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(Brassica oleracea L. var. italica Plenck)
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ABSTRACT

This work was conducted to examine the effect of different boron doses on broccoli growth and
yield under field conditions, in 2016—-2017. In the study, three broccoli cultivars (Brassica oleracea
var. italica, Plenk cvs. “Batavia F,” and “Burney F,” and “Lucky F,”) were used as plant material.
In addition, Etidot-67 (20.8% B), a type of commercial boron fertilizer, was applied at O kg ha™'
(control), 5 kg ha=" (B-1), 10 kg ha=" (B-2), and 15 kg ha~' (B-3). In all the cultivars used in the experi-
ment, head diameter and length (cm), dry matter content of head (%), mean head weight (g), and
yield (t ha~') were determined. The lowest value of head diameter was determined in B-1 (9.5 cm)
and the highest value was obtained in B-3 (12.8 cm). Similarly, the head length ranged from 8.2 cm
t010.2 cm according to boron doses. The dry matter content of the head varied between 5.9% and
12.5%. In addition, while the head weight values ranged from 130.3 g (control) to 386.4 g (B-2), the
yield changed from 7.8 t ha=" (control) to 23.2 t ha™" (B-2). Also, yield and yield components of broc-
coli cultivars were affected by boron [Etidot-67 (20.8% B)] applications. According to the results
of the research, broccoli can be produced successfully with 10 kg ha=" additional boron (Etidot-67)
application. Also, all of the cultivars used in this research, especially Batavia F,, can be recom-
mended to the broccoli producer in similar climatic conditions.

Keywords: Boron doses, broccoli, cultivar, yield components

0oz

Bu calisma, brokkolide ilave bor glibrelemesinin gelisme ve verim Uzerine etkisini incelemek
amaclyla 2016-2017 yillarinda ytrGtilmUstir. Calismada (g brokkoli gesidi (Brassica oleracea
var. italica, Plenk cvs. '‘Batavia F,, 'Burney F,' ve 'Lucky F.') bitkisel materyal olarak kullanilmistir.
Ayrica ticari bir bor glbresi olan Etidot-67 (% 20,8 B) ile O (kontrol), 5 (B-1), 10 (B-2), 15 (B-3)
kg ha-'. dozlarinda ilave glibreleme yapilmistir. Arastirmada kullanilan gesitlerin tamaminda
bas ¢api ve uzunlugu (cm), bas kuru madde igerigi (%), ortalama bas agirligi (g) ve verim (t ha™)
belirlenmistir. En dislik bas capi degeri B-1'de (9,5 cm), en ylksek deger ise B-3'te (12,8 cm)
belirlenmistir. Benzer sekilde bas uzunlugu bor dozlarina gore 8,2 ile 10,2 cm arasinda degdismistir.
Basta kuru madde miktari ise %5,9 ile %12,5 arasinda belirlenmistir. Ayrica, bas agirligi degerleri
130,3 g (kontrol) ile 386.4 g (B-2) arasinda degisirken, verimin 7,8 t ha=' (kontrol) ile 23,2 t ha™
(B-2) arasinda degistigi tespit edilmistir. Brokkoli gesitlerinin verim ve verim bilesenleri bor
[Etidot-67 (%20,8 B)] uygulamalarindan etkilenmistir. Arastirma sonuglarina gore 10 kg ha=' ilave
bor (Etidot-67) uygulamasi ile brokkoli yetistiriciligi basarili bir sekilde yapilabilir. Bu aragtirmada
kullanilan tiim cesitler, 6zellikle Batavia F,, brokoli Ureticisine benzer iklim kosullarinda tavsiye
edilebilir.

Anahtar Kelimeler: Bor dozlari, brokkoli, gesit, verim bilesenleri
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Introduction

Broccoli production in Turkey began in little amounts and areas
since the beginning of the 1900s, but it began to increase in the
2000s, and statistical data have been recorded since 2004. As
a matter of fact, broccoli production was 8500 tons in a 571-ha
production area in 2005, reaching the level of approximately 95
000 tons in a 4665-ha production area in 2019. The most impor-
tant producer cities of Turkey are izmir, Antalya, Manisa, Mersin,
Bursa, Samsun, and Eskisehir, respectively. These mentioned
production areas achieve 94% of the total broccoli production of
Turkey (TUIK, 2021).

Broccoli, one of the cool climate vegetables, is highly resistant
to low temperatures and can be grown easily in areas with
temperate climates. However, broccoli, which is highly tolerant
of high temperatures compared to other Brassicaceae species,
can also be easily produced in subtropical climates. Broccoli is
not very selective in terms of temperature requirement during
the vegetative development period, and high-quality main head
formation occurs in the temperature range of 12-20°C. While
the growth and development slow down at 5°C, the compact
structure of the head deteriorates in broccoli when temperatures
rise above 25°C. As long as the temperatures do not drop
suddenly and in the period following an acclimation period,
broccoli can last for a short time at —7°C without being injured.
Besides, grown-up broccoli plants are more resistant to freezing
temperatures than young seedlings (Bjorkman & Pearson, 1998;
Tindall, 1992; Webaum, 2015). In addition, nutrient management
such as fertilization with nitrogen and micronutrients is an
important practice to increase the yield and quality of broccoli.

Nitrogen fertilization has an important role in broccoli cultiva-
tion for high main head yield (Babik & Elkner, 2002). It has been
determined that there is an increase in yield with the increase in
nitrogen dose to a certain level in broccoli (Bowen et al., 1998);
however, high nitrogen doses cause some physiological disor-
ders such as hollow stem formation (Bélec et al., 2001; Tremblay,
1989). Boron fertilization is also recommended for high yield
and quality in broccoli in addition to usual nitrogen fertiliza-
tion. Indeed, Moniruzzaman et al. (2007) determined that boron
fertilization in addition to nitrogen fertilization increased plant
height, number of leaves per plant, leaf size, main head weight,
and yield in broccoli. Similarly, Saha et al. (2010) found that foliar
applications of boron also increase the yield of the main head in
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broccoli. In addition, it has been determined that 1.0 kg ha-"addi-
tional boron application may be suitable for high yield in broccoli
(Hussain et al., 2012). The combined use of zinc and boron has
also been found to provide appreciable increases in the growth,
yield, and quality of broccoli in suitable climatic conditions (Ain
etal, 2016).

If the correct fertilization is not made in soils especially poor
in boron since the nutrient uptake of broccoli is high (Hussain
et al., 2012), yield and quality losses can occur. For this rea-
son, the importance of balanced fertilization is revealed once
again to increase yield and plant growth quality (Korkmaz et al.,
2021). This situation supports the view that approximately 60%
of the world’s arable land is not suitable for crop production
due to a lack of some important plant nutrients (Bukvi¢ et al.,
2003). Boron is an element that vegetables and other plants
need in trace amounts (Yazici & Korkmaz, 2020). Besides the
essential requirement of boron for plant growth, one of the
most common mineral element stresses is boron deficiency
in the plant production areas, and boron deficiency negatively
affects both plant growth and development (Ozkutlu et al,
2017). Although broccoli is a high-value vegetable crop in the
world, there is a lack of research to show the effects of boron on
broccoli, especially in field conditions. Therefore, the present
experiment was conducted to examine the effect of different
boron doses on broccoli (Brassica oleracea L. var. Italica Plenck)
growth and yield.

Methods

This study was undertaken in the experimental area belonging to
Atatlirk University, Plant Production Application, and Research
Centre in 2016 and 2017. Detailed information about the air tem-
perature data of the research area was conducted as shown in
Figure 1.

The soil analyses were made as described in the study by Esringt
et al. (2011). The soil of the research area had a loamy texture hav-
ing 27.65% sand, 36.96% silt, and 35.39% clay in 2016 and 2017.
The other soil chemical characteristics were pH 6.97 and 711,
organic matter 1.73% and 1.78%; available phosphorous 10.74 mg
kg™ and 11.02 mg kg™, total nitrogen content 0.30% and 0.26%,
the amount of potassium 376 mg kg~ and 325 mg kg, and the
amount of boron was 1.2 mg kg="and 0.8 mg kg='in 2016 and 2017,
respectively. Three broccoli cultivars (Brassica oleracea var. italica,
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Plenk cvs. “Batavia F,;” and “Burney F,” and “Lucky F,”) were tested
in this study and were supplied by the Metgen Seed Corporation.

Seed sowing for seedling production was carried out in an
unheated glasshouse in multiple seedling pots filled with peat on
May 24, 2016, and on May 22, 2017. Previous studies about broc-
coli have been taken into consideration, and seedlings that formed
4-6 true leaves on June 24, 2016, and June 29, 2017, were planted
at an inter-row spacing of 30 cm and intra-row spacing of 45 cm
(Kaymak et al., 2009; Yarali et al., 2007). Seedling planting was car-
ried outin 4 m? (2 m x 2 m) plots and with 24 seedlings per plot.

All plots received 200 kg nitrogen (N) ha=" and P,O, ha™' each
of ammonium nitrate and triple super phosphate, respectively
(Kaymak et al., 2009; Yarali & Gliveng, 2006; Yaral et al., 2007).
In addition, Etidot-67 (20.8% B), a type of commercial boron fer-
tilizer, was applied at O kg ha=' (control), 5 kg ha=" (B-1), 10 kg
ha=' (B-2), 15 kg ha™" (B-3). Indeed, Etidot-67 was developed
as a result of R&D projects carried out by Eti Maden in 2010
to expand the use of boron and boron products in agricultural
areas. With all of the boron and P,0, half of the N was applied at
the time of planting. The remaining part of N was applied about
1 month after the seedling planting when broccoli started to bud
initiation.

Irrigation was made homogeneously in an average of 6-8 days. In
addition, air temperatures and rainfalls during the growing period
were taken into account while irrigation was carried out. Weed
control was done mechanically.

The broccoli heads, which come in marketable size, were har-
vested by cutting from the place where the heads joined the stem
with a knife (Agtkgoz & Salk, 2000). In all the cultivars used in the
experiment, head diameter and length (cm), dry matter content
of head (%), mean head weight (g), and yield (t ha™") were deter-
mined using 12 heads in each replication.

A completely randomized block design with three replications
was used as the experimental design of the experiment. Analy-
sis of variance was applied to the data obtained in this study, and
Duncan’s multiple range test was used to compare the differ-
ences between the means.

Results

The effects of boron fertilization on the main head diameter and
length of broccoli cultivars are shown in Figures 2 and 3. The

effect of boron fertilization on head diameter and length was not
statistically significant. On the other hand, the mean value of head
diameter and length varied depending on treatments. As seen in
Figures 2 and 3, there was a numerical change in head diame-
ter and length. And also, the lowest value of head diameter was
determined in B-1 (9.5 cm) and the highest value was obtained
in B-3 (12.8 cm) in Lucky F,. When cultivars are taken into con-
sideration, head diameters were between 11.0 cm (Lucky F,) and
11.3 cm (Batavia F,) and were not statistically significant. Similarly,
the head length ranged from 8.2 cm to 10.2 cm according to the
boron doses. The mean head length of cultivars changed from 9.2
(Lucky F,) cm to 9.7 cm (Burney F,) and the differences between
mean values of head length of cultivars were statistically signifi-
cant (Figure 2, p <.05).

The affected broccoli heads from deficiency of boron become
shapeless, smaller in size, and bitter in taste, which adversely
affects the marketable properties (Thapa et al., 2016). Moniruz-
zaman et al. (2007) reported that boron applications affected the
head diameter positively, and the maximum head diameter was
obtained from the application of 1.5 kg B ha=' and 2.0 kg B ha™".
In addition, it was declared that the combined applications of
sulphur and boron affected the head diameter and plant height
and increased the head diameter and plant height due to the
increase in the applied dose (Farooq et al., 2018). Similarly, it was
reported that the combined use of zinc and boron increased the
head length and diameter of broccoli (Mahmoud et al., 2019). On
the other hand, Thapa et al. (2016) reported that the head size
changed according to the boron doses and the highest head
diameter (21.67 cm) was obtained in 18 kg ha~" boron application.
Additionally, Tan et al. (1999) reported that the head diameter in
broccoli was between 9.3 cm and 12.4 cm.

The effect of boron applications on the dry matter content of the
head of broccoli cultivars was shown in Figure 4. Although the
effect of boron applications on dry matter content of the head
varied according to cultivars and boron doses, the effect of boron
fertilization on the dry matter content of the head was not statis-
tically significant (p <.05). Also, it was determined that the cultivar
X boron interaction was not statistically significant. However, the
dry matter content of the head varied between 5.9% and 12.5%.
When general mean values of cultivars were taken into consider-
ation, the mean dry matter content of the head of cultivars ranged
from 9.1 (Batavia F,) cm to 10.2 cm (Burney F,) and the difference
between the cultivars was statistically significant (p <.05).

Head diameter (cm)

Control B-1

B-2 B-3

Batavia F1

Figure 2.

Control B-1

Burney F1

&

B-2

Control B-1

B-2 B-3

Lucky F1

The Effect of Boron Applications on the Head Diameter of Broccoli (cm) (NS at p <.05). NS=non significant.
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Head length (cm)

12
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2
0
Control B-1 B-2 B-3 Control B-1 B-2 B-3 Control B-1 B-2 B-3
Batavia F1 Burney F1 Lucky F1
®2016 =2017

Figure 3.

The Effect of Boron Applications on Head Length of Broccoli (cm) (differences between boron doses were non-significant at p < .05; differences between

cultivars were significant at p <.05).

Qiong et al. (2002) stated that in different crops boron fertilizer
can significantly increase the photosynthetic activity of leaves
and cause more dry matter accumulation. For example, maxi-
mum dry matter yield in cotton was achieved by the addition of
3.0 kg B ha™" (Ahmed et al.,, 2011). Similarly, Ruiz et al. (1998) and
Shelp (1993) reported that the increase in the dry matter content
may result from the activation of some essential processes with
the boron nutrient such as cell elongation and division, as well
as nucleic acid metabolisms. Indeed, Islam et al. (2005) reported
that the dry matter content of head varied from 8.18% to 10.97%
with the application of different levels of boron fertilizer on dif-
ferent genotypes of broccoli. Also, the head dry weight of broc-
coli was affected significantly from the different doses of boron
and the highest head dry weight was recorded with boron at 15
kg ha™" (Chowdhury et al., 2019). Additionally, the combined use of
boron and other micronutrients affects the dry matter content of
broccoli. For example, when zinc and boron were applied together,
while the highest total plant dry matter was recorded, the low-
est value was determined in control (Mahmoud et al.,, 2019). On
the other hand, it is known that the dry matter content of broc-
coli was affected by not only boron applications but also varies
according to the cultivar, nitrogen doses, seedling age, mulch
application, and plant density (Everaarts, 1994; Kosterna, 2014;
Rembialkowska et al., 2003; Roni et al., 2014; Yarali et al., 2007).
Therefore, although it was stated in previous studies that boron

has an effect on the dry matter content of broccoli heads, it was
concluded that the dry matter content of broccoli heads was due
to the cultivar difference rather than the boron doses in this study.

Discussion and Conclusion

In the research, the head weight and yield vary according to the
cultivars and boron doses (Table 1). While the effect of boron doses
on head weight and yield was statistically significant in 2016 in all
cultivars, it was not statistically significant in 2017. Considering
the general mean values of the cultivars, the highest head weight
was determined in Batavia F, (267.1 g) and the lowest head weight
(205.8 g) in Burney F,. Similarly, the highest yield was obtained
from Batavia F, (16.0 t ha™") and the lowest head weight (12.4 t
ha™") in Burney F,. Although the highest head weight and yield
values were obtained from B-2 and B-3 applications according
to the control in all cultivars in 2016 and 2017, the highest head
weight and yield were determined in B-2 (Burney F,) in 2016. In
addition, while the head weight values ranged from 130.3 g (con-
trol) to 386.4 g (B-2), the yield changed from 7.8 t ha~! (control) to
23.2 t ha™" (B-2). When the general mean of boron applications
was taken into consideration, the head weight and yield increased
due to the increase in boron doses. Also, the lowest head weight
and yield value were determined in control with 1975 g and 11.9
t ha™", while the highest head weight and yield were determined
in B-2 with 273.5 g and 16.4 t ha™', respectively. In addition, the

Dry matter content of head (%)

14
2 g &
0 £ £
« © C
6 =
4
2
0
Control B-1 B-2 B-3 Control B-1 B-2 B-3 Control B-1 B-2 B-3
Batavia F1 Burney F1 Lucky F1
®2016 =2017

Figure 4.

The Effect of Boron Applications on Dry Matter Content of Head Broccoli (%) (differences between boron doses were non-significant at p < .05; differences

between cultivars were significant at p <.05).
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EZIglg‘éct of Boron Applications on Head Weight (g) and Yield (t ha™) of
Broccoli
2016 2017
Mean
Cultivars Applications? Head Weight (g) (year) | Mean
Control 130.3°" 263.3" | 196.8°"
Batavia F, B-1 2451° 291.6 268.4% | 26714
B-2 386.4° 300.7 343.6°
B-3 189.20¢ 329.9 259.6%
Control 168.5"" 197.6"° 183.1%"
Burney F, B-1 194.7%0 213.6 204.2% | 205.88
B-2 178.5° 216.9 1977
B-3 256.92 219.8 238.42
Control 159.3%" 266.0" | 212.6*
Lucky F, B-1 200.4% 2774 238.9% | 254.6*
B-2 244 4% 3117 27812
B-3 260.72 3170 288.9°
Control 152.7 2423 197.5"
Mean B-1 2134 260.9 237.28
B-2 269.8 276.5 2734*
B-3 235.6 288.9 262.3"8
Yield (t ha™)
Control 7.8 15.8 NS 11.8°"
Batavia F, B-1 14.7° 175 16.1° 16.04"
B-2 23.22 18.0 20.6°
B-3 11.4bc 19.8 15.6%¢
Control 10.1¢ 1190 10.9%
Burney F, B-1 11720 12.8 12,32
B-2 10.7° 13.0 11.9% 12.48
B-3 15.42 13.2 14.32
Control 9.6 15.9 N8 12.8"
Lucky F, B-1 12.0% 16.7 143
B-2 14.7% 187 16.72
B-3 15.62 19.0 17.32 16.34
Control 9.2 145 11.9¢"
Mean B-1 12.8 15.7 14.28
B-2 16.2 16.6 16.4*
B-3 1441 17.3 1578
*Significant at p <.05.
“Significant at p <.01
NS =non significant at p <.05.
“-Etidot-67 (20.8% B) applications: O (control), 5 (B-1), 10 (B-2), 15 (B-3) kg ha™".

Cultivar x Boron interactions of head weight and yield were
determined statistically significant (p <.07).

Although the yield varies according to the cultivars and boron
doses, while the B-2 and B-3 boron applications increased the
yield, the lowest yield values were obtained in control in all culti-
vars in this research. Various researchers reported that the yield
of broccoli is affected by the cultivars, nitrogen doses, seedling
age, planting time, and plant density (Aktas et al., 1999; Hus-
sain et al.,, 2012; Singh et al.,, 2015; Yarali et al., 2007; Yoldas &

Esiyok, 2004). Boron applications are also affecting the yield of
broccoli (Moniruzzaman et al., 2007) and boron fertilization is
also recommended for high yield and quality in broccoli in addi-
tion to usual nitrogen fertilization. Indeed, boron deficiency is
very common in brassica species and deficiency causes many
anatomical, physiological, and biological changes because it
is known that boron plays important role in many biochemi-
cal processes in plants such as carbohydrates metabolism and
transport of sugar through membranes, tissue development,
and formation of cell walls, and help in cell division (Farooq et al.,
2018; Hussein, 2002; Thapa et al., 2016). Pizetta et al. (2005),
in their studies with broccoli, cabbage, and cauliflower, obtained
positive results in growth, development, and yield due to the
increase in boron dose, thus showing the positive relation-
ship between boron application and increase in yield of Bras-
sicaceae species. In addition, Thapa et al. (2016) reported that
boron application increased the growth and yield of the crops
and the requirement of boron in vegetables is generally greater
than other crops. Indeed, Moniruzzaman et al. (2007) reported
that 1.5 kg ha™" and above the doses of boron increased head
weight and yield. Similarly, Hussain et al. (2012) argued that 180
kg ha™" N and 1.0 kg ha~" additional boron application are suit-
able for obtaining higher yield in broccoli. Farooq et al. (2018)
also reported that optimum level of boron was 1.5 kg ha™ for
higher yield in broccoli. In another study, boron doses were
investigated and as a result, it was determined that while the
lowest values were determined in the control, different boron
applications caused significant differences in the development
and yield of broccoli (Singh et al., 2015). In addition, Saha et al.
(2010) reported that foliar applications of boron also increase
the yield of the main head in broccoli. The applications of 18 kg
ha~' borax and 1.8 kg ha=" ammonium molybdate and .5% boron
and zinc have also been found to provide appreciable increases
in yield of broccoli (Ain et al., 2016; Thapa et al., 2016). and Yang
et al. (2000) also obtained significantly maximum head yield in
broccoli by the application of boron. The findings obtained in the
research support the opinions that although boron is an ele-
ment that vegetables need in trace amounts, in addition to the
essential requirement of boron for the growth of plants, its defi-
ciency affects both plant growth and yield negatively (Ozkutlu
et al., 2017; Yazici & Korkmaz, 2020).

Consequently, the results of this study suggest that broccoli
had increased the growth characteristics, yield, and yield com-
ponents with additionally B-2 (10 kg ha™") or B-3 (15 kg ha™)
boron applications [Etidot-67 (20.8% B)]. The effect of boron
applications changed according to the cultivars and the high-
est yield was determined in Batavia F, in B-2 (10 kg ha™") boron
(Etidot-67) application. According to the results of the research,
broccoli can be produced successfully with 10 kg ha™" additional
boron (Etidot-67) application. Also, all of the cultivars used in this
research, especially Batavia F,, can be recommended to the broc-
coli producer.
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Omega 3 Fatty Acids’ Effects on
Omega 3 Yag Asitlerinin COVID-19 Uzerine Etkileri
Memnune SENGUL
Seda UFUK ABSTRACT
Department of Food Engineering, Recently, the novel coronavirus, which is called severe acute respiratory syndrome coronavi-
Atatiirk University, Faculty of rus 2, has been responsible for the highly rapid spread of COVID-19 disease, globally. Until now,
Agriculture, Erzurum, Turkey 535 million people were affected and 6.3 million people died due to this outbreak throughout

the World. Although the lethality of this disease is lower than the severe acute respiratory syn-
drome coronavirus and Middle East respiratory syndrome, severe complications of this disease
are attributed to “cytokine storm” that is the reason for the severe lung damage. The cytokine
storm causes systemic inflammation, acute respiratory distress syndrome, septic shock, stroke,
multiple organ dysfunction, and death. As a result of these symptoms, there are pivotal stud-
ies about vaccination, drug, and medication to prevent severe complications and treat patients
with COVID-19. Besides these studies, some research shows that nutrients are able to manage
the cytokine storm such as many types of vitamins, trace elements, and omega 3 fatty acids.
Omega 3 polyunsaturated fatty acids have specific roles in the inflammatory process. Omega
3 fatty acids have a role in the improvement of the inflammatory balance. They interact with viral
infection in disparate stages such as viral entry and replication. This study highlights the roles of
omega 3 polyunsaturated fatty acids in the prevention and treatment of the COVID-19. In addi-
tion, omega 3 fatty acids show anti-viral and anti-inflammatory effects on the severe acute respi-
ratory syndrome coronavirus 2 and increase survival rates in patients infected with COVID-19.

Keywords: Anti-inflammmatory, anti-viral, COVID-19, omega 3 FAs, SARS-CoV-2

(074

Son zamanlarda, SARS-CoV-2 olarak adlandirilan yeni koronaviriis, COVID-19 hastaliginin diinya
capinda oldukga hizl yayilmasinin sebebidir. Bu salgin nedeniyle diinyada simdiye kadar 535 mil-
yon kisi etkilendi ve 6,3 milyon kisi hayatini kaybetti. Bu hastaligin oldiriciligi SARS-CoV ve
MERS’ten daha diislik olmasina ragmen, bu hastaligin ciddi komplikasyonlari, akciger hasarinin
nedeni olan “sitokin firtinasina” baglanmaktadir. Sitokin firtinasi, sistemik inflamasyona, akut solu-
num sikintisi sendromuna, septik soka, inmeye, ¢oklu organ yetmezligine ve nihayetinde 6lime
neden olur. Bu semptomlarin sonucunda meydana gelen ciddi komplikasyonlari 6nlemek ve
COVID-19 hastalarini tedavi etmek icin asi ve ilag tedavisine yonelik onemli galigmalar bulunmak-
tadir. Bu galismalarin yani sira bazi arastirmalar, besinlerin birgok vitamin tiir(, eser elementler ve
Omega 3 yag asitleri gibi sitokin firtinasini yonetme yetenegine sahip oldugunu gdstermektedir.
Omega 3 ¢oklu doymamis yag asitleri, enflamatuvar stiregte kendine 6zg rollere sahiptir. Omega
3yag asitleri enflamatuvar dengenin diizelmesinde rol oynar. Viral enfeksiyonda, viral giris ve viral
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In December 2019, the coronavirus illness was first identified in Wuhan which is the capital city of
Hubei province in China. The outbreak was initially detected in the Huanan Seafood Wholesale Market
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The first death due to new coronavirus was reported on January
11, 2020, by the Chinese media. The illness caused by the novel
coronavirus was named COVID-19 by WHO on February 11, 2020.
Subsequently, 26 different countries were rapidly affected by
COVID-19 after China. Following that, WHO announced this dis-
ease as a pandemic in March 2020 (WHO, 2020). According to the
latest data, internationally, the confirmed cases of COVID-19 are
reported to be 535,248,141, and there have been 6,313,229 deaths
until June 2022 (WHO, 2022). The mortality rate of COVID-19 is
approximately 2%, and the rate of hospital mortality is roughly
10% (Weill et al., 2020).

The novel coronavirus (severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV2)) symptoms displayed by the infected
individuals are commonly fever, cough, headache, sore throat,
shortness of breath, tiredness, and loss of smell or taste. In
addition, there are less common symptoms shown by infected
patients such as diarrhea, joint pain, stomachache, nausea,
dizziness, and a decrease in blood pressure (Abdullah et al.,
2021). Even though the novel SARS-CoV2 disease is symptom-
atic in infected people, some people who tested positive for the
coronavirus may be symptomless. Patients may exhibit severe
symptoms for a variety of reasons, including age, gender, obesity,
smoking, and underlying health issues such as cancer, asthma,
diabetes, and chronic medical conditions (Asher et al., 2021).
These serious symptoms and complications may be dyspnea
hypoxia, septic shock, and stroke, respiratory failure (acute respi-
ratory distress syndrome (ARDS)), and multiorgan dysfunction
(Asheretal., 2021).

For good health and disease prevention, omega 3 fatty acids
(FAs), which are polyunsaturated fatty acids, are known to pro-
vide essential dietary nutrients (Surette, 2008). Omega 3 poly-
unsaturated FAs consist of, firstly, a-linolenic acid with 18 carbon
atoms and 3 double bonds, secondly, eicosapentaenoic acid
(EPA) with 20 carbon atoms and 5 double bonds, thirdly, docosa-
pentaenoic acid with 22 carbon atoms and 5 double bonds, and
finally, docosahexaenoic acid (DHA) with 22 carbon atoms and
6 double bonds. Omega 3 index (O3I) test is the measurement of
the amount of the omega 3 FAs (EPA and DHA) in the red blood
cell membranes, and it is used to show the ratio of total omega
3 FAs to all other FAs (Hathaway et al., 2020). Adequate intakes
(Als) of omega 3 FAs according to individuals’ ages are demon-
strated in Table 1.

Eicosapentaenoic acid and DHA are responsible for the synthe-
sis of various inflammatory mediators including prostaglan-
dins (PG), resolvins, leukotrienes (LT), protectins, maresins, and
thromboxanes (TX). Long-chain omega 3 FAs have significant

XZZI;Jéte Intakes (Als) of Omega 3 Fatty Acids (Institute of Medicine,
2005)

Age Male Female | Pregnancy | Lactation
O-1year* 05¢g 05¢g

1-3 years** 07g 07g

4-8 years** 09g 09g

9-13 years** 129 10g

14-50 years** 169 1149 144 1349
51and above years**| 164 11g

Note: *Total omega 3 fatty acids, **Apha-linolenic acid.

anti-inflammatory roles, and with these properties, they can help
reduce morbidity and mortality due to infections (Asher et al,
2021). In this manner, these FAs can prevent the effects of inflam-
matory processes by means of their anti-inflammatory effects.
Omega 3 FAs regulate different metabolic processes including
visual and brain development, inflammatory reactions, stroke,
and cellular functions in the body (Surette, 2008). Also, omega 3
polyunsaturated FAs have positive effects on depression as these
FAs can be found in the nervous system of individuals. It has
been found that individuals with a low intake of fish and omega
3 polyunsaturated FAs in their diet have a higher risk of depres-
sion (Eskici, 2020). According to recent study, omega 3 FAs and
lipid emulsions affect the inflammatory process, in both ARDS
and other severe conditions (Garcia de Acilu et al., 2020). Omega
3 FAs may promote the ability of phagocytosis and enhance and
activate the function of the macrophages. Moreover, omega
3 FAs (fish oil) can improve antiviral response by means of the
innate immune system that hinders viral replication (Hathaway
et al., 2020).

In the past, people ate food with a low caloric intake of fats and
saturated FAs (Fatty acids) such as meat, fish, plants (vegeta-
bles), fruits like berries, and nuts. Therefore, the ratio of omega
6/omega 3 (1-2 : 1) was balanced, and it allowed for the develop-
ment of humans’ cognitive and cerebral properties. On the other
hand, at present, this ratio of omega 6/omega 3 changes (20-30
: 1) due to a low intake of omega 3 and a high intake of omega 6
FAs. Another factor is the rise in the intake of trans-FAs which was
negligible in the past (Candela et al., 2011). A low intake of EPA and
DHA causes a rise in inflammatory processes and inappropriate
fetal improvement, poor cardiovascular health, and also leads to
an increased risk of the occurrence of Alzheimer’s disease (Swan-
son etal., 2012).

Long-chain omega 3 polyunsaturated FAs, EPA and DHA, display
anti-inflammatory roles that are able to decrease morbidity and
mortality due to novel coronavirus disease. Serious COVID-19
symptoms and even death are related to fast elevations of
inflammatory cytokines containing interleukin (IL)-1p, tumor
necrosis factor-alpha, and IL-6. Due to this fast elevation of cyto-
kines, cytokine storm (macrophage over activation syndrome)
occurs. Long-chain omega 3 FAs may modulate the inflamma-
tory responses and release of cytokines by decreasing cytokine
release (Asher et al., 2021).

Some nutrients like vitamins, minerals, and FAs have noteworthy
properties in the management of cytokine storms. For instance,
omega 3 polyunsaturated FAs (EPA and DHA) can directly affect
the immunological response (Szabd et al., 2020). The major
reason for death in infected people due to COVID-19 is multi-
organ dysfunction because of cytokine storms. To decrease pro-
inflammatory cytokines, intake of omega 3 FAs may be increased
because they can decline viral entry and provide a betterimmune
system. Moreover, they can lessen the severe conditions of
patients with COVID-19 disease (Hathaway et al., 2020). Supple-
menting omega-3 FAs to COVID-19 patients may help to reduce
inflammation. Omega 3 FAs are able to play an important role to
prevent cytokine storm by reducing the severity of inflamma-
tion and thus are able to decline the risk of mortality in patients
infected with COVID-19 (Akram et al., 2021).

Recently, the COVID-19 outbreak has been rapid in the trans-
mission from human to human globally. In addition to vaccina-
tion studies and vaccination procedures, alternative treatment
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methods should be provided for the patients who are at risk. For
this purpose, omega 3 FAs, which are natural, accessible, safe,
and inexpensive, can be used as an alternative treatment (Hatha-
way et al., 2020).

Coronavirus

Coronaviruses are a member of spherical virus family and consist
of RNA and 4 structural proteins which are nucleocapsid protein,
envelope protein, membrane, and spike glycoproteins (Hakokstiz
etal, 2020). These coronaviruses are enveloped, single-stranded,
non-segmented RNA with linear positive-sense RNA viruses
(Tang et al., 2020). The diameter of the coronavirus is 125 nm
with its 3-dimensional structure and has a size change from 26
to 32 kbs in length (Hathaway et al., 2020; Shereen et al., 2020).
Figure 1 shows the taxonomy of the coronavirus, and according
to this figure, coronavirus is classified under the Riboviria realm,
Nidovirales order, coronaviridae family, and orthocoronavirinae
subfamily. Orthocoronavirinae subfamily has 4 different genera
under its own which are alpha coronavirus, beta coronavirus,
gamma coronavirus, and delta coronavirus (Aydogdu et al., 2021).
These coronaviruses, which are abundantly found in nature, gen-
erallyinfect some species such asrats, pigs, turkeys, etc.; however,
alpha coronaviruses and beta coronaviruses (alpha coronaviruses
229E and NL63 and beta coronaviruses OC43, HKU1, SARS-CoV,
MERS CoV and SARS-CoV2) affect individuals (Hathaway et al.,
2020). In addition, Table 2 demonstrates a brief comparison of
the SARS-CoV, MERS CoV, and SARS-CoV-2. There are some

Binding and viral entry via

navirus
on membrane fusion or endocytosis

@

Receptor

Ribosome
@ Release of viral genome

similarities between SARS-CoV and SARS-CoV-2. They belong
to the same family called coronaviridae. Bats are their primary
reservoir, and humans are their primary host . They use the same
receptor, which is the angiotensin-converting enzyme 2 (ACE-2),
to attach to the human body and enter respiratory cells. These
coronaviruses are transmitted from human to human by means
of respiratory droplets and contact with sick people. SARS-CoV
and SARS-CoV-2 are included in the genus beta coronavirus
(Hakoksliz et al., 2020). The symptoms such as fever, shortness of
breath, and cough are similar symptoms caused by COVID-19 and
SARS-CoV. They can appear as ground-glass opacities according
to x-ray imaging of the chest. To avoid these coronaviruses, it is
crucial to keep a social distance while providing hand and respira-
tory hygiene (Hathaway et al., 2020).

The life cycle of SARS-Cov-2 can be explained by different steps
in the host cells. Figure 2 illustrates the life cycle of SARS-CoV-2
in the host cell. Attachment of coronaviruses to the host cell is
supported by spike proteins (S) of the viral particle. Also, spike
proteins ease viral binding to the surface of cells (Hoffman et al.,
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Taxonomy of the Coronavirus and its Close Relatives (Tang et al., 2020).
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-(I;?Jtzlﬁj)z.rison of SARS-CoV, MERS-CoV, and SARS-CoV2 (Hathaway et al., 2020; Tang et al., 2020)

SARS-CoV MERS-CoV SARS-CoV2
Family Coronaviridae Coronaviridae Coronaviridae
lliness caused SARS MERS COVID-19
Time of origin November, 2002 June, 2012 December, 2019
First outbreak Guangdong, China Jeddah, Saudi Arabia Wuhan, China

Spread Animal to person, person to person Animal to person, person to person Animal to person, person to person

Transmission Respiratory droplets, personal contact | Respiratory droplets, direct contact, Respiratory droplets, direct contact,
aerosols aerosols

Primary host Human Human Human

Reservoir Bats Camels Bats

Incubation time 5 days 5 days 2-14 days

Receptor ACE-2 DPP4, CD26, and pneumocytes ACE-2

Common symptoms | Cough, fever, malaise, headache,

shortness of breath, diarrhea

Cough, diarrhea, fever, shortness of breath, | Cough, shortness of breath, fever,
acute respiratory distress syndrome

fatigue

Prevention Social distancing, respiratory and hand | Hand washing after contacting animals, | Social distancing, respiratory and hand
hygiene not drinking raw camel milk, and eating | hygiene
raw meats
Case fatality rate 9.6% 34.3% 1.38%-3.4%

Note: SARS-CoV2 =severe acute respiratory syndrome coronavirus 2; MERS =Middle East respiratory syndrome; ACE-2 =angiotensin-converting enzyme 2.

fusion or endocytosis. Subsequently, the virus can release posi-
tive-sense viral RNA in the cytoplasm of the host cell by means of
uncoating. The viral polymerase proteins can be translated by the
host ribosomes using the positive-sense RNA of the viral particle.
After that, the positive-sense RNA replicates just as the nega-
tive-sense RNA. Subsequently, genomic replication and subge-
nomic transcription occur, and during these processes, there is
more production of the positive-sense RNA by using negative-
sense genome and mRNA for viral structural proteins which are
envelope (E), spike (S), nucleocapsid (N), and membrane (M), inde-
pendently. Then, the structural proteins (S, M, and E) in the endo-
plasmic reticulum membrane and nucleocapsid proteins in the
cytoplasm are combined altogether. Eventually, the release of
mature virus inside the golgi vesicle is completed via exocytosis
from the infected cell (Hathaway et al., 2020). The released virus
can infect other cells by the same process as mentioned.

The most important criterion for the transmission potential of
infectious disease is the basic reproductive coefficient and is
expressed as RO. A RO for an infectious iliness is known as a single
numeric value. This value typically expressed as an outbreak is
expected to continue if RO is greater than 1.0 and to end if RO
has a value smaller than 1.0 (Delamater et al., 2019). For COVID-
19, RO is calculated between the range of 2.24 and 3.58 in China.
Globally, to end the outbreak, the RO value should be smaller than
1.0. Therefore, to decrease this value to smaller than 1.0, there
are some interventions and precautions such as quarantine,
isolation, social distance, and wearing medical mask (Atag et al,
2020). RO value for SARS-CoV-2 is greater than the RO values of
SARS-CoV (RO is between 1.0 and 1.7) and MERS (RO < 1.0) (Hatha-
way et al., 2020).

The most probable evidence is that SARS-CoV-2 is a zoonotic
transmission from the animal marketplace in China, Wuhan. A
considerable number of individuals were subjected to this mar-
ketplace. Therefore, this event suggests that the first transmis-
sion is from animal to human (Hathaway et al., 2020).

Coronavirus spreads from person to person due to close contact
of people with infected patients who are exposed to sneezing,
coughing, aerosols, and respiratory droplets. Aerosols can enter
the human body through the nose, eyes, and mouth during
inhalation (Shereen et al., 2020).

The coronavirus is able to thrive for a definite time outside of the
host membrane and can persist for many hours or days on a large
number of surfaces such as door handles, mobile phones, etc.
Therefore, it facilitates the virus transmission from external sur-
faces to the host cell through contact with the nose, mouth, and
eyes (Fiorillo et al., 2020; Hathaway et al., 2020).

Individuals of all ages are at risk to be affected by the novel coro-
navirus (COVID-19). Some infected people are more vulnerable to
life-threatening infections. According to studies on SARS-CoV-2,
the risk groups most severely affected by the disease are the
older age group, especially those over 60, those with underlying
chronic illnesses, and also patients with comorbidities such as
cardiovascular disease, heart attack, stroke, chronic respiratory
disease, cancer, and diabetes (Atag et al., 2020). In addition, smok-
ers are more susceptible to COVID-19 because they smoke with
their fingers with contact with their lips and so the risk of trans-
mitting virus from hand to mouth increases. Also, lung disease
or shortness of breath increases the risk (Zabetakis et al., 2020).

The Relationship Between Omega 3 Fatty Acids and Health
The essential fatty acids (EFAs), which are required to be taken
via dietary intake by individuals, were first investigated in 1963
by Arild Hansen and his colleagues. Subsequently, there is great
scientific interest in EFAs and their roles in the human body. In
addition, the discoveries and the researchers have developed day
by day (Candela et al., 2011).

Fatty acids are pivotal to humankind due to their significant roles.
Firstly, they are major energy sources. The latter shows the struc-
tural roles such as being part of the cell membrane. Finally, they
have a role in cell signaling and giving a response, respectively
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(Garcia de Acilu et al., 2015). Both the omega 6 and omega 3 EFA
series are necessary for the growth and development of indi-
viduals and prevention of some types of diseases such as coro-
nary diseases, diabetes, cancer, inflammatory illnesses, and also
hypertension (Candela et al., 2011). In addition, omega 3 poly-
unsaturated FAs (EPA and DHA) are crucial for appropriate fetal
development and aging (Swanson et al., 2012). Essential FAs are
unsaturated FAs that are classified as linoleic acid [LA or 18:2(n-
6)] and a-linolenic acid [ALA or 18:3 (omega 3) or 18:3 omega 3].
Essential FAs have to be obtained through the diet since individu-
als are not able to synthesize these FAs due to the lack of required
enzymatic machinery (Surette, 2008). While the LA is the precur-
sor of arachidonic acid, ALA is the metabolic precursor of both the
eicosapentanoic acid (EPA, 20 : 5 w3) and the docosahexanoic
acid (DHA 22 : 6 @3). Although individuals can convert ALA into
EPA and DHA, the direct ingestion of the EPA and DHA via diet
seems more efficient (Surette, 2008). The arachidonic acid, which
transforms into eicosanoids by means of oxygenation and lipoxy-
genase enzymes, can be either obtained from the diet or can be
converted from LA. The eicosanoids are TX, LT, and PG, and these
eicosanoids have crucial inflammatory roles, and an increase in

the synthesis AA leads to autoimmune diseases, cancer, car-
diovascular disease, and inflammatory (Canbolat, 2016). On the
other hand, EPA and DHA are precursors of a group of inflammati
on-resolving mediators (IRM) which are resolvins, protectins, and
Maresins. Inflammation-resolving mediators are responsible for
resolving inflammation actively and also downregulating cyto-
kine synthesis (Asher et al., 2021).

Omega 3 FAs have a significant role in the prevention of the
development of the cancer types which are colon, liver, breast,
and prostate cancers (Candela et al., 2011). Cancer is a severe
disease and is caused by either epigenetic or genetic changes.
Specifically, there is a variety of factors affecting the develop-
ment of the cancers, such as hormonal alterations, mutation,
smoking, consumption of alcohol, and pollution (Nabavi et al.,
2015). Omega 3 polyunsaturated FAs can inhibit the initiation of
cancer and cell cycle, increase the death of cells, and decrease
inflammation. In addition, they are able to prevent angiogen-
esis and metastasis in either genetic or epigenetic ways; there-
fore, they stress that omega 3 FAs have anticancer roles in the
human body (Jing et al., 2013).
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The FAs have a crucial role in hindering viral infection. It is known
that the FAs with more carbon chains have the maximum activ-
ity against viral infection (Aryan et al., 2021). Omega 3 long-chain
polyunsaturated FAs (LC-PUFA) may have disparate roles against
viral infection that aids in the prevention of viral entry and also
replication of the virus (Weill et al., 2020).

A study conducted by Asher et al. (2021) showed the relationship
between COVID-19 outcome and omega 3 FA levels. According to
this study, omega 3 FAs provide active inflammatory mechanism
and have beneficial effects on the treatment of COVID-19 infec-
tion by lowering cytokine levels. Therefore, when the cytokine
level decreases, the cytokine storm, which can be the reason for
the death of COVID-19, can be hindered.

In order to investigate the relationship between COVID-19 and
omega 3 FAs, another study was conducted by Louca et al. (2021).
They studied COVID-19 patients who had low O3l level. They took
dietary supplements more than 3 times weekly for 3 months. As a
result of this study, they found that using the omega-3 FA supple-
ments decrease the risk by 12% of being infected with COVID-19
infection (Louca et al., 2021).

An alternative case—control study showed that there is a con-
verse correlation between the O3l and the severity of COVID-19
infection. According to this study, the risk of hospitalization and
main clinical symptoms of COVID-19 can reduce by high level O3I.
In addition, consumption of fish or omega 3 supplements may
dramatically minimize the socioeconomic and healthcare costs
of severe COVID-19 (Ramirez-Santana et al., 2022).

According to Kagawa (2022), the production of protectin, which
declines morbidity and mortality due to COVID-19 infection, is
responsible for the anti-inflammatory activities of both EPA and
DHA. Additionally, protectin prevents COVID-19 infection by pro-
moting phagocytosis and neutrophil differentiation.

The main sources of omega 3 FAs in the diet are fresh fish includ-
ing salmon, mackerel, herring, sardines, sturgeon, squid, trout,
mussels, and sea bass. Moreover, some fish foods like microal-
gae and also other invertebrates contain a great amount of EPA
and DHA. In addition, many microorganisms and microalgae are
rich in EPA and DHA such as marine protists and dinoflagellates.
Although the main sources of EPA and DHA are fresh fish and
marine origin, there are non-marine foods that contain omega
3 FAs such as cereals, nuts, flaxseed, chia seed, soybean, some
fruits, and vegetables (Hathaway et al., 2020). Minor sources of
the omega 3 FAs are found in egg yolks, white meats, and also red
meats. In addition, some edible mushrooms contain omega 3 FAs
(Nabavi et al., 2015).

Table 3 shows the main food sources and their EPA and DHA den-
sity (mg/100 g food).

Eicosapentaenoic acid and DHA consumption is crucial to main-
tain important physiologic functions and these omega 3 FAs have
significant roles in individuals’ health. Intake of EPA+DHA can
increase the level of O3l effectively but not ALA intake (Maki et al.,
2019). A low level of O3l is related to some health issues such as
cognitive function problems, depression, cardiovascular diseases,
and other diseases. Normally, the intake of plant-origin omega 3
FA ALA can raise the quantity of EPA and DHA. Nevertheless, it is
poor to convert ALA to EPA and DHA cannot be increased by ALA
(Kohler et al., 2017). Bioavailability is the term that a target nutri-
ent should be digested/absorbed and metabolized systematically

;Zzlzo%d Items with the Highest EPA and DHA Density (Kranz et al.,
2015)
EPA and DHA Density

Main Food Description (mg/100 g food)

1 | Roe (sturgeon) 6548

2 | Mackerel (baked-broiled) 2351
Sardines (skinless, boneless, water- 2149
packed)

4 | Herring (baked/broiled) 2024

5 | Squid (dried) 1848

6 | Mackerel (floured-breaded, fried) 1607

7 | Salmon (canned) 1587

8 | Sardines (tomato-based sauce-mixture) 1396

9 | Herring (pickled) 1389

10 | Salmon (baked-broiled) 1079

11 | Salmon (cooked by NS cooking method) 1056

12 | Salmon (steamed-poached) 1050

13 | Trout (baked-broiled) 1009

14 | Sardines (canned) 983

15 | Sardines (cooked) 982

16 | Mussels (steamed-poached) 875

17 | Brains (cooked) 847

18 | Salmon (floured-breaded, fried) 834

19 | Trout (breaded-battered, baked) 765

20 | Sea bass (steamed-poached) 741

Note: EPA=eicosapentaenoic acid; DHA=docosahexaenoic acid.

through normal circulation, and also the bioavailability of nutri-
ents can vary with different factors (Schonfeldt et al., 2016). The
diet with FFAs has higher bioavailability than the diet contain-
ing ester. While DHA has high bioavailability due to a poor beta-
oxidation substrate content, ALA has little bioavailability with a
higher rate of oxidation (Hathaway et al., 2020).

It is recommended that the intake of omega 3 FAs (EPA+DHA),
either supplemented or from its source, should be between 0.5 g
and 1.8 g per day to prevent deaths and other problems related to
heart diseases. American Heart Association (AHA) suggests the
consumption of at least 2 times of fish in a week. The AHA recom-
mends people with cardiovascular disease consume nearly 1 g of
combined EPA and DHA cell daily and that people with hypertri-
glyceridemia consume 2-4 g of omega 3 FAs (EPA+DHA) to lower
triglyceride levels (Kris-Etherton et al., 2003). In addition, another
study indicated that daily 5 g of omega-3 FAs intake consider-
ably reduces the levels of a variety of pro-inflammatory cytokines
(Sears, 2018).

Conclusion

As shown in the study, there are different functions of omega 3
polyunsaturated FAs as a natural treatment and prevention of
diseases. These omega 3 FAs show their effects by being embod-
ied in the cell, afterward affecting the receptors to prevent signals
for activation of the inflammatory response and finally help to
heal symptoms of COVID-19. Omega 3 FAs (EPA and DHA) are the
precursors of resolvins, which are responsible for reducing pro-
inflammatory mediators and decreasing lung inflammation in the
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body. Besides their anti-inflammatory effects, omega 3 FAs have
important roles in the body in preventing some serious diseases
such as cardiovascular disease, osteoporosis, hypertension,
type-Il diabetes, asthma, and some types of cancers. In addition,
omega 3 FAs are able to optimize visual signaling and brain and
cognitive development. Moreover, omega 3 FAs are accessible,
easy to use, inexpensive, and have natural nutrients. Owing to
having positive effects, omega 3 FAs can be a good choice and
worth studying during the pandemic duration. Therefore, more
trials and studies on omega 3 FAs and supplements are required
to understand in the future.
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ABSTRACT

The Northeast Anatolia Region of Turkey is a rich plant biodiversity spot including the com-
mon bean (Phaseolus vulgaris L.). This study was undertaken in order to collect, classify, and
characterize bean landraces from the region. For this purpose, 256 common bean landraces
were collected from 25 districts in 7 provinces and were grown in completely randomized
block design with 3 replicates under the field conditions in Erzurum in Northeast Region,
Turkey. Twenty-five qualitative and quantitative morphological markers were measured by
International Plant Genetic Resources Institute and European Union Community Plant Variety
Office criteria on the germplasm. Genetic variability was examined by path analysis, principal
component analysis, Simpson’s and Shannon and Weaver diversity indices, and UPGMA clus-
ter dendrogram. A high level of polymorphism and genetic diversity was present within the
germplasm for all the descriptors with the exception of bract color. Highest variation was
recorded for seed yield, plant height, pod number per plant, and pod length. It was concluded
based on findings that landraces in the collection may be used for breeding superior bean
cultivars. Selection specifically for higher pod number per plant, longer pods, greater seed
number per pod, and greater branch number per plant may be employed for breeding high-
yielding robust cultivars.

Keywords: Characterization, common bean, genetic diversity, germplasm, morphology

(074

Kuzeydogu Anadolu Bolgesi, fasulye (Phaseolus vulgaris L.) agisindan zengin bir biyolojik
cesitlilige sahiptir. Bu galisma, bolgedeki yerel fasulye genotiplerini toplamak, siniflandirmak
ve karakterize etmek amaciyla ylritilmustir. Bolgede yer alan 7 ildeki 25 ilgeden toplanan
256 yerel kuru fasulye genotipi Erzurum tarla kosullarinda tesadif bloklari deneme deseninde
3 tekrarlamali olarak denemeye alinmistir. Yerel genotiplerin dederlendirilmesinde IPGRI ve
EU-CPVO kriterlerine gore toplam 25 kalitatif ve kantitatif karakter dikkate alinmistir. Genetik
cesitlilik path analizi (PA), temel bilesen analizi (PCA), Simpson's ve Shannon ve Weaver cesitlilik
indeksleri ve UPGMA kiime dendrogrami (CA) ile incelenmistir. Brakte rengi harig, incelenen tim
karakterler agisindan germplazmi igerisinde ylksek diizeyde polimorfizm ve genetik gesitliligin
bulundugu belirlenmistir. En yliksek varyasyon tane verimi, bitki boyu, bitki bagina bakla sayisi
ve bakla uzunlugunda saptanmistir. Koleksiyondaki yerel genotiplerin Ustlin fasulye gesitleri-
nin gelistirilmesinde kullanilabilecegi; 6zellikle bitki basina ylksek bakla sayisi, ylksek bakla
uzunlugu, bakla basina yliksek tohum sayisi ve bitki basina ylksek dal sayisi yoniinden yapilacak
seleksiyonun, ylksek verimli Gmitvar cesitlerin gelistirilmesinde yararl olabilecedi sonucuna
varilmistir.

Anahtar Kelimeler: Karakterizasyon, fasulye, genetik cesitlilik, germplazm, morfoloji
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Introduction

Common beans (Phaseolus vulgaris L.) are the most important
source of major protein and mineral nutrients such as potas-
sium, calcium, iron, and phosphorus for human nutrition in the
world (Graham & Ranallin, 1997; Voysest & Dessert, 1991). Global
production of dry beans reached 28.9 M tons in 2019 (FAOSTAT,
2019). In Turkey, dry beans rank third after chickpeas and lentils
(TUIK, 2020) with production exceeding 279.518 tons.

The Northeast Anatolia Region of Turkey is a rich source of
local landraces of common beans. Coruh valley in Northeast
Anatolia stretches along the Coruh river that originates from
high mountains in Erzurum and Bayburt provinces and passes
through Artvin province until it reaches the Black Sea. Coruh
valley also stands along the border area between Eastern
Anatolia and Black Sea Regions (Akpinar et al.,, 2011). Diverse
climatic conditions, variable topography, and a transitional
geographical zone from high altitude mountains to sea shore
habitats confer the valley exceptionally rich plant biodiversity.
Numerous small valleys stretching along the Coruh river are
also home to arich bean diversity. Common beans are grown in
the valleys stretching along the Coruh river. The area is famous
for its specialty beans traditionally grown for centuries. Spe-
cialty dry beans produced in the valley, known as ispir beans
with geographical indication labeling, are much in demand
in Turkey.

As part of a national plan, a series of 15 hydroelectric dams are
currently being built to utilize the large hydroelectric power
potential of the region (Akpinar et al., 2011). A project was there-
fore carried out in order to collect, characterize, and preserve
bean germplasm in Goruh Valley in Northeast Anatolia. This
article investigated genetic diversity by morphological mark-
ers and identified individual landraces for breeding new bean
cultivars.

The Black Sea

Trabron

Figure 1.

Methods

Experimental Layout

Two hundred fifty-six bean (Phaseolus vulgaris L.) landraces were
collected from 25 districts in 7 provinces in the Northeast Ana-
tolia region and Coruh valley, Turkey (Figure 1 and Table 1). The
landraces were grown in comparison with two registered cul-
tivars (Kantar-O5 and Elkoca-05) as standard in Erzurum (lati-
tude 29°55’ N, longitude 41°16’ E, altitude 1875 m) in Northeast
Region of Turkey. The average temperature and annual rainfall are
5.7°C and 402.5 mm, respectively, and the growing season lasts
5 months (between May and October) in the region. The experi-
mental soil was sandy loam with an organic matter content of
1.4%-1.8%, and pH of 7.0-7.8. Available P and K contents were
52-85 kg ha™ and 1815-2338 kg ha™, respectively. N (40 kg ha™)
as ammonium sulfate and P (60 kg ha™) as triple superphosphate
were applied to the experimental field at sowing. Sowing was
done by hand in rows of 4 m length with 45 cm inter-row spacing
with 2 rows so as to give 30 seeds per m? in a completely ran-
domized block design with 3 replications. Trifluralin (2 L ha™) was
applied for weed control 2 days after sowing. After emergence,
weeds were also controlled by hoe if necessary. Plants were irri-
gated four times starting from mid-June until 4 weeks prior to
harvest.

Data Collection

Data on plant growth and morphological traits were made dur-
ing the growth season by International Plant Genetic Resources
Institute and European Union Community Plant Variety Office
on ten randomly selected representative individual plants from
each landrace. Agronomic and morphological descriptors were
recorded for days to emergence (DE), standard color (SC), beak
length, days to flowering (DF), wing color (WC), shape of pod cur-
vature (SPC), growth type, opening of wings, pod width (PW), leaf
color (LC), flower length (FL), plant height (PH), size of terminal

Georgia

agn

Map of Northeast Anatolia That Includes Coruh Valley and Seven provinces from Which Common Bean Landraces Were Collected. Each Symbol Denotes
Ten Accessions Represented by Different Symbols in Each Province on the Map.
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-/I-‘-’arg\l/?n1<,:es, Countries, Accession Numbers, and Altitudes from Where Common Bean Landraces Were Collected in Northeast Anatolia, Turkey
Province County Accession Number (ACN) Altitude (m)
Erzurum ispir 145,146, 147, 148, 149, 150, 151,152, 155, 156, 157, 159, 160, 161, 165, 166, 167, 168, 169, 170, 171, 172, 173, 1125-1650
174,175,176,177,178, 179, 180, 181,182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 193, 195, 196, 197, 199
Pazaryolu 153,158,163 1350
Olur 318, 319, 320, 321, 322, 323, 324, 325, 326, 329, 333, 334, 335, 336, 337, 338, 339, 340, 341, 342, 351, 1520-1900
352, 353, 354, 355, 356, 357, 358, 359, 360, 361, 362, 363, 364, 365, 366, 367, 380, 381, 382, 383, 390,
391, 392, 393, 394, 395, 396
Narman 3,4,6,13,19, 26, 28, 31, 32, 33, 36, 42, 43, 44,50, 58, 68, 70, 73, 74, 77, 82, 88, 94, 99, 100, 102, 103, 1560-1885
105, 106, 109, 110, 111, 117,142, 236
Oltu 8,9, 21, 25,29, 30, 35, 37,38, 40, 41, 46, 47, 48, 52, 54, 57,59, 65, 72, 76, 78, 79, 80, 81, 98, 101, 104, 1390-1830
107,115
Tortum 296, 301, 302, 303, 307, 308, 384 1315-1749
Hinis 20, 75,238, 239, 242, 243, 244 1720-1905
Karagoban 51,53, 55, 240, 241 1580
Senkaya 10, 56, 63, 69, 260 1550-1855
Uzundere 250, 274, 275, 278, 280, 281, 282, 283 970-1205
GUmUghane | Siran 309 1400
Torul 327,328,330, 331, 332, 343, 347,348 1010-1335
Merkez 344 1150
Kirtln 368 1580
Erzincan Refahiye 11, 64, 84, 89, 95, 97, 112,113, 116, 123 1470-1720
Uzimlu 61 1440
Kemaliye 86 1285
Kemah 1,17, 85,92,93 1430-1500
Otlukbeli 91,114 1790
Gayirh 2,67, 87,90, 96,108 1550-1750
Bayburt Merkez 249,252,254, 257,264, 268, 269, 272, 273, 405 1470-1620
Aydintepe | 259 1545
Ardahan Posof 5,15,16, 22, 23, 27,62, 71 1360-1540
I§dir Tuzluca 271,402, 403 2125-2195
Kars Kagizman 247,248, 251 1215-1340

leaflet (STL), flower raceme length (FRL), branch number per plant
(BN), leaf roughness (LR), intensity of pod ground color (IPGC), pod
number per plant (PN), bract size (BSz), variegated color in pod
(VC), pod length (PL), bract shape (BSh), curvature of beak, seed
number per pod (SN), and seed yield (SY). A total of 25 qualita-
tive and quantitative traits were observed for the evaluation of
landraces based on cluster analysis. The mean, standard devia-
tion, and range were calculated for quantitative descriptors, and
the mode was determined for qualitative traits. Path analysis
was performed to investigate the effect of the most important
yield components on the SY. All traits were standardized before
analysis by subtracting the mean value and dividing by the stan-
dard deviation in order to remove scale effects before calculat-
ing Euclidian distances. Principal component analysis (PCA) was
performed on observed morphological traits after standardiza-
tion. Based on standardized trait values, Euclidian distances
between the lines were calculated. Using the matrix of Euclid-
ian distances, a UPGMA (Unweighted Pair Group Method with
Arithmetic mean) cluster analysis was performed producing a
dendrogram depicting relationships among genotypes relative
to their morphological characteristics. As for genetic similarity,
the cophenetic correlation was calculated to measure the quality

of the clustering with regard to the original data. Genetic vari-
ability among the accessions with respect to the morphologi-
cal descriptors was examined by calculating Simpson (1949) and
Shannon and Weaver (1949) diversity indices. These indices give a
measure of phenotypic diversity corresponding to the probability
that two individuals randomly selected from a group of popula-
tions will have the same morphological feature. The formula to
calculate both indices is presented below:

Shannon-Weaver diversity (H)=-sum (pi log pi)/log pi
Simpson diversity index (D)=1 - sum (pi?)

where i=1to n, and p is the proportion of the total morphotypes
made up of the ith morphotype.

Statistical Analysis

The descriptive statistics, the correlation coefficients, analysis
of variance, and the factor loadings were analyzed using Minitab
version 17 statistical software (Minitab Inc., State College, PA,
USA). The path coefficients of yield-related characteristics and
correlation coefficients were analyzed using with Statistical Pack-
age for the Social Sciences 23 statistical package. Principal com-
ponent analysis was performed using 12 characteristics in XLSTAT
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software (2016.2 version). Components with greater than 1 Eigen
value were taken into consideration. Agglomerative hierarchi-
cal clustering of landraces was produced with XLSTAT software.

Table 3.

Distribution of Morphological Characters in Bean Landraces Collected
from Northeast Anatolia, Turkey, Based on IPGRI and EU-CPVO Criteria

UPGMA cluster analysis was performed using the NTSYS-pc ver- Number of
sion 2.1 software. Character Classification Genotypes Percent
Results Growth type Bush 31 121
Semi-climbing 87 34.0
Morph_olo?ica! and Agrpnomic Characteriz_ati]?fn . Climbing 138 53.9
Analymg of variance mdlcated.tha.t genqtyplc effects were statis- Leaf color Light green 50 203
tically significant for all quantitative traits (Table 2). Considerable
L . K Green 188 734
variability was also determined among the accessions for all mor- .
phological descriptors with the exception of solidly green bract Dark green 10 3.9
color (Table 3). Very dark green 6 2.4
h hological and ) bl h h 4 high Leaf roughness Weak 18 70
The morpho ogical and agronomic variables that showed hig Medium 189 738
rates of polymorphism included the following:
Much 49 19.2
Days to emergence: The average DE were 15.9 days, ranging from Size of terminal Small 32 125
12 to 22 days depending on the genotypes. The majority of the leaflet Medium 177 691
genotypes (78.9%) emerged between 12 and 17 days, and 60.9% Large a7 184
ofthe genotypes (156 genotypes) emerged less than the average Bract size Small 83 304
(Figure 2). -
Medium 137 53.5
Days to flowering: The average DF were 63 days, ranging from Large 36 141
53 to 68 days in the majority (53.9%) of the genotypes (Figure 2). Bract shape Spear 190 74
0 — -
Or)ly 42 genotypes (16.4%) had shorter days (37-52 days) of flow Intermediate 57 223
ering than the other genotypes, whereas 29.7% of the genotypes
;i : Oval 9 35
had a longer time to flowering (69-92 days).
Bract color Green 256 100
Growth type: Climbing growth habit was the most predominant Other 0 o)
(53.9%) followed by semi-climbing (34.0%). Bush growth habit Standard color White 133 520
was represented by a small number of genotype (12.1%) (Table 3). Pink 29 13
Leaf color: Green LC was the most frequent (73.4%) followed by Violet 88 34.4
light green (20.3%). Dark green and very dark green were observed Green 6 23
in only 10 genotypes (3.9%) and in 6 genotypes (2.4%), respec- Wing color White 139 543
tively (Table 3). Pink 29 13
Leaf roughness: Only 18 out of 256 genotypes had less rough leaf Violet 88 344
surface. The other genotypes had moderate (73.8%) or strongly Opening of wings Closed 56 21.9
(19.2%) rough leaf surfaces (Table 3). Discrete 155 60.5
Size ofterminal leaflet: Medium STL was the most frequent (69.1%) Very discrete 45 176
followed by the large size of the terminal leaflet (18.4%). Small STL Intensity of pod Light green 35 13.7
was observed in only 32 genotypes (12.2%) (Table 3). ground color Green 200 7811
Bract size: Generally, small (32.4%) or medium (53.5%) and rarely : Dark green 21 82
large (14.1%) BSz was observed in landraces (Table 3). Variegated color Absent 149 58.2
Bract shape: Bract sh lin only 9 out of 256 genot npoc Present 17 1.8
ract shape: Bract shape was oval in only 9 out o genotypes
. . . R C t f V k 35 13.6
(8.5%) and intermediate in 57 genotypes (22.3%) with the rest of b:;ia ureo ELned
o . Weak 156 61.0
the genotypes (74.2%) having spear BSh (Table 3). -
Medium 52 20.3
Strong 12 47
Very strong 1 0.4
Table 2. Beak length Short 108 422
Analysis of Variance (ANOVA) for Quantitative Traits of Bean (Phaseolus Medium 115 44.9
vulgaris L.) Germplasm from Northeast Anatolia Long 33 129
Traits FValue Traits FValue Shape of pod Straight 27 105
Days to emergence 175* Branch number per plant | 3.40** curvature Slightly curved 171 66.8
Days to flowering 5.66** Pod number per plant 2.49%* Intermedi(;lately 54 211
Flower length 7.48** Pod length 2.46** curve
Strongly curved 4 1.6
*k *%
Flower raceme length | 3.33 Seed number per pod 2.36 Pod width Narrow 97 379
Plant height B.37** Seed yield 5.63** Medium 127 496
*p <.05,**p <.01. Large 32 125
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Figure 2.
Distribution of Agronomic Characters in Bean Landraces Collected from Northeast Anatolia, Turkey.
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Standard color: White SC was observed in the vast majority
(52.0%) of the genotypes with violet (34.4%) being the second
most common SC. A small number of genotypes had pink (11.3%)
and green (2.3%) SC (Table 3).

Wing color: White (54.3%) and violet (34.4%) were the most com-
mon WC in the genotypes. Only 29 of 256 genotypes (11.3%) had
pink WC (Table 3).

Opening of wings: Wings were discrete from each other in the
vast majority of the genotypes (60.5%) followed by closed and
more discrete wings by 21.9% and 17.6% of the genotypes, respec-
tively (Table 3).

Flower length: Flower length in 46.1% of the genotypes varied from
14 to 16 mm, and the average FL was 15.4 mm with 111 genotypes
(43.4%) having longer FL than the average. Eleven genotypes
(4.3%) had the longest FL between 20 and 23 mm and followed by
53 genotypes (20.7%) with FL of 17-19 mm (Figure 2).

Flower raceme length: The average FRL was 2.5 cm and in the
majority of genotypes (87.5%), FRL was less than 4 cm. On the
other hand, 7 genotypes (accession number (ACN) 20, 75, 112, 179,
247, 329, and 303) had considerably longer FRL (11-19 cm) than
the average and the other genotypes (Figure 2).

Intensity of pod ground color: Light green, green, and dark green
pod ground colors were observed in 13.7%, 78.1%, and 8.2% of the
genotypes, respectively (Table 3).

Variegated colorin pod: Variegated color in the pod was observed
in only 107 genotypes (41.8%) (Table 3).

Curvature of beak: The curvature of the beak was weak in 156 gen-
otypes (61.0%), very weak in 35 genotypes (13.6%), medium in
52 genotypes (20.3%), and strong in 12 genotypes (4.7%). Only one
genotype had a pod with a very strong convoluted beak (Table 3).

Beak length: Beak length was short (42.2%) or medium-long
(44.9%) in the majority of the genotypes. Only 33 genotypes
(12.9%) had long beaks (Table 3).

Shape of pod curvature: Pod was slightly curved in the majority
(66.8%) of the genotypes followed by intermediately curved pods
(21.1%). A very few of genotypes had straight (10.5%) or strongly
curved pod (1.6%) (Table 3).

Pod width: The medium-large pod was predominant (49.6%) fol-
lowed by the narrow pod (37.9%). The large pod was observed in
only 12.5% of genotypes (Table 3).

Plant height: The average PH was 61.7 cm, ranging considerably
from 29.6 cm (ACN 142) to 260 cm (ACN 260) depending on the
genotypes. Approximately one-third of the genotypes (36.6%)
were in the group with a PH between 50 and 59 cm. Plant height
was between 60 and 69 cm in the second largest group (28.3%).
Only 23 genotypes (9.1%) had a PH of 80-118 cm (Figure 2).

Branch numberperplant: The average BN was 3.1 ranging between
1 (ACN 107) and 6 BN (ACN 22 and 116). The BN was between 2.1
and 3 in more than half (53.9%) of the genotypes and between 3.1
and 4 in about one-third (32.7%) of the genotypes. Only 1.6% of
the genotypes (ACN 22, 54, 116, and 145) had 5.1-6 branches per
plant (Figure 2).

Pod number per plant (PN): The average PN was 5.9 with 105
genotypes having higher pod numbers than average. In 45.6%
of the genotypes, PN ranged from 4.1 to 7, and the genotypes
that had 1-10 pods per plant made up 91.3% of the population
(Figure 2). Accession number 87, 85, 160, 104, 54, 22, and 116 had
the highest PN (13.4, 13.6, 14.8, 15.8 19.2, 20.8, and 27.0 number,
respectively).

Pod length: The average PL was 9.0 cm ranging between 4.5 cm
(ACN 150) and 15.0 cm (ACN 264). In 61.8% of the genotypes, PL
varied between 8.1 and 10 cm. This was followed by 52 genotypes
(20.5%) with PLs ranging from 6.1 to 8 cm (Figure 2). On the other
hand, PL varied between 12.1 and 15 cm in only 8 (ACN 54, 62, 69,
248, 250, 264, 271, and 342) out of 256 genotypes.

Seed number per pod: The average number was 3.2 with 35.8% of
genotypes having higher SN than average and 13 genotypes (ACN
61, 64, 84, 88, 91,171,181, 250, 273, 274, 342, 343, and 356) giving
the highest SN (5.0-6.2 seeds) (Figure 2).

Seed yield: Seed yield in 69.2% of the genotypes varied from O to
50 g m~2and the average SY was 40.7 g m=2 The SY of 101 geno-
types (39.5%) was higher than the average and 18 genotypes (ACN
29, 43, 46, 54, 56, 76, 84, 87, 90, 101, 104, 116, 246, 329, 390, 393,
395, and 403) had SY between 100.1 and 150 g m=2 (Figure 2).

Path Analysis

Path analysis calculated on the bases of the quantitative char-
acteristics shows direct and indirect effects on SY (dependent
variable) among the quantitative characteristics (Table 4). The
highest positive direct effect on SY was of PN (0.369**) followed
by FL (0.263**) while DF (—0.435**) and DE (-0.240**) had neg-
ative effects on SY (Table 4). Branch number per plant, PL, and
SN had the highest positive indirect effects on SY through PN

;Z?LeAA;a/ysis for the Plant Growth Parameters and Morphological Traits Investigated of Common Bean Landraces from Northeast Anatolia, Turkey.
Diagonal (bold) Values Indicate Direct Effects Whereas Values of Upper and Lower Diagonal Indicate Indirect Effects

Plant Characteristics DE DF FL FRL PH BN PN PL SN
Days to emergence (DE) -0.240** —0.395** -0.124 —-0.064 -0.181 —-0.036 —-0.105 -0.092 -0178*
Days to flowering (DF) —0.440** -0.435%* —0.259** -0.202* —-0.102 —0.214** -0.203* -0.215* —0.221**
Flower length (FL) —-0.141 —0.265** -0.263** —0.478** —-0.101 —-0.062 -0.010 -0.126 -0.033
Flower raceme length (FRL) —-0.063 -0178* —0.410** —-0.003 —0.059 —-0.143 -0.038 —-0.008 -0.016
Plant height (PH) -0.150 -0.076 —-0.074 —-0.050 —-0113 -0.149 -0.010 —-0.062 —-0.073
Branch number per plant (BN) -0.042 —0.226** -0.064 -0172 -0.211 -0121 —0.471%* -0139 -0.010
Pod number per plant (PN) -0.106 -0.184* -0.009 -0.039 -0.012 —0.405** | -0.369** -0.026 —0.184*
Pod length (PL) —-0.103 -0.216* —-0.123 —0.009 —-0.084 —-0.133 —-0.029 —0.039 —0.501**
Seed number per pod (SN) -0.201* —0.224** -0.032 -0.019 —-0.099 -0.010 -0.206* —0.505** —-0.037
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(0.471**), SN (0.501**), and PL (0.505**), respectively. Conversely,
DF had negative indirect effect on SY via FRL, PN, and PL.

Principal Component Analysis

The first 3 components with Eigenvalue above 1 explained 59.7%
of cumulative overall variance (Table 5). Contributions of all char-
acteristics in first component were positive. Branch number per
plant (0.739), FL (0.628), and PL (0.604) had the highest Eigen-
values in the first component while SY (-0.779) and DF (-0.728)
had the highest value in the second component. Flower raceme
length had the highest value (0.687) in the third component
(Table 5). Considering the strongest correlations and the con-
tribution of each quantitative characteristic among the com-
ponents, it is concluded that BN, FL, PL, PN, SN, and PH were
positively correlated with first component. Seed yield, DE, and DF
were negatively correlated with the second component. Flower
raceme length was correlated with the third component (Table 5).

Of the variable loadings of the first nine PCs (Principal Compo-
nent) (data not presented), SC, WC, and VC are the ones with the
highest contribution to PC1. Therefore, PC1 could be termed the
“color axis” Regarding PC2, the features related to DE and DF
were the ones with the highest loadings (Table 5). Therefore, PC2
could be called the “time axis.” Finally, the features related to the
shape and size of morphological structures were the ones with
the highest contribution to the loading of PC3, which included
the SPC, the size of the terminal leaflet, PW, and LR. They are all
qualitative features and hence the PC3 can be described as a
“qualitative axis.” Therefore, we could express that the PCA was
able to discriminate and separate the accessions in terms of
these three dimensions, represented by “color,” “time,” and “quali-
tative” axes.

The PCA diagram showed that PN had the highest positive and
parallel effect on SY followed by PL, SN, PH, and BN (Figure 3a).
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Figure 3.

Table 5.

Eigenvalues, Variability, and Component Loading of Ten Quantitative
Traits in Common Bean Landraces Collected From Northeast Anatolia,
Turkey

PCAs Axis

PCA1 PCA2 PCA3
Eigenvalues (> 1) 2706 2.060 1.209
Percentages of individual variation 27058 20.604 12.091
Percentages of cumulative variation | 27.058 47662 59.753
Characteristics (factor loadings)
Days to emergence 0.328 -0.691 -0.019
Days to flowering 0.367 -0.728 -0.288
Flower length 0.628 -0.307 0.447
Flower raceme length 0.487 -0.082 0.687
Plant height 0.492 0.113 -0.019
Branch number per plant 0739 -0.062 -0.052
Pod number per plant 0.573 -0.349 -0.095
Pod length 0.604 -0.327 -0.306
Seed number per pod 0.564 -0.317 -0.489
Seed yield 0.180 -0.779 0.330

Note: PCA=principal component analysis.

Pod number per plant had a positive effect on SY in path analysis
(Table 4). Days to emergence had in contrast the most negative
effect on SY followed by DF, FL, and FRL (Figure 3a).

Genetic Variability Based on Simpson and Shannon-Weaver
Diversity Indices

Diversity values were variable among traits, butin general, all mor-
phological features expressed high genetic diversity. According
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(A) Two-Dimensional Ordination of Ten Quantitative Traits in Common Bean Landraces on Principal Component Axes. (B) Scatter Plot of First Two Principal
Components Contributing 47.66% of the Total Variation for Ten Quantitative Traits in 256 Common Bean Landraces Collected from Northeast Anatolia,

Turkey.
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g?r?vlgs?)h and Shannon—-Weaver Diversity Indices for Morphological Characters of Common Bean Landraces Investigated

Morphological Shannon-Weaver Simpson Diversity Morphological Shannon-Weaver Simpson Diversity
Variables Diversity Indices Indices Variables Diversity Indices Indices

PH 4.92 0.99 BL 0.99 0.60

PN 3.96 0.98 BSz 0.98 0.59

PL 3.70 0.97 PW 0.98 0.59

FL 3.63 0.97 GT 0.96 0.58

FRL 3.48 0.96 ow 0.94 0.55

DF 3.43 0.96 SPC 0.83 0.48

SN 2.99 0.94 STL 0.82 0.47

BN 279 0.92 LC o.r7 0.42

DE 1.64 0.76 LR 0.72 0.41

SC 1.04 0.60 BSh 0.68 0.40

WC 1.04 0.60 VC 0.68 0.48

CB 1.04 0.56 IPGC 0.67 0.36

Total 1.82 0.67

Note: PH=plant height; PN =pod number per plant; PL=pod length; FL=flower length; FRL=flower raceme length; DF=days to flowering; SN =seed number per pod;
BN =branch number per plant; DE=days to emergence; SC = standard color; WC=wing color; CB=curvature of beak; BL=beak length; BSz=bract size; PW=pod width;
GT=growth type; OW =opening of wings; SPC=shape of pod curvature; STL=size of terminal leaflet; LC=leaf color; LR=leaf roughness; BSh =bract shape;
VC=variegated color in pod; IPGC =intensity of pod ground color.

to Simpson’s index, PH (0.99), PN (0.98), PL (0.97), and FL (0.97)
were the descriptors with greatest diversity (Table 6). The lowest
diversity values were related to IPGC (0.36), BSh (0.40), and VC
(0.48). The total Simpson’s index to all morphological descrip-
tors was 0.67 (Table 6). Shannon-Weaver’s diversity values were
parallel but higher than Simpson’s index in general. Higher val-
ues in Simpson’s index were also higher in the Shannon-Weaver
index. They were PH (4.92), PN (3.96), PL (3.70), and FL (3.63). Total
genetic diversity was estimated as 1.82.

UPGMA Cluster Analysis

UPGMA cluster analysis showed two groups of landraces within
the common bean germplasm with ten subgroups (Figure 4).
Main groups numbered from C1to C10 are shown in the inset of
Figure 4. Genotypes of ACN 20, 303, 247, and 329 on the left of
the X axis formed a subgroup (C4) that is distinctly different from
genotypes with ACN 199, 149, 165, 161, 177, 113, and 183 on the
right end of the X axis (C2). Most of the landraces were distributed
in subgroups of C8, C5, C10, C6, and C7 (Figure 4).

Discussion and Conclusion

Common bean germplasm from Northeast Anatolia showed
high levels of polymorphism in all 25 qualitative and quanti-
tative morphological characteristics investigated except for
bract color. In other studies, conducted with different bean
genotypes collected from Turkey, a wide range of variations
were also reported for various qualitative and quantitative traits
(Canci et al., 2019; Madakbas & Ergin, 2011; Nadeem et al., 2020;
Soydas et al.,, 2021; Yeken et al., 2019). The PCA biplot based on
the first two principal components showed genetically differ-
ent genotypes by the pattern of scattering. The distribution of
genotypes in the biplot demonstrated the existence of a reason-
able amount of genetic diversity (Figure 3b). Shannon-Weaver’s
(H) and Simpson’s (D) diversity indices calculated also indi-
cated rich diversity within the germplasm investigated which
may support a modest bean breeding program for local and
regional use. These indices are important models to evaluate

the diversity in a given set as they distinguish the genetic varia-
tion in a germplasm (Kiwuka et al., 2012; Yildiz et al., 2020). Okii
et al. (2010) used Shannon-Weaver diversity index on 284 bean
accessions using 22 morphological descriptors and reported
mean H of 0.56 and inferred moderate diversity among the bean
accessions. Similarly, Arunga et al. (2015) also reported a mean
H of 0.56 for a set of 36 French bean accessions. Compared to
these studies, the higher mean H value (1.82) determined in our
study indicated a rich diversity.

Khaidizar et al. (2012) investigated the genetic diversity with
a simple sequence repeat marker system in 38 common bean
germplasm including some landraces from this collection in
comparison with 12 commercial cultivars. They determined a
considerable level of polymorphism within the collection that
can be exploited for breeding programs. They scored a total of
72 DNA fragments across all materials with 30 primer pairs.
In their study, more than 97% of the amplification products
showed polymorphism, indicating high variation at the DNA
level also among these accessions. Findings presented here in
our study indicate high levels of polymorphism in morphologi-
cal traits in line with DNA level diversity in the core collection
from the same germplasm (Khaidizar et al., 2012). The level of
polymorphism represented in the germplasm was equal to or
higher than in other germplasm collection from the Black Sea
region (Balkaya, 1999; Balkaya & Yanmaz, 2002) and Van lake
region (Sarikamis et al., 2009). Northeast Anatolia including
Coruh Valley stands between the humid Black Sea Region in
the North and the relatively dry Van Region in the South. The
germplasm collected in Northeast Anatolia including Coruh
Valley bordering both regions may have therefore some com-
mon characteristics both from the Black Sea Region germ-
plasm to the North and Van province germplasm to the south.
Black Sea germplasm had predominantly climbing types
whereas Van Province germplasm included bush and dwarf/
bush types also. Geographical, edaphic, and climatic variations,
different cultivation techniques, and selection for organoleptic
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Figure 4.
UPGMA Dendrogram of Common Bean Landraces Collected from Northeast Anatolia, Turkey.
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preferences (Scarano et al., 2014) possibly contributed to rich
bean plant diversity in these regions (Peksen & Gulimser,
2005; Sozen et al., 2012).

The classification of genotypes in clusters reflects the relative
distance of clusters and allows an appropriate selection group of
genotypes with their overall phenotypic similarity for preparing
breeding program. Generally, parents belonging to most distant
clusters are beneficial for the development of new variety and to
create wide variability in genetic structure (Panchbhaiya et al.,
2017). Analysis of morphological markers here also laid a base
for a breeding program using the germplasm of landraces col-
lected from the region. Most distant landraces in UPGMA cluster
dendrogram especially of ACN 20, 303, 247, and 329 in group C4
against ACN 183, 113,177, and 161 in group C2 may also be used in
hybridization and marker-assisted selection programs in order to
develop superior cultivars.

The correlation coefficient can create deceptive results because
the high degree of correlation between two traits may happen
due to the indirect effect of a third one (Machado et al., 2017).
Therefore, it is necessary to investigate the cause-and-effect
relationship between variables. Path analysis splits the correla-
tion coefficient between traits into direct and indirect effects
using main and explanatory variables (Al-Ballat and Al-Araby,
2019). In our study, we considered SY as the dependent variable
and the other traits as independent ones. The maximum posi-
tive direct effects were obtained by PN and FL which suggest
the importance of these traits as selection criteria for high SY
in common bean. On the contrary, DE and flowering had nega-
tive direct effects, which indicate that the selection based only
on these traits will decrease the seed yield. Since BN, PL, and
SN had high positive indirect effects on SY through PN, SN, and
PL, respectively, these traits should be selected simultaneously
for high SY.

Data obtained here from the path and PCA analysis show that
PN, PL, SN, PH, and BN may be used as selection criteria in bean
breeding programs. By recurrent selection for higher PN, longer
pods, greater SN, taller plants, and greater branch number per
plant may lead to higher-yielding robust bean plants. Bean plants
with greater plant architecture may be also suitable for mechani-
cal harvest for commercial scale bean production. Simpson and
Shannon-Weaver diversity indices calculated also confirmed that
PH, PN, and PL may be useful selection criteria in breeding pro-
grams for the development of superior cultivars.

In conclusion, the germplasm collected from Northeast Anatolia
and Coruh Valley comprised rich polymorphism. UPGMA den-
drogram classified the landraces into two main groups and ten
sub-groups. The germplasm investigated had also a high level
of genetic diversity that could be exploited for the development
of superior bean cultivars. Selection for higher PN, longer pods,
greater SN, and greater BN may lead to high-yielding robust
cultivars.
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Bu ¢alismada Dogu Karadeniz Bolgesi’nin Rize ilinde yetistirilen yoresel Grlinlerin atiklarindan (gay
tohumu, mandalina kabugu ve portakal kabugu) elde edilen cesitli ekstrelerin antimikrobiyal ve
antioksidan potansiyelleri tespit edilmistir. Cay tohumu, mandalina ve portakal kabuklari iki farkli
sicaklikta (60°C ve 80°C) kurutulduktan sonra farkli oranlarda (%5, %10 ve %25) etanol (E), ilik su
(IS) ve sicak su (SS) ekstreleri hazirlanmistir. Ekstrelerin antioksidan 6zelliklerinin belirlenmesinde
2,2 difenil-1-pikrihidrazil (DPPH) radikalini giderme yontemi kullaniimis ve troloks cinsinden anti-
oksidan degerleri de hesaplanmistir. Ekstrelerin antimikrobiyal etkisinin belirlenmesinde ise disk
diflizyon yontemi kullanilarak bu ekstrelerin Listeria monocytogenes, Escherichia coli, Salmonella
enterica ve Staphylococcus aureus bakterilerine karsi etkinligi arastirilmistir. Ekstrelerin DPPH
serbest radikal giderme potansiyelleri incelendiginde 80°C’'de kurutulan ¢ay tohumunun %25’lik
sicak su ekstresinin %85,47; 80°C'de kurutulan mandalina kabuklarinin %10’luk sicak su ekstresi-
nin %83,73 ve 60°C kurutulan portakal kabuklarinin %25’lik sicak su ekstresinin ise %86,27 ora-
ninda DPPH radikallerini giderdigi tespit edilmistir. Cay tohumunun (80°C) etanol ekstrelerinin
antimikrobiyal etkileri incelendiginde tim konsantrasyonlarinin S. aureus bakterilerine karsi etkin
oldugu, ancak en ylksek antimikrobiyal etkiyi %25’lik etanol ekstresinin gosterdigi tespit edilmis-
tir. Portakal kabugunun (80°C), %5'lik ve %25’lik etanol ekstrelerinin L. monocytogenes bakterisine
karsi antimikrobiyal aktiviteye sahip oldugu tespit edilmis ve bu ekstrelerin ortalama zon caplari
siraslyla 8,66 mm ve 12,02 mm olarak belirlenmistir. Portakal kabugunun %5’lik sicak su ekstre-
sinin S. aureus bakterisine karsi antimikrobiyal etki gosterdigi ve ortalama zon ¢apinin 13,21 mm
oldugu tespit edilmistir. Mandalina kabugu ekstreleri galismada kullanilan patojen bakterilere
kars! herhangi bir antimikrobiyal gostermemistir. Elde edilen bulgulara gore atik olarak gorilen
cay tohumu, mandalina ve portakal kabuklari yan Uriinlerinin dogal antioksidan ve antimikrobiyal
kaynaklar olarak degerlendirilebilecedi sonucuna variimistir.

Anahtar Kelimeler: Antimikrobiyal, antioksidan, yoresel Urlinler, patojen bakteriler, atik Grlinler

ABSTRACT

In this study, the antimicrobial and antioxidant properties of various extracts obtained from
the wastes of products (tea seed, tangerine peel, and orange peel) grown in Rize province of the
Eastern Black Sea Region were determined. After the tea seeds, tangerine, and orange peel were
dried at two different temperatures (60°C and 80°C), ethanol, warm water, and hot water extracts
were prepared at different rates (5%, 10%, and 25%, respectively). The 2,2-diphenyl-1-picrihydra
zil radical scavenging method was used to determine the antioxidant properties of the extracts,
and also the antioxidant values in terms of trolox were calculated. To determine the antimicrobial
effect of the extracts, the efficiency of these extracts against Listeria monocytogenes, Escherichia
coli, Salmonella enterica, and Staphylococcus aureus bacteria was investigated by using the disk
diffusion method. When the 2,2-diphenyl-1-picrihydrazil free radical removal potentials of the
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extracts were examined, it was determined that 2,2-diphenyl-1-picrihydrazil radicals were removed at a rate 85.47% for 25% hot
water extract of the tea seed dried at 80°C, 83.73% for 10% hot water extract of the tangerine peel dried at 80°C, and 86.27% for
25% hot water extract of orange peels dried at 60°C. When the antimicrobial effects of ethanol extracts of tea seed (80°C) were
examined, it was determined that all concentrations were effective against S. aureus, but the 25% ethanol extract showed the high-
est antimicrobial effect. Five percent and 25% ethanol extracts of orange peel (80°C) had antimicrobial activity against L. mono-
cytogenes bacteria, and the average zone diameters of these extracts were determined as 8.66 mm and 12.02 mm, respectively.
Five percent hot extract of orange peel showed antimicrobial activity for S. aureus with an average zone diameter of 13.21 mm. The
extracts from tangerine peel had no antimicrobial activity against any of the pathogenic bacteria tested in the study. According
to the findings, it was concluded that by-products from tea seed, tangerine, and orange peel wastes can be evaluated as natural

antioxidant and antimicrobial sources.

Keywords: Antimicrobial, antioxidant, local products, pathogenic microorganisms, waste products

Giris

Canlilar, yasamlarinin surekliligi igin ihtiyag duyduklari enerji
kaynagini karsilamada oksijen elementinden faydalanmaktadir.
Organizmada oksijen ile enerji Uretiminin yani sira serbest radikal
(oksidan madde) olarak adlandirilan reaktif oksijen tirleri ve reak-
tif nitrojen tirleri de olusmaktadir. Reaktif oksijen turlerini stipe-
roksit anyon radikalleri ve hidroksil radikalleri (OH-) gibi serbest
radikaller ile hidrojen peroksit (H,0,) ve singlet oksijen ('O,) gibi
serbest olmayan radikaller olusturmaktadir (Gulcin ve ark., 2010).
Eslenmemis elektron iceren bu tirler lipitler, proteinler ve niikleik
asitler gibi cogu biyomolekdil ile kolayca reaksiyona girer ve yapi-
larinda degisiklik meydana getirir (Caki, 2018). Hem metabolizma
sonucu hem de disardan alinabilen serbest radikaller canli orga-
nizmada hiicre hasarlarina yol agabilmekte ve sonucunda gast-
rointestinal ve kardiyovaskiler hastaliklar, infertilite, solunum ve
bosaltim sisteminde bozukluklar gibi gesitli saglik sorunlarina
sebep olmaktadir. Bu tlir sorunlarin 6nlenmesinde organizmadaki
oksidan maddeler ile antioksidan maddelerin denge icerisinde
olmasi gerekmektedir. Gerek canli organizmatarafindan tretilebi-
len gerekse besin yoluyla alinabilen antioksidan maddeler viicutta
fazla bulunan serbest radikallerin inaktiflestiriimesinde ve toksik
etkilerinin azaltilmasinda veya hicreleri koruyup hastaliklara karsi
savunma mekanizmasini giclendirmede rol oynarlar (Alpkent &
Demir, 2006; Karabulut & Giilay, 2016; Ogretmen, 2022). Antiok-
sidanlarin insan viicudundaki ve gidalardaki serbest radikallerin
olusumunu engelledigi ya da radikallerin etkilerini azalttigr yapi-
lan galismalarda ortaya koyulmustur (Calkan ve ark., 2021; Celebi
ve ark., 2020; Karatas, 2021; Yilmaz & Boyacioglu, 2020).

Son yillarda hizla artmakta olan diinya nifusunun kaliteli gida
tlketim ihtiyacinin karsilanmasi igin tretimden tiketime kadar
gecen slrede gidalarin bozulmadan saklanmasi gerekmektedir.
Bozulmanin temelinde dogdal olarak meydana gelen biyokimya-
sal ve mikrobiyal aktiviteler vardir. Gidalarda mikrobiyal bozulma,
gesitli faktorlere (gidanin cinsine, depolama sekli ve sliresine,
nem igerigine, pH degderine vb.) bagh olup gidanin renginde, koku-
sunda, tadinda ve dokusunda degisimlere sebep olur. Bu durum
hem gida endUstrisinde 6nemli ekonomik kayiplara hem de ciddi
halk sagligi sorunlarina neden olmaktadir (Tullice ve ark., 2021).
Bu kapsamda mikroorganizmalarin gelisimini engelleyip bozul-
may! yavaslatmak ve raf émrind uzatmak igin gida katki mad-
deleri olan antioksidanlar ve antimikrobiyal maddeler kullanilir
(Atman, 2004; Karatepe & Ekerbiger, 2017; Ozkir, 2021).

Antioksidan maddelersentetikve dodal olarakiki gruptayeralmak-
tadir. Sentetik antioksidanlar (bUtillenmis hidroksitoluen (BHT),
tersiyer butilhidrokinon (TBHQ), gallatlar, nordihidroguareyetik

asit (NDGA)) yaglarin oksidatif stabilitelerini saglayan, ekono-
mik, etkin maddeler olmasina kargin canlilarda karsinojenik ve
teratojenik gibi olumsuz etkilerinin oldugu bilinmektedir (Karsli
ve ark., 2021; Otles & Gagdindi, 2005; Varli ve ark.,, 2020). Dogal
antioksidanlar ise gida ve bitkilerin tabiatinda bulunan ve onlarin
bozunma, eksime, renk degistirme gibi reaksiyonlarini dnleyen
maddeler olup genellikle bitkilerin farkli bolgelerinde (kok, govde,
yaprak, tohum, meyve ve sebze) bulunur. Gida ve bitkilerde bulu-
nan en 6nemli antioksidanlar ise fenoller, flavonoidler, lignanlar,
terpenler, rosmarinik asit, tokoferoller, karotenoidler ve ¢gok fonk-
siyonlu organik asitlerdir (Gargaci, 2010; Kenar, 2009; Kigukgul-
mez ve ark., 2011; Mutlu & Bilgin, 2016; Okur ve ark., 2019). Yapilan
arastirmalar ile sentetik antioksidanlarin kimyasal igerikli olmala-
rindan kaynakli yan etkilerinin oldugu bildirilmistir (Tenore ve ark.,
2011). Bu kapsamda son yillarda bitkisel ekstrelerinin yer aldigi
dogal antioksidanlarin tiiketiciler tarafindan tercih edilmesi aras-
tirmacilari yeni antioksidan potansiyeli gosterebilecek bitki kay-
naklarinin bulunmasina yoneltmistir (Harborne & Williams, 2000;
Duan ve ark., 2006; Deveci ve ark., 2016).

Fenolik bilesikler antioksidanlarin en aktif Gyeleri olup, benzen
halkasina bagh bir veya birden fazla hidroksil ve fonksiyonel gruba
sahip maddelerdir. Bununla beraber fenolik bilesikler bitkilerde en
¢ok bulunan madde olup meyve/sebze yapisina tat ve renk gibi
gorevleri bulunmaktadir (Atak ve ark., 2017). Ayni zamanda fenolik
bilesiklerin antienflamatuar etkisi, antioksidan aktivitesi, antikar-
sinojen 0zelligi, antimikrobiyal ve antimutajenik etkileri gibi bir-
cok faydali ozellikleri vardir (Erdem ve ark. 2021).

Literatlirde birgok bitkinin antioksidan potansiyeli ve antimikro-
biyal etkisi mevcuttur. Mathur ve ark. (2011) portakal kabugunun
sulu ekstresinin 6nemli bir antimikrobiyal etki gésterdigini ifade
etmislerdir. Coban (2019) portakal ve limon kabugundan elde
ettikleri ekstrelerinin antioksidan potansiyeline sahip oldugu
ve gram pozitif ve gram negatif bakterilere kargi antimikrobiyal
etki gostererek hastaliklarin tedavisinde ve 6nlenmesinde kul-
lanilabilecegini bildirmisglerdir. Yavuzer ve Boga (2020) portakal,
mandalina ve nar meyvelerinin kabuklarindan elde ettikleri eks-
trelerin antimikrobiyal etkisi oldugunu tespit etmislerdir. Lee ve
ark. (2003) yesil ve siyah gayda toplam fenolik bilesik miktarlarini
siraslyla 165 mg GAE ve 124 mg GAE, flavonoid miktarlarini ise
siraslyla 47 mg ECE ve 34 mg ECE olarak tespit etmislerdir.

Citrus tirleri Uzerinde yapilan calismalarda bu tirin fenolik bile-
senlerin elde edilmesi icin 6nemli bir potansiyel kaynak oldugu
belirtilmistir (Fidrianny ve ark., 2014; Glizel & Akpinar, 2017; Huang
ve ark., 2005; Raspo ve ark., 2020; Sezen ve ark., 2021). Turunggil
olarak adlandirilan portakal (Citrus sinensis) ve mandalina (Citrus
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reticulata) meyveleri Rutaceae familyasina ait olup Ulkemizde
Akdeniz, Ege ve kismen de Dogu Karadeniz bdlgelerinde, iklim
sartlarinin uygun oldugu yerlerde yetistirilir. Ulkemizde Gretimi
yapilan portakal ve mandalinanin 2021 yilindaki Gretim miktari
sirastyla 1 milyon 742 bin ton ve 1 milyon 819 bin tondur (TUIK,
2021). Turunggillerin tiketildikten sonra atik olarak ortaya gikan
kabuk ve gekirdek kisimlari gegmisten glinimuze kadar toplum
icerisinde diyabet, yiksek tansiyon gibi gesitli hastaliklarin teda-
visinde kullaniimaktadir (Oboh & Ademosun, 2012).

Caygiller (Theaceae) familyasina ait olan cay (Camellia sinensis)
nemli iklimlerde yetistiriciligi yapilan bitki yapraklaridir. C. sinen-
sis’in meyve, kabuk, yaprak ve kdk kisimlarinin flavonoid, steroid,
hidroksiamin, alkan, yag asitleri, kumarin, potasyum, magnezyum
ve kalsiyum gibi besin elementleri icerdigi yapilan calismalar ile
ortaya koyulmustur (Cemeroglu, 2004; Favela-Hernandez ve ark.,
20186). C. sinensis bitkisinin uzun 6mdrli ve her daim yesil oldugu
bildirilmektedir. Genig bir cografyada yetisen cay bitkisinin ticari
agidan en 6nemli tlrQ, yapraklarindan gay Uretimi gergeklesen C.
sinensis'dir (FAO, 2002; Sakai, 1999). Cay bitkisi, genis ve parlak
yapraklara sahip olmakla birlikte, kalin yapraklari ve pembe, kir-
mizi, beyaz, sari renklerinde olan gigegiyle ilgi cekmektedir. Cay
bitkisi Rize bolgesinde agustos ayinda gigek agar ve aralik aymnin
sonunda gigeklenme sona ermektedir. Meyvelerin olugsmasi yak-
lagik bir yilda tamamlanir. Meyveler olgunlasmadan 6nce yesil
olup, kalin kabuklu, yaklasik 2,5 cm capinda ve 1-4 bolmeye sahip-
tir. Meyve olgunlastigi zaman tohumlar kahverengi olur ve bolme-
ler agilarak tohumlar dokulir. Tohumlar genellikle 1-2 cm ¢apinda
klre ve yarim kire seklinde olup Uzeri sert kabukla kaplidir (Sar-
der ve ark., 2001). Cay tohumundan Uretilen gay tohumu yagi Cin,
Hindistan, Sri Lanka, Endonezya ve Japonya'da yemeklik bir yag
olarak yilda binlerce ton Uretilmektedir (Anderson, 1992). Yiksek
kaliteli bir yemeklik yag olan gay tohumu yagi ile zeytinyagdi iger-
dikleri yag asidi kompozisyonlari agisindan benzerdir (Cooper ve
ark., 2005). Son zamanlarda yapilan arastirmalar ile ylksek oleik,
orta linoleik ve duslk linolenik asit igerigi ile gay tohumu yagi
kanola ve zeytinyadina karsi ylkselen bir alternatif olmaktadir
(Suzuki ve ark., 2008). Ayrica, yiksek antioksidan icerigine sahip

40,000

olan gay tohumu yaginin kan basincini ve kolesteroli diglrdigu
saptanmistir (Chan ve ark., 2011).

Literatlr arastirmalari sonucu bitkisel antioksidan kaynaklari
ile ilgili yapilan galigmalarin Gretimi ve isleme sonrasi atik mik-
tarinin ¢ok oldugu gorilmektedir (Bayram ve ark., 2019; Con
ve ark., 1998; Dogangiin, 2018; Kiling ve ark., 2018; Kutlu, 2019;
Sedjati ve ark., 2018). TUIK verilerine gére; 2021 yilinda Tiirkiye'de
Uretilen meyve, igecek ve baharat bitkilerinin %21,5’ini turunggil-
ler olustururken bunun %7'sini portakal ve %7,3’inid mandalina
olusturmaktadir. Hem portakal hem de mandalina Uretim mik-
tarlar bir onceki yila gére sirasiyla %30,6 ve %14,7 artis goster-
mistir. Cay (yas cay) ise meyve, icecek ve baharat bitkileri Gretim
miktarinin %5,8'ini olusturmaktadir (TUIK, 2021). USDA verilerine
gore, 2020/21 sezonu itibariyla diinyada toplam 49 milyon ton
portakal, 33 milyon ton mandalina, 8 milyon ton limon, 7 milyon
ton greyfurt Uretimi olmak tzere toplam 98 milyon ton dolayinda
turuncgil dretimi gerceklesmistir (USDA, 2021). Turunggillerin
yenilen kisminin haricinde meyve agirliklarinin %30-60 oraninda
kabuklardan olugmaktadir (Manjarres-Pinzon ve ark., 2013; Tur-
han ve ark.,, 2006; Yaman, 2012). Bu bakimdan ele alindiginda
her yil ortalama olarak turuggil Gretim miktarinin %50’sine yakini
milyonlarca ton organik atik olarak dogaya birakildigi distinilebi-
lir. Gergeklestirilen bu calisma ile Dlnya'da ve Turkiye’de onemli
dlizeyde tarimi yapilan portakal (Citrus sinensis) ve mandalina
(Citrus reticulata) kabuklarinin ve bunun yani sira gay tohumunun
antioksidan ve antimikrobiyal 6zelliklerinin belirlenerek ekonomik
ve etkili bir sekilde katma degeri yliksek bir triine donustirilmesi
ve ileride bu konu ile ilgili yapilacak calismalara referans olmasi
amaglanmaktadir.

Yontemler

Materyal

Bu calismada materyal olarak cay (Camellia sinensis) tohumu,
mandalina (Citrus reticulata) kabugu ve portakal (Citrus sinen-
sis) kabugu kullanildi. Turkiye'nin Dogu Karadeniz bdlgesinde
yer alan Rize ilinde Uretimi yaygin olarak yapilan gay, portakal ve
mandalina Urlinleri temin edilirken 6zellikle kimyasal bulasanlara

Sekil 1.
Ornekleme Alani (41°00'20.7"N 40°22'10.2"E).
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maruz kalmamis yerlerden materyal segilmesine dikkat edildi. Bu
amagla ticari bir amag glitmeyen tamamen hobi amagli yetistiri-
cilik yapan kisiye ait herhangi bir ilaglama iglemine maruz kalma-
yan bahgeden 6rnekleme islemi yapildi (Sekil 1).

Calismada yas olarak temin edilen Urlnler laboratuvara ulasti-
rildiktan sonra atik olan kabuk ve tohum kisimlari ayristirilarak
¢esme suyunda yikandi ve daha sonra iki farkli sicaklikta (60°C ve
80°C) 24 saat sureyle etlivde kurutuldu. Kurutulan ornekler labo-
ratuvar tipi degirmen (Waring Commercial Belender, USA) ile toz
haline getirildi. Calismada ekstrelerin elde edilmesinde ¢ozlicl
olarak su ve etanol kullanildi. Toz haline getirilen her bir 6rnekten
59,10 g ve 25 g alindive 100 ml saf su veya etanol (%99,9 saflikta)
icerisinde ¢ozlnduruldd.

Boylece bitki ekstrelerinin konsantrasyonlari %5, %10 ve %25 ola-
cak sekilde hazirlandi. C6zlcl ve 6rnekler 40°C'de calkalamali su
banyosunda (Ntve ST-402, Ankara, Turkiye) 1sik almayacak sekilde
24 saat 100 rpm’de karistirildi. Karigimlar Whatman (No. 1) filtre
kagidi kullanilarak stizlldi ve etanol uzaklastirildi. Etanolin uzak-
lastirilma islemi basing ve kontrolli sicakhk (70°C) altinda bir
rotary evaporator (Hei-Vap, Heidolp, Germany) kullanilarak ger-
ceklestirildi ve nihai kalinti su igerisinde ayni konsantrasyonlarda
¢ozindurllerek hazirlandi. Elde edilen ekstreler isik almayacak
sekilde aliminyum folyo sarili tiplere alinarak kullaniimak lzere
—80°C’de muhafaza altina alindi.

Elde edilen ekstrelerin antimikrobiyal ozelliklerinin tespitinde
Uluslararasi ve Ulusal mevzuatlarda patojen mikroorganizmalar-
dan olan Listeria monocytogenes, Escherichia coli ATCC 25922,
Salmonella enterica ATCC 13076 ve Staphylococcus aureus ATCC
25923 bakteri suslari kullanildi. Bu suslar Recep Tayyip Erdogan
Universitesi Su Uriinleri Fakiiltesi isleme Teknolojisi Laboratuva-
rindan temin edildi.

Metot

DPPH Serbest Radikal Giderme Aktivitesi Tayini

Ekstrelerin DPPH serbest radikal giderme aktiviteleri Brand-Wil-
liams ve ark. (1995)'nin kullandiklari metoda gore belirlendi. Bu
yontem, DPPH soltisyonunun hidrojen atomu verebilen antiok-
sidan madde ile elektronunun yer degistirerek baslangigtaki mor
menekse renginin kaybi ile sari renkli indirgenmis form olusma-
sina dayanmaktadir. Bu amagla 10 mg DPPH (Sigma-Aldrich,
Steinheim, Almanya) tartildi ve 100 mL metanol (Sigma-Ald-
rich, Steinheim, Almanya) icerisinde ¢oziindirilerek DPPH stok
sollisyonu hazirlandi. Daha sonra bu stok sollisyondan 3,5 mL
alinarak lzerine 6,5 mL metanol ilave edilerek DPPH calisma
sollisyonu hazirlandi. Hazirlanan ekstrelerden 100 uL alinarak
cam tupler icerisine aktarildi. Uzerine 3,9 mL DPPH calisma
sollisyonu eklendikten sonra karigsim bir vorteks yardimiyla iyice
karistirilip oda sicakhginda i1sik almayacak sekilde 30 dakika
beklemeye alindi. Daha sonra ornekler kuvars kivete aktarilip
spektrofotometrede 515 nm dalga boyunda kontrole kargi (100
uL metanol ve 3,9 mL DPPH calisma ¢ozeltisi) absorbanslari
okundu. Analizler 3 paralel seklinde gergeklestirilmis olup, orta-
lamalari alinarak % DPPH giderme aktiviteleri asagidaki esitlik
kullanilarak hesaplandi.

% DPPH giderme =|[(A Asined Aconira)] X 100

kontrol

A = Kontrollin absorbansi

kontrol

A,....= Ornegin absorbansi

Ornek

Troloks Esdegeri Antioksidan Kapasite (TEAC veya ABTS) Tayini
TEAC yontemi ilk olarak Miller ve ark. (1993) tarafindan rapor edil-
mis olup, Re ve ark. (1999) tarafindan gelistirilmistir. Gelistirilen
bu yontemde ABTS [(2,2-azino-bis (3-etilbenzotiyazolin-6-silfon
ik asit)]'nin perstilfatla oksidasyonuyla, ABTS radikali olusur ve bu
radikal toplam radikal stiplirme kapasitesini dlgmek igin kullani-
lir. Bu yontem, ortamda bulunan ABTS radikalinin 734 nm dalga
boyunda absorbansi sabitlendikten sonra, ortama ilave edilen
ornekteki antioksidanlarin etkisiyle, absorbansda meydana gelen
dUsustn kolorimetrik olarak 6lglilmesi suretiyle antioksidan kapa-
site tayiniyapilmasi prensibine dayanmaktadir. Molekullerin kararli
serbest radikali stiplirme kabiliyeti Troloks (Sigma-Aldrich, Stein-
heim, Almanya) ile karsilagtirilir. ABST’nin potasyum perstilfat ile
oksidasyonu sonucu 734 nm’de maksimum absorbans gdsteren
mavifyesil renkli bir ¢ozelti verir. Oncelikle 7 mM amonyum ABTS
tuzu (Sigma-Aldrich, Taufkirchen, Almanya) bir miktar destile suda
¢OzundU ve 2,45 mM potasyum perstlfatla ile muamele edilerek
stok ABTS ¢ozeltisi hazirlandi. Bu ¢ozelti kullanilmadan dnce oda
sicakliginda ve karanlikta 12-16 saat kadar bekletildi ve daha sonra
etanol veya fosfat tamponu (pH 7,4) ile 734 nm'de absorbansi
0,700 + 0,02 olacak sekilde seyreltildi ve ABTS calisma ¢ozeltisi
olarak kullanildi. Orneklerden 100%er pL alinarak tizerlerine 2,4 mL
ABTS calisma ¢ozeltisi eklendi ve karistirilarak 6 dakika oda sicak-
liginda bekletildikten sonra absorbans degerleri dlgildi. Ornekle-
rin toplam ABTS radikal stiptirme kapasitesi, troloksun absorbansi
azaltmasiylailigkili olarak hesaplandi. Her bir 6rnek ticer tekerrirli
cahsihildi ve sonuglar gram 6rnek basina troloks esdeder antioksi-
dan kapasite cinsinden ifade edildi (umoL TE/g ekstre).

% inhibisyon = (A, ., — A dk) X 100/A 515,
A, grs-+: ABTS'nin 734 nm’'deki absorbansi (0,700 + 0,02)

A, 4 ABTSnin ornek ilavesinden sonraki 6. dakikada okunan
absorbansi

Antimikrobiyal Aktivite Tayini

Ekstrelerin  antimikrobiyal  aktivitelerinin  belirlenmesinde
Al-Zoreky (2009) tarafindan gelistirilen standart disk diflizyon
yontemi uygulandi. Tim bakteri suglari Mueller Hinton Agar
(MHA) besiyeri kullanilarak 37°C’de bir gece inkibe edildi. Daha
sonra bakteriler steril fizyolojik tuzlu su (%0,85) kullanilarak 0,5
Mcfarland standardina gore ayarlandi ve ardindan her bir sls-
pansiyon steril ekiivyon gubugu kullanilarak MHA iceren besiyeri
Uzerine inokdile edildi. Bu amagla daha dnceden 0,05 mg/mL (%5),
0,10 mg/mL (%10) ve 0,25 mg/mL (%25) oranlarinda hazirlanan
ekstrelerden 15%er ul alinarak steril bos antibiyotik disklere (6 mm)
emdirildi ve bakteri inoklle edilen MHA iceren besiyeri Uzerine
yerlestirildi. Daha sonra antimikrobiyal etki gosteren ekstrelerin
olusturduklari inhibasyon zon ¢aplari kumpas (MarCal 16 ER, Ger-
many) ile olglldl (Karsh, 2021).

istatistiksel Analiz

Galismada tim ornekler Ug tekrarl galigildi, ortalama ve stan-
dart sapmalari hesaplandi. Gruplar arasi farki belirlemek amaciyla
orneklere Tukey &nemlilik testi uygulandi. istatistiksel analiz-
ler IMP 5.0.1 (SAS) paket programi kullanilarak p < ,05 dnemlilik
diizeyine gore belirlendi.

Bulgular

Bu calismada Rize'de yetistirilen bazi Uriinlerin atiklarindan (cay
tohumu, mandalina kabugu ve portakal kabugu) elde edilen ve iki
farkli (60°C ve 80°C) sicaklikta kurutma iglemi uygulanan ekstrelerin
antioksidan potansiyelleri ve antimikrobiyal aktiviteleri belirlendi.
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Cay Tohumu Ekstrelerinin Antioksidan Degerleri

Gay tohumunun 80°C’de kurutulan orneklerinin 1lik su, sicak su
ve etanol ekstrelerinin minimum ve maksimum % DPPH giderme
degerleri incelendiginde sirasiyla %67,20(%5IS)-%80,48(%101S),
%76,90(%5SS)-%85,47(%25SS) ve %7,55(%5E)-%14,98(%25E) ara-
sinda oldugu, 60°C’de kurutulan orneklerin ise % DPPH giderme
degerleri %75,99(%251S)-%80,42(%101S), %73,61(%5SS)-82,63(%
25SS) ve %10,33(%5E)-22,42(%25E) araliklarinda oldugu belirlendi
(Sekil 2). 80°C'de kurutulan orneklerin ilik su, sicak su ve eta-
nol ekstrelerinin en ylksek DPPH radikalini giderme aktiviteleri
siraslyla %10, %25 ve %25’lik konsantrasyonlarinda tespit edildi.
Cay tohumu ekstrelerinin % DPPH giderme dederleri kurutma
sicakligina gore incelendiginde gruplar arasinda belirgin bir fark
olmadigr gozlendi (p > ,05). Cozlicl farklihgr dikkate alindiginda
su ile hazirlanan ekstrelerin etanol ile hazirlanan ekstrelere kiyasla
¢ok daha yUksek oranlarda DPPH radikallerini giderme aktivite-
sine sahip oldugu ve istatistiksel agidan da dnemli oldugu tespit

50
45
40
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31.55

28.48

30

25

20

13.37
13.36
12.94

15

Trolox (umol TE/g ekstre)

10

5.58
6.40
6.39

35.50

edildi (p <,05). Cozlcl konsantrasyon oranlari incelendiginde ilik
su grubunda %10, sicak su grubunda ise %25 konsantrasyonunun
diger grup ve konsantrasyonlardan daha yiksek DPPH radikalle-
rini giderme aktivitesine sahip oldugu belirlendi.

Farkli sicakliklarda (80°C ve 60°C) kurutulan gay tohumu ekstre-
lerinin umoL troloks esdegeri (TE) cinsinden antioksidan degerleri
Sekil 3'te verilmistir. llik su, sicak su ve etanol ekstrelerinin troloks
cinsinden antioksidan dederleri sirasiyla 5,58(%51S80)-31,55(%
25IS60) pmoL TE/g ekstre, 6,11(%5SS80)-35,50(%25SS80) pmolL
TE/g ekstre ve 0,61(%5E80)-9,23(%2E60) pmoL TE/g ekstre aralik-
larinda tespit edildi. Cay tohumu ekstrelerinin troloks cinsinden
antioksidan degerleri kurutma sicakliklarina gore incelendiginde
gruplar arasinda 6nemli bir farkin olmadigi gozlendi (p > ,05).
Sulu ekstrelerin konsantrasyonu arttikca troloks es degeri anti-
oksidan kapasitelerinin de arttigi belirlendi. En ylksek antiok-
sidan aktivite ilik su (28,48-31,55 pumoL TE/g ekstre) ve sicak su

W %5

W %10

34.32

W %25

6.11
12.39
241
6.13
2.74
9.23

0.61
0.84

1S80

1S60
Sekil 3.

SS80

SS60 E80 E60

Farkli Sicakliklarda Kurutulan Cay Tohumunun Troloks Cinsinden Antioksidan Degerleri (IS: Ilik Su, SS: Sicak Su, E: Etanol, 80 ve 60: Kurutma Sicakliklari [°C]).
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(35,50-34,32 umol TE/g ekstre) ekstrelerinin %25'lik gruplarinda
tespit edildi. Sulu ekstrelerin troloks esdegeri antioksidan kapasi-
telerinin etanol ekstrelerinden daha yiiksek oldugu ve bu iki grup
arasinda istatiksel olarak anlamli bir fark bulundugu belirlendi
(p<,05).

Mandalina Kabugu Ekstrelerinin Antioksidan Degerleri

Mandalina kabugundan elde edilen ekstrelerin DPPH radikalini
giderme aktiviteleri Sekil 4'te verilmistir. Ekstrelerin minimum
ve maksimum DPPH radikalini giderme aktiviteleri ilik su, sicak
su ve etanol gruplari icin sirasiyla %68,7-83,11, %70,81-83,73
ve %3,11-50,12 araliklarinda belirlendi. Mandalina kabugunun
80°C’de kurutulmasi ile elde edilen ekstrelerin % DPPH giderme
aktiviteleri %10’luk ilik su grubunda %82,48, %25lik sicak su gru-
bunda %82,92 ve %25'lik etanol grubunda %50,12 olarak en yUk-
sek bulundu. Mandalina kabugunun 60°C’de kurutulmasi ile elde
edilen ekstrelerin DPPH giderme aktiviteleri ise %10’luk sicak su
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grubunda %83,73, %10°luk ilik su grubunda %8311 ve %25’lik eta-
nol grubunda %27,83 olarak en yiiksek bulundu. Ayrica ekstrele-
rin en diislik DPPH radikalini giderme aktiviteleri ilk su (%69,95),
sicak su (%70,81) ve etanol (%3,11) gruplarinda ve 60°C’de kurutu-
larak elde edilen %5’lik grupta tespit edildi. Mandalina kabugu sulu
ekstrelerinin DPPH radikalini giderme aktiviteleri kurutma sicak-
liklarina gore incelendiginde gruplar arasinda 6nemli bir fark goz-
lenmezken (p > ,05), etanol ekstresi gruplarinda belirgin bir fark
oldugu gdzlendi (p < ,05). Ayrica su ve etanol ekstreleri arasinda
istatistiksel olarak onemli farklarin oldugu tespit edildi (p < ,05).
Gruplar konsantrasyon agisindan dederlendirildiginde %5’lik sicak
su grubunun duslik DPPH radikalini giderme aktivitesi sergile-
digi, etanol gruplarinda ise konsantrasyon artikga DPPH radikalini
giderme aktivitelerinin de 6nemli oranda artti§i1 gdzlendi (p <,05).

80°C ve 60°C'de kurutularak farkli oranlarda ve farkli ¢oztictlerde
hazirlanan mandalina kabugu ekstrelerinin troloks cinsinden
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80°C ve 60°Cde Kurutulan Mandalina Kabugunun Troloks Cinsinden Antioksidan Dederleri (IS: Ilik Su, SS: Sicak Su, E: Etanol; 80 ve 60: Kurutma

Sicakliklari [°C]).
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antioksidan degerleri Sekil 5’te verilmistir. Elde edilen verilere
gore mandalina kabugunun ilik su ekstrelerinin 6,97-40,72 umoL
TE/g ekstre, sicak su ekstrelerini 7,06-41,34 umolL TE/g ekstre ve
etanol ekstrelerinin ise 0,29-24,94 umol TE/g ekstre arasinda
troloks esdederi antioksidan kapasiteye sahip olduklari belirlendi.

Mandalina kabugu sulu ekstrelerinin troloks es degeri antioksidan
kapasitelerinin artan konsantrasyona bagl olarak etanol ekstre-
lerinden daha yliksek oldugu ve istatiksel olarak 6nemli farkllk
gosterdigi gézlendi (p < ,05). Ayrica konsantrasyon arttikga troloks
degeri antioksidan kapasitesinin arttidi tespit edildi. %25’lik kon-
santrasyonda mandalina kabugunun ilik su ve sicak su ekstreleri-
nin troloks esdegeri antioksidan kapasiteleri sirasiyla 40,72 umolL
TE[g ekstre ve 41,34 umoL TE/g ekstre olarak bulundu.

Portakal Kabugu Ekstrelerinin Antioksidan Degerleri
Portakal kabugundan elde edilen ekstrelerin DPPH serbest radi-
kalini giderme aktiviteleri Sekil 6'da gosterilmistir.
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Elde edilen veriler incelendiginde portakal kabugunun ik su,
sicak su ve etanol ekstrelerinin DPPH radikalini giderme aktivi-
teleri sirasiyla %56,21-86,27, %58,63-82,55 ve %9,13-45,03 ola-
rak belirlendi. Ayrica portakal kabugu ekstrelerinin (80°C) DPPH
radikallerini giderme aktiviteleri incelendiginde %10’luk 1lik su
ekstresinin %85,22, %25'lik sicak su ve etanol ekstrelerinin ise
sirasiyla %82,55 ve %45,03 oraninda DPPH radikallerini gider-
dikleri tespit edildi. Portakal kabugunun 60°C'de kurutulmasi
ile elde edilen ekstrelerin DPPH radikallerini giderme aktiviteleri
incelendiginde ise %5’lik etanol ekstresinin %12,86; %25’lik ilik su
ve sicak su ekstrelerinin ise sirasiyla %86,27 ve %81,24 oraninda
DPPH radikallerini giderdikleri belirlendi. Cozlctller karsilasti-
rildiginda su ve etanol ekstrelerinin radikal giderme aktiviteleri
agisindan gruplar arasinda istatistiksel olarak 6nemli farklar
oldugu tespit edildi (p < ,05). 60°C’de kurutularak elde edilen
portakal kabugunun %5’lik ilik su, sicak su ve etanol ekstrele-
rinin 80°C'de kurutulan %5’lik ekstrelerden daha disik DPPH
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Tablo 1.

Cay Tohumunun (80°C) Antimikrobiyal Sonuglari (mm)

Cay Tohumu (80 °C) Staphylococcus aureus Listeria monocytogenes Escherichia coli Salmonella enterica
Sicak su %5 8,29 +1,82° 7,83 + 0,112 - -
Sicak su %10 7,65 + 1,19° - 10,67 + 0,13 -
Sicak su %25 11,28 +2,42% 9,89 + 0,222 - -
ik su %5 9,79 + 0,87 11,98 + 3,72° - -
llik su %10 10,01 +1,81% - - -
Ik su %25 7,90 + 0,90° - - -
Etanol %5 6,35 + 0,55° - - -
Etanol %10 8,63 +1,81° 12,00 + 0,66* - -
Etanol %25 14,97 +1,48° - - -
“” inhibisyon zonu saptanmadi. Ayni stitundaki farkli kiiglik harfler (a,b,c..) farkli ekstre gruplari arasindaki istatistiksel farkliligi belirtir (o < ,05).

radikalini giderme aktivitesine sahip oldugu ve kurutma sicaklik-
larr arasindaki farkin istatistiksel olarak 6Gnemli oldugu belirlendi
(p <,05).

Portakal kabugunun troloks cinsinden antioksidan kapasiteleri
Sekil 7de verilmistir. 80°C ve 60°C’de kurutulan portakal kabugu
Ilik su, sicak su ve etanol ekstrelerinin troloks degeri antioksidan
kapasiteleri sirasiyla 7,47(%51S80)-43,01(%251S60) umol TE/g
ekstre, 5,84(%5SS60)-40,05(%25SS60) umol TE/g ekstre ve 1,26
(%5EB0)-22,39(%25E80) umol TE/g ekstre arasinda belirlendi.
Portakal kabugu su ekstrelerinin troloks cinsinden en yiiksek anti-
oksidan aktivite degerleri %25'lik 1lik su ve sicak su gruplarinda
sirasilyla 43,01 umoL TE/g ekstre ve 40,50 umol TE/g ekstre ola-
rak, %25'’lik etanol ekstresinin troloks cinsinden en yliksek antiok-
sidan aktivite dederi ise 22,39 umol TE/g ekstre olarak belirlendi.
Sulu ekstrelerinin troloks degeri antioksidan kapasitelerinin kon-
santrasyona bagli olarak arttigi tespit edildi. Cozlicl bakimindan
ekstreler incelendiginde su ekstrelerinin troloks dederi antioksi-
dan kapasitelerinin etanol ekstrelerinden énemli oranda yiksek
oldugu gozlendi (p < ,05).

Cay Tohumu Ekstrelerinin Antimikrobiyal Degerleri

Cay tohumunun 80°C'de kurutulmasi ile elde edilen ekstrelerin
antimikrobiyal verileri milimetre (mm) cinsinden Tablo 1'de g&ste-
rilmistir. Cay tohumu ekstrelerinin S. aureus ve L. monocytogenes
bakterilerine kargl daha fazla antimikrobiyal 6zellik gosterdigi tes-
pit edildi. Staphylococcus aureus bakterisi igin olusan zon gaplari
incelendiginde %25'lik etanol grubunun %25’lik sicak su, %5'lik 11k
su ve %10’luk ilik su gruplari hari¢c olmak Uzere diger gruplardan
istatistiki olarak farkli oldugu belirlendi (p < ,05). Bununla birlikte
sadece %10’luk sicak su ekstresinin E. coli lizerinde antimikrobiyal
ozelligi gosterdigi tespit edildi.

Cay tohumunun 60°C'de kurutulmasi ile elde edilen ekstrelerin
disk difiizyon yontemine gore belirlenen antimikrobiyal verileri
Tablo 2'de verilmistir. Sicak su, ilik su ve etanol ekstrelerinden

sadece %5‘lik konsantrasyonlara sahip ekstrelerin antimikrobiyal
etki gosterdigi bulundu. L. monocytogenes’e kargl bitln grup-
lar etki gosterirken ozellikle etanol ile ekstre edilen gruplarin
S. aureus, L. monocytogenes, E. coli, S. enterica bakterileri i¢in de
antimikrobiyal etki sagladigi tespit edildi. L. monocytogenes bak-
terisi icin elde edilen zon gaplari agisindan %5’lik 11k su ekstresinin
ayni konsantrasyondaki sicak su ve etanol ekstrelerinden istatis-
tiksel olarak daha diistik oldugu belirlendi (p < ,05).

Mandalina Kabugu Ekstrelerinin Antimikrobiyal Degerleri
Mandalina kabugunun 60°C ve 80°C’'de kurutulmasi ile elde edi-
len ekstrelerin calismada kullanilan patojen bakteri tirlerine karsi
herhangi bir antimikrobiyal etkisinin olmadigi belirlendi.

Portakal Kabugu Ekstrelerinin Antimikrobiyal Degerleri
Portakal kabugunun 80°Cde kurutulmasi ile elde edilen eks-
trelerin disk diflizyon metoduna gore belirlenen antimikrobiyal
verileri Tablo 3'te verilmigstir. Etanol ekstrelerinin %5 ve %25'lik
konsantrasyonlarinin L. monocytogenes susuna karsi antimikro-
biyal etkilerinin oldugu tespit edildi. L. monocytogenes zon gap-
lariincelendiginde %25’lik etanol grubunun %5’lik etanol grubuna
kiyasla daha ytiksek zon capina sahip oldugu belirlendi (p < ,05).
%5'lik sicak su ekstrelerinin ise sadece S. aureus'a karsgi antimikro-
biyal etki gosterdigi tespit edildi.

E. colive S. enterica bakterilerine karsi ¢calismada kullanilan higbir
grubun antibakteriyel etki gostermedigi saptandi.

Portakal kabugunun 60°C’de kurutulmasi ile elde edilen ekstre-
lerin caligmada test edilen dort farkli bakteriye kargl herhangi bir
antimikrobiyal etki gostermedigi tespit edildi.

Tartisma

Bu calismada Dogu Karadeniz Bolgesi’'nin Rize ilinde yetistirilen
cay tohumu ile mandalina ve portakal kabuklarinin antioksidan ve
antimikrobiyal aktiviteleri arastirildi. Ornek materyaller 80°C ve

Tablo 2.

Cay Tohumunun (60°C) Antimikrobiyal Sonuglari (mm)

Cay Tohumu (60°C) Staphylococcus aureus Listeria monocytogenes Escherichia coli Salmonella enterica
Sicak su %5 - 8,67 + 0,162 - -

llik su %5 - 810 + 0,07 - -

Etanol %5 8,92 + 0,05 8,73 + 0,06° 7,69 + 0,15 773+ 015

“: inhibisyon zonu saptanmadi. Ayni stitundaki farkli kiiglik harfler (a,b,c..) farkli ekstre gruplari arasindaki istatistiksel farkliligi belirtir (o <,05).
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Tablo 3.

Portakal Kabugunun (80°C) Antimikrobiyal Sonuglari (mm)

Portakal Kabugu (80°C) Staphylococcus aureus Listeria monocytogenes Escherichia coli Salmonella enterica
Sicak su %5 13,21+ 4,16 - - -

Etanol %5 - 8,66 + 0,28° - -

Etanol %25 - 12,02 + 0,562 - -

Ayni stitundaki farkli kliglk harfler (a,b,c..) farkli ekstre gruplari arasindaki istatistiksel farkliligi belirtir (p < ,05).

60°C’de kurutulmus ve Ug farkli konsantrasyon (%5, %10, %25) ile
Ug farkl ¢ozlclyle (ihk su, sicak su, etanol) ekstreler elde edildi.

Cay tohumu: DPPH radikal sliptirme aktivitesine gore ¢cay tohumu
ekstrelerinde en fazla antioksidan etkinin 80°C ve 60°C'de kuru-
tulan %25 konsantrasyondaki sicak su (%85,47-%82,63) ornek-
lerinde oldugu belirlendi. Etanol ile hazirlanan orneklerde ise
onemli bir antioksidan aktivitenin olmadigi gézlendi.

Guglu Ustiindag ve ark. (2016) siyah cayin firin atig, isleme atig
ve orijinal formlari igin su, %50 etanol ve %80 etanol ile hazirla-
nan ekstrelerin ABTS, DPPH ve FRAP analiz yontemlerine gore
antioksidan etki kapasitelerini arastirmiglardir. DPPH analiz
sonuglarinda ¢ozlcl etkisinin 6nemli oldugunu ve en yiksek
antioksidan etkinin mevcut galismanin aksine etanol ekstrele-
rinde gozlendigini vurgulamislardir. Bu farkliligin uygulanan eks-
traksiyon metodu ve kullanilan hammadde seciminden dolayi
meydana geldigi disinilmektedir. Cavlak ve Yagmur (2016) bir
fincan (mg/200 mL) demlenmis yesil cay ve siyah cayda DPPH
radikalini giderme aktivitelerini sirasiyla %76,93 ve %77,53 olarak
bildirmislerdir. Bu sonuglar mevcut ¢alisma ile karsilastirildiginda
1lik su ve sicak sudan elde edilen ¢cay tohumu ekstreleri ile benzer-
lik gostermekte olup, etanol kullanilarak elde edilen ekstrelerden
ise daha ytksek oldugu gorilmektedir.

Bu calismada cay tohumundan elde edilen ekstrelerin en ¢ok
S. aureus’a kargl antimikrobiyal etkilerinin oldugu ve en fazla etki-
nin %25’lik sicak su (11,28 mm) ile etanol (14,97 mm) ekstrelerinde
oldugu tespit edildi. Ayrica cay tohumunun E. coli ve L. monocy-
togenes’e kargi da hafif bir antimikrobiyal etkisi gdzlendi. Guglu
Ustlindag ve ark. (2016) isleme atigi caylarin fenolik madde igerik-
lerinin antimikrobiyal ve antioksidan etkisini arastirdigi galismada
siyah gayin %50 etanol ekstresinin S. aureus (3,65 mm), S. flexneri
(2,57 mm) ve B. cereus (3,79 mm) bakterilerine karsl antimikrobi-
yal etki gosterdigi rapor edilmistir. Bu sonuglar, mevcut calismada
cay tohumu ekstre gruplarinin S. aureus’a karsi gostermis oldugu
antimikrobiyal aktiviteye kiyasla daha distk bulunmustur.

Orak ve ark. (2013) S. aureus bakterisine karsi 10 pL miktarinda
kullanilan beyaz, yesil ve siyah cay ekstreleri icin olgllen inhi-
bisyon zon ¢aplarini sirasiyla 15,0 mm, 22,2 mm ve 9,3 mm ola-
rak bildirmis olup mevcut calismada gay tohumu ekstrelerinin
S. aureus’a karsi gostermis oldugu inhibisyon zon ¢aplarina (6,35-
14.97 mm) kiyasla benzer ya da daha ylksek sonuglar gosterdigi
gorilmektedir. Bu farkhliklarin Karsh (2021)'nin da belirttigi gibi
kullanilan hammaddenin yetistigi bolgeye, uygulanan ekstraksi-
yon yontemine ve ¢6zlcl tipi gibi faktorlerden kaynaklanabilecegi
dUsinulmektedir. Er ve Kayis (2015) yemlere eklenen gay tohum-
lari ile beslenen gokkusagi alabali§i (Oncorhynchus mykiss) gru-
bunda Aeromonas hydrophila bakterisinin neden oldugu hastalik
belirtilerine rastlanmadigini bildirmislerdir. Bitki ve meyvelerden
elde edilen ekstrelerin antioksidan ve antimikrobiyal aktivitesi
kullanilan hammaddenin yetistigi bolgeye, uygulanan ekstraksi-
yon yontemi ve ¢ozUc tipi gibi faktorlere bagli olarak degiskenlik

gosterebilmektedir (Karsli, 2021). Bu nedenle bu ¢alismada elde
edilen sonuglar daha onceki galismalarin sonuclarindan farklilik
gosterebilmektedir.

Mandalina kabugu: Mandalina kabugundan elde edilen ekstrelerin
maksimum % DPPH giderme dederleri 1lik su, sicak su ve etanol
gruplariigin sirasiyla %83,11, %83,73 ve %50,12 olarak tespit edildi.
Guzel ve Akpinar (2017) yaptiklari calismada mandalina kabuklari-
nin biyoaktif bilesenleri ve antioksidan aktivitelerini incelemigler
ve DPPH yontemine goére mandalina kabugunun %25’lik etanol
ekstrelerinin antioksidan degerini %19,46 olarak belirlemislerdir.
Rafig ve ark. (2019) mandalina, portakal ve greyfurtun antioksidan
kapasitelerini su ve aseton (1:10 w/v) ekstreleri hazirlayarak ince-
lemislerdir. En ylksek antioksidan aktivitenin mandalina, greyfurt,
tath limon ve kan portakalinda sirasiyla %84,48, %77,33, %71,67,
%63,21 ve %63,47 oldugunu rapor etmiglerdir.

Bu calismada mandalina kabugundan elde edilen &rneklerin
E. coli, L. monocytogenes, S. aureus ve S. enterica bakterilerine
karsi etki gostermedigi belirlendi. Yavuzer ve Boga (2020) man-
dalina kabugu, portakal kabugu, nar kabugu, greyfurt kabugu ve
kekik bitkisinden elde ettikleri sulu ekstrelerin ¢ gida kaynakli
bakteri (S. aureus, Salmonella parathyphi A ve Klebsiella pneu-
moniae) ve Ug balk bozucu bakteriye (Vibrio vulnificus, Pseudo-
monas luteola ve Photobacterium damselae) karsl antimikrobiyal
aktivitesini mikrodiliisyon ve disk diflizyon yontemleriyle test
etmiglerdir. Elde ettikleri sonuglara gore mandalina kabugu ve
portakal kabugu ekstrelerinin V. vulnificus, P. luteola ve P. damse-
lae Gremelerini engellemede etkili oldugunu ve ¢aligmada kullani-
lan ekstrelerin S. parathyphi A disindaki tiim bakterilere karsi etki
gosterdigini belirlemislerdir. Viuda-Martos ve ark. (2008) limon
(C.limon L.), mandalina (C. reticulata L.), greyfurt (C. paradisi L.) ve
portakal (C. sinensis L.) ugucu yaglarinin bitki gelisimine olumsuz
yonde etki eden Aspergillus niger, Aspergillus flavus, Penicillium
chrysogenum ve Penicillium verrucosum’a karsl antifungal etki-
sini incelemiglerdir. Calisma sonuglarina gore tlim yaglarin tim
kiflere kargi antifungal aktivite gosterdigi, ancak portakal esansi-
yelyaginin A. niger'e, mandalina esansiyel yaginin A. flavus'a, grey-
furtun ise P. chrysogenum ve P. verrucosum kiflerine karsi en iyi
inhibitor oldugu rapor edilmistir.

Galismada elde edilen veriler literattr ile karsilastirldiginda anti-
oksidan aktivite agisindan benzer sonuglar gozlenirken, anti-
mikrobiyal aktivite acisindan daha distk dederlerin oldugu
gorulmustir. Antimikrobiyal agidan gordlen farkhliklarin meyvele-
rin cinsine, yetistirilme kosullarina, hasat zamanina, ekstraksiyon
yontemine ve test edilen bakteri tirline bagli olarak degiskenlik
gostermesinden kaynaklandigi distindlmektedir.

Portakal kabugu: Portakal kabugunun ilik su, sicak su ve etanol
ekstrelerinin en yuksek DPPH radikal giderme aktiviteleri sirasiyla
%86,27, %82,55 ve %45,03 olarak belirlendi. Zoral ve Turgay (2014)
calismalarinda 30 pg/mL konsantrasyonda portakal kabugu eta-
nol ekstrelerinin DPPH serbest radikalini giderme aktivitesini %32
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olarak belirlemislerdir. Glizel ve Akpinar (2017) turuncgil (mandalina,
portakal, greyfurt) kabuklarindan elde ettikleri farkli konsantras-
yonlardaki (%0, %25, %50 ve %75) etanol ekstrelerinin biyoaktif
bilesenlerini belirlemigler ve ekstrelerin antioksidan aktivitelerini
farkll yontemlerle (TEAC, FRAP ve DPPH) tespit etmislerdir. Bu
arastirmacilar portakal kabugunun %25’lik etanol ekstrelerinin
DPPH serbest radikal giderme aktivitesini en distk %16,15, en
ylksek ise %18,40 olarak belirlediklerini rapor etmiglerdir.

Galismamizda portakal kabugunun disk diflizyon yontemi ile
elde edilen antimikrobiyal aktivite sonuglarina gére %5 ve %25
konsantrasyonda hazirlanan sicak su ve etanol ekstrelerinin
L. monocytogenes bakterisine karsi, %5'lik sicak su ekstresinin ise
S.aureus’akarsi etkili oldugu gorildi. Dikmetag ve ark. (2019) farkli
bolgelerde yetismis portakallarin kabuklarindan elde ettikleri hid-
rosol ve esansiyel yaglarin S. aureus (ATCC 25923) ve E. coli (ATCC
25922) bakterilerine karsl antimikrobiyal etkisini arastirmislar-
dir. Kuyucuk difizyon metodu sonuglarina gore portakal kabugu
hidrosolleri ile esansiyel yaglarin E. coli ve S. aureus bakterilerine
karsi gosterdikleri inhibisyon zonlari kiyaslandiginda aralarindaki
farkin istatistiksel agidan dnemli olmadigini belirtmisglerdir.

Bu calismada portakal kabugu ekstrelerinde belirlenen antiok-
sidan aktivite sonuclarinin literatire kiyasla daha yiksek oldugu
gozlenirken, antimikrobiyal aktivite sonuclarinin literattrle
uyumlu oldugu goérilmistir. Bu calismada belirlenen yiksek
antioksidan aktivite degerlerinin portakal kabugu icerisinde yer
alan fenolik bilesiklerin, uygulanan ekstraksiyon metodunun, eks-
tre konsantrasyonlarinin, ¢ozict tlrlerinin ve codrafi sartlarin
etkili oldugu distntlmektedir.

Sonug ve Oneriler

Bu calismada Rize ydresinde yetistiriciligi yapilan gay bitkisi ile
mandalinave portakal meyvesi kabukatiklarinin farkli ¢oziler kul-
lanarak farkl kosullarda ekstre edilmesiyle elde edilen ekstrelerin
antioksidan ve antimikrobiyal etkisi arastiriimistir. Cay tohumu,
mandalina kabugu ve portakal kabugu ekstrelerinin antioksidan
verileri incelendiginde elde edilen sonuglarin birbirine benzer
oldugu ve gruplar arasinda aralarinda belirgin bir farkin olmadigi
belirlenmistir. Farkli konsantrasyonlarda (%5, %10, %25) hazirla-
nan ekstrelerin konsantrasyon artigina bagli olarak antioksidan
ozelliklerinin DPPH analiz sonuglarina gore bazi gruplarda belir-
gin bir UstunllUk saglamadigi gordlirken, troloks degerlerinde bu
farkin daha belirgin oldugu gézlenmistir. Kurutma sicakliklarinin
etkileri incelendiginde gorilen farkhliklar her ne kadar ¢ok ylk-
sek olmasa da 60°C’ye kiyasla 80°C’de kurutulmus orneklerin
daha iyi antioksidan aktivite gosterdigi belirlenmistir. Cay tohu-
munun S. aureus ve L. monocytogenes suslarina kargl kurutma
sicakligi ve konsantrasyona bagli olarak farkli antimikrobiyal
aktivite gosterdigdi tespit edilmistir. Mandalina kabugundan elde
edilen hicbir ekstrenin calismada test edilen patojen bakterilere
karsi antimikrobiyal etki gostermedigi tespit edilmistir. 80°C'de
kurutularak elde edilen portakal kabugu ekstrelerinden sadece
%5'lik sicak su ekstresinin S. aureus’a karsl, %5 ve %25'lik etanol
ekstrelerinin ise L. monocytogenes’e karsi antimikrobiyal etki
gosterdigi belirlenmistir. CozlcU olarak karsilagtirildiginda eta-
nol gruplarin antimikrobiyal 6zelliklerinin diger gruplara kiyasla
nispeten daha fazla oldugu goridlmdistir. Yapilan c¢alismalar
antioksidanlarin insan saghgr agisindan ne kadar 6nemli oldu-
Jgunu ortaya koymaktadir. Bitkisel kaynakli besinler antioksidan
maddelerce zengin dogal kaynaklardir. Ginimuzde, kimyasal
icerikli gidalarin tiketimine karsi olan tedirginligin ve direncin

artmasi ile insanlarin dodal antioksidan madde igeren besinlere
olan egilimi daha da artirtmaktadir. Bu dogrultuda, antioksidan
maddelerce zengin olan bitkisel atiklarin dederlendirilmesinde
bu kaynaklarin kullanilmasini saglayabilecek yeni yontemlerin
Uzerinde galisilmasi ve enduUstriyel kullanim olanaklarinin aras-
tinlmasinin 6nemli oldugu distiniimektedir. Gida bozulmalarini
onleyebilmek ve kalite kayiplarini azaltmak igin dogal kaynakli
antioksidan maddelerin saglanmasi ve bilingli sanayi agsamalari-
nin uygulanmasi durumunda bu 6nemli bilesiklerden daha fazla
ve etkin bir bi¢cimde yararlaniimasi s6z konusu olacaktir. Calis-
malarda oOzellikle ekstraksiyon kosullari (¢oztcU, sure, sicaklik,
vb.), meyve ve bitkilerin yetistirilme sartlari, cinsi, hasat zamani,
toprak yapisi, denizden yiksekligi gibi 6zelliklerin antioksidan
ve antimikrobiyal sonuglar tGzerinde etkili oldugu disindlmek-
tedir. Sonug olarak; cay tohumu, portakal kabugu ve mandalina
kabugundan farkli ¢ozlculer kullanilarak elde edilen ekstreler
icerisinde sicak su ve ilik su ekstrelerinin etanole kiyasla daha
ylksek antioksidan ve antimikrobiyal ozellik gosterdigi belir-
lenmistir. Bu nedenle sulu ¢ozeltilerin kullanim kolayligi sagla-
masi, yesil ekstraksiyon yontemiyle toksisitesinin olmamasi ve
gevreci olmasi agisindan etanol ¢ozeltilerine kiyasla daha gok
tercih edilebilecedi dustnilmektedir. Ayrica, ¢ozicinin yani
sira ekstrelerin antioksidan ve antimikrobiyal etkilerinden daha
fazla yararlaniimasi adina kurutma sicakliginin da énemli oldugu
ve 80°C’de kurutmanin 60°C’ye kiyasla daha etkili oldugu tes-
pit edilmistir. Elde edilen sonuclar atik olarak degerlendirilen
gay tohumu, mandalina kabugu ve portakal kabugunun faydali
bir Urline donUstlrllerek gida sanayinde potansiyel bir dogal
antioksidan ve antimikrobiyal kaynagi olarak kullanilabilecegini
ortaya koymaktadir.
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Tiiketicilerin Cografi isaret Tescilli
Gilimiishane imalat Tipi Dut Uriinleri
Satin Alma Motivasyonu

Consumers’ Purchase Motivations Toward
GUmushane Manufacturing Type Mulberry Products
with Protected Geographical Indication

6z

GlUmiushane'de ikamet eden tiketicilerin teknolojik yontemlerle islenmis mense isaretli
Glmishane imalat tipi dut Grlnlerini satin almasi lzerinde etkili olan motivasyon faktorlerini
ortaya clkarmak amaciyla, bu galisma planlanmistir. Calismada kullanilan veriler, GimUghane
ilinde bu drtnleri tiketen 251 hane halki ile yapilan anket ¢alismasindan elde edilmistir. Elde edi-
len veriler, tiiketim motivasyon faktdrlerini belirlemek igin Principal Component Analizde (PCA) ve
homojen tiketici gruplarini olusturmak igin de K-means Cluster Analizde kullanilmistir. Arastirma
sonuglari; mense isaretli Gimushane imalat tipi dut Grinlerini yogun ve ilimli diizeyde tiiketen
kullanicilarigin etik degerler ve besin degerine dayali faydaci ve etnosentrizm yaklagimini destek-
leyen hedonik motivasyon faktorlerinin bliylik nem arz ettigini ortaya koymustur. Diger taraftan
dislk dizeyde dut Urlnleri tiiketen kullanicilar, hem besin degeri algisina dayali faydaci hem de
kisisel ve sosyal cevre etkisi altinda hedonik motivasyon faktorleri Gzerine odaklanmiglardir. Sonug
olarak, her bir tliketici kitlesinin dut Grlinleri satin alma motivasyon faktorleri igin pazarlama stra-
tejilerinin uygulanmasi hem tiiketicilerin tliketim memnuniyetlerini hem de onlari arz edenlerin
kazanglarini maksimum kilabilir.

Anahtar Kelimeler: Kiimeleme analizi, motivasyon, dut Urtnleri, mense isaret, PCA

ABSTRACT

The study was planned to explore the motivation factors infusing on purchase of Giimishane
manufacture type mulberry products with protected geographical indication processed by
technological methods of the consumers residing in Gimushane. The data used in the study
were obtained from a survey study conducted with 251 households consuming these products
in GUmUshane. The data were used in principal component analysis to determine the motiva-
tion factors affecting their consumption preferences, and in K-means Cluster Analysis to create
homogeneous consumer segments. The results of the study revealed that utilitarian motivation
factors based on ethical values and nutritional value, and hedonic ones support an ethnocentrism
approach for heavy and moderate users consuming Gliimishane manufacturing type mulberry
products with PGI. On the other hand, light users consuming mulberry products at lower level
focused on both utilitarian motivation factors based on nutritional value perception and hedonic
ones under individual and social environment effects. Consequently, the marketing strategies
implemented for motivation factors of each consumer mass purchasing mulberry products could
maximize both their consumption satisfaction and the benefits of the suppliers supplying them.

Keywords: Cluster analysis, manufacture type, motivation, mulberry products, PCA, PGl

Giris
Gida Urinleri segimi ve satin alma karari glinliik yasantimizin en 6nemli kararlarindan biri olup, tike-

ticilerin gida segiminde insan saghdi ve gevre lizerinde negatif etki olusturmayacak mamullerin i¢sel
ve digsal nitelikleri ile toplumlarin psikolojik karakteristikleri arasindaki etkilesimlerin bir sonucu olarak
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ortaya ¢tkmaktadir (Xie ve ark., 2021). Dolayisiyla gida endUstrisi
ve uygulanan teknolojilerdeki gelismelere bagli olarak gida tiike-
tim olgusu, insanlarin gidalara yonelik inang ve kisilik olugsumla-
rinda hizli bir degisim ve farkli davraniglara neden olan kompleks
bir fenomendir. Tiketicilerin gida segimi ve tiiketiminde karmasik
olgularin ana gidu kaynagr motivasyon ise hedefe yonelik davra-
niglari baglatan, harekete gegiren ve siirdiren fizyolojik ihtiyag ve
istekler ile tanimlanabilir. icsel giidiiler ve deneyimlere dayali fiz-
yolojik ve psikolojik ihtiyaglar ile sosyal, kiiltlrel ve cevresel norm-
lari dikkate alan digsal faktorler arasindaki etkilesimler sonucunda
da satin alma tutum ve davranisi tesekkil etmektedir. Dolayisiyla
tlketicilerin satin alma motivasyonlari, i¢csel ve digsal Urlin nite-
likleri ile onlarin iletisim igerisinde olduklari gevre faktorlerinin
etkisi altinda faydaci ve hedonik motivasyon gtidilerine gore iki
grupta incelenebilir (Lee ve ark., 2018; Martinez ve ark., 2021;
Picot ve ark., 2021).

Faydaci motivasyon, ihtiyaglardan kaynaklanan ve intiyaci giderme
konusunda rasyonel, verimli, etkin ve fonksiyonel yarar saglayan
biligsel satin alma motiflerini kapsar. Bu ylizden faydaci motivas-
yonlar; gida glvenligi, etik degerler, duyusal ¢ekicilik, zaman ve
para tasarrufu, uygunluk ve kolaylik, besin degeri, Grin igerigi ve
kalitesi, yarar ve dayaniklilik gtidllerini igeren fonksiyonel ihtiyag-
larin tatminine yonelik cabalari kapsar (Cavallo ve ark., 2020; Hlee
ve ark., 2019; Picot ve ark., 2021). Faydaci motivasyonun aksine
hedonik motivasyon ise amaca dayali fonksiyonel bir gérevi son-
landirmaktan ¢ok slibjektif ve duygusal alana hitap eden prestij,
marka, fiyat, imaj, sevgi, rahatlik, gekicilik, hirs ve tutku, bireysellik,
ruh (mod) hali, kesfetme, estetik, degisiklik ve eglence arayisi, asi-
nalik ve aligkanliklari kapsayan duygusal tatmin deneyimleri lize-
rine odaklanir (Cavallo ve ark., 2020; Graham & Abrahamse, 2017;
Lee ve ark., 2018; Li ve ark., 2020; Martinez ve ark., 2021).

Tlketicilerin gida Urlnleri segimi ve satin alma kararlari Gzerine
yapilmis gesitli arastirmalarda, faydaci ve hedonik motivasyon
faktorlerinin toplumlarin bulunduklari sosyoekonomik kosullar
ve psikografik niteliklerine bagli olarak farklilik arz ettigini ortaya
koymustur. Honkanen ve Frewer (2009) tarafindan yapilmis bir
arastirmada, duyusal gekiciligin Avrupa Ulkelerinde en etkili faktor
oldugu ve bu faktorin fiyat, saglik ve etik endiseler ile takip edil-
digi bildirilmistir. Pettinger ve ark. (2004) tarafindan ytrUtilen bir
arastirmada ise en etkili motivasyon kaynaklarinin saglik, duyusal
gekicilik, uygunluk ve fiyat motivasyonlari oldugu rapor edilmistir.
Benzer sekilde Xie ve ark. (2021), gida Urlnlerinin segim motivas-
yonunda saglik, duyusal gekicilik, mamul temin maliyeti, besin
degeri ve kalitesi, uygunluk, etik endiseler ve aliskanlik faktorleri-
nin en etkili indikatorler olduguna isaret etmistir.

Diger taraftan Marty ve ark. (2021), ingiltere'de uygulanmig ve
Fransa'ya tatbik edilen Gida Segim Motivasyonu Anket aragtirma-
sinda saglik, uygunluk, duyusal gekicilik, dogal igerik, etik endige-
ler, kilo kontrolQ, ruh hali, aginalik ve aligkanlik, fiyat faktorlerinin
genel olarak motivasyon Uzerinde belirleyici faktorler olduklarini
rapor etmigstir. Ayrica Rged ve ark. (2020), gida se¢im motivas-
yonu ve saglikli beslenme pratikleriile ilgili aracilik etki modelinde
saglk, duyusal gekicilik ve ulagim kolayligi motivasyonlarinin en
fazla etkili gida secim faktorleri oldugunu, fakat saglikli beslenme
ile asinalik ve aliskanlik pratiklerinde diyet tird, dengesi ve modeli
ile cevre etigi aracilik etkilerinin daha anlamli oldugunu analiz
etmislerdir.

Gida secim motivasyonu ve saglikli beslenme uygulamalari altinda
tlketim tercihini ve satin alma motivasyon guddleri ile hareket
eden tlketiciler, glinimUlzde faydaci ve hedonik motivasyon

odakli tiketim yaklagimlari sergilemekte ve gida trlinlerinin insan
saghgi ve cevre tzerindeki negatif etkilerini minimize etmek igin
Uretim modelleri ve isleme tekniklerine de blylk 6nem atfet-
mektedir (Martinez ve ark., 2021). Bu yuzden, son yillarda siddeti
giderek artan iklim degisiklikleri ve insan saghgi Gzerinde negatif
etkisi olmayan tretim modellerive isleme teknikleriyoluyla tretil -
mis gida Urlinlerine dogru 6onemli bir talep degisim trendi yasan-
maktadir (Li ve ark., 2022; Rana & Paul, 2017; Ritchie ve ark., 2018;
Sadler ve ark., 2021). Dolayislyla tiketiciler, daha dogal ve cevre
dostu uretim modelleri ile birlikte daha az isil/isil islem gdren ve
yogun teknolojik igslemlere maruz kalmayan gida trlnlerini tercih
etmektedir (Devia ve ark., 2021; Kanematsu ve ark., 2020; Sadler
ve ark., 2021).

Yasanan butiin bu gelismeler 1sidinda tiketiciler igin daha sag-
likli, dogal ve gevre dostu olan cografi isaretli (Cl) gida Grinlerinin
Uretim sekli ve isleme teknikleri, pazarlama yaklagimlari yaninda
arz kaynaklari ve orijini, Grlin igerigi ve bilesenleri gibi 6z faydayi
koruma ve garanti altina alma bakimindan biytk bir memnuni-
yet sadlamis ve talepte dnemli bir artis trendine neden olmus-
tur. Bu kapsamda ClI gida drUnleri; korunan bélge orijini (Mense
isareti), korunan cografi isaret (Mahreg isareti) ve geleneksel 6zel-
lik garantili yerel drlinler olarak gruplandiriimaktadir (TPE, 2017).
Basta Avrupa Birligi (AB) olmak Uizere bircok toplum kendi kokeni,
klltlrl ve sosyal mirasindan dogmus yoresel Urlinlerini koruyarak
ve gelecek nesillere aktararak hem dogdal kaynaklarini muhafaza
etme hem de ekonomik ve kiiltlrel fayda temini ile rasyonel bir
yaklasim sergileme ¢abasi igerisindedir.

Diinya genelinde 65.900'den fazla tescilli Cl Grinlerin bulun-
dugunu rapor etmistir. 2010’da CI Uriin sayisi 10.000 ve dlinya
piyasasinda 50 milyar $ bulytklige sahipken (Giovannucci ve
ark., 2009), 2017 yilinda sadece AB Ulkelerinde 75 milyar € piyasa
degeri ile Cl Grlinler AB toplam tarimsal gida ihracatinin %15,5'ini
olustururken; ABD, Cin ve Singapur ile birlikte toplam tarimsal
ihracatin %50’sini kargilamaktadir. 2020 yilinda ise diinyada 200
milyar $’1 asan CI Urlin piyasas! blytkligine ulasilmistir. Diger
taraftan AB, diinya ¢apinda Cl drtnlerin tanitimi igcin 200 milyon
€ destekleme fonu da olusturmustur (Cassago ve ark., 2021).

Turkiye'de ise CI gida Urinleri icin hentiz bir i¢ piyasa potansiyeli
olusturulamadigi ve calismalarin 2015-2018 Ulusal Cografi isa-
ret Stratejisi ve Eylem Plani kapsaminda yurUtilerek, kurumsal
yapli ve piyasa potansiyelinin olusturulmasi hedeflenmektedir. Bu
kurumsal yapiya karsilik, 2014 yilinda 13 Ulkeye 7 urln ile 2,500
ton CI gida Urilin ihracati gergeklestirilimis ve toplam tarimsal
Urln ihracati icerisindeki payinin %10’lar diizeyinde oldugu rapor
edilmistir (Turk Patent Enstitlsl Yayin Kurulu, 2014).

Turkiye'de 2021 yilinda Cl tescili bakimindan gerekli sartlari yerine
getirebilen yaklasik 2,500 adet potansiyel Grlin mevcut olup, bun-
lardan 707 tanesi Cl ile tescillenmis ve 732 Urlnin ise tescil aga-
mas! devam etmektedir (ATO, 2021). Bu nitelikleri ile Turkiye, Cl
Urln tescili alabilecek mamul portfdyl yoniinden oldukga zengin
bir potansiyele sahiptir. Tlrkiye'de Cl ile tescillenmis gida Urdnleri
arasinda tarimsal Urtnlerin payr %70 ve bunlar igerisinde meyve
gruplarinin orani %50’ler dlizeyindedir (Topcu & Baran, 2017).

Mahreg isareti ile tescillenmis ve dut familyasindaki meyvelere
dayali Uretilen pestil ve kdme Uretimi igin Gimdishane cografi
yapisl itibariyle uygun kosullara sahiptir. Diger illere kiyasla gevre
kirliliginin daha az olmasi, mikro klima iklim yapisi yaninda pes-
til ve kdme Uretiminde ihtiyag duyulan birgok meyvenin yetig-
tirilmesi igin de uygun konumdadir (Ozbek, 2010). Gimushane
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bolgesinde bol miktarda yetisen ceviz, dut ve kusburnu gibi
meyve tlrleri, pestil ve kdme sanayisi i¢cin dnemli bir hammadde
kaynagi durumundadir (Kalkisim ve ark., 2011; Kara & Akytiz, 2016).
Dut Urdnleri Gretiminde buyik bir potansiyele sahip olan GUimus-
hane'de ev dlgeginde Uretilen ve kis aylarinin vazgegilmez gele-
neksel gidalarinin baginda yer alan pestil ve kdme drtnleri, ticari
olarak ilk kez 1974 yilinda isletme boyutunda kesintisiz tretilmeye
baglanmis ve bolgesel kalkinmanin ana dinamigi olarak kabul edil-
mistir (Kalkisim & Ozdemir, 2012).

Pestil ve kdme Urdnleri Uretimi, tarim igletmeleri olarak kabul
edilen ¢iftlik evlerinde ev tipi Uretim ve teknolojik olarak dona-
tilmis imalathanelerde ise teknolojik Gretim modelleri altinda
gerceklestirilmektedir (Irkin, 2013). Gimushane ilindeki birgok
pestil ve kome drlnlerinin ticari igsletmelerinde Gretim sireci;
yerel, i¢ ve dig piyasa kaynakli tedarik fonksiyonu, teknolojik isleme
ve pazarlama sireci ile entegre edilmektedir. Ciftlik evlerinde ise
klasik odun atesi ve kara kazanlar ile tarimsal Gretimlerinden elde
ettikleri yerel tedarik girdilerine dayali dogal ev tipi Gretim model-
leri, hem 6z tliketim hem de kiicik 6lgekte dogrudan pazarlama
yaklagimlari ile yakin cevredeki tiketicilere arz edilmek Uzere
tercih edilmektedir (Kalkisim ve Ozdemir, 2012). Ev tipi Gretim
modellerinden elde edilen dut Urinlerinin piyasaya sunulan mik-
tari konusunda herhangi bir kayit olmamasina ragmen, imalat tipi
Uretim modeli ile Uretilen dut Grlnlerine iliskin 2016 yili kayitla-
rinda, yillik olarak 5,000 ton pestil ve kdmenin 4,500 tonu yurt
ici (yogunlukla istanbul, Ankara ve komsu iller), 150 tonu yurt disi
(yogunlukla Almanya ve Fransa) ve kalan 350 ton ise ig tliketime
arz edilmistir (Kara & Akytiz, 2016).

Mahreg isareti altinda teknolojik isleme modellerinin kullanildig
imalat tipi Gimushane pestil, kdme ve tlrev Urlnlerinin tlketi-
ciler tarafindan tercih edilmesi ve satin alma karari lizerinde gida
glvenligi ve glivencesi ile arz zincirinde imalat, pazarlama ve
perakende dizeyinde hijyenik kosullarin saglanmasi, belirli mar-
kalar altinda piyasa dinamiklerine gliven ve belirli girdiler ile farkli-
lastiriimis gergek imajli mamullerin gida konteksti ve standartlara
uygun bir sekilde Uretilmesi, piyasa payinin yiiksek olmasi ve kolay
ulasim olanaklari gibi motivasyon guduleri etkili olmaktadir.

GUmUshane ev tipi Uretim modeline karsin piyasa payr ve mamul
cesitliliginin fazla oldugu imalat tipi pestil ve kéme Urtinleri, daha
duslk fiyat avantaji ile de tiketiciler tarafindan yodun bir sekilde
talep edilmektedir. Diger taraftan imalat tipi dut drinlerinin farkl
imaj ve marka altinda her mevsim ve perakende diizeyinde ula-
silabilmesi, genelde bolge orijinli hammaddelerin kullanilmasi,
izlenebilirlik ve surdurdlebilirlik, bolgesel ve kirsal kalkinmaya
katki saglama guduleri altinda satin alma motivasyon araglari
etkin bir sekilde kullanilabilmektedir (Devia ve ark., 2021; Haas ve
ark., 2010; Kanematsu ve ark., 2020; Rahman ve ark., 2021; Rana
& Paul, 2017; Ritchie ve ark., 2018; Sanchez-Bravo ve ark., 2020).
Yasanan gelismeler ve degisim silreci kapsaminda arastirmanin
amaci, tiketicilerin mahreg isaretli Gimuishane imalat tipi dut
Urtnleri tiketim tercihi ve satin alma karari tzerinde etkili olan
motivasyon faktorlerini belirlemektir.

Yontemler

Materyal

Arastirmanin ana materyalini, Gimushane ilini temsil etme nite-
ligi tastyan ve ornek kitleye segilen tlketicilerin tek yonli kiime-
lenmesini 6nlemek icin bolge dort gruba (merkez ilge, glineyde
Kelkit, kuzeyde Torul ve batida Siran ilgeleri) ayrilarak, tiketici-
lerle ylz ylize yapilan anket verilerinden elde edilen birincil veriler

olusturmustur. Diger taraftan ikincil verileri ise Gimishane Tarim
ve Orman il ve ilce Midurliikleri, cesitli istatistik kurum ve kuru-
luslarin (TUIK, FAO, ATO, ISO, TSE, TPE) verileri ile yerli ve yabanci
bilimsel arastirma ve raporlarin sonuglari olusturmustur.

Metotlar

Ornekleme Biiyiikliigiiniin Belirlenmesi
Toplam popiilasyonun %85’ini olusturan arastirma bdlgesi (TUIK,
2017), tiketicilerin imalat tipi dut Grdnleri tiketim yogunluklarina
gore glineyde Kelkit, kuzeyde Torul, batida Siran ve orta kesimde
ise Merkez ilgeler olarak planlanmistir. Bu dort farkli ilgede yapi-
lan 6n anket calismasi ile dut Urlnlerini teknolojik yontemlerle
isleyen ve imalat tipi Uretim yapan isletmelerin kome, pestil ve
tlrev Urlnlerini tiketen ve tlketmeyen hane halklarinin oranlari
belirlenerek, Basit Tesad(ifi Ornekleme Yontemi ile drneklem kitle
blyukligu, Esitlik 1'de hesaplanmistir (Topcu, 2019).

2
e Z *P*Z(l—

P _ 246 olarak bulunmu_tur. ()
c

Burada;

n: Ornek blyUkligu

Z: Z degeri, (%95 gliven araliginda 1,96)

p: Imalat tipi dut triinleri tiiketenlerin orani (%80)
c: Hata terimi, (0,05=+5)

Arastirma bolgelerinde katilimcilarin eksik/yaniltici bilgi verme
ve anketorlerin hatali veri kaydetme ihtimalleri dikkate alina-
rak, anket sayisi %10 artiriimis ve toplam anket sayisi 272 olarak
hesaplanmistir. Fakat verilerin dijital ortama aktarimi éncesinde
sayim, tasnif ve veri temizlik islemleri sonucunda hatali anketler
ayiklanmig ve her bir ilcede yapilan net ve toplam anket sayisi 251
olarak belirlenmistir (Tablo 1).

Verilerin Toplanmasi ve Organizasyonu

Ziraat Fakultesi Birim Etik Kurul onayi ile hazirlanmis anket for-
munda surekli, ordinal ve nominal verilere dayali imalat tipi
Glmiushane kdme ve pestili tiketen tiketicilerin demografik ve
sosyoekonomik ozellikleri ve 5'li-Likert 6lgedi (1: en olumsuz, 3:
notr ve 5: en olumlu degerleme skorlari) altinda Urlnlerin fay-
daci ve hedonik motivasyon faktdrlerine yonelik satin alma karari
duyarliliklari dlgllmUstir. Diger taraftan nominal veriler katego-
risinde olan tlketicilerin dut Urlinleri satin alma sikliklari dikkate
alinarak, homojen tiketici gruplarini olugsmak igin hedef piyasa
segmentleri olusturulmustur. Arastirma bolgelerinde katihmci-
lardan elde edilen veriler, katilimcilarin ikamet ettikleri konutlarda
daha dnceden hazirlanmig kapali uglu soru formlarindan olusan
soru cetvelleri Uzerinden kisisel goriisme (yliz-ytze) teknigi kulla-
nilarak elde edilmistir.

Eggi‘ct)/:r.na Bélgesindeki Her Bir ilgenin Poplilasyonu ve Anket Sayilari

. Anket Hatali | Net anket
liceler | Poplilasyon| sayisi Ek anket anket sayisi
Merkez 44,888 96 10 8 98
Kelkit 40,266 86 9 8 87
Torul 12,379 26 3 2 27
Siran 17,775 38 4 3 39
Toplam 115,308 246 26 21 251
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istatistik Analizler

Katilimcilardan elde edilen birincil verilerin temizliklerinin yapil-
masi ve kodlanmasindan sonra veri kayitlarini takiben istatistiki
analizin ilk asamasinda, tliketicilerin imalat tipi dut Grlnleri satin
alma karari tzerinde etkili olan motivasyon faktorlerini belirlemek
amaci ile Principal Component Analiz (PCA) kullanilmistir. PCA,
aralarinda yuksek iliskiye sahip maddeleri birlestirerek, igsel uyum
ve digsal gegerlilik varsayimlari altinda yeni faktorler olusturabilen
istatistiksel bir analiz teknigidir (Topcu, 2019). PCAde takip edilen
veri setinin istatistiki olarak uygunlugunun degerlendiriimesi, fak-
tor sayisinin belirlenmesi, faktorlerin rotasyonu ve isimlendirilmesi
seklinde bir hiyerarsik sire¢ takip edilmistir (Bursal, 2019; SPSS
20.0, 2020; Topcu, 2019; Topcu & Baran, 2017).

Veri setinin PCA i¢in uygunlugunun dederlendirilmesinde, Bart-
lett’s Sphericity testi ve Kaiser-Meyer-Olkin (KMO) istatistikleri
kullanilmistir. Bartlett’'s Sphericity testi, korelasyon matrisinde
faktor maddeleri arasinda yiksek bir korelasyonunun olup olma-
dig1 hipotezini test eder. KMO 6rneklem yeterlilik istatistigi ise
gozlenen ve kismi korelasyon katsayilarinin blyukltgunu karsilas-
tiran bir indekstir ve bu istatistigin 0,50’den blyiik olmasi gerekir.
Faktor sayilarinin belirlenmesi icin Eigenvalues (6zdeger) istatis-
tigi ile toplam ve agiklanan varyans ytzdeleri kullaniimaktadir.
Eigenvalues istatistik dederinin 1'den blyutk olmasi durumunda
faktorlerin anlamli oldugu, fakat aksi durumda anlamsizligi kabul
edilir. Faktor rotasyonunda ise analize dahil edilen ¢ok faktorli
yapilarda, faktorlerinin birbirleri ile iligkili olmadigi ve ayrisma
gecerliligi varsayimlari altinda orthogonal bir yapiin mevcut
oldugu kabul edilir ve yaygin bir sekilde Varimax metodu kullani-
lir. Mevcut arastirmada, faktorler arasinda orthogonal bir yapinin
oldugu varsayimi ile rotasyon tekniklerinden Varimax kullanilmig-
tir. Son olarak, her bir faktor altindaki maddelerin binisikligi ve
faktor yUkleri dikkate alinarak, ylksek yikli maddelerin olustur-
duklari gruplarin ortak ozelliklerine gore faktor isimleri verilmistir.

istatistiki analizin ikinci asamasinda, heterojen bir yapi arz eden
tlketici kitlelerinin daha homojen alt gruplara ayrilmasi igin
kiimeleme analizi kullanilir. Kimeleme analizleri, hiyerarsik ve
hiyerarsik olmayan kiimeleme seklinde iki grupta degerlendirilir.
Bunlar icerisinde hiyerarsik olmayan K-Means Cluster Analizi en
sik kullanilan kiimeleme analiz teknigidir (Karagoz, 2020; Topcu,
2019). Bu kapsamda, PCA sonugclarindan elde edilen dut trlnleri
satin alma motivasyon faktorleri ve tliketicilerin satin alma siklik-
lari dikkate alinarak K-Means Cluster Analizi kullanilmistir.

Bulgular ve Tartigsma

Tiiketicilerin Sosyoekonomik Profilleri

Cl tescilli imalat tipi dut drlnleri satin alan tiketicilerin sosyo-
ekonomik ve demografik 6zellikleri, Tablo 2’de verilmistir. %73’G
erkekler tarafindan olusturulan hedef kitlenin %69’unu ortadg-
retim ve ylksekokul mezunlari teskil etmistir. Esnaf ve memur
mesleki statlist altinda yogunlasan katilimcilarin aylik ortama
2,62 kg dut Urilnleri tiketim miktarlari ile %60’lik dlsik diizeyde
tlketim sikligi varyasyonu sergilemislerdir. Diger taraftan, kati-
limcilarin ortalama yas diizeyi 34,73 yil ve aile blyUkIUgu ise orta-
lama 4,21 kisi olarak hesaplanmistir. Hedef kitlenin ortalama aylik
geliri ve harcama duzeyleri ise 1.852,27 TL ve 1.281,16 TL olarak
belirlenmigtir.

Tiiketicilerin Satin Alma Motivasyon Faktérlerinin Duyarlilik
Olgtimleri

Tuketicilerin Cl tescilli Gimushane dut Urinleri satin alma moti-
vasyonu Uzerinde etkili olan mamul niteliklerine yonelik duyarlik

Tablo 2.
imalat Tipi Dut Uriinleri Satin Alan Tiiketicilerin Sosyoekonomik ve
Demografik Ozellikleri
Demografik ve Degiskenlerin dagilimi
sosyoekonomik degiskenler Sayisi %
Cinsiyet Erkek 183 73
Kadin 68 27
Toplam 251 100
Katilimcilarin Egitim | Okur-yazar 6 2
Durumu ilkégretim 73 29
Ortadgretim 83 33
Yiksekokul 89 36
Toplam 251 100
Katilimcilarin Meslek Memur 43 17
Durumu isci 18 7
Esnaf 7 31
Emekli 36 14
issiz 8 3
Ev hanimi 50 20
Ogrenci 19 8
Toplam 251 100
Tiketim Sikligi Yiksek 44 18
Orta 55 22
Dislk 162 60
Toplam 251 100
Demografik ve Degigkenlerin sinirlari _
sosyoekonomik .. . X S.D.
o Minimum | Maksimum
degiskenler
Katilimcinin yasi 18 69 34,73 12,641
Aile biiytikltgu 1 10 4,21 1,670
Aylik gelir 1,500 10,500 |1,852,27 | 1,380,704
Aylik toplam 500 4,000 1,281,16 | 787122
harcama
Aylik toplam gida 150 2,500 658,31 | 395,442
harcamasi
Aylik pestil ve kdme 6 400 4475 25153
harcamasi
Aylik pestil tiiketim 1 10 1,48 1,460
miktari
Aylik kdme tiketim 1 10 114 1,370
miktari
x: Aritmetik ortalama
S.D.: Standart sapma

Olcek degerleri, Tablo 3'de sunulmustur. Tlketicilerin satin alma
motivasyonunu pozitifyonde etkilen en dnemli faktorlerin mamu-
|Un bdlge kiltlrlinlin bir pargasi olmasi, hediyeye daha uygun bir
tath olmasi, bolgenin en 6nemli ticari Grliini olmasi ve bdlge ori-
jinli geleneksel bir Urlind olmasi seklinde siralanmaktadir. Dolayi-
slyla bu mamule tiiketicileri ydnelten en temel pozitif motivasyon
kaynagl, etnosentrizm gtduleri olarak ifade edilebilir.

Diger taraftan hedef tiketiciler; mamul besin dederi ve icerigine
dayali olarak olusan besleyicilik ile hijyen kosullarini saglayan
arz zincirinde mamullere ulagim cabalarini kombine eden sag-
lik motivasyonlarina ve potansiyel kaynaklarin etkin kullanimi ve
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;igtgtsfipi Dut Uriinlerinin Satin Alma Motivasyonuyla ilgili Tanimlayici [statistik Sonuclar

Satin alma motivasyon kaynaklari Min. Max. X S.D.
Bélge orijinli geleneksel bir tiriin olmasi 1 5 4,07 0,952
Diyetimin 6nemli bir pargasi olduguna inanirim 1 5 2,95 1,373
Bagisiklik sistemini gliclendirdigi inanci 1 5 3,74 1135
Bélge kiiltiiriiniin 6nemli bir pargasi olmasi 1 5 4,22 0,871
Bu UrlnG tiketmekten blytk haz duyarim 1 5 3,69 1,196
Diger tatlilara gére daha ucuz olmasi 1 5 339 1,321
Hazirlama ve sunumunun daha pratik olmasi 1 5 3,88 1167
Daha uzun stire muhafaza imkani 1 5 3,96 1,059
Sosyal toplantilar icin daha uygun olmasi 1 5 3,78 1,071
Onun tiiketimi zenginligin bir gGstergesidir 1 5 332 1,398
Besleyicilikte diger tatllardan daha avantajli olmasi 1 5 3,69 1,072
Diger tatlilara gére daha dogal olmasi 1 5 3,84 1,070
Yiiksek enerji degerine sahip olmasi 1 5 4,10 0,933
Vitaminlerce zengin olmasi 1 5 3,94 0,927
Proteinlerce zengin olmasi 1 5 3,91 1,066
Mineral madde agisindan zengin olmasi 1 5 3,97 0,987
Bélgenin en 6nemli ticari lriinii olmasi 1 5 4,18 0,886
Diger tatlilara gére hediyeye daha uygun olmasi 1 5 4,20 0,875
Vicuttaki su dengesinin korumasina yardimci olmasi 1 5 3,59 1143
Doku ve hiicreleri yenilemede 6nemli bir rol oynamasi 1 5 3,61 1141
Kanser riskini azalttigi inanci 1 5 3,57 1148
Zihinsel gelisme Uzerinde etkili oldugu inanci 1 5 3,67 1,151
Potansiyel kit kaynaklarin etkinligine katki saglama 1 5 3,76 1,202
Standart bir Uriin tasarimi sunmasi 1 5 3,69 1,091
imalatgiya daha fazla katma deger saglamak 1 5 3,60 1197
imalatgilarin yeteri gelir saglamasina katki vermek 1 5 3,74 1,118
Bolgesel goclin engellenmesine katki saglamak 1 5 3,78 1138
Daha hijyenik Uretim ve pazarlama olanaklari sunmasi 1 5 3,90 1114
Bolgesel/kirsal kalkinmaya katki saglamak 1 5 3,78 1,090
Diger tatlilara gore kimyasal kalinti riskinin dtsuklugu 1 5 3,81 1,140
Yabanci menseli ithal tGriin olmamasi 1 5 3,91 1163
Tamamen yerli kaynaklara dayali Grlin olmasi 1 5 3,97 1,086
Kolay bulunabilir ve strekli tretim ile ulasilabilirlik 1 5 3,94 1,041
Sosyal gruplarin yonelim etkisi 1 5 3,62 1,119
Referans gruplarin yonelim etkisi 1 5 3,86 1,079
Cayin iyi bir tamamlayicisi olmasi 1 5 3,90 1186

bélgesel kalkinma gibi motivasyon unsurlarina bagli olarak pozitif
bir motivasyona sahip olmuslardir.

PCA Sonuglari

Tuketicilerin imalat tipi GUmushane pestil ve kdme satin alma
motivasyon faktorlerini ifade eden gdzlem ve kismi korelas-
yon katsayilarini kargilastiran KMO 6rnek yeterlilik olglt indeksi,
0,895 olarak hesaplanmistir. Dider taraftan tlketicilerin satin
alma motivasyonu ile ilgili faktorlerin Bartlett's Sphericity test
istatistigi 4°= 8,342,07 (p=,000) olarak hesaplanmis ve birim
matris hipotezi reddedilmistir (o <,001). Orneklem yeterliligini ve
uyumunu degerlendiren bu istatistikler, imalat tipi pestil ve kome
satin alma motivasyon faktorleri ile ilgili veri setinin PCA igin ¢ok

iyi bir diizeyde oldugunu gostermistir. Tuketicilerin mense isaretli
GUmushane imalat tipi pestil ve kdme satin alma motivasyonlari
Uzerinde etkili olan 36 degisken, PCA ile 8 ana motivasyon faktor-
lerine indirgenmis ve bu faktorlerin toplam agiklama orani ise %77
olarak hesaplanmistir (Tablo 4).

Cl ile tescillenmis Gimishane imalat tipi pestil ve kdme satin
alma motivasyonunda bélge orijinine dayali glivenirlilik (%13,67)
ve bolgesel kalkinmaya katki (%10,16) gudUsU altinda etnosent-
rizm yaklagimi énemli bir etkiye sahip olup, toplam tiiketim tercihi
varyasyonunu agiklama orani %23,83 olarak belirlenmistir. Dolayi-
siyla bolge orijinli Grlinlerin CI standartlarina gore Uretilmesi ve
sunumu hem tiiketim motivasyon gtidisu ile gida glivencesi ve
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Tablo 4.

imalat Tipi Dut Uriinlerini Satin Alma ile ilgili Motivasyon Faktérleri, Madde Yiikleri ve PCA Sonuglari

Faktor ve degisken ytikleri®

Fakt6r yorumlari ve degiskenler F1 F2 F3 F4 F5 F6 F7 F8
Bélge orijini ve glivenirlilik
Tamamen yerli kaynaklara dayali tretilen Griin 0,808 —-0,050 0,393 0,180 0,091 0,021 oM -0,017
Yabanci orijinli bir Grtin olmamasi 0,745 0,187 0,280 0,325 0,015 -0,070 0,073 -0,104
Surekli Gretim ile ulasilabilir olmasi 0,732 0,028 0,088 0,116 0,233 0,200 0,200 0,155
Bolge orijinli yerel bir Grlin olmasi 0,688 0,250 -0,007 -0,065 0,227 0,169 0,218 o117
Diger tatlilara gore kimyasal kalinti riski diistik 0,671 0,462 0,007 0,329 0,074 0,120 0,055 0,138
Bolgenin en 6nemli ticari Griind olmasi 0,553 0,492 0,305 0,059 0,285 0,099 0,129 —-0,07
Hijyenik tretim ve pazarlama olanaklari sunmasi 0,490 0,366 0,175 0,212 0,395 0,267 -0,116 0,224
Pozitif saglik etkisi
Doku ve hiicrelerin yenilenmesinde rol oynamasi 0,121 0,820 0,219 0,290 0,011 0,171 0,140 -0,010
Kanser riskini azalttigi inanci 0,228 0,792 0,238 0,238 0,137 0,148 0,087 -0,053
Vicuttaki su dengesini korunmaya yardimci olmasi 0,130 0,652 0,105 0,342 0,214 0,269 0,187 0,264
Bagisiklik sistemini giiglendirdigi inanci 0,149 0,510 0,125 0,059 0,318 0,459 0,315 0,231
Zihinsel gelisme Uzerinde etkili oldugu inanci 0,239 0,485 0,431 0,226 0,217 0,307 0,022 -0,282
Diger tatlilara gére daha dogdal olmasi 0,423 0,436 0,257 0,104 0,274 0,120 0,233 0,195
Yiiksek besin degeri
Protein bakimindan zengin olmasi 0,075 0,157 0,833 0,110 0,278 0,129 0,145 0,064
Vitamin bakimindan zengin olmasi 0,110 0,293 0,714 0,203 0,121 0,235 0,291 0,171
Mineral madde bakimindan zengin olmasi 0,107 0,147 0,644 0,052 0,249 0,353 0,012 0,398
Yiksek enerji degerine sahip olmasi 0,370 0,123 0,639 0,217 0,062 -0,072 0,107 0,112
Besleyicilikte diger tatlilara gore avantaja sahip 0,364 0,457 0,550 0,197 0,231 0,179 -0,028 —-0,200
Bolgesel kalkinmaya katki
Potansiyel kit kaynaklarin kullanimina katki 0,209 0,330 0,118 0,776 0,061 0,122 0,077 0,071
Bolgesel gogiin 6nlenmesine katki saglamak 0,161 0,289 0,197 0,754 0,190 0,161 0,158 0,089
imalatcilarin yeterli gelir sajlamasina katki saglamak 0,126 0,108 0,288 0,715 0,210 0,287 0,194 0,052
imalatgiya daha fazla katki saglamak 0,260 0,246 0,319 0,553 0,445 0,265 —-0,006 0,082
Bolgesel ve kirsal kalkinmaya katki saglamak 0,487 0,413 -0,046 0,493 0,132 0,204 0,241 0,106
Begenmeli mamul
Diger tatlilara gore daha ucuz olmasi 0177 0,098 0,227 0,151 0,834 0,052 0,131 -0,001
Standart bir Griin tasarimi sunmasi 0,384 0,247 0,073 0,141 0,608 0,320 -0,036 0,250
Hazirlama ve sunumunun daha pratik olmasi 0,347 0,143 0,336 0,281 0,504 -0,177 0,293 -0,045
Tuketimde aranan bir tiriin olmasi ve kalite standardi 0,154 0,044 0,387 0,317 0,496 0,079 0,441 —-0,006
Diyetin dnemli bir pargasi olmasi 0,047 0,346 0,204 0,284 0,486 0,274 0,295 -0,291
Sosyal gevre etkisi
Sosyal toplantilar icin daha uygun olmasi 0,067 0,238 0,132 0,189 0,065 0,822 0,076 —-0,080
Referans gruplarinin yonelim etkisi 0,137 0,185 o111 0,205 0,120 0,796 0,142 0,096
Sosyal gruplarin yonelim etkisi 0,272 0,127 0,494 0,395 0,044 0,537 0,156 -0,216
Kiiltiirel aligkanliklar
Bolge kiltlrlinlin 6nemli bir pargasi olmasi 0,144 0,067 —-0,01 0,111 0,101 0,205 0,723 0,336
Cayin 6nemli bir tamamlayicisi olmasi 0,212 0,158 0,304 0,229 0,104 0,029 0,636 -0,231
Tuketiminden haz duyulmasi 0,148 0,296 0,450 0,161 0,041 0,040 0,574 0,212
Hediyeye daha uygun bir tatli olmasi 0,378 0,147 0,090 —-0,044 0,432 0,247 0,488 0141
Uzun raf 6mrii
Daha uzun stire muhafaza imkani 0,156 0,036 0,216 0,148 0,036 -0,029 0,202 0,672
Eigenvalues 16,361 2275 2,034 1,804 1,449 1,291 1,211 1,109
(Continued)
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Tablo 4.

imalat Tipi Dut Uriinlerini Satin Alma ile ilgili Motivasyon Faktdrleri, Madde Yiikleri ve PCA Sonuglari (Devami)

Fakto6r ve degisken ytikleri®

Fakt6r yorumlari ve degiskenler F1 F3 F4 F5 F6 F7 F8
Aciklanan varyanslarin payi (%) 13,672 12,088 11,952 10,161 8,857 8,336 7,141 4,274
Varyanslarin kiimUlatif payi (%) 13,672 25,760 37712 47,874 56,730 65,067 72,208 76,482
KMO (Kaiser-Meyer-Olkin) istatistigi 0,895

Bartlett’s test of Sphericity

Chi-square (df=630) = 8.342,07 (p <,001)

*Koyu renkli sayilar, her bir degisken igin en yliksek ylikleri géstermektedir.

glvenirliligine hem de dogrudan pazarlama yaklagimlari altinda
bolgesel kalkinmaya dnemli bir katki ile hedonik ve faydaci moti-
vasyon faktorlerine isaret etmistir (Devia ve ark., 2021; Kane-
matsu ve ark., 2020; Rahman ve ark., 2021; Sadler ve ark., 2021;
Sanchez-Bravo ve ark., 2020; Skalkos ve ark., 2021).

Tuketicilerin Cl Gimushane imalat tipi dut drtnleri tiketim moti-
vasyonu, %12,09 acgiklama orani ile tiketicilerin saglik Gzerindeki
pozitif etki beklentileri yaninda dengeli ve saglikli beslenmeyi
destekleyen %11,95’lik ylksek besin dederi varyasyon faktorleri
ile toplamda %24,04'lik aciklama payi ile temsil edilmistir. Gida
tlketim motivasyonu ile ilgili cesitli arastirmalarda, en onemli
motivasyon kaynaklarinin insan sagligi ve gevre Uzerinde pozitif
etki saglayan etik degerler ile insan sagligi Gzerinde direkt etkili
olan besin degeri algilariyla ilgili faydaci motivasyon faktorleri
rapor edilmistir (Li ve ark., 2022; Martinez ve ark., 2021; Marty ve
ark., 2021; Xie ve ark., 2021).

GlUmiushane imalat tipi kome ve pestil Uriinlerinin gida konteksti
ve orijin tescil standartlarina gore bazi perakendecilerde konum-
landiriimasi ve sunumu ile bu Urlnlere ulasim olanaklarini tem-
sil eden begenmeli Urinler (%8,86), diger tath gruplarina gore
sunumunun daha pratik ve kolay olmasi yaninda raf mriinin de
daha uzun olmasi (%4,27), tiiketicilerin satin alma motivasyonunu
pozitif bir sekilde etkilemistir. Ayrica tlketicilerin kiltlrel aligkan-
liklart (%7,14) ve sosyal cevre ile referans grup etkileri (%8,34) de
tlketicilerin begenmeli Urlinlere dogru pozitif bir glidd ile hare-
ket etmelerine neden olmustur. Bitlin bu hedonizm yaklagimlari
paradigmasi ile hareket eden tlketicilerin satin alma motivas-
yonlarini pozitif bir sekilde etkileyen mamul imaji, fiyati, ulagim
olanaklari ve uygunlugu, dayaniklihgi, sosyal cevre ve kiltirel
aliskanlklar igceren hedonik motivasyonla ilgili yapilmis arastir-
malarin sonuglari, mevcut arastirma bulgularini 6nemli dlglide
desteklemektedir (Cavallo ve ark., 2020; Devia ve ark., 2021; Li ve
ark., 2020; Martinez ve ark., 2021; Picot ve ark., 2021; Rahman ve
ark., 2021).

Kiimeleme Analizi Sonuglari

GUmiushane imalat tipi pestil ve kéme trlnlerini yogun diizeyde
tiketen kullanicilar, gida glivencesi ve guvenirliligi altinda insan
saghgina pozitif etki yaratabilen yiksek besin degerli begenmeli
mamuller tzerine odaklanmiglardir (Cizelge 5). Bu gruptaki tiike-
ticiler, Cl tescilli GimUshane imalat tipi dut drinlerinin tiketim
tercihlerinde faydaci motivasyon faktorlerini dikkate alarak, satin
alma eylemini gergeklestirmektedir.

Diger taraftan ilimli dizeydeki tiketiciler; raf omri uzun olan
mense isaretli GimUshane imalat tipi pestil ve kéme Urlnlerini
kiltirel aligkanliklarina bagl olarak sosyal ¢evrenin etkisi altinda
etnosentrizm yaklagimiyla bdlgesel kalkinmaya 6nem atfeden
hedef tliketici kitlesini tanimlamaktadir (Cizelge 5). Ilmli diizeyde
GUmUishane imalat tipi dut Grlnleri tiketen tlketicilerin satin

alma kararlari tzerinde hedonik motivasyon faktorleri 6n plana
ctkmaktadir.

GUmUshane imalat tipi pestil ve kéme Urinlerini disik seviyede
tlketen tlketicilerise raf mri uzun olan yliksek besin degerli dut
Urtnlerini kultirel aliskanliklar ve sosyal gcevrenin etkisi altinda
hem igsel hem de digsal motivasyon kaynaklari altinda tiiketim
davranisi sergilemislerdir (Tablo 5). Dolayisiyla ana poptilasyonda
yUksek bir tiketim grubunu temsil eden dislk dizeydeki tike-
ticiler, Cl tescilli Gimushane imalat tipi dut drlnleri satin alma
kararlarinda hem faydaci hem de hedonik motivasyon faktorleri
onemli olglide belirleyici olmaktadir.

Sonug ve Oneriler

Mahreg isaretli Gimishane imalat tipi pestil ve kdme Urinlerini
satin alma motivasyonu Uzerinde bdlge orijini ve kdltlrel alig-
kanliklara bagli olarak sosyal gevrenin gekici gicintn bolgesel
kalkinma cgabalari lzerinde etkili olan etnosentrizm yaklagimi,
hedonik motivasyon faktérlerinin harekete gegirilmesinde dnemli
bir etkiye sahiptir. Diger taraftan tiketicilerin ilgili dut Grinlerini
satin almasinda ytksek besin degeri ve uzun raf 6mri, insan sagligi
ve gevre Uzerindeki pozitif etki yaratan begenmeli Grlin algilarinda
ise faydaci motivasyon indikatorleri blylik 6nem arz etmistir.

Mense isaretli GimUghane imalat tipi pestil ve kdme Urlnlerini
yogun bir sekilde tliketen tiketicilerin satin alma motivasyonlari

Tablo 5.
Her Bir Kimedeki Tercih Faktérlerinin Final Kime Merkez Skorlari ve
Ornek BlyUkldkleri
Motivasyon faktorleri Kiimeler*
Yogun Ihimli Dustk
kullanicilar® | kullanicilar® | kullanicilar®

Bolge orijini ve glvenirlilik 2,509 -1,537 -0,178
Pozitif saglik etkisi 2,241 —1,044 —-0,033
Yiksek besin degeri 0,428 -0,104 2,309
Bolgesel kalkinmaya katki —-0,453 0,550 -0,020
Begenmeli mamul 0,765 —1,212 —0,033
Sosyal gevrenin etkisi -0,108 1,295 1,032
Kiltrel aligkanliklar -1,398 0,765 0,015
Uzun raf 6mru -0,189 1,494 0,710
Her kiimedeki 6rnek 60 72 119
sayisi (kigi)
Her kiimedeki toplam 24 29 47
érnek orani (%)
*Koyu ve italik koyu renkler, her bir kimedeki en yiiksek ve yiiksek final kime
merkez skorlarini géstermektedir.
**Toplam &rnek blyUkligu (n), 251°d(ir.
***p <,001 Fistatistigine gére, final kiime merkez skorlari 5nemli bulunmustur.
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Uzerinde kisa gida arz glivencesi ve guvenirliligine dayal olarak
etik endigeleri minimum kilan ylksek besin degerli ve pazarlama
karmasi yoluyla farkhlastiriimis bedenmeli mamullere buytk
onem atfetmislerdir. Dolayisiyla hedef kitlenin tiketim memnu-
niyetini artirabilmek i¢in faydaci motivasyon faktorlerini etkin bir
arag olarak kullanarak, duyusal cekiciligi ve etik degerleri artiran
stratejiler uygulanmalidir.

Diger taraftan Cl tescilli GimUshane imalat tipi pestil ve kome
drtnlerini ihmh dizeyde tliketen tiketiciler, kilttrel aliskanliklar
ve sosyal gevre etkisi altinda etnosentrizm yaklagimiyla bolge-
sel kalkinmayi onceleyen bilissel bir yaklagimla satin alma kisiligi
olusturmuslardir. Bu ylzden ilimli diizeyde Glimighane imalat
tipi dut Urlnleri tlketen tiketicilerin satin alma tercihlerinde
dogrudan pazarlama yaklagimlari altinda etnosentrizm algisini
ortaya gikaran begenmeli trlin tasarimi, sunumu ve tutundurul-
masina yonelik hedonik motivasyon faktorleri etkin bir sekilde
kullanilabilir.

Bolge orijinli Gimighane imalat tipi pestil ve kdme urlnlerini
distk dizeyde tlketen tiketiciler ise uzun raf omriine sahip
yuksek besin degerli dut drtnlerini kiltirel aliskanlklar ve sosyal
gevrenin etkisiile gesitli perakendecilere pozitif bir yonelim gidi-
sliyle satin alma davranisi sergilemislerdir. Dolayisiyla bu hedef
kitle icin hem duyusal algilar hem de sosyal ¢evrenin yonlendir-
melerine dayali olarak temel fayda gldistyle hem faydaci hem
de hedonik motivasyon faktorlerini etkin bir sekilde yansitan fark-
lilastirilmis mamul imajlar altinda perakende diizeyinde konum-
landirma ve sunum stratejileri uygulanmalidir.
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