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ABSTRACT

In this study, oleogels were produced with a wax mixture (sunflower wax, SW; beeswax, BW) instead of
single wax in order to reduce the total wax addition level and maintain the optimal propetties of the oleogels.
The textural and thermal properties were evaluated using the response surface methodology to determine
the optimum wax addition level to form a gel with the similar properties to margarine. The firmness values
and melting point were dominated by SW levels in the wax mixture. The XRD patterns showed that all of
the samples had the 8" polymorphic form. The optimization results showed that oleogel prepared with
0.20%-SW and 2.80%-BW had lowest melting peak (46.42 °C). In conclusion, using a wax mixture instead
of single wax type, a structurally stable gel with a lower melting point could be formed at a lower wax addition
level.

Keywords: Oleogel, optimization, stability, thermal, wax mixture, response surface methodology

AYCICEGI YAGI OLEOJELLERINDEKI MUM ILAVE SEVIYESININ YANIT
YUZEY YONTEMIYLE OPTIiMiZASYONU

oz

Bu calismada, oleojellerin istenilen optimal 6zelliklerini korumak ve mum katk: miktarini azaltmak
icin tek mum yerine mum karisimt (aycicegi mumu, SW; balmumu, BW) kullanilarak oleojeller
uretilmistir. Tekstlrel ve termal 6zellikler, margarine en yakin 6zelliklere sahip bir jel olusturmak igin
optimum mum ilave seviyesini belirlemek tizere, yanit ylizey yontemi kullanilarak degerlendirilmistir.
Oleojel 6rneklerinin sertlik ve ergime noktasi degerlerinin, daha ¢cok mum karisimindaki SW oranina
baglt oldugu gézlemlenmistir. XRD desenleri, tiim numunelerin ' polimorfik forma sahip oldugunu
gostermistir. Optimizasyon sonuglarina gore, en diisitk ergime noktasina (46,42 °C) sahip oleojelin
%0,20SW ve %2,80BW ile hazirlanan oleojel oldugu belirlenmistir. Sonug olarak, tek mum yerine bir
mum karisimi1 kullanilarak, daha disiik bir mum ekleme seviyesinde, daha diistik bir ergime noktasina
sahip, yapisal olarak da kararli bir jel olusturulabilecegi tespit edilmistir.

Anahtar kelimeler: Oleojel, optimizasyon, stabilite, termal, mum karisimi, yanit ylizey yontemi
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INTRODUCTION

Organogel is a popular technique used for
structuring liquid oils in food science, particularly
in the last decade. When oils ate structured via
organogelation, the products are called oleogels.
Oleogels range in appearance from opaque to
transparent, and have different colors depending
on the source of the oil and the gelators used. On
the other hand, oleogels have been seen as
spreadable fat alternatives due to some
advantages such as low saturated fat, no #rans fat
and no change in fatty acid composition, and a
wide melting and spreadability ranges (Co and
Marangoni, 2012; Hwang et al., 2012; Hwang et
al., 2013; Patel et al., 2014; Ogiitcii et al., 2015). In
order to structure oil, many gelators were
reported, such as fatty alcohols, fatty acids, mono
and diglycerides, y-oryzanol and B-sitosterol
mixture, and natural waxes. Particularly, wax-
based oleogels are most popular and known
oleogel structure. When compared to other
organogelators, waxes have some advantages.
They are inexpensive and relatively easy to obtain
according to other gelators. Besides, they provide
stable oleogel structure with low addition level, a
wide range of melting points, and various
firmness and stickiness values (Co and
Marangoni, 2012; Hwang et al., 2013). For the
reasons mentioned above, many researchers have
reported oleogels prepared with different waxes
(Dassanayake et al., 2009; Hwang et al., 2012;
Patel et al., 2014; Yilmaz and Ogiitcii, 2014). The
waxes mostly used as gelators in the literature are
sunflower, rice bran, candelilla, carnauba, berry,
shellac wax, and beeswax (Dassanayake et al.,
2009, Hwang et al., 2012; Patel et al., 2014; Yilmaz
and Ogiitcii, 2014).

Particularly, spreadable margarine or butter is
required to have some physical, sensory, and
structural features compared to other fats. The
most important features that play a key role in
consumer preferences are smooth texture, a
bright appearance, and spreadability.
Furthermore, the melting points of such products
are very important for consumer health. Hence,
margarine should melt at body temperature to
minimize cardiovascular risk (Co and Marangoni,
2012; Hwang and Winkler-Moser, 2020). In the

literature, many studies have reported oleogels as
an alternative to butter and margarine prepared
with different waxes and vegetable oils (Hwang et
al., 2013; Ogiitcii and Yilmaz, 2014; Yilmaz and
Ogiitcii, 2014; Patel et al., 2014 Ogiitcii et al.,
2015; Yilmaz and Ogiitcii, 2015). As a result of
these studies, it was determined that the firmness,
stickiness, color, polymorphic form, acid and
peroxide values of the developed oleogels were
similar to those of the commercial ones. On the
other hand, the melting point of the developed
oleogels was reported to be higher than that of
commercial margarine, which stands as the
biggest problem in front of the commercialization
of oleogels (Hwang et al., 2013; Patel et al., 2014;
Yilmaz and Ogiitcii, 2014; Ogiitcii and Yilmaz,
2014; Ogiitcii et al., 2015; Yilmaz and Ogiitcii,
2015; Mandu et al., 2020). As is well known, the
melting point, saturated fat content, spreadability
and stability of oleogels depend on wax addition
levels and wax types. In order to lower the melting
point, the wax addition level must be reduced;
however, this also negatively affects the oil-
binding capacity and stability of oleogels (Hwang
et al., 2012; Mandu et al., 2020). Therefore, in the
literature, stable minimum gel formation
concentrations for wax oleogels were determined
and higher addition levels were investigated
(Hwang et al., 2012; Yilmaz and Ogiitcii, 2014).
All of the studies mentioned above used various
wax types, except wax mixture. Very recent
studies by Winkler-Moser et al. (2019 and 2023),
Hwang and Winkler-Moser (2020), and Ghazani
et al. (2022) reported oleogels prepared with wax
blends; however, these studies did not include
optimization. Moreover, Wettlaufer et al., (2021)
reported characteristics of oleogels prepared with
mixture of waxes and their hydrolyzates. Recently,
Thakur et al. (2022) reported optimization of
processing parameters of soybean oil-carnauba
wax oleogels. The aim of this study was to
optimize the wax mixture level to be used in the
production of sunflower oil oleogels structured
with a mixture of beeswax and sunflower wax,
exhibiting a spreadability and melting point
similar to margarine.
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MATERIAL AND METHODS

Materials

The commercial sunflower oil was purchased
from the local market in Canakkale, Tirkiye. The
beeswax (BW) and sunflower wax (SW) were
purchased from KahlWax (Kahl GmbH & Co.,
Trittau, Germany). All other chemicals used in
analysis were purchased from Merck (Darmstadt,
Germany) and Sigma-Aldrich (St. Louis, USA),
and all chemicals were of analytical grade.

Preparation of oleogels

For the preparation of the oleogels, a certain
amount of the sunflower oil and waxes (w:w) (BW
and SW) were weighted into the beher-glass, and

the mixture was heated at 80 °C in water bath. The
wax addition level and sample codes are given in
Table 1. When the waxes were completely melted,
the oil-wax mixture was stirred at 80 °C and 200
rpm for 3 min on the magnetic heating plate (IKA
RCT Basic, China). The temperature of the oil-
wax mixture was controlled with a digital
thermometer during the production process.
After this process, the mixture was filled into the
falcon tubes and cooled at 25 °C in the
refrigerated incubator for 24 hours. At the end of
the cooling process, the oleogels were stored at
the same temperature, and the planned analyses
were performed.

Table 1. Sample codes, variables and CCD matrix for oleogels prepared with sunflower oil, beeswax
and sunflower wax blend.

Treatment Concentrations Response Variables
To Melting . o
BW SW o . Firmness Stickiness

Samples  BW. SWo 0y g O ﬁfgt (g force) (g force)
S1 0 0 3 3 31.70 56.02 682.25 824.31
S2 -1 1 1 5 34.07 61.11 743.64 830.71
S3 0 -1414 3 0.17 31.76 45.67 52.76 68.91
S4 -1 -1 1 1 32.40 51.15 29.66 39.79
S5 1.414 0 5.83 3 31.99 56.56 1291.94 1506.95
S6 0 0 3 3 31.83 53.84 645.84 8006.96
S7 1 1 5 5 32.49 59.04 2008.74 2282.14
S8 0 0 3 3 31.53 55.66 664.04 815.64
S9 0 0 3 3 31.06 56.56 651.15 701.10
S10 0 0 3 3 30.41 58.35 700.94 802.05
S11 1 -1 5 1 31.20 50.71 288.10 324.90
S12 0 1.414 3 5.83 32.16 60.86 1625.32 1932.87
S13 -1.414 0 0.17 3 36.29 58.59 247.78 289.62
*OFM - - 5.50 0.50 - 48.69 205.16 220.20
*OM - - 2.80 0.20 - 46.42 - -

SW: sunflower wax, BW: beeswax, OFM: oleogels with 5.50%BW and 0.50%SW OM: Oleogels with 2.80%BW

and 0.20%8W, To. onset temperature.

*The results are predicted values obtained from the multiple response optimization results.

Measurements

The measurements of physicochemical properties

The oil-binding capacity (OBC) was measured by
the method described in detail in Yilmaz and
Ogiitcii (2014). The color values of the prepared
oleogels were determined wusing Precision
Colorimeter (NR20XE, Shenzhen 3nh Tech. Co.,

China), and the results were expressed as L, a* and
b*.

The measurement of crystal morphology and textural
properties

The firmness and stickiness values of the oleogels
were measured with a Texture Analyzer (TA-HD
Plus, Stable Microsystems, UK) equipped with
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spreadability rig (T'A 425; TTC). The textural
measurements were performed at 25 °C, and the
test specifications were as follows: test speed at
3.0 mm/sec, post-test speed at 10 mm/sec and
distance of 23.00 mm (Moskowitz, 1987). The
data obtained from the texture analyzer were
evaluated using an instrument software (Texture
Exponent v.6.1.1.0, Stable Microsystems, UK).
The X-ray diffraction (XRD) patterns of the
oleogels were determined by XRD (Empyrean
PANalytical, Netherlands), and the XRD data
were evaluated by an instrument software (X’Pert
Highscore Plus, Netherlands). For the XRD
measurements, the angular scans in the 2.0° to 50°
2-theta range were performed with a scan rate of
2°/min and a Cu source X-ray tube (A = 1.54056
A, 45 kV and 40 mA).

6000
5000
4000
3000

2000

MW Dsa

1000

-1000

-2000

0.17%-BW+3.0%-SW

The measurement of thermal properties

For the determination of the melting points of the
prepared  oleogels,  differential  scanning
calorimeter (DSC) were used (Hitachi DSC7020,
Japan). For the thermal properties of the oleogels,
5-7 mg gel samples were weighted into aluminum
pan (also used as a reference), and the pan was
then closed hermetically. Then, the samples were
heated from 25 to 90 °C at a heating rate of 5
°C/min under Nz gas (flow rate at 50 ml/min) for
the determination of the onset (1v) and peak (Tp)
temperatures of the oleogel samples. The To and
melting temperatures of the samples were
calculated with the instrument software (TA7000
Measurement 10.5v, Hitachi High-Tech Science
Corp.) from the obtained thermograms. The
example of DSC thermograms is given in Figure
1.

0 20

40 60 80 100

Temperature (°C)

Figure 1. An example of the differential scanning calorimeter thermograms of the oleogels prepared
with sunflower and beeswax mixtures.

Statistical Analysis

For the determination of the effects of the
independent variables on the physicochemical,
thermal and textural properties of the oleogels,
the Response Surface Methodology (RSM) was
used. A Central Composite Design (CCD) was
applied, and the CCD matrix is given in Table 1.
Each treatment code was repeated two times. The

obtained data were analyzed with the Minitab 17
(17.1.0, 2013) software for surface plots and for
the determination of the optimal concentrations.
The second-order model, which was used for the
description of the effects of the wax type and
addition level on the response, is given as follows;
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k k k—-1,k
Y =8+ Z BiX; + Zﬁiixzzi + Z BijXiX; + ¢
= = =12

where Xi and Xj are the independent variables
affecting the response variable (Y), Bi and B, Bj
are the coefficients of the linear effect and double
interactions, {3 is the intercept, and ¢ is the error.

RESULTS AND DISCUSSION
Physicochemical properties

Recent studies showed that oleogel structuring
conditions such as gelator concentrations, types,
shear and cooling rate etc. greatly affect the
textural properties of oleogels (Blake and
Marangoni, 2015a; Blake and Marangoni, 2015b;
Thakur et al., 2022). Therefore, in order to
determine and observe the effect of wax types and
concentrations on oleogel properties, the oleogels
used in the study were produced at both constant
temperature and constant mixing and constant
cooling rate. One of the most important problems
with oil-based foods is that oil release negatively
affects consumer preferences, which can reduce
the reputation of manufacturers and cause
economic losses (Ogiitcii et al., 2017). Oil release
and phase separation depend on the structural
stability of the system, and as is well known, oil-
binding capacity is one of the important
indicators of the gel stability (Ghazani et al.,
2022). High gel stability also means preventing oil
release from gel structure or restricting of oil
leakage (Ghazani et al., 2022). All of OBC values
of the gels were higher than >98% (Table 2).
There were no statistically significant differences
between the oleogel samples in terms of OBC
values (p=0.05). Therefore, the effects of the
waxes on the OBC values were not meaningful,
according to these results. However, previous
studies reported that SW-gels had lower crystal
formation time and minimum = gelling
concentrations than BW-gels (Hwang et al., 2012;
Yimaz and Ogiitci, 2014). Waxes form
structurally stable oleogels at minimum gel
forming concentration and/or higher addition
levels. Therefore, the SW-gels had higher OBC
than the BW-gels at 3% addition level or less, as
expected. In this regard, even the addition of SW
at low concentrations increased the stability of the
BW-based gels. Both the literature findings and

our results showed that SW was more effective at
restricting oil leakage. Recent research reported
that oleogels with a mixture of SW and BW (1:1,
1:3 and 3:1) had higher oil binding capacity than
pure ones (Ghazani et al., 2022). The most
influential factor in consumer purchasing
preferences is mostly appearance and color for
food products (Ogiitcii et al., 2015; Yilmaz and
Ogiitcii, 2015). The color values (L, a* and b*) of
the oleogels were affected by wax type and
addition level (Table 2). The color values of the
oleogels showed that the L and b* values of the
oleogels increased with an increase in the total
wax addition level. Similar results were reported
that olive oil oleogels prepared with BW and SW
(Yilmaz and Ogiitcii, 2014). Additionally, it is
possible to produce oleogels of various colors,
not only with different waxes, but also by varying
the level of the wax added to wax mixtures.

Crystal morphology and textural properties

Polymorphism is defined as fats having different
structural forms depending on their thermal
history. Polymorphic forms affect the structural
stability, texture and sensory properties of
products as well as consumer perception. There
are three main forms named o, B and B'. The
stability of polymorphic forms decreases in the
order 8 > ' > a. In addition, especially from these
polymorphic forms, the B’ polymorphic form is
demanded in spreadable products or similar
products, as it provides a desired, smooth and
mouth-melting structure (Lawler and Dimick,
2008; Mandu et al, 2020). The o and §
polymorphic forms are characterized by XRD
pattern peaks around 4.10 and 4.50 A,
respectively, while the 3’ form has a peak around
4.10 and 3.70 A (Dassanayake et al., 2009; Le
Reverend et al., 2010). The XRD patterns of
oleogel samples are given in Table 3. According
to the XRD patterns, all of the samples had peaks
around 3.70 and 4.10 A that showed the presence
of the B’ polymorphic form. As a result, the
oleogels were prepared with BW and SW mixtures
had the desired smooth and stable structure like
margarine and table spreads. On the other hand,
the peak intensity increased with the increasing
wax addition level. It was determined that the
added SW level was more decisive on gel stability,
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especially when less than 5% BW was used as the
gel agent. Previously studies reported similar

results about the crystal structure of wax oleogels
(Yilmaz and Ogiitcii, 2014; Ogiitcii et al., 2015;

Mandu et al., 2020; Ghazani et al., 2022). The
XRD patterns indicated that oleogels prepared
with waxes
preferred and desired by consumer.

have a margarine-like texture

Table 2. Oil-binding capacity and colour values of the oleogels prepared with sunflower oil, beeswax
and sunflower wax blends.

OBC

Samples ) L a* b*

S1 100+0.01 53.8810.04<" -1.98+0.01b 6.13+0.014
S2 99.98+0.01 57.79%0.014 -1.96+0.01b 6.02+0.01¢
S3 99.97+0.01 32.74+0.01n -1.21£0.01ab 4.13+0.01i
S4 99.41+0.51 24.28+0.04i -0.55+0.012 5.1540.03¢
S5 99.97+0.01 58.9310.03¢ -1.6520.01ab 6.24+0.01¢
S6 100£0.01 53.88+0.04¢ -1.98+0.01b 6.13+0.014
S7 99.98+0.01 63.58+0.01° -1.79+0.01b 6.85+0.01a
S8 100£0.01 53.88+0.04¢ -1.98+0.01b 6.13+0.014
S9 100%0.01 53.8810.04¢ -1.98+0.01b 6.13+0.014
S10 100+0.01 53.88+0.04¢ -1.98+0.01b 6.1320.014
S11 99.99+0.01 48.43+0.03f -1.90£0.01b 5.35+0.02f
S12 99.96+0.02 63.8710.04z -1.94+0.04b 6.52+0.01b
S13 99.78+0.27 43.17+0.012 -1.61£0.01a 4.2740.01h

OBC: oil-binding capacity.
*The small letters show the differences among the samples in the same column (p=<0.05).

Table 3. The XRD patterns of the oleogels prepared with sunflower oil, beeswax and sunflower wax

blends.
Samples  2-theta d-sapcing (A)
S1 2.75,3.90, 19.43, 21.35, 21.47, 23.75, 40.21 32.10,22.62, 4.56, 4.16, 4.13, 3.74, 2.24
S2 2.01, 4.00, 19.27, 21.50, 23.87, 46.85 43.77, 22.07, 4.60, 4.13, 3.72, 1.93
S3 4.77,17.81, 18.62, 19.33, 21.36, 23.73 18.51, 4.98, 4.76, 4.58, 4.15, 3.74
S4 4.77,18.74, 21.14, 23.54 18.50, 4.73, 4.20, 3.77
S5 3.90, 19.32, 21.42, 23.81, 35.94, 40.31 22.62,4.58,4.14,3.73, 2.49, 2.23
S6 2.75, 3.90, 19.43, 21.35, 21.47, 23.75, 40.21 32.10,22.62, 4.56, 4.16, 4.13, 3.74, 2.24
S7 3.88, 19.43, 21.48, 23.77, 40.22 22.75,4.56, 4.13, 3.74, 2.24
S8 2.75, 3.90, 19.43, 21.35, 21.47, 23.75, 40.21 32.10,22.62, 4.56, 4.16, 4.13, 3.74, 2.24
S9 2.75, 3.90, 19.43, 21.35, 21.47, 23.75, 40.21 32.10,22.62, 4.56, 4.16, 4.13, 3.74, 2.24
S10 2.75, 3.90, 19.43, 21.35, 21.47, 23.75, 40.21 32.10,22.62, 4.56, 4.16, 4.13, 3.74, 2.24
S11 19.32, 21.40, 23.79, 4.58, 4.15, 3.73,
S12 2.63, 3.84, 19.09, 19.70, 21.47, 23.79, 36.02 33.55, 22.96, 4.64, 4.50, 4.13, 3.73, 2.49
S13 3.94,19.06, 19.72, 21.40, 23.77, 40.11 22.40, 4.65, 4.50, 4.15, 3.74, 2.24
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As well as the color and crystal structures of
foods, their textural properties ate one of the
most important parameters that affect consumer
perception, preferences and purchasing decisions
(Yilmaz and Ogiitcii, 2015). Spreadability is one
of the most important quality criteria among
textural parameters in margarine and other table-
spreads. Spreadability is defined as the degree to
which the sample is homogeneously dispersed on
a surface (Moskowitz, 1987; Yilmaz and Ogiitcii,
2015). However, it is difficult to measure
instrumentally; therefore, samples with medium
firmness and stickiness are considered to be more
spreadable (Yilmaz and Ogiitcii, 2015). For the
determination of the optimum concentration and
effect of wax type on the thermal and textural
properties (firmness and stickiness) of the
sunflower oil oleogels, the RSM plots were
created and are given in Figures 2a and 2b.
Additionally, the Analysis of Variance (ANOVA)
results for the textural properties are shown in
Table 4. The results clearly indicated that the wax
type and wax concentration significantly affected
the firmness and stickiness values of the oleogels
(Table 4). According to the ANOVA results, the
quadratic coefficient, linear coefficient and
interaction coefficient were significantly effective
on both firmness and stickiness values. The R?2
and the adjusted-R? indicated the suitability and
accuracy level of the model; hence, the R? and
adjusted R2should not only have high values, but
also be close to each other. The R? and adjusted-
R? of the firmness were 99.65 and 98.40%, while
the stickiness was 99.55 and 99.24%, respectively.
The results demonstrated that more than 98% of
the wvariable variance depended on wax
concentrations. The firmness wvalues of the
oleogels ranged from 29.66— 2008.74 g force (0.30
— 19.70 N). The oleogels prepared with 1%BW
and 1%SW had lower firmness values, while the
oleogels prepared with 5%BW and 5%SW had
higher firmness values, as expected. The textural
measurements showed that both the total wax
addition level and wax types were effective on the
firmness and stickiness values of the oleogels.
Similar to our findings, Ghazani et al. (2022)
reported that hardness of gels increased with an
increase in total wax addition level and depended
on the wax types used in wax mixtures. There was

a close positive correlation between the firmness
and stickiness values of the gels. Hence, similar
results were also observed for the stickiness
values. The surface plots showed that the
firmness and stickiness values of the oleogels
increased with increasing wax concentration, and
that, particularly, the SW level was more effective
than the BW addition level on the oleogel textures
(Figures 2a, 2b). For oleogels formed with plain
BW, the minimum gel formation concentration
should be 5% and above, not only for the stability
of the gel but also for the high OBC value.
However, the melting curve in DSC thermograms
was reported to correlate with solid fat content
(SFC) (Tengku-Rozaina and Birch, 2015).
Accordingly, when the wax concentration
increases, the SFC and melting temperature of the
samples increase (Figure 1). Moreover, when a
mixture of BW and SW is used as a gel agent, the
SFC value decreases, and the production cost is
reduced. At the same time, this means a healthier
product. The above-mentioned results showed
that using a mixture of BW and SW reduced the
total wax concentration for stable oleogel
formation, resulting in more economical, stable,
healthier products than the oleogels formed using
BW or SW alone.

Thermal properties

The melting point of such food products is an
important parameter in terms of health as well as
consumer  preferences and  perceptions.
Generally, the melting point of the spreadable-
breakfast margarine is 36 °C, the same as human
body temperature as well as it has moderate
firmness and stickiness values (Ogiitcii and
Yilmaz, 2014). The To temperature of the oleogels
prepared with BW and SW blends ranged from
30.41 to 36.29 °C. In addition, the melting points
of the prepared oleogels ranged from 45.67°C
(0.17%SW:3%BW) to 61.11 °C (5%SW: 1%BW).
Similar results were reported by Dassanayake et
al. (2009), Hwang et al. (2012), Ogiitcii and
Yilmaz (2014) and Ogiitcii and Yilmaz (2015).
The thermal results indicated that the oleogels
prepared with wax mixture allowed gel formation
in the desired melting range (Table 1). The RSM
plots of To temperature and melting point of the
SW: BW mixture oleogels are given in Figures 2c
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and 2d, and the ANOVA results are shown in
Table 4. The ANOVA results showed that the
linear and quadratic coefficients were statistically
significant, while the two-way interaction model
coefficients were not. The R? and the adjusted R?
were 94.92 and 91.29%, respectively. The results
showed that the total wax addition level, and the
type of the wax and its concentration in the
mixture had an effect on the melting point of the
oleogel, as well as the textural properties. As with
the firmness and stickiness values of the oleogels,
the surface plots of the melting point
demonstrated that the SW was more effective
than the BW on the melting point of the mixed
oleogels. In other words, when the SW levels
increased in the wax mixtures, the melting range
of the oleogels increased. Similarly, Winkler-
Moser et al. (2019) indicated that SW dominated
oleogel formation when used with wax mixtures.
A recent study indicated that the melting point of
oleogels prepared with wax mixtures (sunflower
wax, candelilla wax, and beeswax) not only
depended on the total wax addition level but also
on the wax types and concentrations in the
mixture (Winkler-Moser et al., 2023). The results
were optimized considering firmness and melting
point of commercial margarines currently on the

market. Figure 3 shows the optimum
concentration of SW and BW to achieve the
targeted result of firmness and stickiness to
minimize the melting point. In terms of multiple
optimization results, the firmness, stickiness and
melting peak values of the oleogels (OFM)
prepared with 0.50%SW and 5.50%BW were
205.16, 220.20 g-force and 48.69 °C, respectively
(d=0.8829). The minimum melting point was
46.42 °C according to the optimization results
(d=0.9512), independent of the firmness and
stickiness values of the oleogels (OM) prepared
with 0.20%SW and 2.80%BW (Table 1 and Figure
4). These results clearly demonstrated that the
oleogels produced with SW and BW wax mixtures
could be prepared with different firmness,
stickiness and melting range values for their
intended usage. Similar to our findings, Hwang
and Winkler-Moser (2020) reported that by
mixing candelilla (CW) and BW, the firmness of
oleogel-based samples could be increased while
their melting point could be tailored by the
addition level of two waxes. Additionally,
Wetlaufer et al. (2021) reported that molecular
fractions of the waxes were effective on the
thermal and textural properties of the oleogels.

Table 4. The ANOVA and regression results of textural features of the oleogels.

. . - o Meltin, -

Firmness p-value Stickiness Vflue T,(°C) p-value Pointg V'ﬁue
Intercept 75.50 57.40 35.44 47.32
Model 0.001 0.001 0.008 0.001
Linear 0.001 0.001 0.009 0.001
BW -70.70 0.001 -53.80  0.001 -2.42 0.004 -1.78 0.187
SW -18.90 0.001 -10.30  0.001 -0.008 0.141 4.87 0.001
Square 0.004 0.017 0.008 0.032
BW*BW 11.57 0.031 8.53 0.173 0.32 0.003 0.19 0.165
SW*SW 20.21 0.002 21.34 0.007 0.05 0.504 -0.35 0.026
Interaction 0.001 0.001 0.807 0.551
BW*SW 32.92 0.001 72.89 0.001 -0.024 0.807 -0.10 0.551
Lack of fit 0.262 0.272 0.192 0.916
R2 99.65 99.55 85.37 94.92
Adj-R2 98.40 99.24 74.93 91.29

SW: sunflower wax, BW: beeswax, Adj; adjusted.
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Figure 2. Effect of concentration of sunflower wax and beeswax on (a) firmness, (b) stickiness, and
(c)tonset and (d) melting point values of the oleogels. SW: sunflower wax, BW: beeswax.
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Figure 3. Multiple response optimization of oleogels prepared with sunflower oil, beeswax, and
sunflower wax blends. d; desirability, y; predicted value. SW: sunflower wax, BW: beeswax.
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Figure 4. Response optimization of the minimized melting point of the oleogels prepared with
suntlower oil, beeswax and sunflower wax blends. d; desirability, y; predicted value. SW: sunflower
wax, BW: beeswax.

CONCLUSION

In this study, all oleogels, which were formed with
beeswax and sunflower wax mixtures, had stable
structures. According to the obtained XRD
measurements, it was determined that all gel
samples had the §' polymorphic structure. Again,
it was observed that the melting ranges for all
oleogels were 45.67-61.11 °C and that the
firmness values changed between 0.30 and 19.70
N. In general, it was observed that the sunflower
wax was more effective on the melting point and
firmness values of the oleogels than the beeswax.
As it is known, waxes have various melting points
and purities depending on the sources obtained.
Therefore, the addition levels of the waxes could
be varied depending on the wax types and the
structure and stability of the oleogels desired to be
formed. When using low melting point waxes as
gelators, it is necessary to increase the addition
level of the wax for stable gel formation. In this
case, the solid fat content and melting point of the
oleogels increased. One of the remarkable results
of this study is that by using a wax mixture instead
of wax, a structurally stable gel with a lower
melting point was formed at a lower wax addition
level.

CONFLICT OF INTEREST
The author declares no conflicts of interest.

CONTRIBUTIONS
M. Ogiitcii is responsible for the study and design
of the work, data analysis and interpretation of

results. E. Albayrak and E. S. Karabayir are
responsible for carrying out the planned analysis
and collecting data.

REFERENCES

Blake, A.IL, Marangoni, A.G. (2015a). The use of
cooling rate to engineer the microstructure and oil
binding capacity of wax crystal networks. Food
Biophysics 10: 456-465, doi: 10.1007/s11483-015-
9409-0.

Blake, A.L, Marangoni, A.G. (2015b). The effect
of shear on the microstructure and oil binding
capacity of wax crystal networks. Food
bigphysies 10: 403-415, doi: 10.1007/s11483-015-
9398-z.

Co, E.D., Marangoni, A.G. (2012). Organogels:
An alternative edible oil-structuring method.
Journal of the American Ol Chemists" Society 89: T49-
780, doi: 10.1007/s11746-012-2049-3.

Dassanayake, L.S.K., Kodali, D.R., Ueno, S., Sato,
K. (2009). Physical properties of rice bran wax in
bulk and organogels. Journal of the American Oil
Chemists' — Society  80: 1163-1173,  doi:
10.1007/s11746-009-1464-6.

Ghazani, S.M., Dobson, S., Marangoni, A.G.
(2022). Hardness, plasticity, and oil binding
capacity of binary mixtures of natural waxes in
olive oil. Current Research in Food Science 5: 998-
1008, doi: 10.1016/j.ctfs.2022.06.002.

Hwang, H.S., Kim, S., Singh, M., Winkler-Moser,
J.K,, Liu, S.X. (2012). Organogel formation of



Sunflower oil oleogels with mixtures of sunflower wax and beeswax

soybean oil with waxes. Journal of the American Oil
Chemists' — Society  89(4):  639-647,  doi:
10.1007/s11746-011-1953-2.

Hwang, H.S., Singh, M., Bakota, E.L., Winkler-
Moser, J.K., Kim, S., Liu, S.X. (2013). Margarine
from organogels of plant wax and soybean oil.
Journal of the American Oil Chemists' Society 90: 1705-
1712, doi: 10.1007/s11746-013-2315-z.

Hwang, H.S., Winkler-Moser, J.K. (2020).
Properties of margarines prepared from soybean
oil oleogels with mixtures of candelilla wax and
beeswax. Journal of Food Science 85(10): 3293-3302,
doi:10.1111/1750-3841.15444.

Lawler, P.J., Dimick, P.S. (2008). Crystallization
and polymorphism of fats. In: Food lipids: chemistry,
nutrition, and biotechnology, Casimir C. Akoh, David
B. Min (eds.), volume 3, CRC Press, Boca Raton,
pp- 245-263.

Le Reverend, B. J., Fryer, P. J., Coles, S., Bakalis,
S. (2010). A method to qualify and quantify the
crystalline state of cocoa butter in industrial
chocolate. Journal of the American Oil Chemists'
Society 87: 239-246, doi: 10.1007/s11746-009-
1498-9.

Mandu, C., Barrera-Arellano, D., Santana, M.,
Fernandes, G. (2020). Waxes used as structuring
agents for food organogels: A Review. Grasas y
Aceites 71(1): e344-e344, doi:
10.3989/gya.1169182.

Moskowitz, H.R. (ed.)), (1987). Food texture:
Instrumental and sensory measurement. M.
Dekker, USA, 335 s. ISBN:08-247-75856.

Ogutcu, M., Yilmaz, E. (2014). Oleogels of virgin
olive oil with carnauba wax and monoglyceride as
spreadable products. Grasas y Aceites 65(3): e040-
€040, doi: 10.3989/gya.0349141.

Ogﬁtcﬁ, M., Yidmaz, E., Gilineger, O. (2015).
Influence of storage on physicochemical and
volatile features of enriched and aromatized wax
otrganogels. Journal of the American Oil Chemists'
Society 92(10): 1429-1443, doi: 10.1007/s11746-
015-2719-z.

Ogiitcii, M., Arifoglu, N., Yilmaz, E. (2017).
Restriction of oil migration in tahini halva via
organogelation. Ewuropean Journal of Lipid Science and

Technology 119(9): 1600189, doi:

10.1002/¢j1t.201600189.

Ogiitcti, M., Yilmaz, E. (2015). Characterization
of hazelnut oil oleogels prepared with sunflower
and carnauba waxes. Infernational Journal of Food
Properties 18(8): 1741-1755, dot:
10.1080/10942912.2014.933352.

Patel, A.R., Rajarethinem, P.S., Gredowska, A.,
Turhan, O., Lesaffer, A., De Vos, W.H., Van de
Walle, D., Dewettinck, K. (2014). Edible
applications of shellac  oleogels:  spreads,
chocolate paste and cakes. Food & function 5(4):
645-652, doi: 10.1039/C4FO00034].

Tengku-Rozaina, T.M., Birch, E.J. (2015). Effects
of fractionation on melting and crystallisation
profiles of hoki oil measured by DSC. Journal of
Thermal Analysis and Calorimetry 120: 395-402,
doi:10.1007/510973-014-3995-9.

Thakur, D, Singh, A., Prabhakar, P.K., Meghwal,
M., Upadhyay, A. (2022). Optimization and
characterization of soybean oil-carnauba wax
oleogel. LT 157: 113108, doi:
10.1016/].1wt.2022.113108.

Yimaz, E. Ogiitcii, M. (2014). Comparative
analysis of olive oil organogels containing
beeswax and sunflower wax with breakfast
margarine. Journal of food science 79(9): E1732-
E1738, doi: 10.1111/1750-3841.12561.

Yimaz, E., Ogiitci, M. (2015). Oleogels as
spreadable fat and butter alternatives: Sensory
description and consumer perception. RSC
Adpances 5(62): 50259-50267, doi:
10.1039/C5RA06689A.

Wettlaufer, T., Hetzer, B., Floter, E. (2021).
Characterization of Oleogels based on waxes and
their hydrolyzates. European Journal of Lipid Science
and  Technology  123(7): 2000345,  doi:
10.1002/¢j1£.202000345.

Winkler-Moser, J.K., Anderson, J., Felker, F.C,,
Hwang, H.S. (2019). Physical properties of
beeswax, sunflower wax, and candelilla wax
mixtures and oleogels. Journal of the American Oil
Chemists' — Society  96(10):  1125-1142,  doi:
10.1002/20cs.12280

911



912

M. Ogiitcu, E. Albayrak, E.S. Karabayir

Winkler-Moser, J.K., Hwang, H.S., Felker, F.C., Oil  Chemists'  Society
Byars, J.A., Peterson, S.C. (2023). Increasing the doi:10.1002/a0cs.12679
firmness of wax-based oleogels using ternary

mixtures of sunflower wax with beeswax:

candelilla wax combinations. Journal of the American

100(5):

387-402,



|oji§,'oe,
% GIDA Research/ Arastirma
‘| THE JOURNAL OF FOOD GIDA (2023) 48 (5) 913-923
= ELISSN 1309-6273, ISSN 1300-3070 doi: 10.15237/gida. GD23067

HASS AVOCADO LEAVES: OPTIMIZATION OF MICROWAVE-ASSISTED
EXTRACTION PARAMETERS, PHENOLIC COMPOUNDS, ANTIOXIDANT,
AND ANTIDIABETIC ACTIVITIES

Nevriye Kurt, Ebru Aydin®, Gulcan Ozkan

Department of Food Engineering, Faculty of Engineering, Suleyman Demirel University, Ispatta, Turkey
Received [ Gelis: 05.06.2023; Accepted / Kabul: 09.08.2023; Published online / Online baski: 15.08.2023

Kurt, N., Aydin, E., Ozkan, G. (2023). Hass avocado leaves: Optimization of microwave-assisted extraction
parameters, phenolic compounds, antioxidant, and antidiabetic activities. GIDA (2023) 48 (5) 913-923 doi:
10.15237/ gida. GD23067

Kurt, N., Aydin, E., Ozkan, G. (2023). Hass avokado yapragi: Mikrodalga destekli ekstraksiyon
parametreleri, fenolik bilegikler, antioksidan ve antidiyabetik aktivitelerin optimizasyonu. GIDA (2023)
48 (5) 913-923 doi: 10.15237/ gida.GD23067

ABSTRACT

Avocado leaves, typically considered as pruning residues, possess a significant amount of bioactive
compounds. This research aimed to optimize the extraction of phenolic compounds from Hass avocado
leaves using microwave-assisted extraction (MAE) and response surface method (RSM). The extraction yield
and total phenolic content (TPC) were maximized by determining the optimal process conditions, which
were found to be 47°C for 5 minutes and a solid/solvent ratio of 1.13 g dry leaf/100 mL, respectively. The
predicted values of all models were found to be statistically significant (p <0.001). The aqueous extracts'
antidiabetic and antioxidant activities were 64.59% and 235.6 mg TE/100 g, respectively. The amount of
TPC was 591.76 pg GAE/g extract, and chlorogenic acid was the main phenolic component. These results
indicated that MAE proved efficient with low energy consumption, yielding phenolic-rich avocado leaf
extracts, which possess high antioxidant and antidiabetic activities.

Keywords: Avocado (Persea americana Mill.), microwave-assisted extraction response surface method (RSM),
antidiabetic, pruning wastes

HASS AVOKADO YAPRAGI: MIKRODALGA DESTEKLI EKSTRAKSIYON
PARAMETRELERI, FENOLIK BILESIKLER, ANTIOKSIDAN VE
ANTIDIYABETIK AKTIVITELERIN OPTIMIZASYONU

0z

Budama atig1 olan avokadonun yapraklart biyoaktif bilesenler bakimindan zengindir. Bu ¢alismanin
amact, Hass cesidi avokado yapraklarindan fenolik bilesiklerin mikrodalga destekli ekstraksiyon
(MAE) ile ekstraksiyon parametrelerini yanit ylzey yontemi (RSM) ile optimize etmektir.
Ekstraksiyon verimi ve toplam fenolik madde miktart (TPC) i¢in optimum proses kosullar: sirasiyla

47°C'de 5 dakika ve 1.13 g kuru yaprak/100 mL olarak belitlenmistir. Tim modellerin tahmin edilen
degerleri istatistiksel olarak anlamli bulunmustur (p <0.001). Sulu ekstraktlarin antidiyabetik ve
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antioksidan aktiviteleri sirastyla % 64.59 ve 235.6 mg TE/100g olarak belitlenmistir. TPC miktari
591.76 ug GAE/g ekstrakt olup ana fenolik bilesen klorojenik asittir. Bu sonuglar, MAE'nin dustuk
enerji tiiketimi ile yitksek antioksidan ve antidiyabetik aktivitelere sahip fenolik bakimindan zengin
avokado yapragi ekstreleri vererek etkili oldugunu kanitladi.

Anahtar kelimeler: Avokado (Persea americana Mill.), mikrodalga destekli ekstraksiyon, yanit yizey

yontemi (RSM), antidiyabetik, budama atig

INTRODUCTION

Persea  americana  Mill,, commonly known as
avocado, is a plant in the family Lauraceae. The
main avocado-growing countries are Mexico,
Chile, USA, Australia, South Africa, Peru,
Indonesia, and Isracl (FAOSTAT, 2021). Fuerte,
Bacon, Zuatona, and Hass varieties are widely
grown in our country. Antalya (69.5%) and
Mersin (29.2%) are among the most important
provinces in the cultivation area. About 80% of

Antalya's total production comes from the
districts of Alanya and Gazipasa (TUIK, 2015).

In addition to the consumption of avocado fruits
as a food, it has been historically employed for
their antioxidant, anticancer, antibacterial, and
cardiovascular protective effects (Hughes et al.,
2009; Noorul et al., 2016; Owolabi et al., 2010;
Rodriguez-Mateos et al., 2014; Unsal Pinar et al.,
2019). Avocado leaves, which are pruned waste,
have high phenolic content such as p-
hydroxybenzoic acid, gallic acid, catechin, p-
coumaric acid, chlorogenic acid, rutin, caffeic
acid, epicatechin, syringic acid, and quercetin
(Castro-Lopez et al., 2019; Gumistepe et al.,
2022) and iz vitro antioxidant, antidiabetic, and
anticancer activities as well as their effects on
cardiovascular diseases  (Castro-Lopez et al,
2019; Gumistepe et al., 2022)

Extraction technology of bioactive constituents is
a growing field day by day and today the demand
to use new extraction techniques is increasing due
to some disadvantages of traditional extraction
methods (Sahena et al, 2009). The main
advantages of the new advanced extraction
technology are compatible with automation, high
extraction efficiency, minimizing energy and
solvent consumption, reduce extraction time, and
eco-friendly technology (Sparr Eskilsson and
Bjorklund, 2000; Xing et al., 2017).

MAE is an innovative extraction technique that
combines microwave extraction and conventional
solvents (Delazar et al., 2012). By rapidly heating
the mixture of sample and solvent, MAE enables
extraction to be performed at the ideal
temperature efficiently. In most cases, the
reproducibility and recovery of the compound are
high compared to conventional techniques (Sparr
Eskilsson and Bjérklund, 2000). It has several
advantages such as shorter extraction time, less
solvent, high extraction rate, and low cost. Due to
technological advancements, MAE has emerged
as a widely adopted and economically viable

technique for extraction purposes (Delazar et al.,
2012).

RSM is a statistical method extensively used in
food processes and mainly in extraction, process
variables, and their optimization. The central
composite design (CCD) is an effective tool for
process optimization (Guaracho et al., 2009) and
is one of the most widely used experimental
designs in engineering-related studies (Radojkovié
et al., 2013).

The extraction of phenolic compounds is carried
out using different solvents and methods. In the
literature, there have been a number of studies
using the ultrasonic extraction method of
avocado leaves and using alcohol, ethanol: water,
and aqueous solvents (Che-Galicia et al., 2020;
Hefzalrahman et al., 2022; Monzén et al., 2021;
Salar Bashi et al., 2011). Howevert, there has been
no study of microwave-assisted extraction (MAE)
in avocado leaves.

Globally, the number of individuals with diabetes
was 451 million in 2017, and it is expected to
increase to 693 million by 2045 (Nam Han Cho.,
2017). The impact of diabetes is significant, with
1.5 million adult deaths annually attributed to the
disease, along with 2.2 million deaths related to
hyperglycemia-related conditions (WHO, 2016).
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Given these statistics, there is a growing interest
in alternative and natural treatment approaches
for diabetes management, driven by concerns
over the rising costs of conventional treatments
and their associated side effects.

Based on the above information, the objective of
the study was to optimize the process conditions
for microwave-assisted water extraction of
phenolic compounds from Hass avocado leaves
by RSM. In addition, it aimed to determine the

bifunctional ~ properties  (antioxidant  and
antidiabetic ~ activity) and some bioactive
components of the extract.

MATERIAL AND METHODS

Material

Avocado Hass variety leaves were collected from
the Gazipasa district of Antalya at the time of
pruning of the tree. They were brought to the
laboratory on the day of collection, cleaned, and
dried. Before and after drying, 5 grams of the
leaves were placed in a rapid moisture analyzer
(Radwag, Poland) and their moisture (%) content
was calculated. Washed and dried avocado leaves
were dried at 70°C by adjusting the temperature
in the Mikrotest brand thermostat (TT107) drying
oven (Turkey). The moisture content of the
samples was reduced from 48.22% to 6.60% after
drying. Before extraction, dried avocado leaves
were shredded with a laboratory grinder (Waring
Commercial Laboratory Blender, USA). The

ground samples were passed through a 0.5 mm
sieve (Kocintok, Turkey) and were vacuum
packed in polyethylene/polyamide bags and
stored at -18°C until extraction.

Methods

Extraction of avocado leaves

MAE, which is a modern extraction technique
and the principle of MAE is based on the
polarization of polar water molecules in food by
the electric field whereas this vibration of
molecules occurs heat which then increases
extraction efficiency and decreases extraction
time (Gumustepe et al., 2023). In this study, water,
a solvent that is environmentally friendly and safe
for human health was utilized to extract phenolic
compounds.

Optimization of microwave-assisted water
extraction process conditions

RSM was chosen for the optimization of
phenolic-rich MAE aqueous extract (Millipore,
Italy) from dried and ground leaves, and CCD was
preferred for the experimental design. The
minimum and maximum factor levels of
temperature (°C) and solid/solvent ratio (g/100
mL) from the independent variables are in Table
1 and the results of the central composite design
of 13 different applications including 2 central
points for microwave-assisted water extraction of
Hass avocado leaf are given in Table 2.

Table 1. Coded and uncoded factor levels of independent variables

Independent variables

Factor levels

-1 0 1
Xi: Temperature (°C) 30 45 60
X2: Solid/Solvent ratio (g/100mL) 1 4.25 7.5

Experimental data were analyzed using the
Minitab statistical program (Minitab 20.0). Model
fit, regression tests, R2, and adjusted R? values
were considered. The response surfaces and
designs of the model were determined according
to the second-order quadratic equation. As a
response, the yield of the extracts and the total
phenolic content were used.

Extraction yield and TPC

Extracts of avocado obtained by
microwave-assisted water extraction using CCD
were filtered and centrifuged to remove
supernatant (2-6, Sigma, Germany). A sample of
10 mL was taken from the filtrate and dried in an
oven at 105 °C until constant weight. After
drying, they were weighed, and the extraction

leaves
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yield was calculated as % (g extract/100 g sample).
Analyzes were performed in two replications.

Table 2. Central Composite Design used for RSM

. Solid/Solvent
Runa Temperature( C) ratio (g/lOOmL)
0 45 7.5
) 45 4.25
3 45 4.25
1 34 1.95
c 45 1.95
. 56 1.95
. 30 4.25
" 60 4.25
0 45 4.25
10 34 6.55
1 45 4.25
2 45 4.25
5 56 6.55
aRandomized

After centrifuging the samples obtained by
microwave-assisted  water extraction from
avocado leaves using CCD, TPC amounts of the
samples were determined using the Folin &
Ciocalteau method (Ainsworth and Gillespie,
2007). 0.4 mL of phenolic extracts were taken and
pipetted into a tube. Then, 2 mlL of 10-fold
diluted Folin & Ciocalteu reagent was added and
mixed by vortex (Darmstadt, Germany). Then,
1.6 mL of 7.5% NaxCO; (sodium carbonate)
solution was added and mixed with vortex again.
After the mixture was left in the dark for one
hour, the absorbance values of the solution were
measured against the blank solution with a
UV/VIS  spectrophotometer ~ (T70, PG
Instruments, UK) at a wavelength of 765 nm.
Results were calculated using the gallic acid
calibration curve. Analyzes were performed in
triplicate.

DPPH free radical scavenging activity

After centrifuging the samples obtained by
microwave-assisted ~ water extraction from
avocado leaves using CCD, the antioxidant effect
of the samples was determined using the DPPH
free radical scavenging activity assay developed by
Dorman and colleagues (2003). 50 pL of the
phenolic extract was taken, and pipetted into a

tube, 450 uL of Tris-HCl buffer (50 mM, pH: 7.4)
was added and mixed by vortex. Then, 1.00 mL
of DPPH (0.10 mM, in methanol) solution was
added to the mixtures, vortexed, and left in a dark
environment at room temperature for 30 minutes.
At the end of the reaction time, the absorbance of
the solution was read in the spectrophotometer at
517 nm. Pure water was used instead of phenolic
extract as a control. The DPPH activities of the
extracts prepared at different concentrations were
calculated using the formula given below
(Equation 1):

%  Inhibition  (DPPH)=  [(Absconwol -
AbSSamplt) /Abs(jontml]*loo (1)

Here  Absconror  and — Abssumple  represent
absorbance readings for the control and sample,
respectively. The results were calculated by using
the calibration curve (R2=0.9973) of the
absorbance values obtained at 517 nm in the
spectrophotometer of the solutions at different
concentrations prepared with the Trolox®
(99.87%) standard (Sigma, Germany) and given as
mg TE/100 g extract.

Phenolic composition

The samples with the highest yield and TPC of
avocado leaf extracts obtained by microwave-
assisted  water extraction were filtered,
centrifuged, and the filtrates were placed in 2 mL
Eppendorf. Then, these extracts were analyzed in
the high-performance liquid chromatography
(HPLC) device and diode array detector (DAD)
(Shimadzu, Japan). Reversed-phase Agilent
Eclipse XDB-C18 (250x4.60 mm) 5-micron
analytical column was used in the study. The
wavelength was set at 278 nm, the flow rate was
0.8 mL/min, the injection volume was 20 plL, and
the column oven temperatute was 30 °C. A: 3.0%
acetic acid: methanol was used as the mobile
phase. The profile of phenolic substances was
determined using the gradient program of Delil
and colleagues (2022). The quantification of
phenolic compounds in the extract
determined by measuring the concentration in
micrograms per gram of extract (ug/g) using
calibration  curves  specific to  phenolic

was
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compounds.
triplicate.

Analyzes were performed in

Antidiabetic activity

The measurement of antidiabetic activity is based
on the principle of detecting the activities of «-
glucosidase enzymes (maltase, isomaltase, and
sucrase) in rat intestinal powder (Nyambe-Silavwe
et al., 2015). 200 pL. of the substrate was mixed
with 200 uL of enzyme and 100 uL of buffer
solution and incubated for 10 min at 37°C in a
water bath (Selecta, Spain). Then, to stop the
enzyme activity, 750 pL. of acetone was added and
mixed by vortex for 10 seconds and then
centrifuged for 5 minutes. Finally, the acetone in
the obtained samples was evaporated with
nitrogen  gas.  High-performance  liquid
chromatography (HPLC) device and refractive
index detector (RID) (Shimadzu, Japan) were
used to measure the amounts of fructose and
glucose formed by decomposition of sucrose.
Lactose was used as the internal standard. In
addition, for the validation of the experiment and
the antidiabetic activity of the extracts, metformin
used in the treatment of diabetic patients was
added to the analysis as a positive control.

For optimization of the experiment, Michaelis
Constant (Kim/ Vi) was measured and hydrolysis
of sucrose was performed at 37 °C using different
enzyme concentrations and incubation times
according to Ku (mM), Vimax (0.09 pmol sucrose
hydrolysis/minute). From the data obtained, the
highest value of enzyme-specific activity and rat
intestinal  powder  concentrations
determined as optimum incubation time and
enzyme concentration.

were

Statistical Analysis

Extraction applications were carried out in 2
replications and analyzes in 3 parallels according
to the trial plan. Minitab package program RSM
was used to evaluate the responses obtained and
to find the optimum points for avocado leaf
extraction. Obtained experimental data were
analyzed using Minitab statistical analysis software
program (Minitab 20.0) and the performance of
the model was evaluated by considering R? values.
CCD was used in model design. The model was

evaluated according to bivariate quadratic
equality. In the equation, X was determined as an
independent variable, Z dependent variable,
constant coefficient, first-order (linear) equation
coefficient, second-order equation coefficient,
and two-factor cross-interaction coefficient.

RESULTS AND DISCUSSION

Avocado, with its low sugar content, rich
bioactive components, nutrients, and antioxidant
properties has positive effects on human health.
The antioxidant, antidiabetic, anticancer, and
cardiovascular properties of the leaf, which is the
waste of avocado, have been reported in scientific
studies (Castro-Lopez et al., 2019; Gumiistepe et
al., 2022). In this study, MAE processing
conditions of phenolic substances, which are the
bioactive component of the avocado leaf of the
Hass variety, were optimized with RSM and CCD.
In addition, physicochemical properties, bioactive
components, and biofunctional properties
(antioxidant and antidiabetic activity) of Hass leaf
water  extracts extracted under optimum
conditions were determined.

Extraction Modeling of the Yield and TPC of
Water Extracts of Hass Avocado Leaves

The extraction yield (%) and TPC (ug GAE/g
extract) of Hass avocado leaves under different
extraction conditions are shown in Table 3. The
evaluation results of the model coefficients are
given in Table 4.

In Table 3, the yields of microwave-assisted water
extracts of Hass avocado leaf were found to be
between 15.07% and 19.67%. In microwave-
assisted water extraction of avocado leaf, the
lowest extraction efficiency was determined in the
samples where 7.5 g of dry leaves were applied for
45°C and 5 minutes, and the highest yield was
determined in the samples where 45°C and 5
minutes were applied to 1 g of dry leaves. In a
previous study conducted by Kamagate and
colleagues (2010), it was found that the utilization
of water, ethanol, and methanol solvents in the
traditional extraction method yielded varying
percentages of extracts. The extract yields
obtained were 20.9%, 16.8%, and 18.6% for
water, ethanol, and methanol, respectively.
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When the TPC results of the extracts were
examined, it was determined that the values varied
between 368.20 and 709.82 pg GAE/g extract
(Table 3). The lowest TPC amount was obtained
at 30°C temperature, 5 min time, and 4.25 g
solid/solvent ratio, while the highest TPC
amount was obtained under extraction conditions
using 45°C temperature, 5 min time, and 7.5 g
solid/solvent ratio. Murathan and Kaya, (2020)
found that the TPC of the Hass leaf extract
obtained using 80% methanol was 261.1 mg
GAE/100 g extract, and this value was
determined to be a higher amount than that

determined for the water extract used in the
current study. Another study, in which the
cultivar was not specified, found that TPC in
samples extracted with 95% ethanol and
methanol from avocado leaves was 82.48 mg
GAE/g extract and 91.72 mg GAE/g extract,
respectively Kavaz and Ogbonna, (2019). This
can be explained by the fact that organic solvents
or organic solvent/water mixtures are better
extraction solvents than water and can extract
more bioactive compounds (Dailey and Vuong,
2015).

Table 3. Experimental design and corresponding responses (Extraction time: 5 minutes)

Run2

Solid/Solvent Temperature (°C) Extract Yield TPC
(g/100mL) P (%) (ug GAE/g extract)
1 7.5 45 15.07 709.82
2 4.25 45 17.51 657.53
3 4.25 45 17.45 657.42
4 1.95 34 18.45 456.17
5 1.95 45 19.67 585.14
6 1.95 56 19.34 516.47
7 4.25 30 16.63 368.20
8 4.25 60 17.67 452.35
9 4.25 45 17.49 658.27
10 6.55 34 15.36 546.48
11 4.25 45 17.49 660.61
12 4.25 45 17.49 660.60
13 6.55 56 15.98 608.18
aRandomized

Table 4. Model coefficients and fit values of the responses

Model coefficients? Extract Yield (%) TPC (ug GAE/g dw)
B0 15.278* -1793.0%*
g1 0.17468%* 101.696*
B2 -0.4964* 27.49%
B11 -0.001442* -1.09840*
g22 -0.01007* -0.940*
B12 -0.002727* ns
Model stk otk

R2 99.98 99.97
Adj- R2 99.97 99.96
Pred- R2 99.93 99.90
Lack of fit 0.372 0.227

250, constant coefficient; f7 linear coefficient; 7, quadratic

coefficient; g7, two factors’ interaction coefficient; ns,

not significant (p> 0.05); *, significant at p < 0.001. Subscripts 1, and 2 represent temperature and solid/solvent.
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When the microwave-assisted water extraction
efficiency of Hass avocado leaf is examined in
Table 4, the effect of temperature and
solid/solvent ratio, which is the independent
variable, on the extraction efficiency in the model
obtained according to RSM demonstrated a
significant level of significance (p =0.001).
Temperature, solid/solvent ratio, and the
interaction between temperature and
solid/solvent ratio among the second-order
variables in the model were found to be
significant at the 99.9% level. The lack of fit value
is insignificant (p >0.05), which indicates that the
model is error-free. The model explains 99% of
the extract yield (%) changes depending on the
temperature and solid/solvent ratio extraction
parameters in the experimental design. It is seen
that the predictive power of the model is high in
terms of extract yield.

The variation of the extract yield depending on
the effect of temperature and solid/solvent ratio
is shown in Figure 1a. The figure shows that the
extraction  efficiency  decreases as  the
solid/solvent ratio increases at low temperatures,
and the extraction efficiency decreases as the
solid/solvent ratio increases at high temperatures.
It was found that the highest yields were found at
high temperatures and low solids/solvent ratios.
In the literature, there wete no microwave-
assisted water extraction modeling studies using
RSM examining the effects of temperature and
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solid/solvent ratio on the extraction efficiency of
Hass avocado leaves.

When the variation of TPC amounts of the
extracts depending on the extraction parameters
was examined, first-order terms of temperature
and solid/solvent ratio, solid/solvent ratio, and
temperature variables exhibited a high level of
significance at a 99.9% confidence level (Table 4).
The lack of fit value being insignificant (p >0.05)
indicates that the model is error-free. The model
explains 99% of the extract TPC changes
depending on the temperature and solid/solvent
ratio extraction parameters in the experimental
design. The variation of TPC in microwave-
assisted water extraction of Hass avocado leaf,
depending on the effect of temperature and
solid/solvent ratio, is given in Figure 1b. When
the figure is examined, the amount of TPC first
increased and then decreased with the increase of
the solid/solvent ratio at low temperatures, and
the amount of TPC first increased and then
decreased with the increase of the solid/solvent
ratio at high temperatures. It was determined that
the TPC amount was the lowest at low
temperatures and low solid/solvent ratio.

In the literature review, no microwave-assisted
water extraction modeling study with RSM, which
investigated the effect of temperature and
solid/solvent ratio on the amount of TPC in
extraction, was found for Hass avocado leaf.

TPC (ug GAE/g
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Figure 1. a) Influence of temperature (°C) and solid/solvent ratio (g/100mL) on extract yield (%), b)
Influence of temperature (°C) and solid/solvent ratio (g/100mL) on extract TPC (ug GAE/g extract)
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Optimization of Yield and TPC of Water
Extracts of Hass Avocado Leaves and
Validation of Models

Optimum  extraction conditions obtained by
maximizing the extraction yield (%) and TPC
amounts (ug GAE/g extract) of microwave-
assisted water extracts of Hass avocado leaves
using the response surface method were obtained
at temperature, time, and solid/solvent ratio at
47°C, 5 min and 1.13 g dry leaves/100 mL watet,
respectively. The extraction efficiency of Hass
avocado leaf was estimated as 19.62-19.70% and
the TPC amount of the extract was estimated in
the range of 586.83-593.81 pg GAE/g extract
under optimum  microwave-assisted — water
extraction conditions by the model.

To experimentally verify the predictive value of
the model, yield and TPC amount were
determined in the extracts obtained by
microwave-assisted extraction from leaf samples
of the Hass variety under optimum conditions.
The amount of TPC was determined as 591.76 pg
GAE/g dw, and the extraction efficiency was
19.67%. These values are within the model
prediction ranges given above. The theoretical
data obtained according to these results have been
experimentally verified.

Physicochemical Properties of Water
Extracts of Hass Avocado Leaves Extracted
under Optimum Process Conditions

TPC, free radical scavenging activity (DPPH), and
antidiabetic activities (ADA) of the functional
properties of the water extracts obtained from the
leaves of Hass variety avocados under optimum
conditions were determined.

TPC, DPPH and ADA as functional properties of
extracts of the leaves of the Hass avocado variety
were 591.7£7.0 ug GAE/g extract, 235.616.74
mg TE/100 g extract, and 64.5910.12 %,
respectively. Murathan and Kaya (2020)
determined the TPC amount of the extracts from
Hass leaves with 80% methanol as 261.1 mg
GAE/100 g extract and the DPPH ratio as
50.9%. In the samples extracted from avocado
leaves with 95% ethanol and methanol, TFC was
determined as 8248 and 91.72 mg GAE/g

extract, respectively (Kavaz and Ogbonna, 2019).
Gopalan and Tyug, (2021) reported that avocado
leaf phytocomponents have a significant
antioxidant capacity and also reported that the
TEAC value and TPC of avocado leaves (dw)
were 332.30 g Trolox/g and 1199.08 £ 6.00 pg
GAE/g, respectively. Although these studies
showed higher TPCs and antioxidant activities
than the water extracts determined in our study,
organic solvents or organic solvent/water
mixtures were consistently reported to be better
extraction solvents than water for extracting more
bioactive compounds (Dailey and Vuong, 2015).

Chlorogenic acid, quercetin, p-hydroxybenzoic
acid, rosmaniric acid, cinnamic acid, eriodyctiol,
protocatechuic acid, and gallic acid as phenolic
components (mg/100g extract) of the extracts
were found to be 12.309, 0.854, 0.809, 0.539,
0.270, 0.270, 0.180, and 0.135, respectively. It was
determined that most of the components of
optimum water extract in Hass avocado leave
consisted of chlorogenic acid. In the research
findings of the literature, the values were given for
caffeic acid (10.83-32.74), chlorogenic acid
(28.83-852.81), and rutin (26.05-68.41) content of
phenolic compound (mg/kg) in lyophilized water
extracts and ethanol extracts of dried avocado
(Folium  perseae) leaves, respectively. They were
detected with the HPLC-MS system (Polat Kose
et al., 2020). In another study, it was determined
that the phenolic compounds content (mg/100g)
of avocado leave extract were as syringic acid
31.65, ferulic acid 7.09, epicatechin 2.84, and p-
hydroxybenzoic acid 2.51 (Adelusi et al., 2014).

CONCLUSION

Within the scope of the findings obtained, the
microwave-assisted extraction method can be
used for high phenolic extraction in a short time
from avocado leaves. However, in the study
where we used water as the solvent, the phenolic
content and functional properties of our extracts
were found to be lower than in the studies where
ethanol, methanol, or their aqueous mixtures were
used as organic solvents. In future studies,
extraction with aqueous mixtures of different
organic solvents may be better. In future studies,
7n vivo studies (animal and clinical) can be done. In



Extraction optimization of avocado leaves phenolics

addition, antioxidant and antidiabetic herbal food
supplement, tea, sauce, etc. Functional foods can
be produced that will attract the attention of
consumers.
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Son zamanlarda saglik ve gida bilincinin artmasi ile dogru orantilt olarak fonksiyonel gidalara olan talep de
artmustir. Fonksiyonel gida tiretiminde tahillar; obezite, diyabet ve kolon kanseri gibi kronik rahatsizliklart
6nlemek amactyla diyet Lif agisindan iyi bir alternatif olabilmektedir. Fakat tahil kepegi gibi diyet lif icerigi
yiksek olan bilesenlerden tiretilen gidalarin, duyusal kalitesinin genellikle distik olmast bu tiir gidalarin talep
edilebilirligini azaltmaktadir. Gidalarda renk, koku, tat gibi duyusal 6zellikleri etkilemeyen direngli nisasta
(DN) ise diyet Lif 6zelligiyle fonksiyonel tirinlerde kullanilabilmektedir. Gliniimtzde bes farkh direncli nisasta
formu bulunmaktadir. Gida endistrisinde direncli nisasta cesitlerinden en fazla DN3 ve DN4
kullanidmaktadir. DN5 formu ise son yillarda arastirlmaktadir. DN5 iiretiminin kisa stirmesi, kimyasal ajan
gerektirmeden dogal yoéntemlerle tretilmesi, 1s1l stabilizasyonunun yitksek olmast ve proses sirasinda
uygulanan yliksek 1si-basing etkilerinden kompleks yapisinin korunmasi gibi tstiin teknolojik &zellikleri
bulunmaktadir. Bu detrleme makale ¢alismasinda DN5 tiretim yontemleri ve DN nin saglik tizerindeki etkileri
incelenmistir.

Anahtar kelimeler: Nisasta, diyet lif, amiloz katthm kompleksi, glisemik indeks

TYPE 5 RESISTANT STARCH: STARCH INCLUSION COMPLEXES
ABSTRACT

Recently, the demand for functional foods has increased due to growing health and food awareness.
In food production, grains serve as good alternatives in terms of dietary fiber, aiding in the prevention
of chronic diseases such as obesity, diabetes, and colon cancer. However, the low sensory quality of
foods produced from components with high dietary fiber content, such as cereal bran, diminishes
the desirability of such foods. Resistant starch (RS), on the other hand, can be utilized in functional
products due to its dietary fiber properties without adversely affecting sensory properties such as
colour, odour, and taste. Presently, there are five different forms of resistant starch. Among them,
RS3 and RS4 are the most commonly used varieties in the food industry. However, the RS5 form has
gained attention in recent years. RS5 exhibits superior technological features, including shorter
production times, employment of natural methods without the need for chemical agents, high
thermal stabilization, and preservation of its complex structure from the high heat-pressure effects
applied during the process. This review focuses on discussing RS5 production methods and their
health-promoting effects were discussed.

Keywords: Starch, dietary fiber, amylose inclusion complex, glycemic index
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Tip 5 direngli nisasta

GIRIS
Nisasta, giinlik enerji saglayan tahil gibi temel
gidalarin 6nemli bir bilesenidir. Nisasta; «-1,4
baglarindan olusan diiz zincirli amiloz ve a-1,4
glikozidik zincitlerine ek olarak o-1,6 baglarina
sahip dallanmis yapidaki amilopektin
fraksiyonundan olusmaktadir. Nisasta; cesitli
islenmis gidalarda, ilag, kozmetik, kagit ve tekstil
gibi endustriyel tGriinlerde jellestirici, koyulastirict,
dengeleyici ve stabilizator madde gibi cesitli
islevleri sayesinde sik¢a tercih edilen bir
polimerdir (Di Marco vd. 2022; Sinhmar vd.
2023).

Nisasta, sindirim siirecine gbre hizli sindirilebilir
nisasta (HSN); yavas sindirilebilir nisasta (YSN)
ve direncli nisasta (DN) olmak tlzere g
fraksiyona ayrilmaktadir (Garcia-Hernandez vd.
2023) (Sekil 1). HSN, amilaz aktivitesi sonucunda
nisasta sindiriminin ilk 20 dakikalik periyodunda
glikoza dontstirilen kismini ifade etmektedir.
Ince bagirsakta sindirime ugrayan HSN, kanda
yuksek glisemik tepki olugmasinin  temel
nedenlerindendir. YSN, nisasta sindiriminin 20-
120 dakikalik periyodunda glikoza ¢evrilen nisasta
orantnt  ifade  etmektedir.  YSN,  yavag
sindirilmekte ve HSN’ye gore kanda nispeten
dustik bir glisemik tepki olusturmaktadir. DN ise
nisasta sindiriminin 120 dakikalik periyodunun
sonunda sindirilmeden kalan nigasta fraksiyonunu
ifade etmektedir. DN, ince bagirsakta sindirime
ugramadigindan mikroorganizmalar tarafindan
kalin bagirsakta fermente edilmekte ve boylelikle
diyet Lf etkisi gostermektedir. DN; tahillar,
sebzeler, baklagiller, tohumlar, olgunlasmamis
muz ve bazt kabuklu yemisler gibi gidalarda yaygin
olarak bulunabilmektedir (Pivetta vd., 2019;
Kaimal vd., 2021).

DN ile ilgili yapilan ¢alismalar sonucunda 5 farkls
tipte DN oldugu ortaya konulmustur. Bunlardan
DN5 olarak siniflandirilan  nisasta  katilim
kompleksleri diger DN tiirlerine gére nispeten
yeni bir arastirma alani olmakla birlikte son
zamanlarda  lzerinde yogun  aragtirmalarin
yapildigt bir konu haline gelmistir. Diger DN
tiplerinin sagliga faydali etkileri temel olarak diyet
lif Ozelligi gostermelerinden kaynaklanmaktadir.
Bunun yaninda DN5 ise kompleks yapisinda
coklu doymamis yag asitleri veya antioksidan

tenolik bilesikler gibi diger sagliga faydalt biyoaktif
bilesikleri de icerebilmektedir. Bu husus DN5’
diger DN tirleri ile kiyaslandiginda fonksiyonel
anlamda daha dstin kilmaktadir. Bu derleme
calismanin amact DN5 olarak siniflandirilan
nisasta-lipit ~ ve nisasta-fenolik katilim
kompleksleri ile yiriitilen yenilikei ¢alismalart ve
DN5’in sagliga faydali etkilerini ortaya koymaktir.

DIRENCLI NISASTA CESITLERI

DN; ekmek, kraker, kek ve diger unlu mamullerin
yant sira ckstriide drtinler, hazir kansimlar,
icecekler ve az yagl atistirmaliklar dahil olmak
tizere ¢ok cesitli Girtnlere giderek daha fazla dahil
edilmektedir. DN, koyulastirici, su tutma
kapasitesi arttirict, un ikame edici,
gevreklik/ atirlik saglayict 6zellikleri ile ok farkls
gida drinlerine ilave edilebilmektedir. Tim
bunlara ilaveten DN’nin opak gbrintimde ve
kokusuz  olmast ilave edildigi  gidalarin
organoleptik  6zelliklerinde  degisime neden
olmamast gibi kullanim avantajlart saglamaktadir.
Bu yonii ile DN, ilave edildigi gidanin kalitesini ve
besleyici yoniinii arttirarak uriiniin fonksiyonel
hale gelmesini saglamaktadir (Jiang vd., 2020).
DN, distk kalorili ve yiksek diyet lifi icerigine
sahip fonksiyonel bir gida olarak gida islemede
yaygin olarak tercih edilebilmektedir.

Gintmizde dogal olarak gidalarda bulunan ve
cesitli islemlerle uretilen 5 farkli DN  tipi
bulunmaktadir (Ai vd., 2013). DN1, fiziksel olarak
erisilemeyen nisastadir. Nisastanin amilolize
erigilebilitligini azaltan protein matrisi, hiicre
duvart materyalleri ve diger fiziksel bariyerler
icinde tutuklu bulunan nisastayr ifade etmekte
olup genellikle Ogltiilmemis veya kismen
ogutilmis tahil  ve baklagil tohumlarinda
bulunmaktadir (Bede ve Zaixiang 2021; Bojarczuk
vd. 2022;).

DN2, jelatinize olmamis ve yapisal olarak amilaz
enzimlerinin yavas hidrolize ettigi, patates ve
olgunlasmamis muz gibi gidalarda dogal halde
bulunan nisasta olarak tanimlanmaktadir (Bede ve
Zaixiang 2021; Bojarczuk vd. 2022). Bu yonii ile
yesil muz biyokitlesi, son birka¢ yida giderek
daha fazla kullanilan, DN agisindan zengin bir
gida veya bilesen Ozelligi ortaya koymaktadir
(Pivetta vd., 2020).
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[ Nigasta ]
[ 1
Hizh Sindrilebilir Yavag Sindirilebilir S
Nisasta (HSN) [ Nigasta (YSN) ] [ ¢fi Nizasta (DN) ]

DM 1: Fiziksel olarak erigibemeyen

nigasta

DN2: Grandler haldeki nigasta

DM3: Retrograde nigasta

D4 Kimyasal olarak modifive nigasta

D3 Nisasta - Yag asidiffenolik

kompleksi

Sekil 1. Nisastanin sindirilebilirligine gbre siniflandirilmast
Figure 1. Classification of starch based on their digestibility

DN3, nisastanin jelatinizasyonu sonrasinda
retrograde  olmast enzime direng
kazanmast hali olup genellikle proses kosullarinin
etkisi ile olusmaktadir. Dogrusal —amiloz
molekdilleri, amilopektinden daha hizli retrograde
olduklart ve daha direncli kristaller olusturduklari
icin DN3"in hazirlanmasi icin daha cok tercih
edilmektedir (Bede ve Zaixiang 2021; Bojarczuk
vd. 2022).

sonucu

DN4, kimyasal modifikasyon yontemleri ile
esterlestirilerek veya c¢apraz baglanarak enzime
diren¢ kazandirilmig nisasta formudur (Bede ve
Zaixiang 2021; Bojarczuk vd. 2022). Bu yontemle
tretimde genellikle fosforil klorit gibi korozif
¢apraz baglama ajanlari kullandmaktadir (Dong ve
Vasanthan 2020). Bu capraz baglama ajanlar
ytkama  sonrast  nisastadan  tam  olarak
uzaklastirilmadiginda kalinti olarak son iriine
gecebilmektedir.



Tip 5 direngli nisasta

Son olarak DNB5 ise, nigasta katthm kompleksleri
olarak adlandirilmakta olup kompleks olusumu,
nisastanin enzimatik sindirime karst direng
kazanmasini saglamaktadir. Nisasta polimeri iyot,
alkol, yag asitleri ve estetleri, emtlgatétler, fenolik
bilesikler ve aromatik bilesenler ile katthm
kompleksleri olusturabilmektedir (Putseys vd.
2010; Tan ve Kong 2020; Di Marco vd. 2022).
Katilim bilesikleri genellikle amiloz fraksiyonu ile
kompleks halinde bulundugundan DN5 icin
amiloz-katiim kompleksleri de denilebilmektedir.
Son yillarda nisasta katilim kompleksleri olarak
adlandirilan DN5, gida biliminin 6nemli arastirma
konularindan birisi haline gelmistir.

TIP 5 DIRENCLI NiSASTA (DNJ5)

Nisasta fraksiyonlarindan amilozun bir 6zellig,
cesitli ligandlarla katiim kompleksi olusturma
yetenegidir. Amiloz zinciri, alt1 glikoz birimi ile
sarmal bir konformasyonda dogal bir biikiilme
sergilemektedir (Tan ve Kong 2020; Di Marco vd.
2022). Glikozil kalintilarinin hidroksil gruplari,
sarmalin dis yizeyinde bulunurken, i¢ bosluk
hidrofobik bir tip seklinde bulunur. Bu nedenle,
kompleks olusturucu maddelerin  hidrofobik
grubu, amiloz sarmalinin icinde yer alabilir ve
ligandin hidrofilik uglart sarmalin disindayken,
amilozun komsu karbon-hidrojenleri ile van der
Waals temaslari yoluyla stabilize edilir. Yapilan
calismalar nisastanin farklt zincir uzunlugunda ki
yag asitleri ve fenolik bilesenler ile katilim
kompleksleri yapabildigini ortaya koymaktadir
(Putseys vd. 2010).

Son yillarda nisasta katilim kompleksi sentezi yolu
ile DN dretimine yonelik ¢ok sayida arastirma
yuritilmektedir. DN5 ile ilgili artan bu arastirma
talebi, bu polimerin diger DN tiplerine gore
sagladigt tstin teknolojik Ozelliklerden  ileri
gelmektedir. DN5, diger DN cesitlerine gore daha
yitksek 1s1l stabiliteye sahip olup bu o&zelligi
DN5’in yiiksek sicaklik uygulanan gidalarin diyet
lif acisindan zenginlestirilmesi i¢in kullanilmak
lzere avantajli bir konuma getirmektedir. DN5,
DN3 ve DN4 ile kiyaslandiginda daha az fiziksel
ve kimyasal modifikasyon basamagi gerektirmekte
olup dolayist ile daha kolay uretilebilmektedir.
Ayrica  DN5’in sahip oldugu konformasyonel
yapi sicaklik uygulamast ortadan kalktiktan sonra

eski haline donebilmektedir (Hasjim vd. 2013).
Tim bunlara ilaveten diger DN tipleri yalnizca
diyet lif etkisine sahip iken DNS5, kompleks
yapisinda ¢oklu doymamus yag asitleri ve
antioksidan 6zellikte ki fenolik bilesikleri de
bulundurabildiginden arttirilmis bir fonksiyonel
etkiye sahiptir.

Cogu calismada nisastanin yalnizca lipit karakterli
bilesikler ile yaptigi katihm kompleksleri DN5
olarak degetlendirilse de son yillarda fenolik
bilesikler ile olusturulan katilim kompleksleri de
bu sinifta incelenmektedir (Hernandez vd., 2022).

Nigasta- Lipit Katilim Kompleksleri

Nisasta katilim kompleksleri son yillardir Gzerinde
o6nemle durulan bir konu haline gelmistir.
Nisastanin yapisint olusturan amiloz fraksiyonu,
uygun kosullar altinda lipitler ile (agilikli olarak
yag asitleri veya monogliseridler) tek sarmal
katiim kompleksleri olusturmak tizere etkilesime
girebilmekte ve bunun sonucunda olusan yeni
nisasta polimeri ise DN5 olarak
siniflandirilmaktadir (Zhang vd., 2012; Wang vd.,
2017). Nisasta-lipid kompleksinin DN etkisi,
hidrofobik  etkilesimler ortaya
ctkmaktadir. Bu etkilesim sonucunda heliksin i¢
boslugu, metilen gruplarinin ve glikozidik baglarin
varlig nedeniyle glicli bir sekilde hidrofobikken,
dis yiizeyi, glikozil hidroksil gruplarnin varhgt
nedeniyle giicli bir sekilde hidrofilik 6zellik
gostermektedir (Hay vd., 2017; Wang vd., 2017;
Lu vd., 2019). Kompleks olusumu sirasinda
amiloz tarafindan tutuklanan lipitin hidrofobik
karakteri, nisasta grantlinin su absorbsiyon
kapasitesini azaltmakta ve boylelikle amilolitik
enzim ulasilabilirligi sinirlandirilmakta ve grantl
enzime karst direng kazanmaktadir (Zhang vd.,
2012).

sonucu

Kompleks  olusumu  swasinda  amilozun
konformasyonel  yapisi, hidrofobik  katihm
molekiillerin varliginda degisiklige ugramaktadir
(Putseys vd., 2010; Hay vd., 2017). Bu tir
kompleksler, V tipi X-igtu  kirim  modeli
sergilemekte ve amorf (Tip I) ve kristalize (Tip 1I)
olmak lzere iki farklt formda
sentezlenebilmektedir. Amorf form daha dusiik

bir sicaklikta (~100°C) erirken, kristalize
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kompleks formun daha yiiksek bir erime
sicakligina  (100-125°C) sahip oldugu rapor
edilmigtir (Tufvesson vd., 2003; Zhang vd., 2012).
Nisasta-lipit ~ komplekslerinin  fizikokimyasal
Ozellikleri  dogrudan  kompleks  Uretiminde
kullanilan yag asidinin zincir uzunlugu, lipid yapist
ve nisastanin amiloz/amilopektin  oranindan
etkilenmektedir (Putseys vd., 2010; Lu vd., 2019).
Daha uzun hidrokarbon zincitlerine sahip yag
asitlerinin enzimatik olarak daha direncli amiloz-
lipid kompleksleri olusturdugu bildirilmigtir
(Hasjim vd., 2010).

Amiloz-lipit katilim komplekslerinin
sentezlenmesi yolu ile DN iretimi daha &nce
yuratilen ¢alismalar ile agiklanmaya calistlmistir
(Gizelge 1). Faruk vd. (2018), palm yag1 ve pismis
piring nigastalart (kahverengi, siyah, mumsu,
beyaz piring nisastalart) ile kompleks tretimi

gerceklestirerek  bu  komplekslerin = i vitro
sinditilebilirliklerini arastirmiglardir.
Komplekslerin = DN iceriginin =~ %13.8-23.9

araliginda oldugu tespit edilmistir. Sun vd. (2019),
farkli oranlarda oleik asit ilavesi ile (%0, 2, 6, 10,
14) iki farkl sicaklikta amiloz-oleik asit kompleksi
Uretimini amacladiklart calismalarinda oleik asit
artist ve dustik test sicakligs (75°C kullanimi ile
DN seviyesinin artist arasinda dogrusal bir iliski
oldugunu tespit etmislerdir. Tang vd. (2022),
nilifer ~ ¢ekirdegi  nigastasi-miristik  asit
komplekslerinin DN igerigini ise %67.03 olarak
belitlemislerdir. Li vd. (2021), misir nisastast ve
miristik  asit  komplekslerinin  olusumunu
incelemigler ve musir nisastast-miristik  asit
komplekslerinin DN icerigini %59.92 olarak
rapor etmislerdir.

Cizelge 1. Nigasta katilim kompleksi yolu ile DN5 tretimine yonelik ¢aligmalar
Table 1. DN5 production studies via starch inclusion complexes

Nisasta Katihim bilesigi DN igerigi (%) Kaynak

Starch Inclusion componnd RS content (%)  Reference

Piring nisastasi Buatirik asit 80 Chumsti vd. (2022)
Yiksek amiloz nisastast Palmitik asit 11-57 Guo ve Kong (2021)
Tatlt patates nisastast Palmitik asit 60-71 Li vd. (2019)

Misir nigastast C6-C18 yag asitleri 33-47 Lu vd. (2019)

Piring nigastast C12-C18 yag asitleri 4-32 Cui vd. (2021)
Bugday nisastast Laurik asit 25-30 Kang vd. (2021)
Yiksek amilozlu misir nisastast Salisilik asit 25 Guo vd. (2023)
Patates nisastasi Kafeik asit 40 Li vd. (2020)
Yiksek amilozlu, vaksi, normal Kafeik asit 69-88 Han vd. (2020)
misir nisastast

Niliifer nisastast Klorojenik asit 26-63 Wang vd. (2021)
Piring nisastast Gallik asit 7 Sudlapa ve Suwannaporn, (2023).
Yiksek amilozlu misir nisastast Alkilresorsinol 40 Fan vd. (2022)

Nigasta- Fenolik Katilim Kompleksleri

Nisasta sindirimini azaltmanin temel
stratejilerinden birisi, sindirim sisteminde nisasta
parcalanmasini katalize eden sindirim enzimleri
olan amilaz ve glukozidazi inhibe etmektir (Sun ve
Miao, 2020; Deng vd. 2021). Son yillarda, farkls
bitki kaynaklarindan elde edilen ekstraktlar,
nisasta sindirim enzimlere karst inhibe edici
kapasiteleri acisindan arastirlmistir  (Papoutsis
vd., 2021). Bu inhibe edici aktivite, bitki bazlh
gidalarda bulunan ve insan diyetinin 6nemli bir
pargast olan bir grup fitokimyasal olan fenolik
bilesiklere atfedilmistir (Deng vd. 2021). Fenolik

bilesikler, sindirim enzimlerinin aktif bolgesi ile
etkilesime girerek inhibisyona neden olmakta ve
boylelikle nisasta sindirim oranini
sinirlandirmaktadir (Aleixandre  vd.,  2021).
Fenolik bilesikler, bu etki mekanizmasi ve nisasta
katilim kompleksi olusturma kapasitesi sayesinde
DN5 tretiminde etkin bir rol oynamaktadir.

Nisasta ve fenolikler arasindaki komplekslesme,
nisasta ve fenolik asitlerin hem fizikokimyasal
Ozelliklerinden hem de yapisindan biytik 6lciide
etkilenmektedir. Spesifik ylizey alani, amiloz
icerigi, granill boyutu ve ¢ift sarmal yaricap1 gibi
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nisastanin karakteristik 6zellikleri fenolik asitlerin
nisasta ile komplekslesme indeksini
belirleyebilmektedir. Ayrica, nisasta-fenolik asit
kompleksinin  olusumunda fenolik  asitlerin
yapisinda bulunan hidroksil grubu miktari,
metilasyon derecesi ve yapidaki karbon zinciri
uzunlugu, kompleksin etkilesim  kuvvetini
ctkileyebilmektedir. Tum  bunlara ilaveten
nisastaya uygulanan 6n islemler (ultranosikasyon,
yiksek basin¢ uygulamasi, vb.) amiloz ve
amilopektin fraksiyonlarinin  yeniden organize
olmasina neden oldugundan nisasta ile fenolikler
arasindaki etkilesimi artirabilmektedir (Guo vd.,
2019; Deng vd. 2021).

Nisasta-fenolik katilim komplekslerinin tretimi ile
ilgili son yillarda onemli calismalar
yurtitilmektedir. Bu calismalardan  birisinde
Gutierrez vd. (2020), amilozlu bir ¢6zeltiye alkil
gallatlar  cklendiginde  nisasta  sindiriminin
geciktigini belirlemislerdir. Daha kisa zincirli alkil
gallatlarin nisastanin sindirim enzimi olan amilaz
aktivitesini inhibe etti§i, daha uzun zincirli
olanlarin nisasta ile inklizyon kompleksleri
olusturma olasiiginin daha yiksek oldugu ve
dolayist ile YSN veya DN iceriginde bir artisa yol
actigl kanisina varilmustir. Zheng vd. (2021),
ekstriizyon islemi sirasinda piring unu  ve
klorojenik asitin kompleks olusturma kapasitesini
aragtirmuslar ve klorojenik asit yukli ekstriidde
malzemeler i¢in klorojenik asit icermeyen kontrol
numunelerine kiyasla DN degerlerinde %010.28 ila
%31.16 arasinda degisen 6nemli bir artis tespit
etmislerdir. Han vd. (2020), kafeik asit ve yitksek

amilozlu musir nisastast e DN5  {retimi
gerceklestirmislerdir.  Arastrmacilar = %69.58—
88.94 arahginda degisen DN icerigi elde

etmislerdir. Nisasta—kafeik asit kompleksi o-
glukozidaz ve a-amilazin enzimatik etkisini inhibe
ederek nisasta sindirimini azaltmistir. Kan vd.
(2022), jelatinize ve jelatinize olmayan bugday
nisastast ve tannik asit kullanarak DN5 tipi
kompleks tretimini amaglamuslardir. Arastirmada
jelatinize bugday nisastasi-tannik asit kompleksi
ve karisimlarinda %40-60 oranlarinda DN icerigi
elde edilmigtir. Chi vd. (2018), dodesil gallat-piring
nisastast ile DN5 tipi komplekslerin iiretimi icin
dodesil gallat polifenolinin konsantrasyonlart
%1, 5 ve 9 olacak sekilde ilave edilmesiyle DN

icerigini %8.69-14.17 olarak rapor etmislerdir.
Wang vd. (2020), soya izoflavonu-misir nisastasi
komplekslerinde soya izoflavonu sayesinde
direncli nisasta icetigini %10.53'ten %21.78'e
ctkarmiglardir. Chi vd. (2017), musir nigastasi-
gallik asit komplekslerinin iiretiminde nisasta
agirthiginin %20 ve 40 oraninda gallik asit ilavesinin
nisasta sindirilebilirligine etkisini arastirmislardir.
Arastirmacilar DN icerigini = %17.70-50.02
araliginda bulmus ve nisasta sindirilebilitliginin
azaldigint tespit etmislerdir.

TIP 5 DIRENCLI NiSASTANIN SAGLIK
UZERINE ETKILERI

Lipit ve fenolikler ile olusturulan katihim
kompleksleri DN5 sinifina dahil edildiginden
diger DN ¢esitlerine atfedilen postprandiyal
glisemik yamitlari, tip 2 diyabet, obezite,
hipertansiyon ve kalp hastaligt olusum riskini
azaltict potansiyeline sahip oldugu bildirilmistir
(Hasjim vd., 2010). Ayrica DN5 diger gesitler ile
kiyaslandiginda yapisinda coklu doymamis yag
asitleri ve fenolikler gibi biyoaktif bilesenleri de
icerdiginden daha yiiksek fonksiyonel Ozellige
sahiptir. Bu nedenle diyabet, obezite ve kanser
gibi kronik rahatsizliklarin engellenmesinde daha
yitksek etkiye sahip oldugu distnilmektedir.

DN5’in en 6nemli sagliga faydali etkisi nigasta
sindiriminin azaltilarak serum glikoz seviyesinin
dengelenmesi yolu ile tip 2 diyabet olusum riskinin
azaltlmasidir.  Diyabet,  vlcutta  instlin
hormonunun yeterince sentezlenememesi veya
ilgili reseptdtlerin ¢alisamamast sonucunda kan
sekerinde meydana gelen hizl artis veya azaliglar
ile  kendini  gésteren  bir  metabolizma
rahatsizhigidir.  Postprandiyal glikoz ve insilin
tepkileri, tim vicut insilin duyarhligr tizerinde
onemli etkiler sunduklart i¢in genis capta
incelenmistir. Bozulmus insilin duyarlihigi, cesitli
kronik hastaliklarla iliskili olan insilin direncine
yol agabilmektedir. DN alimindan sonra
postprandiyal glisemik ve insilinemik yanitlart
aragtirmaya yonelik ¢cok sayida ¢alisma yapilmustir.
Bircok grup DN alimini takiben postprandiyal kan
glikoz  dizeylerinde  olumlu  degisiklikler
bildirmistir (Guo vd., 2019).
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Yurutilen bir klinik arastirmaya gére palmitik asit-
amiloz kompleksi DN5 iceren ekmek diyeti
uygulanan bireylerin kan-serum testlerinin, DN5
icermeyen ekmek ile beslenen kontrol grubuna
gbre 6nemli 6lgtide daha az postprandiyal plazma-
glikoz ve insiilin tepkileri ile sonuglandigint ortaya
ctkarmustir (Hasjim vd., 2010). Tang vd., (2022)
nilifer koki nisastast ve miristik asit ile elde
ettikleri kompleksleri diyabetik farelerin diyetinde
kullanmiglardir.  DN5'in  diyabetik  fareler
tzerindeki diizenleyici etkisini iz wivo olarak
incelemek icin fareler diyetlerinde sirasiyla 4 hafta
boyunca %5 oraninda DN5 ile beslenmistir.
Deney sirasinda hizli kan sekeri seviyesindeki artig
izlenerek kaydedilmistir. 4 haftalik siire¢ sonunda
kontrol grubundaki farelerin kan sekeri seviyesi
deney sirasinda kademeli olarak artarken DN5
grubundaki farelerde ise %50.21 oraninda daha az
tespit  edilmigtir.  Arasurmacilar  DN5'in
hiperglisemiyi etkili bir sekilde azaltabilecegini,
diyabetik farelerde kilo kaybini 6nleyebilecegini ve
glikoz homeostazini tyilestirebilecegini
ongormustur.

DN5’e atfedilen bir baska sagliga yararl etki ise
kolon mikroflorasinin gelisimini desteklemesi ve
gosterdigi prebiyotik etkiler ile kolon saghnt ve
hareketlerini diizenlemesidir. Prebiyotikler, diisiik
polimerizasyon derecesine sahip sindirilemeyen
gida bileseni olarak kabul edilmekte ve kolonda
bulunan bakteri titlerinin buiytimesini ve/veya
aktivitesini uyararak konakctya faydali etkiler
gostermektedir. Arastirmalar, kalin bagirsaga
ulasan DN’nin, asetik asit, propiyonik asit ve
butirik asit dahil olmak tzere kisa zincirli yag
asitleri olusturmak i¢in bagirsak mikroflorasi
tarafindan fermente edilebilecegine dair kanitlar
saglamistir (Zhao ve ark., 2011; Xu vd. 2020; Do
vd. 2021; Bojarczuk vd. 2022). DN5 diger DN
cesitleri ile kiyaslandiginda oldukea yeni bir konu
olmasindan dolayt DN5’in kolon mikroflorast
Uzerindeki prebiyotik etkilerinin  arastirildigt
oldukea smnurlt sayida calisma bulunmaktadir. Bu
calismalardan birisinde Qin vd. (2021) DN5’in
kolon mikrobiyotast tzerindeki fermentatif
kapasitesini i vitro yontemletle arastirmis ve DN2
ve DN3 ile karsilastirmali olarak ortaya koymayt
amaclamstir. Calismada tiim DN tiplerinin insan
kolon mikrobiyota bakterileri tarafindan fermente
edilebildigi ancak DN5 varliginda butirojenik

aktivitenin 6nemli oranda arttigr bildirilmistir.

Ayrica  DN5in  diger DN  tipleri ile
karsilastirddiginda ~ Bifidobacterinm, Dialister,

Collinsella, Romboutsia ve Megamobas gelisimini
secici olarak daha cok tesvik ettigi rapor edilmistir.

Aragtirmalar, DN tiketiminin iz w»wo olarak
toplam serum trigliserit ve kolesterol diizeylerini
distrdiginti gostermis olup bu etkisi ile kilo
almmin kontrol edilmesi ile obezite riskinin
azaltilabilecegi belirtilmistir (De Martino ve
Cockburn, 2020). Obezite izerine DN5’in
etkisinin incelendigi ¢alismalar konunun yeni
olmast nedeniyle olduke¢a smnirlt sayida kalmustir.
Bu calismalardan birisinde Zheng vd., (2021)
yiksek yagl diyetle beslenen farelerde piring
nisastasi-oleik asit kompleksinin biyolojik ve
fizyolojik etkilerini incelemislerdir. Dencklere
yiksek yagh diyet, jelatinize pirin¢ nisastast ve
piring nisastasi-oleik asit kompleksi olmak tizere
tc farklt diyet sekiz hafta siire ile uygulanmis ve
diyet miidahalesinden sonra farelerin viicut
agithgindaki degisiklikler incelenmistir. Ozellikle
yiksek yaglt diyet uygulanan grupta, viicut
agithiginin  artmast yoniinde bariz bir egilim
gbzlenmis olup bu grup deneklerde bobrek Ustil
yag ve karaciger agirligy, diger iki grubunkinden
onemli 6lctide daha yitksek c¢ikmistir. Jelatinize
piring nisastast diyeti uygulanan grup ile
karsilastirlldiginda,  piring  nisastast-oleik  asit
kompleksi takviyesi, farelerin karaciger agirligini
o6nemli Ol¢ide azaltmistir. Bu sonuclar, nisasta-
yag asidi kompleksinin karacigerde yag birikimini
kontrol etmede iyi performans sergiledigini ve
boylelikle  obezitenin  kontrolinde  etkili
olabilecegini gostermistir.

SONUC

Yeni tip DN ¢esidi olan ve nisastanin lipitlerle
veya fenolik bilesiklerle katilim kompleksi
olusturmasi yolu ile dretilen DN5 6nemli bir
modifiye nisasta driniddir. DN5, amiloz-lipit
kompleksi ve amiloz—fenolik asit kompleksi
olarak elde edilebilmektedir. Lipitler ve fenolik
asitler nigasta sindirimini katalizleyen amilaz gr bu
enzimleri inhibe ederek veya bu enzimlerin nisasta
ile etkilesimlerini azaltarak nisasta sindirimini
yavaglatabilmektedirler.  Boylelikle nisastanin
serbest glikoza donisimi  sinirlanmakta  ve
fizyolojik olarak olumlu etkiler goriilmektedir.
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DN5  yiksek dizeyde diyet lifi igermesinin
yaninda c¢oklu doymamis yag asitleri veya
antioksidan bilesikleri de icerdiginden 6nemli bir
fonksiyonel nisasta kaynagidir.

Sinurlt sayida yapilan calismalarda DN5’in diger
DN tiplerine gére tstin teknolojik ve fizyolojik
Ozellikleri ortaya konulmaya caligtlmistir. Ancak
bu caligmalarin ¢ogunlugu komplekslerin tiretim
sonrasinda  herhangi bir gda  prosesine
uygulanmadan Onceki halleri ile ilgili bilgiler
sunmaktadir.  Halbuki  siuflandirma fark
etmeksizin DN, ilave edildigi Grintn saghga
faydalt etkilerini iyilestirirken diger bir taraftan ise
tekstiirel ve duyusal Ozelliklerinde 6nemli
degisimlere neden olabilmektedir. Tdm bunlara
flaveten farklt biyoaktif bilesenler ile iretilen
DN5’in farkli gida iiretim proseslerinde ugradigt
degisimler ve fizyolojk &zelliklerinin  retim
sonrasinda korunup korunmadigina iliskin bilgiler
de hentiz literatirde mevcut degildir. Bu gibi
sebeplerle DN5in gida uygulamalar ile ilgili
aragtirma  kapsaminin  artturilmasinin - 6ncelikli
oldugu degerlendirilmistir.
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oz

Bu ¢alismanin amaci kiraz tipi domatesin (Lycopersicon esculentum 1.) hasat sonrasi kalitesi ve raf dmriine etilen
tutucu-aktif ambalajlamanin ve depolama sicakliginin etkisinin belirlenmesidir. Kiraz tipi domates, yapisinda
etilen tutucu katki iceren diistik yogunluklu polietilen (LDPE) ambalajda ve katkisiz LDPE ambalajda pasif
modifiye atmosfer paketleme (MAP) altinda, 4°C ve 10°C°de %060 bagil nemde 32 giin siireyle depolanmustur.
Ambalajsiz domates kontrol grubunu olusturmustur. Depolama strecinde tepe boslugu oksijen,
karbondioksit ve etilen konsantrasyonu, agirhk kaybi, fiziksel analizler (renk, tekstiir), kimyasal analizler
(%obriks, pH, titrasyon asitligi, likopen) ve duyusal degerlendirme gerceklestirilmistir. Aktif ambalajlanmug
kiraz domateste 4°C’de %0.5 oksijen oraninda denge atmosferi saglanmistir, ancak 10°C’de oksijen orani
riskli seviyenin (%02’nin) altina dismistiir. Depolama sonunda en az etilen tiretimi 4°C’de etilen tutucu iceren
aktif ambalajlarda gerceklesmistir. Fiziksel, kimyasal ve duyusal analiz sonuglart da dikkate alindiginda etilen
tutucu iceren aktif ambalajlarda kiraz domatesin 4°C’de 32 giin raf émriine sahip oldugu tespit edilmistir.
Anahtar kelimeler: Aktif ambalajlama, depolama sicakligy, etilen tutucu, hasat sonrasi kalite, kiraz domates,
raf émri, soguk zarari

THE INFLUENCE OF ETHYLENE SCAVENGING-ACTIVE PACKAGING AND
STORAGE TEMPERATURE ON POST HARVEST QUALITY OF CHERRY
TOMATOES

ABSTRACT

The influence of ethylene scavenging-active packaging and storage temperature on the postharvest
quality and shelf life of cherry tomatoes (Lycopersicon esculentum L.) was investigated. The tomatoes
were packaged with ethylene absorber incorporated LDPE bags and control LDPE under passive
modified atmosphere (MAP), and stored at 4°C and 10°C and 60% relative humidity for 32 days.
Unpackaged products were the control groups. During storage, headspace gas analysis, ethylene
concentration, mass loss, physical (color and texture) and chemical analyses (brix, pH, titratable
acidity, lycopene) and sensory evaluation were performed. Active packages were successfully reached
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Domateste etilen tutucu iceren aktif ambalajlama uygulamasi

equilibrium atmosphere with 6.5% oxygen content (O2 %) at 4°C. However, Oz % decreased below
critical level of 2% at 10°C. The minimum ethylene concentration was determined in active packages
at 4°C. In conclusion, considering physical, chemical and sensory properties, the shelf life of the
cherry tomatoes was suggested as 32 days at 4°C in active packages.

Keywords: Active packaging, cherry tomato, chilling injury, ethylene scavengers, post-harvest

quality, shelf life, storage temperature

GIRIS
Gerek Uretim hacmi, gerekse beslenmedeki
ayrintih katkist dolayisiyla diinyadaki en 6nemli
tarimsal driinlerden biri olan domates, taze veya
islenmis olarak kullanilabilmektedir (KKadakal vd.,
2001). Domates gibi hasattan sonra renk degisimi
ile birlikte, tad: degisen ve yumusayan meyveler
klimakterik meyveler olarak adlandirilmakta ve bu
meyvelerde olgunlagma ile birlikte, solunum ve
etilen dretimi de artmaktadir (Kasim ve Kasim,
2007). Domates gibi meyvelerin en 6nemli
Ozellikleri, hasat yapildiktan sonra canliliklarini ve
fizyolojik ~ olarak  solunumlarint  devam
ettirmeleridir (Sousa  vd., 2017). Solunumda
alinan oksijen, hicrenin yapisinda bulunan
nisasta, seker ve organik asit gibi karmasgik
bilesiklerin yavas bir hizla oksidasyonu icin
kullanilirken; cevreye karbondioksit (COa, su ve
etilen gibi bazi ugucu metabolizma trinleri ile bir
miktar 1st birakirlar. Meyve ve sebzelerde
solunumun devam etmesi sonucunda ortama
verilen etilen ve CO» gibi urlnler kontrol altina
alinmadigy takdirde bir siire sonra trinde su ve
renk kayiplart  yani sira  olgunlasmanin  da
hizlanmasina neden olmakta, bu da urtunin raf
omrind kisaltmaktadir (Batu, 1999). Dolayisiyla
domateste hasat sonrast muhafaza
teknolojilerinde, solunum hizinin yavaslatilmast
ve etilen dUretiminin kontrol edilmesi ¢ok
6nemlidir (Fagundes vd., 2015).

Solunum hizi ne kadar yavag olursa Urinin
olgunlasmast, genel olarak
bozulmast yavaslamaktadir (Sousa  vd., 2017,
Demir, 2015). Solunumu etkileyen en 6nemli
faktorlerden birisi sicakliktir. Ancak her bahce
trtiniiniin tolere edebilecegi bir sicaklik derecesi
vardir. Hasat sonrast donemde urlin kayiplarina
neden olan 6nemli fizyolojik bozulmalardan birisi
soguk zararlanmasidir. Soguk zararlanmasinin ana
nedeni, hiicre membraninin zarar gérmesidir. Bu
da etilen Uretimi, hizlanmast,
fotosentezde azalma, enerji Uretiminde sorunlar,

yumugamast ve

solunumun

etanol ve asetaldehit gibi bilesiklerin birikimine
yol agar (Kistumler, 2011; Halloran vd., 1996).

Domates digik sicakliklarda depolandiginda
soguk hassasiyetine sahip bir tirtindir ve 10°C’nin
altindaki sicakliklara maruz kaldiginda dsiime
zararina  ugrayabilmektedir. Usiime  zarart
trtinlerde burusmaya, siyah ve beyaz noktalara ve
sararmaya  sebebiyet vermektedir. 15°C’nin
lzerinde ise clrimelere ve sararmalara neden
oldugu belirtilmistir. Bu sebeplerle trtnlerin
muhafazast icin kritik sicakliklarin disina ¢ikilmast
trtinlerde kalite kayiplarina yol agmaktadir (i ve
vd., 2014; Kasim ve Kasim, 2007; Sabir ve Agar,
2008). Bu kalite kayiplarinin 6niine gegilebilmesi
icin  MAP gibi ambalajlama  teknolojileri
uygulanmaktadir (Farber vd., 2003).

MAP meyve ve sebzelerde islime zararin
hafifletmek icin kullanilan yéntemlerden biridir.
Modifiye atmosferin, solunum hizini, etilen
Uretimini, etanol ve asetaldehit birikimini ve su
kaybini azaltarak soguk zararinin 6nlenmesinde
faydali oldugu tespit edilmistir (Fahmy ve
Nakano, 2014). MAP’ta ambalaj i¢i atmosfer
bilesimi uygun olarak degistirilerek
olgunlasmayi yavaslatmakta ve bu nedenle bircok
meyve ve sebzenin hasat sonrast 6mriini uzatmak
icin muhafaza, tasima ve dagium sirecinde
kullamlmaktadir (Sen vd., 2016). Ancak taze
meyve ve sebzelerin raf dmriiniin uzatilmast ve
kalite  kayiplartnin = Onlenmesinde  MAP
kullantminin ~ tek  bagina  yeterli olmadigt
gorilmustir. Yapilan calismalarda MAPin aktif
ambalajlama  ile  beraber  kullanidmasinin
uriinlerdeki kalite kayiplarini en aza indirgedigi ve
raf 6mrinin uzatldig tespit edilmistir (Ayhan,
2010; 2019).

urune

Aktif ambalajlama, emici veya yayict sistemlerdir
ve posetlerde (sase olarak), veya dogrudan
ambalaj malzemesine dahil edilerek
uygulanmaktadir. Onemli aktif ambalajlama
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sistemleri; etilen tutucular, oksijen tutucular,
etanol yayicilar, karbondioksit tutuculardir ve
antimikrobiyal ambalajlamadir (Chatles vd., 2004;
Ayhan 2010). Meyve ve sebze grubu trtinlerin raf
Omrinin uzatilmasinda drinin etilen gazt
Uretiminin baskilanmast veya tretilen etilenin ise
ortamdan uzaklastirilmast en 6nemli hususlardan
biridir (Li vd., 2014). Bu amagcla etileni absorbe
eden cesitli etilen tutuculardan yararlanilmaktadur.
Zeolit. potasyum permanganat ve paladyum gibi
bilesikler etilen tutucu maddeler olup bunlardan
en yaygin kullanmilant zeolittir (Yidirim vd., 2018).

Domates yiiksek sicaklik derecelerinde muhafaza
edildiginde hizli bozulmasi, hem etilen hem de
sogutma sicakliklarina (10°C alt) karst hassas
olmast nedeniyle, hasat sonrast kaliteyi korumak
ve raf dmirlerini uzatmak icin farkli ambalajlama
teknolojilerine ihtiyag vardir (i vd., 2104). Bu tir
gidalarin muhafazasi ile ilgili ¢alismalarin buyik
bir bélimunde kontrolld atmosferde depolama
Uzerine calistimis, Ozellikle etilen tutucu iceren
ambalaj malzemesinin  kullanimina  y6nelik
calismalar daha sinirl sayida kalmustir (Sezer vd.,
2017).

Bu ¢alismada etilen tutucu iceren aktif polietilen
(PE) ambalaj ile farkli depolama sicakliginin pasif
modifiye atmosfer paketleme altunda kiraz
domatesin hasat sonrast fiziksel, kimyasal ve
duyusal Ozelliklerine ve raf 6mriine etkisinin
belirlenmesi amaglanmugtir.

MATERYAL VE YONTEM

Materyal

CGalismada kullamilan kiraz domates 1 giin 6nce
meyve sebze halinden tedarik  edilmistir.

Calismada 2 farkli ambalaj materyali kullanilmugtir.
Yapisinda etilen tutucu igeren diistik yogunluklu
polietilen (aktif LDPE) ambalajlar PEAKfresh
(Peakfresh Products. Almanya) firmasindan
tedarik edilmistir. PEAKfresh ambalajin kalinhgt
25 pm, oksijen gecis hizi (OTR) 22°C ve % 0 bagil
nemde 23000-24000 cc/m?/gun, su buhart gecis
hizi (WVTR) 22°C ve % 90 bagil nemde 25-27
g/m?2/giin, etilen tutma orani 22°C ve % 90 bagil
nemde 3900 cc/m?/gun’dur. Katkisiz LDPE
ambalaj filmi Stimer Plastik A.S.” den (Istanbul,
Turkiye) temin edilmistir. Ambalaj filminin

kalinligr 25um, oksijen gecis hiz1 (OTR, 22°C ve
%0 bagil nemde) 4500 cc/m?/gln, su buhari gegis
hizi (WVTR, 37.8£1.1°C ve %90 bagl nemde)
7.36 g/m?/gun’ dur.

Yoéntem

Uriinlerin Hazerlanmast ve Ambalajlanmast

Katkisiz LDPE, bobin olarak temin edilmis olup
sl yapistirma makinesi (ME-400 CFN, Mercier
Corporation, Tayvan) ile 100°C’de yapistirilarak
torba ambalaj haline getirilmistir. Elde edilen
ambalaj boyutlar1 17%X20 cm? dir. Torba haline
getirilen ambalajlarda 1sil kaynak sizdirmazhgt
boya penetrasyon testi (stzdirmazlik) ile
belirlenmistir (Arndt, 2001).

Kullanilacak atmosfer kosullarinin belirlenmesi
amactyla ¢aligmaya baslamadan 6nce ambalajlarda
denge atmosferi saglamak amactyla 6n denemeler
yaptlmistir.  On  denemelere gére iiriin:tepe
boslugu orant ve uygulanacak atmosfer kosullart
belitlenmistir. On denemelerde aktif ve pasif
modifiye atmosfer kosullarinda 1:1 ve 1:1,5
iirlin:tepe  boslugu oranlart  denenmistir. On
denemelerde elde edilen sonuglar 11¢1inda 1:1 tepe
boslugunda pasit MAP (%79 Nz and %21 Oy)
uygun bulunmustur. Kiraz domates (450 £ 50 g)
etilen tutucu iceren LDPE (Peakfresh, P4°C ve
P10°C) ve katkisiz LDPE (ambalajli kontrol,
K4°C ve K10°C) ile ambalajlanmustir. Ambalajsiz
domatesler (acik kontrol, A4°C ve A10°C) ikinci
kontrol grubu olarak belirlenmistir. Hazirlanan
domates ambalajlar1  tek odali ambalajlama
makinesi (Reepack rv 300, Italya) kullanilarak
pasit MAP (%21 O %79 Nj) altinda
kapatimistir. Ambalajli domatesler iki gruba,
ayrilarak 4° ve 10°C’de muhafaza edilmistir.
Muhafazanin 0, 8, 16, 24 ve 32. gunlerinde kalite
analizleri gerceklestirilmistir. Her analiz giinii icin
her uygulamadan 3 paralel hazitlanmistir. Agirlik
kayb1 Ol¢timleri i¢in her uygulamadan 3 paralel
farkli bir set olarak hazirlanmistir.

Agirlik Kayb:

Depolama 6ncesi agirliklar belirlenen 6rneklerin
agirligs her analiz gtintinde £0.1 g hassasiyetindeki
terazi (Sartarius, GE 2101, Almanya) ile tartilarak
yizde (%) agirlik kaybi asagidaki formile gore
hesaplanmustir (Denklem 1).
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% Agirlik Kaybi=

0.gin drnek agirligi—analiz gini 6rnek agirligt

—— —— x 100
0.giin 6rnek agirligt
@
Tepe Boslugu  Oksijen, Karbondioksit ve Etilen

Konsantrasyonn Analizi

Analiz gunlerinde tepe boslugu oksijen ve
katbondioksit (%v/v) konsantrasyonlart gaz
analizori (Witt Oxybaby, Almanya) kullanilarak
belirlenmistir. ~ Ambalajin ~ Gzerine  Sl¢im
oncesinde yapistirilan  septumdan  analizérin
ignesi ile girilerek Olcim yapidmistir. Her bir
paralelden 2 6lgim yapilmis olup, her uygulama
icin 6 Olcimun ortalamast alinmustir (Sezer ve
Ayhan, 2017).

Etilen konsantrasyonunun belirlenebilmesi icin
%99 safliginda etilen gazt iceren tipten 5 farkl
konsantrasyon olacak sekilde (20 pL etilen
standardi+ 80 ul. hava, 40 pl. etilen standardi+ 60
pL. hava, 60 ul. etilen standardi+ 40 ul. hava, 80
pL etilen standardi+ 20 pl. hava, 100 pl. etilen
standardt) 100 uLL gaz kagirmaz siringa ile ¢ekilmis
ve alev iyonizasyon dedektériine (FID) sahip gaz
kromatografisine (GC) (Shimadzu, Model GC-
2010, Japonya) enjekte edilmis ve 5 farklt
konsantrasyonun alikonma  siireleri  dikkate
alinarak  kalibrasyon egrisi  olusturulmustur.
Kalibrasyon egrisinden elde edilen denklem
kullanilarak ambalajlanan 6rneklerde tepe boslugu
etilen konsantrasyonu (ppm) belirlenmistir.
Ambalaj icindeki etilen gaz konsantrasyonunu
belirlemek icin ambalajli kontrol ve PEAKfresh
ambalajdan gaz kacirmaz siringa ile 1 mL etilen
gaz Orne§i alinarak etilen konsantrasyonu gaz
kromatografisi ile belitlenmistir (Tian vd., 2004).
GC de kolon olarak Poropak-Q (1.8m)
kullantlmistir. Kullanilan kromatogratik kosullar:
Tastyict gaz; azot, firin sicakligy; 50°C, enjektor
sicakligt; 210°C, dedektor sicaklig: 250°C olarak
ayarlanmustir.

Fiziksel Analizler

Domateste fiziksel analiz olarak renk ve tekstir
Oleimi yapilmustir. Renk Ol¢timinde her bir
paralelden 3 meyve alinarak karsiikli orta
noktasindan iki 6l¢lim, renk 6l¢tim cihazt (PCE-
CSM 7, Meschede, Almanya) ile yapilmus olup, L*

(L= 0 siyah, L= 100 beyaz), a* (-a= yesillik, +a=
kirmizilik) ve b* (-b=mavilik, +b= sarilk)
degerleri belitlenmistir (Guine vd., 2014). Her
ambalajdan 3 Ornek alinmis olup, her bir
uygulama  icin 18  Olcimun  ortalamast
hesaplanmustir.

Uriinde meydana gelen yumusama ve sertlesmeyi
belirlemek icin tekstiir analizi yapilmustir. Her bir
domatesin karsilikli 2 noktasinda 2mm ¢apinda
silindir prob ve 5mm/s hiz ve 7mm penetrasyon
mesafesi kullanilarak tekstiir analiz cihazt (TA.XT
Plus, Ingiltere) ile 6lcim yapilmistir (Choi vd.,
2015). Elde edilen maksimum penetrasyon
kuvveti (N) drtinin yumusaklik/sertliginin ifade
edilmesinde kullanilmistir. Her bir paralelden 3
domates alinmis olup, her uygulama icin 18
Olcimiin ortalamast alinmistir.

Kimyasal Analizler

Kimyasal analizlerden suda ¢6ztiniir kuru madde
miktart (SCKM), pH 6l¢iimii ve titrasyon asitligi
AOAC (2005  gbre yapdmustir.  Ayrica
domateste likopen konsantrasyonu (Choi vd.,
2014) ol¢tlmustir. Her paralelden 2 6&l¢im
yapilmis, her uygulama i¢in 6 él¢iimiin ortalamasi
alinmustir. Kimyasal analizler icin 6ncelikle her bir
ambalajdan 3 domates alinarak karistirict (Waring,
Almanya) yardimiyla homojenize edilmistir.
Kimyasal analizlerde her paralelden 2 6&l¢im
yapilmis ve her uygulama icin 6 Ol¢imin
ortalamasi alinmustir.

Suda ciziiniir kurn madde miktar: (Yobriks)

Suda ¢6ztuntr kuru madde (SCKM) tayini icin
homojenize edilen Srneklerden refraktometreye
(Atago N-50, Japonya) 1-2 damla alinarak okunan
deger, %Briks olarak ifade edilmistir...

PH analizi

pH 6lgtimleri icin homojenize edilen ¢6zeltiden
20g alnmip 200mL’lik balon jojede saf su ile
gizgisine kadar tamamlanmis ve ardindan
hazirlanan ¢ozelti filtre kagidindan gegcirilmistir.
Olusan ¢ozeltiden bir behere 20 ml alinarak pH
metre (WTW-3151i, Weilheim, Almanya) ile 6l¢tim
yapimistir.
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Titrasyon asitligi

Titrasyon asitligi (%) icin homojenize edilen
¢ozeltiden 20 g alinip 200 mI'lik balon jojede saf
su ile ¢izgisine kadar tamamlanmis ve ardindan
hazirlanan ¢ozelti filtre kagidindan gegirilmistir.
Olusan ¢ozeltiden 25 ml bir erlene alinarak 0.1N
NaOH ile pH 8.1’ kadar titre edilmis ve % sitrik
asit cinsinden titrasyon asitligi asagidaki formiile
gore hesaplanmistir (Denklem 2). .

Titrasyon Asitligi % = % )

V: Harcanan NaOH miktari, ml

F: 0.1 N Baz ¢ozeltisinin faktori

E: 1 ml 0.1 N NaOH’in esdegeri asit miktari, g
M: Titre edilen 6rnegin gercek miktari, ml veya g

Likopen konsantrasyonn

Likopen analizi i¢cin  homojenize edilen
domatesten 1g 6rnek alinmistir. Alinan Srnege
2:1:1 oraninda 16 mllik hekzan/etanol/aseton
karisimi ilave edilmistir. 1 saat boyunca oda
sicakhiginda galkalanmasinin ardindan tiipe 1 ml
deiyonize su ilave edilmis ve 3 dk calkalanmustir.
Numuneler daha sonra her iki fazin ayrilmasi icin
oda sicakliginda 10 dk bekletilmis ve olusan tst
tabaka UV-vis spektrofotometresinde 503 nm’de
absorbanst okunarak asagida verilen formil ile
hesaplanmistir (Denklem 3) (Choi vd., 2015).

A503 % 536,9x16%0,5 3
1%172 ( )

Aso3, 503 nm’de Slgiilen absorbans olup, likopenin
molekil agirligt 536.9 g/mol, karisim solventinin
hacmi 16 ml, solventte altta kalan ile st kismin
birbirine orant 0.5, hekzan icinde likopen icin
molar  s6nimleme  katsayist  (extinction
coefficient) 172 mM-!, eklenen domates miktart 1
g olarak alinmgtir.

Likopen (mg/kg) =

Duyusal Degerlendirme

Her analiz giintinde renk, tat, tekstir, koku ve
genel idrin begenisi deneyimli 6 panelist
tarafindan 1-5 dereceli skalada degerlendirilmistir.
Yizey rengi degerlendirmesinde (1 = ¢ok
koti/burusuk/renk kaybi, 3 = kabul edilebilir, 5
= ¢ok iyi/puriizstiz/istenen kirmizi renk), tekstiir
degerlendirmesinde (1 = yumusak, 3 = orta, 5 =

siki/sert),  tat degerlendirmesinde (1 =
bozuk/istenmeyen tat/tat kaybi, 3 = kabul

edilebilir, 5 = istenen/yogun Urtin tadi), genel

triin begenisi (1 = hi¢ begenmedim, 3 = kabul
edilebilir, 5 = ¢ok begendim) olarak belirlenmistir.

Istatistiksel Analiz

Calisma parametrelerinin (uygulama, sicaklik ve
depolama siiresi) incelenen Urlnlerin fiziksel,
kimyasal ve duyusal kalitesi tzerindeki etkileri
IBM SPSS 20 istatistik programi kullanilarak
varyans analizi ile belirlenmistir. Uygulamalar
arasindaki farkliliklar Duncan coklu karsilastirma
testi ile degerlendirilmistir. Elde edilen istatistik
analiz sonuglart P<0.05 6nem dizeyine gore
degerlendirilmistir.

BULGULAR VE TARTISMA

Agrlik Kaybi

Aktif ambalajlama ve depolama sicakliginin kiraz
domatesin agithk kaybt (%) tlzerine etkisi Sekil
1’de verilmigtir. Agihik kaybi taze meyve ve
sebzelerde ckonomik kayip ve raf Omrinin
kisalmast ve bircok biyokimyasal olay: etkilemesi
nedeniyle 6nemli bir parametredir. Agirhk kaybi
artist ile meyve albenisi ve pazar kalitesi de
olumsuz etkilenmektedir (Sezer  vd., 2017).
Agrhk kaybi 4°C’de depolanan, etilen tutucu
iceren LDPE ve katkisiz LDPE gruplarda sirasiyla
%0.35 ve 9%0.30°dur. 10°C’de  depolanan
gruplarda ise katkili ve katkisiz LDPE gruplarda
strastyla ~ %00.68  ve  %0.67  bulunmustur.
Ambalajsiz gruplarda ise 4° ve 10°C’de sirasiyla
%15.04 ve %13.39°dur. Ambalajsiz triinlerde
meydana gelen yuksek diizeydeki agirlik kaybina
yizeyden gerceklesen su kaybi yol agmaktadir.
Ambalajli gruplarda gerceklesen agirlik kaybi
ihmal edilebilecek dizeyde bulunmustur ve
istatistiksel acidan aralarinda anlamlt farkliik
bulunmamstir  (P>0.05).  Choi vd. (2015)
yaptiklart  caligmada  kiraz tipi domateste
calismamiza benzer bir sekilde 9 glinlik depolama
sonunda kontrol grubunda %3 agirlik kaybi
bulurken, pasif MAP ile ambalajlanan grupta
ihmal edilebilecek  duizeyde agirlik  kayb:
gerceklestigini belirtmislerdir.  Agirlik kaybinin
ambalajli gruplarda diisiik olmast kullanilan PE
bazli malzemelerin nem gecirgenliginin dusik
olmast ile iliskilendirilebilir. Genellikle ambalajsiz
olarak satisa sunulan kiraz tipi domateslerde %10
ve uzerinde gerceklesen agihk kaybinin ¢ok
o6nemli ekonomik kayiplara neden oldugu
belirtilmistir (Sezer vd., 2017).
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Sekil 1. Aktif ambalajlamanin ve depolama sicakliginin kiraz domatesin agirhk kaybina etkisi
(A4°C:4°C’de ambalajsiz, A10°C: 10°C°de ambalajsiz, K4°C: 4°C°de katkisiz LDPE K10°C: 10°C’de
katkisiz LDPE P4°C: 4°C’de etilen tutucu iceren LDPE P10°C: 10°C’de etilen tutucu iceren LDPE)

Figure 1. The effects of active packaging and storage temperature on mass loss of cherry tomatoes (A4°C: unpackaged at
4°C, A10°C: unpackaged at 10°C, K4°C: control LDPE without additive at 4°C, K10°C: control .DPE without
additive at 10°C, P4°C: active LDPE with ethylene scavenger at 4°C, P10°C: active LDPE with ethylene scavenger at

10°C)
Tepe Boslugu Gaz Bilesimi solunumunu devam ettiren meyve-sebze grubu
Aktif ambalajlamanin ve depolama sicakliginin  Urlinlerde  oksijen  seviyesinin = anaerobik
tepe  boslugundaki oksijen (% Oz ve fermantasyonun baslamasina neden olabilecek

karbondioksit (COz) tzerine etkileri Sekil 2’de %2 dizeyinin Uzerinde kalmasi ve denge

verilmistit.  Domates

gibi  hasat  sonrasi atmosferin olusmast amaclanmistir.

30

0, Konsantrasyonu (%)
= = N N
o [0, o (€]
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0.gln

8.glin 16.gun 24.gln 32.glin
Depolama Siiresi
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Sekil 2. Aktif ambalajlamanin ve depolama sicakliginin kiraz domatesin tepe boslugu oksijen ve
karbondioksit oranina etkisi (K4°C: 4 °C’de katkisiz LDPE, K10°C: 10 °C’de katkisiz LDPE, P4°C: 4
°C’de etilen tutucu igeren LDPE, P10°C: 10 °C’de etilen tutucu iceren LDPE)

Figure 2. The effects of active packaging and storage temperature on headspace oxygen and carbon dioxide (K4°C: control
LDPE without additive at 4°C, K10°C: control L.DPE without additive at 10°C, P4°C: active LDPE with ethylene
scavenger at 4°C, P10°C: active LDPE with ethylene scavenger at 10°C)

Sekil 2’de goruldign gibi %O, konsantrasyonu
tim uygulamalarda 8. glnde hizli bir dusis
gostermisgtir.  10°C’de  depolanan  ambalajlt
trtinlerde depolamanin sonunda O seviyesinin
krittk  deger olan %2nin altuna  dustigi
gorilmustir. 10°C’de  domateslerin - solunum
hizinin artmasina bagl olarak oksijen titketiminin
artmasi  scbebiyle oksijen orani acisindan
depolama boyunca denge atmosfer olusmamustir.
4°C’de katkisiz LDPE ile ambalajlanan (K4°C)
trtinlerde ise depolama boyunca denge atmosfer
saglanamamistir. 24, glnin ardindan %02
seviyesinde o6nemli derecede dusiis meydana
gelmistir. 24. ginde %7.1 olan Oz seviyesi
depolamanin  sonunda  %3’e  dismdustiir.
Depolamanin 24. giiniinden itibaren bu grupta
etilen konsantrasyonunun artmasina baglt olarak
drinin solunumu hizlanmis ve Os seviyesinin
dismesine neden olmustur. 4°C’de etilen tutucu
iceren LDPE ile ambalajlanan (P4°C) iriinlerde
ise 16.glinde denge atmosfer saglanmis olup O-
orant 32. giinde %0.5’te kalmustir. Zeolit iceren
LDPE’nin ytksek oksijen gecirgenligine sahip
olmast, etilenin ortamdan uzaklastirilmast ve
4°C’de trtnin solunum hizinin daha dusik
olmast gibi nedenlerle ambalaj igerisindeki oksijen
seviyesi kritik seviyenin (%2) altna diigmemistir.

Genellikle pasif MAPta denge atmosferin
saglanmast icin solunumun yavaglamasi ve
CO2nin belli bir miktar artip. O2’nin azalmast
istenir (Maleki  vd., 2018). Calismamizda bu
etkiye 4°C’de etilen tutucu iceren aktif LDPE

ambalajlarda (P4°C) ulasilmustir.

Sekil 2 incelendiginde ise baslangicta %0 olan CO2
seviyesi  depolamanin  16.gininde  tim
uygulamalarda %5 seviyesindeyken depolamanin
sonunda sadece P4 °C uygulamasinda %5
seviyesinde kalmistir. Katkisiz kontrol ambalajda
malzemenin gecirgenliginin daha diisitk olmast ve
driinin solunumu nedeniyle %CO2’nin  arttid
distntlmektedir. P4°C grubunda ise malzemenin
OTR’sinin  daha yiksek olmast ve etilen
tutucunun varligr Griinin solunum hizint kontrol
altina almis ve COz konsantrasyonunun artmasina
engel olmustur. P10°C uygulamasinda ise sicaklik
artisgina bagh olarak iriniin solunum hizinin
artufl ve buna bagl olarak %CO2nin arttid
dustnilmektedir.

Domateste tepe boslugu gaz analizi sonuglar
incelendiginde 4°C’de depolanan ambalajlarda
(K4°C ve P4°C) oksijen seviyesi %2’nin tizerinde
kalmistir. Ancak katkisiz LDPE ile ambalajlanan
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grupta denge atmosfer olusmamistur. Etilen
tutucu igeren LDPE ile ambalajlanan grupta
solunum vyavasladigt ve etilen konsantrasyonu
kontrol altina alindigt icin denge atmosfer
olusmustur. Demir (2015) yaptigt ¢alismada aktif
ve pasif modifiye atmosfer paketleme altinda kiraz
domatesleri etilen tutucu sase iceren ve icermeyen
polietilen ile ambalajlamslardir. 28  glinlik
depolama sonunda etilen tutucu igeren pasif
ambalajlarda O, dustisinin yavas gerceklestigi
belirtilmistir. Etilen tutucu iceren uygulamalarda
Oz konsantrasyonu dislisiinde gérilen bu
farklilik etilen tutucu iceren Urinin solunum ve
olgunlasma tzerinde etkili olan etilenin ortamdan
uzaklastirilarak solunumun yavaslatilmasi, bunun
sonucunda da Oz kullaniminin daha az olmast ile
aciklanmaktadir.  Aktif modifiye  atmosfer
paketlemede  ise  baslangictaki = %5 = Os
konsantrasyonunun depolama sonunda %2.3’e
distigi  gbzlenmistir. Aymt  calismada  etilen
tutucu iceren ve icermeyen tim gruplarda CO»
oraninin %9-10 araliginda degistigi ve etilenin
COy tizerinde bir etkisinin olmadig1 belirtilmistir.
Tum gruplarda CO> oranindaki yikselmenin
mikrobiyal yikiin artmasindan kaynaklandigt
belirtilmistir. Ancak bu calismada etilen
konsantrasyonu rapor edilmemistir.

Etilen Konsantrasyonu

Aktif ambalajlamanin ve depolama sicakliginin
tepe boslugu etilen konsantrasyonu tizerine etkisi
Sekil 3’te verilmistir. Tim uygulamalarda ik 8
ginde etilen konsantrasyonunda artis meydana
gelmistir. Etilen konsantrasyonu depolamanin 8.
giniinde K4°C ve P4°C uygulamalar1 icin sirasiyla
1.04 ppm ve 1.00 ppm olarak Ol¢ilmistir.
10°C’de depolanan triinlerde ise K10°C ve P10°C
uygulamalari igin sirasiyla 1.45 ppm ve 1.05 ppm
olarak  Olculmustir. Etilen konsantrasyonu
acisindan 4°C’de depolanan gruplar arasinda 32.
giinde anlamli bir degisim olugsmazken, 10°C°de
depolanan uygulamalar arasindaki fark Gnemli
bulunmustur  (P<0.05).  Farkli  depolama
sicakliklarinin  etilen konsantrasyonu izerine
etkisinin istatistiksel acidan 6nemli oldugu
belirlenmistir  (P<0.05). Depolama sonunda
4°C’de depolanan drlnlerde K4°C ve P4°C
uygulamalart i¢in etilen konsantrasyonu sirasiyla
1.18 ppm ve 0.96 ppm iken, 10°C’de depolanan

triinlerde sirasiyla 1.67 ppm ve 1.30 ppm’dir.
10°C’de depolanan trinlerde solunum hizinin
yiksek  olmasit etilen konsantrasyonunun
yikselmesine sebep olmustur. Fagundes vd.
(2015) kiraz tipi domateste yaptiklart ¢alismada
calismamiza benzer sekilde 7. giinde 1.00 ppm
olan etilen konsantrasyonunu, depolama sonunda
kontrol grubunda (pasif MAP) 1.50 ppm, aktif
MAP (%5 Oz - %5 COs - %90 N2) uygulanan
grupta ise 1.20 ppm olarak rapor etmislerdir.
Ticati etilen tutucu filmler genellikle etilen tutucu
olarak zeolit icermektedir, ancak Tzeng vd. (2019)
zeolitin adsorpsiyon kapasitesinin sinirli oldugunu
belirtmistir. Tzeng vd (2019) paladyum esash
zeolit (Pd/zeolit) iceren etilen tutucu sistemi muz
i¢in test etmis ve depolamanin ilk 11 giniinde
etilen dretimi olmadigini ve 28. gilinde etilen
oraninin Pd/zeolit icermeyen kontrol grubuna
gore %83 diizeyinde daha disiik oldugunu rapor
etmistir.

Fiziksel Analizler

Rentk

Aktif ambalajlama, depolama sicakligi ve siiresinin
renk (L*, a* b*) tzerine etkisi Cizelge 1.de
verilmistir. Renk. olgun meyve ve sebzelerde raf
Omrini etkileyen en 6nemli parametrelerden
biridir (Fagundes vd., 2015). Depolama siiresinin
ve sicaklik*depolama stresinin L* degeri tzerine
etkisi 6nemli bulunmustur (P<0,05). 4°C’de etilen
tutucu iceren polietilen (P4°C) ile ambalajlanan
trinlerin - L*  degerinde depolama boyunca
istatistiksel ~ olarak  anlamli  bir  degisiklik
gorilmezken (P>0,05), diger uygulamalarda
depolama stresince yaganan disis Onemli
bulunmustur (P<0,05). L* degerindeki disis
mikrobiyal gelisme veya depolama sonunda
muhtemel Ustime zararina bagh iriin ylzeyinde
meydana gelen degisikler ile iliskilendirilebilir.
Depolamanin  sonunda uygulamalar arasinda
istatistiksel acidan 6nemli farklar bulunmus ve
domateste L* degeri 34.46 olarak en iyi P4°C
grubu ambalajlarda korunmustur.

Aktif ambalajlama ve depolama stiresinin
domateste a* degeri Uzerine etkisi Onemli
bulunmugtur (P<0.05) (Cizelge 1). Domateste
kirmiziligs ifade eden a* degerinde depolama
stresince etilen tutucu igeren uygulamalarda
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6nemli bir degisim olmazken, katkisiz kontrol ve
ambalajsiz gruplarda  dlstis  yasanmustir.
Depolama sonunda ambalajsiz gruplar ile katkisiz
kontrol gruplart arasindaki fark ise 6nemsizdir
(P>0.05). a* degerinde meydana gelen dusis,

olgunlasma ile iliskilendirilebilir. Domateste hizlt
olgunlagsma drinin rengini olumsuz etkilemekte
ve Urlnin esmetlesmesine yol agmaktadir. a*
degerinde yasanan bu degisimi b* degerinde elde
edilen sonuclar da desteklemektedir.

artan etilen konsantrasyonuna baglt  hizh

2,5
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Sekil 3. Aktif ambalajlamanin ve depolama sicakliginin kiraz domatesin etilen konsantrasyonu tizerine
etkisi (K4°C: 4°C’de katkisiz LDPE, K10°C: 10°C°de katkisiz LDPE, P4°C: 4°C’de etilen tutucu iceren
LDPE, P10°C: 10°C’de etilen tutucu igeren LDPE)

Figure 3. The effects of active packaging and storage temperature on headspace ethylene concentration (K4°C: control
LDPE without additive at 4°C, K10°C: control LDPE without additive at 10°C, P4°C: active LDPE with ethylene
scavenger at 4°C, P10°C: active LDPE with ethylene scavenger at 10°C)

Aktif  ambalajlama.  depolama  stiresi ve
uygulama*depolama stiresinin b* degeri tzerine
etkisi 6nemli bulunmustur (P<0.05) (Cizelge 1).
Uriinde sariligt ifade eden b* degerinde etilen
tutucu igceren gruplar P4°C ve P10°C harig
depolama boyunca anlamli derecede disis
gbzlenmistir. b* degerinde meydana gelen diists
drianlerde renk degisiminin arttigini
gostermektedir ki, bu durum a* degerinin
azalmastyla da desteklenmektedir. Sonug olarak.
P4°C ve P10°C uygulamalarinda kiraz domatesler
depolama boyunca kirmizi rengini daha iyi
korumustur.

Yapilan bir ¢alismada baslangicta 19.90 olan a*
degerinin 28 giinlik depolama stiresinin ilk 14

gintnde arttifl, ardindan dustigi belirtilmistir.
En az degisimin aktif modifiye atmosfer
paketleme yapilan ambalajlarda ortaya ciktigt
rapor edilmistir. Etilen tutucu igeren aktif MAP
uygulamasinin kokteyl domatesin olgunlasmasint
geciktirdigi ve rengini korudugu belirtilmistir.
Kontrol uygulamalarinda ise etilen Uretiminin
olgunlasmayr hizlandirarak renk  degisimini
engelleyemedigi belirtilmistir. b* degerinde de
depolama stiresi sonunda en fazla disisin
kontrol uygulamalarinda oldugu, etilen tutucu
igeren aktif MAP uygulamasindan en iyi sonucun
alindig1 belirtilmistir (Demir, 2015).
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Cizelge 1. Aktif ambalajlama ve depolama sicakliginin kiraz domatesin L*, a* ve b* renk degerlerine

etkisi

Table 1. Effects of active packaging and storage temperature on L* a* and b* values of cherry tomatoes

L* degeri (L* value)

0.glin 8.glin 16.giin 24.giin 32.giin

Day 0 Day 8 Day 16 Day 24 Day 32
A4°C 34.07 £ 1.50Aa 33.37 £ 1.07Ca 33.97 + 1.52Ba 33.95 + 2.91BCa 31.40 + 1.08CDb
K4°C 34.07 = 1.50Aab 33.25 £ 1.22Cb 34.34 = 1.43ABab 3537 £ 1.27Aa 31.54 £ 0.99CDc
P4°C 34.07 £ 1.50Aa 35.28 £ 1.13ABa 35.07 £ 1.25Aa 34.47 £ 1.46Ca 3446 £ 1.37Aa
A10°C 34.07 £ 1.50Aa 35.03 + 0.95Ba 34.50 + 0.92ABa 31.89 £ 1.67Db 32.82 + 2.28Bb
K10°C 34.07 £ 1.50Aa 34.52 = 1.36Ba 34.25 £ 1.75ABa 34.78 £ 1.25ABa 31.25 = 1.00Db
P10°C 34.07 £ 1.50Ab 36.08 = 2.50Aa 34.33 = 2.38ABb 33.88 £ 1.41Ab 32.13 £1.25BCc

a* degeri (a* value)

0.glin 8.glin 16.giin 24.gin 32.giin
A4°C 21.88 + 2.34Aab 2271 + 2.20Aa 20.44 + 2.85Abc 17.46 £ 2.91Bd 18.62 £ 2.30Bcd
K4°C 21.88 + 2.34Aab 23.32 + 2.35Aa 19.54 = 2.18Ac 16.29 £ 2.24Bd 18.60 = 1.15Bc
P4°C 21.88 = 2.34Aab 23.33 £ 1.70Aa 20.30 £ 2.65Abc 19.82 £ 3.16Ac 21.11 = 2.88Aab
A10°C 21.88 £ 2.34Aab 22.92 + 2.55Aa 21.20 £ 2.42Ab 16.22 * 3.02Bc 17.74 £ 1.23Bc
K10°C 21.88 + 2.34Aab 23.32 + 1.84Aa 20.40 + 2.55Ab 16.83 = 2.90Bc 18.34 £ 1.11Bcd
P10°C 21.88 = 2.34Aab 23.81 + 2.50Aa 22.55 + 2.38Aa 17.00 £ 3.54Bc 19.68 £2.79ABb

b* degeri (b* value)

0.glin 8.glin 16.giin 24.gin 32.giin
A4°C 19.47 £ 1.59Aa 18.31 £ 1.36Bab 17.97 £ 2.82Ab 15.75 £ 2.27Bc 17.17 £ 0.93Bb
K4°C 19.47 £ 1.59Aa 18.60 = 2.51Ba 16.24 £ 2.27Ab 11.04 £ 1.40Dc 16.84 = 1.45Bb
P4°C 19.47 £ 1.59Aa 20.14 = 1.40Aa 19.53 £ 1.73Aa 18.64 £ 2.25Aab 19.32 £ 2.19Aa
A10°C 19.47 £ 1.59Aa 18.28 £ 1.99Ba 16.71 £ 1.20Ab 15.37 £ 2.39Bb 15.98 £ 2.63Bb
K10°C 19.47 £ 1.59Aa 17.95 + 1.45Ba 17.61 £ 3.03Ab 12.63 £ 1.96Cd 15.81 = 1.71Bc
P10°C 19.47 £ 1.59Aa 19.10 + 2.01ABa 17.91 £ 2.27Ab 18.53 + 2.42Bab 18.70 £ 2.24Aa

A4°C: 4°C’de ambalajsiz, K4°C: 4°C’de katkisiz LDPE, P4°C: 4 °C’de etilen tutucu iceren LDPE, A10°C: 10°C’de
ambalajsiz, K10°C: 10°C’de katkisiz LDPE, P10°C: 10°C’de etilen tutucu i¢eren LDPE

Ayni stitunda benzer buytk harflerin bulundugu ortalama degerler (P>0.05) istatistiksel olarak anlamli degildir.
Ayt satirdaki benzer kiigiik harflerin bulundugu ortalama degerler (P>0.05) istatistiksel olarak anlamli degildir
A4°C: unpackaged at 4°C, A10°C: unpackaged at 10°C, K4°C: control LDPE without additive at 4°C, K10°C: control .DPE
withont additive at 10°C, P4°C: active LDPE with ethylene scavenger at 4°C, P10°C: active LDPE with ethylene scavenger at 10°C

Tekstiir

Aktif ambalajlamanin ve depolama sicakliginin
penetrasyon kuvveti (N) tlzerine etkisi Cizelge
2’de verilmistir. Penetrasyon kuvveti (N) trln
sertligi  hakkinda bilgi vermektedir. Aktif
ambalajlamanin,  depolama  sicakhigiin  ve
stresinin domateste penetrasyon kuvveti tizerine
etkisinin 6nemli oldugu gérilmektedir (P<0.05).
4°C’de depolanan ve etilen tutucu iceren LDPE
ile ambalajlanan grupta (P4°C) depolama stresi
boyunca meyve kabuk sertligi korunmustur. Bu
grupta baglangicta 5.81N olan penetrasyon
kuvveti, depolamanin sonunda 4.84N 6l¢tilmis ve
en az yumugamanin meydana geldigi uygulama
olmustur. Diger gruplarda ciddi oranda

yumusama gozlenmistir ve meydana gelen bu
yumusamalar  istatistiksel ~ olarak  Snemli
bulunmugtur  (P<0.05). 10°C’de depolanan
triinlerde solunum hizinin daha yiitksek olmasiyla
birlikte —gerceklesen olgunlasma  sonucunda
uriinlerde daha fazla yumusama meydana
gelmistir. 10°C’de depolanan gruplarda en yiiksek
penetrasyon kuvveti 2.74N ile ambalajsiz
gruplarda OSlcilmistiir. Bu durum ambalajsiz
triinde su kaybindan dolay1 gerceklesen kuruma
ile iliskilendirilebilir. 4°C’de depolanan trtnlerde,
10°C’ye gbre daha az yumusama gerceklesmistir.
4°C’de domatesin solunum hizinin disik olmast
ve olgunlasmanin  gecikmesi  urlnlerin
yumugamasini nlemistir.
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Cizelge 2. Aktif ambalajlamanin ve depolama sicakhiginin kiraz domatesin tekstiiriine (penetrasyon
kuvvetine) etkisi
Table 2. Effects of active packaging and storage temperature on texture (penetration force) of cherry tomatoes

Penetrasyon Kuvveti (N)
Penetration Force (N)

0.glin 8.glin 16.giin 24.gin 32.glin

Day 0 Day 8 Day 16 Day 24 Day 32
A4°C 5.81 £ 0.49Aa 5.40 £ 0.47ABa 4.71 £ 0.54Ab 2.76 = 0.87Bd 3.68 £ 0.53Bc
K4°C 5.81 £ 0.49Aa 5.44 £ 0.63ABa 4.02 £ 0.92Bb 3.49 £ 0.53Ab 3.61 £ 1.07Bb
P4°C 5.81 £ 0.49Aa 5.19 £ 0.69Ba 4.89 *+ 0.46Aab 4,93 + 0.51Aab 4.84+0.65Aab
A10°C 5.81 £ 0.49Aa 5.68 £ 0.58Aa 513 £ 0.41Ab 2.46 + 0.73Bc 2.74 = 0.70Cc
K10°C 5.81 £ 0.49Aa 5.48 + 0.76ABa 2.57 + 1.23Cb 1.13 £ 0.39Cc 1.67 £ 0.44Dc
P10°C 5.81 £ 0.49Aa 5.64 £ 0.51ABa 4.67 £ 0.68Ab 1.36 + 0.49Cd 2.51 £ 0.32Cc

A4°C: 4°C’de ambalajsiz, K4°C: 4°C’de katkisiz LDPE, P4°C: 4 °C’de etilen tutucu iceren LDPE, A10°C:
10°C’de ambalajsiz, K10°C: 10°C’de katkisiz LDPE, P10°C: 10°C’de etilen tutucu iceren LDPE

Ayni siitunda benzer biiytik harflerin bulundugu ortalama degerler (P>0.05) istatistiksel olarak anlamli degildir.
Aynt satirdaki benzer kigiik harflerin bulundugu ortalama degerler (P>0.05) istatistiksel olarak anlamli degildir
A4°C: unpackaged at 4°C, A10°C: unpackaged at 10°C, K4°C: control LDPE without additive at 4°C, K10°C: contro/ LDPE
without additive at 10°C, P4°C: active LDPE with ethylene scavenger at 4°C, P10°C: active LDPE with ethylene scavenger at

10°C

There is no statistical difference between applications with the same capital letter in the same column on a given storage day (P >
0.05). There is no statistical difference between the storage times with the same lowercase letter in the same line for a given application

P > 0.05).

Kimyasal Analizler

Suda ¢oziiniir kuru madde miktar: (YoBriks)

Aktif ambalajlamanin ve depolama sicakliginin
suda ¢ozinir kuru madde (SCKM) tizerine etkisi
Cizelge 3’te verilmistir.
Uygulama*sicaklik*depolama  stiresinin  briks
tzerine etkisi 6nemli bulunmustur (P=0.05).
Depolama stiresi iletledik¢e tim uygulamalarda
6nemli diizeyde diistis gérillmustiir. Depolamanin
baslangicinda  %5.90 olan SCKM  degeri.
depolamanin sonunda K4°C grubunda %3.90%a,
P4°C grubunda 4.70’¢, K10°C grubunda 4.30’a ve
P10°C grubunda ise 3.80°e dismistiir. Depolama
sonunda en az degisim 4°C’de depolanan ve etilen
tutucu iceren aktif LDPE ambalajli (P4°C)
trtinlerde meydana gelmistir. 4°C’de etilen tutucu
igeren grupta solunumun yavas olmasi ve etilenin
uzaklastirilmasindan ~ dolayt  olgunlasmanin
kontrol altina alindig1 ve bu nedenle %obriksteki
degisimin daha az oldugu distntlmektedir.
Depolama sonunda en distik SCKM, 4°C ve
10°C°de depolanan ambalajsiz gruplarda sirastyla
3.60 ve 3.30 olarak tespit edilmistir. Domateste
suda ¢Oztunir maddelerin  %065’ini  seker
olusturmaktadir, suda ¢6zlintr diger maddeler ise
organik asitler, tuzlar, vitaminler, serbest amino

asitler ve diger bazi maddelerdir (Demir. 2015).
Depolama stiresi boyunca brikste meydana gelen
digtis driin icerigindeki sekerlerin solunum ile
kullanilmastyla — aciklanabilmektedir  (Halloran
vd., 1996)

Depolama sonunda P4°C ve K10°C ile diger
uygulamalar arasindaki farklihk istatistiksel acidan
6nemli bulunmustur (P<0.05). Ambalajlt
muhafazanin nem kaybini azaltarakta SCKM’nin
korunmasinda etkili oldugu bilinmektedir (Sabir
ve Agar, 2008; Halloran vd. 1996).

PH

Aktif ambalajlamanin ve depolama sicakliginin
pH tzerine etkisi Cizelge 4’te verilmistir. Aktif
ambalajlama, depolama sicakligt ve siiresinin pH
degeri tzerine 6nemli bir etkisinin bulunmadigt
gorilmustir (P>0.05). 4°C ve 10°C°de depolanan
orneklerde depolama boyunca  gerceklesen
degisim  Onemsiz  bulunmugstur  (P>0.05).
Depolama sonunda uygulamalar arasindaki farklar
da 6nemsiz bulunmustur (P>0.05). Demir (2015)
yaptigt calismada etilen tutucu igeren ve
icermeyen aktif ve pasif MAP ile ambalajlanan
kiraz domateslerin pH degerinde 28 gunlik
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depolama boyunca artts meydana geldigini ve
depolama sonunda 4.30 ile 4.50 arasinda
degistigini belirtmistir. Das vd. (20006) ise yaptigt
calismada pH degetlerinin 3.0 ile 4.0 araliginda
oldugunu ve depolama siiresi boyunca inigler ve

calismalara goére domateslerde pH’nin  Urln
cesidine  gbre  farklilik  gOsterdigi, MAP
uygulamasinin  bazt calismalarda pH Gzerine
etkisinin oldugu bazilarinda ise herhangi bir
etkisinin olmadig gérilmektedir (Gil vd., 2002;

cikislar

oldugunu

belirtmislerdir.

Yapilan

Das vd., 2006).

Cizelge 3. Aktif ambalajlamanin ve depolama sicakhiginin kiraz domatesin suda ¢6ztniir kuru madde
miktarina etkisi
Table 3. Effects of active packaging and storage temperature on water soluble dry matter of cherry

tomatoes

Suda Coézinir Kuru Madde Miktar1 (% Briks)

Water Soluble Dry Matter (Brix%)

0.glin 8.giin 16.giin 24.glin 32.glin

Day 0 Day 8 Day 16 Day 24 Day 32
A4°C 590 £0.23Aa  5.00 £ 0.23ABCb 4.90 £ 0.32Abc 4.50 = 0.24BCc 3.60 = 0.20Bd
K4°C 5.90 £ 0.23Aa 5.30 £ 0.28Ab 4.80 £ 0.26Abc 5.10 £ 0.17Abc 3.90 £ 0.30BCd
P4°C 5.90 £ 0.23Aa 4.50 £ 0.45Cb 5.00 £ 0.41Ab 4.80 = 0.40ABb 4.70 £ 0.27Ab
A10°C 590 + 0.23Aa 5.20 £ 0.41ABb 5.10 £ 0.20Ab 3.90 £ 0.40Bc 3.30 £ 0.30BCd
K10°C 590 £ 0.23Aa  4.80 = 0.46ABCb 4.40 £ 0.24 4.60 = 0.17ABb 4.30 = 0.08 Abc
P10°C 590 + 0.23Aa 4.70 = 0.34BCb 4.30 = 0.24Bc 4.10 £ 0.53CDc 3.80 £ 0.31Bc

A4°C: 4°C’de ambalajsiz, K4°C: 4°C’de katkisiz, LDPE P4°C: 4 °C’de etilen tutucu iceren LDPE, A10°C: 10°C’de
ambalajsiz, K10°C: 10°C’de katkisiz LDPE, P10°C: 10°C’de etilen tutucu iceren LDPE.

Ayni sttunda benzer biytk harflerin bulundugu ortalama degerler (P>0.05) istatistiksel olarak anlamli degildir.
Ayni satirdaki benzer kiigtk harflerin bulundugu ortalama degerler (P>0.05) istatistiksel olarak anlamli degildir.
A4°C: unpackaged at 4°C, A10°C: unpackaged at 10°C, K4°C: control LDPE without additive at 4°C, K10°C: control LDPE
withont additive at 10°C, P4°C: active LDPE with ethylene scavenger at 4°C, P10°C: active LDPE with ethylene scavenger at 10°C.
There is no statistical difference between applications with the same capital letter in the same column on a given storage day (P > 0.05).
There is no statistical difference between the storage times with the same lowercase letter in the same line for a given application (P >

0.05).

Cizelge 4. Aktif ambalajlamanin ve depolama sicakliginin kiraz domatesin pH’sina etkisi
Table 4. Effects of active packaging and storage temperature on pH of cherry tomatoes

pH

0.glin 8.glin 16.giin 24.glin 32.glin

Day 0 Day 8 Day 16 Day 24 Day 32
A4°C 4.60 * 0.02Aab 4.46 + 0.05Cc 477 £ 0.3Aa 4.70 £ 0.07Bab 4.41 £ 0.13Abc
K4°C 4.60 £ 0.02Aab  4.55 £ 0.03Bbc 4.56 £ 0.02Bbc 4.69 £ 0.07Ba 4.57 £ 0.03Abc
P4°C 4.60 £ 0.02Aab  4.60 * 0.10Aab 4.67 £ 0.09ABa 4.69 £ 0.08Ba 4.50 £ 0.09Ab
A10°C 4.60 £ 0.02Aab  4.64 £ 0.06Aab  4.65 £ 0.05ABab 4.69 + 0.14Ba 4.56 £ 0.05Aab
K10°C 4.60 £ 0.02Aab  4.64 £ 0.03Aab  4.66 £ 0.02ABab 4.77 £ 0.06Aa 4.58 £ 0.12Aab
P10°C 4.60 + 0.02Aab  4.61 * 0.07Aab 4.73 £ 0.09Aa 4.74 £ 0.09Aa 4.54 £ 0.03Ab

A4°C: 4°C’de ambalajsiz, K4°C: 4°C’de katkisiz LDPE, P4°C: 4 °C’de etilen tutucu iceren LDPE,A10°C: 10°C’de
ambalajsiz, K10°C: 10°C’de katkisiz LDPE, P10°C: 10°C’de etilen tutucu iceren LDPE.

Aynt stitunda benzer buyiik harflerin bulundugu ortalama degerler (P>0.05) istatistiksel olarak anlamli degildir.
Ayni satirdaki benzer kigtk harflerin bulundugu ortalama degerler (P>0.05) istatistiksel olarak anlamli degildir.
A4°C: unpackaged at 4°C, A10°C: unpackaged at 10°C, K4°C: control LDPE without additive at 4°C, K10°C: control .DPE
withont additive at 10°C, P4°C: active LDPE with ethylene scavenger at 4°C, P10°C: active LDPE with ethylene scavenger at 10°C.
There is no statistical difference between applications with the same capital letter in the same column on a given storage day (P > 0.05).
There is no statistical difference between the storage times with the same lowercase letter in the same line for a given application (P >

0.05).
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Titrasyon asitligi (%)
Aktif ambalajlamanin ve depolama sicakliginin
titrasyon asitligi Uzerine etkisi Cizelge 5’te

verilmistir. Yalnizca uygulama*sicaklik
etkilesiminin TA degeri Uzerine etkisinin énemli
oldugu  gorilmektedir (P=<0.05). Tum
uygulamalarda depolama siiresince baslangic

degerine kiyasla Onemli bir degisim ortaya
¢tkmamistir (p>0.05). Etilen tutucu sistemlerin ve
depolama sicakliginin kiraz domateslerin titrasyon
asitligi Uzerine Onemli bir etkisinin olmadigt

belirlenmistir (P>0.05). Ayrica depolama sonunda
uygulamalar arasinda titrasyon asitligi acisindan
o6nemli bir fark olmadigt da gorilmektedir
(P>0.05). Baglangicta %0.67 olarak olgilen TA
degeri depolamanin sonunda tim gruplarda
%0.66-%0.70 araliginda O6l¢tilmistiir. Solunum
hizi ve etilen tretimi gibi 2 temel faktSriin kontrol
altna alinmasi, meyve ve sebzeler igin kalite
gOstergesi olan renk, asitlik ve tekstiir gibi temel
kalite parametreleri de yakindan etkilemektedir
(Cavusoglu, 2014).

Cizelge 5. Aktif ambalajlamanin ve depolama sicakliginin kiraz domatesin titrasyon asitligine etkisi
Table 5. Effects of active packaging and storage temperature on titratable acidity of cherry tomatoes
Titrasyon Asitligi (%Sitrik asit)

Titratable acidity (citric acid %)

0.glin 8.glin 16.giin 24.glin 32.giin

Day 0 Day 8 Day 16 Day 24 Day 32
A4°C 0.67 £ 0.02Ab 0.76 = 0.06Aa 0.43 = 0.06ABc 0.40 = 0.04Bc 0.70 £ 0.05Aab
K4°C 0.67 = 0.02Aa 0.70 = 0.05ABa 0.50 = 0.02Ac 0.40 = 0.02Bd 0.68 = 0.06Aa
P4°C 0.67 £0.02Aab 0.69 = 0.08ABa 0.39 = 0.01Bd 0.46 = 0.02Ac 0.72 £ 0.03Aa
A10°C 0.67 £ 0.02Ab 0.78 = 0.06Aa 0.47 = 0.06ABc 0.38 = 0.07Bd 0.69 = 0.07Ab
K10°C 0.67 = 0.02Aa 0.63 + 0.07Ba 0.43 = 0.09ABb 0.36 * 0.03Bbc 0.71 £ 0.04Aa
P10°C 0.67 = 0.02Aa 0.72 = 0.07Aa 0.41 =+ 0.03Bc 0.40 = 0.04Bc 0.66 = 0.05Aa

A4°C: 4°C’de ambalajsiz, K4°C: 4°C’de katkisiz LDPE, P4°C: 4 °C’de etilen tutucu iceren LDPE, A10°C: 10°C’de
ambalajsiz, K10°C: 10°C’de katkisiz LDPE, P10°C: 10°C’de etilen tutucu iceren LDPE.

Aynt siitunda benzer buyik harflerin bulundugu ortalama degerler (P>0.05) istatistiksel olarak anlamli degildir.
Ay satirdaki benzer kiigiik harflerin bulundugu ortalama degerler (P>0.05) istatistiksel olarak anlamlt degildir.
A4°C: unpackaged at 4°C, A10°C: unpackaged at 10°C, K4°C: control LDPE without additive at 4°C, K10°C: contro/ LDPE
withont additive at 10°C, P4°C: active LDPE with ethylene scavenger at 4°C, P10°C: active LDPE with ethylene scavenger at 10°C.
There is no statistical difference between applications with the same capital letter in the same column on a given storage day (P > 0.05).
There is no statistical difference between the storage times with the same lowercase letter in the same line for a given application (P >

0.05).

Likopen konsantrasyonn

Likopen domates ve benzeri uriinlere kirmizt
rengini veren ve domateste ylksek miktarda
bulunan karotenoidlerden biridir. Gilinimuzin
onemli hastaligt olan kanserin ve kalp
hastaliklarinin azaltilmasinda énemli rol oynadigt
bildirilmektedir. Bu sebeplerden dolayt domateste
likopenin korunmasi 6nemlidir (Ilahy vd., 2011;
Demir, 2015). Aktif ambalajlamanin ve depolama
sicakliginin kiraz domatesin likopen
konsantrasyonu uzerine etkisi Cizelge 6’da
gosterilmistir. Depolama sicakligt ve siiresinin
likopen konsantrasyonu tizerine etkisinin 6nemli
oldugu goriilmektedir (P<0.05). Depolama
sonunda en fazla likopen kaybi ambalajsiz
uygulamalarda gézlenmistir. Atmosferik oksijen
ile strekli temas halinde bulunan riinlerin

likopen konsantrasyonlarinda azalma meydana
gelmektedir (Izgi, 2012).. Modifiye atmosfer
paketlemenin  likopen  igerigini  korudugu
bilinmektedir (Olveira-Bouzas vd., 2021). 4°C°de
aktif ambalajlama ile modifiye atmosfer
paketlemenin (P4°C) birlikte kullanilmasi Grintn
likopen icerigine en olumlu etki eden ortami
olusturmustur. Nitekim bu grupta baslangicta
likopen miktar1 20.49 ppm iken depolamanin
sonunda 20.77 ppm olmugtur. Etilen tutucu

sistemlerin kullaniminin likopen
konsantrasyonunun korunmasinda etkili oldugu
gorilmektedir.  Diger tim  uygulamalarda

depolama stiresince azalma meydana gelmis ve bu
azalmanin anlamlt oldugu belirlenmistir (P<0.05).
Ambalajsiz tGrtinlerde depolamanin basinda 20.49
ppm olan likopen konsantrasyonu depolamanin
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sonunda A4°C grubunda 15.46 ppm bulunurken,
A10°C grubunda 13.71 ppm bulunmustur.
Katkisiz LDPE grubu ambalajlarda, depolama
sonunda K4°C grubunda 17.51 ppm bulunurken,
K10°C grubunda 16.71 ppm bulunmustur. Sonug
olarak tim uygulamalarda 4°C’de depolanan
Orneklerin, 10°C’de depolanan Orneklere gore
daha iyi sonuglar verdigi gértlmiis ve depolama
sicakliginin - likopen konsantrasyonu tzerine
etkisinin 6nemli oldugu belirlenmistir (P<0.05).
Likopen kaybi Uzerine en 6nemli faktérlerin
depolama sicakligt ve siresi ile oksijen ve 151k
oldugu belirtilmistir. Depolama stiresi uzadikca
likopen kaybi artmaktadir. Yiksek sicakliklarda

yapilan  depolama  islemlerinde  likopen
kayiplarinin daha fazla olmast beklenmektedir
(Izgi, 2012).

Likopen domatese kirmizi rengini veren en
o6nemli pigment oldugu icin likopendeki degisim
domatesin rengini de etkilemektedir. Bu durumda
renk analiz sonuglart ve likopen analiz
sonuglarinin paralellik gbstermesi
beklenmektedir. Nitekim aldigimiz sonuglardan
P4°C grubunda depolama sonunda likopen
miktart ayni kaldigr gibi a* degerinde de istatistiki
olarak 6nemli farkhilik gbzlenmemistir.

Cizelge 6. Aktif ambalajlamanin ve depolama sicakliginin kiraz domatesin likopen konsantrasyonuna
etkisi
Table 6. Effects of active packaging and storage temperature on lycopene concentration of cherry tomatoes

Likopen Konsantrasyonu (ppm)
Lycopene Concentration (ppm)

0.glin 8.giin 16.giin 24.glin 32.giin

Day 0 Day 8 Day 16 Day 24 Day 32
A4°C 20.49 + 5.67Aa 17.82 £ 2.94Bb 16.10 £ 2.95Bbc 15.53 £ 2.58Cc 15.46 £ 4.03Cc
K4°C 20.49 £ 5.67Aa  18.82 = 1.39ABb 16.77 £ 2.43Bc 18.91 £ 3.94Ab 17.51 £ 2.44Bbc
P4°C 20.49 + 5.67Aa 19.42 £ 1.29Aa 17.70 £ 3.84Ab 18.12 £ 2.17Ab 20.77 £ 1.17Aa
A10°C 2049 + 5.67Aa 19.61 £ 2.25Aa 17.09 £ 2.85Bb 16.50 £ 0.71Bb 13.71 £ 2.11Dc¢
K10°C  20.49 £ 5.67Aa  18.56 = 2.98ABb 18.15 £ 3.88Ab 17.25 £ 3.74Bb 16.71 £0.75BCc
P10°C 20.49 + 5.67Aa 17.69 £ 3.66Bb 17.61 £ 3.48Ab 17.45 £ 2.32Bb 16.74 £0.52BCb

A4°C: 4°C’de ambalajsiz, K4°C: 4°C’de katkisiz LDPE, P4°C: 4 °C’de etilen tutucu iceren LDPE, A10°C: 10°C’de
ambalajsiz, K10°C: 10°C’de katkisiz LDPE, P10°C: 10°C’de etilen tutucu iceren LDPE.

Ayni stitunda benzer buytk harflerin bulundugu ortalama degerler (P>0.05) istatistiksel olarak anlamli degildir.
Ayni satirdaki benzer kic¢tk hatflerin bulundugu ortalama degerler (P>0.05) istatistiksel olarak anlamli degildir.
A4°C: unpackaged at 4°C, A10°C: unpackaged at 10°C, K4°C: control LDPE without additive at 4°C, K10°C: control .DPE
withont additive at 10°C, P4°C: active LDPE with ethylene scavenger at 4°C, P10°C: active LDPE with ethylene scavenger at 10°C.
There is no statistical difference between applications with the same capital letter in the same column on a given storage day (P > 0.05).
There is no statistical difference between the storage times with the same lowercase letter in the same line for a given application (P >

0.05).

Duyusal Degerlendirme

Aktif ambalajlamanin  ve farkli depolama
sicakliklarinin  kiraz tipi domateslerin  duyusal
Ozelliklerine etkisi Cizelge 7’de verilmistir. Kiraz
domateste duyusal nitelikler olarak kabuk rengi,
tekstiir, tat ve genel Uriin  beZenisi
degerlendirilmistir. Domates kabuk renginde tiim
gruplarda depolama boyunca azalma meydana
gelmistir. 4°C’de depolanan etilen tutucu igeren
ambalajda (P4°C) depolama boyunca domates
kabul  edilebilir ~ bulunmustur.  Ambalajsiz
trtinlerin kabul edilebilirligi 4°C’de 8. glnle sinirlt
kalirken, 10°C°de 16 giindir. K4°C grubu ise 24.

ginde kabul edilebilir bulunmustur. Depolama
sonunda 4°C’de etilen tutucu igeren grup renk
acisindan kabul edilebilirken, kontrol gruplart ve
ambalajsiz gruplar kabul edilebilir bulunmamistir.
Renk analizi de duyusal analizi desteklemekte olup
32. giinde L* degeri en yiiksek uygulama P4°C
olmugtur. Depolama sicakhgmnin  ve  aktif
ambalajlamanin kabuk rengi tizerine etkisi 6nemli
bulunmustur.

Tekstir  degerlendirmesinde ise  depolama
sonunda tim gruplar kabul edilebilirlik sinirinin
alunda kalmustir. 24. ginde P4°C ve K4°C kabul
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edilebilir  bulunmus, diger gruplarin  kabul
edilebilitligi 16. gunle sinirll kalmistir. Tekstir
analizi sonuglart da bu sonuglarla paralellik
gostermektedir. P4°C  uygulamast haric diger
uygulamalarda 16. giinden itibaren yumugsama
meydana gelmistir. Depolama sicakliginin ve aktif
ambalajlamanin  sertlik Uzerine etkisi 6nemli
bulunmustur.

Kiraz domateslerin tat degerlendirmesinde
depolamanin sonunda sadece P4°C grubu kabul
edilebilir bulunurken diger gruplarda 32. giinde
tadim yapilamamistir. A4°C ve P10°C grubunun
kabul edilebilirligi 8. giinle smirlt kalirken. A10°C
ve K10°C gruplari 16. giinle sinirlt kalmugtir, K4°C
ise 24. giin kabul edilebilir olmasina ragmen 32.
giinde tadim yapilamaz duruma gelmistir. P10°C
grubundaki 6rneklerde depolamanin 24. giiniinde
meydana gelen ve gézle g6rinir mikrobiyal
gelisim  (kif  gelisimi) nedeniyle  tadim
yaptlamamistir. Depolama sicakliginin ve aktif
ambalajlamanin  tat Uzerine etkisi 6nemli
bulunmustur.

Genel {iriin begenisi agisindan depolama sonunda
kabul edilebilit bulunan domates grubu P4°C
olmugtur. Depolama sonunda diger gruplarin
sinirin altinda kalmasi driin yiizeyinde meydana
gelen  gbrinlr  mikrobiyal — gelisim  ile
iligkilendirilebilir. Sonug¢ olarak zeolit iceren
LDPE ambalajdaki domates 4°C’de tim duyusal
nitelikler ve genel triin begenisi agisindan 32

gunlik depolama stiresince kabul edilebilir
bulunmustur.
Domateste referans sicaklik 10-12°C  olarak

Onerilmesine ragmen (Olveira-Bouzas vd., 2021)
tim duyusal kriterlerde 4°C‘de daha iyi sonuclar
alinmugtir. Yapilan diger analizler de bu durumu
desteklemektedir. 4°C’de Grin solunum hizinin
yavas olmasi, etilen tretiminin distik olmast ve
tepe boslugu O konsantrasyonunun denge
atmosfer olusturmast sebebiyle 4°C’de duyusal
acidan ve diger kalite parametreleri acisindan daha
iyi sonuglar elde edilmigtir.

Cizelge 7. Aktif ambalajlamanin ve depolama sicakliginin kiraz domatesin duyusal 6zelliklerine etkisi
Table 7. Effects of active packaging and storage temperature on sensory attributes and overall product acceptability

Renk (Color)

0.giin 8.glin 16.giin 24.glin 32.giin
Day 0 Day 8 Day 16 Day 24 Day 32
A4°C 5.00+0.0Aa 5.00+0.0Aa 2.501+0.45Bb 2.00+1.10Bb 1.00£0.32Bc
K4°C 5.00+0.0Aa 5.00+0.0Aa 4.30+0.34Aa 3.50+0.55Ab 1.00£0.22Bc
P4°C 5.00+0.0Aa 5.00+0.0Aa 4.7510.22Aa 3.50+0.53Ab 3.00£0.44Ab
A10°C 5.00£0.0Aa 5.00£0.0Aa 4.50£0.33Aa 1.00£0.87Cb 1.00£0.38Bb
K10°C 5.00£0.0Aa 5.00£0.0Aa 3.00£0.78Bb 1.00+0.33Cc 1.00+0.14Bc
P10°C 5.00£0.0Aa 5.00£0.0Aa 3.00£0.66Bb 1.25+0.45Cc 1.00+0.13Bc
Tekstiir (Texture)
A4°C 5.00+0.0Aa 4.50+0.24Aa 3.50+0.13ABb 2.00+0.55Bc¢ 1.00£0.14Bd
K4°C 5.00£0.0Aa 4.7510.14Aa 4.00+0.35Aab 3.00+0.40Ab 1.25£0.23Bc
P4°C 5.00£0.0Aa 4.50+0.26Aa 4.2510.31Aa 3.00+0.42Ab 2.7510.32Ab
A10°C 5.00£0.0Aa 5.00+0.0Aa 4.2510.40Ab 1.00£0.33Cc 1.00£0.43Bc
K10°C 5.00£0.0Aa 4.75%£0.15Aa 3.251£0.30Bb 1.00£0.20Cc 1.00£0.38Bc
P10°C 5.00£0.0Aa 5.00£0.0Aa 3.50£0.40ABb 1.00+0.22Cc 1.00+0.14Bc
Tat (Taste)
A4°C 5.00£0.0Aa 4.75%£0.20Aa 2.7510.54Bb 2.00+0.48Bb T.Y
K4°C 5.00£0.0Aa 4.75%0.20Aa 3.75+0.58 ABa 3.00+0.50Ab T.Y
P4°C 5.00£0.0Aa 4.7510.22Aa 4.50+0.33Aa 3.00+0.44Ab 3.00£0.48Ab
A10°C 5.00£0.0Aa 5.00+0.0Aa 3.25+0.40Bb T.Y* T.Y
K10°C 5.00£0.0Aa 4.7510.16Aa 3.00+0.50Bb 1.00£0.22Cc T.Y
P10°C 5.00+0.0Aa 5.00+0.0Aa 2.7510.64Bb T.Y T.Y
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Genel Uriin Begenisi (Overall Product Acceptability)

A4°C 5.00£0.0Aa 5.00£0.0Aa
K4°C 5.00£0.0Aa 5.00£0.0Aa
P4°C 5.00£0.0Aa 4.75%£0.19Aa
A10°C 5.00£0.0Aa 5.00+0.0Aa
K10°C 5.00£0.0Aa 4.7510.22Aa
P10°C 5.00£0.0Aa 5.00+0.0Aa

3.00£0.58Bb 2.00£1.15Bc 1.00+0.22Bc
3.7510.44ABb 3.00+0.57Ab 1.00+0.26Bc
4.50+0.25Aa 3.2510.34Ab 3.00+0.45Ab
3.50+0.47ABb 1.00£0.33Cc 1.00£0.33Bc
3.00+0.35Bb 1.00£0.55Cc 1.00£0.47Bc
3.25+0.57Bb 1.50£0.75BCc 1.00£0.18Bc

A4°C: 4°C’de ambalajsiz, K4°C: 4°C’de katkisiz LDPE, P4°C: 4 °C’de etilen tutucu iceren LDPE, A10°C: 10°C’de
ambalajsiz, K10°C: 10°C’de katkisiz LDPE, P10°C: 10°C’de etilen tutucu iceren LDPE.

TY: Tadim yapilmadi.

Ayni siitunda benzer biyiik harflerin bulundugu ortalama degerler (P>0.05) istatistiksel olarak anlamli degildir.
Ayni satirdaki benzer kiictik harflerin bulundugu ortalama degerler (P>0.05) istatistiksel olarak anlamli degildir.

A4°C: unpackaged at 4°C, A10°C: unpackaged ar 10°C, K4°C: control LDPE without additive at 4°C, K10°C: control .DPE
without additive at 10°C, P4°C: active LDPE with ethylene scavenger at 4°C, P10°C: active LDPE with ethylene scavenger at 10°C.
There is no statistical difference between applications with the same capital letter in the same colummn on a given storage day (P > 0.05).
There is no statistical difference between the storage times with the same lowercase letter in the same line for a given application (P >

0.05).

SONUC

Kiraz domateste elde edilen veriler dikkate
alindiginda  en  etkili uygulamanin  4°C’de

depolanan ve etilen tutucu igeren aktif ambalaj
oldugu gorilmektedir. Bu grupta etilen tutucunun
varligr. 4°C’de solunum hizinin diisiik olmast ve
malzemenin oksijen gecirgenliginin yitksek olmast
sebebiyle tepe boslugu oksijen orani depolama
boyunca kritik seviye olan %?2nin altina
inmemistir. 10°C’de depolanan ve etilen tutucu
iceren uygulamada (P10°C) ise dustk soguk
zararina ragmen, solunum hizinin ylksek olmast
sebebiyle olgunlasma geciktirilememis ve buna
baglt olarak denge atmosfer olusturulamamustir.
Ayrica 10°C’de depolanan domateste
yumusamanin daha fazla olmasi kalitenin olumsuz
ctkilendiginin ~ g&stergesidir.  Etilen  tutucu
icermeyen katkisiz PE ile ambalajlanan gruplarda
ise etilen tutucunun olmamast sebebiyle etilen
konsantrasyonu yitkselmis ve Uriin kalitesini
olumsuz etkilemistir. Bu sonuglar 1s181nda, 4°C ve
10°C’de ambalajsiz ve etilen tutucu icermeyen
LDPE ile ambalajlanan kiraz domateslerin raf
omrl en az 16 gln olarak belirlenirken, 10°C°de
etilen iceren LDPE  ambalajdaki
domateslerin raf 6mrii en az 24 gln, 4°C’de etilen
tutucu iceren LDPE ambalajdaki domateslerin raf
Omrl ise en az 32 giin olarak tespit edilmistir.
Domates tlkemizde genellikle ambalajsiz satilan
bir Griindir. Yaptgimiz calismada da goruldiga
gibi ambalajsiz triinlerde yiksek diizeylerde kiitle
kaybi meydana gelmistir ve Grtinlerin raf dmriinin
kisalmasina yol agmustir. Etilen tutucu iceren

tutucu

LDPE ambalaj malzemesi kullanilarak kiraz
domatesin raf émrii 4°C’de 16 glinden 32 giine
kadar  uzatlmugtir.  Ambalajsiz  Grtnlerle
kiyaslayacak olursak, kiraz domatesin raf mrinde
%100 artis saglanmustir.

CIKAR CATISMASI
Yazarlarin, baska kisiler ve/veya kurumlat ile ¢ikar
catismast bulunmamaktadir.
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Tuncay Tribolulu: Deneysel tasarim, formal
analizler, taslak metnin yazimi1

Zehra Ayhan: Hipotezin kurulumu, deneysel
tasarim, taslak ve orijinal metnin yazimi ve
revizyonu. Yazarlar makalenin son halini okumus
ve onaylamistir.

KAYNAKLAR

Arndt, G. W. (2001). Examination of flexible
package for integrity. In: Bacteriological Analytical
Manual, GJ. Jackson, RI. Merker, R. Bander
(Eds.) (8th Edition.). AOAC International,
Gaithersburg, MD.

AOAC. (2005). Official Methods of Analysis.
18th Edition Arlington, Virginia, USA. Ayhan, Z.
(2010). Application of modified atmosphere
packaging with new concepts for respiring foods.
Acta Horficulturea, 876,137-142.

Ayhan, Z. (2019). Packaging and the shelf life of
fruits and vegetables. Reference Module in Food
Sciences. Elsevier., pp. 1-5. doi:

949



950

T. Tiribolulu, Z. Ayhan

Batu, A. (1999). Domatesin solunum hiz1 tizerine
ortam sicakligt ve hasat olgunlugunun etkileri.
Journal of Agricnlture and Forestry, 23: 473-481.

Chatles, F., Sanchez, ., Gontard, N. (2004).
Absorption kinetics of oxygen and carbon dioxide
scavengers as part of active modified atmosphere
packaging. Journal of Food Engineering, 72: 1-7.

Choi, D.S., Park, S.H., Choi, S.R., Kim, J.S., Chun,
H.H. (2014). The combined effects of ultraviolet-
C irradiation and modified atmosphere packaging
for inactivating Salmonella  Enterica
Typhimurium and extending the shelf life of cherry
tomatoes during cold storage. Food Packaging and
Shelf Life, 3: 19-30.

Gavusoglu, G. (2014). Farkli doz ozon gaz
uygulamalarinin hasat sonrast sogukta saklama
sirasinda  brokoli, hiyar ve domates kalitesi
tizerindeki etkisinin incelenmesi. Istanbul Teknik
Universitesi, Fen Bilimleri Enstitiisti, Gida
Mithendisligi Ana Bilim Dali Yitksek Lisans Tezi,
Istanbul, Tirkiye.

Das, E., Giirakan, C., Bayindirls, A. (2006). Effect
of controlled atmosphere storage, modified
atmosphere packaging and gaseous ozone
treatment on the survival of Salmonella Enteritidis
on cherry tomatoes. Food Microbiology, 23(5): 430-
438.

Serovar

Demir, S.S. (2015). Modifiye atmosferde
paketlemenin Tyty F1 kokteyl domatesinin kalite
ve raf Omri uUzerine etkisi. Mustafa Kemal
Universitesi Fen Bilimleri Enstitist  Gida
Mihendisligi Anabilim Dali Yiiksek Lisans Tezi,
Hatay, Tturkiye.

Fagundes, C., Moraes, K., Gago, M.B., Palou, L.,
Maraschin, M., Monteiro, M.M. (2015). Effect of
active modified atmosphere and cold storage on

the postharvest quality of cherry tomatoes.
Postharvest Biology and Technology, 109: 73-81.

Fahmy, K., Nakano, K. (2014). Optimal design of
modified atmosphere packaging for alleviating
chilling injury in cucumber fruit. Environmental
Control in Biology, 52(4): 233-240.

Farber, .M., Harris, L.]., Parish, M.E., Beuchat,
L.R., Suslow, T.V., Gorney, J.R., Garret, E.H,,
Busta, F.F. (2003). Microbiological safety of

controlled atmosphere and modified atmosphere
packaging and fresh cut produce. Comprebensive
Reviews in Food Science and Food Safety, 2:142-160.

Gil, M. L., Conesa, M. A., Artes, F., (2002). Quality
changes in fresh cut tomato as affected by
modified atmosphere packaging. Postharvest Biology
and Technology, 25 (2): 199-207.

Guine, R., Henrique, F., Barroca, M. (2014).
Influence of drying treatments on the physical
and chemical properties of cucumber. Journal of
Food Measurement and Characterization, 8: 195-200.

Halloran, N., Cagiran, R., Kasim, M.U. (1990).
Sebzelerde hasat sonrasi Usiime zarart. Gzda, 21(5):
359-366.11ahy, R., Hdider, C., Menucci, M.S., Tlili,
I., Dalessandro, G. (2011). Antioxidant activity
and bioactive compound changes during fruit
ripening of high-lycopene tomato cultivars.
Journal of Food Composition and Analysis, 24: 588-
595.

Izgi, C. (2012). Farkli kurutma metotlarinin
domatesteki likopen miktarina etkisi. Namik
Kemal Universitesi Fen Bilimleri Enstitiisii Gida
Mihendisligi Ana Bilim Dali Yiiksek Lisans Tezi.
Tekirdag, Turkiye.

Kadakal, C., Artik, N., Nas, S. (2001). Domates
doku ve kif karakteristikleri, domates Urtinlerinde
kiif sayimi ve kift azaltma olanaklari. Pamukkale
Universitesi Miibendislik Bilimleri Dergisi, 7(2): 251-
260.

Kasim, R., Kasim, M.U. (2007). Sebzelerde
etilenin énemi ve 1-metilsiklopropen (1-MCP)’In
kullanimt. ~ Ondoknz  Mayss  Universitesi Ziraat
Fakiiltesi Dergisi, 22(2): 227-231.

Kistimler A. (2011). Ultraviyole (UV-C) 1sit
uygulamasinin  patlican ve hiyarlarda soguk
zararlanmasi tizerine etkisi. Istanbul Teknik
Universitesi Fen Bilimleri Enstitisi  Gida
Mihendisligi Ana Bilim Dali Doktora Tezi.
Istanbul, Tirkiye.

Li, J., Yang, S., Wang, Q., Li, Y., Wang, Q. (2014).
Effects of ionized air treatments on postharvest
physiology and quality of fresh cucumber. Journal
of Food Processing and Preservation, 38: 271-277.

Maleki, G., Sedagat, N., Woltering, E., Farhoodi
M., Muhebbi, M. (2018). Chitosan limonene



Domateste etilen tutucu iceren aktif ambalajlama uygulamasi

coating in  combination with modified
atmosphere packaging preserve postharvest
quality of cucumber during storage. Journal of Food
Measurement and Characterization, 12: 1610-1621.
https://doi.org/10.1007/s11694-018-9776-6.

Sabir, F., Agar, I. (2008). Modifiye atmosferde
muhafazanin ¢engelkdy hiyar cesidinde meyve
kalitesi tizerine etkileti. Alatarim Dergisi, 7(1): 29-
35.

Sezer, E., Ayhan, Z., Celikkol, T., Guner, F.
(2017). Zeolit katkili aktif polietilen ambalaj
malzemesinin kivi meyvesinin kalite 6zellikleri ve
raf 6mriine etkisi. Geda Dergisi, 42(3): 277-280.

Sezer, E., Ayhan, Z. (2017). Meyve ve sebzelerde
etilen iceren  aktif  ambalajlama

sistemlerinin uygulanmast ve raf omriine etkisi.
Akademik Gida, 15(2): 182-191.

Sousa A.R., Oliviera, ].C., Gallagher, M.J. (2017).
Determination of the respiration rate parameters
of cherry tomatoes and their joint confidence

regions using closed systems. Journal of Food
Engineering, 206: 13-22.

Sen, F., Teksir, P., Tirk B. (2016). Perakende
modifiye  atmosfer  ambalajlarinin  kiraz
meyvelerinin depo ve raf Smriine etkilerinin

tutucu

arastirilmast. VI Bahge Uriinlerinde Muhafaza
ve Pazarlama Sempozyumu 1: 100-104.

Tian, S., Jiang, A., Xu, Y., Wang, Y. (2004).
Responses of physiology and quality of sweet
cherry fruit to different atmospheres in storage.
Food Chemistry, 87: 43—49.

Tzeng, JH, Weng, CH, Huang, JW, Shiesh, CC,
Lin, YH, Lin, YT. (2019). Application of
palladium-modified zeolite for prolonging
postharvest shelf life of banana. Journal of the
Science of Food and Agriculture, 99: 3467-3474.

Olveira-Bouzas, V., Pita-Calvo, C., Vazquez-
Oderiz, M, L, Romero-Rodriguez, M.A. (2021)
Evaluation of a modified atmosphere packaging
system in pallets to extend the shelf-life of the
stored tomato at cooling temperature. Food
Chemistry, 364 (2021) 1303009.

Yildirim, S., Rocker, B, Pettersen, M.K., Nilsen-
Nygaard, J., Ayhan, Z., Rutkaite, R., Radusine, T,
Suminska, P., Marcos, B., Coma, V. (2018). Active
packaging applications for food. Comprebensive
Reviews in Food Science and Food Safety, 17: 165-199.

951



952

Aragtirma / Research
GIDA (2023) 48 (5) 952-962
doi: 10.15237/¢gida.GD23065

SAGLIKLI HAYVANLARDAN ALINAN SUT ORNEKLERINDE POTANSIYEL
PATOJENLER VE COKLU ANTIBIYOTIK DIRENCLILIGI: STREPTOCOCCUS
SPP. SUSLARININ DEGERLENDIRILMESI

Nisa Sipahi*, Cansu Celik Dogan®
 'Diizee Universitesi Geleneksel ve Tamamlayici Tip Uygulama ve Aragtirma Merkezi
?[stanbul Universitesi-Cerrahpasa, Veterinerlik Meslek Yiiksekokulu, Gida Isleme Bélimii

Gelis/Recerved: 30.05.2023; Kabul / Accepted: 22.08.2023; Online baski / Published online: 31.08.2023

Sipahi, N, Dogan Celik, C. (2023). Saghkl hayvanlardan alinan siit 6rneklerinde potansiyel patojenler ve
coklu antibiyotik direncliligi: Szreptococens spp. suslarinin degerlendirilmesi. GIDA (2023) 48 (5) 952-962
doi: 10.15237/ ¢ida.GD23065

Sipahi, N, Dogan Celik, C. (2023 Presence of the potential pathogens and multiple antibiotic resistance in milk from
healthy animals: Evaluation of Streptococcus spp. strains. GIDA (2023) 48 (5) 952-962 doi: 10.15237/
gida. GD23065

oz

Gig sttin icerdigi mikroorganizma gesitliligi ve bunlarin direng profili potansiyel olarak insan saglig1 ve gida
endistrisi i¢in bir tehlike arz etmektedir. Bu ¢alismada saglikli hayvanlardan elde edilen siit 6rneklerinin
patojen ihtivasi yoniinden incelenmesi, sitiin yaygin kontaminantt Stepfococcns spp. prevalansiin ve
antibiyotik direng profillerinin arastirlmast amaclanmustir. 249 stt érneginden Staphylococeus spp., Streptococeus
spp., Lactococecus spp., Escherichia colz, Klebsiella oxcytoca, Enterecoccus faecalis ve Macrococcus caseolyticus olmak tizere
358 izolat elde edilmistir. Streptokok prevalanst %024.58 olarak tespit edilmistir. Streptokok izolatlarinin en
fazla aminoglikozid sinifina direngli oldugu, ardindan sirasiyla kinolon, tetrasiklin, makrolid, beta laktam,
nitrofuran ve fenikole karst diren¢ gésterdigi tespit edilmistir. Bu durum ¢ig siit tikketiminin gida kaynaklt
enfeksiyon icin potansiyel bir risk olabilecegini gdstermistir. Bu nedenle tiiketicilerin pastdrize edilmemis stit
ve st Uriinlerinden kaginmasi, ¢ig stitlerin antibiyotik direnci yoniinden daha fazla izlenmesi ve gerekli
Onlemlerin alinmasi gerektigi distinilmigtir.

Anahtar kelimeler: Antibiyotik direnci, Streptococcus spp., siit, patojen, halk saghg

PRESENCE OF THE POTENTIAL PATHOGENS AND MULTIPLE
ANTIBIOTIC RESISTANCE IN MILK FROM HEALTHY ANIMALS:
EVALUATION OF STREPTOCOCCUS SPP. STRAINS

ABSTRACT

The variety of microorganisms contained in raw milk and their resistance profile potentially pose a
danger to human health and the food industry. This study was aimed to investigate pathogen content
of milk samples obtained from healthy animals and the prevalence of Streptococcus, a common
contaminant of milk, and antibiotic resistance profiles. In total, 358 isolates, including Staphylococcus
spp., Streptococcus spp., Lactococens spp, Escherichia coli, Klebsiella oxytoca, Enterococcus faecalis and
Macrococens caseolyticus, were obtained from 249 milk samples. The prevalence of streptococci was
found 24.58%. Streptococcal isolates were found most resistant to the aminoglycoside class, followed
by quinolone, tetracycline, macrolide, beta lactam, nitrofuran and phenicol resistance respectively.
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Sitten izole edilen Streptococcus spp. suslarinin antibiyotik direnc profili

This situation has shown that the consumption of raw milk can be a potential risk for foodborne
infection. Hence, it was thought that consumers should avoid unpasteurized milk and dairy products,
monitor raw milk more in terms of antibiotic resistance, and take the necessary precautions.
Keywords: Antibiotic resistance, Streptococeus spp., milk, pathogen, public health

GIRIS
Sit drtnleri diger hayvansal gida drtnleri gibi,
insan beslenmesinde 6nemli bir role sahiptir.
Cunki icerdigi vitamin, mineral ve protein
acisindan oldukca zengin bir gidadir. Bununla
birlikte ilke ekonomilerinde de 6nemli bir yere
sahip ticari bir triindir (Miclean vd., 2019).

Sutiin mikrobiyal yikta ilk sagildiginda dusik
olmasina karsin icerdigi mikroorganizma gesitliligi
onemlidir. Cunkd hayvansal gida kaynaklt
hastaliklar icin stit 6nemli bir bulas kaynagidir.
Bununla birlikte ¢ig siit mikrobiyotas: ciftlik
ortamimi yansitmaktadir. Dolayisiyla ¢ig stitlerden
elde edilen mikrobiyal yiikin bilinmesi ve
mikroorganizmalarin ~ tamimlanmasi,  sadece
toplum saghgl acisindan Gnemli degil, aym
zamanda hayvan sagligt ve siit verimi agisindan da
olduk¢a 6nemli bir konudur (Sezener vd., 2019;
Sharun vd., 2021; Basar ve Heperkan, 2021).

Sitte en c¢ok izole edilen tur Staphylococcus
anrens’tur. S. aureus’tan sonra sagligi tehdit eden en
onemli firsatcilar Streptococcus tirleridir. Bu iki tir
aynt zamanda hayvanlarda siit verimini olumsuz
etkileyen mastitis hastaliginda neden olmaktadir.
Mastitis hayvanlarda meme bezinin yangist
olmakla birlikte stit kalitesini de olumsuz etkileyen
bir durumdur (Sharun vd., 2021). Streptococcus
agalactiae en yaygin rastlanan streptokok turadir.
S. agalactiae biyofilm olusturarak konaktaki yerinde
wsrarct olmakta ve aymi zamanda meme bezine
kolonize olmaktadir (Delibas ve Tirkyilmaz,
2018; Cheng ve Han 2020; Chiesa vd., 2020).
Ayrica S. agalactiae (Grup B streptokoktur), insan
bagirsak yolunun ve vajinasinin bir komensalidir.
Bununla birlikte yenidoganlarda ve vyaslilarda,
potansiyel olarak Slimcil enfeksiyonlara neden
olan firsatct bir patojendir (Sorensen vd., 2019).
Sitte oldukea yaygin rastlanilan Streptococcus spp.
tiirleri sadece mastitis etmeni degil genel anlamda
bulasict  ve  cevresel  patojenler  olarak
siniflandirilmaktadir. Konak tzerinde yasayanlari
sigirlar arasinda sagim yoluyla bulasabilmekte ve
zoonoz Ozellik gbstermektedir. Cevresel olan
tirleri ise konaket disinda yasamuni stirdirip

inegin cevresindeki normal mikrobiyotanin bir
parcasidir  ve yine insan saghgt acisindan
potansiyel bir risk olusturmaktadir (Cheng ve
Han, 2020; Kabelitz vd., 2021).

Siitte patojenlerin ihtivasi disinda diger bir 6nemli
konu bakterilerin tasidig1 genetik elementlerdir.
Bu noktada hayvanlarda antibiyotik diren¢ konusu
6nem kazanmaktadir. Sit ireticilifinde yaygin
antibiyotik  kullanimi,  hastalik  sagaltiminda
zorluklara sebep olurken sonrasinda gida zincirine
girebilecek ve insan sagligini etkileyebilecek
antimikrobiyal ~ diren¢li ~ mikroorganizmalarin
ortaya ¢tkma riskini artirmaktadir (Kabelitz vd.,
2021). Son yillarda antibiyotik direnci fazlaca arts
gostermis ve giderek bitytiyen bir krize dénmiistir
(Skockova vd., 2015; Ahmed 2021). Cunkd
bakteriler bu diren¢ genlerini horizontal ve
vertikal olarak tiirler arasi yayabilmektedir (Read
ve Woods, 2014; Andersson vd., 2020) ve direng
gelisimi icin antibiyotige maruz kalmak zaruri bir
durum degildir. Dolayistyla antimikrobiyal direng
saglayan genlerin aktarimi ve yayihmi sadece
cevresel patojenlerle olmamakta aynt zamanda
bakteriyel dogal ckosistemler de bu konuda
belirleyici olmaktadir (Gueimonde vd., 2013;
Sipahi vd., 2019). Bu hususta hayvansal kaynakl
gidalar ve gida kaynakhi patojenler direng
genlerinin kaynagi konumundadir. Stt ise buna en
iyi 6rnektir. Cunkd siit ¢ok farkli etmenlerden
kontamine olmakta ve hatta kaynatma ya da
pastOrizasyon  islemleri  sonrasinda  bile
bakterilerin trettikleri baz1 genetik ve metabolik
uriinler sitte varligini devam ettirebilmektedir. Bu
sebeple siit mikrobiyotasinin mevcut durumu ve
bu popilasyonun direng profilinin belirlenmesi
o6nemlidir  (Fusco vd., 2020; Gineri ve
Kizilyildirim, 2022).

Antimikrobiyal ajan direncinin potansiyel riskleri,
insan saghgr ve gida endistrisinde yaratacad
endiseler Uizerinde yogunlagmaktadir. Gergek su ki
antimikrobiyal ajan direnci Diinya tizerinde bir¢ok
sektor icin ylik olusturmaktadir. Bu c¢aligmada
saglikli hayvanlardan elde edilen siit 6rneklerinde
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Streptococcus spp. tirlerinin varliginin ve antibiyotik
direnc profillerinin arastirilmast amaglanmistir.

MATERYAL VE YONTEM

Orneklerin Toplanmasi ve Kiiltiir

Sit oOrnekleri  direkt olarak saglikli gbriinen
hayvanlardan (stit ineklerinden) el ile sagim
seklinde  toplanmustir.  Istanbul-Diizce  ve
cevresinden (Tirkiye) toplanan 249 siit rneginin
her biri steril bir falkona sagilmis ve direkt olarak
laboratuvara getirilmistir. Sagim islemi Oncesi
meme bast steril su ile yikanmugtir. Ornekler
Haziran - Ekim 2022 tarihleri arasinda koy tipi
besi ciftliklerinden toplanmustir. Her bir siit 6rnegi
aynt gin %5 defibrine koyun kant iceren
Columbia Agar Base (Condalab, Ispanya)
besiyerine ekilmistir. 37°C’de 24 sa inkiibasyon
sonrast farkli koloniler secilerek calismaya dahil
edilmigtir. Kaltir icin Tyriptic Soy Agar (TSA),
(Merck, Almanya) ve Tyriptic Soy Broth (TSB)
(Condalab, Tspanya) besiyerleri kullanilmistir.

Bakterilerin Tanimlanmasi

Saflastirilan kiltirlerde sirastyla Gram boyama,
katalaz, oksidaz, oksidasyon/fermantasyon, indol,
metil red (MR), voges proskauer (VP) ve sitrat
testleri yapilmistir. Sonrasinda identifikasyon igin
sekans  yonteminden  yararlantlmstir.  ‘Tim
izolatlarin katt kilttrlerinden alinan kolonilerden
DNA ekstraksiyonu TE buffer ile (10mM Tris-
HCl ve 1mM EDTA, pH:8.0) kaynatilarak
yaptlmustir. Izolatlarin  16S rRNA gen dizi
analizleri i¢in konvensiyonel PCR yonteminden
yararlantlmustir. Calismada F— ATT CTA GAG
TTT GAT CAT GGC TCA; R-ATG GTA CCG
TGT GAC GGG CGG TGT GTA primlerleri
(Brosius vd., 1978) ve PCR mix (K0171 Thermo
Scientific) 10 pmol reverse ve forward primerler
ile PCR water kullanilmistir. Termal déngtde ilk
denatiirasyon 95°C’de 2 dakika, 35 d6ngt icin her
dongtde 94°C°de 1 dakika, 50 °C’de 1 dakika, 72
°C’de 2 dakika, son déngiden sonra 72 °C’de 5
dakikada gerceklestirilmistir. Elde edilen PCR
trtinleri Macrogen firmasina (Wageningen,
Hollanda) goénderilerek dizi analizi yapilmustir.
Sonuglarin  karsdastirdmast BLAST  programi
kullanilarak GenBank veri tabani ile yapilmistir.

Antibiyotik Direng Profili

Bu calismada St#reptococens izolatlart sitteki major
patojen olarak degerlendirilmis ve sadece
Streptococcus spp. olarak tanimlanan izolatlarda
antibiyotik direnc profilleri Klinik ve Laboratuvar
Standartlart Enstitiisi (Clinical and Laboratory
Standards Institute, CLSI) tarafindan Onetilen
disk diftizyon testi ile belitlenmistir (CLSI 2019).
Calismada 8 ayr1 stnuftan 21 farkli antibiyotik diski
(Bioanalyse, Turkiye) kullanilmistir. Bunlar;
vankomisin (30 ug), penisilin-G  (10U),
streptomisin (10pg), tetrasiklin (30 pg), kanamisin
(30 ng), neomisin (30 pg), nitrofurantoin (300 pg),
eritromisin (15 pg), imipenem (10 ug), gentamisin
(10 pg), amoksisilin-klavulanik asit (30 pg),
ampisilin sulbaktam (20 pg), kloramfenikol (30
ng), siprofloksasin (5 pg), ofloksasin (10 pg),
nalidiksik asit (30 pg), seftazidim, (30 pg),
sefotaksim (30 pg), aztrenoam (30 ng), sefoksitin
(30 pg), oksasilin (1 ug). Test sonuglart duyarlt ve
direngli olarak degerlendirilmistir.

Coklu Antibiyotik Direnci

Yukarida bahsedilen kinolon, nitrofuran, beta
laktam, aminoglikozid, glikopeptid, tetrasiklin,
kloramfenikol ve makrolid gruplarindan farkls
antibiyotikler ~ kullamlmustir. ~ Test  edilen
antibiyotiklerden 3 ve daha fazlasina karst direng
gOsteren izolatlar coklu antibiyotik direngli olarak
kabul edilmistir (de Jong vd., 2018).

BULGULAR VE TARTISMA

Cig sit tiketiminin artan popilaritesine iligkin
olast faydalari konusunda tartismalar devam
etmektedir. Bununla birlikte, ¢ig siitiin patojen
bakterilerle kontamine olmasi durumunda siit
kaynaklt hastaliklara yakalanma riski nedeniyle
Gida ve Ila¢ Idaresi ve Hastalik Kontrol ve
Onleme Merkezleri gibi diizenleyici veya halk

saghgt  kuruluslarinin =~ Gnemli  endiseleri
bulunmaktadir. Hatta kaynatma veya diger

islemler sonrasinda bile bakterilerin Urettikleri
bazi genetik ve metabolik tiriinlerin stitte varligint
devam ettirmesi saglk acisindan risk tegkil ettigi
bildirilmektedir (Lucey, 2015).

Siit Orneklerinden Elde Edilen Izolatlar
Sit, mikroorganizmalarin gelismesi i¢in olduke¢a
uygun bir ortamdir ve stitlin mikrobiyal yiikd ne
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oranda ise bozunma hiz1 da o oranda artmaktadir
(Bagar ve Heperkan 2020). Dolayistyla saglikli
hayvanlardan toplanan ¢ig sit Orneklerinin
mikrobiyotasinin bilinmesi hem hayvan saglig
hem de insan saghgt acisindan potansiyel riski
ortaya koydugundan olduk¢a oOnemlidir. Bu
calismada saglikli gérinen hayvanlardan toplanan
249 sut 6rneginden Staphylococcus spp., Streptococcus
spp., Lactococcus spp., Escherichia coli, Klebsiella
oxcytoca, Enterecoccus faecalis ve Macrococcus caseolyticus
olmak tizere toplam 358 izolat elde edilmistir. En
yuksek %017.87 oranda L. /lactis elde edilmistir.
Sonrasinda en ylksek olarak S. dysgalactiae %015.64

ve %13.96 S. aureus suslart izole edilmistir. En
onemli cevresel etkenlerden E. co/i %4.46 ve S.
epidermidis  %06.7 oraninda tespit edilmistir.
Calismada toplam elde edilen izolatlarin %23.46’st
Streptococcus spp. olarak tanimlanmustir. Diger bir
deyisle 5 farkli tiirden toplam 88 adet Streptococcus
spp. turane rastlanmustir. S#reptococcus spp.’nin tire
gore tespiti su sekilde olmustur: Bunlar S.
dysgalactiae (n=506), S. agalactiae (n=14), S. uberis
(n=8), S. infantarins (0n=4), S. parauberis (n=0)
seklindedir. Elde edilen izolatlarin tiire gore
dagilimi Sekil 1’de verilmistir.

Cig sutten izole edilen tirler
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Sekil 1. Cig siitlerden izole edilen bakterilerin tiire gbre izolat sayist ()
Figure 1. Number of isolates of bacteria isolated from raw milk by species (n)

Calismada izole edilen tiirlerin biyiik ¢cogunlugu
firsatc1 patojen 6zelligindedir. Bu patojenlerin
neden olabilecegi subkronik mastitis ise bir siire
hi¢bir semptom vermeden gelisebilit ve ¢ig siit
kalitesini insan tiketimi icin olumsuz etkileyebilir.
Ayrica ylksek oranda firsatgt ajan iceren sitler,
diger gidalarin (peynir yogurt gibi) eldesi icin
prosese uygun degildir (Guzman-Luna vd., 2022).
Bu calismaya benzer sekilde semptom
gostermeyen ve saglkli goériinen hayvanlardan
alinan sit 6rneklerinde Cervinkova vd. (2013)
basta koagiilaz negatif stafilokok olmak tzere
(%53.5), sirasiyla diger oraninda streptokok
tirlerini (%11.7) (. agalactiae, S. dysgalactiae and S.
uberis) ve diger potansiyel patojenleri tespit
ederken Sorge vd. (2021) sit o6rneklerinden
yuksek oranda L. Jactis, L. garvieae, E. faecalis, E.

Saecinm, S.unberis tespit etmislerdir. Yapilan diger bir

calismada 735 stt Ornedi incelenmis ve toplam 64
(% 8,71) izolat streptokok olarak tespit edilmistir.
Ayt calismada 22 izolat S. agalactiae, 13 izolat S.
dysgalactiae ve 29 izolat S. wberis olarak tespit
edilmistir (Tian vd., 2019).

Izolatlarin Antibiyotik Direng Profilleri

Dinya capinda sttin yaygin kontaminantt olan
streptokok trleri sahip oldugu viriilans faktorleri
ve antimikrobiyal direng genleri araciligiyla insan
saghgl icin tehdit olusturmaktadir (Pérez vd.,
2020). Bu calismada toplanan stt Orneklerinin
aerob bakteriyel mikrobiyotast tespit edilmis olup
sadece streptokok tiirlerinin antibiyotik direng
profili arastirlmistir. Bu calismada tespit edilen
Streptococcus  spp.  izolatlaniin  antibiyotik
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duyarliliklarinin daha 6nce kaydedilen sonuglarla
nispeten benzerlik gosterdigi  gbrillmektedir.
Calismada en yiiksek oranda neomisin (%51.19)
direnci gbrilmistir. Bunu sirastyla streptomisine
(%046.42), kanamisine (%38.09) ve tetrasikline
(%36.9) karst tespit edilen diren¢ oranlar
izlemistir. En distk direng sefoksitin (%2.38) ve
oksasiline (%2.38) karst  gorilmusken,
vankomisin, ampisilin-stilbaktam, amoksisilin-
klavulanik asit, imipenem, sefotaksim, seftazidim
ve aztrenoama karst direncli sus  tespit
edilmemistir. TUm Streptococcus spp. suslarinda
tespit edilen direng profili Sekil 2°’de gbsterilmistir.
En 6nemli patojen olan . agalactiae igin bu direng
durumu yine en yiiksek olarak neomisine karst

gorilmis ve buna gére toplam 56 S. agalactiae
izolattnin 32’sinde direng saptanmistir. Benzer
sekilde streptomisine 30, kanamisine 29,
tetrasikline 25, siprofloksasine 22, eritromisine 17,
penisiline 11, ofloksasine ve nalidiksik aside 13,
tetrasikline 10, nitrofurantoin ve kloramfenikole
karst 7, sefoksitin ve oksasiline karst 2’ser izolatta
direng tespit edilmistir (Cizelge 1). Calismada
sadece 2 farkli S. dysgalactiae susunda beta laktam
grubu antibiyotiklere (FOX ve OX) karst direng
gozlenmistir (Cizelge 2). Bu iki sus ayrica test
edilen antibiyotiklerin %066’sina karst direncli
olarak tespit edilmistir. Diger suslarin tiir icindeki
diren¢ dagilimlart Cizelge 2 ve 3’te verilmistir.

Streptococcus suslarinin antibiyotik direng profili (%)
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Sekil 2. Streptococcus spp. izolatlarinin antibiyotik diren¢ profili: TE: Tetrasiklin, VA: Vankomisin, N:
Neomisin, K: Kanamisin, CN: Gentamisin, S: Streptomisin, F: Nitrofurantoin, SAM: Ampisilin-
sulbaktam, AMC: Amoksisilin-klavulanik asit, IMP: Imipenem, E: Eritromisin, CIP: Siprofloksasin,
OFX: Ofloksasin, NA: Nalidiksik asit, C: Kloramfenikol, CTX: Sefotaksim, FOX: Sefoksitin, OX:
Oksaslin, CAZ: Seftazidim, ATM: Aztrenoam.

Figure 2. The antibiotic resistance profile of streptococcal isolates: TE: Tetracycline, VA: Vancomycin,
N: Neomycin, K: Kanamycin, CN: Gentamicin, S: Streptomycin, F: Nitrofurantoin, SAM: Ampicillin-
sulbactam, AMC: Amoxicillin-clavulanic acid, IMP: Imipenem, E: Erythromycin, CIP: Ciprofloxacin,
OFX: Ofloxacin, NA: Tetracycline, VA: Vancomycin, K: Kanamycin, CN: Gentamycin, AMC:
Amoxicillin-clavulanic acid, IMP: Imipenem, E: Erythromycin, CIP: Ciprofloxacin, OFX: Ofloxacin,
NA: Nalidixic acid, C: Chloramphenicol, CTX: Cefotaxime, FOX: Cefoxitin, OX: Oxaclin, CAZ:
Ceftazidime, ATM: Aztrenoam.
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Cizelge 1. . agalactiad nin antibiyotik direncinin tiir icinde degerlendirilmesi
Table 1. Evaluation of antibiotic resistance of S. agalactiae within the species

Antibiyotik Diren¢ Oranlart (n=14)
Antibiotic Resistance Rates

n (%) n (%) n (%)
TE 5 (35.7) E 3 (21.4) SAM -
VA - CIP 1 (7.1 AMC -

N 7 (50) OF 2 (14.2) IMP -

K 2 (14.2) NA 2 (14.2) P 1(7.14)
CN 5 (35.7) C 3 (21.4) OX -

S 5(35.7) CTX - CAZ -

F 1(7.1) FOX - ATM -

TE: Tetrasiklin, VA: Vankomisin, N: Neomisin, K: Kanamisin, CN: Gentamisin, S: Streptomisin, F:
Nitrofurantoin, SAM: Ampisilin-sulbaktam, AMC: Amoksisilin-klavulanik asit, IMP: Imipenem, E: Eritromisin,
CIP: Siprofloksasin, OFX: Ofloksasin, NA: Nalidiksik asit, C: Kloramfenikol, CTX: Sefotaksim, FOX: Sefoksitin,
OX: Oksaslin, CAZ: Seftazidim, ATM: Aztrenoam.

TE: Tetracycline, VA: Vancomycin, N: Neomycin, K: Kanamycin, CN: Gentamicin, S: Streptomycin, F:
Nitrofurantoin, SAM: Ampicillin-sulbactam, AMC: Amoxicillin-clavulanic acid, IMP: Imipenem, E: Erythromycin,
CIP: Ciprofloxacin, OFX: Ofloxacin, NA: Nalidixic acid, C: Chloramphenicol , CTX: Cefotaxime, FOX: Cefoxitin,
OX: Oxaclin, CAZ: Ceftazidime, ATM: Aztrenoam.

Gizelge 2. S. dysgalactiae nin antibiyotik direncinin tir icinde degetlendirilmesi
Table 2. Evaluation of antibiotic resistance of 5. dysgalactiae within the species

Antibiyotik Diren¢ Oranlart (n=56)
Antibiotic Resistance Rates

n (%) n (%) n (%)
TE 25 (44,6 E 17 (30,3) SAM -
VA - CIP 22 (39,2) AMC -

N 32 (57,1) OFX 13 (23,2) IMP -

K 29 (51,7) NA 13 (23,2) p 11 (19,6)
CN 10 (17,8) C 7 (12,5) OX 2 (3,57)
S 30 (53,5) CTX - CAZ :

F 7 (12,5) FOX - ATM :

TE: Tetrasiklin, VA: Vankomisin, N: Neomisin, K: Kanamisin, CN: Gentamisin, S: Streptomisin, I:
Nitrofurantoin, SAM: Ampisilin-sulbaktam, AMC: Amoksisilin-klavulanik asit, IMP: Imipenem, E: Eritromisin,
CIP: Siprofloksasin, OFX: Ofloksasin, NA: Nalidiksik asit, C: Kloramfenikol, CTX: Sefotaksim, FOX: Sefoksitin,
OX: Oksaslin, CAZ: Seftazidim, ATM: Aztrenoam.

TE: Tetracycline, VA: Vancomycin, N: Neomycin, K: Kanamycin, CN: Gentamicin, S: Streptomycin, F:
Nitrofurantoin, SAM: Ampicillin-sulbactam, AMC: Amoxicillin-clavulanic acid, IMP: Imipenem, E: Erythromycin,
CIP: Ciprofloxacin, OFX: Ofloxacin, NA: Nalidixic acid, C: Chloramphenicol , CTX: Cefotaxime, FOX: Cefoxitin,
OX: Oxaclin, CAZ: Ceftazidime, ATM: Aztrenoam.
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Cizelge 3. Diger suslarin antibiyotik direncinin tiir i¢cinde degerlendirilmesi
Table 3. Evaluation of antibiotic resistance of other strains within the species

S. infantarins (n=4)

S. uberis (n=06)

S. parauberis (n=4)

n(%)

TE - - 1 (25)
N 4 (100) - -
K - 1 (16.6) -
CN - 2 (33.3) -

S 4 (100) - -

F 3 (75) 1 (16.6) -
E - - 2 (50)
NA - 2 (33.3) -

Test edilen diger antibiyotiklere diren¢ rastlanmamustir. O sebeple tabloda verilmemistir. TE: Tetrasiklin, N:
Neomisin, K: Kanamisin, CN: Gentamisin, S: Streptomisin, F: Nitrofurantoin, E: Eritromisin, NA: Nalidiksik asit.
There was no resistance to other antibiotics tested. For this reason, it is not given in the table. TE: Tetracycline, N:
Neomycin, K: Kanamycin, CN: Gentamicin, S: Streptomycin, F: Nitrofurantoin, E: Erythromycin, NA: Nalidixic

acid.

Antibiyotik tedavisi, sigir mastitisini ve insan
enfeksiyonunu kontrol etmek icin 6nemli bir
aragtir; ancak bakteriler kullanilan antibiyotiklere
karst siklikla direng gelistirmektedir (Kou vd.,
2021). Emam vd. (2021), calismalarinda tetrasiklin
(%90), ampisilin = (%80), rifampin  (%60),
stlfametoksazol/trimetoprim (%50), gentamisin
(%45), eritromisin ve nalidiksik asit (%40),
kloramfenikol (%30) ve streptomisine (%25) karst
yuksek direnc gosterdigini bildirmistir. Tian vd.
(2019) calismalarinda  streptokok izolatlarinin
tetrasikline karst en yitksek diren¢ oranmna (%
98.44) sahip oldugunu, oksasilin (% 98.44),
penisilin G (% 96.88) ve doksisiklin (% 96.88)
antibiyotiklerine karsi belirtilen oranda direngli
oldugunu ve en dustik direncin ise siprofloksasine
kars1 gelistigini (% 1.56) tespit etmislerdir. Bagka
bir c¢alismada ¢ig sitten S. aurens suslarinin
antibiyotik direng profili incelenmis ve en yitksek
olarak klindamisin direnci %80, tetrasiklin direnci
%16 olarak tespit edilmistir (Keyvan, 2019). Bu
calismada klindamisin antibiyotigine ya da diger
linkosamid grubundan bir antibiyotik test
edilmemistir. Calisgmada secilen antibiyotikler
streptokok suslari ve ciftliklerde yaygin kullanilan
antibiyotik gruplart dissiiniilerek secilmistir. Tleriki
calismalarda antibiyotik spektrumlarinin
genisletilmesi faydalt olabilir. Bununla birlikte bu
calismada yiiksek oranda tespit edilen antibiyotik
direngliligine yemlere takviye olarak
antimikrobiyal ajan ilavesi ya da dizensiz ve stk
antibiyotik tedavisi neden olmus olabilir. Ciinkd

yapilan  calismalar  veterinerlikte ve tipta
antibiyotiklerin ~ uygunsuz  kullantm  ile
antropojenik  aktivitelerin ¢evrede antibiyotik
direng genlerinin dagilimina, bunun da zorluklara
neden oldugunu géstermektedir (Berendonk vd.,
2015). Guneydogu Asya'da antimikrobiyal
kullamim tzerine yapilan bir arastirmada, yem
hari¢, bu bolgedeki ciftgilerin kg canli domuz
basina 46 mg farkli antimikrobiyal bilesik ve kg
canlt tavuk basina yilda 52-276 mg uyguladigini
gostermistit (Nhung vd., 20106). Yine benzer
sekilde tavuk, hindi ve sigir ciftliklerinde verilen
antibiyotiklerin =~ %84’niin  profilaktik  amach
verildigi bildirilmistir (Zalewska vd., 2021). Bunun
disinda 6zellikle biiyiikbas hayvan ciftliklerinde
yemlerde antibiyotik ilavesi olduguna ve bunun
olumsuz sonuglarina vurgu yapan calismalar da
mevcuttur (Companyé vd., 2009; Irkin vd., 2019;
Kictkbigri ve Acardz, 2020).

Coklu Antibiyotik Direng Profili

Toplamda 88 adet St#eptococens spp. izolatinin
%064.28’inde coklu antibiyotik  direnci
gorilmistiir. Tzolatlarin 2’si 7 ayrt sinifa, 6’s1 5
farkls simifa, 7’si 4 farkl siniftan antibiyotige karg:
direnc gbstermistir. 38 izolat ise 3 farkli sinuftan
antibiyotige kars1 direncli olarak saptanmustir. En
fazla aminoglikozid siifina  karst  direng
saptanmisken, glikopeptid laktam  olmayan
antibiyotik vankomisine karst direncli izolat
gorulmemistir.
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Sekil 3. Streptococens spp. izolatlarinin antibiyotik siniflarina gére direng oranlart (%)
Figure 3. Streptococens spp. resistance rates of isolates according to antibiotic classes (%o)

Toplum sagligi agisindan oldukca énemli bir ajan
olan antibiyotikler bir yandan sagaltimda basart
saglarken diger yandan kullanilan antibiyotige
karst bakterilerin  direncli olmasina neden
olmaktadir (Sipahi vd., 2013). Bu nedenle cesitli
hayvansal ~ kaynakli  gidalarin  incelendigi
orneklerde  antibiyotik  direncine  siklikla
rastlanmaktadir. St bu acidan Snemli  bir
kaynaktir. Saed vd. (2020) inceledigi sit
orneklerinde izole ettigi streptokok tiirlerinde en
fazla direnci linkozamidlere ve makrolid grubu
antibiyotiklere karst gorilldigh belirtilerek ¢oklu
antibiyotik  direncinin  yiksek  oldugunu
bildirmislerdir. Yapilan diger bir calismada cig
sttten izole edilen . agalactiae tirlerinin %100
oraninda en az 3 veya daha fazla antibiyotige karst
direncli oldugu tespit edilmistir (Zhao vd., 2022).
Gergeklestirilen  bu  calismada S, agalactiae
tirlerinin %50’sinden fazlasinin ve genel olarak
izolatlarin %64’ tinden fazlasinin ¢oklu antibiyotik
direnci gostermesi yiksek oranda diren¢ olarak
yorumlanmustir.  Bu  durum  streptokok
enfeksiyonlarinin 6nemini arttirmakta ve insan
saglgr  acisindan  ¢ok  buyik risk  olarak
dustintlmistir. Cinkii halihazirda  streptokok
enfeksiyonlari toplumda 6nemli enfeksiyonlar
olusturmaktadir. Bu suglarin beraberinde yitksek
coklu diren¢ gostermeleri endise yaratmaktadir.
Yapilan bagka bir calismada ise stitten izole edilen

S. uberis suslarinda oldukea disik (%06.4) oldugu
bildirilmistir (Magagula vd., 2023). Bu sonu¢
bizim  calismamizla S.  #berisin  tir il
degerlendirmesiyle  paralellik  géstermektedir.
Diger yandan bu ¢alismada . dysgalactiae izolatlart
S.  wberisin  aksine yuksek ¢oklu direng
gOstermigtir.  Sitten izole edilen bakterilerde
yitksek antimikrobiyal ajan direnci gérilmesi ise
genel olarak toplum sagligi agisindan 6nemli bir
sorundur.

SONUC

Patojen mikroorganizmalarin siitteki varliginin
bilinmesi sttiin kalitesi ve toplum sagligi agisindan
o6nemlidir. Bu  calismada  incelenen  siit
orneklerinde bazi patojen suslarin ytksek oranda
var oldugu gortlmistir. Ayrica bu calismada
gerek insan sagligi gerekse de hayvan refahi ve siit
verimi agisindan olduke¢a 6nemli olan St#reptococeus
spp. suslarimin direng profili incelenmistir. Elde
edilen sonuglara gbre Streptococcus spp. izolatlart
nispeten yiksek sayida ¢oklu ilaca direncli olarak
belitlenmistir. S#reptococcus spp. izolatlarinin en
yaygin olarak aminoglikozid sinifina direncli
oldugu, ardindan strastyla kinolon, tetrasiklin,
makrolid, beta laktam, nitrofuran ve fenikole karst
direnglilik gosterdigi tespit edilmistit. Bu durum
stt tiketiminin gida kaynakli enfeksiyon icin
potansiyel bir risk olabilecegini géstermistir. Bu
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nedenle tlketicilerin pastérize edilmemis siit ve
stt trlinlerinden kaginmasi 6nerilmektedir. Ayrica
saglik riskini temsil edebilecek gidalart tanimak ve
gida kaynakli enfeksiyonlarin etkili tedavisini
saglamak icin Streptococcus spp prevalansinin yant
sira ortaya cikan antimikrobiyal direncin daha
fazla izlenmesi gerekmektedir. Cunkd bakteriyel
direng strekli bir degisim halindedir ve siit insan
besini olarak halk arasinda cok 6nemli bir yere
sahiptir.

CIKAR CATISMASI BEYANI
Yazarlar, bu calismayla ilgili herhangi bir ¢ikar
catismast olmadigini beyan etmektedir.

YAZAR KATKILARI

Yazarlar (NS ve CC) arastirma kaynaklarinin elde
edilmesinde ve deneylerin yurttilmesinde ortak
katki saglamistir. Makalenin yazimi ve revizyonu
NS tarafindan  gerceklestirilmistir.  Yazatlar
makalenin son halini okumus ve onaylamistir.
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ABSTRACT

The study aimed to evaluate the use of refractance window-dried egg powders in cake production. It was
found that liquid egg white (WL) resulted in the lowest batter density of 1.05 g/mL, followed by egg white
powder (WP) at 1.16 g/mlL. The highest specific volume was determined in WL samples at 2.71 ml/g,
followed by WP samples at 2.46 mL/g. In addition, the use of powdered eggs reduced baking loss but also
caused a decrease in the crumb lightness value. Furthermore, the usage of WP had a positive effect on the
hardness value of cake samples, which decreased from 884.01 g to 720.53 g. Finally, the alternative use of
egg powder had a positive effect on crumb appearance, increasing both cell count and total cell area.
Therefore, the incorporation of powdered eggs by refractance window drying instead of liquid eggs in cake
production can be considered an applicable approach due to the various benefits it offers.

Keywords: Techno-functional properties, egg powder, refractance window drying, cake

KIRINIM PENCERELI KURUTUCU iLE URETILMIi$ TOZ YUMURTANIN KEK
URETIMINDE KULLANIMI

oz
Bu c¢alismanin amaci, kirinim pencereli kurutma ile kurutulmus yumurta tozlarinin kek tretiminde
kullaniminin arastirilmasidir. Calisgmada, en distik hamur yogunlugunun 1.05 g/mlL ile sivi yumurta
akt (SYA) kullanilarak tretilen keklerde elde edildigi ve bunu 1.16 g/mL ile yumurta aki tozu (TYA)
kullanilan kek Orneklerinin takip ettigi bulunmustur. En yiiksek 6zgil hacim 2.71 ml/g ile SYA
orneklerinde belitlenirken, bunu 2.46 mL/g ile TYA 6rnekleri izlemistir. Buna ek olarak, toz yumurta
kullanimi pisme kaybini azaltmis, ancak ayni zamanda kabuk parlaklik degerinde bir distise neden
olmustur. Ayrica, TYA kullaniminin kek Srneklerinin sertlik degeri Gzerinde olumlu bir etkisi olmus
ve 884.01 g degerinden 720.53 g degerine diigmistir. Son olarak, yumurta tozunun alternatif
kullanimi, hem gézenek sayisint hem de toplam gézenek alanini artirarak kek ici gériintimii tizerinde
olumlu bir etkiye sahip olmustur. Bu nedenle, kek tiretiminde sivi yumurta yerine kirinim pencere ile
dretilmis toz yumurta kullanimi, sundugu cesitli faydalar nedeniyle uygulanabilir olarak
degerlendirilebilir.
Anahtar kelimeler: Kek kalite 6zellikleri, toz yumurta, kirinim pencereli kurutma, kek
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INTRODUCTION

The egg is considered a vital source of high-
quality protein for human nutrition due to its well-
balanced essential amino acid composition and
high digestibility. The annual global consumption
rate of hen eggs is nearly 150 per person (Gautron
et al., 2022). Although the consumption of eggs in
their shell form has decreased over the years, the
consumption of processed egg products has
increased (Rao and Labuza, 2012). Apart from its
high nutritive value, the egg is widely used as the
primary ingredient in bakery products due to its
superior technological properties, such as
foaming and emulsion-forming capacity. In
particular, egg whites are used in aerated for
emulsion-forming and puffed products as
foaming agents (Chang et al., 2020). The egg is
considered an essential ingredient in cakes and
other sweet bakery products due to its unique
foaming, solubility,  emulsification,  and
coagulation qualities. Eggs play a critical role in
baked goods by serving several purposes,
including binding, leavening, tenderizing, and
emulsifying the mixtures, as well as contributing
flavour, colour, and nutritional content
(Ratnayake et al., 2012).

In industrial applications, pasteurized liquid egg
white or whole egg is generally preferred due to
difficulties and hygienic problems associated with
processing of shell eggs. However, the short
storage time of pasteurized eggs and cold-storage
requirements have encouraged bakery producers
to seek new alternatives to liquid eggs. From a
technological perspective, powdered forms of the
eggs are much more suitable for application than
liquid eggs as they have a longer shelf life and are
more convenient for long-distance transport.
Furthermore, egg powders enable precise dosing
methods to be used in the formulation during
large-scale production (Lechevalier et al., 2013;
Chang et al., 2021). The demand for egg powder
is increasing as it has been realized that it is useful
in the production of bakery foods, bakery mixes,
mayonnaise and salad dressings, confections, ice
cream, pasta, and many convenience foods (Rao
and Labuza, 2012). However, the usage of
powdered egg products is still met with some
reservations due to the possibility of deterioration

of solubility, foaming and emulsifying capacity
and stability (Chang et al, 2021). Therefore,
finding practical ways to enhance the functional
capabilities of powdered egg products for
effective use in food production is crucial (Chang
et al., 2020).

Egg powders were first developed for the military
due to their practical advantages duting times of
war (Lechevalier et al., 2013). By dehydration, the
moisture content and water activity of liquid eggs
are decreased to less than 5% and 0.2,
respectively, thereby extending the shelf life to 1-
2 years. Furthermore, when considering the dry
matter of liquid egg yolk and white, drying offers
several advantages. To obtain 1 kg of dried egg
yolk, 2.3 kg of liquid is required, and 8.5 kg of
liquid egg white is required to obtain the same
amount of dry matter. Therefore, egg white
powder is much more useful in terms of
transportation compared to liquid forms
(Lechevalier et al, 2013). Several drying
techniques can be applied in the production of
powdered egg products, with spray drying being
the most commonly used technique. However,
the high temperatures used during spray drying
can negatively affect the functional properties of
egg proteins. Additionally, spray-dried egg
powder has poor solubility, which results in
particle agglomeration in aqueous media. To
overcome this problem, the surface of the egg
powder is coated with sugar solutions
(Lechevalier et al., 2013). Freeze-drying and pan-
drying are other commonly used techniques for
producing egg powder (Chauhan and Sharma,
2003). Pan-drying was developed for drying egg
white in flake or granule form and preferred for
making aerated confectionaries (Lechevalier et al.,
2013). Although freeze-drying produces high
quality egg powder, the cost of the process limits
the usage in large scale. Therefore, the industry is
seeking novel drying methods that can be applied
for production of egg powder without any
significant change in technological properties
compared to liquid counterparts.

During the production of egg powder, process
parameters can alter rheological and interface
functions. Foaming capacity is one of these
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critical functions, as it provides the desired
structure and texture with greater volume to the
final product. Previous studies demonstrated that
mid-heat treatment can improve the foaming
ability of egg white by increasing its surface
hydrophobicity. However, thermolabile egg white
proteins, such as conalbumin, can denature and
become insoluble (Franke and Kiebling, 2002;
Song et al., 2009). Consequently, some authors
have argued that powdered egg products cannot
meet the demands of cakes and need to be
modified (Tang et al., 2022). While most previous
studies have focused on the drying of egg white,
yolk and whole egg and determined changes in
technological properties, the effects of this
replacement on the acceptability of the product in
terms of texture, volume and sensory features
have not been studied. Therefore, the data
published to date is insufficient to decide whether
powdered egg products meet the special
requirements of food producers. To address this
gap, the present study aims to evaluate the
usability of egg powders produced by refractance
window drying, a new generation drying
technique, in the production of cakes as an
alternative to liquid counterparts.

MATERIALS and METHOD

Production of Egg Powder

In egg powder production, pasteurized liquid
white and whole egg (Anako, Konya, Tirkiye)
were used. Liquid egg samples were foamed by a
mixer (Hobart, N50, Germany) for 5 min, and
spread on a dryer film of pilot-scale refractance
window dryer (InfraRWD, NFDS, Ttrkiye) with
2 mm thickness. The liquid egg white was dried at
80°C for 10 min and the liquid whole egg was
dried at 90°C for 5 min. The drying temperatures
and time were determined by preliminary studies.
The egg powders were milled and stored in sealed
bags at refrigeration temperature till cake
production.

Production of Cake Samples

In the designed study, four different formulated
cakes were produced using liquid egg white, liquid
whole egg, powdered egg white, and powdered
whole egg. The liquid egg white was separated
from the egg yolk and the chalaza was removed.

The cake mix was prepared with an equal ratio of
flour, egg, vegetable oil, and sugar. The vanilla and
baking powder were added as 0.6% of the cake
mix (Arslan-Tontul et al., 2019). The egg powders
were used in the mix formulation after being
suspended in water with the same dry matter
content as liquid egg samples. For this purpose,
12 g white egg powder was resuspended with 88
g water, and 25 g whole egg powder was
resuspended with 75 ml water. To prepare the
cake mix, liquid egg samples or dehydrated egg
powders and sugar were mixed for 5 min by a
blender (Hobart, N50, Germany), remained
ingredients were added and mixed again for 5 min.
The cake mix was weighed 50 g into the molds
and baked at 200°C for 20 in an electrical oven
(Simens, HN678G4S6, Germany). The baked
cake samples were cooled to room temperature
and analysed.

Determination of mix density, cake height,
and weight

Mix density was calculated by determination of
the volume of 10 g batter. The height and weight
of the cake were measured using a digital calliper
and analytical balance.

Baking loss

Baking loss of the liquid and egg powder
containing cake was calculated by weighing the
batter (Wy) and cake (W) (Singh, Benjakul, &
Karnjanapratum, 2019).

Baking loss % (w/w) = (We— We)/Ws) x 100

Specific volume

The specific volume of cake samples was
evaluated by the rapeseed displacement method
and calculated through the volume/mass ratio
and expressed in mL/g (AACC, 2000).

Colour Measurement

L*, a* and b* colour values of the cake crust were
measured by the colour meter (Chroma meter
CR-400, Konica Minolta, Japan). Parameter L
represents the light-dark spectrum with a range of
0 (black) to 100 (white). Parameter a* represents
red-green colour with positive a* values indicating
redness and negative a* wvalues indicating
greenness. Parameter b* represents yellow-blue
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colour with positive b* values indicating
yellowness and negative b* values indicating
blueness (Arslan-Tontul et al., 2022).

Texture Profile Analysis

The texture profile analysis (TPA) of the cake was
determined by a texture analyser (TA-XT plus,
Stable Micro Systems, Surrey, UK). The sample
was sliced to 2.5 cm and TPA was performed by
using an aluminum 25 mm diameter cylindrical
probe (P36/R), 5-kg load cell, 50% penetration
depth, at a compression rate of 3 mm/s and 5 s
gap between two compressions. Pre and post-test
speeds were 2 mm/s and 3 mm/s, respectively

(AACC, 2000).

Digital image analysis

Image analysis was carried out by cake slices. The
image of the slice was captured with a flatbed
scanner (M2070 HP laserjet scanner, USA), and
saved as bitmap files and sSRGB colour. A square
field of image (4x4 cm) was cropped and
converted to greyscale (8-bit) using Image]
software (National Institutes of Health, Bethesda,
MD, USA). The images were pre-processed
(contrast enhancement, sharpening, and noise
reduction) to improve image quality, and the total
number of cells and total cell area was determined
after the threshold intensity was adjusted (Arslan-
Tontul et al., 2022).

Statistical Analysis

The cake production was duplicated, and analysis
was carried out in two parallels. The data were
subjected to analysis of variance, and appropriate
mean sepatation was conducted using Duncan's
Multiple-Range Test (p<0.05). All statistical
calculations were performed by SAS Statistical
Software (SAS Institute Inc., Cary, NC, USA).

RESULTS and DISCUSSION

Physical quality characteristics of batter and
cake samples

The mix density of batters produced by liquid egg
and egg powder is given in Table 1. In general, the
density of batter formulated using the white parts
of the egg was lower than that produced by the
whole egg. Statistically, the density of batter
formulated using liquid and powder whole egg

was in a similar range (p>0.05). The lowest batter
density was obtained when using of liquid egg
white (1.05 g/mL), followed by egg white powder
at 1.16 g/mL. The lower batter density is expected
to result in high air retention, which means high
foaming capacity. It has been reported that the
greater air content of the batter caused the lower
density (Tang et al., 2022). Foam volume, which
is connected to bubble formation and stability,
can be used to describe foaming properties. The
final foaming capacity during foam formation
depends on the pace of protein unfolding and
adsorption at the interface. Hydrophobic and
hydrophilic groups on the protein molecule
eventually adsorb to the air-water interface during
whipping and partially unfold there. Thus, it
forms the batter density (Chang et al., 2020). This
result shows that there is a limited decrease in the
foaming capacity of egg white when dried by the
refractance window dryer. However, previous
studies have indicated that drying increases the
foaming capacity of egg white. Ayadi et al. (2008)
found that the foaming capacity of the dried egg
white at 120°C is four times higher than that of
the fresh sample, but increased drying
temperatures caused a decrease in foaming
capacity. Tang et al. (2022) reported that batter
density was higher in powdered egg used
formulates than in liquid white eggs. This
discrepancy may be attributed to the diversity of
drying techniques.

After baking, the changes in height and weight of
the cake were determined (Table 1). In contrast to
batter density, the measurements of height and
weight were statistically similar in cake samples
produced using liquid and powdered egg white.
The lowest height was measured in the sample
containing liquid egg white (EL) at 36.88 mm, and
cakes containing egg powder and liquid egg white
were in a similar range (44.98-48.96 mm). After
baking, the weight of the cake was significantly
affected by the use of liquid or powdered egg
usage (p<0.05). In general, the weight of cake
samples produced using egg white was higher
than that of the samples containing whole egg.
The weight of WL and WP were measured as
45.07 g and 45.32 g, respectively. This result is
attributed to the high water-holding capacity of
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egg white proteins. On the other hand, the weight
of EP was measured as 43.93 g, which was higher
than EL (42.94 g). Additionally, these results
showed that refractance window dried egg

powder can be used as an alternative to the liquid
egg in cake production without any deterioration
in physical features.

Table 1. Some physical properties of cake samples

Features Samples

WL WP EL EP
Batter density (g/mL) 1.05 £ 0.01¢ 1.16 £ 0.05p 1.29 £ 0.012 1.24 + 0.03»
Height (mm) 48.96 = 0.352 45,50 = 1.102 36.88 = 0.81b 4498 + 3.42a
Weight (g) 45.07 £ 0.172 45.32 + 0.202 42.94 + 0.10¢ 4393 + 0.41P
Specific volume (ml./g) 2.71 £ 0.282 2.46 * 0.12ba 1.94 £ 0.05b 1.85 £ 0.07>
Baking loss (%) 9.86 *+ 0.33bc 9.72 + 0.77¢ 14.13 £ 0.212 12.15 £ (0.82ba

WL: Liquid egg white, WP: Egg white powder, EL: Liquid whole egg, EP: Whole egg powder. The superscript
letters, in the same line, indicate that are significantly different by Duncan’s multiple range test (P<0.05).

The specific volume is an important quality
parameter for bakery products as it indicates
higher gas retention and a softer crumb texture in
the final product. Furthermore, consumers tend
to prefer foods with higher volume. The use of
liquid or powdered eggs had a significant impact
on the specific volume of cakes (p<<0.05, Table 1).
The main difference in the specific volume of
cakes was obtained between egg white and whole
egg. The highest specific volume was determined
in WL samples at 2.71 ml/g, followed by WP
samples at 2.46 mL/g. This result was considered
well-correlated with batter density. The specific
volume of cake is positively correlated with the
foaming capacity and stability of the mix. Well-
acrated and stable foams are expected to result in
high specific volume. During whipping, egg
protein groups are exposed to the gas and liquid
phases, respectively. The viscoelasticity of the
water/gas interface, which is produced by the
protein-protein interaction, is correlated with the
stability of the created foam. The proper protein
transition ~ may  improve  protein-protein
interaction at the interface, decrease unfolding
time, and increase adsorption rate, all of which
benefit foaming properties (Chang et al., 2020). In
the present study, although the weight and height
of cakes formulated with liquid and powdered egg
white were similar, it was considered that drying
affected the functional properties of egg white
proteins to a limited extend. However, in most
studies, heat treatment on egg white proteins has
been reported to improve their foaming ability

because the denatured proteins adsorb more
easily to the air bubble surface (Song et al., 2009).

From an economic standpoint, baking loss is a
significant  disadvantage to the production
process due to both the higher batter volume
handling during commercial procedures and the
loss of product weight (Ratnayake et al., 2012).
The use of powdered egg white significantly
affected the baking loss (p<<0.05), and the lowest
loss value was determined in WP as 9.72%.
Additionally, the highest cooking loss was
obtained in EL at 14.13%, followed by EP at
12.15%. These results suggest that the
denaturation occurring in the drying process may
decrease the water release ratio of egg proteins
and increase their water retention capacity. Similar
results were reported by previous studies. Xu et
al. (2022) found that the weight loss of cake
produced by egg yolk powder ranged from 8.39%
to 10.02%. Ratnayake et al. (2012) found that the
baking loss values of yellow cakes produced by
liquid and dried whole eggs were in the similar
range of 8%. The authors also declared that none
of the egg replacers were able to produce
acceptable quality products at 100% (w/w)
replacement of dry egg in the formulation.

Crumb and crust colour features
Colour is a crucial factor in food products as it
reflects freshness and baking quality, which can

affect consumer choices (Xu et al., 2022). The
colour of foods depends on various factors such

967



968

Z.T. Akdag, Z.E. Catalyildiz, H. Cetin Babaoglu, S. Arslan Tontul

as ingredient interactions and/or changes, and
heat-induced colour changes during processing
(Ratnayake et al., 2012). The crumb and crust
colour of samples are presented in Table 2. The
L* and b* colour values of the crust were
insignificantly affected by egg powder usage
(p>0.05), and changed between 52.32-59.37 and
25.37-20.75, respectively. On the other hand, egg
powder usage significantly affected the redness of
the crust, and the highest a* value was detected in
EL as 12.66.

The usage of egg powder led to a decrease in
crumb lightness value. The highest L* value was
detected in cake formulated by the liquid whole
egg at 73.80, while the lowest lightness was
observed in WP and EP. Additionally, a* colour

values were also significantly affected, and egg
powder usage led to an increase in redness value.
This result may be attributed to Maillard-related
product formation during the drying of egg
powders. Furthermore, the b* value was lower in
cake samples produced by liquid or powdered egg
white. A similar result was also reported by Song
et al. (2009) who investigated the usage of
irradiated liquid or powder eggs in angel cake
production. The authors found that the usage of
egg powder increased the a* value and decreased
the b* colour value. Ratnayake et al. (2012)
reported that the crust colour of yellow cakes
produced by dried and liquid whole egg was
similar; however, using dried egg powder
decreased crumb a* value and increased L*.

Table 2. Colour and texture features of cake samples

Features Samples

WL WP EL EP
Crust colour
L* 53.09 £ 2.512 59.37 + 4.092 53.96 £ 0.852 52.32 + 7.612
a* 10.23 £ 1.42ba 6.73 + 0.93b 12.66 £ 0.292 10.43 £ 2.12ba
b* 26.43 + 0.54a 26.75 £ 0.12a 25.37 £ 1.102 26.32 + 3.99a
Crumb colour
L* 68.84 £ 1.27ba 65.44 + 1.19p 73.80 = 2.31a 66.20 £ 1.53b
a* -1.93 = 0.19ba -0.62 = 0.662 -3.81 = 0.64b -1.31 £ 0.202
b* 14.77 £ 0.17¢ 16.48 £ 1.65¢ 25.84 + 0.33 21.65 = 0.04b

Texture profile

Hardness 884.01 + 39.562 720.53 + 20.06> 618.62 + 3.77¢ 568.43 + 1.44¢
Springiness 0.94 £ 0.01» 0.89 + 0.01b 0.86 = 0.00¢ 0.88 = 0.00b
Cohesiveness 0.77 £ 0.002 0.67 £ 0.00b 0.58 = 0.00¢ 0.55 £ 0.014
Chewiness 639.25 = 18.752 425.34 1+ 13.84b 318.64 = 12.26¢ 274.38 = 0.77¢
Resilience 0.32 + 0.01» 0.25 + 0.01b 0.19 £ 0.014 0.21 £ 0.01¢

WL: Liquid egg white, WP: Egg white powder, EL: Liquid whole egg, EP: Whole egg powder. The superscript
letters, in the same line, indicate that are significantly different by Duncan’s multiple range test (P<0.05).

Texture profile

The texture profile results are presented in Table
2. The usage of powdered egg white had a positive
effect on the hardness value of cake samples,
decreasing it from 884.01 g to 720.53 g.
Additionally, the hardness value of EL and EP
was in a statistically similar range. Similar results
were also reported by previous studies. Song et al.
(2009) reported that the hardness value of cake
decreased with the usage of egg white powder.
Ratnayake et al. (2012) reported similar hardness

values for liquid or dried whole eggs; however,
after 7 days of storage, dried eggs showed higher
hardness. Zarringhalami et al., (2021) reported
that the hardness values decreased by increasing
egg white powder amount from 10 to 25% in the
gluten-free bread samples. This result was
attributed to the reduction of surface tension by
egg white and the stabilization of air bubbles in
the batter, thereby reducing hardness and
improving texture (Han et al., 2019). However,
contrary results have also been reported such as
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Tang et al. (2022) who found that the hardness
value increased by egg white powder usage instead
of liquid white egg, while elasticity decreased.

Likewise, the usage of egg powder decreased the
springiness value of cake samples along with
hardness. The lowest springiness value was
measured in EL at 0.86. Cakes produced with
whole egg had lower cohesiveness value than
those produced with egg white powder, which
caused a more cohesive crumb texture. The
highest cohesiveness values were detected in WL
at 0.77.

Similar to the cohesiveness value, chewiness was
affected by both liquid-powdered and white-
whole forms of the egg. The usage of egg white
powder led to a decrease in the chewiness of the
cake from 639.25 to 425.34. Additionally, the

usage of liquid or powdered whole eggs had an
insignificant effect on crumb chewiness. Similar
results were also obtained in resilience value.

Image analysis

The alternative usage of egg powder had a
positive effect on crumb appearance and
increased both cell count and total cell area. The
highest cell count and total cell area were detected
in WP at 3304 and 97430.50 mm?, respectively.
These results are considered promising because
the image structure improves when liquid egg
products changed to powder forms. During the
baking process, the structure of the cake is formed
by the pasting of starch and the solidification of
egg white protein, while sugar controls the rise
and fall of the cake (Wilderjans et al., 2008).
Therefore, the structure of egg protein is directly
correlated with crumb appearance.

Table 3. Crumb cell count and total cell area of cake samples

Cake Crumb cell count Total cell area (mm?)
WL 2947.50 = 176> 43377.50 £ 150bc
WP 3304.00 + 150¢ 97430.50 £+ 163¢
EL 2223.50 £+ 23b 24271.50 *+ 59¢
EP 3263.00 £ 442 74409.50 £ 25b2

WL: Liquid egg white, WP: Egg white powder, EL: Liquid whole egg, EP: Whole egg powder. The superscript
letters, in the same line, indicate that are significantly different by Duncan’s multiple range test (P<0.05).
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EL

EP

Figure 1. Cross-sectional image of cake samples produced by liquid egg white (WL) and whole egg
(EL) and powder of egg white (WP) and whole egg (EP)

CONCLUSION

This is the first to demonstrate the usability of
refractance window-dried egg powders in
industrial cake formulation. The results showed
that most of the physical quality characteristics
remained similar when egg white powder was
used instead of liquid egg white. Furthermore, the
physical properties of cake samples were superior
when using whole egg powder compared to the
liquid whole egg. The use of powdered egg led to
a softer crumb texture and had a positive effect
on crumb appearance.

Overall, the study suggests that refractance
window-dried egg powders can be a viable
alternative to liquid eggs in cake formulations, as
they produce cakes with similar physical quality
characteristics. However, further research is
needed to optimize the use of these powders in
cake formulations and to investigate their impact
on other sensory characteristics of the cakes.
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Arastirmada elma atiklarimin (yaprak, kabuk, posa) ultrason destekli su banyosunda 40 °C, %50 (333W) gii¢
ve 2 saat stirede metanol ile alinan Sziitlerinin toplam fenolik madde miktar: (TFMM), antioksidan akivitesi,
E. faecalis ve S. mutans inhibisyonu ve kolon kanser hiicresi tizetine etkisi arastirilmistir. Oziitler icinde TFMM
bakimindan en yiksek deger yapraga (104.72 mg/g) aittir. Atklarin antioksidan aktivitesi hem DPPH hem
de ABTS yontemiyle degerlendirilmis ve her iki yéntemde de 6zitlerin yiiksek antioksidan aktiviteye sahip
oldugu bulunmustur. Oziitlerin patojenler iizerine antimikrobiyal aktivitesi oldugu bulunmustur. Ayrica;
yaprak ve kabuk Ozitlerinin E. faecalise karst posaya gére daha fazla inhibisyon potansiyeli oldugu
gorulmustiir. S. mutans Gzerine en ylksek etkiyi ise yaprak 6zttleri géstermistir. Calismada kullanilan kolon
kanser (HT-29) hiicresini 6zitlerin baskiladigt sonucuna varilmistir. Sonuglar, elma atiklarindan ultrason ile
alinan Ozitlerin patojen mikroorganizmalar ve kolon kanser hiicresi tizerine inhibisyon aktivitesini ortaya
koymustur.

Anahtar kelimeler: Antikanserojen, fenolik, kabuk, posa, yaprak

SOME BIOACTIVE PROPERTIES OF ULTRASOUND SUPPORTED APPLE
WASTE EXTRACTS

ABSTRACT

In the study, extracts of apple waste were taken in an ultrasound assisted water bath at 40 °C, 50%
(333W) power and 2 hours with methanol. The total phenolic content (TFMM) and antioxidant
activity of these extracts; E. faecalis and S. mutans inhibition and its effect on colon cancer were
investigated. Among the extracts, the highest value in terms of TFMM belongs to the leat (104.72
mg/g). The antioxidant activity of the wastes was evaluated by both DPPH and ABTS methods, and
it was found that the extracts had high antioxidant activity in both methods. The extracts were found
to have antimicrobial activity on pathogens. Moreover; It was observed that leaf and peel extracts
had more inhibition potential against E. faecalis than pulp. Leaf extracts showed the highest effect on
S. mutans. It was concluded that the extracts used in the study suppressed colon cancer (HT-29) cells.
Key words: Anticancer, phenolic, peel, pulp, leaf
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Atik 6zltlerin fonksiyonel 6zellikleri

GIRIS
Elma, giicli anti-enflamatuar etkileri ve kronik
hastaliklar1 6nleme yetenegi yiiksek olan insan
sagligina faydali ¢esitli besinler igerir (Samanta vd.,
2023). Bunlar arasinda C vitamini, ¢ézlntr lif ve
farklt  polifenoller  (flavanoller, flavonoller,
floridzin,  prosiyanidin,  klorojenik  asit,
antosiyanin) bulunur (Weichselbaum vd., 2010).
Ginimiizde elma  posasindan  (kabuklar,
tohumlar, cekirdek, sap ve kaliks) fenolik
bilesiklerin ekstraksiyonu biytk ilgi gérmektedir
(Kruczek vd., 2023). Atiklarin degerlendirilmesi
ve siirdiiriilebilir gida tiretimi, gida endiistrisinde
dikkat edilmesi gereken 6nemli noktalardir. Gida
endistrisi, baska amaclar icin kullanilmak tzere
muazzam bir potansiyele sahip olan biyik
miktarda dogal yan iriin olusturmaktadir (Putra
vd., 2023). Ayrica tiketicilerin dogal driinler
konusunda bilinglenmesi, bu degerli yan tiriinlerin
kullanimina yonelik biytk ilgiye yol agmustir.
Elma posasi, elma suyunun veya elma sarabi
Uretiminin  endistriyel olarak islenmesinden
kaynaklanan katt atik driiniidiir ve potansiyel bir
gida antioksidan kaynagr olarak kabul edilebilir
(Wu vd., 2023). Elmanin meyve suyu veya elma
sarabina islenmesinden sonra elmadan yaklasik
olarak %30 oraninda atik ¢tkmaktadir. Kiresel
olarak elma posast olarak bilinen meyvenin posast,
kabugu, tohumlart ve sapindan olusan 3,5 milyon
ton kadarini temsil etmektedir (Teshome vd,,
2023). Bu yan trtine deger katmak icin ekonomik
fayda saglamanin yani sira hayvan yemi, pektin
geri kazanimi, enzim, etanol ve sitrik asit Gretimi
gibi verimli atik yonetimi stratejileri saglayan farkls
islemler yapilmaktadir (Wani vd., 2023).

Bitki drtinlerinden polifenol ekstraksiyonunun
farkli yontemleri arasinda gelencksel ¢6zgen
ekstraksiyonu enzimatik, ultrason, mikrodalga,
atimlt  elektrik alanlart  ve diger islemlerle
desteklenen ekstraksiyonlar yer alir. (Acosta-
Estrada vd., 2014; Barba vd., 2015; Caballero-
Valdés vd., 2016; Ameer, 2017). Fenolik
bilesiklerin etkinligini artirmak icin, ultrason
bircok arastirmaci tarafindan basartyla uygulanmis
ve minimum siirede daha iyi ekstraksiyon verimi
elde edilmistir (Avhad vd., 2014; Zhang vd.,
2017). Ultrason, prob sonikatér veya banyo
sonikatér cihazt kullandarak dogrudan veya

dolayli yontemde calistirilir (Panadare ve Rathod,
2017). Ultrason daha 6nce elmalardan polifenol
ekstraksiyonu icin kullanilmistir (Buvaneshwaran
vd., 2023; Assefi vd., 2023; Gao vd.,2023). Tim
bu yaklagimlarin ve sonuglarin 15181 altinda mevcut
¢alismada; elma atiklarindan %80’lik metanol ile
ultrason destekli alinan 6zitlerin toplam fenolik
madde miktarini (TFMM) belitlemek ve 6ziitlerin
antioksidan, antikanserojen ve antimikrobiyal
aktivitesinin belirlenmesi amaglanmistir.

MATERYAL YONTEM

Materyal

Arastirmada  Galaxy Gala elma ve yapraklar
Karaman ilinde bulunan agaglardan Ekim ayinin
ilk haftast toplanip Karamanoglu Mehmetbey
Universitesi, Miihendislik ~ Fakiiltesi, Gida
Miihendisligi Boliimii laboratuvarina getirilmistir.
Laboratuvara getirilen elmalar kaba kirlerinden
uzaklastirmak i¢in ytkanmustir. Elmalarin yaprags
ayrilip ve kabugu soyulduktan sonra katt meyve
sikacagi (Bosch, Germany) kullanilarak meyve
suyu ve posa ctkardmistir. Posa, yaprak ve
kabuklar (-18°Cy’de 2 saat streyle
dondurulmustur.  Dondurulmus  numuneler
liyofilizatérde (ScanvacCoolSafe 4-15 L Freeze
Dreyer 95/55-80, Lynge, Danimarka) (-101°C)’de
%8 nem icerifine kadar digmesi i¢in 3 giin
boyunca kurumaya birakilmistir. Kuruyan 6nekler
toz haline getirilinceye kadar Sgitilmistir ve

bekleme  olmadan  ekstraksiyon  islemine
alinmustir.

Yontem

Ekstraksiyon Kogullar:

20 g toz haline getirilmis elma atiklarina 100 ml
%80’lik metanol ilave edilmistir. Ekstraksiyon
kosullart Tlbay vd. (2013) tarafindan yapilan
calismanin  elma atklarina gére modifiye
edilmesiyle sicaklik 40 °C, giic %50 (333W) ve
stire 2 saat olarak belirlenmistir. Ultrasonik su
banyosunun (Wiseclean, WUC-D10H, Kore)
Ozitleme islemi boyunca 40 °C’de sabit kalmast
saglanmustir. Oziitler Whatman 1 filtre kigidindan
gecirilerek stiziinti elde edilmistir. Elde edilen
stizuntiler analiz stresine kadar -18 °C’de
depolanmustir.
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Toplam Fenolik Madde Miktar: Tayini

Oziitlerin toplam fenolik madde miktar1 Folin-
Ciocalteau yontemi ile belirlendi (Singleton ve
Rossi, 1965). Bastan, 0.4 ml seyreltilmis 6rneklere
2 ml folin reaktifi (0.2 N) eklenmistir. Bundan
sonra, 1.6 ml sodyum karbonat ¢6zeltisi (%7.5)
eklenmigtir. Karanlikta oda sicakliginda 1 saat
reaksiyondan ~ sonra  UV-spektrofotometre
kullanilarak 765 nm'de Srneklerin absorbanslart
Olcilmustiur. TFMM belitlenitken kullanilan
standart bilesigin Folin&Ciocalteau reaktifi ile
tepkimesi ifade edilen standart fenolik bilesige
gore farkll diizeylerde olmaktadir. Bu amagcla
TFMM, elma atiklarinin grami basina miligram
gallik asit esdegeri (mg GAE) olarak ifade
edilmistir.

DPPH radikal siipiiriicii aktivitesi

DPPH  (2,2-difenil-1-pikrilhidrazil)  yontemi
(Blois, 1958)'e gore Ol¢ulmustir. 0.1 ml
seyreltilmis numune, 3.9 ml DPPH metanol
cozeltisine (0.1 mM) ilave edilmistir. Karisim oda
sicakliginda 30 dakika karanlikta inktbe edilmistir.
Absorbans, UV-spektrofotometre kullanilarak
517 nm'de 6l¢iilmustiit. Sonuglat, elma atiklarinin
grami basina mg TROLOX esdegeri olarak ifade
edilmistit.

ABTS * radikal katyon siipiiriicii aktivite

ABTS"  (2,2"-azino-bis  (3-etilbenzotiyazolin-6-
stlfiirik asit) metotu minér modifikasyonu ile
Miller vd., 1993) goére yapimustir. ABTS+
¢ozeltisi oda sicakliginda (12-16 saat) inkiibe
edildi, ayrica, her analiz icin taze ABTS" ¢ozeltisi
hazitlanmistir.  Analizden  énce,  ABTSY,
baslangicta ABTS*'nin absorbanst olarak kabul
edilen PBS (fosfat tamponlu salin) ile 0.700 % 0.02
arasinda absorbansa ayarlanmistir. 2 ml ABTS 'ye
20, 40, 60, 80 pl seyreltilmis 6rnek eklenmesi
tizerine, sonra karisim oda sicakliginda 6 dakika
streyle inktbe edilmigtir. Absorbans UV-
spektrofotometre  kullantlarak 734 nm'de
Sletlmustir. Sonuclar, elma atiklart g't bagina (mg)
TROLOX esdegeri olarak ifade edilmistir.

Antibakteriyel aktivite

3 farkli 6zutin MIK'ini (minimum inhibitor
konsantrasyonu) belirlemek icin mikrodilisyon su
yontemi kullandmistir. S. mwutans ve E. faecalis 12

saaat inklibasyona birakilarak 106 koloni olusturan
birime (CFU/mL) ayarlanmistir. MUELLER-
HINTON  besiyerinde bu 3 farklh  6ziit
hazirlanmugtir. 96 g6z14 steril plakalarda, 100 ulL
bakteri stispansiyonu iceren kuyuya 6ziitlerin her
birinden 5 farklt miktarda (2-10 pL) eklenmistir.
Her test icin Ugli tekrar yapimistir. Negatif
kontrol olarak kultir ortami ve bakteri iceren

hazneler  kullanidmistir.  37°C'de 24  saat
inkiibasyondan  sonra  tim  kuyucuklarda
bulaniklik  6lctimleri yapilmistir.  Bakterilerin

gelismesi, bir mikroplaka okuyucu kullanilarak
600 nm'de Slctlmustir (Bayat vd., 2023).

Antikanserojen aktivite

3 farkhi ozitin epitelyal ve kanser hicre
dizilerindeki (1929 ve HT-29) sitotoksisitesi,
Alamar blue testi kullamilarak degerlendirilmistir.
Hictreler DMEM ortaminda 37°C'de %5 CO»
atmosferinde biyutilmistiir. Her hiicre hattinda,
10000 hiicre buyiittlditkten sonra toplanmis ve 96
oyuklu bir hiicre kultiirti plakasina yerlestirilmistir.
Hiicreler daha sonra 24 saat boyunca 5 farkli
miktarlarda (1-5 pL) numuneler (ekstraktlar) ile
inklbe edilmistir. Numuneler t¢ tekrar halinde
hazirlanmis ve negatif kontrol oyuklart olarak
sadece htcreler kullanilmistir. 24 saatlik

37 oC’de steril kabinde inkiibasyonun ardindan
bosluklara Alamar blue reaktifi (1:10, v/v)
eklenmis ve 4 saat daha inkiibe edilmistit. Daha
sonra 570 nm ve 600 nm'de spektrofotometrik
Olcimler yapdmistir. Her numunenin hicre
yasayabilirligi hesaplanarak ve kontrol oyuklarinin
%100 oldugu kabul edilmistir (Yimaz vd., 2020;
Yilmaz 2022).

Istatistik analiz

Metot kisminda bahsedilen analizlerden elde
edilen sonuglar One-Way Anova varyans
analizleri SPSS 22 (IBM Corp., Armonk, New
York, USA) istatistik programinda ytiriitilmistir.
Ayni programda ortalamalar arasindaki farkliliklar
ise Tukey coklu karsilastirma testi ile P <0.05
6nem diizeyinde test edilmistir.

ARASTIRMA BULGULARI VE TARTISMA
Toplam Fenolik Madde Miktari

Fenolik bilesikler, ikincil metabolitlerin 6nemli bir
bolimiint olusturur ve bununla bitlikte insan
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sagligint destekleyen antioksidanlara 6nemli katki
saglar. Elma fenolik bilesiklerce zengin meyve

o6nlenmesinde 6nemli rol oynamaktadir (Vallée
Marcotte vd., 2022; Maheshwati vd., 2022).

Elma atiklarindan ultrason destekli metanol ile
alinan Ozitlerin toplam fenolik madde miktart
(TEMM) gallik asit esdegeri (GAE) cinsinden
Cizelge 1’ de verilmistir.

tirleri arasinda yer almaktadir. Elma icerdigi
fenolik bilesikler sayesinde kolesterol, kalp
hastaliklari, kanser ve astim gibi bir¢ok hastaligin

Cizelge 1. Ultrason destekli elma atik 6ziitlerinin toplam fenolik madde miktarlart ve antioksidan

aktiviteleri
Table 1. Total phenolic content and antioxidant activities of ultrasound-assisted apple waste extracts
Ornekler TFMM DPPH ABTS
(mg GAE/g) (mg TEAC/g) (mg TEAC/g)
Posa 5.58¢ £0.12 1.25¢ £0.12 2.32¢ £0.15
Kabuk 34.23> £1.58 5.58> £0.75 65.00> £2.25
Yaprak 104.722 £1.75 11.76* £0.96 154.69* £4.74

(TFMM: Toplam fenolik madde miktari, TEAC: Troloks esdegeti antioksidan kapasite, GAE: Gallik asit esdegeri,
3 tekrarh verilerin ortalamalarinin Tukey HSD testi ile karsilastirilmast sonucu olusan gruplar ortalamalar tizerinde
harfle belirtilmistir. Farkli harfler ortalamalar arasinda 6nemli fark oldugunu gostermektedir P <0.05.)

(TEMM: Total phenolic substance amount, TEAC: Trolox equivalent antioxidant capacity, GAE: Gallic acid equivalent, the groups
Jormed as a result of the comparison of the averages of the 3-replication data with the Tukey HSD test are indicated with letters on the

averages. Different letters indicate that there is a significant difference between the averages P <0.05. )

Gizelge 1’e gore Ozitlerin TFMM bakimindan
Ozitlerin aralarinda istatistiki olarak 6nemli fark
(P <0.05) oldugu bulunmustur. Orziitler icinde
yapragin en yiksek TFMM degerine (104.72 mg
GAE/g) sahip oldugu bulunmustur. Kabugun
fenolik madde miktar1 34.23 mg GAE/g olarak;
posaninki 5.58 mg GAE/g olarak bulunmustur.
Farkli bitki kisimlarinda polifenol biyosentezinin
genetik kontrol altinda olmast beklenmektedir.
Bununla birlikte, biyotik ve abiyotik stresler,
fenolik  iceriklerdeki ~mevsimsel ve  yilik
degisimlere dahil olabilir ( Bujor vd. 2018). Bujor
vd. (2016) yaban mevsiminin yapragt ve gbvdesini
inceledigi calismada yapragin 4 kat daha fazla
fenolik bilesige sahip oldugu bulunmustur. Bu
calismada da elma yapragi ozitinin kabuk ve
posa Ozutlerine gbre daha yiksek miktarda
TFMM’ye sahip oldugu bulunmustur.

Carpes vd. (2022) dogrudan elma posasinda
yapilan analizlerde TEFMM’yi 11.42 mg GAE/¢g
olarak bulmuslardir. Bu calismada bulunan
sonuclarla  kiyaslandiginda  kullandan  elma
gesitlerinin =~ ve  ekstraksiyon  kosullarinin
farkldiginin - TEMM’yi  etkiledigi  s6ylenebilir.
Ornegin baska bir calismada Zhang vd. (2016),

Golden Delicions cinsi elma kabuk ekstraktlarinin
2.87 mg GAE/g degetleri ile bu c¢aligmada
bildirilenlerden daha distk TFMM’ye sahip
oldugunu bildirmistir. Lyu vd.’ye gbre (2020) elma
Ozleri, esas olarak fenolik ailesine ait klorojenik
asit, kafeik asit, ferulik asit, p-kumarik asit sinapik
asit, p-kumaroil-kinik asit gibi biyoaktif bilesiklere
sahiptir.

Antioksidan Aktivite

Antioksidanlar, reaktif oksijen titlerinin neden
oldugu hastalik riskini azaltmada 6énemli bir rol
oynamaktadir (Valko vd, 2007). Meyvede bulunan
bazi antioksidanlarin kalp hastaliklari, kanser ve
alzheimer hastaligini Onlemede etkili oldugu
bildirilmistir (Kaur ve Kapoor, 2001; Boyer ve
Liu, 2004; Ozdemir vd, 2022). Antioksidan
aktivite agisindan incelenen Oziitler arasindaki fark
(P <0.05) o6nemli bulunmustur. Atklarin
antioksidan aktivitesi hem DPPH hem de ABTS
yontemiyle degerlendirilmis ve hem DPPH (11.76
mg TEAC/g) hem de ABTS (154.69 mg
TEAC/g) yonteminde en yiiksek antioksidan
aktivite  yaprak  Ozitlerinde  goriilmustiir.
Antioksidan aktivite bakimindan yaprag sirasiyla
kabuk ve posa 6zutleri izlemistir (Cizelge 1).
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Ultrasonun kavitasyon etkisiyle fenolikler ve
askorbik asit gibi antioksidan &zellik gdsteren
bilesiklerin ekstraksiyonunun artisa neden oldugu
bilinmektedit. Sonikasyonun polifenol oksidazlar
gibi  oksidasyonla ilgili bazt  enzimlerin
inaktivasyonu saglayarak meyve ve sebzelerde
toplam antioksidan kapasite degerinde artis
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meydana geldigi  bildirilmistir
Bakkalbasi, 2023).

Antibakteriyel Aktivite

Ultrason destekli elma atik 6zttlerinin S. mutans.
ve E. faecalis Gzerindeki antibakteriyel aktiviteleri
mikrodilisyon ~ su  yontemi  kullaniarak
aragtirilmistir. Antibakteriyel test sonucunda elde
edilen bakteri artis sonuglart Sekil 1'de verilmistir.
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Sekil 1: Elma 6zttlerinin zamana bagl olarak patojenlerin gelismesi tizerine etkisi
Figure 1: Effect of apple extracts on the development of pathogens over time

Yaprak ve kabuk 6zutlerinin E. faecalis’e karst posa
Ozitine gore daha fazla inhibisyon potansiyeli
oldugu gorilmustiir. S. mutans Gzerine en yiksek
etkiyi ise yaprak Ozltleri gostermistir (Sekil 1).
Bakteriyel gelisme ortamina degisen miktarlarda
(2-10 ul) eklenmesi, bakteriyal gelismede bir
azalmaya neden olmugtur. Miktar artisina baglt
olarak §. mutans ve E. faecalis bakterilerinin

gelismesi azalmustir. Tki patojen bakteri de Gram
pozitif olmasina ragmen elma atiklarinin ultrason
destekli ekstraktlarinin E. faecalisin inhibisyonuna
karst daha etkili oldugu gézlemlenmistir.

Riaz vd. (2018), elma kabugundan elde edilen
polifenollerin  konsantrasyonuna baglt olarak

antibakteriyel ~ aktiviteye  sahip  oldugunu
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bildirmistir. Zhang vd. (20106), elma posasinin etil
asetat ckstraktlarinda sirasiyla 1.25 mg/ml ve 2.50
mg/ml MIC ile Staphylococcus anrens ve Escherichia
coli'ye karst inhibe edici aktiviteye sahip oldugunu
bildirmistir. Antibakteriyel aktivite, esas olarak,
aralarinda floridzin, floretin, prosiyanidin ve
kuersetin turevleri bulunan birkac flavonoidin
varligina baglanmaktadir. Ayrica Shahbazi (2017),
Iran elma cesitleti  Malus  pumild'nin
seskiterpenlerinin, &zellikle Bacillus subtilis ve
Bacillus cereus'a karst antimikrobiyal ajan olarak
6nemli bir role sahip oldugunu belirtmistir.

Antikanserojen Aktivite

Calismada kullanilan farklt miktarlardaki (1, 2, 3,
4, 5 pl) elma yapragi, kabugu ve posa Oziitleri
tzerinde 24 saat stre ile .929 ve HT-29 hticreleri
uzerindeki sitotoksik etkisinin belitlenmesi icin
sitotoksisite testi yapilmustir. Oziitlerin 1.929 ve
HT-29 hiicrelerinde 1-5 ul miktar araliginda 24
saatlik inkiibasyon sonrasi Alamar mavisi yéntemi
ile 6lgiilen hiicre canliligt izerine etkileri Sekil 2’de
gosterilmistir.  Ozitlerin~ her  biri  artan
konsantrasyonla  birlikte  sitotoksisitesi ~ de
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80 1
T
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40
20

(]

1 2 3

Miktar (L)

m Yaprak m Posa Kabuk

1
I[
4 5

Hiicre (HT-29) canlilik (%)

artmistir. Bu yontem, Alamar mavisi (resazurin)
ismi verilen bilesigin, canli hicreler ile beraber
resorufin bilesigine déntlismesiyle gerceklesmistir.
Oksidatif ~seklinde bulunan mavi renkteki
resazurin bir redoks boyast olarak bilinir, hiicre
zarindan serbest bir sekilde gecerek hiicreye giris
saglar ve burada indirgenip floresans 6zelligi olan
pembe renkteki resorufin bilesigine donustigu
gorilmiistir (Yilmaz vd., 2020). Oli hiicreler,
metabolik aktivitelerini kaybettigi icin resazurini
indirgeyememis ve floresans sinyali
olusturamamistir.  Canlt  hlcreler  tarafindan
resazurinin resorufine doéntsmesiyle meydana
gelen sinyaller, florometre kullanimi ile tespit
edilmis ve kaydedilmistir. Posa ve kabuk
Ozitlerinin  kolon kanser (HT-29) hiicresinde
sirastyla %44 ve %42 6lime neden oldugu yaprak
ozitinin ise %38 Olime neden oldugu
gorilmustir. Aynt zamanda 1929 saglikhi htcre

hattinda bu oOlim oraninin daha az olmast
(vaklastk  %15) elma at@ &zitlerinin  dogal
antikanser  ajan  olarak  kullanilabilirligini
gOstermistir.
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Sekil 2: HT-29 ve 1929 hiicrelerinin sitotoksisite testi ile belirlenen ylizde canhiliklart
Figure 2: Percent viability of H1-29 and 1.929 cells as determined by cytotoxicity testing

Elma kabuklarindan klasik yontemle aseton ile
alinan ekstraktlarin meme kanser hiicrelerinin
gelisimini azalttigy ile ilgili ¢calismalar yapilmis ve
meyve-sebze titketimi meme kanserinin gelisme
riskini azalttig1 savunulmustur (Sair vd., 2023).
Daha 6nce yapilan calismalar, kronik hastaliklar
tzerindeki potansiyel mekanizmalart icin gesitli
bitki kaynaklarindan izole edilen spesifik
bilesikleri arastirmaya odaklanmistir. Bununla
birlikte,  birka¢  klinik  ¢alisma,  spesifik
fitokimyasallarinda antikanser 6zellik gosterdigini

ortaya koymustur (Valicente vd., 2023; Didier vd.,
2023; Liao vd., 2023). Elmalar, batt diyetinde
meyve fenolik tiketiminin %33'ine katkida
bulunur (Wolfe vd., 2008). Birka¢ calisma, elma
Ozlerinin  insan karaciger kanseri HepG2
hiicrelerinde, insan meme kanseri MCF-7 ve
MDA-MB-231 hicrelerinde ve insan kolon
kanseri hiicrelerinde hiicresel proliferasyonu
baskiladigint géstermistir (He ve Liu, 2007; Wolfe
vd., 2008; Sun vd., 2008). Calismamizda, elma
yaprak, kabugu ve posa 6zlerinin, insan kolon
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kanseri  hiicrelerinin = (HT-29)
basartyla bastirdigt gézlemlenmistit.

cogalmasint

SONUC

Bu calisgmada, elma yapragi, posast ve
kabuklarindan ultrasonik su banyosunda %80’ lik
metanol ile elde edilen 6ziitlerin fenolik madde
miktart ve antioksidan aktivitesi incelenmistir.
Ayrica  Ozutlerin - kolon  kanseri  hicresini
baskiladigy, E. faecalis ve S. mutans’ 1 inhibe ettigi
sonucuna vartlmustir. Elma atiklarindan yapragin
toplam fenolik ve antioksidan igeriklerinin posa
ve kabuga gore daha ylksek miktarda oldugu
bulunmustur. Sonu¢ olarak, elma meyvesinin
posast, kabugu ve yapragt gida endistrisi
tarafindan dogal fonksiyonel bir bilesik olarak
kullanilabilecegi tavsiye edilmektedir.

CIKAR CATISMASI BEYANI

Yazar bu makalede, diger kisiler ve kurumlar
arasinda  herhangi bir ¢kar catismasinin
olmadigint beyan eder.

TESEKKUR

Antikanserojen aktivite testi igin gerekli olan
hiicre kiltiir ortamini saglayan ve bu analiz i¢in
gerekli  cihazlarin  kullandirlmasinda ve
desteklerinden dolayt Bahar Yilmaz Altinok’a
tesekkiir ederim.
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ABSTRACT

This descriptive and cross-sectional study evaluated the adherence of patients with Metabolic Syndrome
(MetS) to the Mediterranean Diet (MedDiet). Patients who met the National Cholesterol Education Program
Adult Panel III (NCEP ATP I1I) criteria enrolled. Socio-demographic characteristics, physical activity levels,
blood tests and anthropometric variables were recorded and evaluated. A 24-hour retrospective record form
and Mediterranean Diet Adherence Scale (MEDAS) were used to assess nutritional consumption and
adherence, respectively. Of the patients (n=203) 50.2%, 39.9% and 9.9% were non-, moderately and strictly
adherent to MedDiet, respectively. MEDAS scores were correlated with body weight (r=-0.147; P =0.030),
waist circumference (r=-0.141; P =0.044), HDL cholesterol (t=0.193; P =0.0006). Daily omega-3 fatty acids
intake increased with higher adherence to MedDiet (P <0.001). Significant differences were observed
between non-adherent and adherent subjects in daily intakes of dietary fiber, oleic acid and total
monounsaturated fatty acids. This study showed low adherence to MedDiet in patients with MetS.
Keywords: Mediterranean diet, adherence, metabolic syndrome, physical activity, anthropometric
measurements

METABOLIK SENDROMLU HASTALARDA AKDENIZ DIYETINE UYUM

0z

Bu tanimlayict ve kesitsel calisma, Metabolik Sendromlu (MetS) hastalarin Akdeniz Diyetine
(MedDiet) uyumunu degerlendirmistir. Ulusal Kolesterol Egitim Program1 Yetiskin Paneli III (NCEP
ATP III) kriterlerini karsilayan hastalar kabul edilmistir. Sosyodemografik 6zellikler, fiziksel aktivite
diizeyleri, kan testleri ve antropometrik degiskenler kaydedilmistir. Besin tliketimini ve uyumu
degerlendirmek icin sirastyla 24 saatlik geriye déniik kayit formu ve Akdeniz Diyeti Uyum Olgegi
(MEDAS) kullanilmustir. Hastalarin (n=203) %9.9'u MedDiet’e siki bir sekilde uyumlu, %39.9'u orta
detecede uyumlu, %50.2'si ise uyumlu degildi. MEDAS skotlart viicut agiehgt (r=-0.147; P =0.0306),
bel gevresi (r=-0.141; P =0.044), HDL kolesterol (r=0.193; P =0.000) ile iliskiliydi. Gtinlik omega-3
yag asitleri alimi, MedDiet'e uyum arttukea arttt (P <0.001). Diyet lifi, oleik asit ve toplam tekli
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doymamis yag asitlerinin gunlik alimlarinda uyumlu olmayan ve uyumlu hastalar arasinda énemli
farkliliklar g6zlendi. Bu calisma, MetS'li hastalarda MedDiet'e uyumun disik oldugunu gostermistir.
Anahtar kelimeler: Akdeniz diyeti, uyum, metabolik sendrom, fiziksel aktivite, antropometrik

Olgiimler
INTRODUCTION
Metabolic Syndrome (MetS) is a

noncommunicable disease referring to coexisting
diabetes, hypertension and obesity (Bakaloudi et
al., 2021). Forty-one million people die annually
from noncommunicable diseases, corresponding
to 7 out of 10 deaths worldwide (WHO, 2022). As
a risk factor, MetS affects the prognosis and
progression of Type-2 diabetes, cancer,
cardiovascular disease and respiratory diseases
(Kargin et al., 2019). The coexistence of three or
more metabolic disorders like obesity, insulin
resistance, dyslipidemia and hypertension play a
role in the development of MetS (Bakaloudi et al.,
2021). Its worldwide prevalence in adults is 25%
and is associated with a 2- to 5-fold higher risk of
early cardiovascular mortality, diabetes, coronary
heart and cerebrovascular diseases, and a 1.5-fold
increase in the risk of deaths of all causes (WHO,
2022).

A balanced diet and nutritional diversity are
central to maintaining a  healthy life.
Mediterranean Diet (MedDiet) is considered one
of the healthiest nutrition models (Kargin et al.,
2019). It includes a complete and balanced
combination of components such as extra virgin
olive oil, vegetables, fresh fruits, nuts, legumes,
fish and red wine, molecules with antioxidant and
anti-inflammatory properties such as
mono/polyunsaturated fatty acids, polyphenols,
phytosterols, vitamins and minerals (Finicelli et
al., 2022). Various studies have shown the health-
promoting effects of MedDiet, together with
lifestyle changes through increased physical
activity (Kargin et al., 2019; Finicelli et al., 2022).

Cross-sectional or prospective studies have
shown inverse correlations between adherence to
MedDiet and the prevalence of MetS (Godos et
al., 2017; Bakaloudi et al., 2021). Some studies
have demonstrated the benefits of adherence to
MedDiet in reducing the risk of obesity, Type-2
diabetes, cardiovascular diseases, and death from

any causes (Martinez-Gonzalez et al, 2011;
Franquesa et al., 2019).

The preventive effect of MedDiet on the risk and
formation of MetS has been reported (Godos et
al, 2017; Franquesa et al, 2019). However,
studies examining whether different levels of
adherence to MedDiet may positively affect MetS
are limited (Bakaloudi et al., 2021). The present
study evaluated the association between different
levels of adherence to MedDiet and
anthropometric and biochemical variables in
patients with MetS.

MATERIALS AND METHODS

Study settings, time and sample selection
The present descriptive, cross-sectional study
enrolled patients with MetS admitted to the
Endocrine and Metabolic Diseases Polyclinic of
Pamukkale University Hospital between July and
September 2021.

The main inclusion criterion was a diagnosis of
MetS that was determined by the physician using
the National Cholesterol Education Program
Adult Panel III (NCEP ATP III) criteria (Expert
Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults, 2001).

Patients under 19 years and over 64 years of age,
pregnant or breastfeeding women, and patients
with cancer, mental disorders, eating disorders,
recent diagnosis of hematological disease, recent
surgery  history, goiter, and anatomical
abnormality in the neck region were excluded.
The minimum required sample size was calculated
as 175, by taking into account the prevalence of
MetS as 43.3% and power 0.80 (Abact et al,
2018).

Lokman Hekim University Ethics Committee
approved the study protocol (2021/066) and the
participants signed the informed consent.
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Data Collection

Data were collected via face-to-face interviews.
The study questionnaire included socio-
demographic characteristics, medical information
and nutritional habits. Biochemical variables were
extracted from the patient files. Body weight and
composition, height, body mass index (BMI),
waist circumference (WC), waist-to-hip ratio
(WHR), Neck circumference (NC) and waist-to-
height ratio were obtained.

Nutritional Assessment and Anthropometric
Measurements

Body weight was measured with Tanita Body
Composition Analyzer BC-418 (Tanita, Illinois,
USA) and height was measured with a stadiometer
(AS-TARTI, Turkiye). BMI was calculated by
dividing body weight (in kilograms) by the square
of height (in meters) (WHO, 2021). WC was
measured at the midpoint between the lower ribs
and the iliac bone, and hip circumference was
measured (in centimeters) horizontally from the
widest circumference of the hip (WHO, 2011).
WHR was calculated by dividing the WC by the
hip circumference. NC was measured just below
the larynx (Adam's apple) (TUBER, 2010).
Systolic blood pressure and diastolic blood
pressure were measured using Ombron M2
Intellisense (Japan).

A “24-hour Retrospective Food Consumption
Record Form” was collected from each patient to
determine the energy, macro and micronutrient
amounts (Pekcan, 2013). A photographic food
atlas showing different quantities of foods was
used to estimate the portion size of the participant
in each meal (Rakicioglu et al., 2009). The data
were transferred to Nutrition Information System
9 software (BeBIS, Stuttgart, Germany). Energy
consumption and nutrient intake were examined
using the Turkiye Nutrition Guide-2015
(TUBER-2016) (12). According to the daily
acceptable intake, the coverage ratio was
evaluated as <67%, insufficient intake, 67-133%
as adequate intake, and >133% as over-intake
(Meyers et al., 2000).

Patients' adherence to MedDiet was evaluated
using a 14-item Mediterranean Diet Adaptation
Scale MEDAS) (Martinez-Gonzalez et al., 2010)

which is a valid and reliable scale in the local
language (Pehlivanoglu et al., 2020). Responses to
each item in the MEDAS are assigned "1" ot "0",
and the scores of 7 and above indicate an
acceptable level of adherence. The scores between
7 and 9 indicate moderate and higher scores
indicate strict adherence to MedDiet.

Individuals' physical activity levels were classified
as inactive (<600 MET-min/week), minimally
active  (600-3000 MET-min/week), and very
active (>3000 MET-min/week) according to the
International Physical Activity Questionnaire-
IPAQ (Saglam et al., 2010).

Statistical analysis

Data were analyzed using Statistical Package for
Social Sciences (SPSS) Statistics for Windows,
version 20.0 (IBM Corp., Armonk, NY: USA,
2011). Chi-square test was performed to
determine the dependencies of categorical
variables. Fishet's exact test was used when the
assumptions of the chi-square analysis were not
met. One-Way Analysis of Variance (ANOVA)
and Kruskal-Wallis H test were used for multiple
comparisons. For ANOVA analyses, in cases
where variances from Post-Hoc tests were equally
distributed, LSD; Mann Whitney-U test was used
for Kruskal-Wallis H analysis. In cases where the
distribution was not normal, Spearman
correlation analysis was used for the correlation
between the variables.

RESULTS AND DISCUSSION

A total of 203 patients with MetS (142 women and
61 men) participated. Their mean age was
46.9111.33 years. While primary education was
higher among female patients, male patients had
more undergraduate or higher education (P
<0.001). There was no significant difference in
the numbers of retired male and female patients
with MetS. However, the number of working
people was more among male patients (P <0.001)
(Table 1). The incidence of MetS in Western
societies is 24% and above (Bakaloudi et al.,
2021), and also increases with age (Abact et al.,
2018; Oguz, 2018). Although there was no
statistically significant difference in the present
study, the proportion of patients with MetS
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increased with age. According to the prevalence
studies in Turkiye, the frequency of MetS is very
high, especially among women (Abact et al., 2018;
Oguz, 2018). In the current study, 142 of 203
individuals with MetS were women (70%). The
present study findings supported the existing
literature data that the risk of MetS was higher in
low-income and low-educated populations
(Oguz, 2018; Kim et al,, 2018). Individuals with

low level of education lacks the ability to comply
with health guidelines since they don’t have
sufficient knowledge of what healthy nutrition is
and its importance. This may also explain why
individuals with low level of education exhibit low
adherence to MedDiet (Tsofliou et al., 2022)
(Table 1).

Table 1: Distribution of socio-demographic characteristics of patients with Metabolic Syndrome by

gender.

l\/iale Fe_rnale 'lz)tal DY p

(n=61) (n=142) (n=203)
Age (years), meantSD 47.1410.8 46.8+11.6 46.9+11.3 32.76% | 0.828
Age bands, n (%)
19-24 2 (3.3) 9 (6.3) 11 (5.4)
25-34 6 (9.8 15 (10.6) 21 (10.3)
35-44 15 (24.6) 29 (20.4) 44 (21.7) 1.381 0.848
45-54 22 (36.1) 47 (33.1) 69 (34.0)
55-64 16 (26.2) 42 (29.6) 58 (28.6)
Education Level, n (%)
Illiterate 12 (1.6) 22 (14 3 (1.5
Literate 2:(3.3) 22 (1.4 4 (2.0)
Primary education 192 (31.1) 88 (62.0) 107 (52.7) .
Higher education 157 (24.0) 322 (22.5) 47 (23.1) 23.322 | <0001
Graduate Education 202 (32.8) 16° (11.3) 36 (17.7)
Master/Doctorate 42 (6.6) 2> (1.4) 6 (3.0)
Occupation, n (%)
Worker 272 (44.3) 230 (16.2) 50 (24.6)
Officer 72 (11.5) 5b (3.5) 12 (5.9
Self-employed 9 (14.7) 3k (2.1) 12 (5.9) 65.811 | <0.001"
Retired 182 (29.5) 30: (21.1) 48 (23.0)
Housewife -0 81 (57.1) 81 (40.0)

a, b: The letters a and b are used in distributions where the dependence between categorical variables is statistically
significant, to reveal which variables result from the proportional differences in this significance.

SD: Standard deviation
Pearson Chi-squate test.
2Fisher’s Exact test

* P <0.001

Of the patients, 50.2% were non-adherent, 39.9%
were moderately adherent, and 9.9% were strictly
adherent to MedDiet. The average adherence
score was 6.411.8, which remained below the
acceptable level (Pehlivanoglu et al., 2020) (Table
2). MedDiet shows a positive impact on metabolic
and cardiovascular diseases and cognitive
functions. The quality of life increased in parallel

with adherence to MedDiet in past studies
(Soltani et al., 2019). Besides, MedDiet has turned
into almost a 'prescription' to prevent and treat
metabolic diseases (Godos et al., 2017; Soltani et
al., 2019; Bakaloudi et al., 2021;). Finally, meta-
analyses concluded that adherence to MedDiet
prevents the development of MetS (Godos et al.,
2017; Bakaloudi et al., 2021). The tesults of the
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current study support the existing knowledge.
The mean MEDAS score was 6.4%1.8, indicating
that the participants overall were low-adherent to
MedDiet. A meta-analysis has sought the

concluded that a 2-point increase in adherence to
MedDiet was associated with a 10% lower risk of
death from any causes (Soltani et al., 2019) (Table
2).

importance of the degree of adherence and

Table 2: Patients’ adherence to the Mediterranean Diet by gender and average adherence scores.

Adherence to Mediterranean Diet Male Female Total
No adherence (<7 points), n (%) 35 (57.4) 67 (47.2) 102 (50.2)
Moderate adherence (7-8 points), n (%) 18 (29.5) 63 (44.4) 81 (39.9)
Strict adherence (29 points), n (%) 8 (13.1) 12 (8.4) 20 (9.9)
Total score, meantSD 6.2x2.1 6.5x1.7 6.4%£1.8
Lower-Upper 2-11 2-10 2-11

SD: Standard deviation

There was a low, negative correlation between
adherence to MedDiet and body weight (r =-
0.147; P =0.036) and WC (r =-0.141; P =0.044)
and a low, positive correlation between  high-
density lipoprotein cholesterol (HDL-C) and
adherence to MedDiet (t=0.193; P =0.0006).
Correlations between adherence to MedDiet and
NC, hip circumference, WHR, BMI, triglyceride,
low-density lipoprotein cholesterol (LDL-C),
total cholesterol, and hemoglobin Alc (HbAlc)
were not significant. A low, positive correlation
was found between adherence to MedDiet and
physical activity levels (+t=0.21; P =0.003) (Table
3). An inverse association between body weight
and WC and adherence to MedDiet in the whole
sample was observed. This finding is in line with
the literature (Bouzas et al., 2019; Bakaloudi et al.,
2021; Zhang et al, 2022). No significant
correlation was found for body fat ratio, BMI,
NC, and WHR. Although BMI and body weight
are important factors for abdominal obesity in the
definition of MetS, some studies suggested
disease risk factors could be more useful than
BMI and body weight (Eguaras et al., 2015; Aslani
et al, 2019). The present study findings also
supported the existing knowledge that adherence
to MedDiet and BMI do not correlate.
Concerning the association between adherence to
MedDiet and WC as a measure of adiposity,
several authors reported a lower incidence of
MetS as adherence is improved (Eguaras et al.,

2015; Estruch et al., 2019). Both physical activity
and MedDiet reduce the likelihood of developing
MetS (Gallardo-Alfaro et al., 2020). A high level
of adherence to MedDiet is associated with
increased physical activity, which is critical for
overall health (Bizzozero-Peroni et al, 2022).
Similarly, in the current study, physical activity
levels increased in parallel to adherence to
MedDiet (Table 3).

Previous studies have reported a positive
correlation between higher adherence to MedDiet
and HDL-C level (Franquesa et al, 2019;
Bakaloudi et al., 2021; Montemayor et al., 2022).
Furthermore, MedDiet is favorable for the
microbiome due to its high polyphenol content
and higher adherence to the MedDiet has been
linked to lower fasting triglyceride and plasma
glucose levels (Bakaloudi et al., 2021; Shatwan et
al., 2021; Montemayor et al., 2022). In this study,
parallel to the literature, a positive correlation
between HDI.-C and MedDiet adherence scores
was observed in the whole sample. Although the
studies supported the positive effects of
Mediterranean diet on cardiovascular diseases
(Rees et al., 2019), correlations with triglyceride,
total cholesterol, LDL-C and HbAlc were not
significant in the present study. It wasHo thought
that these results were related with the patients'
low adherence to the MedDiet (Table 3).
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Food consumption and adherence to
MedDiet

Table 4 shows average daily energy, water and
nutrients intakes (macronutrients and
micronutrients) according to the level of
adherence to MedDiet, and their percentages of
meeting the reference values according to the
TUBER-2015 (TUBER. 2016). Average water
consumption was higher in participants strictly
adherent to MedDiet than the participants who
were non- or moderately adherent (P =0.031).
Carbohydrate and fat consumption were lowest
and fiber consumption was the highest in strictly
adherent participants (P =0.014, 0.044, 0.047
respectively). Macronutrient intake and MetS
were investigated in 10000 Iranians aged 20 to 69
years (Hasanizadeh et al, 2020). Patients with
high carbohydrate intake had 67% more
probability of developing MetS than patients with
high protein and fat intake (Hasanizadeh et al.,

2020). It has been suggested that the content of
carbohydrates was more important than the ratio
of carbohydrates consumed in MedDiet
(Bakaloudi et al.,, 2021). Therefore, consuming
complex carbohydrates instead of simple
carbohydrates has been recommended (Pérez-
Martinez et al., 2017). In accordance with the
literature (Gallardo-Alfaro et al., 2020 ; Bakaloudi
et al., 2021), the effect of the Mediterranean diet
on glycemic control was manifested by a low level
of HbAlc in the present study. Several studies
have shown improved HbAlc and blood lipids in
MetS  patients  consuming more  fiber
(Papamichou et al., 2019; Tettamanzi et al., 2021).
In the present study, a parallel increase in daily
fiber consumption and adherence to MedDiet
were observed as reported in the literature
(Dominguez et al., 2023) (Table 4).

Table 3: Correlations between MEDAS scores and anthropometric measurements, biochemical
parameters and physical activity level(n=203).

Variable

MEDAS Scores

r P

Anthropometric Measurements

Body weight (kg) -0.147 0.036*
BMI (kg/m?) -0.097 0.169
Body fat ratio (%0) 0.003 0.968
Neck circumference (cm) -0.126 0.072
Waist circumference (cm) -0.141 0.044*
Hip circumference (cm) -0.036 0.611
Waist/hip ratio -0.134 0.055
Waist/height ratio -0.059 0.400
Biochemical Parameters
Systolic Blood Pressure (mmHg) 0.009 0.897
Diastolic Blood pressure (mmHg) 0.014 0.844
Fasting Plasma Glucose (mg/dL) 0.076 0.278
Triglyceride (mg/dL) -0.099 0.160
LDL-C (mg/dL) -0.110 0.120
HDL-C (mg/dL) 0.193 0.006**
Total cholesterol (mg/dL) -0.131 0.065
HbAlc (%) -0.026 0.740
Physical Activity Levels 0.210 0.003**

MEDAS: Mediterranean Diet Adherence Scale, BMI: Body Mass Index, LDL-C: Low-density lipoprotein
cholesterol, HDL-C: High-density lipoprotein cholesterol HgAlc: Hemoglobin Alc, *P <0.05 ** P <0.01, 1

Spearman correlation analysis.
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Table 4: Comparison of energy, water and nutrients intakes with TUBER according to adherence to
the Mediterranean Diet

Energy, water Adherence to the Mediterranean Diet » Post-hoc
and nutrients No adherence (a) Moderate adherence (b) Strict adherence (c) differences
TﬁEiR Mean# SD TﬁfiR Mean SD TﬁfiR Mean# SD
Energy (kcal) 98.5 1899.24767.3 | 985 1905%796.1 1045 | 2019945369 | 0.804! -
Water (ml) - 1976.4%1293.3 - 2054.8+1197.8 - 25115411483 | 00312 | avs.c,bvs.c
Protein (%) - 14.944.9 - 16.8+11.8 - 16.4+4.1 0.1292 -
Fat (%) - 38.8+10.5 - 37.7410.6 - 36.949.4 0.0441* avs.b
CHO (%) - 51.4+10.8 - 46.7+12.3 - 46.3+11.6 0.0141% avs.b
Fiber (g) 87.9 22.0+11.0 101.5 25.4+13.4 1045 26.148.3 0.0472* avs.c
MUFA (g) - 25.1+15.0 - 28.6+17.2 - 3374142 0.0132* avs.c
Oleic Acid (g) - 22.6+14.0 - 25.8+15.5 - 30.8+13.1 0.0102* avs.c
PUFA (g) - 14.149.8 - 14.4+10.7 - 12.7+5.8 0.9902 -
Omega 3 (g) - 1.340.7 - 1.6+1.1 - 1.940.8 0.0012% | 2 ‘S'ab\’f >
Omega 6 () - 12.6+9.4 - 12.5+10.0 - 10.5+5.2 0.9922 -
iact;rgd Fatty - 26.1%14.1 - 30.5+18.3 - 30.7+13.1 0.0592 -
Vitamin A (ug) 2047 | 14125425417 | 4449 | 3034793457 | 3731 | 2661.3+6255.3 | 0.026%* | avs.b,avs.c
Vitamin D (ug) 16.1 24423 185 2.8%2.4 229 3.443.6 0.2672 -
Vitamin E (mg) 141.9 16.6+13.1 144.1 16.5+10.2 127.2 14.8+5.8 0.7462 -
Thiamine (mg) 90.3 1.040.5 100.5 1.140.6 101.4 1.240.4 0.198! -
Riboflavin (mg) | 119.4 1.4%0.9 166.7 1.942.0 186.4 22415 0.00026x% | * ‘S'ab\’f >
Niacin (mg) 388.9 26.2+15.4 406.6 27.2+17.8 467.1 31.9417.2 0.2922 -
Vitamin B6 (mg) | 101.9 14408 1145 1.6+0.9 127.5 1.940.8 0.013%* | avs.b,avs.c
Folate (uig) 0 346.4+193.9 0 448.6+348.1 0 462342042 | 0.003%%* | avs.b,avs.c
Zj;mi“ BI2 1 4333 5.3+16.7 238.22 9.5+3 204.4 8.2+13.5 00092 | bvs.c,avs. c
Vitamin C (mg) 160.5 159441275 | 158.16 154.5£92.1 2174 | 216841282 0.0662 -
Sodium (mg) 3135 | 45002479445 | 2505 | 35334217294 | 2646 | 3665.5+1621.0 | 0.814? -
Potassium (mg) 63.6 2990.1£1502.7 76.8 3472.8+£1566.3 84.9 3988.8+£1385.7 0.010* avs.b,avs.c
Calcium (mg) 73.3 706.84+355.4 85.6 832.24426.3 87.1 839.243525 | 0.032%* | avs.b,avs.c
Magnesium (mg) | 92.9 295.7+136 1036 | 323.1%162.3 1143 | 361.0%£130.3 0.0682 -
Selenium (ug) 27 15.9431.3 24.7 17.3+32.6 42.7 29.9460.8 0.168 -
Iron (mg) 101 11,1452 96.9 12.747.8 125.1 15.247.8 0.029% | bvs.c avs.c
Zinc (mg) 94.6 9.6%4.6 105.5 10.746.0 129.8 13.3£7.0 0.0802 -

1One-Way Analysis of Variance (ANOVA), 2Kruskal Wallis-H Test, TUBER mean: The average of the percentage
of meeting the reference values of the “Ttrkiye Nutrition Guide’, TUBER: Tirkiye Nutrition Guide

a vs.b: Significant difference between ‘No adherence’ and ‘Moderate adherence’, a vs.c: Significant difference
between ‘No adherence’ and ‘Strict adherence’, b vs. c: Significant difference between ‘Moderate adherence’ and
‘Strict adherence’

P: Significance was checked over normal values. * P <0.05 ** P <0.01 *** P <0.001. SD: Standard deviation, CHO:
Carbohydrate, MUFA: Monounsaturated fat, PUFA: Polyunsaturated fat

987



988

G. Purdik Tatik, A.E. Glingor

The daily amount of omega-3 fatty acids intake
increased simultaneously with adherence level to
MedDiet and there were between-group
differences (P <0.001). Daily oleic acid and the
total amount of monounsaturated fatty acids
(MUFA) intakes were low in non-adherent
participants and were high in strictly adherent
participants (P =0.013). Concerning the fat intake
in our sample, the amounts of MUFA, oleic acid,
and omega-3 fatty acids were higher in those who
were strictly adherent to MedDiet. Previous
studies reporting high adherence demonstrated
reversal of MetS outcomes and reduced
prevalence of cardiometabolic risk factors
(Gallardo-Alfaro et al., 2020; Montemayor et al.,
2022). In this respect, the current study found a
negative correlation between adherence to
MedDiet and HDL levels. However, MedDiet did
not significantly correlate with triglycerides and
LDL-C. In terms of these metabolic syndrome
parameters, it is thought that the expected results
could not be achieved, due to the fact that the
entire sample was a patient group and no
intervention was applied. In addition, these
findings are in line with the literature, supporting
the importance of healthy fat consumption in
MedDiet and its positive effects on MetS
(Gallardo-Alfaro et al., 2020; Bakaloudi et al.,
2021; (Table 4).

In terms of micronutrients, the average daily
intakes of potassium, calcium, vitamin A, vitamin
B6 (p=0.013), vitamin B2 and folate were
different between non-adherent participants
compared with the moderately and strictly
adherent participants (P <0.001, P =0.003
respectively). There were no between-group
differences concerning energy, protein, omega-0,
saturated fatty acids, thiamine, vitamins D, E and
C, and sodium, magnesium, selenium, zinc and
iron intakes. On the other hand, daily selenium,
calcium, potassium and vitamin D intakes were
below TUBER-2015 (TUBER, 2016) reference
values in all groups. When examined in detail, the
coverage ratio according to the daily acceptable
intake was insufficient in potassium in the non-
compliant group and in vitamin D and selenium
intakes in all groups (Table 4). A lower risk of
developing MetS has been reported in individuals

adopting MedDiet rich in vitamins and minerals
(Eleftheriou et al., 2018; Gantenbein et al., 2021).
In the current study, some micronutrient
(potassium, calcium, vitamin A, vitamin BO,
vitamin B2, and folate) intake was higher in
patients adherent to MedDiet. The average
percentages of meeting the reference intake
values of vitamin D and selenium were
insufficient in all adherence levels. Low vitamin D
consumption is prevalent due to limited dietary
sources of vitamin D (Santa et al, 2023).
However, potassium intakes were insufficient in
only non-adherent group. A meta-analysis has
concluded that a lower risk of MetS was lower in
individuals with higher potassium intake (Cai et
al,, 20106). This meta-analysis indirectly supports
our result. Trace elements such as zinc and
selenium are essential for maintaining human
physiological homeostasis, and therefore, an
imbalance in trace elements is considered an
independent risk factor for MetS (Khazdouz et
al., 2020; Djalalinia et al., 2021) (Table 4).

Strengths and limitations

This is the first cross-sectional report from
Turkiye on the adherence to MedDiet in patients
with MetS. However, there are several limitations
to the procedures and findings. First, the sample
size was small and there was no control group.
Second, food consumption was assessed through
self-reports which were inherently subject to
errots.

In conclusion, this study showed that patients
with MetS had low adherence to MedDiet. A
higher level of adherence to MedDiet was
associated with favorable MetS parameters (lower
WC and higher HDL-C) and higher physical
activity levels.
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ABSTRACT

Pesticide residues were screened in samples collected from pomegranate orchards in Antalya, Tiirkiye, and
the health risks of such residues for consumers were assessed in this study. Analytical method verification
was conducted to determine 260 pesticide residues by liquid chromatography-tandem mass spectrometry
(LC-MS/MS). A total of 54 pomegranate samples were analyzed using this method. Ten of pomegranate
samples contained pesticide residues above European Union Maximum Residue Limits (EU-MRLs). Both
buprofezin and tebuconazole were detected in two of these samples, acetamiprid in three, tebuconazole in
two, deltamethrin in two, and chlorpyrifos in one. In the risk assessment, deltamethrin has the potential for
chronic toxicity for consumers, and chlorpyrifos shows both acute and chronic toxicity risks.

Keywords: Acute risk, Chronic risk, LC-MS/MS, Method vetification, QuEChERS

ANTALYA'DA YETISTiRILEN NARLARDA PESTiSiT KALINTILARININ
BELIRLENMESI VE SAGLIK RiSK DEGERLENDIRMESI

oz

Antalya ili nar bahcelerinden toplanan numunelerde pestisit kalintilart taranmis ve bu kalintilarin
titketiciler icin olusturdugu saglik riskleri degerlendirilmistir. Sivi kromatografi-tandem kiitle
spektrometresi (LC—-MS/MS) ile 260 pestisit kalintisinin belitlenmesi icin analitik metot dogrulamast
yapilarak, Antalya ilinden toplanan 54 nar numunesi analiz edilmistir. 10 nar numunesinde Avrupa
Birligi Maksimum Kalinti Limitlerinin (AB-MRL) ast1ig1 belirlenmistir. Bunlarda ikisinde buprofezin
ve tebuconazole, lciinde acetamiprid, ikisinde tebuconazole, ikisinde deltamethrin ve birinde ise
chlorpyrifos tespit edilmistir. Tespit edilen pestisitlere yonelik risk degerlendirmesinde deltamethrin
kalint1 degerlerinin tiketiciler icin kronik toksisite potansiyeline sahip oldugu, chlorpyrifos kalinti
degerinin ise hem akut hem kronik toksisite riski gésterdigi belirlenmistir.

Keywords: Akut risk, Kronik risk, LC-MS/MS, Metot dogrulama, QuEChERS

* Corresponding author/ Yazismalardan sorumlu yazar
D tarik.balkan@gop.edu.tr 7R (+90) 356 252 1616-1464 / (+90) 356 252 14 88

Tarik Balkan; ORCID no: 0000-0003-4756-4842
Ozlem Yilmaz; ORCID no: 0000-0001-8564-120X

993



994

T. Balkan, O. Yilmaz

INTRODUCTION

Pomegranate (Punica granatum 1.) has high
nutritional content and medicinal properties. It
provides numerous health benefits such as
boosting immunity, regulating blood circulation,
aiding digestion, and contributing to diabetes
management (Naik et al. 2022).

In 2019, global pomegranate production was
estimated to be around 4 million metric tons
worth 8 million USD. The highest production
occurs in Iran, India, China, Turkey, and the USA
(Kahramanoglu, 2019; Venkitasamy, 2019).
Pomegranate is an important product for the
Turkish economy and besides its contribution to
human nutrition and vatious alternative uses
(Ozalp and Yilmaz, 2013). According to the 2021
report of the Turkish Statistical Institute,
approximately one-fourth of pomegranate
production in Turkey comes from Antalya (TSI,
2021).

Many pests and diseases have been reported in the
pomegranate orchards of Antalya province.
Among them, the most common pests are
Frankliniella occidentalis Perg., Negara viridula (L.),
Siphoninus  phillyreae  (Haliday), Planococcus — citri
Risco., Ectomyelois ceratoniae (Zell.), Ceratitis capitata
(Wiedemann), and the most common diseases are
Alternaria alternata (Fr.) Keissler, Botrytis cinerea
Pers., and Penicillium spp. (Sahin, 2013; Ilgin,
2016). These pests and diseases cause yield and
quality losses before and after harvest. Therefore,
growers frequently use pesticides to prevent yield
loss. According to the 2020 TUIK data, Antalya
is the city in Turkey where pesticides are used the
most, with 4.349.658 kg-It (Ozercan and Tascy,
2022). These pesticides can accumulate on/in
fruits, posing food safety problems (Ryberg et al.,
2018) and threatening environmental health and
natural balance. Between January 2020 and
October 2022, 32 notifications of pesticide
residues in pomegranates exported from Turkey
were reported by RASFF, 22 of which were
classified as having a "serious" risk level.
Kuchheuser and Birringer (2022) stated that the
European Commission may need additional
measures due to the increasing trend in
notifications regarding pomegranates imported

from Turkey. Furthermore, the limited number of
residue studies on pomegranates in Turkey
(Bakirar et al., 2014; Dincay et al., 2017; Gormez
et al., 2021; Soydan et al, 2021) increases the
necessity for residue monitoring studies.

Monitoring is an integral part of Good agticultural
practices (GAPs). Therefore, testing samples for
multiple pesticides at low levels, such as 0.01
mg/kg, is essential to ensure food safety.
Electrospray ionization (EST) liquid
chromatography/tandem mass spectrometry
(LC-MS/MS) has become the method of choice
for pesticide residue analysis worldwide due to its
high sensitivity, selectivity, wide scope, and ease
of use (Ortelli et al, 2004; Banerjee et al., 2008).

In this study, the aims were (1) to report the
verification results of multiple residue detection
of 260 different pesticides in pomegranate using
the QuEChERS method and LC/MS/MS (2) to
investigate the pesticide residues of the samples
collected from pomegranate orchards in Antalya
(3) to evaluate the risk on human health.

MATERIALS AND METHOD

Sample collection and storage

The samples were collected randomly from the
pomegranate orchards in Antalya, the region with
the highest production in Turkey. Pomegranate
samples were collected approximately 2 kg (at
least five units) (EC, 2002). The samples were
transported immediately to the laboratory and
stored at -20 °C.

Reagents and chemicals

Pesticide reference standards were supplied by
Dr. Ehrenstorfer GmbH (Augsburg, Germany).
Acetonitrile (ACN) was bought by Honeywell
(North Carolina, USA). Methanol (MeOH),
magnesium  sulfate  anhydrous  (MgSO.),
ammonium formate (NH4CO,H), sodium acetate
anhydrous (NaOAc), and acetic acid (AcOH)
were procured from Merck (Darmstadt,
Germany). Water was purified by MP Minipure
Dest Up system (Ankara, Turkey). The
QuEChERS products were purchased from
Restek (Bellefonte, USA).
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Chromatographic analysis
The analyses were conducted on Shimadzu
UHPLC Nexera™ X2, and LCMS™-8050 triple

quadrupole mass spectrometer with an
electrospray ionization (ESI). The LC-MS/MS
conditions were listed in Table 1.

Table 1. Operating conditions and gradient program

LC Conditions (Nexera X2)

Column

Oven temp.
Solvent A

Solvent B

Gradient

Flow rate

Injection vol.
Rinse solution

Inertsil (ODS-4), C18 column
(2.1 mm x 150 mm, 3 pm)
40 °C

5 mM/L ammonium
formate/deionized water

5 mM/L ammonium
formate/methanol

5%B. (0 min) - 60%B. (3 min) -
70%B. (4 min) - 80%B. (6 min) -
95%B. (7 - 8.50 min) - 5%B.
(8.51-15 min)

0.4 mL/min

10 uLL

RO: 50% methanol

MS Conditions (.LCMS-8050)

Tonization mode EST  (Positive /
Negative)

Desolvation line temp 250 °C

Intetface temp. 300 °C

Block heatet temp. 400 °C

Nebulizer gas flow 2.9 L./min.

Drying gas flow 10.0 L/min.

Heating gas flow 15.0 L/min.

Dwell time 1-33 msec

Sample extraction and clean-up

The official QUEChERS AOAC Method 2007.01
was used for the extraction and clean-up
procedures (Lehotay, 2007). The following
QuEChERS steps are illustrated in Figure 1. Each
of the samples was analyzed in triplicates with LC-
MS/MS.

For recovery studies, approximately 1 kg of
pomegranate sample was homogenized with a
blender and 15 g of the homogenized sample was
weighed into a 50 ml Falcon tube. Then, 150 ul of
pesticide mixture was added to 15 g of sample and
vortexed for 60 seconds (Polat and Tiryaki, 2019;
Ddlger and Tiryaki, 2021). The mixture was left to
stand for 15 minutes to allow the pesticides to
interact with the matrix. Subsequently, the steps
illustrated in Figure 1 were followed.

Calculation of risk assessment

In assessing the acute and chronic risk of pesticide
residues, the estimated dietary exposure was
compared to toxicological values known as acute
reference dose (ARfD, mg kg' bw day') and
acceptable daily intake (ADI, mg kg' bw day™).
The short-term consumer health risk (acute
hazard index, aHI) was calculated by dividing the

estimated short-term intake (ESTI, mg kg' day")
by the acute reference. On the other hand, the
long-term consumer health risk (chronic hazard
index, cHI) was calculated by dividing the
estimated daily intake (EDI, mg kg! day™) by the
acceptable daily intake. The relevant formulas
used for these calculations were as follows (Liu et
al., 20106);

ESTI = (high residue level x food consumption)/

body weight 1
aHI = ESTI/ARfD x 100 2
EDI = (mean residue level x food consumption)/
body weight 3)
cHI = EDI/ADI x 100 @

The food is considered a risk to the consumers
when the health risk index >1. The food is
considered acceptable when the index is <1
(Darko and Akoto, 2008, Soydan et al., 2021;
Balkan and Kara, 2022). The average body weight
of an adult was considered 73.5 kg (TSI 2019),
and daily consumption of pomegranate for the
general population in Turkey were used as 0.01
kg-*day-* (TSI, 2021).
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Figure 1. Analytical steps of the QuUEChERS-AOAC Official Method 2007.01

RESULTS AND DISCUSSION

Method verification

In our previous study, we reported the results of
the method validation analysis of 260 pesticides
determined by LC-MS/MS in some leafy
vegetables (Balkan and Yimaz, 2022). This
method has been verified to determine pesticide
residues in pomegranates. The matrix calibration
curves and calibration equations of 260 pesticides
were linear (R2 = 0.990) in the 5-200 pg ml!
calibration range. The correlation coefficient (R?)
over 0.990 is an important criterion of linearity
(Tiryaki et al., 2008). Calibration curves of

boscalid and pyraclostrobin, which had
concentrations lower than the MRL, and
acetamiprid, buprofezin, chlorpyrifos,
deltamethrin, and tebuconazole, which had

residue concentrations higher than the MRL, are
shown in Figure 2.

Detection and quantification limits

The LOD and LOQ values of pesticides detected
were found to be lower than MRL values
determined by the European Union for
pomegranate (EC, 2022). The LODs ranged from
0.75 to 2.67 pg kg', while LOQ values were
between 2.50 and 8.90 ug kg'. The LOD and
LOQ values of acetamiprid, boscalid, buprofezin,
chlorpyrifos, deltamethrin, pyraclostrobin, and
tebuconazole were 2.19-7.30, 0.84-2.80, 0.75-2.50,
0.87-2.90, 2.67-8.90, 1.68-5.60 and 2.49-8.30 pg
kg, respectively (Table 2).

Precision and accuracy

Precision and accuracy of the method is evaluated
by repeatability (%RSD) and recovery (%Q)
(SANTE, 2021). The recovery tests were carried
out using five replicates at three fortification
levels of 10, 50, and 100 pg kg™, respectively. The
recovery rates of acetamiprid, boscalid,
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buprofezin, chlorpyrifos, deltamethrin,
pyraclostrobin, and tebuconazole are given in
Table 2. The results obtained for the other 253

pesticides were within the wvalues stated by
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Figure 2. Calibration curves for seven pesticides in matrix-matched calibration

The findings regarding the recovery rates were in
line with the method validation parameters for
pesticide residue analysis (SANTE, 2021). The
accuracy values, which express the closeness of
the measured values to the actual values are given
in Table 2. The findings indicate that QuEChERS
provides effective recovery rates for 260
pesticides. As a result, the validated method can
be considered a rapid and accurate approach for
analyzing pomegranate residues (Tiryaki, 2010).

Pesticide residues
The study investigated 260 pesticides from
various groups, including insecticides, acaricides,

nematicides, fungicides, herbicides, plant growth
regulators, and some metabolites. LC-MS/MS
was used for the analysis of these pesticides in
pomegranate samples. Out of the 16 samples
analyzed, seven different pesticides were detected.
On the other hand, in 38 of the samples, no
pesticide active ingredient was found. The residue
levels of the detected pesticides ranged between
11.06 and 144.44 pg kg'. The results and
frequency of the pesticides were presented in

Table 3.
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Table 2. QuUEChERS-AOAC method verification data

Concentration R RSD
Pesticide Linear regression equation R? LO? LO(% (ug kg™ ecovery
hgke) (Mgkg) —— % %
Spiked Measured
10 10.12 101.12 8.91
Acetamiprid Y=133556.6x + 690071.0  0.998 219 7.30 50 53.89 107.78  10.21
100 111.88 111.88 9.13
10 11.05 110.50 7.57
Boscalid Y=14332.22x + 109937.2  0.996 0.84 2.80 50 56.85 113.70  11.53
100 111.74 111.74  12.07
10 9.11 91.10 8.68
Buprofezin Y=61556.09x + 27121.12  0.999 0.75 2.50 50 57.22 114.44 1335
100 107.50 107.50 8.37
10 9.55 95.50 11.31
Chlorpyrifos Y=14913.12x + 52824.51 0.999 0.87 290 50 57.97 11594  12.39
100 115.49 115.49 7.17
10 11.68 116.80  12.93
Deltamethrin ~ Y=1658.196x + 4552.626  0.999  2.67 8.90 50 53.70 107.40  10.15
100 100.74 100.74  10.52
10 11.47 11470 11.93
Pyraclostrobin  Y=42833.28x + 188784.6  0.998 1.68  5.60 50 55.36 110.72  13.34
100 115.22 115.22 6.32
10 11.39 113.90  11.42
Tebuconazole  Y=25978x+ 65993.97 0.999 249 8.30 50 55.31 110.62  11.28
100 108.03 108.03 6.86
Table 3. Pesticide residue levels and frequencies
Food Number of Number of
commodity .
y s>a£n Opg Sjﬁglﬁ N Frequency Pes.tlclde Nu;nfber MRLP
Pesticide of residue # B
and and detection (g kg sample (mgkg™)
percentage, percentage, gkg™) >MRL
(%) (%)
Pomegranate Acetamiprid 3 0.013- 0.014- 3 0.01
0.018
Boscalid 7 0.018-0.088 - 2
Buprofezin 2 0.016- 0.024 2 0.01
16 (29.6) 10.(18.5) Chlorpyrifos 1 0.102 1 0.01
Deltamethrin 2 0.028- 0.144 2 0.01
Pyraclostrobin 1 0.014 - 0.02
Tebuconazole 5 0.011- 0.075 4 0.02

“Mean of three analytical portions, P EU pesticide database (European Commission, 2022)

The results were evaluated according to EU-
MRL. Residue values from 10 out of 16
pomegranate samples (18.5%) exceeded the MRL.
Concentrations of acetamiprid, buprofezin,
chlorpyrifos, deltamethrin, and tebuconazole
were higher than the MRL. Additionally, six
samples contained two different pesticides.

In Turkey, acetamiprid is licensed for use against
Siphoninus phillyreae, Planococcus citri, Aphis punicae.
The acetamiprid residue level was found to be
higher than the MRL values in 3 samples.
Buprofezin is licensed in Turkey for control
against _Alternaria  alternata. 'The residue of
buprofezin exceeded the MRL in 2 samples. The
use of chlorpyrifos was terminated in May 2020
and was banned in Turkey. According to the



Pesticide residues in pomegranates

previous license information, it has been used
against many pests, especially sucking insects in
orchards. Interestingly, the chlorpyrifos residue
concentration exceeded the EU-MRL by 102
times in one sample.

Deltamethrin is licensed in Turkey for control
against Ceratitis capitata. The deltamethrin residue
level in 2 samples were higher than the MRL.
Tebuconazole is licensed in Turkey for against
control  Phytophthora spp. The tebuconazole
residue level in 4 samples were higher than the
MRL. Boscalid and pyraclostrobin is licensed in
Turkey for control against .Alternaria alternata.
These licensed active ingredients are sold as
mixed preparations containing 25.2% boscalid
and 12.8% pyraclostrobin. The boscalid residue in
7 samples and pyraclostrobin residue in 1 sample
were lower than the MRL.

Dingay et al. (2017) found malathion in 17.1%
and spinosad in 9.1% of 187 pomegranate
samples collected in 2013, while malathion was
found in 14.3% and spinosad in 15.4% of 91
pomegranate samples collected in 2014, Turkey.
They stated that the active ingredients in these
samples did not exceed the MRL. Savant et al.
(2010) detected chlorpyrifos residues lower than
the MRL in a pomegranate sample from India.

The residues of imidacloprid were found below
the specified MRL in two fresh fruit samples
collected from retail markets in India (Utture et
al., 2012). In a study conducted in India, acephate
thiamethoxam,  imidacloprid,  carbendazim,
tebuconazole,  difenoconazole,  profenofos,
quinalphos, novaluron, thiophanate methyl, and
acetamiprid were found lower than MRL in whole
pomegranate samples from the markets (Naik et
al. 2022). Soydan et al. (2021) detected pesticide
residues higher than MRL in 7 of 157
pomegranate samples. In this study, pesticide
residues were higher than MRL in 10 out of 54
pomegranate samples.

Ugan et al. (2009), Ersoy et al. (2011), Bakirct et
al. (2014), and Ersoy (2019) conducted separate
investigations ~on  pesticide  residues in
pomegranate samples. In their respective studies,
they found no detectable levels pesticides in the
samples. In this study, no detectable pesticide
residue was found in 38 pomegranate samples,
while quantifiable pesticide residues were found
in 16 samples.

Health risk assessment

The risk analysis was conducted for seven
detected pesticides, and the results were presented
in Table 4.

Table 4. The results of long-term and short-term risk assessments

Long-term risk Short-term risk

ADF ARfDF
Food Lot ko'
commodity  Pesticide (mgkg  (mgkg EDI ESTI
bw bw (mg ke-iday) cHI (mg ke'day) aHI
day ) day) g kg day g kg day
Pomegranate Acetamiprid 0.025 0.025 1.71E-05 0.07 2.08E-05 0.08
Boscalid 0.04 / 4.85E-05 0.12 9.76E-05 /
Buprofezin 0.01 0.05 2.30E-05 0.23 2.75E-05 0.05
Chlorpyrifos 0.001 0.005 1.13E-04 11.32 1.13E-04 2.26
Deltamethrin 0.01 0.025 9.50E-05 0.95 1.59E-04 0.63
Pyraclostrobin 0.03 0.03 1.56E-05 0.05 1.56E-05 0.05
Tebuconazole 0.03 0.03 5.14E-05 0.17 8.28E-05 0.28

*ARID and ADI were adopted from IUPAC pesticides properties database (IUPAC, 2022).
The symbol of “/” represented that there was no authorized value for ARfD. and the corresponding risk index

could not be computed.
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The short-term risk assessment revealed that
chlorpyrifos level poses a high risk with a value of
2.2631, while all other aHI values were less than
1, indicating a negligible acute risk. Similarly, the
long-term  risk  assessment revealed that
chlorpyrifos level possesses high risk with a value
of 11.3155, while all other cHI values were less
than 1, indicating a negligible acute risk. However,
the cHI value of deltamethrin (0.9501) is quite
close to the limit value. These findings suggest
that the acute and chronic risks associated with
pesticide exposure through the consumption of
pomegranate should be taken into consideration.

In the literature review, a study conducted in
Turkey examined the health risks arising from
pesticide residues in pomegranate. The hazard
quotient values reported in the study conducted
by Soydan et al. (2021) indicated that
pomegranate consumption does not pose a public
health  problem. Similarly, other studies
conducted by Saleh et al. (2020), Matadha et al.
(2021), and Tripathy et al. (2022) also reported
that there is no significant potential human risk to
consumers  from  pesticide  residues in
pomegranate.

CONCLUSIONS

This study aimed to investigate pesticide residues
in pomegranates produced in Antalya province
and assess the related health risks. Among the 54
samples analyzed, seven different pesticides were
detected in 16 samples. The residue levels of 5
pesticides exceeded the MRLs. Our study results
indicate that some negative situations posing
potential risks to human health may be
encountered. To prevent such scenarios, raising
awareness among producers and plant protection
product sellers about the impacts of pesticides on
the environment and human health is crucial. In
addition, it would be appropriate to encourage
producers to implement good agticultural
practices (GAPs) and integrated pesticide
management (IPM).

In conclusion, conducting more comprehensive
research on pesticides and performing routine
residue analyses are essential to ensure food safety
and protect public health. In addition, increasing

the number of pesticides investigated in this type
of analysis is important to obtain more
comprehensive results.
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oz

Mikrobiyel karakterizasyonda deney sartlari, sonuca etki eden 6nemli bir parametre olarak karsimiza
ctkmaktadir. Bu calismada 50 maya izolatinin, safra tuzuna toleranslart 3 farkh sicaklik (26°C, 30°C ve 37°C)
ve 2 farkli besiyeri (Sabouraud-2% dekstroz broth, SDB ve Yeast Peptone Dextrose Broth, YPD)
kosullarinda arastirilmustir. Genel olarak 26 ve 30 °C’de her iki besiyerinde de benzer gelisim gbzlenmistir.
Fakat 37 °Cde suslarin gelisimlerinde SDB besiyerinde %0.3, %0.5 ve %1 safra tuzunda sirastyla dort, i ve
¢ sus gelisitken, YPD besiyerinde dokuzar susun gelistigi belirlenmistir. YPD ve SDB besiyetleri maya
gelisimi agisindan karsilastirildiginda, YPD'nin farklt sicaklik ve safra oranlarinda daha fazla susun gelisimini
destekleyebildigi tespit edilmistir. Calismada Kagachstania unisporamin deney kosullarindan en ¢ok etkilenen
tir oldugu belirlenmistir.

Anahtar kelimeler: Maya, safra tuzu, sicaklik, YPD besiyeri, SDB besiyert

THE EFFECT OF DIFFERENT TEMPERATURE AND MEDIA USAGE ON
DETERMINING BILE SALT TOLERANCE IN YEASTS

ABSTRACT

In microbiological characterisation, experimental conditions emerge as a significant parameter
affecting the result. In this study, the tolerance of 50 yeast isolates to bile salts was investigated under
three different temperature conditions (26°C, 30°C, and 37°C) and two different media (Sabouraud -
2% dextrose broth and Yeast Peptone Dextrose Broth, YPD). In general, similar growth was
observed in both media at 26°C and 30°C. However, at 37°C, it was determined that four, three, and
three strains developed in SDB medium with 0.3%, 0.5%, and 1% bile salt, respectively, while nine
strains developed in YPD medium. When YPD and SDB media were compared in terms of yeast
growth, it was observed that YPD supported the growth of a greater number of strains at different
temperatures and bile ratios. The study determined that Kagachstania unispora was the species most
affected by the experimental conditions.

Keywords: Yeast, bile salt, temperature, YPD medium, SDB medium
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Mayalarda safra tuzu toleransinda sicaklik ve besiyeri etkisi

GIRIS
Mayalar, cevrede yaygin olarak bulunan tek
hiicreli 6karyotik mikroorganizmalardir.  Aynt
zamanda bircok geleneksel fermente yiyecek ve
icecegin  Uretiminde rol aldigt gibi gida
bozulmalarinda da etkili olabilmektedir (Tamang
ve Lama, 2022). Dinya genelinde gida
endustrisinde hayvan ve insan tiketimi icin en
yaygin kullantlan mikroorganizma gruplarindan
biri mayalardir. Mayalar, sake, sarap, ekmek, kefir,
elma sarab1 ve bira gibi bircok yiyecek ve icecegin
tretiminde kritik bir rol oynar ve bazi peynirlerin
olgunlasma sitirecinde de yer alir ve genellikle
gtivenli olarak kabul edilirler (Hsu ve Chou, 2021,
Fernandez-Pacheco vd., 2021). Insan ve hayvan
tiketiminde yer alan cinsler arasinda Saccharomyces
ve Kinyveromyces dikkat ¢cekmektedir (Diosma vd.,
2014). Saccharomyces cinsi, alkolli iceceklerde en
yaygin bulunan maya tirtiiyken Kiuyveromyces cinsi
fermente sit urinlerinde baskin maya olarak
bulunur (Tamang ve Lama, 2022).

Bir mikroorganizmanin probiyotik grubuna dahil
olabilmesi i¢in ylksek viicut sicakligs (37 °C),
gastrointestinal ~ sistemden gecerken pH'daki
degisiklikler, mide suyuna maruz kalma, enzimler,
oksijen konsantrasyonu, safra ve pankreas tuzlart
gibi konak¢t organizmada hayatta kalmak icin
belirli kriterlerin  Ustesinden gelmesi gerekir
(Fernandez-Pacheco vd., 2018). Gastrointestinal
sisteme giren probiyotik adaylari icin in vitro
se¢im kriterleri arasinda 37 °C'de biyiiyebilme,
mide asiditesine ve safra tuzlarina karst direnc,
insan sindirim sisteminin elverigsiz kosullarinda
(6rnegin sindirim enzimleri, pankreas suyu ve
disiik pH) hayatta kalabilme, organik asitlerin
varhigr gibi yerel strese karst direngli olabilme,
mukus ve epitel hiicrelerine patojenlerle rekabetci
yapisma, mikrobiyotayr diizenlemenin yant sira
biyolojik fonksiyonlart yerine getirerek konaket
ofrtamin sagligina katkida bulunabilme,
patojenlere karsi antimikrobiyal aktivite ve safra
tuzlarint hidrolize etme kapasitesi yer almaktadir
(Garcia-Hernandez vd., 2012, Staniszewski ve
Kordowska-Wiater, 2021, Hsiung vd., 2021).

Bagirsak, yiyeceklerin sindirilmesi ve besinlerin
emilmesinden sorumlu olan sindirim sistemi
icinde 6nemli bir rol oynar. Bagirsak sagligi, genel

saglik tzerinde etkili olabilir ¢tunkd bircok
simbiyotik mikroorganizma bagirsakta
yasamaktadir ~ (Hsu  ve  Chou,  2021).
Gastrointestinal sistemde safra tuzlarinin varlig,
mikroorganizmalarin canliligini etkileyen kritik bir
faktordiir. Bu nedenle, potansiyel probiyotik
mikroorganizmalarin  sec¢iminde  kullanilan
kriterler arasinda safra tuzlarini tolere etme
kabiliyeti 6ncelikle bir test olarak yer almaktadir
(Chen vd., 2010, Ayyash vd., 2021, Hsiung vd.,
2021). Erkkild ve Petdja (2000) %00.3 safra tuzu
oraninda gelisimin, direncli suslar belirlemek icin
kritik bir konsantrasyon oldugunu belirtmislerdir.
Safra asidi konsantrasyonu, safra kesesinde ~%8,
bagirsakta ~%0.2 ile %2 arasinda degisir. Ancak
bu degerler mutlak degildir, ¢tinkii diyet alimi gibi
faktorlere bagli olarak safra asidi seviyelerinde
kisiden kisiye farkliliklar mevcuttur (Gunn, 2000).

Safra; proteinler, kolesterol, pigmentler, iyonlar ve
cesitli safra tuzlart dahil olmak tzere cok sayida
bilesenden olusur (Merritt ve Donaldson, 2009).
Safra tuzlar; bilirubin, kolesterol ve fosfolipitler
gibi organik bilesiklerin yani sira elektrolitler ve su
gibi inorganik bilesikler icerir (Champe ve Harvey,
1997). Fosfatidilkolin (lesitin) ve safra tuzlar,
safranin miktar olarak en Gnemli bilesenleridir.
Safra, ihtiya¢  duyuldugunda  karacigerden
onikiparmak bagirsagina direkt olarak safra
kanaltyla gecebilit veya sindirim icin aninda
gereksinim  olmadiginda  safra  kesesinde
depolanabilir. Safra icinde en yaygin bulunan safra
asitleri keno-deoksikolik asit ve kolik asittir. Safra
asitleri amfipatiktir, yani molekillerinin hem polar
hem de nonpolar bir yiizeyi vardir. Bu ézellikleri
sayesinde bagirsakta yaglari ¢Ozebilen ajanlar
olarak gérev yapabilitler. Sekil 1’de safranin insan
viicudundaki yeri ve kistmlar1 gbrilmektedir. Safra
asitleri, diyetle alinan lipitlerin pankreastn sindirim
enzimleri tarafindan parcalanmast icin yardimect
olurlar (Champe ve Harvey, 1997).

Karbonhidrat ve yag asidi metabolizmasinda,
amino asit ve azotlu baz biyosentezinde yer alan
proteinlerin ekspresyonu ve genel stres tepkisi
safranin varhgindan sikhikla etkilenir (Bustos vd.,
2018, Ayyash vd., 2021). Safra ve safra asitlerinin
urettigi karmagik stresin dogast géz Oniine
alindiginda, mikroorganizmalarin tolere
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edebilmesi i¢in disa atim (effluks) pompalama
sistemlerinin varligi, safra tuzu hidrolaz (BSH)
enzimi, hicrelerin icsel homeostazt koruma
yetenegi ve hiicre zarinin yapisinda ve bilesiminde
degisiklikler gibi farkli savunma mekanizmalarini
kullanabildikleri gbriilmektedir (Bustos vd., 2018).
Mikrobiyel déntisimler arasinda, BSH tarafindan
safra asitlerinin dekonjugasyonu en Onemlisidir

23

Safra tuzu/

Bile salt
fm? Safra kesesi/
\& Gallbladder
Safra asidi/
Bile acid

(Bustos vd., 2018). Safra tuzu hidrolaz aktivitest,
mikroorganizmalar tarafindan serbest birakilan
amino asitleri karbon ve azot kaynaklart olarak
kullanma, safra detoksifikasyonunu kolaylastirma
veya kolesteroliin hiicre duvarina dahil edilmesini
destekleme olasiligini saglayabilmektedir
(Horackova vd., 2018).

Sekil 1. Safranin insan viicudundaki yeri
Figure 1. The location of bile in the human body

Bu calismada, Atatirk Universitesi Ziraat
Fakiltesi Gida Mduhendisligi Bolimt  kultir
koleksiyonundan alinan 50 maya izolatinin 3 farkls
sicaklik (26 °C, 30 °C ve 37 °C) ve 2 farkh
besiyerindeki  (Sabouraud-2% dextrose broth
(SDB) ve Yeast Peptone Dextrose (YPD) broth)
safra tuzuna toleranst arastirilmistir. Boylece
mayalardaki safra tuzuna toleransinin
belirlenmesinde  farkli sicaklik ve besiyeri
kullaniminin etkisi ortaya koyulmaya ¢alisilmistir.

MATERYAL VE YONTEM

Materyal

Calismada kullanilan 50 adet maya izolat1 Atatiirk
Universitesi Ziraat Fakiiltesi Gida Miihendisligi

Bolimi kaltir koleksiyonundan temin edilmistir.
Temin edilen maya suglart  farkll  kefir
danelerinden izole edilmistir. Izolatlarin tanilari
onceki c¢aligmalar ¢ercevesinde makroskobik,
mikroskobik ve molekiler teknikler (M13 RAPD-
PCR ve 268 rRNA) kullanilarak
gerceklestirilmistir.  Calismada 6 tiire  ait
(Geotrichum candidum, Kazachstania unispora, Pichia
Sfermentans,  Kazachstania  turicensis,  Saccharomyces
cerevisiae ve Kinyveromyces marxianus) 50 farklt sus
kullanilmis olup 30 izolat ile Kagachstania nnispora
en yogun grubu temsil etmektedir. Calismada
farklt sicaklik, besiyeri ve safra oranlari icin en
degisken ve hassas tiir olan Kagachstania unispora’ya
Ozellikle yer verilmistir.



Mayalarda safra tuzu toleransinda sicaklik ve besiyeri etkisi

Yontem Dextrose Agar (PDA, Merck, Darmstadt,

Maya Izolatlarmm Safliklarmm Kontrolii Almanya) agara ¢izilmis ve saflik kontrolleri

Kiltir koleksiyonundan alinan maya izolatlart gerceklestirilmistir.  Kullandlan  maya  suglan

safliklarinin kontrolli ve safra tuzuna toleransinin Cizelge 1°de verilmistir.

belitlenmesi i¢in -80 °C dereceden ¢ikarilip Potato

Cizelge 1. Calismada kullanilan suslarin kodu ve adt
Table 1. Code and name of the strains nsed in the study

Izolat Izolat
kodu/ 1zolat adt/ Isolate Erisim kodu/ izolat adi/ Isolate Erisim
Isolate nanmse Numarast Isolate nanse Numarast
code code
M1 Geot. candidum MT212722.1 M26 Geot. candidum MN493828.1
M2 Kaza. nnispora MN493828.1 M27 Raza. unispora MN493828.1
M3 Kaza. unispora MN493828.1 M28 Raza. unispora MN493828.1
M4 Kaza. nnispora MN493828.1 M29 Raza. unispora MN493828.1
M5 Kaza. unispora MN493828.1 M30 Raza. unispora MN493828.1
Mo Pich. fermentans MN704650.1 M31 Raza. unispora MN493828.1
M7 Pich. fermentans MN704650.1 M32 Geot. candidum MT212722.1
M8 Kaza. unispora MN493828.1 M33 Raza. unispora MN493828.1
M9 Kaza. nnispora MN493828.1 M34 Geot. candidum MT212722.1
M10 Kaza. unispora MN493828.1 M35 Raza. unispora MN493828.1
M11 Kaza. nnispora MN493828.1 M36 Raza. unispora MN493828.1
M12 Kaza. unispora MN493828.1 M37 Raza. unispora MN493828.1
M13 Geot. candidum MT212722.1 M38 Raza. unispora MN493828.1
M14 Kaza. turicensis MH978869.1 M39 Raza. unispora MN493828.1
M15 Kaza. unispora MN493828.1 M40 Raza. unispora MN493828.1
M16 Geot. candidum MT212722.1 M41 Kiny. marxianns OR250079.1
M17 Kaza. unispora MN493828.1 M42 Geot. candidum MT212722.1
M18 Kaza. nnispora MN493828.1 M43 Raza. unispora MN493828.1
M20 Sacc. cerevisiae OR268347.1 M45 Raza. unispora MN493828.1
M21 Kaza. turicensis MH978869.1 M46 Raza. unispora MN493828.1
M22 Kaza. unispora MN493828.1 M47 Raza. unispora MN493828.1
M23 KRaza. turicensis MH978869.1 M48 Kiny. marxianns OR250079.1
M24 Kiny. marscianus OR250079.1 M49 Kiny. marxianns OR250079.1
M25 Geot. candidum MT212722.1 M50 Geot. candidum MT212722.1

Geot: Geotrichumy; Kazga: Kazachstania;  Pich: Pichiay Sace:

Maya Izolatlarmm Safra Tuzuna Tolerans:

Maya izolatlarinin safra tuzlarina karst direncinin
beliflenmesi amaciyla %0.3, %0.5 ve %1 (w/v)
safra tuzlart (Merck, Darmstadt, Almanya) iceren
ve safra icermeyen Sabouraud-2% dextrose broth
(SDB, Merck, Darmstadt, Almanya) (Et peptonu
5.0 g/L, D (+) Glikoz 20.0 g/L, Kazein peptonu
5.0 g/L) ve Yeast Peptone Dextrose broth (YPD

Broth, Sigma  Aldrich, Milano, halya)
(Bakteriyolojik pepton 20.0 g/1., Glikoz 20.0 g/L,
Maya  ekstraktt  10.0 g/L)  kullanilmistir.

Saccharomyces; Kluy: Kluyveronzyces

Inkiibasyon 96 kuyucuklu mikro plakada yapilmis
ve her bir kuyucuga steril besiyerlerinden 140 pL
lave edilmistir. Her bir maya izolattnin maya
stspansiyonu steril %0.85 FTS ile hazirlanmis ve
1.0 McFarland bulanikhigina standardize edilip
(DEN-1 dansitometre; Biosan, Riga, Letonya) her
bir kuyucuga 10 pL inokile edilmistir. Kontrol
amactyla kullamilan  kuyucuklara inokilasyon
islemi yapimamustir. Plakalar 26, 30 ve 37 °C'de
48 saat boyunca inkiibe edilmis ve maya gelisimi
600 nm'de plaka okuyucu (Epoch, BioTek, USA)
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ile yapilmustir (Giirkan Ozlii vd., 2022, Akay Yiice,
2022). Calisma 3 paralelli olarak
gerceklestirilmistir.

Safra tuzlarina tolerans sonuclary; maya izolatlart
ile inkiibe edilen, icinde safra tuzu bulunmayan
(pozitif kontrol) stvi  besiyetleri ve icine
inoktilasyon yapilmayan (negatif kontrol) sivi
besiyetlerinin absorbanslarinin kargilastirilmasiyla
belirlenmistir. Absorbans sonuglarina gére negatif
kontrolden daha ylksek absorbans degerine sahip
izolatlar "+", negatif kontrol ile benzer absorbans
degerine sahip olanlar ise "-" olarak ifade
edilmistir.

37 °Cde gelisim gostermeyen maya suslarinin
gelismeme nedenlerinin sicaklik olup olmadigint
belitlemek ve suslarin canli olup olmadigini
anlamak icin 37 °C’den alinan aynt plateler énce
20 °C’de daha sonra 26 °C’de inkibe edilmistit.
Boylece mayalarin  canlilik  kontrolii  saglanip,

gelismeme nedeninin
olmadig1 belirlenmistir.

sicaklik  kaynakli olup

BULGULAR ve TARTISMA

Arastirma bulgulart genel olarak incelendiginde
calismada kullanidan izolatlarin farkli sicaklik,
besiyeri ve safra konsantrasyonlart icin aynt
gelisme Ozelliklerini géstermedigi belirlenmistir.
Ornegin; %0.3, %0.5 ve %]1 safra iceren SDB
besiyetinde 26 °C’de Pichia fermentans M6 ve
Saccharomyces  cerevisiae M20  izolatlar1  gelisme
gostermemistir. Kiuyveromyces marxianus M24 susu
ise %0.3 ve %0.5 safra iceren SDB icinde gelisme
gosterirken, %1 safra iceren SDB icinde
gelismemistir. Geriye kalan 47 sus ise %0.3, %0.5
ve %1 safra iceren SDB icinde pozitif olarak
gelismistir. 26 °C’de %0 safra bulunan SDB
besiyerinde tiim izolatlar pozitif sonu¢ vermistir

(Gizelge 2).

Cizelge 2. SDB besiyerinde maya suslartnin farkh sicakliklarda safra tuzlarindaki gelisimi
Table 2. Growth of yeast strains in SDB medium at different temperatures with bile salts

Izolat 26 °C

30 °C 37 °C

kodu/
Isolate
code

%0.3  %0.5 %1

%0.3

%0.5 %1 %0.3 %0.5 %1

M1
M2
M3
M4
M5
Mo
M7
M8
M9
M10
M11
M12
M13
M14
M15
M16
M17
M18
M19
M20

++ + + o+
++ 4+ + +
++ 4+ + +
+ o+ + o+

4+

St i S SRR A
e e T T T T o S e
e e T T T T o S e

I S T T S e S SR S Sy

+ + +
+ + +

—+
—+
J’_

4+
R R T T I TS

i T T S e SRR S oy




Mayalarda safra tuzu toleransinda sicaklik ve besiyeri etkisi

Izolat 26 °C

30 °C 37 °C

kodu/
Isolate
code

%0.3  %0.5 %1

%0.3

%0.5 %1 %0.3 %0.5 %1

M21
M22
M23
M24
M25
M26
M27
M28
M29
M30
M31
M32
M33
M34
M35
M36
M37
M38
M39
M40
M41
M42
M43
M44
M45
M46
M47
M48
M49
M50

+ + +

O I T T T T T e i S S S S S S S

+ + 4+

—+

e i i e e i S e S T e
e e e it e A s i e i S S o S S S S S

e S S e i S S S S S S A i e I i e i

+

+ + +

O I T T T T T e i S S S S S S S

I T Tk T I T T T e S S S Sy

+ + 4+
+ + 4+

—+
—+
J’_
J’_
J’_

+
+

Kazachstania unispora M4, M8, M43, M47, M49 ve
P. fermentans M6 izolatlart 30 °C°de %0.3, %00.5 ve
%1 safra iceren SDB  icinde  gelisim
belitlenmemistir. S. cerevisiae M20 susu %0.3 safra
iceren SDB icinde gelisme gosterirken, %0.5 ve
%!1 safra iceren SDB icinde gelisim olmamistir. K.
marxianus M24 izolat1 ise %0.3 ve %0.5 safra
iceren SDB icinde gelisme gosterirken, %1 safra
iceren SDB icinde gelisme g6zlenmemistir. Geriye
kalan 42 izolat ise tim safra oranlarinda 30 °C’de
SDB icinde gelisim gOstermistir. K. #nispora M43,
M47 ve K. marxianns M49 izolatlar1 30 °C’de saftra
icermeyen SDB besiyerinde gelisim géstermezken

diger 47 maya izolati gelisim sonucu vermistir

(Gizelge 2).

K. marxianus M24, M41 ve M48 numarali maya
izolatlart 37 °Cde SDB icinde tim safra
oranlarinda pozitif gelisim gosterirken, K. #nispora
M5 susu sadece %00.3 safra iceren SDB icinde
gelisme gostermistir. Diger kalan 46 sus ise 37
°Cde SDB icinde tim safra oranlarinda
gelismemistit.  Bu  safra  konsantrasyonunda
(%00.3) gelisim gostermeyen suslardan K. wnispora
M5, M8, P. fermentans M6, Geotrichum candidum
M13, M44 ve S. cerevisiae M20 maya izolatlar safra
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icermeyen SDB besiyerinde gelisim gdstermistir.
SDB i¢inde 50 farklt maya izolatinin farkl sicaklik
ve safra tuzu oranindaki gelisimi Cizelge 2°de,

50 ' 48 48
45 4
40 —
35 —
30 —
25 —

20

Safrayl tolere eden izolat sayisi
Number of isolates tolerating bile

safraya tolerans gosteren izolat sayist ise Sekil 2’de
gOsterilmistir.

47

26 (°0)
I 30 (°C)
B 37 (°C)

0.3 0.5

Safra orani (%)
Bile salt (%)

Sekil 2. SDB besiyerinde safraya tolerans gésteren izolat sayist
Figure 2. Number of isolates tolerant to bile in SDB medium

CGalismada kullanilan diger besiyeri olan YPD
broth besiyerinde 26 °C’de %0.3, %0.5 ve %1
safra iceren ve safra icermeyen besiyerinde tim
maya izolatlart gelisim gostermesine ragmen
SDB’de gelismeyen maya izolatlart bulunmaktadir
(Sekil 2 ve Sekil 3). Farkli oranlarda safra iceren

YPD brothda, 30 °C’de K. unispora M43 ve M47
suslart gelisim gOsterememistit. K. unispora M4
maya izolat1 ise 30 °C’de sadece %0.3 safra iceren
YPD broth icinde gelisme gostermistir (Cizelge
3).

Cizelge 3. YPD besiyerinde maya suslarinin farkls sicakhiklarda safra tuzlarindaki gelisimi
Table 3. Growth of yeast strains in YPD medium at different temperatures with bile salts

Izolat 26 °C

30 °C 37 °C

kodu/
Isolate %0.3 %0.5 %1 %0.3
code

%0.5 %1 %0.3 %0.5 %1

M1
M2
M3
M4
M5
Mo6
M7
M8
M9
M10
M11
M12

e i S S S S R
+++++F A+
I T s
I i T

+ + +
+ + +

e e S
4+ ++
+
+
+




Mayalarda safra tuzu toleransinda sicaklik ve besiyeri etkisi

1zolat 26 °C

30 °C 37°C

kodu/
Isolate %0.3 %0.5 %1 %0.3
code

9%0.5 %1 %0.3 9%0.5 %1

M13
M14
M15
M16
M17
M18
M19
M20
M21
M22
M23
M24
M25
M26
M27
M28
M29
M30
M31
M32
M33
M34
M35
M36
M37
M38
M39
M40
M41
M42
M43
M44
M45
M46
M47
M48
M49
M50

I e e T i T i e e e o S S e S S S S

+ + +

I A e S A S T T T i i e S i i T S e s e S S S S S S
T T T T S S e S e S e T T T T i T T S S S S S S S S SR R
T e T i T i i e i e e e e e e S S o

+ o+ +

+ + +

I e e T i T i e e e o S S e S S S S
I T S e s i i e e i i s s o i S S S o S S S

+ + +
+ 4+ +

+ o+ +
+ o+ o+

K. unispora M5, M8, P. fermentans M6, G. candidum
M13, M44, S. cerevisiae M20 ve K. marxianus M24,
M41, M48 numaralt maya izolatlar1 37 °C’de YPD
broth i¢inde tiim safra oranlarinda pozitif gelisim

gosteritken, diger 41 maya susu herhangi bir
gelisme (safra icermeyen YPD broth dahil)
gostermemistit. SDB ile mukayese edildiginde
YPD brothda daha fazla maya susunun
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gelisebildigi  ancak tim maya suslaninin
gelisemedigi gorilmektedir. YPD broth icinde 50
farklt maya izolatinin farklt sicaklik ve safra tuzu

50 50

50 8

45 -

Safray tolere eden izolat sayisi
Number of isolates tolerating bile
- - [¥] N W [ B
(o] ()] [=] 4] o o @]

1 1 1 1 1 1 1

©

[4)]
1

=}

oranindaki gelisimi Cizelge 3’te, safraya tolerans
gbsteren  izolat  sayist  ise  Sekil  3te
gosterilmektedir.

50
7

[ 26 (°C)
I 30 (°C)
BN 37 (°0)

0.3 0.5

Safra orani (%)
Bile salt (%)

Sekil 3. YPD broth icinde safraya tolerans gésteren izolat sayist
Figure 3. Number of isolates tolerant to bile in YPD broth

SDB besiyerinde 37 °C’de, tim safra oranlarinda
pozitif gelisim gosteren K. marxianus M24, M41 ve
M48 numarali maya izolatlart harig geriye kalan 47
izolat 6nce 20 °C’de daha sonra 26 °C’de
inkiibasyona  brrakilmustir.  Boylece  maya
izolatlarinin canliliklar ve gelisimleri 600 nm'de
plaka okuyucu ile kontrol edilmistir. K. #nispora
M5 susu ise sadece %0.3 safra iceren SDB’de

gelisme gosterdigi icin %00.5 ve %1 safraiceriginde
gelisiminin belirlenmesi i¢in 20 °C ve 26 °C’de
inkiibasyona birakilmistir. Buna gore, P. fermentans
M7, K. wnispora M5, M9, M11, M12, M15, M17,
M22, M28 ve G. candidun M13, M25 suslart 20 °C
ve 26 °C’de inkiibasyona birakilmast ardindan tim
safra konsantrasyonlarinda gelisim gosterdikleri
gbzlenmistir (Cizelge 4.)

Cizelge 4. SDB besiyerinde 37 °C’de gelisim gosteremeyen maya izolatlarinin 20 °C ve 26 °C’de
canliliklarinin tespiti
Table 4. Determination of the viability of yeast isolates at 20°C and 26°C that did not grow in SDB medinm at 37°C

Izolat 20 °C 26 °C

II‘Od“/ %0.3 %0.5 %1 %0.3 %0.5 %1
solate code

M1 - - - + + l
M2 - - - - - -
M3 - - - - - -
M4 - - - - - -
M5 + + + + + +
M6 - - - - - -
M7 + + + + + +
M8 - - - . : :
M9 + + + + + +
M10 - - - + + +




Mayalarda safra tuzu toleransinda sicaklik ve besiyeri etkisi

1zolat 20 °C

26 °C

kodu/

0
Isolate code /0.3

%0.5 %1

%0.3 %.0.5 %!1

M11
M12
M13
M14
M15
M16
M17
M18
M19
M20
M21
M22
M23
M25
M26
M27
M28
M29
M30
M31
M32 - - -
M33 B - -
M34 - - -
M35 - - -
M36 B - -
M37 - - -
M38 - - -
M39 - - -
M40 - - -
M42
M43 - - -
M44 - - -
M45 - - -
M46 - - -
M47 - - -
M49 - - -
M50 + - -

J’_

+ +

+
+

+ o+ ++
+
oo+ o+

I i e S SRR
+ ' Vot
+ | -

+

+ +

+ 4+ +
+ +
+ +

+
+

+ o+ o

4+

K. turicensis M14, M23, K. unispora M18, M19, M27,
M29, S. cerevisiae M20 ve G. candidum M42 izolatlar
sadece %0.3 safra iceriginde 20 °C ve 26 °C’de
pozitif gelisme gostermistir. G. candidum M50 susu
ise 20 °Cde %0.3 safra iceriginde gelisim
gosterirken 26 °C’de %0.3, %0.5 ve %1 safra
iceriginde gelisim gostermistir. G. candidum M1
susunun 20 °C’de gelisimi goriilmezken 26 °C’de
%03 ve %0.5 safra igeriginde gelistigi
belitlenmistir. K. #nispora M10, M36, M37 ve G.
candidum M26 susunun da 20 °C’de gelisimi

gorilmezken 26 °C’de %0.3, %0.5 ve %1 safra
oraninda gelistigi belirlenmistir. G. candidum M34
ve K. unispora M35, M46 suslart ise 20 °C’de
gelisimi gostermezken 26 °C’de %0.3 safra iceren
SDB icinde gelismistir. 19 tane maya izolat1 ise hi¢
safra oraninda gelisme gOstermemistir. SDB
icinde 37 °C’de gelisim gostermeyen maya
izolatlarinin 20 °C ve 26 °C’de canliliklarinin
tespiti Cizelge 4’de, gelisenlerin sayist ise Sekil 4’de
verilmistir.
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Sekil 4. SDB besiyerinde 37 °C’de gelisim gosteremeyen 47 maya izolatinin 20 °C ve 26 °C’deki gelisim
durumu
Figure 4. Growth status of 47 yeast isolates at 20°C and 26°C that did not grow in SDB broth at 37°C

YPD broth besiyerinde 37 °C’de pozitif gelisim
gosteren K. unispora M5, M8, P. fermentans M6, G.
candidum M13, M44, S. cerevisiae M20 ve K
marxcianus M24, M41, M48 nolu maya izolatlart
disinda kalan diger tim izolatlar (41 adet) 6nce 20
°C’de daha sonra 26 °C’de ayri ayr1 inkiibasyona
birakilmistir. Inkiibasyon sonunda 600 nm'de

plaka okuyucu ile plateler okunmustur. K. wnispora
M2, M3, M9, M10, M11, M12, M15, M17, M19,
M22, M27, M28, M29, M30, M31, M33, M30,
M37, M38, M39, M40, P. fermentans M1, G.
candidum M1, M16, M25, M26, M32, M34, M42 ve
M50 izolatlari inkiibasyon sonunda tim safra
oranlarinda gelismistir (Cizelge 5.)

Cizelge 5. YPD brothta 37 °C’de gelisim gésteremeyen maya izolatlarinin 20 °C ve 26 °C’de
canliliklarinin tespiti
Table 5. Determination of the viability of yeast isolates at 20°C and 26°C that did not grow in YPD broth at 37°C

Izolat 20 °C 26 °C
kodu/ o

0.3 %0.5 %1 %0.3 %0.5 %1
Isolate code
M1 + + + + + +
M2 + + + +
M3 + + + + + +
M4 - - - + + +
M7 + + + + + +
M9 + + + + + +
M10 + + + + + +
Mi11 + + + + + +
M12 + + + + + +
M14 - - - - - -
M15 + + + + + +
M16 + + + + + +
M17 + + + + + +
M18 - - - + - -
M19 + + + + + +
M21 - - - - - -
M22 + + + +
M23 - - - - - -




Mayalarda safra tuzu toleransinda sicaklik ve besiyeri etkisi

1zolat 20 °C 26 °C

kOdu/ 0 0 0 0 0 0
Tolats code 60.3 60.5 /o1 /60.3 60.5 ol
M25 + + + + + +
M26 + + + + + +
M27 + + + + + +
M28 + + + + + +
M29 + + + + + +
M30 + + + + + +
M31 + + + + + +
M32 + + + + + +
M33 + + + + + +
M34 + + + + + +
M35 - - - + + +
M36 + + + + + +
M37 + + + + + +
M38 + + + + + +
M39 + + + + + +
M40 + + + + + +
M42 + + + + + +
M43 - - .

M45 - - - - - -
M46 . - -

M47 . . . . . .
M49 - - - - - -
M50 + + + + + +

K. wnispora M4 ve M35 suglar1 20°C’de gelisim
gostermezken 26 °C’de tim safra oranlarinda
gelisim gostermektedir. K. wnispora M18 susu ise
20°C’de gelisim gostermezken 26 °C’de sadece
%0.3 safra oraninda gelisim g6stermektedir.
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Geriye kalan 8 sus ise her iki sicaklikta da gelisim
gostermemistir. Cizelge 5’de YPD broth icinde 37
°C’de gelisim gbstermeyen maya izolatlarinin 20
°C ve 26 °C’de canliliklarinin tespiti ve gelisenlerin
sayist ise Sekil 5’de ise verilmistit.

32
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Sekil 5. YPD broth icinde 37 °C’de gelisim gosteremeyen 41 maya izolatinin 20 °C ve 26 °C’deki
gelisim durumu
Figure 5. Growth status of 41 yeast isolates at 20°C and 26°C that did not grow in YPD broth at 37°C
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Yukaridaki sonuclar incelendiginde sicaklik ve
safra konsantrasyonu ile besiyeri ¢esitliliginin
denemelerde kullanilan maya izolatlari tizerinde
etkili faktorler oldugu gbzlenmistir. Genel gelisim
Ozellikleri agisindan bakiddiginda 26 °C’de YPD
besiyeri kullaniminin en fazla sus gelisimine
olanak tanidigt tespit edilmistir. Bununla beraber
sicaklik acisindan en diisitk oradan gelisimin 37
°C’de gerceklestigi belirlenmistir.

Calismada kullanilan izolatlar g6rildiglt tzere
farklt sicaklik, besiyeri ve safra konsantrasyonu
acisindan farklt gelisim 6zellikleri géstermistir.
Konu ile ilgili beraber benzer c¢alismalarin
sonugclart asagida sunulmustur.

Bebek digkist ve Feta peyniri kaynakli iki S.
cerevisiae susunun kullanildigr bir ¢alismada insan
orjinli olanin %0.3 safra tuzu igeren YPD
besiyerinde 37 °C’de inkiibe edildiginde safraya
direncli oldugu belirlenmistir (Psomas vd., 2003).
Bu sonug, c¢alisma wverileri ile mukayese
edildiginde; . cerevisiae M20 susunun 37 °C’de
SDB broth iginde gelisim gostermedigi halde
YPD brothda gelisim agisitndan benzer oldugu
gorilmektedir.

Kumura vd. (2004) maya suslari ile yapmis oldugu
calismada safra asidinin varligindan bagimsiz
olarak, 27°C'de inkiibasyon vyapildiginda test
edilen tim suslarda gelisme gézlendigini, 37°C'de
inkiibasyon yapildiginda ise sl gelisme
gozlendigini gbzlemlemislerdir. Aytica S. cerevisiae'
nin safra varliginda gelisebildigini belirtmislerdir.

Gin’deki ciftliklerden toplanan ¢ig stitlerden elde
edilen G. candidum ~ve P. fermentans suslarinin
bulundugu 19 maya izolatt %0.1, %0.3 ve %0.5
safra tuzu iceren YPD brothda 25 °C’de 72 saat
inkiibe edilmistir. Sonug¢ olarak 9%0.3 safra
varliginda 19 sustan  17°sinin iyl gelistigi
gozlenmistir  (Chen vd., 2010). Tlgili suslar
arasinda degerlendirildiginde benzer sonugclarin

bizim  calismamizda da  tespit  edildigi
gorilmektedir.
Baska bir calismada  Portekiz = salamura

zeytinlerinden maya izolasyonu gerceklestirilmis

ve 37 °Cde safra tuzuna direnci (3g/L)

incelenmistir. Calismanin sonucunda S. cerevisiae
‘nin (10 sus) ve P. fermentans ‘n (8 sus) tim
suslarinin safraya direncli oldugu bulunmustur
(Silva  vd., 2011). Bu c¢alismada ise SDB
besiyerinde 37 °C’de P. fermentans M6, M7 ve .
cerevisiae M20 suglart gelisim gbstermezken YPD
brothta P. fermentans M6, S. cerevisiae M20 ve
Geotrichum candidum MA44 suslarinin safraya karst
direngli oldugu tespit edilmistir.

Fermente bir gida olan Fura’dan elde edilen 330

maya susu %0.3 safra tuzu ve 37 °C’de inkiibe
edilmistir. Inkiibasyon sonunda tiim maya suslart
(C. krusei ve K. marxianus baskin tirler) safraya
toleranslt  olup, %0.3 (w/v) oxgall icinde
gelistikleri gozlenmistir (Pedersen vd., 2012).
Benzer verilere bu c¢alismada da ulasiddigt
gorilmektedir.

Garcia-Hernandez vd. (2012) yapmis oldugu
calismada fermente edilmis pili¢ digkilarindan 9
maya susu izole edilmis olup %00.3 ve %0.6 safra
iceren ve safra icermeyen Sabouraud dextrose
agarda 30 °C’de 24 saat inkiibe edilmistir ve tim
suslarin safraya direncli olduklar1 belirlenmistir.

Diosma vd. (2014) tarafindan yapilan ¢aligmada 4
farkli kefir danesinden 34 adet maya izole
etmislerdir. Tlgili calismada 15 adet . cerevisiae susu
ve 9 adet K marxianus susu kullanilmistir. Bu
izolatlarin safraya direncleri icinde %1 oraninda
safra tuzu bulunan YPD broth besiyerinde 30

°C’de incelemistir. Kullanilan 11 izolat %1 safra
tuzu varliginda gelisim gosterirken; %0.5 safra
tuzu icerifinde tim izolatlarin gelisim gosterdigi
belitlenmistit.  Benzer  durum  ¢alismada
kullandigimuz S cerevisiae M20 ve K. marxianus
suslarinin timi icin gecerli oldugu gérillmektedir.

Girkan (2018) tarafindan yapilan calismada 36
farkli kaynaktan (ev yapimi kirmizi sarap, Antep
peyniri, piring, tarhana hamuru, musir gevregi,
bebek diskisi, anne stti, kefir mayast, keci kefiri,
yas maya, ev yapimt limon sirkesi, probiyotik balik
yemi, ev yapimi elma sirkesi, salamura tursu, ¢ig
inek stti, boza, kimiz, ev yapimi kiraz sirkesi, eksi
ekmek hamuru, beyaz peynir, nohut ekmegi
hamuru, ¢ig keci siitl, salamura zeytin, probiyotik
yogurt, probiyotik yogurt mayasi, ev yogurdu
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mayast, ev yogurdu, kéy yogurdu mayasi, Feta
peyniri, ve bugday gevregi) toplam 140 adet maya
izolasyonu yapimistir. Probiyotik ve teknolojik
Ozellikleri en iyi olan 48 sus icin tant islemi
gerceklestirilmistir. Izolatlarin safraya
toleranslarmin belitlenmesi icin %0.3, %0.5, %0.6
ve %1 oxgall bulunan besiyerlerinde 27 °C ve 37
°C’de inktbasyon gerceklestirilmistir. 27 °C’de
tim suslar pozitif sonug veritken, 37 °C’de %0.3
safra tuzu iceren besiyerinde 48 izolattan 42’si,
%0.5 ve %0.6 safra tuzu igeren besiyerinde 397y,
%1 safra tuzu iceren besiyerinde ise 38’1 gelisim
gOstermistir.

Yalman (2018) tarafindan yapilan c¢alismada
manda sitiinden dretilmis 7 adet Mozzarella ve 13
adet Beyaz peynirden toplamda 406 maya izole
edilmistir.  Tzole edilen mayalardan 1807
tamlanmugtir.  Tanist yapilan izolatlar 37 °C
sicaklikta 9%0.3 safra tuzu varliginda test edilmis
ve 104 izolatin bu sartlarda gelisebildigi
belitlenmistir.

Ttalya'nin Marche bélgesinde bulunan dogal cevre
(odun, toprak, meyve tabakalari, kumtagt
cukurlar, kiler ve mandira) ve fermente
trtinlerden (eksi mayalar, peynirler, saraplar,
biralar ve seker kamusi suyu vb.) kendiliginden
fermente olan islenmis gidalardan toplam 179
tane maya izole edilmis ve Kagachstania,
Kinyveromyces, Pichia ve Saccharomyces dahil olmak
tizere 12 cins belirlenmistir. Tlgili izolatlar, %0.3
safra tuzu iceren YPD brothda 37 °C’de 48 ve 120
saat inkiibe edilmislerdit. KRazachstania  ve
Saccharomyces cinslerine ait tim suslar %0.3 safra
tuzlar: ile 48 saat boyunca hayatta kalabildigi,
sadece S. cerevisiae 4PV susunun 120 saat
inkiibasyonun  sonunda  %90.9  oraninda
ocanliligini korudugu belitlenmistir (Agarbati vd.,
2020).

Tayvan’da toplanan farkli fermente gida
urinlerinden ve iceceklerinden 16 adet maya izole
edilmis olup bunlarin icerisinde 5 adet K
marxianus, 2 adet K. turicensis, 2 adet K. unispora, 2
adet S. cerevisiae susu oldugu gorilmektedir. Tlgili
suslar icerisinde %0.3 safra tuzu bulunduran YPD
brothta 37 °C’de 24 saat inkiibe edilmistit. Yapilan
testler sonucunda, K. marxianus JYC2614 ve K

marxianus  JYC2610  suslarinin  safra  tuzu
toleransina iyi uyum sagladigi gézlemlenmistir. K.
unispora  JYC2608 ve K. aunispora JYC2611
suslarinin ise safra tuzu iceren YPD ortaminda
inhibe oldugu gorulmistir. (Hsiung vd., 2021).
Benzer sonuglar bu ¢alismada da gorilmektedir.
K. marxianus suslart safra iceren besiyetlerinde 37
°Cde gelisim gostetitken, K. wnispora suslarinin
hemen hemen hepsi safra iceren besiyerlerinde 37
°C’de gelisme gostermemisgtir.

Alkay vd. (2021) tarafindan yapilan calismada
toplam 62 mayanin izole edildigi eksi maya
ornekleri Tirkiye'nin 6 bolgesindeki kéylerden
toplanmustir. Maya suslarimin - FTIR  (Fourier-
transform infrared spektroskopisi) ile
tanimlanmasi yapilmis olup ilgili suslar icerisinde
S. cerevisiae susu yer almaktadir. Maya izolatlar1 37
°C’de iginde %0.3 safra bulunan besiyerinde 72
saat inkibe edilmis ve tim maya suslar ilk 24
saatte  %0.3 safra tuzuna direng g&sterdigi
bulunmustur.

Yedi geleneksel kefir danesi ve bir geleneksel kefir
ornegi Iran'in farkli bolgelerinden toplanmis ve
toplam 26 adet maya izole edilmistir. Izolatlar
Pichia fermentans, K. marxianus S. cerevisiae dahil
olmak tizere dort tiire ait oldugu gorilmektedir.
Calismada, izolatlarin 37 °C’de %0.3 safra tuzu
icerisinde 8 saat inkiibe edildiginde, tim suslarin
canliliklarint korudugu belirlenmistir (Rahmani
vd., 2022).

SDB besiyerinde 37 °C’de gelisim gOsteremeyen
46 maya izolatinin %0.3 safra tuzu igeriginde 20
°C’de gelisim durumuna bakildiginda 20 tanesinin
gelistigi, 26 °C’de ise 28’inin gelistigi gérulmistiir.
%0.5 ve %1 safra tuzu iceriginde ise 11 susun 20
°C’de, strastyla 17 ve 16 izolatin ise 26 °C’de
gelistigi gorilmistir. YPD besiyerinde ise 37
°C’de gelisim gosteremeyen 41 maya izolatinin
%0.3, %0.5 ve %1 safra tuzu iceriginde 20 °C’de
gelisim  durumuna  bakildiginda 30 tanesinin
gelistigi, 26 °C’de ise sirastyla 33, 32 ve 32 maya
izolatinin gelistigi gbrulmistir. Gorildigh tzere
sicakligin maya gelisimi tzerinde etkili faktor
oldugu belirlenmistir. Bunun nedeni olarak
calismanin sonuglart degerlendirildiginde, suslarin
aslinda  canliliklarii ~ koruyup 37 °C’de
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gelisemedigi, 37 °C’nin maya gelisimi acisindan
kisitlayict bir faktér oldugu distntlmektedir.
Muhtemel probiyotik maya izolasyonunda 37
°C’nin kriter oldugu varsayilirsa, bazt izolatlarin
gelisiminin  bu  sicaklikta gerceklesemeyecegi
ayrica besiyeri farklihginin (YPD/SDB) sicaklikla
beraber gelisimi etkileyen bir diger fakt6r oldugu
tespit edilmistir.

SONUC

YPD ve SDB besiyerleri maya gelisimi acisindan
kiyaslandiginda, YPD’nin farkli sicakhik ve safra
oranlarinda  daha fazla susun  gelisimini
destekleyebildigi tespit edilmistir. Genel olarak K.
marxianus 1zolatlart safraya karsi en direncli tir
iken, K. unispora en direngsiz tir olarak
belitlenmistir. Sicaklik derecelerinden 37 °C’nin
mayalarin  gelisimi acgisindan  kisitlayicr  faktor
oldugu, diger sicaklik derecelerine gore bu sicaklik
derecesinde  mayalarin  daha  az  gelistigi
belitlenmistir. Eger muhtemel probiyotik maya
izolasyonunda 37 °Cnin kriter gelisme sicakligt
oldugu distunilirse, YPD besiyerinin tercih
edilmesinin daha dogru olacag goriilmektedir.
Bilindigi lizere K unispora,
Saccharomyces unisporusun gincel tir ismidir. Bu
maya tirdl kefir dretiminde énemli rol oynamakta
olup, triinin probiyotikligi degerlendirilirken
calismamizda verilen sonuglarin gbz Oniine
alinmasi faydali olacaktir.

CIKAR CATISMASI
Yazarlarin, baska kisiler ve/veya kurumlar ile ¢ikar
catismast bulunmamaktadur.

YAZAR KATKILARI

Burcu Bazu Cirpict  analizlerin - yapilmasi,
aragtirma, gOrsellestirme, yazim-orijinal taslak,
yazim- inceleme ve diizenlemesinde; Bilent Cetin
kavramsallagtirma,  slpervizyon, metodoloji,
yazim-orijinal  taslak,  yazma-inceleme ve
dizenlemesinde katkist olmustur.
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Kombu ¢ay1, Kombu cay1 kiltiiriinde yer alan asetik asit bakterileri ve mayalarin simbiyotik iliskisi ile
meydana gelen asetik asit ve alkol fermantasyonu ile karakterize olan eksimsi-tatlmsi bir icecektir. Bu
calismada saglik agisindan bir¢ok faydast bulunan Kombu ¢aymin biyoaktif potansiyelinin arttirilmast
hedeflenmistir. Musmula (Mespilus germanica 1..) meyvesinin farkli oranlarda (%5, %10 ve %20) yesil caya
katilmasint takiben gerceklesen fermantasyon ile Kombu ¢ayt hazirlanmustir. Bu caylar, antioksidan kapasite,
toplam fenolik madde miktar1 ve biyoerisilebilirlik acisindan degerlendirilmistir. Kombu cayt 6rneklerine
ilave edilen musmula oraninin artmast ile biyoaktif potansiyelin yiikseldigi gézlemlenmistir. %20 oraninda
musmula ilavesi ile biyoerisilebilir fenolik fraksiyonlarin DPPH metoduna gére antioksidan kapasitesi
26.21%0.25 ymol TE/ml.’den 38.5410.08 zmol TE/ml’ye, toplam fenolik bilesen icerigi ise 42.83+1.02 mg
GAE/100 mI’den 58.1310.64 mg GAE/100 mL’ye yiikselmistir. Musmula meyvesi ilavesi ile hazitlanan
Kombu ¢ayt hem yiiksek biyoaktif icerige sahip bir icecek ortaya ¢ikartmis hem de yabani olarak yetismekte
olan musmula meyvesinin endiistriyel kullanim alanint arttirma potansiyeli olusturmustur.

Anahtar kelimeler: Kombu ¢ay1, musmula, antioksidan kapasite, biyoerisilebilirlik

INVESTIGATION OF THE EFFECT OF MEDLAR (MESPILUS GERMANICA
L.) USAGE ON ANTIOXIDANT CAPACITY AND BIOACCESSIBILITY IN
KOMBUCHA PRODUCTION

ABSTRACT

Kombucha is a sour-sweet beverage that is characterized by acetic acid and alcohol fermentation that
occurs with the symbiotic relationship of acetic acid bacteria and yeasts in the kombucha culture.
This study aimed to increase the bioactive potential of Kombucha, which has many health benefits.
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Kombucha was prepared by fermentation following the addition of medlar (Mespilus germanica L.) fruit
to green tea at different rates (5%, 10%, and 20%). These teas were evaluated regarding antioxidant
capacity, total phenolic content, and bioaccessibility. It was observed that the bioactive potential
increased with the increase in the ratio of medlar added to the Kombucha samples. With the addition
of medlar at the level of 20%, the antioxidant capacity of bioaccessible phenolic fractions for the
DPPH method increased from 26.21+0.25 zmol TE/mL to 38.5410.08 #mol TE/mlL,, and the total
phenolic content increased from 42.83+1.02 mg GAE/100 mL to 42.83+1.02 mg GAE/100 mlL.
Kombucha prepared with the addition of medlar fruit has revealed a beverage with high bioactive
content and also demonstrated the potential to increase the industrial use of the wild medlar fruit.
Keywords: Kombucha, medlar, antioxidant capacity, bioaccessibility

GIRIS
Gidalar, son zamanlarda yasanan Covid-19
pandemisinin de etkisiyle, besleyici 6zelliklerinden
cok saglik izerindeki etkileri ile 6ne ¢tkmaktadir.
Fermente gidalar, bu anlamda en ¢ok tercih edilen
drinler arasinda yer almaktadir. Fermantasyon;
gidalarin raf omriind uzatarak onlart daha uzun
sire titketebilmemize, ayni zamanda, igerigi
zenginlestirilmis  ve  fonksiyonel — Ozellikleri
gelistirilmis yeni Griinler elde etmemize imkan
saglamakla  birlikte  gidalarin  viicuttaki
biyoerisilebilirligini de arttirmaktadir (Farhad vd.,
2010).

Kombu cay1, sekerli ¢ayin simbiyotik bakteri ve
maya kiltird (SCOBY: Symbiotic Culture of
Bacteria  and  Yeast) inokilasyonu  ve
fermantasyonu ile elde edilen fermente bir
icecektir (Jarrell vd., 2000). Inokiile edilen
kiltiirin aktivitesiyle olusan bu fermente icecek;
genellikle farklt cay tiirleri (siyah, yesil, oolong
beyaz vb.) ile elde edilen sivi faz ile bu fazin
tzerinde olusan selilozik yapidaki biyofilm
tabakasindan meydana gelmektedir (Battikh vd.,
2012; Chu ve Chen, 2006). Fermantasyon igin;
substrat icerigindeki kafein, teofilin gibi bilesikler
SCOBY hicrelerinin gelisimi icin gerekli azot
kaynagini, %7-15 oraninda eklenen seker ise
karbon kaynagint olusturmaktadir. Mayalar ¢ayin
igerdigi karbonhidrat kaynagini invertaz enzimi ile
parcalamakta ve elde ettikleri glikozdan etil alkol
uretmekte iken simbiyotik bakteriler ise mayalarin
Urettikleri etil alkolden asetik asit olusturmaktadir
(Essawet vd., 2015). Fermantasyon sonunda
olusan ana triinler etanol, glukonik asit ve asetik
asit olup, bunlara ek olarak; sekerler, CO», organik
asitler, suda ¢Ozinen vitaminler, E vitamini,
mineraller, kafein, hidrolitik enzimler, amino
asitler, proteinler, purinler, biyojenik aminler,

lipidler, pigmentler, cay iceriginden ileri gelen ¢ay

polifenolleri  yan  driinleri  olusturmaktadir
(Ivanisova vd., 2020; Jayabalan vd., 2014
Kaashyap vd., 2021).

Kombu c¢aymnin biyoaktif bilesen cesitliligi ve
miktart hammadde olarak kullanilan ¢ayin tiirtine,
cay demleme parametrelerine, fermantasyonun
stiresi ve sicakligina bagl olarak degismektedir
(Zeng vd., 2017; Chang vd., 2020). Bununla
birlikte, Kombu ¢ayinin sahip oldugu antioksidan
ve koruyucu etki, icerigindeki fenolik bilesiklerin
yant sira, mikrobiyal fermantasyon sonucu
tretilen yiksek organik asit icerigi ile buna baglt
olarak dusik pH degerinden ileri gelmektedir
(Bhattacharya vd., 2016; Abaci vd., 2022). Kombu
cayl, probiyotik etkisi ile sindirime yardimct
olmasi, metabolizmanin calismasint diizenleyici
etki gOstermesi, antimikrobiyal etkisi ile
mikrobiyal enfeksiyonlart 6nlemesi, antioksidan
etkisi ile oksidatif stres ve antikarsinojenik etki
gOstermesi  gibi profilaktik etkilerinden dolayt
tiketicilerin her gecen giin daha da dikkatini
cekmektedir (Watawana vd., 2015).

Biyoaktif potansiyeli ve maliyeti yiiksek gidalar
yaygin olarak yetistirilmekte ve glnimiizde
tiketiciler bu trtnlere kolayca ulasabilmektedir.
Ote yandan, kendi florasinda dogal olarak yetisen
ancak potansiyelinin kesfedilmedigi bircok meyve,
sebze ve bitki mevcuttur. Bu triinler genellikle
yerel halk tarafindan bilinmekte ve geleneksel
tedavilerde de kullanimaktadir. Bu gizli kalmis
meyvelerden biri de musmula olup, hentiz yeterli
bilinirlige  ulasmamustir.  Musmula  (Mespilus
germanica 1..), gilgiller familyasinin bir meyvesi
olup; Tirkiye'nin ¢esitli bolgelerinde (6zellikle
kuzey ve batt Anadolu ve Marmara bdolgelerinde)
yabani olarak yetismektedir (Glew vd., 2003).
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Meyveleri yaklasitk 5 cm ¢apinda ve kiiremsi
sekildedir. Ekim-Kasim aylarinda dalindan yesile
yakin renkte ve sert halde iken toplanmakta,
hasattan birka¢ glin sonra olgunlasan meyveler,
actk kahve renge donerek yenilebilir olgunluga
erismektedir (Durul ve Unver, 2016). Genellikle
meyve olarak ¢ig titketilen musmula, ayrica yerel
halk tarafindan marmelat, recel ve sirke formunda
da tiketilebilmektedir (Voaides vd., 2021).
Yapraklari ile bitkisel karisimlarin igeriklerine
dahil  edilerek  sifa  kaynagi olarak da
faydalanilmaktadir (Yildiz vd., 2022).

Musmula meyvesinin besinsel bilesimi sekerler
(glikoz, stkroz, fruktoz, pektinler vb.), organik
asitler (malik, tartarik, oksalik, sitrik vb.),
vitaminler (C, E), yag asitleri, esansiyel elementler,
amino asitler, proteinler ve ugucu bilesiklerden
olusmaktadir (Voaides wvd., 2021). Musmula
meyvesinin biyoaktif potansiyelinin, p-kumarik,
kafeik, ellagik, ferulik asitler ve pirogallol gibi
fenolik  bilesen  iceriginden  ileri  geldigi
bilinmektedir (Voaides vd., 2021). Ayrica mineral,
polifenoller, karoten, pektin agisindan zengin
icerige de sahiptir (Akc¢ay vd., 2010).

CGalisma kapsaminda, musmula meyvesinin yesil
cay ile dretilen Kombu c¢ayinda kullaniminin,
biyoaktif potansiyele olan etkisinin arastirilmast
amaglanmustir. Bu  kapsamda, yesil c¢ay ile
hazirlanan  Kombu c¢aylarina %5, 10, 20
oranlarinda musmula meyvesi eklenerek fermente
edilmistir. Elde edilen 6rneklerde ekstrakte
edilebilir, hidrolize edilebilit ve biyoerisilebilir
fenolik  fraksiyonlarda antioksidan kapasite
(ABTS, CUPRAC, DPPH, FRAP) ve toplam
fenolik bilesen analizleri yapilarak Orneklerin
biyoaktif potansiyeli belitlenmis ve
Yobiyoerisilebilirligi ortaya koyulmustur.

MATERYAL VE YONTEM

Materyal

Kombu c¢ayt tretiminde kullanilan mugmula
meyveleri Mespilus germenica L. tirine ait olup,
2022 yili Ekim ayinda, Bolu ili, Yenicaga ilgesi
Dercekoy’inden temin edilmistir. Meyveler yeme
olgunluguna erisene kadar karanlikta muhafaza

edilmistir. Fermantasyonlarda starter kiltiir olarak
kullandan SCOBY, Kombucha 2200 (Istanbul)

firmasindan, pancar sekeri (Dogus Gida A.S,
Istanbul) ve yesil cay (Dogadan Gida Uriinleri
A.S, Istanbul) ise yerel marketlerden temin
edilmistir.

Yontemler

Kombu ¢ay: diretimi

Kombu c¢ayt iretimleri; seker fermantasyonu,
kontrol olarak yesil ¢ayli Kombu ¢ay1 ve musmula
laveli yesil caylh Kombu c¢ayt 6rnekleri olarak
gerceklestirilmistir (Gititlioglu vd., 2020). Seker
fermantasyonu icin sterilize edilmis 1 L damitik
suya 30 g/L seker ilave edilerek, starter kultiir
olarak SCOBY ve 100 mL (%10 oraninda)
onceden elde edilen yesil cay ilave edilerek
fermantasyona birakilmistir. Kontrol olarak da
yesil cayll Kombu c¢ayr tretimi icin; sterilize
edilmis 1 L damittk suya 14 g/L vyesil cay
eklenerek 15 dk., 100 °Cde demlenmistir.
Demlemenin sonrasinda cift katli tulbentten icerik
stztilerek 28-30 °C sogutulmus, 30 g/L seker ilave
edilmistir. Elde edilen igerige SCOBY ve %10
oraninda 6nceden yesil ¢ay ile fermantasyonu
gerceklestirilen Kombu cayt eklenmistir. Musmula
ilaveli Kombu ¢ayt 6rnekleri dretimi igin ise; 14
g/Lyesil cay ile beraber, parcalanarak homojenize
edilmis musmula meyvesi %5, 10 ve 20 oraninda
eklenerek 15 dk., 100 °Cde demlenmistir.
Demlemenin sonrasinda cift katls tiilbentten icerik
stziilerek 28-30 °C sogutulmus, 30 g/L seker ilave
edilmistir. Elde edilen igerige SCOBY ve %10
oraninda 6nceden yesil ¢ay ile fermantasyonu
gerceklestirilen  Kombu  cayt  eklenmistir.
Fermantasyonlar 28*2 °C’de 15 giin siire ile
gerceklestirilmis  olup, fermantasyon sonunda
ornekler siselenerek pastorize edilmis (85 °C’de 15
dk.) ve analizlere kadar +4 °C’de depolanmistir.

Fizikokimyasal ve Kimyasal Analizler

Kombu ¢ay1 6rneklerinde toplam asitlik (asetik
asit cinsinden) tayini AOAC Metot No:942.15’ya
gore (AOAC, 1990); pH tayini, AOAC Metot No:
981.12’ye  gbre (AOAC, 1990; pH 211,
Instruments S.R.L., ABD) yapilmistir. Analizler 3
paralel olarak gerceklestirilmistir.
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Antioksidan Kapasite ve Toplam Fenolik
Bilesen Analizleri

Fenolik madde ekstraksiyonn

Kombu ¢ay1 6rneklerinin ekstrakte edilebilir ve
hidrolize edilebilir fenolik fraksiyonlart Vitali vd.,
(2009y’ne gore hazirlanmistir. Ekstrakte edilebilir
fenolik fraksiyon (EFF) eldesi icin; 2 mL 6rnek,
HCl/metanol/su (1:80:10, v/v/v) eklenerek, 20
°C’deki calkalayicili su banyosunda (250 rpm)
(Thermo Fisher Scientific Inc., Waltham, MA,
ABD) ekstrakte edilmistir. Ardindan 3500 rpm
devir ile santriftj edilmis (4 °C, 10 dk.) (3 K 30,
Sigma Santrifuj, Almanya) ve siipernat kisim EFF
olarak ayrilmustir.

Hidrolize edilebilir fenolik fraksiyon (HFF) eldesi
icin EFF’nin ayrildigi kalintinin tzerine 20 mL
metanol/H>SOy (10:1, v/v) eklenerek 85 °C’deki
calkalayicili su banyosunda (250 rpm), 20 saat
ekstraksiyon  uygulanmustir.  Ekstraksiyonu
takiben, icerik 3500 rpm devir ile santrifiij edilmis
(4 °C, 10 dk), ve stvt kistm HFF olarak ayrilmistir.

In-vitro biyoerisilebilir fenolik fraksiyon (BFF) icin;
Bouayed vd., (2012)’ye gére; 2 mL 6rnek, pepsin
enzimi (40 mg/mL, 0.1 M HCI, Sigma-Aldrich,
Almanya) cklendikten sonra 37  °C’deki
calkalayicili su banyosunda (250 rpm) 2 saat
inkiibe edilmis, ardindan pankreatin enzimi (2
mg/mL) ve ‘bile (safra, Sigma-Aldrich, Almanya)
karisimt’ (12 mg/ml., Sigma-Aldrich, Almanya)
eklenerek 2 saat daha calkalama islemine (37 °C,
250 rpm) devam edilmistir. Islem sonunda
ornekler, santriftyj edilmigtir (15 °C, 3500 rpm, 10
dk.) ve sivi kissm BFF olarak ayrilmistir. Elde
edilen ekstraktlar analizlere kadar -18 °C’de
muhafaza edilmistir.

Antioksidan kapasite analizleri

Kombu cayr 6rneklerinin antioksidan kapasitesi;
ekstrakte edilebilir, hidrolize edilebilit ve
biyoerisilebilir  fenolik fraksiyonlart acisindan
ABTS, DPPH, CUPRAC ve FRAP metotlari
olmak tzere dort farkli yontem kullanilarak
belirlenmistir. ABTS metodu icin Apak vd.,
(2008)’'1n prosedurlerine gore; 7mM ABTS sulu
cozeltisi, 2.45 mM KoS:0s sulu c¢ozeltisi ile
karistirilarak 12-16 saat karanlikta bekletilmis, elde
edilen ¢ozelti 1:10 (v/v) oraninda %96’lik etanol

ile seyreltilmistir. Ekstraktlar ABTS ¢6zeltisi ile
muamele edildikten sonra, 6 dk. karanlikta
bekletilmis, absorbanslart 734 nm'de
spektrofotometrik (Optizen 3220UV, Mecays,
Giiney Kore) olarak belirlenmigtir. 0.02-0.08
umol Troloks araligindaki standart ¢ozeltiler ile
hazirlanan ~ y=3159.3x-7.7738  (R*>=0.9997)
kalibrasyon egrisinden faydalanarak hesaplamalar
yapilmis, sonuglar umol Troloks esdegeri (TE)/
mlL 6rnek olarak ifade edilmistir.

CUPRAC methodu i¢in, Apak vd., (2008)1n
prosediitlerine gére; 1 mL 10 mM CuCly, 1 mL
7.5 mM neocuproine, 1 mL. 1 M NH4Ac, 0.1 mL
ekstrakt, 3.9 mL damitik su karistiridmis, ardindan
30 dk. karanlikta bekletilmistir. Absorbanslar, 450
nm'de spektrofotometrik  (Optizen 3220UV,
Mecays, Guney Kore) olarak belirlenmistir. 0.02-
0.08 umol Troloks araligindaki standart ¢ozeltiler
ile hazirlanan  y=12.015x-0.0013 (R?=0.9997)
kalibrasyon egrisinden faydalanarak hesaplamalar
yapilmis, sonuclar umol Troloks esdegeri
(TE)/mL 6rnek olarak ifade edilmisti.

DPPH metodu icin, Brand-Williams vd.,
(1995)’nin prosediitlerine gére, 6xX10-> M DPPH
cozeltisi ile ekstraklarin muamele edilmesi, 30 dk.
karanlikta bekletilmesi ile absorbanslart 515 nm'de
spektrofotometrik (Optizen 3220UV, Mecays,
Giney Kore) olarak belirlenmigtir. 0.02-0.08
umol Troloks araligindaki standart ¢ozeltiler ile
hazitlanan ~ y=3246.2x+0.7181  (R?=0.99906)
kalibrasyon egrisinden faydalanarak hesaplamalar
yapimis, sonuglar umol Troloks esdegeri
(TE)/mL 6rnek olarak ifade edilmistir.

FRAP metodu i¢in, Benzie ve Strain (1996)’in
prosediitlerine gére 3 ml. FRAP c¢ozeltisi (37
°C’de inkiibe edilmis), 300 ul. damuttk su ve 100
ul.  ekstrakt karistirilmis, ardindan 30 dk.
karanlkta (37 °C) bekletilmistir. Absorbanslar,
595 nm'de spektrofotometrik (Optizen 3220UV,
Mecays, Guney Kore) olarak belirlenmigtir. 0.02-
0.08 umol Troloks araligindaki standart ¢ozeltiler
ile hazirlanan y=39.172x+0.0283 (R2=0.9998)
kalibrasyon egrisinden faydalanarak hesaplamalar
yapilmis, sonuglar umol Troloks esdegeri (TE)/
mL 6rnek olarak ifade edilmistir.
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Toplam Fenolik Madde Analizi

Kombu ¢ay1 6rneklerinin toplam fenolik bilesen
(TFB) analizi Folin-Ciocalteu metoduna gore
Naczk ve Shahidi (2004)’nin  prosedirleri
uygulanarak yapilmustir. %2lik NaxCOj;, 0.1
mol/I. NaOH c¢ozeltisi icinde c¢oziinduriilerek
Lowry A ¢ozeltisi; %0.5’lik  CuSOy4, %1
NaKC4H4Og ¢ozeltisi icetisinde c¢oziindurilerek
Lowry B c¢Ozeltisi hazirlanmistir.  Sonrasinda
Lowty A ve Lowty B c¢ozeltileri, 50:1 (v/v)
oraninda homojen olarak karstirlarak Lowry C
¢oOzeltisi elde edilmistir. Analiz icin, ekstraktlar
Lowry C ve Folin reaktifi ile muamele edilmis, 30
dk karanlikta bekletilmis, absorbanslart 750 nm'de
spektrofotometrik (Optizen 3220UV, Mecays,
Giney Kore) olarak belitlenmistir. 10-500 mg
GAE (Gallik asit esdegeri) /L araligindaki standart
gallik asit cozeltiler ile hazirlanan
y=0.187x+0.0254  (R*=0.9996)  kalibrasyon
egrisinden faydalanarak hesaplamalar yapilmis,
sonuclar mg gallik asit esdegeri (GAE)/mL olarak
ifade edilmistir.

Fenolik bilesenlerin Yobiyoerigilebilirliginin belirlenmesi
Kombu  c¢ayt  Orneklerinin  fenolikletinin
Yobiyoerisilebilirligi Anson vd., (2009)’na gore
hesaplanmistir  (Esitlik 1). Hesaplamaya gore
%biyoerisilebilirlik, toplam fenolik icerik ve
antioksidan kapasite analizi sonuglarina gore elde
edilen; Dbiyoerisilebilit  fenolik  fraksiyonlarin,
ekstrakte edilebilir ve hidrolize edilebilir fenolik
fraksiyonlarinin toplamina oraninin, %’ olarak
ifadesidir.

BFF

% Biyoerisilebilirlik: x100

EFF + HFF

Esitlik 1. %Biyoerisilebilirlik Hesaplamast

*EFF: Ektrakte edilebilit fenolik fraksiyonu;
HFF: Hidrolize edilebilir fenolik fraksiyonu; BFF:
Biyoerisilebilir fenolik fraksiyonu

Istatistiksel Degetlendirme

Kombu cay1 6rneklerine ait 3 tekerriitlii olarak
yapilan analiz sonuclarindan elde edilen veriler
istatistiksel olarak JMP IN 7.0.0 (Statistical
Discovery from SAS 2005. Institue Inc.) programt
kullanilarak varyans analizi ile degerlendirilmistir.
LSD  (Least Significant Differance) testi

uygulanarak elde edilen ortalama degerler
arasindaki istatistiksel fark gruplart belirlenmistir.
BULGULAR VE TARTISMA
Fizikokimyasal 6zellikler

Calisma kapsaminda yesil cayll Kombu cayinin
biyoaktivitesini gelistirmek, musmula meyvesine
farkli bir kullanim alan: saglayarak meyveye olan
farkindaligt ve tiketilebilirligini arttirmak amact
ile; yesil cayll Kombu cayina %5, 10 ve 20
oraninda mugmula ilave edilerek Kombu cayt
icecekleri elde edilmistir. Yesil cay yapraklar: ile
fermente edilmis, yesil ¢ayll Kombu cayr (YK)
kontrol olarak ¢alismada yer almistir. Ayrica;
Kombu ¢ayt fermantasyonunda kullanilan seker
ve yesil ¢cay iceriklerinin etkilerini belitlemek amaci
ile 30 g/L sekerin SCOBY kiiltirt ile fermente
edilmesiyle seker fermantasyonu (SK)
gerceklestirilmistir. Orneklere ait pH ve toplam
asitlik degerleri Cizelge 1’de verilmistir.

Sonuglar incelendiginde; 1. giin pH degerlerine
gore, en yuksek degisim seker fermantasyonunda
gorilmustir. SCOBY kilturt aktivasyonu ile
7.7620.00 pH degerinde baslayan fermantasyon
15. glntin sonunda, 2.71£0.10%¢ ulasmustir.
Kontrol olarak degetlendirilen, YK 6rnegi
fermantasyon sonunda, 2.90£0.20 pH ve
0.8910.01 g/100mL toplam asitlik (asetik asit
esdegeri) miktarina ulasmustir. Oliveira vd., (2023)
yesil cay ve vyesil cayl Kombu c¢aylarina
degerlendirdikleri  6rneklerde, toplam  asitlik
icerigini, yesil cayda 0.35 g/100 mlL., yesil caylt
Kombu c¢aymnin ise 0.59 g/100 mL olarak
belirlemistir. Ayni sekilde demlenmis, fermente
edilmemis yesil caya gére SCOBY kiiltird ile
fermantasyona tabi tutulan yesil ¢aylt Kombu ¢ayt
arasinda farklihigin seker icerigi ve vyesil cay
iceriginin fermantasyonu ile elde edilen asitlik
gelisiminden ileri geldigi bildirilmistir. Kombu
cayt fermantasyonu sirasinda, mayalar stkrozu
invertaz enzimleri araciligiyla hidrolize ederek
fruktoz ve glikozun serbest hale gecmesini
saglamaktadir. Sonraki agsamada, bu icerikler
glikoliz yoluyla etanol tiretimi igin substrat gbrevi
gormektedir. Asetik asit bakterileri ise etanold
asetik asit iretiminde ve glikozun glukonik asit ile
glukuronik asit donistimiinde kullanmaktadir (Al-
Mohammadi  vd., 2021). Kombu cayt

1025



1026

E. Yildiz, G. Ozcan Sinir, D.P. Aykas, O. Giirbiiz

fermantasyonunda olusan organik asitler; asitlik
artist ile beraber pH degerinin azalmasina neden
olmaktadir (Jakubczyk vd., 2020). Kallel vd.,
(2012) ise cay infiizyonunun baslangicinda 5.5

olan pH degerinin fermantasyonun sonunda
yaklasik 2.6'ya dustugund; olusan organik asitlerin
Kombu cayma ait karakteristik eksi ve asidik
lezzeti sagladigint belirtmistir.

Cizelge 1. Kombu gay1 6rneklerinin pH ve toplam asitlik degerleri
Table 1. pH and total acidity values of Kombucha samples

pH

Ornek pH % Toplam asitlik**
Sample 1. Giin 15. Giin % Total acidity **

1% Day 15% Day
Seker Fermantasyonu 7.76£0.00¢  2.71£0.10¢ 0.5240.02¢
Sugar Fermentation
Yesil Kombu cayt 5.8240.00>  2.90+0.200 0.89+0.01¢
Green tea Kombucha
%5 musmula ilaveli Kombu ¢ayt " . 1010 10 00c
5% medlar added Kombucha 4.31£0.10 2.9410.10 0.97£0.00
%10 musmula ilaveli Kombu ¢ay1 +0 004 10 90c +0 00b
10% mediar added Kombucha 3.98+0.00 2.80£0.20 1.1340.02
%20 musmula ilaveli Kombu ¢ay1 3.8040.00¢ 2 7040.104 1.1740.000

20% medlar added Kombucha

*Tabloda verilen degerler orttss olarak verilmis olup, harfler (a-e) 6rnekler arasindaki istatistiksel farkliliklart ifade
etmektedir (P <0.05). **Orneklere ait % toplam asitlik sonuglar, asetik asit esdegeri olarak verilmistir. The valnes are
gwen as meantSD; letters (a-e) indicate statistical differences between samples (P <0.05). ** Total acidity %o results of the samples

are given as acetic acid equivalent.

Musmula icerikli Kombu c¢ayt  igecekleri
degerlendirildiginde, kullanilan musmula oraninin
artmasi ile (%20), pH degerinin dustigi (2.70;
%20 MK); toplam asitlik miktarinin arttig
(%1.17, %20 MK) belitlenmistir (Tablo 1).
Mugmula meyvesinin  asitliginin =~ %1.9-2.28
arasinda; pH degerinin ise 3.40-3.86 arasinda
degistigi bilinmekte olup; olgunlastikca asitligin
dustigini pH degerinin 3.2°den 3.5%¢ ¢iktgt
bildirilmistir (Selcuk ve Erkan, 2015). Musmula
meyvesi iceriginde gozlenen farkhiliklarin cevre
kosullarina, yetisme strecine, olgunluk seviyesi ve
toprak beslemesine bagli oldugu, organik asit
igeriginin ise, oksalik, siiksinik, fumarik, malik,
tartarik, sitrik ve kinik asitten ileri geldigi
belirtilmistir  (Peté vd., 2016). Kombu c¢ayt
fermantasyonunda asetik asit, glukonik asit,
glukuronik asit, D-sakkarik asit 1,4-lakton ve
substrata bagli da olarak laktik asit, ana asitlik
kaynaklarint olusturmakla birlikte fermantasyon
strecinde kinik asit, oksalik asit, malik asit ve sitrik
asit gelisimleri de s6z konusudur (Laureys vd.,
2020).

Biyoaktif potansiyel

Antioksidan kapasite

Calisma  kapsaminda  elde  edilen  seker
fermantasyonu (SF), yesil ¢ay icerikli Kombu ¢ay1
YK) ve %5, 10 ve 20 oranlarinda musmula
meyvesi ilaveli yesil ¢cay (%05 MK, %10 MK ve
%20 MK) icerikli Kombu ¢ay1 6rneklerinden elde
edilen ekstrakte edilebilir fenolik fraksiyon (EFF),
hidrolize edilebilir fenolik fraksiyon (HFF) ve
biyoetisilebilir fenolik fraksiyonlarin (BFF) ABTS,
CUPRAC, DPPH ve FRAP yontemlerine gore
elde edilen antioksidan kapasite analizlerinin
sonuclart Sekil 1’de verilmistir.

Kombu ¢ay1 iceceklerine musmula eklenmesi ile
biyoaktif potansiyelin yikseldigi gézlemlenmistir.
ABTS ve DPPH yontemleri ile belitlenen
antioksidan kapasite sonuglarina gére EFF, HFF
ve BFF agisindan en yiiksek degerler sirasiyla
ABTS i¢in 12.78, 7.22, 12.34 umol TE/ mL ve
DPPH icin 38.88, 35.03, 38.54 umol TE/ mL
olarak %20 MK Orneklerinde saptanmustir.
CUPRAC yo6ntemi ile analiz edilen EFF, HFF ve
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BFF sonuclarina goére en yiliksek degerlerin
strastyla 14.50, 8.43 ve 6.48 umol TE/ mL ile %20
MK 6rneklerinde oldugu belitlenirken, HFF
sonuglarina gore YK ile %5 MK ve %5 MK ile
%10 MK degerleri arasinda istatistiksel bir fark
saptanmamistir. FRAP yontemi ile yapilan analiz
sonucuna gore EEF acisindan musmula ilavesinin
yesil cay Kombu cayinin biyoaktif icerigine katk:
sagladigt ama bu farklihigin musmula oranina bagh
olmadigt gbrilmistir. Bu baglamda, %5 MK ile
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%10 MK ve %5 MK ile %20 MK arasinda
istatistiksel bir fark olmadig: tespit edilmistir.
FRAP ile analiz edilen HFF ve BFF’lerin en
yuksek degerleri 10.99 ve 11.58 umol TE/ mL ile
%20 MK o6rneklerinde gosterdigi gorilmistiir.
Yesil cay ve musmula icerigine sahip olmayan,
sadece seker ilavesi ve SCOBY ile fermente edilen
seker fermantasyonun tim metotlara gére en
distik biyoaktif potansiyele sahip olan Ornek
oldugu belirlenmistir (P <0.05).
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Sekil 1. Kombu gay1 6rneklerine ait antioksidan kapasite analiz sonuglari a: ABTS, b: CUPRAC,
c: DPPH, d: FRAP
Figure 1 Antioxidant capacity analysis results of Kombucha samples a: ABTS, b: CUPRAC, ¢: DPPH, d: FRAP

*SF: seker fermantasyonu, YK: yesil cayll Kombu ¢ay1, MK: musmula meyvesi ilaveli yesil cay Kombu ¢ayt. **Bar
grafikler ile temsil edilen degetler orttss olarak verilmis olup, kigiik harfler (a-¢) farklt fenolik fraksiyonlar icin
ornekler arasindaki istatistiksel farkliliklary; biiytik harfler (A-C) ise aynt 6rnek igin farkli ekstraksiyonlar arasindaki
farkliliklar ifade etmektedir (P <0.05).

*ST: Sugar fermentation, YK: Green tea Kombucha, MK: Medlar added green tea Kombucha. **V alues represented by bar graphs
are given as meanLSD, lowercase letters (a-e) indicate statistical differences between samples for different phenolic fractions; capital
letters (A-C) indicate differences between different extractions for the same sample (P <0.05).
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ABTS, CUPRAC ve DPPH metotlarina gére EFF
degerleri HFF ve BFF degerlerinden daha yitksek
tespit edilirken; FRAP metoduna gore ise BFF
degerleri  6ne  c¢tkmustir  (Sekil  1).  Cesitli
antioksidan ~ kapasite =~ metotlarinin,  gida
iceriklerinin biyoaktivitesini belitlemede farklt
kimyasal etkilesimler g6stermesi farkliligin sebebi
olarak dustnilmektedir. Kombu ¢ayi, asidik
potansiyelde bir triin olup, antioksidan kapasite
metotlart  farkli  mekanizmalarla farklh  pH
degerlerinde gerceklesmektedit. Redoks
reaksiyonu pH:7 tampon ile gerceklesirken; FRAP
asidik (pH:3.6) Folin Ciocalteu metoduna gore
toplam fenolik bilesen analizi ise bazik kogullarda
(pH:10) gerceklesmektedir. Fizyolojik pH'dan
daha asidik kosullarda, indirgeme kapasitesi
antioksidan bilesikler tzerindeki protonasyon
nedeniyle baskilanabilirken, daha bazik kosullarda
fenoliklerin proton ayrismast bir numunenin
indirgeme kapasitesini arttirmaktadir (Apak vd.,
2008). Bununla beraber, FRAP metodunun da
asidik kogullarda uygulanmast nedeniyle tiyol-tipi
antioksidanlar  belitlenemezken, CUPRAC
metodu bu bilesiklerin belitlenmesinde daha
hassastir. Kombu c¢ayt 6rnekleri acisindan da
ABTS ve CUPRAC metotlari, 6rnekler arasindaki
farkliliklarin  gbzlemlenebilmesi nedeniyle en
uygun metotlar olarak 6ne ¢tkmaktadir.

Fenolik fraksiyonlar agisindan ise, EFF; HFF ve
BFF’dan daha yiiksek degerler gdOstermistir.
HFF’lar ekstraksiyon siirecinde 85 °C’de 20 saat
gibi daha ylksek sicaklikta uzun siire islem
gormesi sebebi ile yapilan calismalarda daha
yuksek degerler gosterdigi belirlenmistir (Yildiz,
2022). Kombu ¢ayinin fermente bir dirtin olmast
nedeniyle, EFF ve BFF degetleri ile daha yuksek
biyoaktif potansiyel ortaya koyulmasinda etkili
oldugu dustintlmektedir. BPF’ler ise beslenme
acisindan biyoaktif potansiyelin ifadesinde daha
gercekei bir yaklagimdir. Sindirim  enzimleri
(Pepsin, pankreatin, vb.) ve safra tuzlar (Bile salt)
iceren; insan sindirimi ile es sicaklik ve stirede
gerceklesen  bir  ekstraksiyon  prosediri
icermektedit. Bu anlamda, analiz sonuclart ile
ortaya koyulan %biyoerisilebilirlik degerleri de
BFF degertlerinin  EFF ile HFF degerlerin
biyoerisilebilirligi ~ yani  viicut  tarafindan

kullanilabilme potansiyeli, beslenme acisindan
onemlidir.

Kombu cay1 igerisinde ana igerik olarak bulunan
seker  ve  yesii cayin  Kombu = ¢ay1
fermantasyonundaki etkisini  beliflemek icin
hazirlanan Orneklerden edilen sonuglara gore;
EFF, HFF ve BFF acisindan strastyla %11.48-
27.60,  2.94-16.87, 11.98-17.42  oraninda
biyoaktiviteye etki ettigi belirlenmistir. En yitksek
degerler CUPRAC metoduna gére belitlenen
sonuclarda elde edilmistir.

Toplam fenolik bilesen icerigi

Kombu cay1 6rneklerine ait toplam fenolik bilesen
icerigi degerleri Sekil 2°de verilmistir. Kombu ¢ay1
iceceklerinden %20 MK 6rnegi en yiksek
biyoaktiviteyi géstermis olup, EFF’ler HFF ve
BFF’lere gore daha yuksek sonuglar gbstermistir
(P <0.05). Toplam fenolik bilesen icerigi degerleri,
antioksidan kapasite metotlart ile kiyaslandiginda
ise; ABTS ve DPPH metotlar1 ile elde edilen
sonuglarla ~ benzer  potansiyel — gbsterdigi
gbzlemlenmistir.

Ivanisova vd., (2020) yaptiklari ¢calismada Kombu
cayinda tespit edilen yitksek fenolik, flavanoid ve
antioksidan kapasitenin fermantasyon sirasinda
kompleks yapidaki fenoliklerin kii¢iik molekillere

ayrilmasindan  ileri  geldigini  bildirmistir.
Fermentasyon siirecinde ¢6ziinmeyen  baglt
fenoliklerin  gida matrisinden  ekstraksiyonu

biyoaktiviteyi arttiran diger bir unsurdur (Hurr vd.
2014). Kallel vd., (2012) yesil ¢ay ve siyah ¢ay
icerikli Kombu c¢ay1t 6rneklerinde 15 ginlik
fermentasyon stirecinde toplam fenolik bilesen
igeriginin arttu@ini belirlemigtir. Fermentasyon
baslangicinda, toplam fenolik bilesen icerigi 0.78
g (GAE)/L ve 1.01 g GAE/L olan Kombu
caylari, fermentasyon sonunda, 1.08 ve 1.12 ¢
(GAE)/L degetlerine ylkselmistir.

Fenolik bilesikler, ana antioksidan grubunu temsil
etmekte olup Kombu c¢ay1 iceceginin saglik
tzerindeki olumlu etkilerinden sorumludur. Cay
yapraklarinin igeriginden ileri gelen flavonoidler,
Ozellikle katesinler ve tirevleri de bu anlamda 6ne
ctkmaktadir (da Silva Junior vd., 2022). Cardoso
vd., (2020), 10 giin streyle, yesil ve siyah cay ile
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fermente edilen Kombu c¢ay1 6rneklerinin
iceriginde  yaklastk 127  fenolik  bilesik
bulundugunu; bunlardan %70.2’sinin flavonoid,
%18.3’ntin  fenolik asitler, %8.4’4nG  diger
polifenollerin, %2.3’tniin lignanlar ve %0.8’inin
de stilbenlerden  olustugunu  belirlemistir.
Biyoaktif icerigini cay yapraklarindan almasina
ragmen yapilan pek ¢ok calisma, Kombu ¢ayinin
biyoaktivitesinin fermantasyon prosesinden ileri
geldigini ve ¢aya oranla daha yiiksek antioksidan
etkiye sahip oldugunu géstermektedir (Abaci vd.,

parcalanmast; caymn fermente edilmemis haline
gore daha yiiksek antioksidan potansiyele sahip
olmasinin nedeni oldugu dustiniilmekte ve bunun
sonucu olarak da toplam fenolik bilesen igeriginin
fermantasyonla artis sagladigt  gOrillmektedir.
Fermantasyon Oncesine oranla, fermantasyon
sonrast toplam flavonoid miktarlarindaki artisin
nedenlerinden biri de bu enzimlerin polifenolik
maddeleri flavonoidlere indirgemesinden ileri
geldigi  bilinmektedir  (Abaci  vd., 2022).
Fermentasyon esnasinda meydana gelen bu

2022; Bishop wvd., 2022). Kombu cay degisimler, biyoaktivitenin arttirilmasint sagladigt
fermantasyonu  strasinda; caymn  igerigindeki gibi, fermentasyon hammaddelerinin
polifenolik maddelerin, bakteri ve mayalarin fermentasyon sonucunda elde edilen drinle
olusturdugu SCOBY’nin mikrobiyal enzimleri kiyaslandiginda biyoerisilebilirligini de
tarafindan daha biyoerisilebilir fenolik maddelere arttrmaktadir.
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Sekil 2. Kombu gay1 6rneklerine ait toplam fenolik icerigi sonuglar
Figure 2 Total phenolic content results of Kombucha samples a: ABTS, b: CUPRAC, ¢: DPPH, d: FRAP

*SF: seker fermantasyonu, YK: yesil cayli Kombu cayt, MK: musmula meyvesi ilaveli yesil cay Kombu ¢ay1. **Bar
grafikler ile temsil edilen degetler orttss olarak verilmis olup, kiiciik harfler (a-¢) farklt fenolik fraksiyonlar i¢in
ornekler arasindaki istatistiksel farkliliklary; biytik harfler (A-C) ise aynt 6rnek icin farkli esktraksiyonlar arasindaki

farkliliklari ifade etmektedir (P <0.05).

*ST: Sugar fermentation, YK: Green tea Kombucha, MK: Medlar added green tea Kombucha. **1 alues represented by bar graphs
are given as meanLSD, lowercase letters (a-e) indicate statistical differences between samples for different phenolic fractions; capital
letters (A-C) indicate differences between different extractions for the same sample (P <0.05).

En yuksek biyoaktif potansiyele sahip Ornek
olarak, %20 MK o6rnegi degerlendirildiginde;
musmula ilavesi ile kontrol 6rnegine kiyasla EFF,
HFF ve BFF’lar acisindan % 42.88, 32.40, 35.73
oraninda artts gézlemlenmistir (Sekil 2, P <0.05).
Kombu c¢aymna ilave edilen musmula meyvesi
biyoaktif potansiyelini zengin karoten igerigine
borglu olup; p-kumarik asit, gallik asit, kuersetin,

kafeik asit, klorojenik asit, p-kumarik asit, p-
aminobenzoik asit gibi fenolik bilesenlerce de
zengin icerige sahiptir (Voaides vd., 2021). Cay
yapraklarindan ileri gelen c¢ay katesinleri ve
musmula iceriginden ileri gelen fenolik bilesiklerin
etkilesiminin; Kombu c¢ayt biyoaktivitesi ile
beraber toplam fenolik bilesen icerigini de arttirict
etki gdsterdigi belitlenmistir (Sekil 1.a-d, Sekil 2).
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Kombu c¢aymnin sahip oldugu antioksidan ve
koruyucu etki, aynt zamanda mikrobiyal
fermantasyon sonucu uretilen organik asitlerden
de ileri gelmektedir (Bhattacharya vd., 2016).
Kombu c¢aymnin antimikrobiyal aktivitesi, esas
olarak icecegin ylksek organik asit icerigi ile buna
baglt olarak diistik pH degeri ile iliskilendirilmigtir
(Abaci vd., 2022). Ayrica, Kombu ¢ayini fermente
etmek icin kullanilan kiltir de kékenine, cografi
konumuna, fermantasyon sliresine ve
fermantasyon islemi i¢in kullanilan ortama gore
mikrobiyolojik bilesimde farkliliklar
gosterebilmektedir. Bu da fenolik bilesiklerin
konsantrasyonu ve antioksidan kapasitesindeki
degisimi aciklayabilmektedir (Oliveira vd., 2023).

%Biyoerigilebilirlik

Fenolik bilesiklerin icerigi; sindirim sistemindeki
emilimi ve metabolizmasi, biyolojik etkileri
tzerinde etkilidir. Gida matrisinde genellikle ester,
glikozit ve polimer formlarinda bulunan fenolik
bilesikler, sindirim sisteminde bulunan enzimler
ve mikroflora tarafindan hidrolize
edilebilmektedir.  Ayrica  enzimler, fenolik
bilesiklerin daha fazla salinimina ve igeriginin

artisina  katki saglamaktadir (Tarko vd., 2013;
Wojtunik-Kulesza vd., 2020).

Kombu ¢ay1 6rneklerine ait antioksidan kapasite
ve toplam fenolik icerik analizlerinin EEF, HEF
ve BFF iceriklerin %obiyoerisilebilitlik degerleri
Sekil 3’de verilmistir. Oran, fenolik fraksiyonlarin
serbest hale gecebildikten sonra, EFF ve HFF
tzerinden sindirim sistemi tarafindan emilebilme
potansiyelini  ifade  etmektedir. = Sonuglar
incelendiginde, FRAP metodu ile elde edilen
veriler ile diger metotlara nazaran daha yiiksek
Y%biyoerisilebilitlik oranina ulasilmistir. Ornekler
acisindan ise, %10 ve %20 musmula ilaveli
Kombu ¢ay1 6rnekleri 6ne ¢ikmaktadir. Musmula
iceriginde bulunun fenolik bilesikler ve yapisal
iceriklerinin ~ Kombu  cayma  daha fazla
biyoerisilebilitlik sagladig gézlemlenmistir (Sekil
3, P <0.05). Cay yapraklarinin yant sira, musmula
meyvesinden ileri gelen fenolik bilesenlerin icerigi
biyoerisilebilir fenoliklerin artisina destek oldugu
gibi, ekstrakte edilebilit ve hidrolize edilebilir
fenoliklere oranla, daha biyoerisilebilir fenolik
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Sekil 3. Kombu ¢ayt 6rneklerine ait antioksidan kapasite ve toplam fenolik igerigi sonuglarina gére
Y%biyoerisilebilirlik sonuglari
Figure 3. Bioaccessibility %o results according to antioxidant capacity and total phenolic content results of Kombucha
samples

*SF: seker fermantasyonu, YK: yesil cayli Kombu ¢ayt, MK: musmula meyvesi ilaveli yesil ¢cay Kombu ¢ay1. **Bar
grafikler ile temsil edilen degerler ortEss olarak verilmis olup, harfler (a-¢) farkli fenolik fraksiyonlar icin 6rnekler
arasindaki istatistiksel farkliliklari ifade etmektedir (P <0.05).

*ST: Sugar fermentation, YK: Green tea Kombucha, MK: Medlar added green tea Kombucha.

**1 alues represented by bar graphs are given as meanSD, and letters (a-¢) indicate statistical differences between samples in terms

of different phenolic fractions (P <0.05).
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Degirmencioglu vd., (2020) zeytin yapragi ve bal
icerikli Kombu c¢ayt Ornekleri ile yaptiklar
calismada; 12 giinlik fermentasyon stiresi
boyunca Orneklerin ektstrakte edilebilir, hidrolize
edilebilir ve biyoerisilebilir fenolik ekstraksiyonlart
acisindan  biyoaktif potansiyelini antioksidan
kapasite (ABTS metodu) ile toplam fenolik
bilesen igerigi (Folin Ciocalteu metodu) analizleri
ile degerlendirmis ve % biyoerisilebilirligini
belitlemistir. En yiksek % biyoerisilebilirlik
degerleri %1 zeytin yapragi ve bal icerikli
orneklerde elde edilmis; % biyoerisilebilirlik
degerlerindeki degisimler Kombu ¢ayt iceriginin
kimyasal bilesimi, fermentasyonda kullanilan
karbon kaynagt ve icerikte yer alan fenolik
bilesenlerin bitbitleri ile olan etkilesimleri ile
iliskilendirmistir. Diger bir ¢alismada ise, farkli cay
yapraklarindan (Yesil, siyah, oolong, puerh, beyaz

cay) elde edilen  Kombu  caylarinin
biyoerisilebilirliklerinde meydana gelen
degisimler, fermentasyon ve ckstraksiyonu

saglayan sindirim enzimlerinin etkisi sonucunda
bilesiklerin ~ ¢oziintrliklerindeki degisimler ile
fenolik  bilesiklerin  birbirleri  ile  olan
ctkilesimleriyle iliskilendirilmistir
(Degirmencioglu vd., 2021).

Musmula meyvesi ile ilgili olarak genellikle meyve
ve yaprak iceriginin, biyoaktif potansiyelinin
belitlenmesi  yoninde ¢aligmalar  yapilmigtir
(Excisli vd., 2011; Nabavi vd., 2011; Safari vd.,
2019; Yildiz vd., 2022). Gida trtnlerde kullantmi
acisindan ise sarap (Wu ve Li, 2018) ve tursu
(Erdogan vd., 2006; Jiao, 2010) iretimi
gerceklestirilmis  olup;  yogurt  Uretiminde
probiyotik mikrofloranin  gelisimi tizerindeki
etkisinin  degetlendirildigi  (Jiang vd., 2017)
calismalar bulunmaktadir. Suna, (2019) ise
musmula pestili Giretimi gerceklestirerek biyoaktif
potansiyel ve biyoerisilebilirligini
degerlendirmigtir. ~ Ayrica son  zamanlarda,
musmula ile ilgili yapilan kapsamli derleme
calismalart  (Popovi¢-Djordjevi¢c  vd., 2023
Voaides vd., 2021) sakhi kalmis bu meyvenin
icerigini ayrintili olarak ortaya koymaktadir. Bu
baglamda, musmula meyvesi Kombu c¢ay
biyoaktivitesinin arttirilmasini saglamis olmast ile
beraber, musmulanin Kombu ¢ay1 Uretiminde

kullanimi meyvenin degerlendirilmesinde yeni bir
yol olarak ortaya koyulmustut.

SONUC

Calismanin sonuglari incelendiginde, Kombu cay1
fermantasyonuna musmula meyvesi ilavesinin
antioksidan kapasite (ABTS, CUPRAC, DPPH,
FRAP metotlarina gére) ve toplam fenolik bilesen
icerigi  (Folin Ciocalteu Metoduna  gore)
analizlerine ~ gbre  biyoaktif  potansiyelini
zenginlestirdigi gérulmustir. Ekstrakte edilebilir
ve biyoerisilebilir fenolik fraksiyonlar, hidrolize
edilebilir fraksiyonlara nazaran daha yiksek
degerler gostermis olup; en yliksek biyoaktif
potansiyel %20 oraninda musmula ilavesi ile
tretilen Kombu ¢ay1 6rneginde belitlenmistir. %o
biyoerisilebilirlik degerleri acisindan ise %10 ve
%20 oraninda musmula ilave edilen Kombu ¢ay1
ornekleri 6ne ¢tkmaktadir. Zengin biyoaktif
icerige sahip olmasina ragmen, bilinirligi ok
yiksek olmayan, bu sakli kalmis meyvenin
Kombu ¢ay tretiminde kullaniabilirliginin ortaya
koyuldugu c¢alisma kapsaminda, hem yiksek
biyoaktif potansiyele sahip bir icecek ortaya
ctkartmis hem de yabani olarak yetismekte olan
musmula meyvesinin endustriyel kullanim alanin
arttirma potansiyeli olusturmustur.

CIKAR CATISMASI
Yazarlarin makale ile ilgili herhangi bir kisi veya
kurum ile cikar catismast bulunmamaktadir.

YAZARIARIN KATKISI

Elif YILDIZ deneysel tasarim, tretim, analizler,
sonuclarin  diizenlenerek  yorumlanmast  ve
makalenin yaziminda; Giilsah OZCAN SINIR
deneysel tasarim, sonuglarin  diizenlenerek
yorumlanmast ve makalenin yaziminda; Didem
Peren AYKAS analizler, sonuglarin diizenlenerek
yorumlanmast ve makalenin revizyonunda; Ozan
GURBUZ deneysel tasarim, planlama, yiiriitme
ve makalenin yazimi ve revizyonunda katkida
bulunmustur.
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oz

Arastirmada 1s1l islem g6rmiis sucuk Uretiminde alternatif kiitleme ajant olarak biyodénustiirilmis pazt tozu
(PT) kullanmminin nitrozamin olusumuna ve trinin bazi kalite parametrelerine etkisinin belitlenmesi
amaglanmistir. Ayrica pisirme derecesinin nitrozamin olusumuna etkisi de incelenmistir. Kiirleme ajant
olarak sentetik nitrit (SN) (150 mg/kg NaNO»), SN (75 mg/kg NaNOy) + PT (75 mg/kg NaNO.’ye
esdeger) ve PT (150 mg/kg NaNOz’ye es deget) iceren t¢ farklt 1s1l iglem gérmis sucuk grubu tretilmistir.
PT, pH ve TBARS degetlerinde artisa neden olmustur. Kalintt nitrit seviyesi ise PT ve SN + PT°den
etkilenmemigtit. Muameleler arasinda laktik asit bakteti ve Micrococcus/ Staphylococens agisindan 6nemli
farkliliklar gérilmemistir. PT, tat ve genel kabul edilebilitlik skorlarint artirmustir. SN+ PT ve PT, N-
nitrozodimetilamin, N-nitrozodietilamin ve N-nitrozopiperidin tzerinde 6nemli etki géstermemistir.
Belitlenen nitrozaminlerin seviyesi, pisirme stiresi arttikca artmustir. Temel bilesen analiz sonuglarina gore
pisirme siiresi, pazt tozu faktdrine gére nitrozaminler tizerinde daha fazla etki gdstermistir.

Anabhtar kelimeler: Isil islem g&rmiis sucuk, pazi tozu, nitrozamin, kalint: nitrit

THE EFFECT OF USING SWISS CHARD POWDER AS A CURING AGENT IN
THE PRODUCTION OF HEAT-TREATED SUCUK ON NITROSAMINE
FORMATION AND QUALITY PARAMETERS

ABSTRACT

In this study, it was aimed to determine the effect of using bioconverted swiss chard powder (SCP)
as an alternative curing agent in the production of heat-treated sucuk on nitrosamine formation and
its some quality parameters. In addition, the effect of cooking degree on nitrosamine formation was
also investigated. Three different heat treated sucuk groups containing synthetic nitrite (SN) (150
mg/kg NaNOy), SN (75 mg/kg NaNOy) + SCP (equivalent to 75 mg/kg NaNO3) or SCP (equivalent
to 150 mg/kg NaNOy) as curing agent were produced. SCP caused an increase in pH and TBARS
values. However, the residual nitrite level was not affected by SCP and SN + SCP treatments. There
were no significant differences in the number of lactic acid bacteria and Micrococcus/ Staphylococcus
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between treatments. SCP increased taste and overall acceptability scores. SN + SCP and SCP had no
significant effect on N-nitrosodimethylamine, N-nitrosodiethylamine, and N-nitrozopiperidine. The
level of nitrosamines increased with increasing cooking time. According to the principal component
analysis results, cooking time had a greater effect on nitrosamines than the use of swiss chard powder

factor.

Keywords: Heat treated sucuk, swiss chard powder, nitrosamine, residual nitrite

GIRIS

Kirleme, etin tuz varliginda nitrat, nitrit veya
nitrat/nitrit ile muamelesi olarak
tanimlanmaktadir  (Gokalp vd., 2015). Et
endustrisinde kiitfleme maddesinin se¢imi, Urin
tipine ve proses kosullarina bagli olarak degisiklik
gostermektedir. Ancak kiirleme ajant olarak nitrat
kullanilan drtinlerde, beklenen etkilerin ortaya
ctkabilmesi icin bu kirleme ajanmnin nitrite
doéntsmesi gerekmektedir (Kaya ve Kaban, 2019;
Jo vd., 2020).

Nitrat ve nitrit, et Urinlerinde Clostridinm botulinum

ve Listeria  monocytogenes  gibi  gida  kaynaklt
patojenler  ile  bozulmaya neden  olan
mikroorganizmalarin inhibisyonu, lipid

oksidasyonunun geciktirilmesi ve karakteristik
renk ve lezzetinin gelisiminde 6nemli katkilar
saglamaktadir (Gokalp vd., 2015; Jo vd., 2020).
Cok fonksiyonlu bir katki maddesi olan nitrit,
nitrozamin  olusumunda da  6nemli  rol
oynamaktadir (De Mey vd., 2017; Sallan vd.,
2019;2020).

Nitrozaminler — karsinojenik, mutajenik  ve
teratojenik 6zellik gésteren N-nitrozo bilesiklerdir
(Rywotycki, 1998). Ugucu ve ugucu olmayan

bilesikler olarak smiflandirilan  nitrozaminler
icerisinde  ugucu  nitroz  aminlerden  N-
nitrozodimetilamin (NDMA) ve N-

nitrozodietilamin (NDEA), insanlar icin olast

(Grup  2A)  kanserojen  bilesikler, = N-
nitrozopiperidin ~ (NPIP), = N-nitrozopirolidin
(NPYR), N-nitrozodibitilamin (NDBA), N-

nitrozomorfolin (NMOR) ise muhtemel (Grup
2B) kanserojenik  bilesikler olarak  kabul
edilmektedir (IARC, 2000). Nitrozaminler, bir
nitrozasyon ajani ile sekonder amin arasinda
gerceklesen reaksiyon sonucu olugmaktadir (De
Mey vd., 2014). Nitrozaminlerin olusumunda,
pisirme siiresi, sicakligl ve yontemi, ilave edilen
nitrit miktari, su aktivitesi, kalinti nitrit miktar,
pH, nitrozasyon katalist ve inhibitorlerinin varligy,

baharat cesidi, mikroorganizmalarin
dekarboksilaz aktivitesi ve muhafaza sartlart gibi
pek cok faktdr etkili olmaktadir (Yurcenko ve
Molder, 2007; Wang vd., 2015; Sallan vd., 2019,
2020).

Sucuk, 1s1l islem g6rmiis sucuk, salami gibi kuru ve
kuru fermente sosilerin de yer aldigt kiir edilmis et
riinlerinde, nitrozaminlerin seviyesi iriin tipine
ve nitrozamin cesidine bagh olarak genis bir
varyasyon gostermektedir. Bu tirinlerde NDMA,
NPIP ve NPYR yaygin olarak belirlenen ugucu
nitrozaminlerdir (De Mey vd., 2014; Hermann
vd., 2015). Sucuk ve 1s1l islem g6rmiis sucukta da
degisik seviyelerde nitrozaminler belirlenmistir
(Ozel vd., 2010; Kaban vd., 2022; Kizilkaya vd.,
2023). Fermente sosisler genellikle pisirilmeden
tiiketilmelerine ragmen, sucuk ve 1sil islem gérmis
sucuk tiiketim aligkanliklarindan dolay1 genellikle
pisirilerek tiiketilmektedir (Sallan vd., 2019). Bu
fermente sosisler tizerinde yapilan arastirmalarda
pisirme derecesi veya siiresi arttik¢a nitrozamin
seviyelerinin arttifl rapor edilmistir (Ata, 2010;
Sallan vd., 2019;2020; Kizilkaya vd., 2023).
Fermente sosislerde nitrozamin olusumunu
inhibe etmek amaci ile tokoferol, askorbik asit,
erithorbik asit ve polifenoller gibi antioksidan
Ozellige sahip bilesiklerin kullanimina y6nelik
aragtirmalar  yuritilmistir (Rywotycki, 2007;
Herrmann vd., 2015; Wang vd., 2015, Sallan vd.,
2019; 2020). Diger taraftan alternatif kirleme
ajan1 olarak kereviz tozu veya kereviz suyu
tozunun (Sindelar vd., 2007; Horsch vd., 2014),
domates piiresi ve tozu (Deda vd., 2007; Eyiler ve
Oztan, 2011), biberiye ekstrakti (Doolaege vd.,
2012), dereotu, 1spanak, maydanoz (Babaoglu,
2020), ve pancar tozunun (Sucu ve Yidiz Turp,
2018) fizikokimyasal ve mikrobiyolojik 6zellikleri
tzerine etkilerini belirlemeye yonelik galismalar
yuratilmustir. Ayrica 1si islem gérmis sucukta
biyodénistirilmis kereviz tozunun nitrozamin
olusumu ve ugucu bilesik profiline yoénelik bir
aragtirma da yiritilmistir (Yimaz Oral, 2022).
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Pazt (Beta vulgaris L. var. cicla) tozunun alternatif
kiirleme ajant olarak et Urlnlerinde kullanimina
yonelik calismalar da mevcuttur (Hwang vd.,
2016; Shin vd., 2017; Kim vd., 2019; Babaoglu,
2020; Oztiirk Kerimoglu ve Serdaroglu, 2020).
Mevcut bu aragtirmada diger arastirmalardan
farklt olarak 1sil islem gérmis sucuk dretiminde
kiirleme ajant olarak biyodénustiirillmis pazt tozu
kullaniminin  nitrozamin  olusumuna  etkisi
incelenmistir.  Ayrica  pazt  tozunun  iriin
Ozelliklerine ve pazt tozu mevcudiyetinde pisirme
siresinin  nitrozamin olusumuna ectkileri de
arastirilmistir.

MATERYAL VE YONTEM

Materyal

Uretimde hammadde olarak sigir eti ve et yagt
kullandmistir.  Nitratt  nitrite  donustirilmas
formdaki pazi tozu (Veg stable® 531) (%1.47
nitrit) ticari bir firmadan (Florida Food Products,
ABD) temin edilmistir. Latilactobacillus sakei S15
(Kaya vd., 2015) ve Staphylococcus xylosus GM92
(Kaban ve Kaya, 2008) suslar1 starter kiiltiir olarak
kullandmigtir.  Suglar  Gretiminden  6nce
aktiflestirilmis ve L. sakei S15 107 kob/g, S. xylosus
GM92 ise 10° kob/g oraninda hamutlara ilave
edilmistit.

Isil Gslemns gormiis sucufe diretimi

Uretimde Armutcu vd. (2020) tarafindan verilen
formiilasyon kullanilmistir. Bu formiilasyon esas
alinarak sentetik nitrit (150 mg/kg NaNOy),
sentetik nitrit (75 mg/kg NaNOy) + pazt tozu (75
mg/kg NaNOx’ye esdeger) ve pazt tozu (150
mg/kg NaNOz’ye es deger) iceren u¢ farklt sucuk
hamuru hazitlanmistir. Hamur hazirlama islemi
laboratuvar tipi kuterde (Mado Typ MTK 662,
Almanya) gerceklestirilmis ve hamurlar pistonlu
bir doldurucu (Mado Typ MTK 591, Almanya) ile
kolajen kiliflara  (Naturin Darm, Almanya)
doldurulmustur. Fermantasyon (24 + 1°C’de %92
1 2 bagil nem, 24 saat) islemi tam otomatik bir
klima tnitesinde (Reich, Almanya)
gerceklestirilmis ve bu islemi miiteakiben 6rnekler
pisirme firnma (Mauting, Cekya) alinarak 1sil
isleme tabi tutulmugtur. Isil islemde 55°C’lik
baslangic sicakligt ve 64°Clik i¢ sicaklik esas
alinmustir. Bu islemi miiteakiben 6rnekler tekrar
klima tnitesine alinmig ve 16 £ 1°Cde 3 gun
sireyle kurutulmustur. Uretim {i¢ farkli zamanda

ite farklt
gerceklestirilmistir.

hammadde kullanilarak

Ornekleme ve pisirme islemi

Her bir muamele grubundan fiziksel, kimyasal,
mikrobiyolojik ve duyusal analizler icin Ornek
alinmistir. Pazt tozu varliginda pisirme stiresinin
nitrozamin olusumuna etkisini belirlemek icin
ornekler 0.5 cm kalinhginda kesildikten sonra
wsitict plakada 180 °C’de Ug farkll pisirme stresi
(¢ig-0 dk, az pismis-1dk (her bir ylizey 0.5 dk),
pismis-3 dk (her bir yiizey 1.5 dk)) uygulanarak
pisirilmigtir.

Mikrobiyolojik analizler

Orneklerde  laktik  asit  bakteri  sayisinin
belirlenmesi i¢in MRS agar (Merck, Almanya)
plaklari kullanilmis ve yiizeye yayma yOntemiyle
ekim yapilmistir. Inkiibasyon, anaerobik sartlar
(Anaerocult A, Merck) altinda 30 °C’de 48 saat
stre ile gerceklestirilmistir (Baumgart vd.,1993).
Micrococeus/ Staphylococcns sayiminda Mannitol Salt
Phenol Red Agar (MSA, Merck) plaklarina ekim
yaptlmis ve plaklar aerobik sartlarda 30 °C’de 48
saat inkiibe edilmistir (Baumgart vd., 1993).
Enterobacteriaceae sayimi icin  Violet Red Bile
Dextrose (VRBD, Merck) agar plaklart kullanilmuis
ve plaklar anaerobik ortamda (Anaerocult A,
Merck) 30 °C’de 48 saat siire ile inktbe edilmigtir
(Baumgart vd., 1993).

Fizikokimyasal analizler

pH analizi

Orneklerin pH degerinin belirlenmesi i¢in 10 g
analiz numunesine 100 ml saf su ilave edilmis ve
ultra turrax (IKA Werk T25, Almanya) ile
homojenize edildikten sonra pH metre (Mettler
Toledo, Isvicre) kullanilarak — belirlenmistir
(Gokalp vd., 2010).

Su aktivitesi analizi

Su aktivitesinin (ay) belitlenmesinde su aktivitesi
cihazt  (Novasina, TH-500 a,  Sprint)
kullantlmugtir. Cihaz kullanilmadan 6nce 25 °C’de
altt farklt tuz ¢ozeltisi ile kalibre edilmistit.

Tiyobarbiitirik asit reaktif maddeler (TBARS)
analizi

Tiyobarbiitirik asit reaktif maddeler (TBARS)
analizi, Lemon (1975) tarafindan belirtilen metoda
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gore yapilmustir. Santrifiij tipine homojenize
edilmis 2 g Ornek tartilmis ve tzerine TCA
cozeltisinden (%7.5 TCA; %0.1 EDTA; %0.1
Propil gallaty 12 ml ilave edilmistir.
Homojenizasyon isleminden sonra Whatman 1
filtre kagidindan siizilen homojenizattan 3 ml
deney tiplne aktarilmistir. Tip igerisine 3 ml
TBA (0.02 M) ¢ozeltisi de ilave edildikten sonra
kaynayan su banyosunda 40 dk sire ile
bekletilmistir. Soguk su icerisinde 5 dk siire ile
yapilan sogutma isleminden sonra santrifiijleme
islemi (2000 gde 5 dk)  yapidmisur.
Spektrofotometrede 530 nm’de  absorbans
olcilmis ve sonuglar umol MDA/kg olarak
verilmistir.

Kalint1 nitrit analizi

Kalinti nitrit miktarimin belirlenmesi i¢in 10 g
ornege 50 ml ultra saf su (50-60 °C) ilave edilmis
ve baget ile iyice karistirilmistir. Homojenizat 200
ml’lik balon jojeye aktarilmis ve tzerine 50 ml
asetonitril  ilave edilerek 15 dk  sireyle
karistinlmistir. 200 ml’ye tamamlanan karisim,
nitritsiz/nitratsiz filtre kagidindan (MN 640 de,
Macherey-Nagel) stiziilmils ve miteakiben 0.45
um’lik fitreden gecirilmistir. Kalinti nitrit miktar,
HPLC/DAD  (Agilent 1100,  Amerika)
kullanilarak saptanmistir. Kolon olarak Hamilton
PRP-X100 (5 umx150X4.6mm, Amerika)
kullandmus ve akis hizt 2 ml/dk’ ya ayarlanmistir.
Nitrit standardi ile kurve hazirlanmis ve sonuglar
mg/kg olarak verilmistir (NMKL 165, 2000).

Duyusal analiz

Orneklerin duyusal degerlendirmesi, 20 yari
egitimli panelist (10 erkek, 10 kadin) ile
laboratuvar  paneli uygulanarak  yapidmistr.
Ornekler tat, koku, renk, tekstiir ve genel kabul
edilebilirlik 6zellikleri yéntinden 9 noktalt hedonik
tip skala kullanilarak degerlendirilmistir.

Nitrozamin analizi

10 g ornege 0.1 M NaOH ilave edilmis ve
sonifikasyon islemi uygulandiktan sonra metanol
ilave edilerek homojenize edilmistir. Ornekler
santrifijlendikten (4°C’de 10000 rpm) sonra filtre
(Whatman GF/C glass microfiber filters,
Ingiltere) edilmistir. Elde edilen ekstrakta %20’lik
Na(l ilave edilerek ChemElut kolona (Agilent

ChemFElut, 20 ml,  Unbuffered,
aktarilmistir. Diklorometan ilavesinden

ABD) edilmistir. Nitrozamin  seviyesi

Sonuglar

(Wang  vd.,

verilmistir.

2015).

Analizin validasyonu her seviyede altt tekrar
olacak sckilde farkli oranlarda (0.5- 20ug/L)
standart ilave edilerek gerceklestirilmistir. N-
Nitrosodimetilamin (NDMA, LOD = 0.32, LOQ
= 0.97), N-Nitrosodietilamin (NDEA, LOD =
1.12), N-Nitrosometiletilamin
(NMEA, LOD = 0.39, LOQ = 1.21), N-
Nitrosopirolidin (NPYR, LOD = 0.31, LOQ =
1.13), N-Nitrosodipropilamin (NDPA, LOD =
0.45, LOQ = 1.37), N-Nitrosopiperidine (NPIP,
N-
Nitrosodibutilamin (NDBA, LOD = 0.38, LOQ
= 1.14) icin LOD ve LOQ degetleri belirlenmistir.

037, LOQ =

LOD = 032, LOQ = 098 ve

Lstatistiki analizler

Arastirmada U¢ farkli muamele (sentetik nitrit
(150 mg/kg NaNOy), sentetik nitrit (75 mg/kg
NaNO;) + pazt tozu (75 mg/kg NaNO:'ye
esdeger) ve pazi tozu (150 mg/kg NaNOx’ye es
deger)) esas alinmis ve denemeler sansa bagli tam
bloklar deneme planina uygun olarak t¢ tekerriirlii
analiz
sonugclarinin degerlendirilmesinde hem muamele
dikkate
alinmistir. Sonuglara varyans analizi ve Duncan
coklu karsilastirma testi uygulanmistir (SPSS 24,
Chicago, ABD). Ayrica muamele ve pisirme siiresi
arasindaki iliski temel bilesen analizi ile de
software,

olarak gerceklestirilmistir. Nitrozamin

hem de pisirme seviyesi faktorleri

degerlendirilmistir  (Unscrambler
CAMO, version 10.1, Notveg).

ABD)
sonra
karisim Kuderna Danish diizenegi ile 1 ml’ye
konsantre edilmis ve azot altinda 40 °C’de
evapore (Organomation, Nitrogen Evaporator,
gaz
kromotografisi/kutle spektrometresi (GC/MS,
Agilent 6890N/Agilent 5973, ABD) kullanilarak
belirlenmistir. Sistemde tastyict gaz olarak helyum
gaz1, kolon olarak DB-5MS (30m x 0.25mm x
0.25um, Agilent) kullanilmis ve SIM modunda
caligtimistir. Firin sicakligs 50 °C’den baslatilmig
ve kademeli olarak 250 °Clye ¢ikarilmistr.
Tanimlamada nitrozamin standardt (EPA 521
Nitrosamine Mix, Supelco, ABD) kullanilmustir
wg/kg olarak
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BULGULAR VE TARTISMA
Mikrobiyolojik ve fizikokimyasal 6zellikler
Kirleme ajant olarak biyoddnistiirilmis pazt
tozu kullanimmin sl islem gérmis sucugun
mikrobiyolojik ve fizikokimyasal Szelliklere etkisi
Cizelge 1’de gosterilmistir. Arastirmada laktik
starter kultir olarak Latilactobacillus sakei S15
kullandmigtir. Fermantasyon asamasindan sonra
uygulanan 64 °C’lik i¢ sicakliktan dolayr son
urtiinde laktik asit bakteri sayist 2-3 log kob/g
arasinda degisim gOstermistir. Isil islem gbrmiis
sucukta, Uretimde uygulanan i¢ sicakliga bagl
olarak son uriindeki laktik asit bakteri sayist
degiskenlik gosterebilmektedir (Armutgu  vd.,
2020; Yimaz Oral ve Kaban, 2021; Cakir vd.,
2013). Paz1 tozu kullaniminin ise laktik asit bakteri
sayist Uzerinde Onemli bir etkisi olmamistir
(Gizelge 1). Teknolojik agidan 6nem arz eden
diger bir mikroorganizma grubu

mikrokok/stafilokoklarin sayist da pazt tozu
kullantimindan etkilenmemigtir. Uygulanan 1sil
islemden dolay1 gruplarda 3 log kob/g diizeyinde
Micrococeus/ Staphylococens belitrlenmistir (Cizelge 1).
Isil islem gormus sucukta mikrokok/stafilokok
sayist da laktik asit bakterilerinde oldugu gibi
uygulanan 1sil islem kosullarina bagli olarak
degisiklik gosterebilmektedir (Armutgu vd., 2020).
Kontrol grubu (SN) ile paz1 tozu igeren gruplarin
(SN+PT  ve PT)  Enterobacteriaceae  sayisi
saptanabilir sinirin altinda (< 2 log kob/g)
bulunmugstur. Fermantasyon asamasindaki pH
diigtisti ve fermantasyondan sonra uygulanan 1sil
islem  asamasi, bu  mikroorganizmalarin
inaktivasyonunda  6nemli engel etkenlerdir
(Licke, 1985; Kaya ve Kaban, 2019; Yilmaz Oral
ve Kaban, 2021).

Cizelge 1. Kiirleme ajani olarak pazi tozu kullaniminin 1s1l islem g6érmiis sucugun mikrobiyolojik ve
tizikokimyasal 6zelliklerine etkisi
Table 1. The effect of using swiss chard powder as a curing agent on the microbiological and physicochemical properties

of heat-treated sucnk
Muamele  Laktik asit -
Treatment bakteri Kalinti nitrit
rearmen 221 N Micrococeus/ TBARS miktart
ko‘t()) ;gg) Staphylococens pH Ay (umol (mg/kg)
T activ ooid (log kob/g) MDA /kg) . szdﬂa/
. nitrite amount
bacteria
SN- 3.07£0.30a 3.22+0.20a  4.80x0.04b  0.929%+0.002a 7.60x0.76b  9.85*1.38a
Kontrol
SN+PT 2.80%£0.53a 3.07£0.35a 4.87%£0.05ab  0.925+0.002ab  7.65x0.25b  9.20%0.37a
PT 3.33+0.35a 3.42%+0.55a 4.96x0.07a  0.921£0.003b  8.80*0.27a  8.50%0.66a
P degeri > 0.05 > 0.05 <0.05* <0.05* <0.05% >0.05
P value

SN-Kontrol: 150 mg/kg sentetik sodyum nitrit, SN+PT: 75 mg/kg sentetik sodyum nitrit + 75 mg/kg sentetik
sodyum nitrite e deger pazi tozu, PT: 150 mg/kg sentetik sodyum nitrite es deger pazt tozu

SN-Control: 150 mg/ kg synthetic sodinm nitrite, SN+PT: 75 mg/ kg synthetic sodium nitrite + 75 mg/ kg synthetic sodinm nitrite
equivalent swiss chard powder, PT: 150 mg/ kg synthetic sodinm nitrite equivalent swiss chard powder

Isil islem g6rmis sucuk gruplarinin pH degeri
tzerinde, pazt tozu kullanimi P < 0.05 diizeyinde
etki gostermistir. En yitksek ortalama pH degeri
PT grubunda belirlenmistir (Cizelge 1). Paz1 tozu
miktar1 artttkga pH degerinin artis gOsterdigi,
Oztiirk  Kerimoglu  ve  Serdaroglu  (2020)
tarafindan da rapor edilmistir. Kirleme ajant
olarak kereviz tozunun kullaniddigr sl islem

gbrmis sucuk tizerinde ylritiilen bir calismada da
kereviz tozu iceren 6rneklerin daha ytksek bir pH
degeri verdigi bildirilmistir (Yilmaz Oral, 2022).
Isd islem g6rmiis sucukta fermantasyon
asamasinda pH  genellikle 530Un  altina
dusmektedir (Armutcu vd., 2020; Cakir vd., 2013).
Mevcut bu aragtirmada 24°Clik  baslangic
fermantasyon sicakligindan dolayt son urtindeki
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pH degeri 5.0’in altinda bulunmustur. Isi islem
gbrmis sucuk gibi yari-kuru fermente sosisler
grubunda, su aktivitesi degeri 0.900-0.950
arasinda degisim gosterebilmektedir (Caplice ve
Fitzgerald, 1999; Kaya ve Kaban, 2019). Bu
aragtirmada tim muamele gruplarinda a,, degeri
0.930’un altnda tespit edilmistir. Pazt tozu
kullanimt su aktivitesinde az da olsa bir distse
neden olmus ve en disiik ortalama degere sahip
olan PT grubu, istatistiki acidan kontrol
grubundan farkliik gdstermistir (Cizelge 1). Bu
sonu¢ muhtemelen pazt tozunun su tutma
kapasitesinden ileri gelmektedir.

Lipid oksidasyonun derecesi hakkinda bilgi veren
TBARS degeri, sentetik nitrit kullanilmayan PT
grubunda en yitksek degeri vermistir. Kontrol
grubu (150 mg/kg sentetik sodyum nitrit) ile
SN+PT grubu (75 mg/kg sentetik sodyum nitrit
+ 75 mg/kg sentetik sodyum nitrite es deger pazi
tozu) arasinda ise TBARS degeri agisindan 6nemli
bir farklilik gériilmemistir (Cizelgel). Kiir edilmis
et Urunlerine ilave edilen sentetik nitrit,
antioksidan aktivitesi ile lipid oksidasyonunun
geciktirilmesi / engellenmesinde etkili olmaktadir
(Honikel, 2008). Mevcut bu arastirmada
belitlenen sonuglara benzer sekilde nitrit kaynagt
olarak biyodonistirilmis —kereviz
jambon (Sindelar vd., 2007) ve 1s1 islem gérmiis
sucukta (Yilmaz Oral, 2022) da TBARS degerinde
artisa neden oldugu bildirilmistir. Diger taraftan

tozunun,

Eyiler ve Oztan (2011) da frankfurterler {izerinde
yaptiklart aragtirmada sentetik nitrit seviyesi
diigtilkce lipid oksidasyonunun arttigini tespit

etmislerdir.

Mevcut bu arastirmada 6rneklerin kalint1 nitrit
seviyesi, pazt tozu kullanimindan etkilenmemistir.
Tum gruplarda 10 mg/kg’in altinda kalinti nitrit
seviyesi tespit edilmistir (Cizelge 1). Arastirmada
starter olarak kullanilan laktik asit bakteri susunun

neden oldugu asitlesmenin, nitritin
parcalanmasini  hizlandirdigr  diistintilmektedir
(Sallan vd., 2023).

Duyusal parametreler

Tiketici icin 6nemli bir kriter olan renk Gzerinde
etkisi
olmamistir (Cizelge 2). Et trinlerinde nitritin
kullanim oraninin 40-50 mg/kg seviyesine kadar
dusirilmesinin hem renk hem de kiir lezzetinin
olusumu icin yeterli oldugu ifade edilmektedir
Diger taraftan
calismada tekstiir ve koku tzerinde de pazi
tozunun etkisi gérilmemistir. Tat puant ise pazi
artis
gOstermistir.  Ancak genel kabul edilebilirlik
acisindan en yiksek ortalama deger sadece paz
tozunun kullanildigt PT grubunda belirlenmistir

pazt tozu kullaniminin  Snemli  bir

(Sebranek ve Bacus, 2007).

tozu kullanim oranina olarak

baglt

(Gizelge 2).

Cizelge 2. Kiirleme ajani olarak pazi tozu kullaniminin 1s1l islem gérmiis sucugun duyusal
ozelliklerine etkisi
Table 2. Effect of using swiss chard powder as curing agent on sensory properties of heat-treated sucuk

Muamele Renk Tekstlur Tat Koku Gepel k a b.ul
edilebilirlik

Treatment Color Texture Taste Odor .

Overall acceptability

SN-Kontrol 7.2710.32a 7.40+1.01a  7.23%£0.25¢  7.23*0.31a 7.03+0.15b

SN+PT 7.4710.55a 7.73+0.50a  7.46+0.23b  7.40%0.36a 7.20+0.20b

PT 7.501+0.10a 7.65+0.48a  7.80%£0.20a  7.97%0.45a 7.8010.20a

P degeri > 0.05 > 0.05 < 0.01%* > 0.05 < 0.05*

P value

SN-Kontrol: 150 mg/kg sentetik sodyum nitrit, SN+PT: 75 mg/kg sentetik sodyum nitrit + 75 mg/kg sentetik

sodyum nitrite e deger pazi tozu, PT: 150 mg/kg sentetik sodyum nitrite es deger pazt tozu

SIN-Control: 150 mg/ kg synthetic sodinm nitrite, SN+PT: 75 mg/ kg synthetic sodium nitrite + 75 mg/ kg synthetic sodinm nitrite

equivalent swiss chard powder, PT: 150 mg/ kg synthetic sodium nitrite equivalent swiss chard powder
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Nitrozaminler

Arastirmada  1s1l islem g6rmis sucugun N-
nitrozodimetilamin (NDMA), N-
nitrozodietilamin ~ (NDEA) ve  N-

nitrozopiperidin - (NPIP) icerigi Cizelge 3’de

verilmistir. Orneklerin  N-nitrozometiletilamin
(NMEA), N-nitrozopirrolidin -~ (NPYR), N-
nitrozodipropilamin (NDPA) ve N-

nitrozodibutilamin (NDBA) igerikleri ise LOD
degerlerinin altinda tespit edilmistir. Belirlenen

her ti¢ nitrozamin de pazt tozu kullanimindan
etkilenmemistir (Cizelge 3). Benzer sekilde Yilmaz
Oral (2022) de kiirleme ajant olarak kereviz tozu
kullaniminin  NDMA ve NDEA seviyeleri
tzerinde 6nemli bir etkisinin olmadifini tespit
etmistir. Buna karsin kereviz tozu kaynaklt nitrit
seviyesi arttikca NPIP seviyesinin arttig1 ve hatta
bu artisin pisirme stresinin ilerlemesi ile daha da
belirginlestigi bilditilmistir (Yilmaz Oral, 2022).

Cizelge 3. Kurleme ajant olarak pazi tozu kullaniminin ve pisirme stresinin 1sil islem gérmiis
sucugun nitrozamin icerigine etkisi (ug/kg)
Table 3. Effect of using swiss chard powder as curing agent and cooking time on nitrosamine content of heat-treated

sansage (ug/ kg)
Muamele (M)
Tretament (T) NDMA NDEA NPIP
SN-Kontrol 1.2240.36a 1.20£0.42a 1.30£0.39a
SN+PT 1.17£0.35a 1.10£0.49a 1.25%0.43a
PT 1.3440.37a 1.2740.39a 1.45£0.44a
P degeri > 0.05 > 0.05 > 0.05
P valne
Pisirme stresi (PS) (dk)
Cooking time (CT)(min)
0 0.8240.15¢ 0.6610.15¢ 0.8910.25b
1 1.33%0.16b 1.32%0.13b 1.43%0.20a
3 1.5740.18a 1.5940.152a 1.68£0.30a
P degerl <0.01%* <0.01%* <0.01%
P valne
MxPS interaksiyonu
TxCT interaction = 0.05 > 0.05 = 005

SN-Kontrol: 150 mg/kg sentetik sodyum nitrit, SN+PT: 75 mg/kg sentetik sodyum nitrit + 75 mg/kg sentetik
sodyum nitrite es deger pazt tozu, PT: 150 mg/kg sentetik sodyum nitrite es deger pazt tozu

SIN-Control: 150 mg/ kg synthetic sodium nitrite, SN+PT: 75 mg/ kg synthetic sodinm nitrite + 75 mg/ kg synthetic sodinm nitrite
equivalent swiss chard powder, PT: 150 mg/ kg synthetic sodium nitrite equivalent swiss chard powder

Fermente sosislerde en yaygin belirlenen
nitrozamin NDMA olup bu arastirmada pisirme
islemine tabi tutulmamis o6rneklerde 0.82+0.15
ug/kg  dizeyinde  belitlenmistir. NDMA,
sekonder bir amin olan dimetilamin ile
nitrozasyon ajani arasinda gerceklesen reaksiyon
ile olusmaktadir. NDMA’nin diger bir 6nciil
maddesi ise putresindir (Sallan vd., 2023).
Fermente sosislerde yaygin olarak belirlenen
nitrozaminlerden biri olan NDMA'nin seviyesi
olduk¢a degiskenlik gostermektedir. Piyasadan
temin edilen 1s1l islem gérmiis sucuk 6rneklerinde
NDMA  seviyesi 1.71-3.57 pg/kg arasinda
degismistir (Kaban vd., 2022). Ozel vd. (2010) ise
en yiuksek NDMA icerigini 0.78 pg/kg olarak

bildirmislerdir. Salami olarak adlandirllan kuru
fermente bir sosis cesidinde ise ortalama NDMA
iceriginin 0.84 pg/kg oldugu tespit edilmistir
(Yurkencho ve Molder, 2007). Kizilkaya vd.
(2023) maksimum NDMA icerigini sucukta 0.81
pg/kg olarak rapor etmislerdir. Uluslararast
Kanser Aragtirmalart  Ajanst  (IARC, 2000)
tarafindan insan icin olast (Grup 2A) kanserojenik
bilesikler icerisinde yer alan diger bir nitrozamin
olan. NDEA (IARC, 2020), pazt tozu
kullantimindan etkilenmemis ve ¢ig Orneklerde
ortalama NDEA icerigi 0.66£0.15 pg/kg olarak
belitlenmistir (Cizelge 3). Ozel vd. (2010) da
sucukta NDEA iceriginin  0.10-0.95 pg/kg
arasinda degistigini tespit etmislerdir. Calismada
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belirlenen bir diger nitrozamin olan NPIP, IARC
(2020)  tarafindan muhtemel (Grup 2B)
kanserojenik bilesikler arasinda
siniflandirilmaktadir. Bu nitrozamin de pazt tozu
kullanimindan etkilenmemistir (Cizelge 3). Pek
cok fermente sosis ¢esidinin formiilasyonunda yer
alan karabiber, piperin ve piperidin icermesi
nedeniyle NPIP olusumunda 6nemli rol
oynamaktadir (De Mey vd., 2017). Sucukta
maksimum NPIP seviyesi, Kizilkaya vd. (2023)
tarafindan 0.95 ug/kg, Ozel vd. (2010) tarafindan
ise 2.71 pg/kg olarak belitlenmigtir. Isil islem
gbrmis sucukta ise daha yiiksek degerler rapor
edilmistir (Kaban vd., 2022).

Isil islem g6rmis sucukta pisirme siiresi arttikea
NDMA ve NDEA icerikleri artis gOstermistir.
NPIP igerigi ise 1sil islem uygulamast ile artmuis
ancak 1 ve 3 dakikalik 1s1l islem stresi a¢sindan
istatistiki bir farklilik belirlenmemistir (Cizelge 3).
Nitrozamin olusumunda pisirme sicakhigt ve
siresi oldukca Onemli faktorlerdir. Pisirmenin
etkinligi artttk¢a nitrozaminlerin seviyesi artig
gostermektedir. Sucuk ve 1sil islem g6rmis
sucukta pisirme siire veya pisirme yogunlugu
arttkca  nitrozamin seviyesinin arttg diger
arastirmalarda da ortaya konulmustur (Sallan vd.,
2019; 2020; Kizilkaya vd., 2023; Yimaz Oral,
2022)

Mevcut bu arastirmada pazt tozunun nitrozamin
olusumuna etkisi olmadigs gibi paz1 tozu kullanim1

bulunmamustir (Cizelge 3). Bu sonug, pisirme
sirasinda da pazt tozunun O6nemli bir etkisinin
olmadigini gostermektedir. Nitrozamin
olusumunda pisirme yontemi de Onemli bir
faktordiir. Ulkemizde sucuk ve 1sil islem goérmiis
sucuk, titketim aliskanliklarindan dolay1 genellikle
1zgara ve mangalda pisirme gibi kuru sicaklik
uygulamalarina tabi tutulmaktadir. Bu arastirma
sonuglarindan da gbruldigi tzere pisirme ile
nitrozamin seviyesi 6nemli artislar
gosterebilmektedir.  Nitrozamin — olusumunda
kullanilan nitrit seviyesinin yani sira kalintt nitrit
seviyesi de Onemli bir faktérdir. Mevcut bu
calismada tim gruplara ait kalintt nitrit miktarlar
arasinda da 6nemli bir farklilik belitflenmemistir

(Cizelge 1).

Sekil 1’de muamele gruplart ile nitrozaminler
arasindaki iliski temel Dbilesen analizi ile
degerlendirilmistir. Tlk iki temel bilesen (PC-1
%97 ve PC-2 9%3), wvaryansin %100’unu
saglamistir.  Pisirilmemis  gruplar  (SN-0dk,
SN+PT-0dk ve PT-0dk) PC1’in negatif tarafinda
yer alirken, 1 ve 3 dakika siire ile pisirilmis gruplar
PCP’in porzitif tarafinda yer almistir. Diger bir
ifade ile PC1, pisirilmis ve pisirilmemis gruplar
birbirinden ayirmustir. Ayrica 1sil islem uygulanmus
ornekler NDMA, NDEA ve NPIP ile daha yakin
bir korelasyon gostermistir. Bu sonuglar, pisirme
stiresi ile nitrozamin seviyelerinin daha yakin
iligkili oldugunu géstermektedir.

X pisirme sliresi interaksiyonu da Onemli
Scores
0,3
NDEA
1 BN-1dk
0.2 .
YN+PT-1dk
L SN+PT-0dk .
3 . PSS 3k
< 0 SN-0dk I:S>"|§l:r“( .§Q
(\Il 3
S .
o
-0,1 PT-0dk NPIpP PT-3dk
02 ] NDMA
_0,3 5

-2 -1

(6} 1 2

PC-1 (97%)

Sekil 1. Muamele gruplart ve nitrozaminler arasindaki iligkinin temel bilesen analizi
Figure 1. Principal component analysis of the relationship between treatment groups and nitrosamines
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SONUC

Turkiye pazarinda 6nemli bir yere sahip olan 1sil
islem gbrmils sucugun Uretiminde kiirleme ajant
olarak 150 mg/kg dizeyinde kullanilan sentetik
sodyum nitritin yerine pazt tozunun tek basina
veya sentetik nitrit ile birlikte (1:1) kullaniminin
teknolojik acidan 6nem arz eden laktik asit
baktetileti ve Micrococcus/ Staphylococcus sayisinda
O6nemli bir etkisinin olmadigi belirlenmistir. Pazt
tozundan  kaynaklanan pH ve TBARS
degerlerindeki  farkliliklar Ozelliklerini
olumsuz yonde etkileyecek seviyede olmamis ve
hatta bazt duyusal G&zellikler olumlu yénde
etkilenmistir.  Ayrica  nitrozamin  olusumu
acisindan 6nemli bir faktor olan kalinti nitrit
seviyesinde de pazi tozu kullanimi bir farklihiga
neden olmamistir. Pazi tozu, 1si islem gérmis
sucugun nitrozamin igerigini de etkilememistir.
Nitrozamin agisindan en 6nemli faktérin hem
sentetik nitrit hem de pazi tozu mevcudiyetinde
pisirme siresi oldugu tespit edilmistir. Sonu¢
olarak titkketime hazir bir et Griind olan 1sil islem
gormils  sucugun  pisirilerek  tiiketilmesinin
nitrozamin riskini artirdigi ve bundan dolay1 bu
triinlerin ilave bir pisirme olmadan ¢ig olarak
tiketilmesinin ~ halk  saghgimin  korunmast
acisindan gerekli oldugu kanaatine varilmigtir.

urun

CIKAR CATISMASI
Yazarin, bagka kisiler ve/veya kurumlar ile cikar
catismast bulunmamaktadir.

TESEKKUR

Bu calismanin  gergeklestirilmesinde verdikleri
desteklerden dolayt Atatiirk Universitesi Gida
Analiz Laboratuvarlart  Koordinatérligine
tesekkir ederim.

KAYNAKLAR

Armutcu, U., Hazar, F.Y., Yimaz Oral, Z.F.,
Kaban, G., Kaya, M. (2020). Effects of different
internal temperature applications on quality
properties of heat-treated sucuk during
production. Journal Food Processing and Preservation,

44(6):¢14455, doi.org/10.1111/jfpp.14455.

Ata, S. (2010). Biyolojik, gida ve gevre
orneklerindeki nitrit, nitrat, sekonder amin ve

nitrozaminler. Doktora Tezi, Fen Bilimleri

Enstitiisii, Karaelmas Universitesi, Zonguldak,
Turkiye.

Babaoglu, A.S. (2020). Kurutulmus bazt sebze
tozlarinin fermente sucuk Uretiminde alternatif
kiirleme ajant olarak kullanilabilme imkanlari.
Selcuk Universitesi Fen Bilimleri Enstitiisi,
Doktora Tezi, Konya, Tirkiye, 193 s.

Baumgart, J., Eingener, V., Firnhaber, ],
Hildebrant,G., Reenen Hoekstra, E.S., Samson,
R.A., Spicher, G., Timm, F., Yarrow, D.,
Zschaler, R. (1993). Mikrobilogische Unterschung

von Lebensmitteln. (3., aktualisierte und
erw.Aufl.), Hamburg, Germany.
Caplice, E., Fitzgerald, G.F. (1999). Food

fermentations: Role of microorganisms in food
production and preservation. International Jonrnal of
Food  Microbiology, 50  (1-2):  131- 149,
doi.org/10.1016/50168-1605(99)00082-3.

Cakir, M.A., Kaya, M., Kaban, G. (2013). Effect
of heat treatment on the volatile compound
profile and other qualitative properties of sucuk.
Fleischwirtschaft International, 5: 69- 74.

Deda, M.S., Bloukas, J.G., Fista, G.A. (2007).
Effect of tomato paste and nitrite level on
processing and quality characteristics of
frankfurters. Meat Science, 76 (3): 501-508,
doi.org/10.1016/j.meatsci.2007.01.004.

De Mey, E., De Klerck, K., De Maere, H.,,
Dewulf, L., Derdelinckx, G., Peeters, M.C,,
Fraeye, 1., Heyden, Y.V., Paelinck, H. (2014). The
occurance of N-nitrosamines, residual nitrite and
biogenic amines in commercial dry fermented
sausages and evaluation of their occasional
relation. Meat Science, 96: 821-828,
doi.org/10.1016/j.meatsci.2013.09.010.

De Mey, E., De Maere, H., Paclinck H., Fraeye, 1.
(2017). Volatile N-nitrosamines in meat products:
Potential precursors, influence of processing, and
mitigation strategies. Critical Reviews in Food Science
and Nutrition, 57(13): 2909-2923,
doi.org/10.1080/10408398.2015.1078769.

Doolaege, E.H.A., Vossen, E., Raes, K,
Meulenaer, B.D., Verhe, R., Paelinck, H., De
Smet, S. (2012). Effect of rosemary extract dose
on lipid oxidation, color stability and antioxidant


https://doi.org/10.1111/jfpp.14455
https://doi.org/10.1016/S0168-1605(99)00082-3
https://doi.org/10.1016/j.meatsci.2013.09.010
https://doi.org/10.1080/10408398.2015.1078769

Isil islem gérmis sucuk tretiminde pazi tozu

concentrations, in reduced nitrite liver pates. Meat
Science, 90 (4): 925-931, doi.org/10.1016/
j.meatsci.2011.11.034.

Byiler, E., Oztan, A. (2011). Production of
frankfurters with tomato powder as a natural
additive. LWT - Food Science and Technology, 44 (1):
307-311, doi.org/10.1016/.Iwt.2010.07.004.

Gokalp, H.Y., Kaya, M. Tilek Y., Zorba, O.
(2010). Et ve urunlerinde kalite kontroli ve
laboratuar uygulama kilavuzu. Atatiirk Univ.
Yayin No:751, Ziraat Fak. Ofset Tesisi, Erzurum.

Gokalp, H.Y., Kaya, M., Zotba, O. (2015). Ez
Uriinleri Isleme Miihendisligi. Atatiirk Universitesi
Yayin No:786, Ziraat Fakiltesi Ofset Tesisi,
Erzurum.

Honikel, K.O. (2008). The use and control of
nitrate and nitrite for the processing of meat
products. Meat  Science, 78:68-76, doi.org/
10.1016/j.meatsci.2007.05.030.

Herrmann, S.S., Duedahl-Olesen, L., Granby, K.
(2015). Occutrence of volatile and nonvolatile N-
nitrosamines in processed meat products and role
of heat treatment. Food Control, 48:163-169,
doi.org/10.1016/j.foodcont.2014.05.030.

Horsch, A.M., Sebranek, ].G., Dickson, J.S.,
Niebuhr, S.E., Larson, E.M., Lavieri, N.A.,,
Wilson, L.A. (2014). The effect of pH and nitrite
concentration on the antimicrobial impact of
celery juice concentrate compared with
conventional  sodium  nitrite on  Listeria
monocytogenes. Meat Science, 96 (1): 400-407, doi.org/
10.1016/j.meatsci.2013.07.036.

Hwang, K.E., Choi, Y.S., Song, D.H., Kim, Y.J.,
Ham, Y.K, Jeong, ].Y., Kim, C.J. (2016). Use of
swiss chard extracts and starter culture as a natural
nitrite in cooked pork patty. 62nd International
Congress of Meat Science and Technology, 14-
19th August 2016, Bangkok, Thailand, 1-3 pp.

IARC, International Agency for Research on
Cancer (2020) Agents Classifed by the IARC
Monographs, Volumes 1-128 (erisim tarihi:
02.12.2022).

Jo, K., Lee, S., Yong, H.I., Choi, Y.S., Jung, S.
(2020). Nitrite sources for cured meat products.

LWT-Food Science and Technology, 129: 109583,
doi.org/10.1016/.Iwt.2020.109583.

Kaban, G., Kaya, M. (2008). Identification of
lactic acid bacteria and Gram- positive catalase-
positive cocci isolated from naturally fermented
sausage (sucuk). Journal of Food Science, 73 (8): 385-
388, doi: 10.1111/§.1750-3841.2008.00906.x.

Kaban, G., Polat, Z., Sallan, S., Kaya, M. (2022).
The occurrence of volatile N-nitrosamines in
heat-treated sucuk in relation to pH, aw and
residual nitrite. Journal of Food Science and Technology,
59 (5):1748-1755, doi.org/10.1007/s13197-021-
05186-2.

Kaya, M., Gilluce, M., Kaban, G., Cinar, K,
Karaday1, M., Bozoglu, C., Sayin, B., Alaylar, B.
(2015). Geleneksel sucuklardan izole edilen laktik
asit bakteri ve koagilaz negatif stafilokok
suslarinin starter kiltiir olarak kullanim imkanlari.
TAGEM-13/ARGE/7, Gida Tarim  ve
Hayvancilik Bakanlig1, Ankara.

Kaya, M. ve Kaban, M. 2019. Fermente et
trtnleri. In: Guda Biyoteknolojisi. N. Aaran (Ed),
$s.157- 195, 7. Basim, ISBN: 978-605-133-134-8,
Nobel Yayincilik, Istanbul.

Kizilkaya, M. F., Oral, Z. F. Y., Sallan, S., Kaban,
G., Kaya, M. (2023). Volatile nitrosamines in a
dry fermented sausage "sucuk": Occurrence and

effect of cooking on their formation. Journal of

Food  Composition — and ~ Analysis, 119:
doi.org/10.1016/j.jfca.2023.105284.

Kim, T.K, Hwang, K.E., Song, D.H., Ham, Y.K.,
Kim, Y.B, Paik, H.D., Choi, Y.S. (2019). Effect of
natural nitrite source from Swiss chard on quality
characteristics of cured pork loin. _Asian-
Australasian of Animal Sciences, 32(12):1933-1941,
doi.org/10.5713/2jas.19.0117.

Lemon, D.W. (1975). An improved TBA test for
ransidity New Series Circular No:51, Halifax
Laboratory, Halifax, Nova Scotia.

Licke, F.K. (1985). Microbiologische Vorgange
bei der Herstellung von Rohwurst und
Rohschinken. In: Microbiologie un Qualitat von
Rohwurst und Rohschinken. Bundesanstalt fir
Fleischforschung, Kulmbach, 85-102, Germany.

105284,

1045


https://doi.org/10.1016/j.lwt.2010.07.004
https://doi.org/10.1016/j.meatsci.2007.05.030
https://doi.org/10.1016/j.meatsci.2007.05.030
https://doi.org/10.1016/j.foodcont.2014.05.030
https://doi.org/10.1016/j.lwt.2020.109583
https://doi.org/10.1016/j.jfca.2023.105284
https://doi.org/10.5713%2Fajas.19.0117

1046

Z.F. Yilmaz Oral

NMKL (2000). Nordic Committee of Food
Analysis. Nitrite and nitrate in foodstuffs by ion
chromatography, no 165.

Ozel, M.Z., Gégis, F., Yagci, S., Hamilton, J.F.,
Lewis, A.C. (2010). Determination of volatile
nitrosamines in various meat products using
comprehensive gas chromatography— nitrogen
chemiluminescence detection. Food Chemical and
Toxicology, 48 (11): 3268- 3273,
doi.org/10.1016/j.£ct.2010.08.036.

Oztiirk Kerimoglu, B., Serdaroglu, M. (2020).
Residual nitrite content of heat-treated sucuk as
affected by chard powder incorporation and
processing.  Guda, 45(4): 825 — 835,
doi.org/10.15237 /gida. GD20064.

Rywotycki, R. (1998). The concentration of
nitrosamines in pasterurized beef ham as

influenced by heat treatment and functional
additives. Medycyna Weterynaryina, 54(8): 554-557.

Rywotycki R. (2007). The effect of baking of
various kinds of raw meat from different animal
species and meat with functional additives on
nitrosamine contamination level. Food Chemistry,

101 2): 540-548.
doi.org/10.1016/j.foodchem.2006.02.012.
Sallan, S., Kaban, G., Kaya, M. (2019).

Nitrosamines in sucuk: Effects of black pepper,
sodium ascorbate and cooking level. Food
Chenistry, 288: 341-340, doi:
10.1016/j.foodchem.2019.02.129.

Sallan, S., Kaban, G., Sisik Ogras, S., Celik, M.,
Kaya, M. (2020). Nitrosamine formation in a
semi-dry fermented sausage: Effects of nitrite,
ascorbate and starter culture and role of cooking.
Meat  Science, 159: 1-7.  doi.org/10.1016/
j.meatsci.2019.107917.

Sebranek, J.G. and Bacus, J.N. (2007). Cured meat
products without direct addition of nitrate or
nitrite: what are the issues? Meat Science, 77 (1):
136-147, doi.org/10.1016/j.meatsci.2007.03.025.

Shin, D.M., Hwang, K.E., Lee, C.W., Kim, T.K,,
Park, Y.S., Han, S.G. (2017). Effect of Swiss
chard (Beta vulgaris var. cicla) as nitrite replacement

on color stability and shelf-life of cooked pork
patties during refrigerated storage. Korean Journal
Jfor Food Science of Animal Resonrces, 37(3): 418-428,
doi: 10.5851/kosfa.2017.37.3.418.

Sindelar, J.J., Cordray, J.C., Sebranek, J.G., Love,
J.A., Ahn, D.U. (2007). Effects of varying levels
of vegetable juice powder and incubation time on
color, residual nitrate and nitrite, pigment, pH,
and trained sensory attributes of ready-to-eat
uncured ham. Journal of Food Science, 72 (6): 388-
395, doi.org/10.1111/j.1750-3841.2007.00404.x.

Sucu, C., Yildiz Turp, G. (2018). The investigation
of the use of beetroot powder in Turkish
fermented beef sausage (sucuk) as nitrite
alternative. Meat Science, 140: 158-166, doi.org/
10.1016/j.meatsci.2018.03.012.

Vanga, S.K. Singh, A., Raghavan, V. (2017).
Review of conventional and novel food
processing methods on food allergens. Critical
Reviews in Food Science and Nutrition, 57: 2077-2094.
doi.org/ 10.1080/10408398.2015.1045965.

Yilmaz Oral, Z. F., Kaban, G. (2021). Effects of
autochthonous strains on volatile compounds and
technological properties of heat-treated sucuk.
Food  Bioscience, 43: 101140. doi.org/10.1016/
j.fbio.2021.101140.

Yimaz Oral, Z.F. (2022). Kereviz
kullaniminin 1s1l islem gérmis sucukta nitrozamin
olusumuna ve urin Gzelliklerine etkisi. Doktora
Tezi, Fen Bilimleri Enstitist,  Atatirk
Universitesi, Erzurum, Tiirkiye, 94s.

Yurcenko, S., Mélder, U. (2007). The occurance
of volatile N-nitrosamines in Eastonian meat
products.  Food — Chemistry, 100: 1713-1721,
doi.org/10.1016/j.foodchem.2005.10.017.

Wang, Y., Li, F., Zhuang, H., Chen, X,, Li, L.,
Qiao, W., Zhang, J. (2015). Effects of plant
polyphenols and a-tocopherol on lipid oxidation,
residual nitrites, biogenic amines and N-
nitrosamines formation during ripening and
storage of dry-cured bacon. LW T-Food Science and
Technology, 60:199-206. doi.org/10.1016/
jlwt.2014.09.022.

tozu


https://doi.org/10.1016/j.fct.2010.08.036
https://doi.org/10.15237/gida.GD20064
https://doi.org/10.1016/j.foodchem.2006.02.012
https://doi.org/10.1016/j.meatsci.2019.107917
https://doi.org/10.1016/j.meatsci.2019.107917
https://doi.org/10.1016/j.meatsci.2007.03.025
https://doi.org/10.1111/j.1750-3841.2007.00404.x
https://doi.org/10.1080/10408398.2015.1045965
https://doi.org/10.1016/j.fbio.2021.101140
https://doi.org/10.1016/j.fbio.2021.101140
https://doi.org/10.1016/j.foodchem.2005.10.017
https://doi.org/10.1016/j.lwt.2014.09.022
https://doi.org/10.1016/j.lwt.2014.09.022

Aragtirma / Research
GIDA (2023) 48 (5) 1047-1059
doi: 10.15237/¢gida.GD23085

DOGAL BIiYOAKTIF SEBZE OZUTLERININ BEZE OZELLIKLERINE ETKISi

Mehmet Guldane®, Tuba Yagmur, Hande Cetin

Sakarya Uygulamali Bilimler Universitesi, Pamukova Meslek Yiiksekokulu, Kimya ve Kimyasal Isleme
Teknolojileri Bolumd, Sakarya, Turkiye

Gelis/Recerved: 23.07.2023; Kabul / Accepted: 11.09.2023; Online baski / Published online: 03.10.2023

Gildane, M., Yagmur, T., Cetin, H. (2023). Dogal biyoaktif sebze 6ziitlerinin beze 6zelliklerine etkisi.
GIDA (2023) 48 (5) 1047-1059 doi: 10.15237/ gida.GD23085

Giildane, M., Yagmur, T., Cetin, H. (2023). Effect of natural bioactive extracts on meringue properties. GIDA (2023)
48 (5) 1047-1059 doi: 10.15237/ gida. GD23085

oz

Bu ¢alisma kara havug, kirmizi lahana ve kirmizt pancar 6zitleriyle hazirlanan beze hamurlarinin képtik
Ozelliklerinin ve nihai Grtiniin renk, biyoaktif icerik ve duyusal 6zelliklerinin arastirilmast amactyla yapilmistir.
Genel olarak, beze formiilasyonuna sebze 6ziitlerinin ilavesiyle kontrol 6rneginin (T'1) hem kopuk kapasitesi
hem de kopiik stabilitesinde 6nemli diizeyde iyilesme saglanmustir. Nihai irtinde, T2nin (siyah havug 6zatli
6rnek) 60 giin depolama sonunda renk 6zelliklerini daha iyi korudugu belitlendi. Ayrica, beze 6rneklerinde
T>’de toplam fenolik madde igerigi ve DPPH radikal stipiirme aktivitesi T1’e kiyasla yaklagik olarak %063 ve
%172 oraninda iyilesme saglanmustir. T4'tin (kirmizt pancar 6zitli 6rnek) askorbik asit icerigi 36.13 £ 0.17
mg/100 g 6rnek ile en yiksek bulunmustur. Bununla bitlikte, bezelerin lezzetleri iyilestirilmelidir. Sonug
olarak, beze formiilasyonuna siyah havug (T2) veya kirmuzi pancar (T4) 6ziitleri ilavesinin Griin 6zelliklerine
olumlu katkida bulundugu kamtlanmustur.

Anahtar kelimeler: kara havug, kirmizi lahana, kirmizi pancar, overrun, kopiik stabilitesi, toplam fenolik
madde, DPPH

EFFECT OF NATURAL BIOACTIVE EXTRACTS ON MERINGUE
PROPERTIES

ABSTRACT

In this study, foam properties of meringue batters prepared with black carrot, red cabbage, and red
beetroot extracts and the color, bioactive content, and sensory properties of final product were
investigated. In general, addition of the extracts to meringue formulation improved both foam
capacity and stability of the control (T1). T2 (sample with black carrot extract) was found to maintain
color characteristics better even after 60 days of storage. Moreover, total phenolic matter content
and DPPH radical scavenging activity of the samples were enhanced by approximately 63% and 172%
in T> compared to T1. Ascorbic acid in T4 (sample with red beetroot extract) was the highest with
36.13 £ 0.17 mg/100 g. However, it can be suggested to improve the taste of the samples. In
conclusion, addition of black carrot (T2) or red beetroot (T4) extracts to the meringue formulation
was proven to contribute positively to the product properties.

Keywords: black carrot, red cabbage, red beetroot, overrun, foam stability, total phenolic matter,
DPPH
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GIRIS
Beze; yumurta aki ve sekerin ¢irpilmastyla elde
edilen kopik formundaki hamurun pisirilmesiyle
tretilen bir firtncilik Grintdir. Beze basit yapisiyla
tiramisu, melek keki, sufle, mus ve makeron gibi
trtinler icin temel teskil etmektedir (Ozer ve
Agan, 2020). Havalandirlmis bu tarz gida
tdrinlerinin en 6énemli 6zelligi kopiklid yapilartyla
Ozel bir tekstiire sahip olmalaridir. Bu urtinler
ayrica birim hacimlerinde nispeten daha az seker
icerdiklerinden 6zel diyet uygulamalarinda da
degerlendirilmekteditler (Campbell ve Mougeot,
1999).

Yizey aktif madde iceren sivi ortamin genellikle
cirpilmast veya puskiirtilmesi yoluyla uretilen
kopiik; bir stvi faz icerisine degisik boyutlardaki
gaz habbelerinin  dagilmastyla  elde edilen
termodinamik olarak stabil olmayan bir sistemi
tamimlamaktadir. Katt ya da yant kau gida
uriinlerinde atmosferik hava iriin  matriksi
icerisinde hapsedilerek havalandirilmig bir Griin
yapist elde edilmektedir. Képiiklii gida Griinleri
tretiminde en ¢ok tercih edilen yiizey aktif madde
proteinlerdir. Ozellikle yumurta aki proteinleri
treticilerinin ihtiyac duydugu kopik 6zelliklerini
sagladiklarindan havalandirilmis gida trtinlerinde
yaygin sekilde kullanilmaktadirlar (Giildane ve
Dogan, 2020). Son zamanlarda, literatirde
yumurta aki proteinlerinin képiirme  sivisinda
diger ortam bilesenleriyle etkilesimleri ve/veya bu
etkilesimlerin Urtn 6zelliklerine etkisi konusunda
aragtirmalar yayginlasmustir (Sadahira vd., 2016).

Endistriyel gida Uriinleri dretiminde gida
drinlerine renk vermek, isleme stiresince azalan
rengi tolere etmek ve bagka bir renk saglamak gibi
amagclar dogrultusunda dogal veya sentetik
renklendiriciler kullandmaktadir. Gida
trtinlerinde sentetik renklendiriciler hem maliyet
hem de renk strekliligi icin daha ¢ok tercih edilse
de titketicilerin dogal renklendiricilerin kullanildig:
uriinlere egilimlerinin artti@t bilimsel ¢alismalarla
tespit edilmistir. Antosiyaninler, betalainler,
karotenoidler ve antosiyanin olmayan fenolik
bilesenler insan sagligi tizerine iyilestirici etkileri
olan ve gida urtnlerinin duyusal ve besinsel
Ozelliklerini gelistirici etkisi kanitlanmis en yaygin
dogal renk maddeleridir (Ozyurt vd., 2019). Gida

endustrisinde gida trlnlerini renklendirmek icin
antosiyanince zengin dogal meyve ve sebze

Ozitleri  yaygin  bicimde  kullanilmaktadur.
Antosiyaninler, genel olarak bitkilerin kirmizidan
mora degisen renklerinden sorumlu

flavonoidlerin bir alt grubu olarak kategorize
edilmektedir. Dogada 700’den fazla antosiyanin
cesidi saptanmis ve siyanidin en yaygin aglikon
olarak rapor edilmistir (Tlrker ve Dogan, 2022).

Siyah havug (Daucus carota), kirmizi lahana (Brassica
oleracea L. var. capitata f. rubra) ve kirmizi pancar (B.
vulgaris var) tlkemizde yaygin olarak Uretilen ve
endistriyel olarak kullanilan sebzelerdendir. Son
zamanlarda  yapilan  caligmalar,  biyoaktif
bilesenlerce zengin sebze veya sebze sularinin gida
tretiminde kullanimi neticesinde iriinlerin hem
besinsel hem de duyusal 6zelliklerinde iyilesme
saglandigini  ortaya koymustur. Semsiyegiller
(Umbelliferae) familyasindan siyah havug yiksek
dizeyde (~100 mg/100 g o6rnek) antosiyanin
icermesi nedeniyle gida iriinlerinde dogal renk
maddesi olarak kullandmaktadir (Ekici, 2011).
Siyah havug 6ziti, asidik pH degerlerinde parlak
cilek kirmizist tonunda renk verdiginden meyve

sulart  ve  nektarlari, alkolsiiz  icecekler,
konserveler, joleler ve sekerlemelerin
renklendirilmesinde kullanidabilmektedir
(Khandare vd., 2010). Brassicaceae familyasindan
kirmizi lahana  yapisindaki  antosiyaninler
nedeniyle gidalarin renklendirilmesinde

kullantlmaktadir. Kirmizi lahanadan elde edilen
antosiyaninler asidik pH'larda kirmizi bazik pH
dizeylerinde  mavi-yesil renk  vermektedir.
Sentetik renklendiricilerin iyi bir alternatifi sayilan
kirmizt lahana ekstraktlarindan  iceceklerde,
seketlemelerde ve stt trinlerinin
renklendirilmesinde  yararlanilmaktadir ~ (Mol,
2016). Ispanakgiller (Amaranthaceae) ailesine ait
olan kirmizi pancar iilkemizde 6zellikle Marmara
ve FEge bolgesinde uretiimektedir. Betalain
yoniinden zengin olan bu sebze ekstraktt 6zellikle
et Urlinleri, tatlilar ve sekerleme Urtinleri ile sit
triinlerinin renklendirilmesi amactyla
kullanilmaktadir (Yeler, 2021). Detayh literatir
arastirmasi sonucunda siyah havug, kirmizt lahana
veya kirmizi pancardan elde edilen biyoaktif
Ozitlerin beze Uretiminde kullanimi ve driin
Ozelliklerine etkisi konusunda herhangi bir
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calismaya rastlanmamistir. Bu calisma ile siyah
havug, kirmizi lahana ve kirmizi pancardan
mekanik olarak elde edilen sebze 6ziitlerinin beze
hamurunun kopik Ozelliklerine ve Uretilen
bezelerin  renk, biyoaktif icerik ve duyusal
Ozelliklerine etkilerinin aragtirtlarak literatirdeki
bu eksikligin giderilmesi amaglanmistir.

MATERYAL VE YONTEM

Materyal

Beze yapiminda kullanilan siyah havug, kirmizt
lahana ve kirmizi pancar Sakarya Pamukova'daki
yerel saticilardan temin edilmistir. Pudra sekeri ve
ticari yumurta aki tozu Tito, Tirkiye'den satin
alinmistir.  Sebzeler  kitletici  maddelerden
arindirlmis ve ekstraksiyon islemine kadar +4
°C'de (Ugur, Tirkiye) saklanmustir. Ornekler
kullandmadan 6nce oda sicakhigina (22 = 2 °C)
ulagsmalart saglanmustir,

Yontem

Sebze oziitlerinin eldesi

Sebze Orneklerinden  biyoaktif 6zit  eldesi
asamalart  Sekil 1’de  verilmistir.  Kitlilik

unsurlarindan arindirilmis oda sicakligindaki kara
havug ve kirmizi pancar 6rneklerinin kabuklart
kabuk soyucu wvasttasiyla uzaklastirdmistir.
Kirmizi  lahana  6rneklerinin - dis  kisimlar
ayrilmistir. Ornekler bir bigak yardimiyla kiigiik
pargalara ayrilmistr. 160 g Ornegin bir Waring
blender ile 5 dakika stresince parcalanmast
saglanmustir. Sonrasinda Ornekler bir muslin
bezine  aktarilarak  kaba = siizme = islemi
gerceklestirilmistir.  Stziintiler vakum altunda
kaba filtre kagidindan stiziilmistiir. Son olarak
sebze sulari 12 °Briks degerine ayarlanarak temiz
bir kahverengi pet sisede -49 °C’de muhafaza
edilmistir.

Sebzeler
Vegetables
(Siyah havug, kirmrzi lahana ve kirmizt pancar)
(Black carrot, red cabbage and red beet)
!
Temizleme
Cleaning
!
Kesme ve pargalama
Cutting and grinding

Filtreleme
Filtration
l
Ambalajlama
Packing
l
Dondurma (-49 °C)
Freezing (49 °C)
Sekil 1. Siyah havug, kirmizi lahana ve kirmizt pancarin mekanik ekstraksiyonu
Figure 1. Mechanical extraction of black carrot, red cabbage, and red beet

Beze siretimi
Biyoaktif sebze 6ziitlerinin beze hamuru ve tirini
tzerindeki etkilerini gézlemlemek igin pastdrize

yumurta aki bilesimine esdeger su ve/veya sebze
sularinda  ¢oziindirilmustir. Beze  iretim
formilasyonlart Cizelge 1'de verilmistir. Buna

yumurta aki yerine yumurta aki tozu kullandmistir.
Taze tavuk yumurtasi akinin %11 diizeyinde
protein icerdigi bildirilmistir (Wouters vd., 2018).
Bu nedenle yumurta aki protein tozu, standart

gore, yumurta aki tozu (22 g) ve pudra sekeri (150
g) su ve/veya sebze suyuna (178 g) yavasca
eklenmis ve oda sicakliginda (20 = 1 °C) iki saat
boyunca manyetik bir karistiricida (Heidolph MR,
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3001K, UK) 200 tpm'de ¢ozilmistir. Kontrol
Orneginin  hazirlanmast  icin  distile  su
kullanilmustir. Kopiik olusturma ¢ozeltisi daha
sonra bir miksere (Kenwood KMO070, Ingiltere)
aktatilarak 5 dakika stresince "maksimum" hizda
airpimistir. Hazirlanan beze hamuru bir krema
sikacagi ile yagh kagit kapl tepsilere manuel olarak
mimkin oldugunca esit buyiiklikte sikidmistir.

Beze hamutlar, fanl bir elektrikli firmn (Kumtel,
Turkiye) kullandarak 80 °C'de 180 dakika
pisirilmistir. Sicak bezeler  laboratuvar
kosullarinda 20 dakika suresince bekletilerek
sogutulmus ve kilitli buzdolab: posetlerinde serin
ve rutubetsiz ortamda muhafaza edilmistir.

Cizelge 1. Beze tiretim formiilasyonlart
Table 1. Meringue production formulations

Ornek Siyah havug (%) Kirmizt lahana (%) Kirmizt pancar (%)
Sample Black carrot (%) Red cabbage (%) Red beetroot (%)

T, - - -

T, 100 - -

T; - 100 -

Ty - - 100

Ts 50 50 -

T - 50 50

Ty 50 - 50

Ts 33.33 33.33 33.33

(T1: Kontrol; Ta: Siyah havug 6zutli 6rnek; Ts: Kirmizi lahana 6zitli 6rnek; Ty: Kirmizt pancar 6zitla 6rnek; T's:
Siyah havug ve kirmizi lahana 6zitli 6rnek; T: Kirmizi lahana ve kirmizi pancar 6ziitli 6rnek; T7: Siyah havug ve
kirmizi pancar 6zutli 6rnek; Tg: Siyah havug ve kirmizi lahana ve kirmizi pancar 6zitli 6rnek)

(T: Control; To: Sample with black carrot extract; Ts: Sample with red cabbage exctract; Ty: Sample with red beetroot extract; T's:
Sample with black carrot and red cabbage extract; Ty: Sample with red cabbage and red beetroot extract; Tr: Sample with black carrot
and red beetroot extract; Ty: Sample with black carrot and red cabbage and red beetroot extract)

Beze hamurunun képiik  Ozelliklerinin
belirlenmesi

Kopiik kapasitesi analizi

Beze hamutlarinin képtik kapasitesi overrun (%o)
degerinin belirlenmesi yoluyla Giildane (2023)
tarafindan Onerilen yonteme gore saptanmustir.
Beze tiretiminde, miksleme isleminden sonra beze
hamuru Ornekleri  O6nceden tartilmis  belirli
hacimdeki bir petri kabina icerisinde bosluk
kalmayacak bicimde doldurulmus ve petri ylzeyi
plastik bir spatula ile diizlestirilerek elektronik bir
terazi (Radwag PS 4500, Poland) ile tartilmustir.
Koptk kapasitesi degetleri Esitlik 1'e gore
hesaplanmistir:

Overrun (%) =
(x mL 6n kopurme cozeltisi agirhigl)—(x mL kopiik agirlign)

x mL kopik agirhig * 100
@
Kopik stabilitesi analizi
Beze  Orneklerinin @ képtik  stabilitelerinin
degerlendirilmesinde koépiigin  yarisinin - beze

hamuru yapisindan uzaklastirilmast icin gereken
stire (drenaj yari 6mril) dikkate alinmustir. Cirpma
isleminin hemen ardindan 6rnekler tabaninda 3
mm ¢apinda delik acilmis 280 mL hacmindeki
plastik polietilen kaplara aktarilmistir. Analiz
boyunca buharlasma kaybint en aza indirmek icin
kapaklar1 sikica kapatilan plastik kaplar delikler en
altta olacak bicimde buret standina 45° actyla
yerlestirilmistir. Ko6pik o6rneklerinin - drenajt
plastik kaplarin her 30 dakikada bir tartilmasiyla
takip edilmis ve kopik stabilitesi sonuclari saat
olarak verilmistir (Gildane, 2023).

Bezelerde gerceklestivilen analiziler

Renk

Bezelerin L* (L* 100 beyazlik, L* 0 koyuluk), a*
(+a* kirmizihk, -a* yesillik), b* (+b* sarihk, -b*

mavilik) degerleri renk Olger (3nh, Model
NR6OCP,  Cin)  kullanilarak  saptanmistir.

Orneklerin kroma (C*) ve hue agist (H®) degerleri
sirastyla  Esitlik 2 ve Esitlik 3 kullanilarak
hesaplanmustir. Beze 6rneklerinin renk stabiliteleri
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(AE¥*) Esitlik 4 ile tiretim sonrast 6lgiilen degerler
(L%, ", b"0) ile 60 glinlik depolamadan sonra elde
edilen veriler (I, a0, b%0) arasindaki renk
farkliligt hesaplanarak belirlenmistir.

C* = a;? + by? )

H = tan (=) 3)
g

AE* =

\/(L*so —L*9)? + (a%so — a*9)? + (b*60 — b*()?
©)

Biyoaktif bilesenlerin ekstraksiyonu

Beze orneklerinden biyoaktif Ozutlerin

hazirlanmasinda Michalska-Ciechanowska vd.

(2020) tarafindan 6nerilen ekstraksiyon yontemi
modifiye edilmigtir. Kisaca, 6rnekler Waring
blender ile homojenize edildikten sonra 1 g toz
ornek ve 25 mL %80 (v/v) metanol bir beher
icine aktarilmistir. Karisim 5 dakika boyunca 200
rpm'de karistirilmus ve ardindan filtre kagidindan
(Whatman no:1) stiziilmistir. Stizinti 10 dakika
boyunca 5000 rpm'de santriftij cihaziyla (K242R,
Centurion Scientific, Ingiltere) santrifiijlenmistir.
Elde edilen stipernatant beze 6rneklerinin toplam
fenolik madde icerigini ve antioksidan aktivitesini
belirlemek amactyla kullanilmugtir.

Toplam fenolik madde (TFM) igeriginin
belirlenmesi
Beze Orneklerinin TFM iceriklerinin

saptanmasinda Singleton vd. (1999) tarafindan
onerilen modifiye yontem kullanilmistir. Kisaca,
40 pL. metanolik ekstrakt ve 2.4 mL distile su bir
test tipune aktarimis, Gzerine 0.2 mlL Folin-
Ciocalteu reaktifi (Merck, Darmstadt, Almanya)
eklenerek  vortekslenmistir.  Sonrasinda, test
tiptine 0.6 mL %207lik (w/v) NaxCOs3 (Merck,
Darmstadt, Almanya) ¢6zeltisi ve 0.76 mL distile
su ilave edilmistir. Vortekslenen 6rnekler 2 saat
karanlikta bekletildikten sonra absorbanslart 765
nm'de bir spektrofotometre (Shimadzu, UVmini-
1240,  Japonya)  kullandarak  Ol¢Ulmistir.
Orneklerin - TFM  igerikleri, 0-1 mg/mL
konsantrasyon araligindaki gallik asit standart
¢ozeltileriyle  hazirlanan  kalibrasyon — egrisi
kullanilarak hesaplanmis ve sonuglar mg gallik asit
esdegeri (mg GAE)/g beze olarak ifade edilmistir.

Antioksidan aktivite tayini

Ekstraktlarin antioksidan aktivite degerleri Bissar
ve Ozcan (2022) tarafindan belirtilen yontem
modifiye edilerek belitlenmistir. Bu amacla, 300
uL ekstrakt tizerine 2 ml 0.1 mM DPPH (1.1-
difenil-2-pikrilhidrazil) cOzeltisi eklenerek
vortekslenip 30 dakika boyunca karanlikta
bekletilmis ve 517 nm'de absorbans degerleri
Slgiilmiistiir. Orneklerin DPPH radikal siipiirme
aktiviteleri (RSA) Esitlik 5’e gore belirlenmistir.

DPPH(%) = (%) 100 5)

Burada, A= 0. dakikada metanolik DPPH
¢ozeltisinin absorbans degeri, As= 30. dakikada
ornek absorbans degerini ifade etmektedir.

Askorbik asit (AA) iceriginin belirlenmesi

Beze 6rneklerinin AA icerigi analizi Hisil (2004)
tarafindan  Onerilen  modifiye  bir  yontem
kullanilarak — gerceklestirilmigtir. Kisaca, 1 g
homojenize beze 6rnegi ve 10 mL oksalik asit
cOzeltisi (%4, w/v) bir behere aktarilarak
manyetik bir karstirict ile 200 rpm'de 5 dakika
boyunca kargtirtlmustir. Elde edilen ¢ozelti bir
filtre kagidindan (Whatman no:1) stziilmistir.
Analiz icin, 1 mL stiziinti ve 9 mL boya ¢6zeltisi
(2,6-diklorofenolindofenol Na tuzu) bir test
tipinde karistirlmistir. Sahit numune icin 1 mL
Ornek ekstraktt ve 9 ml distile su bagka bir test
tiiptinde karistirilmistir. Olgtim islemi 518 nm'de
sahit numune kullanilarak sifirlanan bir UV-VIS
spektrofotometresi kullanilarak gerceklestirilmis-
tir. Beze 6rneklerinin AA icerigi 1-4 mg/100 mL
standart askorbik asit ¢ozeltileri kullanilarak elde
edilen kalibrasyon egrisi denklemi kullanilarak
hesaplanmis ve 100 g 6rnek icin mg AA esdegeri
olarak ifade edilmistir.

Duyusal analiz;

Beze 6rneklerinde tiiketici tercihi testi, Pamukova
Meslek Yiksekokulu akademik personeli ve
ogrencilerinden olusan 35 yart egitimli génilla
panelist ile gerceklestirilmistir. Degerlendiriciler
duyusal analiz 6ncesinde yeniden formiile edilmis
bezeler ~ve genel terminoloji  hakkinda
bilgilendirilmigtir. Duyusal analiz amactyla
uretilen Orneklerde agirlikca %2.5 diizeyinde
seketli vanilin kullandmistir. Sekiz farklt beze
Ornegi U¢ basamakli farklt sayilarla etiketlenmis
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plastik PET bir kap iginde sunulmustur. Ornekler
rastgele sirayla sunulmus, analiz Oncesinde ve
tadim arasinda su ikram edilmistir. Panelistlerden
numuneleri degetlendirip gériniim, yapi, tat ve
kokularint 9 puanlk hedonik bir 6lcek (1= hi¢
begenmedim ve 9= cok begendim) kullanarak
puanlamalari istenmistit.

Lstatistiksel analiz

Ornekler arasindaki istatistiksel farklhiliklar tek
yonli varyans analizi (ANOVA) ve ardindan
Duncan c¢oklu karsilastirma testi kullanilarak
degerlendirilmistir. Gruplar arasindaki fark P
<0.05 oldugunda anlamh kabul edilmistir. TGm
veriler Minitab istatistik yazilimi  (Version17,
Minitab Inc., State College, PA, ABD) kullanilarak
analiz edilmistir.

SONUCLAR VE TARTISMA

Beze hamurunun képiik 6zellikleri

Kara havug, kirmizi lahana ve kirmizi pancardan
elde edilen biyoaktif ekstrakt, fonksiyonel bezeler
uretmek i¢in beze formilasyonunda
kullandmustir. Bu amagla, yumurta aki protein
tozu yiksek sekerli ortamda biyoaktif ¢6zelti
icinde ¢6zindirilmis ve Uretim asamasinda 5
dakika stiresince bir mikser ile ¢irpilmistir.
Boylece, bitkisel ekstraktlarin beze hamurunun
kopik kapasitesi ve koOpiik stabilitesi gibi
kopurme Ozellikleri Gzerindeki etkisi arastirilmus
ve elde edilen sonuclar Cizelge 2'de verilmistir.
Beze hamuru Srneklerinin overrun (%) degerleri
%36.78£0.26  ile  %47.57£0.07  arasinda
degismistir. Ayrica, kontrol 6rnegi (T'1) ve sebze
ekstrakti iceren beze hamurlarinin (T>-Tg) kopiik
kapasitesi degerleri arasinda istatistiksel olarak
onemli farkhiliklar gézlenmistir (P <0.05). Elde
edilen sonuclara gére, biyoaktif 6ziit iceren beze
hamurlari kontrole gére daha yiliksek overrun (%0)
degerlerine sahiptir, ancak en iyi sonuglar T (kara
havug Oziitl iceren 6rnek) ve T4 (kirmizt pancar
Ozuti iceren 6rnek) icin elde edilmistit. Bu dutrum,
yumurta aki proteinleri ile sebze proteinleri,
fenolik bilesenler ve saponinler gibi biyoaktif
bilesenler arasindaki pozitif etkilesimin, hava/su
yuzey gerilimini azaltarak kopik kapasitesini
tyilestirdigini g6stermektedir. Benzer sekilde, gida
kopugli olusumunda peynir altt suyu protein
izolatt ve ¢bven saponini kullanan Guldane ve

Dogan (2022) tarafindan daha distik kopik
yogunlugu degetleri rapor edilmistir. Gtildane
(2023), soya proteini izolatinin képtirme 6zelligini
farkli ikame oranlarinda peynir altt suyu protein
izolatt ile degistirerek gelistirmistir. Arastirmact,
en yiksek overrun (%) degerinin 1:1 ikame
seviyesinde bulundugunu belirtmistir. Bununla
birlikte, beze hamuru O6rneklerinin drenaj yart
Omir degerleri 19.75 + 0,50 dakika ile 46.63 *
0,75 dakika arasinda degismis, en yiiksek stabilite
verileri T icin kaydedilmistir. Bununla bitlikte, T5,
Ts (kirmizt lahana 6ziitla 6rnek) ve T (kara havug
ve kirmizi lahana 6ziitli 6rnek) beze hamurlarinin
stabiliteleri arasinda istatistiksel olarak 6énemli bir
fark saptanmamustir (P >0.05). Beze hamuru
stabilite sonugclart genel olarak
degerlendirildiginde, kirmizi  pancar  6ziti
haricindeki diger biyoaktif ekstraktlar, kontrol
beze hamurunun stabilitesinde iyilesmeye yol
acmustir. Bu durum fenolik bilesenler ve yumurta
aki proteinleri arasindaki sinerjist etkilesimle
aciklanabilir. Benzer bulgular sodyum kazeinat-
gallik asit (Zhan vd., 2020) ve laktoferrin-tannik
asit (Dai vd., 2022) kompleks olusumlart icin de
rapor edilmistir. Bu calismalarda  képik
stabilitesindeki iyilesme kopik kabarciklarinin
artan araylizey esnekligi ile iligkilendirilmigtir.
Bununla birlikte, T4 i¢in kirmiz1 pancar saponini
ile yumurta aki protein etkilesimlerinin kopik
stabilitesi Gizerinde olumsuz etkisi Nooshkam vd.
(2022)  tarafindan  bildirilen meyan koku
ekstrakti/peynir proteini izolatt/sodyum aljinat
kopik sistemi icin de rapor edilmistir. Bu Ggla

sistemde kopik sisteminin reolojik
(viskoelastiklik) ~ 6zellikleri  kopik — kararliligs
agisindan  belirleyici olmustur. Meyan koki
saponini  képitk  kabarciklarinin - arayiizey

elastikiyeti tizerine zayiflatict bir etkiye sahip
oldugu bildirilmistir (Nooshkam vd., 2022).
Bununla birlikte, Giildane ve Dogan (2022)
yaptiklar1 ¢alismada ¢Gven saponini, peynir altt
suyu proteinleri ve hidrokolloidlerden olusan
kopiik sisteminde biyomolekiil konsantrasyonun
kopiik sistemi 6zellikleri Gizerinde belirleyici etkiye
sahip oldugu saptanmistir. Béylece, kompleks

kopik sistemlerinde optimal bilesen
konsantrasyonunun belirlenmesi Onem
arzetmektedir.
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Cizelge 2. Beze hamurlarinin képtik 6zellikleri
Table 2. Foam properties of meringue batters

Ornek 0 Drenaj yart 6mrii (saat)
Sample Overrun (o) sz'n]age Y2 time (hour)

T, 36.78 £ 0.264 21.00 + 0.254

T2 45.80 £ 0.65* 46.63 £ 0.752

T; 39.82 £ 0.74<d 44.56 £ 0.93#

T4 47.57 £ 0.07» 19.75 £ 0.504

Ts 41.51 £ 0.31b¢ 44.50 £ 0.13»

T 40.91 £ 0.07b¢ 29.00 £ 0.13¢

T 44.86 = 0.18» 35.00 = 0.50°

T 40.78 £ 0.47b¢ 32.50 + 0.25b

Sonuglar ortalama * standart sapma. a-d ayni siitundaki degerler arasindaki 6nemli farkliliklar belirtmektedir (P
<0.05). (T1: Kontrol; T2 Siyah havug 6zitli 6rnek; Ts: Kirmuzt lahana 6zitli 6rnek; Ty Kirmizt pancar 6zitla
ornek; T's: Siyah havug ve kirmizi lahana 6zitli 6rnek; T Kirmizi lahana ve kirmizt pancar 6ziitli 6rnek; T7: Siyah
havug ve kirmizt pancar 6ziitlii 6rnek; Tg: Siyah havug ve kirmizi lahana ve kirmizi pancar 6zitld 6rnek)

Values are means £ Standard Deviation. a-d Refers the significant differences between the values in the same column (P <0.05). (T':
Control; To: Sample with black carrot extract; T's: Sample with red cabbage extract; Ty: Sample with red beetroot extract; T's: Sample
with black carrot and red cabbage extract; Tg: Sample with red cabbage and red beetroot extract; Tr: Sample with black carrot and
red beetroot extract; Ty: Sample with black carrot and red cabbage and red beetroot extract)

Képiik kapasitesi ve képiik kararlilig sonuglart bir
biitin olarak degerlendirildiginde, biyoaktif 6zt
flavesinin  képik  Ozelliklerini  iyilestirdigi
s6ylenebilir. Fakat, T>’nin her iki képik 6zelligi
agisindan diger 6rneklerden daha yiiksek skorlara
sahip oldugu belitrlenmistir.

Beze 6rneklerinin renk 6zellikleri

Renk tliketici tercihlerini etkileyen Onemli bir
parametredir. Ticari olarak firetilen bezelerin
renklendirilmesi amaciyla ponceau 4R, sunset
yellow ve tartrazine gibi bazi sentetik boyalar
kullanddmaktadir. Bununla birlikte, saglikla ilgili
sorunlar nedeniyle dogal renklendiricilere olan
talep her gecen giin artmaktadir (Parra-campos ve
Ordofiez-santos, 2019). Farkli bitkisel 6zitlerin
bezelerin renk degerlerine (L¥, a*, &% C*, H® ve
renk degisimine (AEX*)) etkisi Cizelge 3'de
gorilmektedir.  Bulgular,  bezelerin  renk
Ozelliklerinin ~ biyoaktif — ekstrakt ilavesinden
onemli dleide (P <0.05)  etkilendigini
gostermektedir. Ayrica, Sekil 2'deki gbrselden de
benzer  ¢ikarimlar  yapilabilmektedir.  Beze
Orneklerinin - L*  degerleri  70.65£0.79 ila
91.27£0.60 arasinda degismektedir. Biyoaktif
ekstraktin beze formilasyonuna dahil edilmesi,
kontrole kiyasla 6nemli 6l¢tide daha diigiik aciklik
degetleri (P <0.05) ile sonu¢lanmugtir. Ayrica, a*
degerleri kontrol 6rneginin disiik yesil renge (-a*)

sahip oldugunu, biyoaktif ekstrakt iceren beze
orneklerinde ise kirmizt rengin (+a*) baskin
oldugunu géstermektedir (Cizelge 3). Ayrica, T4
diger beze Orneklerine kiyasla daha kirmizidir
(Sekil 2). Benzer renk farklhiliklari -4.13 + 0.58 ile
9.85 * 0.64 arasinda degisen b* degerlerinde de
gozlenmistir (Cizelge 3). Kontrol drneginde (Th)
sart renk tonu baskinken, biyoaktif 6ziit iceren
diger 6rneklerin (T2-Ts) mavi renk pigmentleri
bakimindan zengin oldugu goérilmustir (Sekil 2).
Beze 6rneklerinin renk doygunlugu C* degeri ile
ifade edilmigtir. Cizelge 3’de Orneklerin C*
degerlerinin 6.67 + 0.33 ile 14.83 £ 0.16 arasinda
degistigini gostermektedir. Her bir 6rnegin C*
degeri istatistiksel olarak farkli bulunmustur (P
<0.05). Ornekler arasindan T4 daha yogun bir
renge isaret eden daha yiksek bir kroma
degerlerine sahipken, T3 daha digik bir kroma
degeri gostermistir. Diger bir renk 6zelligi H® renk
spektrumunu gostermektedir. En digik H® Ty
(Kontrol 6rnegi) icin 81.49 * 0.17 olarak
saptanirken, Ty en yliksek H® degerine (352.64 £
2.38) sahiptir. Bununla bitlikte, biyoaktif oziitler
iceren bezelerin H® degerleri belitli bir renk
spektrumu araliginda (mor-kirmizt) degismektedir
(Gizelge 3 ve Sekil 2). Beze o6rneklerinin renk
Ozellikleri genel olarak degerlendirildiginde,
kontrol 6rneginin rengi esasen enzimatik olmayan
esmerlesme reaksiyonlariyla iliskilendirilebilirken,
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biyoaktif 6ziitlerle hazirlanan bezelerin renkleri
hem biyoaktif bilesenler hem de Maillard
reaksiyonlart ve ayrica biyoaktif bilesiklerin
deoksiozonlar, Amadori reaksiyon urtinleri, o-

dikarbonil bilesikleri, Strecker aldehitleri vb. gibi
Maillard reaksiyon drinleriyle etkilesimleriyle
aciklanabilmektedir (Han vd., 2022).

3

Conteol (1)

L iy 4

Sekil 2. Biyoaktif sebze 6zutleriyle hazirlanan beze 6rnekleri
Figure 2. Meringne samples prepared with bioactive vegetable extracts

(T1: Kontrol; Ta: Siyah havug 6zutli 6rnek; Ts: Kirmizi lahana 6zitli 6rnek; Ty: Kirmizt pancar 6zitla 6rnek; T's:
Siyah havu¢ ve kirmizi lahana 6zitli 6rnek; T: Kirmizi lahana ve kirmizi pancar 6zitli 6rnek; T7: Siyah havug ve
kirmiz1 pancar 6zutla 6rnek; Tg: Siyah havug ve kirmizt lahana ve kirmizt pancar 6zitli 6rnek)

(1: Control; To: Sample with black carrot extract; Ts: Sample with red cabbage exctract; Ty: Sample with red beetroot extract; T's:
Sample with black carrot and red cabbage extract; Ty: Sample with red cabbage and red beetroot exctract; T7: Sample with black carrot
and red beetroot extract; Ts: Sample with black carrot and red cabbage and red beetroot exctract)

Cizelge 3. Beze orneklerinin renk 6zellikleri
Table 3. Color properties of meringue samples

Ornek o Renk degisimi (AE*)
Sample L ar b e H Color difference

T 91.27 £ 0.600  -1.47 £0.16s¢  9.85%£0.64+  9.93 £ 0.61¢ 81.49 £ 0.17h 7.80 £ 0.102

T, 70.65 £ 0.79¢ 727 £0.52¢  -3.76 £ 0.60s 819 £ 0.73¢  332.77 £ 2.26¢ 1.85 £ 0.02f

T; 81.80 £ 1.45>  6.02£0.20f -3.08 £ 0.34¢  6.77 £ 033"  331.71 £ 1.93f 5.03 £ 0.01>

T4 7449 £0.77¢ 1470 £0.17=  -1.90 £ 0.614  14.83 £ 0.16*  352.64 + 2.382 3.71 £ 0.014

Ts 71.16 £ 1.03f  6.02+0.41F -413£058 731 +0.63¢ 32570 = 2.43¢ 3.08 £ 0.01¢

Ts 76.81 £0.38¢ 1022 £ 0.48> -3.40 £ 0.26f 10.77 £ 0.47> 34174 £ 1.424 3.93 = 0.00<d

T; 70.93 £0.78  8.87 £0.36c  -1.59 £ 0.58<  9.01 £0.43¢  349.96 £ 3.53¢ 3.95 + 0.05¢

Ts 79.21 £ 130 7.63£0.364  -1.21+09%  7.78 £ 0.50f  351.36 £ 6.78> 3.74 £ 0.01<d

Sonuglar ortalama * standart sapma. a-h aynt sttundaki degerler arasindaki 6nemli farkliliklart belirtmektedir (P
<0.05). (T1: Kontrol; T2: Siyah havug 6zitli 6rnek; Ts: Kirmizi lahana 6zitla 6rnek; T Kirmuzi pancar 6zitli
ornek; T's: Siyah havue ve kirmizi lahana 6zitli 6rnek; Te: Kirmizi lahana ve kirmizt pancar 6ziitli 6rnek; T7: Siyah
havu¢ ve kirmizt pancar 6ziitli 6rnek; Tg: Siyah havug ve kirmizi lahana ve kirmizt pancar 6ziitli 6rnek)

Valnes are means * Standard Deviation. a-h refers the significant differences between the values in the same colummn (P <0.05). (T}:
Control; To: Sample with black carrot extract; Ts: Sample with red cabbage extract; Ty: Sample with red beetroot extract; T's: Sample
with black carrot and red cabbage extract; Ty: Sample with red cabbage and red beetroot extract; T: Sample with black carrot and
red beetroot extract; Ty: Sample with black carrot and red cabbage and red beetroot extract)
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Dogal renk maddelerinin en 6nemli sorunlarindan
birisi ¢evresel faktorler (s, 151k, vb.) nedeniyle
isleme ve depolama sirasinda spesifik renklerini
kaybetmeleridir. Beze 6rneklerinin renk stabilitesi,
depolamanin 0. ve 60. giinlerindeki renk degerleri
farkliligi hesaplanarak belilenmis ve sonuglar
Cizelge 2'de verilmistir. Renk stabilitesi degetleti
1.85+0.02 ile 7.80%0.10 arasinda degismekte
olup, en dusik renk degisimi degeri en yitksek
renk stabilitesine karsilik gelmektedir. T> 60
ginlik depolama siresince renk agisindan en
stabil beze olarak saptanmustir. Bu durum, p-
kumarik, ferulik, p-hidroksibenzoik asitler gibi
fenolik maddelerle asillenmis siyah havug
antosiyaninlerinin 1st ve pH gibi cesitli ¢evresel
etkilere karst daha kararli olmastyla aciklanabilir
(Khandare vd., 2010). Genel olarak, biyoaktif 6ztit
iceren beze 6rnekleri kontrole gére daha yiiksek
renk stabilitesine sahiptir (P <0.05). Ancak,
depolama sonucunda biyoaktif 6ziit igeren
ornekler arasinda da renk stabilitesi degerlerinde
onemli farkliliklar  gézlenmistir (P <0.05).
Dolayisiyla, biyoaktif bilesenlerin renk stabilitesi
tzerinde 6nemli bir etkiye sahip oldugu sonucuna
ulasilabilir. Renk kararliigs sonuclart
incelendiginde, biyoaktif bilesiklerin, proteinlerin
amino gruplart ile indirgen sekerlerin karboksi
kistmlart  arasinda meydana gelen Maillard
reaksiyonlar1 tizerinde bir sekilde inhibisyon

etkisine sahip oldugu c¢tkarimi yapilabilmektedir.
Biyoaktif maddelerin esmerlesme reaksiyonlarint
engelleyici etkileri Han vd. (2022) tarafindan
ayrintili bicimde agiklanmustir. Bununla birlikte,
biyoaktif bilesenlerin antioksidan  &zellikleri,
molekiler bozulma mekanizmasina etkileri ve
depolama sirasinda yogunlasma stirecleri gibi
birtakim degisikliklerin de dikkate alinmast
gerektigi dustintilmektedir.

Beze 6rneklerinin biyoaktif 6zellikleri
Polifenoller meyve, sebze ve tahillar gibi bitkisel
kaynakli gidalarda dogal olarak olusan biyoaktif
bilesiklerdir (Liu vd., 2023). Sebze Oziitleri
kullantlarak hazirlanan bezelerin TFM icerikleri
35.5240.28 ile 57.8710.44 mg GAE /100 g 6rnek
arasinda  degismektedir  (Cizelge 4). Beze
orneklerinden T» fenolik bilesiklerce en zengin
iken Ty en diisik TFM igerigine sahiptir. Uriin
formiillasyonuna sebze o&ziitleri ilavesiyle Tyin
TEFM igerigi 6nemli oranda yaklasik olarak %29 ile
%063 arasinda artirdmistur (P <0.05). Benzer
sonuglar %5 oranindan keciboynuzu unu ilave
edilen makaron Ornekleri icin Bissar ve Ozcan
(2022) tarafindan rapor edilmistir. Ayrica bu
calismada kontrol makaron 6rneklerinin TFM
icerigi (39.76 mg GAE/100 g 6rnek) mevcut
calismaya yakin bulunmustur.

Cizelge 4. Beze 6rneklerinin biyoaktif icerikleri
Table 4. Bioactive contents of meringue samples

Toplam fenolik madde igerigi Askorbik asit igerigi
Ornek (mg GAE/100 g 6rnek) DPPH (mg/100 g 6rnek)
Sample Total phenolic matter content (%) Ascorbic acid content
(mg GAE/ 100 g sample) (mg/ 100 g drnek)
To* 35.52 £ 0.284 31.41 £ 0.19 0.94 + 0.04n
T, 57.87 £ 0.44 85.72 £ 0.09- 24.37 £ 0.03¢
Ts 49.71 + 0.602> 80.08 £ 0.05¢ 14.04 £ 0.134
T 52.81 £ 0.27+ 82.57 £ 0.08> 36.13 £ 0.172
Ts 55.43 £ 0.22:> 72.65 £ 0.324 9.68 £ 0.00f
Ts 54.53 £ 0.36> 63.66 £ 0.39¢ 8.27 £ 0.03s
T; 45.78 £ 0.200c 72.99 £ 0.184 31.16 £ 0.17v
Ts 49.84 + 0.5120 56.64 £ 0.16f 12.12 £ 0.13¢

Sonuglar ortalama * standart sapma. a-h aynt sttundaki degerler arasindaki 6nemli farkhliklari belirtmektedir (P
<0.05). (T1: Kontrol; T2: Siyah havug 6ziitli 6rnek; Ts: Kirmizi lahana 6zitli 6rnek; Ty Kirmizi pancar 6zitla
ornek; T's: Siyah havue ve kirmizi lahana 6zitli 6rnek; T Kirmizi lahana ve kirmizt pancar 6ziitli 6rnek; T7: Siyah
havu¢ ve kirmiz1 pancar 6ziitli 6rnek; Tg: Siyah havuc ve kirmizi lahana ve kirmizt pancar 6ziitli 6rnek)

Valnes are means * Standard Deviation. a-h refers the significant differences between the values in the same colummn (P <0.05). (T}:
Control; To: Sample with black carrot extract; Ts: Sample with red cabbage extract; Ty: Sample with red beetroot extract; T's: Sample
with black carrot and red cabbage extract; Ty: Sample with red cabbage and red beetroot extract; T: Sample with black carrot and
red beetroot extract; Ty: Sample with black carrot and red cabbage and red beetroot extract)
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Bezelerin antioksidan aktiviteleri DPPH radikal
stiplirme aktivitelerinin (RSA) saptanmastyla
belitlenmistir. Orneklerin RSA degerleri %31.41
T 0.19 ile %85.72 = 0.09 arasinda degisiklik
gostermektedir (Cizelge 4). T test edilen vakalar
arasinda en diisiik RSA degerine sahiptir. Beze
formiilasyonuna biyoaktif sebze 6ziitleri ilavesiyle
DPPH RSA degerinde yaklagik olarak %0172
oraninda artis saglanmistir. Ote yandan, iki ya da
daha fazla bitkisel 6zitin karistirdlmasiyla tretilen
Orneklerde  (T5-Ts) tek bir bitkisel 6zt
kullanilarak tretilenlere (T>-Ty) gére DPPH-RSA
degerlerinde belirgin bir artis olmamustir. Bununla
bitlikte, Grtin formilasyona su yerine ilave edilen
sebze Ozitlerinin genel olarak bezeler tzerinde
gicli  bir  antioksidan  Ozellik  sagladigt
gozlemlenmistir. Sebze 6zitiyle hazirlanan
bezelerin  antioksidan  6zelliklerinin ~ gelismis
olmast, bezelerin fenolik iceriginden
kaynaklantyor olabilir.

Askorbik asit (AA) bag dokularinin sentezinde rol
oynamast, viicuttaki demir emilimini arttirmaya
yardimct olmasi, insan vicudunu oksidatif
stresten korumasi ve bir antioksidan olarak islev
gormesi gibi 6zellikleriyle insan saglig acgisindan
elzem oOneme sahiptit (Wickramasinghe vd.,
2020). Kara havug, kirmizi lahana ve kirmizt
pancar Oziitleri  kullanilarak  dretilen  beze
orneklerinin -~ AA  icerikleri  Cizelge 4’de
gorilmektedir. Beze Orneklerinin AA igerikleri
0.94£0.04 ile 36.13£0.17 mg/100 g arasindadir ve
her bir 6rnegin AA igerigi istatistiksel olarak farklt
bulunmustur (P <0.05). Orneklerden T en diisiik
C vitamini icerigine sahipken TyUn en yiksek
diizeyde AA igerdigi saptanmustir. Ayrica, beze
formilasyonuna biyoaktif &ziit ilavesiyle T1’in C
vitamini igerikleri 6nemli diizeyde artirilmustir.

Bezelerin duyusal analiz sonuglari

Uretim formiilasyonu yenilenen gidalarin ticari
degeri, katma degerli trlnler icin kritik bir
gosterge  olan  tiketici  tercith  testi ile
degerlendirilmektedir. Sebze 6zutleri iceren (T2-
Ts) ve kontrol (T1) beze 6rneklerinin duyusal
puanlama sonuglar1 Sekil 3’te sunulmustur. Beze
Ornekleri gbriinim, doku, tat ve koku agisindan
degerlendirilmistir. Test sonuglarina gore, tim

beze 6rneklerinin gérliinim puanlart sebze 6ziiti
ikamesi ile genel olarak artmistir. Bunun nedeni,
yeniden formile edilmis bezelerin  kontrol
Ornegine gore daha cekici renkte olmast olabilir
(Sekil 2). Sekil 3'te yeniden formile edilmis beze
ornekleri kontrolden daha yiiksek goriintim
puanlarina sahipken, T4 en yiksek gorinim
puanina (8.17) sahiptir.

Bir gida maddesinin yapisal 6zelligi tiiketici tercihi
icin 6nemli bir parametredir. Bu c¢alisgmada,
panelistler T7 (siyah havu¢ ve kirmizi pancar
ozutli 6rnek) ile iiretilen beze 6rnegine en disiik
doku puanint verirken (6.13), T4 en yiksek doku
puanina (7.70) sahip olmustur. Degerlendiriciler
en disiik lezzet puanint Te'ya (kirmizt lahana ve
kirmizi pancar Ozitli Ornek) veritken (4.80),
sebze suyu icermeyen T en yliksek lezzet puanina
(6.93) sahip olmugtur. Sebze suyu ilavesinin
bezelerin tat profiline etkisi daha ayrintilt bicimde
calisilmast 6nerilmektedir. Koku, titketicinin Urlin
tercihi Uzerinde dogrudan etkisi olan 6nemli bir
duyusal parametredir. Ornekler arasinda T en
yiksek koku skoru (6.89) almistir. Beklendigi gibi,
beze formilasyonunda sadece kirmizi lahana
kullanimt (T3) en dusik koku skoruna (4.33)
neden olmustur. Bu durum, duyusal analiz

amactyla kullanilan  vanilyanin  yetersizligiyle
iliskilendirilebilir. =~ Bundan  dolay;,  beze
orneklerinde genel olarak yumurta aki tozu ve
sebze  Ozltlerinden  kaynaklanan  duyusal
kusurlarin ~ giderilmesi  amaciyla  tretimde
kullantlacak  vanilya miktarinin  da  optimize
edilmesi gerekmektedir.
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Sekil 3. Biyoaktif sebze 6ziitleri iceren bezelerin duyusal puanlama sonuglari
Figure 3. Sensory score results for meringne samples containing bioactive vegetable extracts

(T1: Kontrol; T2: Siyah havug 6zitli 6rnek; Ts: Kirmuzi lahana 6ziitli 6rnek; Ti: Kirmizt pancar 6zitli 6rnek; T's:
Siyah havug ve kirmizi lahana 6zitli 6rnek; Tg: Kirmizi lahana ve kirmizi pancar 6ziitli 6rnek; T7: Siyah havug ve
kirmiz1 pancar 6zutla 6rnek; Tg: Siyah havug ve kirmizt lahana ve kirmizi pancar 6zitli 6rnek)

(T3: Control; To: Sample with black carrot extract; Ts: Sample with red cabbage extract; Ty: Sample with red beetroot extract; T's:
Sample with black carrot and red cabbage extract; Ty: Sample with red cabbage and red beetroot extract; T7: Sample with black carrot
and red beetroot exctract; T: Sample with black carrot and red cabbage and red beetroot extract)

SONUC

Bu arastirma, beze iretiminde kullanilmak tzere
ekstrakte edilen bitkisel Oziitlerin Urtin kalitesi
lzerine potansiyelini ortaya koymustur. Genel
olarak, elde edilen sebze sulati hem bezenin
kopiik 6zelliklerini hem de nihai Giriin 6zelliklerini
iyilestirmistir. Ozellikle kara havug ve kirmizt
pancar 6zutleriyle iiretilen 6rneklerde sadece renk
Ozellikleri degil biyoaktif &zellikler ve duyusal
Ozellikler de gelistirilmistir. Diger taraftan, bitkisel
Ozitler arasinda test edilen Szellikler igin sinerjist
etkilesim gorilmemistir. Ayrica, biyoaktivitesi
artirtlmis  Grtnlerin  lezzet  6zelliklerinin - de
tyilestirilmesi gerekmektedir. Bu amagla, bitkisel
Ozutlerin farkli konsantrasyonlart denenerek tirtin
kalite Ozelliklerinin optimize edilmesi
Onerilmektedir.

CIKAR CATISMASI
Yazarlarin makale ile ilgili herhangi bir kisi veya
kurum ile ¢ikar ¢atismast bulunmamaktadir.

YAZARLARIN KATKISI

Bu calismada Mehmet GULDANE, calismanin
kurgulanmasi, ¢alisma sonuclarin dizenlenerek
yorumlanmast ve makale yaziminda gdrev
almistir. Tuba YAGMUR calisma analizlerinin

gergeklestirilmesinde ~ ve  Hande  CETIN
calismanin planlanmasinda katkida
bulunmuslardir.
TESEKKUR
Bu calisma  Tubitak  2209-A  tarafindan
desteklenmistir.
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oz

Son yillarda insanlarn saglklt ve enerji degeri diisiik gidalar tiketme egilimi gOstermesi yeni pisirme
tekniklerinin gelismesine yol agmistir. Sicak hava fritézii son 10 yilda ortaya ¢tkan, tiiketiciler tarafindan kabul
g6rmis bir pisirme cihazidir. Bu cihazlar klasik kizartma tekniklerine oranla daha az yag ilavesi ile kizartma
islemine olanak saglamaktadir. Bu sayede derin yagda kizartmaya kiyasla enerji degeri ve yag orant daha disiik
gidalar elde edilebilmektedir. Derin yagda kizartma teknigi en eski pisirme tekniklerinden biri olmasina
ragmen pisirilen Griiniin yiksek oranda yag icermesi ve proses sirasinda gidada bazt istenmeyen bilesenler
(akrilamid vb.) olusumuna sebep olmast nedeniyle tiiketiciler tarafindan ¢ekinceye sebep olabilmektedir. Son
yillarda saghkli beslenmeye olan ilginin artmast da bu tarz gidalarn tiketiminin smirlanmasina sebep
olmaktadir. Bu derlemenin amact sicak hava frit6zii ve derin yagda kizartilan gidalara yonelik yapilmus
calismalarin incelenerek elde edilen fiziksel, kimyasal, duyusal niteliklerin literatiir verileri dogrultusunda
aciklanmasidir.

Anahtar kelimeler: Sicak hava fritdzii, derin yagda kizartma, akrilamid, kizartilmus gidalar

COMPRASION OF FOODS FRIED BY AIR FRYING AND DEEP FAT FRYING
ABSTRACT

In recent yeats, people's tendency to consume healthy and low energy foods has led to the
development of new cooking techniques. The air fryer is a consumer-accepted cooking appliance that
has emerged in the last 10 years. These devices allow frying with less oil addition compared to
conventional frying techniques. In this way, foods with lower energy value and fat content can be
obtained compared to deep fat frying. Although deep fat frying is one of the oldest cooking
techniques, it can cause hesitation by consumers due to the high fat content of the cooked product
and the formation of some undesirable components (acrylamide, etc.) in the food during the process.
The growth of interest in healthy eating in recent years has also led to a limitation in the consumption
of such foods. The aim of this review is to examine the studies on air fried and deep fried foods and
to explain the physical, chemical and sensory qualities obtained in line with the literature data.
Keywords: Air fryer, deep fat frying, acrylamide, fried foods
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Sicak hava fritézi ile kizartilmis gidalar

GIRIS
Gudalarin tercih edilirliginde lezzeti ve albenisinin
yani sira enerji degeri, besleyiciligi, fonksiyonelligi,
insan saghigina etkisi gibi etmenler de 6nemli rol

oynamaktadir.  Degisen  yasam  tarzi  ve
beraberinde insanlarin  saglik  konusundaki
endiseleri  beslenme  aliskanliklarinin =~ da

degismesine yol agmaktadir. Diinyada kizartilmis
gidalarin tiiketiminin artmast neticesinde kizartma
islemi gida endiistrisinde de oldukea yaygin hale
gelmistir. Kizartilmis gidalar ev i¢i tiketimde ve
yemekhane, restoran vb. dis ortamlarda siklikla
tiketilen  gidalardandir.  Kizartma  teknikleri
arasinda en yaygin olarak kullanilan teknik derin
yagda (daldirarak) kizartmadir (Boz, 2022). Bu
teknik gidanin 150-200 °C’deki sicakliktaki yaga
daldirilmast ve istenilen siire boyunca kizartilmast
ile uygulanir (Manjunatha vd., 2014). Kizartma
yagt gidanin tekstirini gelistiren, yaglt hisse
sebep olan ve diger aromalar1 destekleyen bir 1s1
transferi gerceklesmesine katki saglamaktadir
(Frakolaki vd., 2023). Bu esnada meydana gelen
ana tizikokimyasal tepkimeler; nisasta
jelatizasyonu, proteinlerin  denatiire  olmasi,
esmerlesme, kabuk olusumu ve aroma degisimidir
(Tzompa-Sosa vd., 2022). Bu islem esnasinda
gida, yiksek miktarda yag emmektedir. 2003
yilinda Mellema tarafindan 6n islem yapilmadan
gerceklestirilen  kizartma neticesinde, patates
cipsinin mevcut agirhginin 1/34 kadarina kargilik
gelecek miktarda yagi icine aldig belirtilmigtir
(Mellema, 2003).

Yiksek yagli beslenmenin olumsuz etkileri
titketicileri besleyiciligi yitksek, giivenli gidalart
bulma egilimine yonlendirmistir. Bu arayis da yag
orani azaltlmig kizarmis gida tretimine olanak
veren pisirme tekniklerinin gelistirilmesini gerekli
kilmaktadir (Giovanelli vd. 2017; Lartey vd. 2018).
Bu sayede gelistirilen  yenilik¢i  kizartma
tekniklerinden biri sicak hava ile kizartma (air
frying) teknolojisidir. Bu teknikte gidalar az
miktarda yag kullanilarak veya hi¢ kullanmadan
yuksek hizli hava sirktlasyonu neticesinde pisirilir.
Sicak hava fritézu ile pisirilen gidalarin albenisi;
duyusal Ozellikleri ve pisme islemi neticesinde
ortaya ctkan karakteristik niteliklerine baglt olarak
degisir (Santos vd., 2017).

KIZARTMA

Kizartma vyillardir bilinen ve tim dinyada
kullanilan pisirme tekniklerinden biridir. Sebze,
meyve, hamur, tavuk, kirmizi et, balik gibi bir¢ok
uriin cesidi bitkisel yaglar kullanilarak lezzetli bir
tiiketim gidast haline doniismektedir. Kizarmis bir
gidanin kuru, gevrek kabuk ve yumusak i¢ dokuya
sahip olmast kizartilms yiyeceklerin albenisinin en
6nemli nedenlerinden biridir (Mellema, 2003).

Genel olarak kizarmis gidalar Grlntn yaklasik
%35-44'"a oraninda olduk¢a yiksek bir yag
igerigine sahiptir (Terruel vd. 2015). Bu yéntem
pisen gidanin tadt nedeniyle insanlar tarafindan
siklikla tercih edilse de kizarmis yiyeceklerin
yiksek yag iceriginin; kanser, kalp rahatsizliklari,
obezite, diyabet ve yiksek tansiyon gibi saghk
problemlerine  yol acabilecegi bilinmektedir
(Mesias vd., 2021). Bunun yanit sira kizartma
islemi esnasinda yiksek sicaklik uygulamas;
akrilamid olusumu, yag oksidasyonu, besin
maddesi kayb1 gibi istenmeyen durumlara sebep
vermektedir (Heredia vd., 2014). Bu nedenle; yag
icerigi, bilesimi ve genel kalite parametreleri
acisindan optimize edilmis kizarmis yiyeceklere
ihtiya¢ duyulmaktadir.

Kizartlmis gidalar, derin yagda kizartma, vakum
altinda kizartma, tavada kizartma, sicak havada
kizartma gibi farkli kizartma teknikleri kullamilarak
uretilebilir.

Derin Yagda Kizartma

Atmosferik kizartma veya daldirmali kizartma
olarak da bilinen derin yagda kizartma islemi,
gidalarin 150 ila 200°C arasinda degisen
sicakliklarda yaga batirilmast ile gerceklestirilen
evsel ve ticari kullanima uygun bilindik bir gida
pisitme teknigidir. Kizartma isleminin kisa siirede
gerceklestigi bu teknikte uniform, istenilen yapi,
renk ve aromaya sahip albenisi ylksek gidalar
ortaya ctkmaktadir (Safari vd. 2018).

Kizartma islemi esnasinda 1st transferi ve kiitle
transferi bir arada gelismektedir. Ik asamada
konveksiyon (tasinim) sayesinde yagdan trtnlerin
yluzeyine dogru iletilen 1s1 kondiksiyon (iletim)
yolu ile Urin yiizeyinden triiniin merkezine
tastnmaktadir (Huang vd., 2022). Kitle transferi
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gidadaki nemi yaga, yagt da gidaya tasimast
acisindan oldukc¢a 6nemlidit. Bunun neticesinde

Ozelliklerin olusumunu saglar (Chang vd. 2020).
Derin yagda kizartma esnasinda gidada meydana

meydana gelen gidadaki su kayb: ve yag emilimi ~ gelen 1s1 ve kitle transferi Sekil 1.de
tiketicinin kizartilmis gidalarda arzu ettigi tat, gosterilmektedir.
altin renge sahip olma, gevreklik gibi duyusal
¥ su
. T buhan
kom-ekm}ror}/ kabuk x
[ > 4Yag
kondiiksiyon merkez su yag ,» Su
* -
buhar
s E Y
ol L Jyas
—> -
konvek:ﬂyork / , su
buhari

Sekil 1. Kizartma esnasinda gidada meydana gelen 1s1 ve kiitle transferinin sematik gdsterimi

Derin yagda kizartma tekniginde islem dort
agsamalt olarak gerceklesmektedir. Bu asamalardan
ilki gidanin yaga daldirilmasi ile gida ylzey
sicakliginin suyun kaynama noktasina ulasmasina
kadar strdigi ik 1sitma islemidir (Safari vd.,
2018). Ist transferi bu asamada konveksiyon yolu
ile gerceklesmektedir. Tkinci asamada ise (yiizey
kaynamast), yagda girdap olusumu 1s1 transferinin
zorlamali konveksiyon haline déniismesine neden
olmaktadir (Al Faruq vd., 2022). Gidann ig
sicakliginin  kaynama noktasina yikselmesi ile
yuzeyde kabuk kalinlagmast
gerceklesirken nem kaybi ve kabarciklanma orant
diusmektedir. Bu sekilde gerceklesen uUglinci
asamada ayrica gidada protein denatiirasyonu ve
nisasta jelatinizasyonu gibi cesitli kimyasal
reaksiyonlar gerceklesmektedir. Kabarciklanma ve
buhar ¢ikisinin gérilmedigi dérdiincti asama ile
kizartma prosesi tamamlanmaktadir (Safari vd.
2018).

olusumu ve

Kizartma yaginin kalitesi ve stabilitesi derin yagda
kizartma islemi acisindan ¢ok 6nemlidir (Cui vd.
2017). Kizartma islemi icin kullanilan yaglar, non-
hidrojene sivi ve kat1 yaglar veya kizartma islemine
uygun Ozel hidrojene yaglar olabilir. Stv1 olarak

genelde; ayeicek, musir, palm oleini, soya fasulyesi,
aspir, yer fistg1, pamuk tohumu, kanola ve kolza
tohumu yag1 gibi rafine edilmis, kokusu giderilmis
ve aZartilmis yaglar kullandmaktadir. Palm
stearini, hindistan cevizi yag1, palm ¢ekirdegi yag
gibi katt yaglar da kizartma yag1 olarak
kullanilabilmektedir (Ghidurus, 2010).

Kizartma sirasinda yag emilimi; gidanin nem
icerigi, dis yizeyi, geometrisi, kizartma suresi,
stcakligl, yagin cesidi, yagin bozulmasi, kizartma
Oncesi ve sonrast islemler gibi bircok faktérden
ctkilenmektedir (Dehghannya ve Ngadi, 2021).
Kizartma islemi bitiminde soguma evresinde de
yag emilimi gida kabugunda devam etmektedir
(Arslan vd. 2018). Buharlasmalt soguma kaynakl
gerceklesen vakum etkisiyle gidanin i¢ basinct
dismekte ve olusan su yogusmast ile gida
yluzeyinde yag emilimi gerceklesmektedir. Ayrica
drenaj esnasinda da yag emilimi gerceklesir
(Lumanlan vd., 2020).

Sicak Hava ile Kizartma (Air Frying)

Sicak hava ile kizartma, ¢ok az yag iceren veya hi¢
yag icemeyen kizarmis yiyecekler tretebilmesi ile
geleneksel kizartma islemine alternatif kabul
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edilen vyenilik¢ci ve dikkat c¢ekici bir pisirme
teknigidir. Yag icerigi az, kizartilmis gidalara
benzer doku ve lezzete sahip gidalar pisirmek icin
en yaygin kullanidan tekniklerden biridir (Castro-
Lopez vd., 2023). Bu teknikte sicak hava
sirkiilasyonu sayesinde yag damlaciklar ve pisirme
haznesindeki gidanin  etkilesmesi neticesinde
kizartma islemi gerceklesir (Andrés vd., 2013).

140 °C ve daha yiksek sicakliklar uygulanabilen
bu proseste daha kisa stirede besin Sgeleri ve
fenolik  bilesiklerin ~ korunmast  icin  hava
sirktlasyonu daimi gerceklesmektedir (Nandasiri
vd.,, 2023). Sicak hava fritéziine ait sematik
diyagram Sekil 2’de gosterilmektedir.

2 7 7 7 7777777 A

\,

05 8 g 0

w

Sekil 2. Sicak Hava Fritézinin sematik diyagrami A: Fan, B: Isitic1 Rezistans, C: Sicak Hava, D: Gida

Sicak hava fritézinin ilk piyasaya striilmesi
Hollandal sirket Philips tarafindan 2010 yilinda
gerceklestirilmistir. Tanitimda Griinin ana amact
geleneksel kizartmalarin  daha saglikli sekilde
pisirmek olarak agtklansa da yillar icerisinde bu
uriinler bircok kullanim amacina hizmet eder hale
gelmistir. Ginimiizde satist yapilan bircok sicak
hava frit6zi kizartmanin yani sira 1zgara, kzleme,
hamur isleri pisirme, buharli pisirme gibi ek
ozelliklere  sahiptir. Ingiltere’de 2022  yilinda
yapilan bir calismada son iki yilda iilke genelinde
25 milyondan fazla sicak hava fritézi satist
gerceklestigi belirtilmistir. Yine aynt calismada bu

pazarin 5 yil icinde %066  biylimesinin
beklendigine  dikkat  ¢ekilmistir  (Stratview
Research, 2022). Kullanimin yayginlasmast

neticesinde bu alanda bilimsel c¢alismalarin da
artmasina sebep olmaktadir. Cizelge 1’de sicak
hava fritézii ile kizartilms gidalara  yonelik

gerceklestirilen ¢alismalar ve bu  ¢alismalarda
kullanilan gidalara yer verilmistir.

Sicak hava fritéziinde kizartma esnasinda firina
benzer sekilde sicak hava akimziile sepette bulunan
gidanin  ylzeyi esit olarak siulir.  Yag
damlaciklarini  iceren bugu dogrudan frit6z
sepetinin icindeki gidanin etrafinda siirekli hareket
edecek sekilde tasarlanmustir. Bu sayede 1sitnmanin
etkisiyle su buharlasir ve ylizeyde yavas yavas bir
kabuk olusur (Paster, 2019; Joshy vd., 2020).
Cihazin yiiksek hava tGifleme hizt ve havayt hareket
ettiren fan sayesinde pisirme siiresi, cihaz 1sitnma
stresi geleneksel firinlara gére daha kisa olup
enetji tiketimi de daha dusiiktir. Bunun yant sira
kiiciik, kompakt olmasi, cevreye daha az 1s1
vermesi ve daha hizli hava hareketi sayesinde daha
gevrek  kizartmalara olanak  saglamasi ile
firinlardan  ayrilmaktadir  (Paster, 2019; Pitre,
2019; Wang vd. 2022).
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Cizelge 1. Sicak Hava Fritozii ile Kizartilmig Bazi Gidalar (Tellez-Morales 2023)

No Gida Kaynak

1 Biskiivi Fang vd. (2022)

2 Brokoli Hong vd. (2022)

3 Deniz Tarag1 Wang vd. (2023)

4 Domuz G&begi Kwon vd. (2023)

5 Donut Ghaitaranpour vd. (2020)

6 Falafel Fikry vd. (2021)

7 Havug Schmiedeskamp vd. (2022)

8 Kalamar Luo vd. (2022)

9 Karides Song vd. (2020)

10 Kilkuyruk Balig Ding vd. (2022)

11 Kirmizi sogan Cattivelli vd. (2023)

12 Levrek fileto Joshy vd. (2020)

13 Omlet Oliveira vd. (2022)

14 Orkinos fileto Negara vd. (2021)
Andrés vd. (2013), Heredia vd. (2014), Teruel vd. (2015), Giovanelli

15 Patates vd. (2017), Santos vd. (2017), Ciccone vd. (2020), Gouyo vd. (2.020),
Haddarah vd. (2021), Dang vd. (2022), Verma vd. (2023); Bachir vd.
(2023)

16 Patlican Salamatullah vd. (2021)

17 Samosa Boregi Pande Snehal vd. (2018)

18 Sturgeon biftek Liu vd. (2022)

19 Surimi (Balik Sosisi)  Yu vd. (2020)

20 Tath Patates él(a)czlg){ahman vd. (2016), Ulus ve Allen (2020), Mokhtar ve Thow

21 g”uk gogus ve Lee vd. (2020)

anat

2o TavukNugget Cao vd. (2020); Castro-Lépez vd. (2023)

o3 Tlilapia Balg Fang vd. (2021), Fang vd. (2023), Wang vd. (2022)

24 Turpgiller Nandasiri vd. (2023)

Cesitli Kizartma Tekniklerinin Gidanin Kalite
Parametreleri ve Gida Giivenligi Uzerine
Etkisini Inceleyen Aragtirmalar

Derin yagda kizartma ve sicak hava fritézu ile
kizartilmis gidalarin duyusal Gzelliklerinde yag
alimi hizy, 1s1 kinetigi, madde tagima stireclerinden
kaynakli farkldiklar olmaktadir (Salamattullah,

2021). Sicak hava fritbziinde kizartilan gidalar
daha kabarik ve kuru goriiniimiine sahip olmakla
beraber agizda daha kuru bir his birakmaktadir
(Wang, 2021). Teruel vd. (2015) tarafindan
gerceklestirilen ¢alismada iki yontemle kizartilmis
patatesler duyusal yonden karsilastirlmis ve
panelistler derin yag ile kizartilan patateste,
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kizartma kokusu alirken; sicak hava fritozunde
kumpir kokusu aldiklarini belirtmiglerdir. Ayni
calismada Urlnlerin agizda biraktig1 hissin de
derin yagda kizartilanda daha yagl bir his iken
sicak hava fritézi ile kizartilanda daha unsu his
oldugu belirtilmistir. Gouyo vd. (2020) tarafindan
derin yagda ve sicak hava fritbziinde kizartilmig
patates kizartmasinin doku 6zelliklerinin mekanik

ve akustik acidan  karsilastirilmast  icin
enstriimantal bir yontem denemesi
gerceklestirilmis  ve derin  yagda kizartilmis

trinlerin daha ¢itir oldugu saptanmustr.

Gidalarin nem  igerigindeki azalma sicak hava
frit6ziinde derin yagda kizartmaya gore daha
yavas gerceklesmektedir. Bu fark 1s1 transfer
hizinin sivi fazda gaz faza goére daha hizl
olmasindan kaynaklanmaktadir (Teruel, 2015).
Gouyo vd. (2020) tarafindan yapilan calismada
kizartilmis gidanin nem kaybinin triiniin gevreklik
ve sertligi tizerinde etkili oldugu belirtilmistir.
Fang vd. (2021) tarafindan tilapia derisi ile
gerceklestirdikleri ¢alisgmada nem igerigi, derin
yagda kizartma isleminde 6 dakikada %069'dan
%?2'ye diigerken sicak hava fritdziinde bu dusts 10
dk’da gerceklesmistir. Dang vd. (2022) tarafindan
gerceklestirilen ¢alismada sicak hava fritéziinde
kizartilmis patateslerin nem igeriginin daha dustik
oldugu belirlenmistir.

Gidanin yag emilimi iki teknikte farkli sonuglar
veren O6nemli kalite parametrelerinden biridir.
Yapilan c¢alismalarda sicak hava fritézu ile
gerceklestirilen kizartma isleminde yag aliminin,
detin yagda kizartmaya gére %90'a varan
oranlarda daha az oldugu bildirilmistir (Andres,
2012). Santos vd. (2017) tarafindan yapilan
calismada farklt bitkisel yaglar ile kizartilan
patatesler kalite parametreleri karsidagtirlmuis ve
sicak hava frit6ziinde kizartilmig patateslerin yag
igeriginin 6zellikle zeytinyaginda kizaruldiginda
ortalama %70 oraninda azaldig1 tespit edilmistir.
Benzer sekilde Rahman vd. (2016) tarafindan
gerceklestirilen calismada sicak hava fritézinde
kizartilan tath patatesin yag iceriginin, derin yagda
teknigi ile kizartilan tatlt patateslere kiyasla %90.1
oraninda azaldig géralmistir. Teruel vd. (2015),
iki kizartma isleminde yag emiliminin bu denli
farkli olmasit gidanin derin yagda kizartma

esnasinda sicak yag ile c¢evrelenmesi hava
frit6ziinde ise direkt yag ile temastan ziyade
gidanin yag damlaciklarindan olusan buhar ile
cevrelenmesinden kaynaklandigini belirtmislerdir.

Fikry vd. (2021) tarafindan gerceklestirilen
calismada falafel derin yagda ve sicak hava
frit6ziinde kizartilmis ve 178 °C’de 11 dk stire ile
sicak  hava fritbzinde kizartilmis falafelin
optimum degerlere sahip oldugu gorilmistiir.
Kizartma sicakligt ve siiresinin; nem igerigini,
sertligi, yag icerigini, L* degerini, duyusal
gbrinimi, aromayl, tadi, gevrekligi etkiledigi
belirtilmistir. Sicak hava frit6ziinde kizartilmis
falafelin yag icerigi daha dustik, L* degeri daha
yitksek bulunmustur. L* degerindeki farkliligin su
kaybt ve yag emilimi ila alakali oldugu
belirtilmistir. Duyusal acidan karsilagtirmada ise
sicak hava frit6zinde kizartilmis falafelin daha
gevrek, daha iyi tat, daha iyl gbriiniime sahip
oldugu ve duyusal skor agisindan daha tercih
edilebilir 6zellikte oldugu saptanmustir.

Sicak hava fritézi ile kizartilmis gidalar daha
disiik yag icerigi ve akrilamid, PAH gibi toksik
bilesenleri daha az miktarlarda icermesi nedeniyle
daha saglikli gidalar olarak degerlendirilmektedir
(Lee, 2020). Monomerik yapiya sahip olan
akrilamidin yapilan ¢alismalarda memeli hayvanlar
acistndan mutajen, kanserojen etkiye sahip oldugu
ve hayvanlarin sinir sistemine zarar verdigi
belirtilmektedir (Jackson ve Al-Taher 2010;
Nizamlioglu ve Nas 2019). Yuksek toksisiteye
sahip olan akrilamid Kanser Arastirma Ajansi
tarafindan kanserojen (grup 2A) oldugu kabul
edilen bir bilesendir IARC, 1999). Pedreschi vd.
tarafindan yapilan ¢alismada akrilamid miktart ile
a* renk koordinati (kirmizi-yesil degisim) arasinda
iliski gbzlenmis ve akrilamid olusumunun
esmerlesme diizeyi ile iliskili oldugu belirtilmistir.
Heredia vd. (2014) tarafindan gergeklestirilen
calismada derin yagda ve sicak hava fritézi
yontemi ile kizartilan patateslerdeki akrilamid
icerigi renk degerleri Uzerinden karsilagtirilmig
sicak hava fritdzi ile kizartilan gidanin akrilamid
igeriginin daha dusiik oldugu belirlenmistir.
Bununla birlikte, sicak havada kizartilmis
numunelerin daha vitamin iceriginin daha iyi
korundugu belirlenmistir (Heredia, 2014). Sun-
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Lee wvd. (2020) tarafindan gerceklestirilen
calismada tavuk eti derin yagda ve sicak hava
fritéziinde  kizartilmast neticesinde polisiklik
aromatik hidrokarbon ve akrilamid igerigi
acisindan degerlendirilmistir. Calisma neticesinde
derin yagda kizartilmis tavuk etlerinin akrilamid ve
PAHlart 6nemli Ol¢lide daha yiksek icerdigi
belirlenmistir.

Dang vd. (2022) tarafindan gerceklestirilen
calismada patates kizartmast derin yagda ve sicak
hava fritézi ile kizartilmis Ornekler nem,
akrilamid, HMF igerigi, duyusal nitelikler
bakimindan karsilastirlmistir.  Duyusal analiz
sonuclart acisindan hava fritéziinde kizartilan
patateslerden 180 °C - 21 dakika, 190 °C - 18
dakika ve 200 °C - 18 dakikada kizartilmis
olanlarin en iyi fiziksel Gzelliklere sahip oldugu
gorilmustir. Bunun yani sira sicak hava fritézi ile
kizartdlmus patateslerde akrilamid iceriginin derin
yagda kizartmaya kiyasla %47.5 daha az oldugu
saptanmistir. Aynt ¢alismada akrilamid igeriginin
derin yagda kizartma isleminde HMF artisinin
yani sira lipit oksidasyonu nedeniyle daha yiksek
oldugu belirtilmistir.

Nandasiri vd. (2023) tarafindan gerceklestirilen
calismada Turpgiller familyasindan  brokoli,
kirmizi lahana, lahana, kale, Briiksel lahanast
sebzeleri kullanilarak gerceklestirilen ¢alismada
sebzeler sicak hava frit6zl, dondurarak kurutma,
buharda pisirme ve soteleme teknikleri ile
pisirilmis ve antioksidan kapasite acisindan
degerlendirilmistir. Bulgular fenolik bilesenler,
flavonoid madde agisindan degerlendirildiginde
sicak hava fritéziiniin antioksidan kapasite
acisindan  diger yontemlere kiyasla daha iyi
sonugclar verdigini géstermistir. Lahana ve brokoli
filizi 160° C 10 dk’da sicak hava fritézu ile
kizartma islemi sirasinda en yliksek antioksidan
aktiviteyi gostermistir. Aynt ¢alismada 1sd islemle
sebzelerin  antioksidan potansiyelinin  arttig1
gozlenmistir. Soteleme isleminin antioksidan
aktiviteyi en az destekleyen 1s1l islem oldugu ve bu
sebzeleri pisirmek icin siklikla tercih edilen
buharla pisirmenin ise antioksidan aktiviteyi

gelistirme acisindan  sicak  hava fritézi ile
pisirmenin  gerisinde  kaldigi  gOrilmistir.

Salamatullah vd. (2021) tarafindan gerceklestirilen

calismada sicak hava fritézlinde kizartimis olan
patlicanin biyoaktif acidan 6zellikleri incelenmis
diger fiziksel, kimyasal, duyusal analizlere yer
verilmemistir. Bu calismada orta pismis patlicanin
pismemis patlicana oranla fenolik bilesen
iceriginin daha yiiksek oldugu saptanmistir.
Schmiedeskamp vd. (2022) tarafindan havug
kullanilarak yapilan galismada ise karotenoid ve
antioksidan kapasitesi incelenmis ve sicak hava
trit6ziniin daha iyi sonuclar verdigi gérillmustiir.

SONUC

Sicak hava frit6zii son 10 yilda gelistirilmis yeni bir
pisitme teknigidir. Daha az yag icerigine sahip
kizartilmis gida eldesi, besin degetlerinin daha iyi
korunuyor olmasi, daha pratik uygulama sartlarina
sahip olmast, distik enerji tiketimi, bircok pisirme
islemini gerceklestirme imkani sunmast vb.
avantajlara sahip olmast nedeniyle diinyada yaygin
olarak kullanilmaktadir. Hem saglik hem de gevre
acistndan  yarart  her gecen gin  daha
yayginlasmasini  saglamaktadir. Buna ragmen
literatiir verilerinin gelistirilmesi gerektigi agiktir.
Bu alanda yapilan ¢alismalarin cogunlukla patates,
tatl patates, tavuk, balik gibi gidalarla gerceklestigi
gorilmektedir. Yapilan calismalarda yag icerigi
daha dustik, toksik bilesenleri daha az iceren, renk,
gorinim gibi nitelikler acisindan  kizartilmig
gidaya benzer, tat ve doku acisindan farklilik
gosteren gidalarin  dretimine olanak sagladigt
anlasilmaktadir. Ttketicinin arzu ettigi kizartilmig
gida dokusu ve tadina birebir uyumla ulagtlamadigt
duyusal  analizlerde  gorilse de  tiketici
tercihlerinin - degisken oldugu da asikardir.
Gercgeklestirilecek calismalarda Urlin ve analiz
cesitliliginin arttirtlmast gerekmektedir.
Giintimuzde yapilan calismalar ev tipi sicak hava
fritézleri icin gecerli olup bu teknolojinin
endiistride kullanim olanaklari ve uyarlanmasi
ontimiizdeki yillarda calisilmast gereken bir alan
olarak 6n plana ¢tkmaktadur.

CIKAR CATISMASI BEYANI

Yazarlar arasinda cikar catigsmast
bulunmamaktadir.

YAZAR KATKILARI

Makalenin  detlenmesinde, yazilmasinda ve

yayinlanmasinda tim yazarlar katki saglamislardir.
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ABSTRACT

The quality and microbiological criteria of pepper pastes produced by many different methods, especially
domestic and fabrication, can often be overlooked in spite of regulating certain standards. Quality problems
in domestic/traditional production are at a very high rate. Thus, it was aimed to determine and compatre the
criteria of pepper paste produced by various methods. For this purpose, physical, chemical and
microbiological analyses were conducted and results were examined. Values of pH, dry matter, titration-
acidity, and color changed significantly during storage. While their brightness decreased, pastes became
redder and more yellow. Microbiological analysis showed that D had the highest microbiological load due
to the lack of boiling. On the other hand, A had the lowest microbiological load owing to heat treatment
and aseptic-filling applications. A was followed by E, which includes both drying and boiling applications.
Thus, using these two production methods in paste production can be recommended.

Keywords: Turkish Pepper paste, traditional, commercial, microbial quality, storage

FARKLI YONTEMLERLE URETILEN TURK BIiBER SALCALARININ
DEPOLAMA SIRASINDAKI KALITE DEGiSIMLERINiN BELIRLENMESI VE
KARSILASTIRILMASI

oz

Yerli ve fabrikasyon basta olmak tzete bircok farkli yontemle tretilen biber salcalarinin kalite ve
mikrobiyolojik kriterleri, belirli standartlar dizenlenmesine ragmen ¢ogu zaman goz ardt
edilebilmektedir. Yerli/gelencksel tretimde kalite sorunlari ¢ok ylksek oranda. Boylece cesitli
yontemlerle Uretilen biber salcast kriterlerinin belirlenmesi ve karsilastirilmast amaclanmistir. Bu
amagcla fiziksel, kimyasal ve mikrobiyolojik analizler yapimis ve sonuglar incelenmistir. Depolama
sirasinda pH, kuru madde, titrasyon asitligi ve renk degerleri 6nemli 6lctiide degismistir. Parlakliklar
azalirken hamurlar daha kirmizi ve daha sari oldu. Mikrobiyolojik analiz, D'nin kaynama olmamasi

* Corresponding author / Yazismalardan sorumlu yazar
P<:sercandede01@gmail.com 78: (+90) 326 245 5829 &: (+90) 326 245 5832

Meltem Ayda; ORCID no: 0000-0003-4631-3662
Sercan Dede; ORCID no: 0000-0003-2049-9497
Mustafa Didin; ORCID no: 0000-0001-8444-5725

1071



1072

M. Ayda, S. Dede, M. Didin

nedeniyle en yiiksek mikrobiyolojik yiike sahip oldugunu gosterdi. Ote yandan A, 1s1l islem ve aseptik
dolum uygulamalari nedeniyle en dusik mikrobiyolojik yike sahipti. A 'yt hem kurutma hem de
kaynatma uygulamalarint iceren E izledi. Bu nedenle sal¢a tretiminde bu iki iretim y6nteminin

kullanilmasi onerilebilir.

Anahtar kelimeler: Tirk biber salgast, geleneksel, ticari, mikrobiyel kalite, depolama

INTRODUCTION

Red pepper is an important plant belonging to the
Capsicum genus of the Solanaceae family, grown
in temperate climates for a year, and grown in
various regions of the world in terms of
production, consumption and food processing
industry (Akgtl, 1993; Duman ve ark., 2002). The
pepper type grown in the Eastern Mediterranean
region is known as Capsicum annuum L. (Akgil,

1993).

Especially the ripe fruits of this species, fresh and
processed forms are used as colorant, pepper
paste, paprika (spice) and oleoresin; especially
used in meat products, soups, bakery, spice mixes,
sauces, condiments, confectionery, soft drinks,
vegetables, ice cream, chewing gum and pickles
(Yalgin, 2008). Apart from these, it has a wide
usage area in the world with its dominant color,
bitterness, essential and nutritional properties
(provitamin A, vitamin C, E, B1, B2, B3) and its
unique aromatic structure in cosmetics and
pharmacology industry (Duman et al., 2004;
Serrano et al. 2010).

According to the plant production data of the
Turkish Statistical Institute (TUIK), the amount
of fresh pepper produced in our country between
the years 2011-2021; while the production of bell
pepper increased by 15%, the production of chili
pepper increased by 21%, the production of
pepper for paste increased by 98% (from 730493
tons to 1445275 tons) (TUIK, 2022). Moreover,
Turkiye has only a 2.6% share in pepper
production in the world according to 2020 year
data from the Food and Agricultural Organization
of the United Nations (FAO, 2022). In recent
years, the production of pepper for pepper paste
has increased in our country due to the
advancement of technology used in agriculture,
the widespread consumption and the increase in
export demand.

Red pepper is widely used in the world, especially
in the form of chili pepper, to improve the taste
and flavor of dishes, as well as in different sauces
such as ketchup. Although the use of red pepper
as a paste (paprika paste, pepper paste) is very
limited (in Spain, Mexico and Korea), it has
become quite widespread in our country and in
countries where Turks live densely, such as
Germany, Belgium, Netherlands, England and
Australia (Bozkurt and Erkmen, 2004; Bozkurt
and Erkmen, 2005). Paste products are among the
most important product groups in our country's
food exports. Paste production aims to make
tomatoes and peppers easier to consume and to
preserve them for a long time without spoiling
until consumption (Ismail and Revathi, 20006).

Pepper paste is defined as “Pepper paste is
produced with pepper pulp, which is obtained
from fresh, ripe, robust, red-colored, hot, or
sweet peppers by washing thoroughly and
crushing, then heating and separation from their
shells, seeds, and fibers according to the
procedure or without separation; in which the
brix is thickened until at least 18%, excluding
additional salt, and made durable by physically” in
Turkish Food Codex Communiqué (TFCC) No.:
2014/6 on Paste and Puree (Anonymous, 2020).

Red pepper paste has been produced at homes
with traditional methods for many years in
Southern and Southeastern cities of our country,
such as Gaziantep, Adana, and Sanlurfa. It has
been produced in modern facilities in recent years
and has become a rapidly growing sector in many
regions (Kuleasan and Okur, 2012). Academic
testing of various producing methods has also
been conducted (Bozkurt and Erkmen, 2004,
Gogus et al., 2012; Askin Uzel, 2018). The effects
of starter culture and salt on pepper pastes were
also investigated by producing them via
traditional and vacuum techniques (Bozkurt and
Erkmen, 2005).



Quality changes of Turkish pepper paste during storage

Paste type consumption changes as pepper paste,
tomato paste or tomato-pepper mixed paste. The
consumption habit of paste varies according to
the people’s taste and the region where they grow
up. In a study investigating paste consumption
habits, it was determined that 85.5% of families in
Adana used pepper paste in their meals. It has also
been stated that 62% of those who consume
pepper paste produce it themselves at home, and
31.2% buy it from the market (Giil et al., 2005).
In another study, it was revealed that 99.25% of
the families living in Tokat province consumed
tomato paste and 41.85% of them consumed
pepper paste (Buyiikbay et al., 2009). Another
similar type paste of Korea, Gochujang, was
reported as a healtier product by reducing fat gain,
adipocyte size, serum lipid levels, leptin-secretion,
tumor necrosis factor mRNA level (Ahn et al.
2006; Kim et al. 2014).

The interest in healthy and nutritious products
has increased due to the increasing prevalence of
urban life, the increase in the number of working
people, the change in lifestyle, and the increase in
education levels. Traditionally produced paste
needs to be made safer by being technologically
produced.

However, microbiological spoilage is one of the
serious problems of the red pepper paste
production sector and it is known that it can occur
at every stage from raw material supply to the final
product. There has been only a few studies
especially on the effects of vatrious producing
techniques carried out on so far (Bozkurt and
Etkmen, 2004; Bozkurt and Erkmen, 2005;
Kuleasan and Okur, 2012; Gogus et al. 2015;
Gamli et al., 2018, Askin Uzel, 2018). Thus, the
aim of the research was to determine the quality
criteria changes of pepper paste produced by
using different technological/commercial and
traditional methods and to compare the results
obtained.

MATERIAL AND METHOD

Material

In the research, Islahiye red pepper harvested in
the Islahiye district of Gaziantep in 2018 was used
as the material. The red peppers were made into

pepper paste in a fruit and vegetable processing
factory (Yal¢inkaya Biber Baharat Limited
Company) that makes commercial production in
the region.

Method

Pepper Paste Production Stages

The harvested red peppers were brought to the
paste processing factory in perforated sacks with
the help of trailers. The red peppers in the sacks
were poured onto the conveyor belts and blasted
between the steel plates. The seeds of the popped
peppers were washed in the drum with
pressurized water. In addition to washing in the
rotating drum, it was ensured that the core, stalk
and garbage were separated. Washed peppers
were continuously transported to the sorting band
with the help of an elevator. In the sorting band,
rotten, dented, defective, or green peppers and
stem and leaf parts that were not suitable for paste
production were separated manually. At the end
of the sorting band, the red peppers were passed
through crushers with an average diameter of 6-8
mm and converted into must. In order to reduce
the microbial content of the wort, a preheating
process (3 mins at 85 °C) was done. Then the brix
was brought to 225 by evaporation for
production A and by drying and boiling
applications for productions B, C, D, and E.
Afterwards, 1.5 kg salt was added and then brix
values were adjusted to 28-31.5 levels by
evaporating (A production) or boiling (B and E
productions) or drying (C and D productions).
Brix values were varied according to the method
of evaporating the water in the pastes. After
evaporation, pastes were made stable by tube
pasteurization. In the last stage, it was packed in
half-kg glass jars.

Storage Experiments

In the study, pepper paste samples produced by 5
different methods were wused. The figural
representation of the productions is basically as
given in Figure 1. After being subjected to
blasting, washing, sorting and pulping processes,
the red peppers were processed into the final
product in a way suitable for commercial
mechanical processing (A) or home-type paste
productions (B, C, D and E), which might vary
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according to the regions. The methods to be
applied for this purpose were carried out in the
following order and procedure:

-A type paste: mechanically fabricated evaporative
paste,

-B type paste: paste obtained by boiling the pulp
in flat boilers,

-C type paste: paste obtained by laying and drying
the pulp in the sun,

-D type paste: paste obtained by reducing the size
of red pepper, which was made suitable for
processing, by semi-drying in the sun and
grinding,

-E type paste: paste obtained by reducing the size
of the red pepper, which was made suitable for
processing, by semi-drying in the sun, grinding
and boiling.

Commercial red pepper paste production
(hot filling)

Traditional (home-type) pepper paste
production

Fresh Red Pepper

{
Pepper Blast

!
Washing

1

Extraction

il
Crushers And Wort Vase

!

Preheater

!

First Stage-Evaporation

1

Second Stage-Evaporation

!

Pasteurization

!
Filling
!
Lid Closing

!
Labeling

Outer Packaging

1
Storage

!
Shipping

Fresh Red Pepper

!
Sorting And Washing

|

Removing The Core House

!
Size Reduction With Meat Grinder

|
Drying in The Sun or Shade, Boiling

|
Adding Salt

|
Packaging

Figure 1. Commercial (left) and Traditional (right) pepper paste production stages

Brix of all paste obtained in the applied
commercial and traditional production methods
was adjusted to at least 28.

It has been reported that 15-46 days were enough
to assess pepper pastes microbiologically for
storage experiments (Bozkurt and Erkmen, 2005;
Gamli et al. 2018). However, considering the case

that paste produced at home is stored in the cellar
for at least a few months, storage experiments
were carried out for a period of 5 months in order
to  observe the quality changes and
microbiological effects that may occur for a
longer period of time. Paste samples were packed
in half kg glass jars and stored in a sterile dark
cabinet at 25 °C at room condition for 5 months.
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While physical and chemical analyses were carried
out by taking samples from pepper pastes at the
beginning of each month; microbiological
analyses were made at the beginning of
production and the end of storage (at the end of
the 5% month). The reason for this was to store
the pastes in sterile packaging and to determine
the total amount of microbial load that grew until
the date they were opened and consumed (home-
made pepper pastes are stored for an average of 5
months and only checked whether they
deteriorate while being consumed.).

Physical and Chemical Analysis

A pH-meter (Orion Star A211, Thermo Fisher
Scientific, Beverly, MA, USA) was used for the
measurement by immersing the electrode of the
pH meter into the resulting solution (AOAC,
1995). The color values of pastes were determined
with a colorimeter (Minolta CR-400, Japan) by
using the Hunter scale. Color measurements were
made in triple and the average of the values was
taken. In the scale, “L” refers to the brightness of
the paste, “4” to the redness of the paste, and “/”
to the yellowness of the paste (Francis, 1998). Dry
matter and titration acidity (as citric acid) were
determined (AOAC, 2003). Salinity were
determined according to the Mohr method
(AOAC, 1995). Water activity was measured with
a Novasina LabStart brand (Lachen, Switzerland)
water activity measuring device (Ranganna, 1999).

Microbiological Analysis

AOAC standart method was applied by
modification for the microbiological analysis
(AOAC, 1999). 10 g pepper paste sample was
taken under sterile conditions and homogenized
in 90 ml sterile solution containing 0.1% peptone
(Merck, Germany). After the homogenization
process, the samples were diluted 1/10 with 0.1%
sterile peptone water, and the samples were
inoculated on the appropriate medium by
spreading method. In the experiments, all
microbial inoculations were made in triple from
each dilution. The average of the counting results
was expressed as logefu/g.

Total Mesophilic Aerobic Bacteria (TMAB) count
was determined by spreading the dilutions

prepared on petri dishes with PCA (Plate Count
Agar, Merck) medium for inoculation and
counting at the end of incubation at 30-32 °C for
24 hours. Dilutions of mold and yeast were taken
into petri dishes and cultivated in PDA (Potato
Dextrose Agar, Merck) medium and incubated at
25 °C for 3-4 days. Samples were seeded on Violet
Red Bile Agar (VRBA, Merck) medium to
determine the number of coliform bacteria in
which the petri dishes were incubated at 37 °C for
one day to count (Cakir, 2000). For Total Lactic
Acid Bacteria (LAB) count, 0.1 ml samples taken
from the dilutions were spread on MRS Agar
(Merck) medium and inoculated. Then the plates
were incubated at 30-32 °C for two days and be
counted of colonies.

Statistical Analysis

All of the physical and chemical experiments were
performed at least in triplicate, and the results
were given as the mean Fstandard deviation. In
this study, firstly, the effects of the treatments (A,
B, C, D and E productions) applied to pastes on
the quality criteria were examined. Then, the
effect of storage (5 months period) was examined
by looking at the changes in the quality criteria of
cach paste during storage. The analysis results
were compared One-way ANOVA and the
DUNCAN multiple comparison tests.

RESULTS AND DISCUSSION

Evaluation of Physical and Chemical Analysis
Results

Color, pH, titration acidity, salinity, dry matter
and water activity analyses were performed on
pepper paste samples used in the study. Since
there were not many studies on Turkish pepper
paste in the literature, the results of the analysis
were also evaluated in terms of compliance with
the TFCC. According to TFCC, the pH value of
pepper paste should be 4.1-5.0; excluding added
salt, it must have a brix value of at least 18%, a
maximum of 10% acidity (in terms of citric acid)
by mass, and a salt of at most 5% by mass in total
dry matter (Anonymous, 2020).

The effect of different production methods on
the physical and chemical properties of paste is
given in Table 1. While lactic acid growth was not
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high with the effect of heat treatment processes
and aseptic filling process used in fabricated
production, it has been stated that lactic acid
bacterial growth and with it the titration acidity
increased and the pH value decreased in pastes
produced with traditional methods, especially
during drying and storage (Kuleasan and Okurt,
2012; Askin Uzel, 2018). However, with the
application of boiling and similar heat treatments
in production, the growth and number of these
bacteria was considerably reduced (Jasim et al.
2002). When compared with TFCC values, it was
observed that acidity values were appropriate, but
some of the pH values decreased to levels not
suitable for TFCC during storage. On the other

hand, salt values of pastes were found to be higher
than TFCC. This was due to the high amount of
salt added for preservative purposes in
homemade pastes. HEspecially for the fabricated
production method A, all values except salt were
suitable for TFCC, on the other hand, all salt
ratios for home-made production methods were
higher than TFCC criteria (Table 1 and 2;
Anonymous, 2020). As can be seen in Table 1, the
effects of different production methods applied
on pH, titration acidity, dry matter, water activity
and salt values were found to be statistically
significant (***P=0.001).

Table 1. The effect of different production methods on the physical and chemical properties of paste

Pf}‘j;fgf“ pH azgsy“gz) Dry ((f;:;“er Water activity  Salt (%)
A 4645013 191£0.08°  30.83+0.77:  0.89%0.00c  7.90%0.00"
B 5.21+0.17¢ 13040120 324540515 0.88+0.00>  8.19+0.01¢
C 4.31%0.15b 3.674042c 33124056 0.86+0.00« 8194001
D 4.08+0.244 83140714 4243+037¢  0.88£0.00>  8.16+0.03b
E 4.6620.474 1.9540.20° 355040461 0.8820.00> 8174001
P kksk kksk kksk kksk kksk

*#+P <0.001. a-e Letters in the same column indicate statistical differences. Paste types: A: mechanically fabricated
evaporative paste; B: paste obtained by boiling the pulp in flat boilers; C: paste obtained by laying and drying the
pulp in the sun; D: paste obtained by reducing the size of red pepper, which is made suitable for processing, by
semi-drying in the sun and grinding; E: paste obtained by reducing the size of the red pepper, which is made suitable
for processing, by semi-drying in the sun, grinding and boiling.

Table 2. Changes in pH, Titration acidity, Dry matter, Water activity and Salt values during storage for
each different productions applied

Production

Method Months pH Titration acidity (%) Dry matter (%)  Water activity ~ Salt (%)
0 4.6210.02> 1.86£0.01> 29.90+0.052 0.8910.00 7.90£0.00
1 4.78%0.014 2.0240.014 30.7310.01¢ 0.8910.00 7.90£0.00
A 2 4.75%0.02¢ 2.01£0.014 30.47£0.01> 0.89£0.00 7.90£0.00
3 4.7310.03¢ 1.80%0.012 30.84£0.024 0.89£0.00 7.90£0.00
4 4.47£0.012 1.8710.01> 31.45£0.05¢ 0.88%0.01 7.90£0.00
5 4.4410.13* 1.8940.01¢ 32.26£0.03f 0.89£0.00 7.90£0.00
P *okok sokok ook NS NS
0 5.26£0.02¢ 1.19+0.01» 32.27£0.07¢ 0.88%0.00 8.19£0.01
1 5.33£0.02¢ 1.50%0.01¢ 31.75£0.05 0.87£0.00 8.19£0.01
B 2 5.42£0.04¢ 1.21+0.01> 33.26£0.03f 0.87£0.00 8.1910.01
3 5.2940.024 1.41+0.014 32.09£0.03> 0.88£0.00 8.1910.01
4 5.06£0.01> 1.2610.01¢ 32.55£0.014 0.87£0.00 8.1910.01
5 4.9510.012 1.25+0.01¢ 32.80£0.02¢ 0.88£0.00 8.1910.01
P *okok sokok ook NS NS
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g;;’i‘;cdnon Months pH Titration acidity (%)  Dry matter (%)  Water activity  Salt (%)
0 436%0.00¢ 3.67£0.02¢ 32.4740.03 0.86£0.00  8.20%0.02
1 4.43%0.024 3.81£0.014 33.16+0.014 0.86£0.00  8.20%£0.02
c 2 4434002 3.2440.01b 32.80+0.02¢ 0.86£0.00  8.20%0.02
3 4424002 3.04£0.01 32.66+0.03b 0.86£0.00  8.20%0.02
4 4134001 4124001 33.68+0.01¢ 0.86£0.00  8.20%0.02
5 4.08+0.02 4.13£0.02¢ 33.95+0.04¢ 0.86£0.00  8.20%0.02
0 4.16%0.00¢ 7.94£0.01¢ 42.95+0.02° 0.88£0.00  8.16+0.04
1 4.2540.014 9.32+0.01° 42.76%0.04¢ 0.88£0.00  8.16+0.04
b 2 4254001 8.08+0.014 41.8740.02¢ 0.89£0.00  8.16+0.04
3 428+001¢ 9.1740.01¢ 42.1840.03 0.8810.00  8.16+0.04
4 396001 7.48+0.012 42.35%0.02¢ 0.8910.00  8.16+0.04
5 3.71£0.01 7.86+0.03b 42.45%0.024 0.89£0.00  8.16+0.04
0 5.18%0.02¢ 1.9140.014 35.63+0.025 0.89£0.00  8.18%0.02
1 5.2420.01¢ 2.360.01F 35.9540.034 0.8910.00  8.18%0.02
. 2 52140014 2.3140.01¢ 34.98+0.03¢ 0.8910.00  8.18%0.02
3 5.2940.01¢ 1.71£0.01° 35.68+0.24 0.8910.00  8.18%0.02
4 49630010 1.67£0.012 35.83%0.24¢ 0.8910.00  8.18%0.02
5 4.61£0.000 1.76:40.04¢ 35.94+0.024 0.89£0.00  8.18%0.02

%P <0.001. a-f Letters in the same column indicate statistical differences. NS: Non Significant. Paste types: A:
mechanically fabricated evaporative paste; B: paste obtained by boiling the pulp in flat boilers; C: paste obtained
by laying and drying the pulp in the sun; D: paste obtained by reducing the size of red pepper, which is made
suitable for processing, by semi-drying in the sun and grinding; E: paste obtained by reducing the size of the red
peppet, which is made suitable for processing, by semi-drying in the sun, grinding and boiling.

In the research, the effects of storage period on
the physical and chemical properties of paste
during storage were compared the results were
found statistically significant on pH, titration
acidity and dry matter values of pastes, and
insignificant on water activity and salt values
(Table 2). It is seen that the pH decreased in all
productions during storage (Table 2). LABs
rapidly acidified the pastes by producing lactic
acid by fermentation processes of carbohydrates
in pastes, which inhibited the growth of other
microorganisms by leading to the low pH
5.06+0.75 in our study (Li et al. 2016; Kaur and
Kaur, 2020; Medina-Torres et al. 2020). On the
other hand, moisture and pH of pastes are
important parameters for microbial growth and
product stability. It has been reported that pH
values close to neutral values support bacterial
growth during storage (Bozkurt and Erkmen,
2004; Medina-Torres et al. 2020). In addition, pH

values of A and C pastes were in accordance with
the TFCC No.:2014/6; however, it was observed
that there was a decrease in pH values from 0 th
to 5th months in all production methods. It was
thought that this decrease was due to the heat
treatments’ affecting LAB growth applied in A, B
and E productions, and the effect of drying
treatments’ reducing the water activity necessary
for bacterial life for production type C (Orak and
Demirci, 2005; Kuleasan and Okur, 2012; Gamli
et al., 2018, Yassthtytk, 2012).

Accordingly, all of the pastes were in compliance
with the TFCC No.:2014/6 and more than
previous study based on acidity values except
production type D due to lack of heat treatment
and drying to stop LABs activity and similatly
production type C which as a method without
heat treatment (Bozkurt and Erkmen, 2004; Orak
and Demirci, 2005; Li et al. 2016; Anonymous,
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2020; Askin Uzel, 2018). As can be seen from
Table 2, dry matter values of pastes produced vary
between 29.90-42.95 which complied with the
minimum 18% standard specified in the TFCC
No.:2014/6. Salt values detected in pepper pastes
varied between 7.9-8.2 (Table 2). Although these
values were in line with previous studies
(Yassthiiyik, 2012; Gamli et al., 2018, Ryu et al.
2021; Ramalingam et al. 2022), they were outside
the maximum 5% standard specified in the TFCC
No.:2014/6 (Anonymous, 2020). The water
activity values detected in pepper pastes ranged
between 0.86-0.89 (Table 2) which were in line
with previous literature of pepper pastes (IKaur
and Kaur, 2020; Medina-Torres et al. 2020).

Color, which is one of the most important criteria
in the product selection of consumers, is an
important quality criterion in the selection of
paste. The color of the pepper pastes produced by
the traditional method is affected by variables
such as heating process, evaporation in the sun,
lactic acid formation as a result of fermentation,
and ambient oxygen. In the literature, the
resources on color analysis of Turkish pepper
paste are very limited (KKuleasan and Okur, 2012;
Yassthuyik, 2012; Gamli et al., 2018). In this
research, the effect of different production
methods on the color of paste was compared with
the DUNCAN multiple comparison test and the
results are given in Table 3. As it can be seen from
the Table (3); The effect of different production
methods applied on L, 4, , C and H values was
found to be statistically significant (***P=<0.001).
It was thought that these significancies observed
in color values were due to the effect of
techniques such as heat treatment, drying,

shredding, etc. applied in production and the
effect of added salt which all were effective on the
amount of growth of microbial life and enzymatic
reactions (Orak and Demirci, 2005; Gamli et al.
2018). When the effects on the color changes
during storage were compared; while the storage
had no effect on the L value in all productions
(Table 4), it was observed that method did (Table
3). Although the L values were the highest
especially in the fabricated A production, L values
decreased during storage in all productions
(Kuleasan and Okur, 2012, Gamli et al. 2018).
However, the change in L values during storage
was found to be statistically insignificant (Table
4). For the pastes of C, D and E productions, a
value increased during storage significantly. While
the statistical effect of the storage for the pastes
of A and D on the 4 value was found to be
insignificant, it was observed that the b value
increased during storage in all productions. It was
observed that the red color intensity of pastes
increased during storage, therefore an increase in
a and b values was observed, which was
compatible with the literature (Kuleasan and
Okur, 2012; Gamli et al., 2018, Yassthtytk, 2012).
While the statistical effect of the storage for the
pastes of A, B and D productions on the C value
was found to be insignificant, it was observed that
the C wvalue increased during storage in all
productions, however only C and E productions’
increase were found to be significant. While the
statistical effect of the storage for the pastes of A
and D productions on the H value was
insignificant, it is seen that the H value decreased
during storage for A and D productions, while it
increased in other productions.

Table 3. The effect of different production methods on the color of pastes

Production Method L a b C H
A 35.58+1.24¢ 31.90+1.78> 24.80+1.83b 40.29+2.38¢ 37.75+0.92¢
B 32.831+0.83bP 29.444+1.192 20.661+1.632 35.92+1.82a 34,961+1.392
C 30.97+1.692 29.7612.902 21.651+2.642 36.6513.723b 35.80%1.404b
D 32.45+2.333b 34,031+1.14b 26.05+2.18b 42.9441.52¢ 37.30%2.58b¢
E 31.26%1.34ab 322242970 22.3712.832 39.16+4.01bc 34,724+1.052
P ook ook ook o ook

#%P <0.001. a-c Letters in the same column indicate statistical differences. Paste types: A: mechanically fabricated
evaporative paste; B: paste obtained by boiling the pulp in flat boilers; C: paste obtained by laying and drying the
pulp in the sun; D: paste obtained by reducing the size of red pepper, which is made suitable for processing, by
semi-drying in the sun and grinding; E: paste obtained by reducing the size of the red pepper, which is made suitable
for processing, by semi-drying in the sun, grinding and boiling.
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Table 4. Color changes of paste produced by different method during storage

Pﬁi?ﬁggn Months L a b C H
A 0 38.56+0.87 28.5610.63 22.25%0.36 36.52+0.52 39.52+0.62
1 37.81£0.98 29.2310.56 23.12%0.25 38.65+0.02 38.75+0.52
2 36.8611.15 30.3310.24 24.00£0.18 38.72+0.06 38.20+0.45
3 35.17x0.11 31.95%2.16 25.09£2.95 40.07+3.32 37.51+1.25
4 34.71£1.00 33.4110.93 25.32%1.79 42.09+1.75 37.53+1.08
5 33.85+0.85 34.0610.84 26.12%1.29 42.15%£1.08 36.78+1.20
P NS NS NS NS NS
B 0 34.67£0.95 30.5610.89 19.22+0.822 33.65+0.85 30.85+2.142
1 33.92+1.05 29.9710.62 19.48+0.952 33.78+0.91 31.12+2.202
2 32.51£1.18 28.98+0.52 19.50%1.07= 34.89+1.02 33.71£0.99b
3 33.5310.42 28.97%0.12 19.97£0.022 35.15%0.10 34.57+0.11b
4 32.45%0.32 30.37+1.85 22.52+1.24b 37.72+2.21 36.62£0.15¢
5 31.821+0.65 31.25%+2.01 24.01+1.22¢ 38.721+0.06 36.84%0.25¢
P NS NS * NS *ok
C 0 34.61+0.72 21.03+0.522 18.01£0.982 29.79+2.532 33.98+0.852
1 33.45+0.63 24.12+0.30P 18.52£0.52 31.55+0.55b 34.021+0.322
2 32.38+0.40 27.13%0.50¢ 18.67%0.607 32.921+0.72b 34.2910.362
3 31.05£0.05 28.66x0.514 21.68%0.41b 35.76£0.70¢ 37.1410.03b
4 29.49+2.23 33.50%0.21¢ 24.59+1.02¢ 41.28%0.504 35.90+1.28b
5 28.74+1.64 35.9240.25f 24.89+1.46¢ 43.7710.48¢ 36.85+1.45b
P NS ook sokok ook *
D 0 35.41+2.43 29.5610.522 25.21+2.81 40.4510.48 37.75+2.14
1 34.78+2.50 30.41+1.02b 25.62+2.25 41.6710.58 38.02+2.51
2 33.83%3.26 32.53%0.33¢ 25.83%3.97 41.84%2.24 38.4914.54
3 32.33%0.29 34.7610.054 26.3410.82 43.67£0.48 36.9410.93
4 31.19£2.40 34.7910.294 25.98+1.57 43.30%1.11 36.4711.34
5 30.08+2.22 36.461+0.21¢ 26.8510.92 43.4710.52 36.12+1.25
P NS ook NS NS NS
E 0 33.63+2.13 26.78+0.842 18.75+0.822 33.82+1.932 33.12%+0.032
1 32.49+1.25 26.65+0.822 19.15£0.412 33.93+2.132 33.2940.052
2 31.50%1.12 28.97£0.79b 19.02%0.51= 34.68+0.932 33.40%0.052
3 30.8412.32 34.57+1.23¢ 24.57+1.38> 40.48+1.80b 35.20+0.60b
4 31.43£0.33 33.11£2.80¢ 23.50£2.00b 40.3213.41b 35.5610.03b
5 29.85+0.45 35.561+1.464 24.51+2.15bP 42.4010.44¢ 36.65+0.01b
P NS * *ok * ook

*P <0.05; **P <0.01; ***P <0.001; NS: Non Significant. a-f Letters in the same column indicate statistical
differences. Paste types: A: mechanically fabricated evaporative paste; B: paste obtained by boiling the pulp in flat
boilers; C: paste obtained by laying and drying the pulp in the sun; D: paste obtained by reducing the size of red
pepper, which is made suitable for processing, by semi-drying in the sun and grinding; E: paste obtained by reducing
the size of the red pepper, which is made suitable for processing, by semi-drying in the sun, grinding and boiling.

Evaluation
Results

Pastes deteriorate due to physical, chemical and
microbiological reasons (Sentiirk, 1986). For this
reason, total mesophilic aerobic bacteria (TMAB),
yeast-mold, total lactic acid bacteria (LAB) and

of Microbiological Analysis

coliform  counts were  determined by
microbiological analysis of paste samples. As the
determination period, only the microbiological
growths at the O day and 5% month when they
were first produced were followed (Table 5).
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Table 5. Logarithmic evolution of TMAB, Yeast and Mold, LAB and Coliform in Microbiological
Analysis

TMAB (logcfu/g)

A B C D E
0. day <1 2.62%0.00 3.76x0.00 3.8710.00 2.48%0.00
5. month <1 3.3320.00 3.89%0.00 4.0220.00 3.0240.00

Yeast and Mold (logcfu/g)

A B C D E
0. day <1 2.60£0.00 3.20%0.00 4.20£0.00 2.62%0.00
5. month <1 2.90%0.00 3.34%0.00 4.3020.00 2.71£0.00

LAB (logcfu/g)

A B C D E
0. day 2.30%0.00 2.78%0.00 3.08%0.00 3.38%0.00 2.60%0.00
5. month 2.90£0.00 3.08%0.00 3.25+0.00 3.97+0.00 2.95£0.00

Coliform (logcfu/g)

A B C D E
0. day <1 <1 <1 <1 <1
5. month <1 <1 <1 <1 <1

*values set in logcfu/g. Paste types: A: mechanically fabricated evaporative paste; B: paste obtained by boiling the
pulp in flat boilers; C: paste obtained by laying and drying the pulp in the sun; D: paste obtained by reducing the
size of red pepper, which is made suitable for processing, by semi-drying in the sun and grinding; E: paste obtained
by reducing the size of the red pepper, which is made suitable for processing, by semi-drying in the sun, grinding

and boiling.

At the end of the incubation, while TMAB was
not found any in A prodution, the number of
which varied and increased during storage for B,
C, D and E productions were determined (Table
5). When the TMAB numbers were examined, the
highest value was observed in the form of D
production, while the lowest value was in the
form of A (mechanically fabricated) production.
In addition, when the bacterial counts were
examined in general, it was thought that there was
no microbial load was found with the effect of
heat treatment in the form of A production and
filling under aseptic conditions. In other
production methods, the numbers difference
between the productions were caused by the
inefficient heat treatment and drying applications
during the process. Moreover, when homemade
paste production techniques were compared, the
microbial load was found the least in E
production rather than the others was due to the
use of more different processes in this
production, while the advantage of the heat

treatment effect in B production was seen. In
addition, the highest microbial load was seen in D
production, where the least processing was done.
It was observed that the number of bacteria
increased at the end of the 5% month in all
production methods except A.

When the total mold-yeast numbers were
examined, the highest value was observed in the
form of D production, while the lowest value was
in the form of A (mechanically fabricated)
production. Similar to TMAB wvalues, it was
observed that the number of mold-yeast increased
at the end of the 5th month in all production
methods except A.

When the total lactic acid bacteria numbers were
examined, the highest value was observed in the
form of D production, while the lowest value was
in the form of A (mechanically fabricated)
production. However, as stated in previous
studies, lactic acid growth might occur in the
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spaces between the paste despite the applied heat
treatments (Kuleasan and Okur, 2012). It was
observed that the total number of lactic acid
bacteria increased in all production methods at
the end of the 5t month.

After the incubation period of VRBA, the
coliform bacteria were not found in all
productions. As stated in previous studies,
coliform group bacteria growth was not observed
due to the effect of applied heat treatments and
sterile production (Kuleasan and Okur, 2012). It
was thought that this bacterial group was
completely inhibited by the effect of heat in
productions A, B and E, and by the effect of
drying in productions of C and D, or due to the
bitterness of pepper (Bozkurt and Erkmen, 2005).

In general, the findings obtained from this study
were compatible with the bacterial and yeast
count values made in different pepper paste
products’studies (Askin Uzel, 2018; Gamli et al.
2018; Ramalingam et al. 2022). On the other hand,
it was also stated that TMAB and mold-yeast
numbers decreased during 21-46 days of storage
in paste produced with different techniques. The
reason for the decrease in that study was thought
to be the decrease in the water in the environment
due to the salt added in the productions (Bozkurt
and Erkmen, 2004). In this study, in which the
storage was extended up to 5 months, it is shown
that the risk in terms of microbiology increased
with long storage. Therefore, as in this study, it
was thought that adding more salt may be
beneficial in order to significantly reduce the
amount of water in the pastes.

CONCLUSION
In this tesearch, the effects of different
production methods applied and their effects on

the physical, chemical and microbiological
properties of pastes during storage were
examined. While significant changes were

observed only in pH, titration acidity, and dry
matter in pastes produced by different methods,
their effects on water activity and salt values were
found to be insignificant. It has been observed
that the effect of different processes in
production methods on the color of paste was

varied during storage. While the highest
microbiological load was found in the form of D
production due to the lack of neither heat
treatment nor complete drying during production;
the best production method was found to be A as
mechanically fabricated production owing to heat
treatment and aseptic filling applications.
Moreover, the E production method, in which the
lowest microbiological load and growth was
observed due to drying and boiling applications
was chosen as the best home production method.
Thus, if one of the homemade paste production
methods is to be preferred, the E production
method is recommended when compared to the
other methods mentioned in the study. However,
it has been seen once again that a healthier tomato
paste can be produced more sterile by fabrication
by mechanical methods, as in the production of
A. In this way, it will be possible to support
regional development economically and to
contribute to public health by ensuring that the
local people consume safer products.
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ABSTRACT

Bee pollen is recognized for its nutritional and health benefits, drawing attention from both the scientific
community and consumers as a natural functional food. This study employed bibliometric analysis, using
the R program bibliometrix package and VOS viewer, to examine scientific research on bee pollen. We were
evaluated 921 articles in the Web of Science databases using the keyword 'bee pollen' published between
2011-2022. Among these, 90.45% were research articles, 6.73% were reviews, 2.06% were meeting abstracts,
and 0.76% were book chapters. China led with 562 articles, followed by Brazil (330), Turkey (295), Italy
(190), Portugal (189), the USA (175), and Spain (158). Bee pollen was the most used keyword, followed by
pollen, propolis, and honey. This is the first bibliometric study to evaluate the researchs on bee pollen, and
it is considered important in terms of organizing the scientific studies to be conducted on this subject.
Keywords: Pollen, bee products, bibliometric, honey, bee pollen

ARI POLENI ARASTIRMALARININ BiBLIYOMETRIK ANALIZI: KURESEL
EGILIMLER VE I$ BIRLIGI ORUNTULERI

oz
Ar1 poleni, beslenme ve saglik yararlart agisindan taninmis, hem bilimsel toplum hem de tiiketiciler
tarafindan dogal bir fonksiyonel gida olarak dikkat ¢ekmektedir. Bu calismada, R programinin
bibliyometrik analiz paketi ve VOS goruntileyici kullanilarak ari poleni tizerine yapilan bilimsel
aragtirmalart incelemek amaciyla bibliyometrik analiz uygulanmustir. 'Art poleni' anahtar kelimesini
kullanarak Web of Science veri tabanlarinda yapilan arama sonucunda, 2011-2022 yillart arasinda
yayimlanan 921 makale degerlendirmeye alinmistir. Bu makalelerin %90.45'T arastirma makalesi,
%06.73" detleme, %2.06'st toplantt 6zetleri ve %0.76'st kitap boliimleri olarak belirlenmistit. Cin, 562
makale ile ilk siray1 alirken, onu Brezilya (330), Tiirkiye (295), Italya (190), Portekiz (189), ABD (175)
ve Ispanya (158) izlemistir. En stk kullanilan anahtar kelimeler arasinda ar1 poleni, polen, propolis ve
bal bulunmaktadir. Bu calisma, sadece ari poleni tizerine yapilan aragtirmalari degerlendiren ilk
bibliyometrik ¢alismadir ve bu konuda yapilacak bilimsel ¢alismalarin diizenlenmesi acisindan 6nemli
gorilmektedir.
Anahtar kelimeler: Polen, ar1 trtnleri, bibliyometrik, bal, art poleni
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INTRODUCTION

The nutritional and medicinal benefits of
honeybee products have long been recognized
and valued. Honey and beeswax are perhaps the
most well-known primary bee products (Faqihi
and Taha, 2022). Also, another well-known bee
product is bee pollen, which is valued for both its
therapeutic and nutritional qualities (Khalifa et al.,
2021). Bee pollen is widely used in the food
industry owing to its health benefits and
nutritional properties.

Bee pollen is a natural mix of nectar, pollen, and
salivary secretions produced by honeybees (Apis
mellifera 1.). 1t contains proteins, carbohydrates,
lipids, and a broad range of secondary
metabolites, including fatty acids, amino acids,
polyphenols, vitamins, phytosterols, carotenoids,
enzymes, co-enzymes, and minerals (Temizer et
al., 2018; Salazar-Gonzilez et al., 2020; Karkar et
al,, 2021). Due to its constituents, bee pollen is a
functional food that provides full nutrition (El
Ghouizi et al., 2023). Thanks to this rich content,
bee pollen has many important properties such as
an antioxidant, antimicrobial, anti-atherosclerotic,
and hepatoprotective effect (Temizer et al., 2018;
Bridi et al., 2019; Karkar et al., 2021; Soares de
Arruda et al., 2021; Adaskeviciuté et al., 2022).

Ancient texts, including the Bible and ancient
Egyptian scriptures, reference the utilization of
bee pollen as a natural remedy for diverse ailments
(Khalifa et al., 2021). In recent years, scientific
research on bee pollen has grown significantly,
with a particular focus on its numerous benefits
(Tomaszewska et al., 2020; Arung et al., 2021),
phenolic components, and capacity to scavenge
free radicals (Sarioglu-Bozkurt et al., 2022). The
range of bee pollen products available has also
expanded, including granules, tablets, candy bars,
oral liquids, and tonics for human consumption
(Li et al., 2018). Microbial diversity in bee pollen
has also become a more prominent topic in
research (Moreno Andrade et al., 2018), which
will help determine the potential uses of bee
pollen.

and
and

Bibliometric
informative

common
examining

analysis is a
method  for

interpreting massive volumes of scientific data.
Nowadays, bibliometric analysis has gained
popularity in scientific studies. There are many
studies conducted with bibliometric analysis in
different research fields (Donthu et al., 2020; Guo
et al., 2020; Yu et al., 2020; Rejeb et al., 2022; Tlili
et al., 2022). Numerous research areas have been
the subject of bibliometric analysis, including
artificial intelligence in COVID-19 research
(Karbasi et al., 2023), mathematics education
(Phan et al., 2022), tungsten-based nanomaterials
(Gu et al., 2023), educational technology research
trends (Murnaka, 2021), additive manufacturing
in orthopaedics (Javaid and Haleem, 2019), and
endogenous retroviruses (Zaib et al., 2022).
However, in the literature, there are few
bibliometric studies on honey bee products and
apitherapy. Senel and Demir (2018) wused
bibliometric analysis to investigate apitherapy in
complementary therapies between 1980 and 2016.
In this study, they used the Web of Science
database and found that Brazil, came in first with
889 published papers, followed by the United
States, China, Japan, and Turkey. The most
frequently used terms were propolis, flavonoids,
Apis mellifera, bee venom, and apoptosis. Zakaria
et al. (2021) did a bibliometric analysis of honey-
related publications from 2011 to 2020 to
determine the trend of honey research. The
United States was the top country conducting
research on honey, while Food Chemistry was the
top journal. The top author keywords in terms of
co-occurrence  were "honey," "antioxidant,"
"chemomettric," "Manuka  honey," and
"antibacterial". Durazzo et al. (2021) extracted
bibliometric data from the Scopus online database
using keywords (honey* and health*) that focused
on honey and health. Stefanis et al. (2023) did a
bibliometric analysis using the Scopus database,
R, and Web of Science (WoS) viewer from 2001
to 2022 to determine the outline of honey’s
antioxidant and antimicrobial properties. In
addition, there are some bibliometric analyses on
bee studies. Decourtye et al. (2019) used
bibliometric analysis with science data from the
Web of Science in the last 30 years (1986—2016)
to explore how the impact of threats on bee
populations was investigated in the published
literature (a retrospective overview) and what
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further studies are needed to offer mitigation
options (a prospective overview). Ziegler et al.
(2021) investigated papers related to the reduction
in A. mellifera mortality through bibliometric
analysis. Data on patent families were collected on
the Orbit platform, while data on scientific articles
were collected on the Scopus database, with a
time interval of 1980-2019.

Bibliometric analysis allows researchers and other
partners to obtain detailed knowledge of the field
of study.

This study was conducted because there is no
existing research employing bibliometric analysis
using the keyword “bee pollen”. The current
study was undertaken to identify and analyze
publication trends related to bee pollen over the
last 10 years. In this way, periods of active
research with bee pollen were identified, and
shifts or changes in the themes investigated were
assessed. Another objective is to identify key
authors, institutions, or countries contributing to
research in this field by analyzing co-authorship
patterns and citation networks of bee pollen. At
the same time, by analyzing citation patterns in
the field of bee pollen, it was determined which
articles received the most citations, and the most
influential studies or publications in this field were
identified. The main themes or topics in the field
of bee pollen research were identified. The aim of
this study is to provide a comprehensive view of
bee pollen studies and to contribute to future
research on this matter.

MATERIAL-METHODS

Materials

This study focuses on academic documents
related to bee pollen. The data for this study was
collected from the electronic database "Web of
Science" (Thomson Reuters, New York, NY,
USA). The word "bee pollen" has been searched
for in the WOS database according to all fields.
The keyword search was conducted in the
research areas belonging to the main headings of
natural, life, physical, environmental, health,
environmental, health, agricultural and food,
biomedical, social, and applied sciences. The
search encompassed academic documents written

between January 2011 and January 2023. The time
frame of the search was chosen to capture a
defined period of research production and enable
the identification of trends and patterns within
that time (Wang and Ma, 2015). Consequently, in
this investigation, research data about bee pollen
from the last ten years was employed. Therefore,
screening results between 2011 and 2022 in the
bibliomettic analysis of bee pollen gave a valuable
tool to gain insight into the current state of
research  and  identify  future  research
opportunities. We included the documents, book
chapters (n=7), meeting abstracts (n=19), and
reviews (n=62) written in English. Documents
written in languages other than English were
excluded.

Purpose:

The purpose of this study was to conduct a
bibliometric analysis for the evaluation of
research on bee pollen. Specifically, we aimed to
gain insight into the current state of bee pollen
research, identify keywords, key authors,
institutions, countries, cooperations, and identify
emerging trends in research in this field.

Scope:

This study focused on academic documents
related to bee pollen. The Web of Science is a
widely recognized web-based tool that provides
access to a vast collection of bibliographic and
citation information from leading scholatly
journals. It is particulatly suitable for bibliometric
analysis due to its comprehensive coverage and
the ability to perform straightforward queries
(Kahn, 2011; Zahedi et al., 2014). By utilizing
Web of Science, we could leverage its reliable
source of citation data, track the impact of
research over time, and identify key authors,
institutions, and emerging trends in research
(Song et al., 2021).

Methods

All numerical data utilized in this study, were
taken from Web of Science database and loaded
into R studio Bibliometrix package and
VOSviewer. To evaluate the scientific research on
bee pollen, we utilized the R-based Biblioshiny
program, which can be accessed at

https://bibliometrix.org/ (Buyukkidik, 2022).
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This program offers several advantages for
bibliometric  analysis, including flexibility,
reproducibility, integration with  statistical
analysis, an extensive package ecosystem, and
support from the active R community.

The R-based Biblioshiny program allowed us to
process and analyzed the collected data using
vatious bibliomettic techniques. These techniques
include network analysis, text mining, data
visualization, and statistical analysis. By leveraging
the capabilities of R and the bibliometric packages
it provides, we were able to gain comprehensive
insights into the research landscape surrounding
bee pollen. A software program called VOSviewer
(Leiden University, Leiden, Netherlands) was
used to see and explore maps made from
bibliographic data (Van Eck and Waltman, 2010)
VOS stands for visualization of similarities. It is a
free Java program that may be downloaded and
utilized. This program was used in this study to
analyze and visualize the co-occurrence of
keywords and the co-citation of references.

RESULTS AND DISCUSSION

In this study, 921 documents related to bee
pollen, published between 2011 and 2022, were
detected in the database WOS. Among the 921
documents, 833 (90.45%) were research articles,
62 (6.73%) were reviews, 19 (2.06%) were
meeting abstracts, and 7 (0.76%) were book
chapters. The most published documents were
determined in 2022, with a total of 143 and the
fewest were determined in 2011, with a total of 21
(Table 1). Except for 2013, the number of
publications has increased in each subsequent
year. The average citations per document and per
document per year were 15.88 and 2.70,
respectively. When we examine the graph, the
number of citations has been decreasing since
2019 (Table 1). This was thought to be typical,
given the amount of time that had passed since its
publication.

Table 1. Annual total citiation and published documents number

Year MeanTCperArt! Nz MeanTCperYear? CitableYears
2011 41.1 21 3.16 13
2012 41.8 35 3.48 12
2013 37.29 28 3.39 11
2014 30.65 43 3.06 10
2015 26.16 62 291 9
2016 19.42 74 243 8
2017 18.7 80 2.67 7
2018 18.83 81 3.14 6
2019 15.13 92 3.03 5
2020 9.38 128 2.35 4
2021 5.84 134 1.95 3
2022 1.63 143 0.81 2

1: The average number of total citations per article; 2: the total number of articles; 3: the mean total citations per

year

The top ten journals publishing the highest
number of articles about bee pollen with their
article numbers are given in Table 2. The journal
that published the most articles on this subject
was Molecules with 46 manuscripts, followed by
38 manuscripts for the Journal of Apicultural

Research and 21 articles for Foods. The research
field of the Journal of Apicultural Research is bee
science. The other top ten journals dealt with
analytical ~ chemistry, the chemistry and
biochemistry of agriculture, and food. The most
cited journals were Molecules, Plos One, and
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Journal of Agricultural and Food Chemistry,
respectively (Table 2). The fact that the two most
cited articles were published in PLoS One and

Molecules demonstrates that these journals are
also active in the field.

Table 2. The top 10 journals that publish the most articles and their citiation numbers on bee pollen

Article Citation

Journal number

Molecules 46 1075
Journal of Apicultural Research 38 344
Foods 21 101
Journal f Microbiology Biotechnology and Food Sciences 20 76
Lwt-Food Science and Technology 20 395
Journal of Apicultural Science 16 210
Journal of Agricultural and Food Chemistry 14 488
Plos One 13 890
Antioxidants 12 157

Table 3 lists the most cited documents, including
author, publication year, journal title, total
citations, and total citations per year. First and
nineth were the research papers examining the
relationship between bee pollen and bees death.
The 8th most-cited article examined the
macronutrients in  bee pollen and their

effectiveness in bee nutrition. Of the other most-
cited articles, the 5th, 6th, and 7th are reviews, and
the 3rd, 4th, and 10th are research studies, and
they all discussed the bioactive properties and
therapeutic features of bee pollen.

Table 3. The specifics of the most-cited global article

Typ Total TC3 per

Paper e Citations Year
1 | Krupke Ch, 2012, Plos One R! 544 45.33
2 | Imran M, 2019, Molecules D2 235 47.00
3 |Pascoal A, 2014, Food Chem Toxicol R 215 21.50
4 | Morais M, 2011, Food Chem Toxicol R 193 14.85
5 | Cornara L, 2017, Front Pharmacol D 188 26.86
6 | Denisow B, 2016, ] Sci Food Agric D 185 23.13

Komosinska-Vassev K, 2015, Evid-Based Complement Altern
7 | Med D 181 20.11
8 | Vaudo Ad, 2016, Proc Natl Acad Sci U S A R 180 22.50
9 | Kasiotis Km, 2014, Sci Total Envron R 170 17.00
10| Feas X, 2012, Molecules R 169 14.08

1: Research; 2: Review; 3: Total citiations

Figure 1. represents the top ten countries on the
theme of bee pollen. China was at the top of the
list of nations with the most documents (562). It
was followed by Brazil (330) and Turkey (295).

Italy, Portugal, the USA, and Spain were among
the countries that publish the most articles about
bee pollen. The high number of documents on
the theme of bee pollen in certain countries can
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be attributed to vatious factors. Overall, the
cause-effect  relationships  underlying  the
prominence of certain countries in bee pollen
research can be attributed to factors such as
favorable climates, diverse flora, abundant
resources, and long-standing cultural practices
related to bee product utilization. China, for
instance, ranked at the top with 562 documents.
This was primarily due to its extensive landmass
and diverse flora, creating an ideal climate for
apiculture. As a result, China has emerged as the
world's largest manufacturer, consumer, and
exporter of bee products, including bee pollen

(Yang et al., 2013). Similarly, Brazil, located in the
southern hemisphere between latitudes 0-30,
benefits from a rich biodiversity and favorable
climatic conditions (Roesch et al.,2009). This
enabled a diverse range of bee species and
abundant floral resources, leading to Brazil's
significant contribution to bee pollen research
and publication output. The favorable conditions
in terms of climate and abundant resources have
fostered a long-standing tradition of utilizing bee
pollen as a functional food in China.
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Figure 1. Countries' scientific production

Figure 2. highlights the average citation by
country and shows that China (1855), USA (1336)
and Poland (1306) have a total citation than
others. Since the countries with the most
publications, except for Saudi Arabia and Egypt,
were also on the list of the most cited countries.
Although China was the country with the highest
number of publications (Figure 1) and citations, it
ranks 9th with 13.90 in the average number of
citations per article (Figure 2). Although USA
ranked 7th among the countries with the most
publications (175), it ranked 2nd in total citations
and 1st in average citations per article. Turkey was

the 3rd country with the highest number of
publications, it ranked 3rd in total citations and
10th in average citations per article. Although Iran
and Greece were not among the top 10 countries
that publish the most, they were the 9th and 10th
in total citations and the 4th and 3rd in average
citations per article, respectively.

Keywords and keyword plus assessment provided
valuable insights into the aims and related topics
of this study. In Table 4, the authors' keywords
and keyword plus, which are derived from
references in published papers, are presented.

1089



1090

I. Kizilpinar Temizer, D.N. Cobanoglu

These sets of keywords often overlap,
highlighting their strong association with the
subject. Notably, the top 20 keywords
emphasized the source of pollen, the bioactivity

of bee pollen, and various
products.

aspects of bee
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Figure 2. The total and the average citation by country
Table 4. The top 20 most keywords and keywords plus
Author Keywords Keywords Plus
Words Occurrences | Words Occurrences
1 bee pollen 343 chemical-composition 147
2 pollen 103 bee pollen 131
3 propolis 60 propolis 96
4 honey 59 antioxidant 94
5 antioxidant activity 45 honey 94
6 apis mellifera 44 honeybee-collected pollen 92
7 antioxidant 41 antioxidant activity 91
8 flavonoids 35 quality 74
9 bee products 33 origin 72
10 polyphenols 29 extract 61
11 bee bread 28 pollen 60
12 phenolic compounds 24 bioactive compounds 54
13 fatty acids 22 capacity 53
14 antimicrobial activity 17 extracts 53
15 nutrition 16 hymenoptera 48
16 royal jelly 16 botanical origin 43
17 antioxidant capacity 14 flavonoids 41
18 bioactive compounds 14 extraction 38
19 chemical composition 14 phenolic-compounds 37
20 oxidative stress 14 products 37
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To explore the relationships among these
keywords, a co-occurrence analysis  was
conducted using all 2511 keywords as the unit of
analysis. By setting a minimum threshold of 10
occurrences per keyword, a subset of 41 keywords
met this criterion. Figure 3 visually depicts the co-
occurrence analysis, providing insights into the
connections between these top 41 keywords and
their relationships. In the co-occurrence analysis,
a total of 268 links were identified among the
keywords, representing the frequency of their co-
occurrence in the analyzed literature. These links
llustrated  the interconnectedness between
various keywords and shed light on their
relationships. The cumulative strength of these
links, totaling 797, signified the overall strength of
the relationships among the keywords. This
analysis unveiled the intricate web of connections
between different research areas within the
domain of bee pollen. The identified relationships
highlight the interplay between factors such as the
source of pollen, the bioactivity of bee pollen, and
the diverse applications of bee products.
Understanding  these relationships aids in
comprehending the broader scope of research
and the interdependencies between various
aspects of bee pollen studies. In summary, the co-
occurrence analysis of the top 41 keywords
revealed the relationships and interconnectedness
between different research ateas. The identified
links and their cumulative strength provided
insights into the frequency and overall strength of
these relationships, contributing to a deeper
understanding of the subject matter. The first
cluster focused on the nutritional aspects and
products related to bees. It included keywords
such as amino acids, antioxidants, Apis mellifera,
bee pollen, bee-pollen, beekeeping, broiler, fatty
acids, minerals, nutrition, and protein.
Researchers in this cluster were explored the
nutritional composition and benefits of bee
products, highlichting their potential role in
human nutrition and health (Bayram, 2021).
Keywords in the second cluster, including
antimicrobial  activity, antioxidant activity,
antioxidant capacity, bee products, botanical
origin, flavonoids, functional food, HPLC, and
polyphenols, indicated research on the biological
properties and chemical composition of bee

products (Sawicki et al, 2022). Scientists
investigated the potential bioactive compounds,
functional properties, and health benefits
associated with these products, paving the way for
their utilization as functional foods. The third
cluster delved into the analytical techniques and
specific aspects of honey and related products.
Keywords like GC-MS, honey, honeybee, LC-
MS/MS, mycotoxins, pesticides, quechers, and
royal jelly suggest research focused on quality
control, contaminants, and the chemical
characterization of honey and its derivatives
(Pang et al, 2022). Scientists in this cluster
developed and applied analytical methods to
ensure the safety and authenticity of honey
products. Keywords in the fourth cluster,
including antioxidants, apoptosis, bees, oxidative
stress, phenolic compounds, and pollen,
highlighted investigations into the roles of
antioxidants, phenolic compounds (Mayda et al.,
2020), and oxidative stress in relation to bees and
apoptosis. Researchers were explored the effects
of oxidative stress on bee health, the potential
protective properties of antioxidants, and the
underlying mechanisms involved in bee cell death
(apoptosis). This cluster centered around the
study of bioactive compounds, chemical
composition, and the use of propolis. Keywords
such as bioactive compounds, chemical
composition, food analysis, probiotic, and
propolis indicated research on the identification,
quantification, and functional properties of
bioactive compounds in propolis (Kocot et el.,
2018). Scientists in this cluster also investigated
the application of propolis as a potential natural
product in food and health industries. Keywords
bee bread and fermentation define the end cluster,
which focuses on the concept of bee bread and its
relationship to fermentation processes (Di Cagno
et al,, 2019).

These clusters provided an organized framework
for understanding the different aspects and areas
of research within the field of bee-related studies,
allowing  researchers to  explore  the
interconnectedness of these topics and facilitate
knowledge sharing and collaboration.
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Figure 3. Co-occurrence analysis in the most popular 41 keywords

The collaboration map in Figure 4 illustrates the

worldwide cooperation among  researchers
studying bee pollen. Each collaboration between
countries was limited to less than five

occurrences. The study utilized VOSviewer to
perform a co-occurrence analysis with co-authors
as the unit of analysis. To meet the minimum
threshold of 5 occurrences per country, 46 out of
85 countries satisfied the criteria. The analysis
revealed a total of 200 links among the countries,
representing the frequency of co-occurrence in
the research documents. The cumulative strength
of these links was calculated as 408, indicating the
overall strength of the relationships between the
counttries.

Figure 4 displays the cooperation links among the
countries using lines, while 10 different colors
represent the collaboration clusters of the
countries. The identified clusters were as follows:
Cluster 1: Belgium, Canada, Chile, France,
Lithuania, Netherlands, and Ukraine.; Cluster 2:
Australia, Indonesia, Iran, Japan, South Korea,
Thailand, and USA; Cluster 3: England, Greece,
India, Mexico, Serbia, and Slovenia; Cluster 4:
Austria, Bulgaria, Germany, Romania, and

Turkey; Cluster 5: Egypt, Malaysia, Pakistan,
Sweden; Cluster 6: Argentina, Brazil, Morocco,
and Portugal; Cluster 7: Czech Republic, Iraq,
Poland, Slovakia; Cluster 8: Colombia, Italy,
Spain; Cluster 9: Algeria, Saudi Arabia, Tunisia;
Cluster 10: People's Republic of China and
Taiwan.

Regarding the co-authorship map of countries, it
was worth mentioning that out of the 85 countries
represented, 46 countries fulfilled the minimum
threshold of five documents for co-authorship.
Evaluating the total link strength, Egypt emerged
as the most influential country with 59
documents, 1009 citations, and a total link
strength of 81 (Figure 4). Following closely, Saudi
Arabia held the second position with 52
documents, 668 citations, and the same total link
strength of 81. Peoples Republic of China secured
the third most influential spot, contributing with
141 documents, 2260 citations, and a total link
strength of 64. Among the cooperation links
between countries, the highest number of
collaborations were observed between Arabia and
Egypt, Brazil-Portugal, China-USA, and Italy-

Egypt.
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In the co-authorship map of organizations, it was
worth noting that out of the 1083 countries
represented, 79 countries met the threshold of
having at least five documents. Figure 5 displays
the organizations with the highest total link
strength at the center of the map. The diameter of
a node in the figure is directly proportional to the
number of co-authorship links it has with other
nodes. This visual representation allowed for an
intuitive analysis of the contribution and
proximity of major research institutions.

Based on the available data, the Chinese Acad Agr
Sci (Chinese Academy of Agricultural Sciences)
exhibited the strongest total link strength with a
value of 43, indicating extensive collaboration
with other organizations. Jiangsu University
ranked second with a total link strength of 37,
showcasing significant collaborative connections.
Uppsala University followed closely in third place

with a total link strength of 34. These findings
highlighted the prominent research contributions
and close associations of these respective
institutions within the co-authorship network.

According to the co-authorship map presented in
Figure 6, there were a total of 3.573 authors
involved. Among them, 78 authors surpassed the
threshold of having at least five papers published.
Evaluating the total link strength, it was found
that Peter Hascik had the highest influence with
17 documents, 107 citations, and a total link
strength of 56. Following closely, Jose Bernal had
the second highest influence with 20 documents,
233 citations, and a total link strength of 53.
Miroslava Kacaniova secured the third position in
terms of influence, contributing with 21
documents, 282 citations, and a total link strength
of 51.
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dong, jie
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Figure 6: The co-authorship map

Bibliometric analysis is a potent tool that
incorporates the quantitative study of scholarly
publications and citations to learn more about the
state of a certain field's research (De Bellis, 2009).
Researchers can find patterns, trends, and
linkages within a given field of study by examining

various bibliographic data, including publication
counts, citation counts, author affiliations, journal
impact factors, and co-citation networks. To
search the WoS database, Senel and Demir (2018),
used the keywords honey, bee venom, royal jelly,
propolis, and apitherapy. A total of 6917 articles
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from the beginning of 1980 to the end of 2016
were found in their WoS database search. We
used only the keyword bee pollen with this study.
Therefore, we ecvaluated 921 publications
between the beginning of 2011 and the beginning
of 2023.

Stefanis et al. (2023) aimed to offer a bibliometric
analysis of the honey's antibacterial and
antioxidant effects in 2001 to 2022. Articles (273)
and reviews (81) made up the majority of the 383
results, and the yearly growth rate of published
submissions reached 17.5%. In this study, all data
on bee pollen between 2011 and 2022 were
analyzed.

The fact that our study was the first in the
bibliometric analysis of bee pollen studies and
that there was no other study to compare, despite
the recent increase in interest in studies, was a sign

of the insufficiency of the statistical literature in
this field.

CONCLUSIONS

Because of its distinctive composition, bee pollen
is used as a nutritional supplement, and
researchers have shown that it has powerful
health benefits, including being an antioxidant,
antiallergen, anti-inflammatory, antiulcer,
immune-stimulating, antibacterial, and
anticarcinogenic. The bibliometric analysis of bee
pollen studies provides valuable insights into the
research environment surrounding this natural
product. By applying bibliometric techniques to
the existing literature on bee pollen, this study was
able to identify key trends and gaps in the field.

The analysis revealed that interest in bee pollen
research has steadily increased over the years,
pointing to the growing importance and potential
applications of this product. Researchers have
investigated vatious aspects of bee pollen, such as
its chemical composition, nutritional properties,
therapeutic potential, and environmental impacts.

Furthermore, the bibliometric analysis sheds light
on the most prolific and influential authors,
institutions, and countries in the field,
highlighting  collaboration  networks  and

knowledge sharing patterns. This information can
help researchers identify potential collaborators
and facilitate resource exchange.

The analysis also identified emerging research
topics and areas of limited scope, providing
opportunities for future research. Owerall,
bibliometric analysis of bee pollen studies serves
as a valuable tool for researchers and industry
stakeholders. It has not only provided a
comprehensive  overview of the existing
knowledge base but also guided future research
efforts.
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ABSTRACT

This work studied the impact of ethanol immersion (E), ultrasound (U), and ultrasound-ethanol immersion
(UE) for 10, and 20 min on the drying characteristics of quince. After pretreatments, the samples were dried
at a hot dryer at 90°C and air velocity of 2 m/s. Drying time was reduced by 50% for samples pretreated in
Ultrasonic-Ethanol (UE20) for 20 min. Moisture diffusion coefficient varied from 1.880 to 2.933x10 m?/s.
The friction drag force, convective heat transfer coefficient, and convective mass transfer coefficient were
0.110x10 N, 24.077 W/m?2K, and 0.020 m/s, respectively. The thermal conductivity, the specific heat, and
the density of quince samples ranged from 0.5278 to 0.5876 W/m. K, 3554.00 to 3908.00 J/kg. K, and
814.95 to 904.60 kg/m3, respectively. Among all pretreatments, UE20 could prefer for significant decreases
in the drying time and improve drying characteristics of quince at the industrial extent.

Keywords: Ethanol-immersion, ultrasound, pretreatment, drying kinetics, diffusion coefficient, quince

ETANOLE DALDIRMA VE ULTRASON ON ISLEMLERININ AYVANIN
KONVEKTIF KURUTMA KINETIGINE ETKISI

0z

Bu calismada 10 ve 20 dak etanole daldirma (E), ultrason (U) ve ultrason-etanole daldirma (UE) 6n
islemlerinin ayvanin kuruma o&zellikleri iizerindeki etkileri incelenmistir. On islemler sonrast,
numuneler sicak hava kurutucusunda 2 m/s hizda 90 °C’de kurutulmustur. Ultrason-etanole daldirma
ile 20 dak 6n islem g6rmis numunelerde (UE20) kuruma siiresinin %50 oraninda azaldigt
gorulmustir Numunelerin nem diflizyon katsayilart 1.880 ile 2.933%X10-2 m?/s arasinda degismistir.
Surtiinme kuvveti, konvektif 1s1 transfer katsayist ve konvektif kiitle transfer katsayist sirasiyla
6.110x10¢ N; 24.077 W/m2K ve 0.020 m/s olarak elde edilmistir. Ayvalarin st iletkenliginin 0.5278-
0.5876 W/m K, 6zgtl 1s1sinin 3554-3908 J /kg. K ve yogunlugunun 814.95-904.60 kg/m3 araliklarinda
degistigi belirlenmistir. Tim 6n islemler karsilastirildiginda ayva tzerinde UE20 isleminin kurutma
stiresini 6nemli Sl¢lide azalttgl belirlenmis ve endustriyel boyutta bu islemin kullandabilir oldugu
sonucuna varilmistir.

Anahtar kelimeler: Etanole daldirma, ultrason, 6n islem, kurutma kinetigi, difizyon katsayisi, ayva
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INTRODUCTION

Quince (Cydonia oblonga Miller) is a valuable fruit,
which belongs to the Rosaceae family. Quince
shows health-promoting potential due to its
valuable bioactive compounds, vitamins, and
fibers (Najman et al., 2023; Salehi et al., 2023).
Quince can be consumed as both fresh and
processed. However, due to its unique
characteristic of astringent flavor, distinct aroma,
and hardness quince has been processed into
different products (Berktas et al,, 2023). It is
consumed as jam, juice, jellies, syrups, alcoholic
beverages, cakes, desserts, confectionery, tea, etc.
(Najman et al, 2023). According to the high
moisture content of quince, it exposed microbial
and chemical deterioration. Drying can be used to
decrease its moisture content, extend the shelf life
and decrease the transportation and storage costs
(Salehi et al., 2023). Hot air dying is one of the
oldest methods universally used to dry foodstuff
at the industrial extent (Kian-Pour N. , 2023a).
However, the most disadvantages of long drying
time are losses of nutrition and undesirable
changes in the quality attributes of dried food.
Long drying time with the use of more energy has
a negative effect in terms of economic, global
warming, and environmental pollution (Kian-
Pour et al., 2022). Recently, there is a significant
effort to improve drying operation and decrease
the drying time, energy consumption, and process
cost (Miano et al., 2021).

Using different pretreatment techniques before
drying can improve the drying behavior of food
products via different mechanisms such as
increases in the rate of mass transfer and water
migration (da Cunha et al., 2020). The ultrasound
and ethanol immersion pretreatment can be used
as a promising alternative to non-thermal
pretreatments for improving the drying kinetics
of food (de Freitas et al., 2021; Santos et al., 2021;
Bassey et al., 2021). Recently, the usage of ethanol
immersion pretreatment rises due to its effect in
drying without any residues in the dried products
(Santos et al., 2021). The Marangoni effect of
ethanol produces a surface tension gradient in the
surface of the sample, also acts as a solvent to
dissolve some cell wall components, and increases
the permeability of the cell wall. All of these

effects lead to an increase in the moisture transfer
in products, which boosts drying process (Rojas
and Augusto, 2018). Different authors studied the
effect of ethanol pretreatments on the drying
characteristics of food products such as celery
(Miano et al., 2021), melon (da Cunha et al., 2020),
pineapple (de Freitas et al, 2021), and apple
(Rojas et al., 2020).

Ultrasonic waves is an acoustic wave that when
passed through a food matrix caused compression
and expansions in tissue known as the sponge
effect, which improves the transfer of water
within the food (de Freitas et al., 2021). These
mechanical tension produce facilitate to drawn
out of the water from food. Also, due to the
sponge effect some microchannels formed in the
food matrix resulting to improve the transfer of
intracellular water from the interior of the food to
its surface (Pandiselvam et al., 2023). Also, the
cavitation phenomenon takes place during
ultrasonic pretreatment due to the formation and
collapse of air bubbles. The explosion of
microbubbles produces strong shock wave
energy, high pressure, shear force, and liquid jets
that can help separation of water, which is
strongly bound to the cell and can destroy the cell
membrane (Pandiselvam et al., 2023; Zang et al.,
2023). All of these phenomena lead to
improvement in the mass transfer and movement
of water from the interior to the surface of food
and  consequently improve the drying
characteristics. Water is the main medium to
transmit sound waves to the food. The use of
ethanol as the liquid medium can improve the
drying kinetics, energy consumption, rehydration,
and retention of bioactive compounds in different
foods such as carrot (Santos et al., 2021),
pineapple (de Freitas et al., 2021), and celery slice
(Miano et al,, 2021). However, the impact of
emerging ultrasound/ethanol immersion
technology for various fruits and vegetables still
needs to study to serve as a foundation for
industrial application.

To the best of our knowledge, there is no study in
the literature about the impact of non-thermal
ultrasound/ethanol immersion on the drying
characteristics of quince. Consequently, the
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current study investigated the effect of ethanol
immersion, ultrasound, and ultrasound/ethanol
immersion on the kinetics of drying, heat and
mass transfer, mathematical modeling, and
thermophysical properties of quince.

MATERIALS AND METHODS

Materials

Fresh quince (Cydonia oblonga Miller) was obtained
from a local market in Istanbul/Turkey. The
quince was washed, peeled, and diced into cubes
with a dimension of 5X5X2 mm. Ethanol 99.90%
(V/V) ISOLAB GmbH) was used in this study.
The initial moisture content was calculated
according to the standard method of AOAC
10.934.06 (AOAC, 1990) via a vacuum dryer
(EV018, Nuve, Turkey) which was found to be
5.124 kg water/kg dry solid.

Ultrasound pretreatment (U)

Fresh quince samples were exposed to the
ultrasound pretreatments by immersion of
samples in distilled water (with the quince/water
ratio of 0.08:1 (w/v)) in a beaker at an ultrasonic
bath (Protech Ultrasonic Bath PMYU4-Istanbul,
Turkey; frequency of 40 kHz, ultrasonic power
of 125 W) at 25°C for 10, and 20 min (Santos et
al.,, 2021).

Ethanol immersion pretreatment (E)

Ethanol immersion pretreatment was carried out
by immersion of quince in ethanol 99.90% (V/V)
for 10, and 20 min at the quince/ethanol ratio of
0.08:1 (w/v) (Rojas and Augusto, 2018).

Combined nltrasonnd and ethanol immersion pretreatment
(UE)

For the pretreatment, first, the quince samples
were immersed in ethanol 99.90% (V/V) with the
quince/ethanol ratio of 0.08:1 (w/v) in a baker.
Then they were exposed to the ultrasound waves
bath at 25°C for 10, and 20 min according to the
pre-tests. 'The unpretreated samples were
considered as a control sample (CO).

Convective drying

A laboratory-scale convective dryer was used in
this study. Samples were dried air at a temperature
of 90°C and 2 m/s. The weight reduction of
quince during hot air drying was monitored every
1 min via a precious balance (Fz-500i/AND,
JAPAN, * 0.001 g) and software Rs weight-Ver.
5.10. (Kian-Pour and Karatas, 2019). All
experiments were performed in duplicate. The
schematic of process was shown in Figure 1.

U | Fe= Fn,mm,.:chnpvz DR =

_ (2n+1)% w2 Dyt
- :1221(211+1)2 [ 4 x,2 ] ..E-

IJ ﬂ'
Mt+m - M,

At

W

¢ B

UE 1
e A 4

h
J Nu= % = 0.664Re®SPri/?
air " B CO
m:pcp(i) MR = M
Ronass Dyp M,—-M,

Figure 1: Schematic view of pretreatment and drying process of quince.

Kinetics of drying where DR shows the drying rate (kg water/kg dry
The drying rate of quince samples were computed solid min); My, and My, represent the moisture
by Eq. (1): contents (kg water/kg dry solid) of quince at the
DR = Miz_ Q/IU M drying time of t, and t; (min), respectively.
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The moisture ratio (MK) of the sample was
determined according to Eq. (2):

M-M,
Mo—M, @

MR =

where, M , M,, and M, are average, equilibrium,
and initial moisture contents of quince (kg
water/kg dry solid), respectively.

Mathematical modeling

The experimental data was used for mathematical
modeling using a nonlinear regression analysis
with the Levenberg-Marquardt algorithm (SPSS
statistics 23, IBM. 2015). The MR curve was
modeled according to the Midilli & Kucuk (semi-
theoretical model) (Eq. 3) and Wang & Singh
(empirical model) (Eq. 4) equations.

MR = aexp(—kt™) + bt 3)
MR =1+ at + bt? )
The goodness of fit was evaluated according to
the statistical criteria of the R? (coefficient of

determination) (Eq 5), RMSE (root mean square
error) (Eq. 6), and y? (reduced chi-square) (Eq. 7).

RZ — _ I:(ZliilMRpre,i_MRexp,i)z (5)
(2£1m—pre,i_MRexp,i)z
N — 2
RMSE = \/Zml(MRPTeI;; MRexp,i) ©)
XZ — 2?1:1(MRe;p,_i;MRpre,i)2 (7)

where MRgyp; and MRy ;, represent the
experimental and predicted moisture ratios,
respectively. Besides, N is the number of
observations at each drying test and # is the

number of mathematical model constants (IKian-
Pour N. 2023a).

Moisture diffusion coefficient (D)

The D, of cube quince samples with plate
geometry was determined according to the
analytical solution of Fick’s second law using
linear regression analyses (SPSS statistics 23, IBM.

2015) (Eq. 8).

_ 8 o 1 _ (@n+1)2 m?Desyt
MR = w2 ZO (2n+1)2 €Xp { 4 x2 }
®)

where Dggyr , n, £, and X4 trepresent the diffusion
coefficient (m/s?), a positive integer, time (s), and
the half-thickness of the quince samples (m),
respectively.

Transport phenomena

Momentum transfer

As dry air flows on the surface of the quince
sample, it produces a friction drag force (IN)
which is calculated according to Eq. 9 (Cengel and
Cimbala, 2000).

1
Fp = Fp friction = Py CfA.DVZ )

where (5, A, p,and V represent the friction drag
coefficient, the total surface area of quince cubes
(m), density of drying air (kg/m?), and air velocity
(m/s), respectively. For the Reynolds number
Rey (Eq. 10) less than 5 x 10°, Cr in the laminar
boundary layer determined by Eq. (11)

LV
Re;, = T” (10)
r=-15, Re <5x10° (11)

L

where L and @ are the characteristic length of the
quince samples in the flow direction (m), and
viscosity of drying air (kg/m.s), respectively
(Kian-Pour N. , 2023b).

Heat transfer coefficient (Diea;)

Eq. 12 was used for the determination of the
average heat transfer coefficient (W/m? K) at the
laminar boundary layer.

Nu =0 = 0.664Re”Pr'/* | Re, < 5 x 10°
(12)

where Nu, I, £, and Pr represent the Nusselt
number, characteristic lengths of quince samples
(m), the thermal conductivity of hot air (W/m K),
and Prandtl number, respectively (Kian-Pour and
Karatas, 2019).
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Mass transfer coefficient (has;)

The convective average mass transfer coefficient
Rimass (m/s) was determined according to (Eq.
13) (Geankoplis, 1993).

Sh="mesl = 0.664Re"*Sc'?,  Re, < 5 x 10°
AB

(13)

where Sh, D.p, and Sc¢ represent the Sherwood
number, the mass diffusivity of air-water vapor
mixture (2.2 X 107% m2/s), and Shmidt number,
respectively. Besides, a Chilton-Colburn analogy

was used for the calculation of Rp,ass (Eq. 14)
(Cengel, 2007).

Mueot — pC, CZY = pC,Le?/* 0.6 < Pr < 60,

hmass
0.6 < Sc <3000 <l4)

where €, shows specific heat (J/kg K), a
represents the thermal diffusivity of drying air
(m?/s), and Le denotes Lewis number.

Thermophysical properties of quince

The thermal conductivity, specific heat, and
density (kg/m3) of quince samples were
determined according to their moisture content
using the Eq. 15, Eq. 16, and Eq. 17, respectively
(Pasban et al., 2017).

k = 0.148 + 0.493M,,, (15)

Cp = (1.26 + 2.97M,,;,) X 1000 (16)
p =770 + 16.18 My, — 295.1 X exp(—Mgp)
17)

where k, Cp, My, Mgpand p represent the
thermal conductivity (W/m K), specific heat
(J/kg K), wet basis moisture content (%), dry
basis moisture content (kg water/kg dry solid),
and the density (kg/m?) of quince.

Statistical analysis

The obtained data from experimental test were
submitted to the analysis of variance (ANOVA)
with Tukey’s tests at the 95% confidence level
(p<0.05) using the SPSS statistics 23, IBM. 2015
software.

RESULTS AND DISCUSSION

Kinetics of drying

The moisture content (MK)and drying rate
(DR) of quince are shown in Figure 2. As drying
progressed, the moisture ratio of all quince
samples exponentially decreased. All
pretreatments reduced the drying time of quince
at different levels (from 8.33% to 50.00%). Also,
as the immersion time of quince in ethanol
increased from 10.00 to 20.00 min, the drying
time decreased (Figure 2a) (Table 1). The drying
kinetics of quince samples immersed in ethanol
changed due to the Marangoni effect. This is a
mass transfer in the interface of water and ethanol
with different surface tension (Santos et al., 2021).
During the drying of the quince, ethanol
vaporized faster than water thus more water
remain on the quince surface than ethanol.
Therefore, a region with higher surface tension
forms on the surface, and this sutrface tension
gradient act as a driving force to pull up the
moisture from inside of the quince to its surface.
The water flow is maintained as a result of this
effect until the surface tension equilibrium is
reached (de Freitas et al., 2021). Also, as an
organic solvent, ethanol initially dissolves some
components of the cell wall, which create new
pathways for moisture movement. It leads an
increase in the permeability of the cell wall, which
boosts the removal of water from quince tissue
resulting in decreases in the drying time (Miano et
al., 2021). Consequently, the quince samples
immersed in the ethanol dried faster than CO
samples. Our results are in good agreement with
another study (da Cunha et al., 2020) in which was
pretreated melon in ethanol and the author
observed that drying time of melon pretreated in
ethanol 56.90% reduced in comparison with
control samples. Guedes et al. (2021) reported
that ethanol pretreatment reduced the drying time
of potato by 56%. Rojas et al. (2020)
demonstrated a 53% reduction in the drying time
of apple slices pretreated with ethanol immersion
for 30 min.
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Figure 2. (a) moisture ratio, (b) drying rate of quince samples.

Table 1. Kinetics drying of quince samples.

Pretreatment D1fuss.1on Change in Change in the drying
Samples time (min) Code coefficient Des time (%)
Dege * 109 m2/s (0/0)

Control 0 CO 1.880 £ 0.0072 0 0
Ultrasonic 10 uU10 2.069 £ 0.014> +10.05 -8.33

20 U20 2.271 £ 0.006¢ +20.80 -16.66
Ethanol 10 E10 2.425 £ 0.0284 +28.99 -16.66

20 E20 2.547% 0.046¢ +35.48 -33.33
Ultrasonic- 10 UE10  2.752 + 0.003f +46.38 -33.33
Ethanol 20 UE20 2933 £0.012¢ +56.01 -50.00

*Mean + standard deviation is computed from duplicate samples. Different letters in the same column indicate
differences significant at p < 0.05. (-): decreases, (+): increases.

Also, ultrasound pretreatment decreased the sample. These microchannels make it easier for
drying time of quince samples compared with ~ water to move and enhance mass transfer. As a
CO. A sponge effect is created when an ultrasonic ~ result, the improvement in the water migration is
wave passes through a product because of  responsible for the quicker decrease in moisture
acoustic cavitation, which can result in the ratio that was seen in the U10, and U20 samples

formation of microchannel inside the food compared with CO (Santos et al., 2021). At UE
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samples, decreases in the drying time were higher
than CO samples, and a maximum reduction in
drying time (50.00%) was observed in UE20
sample (Figure 2a). It can be related to the
synergetic effect of ultrasound and ethanol
immersion on the quince tissue. As was shown in
Figure 2b, the drying rate of quince samples
started from the falling rate period, and a constant
rate period was not observed which demonstrated
that diffusion was the main mechanism that
controled the drying rate of the sample. The
highest starting rate was observed in the U20
samples, which can be related to the increases in
the formation of microchannels during 20 min,
which helped the transfer of water in products.
The faster drying was observed at UE samples
compared with E and U samples (Figure 2b). It
can be related to the synergic effects of E and U
pretreatments which caused both ruptures of
quince cell walls (due to the Marangoni effect) and
the formation of porous structure and
microchannel (due to the sponge effect) which
improved water flow during drying (de Freitas et
al., 2021). Our results are in good agreement with
other studies. Fotiou et al., (2023) reported the
37.50% reduction in the drying time of peach peel
pretreated with UE method. It was stated that
drying time of pineapple pretreated with UE
technique 70.00% decreased compared with CO
sample (de Freitas et al., 2021). It was stated that
ultrasound-ethanol pretreatment decreased the
drying time of apple by 70% (Rojas, Augusto, &
Carcel, 2020).

The D,y varied from 1.880 to 2.933 X 109 m?2/s
(Table 1) which was within the expected range for
most foodstuffs (102 to 108 m?/s) (Fotiou et al.,
2023). All pretreatment significantly (p<<0.05)
increased the De¢ff of quince samples. The lowest
and highest D, values belonged to the CO and
UE20 samples, respectively. It can be related to
the destruction of the cell wall of quince by
ethanol and the formation of new pathways for
water transfer due to the ultrasound pretreatment
(Miano et al., 2021). Also, as pretreatment time
increased, the D, values increased. Zang et al,
(2023) reported that increases in the ultrasonic
pretreatment time of Angelica sinensis herbs caused
an increase in the D, values. During the UE

pretreatment, cavitation was produced by
ultrasonic waves, and the quince tissue was
exposed to compression and expansion. Also,
ethanol with the dissolve of some cell wall
components caused a reduction in the internal
resistance against water transfer due to the
damage to the internal diffusion boundary. Thus,
it reduced mass transfer resistance, speed up
moisture diffusion and evaporation, produce
microspores in quince, forming the turbulence
water flow, improving the moisture movement all
of them improved the moisture diffusivity.
Similar results were reported by different
authors (Zang et al., 2023; Fotiou et al., 2023).

Mathematical modeling

Mathematical models are useful tools for
simulating the drying process and predicting the
behavior of food during drying. The Lamped
parameter models are used for modeling the
material with uniform thickness such as thin
layers and they can be divided into theoretical,
semi-theoretical, and empirical models. In this
study, the results of mathematical modeling are
detailed in Table 2. The R?values ranged from
0.95243 to 0.99907, the RMSE values changed
from 0.010541 to 0.075277 and the y* values
varied from 0.000200 to 0.007286. The Midilli &
Kucuk model showed the highest R? and lowest
values of RMSE and ¥? which represent the
suitability of this model for predicting the drying
characteristics of quince samples. Various authors
demonstrated that Midilli & Kucuk model is a
suitable model for predicting the drying behavior
of many food products such as apples (Kian-Pour
and Karatas, 2019), bananas (Macedo et al., 2020),
and papaya (Islam et al., 2019).

Transport and thermophysical properties

Simulation and modeling are useful methods for
explaining operational processes and transfer
phenomena. Hot air drying consider a complex
unit operation due to simultaneous heat and mass
transfer (Kian-Pour and Karatas, 2019). The
drying operation is affected from both external
and internal conditions. Convection heat and
mass transfer coefficients as well as friction drag
force are the important external parameters.
However, as external drying conditions were
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equal for all quince samples (such as drying air,
characteristics length of samples, etc.) the
transport parameters were valid for all samples.
The friction drag force, convective heat, and mass
transfer coefficients were evaluated according to
Newton’s law of viscosity, Fouriet’s law, and
Fick’s law, respectively, which were 6.110 X 106
N, 24.077 W/m2 K, and 0.020 m/s, respectively
(Table 3). Our results are in good agreement with
the results reported about the drying of green
almonds (Kian-Pour N. , 2023b) and celery root
(Kian-Pour et al, 2022). The thermal
conductivity, the specific heat, and the density of
quince samples varied from 0.5278 to 0.5876
W/m K, 3554.00 to 3908.00 (J/kg K), and 814.95
to  904.60 (kg/m?), respectively with the
maximum values in UE20 samples. The effect of
ethanol pretreatment for 10 min in the increasing
of these parameters was more pronounced than

ultrasound. The results revealed that the
pretreatment of quince with a combination of
ultrasound and ethanol immersion caused an
increase in the moisture content of the sample
after pretreatments which caused an increase in
the thermophysical properties of quince. The
faster drying also was observed in UE20 samples
which were related to the availability of moisture
movement and change in its microstructure.
During hot air drying, both external and internal
conditions affect the drying kinetics of the
sample. The results were consistent with other
studies about celery root (Kian-Pour, et al., 2022),
green almond (Kian-Pour N. , 2023b), and Santa
Maria  pear (Kian-Pour N. 2023a). The
experimental data about external and internal
parameters that affect the drying can be useful for
simulating the drying of quince and useful in
understanding the drying mechanisms.

Table 2. Model parameters obtained by nonlinear regression analysis and statistical criteria for selecting
ideal model

Models Code R? RMSE X2
CcO a=-0.112 b= 0.003 0.96816  0.058177  0.004000
U10 a=-0.107 b= 0.002 0.97090  0.056273  0.003800
Wang U20 a=-0.121 b= 0.002 0.96042  0.066742 0.005444
&Singh E10 a=-0.124 b= 0.003 0.96132  0.066058 0.005333
E20 a=-0.115 b= 0.000 0.96176  0.066667 0.005714
UE10 a=-0.126 b= 0.001 0.95243  0.075277 0.007286
UE20 a=-0.106 b= -0.006 0.95921 0.070711  0.007000
CcO a= 0.000 b=-0.050 k=-9.127  n=-0.027 0.98046  0.045573  0.003000
Midilli U10 a= 0.001 b= -0.062 k=-7.692  n=-0.026 0.98698  0.037639  0.002125
&kucuk U20 a= 0.000 b= -0.064 k=-8.751 n=-0.027 0.98061 0.046710  0.003429
E10 a= 0.000 b= -0.062 k=-8.672  n=-0.029 0.98066  0.046710  0.003429
E20 a= 1.082 b= -0.007 k=0.063 n=1.706 0.99904  0.010541 0.000200
UE10  a=1.082 b= -0.004 k=0.064 n=1.790 0.99907  0.010541 0.000200
Table 3. Thermophysical properties of quince
Sample Therzl?ix;:;);dg;tlwty Specific heat Cp (J/kg K) Density g (kg/m?)
CcO 0.5671£0.014 3785£85.56* 862.45£22.42x
u10 0.5287%0.005# 355413253 814.95% 5.442
u20 0.5406%0.028~ 3625%168.29 828.90+31.11»
E10 0.5761+0.011» 3839168.592 878.00+22.492
E20 0.5592%0.024~ 3737£142.84 852.60£32.95
UE10 0.5725+0.0122 3817169.302 871.15+20.58¢
UE20 0.5876%0.007+ 3908£45.26* 904.60£21.21~

*Mean * standard deviation is computed from duplicate samples. Different letters in the same column indicate

differences significant at p < 0.05.
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CONCLUSION

The use of different non-thermal pretreatments
of ethanol immersion (E), ultrasound (U), and
ultrasound-ethanol immersion (UE) before hot
air drying of quince was investigated. Overall the
pretreatments improved the drying kinetics of
quince samples. The maximum decrease in drying
time was observed at the sample pretreated by UE
for 20 min. The synergetic effect of the ethanol
immersion and ultrasound in terms of Marangoni,
sponge effect, and cavitation phenomenon
improved the mass transfer in the sample and
decreased the drying time. Also, as pretreatment
time increased, the moisture diffusion coefficient
increased. Mathematical modeling showed the
suitability of the Midilli & Kucuk model for
predicting the drying behavior of quince. The UE
pretreatment can decrease the drying time by
50%, which is very valuable in terms of the
reduction of energy consumption of dryers at
both large and small-scale food factories.
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ABSTRACT

In this study, the changes in some quality characteristics of chokeberty (Aronia melanocarpa [Michx.] Elliot)
fruit powders obtained by freeze drying and convective hot air drying techniques were compared. The
moisture (%o) and water activity values of powders obtained by hot air and freeze drying were measured as
9.29% and 10.86%, 0.2373 and 0.2963, respectively. Both drying treatments caused significant changes in
color properties of the powders, and the highest +a* value (23.30) was detected in the sample obtained by
freeze drying (P <0.05). The total phenolic and flavonoid contents of the methanol and water extracts of
the powder obtained by freeze drying were higher than the other treatment and were determined as 7231.80
and 4497.34 mg gallic acid equivalent/100 g dry matter, and 5198.98 and 3148.14 mg quercetin/100 g dry
matter, respectively. A similar trend was observed in the ABTS and DPPH antioxidant activity analysis
results of the samples.

Keywords: Chokeberty, drying, fruit powder, quality

KONVEKTIF SICAK HAVA ve DONDURARAK KURUTMA YONTEMLERIYLE
ELDE EDIiLEN ARONYA MEYVE TOZLARININ KALITE YONUNDEN
DEGERLENDIRILMESI

oz

Bu calismada, dondurarak kurutma ve konvektif sicak hava teknikleri ile elde edilen aronya (Aronia
melanocarpa [Michx.] Elliot) meyve tozlarinin bazit kalite 6zelliklerindeki degisim karsilastirilmistir.
Sicak hava ve dondurarak kurutma teknigi ile elde edilen tozlarin nem (%) ve su aktivitesi degerleri
sirastyla %9.29 ve %10.86, 0.2373 ve 0.2963 olarak Slciilmistiir. Tozlarin renk 6zelliklerinde her iki
kurutma islemi de 6énemli degisiklikler meydana getirmis, en yiksek +a* degeri (23.30) dondurarak
kurutma islemi ile elde edilen Srnekte tespit edilmistir (P <0.05). Dondurarak kurutma islemi ile elde
edilen tozun metanol ve su ekstraktlarina ait toplam fenolik ve flavonoid igerigi sicak hava kurutma
ile elde edilen 6rnege gore daha yiiksek ve sirastyla 7231.80 ve 4497.34 mg gallik asit esdegeri/100 g
kuru madde, 5198.98 ve 3148.14 mg kuersetin/100 g kuru madde olarak tespit edilmistir. Orneklerin
ABTS ve DPPH antioksidan aktivite analiz sonuglarinda da benzer bir trend oldugu gérilmiistiir.
Anahtar kelimeler: Aronya, kurutma, meyve tozu, kalite
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INTRODUCTION

Today, as millions of people suffer from hunger
and poverty, decreasing food loss and waste
through the food production and consumption
chains is very important. In this regard,
technological strategies such as different food
presetvation techniques and/or sustainable food
processing/packaging are used to prevent food
loss and waste of various fresh products. In the
meantime, it is essential to meet the needs of the
food industry by protecting perishable products
such as fruits and vegetables in a controlled
manner with different food processing
technologies and increasing their shelf life and
market potential (Ravichandran and
Krishnaswamy, 2021; Sainchez-Teba et al., 2021).

As is known, fresh fruits and vegetables have high
water activity, and therefore they are highly
susceptible to mechanical damage, enzymatic
reactions, microbial spoilage and environmental
conditions. Removing the water in these products
by wvarious processes prevents undesirable
microbial and physico-chemical reactions, and
thus provides a longer storage period. In this
sense, drying applications are one of the oldest
methods used to remove for the
preservation of these products (Zhang et al., 2017;
Pateiro et al,, 2022). Drying can greatly reduce or
completely neutralize physiological, microbial,
and enzymatic degradation, thereby significantly
extending the shelf life (Wojdylo et al., 2014). It
also  reduces  packaging, storage  and
transportation costs by reducing the product mass
and volume (Qi et al., 2021).

water

In this perspective, convective drying using hot
air is widely preferred for drying different
agricultural products. This process uses air that
can be adjusted to a certain temperature and
flowing rate, thereby transferring the heat energy
to the surface of the moist product and then
inside, allowing to obtain a safe dried product
(Chandramoha, 2020). Among the advantages of
convective hot air drying (HAD) are its easy
operation, accurate control of temperature and air
flowing rate, low cost, and simple design (Pateiro
et al., 2022). However, this method also has some
disadvantages related to long drying times

depending on the product, degradation of heat-
sensitive compounds, enzymatic and non-
enzymatic  browning  reactions, off-flavor
generation, and visible shrinkage (Zielinska et al.,
2018; Pateiro et al., 2022). Freeze drying (FD),
also known as lyophilization, is a gentle drying
method  that  follows the  sublimation
phenomenon (Ravichandran and Krishnaswamy,
2021). It includes several major steps, such as
freezing of the sample, sublimating the frozen
water under vacuum during the primary drying
process, and then desorption of remaining water
during the secondary drying process (Bhatta et al.,
2020; Nowak and Jakubczyk, 2020). This drying
method preserves the color, flavor and nutrients
such as antioxidants, vitamins of the food, causes
negligible shrinkage and structure collapse, and
thus ensures a product characterized by high
porosity and low density (Pateiro et al., 2022). On
the contrary, FD necessitates a significant level of
energy consumption and installation
requirements, as well as a pre-treatment step
(initial freezing) and vacuum source (Bustos et al.,
2018). It is also a very slow process due to the low
drying rates required resulting in relatively low
yields (Nireesha et al., 2013). In response to these
pros and cons of each method, much focus has
been given recently to determining the most
effective processing conditions (for instance time,
temperature, low energy requirement as possible,
etc.) in drying treatments to produce high quality
fruits and vegetable powder.

Berry fruits have been the focus of extensive
research on their ability to maintain health due to
their low calories, high fiber, high antioxidant
levels, vitamin and mineral content (Fatfas-
Cervantes et al., 2020). Among the berry groups,
black chokeberty (Aronia melanocarpa |Michx.|
Elliot), also called Aronia, is characterized as
having the highest content of total polyphenols,
being highly nutritious, and having a pleasant
flavor (Bednarska and Janiszewska-Turak, 2020;
Ravichandran and  Krishnaswamy, 2021).
However, these fruits are very sensitive to
mechanical damage and deteriorate quickly.
Therefore, different food processing applications
are widely wused to preserve them as
unspoiled/raw fruit or value-added products due
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to their shorter shelf life and limited seasonal
availability (Correia et al., 2017). In this regard, the
aim of this study is to obtain high-quality black
chokeberry fruit powder that can enrich different
formulations in the food industry by using FD
and convective HAD techniques. Within this
framework, physico-chemical and bioactive
component analyzes were made on the fruit
powders obtained by both drying treatments.

MATERIALS AND METHODS

In the study, ripe black chokeberty (Aronia
melanocarpa [Michx.|] Elliot) fruits were used in
drying treatments. The fruits were collected from
Akincilar village (41.45948 °N, 27.64456 °E) in
Vize district of Kirklareli province, which is
located in the Northwestern part of Ttrkiye, and
were kept in cooled bags (4 £ 0.5 °C) for transport

Homogenized

Aronia Fruits
| fresh frui

Cleaned and Homogenizec

Frreze dried
fruit powder

to the laboratory. Then, the fruits were cleaned by
removing the damaged fruits, all foreign materials
and separating of stems by hand. The cleaned
fruits were stored in the refrigerator at 4 °C for no
more than 3 days. All chemicals used in the
analyzes were of analytical grade and purchased

from Sigma-Aldrich, USA.

Preparation of samples

Before drying treatments, fresh and clean
chokeberry fruits (400 g) were homogenized for 2
min at a single speed by using a laboratory blender
(Waring laboratory blender, Conair Corporation,
7011G, Stamford, CT, USA). Following that, the
homogenized fruit mixture was immediately taken
to the drying step. All processes performed within

the scope of the study were schematized in Figure
1.
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Air dried
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Figure 1. All processes performed within the scope of the study

Convective hot air drying experiment

Before the treatment, 100 g of the homogenized
fresh fruit puree (FFP) was uniformly spread on
non-stick baking paper with a stainless steel flat
rubber spatula and placed in a single layer on the
dryer trays. The heat treatment conditions (time
and temperature) that could provide the best
results in terms of energy consumption and
product quality were selected as a result of
comprehensive literature review. In this regard,
Pachura et al. (2022) and Krzykowski et al. (2023)
stated that convective HAD at 40 °C gave the best

results for preserving the volatile bioactive
components of different plant-based materials,
taking into account the energy requirements of
treatment. Therefore, a very mild convective
HAD treatment was cattied out at 40 °C with 2.0
+ 0.2 m/s airflow (just in front of the meshed
sample tray of the fan) for 24 h (Atacama Pro,
F77000, Tre Spade, Torino, Italy). At the end of
the treatment, dried samples separated from the
non-stick baking paper were ground using a
coffee grinder (Siemens MC 23200), immediately
sieved with a 100 mesh (0.15 mm) stainless steel
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flour sifter, and then vacuum packed (100 g each)
and stored at 4 °C until further analysis.

Freeze drying experiment

First, the homogenized fruit mixture (30 g) was
placed in silicone freeze dryer trays and each tray
was shock frozen in a freezer at -40 °C for 5 h.
After this process, the trays were immediately
transferred into the drying chamber of a freeze
dryer device (TRS4-4DS, Teknosem Corp.,
Istanbul, Tirkiye). The FD process was carried
out for 24 h (as in convective HAD) with
condenser temperature and vacuum chamber
pressute equal to -85 °C and 0.01 to 0.004 mbatr,
respectively (Thuy et al., 2020). At the end of the
treatment, freeze dried samples were ground
using a closed domestic coffee grinder (Siemens
MC 23200), immediately sieved with a 100 mesh
(0.15 mm) stainless steel flour sifter, and then
vacuum packed (100 g each) and stored at 4 °C
until further analysis.
Physico-chemical measurements of the
samples

The water activity values of FFP and powder
samples were determined using a, meter
(Decagon Aqual.ab, 4 TE). The moisture content
(%) was determined by drying the samples at 70
°C for 24 h without air circulation until a constant
mass was achieved. The pH values of all samples
were determined using a digital pH meter (Hanna,
HI-2211, Romania) at room temperature. The pH
value of FFP was measured directly from the
homogenized mixture, while the pH values of
powder samples were measured by making a 25%
(w/v) suspension of the sample in distilled water
(Petkovi¢ et al., 2019). The total ash content was
measured by incinerating the samples in a muffle
furnace at 550 °C until gray-white ash was
obtained using AOAC (2010) method and
expressed as g/100 g dry matter (DM). All
analyzes were performed in triplicate.

Color analysis of the samples

The color parameters of all samples were
determined by using Chromameter CR-400
Konica Minolta (Tokyo, Japan). As a result of the
analysis, L* (brightness), a* (redness-greenness),
b* (yellowness-blueness), and total color change

AE., (between FFP and powder samples) (Eq. 1)
values of the samples were recorded. The increase
of AE,, indicates the greater difference in color
between FFP and powder samples (Pathare,
Opara & Al-Said, 2013; Altinok et al., 2022). All
measurements were done in three replications.

AE = [(AL9? +(8a®)? +(Ab*y ] 0

Preparation of extracts from the samples

The extraction procedure was performed
according to the method described by Gunes et
al. (2019) with some alterations. First, 1 g of
samples were mixed with 25 mL of methanol
(80%) in falcon tubes and the tubes were held in
an ultrasonic bath (ISOLAB Laborgerite GmbH,
621.05.010, Germany) for 30 min at 40 kHz and
25 + 2 °C. The same application was done with
distilled water instead of methanol (80%). Then,
the tubes were centrifuged (Beckman Allegra, X-
22R Benchtop Centrifuge, United States) at 9500
rpm for 10 min and the supernatants were filtered
using a 0.45 pm filter. The application was
performed in duplicate and each extract was
transferred into dark glass bottles and kept at -18
°C (Argelik, 2071 MB 7, Tirkiye) for further
analysis.

Determination of total phenolic content of the
extracts

The total phenolic content was measured by the
Folin-Ciocalteu method of Singleton et al. (1999)
with some modifications. First, 7.5 ml. distilled
water was pipetted into the test tubes and then,
100 p.L of the extracts and 500 pL. Folin-Ciocalteu
reagent were put into these tubes. The tubes were
vortexed (Vortex RS-VA 10, Phoenix Instrument,
Garbsen, Germany) thoroughly and left to stand
for 3 min and 1 mL saturated Na,COj3 solution
and 900 uL distilled water were added in order to
reach a final volume of 10 mL. Finally, the tubes
were left to stand for 1 h at room temperature in
the dark and the absorbance was read at 720 nm
by using a UV-Vis spectrophotometer
(Shimadzu, Tokyo, Japan). The results were
expressed as mg gallic acid equivalents
(GAE)/100 g DM using the calibration curve of
gallic acid (R? = 0.9993) and the dilution rates



Quality assessment of chokeberry fruit powders

applied. Each measurement was performed in
triplicates and the results were shown as mean
values t standard deviation.

Determination of total flavonoid content of
the extracts

Total flavonoid was analyzed using the aluminum
chloride colorimetric method with slight
modification according to Shraim et al. (2021). In
the analysis, the following steps in order were
followed; 4.0 mL distilled water followed by a
known volume of the flavonoid standard (or 1 mL
sample’s clear extract), 0.3 mL NaNO; (1.0
mol/L), vortex mixing (Vortex RS-VA 10,
Phoenix Instrument, Garbsen, Germany), and 3.0
min equilibration time, 0.3 mL AICl3 (10%, w/v),
vortex mixing (Vortex RS-VA 10, Phoenix
Instrument, Garbsen, Germany) and 3.0 min
equilibration time, 2.0 mL. NaOH (1.0 mol/L),
and the final volume was made to 10.0 mL using
distilled water. All solutions were vortex mixed
(Vortex RS-VA 10, Phoenix Instrument,
Garbsen, Germany) after the last step and the
tubes were stored in the dark for 40 min and were
read at 420 nm by wusing a UV-Vis
spectrophotometer (Shimadzu, Tokyo, Japan).
Quercetin (0, 50, 100, 200, 400, 500, 600, 800,
1000 mg/L in pure methanol) was used to make
the calibration curve (R2 = 0.9981). The results
were expressed as mg quercetin  equivalents
(QE)/100 ¢ DM using this curve and each
measurement was performed in triplicates and the
results were shown as mean values T standard
deviation.

Determination of  total monomeric
anthocyanin pigment content of the extracts

Total monomeric anthocyanins (TMA) were
quantified using the pH differential method
(Gtusti and Wrolstad, 2001). Briefly, extracts were
diluted with 0.025 M potassium chloride buffer at
pH 1 or 0.4 M sodium acetate buffer at pH 4.5.
The difference of absorbance at their respective
Mvis-max (530 nm) and 700 nm was measured after
15 min using a UV-Vis spectrophotometer
(Shimadzu, Tokyo, Japan) versus a blank cell filled
with distilled water. The absorbance of the dilute
solution was calculated using Eq. 2 and the total
amount of monomeric anthocyanin pigment in

the original sample was determined using Eq. 3.
Cyanidin-3-glucoside (cyd-3-glu) was selected
because it is the most common anthocyanin in
nature.

A = (Avissmax— A700)pH 1.0 — (Avis-max — AA700)pH 4.5

@)
TMA (mg/100 ¢ DM) = (A X MW x DF x 1000)
/(X 1) 3)

where MW (molecular weight) = 449.2 g/mol for
cyd-3-glu, DF = dilution factor (previously
recorded), | = pathlength in cm; e = 26900 molar
extinction coefficient for cyd-3-glu (L mol-! cm-
1), and 103 = factor for conversion from g to mg.
The results as monomeric anthocyanins were
expressed as mg cyd-3-glu  equivalents
(CGE)/100 ¢ DM. Each measurement was
performed in triplicates and results were shown as
mean values * standard deviation.

Determination of antioxidant activity of
extracts using DPPH and ABTS methods
The DPPH method was conducted according to
the method of Thaipong et al. (2006) with some
modifications. Sample extracts (150 uL) were
mixed with 2.850 mL 0.1 mM DPPH (prepared
with methanol) solution, and then the cuvettes
were left in the dark for 30 min at room
temperature, and then the cuvettes were
measured against the blank (methanol) using the
UV-Vis spectrophotometer (Shimadzu, Tokyo,
Japan) at 517 nm. A calibration curve (R? =
0.9995) was obtained by using Trolox standard
solution at concentrations ranging between 50
and 1000 uM. The results were expressed as pmol
Trolox/g DM and each measurement was
performed in triplicates.

The ABTS method was used according to Xu et
al. (2016) with some modifications to determine
the ABTS radical scavenging activity of phenolic
extracts. Firstly, 1 mL of ABTS stock solution was
diluted with methanol to an absorbance of 0.70 *
0.02 at 734 nm. Then, 20 pL. sample extract was
mixed with 3.0 ml ABTS solution into
spectrophotometer cuvettes. The cuvettes were
left in the dark for 6 min at room temperature,
and then the cuvettes were measured against the
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blank  (methanol)  with  the UV-Vis
spectrophotometer (Shimadzu, Tokyo, Japan) at
734 nm. A calibration curve (R2 = 0.9971) was
obtained by using Trolox standard solution at
concentrations from 50 to 4000 puM. The results
were expressed as pmol Trolox/g DM and each
measurement was performed in triplicates.

Statistical analysis

The data obtained as a result of the analysis
studies were determined by using the Windows-
based SPSS 17.0.1 (SPSS Inc., Chicago, Illinois,
USA) statistical package program, and one-way
ANOVA & Tukey's test was used to determine
whether there was a statistical difference between
the groups (P <0.05).

RESULTS AND DISCUSSION
Physico-chemical measurement results of the
samples

The physico-chemical properties of the FFP and
the powder samples were given in Table 1. As is
known, water is the primary component of fresh
fruits and  vegetables, accounting  for
approximately 75-95% of the food weight. High
water activity may result in shorter product shelf
life due to the potential for wundesirable
biochemical alterations and microbial
proliferation. To eliminate these factors, it was
stated that the water activity in dried products
should be below 0.600 (Samoticha et al., 20106). In
the present study, the moisture and water activity
values of FFP were found as 70.78% and 0.9127,
respectively. However, these values of the hot air

dried fruit powder (HADFP) and freeze dried
fruit powder (FDFP) samples obtained at the end
of the drying process (24 h) were measured as
9.29% and 10.86%, 0.2373 and 0.2963,
respectively (P <0.05). According to the results, it
can be stated that the dehydrated product
obtained after the FD treatment of FFP might
absorb moisture during grinding and sieving due
to its highly hygroscopic structure, and this might
affect the water activity and moisture values of the
FDFP sample. In this context, there are studies in
the literature that have similar or different results
to current values, depending on different drying
techniques, temperature and time parameters. For
instance, Sadowska et al. (2019) wused the
convection drying treatment (70 °C, 48 h) to
prepare chokeberry fruit powder, and found that
the moisture (%) and water activity contents of
the powder sample were 2.82% and 0.1625,
respectively. Cujic et al. (2016) dried chokeberry
fruits at 40 °C using a tunnel dryer before the
extraction procedures and found the moisture
content as 10.65%. Gorguc et al. (2023) dried
chokeberry fruits with HAD treatment (65 °C,
10.7 h, and 1.5 m/s air flow rate) and recorded the
moisture (%) and water activity values of the dried
fruits were 15.9% and 0.608, respectively. Calin-
Sanchez et al. (2015) found the moisture value of
the freeze dried (-60 °C, 0.65 mbar, 48 h)
chokeberry fruits as 3.31%. In another study,
Sadowska et al. (2017) found that the chokeberry
fruit powder obtained by FD had a water activity
of 0.202.

Table 1. Some physico-chemical properties of the samples.

Sample Moisture (%o) Water activity pH Total Ash*
HADFP 9.29 £ 0.09¢ 0.2373 £+ 0.0035¢ 3.58 £ 0.034 3.11 £0.084
FDFP 10.86 + 0.07® 0.2963 £ 0.00218 3.55 £ 0.044 3.09 £ 0.074
FFP 70.78 £ 0.31» 0.9127 £ 0.03144 3.42 £0.038 3.06 £ 0.084

Data represent average values & standard deviation. There is no statistical difference between the results shown
with the same exponential capital letter in the same column (P >0.05). HADFP: Hot air-dried fruit powder. FDFP:
Freeze-dried fruit powder. FFP: Fresh Fruit Puree. *: Total ash was expressed as g/100 g DM.

The pH value obtained for the FFP sample was
3.42, while the pH values of the powder samples
increased slightly compared to the FFP and were
found as 3.58 and 3.55 for HADFP and FDFP

samples, respectively. This difference between
FFP and powder samples might be due to the
increased solids concentration as the free water
was rapidly removed by the drying process.
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Similar to current results, Taskin (2020) detected
that the lowest pH value belonged to the fresh
black chokeberry samples and found that there
was no significant difference between the pH
values of the freeze dried samples in whole, half
cut and puree forms of fresh fruits. Petkovié et al.
(2019) determined that the pH values of fresh
chokeberry fruits and powders obtained by
convective HAD of fresh samples were not
affected by the temperature (50, 60, and 70 °C) of
the process. They found the pH wvalues of all
samples was 3.41, which was very close to the
present results. The total ash (%) values of FFP,
HADFP, and FDFP samples were found as 3.06,
3.11, and 3.09, respectively. Considering these
results, both drying treatments did not
significantly affect the ash content of all samples
(P>0.05). Similarly, Séjka et al. (2013) determined
that the total ash content in the black chokeberry
pomace was between 1.4-3.9% and stated that the
seed fractions had a higher content of ash.

Color analysis results

The color characteristics of FFP and the powder
samples were given in Table 2, and the surface
views of all samples prepared within the scope of
the study were depicted in Figure 2. According to

J \

the results, both drying treatments caused a
significant increase in L* and +a* values, and a
decrease in -b* values of FFP (P <0.05) (Table 2).
Among both fruit powders, the +a* value of the
powder obtained by the HAD treatment was
significantly higher, while the -b* value of the
powder obtained by the FD treatment was found
to be higher than the other sample (P <0.05).
Considering the literature, there are studies that
show relatively similar or completely different
outputs than the present results (Samoticha et al.,
2016; Rozylo et al.,, 2019; Sadowska et al., 2019).
However, it is not surprising that there are
differences in these parameters, as the growing
conditions, genetic varieties of black chokeberry,
type and amount of color compounds in the fruit,
as well as technical preferences and applied
parameters in  drying affect the color
characteristics of the final product. In this
framework, higher values of L* and a* color
parameters of HADFP indicated that this powder
was lighter and had a more intense "red" color
than the FDFP, which had a maroon appearance.
Therefore, powders produced by both drying
techniques can be used as alternatives to each
other in order to give a different intensity of red
color.

J \ J

|

Homogenized
fresh fruit

Freeze dried
fruit powder (0.15 mm)

| |
Convective hot air dried
fruit powder (0.15 mm)

Figure 2. The surface views of all samples prepared within the scope of the study

Table 2. The color characteristics of the samples.

Sample L* a* b* AE
HADFP 24.52 £ 0.124 23.91 £ 0.304 -4.57 £ 0.18¢ 15.39 £ 0.40
FDFP 20.89 £ 0.248 23.30 £ 0.268 -7.95 £ 0.268 10.82 £ 0.28
FFP 10.64 £ 0.42¢ 21.04 + 0.38¢ -10.55 £ 0.444 -

Data represent average values T standard deviation. There is no statistical difference between the results shown
with the same exponential capital letter in the same column (P >0.05). HADFP: Hot air-dried fruit powder. FDFP:
Freeze-dried fruit powder. FFP: Fresh Fruit Puree.
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Recently, the demand for powders of fruit and
vegetable juice, puree and various extracts has
increased significantly due to the many benefits of
applying these products in various food
formulations (Shishir and Chen, 2017). In this
regard, it is very important that these products
obtained by various processes have the natural
color of the source from which they are obtained,
because color is one of the most important
properties that determine the quality and
desirability of food products and/or ingredients.
However, the color may change due to chemical
and biochemical reactions during drying
processes (Jia et al., 2020). It is a known fact that
the control of these reactions depends greatly on
the drying conception, therefore, detecting the
changes in the color of the end-product as a result
of the applied processes is very important in terms
of giving an idea about the most ideal option that
can be applied in every respect such as quality,
meeting consumer demand, and marketing
strategy. In this regard, the AE value is quite
useful, and the values of powders produced by
HAD and FD treatments were found as 15.39 and
10.82, respectively. As is known, the AE value is
a measurement of the difference between two
colors, and the higher AE value means the greater
difference between the colors being compared. In
the literature, differences in perceivable color
were analytically classified as very significant AE
> 3, significant 1.5 < AE < 3 and very small
difference AE < 1.5 (Adekunte et al., 2010). It was
stated that the average human eye perceives color
differences with a AE value of 3 or higher (Chang
et al.,, 2015). In this sense, in the present study, it
was observed that both drying treatments caused
noticeable color changes, but this occurred
relatively less in the FD application in accordance
with the literature (Figure 2).

The total phenolic, flavonoid, and monomeric
anthocyanin pigment contents of the samples
The analytical data for the total phenolic (TPC),
flavonoid (TFC), and monomeric anthocyanin
(TMA) pigment contents of the water and
methanol (80%) extracts of all samples were given
in Table 3. The data clearly showed that for all
analysis results, methanol extracts of FFP and
powders contained higher amounts of bioactive

compounds than the water extracts. Considering
the TPC results, there was no significant
difference between the methanol extracts of the
FFP and FDFP samples (P >0.05), but the results
were higher than the HADFP sample (P <0.05).
In water extracts, it was determined that the
highest TPC was in the FFP sample, followed by
FDFP and HADFP, respectively (P <0.05). The
same trend was observed in the TFC analysis
results. On the other hand, there was no
difference between the TMA contents of the
methanol extracts (P >0.05), while the results of
the water extracts of powder samples were similar
to each other but lower than the FFP sample (P
<0.05). In the literature, there are similar or
different results than those obtained in the
current study. For instance, in a study, TPC, TFC,
and, TMA values of ethanol (96%) extracts of
fresh chokeberry were found as 5222.54 mg
GAE/100 g DM, 234631 mg catechin
equivalents (CE)/100 ¢ DM, and 1764.97 mg
CGE/100 g DM, respectively. In the same study,
TPC, TFC, and TMA values of ethanol (96%)
extracts of chokeberty powder obtained by
convective drying at 50 °C until constant weight
(37 h) were found as 1918.79 GAE/100 g DM,
1037.19 mg CE/100 g DM, and 376.89 mg
CGE/100 g DM. It was stated that higher
temperatures of the dehydration process (60 °C,
70 °C) reduced the bioactive components in the
chokeberry extracts (Petkovi¢ et al., 2019). In
another study, TPC, TFC, and TMA values of
ethanol (80%) extracts of black chokeberry
powder obtained by oven drying (60 °C, 12 h)
were found as 79230 mg GAE/100 g DM, 5850
mg CE/100 g DM, and 223100 mg CGE/100 ¢
DM (Thi and Hwang, 2016). According to the
study of Rozylo et al. (2019), the TFC of powder
of freeze dried chokeberry fruit was recorded as
51 mg QE/100 g raw material. In a different
study, TPC and TMA values of water extracts of
chokeberry powders obtained by FD and
convective drying (70 °C, 48 h) methods were
detected as 2255.86 and 2147.17 mg GAE/100 g
DM, 766.59 and 397.71 mg cyanidin-3,5-
digalactoside/100 g DM, respectively (Sadowska
et al., 2019). Considering all these results, it was
inevitable that changes in the chemical
composition of black chokeberry fruit, depending
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on factors such as growing conditions and genetic
diversity, caused changes in TPC, TFC, and TMA
values. On the other hand, it is sometimes
difficult to compare the results with literature data
due to the application of different extraction

solvents and conditions or standards to express
these values for dried chokeberry fruits or powder
samples obtained by different dehydration
methods.

Table 3. The total phenolic, flavonoid, and monomeric anthocyanin pigment contents of the samples.

TFC TMA

4764.50 £ 115.798>  1293.87 + 61.244a

5198.98 £ 64.3642
5088.91 £ 88.6942

1313.67 = 59.76A
1316.21 + 56.367

Sample Extract Type TPC

HADFP 6545.58  188.488b
FDFP Methanol 7231.80 £ 279.5042
FFP 7474.09 £ 225.26M
HADFP 3700.96 £ 149.06C
FDFP Water 4497.34 + 174.2654
FFP 5487.92 £ 158.42Ac

2499.60 £ 48.04¢d
3148.14 £ 31.99B¢
4653.23 £ 65.70Ab

581.61 + 17.168¢
621.71 + 11.23B¢

767.94 + 92.874b

Data represent average values T standard deviation. There is no statistical difference between the results shown
with the same exponential capital letter in the same column for the same extract group (P >0.05). There is no
statistical difference between the results shown with the same exponential lowercase letter in the same column for
all samples (P >0.05). HADFP: Hot air-dried fruit powder. FDFP: Freeze-dried fruit powder. FFP: Fresh Fruit
Putee. TPC: Total phenolic content (mg gallic acid equivalents (GAE)/100 ¢ DM). TFC: Total flavonoid content
(mg quercetin equivalents (QE)/100 g DM). TMA: Total monomeric anthocyanin pigment content (mg cyd-3-glu

equivalents (CGE)/100 ¢ DM).

Technological developments in recent years have
enabled the development of new drying methods
such as vacuum oven drying, microwave drying,
freeze drying, and different combined drying
treatments (Karabacak et al., 2015; Kursun and
Karaca, 2018; Calin-Sanchez et al., 2020; Jia et al.,
2020). However, each method has a different
effect on the nutritional properties of the final
product. In this context, based on the results
obtained in the present research, it can be stated
that both drying treatments degraded especially
water-soluble phenolic compounds in chokeberry
fruit. Similarly, Al-Rawahi et al. (2013) found that
phenolic compounds of pomegranate peels
soluble in water and ethanol were more sensitive
compared to the methanol for all drying methods
they applied, except FD. Another study
determined that the total soluble flavonoid
content of hot water extract of immature
calamondin peel was severely reduced compared
to the hexane and ethyl acetate extracts resulting
from heating the peel at 150 °C for 1.5 h (Lou et
al., 2014). In parallel with the literature, it was

found that FD had a minimal effect on the
structure of FFP. In the meantime, FD can cause
ice crystals to develop in the plant matrix,
resulting in further rupturing of the plant cell
structure, allowing better solvent access and
resulting in higher extraction yields (Nakbanpote
et al., 2019). However, it should be noted that
HAD is a simple and low-cost technique, so it can
be preferred in terms of end-product quality and
application performance for the dehydration of
chokeberry fruit. To sum up, it would be
beneficial to enrich the literature through further
studies on drying chokeberry fruit with various
treatments and applying different extraction
techniques.

The antioxidant activitiy results of the
samples

The ABTS and DPPH radical scavenging
activities of water and methanol (80%) extracts of
all samples were presented in Table 4. As seen,
there was no difference between the ABTS radical
scavenging activity values of FFP and methanol
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extracts of the powder samples (P >0.05). On the
contrary, DPPH radical scavenging activity values
of methanol extracts were determined as FFP >
FDFP > HADFP, respectively (P <0.05).
Considering the water extracts, the values
obtained for both antioxidant activity analysis

results were FFP > FDFP > HADFP (P <0.05).
In the meantime, ABTS and DPPH results of
methanol extracts were higher than those of water
extracts (P <0.05), as were the results of TPC,
TFC, and TMA.

Table 4. The antioxidant activitiy results of the samples depending on DPPH and ABTS methods.

Sample Extract Type ABTS DPPH
(umol Trolox/g) (umol Trolox/g)
HADFP 415.28 £ 25.874 217.97 £ 1.64¢4
FDFP Methanol 452.43 = 11.23%a 232.33 £ 2.15B¢
FFP 427.21 £ 65.641 371.48 £ 9.477a
HADFP 212.29 £ 10.38¢> 105.99 £ 1.96¢f
FDFP Water 257.56 £ 4.34Bb 119.63 £ 0.718B¢
FFP 288.01 £ 13.124b 257.21 £ 4.787b

Data represent average values T standard deviation. There is no statistical difference between the results shown
with the same exponential capital letter in the same column for the same extract group (P >0.05). There is no
statistical difference between the results shown with the same exponential lowercase letter in the same column for
all samples (P >0.05). HADFP: Hot air-dried fruit powder. FDFP: Freeze-dried fruit powder. FFP: Fresh Fruit

Puree.

In this regard, in a study comparing the quality
and microstructure of chokeberry powders
prepared with  different drying methods,
Sadowska et al. (2019) determined the antioxidant
activity values (ABTS) of water extracts of the
powders using FD and convective drying (70 °C,
48 h) applications as 583.6 umol Trolox/g DM
and 489.5 umol Trolox/g DM, respectively.
Oszmianski and Lachowicz (2016) determined
the ABTS values of methanol extracts (acidified
with 2.0% formic acid) of lyophilized and ground
powders made of whole dried fruits (i) and from
pomace obtained from whole (i) and crushed
fruits (iii) as 816.6, 816.3, and 599.4 umol
Trolox/g DM, respectively. Samoticha et al.
(2016) found that methanol (80%) extracts of
fresh chokeberry (i) and its powders obtained by
convective drying (50 °C) (i) and FD (iii) as 2349,
419, and 1147 pmol Trolox/g DM according to
the ABTS method, respectively. Considering the
DPPH method, Biel et al. (2023) determined of
methanol (70%) extract of black chokeberry
powder by means of drying at room temperature

(18-22 °C, 3—4 days) as 13.36 pM Trolox/g DM.
Sady et al. (2019) found that the DPPH value of
75% ethanol extract of FD (-45 °C, 16 h)
chokeberry pomace was 429 uM Trolox/g DM.
As seen, the results obtained in various studies
may differ from each other, and the reason for
differences between these studies may be due to
the growth conditions and genetic varieties of
black chokeberry, as well as the changes applied
in the methods. In general, the drying process
results in a reduction in naturally occurring
antioxidants typically found in raw plant materials
(Hsu et al., 2003; Lim and Murtijaya, 2007; Thi
and Hwang, 2016), which is valid for all results
except ABTS values of methanol extracts in the
current study. However, in accordance with the
literature, it can be stated that FD treatment
preserved the highest levels of bioactive and
antioxidant compounds in black chokeberry fruits
(Thi and Hwang, 2016; Sadowska et al., 2019). In
conclusion, it was clear that chokeberry fruits and
powders obtained from these fruits exhibit higher
antioxidant activity than many plant based
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materials, as summarized by Sidor and Gramza-
Michatowska (2019).

CONCLUSION

In this study, fresh black chokeberry (Aronia
melanocarpa [Michx.] Elliot) fruit puree (FFP) was
dried with two different techniques for 24 h and
various quality criteria of the obtained fruit
powders were examined. According to the results,
both convective hot air drying (HAD) and freeze
drying (FD) treatments provided suitable results
in terms of water activity and moisture value of
the powders after 24 h of application. Fruit
powders with different color characteristics were
obtained with both drying treatments.
Considering the effects of drying treatments on
the bioactive components of the fresh fruit, it was
determined that water and methanol (80%)
extracts gave different results. In this regard, FD
treatment preserved the highest levels of bioactive
and antioxidant compounds in black chokeberry
fruits. However, in HAD application, which is a
simple and low-cost treatment, it can be stated
that it is possible to obtain a powder product rich
in phenolic compounds and with high antioxidant
activity depending on the drying parameters.
Therefore, in order to preserve the beneficial
propertties of perishable fruits and vegetables, it is
recommended to choose the most appropriate
dehydration process in terms of cost and
performance in line with the intended use.
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