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Editordentl Edi-

Akademik Gida dergisinin 19. yayin yilinin dérdiincl sayisinda yine sizlerle birlikteyiz.
Bu sayimizda 8 arastirma ve 2 derleme galismasi olmak Uzere toplam 10 makale yer
almaktadir.

Makale yazarlarindan zaman zaman gelen sorular nedeniyle makale kabulu ile ilgili
daha 6nce yaptigimiz bilgilendirmeyi tekrar etmek istiyoruz. Dergimize yayimlanmak
Uzere gonderilen makalelerin kabulli halen http://www.academicfoodjournal.com
adresinden yapilmakta olup, DergiPark Uzerindeki makale kabul silreglerini igceren
sistem heniiz kullaniimamaktadir. Bu sistem (izerinden makale kabulline bu yil ya da
onumduzdeki yil icerisinde gecilmesi planlanmaktadir.

Yazarlarimiza hatirlatmak istedigimiz diger énemli bir husus 2020 yilindan itibaren
dergimize gonderilecek makalelerde Etik Kurul izni gerektiren calismalarin ilgili izni
aldiklari ile ilgili bilgi ve belgelerini dergimize (makalelerini dergimize gdénderme
asamasinda) sunmalari gerekliligidir.
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ABSTRACT

Glucose syrup is a valuable food ingredient produced by the hydrolysis of starch preferrably from maize. In this study,
small-scale production process of glucose syrup from wheat, maize and potato starches was investigated. Two-step
ezymatic hydrolysis using a—amylase and amyloglucosidase for liquefaction and saccharification, respectively, was
analyzed based on the glucose content of a final product. The optimization of conditions was conducted with different
initial amount of starch, different amount of enzymes and reaction time. Starch slurries at 30% were hydrolzed into
smaller dextrins by 0.0002% (mL/g, Venzyme /Wstarch) 0—amylase for 2 hours and further hydrolyzed into glucose by
0.0002% (mL/g, Venzyme /Wstarch) @amyloglucosidase for 48 hours optimally. These process conditions yielded glucose
syrups with dextrose equivalent (DE) values of 97.04, 97.27 and 95.34% and dry matter content of 84.30, 78.30 and
82.37% from wheat, maize and potato starches, respectively. It was concluded that starch from different biological
origins offered promising raw materials for the enzymatic production of glucose syrup wih high DE value at optimum
conditions.

Keywords: Botanical source, Enzymatic hydrolysis, Glucose syrup, Starch

Patates, Bugday ve Misir Nigastasindan Laboratuvar Olgekli Glikoz Srubu Uretimi igin
Optimizasyon Caligsmasi

o0z

Glikoz Surubu tercihen misir nisastasinin hidrolizi ile tretilen degerli bir gida bilesenidir. Bu ¢alismada bugday, misir
ve patates nigastalarindan kiguk Olgekli glikoz surubu Uretim silreci incelenmistir. Sirasiyla sivilagtirma ve
sekerlestirme igin o—amilaz ve amiloglukosidaz kullanilarak iki asamali ezimatik hidroliz, nihai Griinin glikoz igerigine
bagl olarak analiz edildi. Kogullarin optimizasyonu, nisasta igin farkli baglangi¢ miktarlari, farkh enzim miktarlari ve
reaksiyon sureleri ile gercgeklestirildi. Baslangi¢ miktari %30 olan nisasta bulamaglari, 2 saat boyunca %0.0002 (mL/g,
h enzim/a nisasta) a—amilaz ile kiigiik dekstrinlere hidrolize edildi ve daha sonra 48 saat boyunca %0.0002 (mL/g, h
enzim/a nigasta) amiloglukozidaz ile glikoza hidrolize edildi. Bu islem kosullari ile bugday, misir ve patates
nisastalarindan sirasiyla %97.04, 97.27 ve 95.34 dekstroz esdegerlerine (DE) ve %84.30, 78.30 ve 82.37 kuru madde
degerlerine sahip glikoz suruplari elde edildi. Farkh biyolojik menseli nisastalarin, optimum kosullarda yiksek DE
degerine sahip glikoz surubunun enzimatik tretimi igin umut verici hammaddeler oldugu sonucuna varildi.

Anahtar Kelimeler: Botanik kaynak, Enzimatik hidroliz, Glikoz surubu, Nisasta
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INTRODUCTION

Starch is a glucose polymer synthesized by plants in
leaves or non-photosynthetic tissues, such as seeds,
stems, roots or tubers. The two glucose polymers,
amylopectin and amylose, found in starch have different
structure. While the amylose structure is a linear and
long glucose polymer that contains 99% a-(1—4)-
glucose, amylopectin is a branched polymer containing
95% a-(1—4)-glucan and 5% a-(1—6)-glucan in its
structure [1]. The crystal region of starch obtained from
tubers and roots contains only amylopectin and the
amyloses are located in the amorphous region. In
starches obtained from cereals, amylopectin is mostly
found in the crystal region, and amyloses form a weak
crystalline complex with fat molecules [2].

Starch is highly preferred carbohydrate source for both
animals and humans and also it is an important
industrial source for the production of low molecular
weight products such as glucose, maltose, maltotriose
and dextrin. The starch and starch-based products have
been used widely in food (as sweetners, emulsifiying
agents, film formers, texture providers, and thickeners)
[3, 4] pharmaceutical (as carrier for drug delivery) [5],
textile (as paper coaters) [6] and chemical industries (as
raw materials of bioethanol) [7]. Although starch and
starch-based products have been produced mostly from
maize [8], many other tuber and cereal plants such as
wheat [9], potatoes [10], rice [11], sweet potatoes [12],
cassava [13], sorghum [14], and barley [15] have been
searched as raw materials for starch production all over
the world. The physicochemical, morphological and
functional characteristics show variations among
starches obtained from different biological origins of
plant and these properties lead to differences in the
starch-based products and their production processes
[16, 17]. An industrially important starch-product,
glucose syrup, is produced by an enzymatic or acid-
catalyzed reaction mostly from maize, wheat, rice,
cassava and potato starches and based on the raw
material and hydrolization reaction; they differ in their
grades, characteristics and application areas [18]. For
example, liquefaction reaction in which starch polymers
are partially hydrolyzed into smaller dextrins via
bacterial amylase vyielded digested products with
dextrose equivalent (DE) value ranging from 3.4 to 20.6
for potato starch whereas percentage conversion to
reducing groups were reported as 15.5%, 14.8% and
14.3% for cassava, sweet potato and maize starches,
respectively. In the saccharification of smaller dextrins to
glucose syrup, the percent convertion to reducing sugar
ranged from 94.09% for maize starch to 98% for wheat
starch [19, 20]. As their application area compared it
was observed that low converted glucose syrups having
dextrose equivalent (DE) value of 20-35 are preferred
for the production of frozen dairy products while high
converted syrups with DE 55-70 are used in soft drinks
and jam production.

In the present study, wheat, maize and potato starches
were used as raw materials for glucose syrup production
via enzymatic reaction. The alpha amylase from Bacillus
licheniformis and glucoamylase from Aspergillus niger
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were used sequentially, in liquefaction and
saccharification process and optimization of the
conditions for both processes was conducted with
different amount of enzymes and reaction time. The
glucose syrup produced from wheat, maize and potato
starches were evaluated according to the glucose
contents and DE values.

MATERIALS and METHODS
Materials

Wheat, Maize, potato starches were obtained from
Konya Seker Industry and Co. (Konya, TURKEY),
Cargill (istanbul, TURKEY) and Rotel Company
(Istanbul, TURKEY), respectively. Thermostable o—
amylase (endo-1,4-a-D-glucan glucohydrolase,
E.C.3.2.1.1) (from B. licheniformis) and
amyloglucosidase (1,4-a-D-glucan glucohydrolase, EC
3.2.1.3) (from A. niger) were purchased from Sigma (St
Louis, MO, USA).

Chemical Characterization of Starches

The moisture, pH, starch, lipid, protein and ash contents
of starches from wheat, maize and potato were
determined according to standard methods [21].

Structural and Morphological Characterization of
Starches

The functional groups of wheat, maize and potato
starches were identified by the Fourier Transform
Infrared Spectroscopy (FTIR, Bruker Vertex 70 FTIR).
The absorbance peaks corresponding to the frequencies
formed by the vibration of the bonds between atoms of
starch samples were measured in the frequency interval
of 4000 and 400 cm™.

The crystalline structures of these starches were
characterized by X-Ray Difractometer (XRD) (Bruker D8
DAVINCI). The difratograms of the samples were
analyzed in the range of 10°<26<80° under a current of
40 mA using Cu-Ka radiation (A = 1.5406 A).

Morphological charaterization was carried out by
scanning electron microscopy (SEM) using Hitachi SU-
5500 SEM instrument. Starch samples were coated with
thin films of gold and the micrographs of starches were
taken at a magnification of 500, 1500 and 2500 using at
3 kV.

Production of Glucose Syrups

Wheat, maize and potato starch slurries were prepared
at 2, 5, 20, 30 and 40% (w/w). After adjusting pH of
slurries to pH 6-6.2, a—amylase (0.00025% (mL/g) was
added to each sample and they were incubated at
95+5°C for 1 hour [22]. After liquefaction reaction,
samples were cooled down to room temperature and
their pH was adjusted to pH 4-4.2. For saccharification,
0.00025% (ML/g, Venzyme /Wstarch) amyloglucosidase was
added to each sample and they were incubated at
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60+5°C for 24 hours with constant shaking at 100 rpm.
The glucose syrups produced from wheat, maize and
potato were clarified by centrifuging at 7000 rpm and
their glucose contents were analyzed via high
performance liquid chromatography (HPLC).

The effects of a-amylase amount and liquefaction time
on the glucose content and DE value of final product
was evaluated separetly by producing glucose syrup
with 0.0001, 0.0002, 0.0003% (mL/g, Venzyme /Wstarch) O—
amylase at 95+5°C for 1, 1.5 and 2 hours. Also,
saccharification reaction was conducted with 0.0001,
0.0002, 0.0003% amyloglucosidase at 60+5°C for 24,
48, 72 and 96 hours to obtain glucose syrup having
higher amount of glucose content and thus DE value.

HPLC Analysis

The glucose syrups produced from wheat, maize and
potato were analyzed according to their glucose
contents via Thermo HPLC system (Thermo).
Carbohydrate column (4.6 x250 mm size column filled
with 5 ym particles) (Zorbax, Agilent) was used with
refractive index (RI) detector for quantification of
carbohydrates. Samples (20 L) were injected through
column at the flow rate of 1.0 mL/min at 40°C with
mobile phase of acetonitrile: water (20:80, v:v). All
HPLC analyses were replicated three times for each
biological replicates and results were given as the mean
of analysiststandard deviation.

Determination of Glucose Content and DE Value

DE values of glucose syrups produced from all three
starches were determined with Lane-Eynon Method
[23]. The following equation (Eq. 1) was used for the
calculation of DE according to DE values of pure
glucose (DE=100%) and native starch (DE=~0%).

% Reducing Sugar

DE = x 100 (1)

% Dry substance
Statistical Analysis

All experiments were performed in triplicate. The results
in the graphs were presented as the meant standard
deviation of three replicates. Significant difference was
analyzed by one-way one-way analysis of variance
(ANOVA) (statistically when p<0.05).

RESULTS and DISCUSSION

Physicochemical Differences in Starches from
Wheat, Maize and Potato Origins

Biological origin and production process cause
variations in the phycochemical properties of starch. In
the maize starch production process, seeds are steeped
in water containing low concentration of sulfur dioxide
for 24 to 40 hours to increase the solubility of proteins
by breaking the disulfide bonds. Also, sugar molecules
are converted to lactic acid by lactic acid bacteria so that
decreasing pH leads to the separation of proteins from
starch molecules. After wet milling, proteins and
starches are seoerated from other sugars and bacteria.
By separating dietary fibers, starches are obtained by
centrifugation or sedimentation [24]. Starch production
process from wheat begins with grinding. Wheat flour is
steeped in water and dough ball is prepared at 30-50°C.
Starches and proteins are removed by centrifugation or
sieving [25]. Potato starch is produced by mashing
potato to make potato juice, centrifugation to separate
starch granules and other polysaccharides from that
juice, extraction of fibers by sieving and sepatation of
starches by multi-stage reverse flow system [4, 26]. Due
to the differences in the starch production process and
most importantly the botanical origin, the size and
content of starch granules are different among different
plants.

Physical, chemical and morphological properties of
wheat, corn and potato starches were determined in this
study. Table 1 shows the moisture, starch, pH, protein,
fiber, lipid and ash content of starched from three
different botanical origins. Starch with highest lipid and
protein content was maize starch whereas starch with
highest ash and moisture content was potato starch
because of its higher phosphorus content and B type
polymorphic structure. Tuber starch was found to have
lower protein and higher ash content, while cereal
starches had higher protein content and lower ash
content, as expected. The starch content was higher in
maize as compared with wheat due to the variations in
starch production and purification processes [27]. Also,
lactic acid fermentation in the production process of
maize starch resulted in lower pH than other starches.

Table 1. Chemical properties of starches from wheat, maize and potato sources*

Source Moisture (%) Starch (%) pH Protein (%) Fiber (%) Lipid (%) Ash (%)

Wheat 11.92+0.202 86.53+0.122  6.51+0.112  0.86+0.0102 1.95+0.0122  0.23+0.0022  0.18+0.0062
Maize 11.29+0.152 88.26+0.21°  4.48+0.14° 1.34+0.003° 1.01+0.010° 0.51+0.005° 0.07+0.003°
Potato 13.00+0.16° 86.96+0.14%  7.64+0.23°¢ 0.67+0.009¢ 0.98+0.005° 0.29+0.0032 0.25+0.002¢

*. Means with different superscript in the same column were significantly different (p<0.05)
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Structural Differences in Starches from Wheat,
Maize and Potato Origins

Diffraction patterns obtained by X-ray crystallography
were used to characterize the semi-crystalline structure
of starch from wheat, maize and potato. In the diffraction
pattern shown in Figure 1A, larger peaks represented
crystalline regions which were associated with the
amylopectin content, while smaller peaks showed
amorphous regions of starch represented by amylose
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content. In the pattern of wheat and maize starches
strong and weak peaks were observed at 15°, 23° and
at 11°, 20°, 26° and 30°, respectively. Potato starch
showed strong peaks at 17° and weaker peaks at 15°,
19.7°, 21.8° and 24°. In accordance with previous study
[28], wheat and corn starches as cereal starches
exhibited crystalline A-type X-ray pattern and potato
starches as tuber starches showed crystalline B-type X-
ray pattern.
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Figure 1. Structural characterization: A) X-Ray Diffraction patterns; B) FTIR spectra of wheat,

maize and potato starches

The structure of three different starches were further
determined with their FT-IR spectra. As shown in Figure
1B the broad band at 3393 cm? represented the
stretching mode of OH groups. The bands at 1649 cm?,
1148 cm and 2931 cm™ were assigned to the hydrogen
bonds of carboxyl groups, the C-O stretching and C-H
stretching, respectively. It was also determined that the
bands below 800 cm™ showed the vibration of glucose
pyranose rings and that seen at 932 cm™ belonged to
the skeletal structure of starch showing the a-1,4 bond
between glucose molecules in amylose. The bands
occurring at the spectra between 1700 and 1200 cm
belonged to the minor components such as protein and
fat in starches. In accordance with previous studies,
typical FTIR spectra of starches from three different
plant sources were shown as bands between 2900-3000
cm? for C-H stretching, between 1100-1150 cm™ for C-
O, C-C and C-O-C stretching, and between 1100-900
cm? for C-O-H bending [29, 30].

from

Morphological Differences in Starches

Wheat, Maize and Potato Origins

Morphological properties of starches from different plant
origins vary with size and shape. These variations
originate from the biological origin, chloroplast
biochemistry and physiology of plant [31]. Even sharing
same biological origin, many studies showed that there
were differences between granule size and shapes of
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starches among species. Potato cultivars, for example,
have 1 to 20 ym and 20 to 110 um of granule sizes for
small and large starch granules, respectively. In
literature, the size of small and large maize starch
granules was shown within the range of 1 to 7 uM and
15 to 20 uM, while A and B type of wheat granules were
10-35 pm with disk shape and 1-10 ym with spherical
shape, respectively [32]. In this study, as shown in
Figure 2, wheat starches showed lenticular shape with
lenghts between 12 and 20 ym and while maize starch
granulles had irregular shapes with sharp edges. Potato
starch granules had llipsoidal shape having lenghts
between 22 and 30 ym with smooth surface. When the
granular size was compared, it was observed that maize
starches had the smallest granular size than others.
Having average 25.4 ym lenght, potato starch granules
had the largest size. The morphological characteristics
of wheat, maize and potato starches shown in this study
were similar with those reported in other study [33]. As
mentioned, the different morphology of starch granules
was attributed to chloroplast biochemistry, physiology
and biological origin of plant. Also, it has been observed
that environmental factors such as temperature and
storage conditions have affected the size and shape of
starches [34]. The effect of granule size on the
physicochemical properties and starch content of
starches from wheat, maize and potato were discussed
further in the glucose syrup production process in this
study.
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Figure 2. Scanning electron micrographs of starches from; A, B and C) wheat; D, E and F)

maize; G, H and |) potato.

Glucose Syrup Production using Starches from
Different Plant Origins

Enzymatic production of glucose syrup from wheat,
maize and potato starches in this study was shown in
Figure 3A. The first enzyme a—amylase (endo-1,4-a-D-
glucan glucohydrolase, E.C.3.2.1.1) hydrolyses large
polysaccharides into glucose and maltose by breaking
a-(1—4)-glucan bonds at high temperature and acidic
environment (pH 6 optimally). Amyloglucosidase (1,4-a-
D-glucan glucohydrolase, EC 3.2.1.3) further hydrolyses
a-(1—4) and a-(1—6) bonds from non reducing ends of
shorther dextrin and maltodextrin molecules at lower
temperature and more acidic environment (pH 4-4.2). It
has been known that the biological origin of plant, the
ratio of amylose to amylopectin, the crystalinity and the
size of starches have impact on the efficiency of
enzymatic hydrolysis of starches and percent glucose
content of final product [35]. Within the scope of this
study, the effect of biological origin of plant on the
glucose syrup production was shown with the use of
wheat, maize and potato starches as a source. Also,
initial starch amount, incubation time and amount of a-
amylase for liquefaction, incubation time and amount of
amyloglycosidase for saccharification were optimized for
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laboratory scale production of glucose syrup with high
DE.

Effect of Initial Amount of Starch on Two-Step
Enzymatic Production of Glucose Syrup

The effect of initial starch amount on final product was
evaluated by measuring the glucose content of glucose
syrup produced from maize starch initially at 2, 5, 10,
20, 30 and 40%. As shown in Figure 3B, the increase in
the starch amount in initial slurry leaded to the increase
in the percent amount of glucose and maltose in final
product, as expected. The starch slurry with 2% starch
content yielded approximately 0.22 and 88% glucose
and maltose, respectively, while that of 40% starch
content yielded 20 times higher sugar content in the
syrup. In addition to its effect on the glucose content,
initial starch amount also improved the stability of
enzyme in the reaction solution. De Cordt et al. [36]
reported a study showing that the increase in starch
content from 9 to 37% in slurry improved the stability of
a—amylase from Bacillus licheniformis by decreasing its
inactivation rate constant (k). With the increase in initial
starch concentration moisture content in slurry is
reduced so that the activity of enzyme is prolonged in
the slurry.
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Figure 3. A) The process steps of a two-step enzymatic production of glucose syrup from starch; The effects of B)
initial starch content; C) liquefaction time; and D) amylase amount on glucose content of glucose syrups produced
from wheat, maize and potato starches (Each experiment was performed three times in triplicate, and standard

deviations were indicated as error bars)

Effect of Incubation Time and Amylase Amount
on Two-Step Enzymatic Production of Glucose
Syrup

In order to evaluate the effect of incubation time of a-
amylase for the hydrolization of gelatinized starch,
maize starch slurries of 2, 5, 10, 20, 30 and 40% were
incubated with 0.0002% thermostable a-amylase for 1,
1.5 and 2 hours. As shown in Figure 3C, glucose
content of final product increased as the hyrolization
time increased from 60 to 120 mins up for all starch
content. The glucose content of glucose syrup prepared
from maize starch slurry with initially 2% starch content
was 0.22% after one hour of liquefaction while at the
end of second hour it increased to 0.38%. The increase
in initial starch amount together with the liquefaction
time showed strong tendency to improve the glucose
content. By increasing initial starch content 20 times, the
glucose content of final product was increased
approximately by 20 times after two liquefaction hours.
The enzyme used in this liquefaction step was a-
amylase from B. licheniformis. In a study [22], it was
shown that the activity for a- amylase from B.
licheniformis at 20-40°C was only 20-40% whereas it
reached its maximum activity at a temperature of about
90°C. Further increase in temperature to 100°C did not
show any effect on its catalytic activity athough the
source bacteria were mesophilic bacteria. Moreover, the
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relative enzymatic activity at 90°C remained higher for
several hours which made it preferable for industrial
starch processing. Other previous studies reported
different stability results for a- amylase from different
bacteria. For example, Mitsuiki et al. [37] showed that
two enzymes with different molecular weight isolated
from B. subtilis gave quite different liquefaction yields.
The one with higher molecular weight hydrolized <20%
and 50% of maize starch at the end of the first and fifth
day of incubation respectively, while low molecular
weight enzyme was able to hydrolyze only 10% of
starch at the end of the fifth day. In another study, a-
amylase from Heliodiaptomus viduus had 90%
hydrolization yield after 180 mins [38]. The results
obtained in the present study concluded that increasing
the incubation time of a-amylase and starch increased
the amount of glucose obtained in the final product as
long as enzyme activity was preserved.

Beside incubation time, the amount of a-amylase was
also evaluated for liquefaction yields. The initial 30% of
wheat, maize and potato starches were hydrolyzed
separately with 0.0001, 0.0002 and 0.0003% enzyme for
two hours. The glucose contents of glucose syrups from
all three starch sources were shown in Figure 3D. The
highest glucose amount was obtained at 30% wheat
starch and 0.0002% a-amylase. The hydrolization step
for 30% maize starch slurry yielded 7.2% glucose with
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0.1% a-amylase and 16% glucose with 0.0002%
enzyme. Increasing the enzyme amount from 0.0001 to
0.0002% caused increase in glucose contents from
approximately 11.6% and 6.3% to 23.1% and 16.2%, for
wheat and potato starch slurries, respectively, at the
same initial starch content. However, the use of higher
amount of a-amylase did not show a significant effect on
glucose content for wheat and potato starches.

Effect of Amyloglucocidase Amount and
Incubation Time on Two-Step Enzymatic
Production of Glucose Syrup

The second and final enzymatic step in the glucose
syrup production was saccharification by
amyloglucosidase (Figure 3A). The amount of enzyme
and saccharification time was evaluated based on the
glucose content of final product. Wheat maize and
potato starch slurry with initial starch content of 30%
were hydrolized by 0.0002% a-amylase for 2 hours and
upon liquefaction smaller dextrin molecules were further
hydrolyzed by 0.0001, 0.0002, 0.0003%
amyloglucocidase at lower temperature for 24, 48, 72
and 96 hours. Figure 4 showed the glucose contents of
each sample of each plant source as measures of
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saccharification degree. In glucose syrup production
process from wheat starch, saccharification time did not
show a significant effect on the saccharification degree.
There was a slight increase in the glucose content with
the increase in amyloglucocidase amount from 0.0001%
to 0.0002% however; this increase was also not
significant to state the obvious effect of time on
saccharification reaction. In fact, for maize and potato
starches, the glucose contents decreased significantly
(P<0.05) for saccharfication reaction by 0.0003% and
0.0002% amyloglucocidase amount after 96 hours,
respectively. Zainep et al. [39] reported 17.15 mg/mL,
15.79 mg/mL and 11.32 mg/mL of reducing sugar yields
from vyellow maize, millet and sorghum starches,
respectively, after 10 min of reaction by pure
amyloglucosidase from Rhizopus mold (0.001%). In a
study [40], the use of a mixture of granular starch
hydrolyzing a-amylase from A. kawachi and
glucoamylase from A.niger at a single saccharification
step at 65°C yielded approximately 40% glucose
whereas two-step saccharification at 65°C-70°C had
approximately 50% glucose content after 120 min. In the
present study, the glucose concentrations of final
product higher than 95% were obtained from all three
starch sources regardless of time and enyzme amount.

Wheat starch

=0.1%
0.2%
=0.3%

72 96

Maize starch

72 96

Potato starch

72 96

Time [hour]
Figure 4. The effect of amyloglucosidase amount and saccarification time on glucose
content of glucose syrups produced from wheat, maize and potato starches (Each
experiment was performed three times in triplicate, and standard deviations were

indicated as error bars)
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Physicochemical Analysis of Final Product

The physicochemical properties of glucose syrups
obtained from three starch sources were specified in
Table 2. It was observed that glucose syrup with the
highest glucose content and thus DE% value was
obtained from maize starch. DE% value represents the
percentage hydrolyses of the glycosidic linkages present
and as compared with DE of 100 for pure glucose it
should be >20% to meet the requirements of glucose
syrup for its applications [18]. For example, there are
glucose syrups with DE values of 35, 42 and 63%
regarded as low, regular and high DE, respectively.

While glucose syrups with high DE generally are used
for food products having lower viscosity and tender
consistency, the ones with lower DE are used in
products with tough texture and moisture resistance.
During the syrup production process, acidic or
enzymatic hydrolization and the time for hydrolysis of
starch significantly affect the DE value obtained from
final product. The syrups produced by acid hydrolysis
have DE values between 30 and 50 whereas glucose
syrups produced enzymatically show higher DE values.
As shown in Table 2, all three glucose syrups were
found to have a dry substance higher than 70% and a
DE higher than 20%.

Table 2. Physicochemical properties of glucose syrups produced from wheat, maize and potato starches in this study*

Sﬁﬁ?se Total Moisture pH Glucose Maltose DE Color Dry matter
i 9 9 9 0 * %] 0
sources solids (g) (%) (%) (%) (%) (L*a*b) (%)
\s/\t/:rizt 91+0.142 15.80£0.35*  3.984#0.011*  98.08%0.13% 1.92+0.021*  97.04%0.31*  14.11x0.25*  84.30£0.30*
gﬂtzlriﬁ 110+£0.50°  21.69+0.26°  4.02+0.024®°  98.35+0.18? 1.65£0.062°  97.27+0.12*  8.99+0.45° 78.30+0.54°
Spt(;t::f 94+0.21°¢ 17.64£0.18°  4.54+0.022°>  97.58+0.21° 2.4240.032°  95.34+0.09®  14.33+0.31*  82.37+0.28%

*. Means with different superscript in the same column were significantly different (p<0.05)

CONCLUSIONS

In this study, laboratory scale glucose syrup production
from wheat, mazieand potato was investigated.
Optimized process parameters improved the two-
enzymatic step process and final products with high DE
values were obtained from starches of three plant
sources. This study showed that wheat and potato
starches were also potential raw materials for glucose
syrup production as well as maize starch. Scaling up the
parameters from lab-scale process to industrial process
would provide useful information to the sugar industries
about alternative sources for glusoe syrup production.
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ABSTRACT

Cornelian cherry (Cornus mas L.) has regained an increasing interest because of its nutraceutical and pharmaceutical
potential. This study was designed to investigate the phenolic compounds (total phenolic, flavonoid, hydrolysable tannin,
proanthocyanidin and anthocyanidin) and antioxidant capacity of Cornelian cherries. Some morphological (length, width,
weight, flesh:seed ratio and colour) and physicochemical properties (dry matter, pH, soluble solid content, total acidity,
sugar profile and ascorbic acid) of Cornelian cherries were also examined. Cornelian cherry samples were selected
from twelve locations in the Corum province of Turkey, where they are grown natively. Bioactive compounds were
extracted by an ultrasound assisted method (37 kHz frequency and 100% amplitude) for 20 min at 20£2°C. Aqueous
methanol (70%) was used as extraction solvent with the solid:solvent ratio of 1:20. Glucose (3.02+0.9%) and fructose
(1.57+0.4%) were found as the main sugars in cherry fruits. The CIE* colour values ranged from 25.18 to 33.00 for L*,
9.74 to 30.26 for a*, 2.46 to 14.41 for b* values. Total phenolic content, flavonoids, total anthocyanin, proanthocyanins,
hydrolysable tannins, ascorbic acid and antioxidant activity varied between 230.4—559.8 mg GAE/100 g, 28.3—94.7 mg
CE/100 g, 69.2—200.5 mg/100 g, 124.1—316.3 mg CE/100 g, 151.6—568.9 mg TAE/100 g, 29.0—103.3 mg /100 g,
24.4—92.5 uM TE/g, respectively. Antioxidant activity was positively correlated with bioactive content of Cornelian cherry
fruits (p<0.001). The native Cornelian cherry population with the high antioxidant potential may be useful for future
breeding programs, organic production or as food additive.

Keywords: Cornus mas L., Fruit quality, Phytochemicals, Antioxidant capacity

Corum’da Yetisen Kizilciklarin (Cornus mas L.) Morfolojik ve Fiziko-kimyasal Ozelliklerinin
Degerlendirilmesi

6z

Kizilciga olan ilgi sahip oldugu nutrasoétikler ve farmasoétik potansiyeli nedeniyle yeniden artmaktadir. Bu galisma
kizilciklarin fenolik igerikleri (toplam fenolik, flavonoid, hidrolize tanen, proantosiyanidin ve antosiyanidin) ve antioksidan
kapasitesinin arastiriimasi igin planlanmistir. Ayrica bazi morfolojik (meyve boyu, genislik, agirlik, meyve eti:gekirdek
orani ve renk) ve fiziko-kimyasal 6zellikleri (¢6zunUr kuru madde, pH, toplam asitlik, kuru madde, seker profili ve
askorbik asit) de belirlenmigtir. Kizilcik ornekleri Corum bdlgesinde dogal olarak yetistigi 12 farkli lokasyondan
toplanmigtir. Biyoaktif bilesenler ultrases (37 kHz frekans ve %100 genlik) yardimiyla 20+2°C’de 20 dakika suresince
ekstrakte edilmistir. Ektraksiyon 1:20 kati:solvent orani ile %70’lik sulu metanol kullanilarak yapilmistir. Glukoz
(%3.02+0.9) ve fruktoz (%1.57+0.4) kizilcik meyvesinde bulunan baglica sekerler olarak saptanmistir. CIE* renk
degerlerinin L* degeri icin 25.18 ile 33.00, a* degeri icin 9.74 ile 30.26, b* dederi igin ise 2.46 ile 14.41 arasinda degistigi
belirlenmistir. Toplam fenolik, flavonoid, toplam antosiyanin, proantosiyanin, hidrolize tanen, askorbik asit miktarlari ve
antioksidan kapasiteleri sirasiyla 230.4—559.8 mg GAE/100 g, 28.3—94.7 mg CE/100 g, 69.2—200.5 mg/100 g,
124.1—316.3 mg CE/100 g, 151.6—568.9 mg TAE/100 g, 29.0—103.3 mg /100 g, 24.4—92.5 yM TE/g arasinda degistigi
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tespit edilmistir. Kizilcik meyvesinin biyoaktif bilesen igerikleri ile antioksidan kapasiteleri arasinda guglu pozitif
korelasyon bulunmaktadir (p<0.001). Dogal olarak yetismekte olan kizilciklarin sahip olduklari gugli antioksidan
potansiyel nedeniyle ileride yapilacak kultivasyon galismalari, organik Uretim ya da gida katkisi olarak kullaniminin

faydali olacagi distnilmektedir.

Anahtar Kelimeler: Cornus mas L., Meyve Kalitesi, Fitokimyasallar, Antioksidan kapasite

INTRODUCTION

Fruits are considered as valuable source of antioxidant
such as phenols and ascorbic acids [1]. Increasing the
antioxidant rich diets is recommended to prevent
oxidative stress which is highly related the most of acute
and chronic diseases. Cornelian cherry (Cornus mas L.)
has been used in folk medicine for centuries in mainly
Europe and west Asia regions for preventing a number of
diseases [2]. The Cornelian cherry leaves, flower, seed
oil and barks as well as fruits are used to make galenic
treatments for inflammations, gastrointestinal disorders,
diabetes, cancer and cardiovascular diseases [3]. In
addition, Cornelian cherry fruit is used as natural
astringent flavor and cosmetic purposes [4]. The
astringent flavor is related with water soluble tannins
represented as an important secondary plant metabolite
[5]. The anticarcinogenic, antibacterial, antiviral and anti-
inflammatory activity of tannins also related with
antioxidant capacity which act as total radical scavenging
activity, chelator with metals, protector cellular oxidative
damage [6].

Cornelian cherry fruits are significantly rich in wide
diversity antioxidative phenolic compounds (anthocyanin,
flavonoids, phenolic acids and tannins) and ascorbic acid
[3]. Anthocyanins, which are natural colorant and
antioxidant, has a potential on management and
preventing diabetes [7]. Cornelian cherry fruit is also rich
source of ascorbic acid in comparison with some berry
type fruit [1] . Until recent researches, Cornelian cherry
has been less preferred due to unusual flavor in daily
fresh fruit consumption. Cornelian cherry has become
more popular due to nutraceutical and pharmaceutical
ingredients with the increasing healthy eating demand of
consumer [8]. Today, various recent techniques have
been explored to extraction these compounds in fruit
matrices in order to increase extraction efficiency,
minimize processing time and solvent exposure [9].
Ultrasound assisted extraction utilize the acoustic energy
to achieve improved mass transfer [10]. Compared to
conventional techniques, the new ecofriendly process are
practiced enhanced recover the thermolabile compounds
such as anthocyanins, with the minimize bioactive
compound degradation [9].

Increasing number of studies in natural population and
breeding of Cornelian cherry have been started with the
increasing demand of these fruits considered as healthy
food. The breeding programs of Cornelian cherry have
been carried out mostly in Europe for almost last two
decades [11]. In Turkey, the large number of Cornelian
cherry cultivation field has native seedling phenotypes
with wide range genetic variation whereas very limited
studies have been carried out the selection of Cornelian
cherry [12, 13, 14, 15] . Previous studies indicated that
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preserving the germplasm source is related closely with
the genetic diversity [16]. However, native and semi-wild
genotypes have been disappearing rapidly day by day
during the last two decades [17].

The selection and collection of promising Cornelian
cherry cultivar provide a source of further breeding
programs [11]. The purpose of this study was to
investigate the morphometric measurement (weight,
length, width and flesh:seed ratio) physicochemical
properties (colour, moisture, pH, soluble solid content,
total acidity, sugar profile and ascorbic acid) and
phytochemicals (total phenolic content, flavonoid,
proanthocyanidins, hydrolysable tannins, anthocyanins
and antioxidant capacity) of native Cornelian cherry
phenotypes to conserve native source for further
breeding programs, organic production or as food
additive.

MATERIALS and METHODS

Collection and Preparation of Cornelian Cherry
Samples

Uncultivated Cornelian cherry samples were used in this
study. Cornelian cherries were harvested in 2018 from 12
different locations in Corum province in Turkey. At each
location, 2 kg Cornelian cherry fruits were sampled from
two representative outlets. Physicochemical analyses
were carried out with fresh fruits at sampling day. Rest of
the samples were stored at -20°C until further chemical
analyses. All experiments were carried out in duplicates.

Morphometric and Physicochemical Analyses

One hundred Cornelian cherry fruits were randomly
selected for each replica, and weighted with an accuracy
of 0.0001g. Flesh:seed ratio was calculated as described
by Demir and Kalyoncu [13]. Fruit weight and length were
measured at the same randomly selected representative
samples by Vernier caliper with an 0.01 mm accuracy.
The measurements were recorded in L* (Lightness), +a*
(redness), +b*  (yellowness) CIE  (Commision
Internationale del’Eclairage) colour coordinates by using
Minolta CM 3600d spectrophotometer (Minolta, Osaka,
Japan). Before use, the instrument was calibrated with a
white tile and the measurement was carried out with 30
fruit samples [17]. Analysis were done in 2 replications
for each sample.

The moisture content analysis of samples was carried out
with the AOAC 934.06 official method [18]. Fruit seeds
were removed manually and the fruit flesh was
homogenized by Ultra-Turrax (Heidolph, Schwabach,
Germany). Five g of homogenized sample was dried at
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70£0.1°C for 14 h. Moisture analyses were repeated
three times. The soluble solid content (SSC) was
measured by Abbe refractometer (Atago, Japan). pH was
measured with a pH meter (Adwa AD1000 pH/mV &
Temperature Meter). Total acidity was determined
according to Method 942.15 of the AOAC and expressed
as g anhydrous malic acid/100 g sample [18].

Ascorbic acid content was measured by indophenol
spectrophotometric method described by Raghu et al.
[19] with a minor modification. A 60 g of the fruits
homogenized in 60 mL of metaphosphoric acid solution
(6%) by Ultra-Turrax to achieve fine homogenate. The
homogenate was centrifuged at 5000 g for 10 min then
was filtered. The colour intensity was measured at 520
nm compared with standard ascorbic acid solution
(R=0.9999).

Extraction of Phytochemical Compounds

Phytochemical compounds extraction was performed in
ultrasonic bath (Elmasonic P, Elma Schmidbauer GmbH,
Gottlieb-Daimler, Singen, Germany). Extraction was
carried out 37 kHz of frequency with 100% amplitude
during 20 min. The temperature monitored and controlled
at 204£2°C with circulating water. 70% methanol was used
as an extraction solvent with 1:20 solid:solvent ratio. The
extraction condition was determined with preliminary
experiment at different frequency (37 and 80 kHz),
methanol concentration (0—100%) and temperature (20,
60°C). The extract was centrifuged (Sigma 3K30,
Germany) at 8000 g for 10 min at 4°C.

Total Phenolic Content

Total phenolic content (TPC) was measured by using
colorimetric Folin-Ciocalteu assay as described by
Singleton et al. [20]. 50 ul of Cornelian cherry extract was
mixed with 2.2 mL of 0.2 N Folin regent and 1.6 mL
sodium carbonate solution (7.5%). The solution was
mixed and kept for 1h at room temperature under dark
condition. The absorbance was measured at 760 nm in a
spectrophotometer (Shimadzu UV-1800, Japan). The
results were expressed as mg Gallic acid equivalent
(GAE) per 100 g fresh fruit (R?=0.9981).

Total Flavonoid Content

Total flavonoid content (FC) was measured using
colorimetric method as described by Zhishen et al. [21].
One mL diluted extracts were mixed with 100 yL NaNOs3
(5%) and allowed to stand for 5 min. AICIz (10%) was
added to the mixture and allowed to stand for another 5
min before 1 mL NaOH (1.0 M) was added. The mixture
volume was adjusted at 2.5 mL with distilled water and
mixed well. The measurement was recorded at 510 nm.
The content of total flavonoid was expressed as mg (+)-
catechin equivalent (R?=0.9990) per 100 g Cornelian
cherry fruit.

Hydrolysable Tannin Content

Hydrolysable tannin content (HTC) was determined
according to the spectrophotometric method described
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before by Cam and Hisil [22]. Diluted extract and 2.5%
KlOsz were vortexed for 10 s. The absorbance of red
coloured mixture was measured at 550 nm versus the
water blank. Tannic acid solution (50—2000 mg/L) was
standard solution (R2=0.9917). The results were
expressed as tannic acid equivalent (TAE) per 100 g
fresh fruit.

Condensed Tannins

Condensed tannins (CT) (proanthocyanidins) were
measured using the vanillin assay described by Tanner
and Brunner [23]. This method is based on reaction of the
vanillin  with  C6 and C8 of catechin and
leukoanthocyanins, the colour of the mixture turns to
bright red and its intensity was measured at 500 nm. The
absorptions of the mixtures in all tubes were measured at
500 nm. Quantification of CTs was carried out using
calibration curve of catechin (50—200 mg/L) as an
external standard. The content of total CT was expressed
as mg of (+)-catechin per 100 g fresh fruit.

Total Monomeric Anthocyanin Content

Total monomeric anthocyanin (ACN) content was
determined using the pH differential method described by
Giusti and Worlstad [24]. Two buffer solution, pH 1.0
(potassium chloride, 0.025M) and pH 4.5 (sodium
acetate, 0.4M) were mixed with sample extract. The
absorbance of equilibrated solutions was measured at
515 nm (Amax) for anthocyanin content and 700 nm for
haze correction. The difference in absorbance values at
pH 1.0 and 4.5 was directly proportional to anthocyanin
concentration. The results were calculated as cyanidin-3-
glucoside (Cy-3-glu) equivalents with a molecular weight
of 449.2 and an extinction coefficient of 26 900 L/cm mol.

ABTS Radical Scavenging Activity

Antioxidant activity (AOA) was measured according to
ABTS method described by Arts et al. [25]. The ABTS
method involved dissolving 7 mM ABTS (2,2'-Azino-bis,
3-ethylbenzothiazoline-6-sulfonic acid) in potassium
phosphate buffer (pH 7.4) and combined with 2.45 mM
potassium persulfate. The dark blue solution was diluted
with potassium phosphate buffer (pH 7.4) until the
absorbance reached 0.7+0.02 at 734 nm. 1 mL of the
resulting solution was mixed with 20 uL of properly diluted
sample extract or Trolox standard solution, and 6 min
later the absorbance was measured at room temperature.
The results were expressed as Trolox equivalent
antioxidant capacity (TEAC mM). The concentration of
standard solution ranged from 0.25 to 2 mM (R?=0.9965).

Sugar Content by HPLC

Sugars were determined using HPLC (Shimadzu, Japan)
with a quaternary pump, a refractive index detector, an
auto-sampler, and a thermostatted column compartment.
Samples were diluted and clarified with Carrez solution.
20 pL of filtered samples (0.45 ym) were injected into
HPLC system. Sugars were separated on a Intersil NH:
column (250x4.6 mm) (5 ym). Separation was performed
with isocratic elution with 1.0 mL/min flow rate at 40°C



N. Giizel Akademik Gida 19(4) (2021) 373-380

and the mobile phase consisted of acetonitrile and water
(75:25) mix. Sugars present in samples were identified
and quantified by external standard method.

Statistical Analysis

Correlation among experimental data was evaluated
statistically with Pearson correlation coefficient by using
IBM SPSS v. 20 software (IBM corp.).

RESULTS and DISCUSSION

Physical properties are the first stage for consumer
acceptance. Cherry red colored and full fleshed fruits are
more acceptable for consumer. The CIE* colour
parameters were expressed in Table 1. The colour of
Cornelian cherry fruits differed from cherry red to dark red
colour. The fruit weight was ranged from 1.27 to 2.53 g.
The average of fruit weight (1.81£0.31 g) was significantly
higher than reported fruit weight (0.63+0.14 g) in literature
[26]. Every region of Turkey has rich and diverse flora due
to varied soil and climate conditions. The soil and climate
conditions as much as cultivar/genotype are one of the
major factors on physicohemical properties on plant.

The average length (16.68+1.09) and width (11.74+0.76)
were measured similar with previously evaluated
genotype from different regions. Also, flesh:seed ratio of
fruits (3.17—6.14) was in agreement with literature
(2.0—9.4) reported by Ercisli [16]. Great variability was
observed among the samples regarding soluble solids,
dry matter and acidity (Table 1). The highest value of
SSC, dry matter and acidity were 23.08%, 27.49% and
2.48 @/100 g (malic acid equivalent), respectively.
Previously, Yilmaz [15] was reported the highest SSC as
21.17% for cultivated Cornelian cherry genotype 77-09.
Demir and Kalyoncu [13] reported that the highest SSC
was 19%, Pantelidis et al. [1] was also found the highest
SSC as 14.4%. The average value of dry matter, acidity
and pH were 19.89+3.00, 1.91+0.29 and 3.54+0.08,
respectively (Table 1). Dry matter, acidity and pH were
recorded between 15.88 and 28.19% [26], between 1.25
and 3.89% [15] and between 2.5 and 2.8 [13]. Glucose
and fructose are the main sugars of Cornelian cherry fruit
and ranged from 1.67 to 5.13% and 0.92 to 2.23%,
respectively (Figure 1). Dinda et al. [3] reported similar
glucose (2.5—7%) and fructose (2.2—3.8%) concentration
for Cornelian cherry. Total sugar content of the fruit was
between 7.6 and 15.4% [27].

Table 1. Morphometric and physicochemical properties of Cornelian cherry

Parameters Range MeantSD
Width (mm) 10.38—13.49 11.74+£0.76
Length (mm) 14.52—19.57 16.68+1.09
Fruit weight (g) 1.27—2.53 1.81+£0.31
Flesh/seed ratio 3.17—6.14 4.17+0.78
Soluble Solids (%) 10.49—23.08 18.09+2.61
pH 3.41—3.69 3.54+0.08
Total acidity (%) 1.41—2.48 1.91+£0.29
Dry matter (%) 14.43—27 .49 19.89+3.00
Colour values
L* 25.18—33.00 27.79+1.45
a* 9.74—30.26 17.80+£3.95
b* 2.46—14.41 5.51+1.82
Individual Sugar (%)
Glucose 1.67—5.13 3.02+0.90
Fructose 0.92—2.23 1.57+0.42
mV
75
50 Glucose
/ Fructose

25

i

5 10

15 20 25
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Figure 1. Sugar profile of Cornelian cherry sample

The total phenolic content of samples ranged from 230.36
to 559.82 mg GAE per 100 g fresh weight basis (Table 2).
In previous studies, a wide variation was reported in the
total phenolic content in Cornelian cherry fruit of
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31.25+1.79 mg GAE/g [2], 26.59—74.83 mg GAE/g dry
weight (DW) basis [15], and 1592+132 mg GAE/100 g
DW [1]. Our results were in agreement with reported TPC
of Cornelian cherry of 281—570 mg/100 g fresh weight
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(FW) basis [26] and 209.5-305.5 mg/100 g FW [28].
Phenolic compounds are major bioactive components

whereas bioavailability greatly differs between the
various phenolic content.

Table 2. Phytochemical content and antioxidant capacity of Cornelian cherry

Parameters Range Mean+SD
Total phenolics (mg GAE/100 g) 230.4—559.8 348.7+87.3
Total flavonoids (mg CE/100 g) 28.3—94.7 56.6+16.8
Anthocyanin (mg/100 g) 69.2—200.5 119.7+£38.8
ABTS (umol TE/g) 24.4-92.5 46.3+15.1
Proanthocyanins (mg CE/100 g) 124.1-316.3 197.8+45.5
Hydrolysable tannin (mg TAE/100 @) 151.6—568.9 276.3£110.5
Ascorbic acid (mg AAE/100 g) 29.00—103.3 59.84+20.6

Flavonoids which have efficient bioactivity due to their
hydroxyl group at various positions are one of the major
phenolic of plant kingdom [2]. The total flavonoid content
varied from 28.26 to 94.7 mg CE per 100 g FW basis. The
average of total flavonoid content of fruit was 477.3+22.9
mg CE/100 g DW [29]. Pawlowska et al. [30] found that
flavonoid content in Cornelian cherry was 221.3 mg/10 g.
Methanolic extract of the fruit had a rich flavonoid
glycosides composition. Quercetin 3-O-3-d-glucuronide
was presented as a major flavonoid (69.9 mg/10 g) and
followed by kaempferol 3-O-f3-d-galactoside (41.3 mg/10
g). Celep et al. [2] expressed flavonoid content of
Cornelian cherry as quercetin equivalent in an average
20.5+1.62 mg/g. The flavonoids with their subclasses,
protect the plant against to pathogens and environmental
stressors, and provide pigmentation to adapt to
environment [31].

Anthocyanin, a subclass of flavonoids, contributed to
pigmentation of plants and are exclusively responsible
red, blue and purple colour of plant [32]. Cyanidin is the
most prevalent anthocyanin, and the 3-glucoside is the
most active antioxidant anthocyanin [33]. The highest
monomeric anthocyanin content was 200.49 mg
cyanidin-3-glucoside equivalents per 100 g FW basis.
Similar anthocyanin contents were reported by Pantelidis
et al. [1] (223 mg/100 g FW) and by Yilmaz et al. [15]
(148—228 mg/100 g). Cornelian cherry had higher
anthocyanin content when compared some berry type
fruit such as blackberry (104—198 mg/100 g FW),
raspberry-gooseberry (35—49 mg/100 g FW) and red
current (1.3—7.8 mg/100 g FW) [1]. These results referred
that Cornelian cherry seems to be a good anthocyanin
source. However, the anthocyanin content and
composition can be varied according to post harvesting
processes [8].

Many flavonoids in foods are polymerized into large
molecule during the usual metabolic process of plants, or
as a result of food processing. The antioxidant activity of
tannins has been affected polymerization degree that
might be varied from two up to several hundred subunits.
The large molecules are called as tannins and include
condensed tannins (proanthocyanins), hydrolysable
tannins and tannin derives [34]. Condensed tannins,
proanthocyanidins, are oligomers or polymers of flavan-
3-ol units [29]. Proanthocyanidin content of Cornelian
cherry was found between 124.08 and 316.26 mg TAE
per 100 g fruit of fresh based. Similar result (2294+24.1 mg
epigallocathechingallate equivalents per g extracts) was
reported by Celep et al. [2]. Also, Milenkovi¢-Andelkovi¢
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et al. [35] demonstrated that among the flavan-3-ols, (+)-
catechin (3.91—3.95 mg/g DW) was predominant and
followed by (—)-epicatechin (2.02—2.11 mg/g DW) and
procyanidin B2 (1.55—1.61 mg/g DW). The hydrolysable
tannins content in fruits was in the range of 155.63 and
346.70 TAE per 100 g fruit. Tannins are ellagic acid
(ellagitannins) and gallic acid (gallotannis) esters and
contribute on particular astringent taste of fruit [36]. Total
tannin content of Cornelian cherry fruit was determined
between 131.51—601.2 mg/L [13]. Dinda et al. [3]
reviewed that tannin content of Cornelian cherry was in
wide ranged between 0.6 and 14%. The Cornelian cherry
fruits are great source of tannins when compared many
fruits [17].

Cornelian cherry also represented as one of the main
sources of ascorbic acids [37]. A wide variation was
observed among the ascorbic acid content of Cornelian
cherry fruits, ranging from 28.99 to 103.3 mg per 100 g
FW. Tural and Koca [26] found that the ascorbic acid
content of the Cornelian cherry ranged between 16 to 88
mg per 100 g. Similar findings (31—112 mg/100 g) were
also reported by Yilmaz et al. [15]. Pantelidis et al. [1]
reported that the ascorbic acid content of Cornelian
cherry (103.3x12.67 mg/100 g) was higher than
raspberry (16.8—37.7 mg/100 g) and blackberry
(14.3—17.57 mg/100 g) fruits. The Cornelian cherry fruits
(59.8420.6 mg/100 g) seem to be a good source of
ascorbic acid when compared strawberry (50.1+2.8
mg/100 g) and kiwi (28—80 mg/100 g) fruits that are
accepted as high ascorbic acid source [38, 39].

The antioxidant activity measured using ABTS methods
in Cornelian cherry was expressed as pM trolox
equivalents per g. The average antioxidant capacity was
46.31£15.06 (Table 2). Similar results (29.48—36.51
mmol/kg) was expressed by Dragovic-Uzelac et al. [28].
Celep et al. [2] reported relatively higher antioxidant
activity (103+£8.9 uM TEAC/g extract) in Cornelian cherry
fruits. The ABTS method is one of the popular assay
determine indirectly antioxidant activity. Yilmaz et al. [15]
also measured antioxidant capacity in Cornelian cherry
fruits using by electron transfer based assay (ferric
reducing antioxidant power, FRAP). FRAP values of the
fruits (73—114 pmol ascorbic acid/g DW) was high and
varied in wide range between the genotype. Pantelidis et
al. [1] reported similar FRAP values (83.9+5.4 pumol
ascorbic acid/g DW) in Cornelian cherry. Therefore, the
Cornelian cherry might be considered as a good source
of antioxidant.
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Tannin content of fruit might be a main cause for
antioxidant activity among the polyphenol compounds
(Table 3). The effectiveness on radical species is related
with the increasing polymerization degree. Currently,
dimeric and oligomeric chatechin supplement extracted
from grape seed has been marketed [40]. The degree of
polymerization in grape seed about 30, while in the
Cornelian cherries about 69 [29]. The antioxidant
activities of cherry fruit also are positively related with
their degree of polymerization from high to low in order of
Cornelian cherry (63), Laurel cherry (45), and sour cherry
(4) [29]. Due to relative complexity and diversity of
tannins, the structure and activity relationship has not
been defined completely yet [40]. The Cornelian cherry
tannins might be an alternative antioxidant supplement to
grape seed extract.

The Pearson correlation (r) between some investigated
parameters in Cornelian cherry was expressed in Table
3. High pearson correlation coefficient was found
between antioxidant activity and total phenolic content
(r=0.965), total flavonoid content (r=0.890), hydrolysable
tannins (r=0.882) and proanthocyanin content (r=0.872).
Similarly, Celep et al. [2] reported high correlation
coefficients (r=0.8767-0.8964) between phenolic content
of Cornelian cherry fruit and TEAC values. Although,
Hassanpour et al. [8] was not found correlation (r=0.18)
between antioxidant activity and anthocyanin content, the
investigated parameter of Cornelian cherry fruit
significantly correlated (r=0.857) with antioxidant activity.
Our results in agreement with Pantelidis et al. [1], there is
a close correlation between antioxidant capacity (FRAP)
and anthocyanin content of Cornelian cherry and berry
fruits.

Table 3. Pearson correlation coefficient of investigated parameters in Cornelian cherry fruit

Variables AOA TPC FC ACN HTC CT AsA

AOA 1 0.965** 0.890** 0.857** 0.882** 0.872** 0.746**
TPC 1 0.941** 0.900** 0.889** 0.889** 0.761**
FC 1 0.870** 0.821** 0.824** 0.680**
ACN 1 0.855** 0.861** 0.735**
HTC 1 0.904** 0.797**
CT 1 0.764**
ASA 1

**: Significant at p<0.001
CONCLUSION Asian  traditional  food and medicine:

Cornelian cherry fruits naturally grown in Corum/Turkey
are a significant source of natural antioxidants:
condensed and hydrolysable tannins, anthocyanin and
ascorbic acid. Cornelian cherry might be a strong
alternative to use as a potential ingredient of nutraceutical
or food formulation. Also, the selected promising
phenotype might be used for organic production of
Cornelian cherry.
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ABSTRACT

This study is conducted to determine the meat purchase, storage, handling or preparation, and personal hygiene
practices of consumers living in Istanbul and their level of knowledge on food safety practices. A questionnaire was
sent to 830 consumers, who were responsible for primary shopping and cooking in their households. Participants
achieved a certain score with their responses to the statements in the questionnaire. The difference between the
sociodemographic characteristics of the participants and their scores was determined by independent samples t-test
and one-way ANOVA. A significant difference was observed in participants' knowledge scores about meat purchasing
and carrying, storage and preparation practices and gender (p<0.05). In addition, participants' meat purchase and
carrying practices information scores were significantly influenced by monthly income while storage and preparation
information scores were significantly affected by the age of participants (p<0.05). An insignificant difference between
the personal hygiene and socio-demographic parameters was observed (p>0.05). By considering these results, it is
recommended to prepare questionnaires and interviews to reveal the status of applications for measuring food safety
information of consumers in other regions of Turkey, and planning preventive measures to eliminate risks in future
studies.

Keywords: Food safety, Red meat, Poultry meat, Knowledge, Practices, Consumer

Tuketicilerin Ev Ortaminda Et Tuketimi Konusundaki Gida Giivenligi Bilgi, Tutum ve
Uygulamalari

0z

Bu calisma, Istanbul’'daki tiiketicilerin et satin alma ve tasima, depolama, hazirlama ve kisisel hijyen uygulamalari ile
gida guvenligi bilgi dizeylerini belilemek amaciyla yapilmistir. Anket, hanelerde birincil alisveris ve yemek yapma
sorumlulugunu Ustlenen 830 tuketiciye gonderilmistir. Katilimcilar ankette yer alan ifadelere verdikleri yanitlarla belirli
bir puan almistir. Katilimcilarin gida guvenligi bilgisindeki puan farkliliklarinin sosyo-demografik parametrelerden
etkilenip etkilenmedigini arastirmak icin ANOVA ve t testleri kullaniimigtir. Katimcilarin et satin alma ve tasima,
depolama, hazirlama ve Kkisisel hijyen uygulamalari hakkindaki bilgi puanlari ile cinsiyet arasinda anlaml bir fark
g6zlemlenmistir (p<0.05). Ayrica katiimcilarin et satin alma ve tasima uygulamalar bilgi puanlari ayhk gelir
faktérinden; depolama ve hazirlama bilgi puanlari yas faktériinden énemli dlglide etkilenmistir (p<0.05). Kisisel hijyen
ve sosyo-demografik parametreler arasinda anlamli bir farklihk bulunmamistir (p<0.05). Bu sonuglar dikkate alinarak,
gelecekte yapilacak galigsmalarda Turkiye'nin diger bolgelerindeki tiketicilerin gida gtvenligi bilgilerinin olgilmesine

yonelik uygulamalarin durumunu ortaya ¢ikarmak ve riskleri ortadan kaldiracak onleyici tedbirlerin planlanmasi igin
anket ve gorismelerin hazirlanmasi 6nerilmektedir.

Anahtar Kelimeler: Gida guvenligi, Kirmizi et, Kanatl eti, Bilgi, Uygulamalar, TUketici
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INTRODUCTION

The food supply chain refers to a chain that reaches
from farm to table. In this chain, consumers are the last
segment that comes into contact with food. Food safety
is of great importance in terms of the health and
economy of consumers and professionals in the food-
service sector of all countries [1]. It is the responsibility
of the regulator authorities to regulate the food-service
sector on food safety, but it is the consumer's
responsibility to ensure the right conditions at home [2].
From this point of view, food safety knowledge and
practices have an important effect on the emergence of
foodborne diseases [3, 4].

The basis of ensuring foodstuffs is suitable to the
consumers’ consumption, and to protect them from
foodborne diseases based on good hygiene practices in
purchasing, preparation, cooking and storage processes
[5]. Bryan [6] determined errors in the food preparation
process as; contamination of cooked foods with raw
foods, insufficient heat treatment applications, reheating
the cooked food, food production with poor quality raw
material, and not storing food at the proper temperature.
In  addition, cleaning practices (handwashing,
dishwashing, using dishcloths, cleaning work surfaces)
are also important practices that may pose a risk in
foods if not appropriately [7, 8].

With the report published by the World Health
Organization (WHO), it has been reported as a global
problem that, one out of every 10 people become ill
because of consuming contaminated foods [9]. In
addition, according to the statistics indicated in the
report published by the European Food Safety Authority
(EFSA) and European Center for Disease Prevention
and Control (ECDC) in 2018, one-third of foodborne
diseases occur in homes. According to these studies, it
is stated that consumer practices in homes have an
important effect on increasing the number of foodborne
diseases [10, 11, 12]. According to EFSA [13],
consumer applications that cause the emergence of
foodborne diseases are identified as especially cross-
contamination, storage time, insufficient heat treatment,
and storage under unfavorable conditions. Flynn [14]
reports that these diseases are mostly caused by
improper applications such as insufficient heat treatment
and poor hygiene.

In the report published by EFSA and ECDC [10], it is
stated that 60% of foodborne diseases that could be
registered (643 diseases, 12.7% of total food-borne
diseases) and the causes of which can be proved, are
composed of foods of animal origin. It has been
observed that meat and meat products (poultry, pork,
beef, sheep and other unspecified red meat and
products) cause the highest rate of disease
(approximately 32%) among animal origin foods.
Subsequently, there are seafood (approx. 28%), eggs
and products (approx. 27%), and milk and products
(about 13%). It is stated that Salmonella is the most
critical pathogen bacterium in disease formation due to
the wrong applications of consumers regarding meat
and meat products, and Clostridium Botulinum and
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fungal toxins and Trichinella have been reported to
cause disease only in foods prepared in the home
environment [8, 10, 15]. As noted in this report that
since there is no enforceable regulation for notification
of foodborne diseases to a specific institution in Turkey,
it is thought that data on foodborne diseases is wrong
[16].

The emergence of foodborne diseases causes social
and economic losses on communities and health
systems [17, 18]. It is reported that the economic cost of
foodborne diseases in the United States can be as high
as 80 bilion USD [19]. It is clearly seen that
investigating the causes, determining risk factors and
higher risk groups has become an important
requirement to prevent these adverse effects caused by
foodborne diseases [20].

A lot of research has been done to determine their level
of knowledge about food processing, consumption,
storage, and personal hygiene practices of food
processors, consumers and students, and their
demographic factors (ethnicity, gender, age, income and
various consumer characteristics) affecting them. In
their researches, Walker et al. [21] examined those
working in food businesses in the UK; Bas et al. [22],
those working in the food business in Turkey; Jevsnik et
al. [4], those working in food businesses in Slovenia,;
Tokuc et al. [23], those working in the hospital food-
service in the province of Edirne in Turkey; Abdul-
Mutalib et al. [24], those working in restaurants in
Malaysia; Sani and Siow [25], those working in the food
business at Kebangsaan University in Malaysia; Moreb
et al. [26], food processors in the Republic of Ireland;
and Osaili et al. [27] examined food safety information,
attitudes, and practices of food-service staff in hospitals
in Jordan. Badrie et al. [5] evaluated consumers in

Trinidad, West Indies; Unusan [28], evaluated
consumers who have primary responsibility for
preparing food in Konya in Turkey; Sanlier [29]

evaluated the young and adult consumers in Ankara in
Turkey; Kennedy et al. [30] evaluated consumers in
Dublin in Ireland; Langiano et al. [31], evaluated
consumers in the Cassino region of Italy; Farahat et al.
[32] evaluated Saudi female consumers; Cheng et al.
[33] evaluated consumers in Beijing urban areas in
China; Liu and Niyongira [34] evaluated consumers in
Nanjing and Beijing in China; Odeyemi et al. [35],
evaluated consumers in developing countries in Asia
and Africa; Okour et al. [20] evaluated consumers in
Jordan; Bolek [1] evaluated attitudes, food safety
knowledge, and practices about the food safety of
consumers in the province of Istanbul in Turkey.
Ozilgen [36] evaluated Turkish university students;
Lazou et al. [37] evaluated Greek university students;
Ovca et al. [38] evaluated students in Slovenia; Hassan
and Dimassi [39] evaluated Lebanese university
students; and Marklinder et al. [40] evaluated the
knowledge, attitudes, and practices of university
students in Sweden about food safety. These studies
show that although food employees, consumers and
students are generally aware of their personal hygiene
needs, they have lack of knowledge or no knowledge
about basic food hygiene (cross-contamination, critical
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temperatures of hot or cold ready-to-eat foods, storage
conditions, etc.). Some studies in Turkey show that food
employees and consumers have a low level of
knowledge [1, 22, 23, 29]. On the contrary, although
there is a high level of food safety knowledge of the
participants, there are also studies where there is a
general awareness and lack of knowledge in food safety
practices [28]. For this reason, it is stated that there is
an urgent need to increase the awareness of food safety
and to provide regular training in this field to increase
the food safety knowledge levels of employees and
consumers and to reduce the risks of foodborne
diseases [4, 22, 26, 27]. In addition, government and
related organizations are recommended to use mass
media such as TV or broadcast and internet to provide
more information to consumers on food safety [1, 33]. In
some studies, it has been determined that food
employees and consumers have excellent knowledge,
attitude and good practices, although they have
deficiencies in food safety [24, 25]. In addition to these,
although meat and meat products are deemed as the
riskiest product group that may cause disease among
foods prepared in the home environment; studies on this
important subject are limited [15, 16, 41-44].

The purpose of this research is to examine consumers'
food safety knowledge and practices which claimed
responsibility for food preparation in the home
environment in Turkey. According to Turkish Statistical
Institute [45] data, it is thought that Istanbul represents
an important part of Turkish consumers because its
population is determined as 15.519.267 and it is the
most populous city in the country. Meat and meat
products are considered as the most important risk
group that causes food diseases worldwide. Based on
this, it is aimed to examine the information of consumers
living in Istanbul about buying meat, storing, preparing,
and personal hygiene for processing food in the home
environment.

MATERIALS and METHODS
Research Design

This research was carried out to determine food safety
perceptions and food processing practices of those who
take responsibility for preparing food in the home
environment. In the study conducted between March-
April 2020, 830 randomly selected consumers living in
Istanbul were interviewed. Participants were randomly
selected from those who prepare meals at home at least
once a day and take primary shopping responsibility for
their homes.

Participants were informed about the purpose of the
study and asked if they would like to take part in a
questionnaire on the safety of meat products in food
preparation at home. Initially, all potential participants
asked through their social media accounts, "Are you the
person who is responsible for shopping and cooking at
home?" and a questionnaire was applied to those who
gave a positive answer.
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The ethical consent required to collect research data
was obtained with the decision of Sakarya University of
Applied Sciences ethics committee, dated 9 November
2020 and numbered 26428519/044.

Instrument

In this study, the scale used as a data collection tool is
an adapted version of the scale used by Mol et al. [2] in
their research on seafood safety. The questionnaire was
prepared to determine the demographic characteristics
of the participants (gender, age, education, income),
food processing practices (red and poultry meat
purchasing, carrying, storage and processing practices)
and personal hygiene habits. A five-point Likert Scale
was used in the questionnaire, and negative
expressions were coded reciprocally, and the scoring of
these expressions was done reciprocally. The
knowledge level score range for food safety practices is
ranged between 5 and 25 for "meat purchasing and
carrying" and "storage" practices; ranged between 6 and
30 for "meat products processing" applications; ranged
between 2 and 10 for "personal hygiene" practices. The
internal consistency reliability test was made between
the expressions of the research scale, and the
Cronbach Alpha (a) value was determined as 0.802.
According to the studies in the literature, its reliability
was determined at an acceptable good level [46]. There
were also questions to determine where the participants
bought meat products, how they store them, how they
are defrosted, how long they keep them in the
refrigerator and freezer, and how long they wash their
hands.

Statistical Analysis

All data obtained within the scope of the study (n = 830)
were analyzed using SPSS software (version 22.0,
SPSS Inc., Chicago, IL, USA). Frequency analysis was
used to determine the response percentage of
respondents in each category. To determine the
analysis management to be used in the difference
analysis, the normality test was conducted initially. As a
result of the normality analysis, Skewness and Kurtosis
values of the scale-related data were determined
between -1 and +1 (Skeness-0.408 / Kurtosis 0.508).
Values in this range indicate that the data is normally
distributed [47]. For this reason, parametric (t-test and
one-way analysis of variance) tests were applied to
determine food safety information scores and socio-
demographic differences. ANOVA and t test were
applied. The significance level was accepted as p<0.05
for all statistical comparisons [48]. Tukey multiple
comparison test, which is one of the Post-Hoc analyzes,
was used to compare food safety information scores
between groups that showed significant differences as a
result of ANOVA analysis.

RESULTS and DISCUSSION
Characteristics of Respondents

Demographic  characteristics of the participants
according to their gender, age, educational background,
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and income are given in Table 1. 70% of the interviewed
consumers were women, 53.5% were between the ages
of 20 and 30, 50.8% have university degrees, and
55.4% were not working. A significant number of the
respondents were identified as women, and the number
of non-working participants was found quite high.
Because most of the respondents were housewives who
not working and were responsible for the preparation of
meals.

Purchase and Transportation

Ensuring food safety is an important process that begins
with the purchase of raw materials for the product to be
prepared [2]. Applications of consumers in purchasing
meat products and transporting them to home are given
in Figure 1.

Table 1. Socio-economic and demographic characteristics of the participants

Demographic characteristics Category Frequency (N) Percent (%)
Gender Female 581 70.0
Male 249 30.0
<20 81 9.8
20-30 444 53.5
Age group 31-40 106 12.8
41-50 122 14.7
>50 77 9.3
Secondary school or less 125 15
Education High school 283 34.1
University 422 50.8
Not working 460 55.4
<337 76 9.2
. 338-439 89 10.7
Monthly income ($) 440-586 69 83
587-733 58 7.0
734 and higher 78 9.4
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Figure 1. Practices of consumer during purchase and transportation

As a result of the longer breaks in the cold chain,
pathogenic microorganisms can multiply rapidly and
reach unacceptable levels, and this poses an important
health risk for consumers [49]. More than half of the
participants (56.1%), who are knowledgeable in this
regard, stated that they bought meat products at the end
of the shopping process. However, 19.2% of consumers
did not find it important to buy meat products at the
latest while shopping. The fact that many members of
society know that meat is easily perishable, and this is
one of the most important reasons for this situation.
Similar findings were found in the studies performed in
the literature. In their research, Moreb et al. [26] stated
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that 78.1% of consumers in Ireland; Gong et al. [50]
36.7% of consumers in China; Hassan and Dimassi [39]
59.7% of consumers in Lebanon; Lazou et al. [37]
55.3% of consumers purchase the products that should
be kept cold at the end of the shopping process. In
addition, 74% of the participants stated that when they
buy meat products in shopping, they immediately go
home. Likewise, Hessel et al. [51] stated that 72.3% of
the participants brought chicken meat straightly home
and cooled them within 30 minutes after purchasing.

The Food Safety and Inspection Service (FSIS) of the
United States Department of Agriculture recommends
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that raw meat and seafood be transported in separate
bags from other foods to prevent the broth from dripping
into other foods during carrying [52]. Most of the
participants (75.5%) do the right practice by stating that
they strictly participate in the transport of meat products
in separate bags from other foods. Karabudak et al. [16]
stated that 4.8% of the participants use cooler bags
while 15.2% use different bags for meat while carrying
meat. Also, Mol et al. [2] determined that 66.1% of the
participants carried it separately from other foods when
they bought fish.

Since the surface area is increased by chopping and
slicing the meat, microorganisms penetrate the internal
tissues more easily and quickly, and show a faster
logarithmic growth. Therefore, the shelf life of unedged
and unsliced meat is longer [53, 54]. According to the
results of the research, 41.5% of the participants stated
that they disagreed with the relevant statement and did
not purchase pre-chopped-sliced meat products, while
19% stated that they were uncertain about this issue.
However, the percentage of respondents who stated
that they purchased chopped and sliced meat is also
high. Research findings show that consumers do not
have sufficient knowledge on this issue.

Checking the expiration dates of foods at the time of
purchase is an important practice in ensuring food
safety. Thus, the risk of purchasing a product that may
adversely affect the health of the consumer will be
reduced. In addition, since it is not possible to taste or
smell packaged products, Hall-Phillips and Shah [55]
support the food quality control by checking the
expiration date. A large part of the participants (85.3%)
stated that they always check the expiration date when
buying packaged products. This shows that the
participants are trying to choose a food product whose
nutritional content and freshness are preserved.
Similarly, Bolek [1] stated that 62% of the participants;
and Mol et al. [2] stated that 58.2% of the participants
think expiration dates are important. One of the most
important reasons for this finding is that controlling the
expiry date is one of the most sensitive issues in Turkey.

The food safety score for meat purchasing and carrying
practices was found for all participants as 19.14+4.26,
for women's as 19.34+4.15 and for men's as
18.69+4.47. There is a statistically significant difference
between the gender of the participants and their level of
knowledge about buying and carrying meat (p<0.05). It
is seen that women follow safer practices than men.

Furthermore, when other demographic characteristics
were analyzed, it was observed that the level of
knowledge of buying and carrying meat varies according
to monthly income, however, it was not at a linear
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increase level. There was a significant difference
between participants who do not work and whose
income is up to $ 440, and participants with an income
of more than $ 440 (p<0.05).

In addition to the questions in Figure 1, the participants
were asked where they bought meat products most
frequently. 61.1% of the participants stated that they
bought meat products from the butchers in their
neighborhood, 31.9% stated that they bought them from
the supermarket, and 7% from any butchers. Hessel et
al. [51] stated that 98.6% of the participants bought
chicken products from supermarkets or butchers.
Contrary to these values, Mol et al. [2] determined the
26.1% of participants buying fish from the supermarket
and stated that most of the participants neglected this
important detail. Consumers want to choose a retailer
they can trust to reduce risk and increase safety. For
this reason, they usually shop for beef, poultry and
seafood from supermarkets or butcher shops [56].

Storage

Applications made by consumers to store meat products
are given in Figure 2. According to the food preparation
report of the Republic of South African Department of
Agriculture, Forestry and Fisheries (DAFF), the cold
chain should not be broken for more than 2 hours in
carrying the meat [57]. While 86.6% of the participants
put the meat product, they bought in the refrigerator
within 2 hours, it is seen that 8.6% neglected this
application. In his study, Kennedy et al. [58] indicated
that it is seen that 95% of the participants cooled up to 2
hours after purchasing chicken meat. Breaking the cold
chain is an important factor affecting food safety, and
the fact that the food remains at a high ambient
temperature for a long time during carrying causes an
increase in the microorganism load [59].

According to the results of the survey, 89.7% of the
participants stated that they store meat by packing them
in a refrigerator or freezer. Moreb et al. [26] reported
that 48% of the participants store the raw meat in a
refrigerator by packing. Also, 59.9% of the participants
put meat and other foods on separate shelves during
storage. Murray et al. [60] stated in their research that,
91% of the participants store raw meat, poultry, and fish
separately from other foods in the refrigerator, and for
this purpose, 60% of the participants put the raw meat in
a plastic bag. Similarly, Mol et al. [2] reported that
consumers follow cross-contamination prevention
practices during storage, and 69.8% of respondents
store fish in a refrigerator or freezer, and 60.4% of them
put it on a shelf different from other foods.
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Figure 2. Consumer meat storage practices at home

Re-freezing of the thawed food not only affects its
nutritional value and sensory properties, but also
increases the number of microorganisms in the foodstuff
[25]. While 59.3% of the participants stated that they do
not freeze the thawed meat again, but on the contrary,
30.9% of them stated that they freeze the unused
portion of the thawed meat. The rate of participants who
re-freeze the meat was extremely high. In similar studies
in the literature, the proportion of participants re-freezing
thawed meat was lower than in this study. Karabudak et
al. [16] stated that 89.7% of the participants; Al-Shabib
et al. [61] 83% of them, Moreb et al. [26] 67.6% of them,
and Tokuc et al. [23] 42% of the participants indicated
that thawed meat will not be frozen for later use.
However, Abdul-Mutalib et al. [24] reported that the
participants had the wrong information about the re-
freezing of thawed foods, and that the re-freezing
process may cause dangers.

Storage is seen as an important step to ensure that food
is consumed without losing its freshness. For foods with
limited shelf life, the storage period of the product
should be followed in both domestic and industrial
applications. However, it is said that this situation is
neglected in domestic applications [2]. 50% of the
participants stated that they did not forget the date they
put meat in the freezer. Similarly, Mol et al. [2] stated
that 50.1% of the participants did not forget the date
they put the fish in the freezer. In addition, storing foods
at what temperature and for how long are other
important factors in storage. The ideal maximum cooling
time for raw meat cannot be given precisely as it will
vary depending on the microbial load of the meat at the
time of purchase [62]. The United States Department of
Agriculture (USDA) recommends that raw poultry foods
should be cooled in the refrigerator (at 4°C or lower) for
a maximum of 2 days [63]. In comparison, there is the
advantage of inhibiting the proliferation of both
pathogenic and degrading microorganisms and longer
storage time with the freezer temperature (below -10 or
-12°C) [62, 64, 65]. When respondents were asked
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about the time to store the meat in the refrigerator,
27.6% of the participants stated that they consume the
meat products within the day they purchased, and
27.1% of them consume it within 1 day after the
purchase; 25.3% of them stated that they consume
within 2-3 days after purchase. In addition, when they
asked about the time to store the meat in the freezer,
29% of the participants declared it as 1-3 months,
20.5% as less than 1 month, and 17.6% as less than 15
days. Remarkably, 16.1% of the participants reported
that they kept the meat in the refrigerator for 4-6
months. Moreb et al. [26] asked participants what the
best temperature is for storing frozen food, and 7.8% of
them stated as 4°C, 63.7% as -18°C or below. Katiyo et
al. [44] explained that 81% of the participants stated that
they store chicken meat in the refrigerator for a
maximum of 2 days; 15% of the participants stated that
they stored it for 2-7 days. However, since increasing
storage time will cause the growth of pathogenic
bacteria especially in chicken meat, it may put
consumers at risk of food poisoning. Karabudak et al.
[16] stated that 70% of the participants store raw meat
less than 2 days in the refrigerator (5°C), and 99.1% of
the participants store them less than 1 month in the
freezer.

The food safety score for meat storage applications was
found for all participants as 19.34+3.63, women's as
19.74£3.57, and for men's as 18.5%3.64. As with the
purchasing and carrying practices, there was a
statistically significant difference between the gender of
the participants and their level of knowledge about meat
storage (p<0.05). When the relationship between
education and meat storage information level was
examined, no significant difference was found (p>0.05).

In addition, when the meat storage information levels
are evaluated by considering the age factor, it was
observed that the age of the participants increases
proportionally as the age increases. There was a
significant difference between the age factor and
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storage practices score (p<0.05). According to the
Tukey test result, this difference occurred between the
participants under the age of 20 and the participants
between the ages of 20-30 and the participants over the
age of 50.

Food Handling and Preparation Practices

Preparing and cooking meat products for consumers at
home is given in Figure 3. The temperature range at
which the disease-causing bacteria multiply in the
fastest way is 5-60°C. For this reason, especially cold
chain products should be stored at an appropriate
temperature in order to ensure the microbial safety of
foods [16, 59]. 30.9% of the participants stated that they
leave the meat on the kitchen counter if they will cook
them within the day. It is seen that these participants
neglect food safety practices for meat by leaving them at
room temperature.
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leave meat on the hands before in the kitchen
kitchen counter touching any
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It is known that washing hands with soap and water
before preparing food as a food safety practice, reduces
the risk of cross-contamination [41]. Likewise, 82.8% of
the participants wash their hands after touching the raw
meat and before touching another food, and this is an
application that reduces the risk of cross-contamination.
Badrie et al. [5] stated that 79.3% of the participants
Karabudak et al. [16] stated that 69.1%, Kennedy et al.
[58] stated that 64.6%; JevSnik et al. [4] stated that
57.1% of the participants wash their hands with soap
and warm water after processing raw meat, poultry, or
fish during food preparation. Besides, the use of
antibacterial cleaning products is important in preventing
cross-contamination when cleaning kitchen surfaces.
59.2% of the participants stated that they agree with the
relevant statement and added that they use antibacterial
cleaning products in the kitchen. Badrie et al. [5] stated
that 43.7% of the participants use bleach and 15% of
the participants use commercial disinfectants in cleaning
kitchen benches and other surfaces that come into
contact with food.

Elagree &I strongly agree

| chop meat on
the a cutting

board different

from other food

l use same | keep cocked
equipment for raw meat on the table
and cooked meat for more than 2

hours

Figure 3. Food-handling and preparation practices of the consumer

Using a cutting-board different from other foods for raw
meat is a highly recommended practice in domestic
kitchens to prevent cross-contamination [41]. 56.1% of
the participants agreed with the relevant statement and
stated that they cut meat at a different cutting board
from other foods. Chopping raw meats on a cutting
board different from other foods is one of the most
sensitive issues in food safety applications. Similar
results have been obtained in the relevant studies in the
literature. Hessel et al. [51] indicated that 76.5% of the
participants; Moreb et al. [26] that 51.2%; Hassan and
Dimassi [39] that 38.6% of the participants used
different cutting boards for meat and other foods. Also,
56.5% of the participants stated that they used different
equipment for raw and cooked meat to prevent cross-
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contamination. Burke et al. [66] explained that 97.7% of
the participants; Murray et al. [60] that 88%; Sani and
Siow [25] that 82.8%; Abbot et al. [67] that 63%; and
Uggioni and Salay [68] that 54.8% of the participants
have applied the raw meat and cooked meat correctly
by using different equipment.

According to the survey results, it is seen that 65.7% of
the participants did not keep the cooked meat on the
table for more than 2 hours. Stein et al. [69] stated that
82% of the participants; Murray et al. [60] stated that
81% of the participants report that they have cooled the
remaining meat within 2 hours after cooking. Hessel et
al. [51] reported that 42.1% of the participants left
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cooked chicken meat at the table less than 30 minutes;
38.8% of them wait 1 hour at the table.

The food safety score for meat handling and preparation
practices was found for all participants as 22.1414.35,
for women's as 22.53+4.18 and for men's as
21.22+4.61. As in meat purchasing and carrying, and
storage practices, the level of knowledge of female
participants in meat handling and preparation was
higher than men. Also, it is seen that consumers
between the ages of 31-40 have the highest score in
meat handling and preparation practices, while the
consumers under 20 have the lowest score. It has been
determined that there is a significant difference between
the level of knowledge in meat handling and preparation
practices and the age factor and this difference is due to
the knowledge level scores of participants under 20
years old and participants between 31-40 years old
(p<0.05).

In addition to the questions in Figure 3, the participants
were asked how they thaw frozen meat. Thawing frozen
meat at room temperature increases the growth rate of
pathogen bacterias [70]. Roccato et al. [71] stated that
the thawing of frozen raw chicken meat causes a
significant increase in the number of Salmonella
Typhimurium compared to refrigerator thawing on the
kitchen counter. 40.6% of the participants reported that
they had frozen meat on the kitchen counter, 37% in the
refrigerator, 16.3% in water and 6.1% in the microwave.

The rate of the participants who made the wrong
application in defrosting the frozen meat is quite high. In
the relevant studies in the literature, both similar and
different findings were obtained from this study. In the
study of Hassan and Dimassi [39], 38.5% of the
participants were thawed frozen meat on the kitchen
counter; 28% in the fridge; 20.2% in the microwave; and
11.3% dissolved in water. Nesbhitt et al. [72] stated that
51.4% of the participants used a refrigerator, 30.6%
microwave, 25.6% kitchen counter, and 7.6% water
dissolution method in frozen meat thawing.

Consumer Hygiene

Hand hygiene is said to be more important in cleaning
and disinfection of food contact surfaces in ensuring
food safety at home [73]. Mol et al. [2] reported that
short nails and not using accessories are important
factors to ensure hand hygiene. Also, 50.8% of the
participants stated that their nails were less than 1 cm in
their study. According to the results of the survey,
participants stated that 76.1% had short nails and 73.3%
did not wear rings and watches while cooking (Figure 4).
Similarly, Hassan and Dimassi [39] 76.3% of the
participants; Al-Shabib et al. [61] reported that 75.9% of
them removed their jewelry while preparing the meal. In
contrast, Abdul-Mutalib et al. [24] reported that 54.7% of
the participants wear jewelry while working.
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Figure 4. Consumer hygiene practices

Appropriate and sufficient duration of washing hands is
an important factor in preventing contamination of food-
borne microorganisms from employees [74]. In food
handling applications, hygienic hand washing should be
done using warm water, soap, or detergent, and by
rubbing hands for at least 20 seconds [75] 46.9% of the
participants stated that they washed their hands for 11-
20 seconds and 39.5% for more than 20 seconds.
Findings regarding the handwashing of the participants
are at the desired level. In the relevant studies of the
literature, it was found that the participants generally
paid attention to hand hygiene. Burke et al. [66] stated
that 66.4% of the participants, and Hassan and Dimassi
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[39] stated that 39% of the participants wash their hands
for 20 seconds.

The food safety score of the participants for personal
hygiene practices was found to be 8.17+1.92. For
personal hygiene practices, the score of women was
8.15+1.88, while the score of men was 8.24+2.00.
Although the level of knowledge of the participants
about hygiene is similar, it is seen that men are higher
than women. However, this was not identified as a
significant difference (p>0.05).
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In addition, when the knowledge levels of the
participants regarding personal hygiene practices and
other demographic features (age, education, and
monthly income) were examined, no significant
difference was observed in the information scores.

When the research was evaluated in general, there was
a significant difference between food safety scores and
gender for meat purchasing and carrying, storage, and
preparation practices, and it was determined that female
participants had better knowledge about food safety
practices than men. This result was similar to previous
studies on food safety practices [76, 77]. This may be
related to the fact that 70% of the participants are
women and 55.4% do not work. The fact that women in
Turkey deal with food preparation at home more often
than men, thus it is thought that they have more
practical experience.

It is seen that age has a significant effect on food safety
scores of participants for meat storage and preparation
practices. Furthermore, food safety information on meat
storage has been identified as a developing trend
according to consumer age. Participants with the lowest
level of meat storage and preparation knowledge were
identified as young participants (<20 years old). In some
previous studies, it has been found that young
consumers generally have less information about food
safety practices than older consumers [78]. This
situation is evaluated because the individuals under 20
years of age have less responsibility to cook and have
limited knowledge and skills. In other words, participants
who are responsible for cooking, and elderly consumers
with more culinary experience have more information
about food safety.

When the food safety scores of the participants for meat
purchasing and carrying, storage, preparation, and
personal hygiene practices are analyzed according to
monthly income, food safety information level
differences are observed between the participants
whose income level up to $440 and those with income
level more than $440. Nesbitt et al. [72] determined that
individuals with high-income are less concerned about
food safety and made more dangerous practices in
terms of food safety. On the other hand, Kwon et al.
[79], reported that individuals have more appropriate
food safety practices with an increase in income level. In
this study, it was determined that the monthly income of
the family affects food safety information scores and
increases the average information score with the
increase of income.

CONCLUSION

Although measures related to food safety have been
increased in recent years, the increase in food-borne
disease rates shows that people still practice unsafe
applications in food preparation, storage, and
consumption. Consumer practices, especially at home,
have an important effect on the increase in the number
of foodborne diseases. However, the rate of diseases
caused by food preparation practices at home is not fully
known due to many factors. Studies report that one-third
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of foodborne illnesses occur because of the production
of food prepared at home.

This study shows that although the knowledge, attitude,
and application levels of food processors in the home
environment are satisfactory, storage and hygiene
knowledge should be emphasized. Storage and hygiene
practices require more theoretical knowledge, which is
one of the important reasons for achieving this result.
For this reason, it is necessary to provide food safety
training to consumers regularly to raise the awareness
of consumers. Food safety trainings will also increase
the level of food safety knowledge of consumers,
especially food hygiene and storage practices, by
providing regular trainings to raise awareness of
consumers, the information of food processors will be
refreshed in areas that are deemed incomplete. For this
purpose, public education programs can be planned all
over the city in Istanbul due to its strategic location. In
addition, retailers can contribute to increasing consumer
awareness by providing food safety information on the
labels or advertisements of meat products. By
considering these results, it is recommended to prepare
questionnaires and interviews to reveal the status of
applications for measuring food safety information of
consumers in other regions of Turkey, and planning
preventive measures to eliminate risks, in future studies.

REFERENCES

[1] Bolek, S. (2020). Consumer knowledge, attitudes,
and judgments about food safety: A consumer
analysis. Trends in Food Science & Technology,
102, 242-248.

Mol, S., Akay, K.U., Guney, G.C. (2018). Seafood
safety at home: Knowledge and practices.
International Journal of Gastronomy and Food
Science, 13, 95-100.

Clayton, D.A., Griffith, C.J., Price, P. (2003). An
investigation of the factors underlying consumers’
implementation of specific food safety practices.
British Food Journal, 105(7), 434-453.

Jevsnik, M., Hlebec, V., Raspor, P. (2008).
Consumers’ awareness of food safety from
shopping to eating. Food Control, 19(8), 737-745.
Badrie, N., Gobin, A., Dookeran, S., Duncan, R.
(2006). Consumer awareness and perception to
food safety hazards in Trinidad, West Indies. Food
Control, 17(5), 370-377.

Bryan, F.L. (1988). Risks of practices, procedures
and processes that lead to outbreaks of foodborne
diseases, Journal of food protection, 51(8), 663-
673.

Lange, M., Goéranzon, H., Marklinder, 1. (2014).
Teaching young consumers’—food safety in home
and consumer studies from a teacher's perspective.
International Journal of Consumer Studies, 38(4),
357-366.

Redmond, E., Griffith, C., Redmond, E.C. Griffith,
C.J. (2006). Assessment of consumer food safety
education provided by local authorities in the UK.
British Food Journal, 108(9), 732-752.

World Health Organization (WHO). (2015), Food
Safety: What you should know? available at:

(2]

(3]

[4]

[5]

[6]

[7]

[8]

9]



C. Mustu, V. Ceylan, M. Sarusik Akademik Gida 19(4) (2021) 381-392

http://www.searo.who.int/entity/world_health_day/20
15/whd-what-you-should-
know/en/#targetText=Food%20safety%20is%20abo
ut%20producing,organic%200r%20locally%20produ
ced%20food%3F (accessed 20 May 2020)

[10] European Food Safety Authority and European
Centre for Disease Prevention and Control (EFSA
and ECDC). (2018). The European Union summary
report on trends and sources of zoonoses, zoonotic
agents and food-borne outbreaks in 2017. The
EFSA Journal (European food Safety Authority),
16(12), 262.

[11] Meredith, L., Lewis, R., Haslum, M. (2001).
Contributory factors to the spread of contamination
in a model kitchen, British Food Journal, 103(1), 23-
36.

[12] York, V.K., Brannon, L.A., Shanklin, C.W., Roberts,
K.R., Barrett, B.B., Howells, A.D. (2009).
Intervention improves restaurant employees' food
safety compliance rates. International Journal of
Contemporary Hospitality Management, 21(4), 459-
478.

[13] European Food Safety Authority and European
Centre for Disease Prevention and Control (EFSA
and ECDC). (2016). The European Union summary
report on trends and sources of zoonoses, zoonotic
agents and food-borne outbreaks in 2015. The
EFSA Journal (European food Safety Authority),
14(12), 1-231.

[14] Flynn, K., Villarreal, B.P., Barranco, A., Belc, N.,
Bjornsdéttir, B., Fusco, V., Jérundsdéttir, H.O.
(2019). An introduction to current food safety needs.
Trends in Food Science & Technology, 84, 1-3.

[15] Kennedy, J., Nolan, A., Gibney, S., O'Brien, S.,
McMahon, M.A.S., McKenzie, K., Healy, B,
McDowell, D., Fanning, S., Wall, P.G. (2011).
Deteminants of cross-contamination during home
food preparation. British Food Journal, 113(2), 280-
297.

[16] Karabudak, E., Bas, M., Kiziltan, G. (2008). Food
safety in the home consumption of meat in Turkey.
Food Control, 19(3), 320-327.

[17] Akhtar, S., Sarker, M.R. Hossain, A. (2014).
Microbiological food safety: a dilemma of
developing  societies.  Critical Reviews in

Microbiology, 40(4), 348-359.

[18] Milton, A., Mullan, B. (2010). Consumer food safety
education for the domestic environment: A
systematic review. British Food Journal, 112(9),
1003-1022.

[19] Lando, A.M., Verrill, L., Liu, S., Smith, E. Branch,
C.S. (2016). 2016 FDA Food Safety Survey,
available at:
https://www.fda.gov/media/101366/download
(accessed 17 May 2020)

[20] Okour, A.M., Alzein, E., Saadeh, R., Alfagih, M.
(2020). Food safety knowledge among Jordanians:
A national study. Food Control, 107216.

[21] Walker, E., Pritchard, C., Forsythe, S. (2003). Food
handlers’ hygiene knowledge in small food
businesses. Food Control, 14(5), 339-343.

[22] Bas, M., Ersun, A.S., Kivanc, G. (2006). The
evaluation of food hygiene knowledge, attitudes,

390

and practices of food handlers’ in food businesses
in Turkey. Food Control, 17(4), 317-322.

[23] Tokuc, B., Ekuklu, G., Berberoglu, U., Bilge, E.,
Dedeler, H. (2009). Knowledge, attitudes and self-
reported practices of food service staff regarding
food hygiene in Edirne, Turkey. Food Control, 20(6),
565-568.

[24] Abdul-Mutalib, N.A., Abdul-Rashid, M.F., Mustafa,
S., Amin-Nordin, S., Hamat, R.A., Osman, M.
(2012). Knowledge, attitude and practices regarding
food hygiene and sanitation of food handlers in
Kuala Pilah, Malaysia. Food Control, 27(2), 289-
293.

[25] Sani, N.A., Siow, O.N. (2014). Knowledge, attitudes
and practices of food handlers on food safety in
food service operations at the Universiti
Kebangsaan Malaysia. Food Control, 37, 210-217.

[26] Moreb, N.A., Priyadarshini, A., Jaiswal, A.K. (2017).
Knowledge of food safety and food handling
practices amongst food handlers in the Republic of
Ireland. Food Control, 80, 341-349.

[27] Osaili, T.M., Obeidat, B.A., Hajeer, W.A., Al-
Nabulsi, A.A. (2017). Food safety knowledge among
food service staff in hospitals in Jordan, Food
Control, 78, 279-285.

[28] Unusan, N. (2007). Consumer food safety
knowledge and practices in the home in Turkey.
Food Control, 18(1), 45-51.

[29] Sanlier, N. (2009). The knowledge and practice of
food safety by young and adult consumers. Food
Control, 20(6), 538-542.

[30] Kennedy, J., Gibney, S., Nolan, A., O'Brien, S.,
McMahon, M.A.S., McDowell, D., Fanning, S., Wall,
P.G. (2011), Identification of critical points during
domestic food preparation: an observational study.
British Food Journal, 113(6), 766-783.

[31] Langiano, E., Ferrara, M., Lanni, L., Viscardi, V.,
Abbatecola, A.M., De Vito, E. (2012). Food safety at
home: knowledge and practices of consumers,
Journal of Public Health, 20(1), 47-57.

[32] Farahat, M.F., El-Shafie, M.M., Waly, M.l. (2015).
Food safety knowledge and practices among Saudi
women. Food Control, 47, 427-435.

[33] Cheng, L., Jiang, S., Zhang, S., You, H., Zhang, J.,
Zhou, Z., Xiao, Y., Liu, X., Du, Y., Li, J., Wang, X,
Xin, Y., Zheng, Y., Shang, K. (2016). Consumers'
behaviors and concerns on fresh vegetable
purchase and safety in Beijing urban areas, China.
Food Control, 16, 101-109.

[34] Liu, A., Niyongira, R. (2017). Chinese consumers
food purchasing behaviors and awareness of food
safety. Food Control, 79, 185-191.

[35] Odeyemi, O.A., Sani, N.A., Obadina, A.O., Saba,
CK.S,, Bamidele, F.A., Abughoush, M.,
Aberoumand, A. (2019). Food safety knowledge,
attitudes and practices among consumers in
developing countries: An international survey. Food
Research International, 16, 1386-1390.

[36] Ozilgen, S. (2011). Food safety education makes
the difference: food safety perceptions, knowledge,
attitudes and practices among Turkish university
students. Journal fiir Verbraucherschutz und
Lebensmittelsicherheit, 6(11), 25-34.



C. Mustu, V. Ceylan, M. Sarusik Akademik Gida 19(4) (2021) 381-392

[37] Lazou, T., Georgiadis, M., Pentieva, K., McKeuvitt,
A., lossifidou, E. (2012). Food safety knowledge
and food-handling practices of Greek university
students: A questionnaire-based survey. Food
Control, 28(2), 400-411.

[38] Ovca, A., Jevsnik, M., Raspor, P. (2014). Food
safety awareness, knowledge and practices among
students in Slovenia, Food Control, 42, 144-151.

[39] Hassan, H.F., Dimassi, H. (2014). Food safety and
handling knowledge and practices of Lebanese
university students. Food Control, 40, 127-133.

[40] Marklinder, 1., Ahigren, R., Bliicher, A., Borjesson,
S.M.E., Hellkvist, F., Moazzami, M., Schelin, J.,
Zetterstréom, E., Eskhult, G., Tham Danielsson, M.L.
(2020). Food safety knowledge, sources thereof and
self-reported behaviour among university students
in Sweden. Food Control, 113, 107130.

[41] Altekruse, S.F., Street, D.A., Fein, S.B., Levy, A.S.
(1996). Consumer knowledge of foodborne
microbial hazards and food-handling practices.
Journal of Food Protection, 59(3), 287-294.

[42] Donelan, A.K., Chambers, D.H., Chambers, E.,
Godwin, S.L., Cates, S.C. (2016). Consumer poultry
handling behavior in the grocery store and in-home
storage. Journal of Food Protection, 79(4), 582-588.

[43] Hallman, W.K., Senger-Mersich, A. Godwin, S.L.
(2015). Online purveyors of raw meat, poultry, and
seafood products: delivery policies and available
consumer food safety information. Food Protection
Trends, 35, 80-88.

[44] Katiyo, W., de Kock, H.L., Coorey, R., Buys, E.M.
(2019). Assessment of safety risks associated with
handling chicken as based on practices and
knowledge of a group of South African consumers.
Food Control, 101, 104-111.

[45] Turkish Statistical Institute (2019). Address Based
Population Registration System (ABPRS), available
at: https://biruni.tuik.gov.tr/medas/?kn=95&Ilocale=tr
(accessed 20 May 2020)

[46] Bhatnagar, R., Kim, J., Many, J.E. (2014).
Candidate surveys on program evaluation:
Examining instrument reliability, validity and
program effectiveness. American Journal of

Educational Research, 2(8), 683-690.

[47] Hair, J.F., Black, W.C., Babin, B.J., Anderson, R.E.,
Tatham, R.L. (2013). Multivariate Data Analysis.
Pearson Education, London.

[48] Acikel, C.H., Kilic, K. (2004). Method selection for
medical researches. Turkish Armed Forces
Preventive Medicine Bulletin, 3(7), 162-163.

[49] Alonso-Herhanndo, A., Alonso Calleja, C., Capita,
R. (2013). Effectiveness of several chemical
decontamination treatments against Gram-negative
bacteria on poultry during storage under different
simulated cold chain disruptions. Food Control,
34(2), 574-580.

[50]Gong, S., Wang, X., Yang, Y., Bai, L. (2016).
Knowledge of food safety and handling in
households: A survey of food handlers in Mainland
China. Food Control, 64, 45-53.

[51] Hessel, C.T., de Oliveira Elias, S., Pessoa, J.P.,
Zanin, L.M., Stedefeldt, E. Tondo, E. C. (2019).
Food safety behavior and handling practices during
purchase, preparation, storage and consumption of

391

chicken meat and eggs. Food Research
International, 125, 108631.

[52] FSIS (US Food Safety and Inspection Service).
(2013). Be smart. Keep foods apart. Don’t cross-
contaminate, available at:
https://www.fsis.usda.gov/wps/portal/fsis/topics/food
-safety-education/get-answers/food-safety-fact-
sheets/safe-food-handling/be-smart-keep-foods-
apart/ct_index (accessed 20 May 2020)

[53] Limbo, S., Torri, L., Sinelli, N., Franzetti, L.,
Casiraghi, E. (2010). Evaluation and predictive
modeling of shelf life of minced beef stored in high-
oxygen modified atmosphere packaging at different
temperatures. Meat Science, 84(1), 129-136.

[54] Jaberi, R., Kaban, G., Kaya, M. (2019). Effects of
vacuum and high-oxygen modified atmosphere
packaging on physico-chemical and microbiological
properties of minced water buffalo meat. Asian-
Australasian Journal of Animal Sciences, 32(3),
421.

[55] Hall-Phillips, A., Shah, P. (2017). Unclarity
confusion and expiration date labels in the United

States: A consumer perspective. Journal of
Retailing and Consumer Services, 35, 118-126.
[56] Behrens, J.H., Barcellos, M. N., Frewer, L.J.,

Nunes, T.P., Franco, B.D., Destro, M.T., Landgraf,
M. (2010). Consumer purchase habits and views on
food safety: A Brazilian study. Food control, 21(7),
963-969.

[57] DAFF (2020). Food preparation and home food
safety (2002), available at:
http://www.daff.gov.za/docs/Infopaks/FoodPrep.pdf
(accessed 20 May 2020)

[58] Kennedy, J., Jackson, V., Blair, I.S., McDowell,
D.A., Cowan, C., Bolton, D.J. (2005). Food safety
knowledge of consumers and the microbiological
and temperature status of their refrigerators. Journal
of Food Protection, 68(7), 1421-1430.

[59] Paster, T. (2007). The HACCP Food Safety Training
Manual. John Wiley & Sons, New Jersey.

[60] Murray, R., Glass-Kaastra, S., Gardhouse, C.,
Marshall, B., Ciampa, N., Franklin, K., Nesbitt, A.
(2017). Canadian consumer food safety practices
and knowledge: Foodbook study. Journal of Food
Protection, 80(1), 1711-1718.

[61] Al-Shabib, N.A., Mosilhey, S.H., Husain, F.M.
(2016). Cross-sectional study on food safety
knowledge, attitude and practices of male food
handlers employed in restaurants of King Saud
University. Saudi Arabia, Food Control, 59, 212-
217.

[62] Coorey, R., Ng, D.S.H., Jayamanne, V.S., Buys,
E.M., Munyard, S., Mousley, C.J., Dykes, G.A.
(2018). The impact of cooling rate on the safety of
food products as affected by food containers.
Comprehensive Reviews in Food Science and Food
Safety, 17(4), 827-840.

[63] USDA-FSIS (2014), Chicken from farm to table,
available at:
https://www.fsis.usda.gov/wps/wcm/connect/ad74bb
8d-1dab-49c1-b05e-
390a74ba7471/Chicken_from_Farm_to_Table.pdf?
MOD=AJPERES (accessed 15 May 2020)



C. Mustu, V. Ceylan, M. Sarusik Akademik Gida 19(4) (2021) 381-392

[64] Koutsoumanis, K., Taoukis, P. S. (2005). Meat
safety refrigerated storage and transport: modeling
and management. In Improving the Safety of Fresh
Meat, Edited by J.N. Sofos Woodhead Publishing,
Cambridge, 503-561p.

[65] Tuncer, B., Sireli, U.T. (2008). Microbial growth on
broiler carcasses stored at different temperatures
after air-or water-chilling. Poultry Science, 87(4),
793-799.

[66] Burke, T., Young, |., Papadopoulos, A. (2016).
Assessing food safety knowledge and preferred
information sources among 19-29-year-olds. Food
Control, 69, 83-89.

[67] Abbot, J.M., Byrd-Bredbenner, C., Schaffner, D.,
Bruhn, C.M., Blalock, L. (2009) Comparison of food
safety cognitions and self-reported food-handling
behaviors with observed food safety behaviors of
young adults. European Journal of Clinical Nutrition,
63(4), 572-579.

[68] Uggioni, P.L., Salay, E. (2012). Consumer
knowledge concerning safe handling practices to
prevent microbiological contamination in
commercial restaurants and socio-demographic
characteristics, Campinas/SP/Brazil. Food Control,
26(2), 331-336.

[69] Stein, S.E., Dirks, B.P., Quinlan, J.J. (2010).
Assessing and addressing safe food handling
knowledge, attitudes, and behaviors of college
undergraduates. Journal of Food Science
Education, 9(2), 47-52.

[70] Medeiros, L.C., Hillers, V.N., Kendall, P.A., Mason,
A. (2001). Food safety education: what should we
be teaching to consumers? Journal of Nutrition
Education, 33(2), 108-113.

[71] Roccato, A., Uyttendaele, M., Cibin, V., Barrucci, F.,
Cappa, V., Zavagnin, P., Ricci, A. (2015). Effects of
domestic storage and thawing practices on
Salmonella in poultry-based meat preparations.
Journal of Food Protection, 78(12), 2117-2125.

[72] Nesbitt, A., Majowicz, S., Finley, R., Marshall, B.,
Pollari, F., Sargeant, J. Sittler, N. (2009). High-risk
food consumption and food safety practices in a
Canadian community. Journal of Food Protection,
72(12), 2575-2586.

[73] Todd, E.C., Greig, J.D., Bartleson, C.A. Michaels,
B.S. (2007). Outbreaks where food workers have
been implicated in the spread of foodborne disease.
Part 2. Description of outbreaks by size, severity,
and settings. Journal of Food Protection, 70(8),
1975-1993.

[74] Montville, R., Chen, Y., Schaffner, D.W. (2001).
Glove barriers to bacterial cross-contamination
between hands to food. Journal of Food Protection,
64(6), 845-849.

[75] Jay, L.S., Comar, D., Govenlock, L.D. (1999). A
national Australian food safety telephone survey.
Journal of Food Protection, 62(8), 921-928.

[76] Byrd-Bredbenner, C., Berning, J., Martin-Biggers,
J., Quick, V. (2013). Food safety in home kitchens:
a synthesis of the literature. International Journal of
Environmental Research and Public Health, 10(9),
4060-4085.

[77] Johannesson, J., Rothenberg, E., Dahlin Ivanoff, S.,
Slinde, F. (2016). Gender differences in practice:
knowledge and attitudes regarding food habits and
meal patterns among community dwelling older
adults. Journal of Aging Research & Clinical
Practice, 5(4), 220-228.

[78] Algurashi, N.A., Priyadarshini, A., Jaiswal, A.K.
(2019). Evaluating Food Safety Knowledge
Practices among Foodservice Staff in Al Madinah
Hospitals, Saudi Arabia. Safety, 5(1), 9.

[79] Kwon, J., Wilson, A.N., Bednar, C., Kennon, L.
(2008). Food safety knowledge and behaviors of
women, infant, and children (WIC) program
participants in the United States. Journal of Food
Protection, 71(8), 1651-1658.

392



SiDAS MEDYA

Akademik Gida®
ISSN Online: 2148-015X
https://dergipark.org.tr/tr/pub/akademik-gida

Akademik Gida 19(4) (2021) 393-397, DOI: 10.24323/akademik-gida.1050764

Research Paper / Aragtirma Makalesi

Detection of Norovirus, Rotavirus and Astrovirus Antigens in Hand Swabs
and Stool Specimens of Employees in Dairy Processing Plants

Hatice Aydogan! ", Oguz Gursoy? =, Mehmet Kale?

1Burdur Mehmet Akif Ersoy University, Vocational School of Food, Agriculture and Livestock, Department of Food
Processing, Division of Food Quality Control and Food Analysis, TR-15030 Burdur, Turkey
2Burdur Mehmet Akif Ersoy University, Faculty of Engineering and Architecture, Department of Food Engineering, TR-15030
Burdur, Turkey
3Burdur Mehmet Akif Ersoy University, Faculty of Veterinary Medicine, Department of Virology, TR-15030 Burdur, Turkey

Received (Gelis Tarihi): 16.09.2021, Accepted (Kabul Tarihi): 11.12.2021
= Corresponding author (Yazismalardan Sorumlu Yazar): ogursoy@yahoo.com (O. Gursoy)
® +90 2482132723 (= +90 248 213 27 04

ABSTRACT

In this study, swab and stool samples were obtained from employees (n=47) working in five dairy processing plants
located in Burdur province (Turkey) and the district of Bucak to determine the prevalence of norovirus (NoV), rotavirus
(RoV) and astrovirus (AsV) antigens by the enzyme-linked immunosorbent assay (ELISA) technique. Swab samples
were obtained from both hands (palm, upper part, sides of fingers and fingernail tips) of employees. In a questionnaire,
participants were asked to provide information regarding their gender, age, education level, smoking status, hygiene
education status, habits of glove use during working as well as whether they had had digestive problems such as
diarrhea, vomiting and abdominal pain in the period of study. Results of the stool analyses indicated that NoV antigen
was present in an employee of a dairy processing plant, which was not participated in any hygiene education. AsV and
RoV antigens were absent in swap and stool samples of employees. According to results of the questionnaire, 42 of
the 47 employees frequently used gloves while 4 employees used gloves rarely. It was determined that 7 of 47 staff
was not in participated any hygiene education, and one of those 7 staff did not use gloves during working. It can be
concluded that hygiene in the working environment and personnel in these dairy processing plants were sufficient and
appropriate from viral perspective. However, detection of NoV antigen in stool sample of a staff of a dairy processing
plant shows that there is high viral contamination potential for employees of dairy processing plants. Thus, hygiene
education in food processing plants including dairy plants to prevent possible viral infections and outbreaks and prevent
to loss of workforce is extremely important.

Keywords: Norovirus, Rotavirus, Astrovirus, ELISA, Dairy plant

Siit igletmeleri Galiganlarinin El ve Gaita Orneklerinde Astroviriis, Noroviriis ve Rotaviriis
Antijenlerinin Belirlenmesi

6z

Bu galismada Burdur il merkezi ve Bucak ilgesindeki 5 farkh sit ve st Grlinleri isletmesinin tretim boliminde galigan
47 personelin ellerinden (el ayasi, el Ustd, el parmak aralari ve el tirnak uglar) alinan swap érneklerinde ve gaitalarinda
norovirls (NoV), rotaviriis (RoV) ve astrovirlis (AsV), antijenlerinin varliginin enzim baglh immuanosorbent analizi (ELISA)
ile belirlenmesi amaclanmistir. Ayrica arastirmaya katilan personelin yas, egitim dizeyi, sigara icme durumu, hijyen
egitimi alip almadiklari ve eldiven kullanimi ile ilgili bilgiler ile galigmanin yapildigi dénemde ishal, kusma ve karin agrisi
gibi sindirim sistemi semptomlari olup olmadigi anket ile belirlenmistir. Calisma sonucunda 1 personelin gaitasinda NoV
antijeni tespit edilirken incelenen diger el swap Ornekleri ile gaita érneklerinde AsV, NoV ve RoV virlis antijenlerine
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rastlanmamistir. Yapilan anket calismasinda calisan 47 personelden 42’sinin siklikla, 4'Gnin de nadiren eldiven
kullandigi belirlenmistir. Calismaya katilan 47 personelden 7’sinin hijyen egitimi almadig, hijyen egitimi almayanlardan
1 kisinin de eldiven kullanmadigi tespit edilmistir. Yine gaitasinda NoV antijeni tespit edilen personelin hijyen egitimi
almadigi gortlmastir. Sonug olarak, galisma kapsaminda olan gida isletmelerinde calisan personel ile calisma
ortamlarinin virolojik agidan hijyenik kosullar bakimindan uygun ve yeterli oldugu sdylenebilir. Ancak bir isletme
¢alisaninin gaitasinda NoV antijenin tespit edilmesi isletme personeline ve personelin Uretim zincirinde o6zellikle
ambalajlama sirasinda temas ettigi gida maddelerine viral bulagsma potansiyelinin yiksek oldugunu gostermektedir. Bu
nedenle gida isletmelerinde hijyen egitimi muhtemel enfeksiyon ve salginlarin énlenmesi ve is gucu kayiplarinin

engellemesi agisindan son derece 6énemlidir.

Anahtar Kelimeler: Noroviris, Rotavirlis, Astrovirlis, ELISA, Sut igletmesi

INTRODUCTION

Viral diseases such as gastroenteritis pose a significant
burden to workplaces due to reduced productivity,
increased absenteeism and increased healthcare costs
[1]. Viral agents are the leading cause of non-bacterial
gastroenteritis in almost all age groups worldwide [2, 3].
Viruses, one of the most important factors of
gastroenteritis [4], spread as a result of poor hygiene
conditions, contaminated food or drinking water, or
person-to-person transmission [5]. Noroviruses (NoVs),
rotaviruses (RoVs) and astroviruses (AsVs) are shown as
the most important agents of viral gastroenteritis [6-8].

NoVs are the most important human foodborne
pathogens in Europe and worldwide due to the number of
outbreaks and affected people [9]. It is estimated that
NoVs are responsible for more than 65% of all
gastroenteritis outbreaks in industrialized countries [4].
NoVs can be found in the stool for 28 days (10* viral
copies / g stool) after illness, and it is important in
epidemics [10]. Epidemiological importance of RoV and
AsV infections are also growing globally [11]. Food
handlers are considered main contributors in the spread
of viruses in foodborne outbreaks or person-to-person
transmitted outbreaks [9, 12].

There are some main elements that distinguish
foodborne viral infections from foodborne bacterial
infections and make it difficult to combat with viral
infections. Only a few virus particles (as low as 10-100
virus particles) are sufficient to cause disease in humans
[11, 13, 14]. Also high number of viral particles spread
through the feces of infected people and foodborne
viruses are highly resistant to environmental factors in
environments outside the host [3, 13]. Enteric viruses are
present in the feces of infected persons in high
concentrations, and up to 10! particles per g of feces are
shed in the stools of patients with acute diarrhea [13, 15],
while more than 107 particles can release by a single
vomiting during the viral infection [15].

Foods that are important for foodborne viral infections
and epidemics are shellfish (especially oysters), fruit
juices [16, 17], fruit and vegetables (lettuce, tomato,
raspberry), cold-stored foods [3, 16, 18], desserts,
salads, sandwiches [19] and bakery products [13].
Foodborne viral contamination is caused by the
consumption of contaminated food, and contamination in
food occurs by contamination by infected personnel
working in production, or by cross contamination before
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the products are transported to markets. Cross-
contamination occurs as a result of the virus
contaminating food from personnel's hands, tools,

equipment, and food contact surfaces [20]. In addition, it
should be kept in mind that viral contamination of foods
can occur at all stages of the food chain from field to fork
[19].

Dairy foods are not in the main foodstuffs considered to
be at risk for the transmission of viruses to humans.
However, almost any foodstuff handled by infected
persons working in the food industry can lead to viral
infections or outbreaks. To the best of our knowledge, this
is the first study to evaluate potential of viral
contamination risk of dairy foods and employees from
infected personnel in the dairy plants. For this purpose,
swab and stool samples were obtained from forty-seven
employees working in five dairy plants to determine the
prevalence of NoV, RoV and AsV antigens by the
enzyme-linked immunosorbent assay (ELISA) technique.

MATERIALS and METHODS
Swab and Fecal Samples

Hand swabs and fecal samples were collected from 47
employees (ages among 20 to 59, 4 women and 43 man),
which working in five dairy processing plants producing
dairy products [set yogurt, stirred yoghurt, ayran (yogurt
drink), white cheese, kashar cheese, processed cheese
and butter] located in Burdur province and the district of
Bucak (Turkey), to determine the prevalence of virus
antigens. Hands of staff working on production lines were
swabbed with a sterile cotton swap (plastic/cotton dipped,
Firat Plastik Kaucuk San. ve Tic. A.S., Sincan, Ankara)
moistened by dipping into sample dilution buffer in a
horizontal, vertical and diagonal direction five times each
[3]. Swab samples were obtained from both hands (palm,
upper part, sides of fingers and fingernail tips) of
employees. The swab was turned to expose the whole
swab during movement on the hands. Swaps removed
from tubes after vortexing for 1-2 minutes. The cotton
section of the swaps was cut with sterile scissors and the
cut section was placed in a sterile Eppendorf tube. Then,
the dilution buffer remaining in the swap tube was
transferred to the Eppendorf tube. The tube was vortexed
for 2 minutes and then centrifuged at 400 rpm for 5
minutes with a microcentrifuge (WiseSpin, CF-10,
Daihan, Korea). Then the supernatant liquid
(approximately 1000 uL) was transferred to the new
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sterile Eppendorf tube and stored at -20°C until enzyme-
linked immunosorbent assays (ELISA).

Fecal samples (about 100 mg) were collected using
sterile feces containers from all employees and
transferred to the laboratory under cold chain. Samples
were transferred to Eppendorf tubes containing dilution
buffer (1000 pL) and vortexed for 2 minutes to obtain a
homogenous mixture. Then samples were centrifuged
with a microcentrifuge (WiseSpin, CF-10, Daihan, Korea)
for 5 minutes at 400 rpm. The supernatant was
transferred to new Eppendorf tubes and stored at -20°C
until ELISA analyses.

In the questionnaire conducted during the collection of
swap and fecal samples, participants were asked to
provide information regarding their gender, age,
education level, smoking status, hygiene education
status, habits of glove use during working as well as
whether they had digestive problems such as diarrhea,
vomiting and abdominal pain in the period of study.

NoV, RoV and AsV Screening by ELISA

The Ridascreen kits for detection of NoV, RoV and AsV
in stool specimens and swab samples (R-Biopharm AG,
Darmstadt, Germany; Cat. No/Lot No: C1401/154641,
C0901/12504E and C1301/15464E, respectively) were
used. Test kits utilizes microwell strips coated with
specific antibodies against antigens of several different
genotypes of respective viruses. Assays were carried out
according to manufacturer’s instructions. Briefly, samples
and controls (positive and negative) were pipetted into

the wells and then monoclonal antibodies was added into
the wells. Mixed suspension was incubated at room
temperature for 60 min. After washing the wells five times
with 300 pL washing buffer, 100 pyL of streptavidin-
horseradish peroxidase were added. After 30 min
incubation, the microwells were washed five times with
300 pL buffer solution. Substrate (H202) was added to the
microwells and incubated 15 min in the dark at room
temperature. After incubation the reaction was stopped
by adding stop solution (1 N H2SO4) and the optical
density (OD) was measured at 450 nm by using the
ELISA reader (MR-96A, Shenzhen Mindray Bio-Medical
Electronics Co., China).

Based on the OD values obtained in the ELISA microplate
reader, the cut-off values were calculated to evaluate the
positivity of each virus antigen. The equation used to
calculate the cut-off value is given below [21].

Cut-off value= OD value of negative control + 0.15

Samples with OD values determined in the microplate
reader (at 450 nm) more than 10% of the calculated cut-
off value were evaluated as positive in terms of the
presence of virus antigen [21].

RESULTS and DISCUSSION

Number of participants from the five different dairy
companies, smoking staff, hygiene trained staff and
personnel using gloves in the dairy plants are given in
Table 1.

Table 1. Number of participants, smoking staff, hygiene trained staff and personnel using gloves in the

dairy processing plants

Dairy Plants Participants  Smoking Staff  Hygiene Trained Staff  Personnel using gloves
1 14 10 11 13
2 10 4 10 10
3 8 5 8 8
4 8 5 5 8
5 7 4 6 7
Total 47 28 40 46
The educational level was low among the dairy person from the dairy products production department

employees. Most of the subjects were graduated (58%,
27 employees) from primary school according to the
questionnaire survey. Percentage of subjects graduated
from secondary school, high school, vocational school
and university were 9% (4 employees), 23% (11
employees), 4% (2 employees) and 6% (3 employees),
respectively. Eighty-nine percent of the personnel
participating in the study (42 people, between the ages of
23-59) were men and 11% (5 people, between the ages
of 20-45) were women.

It was determined that 42 person among the personnel
included in the study frequently and 4 people rarely used
gloves, 7 people did not receive hygiene training (Table
1), and 1 people among them, who did not receive
hygiene training, did not use gloves at all. It has been
observed that 2 personnel, who do not use gloves, are
employees of production department and machine
maintenance department. It was determined that one
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personnel, who received hygiene training, did not use
gloves at all, and 3 people from the same department
rarely used gloves. During the study period, it was
understood from the responses of the relevant staff that
3 staff had complaints of diarrhea, 2 staff vomiting and 4
staff suffering from abdominal pain.

In the study, NoV antigen was detected in the stools of 1
personnel from 5 different dairy employees, and no AsV,
NoV and RoV antigens were found in the stools of 46
personnel and in the hands of 47 personnel. According to
the survey, it was determined that the person with NoV
antigen in his stool was a 34-year-old male and a high
school graduate, complaints of diarrhea, vomiting and
abdominal pain were observed during the study period,
the person smoked, did not receive hygiene training, and
using gloves while working. The absence of virus
antigens covered by the research in the hands of the
personnel working in the enterprises indicates that the
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personnel generally work within the scope of good
hygiene practices. The rate of personnel using gloves in
dairy processing plants was ~ 98% and the rate of
hygiene training was 85% is in line with the study results.
Although the employee with NoV antigen reported that he
had complaints of diarrhea, vomiting and abdominal pain
during the study period, continuing to work does not
comply with personnel hygiene rules. Usually, primary
cases of NoV infections originates from exposure to
contaminated food or water, and spreads among persons
in person-to-person contacts of primary cases [22]. Due
to the low infectious dose of NoVs and the presence of
large amounts of virus in feces and vomit, food made by
a single food processor can cause major epidemics [23].
Because especially people with nausea, vomiting and
diarrhea are at risk of contamination and they are carriers,
it is not appropriate to work in the production area as a
requirement of good hygiene practices. These people are
required to inform managers about their diseases and
symptoms [24]. One of the reasons why the person
continues to work despite possible gastroenteritis
symptoms may be the lack of hygiene training. Again, the
fact that these personnel did not receive hygiene training
indicates that other viruses that cause gastroenteritis
after the NoV during the period of the study have a
potential of contamination to other personnel working in
the enterprise, surfaces contacted and dairy products.
Because, even if the symptoms of the infection disappear
from the viral agents, it continues to be discharged with
stool for a while (for example, at least 3 weeks after the
recovery of the NoV disease) [13].

Viruses contaminating milk cannot reproduce in milk, but
they can survive for a long period of time. Viruses that
can be transmitted to milk from dairy animals and cause
infections in very low doses are inactivated by
pasteurization of milk [25]. Milk can be a carrier for some
enteric viruses [26]. Presence of human noroviruses in
raw milks were also reported by Yavarmanesh et al. [27].
However, the presence of some antiviral antibodies such
as immunoglobulins (IgG) in milk protects the milk from
being carrier [25]. Therefore, viral agents originating from
milk and dairy products are mostly spread by cross-
contamination (especially hand contact of people with
products for various reasons during molding and
packaging stages of cheeses and packaging of some
traditional strained yoghurts) caused by personnel after
pasteurization and also from surfaces where equipment-
equipment and food come into contact after
pasteurization or heat treatment.

In the literature, it is reported that viruses cannot be
inactivated more than 3 logarithmic units (except for ultra-
high temperature (UHT) process) with the methods used
for microbial inactivation during food processing [13]. On
the other hand, it has been determined in many studies
that the main route of contamination of viruses to foods is
infected people who come into contact with food [16, 19].
Prevention of viral infections can only be achieved by
increasing hygiene and sanitation standards [13, 23, 28,
29]. For this, it is reported that it is extremely important to
pay attention to hand hygiene [30], to use antiviral
effective surface and hand disinfectants, and not to
operate infected personnel in a certain period during and
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after the infection since it is a possible source of
contamination [28, 29].

CONCLUSION

The detection of NoV antigen in the stool of a dairy worker
shows that there is a high potential for viral contamination
to other workers and to dairy products through this
worker. As a result, it is important to provide personnel
hygiene and hygienic working conditions in all food
plants, including dairy plants, and to provide training for
this in terms of preventing viral-induced food infections
and related labor losses.
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ABSTRACT

In this study, the effect of different hydrocolloid combination and storage period on physicochemical, textural and
sensory characteristics of keskul, a dairy dessert, was determined. Guar gum-xanthan gum, carrageenan-guar gum
and carrageenan-xanthan gum combinations were assessed as hydrocolloid combinations in keskul production. Some
physicochemical, textural, and sensory properties were determined on the days of 1, 5 and 10 of storage. Keskdl
samples containing carrageenan had higher hardness and springiness values than the other samples at the end of
storage. The highest water holding capacity was detected in kegkil samples with carrageenan and guar gum at the
beginning of storage. Syneresis values of keskil were determined between 18.65 and 28.49% during storage. The
variation of storage period and different hydrocolloid combination on Hunter L, a and b values were insignificant
(p>0.05). Keskdl including a guar and carrageenan combination received the highest general appreciation score at the
beginning of storage. The results indicated that hydrocolloid combination utilization in kegkul production has commercial
potential in overcoming the problems related to physicochemical, textural and sensory properties.
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Siitlii Bir Tath Keskiiliin Fizikokimyasal, Tekstiirel ve Duyusal Ozellikleri Uzerine Depolamanin
ve Bazi Hidrokolloid Karigimlarinin Etkisi

o0z

Bu arastirmada farkl hidrokolloid kombinasyonlari kullaniminin keskilin fizikokimyasal, tekstirel ve duyusal ozellikler
Uzerinde etkisi arastirimigtir. Keskil dretiminde hidrokolloid kombinasyonlari olarak guar-ksantan gami, karragenan-
guar gami ve karragenan-ksantan gami kombinasyonlari degerlendirilmigtir. Baz fizikokimyasal, tekstlirel ve duyusal
Ozellikler depolamanin 1., 5. ve 10. gunlerinde belirlenmistir. Karragenan iceren keskul érneklerinin depolamanin
sonunda diger 6rneklere gore daha yuksek sertlik ve esneklik degerlerine sahip oldugu tespit edilmistir. Depolamanin
basinda en ylksek su tutma kapasitesi karragenan ve guar gami iceren keskul 6rneginde tespit edilmistir. Keskulin
saklama suresi boyunca sinerez degerleri %18.65 ile 28.49 arasinda belirlenmistir. Hunter L, a ve b degerlerinde
depolama siresi ve farkh hidrokolloid kombinasyonlarinin degisimi 6nemli bulunmamistir (p>0.05). Guar ve karragenan
kombinasyonunu igeren keskll, depolama baslangicinda en yiiksek genel begeni puanini aldigi tespit edilmigtir.
Arastirma sonuglari, hidrokolloid kombinasyon kullaniminin keskull Uretiminde fizikokimyasal, dokusal ve duyusal
Ozelliklerle ilgili problemlerin 6nlenmesinde ticari potansiyele sahip oldugunu géstermektedir.

Anahtar Kelimeler: Sutlu tatlilar, Hidrokolloid; Guar gam, Keskul, Karragenan, Ksantam gam
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INTRODUCTION

Dairy desserts containing milk components have a wide
variety. The consumption of dairy desserts has increased
significantly especially in recent years with the spread of
varieties and types. The reason for this increase can be
attributed to the reasons such as nutritional value and
sensorial qualities of the products, their prevalence, easy
accessibility and consumption in every environment [1].

There are various types of milk desserts with different
characteristics. Rice pudding, kazandibi, keskul, pudding
and custard desserts are lovingly consumed in Turkey [2].
Keskl, a dairy dessert, is composed of almond, milk, rice
flour, sugar and another ingredient [3].

Hydrocolloids are preferred due to their properties such
as thickener in the food industry, gelling in liquid
solutions, inhibiting the formation of ice and sugar
crystals, and controlled release of flavor materials. They
dissolve in water or swells and connects free water and
increases viscosity [4]. The action of hydrocolloids varies
greatly depending on the concentration and structure [5].

In the food industry, carrageenan is used as a gelling and
thickener agent. There are varieties such as kappa,
lambda and iota carrageenan according to the degree of
sulfation [6]. Guar gum (GG) is non-ionic polysaccharide
extracted from the two plants, Cyamopsis tetragonolobus
and Cyamopsis psoralioides [7]. This gum is used as a
thickener and stabilizer in the majority of food products. It
is highly soluble in the liquid phase and can provide high
viscosity [8]. Guar gum is a galactomannan and consists
of D-mannose and D-galactose units [9]. Xanthan gum is
an extracellular polysaccharide from Xanthomonas
campestris. It contains linear cellulosic backbone. There
is B-D-mannopyranosyl-(1—4) D-glucuronopyranosyl-
(1—2)-6-0O-acetyl-B-D-mannopyranosyl in the side
chains [7].

In the production of dairy products, hydrocolloids may be
used alone or in mixtures of two or more hydrocolloids.
Tarrega et al. [10] used a low and long chain inulin
mixture in the production of low-fat prebiotic desserts.
The researchers determined the influence of inulin blends
on rheological and sensory features depending on the
presence or absence of carrageenan in the prebiotic
desserts. Gonzalez-Tomas et al. [11] studied the effect of
starch and carrageenan on rheological properties, aroma
separation, density and perceived aroma in low-fat
strawberry-flavored dairy dessert. Verbeken et al. [12]
investigated the textural properties of puddings with k-
carrageenan and corn starch. The effects of stevia
(Stevia rebaudiana) as a sweetener on keskul production
were determined by Ozen et al. [13].

In this research, keskil was manufactured by using
different hydrocolloid combination. The changes in the
physicochemical, textural, and sensory properties of dairy
dessert were monitored on the 1, 5 and 10 days.
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MATERIALS and METHODS
Materials

Pasteurized milk was obtained by Sumer. Dairy
Company. Vanilla, sugar, rice flour, salt, egg, almond,
sugar, rice, salt used in keskul production were
purchased from a local market in Denizli, Turkey. Guar
gum, carrageenan and xanthan gum were provided from
Smart Chemistry and Consulting Limited Company
(Izmir, Turkey).

Keskiil Production

Recipe of keskul samples included milk (1 L), vanilla (5
g), sugar (250 g), rice flour (50 g), salt (1.5 g), egg (110
g), almond (100 g) and hydrocolloid combination. For the
manufacture of keskiil, raw almonds were taken into a
small pot, enough water was added to cover the almonds.
Almonds were left to boil on the stove at medium heat.
After waiting for 1-2 minutes at boiling temperature,
excess water was removed. Roasted almonds were
cooled with cold water and then their shells were peeled.
This formulation was beaten egg yolk and milk. Then
sugar was added into this mixture. This mixture was
heated up to 40°C. Hydrocolloid and rice flour were
dissolved in the pre-heated mixture in a separate bowl.
Production was separated into 4 groups with respect to
hydrocolloid-based types. The first group was a control
dairy dessert without hydrocolloid. The second group was
made using guar gum (0.5 g/L milk) and (xanthan gum
0.5 g/L milk). The third group was prepared by adding
carrageenan (0.5 g/L milk) and guar (0.5 g/L milk). The
fourth group was produced by adding carrageenan (0.5
g/L milk) and xanthan gum (0.5 g/L milk). When
temperature of milk mixture was reached 80°C on a stove
at medium heat, the hydrocolloid-rice flour solution was
added into milk mixture. Boiling mixture was manually
stirred constantly. After the mixture was boiled for 2-3
min, it was mixed with almond, vanilla, salt. Then kegkul
was transferred into cups and cooled at room
temperature [3]. Samples were stored in a refrigerator.

Physicochemical Analysis

For syneresis analysis, about 10 g of samples were
weighed in a centrifuge tube. Then samples were
centrifugated by at 6300g for 30 min at 4°C [14].

Water holding capacity was measured according to
Granato et al. [15]. A portion of sample was weighed in a
centrifuge tube. After the tube was placed in centrifuge
(NGve 1200R, Ankara, Turkey), the tube was centrifuged
by at 27679 for 40 minutes. A supernatant was removed,
a pellet was weighed. Water holding capacity was
established according to Equation 1.

Water holding capacity=Pellet weight*100/Initial sample
weight 1)

Hunter L (brightness, 100=white, O=black), a (+, red; -,
green) and b (+, yellow, - a, blue) values of sample were
evaluated by using to Hunter Lab Mini Scan XE model
(Hunter Associates Laboratory, Reston, VA, USA)
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colorimeter. Samples were placed in a glass container.
After the glass plate was placed to flatten the surface, the
reading was taken at room temperature.

Textural Analysis

Various textural properties were established by using
Texture Analyzer (Brookfield CT3, Brookfield Engineering
Laboratory, Middleboro, MA, USA) with a cylinder probe
(12.7 mm diameter). This analysis was performed with
using a 4.5 kg load cell and 12.7 mm diameter cylinder
prob. Test speed and trigger force were assessed 2 mm/s
and 0.05 N, respectively. Samples were compressed in
two consecutive cycles [16].

Sensory Analysis

Sensory properties of keskll samples were evaluated by
30 panelists from Food Engineering Department of
Pamukkale University (58% female, 42% male, aged
from 19 to 45). Keskul samples were graded for their
appearance, color, taste, visual consistency and general
acceptability using a 9 point hedonic scale (1=dislike
extremely, 9=like extremely). Before each sample was
tasted, the unsalted cracker and water were served
[3,17].

Statistical Analysis

Statistical analysis was evaluated using SPSS computer
program for Windows, version 16 (SPSS Inc., Chicago,

IL, USA). The statistical data were shown as average +
standard deviation (SD). The experimental production
was carried out with replications. The effects of storage
period and various formulation on the sensory, physical,
and textural properties of samples were assessed by the
general linear model. Statistically significant differences
were established using Duncan Test at p<0.05 level.

RESULTS and DISCUSSION

Physicochemical Properties

Due to the water-binding property of hydrocolloids, they
are also very effective in preventing syneresis, providing
viscosity and / or providing a thicker, richer mouth feel
[12]. Hydrocolloids have the ability to strengthen the gel
structure by reacting with milk proteins [18].

Control keskiil sample had a lower water holding capacity
value than that of other kegkil samples. The sample K2
(keskul containing guar gum and carrageenan) had the
highest water holding capacity at the beginning of storage
period (Table 1). Water holding capacity values is related
to serum syneresis. Syneresis, which is the removal of
water from the structure of the food, is an undesirable
property [19]. Syneresis varies depending on the factors
affecting the polymer-polymer and water-polymer
interactions, such as the level of heat treatment, type and
amount of solids, pH, and salt additions [20].

Table 1. Physicochemical properties of keskil during storage

Parameters S_torage Sample code
Period (day) K K1 K2 K3
Water hordin 1 74.76+0.98% 84.76+0 63 87.74%1.20E 84.71+0. 598
. 9 5 73.26+0.645 84.74+0.69" 84.94+0.13A 80.60+0.514
capacity 10 71.79+0.60% 85.36+0.85°° 84.18+0.69°° 80.72+1.28%
1 23.80+0.38% 21.77+0.69% 18.65+0.75 18.80+0.32
Syneresis (%) 5 25.95+0.545¢ 22.93+0.72C0 20.33+0.218a 20.09+0.5682
10 28.49+0.49C" 19.52+0.45% 20.10+0.8352 19.74+0.2882
1 73.16+0.96 68.89+0.36 66.68+1.51 71.11%0.04
L 5 72.62+0.77 69.63+0.91 68.53+0.52 68.13+1.71
10 71.61+0.87 69.75+0.42 67.76+2.15 68.07+0.73
1 -0.35+0.30 -0.64+0.45 -0.78+0.62 -0.7240.16
a 5 -1.06+0.81 -0.83+0.04 -0.43+0.01 -0.97+0.34
10 1.13+0.80 -0.60+0.42 -0.76+0.55 -1.38+0.25
1 13.99+0.94 12.16+0.49 12.08+0.79 12.33+0.54
b 5 13.38+1.35 12.65+0.59 14.19+0.17 11.61+0.16
10 12.63+0.38 13.05+0.27 13.111.31 12.02+0.41

K: Control sample; K1: keskul including a guar gum and xanthan gum combination; K2, keskl including a guar gum and
carrageenan combination; K3, keskl containing a carrageenan and xanthan gum combination. Means with different letters
A-C) within each parameter in the same column indicate statistical significance (p<0.05). Means with different letters @
within each parameter in the same row indicate statistical significance (p<0.05).

Keskul sample produced with guar gum-carrageenan
combination had a lower syneresis value than other
samples at the beginning of storage. The syneresis value
of keskll was affected by storage and different
hydrocolloid combination. Moin et al. [19] reported that
syneresis was not detected in puddings prepared with
hydroxy propylated starches and native basmati starch.
Dogan et al. [21] studied the creep-recovery properties of
pudding samples prepared with 4 different gums

(carrageenan, alginate, guar and xanthan gum) and their
combinations. They found that 59.5% carrageenan and
40.5% guar gum or 52.7% carrageenan, 33.8% guar gum
and 13.5% xanthan gum could be appropriate suitable to
prevent deformation of the pudding samples.

Color is another physicochemical property. Hunter L, a
and b values weren’t influenced significantly by storage
period and different formulation (p>0.05). The Hunter L
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value of samples ranged from 66.68 to 73.16. It has been
determined that the samples had generally negative a
value (green color). The b values of this study display
positively values. The color values of vanilla dairy dessert
prepared from different colorants and different
hydrocolloids were measured by Tarrega and Costell
[22]. L*, a* and b* ranges of their study were detected
between 76.6-88.5, (-4.70)- (+6.8) and 30.4-41.00,
respectively. Ozen et al. [13] reported that the L*, a* and
b* ranges of kegkil production using stevia were 81.40-
85.41, -3.361-4.955 and 17.915-22.631, respectively.

Textural Properties

Rheological properties ensure the acceptability of dairy
desserts. k-Carrageenan is one of the hydrocolloids often
used as a gelling agent in dairy desserts [23]. The effects
of different formulation and storage period on textural
properties were significant (p<0.05).

Texture is a quality criterion in which the structural,
mechanical and surface properties of foods are
determined by sight, hearing, touch and kinesthetic
means. There is a close relationship between textural
parameters and sensory parameters. Hardness is a

property related to the strength of the gel structure and
the maximum force required to compress the food
between the molar teeth [24]. Hardness is one of the most
important textural properties that give information about
the quality of dairy products and acceptability of the
product [25].

The highest hardness and gumminess were determined
sample K3 (carrageenan and xanthan gum) at the
beginning of storage. The control sample had the highest
springiness and gumminess values. The highest
cohesiveness value was obtained for dessert with guar
gum and xanthan gum on the 1% and 5" days of the
storage period (Table 2). ]. Samples prepared containing
carrageenan had a higher hardness value compared with
other samples. Carrageenan creates a thickening effect
by interacting with the casein micelles in milk, and this
effect in milk has an effect up to 10 times more than in
water [26]. Szwajgier and Gustaw [27] found that the
hardness and adhesiveness value of milk dessert
prepared from different concentration malt were 0.16-
0.34 N and 0.11-0.49 mJ. The hardness value of keskll
sample was in agreement with data obtained by and
Zarzycki et al. [26] and Szwajgier and Gustaw [27].

Table 2. Textural properties of keskul during storage period

Analvsis Storage Sample Code
y Period (day) K K1 K2 K3
ordnoss 1 0.086£0.01% 0.205£0.02®® 0.345£0.03% 0.510£0.01%
% 5 0.089+0.01% 0.218+0.01% 0.245+0.04 0.165+0.02%
10 0.090+0.02%2 0.154%0.01%% 0.338+0.058> 0.381+0.138"
Sormainece 1 716£040%  12.2620.77% 12.5620.40% 12.760.15%
oPring 5 7.8450.03%  11.5350.35% 12.73%0.75°  12.83+0.408
(mm) 10 5641026  9.60£0.60%°  11.86£0.74%%  10.86£0.06%
Cumminess 1 0.045£0.01%°  0.12520.02%° 0.207£0.025° 0.269£0.01<3
) 5 0.058+0.01¢2 0.098+0.01%° 0.106£0.01%  0.21740.01E¢
10 0.033:0.01%  0.073£0.01%°  0.123£0.04°° 0.096+0.014°
1 052£0.01%%  0.6320.01®  0.55£0.04%%  0.55£0.01E2
Cohesivenes 5 0.49$0.01%  0.5840.04%  0.52+0.01%  0.510.01A2
10 0.4310.01%  0.4940.01%  0.4940.01%  0.5140.01%

K: Control sample; K1: keskul including a guar gum and xanthan gum combination; K2, keskdl including
a guar gum and carrageenan combination; K3, keskll containing a carrageenan and xanthan gum
combination. Means with different letters -©) within each analysis in the same column indicate statistical
significance (p<0.05). Means with different letters &9 within each analysis in the same row indicate

statistical significance (p<0.05).

Wang et al. [28] reported that the hardness, chewiness,
resilience and adhesiveness of «k-carrageenan gel
increased with an increase of «k-carrageenan
concentration. They determined that medium hardness,
chewing and flexibility can be acquired by using 1.5 g/kg
carrageenan-konjac gum mixture for milk pudding.
Hardness, springiness, gumminess and cohesiveness
values of kegkiil varied in the ranges 0.086-0.510N, 5.64-
12.83 mm, 0.033-0.269N and 0.43-0.63, respectively.
Zarzycki et al. [26] found that the hardness,
cohesiveness, gumminess and chewiness value of milk
dessert were 0.320-0.557 N, 0.491-0.647, 20.1-30.23 N
and 16.7-28.38 J. The textural properties of keskiil
samples mostly decreased during storage period. In a
study, Ozen et al. [13] reported that the hardness,
fracturability, adhesiveness, chewiness values in keskil
with stevia decreased on the 10" day of storage, while
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resilience and cohesiveness increased when compared
to the 1st day.

Sensory Properties

The effects of storage period and different treatment on
the sensory properties of samples were found to be
significant in the present study (p<0.05). The highest
color score was obtained for carrageenan-xanthan gum
combination in kegkil production on the 5" and 10" days
of storage. Control keskll showed the lower taste score
among all the kegkil samples at the beginning of storage
(Table 3). Visual consistency of sample slightly
decreased at the 5th day, it decreased significantly at the
10th day of storage. While the sensory scores of samples
were over 7 at the beginning of storage, their sensory
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scores were over 6 (except color scores of K2 coded
sample) at the end of storage.

At the end of storage, sample using guar and
carrageenan gum had the highest appearance score.

Keskul produced with guar-xanthan gum combination
exhibited the highest general acceptability score,
followed by that produced with guar—carrageenan
combination at the 5" day.

Table 3. Sensory properties of keskul during storage period

Parameters Storage Sample code”
period (day) K K1 K2 K3

1 7.50+1.1082 8.20+0.41Cb° 8.0020.64°° 8.500.68"°
Color 5 7.70+0.8082 7.80+0.4182 7.40+0.8282 8.80+0.417
10 6.450.82°° 6.60+0.68"° 5.80+0.76%2 8.80+0.41%¢
1 7.70£0.8652 7.75+0.855% 8.10+0.64P 8.15+0.74%
Appearance 5 7.35£0.7482 7.50+0.6852 7.30£0.9282 7.70£0.8082
10 6.30+0.86"2 6.10+0.55% 6.20+0.61%2 7.00+0.85°
1 7.80+0.76852 8.40+0.60%° 8.100.71C% 8.350.548P
Taste 5 7.40+0.6082 8.10+0.717° 7.40+0.6882 8.00+0.798°
10 6.20+0.83%2 6.70+0.92%2 6.3520.74%2 6.60+0.59"
<ual 1 8.15+0.67<2 8.30+0.6552 8.0020.4582 8.60+0.50°°
Visua 5 7.90+0.558° 8.10+0.718° 7.70+0.658° 7.25 +0.5552
Consistency 10 6.30:£0.80%2 6.20+0.76% 6.70+0.92%2 6.15+0.87%
General 1 7.85i0.67§a 8.3010.65°Bb° 8.5010.51:: 8.0510.60;3&’;
Appreciation 5 6.85+0.9382 7.75+0.448¢ 7.4020.508b 7.15+0.878
10 6.00+0.79% 6.00£0.65% 6.0020.65% 6.050.99%

K: Control sample; K1: keskul including a guar gum and xanthan gum combination; K2, keskil including a guar gum and
carrageenan combination; K3, keskil containing a carrageenan and xanthan gum combination. Means with different letters
(A-C) within each parameter in the same column indicate statistical significance (p<0.05). Means with different letters @©
within each parameter in the same row indicate statistical significance (p<0.05).

General acceptability of samples was similar at the end
of storage. General acceptability of sample without
hydrocolloid was lower than that of samples with
hydrocolloid. Consistent with the present study results,
Krasaekoopt and Cabraal [29] reported that sensory
features of fermented whey beverage were positively
influenced by using hydrocolloid. Rezaei et al. [30] found
that guar and arabic gum had a significant impact on
sensory parameters (flavor, texture and acceptability) of
frozen yoghurt.

CONCLUSION

The wuse of hydrocolloid combination caused a
significantly rise in water holding capacity of the keskdl
samples, but reduced their syneresis value. The kegkdl
samples containing carrageenan (K2 and K3) had a
higher springiness value on the 5" and 10" days of
storage. The highest scores were given to samples with
carrageenan and xanthan gum combination for hardness
and gumminess value at the beginning of the storage
period. The samples had generally negative color a value
(green color) and positive color b (yellowness) value. The
lowest general acceptability score was evaluated at the
control sample through storage period.
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Bu calismada, soduk baski teknigiyle Uretilmis greyfurt cekirdek yadinin aciiginin giderilmesi igin kullanilan farkli
ekstraksiyon ve yikama teknikleri karsilastirimistir. Muamele edilen 6rneklerde bazi fiziko-kimyasal 6zellikler, yag
bilesenleri ve duyusal dzellikler belirlenmistir. Muameleler ile yagdlarda serbest asitlik azalirken, peroksit sayisinda bir
miktar yikselme olusmustur. Muameleler sonucunda toplam doymamis yag asitleri orani, tokoferol miktari ve fitosterol
konsantrasyonlari énemli oranda dusulgsler gostermistir (p<0.05). Besin degeri yiuksek olan bu mindr bilesenlerin
¢ozgen fazina gegtigi degerlendirilmistir. Oldukga aci tada sahip olan narinjin, kontrol érneginde 102.6 mg/kg iken,
kostik yikama ile 74.8 mg/kg ve etanolle ekstraksiyon ile 32.3 mg/kg seviyelerine disurilmuistir. Benzer sekilde aci
olan neohesperidin ise iki muamele ile tamamen yagdan uzaklastiriimistir. Duyusal analizler kontrol drneginde dlgtilen
9.8 acilik skorunun kostik yikama ile 5.4 ve etanolle ekstraksiyon ile 2.6'ya kadar dusurildigind ortaya koymustur.
Benzer sekilde muameleler ile ¢ig sebze, burukluk, mentol ve girtlak yakicilik skorlari da dusirtlmustir. Sonug olarak
yagin aciligini gidermede etanolle ekstraksiyon tekniginin basarili sonug verdigi belirlenmigtir.

Anahtar Kelimeler: Greyfurt gekirdegdi, Soguk baski, Yag, Acilik giderme, Flavonoid

Debittering of Cold Pressed Grapefruit Seed Oil by Washing/Extraction Techniques
ABSTRACT

In this study, different extraction and washing techniques used to remove the bitterness of grapefruit seed oil
produced by cold pressing technique were compared. Some physico-chemical properties, oil components and
sensory properties of the treated samples were determined. While the free fatty acidities of oils decreased with the
treatments, there was a slight increase in the peroxide values of oils. As a result of the treatments, the ratio of total
unsaturated fatty acids, tocopherol, and phytosterol concentrations decreased significantly (p<0.05). It is thought that
these minor components, which have high nutritional value, leaked into the solvent phase. Naringin, which has a very
bitter taste, was measured as 102.6 mg/kg in the control sample and reduced to 74.8 mg/kg by caustic washing and
32.3 mg/kg by extraction with ethanol. Similarly, neohesperidin, which has also a bitter taste, was completely removed
from oils by these two treatments. Sensory score of bitterness was determined as 9.8 in the control sample, and it
was reduced to 5.4 with caustic washing, and 2.6 with ethanol extraction. Similarly, raw vegetables, astringency,
menthol and throat burning scores were also reduced with treatments. As a result, it was observed that the ethanol
extraction technique was successful in removing the bitterness of oils.

Keywords: Grapefruit seed, Cold press, Oil, Bitterness removal, Flavonoid
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GiRiS

Gida isleme atiklarinin degerlendirilmesi
surdurilebilirlik, ¢evre saghdi ve ekonomik fizibilite
acisindan bir zorunluluk haline gelmistir. Gidalarin
islenmesi sirasinda acgiga c¢ikan artik, atik ve yan
urtnlerin degerlendiriimesiyle yeni gida Urunleri, katki
maddeleri, endustriyel Urinler, biyo-enerji, yem ve glibre
elde edilebilmektedir. Ozellikle, meyve suyu (retimi
sirasinda acgida c¢ikan bazi meyve cekirdeklerinden
soguk pres yontemiyle yag Uretimi Uzerine caligmalar
yapilmaktadir [1]. Turk Gida Kodeksindeki tanima goére
soguk pres vyaglar, uygun evsaftaki c¢ekirdek ve
tohumlardan sadece mekanik islemlerle elde edilen ve
rafine edilmeksizin dogrudan tlketilebilen Grlnlerdir [2].
Soguk pres yag Uretiminde kullanilacak olan
cekirdek/tohumlarin, temiz, saf ve givenli olmasi
zorunludur. Uretim siirecinde de isleme parametrelerinin
(vida donis hizi, basing, sicaklik vb.) dlgilebilir olmasi
ve yagda sicaklik artisi ve diger ziyanlarin olusmamasi
temel hedeftir. Dolayisiyla, verimi diisuk olan soguk pres
teknigiyle ylksek kalitede urin elde edilmesi
hedeflenmektedir. Soguk pres yaglar rafine edilmeden
kullanilabildigi i¢in herhangi bir kimyasal safsizlik ve
bulasan icermezler ve ayrica, rafinasyon islemi
sirasinda gergeklesen besinsel kayiplar da onlenmis
olur. Dolayisiyla besin degerleri olduk¢ca yuksektir.
Ayrica, rafine edilmedikleri igin, kendilerine has lezzet ve
aromaya sahiptirler. Bu 6zelliklerinden dolayi yemeklik
olarak  kullanilabilecekleri  gibi, fonksiyonel irin
hazirlamada veya ilag ve kozmetik gibi sektorlerde de
degerlendirilebilirler [3, 4].

Laboratuvarimizda daha o6nce soguk pres greyfurt
cekirdek yagi (SGY) uretilmis ve yagin fizikokimyasal
Ozellikleri, yag asidi, sterol, tokoferol, fenolik ve ugucu
bilesen  kompozisyonlari ve  duyusal Ozellikleri
belirlenmistir [5]. Uretilen yagin oldukga dengeli bir yagd
asidi profiline sahip oldugu, fitosteroller ve tokoferoller
bakimindan da iyi bir kaynak oldugu belirlenmigtir.
Ayrica, bu yagin turuncggil flavonoidleri (eriositrin, rutin,

narinjin, hesperidin, neohesperidin, kaempferol vb.),
bazi fenolik asitleri (gallik, sirinjik, tr-ferulik, tr-2-
hidrosinnamik asit vb.) igerdigi ve Kkarotenoitler

agisindan da oldukga zengin oldugu belirlenmigtir.
Dolayisiyla, bu yagdin biyo-aktiviteye sahip fonksiyonel
bir Griin oldugu gériilmektedir. Ote yandan, yapilan
duyusal analizler sonucunda, yagin oldukga aci oldugu
ve bu aciigin tiketici begenisini sinirlandirdigi tespit
edilmistir [5, 6].

Temel tatlardan birisi olan aciligin, dildeki ve damaktaki
gustatori tat soganciklari ile algilandigi ve yutma
sonrasinda bogazda da kalintt algisi biraktig
bildirilmigtir. Bu tadin, belirli molekdiller ile G-protein
reseptorlerinin - etkilesimi  sonucu olustugu ve bu
durumun insanlari potansiyel toksik bilesiklere karsi
uyarmak icin gelistirildigi bildirilmigtir [7, 8]. Gidalarda
farkh kimyasal yapilarda aci bilesenler (flavonoidler,
limonoidler, bazi fenolik asitler, siyanojenik glikozitler,

izotiyosiyanatlar, poliasetilenler, glikoalkaloitler,
saponinler, triterpenler, sesquiterpenler, katesinler,
kafein, kapsaisin, bazi Maillard Urunleri, vb.)

bulunmaktadir. Ote yandan, bitkisel gidalarda bulunan
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bazi aci bilesenlerin son derece 6nemli biyo-aktiviteye
ve olumlu saglik etkilerine sahip oldugu da bildirilmistir
[9, 10]. Turunggil flavonoidlerinden neohesperidosit
(ramnopiranoz-a-1,2-glukopiranoz) glikozidik zincir tipine
sahip olanlarin aci oldugu, rutinosit (ramnopiranoz-a-
1,6-glukopiranoz) tiplerinin ise acl olmadigi
belirtimektedir. Buna gore soduk pres greyfurt yagindaki

(SGY) aci Dbilesenler olarak narinjin, ponsirin,
neohesperidin ~ ve  neositrin  bildirilmistir.  Diger
flavonoidler ise aci tada sahip degildir. Ayrica

limonoidlerden de limonin ve nomilinin aci oldugu
belirtilmigtir [11-15].

Bir calismada, soduk pres greyfurt yagindaki aciligi
gidermek igin, narinjinaz ve hesperinidaz enzimleri ile
o6gutilmas cekirdek inkibe edilmis ve daha sonra
cekirdek  kurutularak  preslenmistir  [5].  Yapilan
galismada, enzimlerin aciligl gidermede c¢ok sinirli etki
gOsterdikleri gorulmustir. Baska bir galismada, SGY
aciigini gidermek icin adsorpsiyon esasli bir teknik
uygulanmis ve asit-aktive dogal zeolit, sepiyolit ve
montmorillonit ile Amberlit IR 120, IRA 400 ve XAD7
resinleri adsorban madde olarak kullanilmistir [11]. Belli
kosullarda bu adsorbanlar ile yag karistiriimis, stizilmuis
ve yag acihgi olglimustir. Sonug olarak, sepiyolit ve
zeolitin sinirli miktarlarda aciigi giderdigi gortlmustar.
Benzer bir arastirmada ise, laboratuvarda sentezlenmis
7 farkli metal-organik ¢ergceve (MOF) adsorban madde
olarak kullaniimistir [15]. Sonug¢ olarak, krom-nitrat
temelli MOF’un acihigi %63 ve girtlak yakiciligi da %59
oraninda giderdigi goralmusgtar.

Turunggil flavonoidlerinin tamaminin gok 6nemli biyo-
aktivite degerlerine sahip oldugu, ancak Urin tiketile
bilirligi icin acihgin yok edilmesi gerektidi acikca
ortadadir ve halen bir arastrma ihtiyaci da
bulunmaktadir. Dolayisiyla, bu calismada daha 6nce
denenmemis bazi ekstraksiyon teknikleri kullanilarak
SGY aciliinin giderilmesi amaglanmistir. Ayrica, islem
sonrasl, yaglarda bilegen analizleri ve duyusal analizler
de yapilarak, kontrol Ornegine karsi tim degisimler
ortaya konmustur. Bu arastirmanin ve benzer
arastirmalarin  sonuglarinin greyfurt cekirdek yaginin
dogrudan tiketilebilir bir Griine donustirilmesine katki
saglayabilecegdi dusunulmektedir.

MATERYAL ve METOT
Materyaller

Beyaz Marsh cesidi greyfurtlarin (Citrus paradisi L.)
islenmesiyle agiga gikan gekirdekler Subat 2019 isleme
sezonunda Frigo-Pak Gida Sti. (Bursa) isimli firmadan
temin  edilmistir.  Once  cekirdekler  yikanarak
temizlenmis, daha sonra 120°C sicaklikta yarim saat
kurutularak nem seviyeleri %10-12 dizeyine getirilmistir.
Cekirdekler bekletimeden soguk pres teknigiyle
islenmigtir. Analizlerde kullanilan yag asitleri, tokoferol
ve sterol standartlari, sirasiyla, Supelco (Bellefonte, PA,
ABD), Nu-Check (Elysian, MN, ABD) ve Sigma Chem.
Co. (St. Louis, ABD) firmalarindan satin alinmistir.
Flavonoid standartlari olan eriositrin (C98%), rutin hidrat
(C94%), narinjin  (C95%), hesperidin  (C80%),
neohesperidin ~ (C90%), narinjenin  (C98%) ve
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kaempferol (C97%) ise Sigma-Aldrich ve Fluka
Chemicals (St. Louis, ABD) isimli firmalardan satin
alinmigtir. Kullanilan diger tim kimyasallar ve ¢ézuculer
analitik kalitede olup Merck Co. (Darmstadt, Almanya)
isimli firmadan satin alinmistir.

Soguk Pres Yag Uretimi

Greyfurt c¢ekirdeklerinin laboratuvarimizda bulunan
soguk pres makinasinda (ESM 3710, Kog¢maksan
Makina Sti., izmir) islenmesiyle yag elde edilmistir (Sekil
1). Maksimum pres c¢ikis sicakhgi 40°C olarak
ayarlanmis, ¢ikis ucu olarak 10 mm kalip kullaniimis ve
sikma hizi 25 rpm olarak ayarlanmistir. Cikarilan yag
hemen 6797 xg'de 10 dak santrifij (Sigma 2-16 K,
Postfach, Almanya) edilmis, kahverengi siselere
doldurulmus, azot gazi ile flaglandiktan sonra agizlari
sikica kapatilmistir. Analizlere kadar ve analizler
suresince yag Ornekleri buzdolabinda tutulmugtur.
Uretimden sonra denemelere ve analizlere derhal
baslanmistir.

L e -

Sekil 1. Greyfurt gekirdeklerinden soguk baski teknidi ile yag uretimi

Yagin Ekstraksiyon/Yikama islemiyle Muamelesi

Soguk preslenmis greyfurt gekirdek yaginin igeriginde
bulunan acilik maddelerinin uzaklastiriimasi igin 5 farkh
ekstraksiyon/yikama islemi uygulanmistir. Asitle yikama
isleminde, 15 g greyfurt gekirdek yagina %0.3 oraninda
fosforik asit (pirofosfat) ¢ozeltisi (%40’hk) katiimis ve
karisim 40°C’de 30 dakika kadar karistirimistir. Daha
sonra, 30 dakika bekleniimis ve ¢bken kisim
ayristinlmistir. Son olarak, distile su ile 3 kez yikama
islemi yapilmistir. 6461 xg hizda 10 dak santrifyj ile
(Sigma 2-16K, Sartorius, Almanya) fazlar ayriimistir.

Hidratasyon islemi igin, 15 g greyfurt ¢ekirdek yagina
%3.0 oraninda saf su katilmis ve karigim 80°C’de 1 saat
karistirlmistir. Fazlarin birbirinden ayrilmasi igin 30
dakika beklenilmis ve kalan sivinin ayrilmasi igin 6461
xg hizda 10 dakika santrifij (Sigma 2-16K, Sartorius,
Almanya) iglemi uygulanmustir.

Figure 1. Oil production from grapefruit seeds by cold press technique

Salamurada hidratasyon isleminde, 15 g greyfurt
cekirdek yagina %15 tuz igeren salamuradan 9%05.0
oraninda katilmis ve hidratasyonda oldugu gibi karigsim
80°C’de 1 saat karigtinlmistir. Fazlarin birbirinden
ayrilmasi igin 30 dakika beklenmistir. Son olarak, kalan
sivinin ayrilmasi igin 10 dakika santriflij (6461xg, Sigma
2-16K, Sartorius, Almanya) islemi uygulanmistir.

Kostik ile yikama iglemi igin, 15 g ¢ekirdek yagina
agirhkga %10’luk NaOH c¢ozeltisinden %5.0 oraninda
katlmigtir.  Karisim 30 dakika oda sicakhdinda
karigtirildiktan sonra, 30 dakika beklenilmis ve
suzulmustir. Son olarak, 3 kez distile su ile yikama
islemi yapilmis ve uygulanan 15 dakikalik santrifuij (6461

406

xg, Sigma 2-16K, Sartorius, ile fazlar

birbirinden ayrilmigtir.

Almanya)

Etanolle ekstraksiyon islemi i¢in, 15 g ¢ekirdek yagina
%99 saflikta 50 mL etanol ilave edilmis ve karisim 30
dakika oda sicakliginda karistirilmistir. Daha sonra, 15
dakikalik santrifij (6461xg, Sigma 2-16K, Sartorius,
Almanya) ile fazlar birbirinden ayrilmistir. Etanoliin
tamamen uzaklastiriimasi igin yag fazi 80°C’de yarim
saat Isitilmigtir.

En iyi sonucu veren muamele turiini bulmak amaciyla
asagida aciklanan aletsel renk, serbest yag asitligi ve
peroksit sayisi analizleri yapilmis, yag kaybi orani
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hesaplanmis ve en o6nemlisi duyusal analiz ile acilik
skoru Olgulmustir. Aciligin en fazla uzaklastinldigi iki
muamele tiru segilerek, ileri denemelere gegcilmistir.
Segilen Muamele Yontemleriyle Farkh islem
Parametrelerinin Arastiriimasi

Yapmis oldugumuz analizler sonucunda, aciligi en gok
distren muamelelerin kostik ylkama ve etanol ile

ekstraksiyon oldugu gorilmis ve ¢alismanin bu
boliminde farkh islem parametrelerinin bu
muamelelerin verimleri Uzerine etkileri incelenmistir.

%10’luk  NaOH c¢dzeltisi
degistirilmis ve 4

Kostikle ylkama testi igin
kullanilarak iglem parametreleri
deneme grubu olusturulmustur;

1) Denemel: 15 g cekirdek yagina %10’luk NaOH
¢ozeltisinden 0.75 g katilmistir. Karisim 1 saat oda
sicakhginda kangtiriimistir.

Deneme2: 15 g cekirdek yagina %10’luk NaOH
¢ozeltisinden 7.5 g katilmigtir. Karisim 1 saat oda
sicakhiginda karigtiriimistir.

Deneme3: 15 g cekirdek yagina %10’luk NaOH
¢cozeltisinden 7.5 g katimistir. Karisim 1 saat
50°C’de karistiriimistir.

Deneme4: 15 g cekirdek yagina %10’luk NaOH
¢ozeltisinden 7.5 g katiimigtir. Karisim 1 saat
80°C’de karistiriimistir.

2)
3)

4)

A B

Etanol ile ekstraksiyon muamelesi icin %99 saflikta
etanol kullanilarak islem parametreleri degistiriimis ve 4
deneme grubu olusturulmustur;

1) Denemel: 15 g c¢ekirdek yagina %99 saflikta
etanolden 50 mL katdmistir. Karisim oda
sicakliginda 30 dakika karigtirilmigtir.

Deneme2: 15 g gekirdek yagina %99 saflikta
etanolden 60 mL katlmistir. Karisim oda
sicakliginda 30 dakika karistirilmigtir.

Deneme3: 15 g cekirdek yagina %99 saflikta
etanolden 60 mL katilmistir. Karisim 50°C’de 30
dakika karigtirilmistir.

Deneme4: 15 g cekirdek yagina %99 saflikta
etanolden 50 mL katilmistir. Karisim 50°C’de 1
saat karistirilmistir.

2)
3)

4)

Bu igslem parametreleri uygulandiktan sonra, en iyi
sonucu veren birer deneme yapilan analizlerin (renk,
serbest asitlik, peroksit sayisi, yag kaybi, duyusal acilik)
sonucuna gore belirlenmigtir. Buna goére, kostik ile
yilkama deneme grubundan; 2. deneme (15gyagd/2.5g
x 3 NaOH Cozeltisi / Oda sicakhdi / 1 saat) ve etanol ile
ekstraksiyon grubundan 2. deneme (15 g yag / 20 mL x
3 etanol / Oda sicakligi / 30 dakika) en iyi sonucu veren
islem parametreleri olarak segilmistir. Bundan sonra,
yagda yapilan tim ileri analizler bu érnekler tzerinden
gerceklestiriimistir. Bu yag oOrnekleri Sekil 2'de
gOrulmektedir.

C

Sekil 2. Kontrol ve muamele edilmis yag ornekleri (A: Kontrol 6rnegi; B: Kostikle yilkama ile muamele edilen yag
ornegi (15 g yag / 2.5 g x 3 NaOH Cozeltisi / Oda sicakhgi / 1 saat); C: Etanolle ekstraksiyon ile muamele edilen yag
ornegdi (15 g yag / 20 mL x 3 etanol / Oda sicakhgi / 30 dakika))

Figure 2. Control and treated oil samples (A: Control sample; B: Caustic washing treated oil sample (15 g oil / 2.5 g x
3 NaOH solution / Room temperature / 1 hour); C: Ethanol extraction treated oil sample (15 g oil / 20 mL x 3 ethanol /

Room temperature / 30 minute))

Yagin Fiziko-Kimyasal Analizleri

Aletsel renk Minolta Colormeter (CR-400, Minolta
Camera Co., Osaka, Japonya) cihazi ile dl¢ulmis ve L,
a* ve b* degerleri kaydedilmistir [5]. Benzer sekilde yag
bulanikligi Hach 2100 AN turbidimeter (ABD) cihaziyla
Olgllmastir. Yag kaybi, muamelelerden 6nce ve sonra
yagin tartiimasiyla hesaplanmistir. Yag serbest asitlik
degeri Ca 5a-40, yag peroksit sayisi Cd 8-53 ve
sabunlasma sayisi Tl 1a-64 resmi metotlariyla
Olculmastir [16]. Serbest asitlik degeri yagda baskin yag
asidi olarak tespit edilen linoleik asit cinsinden
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verilmigtir. Yagda bulunan toplam sabunlagsmayan
madde miktar1 ISO 3596 metoduyla 6lgilmustur [17].

Duyusal Acilik Skoru Olgiimii

Duyusal yodunlagsma grup testi (focus group)
calismasiyla kontrol ve muamele edilmis yag
orneklerinin acilik skorlari belirlenmistir. Bunun igin 5
deneyimli panelist (4 kadin, 1 erkek, 21-48 yas
araliginda) kullaniimistir.  Olgtimlerde 10-cm’lik gizgi
skalasi kullanilmigtir. Skalanin sol bagi (0 skor) sifir
aciligl, sag basi (10 skoru) maksimum acihgi ifade
etmektedir. Olgiimlerde standart olarak 10 skoru igin
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%0.1’lik sulu kafein c¢ozeltisi, 5 skoru icin %0.001’lik
kafein ¢ozeltisi kullanilmistir.  Her bir oturumda
panelistiere 3 adet kodlanmis yag Ornegi, kafein
standartlari, tukiurme kabi, bol su ve tuzsuz kraker
verilmigtir. Tekerrir o6lgimler farkli glnlerde yapilan
farklh oturumlar ile tamamlanmistir.

Orneklerin Yag Asidi, Sterol ve Tokoferol Bilegim
Analizleri

Kontrol ve iki muamele grubu yag oOrneklerinin yag
asitleri bilesimi bizim daha oOnceki calismalarimizda
detaylarini verdigimiz metotlarla analiz edilmistir [5, 11,
15]. Analizlerde gaz kromatografisi cihazi (Agilent
7890B, Agilent Technologies, Palo Alto, CA, ABD), HP
88 kapilar kolon (100 m x 0.25 mm, 0.2 ym), Agilent
G4513A oto-6rnekleyicisi ve FID detektor kullaniimistir.
Benzer sekilde, o©nceki calismalarimizda detaylari
verilen teknik kullanilarak, sterol bilesimi de yine ayni
gaz kromatografisi cihazinda DB5 kapilar kolon (30 m x
0.25 mm ID % 0.1 ym, J &W Scientific Co, CA, ABD)
kullanilarak belirlenmistir [5, 11, 15].

Yaglarin tokoferol bilesimi Yiimaz ve Ege [15] metodu
izlenerek HPLC cihaziyla (Shimadzu Corporation,
Kyoto, Japonya), DGU-20A5R degazer, CTQ-10ASVP
kolon firini, LC-20AT HPLC pompasi, RF-20A florasan
detektér, SIL-20AHT oto-Ornekleyici ve ODS-3 kolonu
(250 mm x 4.6 mm x 5 ym, GL Sciences Inc., Japonya)
kullanilarak belirlenmistir.

Orneklerin Flavonoid Bilesim Analizleri

Yag orneklerinin flavonoid bilesimi de yine Onceki
¢alismalarimizda kullanilan teknikle belirlenmigtir [5, 15].
Oncelikle, yagin fenolik fraksiyonu detaylari énceki
yayinda agiklanan teknikle SPE kartusu (HC-C18, 6 mL,
Anpel, Cin) ve vakum manifold kullanilarak ekstrakte
edilmis ve 0.45 pm membran filtreden stzulmustir.
Daha sonra, HPLC cihazi, SPD-M20A diode array
detektort (Shimadzu Corporation, Kyoto, Japonya), ve
Zorbax Eclipse Plus C18 kolonu (250 x 4.6-mm, 5 um,
Agilent Technologies, ABD) kullanilarak flavonoid
bilesimi analiz edilmigtir. Tim kantitasyon islemlerinde
analiz standartlari kullaniimigtir.

Duyusal Tanimlama Analizi

Yag orneklerinin duyusal tanimlama analizleri standart
metot kullanilarak gergeklestirilmistir [7, 15]. Toplam 10
kisiden olusan panel (6 kadin, 4 erkek, 23-48 yas)
calismaya gonulli olarak katilmig ve panelistlere bir
hafta boyunca farkli ginlerde egitim verilmistir. Daha
sonra, panel moderatoérinin baskanhdinda, panelistler
yaglari tanimlamak i¢in 6 duyusal terim gelistirmiglerdir.
Geligtirilen terimler sunlardir; ¢ig sebze, saman, aci,
burucu, mentol ve girtlak yakicilik. ‘Cig sebze’ terimi icin
taze fasulye standart olarak kullaniimistir. ‘Saman’ terimi
icin kuru saman, ‘acr’ terimi igin %0.1’lik kafein ¢ozeltisi,
‘burucy’ icin %1.0’lik sap ¢ozeltisi, ‘mentol’ icin mentolll
ciklet standart olarak kullaniimigtir. ‘Girtlak yakicilik’ yag
ornegi yutulduktan 30 saniye sonra girtlakta hissedilen
toplam acihk  ve  buruklugun  miktari  olarak
tanimlanmistir. Olcimlerde 10-cm’lik skala kullaniimistir.
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Her oturumda, panelistere 3 basamakli sayi ile
kodlanmis ve seffaf cam bardaga konulmus agzi kapal
ornekler sunulmustur. Ornekler oda sicakhiginda
hazirlanmig ve olgimler oda sicakhiginda gin 15131
altinda gerceklestiriimistir. Panelistlere 6rnekler ile
birlikte tukirme kabi, su, elma dilimi, tuzsuz kraker
verilmistir.  Ornekler rastgele diizen iginde, farkl
gunlerde yapilan farkli oturumlarda, tekerrlrli olarak
analiz edilmistir.

istatistiksel Analizler

Bu arastirmadaki soduk pres yag uretimi ve yaglarin
muamele iglemleri 2 tekerrirll olarak yapilmistir. Her bir
tekerrir igin 6lgimler 3 paralel olarak gergeklestirilmistir.
Dolayisiyla ortalama deger olarak sunulan her bir veri 6
Olgimim ortalamasini ve standart hatasini
gbstermektedir. Ornekleri karsilagtirmak igin tek-yénli
ANOVA ve Tukey testi kullaniimistir. Analizlerdeki
guvenlik seviyesi en az %95 olarak belirlenmistir.
Analizler Minitab Ver. 16.1.1 bilgisayar paket
programiyla gergeklestirilmistir [18].

BULGULAR ve TARTISMA
En lyi Muamele Tiiriiniin Segilmesi

Kontrol 6rnegine karsi uygulanan 5 yikama/ekstraksiyon
muamelesinden elde edilen bulgular Tablo 1'de
gOsterilmistir. Hidratasyon hari¢ tim muameleler, yagin
parlaklik degerini (L degeri) artirmistir. Muameleler
sonucunda, yagda bulunan ve bulanikliga sebep olan
bazi maddelerin uzaklastirnldigi ve parlakhgin yukseldigi
anlasilmaktadir.  Yag oOrneklerinin  kirmizilik/yesillik
miktarini gosteren a* degerinde de kuguk farkhhklar
ortaya cikmigtir. Kontrol 6rnegine gore negatif yonde
azalma olmus, yani yesillik degerleri azalmistir. Bunun
yagda bulunan klorofil pigmentinin yikama ¢ozeltilerine
gecmesinden kaynaklandigi dusunilmektedir. Benzer
sekilde, orneklerin sarilik/mavilik miktarini gosteren b*
degerinde de oOnemli oranda dususler gorulmustur.
Kontrole (11.9) goére en disik deger 2.2 ile kostikle
yilkama denemesinde gozlenmistir (Tablo 1). Yikama ve
ekstraksiyon c¢ozeltilerinin yagda bulunan pigmentleri
ekstrakte ettigi goralmektedir. Bu beklenen bir
durumdur. Yag ornekleri Sekil 2’'de gorulmekte ve renk
farkliliklari gozle bile algilanmaktadir. Genel olarak acilik
bilesenlerini yagdan uzaklastirmayr amaglayan bu
islemler ile bazi pigmentlerin de kayboldugu
dusundlmektedir.

Serbest yag asitligi (SYA) degerleri incelendiginde
sadece bazi muamelelerin dislise neden oldugu
gOrulmustur. Kontrole gore (%0.56 linoleik asit), en fazla
disis %0.27 linoleik asit degeri ile salamura hidrasyon
ve etanolle ekstraksiyon islemlerinde elde edilmigtir
(Tablo 1). Genel olarak SYA’nin dismesi olumlu
karsilanabilecek bir degisimdir. Ote yandan, érneklerin
peroksit sayisi (PS) degerlerinde kontrole goére bazi
artiglar olusmustur. En fazla artis (15.7 meqO2/kg) kostik
yikama isleminde gerceklesmistir. Muameleler havaya
aclk kosullarda yapildigi icin, yaglarin okside olmasi
beklenen bir durumdur. OlasI endustriyel uygulamalarin
vakum altinda veya nétral gaz atmosferinde yapilmasi
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Onerilmektedir. Muameleler sonucu gergeklesen yag
kayiplarinin  %27.3-66.7 degerleri arasinda degistigi
gorulmektedir. Yag kaybinin en az olmasi arzu edilen bir
durumdur, ancak buradaki ana hedef yagdan acilig
uzaklastirmak oldugu igin duyusal acilik skorlari en
belirleyici analiz olmustur. Orneklerde dlgllen ortalama

acilik skorlari Tablo 1'de verilmistir. Goérildigu gibi en
dusuk acilik etanolle ekstraksiyon (2.0) ve kostik ylkama
(5.0) islemleriyle elde edilmistir. Yag kaybi degerleri
yuksek olmasina ragmen bu iki muamele secilerek
calismaya devam edilmistir.

Tablo 1. Soduk baski greyfurt gekirdek yaginin aciligini gidermede kullanilan farkli ekstraksiyon tekniklerinden elde

edilen veriler*

Table 1. Data obtained from different extraction technigues used for debittering of cold pressed grapefruit seed oil*

Serbest Peroksit Duvusal
L o b yag asitligi  sayisi Yag kaybi acﬁl’lk
(% (meqO2/ (%) skoru
linoleik) kg)
Kontrol 23.7:0.9° -2.0:0.0° 11.9t0.0° 056:0.12  6.0£0.9° - 10.020.0°
Asitle yikama ~ 25.740.3®  -1.3+0.0°  6.4+0.0°  0.56+0.0° 11.0#0.5°  47.3:0.01°  6.4%0.5°
Hidratasyon 23.9:04> -0.5:0.0° 2.8#0.2¢  0.56+0.0°  8.3+0.5° 35.3:+0.01¢  9.8+0.5
Salamura 251£0.3*  -1.9¢0.1°  9.9+0.1®  0.27+0.0° 11.7#0.5>  27.3:0.01°  9.840.5)
hidratasyonu
Kostik ykama ~ 24.7+1.22  -0.2:0.0° 22:0.1¢  042+0.2® 157:0.5%  66.7#0.012  5.040.7°
Etanolle a b c c c b d
oktrakeiyon 249107 1.1:0.0°  7.2¢0.2 0.27+0.0°  8.3+0.5 63.3+0.01  2.020.7

*. Ayni sltunda farkli kiiguk harflerle gosterilen 6rnekler istatistik olarak birbirlerinde farkhidir (p<0.05). Kontrol érnegi herhangi bir

muamele uygulanmayan soguk pres yag érnegidir.

*. Small letters in the columns indicate the statistically significant differences (p<0.05). Control sample is the unteated cold pressed oil

sample.

Literatlrde, yaglarda aciigin azaltiimasiyla ilgili sinirli
sayida calisma vardir. Bizim Onceki caligmalarimizin
birinde, soguk pres greyfurt gekirdek yagindan aciligi
gidermek icin cesitli adsorbanlar kullaniimig, sepiyolit,
zeolit ve XAD7 amberlit en basarili sonuclari veren
adsorbanlar olmustur [11]. Bu adsorbanlar ile acilik
skorlarinda %60’a varan dususler gézlenmistir. Bir diger
calismamizda, soduk pres greyfurt gekirdek yagindan
aciligi gidermek igin gesitli metal organik kafes yapilar
kullaniimig ve duyusal acilik skorunda %62’lere varan
oranlarda disUsler goriimastir [15]. Baska bir
calismada, zeytinyagindan acihgi gidermek icgin sivi-sivi
ekstraksiyon tekniginden yararlanilmig, bu amagla su

¢ozuclu olarak kullaniimig ve aciik o6nemli dlgude
digurilerek duyusal Ozellikler gelistiriimistir  [19].
Literaturle kiyaslandiginda, ozellikle etanolle

ekstraksiyon tekniginin oldukga basarih bir sonug verdigi
gorulmektedir.

Optimum islem Parametrelerinin Segilmesi

Bir onceki bolimde belirlenen iki muamele yontemi
(kostik yikama ve etanolle ekstraksiyon) kullanilarak,
farkh  islem parametrelerinin  uygulamaya etkisi
incelenmek istenmistir. Bu amagla, metot bolimiinde
aciklanan dorder farkli deneme dizeninde deneyler
yapilmis ve analiz sonuglari Tablo 2'de sunulmustur.

Bu denemelerde secilen parametreler ve seviyeleri
bizim bu konudaki tecrlbelerimize dayanilarak
belirlenmigstir. Burada hem iglem ekonomisi hem de olasi
etki durumu gdzetilmig, ancak deneme sayisi sinirh
tutulmaya calisiimistir.  Bu deneme  gruplarinin
arasindan en iyi sonucu verenlerin secgiminde birinci
bélimdekine benzer bir yol takip edilmistir. Olgiimlere ait
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veriler analiz edilmis ve acilik skorunda en fazla distsu
saglayan iki deneme ileri analizler icin secilmistir.
Segilen iki denemenin ve digerlerinin analiz sonuglari
Tablo 2'de sunulmustur. Segilen bu iki deneme ile yag
tekrar muamele edilmis ve bundan sonraki tim analizler
bu o6rneklerde gerceklestiriimistir. Kontrol o6rnegi,
yikama/ekstraksiyon islemi harig, diger asamalardaki
islemlere (belirli bir sicaklikta belirli bir stire bekletme ve
stizme islemi) tabi tutulmustur.

Kontrol Ornegi ve Muamele Edilen Orneklerin
Ozellikleri

Orneklerde yapilan analizlerin sonuglari Tablo 3'te
gOsterilmistir. Etanolle ekstraksiyon isleminden sonra
yagin bulaniklik degerinde bir miktar artis olmustur.
Sabunlagma sayisi degerleri arasinda ise Onemli
farkhliklar olusmustur. Kontrol ve etanolle ekstraksiyon
muamelesi benzer sonug gosterirken (152.7 ve 154.8
mg KOH/g), kostik ylkama sonunda sabunlasma sayisi
ciddi oranda artmistir (224.3 mg KOH/g). Sabunlasma
sayisl, trigliseritlerin ortalama molekdl agirhidiyla alakal
bir analiz olup, sabunlasma sayisi ylksek yaglarin daha
distk molekdl agirhkli  trigliseritterden  olustugu
anlasiimaktadir. Kostik ile yikkama sonunda sabunlasma
sayisi arttigina gére bu muamele sirasinda bazi ylksek
molekdil agirhkh trigliseritlerin kayboldugu
anlasiimaktadir. Ayrica, yuksek molekdl agirlikli serbest
yag asitlerinin de bu islem sirasinda tuzlarina donusip
daha sonra yagdan ayrilmasi olasidir. Sonug olarak,
kostik ile yikama igleminin yagda bazi yapisal
degisikliklere neden oldugu anlagiimaktadir.
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Tablo 2. Belirlenen iki ekstraksiyon tekniginde parametrelerin secilmesi
Table 2. Selection of parameters in the two extraction techniques

Serbest yad Peroksit

L ar b* asitligi sayisi \Za(j kaybi Duyusal
(%linoleik)  (meqOs/ kg) () acilik skoru
Deneme1 24.70+£1.20 -0.20£0.05 2.20+0.14 0.42+0.20 15.70+£0.50 66.70+£0.01 5.00+0.70
Kostik Deneme2  25.90+0.20  -2.20+0.03 11.80+0.02  0.42+0.20 19.60+1.40  47.40+0.01 4.60£1.30
%}E??ﬁaom Deneme3  25.90:020  -1.98:0.08 10.80:0.05  0.28£0.00 14.60£0.90  49.90:0.01  4.80+1.40
Deneme4  2590+020  -1.80+0.04 8.80+0.50 0.42+0.20 18.30#0.50  64.70+0.01 4.80+1.30
Deneme1 24.90£1.00 -1.10£0.05 7.20£0.20 0.27£0.01 8.30+£0.50 63.30£0.01 2.40x0.70
Etanolle Deneme2  26.10+0.00  -1.40+0.07 10.30#0.03  0.28+0.01 12.60+0.90  39.10+0.01 2.00+0.54
ekstraksiyon  Deneme3 26.10£0.40 -1.20£0.03  8.40+0.06 0.28+0.01 15.60+1.40 41.80£0.01 2.60+0.54
Deneme4 26.30£0.00 -1.40+£0.08 9.38+0.07 0.28+0.01 16.60+0.90 33.60+£0.01 2.60+0.54
Orneklerin sabunlasmayan madde miktarlari minerallerin toplam oranini gdsteren bir degerdir. Bu

muamelelerden sonra bir miktar dismustir (Tablo 3).
Yaglarda sabunlasmayan maddeler, yag asidi diginda
kalan sterol, alkol, hidrokarbon, ugucu bilesenler ve

muameleler esnasinda bu maddelerin bazilarinin ¢ozelti
fazina gegerek yagdan ayrilmasi beklenen bir sonugtur.

Tablo 3. Secilen parametrelerle muamele edilen yaglarinin fiziko-kimyasal 6zellikleri*
Table 3. Physico-chemical properties of oils treated with selected parameters*

Bulaniklik (NTU,

Sabunlagma sayisi Sabunlagmayan

20°C) (mg KOH/g) madde (%)
Kontrol 7.0£0.1P 152.7+2.8° 1.9+0.012
Kostik yilkama Deneme2 7.0£0.1° 224.3+2.1? 1.8+0.01°
Etanolle ekstraksiyon Deneme2  8.0+0.012 154.8+0.6° 1.7+0.01°

*: Ayni sttunda farkl kiguk harflerle gosterilen 6rnekler istatistik olarak birbirlerinde farklidir (p<0.05).
*. Small letters in the columns indicate the statistically significant differences (p<0.05).

Kontrol Ornegi ve Muamele Edilen Orneklerin Yag
Asidi, Tokoferol ve Sterol Bilegimi

Kontrol 6rnegi ve muamele edilen o6rneklerin temel
bilesenleri analiz edilmis ve sonuglar Tablo 4te
gosterilmistir. Tum &rneklerde 4 yagd asidi (palmitik,
stearik, oleik ve linoleik) belirlenmigtir. Bu bulgular
onceki galismalarimizin sonuglariyla benzerdir [5, 15].
Bir calismada, greyfurt cekirdek yaginda palmitik,
stearik, oleik ve linoleik asitler baskin yag asitleri olarak
belirlenmis buna ek olarak daha disuk oranlarda laurik,
miristik, linolenik asit gibi yag asitleri de goériimustir
[20]. Meyvenin tirine ve yetisme kosullarina bagli
olarak bu tarz farkliliklarin olmasi beklenen bir
durumdur. Her iki muameleden sonra da toplam
doymamis yag asitlerinde bir miktar disids oldugu
g6zlenmistir. Bu sonu¢ yukaridaki sabunlasma sayisi
sonuglarini da aciklamaktadir. Her iki muameleden
sonra orneklerde nisbi olarak linoleik asit oraninda
disUs, stearik asit oraninda ise artis gerceklesmigtir.
Temelde, burada vyapilan yikama ve ekstraksiyon
islemlerinin yagda izomer olugsumu gibi bir etki yapmasi
beklenmezken, bu farklihgin farkh yagd asitlerinin
cOzeltiye gecisinden kaynaklandigi dusunilimektedir.

Muamelelerden sonra, yaglardaki tokoferol igeriginin
istatistiksel olarak onemli oranda azaldigi gorilmuastir
(Tablo 4). Kontrol o6rnegindeki toplam 282 mg/kg
tokoferol, kostik yikamayla 215.5 mg/kg’a ve etanolle
ekstraksiyon isleminden sonra ise 100.2 mg/kg degerine
kadar dusmustir. Tokoferollerin ¢ozeltiye gegerek
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yagdan ayrildigi distinilmektedir. Ozellikle ana bilesen
olan o-tokoferolde bu gegisin oldukga belirgin oldugu
anlasiimaktadir. Yikama ve ekstraksiyon islemlerinde bu
beklenilen bir durumdur, ancak yag stabilitesi ve besin
kalitesi agisindan istenmeyen bir sonugtur. Acilik
giderme isleminden sonra yagin tokol bilesenleriyle
zenginlestiriimesi Onerilmektedir. Ayni yagdan aciligi
gidermek icin laboratuvarimizda daha o6nce yapilmis
olan farkli adsorpsiyon deneylerinde de benzer sonuglar
gOzlenmistir [11, 15].

Fitosterollerde Olgllen disus oranlari ise oldukga ciddi
boyutlardadir (Tablo 4). Kontrol érneginde 192.1 mg/100
g sterol belirlenmisg olup, kostik yikama ile bu miktar 35.3
mg/100g ve etanolle ekstraksiyonla da 8.1 mg/100g
degerine kadar azalmistir. Fitosterolllerin ¢ozeltiye
gectigi anlasiimaktadir. Benzer muamelelerde ve yag
rafinasyonunda da benzer sonuglarin olustugu bilinen
bir gercektir. Yagin besin degeri agisindan bu durum da
istenmeyen bir sonuctur. Acilik giderme isleminden
sonra yag fitosterollerce zenginlestirilebilir.

Zeytinyagindan  aciligin  giderilmesiyle ilgili  bir
galismada, SIVI-SIVI ekstraksiyonuyla  fenolikler
uzaklastirilirken tokoferol gibi ©6nemli bilesenlerin
miktarinin  degismedigi, fizikokimyasal &zelliklerin
korundugu gordlmastar [19]. Calismamizda
kullandigimiz  teknikler modifiye edilerek belirtilen

kayiplar azaltilabilir.
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Tablo 4. Kontrol ve muamele edilmis yaglarin yag asiti, tokoferol ve sterol bilesimleri*
Table 4. Fatty acid, tocopherol and sterol compositions of control and treated oils*

Kontrol Kostik yikama Deneme2 Etanolle ekstraksiyon Deneme2
Yag asidi (%)
Palmitik 33.9+0.72 34.4+3.22 35.4+1.22
Stearik 1.8+0.1° 3.3+0.32 3.3+0.02
Oleik 27.0+0.62 27.1+0.62 27.1+0.82
Linoleik 37.1+1.72 35.1+2.3° 34.2+0.1°
> Doymus 35.7¢ 37.7° 38.72
> Doymamis 64.12 62.2° 61.3¢
Tokoferol (mg/kg yag)
a-Tokoferol 225.7+8.42 166.2+1.1° 74.5£5.7¢
B-Tokoferol 20.8+2.82 19.0+2.22 11.4+1.4b
y-Tokoferol 8.2+0.42 8.0+0.62 7.6+0.9%
3-Tokoferol 27.3+3.82 22.3+4.7° 6.710.0°¢
> Tokoferol 282.02 215.5P 100.2¢
Fitosterol (mg/100 g yag)
Kolesterol 2.7+0.6° 5.3+0.42 2.3+0.08°
Kampesterol 5.4+0.32 1.4+0.09b 0.7£0.05¢
Stigmasterol 1.91£0.62 0.4%0.06° 0.3+0.1°
Brassikasterol 23.7+0.52 3.8+0.3° 0.5+0.02¢
B-Sitosterol 158.41+4.52 24.4+1.6° 4.3+0.1¢
> Sterol 192.12 35.3° 8.1°

*. Ayni satirda farkh kigik harflerle gésterilen 6rnekler istatistik olarak birbirlerinde farklidir (p<0.05).
*. Small letters in the columns indicate the statistically significant differences (p<0.05).

Kontrol ve Muamele Edilen Orneklerin Flavonoid
Bilegimi

Yag Orneklerinde 6 turuncgil flavonoidi tespit edilmis ve
sonuglar Tablo 5°te sunulmustur. Daha 6nce greyfurt
cekirdek yagiyla yaptigimiz calismalarda da bu 6
flavonoid ve ayrica rutin Ol¢Ulmastir, ancak miktarlar
arasinda bazi farkliliklar da goéralmastar [5, 11, 15].
Farkli caligmalarda farkli tir greyfurt c¢ekirdekleri
kullanildigi ve farkh yillarin hasat Grini olduklari igin
bazi farkhliklarin olugsmasi beklenilen bir durumdur.
Belirlenen  flavonoidlerden  sadece narinjin  ve
neohesperidin’in aci oldugu digerlerinin ise aci olmadigi
bildirilmigtir. Ayrica bu g¢alismada analiz edilmemis
olmasina ragmen turuncggil limonoidlerinden limonin ve
nomilin’in de aci oldugu bildirilmistir [12, 14]. Tdm
turuncgil flavonoidlerinin onemli biyo-aktivite

muamele yapilirsa yapilsin, segici olarak aciliga sahip
flavonoidlerin ve limonoidlerin uzaklastiriimasi, aciligi
olmayan diger ¢ok sayidaki bilesenin ise yagda kalmasi
arzu edilmektedir. Bu durum halen acik bir arastirma
konusu olarak bulunmaktadir. Her iki muamele
sonucunda da narinjin konsantrasyonunda o6nemli
digugler gorilmuas, ancak tamami uzaklagtirilamamistir.
Bu bilesen aci oldugu igin olusan kayip olumlu olarak
degerlendirilmistir. Aciligi olmayan narinjeninde ise ¢ok
ciddi azalmalar olusmus ve etanolle ekstraksiyon ile
tamami alkol fazina gegirilebilmistir. Hesperidin de aci
degildir ve her iki muameleyle de tamami yagddan
uzaklastinimistir. Benzer durum aci olan neohesperidin
icin de gozlenmistir (Tablo 5). Kaempferol ve eriositrin
bilesenlerinde de muameleler ile bir miktar disusler
olusmus ancak tamami uzaklastirilamamistir. Bu iki
muamelenin neohesperidinin tamamini ve narinjinin

ozelliklerinin  ve olumlu saghk etkilerinin oldugu da biylk bélimunu  yagdan uzaklastirarak acihgi
literatirde bildirilmistir [9, 10]. Dolayisiyla hangi dusglrdigi anlagiimaktadir.
Tablo 5. Kontrol ve muamele edilmis yaglarin fenolik kompozisyonu (mg/kg)*
Table 5. Phenolic composition of control and treated oils (mg/kg)*

Narinjin Narinjenin Hesperidin ~ Neohesperidin Kaempferol Eriositrin
Kontrol 102.6+£7.8% 79.1+3.82 31.04+0.22  148.3+9.42 89.31+6.42 53.245.22
Kostik Yikama Deneme2 74.8+4.7°  33.2+1.9*  Te. Te. 23.6+8.0° 32.3£2.1¢
Etanolle Ekstraksiyon Deneme?2 32.3+1.0°¢ T.e. T.e. T.e. 13.945.8¢ 40.6+3.4°

*: Ayni stUtunda farkli kiigik harflerle gosterilen érnekler istatistik olarak birbirlerinde farklidir (p<0.05). T.e.: Tespit edilemedi.
*: Small letters in the columns indicate the statistically significant differences (p<0.05).T.e.: not determined

Kontrol ve Muamele Edilen Orneklerin Duyusal
Tanimlama Testi Sonuglari

Egitimli panel tarafindan yag Orneklerine vyapilan
duyusal tanimlama testi sonuglari Tablo 6’da
sunulmustur. ‘Cig sebze’ degeri muameleler ile énemli
dizeyde azalmig, Ozellikle etanolle ekstraksiyon
islemiyle deger 1.8 skoruna inmistir. Kontrol 6érneginde
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5.2 olan skor, kostik yikama ile 2.4 degerine dismusgtir.
Bu lezzet terimi panel tarafindan olumsuz bir 6zellik
olarak agiklanmis ve muameleler ile azaltiimasi olumlu
bir sonu¢ olarak ortaya konmustur. ‘Saman’ skorunda
sadece kostik ylkama ile 6nemli bir disus gortlmustir.
En belirgin ve O6nemli duyusal o6zellk olan ve bu
g¢alismanin temel hedefi olarak azaltiimasi planlanan
‘acilik’ kontrol Orneginde 9.8 gibi yuksek bir degerde
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iken, kostik ylkama ile 5.4 ve etanolle ekstraksiyon ile de
1.4 gibi ¢ok dusik degerlere azaltiimistir. Ozellikle

etanolle  ekstraksiyonun  basarii  sonug  verdigi
gorulmektedir.  Ancak acihdin  halen tamamen
gideriimedigi de ortadadir. Yemeklik yaglarda yine

olumsuz bir Ozellik olarak bulunabilen ‘burukluk’
degerleri de muamelelerle énemli oranda azaltilmis ve
yine etanolle ekstraksiyon igleminin daha basarili sonug
verdigi gortlmustir. Agizda hissedilen serinlik hissiyle
belli olan mentol teriminde ise kostik yikamanin etkili

olmadigi, ancak etanolle ekstraksiyon muamelesinin
kismen basarili oldugu anlagiimistir. Acilik ve burukluk
sonuglarina paralel bir sekilde ‘girtlak yakicihk’
degerlerinde de Ozellikle etanolle ekstraksiyon
muamelesinden sonra 6nemli azalmalar Ol¢iimustar.
Sonug olarak, olumsuz nitelikler olan acilik, burukluk,
girtlak yakicilik ve mentol duyusal 6zelliklerinin 6zellikle
etanolle ekstraksiyon muamelesiyle olduk¢a basarili bir
sekilde azaltildigi, kostik yilkamanin ise daha az oranda
basari sagladigi gérulmustar.

Tablo 6. Kontrol ve muamele edilmis yaglarin tanimlayici duyusal analiz sonuglari*
Table 6. Descriptive sensory analysis results of control and treated oils*

Cig sebze  Saman Acilik Buruk Mentol Girtlak yakicilik
Kontrol 5.2+2.32 2.8+2.12 9.8+0.42 6.2+2.12 3.242.32 8.8+0.72
Kostik yikama 2.4+1.4° 1241.1°  54+15° 32+1.6° 34215 4.8+1.3°
Deneme?2
Etanolle ekstraksiyon Deneme2  1.840.7° 2.640.9°  1.440.5° 1.841.6° 1.4+0.9° 2.4+#1.2°

: Ayni sutunda farkli kiiglik harflerle gosterilen drnekler istatistik olarak birbirlerinde farklidir (p<0.05).
*. Small letters in the columns indicate the statistically significant differences (p<0.05).

SONUG

Soguk pres yontemiyle Uretilmis greyfurt g¢ekirdek
yagindan aciligin uzaklastiriimasi amaciyla yapilan bu
arastirmada, iki muamele (kostik yikama ve etanolle
ekstraksiyon) ve belli islem parametreleri segilmis ve
Orneklere uygulandiktan sonra, yagin bazi fiziko-
kimyasal, bilesim ve duyusal analizleri
gerceklestiriimistir. Elde edilen bulgular 6zellikle etanolle
ekstraksiyon muamelesiyle yagdan acilik bilesenlerinin
uzaklastinlabildigini ve duyusal acilik skorunun 6nemli
derecede disUrdldugunt  gdOstermistir.  Ancak bu
muameleler ayni zamanda yagdan bazi faydali
bilesenlerin de (tokoferol, sterol gibi) kaybolmasina

neden olmustur. Etil alkolle ekstraksiyon isleminin
kazanimi  ve kayiplariyla beraber toplam bir
degerlendiriimesi bu iglemin pratik uygulamasi igin

Onerilebilir. Ayrica islem maliyeti de hesaba katiimahdir.
Bu bilimsel galismanin sonuglari bu alanda benzer diger
¢alismalar icin de bir kapi aralamaktadir.
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Bu arastirmada, probiyotik bakteriler olarak Lactobacillus acidophilus ATCC 4356 veya Bifidobacterium bifidum DSM
20456 kullanilarak iki farkli Gretim yontemi ile Uretilen probiyotik ayran orneklerinin fizikokimyasal ve mikrobiyolojik
Ozellikleri belirlenmistir. Calismada igilebilir nitelikte su ile kurumaddesi ayarlanan sutin fermente edildikten sonra tuz
ilave edilmesiyle ayran uretimi (standardize siitten ayran Uretimi) ve probiyotik yogurda igilebilir nitelikte su ve tuz ilave
edilmesiyle ayran dretimi (yogurttan ayran (retimi) olmak (zere iki farkh Gretim yéntemi kullaniimistir. Uretiminde
probiyotik bakteri kulllanilmayan ayran érnekleri galismanin kontrol gruplarini olusturmustur. Ayran érnekleri 4°C'de 30
glin siiresince depolanmistir. Uretim yénteminin ayran érneklerinin fizikimyasal ve mikrobiyolojik dzellikleri tizerinde
onemli etkisi olduju saptanmistir. Standardize sitten Uretilen ayran Orneklerinin titrasyon asitligi ve viskozite
degerlerinin yogurttan Uretilen ayran 6rneklerine gore daha dustk, serum ayrilmasi ve pH degerlerinin ise daha ylksek
oldugu bulunmustur. Depolama silresince, Uretiminde L. acidophilus kullanilan ayran érneklerindeki L. acidophilus
sayisinin 7.6-8.7 log kob/mL arasinda degistigi, Uretiminde B. bifidum kullanilan ayran 6rneklerindeki B. bifidum
sayisinin ise 6.9-8.7 log kob/mL arasinda degistigi saptanmistir. Uretimlerinde probiyotik bakteri kullanilan ayran
orneklerinin 30 giinliik depolama sonunda >10° kob/mL probiyotik bakteri igerdidi tespit edilmistir. Sonug olarak,
probiyotik ayran Uretiminde her iki probiyotik bakterinin de kullanilabilecegi, ancak tretim yontemi olarak yogurttan ayran
Uretim yonteminin daha uygun oldugu belirlenmistir.

Anahtar Kelimeler: Ayran, Probiyotik, Uretim yéntemi, Kalite 6zellikleri

Physicochemical and Microbiological Properties of Ayran Drinks Containing Probiotic Bacteria
ABSTRACT

In this study, the physicochemical and microbiological properties of probiotic ayran samples produced by two different
production methods using Lactobacillus acidophilus ATCC 4356 or Bifidobacterium bifidum DSM 20456 as probiotic
bacteria were determined. Two different production methods were the one produced by adding salt after fermented milk
whose total solids content is adjusted by drinkable water (ayran production from standardized milk) and the other
produced by adding drinkable water and salt to probiotic yoghurt (ayran production from yoghurt). Ayran samples
containing no probiotic bacteria were control groups of the study. Ayran samples were stored at 4°C for 30 days. It was
determined that the production method had a significant effect on the physichemical and microbiological properties of
ayran samples. The titratable acidity and viscosity values of ayran samples produced from standardized milk were
lower, and their serum separation and pH values were higher than those produced from yoghurt. During storage, the
count of L. acidophilus in ayran samples produced using L. acidophilus ranged from 7.6 to 8.7 log cfu/mL, and the count
of B. bifidum in ayran samples produced using B. bifidum ranged from 6.9 to 8.7 log cfu/mL. Ayran samples produced
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using probiotic bacteria contained >10° cfu/mL probiotic bacteria after 30 days of storage. Results indicated that both
probiotic bacteria could be used in the production of probiotic ayran, but the ayran production from yoghurt was more

suitable as a production method.

Keywords: Ayran, Probiotic, Production methods, Quality properties

GiRiS

Sit insan beslenmesi agisindan benzersiz bir gidadir [1].
Protein, kalsiyum, magnezyum ve fosfor kaynagi olarak
bilinen sit, zengin besin maddesi igerigiyle ayni zamanda
mikrobiyal gelisimi de desteklemektedir [2, 3]. Bu nedenle
sutln uzun sire muhafazasini saglayabilmek igin cesitli
urinlere islenmesi gerekmektedir [4]. Bu amagla
fermantasyon teknolojisi yaygin bir sekilde
kullaniimaktadir [5]. Fermantasyon teknolojisi ile hem raf
Oomri uzun hem de karakteristik tat, aroma ve yapiya
sahip sut drinleri Uretilebilmektedir [6]. Bu trinlerden biri
olan ayran, TS 6800 Ayran Standardr’nda “Yogurda
igilebilir nitelikte su ve gerektiginde tuz veya sute igilebilir
nitelikte su, yogurt bakterileri katilip, fermantasyon
isleminden sonra gerektiginde tuz ilavesi ile teknigine
uygun olarak uretilen fermente bir sut Grind” olarak
tanimlanmaktadir [7]. TUrk Gida Kodeksi Fermente Siitler
Tebligi'ne gore ise ayran, yogurda su katilarak veya
kurumaddesi ayarlanan site Streptococcus thermophilus
ve Lactobacillus delbrueckii subsp. bulgaricus’'un
kilturleri katilarak hazirlanan fermente sit Grinadir [8].
Ayran, yogurdun tim besleyici 6zelliklerini, ilave edilen su
miktarina bagh olarak degisen duzeylerde icermektedir
[9, 10]. Bazi ulkelerde ayran benzeri, viskozitesi dusuk ve
yogurt grubunda degerlendirilen Urtnler Uretilmekte ve

“igilebilir ~ yogurt” veya “laktik icecek” olarak
adlandiriimaktadir [11].
Vicuttaki kronik rahatsizliklar gibi gesitli saglik

sorunlarinin giderilmesine/azaltiimasina destek olmaya
yonelik, besinsel icerikleri ile faydal etki gdsteren ve
biyolojik olarak aktif bilesik/bilesen ihtiva eden gidalar
“fonksiyonel gida” olarak adlandiriimaktadir [12].
Gidalara fonksiyonel 0zellik kazandirmak amaciyla
bilesimlerine fitokimyasal bilesikler, biyoaktif peptitler,
omega 3 (w-3) ¢oklu doymamis yag asitleri, probiyotikler,
prebiyotikler ya da probiyotik-prebiyotik karigimlari
eklenebilmektedir [13]. Sut, fonksiyonel gidalarin
uretiminde kullanilan probiyotik bakteriler igin uygun bir
besi ortamidir [14]. Uretiminde probiyotik bakterilerin en
¢ok kullanildigi gidalar fermente sut Grdnleridir [15].
Saglk agisindan gida alerjisi gibi bazi rahatsizliklarin
tedavisinde olumlu etkileri olan fonksiyonel st Grtnleri,
tuketicilerin ilgisini cekmektedir [16, 17]. Probiyotik
bakteriler kullanilarak dretilen sut urdnlerinin  tiketimi
sonrasinda istenen faydalarin saglanabilmesi igin,
probiyotik  bakterilerin  canliliklarini  korumasi  ve
bagirsakta kolonize olmasi gerekmektedir [18]. Fermente
sut urdnlerinin Gretimlerinde kullanilan yogurt bakterileri
(Lactobacillus  delbrueckii  subsp. bulgaricus ve
Streptococcus thermophilus) mide asidine direng
gOsterememekte, kismen canli kalanlar ise bagirsada
ulasip yararh etkiler gosterebilecek diizeyde kolonize
olamamaktadir. Probiyotik bakteriler ise mide asidine
direng gostererek bagirsaklara kadar canli olarak ulasip
kolonize olabilmektedir [19, 20]. Bdylece probiyotik
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bakteriler laktoz intolerans ve antibiyotik kullaniminin yol
actigl bagirsak rahatsizliklarinin tedavisinde faydali etki
gOsterebilmektedir [15]. Probiyotik bakterilerin buyik
¢ogunlugu Lactobacillus, Bifidobacterium,
Propionibacterium ve  Streptecoccus cinslerinden
olugsmaktadir [21]. Fermente sit Urunlerinin Gretimlerinde
en fazla kullanilan probiyotik bakterilerin ise laktobasil ve
bifidobakteri turleri oldugu bildiriimektedir [22, 23].
Bifidobakteriler Gram pozitif, anaerobik ve pH 4.5-8.5
araliginda gelisebilmekte; laktobasiller ise Gram pozitif,
fakultatif anaerobik veya mikroaerofilik ve gubuk sekilli
bakterilerdir [23]. Probiyotik bakterilerin  bagirsak
mikrobiyotasini gelistirmesi ve patojenlere karsi mukozal
direnci arttirmasi gibi saglikla ilgili yararl etkilerinden
dolayi, laktobasil ve bifidobakteri turlerinin st Grtnlerinin
Uretiminde kullanimi yayginlagsmistir. Ayni zamanda
probiyotik bakterilerin bagisikhgi guglendirici, serum
kolesterol duzeylerini azaltici ve antibakteriyel etkileri de
bulunmaktadir [24].

Probiyotik Urunlerin Uretimi ve depolanmasi sirasinda
probiyotik bakterilerin canliliginda azalma meydana
gelebilmektedir [23]. Birgok faktdr probiyotik bakterilerin
Uruin igerisinde canlihgini etkileyebilmektedir. S6z konusu
faktorler igerisinde tretim metodu, probiyotik bakteri tird,
ortamin pH'si, inhibitorler, bakteri  geligimini
destekleyiciler, ortamin tamponlama kapasitesi, hidrojen
peroksit ve ¢ozinmus oksijen varligi, agilama miktari, 1sil
islem, homojenizasyon, inkiibasyon sicaklig! ve suresi,
depolama sicakligi ve ambalaj bulunmaktadir [23, 25].
Konu ile ilgili literatir incelendiginde; farkh tirde
hayvanlarin sutleri [4], farkh kegi irklarinin sutleri [26],
mikroenkapsule bakteriler [27, 28], cesitli yag ikame
maddeleri [29], spirulina ve peyniralti suyu proteini
hidrolizati  [30], peyniraltt suyu Grunleri ve kapa
karagenan [31] ve sinbiyotikler [33] kullanilarak probiyotik
ayran uretimi Uzerine bazi g¢alismalarin yapildigi
belirlenmistir. Probiyotik bakterilerin ayran Uretiminde
kullanimina yonelik gesitli arastirmalar yapilmig olmasina
ragmen, farkli probiyotik bakteriler ve Uretim yontemleri
kullanilarak  Uretilen  probiyotik ayranlarin  kalite
Ozelliklerini ortaya koyan herhangi bir calismaya
rastlanilamamistir. Yapilan bu galismada, farkli probiyotik
bakteriler (Lactobacillus acidophilus ve Bifidobacterium
bifidum) ve farkl Gretim yontemleri ile Uretilen probiyotik

ayranlarin depolama suresince fizikokimyasal ve
mikrobiyolojik ozellikleri karsilagtirmali olarak
belirlenmistir.

MATERYAL ve YONTEM

Materyal

Probiyotik ayran uretimlerinde kullanilan yagsiz sut tozu
izi Sut Gida Mamiilleri Sanayi ve Tic. A.S.’den (Konya),
Lactobacillus acidophilus (ATCC 4356) ve
Bifidobacterium bifidum (DSM 20456) ise Alman
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Mikroorganizmalar ve Hucre Kiltirleri Koleksiyonu
(DSMZ, Braunschweig, Almanya)dan temin edilmistir.
Yogdurt starter kiltirt (CH-1 Yo-Flex) Chr. Hansen’s
Laboratorium Denmark A/S’nin istanbul temsilcisi Peyma
Sanayi ve Ticaret A.S.’den satin alinmstir.

Yontem
Probiyotik Ayran Uretimi

Probiyotik ayran uretimi, Uretimde kullanilan sutiin
igilebilir  nitelikteki su ile ayran kurumaddesine
seyreltildikten sonra yogurt starter kilttiri ve probiyotik
bakteriler ile inkiibe edilmesiyle ayrana islenmesi
(Standardize sutten ayran uUretimi) ve yogurt starter
kalturd ve probiyotik bakteriler kullanilarak Uretilen
yogurdun icilebilir nitelikteki su ile seyreltilerek ayrana
islenmesi (Yogurttan ayran Uretimi) olmak tzere iki farkli
yontem kullanilarak gerceklestiriimistir. Ayrica
calismanin kontrol gruplarini sadece yogurt starter
kaltird kullanilarak iki farkli ydéntem ile Uretilen ayran
ornekleri olusturmustur. Yagsiz sut tozundan hazirlanan
rekonstitliye sitlerin bir kisminin kurumaddesi %8, diger
kisminin  kurumaddesi ise %12 olacak sekilde
standardize edilmistir. Kurumaddesi standardize edilen
sutler 2 saat 4°C’de bekletildikten sonra 90°C’de 5 dakika
isil islem uygulanmis ve 42°C’ye sogutulurak ayran
Uretimlerinde kullaniimistir. Probiyotik ayran
Uretimlerinde probiyotik bakteri olarak kullanilan L.
acidophilus ve B. bifidum Comak Goéger vd.'nin [34]
belirttigi yonteme gore hazirlanmigtir.

Standardize Siitten Ayran Uretimi

Isil islem sonrasi 42°C’ye sogutulan %8 kurumaddeli
sutler, %0.03 (w/v) yogurt starter kultirtiinin yani sira son
Uriinde en az 10® kob/mL L. acidophilus veya B. bifidum
icerecek sekilde probiyotik bakteri asilandiktan sonra
42°C’'de pH’si 4.6+0.1°e ulasincaya kadar inkibe
edilmistir. Inkiibasyon islemi yaklasikk pH 4.6'da
sonlandiriimis  ve Ornekler 20°C’ye sogutulmustur.
Sogutulan ornekler %0.4 (w/w) oraninda tuz ilave
edildikten sonra ultra turrax (9000 rpm, 2 dak.) ile
karistirma islemine tabi tutulmustur. Standardize sitten
uretilen kontrol grubu ayranlar, sadece yogurt starter
kaltdrd kullanilarak ve probiyotik ayran Gretimindeki
Uretim asamalari izlenerek uretilmistir. Ayran ornekleri,
agzi kapakli 200 mL’lik ambalajlara doldurulduktan sonra
4°C’de 30 gun suresince depolanmigtir.

Yogurttan Ayran Uretimi

Isil iglem sonrasi 42°C’ye sogutulan %12 kurumaddeli
sutlere, %0.03 (w/v) yogurt starter kiltirinin yani sira,
son Urinde en az 108 kob/mL L. acidophilus veya B.
bifidum igerecek sekilde probiyotik bakteri asilandiktan
sonra 42°C’de pH’si1 4.6+0.1’e ulasincaya kadar inkibe
edilmistir. Inkiibasyon iglemi yaklasik pH 4.6’da
sonlandirimig  ve o6rnekler 20°C’ye sogutulmustur.
Sogutulan 6rnekler %8 ayran kurumaddesine ulasincaya
kadar icilebilir nitelikteki su ile seyreltildikten sonra %0.4
(w/w) oraninda tuz ilave edilerek ultra turrax (9000 rpm, 2
dak.) ile kanstirma islemine tabi tutulmustur. Yogurttan
Uretilen kontrol grubu ayranlar, sadece yogurt starter
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kulturd kullanilarak ve probiyotik ayran Uretimindeki
Uretim agsamalari izlenerek uretilmistir. Ayran ornekleri,
agzi kapakli 200 mL’lik ambalajlara doldurulduktan sonra
4°C’de 30 glin suresince depolanmistir.

Analizler

Ayran uretimlerinde kullanilan sutlerin kurumadde [35] ve
kil [36] icerikleri gravimetrik yontemle, yag icerigi Gerber
yontemiyle [37] ve protein igerigi Kjeldahl yontemiyle [36]
tespit edilmistir. Sutlerin pH degerleri WTW 537 (Inolab
pH level 2, WTW GmbH, Weilheim, Almanya) marka pH
metre kullanilarak, titrasyon asitligi ise TS 1018 Cig St
Standardr’nda belirtilen yontem [35] kullanilarak %laktik
asit cinsinden belirlenmigtir. Ayran 6rneklerinin toplam
kurumadde [7] ve kil [36] icerikleri gravimetrik yontemle,
yag icerigi Gerber yontemiyle [7], protein igerigi Kjeldahl
yontemiyle [38], titrasyon asitligi ise titrimetrik yontemle
[7] belirlenmigtir. Ayran 6rneklerinin pH degerleri WTW
537 (Inolab pH level 2, WTW GmbH, Weilheim, Almanya)
marka pH metre kullanilarak tespit edilmistir. Orneklerin
viskozite degerleri, Burucu’nun [31] uygulamis oldugu
yontem modifiye edilerek saptanmistir.  Olglimler
Brookfield viskozimetresinde (Model DV II+Pro,
Brookfield Engineering Laboratories Inc, Middleboro, MA,
ABD) 4°C’de 1 numaral spindle kullanilarak ve 100 d/d
donds hizinda yapilmis olup sonuglar cP olarak
verilmistir. Serum ayrilmasi analizi Ozdemir ve Kilig'in
[39] kullandiklari ydnteme gdre yapilmis olup 50 mL ayran
ornedi mezirlere konularak 4°C’deki serum ayriimasi
tespit edilmistir.

Mikrobiyolojik analizlerde dilisyonlarin hazirlanmasinda,
ringer cozeltisi (Y4 kuvvetinde) kullaniimistir [40]. L.
delbrueckii subsp. bulgaricus sayiminda MRS Agar (pH
5.2) besiyerine dokme plak kultirel sayim ydntemine
gore ekim yapilarak petri kutulari 45°C’de 72 saat
suresince anaerobik kosullarda inkibe edilmigtir. S.
thermophilus sayiminda M17 Agar (%1 laktoz) besiyerine
dokme plak kulturel sayim yontemine gore ekim yapilarak
petri kutulari 45°C’de 48 saat siiresince inkiibe edilmistir
[41]. L. acidophilus sayiminda bromokresol yesili (20
mL/L) ve klindamisin (2 mL/L) ilave edilmis, MRS-BC
Agar (pH 6.2) besiyerine dokme plak kultirel sayim
yontemine gore ekim yapilarak petri kutulari 37°C’de 72
saat slresince anaerobik kosullarda inklbe edilmistir
[42]. B. bifidum sayiminda lityum klorir (%0.2 w/v) ve
sodyum propiyonat (%0.3 wi/v) ilave edilmis MRS-LP
Agar (pH 6.7) besiyerine dokme plak kultirel sayim
yontemine gére ekim yapilarak petri kutulari 37°C’de 72
saat slresince anaerobik kosullarda inkiibe edilmistir
[43]. Ayran 6rneklerinin kurumadde, yag, protein ve kul
icerikleri depolamanin 1. glininde; pH, titrasyon asitligi,
serum ayrilmasi, viskozite degerleri ve mikrobiyolojik
ozellikleri ise 4°C’deki depolamanin 1., 15. ve 30.
glnlerinde tespit edilmigtir. Arastirma 2 tekerrirll
gerceklestiriimis ve analizler paralelli olarak yapilmistir.
Calisma sonucunda elde edilen veriler varyans analizine
tabi tutulmus ve farkli bulunan sonuglar Duncan Coklu
Karsilastirma Testi ile kargilastirilmistir [44].



S.A. Yeniceri, E.M. Gomak Goger, A. Kiigiikgetin Akademik Gida 19(4) (2021) 414-423

BULGULAR ve TARTISMA

Ayran Uretimlerinde kullanilan rekonstitiye sutlerin
ortalama kurumadde, yag, protein, kul, pH ve titrasyon
asitligi (%laktik asit) degerleri %8 kurumaddeli sit igin

siraslyla  %7.9940.06, %0.10+0.00, %2.83+0.30,
%0.70+£0.02, 6.70+0.03 ve %0.16£0.02; %12
kurumaddeli sut icin ise sirasiyla %12.00+0.01,

%0.15+0.00, %4.25+0.34, %1.01+0.03, 6.68+0.03 ve
%0.18+0.02 olarak belirlenmistir. TS 1018 Cig Inek Siitii
Standardina goére inek sutlerinde protein miktarinin en az
%?2.8, titrasyon asitligi degerinin ise laktik asit cinsinden
en ¢ok %0.2 olmasi gerektigi bildirilmistir [35].
Uretimlerde kullanilan siit 6rneklerinde saptanan
degerlerin, standartta belirtilen degerler ile uyumlu oldugu
gorilmustir.  Tim  ayran  orneklerinin  ortalama
kurumadde, yag, protein ve kil degerleri sirasiyla
%8.1940.03, %0.10+0.00, %2.92+0.08 ve %1.05+0.00
olarak belirlenmigtir. Fermente Sut Urlinleri Tebligi'ne
goére ayranin protein miktarinin en az %2.0, yagsiz
ayranda yag miktarinin ise en ¢ok %0.5 olmasi gerektigi
belirtimektedir [8]. TS 6800 Ayran Standardina gore ise
ayranlarin yagsiz kurumadde miktarinin en az %6, yagsiz
ayranda yag miktarinin ise en ¢ok %0.5 olmasi gerektigi
bildiriimistir [7]. Uretilen ayran érneklerinde saptanan
degerlerin, ilgili teblig ve standartta belirtilen degerler ile
uyumlu oldugu belirlenmistir.

Ayran drneklerinin pH degerlerinin depolamanin 1.
ginunde 4.20-4.25, 15. glnunde 4.10-4.16 ve 30.

gininde 4.02-4.07 arasinda degistigi belirlenmigtir
(Tablo 1). Kontrol grubu ayran Orneklerinin  pH
degerlerinin probiyotik ayran o&rneklerine goére daha
yuksek oldugu, bununla birlikte L. acidophilus igeren
probiyotik ayran érnekleri ile B. bifidum igceren probiyotik
ayran Orneklerinin pH degerleri arasindaki farkliligin
onemli olmadigi (P>0.05) tespit edilmistir (Tablo 2).
Uretim yénteminin ayran &rneklerinin pH degerleri
Uzerine etkisinin 6nemli olmadigi belirlenmistir (P>0.05).
Ayrica 30 gunlik depolama sonunda o6rneklerin pH
degerlerinin azaldigi ve bu azalmanin istatistiksel olarak
6nemli oldugu (P<0.05) bulunmustur. Depolama
suresince ayranlarin pH degerlerindeki azalmanin,
ayranla ilgili yapilan diger ¢alismalarin sonuglari [4, 45-
48] ile uyumlu oldugu tespit edilmistir. Sitte bulunan
laktozun fermente sut drdnleri Gretimlerinde kullanilan
starter kultir bakterileri tarafindan metabolize edilmesiyle
laktik asit gibi organik asitler, az miktarda CO:2 ve formik
asit olugsmakta ve Urtnlerin pH degerleri dismektedir [4,
46]. Ayrica depolama sirasindaki post asidifikasyonun, B-
galaktosidaz enzimi ve fermantasyon esnasinda starter
kiltir bakterileri tarafindan uretilip 0-5°C’lerde aktif olan
diger enzimlerin aktivitesinden kaynaklandigi
bildirilmektedir [24]. Hayatoglu [4] yapmis oldugu
galismada probiyotik ayran orneklerinin pH degerinin,
kontrol grubu ayran oOrneklerine goére daha dusuk
oldugunu belirtmigtir. Kontrol ayran érnekleri ile probiyotik
ayran Orneklerinin pH degerleri arasindaki farkhhgin
endustriyel olarak anlamli olmadigi degerlendirilmigtir.

Tablo 1. Probiyotik ayran érneklerinin fizikokimyasal 6zellikleri*

= Depolama Titrasyon asitligi Viskozite Serum ayrilmasi
Omek 000 pH (Oblaktk asit) (cP) o

1 4.25+0.02 0.80+0.04 32.0+0.6 11.0+1.2
S A 15 4.16+0.01 0.93+0.08 33.1+0.2 36.8+1.0
?:% £ 30 4.07+0.02 0.95+0.08 34.2+0.1 39.0+1.2
o O 1 4.20+0.03 0.94+0.04 39.2+4.5 9.5+2.4
% =:C’ B 15 4.11+0.01 1.10£0.02 39.7+1.0 34.2+0.3
<§ o 30 4.05+0.01 1.16+0.02 40.3+2.5 36.3+1.7
5 = 1 4.21+0.03 0.90+0.02 41.242 .1 8.0+0.8
h C 15 4.13+0.03 1.02+0.02 42.0+0.4 33.8+0.5

30 4.04+0.01 1.08+0.04 42.1+4.9 36.0+0.0

1 4.23+0.04 0.90+0.02 36.5+0.7 10.0+0.0
c D 15 4.14+0.03 0.98+0.04 38.9+1.2 35.4+1.7
g 30 4.06+0.02 1.02+0.03 40.2+1.4 37.3+0.9
g E 1 4.22+0.01 0.93+0.02 44.0+0.5 6.8+1.5
8% E 15 4.10+0.03 1.10+0.12 45.8+1.1 31.5+1.0
£ 5 30 4.04+0.02 1.13+0.09 47.8+0.7 35.6+0.9
k3 1 4.21+0.01 0.95+0.02 71.8+0.7 6.5+1.0
> F 15 4.11+0.01 1.04+0.02 76.2+2.3 28.3+0.5

30 4.02+0.01 1.10+0.08 76.5+3.0 31.5+1.9

*. A: Standardize sutten uretilen ve probiyotik bakteri icermeyen ayran, B: Standardize sutten uretilen ve L. acidophilus
iceren ayran, C: Standardize sutten uretilen ve B. bifidum igeren ayran D: Yogurttan Uretilen ve probiyotik bakteri
icermeyen ayran, E: Yogurttan Uretilen ve L. acidophilus igeren ayran, F: Yogdurttan Uretilen ve B. bifidum igeren ayran.
Sonuglar, ortalama de@ertstandart sapma olarak verilmistir.

Ayran  orneklerinin  titrasyon  asitligi  degerlerinin
depolamanin 1. ginidnde 9%0.80-0.95, 15. guninde
%0.93-1.10 ve 30. glninde 9%0.95-1.16 arasinda
degistigi belirlenmistir (Tablo 1). Tablo 2’de géruldugu
Uzere, kontrol grubu ayran orneklerinin titrasyon asitligi
degerlerinin probiyotik bakteri iceren drneklere goére daha
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distk oldugu, bununla birlikte L. acidophilus igeren
probiyotik ayran érneklerinin en yiksek titrasyon asitligi
(%) degerine sahip oldudu belirlenmistir. Yogurttan
Uretilen ayran Orneklerinin, standardize sutten Uretilen
ayran Orneklerine gore daha yuksek titrasyon asitligi
degerine sahip oldugu ve bu farkin istatistiksel olarak
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onemli (P<0.05) oldugu bulunmustur. Sutlin toplam
kurumadde miktarindaki artig, titrasyon asitliginin
artmasina neden olmaktadir [49]. Yogurttan ayran Gretimi
yénteminde kullanilan rekonstitlye sutun
kurumaddesinin daha yiksek olmasindan dolayi bu
yontemle Uretilen ayran Orneklerinin daha ylksek
titrasyon  asitligi  degerlerine  sahip  olabilecegi
degerlendirilmigtir. Ayrica depolama siiresince érneklere
ait titrasyon asitligi (%) degerlerinin arttigi ve bu artigin
istatistiksel olarak énemli (P<0.05) oldugu belirlenmistir.

Depolama siresince starter kdltir faaliyeti ve
mikroorganizmalarin uretmis  oldugu  enzimlerin
aktiviteleri sonucunda fermente sit Grtnlerinin asitliginde
artis meydana geldigi bildiriimektedir [50].
Calismamizdaki sonuglara benzer sekilde Atamer vd.
[45], Tongug [51], Tamucay-Oziinli ve Kogak [50] ve

Ivanovska vd. [47] tarafindan yapilan calismalarda da
ayranlarin

depolama

slresince

titrasyon

degerlerinin arttigi tespit edilmistir.

Tablo 2. Ayran 6rneklerinde depolama suresince belirlenen pH, titrasyon asitligi, viskozite ve serum
ayrilmasi degerlerine ait ortalamalarin Duncan Coklu Karsilastirma Testi sonuglari

_— - Titrasyon asitligi Viskozite Serum Ayrilmasi
Urlin gesidi pH (Ylaktik asit) (cP) (%)
Kontrol 6rnegi 4.14+0.08 a* 0.93+0.08 c 35.7+3.3c 28.2+13.8 a
L. acidophilus igeren ayran 4.11+0.08 b 1.06+0.10 a 42.7+3.6 b 25.6x13.7b
B. bifidum igceren ayran 4.12+0.08 b 1.01£0.08 b 58.2+18.2 a 24.0+13.2¢c
Uretim Yéntemi

Standardize sutten ayran Uretimi 4.13+0.07 a 0.98+0.11 b 38.124.0b 27.1+134 a
Yogurttan ayran Uretimi 4.12+0.08 a 1.01+0.08 a 53.0£16.7 a 24.7£13.1b
Depolama Zamani

1. gln 4.2140.02 a 0.904£0.05c 4401142 b 8.6x1.8 ¢
15. glin 4.1240.02 b 1.02+0.07 b 4594154 a 33.313.0b
30. giin 4.04+0.02 c 1.07+0.08 a 46.8+15.2 a 35.9+2.5a

* Farkli harfle isaretlenen ortalama degerler istatistiksel olarak

Ayran orneklerinin viskozite degerlerinin (Tablo 1)
depolama suresince 32.0-76.5 cP arasinda degistigi
saptanmistir. En dusuk viskozite degerine standardize
sutten dretilen kontrol ayran 6érneginin depolamanin ilk
glndnde, en yuksek viskozite de@erine ise yogurttan
uretilen ve B. bifidum igceren ayran Orneginin
depolamanin 30. glndnde sahip oldugu belirlenmigtir.
Probiyotik ayran orneklerinin, kontrol orneklerine gore
daha ylUksek viskozite degerine sahip oldugu tespit
edilmigtir. En yuksek viskozite degerinin B. bifidum igeren
ayran orneklerine ait oldugu saptanmistir. Bu durumun
calismada kullanilan probiyotik  bakterilerin  farkli
miktarlarda ekzopolisakkarit Gretmeleri ile ilgili olabilecegi
degerlendirilmigti. Bu calismada ayran Uretimlerinde
kullanilan Lactobacillus acidophilus ATCC 4356 [52] ve
B. bifidum DSM 20456 [53] suslarinin ekzopolisakkarit
Uretme yetenegine sahip oldugu bildiriimektedir. Kok Tas
[54] yapmis oldugu ¢alismada, sadece yogurt bakterileri
kullanilarak Uretilen ayran 6rnekleri ile yogurt bakterileri
ve probiyotik bakteriler kullanilarak dretilen ayran
orneklerinin  goéranur viskozite degerleri arasinda
istatistiksel olarak ©6nemli bir fark olmadigini tespit
etmistir. Burucu [31] yapmis oldugu c¢alismada L.
acidophilus bakterisi ile yogurt starter kiltirt kullanilarak
Uretilen ayran 6rneklerinin viskozite degerlerinin, sadece
yogurt starter kaltiri kullanilarak Uretilen ayran
orneklerine ait viskozite degerlerinden daha ylksek
oldugunu belirlemigtir. Hayatoglu [4] yapmis oldugu
calismada sadece yogurt bakterileri kullanilarak Uretilen
kontrol ayran &rneklerinin, probiyotik iceren ayran
orneklerine gore daha dustk viskoziteye sahip oldugunu
tespit etmistir. Probiyotik bakterilerin yogurt bakterilerinin
aktivitesini arttirip fermantasyon suresince Urlnlerin jel
olusturma Ozelliklerini  arttirarak  yuksek viskozite
olusmasinda etkili olabilecegi bildiriimistir [4]. Ayrica
uretim yontemlerinin de ayran &rneklerinin viskozite
degerleri Uzerinde 6nemli bir etkisinin oldugu (P<0.05) ve
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birbirinden farkhdir (P<0.05).

yogurttan

degerlerinin,

Uretilen
standardize

ayran Orneklerine ait
sutten

Uretilen

ayran
Orneklerine ait viskozite degerlerinden daha yuksek
oldugu bulunmustur. Sitin toplam kurumadde igeriginin
artmasi sonucu igilebilir yodurt 6rneklerinin viskozite
degerlerinin arttigi bildirilmektedir [32]. Ayrica viskozite
degeri Uzerinde, kazein ve peyniralti suyu proteinleri
miktarlari arasindaki oran, peyniralti suyu proteinlerinin
denatirasyon orani, asitlik, starter kultir aktivitesi ile
karistirma ve sogutma gibi inkibasyon sonrasi islemler
de etkili olabilmektedir [55, 56]. Yogurttan ayran
Uretiminde kullanilan sitlerin, fermantasyon esnasinda
daha yiksek kurumadde igerigine sahip olmasi ve
uygulanan isil igslemle birlikte icermis oldugu kurumadde
miktarindan dolayi, daha fazla miktarda denatire
peyniralti suyu proteinleri icermesinin ayran érneklerinin
viskozite degerlerini etkileyebilecegi degderlendirilmigtir.
Depolama slresince ayran Orneklerinin  viskozite
degerleri incelendiginde 4°C’de ilk 15 glinlik depolama
suresince viskozite degerlerindeki artisin istatistiksel
olarak 6nemli oldugu (P<0.05), 4°C’de 15 glin depolanan
ayran ornekleri ile 4°C’'de 30 gin depolanan ayran
orneklerinin viskozite degerleri arasinda istatistiksel
olarak é6nemli bir farklilik olmadigi (P>0.05) belirlenmistir.
Depolama silresince viskozite degerinde meydana gelen
arisin ~ fermantasyon  isleminde sGt  drdnlerinin
Uretimlerinde kullanilan yogurt bakterilerinin ve probiyotik
bakterilerin ekzopolisakkarit ve kisa zincirli yag asitlerini
sentezlemesinden kaynaklanabilecegi bildirilmistir [34,
57]. Bununla birlikte sogukta depolama sirasinda pH
disUstne bagh olarak asit kazein jellerinde protein-
protein  etkilesimlerinin de  o6rneklerinin  viskozite
degerlerinde degisime neden olabilecegi belirtilmigtir [32].

Ayran érneklerinin serum ayrilmasi degerlerinin (Tablo 1)
depolama slresince, %6.5-39.0 arasinda degistigi
saptanmistir.  Probiyotik ayran Orneklerinin - serum
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ayrilmasi degerlerinin kontrol grubu ayran érneklerinden
daha disuk oldugu belirlenmistir (Tablo 2). Burucu [31]
yapmis oldugu calismada, calismamiza benzer sekilde
probiyotik bakteri iceren ayran Oorneklerinin serum
ayrilmasi deg@erlerinin kontrol grubu ayran érneklerine ait
serum ayrilmasi dederlerine gére daha disuk oldugunu
belirtmistir. Ayrica standardize sutten Uretilen ayran
Orneklerine ait serum ayrilmasi degerlerinin yogurttan
uretilen ayran Orneklerine ait serum ayriimasi
degerlerinden yiksek oldugu saptanmigtir. Serum
ayrilmasi; sutiin kazein igeriginin arttirilmasi, yogurdun
depolanmasi esnasinda artan asitlige dayanikli ve
ekzopolisakkarit Ureten probiyotik bakteri segimi,
inklibasyon sicakligi ve asit Gretim hizinin disuriimesi ile
veya polisakkarit ilavesiyle azaltilabilmektedir [58].
Calismamizda kullanilan ydntemlerde fermantasyon
sirasinda ayran Uretimlerinde kullanilan  sitlerin
kurumadde miktarlari arasinda farklilik bulunmaktadir.
Standardize sitten Uretilen ayranlarin  viskozite
degderlerinin yogurttan Uretilen ayranlara gore daha dusuk
oldugu da goz onunde bulundurularak serum ayriimasi
degerleri arasindaki farkliigin ayran Uretimlerinde
kullanilan bakterilerin Uretim yontemine bagli olarak farkli
miktarlarda ve yapilarda ekzopolisakkarit Gretmesinden

suresince ayran orneklerinin ortalama serum ayrilmasi
degerlerinin arttigi belirlenmistir (Tablo 2). Depolamada
yogurt bakterilerinin ve probiyotik bakterilerin faaliyetleri
sonucunda proteinler hidrolize ugramakta ve kazein
miselleri tarafindan tutulan serum, protein-protein
etkilesimlerinin  yeniden  dizenlenmesiyle serbest
kalmaktadir. Depolama suresince artan asitlikle birlikte
kazein misellerinin biraraya toplanmasini &nleyen
elektron yiklu gruplar itici kuvvetler olusturarak serumun
ayrilmasini tesvik edilmektedir [59, 60]. Konu ile ilgili
yapilan gesitli calismalarda da benzer sekilde depolama
suresince ayranda serum ayriimasinin arttigi belirtilmistir
[45, 50, 61].

Yapilan mikrobiyolojik analizlerin sonuglari Tablo 3'de
verilmistir. Ayran o6rneklerinde depolama suresince L.
delbrueckii subsp. bulgaricus sayisinin 5.5 ile 8.9 log
kob/mL, S. thermophilus sayisinin 4.5-8.8 log kob/mL,
Uretiminde L. acidophilus kullanilan ayranlarda L.
acidophilus sayisinin 7.6 ile 8.8 log kob/mL, Uretiminde
B. bifidum kullanilan ayranlarda ise B. bifidum sayisinin
6.9 ile 8.7 log kob/mL arasinda degistidi belirlenmistir.
Depolama stresince yogdurt bakterileri, L. acidophilus ve
B. bifidum sayilarinda azalma oldugu tespit edilmistir

kaynaklanabilecegi degerlendirilmigtir. Depolama (Tablo 4).
Tablo 3. Ayran Orneklerindeki L. delbrueckii subsp. bulgaricus,
S. thermophilus, L. acidophilus ve B. bifidum’a ait sayim sonuglari (log
kob/mL)*
-- . Depolama

Omek Bakteri 1.gin__ 15.gin__ 30. gin

A L. delbrueckii subsp. bulgaricus  8.3+0.3 7.6+0.3 5.8+0.2

S. thermophilus 8.5+0.1 7.4+0.2 7.0+#0.2

L. acidophilus 8.7+0.0 8.5+0.1 7.6+0.1

B L. delbrueckii subsp. bulgaricus  8.9+0.1  8.6£0.1  7.8+0.1

S. thermophilus 8.8¢0.1 8.0+0.2 7.0+0.3

B. bifidum 8.7¢0.1 7.840.2 6.9+0.1

C L. delbrueckii subsp. bulgaricus  8.9+0.1 8.4+0.1 7.7+0.2

S. thermophilus 8.6£0.2 7.7+0.2 6.6+0.2

D L. delbrueckii subsp. bulgaricus  7.7+0.3  7.3x0.1  5.5+0.3

S. thermophilus 5.6£0.3 5.0+0.1 4.5+0.0

L. acidophilus 8.840.0 8.740.0 7.7+#0.3

E L. delbrueckii subsp. bulgaricus  8.6£0.0 8.1+0.0 6.9+0.3

S. thermophilus 8.5¢0.1 7.8#0.2 7.0+0.3

B. bifidum 8.7+0.1 8.1+0.2 7.0+#0.2

F L. delbrueckii subsp. bulgaricus  8.8+0.0 8.2+0.1  7.0+0.3

S. thermophilus 8.7+0.1 8.0+¢0.2 6.84#0.3

*. A: Standardize sutten Uretilen ve probiyotik bakteri icermeyen ayran, B: Standardize
sitten Uretilen ve L. acidophilus igeren ayran, C: Standardize sltten Uretilen ve
B. bifidum iceren ayran D: Yogurttan uretilen ve probiyotik bakteri icermeyen ayran,
E: Yogurttan uretilen ve L. acidophilus igeren ayran, F: Yogurttan uretilen ve B. bifidum
iceren ayran. Sonuglar, ortalama degertstandart sapma olarak verilmistir.

Konu ile ilgili literattir incelendiginde; ayran [31, 62, 63] ve
yogurtla [34, 64] ilgili cesitli calismalarda da benzer
sekilde depolama slresince yogurt bakterileri ve/veya
probiyotik bakterileri sayilarinin azaldigr gérilmastur.
Depolama  sirasinda  uUrinde meydana  gelen
biyokimyasal  degisimler, bu degisimlere karsi
duyarlihklarina bagh olarak probiyotik bakterilerin
canliliklarinda azalmaya neden olabilmektedir. Yogurt
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bakterileri, laktobasiller ve bifidobakteriler -galaktosidaz,
B-fosfogalaktosidaz veya her iki enzimi birden
icerebilmektedir. Bu nedenle, canli olmayan probiyotik
bakterilerin metabolik enzimleri, adapte olmus probiyotik
bakterilerin fermantasyon kabiliyetini artirarak
biyokimyasal degisikliklere neden olabilmekte ve bu
degisiklikler de canli probiyotik bakteri sayisinda
azalmaya sebep olabilmektedir [65].
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Tablo 4. Depolama suresince ayran orneklerindeki L. delbrueckii subsp. bulgaricus, S. thermophilus,
L. acidophilus ve B. Bifidum’un sayilarina (log kob/mL) ait ortalamalarin Duncan Coklu Karsilastirma Testi

sonuglari

L. delbrueckii subsp.

Uriin gesidi bulgaricus S. thermophilus L. acidophilus  B. bifidum
Kontrol drnegi 7.0£1.17 b* 6.3t1.55b

L. acidophilus iceren ayran 8.1£0.73 a 7.8+£0.75 a

B. bifidum iceren ayran 8.1£0.72 a 7.7+0.88 a

Uretim Yéntemi

Standardize sutten ayran Gretimi 8.0t1.02 a 7.7£0.79 a 8.3t0.6 a 7.8£0.9 b
Yogurttan ayran Uretimi 7.5£1.02 b 6.8£1.54 b 8.310.6 a 7.910.9 a
Depolama Zamani

1. gin 8.5+0.47 a 8.1+1.24 a 8.740.1 a 8.740.0 a
15. gun 8.0+0.49 b 7.3t1.16 b 8.6+0.1 a 7.910.2 b
30. giin 6.741.00 ¢ 6.4+0.98 ¢ 7.610.1b 6.910.1 ¢

* Farkli harfle isaretlenen ortalama degerler istatistiksel olarak birbirinden farklidir (P<0.05).

Uretiminde kullanilan probiyotik bakteri gesidinin, ayran
orneklerindeki L. delbrueckii subsp. bulgaricus ve S.
thermophilus sayilari Uzerinde o6nemli bir etkisinin
olmadigi (P>0.05), ancak probiyotik ayran drneklerinde
bulunan L. delbrueckii subsp. bulgaricus ve S.
thermophilus sayilarinin kontrol grubu ayran érneklerinde
bulunanlara goére daha yiksek oldugu tespit edilmistir
(Tablo 4). Ayar ve Burucu [63] yapmis olduklari
calismada probiyotik ayranda tespit ettikleri L. delbrueckii
subsp. bulgaricus ile S. thermophilus sayilarinin kontrol
grubu Orneklerinden daha ytiksek oldugunu ve probiyotik
bakterinin yogurt bakterilerinin gelisimini Snemli derecede
arttirdigini bildirmislerdir. Burucu [31] yapmis oldugu
calismada, kontrol grubu ayran 6rneklerindeki ortalama
L. delbrueckii subsp. bulgaricus ve S. thermophilus
sayilarinin, probiyotik ayran &érneklerindeki ortalama L.
delbrueckii subsp. bulgaricus ve S. thermophilus
sayilarindan dusik oldugunu belirtmistir. Calismamizdaki
mikrobiyolojik analiz sonuglari incelendiginde;
standardize sutten Uretilen ayran drneklerindeki ortalama
L. delbrueckii subsp. bulgaricus ve S. thermophilus
sayllarinin yogurttan Uretilen ayran érneklerine gére daha
yuksek oldugu tespit edilmistir. Ayrica yogurttan uretilen
ayran drnegindeki B. bifidum sayisinin standardize sutten
Uretilen ayran o6rnegine goére daha yuksek oldugu
saptanmistir. Standardize sitten Uretilen ayranlarda
tespit edilen yogurt bakterilerinin sayisinin daha yuksek
olmasi nedeniyle B. bifidum gelisimi Uzerinde
antogonistik etki yaptigi dusinidlmektedir.  Yogurt
bakterilerinin (6zellikle L. delbrueckii subsp. bulgaricus),
post asidifikasyon yoluyla probiyotik bakteri gelisimini
azalttigi bildiriimektedir [15]. Bdylece artan titre edilebilir
asitlik ve azalan pH ile birlikte hidrojen peroksit, kisa
zincirli yag asitleri ve bakteriyosinler gibi bazi
metabolitlerin olusumuna bagl olarak bakteri hicrelerinin
zarar gordugu ve probiyotik bakterilerde canhlik kaybi
olabildigi belirtiimektedir [66]. Bununla birlikte asidik
ortamlarda Bifidobakterilerin direncinin diger probiyotik
bakterilere gére daha yuksek oldugu belirtiimektedir [60].
Calisma sonucunda Uretilen tim probiyotik ayran
Ornekleri degerlendirildiginde, drneklerin  depolama
slresince >10° kob/mL probiyotik bakteri igerdigi
belirlenmigtir.
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SONUG

Bu calismada, yogurt starter kiltiri ve probiyotik
bakteriler kullanilarak farkli Gretim yontemleri ile
probiyotik ayran Gretilmistir. Orneklerin fizikokimyasal ve
mikrobiyolojik Ozellikleri karsilastirmali olarak ortaya
konulmustur. Farkli Uretim yontemleri kullanilmasinin
orneklerin fizikokimyasal 6zellikleri ve mikrobiyolojik
Ozellikleri ~ Uzerinde  etkili  oldugu  saptanmistir.
Fizikokimyasal ozellikler bakimindan
degerlendirildiginde, yogurt starter kultlrt ve probiyotik
bakteriler kullanilarak Gretilen yogurdun igilebilir nitelikteki
su ile seyreltilerek ayrana islenmesi olan yogurttan ayran
Uretimi yonteminin  probiyotik ayran Uretimi igcin daha
uygun oldugu belirlenmigtir. Mikrobiyolojik 6zellikler
agisindan degerlendirildiginde ise probiyotik
mikroorganizma olarak L. acidophilus kullaniimasi
durumunda L. acidophilus’'un canliigi Uzerinde Uretim
yontemin herhangi bir etkisinin olmadidi, probiyotik
mikroorganizma olarak B. bifidum’'un kullaniimasi
durumunda ise yogurttan uretilen ayran drneklerdeki B.
bifidum sayisinin daha ylksek oldugu saptanmistir.
Bununla birlikte, her iki Gretim yontemiyle Uretilen ayran
orneklerinde depolama suresince L. acidophilus’un sayisi
B. bifidum’a goére daha ylksek bulunmus, ancak iki
probiyotik bakterinin sayilari arasindaki farkin 1 log
birimden az oldugu belirlenmigtir. Bu nedenlerle
probiyotik ayran Uretiminde probiyotik mikroorganizma
olarak hem L. acidophilus’un hem de B. bifidum’un
kullanilabilecegi, uretim yontemi olarak ise yogurttan
ayran dretim yonteminin kullaniimasinin daha uygun
olacagi degerlendirilmistir.
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Bu calismada, Ege bdlgesinden toplanan turuncggil meyvelerinin (mandalina, limon, greyfurt, portakal) kabuk ve
yapraklarindan (taze ve kurutulmus) elde edilen etanol ekstraktlarinin, gida kaynakli tig Gram pozitif (Staphylococcus
aureus, Listeria monocytogenes, Bacillus cereus) ve dort Gram negatif (Salmonella Typhi, Enterobacter aerogenes,
Pseudomonas aeroginosa) patojen bakteri turl Uzerindeki antimikrobiyal etkilerinin varligi ile minimum inhibitér
konsantrayon (MIC) ve minimum bakterisidal konsantrasyon (MBC) degerleri disk difizyon metodu ile arastiriimistir.
Dort farkli turunggil tlrinin taze ve kuru kabuklarindan elde edilen etanol ekstraktlar igerisinde en yuksek
antimikrobiyal etkileri sirasiyla; 21.51 mm zon gap! ile Listeria monocytogenes ve 34.65 mm zon c¢api ile
Staphylococcus aureus Uzerinde mandalina kabugu etanol ekstraklari géstermistir (p<0.05). Turung¢gil kabuklarindan
elde edilen etanol ekstraktlarinin en disik MIC ve MBC degerleri sirasiyla 11.72 ug/mL ve 3.90 pg/mL ile Listeria
monocytogenes Uzerinde kurutulmus mandalina ve limon kabuklari etanol ekstraktinda oldugu belirlenmistir (p<0.05).
Turunggil yapraklarindan elde edilen etanol ekstraktlarinin en disik MIC ve MBC degerleri ise sirasiyla 5.86 ug/mL
ile Bacillus cereus uzerinde kurutulmus limon ve 3.90 pg/mL ile Listeria monocytogenes Uzerinde kurutulmus
mandalina kabuklari etanol ekstraktinda oldugu belirlenmistir (p<0.05).

Anahtar Kelimeler: Disk difizyon, MIC, MBC, Staphylococcus aureus, Listeria monocytogenes

Antimicrobial Activity of Citrus Peel and Leaf Extracts against Foodborne Pathogenic Bacteria
ABSTRACT

In this study, the presence of antimicrobial effects of ethanol extracts obtained from the peel and leaves (fresh and
dried) of citrus fruits (mandarin, lemon, grapefruit, orange) collected from the Aegean region of Turkey on three Gram
positive (Staphylococcus aureus, Listeria monocytogenes, Bacillus cereus) and four Gram negative (Salmonella
Typhi, Enterobacter aerogenes, Pseudomonas aeroginosa) foodborne pathogenic bacteria species and minimum
inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) values were investigated by disk
diffusion method. Among the ethanol extracts obtained from fresh and dried peels of four different citrus species, the
highest antimicrobial effects were obtained for mandarin peel ethanol extracts on Listeria monocytogenes with a zone
diameter of 21.51 mm and Staphylococcus aureus with a zone diameter of 34.65 mm (p<0.05). The lowest MIC and
MBC values of ethanol extracts of citrus peels were obtained for dried tangerine and lemon peels on Listeria
monocytogenes with 11.72 pug/mL and 3.90 pug/mL (p<0.05), respectively. The lowest MIC and MBC values of ethanol
extracts of citrus leaves were determined for dried lemon peels on Bacillus cereus with 5.86 pg/mL and dried
tangerine peels on Listeria monocytogenes with 3.90 ug/mL (p<0.05), respectively.

Keywords: Disk diffusion, MIC, MBC, Staphylococcus aureus, Listeria monocytogenes
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GiRiS

Turunggiller veya Turunggil Rutaceae familyasinin
Aurantoideae alt familyasina dahil olup birgok tir
icermektedirler. Ancak bunlardan en Onemlileri Citrus
paradisi (altintop), Citrus limon (limon), Citrus sinensis
(tath portakal), Citrus reticula (mandarin), Citrus
aurantium (aci portakal), Citrus maxima ya da Citrus
grandis (Pomelo)dir [1]. insan sagligina énemli yararlari
bulunan turuncggillerin Anavatani Cin, Hindistan ve
Gliney Dogu Asya oldugu belirtiimektedir [2]. Diinyada
Uretimi en fazla olan meyve grubu 140 milyon ton ile
turunggillerdir [3]. Dlnya turuncggil Gretim alaninin en
kuzey sinirinda yer alan Turkiye de turuncgil yetistiriciligi
en fazla Ege, Akdeniz ve kismen de Dogu Karadeniz
bolgelerinde  yapilmaktadir ~ Tarkiye'de  turuncgil
yetigtiriciliginde Uretim miktari olarak en ¢ok payi, toplam

uretim miktarinin  %70'ine sahip olan Cukurova
almaktadir. Turuncgillerin  duyusal kokusu; kabuk
kimyasindaki ugucu yaglardan, karakteristik rengi;

flavonid ve karotenoidlerden, tadi ise; organik asit-seker
(cogunlukla sitrik asit) orani ile az miktarda bulunan
aromatik bilesenlerden kaynaklanmaktadir [4].

Turuncggillerin  dis  kisminda 2 katmandan olugsan
(flavedo ve albedo) kabuk kismi yer almaktadir. En dista
bulunan, saridan portakal kirmizisina kadar degisen
ince tabaka flavedo, flavedonun altinda bulunan; kece
benzeri yapida, beyaz renkli, daha iri hucrelerden
olusan ise albedo tabakasidir. Flavedo kisminda
karotenoid pigmentleri ve yagd hicreleri yer almakta,
albedoda ise su ve besin maddeleri tagiyan damarlar
yer almaktadir [5]. Yapilan calismalarda kabuklarin
bilesimindeki vitamin, toplam fenolik madde ve mineral
madde igeriginin meyve ve meyve suyundan daha
yuksek oldugu tespit edilmistir [6]. GUnimizde turuncgil
turleri ve cesitlerinin kilturd yapilanlarinin buydk bir
¢ogunlugu diploid kromozom vyapisinda olup 2n=18
kromozom igermektedirler [7]. Bilesiminde bulunan folik
ve askorbik asit, lif, potasyum, magnezyum, pektin,
vitaminler (tiamin, niasin, B6 vitamini) flavonoidler ve
karotenoidler ile insan saglig! tzerine olumlu etkileriyle
one cikan turunggillerin bilesenlerinin miktari; turunggilin
olgunluk ve c¢esidi, saklama kosullar, isleme
yontemlerine gore degismektedir [8].

Turunggillerin meyvelerinden gida olarak faydalanmakla
birlikte kabuk, c¢icek veya yapraklarindan parfimeri
sanayisinde kullanilan ugucu yag elde edilebilmektedir.
Elde edilen yaglar ayni zamanda; gida, eczacilik, kimya
ve kozmetik gibi birgok alanda da kullaniimaktadir. Gida
alaninda gazli igeceklerin hazirlanmasinda sitrus
meyvesinin  kabuk yagindan faydalaniimaktadir [5].
Turunggillerin yenilen kisminin haricinde, c¢ekirdek ve
kabuklardan olusan atik kisimlarindan halk arasinda
bazi hastaliklarin tedavisinde de (diyabet, hipertansiyon
gibi) kullanilmaktadir [6].

Bu calismada, dort farkh taze ve kurutulmus turuncgil
meyvesinden elde edilen kabuk ve yapraklarin etanol
ekstraktlarinin, bazi énemli gida kaynakli patojen bakteri
Uzerindeki antibakteriyel etkilerinin varliginin
arastinlmasi amaclanmistir.
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MATERYAL ve METOT
Materyal

Bu c¢alismada kullanilan turunggil meyveleri ve
yapraklari (mandalina (Citrus reticulata), limon (Citrus
lemon), greyfurt, (Citrus paradisi) portakal (Citrus
cinensis)); Ege bdlgesi Aydin ili Soke ilgesinde (37° 42
11"N 27° 21' 56"E ile 37° 42' 21"N 27° 22' 06" E arasi,
denizden yukseklik 40 m) bulunan meyve bahcelerinden
Ekim- Ocak 2020 aylari arasinda hasat edilmigtir.
Orneklerin gerekli alt tiir ve varyete diizeyinde teshisi
Afyon Kocatepe Universitesi Fen Edebiyat Fakiiltesi
Biyoloji BOIumU 6gretim Gyeleri tarafindan yapilmistir.

Orneklerin Analiz igin Hazirlanmasi

Taze olarak kullanilacak kabuk ve yapraklar, hasat
islemlerini takip eden iki gun igerisinde ayriimig, kuru
olarak kullanilacak olanlar ise; ayrildiktan sonra gdlgede
oda sicaklhiginda 15 gtin sure ile kurutulmustur.

Ekstraksiyon islemi

Taze olarak analiz edilecek Ornekler el ve keskin bir
bigak yardimi ile olabildigince kiiglk pargalara ayriimis,
kurutulan o6rnekler ise, laboratuvar tipi degirmende
(D300, Sundem, Turkiye) toz haline gelinceye kadar
ogatulmastar. Ardindan her érnekten 300’er g hassas
terazide (Radwag PS 510 R, Polonya) tartilarak
Uzerleine 1:3 (w/v) oraninda %85’ lik etanolden (Merck,
100983, Almanya) 400 mL ilave edilmistir. Hazirlanan
ornekler shaker (Wiseshake SHO-2D, Witeg, Kore) 120
dev/dk 24 saat calkalanmistir. Ekstraktlar sterlize
edilmis filtre kagidindan (Watman No:32) stzlldikten
sonra, sUzlntideki ¢6zlici rotary evaporatérde
(Heidolph, Almanya) 100 rpm hizda, 40- 50°C
uzaklastinimistir. Elde edilen ekstraktlar ayri ayr steril
cam sigelere alinarak aliminyum folyo ile kaplanmisg,
analizleri tamamlanincaya kadar serin ve karanlik bir
ortama muhafaza edilmiglerdir [9].

Arastirmada Kullanilan Mikroorganizmalar

Arastirmada; Esherichia coli (ATCC 25922), Listeria
monocytogenes (ATCC 51774), Staphylococcus aureus
(ATCC 6538), Enterobacter aerogenes (ATCC 13048),
Pseudomonas aeroginosa (ATCC 10145) Salmonella
Typhi (ATCC 14028) ve Bacillus cereus (ATTC 14579)
Tarlerine ait bakteriler kullanilmistir.

inokulumlarin Hazirlanmasi

Kanli agarda (Merck, 110886, Almanya) 4-7°C'de
muhafaza edilen bakteri suslarindan steril 06ze
yardimiyla alinarak, her bakteri kultiri icin 6zel segici
besiyerine gecilmis ve uygun kosullarda, 24-48 saat
inkiibasyona birakilmistir. inkiibasyon sonunda gelisen
ayri ayri dismus kolonilerden steril bir 6ze yardimiyla ile
alinan koloniler, igerisinde 9 mL steril ringer (Merck,
115525, Almanya) sollsyonu bulunan tipler icerisinde
suspanse edilmis ve homojen bir bulaniklik
olusturulmustur. Ele edilen inokulum sispansiyonunun
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yogunlugu densitometre (Biosan, 1B, Turkiye) ile 0.5
McFarland standardina gére ayarlanmistir. Yogunlugu
ayarlanan inokulumlardan 0.1 mL (10°%-107 kob/mL) steril
bir pipet (Eppendorf, Research plus, Almanya)
yardimiyla alinarak yeni hazirlanmis 22°C’de, katkisiz
Muller Hinton Agar (Merck 1,05437, Almanya) (MHA)
yluzeyine homojen bir sekilde inokule edilmistir.
Inokilim steril drigalski spatulleri (Orlab, Turkiye)
aracihgi ile homojen emilim saglanana kadar petri
yuzeyine yayllmistir [10, 11].

Ekstrakt iceren Disklerin Hazirlanmasi

Elde edilen turunggil ekstraktlarlardan 10’ar pL steril
uclu otomatik pipet (Research Plus, Eppendorf,
Almanya) yardimi ile petri kutulari (Steril, 90 x 15,
Firatmed, Turkiye) icerisine alinarak ve uzerine bos
antibiyotik diskleri (Bio-Disk 316010001) yerlestirilmistir.
Disklerin ekstraklari emmesi i¢in petri kutulari kapaklari
kapali sekilde 1 saat boyunca buzdolabinda (4°C’de)
bekletiimis, ardindan diskler 25°C’de inkubatérde
(Incucell, MMM, Almanya)10-12 saat siure ile
kurutulmustur [12].

Disk Difiizyon Metodu
Aktivitenin Belirlenmesi

ile  Antimikrobiyal

Mueller Hinton Agar (Merck 1,05437) besiyeri ylzeyine
yayllan inokulasyonlarin emilmesi i¢cin 10 dk
beklendikten sonra, turuncgil ekstraklari emdirilmis ve
kurutulmug antibiyogram diskler (Bio-Disk 316010001,
Tuarkiye) besiyerinin ylzeyine olusacak zonlarin bir
birisine degmeyecegdi uzaklikta olacak sekilde penset
aracihgiyla (3'lG ve 4'll) vyerlestiriimis ve disklerin
sabitlenmesi igin 15 dakika petri kutularinin hareketsiz
kalmasi saglanmistir [13]. Daha sonra petri kutulari
icerisine inokue edilen bakteri tiriine uygun kosullarda
Esherichia coli, Staphylococcus aureus, Enterobacter
aerogenes ve Salmonella Typhi aerobik kosullarda,
35£1°C’'de 16-20 saat, Pseudomonas aeroginosa ve
Bacillus cereus; aerobik kosullarda, 30+1°C’de 16-20
saat ve Listeria monocytogenes ise; %5 CO: igeren
ortamda, 35+1°C’de 16-20 saat ettivde (Incucell, MMM,
Almanya) inklibasyona birakiimis [14]. Sire sonunda
olusan zonlar, yeterli giin 15131 altinda digital bir kumpas
(Mitutoyo, 500-181-30, Japonya) yardimiyla olgiimustur
[11].

Minimum inhibisyon Konsantrasyonu (MIC)
Degerinin Belirlenmesi
Birden fazla  konsantrasyonlarda test edilen

antimikrobiyal bilesen veya maddelerin mikrobiyal
gelisiminin gozle goérulur bicimde engellendidi, inhibe
oldugu en dislUk antimikrobiyal konsantrasyon Minimum
inhibisyon Konsantrasyonu (MIC) olarak tanimlanmistir
[15]. Calismada kullanilan bakteri suslari, Mueller-
Hinton broth (Merck 110293) lzerinde inokile edilerek
uygun gelisim sire ve sicakliklarinda inkibasyona
birakilmistir. Bakteriyel suslarin inokulasyonu 24 saatlik
geng kultur kiltirlerden hazirlanmis ve slispansiyonlar
0.5 McFarland turbidite standardina ayarlanmgtir.
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Her biri 2 mL steril Nutrient broth (Merck 1.05443,
Almanya) iceren alti tipten ilkine, 2 mL turunggil
ekstrakti bir steril uglu otomatik pipet (Research Plus,
Eppendorf) kullanilarak ilave edilmigtir. ik tiipteki
turuncggil extrakti ve Nutrient broth karisimindan 2 mL
alinarak, bir sonraki tip icerinde bulunan igerik (2 mL
steril Nutrient broth) ile karistirilmistir. isleme bu sekilde
son tupe kadar devam edilmis, bu sekilde icerisinde ayni
miktarlarda, ancak bir  6nceki tipdn yari
konsantrasyonunda broth ve ekstrak karisimlari elde
edilmigtir. Ayrica, sadece 2 mL Nutrient broth ve
yalnizca 2 mL turuncgil ekstraklari iceren pozitif ve
negatif kontrol tlpleri de olusturulmustur. Ardindan
Tryptic Soy broth (Merck, 105459, Almanya) igerisinde
bulunan geng bakteri suslarindan steril bir otomatik pipet
yardimiyla 1’er yL alinmis ve negatif kontrol tiipu hari¢
tim tapler icerisine inokule edilmis ve tiplerin uygun
sicaklik, zaman ve kosullarda inkiibasyona birakilmigtir.
Sire sonunda bulaniklik, membranli ve ylzeyinde
¢Okelti bulunan tipler bakteri Gremesi pozitif olarak
tanimlanmistir. MIC degeri, pozitif blylime tespit edilen
tip ile bir ©ncesindeki tlpun konsantrasyonlarinin
toplaminin  yarisi alinarak hesaplanmigtir.  Ayrica
inkiibasyon silresinin sonunda negatif kontrol tipinde
bakteri Gremesi olmadidi, ancak pozitif kontrol tiipiinde
bakteri Uremesi oldugu da tespit edilmistir [11, 16, 17].

Minimum Bakterisidal
Degerinin Belirlenmesi

Konsantrasyon (MBC)

Minimum Bakterisidal Konsantrasyon (MBC), MIC
degeri belirlendikten sonra, MIC testinin devami olarak
yapilan bir analizdir [18]. MIC degerinin belirlenmesi
analizinde, gelismenin  gbzlemlendigi ilk tlpten
baslayarak, sonraki tim tlplerden steril bir 06ze
yardimiyla ornekler alinmis ve Muller Hinton Agar
besiyerinin ylzeyine ¢izme seklinde inokule edilmistir.
Ardindan besiyeri her bir bakteri uygun sicaklikta,
zamanda ve Kkosullarda inkibasyona birakiimigtir.
inkiibasyonun ardindan, MBC degeri, petri kutularinda
higbir gelismenin tespit edilmedigi konsantrasyon olarak
belirlenmistir [11, 19, 20].

istatistiksel Analizler

Arastirmada tum analizler U¢ paralel olacak kez
yapiimigtir. Elde edilen sonuglarin istatistiksel analizi
SPSS V 23.0.0.0 programi ile tek yonli ANOVA testi
kullanilarak yapilmistir. Onemli bir farka sahip ortalama
degerler (p<0.05) Duncan’in c¢oklu aralik testleri ile
karsilastirnimistir [21].

BULGULAR ve TARTISMA

Antibakteriyel etki, MIC ve MBC degerleri Uzerinde,
kurutma islemi, turunggil cesidi (kabuk ve yaprak ayri
ayri olacak sekilde), bakteri tirl, kurutma islemi x
turuncgil ¢esidi, kurutma islemi x bakteri tird, turunggil
cesidi x bakteri tirli ve kurutma islemi x turunggil gesidi
x bakteri tiru etkilesimlerinin tamaminin ¢ok fazla etkili
oldugu belirlenmigtir.

Arastirmada kullanilan yedi farkli gida kaynakli patojen
bakteri Uzerinde, dort farkli taze ve kurutulmus turuncgil
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kabugu etanol ekstraktinin antibakteriyel etkisi Tablo
1'de gosterilmistir.

Calismada kullanilan turuncggil kabuklar igerisinde en

Ayrica antibakteriyel etki arastirmada kullanilan
bakteriler arasinda Gram pozitif olanlarda, Gram negatif
olanlara kiyasla daha yuksek olarak tespit edilmistir.
Turuncgil kabuklarina uygulanan kurutma islemi de

yuksek anti bakteriyel etkiyi mandalina kabuklarindan patojen bakteriler Uzerindeki antibakteriyel etkinin
elde edilen etanol ekstraktlari gostermistir (p<0.05). artmasina neden olmustur.
Tablo 1. Turunggil kabuklarinin antimikrobiyal aktivitesi
Table 1. Antimicrobial activity of citrus peels
Bakteri Mandalina Portakal
Taze Kabuk Kuru Kabuk Taze Kabuk Kuru Kabuk
Escherichia coli 10.75£1.41° 7.01£0.17¢ 16.62+0.51° 13.434+0.33¢
Staphylococcus aureus 8.10+0.68° 34.6515.662 18.44+0.292 32.17+0.472
Salmonella Typhi 8.015+1.18° 9.015+1.87¢ 12.61£0.78%  14.01+0.30¢
Enterobacter aerogenes 9.32+1.07° 8.01+0.59¢ 12.11+0.33¢ 12.53+0.17f
Listeria monocytogenes 21.51+2.022 27.7243.39° 13.53+0.45°¢ 20.01+0.21¢
Bacillus cereus 8.19+1.36° 10.77+1.24¢ 13.01+£0.28%  17.17+0.20¢
Pseudomonas aeroginosa 10.05+1.44>  20.785+2.48°  12.45+0.44%  22.28+0.24°
Bakteri Greyfurt Limon
Taze Kabuk Kuru Kabuk Taze Kabuk Kuru Kabuk
Escherichia coli 9.88+0.23°¢ 12.38+0.34¢ 14.77+0.48>  27.09+0.512
Staphylococcus aureus 9.22+0.15¢ 12.62+0.24¢ 17.64+0.422 19.18+0.66°
Salmonella Typhi 10.29+0.20%° 12.33+0.17¢ 12.31+0.22°¢ 16.67+0.35¢
Enterobacter aerogenes 14.26+0.282 26.29+0.782 10.03+0.26¢ 18.63+0.40°
Listeria monocytogenes 14.31£0.252 26.73+0.542 14.51+0.24° 16.22+0.15¢
Bacillus cereus 10.52+0.28° 14.44+0.45° 13.47£0.51°  20.56%0.44°
Pseudomonas aeroginosa 8.38+0.33° 17.08+0.18° 11.53+0.11¢  20.71+0.28°
Dort farkli turunggil turinun taze kabuklarindan elde etmiglerdir. Bu bulgular, arastirma sonuglarimiza

edilen etanol ekstraktlari icerisinde en ylksek
antibakteriyel etkiyi Listeria monocytogenes Uzerinde
21.51 mm zon ¢ap! ile mandalina kabugu etanol
ekstrakti gostermistir. Bu etkiyi sirasiyla Staphylococcus
aureus Uzerinde 18.44 mm zon ¢api ile portakal ve yine
Staphylococcus aureus lzerinde 17.64 mm zon ¢api ile
limon kabugu etanol ekstraktlari gdstermistir (p<0.05).
Benzer sekilde kurutulmus turunggil kabuklarinda ise en
yuksek antibakteriyel etki; 34.65 mm zon c¢api ile
Staphylococcus aureus Uzerinde mandalina kabugu
etanol ekstrakti tarafindan olusturulmustur. Bu etkiyi
siraslyla Staphylococcus aureus Uzerinde 32.17 mm
zon g¢ap! ile portakal ve Listeria monocytogenes
Uzerinde 27.72 mm zon ¢apl ile yine mandalina kabugu
etanol ekstraktlar takip etmiglerdir (p<0.05).

Yapilan aragtirmalar mandalina, portakal, greyfurt ve
limon kabuklari igerisinde en fazla bulunan bilesenin
limonen (> %90) oldugunu ortaya koymustur [22-26]
Limonen gida kaynakli patojen bakteriler (zerinde
yuksek antibakteriyel etkiye sahiptir [27]. Calismamizda
kullandigimiz turuncgil kabuklarinin baslica
antibakteriyel etkisi limonenden kaynaklanmaktadir.

Yashaswini ve Arvind [28] arastirmalarinda portakal
kabuk etanol ekstraktinin patojen bakteriler UGzerinde
yuksek antimikrobiyal etki gdsterdigini ifade etmis, en
yuksek etkinin 19.12 mm zon c¢ap! ile Staphylococcus
aureus Uzerinde oldugunu bildirmislerdir. Ayni sekilde
Dorman ve ark. [29] ve Mandalari ve ark. [30] tarafindan
yapilan arastirmalarda turuncgil kabuklarinda
antibakteriyel aktivite tespit edilmistir. Espina ve ark. [25]
ise mandalina kabugunun limon kabugundan daha fazla
antimikrobiyal  aktiviteye sahip  oldugunu ifade

benzerlik gostermektedir.

Bakterilerin hiicre duvarinin yapisi flavonoidler, fenolik
bilesikler ve polifenollerin neden oldugu lokalize
protonasyon etkilerine kargi ¢ok az tamponlama
kapasitesine sahiptir. Bu durum kolaylikla hiper
asitlesmeye neden olabilir, stoplazma membrani ile
alakall H* -ATPaz iliskisi bozulabilir ve sonugta bakteri
hlcresinin enerji metabolizmasi olumsuz bir sekilde
etkilenerek 6limune neden olabilir [28, 31]. Bu bilesikler
ayrica nikleik asit sentezinin inhibisyonu, sitoplazmik
membran  fonksiyonunun inhibisyonu ve  enerji
metabolizmasinin bozulmasi gibi cesitli mekanizmalar
yoluyla da antimikrobiyal aktivite gdstermektedirler [32].

Yapilan c¢aligmalar (istisnalari olmasina kargin) Gram
pozitif bakterilerin bitki ekstraklarina karsi Gram
negatiflere kiyasla (hiicre duvarinda ek bir polisakkarit
tabakanin varli§i nedeniyle) daha duyarli oldugunu
ortaya koymustur [33, 34]. Gram negatif bakterilerde
bulunan hicre duvari bilesenlerinin yani sira ek bir
lipopolisakkarit tabakasinin varhgi, hiicre duvarinin
etrafinda bozulmamis bir plazma =zari potansiyel
olusturarak daha fazla tamponlama kapasitesine ve
hidrofobiklige sahip olmaktadir. Bu nedenle basit fenolik
bilesiklerin  etkisini engelleyebilir ve bdylece bu
bakterilerin flavoidler ve polifenollere karsi duyarliigini
azaltabilir [28, 31]. Bu galismada elde edilen sonuglar bu
ifadeler ile uyumludur.

Kurutma iglemi kabuklardaki su miktarinin azalmasina,
dolayisi ile fenolik bilesikler ve polifenollerin
konsantrasyonlarinin artmasi neden olmustur. Bunun
sonucunda da kurutulmus kabuklardan elde edilen
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ekstralar daha ylksek antibakteriyel etkilere neden
olmusgtur.

Dort fakli turunggil tirinin yas yapraklarindan elde
edilen etanol ekstraktlari icerisinde en ylksek anti
bakteriyel etkiyi Staphylococcus aureus Uzerinde 18.70
mm zon c¢ap! ile mandalina kabugu etanol ekstrakti
gostermistir. Bu etkiyi yine Staphylococcus aureus
Uzerinde sirasiyla 18.54 mm zon capi ile portakal ve
18.11 mm zon ¢ap! ile limon kabugu etanol ekstraktlar

gOstermistir  (Tablo 2; p<0.05). Benzer sekilde
kurutulmus turunggil kabuklarinda ise en yuksek
antibakterilyel etki; 28.75 mm zon g¢api ile
Staphylococcus aureus Uzerinde mandalina kabugu
etanol ekstrakti tarafindan olusturulmustur. Bu etkiyi
yine Staphylococcus aureus Uzerinde sirasiyla 27.39

mm zon ¢apl ile portakal ve 26.94 mm zon capi ile limon

kabugu etanol ekstraktlari takip etmiglerdir (Tablo 2;

p<0.05).

Tablo 2. Turunggil yapraklarinin antimikrobiyal aktivitesi

Table 2. Antimicrobial activity of citrus leaves

Bakteri Mandalina Portakal

Taze Yaprak Kuru Yaprak Taze Yaprak Kuru Yaprak
Escherichia coli 12.10+0.32°¢ 15.93+0.24°¢ 10.58+0.22° 20.46+0.40¢°
Staphylococcus aureus 18.70+0.46% 28.75+0.24% 18.54+0.312 27.39+0.372
Salmonella Typhi 10.56+0.28¢ 13.25+0.23¢ 9.73+0.14°¢ 20.54+0.40¢
Enterobacter aerogenes 10.93+0.244 12.63+0.11f 9.53+0.11° 24.33+0.29¢
Listeria monocytogenes 15.10+0.17° 16.88+0.13" 11.70+0.11° 26.23+0.13°
Bacillus cereus 14.46+0.25° 16.08+0.18°¢ 11.03£0.13" 25.46+0.21°¢
Pseudomonas aeroginosa 12.86+0.33" 14.20+0.22¢ 9.02+0.15¢ 17.06+0.37f
Bakteri Greyfurt Limon

Taze Yaprak Kuru Yaprak Taze Yaprak Kuru Yaprak
Escherichia coli 11.16+1.34°¢ 12.29+0.76¢ 15.25+0.31°¢ 14.34+0.28°¢
Staphylococcus aureus 16.99+0.292 17.27+0.622 18.11+0.13° 26.94+0.252
Salmonella Typhi 10.73+0.28°¢ 13.85+0.32°¢ 10.27+0.20¢ 14.04+0.30°
Enterobacter aerogenes 10.25+1.28°¢ 12.03+0.29¢ 10.43+0.33¢ 12.48+0.33¢
Listeria monocytogenes 16.65+0.542 17.83+0.422 15.33+0.28°¢ 19.39+0.37°
Bacillus cereus 14.34£0.27° 15.37+0.39° 18.71+0.242 19.80+0.52°
Pseudomonas aeroginosa 7.81+0.35¢ 9.50+0.53¢ 11.34+0.16° 14.31+0.19¢

Turunggil kabuklarinin gosterdigi etki ile kiyaslandiginda
daha dusuk bir antibakteriyel etki gostermelerine karsin
yapraklar igerisinde en ylksek anti bakteriyel etkiyi
kabuklara benzer sekilde mandalina yapraklarindan elde
edilen etanol ekstraktlar gostermistir (p<0.05). Ayni
sekilde yaprak etanol ekstraktlari Gram pozitif bakteriler
Uzerinde Gram negatiflere kiyasla daha etkili
olmuslardir. Kabuk etanol ekstraktlarinda oldugu sekilde
kurutma igslemi yine patojen bakteriler Uzerindeki
antibakteriyel etkinin artmasina neden olmustur.

Hojjati ve Barzegar [35] limon yapraklarinin elde edilen
etanol ekstraktlari en yuksek antibakteriyel etkiyi
calismalarinda kullandiklari Gram pozitif bakterilerden
Bacillus cereus (33.46 mm zon gapi) ve Staphylococcus
aureus (31.52 mm zon ¢api) Uzerinde gosterdiklerini
ifade etmiglerdir. Benzer sekilde Filip ve ark. [36]
portakal  yapraklarinin %70 etanol ekstraktinin
arastirmada kullandiklari  Gram negatif bakteriler
Uzerinde etkili olmadigini, buna karsin Gram pozitif
bakteriler Uzerinde etkili oldugunu bildirmislerdir. Bu
sonugclar arastirma bulgularimiza paralellik
gOstermektedir.

Lawal ve ark. [37] mandalina vyapraklarinin ana
bileseninin pinokarvon, Hojjati ve Barzegar [35], Huang
ve ark. [38], Waikedre ve ark. [39], ve Abdel-Gaber ve
ark. [40] mandalina portakal ve limon yapraklarinin ana
bilegeninin linaol ve Paoli ve ark. [41] ise greyfurt
yapraklarinin  ana  bilesenin  sabinen  oldugunu
bildirmislerdir.

Yapilan arastirmalar pinokarvon, linaol ve sabinen’in
yuksek antibakteriyel etkisinin  oldugunu ortaya
koymaktadir [42-46]. Buna goOre galismamizda turunggil
yapraklarinin tespit edilen antibakteriyel etkisinin baslica
bu g bilesenden kaynaklandigi distntlmektedir.

MIC, mikroorganizmanin gelismesini tamamen durduran
en dusik ilag/ esansiyel yad/ ekstrakt konsantrasyonu
olarak tanimlanmaktadir [47]. Taze ve kurutulmus
turuncgil kabuklarindan elde edilen etanol ekstraktlarinin
yedi farkl gida kaynakli patojen bakteri tizerindeki MIC
degerleri Tablo 3’te gosterilmistir. Buna gore en dusuk
MIC degeri kuru mandalina kabugu etanol ekstraktinda
11.72 pg/mL ile Listeria monocytogenes, en yiksek MIC
degeri ise taze mandalina kabudu etanol ekstraktinda
750 ug/mL ile Enterobacter aerogenes lizerinde oldugu
Uzerinde tespit edilmistir (p<0.05).

Chanthaphon ve ark. [48] arastirma sonuglarimiza
benzer sekilde farkhi turunggil tlrlerinin  kabuk
ekstraktlarinin en disuk MIC degerinin 0.56 mg/mL
deger ile Listeria monocytogenes Uuzerinde kumkat
kabugundan elde edilen ekstraktta oldugunu ifade
etmislerdir. Ayrica arastirmacilar MIC degerlerini,
g¢alismalarinda kullandiklari Gram pozitif bakterilerde
Gram negatif bakterilere kiyasla daha disik olarak
belirlediklerini bildirmislerdir.

Taze ve kurutulmus turunggil yapraklarinin yedi farkl
patojen bakteri Uzerindeki en distk MIC degeri 5.86
pg/mL ile kurutulmus limon yapragi etanol ekstraktinda
Bacillus cereus Uzerinde oldugu belirlenmistir. Bu
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degerin ardindan en dusuk MIC degerleri 8.79 ug/mL ile
siraslyla kurutulmus mandalina ve limon yapragi etanol
ekstraktlari  Salmonella  Typhi ve  Enterobacter
aerogenes Uuzerinde gOstermislerdir. Buna karsin en
yuksek MIC degeri ise 375 ug/mL ile taze greyfurt

yapragi etanol ekstraktinda Pseudomonas aeroginosa
Uzerinde oldugu belirlenmistir (Tablo 4; p<0.05). Ayrica
arastirmamizda kabuklara ve yapraklara uygulanan
kurutma isleminin MIC degeri tGizerinde dusuricu bir etki
gOsterdigi tespit edilmistir.

Tablo 3. Turunggil kabuklarinin minimum inhibisyon konsantrasyon (MIC) degerleri (ug/mL)
Table 3. Minimum inhibitory concentration (MIC) values of citrus peels (ug/mL)

Bakteri Mandalina Portakal

Taze Kabuk Kuru Kabuk Taze Kabuk Taze Kabuk
Escherichia coli 140.63+£66.29"°  140.63+66.29% 35.16+16.57%° 29.30+24.86%°
Staphylococcus aureus 70.32+33.14°¢ 140.63+£66.292° 17.58+8.29%° 35.16+16.57%
Salmonella Typhi 117.194£99.43  35.16+16.57° 29.30+24.86%° 17.58+8.29°
Enterobacter aerogenes 750.004£0.002 281.25+132.582 35.16+16.57%° 46.88+0.00%°
Listeria monocytogenes 281.25£132.58"  11.72+0.00° 17.58+8.292° 17.58+8.29°

Bacillus cereus
Pseudomonas aeroginosa

140.63+66.29"
187.5+0.00*

35.16+16.57°
29.30+24.86°

117.194£99.432
35.16+16.57%

70.32+33.142
35.16+16.57%

Bakteri Greyfurt Limon

Taze Kabuk Kuru Kabuk Taze Kabuk Kuru Kabuk
Escherichia coli 140.63+£66.29°  70.32+33.14° 35.16+16.57% 58.60+49.72°
Staphylococcus aureus 35.12+16.52¢ 35.16+16.57° 17.58+8.29° 23.44+0.00°
Salmonella Typhi 140.63+£66.29°  70.32+33.14° 35.16+16.57% 117.19+£99.43%

Enterobacter aerogenes
Listeria monocytogenes
Bacillus cereus
Pseudomonas aeroginosa

187.50+0.00°
35.16£16.57°¢
187.50+0.00°
375.00+0.002

35.16+16.57°
17.58+8.29°

70.32+33.14°
187.50+0.00°

46.88+0.00%"
23.44+0.00%
70.32+33.142
35.16+16.57%

187.50+0.00%
17.58+8.29°

93.75+0.00%

35.16+16.57°

Tablo 4. Turunggil yapraklarinin minimum inhibisyon konsantrasyon (MIC) degerleri (ug/mL)
Table 4. Minimum inhibitory concentration (MIC) values (ug/mL) of citrus leaves

Bakteri

Mandalina

Taze Yaprak

Kuru Yaprak

Portakal

Taze Yaprak

Kuru Yaprak

Escherichia coli
Staphylococcus aureus
Salmonella Typhi
Enterobacter aerogenes

70.31£33.152
140.63+£66.292
35.16+16.572
140.63+£66.292

23.44+0.00%
58.60+£49.722
8.79+4.152
17.58+8.292

93.75+0.00°
70.31£33.15°¢

140.63166.29"
117.19+99.44°¢

17.58+8.292
14.65+12.43°%
21.48+13.81°
35.15+16.572

Listeria monocytogenes 117.19+£99.447 70.31+£33.15% 281.25+132.582° 93.75+0.00
Bacillus cereus 234.38+£198.87° 117.194£99.442 375.00£0.00% 140.631£66.292
Pseudomonas aeroginosa 93.75+0.002 58.59+49.722 140.63+66.29" 93.75+0.002
Bakteri Greyfurt Limon

Taze Yaprak Kuru Yaprak Taze Yaprak Kuru Yaprak
Escherichia coli 70.31+33.15° 35.16+16.58° 58.59+49.722 11.72+0.00?
Staphylococcus aureus 35.12+£16.52° 23.44+0.00° 93.75+0.002 35.16+16.572
Salmonella Typhi 93.75+0.00° 70.31£33.14° 35.16+£16.577 17.58+8.292
Enterobacter aerogenes 140.63+66.29° 35.16+£16.57° 23.44+0.00° 8.79+4.142
Listeria monocytogenes 35.16+16.57° 17.58+8.29° 140.63+66.29% 46.88+0.00*
Bacillus cereus 140.63+66.29° 93.75+0.00° 17.58+8.292 5.86+0.00?

Pseudomonas aeroginosa

375.00+0.00%

281.25+132.582

117.19+£99.43%

35.16+£16.57

mandalina ve limon kabuklari etanol ekstraktlarinda

Swarnamoni ve ark. [49] Pomelo (Citrus maxima)
yapraklarinin etanol ekstraklarinin en dusik MIC
degerinin  0.312 mg/mL ile arastirmada kullandigi
bakterilerden Pseudomonas aeroginosa Uzerinde
oldugunu belirtmiglerdir. Arastirmacilari elde ettikleri
veriler arastirma bulgularimiza paralellik gdstermektedir.

MBC degeri (mg/L veya pg/mL) incelenen bakterinin
%99.9'unu Oldiren en dusuk ilag/ esansiyel yag/
ekstrakt konsantrasyonu olarak tanimlanmaktadir [46].
Taze ve kurutulmus turuncggil kabuklarindan elde edilen
etanol ekstraktlarinin gida kaynakli yedi farkli patojen
bakteri Uzerindeki MBC degerleri Tablo 5de
gOsterilmistir. Buna gore en disuk MBC degeri 3.90
pg/mL ile Listeria monocytogenes Uzerinde, kurutulmus
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oldugu, buna kargin en yiksek MBC degeri ise taze
mandalina kabugu etanol ekstraktinda 187.5 pg/mL ile
Enterobacter aerogenes Uzerinde oldugu Uizerinde tespit
edilmigtir (Tablo 5; p<0.05).

Chanthaphon ve ark. [48] arastirmalarinda
sonuglarimiza paralel sekilde Gram pozitif bakterilerin
MBC degerlerinin Gram negatif bakterilerden daha
dislk oldugunu belirterek, en distik MBC degerinin
1.13 mg/mL ile Listeria monocytogenes Uzerinde
oldugunu bunu 2.25 mg/mL ile Bacillus cereus’un takip
ettigini bildirmiglerdir.
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Taze ve kurutulmus turunggil yapraklarinin
arastirmamizda  kullandigimiz  patojen  bakteriler
Uzerindeki en dusuk MBC degeri; 3.90 upg/mL ile
kurutulmug mandalina yaprad: etanol ekstraktinda
Listeria monocytogenes Uzerinde oldugu belirlenmistir.

Bu degerin ardindan en disik MBC degeri 5.86 pug/mL
ile kurutulmus portakal yapradi etanol ekstraktinda
Staphylococcus aureus Uzerinde tespit oldugu edilmistir.
En ylksek MBC degeri ise; 250 ug/mL ile taze greyfurt
yapragi etanol ekstraktinda Pseudomonas aeroginosa
Uzerinde oldugu belirlenmistir (Tablo 6; p<0.05).

Tablo 5. Turunggil kabuklarinin minimum bakterisidal konsantrasyon (MBC) degerleri (ug/mL)
Table 5. Minimum bactericidal concentration (MBC) values (ug/mL) of citrus peels

Bakteri Mandalina Portakal

Taze Kabuk Kuru Kabuk Taze Kabuk Taze Kabuk
Escherichia coli 46.88+22.10° 46.88+22.102 11.7245.54% 11.72+5.54b¢
Staphylococcus aureus 31.25+0.00° 62.50+0.002 7.80+0.00° 7.80+0.00°

Salmonella Typhi 23.44+11.05P 15.63+0.00° 11.7245.54% 15.63+0.00%°
Enterobacter aerogenes 187.5+88.392 62.50+0.002 15.63+0.002° 11.7245.54¢
Listeria monocytogenes 93.75+44.19%° 3.90+0.00° 7.80+0.00° 7.80+0.00°
Bacillus cereus 31.25+0.00° 11.72+5.54° 15.63+0.002° 23.44+11.05%
Pseudomonas aeroginosa  93.75+44.19% 11.7245.54>  23.44+11.052 31.25+0.00%
Bakteri Greyfurt Limon

Taze Kabuk Kuru Kabuk Taze Kabuk Kuru Kabuk
Escherichia coli 46.88+22.10% 31.25+0.00° 15.63+0.00° 11.7245.54°
Staphylococcus aureus 11.72+5.54° 7.80+0.00° 11.7245.54> 7.80+0.00°
Salmonella Typhi 62.50£0.00°  46.88+22.10° 15.63+0.00° 19.53+16.58°
Enterobacter aerogenes 46.88+22.10°  23.44+11.05° 23.44+11.05°  23.44+11.05°
Listeria monocytogenes 15.63+0.00°¢ 7.80+0.00° 7.80+0.00° 3.90+0.00?
Bacillus cereus 93.75+44.19%° 31.25+0.00° 46.88+22.102 23.44+11.05°
Pseudomonas aeroginosa 125+0.002 93.75+44.192 11.72+5.54 19.53+16.58°

Tablo 6. Turuncgil yapraklarinin minimum bakterisidal konsantrasyon (MBC) degerleri (ug/mL)

Table 6. Minimum bactericidal concentration (MBC) values (ug/mL) of citrus leaves

Bakteri

Mandalina

Taze Yaprak

Kuru Yaprak

Portakal

Taze Yaprak

Kuru Yaprak

Escherichia coli
Staphylococcus aureus
Salmonella Typhi

Enterobacter aerogenes

Listeria monocytogenes
Bacillus cereus

46.88+22.10%
93.75+44.19%
23.44+11.05°
125+0.00%
93.75+44.19%
187.5+88.39%

11.72+5.522
19.53+£16.572
7.81+2.762
7.81+0.00?
3.90+0.00?
62.50+0.00%

62.50+£0.002
46.88+22.10°
125.00£0.002

62.50+0.00%
125.00£0.002

187.50+88.39%

11.72+5.54%
5.86+2.76°
15.63+0.00%
23.44+11.05%
62.5+0.00%
125.00+0.00%

Pseudomonas aeroginosa 62.5+0.00%° 23.44+11.05° 03.75+44.19°  46.88+22.10*
Bakteri Greyfurt Limon

Taze Yaprak Kuru Yaprak Taze Yaprak Kuru Yaprak
Escherichia coli 46.88+22.10%*  23.44+11.05° 31.2545.542 7.81+0.00?
Staphylococcus aureus 23.44£11.05° 9.77+8.28° 39.06+0.002 23.44+11.252
Salmonella Typhi 62.50+0.00% 46.88+22.10° 31.25+16.582 11.714+5.532
Enterobacter aerogenes 93.75+44.19% 31.25+0.00° 15.62+11.05% 7.81+£0.00*
Listeria monocytogenes 23.44+11.05° 11.71£5.53° 93.72+0.00% 31.25+0.002
Bacillus cereus 125.00£0.00% 62.50+0.002° 15.62+11.052 23.44+11.252
Pseudomonas aeroginosa 250.0040.008  187.50+88.392 93.75+5.542 19.53+16.582

Ayrica arastirmamizda kabuklara ve yapraklara
uygulanan kurutma igleminin MIC degerlerine benzer
sekilde MBC degeri Uzerinde de dusuricli bir etki
gOsterdigi ortaya konulmustur. Swarnamoni ve ark. [49]
Pomelo (Citrus maxima) yapraklarinin  etanol
ekstraktlarinin en digik MBC degerlerini 1.25 mg/mL ile
Pseudomonas aeroginosa Uzerinde oldugunu
belirtmiglerdir.

SONUG
Bu arastirma dort farkli turunggil meyvesinin taze ve

kurutulmus kabuk ve yapraklarindan elde edilen etanol
ekstraktlarinin  gida kaynakh yedi farkli bakteri
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Uzerindeki antibakteriyel etkilerini ortaya koymustur.
Calismada kullanilan turunggil kabuklar igerisinde en
yuksek anti bakteriyel etkiyi mandalina kabuklarindan
elde edilen etanol ekstraktlari gostermistir. En dusuk
MIC ve MBC degerleri kuru mandalina kabugu etanol
ekstraktinda Listeria monocytogenes Uzerinde oldugu
belirlenmistir.

Son vyillarda bitkilerden elde edilen dogal bilesiklere
karsi olusan ilgi tip, gida ve eczacilik alanlarinda hizla
yayllmaktadir. Elde edilen bilesiklerin ortaya koymus
oldugu antibakteriyel etki bu bilesiklerin gida, tip,
eczacllik, ziraat ve veteriner alanlarinda
kullanilabileceg@ini ortaya koymaktadir. Ayrica 6zellikle
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son yillarda bakterilerin antibiyotiklere kargi gostermis
oldugu direncin kiriimasinda bu bilegiklerin alternatif

olarak  kullanim

imkanlari  oldugu  goérilmektedir.

Suphesiz ki bahsedilen etkilerin saglanabilmesi adina
konu hakkinda daha kapsamli calismalar yapilmasi,
etken bilesenlerin insan ve hayvan saghdi ile gidalar
Uzerindeki etkilerinin ortaya konulmasi gerekmektedir.
Bu amagla arastirmanin ileride yapilacak olan benzer
calismalara kaynak olacagi Uimit edilmektedir.
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6z

Mikroplastik (MP) birikimi gevre ve insan sagligi bakimindan énemini korumaktadir. Plastiklerin kiigik parcaciklara (<5
mm c¢ap) ayrilmasiyla insan ve hayvan saghgi ile ekosistem Uzerinde yol actigi sonuglarin arastiriimasi
gerekmektedir. Cevreye verdigi zararin yani sira hem insan hem de hayvan saglgi agisindan potansiyel bir risk
unsuru olan mikroplastiklerin gida maddelerinde ne kadar bulundugu konusunda detayli veriler bulunmamaktadir.
Gerek Uretim asamalarinda kullanilan katki maddeleri gerekse de bozunma UrUnlerinin toksisitesi sebebiyle
mikroplastikler saglik agisindan énemli bir risk olusturmaktadirlar. Bu galismada, tim tiketicileri yakindan ilgilendiren
gida maddelerindeki mikroplastik miktarini belirlemek igin son yillarda yapilan MP’ler ile ilgili arastirmalar derlenmigtir.
Gida ekosistemi agisindan 6zellikle deniz Urlnlerinde (6zellikle midye ve karides) ve deniz tuzunda MP birikimi tespit
edilmistir. Bu durum yaygin olarak bildirilmis bir ¢cevresel konu olmakla birlikte gida enduUstrisindeki etkisi Uzerine
yapilan galigmalar henlz yeterli sayida degildir.

Anahtar Kelimeler: Plastik, Mikroplastik, Gida guvenligi, Risk dederlendirmesi

Microplastics and Food Safety
ABSTRACT

Microplastic (MP) accumulation maintains its importance in terms of environmental and human health. As plastics
breakdown into tiny particles (<5 mm diameter), the consequences on human and animal health and ecosystem need
to be further studied. In addition to its damage to environment, we do not have much data on how much MPs are
present in food stuffs, which is a potential risk for both animal and human health. Microplastics pose a significant
health risk due to both the additives used in the production stages and the toxicity of decomposition products. In this
article, studies on MPs have been compiled in recent years to determine the amount of microplastics in food stuffs
that are closely related to all consumers. In terms of the food ecosystem, MP accumulation has been detected
especially in seafood (especially mussels and shrimp) and sea salt. It is a widely reported environmental issue, but its
impact on food industry has been somewhat under-reported.

Keywords: Plastic, Microplastics, Food safety, Risk assessment

GIRIS milyon tona ulagmistir [1]. Bu dUretim miktarinin 2025

yilina kadar iki katina gikacagi 2050 yilinda ise g kattan
1950 yilinda hayatimiza giren plastigin Gretimi ve fazla artarak 1 milyar tona ulasacagdi 6n gérulmektedir.
tuketimi katlanarak artmaktadir. 1950 yilinda 1,5 milyon Tuketimin  bu kadar yiksek olmasi atik yonetimi
ton plastik uretilirken bu miktar 2017 yili itibariyla 348 sorununu da beraberinde getirmektedir. Sadece 2010
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yih igerisinde 4.8-12.7 milyon ton plastik atigin
okyanuslara atildigi ve okyanuslarda yizen plastik
miktarinin 280 bin tondan fazla oldugu tahmin
edilmektedir. Birgok plastik ¢cok yavas bozunmaktadir.
Cok sayida plastik atik, bertaraf edilmesiyle ilgili kati
dizenlemelerin olmamasi nedeniyle sucul ve karasal
ortamlarda ciddi kirlilige neden olmaktadir [2, 3]. Ancak
ultraviyole (UV) 1sida ve slrekli asinmaya maruz
kaldiginda ise bu sire¢ 6nemli dlgiide hizlanmaktadir.
Plastik atiklar, “mikroplastik” adi verilen kiiglik parcalara
ayrildiklarinda (boyut < 5 mm) daha da blyuk tehlikeler
olustururlar.

Son yillada tizerinde en ¢ok durulan konularindan biri de
mikroplastiklerdir. Mikroplastigin uluslararasi alanda
kabul goérmis net bir tanimi yoktur. Mikroplastikler
degisen boyut ve kimyasal bilesime sahip pargaciklari
igerir. 2008 yilinda Ulusal Okyanus ve Atmosfer Dairesi
(NOAA) tarafindan genel olarak MP denildiginde
organizmalar i¢in zararh olabilecek boyutu 5 mm’den
kiguk  plastik  parcaciklari  ifade  edilmektedir.
Mikroplastik kontaminasyonun ana sebepleri olarak
plastik atiklarin yavas yavas pargalanarak cevreye
dagilmasini ve guzellik Grtnlerinde eksfoliyan olarak
mikro boncuklarin kullaniimasini gida ambalajlari ve

icecek siselerini, sentetik tekstil drtnlerini, arag
lastiklerini, boyalari, kisisel bakim Urunlerini ve
elektronik  ekipmanlarinin  yaygin ve gelisigtzel
kullanimini  séylemek mumkunddr. Kuguk boyutlari

nedeniyle bu Kirleticiler su filtrasyon sistemlerinden
gecebilir ve ciddi gevresel ve gida givenligi endiselerine

neden olabilirler. Gida ambalajlari ve igecek siseleri,
sentetik tekstil Grlnleri, ara¢ lastikleri, boyalar, kisisel
bakim drlnleri ve elektronik ekipmanlarin yaygin ve
gelisiglzel kullanimi, g¢evrenin ve gida zincirinin MP
kontaminasyonuna ana katkida bulunanlardan biridir [4].
Plastikler kolayca parcalanamazlar. Plastikler,
fotodegradasyon surecinde guinesten gelen ultraviyole
(UV) radyasyon pargalanir, buylk bir plastik birimi
zamanla daha kiguk ve daha kuguk parcalara ayrilarak
plastigin kimyasal vyapisini bozulur (Tablo 1). Bu
Urtnlerin bozunmasi uzun bir zaman, muhtemelen
yuzlerce yil alacaktir. Bozunmasinin ne kadar slrecegini
belirlemek, polimer tird, boyutu, kalinhgi ve cevresel
kosullar (6rnedin, glines 1sigina maruz kalma miktar
veya konum — kara veya suda) gibi cesitli faktorlere
baglidir. Plastikler daha kiglik pargalara ayrildikga
"mikroplastikler" olarak bilinen kigtk plastik parcalari
(yani uzunlugu 5 mm'den az) Uretirler [5].

Mikroplastikler birincil ve ikincil MP’ler olmak Uzere ikiye
ayrilmaktadir. MP'ler dogrudan insan aktivitesinden
(birincil MP'ler) veya daha blylk plastik nesnelerin
(ikincil  MP'ler) mekanik, biyodegradasyon ve
fotodegradasyon ile pargalanabilen lifler, fragmanlar,
sferoidler, boncuklar, graniiller, pelletler veya pullar
olarak bulunabilir. Birincil mikroplastikler 6zellikle mikro
boyutta  Uretilmis  plastikleri kapsarken ikincil
mikroplastikler ise daha bulydk boyutta Uretilen
plastiklerin zaman igerisinde kirilmasi, pargalanmasi
sonucu meydana gelen pargalari ifade etmektedir [5].

Tablo 1. Cesitli polimer yogunluk degerleri ve dogada bozunma sdreleri [6, 7]
Table 1. Various polymer density values and degradation times in the environment [6, 7]

Polimer Polimer yogunlugu (g/cm?®) Dogada Bozunma Siresi(yil)
Polipropilen (PP) 0.90-0.91 10-600

Polietilen (PE) 0.965-0.971 10-600

Poliamid (naylon)(PA) 1.02-1.05

Polistiren (PS) 1.04-11 50-80

Polivinil klortr (PVC) 1.16-1.58 50-100+

Polyester 1.23-2.3

Polietilen teraftalat (PET) 1.37-1.45 ~450

Birincil mikroplastikler cogunlukla kozmetik sektoriinde
kullanilir. Mikrokire veya pellet seklinde uretilirler ve
genel olarak dis macunu ve kremler gibi kisisel temizlik
driinlerinin igerisinde bulunur. ikincil mikroplastikler ise
okyanuslarda yuzen plastik yidinlarinin gesitli sebeplerle
(uzun sure ultraviyole Isinlara  maruz kalma,
mikroorganizmalar, deniz canlilarinin etkisi vb.) fiziki
olarak daha kiglk pargalara pargalanmasi ve
ayrismasindan kaynaklanir. ikincil MP’ler birincil MP’lere
gore dogada daha fazla bulunur [8]. Araglarin
lastiklerinden kopan mikroplastikler okyanuslardaki
plastik atik birikintilerinin asil sebebini olugturmaktadir
(Sekil 1). Deniz ve okyanuslarda bulunan MP’lerin %69-
81 oraninda ikincil mikroplastikler oldugu bildirilmistir [9].

Mikroplastikler gevresel kirleticiler ve Uretim suregleri
sirasinda eklenen diger kimyasallar igcin ara¢ veya
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tastyici gorevi gorebilir. Stiren, toksik metaller, ftalatlar,
bisfenol A, poliklorlu bifeniller ve polisiklik aromatik
hidrokarbonlar ~ gibi ~ kimyasallar ~ mikroplastiklerin
yuzeyinde emilebilir ve “substrat” olarak islev gorebilir.
Bu Kkirleticiler ve katki maddeleri yutulan MP’lerden
hayvan dokularina aktarilabilir ve temel vicut
fonksiyonlarinin bozulmasina neden olabilir [4].
Mikroplastikler — genellikle 0.1-5000
tanimlanirken, 0.001 pm ile 0.1 pm arasindaki
boyutlarda yer alan MP’lere ‘nanoplastik’ ismi
verilmektedir. Gidalarda nanoplastik varligi hakkinda
literatirde c¢ok fazla veri bulunmamaktadir. Bu
maddelerin  tespit edilebilmesi amaciyla analitik
metotlarin gelistiriimesi hala devam etmektedir [2].

pm  arasinda
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Sekil 1. Okyanuslardaki mikroplastiklerin kaynaklari (%) [10]
Figure 1. Sources of microplastics in the oceans (%) [10]

Gunumuzde tim okyanuslarda, nehirlerde, gollerde, atik
sularda, igme sularinda ve gesitli gida maddelerinde ve
hatta yagmur suyunda dahi mikroplastiklerin varhigi
tespit edilmistir. Mikroplastikler denize karistiktan sonra
genel olarak ¢ok hafif olduklari ve suda batmadiklari igin
¢ok uzak noktalara kadar gidebilmektedir. Arktik ve
Antarktika’da bulunan buzullarin igerisinde  dahi
mikroplastiklere rastlanmistir. Bu kadar genis bir alanda
yayllmalarinda ruzgérlarin da etkisi bulunmaktadir.

Yapilan c¢alismalarda mikroplastiklerin  atmosferde
bulunabildigi bunun yani sira kapali alan ve acgik
alanlarda havada mikroplastiklerin bulundugu
gorulmustur. Mikroplastikler bircok sekil, boyut ve

kimyasal bilesimde yayilmislardir [11, 12].

Cesitli plastik turlerinin ortamdaki MP’lere nasil ayrildigi
ve besin zincirine nasil girdigi hakkinda yeterince bilgi
mevcut degildir. Hayvanlarin MP’lerle kontamine olmus
gidalari yemesiyle mikroplastiklerin besin zincirine
girdigi anlasilmistir. Baliklar surekli su alimi yapmalari
nedeniyle kiguk plastik pargalari yutabilmektedir.
Mikroplastikleri viicuduna almis olan baliklari diger
hayvanlar yediginde mikroplastikler besin zincirinde bir
Ust basamaga  gecgebilmektedirler. Bu  sekilde
mikroplastikler besin zincirinin en Ustline kadar hareket
edebilirler [4].

Mikroplastiklerin dogada bu kadar yaygin olmasinin hem
hayvan hem de insan sagligi Gizerinde olumsuz etkisinin
olabilecedi s6z konusudur. Mikroplastikler hayvanlarin
sindirim sistemini tikayarak onlarin Olimine ya da

beslenme  aligkanliklarini  degistirmesine  neden
olabilirler. Bununla beraber mikroplastiklerin insan
saghgr Uzerindeki etkisi henlz tam anlamiyla

aydinlatlamamistir. Fakat akcigerlerde enflamasyona
yol acmasi ile birincil veya ikincil genotoksik etkilerinin
oldugu yapilan galigmalar ile ortaya konmustur [13].
Mikroplastiklerin  6énemli bir diger etkisi de toksik
kimyasallar igin tasilyici gorevi gormesidir. Ortamda
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bulunan toksik kimyasallar adsorpsiyon yoluyla
mikroplastige tutunur ve daha sonra bu mikroplastigin
canlilar tarafindan yenmesi sonucu sindirim sisteminde
desorbe olurlar. Bdylece toksik maddeler canli
organizmalarin sindirim sistemine girer ve buralarda
birikir. S6z konusu kimyasal maddelerin pek c¢ogu
karsinojen, mutajen ve teratojen etkiye sahip
oldugundan ciddi saglk tehdidine yol agarlar. Demir,
mangan, aliuminyum, kursun, bakir, gimus, ¢inko gibi
agir metaller ve hidrofobik organik kirleticiler bu
maddelere drnek verilebilir. Bunlara ayni zamanda kalici
organik Kkirleticiler de denilmektedir [14]. Plastik
polimerlerin toksisitesi polimer tirine goére farklilik
gostermektedir. Ornegin tatl su istiridyesinde polivinil
klorir (PVC) veya polistiren (PS); polietilen tereftalat
(PET) veya polietlien (PE)e gore daha fazla histolojik
anormalliklere yol agmaktadir [15].

Plastik uretim sirecinde cesitli kimyasal katki maddeleri
kullaniimaktadir. Bu katki maddeleri kimyasal baglarla
polimer matrisine baglanmadigi i¢in kolayca dis ortama
karisabilir. Bu ylzden plastik maddeler daha kuguk
pargalara ayrildikga cevreye verdigi zararin artmasi da
olasidir [16]. Son Urlnde istenen 6zelliklere gore Uretim
prosesinde polimerlere plastiklestirici, antioksidan,
yanma dayanimini arttiricilar, ultraviyole stabilizatorler,
yaglayicilar ve renklendirici maddeler katiimaktadir. Bu
asamada en c¢ok kullanilan katki maddeleri fitalatlar,
bisfenol A, nonilfenol ve alev geciktiricilerdir [17].

Bunun yani sira plastik malzemelerin sahip oldugu
fiziksel 6zellikler gesitli mikroorganizmalar i¢in bir yagsam
alani olusturabilmektedir. Plastik ylzeyde olusan
biyofilmler bir vektor goérevi gorebilir ve patojen
mikroorganizmalar, fekal indikator mikroorganizmalar ve
alglerin ¢ogalmasina yardimci olabilir. Mikroplastikleri
kolonize eden potansiyel zararli mikroorganizmalarin
varligiyla ilgili calismalar literatirde mevcuttur [18].
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Mikroplastikler dogada bu kadar yaygin bulunmalarina
ve glndmizin en popller konularindan biri kabul
edilmekte ancak belirsizlik, degiskenlik ve vicutta
birikimi konusu ¢ozilememistir. Ayrica insan sagligi
Uzerine olan etkileri ile ilgili c¢ok fazla arastirma
yapiimamistir [19]. Mevcut calismalar, hicreleri veya
insan dokularini MP’lere maruz birakan veya fare veya
sican gibi hayvanlari kullanan laboratuvar deneylerine
dayanmaktadir. Buyik oranda MP’le beslenen farelerin
ince bagirsaklarinda iltihaplanma gOrualmastar.
Mikroplastiklere maruz kalan farelerin sperm sayilarinin
kontrol grubuna goére daha disuk oldugu ayrica bu
gruptaki farelerin daha az sayida yavruladigi ve
yavrularinin agirliklarinin kontrol grubuna kiyasla daha
disiik oldugu bildirilmistir. Insan hiicreleri veya dokulari
Uzerindeki in vitro caligmalarin bazilari da toksisite
oldugunu gdstermektedir. Onemli bir soru ise,
mikroplastiklerin insan vicudunda kalabilecegi ve
potansiyel olarak bazi dokularda birikip birikmeyecegidir.
Farelerde yapilan calismalar, yaklasik 5 mikrometre
capinda mikroplastiklerin bagirsaklarda kalabilecegini
veya karacigere ulagabilecegini gOstermistir.
Parcaciklarin hicrelerin igine girebilmesi igin birkag yiz
nanometreden daha kuguk olmasi gerekir [20].

Mikroplastiklere maruz kalma miktariyla ilgili Amerika
Birlesik Devletleri’nde bir tahminleme c¢alismasi
yapilmistir [21]. Buna gore yillik mikroplastik tiketiminin
yasa ve cinsiyete bagl olarak 39000 ila 52000 pargacik
arasinda oldugunu tahmin edilmistir. Hava yoluyla
vicudumuza aliyor olabilecegimiz parcaciklar da dahil
edildiginde bu sayl 121000’e ulagmaktadir.
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Arastirmacilar bu tahminleme modelinde kisilerin musluk
suyu yerine siselenmis su tiketmeleri durumunda bu
saylya 9000 pargacigin daha ilave edilmesi gerektigini
belirtmiglerdir. Bagka bir calismada [22], kisi basina
disen MP aliminin 37-1000'i deniz tuzundan, 4000'i
musluk  suyundan ve 11.000'i kabuklu deniz
Urdnlerinden olmak UGzere 39.000-52.000 parcgacik
oldugu tahmin edilmistir. Benzer bir galismada [23]
dokuz gida maddesi Uzerinden (balik, yumusakga,
kabuklu deniz hayvanlari, musluk suyu, siselenmis su,
tuz, bira ve sut) bir kisinin émri boyunca ne kadar
mikroplastige maruz kalacagi 6n gorulmeye calisiimistir.
Yapilan hesaplamalar sonucu kisi basina ginlik 583
nanogram (ng) mikroplastige maruz kalindigi tahmin
edilmigti. Bu sayi c¢ocuklar igin 184 ng olarak
bulunmustur.

Gida urunlerinin MP kontaminasyonu ve insan gida
glvenligi Uzerindeki etkilerinin galisiimasi yeni ortaya
¢ikan bir alandir ve gri bir alandir. Mikroplastiklerin insan
vicuduna yutulmasi ile iliskili risk, tehlike ve maruz
kalmanin bir fonksiyonudur.

Mikroplastiklerden gelen risklerin degerlendiriimesi igin
tehlike (olumsuz etkilere neden olma potansiyeli), maruz
kalma seviyeleri (insan gidalarinda tespit edilen
miktarlar) ve etkileri (esik seviyelerinin tanimlanmasi)
hakkinda bilgiler gerektirir. Deniz Grlnlerinde, i¢cme
sularinda, tuzda, balda ve gesitli gida Uranlerindeki
mikroplastiklerin konsantrasyonu Uzerine de c¢aligmalar
yapilmistir (Sekil 2).

Seker Tuz Bal

Urtinleri

Sekil 2. Cesitli Granlerde gram, litre, metreklp basina diisen mikroplastik miktari [24]
Figure 2. Microplastic amount per gram, liter, cubic meter in various products [24]

ICME SULARINDA MIKROPLASTIK

Mikroplastiklerin  dogada yayilma yollarini  tespit
edebilmek kolay degildir. Dolayisiyla tatli sulara ne
sekilde bulastiyi hakkinda c¢ok az bilgi mevcuttur.
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Bulagma yollarini bilebilmek igin dncelikle mikroplastigin
Ozelliklerinin iyi bilinmesi gerekmektedir. Tuketiciler
tarafindan kullanilan plastik maddelerin yogunlugu 0.85
ile 1.41 g/cm® arasinda degismektedir. Tath suyun
yogunlugunun 1 g/lcm®  oldugu distndlirse
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mikroplastiklerin bir kismi suda batarken bir kismi suda
yuzer. En ¢ok kullanilan plastik cesitlerinin yogunluk
degerleri ve dogada bozunma sureleri Tablo 1'de
gosterilmistir [25].

icme sularinin artiimasi asamasinda su kaynakli
partikullerle birlikte muhtemelen MP’ler de
uzaklastirimaktadir. Fakat bu sistemlerde de c¢esitli
plastik parcalar kullanildi§i i¢in zamanla bunlarin
asinmasi sonucu sulara mikroplastik gegisi
olabilmektedir. Bununla beraber plastik siselerde satilan
sularda MP varhdi c¢ok daha fazla olabilmektedir.
Nitekim 2018 yilinda yapilan bir galismada sise sularda
da MP kalintilarina rastlanimistir. 11 farkh tek
kullanimlik PET sige sularda litre basina ortalama 14
parca tespit edilmistir. Cok kullanimlik plastik siselerde
bu sayinin litre basina 118 pargaya kadar ¢iktigi
g6zlemlenmistir. En ylksek oran 50 pargallitre ile cam

siselerde bulunmasina ragmen diger siselere kiyasla
istatistiki olarak  6nemli bir farkin bulunmadigi
gOrulmustir [26]. Bir baska calismada 32 siselenmis
maden suyu numunesi MP’ler, pigment ve katki
partikulleri ile kontaminasyon acgisindan arastirilmistir.
Plastik pargaciklarin %95'inden fazlasi 5um'den daha
kiguk ve yaklasik %50'si de 1.5um'den daha kuguk
oldugu tespit edilmistir. Cam siselerde daha buylk
partikiller (~%15> 5um ve <10uym ve ~7%> 10um)
saptanmistir. Cam sisede litre basina 3074-6292; tek
kullanimlik PET siselerde 2649; cok kullanimlik PET
siselerde ise 4889 parca bulunmustur. PET siselerde
muhafaza edilen elde edilen suda, MP’lerin ¢ogu
polietilen teraftalat PET iken cam siselerdeki sularda
polietilen (PE) (%46), polipropilen (PP) (%23) ve stiren-
bitadien-kopolimer (%14) baskin polimer tipleridir
(Tablo 2) [27].

Tablo 2. Sise tirlerine gore tespit edilen mikroplastiklerin polimer tipi dagihmi [27]
Table 2. Polymer type of the detected microplastics with respect to the bottle type (material) [27]

Polimer orani (%) Tek Kullanimlik Pet (%)  Cok Kullanimlik PET (%)  Cam (%)
PET 78 74 3.6
PET+olefin 11 7.7 -

PE 0.7 5.4 46
PP 10 10 23
Stiren-Butadien Kopolimer - - 14
diger 1.0 2.6 13

Ayni calismada depozitolu siselerde tespit edilen
mikroplastik miktari tek kullanimlik siselerden 8 Kkat,
karton kutudaki iceceklerden ise yaklasik 10 kat daha
yuksek bulunmustur. Gazl igecegin bulundugu siselerde
MP miktari gazsiz iceceklerin oldugu siselere gbre daha
yuksek seviyelerde bulunmustur. Bunun sebebinin gazli
iceceklerdeki ylksek basincin plastik maddelerde strese
yol agmasi ve plastik ylzeyinden pargaciklarin
kopmasina sebep olmasinin oldugu disundlmektedir.
Karton ambalajlarda satisa sunulan igeceklerde tespit
edilen polimerler igerisindeki baskin polimerin polietilen
olmasi ayni zamanda selllozun tespit edilmesi stz
konusu kontaminasyonun ambalajdan kaynaklandigi
digtncesine yol agmisgtir. Karton ambalajlarin i¢ ve dis
yuzeyinde polietilen (PE) kaplama ve sellloz materyal
kullaniimaktadir [26].

Cam siselerde mikroplastik seviyesinin bu kadar yiksek
olmasinin sebebinin zaman igerisinde kapak kisminda
meydana gelen asinma sebebiyle oldugu
distnllmektedir. Tespit edilen polimer tiri de bu
hipotezi destekler niteliktedir [27].

Mikroplastikler tatli sularda 0-10° partikil/L arasinda
degisen partikil sayimlari bildiriimistir. Tespit edilen
mikroplastiklerin ~ bagil  konsantrasyonu, konuma,
ornekleme teknigine (filtre boyutu) ve analiz yontemine
baghdir. Rapor edilen MP konsantrasyonlari, kullanilan
filtrelere bagh olarak ortalama 0,00026-4,7 partikal/L
araligindadir. Boyut, sekil ve polimer turd, toksisitesi, ve
icme suyu aritimmin etkinligi MP’leri etkileyebilecek
ozellikleridir [28].
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Sise sularda MP varlidinin en blylUk nedeni kapak ve
acma kapama sirasinda surtinme nedeniyle kapak
materyalinde meydana gelen asinma, yirtilma gibi
fiziksel deformasyonlardir. 2019 yilinda yapilan ¢alisma
mekanik stresin HDPE kapak ve PET sisede MP
varligini dogrudan etkiledigini gostermistir. 3 farkh
markanin sise sularinda yapilan calismada sise
kapaginin i¢ ylizeyinde mm? basina diisen MP miktari A
markasinda 120; B markasinda 2150; C markasinda
373 olarak olgulmustir. B markasinda tespit edilen bu
yuksek duzeyin temel sebebinin kapak sisteminin
tasarimindaki farkhhktan kaynaklandigi
disunllmektedir. Gida kullaniminda genel olarak
glvenli kabul edilen PET ve HDPE ambalajlarin
kullanim sikhgina bagh olarak degismekle birlikte MP
salimi konusunda bazi yetersizlikleri bulunmaktadir.
Markalara bagl olarak sise agzi ve kapaktan suya MP
gecisinde cok fazla farkhhgin olmasi gidayla temas eden
madde ve malzemelerin tanimlanmasi ve
degerlendiriimesinde yeni dizenlemelerin yapilmasini
gerekli kilmaktadir [29].

TUZDA MIKROPLASTIK

Tuz insanlar tarafindan dogrudan tiketilmesinin yani
sira c¢esitli gida maddelerine koruyucu olarak da
katilmaktadir. Bunun yani sira gesitli kozmetik ve kisisel
bakim  Urlnlerinde de kullaniimaktadir.  Yapilan
galismalarda dunya genelinde farkh boélgelerde tuketilen
deniz tuzlarinda mikroplastik tespit edilmigtir. En ylksek
deger kg basina 13500-19800 parcga ile Hirvatistan’da
Uretilen tuzlarda bulunmustur [30].
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Bu konuda ulkemizde yapilan bir calismada deniz, kaya
ve (Ollerden elde edilen tuzlardaki MP orani
arastinlmistir. Calisilan 5 farkh tuz markasinda da MP
tespit edilirken en yiksek kirlilik kilogram basina 46
parca ile deniz tuzunda tespit edilmistir. Kaya tuzundaki
oranlarin nispeten daha dislik oldugu ve bunun
sebebinin de kaya tuzuna mikroplastigin tek bulasma
kaynaginin isleme asamasi oldugu bildirilmistir[31].

Yapilan baska bir calismada [32] ise alti kitada 16
ulke/bdlgeden cografi olarak farkli alanlarda uretilen
toplam 39 farkli tuz markasi arastiriimigtir. Deniz, gol ve
kaya tuzlarinda yapilan calismada tuzlarda en c¢ok
rastlanan polimerlerin PE, PP ve PET oldugu
gOrulmustur. Deniz tuzlarinda tespit edilen
mikroplastiklerin %35 PE, %30 PP, %30 PET; gdl
tuzlarinda %47 PET, %28 PE, %11 Teflon, %10 PET;
kaya tuzlarinda ise %41 PET, %26 PE, %23 PP’den
olustugu tespit edilmistir. Mikroplastik miktari deniz
tuzlarinda 13-629 adet/kg arasinda degismektedir. Kaya
tuzunda bu miktar 0-148 adet/kg olurken gol tuzunda
ise 28-462 adet/kg olarak bulunmustur. Calismada
Asya kitasinda uretilen tuzlarin mikroplastik kirliliginin
diger kita urlnlerine gore yuksek oldugu, en yiuksek MP
kirliligi tespit edilen 10 markanin 9'unun Asya kitasina
ait oldugu gorilmustir. Asya kokenli tuzlarla digerleri
arasindaki fark énemli bulunmus fakat kaya tuzlarinda
boyle bir farkhlikla karsilasilmamistir. Tuz Uretim
asamalarinda rafinasyon prosesinin  MP  varligini
azaltabilecegi belirtilmigtir.

2021 yilinda Afrika’da 8 farkli Ulkede satisa sunulan 23
farkh tuz markasi mikroskobik/spektroskobik tekniklerle
incelenmistir [33]. Calismada tuz érneklerinde kg basina
0.67+1.15 adet ile 3.42+4.94 adet arasinda MP tespit
edilmigtir. Polimerler tirlerine gore incelendiginde polivil
asetat, polipropilen ve polietilenin baskin oldugu
gorulmustir. Bu bilgi MP kontaminasyonunun tuz
paketlerinden kaynaklanmadigini, muhtemelen ya tuz
Uretimi sirasindaki kontaminasyondan ya da deniz
kirliliginden kaynaklandigini géstermektedir.

DENIiZ URUNLERINDE MiKROPLASTIK

Mikroplastikler fiziksel Ozellikleri sebebiyle hem su
yuzeyinde asil kalabildigi hem de suya batabildigi icin
ve ¢ok daha kliguk pargalara ayrilabildigi igin denizler ve
okyanuslarda her tarafa yayilmig durumdadir. Kiyilarda,
aclk denizlerde, kutuplarda, denizdeki ¢okeltilerin
icerisinde olmak Uzere her yerde MP bulunmaktadir. Bu
nedenle su ekosisteminde varhgini sirdiren her tir
canli degisen oranlarda MP Kkiriligine maruz
kalmaktadir. Cok yaygin olmasinin yani sira gorinus ve
boyut olarak planktonlara benzedigi icin pek ¢ok sucul
canli tarafindan yenilmektedir [34].

Plastik mikropartikiller esas olarak hayvanlarin
gastrointestinal kanalinda birikir. Uygun bir sekilde
tiketiimeden 6nce baligin sudan arindiriimasi MP’lere
dogrudan maruz kalmayi en aza indiren yaygin bir
uygulamadir.  Mikroplastikler sucul organizmalarin
bagirsaklarinda biriktigi ve de bagirsaklarin tiketim
oncesi ¢ikarildigi igin insan sagligi Uzerinde dogrudan
etkisinin  olmayacag@i bildirilmigtir. Ancak cikarilan
bagirsaklarin hayvan yemlerine katilmasi sebebiyle
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dolayli yoldan da olsa insan sagligini etkileyecegi
belirtilmigtir. Bununla birlikte, istisnalar arasinda
sardalya, hamsi, butin olarak yenen bir dizi kiglk
boyutlu tatli su baligi gibi kuguk pelajik balik turleri,
kabuklular (6rn. Karides) ve ekinodermler (6rn.
Kestaneler) bulunur. Cift kabuklular da 6zellikle endise
vericidir. Cunkil gastrointestinal sistem de dahil olmak
Uzere tim hayvan (sindirim sistemi ile beraber)
tuketilmektedir. Midyelerde en dusuk mikroplastik
konsantrasyon seviyesi (0.5 pargacik/g'dan az)
Avrupa'da rapor edilmistir. Buna karsilik midye igindeki
en yuksek mikroplastik konsantrasyonu Cin'de 4
pargacik/g olarak gézlemlenmistir [5, 35].

Midye c¢ok genis bir alana dagilmis halde yasadigi ve
¢ok cesitli  sartlari  tolere edebildigi icin  MP
g¢alismalarinda indikator olarak segilen organizmalardan
biridir. Bu konuda ulkemizde yakin zamanda yapilan bir
calismada [36] Turkiye’nin kiy1 seridinin  %76’sini
kapsayacak sekilde (Karadeniz, Marmara Denizi ve
Akdeniz) 23 farkli noktadan alinan midye Oornekleri
incelenmistir. Toplanan 342 midye 6rneginde toplamda
222 adet MP pargacigi tespit edilmistir. Bu MP’lerin
%67.6'sin1 parcaciklar, %28.4’Gnu lifler, kalan kismini
da filmler olusturmaktadir. Tespit edilen pargalarin
polimer turlerine gore dagiliminda ise PET, PP ve PE
One c¢ikmaktadir (sirasiyla %32.9; %28.4; %19.4).
Calismada her lokasyondaki érneklerde MP saptanirken
denizler arasinda anlamh bir farkhilhk olmadigi
gOrulmustur.

Deniz Urunleri arasinda yumusakgalarin sirasiyla 8.07
(partikil/g doku 1slak agirlidi) ve 428.4 partikiil/g 'nin
%50 ve 95 ile en yuksek MP konsantrasyon dagilimina
sahip oldugunu belirlenmigtir. Bu yuzdeler, kabuklular
icin bulunan konsantrasyonlardan yaklasik dort kat daha
yuksek olup baliklardan 40 kat daha ylksektir. Bu
kismen organizmalarin beslenme ekolojisine ve
mikroplastiklerin farkh gevresel bdlmelerdeki dagihmina
baglanabilir [23].

HAVADA MIKROPLASTIK

Dinya plastik uUretiminin %16’sin1 plastik tekstil lifi
olusturmaktadir. Yillik tGretim hacmi 60 milyon metrik ton
olan bu dUrlnler pargalandiginda lif  benzeri
mikroplastikler ortaya ¢ikar ve bunlarin hem ev igi
ortamlarda hem de aglk havada bulundugu tespit
edilmigtir. Tenefflis edilen bu pargalar genellikle viicut
tarafindan tolere edilirken bir kismi ise akcigerlerde
inflamasyon gibi etkilere yol agabilir. Polisiklik aromatik
hidrokarbonlar gibi kontaminantlar ve plastik igerisinde
bulunan boya ve plastiklestirici gibi katki maddeleri
karsinojenik ve mutajenik etki gosterebilir [13].

BALDA ve SEKERDE MIKROPLASTIK

Almanya’da yapilan ve Almanya, Fransa, italya, ispanya
ve Meksika’dan temin edilen 19 bal drneginde yapilan
calismada [37] tim 6rneklerde lifler ve pargaciklari tespit
edilmigtir. Baldaki lif miktari 40-660/kg (ortalama
166+147/kg), pargacik miktari 0-38/kg (ortalama 949 kg)
olarak tespit edilmistir. Lif pargalarinin uzunlugu 40 ym
ile 9 mm arasinda degismektedir. Pargaciklarin boylari
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ise 10-20 ym arasinda Olgilmustir ve ¢ogunlugun mavi
renkte oldugu gorulmustur. Arastirmacilar balda bulunan
bu mikroplastiklerin arilar tarafindan kovana tasinmis
olabilecegini veya balin islenmesi asamasinda meydana
gelen bir bulasma sonucu bala gecmis olabilecegini
belirtmiglerdir. Her iki durum da olasidir ve ayni anda
gerceklesmis de olabilir. Arastirmacilar ayni ¢alismada
seker orneklerinde de MP tespit etmislerdir. Tum rafine
seker Orneklerinde saydam ve renkli lifler (ortalama
217+123/kg) ile parcaciklar (3217/kg) bulunmustur.
Rafine edilmemis seker orneklerinde ise bu sayi c¢ok
daha fazladir. Kilogram basina 560 lif ve 540 pargacik
bulundugu raporlanmistir.

POSET GAYDA MIKROPLASTIK

Kanada’'da yapilan bir ¢alismada sicak suda bekletme
sonrasi poset ¢cayin ambalaj materyalinden suya gecen
mikroplastik miktari arastirilmigtir. Dort farkli markanin
kullanildigi  arastirmada c¢ayin kendisinden gelen
mikroplastikler degerlendirmeye alinmamis olup sadece
ambalaj materyalinden suya gegen MP miktar
hesaplanmistir. Bunu saglamak icin ambalajlar kesilerek
cay ornekleri ¢ikarilmis ve sadece ambalajlar sicak suya
(95°C, 5 dakika) daldirilarak bekletilmistir. Bu islem
sonrasinda mikro ve nano pargaciklarin tespiti elektron
mikroskobu kullanilarak gerceklestirilmigtir. Pogetlerin ve
stzuntinin kimyasal kompozisyonunun belirlenmesi
icin Fourier DontsUmIu Kizilétesi Spektroskopisi (FTIR)
ve X-lsini Fotoelektron Spektrometresi teknidinden
yararlanilmistir.

Calisma sonucunda bir plastik ¢ay poseti ile hazirlanan
cay bardagi basina plastik yikin 16 pg oldugu tahmin
edilmigtir. Bu deger sofra tuzunda (0.005 ug/g tuz)
bildirilen en ylksek seviyenin Uzerindedir. Bununla
birlikte cay poseti oda sicakhginda demlendiginde ¢ok
daha az parcacigin salindig1 gérilmuastar. Mikroplastige
maruz kalma konusunda ambalajin kullanim kosullarinin
ne kadar etkili oldugunu gostermektedir. Bir fincan cayla
beraber 2.3 milyon adet mikron boyutunda (~1-150 pm)
pargacigin ve 14.7 milyar mikron alti(<1 pym) boyuttaki
parcacigin demleme sonucu suya salindiyi tahmin
edilmektedir.

16 pg olarak tahmin edilen 2.3 milyon mikron
blyukluginde pargaciklar ve 14.7 milyar mikron alti
plastik pargaciklar 1 fincan ¢aya salinabilir. Bu sekilde
aciga cikan plastik pargaciklari sadece insanlar
tarafindan tuketiimemekte ayni zamanda atik olarak
kanalizasyona ve su sistemlerine karismakta ve oradan
da cesitli ortamlara yayilarak mikroplastik Kkirliliginin
boyutunu artirmaktadir [38].

TAVUK ETiNDE MIKROPLASTIK

Fransa’da ekstride polistiren kopuk (XPS) tepsilerde
satisa sunulan tavuk eti 6rneklerinde yapilan galismada
[39] 6nemli sonuglar elde edilmistir. FTIR ve mikroskop
kullanilarak Fransa marketlerinde satilan 4 farkh
markaya ait paketlenmis tavuk eti Uzerinde yapilan
incelemede paketlerin i¢ kisminda ve et ile tepsi
arasinda ayni zamanda da ambalajin dis kisminda
mikroplastik varligi saptanmistir. Tepsinin i¢ ve dis
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kisminda tepsi ile et arasinda ve et ile koruyucu film
arasinda MP-XPS pargaciklarina rastlanmis olmasi MP
kontaminasyonunun drinin paketlenme slrecinden

once baslamis  olabilecegi intimalini  akillara
getirmektedir. Uretimin gergeklestirildigi ortamda havada
asili halde  MP-XPS pargaciklari olabilecegi

disunilmektedir. MP’lerin kuglk boyutta olmasi ve
diguk molekdl agirliginin yani sira elektrostatik yuk ile
birlikte gesitli ylzeylere yapisabilme 6zelligi bu ihtimali
kuvvetlendirmektedir. Her ne kadar kullanilan PS
malzeme gida ile temas igin uygun 6zelliklere sahip olsa
da tavuk Uzerinde kalan MP’lerin toksisitesi, stirenin
desorpsiyonu ve pisirme sirasinda ortaya gikabilecek
bozunma Urdnlerinin varhgi 6nemli bir soruna igaret
etmektedir. Tavuk etlerinde tespit edilen mikro
parcaciklar kimyasal yapi, renk ve gdzeneklerin varligi
yonunden XPS tepsi ile benzer yapidadir. Bu nedenle
tepsiden Urine gecip ge¢medigi noktasinda bir soru
isareti yoktur. FTIR spektrumlari ve mikroskobik
analizler sonrasinda ambalaj materyalinin sadece dis
yuzeyinde degil i¢ yuzeyinde de MP varligina
rastlanmistir. Ayni zamanda tavuk eti ile plastik muhir
arasinda da MP-XPS varligi da dikkate alinmalidir.
Ambalaj materyalinin dis ylzeyindeki MP XPS miktar
markaya gore degismekle birlikte kilogram basgina
1.1£1.9 adet ve 10.8+6.0 adet arasinda; i¢ ylzeyde ise
4.0+4.5 adet ile 18.7+8.3 adet arasinda olgllmustir. Her
ornegin kendi igindeki sapmasi yuksek oldugu igin fark
onemli bulunmamigtir. Fakat p degeri 0.05’e ¢ok yakin
bulundugu icin zayif da olsa bir farkliliktan s6z edilebilir.
Calismada elde edilen 6nemli sonuglardan biri de
yilkama sonucunda MP pargaciklarinin etten kolay kolay
uzaklasmadigidir. Bu da gdstermektedir ki pisirme
oncesi eti yikamanin MP vyikine etkisi ¢ok azdir.
Dolayisiyla mikroplastik varliginin énemli kismi pigirme
sirasinda etin  ylzeyinde bulunmaktadir. Ayrica
calismada tespit edilen MP varligindan yola ¢ikilarak
yapilan hesaplamada yetiskin bir insanin giinde yaklasik
1.4 mg MP tikettigi sonucuna varilmistir.

PLASTIK GIDA KAPLARINDA MiKROPLASTIK
Gida dagitim sisteminin kuresel ¢aptaki degerinin 2015

yili verilerine goére 89 milyar ABD dolari oldugu ve yillik
ortalama %2.7 artti§i ifade edilmektedir. Hazir gida ve

icecek sektorine olan talebin artmasi ve degisen
aliskanliklar neticesinde gida endustrisinde plastik
Urinlerin  Ozellikle de tek kullanimlik  plastik

malzemelerin kullanim orani giderek artmaktadir. Diinya
genelinde Uretilen plastiklerin %40’'inin tek kullanimlik
oldugu ve blylk oranda gida ambalajlamada kullanildigi
belirtiimektedir. Bu noktada gidalarin tagindigi plastik
malzemelerin  yapisinn -~ MP  varligi  agisindan
degerlendiriimesi de édnem arz etmektedir. 2020 yilinda
yapilan bir arastirmada [40] yuvarlak ve dikdortgen
sekilli plastik kaplar ile plastik bardaklarin MP varhigi
incelenmistir. Buna gore plastik kaplardan yuvarlak
sekilli olanlardan 12+5.12 mg; dikdortgen seklinde
olanlardan 3815.29 mg; plastik bardaklardan ise 3+1.13
mg MP pargacigi izole edilmistir. Bu c¢alisma MP
konusunda plastik kaplarin sekillerinin dahi énemli bir
parametre oldugunu gostermektedir.
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SONUG

Plastik, hayatimizin hemen hemen her alaninda
kullandigimiz ve kolay kolay da hayatimizdan
clkaramayacagimiz bir maddedir. Plastiklerin tlketiciler
tarafindan bilingsiz kullanimi ve geri doénisimin
yetersiz olmasi g¢evre sorunlarina yol agabilmektedir.
Mikroplastik kontaminasyonu ve dagilimini anlamak,
MP’lerin hangi gidalarda sorun tasinabilecegi, hangi
plastik O6gelerin kontaminasyonu etkiledigini ve eleme
Onlemlerinin alinmasinda faydalidir.

Mikroplastik kirlilik, Arktik kar ve Alp topraklarindan en
derin okyanuslara kadar tim gezegen de tespit
edilmigtir. Mikroplastiklerin boyutlari nedeniyle biyolojik
birikim potansiyelleri ¢cok yuksektir. Pargaciklar toksik
kimyasallar ve zararli mikroplar barindirabilir ve bazi
deniz canlilarina zarar verebilir. Yapilan arastirmalarda
havada, icme sularinda, sofra tuzlarinda, balda, tavuk
eti gibi gida maddeleri MP pargaciklari tespit edilmistir.

Mikroplastik sorunu ancak son zamanlarda fark
edilmesine ragmen, bu konuda yeterince calismanin
oldugunu soylemek glgtir. Mikroplastige insanlarin
maruz kalmasi kiresel bir sorun olarak kabul
edilmektedir ancak belirsizlik, degiskenlik ve yasam
boyu birikim ¢ozilmemistir. Arastirmacilar, su an igin
ortamdaki MP ve nanoplastik seviyelerinin insan
saghgini  etkilemeyecek kadar dusik oldugunu
digstnmektedirler. Ancak, okyanuslarda ve i¢ sularda
plastik kontaminasyonu sadece su ortamini degil
insanlar1 da etkileyen ciddi bir sorun olabilme potansiyeli
yuksektir. Gida zincirindeki MP kontaminasyon son
zamanlarda tuketiciler ve bilim camiasi arasinda blylk
ilgi gormustir. Su anda MP’lerin insan sagligi Gzerindeki
potansiyel olumsuz etkileri hakkinda mevcut bilgiler
yetersiz, daginik ve henuz istenen seviyeden uzaktir.

Su anda Avrupa Birliginde ve Ulkemizde gida
kontaminanti olarak MP’lerle ilgili bir yasal dizenleme
bulunmamaktadir. Gidalarda ve ¢evrede bulunan
MP’lerle ilgili bir yasal gergeve gizilmesine yonelik genel

bir egilim olmakla birlikte bu noktada cesitli bilgi
eksiklikleri bu konuyu zorlastirmaktadir.  Analitik
metotlarda birlikteligin saglanmasi, MP’lerin  toksik

etkilerinin belirlenmesi, izleme verileri gibi konulardaki
eksikliklerin giderilmesi bu konuda yapilacak yasal
dizenlemeler igin de yol g0osterici olacaktir.

Mevcut bilimsel kanitlara dayanarak, mikroplastiklerin
onemli bir gida guvenligi tehdidi olusturmadigini ve
balikgilik Grdnlerinin alimiyla iligkili saglik yararlarinin
potansiyel riskleri asmayacagini belirtmek glvenlidir.
Bununla birlikte, yaygin olarak yutulan plastiklerin
toksikolojik verileri, ylksek sicaklikta pisirme veya
isleme mikroplastiklerin toksisitesi Uzerindeki potansiyel
etki ve dokular ve organlardaki nanoplastik parcaciklarin
translokasyonu, dagilimi ve emilmesi igin spesifik yollar
gibi bircok bilgi boslugu vardir. Farkli gida turlerinden
henuz bilinmeyen mikroplastiklerin alimlari arastirmall
ve tartisiimalidir.

Sorunu kaynaginda azaltmak igin, geri donisimiin daha
yaygin hale getiriimesi, tlketicilerin bilinglendiriimesi ve
konu hakkinda gerekli yasal diizenlemelerin yapilmasi
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hem gida glvenligi hem insan ve hayvan sagligi hem de
ekolojik denge agisindan énem arz etmektedir.
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Baklagiller bezelye, kuru fasulye, mercimek, nohut ve baklayl iceren Fabaceae (Leguminosae) familyasina ait
bitkilerin kuru yenilebilir tohumlaridir. Bakliyatlar, diinya nifusunun 6zellikle hayvansal protein ile beslenemeyen veya
dinsel ve kulturel aliskanliklarindan dolay1 hayvansal besinleri tercih etmeyen kesimleri icin dnemli bir protein kaynagi
olusturmaktadir. Yuksek protein ve lif icerikleri, glutensiz olmalari, distk glisemik indeksi ve antioksidan potansiyelleri
nedeniyle gidalarin beslenme kalitesini iyilestirmek icin ylksek potansiyele sahiptirler. Baklagillerin, yapilarinda
barindirdiklari potasyum, magnezyum, ¢ozinur lif ve kolesterol icermeyen bilesimsel 6zellikleri, saglik Gzerindeki
olumlu etkilerini ortaya ¢ikarmaktadir. Bakliyatlara yonelik farkindalik ve talep giin gegtikge artmakta ve yeni bakliyat
iceren Urlnler, dusuk glisemik indeksli ve lif igerigi bakimindan zengindir. Ayni zamanda, glutensiz, vegan ve
vejetaryen diyetlere artan ilgi, bakliyat tiketiminde artisa neden olmaktadir. Gida formilasyonlarinda bakliyat
proteinlerinin, su ve yag absorpsiyonu, ¢ozunurlik, jel olusturma, emdilsifiye edici aktivite, kdpirme kapasitesi ve
képiik stabilitesi gibi teknolojik ve fonksiyonel dzellikleri éne ¢ikmaktadir. Ozellikle de endiistriyel diizeyde yenilikgi
gida igsleme proseslerinde ve gida formilasyonlari hazirlama alaninda da kullanilabilirligi yiksektir. Bu derlemede
baklagillerin fonksiyonel 6zellikleri ve etkileri hakkinda bilgi verilmis, ayrica bakliyatlarin gida alanindaki alternatif
kullanimlari degerlendirilmistir.

Anahtar Kelimeler: Baklagil, Bitkisel protein, Gida

Legumes: Functional Properties, Health Effects and Potential Uses
ABSTRACT

Legumes are dry edible seeds of plants belonging to the Fabaceae (Leguminosae) family, which include field peas,
dry beans, lentils, chickpeas and faba beans. Pulses constitute an important protein source for the parts of the world
population who cannot be fed with animal protein or do not prefer animal foods due to their religious and cultural
habits. Legumes have high potential to improve the nutritional quality of foods due to their high protein and fiber
content, gluten-free nature, low glycemic index and antioxidant potential. Legumes, which are cholesterol-free, contain
potassium, magnesium, and soluble fiber, and this nature reveals their beneficial effects on human health. The
awareness and demand for pulses are still growing, and new products with various pulses contain proteins and fibers
with a low glycemic index. Simultaneously, the increasing interest in gluten-free, vegan, and vegetarian diets is
accelerating legumes consumption. In food formulations, the technological and functional properties of legume
proteins such as water and oil absorption, solubility, gel-forming, emulsifying activity, foaming capacity, and foam
stability come to the fore. It can also be used in innovative food processing processes and food formulations,
especially at the industrial level. In this review, information about the functional properties of legumes is given, and
alternative uses of legumes in the food applications are evaluated.

Keywords: Legume, Vegetable protein, Food
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GiRiS

"Baklagil" terimi, meyvesi bir kabuk i¢ine alinmig bitkileri
ifade eder. Bakliyat, baklagil ailesinin bir alt grubudur,
ancak “bakliyat” terimi sadece kurutulmus tohumu ifade
eder [1]. Mercimek, bezelye ve nohut gibi baklagiller
onemli bir protein, karbonhidrat, vitamin ve mineral
kaynagidir ve yaygin olarak tuketilir [2]. Baklagiller,
diinya c¢apinda surdurilebilir ve ucuz bir et alternatifi
olarak  degerlendiriimektedir.  Hububattan  sonra
ekonomik agidan en énemli mahsuller arasinda yer alan
bakliyat, dinyadaki ekilebilir arazinin yaklasik %15'ini
(270-300 milyon hektar) temsil etmektedir [3]. Beslenme
acisindan oldukga zengin olan baklagillerde, temel
amino asitleri iceren proteinler (%20-45), kompleks
karbonhidratlar  (=%60) ve diyet lifi (%5-37)
bulunmaktadir. ~ Kolesterol icermeyen  baklagiller
genellikle yer fistigi (=%45), nohut (=%15) ve soya
fasulyesi (=%47) disinda yad bakimindan fakir, ancak
mineral ve vitamin bakimindan zengindirler [4]. Insan
tiketimi igin kullanilan bakliyatlar arasinda; bezelye,
cesitli fasulye turleri, nohut, mercimek, lupin ve diger
arinler bulunmaktadir [5, 6]. Bakliyatlar, dinya
nifusunun Ozellikle hayvansal protein ile beslenemeyen
veya dinsel ve kuilturel aligkanliklarindan dolayi
hayvansal besinleri tercih etmeyen kesimleri igin énemli
bir protein kaynagi olustururlar. Gida proteinlerinin
besleyici degeri ve kalitesi onlarin esansiyel amino asit
bilesimlerine, sindirilebilirliklerine, etki degerleri ve
sagladiklar faydalara gore belirlenmektedir. Hayvansal
proteinler, dokuz adet esansiyel amino asitlerin
tamamini igeririrken, bitkisel proteinler metiyonin ve
sistein gibi igerisinde sulfir barindiran amino asitleri ya
bulundurmazlar ya da az miktarda bulundururlar.
Genellikle temel amino asit olan lizin agisindan zengin
olan baklagiller, %20-45 civarinda protein icermektedir.
Bezelye ve fasulye %17-20 protein orani ile alt siralarda
yer alirken, aci bakla ve soya fasulyesi ise %38-45
protein oraniyla Ust siralarda yer almaktadir [4]. Boye ve
ark. [7] calismalarinda, bezelye cesitlerinin protein

icerigini %23.1 ile %30.9 arasinda belirlemis, yapidaki
albiimin ve globulinin toplam proteinin sirasiyla %15-25
ve %50-60'In1 temsil ettigini belirlemislerdir. Baska bir
bakliyat ¢esidi olan boérilce, lizin agisindan ¢ok zengin,
yuksek sindirilebilirlige sahip, yiksek protein (%22-%30)
kaynag: olarak bildirilmektedir [8]. Baklagillerin, ¢ogu
bitkisel gidadan daha yiksek protein icerigine sahip
olduklari, tahillarin protein igeriginin yaklasik iki kati
kadar protein igerdikleri bildiriimektedir [9]. Baklagillerin
yuksek protein igerigi, bitkinin daha sonra protein
sentezine kattigi, koklerindeki nitrojen  baglayici
bakterilerin aktivitesiyle olan iliskisine baglanmaktadir.
Tdm bunlara ragmen, soya proteini haric baklagil
proteinleri triptofan yani sira metiyonin, sistin ve sistein
gibi kukurt iceren esansiyel amino asitler bakimindan
zayif oldugu gerekgesi ile eksik bir protein kaynagi
olarak kabul edilmektedir [10]. Baklagiller, yapisinda
sulfir igceren amino asitler bulunduran (tahillar gibi)
yiyeceklerle birlikte tiketildiginde dengelenmis ve yeterli
miktarda amino asit alimi saglanmis olmaktadir.
Baklagiller kukurt iceren amino asit agisindan dusuk
(tahillarda ylksek) ve lizin bakimindan yiksek
(tahillarda dustk) olduklarindan, baklagiller ve tahillar
protein agisindan birbirlerini tamamlamaktadir. Besin
dengesi icin baklagiller ve tahillarin 35:65 oraninda
tuketilmesi onerilmektedir [11]. Gidalardan elde edilen
proteinler, peptitler, amino asit ve fenolik bilesikler viicut
antioksidan savunma sistemine katkida bulunmaktadir
[3, 6, 12]. Bakliyatlarda bulunan fenolik bilesikler, fenolik
asitler (6rn. gallik, siringik, klorojenik ve kafeik asit),
flavonoidler (6rn. katesin, epikatesin), antosiyaninler ve
tanenlerdir [6, 8]. Giusti ve ark. [8] tarafindan yapilan
¢alismada, nohut proteini hidrolizatlarindaki antioksidan
peptitleri, gastrointestinal sindirim enzimleri (pepsin ve
pankreatin)  kullanilarak  tanimlanmig, karakterize
edilmig, boylece karakterize edilen peptitlerin in vivo ilgili
bir etkiye sahip olabilecegi bildirilmigtir. Tablo 1'de
baklagillerin besinsel bilesen oranlari yaklagik olarak
gOsterilmigtir.

Tablo 1. Baklagillerin besinsel bilesen oranlari
Table 1. Nutritional component ratios of legumes

Bilesen Miktar (%) Kaynak

Protein 20-45

Karbonhidrat =60 Maphosa ve ark. (2017)
Diyet lifi 5-37

Kul 1-5

Yag 0.83-7.00 Boye ve ark. (2010)

BAKLAGILLERIN SAGLIK AGISINDAN ETKILERI

Duzenli bakliyat tiiketimi ile bazi kronik hastaliklarin
Onlenmesi arasinda pozitif bir korelasyon gbze
carpmaktadir.  GiUnlik baklagil tiketiminin, LDL
kolesterol [13], toplam kolesterol [14], kan basinci, vicut
agirhgi, glisemik indeks (Gl), insulin direncini azaltici
etkiye sahip oldugu rapor edilmektedir [15] Baklagillerin,
yapisinda barindirdigi potasyum, magnezyum, ¢ozunur
lif ve kolesterol barindirmayan bilesimsel Ozellikler,
saglik Uzerindeki olumlu etkilerini ortaya c¢ikarmaktadir.
Bakliyatlar (6zellikle fasulye) mikemmel folat kaynagi
olarak bilinmektedir. Yuksek folat alimi ile kolon kanseri
arasindaki ters oranti folatin nukleotidlerin sentezi ve
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DNA metilasyonuna miidahale ederek, DNA stabilitesini
etkileme kapasitesine sahip olmasi ile
iligkilendiriimektedir [16, 17]. Benzer sekilde Li ve Mao,
[18] galismalarinda duzenli bakliyat tiketimi ile prostat
kanseri riski arasinda ters bir iliski oldugunu rapor
etmisler ve bu durumu baklagillerin fitodstrojen icerigi ile
iliskilendirmiglerdir. Ayrica baklagil tiketiminin,
icerigindeki  flavonol, flavon, izoflavon bilesimleri
nedeniyle meme kanseri riskini azaltabilecegi 06ne

surtlmektedir [19]. Calismalar, hamilelik esnasinda
annenin baklagil  tiketiminin, bebeklerde  akut
lenfoblastik 16semi olugsumuna kargi koruyucu etki

gosterdigini ortaya koymustur [20]. Baklagillerin dusik
glisemik indeks ve yag igeriklerinin yani sira ylksek lif
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icerikleri, kan sekeri ve insllin  seviyelerinde
dengelenmeye yardimci  olmaktadir. Bu durum,
bakliyatlarin tiketimini kilo kontroli igin ideal kilmaktadir
[21]. Ayrica baklagil tiketiminin a¢lk hissini ve akut gida
alimini azalttigi, obezite ve obezite ile iliskili mortalitenin
yonetimine yardimci olabilecegi belirtimektedir [22, 23].
Celleno ve ark. [24] yaptiklari galismada, sindirim enzimi
a-amilaz inhibitérleri iceren fasulye ekstraktlarinin,
nisasta sindirimini azaltarak vicut agirligi, vicut kitle
indeksi ve yag kutlesinde 6nemli dlglide azalmaya yol
actigini rapor etmiglerdir. Baklagillerin, direngli nisasta
ve amiloz igeriginin daha yuksek olmasi nedeniyle tip 2
diabet hastalarinda glisemik kontroli iyilestirdigi
gosterilmistir [25]. Direngli nisasta tiiketiminin artmasi,
gelismis glikoz toleransi ve insdlin duyarliligi ile iligkilidir
[26]. Kisa slreli galigmalar, baklagil tiketiminin kan
sekerini ve insulin tepkilerini disurdiginu ve insulin
duyarhhgini arttirdigini gostermistir [27]. Baklagillerin tip
2 diabet Uzerindeki koruyucu etkisi, ylksek lif icerigi,
disuk glisemik indeks ve izoflavonlar ve lignanlar dahil
olmak Uzere potansiyel biyoaktif bilesenlerin varligi ile
iligkilendirilmistir [28]. Baklagillerin insan saghgina fayda
saglama potansiyeli yuksek olan ve Kkardivaskiler
hastaliklar, dogum o6ncesi ve sonrasi bakimi, diyabet ve
Parkinson hastaligi gibi bazi hastaliklarin dnlenmesine
atfedilen bazi  biyoaktif bilesikler igerdigi ©6ne
surtlmektedir [29, 30]. Bu bilegiklerin bazilari proteinler,
glikozitler, tanenler, polifenoller, saponinler ve alkaloidler
olarak belirtiimektedir [22]. Baklagil tiketiminin sarilik,
dis agrisi Ulser ve kas-iskelet sorunlarinin tedavisinde
kullaniimakta oldugu rapor edilmistir [31]. Anderson ve
Major, [32] baklagil (soya fasulyesi disinda) tiketimi ile,
LDL Kkolesterol seviyesinde % 6.2 ve trigliserid
seviyesinde ise %22’lik azalma tespit edildigini rapor
etmiglerdir. Baklagillerin  hipokolesterolemik etkileri,
¢ozunur diyet lifi, bitkisel protein, oligosakaritler,
izoflavonlar, fosfolipitler ve yag asitleri ve saponinlerle
iligkili olarak degerlendirilmigtir [33].

Patojenlere ve mikroorganizmalara karg! inhibe edici
aktiviteye sahip olan dogal bilesikler, glinimuzde gida
ve saglik alaninda alternatif antimikrobiyal molekiller
olmaya potansiyel adaylardir [34]. Son g¢alismalar,
yaygin fasulye c¢esitlerinin antifungal &zelliklerinin
bitkilerde (Rhizoctonia solani, Mycosphaerella
arachidicola, Fusarium oxysporum, Verticillium dahlia ve
Setosphaeria turcica vs) ve insanda (Helminthosporium
maydis veya Candida albicans'in blyUmesini inhibe
ederek) tespit edildigi bildirilmistir [12]. Lupin protein
hidrolizatlari, farkh gida sistemlerinde Gram (+) ve Gram
(-) mikroorganizma tirlerine karsi antibakteriyel aktivite
gOstermistir, bu da onlarin gidalarda biyokoruyucu
olarak potansiyel kullanimlarini 6ne ¢ikarmaktadir [35].

Baklagiller gesitli gida kaynakli patojenlere karsi
antimikrobiyal ozellikleri nedeniyle Listeria
monocytogenes (nohut  metillenmis proteinler);
Salmonella spp. (Nohut proteini ve bezelye ile

saflastinimis peptit tohumu); Escherichia coli (mercimek
lektinleri, bezelye peptit fraksiyonlari); Staphylococcus
aureus (yaygin bezelye peptid fraksiyonlari ve
saflastirnimis mercimek lektinleri); ve ayrica nozokomiyal
patojenler Pseudomonas aeruginosa (V. faba peptidleri)
calisiimistir [34, 36].
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BILESIMINDEKi ANTIBESINSEL FAKTORLER

Baklagillerde, saghidimiz acgisindan faydali bilesenler
(diyet lifi, dusik yag igerigi, yiuksek protein, mineraller)
oldugu gibi, antibesinsel bilesenler de bulunmaktadir
[37]. Baklagiller, izoflavonlar, lignanlar, proteaz
inhibitorleri, tripsin ve kimotripsin inhibitorleri, saponinler,
alkaloidler, fitodstrojenler ve fitatlar gibi besleyici
olmayan biyoaktif bilesikler icermektedir. Cogu "anti-
besin maddeleri" olarak adlandirilan bu yapilar toksik
olmamalarina ragmen, olumsuz fizyolojik etkiler
olustururarak, protein sindirilebilirligi ve bazi minerallerin
biyoyararlanimina midahale etmektedirler. Genellikle
Istya dayaniksiz olan anti-besinsel maddeler,
islenmeden Once kabuklarindan arindirma, islatma,
kaynatma, buharlama, filizlendirme, kavurma ve
fermantasyon yoluyla detoksifiye edilebilmektedirler [38].

Baklagillerdeki antibesinsel Ogelerin, biyolojik
aktivitesine olan ilgi ve cgalismalar son yillarda ivme
kazanmigtir. Baklagil proteinleri, saglik ve zindeligi
tesvik eden ve belirli hastaliklari 6énleyen veya kontrol
eden, negatif veya pozitif etkileri olan, antibesinler veya
probesinsel faktorler olarak kabul edilmektedir [22, 39].
Yapisal olarak bakliyatlardan elde edilen antibesinsel
faktorler, protein yapisinda olanlar ve protein yapisinda
olmayan bilesikler olarak siniflandirilabilir. Bakliyatlarda
daha yaygin olan antibesinsel proteinler, lektinler,
proteaz inhibitorleri (tripsin ve kimotripsin rekabetgi
inhibitérleri) veya antifungal peptidleri igermektedir.
Proteaz inhibitorleri, insan sindirim sisteminde bulunan
proteolitik enzimler Uzerindeki inhibitdr etkilerinden
dolayi sindirime midahale ederler, pepsin ve midenin
asit pH'ina direnglidirler. Bu nedenle, antibesinsel
faktorlerin seviyeleri bakliyatlarin beslenme kalitesinin
belirlenmesinde 6nemli bir parametre olarak kabul
edilmektedir. Lektinler (aglutininler), spesifik seker ve
proteinlerle kompleksler olusturma kapasitesine sahip
besin emilimini etkileyen glikoproteinlerdir. Ham tohum
veya undaki iceriklerine bagli olarak, lektinlerin
tuketilmesi, siskinlik, kusma, ishal ve kirmizi kan hiicresi
aglutinasyonu gibi olumsuz etkilere neden olabilmektedir
[39, 41]. Baklagillerdeki protein olmayan antibesinsel
faktorler, alkaloidler, fitik asit, tanenler ve saponinler gibi
bilesenlerdir. Bitki savunma mekanizmalarinda da yer
alan alkaloidler, dogal olarak olugan aminlerdir ve tadi
olumsuz etkilemektedir [22, 26, 41]. Polifenoller, pozitif
yUkli proteinler, amino asit ve/veya ¢ok degerlikli
katyonlarla (kalsiyum, demir veya ¢inko dahil)
kompleksler olusturabilmektedir. Ozellikle tanenler,
proteinleri gokeltme potansiyeline sahiptir, bu da protein
sindirilebilirliginin ~ ve amino asit mevcudiyetinin
azalmasina neden olmaktadir. Aslinda, tanenlerin
bizucu  o6zellikleri,  tokdrik  glikoproteinleri ile
kompleksler olusturma kapasiteleri ile birlikte lezzetlerini
azaltir ve bakliyatlarin besin degerini de azaltabilirler
[40, 41]. Bakliyatlardaki antibesinsel faktorler genellikle
olumsuz etkilerine gore: i) protein sindirimini etkileyen
(6rn., Tripsin ve kimotripsin inhibitorleri), ii) mineral
emilimini azaltan (0rn., Lektinler, fitatlar ve oksalatlar) ve
iii) nisasta sindirimini etkileyen (yani, amilaz inhibitérleri
ve saponinler) olarak siniflandirilabilmektedir [42].
Bitkisel protein kaynaklarinin lezzetinin ve protein
sindirilebilirliginin  arttinlmasi i¢cin gerekli islemlerin
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uygulanmasi, aslinda baklagillerin  ihtiva ettigi
antibesinsel ogeleri de inaktive etmekte veya en aza
indirmektedir Ornegin, proteaz inhibitdrleri ve bazi
lektinler 1siya dayaniksizdir ve pisirme sirasinda elimine
edilir veya etkisiz hale getirilebilmektedir. Bununla
birlikte, diger antibesinsel bilesenler (tanenler, fitik asit
veya saponinler dahil) 1siya dayaniklidir ve genellikle
hafif 1sil islemlere direng gostermektedirler. Aslinda,
damitilmis suda islatmanin lektin, toplam ve ¢6zinlr
oksalat icerigini 6nemli dlglide azalttigi bildirilirken, fitik
asit Uzerinde herhangi bir etkisi belirtiimemistir [42]. Bu
durumlarda, antibesinsel igerigi azaltmak / ortadan
kaldirmak ve protein kalitesini arttirmak icin farkl isleme
teknikleri gelistirilmistir. Bunlar; i) fiziksel iglemler
(kabuklarinin agilmasi, bakliyatin pargacik boyutunun
azaltilmasi); i) sl iglemler (islatma, pisirme,
otoklavlama); iii) biyolojik islemler (¢cimlenme / filizlenme)
ve iv) spesifik enzimlerin kullanimi (6rnegin fitaz ile fitik
asit indirgeme) [3]. Tohum zari (kabugu), aci bir tada
sahip olmasinin yaninda normalde sindirilememektedir.
Kabugunu alma, tanenleri ve fitik asit igerigini
azaltmanin yani sira bazi bakliyatlarin lezzetini ve tadini
iyilestirmenin etkili bir yolunu temsil etmektedir. Ayni
sekilde, kabugu ayriimis bilesenlerin sindirilebilirligi, tim
tohumunkinden 6nemli 6lgide daha ylksektir. Kabuk
alma islemi, pisirme sirasinda su alimini iyilestirip,
pisirme siresini azalttigi igin (tohum kabugu su
gecirmez oldugundan) teknolojik avantajlara da sahiptir
[43, 46] llging bir sekilde, konserve isleminin, evde
pisirmeye kiyasla fitat igerigini sinirlandirmada yararl
etkiler yarattig1 bildirilmigtir [47]. Ekstrlzyonla pigirme
islemi ise, nisasta ve proteinler Uzerinde Onemli
modifikasyonlara yol acgarak, bunlarin sindirilebilirligini
artirdigi ve tripsin inhibitorlerinin, lektinlerin, fitik asitin ve
tanenlerin igerigini azalttid1 icin, son urlnlerin besin
Ozellikleri Gzerinde olumlu bir etkiye sahiptir [48]. Ancak
bakliyat tlketimiyle ilgili temel sorunlardan birinin
yetersiz beslenme ile ilgili oldugu unutulmamalidir. lyi
dengelenmis bir diyette, biyoaktif bilesiklerin seviyesi
kronik hastalik riskini azaltmaya katkida bulunabilir,
ancak dengesiz bir diyette fitatlar gibi bilesikler, mineral
biyoyararlanimina muidahale ederek diyetin beslenme
kalitesini dusurebilmektedir [47]. Besinlerin
biyoyararlihgini gelistirmenin yani sira, konsantreler
veya protein izolatlar elde etmek icin bakliyatlarda
baska teknolojik metodolojiler de uygulanmistir. Tim bu
metodolojiler  bir araya geldiginde, hayvansal
kaynaklardan elde edilen proteinlere (6rn. kazein, jelatin,
ovalbumin, peynir alti suyu), gluten bazli proteinlere
(bugday) veya genetigi degistiriimis soyadan elde edilen
proteinlere saglikli alternatif olarak iyi bir yanit olabilir.
Ornegin bakliyatlardan elde edilen protein izolatlari, gida
proteini zenginlestirmesi icin dusuk fiyath ve glutensiz bir
bilesen olarak kabul edilebilir [49, 50].

FONKSIYONEL OZELLIKLERI

Bakliyat proteinlerinin yiksek besin kalitesine ek olarak,
biyoaktif 6zelliklerinin yani sira, (proteinlerin kendileri ve
salgilanan peptidler veya diger bakliyat biyoaktif
bilesiklerle sinerjik iligkinin sonucu olarak), bu bilesikler
ayrica gida formilasyonunda ve islemede, vyani
glutensiz ve protein agisindan zengin (hayvansal
kaynaklara alternatif) GrUnlerin gelistiriimesinde de
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onemlidir [50]. Fonksiyonel &zellikler, proteinlerin gida
sistemlerinde isleme, saklama, hazirlama ve tiketim
sirasinda davranis seklini degistirebilen fiziksel ve
kimyasal Ozelliklere karsilik gelmektedir. Protein
¢ozunurligu, su ve yag absorpsiyon kapasitesi,
koplirme kapasitesi ve koplk stabilitesi, emdilsifiye edici
aktivite ve jel olusturma gibi fonksiyonel &zellikler,
karbonhidrat, protein, lipit, tuz, ugucu bilesen ve su gibi
diger molekullerle etkilesimi ile ilgilidir. Bu fonksiyonel
Ozellikler ayni zamanda proteinlerin / peptitlerin
ve Uglncul duzenleme) ve yik dagihimindan da
etkilenmektedir. ilaveten, gida isleme sirecinde farkli
ortam kosullari nedeniyle proteinlerin gegirebilecegi
yapisal  degisiklikler de fonksiyonel o6zelliklerini
etkilemektedir [39, 50, 52]. Konsantreler, izolatlar ve
protein unlart dahil olmak Uzere bazi protein
formulasyonlari, besin degerlerini veya potansiyel saglik
yararlarini iyilestirmek veya ayrica istenen spesifik
fonksiyonel  ozellikleri saglamak icin  gidalara
eklenebilmektedir. Aslinda, farkli bakliyat proteinlerinin
fonksiyonel o&zellikleri, gida Urlnlerinin - endustriyel
gelisiminde zaten kullaniimaktadir. Kisaca, ¢6zindrlik
Ozellikleri, gida igcecek sistemlerinde c¢ok o©nemli bir
teknolojik parametre olan protein ¢dzinmesine yol
acmaktadir. Su emilimi ve baglanmasi, su tutulmasi (et,
sosisler, ekmekler, kekler v.s); yagd absorpsiyonu,
serbest yag baglama (etler, sosisler ve donutlar v.s);
protein emiulsifiye edici 6zellikler, yag emdlsiyonlari
olusumu (sosisler, makarnalar, corbalar, kekler) ve
stabilizasyonuna yol agmakta; proteinlerin koplrme
ozellikleri, (unlu mamuller, cirpilmis soslar, tathlar ve
kekler) gazi hapsetmek icin stabil filmlerin olusumuna
izin vermekte, jellesme Ozellikleri ise protein matriks
olusumunu desteklemektedir (etler, lor peyniri ve peynir)
[50, 51, 53].

KULLANIM ALANLARI

Baklagiller, kuresel gida guvenligi sorunlarini ¢ézmeye
yardimci  olmanin olasi yollarindan birini temsil
etmektedir. Ucuz, surdurulebilir, protein ve diger temel
besin kaynagi olarak bakliyat, dinya nGfusunun
beslenme ve gida guvenligi  gereksinimlerini
karsilamakta ve iklim nedeniyle olumsuz etkileri
sinirlayabilecek surdlrulebilir ve istikrarli tarimsal Uretim
sistemlerinin  olusturulmasini desteklemektedir. Ayni
zamanda, glutensiz, vegan ve vejetaryen diyetlere artan
ilgi, bakliyat tiketiminde artisa neden olmaktadir. Gida
formllasyonunda bakliyat proteinlerinin yer almasi, su
ve yag absorpsiyonu, ¢ozinurlik, jel olusturma,
emdlsifiye edici aktivite, koplirme kapasitesi ve kopuk
stabilitesi gibi teknolojik ve fonksiyonel ozellikleri 6ne
cikmaktadir. Ozellikle de endiistriyel diizeyde zaten
uygun bulunmus olan yenilik¢i gida isleme proseslerinde
ve gida formulasyonlari alaninda da kullanilabilirligi
yuksektir [3].

Bitkisel kokenli alternatif protein kaynaklari, tam tane
veya protein izolatlari halinde, inovatif ve fonksiyonel
gida Urunleri gibi artan vyenilikgi taleplere cevap
niteliginde olmalari ve saglikh olmalari ag¢isindan
incelenmistir. Aslinda, olumlu saglik yararlari oldugu 6ne
surllen birkag fonksiyonel gida, hizla biylyen kiresel
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bir endlstriye asamali olarak dahil edilmigtir. Kati
diyetlere (laktozsuz veya glutensiz) veya kisisel
tercihlere (vejetaryenler, veganlar) baglh insanlarin
sayisinin artmasi, islevsel ve 6zel gida Urdnlerinin titiz
bir secimine yol agmaktadir. Gunimizde gida
endustrisi, tlketici ihtiyaglarina veya egilimlerine cevap
verecek urlnleri ele almak icin Ar-Ge'ye yatirim
yapmaktadir. Ornegin laktoz intoleransi olan bireyler
kalsiyum ihtiyaglarini kalsiyum takviyeli portakal suyu
veya bitkisel icecekler (piring-yulaf), soya bazli Grtinler
(tofu gibi) ile karsilayabilirler. Bu Urinler vejetaryen
olarak beslenen kigilere de alternatif gida olabilir. Bu
sekilde, bakliyat (tam tohum, unlar veya protein
konsantreleri veya protein izolatlan gibi tlretilmig
urtnler), yalnizca tek basina tiketildiginde degil, ayni
zamanda diger gida drlnleriyle (6rnegin tahillar)
karistinldiginda ve uygun sekilde pisirildiginde de
fonksiyonel gidalari temsil edip, besin degerlerini
artirmakta ve anti besinsel igerigini azaltmaktadir [52,
54, 55] Gunimuzde bakliyat ve bakliyat ile iliskili birkag
bilimsel galisma, insan sagligina katkida bulunmak ve
gida drunlerinin fonksiyonlarini arttirmak adina, yeni
drtnlerin  formulasyonlarini  gelistirmek igin  gida
endustrisi ile is birligi icerisinde gerceklestiriimektedir.
Bu tir gida urdnlerinin gelistiriimesi, 6zellikle glutensiz
diyetler ile ilgili olabilir. Gluten intoleransindan muzdarip
insan sayisinda dunya capinda bir artis mevcuttur.
Ayrica, insan proteaz sindirimine direngli, ylksek
glutamin/prolin igerikli peptit iceren proteinlerin varlidi,
bagirsak rahatsizliklarina ve ciddi saghk
komplikasyonlarina yol agabilmektedir. Tum tahillar
arasinda piring, glutensiz Urinlerde kullaniimaya en
uygun olanidir. Bununla birlikte, duglk protein igerigi ve
lizin eksikligi, gluten intoleransi olan kisilerin protein
alimini  sinirlayabilmektedir. Benzer sekilde birkag
calismada, ticari birgok glutensiz Grinin (bazi ekmek
tarleri, makarnalar, kurabiyeler veya kekler) karbonhidrat
ve yag oraninin yiksek oldugu, ancak protein oraninin
digslk oldugu bildirilmistir [50, 56, 57]. Bu nedenle,
bakliyat unlari ve protein konsantrelerinin dahil edilmesi
yoluyla protein zenginlestirmeleri olduk¢a avantajli
olabilir. Ayrica, bakliyat unlari gibi alternatif bilesenlerin
kullanilmasi, nihai Grine duyusal kalite saglayan yapi
olusumu, esneklik ve koheziflik dahil olmak zere gluten
proteini islevselliklerini taklit edebilmektedir. Bakla
ununun (tam veya nisastadan zengin fraksiyonu), ham
veya biyofermente edilmis (laktik asit bakterileri
tarafindan) formlari yiksek protein igerikli (tipik glutensiz
makarnada gozlenen iki veya U¢ kat) gluten icermeyen
bakla un ilaveli makarna Uretmek igin kullaniimis ve
geleneksel irmikli makarnaya benzer dokusal 6zelliklerin
korundugu gortlmustir [56]. Borllce protein izolatlari da
glutensiz piring keklerinde alternatif bilesenler olarak
kullanilmig, beyaz ve kirmizi cgesitler kullanildiginda
farkli fonksiyonel 6zellikler saglamistir. Shevkani ve ark.
[50], bir calismalarinda beyaz bdrilceden elde edilen
protein izolatlarinin, kirmizi ¢esitten elde edilen protein
izolatlarindan daha fazla emdilsifiye edici etki sagladigini
ve daha fazla koplk stabilitesine sahip oldugunu
bildirmistir. Klinik arastirmalar, aci bakla iceren gida

drtnlerinin -~ (un  veya protein izolatlari  olarak)
tiketilmesinin asirn  kilolu bireylerin kan basincini
dislirmeye vyardimci olabilecedini gostermistir [53].
Baklagillerden elde edilen diyet lifleri ylksek su
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baglama, yag baglama, sisme kabiliyetine sahiptirler ve
bu da onlari gorbalarda koyulastirici, et trlinlerinde yag
ikamesi, emulsiyonlarda stabilizatér, ekmekte tekstire
edici ve yogurt gibi Urunlerde agiz hissini gelistirmede
kullanima uygun hale getirmektedir [4]. Ayrica Bambara
yerfistigi gibi baklagillerden elde edilen diyet lifleri
prebiyotik 6zelliklere sahiptir ve prebiyotik takviyelerin
Uretiminde kullanilabilir [4]. Ayni sekilde bezelye,
mercimek, bakla ve aci bakla unlarindan elde edilen
hidrolizatlar, reolojik ve duyusal 6zelliklerini koruyarak,
dogal gida koruyuculari olarak test edilmis ve bodylece
gida maddelerinin raf émrind uzatmak igin alternatif
biyo-koruyucular olarak potansiyellerini arttirmiglardir
[35]. Baklagillerden elde edilen nisastanin, suda yag
emdlsiyonlarinin  stabilitesini ve reolojik o6zelliklerini
olumlu bir sekilde iyilestirdigi bildirilmistir [58]. Soya
proteini, fiziksel olarak zinde bireyler arasinda yaygin
olan protein karigimlarinda kullanilir [59]. Soya sutd,
peynir ve yogurt, veganlar ve laktoz intoleransi olan
bireyler igin mikemmel sit Urunleri ikameleridir. Soya
sutl ve tatli misir karisgimindan uretilen soya misir situ
de mevcuttur. Tath misin soya sutu ile karigtirmak,
baklagil  sutinde  bulunan  fasulye  aromasini
maskelemeye yardimci olur ve besin degerini artirir [59].
Genel olarak bakliyat bazlhi Grunlerdeki geligim,
glutensiz, disuk glisemik indeksli, dusik kalorili, kilo
kaybi ve kas kazanimi saglayan gida takviyeleri gibi
fonksiyonel gidalara olan ilgiyi arttirmistir. Teknolojik bir
bakis acisina gore, bakliyattan tlretilmis bilesenler iyi
protein ¢oézunurligune, emdlsifiye edici kdpurmeye,
kapsullemeye ve reolojik guglendirme 6zelliklerine
sahiptir [3].

SONUG

Diyet ve saglik arasindaki iliski nedeniyle, codu gida
Urtnindn, ozellikle de ylksek seker ve yag igerigine
sahip olanlarin beslenme profilinin iyilestiriimesine
yonelik artan bir ilgi vardir. Unlu mamuller yas ve gelir
dizeyine bakilmaksizin toplumun tim kesimleri
tarafindan tiketilmektedir. Bu alanda ¢ikarilacak onemli
bir sonug, mevcut arastirma ¢alismalarinin meyve
vermesidir. Unlu mamullerde, karbonhidrat, protein ve
yag saglayan geleneksel icerikler, besin kalitesi kaybi
olmaksizin, daha saglikli besin 6geleriyle basarili bir
sekilde degistirilebilir. Baklagillerin zengin besleyici
kompozisyonlari onlarin ekmek basta olmak lzere cesitli
firin Grunlerinin bilesiminde basarili bir sekilde kullanim
olanaklarini arttirmaktadir. Tdm verilerdeki
tanimlamalara gore, bakliyatlar yeni gida
formulasyonlarina sayisiz katki sunmaktadir. Bitkisel
protein kaynaklari, besleyici zenginliklerinin 6tesinde,
hayvansal besinlerin Uretimindeki c¢evresel etkileri
azaltmayr amaclar. Vurgulanan avantajlara ragmen,
bakliyatlarin protein kaynaklari olarak arastiriimasi, yani
en uygun turlerin segilmesi veya reolojik ve duyusal
ozelliklerini iyilestirmek igin optimize edilmis Uretim ve
isleme teknolojilerinin uygulanmasi konusunda hala
blylk ¢aba gerekmektedir. Bununla birlikte tiketicilerin
kabul edilebilirligi agisindan, istenmeyen tatlari azaltmak
/ ortadan kaldirmak gerekli olabilir (6rnegin, genel olarak
baklagillerle iliskili iyi bilinen "borilce" aromasi). Ayrica
belirtildigi  gibi  baklagillerde bulunan antibesinsel
faktorler, farkh isleme teknikleri (1slatma, kabuk soyam,



pisirme)
Bakliyatlarin
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azaltilabilir.
sinirlamalara

ile
bazi

ve enzimatik islemler

insan vicudundaki

(sindirilebilirlik, alerjenite ve antibesinsel 6gelerin varhgi)
ragmen, bakliyat proteinlerinin gida proteini taleplerinin
karsilanmasinda son derece Onemli olacagi ve bu

sekilde

gida guvenligine buydk olgide katkida

bulunacagi agiktir.
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e Yazar(lar) tarafindan g¢alismayi degerlendirilebilecegi
dusunilen ve yazar(lar)la ¢ikar ¢atismasi/cakismasi
olmayan en az 3 potansiyel hakem iletisim bilgileri de
(yazisma adresi, e-posta ve telefon numarasi)
verilerek onerilmelidir. Onerilecek hakemler yazarin
kendi kurumu disindan olmalidir.

e Gonderilecek c¢alismalar yazim ve imla hatalar
icermemelidir. ingilizceden Tirkgeye terciime edilen
teknik terimler “Gida Muhendisligi Teknik Terimler
Rehberi’nde [Gida Mihendisleri Odasi, Kitaplar
Serisi No: 17, Filiz Matbaacilik, Ankara, 232s, ISBN:
978-9944-89-407-4]  tavsiye  edilen  sekliyle
kullaniimalidir.

e Gonderilen galigmalarin daha 6nce hig bir yerde
yayinlanmadigi  yazar(lar)  tarafindan  garanti
edilmelidir.

e Yayin Kurulu yayina kabul edilmis calismalarda
gerekli degisiklikleri yapmaya yetkilidir.

Makalelerin Degerlendirilmesi

Yayimlanmak Uzere Akademik Gida dergisine
gonderilen  caligmalar  o6ncelikle  Editorlerin - 6n
incelemesinden gegmektedir. Ik incelemeyi gecen

calismalar, degerlendiriimek Uzere en az iki bagimsiz
hakeme gonderilmektedir. Calismalarin
degerlendiriimesinde hakemlerin makale yazar(lar)ini,
makale vyazar(lar)inin hakemleri gérmedigi gift-kor
(double-blind) degerlendirme sistemi kullaniimaktadir.
Editorler (i) dergi kapsami disinda olan, (i) teknik
acidan yetersiz, (iii) kendi icerisinde bdtunlik ve

tutarliik arz etmeyen sonuglar iceren veya (iv) koti
yazilmis calismalari dogrudan reddetme hakkina
sahiptir.

Yayin Ucreti

Akademik Gida dergisinde makale yayinlanmasi igin
herhangi bir Ucret talep edilmemektedir.

Etik Beyani

Dergi yayin politikasi, makalelerin degerlendiriimesi ve
etik hususlar ile ilgili detayli bilgilere Etik Beyani
kismindan ulagilabilir.

Calismalarin Hazirlanmasi

1. Calismalar A4 boyutunda hazirlanmali, Ustten 2.45
cm, alttan 2.45 cm, sag ve soldan 1.75 cm bosluk
birakilmali ve tek kolon olarak hazirlanmalidir. Metin
Gift satir aralikli yazilmali, paragraflar arasinda tek satir
bosluk birakilmaldir. Metinde buitin satirlar (surekli)
numaralandiriimalidir.

2. Calisma bashgi 14 punto Arial, koyu, kiguk harflerle
ve ortalanmis olarak yazilmaldir. Baslktan sonra bir
satir bosluk birakiimali (11 punto); yazar isimleri
(yalnizca ilk harfler biyiik) 10 punto Arial ve ortalanmig
olarak verilmelidir. Yazarlarin adresleri, telefon ve faks
bilgileri ile yazigmalardan sorumlu yazarin e-posta
adresi hemen alt satirda 9 punto Arial, ilk harfler bayuk
olacak sekilde ve ortalanmis olarak yazilmalidir.
Yazarlarin galistiklari  kuruluslar (ve/veya adresler)
farkli ise her bir yazar isminin sonuna rakamlarla Ust
indis konulmalidir.

3. Metin igindeki kisimlarin basliklari (0Z, ABSTRACT,
GIRIS vb.) 10 punto Arial ve koyu olarak biiyiik
harflerle yazilmali, bagliktan sonra bir satir bosluk
birakilarak metine gegilmelidir. Alt bagliklarda ilk harfler
bayuk, 10 punto Arial ve koyu vyazi Kkarakteri
kullanilimalidir.  OZ’Gin  altna  bir satir  bosluk
birakildiktan sonra en fazla 5 adet Anahtar Kelime
konmalidir. Anahtar Kelimelerden sonra bir satir bosluk
birakilarak ingilizce baglik ve altina ABSTRACT ve
Keywords yazilmahdir. Bir satir bosluk birakilarak ana
metine gegilmelidir.

4. Ana metin 9.5 punto Arial olarak hazirlanmalidir.
5. Calisma baslica su kisimlardan olusmalidir: Baslik,

Yazar isimleri, Adresleri, iletisim Bilgileri,
Yazismalardan Sorumlu Yazarin E-posta adresi, Oz,



Abstract, Ana Metin (Girig, Materyal ve Metot, Bulgular
ve Tartisma, Sonug), Tesekkir (gerekiyorsa),
Kisaltmalar (gerekiyorsa), Kaynaklar.

6. Oz ve Abstract 250 kelimeyi gegmemeli, calismanin
amacini, metodunu ve dnemli sonuglarini igermelidir.
Oz tek paragraf olarak yazimall ve 6z iginde
kaynaklara atif yapilmamalidir.

7. Calisma igerisinde gegen mikroorganizma isimleri ile
Latince ifade ve isimler italik olarak yazilmali ve
kisaltmalarda uluslararasi yazim kurallari g6z éninde
bulundurulmaldir.

8. Tablo basliklari tablonun Ustine, sekil basliklar ise
seklin altina yazilmali ve numaralandiriimaldir.
Kullanilan tablo ve sekillere metin icinde mutlaka atif
yapiimalidir. Metin iginde gecen veriler tablo ve
sekillerin tekrari olmamalidir. Tablo ve sekillerin
basliklari igerikleriyle uyumlu ve anlagilabilir olmahdir.
Sekiller ve resimlerin yiksek ¢ézunurlikte olmasina
dikkat edilmelidir. Resimler (ve gerekiyorsa Sekiller)
* jpg formatinda metin igerisinde yer almalidir.

9. Metin igerisinde atiflar kodseli parantez igerisinde
rakamlarla yapilmali [1] ve Kaynaklar bélimiinde bu
numara sirasiyla detaylari yaziimaldir. Kaynaklarin
numaralandiriimasi MS Word Numaralandirma Kitaphgi
kullanilarak yapiimalidir.

10. Kullanilan matematiksel denklemler
numaralandiriimali ve metin igerisinde bu denklemlere
atif yapilmahdir.

11. Kaynaklar kismi APA yazim stili kullanilarak
hazirlanmalidir.  Kaynaklarin yaziminda asagidaki
Ornek yazim bigimleri kullaniimali ve makalelerin
yayinlandigi dergi isimleri kisaltma kullaniimadan ve
italik olarak yazilmalhdir. Web adreslerine atif
yapilacaginda (miUmkin oldugunca Resmi web
sayfalarina atif yapiimalidir) mutlaka ilgili web adresine
erisim tarihi verilmelidir.

Makale

[1] Bozkurt, H., igier, F. (2009). inegél kéfte iiretiminde
ohmik pigirmenin uygulanabilirliginin incelenmesi.
Akademik Gida, 9(1), 6-12.

Kitap

[2] Kig, S. (2001). Sit Endustrisinde Laktik Asit
Bakterileri. Ege Universitesi  Ziraat Fakiiltesi
Yayinlari, Ege Universitesi Matbaasi, Bornova,
izmir.

Kitap Boliimii

[3] Gibson, G.R., Saavedra, J.M., MacFarlane, S.,
MacFarlane, G.T. (1997). Probiotics and Intestinal
Infections. In Probiotics 2: Applications and
Practical Aspects, Edited by R. Fuller, Chapman &
Hall, 2-6 Boundary Row, London SE1 8HN,
England, 212p.

Kongre-Sempozyum Bildirisi

[4] Girsoy, O., Akdemir, O., Hepbasl, A., Kinik, O.
(2004). Recent situation of energy consumption in
Turkey dairy industry. International Dairy
Symposium: Recent Developments in Dairy
Science and Technology, May 24-28, 2004,
Isparta, Turkey, Book of Proceedings, 10-16p.

12. Hakem gorigsleri dogrultusunda duzeltiimek Uzere
yazar(lar)a gonderilen ¢alismalarin gerekli diizeltmeleri
yapilarak yayin ofisine ulastiriimasi gereklidir. Editérler
tarafindan belirtilen stre =zarfinda gonderilmeyen
calismalar “ilk defa gonderilmis g¢alisma” olarak
degerlendirilecektir.

13. Yukaridaki kurallara uygun olarak hazirlanmamig
calismalar degerlendirmeye alinmaz.
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Guidelines to Authors

Akademik Gida® (Academic Food Journal) is a peer
reviewed journal where original research and review
articles are published in the field of food science and
technology. Research notes, mini-reviews, opinions and
letters to the editor are also considered for publication.
The journal is published trimonthly and each volume is
composed of 4 issues per year. Journal articles are
published either in Turkish or English. Manuscripts in
either good American or British English usage are
accepted, but not a mixture of these.

Manuscripts for the Akademik Gida® (Academic Food
Journal) must be sent via the electronic article
submission system, which can be located in the official
website of the journal, www.academicfoodjournal.com.
Manuscripts sent by e-mail are not considered for
evaluation. For questions related to the electronic article
submission system, contact the editor via e-mail at
ogursoy@yahoo.com.

» Authors must specify the type of the manuscript
(research articles, review articles, research briefs,
mini-review articles, comments and letters to the
editor).

» Authors should provide at least 3 potential referees
and their contact information (mailing address, e-mail
address and phone number).

» Manuscripts to be submitted should be free from any
spelling or grammatical error.

» Authors must guarantee that the submitted manuscript
is not published anywhere previously and will not be
submitted to anywhere before the editorial board
makes a final decision on the manuscript.

» The editorial board is authorized to make necessary
changes in manuscripts accepted for publication.

Peer review policy

Manuscripts pass through initial screening in the
editorial office followed by internal review by Editors.
After the first evaluation, manuscripts are double-blind-
reviewed by a peer review system involving at least two
independent reviewers to ensure high quality of
manuscripts accepted for publication. The Editors have
the right to decline formal review of a manuscript if it is
(i) on a topic outside the scope of the Journal, (ii) lacking
technical merit, (iii) fragmentary and providing
marginally incremental results or (iv) poorly written.

Publication fee
Akademik Gida® (Academic Food Journal) welcomes

article submissions and does not charge a publication
fee.
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Ethics Statement

Detailed information about journal publication policy,
evaluation of manuscripts and ethical issues can be
found in the Ethics Statement section.

Preparation of a manuscript

1. Manuscripts should be prepared in A4 size, and the
text must be prepared in a single column format. The
text must be double-spaced, and a single space should
be left between paragraphs. All lines and pages must be
continuously numbered.

2. The title must be 14pt Arial, bold, small letters and
centered. A blank line should be left after the title, and
the names of authors should be given in 10pt Arial and
centered. In addition to each author’s contact address,
the phone and fax numbers and e-mail address of the
corresponding author should be provided. If the
institutions of the authors are different, superscript
numbers should be used to indicate their addresses.

3. The headings (e.g. Abstract, Introduction, Materials
and Methods etc.) must be 10pt Arial, and should be
typed in bold capital letters. Each heading should
appear on its own separate line. A blank line should be
left after each heading. A list of keywords, a maximum
of 5, should be provided below the abstract section of
the manuscript.

4. The main text should be prepared in 9.5pt Arial.

5. Typical articles mainly consist of the following
divisions: Title, Author Names, Addresses, Contact
Information, Corresponding author’s e-mail address,
Abstract, Main text (Introduction, Materials and
Methods, Results and Discussion, Conclusions),
Acknowledgements (if necessary), Abbreviations (if
necessary) and References.

6. The abstract should not exceed 250 words, and the
main purpose and method and the most significant
result and conclusion should be presented in the
abstract. The abstract should be prepared as a single
paragraph, and should not include any citation.

7. Latin names in the text should be in italics, and
names and abbreviations should follow international
rules. If abbreviations that are not standard are
unavoidable, they must be defined at their first mention
in the text. Consistency of abbreviations throughout the
article must be ensured. Internationally accepted rules
and conventions must be followed, and the international



system of units (SI) must be used. If other units are
mentioned, their equivalents in S| must be provided.

8. Table headings should be on the top of each table
and figure captions below each figure. Each table or
figure must be numbered consecutively in accordance
with their appearance in the text. All figures and tables
should be cited in the text. The data presented in the
tables and figures should not be repeated in the text.
Table headings and figure captions should be self-
explanatory. Figures and pictures must be provided in
high resolution, and pictures (and, if necessary figures)
should be included in the text as *. jpg format.

9. References in the text should be cited in numbers in
square brackets [1] and details of the citations must be
provided in the Literature or References section with
their respective numbers.

10. Mathematical equations should be numbered and
cited in the text.

11. References should be given according to the APA
manual of style. The following formats should be used
for the details of cited references, and the journal names
must be typed in italics. References to the Web
addresses (if necessary, the official web pages should
be preferred) must include full web address and the date
of access.

Article

[1] Glzeler, N., Kagar, A., Say, D. (2011). Effect of milk
powder, maltodextrin and polydextrose use on

physical and sensory properties of low calorie ice
cream during storage. Akademik Gida, 9(2), 6-12.

Book

[2] Kilic, S. (2001). Lactic Acid Bacteria in Dairy
Industry. Ege University Faculty of Agriculture
Publications, Ege University Press, Bornova, lzmir,
Turkey.

Book Chapter

[3] Gibson, G.R., Saavedra, J.M., MacFarlane, S.,
MacFarlane, G.T. (1997). Probiotics and Intestinal
Infections. In Probiotics 2: Applications and
Practical Aspects, Edited by R. Fuller, Chapman &
Hall, 2-6 Boundary Row, London, England, 212p.

Proceedings of the Congress-Symposium

[4] Gursoy, O., Akdemir, O., Hepbasli, A., Kinik, O.
(2004). Recent situation of energy consumption in
dairy industry in Turkey. International Dairy
Symposium: Recent Developments in Dairy Science
and Technology, May 24-28, 2004, Isparta, Turkey,
Book of Proceedings, 10-16p.

12. A list of the corrections requested by the referees
must be provided by the authors, and it must be sent to
the editorial office.

13. Studies that are not prepared in accordance with the
rules above will not be considered for evaluation.
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Etik Beyani

Akademik GIDA®, gida bilimi ve teknolojisi alaninda
orijinal arastirma ve derleme makalelerinin yayinlandigi
hakemli bir dergidir. Dergi U¢ ayda bir Sidas Medya Ltd.
Sti. (Cankaya, izmir, Turkiye) tarafindan
yayinlanmaktadir. Derginin genel bilimsel kalitesini
iyilestirmek igin yayinci tarafindan asagdidaki yonergeler
belirlenmigtir.

Yayin Politikasi

Akademik Gida dergisine gonderilen tim makaleler
Dergi Editérleri icin Davranis Kurallari ve En lyi
Uygulama Kilavuzlari ve Dergi Yayincilari igin Davranis
Kurallarinda (Code of Conduct and Best Practice
Guidelines for Journal Editors and Code of Conduct for
Journal Publishers) belirtilen Genel Kilavuzlara uygun
olarak degerlendiriimektedir. Bilimsel yazilar dergiye
gonderiimeden o6nce derginin  Yazim Kurallarinin
okunmasini 6nemle tavsiye ederiz. Yazarlar ayni
zamanda Avrupa Bilim Editorleri Birligi'nin (EASE)
(European Association of Science Editors) Ingilizce
olarak basilacak makaleler igin “Bilimsel Makalelerin
Yazarlari ve Cevirmenleri igin Rehber’e uymalidir.
Yazarlar, insan veya hayvan verilerini iceren
arastirmalari igin Uluslararasi Tip Dergisi Editorleri
Komitesinin (International Committee of Medical Journal
Editors) dnerilerini takip etmelidir.

Makalelerin Degerlendirilmesi

Dergiye gonderilen tim makaleler, bilimsel igeriklerinin
0zglnlugu ve kalitesi Olgutlerine gore degerlendirilir.

Dergiye gonderilen tim yazilar, ilk olarak yayin
ofisindeki (teknik ve genel kalite degerlendiriimesi
acisindan) eleme isleminden geger ve ardindan
teknik ve bilimsel editorler tarafindan degerlendirilir.
ilk degerlendirmeden sonra, editérler (i) dergi
kapsami disinda kalan bir konu hakkinda
hazirlanmis  makaleleri (i) teknik  olarak
eksik/yetersiz makaleleri, (i) kismi ve marjinal artan
sonuglari iceren makaleleri veya ( iv) kotl yazilmis
makaleleri reddetme hakkina sahiptir.

ilk inceleme  sonucunda makalenin ileri
degerlendirme igin uygun olduguna karar verilirse,
dergide yayimlanmak Uzere kaliteli makalelerin
secimini yapmak amaciyla, makaleler gift-korll
(hakemin ve yazar/yazarlarin birbirlerini
gormedikleri) degerlendirme sistemi ile en az iki
bagimsiz hakemden olusan bir degerlendirme
surecinde bilimsel incelemeye alinir.

Hakemler tarafindan talep edilirse, makalenin
hakem gorusleri dogrultusunda yazarlar tarafindan
revize edilmis versiyonu orijinal hakemler tarafindan
tekrar degerlendirilir. Degerlendirmelerin ardindan
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editorler hakem Onerileri dogrultusunda makale
hakkindaki nihai kararlarini verirler. Gerekirse
editorler, hakemlerin istedikleri tim sartlarin yerine
getirilmesi igin yazarlardan ilave revizyon isteyebilir.
Kabul edilen makalelerin son versiyonu, yayin
oncesi taslagin (galley proof) hazirlanmasi igin
teknik editorlere gonderilir. Yazarlardan,
makalelerinin dizgisi hazirlanmig taslaklarini son
kontrol i¢in yayin dncesinde incelemeleri istenir.
Tim makaleler, nihai formlarinda DOI numarasi
almis ve cevrimici olarak pdf dosyalari halinde
yayimlanir. ligili veritabanlarinda bu sekilde
indekslenir.

Yayin Ucreti

Akademik Gida dergisinde makalelerin yayinlanmasi
icin herhangi bir yayin lcreti talep edilmemektedir.

Gizlilik

Editorler, Akademik Gida'ya gonderilen tim makaleleri
tam bir gizlilikle ele alr. Editérler, hakemler haricinde,

COPE tavsiyelerine uyulmadidi takdirde, Uglncu
sahislara makale ile ilgili higbir bilgi vermezler.
Yayinlanmak Uzere dergiye gonderilen makaleler

hakemler icin de gizlidir ve bilimsel degerlendirme igin
aldiklari makalelerin herhangi bir boliminid Gglncl
sahislarla paylagsmalarina veya dagitmalarina izin
verilmez. Suiistimal suphesi oldugunda, hakemlerin
derhal gizli bir sekilde yayin ofisine bagvurmalari nerilir.
Hakemler ayrica, Dergi Editorleri Igin Davranis Kurallari
ve En lyi Uygulama Kurallar ile Dergi Yayincilari igin
Davranis Kurallar'ni (Code of Conduct and Best
Practice Guidelines for Journal Editors and Code of
Conduct for Journal Publishers) takip ederek editore
gizli yorumlarinda belirli bir eylem Onerebilirler.

Akademik Gida, ¢ift-kér bir hakem inceleme sureci
yuratdr, yani calismanin elestirel degerlendirmesini
saglamak i¢in hakemlerin isimleri gizlidir. Hakemlerden,
raporlarinda adlarini veya irtibat bilgilerini
aciklamamalari istenir. Hakem raporlari yazarlara
gonderilemeden énce bu agidan kontrol edilir.

Yazarlik

Bir yazar, bir arastirmanin fikrine veya tasarimina,
verilerin elde edilmesine, verilerin analizine veya
yorumlanmasina blyluk Olgiide katkida bulunan,
makalenin hazirlanmasinda, yazilmasinda veya gézden
geciriimesinde entelektiel igcerige elestirel katki yapan
bireydir. Katkida bulunanlar diger kisiler makalenin
Tesekkir boliminde belirtiimelidir ve galismanin yazari
olarak kabul edilemez. Tim yazarlarin dogru ve tam
isimleri ile ORCID kimlikleri dergiye gonderilen
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makalenin bagslik sayfasinda yer almalidir. Yazarlarin
isimlerinin yaninda calistiklar kurumlar ve
yazigsmalardan sorumlu yazarin gegerli bir adresi
verilmelidir. Yazismalardan sorumlu yazarin telefon ve

faks numaralari ile e-posta adresi makalenin ilk
sayfasinda belirtiimelidir. Tdm yazarlar, goénderilen
makalenin  daha 6nce herhangi bir yerde

yayinlanmadigini ve makale hakkinda Akademik Gida
dergisi nihai bir karar vermeden 6nce makaleyi baska bir
dergiye gondermeyeceklerini garanti etmelidir.

Destekleyen/Finans Saglayan Kuruluglar

Arastirmanin tim finans kaynaklarina iligskin detaylar,
Tesekklr boliminde belirtiimelidir. Yazarlar, resmi
finansman kurum/larinin tam isimlerini ve proje/hibe
numaralarini belirtmelidir.

Yazarlarda Degisiklik

Makalenin Akademik Gida'ya sunulmasindan sonra
yazar isimlerinde degisiklik ancak revizyon sirasinda
gerekli olan ek galismalar durumunda olabilir. Makalenin
yayina kabul edilmesinden sonra herhangi bir
degisiklige izin verilmez. Yazarliktaki degisiklik, hakem
géruglerine verilen cevaplar sirasinda yazismalarda
belirtiimeli ve tim yazarlar tarafindan kabul edilmelidir.
Yazigmalardan sorumlu yazar, yazarlarin sirasi da dahil
olmak Uzere makalenin revize edilmis versiyonundaki
degisikliklerden sorumludur.

Calisma Verilerinde Duzeltme

Yayinlanan verilerin  dogrulugundan tim yazarlar
sorumlu olmalidir. Verilerin dizeltiimesi icin,
yazigsmalardan sorumlu yazardan yayin 6éncesi taslagi
(galley proof) incelemesi ve makalenin
yayinlanmasindan 4 gin &nce dikkatlice duzeltmesi
istenir.

Makalenin Geri Gekilmesi

Bir makalenin geri c¢ekilmesi, gonderim veya yayin
hatalarini dizeltmek igin kullanilir. Yazarlar makaleyi
geri ¢ekebilir ve bu durumda Yayin Etigi Komitesi
(COPE) Geri Cekme Kurallarina [(COPE) retraction
guidelines] uymalidir. Tekrarlanan veya benzerlik orani
yuksek bir yayin, verilerin hileli kullanimi, intihal veya
etik disi arastirma yapilmasi durumunda, makale editor
tarafindan geri c¢ekilecek ve geri c¢ekilen makale
linklerine baglanti korunacak ancak elektronik veri
tabanina (makale sayfasina) bir geri ¢ekme bildirimi
eklenecektir.

Etik Hususlar

Cikar gatismasi.

Yazar/lar basgvuru sirasinda herhangi bir c¢ikar
catismasi varsa beyan etmelidir. Yazar/larin
basvuru sirasinda bilimsel dederlendirme igin en az
lic potansiyel hakem &nermeleri istenir. Onerilen
hakemler calisma arkadaslari, ortak calistiklari
kisiler veya galistiklari kurumlarin Uyeleri olamazlar.
Hakemler makaleyi degerlendirmelerini &nleyen
herhangi bir cikar c¢atismasi olmasi durumunda
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Editorleri bilgilendirmesi ve bu konuda COPE
kurallarina uymasi tavsiye edilmektedir.
Editorler Kurulu Gyeleri veya kurul Gyelerinin ortak

calistiklar  kigiler tarafindan dergiye gonderilen
makaleler icin, degerlendirme sirasindaki
Onyargillart en aza indirgemek amaciyla,

degerlendirme sireci ilgili kurul Gyelerini disarida
tutacak sekilde degistirilerek uygulanir.

Duzeltmeler (revizyonlar) sirasinda, editérler Dergi
Editérleri igin Davranis Kurallari ile En lyi Uygulama
Kilavuzu ve Dergi Yayincilari Igin Davranig
Kurallarini (Code of Conduct and Best Practice
Guidelines for Journal Editors and Code of Conduct
for Journal Publishers) takip ederler.

insan denekleri, hayvan veya bitki igeren
arastirmalar
e Arastirmanin insan denekleri veya hayvanlari

icermesi durumunda, yazarlarin Uluslararasi Tip
Dergisi Editorleri Komitesinin (the International
Committee of Medical Journal Editors) yonergelerini
izlemeleri 6nerilir.

insan denekleri iceren calismalarda, deneklerin
calismaya katilmak igin imzaladiklari onamlar
yazarlar tarafindan saglanmalidir. 18 yasin altindaki
deneklerin galismaya katilmalari igin ebeveyn veya
velileri tarafindan izin verilmelidir.

Test edilen tim denekler igin, makalenin, ilgili
kurallara vel/veya uygun izinlere veya lisanslara
uyumunu gosteren belgelerin sunulmasi gerekir.
Hayvanlar Uzerinde yapilacak her turli arastirma
kurumsal, ulusal veya uluslararasi kurallara uygun
olmali ve etik kurul tarafindan onaylanmalidir.

Bitki materyallerinin toplanmasi dahil, bitkiler
Uzerinde yapilan deneysel arastirmalar, kurumsal,
ulusal veya uluslararasi kurallara uygun olmalidir.
Saha calismalari yerel mevzuata uygun olarak
yapilmali ve uygun izinleri ve/veya lisanslari belirten
bir agiklama makalede yer almalidir.

Yayin suistimali

Akademik Gida dergisi, Dergi Editorleri igin
Davranis Kurallari ile En lyi Uygulama Kilavuzlari ve
Dergi Yayincilar igin Davranis Kurallarini (Code of
Conduct and Best Practice Guidelines for Journal
Editors and Code of Conduct for Journal Publishers)

takip eder.

e Makalenin ayni anda birden fazla dergiye
génderilmesi, intihal, yaymlanmig  makalenin
yeniden yayinlanmasi, etik kurallarin ihlali vb.

supheli bir suiistimal durumunda, arastirmacilar,

hakemler veya okuyucular  Yayin Ofisi
(ogursoy@yahoo.com) ile iletisime gecmeye tesvik
edilir.

e Makaledeki benzerlik orani tek bir kaynaktan

%10'dan fazla olmamak Uzere en fazla %25 ile
sinirflandinimigtir. Bu kosula uymayan makaleler
reddedilir. Bu sartlarin ihlal edilmesi durumunda,
COPE (COPE recommendations) tavsiyeleri
izlenecek ve ilgili tm taraflara bildirilecektir.
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Telif Hakki

Akademik Gida, yayinlanan butin makalelere orijinal
eserin uygun sekilde belirtiimesi ve ticari amagclarla
kullaniimamasi  sartiyla, herhangi bir ortamda
kullanilmasina, dagitilmasina ve ¢ogaltilmasina izin
veren “Creative Commons Attribution 4.0 CC BY-NC”
lisansini  (Creative  Commons  Attribution  Non-
Commercial 4.0 CC BY-NC) tum vyayinlanmis
makalelere uygular. Yayimlanmadan once, Telif Hakki
Devir Formu yazigsmalardan sorumlu yazar tarafindan
imzalanmali ve derginin yayin ofisine goénderilmelidir.
Yayinlanan yazilarin telif hakki Sidas Medya Limited
Sirketi'ne (Cankaya, izmir) aittir. Yazarlar, yayinladiklari
makaleleri serbestge ve ticari olmayan amaglarla,
bltinligu korundugu ve yazarlari, alinti detaylarini ve
yayincilari agik¢a belirtildigi strece kullanma hakkina

sahiptir. Bireysel kullanicilar, yazarlarin fikri ve ahlaki

haklarinin, sayginhiginin ve batanligunin tehlikeye
atimamasi sartiyla, Akademik Gida'da yayinlanan
yazilara erisebilir, indirebilir, kopyalayabilir,

goruntileyebilir ve uyarlayabilir. Kullanicilar herhangi bir
yeniden kullanimin, sahiplerin telif hakki politikalarina
uygun olmasini saglamahldir. Yayinlanan yazilarin
icerigi, ticari olmayan arastirma ve egitim amacli
kopyalanir, indirilir veya baska bir sekilde yeniden
kullanilirsa, uygun sekilde bir atif yapiimali ve ilgili
makaleye bir link [yazarlar, dergi unvani, el yazmasi adi,
cilt, yil ve sayfa numaralari ve yayinlanan link) Derginin
web sitesinde surim] saglanmalidir. Telif hakki
bildirimleri ve feragatnameler silinmemelidir.
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Akademik GIDA® is a peer-reviewed journal where
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Consultation Ltd. (Cankaya, I1zmir, Turkey) in the field of
food science and technology. In order to improve the
overall scientific quality of the journal, following guidelines
have been established by the publisher.

Editorial Policy

General Guidelines stated in the Code of Conduct and
Best Practice Guidelines for Journal Editors and Code of
Conduct for Journal Publishers are followed by all papers
submitted to Academic GIDA. Prior to submission,
authors are highly recommended to read the Journal’'s
Instructions to Authors. Authors should also follow the
European Association of Science Editors (EASE)
Guidelines for Authors and Translators of Scientific
Articles to be Published in English. For any research
involving human or animal data, the recommendations of
the International Committee of Medical Journal Editors
should be followed by the authors of the manuscripts.

Peer Review

All contributions are evaluated according to the criteria of
originality and quality of their scientific content.

e All manuscripts pass through an initial screening
process (technical and overall quality evaluation) in
the editorial office followed by an internal review by
the technical and scientific editors.

After the first evaluation, editors have the right to
decline formal review of a manuscript if it is (i) on a
topic outside the scope of the Journal, (ii) lacking
technical merit, (i) fragmentary and providing
marginally incremental results or (iv) poorly written.
If the manuscript is considered suitable for further
evaluation, manuscripts are double-blind-reviewed
by a peer review system involving at least two
independent reviewers to ensure high quality of
manuscripts accepted for publication.

If requested, the revised version is evaluated by the
reviewers, and editors make a decision about final
acceptance based on their suggestions. If necessary,
further revision can be asked for to fulfil all the
requirements of the reviewers.

The final version is then sent to the technical editor
in order to produce a galley proof, and the authors
receive this proof for final check before publishing.
All manuscripts are posted online as pdf files in their
final form, indexed in databases with the assigned
DOI numbers.
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Publication Fee

Akademik GIDA welcomes article submissions and does
not charge any publication fee.

Confidentiality

Editors handle all papers submitted to Akademik GIDA in
strict confidence. With the exception of reviewers, they do
not disclose any information regarding submissions to
third parties, unless in case of a suspected misconduct,
where COPE recommendations are followed.
Submissions are also confidential for reviewers and they
are not allowed to share or distribute any part of the
manuscripts which they receive for evaluation to third
parties. For a case of suspected misconduct, reviewers
are encouraged to contact the editorial office immediately
in a confidential manner. Reviewers can also recommend
a particular course of action in their confidential
comments to the editor, following Code of Conduct and
Best Practice Guidelines for Journal Editors and Code of
Conduct for Journal Publishers.

Akademik GIDA conducts a double-blind peer review
process, i.e. the names of the reviewers are confidential
to ensure the critical evaluation of the work. Reviewers
are asked not to disclose their names or contact details
in their comments for authors.

Authorship

An author is an individual who substantially contributed to
the idea or design of a research, acquisition of data,
analysis or interpretation of data, was involved in drafting,
writing or revising the manuscript critically for important
intellectual content. Other contributors should be
mentioned in the Acknowledgements section of the
manuscript and cannot be considered as authors of the
study. Correct and full names of all authors and their
ORCID IDs should be on the title page of the manuscript.
Names of authors must be supplemented with their
affiliations and a valid address of the corresponding
author. The phone and fax numbers and e-mail address
of the corresponding author should be stated in the first
page of the manuscript. All authors must guarantee that
the submitted manuscript is not published anywhere
previously and will not be submitted to anywhere before
the editorial board makes a final decision on the
manuscript.

Funding Sources

Details for all funding sources of the research should be
stated in the Acknowledgements. Authors should provide
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the full official funding agency name(s) and grant
number(s).

Alteration in Authorship

Alteration in authorship after the submission of the
manuscript to Akademik GIDA can be justified only by the
additional work required during the revision. Any change
is not allowed after the acceptance of the manuscript for
publication. Alteration in authorship should be indicated
in the responses to reviewers, and should be accepted by
all authors. The corresponding author is primarily
responsible for any alteration in the revised version of the
manuscript, including the order of authors.

Correction of Data

All authors should be responsible for the accuracy of the
published data. For the correction of data, the
corresponding author receives the galley proof of the
paper and is asked to correct it carefully within 4 days
before publication.

Retraction of an Article

A retraction of an article is used to correct errors in
submission or publication. Authors can retract the paper
and should follow the Committee on Publication Ethics
(COPE) retraction guidelines. In case of a duplicate or
overlapping publication, fraudulent use of data,
plagiarism or unethical research, the paper will be
retracted by the editor, and a retraction notice will be
included into the electronic database while all links to the
retracted article will be maintained.

Ethical Considerations

Conflict of interest:

e Authors should declare any conflict of interest in their
submission form. Authors are requested to suggest
at least three potential reviewers before submission,
and these reviewers cannot be their colleagues,
collaborators or members of their institutions.

e Reviewers should notify the editors on any conflict of
interest which prevents them from reviewing the
paper, and they are recommended to follow the
COPE guidelines.

e Forthe manuscripts submitted by the members of the
Editorial Board or their collaborators, peer reviewing
is modified to exclude them from the entire evaluation
process in order to minimize any bias during the
evaluation.

e During revision, the editors follow the Code of
Conduct and Best Practice Guidelines for Journal
Editors and Code of Conduct for Journal Publishers.

Research involving human subjects, animals or
plants:

e If the research involves humans or animals, the
authors are recommended to follow the guidelines of
the International Committee of Medical Journal
Editors.
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e In studies involving human subjects, their informed
consent to participate in the study should be supplied
by the authors. For subjects under the age of 18, their
parents or guardians should give the permission for
their participation in the study. For all tested subjects,
the manuscript must accompany with a statement
detailing compliance with relevant guidelines and/or
appropriate permissions or licenses.

e Any research on animals must comply with
institutional, national or international guidelines and,
where possible, should be approved by an ethics
committee.

e Any experimental research on plants, including
collection of plant materials, must comply with
institutional, national, or international guidelines.

e Field studies should be conducted in compliance with
local legislation, and a statement specifying the
appropriate permissions and/or licences should be
included in the manuscript.

Publication misconduct:

e The Journal follows the Code of Conduct and Best
Practice Guidelines for Journal Editors and Code of
Conduct for Journal Publishers.

e In a case of a suspected misconduct such as
redundant or duplicate submission, plagiarism, text
recycling, violation of ethical norms, etc.,
researchers, reviewers or readers are encouraged to
contact the Editorial Office (ogursoy@yahoo.com).

e The overlapping in the manuscript is highly restricted
to the maximum of 25% with no more than 10% from
a single source; otherwise, the manuscript will be
rejected. If these terms are violated, COPE
recommendations will be followed and all parties
involved will be notified.
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Attribution Non-Commercial 4.0 CC BY-NC license to all
published papers, which permits use, distribution and
reproduction in any medium, provided the original work is
properly cited and is not used for commercial purposes.
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papers is retained by the Sidas Media Agency
Advertisement Consultation Ltd. (Cankaya, Izmir,
Turkey). Authors have the right to use their published
article freely and in noncommercial purposes, as long as
its integrity is maintained and its original authors, citation
details and publisher are clearly stated. Individual users
may access, download, copy, display, and adapt the
manuscripts published in Akademik GIDA, provided that
the authors’ intellectual and moral rights, reputation and
integrity are not compromised. Users must ensure that
any reuse complies with the copyright policies of the
owners. If the content of the published manuscripts is
copied, downloaded or otherwise reused for
noncommercial research and educational purposes, a
link to the appropriate bibliographic citation (authors,
journal title, manuscript title, volume, year and page
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numbers, and the link to the published version on the
Journal’s website should be provided. Copyright notices
and disclaimers must not be deleted.
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