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Arastirma Makalesi
Comparison of Egg Quality and Microbiology Traits in Eggs Obtained
Different Genotypes under Different Storage Conditions

Fatma YENILMEZ™, Aysen BULANCAK?, Nurten YILMAZ3, Emine URUK?*

ABSTRACT

The present study was conducted to compare egg quality and microbiology traits in eggs from different
genotypes under different storage conditions. A total of 880 eggs, obtained from Nick Chick, Dekalb, Lohmann
Brown and Atabey (Native Hybrid) hens, flocks aged 56 weeks, were used in the experiment. The eggs were
divided into two groups which were stored in wholesaler conditions and consumer conditions for 4 weeks
during the summer season. External and internal quality traits of eggs and mold-yeast and total bacteria levels
were measured. Egg quality criteria results suggest that Lohmann eggs are less affected by wholesaler
conditions. Haugh unit, which is an important indicator of albumin quality, was least effective in Atabey eggs
stored under wholesaler conditions. The microorganism load of the eggshell did not increase under both store
conditions. The total amount of microorganisms, mold and yeast were generally acceptable limits at the end of
the 4" week.

Keywords: Egg microbiology, egg quality, shelf life, storage temperature, different genotypes

Farkh Depolama Kosullarinda Saklanan Farkh Genotipe Ait Yumurtalarin Kalite ve
Mikrobiyolojik Yonden Karsilastirilmasi

0oz

Bu caligma farkli genotiplere ait yumurtalarin farkli depolama kosullarinda depolanmasinin yumurta kalitesi
ve mikrobiyolojisine etkisini karsilastirmak amaciyla yiiriitiilmiistiir. 56 haftalik Nick Chick, Dekalb, Lohmann
Brown ve Atabey (yerli hibrit) tavuklara ait toplam 880 adet yumurta ile yapilmis ve yumurtalar toptanci ve
tiiketici kosullarinda 4 hafta siireyle yaz mevsiminde depolanmistir. Yumurtalarin dis ve i kalite 6zellikleri ile
kiif-maya ve toplam bakteri diizeyleri Olclilmiistir. Yumurta kalite kriterleri sonuglari, Lohmann
yumurtalarmin toptanct kosullarindan daha az etkilendigini gostermistir. Yumurta i¢ kalite kriterlerinin en
o6nemli gostergelerinden biri olan Haugh birimi toptanci kosullarinda depolanan Atabey yumurtalarinda en az
diizeyde etkilenmistir. Yumurta kabugunun mikroorganizma yiikii her iki kosulda da artmamis ve arastirma
sonunda toplam mikroorganizma, kiif ve maya miktari genel olarak kabul edilebilir sinirlar igerisinde kalmustir.
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Comparison of Egg Quality and Microbiology Traits in Eggs Obtained
Different Genotypes under Different Storage Conditions

Introduction

The interior structure of an egg includes all
nutrients that are sufficient for the development
of a new living being. However, its consumption
may be harmful to human health since nutrients
content starts deteriorating by time when they
are not preserved with care before consumption.
As soon as the egg is laid due to its natural
structure and contents, the egg is resistant
against microbiologic disruptions and can keep
its freshness. However, after eggs are laid,
certain biological, chemical, and physical
changes commence in it. The egg starts to cool
down and its interior volume decreases, creating
an air cell. Eggshell is covered with a water-
resistant 20-30 microns’ thick mucus layer,
made of protein during laying. This protein coat
prevents gas and any external microorganisms
from penetrating it. There are 7000-17000
stomas on the eggshell and their size may vary
based on several conditions (high temperature,
high humidity, longtime storage, etc.). These
stomas widen over time and the structure of

mucus  decays and cannot  prevent
microorganism penetration to egg at long-term
storage conditions (Solomon, 2010;
Kulshreshtha et al., 2022). This causes

deterioration in the internal quality of the egg.

Parameters such as albumen index, yolk index,
Haugh unit, AE (yolk color differences),
albumen pH, L, a*, b* color value are used in
determining the internal quality of the egg. The
albumen index, pH and Haugh unit are the most
important criteria used in determining internal
egg quality (Dogan and Uluocak, 2008; Saribas
and Yamak, 2021). Albumin pH of fresh eggs is
7.6-85 and as the duration of storage is
extended, the pH value of the albumin increases
as carbon-dioxide and moisture loss does.
Parallel to this, mucin, a component that gives
the albumin a colloidal form loses this trait, and
albumin becomes somewhat liquid. The quality
of albumin is measured using the Haugh unit,
invented by Raymond Haugh (Haugh, 1937).
For edible eggs, this value should be higher than
79 in AA qualities, between 55-78 for A quality,
between 31-54 for B quality, and 30 or lower in
C quality (Senkoylii, 1995). Egg yolk should be
yellow and located in the middle for fresh eggs.
In time, due to the deterioration of the vitelline

membrane, egg yolk drains water from albumin
and loses its circular shape and becomes flatter.
Egg yolk pH value is around 6.0 in fresh eggs
and this value increases during the storage
extend, as in albumin (Wang et al., 2017). It is
possible to slow down such deteriorations by
storing the eggs under better conditions.

This study was conducted to determine the
quality and microbiology of eggs from chickens
with four different genotypes stored under
wholesaler and consumer conditions during the
summer season and to contribute to the
consumer's egg preference.

Material and Methods

This experiment was carried out with a total of
880 eggs (220x4) obtained from Nick Chick,
Dekalb, Lohmann Brown and Atabey (Native
Hybrid) hens, 56 weeks old age in summer
season (average temperature 36°C) in Adana,
Turkey. The quality criteria and microorganism
level were evaluated in eggs stored under
different temperature conditions. Each genotype
of eggs was divided into two groups which were
stored under room temperature (+29+2°C;
wholesaler conditions) and under refrigerator
conditions (+4+1°C; consumer conditions) for
four weeks. During the experiment, which lasted
four weeks, internal quality traits of eggs were
measured weekly. Albumen index, yolk index,
and albumen pH value were measured. Egg
weight loss (%), albumin and egg yolk weight,
L, a*, b* value (HunterLab, Colorflex EZ,
United States of America), albumin and egg yolk
height, aloumin and egg yolk diameter were
measured and changes in the yolk index,
albumen index, Haugh unit, albumen pH, AE
were recorded in terms of interior quality
measures.

Preparations of Egg Shells

Randomly selected 5 eggs from each group were
put in a sterile plastic bag, and bags considered
as one composite sample. Buffered peptone
water was (100 mL) poured into the egg samples
in sterile bags, washed and scrubbed with fingers
five min (ISO, 1993). Then first dilution from
homogenized eggshell surfaces was obtained
using other dilutions.
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Total Mesophilic Aerobic Bacteria (TMAB)
Count

Ten-fold dilution was obtained from sterile
peptone water up to 10° from homogenized
eggshell surfaces. Then 1 mL taken from the first
homogenized sample added in 9 mL sterile
peptone water. Thus secondly dilution was
prepared. Different dilution of samples was
inoculated 0.1 mL on PCA (Plate Count Agar)
with drigalski spatula and incubated 24-48 h at
37°C. After incubation, colonies are counted by
the Most Likely Number Method and calculated
with the logarithmic Colony Forming Units (log
CFU) per mL (Harrigan, 1998).

Total Mold-Yeast Count

For mold-yeast counts, eggshell dilutions from
samples used up to 10° with 0.5 mL sterile
pipettes and spread plate technique on Potato
Dextrose Agar (PDA) plates with drigalski

spatula. Plates incubated five days at 25°C and
colonies counted (by MPN Method) and
calculated by log CFU per mL (Andrew, 1992).

Statistical analysis

All data obtained from the experiment were
analyzed using the IBM SPSS 19.0 (IBM, 2010)
statistical software package program. The
normal distribution of data was analyzed as a
completely randomized variance design
(ANOVA) and the Tukey test used the
comparison of means. The statistical
significance level was defined as P<0.05.

Results

The results of the experiment, egg weight loss
increased linearly with storage time and highest
at wholesaler condition (P<0.05). It was affected
weeks and genotypes but not with conditions
(Table 1).

Table 1. Interactions of different storage condition on egg quality characteristics obtained from

different genotypes

Condition
Parameters N Condition | Condition | Week X
=880 Condition | Week | Genotype X X X Week
Week Genotype | Genotype X
Genotype
Egg weight loss (%0) 0.056 0.020 0.05 0.189 0.505 0.831 0.010
Yolk weight (g) <0.01 <0.01 <0.01 <0.01 0.106 0.111 0.071
pH <0.01 <0.01 <0.01 <0.01 0.993 <0.01 0.112
Yolk index <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Albumen index <0.01 <0.01 0.01 <0.01 <0.01 0.044 <0.01
Haugh Unit <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
AE <0.01 <0.01 <0.01 <0.01 0.032 0.550 0.047
L <0.01 0.060 <0.01 <0.01 <0.01 0.049 <0.01
a* 0.037 <0.01 0.142 0.086 0.836 0.560 0.809
b * <0.01 <0.01 0.071 <0.01 0.166 0.372 0.321

L: Brightness, a*: Redness, b*: Yellowness, AE: Yolk color differences

The best results were obtained at Lohmann eggs
5.90% and 3.68% respectively at the 4" week for
wholesaler and consumer conditions (Table 2,
3).

As indicated in Table 1, egg pH was affected by
week, genotype, storage conditions and their
interactions (P<0.01). At the end of the 4™ week,
pH value was lower in Nick eggs (9.49) under
wholesaler conditions, and in Lohmann eggs
(9.25) under consumer conditions (Table 2, 3).
At the end of the 4™ week, there are no

differences on yolk index, albumen index, HU, L
and a* values under wholesaler conditions
(Table 2). The highest yolk index was obtained
from Lohmann eggs and was found to be 49.76
at the beginning of the experiment (0 day), 15.65
under wholesale conditions and 45.37 under
consumer conditions at the end of the 4" week
(Table 2, 3). The best results in terms of albumen
index were obtained from Nick eggs, it was
determined as 12.33 at the beginning of storage
time, and as 1.66 at the end of the 4" week under
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wholesaler condition. It was also determined the
highest albumen index on Dekalb eggs was 8.87
in consumer conditions (Table 2, 3).

Nick genotype showed the highest HU value
(95.33) at the beginning of the storage day. The

ifferent Storage Conditions

best Haugh unit value was determined from
Atabey eggs (42.00) under wholesaler condition
and from Dekalb eggs (83.77) under consumer
condition at the end of the 4" week (Table 2, 3).

Table 2. Effect of wholesaler storage condition on egg quality characteristics obtained from different

genotypes
Parameters 0 day 2.week 4.week P
n=440 N|[D|WH|A|[N|D|WH|A|N|]D|LH]| A
g%%we'ghtloss - | - | - | - |s71|428|334|396| 677 | 7.17| 590 | 7.25 |<0.01

Yolk weight (g) | 15.49 | 15.46 | 13.98 | 15.39| 17.78| 16.20 | 15.53 | 16.66| 18.14 | 17.53| 16.45 | 17.37 |<0.01

pH 834 |835|828|843|871|86

5(865|872] 949 | 959 | 954 | 9.64 |<0.01

Yolk index 42.15|41.61 |49.76 | 40.9924.11 | 23.58 | 26.51 | 20.88 | 12.81| 13.70| 15.65 | 13.03 ]0.069

Albumen index | 12.33 | 11.01 | 10.54 | 10.47| 3.05 | 3.30 | 3.21 | 252 | 166 | 1.61 | 1.56 | 1.59 [0.310

HU 95.33|90.97 | 88.06 | 90.53]52.13 | 58.33 | 58.02 | 49.74 | 39.23| 40.75| 39.54 | 42.00 |0.479
AE 85.77|87.18 | 85.68 | 86.87]99.73 |100.03| 97.89 | 99.77 | 100.50| 100.10| 99.97 | 101.02|<0.01
L 60.53 | 60.23 | 59.15 | 60.3861.10 | 60.15 | 60.86 | 61.50 | 60.63 | 60.73 | 60.39 | 60.89 |0.527
a* 17.53|17.61|17.70|17.85]18.63 | 19.26 | 18.73 | 18.03| 19.36 | 19.05| 18.52 | 19.43 ]0.418
b* 58.09 | 60.27|59.33 | 59.79| 76.47 | 77.52 | 74.30 | 76.39| 77.69| 75.15| 77.38 | 78.12 |<0.01

L: Brightness, a*: Redness, b*: Yellowness, N: Nick, D: Dekalb, LH: Lohmann Brown, A: Atabey, AE: Yolk color

differences, HU: Haugh Unit

In the study, no difference was observed
between the genotypes in terms of L value, but
a* and b* values were statistically important
(P<0.01). Lightness (L), redness (a*),

yellowness (b*) of yolk were affected by the
storage conditions (P<0.01, P<0.05, P<0.01,
respectively).



Comparison of Egg Quality and Microbiology Traits in Eggs Obtained

Different Genotypes under Different Storage Conditions

Table 3. Effect of consumer storage condition on egg quality characteristics obtained from different

genotypes

Parameters 0 day 2.week 4.week 5
n=440 N|D | LH A|N|D|LH|lA|N|DI|LH| A
('i%% weightloss | - | - |191| 262|243 | 239|378 | 480 | 368 | 4.26 | <0.01
Yolk weight (g) | 15.49|15.54 | 13.98| 15.39| 15.57 | 16.05 | 15.27 | 16.24 | 16.70 | 16.47 | 16.43 | 16.74] 0.020
pH 8.40 | 834 | 828 | 843|873 |878|875|884|0932|9.29| 925/ 0937|0026
Yolk index 46.40(44.77 | 49.76| 46.73| 42.87 | 43.57 | 46.42 | 44.12 | 40.73 | 40.82 | 45.37 | 41.23] <0.01
Albumen index | 12.33]10.83 | 10.54| 10.47| 9.26 | 9.07 | 6.56 | 7.81 | 8.55 | 8.87 | 6.31 | 7.14 | <0.01
HU 95.33(90.97 | 88.06|90.53 | 84.95 [ 80.17 | 80.32 | 81.27 | 81.88 | 83.77| 74.16 | 77.66 | <0.01
AE 85.77|87.38 | 85.68| 86.87 | 88.10 | 88.44 | 86.26 | 89.71 | 92.25 | 90.83 | 89.23 | 91.89 | 0.012
L 60.53(60.20 | 59.15| 60.38 | 59.25 | 60.11 | 58.44 | 60.76 | 57.88 | 59.43 | 57.66 | 59.57 | 0.022
a* 17.53(17.69 | 17.70| 17.85| 18.51 | 18.02 | 17.85 | 18.32 | 19.32| 18.59 | 19.03 | 19.09 | 0.772
b* 58.09|60.57 | 59.33|59.79 | 62.27 | 62.03 | 60.76 | 63.29 | 68.99 | 65.98 | 65.21 | 67.17 | 0.041

L: Brightness, a*: Redness, b*: Yellowness, N:

differences, HU: Haugh Unit

Nick, D: Dekalb, LH:

Lohmann Brown, A:

Atabey, AE: Yolk color

Color change (AE value) of yolk was affected by ~ The lowest total bacteria level was measured for
storage condition, week, genotype (P<0.01)

(Table 1).

(LOG cfu/mL)

OO P N W B~ O O

# Nick

.1 Decalp

® Lohmann
11 Atabey

0. Day

5,22
5,09
4,22
5,44

1.

2.

3.

Lohmann eggs at the beginning of the storage

day (4.22 log CFU/mL) (Figure 1).

4.

Week Week Week Week
Wholesaler Condotion

4,83
5,10
4,23
5,35

3,28
4,35
3,26
4,20

4,38
471
3,74
4,64

4,16
4,05
3,29
4,24

0. Day

5,22
5,09
4,22
5,44

1.

2.

3.

Week Week Week

4,86
5,06
4,01
5,32

3,30
3,66
3,23
4,02

Consumer Condotion

5,00
4,65
3,97
4,41

4.

Week

4,96
5,27
4,85
4,88

Figure 1. Total bacteria of eggs of different genotypes stored under wholesaler and consumer storage
condition (n=200)



Comparison of Egg Quality and Microbiology Traits in Eggs Obtained
Different Genotypes under Different Storage Conditions

The total bacteria level decreased Lohmann
genotype (3.29 log CFU/mL) in the wholesale
storage condition and the Atabey hybrid (4.88

log CFU/mL) in the consumer storage condition
at the end of the 4™ week (Figure 1).

6
5 - N -
E 4 i
: p
G 3
8
= 2
1
0.Day 1. 2. 3. 4, 0.Day 1. 2. 3. 4,
Week Week Week Week Week Week Week Week
Wholesaler Condotion Consumer Condotion
@ Nick 473 466 366 39 3,92 473 501 4,18 4,71 4,78
1 Decalp 466 468 335 396 3,95 466 521 348 4,11 4,48
®lLohmann 333 328 285 405 3,65 3,33 3,78 38 326 349
i Atabey 464 431 328 398 441 464 455 323 4,18 3,69

Figure 2. Total mold-yeast of eggs of different genotypes stored under wholesaler and consumer

storage condition (n=200)

According to the results of the research, the
lowest mold-yeast level was measured with 3.33
log CFU/mL in Lohmann genotype at the
beginning of the storage day. Similarly, the
lowest mold-yeast level was determined as 3.65
log CFU/mL for wholesaler storage condition
and as 3.49 log CFU/mL for consumer condition
in Lohmann at the end of the 4" week (Figure 2).

Discussion

When purchasing eggs, consumers initially
priorities the assessment of egg freshness. The
degree of freshness in eggs is directly correlated
with the extent to which internal quality features
are maintained. Therefore, it is imperative to
establish suitable conditions that can effectively
maintain the freshness of eggs throughout
storage. The negative effect of extended storage
period and elevated temperatures on egg quality,
freshness, and shelf life has been documented in
several studies (Mathew et al., 2016; Ronald
Santos et al., 2019; Altunatmaz et al., 2020;
Chousalkar et al., 2021). According to Martinez
et al. (2021), the duration and temperature of

storage were found to have a substantial effect
on both the internal and external quality of eggs.
Several studies have documented a notable
reduction in egg weight with increasing
temperature and period of storage (Siyar et al.,
2007; Lee et al., 2016; Hagan and Eichie, 2019;
Yamak et al., 2021). The present study observed
a linear rise in egg weight loss as storage time
increased, which aligns with the findings
reported in the aforementioned publications.
Upon evaluating the study findings with respect
to genotypes, it was seen that the most
favourable outcomes in relation to wholesaler
and consumer conditions were observed during
the fourth week in Lohmann eggs, with
percentages of 5.90% and 3.68% respectively.

As temperature and storage time rise, it is well
known that the egg's internal quality decreases
(Jin et al., 2011; Martinez et al., 2021).
Furthermore, storage is said to have an impact on
quality even in the short term (Gavril and
Usturoi, 2012). The parameters that are most
effected by these conditions include electrical
conductivity, albumin and yolk pH, Haugh unit,
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air cell height, and albumin height (Samli et al.,
2005; Jin, et al., 2011; Okur and Samli, 2013).
Numerous studies have shown that while
albumin and yolk width, pH, and yolk weight are
increasing during storage, albumin weight,
albumin and yolk height, Haugh unit, and
albumin and yolk index decrease (Siyar et al.,
2007; Chung and Lee, 2014; Kralik et al., 2014;
Hagan and Eichie, 2019; Altunatmaz et a.,
2020). In this study, throughout the storage
period for both conditions and all genotypes,
Haugh Unit, albumen index, albumen height,
and yolk height declined while the yolk weight,
yolk width, albumen widths, albumen lengths,
pH, and AE value rose. The results of this
investigation were consistent with those of other
investigations.

It was also mentioned that room temperature and
refrigerator temperature conditions differed
significantly from one another. Eggs that are
intended for consumption must be refrigerated
and should not be kept longer than two weeks
since eggs that are kept at room temperature
decay more quickly than eggs that are kept in a
refrigerator (Avan and Alisarli, 2002; Yenilmez
et al., 2017). To the extent that, in refrigerated
settings, the quality of the yolk height, albumen,
and Haugh unit also significantly decreases
(Yamak et al., 2021). In the same way, under
both wholesaler and consumer conditions in this
investigation, the Haugh unit and albumen
height decreased, while under wholesaler
conditions, yolk height increased.

Numerous researchers have reported that pH
values rise with storage temperature and
duration (Scott and Silversidest, 2000; Siyar et
al., 2007; Alsobayel and Albadry, 2011; Chung
and Lee, 2014; Kralik et al., 2014; Mathew et al.,
2016). In a similar vein, all genotypes in this
study under both conditions have seen an
elevation in pH during the course of storage. The
analyses revealed that, whereas Nick eggs had
the lowest pH value under wholesaler
conditions, Lohmann eggs had the lowest pH
value under consumer conditions.

The yolk in the Turkish Food Codex Egg
Communique should be visible in the center

during a light examination as a circle and a
shadow; it should also not include any foreign
objects and should not detach from the center
when the egg is turned (TSE, 2015). In TS 1068,
there is no specified value for egg yolk.
Furthermore, according to Mineki and
Kobayashi (1998), the yolk index value, which
measures the egg yolk's capacity to hold erect
without spreading, can range from 36-44% in
fresh eggs. According to Dogan and Uluocak
(2008), the yolk index of fresh eggs ranges from
40 to 46, but Sarica and Erensayin (2018) assert
that the egg yolk index need to exceed 46. In this
research, Lohmann eggs had the highest yolk
index at the end of storage under both wholesaler
(15.65) and consumer conditions (45.37). In
consumer conditions, Lohmann eggs were able
to maintain their freshness for up to four weeks
based on the yolk index; in wholesaler
conditions, this preservation was limited to the
first day. Conversely, in both consumer and
wholesaler conditions, other genotypes eggs
only satisfied the first-day  freshness
requirements.

The Turkish Food Codex Egg Communigue
(TSE, 2015) and Turkish Standards Institute TS
1068 both provide no value for the egg albumen
index. However, one of the most crucial factors
in assessing the quality of eggs is the albumen
index. It is desirable that it be high in both table
and breeding eggs. The normal limits of the
albumen index value are between 8-11.8% (Jin
et al, 2011). As per the results of this
investigation, Nick eggs showed the best
albumen index values on the first day of
examination. Similarly, when four genotypes of
eggs are examined at the end of 4" week, the best
outcomes are achieved from Nick eggs under
wholesaler conditions and Dekalb eggs under
consumer conditions. At the end of 4™ week, it
was found that, under consumer conditions (in
the refrigerator), Lohmann and Atabey eggs
stayed below standard limits, whereas Nick and
Dekalb eggs were within normal limits (8.55,
8.87). Only the first day's albumen index under
wholesaler settings was within normal bounds;
in the first, second, third, and fourth weeks, it
was below normal limits. These findings show
that eggs from Nick and Dekalb can be kept fresh
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for four weeks under consumer conditions
(+4C°), whereas eggs from the other groups can
only keep freshness for the first week under
wholesaler conditions (+29C°) in the summer.
The results of this study are same line with to the
findings of Altunatmaz et al. (2020).

For a variety of applications, it is the most often
used Haugh unit for determining albumen
quality. In addition, Dogan and Uluocak (2008)
state that the Haugh unit is a crucial factor in
assessing the freshness of eggs. The Turkish
Food Codex Egg Communique (TSE, 2015) and
Turkish Standards Institute TS 1068 both list the
minimum quality requirements for Class A eggs
as >72 for extra fresh eggs, 71-51 for fresh eggs,
and <50 for class B eggs. Haugh unit value and
quality are positively correlated (Feddern et al.,
2017). The quality increases with the Haugh unit
value. The Haugh unit experiences a decrease
due to negative effects from temperature and
storage duration (Hagan and Eichie, 2019). Our
study's findings indicate that while the four
genotype eggs could only maintain their fresh
feature for two weeks at room temperature, they
were able to maintain their extra fresh feature for
four weeks when stored under consumer
condition. The Haugh unit was observed from
Dekalb eggs in consumer condition and from
Atabey eggs wholesaler conditions. Because of
its superior performance in commercial
conditions, local Atabey eggs are able to retain
their freshness in the summer, even when left at
room temperature. It is possible that this
indicates the Atabey local genotype is more
flexible in response to environmental changes,
but the Dekalb foreign genotype can preserve its
quality in standard conditions.

Egg yolk color is affected by genotype, age,
lysine level in feed, rearing system, fats and
antioxidants, vitamin A and calcium
consumption, antibiotics and drugs, and some
unknown factors (Sarica and Erensayin, 2018).
Consumers' yolk color preferences vary and this
is one of the most important factors affecting
consumers' purchasing preferences. While dark
color yellow is popular in Turkey, pale yellow is
chosen in Western nations. This is because dark
yellow eggs are thought to have more flavor and

nutritional value. The egg's flavor and nutritional
content are unaffected by its color, though.
According to consumer preference, the color of
food can be changed with the help of different
additives (Dogan and Uluocak, 2008; Mizrak et
al., 2012; Kamanh and Tirkoglu, 2018). In
reference to egg yolk color, the Turkish
Standards Institute specifies in TS 1068 that the
yolk color should be distinct, although the
Turkish Food Codex Egg Communique does not
provide a statement for egg yolk color (TSE,
2015). In the current study, a* and b* values
varied between the genotypes, but no change in
color was seen in terms of L value. A difference
between the L and b* values was also found with
regard to storage conditions. Egg color
variations (AE value) were influenced by week,
genotype, and different conditions (P<0.01). The
color of egg yellow becomes darker with a lower
AE value. By the end of the 4" week, the yolk
color of Lohmann eggs was darker under both
conditions. The availability and profile of
carotenoids in the diets are the primary
determinants of egg yolk color. However, egg
yolk color is also significantly influenced by
genetics, hen age and breed, illnesses, living
circumstances, cleanliness, use of antibiotics and
other drugs (Onbasilar and Yalgin, 2021). Given
that all other experimental settings were
identical, genetics might be the cause of the
darker of the yolk color.

Eggshell bacterial contamination may be
impacted by storage conditions (Mallet et al.,
2010). To ensure that the egg is safe and does not
pose a health risk to humans, the overall number
of bacteria on egg shell must remain below
specific thresholds. A threshold of 5 log
CFU/mL was reported by De Reu et al. (2009),
which may be interpreted as indicating eggshells
of a hygienic quality that is acceptable. The
eggshell total viable count and mean log mean
values above the permitted limitations
established by the International Commission on
the Microbiological Specification for Food
(ICMSF) of 10+10° and 6.00, respectively. By
the conclusion of the fourth week, the overall
number of microorganisms on the eggshell was,
on the whole, within allowable bounds,
according to the research findings. The first day's
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measurements of Lohmann eggs showed the
lowest amount of total bacteria. Similar to this,
the lowest total bacterial level was found for
consumer condition in Atabey eggs, but for
wholesaler condition in Lohmann eggs at the end
of the 4" week. According to Kraus et al. (2022),
the total number of microorganisms varied
between genotypes at the conclusion of the
experiment.

Kardal et al. (2018) found mold and yeast load
of market and village eggshells 6.80 and 6.97 log
CFU/mL. Whereas, in the current research, the
mold and yeast level was less than 5 log
CFU/mL. By the end of the 4™ week the mold-
yeast level in Lohmann eggs under both
conditions was the lowest.

The experiment's findings showed that the
weight loss of the eggs increased linearly with
storage time and highest under wholesaler
conditions. Haugh Unit, albumen index,
albumen height, and albumen width decreased
over the storage period for all conditions and all
genotypes, but the yolk weight, yolk width,
albumen widths, albumen lengths, pH, and AE
value increased. In comparison, all group eggs
can only keep their freshness for the first week
under wholesale conditions (+29°C), while in the
summer, Nick and Dekalb eggs may be kept
fresh for 4" week under consumer conditions
(+4°C). The excellent performance of Atabey
regarding the Haugh unit under wholesaler
conditions demonstrates that local Atabey eggs
retain their freshness better even in hot weather.
The lowest pH value was found in Nick eggs
under wholesaler conditions and in Lohmann
eggs under consumer conditions as a
consequence of our evaluation of pH values. In
consumer conditions, Lohmann eggs were able
to maintain their freshness for up to four weeks
based on the yolk index; in wholesaler
conditions, this preservation was limited to the
first day. Conversely, in both consumer and
wholesaler conditions, other genotypes eggs
only satisfied the first-day  freshness
requirements.

Lohmann eggs were therefore less impacted than
other genotypes from wholesaler conditions. By
the end of the 4" week, the overall number of

microorganisms, mold, and yeast on the eggshell
was mostly within acceptable limits, and the
eggshell's microbial load had not increased
under wholesaler or consumer conditions. In the
summer, local Atabey eggs kept their quality
better even when kept in a room. Consequently,
native Atabey can be preferred by breeders
instead of foreign genotypes.
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Phenological Growth Stages of Some Olive Cultivars (Olea europaea L.)

Cansu DOLEKY", Miicahit Taha OZKAYA?

ABSTRACT

In this study, phenological observations were made in Domat, Gemlik and Sar1 Ulak olive cultivars in Tarsus
region. For this purpose, inflorescences, beginning of blooming, stages of flowering by 25%, 50% and 75%,
end of flowering, green and black maturity periods were determined. As a result of the study, it has been
determined that there was a period of 10-15 days between the flowering (BBCH=55) and fruit setting
(BBCH=69) periods of the cultivars. On average, the time from full blooming to maturity; It was determined
as 179 days in Gemlik cultivar, 175 days in Sar1 Ulak cultivar and 138 days in Domat cultivar. Flowering and
fruit set periods in olive cultivars have a big importance for choosing indigenous cultivar selection. In this
study, the effect of climate data of different years on flowering and maturity periods were evaluated. When the
climate conditions with flowering and maturity parameters were evaluated together, the best suggestable
cultivar for relevant region is became Sar1 Ulak.

Keywords: Blooming , phenology, fruit setting, maturity, olive

Bazi Zeytin Cesitlerine Ait Fenolojik Gelisim Evreleri

(0 V4

Calismada Tarsus yoresinde Domat, Gemlik ve Sar1 Ulak zeytin ¢esitlerinde fenolojik gézlemler yapilmistir.
Bu amagcla somak olusumu, ¢iceklenme baslangici, %25 ciceklenme, %50 ¢iceklenme, %75 ¢iceklenme,
ciceklenme sonu, yesil olum ve siyah olum donemleri belirlenmistir. Calisma sonucunda ¢esitlerin ¢icek agma
ve meyve baglama donemleri arasinda 10-15 giinliik bir siire oldugu saptanmistir. Tam c¢iceklenmeden
olgunluga kadar gecen siire ortalama olarak; Gemlik gesidinde 179 giin, Sar1 Ulak ¢esidinde 175 giin ve Domat
¢esidinde ise 138 giin olarak tespit edilmistir. Zeytin ¢esitlerinde ¢igeklenme ve meyve tutumu dénemlerinin
belilenmesi yoreye 0zgii ¢esit segiminde biliyliik dnem tasimaktadir. Bu c¢alismada farkli yillardaki iklim
degerlerinin ¢igeklenme ve olgunluk periyotlarini nasil etkileyecegi degerlendirilmistir. Calismanin yapildigi
bolge iklim sartlarn ile cigeklenme ve olgunluk parametreleri degerlendirildiginde bu boélgeye en iyi
onerilebilecek ¢esidin Sar1 Ulak cesidi oldugu belirlenmistir.
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Introduction

The distribution area of the olive tree is between
30° and 45° latitude in both the northern and
southern hemispheres. Olive is a Mediterranean
climate plant characterized by dry and hot
summers (Pansiot and Rebour 1964). Loussert and
Brousse (1978) stated that the olive tree requires a
temperature of 9-10°C in the spring development
period, 14-15°C in the inflorescences period, 18-
19°C in the flowering period, fertilization occurs
at 21-22°C, develop around 15°C and when it
reaches 18-19°C this indicates the beginning of
flowering. Olive withstands the highest
temperature of 40°C. In the winter rest period, the
plant is damaged when the temperature drops
below -7°C. The development of the olive tree,
which grows in places with an average annual
precipitation of 200-800 mm, depends on the
distribution of the rains throughout the year. The
olive is a light-loving plant (Usanmaz et al. 1988;
Moltay et al. 1996; Seyran 2009).

According to the phenological calendar of the
olive tree in the Mediterranean basin, March is the
period when the differentiation of flower buds
continues, the flower petals and male organs are
formed (Kaya 2006). Pansiot and Rebour (1964)
report that the resting period of olives ends in
April. In April, the buds begin to open and flower
clusters begin to shoot from these buds (Bozkaya
2009). The flowering period, which starts from the
first week of May, continues until the middle of
June. In June, olive blooming is completed and
fruit setting takes place. With the increase in
temperature July, the olive grains grow rapidly. In
August, fruit growth continues and core hardening
is observed (Varol 2006). In September olives
starts to gather oil. As the temperatures decrease
temperature during flowering.

Seif et al. (2015) gave information about olives in
their research. A mature olive tree produces about
500,000 flowers. The number of flowers and their
distribution on the inflorescences is specific to
each cultivar, but can vary from year to year.
Flower position on the inflorescences affects
gender and opening time. Olive trees have either
male or female flowers. Olive flowers are wind-
pollinated; but it is also visited by insects. Critical
conditions such as strong and dry winds, rain and
high temperature affect pollination and can reduce
fruit formation. In a year with normal flowering, 1
to 2% of flowers are sufficient to determine fruit
for commercial yield.
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in October, the rate of photosynthesis decreases.
During this period, the olive fruit continues to be
oiled and a color change is observed in the fruit.
As photosynthesis activities retardation in
November, olive fruit continues to turn black and
maturity takes place in this month (Kaya 2006;
Bozkaya 2009).

Porlingis and Voyiatzis (1999) reported that the
germination of olive pollen decreases at high
temperatures and early flowering in hot climate is
an advantage that prevents damage to fruit set
from high temperature. Galan et al. (2005)
reported that the best pollination of olives is at
about 20-30°C. Cultivars that bloom earlier,
pollinate and fertilize at lower temperatures are
safer from high temperature damage.

Seif et al. (2008) were examined the opening times
of flowers, their gender and the persistence of the
petal in Manzanilla, Mission and Frantoio olive
cultivars. For each cultivar, 45 inflorescences
were inspected each morning during the period
from flowering to the shedding of the petal.
Hermaphrodite flowers were fundamentally
opened at the beginning of the flowering period,
while the male flowers were opened later. The
flower position on the inflorescencess was found
to have a highly significant effect on the day of
blooming in all cultivars. It has been established
that the position of flowers in Manzanilla and
Mission cultivars has a rather significant effect on
gender. In the Manzanilla cultivar, hermaphrodite
flowers have significantly longer petal persistence
than male flowers. According to the results of this
study, the persistence of the petal depends on the
daily.

In the studies made in olive, the phonological
periods are determined but the observations were
made subjectively. In this study, the periods for
each phenology, which was formed by Sanz-
Cortes et al. (2002) in detail, was given clearly that
can be observed by researchers. This was carried
out as a difference in the study and suggested to be
usable for future studies in order to make common
markers.

Materials and method

This study was carried out using Gemlik, Sari
Ulak and Domat olive cultivars in an olive orchard
belonging to a producer in Mersin province,
Tarsus district. The study was started at 11th year
of Gemlik and 8th year of Sar1 Ulak and Domat
cultivars. Planting distance of the trees were 3x7.
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The orchard was in optimal maintenance
conditions and the irrigation, fertigation, pruning
and protection processes were made regularly.
Phenological observations of these cultivars were
made.

According to Sanz-Cortés et al. (2002) the
phenological observations of Gemlik, Domat and
Sar1 Ulak cultivars show the BBCH codes of the
beginning of the inflorescences, the beginning of
flowering, 25%, 50% and 75% flowering, the end

of flowering, green maturity and black maturity
determined (Table 1).

In this way, the number of days after pollination in
fruit maturity was also obtained. Sanz-Cortés et al.
(2002) determined the following developmental
stages in their research on olive phenology.

Code
Growth phase 0:
00

01
03
07

09

Growth phase 1:
11
15

19
Growth phase 3:
31
33
37
Growth phase 5:
50

51
52
54
55
57
59
Growth phase 6:
60
61
65
67
68
69
Growth phase 7:
71
75
79
Growth phase 8:
80
81
85

Explanation

Bud Development

Leaf buds on the tops of shoots that developed in the previous crop year are
completely closed, sharp-pointed, stemless and coloured.

Leaf buds start to bulk out and new foliar primordia start to grow.

Foliar buds grow and separate from the base.

External small leaves open, but not completely separated, remaining joined at
apices.

External small leaves opening further with their tips inter-crossing.

Leaf Development

First leaves completely separated. Greenish grey colour.

The leaves separate further before they reach their final size. First leaves turn
greenish on the upperside.

The leaves take their typical length and shape.

Shoot Development

Shoot reach 10% of their final length.

Shoot reach 30% of their final size.

Shoot reach 70% of their final size.

Inflorescence emergence

Inflorescence buds in the leaf axils are completely closed. They are sharp-
pointed, stemless and ochre in color.

Inflorescence buds begin to swell from the bottom.

Inflorescence buds open. Flower cluster development begins.
Inflorescence buds grows.

Flower cluster are fully expanded. Floral buds begin to open.
Corolla green-coloured is longer than calyx.

Corolla changes colour from green to white.

Flowering

First flowers open.

Beginning of flowering: 10% of flowers open.

Full flowering: at least 50% of the flowers open.

First petals starts to fall.

Most of petals fallen or faded.

End of blooming, fruit set, non-fertilized ovaries fallen.

Fruit Development

Fruit size is approximately 10% of final size.

Fruit size is approximately 50% of final size. Stone begins lignified.
Fruit size is approximately 90% of final size. Fruit suitable for picking green.
Maturity of Fruit

The fruit turns from dark green to yellowish light green.

Starts of fruit colouring.

Increasing specific fruit colouring.
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89

Harvest maturity: fruits achieve the typical cultivar colour, remain turgid and

are suitable for oil extraction.

Growth phase 9: Senescence

92

Results and discussion

The flowering and fruit maturity times obtained as
a result of phenological observations in the olive
cultivars included in the experiment are shown in
table 1; The time differences of different
phenological development periods according to
the full flowering period are given in Table 2. The
date of full flowering was accepted as 50%
flowering period (Sanz-Cortes et al. 2001).

As a result of the observations made in 2017; The
earliest flowering was seen in Sar1 Ulak cultivar,
followed by Domat and Gemlik cultivars (Table
2). The time from full bloom to maturity was 183
days of Gemlik cultivar (black maturity), 180 days
of Sar1 Ulak cultivar (black maturity) and 142 days
of Domat cultivar (green maturity) (Table 3).

In 2018, the first bunch initiation and flowering
was seen in Sar1 Ulak cultivar. The flowers of the
Gemlik cultivar started to bloom after a few days.
On the other hand, in Domat cultivar, it was
observed in the period in this trial year and
flowering did not occur (Table 2). The time from
full bloom to maturity was found to be 174 days in
Gemlik cultivar and 171 days in Sar1 Ulak cultivar
(Table 3).

As a result of the observations made in 2019;
inflorescences onset and flowering were observed
at the earliest in the Sar1 Ulak cultivar, followed
by the Gemlik cultivar, and these developmental
stages were realized in the latest Domat cultivar
(Table 2). The period of full bloom to maturity
was determined as 181 days in Gemlik cultivar
(black maturity), 173 days in Sar1 Ulak cultivar
(black maturity) and 134 days in Domat cultivar
(green maturity) (Table 3). The location of the
BBCH codes of the phenological observations
made in the olive cultivars included in the
experiment according to the months is given in
table 3.

Within the scope of phenological observations, in
2017, 2018 and 2019, the earliest inflorescences
start and flowering were observed in the Sar1 Ulak
cultivar; The latest flowering took place in Gemlik
in 2017 and 2018, and in Domat in 2019. In 2018,
higher temperatures were detected in February and
March compared to other years (Table 2, 3 and 4),
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Overripe: fruits lose turgidity and begin to fall (Sanz-Cortés vd. 2002).

which brought the bunching period earlier. The
earliest inflorescences onset was observed on
March 30 in 2018 in the Sar1 Ulak cultivar due to
high temperature, while it was detected on April 2
in 2019 and on April 3 in 2017.

Barut et al. (2002) as a result of the examinations
of the Gemlik olive cultivar in Bursa province, it
was determined that the morphological
differentiation in the buds was in the first week of
February, and the emergence of the ovules in the
middle of April. Bolat and Giileryiiz (1995)
determined the first inflorescences formation in
the Coruh valley in the second week of May in the
Butko cultivar, and stated that the first flowering
in the cultivars was observed in the first week of
June and the full flowering was observed in the
second week of June. Since Mersin (Tarsus)
shows milder conditions compared to the regions
where  these  studies were  conducted,
inflorescences formation of our cultivars was
observed in early April, while flowering was
completed in the second week of May at the latest.

Karadag et al. (2007) reported that the beginning
of flowering was the earliest in Edincik Su and
Labib (28 April), and the latest in Domat (03 May)
and Erkence (06 May) cultivars. While flowering
started on April 29 in Gemlik cultivar, this date
was May 2 in Sari Ulak cultivar. The end of
flowering was determined as 19 May in Gemlik
cultivar and 20 May in Domat and Sar1 Ulak
cultivars. A period of 17-20 days was observed
between the beginning of flowering and the end of
flowering. The flowering and fruit maturity results
obtained in our study has partly similarity with the
results of the researchers.
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Table 1. Images of development periods are taken as a basis the phenological observations and shown

by BBCH codes
Periods BBCH Codes Pictures
Beginning of inflorescence 55
25% Blooming 63
50% Blooming* 65
75% Blooming 67
End of Blooming 69

*Full blooming, has been recognized as a 50% blooming period.
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Table 2. Flowering and fruit maturity times determined as a result of phenological observations in the
olive cultivars included in the study

BBC Domat Gemlik Sar1 Ulak
Periods H
Code 2017 | 2018 | 2019 | 2017 | 2018 | 2019 2017 2018 | 2019

Beginning -
_ of 55 06.Ap 10.A | 10.A | 03.A 04.Apr | 03.Apr 30.Ma | 02.Ap
infloresce r pr pr pr rch r
nce

[0) -

25 /o 63 27.Ap 28.A | 30.A | 19.A 26.Apr | 25.Apr | 17.Apr 25.Ap
Blooming r pr pr pr r
50% -
Blooming 65 01.M 03.M | 04.M | 24.A | 02.Ma 30.Apr | 21.Apr 01.Ma

* ay ay ay pr y y

[0) -

75% 67 04.M 09.M | 07.M | 29.A | 07.Ma 02.May | 27.Apr 06.Ma
Blooming ay ay ay pr y y
End of 69 07.M - 14.M | 09.M | 02.M | 11.Ma 04.Ma 01.Ma | 09.Ma
Blooming ay ay ay ay y May y y
Gree_n 80 20.Se - 14.Se | 03.0c | 12.Se 23.5ep | 29.Sep | 01.Sep 20.Se
maturity p p t p p
Black | gg | | - | . [05Ka150c 59 06t | 27.0ct | 05.0ct | 200
maturity S t t

Table 3. The time differences of the different phenological development periods determined in the
olive cultivars used in the study compared to the full flowering period

Periods BBCH Domat Gemlik San Ulak
Code 2017 | 2018 | 2019 | 2017 | 2018 | 2019 | 2017 | 2018 | 2019
Beginning of 55 -24 23 | -25 | 21 | 27 | -27 | -23 | -28
inflorescence
25% Blooming 63 -4 -5 -5 -5 -6 -5 -4 -6
50% Blooming ” 65 0* 0* 0* 0* 0* 0* 0* 0*
75% Blooming 67 +3 +6 +3 +5 +6 +2 +6 +5
End of Blooming 69 +6 +11 | +5 +8 +9 +4 +10 +8
Green maturity 80 +142 +134 | +151 | 4141 | +145 | +152 | +136 | +143
Black maturity 88 - - +183 | +174 | +181 | +180 | +171 | +173

* full bloom is considered to be “0*
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Table 4. Placement of BBCH codes of phenological observations made in olive cultivars included in the experiment by months

March Aoril May

2017 sorsITl | 2|34 |5|6(7]|8]9(10|11(12|13|=7xo7ToT17(18|19(20|21|22(23|24(25(26|27(28|29|30( 1|2 (3|4 |5(6 |ToT>|10(11|12|13(14

Domat 55 63 65 67 69

Gemlik 55 63 65 67| |69

San Ulak 55 63 65 67 69

Aoril Ma
4| March | |—| y
2018

Domat

Gemlik 55 63 65 67 69

San Ulak|55 63 65 67 69

March | | Aoril | May

2019

Domat 55 63 65 67 69

Gemlik 55 63 65 67 69

San Ulak 55 63 65 67 69

September October November

2017 10(11|12 | STFTIOTIOTIT 5719 |20 (21 22|23 |24(25(|26(27(28|29(30| 1|2 (3|4 |5(6 |7 |8|9|10(11(12|13(TFI5[ 161718192021 |22(23|24(25(26|27(28|29|30 (31| ST F o

,_.
~
w
IS
@
ES
~
@
©

Domat 80

Gemlik 80 88

San Ulak 80 88

September October November

2018 1(2(3|4|5(6|7|8]9|10(11|12|13|14|15(16(17|18(19|20|21(22|23|24(25|26(27(28|29|30( 1|2 (3|4 |5 (6|7 |8 |9 |10|11(12|13(14(15|16(17|18|19(20|21|22(23|24|25|26(27(28(29|30(31(1 |2 (3|4 |5

Domat

Gemlik 80 88

Sar1 Ulak|80 88

September October November

2019 10(11|12(13|14|15(16(17|18 (19|20 |21 (22|23 |24(25|26(27(28|29(30| 1|2 (3|4 |5 (6|7 |8 |9 |10(11(12|13(14|15|16(17|18|19(20|21|22(23|24|25(26|27(28(29|30(31(1 |2 (3|4 |5

,_\
N
w
IS
2
ES
~
@
©

Domat 80

Gemlik 80 88

San Ulak 80 88
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Baktir et al. (1995) reported that the
inflorescences formation took place between
March 22 and April 4, the first flowering was on
April 23 in the “Uslu” cultivar, and the last
flowering was on the May 9 in the Domat cultivar.
They observed that the earliest fruit maturity was
on 12 December in “Uslu” and “Edincik Su”
cultivars, and the latest on January 4 in
“Memecik” and “Sar1 Yaprak™ cultivars. Toplu
(2000) states that bunching begins in the first
week of April; the earliest bunching was observed
in “Gemlik” cultivar, and the latest in “Savrani”
cultivar; reported that flowering took place in May
and the flowering period lasted 11-15 days. In
addition, it was determined that the number of
days from full flowering to greening maturity was
between 143-153 days. In this study, the time
from the formation of the inflorescencess to fruit
set between 31-37 days on average for 3 years.
The average temperature is around 20°C during
flowering and pollination periods. Time from full
bloom to maturity; It was found to be 183 days in
2017, 174 days in 2018 and 181 days in 2019 in
Gemlik cultivar. It was determined that this period
was 180 days in 2017, 171 days in 2018 and 173
days in 2019 in Sar1 Ulak cultivar. According to
meteorological evaluations, while the maximum
temperatures were lower during the maturity
period in 2017, they were higher and stable in
2018 and 2019 respectively (Table 2, 3 and 4).

Selak et al. (2013) reported that high temperatures
during full bloom shortened the flowering period
by 1 day in Oblica trees. Laaribi et al. (2013)
found that the time from the formation of
inflorescence to fruit set of Chemlali Sfax cultivar
was between 35-63 days. The full bloom period
was between April 3 and May 15 on average. Due
to the favorable temperature increase until the last
ten days of March, it has been determined that bud
burst occurs early. Ay (2018) reported that the
beginning of flowering occurs in the last week of
April, and the full flowering period occurs in the
middle of May.

Ozdag and Koyuncu (2017) reported that the
formation of the inflorescences of “Ciltopak”
cultivar started on March 20, and the bursting of
flower buds started on April 20. Ozdag and
Koyuncu (2017)have determined that the
beginning of flowering is on April 15-25, the full
flowering period is on May 01-07, and the end of
flowering is on May 20-22. Green stage; While it
was found between 13 October (Ciltopak)-20

20

October (Domat) in 2015, it was detected as 04
September (Ciltopak)-10 September (Domat) in
2016. The black stage period, which was 30
November in 2015, was determined as 09 October
in 2016. Gemlik cultivar, the most important
native olive cultivar, turned black on October 25
(Ozdag and Koyuncu, 2017).

Sanchez-Estrada and Cuevas (2019) reported that
the flowering periods of Manzanilla and Barouni
cultivars coincided in two years in their
phenological observations in northern Mexico. In
contrast to these cultivars, Sevillano trees showed
slightly later flowering and a shorter overlap with
the flowering time of the Manzanilla cultivar. The
beginning of flowering of Manzanilla and Barouni
cultivars was on March 14, full flowering was
found on March 19 and flowering had ended 1
week later on March 26. The beginning of
flowering in 2017 began 5 days after 2016 and
ended on April 5th.

In 2017, during the flowering and pollination
period, the maximum temperature average was
26.8°C, the minimum temperature average was
14°C, the average temperature was 20.3°C and the
relative humidity was 63.2%. Particular attention
was paid to the absence of precipitation on the
days of pollination . In the fruit maturity period
(BBCH: 80-85), the maximum temperature
average was 27.6°C, the minimum temperature
average was 16.7°C, the average temperature was
21.8°C and the relative humidity was 69.4%
(Figure 1,2,3).

In 2018, during the flowering period, the
maximum temperature average was 27°C, the
minimum temperature average was 14.1°C, the
average temperature was 20°C and the relative
humidity was 66.8%. In the fruit maturity period
(BBCH: 80-85), the maximum temperature
average is 34°C, the minimum temperature
average is 18.7°C, the average temperature is
25.5°C and the relative humidity is 61.5% (Figure
1,2,3).

In 2019, during the flowering and pollination
period, the maximum temperature average was
26.9°C, the minimum temperature average was
13.7°C, the average temperature was 20.2°C and
the relative humidity was 66.46%. In the fruit
maturity period, the maximum temperature
average was 30°C, the minimum temperature
average was 17.4°C, the average temperature was



Phenological Growth Stages of Some Olive Cultivars (Olea europaea L.)

22.9°C and the relative humidity was 67.1%

(Figure 1,2,3).
Max (°C)
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Figure 1. In 2017-2019, maximum average temperature (°C) values during the period

inflorescences to fruit maturity
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Conclusion

The study was carried out on Gemlik, Sar1 Ulak
and Domat olive cultivars which are the most
popular cultivars in the region, planted in the same
orchard in Tarsus / Mersin Province. Phenological
evaluation was made for each cultivar and its
relationship with climate was tried to be revealed.
As a result of the observations, the olive cultivars
in question for Mersin-Tarsus-Yenice region;

* It has been found that the most suitable flowering
and fertilization times are between April 15 and
May 15.

The period from the formation of the
inflorescences to the fruit set between 31-37 days
on average for 3 years.

* The average temperature is around 20°C during
flowering and pollination periods.

* It has been determined that the period from the
opening of the flowers of the cultivars to the fruit
setting stage covers a period of 10 to 15 days.

According to meteorological evaluations, while
the maximum temperatures were lower during the
maturity period in 2017, they were observed to be
higher and stable in 2018 and 2019. The indicated
situation was prolonged the maturity process in
2017 and as a result, the harvest time was delayed.
Apart from that, the processes were affected
similarly to each other in different years. Time
from full bloom to maturity;

» It was found to be 183 days in 2017, 174 days in
2018 and 181 days in 2019 in Gemlik cultivar.

» This period was determined as 180 days in 2017,
171 days in 2018 and 173 days in 2019 in Sar
Ulak cultivar.

* In the Domat cultivar, it was determined that
there were 142 days in 2017 and 134 days in 2019.

Two factors that should be taken into account
during flowering and fruit keeping periods for the
Mersin region are high temperature and relative
humidity. Especially in 2017, the decrease in
temperatures up to 5 degrees at the beginning of
somaklama shows that low temperature is a risk
factor, although it does not create a risk for the
Mersin region.
The minimum temperatures of 5.9-22.2 degrees,
the maximum temperatures of 15.6-37.6 degrees
and the relative humidity of 35.8-90.4% have been
evaluated as suitable values for fruit set. When the
climate conditions with flowering and maturity
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parameters were evaluated together, the best
suggestable cultivar for relevant region is became
Sar1 Ulak. This study will create an example for
phenological evaluations of different cultivars
using BBCH codes. In the studies made in olive,
the phonological periods are determined but the
observations were made subjectively. In this
study, the periods for each phenology, which was
formed by Sanz-Cortes et al. (2002) in detail, was
given clearly that can be observed by researchers.
This was carried out as a difference in the study
and suggested to be usable for future studies in
order to make common markers.
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Arastirma Makalesi
Zeytinde Eseysel Uyusmazhk Durumunun Belirlenmesi ve Uyusmazhk
Arastirmalarinda Kullanilabilecek Tozlama Yontemleri
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Calismanin amaci, kendine uyusur ‘Saurani’, yar1 uyusur ‘Sar1 ulak’ ve kendine uyusmaz ‘Kilis yaglik’ zeytin
gesitlerinde eseysel uyusmazlik belirtilerinin ve zamaninin belirlenmesi ayrica iki farkli tozlama galismalari
olan ‘emaskiilasyon sonrasinda kendileme’ ve ‘kese sallama yontemi ile kendileme’ uygulayarak
kullanilabilecek tozlama yontemlerinin karsilastirilmasi planlanmistir. Calisma sonucunda, kendine uyusmaz
‘Kilis yaglik’ ve yart uyusur ‘Sar1 ulak’ ¢esitlerinde uyusmazlik belirtilerinin 6zellikle tozlamadan sonraki 36.
saatte goriilmeye basladigi, kendine uyusur ‘Saurani’de ise 36. saatte ¢icek tozu ¢im borularmin tohum
taslagina ulastigi tespit edilmistir. Yapilan farkli tozlama uygulamalari agisindan ise uyusmazligin baslangic
zamaninin belirlenmesi amaci ile yapilacak hassas ¢alismalarda emaskiilasyon sonrasinda tozlama igleminin
kullanilmas1 sart iken, sadece durum belirlemesi iizerine yapilacak ¢aligmalarda kese sallama yonteminin
yeterli olacagi kanisina varilmustir.

Anahtar Kelimeler: Eseysel uyusmazlik, Oleaceae, Emaskiilasyon, Tozlama, Cigek tozu

Determination of Sexual Incompatibility Case and the Availability of
Pollination Methods for Incompatibility Research in Olive

ABSTRACT

In this study, it was planned to determine the symptoms and timing of sexual incompatibility in self-compatible
‘Saurani’, semi-incompatible 'Sar1 ulak' and self-incompatible 'Kilis yaglik' olive cultivars and to compare the
pollination methods that can be used by applying two different pollination studies, ‘selfing after emasculation’
and 'selfing with bag shaking method'. As a result of the study, it was determined that incompatibility symptoms
started to appear especially at the 36™ hour after pollination in the self-incompatible ‘Kilis yaglik’ and semi-
incompatible ‘Sar1 ulak” varieties, while in the self-compatible ‘Saurani’, pollen tubes reached the ovule at the
36" hour. Regarding the different pollination practices, it was concluded that pollination after emasculation
should be used in sensitive studies to determine the onset time of incompatibility, whereas the bag shaking
method would be sufficient for studies to determine only the status.
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Zeytinde Eseysel Uyusmazhik Durumunun Belirlenmesi ve Uyusmazhk
Arastirmalarinda Kullanilabilecek Tozlama Yontemleri

Giris

Her gecen giin artan niifus, degisen ekonomik
kaynaklar ve diinyada yeni tat arayis1 gibi farkl
sebepler zeytin ve zeytinyagia olan ilgiyi
artirmistir. Zeytin agact (Olea europaea L.),
Akdeniz iklimine adaptasyonu ile bilinen
Akdeniz Havzasinda kiiltiirle biitiinlesmis eski
geleneksel bir iriindiir. Ancak gelecege yonelik
tahminlerde iklim degisikliginin etkilerinde
Akdeniz Havzasi “sicak nokta” olarak kabul
edilmekte, iklim degisikliginin zeytin iire-
timinde 6nemli sorunlara yol agacagi tahmin
edilmektedir (Fraga ve ark., 2021). Sinirh
ekolojik alanda yetistiriciligi yapilan zeytin
bitkisi, biiyliyen iklim krizi sonucu olusan
olumsuz ¢evre kosullarina ragmen, birim alanda
daha fazla verim elde etmek ve daha Kaliteli
tiretim i¢in bitkiyi her yOnilyle tanimak son
derece dnemlidir.

Zeytin bol ¢igekli bir aga¢ olmasina ragmen acan
cicege oranla ¢ok az sayida meyve olusturur.
Zeytinlerde hermafrodit (iki eseyli) ve staminate
(erkek) olmak tizere iki tip ¢icek bulunmaktadir.
Hermafrodit ¢i¢ek antesis doneminde yaklagik 4-
5 mm uzunlukta, pistil ve anterler ise neredeyse
ayni boyda yaklagik 2.5 mm uzunluktadir. Disi
organ en {ist kismini olusturan stigma yaklasik 1
mm, stil yaklagik 0.5 mm ve ovaryum 1-1.2 mm
capinda ¢ok kiiciik yapida olup (Serrano ve ark.,
2008), stil kisminin kisa olmasi sayesinde ¢i¢ek
tozu ¢im borusunun yumurtalia ulasimi kisa
sirede meydana gelmektedir. Zeytin bitkisi
hermafrodit c¢icekte ve staminate c¢igekte
meydana gelen cicek tozlarindan dolay1 ¢icek
tozu turetimi agisindan tozlamada Onemli bir
kaynak olmasma ragmen bazi genotiplerde
dollenme sorunlar1 yasamaktadir (Reale ve ark.,
2006). Ayni zeytin ¢esidine ait ¢igek tozlarinin
bir kism1 uyusur durum gosterirken, bazi cigek
tozu ¢im borularimin stilde ¢ok az mesafe kat
edebildigi tespit edilmistir (Bartolini ve
Guerriero, 1995). Cigek tozu ¢im borusu
bliylimesi iizerine sicaklik, nem, bitkinin yas1
gibi ¢evresel faktorlerin onemli etkisi olsa da
¢igek tozu ¢im borusunun gelisimini engelleyen
sebeplerden biri de eseysel uyusmazliktir.
Eseysel uyusmazlik, bir ¢icekte esey organlari ve
esey hiicreleri saglikli gelistikleri halde, kendile-
mede veya degisik tozlayicilarla yabanci
tozlanma ve melezlemeler sonucunda dollen-
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menin ger¢ceklesememesi durumudur. Dollenme
gerceklesemedigi i¢in normal kosullarda tohum
ve dolayisiyla meyve de olusamaz. Eseysel
uyusmazlik Ozelligi gosteren g¢esitlerde ise
mutlaka yabanci tozlanmaya ihtiya¢ duyul-
maktadir. Eseysel uyusmazlik kalitsal yonden
birden fazla lokusun etkisi ile meydana
gelmektedir (Franklin-Tong, 2008).

Kendine uyusmazlik, bircok ¢igekli bitkide
oldugu gibi zeytinde de tir igi genaratif
cogalmay1 engelleyen bir mekanizmadir. Ayni
zamanda, kendi ¢igcek tozuyla meyve olusu-
munu engelledigi i¢in verimde azalmaya ve
onemli ekonomik kayiplara sebep olmaktadir.
Bu durum tek g¢esit ile kurulmus kapama
bahgelerde meyve iiretiminde azalma ve énemli
oranda {iriin kaybina (Quero ve ark., 2002) sebep
olmakla birlikte 1slah ¢alismalarini da etkileyen
Oonemli bir faktordiir.

Kendine uyusur ¢esitlerde ¢igek tozu ¢im borusu
hizli bir sekilde ilerlerken, kendine uyusmazlik
Ozelligi gosteren cgesitlerde ise ¢igek yasami
stiresince ¢igek tozu ¢im borusunun biiytimesi
cok yavag gelismektedir. Bazi durumlarda ise
generatif ¢ekirdek mikropile ulasmadan pistilde
fizyolojik sinirlamalar getirerek tamamen
bliylimeye engel olmakta ve dollenme olay1
gerceklesememektedir. Bu durumda ¢igekler
dokiilerek Omriinii tamamlamaktadir (Rea ve
Nasrallah, 2004). Kendine uyusmazlikta ¢igek
tozunun ¢im-lenmesi ve ¢icek tozu ¢im
borusundaki gelisiminin bilinmesi gelecekte
yapilacak c¢a-ligmalar i¢in O6nemli bir kaynak
saglayacaktir. Bu c¢alismada, Ulusal Zeytin
Arazi Gen Bankasinda yer alan tescilli gesitler
olan Kilis yaglik, Sar1 ulak ve Saurani zeytin
cesitlerinde eseysel uyusmazlik durumlan ve
uyusmazlik belirtilerinin histolojik olarak ne
sekilde gercek-lestigi ile uyusmazlik zamaninin
belirlenmesi amacglanmistir. Ayrica, eseysel
uyusmazlik ¢alismalarinda bitkinin uyusmazlik
durumunun belirlenmesi sirasinda
kullanilabilecek tozlama yontemlerinin
karsilastirilmasi amaglanmaistir.
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Materyal ve Yontem

Bitkisel Materyal

Bu calisma 2022 yilinda zeytin c¢igeklenme
periyodunda Bornova Zeytincilik Arastirma
Enstitiisii  Miidiirliigli, Izmir ve Cukurova
Universitesi ~ Sitoloji ve Histoloji Labora-
tuvarinda, Adana yiritilmistir. Calismada
kendine uyusmaz ‘Kilis yaglk’, yar1 uyusur
‘Sar1 ulak’ ve kendine uyusur ‘Saurani’ zeytin
cesitleri kullamilmistir. Kilis Yaglik cesidinin
orijini Kilis olup Gaziantep, Oguzeli, Sanliurfa,
Cizre, Kahramanmaras ve Mardin illerindeki
zeytinliklerinde  yogun  olarak  bulunur.
Gilineydogu Anadolu Bolgesi’nin toplam agag
sayisinin  yaklagik yarist  ‘Kilis  Yaglk’
cesidinden olusur. Agacin gelisimi hizli olup
orta biiylikliikte vyayvanca ta¢ olusturur.
Meyveleri aymi boyutta olmaz, irili ufakl
meyveler olusturur ve yuvarlaktir. Baz1 yillar da
salkim seklinde meyve olusumu goriiliir. Bu
¢esidin en Onemli sorunu boncuklu meyve
olusumudur (Mete ve Cetin, 2017). Meyveleri
cok kiiciik, ¢ekirdekleri meyveye oranla iridir.
Meyveleri %31,8 oranin-da yag igermesiyle
yaglik olarak degerlendirilir. Kuvvetli periyo-
disite gosterir. Soguga cok duyarli degildir.
Celikle ve yumru ile c¢ogaltilir. Kendine
uyusmaz bir ¢esittir (Kaya ve ark., 2015). “Sar1
Ulak’ ¢esidinin orijini Mersin ilinin Tarsus
ilgesidir. Mersin, Tarsus, Erdemli, Giilnar,
Adana’nin  Seyhan, Kozan  Yumurtalik
ilgelerinde yogun olarak yetistirilmektedir.
Tarsus menseli Akdeniz Bolgesi agac varliginin
%6’smn1  olusturur. Agaci kuvvetli, biiyik,
yayvan daginik bir ta¢ olusturur. Meyveleri orta
irilikte uzun ve silindiriktir, ucu yuvarlak ve
memesizdir. Cekirdekleri ¢ok iri olup %19
civarinda yag icerir. Verimi orta diizeyde siyah
ve yesil olarak degerlendirilir. Soguklardan
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kolay etkilenir, sicakligin kritik seviyeye
diismesi durumunda siirglin, ince dal ve
dalciklarda catlamalar ve meyvelerde soguktan
dolayr hurma olusumu gorilir. Kendi
ekolojisinde aile ihtiyacini karsilamak igin yesil
ve siyah sofralik olarak degerlendirilir.
Periyodisite gosterir. Celiklerin kdoklenme orani
orta seviyededir. Kismen kendine uyusur bir
cesittir (Kaya ve ark., 2015). ‘Saurani’ ise
Hatay’m Altindzii ilgesi ve civarinda yogun
olarak goriilen bir gesittir. Meyve ve ¢ekirdekleri
kiigiik olup %29,2 oraninda yag igerir. Meyve
ucu asag1 dogru biikiilmiis olup ucta kiiclik bir
meme bulunur. Olduk¢a verimli bir cesittir.
Periyodisite gosterir ve genellikle gec olgunlasir.
Diistik sicakliktan zarar goriir. Yag icerigi
yiksek oldugundan genellikle yaglik olarak
degerlendirilir.  Ayrica, aile ihtiyaglarim
karsilamak i¢in yesil ve siyah sofralik olarak
kullanilir. As1 ile ¢ogaltilir. Kendine uyusur bir
cesittir (Kaya ve ark., 2015).

Yontem

Tozlama Calismalari

Tozlama c¢aligmalar1 i¢in Oncelikle tozlama
yapilan dallarda c¢icek tomurcuklart heniiz
acilmamisken tozlanmayir Onlemek amaciyla
yagl kagitlardan yapilmig izolasyon keseleri ile
kapatilarak tozlama zamanma kadar izole
edilmesi saglanmistir. Bu kapsamda her cesitten
en az 40 adet dal kapatilmistir (Sekil 1A). Cigek
tozu elde etmek amaciyla tozlama igin ayrilmig
olan agaclardan ayr1 agaglara c¢icek tozu elde
etmek amaciyla keseler takilarak giin asiri
keselerin sallanmasi ile ¢icek tozlar1 elde
edilmistir. Toplanan ¢igek tozlar1 her cesit icin
ayr1 ayri kiigiik kutular icerisine alinmis (Sekil
1B) ve tozlama ¢alismasinda kullanilana kadar
+4°C’de muhafaza edilmistir.
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Sekil 1. Tozlamada kullanilan ¢i¢ek tozlariin elde edilmesi. A. Dallara yagli kagitlarin takilmas:.

B. Tozlamada kullanilan gigek tozlari
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Izolasyon yapilan dallarda zeytinlerde tozlama
amaciyla kullanilan 2 farkli tozlama islemi
(Emaskiilasyon Sonrasinda Tozlama ve Kese
Sallama Yontemi ile Tozlama) yapilmis olup,
farkl: sekillerde 6rnekler alinmistir.
Emaskiilasyon Sonrasinda Tozlama
Ornekleme

Kullanilan gesitlere ait ¢icek tomurcuklart beyaz
balon asamasinda iken tag yapraklar ~ ve erkek
organlarin ince uclu pensler yar-dimiyla ¢igekten
emaskiile edilmesinden sonra (Sekil 2A) her

ve

Kese sallama yontemi ile tozlama ve
ornekleme

Tozlama islemleri i¢in 6nceden izole edilmis
dallarda ¢igeklerin %25 oranda agtigi donemde
keselerin birer kere sallanmasi ile kendileme
islemleri yapilmustir (Sekil 3). Orneklemeler,
tozlama isleminden sonra dort giin boyunca

tamamen gozleme dayali olarak “Tag yapraklar

¢esit icin kendi ¢igek tozunun bir  samur firca
yardimiyla disi organ tepecigi (stigma) lizerine
taginarak tozlama iglemi gerceklestirilmistir
(Sekil2B). Ardindan tozlamasi yapilan dallar
tozlanma ve dollenme sirasinda disaridan
gelecek cicek tozlarindan korunmasi amaciyla
agril torbalar ile izole edilmistir (Sekil 2C).
Emaskiilasyon sonrasinda elle tozlama islemi
i¢in histolojik ¢alismalarda kullanilacak drnekler
tozlama isleminden 2, 6, 12, 24, 36, 48, 60, 72
saat sonrasinda alimustir.

Sekil 2. Elle tozlama ilemlerinin yapllmaSL A. Balon asamasindaki ¢iceklerde emaskiilasyon

isleminin yapilmasi. B. Cigek tozlarmin firga ile disicik tepesine taginmasi. C. Tozlanmis dallarin
izolasyonu.

} et

5
P

hafif acildiginda”, “Ta¢ yapraklar tam
acildiginda”, “Anterlerin bir kismi patlamis”,
“Anterlerin  tamami  patlamis”, “Anterler
kararmis”, “Sadece disi organ kalanlar” olacak
sekilde farkli asamalarda g¢igek Ornekleri

alinmustir (Sekil 4 A-F).

Sekil 3. Dallarin sallanmasi yontemiyle tozlama isleminin yapilmasi. A. Cigeklerin %25’inin

actig1 donem. B. Dallarin sallanmasi.
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Sekil 4. Tozlama iglemi sonrasinda gozleme dayali 6rnek aliminda temel alinan ¢igek
durumlar1 (Lavee ve ark., 1996). A. Balon agsamasi. B. Ta¢ yapraklar1 hafif agilmis gicek,
C. Anterlerinin bir kismi1 patlamis ¢igek, D. Anterlerinin tamami patlamis ¢icek, E.
Anterleri kararmis cicek, F. Sadece disi organi kalan ¢icek

Histolojik Analizler

Her iki uygulama yonteminde belirlenen
ornekleme zamanlar1 icin ayr1 ayr1 olacak
sekilde 10 6rnek alinmig ve hizlica laboratuvara
getirilerek FPA70 fiksasyon sivisi igerisine
aktarilmistir. Alinan 6rneklerde ¢igek tozu ¢im
borusu gelisimlerinin incelenmesi amaciyla
“Ezme preparat yontemi” kullamilmigtir. Bu
kapsamda alinan 6rnekler FPA’dan arindirilmak
icin yikanmig, ardindan 8N NaOH ile
yumusatildiktan sonra K3PO4 ile mordanlanmig
Anilin mavisi ile boyanmistir (Karabiyik, 2022).
Boyama isleminin tamamlanmasindan sonra
Olympus BX 51 floresan mikroskop ile
incelenen oOrneklerde DP72 kamera ile
goriintiileme yapilmistir. Inceleme esnasinda
cicek tozu ¢im borularmin stigma {izerinde
¢imlenmesi, stil igerisinde ilerlemesi ile
yumurtaliga ulasma durumlari tespit edilmistir.

Bulgular ve Tartisma

Zeytinde Pistilin Anatomik Yapisi1 ve Cicek
Tozu Cim Borusu Gelisimi

Zeytin bitkisine ait pistilde genis bir stigma, kisa
bir stil ve irice bir ovaryum bulunmaktadir.
Ovaryum icerisinde anatrop yapida ve
mikropilleri i¢ kisma bakan 4 adet tohum taslagi
bulunmaktadir. Iletim demetleri cicegi cicek
sapindan stigmanin ucuna kadar iki taraftan
cepecevre sarmaktadir. Stilde bulunan iki iletim
demeti Obegi arasinda ¢igek tozu ¢im borusu
biiylime dokusu bulunmaktadir. Cigek tozu ¢im
borular1 stigmada ¢imlendikten sonra bu doku
icerisinde ilerleyerek en kisa yoldan tohum
taslagina giris yapmaktadir (Sekil 5). Yapilan
incelemeler sonucunda her ii¢ ¢esitte de bu
yapida farkliliklar olmadigi ancak pistillerin
stigma iriliklerinde  farkliliklarin ~ oldugu

belirlenmistir.

Sekil 5. Bir zeytin pistilinin boyuna kesilmis goriintiisii. Olgek ¢ubugu: 200p.
Sekil {izerinde A ile belirtilmis bolge ¢igek tozu ¢im borusu biiyiime dokusunu, Beyaz ok; cicek
tozlarinin tohum taslagina giris yerini, Yuvarlak igine alinmis bolge; stigmada ¢imlenmekte olan

cigek tozlarim gostermektedir.

Zeytinde ¢igcek tozu ¢im borular stigmaya
ulastiktan 2-6 saat sonra olusmaya baglamistir
(Sekil 6A). Baslangigta stigma iizerinde ¢ok
sayida ¢igek tozu ¢im borusu uzamaya baslasa da
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stil igerisine az sayida ¢igek tozu ¢im borusunun
giris yaptig1 (Sekil 6B) ve bu ¢im borularindan
da sadece 1-4 tanesinin tohum taslaklarina kadar
uzayabildigi (Sekil 6C) gériillmiistiir.
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Sekil 6. Zeytinde ¢igek tozu ¢im borusu uzamasi. A. Cigek tozu ¢im borularinin stigma tizerinde
cimlenmesi, 6lcek cubugu: 50u. B. Cicek tozu ¢im borusunun (siyah ok) stil icerisinde
ilerlemesi (Siyah ok), 6lgcek ¢ubugi: 50u. C. Cigek tozu ¢im borusunun tohum taslagina
ulagmasi (Siyah ok), 6l¢cek cubugu: 100p.

Daha once yapilan caligmalarda da zeytinde
cicek tozu ¢im borusunun stigma iizerine
ulastiktan sonra iki iletim demeti arasindan stil
icerisinde bulunan dokuya niifuz etmekte ve
baslangicta ¢ok sayida cicek tozu ¢im borusu
gelisimi saglanirken olusan ¢icek tozu ¢im
borularindan ancak 1-2 tanesi ovaryuma
ulagabilmekte oldugu belirtilmistir (Cuevas ve
ark., 1993; Ateyyeh ve ark., 2000; Vuletin Selak
ve ark., 2014). Bazi caligmalarda ovaryuma
ulasan ¢igek tozu ¢im borusu sayisinin 4 taneye
ulagabildigi de bildirilmistir (Wu ve ark., 2002).
Yaptigimiz bu ¢calismada da benzer sonug her iki
tozlama yontemi ile de yapilan histolojik
analizler sonucunda kendine uyusur ‘Saurani’
zeytin ¢esidinde tespit edilmistir.

Tozlamalar Sonrasinda Cicek Tozu Cim
Borusu Gelisimi

‘Saurani’

Emaskiilasyon  sonrasinda elle  tozlama
caligmalarinda yapilan histolojik incelemeler
sonucunda kendine uyusur ‘Saurani’ zeytin
¢esidinde ¢igek tozu ¢im borularinin tozla-
madan 2 saat sonrasindan itibaren stigma
tizerinde ¢imlenmeye basladig1 (Sekil 7A), 24.
saatte stil icerisinde ilerlemekte oldugu (Sekil
7B) ve 36. saatte ovaryuma ulastigi belir-
lenmigtir (Sekil 7C). Kese sallama yonteminde
ise ‘Saurani’ ¢esidinden alinan 6rnekler arasinda
anterleri patlamis ve anterleri kararmis olan
orneklerde ¢icek tozu ¢im borusunun tohum
taslagina  ulastigni  belirlenmistir. ~ Tarsus
kosullarinda Gemlik, Sar1 Ulak ve Domat zeytin
cesitlerinde yapilan bir ¢alismada gigek tozu ¢im
borularmm tohum taslagina ulagmasi hem
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kendileme hem de yabanci tozlama
uygulamalarinda 2 veya 3. glinde gerceklestigi
bildirilmistir (Gencer, 2020). Arzani ve Javady
(2000), ise zeytinde etkili tozlanma periyodunu
belirlemek amaciyla gicekler heniiz beyaz balon
asamasindayken emaskiilayon islemi uygu-
layarak tozlama islemi gerceklestirilmistir.
Calisma sonucunda, ¢i¢ek tozu ¢im borularinin
tozlamadan 1 giin sonra stile, 3 giin sonrasinda
ise tohum taslagina ulastigi gortlmiistiir.

‘Kilis Yaghk’

Kendine uyusmaz olarak bilinen ‘Kilis yaghk’
zeytin ¢esidinde elle tozlama ¢aligmalari
sonucunda ¢icek tozu ¢im  borularmin
tozlamadan sonraki 6. ve 12. saatlerde stigmada
cimlenmeye basladigi, ilk 24 saat icerisinde
cigek tozu ¢im borularinin kendi boyutunun
yaklasik 4 kati kadar uzadigi belirlenmistir
(Sekil 7D). Tozlanmadan sonraki 36. saatte ise
¢igek tozu ¢im borulariin u¢ kisimdan sismeye
veya ¢atallanmaya basladigi, bazilarinin ise stil
dokusuna giremeyerek stigma {izerinde don-
meye basladig1 belirlenmistir (Sekil 7E). Bu
durum ‘Kilis yaglik’ ¢esidinde ¢igek tozu ¢im
borularinin stigmay1 delemeden deformasyona
ugradigini, yani uyusmazlik belirtilerinin stigma
tizerinde 36. saatten itibaren bagladigin
gostermektedir. S6z konusu ¢esitte kese ile
sallama yonteminde ise anterleri yeni patlamis
olan Orneklerde cicek tozlar1 c¢imlenmeye
baglamis olup, anterler kararmis olan bazi
orneklerde ve sadece disi kalan 6rneklerde ¢igek
tozu ¢im borularinda kivrilmalar basladig tespit
edilmistir.
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East (1934), kendine uyusmazligi kendileme
depresyonu (artan homozigotluk nedeniyle
bireylerdeki performans azalmasi) olarak
tanimlamakta ve uyusmazlik durumunda ¢igek
tozu ¢im borusunda kivrilmalar ve ug kisimlarda
sismeler oldugu, belirli bir siire sonra ¢i¢ek tozu
¢im borusu biiyiimesinin durduruldugunu
bildirmistir.  Benzer  durumlar  kendine

‘Sar1 Ulak’

Kendine yar1 uyusur olan ‘Sari1 ulak’ zeytin
¢esidinde ise ¢igek tozlarinin tozlamadan sonraki
ilk  saatlerden itibaren ¢im  borularim
olusturmaya basladig1 gozlenmistir. Tozlama-
dan 24 saat sonra c¢igcek tozu ¢im borularinin
stigmadan igeriye giris yapmis oldugu ve
ozellikle 36. saatte tohum taslaginin yarisina
kadar ulastign goriintillenmistir. S6z konusu
cesitte 48. saatte tohum taslagina ulasmis ¢icek
tozu ¢im borularinin da oldugu goriilmiistiir. Bu
durum ‘Sann  Ulak’ ¢esidinde kendileme
sonucunda meyve tutumunun bu sekilde
gergeklestigini kanitlamaktadir.

‘Sar1 Ulak’ yar1 uyusur bir ¢esit oldugundan bazi
cigekler = kendileme  sonucunda  meyve
olustururken, bazi ¢iceklerde de ¢icek tozu ¢im
borularmimn  engellenmesi  beklenmektedir.
Emaskiilasyon sonrasi tozlamada baslangicta
¢igek tozu ¢im borular1 normal sekilde ilerlerken
60. saatte c¢icek tozu ¢im borularinin stilin
yarisinda parcalanmaya basladig1 ve dolayisiyla
bu ¢icek tozu ¢im borularinin tohum taslaklarina
ulasamadigi  goriilmiistir  (7F-H).  Baz
durumlarda ¢igek tozu ¢im borulart ovaryum
icinde de yiiksek kalloz ve kivrilmalar
gostermistir  (Sekil 7F-H). Ancak baz
orneklerde de stilde ilerlemekte olan ¢icek tozu
¢im borularindan bir kaginin ovaryuma dogru
ilerledigi ve tohum taslagma ulasabildigi de
gorintiilenmistir  (Sekil 7C). Bu durum S
genlerinin yarisinin benzerlik godstermesinden
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uyusmazlik gosteren Frantoio, Koroneiki ve
Kalamata zeytin c¢esitleri {izerinde yapilan
calisma sonucunda da goézlenmis olup, ¢igek
tozlar1 ¢im borularinin stile girmeden o6nce
stigmada engellendigi tespit edilmistir (Seifi ve
ark., 2011).

kaynakli oldugu diisiiniilmekte ve disi organ ile
benzer S genine sahip ¢icek tozlarina ait ¢igek
tozu ¢im  borularmin  stil  igerisinde
pargalandigini igaret etmektedir. Nitekim Délek-
Gencer ve ark. (2023), Sar1 ulak zeytin ¢esidinde
cicek tozu kalite ve miktar1 yiiksek olmasina
ragmen kendileme uygulamasinda en yiiksek
diizeyde  boncuklu  meyve  olusumunu
gerceklestirdigi ve bu durumun g¢esidin kendi
cicek tozu ile uyusmazlik sorunu yasadigindan
kaynaklandigini belirtilmislerdir.

Kese sallama yontemi ile yaptigimiz ¢alisma
sonucunda ise  ‘Sar1  Ulak® ¢esidinde
baslangictaki 6rneklerde ¢icek tozu ¢im borulari
normal ilerlemeye devam ederken sadece disi
organt kalan oOrneklerde c¢icek tozu ¢im
borularinin stilin ortasinda deforme olmaya
basladig1 belirlenmistir.

Manzanillo zeytin ¢esidinin kendi ¢igek tozu ile
tozlanmasi sonucunda ¢icek tozu ¢im borularinin
gogunun stigma yiizeyinde kaldigi ve stil
kismina ulasamadigi, bu durumda gigeklerin
ancak  %5’inde  dollenme  gerceklestigi
belirlenmistir  (Sanchez-Estrada ve Cuevas,
2019). Manzanillo ¢esidi ile ilgili baska bir
calismada ise soz konusu cesit kendine uyus-
maz olarak nitelendirilse (Cuevas ve Polito,
1997)’de, Wu ve ark. (2002), yaptiklar1 ¢alis-
mada kismi uyusmazlik 6zelligini gosterdigini
bildirmislerdir.



Zeytinde Eseysel Uyusmazhik Durumunun Belirlenmesi ve Uyusmazhk
Arastirmalarinda Kullanilabilecek Tozlama Yontemleri

Sekil 7. Saurani, Kilis yaglik ve Sar1 Ulak ¢esitlerinde ¢i¢ek tozu gelisimi ve olusan anormalilikler.
A-C ‘Saurani’ zeytin ¢esidinde ¢igek tozu ¢im borusu uzamasi. A. Tozlanmanin 2. ve 6. saatlerinde
¢icek tozu ¢im borularinin stigma iizerinde ¢imlenerek stigmay1 delmesi, Olgek cubugu: 100u. B.
Cicek tozu ¢im borusunun 24. saatte stilde ilerlemesi, Olgek cubugu: 50u. C. Cicek tozu ¢im
borusunun 36. saatte tohum taslagina ulasmasi, Olgek cubugu: 100p. D-F. ‘Kilis yaglik® ¢esidinde
¢im borusu gelisimi. D. 12. saatte ¢icek tozu ¢im borularinin stigma yiizeyinde ¢imlenmis
goriintiileri, Olgek cubugu: 50u. E-F. 36. saat itibariyle cicek tozu ¢im borularinda gerceklesen
anormal gelismeler. E, Cicek tozu ¢im borularmnin stigma iizerinde kivrilmasi, Olgek ¢ubugu: 50p.
F. Cicek tozu ¢im borusunun ucunun sismesi, Olgek cubugu: 50p .G-H ‘Sar1 ulak’ ¢esidinde ¢igek
tozu ¢im borularinin stil igerisindeki anormal goriintiileri. H. Cigek tozu ¢im borularinin stilin
yarisinda kivrilmaya baslamasi ve kalloz olusumunun artmasi, Olgek ¢ubugu: 50p.

Tozlama Yoéntemlerinin Kullanilabilirligi goriilmistiir. Bu durum, stigma reseptifligi uzun
Yapilan iki tozlama c¢aligmasinin histolojik olan zeytin c¢iceginde ciceklerin hangi giin
sonuglart  karsilastirildiginda  emaskiilasyon  tozlandiginin, tozlamada kullanilan ¢icek toz-
sonrasinda tozlama yoOnteminin ¢im borusu larimin canliligimin  ve ¢igeklerin tozlama
gelisiminin incelenmesi ve uyusmazlik tayini sirasinda  hangi  asamada  olabileceginin
icin uygun oldugu buna karsgin tozlama morfolojik olarak belirlenememesine neden
asamasinda zor uygulanan bir yontem oldugu olacagi disiintilmektedir. Bununla birlikte,
tespit edilmistir. Ancak, canlilik diizeyi bilinen yapilan  incelemeler = sonucunda  farkh
cicek tozlar ile bilinen saatte yapilan tozlama asamalardaki ciceklerde de olsa saatlik
islemleri ile etkin bir tozlanmanin saglandigi  Orneklerdeki  kritik  goOriintiilere  benzer
gorilmiistiir. goriintiiler elde edilmis ve belirli agsamalarda
Kese sallama yontemi ile yapilan tozlama alinacak fazla sayidaki c¢icek Orneklerinde
caligmalardan elde edilen ornekler incelen- yapilacak histolojik analizler sonucunda eseysel
diginde ise ¢icek tozlarinin disi organlara yeterli uyusmazlik varliginin belirlenebilecegi tespit
miktarda ulasmadiginda etkili bir tozlanma edilmistir.

isleminin olmadig1 goriilmiistiir. Elde edilen Onceki c¢alismalara kiyasla emaskiilasyon
orneklerin bazilarinda ilk asamalarda stilde sonrasinda tozlama islemleri daha 6nce Dolek-
ilerleme goriiliirken ileriki agamalarda daha yeni  Gencer (2020)’de de belirtilmis ve benzer
¢imlenmeler ile  karsilagilmistir. Bazi sonuglar elde edilmigtir. Seifi ve ark. (2011),
durumlarda da ayni asama olarak alinmis bir tarafindan kese sallama yontemi ile benzer
ornekte ¢icek tozu ¢im borulari stilde iken sekilde incelenerek uyusmazlik durumunu
bazisinda ya hig ¢igek tozu olmadigi ya da ¢igek  belirlenebildigi bildirilmistir. Bu durumda, saat
tozunun yeni ¢imlenmeye baslamis olabildigi belirlemesi  gibi  hassas  bir  ¢alisma
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yapilmayacaksa ve sadece durum belirlemesi
yapilmak isteniyorsa tozlama isglemi ve
orneklemesi daha kolay olan kese sallama
yontemi  kullanilabilecegi  diigiiniilmektedir.
Ancak, cicek tozunun hangi asamada veya hangi
saatte durdugu gibi bilgilere ihtiya¢c varsa
mutlaka emaskiilasyon sonrasinda bilinen saatte
cicek tozunun stigma {izerine taginmasi
gerekmektedir.

Sonuclar

Zeytin bitkisindeki kendine uyusmazlik sistemi,
iiretim ve yetistirme acisindan onemli sonuglari
olan genis kapsamli bir aragtirma konusu
olmustur. Zeytinde kendine uyus-mazlhigin
incelenmesi, etkili {retim  strateji-lerinin
gelistirilmesi ve zeytin yetistirme uygu-
lamalarmin iyilestirilmesi agisindan hayati
Ooneme sahiptir. Zeytinde eseysel uyusmazlik
belirtilerinin tozlanmadan sonra hangi donemde
olustugunun  goriilmesini  amaglayan bu
caligmada kendine uyusur ‘Saurani’, yart uyusur
“Sar1 ulak” ve kendine uyusmaz 6zellik gosteren
“Kilis yaglik” zeytin g¢esitlerinde tozlama
sonrasinda c¢icek tozu ¢im borusu biiyiimesi
incelenmistir. Ayrica, yapilan iki farkli tozlama
calismasi ile cicek tozu ¢im borusu gelisimi
incelemesini amaglayan c¢alismalarda farkli
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yontemlerin ~ kullanilabilirligi ~ belirlenmistir.
Bununla birlikte inceleme esnasinda zeytin
ciceginde disi organin ve ¢igek tozu ¢im borusu
gelisiminin  detayli yapist da incelenmistir.
Calisma sonucunda cesitlerin eseysel uyusma
diizeyleri dogrulanmis olup, cicek tozu cim
borularinin ‘Saurani’ ¢esidinde 2. giinde tohum
taslaklarina ulasirken, ‘Kilis yaglik’ g¢esidinde
cicek tozu ¢im borularinin 36. saatte stigmada,
‘Sar1 ulak’ ¢esidinde ise 60. saatte stil icerisinde
durduruldugu tespit edilmistir. Yapilan farkli
tozlama  uygulamalarmin  kullamlabilirligi
konusunda ise  uyusmazliin  baslangi¢
zamaninin belirlenmesi agisinda yapilacak
hassas caligsmalarda emaskiilasyon sonrasinda
tozlama isleminin kullanilmasinin sart oldugu,
sadece durum belirlemesi {iizerine yapilacak
caligmalarda kese sallama yonteminin yeterli
olacagi kanisina varilmaistir.
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Investigation of Microbiological, Physicochemical, and Sensory Properties of a
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ABSTRACT

The effect of propolis fortification on kefir microbiota and kefir properties was investigated. Kefir samples
were fortified with 0.5% (20 mg) (P1) or 1% (40 mg) propolis (P2) to improve the nutritional value of kefir.
Similar studies on dairy products were evaluated to determine these ratios. After the first day and 7 day of
storage, microbial enumerations, and physicochemical properties were determined. Total phenolic content and
antioxidant capacity were analyzed with 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity
assay after the 7™ day of storage. 0.5% propolis fortification slightly changed the physicochemical properties
of kefir within acceptable ranges compared to the control. Propolis exhibited a prebiotic effect on lactococci
after the 7™ day of storage. Sensory analysis revealed 0.5% propolis-fortified kefir was more acceptable. Total
phenolic content as well as radical scavenging activity increased compared to the control. The results show
that propolis can be used to improve the nutritional value of kefir products and develop an innovative functional
product, but 0.5% fortification is more acceptable in terms of sensory properties.

Keywords: Propolis, kefir, 2,2-difenil-1-pikrilhidrazil (DPPH), total phenolic

Propolisle Zenginlestirilmis Kefir Iceceginin Mikrobiyolojik, Fizikokimyasal ve
Duyusal Ozelliklerinin Arastirilmasi

0z

Propolis takviyesinin kefir mikrobiyotasi ve kefir 6zellikleri tizerindeki etkisi arastirilmistir. Kefir 6rnekleri,
kefirin besin degerini artirmak i¢in %0.5 (20 mg) (P1) veya %1 (40 mg) propolis (P2) ile zenginlestirilmistir.
Bu oranlar segilirken literatiirde siit liriinleriyle yapilan benzer ¢aligmalardan yararlanilmigtir. Depolamanin ilk
giinii ve 7. giinlinden sonra, mikrobiyal sayimlar ve fizikokimyasal 6zellikler belirlenmistir. Toplam fenolik
icerik ve antioksidan kapasite, depolamanin 7. giiniinden sonra 2,2-difenil-1-pikrilhidrazil (DPPH) radikal
stipirme aktivitesi testi ile analiz edilmistir. %0.5 propolis takviyesi, kefirin fizikokimyasal 6zelliklerini
kontrole kiyasla kabul edilebilir araliklarda hafifce degistirmistir. Propolis, depolamanin 7. giiniinden sonra
laktokoklar tizerinde prebiyotik bir etki gdstermistir. Duyusal analiz, %0,5 propolisle gili¢lendirilmis kefirin
daha kabul edilebilir oldugunu ortaya koymustur. Toplam fenolik igerigin yam sira radikal stipiirme aktivitesi
de kontrole kiyasla artmistir. Sonuglar, propolisin kefir tiriinlerinin besin degerlerini iyilestirmek ve yenilikgi
fonksiyonel bir iiriin gelistirmek i¢in kullanilabilecegini, ancak %0,5'lik zenginlestirmenin duyusal 6zellikler
bakimindan daha kabul edilebilir oldugunu géstermektedir.
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Introduction

Propolis is a substance protecting hive and is
also known as “bee glue”. It is collected
from plants by bees as a resinous material
and is transferred to a hive to form its
propolis employing enzymes (Bhargava vd.,
2021; Ozkok vd., 2021). The most important
role of propolis is to protect the hive from
microorganisms and predators (Bhargava
vd., 2021). Propolis can contain phenolic
compounds, flavonoids, and terpenes
(Irigoiti vd., 2021). Propolis has been used
since ancient times and has been known to
have medicinal properties such as
antibacterial, antioxidant, prebiotics,
anticancer, hepatoprotective, antiviral, and
anti-inflammatory (Ali ve Kunugi, 2021;
Bhargava vd., 2021; Ozkék vd., 2021). The
potential therapeutic effect of propolis has
been studied and has been shown that it can
modulate metabolic syndrome as well as
anti-cancer effects. Additionally, propolis
has been shown to have the potential to
inhibit viral spike fusion in host cells by
molecular simulations (Ali ve Kunugi,
2021). COVID-19 patients exhibited earlier
viral clearance by consuming propolis (Ali
ve Kunugi, 2021; Berretta vd., 2020). It
increases the production of short-chain fatty
acids (SCFA) and modulates the gut
microbiota (Xue vd., 2019). Therefore,
propolis has been used as a functional food
ingredient or sole formulation (Irigoiti vd.,
2021).

Kefir is a traditional beverage fermented by
starter cultures called “kefir grains™ (Ilikkan
ve Bagdat, 2021). The Caucasus, Tibetan,
and Mongolian mountains are the origin of
Kefir (Kazou vd., 2021). Tirkiye,
Argentina, Russia, Taiwan, and Brazil are
the countries that consume Kefir and it has
been very popular because of its refreshing
effect (de Lima vd., 2018). Kefir has a
symbiotic microflora consisting of yeast and
lactic acid bacteria. Kefir promotes human
health because its microflora has dominantly
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lactic acid bacteria (Bengoa vd., 2019). Kefir
and its polysaccharide substance “Kefiran”
have many benefits such as being
antimicrobial and antiproliferative (Verce
vd., 2019).

This study is the first  report
comprehensively investigating the effect of
kefirs enriched with propolis on antioxidant
capacity, kefir microbiota, total phenolic,
sensory, and physicochemical properties.
The fortification aimed to improve the
beneficial properties of kefir and to
investigate the prebiotic effect of propolis.

Material and Methods

Propolis

Food grade anatolian propolis was used in
this study that is brown, water extract, and
manufactured in Turkey. The propolis was
purchased from an approved market (Bee’O,
Sbs Bilimsel Bio Coziimler San. Tic. A.S.,
Turkey, 20 ml). Total phenolic content, total
flavonoid content, phenolic compounds, and
antioxidant capacity were provided by the
company
(https://www.beeo.com.tr/analizlerimiz#fan
cybox-grup-2). The pH of propolis is
5.340.02 and the total dry matter is
11.30£1.5
(https://www.beeo.com.tr/analizlerimiz#fan
cybox-grup-4). Small amounts of propolis
are desired as it has a strong flavor.
Concentrations of propolis have been
selected according to previous studies
investigating only the organoleptic character
of kefir fortified with propolis (Chon vd.,
2020). In this mentioned study, 0.5% of
propolis exhibited a better flavor results than
control group and 1% was close to the
control (Chon vd., 2020). Therefore, in this
present study, 0.5% corresponding to 20 mg
of propolis, and 1% corresponding to 40 mg
of propolis concentration have been
selected.
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Preparation of Kefir samples

Kefir grains used in this study were
previously characterized with
metataxonomic analysis (Ilikkan ve Bagdat,
2021). 100 ml of pasteurized cow milk,
which contains 3.5% milkfat, were
inoculated with 3 g of kefir grains. The
sample containing no propolis was prepared
as control kefir (C), one of the kefirs was
fortified with 0.5% propolis (10 drops, %
0.5) (P1) and the other with 1% propolis (20
drops, % 1) (P2). These ratios were selected
according to a previous study that analyze
the organoleptic character of kefirs fortified
with propolis (Chon vd., 2020). Fermented
kefir was kept at 4°C until the 7" day of
storage after the removal of kefir grains.

Yeast/mold, Lactobacilli and lactococci
content of kefirs

Lactobacilli was detected by counting on
MRS agar (Merck, Darmstadt, Germany)
and agar plates were incubated for 48 h at
37°C in anaerobic jars (Anaerocult System:
Merck 16275, Merck KGaA). M17 was used
to count lactococci (Merck, Darmstadt,
Germany) and plates were incubated for 48
h at 37°C aerobically. Dichloran Rose
Bengal Chloram Phenicol Agar (Merck,
Darmstadt, Germany) was used for
yeast/molds and plates were incubated for 7
days at 25°C.

Physicochemical analysis

AOAC International Method (AOAC, 2016)
was used for total dry matter by the
gravimetric method. A digital pH meter
(Inolab wtw 720) was used to measure the
pH. 10 ml of kefir was used to determine
titratable acidity by titrating with 0.1 N
NaOH (Sulmiyati vd., 2019). Brix meter was
used to detect to Brix value (HI96801,
Hanna Instruments, USA).
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Total phenolic content (TPC)

The total phenolic content (TPC) was
determined by wusing Folin—Ciocalteu
reagent. 80% methanol (Merck, Darmstadt,
Germany) was added to kefir sample and
solution at room temperature for 4 h.
Supernatants were filtered with syringe filter
(0.45um, PTFE/L) after the extracts were
centrifuged at 1470 x g for 5 min. 2.5 ml of
Folin-Ciocalteu reagent was mixed with the
filtrate (Merck, Darmstadt, Germany) and 2
ml of NaxCOs (7.5 %) solution (Merck,
Darmstadt, Germany). Samples were kept
for 30 min at room temperature and dark.
760 nm wavelength was used to measure
absorbances and mg gallic acid equivalent/
kg was used to express results of kefir
samples (Ozkan vd., 2018; Sozeri Atik vd.,
2021).

Antioxidant capacity

The antioxidant properties of kefir were
determined with DPPH radical scavenging
activity. 4.9 ml of DPPH solution (in
methanol, 99%) (Merck, Darmstadt,
Germany) was mixed with 100 pl of the
supernatant taken from total phenolic
content analysis. The mixtures were kept for
30 min at room temperature and dark. 517
nm wavelength was used to measure
absorbances of samples. The % inhibition
was calculated as follows, Absorbance of
blank — Absorbance of the sample /
Absorbance of blank x 100 (Salar vd., 2015).

Organoleptic testing

Sensory analyses of kefir samples were
carried out on the 1st day of the kefir
production. Evaluation of the samples was
made according to the following criteria;
appearance,  texture, odor,  flavor,
consistency, and overall acceptability.
Parameters were evaluated by a panel of 13
members who are semi-educated and
familiar with kefir (Nadir Isik, 1979).
Panelists scored the samples on a hedonic
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scale from 1 to 5 indicating “poor” to
“excellent”, respectively (Chon vd., 2020;
Pehlivan vd., 2023). The ethical approval
number was taken (E-89595671-042-
223340).

Statistical Analysis

A one-way analysis of variance (ANOVA)
and the Tukey Kramer honestly significant
difference (HSD) was applied to samples to
determine differences in the treatments
based on three replicates using the JMP Pro
14. P< 0.05 was selected to determine the
significance of differences.

Results and Discussion

Kefir grains

The microbiota of kefir grains used in this
study was characterized by the
metataxonomic approach in the previous
study (Ilikkan ve Bagdat, 2021). Therefore,
kefir grains have been known to have
dominantly, namely, 65% Bifidobacterium
longum.

Physicochemical analysis of Kefirs

To assess and compare the quality of kefir
after fortification, the physico-chemical
properties of kefir were analysed (Table 1).
Results were in the acceptable range for kefir
quality at day 0. pH values of control, P1,
and P2 were 3.74, 391, and 3.97,
respectively. Even though the pH values of
fortified samples were higher than the
control, they were within the acceptable
range for kefir quality. The higher pH value
of P1 and P2 were probably due to the
content of propolis. Accordingly, the
titratable acidity (%, lactic acid) of control
was 1.1%, P1 was 1.0%, and P2 was 0.9. The
total dry matter of kefirs fortified with
propolis was higher than the control as
expected because of the propolis.
Accordingly, Brix values, which indicate
non-fat dry matter, were 5.7, 7.1, and 7.8 for
control, P1, and P2, respectively. P1 and P2
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were higher than the control due to the
content of propolis.

On day 7 of storage, pH values were slightly
but statistically higher than values of day 0.
However, the titratable acidity of samples,
namely, lactic acid, was statically the same
during the storage except for control which
increased slightly. Brix values were
statistically the same for control and P1
except for P2 which decreased. Accordingly,
also, the total dry matter of P2 decreased
after the 7" day of storage.

Microbial enumeration of fermented milk
kefirs

On the first day of storage, only yeast and
molds were slightly affected by propolis
addition, and the number of yeasts decreased
compared to the control. However, counts of
lactobacilli  and lactococci did not
statistically change. Decreasing yeast did not
affect the physicochemical properties of
kefirs.  Fortification did not affect
lactobacilli and lactococci at day 0.

On day 7, even though the number of
lactobacilli in P1 and P2 slightly decrease
compared to the control, there was no
significant difference between the storage
times of samples. The number of lactococci
decreased on day 7 compared to day O but
the control decreased more than P1 and P2.
Yeast/mold numbers of P1 and P2 were
lower than control on day 7 as at day O,
however, on day 7, yeast/mold numbers
slightly increased, especially, for P1
compared to day O (Table 2). The
preservation of lactic acid bacteria during
storage may also indicate that the sensory
properties of kefir are partially preserved.
The product's stability is improved with the
addition of propolis. At the same time, the
fact that yeast and mold formation was less
in both samples compared to the control was
an indication that the product was better
protected against undesirable
microorganisms during storage.
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Table 1: Physicochemical properties of kefirs fortified with propolis at day 0 and 7

Storage Sample pH Titratable Acidity Brix Total Dry Matter
Time

C 3.7440.01°¢P 1.10+£0.014° 5.70+0.00<? 9.70+0.00<?

0 P1 3.91+0.018° 1.05+0.01B2 7.10+0.1080 11.70+0.0042
P2 3.97+0.014° 0.92+0.02¢2 7.75+0.15% 11.30+0.0052
C 3.79+0.01¢2 1.15+0.05%2 5.70+0.00¢2 9.25+0.0580

7 P1 4.05+0.0052 1.05+0.01%2 7.45+0.054 11.65+0.0552
P2 4.1240.00% 0.89+0.01B2 6.95+0.058P 9.65+0.058P

Abyalues with different superscript letters are significantly different (ANOVA, *p<0.05)
according to the Tukey HSD test (n = 3). Upper-case letters present the differences between
the samples in the same storage time and lower-case letters show differences between the
storage times of samples (i.e., Control 1% day and Control 7™ day).

Table 2: Effect of kefir fortified with propolis on kefir microbiota (logio cfu/g)

Storage Time Sample Lactobacilli  Lactococci Yeast/Mold
C 7.10.07 8.6+0.2"%  6.9+0.2/

0 P1 6.8+0.142 8.9+0.0"*  6.5+0.35°
P2 7.1+0.3M 8.8+0.4%  6.4+0.152
C 7.3+0.0" 7.2+0.18°  7.1+0.0"2

7 P1 7.0+0.182 7.6£02°°  6.7+0.182
P2 7.0£0.082 7.840.32°  6.5+0.1¢2

Abyalues with different superscript letters are significantly different (ANOVA, *p<0.05) according
to the Tukey HSD test (n = 3). Upper-case letters present the differences between the samples in the
same storage time and lower-case letters show differences between the storage times of samples (i.e.,
Control 1% day and Control 7" day).

Propolis has been evaluated as a food yogurt were inhibited by 0.03% propolis
additive in yogurt in a previous study, as addition, however, streptococci increased
compatible with our research, lactobacilli in  (Giines-Bayir vd., 2020).
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Total phenolic content and antioxidant
capacity

Kefir has been known to have an antioxidant
capacity (Yilmaz-Ersan vd., 2018). In
addition to this, propolis has also known to
have high phenolic content (Ozkok vd.,
2021). The total phenolic concentration of
the control was 46.40+0.08, and P1 and P2
had statistically higher total phenolic content
than the control, 60.08+0.08 and
67.28+0.08, respectively (Figure 1).
Accordingly, DPPH scavenging assay
results indicated that P1 and P2 had
statistically higher scavenging effects
compared to the control. Control kefir had
3.14+0.08 %, P1 had 6.1+0.08 %, and P2 had
11.0£0.12 % (Figure 2). In previous studies
conducted with kefir produced by goat and
soy milk, antioxidant activity was stated to
be 5.52+0.99 % and 8.08+1.23, respectively
(Nurliyani ve Sunarti, 2015).

Propolis is a health-promoting bee product.
Recently, it has a great attraction for food
additives because of its properties such as
antiviral, antibacterial, cariostatic,
antioxidant, hepatoprotective, and
anticancer (Ozer, 2020). Therefore, in this
present study, it was evaluated the potential
to fortify kefir samples with propolis.
According to the physicochemical properties
of kefirs fortified with a different range of
propolis, pH values of control were
compatible with previous studies. In
previous studies conducted with kefir, pH
values were in the range between around
3.7-4.0 (Chon vd., 2020; Giirsoy vd., 2020;
Ilikkan ve Bagdat, 2021). Titratable acidity
values were consistent with previous studies
which detect titratable acidity between 0.71
and 1.1% (Giirsoy vd., 2020; Ilikkan ve
Bagdat, 2021; Yirmibesoglu ve Tefon
Oztiirk, 2020). In another study, Brix values
were found to be between 5 and 7 as found
in this study (Hong vd., 2019). After the 7™
day of storage, it was observed that the total
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dry matter of P2 decreased, this can be due
to the microbial fermentation process.

Only pH values of kefir fortified with
propolis were evaluated in a preliminary
study previously, but, with market kefir and
on the first day of storage. Compared to this
study, the pH value of the control was the
same in this research, which is 3.74.
However, the pH values of kefirs fortified
with propolis were higher than in this
mentioned study. The higher pH values were
more likely because of the inhibition of
lactobacilli, the decreasing of percentage of
lactic acid (TA%) confirmed this (Chon vd.,
2020). Microbial enumerations showed that
propolis exhibited a prebiotic effect for
lactococci after the 7" day of storage. Total
phenolic and DPPH were higher in propolis
samples. Propolis increased its scavenging
effect in both kefir samples (P1 and P2) as
expected.

Sensory properties

Five properties were selected for sensory
evaluation, namely, appearance, texture,
odor, flavor, consistency, and overall
acceptability (Figure 3). 5-point scales were
used by the panelists. The appearance score
of control was 4.54+0.78 while P1 and P2
were 4.31+£0.85 and 4.15+0.80,
respectively. The consistency score of
control was 4.31+0.80 while P1 and P2 were
3.92+1.19 and 3.85+1.18, respectively. The
texture score of the control was 4.54+0.78
while P1 and P2 were 4.15£1.07 and
3.77+1.42, respectively. The odor score of
the control was 3.69+1.11 while P1 and P2
were 3.31+1.11 and 2.62+1.45, respectively.
The flavor score of the control was
4.23+0.73 while P1 and P2 were 3.69+1.25
and 2.62+1.45, respectively. The overall
preferences score of control was 4.38+0.77
while P1 and P2 were 3.62+1.33 and
2.85+1.21, respectively.

According to statistical analysis of the
sensory analysis of Kefir, there was a
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statistically significant difference in only
taste and overall acceptability between the
1% propolis-fortified group and the control
group (p<0.05). Propolis addition did not
change other properties of kefir according to
panelists. In a study conducted with
organoleptic testing of kefir, there was a
statistically significant difference in taste,

flavor, color, texture, and overall
acceptability in 1% propolis-fortified kefir
(Chon vd., 2020). However, kefir fortified
with 0.5% of propolis showed the best
results compared with the control being like
this study. Taste and general acceptability
are also very important parameters for
consumer perception.

Total Phenolic Content
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Figure 1: Total phenolic contents of kefirs fortified with propolis after 7" day of fermentation
Different superscript letters significantly indicate difference (ANOVA, **p<0.01)
(ANOVA, **p<0.01) according to the Tukey HSD test (n = 3).

DPPH (% inhibition)
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Figure 2: % inhibition with DPPH radical scavenging assay of kefirs fortified with propolis
Different superscript letters indicate significantly difference (ANOVA, **p<0.01) according to the
Tukey HSD test (n = 3). DPPH = 2,2-diphenyl-1-picrylhydrazyl
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Figure 3: Sensory evaluation of kefir samples on the 1st day of production. P1: 0.5% fortified kefir,

P2: 1% fortified kefir, C: Control

Kefir consumers may not be comfortable
with a taste that is not like the normal, so the
P1 sample, which is closer to control and has
a higher level of general acceptability, was
selected.

Consequently, the sensory results of two
studies confirmed 0.5% propolis can be used
in kefir fortification.

The present study is the first report
comprehensively investigating the effect of

kefir fortified with propolis on the
physicochemical, microbiological,
antioxidant activity, and total phenolic

properties. Different studies previously
conducted with different dairy products also
support the results. In a study conducted
with ice cream, it was recommended to add
0.6% of propolis by evaluating various
ratios. Organoleptic and physicochemical
parameters were not affected by these
dosages, but they also allowed the
enrichment of the product with biologically
valuable components (Mironova vd., 2020).
In another study, when antioxidant activity
analyzes and sensory analyzes were
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evaluated together, the ideal groups for the
production of propolis-added milk products
are groups containing 0.2% and 0.3%
propolis, such as ice cream (Mehmetoglu ve
Tarakgi, 2023). The study showed that %0,5
propolis fortification did not extremely
change the physicochemical properties as
well as the microbial composition of kefir. In
addition, propolis exhibited a prebiotic
effect on lactococci. Even though there is no
recommended daily allowance of propolis
provided by food authorities, this amount
was advised by the manufacturer for daily
intake. The evidence from this study
suggests that 0.5% propolis can be used to
enhance the nutritional values of kefir.

Conclusion

Propolis, a substance protecting hives and is
also known as “bee glue”, has many health
promoting effect. Therefore, the
consumption of Propolis has been
recommended due to the content of several
phenolic compounds, flavonoids, and
terpenes. In this research, two healthy foods
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have been combined to increase health
benefits of kefir. Consequently, production
of kefir with propolis will provide
consumers extra benefits.
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Review Article
Yeasts Microbiota and Map of Sourdoughs from Tiirkiye: A Review

Ayse SEVGILI™, Osman ERKMEN?

ABSTRACT

Sourdough microbiota determines bread properties such as leavening, aroma, and acid generation. Sourdough
bread may also have an important place in nutrition and human microbiota. It is predicted that the difference
in nutrition of people in different regions may have an impact on the microbiota. In this study, the sourdough
microbiota was mapped by investigating the sourdough microbiota in Tirkiye. Saccharomyces, Candida,
Torula, and Pichia are the most targeted yeast genera with Saccharomyces cerevisiae being the most isolated
in the study. The literature shows the highest species were isolated from the Central Anatolia Region. The most
commonly isolated yeast is Saccharomyces cerevisiae within all regions. Torula delbrueckii and Pichia
guilliermondii are the most isolated yeasts after Saccharomyces cerevisiae. The purpose of this study is to
support the future study of topics such as microbiota-based nutritional diet, the relationship of human
microbiota with health, and the effects of regionally dominant microbiota on our lives.

Keywords: Sourdough, yeast, microbiota, fermentation, map

Maya Mikrobiyotasi ve Tiirkiye'den Eksi Maya Haritasi: Derleme

0z

Eksi maya mikrobiyotasi ekmegin mayalanma, aroma ve asit olusumu gibi 6zelliklerini belirler. Eksi mayali
ekmegin beslenme ve insan mikrobiyotasinda da onemli bir yeri olabilir. Farkli bolgelerdeki insanlarin
beslenme farkliliklarinin mikrobiyota {izerinde etkili olabilecegi 6ngoriilmektedir. Bu ¢calismada, Tiirkiye'deki
eksi maya mikrobiyotasi incelenerek eksi maya mikrobiyotasinin haritalamasi yapilmistir. Saccharomyces,
Candida, Torula ve Pichia, arastirmada en fazla izole edilen Saccharomyces cerevisiae ile en ¢ok hedeflenen
maya cinsleridir. Literatiirde en yiiksek tiiriin I¢ Anadolu Bélgesi'nden izole edildigi goriilmektedir. Tiim
bolgelerde en sik izole edilen maya Saccharomyces cerevisiae’dir. Torula delbrueckii ve Pichia guilliermondii
ise Saccharomyces cerevisiae’den sonra en ¢ok izole edilen mayalardir. Bu ¢aligmanin mikrobiyota temelli
beslenme diyeti, insan mikrobiyotasiin saglikla iligkisi ve bolgesel olarak baskin mikrobiyotanin hayatimiza
etkileri gibi konularin gelecekte yapilacak ¢aligmalara katki saglamasi amaglanmaktadir.

Anahtar kelimeler: Eksi hamur, maya, mikrobiyota, fermentasyon, harita
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Introduction

Food preservation by fermentation dates back
thousands of years (Paul Ross et al., 2002).
Fermentation is a process that aids in breaking
big organic molecules into smaller ones through
the action of microorganisms. For instance,
proteins are changed into peptides and amino
acids by microbial enzymes, while sugars and
starches are transformed into acids and alcohol
(Erkmen and Bozoglu, 2016). Fermented foods
make up approximately 30% of the human diet
(Ros et al., 2021). In Tiirkiye, mostly, bread and
other fermented grain items are made from
wheat. In Turkish culture, bread is very
important in nutrition (Kabak et al., 2011). The
use of sourdough, a traditional baking method, to
make sourdough bread has gained popularity
recently (Venturini Copetti, 2019; Amr and
Alkhamaiseh, 2022; dos Santos et al., 2022).
Sourdough bread can be classified as one of the
most important food products among bakery
products. The use of sourdough is responsible
for leavening dough (Lau et al., 2021). One type
of starting culture is sourdough that is made with
water, flour (wheat or rye flour), and other
ingredients by spontaneous fermentation of
microflora (Rosenquist et al.,, 2000). The
microflora of sourdough typically consists of
yeasts, and heterofermentative and
homofermentative lactic acid bacteria (LAB)
(Ventimiglia et al., 2015). Environmental factors
are significant for microbial growth and the
development of microbiota in the sourdough.
There are two categories for these variables:
endogenous and exogenous. Endogenous factors
are related to pH, water activity, oxidation-
reduction potential, nutrients, antimicrobial
compounds, and biological structures (Erkmen
and Bozoglu, 2016). Exogenous factors are
related to storage temperature, relative humidity
of the environment, and the concentration of
gases in the environment (Yadav et al., 2023). A
few factors that influence the yeast diversity in
sourdough include the kind of grain, leavening
temperature, and dough moisture (Chavan and
Chavan, 2011; Urien et al., 2019). Therefore,
sourdough microflora differs from environment
to environment.

Yeasts have an important role in the microbiome
and nutrition of the human body. It seems that
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the microbiota has a significant impact on both
health and sickness (Flint, 2012). All the benefits
of sourdough bread depend on the type of yeast
genus and species. Therefore, knowing the type
of yeast depending on the region provides
information about the characteristics of
sourdough bread and the selection of yeast
culture to produce high-quality sourdough bread.
It is intended to investigate the yeast map of
sourdough bread due to its growing significance.
This review focuses on the yeast map of
sourdough microbiota in Tirkiye and indicates
regional differences and similarities of
sourdough yeast microbiota. Among the
screening techniques were full-text research
articles, theses, and a project dealing with the
production and isolation of yeasts from
sourdough.

This study is aimed at contributing to the future
study of topics such as microbiota-based
nutritional diets, the relationship of human
microbiota with health, and the effects of
regionally dominant microbiota on our lives.

Literature Search Methodology

The timeline of literature review in this research
was the initial isolation of yeasts from
sourdough, using only the keywords
“sourdough”, “yeast isolation from sourdough”,
“sourdough microbiota”, “sourdough” and
“yeast from sourdough”. Additional literature on
these keywords was used only for limited and
specific purposes used in sourdough bread
production  (flour microbes and other
components). Peer-reviewed research was
obtained from four databases: Google Scholar,
Scopus, PubMed, and ScienceDirect. The search
strategy included full-text research articles,
theses, and projects in English and Turkish.
Dataset lists all literature references related to
and used in this review, which are included in the
Reference section.

Type of Sourdough

Sourdough microflora mostly depends on the
type of sourdough. Sourdough production
depends on the use of yeast cultures. Depending
on the type of sourdough bread, sourdough may
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be classified into four groups. These are Type I,
Type 1l, Type HI, and Type IV. Type | is a
traditional method in which microorganisms
continuously multiply by replenishing (back-
slopping) with fresh flour and water at regular
intervals (Lau et al., 2021; Sevqgili et al., 2021).
The dominant yeasts of the species found in
Type | sourdough are Saccharomyces cerevisiae
and Candida humilis (Siepmann et al., 2018).
The accelerated sourdough is Type Il in liquid
form. This sourdough is an industrial process
since it involves a single fermentation phase with
just lactic acid bacteria (LAB) and yeasts, lasting
15 to 24 hours, followed by back-slopping ones
(Yagmur et al., 2016; Sevgili et al., 2021). Type
Il sourdoughs are powdered, dry sourdoughs
that are started by known starter cultures. When
baking sourdough bread, they serve as additional
acidifiers and scent carriers (De Vuyst and
Neysens, 2005). Type IV is the combination of
Types | and I1l. The process of fermentation is
initiated by inoculating dough with a microbial
starter and is then carried out daily by back-
slopping. The dough can be either firm or semi-
liquid. It is a common choice for laboratory
investigations and is utilized by artisanal bakers
most frequently (Catzeddu, 2019).

Properties of Yeasts in
Fermentation

Yeasts are eukaryotic, unicellular microfungi
with significant contributions to the economy,
environment, and medicine, and inhabit a broad
range of ecological niches, primarily those found
in water, soil, air, and on the surfaces of plants
and fruits (Erkmen and Bozoglu, 2016). In
wheat, rye, and sorghum sourdoughs, yeasts
were discovered in levels ranging from 0.1 to
10% of the total counts of microorganisms
(Stolz, 2003).

LAB and yeasts play a crucial role in the
fermentation process of sourdough (Erkmen and
Bozoglu, 2016). The main leavening agent in
baked goods is carbon dioxide (CO2), which is
mainly produced by yeasts. The ability of yeasts
to leaven food is higher than heterofermentative
LAB. Yeasts prefer monosaccharide metabolism
(Boudaoud et al., 2021). Additionally, yeasts
may support both functional and nutritional
characteristics such as the synthesis of vitamins,

Sourdough
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phytase activity, and the development of
phenolic compounds. Yeasts metabolize
glucose, fructose, mannose, maltose, and sucrose
in flour. They partially metabolize raffinose and
do not use pentoses xylose or arabinose (Erkmen
and Bozoglu, 2016). Remarkably, strains of S.
cerevisiae that are used for sourdough have a
higher growth rate on maltose, which helps them
better adapt to the sourdough environment
(Erkmen and Bozoglu, 2016; De Vuyst et al.,
2021).

A combination of flour, LAB, and metabolically
active yeast is essentially sourdough. The self-
releasing dough softens and takes on a different
scent after some time when it is allowed to
evolve naturally without the addition of yeast.
It's the flour, water, and microbes that produce
these alterations in the dough. This dough is
known as "sourdough™ because it tastes sour and
ferments on its own. LAB and yeasts are present
in sourdough in different amounts and
combinations. During the fermentation of
sourdough, vyeasts, and LABs maintain a
symbiotic  relationship. Bread's elasticity,
acidity, and taste are all impacted by
homofermentative LABs' fermentation of sugar
to lactic acid. Dough blistering is caused by
yeasts and heterofermentative LABs, which also
release a lot of lactic acid and other volatile
chemicals including CO2, ethyl alcohol, and
acetic acid (Erkmen and Bozoglu, 2016).

In recent years, the demand for sourdough bread
production is increased owing to natural
fermentation, delaying staling, enhancing flavor
and aroma, high nutritional value, and healthy
properties (Boyaci-gunduz, 2020; De Vuyst and
Neysens, 2005). Yeasts ferment the
carbohydrates in flour to produce CO. and
ethanol. CO; acts as the primary leavening agent
in bread products. Yeasts have a quick
fermentation metabolism and can withstand
many challenges while baking bread. Nowadays,
yeasts play a major role in creating sourdough
with better shelf life, osmotolerant qualities,
activity retention at low temperatures, and taste
production (Urien et al., 2019).

While ethanol strengthens the gluten network
and affects the dough’s characteristics, a
significant amount of it evaporates during



Yeasts Microbiota and Map of Sourdoughs from Tiirkiye: A Review

baking. As sourdough osmoprotectants,
succinate and glycerol both lower pH and affect
dough rheology, enhancing gas retention. Yeasts
may produce taste metabolites by changing
amino acids into higher alcohols and their esters
using the Ehrlich pathway (Pico et al., 2015).
Additionally, yeasts can create several other
metabolites such as ethanol, carbon dioxide,
hydrogen peroxide, glutathione, acetic acid,
glycerol, flavor compounds, enzymes and trace
amounts of organic acids, such as succinic and
acetic acids, which slightly acidify the leavened
dough and change the final flavor of bread
(Jayaram et al., 2013; Jayaram et al., 2014). The
antifungal activities of yeast are due to the
generation of ethyl acetate lead and releasing
phenolic compounds (De Vuyst and Neysens,
2005). Furthermore, following the breakdown of
the cell wall, yeasts can release conjugated and
bound phenolic acids into free forms, which
increases the polyphenol content in cereal
products (Palla et al., 2020).

Yeasts in sourdough (SD) show phytase
activities that contribute to improving the
minerals' bioavailability (magnesium, calcium,
iron, and zinc) by breaking down the phytate-
mineral complex, which is an antinutritional
factor abundant in wholemeal flours. Another
activity related to the metabolism of yeasts in
sourdough is their ability to increase the content
of vitamin B2 (riboflavin) and vitamin D in
sourdoughs specifically by S. cerevisiae. The
concentration of vitamin B9 increases during SD
fermentation of oats, barley, and rye, particularly
by the presence of S. cerevisiae and
Kazachstania humilis as starter cultures. Yeasts
also improve the digestibility of sourdough
bread with the production of proteases in
sourdough; the proteolysis releases small
peptides and free amino acids that are critical for
rapid microbial growth, flavor development, and
protein  digestibility.  Additionally, this
proteolytic activity might decrease some
allergen components, such as gluten (Perez-
Alvarado et al., 2022).

In sourdough fermentation, S. cerevisiae is
relatively acid-tolerant and maltose-positive. It
can create an anaerobic environment with CO;
production that could offer the ideal
environment  to  support  Lactobacillus
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sanfranciscensis and Lactobacillus plantarum
growth compared to aerobiosis (De Vuyst et al.,
2021). Similarly, S. cerevisiae consumes lactic
acid in a dough environment, which delays the
acidification brought by LAB and allows the
LAB to grow longer in sourdough (Sieuwetrs et
al.,, 2018). The mutual relationship between
Kluyveromyces  humilis and  obligately
heterofermentative LAB is facilitated by cross-
feeding in which obligately heterofermentative
LAB hydrolyzes maltose, releasing glucose that
becomes readily available for fermentation by
maltose-negative K. humilis (Carbonetto et al.,
2020). Kluyveromyces unispora is characterized
by restricted substrate utilization, only
consuming glucose and fructose. However, its
growth in the presence of fructose was higher
compared to S. cerevisiae. Furthermore, the
incapability to ferment maltose can be regarded
as a favorable trait in sourdoughs. This is
because the yeasts can establish a nutritional
mutualism with maltose-positive LAB. It is
important to maintain objectivity and avoid
subjective  evaluations (Korcari et al.,
2021). Different types of sourdough yeasts can
be classified as maltose-positive and maltose-
negative. Through the Emden-Meyerhof-Parnas
pathway, maltose-negative yeasts convert
glucose into ethanol predominantly. Commonly,
sourdough carbohydrates are utilized by
maltose-positive yeasts (De Vuyst et al., 2009).

Sourdough Yeast Microbiota and Map

The most common media used in the isolation of
yeasts from sourdough in Tirkiye were Malt
Extract Agar acidified with 10% lactic acid,
Dichloran Rose Bengal Chloramphenicol
(DRBC) Agar, Malt Extract Broth, yeast extract
peptone Dextrose (YPD) broth and Potato
Dextrose Agar with incubation at 25-28°C for 1-
5 days. The first yeast isolation from sourdough
was performed by Ozcelik (2000), and from the
sourdough samples, 37 different yeast species
were identified.

The regional distribution of the gathered
sourdoughs, isolated yeasts, and their references
is given in Table 1. A total of 746 yeast isolates
were isolated in all of the regions. However, 241
isolates were not determined according to region
by Karaman et al. (2018), Boyaci-Gunduz and
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Erten (2020), and Aydin et al. (2022) (the yeasts
other than S. cerevisiae and P. kudriavzevii)
were not identified. A higher number of samples
(44) was collected from the Central Anatolia
region, and the number of yeast isolates was 137.
The lowest number of samples (14) were
obtained from the Marmara region, and the

number of yeast isolates was 23. In general, there
are either the same or less distinct yeast species
isolated from a single sourdough as there are
LAB species. Additionally, a single bakery
sourdough typically contains at least one or two
yeast species (De Vuyst and Neysens, 2005).

Table 1. The regional distribution of the gathered sourdoughs and isolated numbers of yeast in

Tiirkiye
Sourdough Isolated*
numbers numbers
Region of sample ofyeast References
Black Sea 33 93 Aydin et al., 2022; Arici et al., 2018; Karaman
et al., 2018; Konuralp, 2020; Yagmur et al.,
2016.
Aegean Sea 29 83 Aydin et al., 2022; Bakirct and Kose, 2017
Karaman et al., 2018; Konuralp, 2020;
Yagmur et al., 2016.
Mediterranean Sea 38 112 Aydin et al., 2022; Arici et al., 2018; Boyaci-
Gunduz and Erten, 2020; Giil et al., 2005;
Karaman et al., 2018; Yagmur et al., 2016.
Marmara 14 23 Aydm et al., 2022; Karaman et al., 2018;
Konuralp, 2020.
Central Anatolia 44 137 Aydin et al., 2022; Konuralp, 2020; Sevgili et
al., 2021; Yagmur et al., 2016.
Southeast Anatolia 31 50 Aydin et al., 2022; Karaman et al., 2018;
Sevgili et al., 2021.
Unknown region - 241 Karaman et al., 2018; Boyaci-Gunduz and Erten,
2020; Aydin et al., 2022.
Total 189 739

The pie chart that displays identified yeasts from
isolated sourdoughs in Tiirkiye is seen in Figure
1. According to this, S. cerevisiae (397 isolates)
was the most isolated species of yeast, the other
most isolated yeasts were Saccharomyces sp. (21
isolates), Pichia guilliermondii (14 isolates), and
Torula delbrueckii (14 isolates). Pichia
kudriavzevii was identified 12 isolates
throughout the region. In addition, Debaromyces
hansenii (7 isolates), Kluyveromyces marxianus
(5 isolates), and Torula holmii (4 isolates) were
identified. Each of C. humilis, Geotrichum
candidum and Wickerhamomyces anomalus
were detected as 3 isolates. Each of K. humilis,
K. unispora, Candida glabrata, and Candida
parapsilosis were identified as two isolates.
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The maps showing the regional distribution of
identified yeasts are given in Figure 2. In the
Black Sea region, S. cerevisiae and Torula
delbrueckii were isolated and identified as 83
and 10 isolates, respectively. In the Central
Anatolia region, S. cerevisiae (107 isolates), P.
kudriavzevii (9 isolates), P. guilliermondii (8
isolates), K. marxianus (4 isolates), Geo.
candidum (3 isolates), K. unispora (2 isolates),
Galactomyces candidum (Gal. candidum) (1
isolate), Candida keyfr (1 isolate), W. anomalus
(1 isolate) and Pichia fermentans (1 isolate) were
identified. In the Mediterranean Sea region, S.
cerevisiae (81 isolates), Saccharomyces spp. (21
isolates), T. holmi (4 isolates), P. guilliermondii
(2 isolates), C. parapsilosis (2 isolates), S.
delbrueckii (19 isolates), and T. unispora (1
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isolate) were identified. In the Southeastern
Anatolia region, S. cerevisiae (39 isolates), P.
kudriavzevii (3 isolates), W. anomalus (2
isolates), K. humilis (2 isolates), C. glabrata (2
isolates), C. tropicalis (1 isolate) and K.
marxianus (1 isolate) were identified. In the

Geotricum candidum

Candida humilis

Torula delbrueckii /

Saccharomyces sp.

Saccharomyces cer

Torula holmi

Wickerhamomyces anomalus

Aegean Sea region, S. cerevisiae (64 isolates),
Deb. hansenii (7 isolates), T. delbrueckii (4
isolates), P. guilliermondii (4 isolates), and C.
humilis (3 isolates) were identified. Only 23 S.
cerevisiae were identified from the Marmara
region
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Figure 1. The pie chart displaying isolated yeasts from sourdoughs in Tiirkiye

Arici et al. (2018) obtained ten sourdough
samples from the Black Sea region (Trabzon and
Safranbolu) and the Mediterranean region
(Isparta) cities. In their laboratory, two
sourdoughs were made by the procedure used by
artisan bakeries. Wheat flour (from Istanbul) and
tarhana were used to produce sourdough. FTIR
spectroscopy and 26S rDNA sequencing were
used to isolate and identify 26 yeast species. In
this research, only two yeast species were
isolated from sourdough of the Black Sea and
Mediterranean regions: S. cerevisiae (13
isolates) and T. delbrueckii (6 isolates).
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Ozgelik (2000) and Giil et al. (2005) obtained ten
and fourteen sourdough samples from Isparta.
Thirty-seven  yeasts were identified by
morphological, physiological, and biochemical
tests. Most of the isolates were S. cerevisiae,
which made up 27% (10 isolates) of the isolates
and the others were Torulopsis holmii (4
isolates), S. delbrueckii (one isolate), and T.
unisporus (one isolate). The other isolates were
identified as Saccharomyces sp. (6 isolates).

Ten sourdough samples were obtained from
Izmir bakeries, and using the Vitek-2 Compact
instrument, four distinct yeast species were
detected: D. hansenii (7 isolates), S. cerevisiae
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(5 isolates), C. humulis (3 isolates), and T.
delbrueckii (1 isolate) (Bakirci and Kose, 2017).
Thirty-six sourdough samples were obtained
from each of the cities Gaziantep, Mardin, and
Konya, and 40 yeasts were identified by
MALDI-TOF-MS (Sevgilietal., 2021) and PCR
(Sevgili, 2023). P. kudriavzevii (7 isolates), K.
marxianus (4 isolates), G. candidum (3 isolates),
K. unispora (2 isolates), G. candidum (one
isolate), Candida kefyr (one isolate) were

identified from Konya sourdoughs. P.
kudriavzevii (3 isolates), S. cerevisiae (3
isolates), W. anomalus (2 isolates), K. humilis (2
isolates), C. glabrata (2 isolates), and C.
tropicalis (one isolate) were identified from
Gaziantep sourdoughs. S. cerevisiae (8 isolates)
and K. marxianus (one isolate) were identified
from Mardin sourdoughs. More yeast species
were isolated from Konya sourdoughs, while S.
cerevisiae was not isolated.
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Figure 2. The map showing the regional distribution of identified yeasts

Yeast isolation was made from sourdoughs
prepared from wheat flour obtained from 6
different regions of Tiirkiye. Sourdoughs (from
Ankara) and wheat flour (from Izmir, Diizce,
Balikesir, Bolu, Konya, Kastamonu) were used
to isolate yeast species, and using MALDI-TOF
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MS, yeast species were identified (Konuralp,
2020). S. cerevisiae was isolated from Ankara (2
isolates), izmir (4 isolates), Diizce (one isolate),
Balikesir (one isolate), Konya (one isolate), and
Bolu (one isolate). One species of P. fermentans
and W. anomalus were isolated from Ankara.
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Karaman (2017) and Karaman et al. (2018)
studied the isolation of yeasts from 33
sourdoughs obtained from different cities
(Trabzon, Adiyaman, Gaziantep, Ankara,
Mersin, Istanbul, Kayseri, Isparta, and Manisa)
in Turkiye. Fourty isolates were determined and
these isolates were S. cerevisiae (36), S.
pastorianus (1 isolate), C. glabrata (1), K. lactis
(1 isolate), and P. membranifaciens (1 isolate)
(Karaman et al., 2018). However, yeast
distribution according to the province was not
indicated in their studies.

Different yeast species were identified from
sourdoughs obtained from Trabzon (2 samples),
Kiitahya (2 samples), Isparta (1 sample), Ankara
(2 samples), and Adana (1 sample) by RFLP-
PCR. The predominant species, S. cerevisiae (58
isolates), was found in every sourdough sample.
P. guilliermondii was the second most often
isolated species with 14 isolates except for the
Trabzon sourdoughs. Torulaspora delbrueckii (7
isolates) were isolated from four sourdoughs
(two from Trabzon and two from Kiitahya). C.
parapsilosis (2 isolates) was isolated from
Adana. C. pararugosa (one isolate) was isolated
from one Kiitahya sourdough (Yagmur et al.,
2016).

A total of sixty-five samples of sourdough were
gathered from the Central Anatolia (20 isolates),
the Black Sea (15 isolates), the Mediterranean
(10 isolates), the Aegean (10 isolates), the
Southeast Anatolia (5 isolates), and the Marmara
(5 isolates) regions. S. cerevisiae (290 isolates),
K. servazzi (23 isolates), K. humilis (11 isolates),
W. anomalus (10 isolates), T. delrueckii (9
isolates), and P. kudriavzevii (2 isolates) were
identified by SCOT-PCR analyses. Endogenous
S. cerevisiae (290 isolates) were isolated: 90
from the Central Anatolia region, 60 from the
Black Sea region, 48 from the Mediterranean
region, 42 from the Aegean region, 22 from the
Marmara region, and 28 from the Southeastern
region. P. kudriavzevii was identified only from
the Central Anatolia region (Aydin et al., 2022).
However, for the other yeasts distribution by
province was not shown in their study.

Eight sourdough samples (wholemeal wheat and
rye sourdough) were obtained from Antalya,
Mersin, and Ankara (Boyaci-Gunduz and Erten,
2020). Yeast species were identified by the PCR
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method. They isolated S. cerevisiae (106), K.
bulderi  (11), P. fermentans (9), P.
membranifaciens (8), K. servazzii (7), K.
unispora (4), and Hanseniaspora valbyensis (3)
from the sourdoughs. The most commonly
isolated yeast species were S. cerevisiae.
However, the yeast distribution according to the
province was not indicated in their study.

The first sourdough-specific yeast species
isolated from spontaneous sourdoughs K. exigua
(synonym: Saccharomyces exigua) by De Vuyst
et al., (2016). The most common yeast species
from sourdoughs were S. cerevisiae, C. humilis,
P. kudriavzevii, K. exigua, T. delbrueckii, C.
colliculosa, and W. anomalus (Stolz, 2003).
Huys et al. (2013) isolated S. cerevisiae, C.
humilis, P. kudriavzevii, K. exigua, T.
delbrueckii, and W. anomalus from sourdoughs.
De Vuyst et al., (2021) have also isolated several
yeast species from sourdough, but among them,
only K. exigua, C. humilis, and C. krusei species
are thought to be fundamental in the
fermentation process. Arora et al. (2021)
reported 312 research articles about the
microbiological and biochemical
characterization of sourdough in the world. They
indicated 80 yeast species found throughout the
world for sourdough. They mainly belong to
Saccharomyces, Candida, Kazachstania,
Torulopsis, Yarrowia, and Pichia genera. In
another study (Pulvirenti et al., 2004), the most
common yeast species isolated from sourdoughs
are S. cerevisiae, Candida krusei, Kazachstania
exigua, Pichia anomala, Pichia subpelliculosa,
K. exigua, Candida holmii (synonym:
Torulaspora holmii) and C. humilis. In Tiirkiye,
8 research articles, one project, and 4 theses were
produced on isolation from the literature about
the isolation and identification of yeast species
from sourdoughs. The genera Saccharomyces,
Candida, Torula, and Pichia was the most
frequently targeted, and the most study isolated
S. cerevisiae.

Based on a study of 287 sourdough recipes
published since 1971, the most often occurring
yeast species in spontaneously formed stable
sourdoughs are listed below (in decreasing order
of abundance): S. cerevisiae, C. humilis, W.
anomalus, T. delbrueckii, K. exigua, P.
kudriavzevii, and C. glabrata (De Vuyst et al.,
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2016). Certain yeast species, like W. anomalus,
must be regarded as generalists as they can
survive in a variety of microbiological
environments (Daniel et al., 2011); others, like
C. humilis and K. exigua, are well suited to the

sourdough samples collected from different
regions of Tirkiye. The literature shows that the
highest species were isolated from the Central
Anatolia Region, the Mediterranean Sea, and the
Aegean Region. The most commonly isolated
yeast is S. cerevisiae in all regions. T. delbrueckii
and P. guilliermondii are the most isolated yeasts
after S. cerevisiae. Yeast is a significant
component for sourdough bread production.
Sourdough bread will also have an important
place in nutrition and human microbiota. It is
predicted that the difference in nutrition of
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Arastirma Makalesi
Farkh Asma Anag¢larinin Tuz Stresine Dayanimlari Uzerine Solucan
Giibresinin Etkisi

Hatice BILIR EKBICY", Mert ILHAN!
0z
Bu c¢aligmada solucan giibresinin tuz stresi kosullarindaki 1103 P ve 110 R asma anaglar1 {izerine etkisi
aragtirtlmistir. Arastirmada bazi siirglin ve kok gelisimi parametreleri ile bazi fizyolojik parametrelerde
inceleme yapilmistir. Tuz stresine tabii tutulan her iki anacta 6zellikle kok kuru agirligt ve kok tolerans orani
degerlerinde azalma belirlenmis, zarar derecesi ve hiicre zar1 zararlanma orani degerlerinde de artis
saptanmugtir. 1103 P anaci, 110 R anacina gore ¢ogu bitki gelisim parametreleri agisindan daha {istiin sonuglar
gostermistir. Incelenen cogu oarametreler agisindan vermikompostun 1103 P anacinda daha etkin oldugu
belirlenmigtir. Elde edilen bulgulara dayali olarak 110R anacina kiyasla 1103P anacinin tuz stresine daha
dayanikli oldugu ve tuzlu sartlarda vermikompost kullanimiyla bitkilerin tuz stresinden daha az olumsuz
etkilenebilecegi sonucuna ulagilmistir.
Anahtar kelimeler: Asma anaci, tuz stresi, vermikompost

Effect of Vermicompost on Salt Stress Tolerance of Different Grapevine
Rootstocks

ABSTRACT

In this study, effect of vermicompost on 1103 P and 110 R grapevine rootstocks in salt stress conditions was
investigated. Some shoot and root growth parameters and some physiological parameters were investigated in
this experiment. In both rootstocks subjected to salt stress, especially root dry weight and root tolerance rate
values were decreased and the degree of damage and cell membrane damage rate values were increased. 1103
P rootstock showed superior results in terms of most plant growth parameters compared to 110 R rootstock. It
was determined that vermicompost was more effective on 1103 P rootstock in terms of most parameters
examined. Based on the findings, it was concluded that 1103P rootstock is more resistant to salt stress than
110R rootstock and plants can be less adversely affected by salt stress with the use of vermicompost under
saline conditions.
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Giris

Kullanilabilir tarim alanlar1 son yillarda insan
niifusunun artisina  yeterli diizeyde yanit
verememekte ve tarimda = siirdiiriilebilirlik
konusunda ciddi sikintilar yaganmaktadir. Cevre
kirliligi ile kiiresel 1sinmaya bagli su
kaynaklarindaki azalma basta olmak {izere
birgok faktorden kaynakli mevcut tarim
alanlarinda  tuzluluk  ortaya  ¢ikmaktadir
(Shahbaz ve Ashraf, 2013). Abiyotik stres
faktorleri icinde yer alan tuz stresi, kuraklikla
birlikte bitkiler agisindan biiyiik problemlere
neden olmaktadir. Tuzluluk, 6zellikle yagislarin
yetersiz oldugu ya da sulama imkanmnin kisith
oldugu bdlgelerde Onemli bir sorun haline
gelmistir (Yamaguchi ve Blumwald, 2005;
Dardeniz ve ark., 2006; Miiftiioglu ve ark., 2006;
Rao ve ark., 2006). Toprak ve sulama suyunda ki
tuz yogunlugunun artisina bagl bitki gelisimi de
olumsuz etkilenmektedir. Bitkilerde fotosentez
dengesinin  bozulmasmna bagli  beslenme
bozukluklari, stirgiin gelisimindeki
olumsuzluklar ve toksik etki sebebiyle hiicresel
biiylimenin engellenmesi, tuz stresinin olumsuz
etkilerindendir (Zhu, 2007). Asma (Vitis vinifera
L.) gecmisi oldukga eski tarihlere dayanan ve
yiiksek ekonomik degere sahip bitkilerden birisi
olarak bilinmektedir (Wang ve ark., 2021).
Meyvelerinin sofralik tiiketiminin yam1 sira
saraplik ve kurutmalikta da c¢ok onemli bir
degere sahip olan asma bitkisinde kaliteli iiriin
yetistiriciligi biiyiik 6nem tasimaktadir. Ancak
bagcilik  yapilan alanlarda kuraklik ve
beraberinde ortaya ¢ikan tuzluluk ciddi verim ve
kalite kayiplarina neden olmaktadir (Walker ve
ark., 2002; Golla, 2021). Tuzluluga kismen
duyarli olan asma bitkisinde verim ve kalite
kayiplarinin yani sira meyve suyu ve sarap
kalitesinde bozulmalar da meydana
gelebilmektedir (De Loryn ve ark., 2014). Bu
olumsuz kosullar altinda toprak yapisinda
bozulmalar olusmakta ve buna bagli asma
bitkilerinde de gelisim gerilemesi
gozlenmektedir.  Giinimiizde  yetistiricilik
yapilan bag alanlarindaki topraklarm ¢ogu
organik maddece fakirdir. Organik maddece
zengin olmayan sentetik giibreler topragin
yapisal stabilitesini, fiziksel ve biyolojik
ozelliklerini olumsuz etkilemektedir. Organik
maddece zengin olan gibrelerin kullanimi
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siirdiiriilebilirlik agisindan Onem tagimaktadir
(Eytipoglu, 1998). Tuzluluk topragi organik
maddece fakirlestirmekte ve yapisal diizenini
bozmaktadir. Bu yilizden organik atiklarla
olusturulmus organik giibrelerin  kullanimi
toprak stabilitesi icin olduk¢a Onemlidir
(Unagwu ve ark., 2013). Son zamanlarda
Sentetik giibrelere gore organik giibrelerin daha
ekonomik oldugu vurgulanmakta olup organik
giibre kullanimi yayginlasmaya baglamistir.
Vermikompost, organik atiklarin solucanlar
tarafindan pargalara ayrilmasiyla elde edilen
giibrelerdendir (Ayyobi ve ark., 2014). Bu
giibrelerdeki organik maddeler bitkiler igin
alinabilir formda olup ayn1 zamanda topragin
fizikokimyasal 6zelliklerini iyilestirirler (Atiyeh
ve ark, 2000; Lordan ve ark., 2013).
Vermikompostun bu avantajlarmin yaninda
yapilan c¢alismalarla farkli abiyotik streslere
kars1 da etkili oldugu bilinmektedir. Buna gore
yalnizca meyve tiirleri arasinda yer alan nar
(Bidabadi ve ark., 2017) ile domates (Benazzouk
ve ark., 2018), patates (Ezzat ve ark., 2019),
marul (Kiran, 2019) ve fasiilye (Beykkhormizi
ve ark., 2016) gibi sebze tiirlerinde ¢aligmalar
yuriitiilmiis olup bu az sayida ki calismada
vermikompostun tuz stresinin verdigi hasarlari
azalttigi Dbildirilmigtir. Bu ¢alismalarin 15181
altinda yapilan bu denemede mevcut Amerikan
asma anaglarinin tuz stresine karsi tepkileri ve
vermikompostun (solucan giibresi) tuz stresine
kars1 etkilerinin incelenmesi amaglanmaistir.

Materyal ve Yontem

Materyal

Arastirmada bitkisel materyal olarak 110 R ve
1103 P Amerikan asma anaglarinin 2 gézIii odun
gelikleri  kullanilmigtir.  Anaglar, Manisa
Bagcilik Arastirma Enstitlisii Miidiirliigii’nden
temin edilmistir.

Yontem

Odun c¢elikleri uygulama zamania kadar +4
°C’lik soguk hava deposunda bekletilmistir.
Anag ¢elikleri, dikim Oncesi dip gozleri
koreltilerek 2 gozlii sekilde hazirlanmustir.
Bitkilerin yetistirilmesi i¢in 14 litrelik saksilar
kullanilmigtir. Denemede yetistirme ortami
olarak, 1:1 oraninda ki torf (T) + perlit (P) ve
sakst  hacminin  %20’si  olacak  sekilde
vermikompost (VK) eklenmis torf + perlit
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kullanilmigtir.  Kullanilan solucan  giibresi
(vermikompost) %45 oraninda organik madde,
%1 oraninda organik azot, %2-3 oraninda
toplam azot i¢ermektedir. Kullanilan ortamin
maksimum nem igerigi %35 olup 4 dS/m EC,
14.24 C/N orani ve 7-9 arasinda pH degerlerini
icermektedir. Celiklerin dikiminden koklii ve 4-
5 yaprakli asamaya gelene kadar tarla
kapasitesinde sulama yapilmistir. Uygulama i¢in
uygun sartlari saglayan bitkiler, tuzlu (NaCl") ve
tuzsuz (NaCl’) su uygulamasi olacak sekilde 2
gruba ayrilmistir. Arastirmada bircok bitki
tiriiniin  yetistigi topraklarda bitkilerin iiriin
verimini azaltan tuzlulugun iist sinir degeri olan
8 ds/m (5120 ppm) degeri dikkate alinmigtir
(Neja ve ark., 1978; Kok, 2012; Bilir Ekbi¢ ve
ark., 2020) Denemede kullanilan sulama suyu
tuzsuz su sinifina girmektedir. 8 haftalik deneme
siiresince bitkilere tarla kapasitesinde 1 hafta
tuzlu ve takip eden haftada tuzsuz su uygulamasi
yapilmigtir. Deneme sonunda bitkilerde siirglin
uzunlugu (cm), siirgiin yas ve kuru agirligi (g),
bogum ve yaprak sayisi (adet), kok yas ve kuru
agirhgr (g), kék uzunlugu (cm), kok sayisi
(adet), kok tolerans orani (KTO), iyon akis1 (%),
hiicre zar1 zararlanma orani (%), klorofil miktari
(SPAD), yaprak oransal su kapsami (YOSK),
yaprak alam (cm?) ve bitkilerdeki zararlanma
derecesi (0-3) incelenmistir. Caligmada siirglin
ve kok uzunluklarn cetvel yardimiyla, siirgiin
tizerindeki yaprak ve bogum sayilar1 ise adet
olarak belirlenmistir. Stirgiin, koklerin yas/kuru
agirliklart £0.001 g hassasiyetindeki terazide
(Radwag WTB200) 6l¢iilmiistiir. Siirgiin ve kok
kuru agirliklar ise etiivde (Memmert UNSS) 65
°C’de 72 saat kurutulmasi sonrasi tartilarak
belirlenmistir. Tuz stresine tabii tutulan
bitkilerin kok tolerans oranlar1 (TO) belirtilen
formiile gore hesaplanmigtir. TO: Tx/To Tx:
Belli  konsantrasyonda NaCl uygulanmis
bitkilerin kok kuru agirliklart (g), To: NaCl
uygulanmamus bitkilerin kok kuru agirliklari (g).
Zararlanma derecesi i¢in Martinez Barraso ve
Alvarez (1997)’in ¢ilek bitkisi i¢in olusturdugu
ve Bilir Ekbi¢ (2017) tarafindan asma igin
modifiye edilen skaladan yararlanilmistir. Bu
skalaya gore tuzdan etkilenmeyen bitkiler 0
derece’, yaprak uglarindaki hafif kuruma ve
nekroza sahip bitkiler ‘l.derece’, yapragin
%350’sinden fazlasinda zarar goriilmils ise
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‘2.derece’ ve bitkinin Oliimiine sebep olan
nekrozlar ise ‘3.derece’ olarak belirtilmistir.
Bitkilerden alinan 0.3 gramlik yapraklardan esit
parcalara boliinmiis Ornekler 25 mm x 150
mm’lik cam tiiplere konularak, tistiine 15 ml saf
su ilave edilip, ¢alkalayicida 1 giin boyunca 100
rpm hizda calkalanmistir. Calkalama islemi
bittikten sonra EC metre (HANNA HI 99300) ile
belirlenen deger, EC: olarak belirlenmistir. Daha
sonra ayni Ornekler oda sicakliginda 24 saat
bekletilerek, EC, degeri tespit edilmistir. Bu
sekilde yapraklardaki iyon akisi EC/EC; x 100
formiilii kullanilarak belirlenmistir (Ozden ve
ark., 2009). Yaprak klorofil igeriginin
belirlenmesi icin klorofil metre (SPAD-502)
kullanilmistir. Hiicre zar1 zararlanma orani, iyon
akis1 verileri kullanilarak asagidaki formiile gore
hesaplanmigtir (Dlugokecka ve Kacperska-
Palacz, 1978; Fan ve Blake, 1994). HZZO= [1-
(1-ECW/ECy)/ (1-EC*1/EC*2 x 100], EC*:
Kontrol grubunun EC degeri EC*;: Kontrol
grubunun EC degeri. Oransal su kapsaminin
tespiti i¢in ise asagidaki formiil kullanilmustir.
Yaprak Oransal Su Kapsami (YOSK) (%): [(YA
- KA) + (TA - KA) x 100]. Yaprak turgor
agirliklar1 6 saat saf suda bekletildikten sonra
belirlenmistir. Yaprak kuru agirliklari ise etiivde
80 °C sicaklikta 24 saat bekletme sonunda tespit
edilmistir. Yaprak alan1 dl¢timlerinde bitkilerin
sirglinlerinin ~ orta  kisimlarindan  alinan
yapraklar  kullanilmistir.  Yaprak alanlar
tarayicida tarandiktan sonra ‘Digimizer 4.0°
programiyla cm? cinsinden hesaplanmustir.

Deneme deseni ve istatistiksel analiz
Aragtirma faktoriyel diizende tesadiif parselleri
deneme desenine gore planlanmistir. Denemede
her uygulama igin 3 tekerriir ve her tekerriirde 10
adet 2 gozlii ¢elik olacak sekilde toplam 30 adet
celik kullanilmustir. Istatistiki analiz %5 6nem
seviyesinde ve LSD testine tabii tutularak JMP
13.2.0 programinda gergeklestirilmistir. Yiizde
(%) degerleri, veri a1 transformasyonu
(ARCSIN) uygulanarak analize alinmigtir.

Bulgular

Siirgiin gelisim bulgulan

Arastirmada kullanilan asma anaglarinin siirgiin
uzunlugu bakimindan farki istatistiksel olarak
onemli bulunmamigtir (p<0.05). 110 R anaci
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ortalama 21.91 cm siirglin uzunluguna erigirken,
1103 P anaci ortalama 18.83 cm uzunlugunda
stirgiinler olusturmustur. Bitkilerin tuzlu su
uygulamasina  maruz  kalmasi stirglin
uzunlugunu azaltirken bu fark istatistiksel olarak
Oonemsiz bulunmustur. Bitki yetistirme ortamlari
acisindan VK+T+P ortami, T+P ortamina gore
daha wuzun sirglin  olusumu saglamistir.
Boylelikle VK+T+P ortaminda bitkiler ortalama
23.90 cm siirgiin uzunluguna sahipken, T+P
ortamindaki bitkiler ortalama 16.84 cm
uzunlugunda siirgiin olusturmustur. A x NaCl
interaksiyonu incelendiginde, gruplar arasinda Ki
fark istatistiksel olarak Onemli bulunmamistir.
Buna kars1 A x O interaksiyonu agisindan siirgiin
uzunlugu gelisimi en iyi 1103 P x (VK+T+P)
interaksiyonundan (25.24 cm) elde edilmistir. En
diistik stirgiin uzunlugu ise 1103 P x (T+P)
interaksiyonunda (15.10 cm) tespit edilmistir.
Tuzlulugun  ortamlar  bazindaki etkisine
bakildiginda, en uzun siirgiinler, tuzsuz su
uygulama kosullardaki VK+T+P
uygulamasindan (25.96 cm) elde edilmistir. Tim
faktorlerin ele alindigi, A x NaCl x O
interaksiyonu incelendiginde en yiiksek siirgiin
uzunlugu 1103 P x NaCl" x (VK+T+P)
grubundan (26.96 cm) elde edilmistir. Siirgiin
gelisimi  bakimindan en zayif gelisen
interaksiyon gruplar1 ise ayni istatistiksel grupta
yer alan 110 R x NaCl" x (T+P) (13.93 cm) ve
110 R x NaCl* x (T+P) (16.28 cm) olmustur.

Tuzluluk  faktorii, bitki siirgiin =~ gelisim
Ozelliklerinin ~ hemen  hemen  hepsinde
istatistiksel ~ olarak Onemsiz  bulunmustur.

Anaglar arasindaki fark ise siirgiin yas ve kuru
agirligi ozelliklerinde 6nemli olmustur. Her iki
parametrede de 1103 P anaci, 110 R anacina gore
daha yiiksek degerler gostermistir. Kullanilan
ortamlar bakimindan VK+T+P ortaminda
yetistirilen celikler ortalama 4.63 g siirgiin yas
agirhigi ve 1.41 siirgiin kuru agirligina ulagmis ve
T+P ortammma gore daha yiiksek degerler
gostermistir. Bununla beraber A x NaCl
interaksiyonu bakimindan en yiiksek siirgiin yas
ve kuru agirhigi degerleri 1103 P anacindan elde
edilmistir (Cizelge 1). A x O interaksiyonu
acisindan ise en yliksek siirglin yas ve kuru
agirhgma sahip celikler VK+T+P ortaminda
tespit edilmistir. A x NaCl x O etkilesimi ele
alindiginda, en yiiksek siirgiin yas agirlig
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degerleri 1103 P x NaCl* x (VK+T+P) (5.90 g)
ve 1103 P x NaCl" x (VK+T+P) (5.77 Q)
gruplarinda belirlenirken, en diisiik siirglin yas
agirhigi degeri, 110 R x NaCl® x (T+P)
uygulamasindan (2.49 g) elde edilmistir. Buna
paralel olarak en yiiksek siirgiin kuru agirligi
1.74 g degeriyle 1103 P x NaCl" x (VK+T+P)
uygulamasinda belirlenirken, en diisiik siirgiin
kuru agirligr degeri (0.74 g), 110 R x NaCl* x
(T+P) uygulama grubundan elde edilmistir. 1103
P anaci, 110 R anacina gore istatistiksel olarak
daha fazla bogum ve yaprak sayisi olusturmustur
(Cizelge 1). Tuzluluk faktorii, bogum ve yaprak
sayisi bakimindan istatistiki olarak Gnemsiz
bulunmustur. Buna kargin T+P ve VK+T+P
ortaminda farkliliklar tespit edilmistir. Hem
bogum sayis1 hem de yaprak sayisi agisindan
VK+T+P ortaminda yetistirilen bitkiler daha
fazla yaprak ve bogum olusturmustur.
Tuzlulugun anaglara olan etkisi incelendiginde
ise en fazla yaprak sayis1 her iki tuz kosulunda
da 1103 P anacinda belirlenmistir. Buna karsin
en diisiik bogum sayis1 (7.55 adet), tuzsuz su
kosullarinda yetistirilen 110 R anacinda tespit
edilmistir. Her iki anagta kullanilan ortam
faktorleri ele alindiginda ortalama 10.48 bogum
sayist ve ortalama 10.96 yaprak sayisiyla en iyi
interaksiyonun 1103 P x (VK+T+P) oldugu
belirlenmistir. Kullanilan ortamlardaki tuz
faktorii incelendiginde ise tuz varligi fark
etmeksizin  VK+T+P  ortamindaki  bitkiler
istatistiksel olarak daha fazla yaprak ve bogum
olusturmustur (Cizelge 1). Yaprak ve bogum
say1st agisindan en iyi gelisim, ortalama 10.83
adet bogum ve 11.26 adet yaprak sayisiyla 1103
P x NaCl* x (VK+T+P) interaksiyon grubunda
goriilmistiir. Yaprak alan1 bakimindan A, O, A
x 0, NaCl x O ve A x NaCl x O interaksiyonlari,
istatistiksel olarak onemli bulunmustur. Buna
paralel olarak 1103 P anaci ortalama 34.77 cm?
yaprak alanina ulasirken, 110 R anaci1 ortalama
25.76 cm®lik yaprak alani olusturmustur.
VK+T+P ortaminda yetistirilen celiklerde
yaprak alani ortalama 33.34 cm? iken, T+P
ortamindaki bitkilerde 27.20 cm? olmustur. A x
NaCl interaksiyonu bakimmdan en yiiksek
yaprak alani degeri 35.32 cm?ile 1103 P x NaCl-
grubundan elde edilmistir. En diisiik yaprak
alanmina sahip grup ise 110R x NaCl- (23.80 cm?)
olarak belirlenmistir. Anaglarla beraber ortam
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faktorii ele alindiginda VK+T+P ortaminda
yetistirilen 1103 P anaci en yiiksek yaprak
alanina sahip grup olmustur (Cizelge 1). Tim
faktorler goz onilinde bulunduruldugunda hem

tuzlu (41.08 cm?) hem de tuzsuz su (40.22 cm?)
sartlarinda ve VK+T+P ortaminda yetistirilen
1103 P anaci gelikleri, en yiiksek yaprak alanina
sahip olmustur.

Cizelge 1. Tuzlu ve tuzsuz su kosullarinda vermikompostun 110 R ve 1103 P anacinin siirgiin

gelisimi iizerine etkisi

Incelenen Ozellikler

Faktorler SuU SYA SKA BS YS YA
(cm) @ @ (adet) (adet) (cm?)

Anag (A)
110R 21.91 3.24b 1.01b 8.08 b 8.30b 25.76 b
1103 P 18.83 450 a 1.36a 9.38a 9.46 a 34.77 a
LSDys 0.D 0.75 0.20 1.00 0.87 4.76
NaCl
NaCl* 19.55 3.88 1.22 9.17 9.05 30.97
NaCl- (Kontrol) 21.19 3.86 1.14 8.29 8.71 29.56
LSDys 0.D 0.D 0.D 0.D 0.D 0.D
Ortam (O)
T+P (Kontrol) 16.84b 3.11b 0.96 b 7.94b 8.00 b 27.20b
VK+T+P 23.90a 463a 141a 9.52a 9.76 a 33.34a
LSDys 3.44 0.75 0.20 1.00 0.87 4.77
A x NaCl
110 R x NaClI- 19.45 3.23b 0.89b 7.55b 8.13b 23.80¢c
110 R x NaCl* 18.21 3.25b 1.12 ab 9.61 ab 8.47 ab 27.72 bc
1103 P x NaCl- 22.94 4.49a 140a 9.02a 9.29 ab 35.32a
1103 P x NaCl* 20.89 451a 1.33a 9.73a 9.63a 34.22 ab
LSDys 0.D 1.07 0.29 141 1.23 6.75
AxO
110R X T+P 18.58 bc 3.05b 0.87b 7.60b 8.04 b 2551b
110 R X VK+T+P 22.56 ab 3.43b 1.14b 8.56 b 8.55b 26.02b
1103 P X T+P 15.10c¢c 3.17hb 1.05b 8.28 b 7.96b 28.89b
1103 P X VK+T+P 25.24 a 5.83a 167a 1048a 10.96 a 40.65a
LSDys 5.04 1.07 0.29 1.41 1.23 6.75
Tx0
NaCl- X T+P 16.42 ¢ 2.86¢c 0.90b 7.18b 7.68b 27.75ab
NaCl- X VK+T+P 25.96 a 4.86 a 1.39a 9.40a 9.74 a 32.48 ab
NaCl* X T+P 17.27 be 3.36 bc 1.03b 8.70 a 8.33b 26.64 b
NaCl* X VK+ T+P 17.27 ab 4.40 ab 142a 9.64 a 9.77 a 34.19a
LSDys 5.04 1.07 0.29 1.41 1.23 6.75
A x NaCl x O
110 R x NaCl- x T+P 13.93¢ 249b 1.01cd 6.43 d 743 b 22.87b
110 R x NaCl x VK+T+P 24.97 ab 3.96 b 1.04cd 8.68 bc 8.83b 2474 b
110 R x NaCl* x T+P 16.28 ¢ 3.60b 0.74d 8.78 bc 8.66 b 28.15b
110 R x NaCl* x VK+T+P 20.14 abc 290b 1.24 bc 8.44 bc 8.28 b 27.30b
1103 P x NaCl- x T+P 18.91 be 3.22b 1.06 cd 7.93 cd 7.93b 30.42b
1103 P x NaCl-x VK+T+P 26.96 a 5.77 a 1.74a 10.12ab 10.65a 40.22 a
1103 P x NaCl* x T+P 18.25 be 3.11b 1.04cd 8.62 bc 8.00 b 27.36b
1103 P x NaCl* x VK+T+P 23.53 ab 5.90a 1.61ab 10.83a 11.26a 41.08a
LSDys 7.14 1.51 0.41 2.00 1.74 9.55

T: Torf, P: Perlit, VK: Vermikompost, NaCl: Tuzsuz su (kontrol), NaCl*: Tuzlu su, SU: Siirgiin uzunlugu, SYA: Siirgiin
yas agirligl, SKA: Kok kuru agirhigl, BS: Bogum sayisi, YS: Yaprak sayisi, YA: Yaprak alani, A: Anag, NaCl: Tuz, O:

Ortam

Kok gelisim bulgular

Arastirmada incelemeye alinan tiim uygulama
gruplart bakimindan elde edilen kék uzunlugu
sonuglari istatistiksel olarak onemli
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bulunmamistir. Interaksiyonlar ele alindiginda
VK+T+P ortaminda yetistirilen bitkilerde kok
uzunlugu daha yiiksek bulunmustur (Cizelge 2).
Kok yas ve kuru agirhigi bakimimdan 1103P
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anacit, 110 R anacma gore daha tstiin sonuglar
gostermistir. Tuzlu su uygulamas: bitkilerde kok
yas agirligini istatistiksel olarak etkilemezken,
kok kuru agirhiginda tuzlu suya maruz kalan
bitkilerde daha diisiik olmustur. Kullanilan
ortamlar bakimindan kok yas ve kuru agirliginda
elde edilen farklilik istatistiksel olarak Oonemli
bulunmamistir. Ancak tuz faktoriiyle beraber
ortam faktorii ele alindiginda bitkilerdeki kok
kuru agirligi farki 6nemli bulunmustur. Buna
gore en yiiksek kok kuru agirligina sahip olan
bitkiler NaCl- x (VK+T+P) interaksiyonundan
elde edilmistir (1.05 g). Kok kuru ve yas agirlig
acisindan tiim faktorler ele alindiginda NaCl- x
1103 P bitkileri istatistiksel olarak en basarili
sonucu gostermistir (Cizelge 2). Buna ek olarak
kok sayisi parametresi incelendiginde anaglar
arasindaki fark onemli bulunup, 1103 P anaci
ortalama 8.99 kok sayisi ile 110 R anacina gore
daha iyi gelisim gostermistir. Tuzluluk ve ortam
faktorleri kok sayisim istatistiksel olarak
etkilememistir. Bunun aksine A NaCl
interaksiyonlarina bakildiginda hem tuzlu hem
de tuzsuz su kosullarnda 1103 P anaci1 daha
yiiksek kok sayisina sahip olmustur (Cizelge 2).
A x O interaksiyonu agisindan ise hem T+P
ortaminda hem VK+T+P ortaminda 1103 P
anac1 daha istiin sonuglar goéstermistir. Tim
faktorler goz oOnilinde bulunduruldugunda en
yiiksek kok sayisi tuzlu su kosullarinda VK+T+P
uygulamasi yapilan 1103 P anacindan (9.82
adet) elde edilmistir. En az kok sayisina sahip
olan interaksiyon ise 110 R x NaCl* x VK+T+P
(4.80 adet) olmustur. Kok tolerans orani
parametresi incelendiginde anaglar ve kullanilan
ortamlar arasindaki farklilik istatistiksel olarak
onemsiz  bulunmustur. Buna karsin tuz
uygulamalar1 bitkilerin kok tolerans oranini
azaltmigtir. Tuzlu suya maruz kalan bitkilerin
kok tolerans orani ortalama 0.77 iken, tuzsuz su
uygulanan bitkilerin kdk tolerans ortalamasi
1.00 olarak belirlenmistir. K6k tolerans orant
acisindan 1103 P anaci, 110 R anacina gore daha
diisiik kok toleransina sahip olmustur (Cizelge
2).

X

Fizyolojik parametre bulgulari

Bitki  yapraklarinda ki klorofil igerigi
bakimindan anaglar ve tuzlulugun etkisi
istatistiki olarak Onemsiz bulunmustur. Buna
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karsin kullanilan ortamlar kiyaslandiginda
VK+T+P ortamindaki bitkilerin ortalama 27.44
SPAD degeriyle, T+P ortamindaki bitkilere
nazaran daha fazla klorofil igerigine sahip
oldugu belirlenmistir. A X NaCl uygulamasinda
ise en yiiksek klorofil igerigi 1103 P x NaCl*
interaksiyonundan (25.88) elde edilmistir.
Klorofil  agisindan  kullanilan  ortamlar
kiyaslandiginda her iki ana¢ icinde VK+T+P
ortami daha olumlu sonuglar gdstermistir
(Cizelge 3). O x NaCl interaksiyonu agisindan
hem tuzlu hem tuzsuz su ile sulanan VK+T+P
ortaminda yetisen celiklerin daha fazla klorofil
icerigine sahip oldugu belirlenmistir. A x NaCl
x O interaksiyonu incelendiginde 29.21 SPAD
degeriyle 110 R x NaCl x (VK+T+P)
uygulamasi en yiiksek klorofil igerigine
ulagsmigtir. Buna karsin 110R anacinin hem tuzlu
hem de tuzsuz su sartlarinda ki T+P ortamindaki
yaprak klorofil iceriginin en diisiik miktarda
oldugu belirlenmistir (Cizelge 3). Bitkilerde
yaprak  oransal su  kapsami  igerigi
incelendiginde, 6zellikle A x O ve A x NaCl x
O  interaksiyonlarinda  farkliliklar  tespit
edilmigtir.  Buna gére AxO  faktorleri
incelendiginde VK+T+P ortaminda yetistirilen
anaglarda yaprak oransal su kapsami en yiiksek
seviyelerde belirlenmistir. En yiiksek yaprak
oransal su kapsami VK+T+P ortaminda
yetistirilen 110R anacinda tespit edilmistir. Uglii
interaksiyonlar incelendiginde, 110 R x NaCl* x
(VK+T+P) interaksiyonu en yiiksek yaprak
oransal su kapsami degerine (% 92.18)
ulasmistir. Bitkilerde tuz stresinden kaynakli
zarar derecesi agisindan anaglar arasindaki fark
istatistiksel olarak 6nemli bulunmustur. 110 R
anact 0.36 zarar derecesine sahipken, 1103 P
anacinin 0.05 zarar derecesinde oldugu tespit
edilmisgtir.  Bitkilerin  tuzlu suya maruz
kalmasiyla beraber zararlanmanin da artig
gosterdigi belirlenmistir. Bununla birlikte tuzsuz
su uygulanan bitkilerde zarar ortalamasi 0.07
olarak belirlenirken, tuzlu suya maruz kalan
bitkilerde bu deger 0.34’¢ kadar yiikselmistir. A
x NaCl faktorii ele alindiginda, en yiiksek zarara
110R x NaCl" interaksiyonu (0.58) ulagmustir.
Bunun aksine 1103 P x NaCl" interaksiyonunda
zarar derecesi 0.00 olarak belirlenmistir. A x O
faktori incelendiginde hem VK+T+P hem T+P
ortaminda yetistirilen 110 R bitkileri daha
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yiiksek zarar derecesine sahip olmustur (Cizelge
3). NaCl x O etkisine bakildiginda VK+T+P

ortaminda yetisen bitkilerde zarar derecesi
istatistiksel olarak daha diisiik bulunmustur.

Cizelge 2. Tuzlu ve tuzsuz su kosullarinda vermikompostun 110 R ve 1103 P anacinin kok gelisim

Ozellikleri Uizerine etkisi

Incelenen Ozellikler

Faktorler KU KYA KKA KS KTO
(cm) @ @ (adet)

Anag (A)
110R 17.29 253b 0.51b 5.81b 0.91
1103 P 16.52 3.36a 1.094 a 8.99a 0.85
LSDys 0.D 0.65 0.16 0.98 O.D
NaCl
NaCl* 16.80 2.86 0.68 b 7.41 0.77b
NaCl-(Kontrol) 17.00 3.04 0.93a 7.39 1.00a
LSDys O0.D O0.D 0.16 O6.D 0.14
Ortam (O)
T+P (Kontrol) 15.88 3.13 0.76 7.70 0.92
VK+T+P 17.93 2.77 0.85 7.10 0.84
LSDys 0.D 0.D 0.D 0.D 0.D
A x NaCl
110 R x NaCl- 17.28 2.77 ab 0.57 bc 6.00 b 1.00a
110 R x NaCl* 17.30 2.30b 045¢c 5.62b 0.83 ab
1103 P x NaCl- 16.73 3.3la 1.29a 8.79a 1.00a
1103 P x NaCl* 16.30 342a 0.90 b 9.20a 0.71b
LSDys 0.D 0.92 0.23 1.38 0.20
AXxO
110 R x (T+P) 16.61 3.14a 0.54c 6.63 b 0.92
110 R X (VK+T+P) 17.96 1.92b 0.48¢c 4,98 c¢c 0.91
1103 P X (T+P) 15.15 311a 0.97b 8.77 a 0.93
1103 P X (VK+T+P) 17.89 3.62a 1.22a 9.21a 0.78
LSDys 0.D 0.92 0.23 1.38 O.D
NaCl x O
NaCl- X (T+P) 15.71 2.98 0.80b 7.90 1.00a
NaCl- X (VK+T+P) 18.30 3.09 1.05a 6.89 1.00a
NaCl* X (T+P) 16.05 3.28 0.71b 7.51 0.85 ab
NaCl* X (VK+T+P) 17.55 2.44 0.64b 7.31 0.69b
LSDys 0.D 0.D 0.23 0.D 0.21
A x NaCl x O
110 R x NaCl- x (T+P) 16.47 2.90a 0.59 cd 6.83 bc 1.00a
110 R x NaCl-x (VK+T+P) 18.09 2.63 0.55d 5.17 cd 1.00a
110 R x NaCl* x (T+P) 16.76 3.39a 0.50d 6.44 cd 0.85ab
110 R x NaCl* x (VK+T+P) 17.84 1.20b 0.41d 4.80d 0.82 ab
1103 P x NaCl" x (T+P) 14.95 3.16a 1.02b 8.97a 1.00 a
1103 P x NaCl" x (VK+T+P) 18.51 3.55a 1.56 a 8.60 ab 1.00 a
1103 P x NaCl* x (T+P) 15.34 3.06 a 0.92b 8.57 ab 0.86 ab
1103 P x NaCl* x (VK+T+P) 17.27 3.68a 0.88 bc 9.82a 0.56 b
LSDys 0.D 1.30 0.32 1.96 0.29

T: Torf, P: Perlit, VK: Vermikompost, NaCl-: Tuzsuz su (kontrol), NaCl+: Tuzlu su, KU: K6k uzunlugu, KYA: Kok yas
agirhigl, KKA: Kok kuru agirhig, KS: Kok sayisi, KTO: Kok tolerans orani

Tim faktorler incelendiginde 110 R x NaCl* x

(T+P) interaksiyonundaki bitkilerde zarar
derecesinin  en  yiiksek (0.78)  oldugu
belirlenmigtir. Bitkilerdeki iyon akis1

incelendiginde anag, tuzluluk ve ortam faktorleri
bakimindan goriilen farkliliklar istatistiki olarak
onemli bulunmamistir. Buna ek olarak 1103 P
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anaci, 110 R anacina gore daha yiiksek iyon
akisina sahip olmustur. Ayrica tuzlu suya maruz
kalan bitkilerde iyon akisi degerlerinde de artis
belirlenmistir. A x NaCl interaksiyonu
bakimindan en diisiik iyon akisina, tuzsuz su
kosullarinda yetistirilen 1103 P anaci ¢elikleri
(%67.71) sahip olmustur. NaCl x O
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interaksiyonu agisindan VK+T+P ortami ile
NaCl- ve NaCl* kosullarinda yetistirilen
bitkilerde iyon akis1 daha yiiksek bulunmustur.
Diger interaksiyonlarla kiyaslandiginda 110 R x
NaCl- x (T+P) uygulamasinda iyon akist en
diisiik diizeyde belirlenmistir (Cizelge 3). Hiicre
zar1 zararlanmasi bakimindan anaclar arasindaki
elde edilen farklilik istatistiksel olarak 6nemli
bulunmus olup, 110 R anaci ortalama
%29.33’liik hiicre zar1 zararlanma degerine
sahipken, 1103 P anacindaki zarar oran1 %22.16
olarak tespit edilmistir. Ortamin tuzlu su ile
sulanmasiyla hiicre zar1 zararlanma oraninda
ciddi oranda artig belirlenmistir. Bu 0&zellik
acisindan Dbitki yetistirme ortamlari arasindaki
farklilik ise 6nemli bulunmustur. T+P ortaminda
yetistirilen  bitkilerde goriilen zararlanma

ortalama %33.50 degerinde iken, VK+T+P
ortamindaki bitkilerde bu oran %18.00 degerine
kadar diistis gostermistir. A x O interaksiyonu
bakimindan elde edilen farklihk O6nemli
bulunurken hiicre =zar1 zararlanma oram
acisindan en diisiik deger VK+T+P ortaminda
yetistirilen 110 R anacinda (%17.00) elde
edilmistir. En yiiksek zararlanma degeri ise T+P
ortaminda yetistirilen 110 R anacindan (%41.66)
elde edilmistir. A x NaCl x O faktorleri
bakimindan en yiiksek hiicre zararlanmasi ise
%83.33 orami ile 110 R x NaCl* x (T+P)
interaksiyonunda tespit edilmistir 1103 P
anacinda en yiiksek zarar degeri 1103 P x NaCl*
x(T+P) kombinasyonunda (%50.66)
belirlenmistir.

Cizelge 3. Tuzlu ve tuzsuz su kosullarinda vermikompostun 110 R ve 1103 P anacinin baz1

fizyolojik parametreleri iizerine etkisi

Incelenen Ozellikler

Faktorler KI YOSK ZD I HzzO
(SPAD) (%) (0-3) (%) (%)
Anag (A)
110R 24.86 89.39 0.36a 80.04 29.33a
1103 P 25.28 86.38 0.05b 91.59 22.16b
LSDys 0.D 0.D 0.08 0.D 5.50
NaCl
NaCl* 25.09 88.09 0.34a 91.64 5150 a
NaCl-(Kontrol) 25.05 87.69 0.07b 79.99 0.010b
LSDys 0.D 0.D 0.081 O0.D 5.50
Ortam (O)
T+P (Kontrol) 22.71b 86.49 0.20 78.70 3350a
VK+T+P 27.44 a 89.28 0.21 92.94 18.00 b
LSDys 0.99 0.D 0.D 0.D 5.53
A x NaCl
110 R x NaCl 25.42 ab 88.89 0.15b 92.77 a 0.000c
110 R x NaClI* 2430 b 89.90 0.58 a 92.36 a 58.66 a
1103 P x NaCl- 24.69 ab 86.48 0.00c 67.71b 0.000c
1103 P x NaCl* 25.88 a 86.28 0.1bc 90.92 a 44.33 b
LSDys 141 0.D 0.11 20.55 7.82
AxO
110 R x (T+P) 21.99¢ 87.90 ab 0.33a 67.97b 41.66 a
110 R X (VK+T+P) 27.73 a 90.88 a 0.39a 92.11a 17.00c
1103 P X (T+P) 23.43b 85.08 b 0.07b 89.42 a 25.33b
1103 P X (VK+T+P) 27.14 a 87.68 ab 0.03b 93.77 a 19.00 be
LSDys 141 5.10 0.11 20.55 7.82
NaCl x O
NaCl- X (T+P) 22.07b 86.19 0.15b 68.15b 0.000 b
NaCl- X (VK+T+P) 28.04 a 89.18 0.00c 91.47 a 0.000 b
NaCl* X (T+P) 23.35b 86.80 042a 88.89 ab 67.00 a
NaCl* X (VK+T+P) 26.83 a 89.38 0.26b 94.40 a 36.00 b
LSDys 141 O.D 0.11 20.55 7.83
A x NaCl x O
110 R x NaCl- x (T+P) 21.63¢e 88.19 ab 0.3 bc 4526 b 0.000d
110 R x NaCl- x (VK+T+P) 29.21a 89.59 ab 0.00d 90.17 0.000d
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110 R x NaCl* x (T+P) 2235e
110 R x NaCl* x (VK+T+P) 26.25 bc
1103 P x NaCl" x (T+P) 22.51de
1103 P x NaCl"x (VK+T+P) 26.86 b
1103 P x NaCl* x (T+P) 24.35cd
1103 P x NaCl* x (VK+T+P) 2742 ab
LSDus 1.99

87.62 ab 0.78a 90.68 a 83.33a
92.18a 0.37b 94.05a 34.00c
84.19b 0.00d 91.75a 0.000 d
88.78 ab 0.00d 92.78 a 0.000 d
86.59 ab 0.14 cd 87.09 a 50.66 b
86.59 ab 0.07d 94.76 a 38.00c
7.21 0.16 29.06 11.06

T: Torf, P: Perlit, VK: Vermikompost, NaCl": Tuzsuz su (kontrol), NaCI*: Tuzlu su, Ki: Klorofil icerigi, YOSK: Yaprak
oransal su kapsami, ZD: Zarar derecesi, [A: Iyon akisi, HZZO: Hiicre zar1 zararlanma orani

Tartisma

Bu aragtirmadan elde edilen tuzlulugun asma
gelisimine olan olumsuz etkisi farkli arastiricilar
tarafindan da bildirilmistir (Upreti ve Murti,
2010; Salem ve ark., 2011; Kok, 2012; Karimi
ve Zadeh, 2013). Vermikompost, solucanlar ve
mikroorganizmalar arasindaki etkilesim yoluyla
organik maddelerin biyolojik olarak
parcalanmasiyla olusmaktadir (Atiyeh et al.,
2001). Yiiksek gozeneklilige, havalandirmaya,
drenaja, su tutma kapasitesine ve mikrobiyal
aktiviteye sahip olan vermikompost iyi bir
toprak diizenleyicisi  olarak bilinmektedir
(Mahmud ve ark., 2019). Solucan giibresi
uygulamasinin stres kosulu olmaksizin bahge
bitkileri tiirleri iginde yer alan domates
(Goswami ve ark., 2017), biber (Castellanos ve
ark., 2017), cilek (Singh et al., 2008; Rajbir et
al., 2010; Cabilovski ve ark., 2023) muz (Athani
ve Hulamani, 2000), ananas (Mahmud ve ark.,
2019) ve daha pek ¢ok bitki tiiriiniin biiylimesi
tizerinde olumlu etkisinin oldugu bilinmektedir.
Bu arastirmada tuz stresi kosullarinda VK’nin
ortam iginde kullanimiyla siirgin gelisim
parametrelerinden yaprak sayisi, yaprak alani ve
bogum sayis1 degerlerinin 6nemli derecede artis
gosterdigi belirlenmigtir. Buna ek olarak T+P
ortamina gore VK eklenmis ortamda yaprak
oransal su igerigi belirli diizeyde artis
gostermistir. Tuz stresi kosullarinda solucan
giibresinin etkisine yonelik meyve tiirlerinden
yalnizca nar tiiriine ait ¢aligmaya rastlanilmistir.
Bidabadi ve ark. (2017), yapraktan nar
cogiirlerinde  vermikompost  uygulamasiyla
yaprak Na birikiminin azaltilarak tuz stresinin
olumsuz etkisinin hafifletildigi ve vermikompost
uygulamasina bagli biiylime parametrelerinde
olumlu etkilerin belirlendigi bildirmislerdir. Tuz
stresi kosullarinda vermikompost kullanimryla
bitki gelisimi {izerine bu calisma sonuglarina
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benzer olumlu etkiler fasiilye (Beykkhormizi ve
ark., 2016), domates (Benazzouk ve ark., 2018)
ve marul (Kiran, 2019) gibi sebze tiirlerinde de
elde edilmistir.

Sonuc¢

Bu aragtirmayla farkli Amerikan asma
anaglariin, T + P ve VK +T + P ortamlarinda,
tuzlu ve tuzsuz kosullardaki bitki gelisim
parametreleri  incelenmistir.  Elde  edilen
bulgulara gore; tuz stresinde solucan giibresi
kullaniminin bitki gelisimi agisindan faydal
olabilecegi belirlenmistir. Strese giren bitkilerde
kontrole kiyasla gelisim ve fizyolojik
parametreler agisindan olumsuz etkiler tespit
edilmigtir. Tuz stresine tabii tutulan bu iki anagta
ozellikle kok kuru agirligi ve kok tolerans orani
degerleri 6nemli diizeyde azalma gosterirken
zarar derecesi ve hiicre zar1 zararlanma orani
degerlerinde artis saptanmistir. 1103 P anacinda
110 R anacina gore c¢ogu bitki gelisim
parametreleri a¢isindan daha tistiin sonuglar elde
edilmistir. 1103 P anacinin 110 R anacina gore
daha az zarar derecesine ve hiicre zar
zararlanma oranma sahip oldugu da tespit
edilmistir. Interaksiyon bulgularina gore de
vermikompostun 1103 P anacinda daha etkin
oldugu belirlenmistir. Elde edilen bulgulara
dayali olarak 110R anacina kiyasla 1103P
anacinin tuz stresine daha dayanikli oldugu ve
tuzlu sartlarda vermikompost kullanimiyla
bitkilerin tuz stresinden daha az olumsuz
etkilenebilecegi sonucuna ulasilmistir.
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The Development of Green Houses in the Southern Tiirkiye, with an Emphasis
on Their Structural and Agricultural Features : The case of the Mersin
province
Burcak KAPURY", Deniz SOLMAZ?, Ugur KEKEC?, Miige ERKAN CAN!

ABSTRACT
The aim of this research was to evaluate the agricultural and structural condition of the greenhouses in the
Mersin region of Akdeniz district as well as the structural and technical issues. A face-to-face survey conducted
in the field to determine the agricultural information in greenhouse enterprises as well as the material
information used in greenhouses in the research region. The products, greenhouse types and construction
techniques were determined by the survey, measurement, observation and photography studies conducted in
the region. Because of the region's climate and economic value of the crop, 95.2% of the producers who took
part in the survey cultivate pepper. It was determined that all greenhouses in the region were plastic-covered
greenhouses. Greenhouse materials are made of steel profile or steel pipe. Most of the greenhouses were found
to be without projects and installed by local manufacturing craftsmen. Furthermore, it has been determined that
the region’s greenhouses have problems with heating, ventilation, and irrigation system design. It has been
suggested that a crop-requirement-driven irrigation schedule in greenhouses can boost output while making
cost-effective use of water resources. Additionally, the importance of mechanical ventilation and roof
ventilation should be explained to producers. In order to ensure proper ventilation, the design should allocate
a minimum of 15% of the floor surface in greenhouses up to three decares, and a minimum of 25% of the floor
area in greenhouses larger than three decares.
Keywords: Greenhouse, structural problems, irrigatiop, greenhouse materials .

Seralarin Tarimsal ve Yapisal Yonden Incelenmesi ve Gelistirilmesi Uzerine Bir

Arastirma: Mersin ili Ornegi

0z

Bu ¢alisma, Mersin ili Akdeniz ilgesindeki seralarin tarimsal ve yapisal yonden mevcut durumu, yapisal ve
teknik sorunlarinin belirlenmesi amaciyla yapilmistir. Arastirma boélgesinde seracilik yapan isletmelerdeki
tarimsal bilgiler ve seralarda kullanilan malzeme bilgileri sahada bire bir yapilan anket calismasiyla
belirlenmigtir. Bolgede yapilan anket, 6lgme gdzlem ve fotograflama caligmalariyla alandaki yetistirilen
iiriinler, sera tipleri ve yapim teknikleri belirlenmistir. Ankete katilan iireticilerin %95.2si bolgenin iklim
sartlart ve ekonomik degeri nedeniyle biber yetistiricili§i yapmaktadir. Seralarin tamaminin plastik ortiilii
seralardir. Sera malzemeleri ¢elik profil veya ¢elik borundan yapilmistir. Seralarin tamaminin projesiz oldugu
ve ¢evredeki imalat yapan ustalar tarafindan kurulduklar: tespit edilmistir. Bolgedeki seralarda havalandirma,
1sitma ve sulama planlamasi sorunlarmin oldugu belirlenmistir. Ureticilere seralarda bitki ihtiyacina gore
yapilacak yeterli bir sulama ile verim artis1 saglanabilecegi gibi su kaynaklarmin tasarruflu bir sekilde
kullanilmasina da katki saglanabilecegi Onerisi yapilmistir. Buna ek olarak, yeterli bir havalandirma igin 3
dekara kadar olan seralarda mutlaka taban alanin en az % 15’1, 3 dekardan daha biiyiik seralarda ise mutlaka
taban alanin en az % 25’1 kadar tepe havalandirmasi olacak sekilde projelendirilmesi ve kurulumunun buna
gore yapilmasi 6nerilmistir.

Anahtar kelimeler: Sera, yapisal sorunlar, sulama, sera malzemesi
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The Development of Green Houses In The Southern Tiirkiye, with an
Emphasis on Their Structural and Agricultural Features : The case of the
Mersin province

Introduction

Greenhouses are structures or construction parts
that are covered with light-permeable materials,
including fiberglass, plastic, or glass, and whose
climatic conditions can be adjusted to create an
ideal atmosphere for plant development. These
are facilities designed to economically produce a
wide range of crops, along with their seeds,
seedlings, and tree saplings, all year round by
fully or partially regulating, depending on the
environmental conditions related to temperature,
light, humidity, and air quality (MEGEP, 2007).
In Tiirkiye, greenhouse agriculture has gained
commercial importance with the beginning of
the use of plastic in agriculture. The 1970s and
1980s showed a rise in greenhouse production in
areas with favorable ecological conditions. A
major portion of the area increase in the 1990s
was also attributed to resource utilization and
support fund incentives provided to greenhouse
investments and expanding (Tuzel et al., 2020).
Turkey is ranked second in Europe behind Spain,
although it is ranked fourth globally in terms of
greenhouse economy (Giirpinar and Aktiirk,
2023). In Turkey, the distribution of greenhouse
agricultural regions and the distribution of yearly
average temperatures are nearly identical. The
majority of Turkey's greenhouse area is located
around the southern coast, where the climate is
most ideal. The proliferation of greenhouses,
particularly in coastal locations, has been made
possible by the steel material's durability and the
plastic's ease of use.

In Tirkiye, Antalya leads overall in greenhouse
production. The provinces of Mersin, Adana,
and Mugla are the ones that come after this one.
Approximately 90% of the nation's total
greenhouse production is produced in these
provinces with an overall greenhouse production
in these four provinces is estimated to be 6.7
million tons (Tarim ve Orman Bakanligi, 2019;
Girpinar and Aktiirk, 2023). In Mersin, which
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has a significant share in greenhouse cultivation,
this area is 196554.5 decares. While 57.8% of
the covered areas are plastic and glass, the
remaining 43.2% consists of low and high plastic
tunnels (TUIK, 2018)

The greenhouse sector is constantly expanding
in Tirkiye and is becoming more attractive for
investment day by day. However, there are
certain structural and agricultural problems with
greenhouse farming. These problems include
improper greenhouse design, wrong material
selection, unsuitable greenhouse type selection
for the area, and incorrect plant selection for
production. In light of these issues, greenhouses
with adequate technical and agricultural
infrastructure have been erected. There will be a
variety of crop yield losses if the environmental
regulations are ignored and the growing
conditions in the greenhouse are not maintained.
This can be accomplished by controlling
agricultural practices like structural
improvements of greenhouses, appropriate
irrigation application, efficient fertilization,
appropriate spraying, availability of
mechanization, use of high-quality seeds, and so
on. This will increase production and provide a
greater income for the local producers.

Thus, this study examined at the agricultural and
structural elements of greenhouses in the
Adanalioglu region in the central Akdeniz
district of Mersin province. The products grown
agriculturally in the region, the growing
conditions and the structural condition of the
greenhouses were tried to be determined by a
survey conducted to the producers. Fieldwork
and producer interviews were used to identify
the enterpresis in the research region. Surveys,
observations, measurements, and photos were
used to give the producers the information they
needed about the enterprises.
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Materials and Methods

The basic data used in the study was gathered
from a questionnaire that was given to small-
scale greenhouse producers in the Akdeniz
district of Mersin province, which are situated on
the country's eastern Mediterranean coast
(Figure 1). Due to the unique climate of the
research region, which has a Mediterranean
climate, intense greenhouse farming is practiced
therein. In the region, it could be partially seen
the continental climate from the coast towards

the Taurus Mountains. The fact that the Taurus
Mountains extend in the east-west direction in
Mersin prevents the cold air coming from the
north. In this case, greenhouse -cultivation
contributes to the winter months in the region.
Due to the characteristics of the Mediterranean
climate, there are very few frosty days in the
region, making greenhouse cultivation in the
area even more convenient. The altitude of the
region is 8 meters close to the seashore.

hﬂsﬁin

tudy ea
ol

Figure 1. The area bordered in red is Mersin province and the working area Akdeniz district is shown

by the gray part (TUBS, 2024)

The district's high tunnel was chosen as the most
productive area in 2018, despite the fact that
glass greenhouses and low tunnels were not used
for production. Second place goes to Plastic
Greenhouse, with an output of 13,000 decares.
Pepper is the most grown product in the region

(Table 1), with a production of 97,500 tons in
high tunnels on 15,000 decares and 70000 tons
of pepper in plastic greenhouses on 10000
decares (Table 2) (TUIK, 2018).

Table 1. High tunnel vegetable cultivation in Akdeniz district, Mersin province

Cultivated High Tunnel Decare Tons
Vegetables
Pepper 15000 97500
Cucumber 6500 65000
Tomatoes 3500 42000
Aubergine 2000 12000

Table 2. Vegetable production in plastic greenhouses in Mersin province Akdeniz district

Vegetable Produced in Decare Tons
Plastic Greenhouses
Pepper 10000 70000
Cucumber 1500 18000
Tomatoes 1500 18000
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Face-to-face surveys were conducted with
farmers located at the study area. The sample
size of the research is "Based on Population
Ratios" and was determined by the “Simple
Random  Probability = Sampling” method
(Malhotra 2004).

n=2z2X(pxq)xd?

n: Sample size

z: 1.64 (standard z value corresponding to 90%
confidence level)

p: The proportion of the population that has a
certain characteristic based on prior knowledge
or prediction about the subject under study. (As
a result of the literature study and the test survey,
it was determined as 0.2).

g: (1-p) The proportion of the population that
does not have the relevant feature

d: The accepted error tolerance level is £5%.

Accordingly, in the resulting framework list, the
number of sample enterprises was calculated as
21 enterprises with a 90% confidence level and
a 5% deviation from the average. After the pilot
survey application, the surveys were finalized.
Fieldwork and producer interviews were used to
identify the enterprises in the research region.
The necessary data about the enterprises were
provided to the producers through surveys,
observations, measurements and photographs.
There are three distinct sections on the research
survey form. The producers' demographic
information (age, education level, employment
status outside of agriculture, number of family
members, etc.) is included in the first section.
Questions regarding the enterprise's agricultural
practices and problems are covered in the second
section. Finally, questions about the structural
conditions of the enterprises are covered in the
third section. The analysis of the surveys is
carried out statistically according to the
percentage frequency values of the responses to
the survey questions. Microsoft-Excel computer
program was used to evaluate the data obtained
from the study.
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Results and Discussion

An Assessment of Selected Enterprises

In the research area, 21 enterprises were the
subject of studies. While some producers own
individual greenhouses on separate parcels,
others own block greenhouses on a single parcel.
In the research region, greenhouse installations
are typically planed based on the producer's
available parcel shape. All greenhouses
evaluated in the study are constructed without
project. The installation of the greenhouses was
done by the construction foreman and producers
themselves in the region. Producers who rent the
property often produce in high tunnels, whereas
businesses that own the land in the area typically
produce in plastic greenhouses. The low
installation cost of the high tunnel is the cause of
this.

The majority of the producers who took part in
the survey (42.9%) had only completed their
elementary education, while the lowest
percentage (9.5%) had completed their
university degree. The percentage of people who
completed secondary education was 19%, while
the percentage of people who completed high
school was 28.6%. In a related study using a
survey, Tiizel et al. (2010) reported that 90% of
the enterprise owners of the greenhouses in the
villages and Serik district of Antalya are primary
school graduates and that the greenhouses are
small scale, family-run enterprises. So that,
Because of variations in study areas and time
periods, there have been shifts in educational
levels in this location.

Among producers in enterprises, young farmers
(those under 40) make up 42.9% of the age
group; producers over 40 make up 57.1% of the
group. The size of the greenhouse areas in the
researched enterprises is that while the smallest
greenhouse area is 3 decares, the largest
greenhouse area is 25 decares (Table 3).
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Table 3. Greenhouse areas of the enterprises in the research (decare)

Enterprise area (decar) Number of enterprise Percentage (%)
3 1 4.8
7 3 14.3
7.5 1 4.8
8 3 14.3
9 2 9.5
10 2 9.5
11 3 14.3
12 3 14.3
13 1 4.8
17 1 4.8
25 1 4.8

In the region, 19% of producers rent land, while
81% of farmers grow their crops in their own
greenhouses.

Construction Materials for Greenhouses

Due to problems with these materials and
advancements in technology, producers who
formerly used wood and iron as carrier materials
for greenhouses have opted to use steel profiles
or galvanized iron. Steel construction material is

used in all greenhouses in the research area.
Plastic greenhouses account for 90.5% of the
enterprises, whereas high tunnels make for 9.5%
(Table 4). In the surveyed enterprises, the spring
roof and pipe system is most preferred with
52.4%. It is followed by the spring roof profile
system with 38.1% and the steel cage system
with 9.5%. High tunnels are mostly preferred by
producers who rent land (Figure 2).

Table 4. Greenhouse types of the enterprises in the research

Greenhouse Types

Enterprises number

Percentage (%)

Plastic greenhouses

19

90.5

Others (High tunnels)

2

95

Spring roof and pipe system

Spring roof profile system

Steel cage system

52.4%

38.1%

9.5%

All greenhouses examined do not have a static
project. Greenhouses are mostly established
according to the samples taken by the producer
from the neighbouring environment. In this case,
it leads to problems with greenhouse structures.
As stated in a similar study by Baytorun (1995),
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wood and plastic were widely used in our
country until the mid-1980s, and manufacturers
began to use steel pipe or steel profile systems as
construction in the 1990s, but structural errors
occurred in greenhouses built by people without
technical knowledge.
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Figure 2. High tunnels and greenhouse wit

Cover Material

In our country, as well as in others with extensive
greenhouse farming, polyethylene (PE) plastic is
the most popular covering material. The primary
cause of this is the cost-effectiveness of plastic
in comparison to alternative covering materials.
Manufacturers prefer plastic covers containing
UV, IR and antifog additives, which are more
durable and have better light permeability.

Additive plastic cover material is used in all
greenhouses in the research area. 47.6% of
producers alter the cover material for longer than
two years, compared to 52.4% who do so every
two years (Table 5). It has been reported that
while cover materials have grown less durable,
their quality has declined recently. In this case, it
increases the expenditure for cover material.
Zabeltitz (1988) found similar outcomes in his
investigation of the requirements of plastic

\
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h roof spring pipe system in the reseach area

greenhouse  producers  for
construction.  Furthermore, according to
Baytorun et al. (1993), there were significant
issues with the cover material selection despite
the Mediterranean Region's coastal location
having significant advancements in greenhouse
agriculture. Normal PE, UV added PE, and
UV+IR+Antifog added PE cover materials were
employed as plastic covers in the greenhouse
investigation. Regarding light, photosynthesis is
how plants use sunlight to create organic matter
in order to develop. An overabundance of light
intensity or low light levels can interfere with
photosynthesis in plants, which can impact crop
quality, production, and color (Kumar et al.,
2022), so that, its important to select the cover
materials.

greenhouse

Table 5. The plastic material types and temporal using status

Plastic materials Quantity of Enterprises Percentage
Polyethylene UV (Yellow 1 4.8
Plastic)
Polyethylene UV+IR+Antifog 20 95.2
Temporal using status
2 years or less 11 52.4
2 years < more 10 47.6

Ventilation, Heating and Irrigation

In greenhouses, ventilation is used to lower the
temperature and maintain a specific humidity
level. Also, adequate ventilation is necessary to
provide the CO, that plants need. Proper
ventilation is necessary in greenhouses because
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various diseases can arise in environments with
inadequate ventilation. Though having the
perfect climate in the greenhouse may be best for
plant growth, it also encourages the spread of
diseases and pests (Canadas et al., 2017).
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In the research area, producers use the natural
ventilation method. Opening the greenhouses'
side walls, front facades, and greenhouse
entrances allows for ventilation during extreme
temperatures (Figure 3). Producers do not use
mechanical ventilation (fan system) and roof
ventilation methods at all. There is no
infrastructure to provide this type of ventilation
in the surveyed greenhouses. For this reason,
sufficient ventilation is not provided in the
greenhouses in the region. This situation is
insufficient for a seaside area with high
humidity. Therefore, for adequate ventilation, it
must be designed to have at least 15% of the
floor area in greenhouses up to 3 decares, and at
least 25% of the floor area in greenhouses larger
than 3 decares, and the installation must be done
accordingly (Anonymous, 2016).

The efficiency of these systems was assessed in
order to guarantee effective output in the
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Figure 3. Ventilation on the front and sid
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summer rather than the winter months in Coskun
and Filiz's (1997) study on the PED fan system,
an active cooling system in greenhouses in the
Mediterranean  environment. The  study's
findings revealed that the internal temperature of
the greenhouse dropped to an average of 25 °C
when the fan, pad, and shade system were all
used simultaneously and this temperature is
sufficient for the plant's growth. Similar
strategies ought to be applied in this situation to
boost output in the field of work along with
related areas. In a related study, Sevgican (1999)
noted that roof ventilation systems in Turkish
greenhouses are not operating at the optimal
level and clarified that roof ventilation in
greenhouses should be applied at a rate of 20%
of the floor area in order to provide optimum
ventilation. This value has been determined at 1-
4% levels in greenhouses in Turkey.

i

greenhouses

=

e péfts of plastic



The Development of Green Houses In The Southern Tiirkiye, with an
Emphasis on Their Structural and Agricultural Features : The case of the
Mersin province

Heating in accordance with standards for plant
growth in greenhouses is required. If heating is
not carried out under appropriate conditions, it
causes loss of efficiency in production. Heating
in greenhouses in the region is provided only for
frost protection. On frosty days, heat balance is
tried to be achieved by using a stove in the
greenhouse. Another way to prevent frost
damage to the plants is to use the mini sprinkler
irrigation system that is installed on the
greenhouse roofs to irrigate on frosty days, so the
temperature raised on the roof. Producers are
utilizing this technique in an effort to further
reduce heating expenses. The value of heating
for improved plant growth and production
efficiency is often overlooked by producers.
Unfortunately, adequate conditions for heating

Figure 4. Water supply, drip -irrigation system
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the greenhouses in the research region are not
suitable. Baytorun et al. (1994) determined the
humidity, temperature and radiation data
required for the development of plants in
greenhouses. Accordingly, in greenhouses, the
temperature must be at least above 0 °C in order
to prevent plants from being damaged by frost. It
has been stated that heating should be done in
greenhouses when the average temperature is
below 12 °C.

Producers choose the irrigation technique based
on the region's land conditions, the variety of
plant being cultivated, and any pest and disease
problems. Artesian wells are utilized by all
producers within the research area for irrigation
(Figure 4).
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Each enterprise surveyed uses drip irrigation
(Table 6). The drip irrigation method has been
found to be the most effective as it involves less
labor and allows for simultaneous application of
the plant fertilizer that the system requires.
Similar studies by Sevgican et al. (2000)
examine the techniques for irrigating crops
grown in greenhouses. They found that, given
grower conditions, drip irrigation is currently the
most popular technique because of its many
benefits. However, producers in the region do
not measure the amount of water applied. The
producers' experience and the artesian well's
pump power determine how much irrigation
water is applied to the crops. This is seen as a
major disadvantage of the region in terms of
efficient irrigation. Producers irrigate the plant
without planning the irrigation water need,
irrigation interval and irrigation time. In
addition, there is no adequate drainage system in

greenhouses which could cause salinity in time.
In addition, this circumstance results in an
inefficient and costly use of water resources.
Additionally, yield loss results from incorrectly
estimating a plant's water requirements could
occur in the study area. Clogging in the pipes
were cited by 28.6% of the growers as the cause
of the irrigation method's trouble, while 71.4%
reported no problem (Table 6). Cevik (1995) and
Cemek and Demir (2004) conducted an
evaluation of the irrigation problems in
greenhouses by examining the relationships
between soil, plant, and water. They found that
excessive watering led to both chemical and
physical alterations, particularly in soils with
insufficient drainage systems. In this context,
similar problems have become inevitable for
producers in the region. It is envisaged to receive
consultancy services on irrigation planning.

Table 6. Irrigation methods, problems encountered in irrigation methods and water resources of

enterprises in the region

Irrigation Method Quantity of Enterprises Percentage
Drip irrigation 21 100
Sprinkler irrigation 0 0
Mini sprinkler 0 0
The Problems in Irrigation Quantity of Enterprises Percentage
Method
Clogging in pipes 6 28.6
No problem 15 714
Water resources Quantity of Enterprises Percentage
Artesian well 21 100
DSl irrigation canal 0 0

Fertigation and Spraying

One of the key elements that increases
productivity in greenhouse production is
fertilizer and fertilization. Farmers in the area
use a variety of fertilizers. Fertilizer is regarded
as one of the most crucial components in
agricultural production since Kizilaslan and
Kizilaslan (2005) found in their study that
fertilizer and fertilization are very significant for
increasing  productivity  in  agricultural
production.
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Enterprises in the research area generally use
similar fertilization practices because they grow
the same type of product. To enhance soil
structure and improve productivity, all growers
apply chemical and organic fertilizers. Producers
use 61.9% animal manure as organic fertilizer,
and 33.3% use both animal manure and compost
fertilizer (Table 7). Turkey's agricultural soils
were found to be deficient in organic matter,
particularly nitrogen, according to the findings
of Ertiftik's (1998) study. In addition to applying
chemical fertilizers containing phosphate,
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potassium, and nitrogen, producers also apply
fertilizers containing 85.72% micro and macro
elements.

Numerous diseases and pests arise in
greenhouses  since they are enclosed
environments used for continuous production. In
order to combat these diseases and pests and
minimize crop loss, producers in the research
area apply pesticides. According to Tudi et. al.
(2021), fruit production would have decreased
by 78%, vegetable production by 54%, and
cereal production by 32% if pesticides hadn't
been used. Thus, over the world, pesticides are
essential for lowering disease rates and raising
crop vields. Fungal diseases are more

widespread in greenhouses in the area because of
the close proximity of the study area to the
seashore and the high humidity levels. Producers
mostly combat against fungal diseases, and all
enterprises use insecticides and nematicides in
addition to fungicides in the region. Although
71.42% of farmers apply pesticides based on
their observations of plants and the environment
as well as their experience, 28.58% apply
pesticides based on their experience as well as
technical assistance (Table 7). According to
Edward's (1986) research, pesticides are now
considered essential due to their potent, fatal
effect on pests and ability to produce higher-
quality and more abundant fruit and vegetable
yields.

Table 7. Organic fertilizer, chemical fertilizer and determining the pesticide use by enterprises in the

region

Use of Organic Fertilizer

Quantity of Enterprises

Percentage (%)

Animal Manure 13 61.9
Compost Fertilizer 1 4.8
Animal Manure+Compost 7 33.3
Fertilizer

Use of Chemical Fertilizer

Applied enterprise quantity

Not Applied enterprise

and Macro Elements

use guantity
Nitrogen 21 (100%) 0 (0%)
Fertilizers+Phosphorus
Fertilizers+Potassium
Fertilizers
Fertilizers containing Micro 18 (85.72%) 3 (21.28%)

Determining the pesticide

Quantity of Enterprises

Percentage (%)

Technical Support

Based on Plant and 15 71.42
Environmental

Observations+Based on

Experience

Based on Experience+ Taking 6 28.58

Additional Difficulties

High production costs for inputs are among the
primary issues facing producers in the region.
The income of growers is significantly impacted
by the high costs of pesticides, fertilizer, and
diesel fuel. It has been stated that this situation is

not sustainable and a solution must be found, and
that the insurance costs and labor costs of
greenhouses are also high.

In addition to this circumstance, the survey
investigation revealed that, according to 47.6%
of the producers, the covering material was the
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most frequent difficulty they had in their
enterprises, with corrosion in the material
coming in last at 4.8% (Table 8). Those who
wish to build a new greenhouse have two

preferences for types of greenhouses: 4.8% want
a glass greenhouse and 95.2% want a fully
automated greenhouse.

Table 8. Problems Encountered by enterprises and tendency to establish desired greenhouses in the

region
The most common problem Quantity of Enterprises Percentage (%)
in enterprises
Cover material 10 47.6
Heating 2 9.5
Ventilation 8 38.1
Corosion of materials 1 4.8
Desired new greenhouse Quantity of Enterprises Percentage (%0)
characteristics
Glasshouse 1 4.8
Modern+full otomated 20 95.2
greenhouse
Conclusions Food safety and health should be the top

In addition to providing a vital role in Turkey's
agricultural production, greenhouse farming
contributes significantly to the economy of
Turkey. Production can be carried out
throughout the year, allowing consumers to
access fresh vegetables and fruits in every
season. Compared to other agricultural
approaches, greenhouse cultivation has a greater
profitability rate when done appropriately and
on-site. Under proper conditions, greenhouse
farming on these lands can be a major sector that
boosts productivity per unit area, lowers
unemployment, and gives rural communities the
appropriate amount of revenue from agricultural
activities.

The goal should be to produce superior products
in the research area's greenhouses while keeping
in mind consumer needs and operating in
settings that are safe for both human and
environmental health. Producers need a
significant income in order to produce under
these conditions. However, the high initial costs
of the producers cause the production to not be
carried out under the desired conditions.
Producers should receive support from relevant
government agencies in order to lower these
expenses.
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priorities for greenhouse growers. In this
context, controlling many factors in fully
automated modern greenhouses ensures healthy
and reliable products. The majority of the
greenhouses in the study area are produced as
modest family companies and are located remote
from these technical advancements. The use of
chemical pesticides and fertilizers in this type of
production is primarily determined by the
producers' experience, which creates challenges
with the production of healthy and secure food.
This should be avoided by having growers
participate in extensive training programs run by
the appropriate Ministry of Agriculture and
Forestry entity.

In the research area, steel material is mostly used
as greenhouse building material. Nonetheless,
problems with the greenhouses arise from the
fact that most of the greenhouses in the area are
constructed by local workers either based on the
producer's own design or another greenhouse
sample collected from the surrounding area. By
receiving technical support to resolve these
structural problems. So that, Planning should be
done for greenhouses with sufficient mechanical
characteristics, high light transmittance, high
ventilation efficiency, low heat consumption,
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and a robust enough structure. The static
structure, strength, and assembly of the
greenhouse unit must be installed in accordance
with Turkish Standards No. TS EN 13031-1, and
all materials to be used in the construction of the
greenhouse unit in the project must be at least
TSE approved in order for these greenhouses to
be approved for funding or financing from
government agencies.

Light transmittance is very important in
greenhouses. A correct cover material must be
chosen to ensure sufficient solar radiation for the
plants. In the selection of greenhouse cover
materials; Wind resistance, light permeability,
hail load resistance, heat permeability,
ultraviolet permeability, condensation property,
resistance to wear and insulation values should
be taken into consideration.

Heating in greenhouses in the region is done
only to protect them from frost, due to the
Mediterranean climate. Because of this situation,
plants are unable to complete their regular
growth by spending the necessary amount of
time at the right temperature, which has an
adverse effect on productivity. Moreover, The
plant rows along the greenhouse's outer walls
may become damaged by the cold on chilly days
due to the lower soil temperature outside the
greenhouse. This situation can be prevented by
installing an external drainage system of the
greenhouse, which is not present in the
greenhouses in the study area. Developing a
form of greenhouse that will make the most use
of renewable energy sources and solar energy
with advanced technology is crucial in order to
offer heat in greenhouses according to plant
needs and at a cheap cost.

Producers primarily utilize natural ventilation.
Greenhouse ventilation is insufficient as a result
of this condition. It is essential to lower the
temperature and maintain a specific humidity
level in greenhouses while providing enough
ventilation. Research ought to be done in this
regard to inform producers about the
significance of roof and mechanical ventilation.
Plants can be effectively ventilated by using fans
in conjunction with mechanical ventilation,
particularly during hot weather.
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Farmers in the study area irrigate plants based on
their expertise rather than measuring the amount
of water used. In order to properly irrigate,
producers must schedule the time, interval, and
amount of water needed by the plant. By
adjusting irrigation to the plant's requirements, it
is possible to maximize yield while conserving
water.

Producers in the study area apply fertilizer and
spray in accordance with their continuing
knowledge of crop production. More
insecticides and fertilizers are used by producers,
particularly during the winter. Farmers will be
able to apply more precisely and appropriately
according to their knowledge with chemical
fertilizers and pesticides, as well as soil and leaf
analyses and the findings they acquire. In this
sense, there should be more collaboration
between  farmers,  district  agricultural
directorates, faculty of agriculture, and pesticide
suppliers.

Therefore, production can be made at the
appropriate quality and efficiency for further
production by following these recommendations
and taking the required measures.
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Research Article
Effect of Spirulina platensis on Textural, Sensory and Some Physicochemical
Characteristics in Gluten-free Functional Biscuit Production

Elif CAKIRY", Hatice BEKIROGLU?3, Buse GOKER?*, Osman SAGDIC?,

ABSTRACT

This study aims to investigate the impact of Spiriluna platensis powder (SPL), from microalgaes, on the
technological, nutritional, and sensory properties of gluten-free functional biscuits. Biscuits were formulated
with different rates of SPL powder (0%, 0.5%, 1%, and 5%) and evaluated for their physical, chemical, and
sensory attributes. The inclusion of SPL significantly increased the protein, dietary fibre, phenolic, and
antioxidant content of the biscuits. Biscuits with 5% SPL showed the highest levels of protein (8.01%),
phenolics (27.8%), antioxidants (64.18%), and dietary fibre (2.1%). The addition of SPL also affected the
hardness, brittleness and colour of the biscuits, resulting in darker and harder biscuits at higher SPL ratios.
Sensory analysis revealed that biscuits with 0.5% SPL were most preferred, with higher SPL rates leading to a
decrease in sensory scores.

Keywords: Spiriluna platensis, sensory properties, antioxidant, gluten-free, biscuits

Glutensiz Fonksiyonel Biskiivi Uretiminde Spirulina platensis'in Tekstiirel,
Duyusal ve Baz1 Fizikokimyasal Ozellikler Uzerine EtKkisi

0z

Bu ¢alisma, mikroalglerden Spiriluna Platensis tozunun (SPL) glutensiz fonksiyonel biskiivilerin teknolojik,
besinsel ve duyusal 6zellikleri iizerindeki etkisini aragtirmay1 amaglamaktadir. Biskiiviler farkli oranlarda SPL
tozu (%0, %0,5, %1 ve %5) ile formiile edilmis ve fiziksel, kimyasal ve duyusal 6zellikleri agisindan
degerlendirilmigtir. SPL'nin eklenmesi biskiivilerin protein, diyet lifi, fenolik ve antioksidan icerigini 6nemli
Ol¢iide arttirdi. %5 SPL'li biskiiviler en yiiksek diizeyde protein (%8,01), fenolikler (%27,8), antioksidanlar
(%64,18) ve diyet lifi (%2,1) gosterdi. SPL ilavesi ayn1 zamanda biskiivilerin sertligini, kirilganligini ve rengini
de etkileyerek daha yiiksek SPL oranlarinda daha koyu ve daha sert biskiivilerin olugsmasina neden olmustur.
Duyusal analiz, %0,5 SPL'li biskiivilerin en ¢ok tercih edildigini, daha yiiksek SPL oranlarinin duyusal
puanlarda diisiise yol agtigini ortaya ¢ikardi.
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Introduction

Nowadays as a result of the current increase in
diseases like celiac, obesity, diabetes and cancer,
there is a higher trend toward functional foods
beneficial to health in diets (Arab et al., 2019;
Koh et al., 2020; Verbeke, 2005; Wirkijowska et
al.,, 2018) Biscuits are snacks with high
popularity, reaching a large consumer audience
as a result of not going stale for long durations,
being quick to eat, easily accessible and
economic (Di Cairano et al., 2018; Sudha et al.,
2007; Wesley et al., 2021). Biscuits sold in the
market are generally based on cereals containing
gluten (Rai et al., 2014; Wesley et al., 2021).
However, as they may be formulated with high-
value compounds and different flours, they have
the possibility to be included in diets for
different diseases by providing more choice and
diversity. Individuals with celiac disease and
other gluten-derived diseases (dermatitis
herpetiformis, gluten ataxia and wheat allergy)
(Di Cairano et al., 2018; Foschia et al., 2016)
must eat a gluten-free diet for life. Most of these
diets include products with high carbohydrate
content, low protein content and nutritional
deficiencies (Di Cairano et al., 2018; Fasano &
Catassi, 2012; Fassano & Catassi, 2012; Jnawali
et al., 2016; Leonard et al., 2017; Nagash et al.,
2017). The use of cereals not containing gluten
in bakery products causes problems with
production and negative consumer approval (Di
Cairano et al., 2018). Among gluten-free
products, rice flour is easily digestible, involves
low allergic reactions, is tasty according to
consumers and can be produced from broken rice
waste, which makes it indispensable as a
resource in terms of raw material and
sustainability (Kim & Shin, 2014). To overcome
the nutritional deficiencies of functional
compounds, the development of health and
technological features appears to be an important
tool (Abdo et al., 2021; Alongi et al., 2019;
Pasqualone et al., 2015). In new research studies,
they have referred to foods that have high
nutritional values, as well as potential health
benefits, and even reduce the risk of
degenerative diseases by improving physical and
emotional health, as superfoods (Gupta &
Mishra, 2021). Spirulina platensis has been
called a superfood (Jung et al., 2019) due to its
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superior protein (essential amino acids),
essential fat acids, vitamin and mineral content,
as well as its versatile use properties, such as
anti-viral, anti-bacterial, antioxidant, anti-
diabetic, anti-cancer and anti-inflammatory
effects (Ahsan et al., 2008; Jung et al., 2019;
Marles et al., 2011; Menegotto et al., 2019).
Additionally, Spirulina platensis has been
recognized as a nutritious food by the United
Nations World Food Conference (Jung et al.,
2019). Spirulina platensis contains many natural
bioactive compounds with high value and
antioxidant capacity and has been the target of
studies on the production of new foods and
functional food components (Batista et al., 2017;
Batista et al., 2012; Gouveia et al., 2007; Singh
et al., 2015). In recent years, microalgae have
been applied as an additive in many vegan or
gluten-free products such as biscuits, pasta,
sauces and jelly desserts. It has been stated that
in addition to increasing the nutritional
properties of the food it is added to, it makes
positive contributions to the textural, colour and
sensory properties (Fradique et al., 2010; Liber
et al.,, 2020; Ramirez-Rodrigues et al., 2021;
Thirumdas et al, 2018). Additionally,
microalgae have strong survival ability against
negative conditions in nature and are natural
economic resources (Chen et al., 2022) that can
be produced with high yield (Chen et al., 2022;
Levasseur et al., 2020). This study, aimed to
provide gluten-free food consumers with
alternative biscuits with improved functional,
nutritional and quality properties from rice flour
enriched with Spirulina platensis powder (SPL),
which has high nutritional value. The effect of
commercial Spirulina platensis powder added to
rice flour at different rates (0%, 0.5%, 1% and
5%) on the technological, nutritional and sensory
properties of biscuits will be investigated. The
effects of SPL addition on protein, dietary fibre,
phenolics, antioxidants, hardness, brittleness and
colour were statistically analyzed.
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Material and Method

Material

Rice flour (Sade Organik Uriinler San. Ve Tic.
A.S., Istanbul), butter (Pervin, Seksiit Endiistrisi
Kurumu A.S, Bursa), L-size eggs (Bili bili,
Verim Gida Uriinleri San. Ve Tic. A.S, Bursa),
baking powder (Destan, Sena Mubhtelif Uriin
used for production of the biscuits. During
production, a dough kneading machine
(Oztiryakiler Gurmeaid), and an oven (Svabe
Dahlen, Sweeden) were used.

Experimental Design

Biscuit dough was made by adapting the method
of Rahman et al. (2020). Biscuits were
produced, with one set of biscuits having no
supplementation (0% control sample series),
while the other sets had 0.5%, 1% and 5%
Spirulina platensis powder (SPL). It is made by
replacing 100 g of rice flour with 0.5%, 1% and
5% SPL in biscuit production. It consists of 40 g
of margarine, 36 g of sugar, 2 g of baking
powder, 2 g of cinnamon, 10 mL of milk and 10
g of egg. Depending on the Spirulina platensis
powder ratio, biscuits containing SPLC 100%
rice flour, 0% Spirulina platensis, SPL1 0.5%
Spirulina platensis, SPL2 1% Spirulina
platensis, SPL3 5% Spirulina platensis were
produced as a substitute for rice flour. The
dough was shaped with the aid of a cookie cutter
and then baked at an appropriate temperature and
duration (165£5°C 17 min) with the aid of an

Paketleme Gida San ve Tic. Ltd. Sti., Istanbul),
cinnamon (Destan, Segmen Kardesler Gida
Uretim ve Ambalaj Sanayi A.S., Ankara), milk
(Dost, Aynes Gida, Denizli), powdered sugar,
and Spirulina (Aktarix) were

oven (Svabe Dahlen, Sweden). For biscuit
production, the most appropriate sugar, rice
flour, cinnamon, Spirulina platensis, baking
powder, egg and butter proportions were
calculated and used.

Biscuit Production

Rice flour, spirulina powder and baking powder
were taken into a mixing bowl (Kitchen Aid,
UK), then milk, egg, sugar and cinnamon were
added and mixed first at speed 1 for
approximately 200 seconds, then at speed 2 for
50 seconds to obtain the dough. The resulting
dough was rested for approximately 5 minutes.
The rested biscuit dough was placed on the
marble counter and the rolling pin was opened to
4 mm. The rolled-out dough was made round
using a 60 mm diameter mould. Baked in the
oven (Svabe Dahlen, Sweeden) at 170+5 °C for
17 min. The baked biscuits were cooled for about
2 hours and packed in polypropylene bags.
Sensory analysis was performed immediately
after cooling.

Figure 1. Control biscuit and biscuit samples with 0.5%, 1% and 5% (w/w) Spirulina platensis

84



Effect of Spirulina platensis on Textural, Sensory and Some Physicochemical
Characteristics in Gluten-free Functional Biscuit Production

Physical Analyses

The thickness of the gluten-free biscuit samples
was measured with a digital calliper (0.001 mm
Mitutoyo, Tokyo, Japan) according to the AACC
Standard Method No: 10-54.01 principle, while
the diameter was measured with a ruler. After
measuring the diameter and thickness values
(mm) of the biscuit samples, the spread rate of
the biscuits was found by dividing the diameter
by the thickness. The results for diameter,
thickness and spread ratio were calculated by
taking the average of 5 measurements
(Committee, 2000).

Chemical Analyses

Humidity analysis of the biscuits was completed
according to the method (Committee, 2000). The
moisture analyzer (AND MX-50, Japan) was
operated by selecting the 105 °C for 25 min.
method. At the end of the duration, the %
humidity result on the device was recorded. Ash
analysis was completed according to AACC
Method No: 08.01 (Committee, 2000). Ash
amounts of biscuit samples were given as %ash.
Protein amount detection was performed
according to the Kjeldahl AACC Method No:
46-11A (AACC, 2000). After completing
incineration, the Kjeldahl balloons were left to
cool. The distillation process was completed for
10 min. in an Erlenmeyer flask with 3% boric
acid and 33% NaOH solution. At the end of
distillation, the solution in the Erlenmeyer flask
was titrated with a burette filled with 0.1 N HCI
solution. The results were inserted in the % raw
protein formula to identify the protein proportion
in samples. The nitrogen factor was calculated
using 5.70.

Fat Analyses
The oil content analyses of the biscuit samples
were performed using a Soxhlet extraction
system (Extraction unit, E-816, Buchi, Flawil,
Switzerland) in which hexane was used as a
solvent. The oil content of the biscuit samples
was expressed as % fat using the following
equation.

Fat (%) = (m2 —m1) * 100/m2
m1: Weight of erlenmeyer flask
m2: Weight of the erlenmeyer flask +oil
m: Weight of samples

85

Extraction of Biscuit Samples

Biscuit samples were ground thoroughly with an
electric grinder. Powdered biscuit samples were
mixed with methanol solution (70%) (weight:
volume 1:10) and homogenized by ultraturax for
5 min. Bioactive components of the samples
were extracted by keeping them at room
temperature and in the dark for 2 hours and
centrifuged at 6000 rpm for 10 min. The
supernatant was removed and stored at +4°C for
analysis (Kaur & Kaur, 2018).

Determination of Total Phenolic Content
(TPC)

After diluting 0.5 mL of sample extract with
distilled water in appropriate proportions, it was
mixed with 2.5 mL of Folin—Ciocalteu reagent
(0.2N) and 2 mL of Na,CO (7%) and kept at 25
°C in the dark for 30 min. The TPC of the
samples was calculated by reading the
absorbances  with a  spectrophotometer
(Shimadzu UV 1800; Kyoto, Japan) set at a
wavelength of 760 nm. TPC results are
expressed as mg gallic acid equivalents (GAE)
per 100 grams of sample with a linear standard
curve range (r?=0.994) (Singleton et al., 1999).

Antioxidant activity assays
DPPH (1,1-Diphenyl-2-picryl-hydrazyl)
Methods
0.1 mL of sample was mixed with 4.9 mL of
DPPH solution (0.1 uM in methanol) and kept in
the dark at 27°C for 20 min. Its absorbance was
then determined using a UV spectrophotometer
at a wavelength of 517 nm (Brand-Williams et
al.,, 1995). DPPH calculation was made
according to the following formula:

As

DPPH Radical Inhibition(%) = ACA;C * 100

Ac. Absorbance of control As: Absorbance of
sample

FRAP (Ferric Reducing Antioxidant Power)
Assay

For the study FRAP reagent, 300 mM acetate
buffer (pH 3.6), 10 mM TPTZ (2,4,6-tripyridyl-
s-triazine) and 20 mM FeCI3.6H20 and C,
called solutions A, B, were prepared
respectively. These solutions were then mixed in
a ratio of A:B:C to 10:1:1. After 100 uL sample
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extract, 900 pL distilled water and 2 mL working
FRAP reagent were thoroughly mixed and kept
in the dark for 30 min., the absorbances were
read at 593 nm wavelength. FRAP results of the
extracts were expressed as mg Trolox equivalent
antioxidant capacity (TEAC)/100g sample (r 2
=0.992) (Benzie & Strain, 1996).

Dietary Fibre

Total dietary fibre (TDF) was determined
according to AOAC Method 985.29 (Dodevska
et al., 2013) on duplicate samples of dried and
defatted (if fat content >10%) material. Samples
were fired at 100 °C; incubated with protease (to
solubilize and depolymerize proteins) and
amyloglucosidase  (to  hydrolyze  starch
fragments to glucose) at 60 °C; and 4 volumes of
ethanol were added to precipitate soluble fibre.
The residue is filtered; washed with 78%
ethanol, 95% ethanol, and acetone; dried and
weighed. One copy is analyzed for protein and
the other is incubated at 525 °C to determine ash.
TDF was obtained by subtracting the weight of
protein and ash from the weight of the filtered
and dried residue (Dodevska et al., 2013).

Sensory Analysis

To determine the sensory features and assessing
the consumability of the produced biscuits, a 20-
person panel comprising lecturers and
undergraduate students at Istanbul Aydin
University completed a sensory analysis. The
biscuit samples were randomly named with 3-
letter codes and presented to the panellists for
analysis. The panellists were requested to assess
the biscuits in terms of taste, smell, colour,
crunchiness, crispness, texture and general
approval. They were asked to give points on the
rating form for the results of these criteria.
Panelists were presented with the control sample
and biscuit samples with different proportions of
spirulina with codes. Panelists were given no
information about the contents of the biscuits to
ensure an objective assessment. Scales were
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rated on a nine hedonic scale of 1: very bad, 2:
bad, 3: moderate, 4: not good or bad, 5: good,
and 6: very good. Average points of 5 or more
were assessed as liked.

Statistical Analysis

One-way ANOVA was performed for statistical
analysis and Tukey’s test was chosen to measure
the means of the results with significant
differences (P<0.05). Data analysis was
conducted using the software package (JMP 9)
(Nakov et al., 2018).

Findings and Discussion

Physical Properties

The degree of spread was identified in line with
diameter and thickness measurements for gluten-
free biscuit samples. The mean diameter,
thickness and spread rates for gluten-free biscuit
samples containing rice flour enriched with SPL
are shown in Table 1. Thickness varied from 0.5-
0.76, diameter from 5.44-6.06 and spread rate
was 8.01-10.9. The SPL content affected
thickness, diameter and spread. The lowest
thickness was observed in SPLC biscuits and the
highest was determined in the SPL3
sample(p<0.05). In SPL1 and SPL2 samples, the
thickness was found to be statistically similar
(p>0.05) and the 0.5% increase did not affect the
thickness. The presence of SPL increased the
diameter compared with the control. However,
the proportional increase in SPL was not found
to be statistically significant in diameter in
SPL1, SPL2 and SPL3 samples (p>0.05). SPL
was found to be statistically significant on spread
in biscuits (p<0.05). The highest spreading rate
was determined in control biscuits SPLC and the
lowest was determined in SPL3 biscuits. A high
SPL ratio increased the thickness and decreased
the spreading rate. According to the study by
Awan et al. (1995), the increase in protein in
biscuits lowered the diameter and spread factors
and increased the thickness of biscuits (Awan et
al., 1995).
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Table 1. Physical characteristics of biscuit samples
Biscuit SPL Thickness Diameter Spread
Samples Ratio of biscuit (mm)  of biscuit (cm) ratio
SPLC Control 0.5+0.00¢ 5.44+0.17° 10.940.172
SPL1 0.50% 0.68+0.07° 6.14+0.382 9.08+0.57"
SPL2 1% 0.70.00° 5.88+0.20% 8.40+0.23°
SPL3 5% 0.76+0.122 6.06+0.12° 8.01+0.59°

Mean of 3 replicates = SD, Means in a column not sharing the same superscript are significantly different at p

<0.05.

In another study, it was determined that wheat flour
biscuits containing 0.5, 1, 1.5, 2 and 2.5%
Spirulina powder affected the diameter and
thickness very little compared to the control
biscuits, and at the same time, increasing the
addition of Spirulina powder decreased the
spreading rate and volume of the biscuits (Ziena
et al., 2020). It has been determined that
Spirulina powder added to whole grain wheat,
oat and barley flour at the rates of 0, 1, 2 and 3%
reduces the cookie spreading rate. It has been
explained that this is due to the fibre content

reducing the spreading rate of the cookies (Gupta
et al., 2011; Onacik-Giir et al., 2018).

Chemical Properties

Data in Table 2 shows the chemical analysis
findings for different biscuit samples made with
different amounts of SPL powder. The humidity
content of the samples was between 3.45% and
5.08%. Humidity contents increased depending
on the increase in SPL. As stated in Table 2, no
statistically significant difference was observed
in fat contents (p>0.05). Fat analysis in studies
in the literature supports the result (Egea et al.,
2014; Pop, 2022; Prakash & Pandey, 2023)

Table 2. Proximate chemical composition of biscuit samples

Parameters SPLC(Control)  SPL1 (0.50%) SPL2(1%) SPL3 (5%)
Humidity (%) 3.454+0.28° 3.62+0.13° 4.8+0.292 5.08+0.182
Ash (%) 0.80+0.02° 0.81+0.02° 0.82+£0.03  1.25+0.012
Fat (%) 29.86+0.56° 29.60+0.39° 29.58+0.74%  29.10+0.60°
Protein (%) 7.28+0.02° 8.23+0.01° 8.35+0.01°  10.60+0.02°
TPC (mg GAE/100g) 33.13+0.40¢ 42.4+4.36° 59.28+0.60°  64.18+0.10°
Antioxidant (mg TE/100g) 108.31+6.18° 121.80+1.12° 215.94+5.6  251.86+3.43°
FRAP (mg TEAC/100g) 36.27+0.40° 37.27+0.0° 54.74+1.0°  60.66+0.30°
Dietary Fibre (%) 0.910.01¢ 1.22+0.02° 1.95+0.03°  2.72+0.012

Mean of 3 replicates = SD, Means in a column not sharing the same superscript are significantly different at p

<0.05.
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When the SPL proportion changed, the raw
protein, ash, and dietary fibre contents of all
biscuit  samples  significantly  increased
compared to the control sample (SPLC) . Protein
values from 7.28% to 10.60%, ash from 0.8% to
1.25%, dietary fibre from 0.91% to 2.72%. The
highest protein content was determined in the
SPL3 sample and the lowest SPLC sample.
While it was determined that there were
statistically significant differences dietary fibre
values (p<0.05). A similar study adding certain
proportions of Spirulina powder to wheat flour
found that the moisture proportion of the biscuits
did not change, while protein and ash
proportions increased linked to the increase in
Spirulina powder (Ziena et al., 2020). Another
study of biscuits supplemented with 0%, 2.5%
and 4.0% of S. platensis grown in laboratory
conditions found the %omoisture was 2.1-2.91%,
while crackers with 0%, 2.5% and 4.0%
supplementation had %moisture 1.54-1.8%
(Giin, 2019). Studies have emphasized that the
protein content of S. platensis can reach up to
70% (da Rosa et al., 2015). It has been
determined that S. platensis added to many
products such as pasta, biscuits, yoghurt,
chocolate, etc. increases the protein content (da
Silva et al.,, 2019; Fradique et al., 2010;
Rodriguez De Marco et al., 2014; Sahin, 2019).
It has been stated that 0.25, 0.5 and 1% of S.
platensis added to the ayran (a
traditional Turkish drink) increased the protein
in ayran from 17.17% to 22.61% (Celekli et al.,
2019). It has been determined that 2% S.
platensis increases the protein values in
homemade chocolates and biscuits (Sahin,
2019). It has been determined that 5, 10 and 20
9/100 g spirulina biomass used instead of wheat
flour increases the protein level of pasta (Ozyurt
etal., 2015). It has been determined that there is
no difference in protein between raw and cooked
pasta and that proteins do not pass into the
cooking water 100g*(Sahin, 2019). It was stated
that S. platensis added to biscuits and crackers at
0%, 2.5% and 4% increased the protein content
by 59.92% in biscuits and 43.47% in crackers
(Giin, 2019). It has been determined that dietary
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fibre content increases due to the increase in
SPL. As seen in Table 3, dietary fibre content
increased depending on the SPL increase. In
their study, (Raczyk et al., 2022) found that the
total dietary fibre of spirulina (8.45%) was
significantly higher than that of semolina
(4.44%). S. platensis powder evaluated by other
authors has stated that they have various fibre
contents such as 3%, 7.93% and 14.98%
(Michalak & Chojnacka, 2015; Nicoletti, 2016;
Ramirez-Rodrigues et al., 2021). Similar to
literature studies on S.platensis, it is seen that it
enriches the protein and dietary fibre content in
rice flour biscuits.

Total Phenolic and Antioxidant Capacity

Phenolic compounds synthesized as secondary
metabolites (EI-Baky et al., 2009) are accepted
as one of the most important classes of natural
antioxidants and have received increasing
interest from consumers of healthy foods
(Machu et al.,, 2015). A study reported that
Spirulina powder was a good raw material for
healthy nutrition due to containing total phenolic
and total flavonoids (Ziena et al., 2020). The
phenolic and antioxidant content of biscuit
samples in the study are shown in Table 2.
Phenolic content was 33.13-64.18 mg GAE/100
g and antioxidants were 108.31-251.86 mg
TE/100 g. It was observed that the addition of
dried SPL to the biscuits had a statistically
significant effect (p<0.05) on the phenolic and
antioxidant content when compared to the
control samples. Biscuits containing SPL had
higher phenolic and antioxidant content than
SPLC, with the highest identified in SPL3
biscuits containing 5% SPL3 (p<0.05). The
potential use of S. platensis powder for gluten-
free pasta was investigated by Fradinho et al.
(2020). The results of the study detected that the
contents of phenolic compounds, chlorophylls
and carotenoids increased (Fradinho et al.,
2020). It has been stated that the increase in the
microalgae rate of Arthrospira platensis in
biscuits from 2% to 6% leads to an increase in
polyphenols and antioxidant capacity (Batista et
al., 2017). Studies have shown that microalgal
biomass increases the content of phenolic
compounds, chlorophylls and carotenoids after
its inclusion in recipes. Lupine-based protein
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meat analogues containing S. platensis powder at
a concentration of 15, 30 or 50% have been
found to increase total phenolic and flavonoid
content (Palanisamy et al., 2019). It has been
determined that Spirulina added to dairy
products increases the total phenolic, flavonoid
and antioxidant contents of these products
(Barkallah et al., 2017; Boyanova et al., 2022;
Nazir et al., 2022). It was determined that the
total phenolic content of S. platensis added to ice
cream at the rates of .5%, 1% and 1.5% increased
from 43.7 to -140.2 mg GAE/100g compared to
the control sample (Boyanova et al., 2023). It
was determined that bread to which 6%
Spirulina platensis powder was added exhibited
higher antioxidant activity than the control
groups (Saharan & Jood, 2021).

Textural Characteristics
Textural properties of control biscuits and SPL
added biscuits on days 1, 3, 5 and 7 day during 7

days of storage are given in Figure 2. Generally,
hardness and brittleness values are determined
when identifying the textural quality of biscuits
(Banerjee et al., 2014; Gonzalez et al., 2018).
The hardness and brittleness values for biscuits
with SPL added to the recipe were affected at
statistically significant levels (p<0.05). As the
proportion of SPL in the biscuits increased,
increases were observed in the hardness and
brittleness values of the biscuits. During T7 day
storage, the highest hardness and brittleness
were determined in SPL3 biscuits and the lowest
were determined in SPLC biscuits, which are
control samples. This situation may be explained
by the high fibre content in SPL creating a more
compact biscuit texture. Similar results related to
the change in textural features of biscuits were
obtained in studies of biscuits enriched with
foods containing high fibre content (Kulkarni &
Joshi, 2013; Singh et al., 2012)

Textural Features
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Figure 2. Textural properties of biscuits stored on days 1, 3, 5and 7

Studies have shown that S. platensis provides
positive contributions to products that exhibit
hardness properties. It was determined that a
functional Ricotta cheese enriched with different
amounts of spirulina powder (0.25, 0.5, 0.75
and 1.0) g/100 g improved textural properties
(Ismail et al., 2023). In a similar study, after S.
platensis was added to yoghurt at four different
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concentrations (0.25, 0.5, 0.75 and 1%), its
textural properties were examined and it was
found that yoghurts containing 25% S. platensis
were similar to the control sample (Barkallah et
al., 2017). S. platensis extracts have been found
to affect the texture of cassava flour noodles,
making them more chewy, dense and not easily
broken (Al-Baarri et al., 2021). These studies
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found that S. platensis added to cookies at 1%,
2% and 3% increased hardness due to moisture
decrease(Onacik-Giir et al., 2018). It was
determined that as the algae level and storage
time (on the 1st, 5th and 10th day) of sponge
cakes containing 0, 0.5, 1 and 1.5% S. platensis
powder prepared with wheat flour increased, the
textural parameters of the sponge cake
(hardness,  stickiness and  cohesiveness)
increased (Zangeneh et al., 2020). It was
determined that the hardness of wheat flour
biscuits containing 0.5, 1 and 1.5% S. platensis
decreased with increasing microalgal biomass
content. It has been stated that this situation
results in the formation of weak gels when S.
platensis is added to the dough. (Shahbazizadeh
etal., 2015).

Colour Analysis

Table 3 shows the effect of SPL supplementation
on the colour of the biscuit surface. All biscuits
containing SPL had dark colors from 76.88 to
43.18 and darker colours had significantly lower
L* readings. Among the colour values of the
biscuit samples, the L*, a* and b* values of
wheat flour statistically (p<0.05) decreased with
the addition of SPL determined. Generally, as
the dried SPL in the biscuits increased, the L*
values were significantly reduced. The a* value
was 1.33 to -4.3, while the b* value was 25.27 to
6.25 and significantly reduced with the increase
in SPL. Greener, darker biscuits were obtained
with the addition of SPL

Table 3. Colour characteristics of biscuit samples

Biscuit SPL L* a* b*
Samples Ratio
Control 76.88+0.612 1.33+0.20°¢ 25.27+0.672
SPLC
0.50% 1.85+0.46° .69+0.20° 15.40+0.27°
SPL1 () 61.85+0.46 3.69+0.20 5.40+0.27
0 0140.34° .924+0.212 47+0.19°
SPL2 1% 62.01+0.34 4.924+0.21 16.47+0.19
% 43.18+0.31¢ 4.30+0.31°2 .254+0.05¢
SPL3 5% 3.18+0.3 30+0.3 6.25+0.05

The mean of 3 replicates + SD, Means in a column not sharing the same superscript are significantly different

atp<0.05

In a study, the effects of various concentrations
of S.platensis microalgae on the drying kinetics
and colour change of kiwi pastille were
investigated. Concentrations of S. platensis did
not affect the drying process. It has been found
that it reduces a* and L* values (Khazaei Pool et
al., 2016). It was determined that the a * values
of shortbread biscuits with the addition of 0, 1, 3
and 6% S. platensis powder during storage
became less dense with increasing storage time,
while the b* values increased (Marcinkowska-
Lesiak et al., 2018). It was determined that the
colour of yoghurt samples enriched with 1.5% S.
platensis powder and 0.5% milk protein changed
from yellow to greenish (low a* and b*). It was
determined that the amount of chlorophyll in S.
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platensis powder caused colour change (Mesbah
etal., 2022).

Sensory Properties

The gluten-free biscuit samples using rice flour
and enriched with SPL were rated by 20
panellists for 6 categories of flavour, odor,
colour, crispness, texture and general approval
with objective approval of 1 (very bad), 2 (bad),
3 (moderate), 4 (neither good nor bad), 5 (good)
and 6 (very good). Generally, which biscuit was
chosen most and which were not chosen were
determined. The mean scores for the 6 categories
for the biscuits are presented in the sensory
assessment graph in Figure 3.
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Figure 3. Sensory evaluation of biscuit samples

For assessment in terms of flavour, the 4
different biscuit samples had scores varying
from 3.75 to 4.39. In terms of flavour, the most
liked biscuit with 4.39 points contained 0.5%
SPL1. Assessment in terms of odour for gluten-
free biscuit samples found mean score varied
from 3.94-4.55. The biscuit most liked in terms
of odour contained 0.5% SPL1 and received 4.55
points. The least-liked biscuit contained 5% S.
platensis and received 3.94 points. Assessment
in terms of colour for gluten-free biscuit samples
found mean scores were 3.62-4.81. The picture
showing the colours of the biscuits can be seen
in Figure 1. When biscuits are assessed in terms
of colour, the most liked biscuit received 4.81
points and was the control sample. The biscuit
samples containing 0.5% SPL1 and 1% SPL2
received equal points. When gluten-free biscuit
samples were assessed in terms of crispness,
scores varied from 4.86 to 5.25. The most liked
biscuit in terms of crispness contained 0.5%
SPL1 and received 5.25 points. The least liked
biscuit contained 1% SPL  and received 4.86
points. According to these results, the addition of
a very small amount of SPL was identified to
enhance the crispness of the biscuit. Assessment
in terms of texture for gluten-free biscuit
samples found mean scores varied from 4.33 to
4.68. In terms of texture, the most liked biscuit
received 4.68 points and contained 0.5% SPL1.
The least liked biscuit received 4.33 points and
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contained 5% SPL3. In terms of general
approval of gluten-free biscuit samples, the
highest points were for the control biscuit and
the biscuit with 0.5% SPL1 added. When
examined in a general sense, the lowest point
among the categories was 3.75. In other words,
even the least chosen biscuit was identified to
receive a moderate rating in terms of biscuit
features. When examined in terms of category, it
appears the best value of 5.25 points is
equivalent to a good rating.

Conclusion

This study focused on the potential of Spirulina
platensis powder as a functional ingredient in
gluten-free biscuit production, highlighting its
positive impact on nutritional, sensory, and
physicochemical characteristics. The inclusion
of Spirulina platensis powder significantly
enhanced the protein, dietary fibre, phenolic
content, and antioxidant properties of the
biscuits, contributing to their health benefits.
While higher rates of Spirulina platensis powder
improved nutritional values, sensory analysis
revealed a preference for biscuits with lower
Spirulina platensis content, indicating a balance
between nutritional enhancement and consumer
acceptance is crucial. The findings suggest that
Spirulina platensis powder can be effectively
utilized in the development of gluten-free
functional biscuits, offering a nutritious
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alternative for consumers seeking healthier
snack options. Future research could focus on
optimizing the formulation to further improve
the sensory appeal and nutritional profile of
Spirulina platensis powder-enriched gluten-free
biscuits.
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Utilizing Salt and Calcium Carbonate as Coadjuvants in Malaxation Process
of Virgin Olive Oil Extraction
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ABSTRACT

Technological coadjuvants were utilized at the beginning of the malaxation phase of the olive oil extraction
process. The present work aimed to evaluate the effect of different amounts of CaCO3: NaCl combination at a
rate of 1%, added to olive paste. The effects of coadjuvants' effect on the extraction yield and some quality
parameters of oil obtained from Gemlik olives were investigated. According to the results, in terms of
increasing yield, it was determined that the utilization of salt was more effective than calcium carbonate. Across
all trials, the coadjuvants effectively mitigated increase in free acidity and peroxide levels. The amount of
pigment increased with the addition of calcium carbonate and decreased with the addition of salt. Also, the
addition of salt increased the amount of total phenolics and the contents of linoleic and palmitoleic acids. These
findings highlight the superior efficacy of salt over calcium carbonate as a coadjuvant, increasing oil extraction
yield while improving quality. Since salt is naturally occurring, inexpensive, easily accessible, and inert, it can
provide the olive oil industry with a promising alternative coadjuvant.

Keywords: Calcium carbonate, salt, malaxation, olive oil, yield

Sizma Zeytinyagi Ekstraksiyonunun Yogurma Prosesinde Yardimeci Katki
Maddesi Olarak Tuz ve Kalsiyum Karbonatin Kullanim

(0)7

Zeytinyag1 ekstraksiyon prosesinde malaksasyon asamasinin baglangicinda teknolojik yardimer maddelerden
yararlanilmaktadir. Bu c¢alismada, Gemlik zeytinlerinden elde edilen yagin ekstraksiyon verimi ve kalitesi
lizerine malaksasyon agsamasinda zeytin ezmesine eklenen %1 oraninda farkli miktarlardaki CaCO3: NaCl
kombinasyonunun etkisi aragtirilmigtir. Sonuglara gére yag verimi agisindan tuz kullaniminin kalsiyum
karbonata gore daha etkili bir artisa sebep oldugu tespit edilmistir. Tiim denemelerde CaCO3 ve NaCl, yardimci
maddenin kullanilmadigi kontrol grubuna gore serbest asitlik ve peroksit seviyelerindeki artiglari etkili bir
sekilde hafifletmistir. Renk maddelerinin miktar1 kalsiyum karbonat ilavesiyle artmis, tuz ilavesiyle azalmistir.
Ayni zamanda tuz ilavesi toplam fenolik miktar ile linoleik ve palmitoleik asit igeriklerini arttirmistir.
Aragtirma sonuglari, tuzun bir yardimei madde olarak kalsiyum karbonattan daha etkin oldugunu vurgulayarak,
kaliteyi artirirken yag ekstraksiyon verimini de artirmistir. Dogal, uygun maliyetli, kolaylikla bulunabilen ve
inert 6zellikleri gbz Oniine alindiginda tuz, zeytinyag1 endiistrisi i¢in umut verici bir alternatif yardimer katki
maddesi 6zelligi sunmaktadir.
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Utilizing Salt and Calcium Carbonate as Coadjuvants in Malaxation Process
of Virgin Olive Oil Extraction

Introduction

Botanically, the cultivated olive tree belongs to
the subspecies Olea europeae sativa of the
Oleaceae family (Hashmi et al., 2015). Turkey
holds a significant position in olive oil
production, yielding 225.000 tons in the 2019/20
season, which is noteworthy compared to other
producing countries (IOOC, 2021). Olive
cultivation is widespread across various regions
in  Turkey, including Marmara, Aegean,
Mediterranean, and Southeastern Anatolia.
Notably, the Gemlik variety predominates in the
Marmara region, constituting over 80% of the
total table olives produced (Ozturk et al., 2021).
Gemlik olives, known for their high oil content,
are largely used for oil extraction, making them
the most popular and growing olive variety in
Turkey.

Beyond its sensory attributes, the Gemlik variety
is favored by consumers for its health benefits
attributed to its fatty acid composition and
antioxidant content (Lazzez et al., 2008). The
advancement of extraction technologies is
imperative for olive oil producers to achieve
high-quality oil. Commercially, the best olive oil
is obtained through physical processes such as
washing, pressing, centrifuging, and filtering
(TGK, 2017). The primary objective of olive oil
production is to maximize oil extraction while
preserving important bioactive components such
as phenols, tocopherols, sterols, and desired
flavor compounds.

Malaxation, a critical phase in olive paste
processing, is indispensable for obtaining extra
virgin olive oil (EVOO). Numerous studies have
investigated the effects of kneading temperature
and time on olive oil quality (Cevik et al., 2015;
Aydin et al., 2020; Dalgic et al., 2016; Delil et
al., 2022). During the malaxation process of the
extraction, not all the oil can be released from the
olives. However, part of the oil becomes an
emulsion with plant water or remains in the olive
paste's colloidal structure. Depending on several
conditions, some olive pastes are considered
difficult to extract the oil from their emulsified
structure (Cruz et al., 2007). To address this, co-
adjuvants such as salt, talc, and calcium
carbonate are commonly added during
malaxation to facilitate oil extraction by
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breaking emulsions (Kéyliioglu and Ozkan,
2012).

Studies investigating the influence of
coadjuvants in olive oil extraction have recently
increased in  Spain, Italy, and other
Mediterranean countries. Recent studies in
Mediterranean countries have studied the
efficacy of co-adjuvants such as warm water,
enzymes, salt, micronized talc, and calcium
carbonate in increasing oil extraction efficiency
and improving oil quality (Elsorady, 2020;
Squeo et al., 2016; Tamborrino et al., 2017,
Clodoveo et al., 2013). Calcium carbonate is a
co-adjuvant known for its affordability and inert
qualities, and acts as an absorbent medium that
promotes the coalescence and separation of oil.
(Dentel, 1991; Tamborrino et al., 2017).
Additionally, it is approved as a coadjuvant by
European Union regulations (CE Directive
30/2001). One of the first mineral resources and
a potent demulsifier, salt, or sodium chloride, is
also acknowledged as a co-adjuvant. Its efficacy
during the kneading process comes from the
physical phenomena of separating the
hydrophilic phase from the oil due to its density
and higher ionic characteristics (Cruz et al.,
2007). Given these considerations, it would be
beneficial to investigate the impact of salt and
calcium carbonate on both the oil extraction
efficiency and the quality parameters of the
Gemlik variety (Dentel, 1991; Tamborrino et al.,
2017).

This study aims to evaluate the potential of
calcium carbonate, salt, and their combination as
co-adjuvants in olive oil extraction, particularly
focusing on the Gemlik variety. Although there
exists literature regarding the fruit and oil quality
of Gemlik olives (Diraman and Dibeklioglu,
2009; Demirag and Konuskan, 2021),
investigations into the benefits of co-adjuvant
utilization for Gemlik olive oil extraction have
been lacking in the scientific literature.
Specifically, there is an important gap in the
current literature concerning the advantageous
application of co-adjuvants in the process of
extracting olive oil from Gemlik olives.
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Material And Methods

Material

The research’s material, the Gemlik olive
variety, cultivated in the Manavgat district of
Gundogdu town, Antalya province. Olives were
harvested from all aspects of the olive trees,
ensuring representation of the sample area at
optimal ripeness (5.71). Following physical
analysis, olive oil extraction was promptly
conducted. The resulting olive oils were stored
in opaque glass bottles at -20°C until subjected
to physical-chemical analysis.

Determination of Moisture and Oil Content
Olive samples were weighted (2 g) and dried
until a constant weight in an oven (Niive,
FN500, Turkey) at 105°C, the moisture was
expressed as percent (%). Approximately 2 g of
dried paste samples were weighed and extracted
with 150 ml of hexane in a Soxhlet for about 4
hours, and the results were expressed as g 0il/100
g dry sample (Guinda et al., 2003). The analyses
were carried out in triplicate.

Olive Oil Extraction

An Abencor system with a two-phase vertical
centrifuge system (Haus Centrifugal
Technologies, Aydin, Turkey) consisting of
laboratory-scale  mini crusher (100 kg/h),
kneader (malaxator, 250 rpm), and mini vertical
centrifuge decanter (maximum: 5800 rpm) was
used for olive oil extraction. 1 kg of olive paste
was crushed in a mini crusher and turned into
olive paste. Following, it was kneaded at 35°C
for 45 minutes by adding coadjuvants in the
determined proportions (Table 1). The paste
obtained from kneading was kept in a two-phase
mini vertical centrifugal decanter operating at
5080 rpm for 5 minutes, and olive mill
wastewater and olive oil were separated from the
olive pomace. After dehumidifying the olive oils
with sodium carbonate, they were stored in dark
glass bottles at -20 °C until analysis. The total
amount of crude oil was calculated as g 0il/100
g dry sample.
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Table 1. Trials used in olive oil extraction with and
without coadjuvants.

Trials CaCO3(%) NaCl(%o)
Control 0 0
Trial-1 100 0
Trial-2 75 25
Trial-3 50 50
Trial-4 25 75
Trial-5 0 100

Oil extraction yield (OEY, %) was calculated
with the help of the formula given below (1):

OEY (%) = (Crude Qil (g 0il/100 g dry sample)/
Total oil amount) *100

Jo

Crushing of olive
samples

1L
D

Olive paste+1%
coadjuvant

<~

Malaxor

(Kneading at 35°C for
45 min., 250 rpm)

L

Two phase mini
vertical centrifugal
decanter

L

Figure 1. Flow Diagram of Oil Extraction




Utilizing Salt and Calcium Carbonate as Coadjuvants in Malaxation Process
of Virgin Olive Oil Extraction

Determination of Physicochemical Properties

Determination of Free Acidity (FFA),
Peroxide value (PV), Absorbance values
(K232, K20), and Refractive Index (RI)

Free acidity, given as percent oleic acid, was
determined according to AOCS Official Method
Ca 5a-40, peroxide value (meq O2/kg oil) with
AOCS Official Method Cd 8-53 (AOCS, 2003)
and specific absorbance values (Kas2, Kaz70) in
UV light were determined by the Codex
Alimentarius (2001). All the parameters were
determined in triplicate for each sample. The
refractive index of virgin olive oil samples was
measured with a 60/70 Abbe Refractometer
(Belligham+Stanley Ltd., England).

Determination of the Total Chlorophyll
(TCL) and Carotenoid Content (TCC)

The amount of chlorophyll and carotenoid of the
oils was determined using the method defined by
Isabel Minguez-Mosquera et al. (1991). Total
carotenoid (3) and total chlorophyll (4) amounts
were calculated using the following formula:

The amount of carotenoid (mg carotenoid/kg oil)
= (A4z0 x 109)/ (2000 x 100 x L) (3)

The amount of chlorophyll (mg chlorophyll /kg
0il) = (Ag70 x 108)/ (613 x 100 x L) 4)

A, is the absorbance, and L is the
spectrophotometer cell thickness (1 cm). All the
parameters were determined in triplicate for each
sample.

Determination of Total Phenolic Content
(TPC)

Phenolics in olive oil extracted with methanol:
water (80:20, v/v) mixture and total phenolic
content was determined using the Folin-
Ciocalteu spectrophotometric method
(T70+UV/VIS spectrophotometer, PG
Instruments, England) (Singleton and Rossi,
1965). Results were calculated as mg gallic acid
equivalent (GAE)/kg oil using the calibration
curve.

detector was set at 295 nm for excitation and 330
nm for emission. The peak integration and the
guantitative calculations were performed with

Determination of Fatty Acid Composition
(FAC)

The fatty acid composition of the Gemlik oil was
determined by gas chromatography (Shimadzu
GC-17A GC-Gas Chromatograph equipped with
silica capillary column (Cp WAX 52 CB 50
m*0.32 mm, 1.2 um)) as fatty acid methyl esters
(FAMEs). The methyl esters and fatty acid
composition of olive oils were determined by the
modifying method Ce 1-62 (AOCS, 2003). The
oil samples (50 ul) were converted into FAME:s.
Accordingly, derivatization was carried out by
adding 500 ul 0.5% Na-Methylate (0.5 g Na-
Methylate + 80 ml methanol + 20 ml iso-octane)
to 50 ul oil and keeping it overnight at room
temperature. Before the injection, 1 ml of hexane
was added, and 5 pl of the clarified supernatant
was injected. The flow rate of helium, used as
carrier gas at a flow rate of 15 cm s; split ratio
was 1/10 ml min?. The temperature of both
injector and flame ionization detector was
250°C. Column temperature was set up
according to the following temperature program:
60 °C, hold for 4 min; 4 °C min* up to 175 °C;
hold for 27 min; 4 °C min? up to 215 °C; hold
for 5 min; 4 °C min! up to 240 °C. In the
determination of fatty acids, a mixture of methyl
esters of 37 fatty acids from butyric acid to
nervonic acid (SUPELCO (LB-81678)) was
used as a standard. The fatty acid composition of
the samples was calculated in area (%).

Tocopherols (TCP) Analysis

Tocopherol component analysis of olive oils was
carried out by modifying the AOCS Official
Method (Ce 8-89) (AOCS, 2003). 250 ul of olive
oil was dissolved in the mobile phase
Heptane/THF (95:5, v/v) solvent, and the
volume was completed to 1 ml. Following, 100
pl of sample was injected into the high-
performance liquid chromatography (HPLC-
Agilent 1100 (Waldbronn, Germany), equipped
with a fluorescence detector and Luna silica
column (Phenomenex, 250*4.6 mm, 5 um). The
flow rate was 1.2 mL/min, and the fluorescence

the calibration curve. In the analysis, a-(alpha),
B-(beta), y-(gamma), and 6-(delta) tocopherols
(Cabliochem, Germany) were used as standards.
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Statistical analysis

The SPSS (Chicago, IL, USA) statistical
program was used to analyze the data obtained.
The significance of the difference between the
combinations (at a 1% confidence level) was
evaluated by the analysis of variance, while the
difference between the groups was determined
by the Duncan one-way comparison test.

Results

Physical and Physicochemical Characteristics
of Gemlik Olive Oil

The degree of ripening, moisture content (%),
and oil content (%) of the Gemlik olive variety
were determined to be 5.71, 45.07, and 61.10%,
respectively, based on their physical
characteristics. Compared to the literature, the
oil content of the Gemlik variety in this study
was higher than 61.10% (K&yliioglu and Ozkan,
2012; Tanilgan et al.,, 2007; Demirag and
Konuskan, 2021).

Physicochemical evaluation of olive oil provides
information on its authenticity and safety.
Therefore, in this study we assessed the oil
yield, free acidity, and values of peroxide, Kz,
K270, AK of olive oil (Table 2).

Table 2. OEY (%), FFA (% oleic acid), PV (meq O2/kg oil), Kzz2- K270 and AK values of Gemlik olive oil

(n=3)

Trials OEY FFA PV K2z2 Ko7o AK
Control  59.37+0.65°¢ 0.68+0.012 7.59+0.122 1.45+0.042¢ 0.08+0.012 0.00+0.002
Trial-1 ~ 56.47+0.45¢  0.58+0.01¢ 7.31£0.03%  1.50+0.02% 0.08+0.012 0.00+0.002
Trial-2  61.92+0.69°®  0.63+0.01° 7.46+0.132 1.43+0.02°¢ 0.06+0.012¢  0.00+0.002
Trial-3  64.22+0.37°  0.65+0.01%®  7.28+0.06®  1.40+0.03° 0.06+0.00°° 0.00+0.002
Trial-4  64.69£0.06°  0.66+0.02®  6.71+0.24° 1.42+0.03°¢ 0.05+0.01¢ 0.00+0.002
Trial-5  65.16£0.47%  0.66:0.01®  6.85+£0.03*°  1.51+0.03? 0.06£0.01%¢  0.00+0.00?

*The mean values marked with the same letter in the same column are not statistically different from each

other (p<0.001); **Please see Table 1 for trials.

When Table 2 is examined, statistically the
highest OEY (%) was found in the trial-5
(65.16), and the lowest OEY was found in the
trial-1 (56.4). The addition of calcium carbonate
reduced the yield of oil, whereas salt increased
it. Tamborrino et al. (2017) found that using of
calcium carbonate lowered OEY, which is
consistent with our findings. However, Espinola
et al. (2009) showed that high calcium carbonate
dosages led to higher extraction efficacy. The
use of salt during malaxation resulted in higher
levels of OEY than calcium carbonate. This
could be because the salt has stronger emulsion
breaking impact than calcium carbonate does. In

this study, adding of a higher amount of salt and
calcium carbonate to the olive paste during the
malaxation process had no significant effect on
OEY. When calcium carbonate is added in a
lower amount, the hygroscopic characteristic of
the carbonate helps in extracting oil by causing
the olive paste emulsion to breakdown. As a
consequence, the oil droplets coalesce into larger
drops. In other words, the decrease in OEY with
the addition of more calcium carbonate could be
related to the coadjuvant’s ability to retain oil
(Squeo et al., 2016).
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By the current study, all the samples comply
with the EU limits (Reg. EU 2568/91) for FFAs,
PV, Kas, and Ko for extra virgin olive oil. The
results of free acidity, peroxide value, K3, and
K27 varied between 0.58-0.68 (oleic acid%),
6.71-7.59 (meq O2/kg oil), 1.40-1.51, and 0.05-
0.08, respectively (Table 2). The results
indicated that the increase in free acidity and
peroxide was suppressed in all trials that used the
coadjuvants. Similar to the current study,
different researchers reported that the FA and PV
decreased with an increase in calcium carbonate
concentration (Tamborrino et al., 2017). In the
current study, it was determined that the use of
calcium carbonate caused a slight decrease in
acidity and peroxide values compared to the use
of salt. Moya et al. (2010) and Khaleghi et al.
(2023) obtained similar results to ours in their
study. In contrast with our results, some studies
found that adding calcium carbonate increased
the levels of acidity and peroxide (Elsorady,
2020; Espinola et al., 2009; Espinola et al.,
2015).

The AK value is a measure that changes with the
refining process and is known as a value used to
determine whether olive oils are virgin or refined
(Kiralan et al., 2008). There was no statistically
significant difference between the trials in the
AK values. In line with current results, Moya et
al. (2010) and Tamborrino et al. (2017) indicated
that calcium carbonate did not statistically affect
K232 and Ka7o values. According to Pérez et al.
(2008), Ka32 and Kazzo values increased as the
amount of salt used increased. Kz and Karo
values of oils by using salt, calcium carbonate,
and their combinations were lower than those of
the control group. The study indicated that while
the differences between vyield, peroxide, free
acidity, Kazs2 and Kzzo values were significant at
p<0.001; the difference between AK values was
not found to be statistically significant.

RI, TCL, TCC, Pa, TPC and TCP of Gemlik
Olive Oils

Chlorophyll, carotenoids, and pheophytin a are
pigments responsible for the color of olive oil. In
addition, pheophytin a is reduction product of
chlorophyll and is a pigment that gives a mat
green color to olive oil. The RI values of all
samples were found to be 1.47 (Table 3). In
agreement with the current study, Tanilgan et al.
(2007) also reported the refractive index of
Gemlik olive oil as 1.47. The values of TCL,
TCC, and pheophytin-a for the control, trial-1,
trial-2, trial-3, trial-4, and trial-5 are displayed in
Table 3 and found as 0.29-0.39, 0.01-0.10, and
0.24-0.45 (mg/kg), respectively. Higher amounts
of pheophytin-a, carotenoids, and chlorophylls
were detected in trials utilizing calcium
carbonate compared with trials using salt.
According to Cruz et al. (2007) and Elsorady
(2020), adding salt increased the amount of total
carotenoid and chlorophyll in olive oil. This is
consistent with the findings of Moya et al.
(2010), who demonstrated that the amounts of
carotenoids and chlorophylls in olive oil were
not significantly affected by calcium carbonate.
Phenolic compounds play a very important role
in increasing the oxidation stability of virgin
olive oil due to their natural antioxidant
properties. In trials, TPC ranged from 70.82 to
133.92 mg GAE/kg oil. The trial with the highest
salt concentration (Trial 5) exhibited the highest
total phenolic content with 133.92 mg GAE/kg
oil.
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Table 3. RI, TCL (mg/kg), TCC (mg/kg), pheophytin a (mg/kg) and TPC (mg GAE/Kg oil) values of olive

oil.

Trials RI TCL TCC pheophytin a TPC

Control 1.4740.00? 0.33+0.112 0.31+0.03a 0.07+0.012 103.93+1.79¢
Trial-1 1.47+0.00? 0.41+0.19? 0.33+0.072 0.01£0.01¢ 71.99+0.58¢
Trial-2 1.47+0.00? 0.45+0.142 0.39+0.06° 0.01£0.01¢ 70.82+2.11¢
Trial-3 1.4740.002 0.36+0.072 0.36+0.03? 0.02+0.01%¢ 94.38+1.35¢
Trial-4 1.47+0.002 0.30+0.052 0.3240.022 0.04+0.02"° 112.30+2.68°
Trial-5 1.47+0.002 0.2440.082 0.2940.042 0.10+0.022 133.92+3.252

*The mean values marked with the same letter in the same column are not statistically different from each
other (p<0.001); **Please see Table 1 for trials.
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Figure 2. Average values for olive oil TCL (mg/kg), TCC (mg/kg), and pheophytin a (mg/kg). Duncan one-
way comparison test results (n=3). The mean values marked with the same letter in the same column are not
statistically different from each other (p<0.001). Please see Table 1 for trials.

Trial 2 had the lowest phenolic concentration
(70.82 mg GAE/g oil), and it also had the highest
calcium carbonate ratio. Trials' phenolic
concentrations differed considerably (p<0.001).
The TPC increased with higher salt
concentrations and decreased with the usage of
calcium carbonate. This might be explained by
the fact that calcium carbonate retains phenolic
compounds in oil by binding water.
Additionally, it may be related to the increased
amount of salt that affects the transition of
phenolics into the oil (Pérez et al., 2008). In

accordance with our findings, Pérez et al. (2008)
and Elsorady (2020) showed that the addition of
salt during the malaxation process raised the
total phenolic content in olive oil. While
Khaleghi (2023) demonstrated a rise with the
addition of a coadjuvant, Moya et al. (2010)
determined no significant effect of calcium
carbonate on TPC. The means of the TPC and a-
TCL values of olive oils produced using calcium
carbonate, salt, and their combinations are
shown in Figure 3.
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Duncan one-way comparison test results (n=3). The mean values marked with the same letter in the same
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FAC of Gemlik Olive Oils

The averages of the fatty acid components of the
olive oils produced by using calcium carbonate,
salt, and their combinations are given in Figure
4 and Figure 5. In the current trials, oleic
(C18:1), palmitic (C16:1), and linoleic acids
(C18:2) were determined as the major
compounds, and stearic, palmitoleic and
linolenic acids were found as minor compounds
(Figures 4 and 5). The amount of (%) oleic acid,
palmitic acid, linoleic acid, stearic acid, and
palmitoleic acid ranged from 60.24 to 67.93;
14.11 t0 22.63; 11.85 to 13.10; 2.97 to 3.86; and
1.52 to 1.96, respectively. In addition, it should
be mentioned that all fatty acids except linolenic
were within the range of I00C (2021). In the
current study, the amount of linolenic acid

ranged from 0.00 to 1.34. The amount of oleic
acid exhibited higher concentrations in the
control group compared to the coadjuvant-
applied oil. (Figure 4). The findings revealed that
the addition of calcium carbonate had no effect
on the level of palmitic acid (C16:1), but that it
increased when using additional  salt.
Concerning the amount of linoleic acid, there
was no statistically significant  difference
between the trials and the control group.
Khaleghi et al. (2023) also found that the
addition of calcium carbonate did not affect the
amount of linoleic acid, which is in line with our
findings.
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Figure 4. Average values for the major fatty acid components; Oleic acid(C18:1), Palmitic acid(C16:0),

Linoleic acid (C18:2) (%). Please see Table 1 for trials.
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and Linolenic acid. Please see Table 1 for trials.

The addition of coadjuvants had no noticeable
impact on the minor fatty acid amounts (Figure
5). Furthermore, according to other research,
adding calcium carbonate has a minimal effect
on fatty acid levels (Cruz et al., 2007; Moya et
al., 2010; Elsorady, 2020; Khaleghi, E. et al.,
2023). The percentages of palmitic acid,
palmitoleic acid, stearic acid, oleic acid, linoleic
acid, and linolenic acid displayed statistically
significant differences at the p<0.001 level for
trials and the p<0.01 level for oleic acid levels.

Conclusion

The utilization of salt as a coadjuvant for the
production of olive oil highlighted a positive
effect on yield. On the other hand, a decrease in
yield was observed with an additional amount of
calcium carbonate. Regarding the
physicochemical effects of applied coadjuvants,
the addition of salt in the process increased the
acidity value and pheophytin a content whereas
calcium carbonate applied oil had lower
peroxide and K values. The refractive indexes of
olive oil obtained in different trials were similar.
Trials 2 and 3 have a higher pigment transition
to oil from paste than the control and other trials.
The highest amount of TPC was determined in
the control and trials 4 and 5, while the lowest

TPC was found in trials 2, 3, and 4. Also, in the
current study, calcium carbonate and salt
applications slightly affect the fatty acid
composition of olive oil.

As a result, both coadjuvants had a more positive
effect on oil yield and some olive oil quality
parameters compared to the control group.
However, the application of salt during the
malaxation process was found to be more
advantageous than  calcium  carbonate.
Therefore, salt can be recommended as a
coadjuvant to produce olive oil. According to
FAO/WHO, salt is inexpensive and widely
available, with no daily consumption restriction.
Consequently, it could potentially be
recommended as a natural coadjuvant by the
olive oil industry.
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) Arastirma Makalesi
Kuru Incirlerin Biyoaktif Ozellikleri, Aflatoksin ve Okratoksin A Diizeylerinin
Degerlendirilmesi

Merve USLUZ, Hatice Kiibra SASMAZ?!, Esra ERELI!, Hasim KELEBEK*!

0z

Bu ¢alismada, Adana ilinde satilan 21 farkli kuru incir 6rneginin seker bilesimi, antioksidan kapasitesi, toplam
fenolik madde miktari, aflatoksin B; (AFLB;) toplam aflatoksin (AFLBi+ AFLB,+ AFLG:+ AFLG,) ve
okratoksin A (OTA) gibi mikotoksin analizleri yapilarak toksik 6zellikleri degerlendirilmistir. Kuru incirlerin
antioksidan aktivitesini belirlemek i¢in 2,2-difenil-1-pikrilhidrazil (DPPH) ve 2,2-azinobis (3-
etilbenzotiyazollin-6-siilfonik asit) (ABTS) yontemleri kullanilmistir. Seker bilesimi, OTA ve aflatoksin
analizleri yiiksek performansl sivi kromatografisi (HPLC) ile yapilmistir. Kuru incir drneklerinin %90.5°lik
kisminin aflatoksin ve % 76.2°lik kismimin OTA bakimindan Tiirk Gida Kodeksi Bulasanlar Yo6netmeligi'nde
belirtilen limitleri asmadig1 belirlenmistir. Incirlerin toplam fenolik madde, antioksidan kapasite bakimimdan
oldukea zengin potansiyele sahip oldugu ve glikozun baskin seker oldugu saptanmistir. Bu ¢aligsma, Adana'da
satilan kuru incirlerin antioksidan kapasitesi ve diizeyleri agisindan dnemli bir degerlendirme sunmaktadir.
Anahtar Kelimeler: Ficus carica, aflatoksin, fenolikler, mikotoksin, antioksidan kapasite, seker

Evaluation of Bioactive Properties, Aflatoxin and Ochratoxin A Levels of
Dried Figs

ABSTRACT

In this study, the sugar composition, antioxidant capacity, total phenolic content, aflatoxin B1 (AFLB;), total
aflatoxin (AFLB:+ AFLB2+ AFLG:+ AFLG:), and ochratoxin A (OTA) mycotoxin analyses of 21 different
dried fig samples sold in Adana province were performed and their toxic properties were evaluated. 2,2-
Diphenyl-1-picrylhydrazyl (DPPH) and 2,2-azinobis (3-ethylbenzothiazollin-6-sulphonic acid) (ABTS)
methods were used to determine the antioxidant activity of dried figs. Sugar composition, OTA, and aflatoxin
analyses were performed by high-performance liquid chromatography (HPLC). It was determined that 90.5%
of the dried fig samples did not exceed the limits specified in the Turkish Food Codex Contaminants Regulation
regarding aflatoxin and 76.2% regarding OTA. It was determined that figs have a high potential in terms of
total phenolic content, antioxidant capacity and glucose is the dominant sugar. This study evaluates the
antioxidant capacity and mycotoxin levels of dried figs sold in Adana.

Keywords: Ficus carica, aflatoxin, phenolics, mycotoxin, antioxidant capacity, sugar

ORCID ID(Yazar sirasina gore)
0009-0008-6648-4956, 0000-0003-4728-3151, 0009-0005-9424-5483, 0000-0002-8419-3019

Yaym Kuruluna Gelis Tarihi: 19.05.2024

Kabul Tarihi: 15.06.2024

! Gida Miihendisligi Béliimii, Mithendislik Fakiiltesi, Adana Bilim ve Teknoloji Universitesi, Adana
*E-posta: hkelebek@atu.edu.tr


https://orcid.org/0000-0003-4728-3151
https://orcid.org/0000-0002-8419-3019
mailto:hkelebek@atu.edu.tr

Kuru Incirlerin Biyoaktif Ozellikleri, Aflatoksin ve Okratoksin A Diizeylerinin
Degerlendirilmesi

Giris

Incir (Ficus carica), diinyanin cesitli subtropikal
bolgelerinde yetistirilen 800'den fazla agag, cali
ve epifit tirlinliin  bulundugu Moraceae
familyasina ait bilinen en eski kiiltiir
bitkilerinden biridir (Hajam ve Saleem 2022) ve
Akdeniz bolgesinde yaygin olarak
yetistirilmesinin ~ yam  swra  Kaliforniya,
Avustralya ve Giiney Amerika gibi Akdeniz
ikliminin hakim oldugu iilkelerde de ticari
tiretimi yapilmaktadir (Ersoy ve ark., 2017).
Gida ve Tarim Orgiitii (FAO) niin incir {iretim
verileri incelendiginde, diinya ¢apindaki incir
tiretiminin biyik kismi Tirkiye'de (%25,2)
olup, bunu Misir (%15,9), Fas (%11,4), Cezayir
(%9,2) ve Iran (%8,5) takip etmektedir (FAO,
2021).

Incir meyveleri karbonhidratlar, aminoasitler
(16sin, triptofan, fenilalanin, lizin ve histidin,
asparajin, alanin, glutamin, serin, glisin ve
sistein) organik asitler, mineraller (potasyum,
kalsiyum ve demir) acisindan zengindir
(Morovati ve ark., 2022). Incir meyvelerinde
glikoz ve fruktoz baskin monosakkarittir ve
malik asit ve sitrik baskin organik asitlerdir
(Veberic ve Mikulic-Petkovsek, 2016). Incirler
icerdikleri fenolik bilesiklere ve organik asitlere
bagli  olarak antioksidan, antidiyabetik,
antikanser, noroprotektif etki, antiinflamatuar ve
antimikrobiyal aktivitelere sahiptir (Yang ve
ark., 2023).

Taze incirin sinirht dayanikliligr (7-10 giin) ve
tasinma zorlugu, diinya genelinde taninmasini
kisitlamistir. Bu meyve, fiziksel hasarlara karsi
son derece hassastir ve bu nedenle depolama
omrii ¢ok kisadir, bu da onu taze yerine
kurutulmus olarak tiiketime daha uygun hale
getirmektedir. Meyvelerin kurutularak
saklanmasi, tarihsel olarak kullanilan etkili gida
koruma yontemlerinden biridir (Aksoy, 2001).
Kuru incir, diger meyvelerle karsilastirildiginda
yiiksek bir polifenol konsantrasyonuna sahiptir
ve lif, bakir, manganez, magnezyum, potasyum,
kalsiyum ve K vitamini agisindan zengindir.
Dogrudan tiiketilmesinin yani sira, konsantre
surup, sarap veya sirke Uretiminde de
kullanilmaktadir (Desa ve ark., 2019).

Fiziksel, kimyasal, mikrobiyal ve besinsel olmak
lizere dort ana grubu kapsayan kurutulmus
meyvelerin genel kalitesini belirleyen birkag

temel Ozellik bulunmaktadir. Kurutulacak
incirlerde aranan en onemli kriterler, yiliksek
seker ve ¢oziiniir katt madde igerigi, diisiik asit
icerigi, acik renkli ve yumusak dokulu olmasidir
(Aksoy, 2017). Ayrica kuru incir ticareti igin
gorsel  cekicilik, organoleptik  o6zellikler
(gbzeneklilik, doku, rehidrasyon ozellikleri,
lezzet), fizikokimyasal Ozellikler (su aktivitesi
vb.) ve giivenlik (mikrobiyal yiik, zararlilar ve
kirleticiler) diger kurutulmus meyvelerde oldugu
gibi kalite parametrelerinin baginda gelmektedir
(Schilter ve ark., 2003; Sen ve ark., 2017).

Incir yiiksek oranda seker icermesi, uygun nem
icerigi ve uygunsuz hasat ve hasat sonrasi
kosullar1 nedeniyle kiif ve birden fazla
mikotoksin olusumunun siklikla goriildiigii bir
gidadir  (Gilbert ve  Senyuva  2008).
Mikotoksinler, basta Aspergillus, Fusarium,
Penicillium ve Claviceps olmak iizere farkli
filamentli kiifler tarafindan iiretilen ¢ok cesitli
dogal ikincil metabolitlerdir. Baslica yaygin
mikotoksinler arasinda aflatoksinler,
deoksinivalenol, zearalenon, okratoksin A
(OTA), fumonisinler ve patulin bulunmaktadir
(Afsah-Hejri ve ark., 2013). Mikotoksinlerle
kontaminasyon, gida zehirlenmesi vakalarinin
yani sira uluslararasi ticaret sorunlarmma da
siklikla sebep olmaktadir (Shephard, 2008).
Kuru incirde yaygin olarak tespit edilen
mikotoksin tiirlerinden biri Aspergillus flavus
(A. flavus) enfeksiyonundan gelisen
Aflatoksindir. Bu bilesikler, Gida ve Ilag idaresi
tarafindan ¢ok diisiik esik degerlerinde izlemeye
ve iiriin reddine tabidir (Diinya Saghk Orgiitii,
2012). Incirin aflatoksinle kontaminasyonu agag
iizerinde baslamakta kurutma, paketlenme ve
satisa kadar olan silirecinde devam etmektedir.
Ayrica OTA ve fumonisinler de fazlaca
bulunabilmektedir. Bu  toksik  fungal
metabolitlerin goriilme sikligi, ihrag edilen
kontamine irlinlerin reddedilmesi nedeniyle
ureticilerin ~ ekonomik  kayiplarina  yol
acmaktadir (Heperkan ve ark., 2012). Ayrica,
kuru incirlerde  bildirilen  diger ilgili
mikotoksinler fumonisin Bi, kojik asit, fusarik
asit ve tenuazonik asittir (Di Sanzo ve ark., 2018;
Sulyok ve ark., 2020). Incirdeki toksisiteleri ve
sikliklart nedeniyle, bir¢ok iilke tiiketicilerin
sagligini korumak amaciyla mikotoksinler igin
diizenlemeler olusturmustur (Trucksess ve Scott,
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2008). Bu toksin bilesikleri i¢in limitler,
mikotoksin tiirlinlin yani sira iilkeler arasinda da

degisebilmektedir. Yasal sinirin  {izerinde
aflatoksin  veya okratoksinlerle kirlenmis
incirler, bu  mikotoksinlerin  kanserojen,

mutajenik ve teratojenik olma potansiyeline
sahip olmasi1 nedeniyle mevcut haliyle
tiketilememektedir (Abrunhosa ve ark., 2016).
Uluslararas1 Kanser Arastirma Ajansi (IARC),
mevcut bilimsel kanitlara dayanarak
mikotoksinlerin kanserojenligini bes grupta
(Grup 1, 2A, 2B, 3 ve 4) siniflandirmistir (IARC,
2006; IARC, 2016). Aflatoksin B; (AFLB:),
Grup 1 kanserojen olarak siniflandirilirken OTA

Grup 2B olas1  kanserojenler  olarak
siniflandirilmistir (Ostry ve ark., 2017).

Uluslararasi Kuruyemis ve Kuru Meyve
Konseyi'nin (INC) yaymladigi 2019/2020

istatistiksel incelemesine gore Tiirkiye, yaklasik
90.000 ton iiretimle kiiresel kuru incir talebinin
%55'inden fazlasini karsilamaktadir ve kuru
incirin  ana  ireticilerinden  biri  olarak
bilinmektedir (INC, 2021). Bu toksik bilesiklerin
miktarin1  tespit  edilmesi  biiyilk Onem
tasimaktadir.

Bu calisma, iilkemizde gerek sagliga yarari
gerekse ihracati ile ekonomiye katkisi bakimiyla
onemli yere sahip olan kuru incirin, aflatoksin,
okrotoksin ve kalite parametrelerini incelemek
amaciyla ele alinmistir. Bu kapsamda Adana
ilinin farkli satis noktalarindan alinmis kuru incir
orneklerinin, AFLB;, toplam aflatoksin
(AFLB:1+ AFLB,+AFLG1+AFLG,) ve OTA gibi
mikotoksin  analizleri  yapilarak  toksik
ozelliklerinin belirlenmesinin yani1 sira genel
bilesimlerinin  ve  biyoaktif  dzellikleri
saptanmasi amaglanmistir.

Materyal-Yontem

Materyal

Caligmamizda kullanilan toplam 21 adet kuru
incir Ornegi, Adana ilindeki toptan/perakende
satis noktalarindan, “Gida Maddelerinde
Mikotoksinlerin Seviyesinin Resmi Kontrolii
Icin Numune Alma, Numune Hazirlama ve
Analiz Metodu Kriterleri Tebligi (Teblig
N0:2007/21)” esas alinarak tesadiifi drnekleme
yontemine gore almmustir. Ornekler alfabeye
gore adlandirilmistir. Temmuz-Agustos
aylarinda 2021 yil1 mahsulii kuru incirler orijinal

tiriin ambalajli ve dokme olarak en az 500 g
olacak sekilde satis noktalarindan satin
almmistir. Bekleme siiresince soguk ve 1s1ksiz
ortamda muhafaza edilmistir.

Kimyasallar

PBS (fosfat tamponlu tuz ¢ozeltisi), metanol
(HPLC saflikta), sodyum hidroksit, potasyum
bromiir (KBr), sodium asetat, nitrik asit etanol
(HPLC grade), asetonitril (HPLC), Folin—
Ciocalteu reaktifi, formik asit Merck'ten
(Darmstat, Almanya); seker standartlan (glikoz,
fruktoz, laktoz, sakaroz) Sigma-Aldrich
Chemical Co. (St. Louis, ABD) temin edilmistir.
DPPH (2,2-difenil-1-pikrilhidrazil), ABTS [2,2-
azinobis-(3-etil-benzotiazolin-6-siilfonik  asit)]
ve Trolox ((+/-)-6-hidroksi-2,5, 7,8-tetrametil-
kroman-2-karboksilik  asit), Sigma-Aldrich
Chemical Co. (St. Louis, ABD) ve etanol Riedel
de Haen Co. (Seelze, Almanya) firmalarindan
temin edilmistir. Aflatoksin standardi (Trilogy-
2.6 pg/mL), Okratoksin standardi (Trilogy—10
pg/mL) kullanilmistir. HPLC'de mobil fazlarin
hazirlanmasinda ultra saf su kullanilmistir.
Standart ¢ozeltiler ve diger hassas ¢ozeltiler
giinliik olarak hazirlanmistir.

Yontem

Fenolik bilesiklerin ekstraksiyonu

Kuru incirlerden 5 gram 6rnek alinarak iizerine
20 ml metanol/su (80/20) ilave edilmis ve 25 °C
sabit sicaklikta, 60 dakika siireyle karigtirilarak
ekstraksiyon islemi gerceklestirilmistir. Bu siire
sonunda elde edilen ekstrakt 5500 rpm’de 15
dakika 4°C’de santrifij (Hettich Universal
320R) edilmis ve iistteki berrak kisim alinip 0.45
um’lik mebran filtrelerden (Whatman Inc.,
Clinton, NJ, ABD) siiziilerek antioksidan
kapasite ve fenolik madde analizleri yapilmistir
(Kelebek ve ark. 2009).

Antioksidan aktivite tayini

Kuru incirleri antioksidan aktivite DPPH ve
ABTS olmak tizere iki farkli yoOntemle
belirlenmistir.  Serbest radikalleri dnleme
yetenegini 6lgebilen DPPH (2,2, difenil 1-pikri
hidrazil) reaktifi kullanilarak ve metanol
igerisinde ger¢eklesen reaksiyonun zamana karsi
degisiminin 515 nm’de UV-Vis (Agilent —Cary
60) spektrofotometredeki Olgiim sonuglarina
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gore yapilmistir (Brand-Williams ve ark., 1995;
Kelebek ve ark., 2009). ABTS yontemi Kelebek
ve ark., (2017)’nin yéntemine gore yapilmstir.
Bu y6ntem i¢in 7 mM ABTS (2,2'-Azino-bis 3-
ethylbenzothiazoline-6-sulfonic asit) 2.45 mM
potasyumbisiilfat ile karistirilarak karanlik
ortamda 12-16 saat bekletilmis ve daha sonra bu
sollisyon sodyum asetat (pH 4.5) tamponu ile
UV-VIS spektrofotometrede 734 nm dalga
boyunda 0.700+0.01 absorbans verecek sekilde
seyreltilmigtir. Daha sonra 20 pl kuru incir
ekstraktlarina 2.98 ml hazirlanan tampon
karistirilarak spektrofotometrede 734 nm dalga
boyunda absorbans Olgiilmiistiir. Elde edilen
absorbans degerleri Trolox (10-100 pmol/L)
standart egim ¢izelgesi ile hesaplanarak sonuglar
mmol/L trolox cinsinden ifade edilmistir.

Toplam fenolik madde tayini

Toplam fenolik madde analizi, Shahidi (2015)’in
uyguladigi  yontemde bazi  degisiklikler
yapilarak gergeklestirilmigtir. 20 ml ekstrakt
iizerine Folin-Ciocalteu reaktifi ilave edilmis 3
dakika bekletilerek tizerine 1 ml %20’lik
sodyum karbonat ¢ozeltisi eklenmistir ve daha

sontra 09 ml distile su eklenmis ve
karistirtlmistir. 1 saat oda  kosullarinda
karanlikta bekletilen karisim uv

spektrofotometre (Agilent Carry 60) kullanilarak
765 nm’de absorbans degerleri Olclilmiistiir.
Elde edilen absorbans degerleri gallik asit
(31,25-500 ppm) standart egrisi ile olusturulan
kalibrasyon egrisi kullanilarak hesaplanmig ve
sonuclar mg gallik asit esdegerleri (GAE)/100
gram kuru madde cinsinden ifade edilmistir.

Seker Tayini

Kuru incirde seker analizleri igin, 4 g ornek
alinip tizerine 20 ml 5 mM’lik siilfiirik asit
¢Ozeltisi (mobil faz) eklenerek 60 dakika
stiresince ekstraksiyon yapilmistir. Bu siire
sonunda elde edilen ekstrakt 6500 devir/ 20
dakikada 4°C’de santrifiij (Hettich Universal
320R) edilmis ve 0.45 pm’lik mebran
filtrelerden gegirilerek siiziilmiistiir (Lee ve
Coates, 2000). Shimadzu Prominence-i LC-
2030C enjekte edilerek orneklerdeki seker
miktarlar1 belirlenmistir. Caligmada, Aminex
HPX-87H (300 x 7.8 mm) (Bio-Rad, California,
USA) kolon ve tasiyici faz olarak 5 mM’lik

stilfiirik asit ¢ozeltisi kullanilmigtir ve bu fazin
akis hiz1 0.5 ml/dakika olarak ve izokritik
sistemle saglanmustir. Bilesiklerinin
miktarlarinin  saptanmas1 amaciyla, her bir
standart madde i¢in bes farkli konsantrasyonda
cozelti hazirlanmistir ve cihaza enjekte edilerek
her bir bilesik i¢in kalibrasyon egrileri
olusturulmus ve bu egrilerden de bilesiklerin
miktarlar1  saptanmistir.  Orneklerdeki  seker
konsantrasyonlarinin  belirlenmesi  refraktif
indeks dedektorii (RID) kullanilarak dis standart
yontemiyle gerceklestirilmistir.

Aflatoksin B:; (AFLB;) toplam aflatoksin
(AFLB:1+ AFLBy+ AFLG:1+ AFLG) tayini
Ornek hazirlama

Kuru incir orneklerinin analizi i¢in AOAC
Resmi Yontemi 999.07 (Stroka ve ark., 2000)
kullanilmistir. 50 gram numune iizerine 300 ml
metanol:su (240:60) ve 5 g NaCl ilave edilmistir
ve bir Waring blender kullanilarak 3 dakika
siireyle karistirilmigtir,

Ekstrakt kaba filtre kagidindan gecirilmis ve
stiziintliden 10 ml alinarak iizerine 60 ml PBS
ilave edilmis ve iyice karistirllarak numune
seyreltilmistir. Seyreltilmis ekstraktinin tamami
immuni affinite kolonundan (Aokin AG, Berlin,
Almanya) 1-2 damla/saniye akis hizinda
gecirilmistir. Kolon 20 ml (2 x 10 ml) su ile
yikanmigtir. Kolondan 1-2 damla/saniye hizla
0.5 ml metanol (HPLC Grade) gegirilmistir ve 1
dakika beklendikten sonra 0.75 ml metanol
eklenmistir. Son olarak kolona 1.75 ultra saf su
eklenerek  tamaminin  kolondan  ge¢mesi
saglanmistir. Siziintii, kiiciik viale alinmis ve
HPLC cihazina enjeksiyonu yapilmistir.

Kromatografik analiz

Kromatografik analiz, floresans dedektoriine
(HPLC-FLD) baglanmis bir Shimadzu (Tokyo,
Japonya) yiiksek performanslh S1v1
kromatografisi ile gerceklestirilmistir. Kolon
firminin sicakligi 25 °C'de tutulmustur ve mobil
faz olarak distile su-asetonitril-metanol (600
/200 /300 v/v/v) karigimi  kullanilmugtir.
Cozeltinin 1  litresine  elektrokimyasal
tirevlendirme i¢in 120 mg KBr ve 350 pl 4 mol
HNO; ilave edilmistir. Izokritik bir eliisyon
programi ile 1 ml/dk akis hizi kullanilmistir.
Floresan detektorii, uyarilma ve emisyon igin
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sirastyla 360 ve 440 nm dalga boylarina
ayarlanmistir. Enjeksiyon hacmi 100 pl olarak
ayarlanmis ve ODS-3 C18 (250 x 4,6 mm)
kolonu kullanilmistir. Analiz siiresi 20 dakika
olarak belirlenmistir. Numunelerin cihaza
enjeksiyonundan 6nce kalibrasyon egrisi,
hazirlamis oldugumuz standart soliisyonu
kullanarak kontrol edilmis ve her bir numuneden
100 pl  enjeksiyon yapilarak  analizler
yluritilmistiir.

Aflatoksin B; (AFLB:) toplam aflatoksin
(AFLB1+ AFLB2t+ AFLG:+ AFLG;) Tayin
Limiti ve Ol¢iim Limiti

Tayin limiti (LOD) ve o6l¢iim limiti (LOQ)
calismast icin kontrol oOrnegine 0.5 ppb

Tablo 1. Aflatoksin tayin ve dl¢iim limitleri

diizeyinde AFLBi, G; ve 0.125 ppb AFLB,,
AFLG; standardi eklenerek 10 adet geri alma
calismast yapilmistir. LOD ve LOQ, geri
kazanim deneylerinin verilerine dayanarak
1SO11843 bolim 2'ye gore
hesaplanmistir. LOD'ler, kontrol 6rneginin 10
tekrarli analizinin standart sapmasinin (SD) ti¢
kati olarak (3 x SD), LOQ'lar karsilik gelen
SD'nin 10 kat1 (10 x SD) olarak, tayin limitleri
(LOD) ise sirasiyla, AFLB; 0.15 ppb, AFLB:
0.03 ppb, AFLG; 0.11 ppb ve AFLG; 0.04 ppb
olarak hesaplanmistir. Ayni sekilde Ol¢iim
limitleri (LOQ), AFLB; i¢in 0.5 ppb, AFLBzig¢in
0.11 ppb, AFLG; igin 0.35 ppb ve AFLG; igin
0.13 ppb olarak belirlenmigtir. HPLC cihazinda
aflatoksin tayin ve Ol¢im limitleri Tablo 1 ’de
verilmistir.

Sira AFLB: AFLB:2 AFLG: AFLG:
(0.5ppb)  (0.125ppb) (0.5 ppb)  (0.125 ppb)
1 0.36 0.10 0.38 0.11
2 0.40 0.11 0.43 0.12
3 0.40 0.11 0.42 0.11
4 0.38 0.10 0.42 0.11
5 0.41 0.11 0.39 0.11
6 0.46 0.13 0.45 0.11
7 0.49 0.11 0.47 0.11
8 0.49 0.12 0.47 0.12
9 0.47 0.13 0.48 0.15
10 0.47 0.13 0.46 0.12
Ort 0.43 0.11 0.44 0.12
S.Sapma 0.05 0.01 0.04 0.01
3xS.Sapma 0.15 0.03 0.11 0.04
10xS.Sapma 0.50 0.11 0.35 0.13
LOD 0.15 0.03 0.11 0.04
LOQ(Hesaplanan)  0.50 0.11 0.35 0,13

Lineer Olglim aralifini belirlemek amaciyla;
AFLB; standartlar1 0.25 ppb, 0.5 ppb, 1 ppb, 2
ppb, 4 ppb ve 8 ppb konsantrasyon diizeylerinde
olmak lizere 6 farkli konsantrasyonda
hazirlanarak Agilent 1100 HPLC cihazina iig
tekrarli olacak sekilde enjekte edilmis ve
kalibrasyon grafigi cizilmistir. Geri kazanim
caligmalarinda kontrol Ornegine maksimum
kalint1 limiti (MRL) olan 10 ppb diizeyinde
AFLB:, AFLG: ve 2.5 ppb AFLB; AFLG;
standard1 eklenerek okumalar yapilmistir. Geri
kazanim degerleri, AFLB:1 i¢in 9.2 pg/kg,
AFLB:; i¢in 2.25 ug/kg, AFLG: i¢in 8.9 ug/kg,

AFLG:; icin 2.26 pg/kg olarak belirlenmistir ve
bu degerler Tablo 2°de verilmistir.
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Tablo 2. Geri kazanim c¢alismalarinda AFLB;, AFLB,, AFLG;1, AFLG; oranlari

Aflatoksin  Eklenen Toksin Miktar1i HPLC Geri Kazanmim Degeri Aflatoksin Geri Kazamim Degeri
(ng/kg) (ng/kg) (%0)

AFLB:1 10 9.2 92

AFLB:> 25 2.25 90

AFLG: 10 8.9 89

AFLG> 2.5 2.26 91

Okratoksin A (OTA) Analizi

Ornek hazirlama

Kuru incir orneklerinin analizi i¢in, AOAC
Official Method 2000.03 metodu uygulanmustir.
25 gram numune iizerine 150 ml asetonitril:su
(90:60) ilave edilmistir ve bir waring blenderi
kullanilarak 3 dakika siireyle karigtirilmistir.
Ekstrakt kaba filtre kagidindan gegirilmistir.
Siiziintiiden 4 ml alinarak iizerine 44 ml PBS
ilave edilmis ve iyice karistirilarak numune
seyreltilmistir. Seyreltilmig ekstraktinin tamami
immuni affinite kolonundan (PriboMIP™, Cin)
5 ml/dk akis hizinda gecirilmistir. Kolon 10 ml
(2 x 10 ml) su ile yikanmisg ve ardindan. 1-2
damla/saniye hizla 1 ml metanol (HPLC Grade)
gecirilmistir. Son olarak kolona 1 ml ultra saf su
eklenerek  tamammin  kolondan  gegmesi
saglanmistir. Siizlintli kiigiik viale alinmig ve
HPLC cihazina enjekte edilmistir.

Kromatografik analiz

Kromatografik analiz, floresans dedektoriine
(HPLC-FLD) baglanmis bir Shimadzu (Tokyo,
Japonya) yiiksek performansl S1v1
kromatografisi ile gerceklestirilmistir. Kolon
firminin sicakligr 40 °C'de ayarlanmis ve mobil
faz olarak su-asetonitril- asetik asit (510 /480 /10
v/v/v) karistmi  kullanilmustir.  Izokritik  bir
elisyon programi ile 1 ml/dk akis hizi
kullanilmigtir. Floresan detektdrii, uyarilma ve
emisyon igin sirasityla 333 ve 443 nm dalga
boylarma ayarlanmistir. HPLC  sistemine

enjeksiyon hacmi 100 pl olarak belirlenmis ve
ODS-3 C18 (250 x 4,6 mm) kolonu
kullanilmistir. Calistirma siiresi 20 dakika olarak
belirlenmistir. Numunelerin cihaza
enjeksiyonundan Once kalibrasyon egrisi
hazirlamis oldugumuz standart soliisyonu
kullanarak kontrol edilmis ve her bir numuneden
100 ul enjeksiyon yapilarak analizler
yiiritilmistiir.

Okratoksin A Tayin Limiti ve Ol¢iim Limiti
Tayin limiti (LOD) ve o6l¢iim limiti (LOQ)
caligmasi i¢in kontrol 6rnegine 1ppb diizeyinde
OTA standardi eklenerek 10 adet geri alma
calismast yapilmistir. LOD ve LOQ, geri
kazanim deneylerinin verilerine dayanarak
ISO11843 bolim 2'ye gore hesaplanmustir.
LOD'ler, kontrol 6rneginin 10 tekrarli analizinin
standart sapmasinin (SD) {i¢ kat1 olarak h (3 x
SD), LOQ'lar karsilik gelen SD'nin 10 kat1 (10 x
SD) olarak ve Tayin limitleri (LOD) 0.14 ppb,
Olciim limitleri (LOQ) 0.48 ppb olarak
belirlenmistir. HPLC analizinde OTA tayin ve
Ol¢lim limitleri Tablo 3.’te verilmistir. Lineer
Olgtim araligim belirlemek amaciyla; OTA
standartlar1 0.25 ppb, 0.5 ppb, 1 ppb, 3 ppb, 5
ppb ve 10 ppb konsantrasyon diizeylerinde
olmak tizere 6 farkli konsantrasyonda
hazirlanarak Shimadzu HPLC cihazina her biri
t¢ tekrarli olacak sekilde enjekte edilmis ve
kalibrasyon grafigi ¢izilmistir.
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Tablo 3. OTA tayin limiti ve 6l¢tim limiti ¢aligsmasi

Sira 1 ppb
1 0.87

2 0.94

3 0.9

4 0.84

5 0.95

6 0.93

7 0.93

8 0.92

9 0.95
10 1.02
Ort 0.9250
S.Sapma 0.0488
LOD=3xS.Sapma 0.1465
LOQ=10xS.Sapma 0.4882
LOD 0.1465
LOQ (hesaplanan) 0.4882

Geri kazanim c¢alismalar1t i¢in Tiirk Gida
Kodeksi Bulasanlar Yonetmeliginde OTA’nin
kuru incir igin belirlenmis limiti
bulunmamaktadir. Ancak kurutulmus asma
meyveleri i¢in belirlenmis olan limit 10 pg/kg
degeri kriter olarak kabul edilirse, 10 pg/kg
diizeyinde okratoksin standardi kontrol 6rnegine
eklenerek okuma yapilmistir. Geri kazanim
degeri; 9.7 pg/kg saptanmis ve geri kazanim
yiizdesi %97 olarak hesaplanmaistir.

Istatistiksel Analizler

Caligma kapsaminda incelenen kuru incir
orneklerinin analiz sonuglar1 SPSS 22 paket
programi (SPSS Inc., Chicago, Illinois, USA)
kullanilarak %95 giiven seviyesinde (p<0.05)
varyans analizine tabi tutulmustur ve Duncan
coklu karsilagtirma testine gore, 6nemli bulunan
farkliliklar incelenmistir. Ayrica, XL-STAT
2019 (Addinsoft, Newyork City, NY, USA)
paket programi kullanilarak verilere temel
bilesen analizleri uygulanmistir.

Bulgular ve Tartisma

Kuru incirlerin antioksidan aktivitesi
toplam fenolik madde icerigi

Adana ilinde satis noktalarindan alinan 21 farkl
kuru incir Orneginin antioksidan kapasitesi
ABTS ve DPPH olmak iizere iki farkli yontemle
belirlenmis ve Tablo 4’de verilmistir. Kuru incir
ornekleri  arasinda  antioksidan  icerigi
bakimindan istatistiksel yonden énemli (p<<0.05)
farkliliklarin oldugu belirlenmistir. DPPH ve
ABTS yontemlerinde sirasiyla antioksidan
kapasite en yiiksek T Orneginde 546.7 umol
trolox/100 g kuru madde, 1367.0 pmol
trolox/100 g kuru madde ve en disik C
orneginde 296.2 pmol trolox/100 g kuru madde,
675.7 umol trolox/100 g olarak saptanmistir.
Tablo 4’te goriildigi gibi ABTS yonteminde
sonuclar daha yiiksek degerlerde c¢ikmistir,
yapilan aragtirmalarda bunun sebebinin, ABTS
yonteminde  incirin  ig¢erdigi  hidrofilik
antioksidan Dbilesiklerin daha iyi absorbans
vermesinden  kaynaklandigi  belirtilmektedir
(Cano ve ark., 2002; Opitz ve ark., 2014). Daha
once yapilan ¢aligmalara gore incirin antioksidan
kapasitesi fitokimyasal bilesik miktariyla yiiksek
oranda iliskili oldugu saptanmistir (Ammar ve
ark., 2015; Caliskan ve Polat, 2011; Faleh ve
ark., 2012; Ouchemoukh ve ark., 2012).
Kamiloglu ve Capanoglu (2015), yaptiklar
calismada kuru incirlerin DPPH yontemine gore
antioksidan kapasitelerini 222-739 mg troloks
/100 g kuru madde arasinda oldugunu
saptamislardir.

ve
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Tablo 4. Orneklerin toplam fenolik madde, antioksidan aktivite sonuglari

Ornek Kodu DPPH™ ABTS** Toplam Fenolik Madde***
A 339.4 + 1.86bd 714.9 + 5.1330¢ 153.5 +1.22b¢
B 393.5 + 4.33¢foh 817.0 = 4.95¢f0 1743 + 1.61¢m
C 296.2 +(.35% 675.7+0.182 131.6 £ 2.402
D 372.7 + 1.77%f0 802.3 +0.71¢%f 171.3 +3.17¢%
E 460.8 +1.94 928.7 +0.71M 209.3 +3.12

F 400.4 + 1.86%M 842.9 +2.65f 176.7 + 2.248m
G 368.6 % 0.00%f0 769.1 + 2.56% 166.0 + 1.019cfg
H 408.5+ 4.60¢2h 856.2 = 0.091 179.3 + 1.80M

I 324.7+ 1.86%¢ 695.3 £ 1.15% 150.8 + 0.42b¢
J 355.7+2.470d 759.3 +2.56% 157.2 +2.(7bede
K 308.3+ 5.83% 686.8 = 0.442 147.8 + 1.40b
L 485.9+2.03K 1259.0 £ 0.351 258.4 +1.50'
M 438.4+ 6.04 874.6 + 3.459 206.0 +2.11i

N 361.8+ 0.710cdf 762.8 + 0.09° 160.3 + 1.19¢def
O 463.8 + 1.06% 981.0 +0.18: 245.4 +().62K
P 521.0£0.53'm 1265.1 +0.531 256.6 +2.81!
R 343.1+0.53bcd 743.8 + 1.41bcd 156.1 & 2.20bcd
S 372.1+ 0.27%f 800.4 + 2.83¢%f 167.2 & 1.40¢%9
T 546.7+2.65™ 1367.0 +3.71% 269.6 +0.10M
u 423.6% 1.15M 861.8 +0.62 184.6 +1.91!
\ 372.4+ 0.00°%fg 801.8 = 1.50¢%f 169.8 = 1.59fah

@

M Ayni stitundaki farkli tistel harfler 6rnekler arasinda 6nemli fark oldugunu gostermektedir (p<0.05). **upmol

trolox/100g kuru madde. *** mg GAE /100 g kuru madde

Kuru incirin fenolik asitler, flavonoidler ve
karotenoidler agisindan zengin bir kaynak
oldugu ve insan sagligi iizerine olumlu faydalari
yapilan bir¢ok ¢alismada rapor edilmistir (Chang
ve ark., 2016; Sandhu ve ark., 2023). Yapilan
toplam fenolik madde analizinde en yiiksek
icerik T 6rneginde 269,6 mg GAE/100 g kuru
madde ve en diisik C Orneginde 131,6 mg
GAE/100 g kuru madde olarak saptanmustir.
Antioksidan kapasite analizinde DPPH ve ABTS
yontemleriyle sonuglanan en yiiksek T ve en
diisiik kapasite C orneginde tespit edilmistir.
Yapilan bazi calismalarda kuru incir
ekstraktlarinin toplam fenolik madde igerigini
399.49 mg GAE/100 g kuru agirlik (Bey ve ark.,
2013), 756.6 mg GAE/100 g kuru agirlik (Debib
ve ark., 2014) ve 45,24 mg GAE/100 g kuru
agirlik (Hoxha ve ark.,, 2015) 644,11 mg
GAE/100 g kuru agirlik (Bey ve Louaileche,
2015) olarak tespit etmislerdir. Literatiirde
yapilan c¢aligmalarda, kuru incirlerin toplam
fenolik madde miktar1 géz Oniine alindiginda,

calisgmamizda elde edilen sonuclarla benzer
oldugu goriilmektedir.

Seker bilesimi

Kuru incirlerde sakkaroz, glikoz ve fruktoz
bilesikleri belirlenmistir. Kuru incirlerde baskin
sekerin glikoz oldugu tespit edilmis ve
belirlenen sakkaroz, glikoz, fruktoz ve toplam
seker miktarlar1 arasinda istatiksel olarak (p
<0.05) 6nemli farklar saptanmistir. Orneklerde
glikoz ve fruktoz baskin olup G/F oraninin
yaklasik 1.5 dolayinda oldugu belirlenmistir.
Tablo 5’te goriildiigii gibi 21 adet kuru incir
orneginin glikoz ve sakkaroz miktarlar1 en diigiik
N 6rneginde saptanmis olup sirasiyla bu degerler
378.21 g/kg kuru madde ve 248.94 g/kg kuru
madde olarak saptanmistir. Ayrica en diisiik
fruktoz miktarinin T 6rneginde oldugu tespit
edilmistir. En yiiksek toplam seker miktar1 K
ornegine ait olup, K drneginin igerdigi toplam
seker miktar1 863.44 g/kg kuru madde olarak
belirlenmistir. En diisiik seker igerigine sahip N
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ormeginin seker icerigi ise 658.63 g/kg kuru
madde olarak saptanmustir.

Tablo 5. Kuru incir 6érneklerinin gseker bilegimi

Ornek Sakkaroz Glikoz Fruktoz Toplam Seker
A 27.66 + 0.19bcde 438.70 + 5.43bcd 298.85+£0.519" 765.21 + 6.12¢%
B 28.27 £ 0.01bcde 433.91 + 0.6320cd 293.58 + 0.52¢fen 755.76 + 1.16%¢d
c 27.77 +0.22bcd 422.12 + 0.00%¢ 294.18 + 0.00Pcdefg 744.06 + 0.2280cd
D 29.73 + 0.060cde 462.82 + 0.082bcd 319.82 £0.07" 813.24 + 0.54¢%
E 32.76 +0.30% 415.89 +0.23% 278.18 + 0.1 50bcde 726.83 + (0.373b¢
F 25.41 +0.398c 407.65 + 0.00%¢ 297.19 + 0.07¢7h 730.26 + (0.323bcd
G 25.78 + 0.25%¢ 402.9 +£2.65%® 273.38 +0.] gabedef 702.05 + 2.582
H 29.46 +0.28¢de 400.38 + 0.36%¢ 267.84 + (.2720cdef 697.68 + 0.3520cd
I 25.30+ 0.272¢ 434.46 + 3.13%c 284.46 + 3.57%fh 74422 + 6.44b%¢
J 26.27 +0.15%¢ 406.52 + (0.28%¢ 279.46 + 0.062bcdefg 712.25 +0.18%cd
K 27.59 + (.38bede 495.67 +1.81f 340.17 + 1.43! 863.44 +3.63f
L 31.57 + 0.25%f 397.32 + 4.,052bcd 289.04 + 1.30f¢h 717.93 +5.11bcd
M 31.59 & 0.09¢f 445.7 +3.17¢ 284.80 + 4.08cdefan 762.09 + 7.15¢e
N 19.79 £0.222 37821 +1.65° 260.64 + 0.36%¢ 658.63 +2.232
0 20.36 + 0.67% 393.97 + 0.8482bc 253.36 + 0.49% 667.70 + 0.66%
P 27.81 4 0.932¢ 398.33 +(.72% 264.59 + (0.38%¢ 690.73 +0.182
R 28.3 £ (0.]92bed 425.92 + (0.63%c¢ 282.39 +(, ] gabedef 736.61 + (0.632¢d
S 28.07 0,172 422.17 + 0.20%¢ 274.08 £ 0.043bcde 724.32 + (.00
T 24.87 +£0.113%¢ 391.2 +0.002 248.94 + (.00 665.01 £0.11%
u 36.49 +0.22f 479.57 +2.13¢ 336.56 + 1.23 852.63 + 3.58¢f
\Y, 31.16 + 0.]12bcde 429.56 + (.41 272.83 + (.25a0cdef 733.54 + 0.043bcd

&1 Ayni stitundaki farkli iistel harfler 6rnekler arasinda 6nemli bir fark oldugunu gostermektedir (p<0.05). *g/kg

kuru madde

Aflatoksin  B: (AFLB;) ve Toplam

Aflatoksin Miktarlar:

Kuru incirlerin  islenmesi, depolanmasi gdzlenmemektedir (Avrupa Gida Giivenligi

sirasindaki sicaklik ve nem kosullari, toksijenik
kiiflerin gogalmasina ve daha fazla mikotoksin
iiretmelerine sebep olmaktadir. Mikotoksinler,
kuru incirlerde hem hasat 6ncesi hem de hasat
sonrast donemde olusabilecek en tehlikeli
bilesiklerdir ve en sik bulunan mikotoksinler
aflatoksinler ve OTA'dir (Bircan, 2009; Drusch
ve Aumann 2005). Aflatoksinler, toksijenik
Aspergillus tiirlerinden, 6zellikle A. flavus ve A.
parasiticus tarafindan iretilen spesifik bir
mikotoksin grubudur. Cesitli aflatoksin tiirleri
bilinmektedir, ancak sadece AFLB:, AFLB,,
AFLG; ve AFLG; dogada dogal olarak olusan
formlardir. Bunlar arasinda AFLB; gida
iiriinlerinde en belirgin olamdir ve diger {i¢
alfatoksin tiiri AFLB:'in yoklugunda genellikle

Otoritesi EFSA 2018). Kanserojen, bagisiklik
sistemini baskilayici, genotoksik ve
mutajeniktirler (Khan ve ark., 2021). Insanlarin
alfatoksinlerle maruz kalmasinin zararli saglik
etkileri, bu toksinlerle kirlenmis tarim
iirlinlerinin tiiketilmesiyle iligkili 6nemli halk
saglhgr risklerini olusturmakta ve insanlarin
Oliimiine neden olabilmektedir. Aflatoksinler
hem insan saghigi hem de tarimsal kayiplar
acisindan biiyiik 6nem tagimaktadir. Birgok {ilke
ve uluslararast kurulus farkli gidalar i¢in
aflatoksinlerin maksimum seviyelerini
belirlemektedir. Tiirkiyemin mikotoksinlere
iligkin ulusal mevzuatt AB mevzuati ile uyumlu
hale getirilmistir (Kabak, 2021).
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Caligmamiz kapsaminda piyasadan saglanan
kuru incirlerde yapilan degerlendirmeler
sonucunda, elde edilen sonuclarin %90,5 orani
Tiirk Gida Kodeksi Bulasanlar Yonetmeliginde
yer alan kuru incirlerde AFLB; ve toplam
aflatoksin  (AFLB1+AFLB2+AFLG:+AFLGy)
limitleri olan 8-10 pg/kg limitini agmadigi
(05 Kasim 2023 tarihli ve 32360 sayili resmi
gazete ‘de yaymnlanan "Tiirk Gida Kodeksi
Bulasanlar Yonetmeligi’nde " 2025 yilinda bu
limit 6-10 pg/kg olarak belirlenmistir) ve ilgili
yonetmelige uygunlugu tespit edilmistir. Analiz
yapilan numunelerin  %9,5’inin ise LOQ
seviyesini astig1 ve sonuglarin geri kazanimlara
gore hesaplanmasiyla gida giivenligi agisindan

tiketim limitlerine uymadig1 ve risk olusturma
potansiyelinin oldugu goriilmiistiir.

Tablo 6’da goriildiigii gibi LOQ seviyesini asan
numunelerden P numunesinin AFLB: degeri
15.6 ng/kg, T numunesinin AFLB; degeri 909.75
png/kg olarak tespit edilmis ve ilgili limitlere
uygunsuzlugu saptanmistir. Toplam aflatoksin
degerleri incelendiginde, Tirk Gida Kodeksi
Bulasanlar Yonetmeliginde belirtilen limitlere
gore P numunesinin maksimum limitten 2 kat
fazla, T numunesinin ise yaklasik 100 kat fazla
toksin igerdigi saptanmistir. Elde edilen
kromatogramlar Sekil 1°de verilmistir. Ayrica
Tablo 6’da numunelerde tespit edilen ve dlgiim
limitini agmis P ve T Orneklerinin aflatoksin
sonuglar1 verilmistir.

10415
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Sekil 1. AFLB; analizi kromatogramlarinin karsilagtirtlmasi (1. T 6rnegi, 2. 1 ppb AFLB; standardi,

3. Kontrol 6rnegi)

Orneklerin AFLB; ve toplam aflatoksin degerleri
sirastyla P Ornegi icin AFLB; 16.95 pg/kg,
AFLB; 1.01 ng/kg, AFLG: 14.2 pg/kg, AFLG:
0.6 ug/kg, toplam aflatoksin 32.83 pg/kg ve T
ornegi i¢in AFLB1909.75 ng/kg, AFLB2 10.53
ug/kg, AFLG: 242.6 ug/kg, AFLG, 0.91 png/kg
ve toplam aflatoksin 1163.8 pg/kg olarak
belirlenmistir (Tablo 6).

Kuru incirlerde aflatoksinlerin varligia iliskin
bircok calisma yapilmistir. Brezilya'da 19 kuru
incir Ornegi lizerinde yapilan bir ¢alismada,
dokuz 6rnekte 0.3-2 pg/kg ve bir 6rnekte 1500
ug’kg araliginda AFLB: tespit edilmistir

(lamanaka ve ark., 2007). Senyuva ve ark.,
(2007), 2003-2006 yillar1 arasinda ihracata
yonelik olarak toplanan kuru incir 6rneklerinde
aflatoksinleri arastirmis ve orneklerin %2.5'inin
ve %3.35'inin AFLB; ve toplam aflatoksin
acisindan sirasiyla 2 ve 4 pg/kg sinirini agtigini
bildirmistir.
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Tablo 6. Kuru incir érneklerinde HPLC yontemi ile aflatoksin bulgulart

Ornek P T

AFLB; (ng/kg) 1695 £3.65 909.75+191.04
AFLB: (ng/kg) 1.01 £0.23 10.53 £2.42
AFLG: (ug/kg) 142 +3.85 242.6 £65.5
AFLG2 (ng/kg) 0.6 £0.23 0.91 £0.35

Toplam Aflatoksin (ug/kg)

32.83 +£5.25

1163.8 +201.98

T
4

Sekil 2. P ve T 6rnegine ait aflatoksin kromatogrami

Okratoksin A (OTA) Tayini

Okratoksin A (OTA), esas olarak 1liman
iklimlerdeki Penicillium verrucosum ve sicak ve
tropik  tlkelerdeki Aspergillus  ochraceus ve
Aspergillus carbonarius tarafindan iretilen ve
hasattan 6nce veya depolama sirasinda tarim
tiriinlerini kirletebilen bir bobrek toksini olarak
bilinmektedir ve miktarinin tespit edilmesi kuru
incirlerin ihracati igin olduk¢a o6nemlidir. Bu
bilesigin Balkan Endemik Nefropatisi olarak
adlandirilan 6liimciil insan bobrek hastaligiyla
ve {st lriner sistemdeki tliimdrlerin goriilme
sikliginda artigla iligkilendirilmistir (EFSA,
2006).

Piyasadan toplanan kuru incir numunelerinin,
OTA miktarlar1 degerlendirildiginde elde edilen
sonuglarin  %76.2 oraninda LOQ seviyesini

asmadigi ve bu numunelerin gida giivenligi
acisindan risk teskil etmedigi tespit edilmistir.
Tiirk Gida Kodeksi Bulasanlar Yonetmeliginde
OTA’nin kuru incir igin belirlenmis herhangi bir
limiti bulunmamaktadir. Bu sebeple kuru incirin
OTA analiz sonuglarinin yorumlanabilmesi i¢in
5 Agustos 2022 tarihli Komisyon Yonetmeligi
(AB) 2022/1370 kuru incir meyvelerine
belirlenmis limit olan 8 pg/kg degeri kriter
olarak kabul edilmistir. Bu kritik degere gore T
numunesi ilgili limiti yaklasgik 18 kat, B
numunesi ilgili limiti 13 kat ve V numunesi ilgili
limiti yaklasik 6 kat astigi saptanmistir. Tirk
Gida Kodeksi Bulasanlar Yonetmeliginde yer
alan kuru meyvelerde OTA maksimum limiti
31.12.2024 itibariyle 10 png/kg olarak
belirlenmistir. Kromatogramlarin
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karsilagtirilmasi amaciyla kontrol 6rnek, 10 ppb
OTA standardi ve T 6rneginin kromatogramlari
Sekil 3’de verilmistir. Ayrica Tablo 7’de

uw

numunelerde tespit edilen ve Ol¢lim limitini
asmis numunelerin sonuclari verilmistir.

1250001
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0
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Sekil 3. OTA analizi kromatogramlanhm karsilastirilmasi (Siyah renk: T 6rnegi, pembe renk: 10 ppb

OTA standardi, mavi renk: Kontrol)

Orneklerin OTA degerleri sirasiyla B 6rnegi icin
109.8 ug/kg, L ornegi i¢in 3.1 pg/kg, M Ornegi
icin 8.76 ug/kg, T 6rnegi icin 154.2 pg/kg ve V
ornegi i¢in 49.6 pg/kg oldugu saptanmistir. OTA
iiretimini etkileyen en onemli faktorler sicaklik
ve su aktivitesidir. Incirlerin hasat edilmesi,
kurutulmasi, kurutma sonrasi tasinmasi ve
depolanmasi sirasinda OTA seviyeleri artig

gostermis olabilir. Daha o6nce yapilan bir
calismada, @ Ege  Bolgesinden  kurutma
asamasinda 115 6rnek alinmis ve 115 Ornegin
55'inde (%47.2) 0.12 ile 15.31 arasinda degisen
diizeyde OTA bulundugunu tespit etmislerdir
(Karbancioglu-Giiler ve Heperkan 2008).

Tablo 7. Kuru incir 6rneklerinde HPLC yontemi ile OTA bulgulari

Ornek B L

M T \Y

Okratoksin A (OTA) (ug/kg)  109.8 + 19.76¢

3.1£0.562

8.76 £1.57° 1542+£27.76° 49.6+8.92¢

&¢ Ayni satirdaki farkli iistel harfler 6rnekler arasinda 6nemli bir fark oldugunu gostermektedir (p<0.05).
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Biplot (axes F1 and F2: 78,72 %)
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Sekil 5. Kuru incirlerin antioksidan aktivite, seker ve toksin analizlerinin PCA biplotu (1(A), 2(B), 3(C), 4(D),
5(E), 6(F), 7(G), 8(H), 9(I), 10J), 11(K), 12(L), 13(M), 14(N), 15(0), 16(P), 17(R), 18(S), 19(T), 20(V),

21(V))

Kuru incir Orneklerinden elde edilen veriler
temel bilesen (PCA) analizlerine tabii
tutulmustur. Kuru incirlerin analizlerinde PCA
modeli, toplam varyansin %78,72'sini a¢iklayan
iki temel grup olusturmustur (Sekil 5. PCl
%54.64 ve PC2 toplam varyansin %24.08’ini
olusturmustur). Grafigin sag tarafi antioksidan
kapasite ve toksin analizlerini ve sol tarafi ise
seker analizlerine ait verileri igermektedir. 12
numarali L 6megi ile 19 numarali T 6rneginin
grafigimizin sag st tarafinda  gruplar
olusturmustur. Grafikten gozlemlenebilecegi
gibi L, P ve T ornekleri toksik ve antioksidan
yapili  bilesiklerle  karakterize  edilirken,
orneklerimizden A, H, K, L, M, N, U grafigin sol
st tarafinda yer alip, toplam seker ve seker
bilesenleri ile karakterize edilir. Ozellikle P ve T
ornekleri yiiksek aflatoksin ve okratoksin
igerikleri ile dikkati ¢ekmektedir.

Sonug¢

Caligmamiz kapsaminda Adana ilindeki toptan
ve perakende satis noktalarindan saglanan 21
adet kuru incirlerin seker bilesimi, antioksidan
kapasitesi (DPPH ve ABTS), toplam fenolik
madde miktari, OTA ve aflatoksin analizleri
HPLC ile yapilmistir. Kuru incir 6rneklerinin
%90.5'inin  AFLB; ve toplam aflatoksin

sonuglariin Tiirk Gida Kodeksi Bulasanlar

Yonetmeligi  limitlerine  uygun  oldugu
belirlenmistir. Analizi yapilan iki Ornekte
aflatoksin miktarlarinin  tiilketim limitlerine

uymadigma tespit edilmistir. Ozellikle P ve T
orneklerindeki AFLB; miktarlari, yasal limitlere
kiyasla onemli Olciide yiiksek oldugu, T
Orneginin ise insan sagligina toksik etki gosteren
bir numune olarak one ¢iktig1 saptanmustir. Tiirk
Gida Kodeksi Bulasanlar Yonetmeligi'nde
belirlenmis bir limit olmamasia ragmen, OTA
analizleri yapilmis ve 6rneklerin ¢ogunlugunun
belirlenen  LOQ  seviyelerini  asmadigi
belirlenmistir. Ancak, ozellikle T 6rnegi OTA
miktar1 agisindan Onemli bir risk teskil
etmektedir. Seker igerigi analizleri, Gzellikle
glikozun en baskin seker oldugunu ve T
orneginin en yiiksek toplam seker miktarina
sahip oldugunu gostermistir. Ayrica, antioksidan
kapasite ve toplam fenolik madde analizleri, T
Orneginin bu agilardan da en yiiksek degerlere
sahip oldugunu ortaya koymustur. Kuru
incirlerin iretiminden tiiketimine kadar olan
stirecte giivenilirliginin saglanmas, i¢ piyasa ve
ihracat asamalarinin sik sik denetlenmesi ve
toksin analizlerinin diizenli olarak
gercgeklestirilmesi biiyiik bir 6neme sahiptir.
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Research Article
Synthetic Seed Production and Cryopreservation for Myrtle (Myrtus communis
L.) Genotypes

Serta¢c OZBAY!, Musab Abdukadir ISAK!, Ozhan SIMSEK?

ABSTRACT

This comprehensive study delves into synthetic seed production and cryopreservation for Myrtus communis L.,
presenting a novel approach to conserving plant genetic resources. Our research highlights shoot tips'
encapsulation and subsequent conversion into plants following short-term (+4°C) and long-term (-196°C)
preservation periods. The study rigorously compares the viability and efficiency of these cryopreserved seeds
with conventional propagation methods. We extensively investigated various factors affecting the success of
synthetic seed production, including explant selection, medium composition, and encapsulation techniques.
Additionally, the impact of different preservation temperatures on synthetic seeds' viability and germination
rates was a focal point. Our results demonstrate a significantly high conversion rate of synthetic seeds to plants
post-cryopreservation, indicating the reliability of this method in germplasm conservation. The findings of this
research are pivotal for conserving Myrtus communis L. genotypes and offer valuable insights and
methodologies applicable to other plant species. This study marks a critical advancement in plant
biotechnology and germplasm conservation, providing a sustainable solution for preserving valuable genetic
resources in the face of escalating environmental challenges.

Keywords: Cryopreservation, Genetic Conservation, Myrtle, Plant Biotechnology, Synthetic Seeds?

Mersin (Myrtus communis L.) Genotipleri Icin Sentetik Tohum Uretimi ve
Kriyoprezervasyon

0z

Bu kapsamli ¢alisma, Myrtus communis L. igin sentetik tohum iretimi ve kriyoprezervasyon alanina
derinlemesine bir bakis sunmakta ve bitki genetik kaynaklarinin korunmasina yoénelik yenilik¢i bir yaklagimi
ortaya koymaktadir. Aragtirmamiz, siirglin uclarmin kapsiilasyonunu ve kisa siireli (+4°C) ve uzun siireli (-
196°C) koruma siirelerinin ardindan bitkilere doniistimiinii vurgulamaktadir. Calisma, kriyoprezerve edilmis
tohumlarin canliligin1 ve verimliligini geleneksel iiretim yontemleriyle karsilastirmaktadir. Sentetik tohum
iretiminin basarisini etkileyen cesitli faktorler, ozellikle eksplant se¢imi, ortam bilesimi ve kapsiilleme
teknikleri iizerinde kapsamli bir inceleme yapilmistir. Ayrica, farkli koruma sicakliklarinin sentetik tohumlarin
canlilik ve ¢imlenme oranlar1 {izerindeki etkisi de ¢aligmanin odak noktalarindan biri olmustur. Sonuglarimiz,
sentetik tohumlarin kriyoprezervasyondan sonra bitkilere yliksek oranda doniisiim gosterdigini, bu yontemin
tohum gen kaynaklarinin korunmasindaki giivenilirligini gostermektedir. Bu aragtirmanimn bulgulari, Myrtus
communis L. genotiplerinin korunmasi i¢in hayati neme sahip olup, diger bitki tiirleri i¢in de degerli i¢goriiler
ve metodolojiler sunmaktadir. Bu ¢alisma, bitki biyoteknolojisi ve gen kaynaklarinin korunmasi alaninda kritik
bir ilerleme olarak, artan ¢evresel zorluklar karsisinda degerli genetik kaynaklari korumanin siirdiiriilebilir bir
¢Oziimiinii saglamaktadir.
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Synthetic Seed Production and Cryopreservation for Myrtle (Myrtus communis
L.) Genotypes

Introduction

Mpyrtle, also known as Myrtus communis L., is a
characteristic plant of the Mediterranean region,
comprising perennial, evergreen shrubs, or small
trees. Myrtle is a member of the Myrtaceae
family, which naturally grows in tropical and
subtropical regions and includes about 100
genera and 3000 species (Rezaee and Kamali,
2014; Simsek et al. 2023). Various parts of the
myrtle plant (leaves, flowers, fruits) contain
important components for the medical, food,
liquor, and cosmetic industries, making it
valuable for anti-genotoxic, anti-mutagenic,
antiseptic, and anti-inflammatory purposes, as
well as for treating internal and tropical
infections (Serce et al., 2008). Myrtle essential
oils are useful in pharmaceutical production, and
its leaves can be consumed as tea (Flamini et al.
2004; Simsek et al. 2022). Myrtle plants,
ranging from 0.5 to 3 meters in height, are slow
growing but long-lived, always remaining green
as they do not shed their leaves in winter (Picci
and Atzei, 1996). The leaves have an aromatic
scent, and its fruits, typically blackish-purple or
white, mature in late autumn (October-
December), are edible, and have a sweet and
astringent taste (Sumbul et al., 2011; Aleksic
& Knezevic, 2014). The fruit is pollinated by
insects and covered with a slight waxy layer,
which helps bees recognize the plant. This multi-
seeded fruit contains volatile oils, tannins,
sugars, and organic acids (citric and malic acid).
Mpyrtle leaves are rich in phenolic acids like
caffeic, ellagic, and gallic acids and quercetin,
catechin, and myricetin derivatives (Simsek et
al., 2020).

Myrtle can be propagated through seeds,
cuttings, and in vitro techniques. The totipotency
of plant tissues - the ability to differentiate and
form a new plant - is a significant feature in plant
tissue culture, enabling rapid clonal propagation
and the cultivation of disease-free plants. This
method is increasingly important for conserving
Plant genetic resources through in situ (natural
habitat) or ex situ (outside natural habitat)
methods (Grzegorczyk and Wysokinska 2011).

The concept of a "Gene Center" or "Center of
Origin", where plants first appeared and evolved,
is crucial in botany. Russian botanist Vavilov

identified 8 such Gene Centers worldwide, with
Turkey being significant within the Near East
and Mediterranecan basin (Tan, 1998). The
conservation of plant biological diversity, known
as "genetic erosion," is critical for protecting
endangered plant species, forms, and varieties.
Although in vitro conservation methods offer
short-term storage, they are economically
inefficient, require extensive space, and are
prone to contamination and somaclonal
variation. Cryopreservation, developed in the
late 1900s, involving ultra-low temperatures (-
196 °C) in liquid nitrogen, provides a suitable
method for long-term germplasm conservation.
It slows down biological materials, making it
applicable to various plant tissues and organs
(Towill and Bajaj, 2002; Lambardi and De Carlo,
2003).

Recent advancements in cryopreservation have
led to more straightforward, cost-effective
techniques, such as one-step freezing based on
vitrification, where cell vitrification prevents

harmful intracellular ice formation by
transforming the cytosol into a glassy,
amorphous state (Engelmann, 2004).

Vitrification can be chemically induced with
high concentration cryoprotectants like PVS2 or
physically  through desiccation methods,
followed by direct transfer to liquid nitrogen.
After an hour in liquid nitrogen, samples are
quickly thawed in a pre-heated water bath and
transferred to a regeneration medium under
standard culture conditions (Sakai et al., 1990).

This study explores the in vitro conservation
possibilities for M. communis from selected
genotypes in the Adana and Mersin regions,
Tiirkiye, known for their superior characteristics.
It evaluates the benefits of synthetic seed
technology for micropropagation and short-term
conservation of myrtle genotypes and examines
the efficacy of cryopreservation for long-term
conservation. The primary goal is to develop
strategies for conserving the genetic resources of
the myrtle plant. This includes bringing shoot
tips of myrtle genotypes to the laboratory,
sterilizing them, converting them into synthetic
seeds with Na-alginate coating, and subjecting
them to short-term conservation at +4°C for 45
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days or long-term  conservation via
cryopreservation. The study aims to provide an
innovative and effective strategy for conserving
the genetic diversity of the myrtle plant. It
demonstrates the potential of synthetic seed
technology and cryopreservation as tools for
sustainable conservation and transmission of
myrtle plant genetic resources to future
generations.

Material and Methods

Plant Material

This study used two genotypes of myrtle from
Tarsus/Mersin, Tiirkiye, one bearing white and
the other black fruits. The plant materials were
obtained in September 2022. These particular
genotypes were chosen for their visually
apparent high yield, large fruit size, and robust
and healthy plant structure.

Method

Sterilization of Shoot Tips

The shoot tips from the genotypes used in the
study were obtained and brought to the
laboratory. Before culture initiation, the shoot
tips were sterilized. To this end, the shoot tips
were first washed under tap water for 10
minutes. In a sterile cabinet, the shoot tips were
immersed in 70% ethyl alcohol for 3-4 minutes,
followed by a rinse with sterile distilled water.
Subsequently, they were treated with a 20%
sodium hypochlorite solution for 15 minutes.
The shoot tips were rinsed three times with
sterile distilled water inside the sterile cabinet to
remove the sterilant.

Culture Medium and Establishment of
Micropropagation

After sterilization, the shoot tips were placed in
MS (Murashige and Skoog, 1962) nutrient
medium containing 1mg/L BAP (Benzyl Amino
Purine), 30 g/l sucrose, and 7.5 g/l agar. The pH
of the nutrient medium was adjusted to 5.7, and
then the medium was poured into culture
short-term  conservation of the resulting
synthetic seeds was investigated. (3) The third
group of synthetic seeds was wused in

containers and sterilized in an autoclave at 121
°C and 1.05 atm pressure. The sterilized nutrient
medium was then transferred to a sterile cabinet,
and the shoot tips were introduced. The shoots
were cultured under 16 hours light, 8 hours dark,
and at a temperature of 25 °C.

Development of Encapsulation (Synthetic
Seed) Protocol for Shoot Tips and Calculation
of Plant Conversion Rates

Shoot tips from two different myrtle genotypes
were encapsulated. The shoot tips were first
washed in a liquid MS medium without calcium.
The structures were transferred to a 3% Na-
alginate solution and left in a sterile cabinet at
25°C for 30 minutes. Using a sterile pipette tip
cut to 0.5-1 cm, the explants with Na-alginate
solution were then transferred into a 100 mM
CaCl, solution (shaking was performed to
prevent synthetic seeds from sticking to each
other), facilitating the polymerization of the
synthetic seeds (20 minutes at 25°C). The
polymerized synthetic seeds were then divided
into three groups. The first group of synthetic
seeds and uncoated shoot tips were transferred to
MS (Murashige and Skoog, 1962) media
containing 1 mg/L BAP, and the plant conversion
rate was determined after 4 weeks. Additionally,
the second group of synthetic seeds was stored
in sterile jars at +4 °C for 45 days. Afterward,
these synthetic seeds were transferred to MS
nutrient media containing 1 mg/L BAP to
understand the plant conversion rate after 45
days, which was also determined after 4 weeks.
Thus, (1) The plant conversion rate of
encapsulated synthetic seeds and uncoated shoot
tips from myrtle genotypes bearing white and
black fruits was calculated as a percentage. (2)
The encapsulated synthetic seeds of shoot tips
from myrtle genotypes with white and black
fruits were stored at +4 °C for 45 days, and the
plant conversion rates of these synthetic seeds
were calculated as a percentage after 45 days.
The potential for

cryopreservation studies to explore the
possibilities for long-term conservation of these
synthetic seeds.
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Figure 1. Synthetic Seeds A: Preparation of the Na-Alginate solution. B: Immersion of shoot tips in
the sodium alginate solution. C: Coating of shoot tips using a cut pipette tip as a result of

polymerization. D: The resulting synthetic seeds.

Cryopreservation Studies

The cryopreservation possibilities for long-term
conservation of synthetic seeds obtained by
encapsulating shoot tips of M. communis
genotypes were investigated by freezing them in
liquid nitrogen (-196 °C). Before transferring the
synthetic seeds into liquid nitrogen, they were
subjected to various solutions per the protocol
outlined below to prevent cell damage. The
thawing processes were carried out after
spending at least one hour in liquid nitrogen.
Following the thawing, the synthetic seeds were
transferred to MS nutrient media containing 1
mg/L BAP, and the plant conversion rate was
determined after 4 weeks.

The cryopreservation study followed a detailed
protocol for encapsulation of the synthetic seeds
obtained from M. communis genotypes' shoot
tips. Initially, pre-culture treatments were
conducted using MS basal nutrient medium with
2% Mannitol, devoid of hormones, and the
explants were kept at +4 °C in darkness for 48
hours. Post-pre-culture, the explants were
transferred to cryotubes, and 1.5 ml of loading
solution (comprising 2 M glycerol (w/v) and 0.4
M sucrose (w/v)) was added. These were then
incubated for 30 minutes at 25 °C. Following

this, the Loading solution was removed, and the
explants were treated with 1.5 ml of PVS-2
solution  (Plant  Vitrification  Solution-2
containing 30% glycerol (w/v), 15% ethylene
glycol (w/v), 15% DMSO (w/v), and 0.4 M
sucrose (w/v)). This step involved incubation in
PVS-2 for 60 minutes at 0 °C. After this period,
the PVS-2 solution was replaced with a fresh 1
ml solution. Subsequently, the cryotubes
containing PVS-2 were rapidly immersed in a
liquid nitrogen tank at -196 °C and maintained
there for at least one hour. After this duration, the
cryotubes were removed from the nitrogen tank
and quickly thawed in a 38 °C water bath for 2-
3 minutes. The PVS-2 solution was then
carefully removed from the thawed cryotubes
using a sterile syringe, and 1.5 ml of washing
solution (Liquid MS basal plus 1.2 M sucrose)
was added, followed by an additional incubation
period of 20 minutes at 25 °C. Finally, after
removing the washing solution, the synthetic
seeds from the cryotubes were placed into
regeneration media (MS medium containing 1
mg/L BAP) with filter paper. The conversion rate
of these synthetic seeds into plants was evaluated
after 4 weeks, with the results expressed as a
percentage.
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Experimental Design, Evaluated Criteria,
and Statistical Analyses

The study used three replicates, each consisting
of 50 shoot tips (encapsulated, unencapsulated,
encapsulated, and stored at +4 °C for 45 days,
and encapsulated for cryopreservation, totaling
200 shoot tips for each genotype). The plant
conversion rates of the shoot tips were calculated
as percentages following all treatments. The
statistical ~significance of the differences
between the specified treatments was determined
using the T-test. Statistical analyses were
conducted using the JMP software package. The
treatments compared were as follows: (1) The
plant conversion rates (%) for both myrtle
genotypes using Na-Alginate encapsulated
synthetic seeds compared to unencapsulated
shoot tips. (2) The plant conversion rates (%) for
both myrtle genotypes using Na-Alginate
encapsulated synthetic seeds stored at +4 °C for
45 days compared to unencapsulated shoot tips
in the first group. (3) The plant conversion rates
(%) for both myrtle genotypes using Na-
Alginate encapsulated and cryopreserved
synthetic seeds compared to unencapsulated
shoot tips in the first group.

Results and Discussion

Plant Conversion Rates of Genotypes

The study used two myrtle genotypes, one with
white and the other with black fruits. These
genotypes are considered significant plant
genetic resources in our country and have many
applications. In this context, shoot tips from
these myrtle genotypes were encapsulated to
produce synthetic seeds. The plant conversion
rates (%) of encapsulated synthetic seeds and
unencapsulated shoot tips were calculated. Part
of the encapsulated shoot tips was stored for
short-term preservation at +4 °C for 45 days,
while another group of synthetic seeds
underwent cryopreservation studies.
Consequently, biotechnological methods were
explored to devise optimum conservation
strategies for our plant genetic resources, which
are at risk of loss due to various threats. Initially,
the plant conversion rates (%) of both myrtle
genotypes using Na-Alginate encapsulated
synthetic seeds compared to unencapsulated
shoot tips were calculated without any storage or
treatment, and the data are presented in Figure 2.

Plant Conversion Rates (%)

B White Fruited m Black Fruited

95
90 I

Encapsulated Shoot Tips

90
] I

Unencapsulated Shoot Tips

Figure 2. Regeneration rates (%) of coated synthetic seed with Na-Alginate and uncoated

shoot tips into plants in both myrtle genotypes.
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The plant conversion rates were calculated 4
weeks after the shoot tips of myrtle genotypes,
and the resulting encapsulated synthetic seeds
were cultured in an MS nutrient medium. For the
white-fruited myrtle genotype, the plant
conversion rate of unencapsulated shoot tips was
determined to be 95%. The plant conversion rate
for synthetic seeds was identified as 90%. A T-
test conducted between the plant conversion
rates of shoot tips and synthetic seeds of the
white-fruited myrtle genotype showed no
significant statistical difference, demonstrating
that the encapsulation process did not adversely
affect the plant conversion rate of the synthetic
seeds. In the case of the black-fruited myrtle
genotype, the plant conversion rate of

unencapsulated shoot tips was determined to be
90%, while the conversion rate for synthetic
seeds was 85%. A T-test between the plant
conversion rates of the black-fruited myrtle
genotype's shoot tips and synthetic seeds also
showed no significant statistical difference. The
plant conversion rate of shoot tips of the white-
fruited myrtle genotype was higher than that of
the black-fruited genotype.

Additionally, the plant conversion rates (%) of
both myrtle genotypes using unencapsulated
shoot tips and Na-Alginate encapsulated
synthetic seeds stored at +4 °C for 45 days were
calculated, and the data are presented in Figure
3.

Plant Conversion Rates (%)

B White Fruited m Black Fruited

Encapsulated Synthetic Seeds (stored for
45 days at +4 °C)

Unencapsulated Shoot Tips

Figure 3. Regeneration rates (%) of Na-Alginate-coated synthetic seeds and uncoated shoot tips of

both myrtle genotypes after 45 days at +4 °C.

The synthetic seeds obtained from the
encapsulation of shoot tips from myrtle
genotypes were stored for 45 days at +4 °C and
then cultured in an MS nutrient medium. Four
weeks after the initiation of cultivation, the plant
conversion rates were calculated as percentages.
The data for unencapsulated shoot tips were
commonly used for each application. For the
white-fruited myrtle genotype, the plant
conversion rate of unencapsulated shoot tips was
determined to be 95%. The plant conversion rate
for synthetic seeds stored at +4 °C for 45 days
was 85%. A T-test between the plant conversion
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rates of shoot tips and stored synthetic seeds for
the white-fruited myrtle genotype indicated a
higher success rate for unencapsulated shoot
tips. However, a conversion rate of 85% after a
45-day storage period is considered a highly
successful result, proving that synthetic seeds
obtained by encapsulation can be stored at +4 °C
for at least 45 days before being converted into
plants. In the black-fruited myrtle genotype, the
plant conversion rate for unencapsulated shoot
tips was 90%, while the conversion rate for
synthetic seeds stored for the same duration was
80%. A T-test comparing these rates showed a
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higher success rate for unencapsulated shoot
tips. Nevertheless, similar to the white-fruited
genotype, an 80% conversion rate after a 45-day
storage period is highly successful. The plant
conversion rate of shoot tips of the white-fruited
myrtle genotype was found to be higher than that
of the black-fruited genotype. Furthermore, the

plant conversion rates (%) for both myrtle
genotypes using cryopreserved Na-Alginate
encapsulated synthetic seeds compared to
unencapsulated and non-cryopreserved shoot
tips were calculated, with the data presented in
Figure 4.

Plant Conversion Rates (%)

B White Fruited

75
70
Encapsulated Synthetic Seeds
(cryopreserved)

W Black Fruited

95
90

Unencapsulated Shoot Tips

Figure 4. Plant regeneration rates (%) of cryopreserved Na-Alginate-coated synthetic seeds and
uncoated and cryopreserved shoot tips in both myrtle genotypes.

In a study on the myrtle genotypes, synthetic
seeds derived from encapsulated shoot tips were
subjected to cryopreservation and subsequently
cultured in the Murashige and Skoog (MS)
medium. After four weeks, the conversion rates
to plants were calculated as percentages. Data
from unencapsulated shoot tips  were
consistently used across all treatments. In the
case of the white-fruited myrtle genotype, the
conversion rate of unencapsulated shoot tips to
plants was determined to be 95%. For synthetic
seeds that underwent cryopreservation, the
conversion rate to plants was observed to be
75%. A T-test conducted between the shoot tips
of the white-fruited myrtle genotype and the
cryopreserved synthetic seeds revealed that the
unencapsulated shoot tips had a more successful
plant conversion rate. However, the 75%
conversion rate observed under preservation
conditions at -196 °C was also highly successful.
This outcome demonstrates that synthetic seeds
obtained through encapsulation can be preserved

for desired durations via cryopreservation and
converted into plants. In the black-fruited myrtle
genotype, the plant conversion rate of
unencapsulated shoot tips was identified as 90%.
The conversion rate for cryopreserved synthetic
seeds in this genotype was 70%. A T-test
between the shoot tips and cryopreserved
synthetic seeds of the black-fruited myrtle
genotype indicated that the unencapsulated shoot
tips displayed a more successful conversion rate.
Nevertheless, similar to the white-fruited myrtle,
the 70% conversion rate post-cryopreservation
was deemed a highly successful result, affirming
that synthetic seeds can be preserved for
extended periods through cryopreservation.
Overall, the shoot tips of the white-fruited myrtle
genotype showed a higher plant conversion rate
compared to the black-fruited myrtle genotype.
This study underlines the potential of
cryopreservation as a viable method for the long-
term conservation of myrtle genotypes and
highlights the effectiveness of encapsulation in

132



Synthetic Seed Production and Cryopreservation for Myrtle (Myrtus communis L.)
Genotypes

enhancing plant regeneration from preserved
material.

Figure 5. The appearance of some myrtle plants obtained from syntﬁetic seeds

Plant tissue culture techniques are extensively
utilized in biotechnological methods to conserve
plant genetic resources. The production of
synthetic seeds and their short-term preservation
at +4°C or long-term (for as long as desired)
storage at -196°C is feasible. Conducting
research in this area and optimizing protocols is
of utmost importance.

The production of synthetic seeds involves
various steps and factors that must be optimized
for each plant species. These factors include the
selection of explants, the composition of the
culture medium, the addition of plant growth
regulators, and the encapsulation technique.
Different encapsulating materials like sodium
alginate or calcium alginate have been used to
protect somatic embryos or meristematic tissues.
The encapsulated materials are typically treated
with a calcium chloride to form a gel-like matrix
(Prakash et al., 2018). Research has been
conducted on various plant species to develop
protocols for synthetic seed production. For
instance, studies have been conducted on
endangered medicinal plants like Satureja
khuzistanica, Swertia chirayita, and Mentha
arvensis. These studies have demonstrated
successful synthetic seed production and
subsequent plant regeneration. In the case of
Satureja khuzistanica, the encapsulation of
microcuttings using sodium alginate resulted in
genetically stable plants with high rosmarinic

acid content (Asadi et al., 2022). In Swertia
chirayita, synthetic seed production was
achieved through somatic embryogenesis, and
the seeds showed high germination rates (Kumar
& Chandra, 2013). Similarly, in Mentha
arvensis, shoot tip, and nodal explants were
encapsulated in sodium alginate beads, leading
to successful plant regeneration (Islam & Bari,
2014). The success of synthetic seed production
depends on various factors such as the choice of
explant, composition of the culture medium,
encapsulation technique, and the subsequent
conversion of synthetic seeds into plants.
Optimizing these factors is crucial to achieve
high conversion rates and ensure the genetic
stability of the regenerated plants (Prakash et al.,
2018). Also, storage conditions and post-
encapsulation treatments can affect synthetic
seeds' viability and conversion efficiency (Taha
et al., 2013). In conclusion, synthetic seed
production is a valuable technique for the rapid
and mass propagation of plant species that do not
produce viable seeds or for the conservation and
distribution of germplasm. It offers advantages
such as uniformity, scalability, and long-term
storage potential. The success of synthetic seed
production depends on various factors, and their
optimization is necessary to achieve high
conversion rates and maintain the genetic
stability of regenerated plants. Further research
and development are needed to enhance and
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expand the application of synthetic seed

technology across different plant species.

To date, such studies have been carried out on
various plant species. Notable examples include
citrus (Sekai et al., 1990), apple (Hao et al.,
2001), grape (Matsumoto et al., 2003), olive
(Bradai et al., 2021), and avocado (O’Brien et
al., 2021). These studies underline the versatility
and  effectiveness of  biotechnological
approaches in preserving and maintaining
diverse plant genetic materials, showcasing the
potential for wide-ranging applications in
agriculture and horticulture. Upon reviewing the
literature, it appears that no studies specifically
address the conservation of genetic resources in
the myrtle plant. In a study conducted by
Doénmez (2022), synthetic seeds were produced
in myrtle plants, but unlike our study, no short or
long-term preservation efforts were undertaken.
Donmez focused solely on evaluating the plant
conversion rates of the synthetic seeds obtained.
In this context, our research has yielded
significantly = important and  practically
transferable results, surpassing the scope of
Donmez’s study in the literature. This highlights
the novelty and relevance of our work in the
genetic  conservation of myrtle plants,
contributing valuable insights into the long-term
preservation and effective utilization of synthetic
seeds in plant biotechnology.
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Arastirma Makalesi
Laktobasil Cinsi Bakterilerin Hiicre I¢i ve Hiicre Disi Folat Uretimi ile
B-Glukozidaz ve B-Galaktozidaz Enzim Uretimleri Arasindaki Iliski

Berat CINAR ACARY", Hazer YUKSEKDAG?

0oz

Bu caligmada, tavuk gastrointestinal sisteminden elde edilen 25 laktobasil izolatinin B-glukozidaz, -
galaktozidaz enzim aktiviteleri ve hiicre igi/hiicre dis1 folat iiretim miktarlar1 belirlenmistir. izolatlarm, B-
glukozidaz ve B-galaktozidaz aktiviteleri sirastyla, 0.42 U/mg-7.40 U/mg ve 0.06 U/mg-6.35 U/mg arasinda
degisirken, hiicre i¢i folat tiretimleri 10.1 pg/L-124.2 pg/L, hiicre dis1 folat iiretimleri ise 4.2 pg/L-121.0 pg/L
arasinda degiskenlik gostermistir. Caligmada, farkli parametrelerin (pH, sicaklik) B-glukozidaz/pB-galaktozidaz
enzim aktivitesi ve hiicre igi/dis1 folat iiretimleri {izerindeki etkisi incelenmistir. Izolatlarm hem enzim
aktivitelerinin hem de hiicre igi/hiicre dis1 folat iiretimi i¢in optimum pH’nin 6.2, sicakligin 37°C olarak tespit
edilmistir.

Anahtar kelimeler: Laktobasil, B-glukozidaz, B-galaktozidaz, folat

The Relationship Between Intracellular and Extracellular Folate Production and -
Glucosidase and p-Galactosidase Enzyme Production of Lactobacillus Genus Bacteria

ABSTRACT

In this study, B-glucosidase, B-galactosidase enzyme activities, and intracellular/extracellular folate production
amounts of 25 lactobacillus isolates obtained from the chicken gastrointestinal tract were determined. While
the B-glucosidase and -galactosidase activities of the isolates ranged between 0.42 U/mg-7.40 U/mg and 0.06
U/mg-6.35 U/mg, respectively, their intracellular folate production was 10.1 pg/L-124.2 pg/L, extracellular
folate production varied between 4.2 pug/L-121.0 pg/L. The effect of different parameters (pH, temperature) on
B-glucosidase/B-galactosidase enzyme activity and intracellular/extracellular folate production was
investigated in the study. The optimum pH for the isolates' enzyme activities and intracellular/extracellular
folate production was 6.2, and the temperature was 37°C.
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Giris

Enzimler, organizmalarda cesitli biyolojik
fonksiyonlara aracilik eden hayati molekiillerdir
(Wang ve ark., 2019). Proseste kendileri
tiketilmeden substrat molekiillerini  farkli
iirlinlere doniistiiriirler. Yiksek ozgiillik ve
katalitik etkinlik nedeniyle viicuttaki enzim
metabolizmasmin dengesizligi bir¢ok hastaliga
neden olabilmektedir (Wu ve ark., 2021; Lian ve
ark., 2022). Bu nedenle, enzim aktivitesinin
yiiksek hassasiyet ve dogrulukla belirlenmesi
olduk¢a 6nemlidir.

Endiistriyel enzim kullanimu, tiiketici tercihleri,
cevre ve dogal kaynaklarin tilkenmesine yonelik
endiseler nedeniyle 6nemli Olgiide artmistir.
Enzimatik siirecler, daha az enerji gerektirmesi,
toksik olmamasi, c¢evre dostu ve daha
siirdiiriilebilir olmas1 nedeniyleilag, siit tiriinleri,
tekstil, kagit, deri, biyoyakitlar, deterjanlar, 6zel
kimyasallar, deterjanlar ve tiiketici iiriinleri gibi
bir ¢ok endiistride kullanilmaktadir (Wu ve ark.,
2021, Sheldon ve ark., 2022, Kabir ve Ju, 2023).
Laktik Asit Bakterileri (LAB) veozellikle
laktobasiller, sahip olduklar1 primer (asitler,
enzimler, vitaminler vb.) ve sekonder
metabolitleri  (bakteriyosin  vb.) nedeniyle
endiistride yogun ilgi goren bir bakteri grubudur
(Zacharof ve ark.,, 2010). LAB,bozulabilir
gidalarin ve siit, sebze, et, balik, baklagiller ve
tahillar gibi diger gidalarin besleyici niteliklerini
ve raf omriinii iyilestirmek i¢in diinya ¢apinda
yaygin olarak kullanilmaktadir (Sumengen ve
ark., 2013).Gastrointestinal sistemde de yaygin
olarak da bulunan LAB enzim ve vitamin
kaynag1 olarak kullanilabilirliklerinin
belirlenmesi amaciyla siklikla taranmaktadir.

Glukosidazlar, dogada glikozitlerin hidrolizini
katalize edebilen ¢ok yaygin bir enzim grubudur.
B-glukozidaz  (B-glu),  biyotransformasyon,
sekonder metabolizma, patojenlere kars1 bitki
savunmast ve insan dokularinda ve hiicre
duvarlarinda glukozit seramid katabolizmasi
gibi ¢esitli biyolojik siireglerde 6nemli rol
oynayan glukozidaz tiiriidiir (Bi ve ark., 2019;
Chen ve ark., 2021; Yuan ve ark., 2022).
Disakkaritler, oligosakkaritler ve diger glukoz
iceren molekiillerdeki B-glikosidik baglar
hidrolize edebilme yetenegi gosterirler (Liu ve

ark., 2022; Yao ve ark., 2023). B-glukozidazlar,
glukozidik baglarin hem sentezini hem de
bozunmasmi katalize eden ¢ift karakterli
enzimlerdir ~ (Pereira ve ark, 2023).
Memelilerde, bitkilerde ve mikroorganizmalarda
yaygin olarak bulunan bu enzim, Gaucher
hastalig1, nekrotizan enterokolit, lizozomal depo
hastalig1, metastatik kanser gibi hastaliklarda
erken teshisi i¢in  biyobelirteg  olarak
kullanilmaktadir (Zhou ve ark., 2017; Han ve
ark., 2021; Sinha ve ark., 2021). Ayrica, gida
endiistrisinde igeceklerin tatlarinin
iyilestirilmesinde ve soya fasulyesi
tirtinlerindeki glikosil flavonoidlerin glikozit
parcalarii  uzaklagtirilmasinda da oldukga
onemlidir. Bu sayede flavonoidler bagirsak
tarafindan kolaylikla emilebilmekte ve yararh
etki saglayabilmektedir (de Ovalle ve ark., 2021;
Ningtyas ve ark., 2021; Liu ve ark., 2022).

Glikozit hidrolaz enzimi olan B-galaktozidaz (B-
gal), gida endiistrisinde laktoz igermeyen siit
iriinleri Uretiminde kullanilmaktadir. Stitte
bulunan laktozu hidrolize ederek laktoz sindirim
bozuklugunun etkilerini Onlemeye yardimci
olmasi nedeniyle gida endiistrisinde kullanilan
en Onemli biyoteknolojik enzimlerden biridir
(Kayukawa ve ark., 2020). Laktozun allolaktoza
transgalaktosilasyonunu katalize etme yetenegi
gosteren  B-galaktozidaz enzimi, allolaktoz
sentezinin ardindan, disakkariti
galaktooligosakkaritlere (prebiyotik) polimerize
edebilmektedir (Yafiez-Neco ve ark., 2021). -
galaktozidaz, laktoz agisindan zengin ortamlarda
¢ok sayida mikroorganizmadan etkili bir sekilde
elde edilebilmektedir (Bentahar ve ark., 2019).
Yararli bir raportér enzim olarak iyi bilinen -
galaktozidaz, gen ekspresyonu, enzime bagh
immiinosorbent testi, transkripsiyon,
transfeksiyon ve hibridizasyon c¢alismalarinda
yaygin olarak kullanilmaktadir. Birkag ¢aligma,
B-galaktozidazin  kolorektal ve yumurtalik
kanserleri dahil olmak iizere ¢esitli hastaliklar
icin gliclii bir biyobelirteg olabilecegini
gostermistir (Asanuma ve ark., 2015; Gu ve ark.,
2016; Kim ve ark., 2017; Lee ve ark., 2021).

Folat (B9 vitamini), hiicre boéliinmesi, DNA
replikasyonu, metilasyon, niikleotit biyosentezi
ve amino asit metabolizmasinda yer aldig1 igin

138


https://www.sciencedirect.com/topics/chemical-engineering/glycoside
https://www.sciencedirect.com/topics/materials-science/hydrolase
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/disaccharide
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/disaccharide
https://www.sciencedirect.com/science/article/pii/S2666910221001721#bib16

Laktobasil Cinsi Bakterilerin Hiicre ici ve Hiicre Dis1 Folat Uretimi ile
B-Glukozidaz ve B-Galaktozidaz Enzim Uretimleri Arasindaki Iliski

insan metabolizmasi igin gereklidir (Preedy,
2013; Mahara ve ark.,, 2019). Noral tip
defektleri, megaloblastik anemi ve kolorektal
kanser gibi bir¢ok saglik bozukluguna yol a¢an
folat eksikligi hem gelismis hem de diisiik gelirli
iilkelerde kiiresel bir saglik sorun haline
gelmistir (Bailey ve ark., 2015; Bationo ve ark.,
2020). Folat sadece bitkiler ve
mikroorganizmalar tarafindan
sentezlenebilmektedir (Donnelly, 2001). Insan
viicudunda {retilemedigi i¢in besinler yoluyla
alinmas1 gerekmektedir (Mahara ve ark., 2019).
Maya ve birgok laktik asit bakterisi (LAB),
fermantasyon sirasinda folati
sentezleyebildiginden, fermantasyon ayrica gida
iirlinlerinin folat igerigini artirmanin iyi bir yolu
olarak kabul edilmektedir (Saubade ve ark.,
2017). Streptococcus, Lactococcus,
Lactobacillus ve Bifidobacteria dahil olmak
iizere birgok LAB'nin folat {iretebildigi ve farkl
suslarin  folat {iretim kapasitelerinin  de
degisebilecegi bildirilmistir (Mattarelli ve ark.,
2018; Zhang ve ark., 2020).

Dogal kaynaklardan izole edilen
mikroorganizmalarin irettikleri primer
metabolitlerin (enzim, vitamin gibi) endiistriyel
tiretimde kullanilabilmesi ve biiyiik 6lgekli
stireclerde uygulanabilmesi i¢cin dncelikli olarak
kullanilacak  mikroorganizmanin iretilecek
metabolitler agisindan laboratuvar kosullarinda
taranmasina odaklanilmaktadir. Bu amacla bu
calismada, enzim ve vitamin {iretiminde
endiistriyel olarak kullanilabilirligi olabilecek
izolatlar  taranmustir.  Calismada,  tavuk
gastrointestinal sisteminden elde edilen 25
laktobasil bakterisinin B-glukozidaz/B-
galaktozidaz enzim aktivitesi ve hiicre igi/hiicre
dist folat iiretim kapasitelerinin belirlenerek
endiistriyel {iretimlerde potansiyel —bakteri
olabilirliginin  arastirilmasi  hedeflenmistir.
Ayrica, yiksek B-glukozidaz/B-galaktozidaz
spesifik enzim aktivitesine ve yiiksek hiicre igi
ve hiicre dis1 folat liretimine sahip izolatlarinda,

farklih pH ve sicaklik kosullarimin enzim
aktivitelerine ve folat iretimine etkisi
arastirilmigtir.

Materyal ve Yontem
Bakteriler ve elisme Ortamlari

Bu ¢alismada, Gazi Universitesi, Fen Fakiiltesi,
Biyoloji Boliimii, Biyoteknoloji Laboratuvari
stok kiltiir koleksiyonunda yer alan, tavuk
gastrointestinal sisteminden izole edilen 25
laktobasil izolatinin B-glukozidaz spesifik enzim
aktivitesi ve hiicre igi/hiicre disi folat {iretim
kapasitelerinin belirlenmesinde Man & Rogosa
ve Sharp (MRS, 10 g/L pepton, 5 g/L yeast
ekstrakt, 10 g/L beef ekstrakt, 20 g/L glukoz, 2
o/L dipotasyum fosfat, 5 g/L sodyum asetat, 0.2
g/L magnezyum siilfat, 0.05 g/L manganez
siilfat, 2 g/L amonyum sitrat, 1.08 mL tween 80,
pH 6.2) besi ortami kullanilirken B-glaktozidaz
enzim aktivitesinin belirlenmesinde ise MRS
icerigindeki %2’lik glukoz yerine ayni oranda
laktoz ilave edilen Lac-MRS  besiyeri
kullanilmstir. Izolatlarin gelismeleri MRS besi
ortamimnda 37°C’de 24 saat inkiibasyon ile
gerceklestirilmistir.

Enzim Aktivitesi

Uygun besi ortamlarinda iki kez aktiflestirilen
izolatlar, inkiibasyon sonunda 5000 rpm’de 20
dk +4°C'de santrifiij edilmistir (Sigma 2-16 KC).
Hiicre pelleti serum fizyolojik (SF, %0.876
NaCl) ile iki kez yikanarak Mc Farland 5’e (~15
log kob/mL) ayarlanmistir. Kiiltiirlerden elde
edilen pellet B-glukozidaz enzim aktivitesi
calismalarinda 0.5 M potasyum fosfat (%0.02
KCI, %0.144 NaHPO., %0.8 NaCl, %0.024
KH;PO4, pH 6.2) ve pB-galaktozidaz enzim
aktivitesi ¢alismalarinda ise 0.03 M potasyum
fosfat tamponu (pH 6.2) ile yikanmis ve drnekler
1 mL’lik uygun tamponda ¢Oziilmiistiir.
izolatlarin hiicre duvari, ultrasonikasyon cihazi
(50 MHz, 5 dk, Vibra-Cell, Sonics & Materials
Inc. Danbury) ile pargalanmis ve hiicre atiklari
1000 rpm’de 10 dk +4°C'de santrifiij ile
uzaklastirtlmisgtir.

B-glukozidaz Aktivite: Enzim aktivitesinin
Olglimii i¢in substrat olarak p-nitrofenil-B-D
glukopiranozit (p-NPG) kullanilmistir (Matsuda
ve ark., 1994; Strahsburger ve ark., 2017). 0.5 M
potasyum fosfat tamponunda (pH 6.2), 2 mL 2.5
mM  p-NPG  igeren  karigima,  hiicre
siispansiyonundan 0.5 mL eklenmis ve karigim
30°C’da 30 dk inkiibasyona birakilmstir.
Reaksiyonu durdurmak i¢in karigim 95°C’da 5
dk bekletilmistir. B-glukozidaz aktivite tespiti
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igin 420 nm dalga boyunda (Hitachi UV-1800)
olgtim yapilmistir (Choi ve ark., 2002).

B-galaktozidaz Aktivite: Enzim aktivitesinin
belirlenmesinde substrat olarak o-nitrofenil-f-
D-galaktopiranozit (oNPG, Sigma)
kullanilmastir. 0.03 M potasyum fosfat tamponu
(pH 6.8) iginde, 15 mM 0.2 mL o-nitrofenil-B-D-
galaktopiranozit (0-NPG) igeren karisima, enzim
ekstraktindan 1 mL eklenmis ve 37°C’da 15 dk
inkiibasyona birakilmustir. Reaksiyonu
durdurmak i¢in 1 M 0.5 mL sodyum karbonat
(Merck) soliisyonu eklenmistir.1000 rpm’de 10
dk +4°C'da santrifiij edilmis ve B-galaktozidaz
aktivite tespit i¢cin 420 nm dalga boyunda
(Hitachi UV-1800) 6l¢iim yapilmistir (Zhang ve
ark., 2012). Enzim aktivite ¢alismalarinda, hiicre
disi B-Glu/ B-Gal aktivitesi igin kiiltiirlerin
stipernatanti, hiicre i¢i B-Glu/ pB-Gal aktivitesi
icin ise pellet kullanilmistir (Matsuda ve ark.,
1994; Zhang ve ark., 2012).

1 tinite enzim aktivitesi dakikada 1 pmol triini
serbest birakan enzim miktar1  olarak
tammlanmigtir. Bir miligram (mg) proteinde
bulunan enzim {inite sayisi ise spesifik aktivite
olarak  kabul edilmektedir  (U=pmol/dk).
Enzimin safligimi  kabaca tamimlamak igin
kullanilan spesifik aktivite asagidaki formiile

gore hesaplanmaktadir (Temizkan ve ark.,
2008).

Enzim aktivitesi= (Vt x dA/dt x diliisyon faktorii)
[ (A xvsxd) = (UImL)

el = Absorpsiyon katsayis1 (cm?mol?)

d = Kiivetin 151k yolu (genellikle 1 cm)

dA/dt = Birim zamanda (dakikada) absorbans
degisimi (dk™)

Vi = Reaksiyon karigiminin toplam hacmi (mL)
vs = Reaksiyona katilan 6rnek (enzim) hacmi
(mL)

Spesifik enzim aktivitesi ise asagida yer alan
formiile gore hesaplanmistir;

Spesifik Aktivite (U/mg) = (Enzim aktivitesi
(U/mL) / (Protein miktar1 (mg/mL)

pH ve Sicakhgin -glukozidaz/g-galaktozidaz
Aktivitesi Uzerine Etkisi

B-glukozidaz aktiviteleri belirlenen izolatlardan,
en yiiksek spesifik aktiviteyi gosteren iki
laktobasil izolati (ZD26 ve ZD37) ve p-
glakozidaz aktiviteleri belirlenen izolatlardan en
yiiksek spesifik aktiviteyi gosteren iki laktobasil
izolat1 (ZD22 ve ZD34) segilerek farkli pH ve
sicakligin enzim aktivitelerine etkisi tespit
edilmistir.

Farkli  pH’lardaki  enzim  aktivitelerin
belirlenmesinde; B-glukozidaz i¢in reaksiyon
ortami olan 0.5 M potasyum fosfat tamponunun
ve B-galaktozidaz i¢in ise reaksiyon ortami olan
0.03 M potasyum fosfat tamponunun pH’s1 5.5,
6.2 (Kontrol) ve 7.5°e ayarlanarak reaksiyon
30°C, 37°C  (Kontrol) ve  45°C’de
gergeklestirilmistir (Kara, 2004; Ismail ve ark.,
2010; Cinar Acar ve Yuksekdag, 2023).

Folat Uretimi

Sybesma ve ark. (2003 a,b) ve Aswathy ve ark.
(2008) metotlarinda bazi degisiklikler yapilarak
bakterilerin folat {iretme kapasitesi tespit
edilmistir. MRS besi ortami ve 0.1 M potasyum
fosfat tamponu (pH 6.2) kullanilarak bakterilerin
hiicre i¢i ve hiicre dis1 folat dretimleri
belirlenmistir.

Hiicre igi folat {iretimi: Mc Farland 5’¢ (~15 log
kob/mL) ayarlanan izolatlar besi ortamina %2
oraninda eklendikten sonra 37°C'de 24 saat
stiresince inkiibasyona birakilmustir.
Inkiibasyondan sonra 5 dk boyunca 50 MHz
frekansta sonikasyon islemi uygulanmistir. Folat
baglayici proteinlerin folattan ayrilmasi igin
ornekler 100°C’de 15 dk bekletildikten sonra
4000xg’de 10 dk 4°C'da santrifiij edilmistir.
Sicak su banyosunda ikinci kez (5 dk) bekletme
isleminden sonra 10 000xg, 5 dk, 4°C yeniden
santrifiij yapilmistir. Santrifiij islemi sonrasi
olusan stipernatant 0.45 pm’lik filtreden
gecirilmis ve 96’lik mikro-kuyucuklarda ODsgo
nm’de Ol¢iim yapilarak hiicre i¢i folat iiretim
miktar1 tespit edilmistir. 0.1-10 pg/L arasinda
degisen  derisimlerde standart ¢dzeltiler
hazirlanarak bakterilerdeki folik asit
konsantrasyonu spektrofotometrede dl¢iilmiistiir
ve hiicre i¢i folat iiretimi pg/L cinsinden
hesaplanmistir (Horne ve Patterson, 1988).

Hiicre disi folat {iretimi: Mc Farland 5’e (~15 log
kob/mL) ayarlanan izolatlar besi ortamina %?2
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oraninda eklendikten sonra 37°C'de 24 saat
siiresince inkiibasyona birakilmistir. Ardindan
12 000xg'de 10 dk. santrifiij edilmistir. Aym
oranda (1:1) siispanse edilen siipernatant ve
potasyum fosfat tamponu karisimdan folat
baglayici proteinlerin ayrilmasi igin 6rnekler
100°C’de 15 dk bekletilmis ve 4000xg’de 10 dk
4°C'da santrifiij edilmistir. Santriflij sonrasi elde
edilen stipernatanta (2 mL) 0.4 mL insan
plazmasi, 0.1 M 2-merkaptoetanol, %0.5
sodyum askorbat eklenerek calkalamali etiivde
37°C’da 1 saat siiresince bekletilmistir. Sicak su
banyosunda ikinci kez (5 dk) bekletme
isleminden sonra 27 000xg, 10 dk, 4°C santrifiij
uygulanmustir. Santrifiij sonrasi siipernatant 0.45
um’lik filtreden gecirilmis ve 96’lik mikro-
kuyucuklarda ODsg nm’de 6l¢iim yapilarak
hiicre dis1 folat tiretim miktar1 tespit edilmistir.

pH ve Sicakhgin Folat Uretimine Etkisi

Farkli sicaklik ve pH' kosullarinin folat iiretimini
arttirict ya da azaltict etkisinin  bulunup
bulunmadigini belirlemek amaciyla hiicre i¢i ve
hiicre dis1 folat {iretimi en yiiksek ¢ikan iki izolat
(ZD20 ve ZD28) secilmistir. izolatlar pH’s1 5.5,
6.2, 7.5’ye ayarlanmis 0.1 M potasyum fosfat
tamponu igeren MRS besiortaminda (pH
degisimi ve potansiyel olarak folat analizini
etkileyebilecek reaktif tiirlerin olusumunu
engellemek amaciyla steril olarak filtrelenen)
gelistirilmigtir. Ardindan 15 ile 30 saat boyunca
tic farkli sicaklikta (30, 37 ve 45°C) gelismeye
birakilmustir. Izolatlar 30, 37 (Kontrol), 45°C
ve pH 5.5, 6.2 (Kontrol), 7.5 kosullarindaki
hiicre i¢i ve hiicre dis1 folat tiretim kapasiteleri
yukarida verilen yontemlere gore belirlenmistir.

Istatiksel Analizler

Tiim g¢alismalar ii¢ paralel ve {i¢ tekrarli olarak
gerceklestirilmistir  ve  bulunan  degerlerin
ortalama sonuglari verilmistir. Bu ¢aligmalardan
elde edilen veriler bu tekrarlarin ortalamasi +

standart sapma (SD) seklinde verilmistir.
Istatistiksel analizlerde SPSS Inc. Yazilim
(stirim 22.0, SPSS Inc.,, Chicago, IL)

kullanilmigtir. Degiskenlerin her birinin (-
glukozidaz, B-galaktozidaz, hiicre igi ve hiicre

dis1 folat tiretimi) ayr1 ayr birbirleri arasindaki
iliski korelasyon analizi ile belirlenmistir.
Degiskenler arasindaki korelasyonun 6nem
degerleri p<0.01 olarak belirlenmistir.

Bulgular ve Tartisma

Bu calismada tavuk gastrointestinal sisteminden
izole edilen toplam 25 izolatin B-glukozidaz ve
B-galaktozidaz enzim aktiviteleri ve folat liretim
yetenekleri  (degiskenler) aragtirilmis  ve
istatistiksel olarak degiskenlerin birbirleriyle
olan iligkileri serpme grafikleri ile Sekil 1’de
gosterilmistir.

Beta-glukozidaz, glikozidik bagin hem sentezini
hem de bozunmasini igeren ¢ift karakterli bir
enzimdir ve B-glukozidazin bu 6zelligi, onu
endiistriyel agidan muazzam potansiyele sahip
bir enzim yapmaktadir (Singh ve ark., 2016;
Srivastava ve ark., 2019).

Calismamizda, 25 izolatan Lactobacillus sp.
7ZD33 0.42 U/mg ile en diisiik, Lactobacillus sp.
ZD26 izolat1 ise 7.40 U/mg ile yiksek pB-
glukozidaz spesifik enzim aktivitesi géstermistir
(Tablo 1). Tsangalis ve ark. (2002),
Bifidobacterium longum-b'nin  MRS-glu besi
ortaminda gelistirildiginde B-Glu aktivitesinin
4.625 U/mg oldugunu bildirmislerdir. 63
Lactobacillus  susunun B-Glu aktivitesinin
incelendigi bir c¢alismada, en yiiksek enzim
aktivitesinin pH 6.4 ve 42°C'de L. rhamnosus
CRL981 (22.93 UE/mg) susunda gozlendigi
rapor edilmistir (Marazza ve ark., 2009).
Lactobacillus, Bifidobacterium ve
Propionibacterium cinslerinin kullanildig1 bir
calismada, Kkiiltirlerin  0.250-3.000 U/mg
arasinda degisen seviyelerde B-Glu spesifik
enzim aktivitesine sahip olduklart ifade
edilmistir. Genel olarak Propionibacterium
suslarinin, diger Lactobacillus ve
Bifidobacterium suslarina kiyasla daha diisiik
spesifik aktivite gdsterdigi ve enzimatik
aktivitenin tlire, biiylime ortamina ve kiiltiir
kosullarina bagli olarak degiskenlik gosterdigi
rapor edilmistir (Yuksekdag ve ark., 2018).
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Sekil 1. Degiskenlerin (B-glukozidaz, B-galaktozidaz, hiicre i¢i folat iiretimi ve hiicre dis1 folat
iiretimi) birbirleriyle olan iligkilerini gosteren serpme grafikleri
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Tablo 1. Lactobacillus izolatlarinin B-galaktozidaz/p-glukozidaz spesifik enzim aktivitesi ile hiicre

i¢i/hiicre dis1 folat iiretimleri

Lactobacillus B-glukozidaz B-galaktozidaz Hiicre ici Hiicre disi
. (U/mg) (U/mg) folat iiretimi | folat iiretimi
izolatlart | o ifik Aktivite | Spesifik Aktivite (ng/L) (ng/L)

ZD 11 5.20+0.10 3.46+0.00 11.7+0.1 6.2+0.0

ZD 13 1.30+0.00 1.00+0.00 17.8+0.3 10.4+0.3
ZD 14 2.70+0.15 0.47+0.10 42.9+1.0 40.7+0.0
ZD 15 1.00+0.00 0.06+0.00 26.3£1.3 9.7+0.7

ZD 16 2.66+£0.21 0.44+0.00 39.8+1.5 32.4+1.0
ZD 17 0.98+0.00 0.07+0.00 40.7+0.6 39.7+0.0
ZD 18 0.88+0.00 0.37+0.00 83.1+1.2 74.3+1.2
ZD 19 0.74+0.10 0.65+0.10 100.9+0.1 101.2+1.3
ZD 20 1.46+0.10 1.27+0.10 124.2+1.2 104.4+0.0
ZD 21 2.35+0.20 2.00+0.15 31.3+0.4 30.2+0.0
ZD 22 5.70+0.10 6.35+0.00 96.2+1.3 87.7+1.2
ZD 23 4.28+0.00 2.34+0.00 93.4+0.0 95.5+0.0
ZD 24 1.00+0.00 1.27+0.12 61.7+0.0 57.2+0.7
ZD 26 7.40+0.00 5.48+0.11 66.4+0.1 60.0+0.0
ZD 27 4.90+0.20 3.06+0.00 21.2+0.0 20.0+0.4
ZD 28 5.10+0.10 4.74+0.15 104.1+0.2 121.0+0.0
ZD 29 0.84+0.00 1.23+0.00 10.2+0.1 42+1.1

ZD 30 1.67+0.10 1.04+0.00 11.6+1.1 10.7£1.2
ZD 31 0.67+0.15 0.06+0.10 22.4+0.0 20.3£0.0
ZD 32 0.50+0.00 2.46+0.10 41.2+0.3 40.6+0.6
ZD 33 0.42+0.10 1.12+0.20 14.2+0.1 12.6+0.0
ZD 34 6.28+0.00 6.07+0.00 10.1+0.4 15.5+0.8
ZD 35 4.36+0.10 2.55+0.00 63.2+0.0 65.5+0.0
ZD 37 6.32+0.00 3.72+0.00 61.5+0.0 51.2+0.0
ZD 38 3.28+0.00 2.95+0.00 24.4+0.5 14.8+1.2

+: standart sapma seklinde sunulmustur.

Bagka bir ¢alismada. B-glukozidaz aktivitesine
sahip potansiyel probiyotik suglar arasindan. L.
perolens FI10842'nin en yiiksek (49.10
mU/mL). L. brevis FI10700'in en dusik (2.13
mU/mL) B-glukozidaz aktiviteye sahip oldugu
bildirilmistir (Son ve ark.. 2018). Cinar Acar ve
Yuksekdag (2023). ¢alismalarinda gida (peynir.
yogurt) ve hayvansal (tavuk) kaynakli 39
Lactobacillus spp. ile insan kaynakl (yenidogan
digkisi) ti¢ Bifidobacterium spp. kullanmislar ve
kiltirlerin -~ B-glu  spesifik  aktivitelerini
belirlemiglerdir. Arastirmacilar. Lactobacillus
suslarinin 0.250-4.500 U/mg. Bifidobakterilerin
ise 1.200-2.670 U/mg arasinda spesifik aktivite
yetenegi gosterdiklerini bildirmigtir. Lorn ve ark.
(2021) Kambogya ve Vietnam fermente
gidalarindan izole ettikleri 200 LAB’nin (-
glukozidaz aktivitesini incelemisler ve 40 sus’un

B-glukozidaz pozitif oldugunu. bunlar arasindan
14 susun ise 10-27 UA arasinda enzim aktivitesi
sergilediklerini rapor etmistir.

B-Galaktozidaz. yaygin adi laktaz olan ve
galaktoz ve glukoz arasindaki B-glikozidik bagin
hidrolizini katalize eden bir enzimdir (Juers ve
ark. 2012; Kolev ve ark. 2022). Sindirilmemis
laktozun ince bagirsakta emilmesi bu enzimin
aktivitesine baghdir (Saqib ve ark.. 2017).
Fermente gidalarda bulunan LAB. irettikleri
laktaz enzimi ile laktoz sindirimine yardimci
olur ve saghk acisindan belirgin avantajlar
saglarlar. Laktoz intoleransi semptomlari. insan

patojeninin adezyonunu Onleyen ve
[-galaktosidaz ireten probiyotiklerle
desteklenen  siit iiriinleriyle  yonetilebilir

(Vasudha ve ark. 2023).
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Caligmamizda 25 izolatin  kantitatif -
galaktozidaz taramasinda. tiim izolatlarin -
galaktozidaz  aktivitesine  sahip  oldugu
belirlenmistir. Lactobacillus sp. ZD15 ve ZD31
izolatlar1 0.06 U/mg ile en diisiik. Lactobacillus
sp. ZD22 izolat1 ise 6.35 U/mg ile en yiiksek f-
galaktozidaz  spesifik  enzim  aktivitesi
gostermistir (Tablo 1). Yiiksek [-galaktosidaz
aktivitesine sahip olan ZD22 ve ZD34 izolatlar1
fermente iirlinlerin gelistirilmesinde starter ve
potansiyel  probiyotik  kiiltiirler ~ olarak
kullanildiklarinda laktoz intoleransi
semptomlarini hafifletebilir. Giil Giiven ve ark.
(2011). termoasidofilik Alicyclobacillus
acidocaldarius rittmannii'den elde ettikleri ve
saflastirdiklar1  intraseliiler ~ B-galaktozidaz
enziminin spesifik aktivitesinin 113 U/mg
oldugunu bildirmislerdir.  p-galaktozidaz’in
probiyotik Pediococcus acidilactici'den izole
edildigi ve saflastirildigi bagka bir calismada.
enzimin 0.883 U/mg spesifik aktiviteye sahip
oldugu rapor edilmistir (Chanalia ve ark.. 2018).
Kilic ve ark. (2014) 39 Lactobacilllus ve 3
Bifidobacterium cinsine ait toplam 42 bakteriyi
caligmalarinda  kullanarak  [-galaktozidaz
spesifik  aktivitelerini  tespit  etmislerdir.
Lactobacilllus cinsi igerisinden en yiiksek ve en
diisik enzim aktivitesi sirasiyla L. fermentum
(2.468 U/mg) ve L. delbrueckii subsp.
delbrueckii (0.065 U/mg) suglarinda
g6zlenirken. Bifidobacterium cinsinde 0.420-
0.726 U/mg arasinda B-galaktozidaz aktivite
belirlendigi bildirilmistir. Petrol istasyonundan
izole edilen Enterobacter sp.’nin. 76.5 U/mg f3-
galaktozidaz liretme yetenegi gosterdigi tespit
edilmistir (Shaikhan ve ark.. 2020). Yuksekdag
ve Yuksekdag (2021) calismalarinda. 31
Lactobacillus delbrueckii subsp. bulgaricus ve
34 Streptococcus thermophilus bakterisinin -
galaktozidaz spesifik aktivitesini incelemisler ve
L. delbrueckii subsp. bulgaricus suslarinin
0.186-6.500 U/mg arasinda. S. thermophilus
suslarmin ise 0.172-5.064 U/mg arasinda (-
galaktozidaz aktivite gosterdiklerini
bildirmislerdir.

Enzimler. mikroorganizma cinsine/tiiriine gore
intraselliiler ~ veya  ekstraselliller  olarak
iiretilebilmektedir (Palmer ve Bonner. 2007;
Ismail ve ark.. 2010). Caligmada izolatlarin

enzim aktiviteleri hem hiicre pelletinde hem de
kiiltiir siipernatantinda ¢alisilmig ancak hiicre
pelletinde B-glukozidaz/B-galaktozidaz aktivite
belirlenirken. kiiltir siipernatantinda tespit
edilmemistir. Boylece izolatlarin her iki enzimi
de  intraselliler  olarak  sentezledikleri
desteklenmistir. Ayrica c¢alismada izolatlarin
spesifik  B-glukozidaz ve  P-galaktozidaz
aktiviteleri arasinda istatistiksel olarak p<0.01
diizeyinde anlamli bir iligki (Pearson Correlation

katsayist  0.865) bulunmustur (Sekil 1).
Yaptigimiz enzim g¢alismalarida elde edilen
sonuclar bazi arastirmacilarin  sonuglarina

benzerlik gosterirken. bazilarininkinden diisiik
ve/veya yiiksek bulunmustur. Bu farkliliklar;
enzim ¢alismalarinda kullanilan besiyeri. bakteri
yogunlugu ve enzim/substrat miktari. enzim
ekstraksiyon metodu. reaksiyon ortaminin
sicakligi. pH’1 ve enzim aktivite hesaplanma
yontemlerindeki farkliliklardan kaynaklanmig
olabilir.

Enzimlerin hem pH'a hem de sicakliga duyarh
oldugundan enzimatik siire¢lerde sicaklik ve
pH’mn optimize edilmesi 6nemlidir. pH. bir¢ok
fonksiyonel amino asit grubunun protonasyon
(protonlanma veya protonlagma; bir atom.
molekiil veya iyona proton eklenerek konjuge
asidin olusturulmasi) derecelerini ve dolayisiyla
protein katlanmasini. aktif bolge islevselligini ve
enzim stabilitesini etkiler. pH ayrica bazi
substratlarin protonasyonunu ve enzimlerin aktif
bolgeleriyle iyonik etkilesimlerini de etkiler. Bu
nedenle her enzimin belirli bir reaksiyon igin
optimal bir pH"1 vardir ve ilgili enzimatik siireg.
optimal pH'ta veya buna yakin bir seviyede
calistirilmalidir. Enzim. kaynak organizmanin
dogal ortamina bagl olarak belirli bir sicaklikta
optimum sekilde ¢aligir. Enzimlerin bir¢ogu ¢ok
hassastir ve optimum sicaklik araliginin disinda
ani aktivite diistisit meydana gelebilir. Sicakligin
arttirilmas1 enzim reaksiyon hizin1 artirabilir
ancak bu durum enzimin termal stabilitesini.
denatiirasyonunu ve inaktivasyonunu etikler
(Arcus ve ark.. 2020; Kabir ve Ju. 2023). Bu

amacla  endiistriyel alanda  kullanilacak
enzimlerin farkh pH ve sicakliklarda
aktivitelerinin belirlenmesi onemlidir.

Calismamizda yiiksek spesifik B-glukozidaz/p-
galaktozidaz enzim aktiviteleri gosteren ikiser
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izolat se¢ilmis (sirastyla; ZD26 ve ZD37 / ZD22
ve ZD34) ve farkli pH ve sicakliklarda spesifik
enzim aktiviteleri belirlenmistir.

Lactobacillus sp. ZD26 izolatinda. farkli
pH’lardaki (pH 5.5/6.2/7.5) pB-glukozidaz
spesifik enzim aktivitesinin sirasiyla. 5.84 U/mg.
7.40 U/mg ve 6.21 U/mg oldugu belirlenirken.
ZD37 izolatinda B-glukozidaz spesifik enzim
aktivitesinin 4.06 U/mg. 6.32 U/mg ve 5.98
U/mg oldugu tespit edilmistir (Tablo 2).
Izolatlarm her ikisinin de optimum gelisme
gosterdikleri pH olan 6.2 de en yiiksek B-
glukozidaz spesifik enzim aktivitesi gosterdigi
bulunmustur. ZD26 izolatinda. pH ve J-
glukozidaz enzim aktivitesi arasinda orta
korelasyon (Pearson Correlation katsayisi 0.570)
(Sekil 2a) tespit edilirken. ZD37 izolatinda. pH
ve B-glukozidaz enzim aktivitesi arasinda orta
korelasyon (Pearson Correlation katsayis1 0.671)
oldugu belirlenmistir (Sekil 2b). Caligmamizda
elde edilen sonuglar ile laktobasillerle yapilan
bazi ¢caligmalarla farklilik gdsterirken bazilarina
benzerlik gostermistir: Cinar Acar ve Yuksekdag
(2023). L. rhamnosus BAZ78 susunun pH 7.5’te.
Yuksekdag ve ark.. (2017) L. casei SC1 ve L.
rhamnosus EAL suslarmin pH 7.5’te. Perez-
Martin ve ark. (2012). 23 laktik asit
bakterisinden ii¢liniin pH 4.0’de geri kalanlarin
ise optimum pH 6’da ve Michlmayr ve ark.
(2010) Lactobacillus brevis SK3 susunun pH
5.5’te en yiiksek B-glukozidaz spesifik enzim
aktivitesine sahip olduklarini rapor etmislerdir.

B-glukozidaz  spesifik enzim  aktivitesine
sicakligin  etkisinin  belirlenmesinde  ise
Lactobacillus sp. ZD26 ve ZD37 izolatlarinin
optimum  37°C’de (gelisme  gosterdikleri
sicaklik) B-glukozidaz spesifik enzim aktiviteleri
(sirastyla 7.40 U/mg ve 6.32 U/mg) en yiiksek
bulunmustur. ZD26 izolatinda. sicaklik ve f-
glukozidaz enzim aktivitesi arasinda zayif
korelasyon (Pearson Correlation katsayisi 0.210)
(Sekil 2c) tespit edilirken. ZD37 izolatinda.
sicaklik ve pB-glukozidaz enzim aktivitesi
arasinda orta korelasyon (Pearson Correlation
katsayisi 0.596) (Sekil 2d) oldugu belirlenmistir.
Caligmamizda elde edilen sonuglar ile
laktobasillerle yapilan bazi ¢aligsmalarla farklilik
gosterirken bazilarina benzerlik gostermistir: L.
rhamnosus BAZ78 susu 37°C’de (Cinar Acar ve
Yuksekdag 2023). L. casei SC1 ve L. rhamnosus
EA1 suslar1 30°C’de (Yuksekdag ve ark.. 2018).
23 laktik asit bakterisinin optimum 45°C’de
(Perez-Martin ve ark.. 2012) ve L. brevis SK3
susunun 45°C’de (Michlmayr ve ark.. 2010) en
yiiksek B-glukozidaz spesifik enzim aktivitesine
sahip olduklar bildirilmistir.

B-Galaktosidazlarin ~ 6zellikleri kaynaklarina
bagli olarak degisebilir. Genel olarak. pH
profillerine gore; mantar kaynaklarindan gelen
asidik  B-galaktosidazlar ve maya ve
bakterilerden gelen notr B-galaktosidazlar olarak
iki gruba ayrilabilirler (Carevi¢ ve ark.. 2015).

Tablo 2. ZD 26 ve ZD 37 izolatlarmin farkli sicaklik ve pH’daki B-glukozidaz spesifik enzim

aktivitesi
. Spesifik Aktivite o Spesifik Aktivite
Izolat pH (U/mg) Sicaklik (°C) (U/mg)
5.5 5.84+0.00 30 5.82+0.02
ZD 26 | 6.2 (Kontrol) 7.40+0.00 37 (Kontrol) 7.40+0.00
7.5 6.21+0.02 45 6.14+0.01
5.5 4.06+0.00 30 4.12+0.00
ZD 37 | 6.2 (Kontrol) 6.32+0.00 37 (Kontrol) 6.32+0.00
7.5 5.98+0.01 45 5.78+0.05

+: standart sapma seklinde sunulmustur.
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Sekil 2. ZD 26 ve ZD 37 izolatlarmin B-glukozidaz spesifik enzim aktivitesinin farkli pH ve sicaklik

ile olan iligkilerine ait korelasyon grafikleri

Beklenildigi gibi caligmamizda kullanilan her iki
izolat i¢cinde optimum pH’1 n6tr pH’a yakin (pH
6.2) bulunmustur. ZD22 izolatinda. farkl
pH’lardaki (pH 5.5/6.2/7.5) p-galaktozidaz
spesifik enzim aktivitesinin sirasiyla. 2.64 U/mg.
6.35 U/mg ve 5.56 U/mg oldugu belirlenirken.
7ZD34 izolatinda B-galaktozidaz spesifik enzim
aktivitesinin sirasiyla 3.50 U/mg. 6.07 U/mg ve
5.22 U/mg oldugu tespit edilmistir (Tablo 3).
Benzer seklide LAB tiirlerinin optimum pH’1mnin
notr pH araliklart oldugu rapor edilmistir (Ismail
ve ark.. 2010. Kilic ve ark.. 2014. Carevi¢ ve
ark.. 2015. Yiiksekdag ve Yiiksekdag. 2021).
ZD22 izolatinda. pH ve B-galaktozidaz enzim
aktivitesi arasinda orta korelasyon (Pearson
Correlation katsayis1 0.623) (Sekil 3a) tespit
edilirken. ZD34 izolatinda. pH ve B-
galaktozidaz enzim aktivitesi arasinda orta
diizeyde korelasyon (Pearson Correlation
katsayis1 0.519) (Sekil 3b) oldugu belirlenmistir.
Sicaklik enzim denatiirasyonu ve dolayisiyla
aktivite diisiisii i¢in 6nem bir faktordiir (Kabir ve
Ju. 2023). Tablo 3’te iki izolatin farkl
sicakliklardaki B-galaktozidaz spesifik enzim
aktivitesi verilmistir. Farkli sicakliklarda (30.

37.45°C) ZD22 ve ZD34 izolatlarmin spesifik 3-
galaktosidaz aktivite seviyelerinin 2.50 U/mg ila
6.35 U/mg arasinda oldugu tespit edilmistir. Her
iki izolatin (ZD22. ZD34) en yiiksek spesifik
enzim aktivitesinin 37°C (sirastyla; 6.35 U/mg
ve 6.07 U/mg) oldugu ve en disiik spesifik
enzim aktivitesinin ise 45°C de (sirasiyla; 2.50
U/mg ve 2.67 U/mg) oldugu belirlenmistir.
ZD22 izolatinda. sicaklik ve P-galaktozidaz
enzim aktivitesi arasinda negatif yonde orta
diizeyde korelasyon (Pearson Correlation
katsayis1 -0.762) (Sekil 3c)tespit edilirken. ZD34
izolatinda. sicaklik ve B-galaktozidaz enzim
aktivitesi arasinda negatif yonde orta diizeyde
korelasyon (Pearson Correlation katsayisi -
0.506) (Sekil 3d) oldugu belirlenmistir.
Yiiksekdag ve Yiiksekdag (2021). L. delbrueckii
subsp. bulgaricus ZN541 ve S. thermophilus
71052 suslarinda 42°C. Kilic ve ark. (2014). L.
fermentum ZYN17 susunda 37°C. Carevi¢ ve
ark.. (2015). L. acidophilus ATCC 4356 de
optimum 45°C. Nguyen ve ark. (2007) L.
acidophilus R22 susunun 45°C de ve Ismail ve
ark.. (2010) L. acidophilus NRRL 4495 susunun
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45°C de en yiiksek aktivite gosterdiklerini rapor
etmislerdir.

Calismalar sonucunda arastirmacilarin. farkh
ortamlardan izole edilen bakteriler tarafindan
tiretilen farkli enzimlerin. mikroorganizmalarin
izole edildigi ortamdaki pH ve sicakliklarin
iizerinde ve/veya altindaki pH ve sicakliklarda

maksimum  aktivite gosterdiklerini  rapor
etmiglerdir. Arcus ve ark. (2020). enzimin.
kaynak organizmanin dogal yasam ortamiyla
iligkili oldugu sicaklik ve pH’ta en iyi sekilde
islev gordiigiinii bildirmisler ki buda bizim
sonuclarimizla uyumludur.

Tablo 3. ZD 22 ve ZD 34 izolatlarinin farkli sicaklik ve pH’daki 3-galaktozidaz spesifik enzim aktivitesi

izolat pH Spesifik Aktivite (U/mg) Sicaklik (°C) Spesifik Aktivite (U/mg)
55 2.64+0.07 30 5.00+0.05
ZD 22 6.2 (Kontrol) 6.35+0.00 37 (Kontrol) 6.35+0.00
7.5 5.56+0.06 45 2.50+0.04
5.5 3.50+0.04 30 3.88+0.01
ZD 34 6.2 (Kontrol) 6.07+0.02 37 (Kontrol) 6.07+0.02
7.5 5.22+0.00 45 2.67+0.01

+: standart sapma seklinde sunulmustur.

Tablo 4. ZD 20 ve ZD 28 izolatlarinin farkli pH ve sicakliklarda hiicre igi/hiicre dig1 folat tiretimi (ug/L)

Folat Uretimi (ng/L)
Bakteri pH Hiicre ici Hiicre dis1
30°C 37°C 45°C 30°C 37°C 45°C
55 71.5+0.5 110+0.0 68.4+0.2 94.8+.09 92.8+1.2 40.9+1.1
6.2
ZD 20 (Kontrol) 108.9+0.0 124.2+1.2 70.7+1.1 91.1+0.1 104.4+0.0 77.6+0.6
7.5 54.4+1.2 84.2+0.3 62.0+0.0 71.0+0.0 78.4+0.0 28.7+0.0
5.5 88.3+0.0 98.3+1.0 60.7+0.7 100.7+0.0 119.9+0.0 95.1+0.1
6.2
ZD 28 (Kontrol) 96.2+0.2 104.1+0.2 58.7+1.2 104.8+0.0 121.0+0.0 86.4+0.2
7.5 68.8+£0.0 72.3+1.1 49.9+1.0 62.8+0.4 74.0+0.0 20.4+0.4
+: standart sapma seklinde sunulmustur.
a b
HRH"M ™~ —
HH\"‘\.__H ~ — ~
l'A-l;;:ﬂ-l V;.l;ﬂﬂ!
c d

Sekil 3. ZD 22 ve ZD 34 izolatlarinin - galaktozidaz spesifik enzim aktivitesinin farkli pH ve

sicaklik ile olan iligkilerine ait korelasyon grafikleri
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Probiyotik ve starter kiiltiir olarak kullanilma
potansiyeli olan LAB’nin folat iiretim (6zellikle
ekstraselliiler) yetenegine de sahip olmasi
durumunda. bakteriler bagirsak mikrobiotasinda
avantajli hale getirebilir. Hiicre i¢i folat
iiretiminin yiiksek olmasi bakterinin metabolik
aktivitesi hakkinda bilgi verirken. hiicre dis1
folat miktarinin artmasi tiiketilen gidalarin folat
iceriginin zenginligi hakkinda fikir verecektir.
Bu ¢alismada. tavuk gastrointestinal sisteminden
elde edilen 25 laktobasil bakterisinin folat iiretim
miktarlar1 tespit edilmis ve ZD20 izolatinin
1242 pg/L ile en yiiksek hiicre i¢i folat
tiretimine. ZD34 susunun ise 10.1 pg/L en ile
diisiik folat iiretim kapasitesine sahip oldugu
belirlenmistir. ZD28 (121.0 pg/L) ve ZD29 (4.2
pg/L) izolatlart ise sirasiyla en yiiksek ve en
diisiik  hiicre dis1  folat {iretim yetenegi
sergilemislerdir (Tablo 1). Calismada. laktobasil
izolatlarinin hiicre i¢i ve hiicre dis1 folat
tiretimleri istatistiksel olarak p<0.01 diizeyinde
anlamli bir iligki (Pearson Correlation katsayisi
0.979) bulunmustur. Albano ve ark. (2020) 35
Lactobacillus susunun hiicre dis1 ve hiicre igi
folat iiretimini incelemisler ve en yiiksek hiicre
dis1 folat iretiminin L. plantarum VS513'te
(72.99 ng/mL). en yiiksek hiicre i¢i folat
tiretiminin ise olarak L. plantarum VS166 (36.11
ng/mL) suslarinda go6zlendigini bildirmistir.
Baska bir calismada. arastirmacilar 12 LAB
susunun folat {iretimini incelemisler ve yalnizca
L. plantarum GSLP-7 (1.31 pg/mL) ile L.
plantarum SKT109 (0.51 pg/mL) suslarinin
folat iretme yetenegi gosterdiklerini rapor
etmislerdir (Zhang ve ark.. 2020). Cucick ve ark.
(2020) Brezilya keci siit iriinlerinden izole
ettikleri L. plantarum (16 cv) bakterisinin folat
tretim miktarin1 128 ng/mL olarak tespit
etmislerdir.

Folat iiretimi biiylime kinetigi. kiiltiir kosullari.
besiyeri bilesimi gibi ¢esitli faktorlere bagh
olarak degisim gosterebilmektedir (Saubade ve
ark. 2017). Bu ¢aligmada. farkli sicaklik (30. 37.
45) ve pH (5.5. 6.2. 7.0) kosullarinin folat
iiretimi lizerindeki etkisini belirlemek i¢in hem
hiicre i¢ci hem de hiicre disi yiiksek folat
tretimine sahip iki izolat (ZD20 ve ZD28)
secilmistir. Her iki sus igin yapilan istatistiksel
analiz sonucunda farkli pH ve sicakliklarda hem

hiicre i¢i hem de hiicre disi folat iiretimleri
arasinda kayda deger bir korelasyon tespit
edilememistir. Her iki izolatta optimum gelisme
kosullarinda (pH 6.2 ve 37°C) gelistirildiginde
hem hiicre i¢i hem de hiicre dis1 folat {iretim
miktarlarinin  daha yiiksek oldugu tespit
edilmistir.

Sonuc¢

Bu calisma kapsaminda diger calismalardan
farkli olarak tavuk gastrointestinal sisteminden
izole edilen laktobasillerin hiicre i¢/hiicre dist
folat iiretimleri ile p-glukozidaz ve pB-
galaktozidaz enzim aktivitesi arasindaki iligki
incelenmistir. izolatlarin B-glukozidaz enzim
aktiviteleri ile hiicre i¢i folat liretimi (Pearson
Correlation katsayis1 0.149) ve hiicre dis1 folat
tiretimi (Pearson Correlation katsayisi 0.189)
arasinda.  ayrica  P-galaktozidaz ~ enzim
aktiviteleri ile hiicre i¢i folat tiretimi (Pearson
Correlation katsayis1 0.168) ve hiicre dis1 folat
tiretimi (Pearson Correlation katsayis1 0.221)
arasinda korelasyon olmadig: tespit edilmistir.
Yiiksek enzim aktivitelerine ve folat {liretimine
sahip olan izolatlarin fermente {iriinlerin
gelistirilmesinde starter kiiltiir ve potansiyel
probiyotik olarak kullanilabilme potansiyelleri
de belirlendikten sonra endiistriyel {iretimlerde
kullanimlart miimkiin olabilecektir.
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ABSTRACT

PASTINNOVA is one of the approved projects by the PRIMA (Partnership for Research and Innovation in the
Mediterranean) foundation of the European Union HORIZON 2020 program. The general target of
PASTINNOVA is to increase the resilience of small-scale farms producing in rural areas under the pressure of
changing climatic conditions, to improve production and marketing opportunities with innovative approaches,
and to create sustainable business and organizational models for the economic empowerment of rural women.
Living Laboratory (LL) is an open, user-oriented system whose overall scope is principle-based, based on the
discovery and discovery of tangible objects in living communities. Within the scope of the project, we are also
starting our efforts to establish the first Regional Living Laboratory, which is highly preferred in the international
disciplines, which will adapt to Mediterranean animal husbandry. Living Laboratories are application-oriented
networks where all relevant stakeholders are involved, where problems are identified, new solutions are
developed, and which facilitate and encourage the implementation of open, collaborative, innovative practices in
pastoral livestock production. In this study the contributions of stakeholders, Identification of problems and first
meeting outputs of the 1st RLL meeting in Adana-Turkey will be presented.

Key words: PASTINNOVA Project, Living Lab, Pastoral Mobility, Rural Life, Turkey

PASTINNOVA Projesi, Siirdiiriilebilir Pastoral Hareketlilik Yasam

Laboratuvari: Tiirkiye Vaka Calismasi
oz
PASTINNOVA, Avrupa Birligi HORIZON 2020 programmin PRIMA vakfi tarafindan onaylanan projelerinden
biridir. PASTINNOV A'nin genel hedefi, degisen iklim kosullarinin baskist altinda kirsal alanlarda {iretim yapan
kiigiik olgekli ciftliklerin dayanikliligini artirmak, yenilik¢i yaklagimlarla {iretim ve pazarlama olanaklarini
gelistirmek ve kirsal kesimdeki kadinlarin ekonomik olarak gii¢lendirilmesi i¢in siirdiiriilebilir i§ ve organizasyon
modelleri olugturmaktir. Yasayan Laboratuvarlar (LL), genel kapsami ilke temelli, yasayan topluluklarda somut
nesnelerin kesfedilmesi ve ortaya cikarilmasia dayanan agik, kullanict odakli bir sistemdir. Proje kapsaminda
Akdeniz hayvanciligina uyum saglayacak, uluslararasi disiplinlerde c¢ok tercih edilen ilk Bolgesel Yasayan
Laboratuvar1 kurmak icin ¢alismalarimiza da basliyoruz. Yasayan Laboratuvarlar, ilgili tim paydaglarin dahil
oldugu, sorunlarin tespit edildigi, yeni ¢oziimlerin gelistirildigi, pastoral hayvancilikta agik, isbirligine dayals,
yenilik¢i uygulamalarin hayata gecirilmesini kolaylastiran ve tesvik eden uygulama odakli aglardir. Bu
calismada, paydaslarin katkilari, sorunlarin tanimlanmasi ve Adana-Tiirkiye'deki 1. Yasayan Laboratuvar
toplantisinin ilk toplant1 ¢iktilar1 sunulacaktir.
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Introduction

The pastoral system is a complex structure in
which breeders produce livestock using natural
resources within their cultural values derived
from traditions (Caballero et al., 2009). Livestock
activities carried out in the context of pastoralism
are characterized by extensive grazing on natural
pastures, but also use of pastures and cultivated
lands, the variety of species and native breeds,
livestock husbandry systems (Lopez-i-Gelats et
al, 2016), and different degrees of use of labour.
Pastoral systems provide a wide range of
ecosystem services (ES) and play multiple roles
towards sustainable and inclusive development
(D’Ottavio et al., 2018). The socio-economic role
of pastoralists is related to the sustainability of
livelihoods in mountain/marginal/island areas for
centuries and is still an important source of
income and employment, even in combination
with other activities (Ragkos et al., 2020).
Environmental roles result from being adapted to
local conditions and thus making efficient use of
natural resources. Good grazing practices in
pastoral systems play an important role in
grassland management, biodiversity, landscape
structure and climate change mitigation
(Caballero et al., 2009; Vagnoni and Franca,
2018). The -cultural heritage of pastoralism
characterizes the regions: Traditional ecological
knowledge, farm and land management; customs,
traditions and norms; processing. Pastoralism is
included in the Representative List of the
Intangible Cultural Heritage of Humanity
(Greece, lItaly, Austria, Turkey). Last but not
least, pastoral food has many of the
characteristics that the EU Circular Economy
Action Plan calls for (high-quality, functional,
safe, efficient and affordable) (Budimir et al.,
2018). The general target of PASTINNOVA is to
increase the resilience of small-scale farms
producing in rural areas under the pressure of
changing climatic conditions, to improve
production and marketing opportunities with
innovative approaches, and to create sustainable
business and organizational models for the
economic empowerment of rural women. Living

Labs (LL) is an open, user-oriented system whose
overall scope is principle-based, based on the
discovery and discovery of tangible objects in
living communities. Within the scope of the
project, we are also starting our efforts to
establish the first Regional Living Lab, which is
highly preferred in the international disciplines,
which will adapt to Mediterranean animal
husbandry.

When the literature on living laboratories is
examined; Folstad (2008) conducted a study to
determine the theoretical foundations, processes,
methods and perspectives of living laboratories.
While Franz (2015) offers a more social-centered
perspective on living laboratories, Schuurman et
al. (2015) concluded that research and
applications related to living laboratories are still
at a nascent stage. Leminen et al. (2017)
conducted a study to understand the emergence of
the living laboratory concept. McLoughlin et al.
(2018)  bibliometric  analysis  of  living
laboratories, Westerlund et al. (2018) modeled
living laboratories.

Based on the theory of 'Living Laboratories'
(www.enoll.org), a joint network on "Pastoral
actors and Value Chains of Pastoral products
(VCP)" will be established with the aim of co-
creating innovative solutions for  farmer
organizations, farm management and VCP
through the integration of the needs, capacities
and experiences of actors (e.g. farmers,
entrepreneurs, producers, retailers, policy makers,
researchers, consumers). Therefore,
PASTINNOVA lies in the core of sustainable
rural development. In this study the contributions
of stakeholders, identification of problems and
first meeting outputs of the 1st RLL meeting in
Adana-Turkey will be presented.

Material and Methods

In this study, a living laboratory application will
be organized and the results will be discussed
with the aim of introducing innovative solutions
in farm management in farmer organizations
through the integration of the needs, capacities
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and experiences of farmers, entrepreneurs,
producers, retailers, policy makers, researchers
and consumers.

In terms of the complex challenges that exist in
real life, it is very difficult for a single actor to
find the right solution.

By co-operating with end-users and other actors
and finding common solutions, complexity and
uncertainty can be reduced and the chances of
finding a solution can be increased.

Research has shown that LLs with network
structures based on extensive knowledge,
information exchange and collaboration between
multiple actors lead to radical innovation,
whereas LLs with centralized network structures
achieve more marginal innovative developments
(Leminen, 2017).

The concept of LL was first proposed by Prof.
William Mitchell of the MIT Media Lab as "a
research methodology for sensing, sampling,
validating and refining complex solutions in
multiple and emerging real-life contexts".

Living Lab (LL) is a new approach that aims to
produce innovative  solutions  with  the
participation of users in the real-life environment
of scientific or technological research,
experiments and measurements.

Unlike conventional laboratories, a Living Lab
(LL) operates in real-life, user-orientated
conditions. The physical and/or organizational
boundaries of a Living Lab are defined according
to its purpose, scope and content.

The Living Lab is still used for the development
of IT and design related products and services by
testing them with real users in a real life
environment.

Some basic features of how a living laboratory
should be are as follows:

The living laboratory should work with real users
in a real life environment. In this way, user needs
and expectations can be accurately determined
and solutions can be designed accordingly.

The living laboratory should work with a
multidisciplinary approach. In this way, different
perspectives, knowledge and skills can be brought
together and more creative and effective solutions
can be produced.

The living laboratory should ensure the
participation of stakeholders. In this way, the
views, experiences and contributions of
stakeholders can be obtained and the applicability
and sustainability of solutions can be increased.

The living laboratory should be in a continuous
learning and development process. In this way,
solutions are tested, evaluated and improved. In
addition, new needs, opportunities and problems
are identified and new solutions are developed
accordingly.

The Lab aims to ensure the participation of a
large number of participants and all stakeholders
in all stages of the development and innovation
life cycle by sharing ideas and experiences in an
effective and efficient manner
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Figure 1. Participatory Platform for Mediterranean Pastoralism” (PPMP) and four Regional

LLs (RLLs)

The joint network on "Pastoral actors and VCP"
will be expressed through a "Participatory
Platform for Mediterranean Pastoralism" (PPMP)
and four Regional LLs (RLLs) (Figure 1),
grouping countries from regions with common
economic, socio-political, cultural and
environmental challenges and geo-climatic
affinities in their pastoral systems. The PPMP
will coordinate the pooling of existing knowledge
and other pastoral resources; serve as a nexus
enabling  connectivity, communication, co-
learning and information flow between RLLs;
and monitor the progress of RLL activities. RLLs
will undertake a co-creation approach by co-
designing the implementation, evaluation and
characterization of innovative solutions, while
contributing to the validation of results, outputs
and strategies. Selected solutions will be tested
and implemented in small-scale real-life
applications and evaluated for their sustainability
(economic, social, environmental). There will be

a particular focus on the inclusion of vulnerable
groups (e.g. women, young farmers and migrant
workers).

The following steps were followed in the living
laboratory implementation;

1. The roles, responsibilities and expectations of
stakeholders (farmer organizations through the
integration of the needs, capacities and
experiences of farmers, entrepreneurs, producers,
retailers, policy makers, researchers and
consumers) and stakeholders were clarified.

2. The purpose, scope and methodology of the
living laboratory study were explained to the
participants. The living laboratory was defined
with its subject, target group, research questions
and hypotheses. In addition, necessary
information was given about the compliance of
the living laboratory study with ethical rules and
legal legislation
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3.The tools, methods, data and analyses to be
used during the living laboratory study were
planned.

4. In addition, during the living laboratory study,
the needs, expectations and experiences of the
participants were observed and their opinions
were recorded. The solutions produced as a result
of the living laboratory study were discussed with
other participants, evaluated and tried to be
improved.

5.The opinions, suggestions, data and analyses
obtained in the living laboratory study were
systematically reported and the findings, results
and suggestions were shared with the
stakeholders.

A total of 16 stakeholders attended the first
meeting.  Cukurova  University was the
management unit and project stakeholders, Adana
Provincial Directorate of Agriculture and
Forestry, Sarigam Directorate of Agriculture and
Forestry, Adana Breeding Sheep and Goat
Breeders' Association, entrepreneurs on related
IBM, Animal breeders, Women's Cooperatives
producing products for related IBM and the press
attended the meeting. A survey was organized to
identify the problems and outputs of the Regional
Living Lab of Turkey.

Result and Discussions

Animal proteins such as meat, milk and their
products have a very important place in the
healthy nutrition of humans. People need
nutrition every day. The strategic importance of
food supply all over the world has once again
come to the fore with the Covid outbreak. During
the Covid restrictions, apart from health services,
food production and shipment provided
uninterrupted service. However, producing these
in healthy and nature-friendly conditions is
another important aspect of the issue. Sustainable
and nature-friendly production models are much

more questionable. Sheep and goat breeding is
important in a wide range of products such as
meat, milk and dairy products such as yogurt, ice
cream etc, wool, hair and leather, and textile
sector products. Foods obtained from sheep and
goats have a vital importance in human nutrition.
This sector is extremely important in terms of
cheap and accessible supply of animal protein and
balanced and adequate nutrition of societies.
Sheep and goat husbandry, which is known as
one of the first sources of livelihood for mankind
on earth, has maintained its place in the
agricultural economy to a great extent throughout
history and today it provides job opportunities for
millions of people worldwide. For this reason,
small ruminant breeding is more prominent.
However, this branch of animal husbandry, which
is carried out in the form of small-scale and
nomadic animal husbandry and mostly based on
pasture, also has various difficulties.

In accordance with the working principle of the
living lab, a one-day meeting was held based on
bringing together different segments that are
involved in sheep and goat breeding or involved
in this issue in one way or another, each group
expressing their own problems and seeking
solutions to the problems.

Participants who took the floor at the meeting
first of all expressed the problems of the sector
they represent. Accordingly, the problems of
women's cooperatives are listed below;

- Organizational problems; It is very difficult to
find the right teammate to build a cooperative,
cooperative members leave the president
alone, the partners entering the cooperative are
not interested in any other line of business and
live a life solely dependent on the income of
the  cooperative, which will increase
productivity
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- Qualified personnel are required to maintain
the traditional taste in traditional product
production

- Volatile input prices have a negative impact on
price policy

- High tax policies
- High labor costs
- Marketing problems

- Legal procedures for the produced product are
difficult, time consuming and costly.

The problems encountered by the participants
attending the meeting and representing the
breeders during breeding are listed below;

- Animal health issues; Veterinary, vaccination
and medicine costs are too high

- Input prices are very high and access to quality
inputs is very difficult

- Roads leading to pastures have been closed by
Forestry Enterprises, we cannot go out of
villages

- The younger generation is not interested in
animal husbandry and are migrating to the
cities,

- We have problems in reaching the market, but
when we can reach it, we have no problem in
selling our products

- When we go up to the springs, we have
problems with storing what we produce, there
used to be colder and snowier areas, but not
anymore

- We used to walk while migrating to the
highlands, but now our roads are closed so we
have to hire vehicles and the cost is very high.

-The support provided is insufficient

- Small scale producer competition of chain
markets.

The sector representative, who processes and
markets animal products and owns a brand in this
field, stated the problems related to him as
follows;

- Quality problems in goat milk supply (hand
milking errors, lack of cold chain, transportation
losses, mixed milk usage problems, seasonal
changes in goat milk production)

- High input costs; fuel, energy etc.
- Lack of hygiene and record keeping in farm
- Exportation problems to EU

Provincial and district representatives of the
Ministry of Agriculture and Forestry participated
in the meeting and expressed the problems related
to the administrative and official part of the
sector. These are;

-Small producers have very limited market
possibilities

-Organization, product diversity and branding
problems in women's cooperatives

-Lack of know-how and new technology (cost
etc.)

-Subsidies are not used correctly

-Unable to produce healthy data due to lack of
record keeping

-Low interest in training and extension activities

-Not enough interest in support to encourage the
younger generation.

After the meeting, an 8-question questionnaire on
the views of the participants about RLL was
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administered to collect data on the effectiveness
of the study.

Considering Turkey's geographical structure and
extensive pastures, it is seen that Turkey has a
significant potential for low-cost and high quality
animal husbandry. Most of the pastures in the
country have low productivity and are more
suitable for small ruminant husbandry (Alkan ve
ark. 2013; Dagkiran et al., 2018). Especially
sheep and goat breeding is the most cost-effective
animal husbandry in the country. Small ruminant
breeding has a special importance in the Turkish
economy. Sheep and goats account for 24.75 per
cent of total meat production, 12.35 per cent of
milk production and 63.18 per cent of leather
production.

Although Turkey is one of the leading countries
in the world in terms of ovine livestock, it is far
from meeting the expectations in terms of yield
per animal. However, the ecological conditions of
our country are suitable for ovine breeding
(Bingol et al., 2013; Dagkiran et al., 2018).
Revenues from ovine husbandry include the sale
of livestock, fleece and hair, raw milk, butter and
cheese (Karaca et al., 1990; Aydin and Keskin,
2018; Bebek and Keskin, 2018). Small ruminant
farming in Turkey has an extensive structure with
a population consisting mostly of low-yielding
indigenous breeds, feeding conditions mainly
based on grazing and production with limited
inputs (Ertugrul et al., 2010; Karag6l and Keskin,
2018; Giil et al., 2022). These characteristics of
the sector can be added to the fact that the
enterprises are small and undersized, input
supply, product marketing and evaluation
opportunities are inadequate, accordingly, the
producers receive a low share from the market
price, and production is largely carried out on a
subsistence basis (Karaca and Kaymakg1, 1994;
Aydm and Keskin, 2018).

Living Labs offer important opportunities to
different segments working in this field by
providing learning experiences for processes
ranging from farm conditions to marketing in
animal husbandry for problem identification and
solution seeking. In addition to the results of the
living lab study organized in this study, questions
were asked to evaluate the study and the results
obtained were summarized in the table. The
principles of "user focus" and "co-production” lie
at the basis of Living Laboratory's governance
approach (Memis and Kiigiik Bayraktar, 2020).

Feedback of stakeholders about the organized
RLL is given Table 1.

Table 1. Feedback of stakeholders about the
organized RLL

Frequency
. (%)

Questions

Yes | No
Do you know about LL before 18 82
Do you learn about LL after this 82 18
meeting
Is this meeting useful for you?* 82 18
Do you like the meeting hall? 100 0
E)o you like promotional materials 100 0
Was_ _ it dnfﬂcult . for you to 40 60
participate this meeting

As seen in Table 1, many participants stated that
they were not aware of the living laboratory and
only learned about it after the meeting. At the end
of the RLL meeting in Turkey, the participants
expressed that they were looking forward to
sharing our experiences with other partners,
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finding solutions to our difficulties and learning
more about innovative methods for milk
processing.

Conclusions

The point reached in recent years requires the
inclusion of all stakeholders in the solution
process for the solution in animal husbandry. The
most important tool in this regard is living
laboratory studies. Although living laboratories
are suitable for involving stakeholders in the
process, the interaction between animal
husbandry and living laboratories has not been
sufficiently emphasized in the literature. This
paper discusses the necessity of adopting a living
labs approach as a solution to the challenges of
stakeholder engagement in smart city governance.
In this way, the study is expected to contribute to
the ongoing debate on what living laboratories
should be.

Cukurova University proposed two Innovative
Business Models (IBMs) for the goat breeding
sector as part of the PASTINNOVA project. In
this study, sector representatives gathered to
discuss current problems and potential solutions,
compare their own experiences with those of
other partners, and exchange knowledge. During
the meetings, sector representatives thoroughly
addressed the challenges they face in goat
breeding, examined best practices implemented in
different geographical regions, and engaged in
intensive discussions on sustainability, efficiency,
and innovation. Through this collaborative effort,
participants gained a broader perspective on the
sector's issues, equipping them with the
knowledge and experience to play a more active
role in the wupcoming Regional Living
Laboratories’ meetings, organized as clusters.
This engagement is expected to contribute to the
development of more effective and targeted
solutions within the goat breeding sector.
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Arastirma Makalesi
Cimlenmenin Beyaz, Kirmizi ve Siyah Dar1 (Pennisetum glaucum) Ununun
Kimyasal Bilesimi, Fenolik ve Antioksidan Potansiyeline Etkisi

Tiilin EKER™, Rabia TURAN?
oz
Bu ¢alismada, beyaz, kirmizi ve siyah renkteki darilar ¢gimlendirilerek un elde edilmistir. Cimlenmemis ve
¢imlenmis unlarin kimyasal bilesimi, renk 6zellikleri, fenolik ve antioksidan potansiyeli ile mineral bilesimi
belirlenmistir. Dar1 unlarinin nem igerigi ¢imlenme ile azalirken, protein igeriginde hafif bir artis gézlenmistir.
Cimlenme islemi, dart unlarinin L* degerlerinde genel bir artisa neden olmustur. Cimlenme siirecinin beyaz,
kirmizi ve siyah dar1 unlarinin toplam fenolik bilesiminde sirastyla 4.94, 4.96 ve 2.85 kat artiga neden olmustur.
Cimlenme ile mineraller arasinda en ¢ok artis kalsiyumda meydana gelmistir. Cimlenmenin dar1 unlarinda
meydana getirdigi yapisal degisiklikler FT-IR spektroskopisi ile belirlenmistir. Bu sonuglar, iilkemizde kus
yemi olarak bilinen darmin, ¢imlendirilmesiyle insanlar icin degerli bir fonksiyonel gida kaynagina
doniisebilecegini gostermektedir.
Anahtar Kelimeler: Dari, ¢cimlendirme, toplam fenolik, antioksidan aktivite, mineral bilesimi, FT-IR

The Effect of Germination on the Chemical Composition, Phenolic and
Antioxidant Potential of White, Red, and Black Millet (Pennisetum glaucum)

Flour
ABSTRACT
In this study, white, red, and black millets were germinated to obtain flour. The chemical composition, color
properties, phenolic and antioxidant potential, and mineral composition of ungerminated and germinated flours
were determined. While the moisture content of millet flour decreased with germination, a slight increase in
protein content was observed. Germination led to a general increase in the L* values of millet flours. The
germination process resulted in a 4.94-fold, 4.96-fold, and 2.85-fold increase in the total phenolic composition
of white, red, and black millet flours. The most significant increase among minerals due to germination
occurred in calcium. Structural changes induced by germination in millet flours were identified using FT-IR
spectroscopy. These findings suggest that millet, known as birdseed in our country, can become a valuable
functional food source for humans when germinated.
Keywords: Millet, germination, total phenolic, antioxidant capacity, mineral composition, FT-IR
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Cimlenmenin Beyaz, Kirmizi ve Siyah Dar1 (Pennisetum glaucum) Ununun
Kimyasal Bilesimi, Fenolik ve Antioksidan Potansiyeline Etkisi

Giris

Tahillar, tarih boyunca insanlarin temel besin
kaynaklarindan biri olmustur. Misir, bugday ve
piring gibi tahillar biinyelerindeki lipitler,
karbonhidratlar, proteinler, mineraller ve
vitaminler ile insanlarin gida tiiketiminin
yaklasik %80’ini olustururken kiiresel kalori
ihtiyacinin %50’sinden fazlasim karsilamaktadir
(Pirzadah ve Malik, 2020).

Tarim sektoriiniin kiiresellesmesi ve
endiistrilesmesinin  getirdigi tek c¢esit tarim
uygulamalar1 ve genetik cesitliligin azalmasi
gibi  olumsuz etkiler diinya genelinde
hissedilmektedir. Tarim sektorii c¢ogunlukla
bugday, piring ve musir gibi birka¢ tahil tiiriine
bagli hale gelmistir. Diinya niifusunun
artmasiyla birlikte gida kriziyle karsilasmanin
onemli bir zorluk olacagi vurgulanmaktadir (Jan
ve ark. 2023). Bu baglamda, yiiksek besin
profiline sahip olan ve 21. yiizyilin bitkileri
olarak kabul edilen yalanci tahil veya tahil
benzeri tohumlar olarak bilinen bitkilerin
yetistirilmesi  ve  kullaniminin  gbzden
gecirilmesi onemlidir. Tahil benzeri tohumlar
icerisinde adi gecen dar tiirlerinin zengin besin
profilinden dolay1 6nemli bir potansiyele sahip
oldugu belirtilmektedir (Yousaf ve ark., 2021).

Dan1 tiirleri (millets) zengin fitokimyasal
bilesimi ve saghga faydalar1 nedeniyle
giinimiizde gida bilimcileri ve beslenme

bilimcilerinin ilgisini ¢ekmektedir. Diinyada
iiretimi yapilan ¢ok sayida dar1 cins ve tiirii
olmasina ragmen, en fazla iiretimi yapilan
darilar; inci dar1 (Pearl millet) (Pennisetum
glaucum), ragi darisi (Finger millet) (Eleusine
coracana), kodo dar1 (Paspalum setaceum), kum
dar1 (Proso Millet) (Panicum miliaceum), cin
dar1 (Foxtail Millet) (Setaria italica), kiigiik dar
(Little  Millet) (Panicum sumatrense) ve
daricandir (Echinochloa utilis) (Boz, 2014;
Dumanoglu ve ark., 2022). Dar tiirleri kuraklik,
olumsuz hava kosullar1 ve giibre ve bocek ilaci
gibi kimyasal girdilere ihtiya¢ duymadan
yetisebilen, iilkemizde daha ¢ok kus yemi olarak
bilinen kiigiik taneli gidalardir. Glutensiz tahillar
icinde yer alan olan dar tiirleri diisiik glisemik
Baklagil ve tahillarin ¢imlendirilerek tiiketilmesi
son zamanlarin beslenme egilimlerinden biri
olmustur. Aralarinda ¢emen tohumu, aci bakla,
nohut, mercimek ve fasulyenin oldugu

indekse (GI) sahiptir ve diyet lifi, kalsiyum,
demir ve fosfor gibi minerallerin iyi bir kaynag:
olmasi bakimimdan giliniimiiziin 6ne ¢ikan gida
gruplari arasindadir (Abioye ve ark., 2022). Gida
ve Tarim Orgiitii 2023 yilin1 “Uluslararas1 Dari
Yili” ilan ederek darmnin beslenme ve saglik
yararlarina yonelik farkindalik yaratmayi ve
gesitli dar1 tiirlerinin  tarimsal  {iretimini,
kullanimint  ve  pazarlama  potansiyelini
arttrmay1 amaglamaktadir (FAO, 2023). Besin
bilesenleri bakimindan diger bazi tahil gesitleri
ile kiyaslandiginda E. coracana darida kalsiyum
iceriginin 350 mg/100g oldugu, E. utilis darmin
18.6 mg/100g seviyesiyle bugdayin yaklasik bes
katt demir icerdigi belirlenmistir (Saleh ve ark.,
2013; Shahidi ve Chandrasekara, 2013).
Darilarin genel olarak lif bakimindan misir ve
bugdaydan daha zengin oldugu, ayrica bazi dari
cesitlerinin tiyamin ve riboflavin agisindan 6ne
ciktigi anlasilmaktadir (Boz, 2014). Diger
taraftan fenolik igerik bakimindan cin dari, kum
dar1, kodo dari, kii¢iik dari, darican, ragi darisi
ve inci darilarinin aralarinda oldugu Hindistan
menseili ¢esitlerde ferulik asit ve onu takiben
kafeik asit baskin fenolik asitler olarak
belirlenmistir (Goudar ve ark., 2023). Baska bir
calismada ise ragi darismin ¢oziiniir fenolik
bilesik iceriginin 81.67-410.31 mg/100 ¢
arasinda bagh fenolik bilesik miktarinin ise
58.16-252.32 mg/100 g arasinda degistigini
bildirmistir (Jinle ve ark., 2019). Polifenol ve
diyet lifi icerigi ile diyabet riskini en aza indirme
ve kolesterol diisiiriicii etkisi gibi bircok saglik
faydasi bildirilen dar tiirlerinin fonksiyonel gida
bileseni olarak giderek iinlendigi goriilmektedir
(Abioye ve ark., 2022). Dari tiirleri hakkinda son
zamanlarda yapilan bir derlemede dan
cesitlerinin gida olarak kullanimi detaylica ele
almmuis insanlarin dar1 tiirlerinin saglik faydalari
hakkinda bilinglenmeleri ve bu tahillarin
tiketilmesinin ~ 6nemine dikkat ¢ekilmesi
gerektigi vurgulanmustir (Hassan ve ark., 2021).
Ornegin inci darisnin glutensiz olmasi ve
pirince gore daha yiiksek lif icermesi nedeniyle
¢cOlyak hastalar1 igin iyi bir gida kaynagi
olabilecegi bildirilmistir (Saleh ve ark., 2013).

baklagillerin filizlendirme ile kotiledon, kokgiik
ve tohum kabuklarinda bulunan toplam
flavonoid bilesiklerinin miktar1 ve antioksidan
aktivitesi artmigtir (Saleh ve ark., 2019).
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Filizlenme sirasinda fenol bilesikleri gida
matriksinden serbest kalmakta ve wviicut
biyoaktif bilesiklerden daha fazla

yararlanmaktadir (Saleh ve ark., 2019). Benzer
sekilde nohut, kirmiz1 mercimek, mas fasulyesi
ve barbunyanin antioksidan aktivitelerinin
filizlenme ile %14 ila %35 arasinda arttig
bildirilmistir (Mamilla ve Mishra, 2017). Baska
bir calismada bugday, arpa, yulaf, kinoa,
amarant, yesil mercimek, nohut ve mas fasulyesi
taneleri farkli siirelerde (1, 3 ve 5 giin)
¢imlendirilmis ve ¢imlendirme ile tanelerin; kiil,
ham protein ve yag miktarlar1 artmistir. Dogal
tanelere kiyasla ¢imlendirilmis tanelerin, daha
yiiksek fenolik madde icerdigi ve ¢imlendirme
siiresinin artmasina bagli olarak fitik asit
miktarinin azaldig1 tespit edilmistir (Kilinger ve
Demir, 2019). Bagka bir g¢alismada 6 giin
boyunca c¢imlenen kum daridan elde edilen
ekstraktin antioksidan aktivitesi
cimlenmeyenlere kiyasla oOnemli diizeyde
yiikselmistir (Jinle Xiang ve ark. 2023). Yine cin
dari, kum darnn ve karabugday tohumlarinin
¢imlenmesi ile saponin, tanen ve fitik asit gibi
anti-besinsel maddeler azalirken fenolik bilesik
miktarinin arttigi bildirilmistir (Kumari ve ark.,
2023).

Ulkemizde dar tiirleri daha ¢ok kus yemi olarak
bilinmekte ve satilmaktadir. Kafes kuslar i¢in
kullanilan dar1 karigimlarinda akdari, kirmizi
dar1 ve inci dar1 en ¢ok kullanilan dar tiirleridir
(Anonim, 2019). Literatiir degerlendirildiginde
iilkemizde dari tiirleri ile ilgili yapilan ¢aligmalar
daha ¢ok morfolojik 6zellikler (Dumanoglu ve
ark. 2022), iiretim verimi ve yem kalitesi (Geren
ve ark., 2019; Oktem ve ark., 2021) ile
biyoetanol iiretiminde kullanilmasinin
uygunlugu (Soylu, 2012) ile ilgilidir. Boz
(2014) ise ozellikle yabanci kaynaklardan elde
ettigi bilgileri derleyerek darinin kimyasal
bilesimi ve insan sagligi agisindan potansiyel
faydalarini konu alan bir ¢aligma yapmistir. Bu
caligma tilkemizde son derece sinirli diizeyde
iiretimi yapilan ve tiiketilen dariy1 gida yonii ile
ele alarak, ginimiiziin Onemli beslenme
egilimlerinden biri olan ¢imlendirme islemi ile
ilgi ¢ekici bir gida haline getirmeyi
amaglamistir. Bu kapsamda kus yemi olarak
satilan dar1 karisimi taneleri renge gore beyaz,
kirmizi ve siyah olarak siiflandirilmis ve

ardindan her renk ayr ayr ¢imlendirilmistir.
Cimlenmemis ve c¢imlenmis tanclerden elde
edilen unlarin genel kimyasal bilesimi, biyoaktif
potansiyeli (toplam fenolik, toplam flavonoid ve
antioksidan aktivitesi), mineral bilesimi ile FT-
IR spektroskopi analizleri yapilmistir. Bu
caligma, iilkemizde kus yemi olarak kullanilan
darmin insan tiiketimi i¢in degerli bir besin
kaynag1 olarak degerlendirilmesine yonelik ilk
calismadir.

Materyal-Yontem

Danr1 Ornekleri

Calismada kus yemi olarak beyaz, kirmizi ve
siyah renkteki ¢esitlerin karisimi halinde satilan
inci dar1 (Pearl millet) (Pennisetum glaucum)
kullanilmistir. Darilar Osmaniye’nin Kadirli
ilgesinde yer alan yerel bir satictdan (Beyza
Yem) temin edilmistir. Darilar renklerine gore
beyaz, kirmizi ve siyah dar1 olarak ayrilmis
kilitli posetler i¢inde +4 °C’de analizler boyunca
saklanmustir.

Cimlendirme Islemi

Dar1 orneklerinin ¢imlendirilmesi Kilinger ve
Demir (2019)’e gore yapilmstir. ilk olarak dar
ornekleri ¢imlenmemis ve ¢imlendirilecek
taneler olmak iizere ikiye ayrlmistir.
Cimlenecek taneler saf su ile yikanip siiziilerek
temizlenmistir. Ardindan, dar1 taneleri lizerine 3
kat1 olacak sekilde saf su ilave edilerek oda
sicakliginda (24+1 °C), karanlik bir ortamda 24
saat boyunca islatilmaya birakilmigtir. Islatma
siiresi sonunda taneler siiziilerek, tiilbent ve
pamuktan olusan iki katman arasina ince bir
tabaka halinde yerlestirilmistir. Taneler 12 saatte
bir saf sudan gecirilmistir. 3 giiniin sonunda
¢imlenen taneler kuru bir yere alinarak
¢imlenme  durdurulmustur.  Cimlendirilmig
taneler kurutma kagitlarimin iizerine serilerek
oda sicakliginda birkag giin  kurumaya
birakilmistir. Kurutmanin ardinda ¢imlenmemis
ve ¢imlenmis ornekler bir kahve ogiitiiciisiinde
(Fakir, Roxy, Cin) 1 dakika boyunca o6giitiilerek
tam dar1 unu elde edilmis ve hava gecirmeyen
kilitli polietilen posetler icerisinde sogutucuda
(-4 °C) analizler bitene dek muhafaza edilmistir.
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Beyaz

Kirmiza Sivah

Sekil 1. Cimlenmemis ve ¢imlenmis dar1 taneleri

Cimlenmemis
taneler
Cimlenmis
taneler
Renk Analizi
Dar1 taneleri, ¢imlenmemis ve c¢imlenmis

darilardan elde edilen unlarda renk analizi L", a",
b" 6l¢iim sistemine gére el tipi renk 6l¢iim cihazi
(Minolta, C400, Japonya) kullanilarak
yapilmustir. Ornekler cam petri kabina zemini
gostermeyecek sekilde yayilmig ve renk olger
yardimiyla farkli noktalardan ¢ Olglim
almmistir. Cimlenme ile 6rneklerde meydana
gelen toplam renk degisimleri AE = ((AL %)% +
(Aa )% + (Ab ¥)?) Y2 formiilii kullanilarak
hesaplanmigtir  (Goudar ve ark., 2023).

Fenolik Bilesiklerin Ektraksiyonu

Cimlenmemis ve c¢imlenmis dar1 unlarindan
fenolik bilesiklerin ekstraksiyonu, ultrasonik
ekstraksiyon yontemi kullanilarak yapilmigtir.
Diisiik toksisitesi, kolayca temin edilebilmesi ve
dogal antioksidanlarin ekstraksiyonunda polar
¢oOziicli olarak yaygin olarak kullanilmasi
nedeniyle bu g¢alismada ekstraksiyon ¢ozgeni
olarak sulu etanol ¢ozeltisi kullanilmistir
(Nakilcioglu-Tas ve Otles, 2021). 1 g 6rnek
tartilmis ve hacmi %50’lik etanol ile 40 ml’ye
tamamlanmustir. Ardindan ornekler
homojenizatorde (WiseTis, HG-15D, Kore) 200
rpm’de 1 dakika boyunca homojenize edilmistir.
Ornekler ultrasonik su banyosuna (JP Selecta,
3000865, ispanya) yerlestirilmis ve 25 °C’de, 20
dk boyunca ekstraksiyona  birakilmustir.
Ardindan ornekler santrifiijde 3500 rpm’de 15

Genel Kimyasal Bilesim

Cimlenmemis ve ¢imlenmis dar1 unlarinin nem,
kiil, yag ve protein analizleri AOAC (2016)’ya
gore yapilmistir. Nem miktar1 etiivde kurutma
yontemi ile, toplam protein igerikleri Kjeldahl
metodu ile belirlenmistir. Kiil igerigi, drneklerin
550 °C'lik firmda 6 saat yakilmasi ile
belirlenmistir. Orneklerin icerdigi toplam yag
miktart ise Soksalet metoduyla ¢oziicli olarak
hekzan kullanilarak belirlenmistir. Orneklerin
genel kimyasal bilesimine ait bulgular yiizde (%)
cinsinden verilmistir.

dakika boyunca santrifiij (Hettich, 220R, ABD)
edilmis ve 1iist faz ayrilarak analizlerde
kullanilmustir. Orneklerin toplam karbonhidrat
icerigi, nem, kiil, protein ve yag iceriklerinin
100'den ¢ikarilmasi yoluyla hesaplanmustir.
Sonuglar yiizde olarak ifade edilmistir.

Toplam Fenolik Bilesik Miktari

Dar1 ekstraktlarinin toplam fenolik bilesik
miktar1 Singleton ve Rossi (1965)’ye gore
yapilmustir. Bir deney tiiptine 0.2 ml ekstrakt ve
10 kat seyreltilmis 1.5 ml Folin-Ciocalteu
reaktifi ~ eklenmis ve tilipler  vortekste
karigtinnlmigtir. 5 dakika beklemenin ardindan
orneklerin tizerine 1.5 ml sodyum karbonat (%6,
agirlik/hacim, alh)  eklenmis ve tiipler
karistirilmistir. Kor ¢ozelti ise ekstrakt yerine
tiipe aym1 miktarda saf su ilave edilerek, diger

165



Cimlenmenin Beyaz, Kirmizi ve Siyah Dar1 (Pennisetum glaucum) Ununun
Kimyasal Bilesimi, Fenolik ve Antioksidan Potansiyeline Etkisi

islemler ayni olacak sekilde hazirlanmigtir. Oda
kosullarinda, karanlikta 1.5 saat bekletilen
ornekler 725 nm’de  spektrofotometrede
(Shimadzu, UV1800, Japonya) koére Kkarst
okunmustur. Sonuglar olusturulan standart egri
kullanilarak yas agirlik (YA) tizerinden gallik
asit cinsinden (mg GAE/100 g YA) ifade
edilmistir.

Toplam Flavonoid Miktari

Darn ekstraktlarmin toplam flavonoid miktarlar
Chukwumah ve ark. (2009), tarafindan &nerilen
spektrofotometrik yontem kullanilarak
belirlenmistir. 2 ml ekstrakt {izerine 1.25 ml saf
su ve 150 pL NaNO; (%5, a/h) eklenmis ve
ornekler iyice karistirilmistir. 5 dk beklemenin
ardindan 150 pL AlCls (%10, a/h) eklenmistir.
Karigtirilan 6rnekler tizerine 1 ml 1 M NaOH ve
1.2 ml saf su ilave edilerek 10 dk beklemeye
birakilmistir.  Olusan  sari-turuncu  rengin
absorbanst 510 nm’de Olglilmiistiir. Sonuglar
olusturulan standart egri kullanilarak yas agirlik
tizerinden Kkuarsetin cinsinden (mg KE/100 g
YA) ifade edilmistir.

DPPH ile Antioksidan Aktivite Analizi

Dar1  ekstraktlariin  antioksidan  aktivitesi
Tanriseven ve ark. (2020)’larmma  gore
yapilmstir. 0.1 ml ekstrakt tizerine %80’lik
metanol i¢inde hazirlanmis ve absorbansi 0.7’ ye
ayarlanmig DPPH (1,1-diphenyl-2
picrylhydrazyl, 6 x 107> M) radikalinden 3.9 ml
eklenmistir. Karisim vorteks ile karistirildiktan
sonra 30 dakika karanlik ortamda inkiibasyona

birakilmistir.  Inkiibasyon siiresi sonunda
orneklerin  absorbansi  spektrofotometrede
(Shimadzu, UWV1800, Japonya) 515 nm’de

belirlenmistir. Sonuglar troloks standardi ile
hazirlanmis kalibrasyon egrisine gore yas agirlik
tizerinden verilmistir (mg TE/100 g YA).

Mineral Analizi

Dar1 unu ornekleri 2N HCI ile seyreltilerek
minerallerin serbest kalmasi saglanmistir. Daha
sonra Orneklerdeki K, Ca, Mg, P, Mn, Fe
ve Zn elementleri Atomik Absorpsiyon
Spektrofotometresinde (Agilent, 240FS AA,
Avustralya) belirlenmistir.  Dart  unlarinin
mineral analizi sonuglar1 yas agirlik iizerinden

mg/kg diizeyinde verilmistir (Kacar ve Inal,
2008).

Fourier Doniisiimlii Kizilotesi
Spektroskopi Analizleri

FT-IR analizi i¢in dar1 unlar1 cihaz iizerindeki
kristal yiizey {iizerine konulmus ve FT-IR
absorpsiyon spektralart FT-IR spektrometresi
(Perkin-Elmer Spectrum TwoTM, Waltham,
MA, ABD) kullanilarak 4 000 ve 650 cm™! dalga
boyu araliginda, 0.5 cm™ spektral rezolusyonda
ve 4 tarama sayis1 sonucunda elde edilmistir. Her
ornekten Once arka plan spektrumu alinarak
orneklerin  spektrumlarindan  g¢ikarilmig ve
analize devam edilmistir. IR spektrumu,
maddeyi olusturan atomlar arasindaki baglarin
titresimiyle olusan frekanslarina karsilik gelen
absorpsiyon pikleri ile Ornegin parmak izini
gostererek organik ve inorganik bilesiklerin
karakterize edilmesinde kullanilmistir
(Biiytiksirt ve Kulesan, 2014).

(FT-IR)

Istatistiksel Analizler

Caligma kapsaminda incelenen dar1 unu
orneklerinin analiz sonuglari SPSS 18 paket
programi (SPSS Inc., Chicago, Illinois, USA)
kullanilarak %95 giiven seviyesinde (p<0.05)
varyans analizine tabi tutulmustur ve Tukey
coklu karsilastirma testine gore, 6nemli bulunan
farkliliklar incelenmistir. Cimlenmemis ve
¢imlenmis dar1 unu Orneklerinin ortalamalari
arasindaki farklar ise bagimsiz 6rneklem T-testi
kullanilarak (*) p<0.05, (**) p<0.01 ve (***)
p<0.001 o6nem diizeylerinde incelenmistir.
Toplam fenolik bilesik, toplam flavonoid ve
antioksidan aktivite arasindaki iliskiler Pearson
korelasyon katsayilart (p<0.05) hesaplanarak
degerlendirilmistir.

Bulgular ve Tartisma

Genel Kimyasal Bilesim

Cimlenmis ve c¢imlenmemis darilardan elde
edilen unlara ait genel kimyasal bilesim Cizelge
1°de verilmistir. Orneklerin kiil ve yag igerikleri
¢imlendirme isleminden etkilenmemis ve tiim
ormekler kil ve yag icerikleri bakimindan
istatistiksel ~ olarak  benzer  bulunmustur.
Literatiirde, ¢imlenme siirecinin yag igerigi
iizerindeki etkisi konusunda ¢eligkili sonuglar
bulunmaktadir. Ornegin Sharma ve ark. (2016),
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cimlenme ile dar1 unu 6rneklerinin yag igeriginin
%5.31°den %3.4’e distiigiinii rapor ederken
Prasad ve Sahu (2023) 48 saatlik ¢imlenmenin
dar1 ve beyaz kinoa ununun protein ve yag
icerigindeki degisimine etkisini istatistiksel
olarak 6nemsiz bulmustur. Ote yandan
Kayisoglu ve ark. (2024), beyaz ve kirmizi
sorgumda ¢imlenme ile yag igeriklerinde artig
bildirmistir. Bu calismada istatistiksel olarak
onemli olmasa da benzer sekilde artan yag
icerigi cesitli faktdrlere baglanabilir. 11k olarak,
tohum iginde depolanan yaglarin, proteinlerin ve
karbonhidratlarin harekete gecirilmesi, biiyiiyen
fide icin enerji saglar. Tohum metabolik
stireclerden gecerken, depolanan proteinlerin ve
karbonhidratlarin par¢alanmasi, yaglarin sentezi
ve birikimine yol agabilir. Ayrica, ¢imlenme
sirasinda lipid biyosentez yollarinin
aktivasyonu, hiicre boliinmesi ve genislemesi
icin gerekli yeni lipidlerin iiretimine katkida
bulunur. Ayrica ¢gimlenme siirecinde, enzimatik
aktiviteler artar ve bu enzimler, lipidlerin daha
basit ve ekstrakte edilebilir formlara ayrismasina
neden olabilir (Gujral ve ark., 2011, Kayisoglu
ve ark., 2024).

Dar1 unlarinin nem igerikleri ¢imlendirme islemi
ile genel olarak diigmiistiir. Orneklerin nem
iceriklerindeki diisiis kirmizi darida en fazla
olmustur. Bu g¢alismada elde edilen nem
bulgularina benzer sekilde, Ocheme ve Chinma,
(2008) c¢imlenme ile artan kuru madde
miktarmin ¢imlenme sirasinda gerceklesen
enzimatik  aktivitelerin sonucu oldugunu
bildirmistir.

Dar1 unlarinin protein igerikleri ¢cimlendirme ile
genel olarak artsa da bu artig her bir dar1 unu igin
istatistiksel ~ olarak Onemsiz  bulunmustur.
Cimlenmis ve ¢imlenmemis beyaz daridan elde
edilen unlar protein icerigi bakimindan kirmizi

ve siyah dar1 unlarina gore daha diigiik bir deger
gostermistir. Bir calismada, ¢imlenmenin inci
darisinin protein iceriginde %50'ye kadar dnemli
bir artisa neden oldugu bildirilirken (Akinola ve
ark., 2017), Perales-Sanchez ve ark. (2014), ragi
darisinda ¢imlenmenin protein igerigini hafif
ama istatistiksel olarak Onemli diizeyde
arttirdigimt ~ bildirmistir.  Benzer  sonuglar
Obadina ve ark. (2017), tarafindan da rapor
edilmis, inci darisinda 24 saat ¢imlenme ile
protein igerigi %7.52'den %7.87'ye hafif sekilde
yiikselmistir. Caligmada protein igerigindeki
genel artis, ¢imlenme siireci sirasinda yeni
amino asitlerin biyolojik sentezine baglanabilir
(Sharma ve ark., 2016).

Calismada orneklerin  toplam karbonhidrat
icerigi %71.32-74.70 araliginda degismis ve tim
orneklerin  toplam  karbonhidrat igerikleri
istatistiksel ~ olarak  benzer  bulunmustur.
Caligmada elde edilen toplam karbonhidrat
degerleri dar1 unu i¢in Onceki ¢alismada
bildirilen degerlerin (%72-79.5) araliginda
kalmistir (Bhat ve ark., 2003). Inci darida toplam
karbonhidrat bilesimini nigasta baskin olmak
iizere diyet lifi ve c¢oziinebilir sekerler
olusturmaktadir (Hassan ve ark., 2021). Benzer
sekilde, Parameswaran ve Sadasivam (1994) 2
ve 3 gin c¢imlenme siiresinde darilarda
karbonhidrat igeriginde anlamli bir fark
olmadigim1  bildirmistir. Cimlenme sirasinda
degisim gostermeyen karbonhidrat igerigi nem,
yag, protein, kiil ve lif gibi diger besin
bilesenlerinin artis ve azalislarina bagh olarak
ortaya ¢ikmis olabilir (Derbew ve Moges, 2017).
Farkli renklerdeki dar1 6rneklerinden elde edilen
unlarin ¢imlenme ile besin bilesimi bakimindan
benzer degisimleri gosterdigi bulunmus ve bu
degisimler literatiir ile uyum iginde olmustur.
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Cizelge 1. Cimlenmemis ve ¢cimlenmis dar1 unlariin genel kimyasal bilesimi

) Toplam
Ornekler Kiil (%) Nem (%) Yag (%) Protein (%) Karbonhidrat
(%)
Beyaz 2.68%:0.30 8.36%+0.23 5.60%:0.83 9.24+0.01 74.17%+0.91
Cimlenmemig Kirmizi 2.632£0.00 8.682+0.01 5.812+£0.21 11.582+0.06 71.322+0.28
Siyah 2.322£0.05 8.822+0.63 3.392+£0.70 11.673+0.07 73.822+0.08
ort. 2.54+0.22 8.61+0.36 4.92+1.30 10.82+1.26 73.10+1.46
Beyaz 2.602+0.10 7.55%+0.35 6.542+£0.21 9.97°+0.18 73.35%+0.13
Cimlenmis Kirmizi 2.402+£0.00 5.98°+0.05 4.35%+1.77 12.58%+0.21 74.702+0.31
Siyah 2.512£0.06 7.728+0.01 5.622+£0.35 11.88%+£0.57 72.28%+0.17
ort. 2.50+0.10 7.08+0.87 5.50+1.28 11.48+1.24 73.44£1.39
F(¢cimlenme) [4))) *x oD oD ()

@ Ayn siitunda farkli kiiciik harfler ile gosterilen degerler arasindaki fark istatistiksel agidan

onemlidir (p<0.05).

F(¢imlenme): Cimlenmenin ortalamalar iizerindeki etkisinin énem diizeyi: (OD) 6nemli degil; (*)

p<0.05; (**) p<0.01; (***) p<0.001

Renk Analizi

Dogal dar1 tanelerinin, ¢imlenmemis ve
¢imlenmis tanelerden elde edilen unlarin renk
ozellikleri Cizelge 2’de verilmis ve caligmada
elde edilen unlar Sekil 2°de gdsterilmistir. Islem
gormemis dogal dar1 tanelerinin  renk
ozelliklerine Dbakildiginda, beklenildigi gibi
beyaz dar tanelerinin L* degerinin en yiiksek
oldugu ve bunu sirasiyla kirmizi ve siyah
tanelerin takip ettigi goriilmektedir. L* degeri
orneklerin aydinlik/parlaklik derecesini
gosterirken ve 0 (siyah) ile 100 (beyaz) arasinda
degerler almaktadir. Pozitif a* ve b* degerleri
ise sirastyla kirmizilik ve sariligin gostergesidir
(Kayisoglu ve ark., 2024). Kirmiz1 dar taneleri
a* ve b* degerleri bakimindan tiim 6rneklerden
istatistiksel olarak Onemli diizeyde yiiksek
degerlere sahip olmustur. Bu da kirmizi tanelerin
digerlerine kiyasla daha kirmizimsi ve sarimsi
ozellikte oldugunu gosterir. Dogal dar1 tanelerin
un haline getirilmesi ile elde edilen
¢imlenmemis un Orneklerinin L* degerlerinde
artis meydana gelmis ve L* degeri bakimindan
yine beyaz taneler en yiiksek degere sahip
olurken onu sirasiyla kirmizi ve siyah
cimlenmemis dar1 unlari takip etmistir. Ogiitme
islemi darimin tane yapisimin kirilarak daha
homojen bir sekilde dagilmasma saglamis ve
151810 daha 1iyi yansitilmasma neden olmustur.

Cimlenme iglemi, dar1 tanelerinin L*
degerlerinde genel bir artisa neden olmustur.
Cimlenmenin ortalama L* degerleri iizerine
etkisi istatistiksel agidan 6nemli bulunmasa da
bu artig kirmizi ve siyah renkli ¢imlenmis
tanelerden elde edilen unlarda istatistiksel agidan
onemli olmustur. Benzer sekilde Nefale ve
Mashau (2018) dar1 unlarinin ¢imlenme ile L*
degerlerinin arttigini ancak bu artisin istatistiksel
olarak 6nemli olmadigini bildirmistir. Cimlenme
islemi ile kirmizi darmin  a* degerinde
istatistiksel acidan onemli bir diislise neden
olmus diger orneklerin a* degerleri arasinda
¢imlenme ile 6nemli bir degisiklik olmamuistir.
Tim oOrneklerin b* degerleri ¢imlenme ile
onemli diizeyde diismiis ve bu diisis
¢imlenmemis ve ¢imlenmis tanelerin ortalama
degerleri arasinda da anlamli bulunmustur
(p<0.05). Cin dar1, ragi daris1 ve inci darinin
kullanildig1 bir ¢alismada ¢imlenme sonrasi elde
edilen dar1 unlarmin L* degerinde artis
gbzlenmistir (RP ve ark., 2023). Cimlenmenin
orneklerin renk degerlerinde meydana getirdigi
toplam degisim AE degerinin hesaplanmasi ile
belirlenmistir. AE degeri beyaz, kirmizi ve siyah
darida swrasiyla 7.65, 8.11 ve 8.27 olarak
hesaplanmistir.  Orneklerin  toplam  renk
degisimleri arasindaki fark istatistiksel olarak
benzer bulunmustur.
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Beyaz Kirmizi

Siyah

Cimlenmemis
dar1 unu

Cimlenmis dar1
unu

Sekil 2. Cimlenmemis ve ¢imlenmis dar1 unlarina ait resimler

Cizelge 2. Dogal dar1 tanelerinin, ¢imlenmemis ve ¢imlenmis dar1 unlarinin renk 6zellikleri

L* a* b*
] Beyaz  67.91:0.77  45:024  28.93°:0.78
D"t%ﬂegf‘“ Kirmizi  39.03°:1.98  18.04%1.24  36.3%1.64
Siyah 1816158  9.27°+0.78  10.01%+1.16
. . Beyaz 78.41%+1.32 0.87°+0.05 25.68°+0.52
C‘mlzj‘r‘]‘)‘emls Kirmizi  68.73°41.32  3.819:094  25.16°:0.76
Siyah  60.76%:146  155°:0.11  14.34%:0.57
ort. 69.30+7.74  2.07+1.41  21.73%5.57
Beyaz  78.62:162  11940.16  18.41%:0.24
Cimlenmis (un) Kirmizi  73.74°+1.10  2.58%+0.70  19.10%+0.63
Siyah  6885%2.62 106033  13.11%0.36
ort. 73.74+4.54  L61+0.83  16.87+2.86
F(cimlenme) (0))] ()] *

&€ Aym siitunda farkli kiigiik harfler ile gosterilen degerler arasindaki fark istatistiksel agidan
onemlidir (p<0.05).

F(gimlenme): Cimlenmenin ortalamalar {izerindeki etkisinin dnem diizeyi: (OD) énemli degil; (*)
p<0.05; (**) p<0.01; (***) p<0.001
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Cimlenmenin  farkli  tahil  tohumlarindaki
etkisinin incelendigi baska bir ¢aligmada ise, 48
saatlik ¢imlenme ile cin dar1 (Foxtail millet)
unlarimin L* ve a* degerlerinde diistis, b*
degerinde ise yiikselme meydana gelmistir (Li
ve ark., 2020). Bu ¢alismada elde edilen L* ve
a* degerlerindeki degisim Li ve ark. (2020)’nin
bildirdigi bulgulardan farklilik gostermektedir.
Farkli sonuglar elde etmemizin nedeni,
kullanilan  ¢esitlerin ~ farkli  olmasindan
kaynaklanabilir. Cimlenme islemi sirasinda,
unlarin ~ renk  degerlerindeki  degisimler,
cimlenme silirecinde nigasta ve protein
yapilarinda meydana gelen degisikliklerden
kaynaklanabilir. Bu degisiklikler, g¢imlenme
sirasinda  aktif olan enzimlerin etkisiyle
gergeklesir.  Ayrica, ¢imlenme siirecinde
uygulanan 1slatma, darilarin renk bilesiklerinin
suda ¢Ozlinmesine neden olabilir, bu da renk
degerlerinde  degisikliklere  yol  agabilir
(Kayisoglu ve ark., 2024).

Toplam Fenolik Bilesim, Toplam Flavonoid
ve Antioksidan Aktivite

Dar1 unu 6rneklerinin toplam fenolik madde,
toplam flavonoid icerikleri ile antioksidan
aktiviteleri Cizelge J’'te verilmistir.
Cimlenmemis dar1 unlarinin toplam fenolik
icerikleri 68.08-124.98 mg GAE/100 g YA
araliginda iken c¢imlenmis dar1 unlar1 336.71-
356.43 mg GAE/100 g YA araliginda
degismistir. Cimlenme toplam fenolik bilesimde
dramatik bir artisa neden olmus ve bu artis
beyaz, kirmizi ve siyah dar1 unlarinda sirasiyla
4.94, 4.96 ve 2.85 kat olmustur. Cimlenmis dar1
unlarinin toplam fenolik bilesik bakimindan
aralarindaki fark istatistiksel olarak Onemsiz
olurken, c¢imlenmemis siyah dar1 unlarinin
(124.98 GAE/100 g YA) toplam fenolik icerigi
beyaz (68.08 mg GAE/100 g YA) ve kirmizi
darilara (71.64 mg GAE/100 g YA) gore 6nemli
diizeyde yiiksek bulunmustur. Cimlenme siireci
tim Orneklerde flavonoid icerigini bir miktar
artirmistir ve ¢imlenmis siyah darmin flavonoid
igerigi en yiiksek degere (38.8 mg QE/100 g YA)
ulasmigtir. Beyaz, kirmizi ve siyah daridaki
flavonoid artisi swrastyla 1.02, 1.13 ve 1.08
olurken, dar1 ununun antioksidan aktivitesinde
artis 1.10, 1.41 ve 1.04 kat olmustur. Bu artig
beyaz ve kirmizi darida istatistiksel olarak

onemli bulunmustur. Toplam flavonoid ve
antioksidan aktivitedeki artis toplam fenolik
bilesikteki artisa gore diisiik olmustur. James ve
ark., (2022) 3 giin boyunca siiren ¢imlenmede
darmin toplam fenolik bilesik miktarinin siireye
baghh olarak azaldigim1 bildirmistir. Ayni
calismada ise toplam flavonoid ve antioksidan
aktivitenin 3 giinliikk bir ¢imlenme sonunda
sirastyla 1.13 ve 1.16 kat arttig1 rapor edilmistir.
James ve ark., (2022)’nin ¢alismasi toplam
fenolik bilesik bakimindan bizim ¢alismamizdan
farklilk gosterse de toplam flavonoid ve
antioksidan aktivitedeki degisimler bakimindan
benzer olmustur. Sokrab ve ark. (2012)’da
calismasinda musirdaki fenolik  bilesiklerin
¢imlenme ile azaligina dikkat ¢ekmis bu azalisin
¢cimlenme boyunca yapilan 1slatma
uygulamasina bagli olarak hidrofilik bilesenlerin

konsantrasyonunda, tanen ve antosiyanin
bilesiklerinin  miktarinda meydana gelen
azalmaya bagli oldugunu rapor etmistir.

Literatiir Ozetlendiginde c¢imlenme sirasinda
fenolik bilesiklerde gozlenen degisikliklerin
bitkinin dogal gelisim siirecinin bir pargasi
oldugunu gostermektedir. Flavonoidler, fenolik
bilesiklerin bir alt sinifidir. Cimlenme siirecinde
bitkilerdeki  enzimatik  aktivite,  fenolik
bilesiklerin genel iiretimini artirabilir, ancak
flavonoidlerin ~ spesifik  biyosentezi  farkh
diizenleyici mekanizmalara bagli olabilir. Bu
nedenle, bu ¢alismada tiim fenolik bilesiklerin
artisi  flavonoidler iizerinde aym etkiyi
yaratmamis olabilir. Cimlenmemis ve ¢cimlenmis
dar1 unlarn toplam fenolik bilesik, toplam

flavonoid igerigi ve antioksidan aktivite
degerleri acisindan genellikle benzer bir egilim
gostermistir.  Analiz  edilen  parametreler

bakimindan, siyah dar1 genellikle en yiiksek
degerlere sahip olurken, onu kirmizi dar1 takip
etmis ve en diisiik degerlerin beyaz darida
oldugu gozlenmistir. Bu durum, dari renginin
fenolik bilesenler, flavonoidler ve toplam
antioksidan aktivite iizerine etkisinin oldugunu
gostermektedir. Benzer sekilde, Mikulajova ve
ark. (2017), cin darisina ait ¢esitli renkteki dari
taneleri tlizerinde yaptiklart g¢aligmada koyu
renkli tanelerin daha yliksek toplam fenolik ve
flavonoid igerigine sahip oldugunu ve bu
tanelerin daha giiglii antioksidan aktivite
gosterdigini ortaya koymustur. Bu calismada,
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¢imlenme sonrasinda farkli renkteki darilar
arasindaki toplam fenolik igerik farkliliklar
ortadan kalkmistir. Bu durum tahillarin tohum
zart rengine katkida bulunan ve fenolik
bilesiklerin bir tiirli olan tanenler ile agiklanabilir
(Kayisoglu ve ark., 2024). Swela ve ark. (2007),
tohum zarinin siyah oldugu dar1 cesitlerinde
tanen igeriginin en yiiksek oldugunu bildirmistir.
Anti-besinsel bilesikler arasinda yer alan
tanenlerin ¢imlenme siireci ile pargalanip
azaldig1 iyi bilinmektedir (Yenasew ve Urga,
2022). Baslangigta farkli renkteki tohumlar,
tanen ve diger fenolik bilesiklerin miktar:
nedeniyle farkli toplam fenolik igeriklere sahip
olmustur. Ancak ¢imlenme siireci, bu fenolik
bilesiklerin pargalanmasina, mobilize
edilmesine ve yeniden dagilmasina neden olur.
Bu durum ¢imlenme sonrasinda, farkli renkteki
tohumlarin  fenolik  iceriklerinin  benzer
seviyelere gelmesini ve siyah darida toplam
fenolik artiginin diger darilara kiyasla daha
diisiik olmasini agiklayabilir.

Cimlenmenin dar1 unlarinin veya tohumlarinin
fenolik  igeriklerinde  meydana  getirdigi
degisimler literatiirde bildirilmistir. Ornegin, bir
caligsmada, proso darisinin 5 giinliik filizlenmesi
sirasinda fenolik igeriginin 3.5 kat arttif
bildirilmistir (Bazhenova ve ark., 2019). Benzer
sekilde Pradeep ve Sreerama (2015) filizlenmis
darilardan elde edilen unlarin en yiiksek fenolik,
flavonoid igerigine ve antioksidan aktiviteye
sahip oldugunu bildirmislerdir. Sharma ve ark.
(2016), ¢imlenmenin darida bulunan fenolik
bilesikler {izerine etkisini serbest, bagh ve
toplam fenolik icerigi bakimindan incelemis ve
bu artislarin sirasiyla 11.46'dan 32.22 mg
GAE/100 g, 17.55'ten 25.46 mg GAE/100 g ve
29.01'den 77.68 mg GAE/100 g oldugunu
bildirmistir. Cimlenme ile fenolik igeriginde

meydana gelen bu artig, hiicre duvarm
parcalayan enzimlerin aktivasyonunun bir
sonucu olarak dar1 tanelerinin hiicre duvarina
bagl fenollerin salinmasi sonucu gergeklesmis
olabilecegi rapor edilmistir (Sharma ve ark.,
2016).

Calismada, toplam flavonoid igerigi ile toplam
fenolik bilesik arasinda (r=0.373, p<0.05),
toplam flavonoid ile antioksidan aktivite
arasinda (r=0.417, p<0.05) ve toplam fenolik
bilesik ile antioksidan aktivite arasinda (r=0.386,
p<0.05) pozitif ve anlamli iliskiler bulunmustur.
Bu sonuglar, fenolik ve flavonoid bilesiklerinin
antioksidan aktivite ile iliskili oldugunu
gostermektedir. Onceki ¢aligmalar, ¢cimlenmenin
sorgumda (Li ve ark., 2022), bugday, arpa ve
darida (Kaur ve Gill, 2021) amaranth, kinoa ve
karabugdayda (Thakur ve ark., 2021) DPPH ile
belirlenen antioksidan aktivitede énemli dlgiide
artisa neden oldugu rapor edilmistir. Cesitli
caligmalarda ise tahillarda ¢imlenme ile toplam
fenolik, toplam flavonoid ve antioksidan aktivite
arasinda meydana gelen iliskiler incelenmistir.
Ornegin Sharma ve Gujral (2011), 24 saat
boyunca ¢imlenen arpa ununda, toplam fenolik
icerik ile antioksidan aktivite arasinda pozitif ve
anlamli  (r=0.494) bir iliski oldugunu
bildirmistir. Pushparaj ve Urooj (2014) ise inci
darida, flavonoid igerigi ile DPPH serbest
radikal stipiirme aktivitesi arasinda (r=0.712,
p<0.01), indirgeme giicii ile flavonoid igerigi
arasinda (r=0.456, p<0.05) pozitif iligkiler tespit
etmistir. Tahil ve tahil benzeri tohumlarin
antioksidan potansiyeli  genellikle fenolik
bilesiklerden ileri gelir. Cimlenme ile artan
toplam  fenolik  bilesik miktar1  toplam
antioksidan aktivitenin artisina neden olabilir
(Kayisoglu ve ark., 2024).
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Cizelge 3. Cimlenmemis ve ¢imlenmis dar1 unlarinin toplam fenolik bilesim, toplam flavonoid ve

antioksidan aktivite degerleri

Toplam Fenolik Toplam Antioksidan
Ornekler Bilesik (mg Flavonoid (mg Aktivite
GAE*100g YA  KEY100g YA  (mg TE#¥100g YA
dar1 unu) dar1 unu) dar1 unu)
Beyaz 68.08°£6.4 27.39°¢1.31 360.95+18.22
Cimlenmemis Kirmizi 71.64°+7.35 33.28°+1.2 277.14°£65.13
Siyah 124.98+7.81 35.9%+3.07 504.76%+33.84
Ort. 88.23+27.62 32.19+5.20 380.95+105.06
Beyaz 336.71%+11.95 27.98°+1.14 396.19°+83.72
Cimlenmis Kirmiza 355.49%+24 .51 37.56°+2.19 389.52°+22.69
Siyah 356.43%+8.74 38.87+1.39 524.76°+59.1
Ort. 349.55+18.12 34.7845.21 436.83+85.68
F(cimlenme) i oD oD

&¢ Ayni siitunda farkli kiiciik harfler ile gosterilen degerler arasindaki fark istatistiksel agidan

onemlidir (p<0.05).

F(¢imlenme): Cimlenmenin ortalamalar iizerindeki etkisinin énem diizeyi: (OD) 6nemli degil; (*)

p<0.05; (**) p<0.01; (***) p<0.001
*GAE:Gallik Asit Esdegeri

YKE: Kuersetin Esdegeri

“TE: Troloks Esdegeri

Mineral Bilesimi

Cimlenmis ve ¢imlenmemis dari unlarma ait
mineral bilesimi Cizelge 4’te verilmistir. Tim
dar1 unlarinda potasyum, magnezyum ve fosfor
baskin mineraller olmus ve icerikleri sirasiyla
1353.33-3166.67 mg/kg, 940.02-1146.67 mg/kg
ve 250-383.33 mg/kg araliginda degisim
gostermistir. Cimlenme iglemi, farkli renkteki
dar1 tanelerinden elde edilen unlarin mineral
bilesimini 6nemli diizeyde etkilemistir. Genel
olarak ¢imlenmis dar1 unlarmm kalsiyum,
magnezyum ve c¢inko igerikleri ¢imlenmemis
tanelerden elde edilen unlara kiyasla onemli
diizeyde yiiksek bulunmustur. Cimlenme ile
mineraller arasinda en dikkat ¢ekici artis
kalsiyumda olmustur. Cimlenmemis kirmizi ve
siyah dar1 ununda kalsiyum elementi
belirlenemezken, ¢imlenme ile bu dar1 unlarinda
kalsiyum miktar sirasiyla 98.33 mg/kg ve 61.00
mg/kg a dnemli diizeyde yiikselmistir.

Cimlenmemis ve ¢imlenmis dar1 unlarinin
ortalama fosfor igerikleri arasinda Onemli
diizeyde bir fark bulunmamustir (p>0.05). Ancak
beyaz dar1 unlariin fosfor iceriginin ¢gimlenme
ile az ama Onemli diizeyde arttigi bulunmustur.
Benzer sekilde ortalama demir igerikleri
cimlenme ile 6nemli diizeyde diiserken siyah
dar1 unu 6zelinde ¢imlenmenin demir igerigini
onemli diizeyde arttirdigi belirlenmistir. Tiim
dar1 unlarinda ¢imlenme ile miktar1 onemli
diizeyde azalan mineral potasyum olmustur. Bu
calismada elde edilen bulgulara benzer sekilde
Abdelrahaman (2007), inci darisinda potasyum
ve fosforu baskin mineraller olarak bildirmis ve
aragtirmacilar 6 giinliilk ¢imlenme sonucunda
toplam potasyum miktarinda 6nemli diizeyde
diisiis oldugunu rapor etmislerdir. Literatiirde
bildirilen ¢alismalarda ¢imlenmenin mineraller
iizerindeki etkisinin degisiklik  gosterdigi
goriilmektedir.
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Cizelge 4. Cimlenmemis ve ¢imlenmis dar1 unlarinin mineral bilesimi (mg/kg YA dar1 unu)

Ornekler K Ca Mg P Mn Fe Zn
Beya 2911.67°+ 84°t0.8 1035.00° 316.67°°+ 19.76%+ 32.00%+ 13.06%
z 40.72 7 +5.00 14.43 0.21 0.66 0.98
Cimlen Kir 3166.67% 0.00°£0. 940.02°+ 508.33*+ 13.69%+ 51.75% 23.20%
memis  mz 38.84 00 2.19 28.87 0.04 0.50 0.06
Siya 2530.00°¢ 0.00°+0. 980.00% 250.00°+ 12.43%+ 32.45% 20.84°+
h 5.00 00 5.00 43.30 0.08 0.21 0.14
Ort 2869.44+ 28.00+4 985.01+4 358.33+1 15.29+ 38.73 19.03+t4.
' 278.93 2.00 1.46 19.24 3.39 9.78 62
Beya 1845.00°+ 133.33* 1116.67° 383.33°+ 19.44°+ 29.49%+ 19.95°+
z 13.23 +2.89 +2.89 28.87 0.08 0.25 0.06
Cimlen Kir 1933.33% 098.33%+ 1146.67° 350.00°+ 14.02°+ 24.42°+ 23.47%
mis mizi 7.64 2.89 +2.89 43.30 0.12 0.3 0.1
Siya 1353.33%+ 61.00%+ 1036.67¢ 258.33°+ 12.36°+ 33.89°+ 23.03%
h 17.56 1.80 +2.89 28.87 0.03 0.12 0.12
Ort 1710.55= 97.55+3 1100.00+ 330.56+6 1528+ 29.27+ 22.1522
' 270.88 141 49.31 3.47 3.20 411 +1.66
F (gimle *khx *% KKk ) ) * )
nme) (0))] (0))] (0)))

#CAym silitunda farkli kiiclik harfler ile gosterilen degerler arasindaki fark istatistiksel agidan

onemlidir (p<0.05).

F(¢cimlenme): Cimlenmenin ortalamalar iizerindeki etkisinin énem diizeyi: (OD) énemli degil; (*)

p<0.05; (**) p<0.01; (***) p<0.001

Ornegin, Sharma ve ark. (2016), darican
cesidinden elde edilen unlarda  demir,
magnezyum ve kalsiyum igeriklerinin ¢imlenme
ile arttigin1 bildirirken, Kumar ve ark. (2021),
ragi darisinda demir ve ¢inkonun ¢imlenmeden
96 saat sonra %63.7 ve %16.7 oraninda
azaldigin1 bildirmistir. Benzer bulgular, bakla
fasulyesinin 72 saatlik ¢imlenmesinde de elde
edilmis ve demir ile ¢inkonun miktart ¢gimlenme
ile sirastyla %38.2-38.9 ve %24.5-29.2 oraninda
azalmustir (Luo ve Xie, 2014). Kayisoglu ve ark.
(2024), ¢cimlenme ile beyaz sorgum tanelerinde
kalsiyum ve magnezyum seviyelerinde artis
bildirirken demir, potasyum ve ¢inko
miktarlarinda azalma rapor etmistir. Bunun
aksine, kirmizi sorgum taneleri, ¢imlenme
siiresince mineral igeriginde siirekli bir diisiis
sergilemistir. Mineral igerigindeki artiglar,
¢imlenme sirasinda aktif olan fitaz enzimi ile
iligkilendirilmistir. Anti-besinsel maddelerden
biri olan fitik asit, giiglii bir selatlayici ajan
olarak iglev gorerek mineraller ile ¢dziinmez
kompleksler olustur. Bu nedenle mineral

biyoyararlanimi azalir. Fitaz, fitati inozitole ve
serbest ortofosfata hidrolize ederek, ¢imlenmis
dar1 tohumlarinda minerallerin serbest kalmasini
saglar (Yousaf, Hou, Liagat ve Shen, 2021).
Ayrica, ¢imlenme kosullarindaki degisiklikler,
fitaz enziminin aktivitesini etkileyebilir ve bu da
fitik asidin pargalanmasinm1 ve dolayisiyla
minerallerin serbest kalmasini etkiler. Cimlenme
siiresinin uzamasi, enzim aktivitesinin artmasina
ve daha fazla fitik asit parcalanmasma yol
acarken, aymi zamanda bazi minerallerin
oksidasyonuna ve kaybina da neden olabilir. Ote
yandan, ¢imlenme sirasinda uygilanan 1slatma
isleminin mineral diizeylerindeki bu azalmadan
sorumlu olabiliecegi rapor edilmistir (Afify ve
ark., 2012).

Bu baglamda, bu ¢alismada elde edilen mineral
bilesimi sonuglari, literatiirde rapor edilen
bulgularla genel olarak uyumlu olup, bazi
farkliliklar da gostermektedir. Bu
degisikliklerin, ¢esitlerin genetik yapilari,
¢imlenme siiresi, c¢imlenme kosullart ve
kullanilan 6l¢iim yontemleri gibi faktorlere baglt
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olabilecegi disiiniilmektedir. Bu bulgular,
cimlenme siirecinin mineral biyoyararlanimi
iizerindeki etkisinin karmasik ve cesitlere 6zgii
oldugunu gostermekte, bu nedenle daha genis
kapsamli ¢aligmalara ihtiya¢ duyulmaktadir.

FT-IR

Cimlenmis ve ¢imlenmemis dar1 unlarinin
fonksiyonel gruplarini ve yapisal degisikliklerini
tespit etmek i¢i 4000-800 cm™ frekans araliginda
FT-IR spektroskopisi ile Olglim yapilmistir.
Orneklere ait spektralar Sekil 3’te ve ilgili
fonksiyonel gruplar ile gecirgenlik degerleri
Cizelge 5°te verilmigtir. Sekil 3’te ¢cimlenmemis
ve ¢imlenmis dart unlarina ait spektralar
karsilastirmada kolaylik saglamasi bakimindan
alt alta verilmistir. Genel olarak ¢imlenmemis
beyaz ve kirmizi dart unlarmin spektralar
benzer iken, siyah dar1 unu absorbans yaptigi
bantlarin konumlar1 ve sayist bakimindan
farkliliklar gostermistir. Sekil 3’te goruldigi
gibi tiim orneklerde 3274.92-3278.57 cm’
bolgesindeki genis bant araligi ortak olarak
bulunmustur. Bu bant araligi, nisasta, protein-
nisasta etkilesiminden ve su, alkol, fenoller veya
karboksilik asitlerden kaynaklanan O-H bagi
gerilmelerini temsil etmistir (Sun ve ark., 2014).
Kayisoglu ve ark. (2024)’da ¢imlenmis
sorgumda bu bant araligindaki absorbanslar1 O-
H ve N-H baglarinin gerilme etkilerinden
sorumlu olan nisasta ve protein molekiilleri ile
iligkilendirmigtir. Tim 0&rneklerde ortak bir

sekilde gozlenen 2923.41-2925.13 cm
bolgesindeki asimetrik gerilme ise alken
grubundan  kaynaklanan C-H bagi ile
iliskilendirilmistir. ~ 1743,80-1634,81  cm™

bolgesinde gbzlenen absorbans bantlari ise amin
gruplarinin  (N-H) varhigin1 isaret edebilir

(Navyashree ve ark., 2022). 800-1200 cm™
(parmak izi bolgesi) arasindaki dalga boyu
aralig1 esas olarak C—C, C-O ve C—H gerilme
titresimlerine karsilik gelir (Siwatch ve ark.,
2017). Dar1 unu orneklerinde bu bolgedeki
absorbanslar 1008 ve 859 cm civarindaki pikler
ile karakterize olmustur. 1008 cm™ ana bant
1148 ve 1076 cm™ bolgelerinde iki ayr1 pik
vermistir. Bu bantlar sirastyla nisastanin diizenli
ve amorf yapilari ile iliskilendirilmistir (Siwatch
ve ark. 2017). Navyashree ve ark. (2022), beyaz
darida 1149, 1075, 1008 ve 859 cm ™ civarindaki
absorbanslar1 sirasiyla alkol (C-O), anhidrit
(C=0), ester (P-OR) ve alkan (C-H) gruplarinin
varhgi ile iligkilendirmistir. Bu ¢alismamada da
bu bantlarda absorbanslar elde edilmis ancak
ornekler arasinda absorbanslar ve absorbans
yogunlugu bakimindan farklar ortaya ¢ikmistir.
Orneklerin ~ 1149-861 cm?  bolgesinde
tanimlanan  piklerin  genigliklerinin =~ ve
konumlarinin degismesi, agisal C-H bagmin
deformasyonu, esterlerdeki -1-4 glikozidik
baglantilarin (C-O-C) ve C-O baginin (sirasiyla
protein ve nisastanin -COOH ve O-H grubu
arasinda olusur) titresiminden ve yeni
fonksiyonel gruplarim olusumundan
kaynaklanmis  olabilir.  Cimlenmemis ve
¢imlenmis dar1 unlarmin  karsilastirilmasi
sonucunda, ¢imlenmis Orneklerdeki absorbans
piklerinin konumlar1 ve genisliklerinde gozlenen
degisiklikler, nisastanin amiloz ve amilopektin
bilesenlerinde meydana gelen doniisiimlere
isaret eder. Bu degisiklikler, unun kristal
yapisindaki ve nisastanin yapisal
ozelliklerindeki degisimleri gosterir (Kayisoglu
ve ark., 2024). Bu farkliliklar, ¢imlenme
siirecinin dar1 ununun fizikokimyasal 6zellikleri
tizerinde 6nemli etkileri oldugunu gosterir.
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Cizelge 5. Cimlenmemis ve ¢gimlenmis dar1 unlarinin FTIR spektrumu

Cimlenmemis Cimlenmis
Pik Beyaz Kirmizi Siyah Beyaz Kirmizi Siyah Fonksiy
No Dalgasay Dalgasayr Dalgasay1 Dalgasayr Dalgasayr Dalgasayi onel Referans
181 s1 s1 s1 s1 s1 Grup
(cm™) (cm™?) (cm™) (cm™) (cm?) (cm™)
O-H
1 3278,57 3278,53 3276,79 3275,53 3274,92 3277,98 bag1 (Sun ve
(%87.97)  (%82.58) (%94.61) (%82.26) (%90.87) (%88.44) gerilmes ark.,2014)
i
, 292446 292472 292341 292507 292478 29253 ';:ESS (':?,\éy:fﬁ re
0 o) [0) [0) 0, 0, "
(%89.75)  (%85.14)  (%91.18) (%87.42) (%93.41) (%92.30) (C-H) 2022)
Esterler,
3 ] ) 1743,80 ) . . Amin (E%\éy:rslﬁre
(%97.31) gruplari 2022) "
(N-H)
Amid |, (Navyashre
4 1634,88 1636,45 1647,20 1637,43 1640,91 1637,80 Amin o veyark
(%93.27)  (%90.88)  (%96.76)  (%91.69) (%96.66) (%95.29)  gruplari K
N-H) 2022)
5 1347,12 1344,38 i 1344,32 1343.99 1349.20
(%93.16)  (%93.45) (%91.93)  (%96.00)  (%95.29)
6 ] ] 1453,46 ] ] ]
(%98.34)
, 114884 114892 ] 114858 114920  1149,05 QLKSJ (l:?/\t/ey:fl?re
(%87.01) (%87.10) (%86.05)  (%91.97) (%90.32) (C-0) 2022)
. _ 1076,99 _ 1076,16 ] _ At (Navyaehre
0 0 "
(%79.68) (%77.23) (C=0) 2022)
g 100219 100152  1002,39 ] 1008,18 100597  Esterler (';"':‘/‘;y:i"e
(%67.49)  (%59.91)  (%98.34) (%71.39)  (%67.55) (P-OR) 2022)
10 8716 857,99 ] 859,53 859,53 Alkan (E%\éy:fﬁ re
(%89.77)  (%96.17) (%95.24)  (%97.74) (C-H) 2022)
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Sekil 3. Cimlenmemis ve ¢gimlenmig dari unlarinin FT-IR spektrumlari. (Beyaz: Cimlenmemis beyaz
dar1 unu, Kirmizi: Cimlenmemis kirmizi dart unu, Siyah: Cimlenmemis siyah dar1 unu, C-Beyaz:

Cimlenmis beyaz dar1 unu, C-Kirmizi: Cimlenmis kirmizi dart unu, C-Siyah: Cimlenmis siyah dar
unu)
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Sonug¢
Dar1 tiirleri kuraklik, olumsuz hava kosullar1 ve

giibre ve bocek ilact gibi kimyasal girdilere
ihtiyag duymadan yetisebilen, iilkemizde daha
cok kus yemi olarak bilinen kiigiik taneli
gidalardir. Dar1 tiirleri zengin fitokimyasal
bilesimi ve sagliga faydalar1 nedeniyle
glinimiizde gida ve beslenme bilimcilerinin
ilgisini ¢ekmektedir. Bu ¢alismada, beyaz
kirmizi ve siyah dari taneleri 3 giin boyunca
¢imlendirilip sonrasinda bu darilardan un elde
edilmistir. Cimlenmemis ve ¢imlenmis unlarin
kimyasal bilesimi, renk ozellikleri, fenolik ve
antioksidan potansiyeli ile mineral bilesimi
belirlenmistir. Dar1 igerigi
cimlenme ile azalirken, protein igeriginde hafif
bir artis gdzlenmistir. Cimlenme islemi, dari
unlarinin  renk  Ozelliklerinde degisikliklere
neden olmus; tiim oOrneklerin L* degerlerinde
genel bir artis tespit edilmistir. Cimlenme

unlarinin  nem

siirecinin toplam fenolik bilesimde dramatik bir
artisa neden oldugu ve bu artisin beyaz, kirmizi
ve siyah dar1 unlarinda sirasiyla 4.94, 4.96 ve
2.85 kat oldugu bulunmustur. Ayrica, ¢imlenme
siirecinin tiim 6rneklerde flavonoid iceriginde ve
antioksidan aktivitesinde artisa neden oldugu
belirlenmistir. Tim dar1 unlarinda potasyum,
magnezyum ve fosfor baskin mineraller olarak
bulunmus ve ¢imlenme ile mineraller arasinda
en ¢ok artis kalsiyumda meydana gelmistir.
Cimlenmenin dar1 unlarinda meydana getirdigi
yapisal degisiklikler FT-IR spektroskopisi ile
incelenmis, beyaz ve kirmizi dart unlarinin
spektrumlarinin benzer oldugu ancak siyah dari
ununun farklihik gosterdigi tespit edilmistir.
Cimlenme siireci Orneklere ait spektrumlarin
bazi bantlarin konumlarinda ve genisliklerinde
farkliliklara neden olmustur.

Kiiresel iklim krizi, kuraklik ve tahil {iretimi
arasindaki iliski tarim sektoriinde Snemli bir
endise  kaynagidir. Bu nedenle, iklim
degisikligiyle miicadele etmek ve kurakliga
dayanikli tahil ve tahil benzeri tohumlarin
potansiyelini arastirmak strdiiriilebilirlik igin

onemlidir. Bu ¢alisma, kuraklik, olumsuz hava
kosullar1 ve kimyasal girdilere ihtiyag duymadan
yetisebilen beyaz, kirmizi ve siyah darmin
potansiyel kullanimini artirmak ac¢isindan son
derece 6nemlidir. Ulkemizde kus yemi olarak
bilinen darmin, glutensiz olmasi nedeniyle
¢olyak hastalar1 icin de iyi bir alternatif gida
olabilecegi disiiniilmektedir.
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Bu c¢alisma, TUBITAK 2209-A -Universite
Ogrencileri Yurt I¢ci Arastirma Projeleri Destek
Programi kapsaminda 1919B012303676
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Correlation Between Colorimetric Properties and Phenolic Compounds in
Aged Vinegars

Reyhan Selin UYSAL*!
ABSTRACT

The aged vinegars studied, which are Sherry vinegars from Jerez, Spain, with varying aging periods, are
protected under the Denomination of Origin (DO). The objectives of this study were to (i) examine the impact
of aging on the polyphenolic compound content and color properties of Skerry vinegars, and (ii) determine the
correlation between phenolic compounds and color properties in these samples. Phenolic compounds were
identified and quantified using LC-MS/MS technique, and correlation analysis was conducted between
phenolic content and color properties. The results showed a statistically significant decrease in total phenolic
content with increased aging. Additionally, all colorimetric properties exhibited significant changes across the
samples. A notable shift from yellow to red hues was observed in the vinegars. Significant reductions in caffeic
acid and gallic acid content were also found due to aging. This study is the first to analyze the correlation
between phenolics and color properties in Sherry vinegars, revealing the influence of phenolic compounds on
their color characteristics.

Keywords: Sherry vinegar, phenolics, LC-MS/MS, color properties

Yillandirilmis Sirkelerde Kolorimetrik Ozellikler ile Fenolik Bilesikler Arasindaki

Korelasyon

(074

Arastirma kapsaminda incelenen drnekler, Ispanya'nin Jerez bolgesinden farkli yillandirma siirelerine sahip
Mensei Sistemi altinda korunan Sherry sirkeleridir. Bu ¢alismanin amaglari (i) yillandirmanin Sherry
sirkelerinin polifenolik bilesik icerigi ve renk dzellikleri iizerindeki etkisini incelemek ve (ii) bu 6rneklerdeki
fenolik bilesikler ile renk ozellikleri arasindaki korelasyonu belirlemektir. Fenolik bilesikler, LC-MS/MS
teknigi kullanilarak tanimlandi ve fenolik igerik ile renk ozellikleri arasinda korelasyon analizi yapilmustir.
Sonuglar yillandirmanin artmasiyla birlikte analiz edilen fenolik igerigin toplaminda istatistiksel olarak anlaml
bir azalma oldugunu gostermistir. Ayrica numuneler arasinda tiim kolorimetrik &zelliklerde Snemli
degisiklikler gozlenmistir. Sirke orneklerinde sari tonlardan kirmizi tonlara gozle goriiliir bir gegis
gozlenmistir. Yillanmaya bagli olarak kafeik asit ve gallik asit i¢eriginde de 6nemli azalmalar bulunmustur. Bu
calisma, Sherry sirkelerindeki fenolikler ile renk 6zellikleri arasindaki iliskiyi analiz etmis olup ve fenolik

bilesiklerin renk 6zellikleri {izerindeki etkisini ortaya koyan ilk ¢alisma olmustur.
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Correlation Between Colorimetric Properties and Phenolic Compounds in
Aged Vinegars

Introduction

Vinegars are one of the important seasoning
foods consumed for a long time throughout
history (Liang et al. 2016). Vinegars can be
primarily categorized into two main types based
on differences in raw materials and processing
techniques: grain vinegars and fruit vinegars
(Xia et al. 2018). Sherry vinegar, Spain’s most
popular and valuable fruit vinegar, is also one of
the most famous vinegars worldwide. It stands as
a highly esteemed and top-tier product hailing
from the Denomination of Origin (DO) region in
the southwestern part of Spain. This prestigious
designation, protected by both Spain and the
European Union (Tesfaye et al. 2002a). Sherry
vinegars crafted within geographically indicated
regions, is derived from Sherry wines
meticulously produced using the traditional
aging method known as "Soleras and Criaderas"
(Andalucia and Deporte 2006). This time-
honored technique lends a distinctive character
and quality to the vinegar, reflecting the rich
heritage of the region.

One of the features that make vinegar a unique
product is its chemical composition. Phenolic
compounds are one of the significant
components of vinegar which mostly affect the
organoleptic properties and quality. These
compounds in vinegar are initially sourced from
raw material (grapes) and subsequently wine
during acidification process (Cosme et al. 2018).
In the fermentation and aging periods, phenolic
compounds can undergo some reactions with
other compounds of wine such as tannins. These
reactions are playing an important role in
defining the characteristic properties of vinegars.
Color, appearance, flavor and also taste can be
changed according to the change in the content
and variability of phenolic compounds (Uysal et
al. 2023). In addition to phenolic compounds,
color properties of vinegar depend on the origin
of grape varieties, then fermentation process and
type of aging process. Thus, the aging process
can be a determinative feature on Sherry vinegar
because of time and unique process. “Solera and
Criadera” is a type of production process which
is carried out according to a dynamic aging
system from the South region of Spain
(Valcarcel-Muiioz et al. 2023). Therefore,
knowing the chemical process that occurs on the

phenolic components during the production
processes of special vinegars is one of the areas
that need to be studied in order to reveal the
effect of aging and acetification processes and to
show how it changes their organoleptic
properties.

There have been some studies on the effect of
acetification process on phenolics (Andlauer et
al. 2000), evaluation of bioactive compounds of
Shanxi aged vinegars (Xia et al. 2018), changes
in antioxidant components during aging of
traditional balsamic vinegar (Verzelloni et al.
2010), correlation of antioxidant and color
profile of balsamic vinegars (Sinanoglou et al.
2018), antioxidant characteristics of traditional
Zhenjiang vinegars during aging (Zhao et al.
2018), changes in color and phenolic compounds
during aging of Sherry white wine (Ortega et al.
2003), evaluation of phenolics during
experimental aging within 180 days of Sherry
vinegars (Tesfaye et al. 2002b). As a result of the
examination of the studies conducted and to our
best knowledge, no study has been found
examining the relationship between the phenolic
component and organoleptic properties of Sherry
vinegars, which change with long-term aging
period in a wood cask.

The aim of this study is to show how aging
affects the relationship between color properties
and phenolic component composition of Sherry
vinegars of different ages. Secondly, this
analytical approach aimed to elucidate any
potential connections between the color
characteristics of the aged vinegars and the
concentrations of some phenolic compounds,
providing deeper insights into the compositional
attributes of the samples.

Materials and Method

Reagents and chemicals

Reagents and chemicals for chromatographic
analysis were purchased from Panreac
Applichem (Darmstadt, Germany). Myricetin-3-
O-glucoside, quercetin-3-0-glucoside;
quercetin-3-0-galactoside; quercetin-3-0O-
rutinoside; quercetin-3-O-glucuronide;
quercetin-3-0O-glucopyranoside;  luteolin-7-O-
glucoside; caffeic acid, chlorogenic acid, and
gallic acid were purchased from Cymit Quimica
(Barcelona, Spain).
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Samples

Three conventional sherry vinegar samples aged
at different years (Crianza, Reserva, and Gran
Reserva) were supplied from Sur de Espana
(Jerez de la Frontera, Cadiz, Spain). All the
samples were supplied in duplicate (from two
batches of the same kind of vinegar). The
entirety of the sherry vinegar specimens was
exclusively crafted utilizing Sherry Wine's
provenance within the Protected Designation of
Origin (PDO) framework, which entail distinct
aging durations as stipulated by the PDO
guidelines. The maturation process of sherry
vinegar transpires within wooden casks,
following the traditional "Criadera y Solera"
system. Specifically, the examined samples
underwent aging within American oak barrels,
employing the "Criadera y Solera" methodology.
As per the specifications outlined by the PDO for
sherry wine vinegars, the aging process must
adhere to the following guidelines: (i) For
Crianza vinegars, the aging duration must be at
least of 6 months; (ii) Regarding Reserva sherry
vinegar, the aging period must maintain a
minimum of 2 years; (iii) Gran Reserva sherry
vinegar necessitates an aging period surpassing
10 years. In this study, the aging period of
analyzed samples were approximately as
follows: Crianza (8 months), Reserva (3 years),
and Gran reserva (12 years).

Color properties

The chromatic attributes, encompassing tonality,
color intensity, and color density, within the
sherry vinegar specimens were evaluated in
accordance with the methodology delineated by
the International Organization of Vine and Wine
(OIV 2022). Absorbance measurements were
conducted utilizing a UV/VIS
spectrophotometer (PG Instruments T80, UK).
The colorimetric features of the vinegar samples
were assessed at specific wavelengths, namely
420 nm (representing yellow components), 520
nm (depicting red components), and 620 nm
(indicating blue components). Subsequently,
calculations for color intensity (CI), tonality (T),
and color density (D) were executed utilizing the
ensuing formulas:

Cl = A420 + A520 + A620
T = A420/A520
D = A420 + A520

The Glories color index percentages
corresponding to yellow (Y%), red (R%), and
blue (B%) hues present in the vinegars were
computed utilizing the spectral data acquired at
wavelengths of 420 nm, 520 nm, and 620 nm,
respectively (Glories 1984).

Phenolic compounds

Polyphenol composition of the samples was
conducted utilizing a Shimadzu LC-MS/MS
8050 triple quadrupole mass spectrometer
outfitted with an electrospray ionization (ESI)
source. The vinegar samples were filtered
through a 0,45 um pore size membrane filter
before injection. The mobile phase utilized for
the separation of polyphenols comprised two
solvent systems: (i) Solvent A, consisting of
water/formic acid (99,9:0,1, v/v), and (ii)
Solvent B, comprising acetonitrile/formic acid
(99,9:0,1, v/v). A sample volume of 10 pL. was
injected for analysis. The characterization of
individual components was conducted by
assessing their retention times and precise
molecular masses. Furthermore, concentrations
of each compound were determined through
external calibration wusing corresponding
standard compounds. To achieve this, stock
solutions of all individual standards were
prepared with the extractant across a
concentration range of 0.1, 0.3, 0.5, 0.8, and 1
mg L. This calibration procedure facilitated the
accurate quantification of the concentrations of
the target compounds within the sample. The
analysis was performed in duplicate.

Statistical analysis

Statistical analysis was carried out using
XLSTAT Premium 2016 (Addinsoft, New York,
NY). One-way analysis of variance (ANOVA)
was employed to assess significant differences in
colorimetric characteristics and polyphenol
compounds among the vinegar samples.
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Subsequently, Tukey’s multiple range tests were
applied as a post-hoc analysis, with significance
typically inferred when the resulting p-value was
below 0,05. Furthermore, a correlation analysis
was undertaken to investigate potential
relationships  between  the  colorimetric
parameters of vinegars and the levels of
polyphenols. Correlation coefficients resulting
from this analysis were reported to ascertain the
degree of association between these variables.

Results and Discussion

Color properties

Color intensity (CI), tonality (T), color density
(D), and percentages of yellow, red, and blue
hues (%) in vinegar samples were measured
using a spectrophotometer. The specific values
for each colorimetric parameter of the samples
are provided in Table 1. As can be seen from the
table, the highest yellow characteristics and the
lowest red tones of the samples were found for
Vi (Crianza, 8 months) sample with the
percentages of 65.70% and 24.93%,
respectively. The lowest yellow and the highest
red color were also obtained for V2 (Reserva, 3
years) sample with the amount of 60.50% and
28.57%.

On the other hand, the yellow and red
components of the most aged V'3 (Gran Reserva,
12 years) sample were calculated as the
percentage of 62.51 and 26.83, respectively. As
can be seen from the table, an increase in the
absorbance values of A420nm and A520nm was
observed for the samples of V2 and V3
compared to V1. These changes observed in the
yellow (decrease in the amount) and red
pigments (increase in the percentage) during the
aging process of samples (from V1 to V2 and
V3) can be attributed to browning reactions such
as Maillard. Especially the initial decrease in the
sample of V1 to V2 may be released due to
amino acids may involve in different reactions
which result in the formation of Maillard
compounds and the similar change in browning
was observed in another research studied by
(Palacios et al. 2002).

The formation of these browning compounds
during the aging period resulted in color change
leading to an increase in CI (4,68%) and D
(4,17%) values for V2 sample. A similar change
for CI (4,45%) and D (3,97%) values was
obtained for V3 sample. On the other hand,
although there was a statistically significant
difference between the samples of V1-V2 (from
9,38% to 10,93) and V1-V3 (from 9,38% to
10,66%) in blue tones, not much change was
observed in the percentage of the color
component.

The significant color change in yellow and red
components, and the slight change in blue
component can be considered as a result proving
that these non-enzymatic reactions occur during
the aging process. The reactions described play a
significant role in the notable increase in total
absorbance (CI) observed during the
physicochemical phase, as outlined in Table 1.
These reactions contribute to the enhancement of
the color properties. Similarly, browning in color
and an increase in red tone were also observed in
Shanxi vinegar, another example of traditional
aged vinegar having geographical indication
(PGI) certificate which is produced in Shanxi
Province, China (Zhu et al. 2020). Most of the
brown-colored compounds that can be formed by
caramelization along with Maillard are
melanoidins (Bozkurt et al. 1999).

The formation of the basic structure of
melanoidins is related to the formation of 5-
hydroxymethyl-2-furfural (HMF) and furfural
during aging (Delgado-Andrade and Morales
2005, Tagliazucchi et al. 2010). In vinegar
characterized by high sugar concentrations and
low water content, the formation of HMF and
furfurals occurs even under ambient conditions,
including room temperature (Yang et al. 2014).
A notable disparity in tonality values was
observed between the VI-V2 and V1-V3
samples. This discrepancy can be attributed to an
increase in absorbance values at 520 nm
(A520nm) and intensification of red coloration
due to browning compounds.
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Table 1. Colorimetric characteristics of wine-vinegar (V) samples

Vinegar

Aaz" Aszol Ag2o' CI Tonality D YT (%) RY (%) BY (%)
Type
vi @MY 2,053+0,01c 0,779+0,02c¢ 0293+0,03¢c 3,13+0,02c 2,64+00la 2,83+00lc 6570+0,03a 2493+005c 9,38+0,06b
y2(3Y7) 2829+00la 1336+0,0la 0511+£00la 468+00la 2,12+0,02c 4,17+0,02a 60,50+0,04c 28,57+0,06a 10,93+0,07a
V3(12Y) 2779+0,02b 1,193+0,02b 0474+0,01b 445+002b 233+0,01b 3,97+0,01b 62,51+0,06b 2683+004b 10,66=0,05a

* ) kxkxE | significant at p < 0.05, p < 0.01, and p < 0.001, respectively. Mean values obtained from the triplicate analysis of all vinegar samples. Values
followed by the same letter, within the same row, were not significantly different (p > 0.05), according to Tukey’s least significant difference test. CI: Color
intensity, D: Color density, YT: yellow (%), R: red (%), B: blue (%), M": month, Y?: year.

Phenolic compounds

In addition to colorimetric properties, phenolic
compounds in vinegar samples were analyzed
using LC-MS/MS. The concentrations of these
phenolic compounds in all vinegar samples are
presented in Table 2. It is evident from the table
that most of the phenolic compounds were
initially found at high concentrations in the V1
sample, with subsequent decreases observed
during the aging period. For instance, the
concentration of Quercetin-O-3-glucoside was
4521 pug kg' in the V1 sample but was not
detected (ND) in the V3 sample. A significant
reduction was also noted in the content of
Quercetin-O-3-glucuronide from 1029,05 pg kg
"in V1 to 61,51 pg kg' in V3. Furthermore,
notable differences were observed between V1-
V2 and V1-V3 samples for gallic acid and caffeic

phenolic compounds (296,18). Moreover, there
is a significant change between the samples of
V1 and V2 with a content of 990,71 (V2). The
total phenolic compounds result shows a high
relation between aging period and the content of
phenolics.

On the other hand, as Luteolin-7-O-glucoside
was found in a very small amount but also
decrease during aging period was observed from
526 (V1) to 1,72 (V3). Quercetin-3-O-
rutinoside cannot be detected (ND) in all
samples. While chlorogenic acid, one of the
phenolic acids, was not seen (ND) in the V1 and
V3 samples, it was seen in the amount of 115,85
ug kg! in the V2 sample. Eriotricin and
hesperidin compounds from flavanones were
also found in the amount of 88,16 and 64,63 pg
kg!, respectively in only V2 sample.

acid. The concentration of gallic acid decreased In another study, a similar change and
from 641,19 pg kg'in V1 to 219,97 ug kg' in  progressive loss in phenolic compounds,
V2 and 200,6 ug kg' in V3. Conversely, for especially monomeric flavanols such as

caffeic acid, the concentrations were determined
as 1049,8 ng kg!, 213,98 ug kg', and 95,58 ug
kg! for V1, V2, and V3 samples, respectively.
These findings highlight dynamic changes in the
phenolic composition of vinegar samples during
the aging process, which may contribute to
alterations in chemical profiles.

Statistically significant results were found for
total phenolic compounds between the samples.
While at least aged sample (V1) has the highest
phenolic compound content (2896,06), the most
aged sample (V3) has the less content of

catechin, has been observed during traditional
balsamic vinegar. It was also stated in the study
that some reactions involving flavonoids and
tannins may lead to subsequent
polycondensation of  other flavonoid
molecules. As a result of these reactions, while a
decrease was observed in monomeric flavonoids
in aging of traditional balsamic vinegar, an
increase was also detected in polymeric phenolic
compounds.
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Table 2. Mass spectral characteristics and concentration of phenolic compounds (ug Kg') present in the vinegar samples.

Code

[M-HJ

ANOVA'

V2

Compound MS/MS (m/z) V1 V3
(m/z)

Flavones

1 Luteolin-7-O-glucoside 448,90 287,10/153,10 * 5,26+0,01 a 2,72+0,05b 1,72+0,01b
Flavanones

2 Eriotricin 595,20 287,05/150,09 xex 'NDb 88,16+£0,01a  NDb
3 Hesperidin 609,20 301/163,90 bl ND b 64,63 +0,01 a ND b
Flavonols
4 Myricetin-3-O-glucoside 481,10 319,10/273,10 falaiad 28,56 +0,02b 45,09+0,01 a 28,67+0,01b
5 Quercetin-3-0-glucoside 463,25 300,15/271.15 * 4521+0,03a 26,12+0,01 b ND c
6 Quercetin-3-O-glucuronide 478,95 303,05/229 falaiad 1029,05 £0,02 a 144,43 +£0,01 b 61,51+0,02b
7 Quercetin-3-O-galactoside 465 303,10/229,1 falaiad 61,90 £0,01 a 38,75+0,02b ND ¢
8 Quercetin-3-O-rutinoside 608,90 301/299,95 NS ND a trfa ND a
9 Quercetin-3-O-glucopyranoside 463,10 300,95/300 falaiad 35,09 +£0,02a 31,01 £0,02a ND b
Phenolic acids and derivatives
10 Gallic acid 169,10 124,95/124,30 NS 641,19+001a  21997+0,03b  200,6+0,03b
11 Chlorogenic acid 353,30 191,05/92,95 NS ND b 11585+0,01a  NDb
12 Caffeic acid 179,10 135/134/106.95 ok 1049,8 £0,02 a 213,98+0,01b  9558+0,01b

Total of polyphenolic compounds

*kx

2896,06 + 0,04 a

990,71 £0,02 b

296,18 £0,02 ¢

"The m/z values of the dominant ions are highlighted using bold font. Ytr: trace. {ND: not detected. NS: not significant at p < 0,05; *, **  *%*
significant at p < 0,05, p < 0,01, and p < 0,001, respectively. Mean values obtained from the duplicate analysis of all vinegar samples. Values
followed by the same letter, within the same row, were not significantly different (p > 0,05), according to Tukey’s least significant difference test.

During aging of balsamic vinegar, the amount of
total polyphenols decreased from 1500,6 mg/kg
to 1321,4 mg/kg (Verzelloni et al. 2010). The
formation of some of the phenolic compounds
(such as Eriotricin, hesperidin or flavonols;
myricetin-3-O-glucoside) in V2 samples (in
three years) during aging may be explained by
the extraction of phenolic compounds from the
oak butt (Tesfaye et al. 2002a).

Correlation between color properties and
phenolic compounds

Pearson's correlation analysis was conducted to
examine the relationship between the color
properties (such as color intensity, density,
percentages of colors (yellow, red, and blue) and

the phenolic compounds (Quercetin-O-3-
glucuronide, Quercetin-O-3-galactoside, gallic
acid, caffeic acid, and total phenolics) in all
vinegar samples. Table 3 presents the correlation
coefficient matrix of this analysis between the
color parameters and phenolic compounds. A
statistically  significant (p<0,05) positive
relationship was observed, indicating high
correlation coefficients between certain phenolic
compounds such as Quercetin-3-O-glucuronide-
caffeic acid  (r=0,999);  Quercetin-3-O-
glucuronide-gallic acid (»=0,999); gallic acid-
caffeic acid (=0,997).
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Table 3. Pearson correlation coefficients matrix among the color properties and phenolic compounds determined in the samples

Quercetin-3-  Quercetin-3-O- Gallic  Caffeic ~ Total
Variables Y(%) R(%) B (%) Cl D O-glucuronide galactoside acid acid  phenolic

Y (%) Lrswn? -0,995 -0,974 -0,968 -0,968 0,891 0,488 0,908 0,874 0,794
R (%) -0,995 Lok 0,945 0,936 0,936 -0,839 -0,394 -0,859 -0,818 -0,725
B (%) -0,974 0,945 N 1,000* 1,000* -0,971 -0,674 -0,980 -0,962 -0,911
IC -0,968 0,936  1,000* 1=%* 1,000%* -0,977 -0,692 -0,984 -0,968 -0,922
D -0,968 0,936 1,000 1,000%** N -0,977 -0,692 -0,984 -0,968 -0,921
Quercetin-3-0O-

glucuronide 0,891 -0,839 -0,971 -0,977 -0,977 Lok 0,831 0,999*  0,999* 0,983
Quercetin-3-0O-

galactoside 0,488 -0,394 -0,674 -0,692 -0,692 0,831 1w 0,809 0,850 0,918
Gallic acid 0,908 -0,859 -0,980 -0,984 -0,984 0,999* 0,809 1#**  (0,997* 0,975
Caffeic acid 0,874 -0,818 -0,962 -0,968 -0,968 0,999* 0,850 0,997* Lk 0,989
Total phenolic 0,794 -0,725 -0,911 -0,922 -0,921 0,983 0,918 0,975 0,989 L%

"Values in bold font are statistically significant *, ** and *** at p < 0,05, 0,01, and 0,001, respectively.

The decrease in the amounts of these flavonol
components and phenolic acid components in the
vinegar samples over the aging period
contributes to their correlation with each other.
Although a decrease in the Quercetin-3-O-
galactoside component is observed due to aging,
a correlation with a high coefficient may not
have been found due to its small amount. Based
on the findings, it can be inferred that all free
mono-phenolic compounds underwent a series
of reactions, leading to their disappearance or
presence in very low amounts in the vinegar
sample.

A significant positive correlation was observed
among some color properties of the vinegar
samples. Specifically, a high positive correlation
was noted between blue pigment—color intensity
(r=1,000) and blue pigment-density (r = 1,000).

yellow (%) pigment (from 60,50 to 62,51) and
minor decline in red (%) pigment (from 28,57 to
26.83) between V2-V3 samples during aging.
This observed small decrease in the red color
pigment may be due to the polymeric
components formed after the condensation
reactions of tannins with phenolics during the
long aging process (V3 sample) and the tannins
losing their effect (A520, V2-1,336 and V3-
1,193) on the red color pigment slightly. In
addition, another phenolic component that is
effective in color along with tannins in grapes
and then wine is anthocyanins (Singleton 1969).
It has been observed in studies that as the amount
of anthocyanin decreases due to aging or
vinification, there is a shift from red color to
more yellow color (Almela 1993, Pascu 2005,
Alcalde-Eon et al. 2006, Uysal et al. 2023).

Similarly, the color intensity and density of the Moreover, it has been reported that the
samples exhibited a highly significant and concentration of monomeric anthocyanins
positive correlation (r = 1,000). These decreases during acetification process of

correlation findings align with the earlier
observations regarding changes in blue (%),
color intensity, and density properties of the
vinegar samples as the aging period increases.
Although a strong negative correlation (with 7=
-0,995) was observed in yellow and red colors, it
was not found to be statistically significant.

No statistically significant relationship was
detected between (i) color properties and (ii)
phenolic compounds. This absence of correlation
could potentially be attributed to little increase in

vinegars because of polymerization reactions
(Cerezo et al. 2010). Therefore, although the
concentration of some phenolic compounds
decreases, the slight change in color can be
explained by the low level of anthocyanins. In a
study, the browning measurement (absorbance at
420 nm) of traditional balsamic vinegar (TBV)
was studied during the aging period and some
colorless and yellowish compounds were
determined because of phenolic reactions
(Verzelloni et al. 2010). The formation of
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colorless polymers in TBV has been explained
by flavonoids polymerization reaction catalyzed
by acetaldehyde. Besides, formation of new
colored-yellowish oligomers and polymers has
been also explained that glyoxylic acid might
promote flavonoid polymerization (Es-Safi et al.
2002). In conclusion, in this study, as mentioned
in the previous section, a decrease in the amount
of some phenolic compounds (flavonoids and
phenolic acids) was observed because of
condensation and polymerization reactions, but
the effect of these phenolic compounds on color
change was not found to be statistically
significant. It is evident that the aging period
influences some phenolic compounds of vinegar
samples, leading to transformations in their
organoleptic properties. Notably, there is a lack
of studies in the literature focusing on "Sherry"
vinegar that simultaneously assess aging time,
phenolic profile, and color properties. This
highlights the potential for further research in
this area to enhance our understanding of vinegar
composition and quality.

Conclusion

In this study, color properties (pigments (%),
color intensity, tonality, and density), phenolic
compounds, and correlation of color properties-
phenolics of Sherry vinegars during the aging
process were examined. The results showed that
the contents of phenolic compounds and color
properties changed during the aging period of
vinegar samples. The percentage of red pigment
increased while the percentage of yellow
pigment decreased during aging up to 12 years.
It was revealed that a long period of aging in
wood casks facilitated Maillard reactions
resulting in a different pigmentation with
browning compounds. Twelve phenolic
compounds were identified, and a high negative
correlation was observed between the content of
total phenolic compounds and the aging period
of vinegar samples. While the aging period of the
samples increased, a decrease in the content of
some phenolic compounds was observed. As a
result, the aging period of Sherry vinegars
caused a significant change from yellow to red
tone, and a decrease in the amount of monomeric
phenolic compounds. This study could serve as a
catalyst for future research on Sherry vinegars,

particularly in exploring other organoleptic
properties and chemical profiles.
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Research Article
Potential Application of Chitosan Based Edible Coating Combined with
Pomegranate and Lemon Peel Phenolic Extract on Apple and Kiwifruit Slices:
Physical, Chemical and Sensory Characteristics

irem Burun!, Gozde Kutlu?", Fatih Tornuk!3
ABSTRACT

The aim of this study was to assess the impact of different coatings, namely neat chitosan and chitosan
combined with pomegranate and lemon extract, on the quality of apple and kiwifruit slices during 21 days of
storage at 8°C, and the results were compared to the control samples (uncoated). Results showed that dry matter
content of control samples was initially lower than that of the coated ones, while it increased during the storage.
Phenolic added chitosan coatings consistently resulted in higher dry matter levels than neat chitosan. During
storage, pH values ranged from 4.40 to 4.74 for apple slices and from 3.68 to 4.05 for kiwifruit slices,
respectively. The pH value of the control samples was higher on the 7" day compared to the initial
measurement, and then gradually decreased for both apple and Kkiwifruit slices. Chitosan alone slightly
increased apple slices' pH, while the combination of chitosan+phenolic extracts decreased it. Uncoated apple
slices experienced ongoing weight loss of up to 6.64%, compared to 2.93% for kiwifruit slices during storage,
indicating a higher rate of weight loss in apples than in Kiwifruits. Furthermore, negative weight loss was
observed in the coated fruits. Coating aplications caused significant changes in L*, a* and b* values, with
kiwifruit slices consistently exhibiting lower color values compared to apples. No visual fungal decay was
observed in any sample during the storage. Uncoated samples had higher sensory scores at the beginning of
the storage while coating application provided better scores as the storage progresses, showing the preservative
effect of the chitosan-based coating on the fruit slices. Overall, this study confirmed that coating of Kiwifruit
and apple slices with chitosan or chitosan + lemon/pomegranate phenolics could provide better quality and
longer shelf life.

Keywords: Postharvest, fruit preservation, chitosan, coating.

Elma ve Kivi Dilimlerinde Nar ve Limon Kabugu Fenolik Ekstrakt ile
Birlestirilmis Kitosan Bazh Yenilebilir Kaplamanin Potansiyel Uygulamasi:
Fiziksel, Kimyasal ve Duyusal Ozellikler

oz

Bu ¢alismanin amaci, kitosan ve kitosan + nar ve limon ekstrakti kullaniminin, elma ve kivi dilimlerinin kalitesi
iizerine etkisini, kaplanmamis 6rneklerle karsilagtirarak 21 giin boyunca 8°C'de degerlendirmektir. Elde edilen
bulgular, depolama siiresince kitosan kaplamasi ve kitosan+fenolik ekstrakt kombinasyonunun kontrol
ornekleri ile karsilagtirildiginda elma ve kivi dilimlerinin kuru madde igeriginin arttirdigini gostermistir.
Fenolik eklenmis kitosan kaplamalar, saf kitosan kaplamaya gore daha yiiksek kuru madde igerigine sahiptir.
Depolama siiresince, pH degerleri elma dilimleri igin 4,40 ile 4,74 arasinda iken kivi dilimleri igin 3,68 ile 4,05
arasinda degismistir. Kontrol orneklerinin pH degeri, elma ve kivi dilimleri igin baglangigtaki 6lgiim
sonuglarma gore 7. giinde daha yiiksek seviyededir ve daha sonra her iki dilim i¢in de bu degerler kademeli
olarak azalmistir. Yalnizca kitosan kullanimi, elma dilimlerinin pH degerini hafifge arttirmis, fenolik
ekstraktlarmn kitosan ile birlikte kullanimi ise pH degerini azaltmigtir. Kaplanmamis elma dilimlerinde
depolama siiresince %06,64'e kadar olan bir agirlik kaybi yasanirken bu oran kivi dilimlerinde %2,93’tiir. Bu
da elmalarin kivilerden daha yiiksek bir agirlik kaybi oranina sahip oldugunu gostermektedir. Ayrica,
kaplanmig meyvelerde negatif agirlik kaybi1 gézlemlenmistir. Kaplama uygulamalari L*, a* ve b* degerlerinde
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onemli degisikliklere neden olmus, kivi dilimleri siirekli olarak elmalara gore daha diisiik renk degerleri
sergilemigtir. Herhangi bir 6rnekte gozle goriiliir bir kiif olusumu goézlemlenmemistir. Kaplanmamis 6rnekler
depolamanin baglangicinda daha yiiksek duyusal puanlar alirken kaplama uygulanan ornekler depolama
ilerledik¢e daha iyi puanlar almistir. Bu da kitosan tabanli kaplamanin meyve dilimleri {izerindeki koruyucu
etkisini gostermektedir. Genel olarak, bu ¢alisma, elma ve kivi dilimlerinin kitosan, kitosan+limon/nar fenolik
ekstraktlart ile kaplanmasinin daha iyi kalite ve daha uzun raf 6mrii saglayabilecegini dogrulamistir.

Anahtar kelimeler: Hasat sonrasi, meyve koruma, kitosan, kaplama.
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Introduction

The susceptibility of fruits to decay, their
sensitivity to low temperatures, and their
overall perishability, caused by rapid
ripening and softening, pose limitations on
their storage, handling, and transportation
capabilities (Abbasi et al., 2009). The
application of edible coatings on the surface
of fruits, combined with cold storage, is a
promising method for extending their shelf
life, maintaining quality, protecting against
postharvest diseases, and minimizing losses
of these highly perishable fruits (Badawy et
al., 2017). The Food and Drug
Administration (FDA) and the United States
Department of Agriculture (USDA) define
"fresh” and "minimally processed” products
as fruits and vegetables that are freshly cut,
washed, packaged, and maintained at
refrigerator temperature (De Corato, 2019).
Minimally processed fruits and vegetables
are also described as "maintained products”
because they naturally offer a high standard
of quality, characterized by genuine
freshness and a rich content of essential
nutrients such as minerals, fiber, vitamins,
and antioxidants (De Corato, 2019).
Chitosan (CS, 2-amino-2-deoxy-D-
glycopyranose), derived from chitin (2-
acetamide-2-deoxy-D-glycopyranose)
through a process called deacetylation, is a
natural polysaccharide (Gomes et al., 2020).
CS, an USFDA (the United States Food and
Drug Administration)-approved "Generally
Recognized as Safe" (GRAS) food additive,
is widely used in the food industry. Its

attributed  to  its
mucoadhesiveness, biocompatibility,
biodegradability, non-toxicity, non-
immunogenicity, and its proven ability to
inhibit various fungal pathogens affecting
plants (Atlar et al., 2024; Badawy et al.,
2017; Feyzioglu & Tornuk, 2016; Gomes et
al., 2020; Kutlu, 2021). When applied as a
coating on fruits and vegetables, CS creates
a semi-permeable barrier that slows down
respiration and ripening of freshly cut fruit.
Consequently, these coatings help minimize
moisture loss, weight loss, and contribute to
maintaining the overall quality (Badawy et
al., 2017). Films and edible coatings are
described as thin layers of material that
create a protective barrier around edible
items, allowing them to be ingested with the
coated product (Abbasi et al., 2009).

application is

The peels of vegetables and fruits, often
discarded as waste, have the potential to
serve as valuable additives due to their
antifungal and antimicrobial properties,
making them suitable for inclusion in
coating formulations (Nair et al., 2018).
Lemons are rich in essential natural
nutrients, including phenolic compounds
(e.g. eriocitrin, coumarins, limonoid
glycosides) dietary fiber, essential oils, and
carotenoids. Recent evidence suggests that
lemons possess antibacterial, antioxidant,
and anti-inflammatory features, contributing
to their beneficial impacts on overall health
(Xi et al., 2017). The pomegranate peel is
widely recognized as a rich source of
phenolic acids, flavonoids, and tannins
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(including ellagitannins like punicalagin and
punicalin). These compounds have attracted
significant interest and favour for the
development of novel antimicrobials due to
their potential health benefits and wide range
of biological functions (Singh et al., 2019).
The simultaneous use of CS and extracts
from fruit processing by-products holds the
potential not only to enhance the value of
these materials but also to advance the
development of innovative and eco-friendly
fruit protective technologies (Gomes et al.,
2020). There have been numerous studies in
the literature concerning the coating of
apples (Qi et al.,, 2011; Liu et al., 2016;
Garrido Assis et al., 2011) and kiwifruit
slices (Kaya et al., 2016; Guroo et al., 2021)
with CS. Nevertheless, upon reviewing
previous studies in the literature, it was
found that there were no available scientific
studies on the physical, chemical, and
sensory attributes of apple and kiwifruit
slices coated with pomegranate (PPE) and
lemon peel phenolic extract (LPE) combined
with CS as an edible coating. In this context,
the present study was undertaken (i) to
prepare edible coatings formulated with CS
and phenolic rich extracts from pomegranate
and lemon peel, and (ii) to determine the
effects of these coatings, including only CS
and CS-phenolic extracts, compared to
uncoated apple and kiwi fruits, on some
physical, chemical and sensory properties.

Material and method

Materials

High molecular weight chitosan was
obtained from Sigma-Aldrich (Germany).
Fresh pomegranate (Punica granatum L.)
peels were obtained from local pomegranate
juice sellers, while lemon (Citrus limon
Burm.) peels were collected as household
waste. The peels were rapidly transferred to
the laboratory and dried in a fan-assisted
oven (Memmert UF-110, Germany) at 40°C
for 18 h. The peels were then ground using a
coffee grounder to provide powders and

stored at +4°C in polyethylene plastic bags
until extraction.

Fresh apple (Pyrus malus L.) and kiwifruits
(Actinidia deliciosa cv. ‘Hayward’) were
obtained from a local supermarket in
Istanbul  (Tdrkiye) and immediately
transported to the laboratory. After peeling,
the fruits are sliced at room temperature with
a sharp stainless-steel knife with a thickness
of 1 cm and an average weight of 1 g.

Extraction of phenolic compounds from
lemon and pomegranate peels

A mixture containing 25% lemon peel and
75% pomegranate peel, totaling 900 g of
ground peels, was mixed with distilled water
at a ratio of 1/9 (w:v). The mixture was
stirred at 200 rpm using a magnetic stirrer
(IKA C-MAG HS 7, Germany) at room

temperature for 24 h. Subsequently,
centrifugation (Thermo Scientific,
Centrifuge  Multifuge X3 FR) was

performed. The resulting supernatant was
obtained and freeze-dried in a lyophilizer
(Christ B 1,8-LSC plus, Martin Christ
GmbH, Osterode am Harz, Germany) to
obtain the dried extracts.

Preparation of coating solution

The CS-based coating solution was prepared
by dissolving CS at a concentration of 2%
(w:v, decided by preliminary experiments)
in diluted acetic acid (1%, v:v) containing
0.05 g/100 ml of Tween 80, with pH values
adjusted to 5.6 using 1 mol/L NaOH. After
complete dissolution, the phenolic extract
consisting of LPE and PPE was added to the
CS solution at a 1% ratio and mixed using a
magnetic stirrer for 6 h at room temperature
and coating solutions were obtained. A neat
chitosan coating solution without the extract
was also prepared.

Coating of kiwi and apple slices

The fruit slices were directly immersed in
the prepared coating solution at room
temperature for 2-3 min, and then applied
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coating was left wet for a few min after
draining the slices. Subsequently, the fruit
slices were dried in an oven at 35°C for 18
h. The coated fruits were stored at 8°C for 21
days in plastic storage containers 85-90%
relative humidity for the further analyses.
Fruit samples were coded as follows: CA,
uncoated apple slices; CCA, apple slices
coated with neat chitosan; PCCA, apple
slices coated with chitosan+phenolic extract;
CK: uncoated Kkiwifruit slices; CCK,
kiwifruit slices coated with neat chitosan;
and PCCK, Kkiwifruit slices coated with
chitosan+phenolic extract. On the 0™, 7%
14" and 21% days of storage, the fruit
samples were analyzed.

Characterization of coated fruit slices
Determination of dry matter content

The gravimetric method was used to
determine the dry matter content of the
samples (3 g). The difference of weights of
fruit samples before and after drying at
105°C for 18 h was calculated and given as
percentage (AOAC International, 2002).

pH determination

For determination of pH values of the fruit
slices, 10 g of the sample was weighed, and
combined with 90 g of distilled water. The
mixture was homogenized using a high-
shear homogenizer (Ultra Turrax, Daihan,
HG-15D), and the pH values of the fruit
samples were measured directly by
immersing the pH-meter probe in the
mixture at ambient temperature (Mannozzi
etal., 2017).

Weight loss

The fruit samples were weighed on the 0™,
71 14" and 21% days, and the weight loss
was given as percent (AOAC, 1994).

Color measurement

A Hunter Lab Colorflex (CFLX 45-2 Model
Colorimeter, Hunter Lab, Reston, VA) was
used to measure the L* (lightness), a*

(redness/greenness), and b*
(yellowness/blueness) values of the samples
(Mannozzi et al., 2017).

Visual observation of fungal decay

The fruit samples were visually inspected on
the O, 7, 14" and 21% days of storage to
identify any signs of fugal decay. They were
considered infected if a visible lesion was
observed (Benhabiles et al., 2013).

Sensory analysis

The sensory properties of the fruit samples
were examined on days 0, 7, 14, and 21. A
hedonic scale ranging from 1 to 5 was used
to evaluate the texture, taste, and odor of the
samples by the panelists (n=8) (Han et al.,
2006).

Statistical evaluation

The findings, derived from a minimum of
three parallel analyses, were presented as
mean =+ standard deviation. One-way
analysis of variance (ANOVA) (Student's t
test; p < 0.05) was performed using JMP
Statistical Software version 6 (SAS Institute,
Cary, NC) to determine the significant
differences between the data (Kutlu et al.,
2024).

Results and Discussion

Dry matter contents

During the 21 days of storage, the dry matter
contents of CA, CCA, and PCCA samples
ranged from 75.4% to 86.2% (Figure 1la).
The dry matter contents of the CA samples
increased until the 7" day, remained nearly
constant on the 7" and 14" days, and showed
a significant increase on the 21°% storage day
compared to other tested storage days. On
the other hand, CCA and PCCA exhibited
similar trends in dry matter changes during
storage. According to this trend, the dry
matter decreased until the 14™ day and
remained almost constant between the 14"
and 21% days. In a related study, Mannozzi
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etal. (2021) evaluated the effects of different
coating methods (dipping and spraying) and
coating solutions (alginate, 5% and 10%) on
the fresh-cut mellons. They found a
significant decrease in the moisture content
of coated fresh-cut melons over 11 days.
Moreover, Mannozzi et al. (2017) studied
the effects of various coatings (pectin and/or
sodium alginate) on blueberries and found
that the dry matter content tended to rise over
14 storage days in both untreated and coated
samples. However, in the study by Mannozzi
et al. (2018), blueberry fruits coated with
chitosan + proanthocyanidins showed no
statistically significant changes in dry matter
content over 14 days, whereas in chitosan-
coated samples, there was a slight increase
until the 10" day and a decrease on the 14"
day.

During the storage duration, the dry matter
contents for CK, CCK, and PCCK samples
were as follows: CK ranged from 65.3% (0"
day) to 74.1% (21°% day), CCK ranged from
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75.8% (21% day) to 77.4% (0" and 7" day),
and PCCK ranged from 76.8% (21°% day) to
78.6% (0" day) (Figure 1b). The dry matter
contents of CK samples increased until the
7" day, remained nearly stable on the 7" and
14™ days, and increased again on the 21%
day. The dry matter contents of CCK and
PCCK samples decreased until the 14" day,
and although there was a slight increase
between the 14" and 21% days, this increase
was found to be statistically insignificant
(p>0.05). Accordingly, the coated kiwifruit
slices showed greater stability in terms of
changes in dry matter content during storage
compared to the control samples. These
results showed that the dry matter content of
both apple and kiwifruit slices increased
when they were only subjected to CS coating
or when they were coated with a
combination of phenolic extracts and CS,
compared to the control samples. This rise
can be due to the the presence of coating
materials (CS/ CS+phenolic extracts) in
coated fruits (Mannozzi et al., 2018).

79.0

—_—

Pl
o
i

&
£
z
£ 720 4
g
—=—CK
£
2 685 —@-CCK

PCCK

7 14
Storage duration (days)

(@)

Figure 1. Dry matter content of apple (a) and

pH

The optimal pH for maximum PPO activity
ranges from approximately 4 to 7, and this
can vary depending on factors such as the
fruit part from which the enzyme is

o
5
=}

7 14
Storage duration (days)

(b)
kiwifruit samples (b) during 21 days of storage.

extracted, the extraction method used, and
the specific substrate involved (Rocha et al.,
1998). In many studies, the optimal pH for
apple PPO is reported to be between 4.5 and
5.0, while other studies indicate the presence
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of two separate optimum points, around pH
5.0 and 7.0 (Yoruk & Marshall, 2003).
Throughout the 21-day storage period, the
pH levels of CA, CCA, and PCCA samples
ranged from 4.54 to 4.70, 4.63 to 4.74, and
4.40 to 4.61, respectively as illustrated in
Figure 2a. The differences observed in pH
values during storage were found to be
statistically significant (p<0.05). During the
storage period, PCCA samples had the
lowest pH values, while CCA samples
(except on the 7" day) had the highest pH
values. That is, in comparison to the control,
the use of CS alone as a coating material
slightly increased the pH, while the addition
of phenolic extracts to the coating
formulation resulted in a slight decrease in
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pH, showing that CS coating in apple slices
controlled the pH variations at 8°C. In other
words, CCA samples effectively postponed
fruit senescence during the storage period in
comparison to other samples. This could be
attributed to the formation of a semi-
permeable CS film on the fruit's surface,
which likely altered the internal atmosphere,
specifically the inherent COz and O levels,
thereby slowing down the ripening process
(Abbasi et al., 2009). Previously, Kumar et
al. (2021) reported that as fruits and
vegetables were stored, their pH typically
decreased over time, primarily due to
delayed utilization of organic compounds as
well as an increase in respiration rate and
acidity.
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Figure 2. pH values of apple (a) and kiwifruit samples (b) during 21 days of storage.

Acidity is the primary factor that affects the
taste of fruits (Manzoor et al., 2021). As
depicted in Figure 2b, the pH levels of CK,
CCK, and PCCK samples varied within the
ranges of 3.80-3.90, 3.70-4.0, and 3.68-4.05,
respectively, during the 21-day storage
period. The differences in pH values were
found to be statistically significant (p<0.05).
While the pH value was higher in CCK
samples compared to the CK and PCCK on
the 0" day of storage, the highest pH level
was observed in PCCK samples on day 7.
While the pH value of the uncoated samples
was the highest at 14" and 21% days, this

value was the lowest in PCCK samples.
Similarly, Huang et al. (2017) coated
Chinese kiwifruits with salicylic acid and/or
chitosan and evaluated pH changes over 14
days compared to control samples.
According to the findings, the highest pH
value was reached in the control samples on
Day 6, while the increase in pH in the coated
samples was reported to be lower compared
to the control sample. Likewise, Manzoor et
al. (2021) used different nanoemulsion
coating formulations (alginate/
carboxymethylcellulose, vanillin, ascorbic
acid) for improving the shelf life of fresh cut
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kiwi. They reported that at day 7 of storage,
the control fruit exhibited the most
significant pH increase, reaching 3.90.
Moreover, on the 14" and 21% days, the
observation of the lowest pH values in
PCCK samples was attributed to the
inhibition of organic acids' decomposition.
This inhibition was believed to occur due to
the combined effects of chitosan and
phenolic extracts containing LPE and PPE,
which exhibit antioxidative and respiration-
inhibiting properties (Fozi et al., 2022;
Jodhani & Nataraj, 2021).

Weight loss

The loss of weight in vegetables and fruits is
a good index of quality degradation, which
in turn impacts their marketability (Nair et
al., 2018). The act of cutting and peeling

fruits such as apples leads to swift alterations
in their color and appearance, while skinless
fruit slices experience gradual moisture and
weight reduction over time. This decrease in
weight, which inevitably occurs when the
fruit's surface lacks protection, is a factor
that detrimentally impacts the product's
quality (Chauhan et al., 2011; Cofelice et al.,
2019). CA samples demonstrated weight
losses of 2.97% at the end of 7 days, 4.54%
at the end of 14 days, and 6.64% at the end
of 21-days. Meanwhile, CCA samples
showed weight increases of 0.52% after 7
days, 2.33% after 14 days, and 6.14% after
21-days. In terms of PCCA samples, their
weights increased by 0.44% after 7 days,
2.06% after 14 days, and 4% after 21-days
(Table 1).

Table 1. Percent weight loss values of apple and kiwi-fruit slices during 21 days of storage.

Samples Weight loss (%)
0t day 7t day 14 day 21" day

CA 0.00+0.002 2.97+1.904 4.5442.014 6.64+0.0242
CCA 0.00:£0.00A2 -0.52+0.0152 -2.33+0.5852 -6.14+0.0952
PCCA 0.00+0.0042 -0.44+0.0152 -2.06:+0.808° -4.00+0.015P
CK 0.00+0.00A2 2.2540.207 2.89+0.034A2 2.9340.094
CCK 0.00+0.004 -0.92+0.0852 -1.88+0.01P -2.12+0.085P
PCCK 0.00:£0.0072 -0.66+0.0852 -1.62+0.0852 -1.92+0.028P

CA: Uncoated apple; CCA: Apple with chitosan coating; PCCA: Apple with chitosan+phenolic
extract coating; CK: Uncoated kiwifruit; CCK: Kiwifruit with chitosan coating; PCCK: Kiwifruit

with chitosan+phenolic extract coating.

The lowercase letters indicate the statistical difference among samples of the same fruit variety, while the
uppercase letters represent the statistical difference during the storage period (p<0.05).

S

CK samples experienced weight losses of
2.25% after 7 days, 2.89% after 14 days, and
2.93% after 21-days. The amount of weight
loss in the control samples was higher in
apple samples compared to Kiwi fruits
during the storage period. The duration of
storage also led to an increased weight loss
ratio, as previously reported by Abbasi et al.
(2009). The primary reason for the highest
weight loss observed in untreated control

fruits could be attributed to their elevated
rates of respiration and transpiration (Shiri et
al., 2013). That is, since the uncoated
pericarp lacked a protective barrier, it
allowed heat to transfer from the
surrounding environment into the fruit
slices, resulting in water loss (Lin et al.,
2011). On the other hand, CCK samples
exhibited weight gains of 0.92% after 7 days,
1.88% after 14 days, and 2.12% after 21-
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days. PCCK samples showed weight
increases of 0.66% after 7 days, 1.62% after
14 days, and 1.92% after 21-days (Table 1).
Likewise, it was reported that the
incorporation of different compounds into
the edible coatings altered their water vapor
permeability (Ali et al., 2015; Nair et al.,
2018). Additionally, weight gain can occur
due to the fact that some coating materials,
such as CS, have the ability to absorb water
(Dutta et al., 2009). This phenomenon aided
in regulating the formation of free water
within kiwifruits (Huang et al., 2017).
Moreover, Kyriakidou et al. (2021) found
that incorporating PPE into CS films
decreased their  moisture adsorption
capacity, particularly in environments with
intermediate and high relative humidity
values (aw>0.4), likely because of the
hydrophobic nature of the extracted
phenolics from the pomegranate peel. This
led to the absorption of water on the surface
of the coated fruits, consequently resulted in
weight gain. In a related study, Howard and
Griffin (1993) observed no weight loss in
minimally processed carrot sticks after 15
days of storage at 2.5°C. This was likely
attributed to the high relative humidity
inside the package, which slowed down
moisture loss and tissue dehydration.

Color attributes

The color of products like apple slices serves
as a significant indicator of quality, with
brown apple slices being visually
undesirable. This discoloration occurs as a
result of oxidative reactions involving
phenolic ~ compounds  catalyzed by
polyphenol oxidase, leading to the formation
of o-quinones and their subsequent
polymerization into various compounds
(Lee et al.,, 2003). Figure 3 provides a
summary of the color properties for both
coated and uncoated apple and kiwi samples.
The L* value represents the brightness level,
ranging from O to 100 to signify darkness to
lightness (Atlar et al., 2024). On the other

hand, the a* value measures the intensity of
the green-to-red color spectrum, where a
higher positive value indicates a stronger
presence of red (Yavuz et al., 2022).
Similarly, the b* value indicates the intensity
of the blue-to-yellow color spectrum, with a
higher positive value indicating a greater
presence of yellow (Demirkan et al., 2024).
CA samples exhibited a range of L* values
from 64.6 to 67.6 during the storage period.
A decrease in lightness was observed for CA
samples over time, except for the 7" and 14
days when no significant changes in L*
values were noticed. Among the CCA
samples, the highest L* value of 73.2 was
recorded on Day 0, while the lowest L* value
of 47.5 was observed on Day 21. Lightness
increased as the storage period advanced for
CCA samples. The L* values for PCCA
samples showed an increase with the
progression of the storage period, ranging
from 59.6 to 69.9. Hence, the color of PCCA
samples became lighter as the storage
duration increased. According to Lin et al.
(2011), respiration generated bio-heat,
leading to an increase in the temperature of
the fruit group, which in turn accelerated
water loss and browning.

The a* values of samples named CA (8.7-
11.7) decreased until the 14" day, and then
slightly increased on the 21% day. Regarding
the samples CCA (8.3-16.5), there was a
significant increase in redness until the 7%
day, reaching its highest level. The redness
slightly decreased on the 14" day and further
decreased on the 21% day. Among the apple
samples, the lowest redness on the 0™ day
was measured in the CCA samples, while the
highest a* value at the end of storage was
also observed in the same samples. For the
PCCA (8.2-13.6) samples, the highest level
of redness was measured on the 0™ day, and
the lowest a* values were observed on the
7" day. Subsequently, although the redness
did not reach the initial value (0" day) during
the other storage periods (14" and 21% days),
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it increased to some extent. In earlier
findings, it was stated that lower L* values
and higher a* values were indicative of
increased browning (Lee et al., 2003). The
results of the study showed that the least
pronounced browning occurred in PCCA,
while the darkest coloration was observed in
CCA on different storage days. In other
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words, the application of phenolic extracts
inhibited browning due to their reducing
power. Furthermore, while CS alone was
insufficient in preventing apple browning,
its combination with phenolic compounds
had synergistic effects in inhibiting
browning.

17.0 4

s

7\«v ) ——CA

==CCA

11.1 4

53 4

a* values

—_— PCCA

s
== CK
== CCK

PCCK

0 7 14 21

-0.6 4

-6.5

Storage duration (days)

/
R ——cA
=li=CCA

\<>

PCCA
==CK
=#=CCK

PCCK

0 7

14 21

Storage duration (days)

Figure 3. Color properties of apple and kiwifruit slices during 21 days of storage.

Regarding the b* values of CA samples
(25.2-36.2) (Figure 3) there was an increase
in yellowness until the 7" day, followed by
a decrease in yellowness throughout the rest
of the storage period. In the case of CCA
samples (22.8-37.3) (Figure 3), there was a
significant decrease in yellowness until the
14" day, but a slight increase in yellowness
was observed towards the end of storage
(21%t day). PCCA samples (26.5-37.4)
(Figure 3), on the other hand, exhibited a
different trend in the measured b* values
compared to the other apple samples,
showing fluctuations throughout the storage

period. However, at the end of storage, the
b* values were nearly the same as the initial
values. The results indicated that CS coating
initially increased the level of yellowness,
but after 21 days, the samples with the
lowest yellowness were still found in CCA.

Similar to CCA samples, the L* values
measured during the storage period for CK
(30.24-54.7), CCK (31.3-41.0), and PCCK
(32.3-42.9) samples followed a comparable
trend, indicating an increase in darkness
compared to the initial value. The darkening
of kiwifruit slices during storage occurred
due to the emergence of translucent
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symptoms rather than enzymatic browning.
This was attributed to the fact that kiwifruits
had low levels of tannin and polyphenol
oxidase (Chiabrando et al., 2018).
Furthermore, Park & Luh (1985) reported
that the acidic nature of kiwifruit also
suppressed PPO activity. Except for Day 0,
the coated kiwifruit slices had a brighter
color compared to the uncoated kiwifruit
slices on the other storage days.

Regarding the CK samples, a* values ranged
from -5.6 to 3.5. On the 0™ day of storage,
greenness was dominant, but by the 7" day,
the color shifted towards red, and this trend
continued in the subsequent storage days. In
contrast to CK and PCK samples, the CCK
samples exhibited a decrease in a* values
(ranging from 1.1 to 3.8) with an increase in
storage time. On the other hand, the PCK
samples showed an increase in a* values
from 2.0 to 3.7 as the storage duration
increased.

The b* values were determined for CK
samples (2.7-25.4), CCK samples (6.1-
12.7), and PCCK samples (5.6-17.0). The
highest yellowness values were measured on
the 0™ day, but by the 7" day, there was a
sharp decrease in yellowness. Fluctuations
continued in the following storage days.
However, compared to the initial values, the
storage duration resulted in a significant
decrease in yellowness for the kiwi samples.

Visual examination of fungal decay

Freshly cut fruits serve as ideal
environments for microbial proliferation due
to their expansive cut surface area, allowing
water and nutrients to seep from injured
tissues, thus rendering them highly prone to
decay by microorganisms (Manzoor et al.,
2021). In the present study, no visual mold
formation and growth were observed in any
of the non-coated and coated apple and
kiwifruit slices. CS is extensively
documented for its potent and bioactive

fungicidal properties; numerous studies have
provided evidence of the antifungal
effectiveness of both natural and fungal-
derived CS against a diverse range of
pathogenic fungi (Tayel et al., 2010; Tayel
et al., 2016). In addition to its antimicrobial
properties, chitosan coating also inhibits
polyphenol oxidase activity, thus preventing
enzymatic deterioration of the fruit and
reducing both respiration rate and weight
loss (Kaya et al., 2016). Moreover, PPE was
found to contain a significant number of
phenolic compounds, particularly
punicalagins, which are classified as
ellagitannins and have been demonstrated to
possess antifungal properties (Nicosia et al.,
2016). LPE contains flavonoids, which
belong to a group of secondary metabolites
known for their potent antioxidant properties
(Jodhani & Nataraj, 2021).

Sensory properties

The taste scores of both coated and uncoated
apple samples ranged from 2 to 5 as shown
in Table 2. Accordingly, the highest taste
scores were obtained on day 0. However,
with an increase in storage time, there was a
significant decrease in these scores. After 21
days of storage, no significant difference
was observed between the tested samples
(p>0.05), while the PCCA samples
significantly obtained the highest taste score
(3.0). As expected, sliced apple samples
obtained the highest odor score on day O,
while these scores were at their lowest level
on day 21. The highest odor scores after 21
days of storage were observed in PCCA
samples (3.4). In terms of texture scores of
apple slices, the scores for CA ranged from
3.60 to 4.40, and they decreased with the
increase in storage duration. However, this
decrease was not statistically significant
(p>0.05). The texture evaluation results of
CCA samples were found to be 2.80 on days
0 and 7, and 3.00 on days 14 and 21.
However, the slight increase was also not

201



Potential application of chitosan based edible coating combined with
pomegranate and lemon peel phenolic extract on apple and Kiwifruit slices:
Physical, chemical and sensory characteristic

statistically significant (p>0.05). On the
other hand, PCCA samples slightly
decreased from 4.20 to 3.40 on day 7 and
then remained unchanged during the storage
period. This slight decrease can be due to
acid hydrolysis of the pectic acid, which
resulted in increased softness (Lee et al.,
2003). For apple slice samples, the
application of CS or CS+phenolic extracts

did not have any negative effect on taste, or
texture throughout the 3-week storage
period. Our findings align with those of De
Leon-Zapata et al. (2015), who similarly
observed that the application of candelilla
wax coating infused with fermented tarbush
extract on apples did not result in any
unfavorable alterations in their appearance
and taste over an 8-week storage period.

Table 2. Sensory properties of apple and kiwifruit samples during 21 days of storage.

Sensory Samples Sensory scores

properties 0t day 7t day 14" day 21" day
CA 5.00+0.00°% | 4.20+0.84%% | 2.80+0.845%2 | 2.00+0.712
CCA 4.40+0.89% | 4.20+0.84%% | 3.20+0.84B2 | 2.40+0.55%2

Taste PCCA 420+1.30%% | 3.80+0.84%% | 3.60+0.552 | 3.00+1.00%2
CK 4.00+1.00% | 3.80+1.10% | 3.80+1.10%% | 2.60+0.55B2
CCK 4.60+0.55% | 4.40+0.89%% | 4.00+1.00%* | 3.20+1.10B2
PCCK 4.60+0.89%% | 4.20+0.847% | 3.40+1.34%% | 2.80+0.84B2
CA 4.60+0.55%° | 4.00+1.00"8° | 3.00+0.71B° | 1.80+0.84P
CCA 3.40+1.52%% | 3.00+0.7148° | 2.80+0.845° | 2.20+0.84%"

Odor PCCA 4.20+0.847 | 4.40+0.55"B | 4.20+0.4582 | 3.40+0.55%2
CK 4.40+0.89% | 4.40+0.897B | 3.20+0.845° | 2.60+0.55%2
CCK 4.40+0.55%% | 3.40+1.147B2 | 3.80+0.84BC2 | 3.20+0.84%2
PCCK 4.60+0.55%% | 4.20+0.45°B2 | 4.00+0.00%® | 3.60+0.55%2
CA 4.40+0.55% | 3.80+0.84"% | 3.80+0.84"% | 3.60+0.55"2
CCA 2.80+0.84%° | 2.80+0.84”° | 3.00+1.00"° | 3.00+1.00°°

Texture PCCA 4.20+0.84%% | 3.40+0.55"% | 3.40+0.55%% | 3.40+0.55"°
CK 4.80+0.45%% | 420+0.84°% | 4.40+0.55% | 4.20+0.45"2
CCK 4.40+0.89%% | 4.40+0.89”% | 4.20+0.84%% | 4.20+0.84"°
PCCK 4.60+0.55% | 4.60+0.55"% | 4.40+0.55"% | 4.00+1.00%

*The lowercase letters indicate the statistical difference among samples of the same fruit variety, while the
uppercase letters represent the statistical difference during storage period (p<0.05).

The taste scores of coated and uncoated kiwi
samples ranged from 2.60 to 4.60 (Table 2).
There was not much variation in taste scores
for kiwi samples between 0 and 14 days, but
after 21-days of storage, the lowest scores
were obtained. However, no significant
difference was found among tested kiwi
samples after 21-days of storage (p<0.05).
Possible variations in acidity, pH, and
sugar/acid ratio of fruit samples could be

contributing factors to these fluctuations in
taste scores (Abbasi et al., 2009).

Regarding the odor characteristics of
kiwifruit slices, similar to apple samples, the
highest ratings were determined on day 0.
These values decreased until the end of the
storage day. The highest odor scores after
the end of storage were obtained by CCK
and PCCK samples. However, no statistical
difference was found between tested
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kiwifruit samples stored for 21days(p>0.05).

Firmness in fruits and vegetables is
consistently indicative of freshness and
quality, and the loss of texture contributes to
fruit softening, resulting in decreased
consumer demand (Nair et al., 2018). For
kiwifruit samples, the highest texture score
level was observed on day 0. There were
slight fluctuations in the texture scores of
CK during the storage period; however,
these fluctuations were statistically non-
significant (p>0.05). The texture evaluation
results of CCK samples were found to be
4.40 on days 0 and 7, and 4.20 on days 14
and 21, with a statistically insignificant
decrease (p>0.05). For PCCK samples,
texture scores remained unchanged on days
0and 7, while an increase in storage time led
to a decrease in these scores; however, this
decrease was not statistically significant
(p>0.05). The combination of phenolic
extracts and CS led to retardation of
softening in Kiwifruit slices until 14 days of
storage. This phenomenon can be attributed
to the restricted microbial load, as well as
decreased respiration rate and moisture loss
(Nair et al., 2018).

Conclusion

The findings showed that the coating process
had different effects on the dry matter
content and pH value of the apples during
storage. Furthermore, based on sensory
analysis, apples coated with CS+phenolic
extract were superior in terms of aroma and
odor compared to other, suggesting positive
effects  during  storage. However,
CS+phenolic extract coated apple slices
showed increased browning compared to
CS-coated and uncoated slices. In the case of
kiwi fruit, the coated samples showed a
different effect in terms of dry matter
content, pH and weight loss compared to the
control ones. During storage, all kiwifruit
samples exhibited a slight darkening and less
yellowness in color attributes. Browning

was most pronounced in samples treated
with phenolic extract+CS and least in CS-
coated kiwifruit. No visual observation of
fungal decay was detected in any of the apple
and kiwifruit slices, both coated and non-
coated. In terms of taste, CS-coated
kiwifruits and CS+phenolic extracts-coated
Kiwifruits received the highest preference,
while in terms of odor and texture,
CS+phenolic  extracts-coated  Kiwifruits
obtained the highest liking. In conclusion,
the application of CS+phenolic extract as
active coatings on a large scale are viable to
preserve some quality attributes of apple and
Kiwifruit slices.
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Arastirma Makalesi
AKkdeniz Bélgesi Ortiialti Domates ve Biber Alanlarinda Tomato Spotted Wilt
Virus (TSWYV)’a Konukc¢u Yabanci Ot Tiirleri ile Enfeksiyon Durumunun
Belirlenmesi

Pelin KELES OZTURKY, Sefika YAVUZ!, Hilmi TORUN*

0z

Bu arastirma, 2021-2022 yillar1 giiz ve bahar doneminde Akdeniz Bolgesi ortiialti domates ve biber {iretim
alanlarinda yaygin olarak goriilen yabanci ot tiirlerinin ve Domates Lekeli Solgunluk Viriisii (TSWV) ile
enfeksiyon durumunun belirlenmesi amaciyla planlanmistir. Surveylerde Akdeniz Bolgesi iiretim alaninin
%]1’1 olacak sekilde toplam 88 serada, 37 farkli yabanci ot tiirii iizerinde TSWV ile enfeksiyon durumu
aragtirilmistir. Orneklenen seralarda tesadiifi 1 m?’lik gergeveler atilmis ve yabanci ot yogunlugu (adet/m?)
belirlenmistir. Cergeve igerisine diisen yabanci ot tiirleri 6rneklenmis ve bu 6rneklerde TSWV varligi RT-
gPCR yontemi ile arastirilmigtir. Seralarda en yaygn tiirler Amaranthus retroflexus L., Amaranthus viridis L.
ve Erigeron canadensis L. olarak belirlenmistir. Yabanci ot 6rneklerinde TSWV i¢in yapilan RT-gPCR analizi
sonucunda: Malva neglecta Wallr., Oxalis corniculata L., Melilotus officinalis (L.) Pall., Medicago
polymorpha L., Parietaria judaica L. ve Erigeron canadensis L. yabanci ot tiirlerinin TSWV ile enfekteli
oldugu belirlenmistir. Bu bulgular, domates ve biber ortiialti yetistiriciligi yapilan alanlarda yabanci ot
populasyonlarmin TSWV'nin iiriinlere tasinmasinda 6nemli potansiyel rezervuar oldugunu gostermektedir.
Ayrica seralarda viral hastalik kontrol stratejilerinin olusturulmasinda yabanci ot miicadelesinin 6nemli
oldugunu ortaya koymaktadir.

Anahtar Kelimeler: domates lekeli solgunluk viriisii, RT-qPCR, sera, TSWV, sebze

Determination Occurrence of Tomato Spotted Wilt Virus (TSWYV) Infection on
Host Weed Species in Greenhouse Tomato and Pepper in the Mediterranean
Region

ABSTRACT

This study was planned to assess the frequency of weed species and the infection status of Tomato Spotted
Wilt Virus (TSWV) in greenhouse cultivation areas of tomatoes and peppers during the fall and spring seasons
from 2021 to 2022 in the Mediterranean Region. Surveys were conducted in 88 greenhouses, evaluating 1% of
the total production area in the Mediterranean Region, with 37 different weed species to investigate the
occurrence of TSWV infection. 1m? frames were thrown in the sampling greenhouses to determine weed
density (plants m2) randomly. Weed species within the frames were sampled, and the presence of TSWV in
these samples was investigated using the RT-gPCR method. Amaranthus retroflexus L., Amaranthus viridis L.
and Erigeron canadensis L. were identified as the most prevalent species in the greenhouses. The RT-gPCR
analysis for TSWV in weed samples revealed that Malva neglecta Wallr., Oxalis corniculata L., Melilotus
officinalis (L.) Pall., Medicago polymorpha L., Parietaria judaica L., and Erigeron canadensis L. were
identified as host weed species infected with TSWV. These findings indicate that weed populations in areas
where tomatoes and peppers are grown in greenhouses serve as significant potential reservoirs for TSWV
transmission to crops. Furthermore, they underscore the importance of weed control in greenhouse conditions
for developing effective strategies to manage viral diseases.
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AKkdeniz Bélgesi Ortiialti Domates ve Biber Alanlarinda Tomato Spotted Wilt
Virus (TSWYV)’a Konuk¢u Yabanci Ot Tiirleri ile Enfeksiyon Durumunun
Belirlenmesi

Giris

Domates (Solanum lycopersicum L.) ve biber
(Capsicum annuum L.) iilkemiz i¢in 6nemli
tarim riinleri olup, Solanaceae familyasi
icerisinde bulunan ve insan beslenmesinde
sofralarda gerek ¢ig gerekse pisirilerek tiiketilen
sebzelerin basinda gelmektedir. Tiirkiye’de
hemen hemen her yerde yetistirilebilen domates
ve biber iiretiminin Ortiialt1 (sera, cam, plastik
vs.) degerleri incelendiginde 2022 verilerine
gore Adana, Antalya ve Mersin illerinin toplami
tilkenin {iretim alanlarmin %77.74 (28206.7
ha)’liik kismini, tiretimin ise %75.79 (3947177
ton)’luk kismini karsilamaktadir (TUIK, 2023).

Biitiin kiiltiir bitkilerinde oldugu gibi domates ve
biber yetistiriciliginde de birgok bitki koruma
zararlist (bocek, patojen, yabanci ot vs.)
sorunuyla karsilasilmaktadir. Bunlarin basinda
ise verim ve kaliteyi olumsuz etkileyen yabanci
otlar gelmektedir. Yabanci otlar kiiltiir bitkisi
yetistirilen alanlarda 1s1, 151k ve besin rekabetine
girerek kiiltiir bitkilerinde gelisim geriligine
sebep olurlar. Bu nedenle domates ve biber gibi
ekonomik oOneme sahip olan iriinlerde de
yabanci otlar girdi maliyetlerini arttirmaktadir.

Ulkemizde farkli bélgelerde domates ve biber
iretim alanlarinda yapilan surveylerde ve
calismalarda Amaranthus spp., Chenopodium
album L., Convolvulus arvensis L., Cyperus
rotundus L., Echinochloa spp., Melilotus
officinalis (L.) Desr., Phelipanche spp.,
Polygonum aviculare L., Portulaca oleracea L.,
Setaria viridis (L.) P.B., Solanum nigrum L.,
Sorghum halepense (L.) Pers. ve Xanthium
strumarium L. gibi yaygn tirlerin {iretimde
problem oldugu bildirilmistir (Ozkut, 1976;
Sirma ve ark., 2001; Kitig, 2002; Pamukoglu,
2011; Ozaslan ve Kendal, 2014; Sirr1, 2014;
Ibrisim ve Kitis, 2020; Akelma ve ark., 2022).
Bunun yaninda domates ve biber iiretiminde
sorun olan tiirlere kars1 solarizasyon, malglama,
farkli mekanik uygulamalar, allelopati, herbisit
ve tuzak bitki kullanimi gibi bazi &nemli
olabilecek miicadele yontemleri denenmis,
ancak bu tarz caligmalara ek olarak farkli
miicadele yontemlerinin gelistirilmesi ve tiretici
nezdinde de yayginlastirilmasi gerektigi ortaya
cikarilmistir (Senol, 1999; Kaya, 2011; Arslan
ve ark., 2012; Ates ve Uygur, 2013; Aksoy ve

ark., 2014; Arslan ve Uygur, 2014). Fakat
yabanci  otlarla  miicadele  edilmemesi
durumunda {irlin yetistirilen alanlarda zararlilara
ve bazi patojenlere ise konukculuk ederler. Hatta
zararl ve tehlikeli patojenlerin gerek vektorlerle
gerekse mekanik yolla iirlinlere tasinmasin
saglarlar.

Diinyada bitkiler ve bitkisel {iriinlerin ticaretinin
artmas1 ise viral patojen etmenlerinin ve
vektorlerinin  yaygmliginin artmasina neden
olmustur. Kimyasal miicadele ydntemlerinin

uygulanamamast ve kontrol yoOntemlerinin
dayanikli ¢esit ile koruyucu Onlemlere
dayanmast  viral etmenlerle = miicadeleyi

zorlagtirmis, konuke¢u spektrumunu arttirmis ve
degisen cevre kosullarinda viral hastaliklarin
Oonemini arttirmistir (Hanssen ve ark., 2010).
Viral etmenler iiriinlerde degisen oranlarda
verim ve kalite kayiplarina neden olmaktadir
(Keles Ozturk ve ark., 2019; Keles Ozturk ve
ark., 2020).

Bu patojenler igerisinde Tomato Spotted Wilt
Virus (TSWV) ise 6nemli bir viral patojendir.
TSWYV, kiiltir bitkilerinde en fazla ekonomik
Ooneme sahip ilk 10 viriis icerisinde ilk siralarda
yer almaktadir (Scholthof ve ark., 2011; CABI,
2023). TSWV, Tospovirus cinsine ve
Bunyaviridae familyasina ait bir virlistiir. Bu
viris 1915 yilinda Avustralya’da domates
bitkilerinde ortaya ¢ikmig ve 1930’Iu yillarda
Hawaii ve farkli Avrupa iilkelerinde tespit
edilmistir (Adkins, 2000; CABI, 2023). Tropikal
ve subtropikal iliman iklimlerde yaygin olan
TSWV’nin diinyada tarimsal {iriinlerde her y1l 1
milyar dolardan fazla bir kayba neden oldugu
tahmin edilmektedir (Uhrig ve ark., 1999; Griep
ve ark., 2000; CABI, 2023). TSWV’nin konuk¢u
cevresinin oldukca genis olmasi (Parrella ve
ark., 2003) ve trips tirleri ile kolayca
tasinabilmesi (Sevik, 2008; Kormelink ve ark.,
2021; CABI, 2023; EPPO, 2023) epidemide ve
meydana gelen verim kayiplarinda 6nemli rol
oynamaktadir (Gopal ve Uphadhyaya, 1991;
Rosell6 ve ark., 1996; Granval de Millan ve ark.,
1998; Arli-Sokmen ve Sevik, 2013). TSWV,
domates veriminde %42.1 ve pazar degerinde ise
%95.5 oraninda azalmaya neden olmustur.
Domates mahsuliindeki TSWV enfeksiyonu,
enfekte Dbitkilerde meyvelerin agirliginda,
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toplam sayisinda, genisliginde ve uzunlugunda
onemli azalmalara neden olmustur (Sevik ve
Arli-Sokmen, 2012).

Tiirkiye’de TSWV, ilk olarak Canakkale ilinde
tiitlin yetistirilen alanlarda 1979 yilinda tespit
edilmistir (Azeri, 1981). Ulkemizde 1995 yilinda
Akdeniz Bolgesi Mersin ilinde yapilan bir
calismada, TSWV etmeninin varligt domates
bitkisinde ilk olarak bildirilmistir (Giildiir ve
ark., 1995). Tirkiye’deki bazi caligmalar
incelendiginde Antalya ili Demre ili ilgesinde
2019 yilinda ortiialt1 biber yetistiriciliginde
TSWV infeksiyonu bulunma durumu %57
olarak tespit edilmistir (Beskegili ve ark., 2021).
Adana ilinde ag¢ik alanda yetistirilen biberlerde
TSWV’nin varligr arastinlmis ve alinan
orneklerde bulunma oram1 %10,6 oraninda
belirlenmistir (Keles Oztiirk ve Baloglu, 2020).
Ayrica Dogu Akdeniz Bolgesi’ni olusturan
Adana, Mersin, Hatay, Kahramanmaras ve
Osmaniye illerinde agikta biber yetistiriciligi
yapilan alanlarda mevcut viriislerin saptanmasi
ve oOrneklerde yaygmhiginin  belirlenmesi
amaciyla 2014 ve 2015 yillarinda survey
caligmasi yapilmis ve alinan biber 6rneklerinde
TSWYV oran1 % 4,66 olarak belirlenmistir (Keles
Oztirk ve Baloglu, 2019). Bu c¢alisma
kapsaminda TSWYV etmeninin iller bazinda
bulunma oranlar1 ise Adana ilinde %10,6, Hatay
ilinde %1,3, Kahramanmaras ilinde %0, Mersin
ilinde %9,3 ve Osmaniye ilinde %2,1 olarak

belirlenmistir.  Ayrica yabanci otlar da
TSWV’nin  6nemli  inokulum  rezervuar
kaynagidir. Amaranthus spp., Calendula

arvensis (Vaill.) L., Cirsium arvense (L.) Scop.,
Convolvulus arvensis L., Cuscuta sp., Datura
stramonium L., Ecballium elaterium L.,
Erigeron canadensis L., Malva sylvestris L.,
Portulaca oleracea L., Senecio vulgaris L.,
Solanum nigrum L., Sonchus spp., Sorghum
halepense L., Stellaria media (L.) Vill,
Trifolium spp. ve Xanthium spinosum L. gibi
yaygin ve Onemli bazi yabanci ot tiirleri
TSWV’yi tasiyabilmektedir (Lavina ve ark.,
1996; Jorda ve ark., 2000; Arli-Sokmen ve ark.,
2005; EPPO, 2023). Dahas1 vektor araci olan
baz1 thripsler yardimi ile yabanci otlara ve bir
sonraki iretim sezonunda konuk¢u iriine
taginabilmektedir (Bautista ve ark., 1995; Ochoa
Martinez ve ark., 1999; Groves ve ark., 2002).

Nitekim Cukurova’da yapilan caligmalarda ve
surveylerde Frankliniella spp. and Thrips spp.
tiirlerinin bazi yabanci otlar iizerinde goriildiigii
ve bu virlisii tasidigi bildirilmistir (Atakan ve
Uygur, 2005; Atakan ve ark., 2013).

Bu calisma Akdeniz Bolgesi Adana, Antalya ve
Mersin illeri oOrtiiali  domates ve biber
yetistirilen alanlarda sorun olan yabanci ot
tiirlerinin, familyalarinin, yogunluklarinin ve
rastlama sikliklarinin belirlenmesi, TSWV’ye
kars1 konuk¢u durumunda bulunabilen yabanci

ot tlirlerinin saptanmast ve TSWV’nin
ornekleme  yapilan  lrinlerde  bulasiklik
durumunun  ortaya ¢ikarilmasi  amaciyla
gergeklestirilmigtir. Bu kapsamda, Akdeniz
Bolgesi’nde  ortiialti  domates ve  biber
yetistiriciliginin yogun yapildigi alanlarda,

yetistiriciligi sinirlayan bazen de engel olan
TSWYV’nin varlig1 ile konukgusu olan yabanci ot
tiirlerinin saptanmasi hedeflenmistir.

Materyal ve Yontem

Ortiiali  domates ve  biber
alanlarindan survey calismasi
Calisma Adana, Antalya ve Mersin illeri Ortiialti
domates ve biber yetistiriciligi yapilan alanlarda
yuritilmistir. Bu illerde domates ve biber
ortiialt1 iiretimin yogun olarak yapildig1
alanlarinda bulunan 6nemli yabanci ot tiirlerinde
TSWV’nin varliginin aragtirllmas: amaciyla
surveyler yapilmistir. Survey ¢alismalar: toplam
alanin yaklasik %1’ini temsil edecek sekilde
yapilmustir.

Surveyler 2021 ve 2022 yillari igerisinde giiz ve
bahar dénemi oOrtiialtt domates ve biber itiretim
alanlarinda toplam 88 {iretim serasinda; Adana
ilinde 17.50 hektar alanda 14 serada, Antalya
ilinde 11.90 hektar alanda 37 serada ve Mersin
ilinde 27.10 hektar alanda 37 serada yabanci ot
sayimlar1 ile yabanci otlarda TSWV igin
ornekleme yapilarak gergeklestirilmistir (Sekil
1). Ozellikle TSWV belirtisi gosteren domates
ve biber bitkilerinin etrafindaki yabanci ot
ornekleri alinmigtir.  Belirti  gdriillmemesi
durumunda tesadiifi 6rnekleme yapilmistir (Bora
ve Karaca, 1970).

iiretim
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Belirlenmesi
Yabanci ot tir ve yogunluklarnmn bulasiklik belirtisi gosteren domates ve biber
belirlenmesi bitkilerinin  etrafindan, hem de belirti
Yabanci ot sayimlart domates ve biber ortiialtt  gostermeyen yabanci ot tiirleri  alinarak
alanlarinda kosegenler dogrultusunda  yapilmistir. Serada viriis belirtisi  gosteren
gergeklestirilmis olup, alanin 5-10 m i¢erisinden  domates ve biber bitkilerinin  bulundugu
baglanarak yapilmis ve her ayri incelenen kisimlarda, gerek sira {istii gerekse sira

ortiialt1 domates ile biber alaninda 5 adet (kez)
cerceve atilmistir. BOylece cerceve igerisine
giren yabanci otlarin rastlama sikliklar1 (%) ve
yogunluklar1 (adet/m?) hesaplanmigtir (Odum,
1971; Uygur ve ark., 1984). Rastlama sikligi,
yabanci ot tiirliniin survey yapilan toplam alan
icerisinde  yiizde kaginda karsilasildigini
gosteren degerin alinmasiyla elde edilmistir.
Yogunluk ise atilan cerceve (metrekaredeki)
icerisine diigen toplam bitki sayilarinin, toplam
survey yapilan cergeve adedine bdoliinmesiyle
hesaplanmigtir (Odum, 1971). Cizelge 1°de
yabanci otlarin genel kaplama alanlar ile sera
ornekleme sayilar1 verilmistir.

Sera igerisinde popiilasyona hakim olan yabanci
ot tiirlerine ait Ornekler, hem TSWV ile

Sekil 1. Ornekleme noktalariin haritasi

aralarindan c¢ikis yapan yabanci ot Ornekleri
toplanmigtir. Sera icerisinde en az 2 farkh
noktada yabanci ot oOrneklemesi yapilmustir.
TSWV belirtisi gosteren veya gostermeyen
yabanct ot tirleri belirlenerek, bu tiirler
kaydedilmistir. Viriis simptomu gostermeyen
seralarda ise sadece 1 noktada yabanci ot
yogunlugunun yiiksek oldugu herhangi bir biber
veya domates bitkisinin cevresinden rastgele
ornek alimmistir. Alinan her bir yabanci ot tiirii
ayrt ayri kagit posetlere konulmustur. Ayrica
arazi ¢alismasi esnasinda tiirii teshis edilemeyen
yabanci otlar laboratuvara getirilerek Flora of
Turkey (Davis, 1965-1988) kitab1 yardimiyla
teshis edilmistir. Daha sonra TSWV i¢in
testlenmek  iizere  viroloji  laboratuvarina
getirilmistir.
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Cizelge 1. Survey yapilan sera alanlar1 ve alinan drnek sayilar.

Ortiialtt Toplam
Mller Domates Ornekleme Biber Ornekleme Ortiiali  Ornekleme
(ha) sayisi (ha)  sayisi (ha) sayisi
Adana  16.50 12 1.00 2 17.50 14
Antalya 9.90 27 200 10 11.90 37
Mersin  16.65 22 10.45 15 27.10 37
Total 43.05 61 13.45 27 56.50 88

Ornekleme yapilan yabanci ot tiirlerinde
TSWV’nin tespiti

Niikleik asit izolasyonu: Ortiialti domates ve
biber yetistirilen alanlardan toplanan yabanci ot
orneklerinin yapraklar1 kullanilarak total RNA
izolasyonu yapilmistir. RNA izolasyonunda
Plant/Fungi Total RNA Purification Kit
(NORGEN BIOTEK CORP.) kullanilmustir. Kit
protokoline  uyularak RNA  izolasyonu
yapilmistir.  Orneklerin ~ RNA  miktarlar
Maestrogen NanoDrop spektrofotometre ile
kontrol edilmistir. Elde edilen total RNA
ornekleri -20°C’de derin dondurucuda muhafaza
edilmistir.

Real Time - Reverse Transcription
Polymerase Chain Reaction (RT-gPCR):
Yabanci ot 6rneklerinden TSWV nin tespiti igin
TSWV  niikleoprotein  geninin ~ korunmus
bolgeleri icinde tasarlanmis TSWV
oligoniikleotid primerleri ve probu (TSWV-CP-
17F 5'-CTC TTG ATG ATG CAA AGT CTG
TGA-3'; TSWV-CP-100R 5'-TCT CAA AGC

TAT CAACTG AAG CAATAA-3' TSWV-CP-
73T 5'-AGG TAA GCT ACC TCC CAG CAT
TAT GGC AAG-3) kullanilmistir (Boonham ve
ark., 2001; OEPP/EPPO Bulletin, 2004).

Analizde RealTime ready RNA Virus Master
Mix (Roche Life Science) kullanilmigtir. Real
Time RT-PCR Master mix protokolii
dogrultusunda her bir reaksiyon icin: 8,6 pl su
(PCR gdare water), 4 pl Reaction buffer 5x
conc., 0,4 pl Enzyme blend 50x conc., 0,8 ul (10
uM) Primer Fw, 0,8 ul (10 uM) Primer Rv ve
0,4 pl (10 uM) Probe eklenerek hacim 15 pl’ye
ayarlanmis ve 5 pl RNA eklenerek toplam 20 pl
hacimde caligilmustir.

Hazirlanan reaksiyon karisimi Roche Light
Cycler cihazina yerlestirilerek Cizelge 2’de
belirtilen RT-qPCR programi kullanilmistir. Cq
degeri 40’1 altinda olan yabanci ot drnekleri
TSWYV ile enfekteli olarak degerlendirilmistir
(Boonham et al., 2001; OEPP/EPPO Bulletin,
2004).

Cizelge 2. RT-qPCR calismalarinda kullan?1lacak olan termal dongiiler

Doéngii  Sicaklik . Acquisition Ram

Program adi saylfl (°C) Stire mo?.‘]e rate (F‘)’C/s)
Reverse Transcription 1 50 8dk NONE 4.4
Initial Denaturation 1 95 30sn  NONE 4.4

95 1sn NONE 4.4
Amplification 45 60 20sn  NONE 2.2

72 1sn  Single 4.4
Cooling 1 40 30sn - 4.4
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Bulgular ve Tartisma

Ornekleme yapilan seralarda yabanci ot
yayginlik ve yogunlugunun belirlenmesi
Akdeniz Bolgesi Adana (%1.00), Antalya
(%11.24) ve Mersin (%6.19) domates ve biber
sera alanlarinda bulunan yabanci otlarin
populasyon yogunluklarinin saptanmasi
amaciyla toplam 88 serada survey yapilmis ve
yabanci ot genel kaplama alanlarinin ortalamasi
%7.49 olarak belirlenmistir. Survey sonucunda
15 farkli familyaya ait 37 yabanci ot tiirii tespit
edilmistir. Bu yabanci ot tiirlerinden 4 adedi
monokotiledon, 32 adedi dikotiledon ve 1 adedi
parazit bitki olarak kaydedilmistir. Saptanan
yabanci ot tiirleri rastlanma siklig1 agisindan
degerlendirildiginde ilk siray1 23.86% rastlama
sikligi ile Amaranthus viridis L. ve Erigeron
canadensis L. alirken, bunu 20.45% oraniyla
Amaranthus retroflexus L., 10.23% oraniyla
Medicago polymorpha L., 7.95% oraniyla
Cyperus rotundus L., Trifolium repens L.,
Portulaca oleracea L. ve Solanum nigrum L.
tiirleri izlemistir. Diger yabanci ot tiirlerinin ise

rastlanma sikligi  7%’nin altinda kalmistir
(Cizelge 3). Tokat ili domates tiretim alanlarinda
Sirma ve ark. (2001) 98 tarlada 78.6 hektar
alanda 25 familyaya ait 49 tiir belirlemis,
bunlardan ~ Amaranthus retroflexus L.,
Chenopodium album L., Convolvulus arvensis
L., Cyperus rotundus L. ve Echinochloa crus-
galli (L. P.B. tiirlerini Onemli olarak
saptamistir. Benzer sekilde Kumluca (Antalya)
ilcesinde Ibrisim ve Kitis (2020) 14.8 hektar
alanda 65 domates serasinda gerek rastlama
siklig1 gerekse yogunluk bakimindan en 6nemli
tirleri Amaranthus retroflexus L., Cyperus
rotundus L., Melilotus officinalis (L.) Desr. ve
Portulaca oleracea L. olarak belirlemis ve
yapilan ¢aligmalarla tespit edilen bazi yabanci ot
tirlerinin ~ Ortiistiigli  gorilmiistiir.  Ege
Bolgesi’'nde izmir ve cevresinde yapilan baska
bir ¢alismada, domates ve biber {iiretim
alanlarinda yabanci ot surveylerinde en yogun
tirlerin Amaranthus spp., Chenopodium album
L. ve Portulaca oleracea L. oldugu bildirilmistir
(Ozkut, 1976).

Cizelge 3. Domates ve biber seralarinda saptanan yabanci ot tiirleri, rastlanma sikliklar1 (%) ve

yogunluklar1 (adet/m?)
Rastlama _ Kaplama

Familya Yabanci ot tiirii Ecljcliauo ggﬁ;glsﬁ* Siklig1 é‘éiﬁ‘z‘)“ alani
(%) (%)

Amaranthaceae  Amaranthus blitum L. AMALI A 1.14 <0.01 0.01
Amaranthus deflexus L. AMADE A,P 1.14 0.01 0.02

Amaranthus graecizans L. AMAGR A 1.14 <0.01 <0.01

Amaranthus retroflexus L. AMARE A 20.45 0.45 1.25

Amaranthus viridis L. AMAVI A 23.86 0.15 0.61

Asteraceae Erigeron bonariensiz L. ERIBO AP 341 0.02 0.06
Erigeron canadensis L. ERICA A 23.86 0.13 0.43

Lactuca serriola L. LACSE A/B 1.14 <0.01 0.03

Sonchus oleraceus L. SONOL A 1.14 <0.01 0.01

Boraginaceae Heliotropium europaeum L. HEOEU A 1.14 <0.01 <0.01
Caryophyllaceae  Stellaria media (L.) Vill. STEME A 2.27 0.01 0.03
Convolvulaceae  Convolvulus arvensis L. CONAR P 2.27 0.01 0.02
Cyperaceae Cyperus rotundus L. CYPRO P 7.95 0.10 0.12

Euphorbiaceae Euphorbia nutans Lag. EPHNU A 1.14 <0.01 <0.01
Fabaceae Medicago lupulina L. MEDLU AP 1.14 <0.01 0.03
Medicago polymorpha L. MEDPO A 10.23 0.12 0.56

Melilotus officinalis (L.) Pall. MEUOF AP 341 0.03 0.16

Prosopis farcta (Banks & Sol.) J.F.Macbr. PRCST P 1.14 <0.01 <0.01

Trifolium alexandrinum L. TRFAL P 1.14 <0.01 0.01

Trifolium pratense L. TRFPR P 2.27 0.02 0.08

Trifolium repens L. TRFRE P 7.95 0.04 0.20

Trifolium resupinatum L. TRFRS P 341 0.02 0.07

Trifolium spp. TRFSS P 4.55 0.02 0.01

Vicia sativa L. VICSA A 6.82 0.04 0.18
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Cizelge 3’iin devami.
Rastlama N Kaplama
: - EPPO Yasam - Yogunluk

Familya Yabanci ot tiirii kodu dongiisit* z;}:ilgl (adet/m?) 2(1(}/2;;11
Malvaceae Malva neglecta Wallr. MALNE A 1.14 <0.01 0.02

Malva parviflora L. MALPA AP 341 0.01 0.02

Malva sylvestris L. MALSI B 1.14 <0.01 0.02
Orobanchaceae  Phelipanche ramosa (L.) Pomel ORARA AP 4.55 0.08 0.22
Oxalidaceae Oxalis corniculata L. OXACO AP 4.55 0.03 0.07
Poaceae Digitaria sanguinalis (L.) Scop. DIGSA A 5.68 0.05 0.42

Echinochloa colonum (L.) Link ECHCO A 4.55 0.07 0.11

Eleusine indica (L.) Gaertn. ELEIN A 2.27 0.03 0.04

Setaria viridis (L.) P.Beauv. SETVI A 1.14 0.01 0.02
Portulacaceae Portulaca oleracea L. POROL A 7.95 0.08 0.25
Solanaceae Solanum nigrum L. SOLNI AP 7.95 0.05 0.37
Urticaceae Parietaria judaica L. PAIDI P 1.14 <0.01 0.02

Urtica urens L. URTUR A 341 0.01 0.01

(*) A: Tek yillik, B: Tki y1llik, P: Cok yillik. EPPO: European and Mediterranean Plant Protection Organization

Caligma kapsaminda yapilan surveyde, seralarda
tespit edilen yabanci otlar yogunluklarina gore
degerlendirildiginde 0.45 adet/m? yogunluk ile
Amaranthus retroflexus L. ilk sirada yer
almaktadir. Yogunluk bakimindan bu yabanci
otu sirasiyla Amaranthus viridis L. (0.15
adet/m?) ve Erigeron canadensis L. (0.13
adet/m?)  izlemistir. Tiir kaplama alam
bakimindan ~ Amaranthus  retroflexus L.
1.25%’lik oranla ilk sirada yer almis, onu 0.61%
ile Amaranthus viridis L. ve 0.56% ile Medicago
polymorpha L. takip etmistir (Cizelge 3).
Akdeniz Bolgesi surveylerinde oldugu gibi
Antalya Kumluca ilgesi domates seralarinda
Amaranthus retroflexus L. 5.70 adet/m?,
Melilotus officinalis (L.) Desr. 4.40 adet/m? ve
Portulaca oleracea L. 3.50 adet/m? (Ibrisim ve
Kitis, 2020), Diyarbakir Lice’de Amaranthus
retroflexus L. 4.63 adet/m? Convolvulus
arvensis L. 4.09 adet/m?, Sorghum halepense
(L.) Pers. 4.06 adet/m?, Solanum nigrum L. 3.37
adet/m?, Echinochloa colonum (L.) Link. 3.04
adet/m? ve parazitik yabanci otlardan
Phelipanche ramosa (L.) Pomel 3.73 adet/m?
(Ozaslan ve Kendal, 2014) ile fazla yogunluk
olusturan bazi tiirler benzerlik gostermistir.

TSWV’nin yabanci ot 6rneklerinde bulunma
durumu

Akdeniz Bolgesi’nde ortiialti domates ve biber
yetistiriciliginin yogun olarak yapildigi Antalya,
Mersin ve Adana illerine ait alanlarda 2021 ve
2022 yillarinda yapilan survey calismalarinda
toplanan yabanci ot drnekleri TSWV yoniinden
incelenmigtir. Calisma kapsaminda, Cizelge
3’de belirtilen 15 farkli familyadan 37 yabanci ot
tiriinic  iceren toplam 191 adet Ornek
incelenmistir. Bu yabanci ot orneklerinde
TSWV’nin  varhigt  RT-qPCR  ydntemi
kullanilarak arastirilmistir.

Antalya ili Kumluca ilgesi ortiialti domates
tretim alanmin i¢ kismindan alinan Malva
neglecta Wallr. ve Oxalis corniculata L. yabanci
ot tlirleri Antalya Demre ilgesi domates serasinin
icinden alman Melilotus officinalis (L.) Pall.,
Antalya ili Serik ilcesi domates serasi i¢inden
alman Medicago polymorpha L. ile Antalya ili
Aksu ilgesi oOrtiialtt domates iiretim alaninin ig¢
kismindan alman Oxalis corniculata L.,
Parietaria judaica L. ve Erigeron canadensis L.
yabanct ot tirleri TSWV ile enfekteli
bulunmustur (Sekil 2).
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Amplifikasyon egrileri

A1:YB92 — A2:YB100 A3: YB108 — A4:YB116 AS:YB138  A6:YB146 B1:YB93 ~— B2:YB101

B3: YB109 — B4: YB117 BS: YB139 B6: YB147 — C1:YB94 — C2:YB102 C3: YB110 — C4:YB118

CS: YB140 C6:YB148 — D1:YB9S — D2:YB103 D3: YB111 — D4: YB120 DS: YB141 D6: YB149
— E1:YB96 — E2:YB104 E3: YB112 — E4:YB121 ES: YB142 E6: YB1S0 — F1:YB97 — F2:YB10S

F3:YB113 — F4:YB135 FS5: YB143 F6:YB151 — G1:YB98 — G2:YB106 G3:YB114 — G4:YB136
— G5: YB144 G6: PK — H1:YB99 — H2: YB107 H3: YB11S — H4: YB137 HS: YB14S HE: NK

5 10 15 20

Doéngiiler

Sekil 2. RT-gPCR analizi sonucunda TSWYV ile enfekteli oldugu belirlenen yabanci ot érnekleri:
YB102: Melilotus officinalis (L.) Pall., YB114: Malva neglecta Wallr., YB118: Oxalis
corniculata L., YB148: Medicago polymorpha L., YB157: Oxalis corniculata L., YB165:
Parietaria judaica L., YB172: Erigeron canadensis L.

Samsun ilinde agikta yetistirilen biber {iretim
alanlarinda yapilan bir ¢calismada, 24 yabanci ot
tiirlinli  testlemisler ve bunlardan 16 tiirlin
Cucumber mosaic virus (CMV), Potato virus Y
(PVY), Tobacco mosaic virus (TMV), Tomato
mosaic virus (ToMV) ve TSWV'den herhangi
biri ile tek veya karisik enfeksiyona sahip
oldugunu belirlemislerdir. Bunlardan,
Taraxacum officinale (L.) Weber ex F.H.Wigg.
(tekli enfeksiyon), Datura stramonium L. (CMV
ve TSWV), ve Hibiscus trionum L. (PVY ve
TSWYV) yabanci ot tiirlerini TSWYV ile enfekteli
bulmuglardir (Arli-Sokmen ve ark., 2005).
Ispanya’da yapilan bir ¢alismada da Calendula
arvensis (Vaill.) L., Cirsium arvense (L.) Scop.,
Convolvulus arvensis L., Diplotaxis erucoides
(L.) DC., Erigeron canadensis L., Malva
sylvestris L., Trifolium sp. ve Rumex sp. yabanci
ot tlirlerinin TSWV ile enfekteli oldugunu
belirlemis (Lavine ve ark., 1996) ve yapilan

calismayla benzer tiirlerin enfekteli olabilecegi
ortaya ¢ikarilmistir.

Sonuc¢

Bu calisma kapsaminda, Akdeniz Bolgesi’nde
Adana, Antalya ve Mersin illeri 6rtiialti domates
ve biber dretim alanlarmin  i¢ ve dig
bolimlerinden yabanci ot 6rnekleri alinmugtir.
Ormnek alinirken oncelikle mozaik, beneklenme,
bodurluk, damar bantlagmasi, deformasyon gibi
virlis belirtisi gosteren yabanci ot tiirlerinden
ornekler alinmigtir. Ancak yabanci otlarin viriis
rezervuarl olmasi ve genellikle latent durumda
bulunmasi nedeni ile belirti gostermeyen
tirlerden de 6rnekler alinmistir (Powell ve ark.,
1984; Khan ve ark., 1991). Toplanan yabanci ot
orneklerinde TSWV’nin varligi RT-qPCR
yontemi ile incelenmistir. Yapilan analizlerin
sonucunda toplanan  Orneklerden, Malva
neglecta Wallr., Oxalis corniculata L, Melilotus
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officinalis (L.) Pall., Medicago polymorpha L.,
Parietaria judaica L. ve Erigeron canadensis L.
yabanci ot tirleri TSWV ile enfekteli olarak
bulunmustur. Domates ve biber yetistiriciligini
smirlayan ve kimyasal miicadesi olmayan
TSWV, Thrips tabaci Lindeman, 1889 ve
Frankliniella occidentalis Pergande, 1895
vektorleriyle kalici bir sekilde taginmaktadir.
Yabanci otlar, sadece virlis rezervuar: olmasi
nedeniyle degil, ayn1 zamanda TSWV tagiyan
vektor thiripslere ev sahipligi yapmasi nedeniyle
de oOnemlidir. Ayrica birgok yabanci ot tiirii
yaygin viral etmenlerin konuk¢usu durumunda
olabilmekte ve tiriinlerde ciddi verim kayiplarina
sebep olmaktadirlar (Lavina ve ark., 1996;
Groves ve ark., 2002; Atakan ve ark., 2013;
CABI, 2023; EPPO, 2023). Bu nedenle TSWV
ile miicadelede, Oncelikle dayanikli/tdlerat
cesitler tercih edilmelidir. Ayrica kiiltiirel
onlemlere dikkat ederek, yetisitiricilik yapilan
seralarda TSWV vektorii boceklerle ve viriis
rezervuart yabanci otlar ile entegre miicadele
yaptlmalidir.

TesekKkiir
Bu ¢alisma Tarimsal Arastirmalar ve Politikalar
Genel Miidirliigi tarafindan  desteklenen

TAGEM/BSAD/U/21/A2/P1/2564 numarali
projenin ¢aligmalarindan ayri bir ¢calisma olarak
ylriitilmustiir.
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Arastirma Makalesi
Canakkale Ili Bag Alanlarinda Grapevine Fanleaf Virus Izolatlarinin Tespiti
ve Molekiiler Karakterizasyonu

Aysenur SIRIN?, Ali KARANFIL!, Savas KORKMAZ*

(0Y/
Bag alanlarinda verim ve kaliteyi diisiiren en 6nemli faktorlerin basinda hastalik ve zararlilar gelmektedir.
Bunlarin igerisinde miicadelenin zor olmasi nedeni ile viriis hastaliklari biiyiik bir 6neme sahiptir. Bag
alanlarinda gerceklestirilen c¢aligmalar neticesinde ¢ok sayida virlis hastaligi tanimlanmistir. Bu viris
hastaliklarindan bir tanesi de grapevine fanleaf virus (GFLV)’dur. GFLV ile ilgili olarak iilkemizde ¢ok sayida
calisma yapilmasina ragmen, caligmalarin biiyiik bir kism1 viriistin tespitine yonelik olmustur. Bu ¢aligma
etmenin tespiti ve izolatlarinin molekiiler karakterizasyonu amaci ile yiiriitiilmiistiir. Bu amagla Canakkale ili
ve ilgeleri bag iiretim alanlarinda viriis ve viriis benzeri simptom gosteren 60 bitkiden 6rnekler alinarak GFLV
spesifik primer cifti ile ters transkripsiyon-polimeraz zincir reaksiyonu (RT-PCR) kullanilarak testlenmistir.
Gergeklestirilen testlemeler sonucunda toplanilan 6rneklerin 34’iinde GFLV enfeksiyonu tespit edilmistir.
Toplanilan drneklerdeki GFLV enfeksiyon orani ise %56.66 olmustur. Enfekteli 6rneklerde en dikkat ¢eken
simptom tipi yapraklardaki sarimtirak klorozlar ve yaprak deformasyonlar1 olarak belirlenmistir. Izolatlarin
molekiiler karakterizasyonu amaci ile enfekteli olarak bulunan drneklerden elde edilen 4 izolat segilerek kendi
iclerinde ve diinya izolatlar1 ile kilif protein (CP) gen bolgesine gore gostermis olduklar1 benzerlik ve
filogenetik iliskileri arastirilmistir. Molekiiler karakterizasyon ¢alismalart sonucunda Tiirk ve diinya
izolatlarinin birbirleri ile %85 ve iizeri niikleotit ve amino asit benzerligi gosterdigi saptanmistir. Filogenetik
analizler sonucunda ise Tiirk izolatlarinin iki farkli gruba dagilim gosterdigi belirlenmistir.
Anahtar Kelimeler: GFLV, RT-PCR, Benzerlik, Filogenetik

Detection and Molecular Characterization of Grapevine Fanleaf Virus in Vineyards

of Canakkale Province
ABSTRACT
Diseases and pests are among the most important factors that reduce productivity and quality in vineyards.
Among these, virus diseases are very important because they are difficult to combat. As a result of studies
carried out in vineyard areas, many virus diseases have been identified. One of these virus diseases is grapevine
fanleaf virus (GFLV). Although many studies have been conducted on GFLV in Tiirkiye, most studies have
focused on detecting the virus. This study was carried out to identify the agent and molecular characterization
of its isolates. For this purpose, samples were taken from 60 plants showing virus and virus-like symptoms in
the vineyard production areas of Canakkale province and its districts and tested using reverse transcription-
polymerase chain reaction (RT-PCR) with GFLV-specific primer pair. As a result of the tests performed, GFLV
infection was detected in 34 of the samples collected. The GFLV infection rate in the collected samples was
56.66%. The most striking symptom type in infected samples was determined to be yellowish chlorosis and
leaf deformations on the leaves. For molecular characterization of the isolates, 4 isolates obtained from the
infected samples were selected and their similarities and phylogenetic relationships among themselves and
with world isolates were investigated based on the coat protein (CP) gene region. As a result of molecular
characterization studies, it was determined that Turkish and world isolates showed 85% or more sequence
similarity. As a result of phylogenetic analysis, it was determined that Turkish isolates were distributed into
two different groups.
Keywords: GFLV, RT-PCR, Similarity, Phylogenetic
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Giris

Asma vejetatif yollar ile cogaltilan bir bitkidir ve
cok fazla sayida zararli ve patojenler bu kiiltiir
bitkisine zarar vermektedir (Tiirkmen, 2020). Bu
patojen ve zararlilar bag alanlarinda 6nemli
Olciide verimde azalmalara, {iriin kayiplarina ve
asmalarda 6mriin kisalmasina sebep olmaktadir.
Baglarda hastalik etmenleri icinde viriis
hastaliklar1 6nemli derecede ekonomik kayba
neden olan 6nemli bir grubu olusturmaktadir.
Cok sayida viral etmenin iilkemiz bag
alanlarinda enfeksiyonlar1 bugiine kadar yapilan
caligmalar ile bildirilmistir. Ulkemiz ve diinyada
bag alanlarinda enfeksiyona neden olan
viriislerden bir tanesi de grapevine fanleaf virus
(GFLV)’diir.

Asmanin en eski viral hastalig1 olarak bilinen
GFLV 1950’li yillarda kesfedilmistir. Diinyada
asma yetistiriciliginin yapildigr her yerde
goriilen ve ekonomik agidan dnemli bir viriistiir.
GFLV’nin konukgular1 Vitis vinifera ve hibrit
asma anaglar1 olarak bilinmektedir. Ttim Vitis
vinifera cesitleri GFLV’ye karsit duyarli olup
dayanikli olarak bilinen tek bir g¢esit
bulunmamaktadir. GFLV, Secoviridae
familyasindan Nepovirus cinsine ait bir virtistiir.
Partikiilleri 30 nm c¢apindadir. Segmentli bir
genom yapisina sahip olan GFLV, RNAL ve
RNA2 olmak iizere iki pargali bir genom
icermektedir. Virionlar1 +(ss)RNA yapisindadir
(Demangeat ve ark., 2004).

Viriisiin belirtileri iki farkli tipte goriilmektedir.
Bu belirtilerden ilki sekil bozukluklaridir. Asma
yapraklarimin seklinde bozulmalar, biiziismeler
ve diglenmeler goriilmektedir. Yapraktaki sekil
bozukluklarmin yaninda nadir olarak klorotik
beneklenme goriilebilir. Siirgiinlerde de anormal
dallanmalar, ¢ift bogum olusumu, bogum
aralarinin  kisalmasi, yassilasmalar ve zigzag
bliylime gibi deformasyonlar olusmaktadir.
Salkimlarda ise  kiicilme ve  azalma
goriilmektedir. Normalden kiigiik tane tutumuna
neden olabilmektedir. En tipik belirtilerinden
biri ise yapraklarda sar1 mozaik olusumudur.
Bahar mevsimi ile yapraklarda parlak sarimtirak
renk degisimleri goriilir. Damarlarda veya
damarlar arasinda biiyiik lekeler goriilebilir.
Yazin artan sicakliklar ile bu lekeler maskelenir.

Bu iki tip belirtinin yaninda damarlarda
bantlagsmalar da goriilmektedir (Stellmach,
1973). GFLV iiretim materyallerinden kalem,
anag, mekanik yollar ve vektorler ile
taginmaktadir. GFLV’nin vektorii Longidoridae
familyasina ait kamali nematodlar olarak
adlandirilan Xiphinema index ve X. italiae’dir
(Avgelis and Tzortzakakis; Tilek, 2014;
Tiirkmen ve Ertung, 2019).

GFLYV ile ilgili iilkemizin bag liretim alanlarinda
etmenin tanisina yonelik birgok caligsma
yaptlmistir (Kaya ve Erilmez, 2014; Tiilek,
2014; Onder ve ark., 2016; Karadeniz ve ark.,
2018). Ancak molekiiler karakterizasyonuna
yonelik son derece sinirli sayida calisma oldugu
goriilmektedir (Tirkmen, 2020). Canakkale
ilinde ise hastaligin varligina ve genetik
cesitliliginin belirlenmesine yonelik
geceklestirilmis bir ¢alisma bulunmamaktadir.
Bu baglamda bu ¢alisma kapsaminda Canakkale
ili ve ilgelerinde GFLV benzeri belirti gosteren
asmalardan  orneklemeler yapilmistir. Bu
ornekler RT-PCR yontemi ile gen spesifik
primer ¢iftleri kullanilarak GFLV enfeksiyonu
acgisindan testlenmistir. Testlemeler sonucunda
elde edilen izolat sayisina bagli olarak 4 izolatin
kilif protein (Coat protein; CP) genine gore
genetik  cesitliliine  yonelik  analizler
gerceklestirilmistir.

Materyal ve Metot

Arazi Calismalan

Arazi calismalart Canakkale ili ve ilgelerinde
2021-2022 yillan1 igerisinde bag alanlarinda
gerceklestirilmistir. Bu kapsamda Canakkale
Merkez, Bayramig, Eceabat, Lapseki ve
Bozcaada ilgelerinde drneklemeler yapilmustir.
Bag alanlarindaki bitkiler ilkbahar ve sonbahar
aylarinda  yapilan  arazi  ¢alismalarinda
simptomatolojik olarak incelenmistir. Viriis ve
viriis benzeri simptom gosteren bitkilerden
yaprak ve/veya odun dokusu Ornekleri
toplanmistir. GFLV ile enfekteli oldugu
diisiiniilen 6rnekler uygun saklama kosullarinda
iiniversitemizin viroloji laboratuvarina
getirilmistir.
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Viriis Tanilama Calismalari

Arazi ¢aligmalar1 sonucu toplanan drneklerdeki
GFLV enfeksiyonu RT-PCR testleri ile
belirlenmistir. Bu dogrultuda ilk olarak toplanan
orneklerden total niikleik asit (TNA) izolasyonu
gergeklestirilmig, daha sonrasinda RT-PCR
analizleri yapilmigtir. RT-PCR testlerinde
GFLV’e spesifik primer ¢ifti kullanilmigtir. Elde
edilen test sonuglar1 agaroz jel elektroforezi ile
degerlendirilerek viriis tanilama ¢alismalari
sonlandirilmigtir. ~ Ayrica  viriis  tanilama
caligmalarinda Bioreba GFLV pozitif kontrol
(Art. Nr.: 120453, Isvigre) ve negatif kontrol
(Steril saf su) testlerin dogrulugu amaci ile
kullanilmgtir.

Total Niikleik Asit izolasyonu

Arazide GFLV enfeksiyonu agisindan siipheli
olarak goriilen ve toplanan orneklerden TNA
izolasyonu gerceklestirilmistir. Bu amagcla Li ve

ark. (2008)’in belirttigi CTAB metodu ile TNA
izolasyonu yapilmistir. Bu amagla total TNA
izolasyonunda ilk olarak her bir bitki 6rneginden
1 g tartilarak ayr1 ayrn porselen havanlara
konulup, tizere 1 mL CTAB buffer ve 20 pL
DDT eklenerek Li ve ark. (2008)’in belirttigi
sekilde izolasyon asamalar1 yerine getirilmistir.

RT-PCR Calismalari

Gergeklestirilen RT-PCR calismalari
kimyasallarin saglandig firmalarin ve GFLV’1n
CP gen bolgesinin kismi dizilerine spesifik
Rowhani ve ark. (1993)’in belirttigi primer ¢ifti
(Cizelge 1) ve RT-PCR kosullar1 da dikkate
almarak gergeklestirilmistir.

PCR reaksiyonlarinda Takara (Japonya)
firmasindan  saglanan PCR  mastermiks
kullanilarak ve MJ Mini (Bio-Rad, ABD) PCR
cihazinda gergeklestirilmistir.

Cizelge 1. PCR caligmalarinda kullanilan primer ¢ifti

Primer Yonii | Sekans (5°- 3°) Uriin bityiikliigii | Referans
Ileri ACCGGATTGACGTGGGTGAT | 321 be Rowhani ve ark. (1993)
Geri CCAAAGTTGGTTTCCCAAGA

Sekans Analizleri belirlenmesi amacl ile analizler

Agaroz jel elektroforezi sonucunda GFLV
enfeksiyonu tespit edilen ornekler belirlenerek,
bu izolatlarin molekiiler karakterizasyonlari
gerceklestirilmistir.  Bu  amagla  enfekteli
ornekler arasindan 4 GFLV izolati secilerek,
viriis tanilama calismalarinda kullanilan primer
cifti ve RT-PCR kosullar1 ile izolatlarin CP
genleri ¢ogaltilmistir. Cogaltilan CP genlerinin
kontrolii agaroz jel elektroforezi ile yapilmustir.
Agaroz jel elektroforezinde ayrica marker olarak
“SGMO04 (BioBasic, Kanada)” kullanilmistir.
Secilen GFLV izolatlarima ait CP genlerinin
diziliminin belirlenmesi amaci ile BM Labosis
firmasindan (Ankara) sekanslama hizmeti
almmustir. Sekanslama ¢ift yonlii olacak sekilde
gergeklestirilmistir. Elde edilen ham sekans
verileri CLC Main Workbench programinda
birlestirilerek ileri analizler i¢in hazir hale
getirilmistir.

Canakkale ili GFLV izolatlarinin molekiiler
karakterizasyonu amaci ile izolatlarin kendi
iclerinde ve diinyadaki diger izolatlar ile
benzerlik oranlart ve filogenetik iligkilerinin

gergeklestirilmistir. Bu amagla ilk olarak gen
bankast veri tabaninda GFLV izolatlarinin hedef
CP genlerine karsilik gelen bolgeyi igeren
izolatlar gen bankasindan alinmistir (Cizelge 2).
Aliman bu izolatlar ile Canakkale GFLV
izolatlarina ait veriler Sequence Demarcation
Tool (SDT) programinda (Muhire ve ark., 2014)
coklu dizileme yapilarak izolatlarin niikleotit ve
amino asit diizeyinde birbirleri ile gostermis
olduklar1 benzerlik oranlar1 belirlenmistir.,

Izolatlarin filogenetik iligkileri de CLC Main
Workbench (V.20) programinda belirlenmistir.
Bu amagla ilk olarak GFLV sekans verileri
Clustal W ile dizilenmistir. Daha sonra bu diziler
neighbor-joining metodu ile 1000 tekrarl
bootstrap degeri uygulanarak GFLV
izolatlarinin filogenetik iligkilerini gosteren agag
olusturulmugtur. Ayrica filogenetik agacta
agacin dogrulugunu arttirmak amaciyla dig grup
olarak olive latent ringspot virus (OLRV)
kullanilmstir.
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Cizelge 2. Biyoinformatik analizlerde kullanilan bazi grapevine fanleaf virus (GFLV) izolatlarina

ve Molekiiler Karakterizasyonu

ait bilgiler

Izolat Erisim Numaras1 | izolat Erisim Numarast
CAZINA1 GU972571 Al7a AY780899
CAZINA2 GU972572 3138-01 JX513895
CAZINA3 GU972573 1050-02 JX513890
CACSB1  GU972576 Vol50c2 DQ922661
CACSB2  GU972577 Vol51c2 DQ922663
CACSB4  GU972579 Vol52c1 DQ922667
CACSC1  GU972581 Vol54c2 DQ922669
CACSC2  GU972582 Vol55c1 DQ922671
F13 NC003623 Vol57¢l DQ922674
GHu EF426852 Vol57¢c3 DQ922676
MEnd JN793478 Vol57c4 DQ922677
Al7d AY780901 Vol57c5 DQ922678
AlOa AY780902 Vol57c6 DQ922679
B19a AY780903 SDHN KU522585

Sonuclar ve Tartisma

Gergeklestirilen arazi calismalar1 kapsaminda
Canakkale Merkez ve Bayramic¢’ten 13,
Eceabat’tan 7, Lapseki’den 4 ve Bozcaada’dan
23 virlis ve viriis benzeri belirti gosteren
bitkilerden yaprak o&rnekleri alinmistir. Bu
kapsamda toplamda 60 ornek toplanmustir.
Almman  Orneklerin  RT-PCR ile GFLV
enfeksiyonu agisindan testlenmesi sonucunda ise

34 ornekte GFLV enfeksiyonu bulunmustur.
GFLYV enfeksiyonunun ilgelere gore dagilimi ise
su sekildedir: Bayramic’te 5 bitkide, Eceabat’ta
7 bitkide, Lapseki’de 4 bitkide ve Bozcaada’dan
ise 18 bitkide tespit edilmistir. Merkez ilgede
toplanan Orneklerde ise GFLV enfeksiyonu
tespit edilememistir (Cizelge 3).

Cizelge 3. Canakkale ili ve ilgeleri bag iiretim alanlarindan toplanilan ve grapevine fanleaf virus
(GFLYV) ile enfekteli bulunan 6rnek sayilar1 ve GFLV enfeksiyon orant

Tlgeler Enfekteli Ornek Sayis1 | Toplanan Ornek Sayis1 | Enfeksiyon Orani (%)
Bayramig 5 13 38.46
Eceabat 7 7 100.00
Lapseki 4 4 100.00
Bozcaada 18 23 78.26
Merkez - 13 -
Toplam 34 60 56.66
Calisgma kapsaminda ilge bazinda alinan Ornekte enfekteli bitkiye rastlanilmamustir.
ormeklerde  enfeksiyon oranlar1 arasinda Canakkale’de bagcilik ¢ok eskiden beri yapilan

homojen bir dagilim olmadigr goriilmiistiir.
Eceabat ve Lapseki’den alinan tim Ornekler
enfekteli ¢ikarken Merkez ilceden alinan 13

bir {retim faaliyetidir. Ancak bag alanlan
Bozcaada disinda modern bir iiretim sekline
sahip degildir. Cogunlukla goble sistemi
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seklinde tiretim yapilmaktadir ve yine Bozcaada
disinda asma bitkileri oldukca yashidir. Ayrica
ilce bazinda da toprak yapilar1 ve arazi
yiikseltileri de birbirinden farklidir. Tim bu
bilgilerin 1s18inda ¢esit oOzellikleri, baglarda
uygulanan kiiltiirel islemler, toprak ve iklim
yapilarindan kaynaklanan farkliliklar, asma
bitkilerinin yas1 ve viriisii tagiyan nematodlarin
toprakta bulanma durumu gibi faktorler goz
oniinde bulunduruldugunda her ilgeden alinan
ormeklerdeki enfekteli bitki sayis1 farklilik
gostermektedir. Canakkale’de bag iiretimi
yapilan alanlarda (Gokgeada haric¢) hem ilkbahar
doneminde hem de sonbahar doneminde hemen
hemen tiim bag alanlarina arazi ¢ikiglar
yapilarak bitkiler gorsel olarak incelenmistir.
Cok fazla bag alanlar1 gorsel olarak
incelenmesine ragmen sadece 60 bitkiden drnek
almmustir. Her ne kadar 6rnek alinan bitkiler
icinde hastalikli bitki oram1 yiiksek olarak
goriinse de (%56.66) bu toplanan ornekler
icindeki hastalikli bitki oranini ifade etmektedir.
Bununla birlikte bag alanlarinda GFLV benzeri
simptom gdsteren bitki sayist olduk¢a azdir.
Ulkemizde yapilan bircok calismada da farkl
enfeksiyon oranlar1 bildirilmistir. Ozaslan ve
ark. (1995), iilkemizin Dogu Akdeniz ve Giiney
Dogu Anadolu bolgelerinde bag iiretimi yapilan
alanlarinda bag viriislerinin varligina yonelik
yaptiklar1 bir calismada biyolojik testlemeler
sonucunda 190 6rnegin 89 unu (%48) GFLV ile
enfekteli bulurken, Cigsar (2002), Gilineydogu
Anadolu bolgesi bag alanlarinda virilis ve viriis

benzeri hastaliklarin  durumunu belirlemek
amaciyla ylriittigli bir calismada topladiklari
1001 o6rnekte GFLV enfeksiyon oranin1 %8,1
olarak bulmustur. Bir baska calismada ise
Karadeniz ve ark. (2018), Tokat ili ve il¢elerinde
bag diretimi yapilan alanlarda bagda viriis
hastaliklarinin  varligin1 belirlemek amaciyla
yaptiklar1 serolojik testler sonucunda GFLV
enfeksiyon oranint %0.3 olarak bulmuslardir. Bu
sonuclardan da anlasildigt gibi  GFLV
enfeksiyon orani iilkemizin farkli bdlgelerinde
yapilan bir¢ok ¢aligmada farkli oranlarda tespit
edilmistir. Tim bu  c¢alismalar  bizim
calismamizda farkl il¢elerde farkli enfeksiyon
oranlarinin  ortaya  ¢ikmasim  destekler
niteliktedir.

GFLYV ile enfekteli olarak bulunan 6rneklerdeki
en tipik viriis simptomlar1 yapraklardaki glimiis
renge donen sararmalar olarak gozlenmistir.
Ayrica bu sararmalarin bazen yapragin tamamini
kapladigi bazen de sadece yaprak kenarlarinda
olustugu goriilmiistiir (Sekil 1). Ancak sozil
edilen bu belirtilere ilkbahar baglangicinda
rastlanilmigtir. Sonbahar aylarinda yapilan
orneklemelerde ¢ok tipik simptom olusumu
gozlenmedigi durumlarda da GFLV enfeksiyonu
tespit edilebilmistir. Bu baglamda etmenin
ilkbahar  aylarinda olduk¢a  karakteristik
simptomlara neden olmasina ragmen, vejetasyon
periyodunun sonuna dogru bitki igindeki
konsantrasyonunun arttig1 diisiiniilmektedir.

224



Canakkale ili Bag Alanlarinda Grapevine Fanleaf Virus Izolatlarinin Tespiti
ve Molekiiler Karakterizasyonu

P —

Sekil 1. Grapevine fanleaf virus ile enfekteli asma bitkilerinde gbzlenen sararma ve yaprak

deformasyonu belirtileri

GFLV ile enfekteli olarak bulunan bitkilerde
gozlenen simptomlar iilkemizde bu zamana
kadar yapilan bircok calismadan elde edilen
sonuclar ile de benzerlik gostermektedir. Kaya
ve Erilmez (2014), Ege bolgesi bag alanlarinda
virlis hastaliklarinin  belirlenmesi amac1 ile
gergeklestirdikleri ¢alismalarinda GFLV ile
enfekteli bitkilerin yapraklarinda sararma ve
yelpaze  seklinde  belirtilerin = oldugunu
belirtmislerdir. Tiirkmen (2020), tarafindan Bat1
Karadeniz bdlgesinde gergeklestirilen  bir
calismada da GFLV ile enfekteli bitkilerin
yaprak damarlarinda renk acilmalar1 oldugunu
belirtmigtir. Bu baglamda bu c¢alisma ve
belirtilen diger ¢caligsmalardan elde edilen GFLV
belirtileri birbirleri ile oldukga paralel olarak
bulunmustur.

Bu caligmada araziden toplanan Ornekler RT-
PCR yontemiyle test edilmistir. Testlemeler
stiresince yontem agisindan herhangi bir zorlukla
karsilagilmamistir. Enfekteli 6rnekler RT-PCR
sonucunda agaroz jelde beklenen biiyiikliikte
bantlar olusturmustur. GFLV floemde sinirli bir
viristiir. Bu nedenle dokulardaki
konsantrasyonu mevsimsel olarak degiskenlik

gosterebilmektedir. Ozellikle teshis amach
serolojik  yontemler kullanildiginda bazen
beklenen diizeyde iyi sonuglar

vermeyebilmektedir. Bu kapsamda tani ve teshis
icin molekiiler bir yontem olan RT-PCR her
zaman ¢ok daha duyarli bir yontem olmasi
nedeniyle birgok arastirici tarafindan basariyla
kullanildig1 goriilmektedir (Rowhani ve ark.,
1993; Pourrahim ve ark., 2007; Eichmeier ve
ark., 2010; Cepin ve ark., 2021).

Nitekim Onder ve ark. (2016), iilkemiz
baglarinda sorun olusturan ve yaygin olarak
bulunan GFLV’yi klasik RT-PCR ve gergek
zamanli RT-PCR kullanarak testlemislerdir.
Calisma kapsaminda daha Onceden serolojik
yontemlerle test edilmis enfekteli bulunan ve
saglikli ornekler kullanilmigtir. Elde edilen
sonuglar birbiriyle kiyaslandiginda her iki
molekiiler yonteminde GFLV’nin teshisinde

basariyla  kullanildigr  belirtilmistir.  Bu
calismada GFLV’nin tanisinda molekiiler
metotlarin  bagar1 ile tam1 amagli olarak

kullanilabilecegini destekler niteliktedir.
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Canakkale ili ve ilcelerinde tespit edilen GFLV
izolatlarinin ~ molekiiler  karakterizasyonlari
amaci ile 4 GFLV izolat1 secilerek molekiiler
karakterizasyonu ger¢eklestirilmistir. Bu amagla
GFLYV enfeksiyonu tespit edilen her bir ilgeden
bir izolat olacak sekilde GFLV izolati
belirlenmistir. Bozcaada’dan GFLV-8,
Bayramig¢’ten GFLV-11, Eceabat’tan GFLV-17
ve Lapseki’den GFLV-19 izolat1 seg¢ilmistir.
Secilen bu izolatlarin CP gen boélgesinin 321
be¢’lik kismi1 RT-PCR ile ¢ogaltilmistir.

Canakkale ili GFLV izolatlarinin kendi i¢lerinde

niikleotit ~ diizeyinde  gdstermis  olduklari
benzerlik oranlarma bakildiginda 9%83-98
oraninda  sekans  benzerligi  gosterdigi

belirlenmistir. Canakkale GFLV izolatlarindan
8, 11 ve 19 numarali sirasiyla Bozcaada,
Bayrami¢ ve Lapseki ilcelerinden elde edilen
izolatlarin birbirleri ile olduk¢a yakin sekans
benzerligine  sahip  oldugu  gorilmiistir.
Eceabat’tan elde edilen 17 numarali izolatin ise
diger Canakkale izolatlar1 ile sahip oldugu
sekans benzerlik oraninin genel olarak %83
diizeyinde oldugu belirlenmistir (Sekil 2).

Diinya izolatlar1 ile niikleotit
Canakkale GFLV izolatlariin  gostermis
olduklari sekans  benzerlik  oranlarina
bakildiginda ise izolatlarin %76-90 arasinda bir
benzerlige sahip oldugu  goriilmektedir.
Niikleotit diizeyindeki benzerlik matriksi detayli
olarak incelendiginde bazi diinya izolatlarinin
birbirleri ile %100 sekans benzerligi gosterdigi
de goriilmektedir. Ancak Canakkale GFLV
izolatlar1 ile bu oranda sekans homolojisi
gosteren izolat yoktur. Canakkale 8, 11 ve 19
numarali sirastyla Bozcaada, Bayrami¢ ve
Lapseki ilgelerinden elde edilen izolatlarin
AY780901 erisim numarali, A17d kodlu Fransa
orijinli izolat ile en yiiksek benzerlik oranim
(%90) gosterdikleri belirlenmistir. Eceabat
izolat1 olan 17 numarali GFLV izolatinin ise en
yiiksek sekans benzerlik oranmi EF426852
erisim numarali, GHu kodlu Macaristan izolati
ile %83 sekans benzerlik oram ile gosterdigi
goriilmektedir. Genel olarak Tiirk izolatlara
sekans benzerligi agisindan en uzak GFLV
izolatinin ise JN793478 erisim numarali, MEnd
kodlu Cekya izolatinin oldugu belirlenmistir. Bu
izolat ile Canakkale GFLV izolatlarinin sekans
benzerlik oran1i %76 olarak gerceklesmistir
(Sekil 2).

diizeyinde
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Sekil 2. Grapevine fanleaf virus izolatlarinin kilif protein gen bolgesine gore niikleotit diizeyinde
birbirleri ile gdstermis olduklart sekans benzerlik oranlari

Canakkale ili GFLV izolatlarinin amino asit
diizeyindeki benzerlik oranlarn incelendiginde
izolatlarin kendi iclerinde %93-98 arasinda
benzerlikler gosterdigi belirlenmistir. GFLV
8,11 ve 19 numarali sirasi ile Bozcaada,
Bayrami¢ ve Lapseki ilgelerinden elde edilen
izolatlarin birbirleri ile %98 oraninda sekans
benzerligi gosterdigi belirlenmistir. Eceabat’tan
elde edilen 17 numarali izolatin ise diger
Canakkale izolatlarindan sekans benzerligi
acisindan oldukca farkli oldugu goriilmiistiir.
GFLV-17 numarali Eceabat izolatinin diger
izolatlar ile sekans benzerlik oranmnin %83
olarak bulunmustur (Sekil 3).

Canakkale ili GLFV izolatlar1 ile diinya
izolatlariin amino asit diizeyindeki sekans
benzerlik oranlar karsilastirildiginda izolatlarin
birbirleri  %90-97  oraninda  benzerlikler
gosterdigi  belirlenmigtir. ~ Canakkale  ili
izolatlarina sekans benzerlik orani agisindan en
yakin izolatlar AY780901 erisim numarali A17d
kodlu, NC003623 erisim numarali F13 kodlu ve
AY780903 erisim numarali B19a kodlu Fransa
izolatlar,  GU972571 erisim  numarah
CAZINA1 kodlu ve JX513895 erisim numarali
3138-01 kodlu ABD izolatlar1 %97 benzerlik
orani ile belirlenmistir. Canakkale ili GFLV
izolatlarina en uzak olan izolat ise GU972577
erisim numarasi ile CACSB2 kodlu ABD izolati
%090 benzerlik orani ile belirlenmistir (Sekil 3).
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Sekil 3. Grapevine fanleaf virus izolatlarinin kilif protein gen bolgesine gére amino asit diizeyinde
birbirleri ile gdstermis olduklari sekans benzerlik oranlari

Pourrahim ve ark. (2007), iran'm kuzey
dogusunda bulunan iki farkli bolgeden elde
edilen bes farkli GFLV izolatini, CP gen
dizilerine dayali olarak karakterize etmislerdir.
Biyoinformatik  analizler ~ sonucunda  bu
izolatlarin genbankasinda bulunan diger GFLV
izolatlar1 ile CP gen bdlgeleriyle %83.7-87.5 ve
kuzeybati [ran'dan gelen diger izolatlarla %83.0-
87.1 homolojiye sahip oldugunu belirtmistirler.
Bu calismada elde edilen GFLV izolatlar1 kendi
arasinda %98.6 ile %100 arasinda bir benzerlik
gostermistir.  Gergeklestirilen bu g¢alisma ile
Pourrahim ve ark. (2007)’nin elde ettigi sonuglar
kismen birbirini destekler niteliktedir.

Canakkale ili GFLV izolatlari ile diinyanin farkli
iilkelerinden elde edilen GFLV izolatlarn

kullanilarak olusturulan filogenetik agagta tiim
izolatlarin 5 farkli gruba dagilim gosterdigi
goriilmistiir. Canakkale ili GFLV izolatlarinin
ise bu gruplardan ikisine dagilim gosterdigi
belirlenmistir. Canakkale ili izolatlarindan
GFLV-8, 11 ve 19 numarali sirasiyla Bozcaada,
Bayrami¢ ve Lapseki ilgelerinden elde edilen
izolatlarin 1. grupta, 17 numarali Eceabat’tan
elde edilen izolatin ise 5. grupta yer aldig
belirlenmistir. Canakkale ili izolatlarindan 8, 11
ve 19 numarali sirasiyla Bozcaada, Bayramic ve
Lapseki ilgelerinden elde edilen izolatlara en
yakin olarak bulunan izolat AY780901 erisim
numarali, A17d kodlu Fransa izolat1 olurken, 17
numarali Eceabat izolatina en yakin olarak
bulunan izolat ise EF426852 erisim numarali
GHu kodlu Macaristan izolat1 olmustur (Sekil 4).
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Sekil 4. Grapevine fanleaf virus izolatlarinin kilif protein gen bdlgesine gore niikleotit diizeyinde
birbirleri ile gostermis olduklar1 filogenetik iligkiler

Oliver ve ark. (2010) Kaliforniya ve diinya
GFLYV izolatlarinin molekiiler karakterizasyonu
amaci ile yiirlitmis olduklar1 g¢aligmalarinda
GFLV izolatlarinin CP gen bdlgesine gore 9
filogenetik gruba ayrildigi belirtmislerdir.
Gergeklestirilen bu ¢alismada 5, Oliver ve ark.
(2010)’nin g¢aligmasinda ise 9 grup olusumunun
kullanilan izolat sayist ve farkliligindan
kaynaklanabilecegi diisiiniilmektedir.

Gergeklestirilen bu ¢alisma ile GFLV’nin
Canakkale ilinde bag iiretimi yapilan alanlarinda
varhgi ~ RT-PCR  yontemi  kullanmilarak
belirlenmistir. GFLV iilkemizde ve diinyada
yaygin olan ve iretimde 6nemli ekonomik
kayiplara neden olan bir viriistiir. Bu nedenle
Canakkale ilinde yeni kurulacak olan bag
alanlar1 GFLV’nin vektorleri olan nematodlar
acisindan kontrol edilmeli ve temiz olan
alanlarda bag tesis edilmelidir. Ayrica tiim ¢ok
yillik ve tek yillik bitkilerde oldugu gibi bag
iretiminde de saglikli iiretim materyalleri ile
yeni baglar kurulmalidir.

Ulkemizde GFLV ile ilgili bu zamana kadar
yapilan caligmalar daha ¢ok biyolojik, serolojik
ve molekiiler yontemler kullanilarak virlsiin

teshisine  yoneliktir. Bundan sonra bu
calismalara ilaveten viriis-vektor iligkileri,
dayaniklik calismast vb. gibi calismalar da
yapilarak viriisiin kontroliine yonelik yeni
stratejiler gelistirilmelidir.
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The Effects of Silver and Copper Nano Particle-Infused Vase Solutions on the
Vase Life of Cut Narcissus (Narcissus L.) Flowers

Akife DALDA SEKERCI!, Giilsen BARUTZ Hande Seda OZDAL?*, Hasan Talha
UNSAL?

ABSTRACT

Narcissus has become increasingly preferred as a cut flower due to its pleasant fragrance and ability to bloom
during winter. The most important parameters determining the quality of cut flowers are vase life and flower
quality. In this study, the effects of six different vase solutions containing nano copper, nano silver, and sodium
hypochlorite on the vase life, relative fresh weight, and daily solution uptake of cut narcissus flowers were
investigated. The longest vase life in cut narcissus flowers was achieved with the 20 ppm nano copper and 30
ppm nano copper applications, lasting 7.33 days, followed by the 30 ppm nano silver application with a vase
life of 6.25 days. The control group recorded the shortest vase life at 4.25 days, and it was observed that vase
solutions containing nanoparticles approximately doubled the vase life. Nanoparticle applications positively
affected vase life and flower quality, with the addition of nano copper to the vase water showing a higher effect
than nano silver, and extending vase life more than all other applications. The results indicated that, like nano
silver, nano copper extends vase life by reducing antimicrobial activity and providing a nourishing effect in
the vase water.

Keywords: Cut flower, narcissus, ornamental plant, nano particle, vase life

Giimiis ve Bakir Nano Partikiil icerikli Vazo Soliisyonlarinin Kesme Nergis

(Narcissus L.) Ciceklerinin Vazo Omriine Etkileri
0z
Nergis, hos kokusu ve kisin ¢i¢ek acabilmesi nedeniyle son yillarda kesme ¢igek olarak yaygin sekilde tercih
edilmeye baglanmistir. Kesme ¢igeklerde kaliteyi belirleyen en 6nemli parametreler vazo omrii ve gigek
kalitesidir. Bu ¢alismada, nano bakir, nano giimiis ve sodyum hipoklorit igeren alt1 farkli vazo soliisyonunun
kesme nergis c¢igeklerinde vazo Omrii, oransal taze agirlik ve giinlikk soliisyon alimi {izerindeki etkileri
incelenmistir. Kesme nergis ¢igeklerinde en uzun vazo émrti, 7.33 giin ile 20 ppm nano bakir ve 30 ppm nano
bakir uygulamalarinda elde edilirken, 30 ppm nano giimiis uygulamasi 6.25 giin vazo émriine sahip olmustur.
Kontrol grubunda vazo omrii en diisik 4.25 giin olarak kaydedilmis ve nanopartikiil iceren vazo
soliisyonlarinin vazo dmriinii yaklasik iki kat artirdig1 gézlemlenmistir. Nanopartikiil uygulamalar1 vazo dmrii
ve ¢igek kalitesini olumlu yonde etkilemis olup, vazo suyuna ilave edilen nano bakir uygulamasi, nano
glimiisten daha yiiksek bir etki gostermis ve vazo dmriinii tim diger uygulamalardan daha fazla artirmistir.
Elde edilen sonuglar, nano bakirin da nano giimiis gibi antimikrobiyal aktiviteyi azaltarak vazo Omriinii
uzattigini ve vazo suyuna besleyici bir etki olusturdugunu ortaya koymustur.
Anahtar Kelimeler: Kesme ¢icek, nergis, siis bitkisi, nano partikiil, vazo 6mrii
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The Effects of Silver and Copper Nano Particle-Infused Vase Solutions on the
Vase Life of Cut Narcissus (Narcissus L.) Flowers

Introduction

Narcissus L., is a widely preferred cut flower
worldwide due to its attractive appearance,
pleasant fragrance, and ability to bloom in winter
(Gun, 2020). Belonging to the Amaryllidaceae
family, Narcissus L. is extensively cultivated in
Mediterranean-climate  countries, including
Turkey, especially in regions with dense
Mediterranean conditions (Ozzambak et al.,
2007). Given the limited variety of cut flowers
available in winter and autumn and the
feasibility of narcissus cultivation during these
seasons, narcissus significantly contributes to
the flower market during these times (Hunter et
al., 2004; Zeybekoglu and Ozzambak, 2014).
The vase life of cut flowers is a critical factor in
determining cut flower quality and plays a
significant role in preserving their value in the
market. Maintaining the freshness of the product
from harvest and ensuring a long vase life are
crucial for a quality cut flower trade (Batt, 2001;
Akgca et al., 2019). Therefore, studies focusing
on practices to extend the vase life of cut flowers
starting from harvest are highly important.
Various factors influence the vase life of cut
flowers, including the genetic makeup of the
plant, pre-harvest conditions (cultivation
practices and cultural treatments), timing of
harvest, and post-harvest procedures. The vase
life of cut flowers tends to decrease due to
various factors, primarily the clogging of
microbial vessels, interruption of water uptake
and transport, and depletion of respiratory
substrates limiting energy for sustaining life
processes (Elgimabi and Ahmed, 2009; Danaee
et al., 2011; Fanourakis et al., 2013).
Additionally, in ethylene-sensitive species,
ethylene has an aging-accelerating effect, and
reactive oxygen species (ROS) produced during
oxidative stress on flower stems have harmful
effects (Skutnik et al., 2021). Previous studies
have also demonstrated that microbial activity in
the stems of cut flowers shortens their vase life
(Balestra et al., 2005), highlighting the
importance of identifying vase solutions that
limit microbial activity. To extend the vase life
of cut flowers, various antimicrobial chemicals
such as 8-hydroxyquinoline sulfate (8-HQS),
silver thiosulfate (STS), aluminum sulfate, silver
nitrate, and sodium hypochlorite are used in vase

solutions (Celikel et al., 2020; Kazaz et al.,
2020). The 8-hydroxyquinoline citrate has been
reported to be effective in limiting the microbial
population in vase solution (Islam et al., 2003;
Bahrami et al., 2013; Sharifzadeh et al., 2014),
while aluminum sulfate (Liao et al., 2001),
sodium hypochlorite (Kathari-Lakshmaiah et al.,
2019), silver nitrate (Hutchinson et al., 2013),
nano-silver (Li et al., 2010), and silicon and
silver (Kiamohammadi, 2012) have been
reported to extend the vase life when added to
vase solution. It has been reported that sodium
hypochlorite addition to the vase can reduce
bacterial counts and extend the vase life of cut
flowers (Halevy and Mayak, 1981; Macnish et
al., 2010). Silver nitrate has been reported to act
as an antimicrobial agent (van Doorn, 2010) or
as an inhibitor of ethylene synthesis and ethylene
action. As a vase solution treatment for cut
flowers, nano silver has been found important as
an antibacterial agent (Alt et al., 2004; Morones
etal., 2005). Nano silver releases Ag*, which has
been reported to interact with cytoplasmic
components and nucleic acids, inhibit
respiratory chain enzymes, and interfere with
membrane permeability (Park et al., 2005). It is
also possible that Ag* has positive effects on
plant stem hydraulic conductivity (van leperen,
2007; Koohkan et al., 2014). In many studies, the
antimicrobial properties of nano silver have been
investigated. However, no studies on vase
solutions containing nano copper have been
found. Nano copper may also be a suitable vase
component as it both exhibits antimicrobial
properties and provides nutritional supplements.
In this study, the effect of silver and copper
nanoparticles on the vase life was evaluated
comparatively with the commonly used
chemical sodium hypochlorite. The study
investigated the effects of nanoparticles added to
the vase solution on the vase life and flower
quality of cut narcissus flowers.

Material and Methods

Plant Material, Vase
Environmental Conditions
The research was conducted at the pomology
laboratory of Department of Horticulture,
Erciyes University. The study aimed to
determine the vase life and cut flower quality of

Solutions, and
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cut narcissus flower in different vase solutions.
The narcissus flowers (Narcissus L.) were
harvested at a commercial stage, when
approximately 80% of the flowers on each stem
had bloomed (Kitamura et al., 2016). Following
harvest, they were transported to the laboratory
under cold chain conditions without undergoing
any processing. To minimize contamination in
the vase life room, the stems were recut.
Subsequently, they were placed in glass bottles

(1000 ml) containing 750 ml of different vase
solutions. The study was designed in a
randomized complete block design with three
replications, each consisting of three vases with
four stems per vase. A total of six different vase
solutions and one control were prepared (Table
1). The experimental environment was
maintained at 22-24°C room temperature and
30% humidity, aiming to simulate conditions
similar to those found in a home setting.

Table 1. Contents of vase solutions for cut narcissus flowers

Treatments Vase Solutions
T1 20 ppm Nano Copper
T2 20 ppm Nano Silver
T3 30 ppm Nano Copper
T4 30 ppm Nano Silver
T5 Sodium Hypochlorite (3mg/L)
T6 Control- tap water

The assessed characteristics encompassed vase
life, relative fresh weight, and solution uptake.
Vase life was documented on a daily basis, with
conclusion reached upon the observation of
wilting, browning of sepals, or drying of sepals
in roughly 80% of the flowers (Kitamura et al.,
2017). Weights of vases were measured both
with and without flowers, and evaluations of
fresh weight and solution uptake were conducted
every other day.

Relative fresh weight (%); Relative fresh
weight, expressed as a percentage, was
determined by measuring the change in fresh
weight using the formula: Relative Fresh Weight
(%) = (Wt/Wt-0) x 100, where Wt represents the
weight of the stem (in grams) att = 0, 1, 2 days,
and so forth, and Wt-0 denotes the weight of the
same stem (in grams) at t = 0 day (He ve ark.,
2006).

Solution uptake; Solution uptake was assessed
on a daily basis and quantified in terms of both
daily and total solution uptake. The formula for
daily solution uptake is: Daily Solution Uptake
(g stem—1 day—1) = (St-1 — St), where St
represents the weight (in grams) of the vase

solution on days 1, 2, 3, and so forth, and St—1
denotes the weight of the vase solution on the
preceding day (He ve ark., 2006; Li ve ark.,
2010).

Statistical analyses

The experiment involved six treatments and
followed a completely randomized design
(CRD) with three replicates, each comprising
three flowers. Statistical analysis of the data
collected was performed using analysis of
variance (ANOVA) with IBM SPSS Statistics
20.0. Mean differences were evaluated using
Duncan's test (p < 0.05 and p < 0.001) to identify
significant variations.

Results and Discussion

Vase Life (Day)

The vase life is terminated when the rate of
wilting in flower spikes or the rate of leaf drying
reaches 80% (Kitamura et al., 2017). In this
study, six different vase solutions were used to
evaluate the vase life of cut narcissus flowers.
According to the results obtained, all nano
particle and sodium hypochlorite applications
increased the vase life compared to the control
group. The longest vase life in cut narcissus
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flowers was obtained with T1 (20 ppm nano
copper) and T3 (30 ppm nano copper)
applications, reaching 7.33 days. This was
followed by the application of 30 ppm nano
silver with a vase life of 6.25 days. In the control
group, the vase life was the lowest at 4.25 days,
while it was observed that nano particle-
containing vase solutions increased the vase life
by approximately two-fold (Table 2 and Figure
1). The results obtained in this study are
consistent with previous researches. Most of the
studies on silver nanoparticle in vase solution
focused on its anti-bacterial properties and
reported that it increased vase life by reducing
antimicrobial activity (Solgi et al., 2009; Liu et
al., 2012; Safa et al., 2015; Carrillo-Lopez et al.,
2016). In addition, there are studies evaluating
the function of silver nanoparticles as anti-
ethylene agents (Koohkan et al., 2014). In a
similar study, they reported that silver
nanoparticles reduced ethylene production and
bacterial growth in the vase solution and caused
the vase life of cloves to extend. In accordance
with existing literature, it is plausible that in this
study, the high surface area-to-volume ratio and
potent antibacterial activity of silver and copper
nano particles may have suppressed bacterial
population growth in the vase solution and
xylem vessels, consequently extending the vase
life. In similar studies, various chemical
substances known for their antimicrobial effects,

such as silver thiosulfate (STS), silver nitrate
(AgNO3), hydroxyquinoline sulfate (8-HQS),
and hydroxyquinoline citrate (8-HQC), have
been used and found to be highly effective in
extending the vase life of gerbera flowers
(Rahman et al., 2019; Singh et al., 2022).
Previous studies have reported that the addition
of silver nitrate to vase water prevents the
occlusion of vascular bundles and effectively
prolongs vase life (Damunupola and Joyce,
2008). In another study, it was noted that the
highest vase life in cut rose flowers was achieved
when the flowers were placed in preservative
solutions, and sodium hypochlorite-containing
vase solutions were reported to inhibit bacterial
formation, thus extending vase life (Masoome et
al., 2003). Norikoshi et al. (2016) indicated that
sucrose application increased the concentrations
of glucose and fructose within the vacuole,
thereby enhancing water uptake and supporting
cell expansion during flower opening. However,
it has also been reported that carbohydrates,
especially sucrose, may lead to an increase in
bacterial populations in vase water, potentially
causing blockages in the cut flower xylem
vessels (Hajizadeh et al., 2012). In line with
these views, nanoparticles have been observed to
contribute to a longer vase life by reducing
antimicrobial activity.
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Figure 1. Graph showing the effects of different vase solutions on the vase life of cut narcissus flower
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Table 2. Vase life periods of cut narcissus flower depending on different vase solution

. Vase Life (day)
Treatments Vase Solutions

T1 20 ppm Nano Copper 7.33°

T2 20 ppm Nano Silver 5.25¢

T3 30 ppm Nano Copper 7330

T4 30 ppm Nano Silver 6.25"

T5 Sodium Hypochlorite (3mg/L) 5.25¢

T6 Control- tap water 4,259
**Means indicated with different letters in the same column are significantly different significant at
p<0.001

Day 2
Figure 2. Visual representation of cut narcissus flowers with 30 ppm nano silver treatment.

Relative Fresh Weight Value (%) Results

Different vase solution applications were found
to cause statistically significant differences in
relative fresh weight among cut narcissus
flowers, with applications made on days 2, 4, 6,
7, and 8 being statistically significant. Relative
fresh weights of cut narcissus flowers increased
during the first two days, then began to decrease
after the second day (Figure 3). On the second
day, relative fresh weights among treatments
ranged from 103% to 140%. On the final day,
flowers with the highest relative fresh weights
were recorded in the application of 20 ppm nano
copper (T1) and 30 ppm nano copper (T3). A
positive correlation was observed between vase
life and relative fresh weights (Table 3, Figure
3). In the results of this study, it is observed that
as the vase life approaches its end, the relative
fresh weight decreases (Figure 2). However, due

Day4

Day 6 Day7

to the rapid increase in bacterial population not
occurring in nano particle applications, the
relative fresh weight did not decrease rapidly. It
has been reported that although there was an
increase in relative fresh weight throughout the
vase life, a sharp decrease in relative fresh
weight of the cut flower occurred due to the high
number of isolated bacteria in the vase solution
(Li et al., 2012). Previous studies have also
indicated increases in relative fresh weights with
vase applications, which continued for a certain
period and then declined (Alaey et al., 2011;
Unsal, 2022). In another study, the stem fresh
weight of Movie Star cut roses rapidly increased
in the first 40 hours of the vase period, and then
gradually decreased (Lu et al., 2011). Blockage
of vessels caused by bacteria leads to reduced
water uptake and ultimately results in bending,
breaking of stems, and wilting of leaves in cut
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flowers (Nair et al., 2003; Balestra et al., 2005;
Meman and Dabhi, 2006; Solgi et al., 2009).
Soleimany-Fard et al. (2013) noted a significant
increase in relative fresh weight during the first
4 days in alstroemeria flowers, followed by a
significant decrease until the end of the

experiment. Similar change patterns have been
reported for cut rose flowers; proportional
decreases in fresh weight in the days following
harvest can be attributed to decreased water
uptake (Lu et al., 2010; Alaey et al., 2011;
Soleimany-Fard et al., 2013).
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Figure 3. Graph showing changes in relative fresh weight of cut narcissus flower during vase life

Table 3. Changes in relative fresh weight of cut narcissus flowers over vase life

TREATMENTS RFW2 RFW4 RFW5 RFW6 RFW7
T1 112,52 b 106,95 a 108,88 a 104,89 ab 105,01 b
T2 103,37 b 100,88 a 104,35 a - -
T3 117,83 ab 112,69 a 113,59 a 126,74 a 135,53 a
T4 113,03 ab 107,42 a 104,98 a 59,81b -
T5 127,31 ab 125,23 a 121,53 a - -
T6 1409a 125,34 a - - -

*RFW,; Relative Fresh Weight

*Means indicated with different letters in the same column are significantly different significant at p<0.05

Daily Solution Uptake Results

In cut narcissus flowers, the highest solution
uptake was observed in the control group at the
initial measurement of daily solution uptake. The
lowest daily solution uptake was recorded in the
application of 20 ppm nano copper (T1). In the
control group, daily solution uptake rapidly
decreased after the second day, progressing
towards the end of the vase life. Similarly, in
sodium hypochlorite treatment, daily solution
uptake stabilized after the second day. However,
in nano particle applications, daily solution
uptake continued until the 7th day and then

decreased, progressing towards the end of the
vase life (Table 4, Figure 4). Cut flowers' quality
and longevity are primarily determined by water
balance, which is influenced by two main
processes; water uptake and transpiration (Da
Silva, 2003).

The obtained results are consistent with previous
studies. Application of nano silver-containing
vase solution has been reported to have positive
effects on daily solution uptake in cut carnations,
with the maximum solution uptake occurring on
the first day and decreasing over time (Koohkan
etal., 2014).
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Figure 4. Graph showing changes on the daily solution uptake of cut narcissus flowers during vase

life
Table 4. Changes on the daily solution uptake of cut narcissus flowers over vase life
TREATMENTS DSU2 DSU4 DSU5 DSU6 DSU7

T1 30a 20b 20,33 a 47 a 4,67 b
T2 31,33 a 20,67 b 21,67 a - -
T3 32a 21ab 22 a 21,67 b 22a
T4 33,67 a 22 ab 22,67 a 40 a -
T5 36,33 a 22,33 ab 23,33 a - -
T6 42 a 27 a - - -

*DSU; Daily solution uptake

*Means indicated with different letters in the same column are significantly different significant at p<0.05

Conclusion

This study has determined that when the correct
vase solution is used, cut narcissus flowers can
have a vase life of more than 7 days. It has been
found that the addition of silver and copper
nanoparticles to the vase solution significantly
increases vase life compared to other
applications. This study is supportive of previous
research demonstrating that components added
to vase solutions such as sodium hypochlorite,
silver nitrate, and silver nanoparticles limit
microbial activity, thus increasing vase life.
Previous studies have reported that silver is a
potent inhibitor of ethylene effects in plant
tissues; therefore, copper nanoparticles, which
were hypothesized to exhibit a similar effect,
were tested in this study and were found to
demonstrate even higher activity than silver-

containing vase solutions. This could be
attributed to the copper nanoparticle-containing
vase solution not only reducing microbial
activity in the vase solution but also having the
ability to nourish the tissues. This study has
presented an alternative method for vase
solutions and contributed to the identification of
a vase solution that can increase vase life by
nearly double.
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Arastirma Makalesi
Vardiyalh Calisma Sistemi ve Beslenme Aliskanhklar:: Tekirdag T Tipi Kapah
Ceza Infaz Kurumunda Calisanlar Uzerinde Bir Degerlendirme
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0z

Bu ¢alisma, Tekirdag T Tipi Kapali Ceza Infaz Kurumunda ¢alisan 200 infaz ve koruma memurunun vardiyali
calisma sistemi ve beslenme aligkanliklari arasindaki iligkiyi degerlendirmeyi amaclamaktadir. Calismaya
katilan bireylere demografik 6zellikleri ve beslenme aligkanliklarini sorgulayan anket uygulanmaigtir. Sonuclar,
vardiyali calisanlarin %12.5'inin 6&iin atlamadigini, 6giin atlayanlarin ise en sik sabah (%39.3) ve 6gle/aksam
(%48.2) dgiinlerini atladigin1 gstermistir. Ug yildan fazla vardiyali calisanlarin beden kiitle indeksi (BKI)
ortalamalarinin anlamli olarak daha yiiksek oldugu saptanmistir (p<0.05). Gece vardiyalarinda tiiketilen
besinlerin ve 6giin diizeninin BKI degerlerinde artisa yol agabilecegi diisiiniilmektedir.

Anahtar Kelimeler: Beslenme aligkanliklar1, vardiyali calisma, beden kiitle indeksi

Shift Work and Nutritional Behaviour: An Assessment on Employees at Tekirdag T
Type Closed Penal Institution

ABSTRACT

This study aims to evaluate the relationship between shift work and nutritional habits among 200 correctional
officers working at the Tekirdag T Type Closed Penal Institution. Participants were surveyed about their
demographic characteristics and dietary habits. The results indicated that 12.5% of shift workers did not skip
meals, while those who did skip meals most frequently skipped breakfast (39.3%) and lunch/dinner (48.2%).
It was found that the average body mass index (BMI) of those working in shifts for more than three years was
significantly higher (p<0.05). It is suggested that the foods consumed and meal timing during night shifts may
lead to an increase in BMI values.
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Vardiyali Calisma Sistemi ve Beslenme Ahskanhklari: Tekirdag T Tipi Kapah
Ceza Infaz Kurumunda Cahsanlar Uzerinde Bir Degerlendirme

Giris

Avrupa ve Amerika Birlesik Devletleri’nde
calisan niifusun yaklastk %30’u saglik,
endiistriyel imalat, madencilik, ulagtirma,
iletisim, eglence ve konaklama gibi farklhi
sektorlerde gece saatlerini de kapsayan vardiyali
sistem ile ¢alismaktadir (International Agency
for Research on Cancer, 2020). Tiirkiye’de ise
vardiyali sistem ile ¢alisanlarin oraninin %11
oldugu bilinmektedir (European Foundation for
the Improvement of Living and Working
Conditions, 2019). Vardiyali c¢aliganlar ile
ylriitiilen bircok epidemiyolojik arastirmada,
kardiyovaskiiler hastalik, diyabet, metabolik
sendrom ve bazi kanser tiirleri dahil birgok
kronik hastalik riskinin daha yiiksek oldugu
bildirilmektedir (Wang ve ark., 2011). Ayrica bu
caligma sisteminin, beslenmenin zamansal
dagilimimmi  ve  kalitesini  etkileyebilecegi
bilinmektedir (Peptonska ve ark., 2019). Uyku
bozukluklar1 ve obezite prevalanslarinin gece
vardiyasinda ¢alisanlarda giindiiz c¢alisanlara
gore daha yiiksek oldugu ve altta yatan olasi
mekanizmalardan birinin de sirkadiyen ritmin
bozulmasinin oldugu diisiiniilmektedir (Boivin
ve Boudreau, 2014; Peplonska ve ark., 2015).
Ogiinlerin sirkadiyen zamanlamasindaki
farkliliklar; sindirim, besin emilimi, enzim
aktivitesi ve metabolik siireclerin yani sira aglik,
istah ve tokluk hisleri lizerinde olumsuz etkilere
neden olabilmektedir (Haus ve Smolensky,
2006).

Vardiyali c¢alisma sistemi ile beslenme
arasindaki iliski, 1960’11 yillarin ortalarindan
beri aragtirnlmaktadir. Lowden ve ark.
19672009 yillarn1 arasinda yaymlanmis,
vardiyali calisma ile beslenme aligkanliklar
arasindaki olas1 iligkiyi degerlendiren 21
arastirma ¢iktist olarak vardiyali ¢aligmanin, giin
boyunca beslenmenin zamansal dagilimini,
beslenme kalitesini ve enerji dagilimini énemli
olgiide etkiledigi sonucuna varilmistir (Lowden
ve ark., 2010).

Vardiya tiirleri veya vardiya caliganlarn ile
vardiyasiz calisanlar arasinda giinlik toplam
enerji aliminda farklilik olmadigt ya da sinirh
farkliliklar ~ oldugu  yapilan  ¢alismalarla
gosterilirken (Cayanan ve ark., 2019; Gupta ve
ark., 2019; Lauren ve ark., 2020; Shaw ve ark.,
2019), aksam veya gece vardiyasinda ¢alismanin

daha az protein ve/veya daha fazla karbonhidrat,
toplam seker, yag veya alkol tiikketimiyle iliskili
oldugu bildirilmektedir (Chen ve ark., 2018;
Dorrian ve ark., 2017; Heath ve ark., 2019; Shaw
ve ark., 2019). Vardiyali galismanin diyetle ilgili
en belirgin etkilerinden biri, a¢ kalma/beslenme
dongiisiiniin genel olarak yer degistirmesi ve
bunun glin icindeki Ogin zamanlamasi
tizerindeki etkisidir (Kosmadopoulos ve ark.,
2020). Ogiin tiiketiminin zamansal dagilimimin
incelendigi calismalarda, vardiyali ¢aligmanin,
daha farkli Ogiinler, daha az ve kiiclik
porsiyonlarda kahvalti, daha ge¢ yemek saatleri
ve gece boyunca artmis enerji alimi ile iligkili
oldugu ifade edilmektedir (Heath ve ark., 2012;
Shaw ve ark., 2019).

Beslenme c¢alismalarinda, porsiyon biyikligi
ve makro besin 6geleri gibi faktorler nemli olsa
da metabolizmay1 etkileyen fizyolojik siiregler
iizerindeki etkisi nedeniyle oglin
zamanlamasinin saglik iizerindeki roliine olan
ilgi giderek artmaktadir (Banks ve ark., 2015;
Mason ve ark., 2020). Bu konu ile ilgili
vardiyasiz c¢alisan bireyler iizerinde yapilan
calismalarda, giiniin ge¢ saatlerinde veya gece
ogiin tiikketiminin bozulmus glukoz
metabolizmasi, toplam enerji aliminda artis ve
yetersiz agirhk kaybi ile iligkili oldugu
gosterilmistir (Centofanti ve ark., 2017; Lopez-
Minguez ve ark., 2018; Reid ve ark,
2014).Vardiyali c¢alisma sisteminde, uyku-
uyaniklik siirelerini degistirmek i¢in esneklik
saglanamazken, uzun vadeli saglik risklerini
azaltmak icin diyet ve beslenme aligkanliklar:
degistirilebilir miidahalelere olanak
saglamaktadir (Dashti ve ark., 2019).

Ceza infaz kurumlarinda calisanlar &zellikle
giivenlik gdzetim hizmetini yerine getiren infaz
ve koruma memurlari, doniisiimlii olarak on
ikiser saatlik vardiyalar halinde ¢alismaktadirlar
(Anonim, 2006). Bu nedenle mevcut arastirma,
Tekirdag T Tipi Kapali Ceza Infaz
Kurumlari’nda g¢alisan infaz ve koruma
memurlarinin ¢alisma sistemleri ve beslenme
aliskanliklar iligkisini degerlendirmeyi
amaglamaktadir.
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Gerec¢ ve Yontem

Arastirmanin Yeri ve Orneklemi

Tanimlayici kesitsel tipte olan bu ¢alisma 2020
yili Nisan-Mayis aylarinda Tekirdag T Tipi
Kapali Ceza Infaz Kurum calisanlariyla
yluritilmistiir. Arastirmanin evrenini
cezaevinde c¢alisan infaz ve koruma memurlari
olusturmaktadir. Orneklem hesabi yapmadan
evrenin tamamina ulasilmasi hedeflenmistir.
Calisma kapsaminda 247 kisiye ulasildi ancak,
caligmaya katilmay1 kabul ederek onam formu
alman 185’1 erkek, 15’ i kadin toplam 200
katilime1 ¢alismaya dahil edilmistir. Calismanin
yiiriitiilmesi i¢in kurum izni ve Tekirdag Namik
Kemal Universitesi Tip Fakiiltesi Girisimsel
Olmayan Klinik Arastirmalar Etik Kurulu’ndan
(25/03/2020 tarihli ve 46048792-050.01.04-E
numarali) onay alinmistir.

Veri Toplama Araci

Arastirmacilar tarafindan hazirlanan ve iki
boliimden olusan anket formu yiiz yiize goriisme
yontemiyle katilimcilara uygulanmistir. Anket
formunun birinci kisminda bireylerin yas,
cinsiyet, egitim durumu gibi sosyodemografik
ozellikleri ile viicut agirhigi, boy uzunlugu
bilgileri sorgulandi. Beden kiitle indeksi (kg/m?)
arastirmacilar tarafindan hesaplanirken anket
formunun ikinci  kisminda da  beslenme
aligkanliklarina iligkin sorulara ve besin tiiketim
sikligir formuna yer verildi.

Istatistiksel Analiz

Arastirmada verilerinin  istatistiksel olarak
analizinde SPSS (Statistical Package for the
Social Sciences) 22.0 paket programi kullanilda.
Kategorik verilerin dagilimi sayi-yiizde olarak
belirtilmistir. Katilimeilarin, yas, boy, viicut
agirligi, beden kiitle indeksi (BK1I) degerleri gibi
nicel veriler igin ortalama, standart sapma
degerleri, maksimum ve minimum degerleri
kullanilmistir. Kategorik degiskenler arasindaki
iligkileri incelemek i¢in Pearson ki-kare analizi
uygulanmustir. Nicel verilerin normal dagilima
uygunlugu Kolmogorov Smirnov testi ile
yapilmistir.  Nicel degiskenler arasindaki
iligkilerin belirlenmesi i¢in Pearson korelasyon
testi, iki gruba ait nicel bulgularin kiyaslanmasi
icin ise bagimsiz gruplar t-testi; ikiden fazla grup
kiyaslamasi igin One way Anova testi

yapilmigtir. Tiim istatistiksel analizler igin
anlamlilik diizeyi p<0,05 olarak kabul edilmistir.

Bulgular ve Tartisma

Vardiyali ¢alisma sistemleri uyku-uyaniklik
stirelerini degistirmeye izin vermese de uzun
vadeli saglik risklerini azaltmak igin bireysel
ihtiyaclar ve caligma sistemine gore calisanlarin
diyet modellerinin degistirilebilecegi
bildirilmistir (Dashti ve ark., 2019). Vardiyali ve
vardiyasiz sistemde giindiiz ¢alisanlar arasindaki
besin tiikketimini karsilastiran galigmalar, toplam
giinliik enerji veya makro besin 6gesi aliminda
anlamli farkliliklar bulamamistir (Bonham ve
ark., 2016).

Arastirma grubunun yas ortalamasi 33.7+7.1 yil
olup, %7.5’i kadinlardan, %92.5’i erkeklerden
olusmaktadir. Beden kiitle indeksi ortalamasi
25.9+2.7 (kg/m?) olan katilimcilar Diinya Saglhk
Orgiitii (DSO) siiflamasma (WHO, 2010) gére
degerlendirildiginde katilimcilarmm  %39’unun
normal veya zayif, %52’sinin preobez ve
%9’unun obez olarak tanimlanan aralikta oldugu
belirlenmistir.  Aragtirmaya  dahil  edilen
calisanlarin %16’sinin vardiyasiz, %84’iiniin ise
vardiyal1 sistem ile calistigi saptanmustir.
Vardiyali sistem ile ¢alisanlarin, aylik giindiiz ve
gece vardiya sayilarinin 8 giindiiz ve 8 gece
oldugu ve %48.2’sinin 3 yilin iizerinde bu
sistemle ¢aligtig1 goriilmustiir (Cizelge 1).

Katilimeilarin son bir aya ait besin tiiketim
sikliklart ~ sorgulandiginda, siit ve  siit
triinlerinden; tulum peynirini  (%62) hig
tiketmeyenlerin, beyaz peyniri ise her giin
tiketenlerin  (%59.5) oranin yiiksek oldugu
goriilmistlir. Katilimcilarin %340 yumurtay1
her giin ve %40’ min giin asir1, %54.5’inin tavuk
etini; %45.5’inin kirmizi eti ve %30’unun
islenmis et triinlerini haftada bir tlikettiklerini
belirtmistir. Yesil yaprakli sebzeler (%35), diger
sebzeler (%41) ve turunggilleri (%36)
katilimcilarin en az icte birinin haftada bir
tiikettikleri gortilmiistiir. Caligsanlarin biiyiik bir
orant, beyaz ekmegi (%71.5) her giin tiikettigini,
tam tahilli ekmekleri (%55) ise tiiketmedigini
belirtmistir. Sivi  yag (%56.5), zeytinyagi
(%42.5) ve tereyagimin (%28.5) katilimcilar
tarafindan  siklikla her giin tiketildigi
belirlenmistir. Katilimeilarin %28’inin meyve
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sularimi haftada bir tiikettikleri, %88.5’inin ¢ay1
ve %59.5’inin kahveyi her giin tiikettikleri tespit
edilmistir (Cizelge 2).  Arastirma grubunun
giinliik 0gilin say1sl sorgulandiginda
katilimcilarin %11.5°1 4 ve tlizerinde, %48.5’1 lig;
%38.5’1 iki ve %1.5°1 de bir 6gilin yaptigini ifade
etmistir. Tim katilimcilarda en sik atlanan
Ogilintin kahvalt1 (%44) ve 6gle 6giini (%39.5)

oldugu tespit edilmistir. Katilimcilar tarafindan
oglin atlama nedeni olarak sirasiyla; diizensiz
calisma saatleri (%23.3), sabah ge¢ uyanma
(%22.3), istahsizlik (%19.9), zaman bulamama
(%9.7), zayiflama istegi (%5.8), yemekleri
begenmeme (%4.9) ve yemek hazirlamanin zor
gelmesi (%4.4) nedenleri gosterilmistir.

Cizelge 1. Katilimcilarin genel 6zelliklerinin dagilimi

Ortalama +SS Ortanca (Alt-Ust)
Yas (y1l) 33.7+£7.1 32 (22-58)
Agirhik (kg) 82.1+10.5 82 (45-104)
Boy(cm) 1777+ 6.4 178 (150-193)
BKi (kg/m?) 259+27 25.8 (17.6-33.5)
n (200) %

Cinsiyet

Kadin 15 7.5

Erkek 185 92,5
Medeni durum

Evli 131 65.5

Bekar 69 34.5
Egitim diizeyi

Lise 78 39.0

Universite 122 61.0
Cocuk Sayisi

0 88 44.0

1 49 24.5

2< 63 315
Calisma diizeni

Vardiyasiz 32 16.0

Vardiyali 168 84.0
Vardiyah Calisma Siiresi

<l yil 30 17.9

1-3yil 57 33.9

3 yil< 81 48.2
BKIi (kg/m?) simflandirma

<25 78 39.0

25-29.9 104 52.0

30< 18 9.0

BKI: Beden kiitle indeksi, n: sayi, %: frekans
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Cizelge 2. Katilimcilarin son bir aya ait besin gruplar tiiketim sikliklarinin dagilimi

Tiiketim Sikhiklari

Ayda

Besin Gruplari Her giin  Giin asin  Haftada bir  Ayda iki bir Hig

n (%) n (%) n (%) n (%) n (%) n (%)
Siit ve Siit Uriinleri
Siit 20(10) 36 (18) 62 (31) 18 (9) 21 (10.5) 43(21.5)
Yogurt 75 (37.5) 78 (39) 22 (11) 10 (5) 6 (3) 9 (4.5)
Ayran 54 (27) 66 (33) 52 (26) 11 (5.5) 1(0.5) 16 (8)
Beyaz Peynir 119(59.5) 47 (23.5) 18 (9) 6 (3) 2(1) 8 (4)
Tulum Peyniri 12 (6) 13 (6.5) 22 (11) 10 (5) 19 (9.5) 124 (62)
Kasar 38 (19) 59 (29.5) 52 (26) 19 (9.5) 9(45) 23(11.5)
Et, Yumurta, Kurubaklagil
Kirmiz1 Et 11 (5.5) 42 (21) 91 (45.5) 30 (15) 17 (8.5) 9 (4.5)
Sakatatlar 6 (3) 11 (5.5) 44 (22) 25(12.5) 48 (24) 66 (33)
Tavuk 11 (5.5) 36 (18) 109(54.5) 25(12.5) 11 (5.5) 8 (4)
Balik 2(1) 10 (5) 48 (24) 53(26.5) 59(29.5) 28 (14)
Yumurta 68 (34) 80 (40) 32 (16) 5(2.5) 3(15) 12 (6)
Sucuk/Sosis/Salam 7 (3.5) 32 (16) 60 (30) 27(13.5) 16 (8) 58 (29)
Kuru baklagiller 18 (9) 53 (26.5) 96 (48) 12 (6) 3(1.5) 18 (9)
Ceviz, badem vb. 29 (145) 37(18.5) 65 (32.5) 26 (13) 17 (8.5) 26 (13)
Sebze ve Meyveler
Yesil yaprakli sebzeler 39 (19,5) 56 (28) 70 (35) 12 (6) 6 (3) 17 (8.5)
Diger sebzeler 19 (9.5) 45 (22.5) 82 (41) 15 (7.5) 6 (3) 33 (16.5)
Patates 17 (8.5) 69 (34.5) 90 (45) 11 (5.5) 6 (3) 7 (3.5)
Turunggiller 31 (15.5) 56 (28) 72 (36) 17 (8.5) 5 (2.5) 19 (9.5)
Diger meyveler 30 (15) 75 (37.5) 56 (28) 18 (9) 6 (3) 15 (7.5)
Kuru meyveler 10 (5) 26 (13) 57 (28.5) 30 (15) 23(11.5) 54 (27)
Ekmek ve Tahillar
Beyaz ekmek 143(71.5) 21 (10.5) 3(1.5) 2(1) 3(1.5) 28 (14)
Tam tahilli ekmek 34 (17) 15 (7.5) 26 (13) 6 (3) 9(45) 110(55)
Piring 34 (17) 62 (31) 81(40.5) 6 (3) 5 (2.5) 12 (6)
Bulgur 15 (7.5) 40 (20) 105(52.5) 16 (8) 5(2.5) 19 (9.5)
Makarna 11 (5.5) 39 (19.5) 104 (52) 21(10.5) 10 (5) 15 (7.5)
Simit, borek, pasta vb. 5(2.5) 25 (12.5) 102 (51) 27(13.5) 17(85) 24(12)
Yagh ve Sekerli Uriinler
Bal, regel, pekmez 55 (27.5) 68 (34) 32 (16) 8 (4) 10 (5) 27 (13.5)
Zeytinyagi 85 (42.5) 41 (20.5) 33 (16.5) 6 (3) 6 (3) 29 (14.5)
Diger bitkisel yaglar 113(56.5) 38 (19) 13 (6.5) 2(1) 4(2) 30 (15)
Tereyagi 57 (28.5) 39 (19.5) 47 (23.5) 7 (3.5) 10 (5) 40 (20)
Margarin 20 (10) 37 (18.5) 33 (16.5) 14 (7) 9(45) 87(43.5)
Hamur tatlilart 5(2.5) 18 (9) 69 (34.5) 36 (18) 30 (15) 42 (21)
Siitli tathilar 5 (2.5) 23 (11.5) 76 (38) 43(21.5) 28(14) 25(12.5)
Seker 85 (42.5) 24 (12) 20 (10) 7 (3.5) 7(35) 57(28.5)
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Cizelge 2’nin devami

Fastfood Tarz Yiyecekler

Hamburger 1(0.5) 4(2) 26(13)  19(9.5) 45(22.5) 105 (52.5)
Tost 7 (3.5) 34(17)  80(40)  23(115) 23(115) 33(16.5)
Cikolata 39 (19.5) 61(30.5) 57(28.5) 13 (6.5) 6 (3) 24 (12)
Kurabiye / Biskiivi / Kraker 32 (16) 58 (29) 58 (29) 19 (9.5) 14 (7) 19 (9.5)
Patates /musir cipsleri 12 (6) 32 (16) 66 (33) 22 (11) 19 (9.5) 49 (24.5)
icecekler

Mesrubat 53 (26.5) 30 (15) 46 (23) 9 (4.5) 8(4) 54 (27)
Meyve sulari 38 (19) 30 (15) 56 (28) 20 (10) 7 (3.5) 49 (24.5)
Cay 177(885) 11(55) 10 (5) - - 2 (1)
Bitki caylart 29(145) 22(11) 25(125)  14(7)  17(85)  93(46.5)
Kahve 119(59.5) 32 (16) 22 (11) 5(2.5) 6 (3) 16 (8)

n: sayi, %: frekans

Saglik calisanlar1 ile yapilmis bir arastirmada
vardiyali calisanlarin siklikla sandvig, kek,
patates cipsi ve biskiivi tiikettigi bildirilirken
(Fernandes ve ark., 2013), gece vardiyasinda
calisanlarin sabah ve 6gleden sonra calisanlara
gore daha az miktarda meyve ve sebze tiikettigi,
doymus yag asidi iceren kizarmis yiyecekleri
daha fazla tiikettikleri rapor edilmistir (Canuto
ve ark., 2021; Khorasaniha ve ark., 2020; Newby
ve Tucker, 2004). Bir diger arastirmada ise,
doktorlarin fazla mesai saatlerinin sayisindaki
artis ile yetersiz meyve tiiketiminin pozitif yonde
iligkili oldugu gosterilmistir (Mota ve ark.,
2014). Mevcut arastirmada  ise, gece
vardiyasinda calisanlarin %32.1°1 geceleri daha
sik aciktiklarini; aciktiklarinda da siklikla
sirastyla, kraker/biskiivi vb. (%71.2), corba
(%13.1), meyve (%9.4) ve simit, pogaga vb.
(%6.3) tiikettiklerini ifade etmistir. Literatiir ile
benzer olarak mevcut ¢aligmada da sagliksiz
besin alternatiflerinin gece vardiyasinda siklikla
tiketilmesinin, bu bireyler i¢in obezite riskini
arttiran ~ nedenlerden  biri  olabilecegini
diistindiirmiistiir.

Saglikli bir beslenme modelinde yetigkinlerin
giinde 4-5 6giin tiikketmesi Onerilmektedir. Daha
az miktarda stk 0glin tiketimi, ortaya
cikabilecek hipoglisemiye ve hiperinsiilinemiye
kars1 koruma saglamaktadir (Lokie¢ ve Gorska-
Ciebiada, 2020). Yapilan bir arastirmada, saglik
calisanlarinin %60'1indan fazlas1 giinde en az 4
ogin  yemek  tiikettigini  belirtmis  ve

katilimeilarin ¢alisma sekline gore 6giin sayisi
istatistiksel ~ olarak anlamli  bir farklilik
gostermemistir (Wolska ve ark., 2022). Benzer
sekilde Kucharska ve arkadaslarinin, yaptiklari
bir ¢aligmada ise hemsirelerin %50'sinin giinde
4 ila 5 6giin yemek yedigi gosterilmistir (Alicja
Kucharska ve ark., 2018). Kahleova ve
arkadaslarinin yaptig1 bir arastirmada da giinde
3’ten fazla 6giin yapanlarin BKI degerlerinde
goreceli bir artis yasandigi ve giinde ne kadar
cok o6giin ve atistirmalik tiiketilirse BKI
degerlerindeki artisin da o kadar biiyiik oldugu
goriilmistir (Kahleova ve ark., 2017). Bu
calismada, vardiyali calisanlarin %212.5’inin,
vardiyali ¢aligmayanlarin ise %6.2’sinin 4 ve
tizeri 0gln yaptigr belirlenmistir. Vardiyal
calisanlarin BKI degerleri giinliik 6giin say1siyla
kiyaslandiginda 4 ve {istiinde 6giin yapanlarin, 3
6gin ve 1-2 6glin yapanlardan anlamli olarak
diistik oldugu gériilmiistiir (p<0.05). Calisma
sistemine gore BKi siniflandirmasi
degerlendirildiginde; vardiyasiz calisanlarin
%40.6’sinin  normal veya zayif, %50’sinin
preobezite, %9.4’iniin ise obezite olarak
tanimlanan araliklarda oldugu tespit edilmistir.
Vardiyali c¢alisanlarda bu oranlar sirasiyla
%38.7; %52.4; %8.9 olarak belirlenmis ve
aralarindaki fark istatistiksel olarak anlaml
bulunmamustir (p> 0.05) (Cizelge 3).

Yapilan ¢aligmalarda vardiyali ¢aligma sistemi
ile beslenme aliskanliklarinin  degisiklik
gosterdigi, vardiyali ¢alisanlarin siklikla 6gtin
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atladig1 ve en ¢ok atlanan 6giiniin 6gle ve/veya

kahvalti  oldugu  saptanmistir.  Glindiiz
vardiyasinda genellikle 0Ogle 0&giinii; gece
vardiyasinda kahvalti 6glinlinin  atlandig1

bildirilmistir (Gifkins ve ark., 2020; Kalmbach
ve ark., 2018; Lemke ve ark., 2016).
Calismamizda ise, vardiyali calisma giiniinde
bireylerin %73.3’tiniin 6glin atladigi, en ¢ok
atlanan Ogiiniin ise Ogle veya aksam Ogiini
(%48.2) oldugu gorilmiistiir.

Smith ve arkadaslarinin yaptig1 bir arastirmada,
glindiiz calisanlarla karsilastirildiginda, gece
veya karma vardiya programlarinda c¢alisan
kadin hemsirelerin BKI degerlerinin daha
yiikksek oldugu saptanmustir (Smith ve ark.,
2013). Vardiyali calisan isgilerde beslenme
durumu, uyku kalitesi ve metabolik sendrom
arasindaki  iliskinin  degerlendirildigi  bir
arastirmada ise, vardiyal calisan bireylerde BKi
degerlerinin diger gruba kiyasla daha fazla
oldugu goriilmiistiir (p<0.05) (Cakmak ve Kizil,
2018). Katilimcilarin egitim diizeyleri ve medeni
durumlarinin BKi degerlerine etkisi
incelendiginde, BKI degerlerinin ortalamalari
evlilerin, bekarlardan; iiniversite mezunlarmin
ise lise mezunlarindan yiiksek oldugu ancak
aralarindaki farkin istatistiksel olarak anlaml
olmadigi saptanmisgtir  (p>0.05). Vardiyali
caliganlarn ~ BKI  degerlerinin  vardiyal
caligmayanlara gore daha yiiksek oldugu ancak
istatistiksel olarak anlamli olmadig1 ve 3 yildan
fazla vardiyali ¢alisanlarm BKI ortalamalarmin
anlamli olarak daha yiiksek oldugu goriilmiistiir
(p<0.05) (Cizelge 4).

Calisanlarin BKI degerleri ile yas, vardiyal
caligma siiresi, gece vardiyasinda calisma ve
cocuk sayist ile korelasyonuna bakildiginda BKi
degerleri ile vardiyali ¢alisma ve ¢ocuk sayisi
arasinda pozitif yonlii anlamli bir korelasyon
gorilmiistir  (p<0.01). Bir  arastirmada
caligmamizla benzer sekilde vardiyali calisan
hemsirelerin BKI degerlerinde calisilan her 5 y1l
icin ortalama 0.17°lik bir artis oldugu
saptanmistir (Books ve ark., 2020). Vardiyali

calisma yili arttikca BKI degerlerinin artmast,
sirkadiyen ritmin bozulmasi sonucu dengesiz
enerji ve besin Ogesi alimi sonucu obeziteye
yatkinlhigin artisindan kaynakli olabilir.

Vardiyali c¢alisan katilimcilarin  %77.4’{linlin

calisgma  sisteminden olumsuz etkilendigi
belirlenmistir. Calisma sisteminden olumsuz
etkilendigini  belirtenlerin =~ %80’1  yasam

kalitesinin, %79’u uyku diizeninin ve beslenme
diizeninin olumsuz etkilendigini ifade etmistir.

Katilimcilarin -~ vardiyali calisma sisteminin
beslenme aligkanliklarina etkisi
sorgulandiginda; 06glin saatlerinin degismesi

(%37), oglin atlama (%23), normalden ¢ok
yemek yeme davramisi (%16) ve az yeme
davranis1 (%4) gibi degisiklikler bildirilmistir
(Sekil 1). Vardiyal ¢alisan katilimcilar ¢alisma
sistemleri nedeniyle sirasiyla; sindirim sistemi
sorunlar1 (%16), stres (%14), uykusuzluk (%12)
ve kronik yorgunluk (%12) gibi sorunlar1 daha
¢ok yasadiklarini ifade etmigtir.

Katilmeilarin = %37.5’1  yeterli ve dengeli
beslendigini disiiniirken %62.5’1 yeterli ve
dengeli beslenmedigini disiindiglinii
belirtmistir. Giindiiz vardiyasinda sabah, 6gle ve
aksam Ogiinlerini tiiketme oranlar1 sirasiyla
%63.5, %95 ve %92.5; gece vardiyasinda ise
%48.2, %45.8 ve %94.0 olarak tespit edilmistir.
Dinlenme giiniinde sabah 0Ogiiniin tiiketilme
oraninin  %78’¢ c¢iktig, 0&gle ve aksam
oglinlerinin tiikketilme oranin da %71.5 ve %97.0
oldugu gorilmiistiir (p<0.05).

Arizona Universitesinde vardiyali calisanlar ile
yapilan bir arastirmada katilimcilarm %60°nin
uykusuzluk nedeniyle daha fazla abur cubur
yeme isteklerinin olduklar1 rapor edilmistir
(Sanchez ve ark., 2018). Gece saatlerinde besin
tiikketimi arttiginda enerji alimi artar ancak enerji
harcanmas1 herhangi bir fiziksel aktivite
yapilmadig1 siirece diiger. Sonug olarak gece
besin aliminin artmasi obezite, metabolik
sendrom, kardiyovaskiiler hastaliklar gibi bircok
hastalik riskini vardiyali ¢aligma sisteminde olan
bireyler i¢in artirabilir (Azmi ve ark., 2020).
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Cizelge 3. Calisma diizeninin bazi beslenme aliskanliklar1 ve BKI degerlerine etkisi

Calisma Diizeni

Vardiyasiz Vardiyah
Giinliik 6giin sayisi n % n % p
1-2 6giin 62 18.8 74° 44.0
3 6giin 242 75.0 73° 435 0.005
4 6giin > 2° 6.2 21 12.5
En Sik Atlanan Ogiin
Ogiin atlamiyor 62 18.8 213 125
Sabah 22° 68.7 66 ° 39.3 0.003
Ogle/ Aksam 42 125 81b 48.2
BKI (kg/m?)*
<25 13 40.6 65 38.7
25-29.9 16 50.0 88 52.4 0.902
30< 3 9.4 15 8.9
Toplam 32 100 168 100
BKI: beden kiitle indeksi, n: sayi, %: frekans, Pearson kikare, p<0,05. a, b den farklidir. *DSO ’ye gére
smiflandirilmistir.
Cizelge 4. Farkli degiskenlerin BKI degerlerine etkisi
BKI (kg/ m?)
Degiskenler Ortalama +SS Ortanca (Alt-Ust) p
Medeni Durum
Evli 26.63 = 2.66 26.36 (19.57-33.51) 0.408
Bekar 24.65 +2.51 24.69 (17.58-31.02)
Egitim Durumu
Lise 25.78 + 2.64 25.55 (19.44-31.56) 0.390
Universite 26.05 +2.85 25.91 (17.58-33.51)
Cahisma diizeni
Vardiyasiz 25.90 +2.80 25.64 (20.76-31.35) 0.894
Vardiyal 25.95+2.77 25.84 (17.58-33.51)
Vardiyah Calisma Siiresi
<1 yil 25.44 +£2.49° 25.28 (20.76-31.35) 0.007*
1-3 yil 25.43 £ 2,592 25.56 (17.58-30.74)
3 yil< 26.69 +2.94° 26.47 (19.57-33.51)

BKI: beden kiitle indeksi, SS: standart sapma, Independent group t test, * One way Anova test, p<0,05. a, b den farkhdir.

Sonug¢ ve Oneriler

Vardiyali calisma sisteminin  beraberinde
getirdigi sirkadiyen ritimde bozulma sonucu
sagliksiz  beslenme aliskanliklarinin  arttig
bilinmektedir. Bu ¢calismada da vardiyali ¢aligma
siiresinin artmasi ile BKIi degerlerinde artis

oldugu gozlenmistir. Ayrica gece vardiyasinda
calisanlarin biskiivi/kraker gibi atigtirmaliklari
siklikla tercih ettigi ve 0Ogiin tiiketimlerinin
diizensiz  oldugu  goriilmistiir.  Bireylerin
sagliksiz besinleri siklikla tercih etmeleri ile
obezite riskinde ve buna bagl olarak da birgok
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kronik hastalik riskinde de artis oldugu
bilinmektedir. Bu nedenle vardiyali sistem ile
calisan bireylerin beslenme aligkanliklarini
olumlu yonde degistirebilmesi i¢in bu sistemin
uygulandigi i yerlerinde saglikli  besin
alternatiflerinin bulundugu kafeteryalar ve/veya
yemekhanelerin gece vardiyasi i¢in de aktif bir
sekilde hizmet vermesi gerekliliginin 6nemli
oldugu disiiniilmektedir. Ayni  zamanda
vardiyali ¢alisanlarin diizenli 68iin tiiketimlerini
desteklemek icin mola saatleri planlamasinin
iyilestirici bir uygulama olabilir. Ayrica bu
sistem ile c¢alisanlarin saglikli  beslenme
konusunda bilgi diizeylerinin arttirilmast igin
kurumlar arasi is birligi tesvik edilerek beslenme
egitimleri ve diyet danismanlig1 gibi hizmetleri
kapsayan protokoller uygulanabilir.

Vardiyali sistem ile ¢alisanlarin beslenme
davraniglarinin iyilesmesi, beslenme ile ilintili
kronik hastalik riskinin azalmast ve bu
hastaliklardan kaynakli mali yiik ve is giicii
yikiiniin ~ azaltilmasina  katki  saglama
potansiyeline sahiptir. Saglikli beslenmenin
iyilestirici etkisi ile ruh halinde iyilesme ve
beraberinde yasam Kkalitesinde de artig
goriilebilir. Sonu¢ olarak mevcut calisma
ciktilarinin, vardiyali calisma sisteminde goérev
yapan kisilerin saghgmin korumasi veya
iyilestirmesi adina ilgili alanda calisanlara ve
ilgili  kurumlara  fayda  saglayabilecegi
ongoriilmektedir.
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YASAM KALITESi OLUMSUZ ETKILENIR Mi?

Hayir
20%

80%

FiZIKSEL AKTIVITE DUZEYi OLUMSUZ
ETKILENIR Mi?

BESLENME DUZENi OLUMSUZ ETKILENIR Mi?

Hayir
21%

79%

UYKU DUZENi OLUMSUZ ETKILENIR Mi?

Hayir
21%

79%

vUCUT AGIRLIGI OLUMSUZ ETKILENIR Mi?

Hayir
40%

Evet
60%

BESLENME ALISKANLIKLARINA ETKISI

Etkilemiyor
20%

|

Ogiin |
saatinin
degismesi
37%

Ogiin
atlama
23%

Normalden faz

Normalden az yeme
16% 4%

Sekil 1. Vardiyali ¢aligma sisteminin etkiledigi davraniglar (n=168)



Vardiyali Calisma Sistemi ve Beslenme Ahskanhklari: Tekirdag T Tipi Kapah
Ceza Infaz Kurumunda Cahsanlar Uzerinde Bir Degerlendirme

Kaynaklar

Alicja Kucharska, Beata Sinska, Grazyna
Dykowska, & Zofia Sienkiewicz. (2018).
Wplyw  systemu zmianowego pracy
pielegniarek na ich  spos&#243;b
odzywiania i aktywno$¢ fizyczng. Zdrowie
Publiczne i Zarzqdzanie 16(2): 105-111.

Anonim. (2006). Ceza Infaz Kurumlarinin
Yonetimi ile Ceza ve  Giivenlik
Tedbirlerinin infaz1 Hakkinda Tiiziik.

Azmi, N. A. S. M., Juliana, N., Teng, N. I. M. F.,
Azmani, S., Das, S., Effendy, N. (2020).
Consequences of Circadian Disruption in
Shift Workers on Chrononutrition and their
Psychosocial Well-Being. International
journal of environmental research and
public health 17(6).

Banks, S., Dorrian, J., Grant, C., Coates, A.
(2015). Circadian Misalignment and
Metabolic Consequences: Shiftwork and
Altered Meal Times. Modulation of Sleep
by Obesity, Diabetes, Age, and Diet 155-
164.

Boivin, D. B., Boudreau, P. (2014). Impacts of
shift work on sleep and circadian rhythms.
Pathologie Biologie 62(5): 292-301.

Bonham, M. P., Bonnell, E. K., Huggins, C. E.
(2016). Energy intake of shift workers
compared to fixed day workers: A
systematic review and meta-analysis.
Chronobiology international 33(8): 1086-
1100.

Books, C., Coody, L. C., Kauffman, R,
Abraham, S. (2020). Night Shift Work and
Its Health Effects on Nurses. The health
care manager 39(3): 122-127.

Canuto, R., Garcez, A., Spritzer, P. M., Olinto,
M. T. A. (2021). Associations of perceived
stress and salivary cortisol with the snack
and fast-food dietary pattern in women
shift ~ workers.  Stress  (Amsterdam,
Netherlands) 24(6): 763-771.

251

Cayanan, E. A., Eyre, N. A. B,, Lao, V., Comas,
M., Hoyos, C. M., Marshall, N. S., Phillips,
C. L., Shiao, J. S. C., Guo, Y. L. L.,
Gordon, C. J. (2019). Is 24-hour energy
intake greater during night shift compared
to non-night shift patterns? A systematic
review.  Chronobiology International
36(12): 1599-1612.

Centofanti, S., Dorrian, J., Hilditch, C., Grant,
C., Coates, A., Banks, S. (2017). Eating on
nightshift: A big vs small snack impairs
glucose response to breakfast.
Neurobiology of sleep and circadian
rhythms, 4: 44-48.

Chen, Y., Lauren, S., Chang, B. P., Shechter, A.
(2018). Objective Food Intake in Night and
Day Shift Workers: A Laboratory Study.
Clocks & Sleep 1(1): 42-49.

Cakmak, G., Kizil, M. (2018). Vardiyali Calisan
Iscilerde Beslenme Durumu, Uyku Kalitesi
ve Metabolik Sendrom Arasindaki Iliski.
Beslenme ve Diyet Dergisi 46(3): 266-275.

Dashti, H. S., Scheer, F. A. J. L., Saxena, R.,
Garaulet, M. (2019). Timing of Food
Intake: Identifying Contributing Factors to
Design Effective Interventions. Advances
in nutrition 10(4): 606-620.

Dorrian, J., Heath, G., Sargent, C., Banks, S.,
Coates, A. (2017). Alcohol use in
shiftworkers.  Accident  Analysis &
Prevention 99: 395-400.

European Foundation for the Improvement of
Living and Working Conditions. (2019).
Working  conditions in a global
perspective.
https://www.eurofound.europa.eu/en/publi
cations/2019/working-conditions-global-
perspective.

Fernandes, J. da C., Portela, L. F., Rotenberg, L.,
Griep, R. H. (2013). Working hours and
health behaviour among nurses at public



Vardiyali Calisma Sistemi ve Beslenme Ahskanhklari: Tekirdag T Tipi Kapah
Ceza Infaz Kurumunda Cahsanlar Uzerinde Bir Degerlendirme

hospitals. Revista latino-americana de
enfermagem 21(5): 1104-1111.

Gifkins, J., Johnston, A., Loudoun, R., Troth, A.
(2020). Fatigue and recovery in
shiftworking nurses: A scoping literature
review. International Journal of Nursing
Studies 112.

Gupta, C. C., Coates, A. M., Dorrian, J., Banks,
S. (2019). The factors influencing the
eating behaviour of shiftworkers: what,
when, where and why. Industrial Health
57(4): 419-453.

Haus, E., Smolensky, M. (2006). Biological
clocks and shift work: circadian
dysregulation and potential long-term
effects. Cancer causes & control: CCC
17(4): 489-500.

Heath, G., Dorrian, J., Coates, A. (2019).
Associations between shift type, sleep,
mood, and diet in a group of shift working
nurses. Scandinavian Journal of Work,
Environment & Health 45(4): 402-412.

Heath, G., Roach, G. D., Dorrian, J., Ferguson,
S. A., Darwent, D., Sargent, C. (2012). The
effect of sleep restriction on snacking
behaviour during a week of simulated
shiftwork. Accident Analysis & Prevention,
45(SUPPL.): 62-67.

International Agency for Research on Cancer.
(2020). IARC Working Group on the
Identification of Carcinogenic Hazards to

Humans. Night Shift Work.
https://www.ncbi.nlm.nih.gov/books/NBK
568199/#a006.sec1.2

Kahleova, H., Lloren, J. I., Mashchak, A., Hill,
M., Fraser, G. E. (2017). Meal Frequency
and Timing Are Associated with Changes
in Body Mass Index in Adventist Health
Study 2. The Journal of nutrition 147(9):
1722-1728.

Kalmbach, D. A., Anderson, J. R., Drake, C. L.
(2018). The impact of stress on sleep:

Pathogenic  sleep  reactivity as a
vulnerability to insomnia and circadian
disorders. Journal of sleep research 27(6).

Khorasaniha, R., Siassi, F., Khajehnasiri, F.,
Qorbani, M., Sotoudeh, G. (2020). Dietary
patterns in relation to inflammation in shift
workers. BMJ military health 166(4): 221-
226.

Kosmadopoulos, A., Kervezee, L., Boudreau, P.,
Gonzales-Aste, F., Vujovic, N., Scheer, F.
A. J. L., Boivin, D. B. (2020). Effects of
Shift Work on the Eating Behavior of
Police Officers on Patrol. Nutrients 12(4),
999.

Lauren, S., Chen, Y., Friel, C., Chang, B. P,
Shechter, A. (2020). Free-Living Sleep,
Food Intake, and Physical Activity in Night
and Morning Shift Workers. Journal of the
American College of Nutrition, 39(5), 450-
456.

Lemke, M. K., Apostolopoulos, Y., Hege, A.,
Sonmez, S., Wideman Lemke, L. M.
(2016). Understanding the role of sleep
quality and sleep duration in commercial
driving safety under a Creative Commons
Attribution-Non-Commercial-
NoDerivatives 4.0 License (CC BY-NC-

ND);
https://creativecommons.org/licenses/by-
nc-nd/4.0.

Lokie¢, K., Gorska-Ciebiada, M. (2020).

Nutritional behaviours of shift workers.

Medycyna Ogdlna i Nauki o Zdrowiu
26(3): 213-220.

Lopez-Minguez, J., Saxena, R., Bandin, C.,
Scheer, F. A., Garaulet, M. (2018). Late
dinner impairs glucose tolerance in
MTNR1B risk allele carriers: A
randomized, cross-over study. Clinical
Nutrition 37(4): 1133-1140.

Lowden, A., Moreno, C., Holmbick, U.,
Lennernds, M., Tucker, P. (2010). Eating
and shift work-effects on habits,

252



Vardiyali Calisma Sistemi ve Beslenme Ahskanhklari: Tekirdag T Tipi Kapah
Ceza Infaz Kurumunda Cahsanlar Uzerinde Bir Degerlendirme

metabolism and performance.
Scandinavian journal of work,
environment & health, 36(2): 150-162.

Mason, I. C., Qian, J., Adler, G. K., Scheer, F.
A. J. L. (2020). Impact of circadian
disruption on glucose metabolism:
implications for type 2 diabetes.
Diabetologia, 63(3): 462-472.

Mota, M. C., Waterhouse, J., De-Souza, D. A.,
Rossato, L. T., Silva, C. M., Aratjo, M. B.
J., Tufik, S., De Mello, M. T., Crispim, C.
A. (2014). Sleep pattern is associated with
adipokine levels and nutritional markers in
resident  physicians.  Chronobiology
International 31(10): 1130-1138.

Newby, P. K., Tucker, K. L. (2004). Empirically
derived eating patterns using factor or
cluster analysis: a review. Nutrition
reviews 62(5): 177-203.

Peplonska, B., Bukowska, A., Sobala, W.
(2015). Association of Rotating Night Shift
Work with BMI and Abdominal Obesity
among Nurses and Midwives. PloS one
10(7).

Peptonska, B., Nowak, P., Trafalska, E. (2019).
The association between night shift work
and nutrition patterns among nurses: a

literature review. Medycyna Pracy.
Workers’ Health and Safety 70(3): 363-
376.

Reid, K. J., Baron, K. G., Zee, P. C. (2014). Meal
timing influences daily caloric intake in
healthy adults. Nutrition research 34(11):
930.

Sanchez, C., Killgore, W., Gehrels, J., Alfonso-
Miller, P., Grandner, M. (2018). Nighttime
Snacking: Prevalence And Associations
With Poor Sleep, Health, Obesity, And
Diabetes. Sleep 41(suppl_1): A49-A50.

Shaw, E., Dorrian, J., Coates, A. M., Leung, G.
K. W., Davis, R., Roshotham, E., Warnock,
R., Huggins, C. E., Bonham, M. P. (2019).

Temporal pattern of eating in night shift
workers.  Chronobiology International
36(12): 1613-1625.

Smith, P., Fritschi, L., Reid, A., Mustard, C.
(2013). The relationship between shift
work and body mass index among
Canadian  nurses.  Applied  Nursing
Research 26(1), 24-31.

Wang, X. S., Armstrong, M. E. G., Cairns, B. J.,
Key, T.J.,, Travis, R. C. (2011). Shift work
and chronic disease: the epidemiological
evidence. Occupational medicine 61(2),
78-89.

WHO. (2010). A healthy
recommendations.
https://www.who.int/europe/news-
room/fact-sheets/item/a-healthy-lifestyle--
-who-recommendations

lifestyle-WHO

Wolska, A., Stasiewicz, B., Kazmierczak-
Siedlecka, K., Zietek, M., Solek-Pastuszka,
J., Drozd, A., Palma, J., Stachowska, E.
(2022). Unhealthy Food Choices among
Healthcare Shift Workers: A  Cross-
Sectional Study. Nutrients 14(20).

253



	Slayt 1
	Slayt 2
	Slayt 3
	Slayt 4
	Slayt 5

