egitim Diizeyi Uye Degil Toplam
Frekans % Frekans % Frekans %

Okur-yazar olmayan 2 2.25 3 3.37 5 2.81
Okur-yazar 6 6.74 5 5.62 11 6.18
Tlkokul 60 67.42 56 62.92 116 65.17
Ortaokul 13 14.61 13 14.61 26 14.61
Lise 8 8.99 12 13.48 20 11.24
Toplam 89 100.00 89 100.00 178 100.00

X2=1.23 p=0.873
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Aragtirmada Damizlik Sigir Yetigtiricileri Birligi'ne ciftci toplantilarina katildiklar: belirlenmistir (Cizelge

iye isletmelerde ortalama siit sigircilign deneyimi 3). Amasya’da yapilan calismada DSYBne iiye
25.63 yil iken, birlige iiye olmayan igletmelerde 26.20 giftgilerin tamaminin, tiye olmayan c¢iftgilerin ise
yil olarak belirlenmistir. Birlige iiye olan ve olmayan %17.4lniin (Gil, 2014), Ankara’da yapilan calismada
isletmelerde ortalama deneyim siiresi arasinda fark birlige iiye isletmelerin %9.60'mnin (Ozyilmaz, 2010) ve
olup olmadigi Mann-Whitney U testi ile test edilmis ve Sivas’ta yapilan c¢alismada DSYBne uye ciftgilerin
aradaki farkin o6nemli olmadig1 belirlenmistir %14.2’sinin (Bas Hozman, 2014) hayvancihikla ilgili
(P>0.05). herhangi bir kursa katildiklari tespit edilmigtir. DSYB
Yetigtiricilerin mesleki bilgilerini ve becerilerini ~ Uyelik durumu ile st sigweihigl ile ilgili kurs ve
arttirabilmeleri icin kurs, seminer ve ¢iftci toplantilar seminere katilma arasindaki iliski %5 dizeyinde
gibi tarimsal yayim faaliyetlerine katilmalar: oldukca istatistiki olarak énemlidir (P<0.05). Bu sonuca gére,
onemlidir. Arastirmada, DSYB'ne iiye yetistiricilerin DSYB'ne tiye olan yetistiricilerin daha fazla oranda
%32.58inin, tye olmayan yetistiricilerin ise stit sigircilig ile ilgili kurs ve seminere katildiklar: ve
%11.24intin st sigirciligr ile ilgili kurs, seminer ve sonucun beklentilerle uyumlu oldugu soylenebilir.

Cizelge 3. Isletmelerde yetistiricilerin stit sigircilig ile ilgili kursa katilim durumu
Table 3. Participation of the breeders in the dairy cattle course in the enterprises
Uyelik Durumu

Kursa katilma Uye Degil Toplam
Frekans % Frekans % Frekans %

Katildim 29 32.58 10 11.24 39 21.91

Katilmadim 60 67.42 79 88.76 139 78.09

Toplam 89 100.00 89 100.00 178 100.00
X2=11.854 p=0.01
Arastirmada, DSYB'ne tye treticilerin %55.06’s1in1n, fazla oranda tarim dis1 gelire sahip olduklan
liye olmayan Ureticilerin ise %67.42’sinin tarim disi belirlenmistir (Aksoy ve ark., 2014). DSYB'ne tyelik
gelire sahip oldugu belirlenmistir. Bu sonuca gére durumu ile tarim dig1 gelire sahip olma arasindaki
DSYB'ne tye olmayan igletmelerin daha fazla oranda iligki istatistiki olarak %10 diizeyinde 6nemlidir
tarim dig1 gelire sahip olduklar1 soylenebilir. (P<0.10). Elde edilen sonuca gére, DSYBne iiye
Erzurum’da DSYB'ne iiye olmayan isletmelerin daha olmayan ciftcilerin daha fazla tarim dig1 gelire sahip

olduklar: séylenebilir.

Cizelge 4. Isletmelerde yetistiricilerin tarim dig: gelire sahip olma durumu
Table 4. The non-agricultural income of the breeders in the enterprises
Uyelik Durumu

Tarim dig1 gelir Uye Degil Toplam

Frekans % Frekans % Frekans %
Var 49 55.06 60 67.42 109 61.24
Yok 40 44.94 29 32.58 69 38.76
Toplam 89 100.00 89 100.00 178 100.00
X2=2.864 p=0.06
Traktor, tarimsal isletmelerde kullanmilan en 6nemli sonuca gore, DSYBmne tye olan ciftcilerin traktore
mekanizasyon araci olup, isletmelerin biiyiikliigii ve sahip olma oraninin daha fazla oldugu séylenebilir.
sermayesi hakkinda o6nemli ipuglari vermektedir. Toprak (arazi), tarimsal {iretimde en 6nemli {iretim
Calismada DSYB’ne tuye isletmelerin %70.79unun faktorlerinden biridir. Sit sigirciligi igletmelerinin
traktore sahip oldugu, Gye olmayan isletmelerde ise hayvan beslenmesinde ihtiya¢ duyduklar1 kaba ve
ureticilerin  %47.19unun traktére sahip oldugu kesif yemlerin {retimini gerceklestirebilmek i¢in
belirlenmistir (Cizelge 5). Amasya’da DSYB'ne iiye araziye ihtiyaclar1 vardir. Toplam iglenen arazi
olan igletmelerin  %90.0'ninda, tUye olmayan biiytkligi DSYB'ne tiye isletmelerde ortalama 124.12
igletmelerin ise %72.0’sinde (Oziidogru, 2010) ve dekar iken, iiye olmayan isletmelerde ortalama 121.73
Kahramanmarag'ta DSYBne tiye isletmelerin dekar olarak belirlenmigtir. Birlige iiye isletmeler ile
%54.0inde, Uye olmayan igletmelerin %51.0'inde iye olmayan igletmelerin isledikleri ortalama arazi
traktér oldugu tespit edilmistir (Kaygisiz ve ark., miktart arasindaki fark istatistiki olarak o6nemli

2010). DSYB'ne iiyelik durumu ile traktére sahip olma bulunmamistir (P>0.05).
arasindaki iliski %5 diizeyinde énemlidir (P<0.05). Bu
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Cizelge 5. Isletmelerde yetistiricilerin traktore sahip olma durumu
Table 5. Ownership of tractors by the breeders in the enterprises
Uyelik Durumu
Traktére sahip olma Uye Degil Toplam
Frekans % Frekans % Frekans %
Evet 63 70.79 42 47.19 105 58.99
Hayir 26 29.21 47 52.81 73 41.01
Toplam 89 100.00 89 100.00 178 100.00
X2=10.241 p=0.02
Cizelge 6. Isletmelerde igletme bagina ortalama arazi varhg: (da)
Table 6. Average land holding per enterprise in the analyzed enterprises (da)
Uyelik Durumu
Arazi mulkiyeti Uye Degil Toplam
Ortalama % Ortalama % Ortalama %
Miilk arazi (da) 76.00 61.23 89.65 73.65 82.83 67.38
Kiralanan arazi (da) 37.56 30.26 29.09 23.90 33.33 27.11
Ortak arazi (da) 10.56 8.51 2.99 2.45 6.78 5.52
Toplam Islenen arazisi 124.12 100.00 121.73 100.00 122.93 100.00

Arastirmada DSYB’ne uye olan isletmelerde ortalama
inek sayisi 9.72 bag iken, Uye olmayan isletmelerde
6.93 bas olarak belirlenmistir (Cizelge 7). Mann
Whitney U testine gére, DSYB’ne liye ve liye olmayan
igletmelerin sahip olduklar1 ortalama inek sayilari
arasinda fark %1 diizeyinde énemlidir (P<0.01). Elde

Cizelge 7. Isletmelerde igletme basina ortalama inek sayisi

edilen sonuca gére DSYB'ne uye isletmelerin daha
fazla sayida inege sahip olduklari sdylenebilir.
Oziidogru & Tathdil (2012) tarafindan Amasya’da,
Akkurt & Koknaroglu (2016) tarafindan Isparta’da
yapilan c¢alismalarda da DSYBne tiye olan
isletmelerde inek varligi, tiye olmayan igletmelere gére
daha fazla bulunmustur.

Table 7. Average number of cows per enterprise in the enterprises

Uyelik Durumu
Inek sayist Uye Degil Toplam
Ortalama % Ortalama % Ortalama %
Kultir 8.47 87.14 4.93 71.14 6.70 80.43
Kultir-melez 0.93 9.57 1.00 14.43 0.97 11.65
Yerli 0.31 3.19 0.96 13.85 0.63 7.52
Toplam inek* 9.72 100.00 6.93 100.00 8.33 100.00

* Mann-Whitney U testine gére p<0.01 diizeyinde 6nemlidir

Arastirmada DSYB'ne tiye olan igletmelerde kiultir
wrka ineklerde giinlik ortalama siit verimi 13.62 kg,
iken, Uye olmayan isletmelerde 10.88 kg olarak
hesaplanmistir (Cizelge 8). Bu sonuclara gore,
DSYB'ne tiiye olan igsletmelerde sit veriminin daha
yiksek oldugu soylenebilir. Nitekim yapilan test
sonuclarina gore de gruplar arasindaki fark %1
diizeyinde énemlidir (P<0.01). Aksoy ve ark. (2014)

tarafindan Erzurum’da, Oziidogru & Tathdil (2012)
tarafindan Amasya’da, Gencdal ve ark. (2016)
tarafindan Van'da ve Chagwiza ve ark. (2016)

tarafindan KEtiyopya’da yapilan c¢alismalarda da
DSYBne veya Kooperatife tiye olan igletmelerin sitit
verimlerinin iiye olmayan igletmelere goére daha
yiiksek oldugu tespit edilmistir.

Arastirmada DSYB'ne iiye olan igletmelerde kultir
irki ineklerde laktasyon siiresi 6.47 ay, kiiltiir-melez
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wklarda 5.67 ay ve yerli irklarda 5.43 ay iken, liye
olmayan igletmelerde sirasi ile 6.68 ay, 6.05 ay ve 4.92
ay olarak belirlenmistir (Cizelge 9). DSYB'ne iiye olan
ve olmayan igletmelerde irklara gore laktasyon
stireleri arasinda fark olup olmadig test edilmig ve her
uc¢ wrk grubunda da fark istatistiki olarak anlamh
degildir (P>0.05). Aksoy ve ark. (2014) tarafindan
Erzurum’da, yapilan calismada da DSYB iiye olan (6.2
ay) ve olmayan igletmelerde (6.1 ay) laktasyon siiresi
bakimindan fark olmadig: tespit edilmistir.

Sut ineklerinde memede olusan enfeksiyonlarin
%90'n1 meme bagindan girdigi i¢in sagim Oncesi ve
sagim sonrasl meme temizligi cok énemlidir (Bastan &
Salar, 2012). Arastirmada DSYBne {iye olan
isletmelerde sagim 6ncesi ve sonrasi meme temizligi
yapma orani %97.75, iye olmayan isletmelerde
%88.76’dir (Cizelge 10). Giil (2014) tarafindan yapilan
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calismada DSYB'ne tliye isletmelerin %96.7’sinde, iiye
olmayan igletmelerin ise %87.8'inde meme temizligi
yapildigini belirtmistir. Isletmelerin meme temizligi
yapmasi ile birlige tiye olup olmamasi arasindaki iligki

Cizelge 8. Isletmelerde ortalama giinliik siit verimi (kg)
Table 8. Average daily milk yield in the enterprises (kg)

%5 diizeyinde énemlidir (P<0.05). Elde edilen sonuca
gore DSYB'ne uye isletmelerin daha fazla oranda
meme temizligi yaptiklari s6ylenebilir.

Uyelik Durumu

Irklar Uye Degil
N Min Mak. Ort. Std. S. N Min Mak. Ort. Std. S.
Kiltur” 74 4 20 13.62 3.49 57 5 20 10.88 2.87
Kiltir-Melez 15 2 10 5.67 2.16 20 3 10 6.10 2.07
Yerli 7 2 6 3.57 1.72 24 2 7 3.92 1.53
*Mann-Whitney U testine gore p<0.01 diuzeyinde 6nemlidir.
Cizelge 9. Isletmelerde irklara gore ortalama laktasyon stiresi (ay)
Table 9. Average lactation period by breeds in the enterpn'seg (months)
Uyelik Durumu
Irklar Uye Degil Toplam
Ortalama Std. S Ortalama Std. S Ortalama Std. S
Kultir 6.47 1.29 6.68 1.24 6.56 1.27
Kiltir-melez 5.67 1.60 6.05 1.43 5.89 1.49
Yerli 5.43 1.13 4.92 1.53 5.03 1.45
Cizelge 10. Isletmelerde sagim éncesi ve sonrasi meme temizligi yapma durumu
Table 10. The status of udder cleaning before and after mi]]ging in the enterprises
Uyelik Durumu
Temizlik Uye Degil Toplam
Frekans % Frekans % Frekans %
Yapiyor 87 97.75 79 88.76 166 93.26
Yapmiyor 2 2.25 10 11.24 12 6.74
Toplam 89 100.00 89 100.00 178 100.00

X2=5.719 p=0.032

Sut sigirciligl igletmelerinde kayit tutmak sadece
yetigtiricilerin hayvanlar1 hakkinda bilgi sahibi
olmasina fayda saglamaz, yam sira isletmede tretim
planlarinin ve maliyet hesaplarinin dogru bir sekilde
yapilarak verimli ve karl bir Giretimin yapilabilmesine
olanak saglar. Genel olarak egitimli, yeniliklere agik
ve modern uretim yapan isletmelerde kayit tutma
oranlarinin daha yiksek oldugu soylenebilir.
Arastirmada DSYBne lye olan isletmelerde kayit
tutma orani %39.33 iken, liye olmayan igletmelerde bu
oran %16.85 olarak belirlenmistir. Bu sonuclara gore
hem DSYBne tye hem de DSYBne lye olmayan
igletmelerde kayit tutma orami oldukg¢a distiktir.
Amasya’da yapilan c¢alismada DSYBne tye
igsletmelerin %71.61'inde, Giye olmayan igletmelerin ise
%39.79'unda (Oziidogru, 2010) ve Bingol'de yapilan
calismada DSYB'ne tiye igletmelerin %37.2’sinde kayit
tutuldugu belirlenmistir (Das ve ark., 2014).
Isletmelerin kayit tutmasi ile DSYB’ne tiye olup
olmamas1 arasindaki iliski %1 dizeyinde 6nemlidir
(P<0.01). Birlige {iiye olan isletmelerin {iyeligin
gerektirdigi bazi1 verilerin kaydini tutmasi gerektigi
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icin sonucun beklentilere uygun oldugu soylenebilir.
Giil (2014) tarafindan Amasya’da, Gencdal ve ark.
(2016) tarafindan Van’da yapilan calismalarda da
benzer sonuglar bulunmustur.

Hayvansal turetim faaliyetinde kaba ve kesif yem
maliyetleri olduk¢a 6nemli bir yere sahiptir. Bu
nedenle sit sigirciliginda yem  maliyetlerinin
digtirilmesi ve siit veriminin arttirilmasinda silaj
kullanimi oldukca énemlidir (Boyar & Yumak, 2000).
Aragtirmada DSYB'ne tiye igletmelerin %35.96’sin1n,
uye olmayan igletmelerin ise %15.73UnlUn silaj
yaptiklar1 Dbelirlenmigtir. Giil (2014) tarafindan
Amasya’da yapilan ¢alismada Birlik tiyesi igletmelerin
%85.2sinin, Birlik Uyesi olmayan igletmelerin
%52.8inin, Kaygisiz & Tiimer (2009) tarafindan
Kahramanmarag'ta yapilan ¢alismada DSYBne tiye
igletmelerin %69unun, iiye olmayan igletmelerin
%8inin silaj yaptiklari, Yesil (2015) tarafindan
Igdirda ve Onal & Ozder (2008) tarafindan Edirne’de
yapilan calismalarda ise DSYB'ne iiye isletmelerin
sirasiyla %70.1'inin ve %95.6’sinin  silaj yaptiklar
belirlenmigtir. Bu sonuglara goére, Van ilinde silaj
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yapimi literatiirdeki ¢alismalara gore digiktir. Silaj onemlidir (P<0.01). Bu sonuca gére, DSYBne iiye
yapma durumu ile DSYBne tye olup olmama isletmelerin iiye olmayan igletmelere gore daha
arasindaki iligki istatistiki olarak %1 dilizeyinde yiksek oranda silaj yaptiklar: séylenebilir.

Cizelge 11. Isletmelerde kayit tutma durumu
Table 11. Record keeping status in the enterprises

Uyelik Durumu

Kayit tutma Uye Degil Toplam
Frekans % Frekans % Frekans %
Evet 35 39.33 15 16.85 50 28.09
Hayir 54 60.67 74 83.15 128 71.91
Toplam 89 100.00 89 100.00 178 100.00

X2=11.125 p=0.001

Cizelge 12. Isletmelerde silaj yapma durumu
Table 12. Status of silage making in the enterprises

Uyelik Durumu

Silaj yapma Uye Degil Toplam
Frekans % Frekans % Frekans %

Evet 32 35.96 14 15.73 46 25.84
Hayir 57 64.04 75 84.27 132 74.16
Toplam 89 100.00 89 100.00 178 100.00
X2=9.498 p=0.003
Aragstirmada isletmelerin %15.73’'4t hayvan hayat DSYB’ne uye isletmelerin sadece %6.0’sinin hayvan
sigortasi yaptirirken, bu oran birlik tyesi igletmelerde hayat sigortasi yaptirdiklari belirlenmistir (Ozer,
%21.35 ve uye olmayan igletmelerde %10.11°dir 2019). Isletmelerin sigorta yaptirmasi ile DSYB'ne tiye
(Cizelge 13). Bu sonuclara gére isletmelerin biiyiik bir olup olmama arasindaki iligki istatistiki olarak %5
kisminin hayvanlarini sigorta yaptirmadigi ve sigorta diizeyinde anlamlh bulunmustur (P<0.05). Birlige iiye
aligkanhiginin  hentiz yeteri kadar gelismedigi olan igletmelerin sigorta yaptirma konusunda daha
soylenebilir. Amasya’da yapilan ¢alismada DSYB'ne bilincli ve istekli oldugu soylenebilir. Yilmaz (2008)
uye isletmelerin %31.7’sinin, Giye olmayan isletmelerin tarafindan Osmaniye'de, Giil (2014) tarafindan

ise %7.81inin hayvan sigortasi yaptirdiklar: tespit Amasya’da ve Yaylak ve ark. (2016) tarafindan
edilmistir (Giil, 2014). Dogu Akdeniz Bélgesinde siit Izmir'de yapilan calismalarda da benzer sonugclar
sigirciligl  igletmeleri ile yapilan calismada ise bulunmustur.

Cizelge 13. Isletmelerde hayvan sigortas: yaptirma durumu
Table 13. The status of animal insurance in the enterprises

Uyelik Durumu

Sigorta yaptirma Uye Degil Toplam
Frekans % Frekans % Frekans %
Evet 19 21.35 9 10.11 28 15.73
Hayir 70 78.65 80 89.89 150 84.27
Toplam 89 100.00 89 100.00 178 100.00
X2=4.24 p=0.04
Aragtirmada igletmelerin %89.89'u tarimsal olmayan igletmelere gore daha fazla sayida tarimsal
desteklerden faydalanmirken, bu oran birlik tyesi destekten faydalandiklar1 vurgulanmistir (Aksoy ve

igletmelerde %95.51 ve birlik iyesi olmayan ark., 2014).
isletmelerde  %84.27dir (Cizelge 14). Tarimsal Siit sigircihiginda en 6nemli i yiklerinden biri de siit

desteklerd.en. faydalanma :lle ]??irlige.iiye _Oh.lp. olmama sagimidir. Turkiye’'de kiigiik aile igletmelerinde sagim
arasindaki iligki %5 dizeyinde istatistiki Ola?flk genelde el ile yapilirken, blyiik igletmelerde agirlikli
anlamhi bulunmustur (P<0.05). Bu sonuglara gore olarak makineli sagim veya sagim tunitesi seklinde
DSYB'ne iiye olan igletmeler tarimsal desteklerden yapilmaktadir. Arastirmada DSYBne iiye olan
daha fazla oranda faydalanmaktadir. Sonuglar isletmelerde makineli sagim %39.33 iken, Giye olmayan

beklentilerle uyusmaktadr. Erzu?um’da yapﬂan isletmelerde %29.21 olarak tespit edilmistir (Cizelge
calismada da DSYBne lye olan igletmelerin tye
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15). Tiirkiye'de cesitli illerde yapilan calismalarda
DSYB'ne tye isletmelerde makineli sagim orani,
Edirne’de %100 (Onal & Ozder, 2008), Amasya’da
%85.0 (Giil, 2014), Sivas'ta %60.9 (Bas Hozman, 2014),
Igdir'da %92.8 (Yesil, 2015) ve Bingol'de %18.2 (Das ve
ark., 2014) olarak belirlenmistir. Bu sonuclara gére,

sonuclarina gore oldukca yiiksektir. Sagim sekli ile
DSYB’ne uye olup olmama arasindaki iligki istatistiki
olarak anlaml degildir (P>0.05). Erzurum’da yapilan
calismada benzer sonu¢ (Aksoy ve ark. 2014)
bulunmus iken, Gil (2014) tarafindan Amasya’da
yapilan ¢alismada makine ile sagim yapan cift¢ilerin

Bingoél'de yapilan ¢alisma disinda diger illerde yapilan Birlige daha fazla oranda tye olduklar1 tespit
calismalarda makineli sagim oran1 arastirma edilmigtir.
Cizelge 14. Isletmelerin tarimsal desteklerden faydalanma durumu
Table 14. Utilization of agricultural subsidies by the enterprises
Uyelik Durumu
Destekten faydalanma Uye Degil Toplam
Frekans % Frekans % Frekans %
Evet 85 95.51 75 84.27 160 89.89
Hayir 4 4.49 14 15.73 18 10.11
Toplam 89 100.00 89 100.00 178 100.00
X2=6.18 p=0.013
Cizelge 15. Isletmelerde siit sagim sekli
Table 15. Milking method in the enterprises
Uyelik Durumu
Sagim sekli Uye Degil Toplam
Frekans % Frekans % Frekans %
Elle sagim 54 60.67 63 70.79 117 65.73
Makinali sagim 35 39.33 26 29.21 61 34.27
Toplam 89 100.00 89 100.00 178 100.00
X2=2.02 p=0.103
SONUC ve ONERILER TESEKKUR
Arastirmada, Van Ili Damizhk Siir Yetistiricileri Bu c¢alismayi, FBA-2018-6414 nolu proje ile

Birligi'ne (VDSYB) iiye olan ve olmayan siit sigircilig1
isletmelerinin  sosyo-demografik ve igletmecilik
ozellikleri karsilastirilmis ve bu o6zelliklerin Birlige
iye olup olmama arasindaki iligki belirlenmeye
calisilmigtir.

Arastirmada, DSYB’ne uye ve tye olmayan igsletmeler
arasinda ortalama isletmeci yasi, egitim dlzeyi,
ortalama siit sigirciligl deneyim siiresi, ortalama
islenen arazi miktari, laktasyon siiresi ve sagim sekli
bakimindan istatistiki olarak anlamli bir farkin
olmadig1 belirlenmistir. Buna karsin, siit sigircilig ile
ilgili kursa katilma, tarim digs1 gelire sahip olma,
traktore sahip olma, ortalama inek sayisi, inek bagina
st verimi, sagim 6ncesi ve sonrasli meme temizligi
yapma, isletmede kayit tutma, silaj yapma, hayvan
hayat sigortas1 yaptirma ve tarimsal desteklerden
faydalanma durumlar1 bakimindan istatistiki olarak
onemli bir farkin oldugu tespit edilmigtir.

Arastirmada bilingli, goreli olarak modern ve iyi
iretim imkanlarina sahip sit sigirciligi isletmelerinin

daha yiksek oranda DSYBne iye olduklan
soylenebilir. Aragtirma boélgesinde siit sigircilign
faaliyetinin gelismesi ve siirdirilebilir olmasi

agisindan, yetigtiricilerin Damizlik Sigir Yetigtiricileri
Birligi gibi hayvancilik 6rgiitlerine tyeliginin tegvik
edilmesi 6nem arz etmektedir.
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destekleyen Van Yiiziincii Y1l Universitesi, Bilimsel
Arastirma Projeleri Koordinasyon Birimine tesekkiir
ederiz.

Aragtirmacilari Katk: Orani1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catigmasi Beyani
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.
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OZET

Bilimsel arastirmalarin planlanmas yuritilmesi ve
sonuc¢landirilmasinda  yaygin  olarak  cikarimsal  istatistik
tekniklerden yararlanilmakta ve istatistiksel bulgular

raporlanmaktadir. Bu ¢alismada, arastirmalarda p-degerinin yaninda
raporlanmasi gereken diger istatistikler irdelenmigtir.
Aragtirmalarda en sik kullanilan c¢ikarimsal istatistik yontemi
“Yokluk Hipotezi Anlamhilik Testi”’dir. Bu yontemin son ¢ikarimsal
istatistigi ise p- degeridir. Istatistik testler sonucu elde edilen bu
deger gercek degeriyle ve tic ondalik basamakla rapor edilmelidir. P-
degerinin tek basina sunumundan kag¢imilmalidir. Ayrica ifade
ettiginden daha fazla anlam yiiklenilmemelidir. Bu deger test
istatistigi (t, z, ¥2, # vb.) ile birlikte yazilmalidir. Ayrica arastirma
makalelerinde 6rneklem buytkligi, mutlaka belirtilmelidir. Bunun
yaninda, testin gici, giiven aralig:r ve etki biiyukligu istatistiklerine
yer verilmesinde yarar vardir. Cinku p-istatistigi ve testin glicu
orneklem bityiikligiinden énemli 6lgtide etkilenir. Orneklemin biiyiik
olmasi, p- degerinin kigik, testin giicinin yluksek olmasina neden
olmaktadir. Etki buyuklugi ise orneklem buyiukluginden
etkilenmemektedir. Bu nedenle istatistiksel yorumlar 6zellikle etki
buyukligi ve giiven araligr kullanilarak yapilmalidir.

Inferential Statistics Suggested to Report in Scientific Articles

ABSTRACT

Inferential statistical techniques are widely used in the planning,
execution and conclusion of scientific research and statistical findings
are reported. In this study, other statistics that should be reported in
addition to the p-value in studies were examined. The most frequently
used inferential statistical method in research is the "Null Hypothesis
Significance Test". The final inferential statistic of this method is the
p-value. This value obtained as a result of statistical tests should be
reported with its true value and three decimals in scientific works. P-
value should not be given more meaning than it expresses and should
be reported together with the test statistic (t, z, x2, Fetc.). In addition,
the sample size should be specified in research articles. In addition, it
would be beneficial to include the power of the test, confidence interval
and effect size statistics. Because the p-value and the power of the test
are significantly affected by the sample size. The large sample size
causes the p-value to be small and the power of the test to be high. The
effect size is not affected by the sample size. Therefore, statistical
inference should be inferred using, especially effect size and
confidence interval.
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GIRIS
Bilimsel c¢alismalarda istatistiksel digsiinme ve

istatistiksel analiz 6nemli bir yere sahiptir. Ekonomi,

yapilan bilimsel ¢alismalarda

istatistiksel analiz

tekniklerinden yararlanilmaktadir. Bilimsel ¢alisma
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slirecinin; hipotez kurma, degisken belirleme,
ornekleme, o6lgme, veri toplama, veri analizi ve
yorumlama vd. tim asamalarinda istatistik teknikler
yogunlukla kullanilmaktadir. Bu teknikler iginde
yaygin kullanilan yontem “Yokluk Hipotezi Anlamhilik
Testi, (YHAT)” yéntemidir (Yildirim & Yildirim, 2011;
Erkus 2017; Akbulut, 2022). YHAT kisaca “Hipotez
Testi” (HT) olarak ifade edilebilir. YHATnin son
cikarimsal istatistigi “p-degeridir’. Leek & Peng
(2015)in ifadesi ile “p-degeri bilimsel arastirma ve veri

analizi stirecinde buzdaginin goérilen ucudur”.
Aragtirmalarin  ¢ogunda  bulgular  p-degerine
odaklanarak c¢ogu kez de p-degeri tek basina

yorumlanarak sunulmaktadir. P-degerinin tanimi
(Cohen, 1994; Yildirim & Yildirim, 2011; Aschwanden,
2016) yorumlanmasi (Cohen, 1994; Cohen, 2011; Kilig,
2011; Isik 2014; Lu & Belitskaya—Levy, 2015; Halsey
et al., 2015) ve 6nemi (Hojat & Xu, 2004;. Dahiru, 2008;
Lu & Belitskaya—Levy, 2015; Halsey et al., 2015)
uzerinde son yillarda yogun degerlendirme ve
tartismalar  yapilmaktadir. P-degerinin  hatah
yorumlanmas1 konusunda (Nuzzo, 2014; Lu &
Belitskaya—Levy, 2015; Greenland et al., 2016;
O’Leary, 2021) ve kétiiye kullanimi (Vidgen & Yasseri,
2016) konusunda da makaleler yaymmlanmistir. Bu
baglamda yayinlanan makalelerin genel sonucu p-
degerinin hatali yorumundan kag¢inilmasi ve p-degeri
ile Dbirlikte diger c¢ikarimsal istatistik olgiilerin
raporlanmasi1  seklindedir =~ (Goddman, 2008;
Wasserstein & Lazar 2016; Mark et al., 2016;
Wasserstein, et al., 2019; Gao, 2020; Akbulut, 2022).
Bu baglamda 6nerilen istatistik 6lciiler etki buytuklugu
(EB), giiven araligi (GA) ve testin giicii (TG) élciileridir
(Whitley & Ball, 2002; APA 2010; Kul, 2014; Isik, 2014;
Greenland et al., 2016; Solla et al., 2018; Balkin &
Lenz, 2021).

Bu makalede p-degeri ile birlikte sunulmasi gereken
EB, GA ve TG c¢ikarimsal olgileri ele alinmis ve bu

Olcilerin hesaplanmasi ve raporlanmasi sayisal
ornekler ile aciklanmigtar.
o DEGERI ve P-DEGERI
Istatistiksel analizlerde o degeri, arastirmanin

planlanmasi, érneklem buytikligi ve beklenen gliciin
hesaplanmas1 asamasinda karar verilen I. Tip hata
olasihigidir. I. Tip hata gergekte yokluk/sifir hipotezi
dogru oldugu halde, test sonucunda kargit hipotezin
kabul edilmesi olasiligidir. Bu olasilik genellikle 0.05
veya 0.01 olarak alinir.

Istatistiksel anlamlhligi ifade eden p-degeri ise,
orneklem verilere YHAT veya diger istatistiksel
testlerin uygulanmasinin bir sonucudur. Bilimsel
makalelerde istatistiksel anlamlilik p-degeri “P” veya
“p” ile sembolize edilmektedir. Kisaca ifade etmek
gerekirse o, veri analizi o6ncesinde karar verilen
olasilik degeri, p ise istatistiksel analiz ile hesaplanan
olasihk  degeridir. Bilimsel arastirmalarin
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raporlanmasinda en yaygin kullanilan o ve p
olasiliklarinin 6nemi, anlami, dogru raporlanmasi ve
dogru yorumlanmasi konusunda Akbulut (2022)
tarafindan kapsaml bir calisma yapilmistir. Ayrica bu
konuda Tirkge literatirde baska c¢alismalar da
mevcuttur (Kilic, 2011; Yildirim & Yildirim 2011; Isik,
2014; Kul, 2014; Erkug 2017; Unalan, 2021).

Anlamlilhik durumunu ifade eden p-degeri gergek
degeri ile ve ii¢ ondalikla (p=0.028 veya p=0.002 gibi)
yazilmalidir. Istatistik analizlerde séz konusu olasilik
0’dan biiyiik 1’den kiiciik (0<p<1) bir deger alir ve
hicbir zaman sifir olamaz. Ancak bazi istatistiksel
analiz yazilimlar: (SPSS gibi) ¢ok kiiciik p-degerini ii¢
ondalikla yuvarlayarak p=0.000 seklinde
sunmaktadir. Bu durumda p<0.001 seklinde
yazilmalidir. Bulgularin yorumlanmasinda p degerine
gereginden fazla anlam yliklenmemeli ve p tek basina
verilmemelidir. P degeri, 6rneklem biiyiikliigii (n) veya
serbestlik derecesi ve test istatistigi ile birlikte (z, t, %2,
F, gibi) rapor edilmelidir.

ETKI BUYUKLUGU

Etli  buyikligi (EB), &érneklem verilerinden
hesaplanan istatistiklerin yokluk/sifir hipotezi ile
tanimlanan degerden sapma diizeyini gosteren
istatistiksel bir o6lgtidiir. (Cohen, 1994; Sullivan &
Feinn 2012; Ozsoy & Ozsoy, 2013, Capik, 2014;
Unalan, 2021). Bu 6l¢ii bir fark veya bir katsayidir. En
basit tanimiyla EB, yeni yontemin eskisine kiyasla ne
biiyiikliikkte bir fark olusturdugunu ifade eder (Kilic,
2014). Kalaycioglu & Akhanlh (2020) EB’yi saghk alani
icin gruplar arasinda klinik (diger alanlarda teknik,
ekonomik) anlamli olan en kiicik fark olarak
tanimlamigtir. Bu fark degeri standardize edilerek,
ornegin ortalamalar arasi fark ortak standart
sapmaya oranlanarak, karsilagtirilabilir bir sekle
déniistiiriilir (Yildirnm & Yildirim, 20115 Capik, 2014;
Unalan, 2021).

EB hesaplama yontemleri arastirma tasarimi ve
kullanilan istatistik test yontemine gore farklhilik
gosterir. Arastirmanin tasarimi asamasinda 6rneklem
buyukliginiin belirlenmesinde EB ihtiyac¢ duyulan bir
Olcidiir. EB hedef populasyondan 6n c¢alisma
orneklemi kullanilarak belirlenebilir. Eger 6n ¢alisma
ile  yeterli glvenirlikte etki  buytkliginin
belirlenememesi durumunda EB i¢in diizenlenmis
standart degerlerden yararlanilarak 6rneklem
biyikligi belirlenir. Cizelge 1’de yaygin kullanilan
baz1 istatistik testler i¢in standart EB simiflarinin
(kiigiik, orta, biiyiik) sinirlari verilmistir. Orneklem
biiytikligint hesaplamada bu siiflarin genellikle alt
sinirlar kullanilir.

EB belirlenirken kiigiik etkilerin ortaya
¢gikartilmasinin ¢ok gii¢ olmasi nedeniyle daha biiyik
orneklem gerektirdigi unutulmamalidir.

Ashinda EB kavrami giuinlik hayatta yaygin olarak



KSU Tarim ve Doga Derg 27 (1), 238-247, 2024
KSU J. Agric Nat 27 (1), 238-247, 2024

Arastirma Makalesi
Research Article

kullanilmaktadir. Ornegin “Yeni diyet haftada 1500
gr. zayiflama garantisi vermektedir, binada 1s1
yalitimi en az %40 yakit tasarrufu saglamaktadir,
ilave yemleme koyunlarda ikizlik oranminmi %25

artirmaktadir” gibi ifadeler ile ifade edilen EB’dir.

EB’nin rapor edilmesi ve yorumlanmasi, bes 6nemli
nedene dayandirilmaktadir. Bunlar;

Cizelge 1. Istatistiksel testlere gore etki biiytukligi simflar: ve sinir degerleri
Table 1. Effect size classes and its limit values according to statistical tests

Etki biiytlikligi siniflar
Istatistiksel testin amaci Istatistiksel test Etki biiytkligi Kiciik Orta Biiyiik
ve sembolii
Gruplar arasi fark; d ailesi etki biiyiiklugi
Tki oran fark: Ki-Kare Odds Orani 1.68-3.46 3.47-6.70 >6.71
1ki ortalama fark: t Test, Cohen d, veya 0.20-0.49 0.50-0.79 >0.80
Hedge g
Oranlar arasindaki fark 7Z test veya Ki-Kare Cohen’in g 0.05-0.14 0.15-0.19 >0.20
istatistigi
Degigkenler arasi iligki; r ailesi etki buyuklagi
Tki siirekli degigken aras: Korelasyon Perarson'un r  0.10-0.29 0.30-0.49 >0.50
iligki degeri
Capraz tablo analizi Ki-Kare CramerinV,¢ 0.10-0.29 0.30-0.49 >0.50
Stirekli ve sirali Pearson veya rvep 0.10-0.29 0.30-0.49 >0.50
degigkenler arasi iligki Spearman Rank
korelasyonu
Ikiden fazla bagimsiz grup  ANOVA veya n2 0.01-0.05 0.06-0.13 >0.14
veya bagimli gruplarin tekrarl ¢lgimlerde
arasindaki fark ANOVA f 0.10-0.24 0.25-0.39 >0.40
Fonksiyonel bagint1 analizi Coklu Regresyon R2 0.02-0.12 0.13-0.25 >0.26

Kaynak: Ozcomak ve Cebi (2017); Akbulut, (2021); Balkin ve Lenz, (2021)

i) Arastirma bulgularinin pratik olarak “diisiik”
“orta” ve “yluksek” seklinde degerlendirilmesini
saglar ve kullanim acgisindan yorumlanmasini

kolaylastirir (Hojat & Xu, 2004).

Ayn1 konuda farkli calismalarin rapor edilen
sonuglarinin kargilagtirilmasina imkan saglar.

Daha sonra aym1 kapsamda  yapilacak
arastirmalarda raporlanan EB degerleri dikkate
alinarak gerekli ve yeteri orneklem
biiyiikliigiiniin belirlenmesini saglar (Téllez et al.,
(2015).

Klinik, teknik veya ekonomik yuksek EB ile
sonuclanan calismalarin istatistiksel anlamsiz
bulunmasi durumunda, arastirmanin daha
buytk 6rneklem ile tekrarlanarak gercek anlamh
etkinin belirlenmesine 151k tutar.

i)

iii)

iv)

v) EB istatistiksel anlamlilik ve diger cikarimsal
istatistiklere gore iki noktada avantaja sahiptir.
Bunlar a) Diger cikarimsal istatistikler 6rneklem
buyukliginden etkilenirken EB o6rneklem
biiytikliigiinden etkilenmez. b) EB skalasi serbest
bir indekse sahiptir (Hojat & Xu, 2004; Nelson et

al., 2015).

vi) Verilerin 6én gorillen dagilima uygunlugu
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(Ornegin normal dagilim) varsayimi altinda
istatistiksel anlamlilik, gliven araligi ve
istatistiksel gli¢ i¢in dogru tahminler yapilabilir.
Dagilim gecerli degil ise tahminler de hatali
olacaktir. Halbuki EB teorik dagilimlardan
bagimsiz bir él¢udir.

Bu nedenlerle arastirma raporlarinin metot
boéluminde 6n gorilen ve kullanilan EB, bulgular
kisminda ise gozlenen EB rapor edilmelidir.

EB ve TG istatistiklerinin arastirma makalelerde
raporlanmasi gerekliligi belirtilmesine ragmen Turkge
literatiirde bu o6lgiilerin raporlanmasi heniiz istenilen
diizeyde yayginlagsmamistir. Egitim bilimleri alaninda
Tirkiye kaynakli yayimlanan ve SSCI'da taranan
bilimsel dergilerdeki makalelerin sadece %7.2’sinde
EB'nin raporlandig1 bildirilmektedir (Ozsoy & Ozsoy.
2013). Tiirkce literatiirde hipotez testlerinin yaygin
kullanildig: tarim bilimleri ve miithendislik alanindaki
¢alismalarda p-degeri siklikla raporlanirken EB’yi
raporlayan c¢alismaya rastlamilmamigtir. Halbuki
Sullivan & Feinn (2012). Cohen’e atfen EB’nin énemini
“Bir arastirma sorusunun birincil Grtini p degerleri
degil, bir veya daha fazla EB olgistudir’ seklinde
ozgiin bir ifade ile vurgulamistir. Kilic (2014)
istatistiksel anlamlilikla birlikte EB ve EB’nin giiven
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sinirlarinin~ raporlanmasimi  énermektedir. Ayni
sekilde Téllez et al., (2015) APA editérlerine atfen
istatistiksel anlamlilik testlerinin bazi noktalardaki
zayifligi nedeniyle, EB ve EBnin giiven araliginin
raporlanmasina dikkat ¢ekmiglerdir.

GUVEN ARALIGI

Giiven araligi (GA) belirli bir olasilikla populasyon
parametrelerinin hangi degerler arasinda (alt ve {ist
sinirlar) bulunabilecegini ifade eder. GA’min bu
degerler arasinda bulunma olasilig1 giiven katsayisi 1-
a ile ifade edilir. Bu degerin yiizle carpimina ise 100(1-
a) giiven diizeyi denir. GAnin genel hesaplama
formiuld,

[oi
GA = istatistik + (standart hata)x (daglllmm 7 olasiligindaki degeri)

seklindedir. GA’nin dogru tahmini i¢in 6rneklemenin
rastgele yapilmasi, Ornekleme giren birimlerin
birbirinden bagimsiz olmasi1 gerekir. Degiskenin
normal dagilima uyum goéstermemesi durumunda
uygun tekniklerle GA tahmini yapilmakla birlikte
(Cebeci, 2020), uygulamada daha cok degiskenin
normal dagilim géstermesi sart1 altinda yapailir.

Ornegin varyansi1 o2 =100 olan bir populasyondan
alinan 25 birimlik bir 6érneklemin ortalamasi 40 ise,
%95 gilivenle ile (0=0.05) bu populasyonun
ortalamasina ait giiven araligr hesaplanmak istensin.
Bu o6rnek i¢in, standart hata, og; =./100/25=2’dir.
Ayrica a/2=0.025 olup Z dagiliminin sag kuyrugunda

Zoozs olasiligl i¢cin kesme degeri 1.96’dir. Buradan,

X ¥ 0% Zq), formiilii ile s6z konusu populasyonun
ortalamasi %95 giivenle (40+£2%1.96) 36.08 ile 43.92
arasinda olacaktir.

Bu sonu¢ su sekilde de yorumlanabilir: Bu
populasyondan 100 kez o6rneklem alinmasi halinde
bunlarin %95'inde X, 36.08 ile 43.92 arasinda deger
alacaktir. Bu tanimi genellestirmek gerekirse, given
aralig tahmini, tekrarlanan orneklemeler
yapildiginda, 6n goériilen giiven diizeyinde populasyon
ortalamasinin hangi degerler arasinda olabileceginin
bir tahminini sunar.

Uygulamada populasyon varyansi o2 genellikle
bilinmez ve o6rneklem de cogu kez smrli (n<30)
biiytikliktedir. Bu durumlarda GA tahmini igin
orneklem varyansi S2 kullanilir.

Orneklem varyansinin (S?) kullanilmasi durumunda
yukaridaki esitlik X F Sxtaj2(n-1y sekline doniisiir
(Walpole, 1969). Burada érneklem biiyiikliigiine bagh
t dagilimina ait kritik degerin ve Orneklem
ortalamasinin  standart  hatasi Sz =+4/5%/n
istatistiginin kullanildigina dikkat edilmelidir.

GA belirli bir gliven diizeyinde populasyon
parametresinin i¢inde bulunabilecegi alt ve st
sinirlari  belirlenmis sayilar kimesidir. Guven
araligimi ve guven simirlarini Sekil 1°deki  gibi
gostermek mimkiindiir.

of2
i
-

1-cx
of2
-
| Gliven arahg
Alt Simir

st Sinir

Sekil 1: Normal dagilim varsayimi altinda giiven aralig: ve giiven sinirlar:
Figure 1° Confidence interval and confidence limits under the assumption of normal distribution

GA Dbelirlenen bir giiven duzeyinde populasyon

parametresinin  alabilecegi  degerleri  belirleyen
orneklemden populasyona dogru yapilan Dbir
tahmindir. Giliven smirlarn veya giliven araligi
uygulamada genellikle %95 veya %90 giliven

diizeylerinde bildirilir. (Yildirim & Yildirnm 2011).
Guven araligin1 yine %51ik anlamlilik diizeyinde
(0=0.05) reddedilemeyecek yokluk/sifir hipotezi
degerler kiimesi olarak tanimlamak mimkindir.
Yani yokluk hipotezi anlamhlik testi ile ulagilan
sonuclara giiven aralig1 ile de ulagilabilir (Yildirim &
Yildirim 2011). Aymi durum oran testleri ve iligki
katsayilarinin testi i¢in de gegerlidir.

Dahiru (2008) p-degerinin dogru yorumlanmasi ve p-
degerini destekleyecek diger ol¢ut olarak glven
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araliginin  (GA) p-degeri ile birlikte sunumunun
faydali olacagina dikkat ¢cekmektedir. Gliven araligini
hesaplamanin sagladig1 avantajlar Dahiru (2008) ve
Yildirim & Yildirim (2011) tarafindan, asagidaki gibi
ifade edilmigtir.

i- Calisma oncesi yokluk hipotezi kurulmasini
gerektirmez. Guven araliklar1 hipotez testinin
anlaml veya anlamsiz sonu¢ vermesinden daha
¢ok bilgilendiricidir.

11- Arastirmalardan elde edilen ortalama, oran vb.
6lctilerin mutlak olarak anlagilmasini oOnler.
Given araliginin genigligi, tahminin
glvenilirligi veya kesinligi 6rneklemden elde
edilen degerlerin bu o6l¢ii i¢in hesaplanacak
degerlerden biri oldugunun anlagilmasini
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kolaylagtirir.

ii- Given araliklari, istatistiksel anlamliligin
aksine, bir bulgunun 6nemli olup olmadiginin
yorumlanmasini (6rnegin, klinik énem) daha
kolay hale getirir.

iv- Istatistiksel anlamlilik testlerinin I. tip hataya
karg1 onlem almadigi halde, giiven aralig: igin
boyle bir durum séz konusu degildir.

v- Guven araliginin genigligi, ¢alismanin
yenilenmesi durumunda benzer bulgulara
ulasabilme ihtimali hakkinda bilgi verir.

vi-Given  araliklar1  bilgisi meta  analiz
calismalarinda farkli ¢aligmalardan elde edilen
bilgilerin birlegtirilmesini kolaylagtirir.

Bunlara ilave olarak giiven araliklari kullanilarak
benzerlik veya farkhiliklar karsilagtirmali olarak daha
objektif degerlendirilebilir. Bu baglamda
karsilastirilan gruplara ait istatistiklerin
tartisilmasinda daha aydinlatici oldugu gibi kolaylik
saglar. Ayrica GA istatistigi, arastirma sonuglarinin
literatiir bildirimleri ile karsilastirilmasinda benzerlik
ve farkliliklari Dbelirlemede daha tutarhh yorum
yapmaya imkéan verir. Yani; ortalama, oran vb. nokta
tahminlerine ait bulgular literatiir ile karsilagtirmali
olarak tartigilirken tarim bilimlerinde genellikle
“...bildirimleri ile benzer, ...bildirimlerinden kugiik
veya daha az, ...bildirimlerinden daha yiiksek, biytk”
gibi goreceli ifadeler kullanilmaktadir. Given sinirlar:
tahmini yapildiginda giiven araligindaki bildirimler
benzer, alt sinirdan kii¢liikler daha diisuk, tist stnirdan
buytikler daha yiksek olarak yorumlanabilir. Boylece
giiven simrlari kullanmilarak yapilacak tartisma ve
yorumlar ile daha objektif ¢ikarimlar yapilabilecektir.

Ancak ayn1 o hatasi diizeyi veya 1-a guven dizeyinde
orneklem buyuklugi arttikga giiven araligi daralir.
Yani parametre i¢in birbirine daha yakin siirlar
tahmin edilir. Yani giiven araligi p-degerinde oldugu
gibi 6rneklem buyuklugh arttik¢a kii¢iiliir. Bu nedenle
ayn1 degisken icin farkh ¢alismalarda yapilan given
aralig1 tahminlerinin karsilagtirilmasinda
arastirmalarin 6rneklem buytklikleri de dikkate
alinarak yorumlanmalidir.

ISTATISTIKSEL GUC, TESTIN GUCU

YHAT ile ¢6ztimlenen arastirmalarda rapor edilmesi
gereken bir diger cikarimsal istatistik testin giicii (TG)
istatistigidir. TG; 1-B olup burada P, istatistiksel
analizlerdeki II. Tip hata diizeyidir. II. Tip hata
gercekte karsit hipotez dogru oldugu halde, test
sonucunda yokluk hipotezinin kabul edilmesi
olasiligidir. II. Tip hatanin B genellikle en fazla 0.20
olmasi istenir. Bu durumda yapilacak YHAT stirecinde
hedeflenen testin giicii en az 0.80 olacaktar.

TG, testin gercekte yanhs olan yokluk hipotezinin ret
edilme olasiligidir. Diger bir ifade ile testin giicii bir
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testin gercekte var olan fark veya etkiyi bulabilme
olasihgidir (Kalaycioglu ve Akhanli, 2019; Unalan,
2021). TG tipki p-degeri gibi sarth bir olasiliktir.
Olasilik terminolojisi ile

TG=1-B = P (Ho Ret|Ho Yanhs) seklinde ifade edilir
(Sun et al., 2011).

Bir ¢alismada TG arttikca hem dogru etkiyi bulma
sanst hem de yokluk hipotezini reddetme sgansi
artmaktadir. Diger taraftan bir arastirmada TG
yetersiz ise hem dogru etkiyi bulma sansi hem de
yokluk hipotezini reddetme sans1 azalir.

TG, anlamhhk diizeyi o, 6rneklem buyukligi n ve
EB’nin bir fonksiyonudur. Yani hipotez testi stirecinde
TG= f(a, n, EB) seklinde ifade edilebilir (Ozcomak &
Cebi, 2017, Keskin, 2020). Bunlarin disinda TG,
istatistiksel testin ¢esidi, arastirmadaki grup sayisi,
gruplardaki gozlem sayisimin farkli olmasi, 6rneklem
hatasi, tuzerinde caligilan degiskenin varyasyonu ve
testin yonii (tek yanh veya iki yanli) tarafindan da
etkilenir (Keskin, 2020). TG, anlamlilik seviyesi o, EB
ve orneklem buyukliga ile dogru orantili, standart
sapma ile ters orantili degisir. Yani o, EB ve 6rneklem
buyuklugi arttikca TG artarken, degiskenlik 6lgiisii
standart sapma arttikca TG azalir. Ayrica TG, tek
yonli testlerde 1ki yonlu testlere gore daha yuksektir.

TG, teorik gii¢ (prospective power, a priori power,),
deneysel giic (retrospective power, observed power,
post hoc power, archived power) ve karsilastirmali giic
(compromise power) olmak {izere ii¢ cesittir (O’Kafee,
2007; Ozcomak & Cebi, 2017; Keskin, 2020). Ancak
kargilagtirmali gii¢ diger gii¢ analizlerine goére daha az
bilinen ve uygulanan bir gii¢ tiridir (Ozcomak &
Cebi, 2017).

Teorik gl¢; arastirmanin planlanmasi asamasinda
orneklem buyukligi Dbelirlenirken ongérilen o
(genellikle 0.05), EB ve diger etkenler dikkate alinarak
orneklem buyukliguni hesaplamada kullanilir. Bu
asamada kullanilan teorik gii¢ genellikle 0.80 olarak
alinir. Bununla birlikte II. Tip hatayr daha kigik
(B=0.10) alarak daha biiyiik bir érneklem ile daha
guivenilir sonuclar elde edebilmek i¢in testin giicti 0.90
olarak da alinabilmektedir (Kalaycioglu & Akhanl,
2020; Unalan, 2021).

Keskin, (2020) teorik giic analizinin yapilmasini giic
analizi i¢cin ideal kabul etmektedir. Teorik glg
analizini arastirmanin tasarimi asamasinda
baglangicta yapmak olduk¢a yararlidir. Arastirmalar
planlanirken %80 gii¢, 6ngoriillen anlamhilik diizeyi a
ve klinik, teknik veya ekonomik farklilik veya iligkiyi
(EB) test edebilecek yeterli ve gerekli EBnin
belirlenmesi, aragtirma tasariminin dogru
yvapilmasina imkan verir. Arastirmanin baginda
yeterli gilic saglamayan c¢alismalar Ongoriilen
aragtirma tasarimi yerine yeni bir tasarim
yapilabilmektedir (Lewis, 2006). Teorik gii¢c analizinin
yapilmasi, bir calismada II. Tip hata yapma
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olasiliginin belirlenmesi i¢cin de kullanilmaktadir
(Giirkan 2007).

Bir diger gli¢ analizi yontemi karsilastirmali glg
analizidir. Kargilagtirmali gii¢ analizinin yapilmasi
yaygin degildir. Ancak TG tirlerinden biri olarak ifade
edilmektedir. (Ozcomak & Cebi 2017; Keskin 2020).
Kargilagtirmali gli¢ analizi 6lglisii tUizerine 6rneklem
buyuklugi, EB, a ve B/a seklinde ifade edilen hata
oranlarimin bir sonucudur (Ozgcomak & Cebi 2017).
Yani karsilagtirmali gii¢ degerinin belirlenmesinde
teorik gili¢c parametrelerine ilave olarak hata oram
parametresi B/a da dikkate alinmaktadir. Rutin hata
diizeyleri a=0.05, 8=0.20 alindiginda, hatalar oranm B/a
= 4 standart deger olarak kullanilmaktadir.

Arastirma  raporunda teorik gli¢ degeri ve
karsilastirmali gii¢ kriterleri arastirmanin metot
boluminde istatistiksel analizler alt bashiginda o
olasiligi, EB ile birlikte belirtilir.

Deneysel glic veya gozlenen giic, YHAT analizlerinden
sonra yapilan gi¢ analizidir. Baz1 yazarlar bu gl
analizinin yapilmasini dogru bulmamaktadir (Plate, et
al., 2018). Fakat bazen istatistiksel olarak anlamh
sonuclar elde edilemeyen arastirmalarda, deneysel gli¢
analizi yapmak yararli olmaktadir (Ozcomak & Cebi
2017). Ciinkii istatistiksel olarak anlamli olmayan
sonuglar yetersiz o6rneklem buyukliginden
kaynaklanabilmektedir. Bu durumda var olan etkiyi
kullanarak, calisma yeterli 6rneklem biyiikligiine
ulastirilarak anlamh sonuclar bulunulabilir (Keskin,
2020). Ancak Sun et al. (2011) istatistiksel olarak
anlamli bulunmayan testler i¢in gli¢ analizi yapmanin
bulgulara bir katkisinin olmadigini bildirmiglerdir. Bu
yazarlar, istatistiksel anlamli sonuc¢lar bulunmayan
durumlarda deneysel gl¢ yerine GA ve goézlenen
EBnin  raporlanmasini  6nermiglerdir.  Ayrica
istatistiksel anlamli bulunmayan ancak yliksek gii¢ ile
sonuglanan arastirmalarda yokluk hipotezinin ret
edilmesinde tereddit edilmemelidir. Diger yandan
istatistiksel anlamli bulunan sonuglar i¢in yokluk
hipotezinin hangi gii¢ ile ret edildiginin bilinmesi
arastirma bulgularina 6nemli katki saglamaktadir
(Isik, 2014; Keskin, 2020). Baz1 arastirmacilar,
istatistiksel olarak anlamli sonuc¢larin 6rneklemin
rastlantisal bir sonucu olabilecegi ihtimalini dikkate
alarak, istatistiksel anlamli sonuclar igin 6zellikle
kiciik o6rneklemler ile gergeklestirilen caligsmalarda
deneysel  gii¢  analizinin  gerekli  oldugunu
belirtmislerdir (Ertiirk, 2005). Keza APA yazim
standardin1 esas alan dergilerde ve son yillarda
ozellikle saghk ve psikoloji alaninda yayinlanan
makalelerde deneysel gili¢ analizi bulgularinin da
rapor edilmesi istenmektedir. Deneysel giig
arastirmanin bulgular bélimiinde ve genellikle veri
analiz tablolarinda sunulur.

Son yillarda Tirkge literatirde yayinlanmig

1: Ornek ¢aligmalar sanal olup veriler simiilasyonla tiretilmistir.
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aragtirmalarin  glciinii  inceleyen arastirmalar
yayginhk kazanmistir (Capik,2014; Ozcomak & Cebi
2017; Sevgin & Cetin 2017). Bu kapsamda analitik
istatistik yontemlerinin (test) uygulandigi
yayinlanmis arastirmalar incelenerek Capik (2014)
hemgirelik aragtirmalarinda, Ozcomak & Cebi (2017)
igletme-iktisat alanlarinda Sevgin & Cetin (2017) ise
egitim arastirmalarinda gii¢ ve etki biyukligini
hesaplayarak bulgular1 yorumlamiglardir. Capik
(2014) 61 arastirmada sonuclari verilen 725 test
sonucunu incelemis ve bu makalelerin sadece birinde
istatistiksel gliclin hesaplandigi ve makale metninde
rapor edildigini bildirilmistir. Sevgin & Cetin (2017)
25 makalenin sadece birinde gili¢ analizinin rapor
edildigini, Ozcomak & Cebi (2017) inceledikleri 95
makalenin higbirinde gii¢ hesaplamasi yapilmadig: ve
rapor edilmedigini tespit etmislerdir. Isik (2014) ise

psikoloji alaninda yayin yapan Tirk Psikoloji
Dergisinde 1995-2013 yillari arasini 5er yillik
periyotlarla EB raporlama orani bakimindan

incelemistir. Yazar yillar itibariyle baslangicta %1
diizeyinde olan oranin son 5 yilda %18¢ ulastigim
tespit etmigstir. Bu arastirmalarin genel sonucu olarak,
analitik istatistiksel metotlarin yer aldig1 makalelerde
gli¢ analizinin 6neminin yeterince kavranmadigini
vurgulamiglardir. Arastiricilar  istatistik  analiz
yapilan ¢alismalarda EB ve gli¢ analizi sonug¢larinin
rapor edilmesi gerektigine dikkat cekmiglerdir.

Anlamhihik Testi, EB, TG iligkisini sekilsel olarak
asagidaki gibi géstermek miimkiindiir (Sekil 2).

HIPOTEZ TESTI VE GUVEN SINIRLARI IGIN
SAYISAL BAZI ORNEKLER (1)

Bagimsiz. Tki Grup Ortalamasmin Kargilagtirilmas:
(Sayisal Ornek 1)

A ve B gibi iki bagimsiz grupta 6lclilen sistolik kan
basinci degerlerine ait veriler analiz edilmigtir. On
analizde verilerin normal dagilimli ve varyanslarin
homojen oldugu tespit edilmistir. Arastirmanin
tasarimi ve 6n analiz bulgular1 dogrultusunda, veriler
bagimsiz gruplarda t testi ile analiz edilmigtir. Iki
yonli test i¢in bulgular asagidaki ¢izelgede
ozetlenmistir (Cizelge 2). Cizelge 2’'de goriildiigii gibi
tamimlayica istatistiklerin yaninda sadece p degeri
degil, GA, EB ve TG c¢ikarimsal istatistikleri de
verilmigtir.  Bu  istatistiklerden  yararlanarak
arastirma bulgularinin yorumlanmasi ve tartigilmasi
daha fazla ve daha dogru bilgi elde edilmesine imkan
verecektir.

Bu analiz sonuglar: su sekilde yorumlanabilir: Gruplar
arasinda 11.9 birimlik fark tespit edilmigtir. Bu fark
istatistiksel olarak anlamli (t30=3.12; p=0.004)
bulunmugtur. Testin giici 0.87 ve etki buyukligu
d=1.12 olarak her iki 6l¢iiniin yiliksek diizeyde oldugu
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tespit edilmigtir. (S,) ve ortak standart hata (Sg,) gereklidir. So= na ve
Cizelge 2'de Ozetlenen bulgular su sekilde ng esit oldugu durumda

hesaplanmigtir: Ortalamalar aras1 fark, A= 122.8 — Q= Satse 1)
110.9 =11.9 olarak hesaplanir. ° 2

9.0+12.3_

GA, EB ve daha ileri testler icin ortak standart sapma seklindedir. Buradan S,= T—lO.65’dir.

Za'min dagihimi Etki Buyiiklugu Zg'nin dagilimi

\ / istatistiksel

Gug

Kesme Noktasi

Sekil 2. Anlamlilik testi, etki buiytikligu ve istatistiksel glic
Figure 2. Significance test, effect size and statistical power

Cizelge 2. Sayisal 6rnek 1 i¢in tanimlayici ve ¢ikarimsal istatistikler
Table 2. Descriptive and inferential statistics for the numerical example 1

Grup n Ortalama Standart sapma Fark, GA, EB ve GA®p) Istatistik anlamlilik ve gii¢
A 16 122,8 9,0 A=11.9; GA=[4.1-19.7] t(30=3.12; p=0.004;
B 16 110,9 12,3 d=1.12; GA®p= 0.34-1.90 Gug=0.87

GA: Guven araligi, EB: Etki buyukligu

Orneklem biiyiikliikkleri na=ng esit oldugu durumda seklindedir. (G*Power Manuel, 2017). Bu esitlige gore
ortak standart hata; etki buiytukluginin standart hatasi

’sj s2 ) Shep = J (3229) + 1122 /(2(16 + 16)) = 0.38'dir.
Sgo= |—+— '
ng ng

Etki buytkligu i¢in %95 olasilikla giiven sinirlarn Z
. . dagilimindan yararlanarak hesaplanabilecegi gibi, bu
esitligi kullamilarak Sz, = j—6+% = 3.81 olarak ornek i¢in ¢ dagiliminin  t@oocozs =2.042 degeri
kullanilarak Egitlik 3’e goére GA®p=1.12+0.38 x
2.042=0.34 ile 1.90 araliginda olabilecegi bulunur.

YHAT icin t dagilimina gére test istatistigi,

hesaplanir.
GA genel esitligi ise;

GA = Istatistik + standart hata (daglllmmg olasthgindaki degeri: (3) ¢ _Xa—Xp 5)
seklinde olup, bu 6rnek i¢in t dagiliminin kritik tablo L $xo 122.6-1109 119 .
degeri yani tsoo.025 =2.042°dir. olup, bu esitlige gore t = e e 3.12’dir. Bu
Ortalama fark 11.9 ve standart hata 3.81 degerleri test istatistiginin t dagiliminin iki tarafindaki olasilik
Esitlik 3'te yerlerine yazilarak, degeri, yani teo); 3.12° i¢in olasilik degeri p= 0.004’d{ir.

GA=11.9+3.81 x  2.042  esitliginde  gerekli Bu 6rnek igin iki yonli test yapilmasi durumuna goére
hesaplamalar yapildiginda bu ortalama fark icin alt 0=0.05 ve EB 1.12 alindiginda TG= 0.87 yani %87
sinir 4.1, Gst sinir ise 19.7 olarak bulunur. olarak hesaplanir. Giic degeri hesaplama islemleri
EB olarak Cohen’in d istatistizgi d =A/S, esitlizinden hacimli oldugu igin makale boyutu dikkate alinarak
yararlanilarak 11.9/10.65= 1.12 olarak hesaplanir. GPower 3.1 program ile hesaplanmustir (Faul ve ark.,

2007).
Etki biiviikliiziinin standart hatas: i
1 buyRiuguiiin standart hatast 1se, Bu bulgular kisaca 6zetlenecek olursa; Cizelge 2'de
_ | (nitnz) (4) verilen bulgular degerlendirildiginde A ve B
hEp) = |(——= 2/(2
Shaw \/((”1- ”2)) +d?/ (20 4 ) gruplarinin ortalamalar1 arasindaki fark 11.9 olup, bu
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fark %95 guvenle 4.1 ile 19.7 arasinda
degisebilmektedir. Bu fark ve %87 gili¢ diizeyinde
istatistiksel olarak anlamlidir (tG0=3.12; p=0.004).

Ikiden Fazla Bagmsiz Grup _ Ortalamasinin
Karsilastirilmas:1 (ANOVA) (Sayisal Ornek 2)

Incelenen bir X degiskenin dagilimi normal dagilima
uygun ve varyanslar1 homojen olan A, B ve C gibi g
bagimsiz grupta X degiskenine ANOVA testi
uygulanmigtir. Elde edilen analiz bulgular1 Cizelge 3
ve Cizelge 4'de sunulmustur. Bu g¢izelgelerdeki
cikarimsal istatistiklerin hesaplanmasi ve
yorumlanmasi agagida detayh olarak agiklanmagtir.

Bu 6rnekte (Ornek 2) arastirma tasarimi verilerine
herhangi bir istatistiksel yazihm kullanilarak (SPSS,

Cizelge 3. Sayisal 6rnek 2 i¢in tanimlayici istatistikler
Table 3. Descriptive statistics for numerical example 2

MINITAB vb.) ANOVA uygulandiginda Cizelge 3 ve
Cizelge 4’deki 6zet istatistikler elde edilebilir. Burada
Cizelgelerde sunulan istatistiklerin nasil hesaplandig:
ve nasil yorumlanmasi gerektigi 6rneklendirilmistir.

GA degerleri su sekilde hesaplanmistir: Ornegin A
metodunun ortalamasi 122.8, standart sapmas1 9.0 ve
standart hatasi ise Sx=9/V/16 =2.25 dir. Ayrica
0=0.05 i¢in 15 serbestlik dereceli ve c¢ift tarafli t
dagiliminin tablo degeri, tas) o025 = 2.131’dir. Bu 6n
hesaplamalar Esitlik 3’te yerlerine yazilarak A grubu
icin GA'nin alt ve ust smirlary; 122.8+42.25 x 2.131 =
118.0 ile 127.6 olarak hesaplanir. Diger gruplar igin
giiven araliklar: benzer gsekilde bulunmusg ve Cizelge
3’te sunulmustur.

%95 Giiven Aralhign

n Ortalama Standart sapma Alt simir Ust smir

A 16 122.8 a 9.0 118.0 127.6

B 16 110.9% 12.3 104.4 117.5

C 16 110.8% 8.2 106.4 115.2

Genel 48 114.8 11.3 111.6 118.1
a, b: Farkli harfle gosterilen ortalamalar farklidir (p<0.01).
Cizelge 4. Ornek 2 icin ANOVA bulgular: ve baz1 gikarimsal istatistikler
Table 4. ANOVA findings and some inferential statistics for the example 2
#XKareler Kareler F Onemlilik EB Giic
Sd toplami ortalamasi
Gruplar Aras1 2 1529.2 764.6 7.639 0.001 £=0.50 0.858
n2=0.25

Gruplar Ici 45 4503.9 100.1
Toplam 47 6033.1
(#) Analizlerin raporlanmasinda genellikle yazilmaz.
Bu c¢alisma i¢in tek yonli ANOVA ile veriler 2= 15292 _ 9 Jlarak hesaplanir.
degerlendirildiginde (Cizelge 4) p=0.001 hata ile en az 60331 e
iki ortalama arasinda fark oldugu bulgusuna ANOVA igin etki buytukliga " f “ Esitlik 7 kullanilarak
ulagilmigtir. Cizelge 4 izlendiginde istatistiksel hesaplanur.
anlamlilik p degerinin yaninda EB ve gti¢ istatistikleri S (7
de verilmigtir. Bu istatistikler analiz hakkinda daha f= M
aciklayici bilgiler sunmaktadir. k(S3)
Farkli gruplari belirlemek icin yapilan LSD (Least Esitlik 7de; %: i. grup ortalamasim, :genel

Significant Difference) c¢oklu karsilastirma testi
sonucuna goére A grubu, B ve C gruplarindan farkl
(p<0.01) B ve C gruplar1 ise benzerdir. Gruplarin
giiven araliklari incelendiginde bu sonucu goérmek
mimkindir. Ornegin A grubunun given smirlari, B
ve C gruplarinin given simirlar ile ¢akigsmayip, sayi
dogrusunda daha biiyik deger almaktadir. B ve C
gruplarinin ise giiven araliklar1 ise ¢akigsmaktadir.
Yani sinirlar ayriktir.

Bu analize ait etki biiyiikligii EB, n?2 (eta kare) Esitlik
(6) yardimi ile agsagidaki gibi hesaplanir:

9 — Gruplar arast kareler toplami

(6)

Genel kareler toplami
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ortalamayi, k: grup sayisini, So: genel (ortak) standart
sapmay1 gostermektedir.

Esitlik 7 kullanildiginda ANOVA i¢in etki buyukligu

f _ |(122.8-114.8)?+(110.9-114.8)2+(110.8—-114.8)?
- 3(11.3)2

= 0.50 olur.

G*Power yazilimi ile bu etki biiyiikligiintin 0.05 hata
ile 0.858 giice sahip oldugu hesaplanmigtir. Yani bu
analiz gerek [ istatistigi gerekse m2 istatistigi
bakimindan biiyiikk etkiye (sirasiyla; 0.50>0.40 ve
0.25> 0.14) sahiptir. Ayrica bu testin gerceklesen giicii
0=0.05 hata dizeyinde yaklagik olarak %86’dir.
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SONUC ve ONERILER

Sonu¢ olarak istatistiksel analiz uygulanan
arastirmalar rapor edilirken, asagidaki hususlara
dikkat edilmelidir.

a) Istatistiksel sonuclar sunulurken anlamhlk
diizeyi “p” ile birlikle test istatistigi degeri de (t,
z, 2, F, vb.) yazilmalhdir. Anlamlilhik diizeyi p-
degeri, tercihen t¢ ondalikla, 6rnegin p=0.018
gibi, yazilmalidir.

b) P-degerinin belirlenen o degerinden (genellikle
0.05) kigik ¢ikmasi durumunda
kargit/alternatif hipoteze ¢ok yiksek bir anlam
yiklenmemelidir. =~ Bu  sonucunda  hatah
olabilecegi dikkate alinmalidir. Ayrica
istatistiksel olarak anlamli bulunan etki, fark
veya 1iligki 1i¢in ekonomik, teknik, klinik
anlamlilig1 belirlemek icin etki buyukluga de
hesaplanmalidir. Ayrica test sonucu c¢ikan
anlamlilik  dizeyini daha guvenilir hale
getirmek icin gozlenen gic¢ degeri de
hesaplanmalidir.

¢) P-degerinin o degerinden biiyiikk cikmasi
durumunda da sonucun anlaml olabilecegi veya
anlamsiz ¢ikmasinin istatistik test metodu veya
orneklem buyukligiinden kaynaklanip
kaynaklanmadig1 da irdelenmelidir. Orneklem
buytukliginin  yetersiz olup olmadigim
belirlemek icin de gozlenen glic

hesaplanmalidir.

d) Arastirmanin metot béliimiinde o6ngoriilen
istatistik test, bu teste bagh etki buyuklugu, o
ve giic degeri (1-B) rapor edilmelidir. Bu
varsayimlar altinda Dbelirlenen 6rneklem

buyukligi “n” de belirtilmedir.

e) Arastirma bulgular1 rapor edilirken test
istatistigi, n ve p’nin yaninda EB ile gozlenen

giic degeri (TG) de rapor edilmelidir.

f) Ortalama, oran veya katsayilarin yorumlar:;
nokta tahminlerinden ¢ok giiven araligi
degerleri ve guven simrlari dikkate alinarak
yapilmalidir. Bunun iginde tamimlayic
istatistiklerin verildigi tablolara giiven sinirlari

degerleri de eklenmelidir.
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