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ABSTRACT

This study aimed to investigate the properties of gluten-free puddings, in which antioxidant activity was
enhanced by adding aronia powder and aronia fiber powder. The coconut flour in the control sample was
partially substituted with aronia derivatives at 0.25%, 0.5%, and 1.0% concentrations. Increasing the
substitution levels resulted in a decrease in Brix, L*, and b* values, and an increase in the a* and AE* values,
total phenolic content and antioxidant activity of the puddings (P <0.05). The results obtained showed that
the highest concentrations of aronia derivatives substantially (P <0.05) increased the syneresis index;
however, there were no significant differences at low substitution levels. Besides, aronia derivatives did not
cause a substantial change in the sensory properties of the puddings, except for the consistency in the mouth.
Since coconut flour and aronia were found compatible with each other sensorily, they may be valorized
together in the development of different food products.

Keywords: Aronia, coconut flour, gluten-free, pudding

ARONYA TUREVLERI ILE URETILEN GLUTENSIZ PUDINGLERIN
FIZIKOKIMYASAL, DUYUSAL ve BIYOAKTIF OZELLIKLERI

oz

Bu ¢alisma aronya tozu ve aronya lifi tozu ilave edilerek antioksidan aktivitesi artirtlan glutensiz
pudinglerin 6zelliklerini arastirmayt amaclamistir. Kontrol 6rnegindeki hindistan cevizi unu, aronya
tiirevleri ile %0.25, %0.5 ve %1.0 konsantrasyonlarinda kismen ikame edilmistir. [kame seviyesinin
artirllmasi 6rneklerin Briks, L*, ve b* degerinde azalisa, a* ve AE* degeri, toplam fenolik madde
icerigi ve antioksidan aktivitesinde artiga yol agmistir (P <0.05). Elde edilen sonuglar, aronya
tirevlerinin en yitksek konsantrasyonunun sinerez indeksini 6énemli 6lgide (P <0.05) artirdigini;
ancak distik ikame seviyelerinde 6nemli bir farklilik olmadigini géstermistir. Ayrica, aronya tiirevleri
agizdaki kivam disinda, pudinglerin duyusal 6zelliklerinde 6nemli bir degisiklige neden olmamisgtir.
Hindistan cevizi unu ve aronya tirevlerinin birbirleriyle duyusal olarak uyumlu olduklart
bulundugundan, bunlar farkli gida triinlerinin gelistirilmesinde birlikte degerlendirilebilirler.
Anahtar kelimeler: Aronya, hindistan cevizi unu, glutensiz, puding
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INTRODUCTION

Gluten is a protein complex, composed of two
fractions called glutenin and gliadin, which is
found in certain cereals such as wheat, rye, and
batley. It is an important compound that
determines the technological properties of bakery
products thanks to its ability to form a three-
dimensional protein network (de Lorgeril and
Salen, 2014; Smidova and Rysov4, 2022). On the
other hand, there are also some health issues
detived from gluten. According to the
terminology and classification proposed in a
conference held in London in February 2011,
celiac disease (CD), gluten ataxia, dermatitis
herpetiformis, wheat allergy, and non-celiac
gluten sensitivity are the gluten-related disorders
(Sapone et al., 2012; Tovoli et al., 2015). The most
well-known gluten-related disorder, CD, which
has an increasing prevalence rate worldwide, is a
common immune-based disorder triggered by
gluten intake, especially in genetically predisposed
individuals (Gatti et al., 2020). Apart from CD,
there is also an increase in the number of
individuals suffering from non-celiac gluten
sensitivity and wheat allergy (Mansueto et al.,
2014). The treatment that could be applied for
gluten-related disorders is to follow a gluten-free
diet. Except for people who suffer from gluten-
related disorders, there is also a growing increase
in the number of healthy individuals adopting
gluten-free nourishment as a lifestyle (Sabenca et
al., 2021). Therefore, developing gluten-free
products which are acceptable to consumers, and
have gained functional properties, is becoming
the interest of food manufacturers, scientists, and
health professionals dramatically (IKhoury et al.,
2018).

Even though there is not a commonly recognized
definition, functional foods are generally defined
as processed or natural foods that have potentially
positive effects on health when consumed
regularly, beyond basic nutrition. They may
reduce the risk of noncommunicable diseases.
However, to be regarded as functional, their
safety and functionality should be proved by
clinical and experimental trials and should be
compatible with the regulations of the country
(Granato et al. 2020, Alongi and Anese 2021).

One of the most important issues regarding the
functional foods is since they do not heal or
prevent diseases, they should not be qualified as
medications. The most described and studied
functional ingredients are polyunsaturated fatty
acids, probiotics, prebiotics, synbiotics, and
antioxidants (Granato et al. 2020).

Coconut flour is generally obtained by milling the
residue of the coconut which remains after the
extraction of coconut milk and the subsequent
defatting process (Bawalan, 2000; Gunathilake et
al., 2009). According to another procedure, it may
also be produced without the defatting process
(Hopkin et al., 2022). Coconut flour is rich in
dietary fiber, which makes it a potential functional
food (Trinidad et al., 2000), is gluten-free, has a
comparable  protein  content to  wheat
(Ramaswamy, 2014), and is also free of trans-fatty
acids (Adeloye et al., 2020). It can be used in the
production of several products such as bread,
cookies, cake, noodles, and desserts, either alone
or blended with other flour samples up to a
certain level, and as a filler and bulking agent in
the products (Gunathilake and Abeyrathne,
2008).

Fruits in the berries class are known as rich in
phenolic compounds, which exhibit high
antioxidant activity (Oszmiadski and Wojdylo,
2005). In several studies, aronia (Aronia
melanocarpa), known as black chokeberry, has also
been reported to have high antioxidant activity,
which arises from its phenolic compounds
(Oszmianski and Wojdylo, 2005; Gralec et al.,
2019; Meng et al., 2019; Rodriguez-Werner et al.,
2019; Banach et al., 2020). Due to its bioactive
compounds, especially phenolic compounds,
aronia also has antidiabetic, antimutagenic,
hepatoprotective, and  immunomodulatory
properties and may be beneficial for health by
protecting against several chronic diseases such as
heart diseases, cancer, diabetes, etc. (Kulling and
Rawel, 2008; Gajic et al., 2020). Its functional
properties make aronia a good candidate for using
it, its powder, or other derivatives as an ingredient
in foods, juices, and drinks (Du and Myracle,
2018; Rodriguez-Werner et al., 2019; Vidovi¢ et
al,, 2019).
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Several studies on the usage of coconut flour in
the production of bread (Gunathilake et al., 2009),
biscuits (Jiamjariyatam et al,, 2021), cookies
(Paucean et al, 2017; Marikkar et al., 2020),
noodles (Gunathilake and Abeyrathne, 2008),
cake (Hopkin et al., 2022), snacks (Mihiranie et al.,
2017), or breakfast cereal (Okafor and Usman,
2014; Usman and Okafor, 2016) are available.
Coconut flour was generally used as a dietary fiber
source and the compositional, textural, and
sensory qualities of the products were determined
in these studies. It was reported that using
coconut flour up to a certain level depending on
the product type was found advantageous and
feasible. However, no study that valorized
coconut flour as the main thickening agent in
pudding production could be found. On the other
hand, only one study could be found in the
literature that used aronia extract in puddings (Lee
and Choi, 2020), and one used aronia juice
concentrate in agar gels (Jakubczyk and
Kaminska-Dwérznicka, 2021); however, thetre
were no data for total phenolic or antioxidant
activity in these studies. Due to the consumer

demand for healthy foods, the aim in this study
was to produce an acceptable coconut flour-based
gluten-free pudding in which antioxidant activity
was enhanced by the addition of aronia powder
(AP) and aronia fiber powder (AFP) at different

substitution levels.

MATERIALS AND METHODS

Materials

The ingredients used for the pudding production
were: coconut flour (Degirmencibasi, Smart
Kimya, [zmir, Tiirkiye), xanthan gum (Tito, Smart
Kimya, Izmir, Turkiye), freeze-dried aronia
powder (Mor Aronya Gida ve Saglik, Tstanbul,
Thrkiye), aronia fiber powder (100% micronized
organic aronia pulp; Mor Aronya Gida ve Saglik,
Istanbul, Tiirkiye), UHT milk (Icim, Tiirkiye), and
granulated refined sugar (Migros, Turkiye). The
composition of the ingredients specified by the
manufacturers are shown in Table 1. All the
chemicals used for the analysis were of analytical

grade.

Table 1. Nutritional values of the ingredients

Coconut flour AP AFP UHT milk

(3/100g) (8/100g) (3/100) (g/100ml)
Carbohydrate 64.0 73.0 13.61 4.7
-Sugar 18.7 41.0 1.11 N
Protein 19.0 2.5 6.94 3.0
Fat 16.0 1.0 3.61 3.0
-Saturated fat 3.0 0.0 0.28 3.0

Fiber N 19.0 70.0 -

The data given in the table were obtained from the product labels.

N: not declared;

Methods

Preparation of puddings

The composition of the pudding samples is given
in Table 2. All the dry ingredients were added to
the UHT milk, and the mixture was heated with
continuous stirring. Cooking was terminated after
5 min of boiling and cooked puddings were
transferred into small cups before cooling. After
cooling at room temperature, pudding samples
wete stored at 4 °C overnight before analysis.

In preliminary studies, it was determined that
coconut flour was adequate for gelation, however;
xanthan gum was also used in the formulation
since it made the puddings smoother. Since
coconut flour was the primary thickening agent in
the formulation, substituting the coconut flour
with higher AP and AFP concentrations than
1.0% affected the storage stability and consistency
adversely. Therefore, 1.0% was determined as the
maximum inclusion level for both AP and AFP.
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Table 2. The composition of the pudding samples (g/100g)

C AP1 AP2 AP3 AFP1 AFP2 AFP3
UHT milk 81.8 81.8 81.8 81.8 81.8 81.8 81.8
Coconut flour 8.00 7.75 7.50 7.00 7.75 7.50 7.00
Sugar 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Xanthan gum 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Aronia powder - 0.25 0.50 1.0 - - -
Aronia fiber powder - - - - 0.25 0.50 1.0

C, control sample; AP, samples containing aronia powder; AFP, samples containing aronia fiber powder

Physicochemical properties of puddings
Total soluble solids content. The method of Lee and
Choi (2020) was slightly modified for the
determination of total soluble solids. Twenty
grams of sample was mixed with 40 ml of distilled
water and agitated at 130 rpm for an hour at room
temperature. Then the mixture was transferred
into centrifuge tubes and centrifuged (3000 X g, 4
°C) for 20 min (Nuve NF 800R, Ankara, Tirkiye).
The supernatants were filtered through a filter
paper (47 um pore size) and the total soluble
solids content (°Brix) was measured with a
refractometer (RHB-80ATC, USA).

Color. The color of the puddings was measured
using a spectral colorimeter (CHN CS-410,
China) with a D65 illuminant and an observing
angle of 10° and expressed using CIELab
parameters (L*, a*, b* values). A white plate was
used as the calibration standard (IL* = 98.55, a* =
0, b* = 1.32). The measurements for each
formulation were made on five different points of
three puddings. The total color difference (AE*)
between the control pudding (C) and the aronia-
enriched puddings (A) was also calculated using
equation (1) (Baixauli et al., 2008). The formulas
used for calculating the hue angles considering the
different quadrants to express the hue angle as
positive numbers (McLellan et al, 1995) are
shown in equation (2a-c).

AE* = [(L¢" — L") + (ac” —ag")* +
(be" — by")?]Y/? )

15t quadrant (+a*, +b*)
h® = ArcTan(b */a *)

(22)

27 quadrant (-a*, +b*) and 3 quadrant (-a*, -b*)

h° =180 + ArcTan(b */a *) (2b)

4% quadrant (+a*, -b*)
h® = 360 + ArcTan(b */a *)

(20)

Syneresis index. The syneresis index of the puddings
was determined by the method of Valencia et al.
(2016) with some modifications. Pudding samples
of 15 g were weighed into a 50 ml centrifuge tube
and centrifuged at 3000 X g for 30 min at 5 °C.
The syneresis index was expressed as a percentage
by dividing the supernatant weight by the sample
weight.

Storage stability. Ten grams of pudding sample in a
pre-weighed plastic cup was stored at 4 °C for 72
h after being wrapped with aluminum foil. Next,
the leaching water was removed, and the cup was
re-weighed. The ratio of the final weight of the
sample to the initial weight of the sample as a
percentage was evaluated as the storage stability
(Moin et al., 2017).

Total phenolic content and antioxidant
activity of puddings

Extraction of the pudding samples and analysis of
antioxidant activity were done according to the
methods of Sun et al. (2007) with some
modifications. Pudding samples of 10 g were
mixed with 20 ml of 99.8% ethanol, and vortexed
for approximately 30 s until a homogenized
mixture was obtained. Then, the mixture was
centrifuged at 3000 X g for 10 min (Nuve NF
800R, Ankara, Ttrkiye), and the supernatant was
filtered through a quantitative filter paper of 4-7
um pore size. Supernatants were maintained at
—20 °C until the analyses were performed.
Dilutions of the extracts were made with 75%
ethanol, and 75% ethanol was also used as blank.



Properties of gluten-free puddings produced with aronia derivatives

Total phenolic content. The extract (250 ul) was
mixed with 1250 pl of Folin—Ciocalteu’s phenol
reagent (10-fold diluted with distilled watet, v/v)
and 1000 ul of 7.5% sodium catbonate and
incubated at 50 °C for 15 min in a datk place,
which was followed by measuring the absorbance
with a spectrophotometer (Shimadzu UV-1800,
Kyoto, Japan) at 750 nm for the determination of
total phenolic content (Ramirez-Maganda et al.,
2015). Results were calculated as mg gallic acid
equivalent/100 g sample by using a calibration
curve (y=11.176x+0.0038, R? = 0.9994)
generated with the gallic acid standard (5-60
mg/L).

DPPH analysis. The DPPH (2,2-diphenyl-1-
picrylhydrazyl) assay was carried out by mixing 2
ml of extract or Trolox standard (6-40 pM) with
350 pl of 0.5 mM DPPH solved in 99.8% ethanol,
and measuring the absorbance value at 517 nm
with a spectrophotometer (Shimadzu UV-1800,
Kyoto, Japan) after 30 min incubation at room
temperature.

ABTS analysis. To perform the ABTS (2,2'-
azino-bis(3-ethylbenzothiazoline-6-sulfonic acid))
assay, ABTSe+ radical, which was generated by
holding the 7 mM ABTS stock solution
containing 2.45 mM potassium persulfate for 12—
16 h at room temperature, was diluted with 99.8%
ethanol to an absorbance of 0.70 * 0.02 at
734 nm. Then, 900 ul of ABTSe+ radical was
mixed with 100 ul of extract or Trolox standard
(10-280 uM), and the absorbance was measured at
734 nm after 6 min from initial mixing.

The scavenging effect was calculated with
equation (3) and using the calibration curve
(y=2.4966%-6.6229, R? = 0.9994 for DPPH, and
y=0.2994x+7.2901, Rz = 0.9998 for ABTS
methods) obtained with the Trolox standard;
antioxidant activity results are given as mg Trolox
equivalent/100 g sample.

Scavenging ef fect (%) = 453 plank—Abssampte 11 () 3

ADS piank

Sensory analysis of puddings
Sensory evaluation was carried out by 13
untrained panelists comprising male and female

undergraduate students and staff in the Faculty of
Engineering at Zonguldak Bilent Ecevit
University; the pudding samples were coded with
random letters. Panelists were asked to grade
puddings with a 5-point hedonic scale ranging
from 1 (dislike extremely) to 5 (like extremely) for
each parameter. The parameters were color, taste,
odor, consistency (both appearance and in the
mouth), and overall appreciation (Gurmeric et al.,
2013; Moin et al., 2017).

Statistical analysis

The effect of the substitution level of AP and
AFP on the response values (Brix, color, syneresis
index, total phenolic content, antioxidant values,
sensory analysis) of the pudding samples was
evaluated. The statistically significant differences
between the pudding samples were analyzed by
performing an analysis of variance (ANOVA) on
data wusing SAS System Software (SAS
OnDemand for Academics). The parameters
determined as significant at the 95% confidence
level were evaluated by Duncan’s multiple range
test. All experiments were performed in three
replicates and the results of the analysis were
given as mean 1 standard error. Pearson’s
correlation coefficients (r) between variables were
determined with Minitab Statistical Software
(Academic version, Minitab Inc. USA).

RESULTS AND DISCUSSION
Physicochemical properties

The total soluble solids content (Brix) and color
values of the pudding samples in which coconut
flour was partially substituted with AP (aronia
powder) and AFP (aronia fiber powder) are
shown in Table 3. Increasing the substitution level
resulted in a decrease in Brix value and the
difference was statistically significant when
compared to the control sample (P <0.05). This
was probably related to the decrease in the
amount of coconut flour in the formulations
including AP or AFP. Distinctly from this study,
Lee and Choi (2020) determined an increase in the
total soluble solids content of puddings with
increasing aronia concentration. However, they
decreased the amount of milk on increasing the
aronia concentration and did not change any
other solid ingredient in their formulation.
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Table 3. Total soluble solids content and color values of pudding samples.

Brix (°Bx) L* a* b AE* h*
C 783 +0.17 8661*+044 0.779%003 11.86* * 0.09 - 9371 £ 0.15
APl 7000 £000 73.01b+0.11 418004  324c+005 1685 £0.10  37.779 % 0.38
AP2  657°£0.07 654794019 546 +£0.08 108 £0.06  24.549+025 1117+ 0.60
AP3 6500000 5850°+0.09 64204006  -1.10:£003 3178 +0.10  350.272 + 0.29
AFP1  7.00b £0.00 6875+ 0.19 435004 3570 +£0.04 2035027  39.36¢ + 0.34
AFP2  6.67<£0.17  60.39¢+023 5566 £0.06 24094005 2858054  23.36¢ £ 0.39
AFP3 657007 51.9464022  6400+0.04  131¢£0.03 3694+ 051  11.57°%0.23

C, control sample; AP1, AP2, and AP3, samples containing 0.25%, 0.5% and 1.0% aronia powder, respectively; AFP1, AFP2,
and AFP3, samples containing 0.25%, 0.5% and 1.0% aronia fiber powder, respectively. Results are given as mean * standard

€error.

Means with a different superscript letter within a column indicate significant differences (P < 0.05) among the samples.

The L*, a*, and b* values represent darkness—
lightness (from 0 to 100), greenness—redness
(from negative to positive), and blueness—
yellowness  (from negative to  positive),
respectively (Durmus, 2020). The addition of
increasing levels of AP or AFP made the
puddings darker (P <0.05) and caused an increase
in the redness (P <0.05) and a decrease in the
yellowness (P <0.05) of the puddings. The results
were similar to the findings of Lee and Choi
(2020), who observed lower L* and b*, and higher
a* values with an increasing concentration of
aronia extract. It was observed that the effect of
AFP on the datkness of the puddings was
substantially larger (P <0.05) than that of AP, and
the yellowness of the AFP-containing puddings
was higher (P <0.05) at the same substitution
level.  According to the manufacturer’s
declaration, AP is produced by grinding the
freeze-dried whole fruit. On the other hand, AFP
is produced by drying and grinding the remained
aronia pulp at a low temperature after the fruit
juice is obtained. The darker color for AFP-
containing puddings probably arose from drying
process applied. Chen and Martynenko (2018)
also determined lower L* values for blueberry
leathers dried from two different purees using
forced air drying compared to the freeze-drying
method. The color difference of the puddings was
statistically significant (P <0.05) and increased
with an increasing AP or AFP concentration. It
was determined that AFP is more effective than
AP in increasing the color difference. The red
color is represented by the hue angles of 0° and
360° while the yellow, green, and blue colors are
represented by the 90°, 180°, and 270°,
respectively (Milovanovic et al., 2020). The hue

angles are given in Table 3. These values showed
that the control sample had a yellowish color
while AP and AFP-containing samples had
reddish colors. Images of the pudding samples are
given in Figure 1.

The results for the syneresis index of puddings are
shown in Figure 2. The control sample showed no
syneresis. However, syneresis was observed for
AP- and AFP-containing samples, probably due
to the decrease in starch and fiber content, which
was caused by lowering the amount of coconut
flour. The effect of AP and AFP at lower
concentrations (0.25% and 0.5%) on the syneresis
index of puddings was not statistically significant
and could be considered as negligible. On the
other hand, the syneresis indices were calculated
as 6.20% and 12.14% for AP- and AFP-
containing samples at the concentration of 1%,
respectively (P <0.05). Puddings are generally
known as milk protein-based starch paste (Lim
and Narsimhan, 2000). The reorganization of the
starch or retrogradation during gel or paste
formation is the main cause of syneresis (Ribotta
etal., 2012) and the syneresis phenomenon occurs
as a result of the loss of unbound water (da Silva
Costa et al, 2020). According to the
manufacturer’s declaration on the packages, the
fiber content of AFP is approximately 3.7-fold
higher than that of AP, and AP contains 2.6-fold
more sugar (Table 1). AFP was expected to bind
water more than AP due to its fiber content.
However, the higher sugar content of AP might
have prevented starch retrogradation to some
extent (Dello Staffolo et al., 2017), thus giving
more positive results in terms of syneresis.
Moreover, it has also been reported that
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chokeberry fiber increases the syneresis in  pootly soluble and its tannins may precipitate
fermented milk samples since its dietary fiber is ~ proteins (Szajnar et al., 2021).

AP3

CONTROL

‘

AFP1 AFP2 AFP3

Figure 1. Pudding samples after held in a refrigerator overnight. AP1, AP2, and AP3, samples
containing 0.25%, 0.5% and 1.0% aronia powder, respectively; AFP1, AFP2, and AFP3, samples
containing 0.25%, 0.5% and 1.0% aronia fiber powder, respectively.

14.000
12.138 a

12.000
10.000
8.000

6.258b
6.000

Syneresis (%)

4.000 3.157bc
1.409C 1.693C 1.706 €

osone ooy —

C AP1 AP2 AP3 AFP1 AFP2 AFP3
Pudding samples

2.000

0.000

Figure 2. Syneresis index of pudding samples. Different lowercase letters shown with mean values
represent significant differences (P <0.05). AP1, AP2, and AP3, samples containing 0.25%, 0.5% and
1.0% aronia powder, respectively; AFP1, AFP2, and AFP3, samples containing 0.25%, 0.5% and 1.0%

aronia fiber powder, respectively.
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Good storage stability is an important indicator to
obtain preferable puddings (Lim and Narsimhan,
2006). While syneresis is calculated depending on
the water released from samples under centrifugal
forces, storage stability is calculated according to
the water expelled from a paste after refrigeration
or the freeze—thaw cycle (Moin et al., 2017). The
storage stability of the puddings was determined
after 72 h storage at 4 °C. For each formulation,
three different cups were used for the analysis.
After storage, free water was observed only in one
cup for AP3 and AFP2, and in two cups for
AFP3. The storage stability was calculated as
3.2%, 3.1%, and 4.2% for the mentioned samples,
respectively, and the pudding samples could be
considered to have good storage stability.

Total phenolic content and antioxidant
activity of puddings

The total phenolic content and antioxidant
activity results of the pudding samples are shown
in Figure 3. It was found that increasing the
concentration of AP or AFP increased the total
phenolic content and antioxidant activity of the
samples significantly (P <0.05). In addition, the
effect of AP on the mentioned values was higher
than that of AFP. AP3 was determined to have
the highest total phenolic content and antioxidant
activity (with both DPPH and ABTS methods)
among the others (P <0.05), with values of 23.77
1 0.66 mg GAE/100 g sample, 26.91 £ 0.17 mg
TE/100 g sample, and 37.18 + 2.42 mg TE/100
g sample, respectively. AP3 was followed by
AFP3 > AP2 >AFP2 > AP1 > AFP1 > C in
terms of total phenolic content. However, there
were no significant differences between AFP3
and AP2, or between AFP2 and AP1. This result
shows that pudding samples had the statistically
same total phenolic content when using AP at half
the concentration of AFP. In terms of antioxidant
activity determined by the DPPH method, the
order of samples was AP3, AFP3, AP2, AFP2,
AP1, AFP1, and C from highest to lowest value.
The order is also the same according to the ABTS
method; however, the effect of AP and AFP on
antioxidant activity was determined to be
statistically the same at 0.25% and 0.50%
concentrations.

The heat application in food production is the
main handicap to obtaining products rich in
antioxidant activity due to the sensitivity of
phenolic compounds to heat (Albuquerque et al.,
2021); even so, AP or AFP addition resulted in a
remarkable increase in the antioxidant activity of
the puddings. There were no data for total
phenolic or antioxidant activity of aronia-
enriched puddings in the literature; however, the
antioxidant activity of bakery products (bread,
mini baguette, and biscuit) fortified with aronia
has been reported to range between 19.1 and 34.2
mg TE/100 g (Catana et al., 2018). Lee and Choi
(2016) and Lee and Yoon (2016) found elevated
scavenging activity for cookies incorporating an
increasing level of AP.

The relationship between total phenolic content,
antioxidant activity, aronia concentration, and
color wvalues was evaluated with Pearson’s
correlation (Table 4) and the correlations were
found to be strong for both AP- and AFP-
containing puddings. It was observed that total
phenolic content was highly correlated with
antioxidant activity (P <0.01), indicating that the
phenolic compounds in the pudding samples
were the primary sources of antioxidant activity.
Furthermore, DPPH and ABTS results were also
positively correlated with each other (P <0.01).
The correlation coefficient between total phenolic
content and the DPPH test of aronia berries in
different stages of development determined by
Gralec et al. (2019) (r = 0.7) shows them to be
positively correlated.

Correlation analysis revealed that there was a
strong relation between color values and other
parameters  (total phenolic content and
antioxidant activity). L* and b* values were
negatively correlated with other parameters, while
a* values were positively correlated. Comert et al.
(2020) reported that the color of fruits and
vegetables is compatible with their antioxidant
content, and fruits and vegetables containing
higher amounts of anthocyanins and total phenols
also have a high antioxidant content. They also
found that most fruits and vegetables whose hue
values are above 180° and below 20° have high
antioxidant capacity. When considering the hue
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angles (Table 3) and antioxidant activity values
(Figure 3) together, the results are consistent with
the findings of Comert et al. (2020).

45.00
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Total Phenolic Content (mg GAE/100 g pudding)
Antioxidant Activity (mg TE/100 g pudding)
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Total phenolic content Antioxidant activity (DPPH) Antioxidant activity (ABTS)

Figure 3. Total phenolic content and antioxidant activity of pudding samples. Different letters for the
same-colored bars refer to significant differences (P <0.05) among the samples. AP1, AP2, and AP3,
samples containing 0.25%, 0.5% and 1.0% aronia powder, respectively; AFP1, AFP2, and AFP3,
samples containing 0.25%, 0.5% and 1.0% aronia fiber powder, respectively.

Table 4. Pearson’s correlation coefficients

Concentration TPC DPPH ABTS L* a*
TPC 0.973*
DPPH 0.991* 0.967*
Aronia  ABTS 0.965* 0.950* 0.965*
Powder L -0.949* -0.919* -0.950* -0.890*
a* 0.860* 0.832* 0.862* 0.795* -0.974*
b* -0.878* -0.851* -0.880* -0.816™ 0.980** -0.998*
TPC 0.931*
Aronia DPPH 0.978* 0.919*
Fiber ABTS 0.964* 0.878* 0.978"
Powder L* -0.936* -0.859* -0.953* -0.982*
a* 0.842 0.768" 0.868" 0.932 -0.975*
b* -0.807* -0.729* -0.831* -0.908* 0.957* -0.996*

TPC:Total Phenolic Content; DPPH:2,2-diphenyl-1-picrylhydrazyl; ABTS: 2,2"-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid)

TAP or AFP concentration in the formulation of puddings.

“The correlation is statistically significant (P <0.01)
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Sensory analysis

Consumer demand for nutritious and functional
foods, especially those high in antioxidant activity,
has been growing day by day. However, one of
the primary properties that affect consumers’
acceptance of a food is its sensory characteristics.
The sensory properties of pudding samples are
shown in Table 5. Although the panelists did not
know the ingredients of the puddings at first,
except for the aronia, they all perceived the
coconut from its distinct flavor. According to raw
data, control sample had the highest odor score
probably due to this distinct and well-known
flavor. As noted above, coconut flour was the
primary thickening agent, and replacing the
coconut flour with AP and AFP, especially at
higher concentrations, probably decreased the
starch and dietary fiber content. The effect of this
decrease was observed on the syneresis and
storage stability of the puddings. Therefore, the
control sample was expected to have the highest
consistency score. However; no significant
differences were observed for the consistency of
the appearance while AP-containing samples were

determined to have the highest scores in terms of
consistency in the mouth. Although there were no
statistical ~ differences between the pudding
samples except for the parameter consistency in
the mouth, AP-containing samples were liked
more than AFP-containing samples. Addition of
1% AFP caused a substantial decrease in the
consistency score (P <0.05); however, all the
samples were found acceptable by the panelists.
The panelists expressed that coconut flour and
aronia were compatible with each other and they
could buy all the puddings in case of being
commercial products. Considering the overall
appreciation of raw data, AP3 was the most
preferred sample, which differs from the results
of Lee and Choi (2020) who reported that the
overall acceptance score of the puddings was
decreased for samples containing more than 0.5%
aronia extract. Probably, since coconut flour
repressed the astringency of aronia, puddings
containing AP and AFP at concentrations of 1%
were also liked.

Table 5. Sensory analysis results of pudding samples.

Color Taste Odor Consistency Ove'ral.l

Appearance In mouth appreciation
C 392+£0.33 385%+0.27 385%+0.19 377%£032 3.69+024 3.62%0.29
AP1 3621029  392+024 3.69%+021 3.69%0.18 4.000 £ 0.23 4.00 £ 0.20
AP2 400=*£0.25 3.69%+029 377£0.17 3.69£0.18 3.852+ 0.25 4.08 + 0.24
AP3 4151022 4151025 3771017 3921014  4.00:+0.25 423+ 0.26
AFP1  3.69%026 3.62%+0.18 3.62+024 354%£024 331+029 3.62%0.18
AFP2 3541027 339+027 331+031 339+027 339 +031 354+£027
AFP3  415+0.22 323+034 3.69+024 4.00=*0.23 292>+ 0.37 354 £0.35

C, control sample; AP1, AP2 and AP3, samples containing 0.25%, 0.5% and 1.0% aronia powder, respectively;
AFP1, AFP2 and AFP3, samples containing 0.25%, 0.5% and 1.0% aronia fiber powder, respectively. Results
are given as mean ¥ standard error.
Different letters in a column refer to significant differences (p<<0.05), which were observed just for consistency

in mouth.

CONCLUSION

Consumers show growing interest in functional
foods and gluten-free foods for health problems
or just aiming for healthy nutrition. Consumer
demands for healthy foods have impelled experts
to develop novel food products. In this study,
gluten-free puddings prepared with coconut flour
were evaluated as a control sample and their
antioxidant activity was enhanced by substituting

the coconut flour with AP or AFP. Although all
samples were acceptable sensorily, puddings with
added AP were more preferable. Aronia or its
derivatives (powder, extract, etc.) when used at
the right concentrations could be good
ingredients to develop different food products
high in antioxidant activity without affecting the
product negatively. Future studies could be done
intended for determining the shelf-life of the
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puddings. Microbiological analyses, textural and
rheological measurements in addition to
compositional and physicochemical analyses
could be carried out for this purpose. Moreover,
performing in vitro bioaccessibility studies could

be beneficial.
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ABSTRACT

Typha domingensis pollen is obtained from staminate flowers of plant that is edible. In this study, bioactive
compounds from pollen were extracted using ethanol and methanol with conventional method. Further
ultrasonication was applied to the samples to improve extraction efficiency. The extraction yield was higher
with ethanol (26.310.14%) than with methanol (25.420.3%) and applying ultrasonication increased the
yields significantly (P <0.05). Total phenolic compounds in ethanol and methanol extracts were determined
as 9.8310.48 and 9.7110.55 mg GAE/g dry matter with the conventional method, and 11.76+0.64 and
12.74£0.37 mg GAE/g dry matter after ultrasonication, respectively. The flavonoid content with ethanol
extraction was significantly higher than with methanol in both conventional and ultrasonication methods (P
<0.05). Antioxidant activities using DPPH, ABTS, CUPRAC, and FRAP tests, were determined, and
enhanced antioxidant capacities were observed after ultrasonication. The bioactive compounds were
qualitatively analyzed using UV-VIS spectroscopy and FTIR which confirmed the presence of polyphenols.
Keywords: Typha domingensis pollen, extraction, ultrasonication, bioactive compounds

TYPHA DOMINGENSIS POLENLERINDEN BiYOAKTIF BILESIKLERIN
EKSTRAKSIYONUNDA GELENEKSEL VE ULTRASONIK YONTEMLERIN
ARDISIK KULLANIMI

oz
Typha domingensis bitkisinin, erkek c¢iceklerinden elde edilen polen, yenilebilir 6zelliktedir. Bu

calismada, polenden biyoaktif bilesikler, etanol ve metanol kullanilarak geleneksel yontemle ekstrakte
edilmistir. Ardindan, ekstraksiyon verimliligini artirmak icin 6rneklere ultrasonikasyon uygulanmistir.
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AKilig

Etanol ile ekstraksiyon verimi (%26.310.14), metanole (%25.4%0.3) gbre daha yiiksek bulunmus ve
ultrasonikasyon uygulamasi verimi Onemli Ol¢lide artirmistir (P <0.05). Etanol ve metanol
ekstraklarinda, toplam fenolik bilesik icerikleri, geleneksel yontemle sirasiyla 9.83+0.48 ve 9.71+0.55
mg GAE/g, ultrasonikasyon uygulamasindan sonra ise 11.76£0.64 ve 12.741£0.37 mg GAE/g kuru
madde olarak belirlenmistir. Etanol ekstraksiyonundaki flavonoid icerigi hem geleneksel hem de
ultrasonikasyon yontemlerinde metanolden énemli élciide yiiksek olmustur (P <0.05). Orneklerin
antioksidan aktiviteleri DPPH, FRAP, ABTS ve CUPRAC ydntemleriyle belirlenmis ve sonuglar
ultrasonikasyonun antioksidan kapasitelerini de arttirdigini géstermistir. Biyoaktif bilesikler, UV -VIS
spektroskopisi ve FTIR ile kalitatif olarak analiz edilmis ve polifenollerin varligt dogrulanmustir.
Anahtar kelimeler: Typha domingensis pollen, ekstraksiyon, ultrasonikasyon, biyoaktif bilesikler

INTRODUCTION

Typha species, also called as cattail, are perennial,
herbaceous, rhizomatous plants belonging to the
Typhaceae family. Genus Typha is the only
member of the family and consists of about 15
members (Rao and Divya, 2016; Al-Bader, 2018;
Sorourian et al, 2020). Typha species are
excessively invading and grow wildly, especially in
tropical wetlands such as marshes, lagoons, and
lakes, and the length can reach 2-3 m (Sorourian
et al., 2020; Pandey et al., 2022). It has been also
reported that the species may grow worldwide,
except Antharctis, because of their high growth
rates under suitable conditions such as light,
water, and nutrients. In such cases, they may
colonize and dominate large areas (Bansal et al.,
2019; Cruz et al., 2019). Typha domingensis is
monoecious and develops inflorescence as spikes.
The inflorescence contains both staminate (male)
and pistillate (female) flowers. Pistillate flowers
are brown and densely packed that possess a
cylindrical shape. Staminate flowers are yellow
and located at the top of the plant (Bansal et al.,
2019; Carvalho and Mariath, 2019). Staminate
flowers can produce 216 to 4000 kg of pollens per
hectare (Arenas and Scarpa, 2003).

As they are widely distributed at wetlands, people
living around that area have been utilizing the
different parts of the plant for various purposes
since ancient times (Corneanu et al., 2014). Owing
to high cellulose content (about 67%), they are
used for craftwork, in the production of fabrics,
making vessels, cattle feeding, the manufacture of
boats in some countries (Garcia et al., 2019;
Barbero-Barrera et al., 2021; John et al., 2022;
Pandey et al, 2022). They are also used for
medicinal treatments such as diarrhea, wounds,
dysmenorrhea, nose bleeding, and burns (Akkol

et al., 2011; Corneanu et al., 2014; Karbon and
Alhammer, 2020; Sorourian et al, 2020).
Recently, Typha species have been attracted for
the potential utilization as biomass in the
production of bio-based materials such as furfural
and ethanol, and for bioremediation (Garcia et al.,
2019; Eid et al., 2020; Mukthar et al., 2020; Pandey
et al., 2022). Different parts of the plants such as
rhizome, shoots, and pollens are edible and have
been consumed as food in some countries
including Southern Iraq, India, South America,
China and New Zealand (Zhang et al., 2020). It
is consumed either fresh or after cooking (Al-
Bader, 2018). Pollen from staminate flowers of T.
domingensis is yellow in color and used in powder
form. It has high nutritional value that contains
proteins (0.112-0.184 g/g), carbohydrates (0.101-
0.174 g/g), vitamin C (1.176-2.319 mg/g) and
minerals such as calcium, phosphorus,
magnesium, and iron (Arenas and Scarpa, 2003).
It also contains bioactive compounds such as
phenolics and flavonoids. Characteristic golden
yellow color of the pollen is in consequence of the
flavonoids (Aljazy et al., 2021). Pollen may be
mixed with sugar or honey and served as dessert
or may be included in bread and cake
formulations (Zhang et al., 2020). In southern
Iraq, pollen is used to produce a sweet called as
Khirret (Alzajy et al., 2021). It has been consumed
by Native Americans in bread making, for
thickening soup, to give yellow color to rice
dishes, and a refreshing beverage is also prepared
from the pollen (Linskens and Jorde, 1997,
Arenas and Scarpa, 2003; Corneau et al., 2014).

Polyphenols are secondary metabolites produced
by plants as a part of defense mechanism for
protection from environmental damage. They
include flavonoids, isoflavonoids, and non-
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flavonoids which have beneficial effects on
human health owing to their antioxidant
properties (Hasan et al,, 2017). Thus, recent
studies have focused on the utilization of
polyphenols in the production of functional foods
and neutraceuticals after the extraction and
separation from the plants (Altemimi et al., 2015).
Besides conventional methods, new strategies
have been introduced to improve the extraction
efficiency of polyphenols from the plants, such as
microwave-assisted  extraction,  ultrasound-
assisted extraction, and supercritical fluid
extraction (Altemimi et al., 2016). Ultrasound-
assisted extraction is one the most attractive
methods which have been widely applied in recent
years because it is a fast, simple, and efficient
method (Altemimi et al., 2016; Lafarga et al., 2019;
Tarone et al., 2021). Applying ultrasound to the
extraction medium creates cavitation where air
bubbles are formed and subsequently collapse
resulting in the disruption of the cells (Zafra-
Rojas et al., 2020). Polyphenols are generally
bounded to carbohydrates and proteins (Goula et
al., 20106). Ultrasonication helps the liberation of
bioactive compounds from plant matrices by
breaking down these molecules (Lohani and
Muthukumarappan, 2021).

In the literature, there are several studies about
the extraction of phytochemicals from T.
domingensis  pollen using various methods.
However, to the best of our knowledge, there is
no report about the ultrasonication-assisted or
sequential extraction. Therefore, in the current
study, it was aimed to combine ultrasonic
extraction with conventional extraction in order
to improve the extraction of phytochemicals from
T.  domingensis  pollen. In this context,
phytochemicals were extracted wusing both
conventional and sequential conventional and
ultrasonication-assisted methods. Two extraction
solvents (ethanol and methanol) were used. Total
phenolic and flavonoid contents as well as
antioxidant properties samples obtained using
different methods were determined
comparatively. Additionally, phytochemicals were
also examined qualitatively with FTIR and UV-
VIS spectroscopy.

MATERIALS AND METHODS

Materials

Ethanol, methanol, hydrochloric acid, potasssium
persulfate, Folin-Ciocalteu phenol reagent,
sodium carbonate, iron(I1I) chloride hexahydrate,
sodium acetate, gallic acid were provided from
Merck (Darmstadt, Germany). 2,2-diphenyl- 1-
picrylhydrazyl (DPPH), Trolox [(F)-6- hydroxy-
106 2,5,7,8-tetramethylchroman-2-carboxylic
acid], Neocuproine, copper (II) chloride,
ammonium acetate, 2,4,60-tris(2-pyridyl)-S-triazine
(TPTZ), 2,20-azino-bis/3-ethyl-benzothiazoline-
6-sulfonic acid (ABTS) and potassium persulfate
were supplied from Sigma (St. Louis, MO). T.
domingensis pollens were purchased from local
market of Basrah (Iraq).

Ultrasonic-assisted and conventional
extractions of the bioactive compounds from
T. domingensis

Conventional and sequential conventional and
ultrasonic-assisted ~extraction methods were
applied in order to extract the bioactive
compounds from T. domingensis according to the
method described by Jerman et al. (2010) with
some modifications. Ethanol (70%) and methanol
(70%) were seclected as solvents. In the
conventional method, solvents (25 ml) were
added to weighed samples (2.5 g), and
homogenized for 5 min with ultra-turrax (KA,
T18, Germany) followed by the centrifugation at
6100 x g for 20 min then the supernatants were
filtered. Sequential conventional and
ultrasonication extraction was carried out using
the same solvents and the sample amounts.
Firstly, the samples were homogenized for 5 min
with  ultra-turrax, subsequently they were
subjected to ultrasonication using a 200 W and 24
kHz ultrasonic device (Bandelin HD2200,
Germany). The mixture was placed in a beaker
and the probe (TS104) was immersed 1.5 cm from
the surface of the solution. To keep the
temperature constant (20°C*2), each beaker was
held in an ice bath and the temperature was
monitored. The ultrasound power and time were
adjusted to 120 W and 30 min, respectively. After
ultrasonication, the samples were centrifuged
(6100 x g for 20 min) and the supernatants were
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filtered. All the extracts were kept at 4°C until
analysis.

Extraction yield

To calculate extraction yield, extracts were dried
at 50°C until the weight was constant. The
extraction yield was then calculated as follows:

Extraction yield (%)

extraction weight
_ ght (g) £100

powder weight (g)

Total phenolic content analysis

The total phenolic content of the extracts was
determined according to the method described
previously by Wojdyto et al. (2007). Briefly, 25 uLL
of extract and 75 pL of solvent were mixed with
0.2 mL of Folin—Ciocalteu reagent. One milliliter
of sodium carbonate solution was added to the
mixture after 3 min. Samples were incubated for
1 h at room temperature. The absorbance was
recorded at 765 nm with a spectrophotometer
(Shimadzu UV-1240, USA). The results were
calculated as mg gallic acid equivalent (GAE) /g
dry matter using a gallic acid standard curve (R2=
0.99806).

Total flavonoid analysis

The total flavonoid content of the extracted
samples was determined using the aluminum
chloride colorimetric assay. For this 100 pL
sample, 300 pL distilled water and 30 pL. NaNO»
(5%, w/v) were mixed in a tube, and reacted for
5 min. Subsequently, 30 uL. AICl3 (10%, w/v) was
added followed by the addition of 200 uL. NaOH
(1 mM) after 5 min. Then the final volume was
adjusted to 1 mL with distilled water. Absorbance
was measured at 510 nm using a UV-VIS
spectrophotometer. The amount of flavonoids
was calculated using the standard curve which was
constructed using quercetin. The results were
estimated as mg quercetin equivalent (QE)/g dry
matter (R2= 0.9997) (Egdhami and Sadeghi, 2010;
Kamtekar et al., 2014).

Determination of antioxidant capacities

Antioxidant  capacities of  extracts were
determined with four different assays, which were
DPPH scavenging activity, ferric reducing
antioxidant power (FRAP), cupric ion reducing

antioxidant capacity (CUPRAC) and ABTS**
assay (Huang et al, 2005). DPPH scavenging
activity assay was performed using the method of
Brand-Williams et al. (1995) with some
modifications. In a test tube, 50 uL. of extract, 50
pL of solvent and 3 mL of DPPH solution (0.051
mmol/L) were added and mixtures were
incubated for 30 min at room temperature.
Trolox solutions with different concentrations
were used to construct a standard curve (R2 =
0.9986). Absorbance values were recorded at 517
nm and the results were expressed as Trolox
equivalent in mg/g in dry matter.

The FRAP assay was applied according to the
procedure of Benzie and Strain (1996). FRAP
reagent was prepared by mixing 10 mmol/L
TPTZ, 20 mmol/L FeCl5.6H2O and 300 mmol/L
acetate buffer (pH 3.6) in a ratio of 1:1:10 (v/v),
respectively. The extract (50 uL) and solvent (50
ul) were transferred into a test tube. Then, 1.8
mL of FRAP reagent and 1.2 mL of distilled water
were mixed and incubated at 37°C for 15 min.
The results were calculated with respect to the
standard curve of Trolox (R? = 0.9991) and
expressed as mg/g in dry matter.

The ABTS assay was performed according to the
method described by Re et al. (1999) ABTS**
stock solution was prepared 16 h before use by
reacting 2.45 mmol/L aqueous solution of
KoOsS2 with 7 mmol/L aqueous solution of
ABTS*. Water/ethanol mixture (1:1, v/v) was
added to the stock solution until the absorbance
value of the working solution was 0.70. Then, 50
pL of the extract was mixed with 3 mL of ABTS**
working solution and incubated for 6 min at room
temperature. The absorbance
recorded at 734 nm and the results were expressed
as milligram Trolox equivalent per gram dry
matter (R? = 0.9994).

values were

For the CUPRAC assay, 50 uL of extract and 1.05
mlL of distilled water were mixed and 1.0 mL each
of copper(Il) chloride (102 mol/L in distilled
watet), neocuproine (7.5 X 1072 mol/L, in 96%
ethanol), and ammonium acetate buffer solution
(in distilled water, pH 7.0) were added to
complete the final volume to 4.1 mL. After
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mixing, the samples were incubated at room
temperature for an hour (Apak et al, 2004).
Absorbance values were recorded at 450 nm and
the results were expressed as Trolox equivalent in
mg/g in dry matter (R2 = 0.9971).

Qualitative analysis of the extracts

The extracts were monitored qualitatively by
determining the spectra of supernatants between
200 and 700 nm using a UV-VIS
spectrophotometer. Fourier transform infrared
(FTIR) spectroscopy analyses of the dried extracts
were performed on a Perkin Elmer spectrometer
(Massachusetts, USA) wusing Spectrum Two
Model by ATR technique. Data was analyzed with
Spectrum Software. The spectra were obtained at
room temperature in the range of 4000 and 400
cml,

Statistical analysis

The results were statistically analyzed by ANOVA
using SPSS (version 11.5, SPSS Inc., USA). To
determine the differences between extracts,
Duncan's multiple range test with a significance
level of 0.05 was used.

RESULTS AND DISCUSSION

Extraction yields

The extraction yield basically depends on the type
of extraction and the plant material. Thus, the
extracts of the pollens were prepared by using two
different solvents (methanol and ethanol) and two
extraction methods. The extraction yields of all
the conditions are depicted in Table 1. The
extraction yield with ethanol (26.34£0.14%) was
significantly  higher than with methanol
(25.38£0.31%) (P <0.05). On the other hand,
further application of ultrasonication to the
samples led to a significant increase in the yields
for both samples (P <0.05). The increase in the
extraction vyields after ultrasonication using
ethanol and methanol were detected as 9.5 and
12.8% respectively. The increase in yield after
ultrasonication was attributed to the cavitation
bubbles which disrupt the cell wall and also
increases the mass transfer rate of the cell
components into the extraction solvent
(Altemimi et al., 2016; Goula et al, 2010).
Furthermore, it aids in removing the

pholyphenols from proteins and carbohydrates
(Lohani and Muthukumarappan, 2021). Alhajali
and Ali-Nizam (2021) reported the extraction
vields of Pistacia atlantica as 30.12% and 24.20%,
respectively. Gonelimali et al. (2018) investigated
the extraction yields of various plants using water
and ethanol as solvents and applied both
conventional and ultrasonication-assisted
methods. They reported increased extraction yield
with ultrasonication.

Table 1. The extraction yields of the extracts
Extraction yields

Extracts (o)
) E 26.3420.10°
Ethanolic EUS 29.09+0.312
, M 25.38+0.22¢
Methanolic o 29.09£0.03¢

Values followed by the different letter shows
significant difference within extracts. E and M are the
ethanol extracts with conventional method. EUS and
MUS are the ethanol and methanol extracts after
ultrasonication.

Total phenolic and flavonoid contents

Total phenolic contents of the ethanol and
methanol extracts from the conventional
extraction were almost similar and found as
9.8310.48 and 9.71£0.55 mg GAE/g dry matter,
respectively (P >0.05). A significant increase in
the total phenolic content has been detected when
the samples were treated with ultrasonication (P
<0.05), and they were determined to be
11.7610.64 and 12.74£0.37 mg GAE/g dry
matter, respectively (Figure 1a). Unlike the total
phenolic contents, flavonoid contents were
affected by the type of the solvent. Using ethanol
as the extraction solvent yielded in higher
flavonoids than methanol (Figure 1b). The total
flavonoid amount obtained with methanol was
almost half of the flavonoids from the ethanol
extraction. Regarding the ultrasonication effect to
the extraction of flavonoids, remarkable increases
in both extraction solvents have been observed (P
<0.05). The total flavonoid contents of
ultrasonicated ethanol and methanol extracts
were 3.4010.17 and 2.07+0.06 mg QE/g dry
matter. As mentioned before ultrasonication
releases the bioactive compounds from the plant
matrices which are bounded with carbohydrates
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and proteins (Goula et al., 2016; Lohani and
Muthukumarappan, 2021). Improved extraction
of bioactive compounds from different plant
materials using ultrasonication were reported by
vatious researchers (Jerman et al., 2010; Altemimi
et al., 2015; Corbin et al., 2015; Tarone et al.,
2021). Altemimi et al. (2016) compared the
conventional and ultrasonication-assisted

(a)

extraction of phenolic compounds from peaches
and pumpkins and found higher phenolic
compounds and antioxidant activity with
ultrasonication. They also observed the extracted
samples under scanning electron microscopy and
detected highly damaged cell walls with
ultrasonication (Altemimi et al., 20106).
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Figure 1. Total phenolic (a) and total flavonoid (b) contents of the extracts. Values followed by the
different letter shows significant difference within extracts (E and M are the ethanol extracts with
conventional method. EUS and MUS are the ethanol and methanol extracts aftet ultrasonication)
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Total phenolic compounds and flavonoid content
of T. domingensis pollen were reported by several
researchers using different extraction techniques.
Chai et al. (2014) determined the total phenolic
and flavonoid contents of the staminate flower of
T. domingensis in the aqueous extracts as 9.9210.14
mg GAE and 8.161£0.12 mg QE/g dry matter,
respectively. Karbon et al. (2019) determined the
flavonoid content of the pollen as 1.43 mg rutin
equivalent/g dry matter. Sardar et al. (2014) used
vatious extraction solvents for the extraction of
bioactive compounds from the pollen and
reported the wvariation in the extracted
polyphenols and flavonoid contents depending
on the solvent type. They reported methanol as a
better solvent for the extraction of polyphenol,
while n-hexane was the most effective for
flavonoid extraction.

Antioxidant activities

To comprehensively examine different aspects of
antioxidant activities of the extracts, four different
methods were applied, namely DPPH, FRAP,
ABTS and CUPRAC. All of these analyses are
spectrophotometric electron transfer based assays
and measure the ability of an antioxidant in the
reduction of an oxidant. However, they differ
from each other according to their working pH,
applicability to hydrophilic and lyophilic
antioxidants and chromogenic redox reagents
with different standard potentials. Therefore, the
antioxidant potential of the extracts was evaluated
with different tests (Apak et al., 2007). According
to the results, DPPH values of all extracts ranged
from 1.30+0.10 to 1.58%0.07 mg Trolox/g dry
matter (Figure 2a). There were significant
differences between the DPPH wvalues of the
extracts and the highest one belonged to
ultrasonicated ethanol extract (P <0.05). Aljazy et
al. (2021) examined the antioxidant activity of
three pollen extracts (aqueous, ethanol, and
hexane) and found that the pollen extracts
showed a good ability to inhibit DPPH radical.
They reported that the percentage inhibition of
the extracts was not significantly different at a
concentration of 75 mg/ml.. Similarly, this study
showed no significant differences between
ethanol and methanol extraction.

When the FRAP results of the extracts were
compared, the lowest value was detected as
5.02+0.16 mg Trolox/g dry matter in methanol,
while the highest value was 5.90£0.26 mg
Trolox/g dry matter in ultrasonicated ethanol
extract (Figure 2b). The FRAP values were not
affected by the type of solvents. In the study of
Sardar et al. (2014), the effect of different solvents
on the antioxidant potential of the pollen of T.
domigensis was detected with FRAP assay. It was
reported that solvent type affected the FRAP
assay and the highest value was obtained in
methanol extract, which is in contrast with the
results of this study.

The ABTS wvalues of the ethanol and methanol
extracts from the conventional extraction were
almost similar and determined as 3.67+0.09 and
3.6610.03 mg Trolox/g dry matter, respectively
(Figure 2c¢). The ABTS activity significantly
increased after ultrasonic treatment (P <0.05) and
the values were detected as 4.06£0.08 mg
Trolox/g dry matter for ethanol extract and
3.90£0.07 mg Trolox/g dry matter for methanol
extract. Dilshad et al. (2022) conducted a study
evaluating phytochemical potential of methanol
extract and n-hexane fraction of T. domingensis.
They found the ABTS value of methanolic extract
as 114.31 mg Trolox/g dry matter, which is higher
than this study. One important reason could be
the differences in extraction times which was
longer than our study. The relative antioxidant
activities determined by DPPH scavenging,
FRAP and ABTS were in agreement (Figure 2c).

CUPRAC is another antioxidant activity method
and the principle is that the Cu (II)-neocuprine
complex converts the Cu (I)-neocuprine form at
the end of the reaction. In this study, CUPRAC
values of the ethanol and methanol extracts were
11.80£0.14 and 9.76%0.55 mg Trolox/g dry
matter, respectively, which showed the significant
effect of the solvent type (Figure 2d) (P <0.05).
Moreover, ultrasonicated ethanol extract had the
highest CUPRAC value (12.011+0.40 mg Trolox/g
dry matter). When the results of the antioxidant
activities were generally examined, much higher
values were detected in the samples treated with
ultrasonication than in conventional groups. The
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phenolic and flavonoid contents of T. domingenses
extract provide high antioxidant activity by
scavenging free radicals with the help of hydrogen
atoms of these compounds (Aryal et al., 2019).

(a)

Since these bioactive compounds were released
more from plant matrices during ultrasonication,
significant increases in antioxidant activities were
detected after treatment.
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Figure 2. DPPH (a), FRAP (b), ABTS (c) and CUPRAC (d) contents of the extracts. Values followed
by the different letter shows significant difference within extracts (E and M are the ethanol extracts
with conventional method. EUS and MUS are the ethanol and methanol extracts after ultrasonication).

Qualitative determination of phenolic and
flavonoids with UV-VIS spectroscopy and
FTIR

UV-VIS absorption spectra of the extracts were
monitored at 200-700 nm to determine specific
absorption wavelengths (Figure 3). There was no
absorption at the wavelengths over 400 nm. Main
peaks were detected at around 341-347, 261-260,
and 200-225 nm. All the samples had similar

peaks, however, their intensities differed which
were attributed to the different amounts of the
substances. It is known that the phenolic and
flavonoids absorb the UV light between 200 and
350 nm which is exerted due to the
electronic transition of aromatic substances as
well as chromophores (Rafi et al., 2018; Song et
al., 2020).
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Figure 3. UV-VIS absorption spectra of the ethanol and methanol extracts of 1. domingensis pollen. E
and M are the ethanol extracts with conventional method. EUS and MUS are the ethanol and
methanol extracts after ultrasonication.

Fourier transform infrared spectroscopy is a
useful tool for the identification of main
functional groups and chemical bonds in
biological molecules, hence it may provide insight
into the presence of certain compounds (Palacio
etal., 2014). In the current study, the extracts were
dried and subjected to FTIR analysis to confirm
the presence of phenolic compounds and
flavonoids by detecting the functional groups
associated with those molecules (Figure 4a and b).
The identical peaks were obtained with the same
solvents before and after ultrasonication.
However, the intensities of the peaks increased
after ultrasonication in both ethanol and
methanol extracts that were related with the
amount of the chemical compounds in the
samples. As the transmittance value is low,
absorbance is high which means that the sample
contains a higher amount of compounds. The
transmittance intensities obtained with FTIR
were coherent with the results of the
phytochemical analysis performed before and
after ultrasonication. The wide peaks between

3600 and 2990 cm' were detected in all the
samples which were attributed to the stretching
vibration of —OH groups in phenols and
flavonoids (Kalaichelvi and Dhivya, 2017). The
peaks at 2926 and 2852 cm ! were associated with
the —CH stretching vibrations of aromatic rings
(Jain et al., 2016; Collazos-Escobar et al., 2020).
The peak at 2852 cm! was more apparent in the
ethanol extracts than in methanol extracts. The
peaks between 1734, and 1600 cm™' were due to
the vibrations and stretching of —C=0 groups in
flavonoids (Kumar and Roy, 2018). The highly
intense peaks at 1043 cm™! were associated with
C-O-C stretch (Jain et al, 2016). The peaks
between 987 and 543 cm! were attributed to the
angular deformation of C-H bonds in aromatic
rings (Batista et al., 2016). The presence of -OH,
-C=C-, and C-O-C groups confirmed that the
extracts contained phenolics and flavonoids
(Kumar and Roy, 2018). Thus, existence
functional groups and chemical bonds related
with polyphenols and flavonoids validated the
presence of those molecules.
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Figure 4. FTIR spectra of ethanol (a) and methanol (b) extracts of 1. domingensis pollen. E and M are
the ethanol extracts with conventional method. EUS and MUS are the ethanol and methanol extracts
after ultrasonication.

CONCLUSIONS

T. domingensis pollen which is included in the
traditional dishes of some culture were tested for
its bioactive compounds. Conventional extraction
method was compared with the sequential
conventional and ultrasonicated extraction using
ethanol and methanol as extraction solvents.
Sequential conventional and ultrasonicated
extraction significantly improved the extraction
yield and the amount of bioactive compounds. In
spite of similar total phenolic contents with
ethanol and methanol, the total flavonoids were

substantially higher in methanol extracts than
methanol extracts. In addition, sequential
extraction resulted in higher antioxidants
activities in all conditions which were determined
using four different methods (DPPH, ABTS,
FRAP and CUPRAC assays). Ethanol extracts
exhibited higher antioxidant activities than
methanol extracts that indicated the ethanol was
better than methanol for the extraction of
bioactive compounds from T. domingensis pollen.
FTIR analyses confirmed the presence of
phenolic compounds and flavonoids. It also
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indicated that ultrasonication could only increase
the amount bioactive compounds, but did not
provide the extraction of different compounds.
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Arastirmada, sucuk kaynaklt Iactzplantibacillus plantarnm EX148 susu gama amino biitirik asit (GABA) tretim
diizeyi acisindan degerlendirilmistir. GABA tretimine, monosodyum glutamat (MSG) bulunmayan besi
ortamina glutamik asit kaynagt olarak et protein izolatt edilerek, sicaklik, pH ve fermantasyon stresi
faktorlerinin etkisi degerlendirilmistir. Deneysel tasarimda elde edilen yanitlatla L. plantarnm EX148 susu icin
optimum kosullar % 10 protein ekstrakt1 konsantrasyonu, 33.3 °C sicaklik, pH 5.05 ve 96 saat fermantasyon
stresi olarak belirlenmistir. Model ile L. plantarum EX148 susu kullanilarak elde edilen veriler arasindaki uyum
cksikliginin 6nemsiz oldugu, protein ekstraktt konsantrasyonu ve sicakligin GABA iretimi tizerine 6nemli
diizeyde etkili oldugu tespit edilmistir. Yapilan bu ¢alisma ile et proteinlerinin glutamik asit kaynagi olarak
kullantmi saglanmus ve MSG icermeyen ortamda L. plantarum EX148 susu kullanilarak GABA dretimi
gerceklestirilmistir.

Anahtar kelimeler: GABA, Lactiplantibacillus plantarnm, YYY, optimizasyon, MSG

GAMMA AMINOBUTYRIC ACID PRODUCTION AND OPTIMIZATION BY
LACTIPLANTIBACILLUS PLANTARUM EX148 IN MEDIA CONTAINING
MEAT PROTEINS

ABSTRACT

In the study, Lactiplantibacillus plantarum EKX148 strain originating from sucuk was evaluated in terms
of gamma amino butyric acid (GABA) production level. The effect of temperature, pH and
fermentation time factors on GABA production was evaluated by adding meat protein isolate as a
source of glutamic acid to a medium without monosodium glutamate (MSG). With the responses
obtained in the experimental design, optimum conditions for L. plantarnm EK148 strain were
determined as 10% protein extract concentration, 33.93 °C temperature, pH 5.05 and 96 hours of
fermentation time. It was determined that the lack of fit value between the model and the data
obtained using the L. plantarum EX148 strain was insignificant, and that protein extract concentration
and temperature had a significant effect on GABA production. With this study, meat proteins were
used as a source of glutamic acid, and GABA production was carried out using L. plantarum EK148
strain in MSG-free medium.

Keywords: GABA, Lactiplantibacillus plantarnm, RSM, optimization, MSG
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GIRIS
Gama amino bitirik asit (GABA), 4 karbonlu ve
non-protein  aminoasit yapida olup canlt
organizmalarda serbest halde bulunan 6nemli bir
bilesendir. Fizyolojik pH’larda dipolar formda
bulunan GABA, suda ¢6zlniir bir amino asittir
(Shelp vd., 1999). GABA’ nin, bitkilerde varligt
uzun yillardir bilinmektedir (Sorrequieta vd.,
2010). Ayrica, GABA tretimi bir¢ok maya, kiif ve
bakteri tarafindan da gerceklestirilmektedir. Insan
metabolizmasi icin yapisal bir¢ok roli vardir.
GABA’nin, sinir iletimini inhibe ederek néronal
uyartlabilitligi azaltma islevi gbriip, anksiyete ve
depresyonun  engellenmesinde, yiksek  kan
basincinin kontrolinde etkili oldugunu gésteren
calismalar mevcuttur (Abdou vd., 2006; Kalueff
ve Nutt, 2007; Shimada vd., 2009). Ayrica ditiretik
ve antidiyabetik etkilere de sahiptir (Adeghate ve
Ponary, 2002). GABA, glutamatin glutamik asit
dekarboksilaz  (GAD) enzimi tarafindan o-
dekarboksilasyonu sonucunda elde
edilebilmektedir (Shelp vd., 1999).

GABA gostermis oldugu fonksiyonel etkilerden
dolayi, gida takviyesi olarak ticari bir 6neme
sahiptir. Fakat ticari olarak sunulan bircok gida
takviyesi sentetik yollar ile elde edilmektedir. Gida
takviyesi olarak sentetik GABA’nin kullaniminin
olumsuz etkileri tam olarak ag1ga
kavusturulmamustir (Boonstra vd., 2015). Dogal
kaynaklara basvuruldugunda ise 6rnegin; 100 mg
diizeyinde GABA saglayabilmek icin yaklastk
olarak 2.34 kg ¢ig 1spanak tiketimi saglanmalidir
(Oh vd., 2003). GABA almmin beslenme ile
saglanmasinda  bitkilerin ~ yetersiz ~ kalmasi
sonucunda, bu fonksiyonel bilesigin disaridan
takviye ediciler ile saglanmasi, dogal kabul
edilmemektedir (Villegas vd., 2016). Bu nedenle,
GABA  dretiminde fermentasyon  yolunun
secilmesi ve gidanin dogal yollarla
zenginlestirilmesi ilgi gérmektedir. Laktik asit
bakterilerinin  (LAB) yliksek GABA iretim
yetenekleri (Dhakal vd., 2012), giivenli (GRAS)
olarak kabul gérmeleri (Leroy ve De vuyst, 2004)
ve fermente gida, sebze, insan ve hayvan
bagirsaklarinda siklikla bulunmalari (Satokari vd.,
2013) nedeni ile ilgi cekiciditler.

Konu ile ilgili c¢alismalar degerlendirildiginde,
laktik  asit  bakterilerinin ~ GABA  dretim

aktivitelerini ortamm pH degeri ve ortamdaki
glutamik asit varhgin etkiledigi goriilmektedir.
Bu nedenle, GABA iretimini saglamak amact ile
ortama monosodyum glutamat (MSG) ya da
glutamik asit ilavesi yapilmaktadir. Benzer sekilde
glutamik asit ilavesi ile laktik asit bakterileri
kullanilarak GABA icerigi zenginlestirilmis gidalar
Uzerine bircok arastirma da mevcuttur. Bu
gidalara yogurt (Park ve Oh, 2007), ekmek
(Rizello vd., 2008; Coda wvd., 2010), peynir
(Siragusa vd., 2007; Diana vd., 2014), soya siitl
(Ko vd., 2013), fermente sosis (Rataneburee vd.,
2013), nohut siti (Li vd. 2016) vb. ornek
verilebilir. Fermente et urunlerinde, ortamlara
kolay adapte olabilmesi ve sahip oldugu
probiyotik Szellikten dolayt L. plantarum tira 6n
plana ¢ikmaktadir (de Vries vd. 2006). Yapilan
calismalarda, MSG kullaniminin yayginligi ve et
trtinleri kaynakli laktik asit bakterileri Uzerine
calismalarin yetersiz olmast nedeni ile fermente et
trininden izole edilen L. plantarum EK148 susu
ile ortama MSG ilave edilmeden, et
proteinlerinden yararlanilarak, GABA {retiminin
saglanmast amaclanmistir. Bu amag¢ ile GABA
tretimi tizerine farkli et protein ekstrakt diizeyinin
yani sira farklt pH, fermantasyon siiresi ve sicaklik
faktorlerinin etkileti arastirilmigtir. Arastirmada
GABA tretiminde farkli kosullar denenmis ve en
yiksek GABA iretimini saglayan optimum kosul
belitlenerek, GABA Uretiminin model eldesi
saglanmustir.

MATERYAL ve YONTEM

GABA iretim yetenegine sahip, sucuk kaynakli,
L. plantarum EK148 ( MZ636924.1) susunun
GABA iretiminin, pH ve mikrobiyal gelisim ile
etkilesimi 144 saat stiresince takip edilmistir. Bu
amagla MSG ilave edilen de Man Rogosa and
Sharpe (MRS) broth besiyerinden yararlanilmustir.

Mikrobiyel gelisim egrilerinin olugturulmasi

100 mM MSG iceren MRS broth besiyerine L.
plantarnm EK148 susunun 1 gecelik kiltarinden
%1 oraninda inokiilasyon yapilmustir. Daha sonra
30 °C’de 144 saatlik inkiibasyon siiresince 6 saat
araliklarla alinan 6rneklerin mikrobiyal gelisim
nedeniyle olusan ortam bulanikhiginin  tespiti
amaci ile 600 nm’de absorbans degerleri ve MRS
agar kullanilarak LAB sayilart belirlenmistir. Elde
edilen veriler kullanidarak  gelisme  egrisi
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olusturulmustur. Ayrica alinan 6rneklerde GABA
dizeyi ve pH degerleri belitlenerek GABA
tretiminin gelisim ve pH ile iliskisi incelenmistir.

GABA iiretim diizeyinin belirlenmesi

GABA tretim diizeyleri, Inertsil ODS 3 kolonu
(GL science, 5 pm, 4.6 x 250 mm) yardimiyla
HPLC (Shimadzu) cihazi kullanilarak 295-500 nm
dalga boyunda gerceklestirilmistir. Mobil faz
olarak solvent A (6.25 ml asetik asit, 1.97 ¢
sodyum asetat, 200 mL asetonitril, 1 L ultra saf su)
ve solvent B (Asetonitril) kullandlmistir (1:1, v/v).
Turevlendirilmis Orneklerden, 1 pl. hacminde
enjeksiyon yapilmustir. 25 °C kolon sicakligt ve 1
mL/dk akis hiz1 kullanilarak ayrim saglanmistir.
Tirevlendirme amaciyla 100 pL. 6rnek, 100 pL
DCI (50 mg Dansil kloriir, 10 ml aseton)
karistirildiktan sonra, 800 uL. Borat: NaOH (0.2
M Na;B407.10 H20 pH 9.3) eklenmis ve 40 °C’de
30 dk ultrasonik su banyosunda tutulmustur. Siire
sonunda HPLC vialine 500 pl. 6rnek alinmis ve
500 pL  metanol eklenerek vial kapaklart
kapatilmistir.  Turevlendirilen GABA, floresan
dedektorii tarafindan tespit edilmistir. GABA’nin
belirlenmesinde standart olarak kullanilan ticari
GABA’nin (Sigma-Aldrich) alikonma siireleri ile
orneklerin altkonma stireleri karsilastirilarak tespit

edilmistir. Orneklerde  bulunan ~ GABA
konsantrasyonlarini  belirlemek  i¢in,  farkli
konsantrasyonlarda (0.01-0.1-0.25-0.50-1.0

mg/ml) hazirlanan standartlar test edilerek,
ornekteki  GABA  seviyesi  belitlenmistir
(Tuberoso vd., 2015).

Besi ortaminin hazirlanmasi
1:10 (w/v) oraninda hazitlanan kiyillmis sigir et
6rnegi/30mM fosfat tamponu karisimi ultraturrax

yardimt ile homojenize edilmistir. Ardindan 20 dk
stire ile 10000 g’de santrifiij edilerek, siipernatant
filtre edilmistir. Kalan pellet tzerine 1:19 (w/v)
olacak sekilde 0.1 mM fosfat tamponu ilave
edilerek homojenize edilmigtit. Homojenize
edilen 6rnek, 10000 g’de 20 dk santriftij edilmistir
ve stipernatant filtre edilmistir (Toldra vd., 1992).
Elde edilen  stpernatantlar  miyofibriller
proteinlerden olustugundan, sonrasinda Uzerine
es hacimde 6 M HCl ilave edilerek, 110 °C'de 12
saat bekletilmistir. Islem sonrasinda nétiirleme
yapilarak, GABA dtretiminde kullandacak MRS
broth besiyerine farkli konsantrasyonlarda (%10,
%25, %40) stpernatant ilave edilmistir.
Optimizasyon c¢alismasinda belirlenen tretim
kosullarina uygun olarak, besiyeri pH degeri HCI
ve/veya NaOH ¢Ozeltileri kullanilarak
ayarlanmustir. Besiyeri toplam hacmine uygun
oranda MRS toz besiyeri tartilarak ilave edilmistir.
Deney tasarrmi ve GABA iiretiminin
optimizasyonu

Yanit Yizey Yontemi (YYY, Response Surface
Methodology) islemdeki bagimsiz degiskenlerin
tek veya kombinasyon seklinde cevap tizerindeki
etkilerini incelemektedir. YYY’de 6ncelikli olarak

bagimsiz parametreler ve seviyeleri
belirlenmektedir. Daha sonra deneysel tasarimin
secimi ve model denkleminin tahmini ve

dogrulanmast yapilmaktadir. Son olarak, kontur
ve ylzey grafigini elde etmek icin optimum
noktalar tespit edilmektedir. Calismada, GABA
tretiminin optimizasyonu icin uygulanacak YYY
kapsamuinda incelenen parametreler, Cizelge 1’de
verilmistir. Bu parametrelerin seviyeleri yapilan 6n
denemeler sonucunda tespit edilmistir.

Cizelge 1. GABA tretiminde incelenen parametreler ve seviyeleri
Table 1. Parameters and levels studied in GABA production

Degisken seviyeleri

Degiskenler T evels
Independent variables 1 0 ]

: N 0
Protejln ekstrakt1 konsgntmsy onu (%) X 10 25 40
Protein extract concentration (o)
Sicaklik (°C)
Temperature (°C) X2 30 3 40
pH X3 4 5 6
Fermantasyon stiresi (saat) X, 96 120 144

Fermentation time (hour)
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GABA dreticisi L. plantarum sugu ile protein
izolat1 ilave edilen MRS broth besiyerinde GABA
Uretiminin optimizasyon calismalari
yuritilmuistir. MRS broth besiyeri, laktik asit
bakterileri icin uygun bir et benzeri ortam olarak
gorilmektedir (Leroy ve De Vuyst, 2001). MRS
broth, bilesimi elde edilen protein ekstraktlart ile
deney tasariminda belirtilen kosullara uygun
olacak sekilde hazitlanmistir. GABA Utretimine
etki eden Onemli parametreler oldugu bilinen
protein  ekstraktt  konsantrasyonu,  pH,
fermantasyon siiresi ve sicaklik parametreleri
YYY kullanilarak optimize edilmistir. Yanit Yiizey

Yontemi kullanilarak bu parametrelerin GABA
uretimine etkileri de belitflenmistir. Bu amacla
MINITAB 19.0 istatistik paket programindan
yararlanidmustir.

Calismada, 31 deneysel noktadan (24 farkh
kombinasyona sahip ve merkezde 7 tekrarh)
olusan ve dort degisken ile olusturulan merkezi
kompozit istatiksel dizayn (face centred statistical
design, a=1) kullandmistur. Uygulanan deney
tasarimi Cizelge 2’de verilmistir.

Cizelge 2. GABA tretiminin optimizasyon ¢alismasinda kullanilan deney tasarim dizayni
Table2. Excperimental design used in the optimization study of GABA production

Deneme

Rum Xy* Xz X3 Xy
1 10 30 6 144
2 40 40 4 144
3 25 35 4 120
4 25 35 5 120
5 25 35 5 120
6 25 35 5 144
7 10 40 4 96
8 25 35 6 120
9 25 35 5 120
10 40 35 5 120
11 40 30 6 144
12 10 40 4 144
13 25 35 5 120
14 25 35 5 120
15 10 30 6 96
16 10 30 4 96
17 25 35 5 120
18 25 40 5 120
19 10 40 6 96
20 40 30 4 144
21 40 40 6 96
22 25 30 5 120
23 40 30 6 96
24 10 35 5 120
25 40 40 4 96
26 40 40 6 144
27 40 30 4 96
28 25 35 5 120
29 10 30 4 144
30 25 35 5 96
31 10 40 6 144

*X1, protein ekstrakti konsantrasyonu (%); Xo, sicaklik (°C); X3, pH; X4, fermantasyon stresi (saat).
*X, protein extract concentration (%); Xo, temperature (°C); Xs, pHy Xy, fermentation time (hours).
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Bagimsiz degiskenler olarak protein ekstrakti
konsantrasyonu (%), pH, sicaklik (°C) ve
fermantasyon siiresi (saat) yant olarak ise HPLC
ile tespit edilen GABA uretimleri (mg/L) Gzerine
olan etkileri belirlenmistir. Coklu Regtresyon
analizlerinde agagida yer alan Esitlik 1’de verilen
polinomal quadratik model ve regresyon
katsayilari kullanilmistir. Bu esitlikte “Y” yanit
olarak GABA dretim miktarini, “X” degetleri
bagimsiz  degiskenleri ~ (Protein  ekstraktt
konsantrasyonu, sicaklik, fermantasyon stiresi ve
pH) ifade ederken, B0, Bi, Bii, Bij degetleri ise
regresyon katsayilarint belirtmektedir.

Y=ﬁo-i-Zﬁer+Zﬁf;X:‘X;+Zﬁiixs ©

Analiz sonucunda olusturulan modelin deneysel
veriler ile uyumu varyans analizi (ANOVA) ile
belirlenmistir. Model uygunlugunu saglayabilmek
i¢in istatistiki olarak uygun olmayan parametreler
modelden ¢tkardmistir. Uygun model segimi
uyum eksikligi (lack of fit) (P >0.05) ve R?
degerlerinden yararlanilarak saglanmustir.
Optimum  parametrelerin  belitflenmesinde en
yitksek diizeyde GABA iretiminin saglandig

3.0

kosul g6z 6ntine alinmistir. Olusturulan deneme
plant ve elde edilen deneysel veriler kullanidarak
gerceklestirilen modelleme sirasinda, elde edilen
yanitlarin degerlendirilmesi ile gidilen
optimizasyon isleminde, istenilirlik derecesi (D)
hesaplanmistir. Calisma sonucunda dogrulama
amact ile elde edilen optimum parametreler
kullanilarak tekrar GABA tretimine gidilmistir.

SONUCLAR VE TARTISMA

Mikrobiyal Geligim Egrileri

L. plantarum EK148 susunun GABA iretim
diizeyini, gelisim kinetigini ve pH etkilesimini
belitflemek amactyla MSG  bulunan ortamdan
yararlanilmistir.  Bu amagla, 1 L hacminde
hazirlanan MSG iceren MRS broth besiyerinde 30
°C’de 144 saat boyunca inktibasyona birakidmistir.
Inkiibasyon sirasinda 6 saatte bir alinan 6rneklerin
spektrofotometrede (600 nm) 6lciilen absorbans
degerleri ile fermantasyon siiresine karsi
olusturulan grafik Sekil 1°’de verilmistir. Sekilden
gorildigi tizere, EK148 susu 6 saat olan lag
fazindan sonra log fazina ge¢mistir. Bununla
birlikte, EK148 susunun 28 saat sonra duragan
faza gectigi gbrillmektedir.

2.5 A

Optik yogunluk
Optic density
[ N
[6)] o

=
o
L

0.5

0.0 T T T

0 20 40 60

80 100 120 140 160

Fermantasyon suresi (saat)
Fermentation time (hour)

Sekil 1. L. plantarum EX148 susuna ait gelisme egrisi
Figure 1. Growth curve of L. plantarum EK148 strain
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144 saat boyunca 6 saat araliklarla alinan
Orneklerdeki pH, mikrobiyal sayim degisimini
gosteren 3 boyutlu grafik Sekil 2°de verilmistir.
Zamanla mikroorganizma sayisinin - artigiyla
pHnin  dustigy, — duguk

pHnn  da

4.5

8
log Kok
b/)

mikroorganizma sayisinda azalmaya sebep oldugu
gorilmektedir. Besiyeri ortaminda, biyokitlenin
artmastyla besin kaynaklarinin tiiketimi, organik
asit Uretimini de beraberinde getirmistir. Bu da
ortamda pH’nin azalmasint saglamustir.

Sekil 2. L. plantarum EX148 susunun gelisim egrisi (ph*log kob/ml*fermantasyon stresi)
Figure 2. Growth curve of L. plantarum EK148 strain (ph*log ofu/ mi*fermentation tine)

GABA  dretim  diizeyi Uzerine pH ve
mikroorganizma sayisinin etkisini gosteren grafik
Sekil 3A’da verilmistit. GABA iretiminin 40
mg/L’nin tzerinde oldugu kosullarda L. plantarum
sayistnin  yaklasik olarak 6 log birimdir. Besi
ortaminda L. plantarum sayisinin 9 log kob/mL
oldugu fermantasyon strelerine ragmen, GABA
Uretimi ortamda L. plantarum sayisinin 3 log birim
azalmast  sonrasinda  maksimize  oldugu
gorilmektedir. GABA uretiminin L. plantarum
tarafindan tretilen GAD enziminin ortamda
bulunan glutamati dekarboksile etmesi ile
saglanmaktadir (Yogeswara vd., 2021). Ortam
pH’sinin GAD enziminin aktif oldugu pH
dizeyine diigmesi ile optimum enzim aktivitesi
sonucunda yliksek GABA tiretiminin pH’nin 4’tin

altna  indiginde gerceklestigi  gorilmektedir.
Laktik asit bakterileri, HoO (Cui vd., 2020) ve
organik asit (Park vd., 2021) gibi maddeleri
treterek mikrobiyal gelisimi sinirlayabilmektedir.
Gelisimin 60. saatinden sonra ortam pH degerinin
4tn alunda olmasinin ve sintrlayici faktorlerin de
etkisiyle L. plantarum sayisinda azalma bagladigt
gorilmektedir. Sekil 3B’ de yer alan kontur
grafiginde fermantasyon siiresi arttik¢a ortamda
biriken GABA miktarinin arttigr gérilmektedir.
Bununla birlikte GABA igeriginin ylksek oldugu
durumda ortamdaki canli mikroorganizma
saytistnin 5 log  birimin alunda  oldugu
gorilmektedir. 144 saat fermantasyon sonucunda
GABA igeriginin 40 mg/L nin tzerindedir.
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Sekil 3. L. plantarnm EK148 susunun GABA iretiminin pH (A)ve fermantasyon siiresi (B) ile etkilesimi
Figure 3. The interaction of GABA production of L. plantarum EK148 strain with pH and viable cell number

Deney tasarimi GABA iiretiminin
optimizasyonu

Cizelge 1°de yer alan deney tasarimindaki kosullar
kullanilarak elde edilen 6rneklerin GABA analiz
sonuglari Cizelge 3'te verilmistir. Farkli denemeler
ile bagimsiz degiskenlerin GABA iretimi tzerine
etkileri  belirlenmistir. 2. denemede, protein
ekstrakti konsantrasyonunun %40, sicakligin 40
°C, pH 4, ve fermantasyon siiresinin 144 saat
oldugu kosulda, GABA tretimi tespit edilmezken,
en yliksek GABA dretimi, protein ekstraktt
konsantrasyonunun %25, sicakligin 35 °C, pH’nin
5 ve fermantasyon siiresinin 96 saat oldugu
kosulda 53.6768 mg GABA/L ve protein
ekstrakti konsantrasyonunun %10, sicakligin 35
°C, pH’nin 5 ve fermantasyon siresinin 120 saat
konsantrasyonda 48.85 mg/L. GABA iretimi
tespit edilmistir. L. plantarum BEX148 susu ile MSG
iceren ortamda (100mM) yaklagtk 40 mg/L
GABA uretimi saglanirken, protein izolatt ilave
edilen ortamda da benzer sonuglar elde edilmistir.
Calisma kapsaminda hedeflenen MSG icermeyen
ortamda GABA dUretiminin saglanmis oldugu
gorilmektedir. Literatiir tarandiginda, MSG ilave
edilmeden elde edilen fermente triinlerdeki
GABA miktart MSG ilave edilen trtunlerdeki
GABA miktarindan daha az olmaktadir (Villegas
vd., 2016). Ratanaburee vd. 2013, MSG ilave
edilmeden tretilen Tai fermente domuz sosisi
orneklerinde 220 mg/ kg GABA tespit ettikleri
calismalarinda, ortama 9%0.5 oraninda MSG
ilavesi ile GABA iceriginin 828 mg/kg’a
yukseldigini bildirmislerdir. Baska bir ¢alismada,
Sanchart vd., 2017, fermente karides 6rneklerinde

ve

%0.5 oraninda MSG ilavesinin 6rneklerin GABA
icerigini 2040 mg/kg’dan 2570 mg/kg dizeyini
yitkselttigini bildirmislerdir. Fakat bu c¢alismada
glutamik asit kaynagi olarak gérilen miyofibriller
proteinlerin kullanilmasinin sonug tizerinde etkili
oldugu gorilmektedir.

Cizelge 4'te yer alan ANOVA ve RSM model
istatistikleri ~ degerlendirildiginde, elde edilen
kuadratik modelin iyi tahminleme diizeyine sahip
oldugu gorilmektedir. Elde edilen modelin
regresyon katsayist (R?), ayarlanmis regresyon
katsayist (adj R?) ve tahmini regresyon katsayist
(pre R?) degetleri yuksek oldugu gibi, sagladigi p-

degeri de oldukca dustktir. Bu modelin
iyilestirilmesi amact ile modelde yer alan
parametrelerin  “backward analizi” ile P >0.1
diizeyinde Gnemsiz olanlarinin  ayristirmasi

saglanmustir.  Model icin regresyon katsayisi
degerinin %70’in altinda olmast modelin yetersiz
oldugu hakkinda bilgi vermektedir (Granato vd.,
2010). Bu calisgmada elde edilen modele ait
regresyon katsayisi (0.904), ayarlanmis regresyon
katsayist (0.8625) ve tahminlenmis regresyon
katsayist (0.7908) degerleri %70 tzerinde tespit
edilmistir. Bu c¢alismada denklem  yiiksek
regresyon katsayilarina sahip olup model ile
deneysel verilerin model ile uyum sagladig
gorulmustiir.

Ayrica modelin uyum eksikligi (lack of fit) degeri
o6nemsiz  bulunmustur (P >0.05). Modelin
matematiksel ~ formunun  uygunsuzlugundan
kaynaklanan hataya, model uygunsuzlugu (Lack of
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fit) denilmekte ve model uygunlugu icin, bu
degerin 6nemsiz olmasi gerekmektedir (Box ve
Draper, 2007). Bunun anlami, protein ekstraktt
konsantrasyonu,  sicaklik, pH degeri ve
fermantasyon suresi L. plantarum EX148 susuyla
yapilan GABA iretimine etkilerinin olusturulan
model ile iyi  bir  sekilde  aciklanip

tahminlenebilecegidir. Optimizasyon sonrasinda
elde edilen 2. dereceden denklem Cizelge 5te
verilmistir. Laktik asit bakterileri ile GABA
Uretiminin optimizasyonunda kuadratik modelin
tercih  edildigi calismalar  olduk¢a yaygindir
(Tajabadi vd., 2015; Zareian vd., 2013).

Cizelge 3. Cevap ylzey yonteminde kullanilan deneysel tasarim ve yanitt
Table 3. Experimental design and response used in the response surface method

Deneme

Xy X, X3 Xy Y, Yo*
Run
1 10 30 6 144 19.4412 28.8137
2 40 40 4 144 0.0000 3.6533
3 25 35 4 120 15.5273 19.1610
4 25 35 5 120 31.9584 32.5105
5 25 35 5 120 40.4055 32.5105
6 25 35 5 144 42.6884 45.6899
7 10 40 4 96 6.2856 12.0015
8 25 35 6 120 26.7139 21.2555
9 25 35 5 120 34,1653 32.5105
10 40 35 5 120 23.0112 25.8990
11 40 30 6 144 9.3289 7.5549
12 10 40 4 144 9.4011 8.8408
13 25 35 5 120 29.9593 32.5105
14 25 35 5 120 35.6397 32.5105
15 10 30 6 96 28.5053 31.9744
16 10 30 4 96 36.7521 29.8798
17 25 35 5 120 23.3636 32.5105
18 25 40 5 120 8.6529 6.4172
19 10 40 6 96 13.7104 14.0960
20 40 30 4 144 7.6237 5.4603
21 40 40 6 96 7.6145 8.9086
22 25 30 5 120 15.8488 16.2599
23 40 30 6 96 11.9277 10.7156
24 10 35 5 120 48.8538 39.1221
25 40 40 4 96 8.9901 6.8141
26 40 40 6 144 8.1233 5.7479
27 40 30 4 96 4.3990 8.6211
28 25 35 5 120 31.3204 32.5105
29 10 30 4 144 32.1721 26.7191
30 25 35 5 96 53.6768 48.8506
31 10 40 6 144 14.6367 10.9353

*X1, protein ekstraktt konsantrasyonu (%); Xo, sicaklik (°C); Xs, pH; X4, fermantasyon stiresi (saat); Y1, GABA

miktart (mg/L); Yi*Tahminlenen GABA miktart (mg/L)

*X, protein extract concentration (%o); X, temperature (°C); Xs, pHy X4, fermentation time (hours); Yy, amount of GABA

(mg/L); Y1* Estimated amount of GABA (mg/L)
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Cizelge 4. GABA iiretim miktarina ait RSM model istatistikleri ve ANOVA analizi
Table 4. RSM model statistics and ANOV'A analysis of GABA production levels
Serbestlik  Kareler

Kaynak derecesi toplami1 Kareler F-Degeri P-degeri
ortalamast
Source Degree of Sum of F-value P-value
Mean square
freedom squares

Model 8 4808.23 601.03 23.74 0.000

Lineer 4 1239.63 309.91 12.24 0.000
Xi 1 738.98 738.98 29.18 0.000
X2 1 435.95 435.95 17.22 0.000
X3 1 19.74 19.74 0.78 0.387
X4 1 44.96 44.96 1.78 0.197
Karcler 3 3448.68  1149.56 45.40 0.000
Squares

Xo* Xo 1 1272.21 1272.21 50.24 0.000

X5* X3 1 429.54 429.54 16.96 0.000

Xyt Xy 1 618.29 618.29 24.42 0.000
Interaksiyon 1 258.29 258.29 10.20 0.004
Interactions

X Xo 1 258.29 258.29 10.20 0.004
Hata 21 531.76 2532
Error
Uyum eksikligi
Lack of fi 15 365.08 24.34 0.88 0.614
Saf hata 6 166.67 2778
Pure error
Toplam 29 5339.99
Cor total

R2 Ayarlanmis R Tahminlenmis R2
Adjusted R? Predicted R?

Model %90.04 %86.25 %79.08

*X1, protein ekstraktt konsantrasyonu (%); Xo, sicaklik (°C); X3, pH; Xy, fermantasyon siiresi (saat); Y1, GABA
miktart (mg/L); Yi*Tahminlenen GABA miktart (mg/L)

*X1, protein extract concentration (%); Xo, temperature (°C); X, pH; X4, fermentation time (hours); Yy, amount of GABA
(mg/L); Y1 * Estimated amount of GABA (mg/L)

Cizelge 5. Farkli kosullar altinda elde edilen GABA tretiminin regresyon denklemi
Table 5. Regression equation of GABA production obtained under different conditions

GABA  _ -848.5-2.316 Xi+ 56.96 Xo+ 124.1 Xs- 6.22 Xy 0.847 Xo* X, - 12.30 Xs*
(Y1) T Xat 0.02562 XeFXat 0.0536 Xi* Xo

*X1, protein ekstrakti konsantrasyonu (%); Xo, sicaklik (°C); X3, pH; Xy, fermantasyon siresi (saat); Y1, GABA
miktart (mg/L); Yi*Tahminlenen GABA miktart (mg/L)

*X, protein extract concentration (%o); Xo, temperature (°C); X5, pH; X4, fermentation time (hours); Yy, amonnt of GABA
(mg/L); Y1 * Estimated amount of GABA (mg/L)
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Oncesinde, farkli kosullarda inkiibe edilen
orneklerin GABA igeriklerinin degerlendirildigi
istatistiki veriler Cizelge 4’te verilmistir. GABA
dretim diizeyi Uzerine en etkili degiskenlerin
protein ekstraktt konsantrasyonu ve sicaklik
oldugu gorilmektedir (P <0.01). Bunun yaninda
sicaklik*sicaklik, stre*siire, pH*pH ve protein
ekstrakti konsantrasyonu*sicaklik interaksiyonla-
rinin da etkili oldugu gérilmektedir (P <0.01).
Protein ekstraktt konsantrasyonu, pH, sicaklik ve
fermantasyon siiresi ile GABA dtretim duzeyi
degisimi Sekil 4A-C’de verilmistir. Sekil 4A’da
gorildigi tzere, yiksek sicaklik ve yiksek
protein  ekstraktt  konsantrasyonuna  sahip
orneklerin GABA iceriklerinin daha diisiik oldugu
gorilmistir. Bunun nedenlerinden biri substrat
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olarak artan protein ekstrakti konsantrasyonu
GABA iretimi Uzerinde stnirlayict bir faktor
olarak goriilebilmesidir. Benzer sekilde, Park vd.
(2020) rekombinant Escherichia coli susu ile
500mM, Zhong vd., (2019) ise Lactobacillus pentosus
SS6 izolati ile %1 konsantrasyonun tizerinde MSG
varhginda, GABA dénisim oranmnin azaldigini
bildirmiglerdir. Yapilan 6n denemeler ile L.
Plantarum EK148 izolaunin 40 °C  sicaklikta
gelisim yetenegine sahip oldugu bilinmektedir.
Fakat yitksek sicaklik varliginda GABA tretiminin
azalmis oldugu Sekil 4A‘da gorilmektedir. Park
vd. (2014), L. plantarum K154 ile yapmus olduklart
calismalarinda 40 °C’ de iyi bir gelisim
gostermesinde ragmen, GABA tretim miktarinin
37 °Cye gore azalmis oldugunu bildirmislerdir.
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Sekil 4. Farkli deney kosullarinda GABA tiretim diizeyinin degisimi kontur grafikleri A) protein
ekstraktt konsantrasyonu ve sicaklik, B) protein ekstrakti konsantrasyonu ve pH, C) protein ekstraktt
konsantrasyonu ve fermantasyon stiresi
Figure 4. Contour plots of the variation of GABA production level nunder different experimental conditions a) protein
exctract concentration and temperature, b) protein extract concentration and pH, ¢) protein extract concentration and
fermentation tine
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Sekil 4B’de ise pH ve protein ekstraktt
konsantrasyonun birlikte GABA tretim dizeyi
lzerine etkisi goriilmekte olup, GABA iiretim
diizeyinin, her iki degiskenin en yiksek oldugu
durumlarda  minimum  dizeyde  oldugu
gorilmektedir. pHnin 5 oldugu kosullarda
GABA iretimin en ylksek oldugu goriilmekte
iken pH’nin 4.5’in altina inmesi GABA tretimini
de azalttig1 sOylenebilir. Yapilan bir¢ok calismada
GABA iretiminde baslangic pH’sinin GABA
uretimde etkili oldugunu belirtitken, GABA
tretiminin genellikle yaklastk pH 5’te iyi diizeyde
oldugunu belirtilmistir (Komatsuzaki vd., 2008;
Tajabadi vd., 2015). Cataldo vd. (2020) baslangic
pH’sin1 5.8-7.25 arasinda ayarladiklari sistemde L.
brevis CRL2013%4n etkilenmedigini fakat pH’nin
581in alundaki degerlerde (pH 4) GABA
seviyesinde keskin bir disis oldugunu tespit
etmiglerdir. I.. brevis AK19B ile elde edilen bu
sonu¢ GABA iretiminin pH’ya bagliligini ortaya
koymaktadir. GABA tretiminde etkili olan GAD
enzim  aktivitesi Uzerinde pH  limitleyici
olmaktadir (Ohmorti vd., 2018; Shin vd., 2014).
Bakteriyel aminoasit derboksilazlar ortamdaki H*
iyonlarint kullanarak hicre diginda alkalilesmeyi
saglarken hiicre icinde proton tiketimiyle, strese
karst koyabilmektedirler (De Biase vd., 1999).

Sekil 4C’de fermantasyon siiresi ve protein
ekstrakti konsantrasyonun GABA iretim diizeyi
tzerinde etkisi gérilmektedir. En yiiksek GABA
tretimi diger parametrelerde etkisi ile benzer
sckilde protein ekstrakti konsantrasyonunun
%20’in altinda oldugu kosullarda saglanirken,
fermantasyon stiresinin 96 saat oldugu kosullarda
tespit edilmistir. Fakat grafikte dikkat ¢ceken diger
bir nokta ise 96 saatin iizerinde gerceklestirilen
fermantasyonlarda daha disik GABA dretim
diizeyi tespit edilitken, 144 saat fermantasyon
suresinde  tekrar yiksek GABA  iretimi
gozlenmektedir. GABA uretiminin laktik asit
bakterilerinde 144 saate varabildigi bilinmektedir
(Komatsuzaki vd., 2005). Laktobasillerde GABA
tretiminde hticre icinde GABA’ nin tretilip hticre
disina aktarildigr yaklasimi mevcuttur (Higuchi
vd., 1997). Calismada tespit edilen 144 saatteki bu
artisin - sebebi olarak pargalanan hiicrelerden
dolayt ortama salinan GABA miktarinin bu
degisimde etkili oldugu séylenebilir.

L. plantarum EK148 susu ile GABA iretim
kosullarinin ~ optimizasyonundan elde edilen
model kullanilarak, UGretim sonrasi saglanan
verilerin uyumlulugu Sekil 5’te gOsterilmektedir.
Deneysel veriler ile tahmini verilere ait grafigin R?
(0.90) degeri 1’e oldukea yakindir. Bunun yanisira
yapilan bu optimizasyon c¢alismasinda, Onerilen
GABA iretimini maksimize etmek amactyla
tahmini optimum noktalardan %25 protein
ekstraktt konsantrasyonu, 35 °C sicaklik, pH 5, 96
saat fermantasyon siresi (D=0.91) olan turetim
kosullarinda GABA iretimi 49 mg/L olarak
tahminlenmigtir. Optimum kosullarda yapilan
tretim sonucunda 43mg/I. GABA retimi
saglanmustir. Elde edilen bu sonug¢ deneysel ve
tahmin edilen degerlerin uyum iginde oldugunu
gostermektedir.

SONUC

Sonug olarak, arastirmada yerel L. plantarum susu
kullamilarak, MSG ilave edilmeyen bir ortam
saglanarak GABA iretiminin optimizasyonu
planlanmistir. Bu amacla, daha 6énce GABA
aktivitesine sahip L. plantarnm susu secilerek en
yiksek tretimi saglayan sus ile optimizasyon
calismasina gidilmistir. Ayrica L. plantarum EX148
susunun 144 saat stresince 100 mM MSG
bulunan MRS ortaminda 6 saatlik araliklarla pH,
optik yogunluk, canli hiicre sayist ve GABA
tretim diizeyi takip edilmigtir.

Deneysel tasarim olusturmak i¢in 6n denemeler
ile belirlenen faktor seviyeleri kullandmistir. L.
plantarnm EK148 susunun protein izolatt (%10,
%25, %45) iceren MRS ortaminda, sicaklik (30,
35 ve 40 °C), baslangi¢c pH degeri (4.0, 5.0 ve 6.0),
fermantasyon stresi (96, 120 ve 144 saat) ve
faktorleri esas alinarak olusturulan deney tasarimi
(Yanit Yizey Yontemi) kullanilarak, optimum
tretim kosullart beliflenmistir. Optimizasyon
calismasinda elde edilen modelin, deneysel veriler
ile uyumlulugu dogrulanmistir. Elde edilen
optimum kosullarda 49mg/L olarak
tahminlenmigtir. Optimum kosullarda deneysel
olarak 43mg/I. GABA lretimi saglanmistir.
Yapilan bu c¢alisma ile et miyofibriller
proteinlerinin  glutamik asit kayna@ olarak
kullanimi saglanmis ve MSG igcermeyen ortamda
L. plantarum EK148 susu kullanilarak GABA
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tretimi saglanmustir. Gelecekte, L. plantarum
EK148 susunun GABA dretim dizeyletinin
optimize edildikleri kosullar dikkate alinarak

biyoreaktérde uretim  yapilip, fermantasyon
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sicaklig, havalandirma hizi gibi faktérlerin de
etkilerinin incelenerek daha fazla GABA uretimi
hedeflenmektedit.

y =0,9004x +2,0973
R%= %9004’,..--"0
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Deneysel GABA iiretimi (mg/L)
Experimental GABA production (mg/L)

Sekil 5. L. plantarum EK148 susunun GABA Uretimin optimizasyon ¢alismast ile elde edilen modelin
deneysel veriler ile uyumlulugu
Figure 5. Compatibility of the model obtained by optimization study of GABA production of L. plantarnm EK148
Strain with experimental data
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Ozon (03), kimyasal ve mikrobiyal detoksifikasyon amaciyla gida endiistrisinin farkli alanlarinda (taze meyve
ve sebzeler, stit Griinleri, meyve suyu isleme endistrisi, tahil ve tahil Grinleri endusttisi, sularin sterilizasyonu
ve ambalajlama teknolojisi) yaygin olarak kullanilan ve genellikle gtivenli olarak kabul edilen (GRAS) kuvvetli
bir oksidan bilesik olup yesil teknoloji potansiyeline sahiptir. Ozon uygulamasi ile gidalarin mikrobiyolojik
kalitesi iyilestirilerek raf dmrii uzamakta, ayrica gidalardaki mikotoksinler etkili bir sekilde azaltilmakta veya
tamamiyla elemine edilebilmektedir. Ayrica uygulama parametrelerine baglt olarak tahilin énemli makro ve
mikro bilesenlerinden protein, nisasta, renk, mineral madde, biyoaktif bilesenler, yag, asitlik ve ¢imlenme
kabiliyeti tizetinde olumlu/olumsuz birtakim degisikliklere neden olmakta ve son urin Ozelliklerini
ctkilemektedir. Bu derleme ¢alismasimin amact ozonun uygulama parametrelerine baglt olarak tahida
meydana getirdigi fiziksel, kimyasal, fizikokimyasal ve tekstiirel 6zelliklerindeki degisikliklerin bazi literatiir
verileri ile agiklanmasidir.

Anahtar kelimeler: Tahillar, ozon, mikotoksin, nisasta, protein

THE EFFECT OF OZONE TREATMENT ON CEREALS AND PRODUCTS

ABSTRACT

Ozone (O3) is widely used and generally accepted as safe (GRAS) for chemical and microbial
detoxification in different areas of the food industry (fresh fruits and vegetables, dairy products, juice
processing industry, grain and cereal products industry, sterilization of water and packaging
technology). It is also termed green technology. By ozone application, the microbiological quality of
the food is improved, the shelf life is extended, mycotoxins in the food can also be effectively reduced
or completely eliminated. Depending on the application parameters, it causes some changes on
protein, starch, color, mineral substance, bioactive components, oil, acidity and germination ability,
and affects the final product properties. The purpose of this review study is to explain the changes
in the physical, chemical, physico-chemical and textural properties of the cereals depending on the
application parameters of ozone with some literature data.

Keywords: Cereals, ozone, mycotoxin, starch, protein
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GIRIS
Ozon, Yunanca “ozein” sézciginden tiretilmis
olup “koklamak” anlamina gelmektedir. Diinyay:
cevreleyen atmosferdeki en 6nemli gazlardan biri
olan ozon, biyolojik dengenin ve strekliligin
saglanmasinda 6nemli rol oynamaktadir. Ozon
gaz haldeyken mavi, sivi haldeyken opak mavi-
siyah renge sahiptir. Kaynama noktast -
111.97£0.3 °C ve etime noktast -192.5710.4°
C’dir. Literatirde ozon, suda kismen ¢ozlnen ve
keskin kokuya sahip tek dogal dezenfektan olarak
adlandirdmaktadir (Botondi vd., 2021; Hatice
Catal ve Senol 1banoglu, 2012; Kaur vd., 2022;
Mustu, 2020; Nada vd., 2022; Rangel vd., 2021;
Sciorsci vd., 2020; Unal ve Sel, 2019; F. Zhu,
2018).

Ozon 1840 yilinda Christian Fredrick Schénbein
tarafindan kesfedilmis olup ilk olarak 1903-1906
yillar1 arasinda bitkiler i¢in su aritiminda, 1940

yiinda ise i¢me suyunun  artilmasinda
kullanilmustir, Avrupa’da gidalarin
dezenfeksiyonunda ve  islenmesinde ozon

kullanimi uzun senelere dayanmakta olup 1997
yilinda Amerikan Gida ve Tla¢ Dairesi (FDA;
Food and Drug Administration) tarafindan givenli
gida (GRAS; Generally Recognised As Safe) olarak
kabul edilmis, 2001 yilinda ise kullanimina yasal
olarak izin verilmistir. Gigli bir oksidan olan
ozon diger oksidasyon sistemleriyle
karsilastirildiginda maliyeti yiiksek bir sistemdir
(Yildiz ve Yanginlar, 2014). Gida endiistrisinin
farklt alanlarinda (meyve ve sebze endustrisi,
kirmizi, beyaz et ve balik endustrisi, tahil ve tahil
Uranleri endustrisi, stit ve sut Urunleri, sularin
sterilizasyonu  ve  ambalajlama  teknolojisi)
mikrobiyel yikiin azaltilmasi, mikotoksinlerin
dekontaminasyonu ve givenli ambalajlama
amactyla yaygin olarak kullanidmaktadir (Bai ve
Zhou, 2021; Botondi vd., 2021; Epelle vd., 2022;
Kaur vd., 2022; Mayookha vd., 2023; Nickhil vd.,
2021; Niveditha vd., 2021; Phan vd., 2022; Qian
vd., 2022; Savi vd., 2020; Sivaranjani vd., 2021;
Suman, 2021; Tabla ve Roa, 2022; Violleau vd.,
2012; Zhang vd., 2022).

Bu derleme calismast kapsaminda, tarladan iriine
tahillarin islenmesi siirecinde farkli asamalarda
ozon uygulamasinin hammadde ve son Urlinin

kimyasal bilesimi, 6glitme 6zellikleri ve son tirtin
kalitesi tzerine etkileri hakkinda glincel bilimsel
veriler detlenmeye caligtlmustir.

TANENIN
UZERINE

OZON UYGULAMASININ
OGUTME OZELLIKLERI
ETKISI

Ogiitme 6ncesinde bugday tanelerine yapilan
ozon uygulanmasinin kirma ve rediksiyon
valslerinde gerekli olan enerji miktarini azalttigs
ifade edilmektedir. Ogiitme Oncesi ozon
uygulamasinin kaba kepek ve zedelenmis nisasta
miktarint azaltirken, ince kepek ve ¢Oziinmez
Ozellikteki glutenin polimer protein miktarlarini
arttirdigt da belirtilmektedir (Desvignes vd., 2008;
Zhu, 2018). Desvignes (2008), yapmus olduklart
calismada  bugdayin  tane sertligine  bagh
kalmaksizin,  ozon  uygulamasmmn  kirma
valslerindeki enetjiyi %10-20 oraninda azaltti@
bildirilmistir. ~ Ozonlama  isleminin
ckstraksiyon verimi (kepek-endosperm ayrisma
orant) Uzerine etkisinin incelendigi bir ¢alismada
ozonlama (10-60 mg/L, 2-5 saat) ile ekstraksiyon
oraninin degismedigi tespit edilmistir (Trombete
vd., 2016; Vanier vd., 2017). Farkl tahil taneletine
(bugday ve misir) ozon uygulamasinin (50 mg/kg,
30 giin) oglutme performanst lzerine etkisinin
incelendigi bir calismada tahil ve unun kiil, protein
ve un veriminde énemli degisiklikler olmadig
dolayistyla 6glitme performanst tizerinde ozon
uygulamasinin = (50 mg/ke) etkili olmadidt
bildirilmistir. (Mendez, 2003).

unun

OZON UYGULAMASININ
MIKROBIYOLOJIiK KALITE ILE UN
BILESENLERI UZERINE ETKIiSi
Mikotoksinler ve Patojenler Uzerine Etkisi
“Giivenli gida” kavraminin énem kazanmast ve
bu konuda tiiketicilerin bilin¢lenmesi ile kimyasal
koruyucu icermeyen veya az islem gérmis dogal
ve givenilir gidaya olan ilgi her gecen giin
artmaktadir. Bu durum gida endustrisinde
kimyasal ajanlara karst yenilik¢i teknolojilere
yonelimi de beraberinde getirmigtir. Gida
endustrisinde  6zellikle mikrobiyal —glivenligi
saglamak icin yaygin olarak kullanidan klorinin,
izin verilen konsantrasyonlarda sinirli seviyede
etki mekanizmasina sahip olmasi, gidaya
uygulandiginda insan sagligi icin zararh maddelere
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(trihalometanlar) dontismesi ve gidada kalint
birakmast gibi gida glivenligi acisindan birtakim
dezavantajlart bulunmaktadir. Bu endise ¢evre
dostu ve gida prosesine uygun, insan saghgi
acisindan kalinti birakmayan, oksitleme glct
klorinden c¢ok daha fazla (1.5 kat) ve
mikroorganizmalar  Uzerinde  genis  etki
mekanizmasina sahip olan ozon uygulamasin olan
ilgiyi artirmugtir (Afsah-Hejri vd., 2020; Chhem-

Kieth vd., 2022; Elgtn ve Bilgicli, 2019; Qasim
vd., 2022; Sivaranjani vd., 2021).

Tahillar hasat 6ncesi ve sonrast uygun olmayan
kosullar altinda (Sekil 1) kontamine olabilmekte,
Ozellikle uygun olmayan sicaklik, nem vb
depolama kosullarinda depo zararlist ve bdcek
gelisimi ile kaf gelisimine baglt mikotoksin
olusumu gézlenebilmektedir (Hamad vd., 2023;
Ingegno ve Tavella, 2022; Mir vd., 2021).

Deponami
Srevage makture

Tahul tanesinin nakliye
Eagullan
Trorsport congdlitions of
cargal grein

Hasat sirasinda takhil

tanesinin nem igerigi
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aranm
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Eurutma kogullan
Dy conditions

Depolama sicakhg
The climatic conditions
1 Storoge tempratunre
0 which the cereal Tahi tanesinin hasat
grain s expased before sIFasInGa ki hava
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grain ot the fime of
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Sekil 1: Tahil tanesinin tedarik zincirinde mikotoksin olusumunu etkileyen faktérler (Mir vd., 2021)
Figure 1: Factors affecting mycotoxin formation in the cereal grain supply chain (Mir et al., 2021)

Ozon uygulamasinin depolanmus tahil bocekleri
(Tribolinm  castaneum, — Rhyzopertha — dominica,
Oryzaephilus — surinamensis, ~ Sitophilus — oryzae  ve
Epbhestia elutella) ile bakteriler (Bacillus, Koliform,
Micrococcus, Flavobacterium, Alcaligenes ve Serratia) ve
cesitli kiifler (Aspergillus, Penicillinm ve Fusarium)
tzerine inhibe edici etkisi bulunmaktadir (Afsah-
Hejti vd., 2020; Chakka vd., 2021; Lillo vd., 2022;
Mir vd., 2021, 2022; Nickhil vd., 2021; Sivaranjani
vd.,, 2021; Suman, 2021). Mikroorganizmalar
tzerindeki bu inhibe edici etkisi htcre

membranindaki  lipoprotein ve glikoprotein
yapisinda yer alan C=C cift baglarinin oksitlemesi
ile gerceklesmektedir (Afsah-Hejri vd., 2020;
Alegbeleye vd., 2022; Chakka vd., 2021; Lillo vd.,
2022; Mir vd., 2021, 2022; Nickhil vd., 2021;
Sivaranjani vd., 2021; Suman, 2021; Tiwari vd.,
2010). Ozellikle tahil tanesinde Aspergilius,
Penicillium ve Fusarium kiflerinin ikincil metabolit
uriinleri olan Aflatoksin By (AFB;), Aflatoksin Ba
(AFB), Aflatoksin G1 (AFGy), Aflatoksin G»
(AFGy), Oksatoksin A, Zearalenon (ZON),
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Nivalenol (NIV) ve Deoksinivalenol (DON) sire ve mikotoksin tirine gére degisiklik
mikotoksinlerinin inaktivasyonu icin gerekli ozon  géstermektedir (Cizelge 1).
uygulamasinda oksidasyonun etkisi konstrasyon,

Cizelge 1: Ozon uygulamasinin tahillarin mikotoksin detoksifikasyonu tizerine etkisi (Mir vd., 2022;
Stvaranjani vd., 2021)
Table 1: Effect of ozome application on mycotoxin detoxification of grains (Mir et al., 2022; Sivaranjani et al., 2021)

Mikotoksinlerin azalma
Mikotoksin tird  Ozon uygulama Tahil orant (%o)
Mycotoxin type Ogzone application Cereals Reduction percentage of
mycotoxin (Vo)

Ozon gazt konsantrasyonu 60 mg/L, maruz
kalma stiresi 300 dakika Bugday

Deoksinivalenol Ozone gas concentration 60 mg/L, exposure time ~ Wheat 64.3
300 minntes
Ozon gazt konsantrasyonu 60 umol/mol,

AFB, maruz kalma siiresi 180 dakika Bugday 94.6
Oxzone gas concentration 60 pmole/ mole, exposure  Wheat '
time 180 minntes
Ozon gazt konsantrasyonu 60 umol/mol,

AFB, maruz kalma siiresi'lSO dakika Bugday 845
Ogzone gas concentration 60 umolemole, exposure  Wheat
time 180 minutes
Ozon gazi konsantrasyonu 60 pmol/mol,

AFG, maruz kalma stiresi 180 dakika Bugday 30
Oxzone gas concentration 60 pmole/ mole, exposure  Wheat
time 180 minutes
Ozon gazt konsantrasyonu 60 umol/mol,

AFG, maruz kalma siiresi 180 dakika Bugday 31
Ozone gas concentration 60 pmole/ mole, exposure  Wheat
time 180 minutes
Ozon gazt konsantrasyonu 60 pmole/mole,

. maruz kalma siiresi 120 dakika Bugda

Deoksinivalenol Oxzone gas concentration 60 pmole/ mole, exposure W/y%m‘y 100
time 120 minutes
Ozon gazt konsantrasyonu 11 ve 26 mg/g,

Fusarium maruz kalma siiresi 15 dakika Arpa 36
Oxzone gas concentration 11 and 26 mg/ g, exposure  Barley
time 15 minutes
Ozon gazi konsantrasyonu 40-90/L, maruz

AFB; kalma stiresi 5-40 dakika Misir 88
Ozone gas concentration 40-90/1,, exposure time  Corn
5-40 minutes
Ozon gazi konsantrasyonu 20-40/L, maruz

AFB; kalma stiresi 5-40 dakika Bugday 97
Ozone gas concentration 20-40/ 1L, exposure time  Wheat
540 minutes
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Tahil tanesinde olusan mikotoksinlerin, tanede
hem nicelik agisindan hem de kalite (¢cimlenme
kabiliyetinin azalmasi, serbest yag asidi artisi,
nisastanin modifikasyonu, proteinlerin denatiire
olmast gibi) acisindan ortalama %25-30 arasinda
deger kaybina neden oldugu, ayrica insan saglhgt
agisindan kanserojen, teratojenik ve
immiinosupresif problemleri de beraberinde
getirdigi bildirilmistir (Arda vd., 2021; da Luz vd.,
2022; Hashemi Moosavi vd., 2021; Nada vd.,
2022; Sirohi vd., 2021; Uniisan, 2019). Kumar vd.,
(2022) farkh tahil cesitlerinde (piring, bugday ve
musir) bu kaybin en fazla bugdayda en az misirda
oldugunu, Zhu vd., (2022) ise yine aynt tahil
cesitleri icin bu kaybin en fazla piring en az
bugdayda oldugunu ve bu kayiplarin %55’inin
depolama sirasinda  meydana  geldigini
bildirmislerdir.

Dolayisi ile hasattan sonra uzun siire depolanan
tahul tanelerinin (bugday, piring, misir, arpa,
cavdar, vyulaf, dart ve sorgum) depolama
kosullarina (sicaklik ve bagil nem) bagl olarak
depolama siiresi boyunca nicelik ve nitelik
bakimindan deger kaybina ugramamasi igin
depolama siire, sicaklik ve bagil nemine ek olarak
diizenli araliklarda fumigasyon islemine tabi
tutulmasi gerekmektedir (Gavahian vd., 2021).
Fumigasyon islemi icin kullanilan pestisitler
genellikle aliminyum fosfit, metil bromir ve
fosfin icermektedir. Ancak kullanilan bu kimyasal
ajanlarin hem c¢evre hem de insan saghigl icin
birtakim  problemlere yol actigi  ve bu
problemlerin kiiresel hale geldigi bilinmektedir
(Sirohi vd., 2021). Bilimsel calismalar bu zarar
indirgemek i¢in termal olmayan ¢evre dostu giigli
bir oksidan olan ozon teknolojisinin kimyasal
fumigantlara alternatif bir ¢6zim oldugunu
belirtmektedir (Gavahian vd., 2021; Hashemi
Moosavi vd., 2021; Nickhil vd., 2021; Sirohi vd.,
2021).

Ozon oksidasyonunun tahil ve tiriinlerinin toplam
mikroorganizma sayist ve mikotoksin oramnt
lzerine etkisi bircok faktdre (mikroorganizmanin
tiiriine, uygulanan tahilin nem igerigine, ozonun
konsantrasyonuna, uygulanma siresine ve
sicaklik) baglt olarak degismektedir (Hu vd.,
2020). Ozon wuygulama siresinin  toplam

mikroorganizma sayist Uzerindeki etkisinin
incelendigi bir ¢alismada bugday ununa farkl
surelerde (5, 10, 15, 20, 30 dakika) ozon gazi
uygulamast ile oksidasyon siiresinin artmasina
karst toplam mikroorganizma sayisinda Gnem
diizeyinde azalma olmadigi, bunun ise tanedeki
nisasta ve proteinin ozon oksidasyonuna karst
sterilizasyon etkisini azaltmasindan kaynaklandig
bildirilmigtir (Li vd., 2013). Calismada ayrica
ozonlanip (15 dakika) depolanmis (4 giin) bugday
tanesinin toplam mikroorganizma igeriginde %718
oranda bir azalma oldugu tespit edilmistir (Li vd.,
2013). Catal ve Ibanoglu (2012) ise uygulanan
nisasta ¢esitine bagl kalmaksizin (patates, bugday,
mistr ve piring nisastast) toplam bakteri sayistn,
ozonlama islemiyle (60 g/h, 1 saat) pH degerinin
azalmasina paralel olarak tim nisasta tiplerinde
6nem dizeyinde azaldigini (bugday nisastast igin
%40, musir nigastast icin %44, patates nisastasi icin
%060 ve piring nisastast i¢in %56 oraninda)
belirlemislerdir. Ozon oksidasyonunun
etkinliginin uygulama siiresine bagl olarak
degistigi calismada farkli stirelerde (20 ve 60
dakika) ozon uygulamasi ile Zearelenon (ZEN)
miktarinda sirastyla %060.2 ve %62.3 oraninda
azalma oldugu saptanmistir (Pandiselvam vd.,
2022).

Uygulama yapilacak olan tahil tanesinin nem
miktart ozon oksidasyonu ic¢in 6nem arz eden
parametrelerden bir digeri olup tanedeki nem
miktarinin artist ile reaktif iyon olusumunun
fazlalasmast oksidasyonun etkisini arttirmaktadir.
Sivaranjani vd. (2021) yapmis oldugu ¢alismada iki
farkli nem igerigine (%124 ve %14.2) sahip
pirincin - Rhygopertha  Dominica mortalitesi igin
gerekli olan siirenin, nemli tahil tanesinde ozonun
difizyonunun daha yavas olmasindan dolayt daha
fazla oldugunu tespit etmislerdir. Bagka bir
calismada ise ozon oksidasyonu sonucunda (90
mg/L ozon, 40 dakika) farkli nem igerigine
(%2037 ve %13.47) sahip musirda AFB;
oranindaki azalmanin nem icerigi disik olan
Ornekte daha fazla (%88.1) oldugu bildirilmistir
(Guo  vd,  2021).  Dolayisiyla  ozon
oksidasyonunun nem ve tahil ¢esidine bagli olarak
da degisiklik gosterdigi ve uygulanan yontemin
standardize  edilmesi gerektigi  calismalarda
ctkarilabilecek bulgular arasindadir.
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Dekontamine edilecek olan mikotoksin tiirii de
ozon uygulamasmn  etkinligi i¢in  6nem
tagtmaktadir. Ornegin, yapilarinda cift bag
icermeyen AFB: ve AFG; mikotoksinleri daha
reaktif olup, ozon oksidasyonuna karst daha
direnglidirler (Sivaranjani vd., 2021). Yapilan bir
calismada bugday tanesine 180 dk stre ile 60
pwmol/mol konsantrasyonda ozon uygulamasinin
AFB; ve AFB; miktarlarint %94.6 ve % 84.5
oranlarinda azalttigy, bu degerlerin AFG ve AFG2
icin sirastyla %80 ve %81 olarak bulundugu rapor
edilmistir (Cizelge 1).

Un Bilesenleri Uzerine Etkisi

Nisasta
Tahillarin temel bileseni olan nisasta son Uriin
Ozelliklerinin ~ belitlenmesinde  krittk  6neme

sahiptir (Raghunathan vd., 2021; Zhu, 2018).
Endistriyel alanda oldukga genis kullanim alanina
(gda, kagit, kozmetik, ilag ve tekstil) sahip olan
nisastanin dogrudan kullanimint  smnirlandiran
birtakim faktorler (yitksek termal kararlilik, yiiksek
retrogradasyon vb.) bulunmaktadir (Castanha vd.,
2020; Maniglia vd., 2021; Ojogbo vd., 2020;
Ozaslan ve 1banoglu, 2022; Pandiselvam vd.,
2022). Bu nedenle dogal nisasta fiziksel, kimyasal
veya enzimatik yollarla birtakim modifikasyonlara
tabi tutulmaktadir (Hu vd., 2022; Lima vd., 2021,
Raghunathan vd., 2021). Nisastanin
modifikasyonunda genellikle sodyum hipoklorit,
amonyum persiilfat  ve hidrojen  peroksit
kullanilmakta olup kullanilan bu kimyasal ajanlar
gida Uzerinde birtakim kalintilar birakarak hem
gida giivenliginde problemlere yol agmakta hem
de atik islemede verimsizlige neden olmaktadir
(Raghunathan vd., 2021). Ozon uygulamas: diistk
saflastrma  maliyeti  gerektirmesi, attk su
olusturmamast, oda sicakliginda dahil
uygulanabilmesi, gidaya uygulandiginda kalintt
birakmamasi gibi avantajlarindan 6tirl nisastanin
modifikasyonunda kimyasal oksidanlara karst
tercih edilmesi gereken “cevre dostu” bir
yontemdir (Hu vd., 2022; Maniglia vd., 2021;
Zhang vd., 2022).

Teknolojik olarak ozon ile oksidasyon, nisastaya
yuksek konsantrasyonlarda dahi diigik viskozite
degeri, yiiksek stabilite, sisme glicti kabiliyeti, iyi
film olusturma, retrogradasyon egiliminde azalma

ve yapiskanlk gibi Ozellikler kazandirabilmek-
tedir. Oksitlenmis nisasta gida endustrisinde
stabilizatr, emilgator, yag ikame edici olarak
genis bir kullanim alanina sahiptir (Chan vd.,
2011; Catal ve ibanoglu, 2014; Devu vd., 2022;
Lima vd., 2021; Sandhu vd., 2012). Nisastanin
oksidasyonunda iki 6nemli reaksiyon rol
oynamaktadir. Bunlardan biri nisasta
molekilindeki hidroksil gruplatinin (C-2,C-3,C-
6¢’daki —OH) karbonil ve karboksil gruplarina
okside olmasi, bir digeri ise a-(1—4) glikozidik
bagin parcalamast ile nisastanin amorf ve kristal
bélgede depolimerizasyonudur (Ashogbon, 2021;
Chan vd., 2011; Catal ve 1banoglu, 2014; Hu vd.,
2022).

Ozon oksidasyonu ile birlikte tahil nisastasindaki
karboksil grubu sayisinin artmasina baglt olarak
pH degerinin distiigi, sisme giictiniin arttigt ve
yapistirma Ozelliklerinin degistigi, akis davranis
indeksinin degisip Non-newtonyel akis tipi
gosterdigi, retrograde olma egiliminde azalma
oldugu literatir verileri ile desteklenmektedir
(Gizelge 2) (Chan vd., 2011; Chittrakorn vd., 2014,
2014; Catal ve Tbanoglu, 2014; Lima vd., 2021;
Pandiselvam vd., 2022).

Ozon uygulamast ile nisasta molekilinde
meydana gelen degisiklikler oksidasyon stiresinin
artmasina baghi olarak matris icindeki amiloz
miktarina, amiloz/amilopektin oranina, karbonil
ve karboksil gruplarinin oksidasyon hizina bagl
olarak  nisasta  tipleri  arasinda  farklilik
gostermektedir (Chan vd., 2011). Yapilan bir
aragtirmada karbonil icerigi fazla olan tapyoka
nisastasinin musir ve sago nisastasina gore ozon
oksidasyonundan  daha  fazla  etkilendigi
belirlenmis olup bu bilgiyi destekler niteliktedir
(Chan vd., 2011). Nisasta cesitinin (piring, musir,
bugday ve patates) ozon uygulamasi (60g/sa, 1
saat)  Uzerine etkisinin inceledigi baska bir
calismada ise misir ve patates nigastasinin daha
buyik morfolojiye sahip olmasi dolayisiyla
ozonun taneye difiizyonunun ve tane icerisindeki
penetrasyonunun daha kolay olmasi, ozon
oksidasyonundan en fazla etkilenen nisasta ¢esiti
konumuna getirmistir (Catal ve Ibanoglu, 2012).
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Gizelge 2: Ozon uygulamasinin nisasta ¢esitleri tizerine etkisi (Raghunathan vd., 2021; Sivaranjani vd.,
2021)
Table 2: Effect of ozone application on starch varieties (Raghunathan et al., 2021; Sivaranjani et al., 2021)

Ozon akis hizt
Ozone flow rate

Nisasta kaynagt
Starch source

Ozon uygulama stiresi
Ozone application tine

Ozon oksidasyon sonuglart
Ozone oxidation results

Misir
Corn

11L./dk
1 L/ minute

3.3L/dk
3.3 L/ minute

Bugday
Wheat

0.06 L/dk

Piring
7 0.06 1./ minute

Rice

Bugday 60 dk

Wheat

5g/s
5 g/ second

Misir
Corn

4.2 mgmol/ L 60 dk

4.2 mg mole/ 1

0.06 1./dk 2s

Piring
7 0.06 L/ minute 2 hour

Rice

15 ve 30 dk
15 and 30 minute

05,1,1.5ve2s
0.5, 1, 1.5 ve 2 hour

0.5 1ve2s
0.5, 1 and 2 hour

60 minute

60 minute

Jel glicti artts (%10.7)

Gel strength increased (%10.7)
Disme sayist gelisti ve unun
beyazlig1 artti.

The falling number improved and the
whiteness of the flour increased.
Yapistirma viskozitesi arttr.
The adhesive viscosity increased.
Sisme giict artt1

Tepe ve son viskozite degerleri
artta

Inflatable power increased

Peak and final viscosity values
increased

Jeletinlesme sicakligt arttt
Jelatinlesme entalpi degeri azalds
Yapistirma sicaklis arttl

Tepe ve son viskozite degetleri
azald

Gelatinization temperature increased
Gelatinization enthalpy valne
decreased

Bonding temperature increased
Peak and final viscosity values
decreased

Tepe ve son viskozite degerleri
azaldi

Karbonil ve karboksil icerigi
artturtr

Peak and final viscosity values
decreased

Increases carbonyl and carboxy!
content

Nisasta c¢esidine baglt  kalmaksizin  ozon
oksidasyonunun tim nisasta cesitlerinde artan
kayma gerilimi degerlerinde viskozitede azalmaya
neden oldugu (Non-Newtonien, shear thinning)
belirtilmistir. Farkli nisasta tiplerine (misir ve

tapyoka) ozon gazi uygulanmasiyla artan
uygulama siresine baglt olarak amorf bolgede
meydana gelen amiloz fraksiyonunun

depolimerizasyonuna baglt olarak shear-thinning
akis tipine gecildigi, kivam katsayisinin (K) ve

viskozite degetlerinde artis oldugu literatiirde
mevcuttur (Chan vd., 2011). Ozon uygulamasinin
nisastanin  viskozite degeri Uzerine etkisinin
incelendigi bir ¢alismada, bugday nisastasina farkls
strelerde ozon uygulamastyla (15, 30, 60 dk;
0.00042 ¢ ozon/100g su) molekildeki glikozidik
baglarin  kismi  bélinmesinden dolayt  tepe
viskozitesi degerinin uygulama stresi arttikca %098
oraninda azaldigt belirtilmistir. Ayni ¢alismada
ayrica granildeki hidroksil gruplarnin yerini
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oksidasyonla karboksil gruplarinin almasindan
dolayt retrogradasyon entalpi degerinin % 98
azaldigt (Catal ve Ibanoglu, 2014). Viskozite
degerindeki azalmaya paralel olarak ozon
oksidasyon siiresinin artmastyla kivam katsayist
(K) degerini de %18 oraninda azaldig
bildirilmistir (Catal ve Tbanoglu, 2014). Tlaveten
nisastanin ozonlama stresi arttik¢a jeletanize olma
egiliminin de %067 oraninda arttigr belirlenmistir.
Ozon oksidasyonunun nisastanin viskozite degeri
tzerindeki etkisinin incelendigi baska bir
calismada ise bugday ununa farkli sirelerde
uygulanan ozon gazi (0.06 L ozon/dk, 5-25 dk)
stabilitesinin bundan olumlu yonde etkiledigi
bildirilmistir (Chittrakorn vd., 2014).

Nisasta sisme guci kabiliyetinin = artiginin
oksidasyonla  olusan  hidrofilik  karboksil
gruplarinin -~ (-<COOH)  amiloz-amilopektinin

hidroksil gruplariyla giicli bir hidrojen bagt
kurmastyla yapida daha fazla su tutabilen bir agin
olusmasindan kaynaklanmaktadir (Sandhu vd.,
2012). Yapilan bir calismada bugday nisastasina
ozon uygulamastyla (2.5 L/dk, 45 ve 30 dk)
nisastanmn sisme kabiliyetinin %1 oranina arttig
tespit edilmis olup bu bilgiyi destekler niteliktedir
(Sandhu  vd.,, 2012). Nigastanin  gisme
kapasitesinin belitlendigi baska bir calismada ise
oksidasyonla sisme kapasitesinde artigin %3
oraninda oldugu belitlenmistir (Hu vd., 2020).

Ozon oksidasyonu ile nigastanin kimyasal
yapisinda meydana gelen bu modifikasyonlar
nisastanin morfolojik gérintiisi Gzerinde ¢ok az
degisiklige neden olmaktadir (Lima vd., 2021;
Sandhu vd., 2012). Ornegin Lima vd. (2021)’in
yaptigt calismada manyok nisastast tizerine ozon
oksidasyonunun (45 mg/L. ozon) nisastanin
morfolojisini ve ylzey ozelliklerini
degistirmediginin = gézlemlenmesi bu  bilgiyi
destekler niteliktedir. Ancak baska bir ¢alismada
ise tartar karabugdayina uygulanan ozonlama
stresi artttk¢a (15 ve 20 dk) nisasta partikiil
buyukluginin azaldigi ve molekildeki hilum
denilen bosluklarin biyidigt bildirilmistic (Hu
vd., 2022).

Ozon uygulamasinin nisasta Ozellikleri tzerine
etkilerinin incelenmesine yonelik ¢alismalarin
cogunlugu ekstrakte edilmis nisasta Ornekleri

tizerinde yapilmistir (Vanier vd., 2017). Ogiitme
Oncesi bugday tanelerine uygulanan ozonlama
isleminin nisastanin Ozellikleri tUzerine etkisinin,
ekstrakte edilmis nisasta tUzerindekine kiyasla ¢ok
daha az oldugu belirtilmektedir. Bu durum, tane
icerisindeki nisasta graniillerinin protein ve htcre
duvart materyali ile cevrelenmis bir matriks
icerisinde oksidasyondan korunmasi seklinde
aciklanmaktadir ( Zhu, 2018).

Protein

Nisasta gibi son triin kalitesinin belirlenmesinde
oldukca belirleyici olan proteinlerin  ozon
uygulamas: ile modifikasyonu, ¢ok ¢alisilan
konular arasinda yer almaktadir. Yapilan
calismalarda; ozon uygulamasiun ekstrakte
edilemeyen polimerik protein oraninda, disilfit
bagi sayisinda, capraz baglanmalarda ve gluten
molekiil agirliginda  artiga, tiyol  grubunda
azalmaya ve viskoelastik 6zelliklerde ise degisime
yol actg1 bildirilmektedir (Chittrakorn vd., 2014;
Violleau vd., 2012; Zhu, 2018).

Ozon uygulamasinin tahil proteinleri tizerindeki
etkileri Cizelge 3’ de 6zetlenmistir.

Obadi vd.,, (2018) yapmus olduklari ¢alismada
optimumdan sapan yiksek ozon uygulama
konsantrasyonlarinda, protein yapisinda meydana
gelen makaslanmalar sonucu yapinin
bozuldugunu bildirmislerdir. Ozon uygulamasinin
unun protein icerigi Uzerinde herhangi bir
etkisinin olmadig1 gézlemlenmistir. Ozet olarak,
thman kogullarda yapilan ozon uygulamasinin
capraz baglanmalart ve interaksiyonlari arttirdigi,
proteinlerin ¢6zintrligind ise (6zellikle glutenin
proteini) azalttigi ifade edilmektedir (Zhu, 2018).
Diger yandan, agi1 ozon uygulamasinin
proteinlerin molekiiler yapilarinin zayiflamasina
neden oldugu, bu durumun ise hamur reolojisinde
ve son uriin Ozelliklerinde 6nemli degisikliklere
yol actigt belirtilmektedir ( Zhu, 2018).

Diger Bilesenler
Ozonlama isleminin tahdlarin  besleyici  ve
fonksiyonel  Ozellikleri  tzerindeki  etkilert

uygulama parametrelerine (konsantrasyon, stre,
gaz/sivt form, sicaklik vb) bagh olarak 6nemli
degisiklikler gostermektedir.
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Cizelge 3: Ozon Uygulamasinin Tahil Proteinleri Uzerine Etkisi
Table 3: Effect of Ozone Application on Cereal Proteins

Ozon uygulama

kogullart
(ozon  formu,
Materyal kons., stire) Sonuglar Kaynak
Material Ozone application  Results Source
conditions
(oz0me form, conc.,
duration)
Ekstrakee proteinler Sulfidril grup sayisinda azalma, gluten ve 'glute.n%n
(busday oluteni, Gaz, 5 g/s, 0-1s alt gruplarinda azalma, gluten proteinlerinin .
glutenin ve gliadin) i Gm)’ 5 g /}) 0.1 der}atﬁrgsyon sicakliklarinda artts, G' ve G" Obadivd.,
Extracted proteins honr degerlern.'lde aras . 2016
(wheat gluten, gltenin and Decrease in the ﬂ%ﬂﬂ/ﬂer of wé"@{dg// gronps, decrease n
Jiadin) Sluten and glutenin subgroups, increase in denaturation
gradt temperatures of gluten proteins, increase in G' and G"' values
SH grup miktarinda azalma, S-S grup miktarinda
Bugday unu 50 mg/kg, 1's artis Zhu, 2018
Wheat flour 50 mg/ kg, 1 honr  Decrease in the amount of SH group, increase in the amount
of S-S group
Bugday unu Gaz, 5 mg/I, 0- Yas .gluten miktarlr.lda artiy, unun beygzhk '
(orta serd) 5 ’ ’ degerinde artis, a-amilaz ve viskozite degerinde Mei vd.,,
W heat flour Gas, 5 mg/L, 0-2 :}zalma . . . . 2016
(medinm bard) hour ncrease m wet gluten [0ﬂféiﬂf, {ﬂm’zm in flour whiteness,
decrease in a-amylase and viscosity
Bugday prolaminlerinin SDS (sodyum dodeksil
sulfat) ¢ozinirliginde azalma, molekil ici
baglanmadaki artis sonucunda proteinin polimer
2.0 m® NTP/s yapisinda artan dayanim, molekiller arast S-S
Bugday 2.0 »’  baglarinda artis, capraz baglardaki artis ile proteinin - Goze vd.,
W heat NTP/ second sckonder yapisinda degisim 2017
Decreased SDS' (sodium dodexyl sulfate) solubility of wheat
prolamins, increased strength in the polymer structure of the
protein as a result of the increase in intramolecular binding,
increase in intermolecular S-S bonds, increase in cross-links
and change in the secondary structure of the protein
Gaz, 04g/h, 5 Toplam protein oraninin  degismedigi ancak Elgun ve
Bugday dk ektrakte edilemeyen protein miktarinda artis Bilgicli,
Wheat Gas, 0.4g/h, 5  Anincrease in the amount of protein that does not change in -~ 2019
minute the total protein ratio but cannot be extracted
Toplam protein miktarinin sabit kaldigi, gluten
?Oazéé) 3006 I;éd‘i’ proteininde ki distlfit baginda ki artis ile ekstrakte
Bugday 40’mir;ut<; edilemeyen polimerik protein miktarinda artly Chittrakorn
Whoat Gas, 0.06 L/ de The amount of no.n—extract.able po.lyrnerlc protein vd., 2014
10 ’20 30. 36 an z} increased with the increase in the dlsulﬁde bond in
4 O’ﬂﬂ';;ﬂte) the gluten protein, where the total protein amount
remained constant.
Bugday Gaz, 5 g/ke Ekstrakte edilemeyen protein/ekstrakte edilebilit  Violleau
W heat Ga;,, 5q/ ke protein oraninda artis vd., 2012

Increase in non-extractable protein/ extractable protein ratio
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Renk

Degirmencilik ~ sektériinde  6glitme  prosesi
sonrasinda elde edilen una piyasaya striilmeden
Once renginin beyazlatlmast amactyla agartma
islemi uygulanmaktadir. Bunun icin oksidatif ajan
olarak genellikle aktif soya unu kullanilmaktadur.
Son yillarda yapilan bilimsel ¢alismalarda, ozon
uygulamasinin  bir yandan karatenoid renk
pigmentlerindeki ¢ift baglar1 kirarak agartma
islemini etkili bir sekilde sagladigi, diger yandan
gida giivenligi acisindan da Onem arz ettifi
bildirilmistir (Chittrakorn vd., 2014; Sivaranjani
vd.,, 2021; Zhu, 2018). Unun ozon gazt ile
oksidasyonu sonucunda L* (parlaklik) degerinin
artudl, b* (sarihk) degerinin azaldigr ifade
edilmektedir (Chittrakorn vd., 2014; Demir vd.,
2011; Elgiin ve Bilgicli, 2019; Zhu, 2018). Ozon
uygulanmis (0.4 g/h, 5 dakika) bugday ununun
renk  degerlerinin  incelendigi  calismada
oksidasyonla birlikte I.* degerinin (parlaklik) %0.2
ve a* degerinin (kirmizilik) %9.4 oraninda arttig,
b* degerinin (sarilik) ise %8 oraninda azaldig
tespit edilmis olup bu bilgiyi destekler niteliktedir.
Calisma sonucunda ayrica un agartma islemi icin
21 gunlik dinlendirme islemi ile ozon
oksidasyonunun egdeger oldugu da bildirilmistir
(Elgin ve Bilgicli, 2019). Ozon uygulama
parametreleri ve uygulama yapilacak tahil cesiti
renk degisimi icin 6nemlidir. Luz vd (2022),
yapmis olduklart calismada pirince 6n islem
asamasinda ozon uygulamastyla (5 L/dk) tim
orneklerde parlaklik (L) degerinde artis oldugunu
ancak en fazla artisin %06.5 oraninda 5 saatlik ozon
uygulamastyla oldugunu belirlemislerdir. Yapilan
baska bir calismada bugday ununa uygulanan
ozon gazinin (50 mg ozon/kg) unun renk
degerlerinde 6nem diizeyinde degisiklige neden
olmadift ozon uygulama konsantrasyonunun
6nemini destekler niteliktedir (Mendez vd., 2003).
Tahd c¢esidinin renk degisimi tzerine etkisinin
incelendigi ¢alismada farklit nisasta tiplerine
(bugday, musir ve piring) ozon oksidasyonu
sonrasinda [. degerinin en yiksek bugday
nisastasinda oldugu yine tahil cesidinin ozon
oksidasyonu icin 6nemini destekler niteliktedir
(Catal ve Ibanoglu, 2012). Baska bir ¢alismada ise
Ozaslan ve Ibanoglu (2022), farkli nisasta tipleri
(musir, guar ve guar gam misir nisastasi) Uzerine
ozon uygulanmasinin (60 g ozon/saat, 5, 10,15, 30

ve 60 dakika) renk degerlerine etkisini incelemis
olup calisma sonucunda L degerinin en fazla %16
artisla guar gam-musir nisastast ¢ozeltisine oldugu
ve a degerinde azalmanin en fazla %77 oraninda
guar gam nisastasinda oldugu dolayisiyla nigasta
cesitinin ozon etki mekanizmasi icin 6nemli bir
faktor oldugu calismadan cikarilabilecek sonuglar
arasindadir. Tahil nisasta cesitlerinden Adlay
nisastasinin  endistriyel  Slgekte  kullanimint
sinirlandiran  birkag  fakt6rin - (dastik  su
absorpsiyon, disik sisme hacmi ve dusik
¢c6zunirlik) modifikasyonu amactyla Subroto vd
(2022) ozon oksidasyonu (2 L/dk, 20 dakika)
uygulamis olup c¢alisma sonucunda birlikte L
degerinin  %0.7 oraninda artis gOsterdigi a
degerinin ise %10 oraninda azalma gosterdigi
tespit edilmistir. Karabugday bazli kompozit un
orneklerine ozon uygulanmastyla (2.4/h) L
degerinde %0.55 oraninda artis , £ %3.4 oraninda
oldugu bunun ise unda bulunan dogal bilesiklerin
(karotenoid ve flavon) ozon oksidasyonu ile
dekompoze olmasindan ve polifenol oksidaz
enziminin  inhibisyonundan = kaynaklandig
bildirilmistir (Hu vd, 2020).

Mineral madde icerigi

Ozon uygulamasinin toplam mineral madde
uzerine etkisinin uygulanan ozon
konsantrasyonuna bagli olarak degistigi literattirde
bildirilmistir. Yapilan bir ¢alismada bugday
orneklerine 30 mg/kg ozon gazt uygulanmast ile
birlikte Mg, Ca, K, P, Zn, Mn igeriginin 6nem
dizeyinde artt@ tespit edilmistit (Broberg vd,
2015). Bagka bir calismada ise nohut tanesine
ozon uygulanmast sonucunda (500, 750 ve 1000
mg/kg, 20 ile 30 dakika), disik dozda ozon
uygulamasinin (500 ve 750 mg/kg) toplam
mineral madde miktarint etkilemedigi ancak
yiksek dozda uygulamanin (1000 mg/kg) fosfor
(%22 oraninda) ve demir (%5 oraninda) icerigini
arturdigl, bakir (%25 oraninda), ¢inko (%3
oraninda), kalsiyum (%13 oraninda) ve potasyum
(%87 oraninda) iceriklerini ise ¢apraz baglanmalar
sonucunda 6nemli Sl¢ide azalttig1 belitlenmistir

(Nickhil vd., 2021).

Yag asidi igerigi

Gigli oksitleme potansiyeline sahip ozon gazi
uygulama parametrelerine baglt olarak tahilda
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yaglarinin  oksidasyonuna neden olmaktadir
(Dubois vd., 2006; Savi vd., 2014; Wang vd.,
2016).  Yapilan  caligmalarda ozon  gazt
uygulamasinin (1500 mg/kg, 0-45 dk) bugday
unundaki lipitleri okside ettigi rapor edilmistir
(Sandhu vd., 2011). Benzer sekilde Qi vd. (2016),
ozon uygulamasinin mistr lipitlerinin asit icerigini
yaklastk %040 oraninda arttirdigini belirtmislerdir.
Bugday ununda ozon uygulamasini iceren baska
bir calismada (5 g/s, 0-45 dk), ozonlama ile
linoleik asit miktarinin azaldigl, palmitik asit
miktarinin  ise arttigr ifade edilmistir. Aynt
calismada unun asitlik degeri ve lipaz aktivitesinin
azaldigi, buna karsin peroksit degerinin arttigt
gozlemlenmistir. Ayrica, lipit oksidasyonuna baglt
olarak ugucu bilesiklerin (haptanal ve hekzanal
gibi) konsantrasyonlarinda da artis gérilmistir
(Obadi vd., 2018). Ozon uygulanmasinin (5 g/h)
depolama boyunca bugday unu tizerine etkisinin
incelendigi bir calismada yag asidi igeriginin
degismedigi hatta depolama siirecinde azaldig
bunun ise bugday tanesinde ki diger bilesenlerin
yag bileseni Uzerinde koruyucu etkisinden ve
hidrolaz enziminin inhibisyonundan
kaynaklandig1 bildirilmistir (Li vd, 2013).

Tahildaki doymus ve doymamis yag asitlerinin
miktarina bagh olarak yag kalitesi degisiklik
gostermektedir. Tahillarda mevcut halde bulunan
doymamus yag asitleri yapiarinda bulunan gift
baglardan dolayt oksidasyona daha ¢ok maruz
kalmaktadir ve sonucunda istenmeyen ransit tat
ve koku olusumu meydana gelebilmektedir.
Dolayisiyla ozon oksidasyonunun tahillarin yag
asitleri tzerinde ki olumsuz etkisini minimize
edebilmek i¢in uygulanacak olan parametrelerin
optimize edilmesi 6nem tasimaktadir. Ozon
oksidasyonunun (50 mg/kg, 30 dakika) farkli tahil
(mustr, bugday ve soya fasulyesi) cesitlerindeki yag
asidi icerigi Uzerine etkisinin incelendigi bir
calismada, ozonun tahil c¢ekirdegine
etmemesinden dolayt toplam yag asidi iceriginin
oksidasyonla degismedigi bildirilmis olup bu
bilgiyi destekler niteliktedir (Mendez vd., 2003).
Buna karsin, bir diger ¢alisgmada nohut tanesine
uygulanan ozon islemi (500, 750 ve 1000 mg/kg;
20-30 dakika) ile yag asidi kompozisyonunun
onemli Olcide degistigi ozon uygulamasiyla
doymus yag asit miktarinin sabit kaldigt ancak

nufuz

omega 3 ve omega 6 acisindan 6nem arz eden
oleik asit miktarinin orta derecede ozonlama
islemi ile %16 oraninda arttigl, omega G’nin
oncist olan linoleik asit miktarinin ise %2
oraninda arttig ancak bu sonuglarin yitksek dozda
ozonlama ile azaldigr belirlenmistir (Nickhil vd.,
2021). Baska bir calismada ise bugday ruseymine
ozon (2000, 4000 ve 6000 mg ozon /kgve 1,2 ve
4 saat) uygulamasinin konsantrasyon ve maruz
kalma siiresinin artist ile birlikte %33, %100 ve
%57 oraninda arttif1 tespit edilmistir (Sarooei vd,
2019). Endustriyel Olecekte 6nemli yag kaynag:
olan misira uygulanan ozon oksidasyonu ile (51
mg/L) peroksit degerinin ozon uygulama
stresinin artistyla orantili olarak %258 oraninda
arttds tespit edilmistir (Alexandre vd, 2019).

Ozonlama islemi ile tahilda miristoleik asit, 10-
pentadesenoik asit ve heptadesenoik asit gibi
birtakim yag asitlerinin olusumu meydana gelebilir
veya var olan yag asitlerinin (oleik asit, linoleik
asit, palmitoleik asit, hekzadesenoik  asit)
miktarinda artig veya azalma olabilir. Yapilan bir
calismada nohut tanesine ozon uygulanmasi
sonucunda (500, 750 ve 1000 mg/kg) omega-6
yag asidinin 6ncisi linoleik asit miktarinin disik
ve orta dereceli ozonlama ile %2 oraninda, oleik
asit miktarinin ise orta dereceli ozonlama islemi ile
%16 oraninda arttig1 tespit edilmistir. Calismada
ayrica doymus yag asitlerinde ki azalma %0-9
arasinda olup tekli doymamis yag asitlerinden
Hekzadesenoik asit, Palmitoleik asit,
Oktadesenoik asit ve Eikosenoik asit miktarinin
strastyla %020, %7.69, %4.45 ve %9.43 oraninda
azalma oldugu tespit edilmistir (Nickhill vd,
2021). Galisma sonucunda insan saghig icin faydali
doymamis yag asitlerinden linoleik asit ve oleik

asit miktarindaki artisin ozonlamanin
baklagillerde hasere kontrol onlemleri
uygunlugunu  desteklemektedir ~ (Nickhill vd,
2021).

Biyoaktif bilesenler

Antioksidan maddeler vicudumuzda serbest
radikallerin  reaksiyonunun  engellenmesinde,

metalleri baglayarak oksidasyonun neden oldugu
zararlarin  indirgenmesinde dolayist ile insan
saghgt icin cesitli hastaliklarin  6nlenmesinde
6nemli rol oynamaktadir (Kola¢ vd, 2017).
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Yapilan calismada tahil cekirdeginde ki hiicre
duvari, protein ve nisastanin un/cekirdek
matrisine ozonun penetrasyonunu engelledigini
dolayistyla  da  polifenol  bilesiklerin - ozon
oksidasyonundan daha distik dizeyde etkilendigi
bildirilmistir (Zhu, 2018). Ozon oksidasyonunun
fonksiyonel ve antibesinsel bilesikler tizerindeki
etkisini beliflemek amaciyla antioksidan aktivite
Ozelligine sahip ancak mineral madde baglayici
Ozelligi ile istenmeyen bilesen olarak bilinen fitik
asit miktarinin uygulanan ozon konsantrasyonuna
bagli olarak degistigi, 6rnegin 0.4 g/L ozon gazt
uygulamast ile fitik asit miktarinin %717 oraninda
azaldigi ancak 60 um/m ozon uygulamasinin fitik
asit miktarinda degisiklige neden olmadigi tespit
edilmistir. Ozon oksidasyonu ile fitik asit
miktarindaki  distis mineral  biyoyararlihg
agisindan dikkate alinmast gercken Snemli bir
fonksiyonel 6zellik olup ozonun bu konu
agisindan 6n planda tutulmast gerektigi kanisina
varmustir (Elgiin ve Bilgicli, 2019).

Biyoaktif bilesenlerin tiketilmesi kardiyovaskiiler
hastaliklar, kanser ve diyabet gibi hastaliklarin
onlenmesiyle insan sagligi acgisindan Snem arz
etmektedir. Dolayistyla gidalara uygulanacak olan
ozon parametrelerinin optimizasyonu biyoaktif
bilesenlerin korunmasi veya arttirilmast agisindan
o6nem tasimaktadir. Ozon oksidasyonuyla hiicre
membraninmn  kismi  parcalanmasiyla  bagl
formdaki fenolik bilesenlerin serbest forma
déniismesi ve oksidasyon sonucu bazt enzimlerin
artan aktivitesiyle (fenilalanin amonyak liyaz,
stilben sentazlar ve flavonol sentazlar gibi) tanede
ki polifenolik bilesen miktart artmaktadir. Ayrica

oksidatif esmerlesmeye neden olan
polifenoloksidaz ve peroksidaz enzimlerinin
inhibisyonu ile besin  kalitesi artmaktadir

(Jackowska vd, 2019; Kaur, 2022). Yapian bir
calismada ozon oksidasyonu uygulanmis (5 g/sa)
tam tahd unundan elde edilen yagdaki fenolik
madde igeriginin %107 oraninda artti1 bu bilgiyi
destekler niteliktedir (Kaur, 2022). Ozonun
toplam fenolik madde icerigi tzerine etkisinin
incelendigi baska bir ¢alismada kolza tohumuna
uygulanan ozonlama islemi ile fenolik bilesen
miktarinin %19 ve flavanoit miktarmnin ise %713
oraninda artugr bildirilmistir  (Jackowska vd,
2019). Radikal yakalama aktivitesine ozon

oksidasyonunun etkisinin incelendigi calismada
ise misir nisastasina ozonlama islemiyle (60g/saat)
radikal yakalama aktivitesinin %17 oraninda artt1g
toplam fenolik bilesen miktarininsa %42 oraninda
arttii1 belirflenmistir (Ozaslan ve Tbanoglu, 2022).
Ancak baska bir ¢alisgmada uygulanacak olan ozon
konsantrasyonun 6neminden bahsedilmis olup,
Sarooei vd. (2022) tarafindan yapilan calismada
bugday ruseymine uyguladiklart ozon
konsantrasyonunun artmastyla (2000, 4000, 6000
mg/kg) antioksidan miktarinda ki %25 oraninda
azalma oldugu bunun ise yiiksek konsantrasyonda

ozonlama  ile  hidroksil,  slperoksit ve
hidroperoksil gibi serbest radikallerin
olusmasindan kaynaklandig bildirilmistir.
Dolayisiyla  yiksek dozda ozon  gazinin

antioksidan madde miktart tzerinde olumsuz
etkisi mevcut oldugu sonucuna varilmustir. Ozon
uygulamasinin toplam fenolik bilesen miktarini
olumlu etkisi ile sonuglanan caligmada bugday
ununa ozonlama islemi (5 g/L) toplam fenolik
bilesen miktarinin uygulama siresinin artist ile
%224 oraninda arttift ve DPPH antioksidan
aktivite miktarinin %3 oraninda artt151 belirlenmis
olup bu sonugclarin ozonlama ile kovalent baglarin
etkilenmesi karoten, tanen, askorbat, flavoprotein
ve polifenoller gibi antioksidanlarin serbest hale
gecmesinden kaynaklandigr bildirilmistir (Obadi
vd, 2018).

Asitlik

Ozon uygulamas: ile tanedeki karbonil ve
karboksil grup igeriklerinin artmasmna paralel
olarak tahil tanesinin asitlik miktarinin arttig1
dolayist ile tanenin pH degerinin dustigu
bildirilmektedir (Sivaranjani vd., 2021; Zhu,
2018). Hu vd. (2022) karabugday nisastasina farkli
strelerde (2.5, 7.5, 15 ve 20 dk) ozon gaz
uygulamast ile (2.4 g/h akis hizinda) karbonil
miktarinda %263  oraninda ve  karboksil
miktarinda %121 oraninda artis oldugu ve artan
asitlikle birlikte pH degerinde diistis %5 oraninda
dists oldugunu belirlemislerdir.

Asitlik ve pH degerinin belirlendigi bagka bir
calismada, manyok nisastasina ozon gazt
uygulamast ile karbonil iceriginin ve karboksil
iceriginin oksidasyonla birlikte arttig1 (sirastyla %8
ve %3) pH degerinin % 31 oraninda digtigi
tespit edilmistir (Lima vd., 2021). Ozonun farklt
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nisasta tipleri (bugday, musir, patates ve piring)
tzerine etkisinin  incelendigi ¢aligmada ise
uygulanan ozon oksidasyonu sonucunda tim
nisasta tiplerinde asitligin artmasina paralel olarak
pH degerinin azaldig1 ancak en ¢ok azalmanin
%78 oranina patates nisastasinda oldugu
beliflenmis olup oksidasyonun pH tzerine
etkisinin uygulanan tahil gesitine bagh olmadigt
bildirilmistir (Catal ve Ibanoglu, 2012). Misir
nisastasitna ozon oksidasyonunun  etkisinin
incelendigi bagka bir calismada ozonlama ile (60
g/saat) karbonil iceriginin %90 oraninda
karboksil iceriginin %150 oraninda arttig1 dolayist
ile pH degerinin dustigi ve ortam asitliginin
arttig1 tespit edilmigtir (Ozaslan ve Ibanoglu
2022).  Ozon oksidasyonunun 6n  islem
asamasinda  uygulanmasinin  asitlik  Uzerine
etkisinin incelendigi bir ¢alismada pirince 1slatma
asamasinda ozon uygulamastyla (5 L/dk, 1,2, 3 ve
5 saat) 1slatma atik suyunun pH degerinin %18
oraninda distiigii dolayisiyla ortam  asitliginin
arttig1 bunun ise ozonlama sirasinda ki serbest
radikal olusumundan kaynaklanabilecegi ve ortam
asitlesmesinin hidrasyonunu destekledigi
bildirilmistir (Luz vd 2022). Yine bagka bir
calismada ise bugday unu ve bugday nisastasinin
ozonlanmastyla (1500 mg/kg) karboksilik asit
miktarinin - arttigt  bildirilmis  olup ¢alismalar
birbirini destekler niteliktedir (Sandhu vd, 2012).

Ozon oksidasyonu sonucunda serbest radikallerin
olusumuyla pH’da meydana gelen bu degisiklikler
tahil tanesinin makro bilesenlerinde (protein ve
nisasta) modifikasyonlara neden olabilir (Luz vd,
2022). Dolayistyla ozonlama parametrelerinin
optimize edilmesinin 6nemini bir kez daha
vurgulamak gerekmektedir.

Cimlenme kabiliyeti

CGimlenmis tahillarin  artan besin  degeri, bu
tahillara olan ilgiyi de beraberinde getirmistir.
Dolayisiyla ¢imlenme siiresinin  azaltilmasi ve
cimlenme kabiliyetinin ~ arttiridmast  amaciyla
birtakim uygulamalar mevcut olup bunlardan biri
olan ozonun uygulama parametrelerine gore
olumlu/olumsuz birtakim etkileti vardir (Ma vd,
2020; Savi vd, 2020). Ozon oksidasyonunun a-
amilaz, beta-amilaz, B-glukanaz ve endo-proteaz
gibi hidrolitik enzim aktivitesi tizerinde olumlu
etkisinin oldugu boylece protein matrisinin

hidrolizi ve nisasta parcalayict enzimlerin
erisiminin kolaylagmast ozellikle ozon
uygulamastyla enzo proteazlarin aktivitesinin %35
oraninda artmast maltlama verimi acisindan 6nem
tasimaktadir. Ozonlama islemi ile a-amilaz
aktivitesinin %14 oraninda arttirdigi ve arpaya
( Hordewm  vulgare1..) ozon wuygulamasiyla (5
mg/cm? 120 dakika) 72 saatlik cimlenme kabiliyeti
tizerinde %12 oraninda artist bu bilgiyi destekler
niteliktedir (Ma vd, 2020). Ancak ozonlama
stresinin artist ile tahil tanesinin koleoptil ve
seminal kokii zarar gorebilir dolayist ile ¢imlenme
kapasitesi dusebilir. 3 saatlik ozon uygulamasinin
bu koklere zarar verdigi dolayisi ile pirincin
cimlenme kabiliyetini %12 oraninda azaltti§1
literatirde mevcut olup bu bilgiyi destekler
niteliktedir (Savi vd, 2020). Ozonlama stiresinin
cimlenme kabiliyeti tizerine etkisinin incelendigi
baska bir calismada artan uygulama stresiyle (2 ve
3 saat) 2 ¢imlenme kapasitesini %12 oraninda
azalttigt  bildirilmistir  (Zhu, 2018). Ozon
uygulamastyla (0.02-0.04 mg/L, 120 dakika)
musirin ¢imlenme  kabiliyetini %65’den %80’¢
ctktigt ancak maruz kalma stresinin artigtyla (180
dakika) hiicre tahribatinin artmasindan dolay1
¢imlenme kabiliyetinin %12.5 oraninda azalttigt
da literatirde mevcuttur (Sivaranjani vd., 2021).
Siire  parametresinin  mercimegin  ¢imlenme
kabiliyeti tizerine etkisinin incelendigi calismada
ise ozonlama iglemiyle (1 g/m3) en iyi ¢imlenme
oraninin %90 oraninda 3 ve 10 dakika ozon
uygulamasina maruz kalinan 6rneklerde oldugu
bunun yapidaki C-H oraninda ki artigtan
kaynaklandigi bildirilmistir (Souza vd 2021).

Ozon Uygulamasinin Uriin Uzerine Etkisi

Degirmencilik sektoriinde disilfit bag olusumunu
arttrmak, gluten agini kuvvetlendirmek, hamur
isleme Ozelliklerini gelistirmek ve ekmek ici
yapistnin diizgiin olmasin saglamak amactyla una
olgunlastirma ajant olarak oksidan madde ilavesi
yapilmaktadir. Ancak kimyasal katki maddelerine
alternatif yesil teknoloji olarak adlandirlan ozon
gazinin da bu amacla kullanilabilecegi yapilan
calismalarda bildirilmistir (Mendez vd., 2003;
Sivaranjani vd., 2021). Ozon gazinin uygulama
parametrelerine bagl olarak tahil unundan elde
edilen hamurda (renk, stabilite, mukavemet,
gelisme stresi) ve son urtinde olumlu/olumsuz
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birtakim  degisiklikler meydana gelmektedir
(Mendez vd., 2003; Sivaranjani vd., 2021).

Ozon oksidasyonunun hamur ve ekmekte
meydana getirdigi degisiklikler tizerine yapilan bir
calismada ozon uygulanmis (0.4 g/h, 8 dakika)
absorpsiyonunun %4, yumugama
derecesinin %8 ve hamur uzama kabiliyetinin %07
oraninda azaldigi bildirilmistir (Demir vd., 2011).
Ayrica ozonlanmis undan elde edilen ekmek
hacminin %7 ve ekmek spesifik hacminin %8,
ekmegin bayatlamast icin 6nemli bir kalite
parametresi olan ekmek i¢i gbzenek yapisinin
puaninin %14 oraninda arttigr tespit edilmistir
(Demir vd., 2011). Baska bir calismada ise
yumusak bugday tanesine ozon uygulamasiyla (36
dakika 0.06 IL/dakika) kek hacminde Onem
diizeyinde artisa neden oldugu ve keklerin sertlik
derecesinde %18 oraninda (klorla oksidasyona
kiyasla)  distis  (oldugu  tespit  edilmistir
(Chittrakorn vd., 2014).

unun su

Ekmegin tekstiirel dzelliklerinde meydana gelen
degisikliklere ek olarak renk 6zelliklerinde de bazt
degisimler meydana gelmektedir (Demir vd.,
2011). Ozon wuygulamasinin ekmegin renk
parametresi tzerine etkisinin incelendigi bir
calismada 45 dk ozon uygulamast ile karotenoit
renk pigmentlerinin oksidasyonuyla ekmegin daha
parlak ve daha beyaz oldugu bildirilmistir (Zhu,
2018). Bagka bir calismada ozon uygulanmis
bugdaydan elde edilen ekmeklerin parlakliginin
(L) oksidasyonla bitlikte %2 oraninda arttigy,
sarilik (4) ve kirmuzilik (2) degerinin %14 ve %5
oraninda azaldig1 tespit edilmistir (Elgiin, 2019).

Ozon uygulamasinin eriste Uzerine etkisinin ise
daha actk ve patlak renkli eriste olusumu
dogrultusunda oldugu ve oksidasyonun eristelerin
yapiskanligin azaltip, sertligini ve
cignenebilirligini etkilemedigi bildirilmistir (Zhu,
2018). Bagka bir calismada ise 2 saat boyunca
Smg/ L ozon uygulamasinin ekmekteki tim
duyusal 6zellikleri en diistik seviyeye indirdigi ve
ekmegin sertliginin artarak titketici i¢in tercih
edilebilitligini azalttig1 bildirilmistir (Sivaranjani
vd., 2021). Tim bu c¢alismalar sonucunda,
uygulanacak  ozon  etkinligi icin  proses
parametrelerinin  6ncesinde optimize edilmesi
gerektigi cikarilmaktadir (Sivaranjani vd., 2021).

Bai ve Zhou, (2021) eriste ve makarnanin kalitesi
ve raf Omrunt arttirmak icin hidrokolloitler,
proteinler, emiilgatorler, 6n zenginlestirme ve
ekstriizyon yontemlerine alternatif yesil teknoloji
kullaniminin =~ umut  vaat edici  oldugunu
bildirmiglerdir. Calismalarinda bugday unu ve
karabugday unundan elde edilen eriste 6rneklerine
farkli strelerde ozon gazt 5g/h uygulamasiyla
toplam canl sayisinin 0-40 dakika arasinda %46
oraninda azaldigi dolayisiyla  eristenin  raf
Omrinln degistigi de bildirilmistir. Ayrica calisma
sonucunda ozon konsantrasyonunun artmastyla
eristenin yapisindaki bosluklar azalmis ve tekstiirii
stkt bir hal almistir. Proteinlerin ¢apraz
baglanmasinin  artistyla  eristelerin - sertlik  ve
elastikiyet degerinin uygulanan ozon
konsantrasyonunun artmastyla Dbirlikte arttig
(4100g-5000g arasinda) belirlenmistir. Ozon ve
klor uygulanan unlardan yapilan keklerin tekstirel
6zelliklerinin incelendigi baska bir ¢alismada ise;
ozonla muamele edilmis undan yapilan keklerin
sertliginin %18 oraninda azaldigi ancak klorlu
undan yapilan keklerin sertlik oraninin e %11
oraninda artt1d1 tespit edilmistir. Ayrica ¢alismada
ozonlama stresinin artmasina paralel olarak kek
hamurunun viskozitesinde 6nemli 6lciide arttigt
ve 6zgil agithigin %23 oraninda azaldigr dolayist
ile hamura karistirma sirasinda daha fazla oksijen
dahil oldugu ve hava kabarciklarinin yapida daha
iyi tutulup oda sicakliginda hamurun stabilitesinin
arttugl belirlenmistir (Chittrakorn vd., 2014). Raf
omrinin belirlendigi baska bir calismada ise;
ozonlanmis ve depolanmis bugdaydan (15 dakika,
4 giin depolama) yapimis eristelerin depolama
stresinin artisi ile birlikte toplam mikroorganizma
sayisinin - %41 oraninda azaldigi dolayst ile
eristelerin mikrobiyolojik raf Omrintn arttift
belirlenmistir (Li vd., 2013). Eristenin raf dmrind
uzatmak i¢in yapilan bagka bir ¢alismada ise ozon
gazi (24 g/saat) uygulanan un Orneklerinde
toplam mikroorganizma sayisinin %18 oraninda
duistiigi dolayist ile kimyasal koruyucu ajan, su
aktivitesi  dizenleyicisi, modifiye atmosfer
paketleme, 1sinlama ile sterilizasyon ve soguk
zincir tasimaya alternatif cevre dostu teknoloji
olarak ozon uygulamasinin son tiriinde mikrobiyal
inaktivasyonu sagladigi bildirilmistir (Hu vd.,
2020).
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SONUC

Gida endistrisinde ¢esitli uygulama alanlarina
sahip  olan  ozon, tahill  teknolojisinde
mikrobiyolojik giivenligi saglamada, fonksiyonel
Ozellikleri gelistirmede ve kalitatif raf omrind
uzatmada kullanim alani bulmaktadir. Uygulama,
tahillarin (6zellikle bugday) 6gtitme 6zelliklerini
olumlu yonde gelistirmektedir. Ancak ozon ile
oksidasyonda dikkat edilmesi gereken husus
uygulamanin bir¢cok parametreye (ozon uygulama
konsantrasyonu, stiresi, sicakligi, uygulanacak olan
tahilin nem miktar1, nisasta ve protein icerigi,
nisastanin amiloz/amilopektin orant vb.) baglt

olarak olumlu ve/veya olumsuz sonuglar
meydana  getirmesidir. Dolayist  ile ozon
oksidasyonu caligmalarinda optimum
parametrelerin - 6n  denemeler ile belitlenip

sonrasinda uygulamaya gecilmesi gerekmektedir.
Endistriyel Olcekte ozon teknolojisini
sintrlandiran en 6nemli faktor ise yiiksek maliyetli
bir proses olmasidir. Ancak bu durum digik
bakim maliyeti gerektirmesi ve uygulandig
urinin uzun raf émriine sahip olmast ile tolere
edilebilmektedir.  Ozon  uygulamast  diger
stratejiler ile birlestirilerek spesifik uygulamalar
icin  alternatif  ¢6zlimler  yaratilmasinda
kullanilabilir. Ozonun tahil ve urlnleri alaninda
buyik  6lgeklerde  uygulanmasina  yonelik
calismalarda halen gelistirilmeye acgik konular yer
almaktadir. Ozellikle bu alanda farkl: disiplinler ile
yapilacak ortak ¢alismalara ihtiya¢ duyulmaktadur.

CIKAR CATISMASI BEYANI

Yazarlar, ¢ikar catismast olmadigini  beyan
etmektedir.

YAZAR KATKILARI

Yazarlar makalenin gerceklesmesinde,
yazilmasinda ve yaymnlanmasinda esit katks

saglamislardir. Yazarlar makalenin son halini
okumus ve onaylamistir.
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ABSTRACT

In this study, optimum extraction conditions of bioactive compounds from fenugreek leaves (1rigonella-
Jfoenum graecum 1) were investigated using response surface methodology and the extracts having the highest
total phenolic content, total flavonoid compounds, antioxidant activity and total saponin content were
achieved. The independent process variables were solvent mixture ratio (water and ethanol, 0-100%),
temperature (25-65°C) and sample—solvent ratio (10-50 g/L), and a constant extraction time of 120 minutes
was used for all the design points. The experimental study was arranged according to D-optimal combined
design and the process conditions were optimized using desirability function approach. Results showed that
the extraction of phenolic compounds and antioxidant activity were increased at increasing water ratios and
temperature and decreasing sample-solvent ratio. Saponins were extracted better when 25% ethanol was
used as solvent. The optimum extraction conditions were determined as 100% of water, 49.71°C of
temperature, and 10 g/L of sample—solvent ratio.

Key words: Fenugreek leaves, phenolic compounds, extraction, optimization, saponin

D-OPTIMAL TASARIM ILE CEMEN OTU YAPRAKLARINDAN BiYOAKTIF
BILESENLERIN MASERASYON YOLUYLA EKSTRAKSIYONU

oz
Bu calismada cemen otu (Trigonella-foenum graecum L.) yapraklarindan biyoaktif bilesenlerin optimum
ekstraksiyon kosullari yanit yiizey yontemi kullanilarak belirlenmis ve en yliksek toplam fenolik
madde, toplam flavonoid, antioksidan aktivite ve toplam saponin igerigine sahip ckstraktlar elde
edilmistir. Cozgen karigim orant (su ve etanol, %0-100), sicaklik (25-65°C) ve 6rnek—¢ozgen orani
(10-50 g/L) bagimsiz islem degiskenleri olarak secilmis ve tasarimin tiim noktalarinda 120 dakikalik
ekstraksiyon stresi sabit olarak uygulanmistir. Deneysel calisma D-optimal birlesik tasarima gore
dizenlenmis ve istenirlik fonksiyonu yaklasimi kullanilarak islem kosullari optimize edilmistir.
Sonuglara gore ¢ozgende bulunan suyun yiizdesi ve ekstraksiyon sicakligi arttikea, 6rnek—cozgen
orani azaldikea fenolik bilesenlerin miktari artis gdstermistir. Saponinler ise ¢ézgen olarak %25 etanol
kullanildiginda daha iyi ekstrakte edilmislerdir. Optimum ekstraksiyon kosullar1 %100 saf su, 49.71°C
ekstraksiyon sicakligt ve 10 g/L 6rnek—¢6zgen orant olarak belitlenmistir.
Anahtar kelimeler: Cemen otu yapragi, fenolik bilesenler, ekstraksiyon, optimizasyon, saponin
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INTRODUCTION

Fenugreek (Trigonella-foenum ~ graecum 1.) is a
medicinal plant and originates from Western Asia
and Southeastern Europe (Khoja et al., 2021).
Fenugreek seeds are used as spices and the leaves
of the plant consumed as a green vegetable in the
diet. Both fresh and dried fenugreek leaves are
edible, and fenugreek leaves are reported as a
good source of various minerals and vitamins,
especially they are rich in choline (Srinivasan,
20006). In literature, the beneficial effects of
fenugreek on hyperglycemia, hyperinsulinemia,
and glycosylated hemoglobin were presented and
it was also reported that the consumption of
fenugreek could help controlling body weight,
liver glycogen and have a significant effect on
carbohydrate metabolic enzymes (Devi et al.,
2003; Srinivasan, 2000). The fenugreek can also
show antidiabetic effects. Moreover, fenugreek
can lower the serum cholesterol, can raise HDI.-
cholesterol, can have lipid lowering effects in
mellitus diet, and can improve the amount of the
fecal excretion (Chaturvedi and Pant, 1987;
Chaturvedi and Pant, 1988; Annida et al., 2004).
Because of its health benefits, fenugreek leaves
are freshly consumed; however, most of the
fenugreeks have been discarded, the seeds of the
plant are mostly used for spice production or
medicinal purposes. Fenugreek leaves have a great
potential for obtaining biomaterials and simple
extraction methods can be used for this purpose.
Extraction is a unit operation used to separate or
produce bioactive materials from the plants or
foods (Chouhan et al, 2019). Extraction
conditions extensively affect the extraction yield
or activity of the bioactive compounds, and the
important parameters for an extraction process
are generally defined as the solvent type, sample—
solvent ratio and the temperature (Goli et al.,
2005; Belguith-Hadriche et al., 2013; Zuorro et al.,
2016). In literature, there are several studies
reporting that the extraction yield of phenolic
materials can be enhanced by increasing the
temperature (Yang et al., 2009; Mokrani et al,,
2016). Temperature increment may lead to get a
softer plant texture, so that phenol-protein and
phenol-polysaccharide interactions get weakened.
This phenomenon can ensure obtaining higher
amounts of phenolics in the extract (Mokrani et

al., 2016). On the other hand, the extraction yields
of phenolic compounds may get lowered at
increasing temperatures, therefore it is important
to determine the optimum extraction temperature
for an individual plant or the food (Silva et al.,
2007; Ballard et al., 2009; Yim et al.,, 2012). In
literature, maceration has been used extensively
for the extraction of biomaterials from different
parts of the plants. It is a cheap and a consistent
method to produce phenolic-rich extracts. For
this reason, it is vital to determine the optimum
extraction conditions to produce fenugreek leaf
extracts having the maximum amount of
phenolics and saponins. To the best of our
knowledge, there is no study in the literature
presenting the optimum extraction conditions of
biomaterials from the fenugreek leaves.

In this study, the extraction conditions namely
solvent mixture ratio, sample—solvent ratio and
temperature were evaluated to obtain phenolic
compounds from the fenugreek leaves and were
optimized to achieve the highest amount of the
bioactive materials.

MATERIALS AND METHODS

Plant Material

Fenugreek leaves were provided from a local
farmer at the harvest time in August 2021, and the
plants were provided from Kayseri Province. The
area where the plants were harvested located in
the central Anatolia region with the geographical
coordinates of 38° 44' north and 35° 29' east, and
the eclevation above sea level was 1054 m.
Fenugreeks were harvested when the plants
reached their peak of vegetative growth (2 months
after planting, before flowering). Prior to
extraction processes, the fresh leaves were pulled
out from the plant stems and then the leaves were
dried in the shade for 72 hours until their
moisture contents were lower than 10%
(8.4210.22%, wet basis). After that, the dry leaves
were crumbled by hand and the samples were
sieved through a sieve having 630 um pore
diameter to remove the dust and soil residuals.
The dried and cleaned samples were stored in
dark at room temperature (25°C) for further
analysis.
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Chemicals

Diosgenin was purchased from Cayman Chemical
(Michigan, USA). Quercetin was purchased from
BLD Pharmatech Ltd. (Shanghai, China). Sodium
nitrite (NaNOy) and analytical grade ethanol were
purchased from Tekkim Chemicals (Istanbul,
Turkey). Folin-Ciocalteau reagent, sodium
carbonate (Na;COj3), aluminum chloride (AlICIs),
potassium persulfate (K2S:0s), sodium acetate
(CH3COONa) and sulfuric acid (H2SO4) were
purchased from Merck Chemicals (Darmstadt,
Germany). Gallic acid, sodium hydroxide
(NaOH), 2,2-Diphenyl-1-picrylhydrazyl (DPPH),
2,2"-Azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt (ABTS), Trolox and
vanillin were purchased from Sigma-Aldrich Co.
(Steinheim, Germany). The chemicals used in this
study were of analytical grade.

Extraction process and experimental design

Maceration was applied using water and ethanol
as solvents to obtain biochemicals from the
fenugreek leaves. The dried fenugreek leaves and
water-ethanol mixture were agitated at 400 rpm

for 120 minutes using a magnetic stirrer having a
heating unit. Beakers with a volume of 100 ml
were used as the extraction containers. The
temperature of the magnetic stirrer was adjusted
to the temperature value specified in the
experimental design for each run. The lids of the
beakers were kept close during the extraction
process. After that, the samples were centrifuged
at 4637 ¢ (Hettich 320 R, Germany) for five
minutes and then were filtered using a coarse filter
paper. Filtered samples were used for the
chemical analyses. The percentage of water in the
solvent mixture (0-100%), percentage of ethanol
in the solvent mixture (0-100%), temperature (25-
65°C) and sample—solvent ratio (10-50 g/L) were
chosen as independent variables.  The
experimental D-optimal combined design is
shown in Table 1. Response surface methodology
was used to optimize the extraction conditions of
biomaterials from the fenugreek leaves ensuring
the highest total phenolic compounds (TPC),
total flavonoid compounds (TFL) and antioxidant
activity (AA) (both DPPH and ABTS methods)
according to the desirability function approach.

Table 1. The experimental design and analysis results

Water  Ethanol  Temperature Sample;solvent AA AA
Run (%) (%0) °C) (g/L) TPC TFL TSC
C, C X X, (DPPH) (ABTYS)
1 50 50 45 30 19.20£0.16  9.68%£0.13  0.87£0.00  7.86%0.07  20.78+0.17
2 0 100 35 20 5.80£0.10  2.98%0.09  0.23%£0.02  2.07£0.04  7.72£0.40
3 75 25 25 50 23.02£0.16 11.64£0.06  1.10£0.03  9.27£0.32  20.84%0.21
4 100 0 65 10 25.65£0.45 13.06+£0.03  1.20%£0.01 10.97+0.22 20.72%0.64
5 100 0 35 20 2547£0.24 12.63+0.13  1.25%0.03 10.50+0.42 17.65+0.32
6 50 50 45 30 18.84+0.24  9.52+0.11  0.88+0.03  7.30+0.33  21.08%+0.09
7 0 100 65 50 8.06£0.80  4.01£0.06  0.35%0.01  3.30£0.09  13.51%£0.13
8 75 25 25 10 23.53%£0.38 11.81£0.03  1.10£0.01  9.65%0.13  21.36%0.26
9 75 25 25 10 22.99£0.13 11.48%£0.03  1.08%0.02  8.96%0.13  24.09%£0.26
10 100 0 65 50 22.59£0.32  10.94%£0.08  1.05£0.01  9.36£0.09  17.26%0.13
11 0 100 65 10 10.17+£0.80  4.99%0.02  0.48%+0.00  3.88%0.27 11.62+0.64
12 50 50 45 30 19.53+0.20  9.46£0.03  0.90£0.01  7.35%£0.04  21.02%+0.60
13 0 100 25 50 2.58£0.76  1.51£0.01  0.14£0.00  0.82+0.21  7.19%0.05
14 25 75 65 10 14.45+£1.12 6.90£0.20  0.7520.01  5.99£0.49  16.90£0.64
15 66.67 33.33 55 20 21.71£0.18  10.43%£0.12  1.04£0.04  8.9810.02  21.29%0.32
16 25 75 25 50 12.38+0.22  6.25£0.06  0.64£0.00  5.06%0.04  15.78%0.15
17 75 25 55 40 23.52%0.28 11.48+0.09 1.08%0.00  9.90+0.14  21.18%0.39
18 0 100 65 50 7.79£0.15  4.10%£0.13  0.41%£0.01  2.98+0.12  12.29%+0.05
19 25 75 65 10 14.72+£0.29  7.18%£0.15  0.69£0.01  5.87+0.22  18.27+0.52
20 100 0 65 50 22881041 11.33%0.12  1.07£0.02  9.14£0.11  17.15%£0.13
21 75 25 65 10 22.52%£0.92  11.13%£0.05 1.03%£0.01  8.51£0.58  22.5510.64
22 100 0 25 50 24.98%£1.02 12.62+0.12  1.19£0.01  10.06+£0.30 13.38%0.05
23 25 75 25 10 12.49+0.06  6.23%£0.03  0.67£0.02  5.39%0.62  15.17+0.52
24 25 75 25 10 12.72+0.89  6.54£0.04  0.69£0.00  5.96+0.36  14.44+0.26

'TPC: Total Phenolic Content (mg gallic acid/g dry sample), TFL: Total Flavonoid Compounds (mg quercetin/g dry sample),
AA: Antioxidant Activity (mg Trolox/g dry sample), TSC: Total Saponin Content (mg diosgenin/g dry sample), £ values

represent the standard deviations between two values of the related analysis results.
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Analysis

Total phenolic componnds

Folin-Ciocalteau method described by Singleton
and Rossi (1965) was used for the determination
of TPC. 250 puL of sample was mixed with 250 uLL
of Folin-Ciocalteau reagent diluted with ultrapure
Milli-Q) water (1:1,v/v). 500 uL of Na,COs3 (210
g/L) solution and 4 mL of ultrapure water were
mixed with this mixture. The samples were
centrifuged at 1456 g (Hettich Eba 21, Germany)
for 10 minutes after incubation at 25°C for 25
minutes. The absorbance of the supernatants was
measured at 760 nm (T80+, PG Instruments,
United Kingdom) and gallic acid was used as a
standard. The TPC were presented as mg gallic
acid/g dry sample.

Total flavonoid compounds

Spectrophotometric aluminium chloride method
was used to determine TFL of the fenugreek leaf
extracts (Belguith-Hadriche et al., 2013). The
diluted samples (1:10, 1 mL) were mixed with 4
mL of ultrapure water and 0.3 mL of 5% NaNO,
in a 15 mL test tube. This mixture was incubated
for 5 minutes at 25°C. Following that, 0.3 mL of
10% AICl3 was added to the test tube and
incubated for 6 minutes. After incubation, 2 ml.
of 1 M NaOH solution was added, and the
volume of the solution reached 10 ml. with
ultrapure water. The absorbance of the samples
was read at 510 nm, and total flavonoid
compounds (TFL) were expressed as mg
quercetin/g dry sample.

Apntioxidant activity

DPPH and ABTS methods were used for the
determination of the antioxidant activity (AA) of
the samples. Slightly modified version of DPPH
method was performed following to the method
of Pajak et al. (2019). We mixed 50 uL of sample
with 1.95 ml of 0.1 mM DPPH and this mixture
was incubated for 30 minutes in dark at 25°C. We
determined the absorbance of the samples at 515
nm wavelength. The AA of the fenugreek leaf
extracts was expressed as mg Trolox/g dry
sample.

Slightly modified version of ABTS-reducing AA

analysis was performed according to the

procedure of Pajak et al. (2019). ABTS-K15,04
solution was prepared using 7 mM ABTS stock
solution and 2.45 mM Kb55,0s solution. These
solutions were mixed on an equal basis and
incubated for at least 16 hours at room
temperature and in the dark. FPollowing to
incubation, 1 mL of this solution was diluted with
54 mL of buffer solution (20 mM sodium acetate,
pH 4.5), and a 0.700 absorbance value was set at
734 nm wavelength. We mixed 150 uL of extract
and 2850 uL of adjusted solution of ABTS and
incubated it for 30 minutes at room temperature
and in the dark. The AA (ABTS) of samples was
presented as mg Trolox/g dry sample.

Total saponin content

The method of Akbari et al. (2019) with slight
modifications was used for the determination of
TSC of the extracts. 0.2 ml. of the extract was
mixed with 0.35 mL of 0.8% vanillin prepared in
ethanol and 0.8 mL. of distilled water. After that,
1.25 ml of H2SO4 (72%, v/v) was added to the
tube and the cap of the tube was closed, and this
mixture was gently mixed. Then the cap was
loosened, and the samples were placed into a
water bath adjusted to 60°C and wete incubated
for 10 minutes. When incubation time ended, all
the samples were taken rapidly into an ice bath.
The absorbance values of the samples were
measured at 544 nm, and TSC values of the
samples were expressed as mg diosgenin/g dry
sample.

Statistical analysis

One-sample t-test for the optimum point
validation was carried out using the SPSS 22.0
(IBM, USA) package program. The regression
analysis which was used to determine the effects
of the independent process variables on the
responses, and the Design Expert 7.0 (Stat-Ease
Inc., USA) package program was used for the
optimization study.

RESULTS AND DISCUSSION

The total phenolic compounds (TPC), total
flavonoid compounds (TFL), total saponin (TSC)
and antioxidant activity (AA) of the extracts are
shown in Table 1. In all conditions, when the
solvent was used as only water (100%), the TPC,



Extraction of bioactive compounds

TFL and AA values were increased (Table 1).
Bioactive compounds of the plant materials are
generally extracted with only water and organic
solvents (or their mixtures) (Spigno et al., 2007).
Our results can be correlated to the polarity of the
extraction solvent, and more active compounds’
solubility in water than that of in ethanol (Liu et
al., 2012). Water and ethanol can be considered as
the best solvents for the phenolic compounds
extraction from the plant materials (Akbari et al.,
2019; Isleroglu and Turker, 2022). However, it is
vital to determine the solvent type and percentage
of the solvent mixtures for the extraction of
bioactive compounds to obtain the highest yield.
Our results showed that only water can be used as
the extraction solvent to obtain phenolic-rich
extracts from the fenugreek leaves which
supported the findings of Isleroglu and Turker
(2022). Similarly, Fernandez-Agullé et al. (2013)
reported that only distilled water was the best
solvent for the extraction of polyphenols from
walnut green husks. Vuong et al. (2011) also
reported that the preparation of plant extracts
such as papaya leaf extracts, water is the most
accessible, the safest and the lowest polluting
solvent.

Sample—solvent ratio is another important
parameter for the extraction of biomaterials. In
general, lower ratios of sample—solvent ratio
generate a higher concentration gradient, and this
phenomenon increases the driving force of the
mass transfer between the sample and the solvent.
Hence, the extraction of biomaterials from the
samples can be enhanced owing to the increased
contact area between the solvent and the sample’s
surface area (Yancheshmeh et al., 2022). In this
study, the highest results were obtained at the
conditions having the lowest sample—solvent ratio
(10 g/L). Optimization of the temperature is
critical for the extraction processes. It was
observed that TPC, TFL and AA values were
decreased at the highest temperature of the design
(65°C). However, TSC values behaved differently
from the TPC, TFL and AA values. At lower
temperature (25°C), TSC extraction could not be
done efficiently, and 75% water percentage—25%
ethanol percentage gave the highest TSC values.
Same as our study, better saponin extraction was

determined at the presence of ethanol in the
solvent mixture, and the ethanol percentage of 25
to 100% atfected positively the amount of total
saponins (Kwon et al., 2003; Heng et al., 20006). In
literature, there are many studies about the
fenugreek seed extracts; however, there are only a
few studies about phenolic extraction from the
fenugreek leaves and none of them are
optimization study. Mashkor (2014) used three
different solvents to extract phenolics from the
fenugreek seeds, and they reported 0.259 mg gallic
acid/g dry sample of TPC, which was significantly
lower than that of our findings. They also
reported that acetone was the most suitable
solvent for the phenolic extraction. Higher values
of TPC for the fenugreek leaves were found by
Hussain et al. (2016) (4.25-4.34 mg gallic acid/g
dry sample), but these values were still lower than
that of our findings. Only Khan et al. (2022)
reported similar results (14.01 mg gallic acid/g
sample) in their recent study. More studies should
be presented to compare the TPC, TFL and AA
values of the fenugreek leaf extracts.

The effects of the process variables on the TPC,
TFL, AA and TSC of fenugreek leaf extracts were
shown in the analysis of variance (ANOVA) table
(Table 2). All the generated models were
significant (P <0.05), and lack of fit values were
not significant statistically (P >0.05). One of the
most important criteria required for the generated
models to be able to explain the experimental data
with high accuracy is the lack of fit data found to
be  statistically insignificant (Myers and
Montgomery, 1995). In this study, the statistically
insignificant values of lack of fit (P >0.05)
demonstrated that the success of the generated
models for the TPC, TFL, AA and TSC of the
fenugreek leaf extracts. Results also showed that
the linear mixture effect was significant on the
TPC, TFL, AA and TSC values (P <0.05) (Table
2). Interaction of the water percentage-ethanol
percentage had the most significant effect for all
responses (P <0.05). On the other hand, the
interaction of ethanol percentage-temperature-
sample—solvent ratio did not exhibit a significant
effect on any of the responses (P >0.05). The
determined model parameters significantly
affected the responses (P <0.05) (Table 2).
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Statistical results of the modelling of the TPC,
TFL, AA (DPPH) and AA (ABTS) values were
also shown in Table 2. The coefficient of
determination (R%) wvalues of all different
responses were >0.988 which indicated that the
generated models were adequate and high

proportion of variability was explained by the
data. Moreover, the closeness of the R2? and
adjusted R? values showed the goodness of the
models, and it was a proof that only statistically
significant terms were included in the generated

models (Table 2).

Table 2. ANOVA table and statistical parameters

Source

DF

Sum of Squares

TPC TFL DPPH ABTS TSC

Model 11 1112.25 269.83 2.35 188.60 473.62
Linear mixture 1 1013.04 246.91 213 172.41 197.74
CiC 1 39.36 8.47 0.077 6.22 164.82
CiXy 1 1.39 0.32 3.84x103 9.1x10-3 5.35
CiXz 1 3.78 1.01 5.74x10-3 0.62 17.60
CoXy 1 22.98 5.37 0.044 3.45 35.11
CoXs 1 4.49 0.80 0.010 1.24 2.15
Ci1CXy 1 0.21 0.23 5.09x10-3 0.16 6.45
Ci1CoXo 1 4.55 1.01 2.38x103 0.88 0.75
CiXiXo 1 0.53 0.52 2.42x103 0.32 0.78
CoXiXo 1 1.09x10-3 1.11x10-3 3.10x103 0.044 0.096
CiCoXiXo 1 0.75 0.28 5.64x10-3 0.30 0.044
Residual 12 0.93 0.36 0.021 2.18 9.42
Lack of Fit 5 0.41 0.11 0.016 1.51 3.69
Pure Error 7 0.52 0.25 4.39x10-3 0.67 5.73
Total 23 1113.18 270.19 2.37 190.78 483.03

5 S Adegunate o

R adj- R Precision PRESS ClV. (%)
TSC 0.9992 0.9984 116.53 5.34 1.60
TFL 0.9987 0.9974 93.86 1.47 2.00
DPPH 0.9961 0.9926 57.57 0.05 3.33
ABTS 0.9886 0.9781 33.00 10.53 6.05
TSC 0.9781 0.9663 30.39 30.88 4.88
F Value

Source DF TPC TFL DPPH ABTS TSC
Model 11 1298.67 817.79 123.30 94.32 54.87
Linear mixture 1 13011.15 8231.72 1228.54 948.46 251.99
CiC, 1 505.48 282.33 44.21 34.24 210.04
CiXi 1 17.83 10.72 2.22 0.050 6.82
CiXz 1 48.52 33.62 3.31 3.43 22.43
CoXy 1 295.19 179.04 25.62 18.99 44.74
CoXs 1 57.64 26.77 5.91 6.84 2.74
Ci1CXy 1 2.70 7.65 2.94 0.90 8.23
C1C2Xo 1 58.42 33.68 1.38 4.83 0.96
CiXiXo 1 6.78 17.21 1.39 1.76 1.00
CoXiXo 1 0.014 3.69x10+ 0.018 0.24 0.12
CiCoXiXo 1 9.58 9.40 0.033 1.65 0.056
Residual 12
Lack of Fit 5 1.11 0.65 5.22 3.13 0.90
Pure Error 7
Total 23
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Table 2. devam

p - Value
Source DF TPC TFL DPPH ABTS TSC
Model 11 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
Linear mixture 1 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
CiCy 1 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001
CiXy 1 0.0012 0.0067 0.1623 0.8264 0.0227
CiXo 1 < 0.0001 < 0.0001 0.0937 0.0890 0.0005
Xy 1 < 0.0001 < 0.0001 0.0003 0.0009 < 0.0001
CXo 1 < 0.0001 0.0002 0.0317 0.0226 0.1238
CiCoX 1 0.1265 0.0171 0.1121 0.3627 0.0141
CiCoXo 1 < 0.0001 < 0.0001 0.2636 0.0484 0.3475
CiXiXo 1 0.0231 0.0014 0.2605 0.2089 0.3374
CXoXo 1 0.9077 0.9850 0.8957 0.6323 0.7324
CiCXiXo 1 0.0093 0.0098 0.8598 0.2235 0.8163
Residual 12
Lack of Fit 5 0.4334 0.6747 0.0557 0.0847 0.5296
Pure Error 7
Total 23

Ci: Water (%), Co: Ethanol (%), Xi: Temperature (°C), Xz: Sample-solvent ratio (g/L), TPC: Total Phenolic
Compounds, TFL: Total Flavonoid Compounds, TSC: Total Saponin Content, DF: Degtees of Freedom, Adj- R%
Adjusted R?, PRESS: Predicted residual error sum of squares, C.V. (%): Coefficient of variation

The effect of the different process variables on
the TPC, TFL, AA and TSC was shown with the
response surface graphs in Figure 1. Response
surface graphs visually supported our findings,
and the higher percentage of water usage for the
extraction increased the TPC, TFL, and AA
values. The red regions on the Figure 1 show the
highest values obtained in the experimental
design. For the Figure 1 (a-d), at 10 g/L of
sample—solvent ratio where the highest results
were obtained, the temperature increment
positively affected the extraction of the phenolics,
flavonoids and antioxidant activity of the extracts.
Vuong et al. (2013) reported that the optimum
extraction temperature of papaya leaf polyphenols
(using only distilled water as the solvent) was
between at 50 and 70°C. They also reported that
the extraction efficiency of the polyphenols
decreased when the temperature was lower or
higher than this temperature range. Irakli et al.
(2018) extracted bioactive compounds (25-60°C)
from the olive leaves such as oleuropein, phenolic
acids and flavonoids. Researchers reported that it

TPC
(mg gallic acid/g dry
sample)
TFL
(mg quercetin/g dry sample)

= 0.26C,+0.02C,+1.81x10C,C,-2.97x10°C, X;-5.27x10°C, X, +1.28x10°C,X,-5.91x10*C,X,
+9.95x107C,C,X,-1.05x10°C, X, X, +7.77x107C, C, X, X,
=0.13C;+1.21x10°C,+1.19x10°C, C,+1.59x10*C, X, +1.96x10*C, X, +6.22x10*C, X,
-2.43x10*C,X,-2.25x10°C, C,X;-4.55x10°C, C,X,-1.03x10°C X, X, +4.78x10°C,C,X, X,

is vital to determine the optimum extraction
temperature, because the temperatures beyond a
certain value may decompose some phenolic
materials, and the low temperatures than that of
the optimum value may result with having lower
extraction yields. In our study, similar graphs were
obtained for the TPC, TFL, and AA values which
indicated that AA values were mainly depended
on TPC and TFL for the fenugreek leaf extracts.
On the other hand, different trend of the TSC is
observed in the Figure 1(e). TSC had the higher
values at the water percentage of 75%.

Five different second-order polynomial models
were generated for the extraction of bioactive
compounds from fenugreek leaves, and the TPC,
TFL, AA (DPPH), AA (ABTS), and TSC values
were maximized to obtain the optimum
extraction conditions (Equations 1-5). The
relationships between the experimental and
predicted data are shown in Figure 2, it was clearly
observed that these values were close to each
other.
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DPPH _ 2 4 -5 -5 -5
(g Trolox /g dry sample) = 1435107 Ci+6.T9x10%C,+7.54x107°C, Cy+6.45x107C, X, -1.94x10°CoX, ?3)
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Figure 1. Response surface graphs for (sample—solvent ratio level of 10 g/L): (a) total phenolic
compounds, (b) total flavonoid compounds, (c) antioxidant activity-DPPH, (d) antioxidant activity-
ABTS, and (e) total saponin content of fenugreek leaf extracts
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Predicted TPC
(mg gallic acid/g dry sample)

Predicted AA
(DPPH, mg Trolox/g dry sample)
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Extraction process was subjected to numerical
optimization to determine the optimum process
conditions. We found out four different but quite
similar optimization results and one of these
results having the highest desirability (0.989) was
chosen as the optimum point. The predicted
optimum extraction conditions were determined
as follows: 100% of water, 49.71°C of
temperature, and 10.00 g/L of sample—solvent
ratio. At this point, TPC was 25.869 mg gallic
acid/g dry sample, TFL was 12.968 mg
quercetin/g dry sample, AA (DPPH) was 1.247
mg Trolox/g dry sample and AA (ABTS) was
10.607 mg Trolox/g dry sample. The optimum
point verification tests were done in thrice.
According to the single sample t-test, there was
no significant difference between experimental
and predicted values at the optimum point (P
>0.05).

In this study, phenolic compounds of the
fenugreek leaves were extracted and the optimum
process conditions ensuring the highest phenolic
content, flavonoid content and antioxidant
activity were determined by the response surface
methodology. Our results showed that water
percentage of 100% had the best extraction
performance. Other extraction parameters
namely extraction temperature and sample—
solvent ratio also affected the responses. Our
research showed that fenugreek leaves are worth
to be investigated because of its high bioactive
compounds, and the fenugreek leaf extracts can
be produced by cheap and effective methods.
Fenugreek leaf extracts produced using only water
can be used in the model foods for the future
researches.
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ABSTRACT

In this study, some deterioration parameters were determined in nine different types of edible fats and oils
(46 samples) obtained from the Turkish market, their compliance with the Turkish Food Codex and
Standards was evaluated and compared with the literature. Six samples including (3 margarines, 2 shortenings
and 1 riviera olive oil) had peroxide value (PV) that exceeded the codex limit. The oils with the highest PVs
were found to be fish oils (8.5-27.4 meqO»/kg), peanut oils (9.2-32.1 meqO»/kg) and extra virgin olive oils
(10.37-17.66 meqO2/kg). Free fatty acidity (FFA) content of one of the tiviera olive oils (1.29%) and extra
virgin olive oil (0.81-1.13%) sample were above the limit value of the Codex. The highest conjugated-diene
and -triene were determined in fish oils (9.12-12.3 and 2.42-5.60, respectively). The p-Anisidine values in
hazelnut and fish oils ranged from 2 to 61.

Keywords: Edible oils, free fatty acidity, deterioration parameters, oxidation, peroxide value, p-Anisidine

TURKIYE PAZARLARINDA SATILAN YEMEKLIK SIVI VE KATI YAGLARIN
BAZI BOZULMA PARAMETRELERI

oz

Bu calismada, Tirkiye pazarindan temin edilen dokuz ¢esit yemeklik katt ve sivi yagda (46 numune)
bazi bozulma parametreleri belirlenmis, bunlarin Tirk Gida Kodeksi gerekliliklerine uygunlugu
degerlendirilmis ve literatlr ile kargilagtirilmistir. Altt numunede kodeks limitini agan peroksit sayist
(PS) tespit edilmistir (3 margarin, 2 katt yag ve 1 riviera zeytinyagi). En yitksek PS'na sahip yaglar balik
yaglart (8.5-27.4 meqOa/kg), yer fistigt yaglart (9.2-32.1 meqO2/kg) ve natiirel sizma zeytinyagi
(10.37-17.66 meqO2/kg) olmustur. Serbest yag asitligi (SYA) oranlari riviera zeytin yaglarinin birinde
ve sizma zeytinyaginin tamaminda sinir degerin tizerinde ¢ikmistir. En ytksek konjuge-dien ve -trien
balik yaglarinda belirlenmistir (sirastyla 9.12-12.3 ve 2.42-5.60). SYA oranlari riviera zeytinyaginin
birinde (%1.29) ve natiirel sizma zeytinyaginin tamaminda (%0.81-1.13) siuir degerin tizerinde
ctkmstir. Findik ve balik yaglarinda bulunan p-Anisidin degerleri 2 ile 61 arasinda degismistir.
Anahtar kelimeler: Yemeklik yaglar, serbest yag asitligi, bozulma parametreleri, oksidasyon, peroksit
degeri, p-Anisidin
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INTRODUCTION

Fats and oils are vital food components in human
nutrition. When stored under inappropriate
conditions, they decompose as a result of
oxidative and hydrolytic reactions. All fats and oils
may undergo oxidation during storage. The level
of oxidation depends primarily on external factors
such as storage temperature, air (oxygen)
concentration and light, as well as minor
components such as fatty acid profile, moisture
and other impurities, and processing quality. Fat
oxidation does not only cause changes in taste,
odor and color in foods, but also causes harmful
effects on human health by reducing the
nutritional  quality and  safety due to
decomposition products (Das, 1991; Rodriguez-
Estrada and Caboni, 2002; Zhang et al., 2010).
Edible oils with higher unsaturated fatty acids
content, especially polyunsaturated fatty acids, are
more susceptible to oxidation (Kapich et al,
2010). The oxidation of edible oils begins with the
double bonds of fatty acids in the triacylglycerol
molecule. The first products of lipid oxidation are
hydroperoxides, which are tasteless and odorless
and therefore do not significantly impair the
sensory quality of the oil (Reindl and Stan, 1982).
Since hydroperoxides are generally unstable
compounds, they are converted to secondary
products of oxidation such as ketones, aldehydes,
alcohols, lactones, hydrocarbons and esters. Some
of these components, even at very low levels,
significantly impair the taste and odor of the oils
and fats. Hydrolytic reactions are measured by
determining the FFA content in fats and oils. PV,
conjugated diene (Kz32) and conjugated triene
(Ko70) as primary oxidation products; p-Anisidine
value (p-AV) and TBARS analyzes are used as
secondary oxidation products (Bagtiurk, 2019;
Chinprahast et al., 2016; Shahidi, 1998; Shi et al.,
2015) in determining the oxidation rate in fats and
oils.

Within the scope of this study, sunflower oil (7
brands), hazelnut oil (4 brands), corn oil (6
brands), natural extra virgin olive oil (7 brands),
riviera olive oil (7 brands), margarine and
shortening (9 brands), peanut oil (2 brands), and
fish oil capsules (4 brands) which are sold and
consumed widely in the markets of Turkiye were

investigated. PV, Ko and Ko measured to
monitor the primary products of oxidation, p-AV
and Totox values were determined to measure
secondary products of oxidation, and FFA was
measured as an indicator of hydrolytic
degradation in all oils and fats samples. The
results obtained were evaluated according to the
Turkish Food Codex and compared with the
literature.

MATERIALS AND METHODS

Material

Different cooking oils, fish oils, margarines and
shortenings used in the study were obtained in
2019 from Tiurkiye local markets. Their names
and number of brands are shown in Table 1. Extra
virgin olive oil is obtained by cold pressing, that
is, it is not refined. Riviera olive oil consists of
20% extra virgin olive oil and 80% refined olive
oil. Diethyl ether, methanol, sodium hydroxide,
sodium bromide, ethyl acetate, glacial acetic acid,
acetone and sodium thiosulfate were obtained
from Sigma-Aldrich (Steinheim, Germany). The
purity of the chemicals was ensured.

Methods

Preparation of samples

The lipid fractions of margarine and fats were
obtained by melting the fats and centrifuged and
then filtered through anhydrous sodium sulfate by
removing the upper oil phase. In margarines and
shortenings, analysis were performed only in the
lipid phase. Encapsulated fish oils were removed
from the capsules with a sterile needle. Edible oils
wete obtained from the market. All oils and fats
samples were stored at 4 °C in dark until the
experiments. Sample brand numbers, types,
production dates and codes are presented in Table
1.

Determination of free fatty acidity

FFA of oil samples were determined according to
AOCS Official Method Ca 5a-40 (AOCS, 2004).
Experiments were performed in triplicate and the
mean value was used.
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Table 1. Description of the samples

The number of

Sample names brands Production date Packaging type Sample code
SO1, 802, SO3,
Sunflower oil seven different plastic oil bottle (1 SO4, SO5, SOG,
(Refined) brands March-June 2019 1 SO7
Hazelnut oil four different September- metal tin can (1 liter) ggé’ ggi’
(Refined) brands December 2018 ’
Peanut oil two  different plastic oil bottle (1 PO1, PO2
(Refined) brands June-August 2018 liter)
CO1, CO2,
. six  different plastic oil bottle (1 CO3, CO4,
Corn oil (Refined) brands January-May 2019 liter) CO5, CO6
EVOOIL,
2 plastic oil bottles EVOO2,
(1 liter), EVOO3,
ExtraVirgin Olive  seven different 4 of them 2018, 4 glass oil bottles EVOO4,
Oil (Cold-pressed)  brands 3 of them 2019 (250 ml), EVOO?5,
1 glass oil bottle EVOOO,
(150 ml) EVOO7
2 plastic oil bottles
Riviera olive oil S htier), 1 bottl ROO1, ROO2,
(Blend from seven different 5 of them 2018, 5 5% asi oft botHes ROO3, ROO4,
refined and cold brands 2 of them 2019 (250 mb), . ROO5, ROOG,
ressed) 1 glass oil bottle ROO7
p (750 ml)
Pastry oil . paper package
(Shortening) three different yp chJuly 2019 (250 gr, 1 kg, 25kg)  S1, 52,83
brands
(Refined)
Margarine six  different ML, M2, M3,
(Refined) brands March-May 2019 Package (250 gr) M4, M5, M6
2 of them July-
Fish oil (capsule) four different December 2018, capsule in a capped FO1, FO2, FO3,
(Native-Refined) brands 2 of them January- bottle FO4
June 2019
Peroxide value _ VxTx 1000 1
Peroxide values were determined according to PV = m )

AOCS Official Method Cd 8-53 (AOCS, 1989a).
All samples were analysed in triplicate. PVs were

calculated according to Equation 1.

where PV= Peroxide value (meqO:/kg oil), V=
Used sodium thiosulfate solution (mL), T=
normality of sodium thiosulfate solution, m =
sample weight (g)

319



A.O. Giindiz, A. Bastlirk

p-Anisidine value

The p-AV analysis was carried out according to
AOCS Official Method Cd 18-90 (AOCS, 1998).
0.5 g oil sample was weighed into a 25 mL
graduated flask, completed with hexane up to the
scale line. The absorbance of the test tube filled
with hexane without sample was read at 350 nm
(A1). 5 mL oil (m) was taken into the test tube. 1
mL p-AV (0.25 g/100 mL glacial acetic acid) was
added to the test tube. After 10 minutes the
absorbance (Az) of the sample was read at 350 nm
against the reference cell prepared with hexane
and p-AV without sample. The value of p-AV was
calculated according to the Equation 2.

25 1.2xA,) — A
p—AV _ X [( 2) 1]

m
m: Sample weight (g)

2

Total oxidation value

The total oxidation value (Totox) was calculated
by adding 2 times PV with the p-AV wvalue
(Equation 3) (Shahidi and Wanasundara, 2002).

Totox = (2 x PV) + p-AV 3)
A . )
P Upper limit valus (10 meqQ2lkg.ol) ____________
[
800 c 5
c 1 T
g T 1 760
F 718
E 600 1
g 630 b
— b
= ==
493 -
400 ‘T’ 4.64
a
€L
ZE% 3.35
I

200 T T T T T T
s01 s02 S03 S04 S05 S06 S07

Conjugated-diene and -triene

Analysis was done according to AOCS Official
Method Ch 5-91 (AOCS, 1989b). Specific
absorption values were calculated by Equation 4.

Ef =Ky = —— 4)

where K3 = Specific absorption value, 4y =
Absorbance value, ¢ = Concentration of solution
(g/100 mL), 1 = Quartz cuvette length (cm)

Statistical analysis

All data were statistically analyzed using SPSS
(version 20.0 for Windows, SPSS Inc., Chicago,
Illinois) package program by conducting one-way
analysis of variance (ANOVA), and defining a
significant difference at P <0.05 by Duncan test.
Besides, the experiments were evaluated by
performing three independent measurements for
all treatment and expressed as the mean =*
standard deviation (SD).

RESULTS AND DISCUSSION

Sunflower oils

The PV, p-AV, totox, Koz, Ko7, and FFA values
found in samples of sunflower oil from seven
different brands are shown in Figure 1.
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SO1-SO7: Sunflower oils (different brands). Different lowercase letters indicate the difference between the mean
values of the samples (P <0.05). The upper limit values are the values specified by the “Turkish Food Codex
Communiqué on Oils Called by Plant Name” (TGK, 2012).

Figure 1. Certain properties determined in sunflower oils

PV values of the samples were determined the
range between 2.99-7.60 meqOz/kg (P <0.05).
These values are below the 10 meqO./kg PV
upper limit value specified in the Turkish Food
Codex Communiqué on Oils with Plant Name
(TGK, 2012). PV is the primary oxidation
product formed by storage of oils under
unsuitable conditions (exposure to factors such as
heat, light, heavy metal ions, etc.). The PVs of
sunflower oils coded with SO2, SO4, and SO6
showed no significant differences.

The p-AV wvalue is a colorimetric measurement
(350 nm) based on the color change produced by
the reaction between the p-AV reagent and
secondary oxidation components (aldehydes,
ketones, alcohols and acids). p-AV is a secondary
oxidation parameter that occurs as a result of the
breakdown of peroxides in the later stages of
oxidation in oils and fats. p-AVs of oils and fats
ranged between 3.99 to 10.73. The SO5 sample

revealed the greatest level, and the SO6 sample
revealed the lowest amount. The p-AVs of SO1,
SO3 and SO7 sunflower oils were close to each
other. However, the values of these and other
samples were significantly different (P <0.05).
Totox values of SOs varied in the range of 10.21-
25.93 (P <0.05). In a previous study, PV, p-AV
and totox values in sunflower oil were reported as
4.6 meqO2/kg, 5.12 and 14.32, respectively (Ali et
al.,, 2013). Anjum et al. (2000) determined the PVs
of 3.77 and 2.60 meqO2/kg and p-AVs as 3.24
and 4.99, respectively, in two different sunflower
oils. These findings are consistent with the results
of our study. Totox values in SO samples were in
the range of 10.2 to 25.9 (P <0.05). There was no
significant difference between SO2 and SO4
totox values (Figure 1C). Kbj» value was
determined in the range of 2.74-4.97 (P <0.05)
(Figure 1D), and Ko70 was determined in the range
of 0.93-4.18 (P <0.05) (Figure 1E). Ka32 and Kz
values were reported by Ali et al. (2014) as 1.14
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and 0.55, and as 13.18 and 1.66 respectively, by
Javidipour et al. (2017) in sunflower oils. Anjum
et al. (2000) determined the K3, value as 4.10 and
9.66, and the K70 value as 0.60 and 0.58 in two
different sunflower oils. FFA was determined in
the range of 0.13-0.22 % in terms of oleic acid in
sunflower oil samples (Figure 1F). According to
the Turkish Food Codex Communiqué on Oils
with Plant Name (TGK, 2012), FFA (in oleic acid,
%) in edible sunflower oils should be at most
0.3%. In this case, all the sunflower oil samples
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were found to comply with the standard in terms
of FFA. This value was determined as 0.16% by
Ali et al. (2013) and as 0.10% by Javidipour et al.
(2017). Our results were in accordance with the
literature.

Corn oils

PV, p-AV, totox, Ky, Koo and FFA values
determined in six different brands of corn oil
samples are shown in Figure 2.
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CO1-COG: Corn oils (different brands). Different lowercase letters indicate the difference between the mean
values of the samples (P <0.05). The upper limit values are the values specified by the "Turkish Food Codex
Communiqué on Oils Called by Plant Name” (TGK, 2012).

Figure 2. Certain properties determined in corn oils
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PVs varying between 2.86-5.36 meqO»/kg in the
samples (P <0.05) were found appropriate in the
codex (Maximum 10 meqO2/kg). There wete no
significant differences between the PVs of COA4,
CO5, and COG6 samples. In previous studies, PV
in corn oil was determined as 0.8 meqO2/kg by
Ahmad et al. (2011), 2.55 meqO2/kg by Inanc
Horuz and Maskan (2015), 4.34 meqO./kg by Ali
et al. (2016), 10.2 meqO2/kg by Bantchev et al.
(2011), 9.96 meqO./kg Bastiirk et al. (2018), 2.26
meqO:z/kg El Boulifi et al. (2010), 3.3 meqO./kg
Gin¢ Ergonil and Nergiz (2014) and 3.02
meqO2/ kg Karakaya and Simsek (2011). Some of
these findings were in accordance with our
results.

As seen in Figure 2B, p-AVs were found in the
range of 5.36-8.72 (P <0.05). In corn oil, p-AV
was determined as 2.85 by Inanc Horuz and
Maskan (2015), 1.44 by Giing Ergéniil and Nergiz
(2014), and 1.36 by Inanc and Maskan (2013).
Totox values in the samples were determined in
the range of 11.91-17.59. Totox values did not
differ significantly in CO3, CO4 and CO5
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samples. Ali et al. (2016) determined PV, p-AV
and totox values in corn oil as 4.34 meqO2/kg,
1.22 and 8.90, respectively.

K3z values of CO3, CO4, CO5 and COG6 samples
were quite similar (Figure 2D) however, Ko7
values of corn oils samples vatied in the range of
1.51-3.22 (P <0.05). K232 was found to be 1.96 and
K27 to be 0.05 in corn oil by Bastiitk et al. (2018).
FFA was determined in the range of 0.16-0.26%
(Figure 2F). These values are within the limit
(0.3% oleic acid) stated in the Turkish Food
Codex Communiqué on Oils Called by Plant
Name (TGK, 2012). In previous studies, FFA in
CO was reported as 0.15% (Ali et al., 20106), and
0.12% (Inanc and Maskan, 2013). Our findings
are similar to these results reported in the
literature.

Fish oils, hazelnut oils, and peanut oils
Figure 3 displays the findings for FOs (4 brands),
HOs (4 brands), and POs (2 brands) in terms of
PV, p—AV, totox, I<232, I<270, and FFA.
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Figure 3. Certain properties determined in fish, hazelnut, peanut oils

In FOs, the following values for PV, p-AV, totox,
Kos2, and Ka7 were found: 8.45-27.39 meqO»/kg
for PV, 7.50-60.90 for p-AV, 27.3-77.8 tor Ko7,
and 0.1-0.49% for FFA. The possible reason for
the high levels of some of these parameters is that
fish oils are rich in polyunsaturated fatty acids and
therefore they are more susceptible to oxidation
compared to other edible oils. Fazel et al. (2009)
determined the PV levels of 2.7 and 2.3
meqOz/kg in carp and tuna fish, which are two
important commercial and industrial fish in the
Caspian Sea in the north of Iran. The p-AV value
was reported as 1.12 and the totox value as 2.48
in New Zealand hoki fish oil (Kindleysides et al.,
2012). The PV, p-AV and totox values of the 3
best-selling dietary supplements fish oil in the
United States were determined in the range of 25-
60 meqOs/kg, 15-85 and 55-210, respectively
(Mason and Sherratt, 2017). In a study evaluating
the content of lipid oxidation products in various
seafood omega-3 supplements in Norway, their
PV was found in the range of 1.04-10.38
meqOz/kg (Halvorsen and Blomhoff, 2011).
Sixteen of the best-selling liquid fish oil products
in the American market were analyzed by Ritter et
al. (2013) and their PV were found to be in the
range of 1.0-14.8 meqOz/kg. PV of encapsulated
fish oil supplements marketed in New Zealand,
was detected in the range of 1.09-33.34 and p-AV
3.14-72.63, totox in the range of 16.17-82.58
(Albert et al., 2015). Our results partially overlap
with all these literature findings. However, it
should kept in mind that many factors such as fish

oil types, purity, packaging, and
conditions will sure affect these results.

storage

If HOs are evaluated, the difference between the
mean values of the parameters other than p-AV
was found to be statistically significant (P <0.05).
Their PV ranged from 2.7 to 7.6 meqO,/kg
(Figure 3A). There were no significant differences
between p-AVs of HOs. Their PVs did not
exceed the upper limit (10 meqO2/kg) which is
specified in the Turkish Food Codex
Communiqué on Oils Called by Plant Name
(TGK, 2012). Totox value was the highest in
HO3. Ko, values were higher than Koo in all
samples. FFA values were determined in the range
of 0.14-0.28 % in terms of oleic acid. FFA was
found to be equal in HO1 and HO2 samples.
Tekin et al. (2009) determined the FFA, PV and
K32 values in HO as 0.33%, 1.02 meqO2/kg and
0.09, respectively. In HOs, FFA, p-AV, and Ko3
values were reported by Tohma and Turan (2015)
to be 0.07 (% oleic acid), 2.0, and 0.11,
respectively.

The PV, p—AV, totox, I<232, I<270, and FFA
findings of two different brands of PO are
presented in Figure 3. The difference between the
mean in parameters other than Ky and FFA was
found to be significant (P <0.05). The PV of PO2
was above the limit (10 meqO2/kg) specified in
the codex. In compatison to PO1, PO2's totox
value was about 2.8 times higher. While the
difference between the Ka3; values of the POs was



The quality of edible oils and fats in Turkiye

found to be significant, the Kz values were
similar. The FFA of the POs was determined as
0.35% and 0.45% in terms of % oleic acid. FFA
in both peanut oils exceeded the upper limit
(0.3%) specified in the Turkish Food Codex
Communiqué on Oils with Plant Name (TGK,
2012). According to Zhang et al. (2020), PVs and
FFAs in peanut oils ranged from 3.36 to 14.93
mmol/kg and 035 to 0.69 mgKOH/g,
respectively. Tanriverdi (2011) determined PV
and FFA values in peanut oil as 9.41 meqO./kg
and 16.67% (in terms of oleic acid), respectively.

A Upper limit value (20 meqO2/kg)

20.007

15.00—

10.00

PV (meqO2/kg)

5.007

EV002 EV003 EV0O04 EV005 EVO0O6 EV0O7

50.07

Totox

EV002 EVO03 EVO04 EVOO5 EV0O06 EV0OO7

0.60]

0507

040

K270

0.30

0.20

0.10

0.00-

EVOO1 EVO02 EVO03 EVO04 EVOO5 EVO06 EVOO7

According to Shi et al. (2015), Kos2 and Kz levels
in peanut oil were 2.28 and 0.32, respectively. In
two separate peanut oils, Ozcan and Seven (2003)
found that the FFA and PV values were 1.45-1.53
(% oleic acid) and 2.08-2.49 meqO2/kg,
respectively.

Extra virgin olive oils
Figure 4 shows PV, p-AV, totox, Kasz, K7, and
FFA values of EVOOs.
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EVOO1-EVOOT7: Extra virgin olive oils (different brands). Different lowercase letters indicate the difference
between the mean values of the samples (P <0.05). The upper limit values are the values specified by the
"Turkish Food Codex Communique on Olive Oil and Olive Pomace Oil" (TGK, 2017).

Figure 4. Certain properties determined in extra virgin olive oils
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As seen in Figure 4A, PVs of EVOOs differed in
the range of 10.4-17.7 meqO./kg (P <0.05).
According to Turkish Food Codex Communiqué
on Olive Oil and Olive Pomace Oil (TGK, 2017),
the PV of EVOO should not be more than 20
meqOa/kg. As a result, the EVOOs used in the
study did not have PVs above the threshold set as
the quality requirement. The lowest PVs were in
EVOO2, EVOO3, and EVOQO5, and the
difference between them was not significant (P
>0.05). PVs of EVOOs were found to be 17.9
meqO2/kg by Ghanbari Shendi et al. (2018), 6.34-
11.45 meqOz/kg by Jabeur et al. (2022), 4.36
meqO,/kg by Keramat and Golmakani (2016),
and 15.37 meqO2/kg by Tantiverdi (2011).

p-AV values in EVOOs were determined in the
range of 2.36-8.13 (Figure 4B). p-AVs were close
to each other in EVOO4 and EVOOS5. There was
no significant difference between the PVs of the
other EVOOs (P >0.05). By Keramat and
Golmakani (2016) p-AV was determined in
EVOO at a level of 3.92. Totox values ranged
from 26.35 to 38.37 (P <0.05). The lowest was at
EVOO3, and the highest was at EVOO7. While
K3z values in EVOOs differed between 2.07 and
3.18, Kz values were at lower levels (between
0.16-0.50) (P <0.05). Turkish Food Codex
Communiqué on Olive Oil and Olive Pomace Oil
(TGK, 2017) has specified the upper limits of Kas»
and Ko7 for EVOOs as 2.5 and 0.22, respectively.
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EVOO1, EVOO2, EVOO3, and EVOO5
samples for Kz and EVOO1 and EVOO?2
samples for K70 were found to be appropriate for
the communiqué. In EVOOs, Koz, and Koo were
determined as 1.49 and 0.14 by Keramat and
Golmakani (2016), 1.75 and 0.09 by Benmoussa
et al. (20106), 1.90-2.21 and 0.06-0.11 (Di Stefano
and Melilli, 2020), 1.9 and 0.15 (Ghanbari Shendi
etal,, 2018), 1.84-2.44 and 0.12-0.15 (Jabeur et al.,
2022) respectively.

The FFA (% oleic acid) in EVOOs should be
<0.8, according to the same communiqué. Seven
different brands of EVOO contained FFAs that
ranged from 0.81% to 1.13. Al EVOOs had FFA
in excess of the legal maximum as a result. FFAs
(% oleic acid) of EVOOs were reported as 1.75%
(Keramat and Golmakani, 2016), 1.56-2.49% and
0.30-0.42% (Di Stefano and Melilli, 2020), 0.3%
(Benmoussa et al., 2016; Ghanbari Shendi et al.,
2018), 0.24-0.32% (Jabeur et al., 2022) and 1.45%
(Tanrverdi, 2011).

Riviera olive oils

Riviera olive oil is obtained by mixing natural
olive oil in different proportions ranging from 5
to 20% with refined olive oil (Turkoglu et al.,
2012). Seven different brands of ROO were used
in the study and the parameters determined for
them are shown in Figure 5.
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ROO1-ROO7: Riviera olive oils (different brands). Different lowercase letters indicate the difference between
the mean values of the samples (P <0.05). The upper limit values ate the values specified by the "Turkish Food
Codex Communique on Olive Oil and Olive Pomace Oil" (TGK, 2017).

Figure 5. Certain properties determined in Riviera olive oils

According to the Turkish Food Codex
Communique on Olive Oil and Olive Pomace Oil
(TGK, 2017), the limit values of some criteria in
ROO are; PV <15 meqO»/kg, FFA (% oleic acid)
<1 and Ko7 <1.15. PVs of ROOs differed in the
range of 5.93-15.93 (P <0.05). Brands other than
ROO2 were found to comply with the
communiqué. The fact that parameters such as
PV, K270 and FFA are above the limit in ROO2 is
probably because it was produced a year earlier
than other ROOs. PV in ROO was determined as
4.71 meqO»/kg (Yiizereroglu, 2021). Inang (2022)
detected PVs of twenty-two ROOs in the range
of 1.8 to 13.05 meqO2/kg oil. Most of the PV
results we obtained are in line with these findings.

p-AVs, which are indicators of secondary
oxidation products, were determined in the range
of 2.66-6.78 (P <0.05). Totox values calculated
from PV and p-AV values showed variation in the
range of 16.73-35.56 (P <0.05). K32 was found in

the range of 2.27 to 3.83 in ROOs, while K70 was
found in the range of 0.62 to 1.40 (Figure 5D and
E). Kos2 values were higher than Kz values in all
samples. Kz, ROO3 and ROO7 samples
exceeded the limit specified in the communiqué
(= 1.15). Inang (2022) found the Koo of twenty-
two ROOs in the range of 0.17 to 1.57. According
to Yiizereroglu (2021), Koz and Karo values in
ROOs were 3.50 and 0.78, respectively. These
findings were consistent with some of our ROO
results.

FFA values ROOs were determined as in the
range of 0.29-1.29%. In the samples other than
ROO2, FFA was found suitable according to the
communiqué. The ROO2 sample was not found
in accordance with the communiqué in terms of
both PV and FFA. Possible reason for this may
be transportation and storage in unsuitable
conditions. Yuzereroglu (2021) determined the
FFA rate in ROO to be 0.26%. The FFA of the
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twenty-two ROOs, according to Inang (2022),
was 2.09% in one and 0.10% to 0.90% in the
others.

Margarines and shortenings

Margarines (M) and shortenings (S), like other
edible oils and fats, may deteriorate by oxidation
under the influence of some factors including
temperature, light, heavy metal ions, etc. under
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inappropriate storage conditions. As a result of
deterioration, properties such as color, smell and
taste may change in margarines and this
significantly reduces the quality of the product.
The results of PV, p-AV, totox, Koz, Koz and
FFA determined in six margarine (M1-M06) and
three shortening (S1-S3) samples used in the study
are presented in Figure 6.
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M1-M6: Matgarines (different brands), S1-S3: Shortenings (different brands). Different lowercase letters indicate
the difference between the mean values of the samples (P <0.05). The upper limit values are the values specified
by the " TS 2812 Standard of Spreadable matgarine/margarine " (TSE, 2022).

Figure 6. Certain properties determined in margarine and shortenings
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Their PVs varied in the range of 1.53-27.76
meqOz/kg (P <0.05). In the TS 2812 Standard of
Spreadable margarine/margarine (TSE, 2022), PV
is accepted as 5 meqO;/kg at most. Accordingly,
M2, M5, M6, S1 and S3 samples were found
above the PV limit determined in the standard
(Figure 6A). This could possibly be caused by
transportation or storage in unsuitable conditions.
While p-AV was not detected in M3 and M4
samples, it differed in the range of 3.47-21.69 in
other samples (P <0.05). The totox value
representing total oxidation was found in the
range of 3.54-61.30 in margarine and shortening
samples (P <0.05). The increase in K32 formation
during oxidative reactions is considered an
important ~ parameter since it  provides
information about the degradation status of oils.
While Kos2 was determined in the range of 2.38-
5.41 (Figure 6D), Ko7 was determined in the
range of 0.68-3.20 (Figure 2E). Bozkurt and
Bastiirk (2018) determined the Kbas; value in the
range of 2.55-5.72% in five different brands of
kitchen margarine, which they obtained from the
markets of Igdir/Turkiye province. The FFA
values of the samples varied between 0.22-0.80%
(P <0.05). There was no significant difference
between the FFA rates determined in the M1, M2,
M3, M5 and S2 brands (Figure 6F). Similarly, M4
and S3 values were close to each other. According
to Engler Ribeiro et al. (2017) Brazil's margarine
has PV, p-AV, Ko, and Koz values of 0.24
meqOz/kg, 1.38, 3.54, and 0.20 respectively. In
another study, the PV of two different margarines
sold in Tehran markets were 1.69 and 1.47
meqO2/kg, and the p-AV values were 1.5 and 1.6
(Bahmaei and Eshratabadi, 2016). The FFA of the
margarines and shortenings varied between 0.22-
0.80% in terms of oleic acid (P < 0.05).

CONCLUSIONS

Many factors such as storage conditions,
packaging materials, transportation conditions,
chemical composition of oils and fats can affect
the shelf life of fats and oils offered to the
consumer. Therefore, consumers should pay
attention to these conditions and label
information when they chose a product from the
market shelves. The parameters determined in
some edible oils and fats examined within the

scope of the study were above the limits specified
in the codex and standards Oils and fats may
exhibit various deteriorating behaviors depending

on their fatty acid composition and the properties
of the raw materials from which they are obtained.

For this, variables including the type of packing
should be
optimized. Additionally, limit values for each
parameter for each type of oil and fat should be
distinctly established in national and international

and the storage environment

codex. In this regard, more research is required.
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oz

Son yillarda tiiketicilerin besin tercihlerini ve beslenme aliskanliklarini degistirme yoluna gitmesi sonucunda
organik, glutensiz ve fermente gidalarin tiketiminin yant sira ¢imlendirilmis tane ve filiz drinlerinin de
tiketimi artmugtir. Cimlendirilmis tanelerin vitamin, mineral, antioksidatif 6zellikler ve gesitli biyoaktif
bilesenler yontinden daha zengin oldugu, ayrica besinlerin yalnizca kimyasal 6zelliklerinde degil lezzet, koku
ve renk gibi duyusal 6zelliklerinde de olumlu degisimler gézlemlendigi ortaya konulmustur. Bununla bitlikte
¢imlenme, makro ve mikro besin Ogelerinin emilimini engelleyen enzimleri inaktive etmesinden dolay1
yetersiz beslenme sorununa alternatif bir ¢6ziim olarak degerlendirilmektedir. Bu detlemede, baz1 besinlerin
¢imlendirilmesiyle besinsel kompozisyonunda ve fonksiyonel etkilerinde meydana gelen degisimlerin
incelenmesi amaglanmistir.

Anahtar kelimeler: Beslenme, ¢imlendirme, filiz, fonksiyonel gida

THE ROLE AND IMPORTANCE OF GERMINATED GRAIN AND SPROUT
PRODUCTS IN NUTRITION

ABSTRACT

In recent years, as a result of consumers changing their food preferences and dietary habits,
consumption of organic, gluten-free and fermented foods has increased as well as the consumption
of germinated grain and sprout products. It has been revealed that germinated grains are richer in
terms of vitamins, minerals, antioxidant properties and various bioactive components, and positive
changes are observed not only in chemical properties but also in sensory properties such as flavor,
smell and color. However, it is considered as an alternative solution to the problem of malnutrition
because it inactivates enzymes that prevent the absorption of germination, macro and micro
nutrients. In this review, it is aimed to examine the changes in the nutritional composition and
functional effects of some nutrients by germination.
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GIRIS
Besinlerin raf 6mrintn artirilmast veya tekstirel
Ozelliklerinin gelistirilmesi amactyla cesitli katk:
maddelerinin kontrolstizce kullanilmast bircok
saglik probleminin ortaya c¢tkmasina zemin
hazirlamaktadir (Hosseini ve Jafari.,, 2020). Bu
nedenle vitamin, mineral, biyoaktif bilesenler veya
antioksidan ~ maddeler  yéniinden  zengin,
olabildigince geleneksel yontemlerle Uretilmis
dogal besinlere karst ilgi giderek artmaktadr.
Buna baglt olarak son yillarda tiketiciler besin
tercihlerini ve beslenme aligkanliklarini degistirme
yoluna gitmektedir. Organik, gliitensiz, fermente
terimlerinin yant sira son zamanlarda yenilebilir
bitki ve tohum filizleri ve c¢imlendirme gibi
kavramlar ile ¢ig beslenme akimu gibi farkh
beslenme egilimleri popiiler hale gelmigtir
(Karaman ve Soylu 2020).

Filizlenme veya ¢imlenme; su alimini takiben
tohum metabolizmast sirasinda bir dizi enzimatik
katabolik reaksiyonu, depo karbonhidratlar1 ve
proteinleri hidrolize ederek kokiin tohumdan
¢tkmast olayidir (Beaulieu vd., 2022). Cimlenme,
tohum verimini arttirmanin uygun maliyetli ve
givenilir bir yoludur. Caglar boyunca, tahil ve

baklagillerde ¢ekirdek yapisii  yumusatmak,
besleyici bilesiklerin  miktarin1  artirmak  ve
besleyici olmayanlari azaltmak icin 1slatma

ve/veya ¢imlendirme kullanilagelmistit (Tkram
vd., 2021).

Cimlendirme islemi ile normal tanelere kiyasla
cimlendirilmis  tanelerin  vitamin, mineral,
antioksidatif ~ Gzellikler ve ¢esitli  biyoaktif
bilesenler yéniinden daha zengin oldugu ortaya
konulmustur (Lopez vd., 2017). Fenolik asitler,
flavonoidler ve tanenler, ¢imlenmis yenilebilir
tohumlar ve filizlerde tespit edilen en yaygin
fenolik bilesikler olarak 6ne ¢ikmaktadir (Gan vd.,
2017).  Ayrica, bu islem sayesinde besinlerin
yalnizca kimyasal 6zelliklerinde degil lezzet, koku
ve renk gibi duyusal Ozelliklerinde de olumlu
degisimler gézlenebildigi bildirilmistir (Kilinger ve
Demir, 2019). Cimlenmenin makro ve mikro
besin 6geleri kolay emilim i¢in hazir hale getirerek
yetersiz  beslenmeyi azaltabilecegi de One
strilmektedir (Om vd., 2020).

Cimlendirilmis  besinler = fonksiyonel  besin
kategorisinde degetlendirilmektedir. Bitkilerin
yapilarinda genellikle glikozidlere bagli olarak veya
esterlesmis olarak bulunan, bitkinin biyimesi ve
gelismesinde ¢esitli fonksiyonlara sahip sekonder
metabolitler olarak bilinen biyoaktif bilesenlerin
aciga ctkmast veya miktarindaki artis besinlere
‘fonksiyonel’ Ozellik kazandirmaktadir. Ayrica
cimlendirilmis  taneler/filizler, filizlenmemis
tohumlara kiyasla daha yiksek polifenolik asit ve
flavonoid igerigine sahip olmasindan dolay1
fonksiyonel gida olarak kabul edilebilmektedir. Bu
nedenle daha saglikli gida secimleri icin gunlik
beslenmeye bu iirtinleri dahil etmek vurgulanmast
gereken bir konu haline gelmistir (Francis vd.,
2022).

Bu derlemede, her gecen giin tiketimi artan
cimlendirilen tane ve filiz drtnlerin besinsel
kompozisyon ve fonksiyonel etkisinde meydana
gelen degisimler ile beslenmedeki rolii ve énemi
ele alinmistir.

CIMLENDIRILMIS

YALANCI TAHILLAR
Kiresel olarak, bugday, piring, misir, yulaf, arpa,
cavdar, dari, karabugday ve kinoa gibi tahillar,
insanlara sagladiklari faydalardan dolay1 ekilmekte
ve  butin  veya  Ogutilmis  formlarda
tiketilmektedir. Son yillarda bu yararlarin tiiketici
tarafindan  farkindaliginin - artmasindan = 6tiiri
tiketimi 6nemli Olgiide artis  gostermistir.
Cimlendirme, tahillarin besin degerini artirmanin
etkili yontemlerinden biridir (Ding ve Feng,
2019). Bu bolimde tahillarin ¢imlendirilmesi ve
sagligr gelistirici yonleri izerinde durulmustur.

TAHILLAR VE

Yulaf

Diinya ¢apinda yaygin olarak yetistirilen ve siklikla
tiiketilen yulaf (Avena sativa 1..); proteinler, lipidler,
vitaminler, mineraller, [-glukan, fitokimyasal
bilesik olan polifenol ve avenantramidler gibi
sekonder bilesikler acisindan zengin bir besindir.
(Yu vd., 2022). Yulafla yapilan c¢alismalarda,
yulafin ¢imlendirilmesi sirasinda toplam fenolik
igeriginin  (Thang vd., 2020) ve o-amilazin
inhibitér aktivitesinin artmast ve o-glukosidazin
azalmast ile de yulafin besin degerinin artti@ tespit
edilmistir (Khang vd., 2016). Aparicio-Garcia, vd
(2021) tarafindan yapilan bir ¢alismada filizlenmis



Gimlendirilmis trinlerin beslenmedeki 6nemi

yulaf tanesi tozuyla filizlenmemis yulaf tanesi
besinsel kompozisyonlart
karsilastirildiginda filizlenmis yulaf tanesi tozunun
protein, B-glukan, tiamin, riboflavin ve mineraller
(P, K, Mg ve Ca) agisindan daha zengin bir kaynak
oldugu bulunmustur. Kontrol grubuna gore
kiyaslandiginda daha iyi bir amino asit ve yag asidi
bilesimleri ile y -aminobttirik asit, serbest fenolik
ve antioksidan kapasiteye sahip oldugu ve
filizlenmis yulaf tanesi tozunun glutensiz
fonksiyonel bir bilesen olarak kullanilabilecegi
sonucuna varidmistir (Aparicio-Garcia, vd., 2021).

tozunun

Arpa

Son yillarda  Ozellikle gelismis  ilkelerde
¢imlendirilmis filiz olarak kullanilan arpanin
tiketimi de giderek artmaktadir (Al-Ansi vd,,
2022). Yapilan bir calismada farkll arpa
cesitlerinin  ¢imlendirilmesi kil, protein ve Lf
iceriginde, antioksidan Ozelliklerinde (toplam
flavonoid  igerigi, toplam  fenolik igerik,
antioksidan aktivite, metal selatlama aktivitesi)
onemli bir artis saglamustir (Bangar vd., 2022).
Cimlendirilen arpada taneye gére, doymus yag, kil
ve toplam karbonhidrat miktarinda azalma
gorilirken, lif, kalsiyum, magnezyum, fosfor ve
¢inko gibi mineral igeriginde artis meydana geldigi
ortaya konmustur. Antioksidant aktivite ve total
flavonoid icerigi gbzlemlendiginde ise
cimlendirilen arpa da daha yiiksek seviyelerde
oldugu bulunmustur (Farooqui vd.,2018). Paralel
olarak 12 giine kadar ¢imlendirilen arpada 8.giine
kadar fitaz aktivitesi 6nemli 6l¢lide artmis ve daha
sonra azalma meydana geldigi rapor edilmistir.
Cimlenme sirasinda fitaz aktivitesindeki artisa,
arpadaki fitat iceriginde 6nemli bir azalma (%92-
97 oraninda) eslik etmistir. Filizlenmis arpanin
fitat iceriginin ¢imlenme ile azalmasi, tahilin
fosfor kullanilabilitligini iyilestirmistir (Bouajila
vd.,, 2020). Al Ansi vd., (2022) yaptiklar1 bir
aragtirmada, 24, 48 ve 72 saat boyunca
¢imlendirilmis Highland arpasi ekmek tretiminde
kullanilmis ve daha besleyici, antimikrobiyal ve
antioksidan 6zelliklere sahip fonksiyonel bir
ekmek elde edilmistit. Cimlenme sitresinin
uzamasl (strastyla 48 ve 72 saat) gluten aginin

olusumunu olumsuz etkileyerek unun su
emilimini, hamur gelistirme stiresini ve stabiliteyi
azaltmistir. Yirmi-dort saat boyunca

¢imlendirilmis arpa ile yapilan ekmek, ekmek

yapma performansini, raf Omrind, duyusal
nitelikler ve genel kabul edilebilirlik tzerindeki
etkisini  olumlu  bir  sekilde etkilemistir.
Cimlendirme isleminin, bugday ve arpada besin
kalitesini ve fonksiyonel gida  bilesimini
tyilestirmenin dogal ve strdirilebilir bir yolu
oldugu dustntlmektedi.

Karabugday

Karabugday (Fagopyrum esculentum), Polygonaceae
familyasina ait alternatif bir tahil Grintdir ve
yuzyillardir kabugu cikarilarak tane, un ve eriste
olarak titketilmektedir (Li vd., 2021; Koyama vd.,
2013). Karabugday, 6nemli miktarda protein,
vitamin ve mineral icermekle bitlikte, kuersetin ve
rutin gibi icerdigi fenolik bilesenlerden dolay1 da
beslenme acgisindan énemli bir tahildir (Jin vd.,
2022).  Cimlendirilen  karabugdayda, rutin,
kuersetin, isootientin, orientin, isoviteksin ve
viteksin gibi flavonoller tohuma kiyasla daha

yiksek oranda bulunmaktadir. Bu fenolik
bilesikler, antimikrobiyal, antioksidan,
antikanserojen  ve  antimutajen  Ozelliklere

sahiptitler (Hsu vd., 2008; Hao vd., 2021). Zhang
vd. (2015) yaptiklari bir calismada, ¢imlenme
stireci boyunca hem antioksidan aktivitenin hem
de rutin, vitexin, isovitexin, otrientin, izootientin,
klorojenik asit, trans-3-hidroksisinnamik asit ve p-
hidroksibenzoik asit gibi fenolik bilesiklerin
cimlenme strecinde O6nemli OSlglide  arttigint
bildirmislerdir. Cimlendirme, karabugday
tohumlarinin =~ biyokimyasal ~ ve  besinsel
bilesimlerinde 6nemli degisikliklere neden olmus
ve besin degeri iyilestirilmistir. Ispiryan vd., (2021)
tarafindan  yapilan bagka bir arastirmada,
cimlendirilmis karabugday tanesinin icerigindeki
polioller, fermente olabilir oligosakkaritler,
monosakkaritler ve disakkaritlerin degisimleri
incelenmis  ve  karabugdayin  bilesimindeki
sindirilemeyen, ¢Ozinir ve fermente
karbonhidratlarin cimlendirme strecinde
dizeylerinin azaldigi saptanmustir. Bu sebeple
karabugday maltinin saghkli bir besin oldugu
gorist  bildirilmistir.  Bhinder vd., (2022)
tarafindan yapillan bir calismada ise, tartar
karabugdayr 72 saat boyunca ¢imlenme islemine

tabi tutulmus ve karabugdayin antioksidan
aktivitesinde = %064'lik bir artis  saglanmustir.

Karabugdayin 48 saatten daha uzun bir siire

boyunca cimlendirilmesi ile hamurun
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viskoelastisitesi etkilenmis ve keklerin &zgil
hacmi azalmis, kekin hamurunun kalin yapigkan
olmasina yol a¢mistir. Ancak 48 saat boyunca
filizlenen karabugdaydan tretilen keklerde daha
dustik sertlikte ve yiksek 6zgil hacimde kekler
elde edildigi belitlenmistir. ~ Ayrica  tartar
karabugdayr kullanilarak yapilan muffinlerde
karabugdayin neden oldugu aciligin da ¢imlenmis
karabugday kullanilarak giderildigi bildirilmistir.
Karabugdayin 48 saatlik ¢imlendirme stresi
sonucunda fiziksel ve kimyasal Ozelliklerinde
olumlu sonugclar elde edilmistir.

Kinoa

Kinoa, besinsel ve biyolojik 6zelliklerinin yant sira
cevresel kosullara dayanikliligi nedeniyle 21.
yuzyihin tahillarindan biri olarak kabul géren
yalanct tahil grubuna sahip bir besindir (FAO,
2011). Glutensiz ve ylksek kaliteli protein, lif,
karbonhidrat, vitamin, mineral, fitokimyasal ve
biyoaktif peptit kaynagidir. Saponinler, tanenler
ve fitik asitler gibi kinoada bulunan antibesinsel
faktorler, ¢inko ve demir gibi minerallerle
¢6ziinmeyen kompleksler olusturarak
biyoyararliligr  azaltabilmektedir. Ancak bu
durumun kinoa tohumunun cimlendirilmesi ile
azaltilabilecegi bildirilmistir (Desai vd. 2009).
Kinoa tohumlarinin ¢imlendirilmesinin kimyasal
bilesim, mineral madde, C vitamini, antioksidan
ve antibesinsel faktorler Uzerine etkisini
arastirmak amactyla yapilan bir ¢alismada,
deneysel demir eksikligi anemisi olusturulmus
albino ratlarin  tedavisinde ¢imlenmis kinoa
tohumlarinin beslenme profili tizerindeki etkisi ve
kinoa ile glgclendirilmis bitkisel beslenmenin
antianemik  potansiyelleri  degerlendirilmistir.
Kinoa tohumlarinin ¢imlenmesi demir, kalsiyum,
cinko gibi mineral igerikleri ile C vitamini ve
karotenoidleri  arttirmus  ve  antiniitrisyonel
faktorler olan saponin, fitik asit ve tanenleri
azaltmistir. Ayrica ratlarin kirmizi kan  hicre
profilinde (Hb, Hct, RBCs, WBCs, MCV, MCH)
olumlu degisimler oldugu bildirilmistir. Sonug
olarak c¢imlenmis kinoa tohumlariyla beslenen
ratlarda antioksidan, vitamin ve mineral igerigi ile
besin  bilesiklerinin  biyoyararlanimi  artmis,
antianemik saglik potansiyelleri ile sonu¢lanmigtir
(Darwish  vd., 2021). Cimlendirilmis kinoa
hakkinda  yapilan  bagka  bir  c¢alismada,

cimlendirme islemi sonucunda elde edilen kinoa
ununda indirgen seker, fenolik bilesik ve protein
igeriginin yan1 sira antioksidan aktivitenin énemli
dizeyde arttigi tespit edilmigtir. Bu artisin ise
Ozellikle cimlendirme isleminin 48. ve 72. saatleri
arasinda oldugu bulunmustur. Diger yandan,
¢imlendirmenin 96. saatinden itibaren 6rneklerin
protein ve polifenol iceriklerinde azalmalar
meydana gelmistir (Bhinder vd., 2021). Suarez-
Estrella vd., (2020) tarafindan gerceklestirilen
baska bir calismada ise, cimlendirmenin kinoadaki
protein ve nisasta molekilleri tizerine etkileri
aragtirtlmistir.  Numunelerin  protein yapisinda
meydana gelen degisimler sonucunda képuk
stabilitesinin gelistigi, kopik kapasitesinin ise
protein yapisinda meydana gelen degisimlerden
olumsuz etkilendigi tespit edilmistir. Filizlenmis
kinoada artan amilolitik enzim aktivitesi sebebiyle
1sitma sonucunda nisasta jelatinlesmesinde artis

oldugu bildirilmistir.

Amarant

Amarant (Amaranthus hypochondriacus) atalardan
kalma bir besin maddesidir ve peptit
kompozisyonu bakimindan iyi bir biyoaktif
bilesen kaynagidir. Ayrica, glutensiz igerigi
dolayistyla bu  besine olan ilgi de giderek
artmaktadir. Bu yalanct tahil, yiksek lipid, diyet
lifi, vitamin, antioksidan ve esansiyel amino
asitlerin mitkemmel dengesi nedeniyle iyi kalitede

bir protein kaynagidir (Tania vd., 2020).
Cimlendirilmis amarant, biyoaktif peptitleri
gelistirmesinin yant sira fitokimyasal
kompozitlerin biyoaktivitelerini ve
biyoyararlanimint  iyilestirmekte  ve  saghk
agistndan  degerli  Ozellikleri  artirmaktadir
(Sandoval-Sicairos  vd., 2021). Cimlendirilmis

amarant hidrolizatlarindaki antioksidan kapasite,
islenmemis amarant hidrolizatlara kiyasla daha
yiksektir. Bu etkinin hem ¢imlenme stireci hem
de enzimatik hidroliz yoluyla fenolik bilesiklerin
ve peptitlerin  salinmast  ile ilgili oldugu
bildirilmistir ~ (Sandoval-Sicairos ~ vd., 2020).
Amarant tanelerinin besinsel kompozisyonunu
ust dizeye ctkarmak icin ¢imlenme kosullarin
optimize etmeyi amaglayan bir ¢alismada, 28 ila
36°C ve 12-22 saat arasinda degisen farkls sicaklik
ve sireler ile ¢imlendiricide ¢imlendirilmis
amarant ununun, ham amarant ununa kiyasla daha
yiksek protein, antioksidan bilesen, diyet lifi ve
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daha az fitik asit ve tanen icerdigi gosterilmistir.
Cimlenme stiresi ve sicakhigindaki artig, protein,
antioksidan aktivite ve toplam diyet lifinde 6nemli
bir artisa ve fitik asit ve tanenlerde azalmaya neden
olmustur. Ayrica ham ve optimize edilerek
cimlendirilmis amarant unu amino asitlerinin
yiksek performansl stvi kromatografisi (HPLC)
ile kantitatif analizi sonucunda, amarant
¢imlenmesinin metionin, triptofan ve valin hari¢
tim esansiyel amino asitlerinin miktarini artirdigt
belitflenmistir (Chauhan vd., 2022). Amarantin
antimikrobiyal  etkilerinin  incelendigi  bir
calismada ise ¢cimlenmis ve ¢imlenmemis amarant
orneklerinden su icinde ¢Ozinmis ekstraktlar
hazirlanmis  ve  Orneklerin  antimikrobiyal
aktiviteleri incelenmistir. Bu aktivite sonuglarina
gore, cimlendirilmis amarant Srnekleti Salmonella
nphi  gibi  siddetli  gastrointestinal  sistem
patojenlerine  karst dahi ¢ok etkili bir
antimikrobiyel aktivite gOstermistir. Amarant
tanelerine uygulanan ¢imlendirme isleminin
duyusal Szellikleri gelistirdigi vitamin C ve posa
iceriklerinin arti gosterdigi de rapor edilmistir
(Vora vd., 2014).

Chia
Chia (Salvia bispanica 1.), anavatan1 Giney
Meksika ve Kuzey Guatemala olan ve glintimtizde

tim diinyada yetistirilen yilik otsu bir bitkidir.
Son yillarda sagligi gelistirici Gzelliklere sahip
bitkisel gidalara olan talepte bir artis olmustur ve
chia, yiiksek besinsel ve fonksiyonel degeri ve
basta n-3 olmak tzere ¢oklu doymamis yag
asitlerinden zengin kimyasal bilesimi nedeniyle bu
strecte 6ne ctkmustir (de Abreu Silva vd., 2021).
Chia tohumunun %35 diyet lifi, %30 yag, %18 n-
3 yag asidi ve %16.5 protein icermesi poptler
olmasinda etkili olmustur (Otondi vd., 2020).
Yapilan bir calismada, c¢imlendirilmis chia
tohumunun ¢ig tohuma kiyasla antioksidan
aktivite, katesin, rutin, ferulik asit ve kafeik asit
gibi fenolik bilesenlerin degerlerinde artis oldugu
belitlenmistit. Ancak kumarik asit, resveratrol,
sinnamik asit ve kemferol gibi fenolik bilesenlerde
azalma meydana gelmistir. Aynr ¢alismada
¢imlendirilmis chia tohumunun ¢i§ tohuma
kiyasla palmitik, stearik, oleik ve linoleik yag asidi
bilesenleri arttigr  bildirilirken, ¢imlendirme
isleminin chia tohumunu besleyici bir gida haline
getirdigi ve katma degeri acisindan potansiyel
olarak fayda saglayabilecegi sonucuna varidmistir
(Ghafoor vd., 2022). Bazt tahil ve yalana
tahillarda ¢imlendirme siiresi ve sicakligina bagh
olarak  gobzlenen degisimler Cizelge 1’de
Ozetlenmistir.

Cizelge 1. Bazt tahil ve yalanct tahdlarda ¢imlenme sonrasinda meydana gelen degisimler

Tahil/

Cimlendirme

yalanci tahil  Sicakhigi / Stiresi Temel Bulgular Kaynak
Yulaf 18°C / 96 saat Protein, 8-glukan, tiamin, riboflavin Garcia vd., 2021
iceriginde ve antioksidan kapasitede artig
Arpa 21°C / 12 giin Fitaz aktivite diizeyinde artg Bouajila vd., 2020
Karabugday = 22-23°C / 72 saat Antioksidan kapasitede artig Bhinder vd., 2022
Kinoa 25°C / 48 saat Indirgen seker, protein, fenolik bilesen Bhinder vd., 2021
iceriginde ve antioksidan aktivitede artis
Amarant 28-36°C / Protein igerigi, antioksidan, diyet lifinde ~ Chauhan 2022
12-22 saat artis; fitik asit ve tanen miktarinda azalig
Antioksidan aktivite, katesin, rutin, ferulik ~ Ghafoor vd., 2022
Chia 20°C / 4 gin asit ve kafeik asit gibi fenolik bilesenlerde

artis

CIMLENDIRILMIi$ BAKLAGILLER

Baklagiller (bezelye, mercimek, fasulye, soya
fasulyesi ve nohut), sadece besin kaliteleri
nedeniyle degil, ayn1 zamanda c¢esitli cevresel
faydalari nedeniyle en Onemli mahsullerden

biridir. Baklagil tohumlart ve tozlart Onemli
protein, karbonhidrat, vitamin, mineral ve diyet
lifi kaynaklaridir (Raza vd., 2019). Baklagillerin
proteinlerinin bir kismi, fitat ve polifenoller gibi
diger bilesenlerle etkilesim nedeniyle sindirilemez.
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Bu nedenle, protein erisilebilitligini iyilestirme
arayist bircok arastirmacinin ilgisini ¢ekmistir.
Cimlendirme, protein sindirilebilirligini ve protein
biyolojik  6zelliklerini  iyilestirmek i¢in  bir
biyoproses  yontemi  olarak  Snerilmistir
(Ohanenye vd., 2020). Bu boliimde baklagillerin
¢imlendirme islemleri ve gerceklesen degisimler
incelenmistir.

Soya Fasulyesi

Soya fasulyesi, ozellikle Guneydogu Asya'da
dinya c¢apinda yetistirilen, besin agisindan zengin
6nemli baklagil bitkisidir. (Yim vd., 2009). Protein
ve yag tedariginin yetersiz oldugu Guney Kore'de,
soya fasulyesi, yerli niifus icin 6nemli besin
kaynaklarint  temsil eden birkag geleneksel
fermente gida icin birincil kaynak olarak
kullandmustir.  Soya fasulyesi iceren gidalarin
tiiketiminin meme ve prostat kanseri insidansint
azaltmada etkili oldugu ve kardiyovaskiiler
hastalik ve menopoz semptomlart tizerinde etkili
oldugu bulunmustur (Khosravi ve Razavi 2021).
Bu faydali etkiler, soya fasulyesindeki ¢esitli
biyoaktif bilesiklerin, &zellikle izoflavonlarin
etkisine atfedilebilir (Eum vd., 2020). Soyanin
¢imlendirilmesi sonucunda, Cu, Mn, Zn ve Ca gibi
minerallere ek olarak o-amilaz, lesitin, o-
galaktosidaz ve lipaz gibi enzimler ile genistein ve
daidzein bilesiklerinin miktarlarinda artis meydana
gelmektedir. Soyanin tadim  olumsuz yonde
etkiledigi bilinen lipoksigenaz enzimi ile protein
sindirebilirligini  ddstiren  tripsin  enziminin
¢imlendirme islemi ile birlikte soya filizlerinde
oransal olarak azaldigi bulunmustur (Plaza vd,,
2003). Filizlenen soya fasulyesinin tiiketiminin
saglik acisindan faydali oldugu bilinmektedir.
Giney Kore'de soya fasulyesinin
¢imlendirilmesiyle alakali yapilan bir calismada
izoflavon igerigi, biyoaktif bilesikleri, antioksidan

aktiviteleri degisimleri incelenmistir.  Ayrica
tohum ve filizlerin besin degerleri

karsilastirilmistir. Sonucunda toplam izoflavon
igerigi, soya fasulyesinin tohum agsamasinda daha
yuksekken, 7 glin ¢cimlendirilmis soya fasulyesinde
toplam fenolik igerigi ve antioksidan aktiviteleri
artmustir.  Filiz  Ozleri, Ustin anti-inflamatuar
aktiviteler sergilemistir. Cimlendirilmis soya
fasulyesinin besin kompozisyonu olarak gelistigi
saptanmistir (Eum vd., 2020). Mastropasqua vd.

(2020) tarafindan yapilan bir ¢alisgmada 5 giinlik
cimlenme sontast soyanin kirmizi, mavi ve beyaz
151tk ve karanlk kosullarinin kalite parametreleri
tzerindeki  etkisi  degetlendirilmis  toplam
askorbat, ¢Ozinir proteinler, sekerler, fenolik
bilesikler ve karotenoidler, klorofiller ve
antosiyaninler gibi pigmentler arastirilmistir.
Karanlik uygulama, aydinlatma nedeniyle kuru
madde azalmasini engellerken, kirmizi 151tk soya
fasulyesinde polifenollerde artisa neden olmustur.
Karanliga nazaran belli dalga boyundaki
aydinlatma; C vitamini, karotenoid, klorofil ve
antosiyanin icerikleri tzerinde olumlu etki
gOstermistir. Soya fasulyesinde ¢oziinlir protein,
sckerler ve polifenollerde artis gOstermistir

(Mastropasqua vd., 2020).

Soya fasulyesi cesidinin ve ¢imlenme stresinin;
yapisal degisiklikler, antibesinsel faktor icerigi ve
cimlendirilmis fasulyesinin  antioksidan
aktivitesi tizerindeki etkilerinin arastirildigr bir
calismanin sonucunda, artan ¢imlenme siiresi ile
antioksidan  aktivitenin  arttif1, antibesinsel
faktorlerin iceriginin ise azaldigi belirlenmistir.
Cimlendirmenin soya fasulyesinin fonksiyonel
Ozelliklerini iyilestiren etkili ve ucuz bir yontem
oldugu gosterilmistir (Hu vd., 2021). Landfeld vd.
(2014) soya sutinden yapilan  yogurda
cimlendirilmis soya taneleri eklemis ve bu
tanelerin yogurdun duyusal ve reolojik 6zellikleri
Uzerine etkisini  arastirmustir.  Cimlendirme
isleminin soya fasulyesi tanelerinin kuru madde
oranint  ylkselterek soya siitlinden yapilan
yogurtlarda daha iyi bir kivam elde edilmesi
saglanmustir.

soya

Nohut

Pek ¢ok baklagil arasinda, nohut (Cicer arietinum),
besleyici ve biyoaktif bilesimleri nedeniyle insan
beslenmesinin 6nemli bir parcasidir (Raza vd.,
2019). Cok eski zamanlardan beri tiretilen nohut,
O6nemli bir baklagildir ve farkli bilesiklerinde
antioksidan, antihipertansif, hipokolesterolemik
ve antikanser 6zellikler tanmlanmistir (Faridy vd.,
2020). Ayrica, ¢imlendirilmis nohutun ratlarda
kolesterol diizeyine olumlu etkisinin oldugu
bildirilmigtir ~ (Khattak vd., 2007). Nohutun
cimlenmesi strasinda farkli ¢cimlenme siireleri ve
aydinlatma kosullarinin protein ¢ézinurligia ve
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karotenoid icerigi iizerindeki etkisinin arastirildigt
bir calismada, tum cimlendirme kosullarinda
protein ¢6ziinebilitligi olumlu yonde etkilenmis ve
en yuksek B-karoten diizeyine 72 saat sart 1sikta
¢imlendirilen nohutlarda ulagtlmistir (IKKChattak vd.,
2008). Aydinlatma kosullarina iliskin yapilan
benzer bir calismadan elde edilen sonuglara gére,
nohutlarin mavi stk altinda 48 saat siireyle
¢cimlenditilmesi nohutlarda
istenmeyen bir bilesen olan fitik asit diizeyinin
%1.07°den %0.6’ya distigi tespit edilmistir
(Khattak vd., 2007). Pigmentli Desi nohutun
¢imlendirilmesi hakkinda yapilan bir calismada,
171  saat siireyle 33.7°Cde  ¢imlendirme
isleminden sonra ¢Oziinebilir lif iceriginde %20,
toplam diyet lifinde %15 ve ¢6ziinemeyen lifte ise
%15 oraninda anlamlt  bir arts  oldugu
bulunmustur. Bunlara ek olarak, cimlendirme
islemi ile nohutta bulunan ham protein miktarinda
%16.4 oraninda anlamli  bir artis oldugu
bildirilmistir (Dominguez-Arispuro vd., 2017).
Nohutun doért ginlik c¢imlendirme islemi
boyunca antioksidan aktivite, askorbik asit,
toplam fenolik ve toplam flavonoid igerikleri
degerlendirilmistir. Kuru madde bazinda protein
iceriginin arttig1 tespit edilmis, karbonhidrat ve
yag iceriginin ise ¢imlenme sirasinda azaldigt
bildirilmistir. Askorbik asit iceriginin yaklasik 3.52
katina ¢iktig1, antioksidan aktivitenin 4 gunlik
¢imlenmeden sonra %24.14den  %58.50'ye
yukseldigi raporlanmustir. Ayrica, su emme
kapasitesinin distiigii, yag emme kapasitesinin ise
arttdl tespit edilmistir (Kaur ve Prasad, 2022).

sonucunda

Ac1 Bakla

Act bakla (Lupinus albus), yaklagik 2000 yil 6nce
Misir'da ortaya ctktigt diistinilen ve daha sonra
saglk tUzerindeki olumlu etkileri nedeniyle
gecmisten ginimiize bircok toplum tarafindan
kullanilagelmis bir mevsim baklagilidir. Yiksek
protein ve nispeten disiik yag icerigine sahip
nisastasiz baklagil tohumu olup, besin degeri ve
marjinal topraklara ve iklimlere uyum saglamasi

nedeniyle dinyanin cesitli yetlerinde
yetistirilmektedir (Singla vd., 2021). Act baklanin
2 ve 4 gin boyunca ¢imlendirilmesiyle

mikroyapisal ve fizikokimyasal bilesimlerinin
degisimleri arasturilmustir. Cimlenme ile birlikte
Na, Mg, Fe ve Zn miktarlar1 ile asitlik degeri

artmis, dort ginlitk ¢imlenme siiresi boyunca yag
ve karbonhidrat icerigi azalmistir (Atudorei vd.,
2021). Cimlendirme isleminin act baklada bulunan
fenolik bilesiklerin miktarini artirdigini ve boylece
antioksidan kapasitesini  yikselttigini belirten
calismalar bulunmaktadir (Khan vd., 2018; Saleh
vd., 2019). Act bakla tohumlarinin toplam fenolik
madde iceriginin 9 giinltik ¢cimlendirme islemi ile
yaklastk 3 kat arttig1 tespit edilmistir (Duenas vd.,
2009).

Mercimek

Metcimek (Lens culinaris Medic.), baslica Kanada
ve Hindistan'da tretilen Fabaceae familyasina ait
bir bakliyat bitkisidir. Kiiresel baklagil tiretiminde
fasulye (Phaseolus vulgaris 1.), bezelye (Pisum sativum
L.) ve nohuttan (Cuer arietinum 1..) sonra dérdinct
strada yer almaktadir (Kumar ve Pandey 2020).
Mercimegin ¢imlendirilerek titketilmesi ile ilgili
yapilan bir arastirmada, 5 gesit mercimek tird
kullamlmis ve 16-18 saat boyunca 50+5°C’de,
¢imlendirme uygulanan mercimeklerin toplam
cozinebilen seker miktarinda 6nemli  bir
degisiklik gbzlenmemisken, nisasta iceriginde ise
%9.93-35.56 oraninda bir azalma meydana geldigi
saptanmistir.  Mercimeklerin ~ ham  protein
miktarinda ise ortalama olarak %21.63 oraninda
distis meydana geldigi bildirilmistir. Bu azalisin
sebebi olarak ¢imlendirme sirasinda proteaz
enzim seviyesinde meydana gelen artisin sorumlu
oldugu dustnilmektedir (Pal vd., 2016).
Dolayisiyla maksimum verim elde etmek igin
¢imlenme sartlarinin optimum diizeyde olmast
onem tasimaktadir. Gelistirilmis besinsel ve
fonksiyonel 6zelliklere sahip yeni mercimek unlari
uretmek icin ¢imlenme kosullarinin
optimizasyonunu amaglayan bir ¢alismada; fitik
asit, askorbik asit ve y-aminobitirik asit (GABA),
fenolik bilesiklerin icerigi ve profili, antioksidan
aktivite, beklenen glisemik indeks (GI) ve
cimlenme swrasindaki renkler incelenmistir.
Filizlenme, fitik asit iceriginin azalmasini saglamis
ve askorbik asit, GABA, ¢6ziinmeyen fenolik
bilesikler, antioksidan aktivite ve beklenen GI
seviyelerini arttirmis ve elde edilen mercimek
unlarinin ~ rengini  degistirmistir.  Filizlenmis
mercimek unlarinin besinsel, biyoaktif ve kalite
Ozelliklerini en ust diizeye ¢tkarmak icin en uygun
cimlenme sicaklift ve siiresi gibi islem kosullarinin
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3.5 giin boyunca 21°C oldugunu ortaya ¢tkarmigtir
(Rico vd., 2021).

CIMLENDIRILMIS BITKILER
Cimlendirme isleminin makromolekulleri
tretebilen, parcalayabilen, sindirilebilirligi artiran
ve besin degerlerini artiran ekonomik ve etkili bir
teknoloji oldugu diisinilmektedir. Cimlendirilen
besinlerin askorbik asit, antioksidan kapasite,
fenolik asit ve izoflavon iceriklerinin yikseldigi
belitflenmistir (Huang vd., 2014). Bu bélimde
bitkilerin  ¢imlendirilmesi  sonrasinda  besin
degetlerinin degisimleri ve ¢imlendirme kosullart
incelenmistir.

Brokoli

Brokoli filizi, Brassica familyasina ait, besin kalitesi
ve ticari degeri yiksek olan yenilebilir bitki
turlerinden biridir. Brokoli filizlerinin, askorbik
asit, antosiyaninler, glukosinolatlar, fenolik asitler,
flavonoidler ve fitokimyasal icerikleri nedeniyle
viicudumuzun bagisikligini veya saglik durumunu
iyilestirmede hayati bir rol oynayabilecegi
bildirilmistir (Krishna vd., 2022). Di Bella vd.
(2020), ¢ brokoli ¢esidinin brokoli gelisiminin tig
farkll asamasinda (filizler, mikro yesillikler ve
bebek yapraklari) fenolik bilesiklerin profilini ve
konsantrasyonunu arastirmis ve tim cesitlerin
brokoli filizlerinde kaempferolin baskin fenolik
bilesik oldugunu ortaya koymustur. Brokoli
filizlerinin ¢imlendirilmesinde LED 1giklarinin
etkisini arastiran bir calisma da beyaz, yesil ve mor
LED isiklarin brokoli filizlerinin uzunlugu ve
toplam su igerigini azalttigl goézlemlenmis, en
yuksek askorbik asit ve antosiyanin iceriginin ise
mavi LED 1sikla bulundugu bildirilmistir. Perez-

Balibrea vd. (2011) tarafindan yapilan bir
calismada, ticari  olarak  satlan  brokoli
tohumlarinda C vitamini eser miktarlarda

saptanmasina ragmen, filizlenme sirecince C
vitamini miktarinin arttig1 rapor edilmistir. Ayrica
filizlenme ile tohumlarin flavonoid iceriginin 2-3
kat, glukozinolat iceriginin 2 kat azaldigl, bunun
aksine fenolik asit iceriklerinin 2-6 kat arttig1 tespit
edilmistir.

Turp
Turp  (Raphanus  sativus  1.), Brassicaceae
familyasinin  temel bir kok sebzesidir, yillik

baheecilik tGrtinii olarak yetistirilmektedir ve besin
degeri nedeniyle dinya capinda tiketilmektedir
(Muleke vd., 2021). Turp koki icerdigi protein ve
polisakkaritlerin  yant sira Onemli miktarda
antioksidan, C vitamini ve glukozinolatlar ile
fenolik bilesikler gibi saghgt gelistirici bilesikler
icerir (Attiri vd., 2021). Turp filizlerinin saglik
tzerindeki olumlu etkilerini artirmak i¢in uygun
sicaklik ve su miktart ile cimlenme siresinin
seciminin  biyik Onem tasidigi bildirilmistir
(Bakhshandeh ve Gholamhossieni 2019). Janicki
vd. (2005)in yaptigt bir cabsmada 20°C’de
¢imlendirilen turpun flavonol iceriginde anlamlt
bir artis gézlemlendigi, sicaklik degisimlerinin ise
flavonol sentezini olumsuz yonde etkiledigi
belirlenmistir (Janicki vd., 2005).

Yonca

Farkli topraklara ve iklim kogullarina yiiksek
adaptasyonu ve iyi yem kalitesi saglamasindan
dolayt yonca (Medicago sativa L.), tim diinyada
yetistirilen en 6nemli bitkilerden birisidir (Baxter
vd.,, 2019). Gunumiizde bazi ilkelerde yonca
sadece hayvan yemi olarak degerlendirilirken,
gelismis lkelerde yitksek esansiyel aminoasit
icerigi ve C ve By vitamini gibi vitaminler ihtiva
etmesinden Otiirti insanlar tarafindan da siklikla
tiketilmektedir. Ayrica ¢imlendirme uygulanan
yonca tohumlarinda, Mg, K, Na, Ca, Zn, Fe, Cu,
Mn mineralleri ile C, By, Bz, Bs, E, C ve A
vitaminlerinin tohumuna kiyasla yonca filizinde
daha yuksek miktarda oldugu belirlenmistir (Lee
vd., 2007). Yapilan son c¢alismalarda, kirmizt
yonca ve yonca filizlerinde Ostrojenik aktiviteye
sahip yiksek konsantrasyonlarda izoflavon ve
flavonoidler bulunmus ve nutrasétikler olarak
insan beslenmesinde kullanimlarinin
desteklenebilecegi vurgulanmistir (Mattioli vd.,
2016; Chiriac vd., 2020a). Yapilan baska bir
calismada ¢imlendirilen yonca (Medicago sativa) ve
kirmizt yoncada (T7ifolinm pratense) Mg, K, Na ve
Ca gibi ana mineral elementler ve Zn, Fe, Cu, Ni
ve Se gibi eser elementler agisindan zengin oldugu
bulunmustur (Chiriac vd., 2020b). Ozel bir firma
tarafindan temin edilen yonca ve soya 6rnekleri ile
bu Orneklerin  filizlerinin icerikleri hakkinda
yapilan  bir  ¢alismada yonca  tohumlart
filizlendirildiginde C ve A vitaminlerinde sirastyla
10 ve 1.250 kat artis meydana geldigi, soya
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tohumlarmnin filizlerinde ise genistein ve daidzein
fitoostrojenlerinde sirastyla 3 ve 10 kat artig
oldugu bildirilmistir (Plaza vd., 2003). Baska bir
calisma da 120 saatlik c¢imlenmeden sonra bazi
tohumlarin icerigi incelenmis ve sonucunda a-
tokoferol icerigi bugdayda 5.3 kat, turpta 5.4 kat,
yoncada 6.9 kat ve amarantda 5.2 kat artmistir.
Ayrica 24 saat 1slatma ve ¢imlenme sonrasinda
bugday, amarant ve bezelye tohumlarinda toplam
fenolik  icerik  azalirken, diger tiirlerin
tohumlarinda neredeyse iki kat artmistir
(Taraseviciené vd., 2019). Yonca, bugday ve turp
filizleriyle yapilan bir ¢alismada ham yag, protein,

polifenol, antioksidan aktivite ve vitamin
degisimleri 7  glinlik ¢imlenme boyunca
arastirtlmistir.  Fenolik  bilesikler, antioksidan

aktivite ve katesin miktarlart sirasiyla bugday,
yonca ve turp filizleri icin 7., 5. ve 6. glinlerde
maksimum seviyelere ¢ikmistir. En uygun
¢imlenme gunlerinde altnan yonca ve turp filizleri,
E, A ve B¢ vitaminlerinin tavsiye edilen gtinlitk
tiketimi ~ karsilamaya  katkida  bulunacag:
belitlenmistir. Daha fazla besin igerigi olarak
kullanimlart  i¢in; bugday, yonca ve turp
tohumlarinin  sirastyla sadece 7, 4 ve 6 gin
boyunca filizlenmesinin optimum oldugu ve
ardindan besin kalitelerinde azalma egilimi
gorildigi sonucu ortaya ¢itkmustir (Francis vd.,
2022).

Boriilce
Afrika'nin  sosyockonomik ac¢idan en Onemli
baklagillerinden  biri olan  borilce  (Vigna

ungnicnlata), Ozellikle gelismekte olan Ulkelerde
sebze, atistirmalik ve yemek malzemesi olarak
tiketilmektedir. Kuru olgun tohumlar, kaynatma
ve konserve i¢in de uygundur. Bérilce ekonomik
olmakla beraber yetersiz beslenme ve gida
glivensizligi tehditlerini ¢6zmede anahtar olan
temel bitki besinleri, mineraller ve proteinlerin
surdurilebilir  bir  kaynagt  olarak  kabul
edilmektedir (Gongalves vd., 20106; Ishikawa vd.,
2020). Yapilan bir calismada ti¢ giinliik ¢imlenme
sonucunda bérilcenin antioksidan kapasitesinin
o6nemli 6l¢tude arttigi ve ¢cimlenme siiresi uzadikca
igerigindeki karotenoid miktarinda ise azalma
gbzlemlendigi rapor edilmistir (James vd., 2020).
Borilce tohumlarinin filizlendirilerek C vitamini
dizeylerinin = ve  antioksidan  aktivitelerinin

aragtirldigt  bir c¢alismada baslangicta bériilce
tohumlarinda C  vitamini eser miktarlarda
saptanmasina ragmen, filizlenme stresince C
vitamini iceriginin %58-67 dolaylarinda arttig
tespit edilmistir. Tohumun antioksidan aktivitesi
ise filizlenme islemi ile giderek artarak 6. giinde en
yiksek  dizeye ulagsmustir. Sonu¢  olarak
arastirmacilar, filizlendirme isleminin borilce
tohumlarinin C vitamini icerigini ve antioksidan
kapasitelerini artirmak acisindan iyi bir teknik
oldugunu tavsiye etmislerdir (Doblado vd., 2007).

SONUC

Besinlerin ¢imlendirilmesi uzak dogu tlkelerinde
yluzyilardir kullandlan oldukca eski bir isleme
yontemi olmasina ragmen ginlik hayattmizda
dustik kalori degeri, yitksek biyolojik aktivitesi,
azaltilmis beslenme karsitt bilesen icerigi ve
gelistirilmis sindirilebilirligi nedeniyle saglikli gida
olarak yeni nitelendirilmeye baglanmistir. Gidanin
besleyici, biyokimyasal ve duyusal &zelliklerini
degistirmesinin yaninda antibesinsel faktérlerin
azalmasina neden oldugu i¢in  tahilarin
islenmesinde beslenme kalitesini iyilestirmek icin
kullandmaktadit. Cimlendirilmis besinlet,
¢imlenmemis tohumlara kiyasla besin kalitesini
etkileyen bazt endojen enzimlerin aktivasyonu ile
buytk 6lciide iliskilidir. Cimlendirilmis yenilebilir
tohumlarin  antioksidan,  antidiyabetik ~ ve
antikanser etkileri gibi bircok biyoaktiviteye sahip
oldugu gosterilmistir. Bu nedenle ¢imlendirme,
yenilebilir tohumlarin saglga olan yararlarim
arttrmanin iyi bir yoludur. Cimlendirme isleminin
bazt besin maddelerinin  kompozisyonu ve
biyoaktif bilesenlerini olumlu etkilemesinden
otird insan beslenmesine katkida bulunabilecegi
calismalarla goOsterilmistir. Cimlendirilmis
tanelerin, gelecekte yapilacak saglik beyanlarinda
ve gida endistrisinin gelistirecegi yeni Urtinlerde
yararlanilma potansiyeli yiksek besinler olacag
beklenmektedir. Bununla birlikte yapilan son
aragtirmalar, bazi ¢imlendirilmis  yenilebilir
tahillarin ve baklagillerin iyi birer gida takviyeleri
oldugunu ve bunlarin  fonksiyonel gida
formilasyonlarina eklenmesinin saglik stratejisi
icin 6nemli oldugunu géstermektedir. Insanlar
tzerindeki yararl etkilerini daha iyi anlamak icin
cimlendirme hakkinda daha fazla arastirma
yapilmalidir.
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YAZAR KATKILARI

Bu calismanin hazirlanmast ve yayimlanmasinda
ismi gecen yazarlar disinda hi¢ kimsenin ya da
hicbir kurulusun katkist olmamustir. Her iki yazar
da makalenin yazilmasinda ve diizenlenmesinde
esit katk: saglamistir.

CIKAR CATISMASI BEYANI

Yazarlar, bu derleme makalesiyle ilgili olarak
baska kisiler ve/veya kurumlar arasinda cikar
catismasi olmadigint beyan etmektedi.
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Pseudo-tahillar, karabugday, kinoa ve amaranttan meydana gelmektedir. Glutensiz olmalari sebebiyle, ¢olyak
hastalig1 veya glutene hassasiyeti bulunan bireyler icin ¢ok 6nemli gida kaynaklandir. Pseudo-tahillarin
tiiketiminin, anti-besinsel bilesiklerinin gida giivenligini riske atmasi sebebiyle sinilandigr bildirilmistir.
Pseudo-tahillar, saponin, tanen, nitrat, okzalat, lektin, proteaz inhibitotleri ve fitik asit gibi bazi anti-besinsel
bilesikleri iceritler. Anti-besinsel bilesiklerin, gidanin sindirilitligini ve besin Sgelerinin emilimini engelleyerek,
besinsel degerini azalttigi belirtilmistir. Bu bilesiklerin  sebep oldugu zararli metabolik olaylart
azaltmak/ortadan kaldirmak icin pseudo-tahillarin tiketiminden 6nce uygun bir teknikle islenmesi gerekit.
Uygulanacak yontem secilitken anti-besinsel bilesiklerin kimyasal yapisi, tohum igerisindeki dagilimi,
biyolojik etkileri, 1stya duyatliliklart ve suda c¢ozintrlikleri ile islemin maliyetinin bilinmesi tavsiye
edilmektedir. Bu yontemler kavuz ayirma, mekanik asindirma, su ile yikama, 1slatma, kaynatma, kavurma,
ekstriizyon, ¢imlendirme, fermantasyon, yiiksek hidrostatik basing ve genetik yontemlerdir.

Anahtar kelimeler: Pseudo-tahillar, karabugday, kinoa, amarant, anti-besinsel bilesikler

ANTINUTRITIONAL COMPOUNDS OF PSEUDOCEREALS AND REDUCING
METHODS

ABSTRACT

Pseudocereals consist of buckwheat, quinoa and amaranth. Due to their gluten-free nature, they are
very important food sources for people suffering from celiac disease or gluten sensitivity. It is
reported that the consumption of pseudocereals is limited by antinutritional compounds which have
some risks for food safety. Pseudocereals contain some antinutritional compounds, such as saponin,
tannin, nitrate, oxalate, lectin, protease inhibitors and phytic acid. It is indicated that antinutritional
compounds decrease the nutritional value by preventing the digestibility of food and the absorption
of nutrients. Pseudocereals must be processed with appropriate technic in order to reduce or suppress
unsafe metabolic pathways. It is recommended that the chemical structure of seeds, their distribution
in the seed, biological effects, heat sensitivity, water solubility and processing cost of antinutritional
compounds should be known while choosing the reducing method. These processing technics are
hull/husk separating, mechanical abrasion, washing with water, steeping, boiling, roasting, extrusion,
germination, fermentation, high hydrostatic pressure and genetic methods.

Keywords: Pseudocereals, buckwheat, quinoa, amaranth, antinutritional compounds
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GIRIS

Pseudo-tahillar son yillarda besinsel 6zelliklerinin
ayricalikligt sayesinde gida endiistrisi ve tiiketiciler
nezdinde popilerlik kazanmistir.  Glutensiz
olmalart sebebiyle, ¢Olyak hastalift veya glutene
hassasiyeti bulunan bireyler icin ¢ok 6énemli gida
kaynaklaridir. Gida formilasyonlarinda genis
uygulama alani bulabilen pseudo-tahillar, kinoa,
amarant ve karabugdaydan olusmaktadir. Bununla
birlikte kinoa, karabugday ve amarant; saponin,
tanen, nitrat, lektin, okzalat, proteaz inhibitorleri
ve fitik asit gibi bazi anti-besinsel bilesikler
icerirler. Anti-besinsel bilesikler, tek mideli
hayvanlarin  performanslarini  ve yasamlarint
olumsuz yonde etkileyen maddelerdir. Ornegin;
besin emiliminde azalma ve bunun sonucunda
bluyime ve agirlik artisinda gerileme, tiroit bezi
fonksiyonunda azalma, lokal kanama, divalent
katyonlarin  ve amino asitlerin  selatlanarak
absorpsiyonlarinda  azalma ve  sonucunda
dengesiz beslenmenin ortaya ¢tkmast ve bagisiklik

sisteminin  degismesi gibi olumsuz etkiler
belirtilmistir. Gidalarda bulunan anti-besinsel

bilesiklerin gidalarin besinsel degerini diigtrerek,
sindirilirligi ve besinlerin emilimini azaltti1 veya
engelledigi  ¢esitli  calismalarda  bildirilmistir
(Satheesh ve Fanta 2018; Mir vd., 2018; Thakur ve
Kumar, 2019; Gobbetti vd., 2020; Manyelo vd.,
2020; Melini ve Melini, 2021; Thakur vd., 2021a).

ANTI-BESINSEL BILESIKLER

Fitik Asit

Fitik asit (miyo-inositol hekzakisfosfat) veya fitat
(fitik asitin tuz formu), bitkideki toplam fosforun
%50-85’ni kapsayan baslica fosfor deposudur.
Fitik asit, yiuksek negatif yiki sebebiyle,
minerallerin (Cat2, Fet2, Mg*2, Zn*2 ve Cut2 gibi)
yanisira  nisasta, protein ve enzimleri de
selatlayarak biyoyararlanimlarini azalttigl
bildirilmistir. Gidalarin fitat icerigi, fitaz enziminin
eklenmesiyle azaltildigt aragtirmalarda
gosterilmistir (Filho vd., 2017; Sinha ve Khare,
2017; Satheesh ve Fanta 2018; Manyelo vd., 2020;
Melini ve Melini, 2021).

Saponinler

Saponinler, sulu ¢6zeltilerde képlirme meydana
getirten, yogun act tada sahip yizey aktif
maddelerdir.  Saponinlerin, bitkilerin, zararlt

mikroorganizmalara, kuslara ve boceklere karst
kendisini korumak icin sentezledigi  bitki
glikozitleri oldugu bildirilmistir. Saponinlerin, bir
veya daha fazla monosakkarit veya oligosakkarite
bagli aglikon biriminden meydana geldigi
belirtilmistir. Saponinlerin seker birimleri yiksek

hidrofilik  6zellikler gbsteritken, sapojeninler
(sadece  triterpen  fraksiyonu  tarafindan
olugturulur)  lipofilik  Ozellikler — gOsterdigi

belirtilmistir. Saponinler, proteinler ve lipitler
(kolesterol) ile kompleks bilesikler olustururlar ve
hemolitik etkiye sahip oldugu bildirilmistir (Filho
vd., 2017; Sinha ve Khare, 2017; Mattila vd., 2018;
Mir vd.,, 2018; Suarez-Estrella vd., 2018;
Hernandez-Ledesma, 2019; Yousif vd., 2020,
Melini ve Melini, 2021).

Tanenler
Tanenler bitkilerde yaygin olarak bulunan
polifenolik  bilegiklerdir. ~ Baglica  tanenler,
kondense tanenler ve hidrolize tanenlerdit.
Kondense tanenler, flavan-3-ol birimlerinden
olusan oligomerler veya polimetrler oldugu
bildirilmistir. Hidrolize tanenler, sirastyla gallik ve
elajik asitlere hidrolize edilebilen gallotanninleri ve
elajitanninleri icerdigi belirtilmistir. Tanenler,
protein ve nisasta ile kompleks olusturarak bircok
sindirim enziminin inaktivasyonuna sebep oldugu
bildirilmistir. Tripsin ve kimotripsin enzimlerinin

aktivitesini ~ azaltarak  protein  sindirilirligini
dustrdigl, amilaz ve lipaz  enzimlerinin
aktivitelerini  engelleyerek  gidalarin  besinsel

degerini azaltugr bildirilmistir. Ayrica, bagirsak
mukozasinda hasar meydana getirerek demir,
glukoz ve Biz vitamini emilimini engelledigi ¢esitli
arastirmalarda belirtilmistir (Thakur vd., 2019;
Manyelo vd., 2020; Melini ve Melini, 2021).

Proteaz Inhibitdrleri

Proteaz inhibit6tlerinin anti-besinsel aktivitesi,
ince  bagirsaktaki tripsin  ve  kimotripsin
enzimlerinin aktivitesini baskilayarak, protein
sindirilirligini azaltti1 ve amino asit emilimini ve
proteinlerin biyoyararlanimini dustirdigi
belirtilmistir. Proteaz inhibitérleri, kanserojen

maddeler olarak da tanimlanmistir. Proteaz
inhibitorleri, 6zel protein yapilart sebebiyle,
uretilen Uriinlerde hala bir miktar aktivite

gOstermesine ragmen, 1sil islemle kolayca denatiire
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edilebilecegi belirtilmistir (Filho vd., 2017; Sinha
ve Khare, 2017; Satheesh ve Fanta 2018; Manyelo
vd., 2020).

Lektinler (Fitohemaglutininler)

Fitohemaglutininler ~ olarak da  adlandirilan
lektinler, protein (glikoprotein)  yapisindaki
bilesikler =~ olup, karbonhidratlara  baglanma
yetenegine sahip olduklar bildirilmistir. Lektinler,
kirmizi kan  hicrelerinin - pthtilasmasina
(aglutinasyon)  sebep  oldugu  belirtilmistir.

Lektinin sindirim enzimleri lzerine dogrudan
etkisi sebebiyle besinlerin  biyoyararlanimint
azalttin  bildirilmistir. Insanlarda gastroenterit,
mide bulantisi ve ishale sebep oldugu
sOylenmektedir. Lektinlerin, bagirsak —sistemi
epitelini tahrip etme, hiicrenin mitoz béliinmesine
miudahale etme, lokal kanamalara sebep olma,
bébrek, karaciger ve kalp dokularinda tahribat gibi
cesitli etkileri farkli calismalarda incelenmistir
(Sinha ve Khare, 2017).

Okzalatlar

Okzalat, okzalik asitin tuzu olup toksik bir
maddedir ve saglik icin buyik risk olusturdugu
soylenmektedir. Insanlar tarafindan metabolize
edilemedigi ve hem metabolizma tarafindan
tretilen hem de beslenme ile alinan okzalatin
idrarla birlikte atildigy, ancak tiim okzalatlarin ise
cozinlir  olmadigt  belirtilmistir.  Gidalarda
bulunan minerallerin biyoyararlanimini
engelledigi  soylenmektedir. Ornegin  viicutta
bulunan kalsiyumu bagladigt belirlenmistir. TGm
bobrek taslarinin yaklasik %085'i kalsiyum okzalat
veya kalsiyum fosfat kristali oldugu ve okzalat
aliminin gecikmis etkisinin bobrek yetmezligi
oldugu arastirmalarda belirtilmistir. Vicuttaki
dustik dozlardaki okzalat ayrica bas agrisi, kaslarda
segirme  ve  kramplara  sebep  oldugu
vurgulanmistir. Daha yiiksek dozlarin kisiyi hizla
soka soktugu, zayif ve dlzensiz kalp atisina, kan
basincinda disiise ve kalp yetmezligine sebep
oldugu bildirilmistir (Filho vd., 2017; Sinha ve
Khare, 2017; Satheesh ve Fanta 2018; Manyelo
vd., 2020).

Nitrat (NOs3") ve Nitrit (NOy)
Nitratlar, bitkilerin gelismeleri icin gerekli azot
kaynaklart oldugu ve bitkilerin topraktan nitratlart

alarak proteinler gibi daha karmagik azot
formlarina donuasturdukleri bildirilmistir.
Ozellikle azotlu giibreleme, herbisit kullanimi,
kuraklik veya don gibi durumlar fotosentez
strecini yavaglattig1 ve bitkilerin nitrat biriktirdigi
belitlenmistir.  Insan  vicudunda  %0.5-2
arasindaki nitrat kanda methemoglobin, %10
duzeyindeki nitrat cilt ve dudaklarda mavi renk
olusumuna (siyanoz), %25 dizeyinde nitratin
halsizlik ve hizli nabiz attmma, %50-60
dizeyindeki nitratin biling kaybina sebep oldugu
belirtilmistir. Insan viicudunda nitratlarin, A
vitamini metabolizmasina ve tiroit bezlerinin
islevlerine miidahale ettigi de vurgulanmistir.
Nitrat, nitrite indirgenebilir ve nitritler ise kandaki
hemoglobine baglanarak, hemoglobinin oksijen
tasima kabiliyetini kaybettirdigi soylenmistir. Bu
anti-besinsel bilesiklerin, suda kaynatma veya
buharda pisirme yontemleri ile  kismen
uzaklastirildigl/azaltuldig rapor edilmistir (Sinha
ve Khare, 2017; Bhattarai, 2018; Mir vd., 2018;
Manyelo vd., 2020).

PSEUDO-TAHILLAR VE YAPISINDA
BULUNAN ANTI-BESINSEL

BILESIKLER

Kinoa (Chenopodiaceae;  Chenopodium
quinoa)

Kinoada bulunan anti-besinsel bilesiklerin

triterpenik saponinler, fitik asit, tanenler, nitratlar,
okzalatlar ve tripsin  inhibitérleri  oldugu
belirtilmistir. Kinoadaki anti-besinsel bilesikler
uygun isleme yontemleri uygulandiginda bu
bilesiklerin yok edilebilecegi veya gida giivenligini
tehdit etmeyecek diizeylere distiriilebilecegi
arastirmalarda belirtilmistir (Satheesh ve Fanta,
2018; Castro-Alba vd., 2019; Fotschki vd., 2020).

Fotschki vd. (2020), kinoada fitik asit miktarin 8.3
mg/g olarak tespit etmiglerdir. Ham kinoada fitik
asit miktar1 10.4 mg/g ve islem gérmiis kinoalarda
7.8 mg/g iken; cavdarda 7.7 mg/g, bugdayda 8.7
mg/g, mercimekte 8.4 mg/g ve baklada 8.0 mg/¢g
olarak bulunmustur (Demir ve Bilgicli, 2020).
Koziot (1992), bes farkli kinoa ¢esidinde fitik asit
miktarint 10.5-13.1 mg/g arasinda bulmustur.
Bulunan degerlerin, Mezgebo vd. (2018)’nin, arpa
(9.7-11.6 mg/g), misir (8.9-9.9 mg/g), pirin¢ (8.9
mg/g) ve bugdayda (6.2-13.5 mg/g) bildirdigi
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degerlere yakin oldugu gérilmustiir. Bhinder vd.
(2021), beyaz ve siyah kinoa 6rneklerinde fitik asit
miktarint strastyla; 375.3 mg/100 g ve 445.7
mg/100 g olarak bulmuslardir. Reguera vd. (2018)
tarafindan, Ispanya, Peru ve Sili’de yetistirilen ti¢
kinoa ¢esidinin fitik asit miktart arastirilmistir.
Buna gbre kinoa tohumlarindaki fitik asit
miktarinin en ¢ok ¢evresel faktorlerden etkilendigi
sonucu ctkarilmigtir.

Saponin, kinoanin perikarp tabakasinda bulunan,
keskin ve act tada sahip toksik 6zellikte (hemoliz)
bir anti-besinsel bilesiktir. Arastirmalarin cogunda
kinoada yaklastk 20 saponin ¢esidi rapor edilmis
olsa da son aragtirmalarda 43 farkli saponin cesidi
tantmlanmustir.  Saponinlerle iligkili  act  tat,
kinoanin gida olarak kullanimini biiyiik Olctide
sinirlandirdigt sGylenmistir (Satheesh ve Fanta
2018; Suarez-Estrella vd., 2018). Kinoanin
petikarp dis tabakasinin, glikozit ve hidrofobik
Ozellikte sapojeninden olustugu  bildirilmistir.
Kinoadaki sapojeninlerin baslica dérdii oleanolik
asit, hederajenin, fitolakjenik asit ve 30-0-metil-
espergulajenattir.  Soyma islemi ile saponin
miktarinin cogunun uzaklagtirabilecegi
belirtilmistir (Filho vd., 2017; Mattila vd., 2018;
Yousif vd., 2020). Kinoanin karakteristik act
tadinin saponin miktarinin 1.1 mg/g'den daha
yiksek oldugunda ortaya ciktigt belirtilmistir.
Kinoanin perikarpinde saponin miktarinin 0.1-50
mg/g arasinda degistigi bildirilmistit. Saponin
miktarinin biytk 6lciide ¢evre, iklim kogsullart ve
genotipten  etkilendigi  belirtilmigtir  (Suarez-
Estrella vd., 2018).

Tam kinoa ununun saponin miktari literatiirde
%0.03-2.05 arasinda degistigi bildirilmistir. Kinoa
yapraklarindaki  toplam  saponin miktarinin
bitkinin gelisimi sirasinda arttid1, ancak icerigi tatlt
genotiplerde 0.2-0.4 mg/g kuru agirhk ve aci
genotiplerde 4.7-11.3 mg/g kuru agirlik oldugu ve
bunun kinoa tohumlarinda bulunan saponin
miktarindan daha az oldugu bildirilmistir (Filho
vd., 2017; Mir vd., 2018). Bazt arastiricilar, act
genotiplerdeki  saponin  miktarint  140-2300
mg/100 g kuru madde arasinda, tatli genotiplerde
ise 20-40 mg/100 g kuru madde arasinda
bulmuslardir (Mastebroek vd., 2000; Hernandez-
Ledesma, 2019). Han vd. (2019a), 7 farkli renkli

kinoa ¢esidinin saponin miktarini 7.51-12.12 mg
oleanolik asit esdegeri (OAE)/g kuru agirlik
olarak bulmustur. Bhinder vd. (2021), beyaz ve
siyah kinoa Orneklerinde saponin miktarini
sirastyla 1.63 g/100 g ve 2.42 ¢g/100 g olarak
bulmuslardir. Saad-Allah ve Youssef (2018),
Afrika’dan  topladiklart  kinoalarda  saponin
miktarini 2.76-3.31 mg/g kuru agithk arasinda
tespit etmislerdir. Han vd. (2019b), Cin'de
yetistirilen pigmentsiz kinoa c¢esidinde toplam
saponin miktarini 15.50 mg OAE/g kuru agirlik
olarak tespit etmislerdir. Del Hierro vd. (2018),
Ispanya'daki kinoa érneklerinde saponin miktarint
etanol, etanol-su ve suda ultrason destekli
ckstraksiyonlar ile sirastyla 5.51 g/100g, 4.43
g/100g ve 0.26 g/100g olarak tespit etmislerdir.
Arastirmacilar, saponin miktarinin ekstraksiyon
¢ozeltisi ve yontemine gore degistigi sonucuna
varmislardir.

Diaz-Valencia vd. (2018), 2015 ve 2016 yillarinda
Giney Almanya'da yetistirilen dort farkli renkteki
Avrupa kinoa cesidinde saponin miktarlarin
incelemislerdir. Tatlt cesitte her iki yetistirilme
mevsiminde (2015'te <0.7 mg/g ve 2016'da 0.0
mg/g) en digik dizeyde gézlenmisken, Puno,
Titicaca ve Zeno cesitlerinde 6nemli miktarda
saponin (2015'te 2.6-2.8 mg/g ve 2016'da 2.8-3.5
mg/g) tespit etmislerdir. 2016'da yetistirilen kinoa
Orneklerinin yetistirme mevsiminin daha kurak
olmast sebebiyle daha yiiksek saponin degerlerine
sahip oldugu sonucuna varilmistir. Reguera vd.
(2018), ¢ farklt iilkede (Sili, Peru ve Ispanya)
yetistitilen t¢ farkli cesit kinoada saponin
miktarin1 8-13 g/kg arasinda bulmus olup,
aralarindaki farkin istatistiksel olarak 6nemli
olmadifl, saponin miktarinin ¢evreden ¢ok
genotipten etkilendigini bildirmislerdir.

Fotschki vd. (2020) kinoada tripsin inhibitor
aktivitesini 0.4 IU/mg olarak tespit etmistit.
Arastirmalarda, kinoa tohumlarindaki proteaz
inhibitort konsantrasyonu <50 mg/kg olarak
belirtilmistir. Ayrica, kinoa tohum kabugunun
uzaklastirtlmasinin  inhibitér aktivitesi Uzerinde
Onemli  etkisinin  olmadigt  ve  proteaz
inhibitériiniin tohumun perisperminde yer aldig
gOsterilmistir. Arastirma sonuclarina goére sekiz
farklt kinoa cesidindeki tripsin inhibitérii (1.36-
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5.04 UTI/mg), soya fasulyesi (24.5-41.5
UTI/mg), fasulye (12.9-42.8 UTI/mg) ve
mercimekten (17.8 UTI/mg) daha dusuk
bulunmugtur (Mattila vd., 2018; Satheesh ve Fanta
2018). Sobota vd. (2019), kinoa 6rneklerindeki
proteaz inhibit6rl aktivitesini ortalama 589 U/g
olarak bulmuslar ve sonucun dusik dizeyde
oldugunu belirtmislerdir. Ando vd. (2002), kinoa
embriyosu ile tam kinoa ununu karsilastirmis,
embriyonun toplam fitatin %0601t ve tripsin
inhibitér  aktivitesinin =~ %89'unu  igerdigini
bildirmislerdir.

Okzalat, kinoanin yaprak ve gévdesinde (258-
1029 mg/100 g) yiksek miktarda bulunurken
tohumlarinda daha disik miktarda (143-232
mg/100 g) bulundugu belirtilmistir (Satheesh ve
Fanta, 2018). Jancurova vd. (2009), kinoadaki en
ylksek okzalat icerigini yapraklarda ve gévdelerde

bulundugunu  belirtmistir. Coziinir  okzalat
miktarlarinin - kék  ve  tohumlarda  59-131
mg/100g, vyaprak ve gévdelerde 258-1029

mg/100 g arasinda degistigini bildirmislerdir.
Toplam okzalat miktarinin  ise kéklerde ve
tohumlarda  143-232  mg/100g, yaprak ve
govdelerde 874-1959 mg/100g arasinda degistigi
rapor edilmistir. Villacrés vd. (2022) ise kinoa
yapraklari ve tanelerinde okzalat miktarini sirastyla
129 mg/100 ¢ ve 43 mg/100 g olarak
bulmuslardir.

Tam kinoadaki nitrat (NOs) miktarinin (63.26
mg/100 g), 1spanak, matul, turp ve pancar gibi
sebzelerde bulunan miktardan (100 mg/100 g'nin
tzeri) dusik oldugu bildirilmistir (Filho et al.
2017). Villacrés vd. (2022), kinoa yapraklari ve
tanelerinde nitrat miktarint strastyla 60.1 mg/100
g ve 21.8 mg/100 g olarak bulmuglardur.

Kinoa tohumlarinin az miktarda tanen igerdigi
(%0.53) ve yeterli diizeyde islemenin miktari
azaltugl séylenmistir (Melini ve Melini, 2021).
Drzewiecki vd. (2018), Peru'da yetistirilen kinoa
tohumlarinda toplam tanen miktarini 0.88 mg
katesin esdegerligi (CE)/g; Saad-Allah ve Youssef
(2018), Afrika'dan topladiklari kinoalardaki tanen
miktarint kuru madde tizerinden 0.23-0.31 mg/g
arasinda bulmuslardir. Bhinder vd. (2021) ise,
beyaz ve siyah kinoa 6rneklerinde tanen miktarint

strastyla 3.41 mg/100 g ve 4.81 mg/100 g olarak
belitlemislerdir.

Amarant  (Amaranthaceae;  Amaranthus
hypochondriacus, A. caudatus, A. cruentus)
Amarantta  bulunan anti-besinsel  bilesikler
tanenler, okzalatlar, fitatlar, tripsin inhibitorleri,
saponinler ve nitratlar olarak belirtilmistir
(Cartizo vd., 2017; Thakur ve Kumar, 2019).
Amaranttaki  okzalat ve fitatlarin, besin
maddelerinin emilimi Gzerindeki etkilerinin daha
fazla endise kaynag oldugu soylenmektedir.
Amarantin  yiksek ve kaliteli protein icerigi
olmasina ragmen, anti-besinsel bilesiklerin varligt
besinsel biyoyararlanimint kisitladig bildirilmigtir
(Hejazi vd., 20106)

Hejazi vd. (2016), amarantin fitik asit miktarin
%0.3-2.25 arasinda tespit etmisler ve fitik asidin
protein ve nisastanin sindirimini engelledigini
kanitlamiglardir.  Akin-Idowu vd. (2017), 5
amarant ¢esidinde yaptigt bir arastirmada en
yiksek fitat miktarint A. bybridus'ta 1.58 g/100 g
olarak bulmuglardir. Isaac-Bamgboye vd. (2019)
ise amarant tohumunda fitat miktarini 17.4 mg/g
olarak tespit etmislerdir.

Saponinin, amarant tohumlarinda disiik miktarda
(%60.09) bulundugu ve amarant tohumlarindaki bu
dustik saponin konsantrasyonunun titketiciler icin
onemli bir toksisite yaratmadigi rapor edilmigtir
(Mir vd., 2018). Isaac-Bamgboye vd. (2019) ise
amarant tohumunun saponin miktarint 4.8 mg/g
olarak belirlemislerdir. Beniwal vd. (2019),
amarant Orneginde saponin miktarint 2.66 g/100
g olarak bildirmiglerdir. Valadez-Vega vd. (2021),
A. hypochondriacus protein ekstraktlarinda saponin
miktarint incelemisler ve 145.5 hemoliz birimi/mg
olarak tespit etmislerdir.

Proteaz  inhibitotlerinin, amarantta  dustk
miktarlarda  bulundugu  ifade  edilmistir.

Hayvanlarda sitotoksik ve toksikolojik etkilere
sebep olabilecegi rapor edilmistir (Shadi vd., 2020;
Valadez-Vega vd., 2021). Valadez-Vega vd.
(2021), tripsin inhibitéri aktivitesini siyah ve sari
amarant tohumlarinda sirastyla 938-2100 TIU/¢g
ve 300-5150 TIU/g arasinda bulmuslardir. Aynt
arastirmacilar, A. hypochondriacus protein
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ekstraktlarinda ise tripsin inhibit6rii aktivitesini 18

TIU/mg olarak bulmuslardir. A.
hypochondriacus protein  ekstraktlarinda  lektin
miktart  ise  2.389  hemagglutinin  aktivite

birimi/mg protein olarak bulunmustur.

Okzalat bilegiginin amarantta yiksek miktarda
bulundugu bildirilmistir. Tanen ve fitik aside
benzer sekilde okzalatin da tahillarin besin ve
mineral biyoyararlanimini azalttig ifade edilmistir
(Hejazi vd., 2016). Gélinas ve Seguin (2007), 30
farkli amarant genotipi ile yaptgt bir
arastirmasinda toplam okzalat konsantrasyonunu
178-278 mg/100 ¢ arasinda bulmuslardir.
Cozunmeyen ve ¢ozlinen okzalat miktarint ise
strastyla 151-224 mg/100 g (%66-86) ve 26-82
mg/100 g (%14-34) arasinda tespit etmislerdir.
Shadi vd. (2020), 4 farkli taze yem ve saptyla hasat
edilmis 4 farkli amarant c¢esidinde okzalat
miktarint strastyla 4.7-13.0 g/kg kuru agirlik ve
4.5-12.0 g/kg kuru agitlik arasinda bulmuslardir.
Nyonje vd. (2021), amarant yapraklarinin okzalat
miktarint en dustk A. eruentus (205 mg/100 g) ve
en yiksek A. hypochondriacus (421 mg/100 g)
tirlerinde tespit etmislerdir.

Nitratin amarantta ylksek miktarda, Ozellikle

yapraklarda bulundugu sOylenmistir.
Avustralya'da  kiimes  hayvanlarinin = nitrat

bakimindan zengin ham amarant tohumlart ile
beslenmesi sonucu tavuklarin yliksek ates sonucu
soka girip, 6ldigi bildirilmistir (Bhattarai, 2018).
Shadi vd. (2020), 4 farkli taze yem ve saptyla hasat
edilmis 4 farkli amarant cesidinde nitrat miktarint
sirastyla 2.3-3.5 g/kg 0.35-0.51 g/kg kuru agirlik
arasinda bulmuslardir.

Tanenler, amarantta ylksek miktarlarda bulunan,
yogunlastirlmis  act  bitki  polifenolikleridir.
Tanenlerin, tanenin perispermine kiyasla tohum
kabugunda daha fazla bulundugu ve miktarinin
tohumun rengine bagh oldugu bildirilmistir.
Renkli ve koyu tohumlarda daha yiiksek miktarda
bulundugu belirtilmistir. Amarantin tanen miktart
0.04-0.8 mg CE/100 g arasinda bildirilmistir
(Hejazi vd., 2016; Coelho vd., 2018). Shadi vd.
(2020), 4 farkli taze yem ve sapiyla hasat edilmis 4
farklt amarant ¢esidinde toplam tanen miktarini
sirastyla 5.0-6.4 g/kg ve 1.7-4.9 g/kg kuru agirlik

arasinda bulmuslardir. Valadez-Vega vd. (2021),
A. hypochondriacus ¢esidinin protein ekstraktlarinda
tanen miktarini  1.28 mg CE/g olarak
bulmuslardir. Akin-Idowu  vd. (2017),
arastirmalarinda 5 amarant ¢esidi arasinda en
yuksek tanen miktarint A. candatus ¢esidinde 0.14
g/100 g olarak belitlemis olup, demir baglama
kapasitesini  %066.72 olarak tespit etmislerdir.
Drzewiecki vd. (2018), Peru'da yetstirilen
amarant tohumlarinda tanen miktarini 0.23-0.89
mg CE/g arasinda bulmuglardir. Beniwal vd.
(2019) ise amarant 6rneginde tanen miktarini 1.58
mg/100 g olarak bildirmistir.

Karabugday (Polygonaceae; Fagopyrum
esculentum, Fagopyrum tataricum)
Karabugdayda bulunan baslica anti-besinsel
bilesiklerin tripsin inhibitorleri ve saponinler
oldugu belirtilmistir. Karabugday unu ile unlu
mamullerin katkilanmasi sonucu fitat ve tanenler
gibi anti-besinsel bilesiklerin varligi sebebiyle
karabugday proteinlerinin sindirilitliginin azaldigt
ve act tat olusumu gibi teknolojik problemlerin
meydana geldigi bildirilmistir (Mattila vd., 2018;
Thakur ve Kumar, 2019; Gobbetti vd., 2020).

Karabugday tohumlarinin 35-38 g/kg fitik asit
icerdigi bildirilmistir (Zhang vd., 2012; Thakur
vd,, 2021a). Fotschki wvd. (2020) ise
karabugdaydaki fitik asit miktarini 15.9 mg/g
olarak tespit etmislerdir. Kasar vd. (2021), fitik asit
miktarint en yiiksek karabugday kavuzunda %3-
3.25 olarak bulmuslardir. En distik fitat miktarini
ise ince un ve kaba un fraksiyonlarinda sirasiyla

%0.59-0.62 ve %1.12-1.72 arasinda tespit
etmislerdir (Kasar vd., 2021).
Saponin  miktar1  karabugday = tohumu ve

¢imlendirilmis karabugdayda sirastyla 80.8 mg
soya proteini saponin B esdegerligi/100 g kuru
madde ve 254 mg soya proteini saponin B
esdegerligi/ 100 g kuru madde olarak bulunmustur
(Aloo vd., 2021).

Proteaz inhibitorleri  genellikle  karabugday
tohumunun endosperm kisminda bulunan anti-
besinsel bilesiklerdir. Karabugday, arastirilan
Ornekler arasinda en giiclt inhibisyon aktivitesine
sahipken, tripsin aktivitesi kullanilan farkli protein
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konsantrasyonlari ile tamamen bloke edilmistir.
Bu, karabugdayin ya birkac proteaz inhibitéri ya
da tanenler gibi diger anti-besinsel bilesikler ile

birlikte tripsini inhibe ettigi daha 6nceki
calismalarda gOsterilmistir (Mattila vd., 2018;
Thakur vd., 2021a). Fotschki vd. (2020),

karabugdayda tripsin inhibitérii aktivitesini 13.3
IU/mg olarak tespit etmiglerdir.

Tanenler, karabugdayda kekre tada sebep olan
fenolik bilesiklerdir. Kondense tanenin kantitatif
Ozelliklerinin (ortalama polimerizasyon derecest,
prosiyanidin/propelargonidin orani) kepek ve un
fraksiyonlarinda benzer oldugu gbzlenmistir
(Mattila vd., 2018; Thakur vd., 2021a). Kasar vd.
(2021), karabugdayda tanen miktarin1 en
yiksekten en aza dogru kepek>kavuz>kaba
un>ince un seklinde siralamislar, en yitksek tanen
miktarint kepekte (%01.06-1.39) belirlemislerdir.
Zhang vd. (2012), karabugdayda tanen miktarini
%1.6 ve Fotschki vd. (2020) ise 13.9 mg/g olarak
tespit etmislerdir. Drzewiecki vd. (2018), Peru'da
yetistirilen ~ karabugday = tohumunda  tanen
miktarint 0.93 mg CE/g olarak bulmuslardir.

ANTI-BESINSEL
AZALTMA YONTEMLERI
Pseudo-tahilarin =~ anti-besinsel ~ bilesiklerini
azaltma yontemleri islak (ytkama) yontemler, kuru
yontemler (1sil islem, ekstriizyon, kavurma veya
mekanik asindirma) ve genetik yOntemler
(genetigi degistirilmis ve melez tohumlar, Srnegin
saponinsiz  kinoa) olarak smuflandirilmustir.
Genetik yontemler sayesinde saponin miktarint
azaltmak icin tatll kinoa cesitleri gelistirilmistir,
ayrica tath kinoa cesitlerinin act gesitlerle
melezlestirilmesi denenmistir (Mir vd., 2018;
Mattila vd., 2018; Satheesh ve Fanta 2018; Yousif
vd., 2020).

BILESIKLERI

Kavuz Ayirma ve Yikama

Kavuz ayirma, gida giiveligini saglamak ve lezzeti
artirmak  icin  hasat sonrast yapilan ilk
islemlerdendir. Tanenler ve saponinler kavuzda
yiksek  konsantrasyonlarda ~ bulunur  ve
miktarlarinin  azaltilmast bakimindan etkili bir
yontem oldugu, ancak, fitik asit ve proteaz
inhibitotlerini  azaltmaya  yonelik  etkisinin
olmadigi  belirtilmistir  (Coelho vd. 2018;

Aderibigbe vd. 2020; Manyelo vd. 2020; Kumar
vd.,, 2022). Kinoa tohumlarindan saponinleri
uzaklastirmak icin kullanllan su ile ytkama
yontemi, hem laboratuvar hem de endistride en
cok kullanilan yontem oldugu belirtilmistir.
Bununla bitlikte, su ile ytkama yonteminin ¢evre
kirliligi yaratmasi, su israfi, kinoanin ¢imlenme
problemi ve kurutma maliyeti sebebiyle ekonomik
ve ckolojik acidan dezavantajlarinin  oldugu
bildirilmistir. Endistride, saponinleri
uzaklastirmak icin mekanik asindirma yonteminin
de kullanildigi  séylenmektedir. Ancak bu
yontemin dezavantajinin, kepekle birlikte protein,
vitamin ve mineral kayiplarinin da meydana
geldigi bildirilmistir (Filho vd., 2017; Melini ve
Melini, 2021). Kinoanin saponin miktarinda
yikama islemi ile azalma saglandigi fakat tath kinoa
elde etmek icin %30 oraninda mekanik agindirma
isleminin yeterli olacagi bildirilmistir (Srujana vd.,
2019).

Islatma

Pseudo-tahillarin belirli bir stire oda sicakliginda
slatilmast ile anti-besinsel bilesik miktarinda
azalma meydana geldigi bildirilmistir. Islatma suyu
islem sonunda atilmaktadir. Anti-besinsel bilesik
miktarindaki azalma, 1slatma ortamina (su, tuzlu
su veya bikarbonatll su) ve siiresine baghdir.
Islatma islemi ile fitik asit, tanen ve saponin
miktarinin  azaldigr bildirilmistir  (Kumar vd.,
2022). Calismalarda amarant tohumlarinin anti-
besinsel bilesiklerinin  azalmast icin 5 saat
islatmanin yeterli oldugu bildirilmistir (Coelho
vd., 2018; Aderibigbe vd., 2020; Manyelo vd.,
2020). Thakur vd. (2021b), amarant, karabugday
ve kinoa Orneklerinin  anti-besinsel  bilesik
miktarint azaltmak i¢in oda sicakliginda 12 ve 24
saat boyunca slatma (1:5 oraninda) uygulamus,
amarantta tanen (%0.065) ve fitik asit (%1.15)
miktarinin 24 saatlik 1slatma ile sirastyla %0.056 ve
%1.10%a distiguna gbzlemlemistir.
Karabugdaydaki tanen (%0.222) ve fitik asit
(%1.32) miktart 24 saatlik 1slatma ile sirastyla
%0.103 ve %124 distigi gorulmustir.
Kinoada ise tanen (%0.048) ve fitik asit (%01.03)
miktarinin 24 saatlik 1slatma ile sirastyla %60.041 ve
%0.97’ye dustugl tespit edilmistir.
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Isil Iglemler

Pseudo-tahillarin genellikle 1s1l islemlerden sonra
tiiketildigi, 6zellikle tohum bilesimi, tohum yapist
ve tohum boyutunun kaynatma ile pisirme
islemini etkiledigi bildirilmistir. Molekdler agirligt
dustik bilesiklerin kaynatma sirasinda suya gectigi
gbzlenmistir. Kaynatmanin proteaz inhibitorleri,
hemagglutinin aktivitesi, fitik asit, tanenler ve
saponinleri azaltma ve 7 witro protein
sindirilirliginde artis sagladigs bildirilmistir (Jin vd.,
2020; Kumar vd., 2022). Deng vd. (2015),
karabugdaylart suda kaynatma islemi ile fitik asit
miktarini, kontrol Srneklerine kiyasla %62.7 ve
baslangictaki tripsin inhibitéri aktivitesi seviyesini
de %062.5 oraninda azaltmuglardir.
Karabugdaylarin tanen ve saponin miktarlarinda
ise suda kaynatma isleminden sonra sirasiyla
%35.7 ve %27.6 oraninda azalma gézlenmistir.
Beniwal vd. (2019), beyaz kinoa ve amarant
6rneklerine suda kaynatma islemi uygulamislardir.
Islem sonrast amarant ve kinoa érneginin saponin
miktatlart strastyla 2.66 g/100 g’dan 1.26 g/100
g’a ve 1.42 ¢/100 g’dan 0.90 g/100 ¢’a dustugu
gbzlenmistir. Islem sonrast amarant ve kinoa
orneginin tanen miktarlart sirastyla 1.58 /100
g’dan 1.14 ¢g/100 g’a ve 0.57 g/100 g’dan 0.13
g/100 g’a azaldig kaydedilmistir. Otoklavlama ve
haslama gibi 1s1 islemlerin tanen ve okzalat
miktarini  azaltmada  daha  etkili oldugu
soylenmistir. Kuru 1sitma islemi (160°C’de 10
dakika kavurma ve 190°C’de 15 saniye patlatma)
ve suda kaynatma islemi (suw:itam tohum, 4:1;

swamarant unu, 6:1)  _Awmaranthus  albusa
uygulandiginda 6nemli sonuglar bulunmustur. Un
ve tam  tohumun kaynatilmasi  protein

sindirilirligini swrastyla %24 ve %15 oraninda
artirirken, kavurmanin  protein  sindirilirligini
azalttify bildirilmistir. Kaynatmanin tanen, fitat ve
okzalat miktarint azaltmadaki etkisi, kavurma ve
patlatmadan daha fazla oldugu belirtilmistir
(Coelho vd., 2018; Aderibigbe vd., 2020; Manyelo
vd., 2020). Beniwal vd. (2019), beyaz kinoa ve
amarant 6rneklerine 180°C’de 10 saniye kavurma
islemi uygulamislardir. Islem sonrasi amarant ve
kinoa 6rneginin saponin miktarlart sirasiyla 2.66
g/100 g’dan 1.12 g/100 g’a ve 1.42 g/100 g’dan
0.64 g/100 g’a dusis gosterdigi belirtilmistir.
Islem sonrast amarant ve kinoa érneginin tanen
miktatlart sirastyla 1.58 ¢/100 g’dan 0.84 g/100

g’a ve 0.57 g/100 g’dan 0.08 g/100 g’a azaldig
gbzlenmistit. Deng vd. (2015) karabugday
orneklerinde mikrodalga isleminin anti-besinsel
bilesik miktari Uzerine etkisini arastirmislardir.
Kontrol 6rneklerinin fitik asit, tripsin inhibitori,
tanen ve saponin miktatlari sirastyla 18.07 g/100
2,5.94 2/100 g,5.13 ¢/100 g ve 3.23 ¢/100 g kuru
agirlik degerlerinden sirastyla 12.03 g/100 g, 5.18
g/100 g, 3.72 ¢/100 g ve 2.58 /100 g kuru agirlik
degerlerine azaldig1 rapor edilmistir.

Cimlendirme

Amarant tanesinin 24 saat ¢cimlendirilmesi, kuru
madde kayb1 ve anti-besinsel bilesik miktarindaki
azalmaya bagli olarak optimum isleme stiresi
olarak  kaydedilmistit  (Coelho vd., 2018;
Aderibigbe vd., 2020). Thakur vd. (2021b),
amarant, karabugday ve kinoa 6rneklerinin anti-
besinsel bilesik miktarini azaltmak icin 24, 48 ve
72 saat boyunca 25°C’de c¢imlendirme islemi
uygulamuglardir. Amarantta tanen (%0.065) ve
fitik asit (%1.15) miktar1 72 saatlik ¢imlendirme
sonrast strastyla %0.044 ve %0.81’c¢ dustigi
gozlenmistir. Karabugdayda tanen (%0.222) ve
fitik asit (%1.32) miktar1 72 saatlik ¢imlendirme
sonrast strastyla %0.089 ve %1.09’a diistigu tespit
edilmistir. Kinoada ise tanen (%0.048) ve fitik asit
(%1.03) miktart 72 saatlik ¢imlendirme sonrast
strastyla. %0.035  ve  %0.54¢  azaldig
kaydedilmistir. Bhinder vd. (2021), beyaz ve siyah
kinoa Orneklerini ¢imlendirme (24, 48, 72 ve 96
saat), 50°C’de kurutma, 6gutme ve ardindan
eleme islemleri ile malt ununa islemislerdir. Beyaz
kinoalarin 24 saat ¢imlendirme sonrast saponin,
tanen ve fitik asit miktari sirastyla 1.63 /100
g’dan 1.13 g/100 g’a, 3.41 mg/100 g’dan 3.21
mg/100 ga ve 37527 mg/100 g’dan 308.2
mg/100 g’a dustiigl gbzlenmistir. Siyah kinoalarin
24 saat c¢imlendirme sonrast saponin, tanen ve
fitik asit miktarlari sirastyla 2.42 ¢/100 g’dan 1.69
g/100 g’a, 4.81 mg/100 g’dan 4.53 mg/100 g’a ve
445.73 mg/100 g’dan 331.93 mg/100 g’a azaldigi
kaydedilmistir. Beniwal vd. (2019), amarant ve
beyaz kinoanin ¢imlendirme islemini 32°C’de 48
saat yapmislardir. Islem sonrast amarant ve kinoa
unlarinda saponin miktatlari sirastyla 2.66 g/100
g’dan 0.84 ¢g/100 g’a ve 1.42 g/100 g’dan 0.46
g/100 g’a dusus gosterdigi bildirilmistir. Amarant
ve kinoa unlarinin tanen miktarlar ise sirastyla
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1.58 ¢/100 g’dan 0.68 g/100 g’a ve 0.57 g/100
g’dan 0.03 g/100 g’a azaldig1 gozlenmistir. Hejazi
vd. (2016), amarant tohumlarinin 7z vitro protein
sindirilirligi ve anti-besinsel bilesikleri tzerine
malta  islemenin  etkisini = arastirmuglardir.
Cimlendirilmis (24, 36 ve 48 saat siirede ve 22, 26
ve 30°C sicaklikta) tohumlarin, ham tohumlara
gore protein icerigi (13.76 g/100 g kuru
agitlik’dan 14.86 g/100 g kuru agitlik’a) ve protein
sindirilirliginin =~ (%76.03’dan  %83.58¢)  artis
gOsterdigi kaydedilmistir. Cimlendirme
isleminden sonra fitik asitte ve okzalatta 6nemli
dustsler (strastyla %30 ve %38 oranlarinda) ve
tanen miktarinda ise artts (%47 oraninda)
gbzlenmistir. Calismada, anti-besinsel bilesik
miktart  ile  protein  sindirilifligi  arasinda
korelasyonlarin oldugu bildirilmistir (Hejazi vd.,
2010).

Fermantasyon

Fermantasyon islemi ile pseudo-tahillarin fitik
asit, tanen ve enzim inhibitérleri gibi anti-besinsel
bilesik miktarlarinin azaltilabildigi bildirilmistir.
Pseudo-tahil unlarina laktik asit bakterilerinin
ilave edilmesi ile ger¢eklesen fermantasyon islemi
ile 6zellikle fitik asit miktarinda azalma, fenolik
bilesik miktart ve B grubu vitaminlerinde artis
saglandigi belirtilmistir (Rollan vd., 2019; Caeiro
vd,, 2022). Cizeikiene vd. (2021), kinoa
orneklerinin L. plantarum MR24, 1. brevis R26 ve
L. acidophilus DSM 20079 bakterileri ile 72 saat
fermantasyonu sonrast amilaz aktivitesi (0.259
AU/g) strastyla 0.082 AU /g, 0.333 AU/g ve 0.015
AU/g olarak bulunmustur. Aynt bakterilerin fitaz
aktivitesinin (0 PhU/g) ise strastyla 0.125 PhU/¢g,
0.142 PhU/g ve 0.100 PhU/ga yukseldigi
gorulmustir.  Fermantasyon  sonrast  ayni
bakterilerin proteaz aktivitesi (0 PU/g) ise strastyla
0.038 PU/g, 0.042 PU/g ve 0 PU/g olarak tespit
edilmistir. Bolivar-Monsalve vd. (2017), kinoa
Orneginin saponin miktart Uzerine L. plantarnm ile
yapilan fermantasyonun etkisini arastirmislardir.
Kontrol kinoa 6rneginde saponin miktarint 141.2
mg/100 g olarak bulmuslardir.
Fermantasyonunda %06 oraninda L. plantarum
kullanilan kinoa hamurlarinda saponin miktarinin
3. ve 4. ginlerde sirastyla 104.2 mg/100 g ve 80.2
mg/100 g’a dustugi g6zlenmistir.
Fermantasyonunda %8 oraninda L. plantarum

kullanilan kinoa hamurlarindaki saponin miktart
ise 3. ve 4. gunlerde strastyla 137.3 mg/100 g ve
91.6 mg/100 g’a azaldigi bildirilmistir. Castro-
Alba vd. (2019) ise, kinoa 6rnegini L. plantarum ile
4 ve 10 saat boyunca 30°C’de fermantasyon
islemine tabi tutmuslardir. Fitat miktarinda,
uygulanan kosullara bagl olarak %19.2-73.0
arasinda  azalma  tespit etmislerdir. Baz
aragtirmacilar ise hem kendiliginden gerceklesen
fermantasyon hem de L. plantarum 299v ile yapilan
fermantasyon islemi ile fitat miktarinin %72
oraninda azaltuldigint bildirmislerdir (Melini ve
Melini, 2021; Satheesh ve Fanta 2018).

Diger Yontemler

Han vd. (2019b), kinoanin 6giitme derecesinin
toplam saponin miktar1 (15.50 mg OAE/g kuru
agirlik) Uzerine etkisini incelemis ve saponinin
9.02 mg OAE/g kuru agirhiga dustiging
belirlemislerdir. Fitatin hidrolizini gerceklestirmek
icin, gidalarin islenmesi sirasinda bitki kaynaklt
(6rnegin bugday fitaz1) veya mikrobiyal koékenli
(6rnegin laktik asit bakterileri) eksojen fitazin
eklenebilecegi belirtilmistir. Endojen fitaz1 aktive
etmek icin ise 1slatma, erken asamada uygulanan
il islem, ¢imlendirme ve fermantasyon gibi
islemlerin uygulanmasi tavsiye edilmistir (Carrizo
vd.,, 2017; Castro-Alba vd., 2019). Deng vd.
(2015)  tarafindan  karabugday  Orneklerine
uygulanan ylksek hidrostatik basing islemi sonrast
fitik asit, tripsin inhibitérl, tanen ve saponin
miktatlarinin strastyla 9.85 g/100 g, 5.19 /100 g,
4.11 g/100 g ve 2.76 g/100 g kuru agirliga dustugu
kaydedilmistir.

SONUC

Pseudo-tahillar ¢cok iyi birer protein, besinsel lif ve
bircok vitamin ve mineral kaynagidir. Bunun yant
sira, ikincil metabolizma yoluyla tretilen, ¢ok
cesitli biyolojik aktivitelere sahip olan ve farkli
biyolojik veya ekolojik islevlere yardimei olan

bircok organik bilesik icerir. Anti-besinsel
bilesikler olarak tanimlanan bu bilesikler,
besinlerin lezzetini, sindirilirligini ve

biyoyararlanimi tizerine olumsuz etkiler sergiler.
Pseudo-tahillarda bulunan anti-besinsel bilesikler
proteaz inhibitorleri (tripsin ve kimotripsin
inhibitértl), tanenler, fitik asit, saponinler,
okzalatlar, nitratlar ve lektinlerdir. Bundan dolayt
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bu bilesiklerin sebep oldugu zararh metabolik
olaylari azaltmak/ortadan kaldirmak icin pseudo-
tahdlarin tiiketiminden 6nce uygun bir teknikle
islenmesi gerekmektedir. Uygulanacak yontem
secilirken anti-besinsel bilesiklerin kimyasal yapist,
tohum icerisindeki dagilimi, biyolojik etkileri, 1s1ya
duyarliliklart ve suda c¢oztnirlikleri ile islemin
maliyetinin  belirlenmesi tavsiye edilmektedir.
Anti-besinsel bilesikletin azaltilmast icin kavuz
ayirma, yikama, islatma, kaynatma, cimlendirme
ve fermantasyon islemlerinin ilk  etapta
duistintilmesi gereken yontemler oldugu yapilan
calismalarda belirtilmistir.

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

YAZAR KATKILARI
AA ve EY derlemeyi bitlikte planlamis, yazmis ve
son halini onaylamislardir.
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oz

Bu ¢alismada tlkemizin farkli illerinden toplanmis 17 adet geleneksel tursu 6rneginden Laktik Asit Bakterileri
(LAB) izole edilip tanimlanmis ve izolatlarin fonksiyonel nitelikleri karakterize edilmistir. Genotipik
ayristirma sonucunda 9 farkls tire ait 21 sus tespit edilmistir. Takiben bu 21 susun potansiyel probiyotik
degetlendirmeleri safra tuzlarina direng ve distik pH’da gelisim acisindan test edilmis ve Lactiplantibacillus
plantarum ve Levilactobacillus brevis suslarinin yiksek canlilik gésterdigi tespit edilmistir. [zolatlarmin antibiyotik
direnglerinin ise oldukea diisiik seviyede oldugu gézlenmistir. Onemli olarak antifungal aktivite agisindan sus
spesifik etki gbzlenirken, antibakteriyel aktivite noktasinda oldukea giiclii aktivite sergilemislerdir. Son olarak
tursu izolatlarinin GABA Uretim potansiyelleri agiga cikarilmis ve Levilactobacillus brevis VB13 susunun
0.62840.11 mg/ml. GABA uretebildigi gosterilmistir. Elde ettigimiz sonuglar tursuda bulunan LAB
cesitliligini ve bu suslarin fonksiyonel etki potansiyelini gostermesi bakimindan énem arz etmektedir.
Anahtar kelimeler: Tursu, Laktik Asit Bakterileri, probiyotik, GABA tretimi

ISOLATION OF LACTIC ACID BACTERIA FROM TRADITIONAL PICKLE
SAMPLES, THEIR IDENTIFICATION USING MOLECULAR METHODS, AND
DETERMINATION OF SOME FUNCTIONAL PROPERTIES

ABSTRACT

In this study, Lactic Acid Bacteria (LAB) were isolated and identified from 17 traditional pickled
vegetable samples collected from different provinces and their functional roles were characterised.
As a result of genotypic separation, 21 strains belonging to 9 different species were identified. These
strains were further tested for their potential probiotic roles by testing their bile salts and low pH
resistance and strains of Lactiplantibacillus plantarum and Levilactobacillus brevis demonstrated superior
characteristics in terms of survival. The antibiotic resistance of isolates was found to be at very low
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levels. Importantly, while strain-specific effects were observed in terms of antifungal activity, they
showed very strong activity in antibacterial activity. Finally, pickle isolates were tested for GABA
production and Levilactobacillus brevis VB13 strain demonstrated 0.628+0.11 mg/mL GABA
production. The results we obtained are important in terms of showing the diversity of LAB in pickles

and the functional effect potential of these strains.

Keywords: Pickle, Lactic Acid Bacteria, probiotic, GABA production

GIRIS

Tiketici taleplerine ve Diunya’daki beslenme
egilimlerindeki degisikliklere paralel olarak son
dénemde bitkisel temelli fermente triinlere olan
ilgi cok hizh bir sekilde artmaktadir (Behera vd.,
2020). Ulkemiz fermente iiriinler acisindan
olduk¢a zengin bir konumdadir ve bitkisel
triinlerin fermentasyonu ile tiretilen tursu tilkemiz
fermente uriinlerinin basinda gelmektedir. Bu
kapsamda c¢ok ¢esitli sebzeler ve bazi meyveler
tursu Uretiminde kullanilabilirken, fermantasyonu
yuriiten — Laktik ~ Asit  Bakterileri  (LAB),
hammaddede bulunan ve spontan olarak trtinde
gelisen tiirlerin suglarindan olusmaktadirlar. Tlgili
LAB’ler ortamda bulunan diger
mikroorganizmalart baskilayip geliserek pH’nin
distisit ve aynt zamanda fermente urlnlerin
organoleptik  Ozelliklerinin -~ olusumu  ile
neticelenen siireci yonetmekteditler (Tokath vd.,
2019). Ay zamanda tursu Uretim siirecinin
onemli faktorleri olan su aktivitesi, ortam sicakligi,
kullanilan tuz konsantrasyonu, anaerobiosis ve
yiuksek asitlik gibi fakt6rler LAB’nin ortamda
dominant olmasina ve neticede istenmeyen diger
mikroorganizmalarin inhibisyonuna katk1
saglamaktadir (Erten vd., 2016). LAB’nin diger
mikroorganizmalara  karst  g6sterdigi  bu
antagonistik aktivitenin farkli mekanizmalar ile
meydana  geldigi  bilinmektedir. = LAB’nin
karbonhidrat kaynaklarini fermente etmeleri
sonucu iirettikleri laktik ve asetik asit gibi organik
asitler nedeni ile diusen pH ya karst bircok
mikroorganizmanin hassasiyet gostermesi, yine
LAB tarafindan retilen H>O2’nin
mikroorganizmalar  Uzerine  inhibitér  etki
gostermesi  ve  LAB  tarafindan  retilen
bakteriyosinlerin 6zellikle yakin iligkili bakteriler
tizerine inhibitor etki géstermesi bu mekanizmalar
arasinda yer almaktadir. Ayrica LAB tarafindan
uretilen, diasetil, alkol ve CO gibi baz
metabolitlerinde bazi mikroorganizmalar Gzerine
inhibitor etki gosterebilmektedir (Tokatl, 2013).
Neticede tursu orijinli LAB tiirleri yluksek rekabet

gicleri, dasik pH ve  yiksek tuz
konsantrasyonlarinda gelisip canliliklarin
surdirme  potansiyelleri  agisindan  dikkat

cekmekte ve 6zellikle bitkisel fermente trtunlerin
6neminin her gegen giin arttig1 glinlimiizde starter
kiltir ve Onemli olarak potansiyel probiyotik
mikroorganizma olarak 6nem arz etmektedirler
(Liu vd., 2022). Ayrica antimikrobiyal aktiviteye
sahip starter kultiir suslar, fermente gidalarin
patojen ve  bozulma  etmeni  bircok
mikroorganizmaya karst korunmasinda, gida
givenligi ve insan saghgr agisindan en etkin
¢6ziml sunmaktadir (Huang vd., 2009). Bu
noktada olduk¢a farkli bitkisel —materyalin
kullanilabildigi geleneksel tursularimizdan LAB
tirlerinin  izolasyonu ve bunlarin  6zellikle
probiyotik potansiyellerinin belirlenmesi oldukea
Onem arz etmektedir. Boylece hem ticari
probiyotiklere erisimi ¢ok kolay olmayan kiigiik
isletmeler icin fonksiyonel starter kiltiir Gretimi
ile ilgili bir baglangic yapilabilecek (Zielinska vd.,
2015), hem de Dbiyik c¢apll endistriyel
uygulamalar icin gelencksel LAB tiitlerimiz a¢iga
cikaridmis olabilecektir. Ayni zamanda &zgln
fonksiyonel starter olabilecek LAB suslarinin
izolasyonu geleneksel suslarimizin korunmast ve
fermente urtnlerin daha kontrolli sartlarda
nitelikli Gretimine de katki saglayabilecektir (Liu
vd., 2022).

Laktik asit bakterileri gida tretiminde starter

kiltir  olarak  kullanilmalarinin  yani  sira,
endistride probiyotik olarak da
kullanilmaktadirlar.  Tursu  gibi  geleneksel

fermente trtinlerden izole edilen LAB suslarinin
probiyotik  potansiyellerinin ~ degerlendirilmesi
amaciyla safra tuzlarina direng, disik pH
sartlarinda canlhiliklarint siirdiirme, antimikrobiyal
etkinlik, dustik antibiyotik direnci gibi 6nemli
parametrelerin ik olarak degerlendirilmesi ve
burada dstiin 6zellik gdsteren suslarin in vitro ve
in vivo denemeler kapsaminda test edilmesi
gerekmektedir (Zeng vd., 2020). Probiyotik
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bakteriler icin ilk gereksinim, transfer oldugu aktif
alanlarda hayatta kalabilmeleridir. Yararl bagirsak
islevleri olan probiyotik bakterilerin midenin
asidik ortamindan gecerken hayatta kalmast

gerekmektedir.  Bununla birlikte bakterilerin
bagirsaktaki  epitel  ylizeylere  tutunmasy

kolonizasyon, immiin sistemin aktive edilmesi ve
patojenlere karst antagonistik aktivitenin 6n sartt
olarak kabul edilmekte ve probiyotik secimi i¢in
temel kriter olarak goriilmektedir.
Mikroorganizmalarin ~ en  distaki  yiizeyinin
hidrofobik dogasi konakgetya tutunmasini saglayan
birkag mekanizmadan biridir ve hidrofobisite;
probiyotik secimi icin temel kritetlerden birisi
olarak goOriilmektedir (Monteagudo-Mera vd.,
2019).

Fermente ve probiyotik gidalarin Gretiminde
kullanilacak LAB’lerin giivenli mikroorganizmalar
olmalart istenmektedir. LAB’lerin antibiyotik
diren¢ geni bulundurmalart durumunda, bu
genleri patojenlere veya florada bulunan diger
bakterilere aktarma olasiliklart énemli bir sorun
teskil etmektedir. Bu nedenle gida sanayiinde
farklt amaclarla kullanilacak LAB’nin antibiyotik
diren¢ genlerine sahip olmamasi istenmektedir
(Mathur ve Singh, 2005; Zarzecka vd., 2023).
Geleneksel kaynaklardan izole edilen 6zgiin LAB
tirlerinin  probiyotik potansiyellerinin  ortaya
konmasi adina belirtilen bu kriterlerin test edilerek
aciga cikarilmasi olduk¢a 6nemlidir.

Son dénemde LAB suslarinin fonksiyonel etki
mekanizmast kapsaminda degerlendirilen bir diger
parametrede Ozellikle beyinde ndérotransmitter
olarak rol alarak insan sagliginin  devami
noktasinda fizyolojik fonksiyonlart olan 6nemli
bir biyoaktif madde y-aminobiitirik asit (GABA)
tretimi gelmektedir (Chakraborty vd., 2023).
Yapilan calisgmalar GABA ile zenginlestirilmis
gidalarin  tiketiminin  kanserli  hicrelerin
cogalmasint engelleyebildigini (Park ve Oh, 2007),
hafizay1 ve 6grenme yeteneklerini gelistirebildigini
ortaya koymustur (Miura vd., 2006). Bu yararh
islevleri nedeniyle GABA artan ticari bir 6neme
sahiptit. GABA'nin kimyasal veya biyolojik olarak
sentezlenmesi i¢in bircok yontem bulunmasina
ragmen (Coda vd., 2010; Inoue vd., 2003;
Plokhov vd., 2000), biyolojik yontemler ile

tretilmesi kimyasal sentez yontemlerine gore
O6nemli avantajlar sunmaktadir (Huang vd., 2007).
Bu agidan LAB’ler yiiksek diizeyde GABA tretimi

icin Ozgln mikroorganizmalar olarak
goriilmektedir.  Ozellikle GABA  agisindan
zenginlestirilmis gidalarin tretiminde

kullanilabilme potansiyellerinin ylksek olmast
nedeniyle GABA dreten LAB’ler buyik bir
O6neme sahiptir. Yapilan c¢alismalar GABA
dretiminin -~ LAB  tirleri arasinda  6nemli
dizeylerde farklilik gdsterdigini ortaya koymus
olup (Demirbas vd., 2017), yiksek miktarlarda
GABA  iretimi  gerceklestirebilen  suslarin
probiyotik iceren ve fonksiyonel fermente
driinlerin tretiminde kullanimini saglamak icin
geleneksel urlnlerimizdeki LAB’lerin  GABA
tretimi noktasinda test edilmesi Onem arz
etmektedir. Bu noktalardan hareketle bu calisma
kapsaminda tlkemizin 7 farkls ilinden toplam 17
farklt geleneksel tursu Ornegi toplanmis ve tursu
Orneklerinde yer alan LAB’lerin izolasyonu
gerceklestirilmistir.  Tursu  6rneklerinin -+ pH,
organik asit ve seker icerikleri HPLC analizi ile
belitlenmistir. LAB  titlerinin  izolasyonunu
takiben morfolojik olarak farkli tirler rep-PCR
analizi ile genotipik ayrima tabi tutulmus ve
genotipik ayrim neticesinde farkli bulunan LAB
suslart 16S rRNA geni temelli tanimlanmuglardir.
Takiben tanimlanan LAB suslarinin potansiyel
probiyotik degerlendirmesi ve fonksiyonel etkileri

safra  tuzlan ve disik pHda  canlilik,
hidrofobisite, antibiyotik hassasiyetinin
belirlenmesi,  antibakteriyel ~ve  antifungal

etkinliklerinin degerlendirilmesi ve son olarak
GABA dretim yeteneklerinin aciga cikartimast
kapsaminda ortaya konmustur. Bu sonuclarin
Ozellikle geleneksel tursu 6rneklerimizde bulunan
LAB  suglarinin  fonksiyonel — niteliklerini
gOstermesi  bakimindan  6zglin  katkilar
sunabilecegi 6ngorilmektedir.

MATERYAL VE YONTEM

Materyal

PCR calismalarinda kullanilan bilesenler Thermo
Fisher Scientific (ABD) firmasindan satin
alinmistir. Mikrobiyolojik analizlerde kullanilan
kimyasal ~ malzemeler =~ Merck  (Almanya)
firmasindan ve kullanilan tim HPLC standartlar
ise Sigma-Aldrich (Almanya) firmasindan temin
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edilmistir. Calisma kapsaminda kullanilan bitin
kimyasallar analitik safliktadur.

Tursu Ornekleri
Calisma kapsaminda LAB’nin izolasyonu igin
Turkiye’'nin farkl illerinden herhangi bir sekilde

starter kiiltiir ilavesi yapilmadan tiretilmis 17 adet
geleneksel meyve ve sebze tursu Ornedi
toplanmustir (Cizelge 1). Toplanan 6rnekler steril
kaplarina alinarak soguk zincirde
laboratuvara getirilmis ve analiz siirecinde
buzdolabt sartlarinda muhafaza edilmistir.

numune

Cizelge 1. Toplanan tursu 6rneklerinin dagilimi
Table 1. Distribution of the collected pickle samples

Ornek Toplanan Tller
Sample Collected Provinces

Tursu cesidi Pickle variety

Salamura fasulye yapragi (1) Pickled bean leaves
Fasulye tursusu (2) Bean pickle

Pazi tursusu (1) Chard pickle

Kirmuzt pancar tursusu (1) Pickled red beetroot

Bayburt

Lahana tursusu (1) Sauerkraut

Karnabahar tursusu (1) Cauliflower pickle
Brokoli tursusu (1) Broccoli pickle
Dereotlu karistk tursu (1) Mixed dill pickle
Yabani armut tursusu (1) Pickled wild pear

Alig sitkesi (1) Hawthorn vinegar
Giresun Fasulye tursusu (1) Bean pickle
Nevsehir Biber tursusu (1) Pickled peppers
Istanbul Fasulye tursusu (1) Bean pickle
Ankara Salatalik tursusu (1) Pickled cucumber
Trabzon Lahana tursusu (1) Sawuerkrant
Malatya Kansik tursu (1) Mixed pickle

Tursu Orneklerinin Kimyasal Ozelliklerinin
Belirlenmesi

Toplanan tursu Orneklerinin kimyasal &zellikleri
pH, organik asit ve seker icerikleri belirlenerek
ortaya konmustut.

Tursu orneklerinde pH tayini

Tursu 6rneklerinin pH’sint belirlemek icin dijital
pH-metre (WTW Inolab 7110, Almanya)
kullanilarak Ol¢limler yapilmustir. pH metre
standart tampon ¢Ozeltiler ile kalibre edildikten
sonra 6lctim islemi 22+2°C’de gerceklestirilmistir.

Tursu drneklerinin seker igeriginin HPL.C ile belirlenmesi
Tursu Orneklerinin seker icerigi HPLC (Yiksek
basinglt stvi kromatografisi) cihazi (Schimadzu
CBM-20A, Japonya) kullanilarak analiz edilmistir.
Bu amagcla ilk olarak tursu sulart 0.22 um’lik
filtreden gecirilerek HPLC viallerine alinmis ve
analiz icin 20 plL. 6rnek HPLC’ye verilmistir.
Analizde mobil faz olarak H,O kullanilmis ve akis
hizt 0.6 mL/dk olarak ayarlanmustir. Analiz icin
kolon sicakligt  85°C’ye  ayatlanmis  olup

CONCISE CarboSep CHO 87C (300 x 7.8 mm,
ABD) kolon kullanilarak analiz
gerceklestirilmistir. Sekerlerin tespiti icin refraktif
indeks detektorii (Shimadzu RID-10A, Japonya)
kullanilmis ve standart seker olarak glukoz,
galaktoz, maltoz ve fruktoz kullanilarak cihazin
kalibrasyonu yapimistir.

Tursu orneklerinin organik asit igeriginin HPL.C ile
belirlenmesi

Tursu Orneklerinin organik asit icerigi HPLC
(Schimadzu ~ CBM-20A,  Japonya)  cihazt
kullanilarak belirlenmistir. Analizde mobil faz
olarak 10 mM HCIOy4 kullanilmis ve mobil faz akis
hiz1 0.8 mL/dk olarak ayatlanmistir. Analiz edilen
tursu sulart 0.22 pm’lik filtreden gecirilerek HPLC
viallerine alinmig ve 6rnekten 20 pL. cihaza enjekte
edilmistir. Her bir analiz stresi, organik asit
piklerinin ¢ikis stresine gére 20 dakika olarak
belirlenmistir. Organik asitlerin ~ maksimum
absorbsiyonu PDA (Photodiode Array Detector)
dedektérde (Shimadzu SPD-M20A, Japonya) 210
nm dalga boyunda belitlenmistir. Analiz igin
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Inertsil ODS-3 C18 (250 x 4.6 mm 5 um, Japonya)
kolonu kullanilmis ve kolon sicakligt 40°C olarak
ayarlanmistir. Standart olarak laktik, asetik, sitrik,
propiyonik, okzalik, tartarik ve formik asit
kullanilarak kalibrasyon yapilmustir.

Tursu  Orneklerinden  Laktik  Asit
Bakterilerinin Izolasyonu ve Tanimlanmast
Laktobasillerin izolasyonn

Tursu Orneklerinden LLAB tlrlerini izole etmek
amaci ile 6rneklerden 10 gram steril stomacher
posetlerine tartilip 90 mL steril fizyolojik tuzlu su
cozeltisi ilave edilerek homojenize edilmistir.
Daha sonra o6rneklerden seri  dilisyonlar
hazirlanmustir. Laktobasil titlerinin  izolasyonu
igin 102, 103 ve 10+ dilisyonlardan MRS agara
yayma yontemi ile ekim yapilip petri plakalars
37°C de 48 saat aerobik ortamda inkiibe
edilmistir. Inkiibasyon sonunda kati besiyeri
ortaminda gelisen morfolojik olarak farkli olan
koloniler secilip MRS agar ortamina cizilerek
saflastirilmistir. Tzole edilip saflastirilan kiiltiirler
ilgili sivi besi ortaminda gelistirilerek  stok
soltsyonlart sonraki analizlerde kullanilmak tizere
%40’Lik gliserol kullamilarak hazirlanmp -80° C’de
depolanmustir.

Genomik DNA izolasyonn

Izole edilen ve saflastirilan kiiltiiflerden DNA
izolasyonu fenol:kloroform:izoamil alkol
kullanilarak gerceklestirilmistir. Bu metod ile bazt
izolatlarda sonu¢ altnamamis olup gerekli
gorildigi  durumlarda  DNA  izolasyonu
Genomik DNA Ekstraksiyon Kiti (Invitrogen,
ABD) kullanilarak gerceklestirilmistir.

Fenol:kloroform:izoamil  alkol ile = DNA
izolasyonu icin stvi kiltiir ortaminda bir gece
gelistirilmis kiltiirden eppendorf tiipl icerisine 1
mL alinarak 10 dakika 8000Xg de santrifiij islemi
ile bakteri hiicreleri bir araya toplanmustir. Ttapteki
stipernatant uzaklastirildiktan sonra bir araya
toplanan hicrelerin tzerine 450 pl. TE (Tris
EDTA) tamponundan ilave edilip hafif bir
karistirma  ile hicrelerin  tampon  igerisinde
stispanse olmast saglanmustir. Stspanse edilen
hicrelere 50 pL %10’ luk SDS (Sodyum dodesil
stlfat) ve 2 pl. Proteinaz K ilave edilip iyice
vortekslendikten  sonra  37°C’de 1 saat
inkiibasyona birakilmustir. Inkiibasyon sonunda

0.5 mL fenol:kloroform:izoamil alkol (25:24:1)
karisimindan  ilave edilip tipler bas asagt
cevrilerek iyice karstirilmis ve 5 dakika oda
sicakhiginda inkiibe edilmistir. Tcerik 4°C’de 10
dakika 7000Xg de santrifiijlendikten sonra elde
edilen stpernatant benzeri yiksek viskoziteli jel
otomatik pipet kullanilarak toplanip yeni bir tiipe
aktarilmistir. Islem fenol-kloroform-izoamil alkol
karisimi ile bir kez daha tekrarlanip olusan
stpernatant benzeri ylksek viskoziteli jel yeni bir
tipte toplanmistir. 5M’lik sodyum asetattan 50 ulL
igerige ilave edilip hafifce karistirilmistir. Igerige 1
mL izopropanol ilave edilerek ¢ken DNA’nin
beyaz iplikgikleri olusana kadar ters-diiz edilerek
hafifce karistirlmustir. Icerik 3000xg de 10 dakika
santrifijlendikten sonra stipernatant uzaklagtirilip,
elde edilen pellet tizerine 0.5 mL %70’lik etanol
lave edilip hafif karstirildiktan sonra icerik
3000Xg de 10 dakika santrifiijlenmistir.
Stipernatant uzaklastirildiktan sonra kalan etanola
uzaklagtirmak icin icerik 37°C’de 5-10 dakika
bekletilmis ardindan elde edilen DNA 100 uL
distile su ilave edilerek stspanse edilmistir.

rep-PCR analizi ile genotipik karakterizasyon

Izole edilen ve saflastirlan kiltirlerin  farkls
suslara ait olup olmadigini belirlemek icin rep-
PCR (repetitive element palindromic PCR) analizi
yapilmustir. rep-PCR analizi i¢in daha 6nce bu
kapsamda tanimlanmis olan GTG5 primeri (5-
GTGGTGGTGGTGGTG-3) kullanilmistir. Bu
amag¢ icin hazirlanan PCR karisimi ve rep-PCR
sartlart daha Onceki calisma gibi uygulanmistir
(Dertli vd., 2016).

168 rRINA bilgesinin PCK ile amplifikasyonu
rep-PCR islemini takiben secilen farkli kolonilere
16S PCR islemi uygulanmistir. 16S geninin
ampilifikasyonu AMP_F (5-
GAGAGTTTGATYCTGGCTCAG-3) ve
AMP_R (5- AAGGAGGTGATCCARCCGCA-
3’) primer ¢ifti kullanilarak gerceklestirilmistir.
PCR islemi icin; ekstrakte edilen DNA larin 1
ul’si DNA Polimeraz ile yiiritiilen PCR da DNA
sablonu  olarak  kullanilmistir. Bu amagla
hazirlanan PCR karisimi ve PCR sartlari daha
onceki ¢alisma gibi uygulanmistr (Dertli vd.,
2010).
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PCR iriinlerinin jel elektroforezi ile kontroli icin
konsantrasyonu %1 olan agaroz jeli 0.5X Tris
borat EDTA (TBE) tamponu kullanilarak
hazirlanmistir. PCR drintinden 10 pl. alinarak
agaroz jeldeki kuyucuklara yiklenmis ve TBE
tamponu kullanilarak 100 V da 50 dk elektroforez
islemine birakilmistir. Elektroforez isleminin
ardindan jeller 1 mg/L'lik etidyum bromid
(Thermo Fisher Scientific, ABD) ¢6zeltisi
igerisinde 30 dk bekletilerek jelde ytikli olan DNA
parcactklarinin boyanmast i¢in beklenmistir. Bu
islemin ardindan jeller deiyonize su igerisinde kisa
stire tutularak  durulandiktan  sonra UV
Transilluminatér (Cleaver Scientific, Ingiltere)
kullanilarak UV 1sik altinda gorintiilenmistir.
GeneRuler 1 kb DNA Ladder (Thermo Fisher
Scientific, ABD) her elektroforetik jelde DNA
boyutlayicisi olarak kullanilmistir.

Dizi analizi

Amplifikasyonu takiben saflagtirilan 16S rRNA
genine ait PCR drinlerinin  sekans analizi
tlkemizde dizileme analizi konusunda hizmet
veren Medsantek firmasindan (Istanbul, Tiirkiye)
hizmet alimt ile gerceklestirilmistir. Elde edilen
sekanslar, %99-100 benzerlik kriteri ile BLAST
algoritmasi kullanilarak hizalanmis ve boylelikle
suslar tanimlanmustir. Sekans datalart NCBI veri

sistemine submit edilmis olup submission
numaralart  OQ428838;00Q428858  arasinda
degismektedir. Tanimlanan suglarin  evrimsel

iliskilerini, aralarindaki genom benzerliklerini veya
farkliliklarini  ortaya koymak icin filogenetik
analizleri MEGAX paket programi kullanilarak
yapilmis ve filogenetik aga¢ olusturulmustur
(Kumar vd., 2018). Bu baglamda filogenetik
agaclar 1000 tekrarli Gzyiikleme ile neighbour-
joining (NJ) metodu kullanilarak olusturulmustur
(Saitou ve Nei, 1987; Tamura vd., 2004).
Izolatlarin Ozelliklerinin
Belirlenmesi

Suglarm diisiik pH ve safra tuzlarma kars: direncinin
belirlenmesi

Secilen farkli LAB tirlerinin distik pH ve safra
tuzlarina karst direncinin degerlendirilmesi icin
izolatlar MRS besiyeri kullanilarak gelistirilmistir.
Ardindan kiltirler %0.85’lik steril fizyolojik tuzlu
su ile iki kez ytkanarak yogunluklart ODgp nm de

Fonksiyonel

~ T’e ayarlanmistir. Kontrol amaclt pH ayarlamasi
yapilmadan ve safra tuzu ilave edilmeden kiltiirler
MRS ortamina %1 oraninda inokile edilmistir.
Ayni sekilde %0.3 (w/v) safta tuzu (Biolife, Ttalya)
iceren ve 1M HCI ile pH #4’e ayarlanmis MRS
besiyeri ortamlarina kiltirlerden %1 olacak
sckilde inokule edilerek 37°C’de inkiibasyona
birakilmustir. Kaltiirlerin gelisimleri her dort saatte
bir 24 saat boyunca spektrofotometre kullanilarak
ODgoo nm de dl¢iilmiistiir (Ispitli vd., 2015).

Llgili tiirlerin hidrofobisite niteliklerinin belirlenmesi
Secilen tiirlerde tutunma analizi Sagdic vd.,
(2014)’nin  yapmis olduklart metoda gore
gerceklestirilmistir. Bu amac¢ ic¢in gelistirilen
kultirler, santriftj (1200xg, 4°C, 10 dk) islemi
uygulandiktan sonra 50 mM K;HPO4 (pH 6.5) ile
iki kez yitkanmis ve ardindan ayni tampon
cozeltide  stispanse  edilmistir.  Izolatlarin
yogunlugu OD590 nm’de yaklasik olarak 1’e
ayarlanmis ve deney tlpleri igerine 3 mL
bakteriyel stispansiyon ve 0.6 mL n-hekzadekan
ilave edilmistir. Takiben karisim 120 saniye
vortekslenmis ve daha sonra faz ayrismast icin
hareket ettirmeden 20 dk boyunca 37°C inkibe
edilmistir. Inkiibasyon sonrasi alt faz (sulu)
dikkatlice alintp OD560 nm’de 6l¢tim yapilmustir.
% Adezyon asagida verilen formil kullanilarak
hesaplanmistir.

% Adezyon = [(A—A)/Ag]100,

Ay 6lcimden 6nceki baslangic OD degeri

A ise 20 dk’lik inkiibasyondan sonraki OD degeri

Llgili tiirlerin antibiyotik hassasivetlerinin belirlenmesi

Secilen LAB tirlerinde antibiyogram  testi
antibiyotik  diftizyon  diskleri  kullanilarak
gerceklestirilmistir. Bu amag igin Ispirli vd.,
(2015 nin  belirttizi metot kullanidmustir. Tlgili
besiyetlerinde  aktiflestirilen  bakteriler 107
kob/mlL olacak sekilde ayarlanmis ve takiben 100
pL almarak MRS agar tizerine yayma yontemi ile

ekilmistir. ~ Ardindan  antibiyotik  diskler
(Streptomisin, Penisilin, Kanamisin,
Kloramfenikol, Eritromisin, Tetrasiklin,

Oksitetrasiklin, Ampisilin) (Bioanalyse, Tirkiye)
agar tzerine yerlestirilmis ve petriler 37°C’de 24
saat inkiibasyona birakilmistir.  Inkiibasyon
sonunda olusan inhibisyon zonlart kaydedilerek
izolatlarin antibiyotik hassasiyetleri belirlenmistir.
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Izolatlarin antifungal aktivitelerinin belirlenmesi
Secilen izolatlarinin antifungal aktiviteleri gida
givenligi acisindan OSnem  tastyan _Alternaria
alternata, Aspergillus niger ve Penicillium chrysogenum
test kiflerine karst test edilmis olup (Bhunia,
2018) ilgili test kiifleri Yildiz Teknik Universitesi
Gida Mithendisligi Bolimu kltir
koleksiyonundan temin edilmistir. Antifungal
etkinin belirlenmesi amactyla 6ncelikle test edilen
kifler PDA besiyerinde 25-30°C de 5-7 gin
boyunca gelistirilmis ve kif sporlart 1x100
spor/mL  olmak kosulu ile hasat islemi
gerceklestirilmistir. Secilen LAB izolatlart MRS
agar besiyerine 10 pllik G¢ kopya halinde nokta
ekim yontemi ile ekilmis ve 37°C’de 48 saat
boyunca  aerobik  sartlarda  inkiibasyona
birakidmistir. LAB suglarinin gelisimini takiben
petrilerin tizerine 1X106 spor/ml. fungus icerecek
sekilde PDA soft agar (%0.8 agar) eklenmistir.
Takiben petriler aerobik kosullar altnda 30°C’de
48 saat boyunca inkiibe edilmis ve kiiflerde olusan
inhibisyon zonu OJl¢ilmustir (Demirbas vd.,
2017). Inhibisyon zonu inhibisyon olusan alanin
total ekim yapilan petri alanina bélinmesi ile elde
edilmistir. Sonuc olarak tursu izolatlarinin kufler
tizerindeki etkisi — inhibisyon yok, + petri alaninin
%0.1~3"inde fungal gelisim yok, ++ petri
alaninin %3~8’inde fungal gelisim yok ve +++
petri alaninin %8~12’sinde fungal gelisim yok ve
++++ petri alaninin >%712’sinde fungal gelisim
yok seklinde belitlenmistir  (Magnusson ve
Schnurer, 2001). Kiflere karst etkinin
bakteriyosin benzeri maddelere ilaveten laktik-
asetik  asit gibi ¢esiti son  irinlerden
kaynaklanabilecegi distintlmis dolayistyla bu
islemler bakterilerin kendisi ile yurtitilmustiir.

Izolatlarin antibakteriyel aktivitelerinin belirlenmesi

Secilen LAB tirlerinin antibakteriyel
aktivitelerinin belirlenmesi amaciyla ilgili izolatlar
Staphylococcus anreus ATCC 29213, Bacillus cerens
ATCC 11778, Escherichia coli ATCC 25922 ve
Salmonella  typbimurinm  RSSK 95091  patojen
tiirlerine karsi test edilmistir. Tlgili patojen tiirler
TSB besiyeti icinde 37°C’de gelistirilerek analiz
icin hazir hale getirilmistir. LAB suslarinin
antibakteriyel etkisinin belirlenmesi i¢in agar
noktalama testi kullanilmis olup izolatlar 37°C’de
18-24 saat MRS besiyeri ortaminda gelistirildikten
sonra, MRS agar ortamina, bir petride 2 farkli sug

olacak sekilde nokta ekim yapilip 37°C’de 24 saat
streyle inktbasyona birakilmistir. TSB
ortaminda gelistirilen patojen bakteriler %0.8
oraninda agar iceren 10 mL yumusak agar (TSB)
ortamina inokile edilerek, nokta ekim yapilan
MRS agar plaklarinin tizerine ikinci tabaka halinde
dokilmis ve homojen bir sekilde yayilmustir.
Daha sonra bu ortamlar patojen bakterilerin
gelisimi icin 37°C’de 18-24 saat inkibasyona
birakilmistir. Bu stire sonunda, izolatlarin patojen
bakterilere karst olusturduklart inhibisyon zonlart
incelenmistir (Hwanhlem vd., 2011).

Nt

LAB suglarmm GABA iiretim seviyelerinin HPL.C ile
belirlenmesi

LAB suslarinin  GABA iretim potansiyelleri
Villegas vd., (2016) tarafindan ifade edildigi
sekilde belitflenmistir. Bu amacla tim suslar 53
mM MSG iceren MRS stvt besiyeri ortamlarinda
30°C'de 96 saat inkibasyona birakidmistir.
Inkiibasyonun tamamlanmasinin ardindan kiiltir
stpernatantlart 6000Xg'de 15 dakika santriftj
islemi ile toplanmis ve suslarin GABA iretim
seviyeleri HPLC (Schimadzu CBM-20A, Japonya)
ile belitlenmistir. Kdaltir —stpernatantlarinda
bulunan GABA’nin HPLC ile tespit edilebilmesi
icin supernatantlar tiirevlendirme islemine tabi
tutularak analiz i¢in hazir hale getirilmistir.
Turevlendirme islemi icin 100 pl.  kultar
sUipernatantt  almarak  Uzerine aseton ile
hazirlanmis 50 mg/mlI’lik konsantrasyona sahip
dansil klorid ¢6zeltisinden 100 pl, 0.2 M Sodyum
borat:NaOH ¢6zeltisinden (pH 9.0) 800 uL ilave
edilmis ve homojen c¢ozelti olusturmak icin
vorteks yardimi ile karstirdmistir. Elde edilen
¢ozelti ultrasonik banyoda 40°C'de 30 dk
inkiibasyona tabi tutulmus ve ardindan 12000
rpm’de 10 dk santrifiij islemi uygulanarak ortamda
bulunabilecek safsizliklar cokturulmustir.
Santrifij  islemi  sonucunda elde edilen
slpernatanta esit hacimde metanol ilave edilmis
ve sonrasinda Ornekler 0.22 um filtreden
gecirilerek  HPLC  viallerine  aktarilmistir.
Tturevlendirilen 6rneklerin HPLC’de analizi icin
mobil faz olarak Solvent A (6.25 ml. CH3COOH,
1.97 g CH3COONa, 200 mL. CH3CN, son hacim
saf su ile 1 L ye tamamlanmistir) ve Solvent B
(Asetonitril) gradient akis esliginde 1:1 oraninda
kullanilmustir. Mobil faz akis hizt 1 ml./dk olarak,
cihaza enjekte edilen 6rnek miktart ise 1 ul. olacak
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sekilde ayarlanmistir. GABA’nin tespiti FLD
(Fluorescence Detector) detektérde (Shimadzu
RF-20A, Japonya) 295 nm ve 500 nm dalga
boyunda gerceklestirilmistir. Analiz icin Inertsil
ODS-3 C18 (250 x 4.6 mm 5 pum, Japonya) kolonu
kullanllmis  olup  kolon  sicakligt  25°C’ye
sabitlenmistir. ~ Kuiltlir  stipernatantlarindaki
GABA seviyeleri, belirtilen HPLC sartlarinda
ticari bir GABA standardi (Sigma-Aldrich,
Almanya) kullanilarak olusturulan kalibrasyon
egrisi kullanilarak belirlenmistir.

SONUC VE TARTISMA

Tursu Orneklerinin Bazi Kimyasal Analiz
Sonuglari

Toplanan farkli sebze ve meyve tursularinin pH,
organik asit ve seker igerigi belirlenmis olup elde
edilen sonuglart Cizelge 2’de verilmistir. Elde
edilen sonuclardaki degiskenligin tursularin
olgunluk dutzeyindeki farkliliklardan ve farkls
meyve ve sebze iceriklerinden kaynakli oldugu
dustinilmektedir.

Cizelge 2. Tursu 6rneklerinin pH, organik asit ve seker icerigi
Table 2. pH, organic acid and sugar content of pickle samples

Organik Asit (mg/kg)

Seker (mg/mlL)

Organic Acid Sugar
N Tursu ¢esidi H Laktik asit Asetik asit Glukoz Fruktoz
©  Pickle variety P Lactic acid Acetic acid Glucose Fructose

1 Salamura fasulye yapragt 479 10452.292 3257.550 3.156 2.745
Pickled bean leaves

2 Fasulye turgusu 3.00 10132.573 2202.325 - -
Bean pickle

3 Fasulye turgusu 2.99 10344.677 2747.856 - -
Bean pickle
Paz1 tursusu

4 Chard pikle 312 5474.276 2027.272 - -

5 Lahana tursusu 3.07 8675.182 3076.300 - -
Sauerkraut

6 Fasulye turgusu 3.29 8171.024 20242348 - -
Bean pickle
Karnabahar tursusu

7 Canflower pickl 6.67 7044.100 1923.009 - -
Kirmizi pancar tursusu

8 PO 3.76 1655.532 923.802 11.774 12.383

9 Brokoli tursusu 3.07 11230.529 5528.345 2911 1.613
Broceoli pickle
Yabani armut tursusu

LU d ear 3.50 2404117 2187.815 14.457 45.946
Dereotlu karigik tursu

1 I ik 2.97 8915.247 6207.088 - -

1p  Biber tursusu 3.45 5478.982 12404.042 : -
Pickled peppers

13  Fasulye tursusu 3.22 9920.611 529.838 - :
Bean pickle
Salatalik tursusu

I 313 720.622 1266.921 - .

15 ~ Lahanatursusu 3.74 4891.030 3343.721 : .
Saunerkrant
Karagik tursu

16 Mived pickl 319 312,525 1312.101 - :

17~ Algsirkesi 3.06 2217.125 9365.789 . .
Hawthorn vinegar

-: Tespit edilmedi
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Cizelge 2’den de goriilecegi tizere farkl bitkisel
materyallerden dretilmis geleneksel tursularin
pH’lart agirliklt olarak pH 3 civarinda bulurken,
karnabahar ve salamura yapraglt tursusunun
pH’lar1 sirasiyla 6.67 ve 4.79 olarak kaydedilmistir.
Tursu Orneklerinin  pH  degerleri  kullanilan
sebzenin turl, spontan gelisen mikroflora,
fermantasyon stresi gibi faktorlere baglt olarak
degismekle birlikte elde ettigimiz sonuglar
literatiir  verileri ile uyum  gostermektedir
(Aljahani, 2020; Cetin, 2011; Karasu, 2000;
Tokath vd., 2019). Benzer olarak tursu
Orneklerinin laktik asit ve asetik asit icerikleri de
olduk¢a degisken bir profil seklinde meydana
gelmistir. Tursu fermantasyon slireci hem
homofermantatif hem de heterofermantatif LAB
suslart tarafindan  yonlendirildigi icin  farkls
oranlarda laktik asit ve asetik asit oranlarinin
bulunmast beklenen bir sonuctur. Bununla
birlikte laktik ve asetik asit bulunma orant
acisindan  Ornekler arasinda  gbzlenen genis
yelpaze, fermantasyonu yiriiten mikrofloranin
biyokimyasal niteliklerinin bir yansimasi olarak
goriilebilir (Moon vd., 2018). Onemli olarak bazt
tursu 6rneklerinde bulunan laktik asit ve asetik asit
miktarlart daha 6nce yapilan bir calismada secilmis
kiltirler ile tretilen tursu 6rneklerinin 6. ayinda
bulunan laktik asit ve asetik asit oranlarina benzer
degerlerde kaydedilmistir (Tokatlt vd., 2019).

Bununla birlikte spontan fermantasyondan
kaynakhh diisik miktarlarda laktik-asetik asit
tretimi,  geleneksel  tursu  Orneklerinde

gbzlenmistir (Cizelge 2). Benzer sonuglar Yuliana
vd. (2013) tarafindan yapilan c¢alisma sonucunda
da elde edilmis olup spontan fermantasyon ile
tretilen tursu 6rneginde toplam laktik asit miktart
LAB ilavesi ile tretilen tursu 6rnegine gére gore
oldukca dusik bulunmustur. LAB ilavesinin laktik
ve gesitli organik asitlerin yant sira diger cesitli
metabolitlerin dretimi ile ham maddede hizli bir
asit birikimine neden oldugu ifade edilmistir
(Yuliana vd., 2013). Son olarak geleneksel tursu
Orneklerinde fermantasyon ortaminda kalan
glukoz ve fruktoz miktart tespit edilmis ve 17
ornekten sadece 4 adet tursu 6rneginde glukoz ve
fruktoz strastyla 2.91-14.45 ve 1.61-45.9 mg/mL
oranlarinda tespit edilmistir ve yiksek fruktoz
diizeyi armut meyvesi bazli tursu Orneginde
gbzlenmistir. Daha 6nce gergeklestirilen bir

calismada ise starter ile Uretilen tursu 6rneklerinde
6. ayin sonunda Orneklerde kalan glukoz ve
fruktoz miktarlart sirastyla 4.4-7.4 ve 0.2-2.1
mg/ml araliginda bulunmustur (Tokatlt vd.,
2019). Elde edilen bu sonuclar literatiir ile
uyumluluk gésterse de test edilen parametrelerin
tursu c¢esidine baglt olarak olduk¢a degiskenlik
gOstermesi tursu fermantasyonu siirecinin ¢ok
faktorli olduk¢a dinamik bir siire¢ oldugunu
gOstermesi bakimindan 6nem arz etmektedir.

Tursu Orneklerinden Izole Edilen Kiiltiirlerin

rep-PCR Analizi ile Genotipik
Karakterizasyonu

Toplanan 17 adet tursu Orneginden MRS
besiyerine ekim yapilarak toplamda farkls

olabilecegi distiniilen 47 koloni izole edilerek
saflastirilmis ve gliserol stoga alinmistir. Tursu
orneklerinden izole edilen suslarin genotipik
ayriminin  gerceklestirilmesi amactyla rep-PCR
analizi gerceklestirilmistir. Genotipik
karakterizasyon metodu olarak secilen bu islemde
GTG5 primeri kullandmistir (Dertli vd., 2016).
Sekil 1 izolatlarin rep-PCR tiplendirmesine esas
Ornek agaroz jel gbruntlsiini géstermektedir.

Sekil 1°den de goriilecegi tizere tursu izolatlarinin
genotipik ayrimi GTG primeri kullaniarak rep-
PCR islemi ile basarilt bir sekilde gerceklestirilmis
ve farkli oldugu distunilen 21 sus bir sonraki
basamak olan tanimlama islemi icin secilmistir.
Izolatlarin 16S rRNA Genlerinin
Tanimlanmasi

rep-PCR sonucu farkli oldugu diistintilerek segilen
21 izolatda 16S rRNA geni ampilifiye edilmis
(Sekil 2) ve hizmet alimi ile sekans analizi
gerceklestirilmistir. Sekans isleminin ardindan
sonuclar BLAST (http://goo.gl/lohXcq) veya
Ribosomal database project
(http://goo.gl/8OILPU) veri banklarinda meveut
tiirler ile karsilastirilarak ilgili izolatlarin hangi tiire
ait oldugu belirlenmistir. Izolatlarin 16S rRNA
dizilerin NCBI veritabanina yiiklenmis olup
erisim numaralart Ek Dosya 1°de verilmistir.
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Sekil 1. Tursu izolatlarinin GT'G5 profillerini gdsteren 6rnek bir agaroz (%01) jel gbriintiisii:
Figure 1. An exemplary agarose (1%) gel image showing GTGS profiles of pickle isolates:
Levilactobacillus brevis (85), Furfurilactobacillus rossiae (89), Lactiplantibacillus plantarum (86, 87, 93A, 93B, 98,
99, 100B), Pediococcus parvnlus (102)

) e G 3 -

Sekil 2. Tursu izolatlarinin 16S profillerini gésteren agaroz (%o1) jel gériintiisii
Figure 2. Agarose (1%) gel image showing 165 profiles of pickle isolates

Genotipik karakterizasyon ve takiben tanimlama
islemlerinin ardindan toplanan tursu 6rneklerinde
9 farkli LAB tirtine ait 21 susun bulundugu
saptanmistir. Cizelge 3’de tanimlanan suslar ve bu
suslarin  izole  edildigi  tursu  Orneklerini
gostermektedir.

Sekil 3 tursu izolatlarinin MEGAX hizalanmasini
gostermektedir. Sekilden de gorilecegi tzere
Lactiplantibacillus  plantarum, 1Levilactobacillus brevis,
Furfurilactobacillus  rossiae, — Pediococcus — parvulus,
Lacticaseibacillus paracasei, Lentilactobacillus buchners,
Lentilactobacillus diolivorans, Enterococcus faecinm ve

Lenconostoc mesenteroides suslart basarilt bir sekilde
farkli gruplari olusturmustur.

Lactiplantibacillus plantarum suslart farklt ortamlarda
bulunsalar da genel olarak tursularda en fazla
bulunan LAB tirleri arasinda bulunmaktadirlar
(Mao vd., 2021). Benzer olarak ILevilactobacillus
brevis suglart da farkli tursu ortamlarinda bulunan
ve Ozellikle GABA dtretimi acisindan 6n plana
ctkan bir tirdir (Jin vd., 2023). Furfurilactobacillus
rossia¢de  Ozellikle fermente meyve temelli
triinlerde bulunmakta olup (Di Cagno vd., 2013)
calismamiz kapsaminda karisik tursudan izole
edilmistir. Ote yandan farkli tursu érneklerinden
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izole edilen Pediococcus parvulus, Lacticaseibacillus
paracasei, Lentilactobacillus buchneri, 1entilactobacillus
diolivorans, Enterococcus faecium titlerinin de farklt
orijinli tursu Orneklerinde bulunabildigi daha
onceki caligmalar kapsaminda  gOsterilmistir
(Bagder wvd., 2015; Di Biase vd., 2022;
Jonganurakkun vd., 2008; Xiong vd., 2012).
Onemli olarak Iexconostoc mesentervides susu bu
calisma  kapsaminda fermente bir meyve

tursusundan izole edilmis olup daha 6nceki
calismalarda da bu tiriin meyve tursularinda
onemli bir kiiltiir oldugu gésterilmistir (Chen vd.,
2013). Sonug¢ olarak bu calisma kapsaminda
oldukca fazla sayida LAB tird geleneksel
tursularimizdan izole edilmis olup elde ettigimiz
sonuglar geleneksel tursularimizda bulunan LAB
cesitliligini géstermesi bakimindan olduk¢a 6nem
arz etmektedir.

Cizelge 3. Izolatlarinin tursu 6rneklerindeki dagilimi
Table 3. Distribution of isolates in pickle samples

Tanimlama sonucu
Ldentification result

Izole edildigi kaynalk
Source isolated

Enterococcus faecinm VB3
Lentilactobacillus buchneri VB8
Lacticaseibacillus paracasei VB9
Lentilactobacillus diolivorans VB10
Lactiplantibacillus plantarum VB11
Pediococcus parvulus VB12
Levilactobacillus brevis VB13
Lentilactobacillus diolivorans VB16B
Lactiplantibacillus plantarum NB22
Levilactobacillus brevis VB25
Lactiplantibacillus plantarum VB29
Levilactobacillus brevis VB35
Leuconostoc mesenteroides VB36
Lactiplantibacillus plantarum VB38
Levilactobacillus brevis VB50
Lactiplantibacillus plantarum VBG67
Levilactobacillus brevis VBT1
Lactiplantibacillus plantarum VB8
Levilactobacillus brevis VB82
Furfurilactobacillus rossiae VB89
Lactiplantibacillus plantarum VB9

Salamura fasulye yaprag Pickled bean leaves
Fasulye tursusu Bean pickle

Fasulye tursusu Bean pickle

Fasulye tursusu Bean pickle

Pazt tursusu Chard pickle

Pazt tursusu Chard pickle

Pazt tursusu Chard pickle

Lahana tursusu Sauerkrant

Fasulye tursusu Bean pickle
Karnabahar tursusu Cauliflower pickle
Kirmizi pancar tursusu Pickled red beetroot
Brokoli tursusu Broccoli pickle

Yabani armut tursusu Piuckled wild pear
Dereotlu karisik tursu Mixed dill pickle
Biber tursusu Pickled peppers

Fasulye tursusu Bean pickle

Fasulye tursusu Bean pickle

Salatalik tursusu Pickled cucumber
Lahana tursusu Sauerkrant

Karsik tursu Mixed pickle

Alig sitkesi Hawthorn vinegar

Disiik pH ve Safra Tuzlarina Kars1 Direncin
Belirlenmesi

Tiketici  beklentisi  ve bilimsel calismalar
cercevesinde tursu izolatlarinin fermantasyonu
gerceklestirmek yaninda en 6nemli 6zelliklerinin
basinda probiyotik nitelikleri gelmektedir. Bu
kapsamda izole ettigimiz LAB suslarinin 6n

probiyotik degerlendirmeleri safra tuzuna ve
dustik pH’ya go6sterdikleri direng Olctilerek
gerceklestirilmistir. Cizelge 4’den de goriilecegi
lizere tursu izolatlarinin safra tuzu ve diguk pH
canliliklart strastyla %13.01-65.18 ve %0.54-35.88
arasinda gézlenmis olup oldukca genis bir aralik
olacak sekilde ilgili 6zellikleri 6l¢tlmustiir.
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Lactiplantibacillus plantarum VB-22

Lactiplantibacillus plantarum VB-78

Lactiplantibacillus plantarum VB-11

Lactiplantibacillus plantarum VB-99

Lactiplantibacillus plantarum VB-29

Lactiplantibacillus plantarum VB-67

Lactiplantibacillus plantarum VB-38

Levilactobacillus brevis VB-82

Levilactobacillus brevis VB-13

Levilactobacillus brevis VB-35

Levilactobacillus brevis VB-71

Levilactobacillus brevis VB-25

Levilactobacillus brevis VB-50

Furfurilactobacillus rossiae VB-89

Pediococcus parvulus VB-12

Lacticaseibacillus paracasei VB-9

Lentilactobacillus buchneri VB-8

’, Lentilactobacillus diclivorans VB-10

Lentilactobacillus diclivorans WB-16B

Enterococcus faecium VB-3

Leuconostoc mesenteroides VB-36

0.0zo

Sekil 3. Tursu izolatlarinin filogenetik iliskisini gosteren dendogram.
Figure 3. Dendogram showing the phylogenetic relationship of the pickle isolates.

Onceki ¢alismalara da paralel olmak iizere (Cetin,
2011; Suzuki vd., 2014; Tokath vd., 2015; Wang
vd., 2010) geleneksel tursu izolatlarimizdan 6n
probiyotik nitelikleri kapsaminda 6ne ¢tkan suslar
Lactiplantibacillus — plantarum ~ (VB11-VB22)  ve

Levilactobacillus  brevis (VB13 — VB82) suslari
olmustur. One c¢ikan suslarin safra tuzlart ve
dusiik pH acisindan canlilik degerleri 6nceki
calismalar ile uyumluluk sergilemektedir (Tokatlt
vd., 2015; Wang vd., 2010).
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LAB Tirlerinin Hidrofobisite Nitelikleri

Calisma kapsaminda tanimladigimiz  suslarin
potansiyel probiyotik niteliklerini agiga ¢ikarmak
icin hidrofobisite 6zellikleri test edilmis ve elde
edilen sonuclar Cizelge 4’de verilmistir.
Cizelgeden de goriilecegi lizere tursu izolatlarinin
% hidrofobisite degetleri % 4.22- % 92.89
degerleri arasinda Sl¢tlmustir. Canlilik acisindan
6n plana ¢ikan suslardan Szellikle Levilactobacillus
brevis  (VB13—VB82) suslariin  hidrofobisite
degerleri oldukca  yuksek bulunurken,

Lactiplantibacillus — plantarum (VB11-VB22)
suslarinin tutunma ytizdeleri de %50’nin tizerinde
Olcilmustir. Bununla birlikte tutunma acisindan
bu suslara kiyasla daha ylksek citkan izolatlar da
mevcuttur.  Genel olarak elde  ettigimiz
hidrofobisite degerleri literatiir ile uyumlu olup
(Tokatli vd., 2015) canlilik degerleri agisindan 6ne
ctkan suglarin aynt zamanda yiiksek hidrofobisite
degerlerine sahip olmast probiyotik
potansiyellerini gbstermesi bakimindan énem arz
etmektedir.

Cizelge 4. Tursu izolatlarinin safra asitleri ve dustik pH’da canlilik, hidrofobisite (Adezyon %) oranlari
ve GABA tretim yetenekleri

Table 4. Bile acids and low pH viability, hydrophobicity (Adbesion %) rates and GABA production capabilities of

pickle isolates
Safra tuzu pH 4
%o (;anllllk) (% Canlilik) Adezygn (%) GABA
Bile .m/{ (% Vitality) Adbesion (o) (mg/mL)

(%o Vitality)
Ent. faecium VB3 64.4010.00 1.5710.74 4.22+0.57 TE*
Lentilactobacillus buchneri VB8 13.01£5.75  23.581%5.75 66.7319.80  0.398 + 0.09
Lacticaseibacillus paracasei VB9 14.42140.92 4.21+1.15 42.06+3.29 TE
Lentilactobacillus diolivorans VB10 13.2240.26 5.43+3.07 93.80+0.28 TE
Lactiplantibacillus plantarnm VNB11 56.70£7.29  31.53%+2.06 53.891+2.15 TE
Pediococcus parvulus VB12 13.6416.43 3.98%+0.80 6.021+0.06 TE
Levilactobacillus brevis VB13 65.18+1.82  25.62+1.82 82.24+0.42  0.628 = 0.11
Lentilactobacillus diolivorans VB16B 25.96+10.53  4.29+0.32 92.891+0.15 TE
Lactiplantibacillus plantarum NB22 63.88+0.76  25.78%+8.72 54.74+2.37 TE
Levilactobacillus brevis VB25 45161422  11.321+0.87 30.1940.14  0.408 *+ 0.08
Lactiplantibacillus plantarnm NB29 32374350  37.811+5.31 13.05£2.11 TE
Levilactobacillus brevis VB35 19.04£2.33 9.60%0.42 92.421+0.09 TE
Leuconostoc mesenteroides VB36 20.64+12.51 0.54%0.00 3.86+5.47 TE
Lactiplantibacillus plantarnm NB38 34.231+4.49 3.42+0.08 38.50+0.57  0.081 = 0.02
Levilactobacillus brevis VB50 45431848  20.33+0.29 76.54+0.86  0.492 + 0.09
Lactiplantibacillus plantarum NB6T 58.05+1.81 15.02£0.09 37.1912.35 TE
Levilactobacillus brevis VBT1 31.75£3.95  13.55%+0.72 58.50%2.60 0.489 + 0.1
Lactiplantibacillus plantarnm NB78 50.00+0.47 1.5510.31 41.4912.97 TE
Levilactobacillus brevis VB82 62.55+7.20  35.88%+1.71 71.05+6.92  0.454 = 0.08
Furfurilactobacillus rossiae VB89 14.961+0.52 1.48%0.52 70.79£3.73 TE
Lactiplantibacillus plantarum NB99 39.06+3.13  30.42+1.15 69.86+0.56  0.096 + 0.01

TE*: Tespit edilmedi
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LAB Tiirlerinin Antibiyotik Hassasiyetleri

Antibiyotik direnglilik sorunu uluslararasi 6lcekte
o6nemli bir sorun olup Ozellikle probiyotik ve
starter olarak kullanilabilecek suslarin antibiyotik
direnclilik ile ilgili sorun olusturmamasi ve
Ozellikle transfer edilebilir antibiyotik direng
genlerini tasimamast gereckmektedir (Mathur ve
Singh, 2005; Zarzecka vd., 2023). Cizelge 5
geleneksel tursu izolatlarimizin  oksitetrasiklin,
kloramfenikol, streptomisin, penisilin, kanamisin,
eritromisin, tetrasiklin ve ampisilin
antibiyotiklerine  olan  hassasiyet  testinin
sonuglarimi  gbstermektedir. Cizelge 5den de
gOrillecegi  Uzere izolatlar  kanamisin = ve
streptomisin hari¢ yliksek hassasiyet gostermistir
ve bazi antibiyotiklere karsi sus seviyesinde farkl
hassasiyet sonuclart elde edilmistir. Ornegin
Furfurilactobacillus rossiae VB89 ve Lentilactobacilius

diolivorans VB16B oksitetrasikline, Lentilactobacillus
buchneri NB8, Lentilactobacillus diolivorans VB10,
Lentilactobacillus diolivorans VB16B ve
Lactiplantibacillus plantarum VBT8 tetrasikline karst
diren¢ gbstermiglerdir. Daha 6nce  yapilan
calismalarda gelencksel gidalardan izole edilen
farkli  LAB  suglariuin  farkhh  antibiyotik
duyarldiklarinin oldugu ifade edilmistir (Encu vd.,
2022; Kaya vd., 2022; Wang vd., 2010). Onemli
olarak Onceki calismalarda da ILLAB suslarinin
kanamisin ve streptomisine karst oldukea direncli
olduklart not edilmekle bitlikte (Duskova vd.,
2021; Kaya vd., 2022) bu direncin daha igsel
faktotrlere baglt olarak (membran gecirimsizligi)
olusabilecegi 6ne siiriilmistir (Stsepetova vd.,
2017). Sonug olarak geleneksel tursu izolatlarinin
antibiyotik duyarliliklar1 genel itibariyle istenen
nitelikte gézlenmistir.

Cizelge 5. Tursu izolatlarinin farkli antibiyotiklere karst hassasiyetleri
Table 5. Susceptibility of pickle isolates to different antibiotics

Inhibisyon zonu (cm)

Sus . Inhibition zone (cm)

Strain "3 C30 510 K30 TE30 P10 AMI0  E15
VB3 3.01020 281001 - - 261020 28%0.10 34%0.01  3.040.02
VB8 L1£0.10 384010 - - - 341010 3.0£001  3.4+0.10
VB9 3.040.10 301030 - - 314001 331001  3.040.03  3.2+0.10
VBI0 124030 394020 1.6+0.02 - - 254020  3.8+0.10  4.0+0.05
VBI1  15+0.01 29+005 - - 1.8£0.10 25003 344001  2.5+0.20
VB2 131005 32%0.04 - - 1.8£0.05 351001 364020  2.4%0.30
VBI3 16102 284030 - - 144007 184010 324020  2.5%0.04
VBI6B - 294001 1.0£0.10 - - 24+0.01 271001  3.2+0.02
VB22 161001 265004 - - 214001 2310.10 27010  2.2+0.10
VB25 201030 29+0.05 1.0+0.10 - 151020  1.740.03 284001 25%0.01
VB20 131002 25+0.10 - - 2040.04 251020 344001  2.5+0.20
VB35 18+0.10  3.0%001 - - 1.8£0.01 25002 3.6+0.30  2.5+0.05
VB36 241002 34102 14401 104001 23%0.10 32%0.01 28+0.02  2.8+0.20
VB38 16010 294020 - - 161030 26+0.03  3.7+0.10  2.6£0.20
VB50 22004 331005 11+0.04 - 214002 274001 331020  2.6+0.20
VB67 201020 34%0.10 - - 174005  38%0.10 401001  3.4%0.07
VB71 161020 334030 - - 161001 23+0.04 324020  2.8+030
VB78A  1.8£0.01 274001 - - - 224020  32%0.10  2.6+0.04
VB82 124004 32%020 - - 124001 17020  3.0+0.05  2.3%0.30
VB89 - 354001 - - 274010 284001  3.6%030  25+0.01
VB99  1.840.01 284010 - - 174020 2340.02  3.6+0.01  25%0.01

Uygulamada kullanilan antibiyotikler; T: Oxytetracycline (30 ng), C: Chloramphenicol (30 pg), S: Streptomycin (10
pg), K: Kanamycin (30 ug), TE: Tetracycline (30 pg), P: Penicillin G (10 Units), AM: Ampicillin (10 pg), E:
Erythromycin (15 ug), —: Inhibisyon zonu yok. Veriler ortalama * standart sapmadir (n = 3).

Antibiotics used in practice; T: Oxytetracycline (30 ug), C: Chloramphenicol (30 ug), S: Streptomycin (10 ug), K: Kanamycin (30
wg), TE: Tetracycline (30 ug), P: Penicillin G (10 Units), AM : Ampicillin (10 ug), E: Erythromycin (15 ug), —: No inbibition

gone. Data are mean X standard deviation (n = 3).
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Izolatlarin Antifungal Aktiviteleri

Son dénemde starter olarak kullanilabilecek LAB
tirlerinden hem probiyotik  Ozellikler — gibi
fonksiyonel hem de antifungal-antibakteriyel
aktivite gibi ilave teknolojik 6zellikler sergilemesi
beklenmektedir  (Demirbag  vd., 2017). Bu
kapsamda tursu izolatlarinin gida sanayiinde sorun
olusturan ti¢ 6nemli kif tirtine karst antifungal
aktiviteleri karakterize edilmistir. Cizelge 6’dan da
goriilecegl tizere genel itibariyle tursu izolatlari
test edilen kuflere karst glicli antifungal aktivite
sergilemistir. Bununla birlikte test edilen 21 sugtan
7 tanesi A. nigere, 2 tanesi P. chrysogenun’a ve son
olarak 1 tanesi A. alternata’ya karst herhangi bir
antifungal aktivite sergilememistir. Ozellikle 6n
probiyotik  aktivite bakimindan 06ne c¢tkan
Lactiplantibacillus plantarnm (VB11-VB22) suslart

antifungal aktivite acisindan da 6nemli bir aktivite
sergilemislerdir. Daha 6nce fermente driinlerden
izole edilen farkli LAB tirlerinin de 6nemli
antifungal aktivite gosterdikleri farklt calismalar ile
gosterilmistir (Chen vd., 2021; Demirbas vd.,
2017; Sathe wvd., 2007). Bizim c¢alismamizla
uyumlu olarak yeni yapilan bir ¢alismada fermente
zeytinden izole edilen Lactiplantibacilius plantarum
ve Levilactobacillus brevis suslarinin gicli antifungal
aktivite sergiledikleri gésterilmistir (Abouloifa vd.,
2020). Sonu¢ olarak Dbitkisel temelli LAB
izolatlarinin bu kadar yiiksek antifungal aktivite
sergilemesi bu izolatlarin sonraki ¢alismalarda
starter ve biyokoruyucu kiltiir olarak kullanim
potansiyelinin oldukea yitksek oldugunu ortaya
koymaktadir.

Cizelge 6. Tursu izolatlarinin farkl kiiflere karst antifungal aktivitelerinin degerlendirilmesi
Table 6. Evaluation of antifungal activities of pickle isolates against different molds

A. niger P. chrysogenum A. alternata
Enterococcus faecinm VB3 o ++++ RN
Lentilactobacillus buchner: VB8 ++++ +4++ -
Lacticaseibacillus paracasei VB9 +++ ++++ ++++
L entilactobacillus diolivorans VB10 + ++++ 44+
Lactiplantibacillus plantarum VB11 +++ ++++ ++++
Pediococcus parvulus VB12 - . N
Levilactobacillus brevis VB13 + +++ ++++
Lentilactobacillus diolivorans VB16B - ++ ++++
Lactiplantibacillus plantarum NB22 +++ 44+ 444+
Levilactobacillus brevis VB25 ++++ ++++ ++++
Lactiplantibacillus plantarum VB29 +++ ++++ ++++
Levilactobacillus brevis VB35 - ++ +++
Lenconostoc mesenteroides VB36 - + ++
Lactiplantibacillus plantarum VB38 - +4+++ +4++
Levilactobacillus brevis VB50 - - +++
Lactiplantibacillus plantarum VBG67 ++++ ++++ ++++
Levilactobacillus brevis VB71 ++++ +4+++ ++++
Lactiplantibacillus plantarum VBT8 +++ ++++ ++++
1 evilactobacillus brevis VB82 ++ ++++ ++++
Furfurilactobacillus rossiae VB89 +++ ++++ ++++
Lactiplantibacillus plantarum VB9 ++++ ++++ ++++

*— inhibisyon yok, + petri alaninin %0.1~3’tinde fungal gelisim yok, ++ petri alaninin %3~8’inde fungal gelisim
yok, +++ petti alaninin %8~12’sinde fungal gelisim yok ve ++++ petti alaninin >%712’sinde fungal gelisim yok.
*— no inbibition, + no fungal growth in 0.1~3% of petri area, ++ no fungal growth in 3~8% of petri area, +++ no fungal growth
in 8~12% of petri area, and ++~+ + no fungal growth in >12% of the petri area.
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Izolatlarin Antibakteriyel Aktiviteleri

Probiyotik ve teknolojik nitelik acisindan LAB
tirlerinin bir diger fonksiyonu da antibakteriyel
aktiviteleridir ~ (Ispirli ve Dertli, 2021). Bu
kapsamda tursu izolatlarinin  antibakteriyel
aktiviteleri  Staphylococcus — anreus ATCC 29213,
Bacillus cerens ATCC 11778, Escherichia coli ATCC
25922 ve Salmonella  typhimurimm RSSK 95091
suslarina  karst test edilmigtir. Yapilan test
sonucuna gore tursu izolatlarinin tamami test
edilen patojenik bakterilere karst cok glcli
antibakteriyel aktivite gOstermis ve patojen
bakteriler test sirasinda petri kutusunda herhangi
bir gelisim gosterememislerdir. Daha 6nceki
yapilan calismalarda da bazt LAB tiirlerinin
antimikrobiyal uygulamalarinda petri kutusunda
herhangi bir gelismenin gdzlenmedigli rapor
edilmistir (Ispirli ve Dertli, 2021). LAB tirleri ile
yapilan antibakteriyel etkinlik testleri bu etkinin
daha cok sus spesifik sebeplerden kaynaklandigint
ve bu etki gerisinde ilgili suslarin bakteriyosin,
H>O», organik asitler ve postbiyotik olarak son

zamanlarda glindeme gelen toplam diger
metabolitler sebebiyle ortaya ctktiging

gostermektedir (Encu vd., 2022; Ispitli ve Dertli,
2021; Kaya vd., 2022; Todorov vd., 1999).
Ornegin ilging olarak Lactiplantibacillus plantarum
tarafindan dretilen ekstraseliller vezikullerin
antibakteriyel etkinligi oldugu, yine Lexconostoc
mesenteroides, Enterococcus faecinm, Lentilactobacillus
buchneri, Lacticaseibacillus paracasei, Lentilactobacillus
diolivorans, Levilactobacillus brevis ve
Furfurilactobacillus  rossiae ‘nin  bakteriyosin  gibi
bilesenler  Ureterek  antibakteriyel — kapasite
sergiledikleri onceki calismalarda
ortaya konmustur (Amini vd., 2022; Demirbas
vd., 2017; Hassanzadazar vd., 2014; Lee vd., 2021;
Nasiri Moslem vd., 2022; Purutoglu vd., 2020;
Schurr vd., 2015; Yildirim ve Yildirim, 2001).
Sonug olarak tursu izolatlarnin oldukea yiiksek
antibakteriyel aktivite gOstermesi bu suslarin
sonraki stireclerde degerlendirilebilme imkanlarini
gbstermesi  bakimindan olduk¢a 6nemli  bir
husustur.

LAB Suglarinin GABA Uretim Seviyeleri

Son doénemde geleneksel LAB izolatlarinin
teknolojik ve fonksiyonel nitelikleri kapsaminda
tzerinde en fazla durulan konularin basinda

GABA uretimi gelmektedir (Demirbas vd., 2017).
Cizelge 4 tursu izolatlarinin GABA iretim
miktarlarini - gostermektedir. Test edilen 21
izolattan 13’4 GABA  iretim  kabiliyeti
gostermezken diger 8 izolat ise 0.081%+ 0.02 -
0.628 £ 0.11 mg/mL duzeyinde GABA iretimi
gOstermistit. GABA Uretimi gbsteren 8 susun 5
tanesi Levilactobacillus brevis susu olup en yiksek
GABA uretim kapasitesi yine bir Levilactobacillus
brevis susunda gozlenmistir. Elde ettigimiz bu
sonug literatlir ile de uyumlu olup LAB suslart
arasinda en fazla ve yitkksek oranda GABA tretimi
gorilen tirlerin  basinda  Levilactobacillus - brevis
gelmektedir (Demirbas vd., 2017; Villegas vd.,
2016; Wu ve Shah, 2017). Ote yandan
calismamizda en yiksek GABA tretiminin 6n
probiyotik  degerlendirmede de One ¢tkan
Levilactobacillus brevis VB13 susunda gbzlenmesi
ayrica 6nem arz eden bir husustur. Ilerleyen
calismalarda bu sustan GABA Uretim veriminin
yukseltilmesine donik optimizasyon sireclerine
gecilecektir.  Calismamizda GABA  Uretimi
gozlenen diger tltler olan Lentilactobacillus buchneri
ve Lactiplantibacillus plantarup’un farkl suslarinin
GABA uretim kabiliyetinde olduklar1 daha 6nceki
calismalar ile ortaya konmustur (Cho vd., 2007,
Nakatani vd., 2022). Sonu¢ olarak tursu
izolatlarimizin bazilar1 zihinsel fonksiyonlar icin
o6nemli bir bilesen olan GABA tretim kabiliyeti
sergilemisler ve 6n probiyotik testlerde 6ne ¢ikan
Levilactobacillus brevis VB13 susu en yliksek GABA
Uretimini gerceklestirmistir. Geleneksel
uriinlerimizde GABA gibi biyoaktif bilesenleri
uretebilen LLAB suslarinin bulunmasi bu trtunlerin
saglik yarari noktasinda etkinliklerinin daha iyi
irdelenmesine imkan verebilecektir.

SONUC VE ONERILER

Bu calismada geleneksel tursu Srneklerimizden
genotipik ayrim sonucunda 9 farkl tiire ait oldugu
saptanan toplam 21 adet LAB susu izole edilerek
tanimlanmustir. Bu 21 susun potansiyel probiyotik
degerlendirmeleri safra tuzlarina direng, disik
pH’da canhlik ve hidrofobisite testleri ile
gerceklestirilmis olup Levilactobacillus brevis (VB13—
VB82) ve Lactiplantibacillus  plantarnm (NB11—
VB22) suslart probiyotik potansiyelleri agisindan
6n plana ckmistir. Onemli olarak tursu
izolatlarinin antibiyotik direncleri LAB suslarinin
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i¢ faktorlerine bagli olarak direng gosterebildikleri
kanamisin ve streptomisine karst gézlenmis olup
geleneksel izolatlarimizin antibiyotik duyarliliklars
sonraki sireglerde kullanim  potansiyellerini
gostermektedir.  Tursu izolatlarint 6n  plana
ctkartan bir diger nitelikleri de yitksek antifungal
ve antibakteriyel aktiviteleri olmus olup bu
suslarin biyokoruyucu olarak kullanim potansiyeli
oldukga ytiksektir. Son olarak tursu izolatlarinin
GABA iretim potansiyelleri agiga cikarilmis ve

potansiyel ~ probiyotik  kabiliyet  gGsteren
Levilactobacillus  brevis VB13  susunun oldukea
yiksek miktarda GABA iretimi sergiledigi

gOsterilmistir.  Sonuc¢ olarak geleneksel tursu
orneklerimizin yiksek LAB cesitliligi gostermesi
ve bu suslardan bazilarinin driinlere probiyotik
nitelik gibi fonksiyonellik katabilecek 6zelliklere
sahip olmasi bu driinlerden beklenen fonksiyonel
etkinin sebeplerinin anlasilabilmesi adina 6nemli
ctktllardir. Bu suslarin probiyotik etkinliklerini
konu alan ve endustride 6zellikle biyokoruyucu
starter  olarak  kullanimlart ~ noktasindaki
calismalarin 6nlimuzdeki dénemde hizlanacagt
distnilmektedir.

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

YAZARLARIN KATKISI

Calismanin planlamast ve sonuclarin
degerlendirme kistmlar1 iki yazar tarafindan
planlanmigtir.  Hiimeyra Ispirli laboratuvar

calismalarini  yuritmis ve makalenin orijinal
taslagini olusturmustur. Makalenin yazim stireci
ise Hiimeyra Ispirli ve Enes Dertli tarafindan
gerceklestirilmistir.

TESEKKUR

Bu calisma Bayburt Universitesi Bilimsel
Aragtirma  Koordinatrligi (BAP) tarafindan
2021/69001-01-01 nolu proje ile desteklenmistit.

KAYNAKILAR

Abouloifa, H., Rokni, Y. Bellaouchi, R.,
Ghabbour, N., Karboune, S., Brasca, M., Salah, R.
B., Chihib, N. E., Saalaoui, E., Asehraou, A.
(2020). Characterization of Probiotic Properties
of Antifungal Lactobacillus Strains Isolated from

Traditional Fermenting Green Olives. Probiotics
and  Antimicrobial ~ Proteins, 12(2):  683-690,
doi:10.1007/5s12602-019-09543-8.

Aljahani, A. H. (2020). Microbiological and
physicochemical quality of vegetable pickles.
Journal of the Sandi Society of Agricultural Sciences,
19(6): 415-421, doi:https://doi.org/10.1016/
j-jssas.2020.07.001.

Amini, E., Salimi, F., Imanparast, S., Mansour, F.
N. (2022). Isolation and characterization of
exopolysaccharide derived from Lacticaseibacillus
paracasei AS20 (1) with probiotic potential and
evaluation of its antibacterial activity. Letters in
Applied Microbiology, 75(4): 967-981,
doi.org/10.1111/lam.13771.

Bagder Elmaci, S., Tokatl, M., Dursun, D,
Ozgelik, F., Sanlibaba, P. (2015). Phenotypic and
genotypic identification of lactic acid bacteria
isolated from traditional pickles of the Cubuk
region in Turkey. Folia Microbiologica, 60(3): 241-
251, doi:10.1007/s12223-014-0363-x.

Behera, S. S., El Sheikha, A. F., Hammami, R.,
Kumar, A. (2020). Traditionally fermented
pickles: How the microbial diversity associated
with their nutritional and health benefits? Journal
of Functional Foods, 70, 103971,
https://doi.org/10.1016/].jf£.2020.103971.

Bhunia, A.K. (2018). Molds and Mycotoxins. In:
Foodborne Microbial Pathogens, Springer, New York,
NY, pp. 167-174.

Chakraborty, P., Dey, A., Gopalakrishnan, A. V.,
Swati, K., Ojha, S., Prakash, A., Kumar, D,
Ambasta, R. K., Jha, S. K., Dewanjee, S. (2023).
Glutamatergic Neurotransmission: A Potential
Pharmacotherapeutic Target for the Treatment of
Cognitive Disorders. Ageing Research Reviews,
101838, https://doi.org/10.1016/
j.arr.2022.101838.

Chen, O., Hong, Y., Ma, J., Deng, L., Yi, L., Zeng,
K. (2021). Screening lactic acid bacteria from
pickle and cured meat as biocontrol agents of
Penicillinm digitatum on citrus fruit. Biological Control,
158, 104606, https://doi.org/10.1016/
j-biocontrol.2021.104606.



LAB identifikasyonu ve fonksiyonel 6zellikleri

Chen, Y.-s., Wu, H.-c., Pan, S.-f., Lin, B.-g., Lin,
Y.-h.,, Tung, W.-c, Li, Y.-l, Chiang, C.-m.,,
Yanagida, F. (2013). Isolation  and
characterization of lactic acid bacteria from yan-
taozih (pickled peaches) in Taiwan. Aunals of
Microbiology, 63(2): 607-614, DOI 10.1007/
$13213-012-0510-z.

Cho, Y.-R., Chang, J.-Y., Chang, H.-C. (2007).
Production of y—Aminobutyric Acid (GABA) by
Lactobacillus buchneri isolated from Kimchi and its

neuroprotective effect on neuronal cells. Journal of
Microbiology and Biotechnology, 17(1): 104-109.

Coda, R., Rizzello, C. G., Gobbetti, M. (2010).
Use of sourdough fermentation and pseudo-
cereals and leguminous flours for the making of a
functional bread enriched of y-aminobutyric acid
(GABA). International journal of food microbiolgy,
137(2-3):  236-245, https://doi.org/10.1016/
jijfoodmicro.2009.12.010

Cetin, B. (2011). Production of probiotic mixed
pickles (Tursu) and microbiological properties.
African  Journal of Biotechnology, 10(66): 14926-
14931, DOLI: 10.5897/AJB11.2621.

Demirbas, F., 1spirh', H., Kurnaz, A. A., Yilmaz,
M. T., Dertli E. (2017). Antimicrobial and
functional properties of lactic acid bacteria
isolated from sourdoughs. LWT-Food Science and
Technology, 79: 361-366, https://doi.org/10.1016/
jlwt.2017.01.067.

Dertli, E., Mercan, E., Arici, M., Yilmaz, M. T.,
Sagdi¢, O. (2016). Characterisation of lactic acid
bacteria  from  Turkish  sourdough and
determination of their exopolysaccharide (EPS)
production characteristics. LW - Food Science and
Technology, ~ 71:116-124,  doi:doi.org/10.1016/
j.lwt.2016.03.030.

Di Biase, M., Le Marc, Y., Bavaro, A. R., De
Bellis, P., Lonigro, S. L., Lavermicocca, P.,
Postollec, F., Valerio, F. (2022). A predictive
growth model for pro-technological and probiotic
Lacticaseibacillus paracasei strains fermenting white
cabbage.  Frontiers in  Microbiolsgy, 13, doi:

10.3389/fmicb.2022.907393.

Di Cagno, R., Coda, R., De Angelis, M., Gobbetti,
M. (2013). Exploitation of vegetables and fruits
through lactic acid fermentation. Food Microbiology,

33(1):  1-10,
i.fm.2012.09.003.

Duskova, M., Moravkova, M., Mrazek, ]J.,
Florianova, M., Vortlova, L., Karpiskova, R.
(2021). Assessment of antibiotic tesistance in
starter and non-starter lactobacilli of food origin.
Acta  Veterinaria  Brno,  89(4):  401-411,
https://doi.otg/10.2754/avb202089040401.

Encu, S. B, Soykut, E. A, Cakir, 1. (2022).
geleneksel yogurtlardan izole edilen laktik asit
bakterilerinin MALDI TOF MS biotyper sistemi
ile tanimlanmasi ve bazi starter kiltir
Ozelliklerinin belirlenmesi. Guda, 47(6): 1059-1082,
doi: 10.15237/ gida.GD22088.

dot:https://doi.org/10.1016/

Erten, H., Boyaci-Giindiiz, C. P., Agirman, B.,
Cabaroglu, T. (2016). Fermentation, pickling and

Turkish table olives. Handbook of wvegetable
preservation and processing, 209-230.

Hassanzadazar, H., Ehsani, A., Mardani, K.
(2014). Antibacterial activity of Enterococcus faecium
derived from Koopeh cheese against Listeria
monocytogenes in probiotic ultra-filtrated cheese.

Veterinary research forum: an international quarterly
Journal, 5 (3):169 — 175.

Huang, J., Mei, L. H., Wu, H., Lin, D. Q. (2007).
Biosynthesis of y-aminobutyric acid (GABA)
using immobilized whole cells of Lactobacillus
brevis. World Journal of Microbiology and Biotechnology,
23, 865-871, DOI 10.1007/s11274-006-9311-5.

Huang, Y., Luo, Y., Zhai, Z., Zhang, H., Yang, C.,
Tian, H., Li, Z., Feng, J., Liu, H., Hao, Y. (2009).
Characterization and application of an anti-
Listeria  bacteriocin  produced by  Pediococcus
pentosacens 05-10 isolated from Sichuan Pickle, a
traditionally fermented vegetable product from
China.  Food  Contro/, 20(11):  1030-1035.
https://doi.org/10.1016/j.foodcont.2008.12.008

Hwanhlem, N., Buradaleng, S., Wattanachant, S.,
Benjakul, S., Tani, A., Maneerat, S. (2011).
Isolation and screening of lactic acid bacteria
from Thai traditional fermented fish (Plason) and
production of Plasom from selected strains. Food
Control,  22(3-4):  401-407, https://doi.org/
10.1016/j.foodcont.2010.09.010.

377



378

H. ispirli, E. Dertli

Inoue, K., Shirai, T., Ochiai, H., Kasao, M.,
Hayakawa, K., Kimura, M., Sansawa, H. (2003).
Blood-pressure-lowering  effect of a novel
fermented milk containing y-aminobutyric acid
(GABA) in mild hypertensives. Eurgpean journal of
clinical nutrition, 57(3): 490-495.

Ispirli, H., Dertli E. (2021). Detection of
fructophilic lactic acid bacteria (FLAB) in bee
bread and bee pollen samples and determination
of their functional roles. Journal of Food Processing
and Preservation, 45(5), el5414,
https://doi.org/10.1111/ifpp.15414.

ispirli, H., Demirbas, F., Dertli, E. (2015).
Characterization of functional properties of
Enterococcus faecium strains isolated from human
gut. Canadian jonrnal of microbiology, 61(11): 861-870,
https://doi.org/10.1139/cjm-2015-0446.

Jin, Y., Wu, J., Hu, D., Li, J., Zhu, W., Yuan, L.,
Chen, X., Yao, J. (2023). Gamma-Aminobutyric
Acid-Producing evilactobacillus brevis Strains as
Probiotics in Litchi Juice Fermentation. Foods,
12(2):302, https://doi.org/10.3390/
foods12020302.

Jonganurakkun, B., Wang, Q., Xu, S. H., Tada, Y.,
Minamida, K., Yasokawa, D., Sugi, M., Hara, H.,
Asano, K. (2008). Pediococcus pentosaceus NB-17 for
probiotic use. Journal of Bioscience and Bioengineering,
106(1): 69-73, https://doi.org/10.1263/
jbb.106.69.

Karasu, N. (2006). Tursu ve zeytinden
antagonistik ve probiyotik 6zellikte laktik starter
kiilltir  eldesi. Pamukkale Universitesi Fen
Bilimleri Enstitiisi Gida Mithendisligi Anabilim
Dali Yiiksek Lisans Tezi, Denizli, Tirkiye, 78 s.

Kaya, Y., Erten, T., Vurmaz, M., 1spirh', H.,,
Simsek, O., Dertli, E. (2022). Comparison of the
probiotic characteristics of Lactic Acid Bacteria
(LAB) isolated from sourdough and infant feces.
Food Bioscience, 47, 101722,
doi:https://doi.org/10.1016/j.fbio.2022.101722.

Kumar, S., Stecher, G., Li, M., Knyaz, C., Tamura,
K. (2018). MEGA X: molecular evolutionary
genetics analysis across computing platforms.
Molecular biology and evolution, 35(6): 1547-1549,
doi: 10.1093/molbev/msy096.

Lee, B.-H., Wu, S.-C., Shen, T.-L., Hsu, Y.-Y,,
Chen, C.-H., Hsu, W.-H. (2021). The applications
of  Lactobacillus ~ plantarum-derived  extracellular
vesicles as a novel natural antibacterial agent for
improving quality and safety in tuna fish. Food
Chemistry, 340, 128104, https://doi.org/10.1016/
j.foodchem.2020.128104.

Liu, C., Xue, W.-j., Ding, H., An, C., Ma, S.-j., Liu,
Y. (2022). Probiotic Potential of Lactobacillus
Strains Isolated From Fermented Vegetables in
Shaanxi, China. Frontiers in Microbiology, 12, 4168,
https://doi.org/10.3389 /fmicb.2021.774903.

Magnusson, ]., Schnuter, J. (2001). Lactobacillus
coryniformis subsp. coryniformis strain Si3 produces a
broad-spectrum proteinaceous antifungal
compound. Applied and environmental microbiology,
67(1):1-5, https://doi.org/10.1128/AEM.67.1.1-
5.2001.

Mao, B., Yin, R., Li, X., Cui, S., Zhang, H., Zhao,
J., Chen, W. (2021). Comparative genomic
analysis of Lactiplantibacillus plantarnm isolated
from different niches. Genes, 12(2): 241,
https://doi.org/10.3390/ genes12020241.

Mathur, S., Singh, R. (2005). Antibiotic resistance
in food lactic acid bacteria—a review. International
Journal of  food microbiology, 105(3): 281-295,
doi:10.1016/j.jjfoodmicro.2005.03.008.

Miura, D., Ito, Y., Mizukuchi, A., Kise, M., Aoto,
H., Yagasaki, K. (2006). Hypocholesterolemic
action of pre-germinated brown rice in hepatoma-
bearing rats. Life sciences, T79(3):  259-264,
https://doi.otg/10.1016/].1fs.2006.01.001.

Monteagudo-Mera, A., Rastall, R. A., Gibson, G.
R., Charalampopoulos, D., Chatzifragkou, A.
(2019). Adhesion mechanisms mediated by
probiotics and prebiotics and their potential
impact on human health. Applied microbiology and
biotechnology, 103, 6463-6472,
https://doi.org/10.1007 /s00253-019-09978-7.

Moon, S. H., Kim, C. R., Chang, H. C. (2018).
Heterofermentative lactic acid bacteria as a starter
culture to control kimchi fermentation. LLIVT, 88,
181-188, dot:https://doi.org/10.1016/
j.lwt.2017.10.009.



LAB identifikasyonu ve fonksiyonel 6zellikleri

Nakatani, Y., Fukaya, T., Kishino, S., Ogawa, ].
(2022). Production of GABA-enriched tomato
juice by Lactiplantibacillus ~ plantarnm KB1253.
Journal of Bioscience and Bioengineering, 134(5): 424-

431, https://doi.org/10.1016/
j.jblosc.2022.08.008.
Nasiti  Moslem, M., Faezi Ghasemi, M.,

Amirmozafari, N., Ranji, N. (2022). Antimicrobial
activity of Pediococcus acidilactici PTCC 1954 and
Lenconostoc mesenteroides PTCC 1953 isolated from
organic meat sausages. DBiological Journal of
Microorganism,
doi.10.22108/bjm.2022.134313.1473.

Park, K. B., Oh, S. H. (2007). Production of
yogurt with enhanced levels of gamma-
aminobutyric acid and valuable nutrients using
lactic acid bacteria and germinated soybean
extract. Bioresource technology, 98(8): 1675-1679,
https://doi.org/10.1016/j.biortech.2006.06.006.

Plokhov, A. Y., Gusyatiner, M. M., Yampolskaya,
T. A., Kaluzhsky, V. E., Sukhatreva, B. S., Schulga,
A. A. (2000). Preparation of y-aminobutyric acid
using E. co/i cells with high activity of glutamate
decarboxylase. Applied biochenistry and biotechnology,
88, 257-265.

Purutoglu, K., 1spirli, H., Yizer, M. O., Serencam,
H., Dertli, E. (2020). Diversity and functional
characteristics of lactic acid bacteria from
traditional kefir grains. International Jonrnal of Dairy
Technology, 73(1): 57-66, https://doi.org/10.1111/
1471-0307.12633.

Sagdic, O., Ozturk, I, Yapar, N., Yetim, H.
(2014). Diversity and probiotic potentials of lactic
acid bacteria isolated from gilaburu, a traditional
Turkish fermented FEuropean cranberrybush
(Viburnum opulus 1.) fruit drink. Food Research
International, 64, 537-545, https://doi.org/
10.1016/j.foodres.2014.07.045.

Saitou, N., Nei, M. (1987). The neighbor-joining
method: a new method for reconstructing
phylogenetic trees. Molecular biology and evolution,
4(4): 406-425, https://doi.org/10.1093/
oxfordjournals.molbev.a040454.

Sathe, S., Nawani, N., Dhakephalkar, P.,
Kapadnis, B. (2007). Antifungal lactic acid
bacteria with potential to prolong shelf-life of

fresh vegetables. Journal of Applied Microbiolgy,
https://doi.org/10.1111/

103(6):  2622-2628,
j.1365-2672.2007.03525 .

Schurr, B. C., Hahne, H., Kuster, B., Behr, ],
Vogel, R. F. (2015). Molecular mechanisms
behind the antimicrobial activity of hop iso-a-
acids in Lactobacillus brevis. Food Microbiology, 40,
https://doi.org/10.1016/

553-563,
j.fm.2014.09.017.

Stepetova, J., Taelma, H., Smidt, L., Hiitt, P.,
(2017).
and genotypic
antibiotic susceptibility of vaginal Lactobacillus sp.
524-534,

E., Aotaht, E., Mindar, R.
of phenotypic

Lapp,
Assessment

Journal of Applied Microbiology, 123(2):
doi:https://doi.org/10.1111/jam.13497.

Suzuki, S., Kimoto-Nira, H., Suganuma, H.,
Suzuki, C., Saito, T., Yajima, N. (2014). Cellular
fatty acid composition and exopolysaccharide
contribute to bile tolerance in Lactobacillus brevis
strains isolated from fermented Japanese pickles.
Canadian journal of microbiology, 60(4): 183-191,

https://doi.otg/10.1139/cjm-2014-0043.

Tamura, K., Nei, M., Kumar, S. (2004). Prospects
for inferring very large phylogenies by using the
neighbot-joining method. Proceedings of the National
11030-11035,

Academy  of  Sciences,  101(30):
https://doi.org/10.1073/pnas.0404206101.

Todorov, S., Onno, B., Sorokine, O., Chobert, J.,
Ivanova, 1., Dousset, X. (1999). Detection and
characterization of a novel antibacterial substance
produced by Lactobacillus plantarum ST 31 isolated
from sourdough. International journal of food
https://doi.otg/

microbiology, 48(3): 167-177,
10.1016/80168-1605(99)00048-3.

Tokatl, M. (2013). Ankara
tanimlanmalari,  teknolojik

oOzelliklerinin  belitlenmesi
kullanilma olanaklarinin

Ve

ve starter

Ankara, Turkiye, 183 s.

Tokatl, M., Elmaci, S. B., Isleyen, N. A., Ozcelik,
F. (2019). Secilmis endojen laktik starter kultiirler
742-757,

ile tursu Uretimi. Guda, 44(4):
https://doi.org/10.15237 /gida.GD19081.

cubuk yo6resi
tursularindan izole edilen laktik asit bakterilerinin
fonksiyonel
olarak
degerlendirilmesi.
Ankara Universitesi Fen Bilimleri Enstitiisti Gida
Mihendisligi Anabilim Dali, Doktora Tezi,

379



380

H. ispirli, E. Dertli

Tokatl, M., Gilgér, G., Bagder FElmaci, S,
Arslankoz Tsleyen, N., Ozcelik, F. (2015). In vitro
properties of potential probiotic indigenous lactic
acid bacteria originating from traditional pickles.
BioMed Research International,
https://doi.org/10.1155/2015/315819.

Villegas, J. M., Brown, L., de Giori, G. S., Hebert,
E. M. (2016). Optimization of batch culture
conditions for GABA production by Lactobacillus
brevis CRL 1942, isolated from quinoa sourdough.
LW T-Food Science and Technology, 67, 22-20,
https://doi.org/10.1016/j.lwt.2015.11.027.

Wang, C.-Y., Lin, P.-R., Ng, C.-C., Shyu, Y.-T.
(2010). Probiotic properties of Lactobacillus strains
isolated from the feces of breast-fed infants and
Taiwanese pickled cabbage. Anaerobe, 16(6): 578-
585, https://doi.otg/10.1016/
jaanaerobe.2010.10.003.

Wu, Q., Shah, N. P. (2017). High y-aminobutyric
acid production from lactic acid bacteria:
emphasis on Lactobacillus brevis as a functional
dairy starter. Critical Reviews in Food Science and
Nutrition, 57(17): 3661-3672. https://doi.org/
10.1080/10408398.2016.1147418.

Xiong, T., Guan, Q., Song, S., Hao, M., Xie, M.
(2012). Dynamic changes of lactic acid bacteria
flora during Chinese sauerkraut fermentation.
Food  control, 26(1): 178-181, https://doi.org/
10.1016/j.foodcont.2012.01.027.

Yildirim, Z., Yildirim, M. (2001). Characterization
of buchnericin LB produced by Lactobacillus
buchneri LB. Turkish Journal of Biology, 25(1): 73-82.

Yuliana, N., Nurdjanah, S., Margareta, M. (2013).
The Effect of a mixed-starter culture of lactic acid
bacteria on the characteristics of pickled orange-
fleshed sweet potato (Ipomoea batatas L.).

Microbiology Indonesia, 7(1), 1-1,
https://doi.otg/10.5454/mi.7.1.1.
Zarzecka, U., Zadernowska, A., Chajecka-

Wierzchowska, W., Adamski, P. (2023). High-
pressure processing effect on conjugal antibiotic
resistance genes transfer in vitro and in the food
matrix among strains from starter cultures.
International Journal of Food Microbiolegy, 110104,
https://doi.otg/10.1016/j.jjfoodmicro.2023.110
104.

Zeng, Y., Li, Y., Wu, Q., Zhang, J., Xie, X., Ding,
Y., Cai, S. Z.,Ye, Q. H,, Chen, M. T., Xue, L., Wu,
S., Zeng, H. Y., Yang, X. J., Wang J. (2020).
Evaluation of the antibacterial activity and
probiotic potential of Lactobacillus ~ plantarum

isolated from Chinese homemade
pickles.Canadian Journal of Infections Diseases and
Medical Microbiology, 2020, 1-11,

https://doi.org/10.1155/2020,/8818989.

Zielinska, D., Rzepkowska, A., Radawska, A.,
Zielinski, K. (2015). In vitro screening of selected
probiotic properties of Lactobacillus strains isolated
from traditional fermented cabbage and
cucumbet. Current mricrobiology, 70, 183-194, DOI
10.1007/500284-014-0699-0.



Aragtirma / Research
GIDA (2023) 48 (2) 381-393
doi: 10.15237/¢gida.GD22101

CILEKLE ZENGINLESTIRILMiS MANDA YOGURDUNUN KALITE
KARAKTERISTIKLERI ILE YAG ASIDI KOMPOZISYONU, ACE INHIBITOR
AKTIVITE VE HMF ICERIGI BAKIMINDAN INCELENMESI

Murat Emre TERZIOGLU™, Ayla ARSLANER?, ihsan BAKIRCI!

1 Atatiirk Universitesi, Ziraat Fakiiltesi, Gida Mithendisligi Béliimii, Erzurum, Tiirkiye
2Bayburt Universitesi, Mithendislik Fakiiltesi, Gida Mithendisligi Bolimii, Bayburt, Tirkiye

Gelis/ Received 20.10.2022; Kabul/ Accepted: 26.02.2023; Online baski/ Published online: 08.03.2023

Terzioglu, M. E., Arslaner, A., Bakircy, I. (2023). Cilekle zenginlestirilmis manda yogurdunun kalite
karakteristikleri ile yag asidi kompozisyonu, ACE inhibitér aktivite ve HMF icerigi bakimindan
incelenmesi. GIDA (2023) 48 (2) 381-393 doi: 10.15237/ gida.GD22101

Terziogh, M. E., Arslaner, A., Bakarey, 1. (2023). Investigation of strawberry-enriched buffalo yoghurt in terms of
guality characteristics and fatty acid composition, ACE inbibitor activity and HME content. GIDA (2023) 48 (2) 381-
393 doi: 10.15237/ gida. GD22101

o0z

Mevcut aragtirmada ABT-2 probiyotik kiltiir kullanilarak tiretilen manda yogurtlarina farklt oranlarda (%5,
%7.5, %10) cilek piiresinin yant sira %7.5 oraninda seker ilave edilmis ve yag asidi kompozisyonu, ACE
inhibitér aktivite ve HMF icerigi acisindan incelenmistir. Ayrica yogurt Srneklerinde meyve ilavesi ve
depolama periyodunun fizikokimyasal, mikrobiyolojik ve duyusal analizler tzerine etkisi arastirilmistir.
Manda yogurduna cilek ptiresi ilavesinin minér seviyede bulunan ¢oklu doymamis yag asitleri haric¢ tim yag
asitleri, ACE inhibit6r aktivite, HMF icerigi, fizikokimyasal, mikrobiyolojik ve duyusal analizler tizerine ¢ok
o6nemli (P < 0.01) etkisinin oldugu belitlenmistir. Meyve ilavesiyle toplam doymus yag asitleri ve ACE
inhibit6r aktivite seviyesinin azaldigi belitlenirken HMF icerigi, toplam tekli doymamus yag asitleri ve toplam
¢oklu doymamis yag asitleri seviyesinde artis saptanmustir. Bu arastirma sonucunda manda yogurdunun
fonksiyonel gida olarak tiiketimi tavsiye edilebilmektedir.

Anahtar kelimeler: Manda yogurdu, ABT-2 probiyotik kiltir, ¢ilek, yag asidi kompozisyonu, ACE
inhibitor aktivite, HMF

INVESTIGATION OF STRAWBERRY-ENRICHED BUFFALO YOGHURT IN
TERMS OF QUALITY CHARACTERISTICS AND FATTY ACID COMPOSITION,
ACE INHIBITOR ACTIVITY AND HMF CONTENT

ABSTRACT

In the present study, different ratios (5%, 7.5%, 10%) of strawbertry puree added to buffalo yoghurt
produced using ABT-2 probiotic culture were investigated in terms of fatty acid composition, ACE
inhibitor activity and HMF content. In addition, the effects of fruit addition and storage period on
physicochemical, microbiological, and sensory analyses of yoghurt samples were investigated. It was
determined that the addition of strawberry puree to buffalo yoghurt had a very significant (P < 0.01)
effect on all fatty acids, ACE inhibitor activity, HMF content, physicochemical, microbiological and
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sensory analyses except for the minor polyunsaturated fatty acids. While it was determined that total
saturated fatty acids and ACE inhibitor activity levels decreased with the addition of fruit, an increase
was found in HMF content, total monounsaturated fatty acids and total polyunsaturated fatty acids.
As a result of this research, consumption of buffalo yoghurt as a functional food can be

recommended.

Keywords: Buffalo yoghurt, ABT-2 probiotic culture, strawberry, fatty acid composition, ACE

inhibitor activity, HMF

GIRIS

Son vyillarda diinya genelinde tiiketim orant
gittikce artan yogurt; belirli sicaklik ve sire
normlarinda 1sil isleme tabi tutulan siite yaklasik
%2-3 (w/v) oraninda yogurt starter kultirinin
inokdle edilip pH 4.6 oluncaya dek inkiibasyonda
tutulmast sonucu iretilen fermente bir siit
drinddar. Yogurt dretiminde hammadde olarak
siklikla inek stiti tercih edilmesine ragmen, yitksek
kurumadde ve egsiz bilesime sahip manda stti
yogurt uretimine daha uygun bir siit olarak 6n
plana ¢itkmaktadir (Nguyen vd., 2014; Vianna vd.,
2019; Gupta vd., 2022). Manda siitd dinya
capinda stit Uretiminin %15%ini temsil etmekte
olup, son yillarda tretimi bakimindan inek
sttlinden daha fazla bliyiime orani kaydetmistir.
Manda sitii, nihai Griine olumlu katkilarinin yant
sira inek siitl protein alerjisi olan bireylerde inek
sutine potansiyel bir alternatif kaynak olarak
sunulmaktadir. Bu sebeple manda sttii, biiytk bir
kiiresel pazar olan siit endistrisine dnemli katkilar
saglamaktadir (Vargas-Ramella vd., 2021). Manda
yogurdunun yag asidi kompozisyonunda bulunan
butirik, kaprilik, kaprik ve laurik asit gibi kisa ve
orta zincirli yag asitlerinin antikanserojen ve
antimikrobiyal  etkilerine  ilaveten  cesitli
hastaliklara karst koruyucu etkiye sahip oldugu
bildirilmektedir. Ote yandan laurik, miristik,
stearik ve palmitik asit gibi doymus yag asitleri
miktarinin  plazmadaki  toplam  kolesterol
seviyesinin artmastyla iliskili oldugu bilinmektedir.
Bununla bitlikte oleik asit acisindan oldukca
zengin bir kaynak olan manda siiti ve yogurdu
plazma kolesterolii, LDL-kolesterolt ve trigliserit
seviyesini azaltarak saglik acisindan cesitli faydalar
saglamaktadir (Ivanova vd., 2011; Ivanova vd.,
2021).

Biyoaktif bilesikler olan yag asitlerine ilaveten
fermantasyon, enzimatik hidroliz ya da
gastrointestinal sistem yoluyla olusan biyoaktif
peptitler agisindan da manda stti ve yogurdu

oldukea zengin kaynaklar olup, fonksiyonel gida
veya nutrasotik olarak nitelendirilmektedir (Durak
ve Atlthan Turan, 2020; Estévez vd. 2022).
Kardiyovaskiler  hastaliklarin =~ baglica  risk
faktorlerinden olan hipertansiyon tedavisinde
kullanilan ilaglatin yan etkilerinden kacinmak igin
dogal kaynaklarin arayist hiz kazanmistir. Bu
baglamda antihipertansif —aktivite &zellikteki
biyoaktif peptitlere sahip olan manda siti ve
yogurdu, anjiyotensin-donusturucu enzim (ACE)
inhibitér aktivite saglamakta ve sentetik ACE
inhibitérlerine dogal ve saglikli ikame kaynaklar
olarak gosterilmektedir (Durak ve Atlthan Turan,
2020). Ote yandan yogurdun mevcut fonksiyonel
Ozelliklerinin gelistirilmesinde probiyotik
mikroorganizmalarin ve prebiyotik 6zellige sahip
meyvelerin ilavesi kullanilan bir diger yontemdir.
Gintmizde tiketicilerin bilinglenmesi ve gida
taleplerinin ~ degismesiyle  birlikte — 6zellikle
kolesterol emilimini engelleme ve antiinflamatuar
aktiviteye sahip probiyotik drtinlerin tiiketimi
daha da 6n plana ¢kmaktadir. Probiyotik
mikroorganizmalarin saglik tizerindeki potansiyel
etkilerinden faydalanmak icin diizenli tiketimine
ilaveten trtnde yeterli seviyede (106-108 kob/mL)
canlt probiyotik mikroorganizmanin bulunmast
6nem arz etmektedir (Terzioglu vd., 2022).
Manda siitintin peyniraltt suyu proteinleri ve
kolloidal kalsiyum agisitndan zengin bir kaynak
olmast probiyotik bakterilerin etkisini
arttirmaktadir (Da Silva vd., 2020; Ivanova vd.,
2021).

Sit ve urinlerinin sagladigt pek c¢ok faydaya
ragmen glvenilir ve raf dmrl uzun bir triin elde
etmek icin uygulanan s islem ve depolama
neticesinde 5-hidroksimetilfurfural (HMF) gibi
toksik bilesiklerin olustugu belirlenmistir. Maillard
reaksiyonunun ileri asamalarinda meydana gelen
ve sekerlerin termal bozunma Urtini olan HMF,
furfurallar grubuna ait bir bilesiktir. HMF nin
yapilan  calismalar  neticesinde  sitotoksik,
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genotoksik ve timoral Ozellikte oldugu ortaya
konmustur. Bu nedenle, belitli duzeylerin
tizerinde saglik agisindan risk teskil eden HMF’nin
U urunlerinde  olusumunun
incelenmesinin gida glvenligi ve urin kalitesi
agisindan 6nemli oldugu degerlendirilmektedir
(Van den Oever ve Mayer, 2021; Li vd., 2022).

Mevcut arastirmada manda sitinden ABT-2
probiyotik kultiir kullanilarak iretilen yogurtlar
farklt oranlarda cilek piresi ile zenginlestirilmis
olup yag asidi kompozisyonu, ACE inhibitér
aktivite ve HMF icerigi acisindan incelenmistir.
Buna ilaveten iiretilen manda yogurtlarinda meyve
ilavesi ve depolama periyodunun fizikokimyasal
(toplam kurumadde, yag, protein, kil, viskozite,
titrasyon  asitligi  ve pH), mikrobiyolojik
(Streptococeus  thermophilus, Bifidobacterium  animalis
subsp. lactis BB-12, Lactobacillus acidophilus LA-5 ve
B. animalis subsp. lactis BB-12 + L. acidophilus LA-

sut ve sut

5) ve duyusal analizler Uzerindeki etkisi
arastirilmistir.

MATERYAL VE METOT

Materyal

Yogurt Uretiminde hammadde olarak kullanidan
¢ig manda siti Erzurum (Ttrkiye) iline ait yerel
ciftliklerden, ABT-2 probiyotik kiltir CHR
Hansen (Sut-Sa, Sakarya/Turkiye) firmasindan,
cilek ve seker ise Erzurum (Tturkiye) piyasasinda
faaliyet gOsteren yerel marketlerden temin
edilmistir.

Yoéntem

Cilek piiresinin hazirlanmasi

Deneme yogurt 6rneklerine ilave edilmek tizere
temin edilen cilekler yikanip temizlendikten sonra
Uzerine 9%7.5 oraninda seker ilave edilerek
karistirdmistir.  Karigim  mutfak  tipi blender
vasttastyla homojenize (Cookplus, E64 HBS)
edilerek pilire haline getirilmistir. Ardindan
90£1°C’de 10 dk 1sil isleme tabi tutulmus ve
sonrasinda oda sicakligina sogutulmustur.

Deneme yogurt tiretimi

Deneme yogurt tretimi Sekil 1°de verilen akis
semast kullanilarak gerceklestirilmistir (Terzioglu
vd., 2022). Yogurt tretimi tamamlandiktan sonra
cilek piiresi farkli oranlarda (%5, %7.5 ve %10)
yogurt 6rneklerine ilave edilmistir.

Fizikokimyasal analizler

Kurt vd. (2015) tarafindan ortaya konan metotlar
aracihigiyla ¢ig manda siiti ve deneme manda
yogurdu Orneklerinde toplam kurumadde, yag,
protein, kul, titrasyon asitligi ve pH degetleri
belirlenmis olup, deneme manda yogurdu
Orneklerinde bu analizlere ilaveten Bakirci ve
Kavaz (2008) tarafindan ortaya konan metoda
gore viskozite analizi yapilmustir.

Yag asidi kompozisyonu analizi

Deneme manda yogurdu Orneklerinin yag asidi
kompozisyonunun belirlenmesinde gaz
kromatografisi (Shimadzu, GC-QP2010), Restek
RTX-2330 kapiler kolon (60 m x 0.25 mm x 0.1
um) ve alev iyonizasyon detektéri (FID)
kullandmistir (Satchithanandam vd., 2001).

ACE inhibitor aktivitenin belirlenmesi
Deneme manda yogurdu Orneklerinin ACE
inhibitér aktivitesinin belirlenmesi amaciyla 50 pL
yogurt numunesi Uzerine 180 uL hippuril-L-
histidil-L-16sin (HHL) ¢6zeltisi ve 20 ul. ACE
cozeltisi ilave edilmis ve karisim 37°C'de 90 dk
inktbasyona birakilmustir. Ardindan karisima 250
pl. 1 M HCI ¢ozeltisi ilave edilerek inkiibasyon
sonlandirilmistir. Karisima 1.7 mL etil asetat ilave
edildikten sonra 100°C'de 15 dk evaporasyon
islemi uygulanmustir. Olusan  hippurik asit
cozeltisine 1 mL distile su ilave edilmis ve UV-
spektrofotometrede (Optizen POP) 228 nm dalga
boyunda absorbans él¢imil yapidmistir (Cushman
ve Cheung, 1971; Nakamura vd., 1995).

HMTF igeriginin belirlenmesi

Deneme manda yogurdu O&rneklerinin HMF
icerigi Urgu vd. (2017) tarafindan ortaya konulan
metotta bazi modifikasyonlar yapilarak tespit
edilmistir. HMF igeriginin belirlenmesinde, 5 mL
yogurt Ornegi tizerine 5 ml oksalik asit eklenmis
ve kansturilmistr.  Sonrasinda 1  saat  su
banyosunda bekletilmis ve bu islemi takiben oda
sicakhigina sogutulmustur. Elde edilen karisim
filtre edildikten sonra 4 mL stiztintd alinip tizerine
1 mL 0.05 M tiyobarbitiirik asit ¢bzeltisi eklenmis
ve tekrar su banyosunda bekletilmistir. Sonrasinda
spektrofotometrede (Optizen POP) 443 nm dalga
boyunda absorbans 6l¢timii yapilmustr.
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Manda sutu

On islemler

Homojenizasyon (17.3 MPa)

Is1l islem (90°

C’de 10-15 dk)

Sogutma (37-38°C)

ABT-2 probiyotik kiiltiir ilavesi (30 g/ 100 L)

Inkiibasyon (pH 4.6+0.1’ya kadar)

Sogutma (4+1

°C’de 24 saat)

Meyve-seker kombinasyonu ilavesi

S T —

Kontrol grubu (A)

%5 cilek piiresi ve
%7.5 seker (B)

%7.5 cilek piiresi
ve %7.5 seker (C)

%10 cilek piiresi
ve %7.5 seker (D)

Depolama ve analiz

ler (1. ve 10. giinler)

Sekil 1. Deneme probiyotik manda yogurdu tiretimi akis semast
Figure 1. The flow chart of the experimental probiotic buffalo yoghurt production

Mikrobiyolojik analizler

Deneme manda yogurdu Orneklerinde yapilan
mikrobiyolojik analizlere ait bilgiler Cizelge 1’de
verilmistir. S. zhermophilus, B. animalis subsp. lactis

BB-12, L. acidophilus LLA-5 ve B. animalis subsp.
lactis BB-12 + L. acidophilus LA-5 sayumu, Terzioglu
vd. (2022) tarafindan ortaya konan metoda gore

gerceklestirilmistir.
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Cizelge 1. Mikroorganizmalar, agar ve inkiibasyon sartlart
Table 1. Microorganisms, agar and incubation conditions

Mikrootganizmalar / Microorganisms

Agar / Agar

inkiibasyon Sartlart /
Incubation Conditions

S. thermophilus
B. animalis subsp. lactis BB-12

L. acidophilus LA-5

B. animalis subsp. lactis BB-12 + L.
acidophilns LA-5

M17 Agar (Oxoid Ltd.)

MRS Agar (Oxoid Ltd.) + 0.5 g/L
sistein (L-Cysteine, Sigma-Aldrich)

MRS Agar (Oxoid Ltd.) + 1.5 g/L
bile (Bile salts, Sigma-Aldrich)

MRS Agar (Oxoid Ltd.)

42°C, 24 saat
37°C, 48 saat
37°C, 48 saat

37°C, 48 saat

Duyusal analizler

Deneme yogurt Orneklerinin duyusal analizleri
(kivam, tat, koku, gbrinis ve genel kabul
edilebilirlik) yas araligs 25-30 arasinda degisen, 4
kadin ve 4 erkekten olusan alaninda deneyimli 8
laboratuvar  personeli  panelist  tarafindan
puanlama testi kullanilarak gerceklestirilmistir.
Duyusal  analiz  parametreleri  panelistler
tarafindan 1-5 puan arasinda degerlendirilmis
olup, degerlendirmede 1 puan ¢ok kétii ve 5 puan
cok iyi olarak ifade edilmistir (Bodyfelt vd., 1988).

Istatistiki analizler

Tam Sansa Baglt Bloklar Deneme Planina gére
yuriitilen mevcut calismada sade probiyotik
manda yogurdunun yant sira %5, %7.5 ve %10
oraninda gilek puresi ile %7.5 oraninda seker ilave
edilen toplam 4 farkli deneme probiyotik manda
yogurdu 6rnekleri iretilmis olup depolamanin 1.
ve 10. gunlerinde 2 tekerriir olacak sekilde
istatistiksel analizler SPSS 20 paket programi ile
Duncan c¢oklu karsilastirma testi kullanilarak
yorumlanmugtir.

BULGULAR VE TARTISMA

Cig manda siitiine ait fizikokimyasal analiz
sonuglari

Mevcut arastirmada hammadde olarak kullanilan
¢ig manda sitine ait fizikokimyasal analiz
sonugclart Cizelge 2’de verilmistir. Manda stitinin
toplam kurumadde, yag, protein, kil, titrasyon
asitligi ve pH degerlerinin literatiirle uyum
igerisinde oldugu tespit edilmistir (Metin, 2014;
Abesinghe vd., 2020; Boukria vd., 2020).

Deneme yogurt 6rneklerinin fizikokimyasal
analiz sonuglar1

Kontrol grubu ile farkli oranlarda ¢ilek piiresi ilave
edilen probiyotik manda yogurtlarina  ait
fizikokimyasal analiz sonuglart Cizelge 2’de
verilmistir.

Deneme yogurt 6rneklerine meyve ilavesinin tim
fizikokimyasal analizler tzerinde istatistiksel
olarak ¢ok 6nemli (P< 0.01) etkiye sahip oldugu
belirlenmistir. Manda yogurduna farkli oranlarda
cilek piiresi ilavesi kontrol grubuna kiyasla toplam
kurumadde, ki, viskozite ve titrasyon asitligi
degerlerinde artisa sebep olurken yag, protein ve
pH degerlerinde azalmaya yol agmugtir. Tami vd.
(2022) gesitli meyveler gibi polifenoller acisindan

zengin kaynaklarin yogurt uretiminde
kullantminin ~ daha  dstin  fizikokimyasal
ozelliklerle sonuglanmasini, proteinlerle

olusturulan kompleksler ve toplam kurumadde
miktarinin artisindan kaynaklanabilecegini rapor
etmiglerdir.

Deneme  yogurt  Orneklerinde  depolama
periyodunun ise viskozite, titrasyon asitligi ve pH
degerleri tizerine istatistiksel olarak ¢ok 6nemli
(P< 0.01) etkiye sahip oldugu saptanirken, diger
fizikokimyasal analizler Uzerine istatistiksel olarak

onemli bir etkisinin olmadigt (P> 0.05)
belirlenmistir. Deneme yogurt &rneklerinde
beklenildigi  gibi  depolama  periyodunun

ilerlemesiyle viskozite ve pH degetlerinde azalma
tespit edilirken, titrasyon asitligi degerlerinde artis
belirlenmistir. Nitekim yogurda meyve ilavesiyle
fizikokimyasal analizler tizerine benzer etkilerin
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gozlendigi calismalar literatirde yer almaktadir
(Abdel-Hamid vd., 2020; Hameed vd., 2020;
Hamdy vd., 2021).

Cizelge 2. Cig manda sitl ile deneme probiyotik manda yogurtlarinin fizikokimyasal analiz sonuclari
Table 2. Physicochemical analysis results of raw buffalo milk and experimental probiotic buffalo yoghurts

Titrasyon
Toplam . . . Asitligi
Kuramadde Yag (%) / Pf;’;f{“f 0 kil (o4 / VISkI"/Z.“C (P) / (%LA)g / .
%)/ Total  Fat (%) (;/‘: )”” Ash (%) ’(Zf)‘@ Titratable p
Solids (%) Adidity
LA%)
Cig Manda
Suti/  Raw 16.48£0.10 7.2410.02 4.1410.04 0.760.01 - 0.21£0.00 6.66%0.01
Buffalo Milk
Deneme A 17.66£0.10¢ 7.51£0.05 4.7610.05 0.82+0.024 8217.25+189.69¢ 0.9610.084 4.34£0.07*
Manda B 19.524+0.25¢ 6.7520.05> 4.50+0.04> 0.90+0.01¢ 9468.75£265.04¢ 1.12£0.04¢ 4.18£0.07°
Yogurtlar / C 22.26%0.06" 6.41£0.05¢ 4.31£0.03¢ 0.95+0.02" 10393.75£184.01° 1.17£0.04° 4.11£0.07¢
Experimental D 23.24%0.21» 6.19£0.044 4.11%£0.064 1.03£0.03¢ 118930.75£517.542 1.21£0.05* 4.03£0.094
BW!O k% k% kk k% kk *k k%
Yoghurts
Depolama 1. 20.68%2.43% 6.72£0.54 4.42%0.29 0.93£0.092 10236.2511549.67* 1.07£0.11° 4.23%0.122
Periyodu 10. 20.66%2.30¢ 6.71£0.53¢ 4.41+0.23 0.92+0.082 9769.00£1358.21> 1.16£0.09 4.10£0.13>
(Giin) /
Storage Period ns ns ns ns ok ok ok
(Day)

a-d: sttunlar arasindaki farkliliklarr gosterir.
*k; P <0.01; ns: P >0.05; LA: Laktik asit

A: Kontrol manda yogurdu; B: %5 cilek piiresi + %7.5 seker; C: %7.5 ¢ilek puresi + %7.5 seker; D: %10 cilek piiresi + %7.5

seker
a-d: Different letters indicate significant differences in colummn.
k. P <0.01; ns: P >0.05; L.A: lactic acid

Az control buffalo yoghurt; B: %35 strawberry puree + %7.5 sugar; C: %7.5 strawberry puree + %7.5 sugar; D: %10 strawberry puree + %7.5

sugar
Deneme yogurt Orneklerinin yag asidi
kompozisyonu

Kontrol grubu ile farkli oranlarda ¢ilek ptiresi ilave
edilen probiyotik manda yogurtlarina ait yag asidi
kompozisyonu sonugclart Cizelge 3’te verilmistir.

Deneme yogurt o6rneklerine meyve ilavesinin
miristik asit, palmitik asit, stearik asit, diger
doymus yag asitleri, toplam doymus yag asitleri,
oleik asit, diger tekli doymamis yag asitleri, toplam
tekli doymamis yag asitleri, linoleik asit ve toplam
coklu doymamis yag asitleri tizerinde istatistiksel
olarak ¢cok 6nemli (P < 0.01) etkiye sahip oldugu
belirlenmistir. Manda yogurdunda beklenildigi
gibi baskin doymus yag asitlerinin miristik asit,
palmitik asit ve stearik asit oldugu, baskin tekli
doymamus yag asidinin oleik asit oldugu ve baskin
¢oklu doymamis yag asidinin ise linoleik asit
oldugu belirlenmigtir. Farkli oranlarda ¢ilek
plresinin ilave edilmesiyle toplam doymus yag
asidi iceriginin kontrol grubuna kiyasla azaldig

belirlenmis olup, kontrol grubu &rneklerde
toplam doymus yag asitleri %066.92 oranindayken
gilek piresi ilave edilen o6rneklerde bu oran
%063.05-63.32 arasinda degisim gOstermistir.
Farkli oranlarda cilek piresinin ilave edilmesiyle
toplam tekli doymamus yag asitlerinin arttif
saptanmis olup, kontrol grubu érneklerde toplam
tekli doymamis yag asitleri %29.54 oranindayken
cilek piresi ilave edilen o6rneklerde bu oran
%32.72-32.85 arasinda degistigi tespit edilmistir.
Cilek piresinin ilave edilmesiyle toplam c¢oklu
doymamis yag asitlerinde artis belirlenmis olup,
kontrol grubu 6rneklerde toplam ¢oklu doymamus
yag asitleri %3.54 oranindayken cilek ptresi ilave
edilen 6rneklerde bu oran %3.96-4.10 arasinda
degisiklik géstermistir. Siit Griinlerinde yag asidi
kompozisyonu baslica ¢ig yag asidi
iceriginden etkilenmekle birlikte tiir, genotip,
laktasyon dénemi, beslenme tipi, beslenme orani,
mevsim ve siit sagim sekli gibi pek ¢ok faktérden
etkilenebilmektedir. Diger taraftan siit islemede

sutun
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uygulanan homojenizasyon, sl islem ve
fermantasyon gibi parametreler de yag asidi
kompozisyonu  tzerinde Onemli bir  rol
oynamaktadir  (Paszczyk ve  Czarnowska-
Kujawska, 2022). Ayrica yogurda eklenen meyve
gibi katkilar coklu doymamus yag asitleri miktarint

artirarak Ozellikle kardiyovaskiiler hastaliklarin
riskinin azaltlmasinda etkili olmaktadir (lyasoglu
ve Yimaz, 2018). Nitekim literatiirde manda
yogurdunun yag asidi kompozisyonu uUzerine
benzer sonuclar mevcuttur (Ivanova vd., 2011;
Khan vd., 2020).

Cizelge 3. Deneme probiyotik manda yogurtlarinin yag asidi kompozisyonu (%o)
Table 3. Fatty acid composition of the experimental probiotic buffalo yoghurts (%)

A B C D
Miristik Asit / Myristic Acid (C14:0) 9.25£0.032 8.5310.04> 8.46+0.01P 8.2610.03¢ *x
Palmitik Asit / Palmitic Acid (C16:0) 32.3240.052 29.9410.01b 29.68%0.02¢ 29.1410.044  ®*
Stearik Asit / Stearic Acid (C18:0) 10.71£0.012 9.1740.03> 9.04£0.04¢ 8.871+0.014 *x
Diger Doymus Yag Asitleti / 0 06d 40 N4e +0 0ab L0
Other Saturated Fatty Acid 14.64%0.06 15.68%0.04 16.04%0.04 16.78%0.03
> Doymus Yag Asitleti / +0 02a +0.04b +0.03¢ +0.054 ek
S Saturated Fatty Acid 66.921+0.03 63.321+0.04 63.2210.03 63.0510.05
Oleik Asit / Oleic Acid (C18:1) 26.32+0.044 28.47%0.01¢ 28.59£0.01b 28.95%0.022  **
Diger Tekli Doymamis Yag Asitleri 0 (e 10 01a 10 (01a 0 (19b o
/ Other Monounsaturated Fatty Acid 3.22%0.02 4.2510.01 4.21%0.01 3.90%0.02
>'Tekli Doymamis Yag Asitleti / 10 N +001b 40 ()4 L00de
S Monounsaturated Fatty Acid 29.54+0.06 32.72+0.01 32.80£0.01 32.85+0.04
Linoleik Asit / Linoleic Acid (C18:2) 2.91£0.01¢ 3.67£0.04> 3.73%0.04b 3.8810.01= Hx
Diger Coklu Doymamis Yag
Asitleti / Other Polyunsaturated Fatty 0.6310.097 0.2940.08> 0.2510.08P 0.224+0.11> *
Acid
LGCoklu Doymamis Yag Asideri /5 540080 30620040 39820041 41030000

> Polyunsaturated Fatty Acid

a-d: satirlar arasindaki farkliliklart gosterir.
**: P <0.01; *: P <0.05

A: Kontrol manda yogurdu; B: %05 cilek puresi + %7.5 seker; C: %7.5 ¢ilek piiresi + %7.5 seker; D: %10 cilek

puresi + %7.5 seker
a-d: Different letters indicate significant differences in row.
**: P <0.01;*: P <0.05

Az control buffalo yoghurt; B: %5 strawberry puree + %7.5 sugar; C: %7.5 strawberry puree + %7.5 sugar; D: %10 strawberry

puree + %7.5 sugar

Deneme yogurt 6rneklerinin ACE inhibit6r
aktivitesi

Kontrol grubu ile farkli oranlarda ¢ilek piiresiilave
edilen probiyotik manda yogurtlarina ait ACE
inhibitér aktivite sonuglari Cizelge 4’te verilmistir.

Deneme yogurt orneklerine meyve ilavesinin
ACE inhibit6r aktivite tzerinde istatistiksel olarak
¢ok onemli (P< 0.01) etkiye sahip oldugu
belirlenmistir. Kontrol grubuna (%27.17) kiyasla

farkli oranlarda c¢ilek ptresi ilavesi yapilan
orneklerde ACE inhibitér aktivite azalmis olup
%18.03-22.53 arasinda degisim gOstermistir.
Kontrol grubunun ACE inhibitér aktivitesinin,
fermantasyonda  laktik  asit  bakterilerinin
proteolitik aktivitesi neticesinde meydana gelen
antthipertansif ~ Gzellige sahip  biyoaktif
peptitlerden  kaynaklandigt ~ bildirilmektedir
(Mirzapour-Kouhdasht ~ ve  Garcia-Vaquero,
2022). ACE inhibitor aktivitede meydana gelen
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dusts ise, cilek pirest ilavesiyle protein iceriginde
meydana  gelen azalmanin  antihipertansif
aktiviteye sahip biyoaktif peptitlerin olusumunu
etkilemesiyle actklanabilmektedir (Kim vd., 2021).
Ayrica  yogurt Orneklerinin - ACE  inhibit6r
aktivitesindeki farklliklarda siitlin amino asit
profili, farkli analitik yontemlerin kullanilmast,

proteoliz derecesi, fermantasyon ve saklama
kosullart gibi bircok faktér etkili olmaktadir
(Moschopoulou vd., 2018). Mevcut aragtirma
sonuglarina gére manda yogurdunun dogal bir
ACE inhibit6r kaynagi olabilecegi
disuntlmektedir.

Cizelge 4. Deneme probiyotik manda yogurtlarinin ACE inhibit6r aktivite ve HMF icerikleri
Table 4. ACE inbibitory activity and HME contents of excperimental probiotic buffalo yoghurts

ACE Inhibitor Aktivite /

ACE Inhibitory Activity (ol /1)
(o)

A 27.17%0.55 16.74+0.32
De{lef’;‘f Manda B 22.53%0.61" 24.24%0.06¢
Yogurtlari / C 21.38+0.13b 28.1340.44
Experimental Buffalo
v D 18.03+0.90¢ 29.5240.28

oghurts - -

a-d: siitunlar arasindaki farkliliklari gosterir.
**: P <0.01

A: Kontrol manda yogurdu; B: %5 cilek piresi + %7.5 seker; C: %7.5 cilek piiresi + %7.5 seker; D: %10 cilek

puresi + %7.5 seker
a-d: Different letters indicate significant differences in colunm.
**: P <0.01

A: control buffalo yoghurt; B: %5 strawberry puree + %7.5 sugar; C: %7.5 strawberry puree + %7.5 sugar; D: %10 strawberry

puree + %7.5 sugar

Deneme yogurt 6rneklerinin HMF igerigi

Siti yogurda dénistirmeden 6nce uygulanan 1sil
islem esnasinda HMF gibi birtakim zararlt
bilesiklerin  olustugu  bilinmektedir. ~ Saglik
acisindan risk teskil eden HMF’nin stit trtnlerde
belirlenmesi 6nemli bir kalite parametresi olarak
nitelendirilmektedir  (Czerwonka vd., 2020).
Kontrol grubu ile farkli oranlarda ¢ilek piiresiilave
edilen probiyotik manda yogurtlarina ait HMF
icerigi sonuglart Cizelge 4’te verilmistir. Deneme
yogurt 6rneklerine meyve ilavesinin HMF icerigi
tzerinde istatistiksel olarak ¢ok 6nemli (P< 0.01)

artmastyla HMF iceriginin yukselmesinde, cilek
iceriginde bulunan ve indirgen seketler olan glikoz
ve fruktozun etkili oldugu dusinilmektedir.
Ayrica ¢ilek iceriginde bulunan sakkarozun,
asitligin artmasi ve 1s1l islemin etkisiyle inversiyona
ugrayarak HMF olusumuna neden oldugu
bildirilmistir (Giizel ve Mercan, 2004; Oz ve
Kafkas, 2015). Sonug olarak, Maillard reaksiyonu
veya asidik sartlarda heksozlarin  1sitilmasi
neticesinde olusan HMF 1s1l islem sicakligy, 1sil
islem stiresi, siit bilesimi ve pH gibi ¢esitli
faktorlerden etkilenmektedir  (Yangiar, 2013;

etkiye sahip oldugu belitlenmistir. Kontrol — Xing vd., 2021). Avrupa Gida Givenligi Otoritesi
grubuna kiyasla meyve ve seker ilave edilen yogurt (EFSA) stut ve siut drinlerinde HMFnin
orneklerinde HMF iceriginin = arttigt tespit  bulunabilit maksimum sinirint 15 mg/kg olarak
edilmistir. Cilek ptresi oranmin artistyla HMEF rapor etmistir (Hou vd., 2022). Mevcut

iceriginin arttiFl saptanmis olup %10 oraninda
cilek piresi ilave edilen 6rneklerde 29.52 pmol/L,
%7.5 oraninda ¢ilek piresi ilave edilen 6rneklerde
28.13 pumol/L ve %5 oraninda cilek puresi ilave
edilen oOrneklerde 24.24 umol/L olarak HMF
icerikleri saptanmustir. Cilek pliresi oraninin

arastirmada kontrol grubu ile seker ve farkli
oranlarda ¢ilek pitiresi ilave edilen manda
yogurtlarinda HMF iceriginin maksimum sinirin
altinda oldugu gérilmistiir.
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Deneme yogurt 6rneklerinin mikrobiyolojik
analizleri

Deneme yogurt orneklerine ait S. #hermophilus, B.
animalis subsp. lactis BB-12, L. acidophilus LA-5 ve

B. animalis subsp. lactis BB-12 + L. acidophilus LA-
5 sayim sonuglari Cizelge 5’te verilmistir.

Cizelge 5. Deneme probiyotik manda yogurtlarinin mikrobiyolojik analiz sonuglari (log kob/g)
Table 5. Microbiological analysis results of the experimental probiotic buffalo yoghurts (log cfu/ g)

S. thermophilus

B. animalis subsp.
lactis BB-12

B. animalis subsp.
lactis BB-12

L. acidophilus LA-5 + L. acidaphilus

LA-5

Deneme A 7.21£0.144 7.13%£0.074 7.19£0.074 7.26%0.064
Manda B 7.39%0.12¢ 7.28%0.07¢ 7.3620.09¢ 7.43%0.07¢
Yogurtlart  /  C 7.53%0.11b 7.50£0.08b 7.57+0.12b 7.67£0.08b
Experimental D 7.68+0.122 7.70£0.092 7.69%0.092 7.79%0.052
Buffalo Y oghurts ok ok Hk
Depolama 1. 7.54%0.19a 7.34%0.23b 7.38%0.20b 7.48+0.22b
Petiyodu 10. 7.35%£0.20b 7.46x0.24a 7.53%0.21a 7.59%0.22a
(Gun) / Storage - - -
Period (Day)

a-d: siitunlar arasindaki farkliliklari gosterir.
*x: P <0.01

A: Kontrol manda yogurdu; B: %5 ¢ilek piiresi + %7.5 seker; C: %7.5 ¢ilek puresi + %7.5 seker; D: %10 ¢ilek

puresi + %7.5 seker
a-d: Different letters indicate significant differences in colunm.
**: P <0.01

Az control buffalo yoghurt; B: %5 strawberry puree + %7.5 sugar; C: %7.5 strawberry puree + %7.5 sugar; D: %10 strawberry

puree + %7.5 sugar

Deneme yogurt 6rneklerinde farkli oranlarda gilek
plresi ilavesinin ve depolama periyodunun .
thermophilus, B. animalis subsp. lactis BB-12, L.
acidophilus LA-5 ve B. animalis subsp. lactis BB-12
+ L. acidophilus LA-5 sayilar lzerine istatistiksel
olarak ¢cok 6nemli (P < 0.01) etkiye sahip oldugu
tespit edilmistir. Kontrol grubuna kiyasla farkl
oranlarda cilek piresi ilave edilen OSrneklerde
mikrobiyal gelisimin desteklendigi ve
mikroorganizma  sayidarinin  arttidr  tespit
edilmistir. Nitekim en ytksek S. thermophilus, B.
animalis subsp. lactis BB-12, L. acidophilus LA-5 ve
B. animalis subsp. lactis BB-12 + L. acidophilus LA-
5 sayilari, en yiiksek oranda cilek piiresi ilave
edilen o6rneklerde saptanmustir. Mikrobiyolojik
analiz sonuclari incelendiginde yogurt 6rneklerine
cilek piiresi ilavesinin ABT-2 probiyotik kultiirler
icin prebiyotik etki olusturdugu goriilmustir.

Depolama periyoduna baglt olarak ise 5.
thermophilus  sayisinda  azalma gortlirken B.

animalis subsp. lactis BB-12, L. acidophilus LA-5 ve

B. animalis subsp. lactis BB-12 + L. acidophilus LA-
5 sayilarinin arttigr belirlenmistir. Bu artisin, S.
thermophilus sayisina bagli oransal bir artis oldugu
disiiniilmektedir. Ote yandan depolama periyodu
boyunca deneme yogurt 6rneklerinde probiyotik
mikroorganizma sayisinin, terapotik  etkiden
yararlanmak icin probiyotik triin sinir1 olan 109
kob/g’dan (Vargas-Ramella vd., 2021) daha fazla
oldugu saptanmistir. Mevcut arastirma sonuglari,
probiyotik  mikroorganizmalarin  gelisiminin
incelendigi  calismalarla  uyum  icerisindedir
(Bakire1 ve Kavaz, 2008; Akubor, 2016; Gangwar
vd., 2016; Al-Dhabi vd., 2020).

Deneme yogurt 6rneklerinin duyusal analizi
Deneme yogurt 6rneklerine ait duyusal analiz
sonugclart Cizelge 6’da verilmistir.

Deneme yogurt 6rneklerinde farkli oranlarda cilek
plresi ilavesinin ve depolama periyodunun
duyusal analiz parametreleri olan kivam, tat, koku,

389



M.E. Terzioglu, A. Arslaner, i. Bakirci

gorinis ve genel kabul edilebilitlik tzerine
istatistiksel olarak ¢ok 6nemli (P < 0.01) etkiye
sahip oldugu tespit edilmistir. Kontrol grubuna
kiyasla meyveli yogurt 6rneklerinde duyusal analiz
puanlarinin arttigt belitlenirken, beklenildigi gibi
depolama periyodu boyunca duyusal analiz
puanlari azalmigtir. Duyusal analiz
parametrelerinin timinde en yiiksek puani alan
ornek, %5 oraninda ¢ilek piresi ilave edilen
yogurt Ornegidir. Ayrica incelenen tiim duyusal

parametrelerde kullanilan cilek piiresi miktarinin
artmastyla puanlar disiis gostermigtir. Gorinis
harig¢ diger parametrelerde en diisitk puant kontrol
grubu 6rnegi almistir. Nitekim literatiirde yogurda
meyve gibi ilave edilen cesitli katkilarin duyusal
analiz parametrelerini iyilestirdigi ve panelistler
tarafindan daha ylksek oranda begeni aldigt
calismalar bulunmaktadir (Abdel-Hamid vd.,
2020; Hovjecki vd., 2021).

Cizelge 6. Deneme probiyotik manda yogurtlarinin duyusal degerlendirme sonuglart
Table 6. Sensory evaluation results of the excperimental probiotic buffalo yoghurts
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Genel Kabul
Kivam / Tat / Taste Koku / Gortnts / Edilebilirlik /
Consistency Smell Appearance Overall
Acceptability
Deneme A 2.8410.294 2.8310.35¢ 2.61+0.244 2.8610.26¢ 11.14+1.014
Manda B 4.14%0.21a 4.09%0.307 4.16%0.452 4.08+0.372 16.47+1.30a
Yogurtlart  /  C 3.60£0.30p 3.57£0.29b 3.6910.23b 3.58+0.41b 14.44+1.17°
Experimental D 3.221+0.28¢ 3.3310.34b 3.28%0.20¢ 2.78%0.42¢ 12.61£1.21¢
B;ﬁéz/@ Yggbﬂn‘y *ok *ok *ok *ok *ok
Depolama 1. 3.661+0.51a 3.71+0.49a 3.65+0.69a 3.63+0.61a 14.65+2.232
Periyodu 10.  3.24%0.54b 3.20£0.51b 3.22%0.56b 3.02£0.56b 12.68%2.08>
(Giin) / Storage *ok *ok $ok $ok $ok
Period (Day)

a-d: sttunlar arasindaki farkliliklar gosterir.
4 P <0.01

A: Kontrol manda yogurdu; B: %5 cilek piresi + %7.5 seker; C: %7.5 cilek piresi + %7.5 seker; D: %10 cilek

puresi + %7.5 seker
a-d: Different letters indicate significant differences in column.
**: P <0.01

A: control buffalo yoghurt; B: %5 strawberry puree + %7.5 sugar; C: %7.5 strawberry puree + %7.5 sugar; D: %10 strawberry

puree + %7.5 sugar

SONUC

Son yillarda fonksiyonel gidalar hem saghk
Uzerindeki sayisiz  faydalart hem de dogal
kaynaklar olmalari nedeniyle dikkatleri tzerine
cekmektedir. Fonksiyonel gida olarak
nitelendirilen yogurt icerdigi besin Ogeleri ve
biyoaktif bilesiklerle eksiksiz bir stit trintdur.
Mevcut arastirmada manda sitliinden ABT-2
probiyotik kultiir kullanilarak tretilen yogurtlara
farkli oranlarda c¢ilek piresi ilave edilmis ve
ornekler cesitli kalite parametreleri ile biyoaktivite
acisindan incelenmistit. Manda yogurdunun yag
asidi kompozisyonunda doymus yag asitlerinin
ortalama %067, tekli doymamis yag asitlerinin
ortalama %30 ve ¢oklu doymamis yag asitlerinin

ise ortalama %4 oldugu belirlenmis olup, meyve
ilavesiyle doymus yag asitlerinde azalma ve
doymamis yag asitlerinde ise artis tespit edilmistir.
Meyve ilavesiyle ACE inhibitér aktivitede azalma
saptanirken, toksik bilesik olan HMF miktarinda
artis belirlenmistir. Bununla birlikte, mevcut
aragtirmada tim yogurt 6rneklerinin HMF icerigi
EFSA  tarafindan ortaya konan limitlerin
altundadir. Diger taraftan manda yogurtlarina ¢ilek
puresi ilavesinin probiyotik mikroorganizmalarin
gelisimini  destekledigi ve duyusal Ozellikleri
iyilestirdigi otaya konmustur.
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CIKAR CATISMASI
Yazarlar bu makale icin herhangi bir cikar
catismast beyan etmemistir.

YAZAR KATKILARI
Bu arastrmanin  planlanmasi, yiritilmesi ve
yazilmasinda tim yazatlar esit katki saglamstir.

TESEKKUR
Mevcut arastirmanin bir bélimu 4th International
Conference  on  Advanced  Engineering

Technologies ICADET’22)’de 6zet bildiri olarak

sunulmustur.

KAYNAKLAR

Abdel-Hamid, M., Romeih. E., Huang, Z,
Enomoto, T., Huang, L., Li, L. (2020) Bioactive
properties of probiotic set-yogurt supplemented

with Szraitia grosvenorii fruit extract. Food Chemistry,
303: 125400.

Abesinghe, A.M.N.L., Priyashantha, H.,
Prasanna, P.H.P.,, Kurukulasuriya, = M.S.,
Ranadheera, C.S., Vidanarachchi, J.K. (2020).
Inclusion of probiotics into fermented buffalo
(Bubalus bubalis) milk: an overview of challenges
and opportunities. Fermentation, 6(4): 121.

Akubor, P. I. (2016). Quality evaluation and
storage properties of yoghurt supplemented with
pineapple juice. International Journal Science and
Knowledge, 5(1): 23-31.

Al-Dhabi, N.A.; Valan Arasu, M., Vijayaraghavan,
P., Esmail, G.A., Duraipandiyan, V., Kim, Y. O,,
Kim, H., Kim, H. J. (2020). Probiotic and
antioxidant potential of Lactobacillus renteri LR12
and  Lactobacillus ~ lactis 11,10 isolated from
pineapple puree and quality analysis of pineapple-
flavored goat milk yoghurt during storage.
Microorganisms, 8(10): 1461.

Bakircy, 1., Kavaz, A. (2008). An investigation of
some properties of banana yogurts made with
commercial ABT-2 starter culture during storage.
International Journal of Dairy Technology, 61(3): 270-
276.

Bodyfelt, F.W., Tobias, J., Trout, G.M. (1988).
The Sensory Evaluation of Dairy Products, pp
227-300. New York: AVI Book.

Boukria, O., El Hadrami, E.M., Sameen, A,
Sahar, A., Khan, S., Safarov, J., Sultanova, S.,
Leriche, F., Ait-Kaddour, A. (2020). Biochemical,
physicochemical and sensory properties of
yoghurts made from mixing milks of different
mammalian species. Foods, 9(11): 1722.

Cushman, D.W., Cheung, H.S. (1971).
Spectrophotometric assay and properties of the
angiotensin-converting enzyme of rabbit lung.
Biochemical Pharmacology, 20: 1637-1648.

Czerwonka, M., Pietrzak-Sajjad, R., Bobrowska-
Korczak, B. (2020). Evaluation of 5-
hydroxymethylfurfural content in market milk
products. Food Additives & Contaminants: Part A,
37(7): 1135-1144.

Da Silva, T.M.S., Piazentin, A.C.M., Mendonca,
C.M.N., Converti, A., Bogsan, C.S.B., Mora, D.,
de Souza Oliveira, R.P. (2020). Buffalo milk
increases viability and resistance of probiotic
bacteria in dairy beverages under in vitro

simulated gastrointestinal conditions. Journal of
Duairy Science, 103(9): 7890-7897.

Durak, M.Z., Atlthan Turan, N. (2020).
Antihypertensive peptides in dairy products.
American Journal of Biomedical Science & Research,
7(2): 191-195.

Estévez, N., Fucifios, C., Rodriguez-Sanz, A.,
Rua, M.L. (2022). Development and sensory test
of a dairy product with ACE inhibitory and
antioxidant peptides produced at a pilot plant
scale. Food Chemistry, 394: 133459.

Gangwar, R., Hai, H., Sharma, N., Kumar, P.
(2016). Development and quality evaluation of
yoghurt fortified with pineapple, apple and sweet

lemon juice (fruit yoghurt). International Journal of
Engineering Research, 5(3): 621-629.

Gupta, M.K., Viejo, C.G., Fuentes, S., Torrico,
D.D., Saturno, P.C., Gras, S.L., Dunshea, F.R,,
Cottrell, J.J. (2022). Digital technologies to assess
yoghurt quality traits and consumers acceptability.
Journal of the Science of Food and Agriculture, 102:
56042-5652.

Gtizel, Y.M., Mercan, T. (2004). Farkli receteler
kullanilarak ~ Uretilen  cilek  recellerindeki
hidroksimetilfurfural ~(HMF) olusumu ve

391



392

M.E. Terzioglu, A. Arslaner, i. Bakirci

depolama stresindeki degisimi. Guda ve Yem Bilimi-
Teknolojisi Dergisi, 6: 1-7.

Hamdy, S.M., Abdelmontaleb, H.S., Mabrouk,
AM., Abbas, K.A. (2021). Physicochemical,
viability, microstructure, and sensory properties
of whole and skimmed buffalo set-yogurts
containing different levels of polydextrose duting

refrigerated storage. Journal of Food Processing and
Preservation, 00: e15643.

Hameed, A., Inayat, S., Javed, I., Junaid, M.,
Ahmad, I, Ikram, A, Al, M. (2020).
Physicochemical quality and sensory attributes of
soy milk yogurt blended with buffalo milk.
Pakistan Journal of Life and Social Sciences, 18(2): 92-
96.

Hou, Y., Zhang, X., Liu, X., Wu, Q., Hou, J., Su,
P., Guo, Q. (2022). Comparison of the effects of
5-Hydroxymethylfurfural in milk powder matrix
and standard water on oxidative stress system of
Zebrafish. Foods, 11(12): 1814.

Hovjecki, M., Miloradovic, Z., Mirkovic, N.,
Radulovic, A., Pudja, P., Miocinovic, J. (2021).
Rheological and textural properties of goat's milk
set-type yoghurt as affected by heat treatment,
transglutaminase addition and storage. Jowrnal of
the Science of Food and Agriculture, 101(14): 5898-
5906.

Tlyasoglu, H., Yilmaz, F. (2019). Characterisation
of yoghurt enriched with polyunsaturated fatty

acids by using walnut slurry. International Journal of
Dairy Technology, 72(1): 110-119.

Ivanova, S., lIlieva, Y., Penchev, P. (2021).
Alterations in health-related fatty acids in buffalo
milk after processing to traditional dairy

products. Acta Universitatis Cinbinesis, Series E: Food
Technology, 25(2): 211-220.

Ivanova, S., Miteva, D., Nacheva, 1., T'svetkov, T.
(2011). Assessment of the effect of the
technological processing and the storage term on
the fatty acid composition of buffalo
yoghurtt. Bulgarian — Jowrnal — of  Agricultural
Science, 17(3): 269-276.

Khan, I.T., Nadeem, M., Imran, M., Khalique, A.
(2020). Impact of post fermentation cooling
patterns on fatty acid profile, lipid oxidation and

antioxidant features of cow and buffalo milk set
yoghurt. Lipids in Health and Disease, 19(1): 1-12.

Kim, E.D., Lee, H.S., Kim, K.T., Paik, H.D.
(2021). Antioxidant and Angiotensin-Converting
Enzyme (ACE) Inhibitory activities of yogurt
supplemented with Lactiplantibacillus ~ plantarum
NK181 and Lactobacillus delbrueckii KU200171 and
sensory evaluation. Foods, 10(10): 2324.

Kurt, A., Cakmaket, S., Caglar, A. (2015). Stt ve
Mamiilleri Muayene ve Analiz Metotlart Rehberi.
Atatiirk Universitesi Ziraat Fakiiltesi Yayilart
No. 18, 238 s, Erzurum.

Li, M., Shen, M., L, J., Yang, J., Huang, Y., Liu,
L., Fan, H., Xie, J., Xie, M. (2022). Maillard
reaction harmful products in dairy products:
formation, occurrence, analysis, and mitigation
strategies. Food Research International, 151: 110839.

Metin, M. (2014). Siit Teknolojisi-Stitin Bilegimi
ve Islenmesi (13. Basky). Ege Universitesi
Basimevi, Izmir.

Mirzapour-Kouhdasht, A., Garcia-Vaquero, M.
(2022). Cardioprotective peptides from milk
processing and dairy products: from bioactivity to
final products including commercialization and
legislation. Foods, 11(9): 1270.

Moschopoulou, E., Sakkas, L., Zoidou, E.,
Theodorou, G., Sgouridou, E., Kalathaki, C.,
Liarakou, A., Chatzigeorgiou, A., Politis, I.,
Moatsou, G. (2018). Effect of milk kind and
storage on the biochemical, textural and
biofunctional characteristics of set-type yoghurt.
International Dairy Journal, 77: 47-55.

Oz, AT., Kafkas, E. (2015). Muhafaza siiresinin
‘Festival’ cilek c¢esidi meyvelerinde  fiziksel
Ozelliklere ve biyokimyasal bilesimine etkisinin
belirlenmesi. Yiigiincii Y1l Universitesi Tarum Bilimleri
Dergisi, 25(2): 105-112.

Nakamura, Y., Yamamoto, N., Sakai, K., Okubo,
A., Yamazaki, S., Takano, T. (1995) Purification
and characterization of angiotensin-converting

enzyme inhibitors from sour milk. Journal of Dairy
Science, 78: 777-783.

Nguyen, H.T.H., Ong, L., Lefevre, C., Kentish, S.
E., Gras, S.L. (2014). The microstructure and
physicochemical properties of probiotic buffalo



Meyveli probiyotik manda yogurdunun kalite parametreleri

yoghurt during fermentation and storage: a
comparison with bovine yoghurt. Food and
Bioprocess Technology, 7(4): 937-953.

Paszczyk, B., Czarnowska-Kujawska, M. (2022).
Fatty acid profile, conjugated linoleic acid
content, and lipid quality indices in selected

yogurts available on the Polish market. Animals,
12(1): 96.

Satchithanandam, S., Fritsche, J., Rader, J.IL
(2001). Extension of AOAC Official Method
996.01 to the analysis of Standard Reference
Material (SRM) 1846 and infant formulas. Journal
of AOAC International, 84: 805-813.

Tami, S.H., Aly, E., Darwish, A.A., Mohamed,
E.S. (2022). Buffalo stirred yoghurt fortified with
grape seed extract: new insights into its functional
propetties. Food Bioscience, 101752.

Terzioglu, M.E., Yildiz Kiciik, N., Bakurci, I.
(2022). The effect of pineapple addition at
different rates to sheep yoghurt on antioxidant
activity, 5-Hydroxymethylfurfural (HMF)
content, and ABT-2 probiotic culture growth.
Erzincan Universitesi Fen Bilimleri Enstitiisii Dergisi,
15(OZEL SAYI I): 84-97.

Urgu, M., Saatli, T.E., Tirk, A., Koca, N. (2017).
Determination of hydroxymethylfurfural content
of heat-treated milk (pasteurized, UHT and

lactose-hydrolised UHT milk). Akademik Gida,
15(3): 249-255.

Van den Oever, S.P., Mayer, HK. (2021).
Analytical assessment of the intensity of heat
treatment of milk and dairy products. International
Dairy Journal, 121: 105097.

Vargas-Ramella, M., Pateiro, M., Maggiolino, A.,
Faccia, M., Franco, D., De Palo, P., Lorenzo, J.
M. (2021). Buffalo milk as a source of probiotic
tunctional products. Microorganisms, 9(11): 2303.

Vianna, F.S., da Cruz Silva Canto, A.C.V., Costa-
Lima, B., Salim, A.P., Balthazar, C.F., Costa, M.P.,
Panzenhagen, P., Rachid, R., Franco, RM.,
Conte-Junior, C.A., de Oliveira Silva, A.C. (2019).
Milk from different species on physicochemical
and microstructural yoghurt properties. Ciéncia
Rural, 49(6): €20180522.

Xing, Q., Fu, X,, Liu, Z., Cao, Q., You, C. (2021).
Contents and evolution of potential furfural
compounds in milk-based formula, ultra-high

temperature milk and pasteurised yoghurt.
International Dairy Journal, 120: 105086.

Yangilar, F. (2013). Hydroxymethyfurfural
(HMF) in dairy products. Akademik Gida, 11(3-4):
70-76.

393



394

Aragtirma / Research
GIDA (2023) 48 (2) 394-404
doi: 10.15237/¢gida.GD22126

C VITAMINININ 2-KETO-L-GULONIK ASIT MOLEKULUNDEN URETIiMi
ICIN FARKLI METOTLARIN ARASTIRILMASI

Ceren MUTLU", Cihadiye CANDAL USLU? Mustafa ERBAS®
1Balikesir Universitesi, Mithendislik Fakiiltesi, Gida Miihendisligi Béliimii, Balikesir, Tiirkiye
2Kiitahya Saglik Bilimleri Universitesi, Saglik Bilimleri Fakiiltesi, Beslenme ve Diyetetik Béliimii, Kiitahya,
Turkiye
3Akdeniz Universitesi, Mithendislik Fakiiltesi, Gida Miihendisligi Boliimii, Antalya, Tiirkiye

Gelis/ Received 09.12.2022; Kabul/ Accepted : 27.02.2023; /Online baski: Published online 08.03.2023

Mutlu, C., Candal Uslu, C., Erbas, M. (2023). C vitamininin 2-keto-L-gulonik asit molekiliinden tiretimi
icin farklt metotlatin arastirtlmast. GIDA (2023) 48 (2) 394-404 doi: 10.15237/ gida.GD22126

Mutly, C., Candal Usly, C., Erbas, M. (2023). Investigation of different methods for production of vitamin C from 2-
keto-L-gnlonic acid molecule. GIDA (2023) 48 (2) 394-404 doi: 10.15237/ gida. GD22126

oz

Arastirmada  farklh metotlar kullanidarak = 2-keto-L-gulonik asit molekiliinin esterifikasyonu  ve
laktonizasyonu ile tlkemizde ilk defa C vitamini tretiminin gerceklestirilmesi amaglanmustir. Bu amag
dogrultusunda C vitamininin tGiretimi i¢in dért metot, C vitamininin sodyum tuzunun tretimi icin dért metot
ve C vitamininin potasyum tuzunun tretimi i¢in ise bir metot olmak tizere toplamda dokuz farklt metot
kullanilarak denemeler yapilmistir. Elde edilen bulgulara gore; dogrudan C vitamini tretimi i¢in %36.07
verim ile Metot-I’in, C vitamininin sodyum tuzu Gretimi igin %658.56 verim ile Metot-VIII’in ve C vitamininin
potasyum tuzu dretimi igin ise %028.22 verim ile Metot-IXun kullanilabilecegi degerlendirilmistir.

Anahtar kelimeler: 2-keto-L-gulonik asit, C vitamini, esterifikasyon, laktonizasyon

INVESTIGATION OF DIFFERENT METHODS FOR PRODUCTION OF
VITAMIN C FROM 2-KETO-L-GULONIC ACID MOLECULE

ABSTRACT

In the study, it was aimed to produce vitamin C for the first time in our country by esterification and
lactonization of 2-keto-L-gulonic acid molecule using different methods. For this purpose,
experiments were carried out using a total of nine different methods as four methods to produce
vitamin C, four methods to produce the sodium salt of vitamin C, and one method to produce the
potassium salt of vitamin C. According to the obtained results, it was evaluated that Method-I with
a yield of 36.07% for the direct production of vitamin C, Method-VIII with a yield of 58.56% for the
production of vitamin C sodium salt, and Method-IX with a yield of 28.22% for the production of
vitamin C potassium salt could be used.
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2-keto-L-gulonik asitten C vitamini Gretimi

GIRIS
C vitamini (L-askorbik asit) insanlar, primatlar ve
diger bazt hayvanlar icin metabolik acidan oldukc¢a
onemli olup, kiiresel pazarda en buyiik paya sahip
vitamin olarak bilinmektedir. Kesfedildigi 1912
yilinin ardindan bitkilerden izole edilmesi ve
biyokimyasal olarak sentezlenmesi ile ilag, gida,
icecek, kozmetik ve yem endustrilerinde siklikla
kullanilan bir madde haline gelmistir (Wang vd.,
2018).

C vitamini vicutta redoks reaksiyonlarina
katilmasi, toksik serbest radikaller icin indirgeyici
olmasi, metaller ve proteinlerle kompleksler
olusturmasi, bag dokusu kolajenindeki prolin
kalintidarmin - 4-hidroksiprolin -~ kalintilarina
donigtirildigi  enzimatik  hidroksilasyon
reaksiyonunun kofaktoérii olmasi, fenilalanin ve
tirozin metabolizmalarina katilmast gibi farkl
fonksiyonlara sahip olup, insanlar tarafindan
sentezlenemedigi icin ginlik olarak disaridan
altnmasi zorunlu olan bir vitamindir (Lavrenov ve
Preobrazhenskaya, 2005). Gunlik C vitamini
ihtiyact viicut agirhigina, sigara kullanimina, yasam
tarzina, fiziksel aktiviteye, saglik durumuna ve
genetik  faktorlere  bagli  olarak  farklilik
gostermekte olup (Nowak, 2021), Diinya Saglik
Orgiitii (WHO) ve Gida ve Tarim Orgiitii (FAO)
yetiskinler icin 45 mg/gin C vitamini alimint
tavsiye ederken, Gida ve Beslenme Kurulu ve Tip
Enstitistt C vitamini tiketimini sagliklt yetiskin
erkek ve kadinlar icin sirastyla 90 ve 75 mg/gun
olarak 6nermektedir (Abbas vd., 2012).

Insan sagligt acisindan bir¢ok faydast bulunan C
vitamini gida sektérinde de antioksidan olmasi ve
dengeleyici  Gzellikleri  nedenleriyle  siklikla
kullanilmaktadir. Uretilen C vitamininin %25
kadari gida ve %15 kadar ise icecek endistrisi
tarafindan degerlendirilmektedir (Bremus vd.,
2006). Gunimiizde C vitamininden tiretilen
sodyum askorbat, kalsiyum askorbat, potasyum
askorbat ve askorbik asidin yag asidi esterleri
(askorbil palmitat ve askorbil stearat) gibi katki
maddeleri veya dogrudan C vitamininin kendisi
farkli bircok ticari tiriinde bulunmaktadir (Varvara
vd., 2016). C vitamini temel olarak protein icerigi
ve kalitesi zayif unlardan tretilen ekmeklerin
kalitesini artirmak (Dinani vd., 2023) ve lipit

icerigi yuksek olan gidalarda oksidasyonu
engellemek (Uluata vd., 2015) gibi amaglarla
kullanilmaktadir. Ayrica o-kinonlar1 koyu renk
olusturmadan 6nce fenolik bilesiklere indirgeme
kabiliyeti nedeniyle esmerlesme Onleyici ajan
olarak da gida endustrisinde kullanilan énemli bir

katki maddesidir (Xu vd., 2020).

Bircok alanda kullanim ihtiyact bulunan C
vitamininin endustriyel tretimi ilk kez D-glikozu
C vitaminine déntstiren ve kimyasal ve
biyokimyasal siirecleri iceren Reichstein sentezi ile
gerceklestirilmistir. Bu siireclerin ilk asamasinda
D-glikoz indirgenerek D-sorbitole dénistirilir.
D-sorbitol ~ bakteriyel ~ fermantasyon  ile
gerceklestirilen oksidasyon sonucunda L-sorboza
ve L-sorboz ise daha sonra kimyasal olarak 2-
keto-L-gulonata oksitlenir. Son asamada ise 2-
keto-L-gulonat bilesigi C vitaminine laktonize
edilir. Gunlimizde ise C vitamini Uretimi icin
baskin endiistriyel stire¢ iki asamali fermantasyon
yontemidir. Bu yontemin ilk adiminda D-sorbitol,
Gluconobacter oxcydans mikroorganizmast
kullantlarak I.-sorboz bilesigine oksitlenir. Tkinci
adimda ise Ketogulonicigeninm vulgare ve Bacillus
megaterium mikroorganizmalarinin kombinasyonu
ile gerceklestirilen fermantasyon sonucunda L-
sorboz,  2-keto-L-gulonik  aside (2-KLG)
doniigtiriildikten sonra laktonizasyon ile C
vitamini elde edilit (Kuivanen vd., 2015). C
vitamininin  6nci maddesi olan 2-KLG,
esterlestirme ~ ve  laktonizasyon  adimlar
kullantlarak C vitaminine déntstarilir (Kaswurm

vd., 2013).

C vitamininin dinyada yilhk dretim miktar
yaklasik olarak 110.000 ton ve toplam ekonomik
buyukligi ise 500-650 milyon $§ kadardir (Bhand
ve Patwardhan, 2015). Dis ticaret verilerine ait
raporlarda tlkemizin; 2016 yili itibari ile kullandigt
tim C vitaminini ithal ettigi, bunun i¢in yaklasik
8.50 milyon $ d6viz 6demesi yaptigt (Anonim,
2016) ve bu urinin dig sattim potansiyeli de
dikkate alindiginda 30 milyon $ kadar bir toplam
ticari kapasiteye sahip oldugu degerlendirilmistir.
2019 yili verilerine gére ise tlkemizin 12.50
milyon § degerinde C vitamini ithal ettigi ve bu
nedenle iilkemizdeki toplam C vitamini pazarinin
30 milyon $ hacmini de gectigi dustiniilmektedir
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(Anonim, 2021). D-sorbitol ve C vitamini gida,
kimya, ila¢ ve kozmetik sektorlerinde genis
kullanim alanlart bulunan ve katma degeri yitksek
iki ticari Urtindir. Bu ticari triinler D-glikoz
kullanilarak bir seri kimyasal ve biyokimyasal
dontstim reaksiyonlart dizisi ile bazi yabanct
tlkelerde uretilmekte ve pazatlanmaktadir.

Ulkemiz kendi kaynaklarini kullanarak yillardir D-
glikoz tiretebilirken, D-glikozun hidrojenizasyonu
ile elde edilen D-sorbitolin iretimi tlkemizde
ancak birkac yil O6nce baslamis olup, D-
sorbitolden C vitamini dretimi ile ilgili ise
herhangi bir ticari girisime ve bilimsel ¢alismaya
rastlantlmamistir. Belirtilen nedenle tlkemizde C
vitamini Uretimini ilk kez konu alan bu arastirma
ile; bircok alanda kullantm imkani bulunan ve

degerli bir ticari Grtiin olan C vitamininin Gretim
yontemlerinin arastirilmasinin hem daha sonraki
bilimsel ¢alismalara hem de bu alanda faaliyet
gostermek isteyen sanayi kuruluglarina katkida
bulunacagt ve bu faaliyetlerin bir sonucu olarak da
C vitamini  agsindan  disga  bagimliligin
azaltilabilecegi degerlendirilmistir.

MATERYAL VE METOT

Materyal

Farkli metotlar i¢in kullanilan materyaller Cizelge
1’de verilmistir. Kimyasallar islemin niteligine
uygun olarak analitik saflikta Merck (Almanya),
Isolab Laborgerite GmbH (Almanya), Sigma-
Aldrich (Almanya) ve Haihang Industry (Cin)
firmalarindan temin edilerek kullandmustir.

Gizelge 1. 2-KLG molekilinden C vitamini Gretimi i¢cin kullanilan kimyasallar
Table 1. Chemicals used for the production of vitamin C from 2-KLG molecule

Metotlar/Methods

Kullanian Kimyasallar/ Used Chemicals

Metot-1/Method-I

Metot-11/ Method-11

Metot-111/ Method-I11

Metot-1V/ Method-IT"

Metot-V ve Metot-V1/ Method-1" and | Method-1"1
Metot-VI1// Method-1"11

Metot-VII1/ Method-1"111

Metot-1X/Method-I1X

2-KLG, Toluen ve HCI

2-KLG, Toluen, n-butanol, HCI
2-KL.G ve HCl

2-KL.G ve H2SO4

2-KLG, Metanol, H,SO4, NaHCO3
2-KL.G, Metanol, H2SO4, N22COs
2-KL.G, Metanol, H,SO4 ve NaOH
2-KLL.G, Metanol, H,SO4ve KOH

Metotlar

Arastirmada; 2-KLLG bilesiginin metil alkol ile
esterifikasyonu ve laktonizasyonu ile C vitamini
uretilmesi calismalart yapimis ve bu amagla
asagida belirtilen 9 farkli metot uygulanmustir.
Uygulanan metotlarla C vitamini ve C vitamininin
sodyum ve potasyum tuzlarnin Uretimleri
gerceklestirilmistir.

C vitamini tiretim metotlar1

Metor-I

2-KLLG bilesiginden C vitamini Uretiminde
kullandan Metot-1 icin; 250 ml. hacmindeki
amber bir cam sise icerisinde bulunan 20 ¢ 2-KLG
bilesigi tizerine sirastyla 20 mL toluen ve 1008 uL
HCI eklenmistir. Ortamda bulunan oksijenin
uzaklastirilmasi amactyla sise icerisine 30 saniye
stresince azot gazi verilmis ve sise sizdirmaz bir
sekilde kapatilmistir. Bu karigim, karisimin

stcakligs 70°C olacak sekilde 300 dakika stiresince
500 rpm hizla karanlik bir ortamda manyetik
karistirict tizerinde karistirdmistir. Stire sonunda
elde edilen heterojen karistm oda sicakhigina
sogutulmustur. Elde edilen kati kisim ayrilarak
40°C sicaklikta ve 25 mbar vakum basincinda 48
saat slresince kurutulmus ve analiz edilmistir
(Nadtochii ve Melent’eva, 2001).

Metor-1T

2-KLG bilesiginden C vitamini {retiminde
kullantlan Metot-1I"de, Metot-I’e modifikasyon
yapilmustir. Bu amagla; 250 mL hacmindeki amber
bir cam sise igerisindeki 20 g 2-KLG bilesigi
tzerine sirastyla 20 mL  n-bttanol:toluen
(%37.5:62.5) ve 1008 pL. HCI eklenmistir. Diger
asamalar  ise  Metot-I'de  belirtildigi  gibi
gerceklestirilmistir  (Nadtochii ve Melent’eva,
2001; Gholap vd., 2017).
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Metor-111

2-KLLG bilesiginden C vitamini Uretiminde
kullanilan Metot-111 icin; 3 M HCI kullanilarak
%10 konsantrasyonunda 2-KLG igeren ¢ozelti
amber bir cam sise icerisinde hazirlanmistir.
Ortamda bulunan oksijenin uzaklastirilmas:
amactyla sise igerisine 30 saniye stresince azot
gazt verilmis ve sise sizdirmaz bir sekilde
kapatidmistir. Bu katisim 90°C sicaklikta 70 dakika
stresince 500 rpm hizla kanstirdmistur. Stire
sonunda karisim oda sicakligina sogutulmustur.
Elde edilen kat1 kistm 40°C sicaklikta ve 25 mbar
vakum basincinda 48 saat siiresince kurutulmus ve
analiz edilmistir (Anonim, 2002).

Metot-IV

2-KLG bilesiginden C vitamini Uretiminde
kullanilan Metot-1V icin; 2 M H>SO4 kullanilarak
%10 konsantrasyonunda 2-KLG iceren ¢Ozelti
amber bir cam sise icerisinde hazitlanmistir.
Ortamda bulunan oksijenin  uzaklastirdmasi
amaciyla sise icerisine 30 saniye siiresince azot
gazi verilmis ve sise sizdirmaz bir sekilde
kapatdmistir. Bu karisim 80°C  sicaklikta 240
dakika siiresince 500 rpm hizla karistirilmistir.
Sire  sonunda  karisim  oda  sicakligina
sogutulmustur. Elde edilen katt kistm 40°C
sicaklikta ve 25 mbar vakum basincinda 48 saat
siresince  kurutulmus ve analiz  edilmistir
(Anonim, 2002).

C vitamini sodyum tuzu iiretim metotlar1
Metot-17

2-KLG bilesiginden C vitamini uretiminde
kullanilan Metot-V i¢in; 20 g 2-KLG bilesigi
tizerine sirastyla 60 mL metanol ve 900 uL. HoSO4
eklenmistir. Bu karistm reaktérin teflon kabi
icerisine alinmis ve sistem kapatilarak ortamda
bulunan oksijenin uzaklastirilmasi amactyla sistem
icerisine 30 saniye stresince karbondioksit gazi
verilmistir. Bu karisim, karisimin sicakligs 67-68°C
olacak sekilde 30 dakika stiresince 250 rpm hizla
karistirdarak  2-KLG  bilesiginin  metil esterini
olusturmak amactyla esterifikasyon islemine tabi
tutulmustur. Stre sonunda sistem actlarak karisim
igerisine 2.5 g sodyum bikarbonat eklenmis ve
sistem yeniden kapatilarak icerisine 30 saniye
stresince karbondioksit gazi verilmistir. Karisim
60°C sicaklikta 120 dakika stiresince 250 rpm hizla

karistirilmistir.  Siire  sonunda  sistem  yeniden
acilmis ve elde edilen karisim oda sicakligina
sogutulduktan sonra filtre edilmistir. Elde edilen
birinci katt kistm ayrilmis ve siziintd ise bir
sonraki asama icin Uzerine 2.5 g sodyum
bikarbonat  eklenerek  yeniden  reaktdre
konulmustur. Sistem kapatilarak icerisine 30
saniye siiresince karbondioksit gazi verilmistir.
Karisim 60°C sicaklikta 120 dakika siiresince 250
rpm hizla kanstirlmis ve boylece 2-KLG-metil
esterinin laktonlasarak ve sodyum ile baglanarak
C vitamininin sodyum tuzuna dontsmesi
saglanmustir. Stire sonunda sistem tekrar acilmis
ve kansim oda sicakligina  sogutulmustur.
Sogutulan karisim filtre kagidindan gecirilmis ve
filtre Gstli materyal ayrilarak 40°C sicaklikta ve 25
mbar vakum Dbasincinda 48 saat  siiresince
kurutulmus ve analiz edilmistir (Anonim, 1992).

Metor-1'1

2-KLG bilesiginden C vitamini {retiminde
kullamilan Metot-VI’da, Metot-V’e modifikasyon
yapilmistir. Bu amacla; 20 g 2-KLG  bilesigi
tizerine sirastyla 60 mL metanol ve 900 uL. HoSO4
eklenmistir. Bu karisim reaktoriin teflon kab:
icerisine alinmis ve sistem kapatilarak ortamda
bulunan oksijenin uzaklastirilmasi amactyla sistem
icerisine 30 saniye stiresince karbondioksit gazi
verilmistir. Bu karisim, karisimin sicakligi 67-68°C
olacak sekilde 180 dakika siiresince 250 rpm hizla
karistirlarak  2-KLG  bilesiginin  metil esterini
olusturmak amactyla esterifikasyon islemine tabi

tutulmustur. Diger asamalar ise Metot-V’te
belirtildigi gibi gerceklestirilmistir  (Anonim,
1992).

Metor-111

2-KLG bilesiginden C vitamini {retiminde

kullantlan Metot-VII icin; 26 g 2-KLG bilesigi
tzerine strastyla 200 mL metanol ve 546 uL
H,SO4 eklenmistir. Bu karisim reaktorin teflon
kabr icerisine alnnmis ve sistem kapatilarak
ortamda bulunan oksijenin  uzaklastirilmast
amactyla sistem icerisine 30 saniye siiresince
karbondioksit gazt verilmigtir. Bu karigim,
karisimin sicakligs 65°C olacak sekilde 180 dakika
stresince 250 rpm hizla karstirdarak 2-KLG
bilesiginin metil esterini olusturmak amactyla
esterifikasyon islemine tabi tutulmustur. Sire
sonunda sistem acilarak karisim icerisine 7.4 g
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sodyum karbonat cklenmis ve sistem yeniden
kapatillarak  icerisine 30 saniye suresince
karbondioksit gazi verilmistir. Karistm 65°C
sicaklikta 150 dakika siiresince 250 rpm hizla
karistirilmis ve béylece 2-KLG-metil esterinin
laktonlasarak ve sodyum ile baglanarak C
vitamininin ~ sodyum  tuzuna  donismesi
saglanmustir. Stire sonunda sistem yeniden agilmis
ve karistm oda sicakligina sogutularak filtre
edilmistir. Elde edilen katt kistm 40°C sicaklikta
ve 25 mbar vakum basincinda 48 saat siiresince
kurutulmus ve analiz edilmistir (Wang vd., 2012).

Metot-1111

2-KLG bilesiginden C vitamini Uretiminde
kullandan Metot-VIII i¢in; 15 g 2-KLG bilesigi
tzerine 81.2 ml metanol eklenmis ve karisim
amber Dbit cam sise icerisinde tamamen
¢coziiniinceye kadar 500 rpm hizla manyetik
katistirict tizerinde 65°C sicaklikta karistirilmustir.
Cozinme tamamlaninca karisim tzerine 80 pl
H>SO, eklenmistir. Ortamda bulunan oksijenin
uzaklastirilmasi amactyla sise igerisine 30 saniye
stresince azot gazi verilmis ve sise sizdirmaz bir
sckilde kapatilmistir. Bu kargim, karisimin
stcakligt 65°C olacak sekilde 270 dakika stresince
500 rpm hizla kanstirdarak 2-KLG  bilesiginin
metil esterini olusturmak amaciyla esterifikasyon
islemine tabi tutulmustur. Sire sonunda sise
kapag tizerinde olusturulan sistem yardimuyla sise
icerisine metanol ile hazirlanmis 3.7 N NaOH
coOzeltisi ilave edilmistir. NaOH  ¢6zeltisinin
sisteme ilave edilmesi islemi; 148 dakika siiresince
5 dakikada bir 655 pl. ve 18 dakika siiresince ise 5
dakikada bir 445 pl. NaOH eckleme seklinde
gerceklestirilmis  ve  boylece  2-KLG-metil
esterinin laktonlasmast ve sodyum ile baglanarak
C vitamininin sodyum tuzuna donismesi
saglanmustir. Siire sonunda elde edilen heterojen
karisim oda sicakligina sogutularak stiziilmistiir.
Elde edilen kat1 kisim ti¢ kez 7.5 mL. metanol ile
yikanmis ve 40°C sicaklikta ve 25 mbar vakum
basincinda 48 saat stiresince kurutularak analiz
edilmistir (Anonim, 1995).

C vitamini potasyum tuzu iiretim metodu
Metot-IX

2-KLG bilesiginden C vitamini Uretiminde
kullanilan Metot-IX icin Metot-VIIT’de kullanilan

37 N NaOH  ¢6zeltisi  yerine  aynt
konsantrasyondaki KOH ¢6zeltisi kullanilmis ve
béylece C vitamininin potasyum tuzunun
dretilmesi saglanmistir. Diger islemler ise Metot-
VIIle benzer sekilde uygulanmistir (Anonim,
1995).

D-glikozdan C vitamini tiretimi

Ayrica arastirmada  D-glikozdan C  vitamini
tretimi i¢in; D-glikozdan D-sorbitol rutenyum
katalizort varliginda 153°C sicaklik, 60 bar H»
gazi basinct ve 1 saat reaksiyon siiresince %93.30
verim ile iiretilmistir. Uretilen D-sorbitolden
biyoreaktérde L-sorboz; 127.58 g/L D-sorbitol
konsantrasyonu, 5.0 baslangic pH degeri, 35°C
sicaklik, 700 rpm karistirma hizi ve 1.5 vvm hava
akim hiz1 sartlarinda 9%99.21 verim ile elde
edilmistir. L-sorbozdan oksidasyon ile 2-KLG
uretimi; 41.30°C sicaklik, 8.23 pH degeri ve 195
dakika reaksiyon stresince ortalama %043.70
verim ile gerceklestirilmistir. Son olarak ise 2-
KLG bilesiginin belirtilen metotlar ile C vitamini
ve sodyum ve potasyum askorbata dénisimu
saglanmustir.

Analiz metotlar:

HPILC-RID sistemi ile 2-KLLG ve C vitamini analizi
2-KLG ve C vitamininin sodyum ve potasyum
tuzlarinin  analizinde, yukaridaki — metotlar
kullanilarak elde edilen katilar uygun oranda ultra
saf suile seyreltilmis ve HPLC-RID (1260 Infinity
II Agilent, ABD) sistemine enjekte edilerek analiz
gerceklestirilmistir. Analiz 75°C kolon ve 30°C
dedektor sicakliklarinda, Hi-Plex-Ca (Agilent,
ABD) kolon kullanilarak ve akis hiz1 0.6 mL./dk
olan ultra saf su mobil fazi varhiginda 10 pL
ornegin enjeksiyonu ile gerceklestirilmistir (Zhu
vd., 2012).

LC-MS sisteni ile 2-KL.G ve C vitamini analizi

2-KLG, C vitamini ve C vitamininin sodyum ve
potasyum  tuzlarinin  analizinde, yukaridaki
metotlar kullanilarak elde edilen katdar uygun
oranda ultra saf su ile seyreltilmis, LC-MS
(UltiMate 3000 UHPLC ve TSQ Fortis Triple
Quadrupole MS dedektér, Thermo Fisher
Scientific, Massachusetts, ABD) sistemine enjekte
edilmis ve Thermo Hypersil Gold Cis kolon (50
mm x 21 mm x 1.9 pm) kullanilarak analiz
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gerceklestirilmistir. Mobil faz A olarak su:metanol
(%095:5), %0.1 formik asit ve 4 mM amonyum
asetat karisimi ve mobil faz B olarak ise
swmetanol (%5:95), %0.1 formik asit ve 4 mM
amonyum asetat karisimi kullanilmistir. Mobil
fazlarin gradiyent akis programi Cizelge 2’de

analiz siiresi ise 4 dakika olarak ayarlanmustir.
Ayrica kapiller sicakhigt 280°C, MS dedektor
stcakligt 230°C ve sprey voltaj £3500 V olarak
uygulanmistir (Dogan vd., 2019). Orneklerdeki 2-
KLG ve C vitamini miktarlarr ise farkh
konsantrasyonlardaki (0.01-1.00 g/kg) standart

verilmistir. Enjeksiyon hacmi 10 pL, kolon  maddelerle hazirlanan  kurveler  yardimiyla
sicakligt 40°C, akis hizt 0.25 mL/dk ve toplam belitlenmistir.
Cizelge 2. Mobil fazlarin gradiyent akis programit
Table 2. Gradient flow program of mobile phases
Zaman Mobil faz akis htzt Mobil faz A Mobil faz B
(dk) (mL/dk) (%) (%)
Time Mobile phase flow rate Mobil phase A Mobil phase B
(min) (mL/ min) (%) (%)
0 0.25 100 0
0.4 0.25 100 0
1.2 0.25 50 50
2.0 0.25 0 100
3.0 0.25 0 100
3.5 0.25 100 0
4.0 0.25 100 0
Belitlenen 2-KLLG ve C vitamini miktarlart BULGULAR VE TARTISMA

kullanidarak agagida verilen esitlik ile dretim
verimleri hesaplanmugtir.

__ Cvitamini miktart

Uretim verimi (%) = : x 100
2—KLG miktart

Esitlik 1

Metot-1

Farkli metotlar ile gerceklestirilen 2-KLG
bilesiginden C vitamini Gretimlerinden elde edilen
Orneklere ait bazt  gorseller Sekil 1’de ve

orneklerde tespit edilen 2-KL.G ve C vitamini LC-
MS miktar analiz sonuglart ise Cizelge 3’te
verilmistir.

Metot-IIT Metot-IV

Metot-V Metot-VI

Metot-VII

Metot-IX

Metot-VIII

Sekil 1. C vitamini (Metot I-II-I1I ve IV) ve C vitamini sodyum (Metot V-VI-VII ve VIII) ve potasyum
(Metot IX) tuzlarinin tGretimlerinden elde edilen 6rneklere ait bazt gorseller
Figure 1. Some images of the samples obtained from the production of vitamin C (Method I-1I-11I and I1) and sodium
(Method V-V I-VII and V'111) and potassium (Method 1X) salts of vitamin C
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C vitamini olarak tretilen ve Metot-1I ile elde
edilen 6rnek haricindeki 6rneklerin renkleri siyah
olurken, C vitamininin sodyum ve potasyum
tuzlart olarak tretilen 6rneklerin renklerinin ise
beyazimsi sar1 renkte olduklar gézlemlenmistir.
Konsantre asit c¢ozeltisinin 70-75°C  sicaklikta
kullaniminin ortamdaki bilesenlerin yanmasina
neden olabilecegi rapor edilmistir (Gholap vd.,
2017). Buna baglt olarak Metot I‘de konsantre
HCl kullantminin ve 300 dakika olan uzun
uygulama suresinin, Metot III ve IV’te 80-90°C
gibi yiksek sicakliklar ile Metot IV’te asidik
ortamda 240 dakikalikk uzun bir uygulama

siresinin neticesinde ortamdaki karbonhidrat
tirevi bilesiklerin yanmast ile siyah renkte bir
kalint1 elde edildigi degerlendirilmistir. Metot II’de
ise Metot I’e benzer sicaklik ve strelerde tretim
yapilmasina ragmen ortama eklenen bitanolin
rengi koruyucu bir etki gdstermis olabilecegi
distnilmistir. Yapilan bir calismada konsantre
HCl uygulamasindan sonra koyu renkli viskoz bir
stvinin olustugu ve bu stvidan ayrilan ¢ékeltinin n-
bitanol:toluen (%37.5:62.5) karisimi ile ytkanmast
sonucunda actk gri ham irin elde edildigi
bildirilmistir (Gholap vd., 2017).

Cizelge 3. 2-KILG molekiiliinden C vitamini tiretimlerine ait LLC-MS analiz sonuglar
Table 3. LC-MS analysis results of vitamin C production from 2-KLLG molecule

2-KL.G C vitamini/ Vitamin C Verim/ Yield

Metotlar/Methods (o/ke) (o/ke) o)

Metot-1/Method-I 536.55 360.74 36.07
Metot-11/ Method-1I 383.16 22.81 2.28
Metot-111/ Method-11T 0.28 1.54 0.14
Metot-1V/Method-1T" 0.00 0.00 0.00
Metot-V/Method-1" 26.36 46.66 4.20
Metot-V1/Method-1"T 31.46 272.24 24.50
Metot-VI1/Method-1"11 20.04 365.50 32.90
Metot-VII1/Method-1"1I1 113.29 650.69 58.56
Metot-IX/Method-IX 24.26 313.60 28.22

Elde edilen sonuclara gére dogrudan C vitamini
iretim denemelerinden olan Metot I-1I-1II ve IV
karsilastirildiginda en yiiksek tretim miktart ve
veriminin strastyla 360.74  g/kg ve %36.07
degerleri olarak Metot-1 ile elde edildigi, diger
denemelerde ise tretim verimlerinin ¢ok dusiik
oldugu ve bu yéntemlerin C vitamini Uretimi igin
uygun  olmadigt  belitlenmistir.  Metotlar
incelendiginde dogrudan C vitamini Gretiminde
yalnizca toluen kullaniminin;  toluen:biitanol
¢ozeltisi, HCI ve HaSOy4 ¢6zeltileri kullanimindan
cok daha iyi sonuglar verdigi degerlendirilmistir.
Metot-I’"de  belirtilen kosullar ile C vitamini
lretiminin yapildigt bir caligmada
diasetonketogulonik asidin %49.70 verim ile C
vitaminine donistirilebildigi ve C  vitamini

retim veriminin kullanilan HCl
konsantrasyonuna ve reaksiyon sicakligi ve
siresine bagli olarak degisiklik gOsterdigi

bildirilmistit (Nadtochii ve Melent’eva, 2001).
Metot-IIT  ve 1V, C vitamini Uretiminin

gerceklestirildigi  en eski yOntemler olarak
bilinmektedir. Her iki yontemin kullamldigi bir
aragtirmada sirastyla %065 ve %060 donisim
verimleri rapor edilmistir (Anonim, 2002). Ancak
sonuglar incelendiginde bu yontemler ile C
vitamini Uretiminin gerceklestirilemedigi tespit
edilmistir. Konsantre HCl ¢ozeltisinin 70-75°C
sicaklikta kullaniminin C vitamininin yanmasina
yol agabildigi rapor edilmistir (Gholap vd., 2017).
Buradan hareketle tdretim sirasinda 2-KLG
molekiilinin miktarinda azalma olmasina ragmen
C vitamini elde edilememesinin son Urlnin
reaksiyon sirasinda yanma sonucu kaybedilmesi ile
iliskili olabilecegi degerlendirilmistir.

C vitamininin sodyum tuzunun Uretimlerinin
gerceklestirildigi denemelerde (V-VI-VII ve VIII)
ise Orneklerin C vitamini miktarlarinin 46.66-
650.69 g/kg araliginda degistigi ve en yiiksek C
vitamini Uretim veriminin %58.56 olarak Metot-

VII’de elde edildigi tespit edilmistir. Metotlar
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incelendiginde C vitamininin sodyum tuzunun
dretiminde sodyum kaynagi olarak NaOH
¢ozeltisinin kullaniminin, sodyum bikarbonat ve
sodyum karbonat kullanimindan daha yiksek
sonuglar verdigi belirlenmistir. Ayrica Metot-V ve
VI arasindaki verim farklihgr incelendiginde ise
esterifikasyon  siresinin 30 dakikadan 180
dakikaya uzatilmasinin son urtindeki C vitamini
verimini yaklagik 5.80 kat artirdig1 tespit edilmistir.
Bununla birlikte Metot-IX ile C vitamininin
potasyum tuzu olarak Uretilen Ornekteki C
vitamini miktar ve veriminin 313.60 g/kg ve
%28.22 oldugu belirlenmistir. Yapilan farkl
calismalarda C vitamininin sodyum tuzunun
tretim verimlerinin = %90 degerinin tzerinde
oldugu rapor edilmistir (Anonim, 1992; Anonim,
1995; Wang vd., 2012). C vitamini olusum
verimini etkileyen temel faktorlerin reaksiyon
sicakligi, reaksiyon siiresi ve bu reaksiyon
sirecinde 2-KL.G bilesiginin metil esterinin
sodyum kaynagmna olan molar orant oldugu
belirtilmistir ~ (Wang  vd., 2012).  Ayrica
reaksiyonun ilk agsamasinda 2-KLLG molekiliiniin

metanol ile interaksiyonu sonucu gerceklesen
esterlesme diizeyi de C vitamini olusum verimini
etkilemekte ve metil esterinin olugsmast C vitamini
tretim verimini artirmaktadir (Bommarius ve
Riebel-Bommarius, 2004). Endistride de yaygin
olarak kullanilan yontem, 2-KLG bilesiginin
metanol ile reaksiyona girmesi ile 6nce metil 2-
keto-L-gulonatin iiretiimesi ve daha sonra bu
bilesigin alkali kataliz6r vatliginda C vitaminine
dontstirildigi ester olusturma reaksiyonudur
(Xu vd., 2008). Belirtilen faktorlere bagh olarak
elde edilen bulgularin 6nceki ¢alismalardan farkls
oldugu ve Metot-VII ve VIII temel alinarak
tretim kosullarinin optimize edilmesi ile daha
yiksek  verimlere  wulasilma  potansiyelinin
bulundugu degerlendirilmistir.

En fazla dogrudan C vitamini tiretiminin yapildig
Metot-1, en fazla C vitamininin sodyum tuzunun
tretiminin yapildigt Metot-VIII ve C vitamininin
potasyum tuzunun tretiminin yapildigt Metot-IX
ile tretilen Srneklere ait LC-MS kromatogramlart
ve kiitle spektrumlart Sekil 2’de verilmistir.

= QC vitamini 2KLG [a]
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Sekil 2. LC-MS sistemi ile yapilan analizlere ait bazt kromatogramlar (a: C vitamini/Metot-I 6rnegi, b: C
vitamini sodyum tuzu/Metot-VIII 6rnegi ve ¢: C vitamini potasyum tuzu/Metot-IX 6rnegi)
Figure 2. Some chromatograms of the analysis performed with the LC-MS systen (a: Vitamin C/Method-I sample, b:
Sodium salt of vitamin C/ Method-V'1I1 sample, and c: Potassinm salt of vitamin C/Method-IX sample)
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Yapilan  analizde  kullandan C  vitamini
standardinin karakteristik parcalanma Griintine ait
m/z oraninin 87.00 oldugu belitlenmistir. 2-KLG
standart bilesigi icin karakteristik m/z oraninin ise
103.00 oldugu tespit edilmistir. Orneklerdeki
incelemelerde C vitamini ve 2-KLG bilesiklerinin
varligi bu m/z oranlarinin karsilagtirilmasina ve
piklerin  alikonma zamanlarina gbre tayin
edilmistir.

2-KLG bilesiginden C vitamininin sodyum ve
potasyum tuzlarinin {iretimlerinin dogrulanmasi
amaciyla  yapilan  HPLC  analizine  ait
kromatogramlar ise sirasiyla Sekil 3 ve 4’te
verilmistir. 2-KL.G ve C vitamininin sodyum tuzu
piklerinin altkonma zamanlari ve yapilari referans
maddelerle karsilastirilarak 6rnek icerisinde bu
maddelerin varligi kontrol edilmistir. Ayrica C

vitamininin potasyum tuzu bilesigine ait referans
madde temin edilememis, ancak yine de uretilen
bilesiklerin ¢esitliligini  saglamak amactyla C
vitamininin sodyum tuzunun tretiminin yapildigt
Metot-VIII yonteminde sodyum kaynagi olarak
kullanilan NaOH yerine KOH ilavesi ile modifiye
edilerek gelistitilen Metot-IX ile dretilen 6rnege
ait kromatogram C vitamininin sodyum tuzu
standart maddesi ile karsilastirilmis ve her iki pikin
aynt alikonma zamaninda geldigi ve yapilarinin
benzerlik gosterdigi belirlenmigtir. Aynt zamanda
LC-MS analiz sonuglart da degerlendirildiginde
elde edilen bu 6rnekte C vitamini bulundugu ve
ortamda tuz olusturma potansiyeli bulunan tek
iyonun K* olmast nedeniyle bu bilesigin C
vitamininin ~ potasyum olabilecegi
degerlendirilmistir.

tuzu

[a]

ZoRLS

Z-KLG

odyum askorbat

nnnnnn

2kLe e

Sekil 3. C vitamini sodyum tuzlarinin tretimlerinin (a: Metot-V, b: Metot-VI, ¢: Metot-VII, d: Metot-
VIII) dogrulanmast amactyla yapilan HPLC analizine ait kromatogramlar
Figure 3. Chromatograms of HPL.C analysis for the verification of vitamin C sodinm salts (a: Method-17, b: Method-
V1, ¢: Method-1"11, d: Method-V'111) productions



2-keto-L-gulonik asitten C vitamini Gretimi

nRIU

40000 —
35000 —
30000 —
25000 —
20000 -
15000 |
10000 —

5000 — A /

04 T

Potasyum askorbat

T e e L S S S S
2 4 [ &

L — — T T T T
10 2 14 16 18 mir

Sekil 4. C vitamini potasyum tuzu tiretiminin (Metot-IX) dogrulanmast amaciyla yapilan HPLC
analizine ait kromatogram
Figure 4. Chromatogram of HPLC analysis for the verification of vitamin C potassium salt (Method-1X) production

SONUC

Arastirmada kullanmilan dokuz farkll yéntemden
yedisinde %2.28-58.56 verim ile C vitamini
tretilebildigi  tespit  edilmistir. C  vitamini
tretiminde biitanol:toluen karisimi yerine yalnizca
toluen  kullandmasinin, metill alkol ile
esterifikasyon  isleminin  yapilmasinin  ve
esterifikasyon  stresinin 30 dakikadan 180
dakikaya ctkarlmasinin 2-KLG  bilesiginin  C
vitaminine déntisim miktar ve verimini artirdig
tespit edilmistir. 2-KLG bilesiginin %36.07 verim
ile C vitaminine (Metot-I) ve %58.56 verim ile
sodyum askorbata (Metot-VIII) dénisimi
saglanmistir. Metot-I ve VIII temel alinarak
tretim kosullarinin optimize edilmesi ile daha
yitksek tretim verimlerine ulagilma potansiyelinin
oldugu degerlendirilmistir. Ayrica arastirmada D-
glikozdan C vitamini iretiminde tim asamalara ait
verimler birlikte degetlendirildiginde 100 g D-
glikozdan 14.59 g C vitamini ve 23.69 g C vitamini
iceren sodyum askorbat elde edilebildigi sonucuna
ulagilmistir.
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Yazarlarin bu arastirma ile ilgili olarak herhangi bir
kisi veya kurum ile ¢tkar catismast yoktur.
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Bu ¢alismada ceviz (Juglans regia) yapraklarimin su, etil asetat ve metanol ekstrelerinin antibiyofilm aktivitesi
arastirilmistir. Ekstrelerin antimikrobiyel ve antibiyofilm aktivitesi Psexdomonas aernginosa, Klebsiella pneumoniae,
Aeromonas  hydrophila ~ve Salmonella enterica, Staphylococcus warneri, Staphylococcus capitis, Staphylococcus anreus,
Enterococcus faecinm, E. faecalis, Listeria monocytogenes Sexovar 1, L. monocytogenes 19111, L. monocytogenes 4b 19115,
L. ivanovii 19119, L. innocna 6a 33090, Streptococcns mutans, S. anginosus, Bacillus cereus, Bacillus safensis ve B.
mojavensisa karst arastirilmustir. Buttin ekstrelerinin S. mutans (1a103), S. mutans (2a7) ve S. anrens (GMCT)
tzerinde antimikrobiyel aktivitesinin olmadigr diger bakteriler tizerinde ise farklt oranlarda etki gdsterdikleri
belitlenmistir. Su ekstresinin %99.20 metanol ekstresinin %95.05 ve etil asetat ekstresinin ise %095.22
oranlarina varan antibiyofilm etkilerinin oldugu tespit edilmistir. Ekstrelerin biyofilm olusumunu azaltmada
olusmus biyofilmi gideriminden daha etkili olduklari tespit edilmistir. Ayrica en yiksek antioksidan aktiviteye
etil asetat aktivitesinin sahip oldugu belitlenmistir.

Anahtar kelimeler: Ceviz, Juglans regia, antibiyofilm, bitki ekstreleri, antibakteriyel etki

ANTIOXIDANT, ANTIMICROBIAL AND ANTIBIOFILM ACTIVITY OF LEAF
EXTRACTS OF WALNUT

ABSTRACT

In this study, the antibiofilm activity of water, ethyl acetate and methanol extracts of walnut (/. regia)
leaves were investigated. Antimicrobial and antibiofilm activity of the extracts were investigated
against P. aeruginosa, K. pneumoniae, A. hydrophila, S. enterica, S. warneri, S. capitis, S. anrens, E. faecium, E.
faecalis, L. monocytogenes Serovar 1, L. monocytogenes 19111, L. monocytogenes 4b 19115, L. ivanovii 19119,
L. innocna 6a 33090, S. mutans, S. anginosus, B. cereuns, B. safensis and B. mojavensis. It was determined that
all extracts did not show antimicrobial activity on S. mautans (1a103), S. mutans (2a7) and S. aureus
(GMC7), but showed different effects on other bacteria. It was determined that water extract had an
antibiofilm effect up to 99.20%, methanol extract 95.05% and ethyl acetate extract 95.22%. It has
been determined that the extracts are more effective in preventing biofilm formation than removing
the formed biofilm. In addition, it was determined that ethyl acetate activity had the highest
antioxidant activity.

Keywords: Walnut, Juglans regia, antibiofilm, plant extract, antibacterial effect
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GIRIS

Biyofilmler gida endustrisinde 6nemli sorun tegkil
etmektedirler. Biyofilmler gida isleme ekipmanlart
ve gidalar ile temas eden yiizeylere cok kisa
strelerde tutunup giderimi zor olan olgun
hallerine  doniiserek insan  saghgii  tehdit
etmekteditler  (Bakirdere, 2015). Bakteriyel
biyofilmleri hedef alan etkili tedavi yok denecek
kadar azdir, c¢lnkid biyofilmler dogal olarak
geleneksel antibiyotiklere direng
gostermektedirler (Gilbert ve ark., 2002). Bu
durum, se¢im baskisini ve buna bagli olarak direng
gelisimini azaltmak icin antibiyofilm etkili ancak
bakterisidal aktiviteye sahip olmayan ajanlarin
kestine olan ihtiyact arttirmaktadir (Bakkiyaraj ve
ark., 2013). Gida endustrisinde de kimyasal
koruyucularinin  kullanimlarinin - azaltilmast ve
antibiyotiklere karsi artan direng¢ nedeniyle dogal
antimikrobiyel bilesiklerin kullanimina artan bir
ilgi vardir (Cowan, 1999; Oliveira ve ark., 2007).

Bitkiler yeni antimikrobiyel arayisinda her zaman,

mikrobiyologlar i¢in kaginilmaz alt yapiy1
olusturmaktadir (Cowan, 1999; Erdogan ve
Everest, 2012). Ceviz, iklim kosullarinin
uygunlugu nedeniyle dlkemizin tim tarim

bélgelerinde yetistirilmekte ve Ozellikle kuru
meyve seklinde cok tiketilmektedir (Bayazit ve
ark., 2016). Ayrica ceviz bitkisinin agag, meyve
kabugu ve vyapraklart ila¢ ve kozmetik
endistrisinde  yaygin olarak kullanilmaktadir
(Mehrabian ve ark., 2000; Stampar ve ark., 2000;
Oliveira ve ark., 2008). Ceviz, terapotik olarak
aktif birkag bilesen, 6zellikle polifenolleri iceren,
mikrobiyel enfeksiyonlar, mide agris1, tiroit
bozukluklari, kanser, kalp hastaliklar1 ve siniizit
gibi cesitli hastaliklarin tedavisinde geleneksel
tipta eski caglardan beri kullanilan bir bitkidir
(Bhatia ve ark., 2006). Yapian calismalarda
fenollerin ve/veya fenolik Ozitlerin
antimikrobiyel aktivitesi gOsterilmis,
antibiyotiklere ve kimyasal koruyuculara kars1 iyi
bir alternatif olduklart belirtilmistir (Fernandez ve
ark., 1996; Hoult ve Paya, 1996; Rauha ve atk.,
2000; Puupponen-Pimid ve ark., 2001; Zhu ve
ark., 2004; Proestos ve ark., 2005; Sousa ve ark.,
20006; Pereira ve ark., 2006, 2007a,b).

CGalismamizda, . regia yapraklarinin etil asetat,
metanol ve su ekstrelerinin gliniimiziin 6nemli

gida hijyen problemi haline gelmis olan biyofilm
yapisinin olusumunun inhibe edilmesi ve olusmus
biyofilmlerin giderilmesine karst etki kapasitesinin
arastirilmast amaclanmistir.

MATERYAL ve YONTEM

Test mikroorganizmalari

P. aernginosa, K. pnenmoniae, A. hydrophila ve S.
enterica, S. warneri (S22 ve KA 14.1), S. capitis, E.
Jaecinm (1d3 ve MIT 2231), E. faecalis, S. aurens, S.
aurens, GMC7, L. monocytogenes (Serovar I, 19111
ve 4b 19115), L. svanovii 19119, L. innocua Ga
33090, S. mutans (1221, 2a21, 1a103 ve 2a7), S.
anginosus KA1260, B. cereus, B. safensis pca 15.3 ve
B. mojavensis KA159 Eskisehir Teknik Universitesi
Mikrobiyoloji biriminden saglanarak ¢alismalarda
kullandmuigtir. Bakterilerin saflik kontroli kiilttrel
ve mikroskobik olarak kontrol edildikten sontra
teste alinmistir.

Ceviz yaprak ekstrelerinin hazirlanig:

Ceviz  yapraklart  Ankara Bumsuz Koy
(39.169571 32.687328  boylam)
mevkiinden ilkbahar mevsiminde toplanip cesme
suyu ile ytkandiktan sonra gélgede kurutulmustur.
Kuruduktan sonra kii¢iik parcalar halinde ufalanip
1:10 oraninda etil asetat (CHsCOOC:Hs),
metanol (CH3;0H) ve su (H2O) ile ayrt ayn
karistirlmistir,  Calkalamali etlivde (37°C, 110
rpm) 24 saat bekletildikten sonra su ekstresi 0.22
um milipordan direkt olarak gegcirilerek, metanol
ve etil asetat ekstreleri ise evaporasyon ile
¢ozlctleri uzaklastirildiktan sonra uygun ¢oziicii
(DMSO (%25)) ile ¢ozdurtlditkten sonra 0.22 um
milipordan gegirilerek kullamlmustir.  Ekstreler
+40C’de saklanmistir (Cizelge 1) (Umay, 2007).

enlem ve

Cizelge 1. Ceviz yaprag: ekstrelerinde elde edilen
madde miktarlart
Table 1. Amonnt of substance obtained in walnut leaf

exctracts
Madde miktart

Ceviz yaprag ekstreleri (mg/ml)
(Walnut leaf extracts) (Amount of substance)

(mg/ml)
Metanol (Methanol) 32.50
Etil asetat (E#hy/ acetate) 16.00
Su (Water) 11.00




Ceviz yapraklarinin antibiyofilm aktivitesi

Test bakterilerinin  biyofilm
kapasitesinin belirlenmesi

Test bakterilerinin biyofilm olusturma kapasitesi
mikrotitrasyon plaka ve kongo kirmizisi agar
(CRA) olmak tizere iki ydntemle belitlenmistir.

olugturma

Mikrotitrasyon plaka testi ile biyofilm olusum
kapasitesinin belirlemesi

Test bakterilerinin = %2 oraninda 9  farklt
karbonhidrat ilave edilmis besiyerlerinde (glikoz,
fruktoz, maltoz, laktoz, rafinoz, mannoz,
sakkaroz, galaktoz ve nisasta) biyofilm olusturma
durumlart  belirlenmis ve en iyi biyofilm
olusturduklari karbonhidrat antibiyofilm
deneylerinde kullandmistir. Bakteri killtiirleri %02
karbonhidrat iceren 5 ml Triptik Soy Broth
(TSBya  ekilerek 37°C’de  gece  boyunca
gelistirilmis ve deney oncesi 1/40 oraninda
seyreltilmistir.  200’er  pl  bakteri  kiltiirleri
mikrotitrasyon plakastun her bir ¢ukuruna
dagitdmustir.  TSB  negatif  kontrol  olarak
kullanilmistir.  Inkiibasyondan sonra, bakteri
yogunlugunu tespit etmek icin plakalar 490 nm’de
spektrofotometrede okunmustur. Daha sonra
kuyucuklar bosaltilip serum fizyolojik (SF) ile 3’er
kere yikanmugtir. Plakalar kurutulduktan sonra
kuyucuklara 200’er pl metanol ilave edilmistir. 10
dk sonra metanol uzaklastirildiktan sonra
kuyucuklar 100%er ul %0.1 kristal viyole ilave
edilerek boyanmis ve oda sicakliginda 15 dk
bekletilmistir. Daha sonra plakalar, cesme suyu ile
yikanmustir. Plakalar kuruduktan sonra boyanin
¢ozlinmesi icin 200%er %33lik glasiyel asetik asit
cklenmis ve spektrofotometrede 570 nm'de
absorbans beliflenmistir. Elde edilen sonuglar
OD570<0.120 (-); OD570=0.120-0.240 (+);
0OD570=0.240-0.500 (++); OD570=0.500-1.00
(+++); OD570=1.00-2.00 (++++);
OD570>2.00  (+++++4)  skalastna  gore
degerlendirilmistir (Nyenje ve ark., 2012).

Congo red agar (CRA)'da biyofilm iiretiminin
fenotipik karakterizasyonu

Bakteriler %5 (a/h) sakkaroz ile takviye edilmis
%0.08 (a/h) kongo kirmizist iceren BHI (Brain
Heart Infusion) agara ekilmistir.
Mikrootrganizmalar 37°C'de 24-48 saat inkibe
edilmistir. Biyofilm treticisi suslar siyah koloniler
olustururken biyofilm dreticisi olmayan suslar

kirmiz1 koloniler olusturmaktadir (Cotter ve ark.,
2009). Koyu siyah koloniler giicli, siyah-pembe
koloniler orta ve pembe koloniler zayif biyofilm
Ureticisi olarak derecelendirilmistir  (Sekil 1).
Testler cift tekrarlt olarak yapilmustir.

Ceviz yapragi ekstrelerinin toplam fenolik
madde tayini

Ceviz yapragi ekstrelerindeki fenolik miktart Folin
& Ciocalteu (FC) reaktifi ile spektrofotometrik
olarak belitlenmistir (Bray ve Thorpe, 1954).
Toplam fenolik madde tayin edilirken Mavi ve
ark’nin (2004) kullandigr yontem uygulanmustr.
Bu amagla, 96 kuyulu diz tabanli bir
mikroplakada ekstrelerin 10 pl’si ve 10 ul FC fenol
reaktifi ile karstirilip tGzerine 30 ul %2'ik (a/h)
Na;CO3'in sulu ¢ozeltisi ilave edilmistir. Karisima
250 pl dH»O ilave edilip son hacim 300 pl'ye
tamamlanmustir. 30 dk oda sicakliginda ve
karanlikta inkiibe edildikten sonra mikroplaka
okuyucuda 760 nm’de absorbanslari Sl¢tlmistiir.
Kontrol olarak ekstre yerine dH>O kullanilmustir.
Ayni prosedilr, standart gallik asit ¢bzeltisi icin
tekrarlanmis ve kalibrasyon egrisi cizilmistir.
Ekstrelerin toplam fenolik derisimi gallik asit
kalibrasyon egrisi kullanilarak hesaplanmustir.
Deneyler her bir ekstre ve gallik asit igin 4 kez
tekrarlanmistir. Sonuclar mg GAE/g kuru ekstre
olarak ifade edilmistir.

Ceviz yaprag1 ekstrelerinin toplam flavonoit
madde tayini

Toplam flavonoit madde tayin edilirken
aliminyum  klorir  kolorimetrik  y6ntemi
kullanilmustir. Bu yontemde 100 ul test materyali
cozeltisi, 400 pl su ve 30 pl %5’lik NaNO; ile
karistirlmistir. 5 dakika sonra 30 ul %10’ Tuk AICl3
ilave edilmistir. 6. dk’da 200 pul 1N NaOH ilave
edilip distile su ie son hacim 1000 ulye
tamamlamustir. Negatif kontrol icin madde yerine
distile su ve standart olarak da kersetin
kullanilmistir. 5 dk oda sicakliginda bekletildikten
sonra 510 nm’de absorbans Sl¢imi yapilmistir.
Absorbans tayini yapildiktan sonra kersetin
standart egrisi cizilmis ve grafige gbre ekstrelerin
flavonoit maddeleri belitflenmistir (Zhinsen ve
ark., 1999).
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Antioksidan aktivite tayini

Antioksidan aktivitesi DPPH stipiirme aktivitesi
ve ABTS persiilfat yontemleri olmak tizere iki ayr
yontemle belirlenmistir.

DPPH siipiirme aktivitest

Bu yontemde 2,2-difenil-1 pikrilhidrazil (DPPH),
radikal antioksidan kapasite Olcimleri icin
kullantlmaktadir. 0.39 ml metanolik DPPH
cozeltisi (0.1mM), 0.1 ml ckstre ve 0.49 ml
metanol ile karstirilmistir.  Vortekslendikten
sonra 1 saat karanlikta ve oda sicakliginda
bekletilmistir. Absorbans degeri
spektrofotometrede 515 nm dalga boyunda
Olcilmustiur. Kér olarak sadece DPPH c¢ozeltisi
kullandmustir (Singh ve ark., 2002). Absorbans
degetleri belirlendikten sonra asagidaki formiile
gore ekstrelerin % DPPH siipiirme aktiviteleri
belitlenmistir.

0D kor — OD deney

DPPH siipiirme aktivitesi (%) = x100

OD kor
ABTS persiilfat yontemi
ABTS radikalinin okside olarak ABTS+ radikal
katyonuna yukseltgenmesi esasina  dayanan

elektron transfer temelli bir antioksidan kapasite
tayin yontemidir. ABTS+ radikal ¢ozeltisi ile
muhtemel antioksidan iceren bir Ornegin
bitlestirilmesi, yiikseltgenmis mavi/yesil renkli
ABTS+ radikal katyonunun indirgenmesi ve renk
siddetinin azalmasina neden olmaktadir (Prior ve
ark., 2005). 7 mM ABTS amonyum suda
¢6zlilmis ve 1:1 oraninda 2.45 nmol potasyum
persulfat ile karistirthp oda sicakliginda 12-16 saat
stiresince inklbe edilmistir. Daha sonra elde
edilen koyu mavi ¢ozelti pH 7.4’te distile su ile 734
nm dalga boyundaki absorbans degeri 0.7’ye kadar
seyreltilmistir. 150 pl bitki ekstresi 2850 pul
seyreltilmis ¢Ozelti ile karnstrilip 6 ve 10 dakika
sontra 30°C de absorbans okunmustur. Absorbans
degerleri  asagidaki  formile  yerlestirilerek
antioksidan etki tayin edilmistir (Huang ve ark.,
2005; Selguk, 2012).

ABTS (%) = {1 —

Ceviz yaprag: ekstrelerinin antimikrobiyel
aktivitesinin belirlenmesi

Ceviz yapragt ekstrelerinin minimal inhibitér
konsantrasyonlart (MIK) mikro diliisyon yontemi
ile belirlenmistir (CLSI, 2009). MIK analizi, CL.ST
kilavuz prosediitlerine gore sivi mikro-seyreltme
teknikleri ile Muller Hinton Broth (MHB)
kullanilarak yapilmistir. Bakteriler MHB’de bir
gece inkibe edildikten sonra, bakteriler ift
kuvvetli stvi besi yetlerinde 0.5 Mcfatland
standardina  gére  ayarlanmustir.  Steril 96
kuyucuklu mikro plakalarin kuyucuklarina her bir
ekstrenin iki kat seri olarak seyreltilmis farkls
dilisyonlarindan  100’er  pl  ilave edilmistir.
Ardindan 100 pl bakteri stspansiyonu her gbze
astlanmugstir. 200’er ul MHB negatif kontrol olarak
kullantlmigtir.  37°C’de 24 saat inkiibasyonu
takiben, 40 pl 2,3,5-triphenyltetrazolium chloride
(TTC) her kuyucuga ilave edilmis ve 10-15 dk
daha inkiibe edilmistir. Bakteri biylimesi
kuyularda pembe-kirmiz1 bir renk olusmas: ile
gozlemlenmistir. Uremenin 6nlendigi en diisiik
konsantrasyonda olan kuyucuktaki konsantrasyon
MIK degeri olarak belirlenmistir. Pozitif kontrol
olarak vankomisin (10 mg/ml) ve kloramfenikol
(10 mg/ml) kullanilmistir.

Bakterisidal etkiden bahsedebilmek icin canli
bakterilerin =~ miktarinin = %99.9  azalmast
gerekmektedir. MIK belirlendikten sonra gézle
gbrilir  gelismenin  olmadigt  kuyucuklardan
Nutrient agara (NA) ekim yapilarak minimal
bakterisidal konsantrasyon belirlenmistir. 37°C’de
inkiibe edildikten sonra Uremenin gérilmedigi,
bakterisidal  etkili ~ ekstre  konsantrasyonu
belirlenmistir (Kaygusuz ve Téreci, 1998).

Antibiyofilm aktivitenin belirlenmesi

Farkli konsantrasyonlarda ceviz ekstrelerinin
biyofilm azaltma ve olusmus
biyofilmleri giderme kabiliyetleri 96 kuyucuklu
polistiten diz tabanli mikrotitre plakalar ile
belirlenmistir. Bu nedenle 2 farkli deney diizenegi
kurularak MIiK dozlarinin alt, tst ve ara dozlarinin
etkileri arastirlmistir. 11k deney diizeneginde
ekstreler ve bakteriler ayni anda ekilmis ve boylece
ekstrelerin - biyofilm olusumunu  azaltmadaki
kabiliyetleri tayin  edilmistir. Ikinci ~ deney
diizeneginde ise oncelikle bakteriler

olusumunu
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mikroplakalara ekilerek biyofilm olusturmalart
saglanmis ve sonra Uzerlerine ekstreler ilave
edilerek olusmus biyofilmler tzerindeki etkileti
belitlenmistir. Bakteri kultirleri %2 oraninda
karbonhidrat iceren 5 ml TSB’de 18 saat (37°C’de)
gelistirilmis ve deney oncesi 1/40 oraninda
seyreltilmistir. Ekstrelerin =~ her  bir
konsantrasyonundan  kuyucuklara 100 pul
dagitilarak Gzerine bakteri kiltiirlerinden 100’er ul
aktaridmustir. Sadece TSB (%2 scker iceren) ve
bakteri kulturt kontrol olarak kullanidmistir. 24
saat 37°C'de inkiibasyondan sonra mikrotitrasyon
plaka testi ile biyofilm olusum kapasitesinin
belitlemesi boliimunde verilen yontemle biyofilm
miktart belirlenmistir. Tkinci deney diizeneginde
ise 1/40 oraninda gecelik kiltiirden seyreltilmis
bakteri kiltirinden 200 ul olacak sekilde plaklara
ckilmis ve 24 saat 37°C inkiibe edilerek biyofilm
olusturmalar saglanmis, sonra kuyucuklardan 100
ul pipetle uzaklastirlmustir. Deney gruplarina 100
ul ekstre dilisyonlari, kontrol grubuna ise 100 pl
taze TSB (%2 seker iceren) plakalara aktarilarak
37°C de 24 saat inkiibe edilmistir. Inkiibasyondan
sonra biyofilm mikrotitrasyon plaka testi ile
biyofilm  olusum  kapasitesinin  belitlemesi
bolimiinde verilen yontemle belitlenmistir.
Sonuglar mikroorganizma ve besiyeri igeren
kontrol sonuglart ile kiyaslanarak %obiyofilm
giderimi asagidaki formile gére hesaplanmistir
(Sandasi ve ark., 2010).

ODkoér — ODDeney

0 Ricr £ i
% Biyofilm giderim ODKor x100
SONUC ve TARTISMA

Cevizin, yesil kabugu, tohumu, kabuk ve

yapraklari, bilesenleri ila¢ ve kozmetik sanayinde,
geleneksel  tipta  fungal veya  bakteriyel
enfeksiyonlarin  tedavisinde yogun bir sekilde
yaygin olarak kullanilmaktadir (Wichtl ve Anton,
1999; Stampar ve ark., 2006; Chaleshtori ve ark.,
2011). Yapilan calismalarda ceviz drtnlerinin
antimikrobiyel aktivitelerini gOsterilmistir; ancak
ceviz yapraklart ve onlarin antibiyofilm tzerine
etkileri hakkinda sayil c¢alisma bulunmaktadir
(Qadan ve ark., 2005). Arastirmamiz yaprak
ekstrelerinin  antibiyofilm ve antimikrobiyel
etkileri ve bu etkilerin olusma sebepleri Uzerine
yogunlastirilmistir.

Test bakterilerinin
kapasitesi

Farkli karbonhidratlar iceren besi yerlerinde test
bakterileri farklt oranlarda biyofilm
olusturmugtur. 5. wameri (KA 14.1 ve S22), E.
Saecium  (1d3 ve mit 2231), P. aeruginosa, K.
prenmoniae, S. enterica, S. anginosus KA1260, S.
anreus, S. anrens GMCT, L. monocytogenes (Serovar 1,
19111, ve 4b 19115), L. znnocua 6a 33090, S. nutans
2a7, B. mojavensis KA159 ve S. capitis S11 laktozlu,
E. faecalis 29212 ve A. hydrophila ise friktozlu, B.
cerens ve B. safensis pca 15.3 maltozlu, S. mutans
(1a21, 2a21 ve 12103) sakkarozlu, L .zvanovii 19119
ise glikozlu ortamda en yiksek biyofilm
olusturmuglardir  (Cizelge 2). Antibiyofilm
deneylerine bu belirlenen besiyerleri ile devam
edilmistir. Ayt skala araliginda olan sonuglardan
en yiksek absorbansa sahip olan karbonhidrat
secilmistir. Kongo kirmizi agarda S. aurens, S.
anrens GMC7, E. faecium ve S. warneri KA 14.1°in
glicli biyofilm olusturduklari, mikrotitre testi ile
de S. warneri KA 14.1, 8. anrens GMC7’nin yiksek
biyofilm olusturduklar gézlenmistir. Bu degerlere
gore S. aurens GMC7’nin ve S. warneri KA 14.1’in
CRA ve mikrotitre deney sonuglarinin uyumlu
oldugu S. aurens ve E. faecinm MIT’in ise mikrotitre
testine gore orta dereceli olarak
degerlendirilebilinecekken CRA testine gore gliglii
biyofilm olusturduklari tayin edilmistir. Sonuglar
mikrotitre testiyle karsilastirildiginda genel olarak
sonugclarin uyumlu oldugu gérilmistir (Sekil 1).

biyofilm  olusturma

Toplam fenolik ve flavonoit madde igerigi
Ceviz yapraginin bilesiminde fenolik asitler,
tanenler, askorbik asit, kafeik asit, flavonoitler,
klorogenik asit, ferulik asit, katesin, vanilik asit,
parakomarik asit ve cevize Ozgl juglon
bulunmaktadir (Pereira ve ark., 2007b; Pereira ve
ark., 2008; Gupta ve ark., 2019). Cesitli calismalar
fenollerin ~ ve/veya  fenolik  ekstraktlarin
antimikrobiyel aktivitesini géstermistir (Proestos
ve ark., 2005; Sousa ve ark., 20006), bu da onlar
antibiyotiklere ve kimyasal koruyuculara iyi bir
alternatif haline getirmektedir. Ceviz
yapraklarinda bulunan fenoller ve flavonoitler
muhtemelen bu bitkiden elde edilen ekstrelerin
antibakteriyel ~ aktivitelerinden  sorumludur
(Stampar ve ark., 2006). Sahip oldugu bu aktivite
flavonoik bilesenlerin bakterilerin  tutunmastmn
Onlemesi yoluyla olabilir (Gupta vd., 2019).
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Sekil 1. Biyofilm olusumunun CRA besiyerind
zayif biyofilm
Figure 1. Image of biofilm formation in CRA medium A: strong biofilm; B: medinm biofilm; C: weak biofilm

Cizelge 2. Bakterilerin farkli karbon kaynaklarinda biyofilm olusturma oranlart
Table 2. Buofilm formation rates of bacteria in different carbon sounrces

: . Warneri S22
eki gbriintiisit A: gligli biyofilm; B: orta biyo

film; C:

Karbonhidratlar (Carbobydrates) (%02)

Bakteriler (Bacteria) Glikoz Fruktoz Maltoz Laktoz Mannoz  Rafinoz = Sakkaroz  Galaktoz  Nisasta
(Glucose)  (Fructose)  (Maltose)  (Lactose)  (Mannose)  (Raffinose)  (Sucrose)  (Galactose) — (Starch)

S. warneri Ka 14.1 - ++ ++ +++ ++ ++ +++ ++ ++
S. warneri S22 + - - +++ - ++ - + -
B. mojavensis Ka 15.9 +++ ++ +++ +++ +++ ++ +++ ++ -
B. safensis Pca 15.3 + + ++++ ++++ +++ +++ ++ ++ ++
B. cerens + - +++ ++ ++ ++ +++ + +
S. capitis S11 +++ ++++ ++++ ++++ ++++ +++ +++ +++ ++
S. anrens + - - +++ - +++ - ++ +
S. aurens GmcT ++++ +++ ++++ +++++ ++++ +4++++ ++++ +4+++ ++
L. monocytogenes 19111 + - - +++ + ++ ++ + +
L. monocytogenes 4b 19115 +++ + +++ +++ ++ ++ - +++ ++
L. innocua 6a 33090 ++ + + +++ - + + + +
L. monocytogenes Serovar 1 ++ - - +++ ++ + ++ ++ +
L. ivanovii 19119 +++ - - +++ ++ +++ + + ++
S. mutans 1221 ++++ + ++ ++ e+ 4+ Ft++ ++ ++
S. mutans 12103 ++ ++ +++ ++ +++ +++ ++++ ++ ++
S. mutans 2a21 ++++ ++++ ++ ++ +++ +++ ++++ ++ ++
S. mutans 2a7 +++ - +++ +++ ++ + + + 4+
8. anginosus KA 1260 - ++ - +++ ++ +++ - ++ +++
E. faecalis 29212 +++ +++ ++ +++ +++ ++ ++ ++ +++
E. feaecium 1d3 + - + +++ ++ +++ - +4 +4
E. faecium mit 2231 ++ - - +++ + +++ +++ ++ -
K. pnenmoniae +++ - + ++++ ++++ ++++ +++ +++ +++
P. aernginosa +++ - +++ ++++ ++ +++ ++ + +
A. hydrophila +++ +++ +++ +++ +4++ ++ + +++ ++
S. enterica + - ++ +++ ++ ++ ++ ++ ++

OD570 <0.120 (-); OD570 = 0.120-0.240 (+); OD570 =

=1.00-2.00 (++++); OD570>2.00 (+++++)

Dogan ve ark’larinin 2014’te ceviz yapraginin
toplam fenolik maddelerine baktiklar1  bir
calismada coktan aza dogru sirastyla metanol
ekstrelerinde 73.16 ve 69.18 mg GAE/g; etanol
ekstrelerinde 67.12 ve 63.81 mg GAE/g ve su
ckstrelerinde  44.34 ve 4891 mg GAE/g
miktarlarinda  toplam  fenolik  bulundugunu
belirtmislerdir. Zoral ve Turgay (2014) yaptiklart
bir calismada ceviz yapraginin etil asetat
ckstresinde 635.8 mg GAE/100g, metanol

0.240-0.500 (++); OD570 = 0.500-1.00 (+++); OD570

ekstresinde 1650 mg GAE/100g, su ekstresinde
1064.3 mg GAE/100g olarak toplam fenolik
maddeleri  belitlenmistir.  Calismamizda  su
ekstresinin toplam fenolik icerigi 75.001£0.089
mg GAE/ g; metanol ekstresinin toplam fenolik
icerigi 50.08510.121 mg GAE/g ve etil asetat
ekstresinin ise 28.632+0.649 mg GAE/g olarak
belirlenmistir (Cizelge 3). Dogan ve ark’larinin
calismasindan farkli olarak calismamizda su
ekstresinde diger ckstrelere oranla daha fazla
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toplam fenolik madde bulundugu belirlenmistir.
Bu durum c¢alismamizda kullandigimiz  su

ekstremizin ¢ok yogun renkli bir ¢6zelti olmasina
baglanmustir.

Cizelge 3. Test materyallerinin toplam fenolik maddeleri
Table 3. Total phenolic contents of test materials

TP (mg GAE/g)*SP

Ceviz Yapragt Su (Walnut leaf water) 75.001%+0.089

Ceviz Yapragi Metanol (Walnut leaf methanol) 50.08510.121

Ceviz Yapragi Etil asetat (Walnut leaf ethyl acetate) 28.632+0.649
alismamizda test ettifimiz ceviz yapragt  elde  edilen  antimikrobiye aktivitenin

Calis 4 gimi v yaprag d dil imikrobiyel Ktiviten;

ekstrelerinde flavonoit miktari yiksekten aza
dogru 54.990 mg QE/g- 11439 mg QE/g
arasinda bulunmustur (Cizelge 4). Calismamizda

ekstrelerdeki flavonoit miktart

gOsterdigi belirlenmistir.

ile paralellik

Cizelge 4. Ceviz yapragt ekstrelerinin toplam flavonoit (TF) maddeleri
Table 4. Total flavonoid (I'F) contents of walnut leaf water extracts

TF mg QE/g
Ceviz Yapragi Su (Walnut leaf water) 54.992
Ceviz Yapragi Etil asetat (Walnut leaf ethy! acetate) 30.324
Ceviz Yaprag Metanol (Walnut leaf methanol) 11.439

Antioksidan aktivite

Oksidasyon  tepkimelerine  neden  olan
molekillerin  etkilerinin = azalulmast  veya
oksidasyonun engellenmesi islemlerine
antioksidan  etki  denmektedir.  Oksidasyon
tepkimeleri ~ sonucunda  serbest  radikaller

tretilmekte ve bunun devaminda zincirleme
tepkimeler meydana gelerek canlt hiicrelere zarar
vermektedir.  Antioksidanlar bu  zincirleme
tepkimede serbest radikali ortadan kaldirarak
durdurmakta ve radikal yerine kendisi okside
olarak oksidasyon tepkimesini
gerceklestirmektedir (Kale ve ark., 2011). Masek
ve ark. (2019) yaptiklari bir calismada cesitli ceviz
yapraklarinin =~ %70’lik  etanol  ekstrelerinin
antioksidan aktivitelerini arastirmuslardir. Ceviz
yapraklarinin -~ DPPH  indirgeme  aktivitesini

%06.7220.34 ve ABTS+ stplirme aktivitesi ise
6.94%0.35 olarak belirtilmistir. Calismamizda
ceviz yapradt ekstrelerinin DPPH  indirgeme
aktivitesinin coktan aza dogru sirastyla etil asetat
(%91.57), metanol (%39.37) ve su (%8.01)
ekstrelerinde oldugu tespit edilmistir (Cizelge 5).
ABTS+ stupirme aktivitelerine bakildiginda ise
yine en yiiksek oranlt olanin etil asetat (%73.25)
ekstresine ait oldugu bunu su ekstresi (%46.77) ve
metanol  ekstresi  (%37.24)  takip  ettigi
belirlenmistir (Cizelge 6). Arastiricilarin sonuglar
ile karsilastirildiginda ceviz yapraklarimizin yiiksek
antioksidan aktiviteye sahip oldugu gézlenmistir.
Bu durum bitkilerin toplandigt yerin, laboratuvar
sartlari, ekstraksiyon kosullarina bagl olarak
farklilik gésterdigi dustintlmektedir.

Gizelge 5. Ceviz yapragi ekstrelerinin DPPH giderme ytizdeleri (%)
Table 5. DPPH scavenging activity (%) of walnut leaf water extracts

DPPH giderme ytizdeleri (%o)
DPPH scavenging activity (%)

Ceviz yapragy etil asetat (Walnut leaf ethyl acetate)
Ceviz yapragt metanol (Walnut leaf methanol)
Ceviz yapragt su (Walnut leaf water)

91.57
39.37
8.01
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Gizelge 6. Ceviz yapragi ekstrelerinin ABTS+ serbest radikal yakalama aktivitesi (%)
Table 6. ABTS+ free radical scavenging activity (o) of walnut leaf water extracts

ABTS+ serbest radikal yakalama aktivitesi (%o)
ABTSH free radical scavenging activity (%)

6.dk (6th min) 10.dk (10th min)
Ceviz Yaprag: Etil asetat (Walnut leaf ethyl acetate) 73.25 75.72
Ceviz Yapragi Su (Walnut leaf water) 46.77 46.29
Ceviz Yapragt Metanol (Walnut leaf methanol) 37.24 36.67

Antimikrobiyel aktivite

Ceviz yapragi ekstreleri test mikroorganizmalarina
karsi farklt oranlarda antimikrobiyel aktivite
gostermistir.  Etil asetat, metanol ve
ekstrelerinin degisen miktarlar1 test bakterilerini
inhibe etmistir. Su ve metanol ekstrelerinin test

su

edilen bakteriler tUzerinde bakterisidal etkilerinin
olmadigt belitlenmistir. Tum sonuclar
incelendiginde tiim ekstrelerin ortak olarak S.
mutans 12103 ve S. mutans 2a7 bakterileri uzerinde
antimikrobiyel etkilerinin bulunmadig
belirlenmistir (Cizelge 7).

Cizelge 7. Ceviz yaprag: ekstrelerinin bakteriler tizerindeki antimikrobiyel aktivite sonuglart
Table 7. Antimicrobial activity results of walnut leaf extracts on bacteria

Ceviz Yapragi Ekstreleti (mg/ml) Antibiyotik (mg/ml)
(Walnut Extracts) (Antibiotic)
Metanol* Etil asetat Su* Kloramfenikol Vankomisin

Test Bakterileri (Methanol) (Ethyl acetat) (Water)  (Chloramphenicol) (Vancomycin)
(Test bacteria) MIK MIK MBK MIK MIK ~ MBK MIK  MBK

MIC MIC MBC MIC MIC MBC MIC MBC
S. capitis S11 0.51 2.00 4.00 1.38 0.02 10.00 10.00 10.00
8. anrens GMC7 -- - - -- 0.26 0.51 0.13 --
S. aurens - 1.00 - - 0.26 10.00 0.26 10.00
8. warneri KA14.1 2.03 4.00 - - 0.02 0.51 - -
S. warneri S22 4.06 4.00 2.00 5.50 0.02 0.51 0.03 0.26
E. faecalis 29212 8.13 8.00 - 2.75 0.13 0.51 0.03 -
E. faecium 1d3 - 2.00 - 5.50 - - 10.00 10.00
E. faecium MIT 2231 2.03 4.00 - 1.38 0.51 0.51 0.51 0.51
L. ivanovii 19119 - 4.00 - - 10.00 10.00 0.13 0.13
L. innocua 6a 33090 - 4.00 - - 10.00 10.00 - -
L. monocytogenes 4b 19115 -- 4.00 -- 5.50 0.26 0.26 0.02 0.51
L. monocytogenes 19111 -- -- -- 2.75 0.01 -- 0.26 --
L. monocytogenes Serovarl -- -- -- 0.34 K K K K
B. cererus -- 4.00 -- -- 0.26 10.00 0.02 --
B. safensis PCA 15.3 16.25 4.00 - - 0.03 0.51 0.01 -
B. mojavensis KA15.9 4.06 4.00 - - 0.13 0.51 0.03 -
8. mutans 12103 -- -- -- -- 0.26 0.26 -- --
8. mutans 1A21 - - - 2.75 0.51 0.51 0.51 0.51
S. mutans 2A21 - - - 1.38 0.51 0.51 10.00 10.00
8. mutans 2A7 - - - - 0.01 0.51 0.03 10.00
8. anginosus KA1260 2.03 0.50 - 2.75 10.00 10.00 10.00 10.00
P. aernginosa 2.03 4.00 -- -- 0.51 0.51 10.00 --
K. pneumoniae 16.25 - - - 0.26 10.00 10.00 10.00
S. enterica 16.25 - - - 0.13 10.00 10.00 -
A. bydrophila 16.25 - - 1.38 K K K K

*Bakterisidal etkisi bulunmamaktadir (*No bactericidal effect).
K: Caligmalar devam ederken pandemi kisitlamalar: sirasinda 2 bakterimiz kontaminasyon nedeniyle deney calssmalarindan
ctkarimstir (K: While the studies continue, 2 of our bacteria were excluded from the experimental studies due to contamination during

the pandemic restrictions).
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E. coli, B. subtilis, K. pneumoniae ve S. anreus Gizerine
ceviz yesil gévdesinin etanol, su ve etil asetat
ekstrelerinin inhibitér etkili oldugu ve etanolik
ozut,  etil ozutleriyle
karsilastirildiginda cok iyi aktiviteye sahip oldugu
rapor edilmistir (Sharma ve ark., 2013). Bu
farklilik ekstraksiyon yontemlerinin farkliligindan
olabilecegi gibi bakterilerin sus farklilig1 nedeniyle
de olabilmektedir. Calismamizda ayni tirin

asetat ve su

bakterilerinin ~ duyarlibiginin  farkli  oldugunu
gbzlenmistir.
Darmani ve ark. (2006) ceviz yapragt su

ekstresinin . wutans, S. salivarius, Lactobacillus casei
ve Actinomyces viscosus’un gelismesini inhibe ettigini
bildirmistir. Calismamizda bazi S. mutans (1221 ve
2a21) ve L. monocytogenes (Serovar 1 ve 19111)
tirlerine karsi sadece su ekstresi etki gosterdigi
belirlenmistir (Cizelge 7).

J. regidnun petrol eter, kloroform, etil asetat ve
metanol 6zutlerinin 15 mg/ml'sinin Staphylococcus
saprophyticus, Proteus vulgaris, P. aeruginosa, S. aureus,
Serratia marcescens, Streptococcus salivarins ve S. mutans
tzerinde o6nemli bir etkinlige sahip oldugu
bildirilmistir ~ (Asma ve Yasmine, 2021).
Calismamizda etil asetat ekstresinin 5. capitis, S.
warneri S22 Uzerinde daha dusik oranlarda
antimikrobiyel etkisinin iyi oldugu belirlenmistir.
Metanol ekstresinin S. capitis tizerindeki MIK
degerinin diger ekstrelere oranla daha dustk
oldugu belitlenmistir. Yine Asma ve Yasmine
tarafindan yapilan calismada elde edilen degerden
daha dusik oranlarda metanol ekstresinin P.
aeruginosa Uzerinde etil asetat ekstresine oranla
daha iyl antimikrobiyel etkisinin = oldugu
belitlenmistir (Cizelge 7). Sonuglar arasinda,
cevizin toplandigi bélge, toplanma zamani, deney
kogullar1 gibi bircok etkenden dolayr farkldik
goriilebilmesi mimkiin olabilmektedir.

P. aeruginosa’nin metanol ve etil asetat ekstrelerine
karst duyarli iken su ekstresine direncli oldugu
gbzlemlenmistir (Cizelge 7). Bulgularimiza benzer
veriler Dolatabadi ve ark., (2018) ve Asma ve
Yasmine (2021) tarafindan da rapor edilmistir.

Yigit ve ark. (2009) ceviz yapraginin metanol
(0.625 mg/ml) ve su (1.25 mg/ml) ekstresinin S.
anreus ve P. aeruginosa Uzerine antimikrobiyel etki

gosterdigini  belirlemislerdir. Pereira ve ark.,
tarafindan yapilan bir calismada ceviz yapragi su
ekstresinin P. aeruginosa ve K. pneumoniae titlerine
karst etkili oldugu belitlenmistir (Pereira ve ark.,
2007). Ancak calismamizda su ekstrelerinin sz
konusu bakterilere karst etkisiz kaldigi, metanol
ekstresinin P. aernginosa (2.03 mg/ml) tuzerinde
etkili oldugu tespit edilmistir.

Mehrabian ve ark. (2000) ceviz yapragi metanol
ekstresinin daha etkili antimikrobiyel 6zellige
sahip oldugunu, bunun aktif maddelerin alkolde
farklt maddelerin ¢6ztiinmesinden kaynaklandigini
belirtmislerdir. Bu sonu¢ bizim calismamizla da
ortismektedir.

Kocacaliskan ve ark. (2018) Pseudomonas gingers, P.
syringae, S. anreus, B. cerens ve Y. enterocolitica’ nin
ceviz yapraginin alkol ve su ekstrelerine duyatlt
olugunu  bildirmislerdir.  Arastiricilar  alkol
ekstrelerinin - su  ekstrelerinden daha  etkili
oldugunu bildirmislerdir. Calismamizda da genel
olarak etil asetat ve metanol ekstrelerinin su
ekstresine oranla daha iyi antimikrobiyel aktivite
gosterdikleri belirlenmekle birlikte tirlere gére
bazi farkhiliklarin  olabildigi tayin edilmistir.
Ornegin B. cereus Gizerinde metanol ekstresi daha
etkili iken I. mwonocytogenes tirleri tzerinde su
ekstresinin daha etkili oldugu belirlenmistir.

Ceviz  yapragi ekstrelerinin  antimikrobiyel
etkilerinin karsilastirilabilmesi adina
kloramfenikol ve vankomisin antibiyotiklerinin
aktiviteleri de aragtirilmistir. Antibiyotiklerin bazt
bakteriler tizerinde farkli etkiler gésterebildikleri,
her t¢ yaprak ekstresinin de etkisiz kaldig1 S. aureus
GMC7’¢ karsi etkili olduklart ancak vankomisinin
L. innocna ~ve S. mutans 12103  Uzerinde
antimikrobiyel — aktivitesinin ~ olmadifi  tespit
edilmistir (Cizelge 7).

Antibiyofilm aktivite

Gida kaynakli patojenler biyofilm olusturmakta
ve gida endistrisi icin 6nemli bir gida glivenligi
sorunu olmaya devam etmekteditler (Gurlik ve
ark., 2022). Arastrmamizda dinya ¢apinda hala
bir halk saglig1 sorunu olan biyofilm olusumunun
inhibe edilmesi ve giderilmesi Uzerine ceviz
yapragl ekstrelerinin - etkileri arastirilmis  ve
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ekstrelerinin -~ olusmus  biyofilm  gideriminde
biyofilm olusumunun inhibe edilmesine oranla
daha az etki gosterdikleri belitlenmistir. Ekstreler
biyofilm olusumundan 6nce ilave edildiginde
Staphylococens tirlerine karst konsantrasyona baglt
olarak  farkli oranlarda inhibisyon etkisi
gbstermistir.

CYS (ceviz yapragi su) ekstresinin ayni tirtn farkls
suslar1 tzerinde farkli oranlarda etkili oldugu

mi11

cys once

%% giderim

mo,2

gOrilmistir. S. aurens'un biyofilminin olusumunu
azaltmazken olusmus biyofilmi tzerinde %094.33
oraninda inhibisyon sagladigi belirflenmistir. S.
anrens GMC7 i¢in en yiksek inhibisyon %87.84
oraninda yine CYS ekstresi ile elde edilmistir. S.
warneri kal4.1l uzerinde %80.69 oraninda, S.
warneri S22 izerinde ise %099.20 oraninda biyofilm
olusumunu inhibe etmistir (Sekil 2).

m6,5 3,25 1,63 =081 m041

mo,1 ml1 m0,11 m0,011 m0,0011

Sekil 2. Ceviz yapragi su ekstresinin biyofilm olusmadan 6nce ortama ilave edilmesi durumunda yiizde
biyofilm giderimi
Figure 2. Percent biofilm removal if walnut leaf water extract is added to the medinm before biofilm formation

CYS ekstresinin B. cerens ve S. enterica’nin biyofilm
olusumunu azalttugt ancak olusmus
biyofilmlerinin  gideriminde  etkili olmadigt
belitlenmistir (Sekil 3). Bitkilerde bulunan fenolik
maddeler arasinda en fazla oranda bulunan
kersetin ve bazi diger bilesiklerin bakterilerin
DNA replikasyonu icin gerekli enzim DNA girazi
inhibe ederek etki g6sterdigi rapor edilmigtir
(Cushnie ve Lamb, 2005). Ekstrelerin biyofilm
olusmadan o6nce ilave edildiginde olusmus
biyofilme karst daha fazla etkili olmalarinin
sebeplerinden biri oldugu distintlmektedir.

CYE (ceviz yapragi etil asetat) ekstresinin aynt tir
tzerinde farklt oranlarda etkili ya da etkisiz oldugu
belirlenmistir. .  mutans 1a1034n  biyofilm
olusumunu engellerken (% 89.34), S. mutans 2a7
tzerinde etkisiz oldugu belirlenmistir. E. faecium
1d3  tzerinde (%73.91) etkili oldugu tespit
edilitken E. faecinm mit 2231 ve E. faecalis
29212’nin  olusan biyofilmleri tizerine etkisi
olmadig tespit edilmistir (Sekil 4-5).
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Cys sonra
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Sekil 3. Ceviz yapragi su ekstresinin biyofilm olustuktan sonra ortama ilave edilmesi durumunda yiizde
biyofilm giderimi
Figure 3. Percent biofilm removal when walnut leaf water extract is added to the medium after biofilm formation
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Sekil 4. Ceviz yapragt etil asetat ekstresinin biyofilm olusmadan 6nce ortama ilave edilmesi durumunda
ylizde biyofilm giderimi
Figure 4. Percent biofilm removal if walnut leaf ethyl acetate extract is added to the medium before biofilm formation
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Sekil 5. Ceviz yapragi etil asetat ekstresinin biyofilm olustuktan sonra ortama ilave edilmesi durumunda
ylzde biyofilm giderimi
Figure 5. Percent biofilm removal if walnut leaf ethyl acetate extract is added to the medinm after biofilm formation

CYM (ceviz yapragt metanol) ekstresi biyofilm
olusmadan o6nce ilave edildiginde B. cereus
tzerinde etkisiz bulunurken, CYM en yiiksek
etkiyi %89.04 oraninda B. safensis Uzerinde
gostermistir (Sekil 6). Direnglerdeki bu farklilik
kazanilmis diren¢ sebebiyle veya cevresel
kosullara baglt olarak gelismis olabilir.

CYM  ckstresinin = K. prewmoniae  iizerinde
antibakteriyel aktivitesi gozlenirken biyofilm
olusumunu engelleyemedigi tespit edilmistir.

Sonuglara genel olarak bakildiginda ise cogunlukla
MIK alti dozlarda antibiyofilm etki gosterdikleri
gorilmiustir. Bu ve benzeri elde edilen sonuglar
antibakteriyel aktivite ile antibiyofilm aktivite
arasinda  birebir  korelasyon  bulunmadigin
gbstermistir.

CYS ekstresi enterokoklarda biyofilm olusumunu
tirlere gére degisen oranlarda inhibe etmistir.
Enterokoklarda CYM ve CYE ckstrelerinin
antibiyofilm aktivitesi daha distk olmustur.
Olusan biyofilm {izerine ise her i¢ Oziitinde
etkisinin yitksek olmadigi belitlenmistir (Sekil 2-
3).

CYS ve CYM ckstrelerinin P. aeruginosa biyofilm
olusumunu azaltmast ¢ok duisitk oldugu olusmus
biyofilmi olusumunu daha yitksek oranlarda
inhibe ettikleti belitlenmistir (Sekil 2- Sekil 7).
Dolatabadi ve ark. (2018) Iran ceviz yapragi su ve
metanolik ekstrelerinin  P.  aeruginosa biyofilm
olusumunu engelledigi  bildirilmistir  (%0060).
Metanol ekstresinin su ekstresinden daha etkili
oldugu belirtilmistir. Calismamizda su ve metanol
ekstrelerinden hangisinin daha etkili oldugu
bakterilere gbre farkliik gésterdigi belirlenmistir.
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Sekil 6. Ceviz yapragi metanol ekstresinin biyofilm olusmadan 6nce ortama ilave edilmesi durumunda
yuzde biyofilm giderimi
Figure 6. Percent biofilm removal if walnut leaf methanol extract is added to the medinm before biofilm formation
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Sekil 7. Ceviz yapragt metanol ekstresinin biyofilm olustuktan sonra ortama ilave edilmesi durumunda
yizde biyofilm giderimi
Figure 7. Percent biofilm removal if walnut leaf methanol extract is added to the medinm after biofilm formation
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Kocagaligkan ve ark. (2018) alkol ekstrelerinin su
ekstrelerine  oranla daha etkili oldugunu
bildirmislerdir. Calismamizda biyofilm olusmadan
Once ekstrelerin ilave edildigi deney diizenekleri
sonuglarina gore sirastyla etil asetat, su ve metanol
ckstrelerinin etkili olduklari, olusmus biyofilm
tzerinde ise sirastyla etil asetat, metanol ve su
ekstrelerinin etkinlik gosterdikleri belirlenmistir.

Ekstrelerimizin  genel olarak antimikrobiyel
aktivitesinin oldugu tespit edilmistir. Istisnalar
bulunmakla birlikte Gram (-) bakterilerine oranla
Gram (+) bakteriler {zerinde daha iyl
antimikrobiyel aktivite gésterdikleri belirlenmistir.
Metanol ve su ekstresinin bakterisidal aktivitesinin
bulunmadigr farkli bakteri gruplart {izerine
etkilerinin farkli oldugu belirlenmistir. Ornegin S.
mutans tirlerine karst su ekstresinin antibakteriyel
aktivitesi daha etkiliyken K. pmewmoniae, P.
aeruginosa ve A. hydrophila bakterilerine karst
metanol  ckstresinin  daha  etkili  oldugu
belirlenmistir. Antibiyofilm sonuglari genel olarak
karsilastirildiginda test maddelerimizin biyofilm
gideriminden  ziyade  biyofilm
azaltmada daha etkili oldugu g6rilmistir.
Ekstrelerin biyofilm tUzerindeki etki dereceleri
kiyaslandiginda etki sirasinin biyofilm
olusumundan 6nce ilave edildiklerinde etil asetat,
su ve metanol ekstreleri seklinde iken biyofilm
olusumundan sonta ilave edildiklerinde ise etil
asetat, metanol ve su ekstreleri seklinde olduklart
gorulmistir. Ceviz yapraklarinda bulunan ve
antimikrobiyel etkiden sorumlu oldugu distntlen
flavonoitlerden, B-halkasinda hidroksil grubu
olmayan flavonoitlerin, hidroksil grubuna sahip
olanlara gére mikroorganizmalara karst daha aktif
olduklart belirtilmistir (Chabot vd., 1992). Bu
bulgu, mikrobiyal hedeflerinin zar oldugu fikrini
desteklemektedir. Bu  dutumun ekstrelerin
biyofilm olusumunu inhibe etmede olusmus
biyofilmlerin gideriminden daha etkili olmasina
neden olabilecegini dustindirmektedir.

olusumunu

Bitki sekonder metabolitlerinin umut verici
Ozellikleri, mikrobiyal dirence karst miicadelede
alternatif kaynaklar olabilme potansiyellerini
arttrmaktadir (Hussain ve ark., 2012). Alkoloitler,
flavonoitler, polifenoller, tanenler gibi fito-
bilesenlerin ~ antimikrobiyel ~ ajan  olarak

kullanilabilmeleri onlarin 6nemini artirmaktadir
(Gupta ve Birdi, 2017). Arastirmamiz sonucu
toplanan deney sonuglarinin ileriki calismalarla
desteklenmesi ile yeni antimikrobiyel maddelerin
elde edilmesi  icin  kullanilabileceklerini
gostermektedir. Ancak ceviz yapragi ekstrelerinin
hangi oranlarda hangi bilesigi icerdigi tam olarak
bilinmediginden  6ncelikle iceriklerin  tayin
edilmesi ve sonrasinda tek tek ve sinerjestik
etkileri tayin edilmesi de tavsiye edilmektedir.

CIKAR CATISMASI BEYANI

Yazarlar, bu arastirma makalesiyle ilgili olarak
baska kisiler ve/veya kurumlar arasinda c¢tkar
catismasi olmadigint beyan etmektedir.

YAZAR KATKILARI

Bu calismanin hazirlanmast ve yayimlanmasinda
ismi gecen yazarlar disinda hi¢ kimsenin ya da
hi¢bir kurulusun herhangi bir katkis: olmamistir.
Her iki yazar da makalenin yazilmasinda ve
diizenlenmesinde esit katk: saglamistir.
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ABSTRACT

The volatile compounds (VCs) in headspace of adipose tissues (perirenal, tail, caul) were extracted by solid-
phase microextraction (SPME) fiber coated with carboxen/ polydimethylsiloxane (CAR/PDMS) or
divinylbenzene/ carboxen/ polydimethylsloxane (DVB/CAR/PDMS). In extraction with CAR/PDMS
coating compared to DVB/CAR/PDMS, more VCs were obtained in petirenal (53 versus 41), tail (51 vs
47) and caul (35 vs 33) fats. Increased retention index for aldehydes increased the adsorption on
DVB/CAR/PDMS. This fiber also provided a good yield for carboxylic acids. CAR/PDMS fiber could be
recommended for VCs from adipose tissues if the goal is to identify aldehydes, especially fatty acid oxidation
products and low molecular weight hydrocarbons, as well as greater number of VCs. However, in case of
targeting carboxylic acids, esters, and also high molecular weight aldehydes, DVB/CAR/PDMS could be
utilized due to its high affinity for mentioned compounds. Furthermore, the optimum extraction time should
be studied to determine the time for VCs to reach equilibrium

Keywords: Tail fat, aldehydes, polydimethylsiloxane, linoleic acid

YAG DOKUSUNDAN UCUCU BILESENLERIN EKSTRAKSIYONUNDA FARKLI
KATI FAZ MiKROEKSTRAKSIYON FIBERLERININ KARSILASTIRILMASI

oz

Adipoz dokularin (b6brek, kuyruk ve gémlek yag) tepe boslugundan ucucu bilesenlerin ekstraksiyonu,
farkli adsorbant karboksen/ polidimetilsiloksan, (CAR/PDMS) ya da divinilbenzen/ karboksen/
polidimetilsiloksan (DVB/CAR/PDMS) kaplamali katt faz mikroekstraksiyon fiberleri ile
gerceklestirilmistit. DVB/CAR/PDMS ile karsilagtirildiginda CAR/PDMS  kaplamali fiber ile
ekstraksiyonda bobrek (53’e 41), kuyruk (51°¢ 47) ve gémlek (35’e 33) yaglarda daha fazla sayida ucucu
bilesen belitlenmistir. Aldehitlerin alikonma indeksinin artmasi, DVB/CAR/PDMS’e adsorpsiyonu
artirmistir. Bu fiber karboksilik asitler icin de etkili bir affinite gOstermistir. Adipoz dokularda,
Ozellikle yag asidi oksidasyon triini aldehitlerin, diisiik molekil agirlikli hidrokarbonlarin ve ayrica
daha fazla ucucu bilegsenin tanimlanmast icin CAR/PDMS fiberi Onerilebilir. Ayrica, karboksilli
asitler, esterler ve yiksek molekil agirlikli aldehitlerin belirlenmesinde ise s6z edilen bilesenlere
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Volatile compounds in adipose tissue

affinitesinin yitksek olmasi nedeniyle DVB/CAR/PDMS kullanilabilit. Bununla birlikte ugucu
bilesenlerin dengeye ulasma zamanini belirlemek icin optimum ekstraksiyon siirelerinin arastirilmasi

gerekli olabilmektedir.

Anahtar kelimeler: Kuyruk yagi, aldehitler, polidimetilsiloksan, linoleik asit

INTRODUCTION

The development of gas chromatography-mass
spectrometry (GC-MS) has allowed a detailed
analysis of the volatile compounds in foods. The
methods used in isolating volatile compounds
from foods include headspace, distillation,
solvent extraction, solid-phase extraction and
direct injection (Alonso et al., 2009; Giiler 2007;
2014; Giiler et al., 2009). Among them, headspace
is one of the simplest methods used. Headspace
sampling involves static and dynamic headspace
techniques. The first is by direct injection of the
headspace vapors above a food via “syringe” or
“loop headspace”, the latter involves an active
cycling of the headspace vapor (Razote et al,
2002; Balasubramanian and Panigrahi, 2010).
Nowadays, static headspace (HS)-solid phase
microextraction (SPME) is well known and widely
used since it is a simple, fast, and solvent-free
technique, and also the most satisfactory for
determination of VCs (Serrano et al., 2009; Giler
et al., 2016; 2019). Because in SPME heating of
the tissue sample is minimal and the recovery of
VCs is closer to their real content than the values
obtained by heating techniques such as distillation
or solvent extraction (Alonso et al., 2009).
Besides, it does not require an additional sample
preparation step that could result in possible loss
of analyte and sample contamination
(Balasubramanian and Panigrahi, 2010).

HS-SPME is also defined as a sampling technique
based on the adsorption of VCs on a polymeric
material, namely stationary phase, covering silica
fiber, and an equilibrium is reached between the
food matrix and the stationary phase (Lorenzo,
2014). The use of single-coated SPME fibers
(polydimethylsiloxane vs  polyacrylate) with
dynamic  headspace  sampling not
recommended for trace analysis (Elmore et al.,
1997). There are 7 types of stationary phase
including  non-polar  polydimethylsiloxane
(PDMS), polar (polyacrylate, divinylbenzene
(DVB), carbowax-polyethylene glycol (PEG)) and
mixed polarity (PDMS/DVB, CAR/PDMS and

was

DVB/CAR/PDMS). In partticular, combined
coated has been commonly used for the analysis
of VCs with higher recoveries (Lorenzo, 2014).
The choice of the fiber coating is an important
factor, since the VCs have a wide variation in
polarity. Compared to CAR and DVB, which are
polar phases, PDMS is not sensitive to polar VCs
because it is non-polar (Gianelli et al., 2002).
Therefore, the type of stationary phase affecting
SPME fiber performance affects the analysis
results (Elmore et al., 2001; Marco et al., 2004,
Lorenzo, 2014).

HS-SPME technique is also well-suited in the
investigation of biodegradation pathways of
foods (Balasubramanian and Panigrahi, 2010)
such as volatiles from lipid degradation pathways
by lipase and lipoxygenase. As lipids are solvents
for most VCs, it is important to evaluate their
flavor profile (Calkins and Hodgen, 2007).
However, the food matrix and target VCs dictate
the complexity level of sample extraction. Page
and Lacroix (1993) stated that as the lipid content
of foods increased, the release of VCs into
headspace decreased. So much so that the
extraction of VCs may differ from food to food.
For vegetables (Jelen et al., 2000) and olive oil
(Cavalli et al., 2004), VC extraction is also applied
at room temperature (20-25°C), but for animal
fats or adipose tissue, the extraction temperature
can be up to 100°C (Watkins et al., 2012). Since
animal products (meat and/or dairy) release a
wide variety of VC, a mid-polar affinity-coated
SPME fiber such as CAR/PDMS or
DVB/CAR/PDMS could demonstrated as an
ideal choice to extract a majority of the volatiles
(Balasubramanian and Panigrahi, 2010). It has
been reported that CAR/PDMS coated fiber is
ideal for VCs with low molecular weight while the
DVB/CAR/PDMS coated fiber is for VCs with
large molecular weight, namely found in dry-
cured ham (Garcia-Esteban et al., 2004). A higher
affinity of DVB/CAR/PDMS for aldehydes and
CAR/PDMS for ester compounds was reported
by Marco et al. (2004) in fermented sausages.
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Dynamic headspace techniques have been widely
applied to determine VCs of adipose tissues
(Priolo et al., 2004; Sivadier et al., 2008; Young et
al., 1997; 2003). But, Marsilli (1999) has shown
that the cheaper static HS-SPME technique is
superior to dynamic headspace analysis in terms
of reproducibility and proper baseline with less
noise. Moreover, static HS-SPME was used for
the analysis of VCs from beef and sheep fats
(Watkins et al., 2012) and lamb fat (Vasta et al.,
2012). As far as we know, there is no study on
which SPME fiber can be recommended for
adipose tissues. In addition to volatile compounds
(VCs), fatty acids (FAs) composition is an
important parameter in terms of fat or adipose
tissue quality (Bas et al., 2007). Because FAs can
not only directly contribute to flavor but also are
precursors for most flavor compounds (Tekin
and Giiler, 2021).

We aimed to compare extraction performance of
CAR/PDMS and DVB/CAR/PDMS coating
fibers in headspaces of different adipose tissues
(perirenal, tail and caul fats) and to determine
whether  volatile compound profile and
abundance can change depending on fatty acids
of adipose tissues.

MATERIAL AND METHODS

The adipose tissues were obtained from Karagiil
(Karakul) sheep, three randomly selected
depending on same age (24-months) and living
weight  (50-55 kg), from breed’s flock
(approximately 100 heads) reared in Mus,
province of Turkiye. The adipose tissues
(perirenal, tail and caul) were collected within 30-
45 min of slaughter and transferred to the
laboratory in ice-boxes and then they were
vacuum packaged and frozen at -18°C until
analysis.

Gas chromatography analyzes

Fatty acid composition of adipose tissues was
determined as fatty acid methyl ester derivatives
using GC-MS (Agilent 6890 chromatography and
5973N mass spectrophotometry; Agilent, Palo
Alto, USA) coupled with a capillary column
(Supelco SP-2830, 60 m x 0.25 mm id x 0.20 um
film thickness) according to the procedure

described by Rule (1997). GC-MS operating
conditions were applied with minor modifications
in procedure reported by Peng et al. (2010).

The HS-SPME technique was used to analyze the
VCs of adipose tissues according to the method
described by Watkins et al. (2012) with minor
modifications. Firstly, adipose tissues (10 g) were
rendered using a bench-top heater (IKA HS7,
Deutschland, Germany) at 100°C. Seven g of
molten fat were transferred to 20 mL headspace
vials and sealed with polytetrafluoroethylene
(PTFE)/silicone septa and steel caps. The vials
with sample were pre-heated at 65°C for 5 min
prior to insertion of the SPME fiber. Two
different coating SPME fibers were used:
CAR/PDMS (50/30 pum) and
DVB/CAR/PDMS (75 um). Before the analysis,
the fibers were preconditioned in the injection
port of GC as indicated by the manufacturer.
SPME fiber was injected into the headspace
where it was held for 45 min. The VCs were
chromatographed on a capillary column (HP-
INNOWAX; 60 m X 0,25 mm id X 0.25 um film
thickness). As reported by Dursun and Giiler
(2019), GC-MS conditions and VCs identification
were done.

Data Analysis

The relative amounts of both VCs and FAs were
estimated by the area normalization method. The
peak area of ecach identified compound was
integrated, and total peak area was calculated from
the equation reported by Giler et al. (2022).
Statistical differences between the mean values of
adipose tissues were determined one-way
ANOVA, and between the mean values of VCs
determined with SPME fibers (CAR/PDMS and
DVB/CAR/PDMS) wete determined t-test by
using SPSS program (Version 22, IBM, USA).
Duncan’s multiple comparison test was used to
compare significance being determined at P
<0.05. Principal component analysis (PCA),
based on the correlation matrix, was conducted to
determine components which account for most
of the total variation in VCs and FAs. The
principal components scores presented in a bi-
plot and VCs profile presented in cell-plot were
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carried out by using JMP Version 13 software
(SAS Institute, USA).

RESULTS AND DISCUSSION

Fatty acid profile of adipose tissues

A total of 22 fatty acids were determined in
adipose tissues, including 11 saturated fatty acids
(SFA), 6 monounsaturated fatty acids (MUFA),
and 5 polyunsaturated fatty acids (PUFA) as
shown in Table 1. Stearic acid (C18:0), saturated
fatty acid, was found to be in perirenal fat, as the
main FA, and oleic acid (¢s9-C18:1), mono-
unsaturated fatty acid, in caul and tail tissues.
Similar results were previously reported in
perirenal (Bas et al., 2007) and tail (Mahachi et al.,
2020) fats. Palmitic acid (C16:0) and margaric acid
(C17:0) were the second and third most abundant
SFA, respectively, and did not differ between the
adipose tissues. Myristic acid (C14:0), was also
substantially determined in adipose tissues, which
was highest in tail fat. The remaining SFAs were

detected in trace. Oleic acid, the second most
abundant FA in perirenal fat, was less than the
other ones (P <0.001). The tail and caul fats with
high ¢59-C18:1 and also ¢s9-C16:1 had low stearic
acid. This finding was confirmed with the results
of Shingfield and Wallace (2014), who stated an
inverse relationship between ruminal oleic acid
metabolism  and  its  bio-hydrogenation
intermediates including #ans77-C18:1 and C18:0.
Furthermore, the externally located adipose tissue
may have much more A9- desaturase activity
(Jiang et al, 2018) than internal ones, thereby
replacing stearic acid with oleic acid. Like oleic
acid, palmitoleic (¢s9-C16:1) and elaidic (#rans9-
C18:1) acid were also lowest in perirenal fat (Table
1). Among the PUFA, linoleic, conjugated linoleic
(CLA) and a-linolenic acids, routinely determined
in all adipose tissues, were highest in tail fats (P
<0.01).

Table 1. Fatty acid methyl esters of adipose tissues

Adipose tissues

Fatty acids Perirenal Thail Caul Mean P

C10:0 0.08+0.01b 0.15%0.01a 0.08+0.00b 0.11£0.04  ***
C12:0 0.12£0.00b 0.2310.03a 0.0520.00c 0.14£0.08 %
C13:0 0.03+0.01 0.03£0.00 0.03£0.00 0.03£0.01 ns
C14:0 3.55+0.05b 4.9010.48a 2.6810.02¢ 3.84+0.99 Fokok
C15:0 1.07£0.02a 1.03£0.09a 0.55+0.01b 0.92+£0.24  *x
C16:0 20.6%0.25 22.210.97 21.9£0.67 21.5£0.99 ns
C17:0 4.50%0.09 4.611£0.48 4.22+0.11 4.4710.31 ns
C18:0 37.810.76a 23.0+1.51c¢ 27.110.38b 29.6£7.12 ek
C19:0 0.91+0.03a 0.65x0.06b 0.7220.00b 0.76£0.13 %
C20:0 0.66+0.02a 0.24+0.03b 0.16x0.01c 0.381£0.24  **x
C22:0 0.1220.02 - - 0.04£0.06 -

cis9-C14:1 - 0.14£0.03 - 0.05£0.07 -

cis9-C16:1 0.68%0.03¢ 1.73%£0.06b 1.93%+0.04a 1.39%0.59 ok
cis9-C18:1 22.0£0.68b 32.3+2.12a 32.1+1.03a 28.415.44 ek
trans11-C18:1 3.6910.06 2.94+0.08 2.96+1.45 3.23+0.67 ns
trans9-C18:1 0.58+0.02b 0.87£0.03b 1.21£0.292 0.85%+0.28 Hok
cis17-C20:1 0.12%0.00 0.12£0.02 0.13£0.01 0.12£0.01 ns
ci59,12-C18:2 2.30%0.02¢ 3.27%0.08a 3.07£0.07b 2.86+0.47 ok
¢is9,trans11-C18:2 (CLA) 0.50£0.01¢ 0.78+0.05a 0.64+0.00b 0.64£0.13  *kx
ci59,12,15-C18:3 0.69£0.01a 0.75%+0.09a 0.48%0.01b 0.66+0.13 ok
cis8,11,14-C20:3 - 0.03£0.01 - 0.01£0.02 -

cis5,8,11,14-C20:4 - 0.06£0.02 0.08£0.01 0.04£0.04 -

Data were expressed as meantstandard deviation. The mean values followed by different letters in the same row
indicate the significance differences between adipose tissues at **P <0.01 and ***P <0.001 levels; ns: not significant
(P >0.05); -: not detected.
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Volatile compounds of adipose tissues

As shown in Fig. 1, a total of 58 VCs were
identified in headspace of adipose tissues using
CAR/PDMS or DVB/CAR/PDMS for
extraction. The volatiles were classified into eight
chemical groups: aldehydes (21 compounds),
hydrocarbons (9), acids (9), ketones (7), phenyl
and phenols (4), heterocyclic compounds (3),

alcohols (3) and esters (2). The number of VCs
identified was similar to that (55) reported by
Vasta et al. (2012) in lamb fat, but lower than the
finding of Watkins et al. (2012) in beef and sheep
fat. This could be attributed to several factors
such as breed, grazing, age, etc. atfecting also the
adipose tissue fatty acid composition.

Volatile compounds (58) 3 Color gradient Volatile compounds ; PE TE CF Color gradient
Aldehydes (21) RI hﬂ:rdracurhﬂns ) RE 737323 h
Hexanal 1003 000 113 225 Hexadecane 1600 5 040 095 150
Heptanal 1098 1.00 500 900 Heptadecene 1771 & 050 1.00 150
Octanal 1190 1.00 3.00 500 Octadecane 1800 A 040 1.00 160
Nonanal 1416 200 425 650 Nonadecane 1900 070 072 074
2-Butenal 974 000 550 110  Cycloheptene 1159 123 141 155
3-Methyl butanal 893 050 1350 250 Naphthalene 1616 030 090 150
3-Methyl-2-butenal 1059 050 1.63 275  rrans-Caryophylene 1476 1.00 155 210
2-Methyl, 3-phenyl-propanal 1652 060 1.10 160  2-Phytene 1706 040 120 200
3-Dodecenal 1613 025 150 275 Styrene 1169 000 250 500
frans, 2-Hexenal 1136 1.58 1.73 1.88 Acids (9)
-Heptanal 1228 000 163 325 Acetic acid 1334 288 425
 2-Octenal 1285 110 170 230 Hexanoic acid 100 (TS 138 225
frans, 2-Nonenal 1321 1.00 450 8.00  Heptanoic acid 1788 XX XX 042 050
trans, 2-Decenal 1514 || 050 250 450  Octanoic acid 1sss | O 0.90 160
trans.trans, 2,4-Hexadienal 1300 080 125 170 Nonanoic acid 1os0 AR XXX 065 120
trans.trans, 2.4-Heptadienal 1354 150 325 500 Decanoic acid >2000 1.75 350
trans trans, 2,6-Nonadienal 1463 047 058 068 Dodecanoicacid 22000 [0 | 200 325
trans,cis, 2,4-Decadienal 1627 040 100 160  Tetradecanoic acid =>2000 _ 125 250
trans,trans, 2 4-Decadienal 1671 025 125 225 Hexadecanoic acid =2000 . - 1.75 275
Benzaldehyde 1414 | 0.00 550 11.0 Phenyl & Phenols (4) TR
Pheny! acetaldehyde 1521 000 300 600 Oxime methoxy phenyl 1625 60 A.v 053 054 055
Ketones (7) Phenol 1348 XXX | 015 021 024
Acetoin 1195 050 250 450  4-Methyl phenol 1918 . B o030 os0 150
2-Methyl-3-octanone 1221 090 140 190  3-Methyl phenol 1925 [ B foso os0 110
3,5-Octadien-2-one 1401 200 280  3.60 Alcohols (3)
2-Undecanone 1469 013 024 035 Pentanol 1154 1.00 1.10 120
Butyrolactone 1517 022 023 024 1-Octen-3-ol 1328 070 1.00 130
Phenyl methyl ketone 1530 e B 020 090 160  Octanol 1426 050 100 150
2-Tridecanone 1661 KAAAN 040 048 056 Heterocyclic compounds (3)
Esters (2) 4-Methylthiazole 15353 141 147 152
Acetic acid phytyl ester 1635 050 250 450  |-Methyl-5-amino-D2-124-triazole 1799 025 055 085
2 4-Decadienoic acid methyl ester 1731 ’A'A’A‘A‘ 024 026 028  4-Octadecyl-morpholine 1994 030 080 130

Fig. 1. Cell-plot for the volatile compounds identified in perirenal fat (PF), tail fat (TF) and caul fat
(CF) by SPME fiber coating with CAR/PDMS (2) and DVB/CAR/PDMS (3). RI: Retention index
based on identified compound retention times, calculated from the linear equation between each pair
of straight alkane series (C8-C20). X: not detected.

Only 28 out of 58 VCs were common to all the
adipose tissues, which were extracted by both the
SPME fibers. The CAR/PDMS fiber extracted a
greater number of VCs from perirenal (53 in
number), tal (51) and caul (35) fats than
DVB/CAR/PDMS (41, 47 and 33, respectively)
one.

A remarkable difference in VCs number between
SPME fibers was observed for perirenal tissue.
Although DVB/CAR/PDMS coating extracted
41 VCs, CAR/PDMS extracted 12 additional
VCs, including 3-methyl butenal, #ans,trans,2,4-

hexadienal, trans, 2-nonenal, frans,trans,2.0,
nonadienal, 2-methyl-3-phenyl-propanal, 2,4-
decadienoic acid methyl ester, 4-octadecyl-
morpholine, hexadecane, frans-caryophylene, 2-
methyl-3-octanone, 2-undecanone, and phenol.
Marco et al. (2004) also identified 24 additional
VCs in fermented sausage in the case of using
CAR/PDMS coating compared to
DVB/CAR/PDMS. In contrast, Gianelli et al.
(2002) found that DVB/CAR/PDMS extracted
VCs in greater number than CAR/PDMS (60 vs
41 VCs, respectively).
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Fig. 2. The mean percentage composition of the chemical groups of VCs in adipose tissues. The mean
values were significant different at *P <0.05 and **P <0.01 levels.

Aldehydes were the principal chemical group in
headspace of adipose tissues, except for caul fat,
in terms of their number and their percentage
composition (Fig. 1-2). It was not surprising as the
high temperature (100°C) used for rendering fat
could result in an increased oxidation ot
degradation products of adipose tissues such as
aldehydes and hydrocarbons. Regardless of
tissues, a significantly higher percentage of
nonanal, benzaldehyde, #ans, 2-decenal, 3-
dodecanal, #rans,cis, 2,4-decadienal and #rans,trans,
2,4-decadienal was extracted by
DVB/CAR/PDMS fiber. It was observed that as
the retention index of aldehydes increased, there
were more adsorbed on DVB/CAR/PDMS
coating than on CAR/PDMS one. Similar
findings were reported previously (Garcia-
Esteban et al., 2004; Yu et al., 2008; Lorenzo et
al, 2014). Among aldehydes hexanal was
determined in tail fat as the principal aldehyde and
volatile compound by both SPME fibers. This
finding was confirmed by high PUFA level in tail

fat since hexanal is one of the main oxidation
products of ¢s9,12-C18:2 fatty acid. Similarly, as
stated by Pan et al. (2005) and Elmore et al
(2005), aldehydes 3-methyl-2-butenal, heptanal,
octanal, nonanal, and #uns isomers of hexenal,
heptenal, octenal, nonenal and decenal, derived
from oxidation of unsaturated fatty acids, were
also determined in highest in tail fat. Besides, their
abundance did not a significant between SPME
fibers, irrespectively of tissues (Table 2). On the
other hand, the relative percentages of 2-butenal
in all the adipose tissues and trans,trans-2,4-
heptadienal in tail and perirenal fats significantly
increased in extraction by CAR/PDMS coating.
2-Butenal was identified as the second most
abundant volatile compound following styrene in
perirenal tissue. In contrast, the relative
percentage of benzaldehyde, derived mainly from
phenylalanine amino acid, showed a tendency to
increase in case of using DVB/CAR/PDMS
fiber. This was in consistent with the finding of
Marco et al. (2004), but was in disagreement with
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that of Garcia-Esteban et al. (2004). These
conflicts reports may be related to the applied
extraction time since benzaldehyde requires more
time to reach equilibrium with CAR/PDMS than
with DVB/CAR/PDMS, as stated by Lorenzo
(2014). Regardless of tissues, a high extraction
proportion by CAR/PDMS coating for 2-butenal
may closely be associated with its molecular
weight since it is aldehyde with the lowest
molecular weight among aldehydes identified.
This finding is confirmed that CAR/PDMS fiber
is suitable for volatile compounds with small
molecular weight, irrespectively of the functional
group of chemical compound (Garcia-Esteban et
al., 2004). Nevertheless, the increased yield of
trans,trans, 2,4-heptadienal in extraction by
CAR/PDMS coating fiber is probably due to its
competitions with #rans, 2-heptanal at the same
extraction. Because the latter aldehyde showed a
good yield in extraction by DVB/CAR/PDMS
fiber for perirenal and tail fats.

Generally, a relatively high proportion of
aldehydes in extraction by DVB/CAR/PDMS
coating fiber (Fig.1) could be attributed to its high
affinity for aldehydes, especially for molecular
weights above 100, as stated by Lorenzo et al.
(2014) and Marco et al. (2004).

Regarding to perirenal fat, the most abundant
VCs analyzed by  CAR/PDMS  and
DVB/CAR/PDMS were styrene and
benzaldehyde, respectively (Fig. 1; Table 2). The
first has been reported previously in caudal
subcutaneous adipose tissue (Sivadier et al., 2008)
and the second in perirenal fat of lambs (Vasta et
al., 2012). Possible precursors of styrene are
carotenoids, long-chain fatty acid esters,
aldehydes, phenylalanine amino acid (Pagot et al.,
2007). High styrene presence in perirenal fat may
support carotenoid precursor depending on
animals’ grazing on highland pasture. In addition,
oxidation of styrene may produce benzaldehyde.
The present study shows that perirenal and caul
fats are a good source for styrene and
benzaldehyde, irrespectively of fiber coating used.
Styrene and 2-phytene abundance in caul fat may
utilize as a fingerprint of the feeding system.

Hydrocarbons were the second most abundant
chemical group identified in adipose tissues
except for caul fat. The CAR/PDMS fiber
extracted a significantly (P <0.001) high
percentage of hydrocarbons compared to the
DVB/CAR/PDMS one (Fig. 1). Besides, 2
additional hydrocarbons (hexadecane and #rans-
caryophylene) were extracted by the CAR/PDMS
coating. Among hydrocarbons, styrene was the
principal hydrocarbon, and also VC in perirenal
and caul fats. This hydrocarbon was decisive in
separating the perirenal and caul fats extracted by
CAR/PDMS coating from the others, according
to PCA applied on data obtained from volatile
compounds (Fig. 3A). This may be related to both
the coating fiber and high styrene level in above-
mentioned tissues. As shown in Table 2, another
principal hydrocarbon, 2-phytene, was obtained
at a higher relative percentage in caul fat in
extraction with DVB/CAR/PDMS coating
compared to CAR/PDMS. But, 2-phytene was
both considerably less than styrene and had a
molecular weight of about 3 times higher. 2-
Phytene, derived from the degradation of
chlorophyll by rumen microorganisms (Body,
1977), showed no significant difference in percent
composition between the extraction coatings in
either perirenal fat or tail fat.

Carboxylic acids were the third most abundant
chemical group identified, in terms of their
percentage composition. As shown in Fig. 2, acid
chemical group was found to be lower by
CAR/PDMS fiber than the other one,
irrespectively of tissues. As reported by Lorenzo
etal. (2014), CAR/PDMS coating showed a lower
affinity to acids. Among carboxylic acids, acetic
acid was the most abundant acid identified in
perirenal fat and had a similar the percentage
value in all adipose tissues extracted by both
SPME fibers (Table 2). But, tetradecanoic acid
was determined in tail and caul fats as the major
acid. DVB/CAR/PDMS fiber extraction gave
rise to higher proportion of tetradecanoic acid.
Similarly, DVB/CAR/PDMS coating extraction
increased the proportions of hexanoic, decanoic,
dodecanoic, and hexadecanoic acids in perirenal
and caul fats.
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Table 2. Major volatile compounds of adipose tissues

Perirenal fat Tail fat Caul fat

Major volatile compoundsb
e S(3) S Q) S () e S 03)

Acetic acid 3501111 4.18+0.31X #s  1.70£0.55 1.56£0.10Y »xs 3.23£0.59 3.92+0.20X xs
Hexanoic acid 0.621£0.19y  2.19%£0.11 *** 1,01+0.26x 2.00£0.17 ** 1.18+0.10x 2.16+£0.23 **
Decanoic acid 27710.13x  3.3820.24X  * 0.4910.05z 0.14+0.00Y *** 1.00+0.37y 4.25£1.09X **
Dodecanoic acid 1.51+0.14y 1.86£0.05Y * 0.81%£0.18z 0.91£0.03Z »s 2.17£0.25x 3.841+0.23X ***
Tetradecanoic acid 1.9310.20xy 1.78%£0.26Y »#s 1.07£0.50y 2.56£0.71Y * 2.73%£0.87x 5.15+0.67X *
Hexadecanoic acid 1.39£0.06y 2.11x0.18Y ** 0.84%0.27z 1.37%£0.21Z ns 2.15%0.08x 3.18%0.34X **
2-Butenal 10.9£1.45x  0.28%£0.05 *** 2.46%£0.45y 0.40+0.03 *** 3.85£1.81y 0.30£0.10 *
Hexanal 2.24+0.49y 2.83£0.48Y s 16.4%251x 20.3£1.90X ns 5372215y 3.62%0.62Y s
3-Methyl-2-butenal 2.09£0.29xy 0.60+0.11Z *** 2.75+0.65x 2.37£0.06X s 1.4010.21y 2.13£0.03Y **
Heptanal 3.72£0.36y 4.56£0.23Y * 8.17£1.34x 7.771£0.31X »ns 3.92+£0.71y 2.151£0.03Z *
trans, 2-Hexenal 1.86+0.35x  1.67+0.24X #ns 1.58+0.26x 1.80+0.10X #s - -
Octanal 1.114£0.24y  2.611£0.33Y ** 4.49+0.33x 4.95+0.43X »s 1.3110.02y - Rk
trans, 2-Heptanal 1.601£0.14x  3.171£0.36X  ** 1.881£0.43x 1.99%£0.17Y #xs 0.75%£0.22y 0.241£0.03Z *
Nonanal 2.08%£0.32y 5.58%0.38Y *** 4.63£1.03x 06.45%0.64X ns 2.54%0.37y 4.06£0.08Z **
trans, 2-Octenal 1.87+0.31xy 1.83+0.20X »xs 2.22%0.38x 1.89+0.10X »xs 1.37£0.15y 1.41+0.12Y #s
trans,trans, 2,4-Heptadienal 4.9510.36x  3.34%£0.07X ** 4.7710.59x 1.88+0.04Z *** 2.17+0.37y 3.12£0.07Y *
Benzaldehyde 2.30£0.32x  10.4£0.35X *** 0.55+0.11z 0.63+0.04Z s 0.99%10.17y 5.10£0.23Y *¥*
trans, 2-Nonenal 3.131£0.41y - ek 7.3740.21x 7.6810.64 s 1.37£0.07z - Rk
trans, 2-Decenal 0.8610.12y 4.25£0.77X ** 3.59%0.60x 4.25%£0.12X »ns 0.89£0.11y 1.64£0.11Y ***
Phenyl acetaldehyde 4.4310.86x 5.8410.80X s 0.6910.04y 0.4610.03Y *** - -
3-Dodecenal 0.77£0.10y  2.2420.10Y *** 1.31£0.17x 2.724£0.07X *** 0.42£0.07z 0.86£0.02Z ***
trans,eis, 2,4-Decadienal 1.06£0.15x  1.03£0.19Y »xs 0.47£0.07y 1.20£0.03Y *** 1.05+0.08x 1.92+0.22X ***
trans,trans, 2,4-Decadienal 0.621£0.13  2.08+0.28X *** (0.75£0.14 2.10+0.08X *** 0.46%0.13 0.85£0.11Y *
Acetic acid phytyl ester 1.5310.46x  2.16£0.55Y »ns 0.62£0.12y 1.42%0.11Y *** 0.64£0.15y 5.0210.50X ***
Styrene 17.7£1.89y  8.03+0.42Y *** 9.91+0.92z 3.751+0.26Z *** 45.613.06x 24.5£1.57X *¥*
2-Phytene 1.51£0.28x  1.44£0.22Y ns 0.4410.02z 0.47£0.04Z ns 0.8510.09y 2.24£0.10X ***
3,5-Octadien-2-one 2471042 2.35%0.15Y »#s 3.34£0.71 2.101£0.20Y *  2.50£0.42 4.2010.15X **

bThe compounds with the mean relative percent value above 1% were taken as major volatile compounds. Data

were expressed as meantstandard deviation. The mean values followed by different letters in the same row indicate
significant differences between petirenal, tail and caul fats adsorbed on DVB/CAR (S2) fiber *»» and on
DVB/CAR/PDMS (83) fiber XY-% (P <0.05). -: not detected; ns: not significant (P >0.05); *P <0.005, **P <0.01,

kP <0.001

We detected 7 ketone compounds. Among them
3,5-octanedien-2-one and phenyl methyl ketone
were found only in all adipose tissues. The first
was also the most abundant ketone as reported by
Sivadier et al. (2008) who determined the 3,5-
octanedien-2-one as a major compound in
adipose tissues. The extraction with different
coatings did not differ in ketone number. The
highest proportion of 3,5-octanedien-2-one was
found to be in caul fat in extraction by
DVB/CAR/PDMS, followed by tail fat by
CAR/PDMS coating (Table 2). It might have

taken longer to reach equilibrium with
DVB/CAR/PDMS at the same extraction time
due to a greater number of volatile compounds in
tail fat as consequently different affinities of
volatiles for the fiber coating. Nevertheless, fiber
difference was not affected proportion of 3,5-

octanedien-2-one, irrespectively of adipose
tissues (Table 2).
Phenols, alcohols, and esters were in less

proportion and number in adipose tissues
compared to other compounds. 3- and 4- Methyl
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phenols were routinely determined. The type of
fiber coating did not affect the proportion of
phenol in tail fat, but DVB/CAR/PDMS coating
had an enhancing effect on these in perirenal and
caul fats (Fig. 1). As shown in Fig. 1, alcohols were
detected in adipose tissues except for caul fat by
DVB/CAR/PDMS. In perirenal and tail fat high
alcohol proportions were determined by
DVB/CAR/PDMS, like esters. This trend was in
disagreement with the findings of Marco et al.
(2004) who reported that CAR/PDMS fiber had
a higher affinity for lower molecular weight
compounds. These differences could be
attributed to extraction time since a 15-min
extraction with CAR/PDMS coating fiber
provided a good yield for esters in headspace of
foal dry-cured loin, but extended extraction time
up to 45 min with DVB/CAR/PDMS coating as
in the present study increased the proportion of
ester and decreased the proportion of alcohol,
which was highest in sample extracted by
DVB/CAR/PDMS fiber for 15 min (Lorenzo,
2014). In addition, identifying a greater number of
volatile components by CAR/PDMS coating may
result in a reduction in their relative percent
composition.

Principal component analysis

In order to discriminate of SPME fibers, principal
component analysis (PCA) was conducted on the
data obtained from major VCs identified in
adipose tissues extracted by the both fibers (Fig.
3A). PC1 and PC2 explained 67% of total
variance in VCs in headspace of adipose tissues.
Also, PCA analysis was applied on data from FAs
together with VCs. As can be seen in Fig. 3B, the
variation between the adipose tissues can all be
explained by two components. Tail fat that has a
higher aldehyde (Fig. 3A) and PUFA (Fig. 3B)
proportion separated from the other ones and
positioned on the positive side of PCl. A
differentiation between the SPME fibers was
proved along PC2 (Fig. 3A), those analyzed with
CAR/PDMS and DVB/CAR/PDMS were in the
negative and positive sides of PC2, respectively.
As can be seen in Fig. 3A, a marked variation
between the SPME fibers was also observed for
perirenal fat. This may be a consequence of the
fact that VCs in mote number (12) were detected

by DVB/CAR than by DVB/CAR/PDMS. Most
of the major VCs were also located on the above
the bi-plot chart. In particular styrene and 2-
butenal, which have a higher negative eigenvector
of PC2 component, resulted in a higher relative
percentage in the analysis of adipose tissues by
CAR/PDMS. Carboxylic acids, 2-phytene and
acetic acid phytyl ester determined in perirenal
and caul fats and aldehydes (trans,trans,2,4-
decadienal, nonanal, 3-dodecenal, #7ans-2 isomerts
of hexenal, heptenal, octenal, and decenal) found
in tail fat extracted by DVB/CAR/PDMS in a
high relative percentage were lined along PC2
with high positive eigenvectors (Fig. 3A). But,
aldehydes derived from oxidation of fatty acids
were clearly separated tail fats from caul and
perirenal fats. These aldehydes which have higher
levels in tail fat coincide with the fact that tail fat
has more oleic, linoleic, CLLA and linolenic acids
(Fig. 3B). The difference in aldehyde proportions
according to the fibers used also cleatly
distinguished the tail fats from each other.

CONCLUSION

SPME is an appropriate tool for qualitative
analysis of VCs in the headspace of adipose
tissues. Both CAR/PDMS and
DVB/CAR/PDMS fiber coatings ate feasible for
studying volatiles from adipose tissue. However,
the number of VCs detected in headspace of
adipose tissues varied from the tissue to tissue. It
was observed that VCs in greater number were
extracted by DVB/CAR  coating than
DVB/CAR/PDMS. Probably due to the
detection of VCs in less number, an increase in
the relative percentage of VCs extracted by
DVB/CAR/PDMS was observed. Tail fat with
high oleic, linoleic and linolenic acids was cleatly
separated from other tissues based on aldehydes,
which are fatty acid oxidation products, mainly
hexanal. Aldehydes, namely octanal, nonanal, and
decanal produced from C18:1; hexanal, #rans-2-
heptenal, trans-2-octenal, trans, trans-2,4-
decadienal, and benzaldehyde from C18:2, and
also trans,trans-2,4-decadienal, decanal,
benzaldehyde from C18:3 can give an information
about fatty acid profile of adipose tissue.
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Fig. 3. Results of principal component analysis of VCs (A) and FAs together with VCs (B) identified in

petirenal (), tail (O) and caul (A) fats by CAR/PDMS (empty symbols) and DVB/CAR/PDMS (filled
symbols).

examined to determine the time to reach
equilibrium avoiding the presence of lipid
oxidation products such as aldehydes favored by
prolonged exposure.
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Kiltirimiizde 6nemli yeri olan ¢orek otu siklikla yagt igin tercih edilmektedir ve yagt ¢ikarilmus kiispesinde
ise protein gibi degerli bilesikler atik olarak kalmaktadir. Proteinler gida endistrisinde yaygin kullanidan
emtlgatorlerdir. Gidalarda kullanildiginda, bitkisel proteinlerin oral prosesini anlamak, tat almayt ve duyusal
kabul edilebilirligi etkiledigi icin énemlidir. Fakat ag1z ortaminda salya/mukus ile etkilesime giren ¢6rek otu
proteinleri ve bu proteinlerle sabitli emulsiyonlarin tat alimini etkileyen akis, yaglama, stirtinme ve kayganlik
Ozelliklerindeki (tribolojik 6zellikler) degisimler daha 6nce arastrilmamustir. Bu ¢alisma ile yagr ¢ikarilmus
¢orek otundan elde edilen proteinlerle hazirlanmis sulu ¢ozeltilerin ve emiilsiyonlarin model mukus
varliginda ag1z ortaminda olusturduklar stirtiinme davranis degisiklikleri tribolojik olarak incelenmistir. Agtz
ortamum taklit edici yiizeyler arasinda, ¢orek otu proteiniyle hazirlanmis emiilsiyon ve model mukus ayr ayrt
cok iyi kayganlastiric1 Ozellik géstermistir. Fakat emilsiyon ve mukus karstirildiginda siirtinme katsayist
olduk¢a artmustir. Bu durum ¢brek otu proteini ile mukus proteininin etkilesime girerek emiilsiyonda
topaklanmaya sebep oldugunu gostermektedir.

Anahtar kelimeler: Corek otu, protein, emiilsiyon, musin, oral proses, triboloji

THE USE OF PROTEINS ISOLATED FROM NIGELLA SATIVA IN MODEL FOOD
EMULSIONS AND THE TRIBOLOGICAL INVESTIGATION OF THEIR ORAL
PROCESSES

ABSTRACT

Nigella sativa, has an important place in our culture, is often preferred for its oil, and valuable
compounds such as protein remain as waste in the oil-cake. Proteins are widely used emulsifiers in
the food industry. Understanding the oral process of plant proteins is important as it affects taste
and sensory acceptance of foods. However, changes in flow, friction, and lubrication properties
(tribological properties) affecting the taste of Nigella sativa proteins and their emulsions have not
been investigated. In this study, the changes in the friction behavior of the emulsion prepared with
the Nigella Sativa protein isolates in the presence of model mucus were tribologically investigated.
Between the surfaces that mimic the oral environment, the emulsion and model mucus separately
showed superior lubricating properties. However, when emulsion and mucus were mixed, the friction
coefficient increased considerably. This showed that Nigella Sativa protein and mucus protein
interacted and caused emulsion flocculation.

Keywords: Nigella sativa, protein, emulsion, mucin, oral process, tribology
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GIRIS
Corek  otu, Ranunculacea (Dugungicegigiller)
familyasina ait Nigella sativa tiridir ve bitkinin
kapsiil igerisinde olusan tohumu besin olarak
kullanilir (Baytop, 1984). Cérek otu tohumlar,
ucucu yag (% 0.38-0.49), sabit yag (% 30-40),
protein (% 20-30), saponin, melantin, nigellin ve
tanen icerirler (Worthen vd., 1998). Corek otu
yag1 6zellikle saglik alaninda ve gida teknolojisinde
stk kullanilan maddelerden biridir (Bulca, 2014).
(orek otu bitkisinin yagt 6nemli ekonomik degere
sahiptir (Celik ve Giil, 2016). Glintimtizde bitkisel
kaynaklarin  gidalarda  katki maddesi olarak
kullanilabilirligi, kimyasal bilesenlerinin
aragtirlmast ve bunlarin insan saghgina olan
etkilerinin = saptanmast  6nem  kazanmustir.
Ozellikle gelismekte olan iilkelerde farmasotik
maddelerin maliyetli olmasindan dolayt bazi saglik
problemlerinin  ¢6zimiinde, bitkisel triinler
alternatif tedavi olarak karsimiza c¢ikmaktadir
(Bulca 2014). Corek otu yaginin besleyici ve
aroma yoninden zengin Ozelligi yaninda
antibakteriyel, antifungal koruyucu o&zellikleri
nedeniyle gida sanayinde kullanilabilecek ¢ok
6nemli bir gida oldugu bildirilmistir (Kaya vd.,
2003). Corek otu tohumlart bazt gidalarin
tretiminde (6rnegin: macun, pasta, peynir, tursu
ve firincilik Grlinleri gibi) aroma verici olarak da
kullanilmaktadir (D'Antuono vd., 2002; Cheikh-
Rouhou vd., 2007). Cérek otu tohumu bilesenleri
fonksiyonel olup kozmetik ve diyet ek trtiinlerinin
hazirflanmasinda  da  kullandmaktadir  (Bulca,
2014). Kultirimiizde 6nemli bir yeri olan ve ¢ok
cesitli kullamimlart ve saglk acisindan faydalar
bulunan ¢6rek otu, siklikla yagi icin de tercih
edilmektedir ve literatiirdeki ¢cogu calisma ¢6rek
otu yagiyla ilgilidir. Bu bitkinin yaglari distndaki
bilesenleri ve bu bilesenlerin  fonksiyonel
ozellikleri  yeterince — arastirlmamustir.  Yagt
cikarilmis ¢6rek otu kiispesi ise cogunlukla atik
olarak kalmaktadir, fakat bu kiispe protein gibi
degerli bilesikler icermektedir.

Protein kaynagi olarak bitkileri kullanmak, et, siit,
yumurta gibi hayvansal protein kaynaklari icin
hayvan sayisinin artmasma baglt sera gazi
salinimindaki artist  engeller. Ayrica, bitkisel
protein Uretimi i¢in harcanan enerji ve su miktar,
hayvansal protein Uretimi icin harcanandan

olduke¢a azdir (Gonzilez vd., 2011; Asgar vd.,
2010). Protein kaynagi olarak bitkilerin kullanimi
avantajll olmasina ragmen, ginimizde gida
formilasyonlarinda  kullanimi  kisithidir.  Bu
durumun nedenleri, bitkilerden elde edilen
proteinlerin yeterince arastirilip  gelistirilmemis
olmasidir. Bitkisel proteinlerin, protein izolatt
(protein icerigi %90 ve Uzeri) veya konsantresi
(protein icerigi %48—70) ve emiilgatdr olarak gida
uygulamalarinda, ila¢ tiretimi ve diger endiistriyel
streglerde kullanildigini rapor edilmektedir (Sari
vd., 2015; Moutre vd., 2000).

Proteinler gida endistrisinde polisakkaritlere ve
fosfolipitlere ek olarak en yaygin kullanian
emilgatérlerdir (McClements vd.,2004).
Emilsiyon birbiri igerisinde ¢6ziinmeyen (su ve
yag gibi) iki stvinin sabitleyici ti¢tincti bir madde
(emtlgatér)  yardimiyla  stspansiyon — olarak
tutulmasidir.  Stut, ktrema, mesrubat, bebek
mamasi, corba, kek hamuru, salata sosu ve
mayonez emilsiyon igeren gidalara Ornektir.
Ayrica emilsiyonlar, koruyucu, renk ve aroma
verici olarak vitaminler ve cesitli fonksiyonel
gidalarda kullanihir (Velikov ve Pelan, 2008;
McClements ve Li, 2010). Hem bitkisel kaynaklara
yonelimin artmasi hem de bitkisel atiklarin
degerlendirilmesi adina bitkilerden ekstrakte
edilen proteinlere olan ilgi son yillarda artmistir
(Cetiner ve Bilek, 2018). Emiilsiyon esash gida
uriinleri, oral proses sirasinda bilesenlerin tiiriine
ve maruz kaldigr islem kosullarina gore cesitli
fizikokimyasal, duyusal ve biyolojik Ozellikler
sergilemektedir. Gida emiilsiyonlarinin  oral
prosesi sirasinda salya/mukus ile karigmasi, viicut
stcakligina 1sinmast veya sogumast, agtzdaki dis, dil
ve damak gibi ylzeyler arasinda stkismasi gibi
cesitli proseslere maruz kalmaktadir (Dresselhuis

vd., 2007).

Agiz boslugunun fizyolojisi daha 6nce calisilmis
ve acgiklanmustir, fakat gida emilsiyonlarinin oral
proses strasindaki davranislart hakkinda ¢ok az sey
bilinmektedir. Gida  emilsiyonlarinin  oral
prosesini anlamak icin baz  aragtirmacilar
emilsiyonlarin yag iceriginden kaynaklt duyusal
algilarin kimyasal ve reolojik (akis) 6zelliklerini
analiz etmeye calismislardir (Sarkar ve Krop,
2019). Diger yandan salya-emiilsiyon
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etkilesiminin, emiilsiyonlarin tat/duyusal
Ozellikleri  Uzerine etkisi  oldugu  tahmin
edilmektedir (Celebioglu vd., 2020). Bunun sebebi
ag1za alinan bir gida emiilsiyonunun yutuluncaya
kadar salyaya maruz kalmasidir. Salyanin agizda
olusturdugu viskoelastik yapiin en Onemli
kaynagt icerisindeki glikolize protein olan
musindir. Yapilan calismalar protein ile sabitli
emtlsiyonlarda model salya ve musinin network
olusumuna bagll topaklanma olusturdugunu
gostermistir  (Celebioglu vd., 2020). Gidalarda
kullanildiginda, bitkisel proteinlerin oral prosesini
anlamak, tat almay1 ve duyusal kabul edilebilirligi
etkiledigi icin 6nemlidir. Fakat agiz ortaminda
salya ile etkilesime giren ¢6rek otu proteinleri ve
bu proteinlerle sabitli emiilsiyonlarin tat alimini
etkileyen akis, yaglama, strtiinme ve kayganhk
Ozelliklerindeki (reolojik ve tribolojik 6zellikler)
degisimler daha 6nce ¢alistlmamistir.

Reoloji, maddelerin deformasyonu ve akist ile
ilgilenen bilim dalidir. Reolojik 6zellikler, gidalarin
duyusal goriintis Ozellikleriyle ilgili olup bazi
yapisal ve mekanik Ozellikler goriiniisten
anlagilabilmektedir. Fakat reoloji, protein sabitli
emilsiyonlar gibi kugik tanecikli, sivi/yari-katt
gida  driinlerinin -~ aglz  ortamindaki  akis
Ozelliklerinin tat alimiyla baglantisinda yetersiz
kalmaktadir. Triboloji bilimi ise iki yiizey arasinda
ince film halinde bulunan lubrikantin kayma,
yaglama ve strtinme 6zelliklerini inceleyen bir
bilim dalidir ve son yillarda 6&zellikle gida
emiilsiyonlarinin oral prosesini simile etmek icin
kullandmaktadir (Meyer vd., 2011, Vardhanabhuti
vd., 2011, Chen ve Stokes, 2012, van Aken 2013,
Chen vd., 2014). Triboloji tekniklerinin son
uygulamalari, salya/mukus ve gida proteini iceren
stvilarin ~ lubrikasyon  Ozelliklerinin =~ nicel
karakterizasyonuna da imkan vermektedir
(Vardhanabhuti vd., 2011, Celebioglu vd., 2016).
Bu yontem ile elde edilen veriler mukus ve
emilsiyonlarin  icerdigi proteinlerin  agizdaki
etkilesimi sonucu tat, kivam ve aroma algisinda
onemli etkisi oldugunu géstermistir (van Aken
vd., 2013, Celebioglu vd., 2016; 2020). Bu sebeple
uygun sartlarda ekstrakt edilen ve fonksiyonel
Ozellikleri anlasilan  bitkisel proteinlerin  oral
proses sirasinda gecirdikleri degisimler yeni trtin
formiilasyonlarinda Snemlidir. Buna gére bu

calismada yag1 cikarilmis ¢6rek otundan elde
edilen proteinlerle hazirlanmus sulu ¢ozeltilerin ve
emilsiyonlarin model mukus varhginda agiz
ortaminda olusturduklart strtinme davranis
degisiklikleri tribolojik olarak incelenmistir.

MATERYAL VE YONTEM

Bitkisel materyallerin ve model mukusun
hazirlanmasi

Bartin yerel marketlerden alinan c¢érek otu
hammadde olarak kullanilmistir. Analizlerden
once ¢orek otlart 6gitilerek 0.25 mm acikhiga
sahip elekten gecirilerek ince toz halinde
kullantma  hazir hale getirilmigtir.  Protein
izolasyonu ve izole edilen proteinlerin tribolojik
Ozellikleri calismalari icin laboratuvar ortaminda
yagl ayrilmis ¢6rek otu posalart materyal olarak
kullanilmustir.  Yag ayirma islemi icin Soxhlet
ekstraktori  ve  ¢Ozlici  olarak  hekzan
kullandmistir. Bu diizenek ile 60°C’de 4 saat
boyunca yag ayirma islemi yapdmustir (Hara and
Radin, 1978).

Model mukus hazirlamak icin kullanilacak olan ve
sigir alt cene tikiirik bezinden elde edilen musin
proteini  (>%95) Merck Millipore'dan (Metck
KGaA, Darmstadt, Almanya) satin alinmistir ve
ilave saflagtirma yapilmadan kullanilmistir. Miisin
proteininin  kiitlece %1lik  ¢Ozeltisi  fosfat
tamponu (PBS) kullanilarak (pH 7) hazirlanmus ve
model mukus olarak kullanilmustir.

Kimyasal igerik analizleri

Kimyasal igerik analizi icin agagidaki analitik
yontemler kullanilmistir (AOAC, 1990):

(i) Nem miktar tayini i¢in 1 gram 6rnek 105°C
etivde sabit agirliga gelene kadar kurutulmus ve
aradaki agirlik farkindan nem miktari yiizde olarak
hesaplanmustir.

(i) Kal miktari tayini icin 1 gram S6rnek 550°C kil
firininda 24 saat yakilarak hesaplanmustir.

(i) Toplam yag miktart Soxhlet metodu ile
belitlenmistir.

(iv) Toplam protein miktar1 Kjeldahl metoduyla
belirlenmistit.

(v) Ham lif miktart tayini icin Once Ornekler
stlfirik asit ¢ozeltisinde (0,255 N) 30 dakika
hidroliz edilmis ve yikanmustir. Daha sonra
potasyum hidroksit ¢6zeltisinde (0,313 N) 30
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dakika kaynatilmis ve filtre edilip ytkanmustir.
Kalan kisim 105°C’de 24 saat kurutulmus ve sonra
550°C’de sabit agirliga gelene kadar yakidmistir. Bu
prosediir bos kontrol icin de yapilmistir. Kuru
organik/inorganik kisim ile kul kismin arasindaki
agirlik farks lif miktarini vermistir (Celebioglu vd.,
2012).

(vi) Toplam karbohidrat miktart ise asagidaki fark
formild ile belitlenmistir (Sahin and Sumnu,
20006):

Toplam karbohidrat miktart (%) = kuru 6rnek %
- yag % - protein % - kul % - lif %

Kuru 6rnek, 105°C etiivde sabit agithiga gelene
kadar kurutulmus ve nemi uzaklastirilmis 6rnek
anlamina gelmektedir.

Protein Izolasyonu

Protein izolasyonu yagt ayrilmis ¢orek otu
posalarinin alkali ekstraksiyonu ve asitle ¢Sktiirme
islemleriyle yapilmustir. Buna gore yagr ayrilmis 10
gram ¢orek otu posast 300 mL %1 NaOH
¢ozeltisi icinde oda sicakliginda 1 saat boyunca
manyetik karistiricida (300 rpm) karistirildiktan
sonra santrifiij edilmistir (2600Xg 10 dakika 4 °C).
Toplanan siipernatant pH degeri 0.5 M
hidroklorik asit kullanilarak pH=3.9"a (izoelektrik
noktast) ayarlanarak 300 rpm’de 30 dakika
manyetik  karistirier  ile  kanstilmigtir. Bu
asamanin sonunda ¢oken proteinler santriftyj ile
ayrilarak toplanmistir.

Emiilsiyon hazirlanmasi

Corek otundan izole edilen proteinlerle hem
protein ¢ozeltileri hem de bu proteinlerle sabitli
emiilsiyonlar hazirlanarak triboloji 6l¢timlerinde
kullandmustir. Protein ¢ozeltisi kiitlece %1 olarak
ve 10 mM PBS tamponu kullanilarak pH 7’de
hazirlanmistir.  Emdlsiyon icin ise hazirlanan
kiitlece %71’lik protein ¢ozeltisine aygicek yagt
yavas yavas eklenerek 6nce distik hizda (6,000
rpm), tim yag eklendikten sonra ise 30 dk
boyunca yiiksek hizda (20,000 rpm) Ultra-Turrax
homojenizatér (DI 25 basic; IKA-WERKE,
Staufen, Germany) kullanidarak karstirilmistir.
Karistirma  sirasinda  olusabilecek  sicaklik
yukselmelerini  6nlemek  icin  su  banyosu
kullantlmistir. Hazirlanan emilsiyon kiitlece %25
aycicek yagt icermektedir (yag/su orant 1:3). Ayni

prosediirle aycicek yagi yerine ¢érek otu yagt
kullanilarak da karsilastirma yapilmugtir.

Triboloji 6lgtimleri

Protein ¢ozeltisi ve emulsiyonunun ylzeyler arast
yaglama/surtinme Ozellikleri ile bunlarin model
mukusun kayganlik, strtinme ve yaglama
Ozelliklerine etkisini karakterize etmek icin Pin-
on-Disk Tribometresi (Turkyus POD&HT&WT)
kullanilmustir. Bu tribometre diizeneginde belli bir
yikle yiiklenmis kiiresel pin, diizlem disk tizerinde
belli bir hizda git-gel olarak kayarak ilerlemektedir.
Bir motor yardimiyla hareket eden disk, pin ve
disk arasinda stirtinme kuvveti olusmasint saglar.
Uygulanacak kuvvet pin tizerine agirligi bilinen bir
yitk eklenmesi ile kontrol edilir ve kayan yiizeyler
arasinda olusan siirtiinme kuvveti gerilim Slcer ile
izlenir. Surtinme katsayist p ile gosterilir ve
asagidaki denklem ile hesaplanir:

w = Fsﬁrtﬁnmc/Fyﬁk

Surtinme katsayist Slctimleri icin kullanilacak
Polydimethylsiloxane (PDMS) ylzeyleri
olusturmak icin PDMS kit (Sylgard 184, Dow
Corning) kullanilmstir. Kontaminasyonu
6nlemek icin PDMS yiizeyler her 6lgiimde sadece
bir kere kullanilmis ve diger Sl¢lim icin yeni
PDMS yiizeyler takilmustir. Daha sert bir yiizeyi
taklit edebilmek icin yitksek yogunluklu polietilen
(HDPE) pin ve PDMS ylzey cifti de
kullanilmustir. HDPE pin temizlenerek birgok kez
kullanilabilmektedir.

Emiilsiyon-mukus sisteminin hiza ve yitke bagl
tribolojik davramsini izlemek icin, sirasiyla 0.25 —
100 mm/s kayma hizt araligi ve 1, 2, 5, 7 ve 10 N
yukler secilmistir. Her O6rnek icin sirtinme
katsayilart oda sicakhiginda en az tiger tekrarh
Slcimler sonucu hesaplanmistir.

SONUC VE TARTISMA

Corek otunun kimyasal igerik analizi

(Corek otu kimyasal icerik analizleri nem, kiil,
protein, yag, ham lif ve toplam karbonhidrat
icerikleri 6lcumleri olarak t¢ tekratlt alinmistir ve
sonuglar Cizelge 1°de verilmistir. Cérek otunda
bulunan karbonhidrat miktart %34,8 ve ham lif
miktart %10 olarak bulunmustur. Endustriyel
olarak cogunlukla yagi icin kullanilan ¢6rek
otunda %34 gibi yiksek bir miktarda yag orani
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bulunmustur. Bu calismanin asi ilgi ve odak
noktast olan protein ise %19,5 olarak elde
edilmigtir.  Bulunan  degerler literatiir ile
uyumludut.

Gizelge 1. Corek otunun kimyasal icerik analizi
Table 1. Chenrical content analysis of Nigella Sativa
Corek otu bilesenleri Icerik miktarlars

Nigella Sativa components Concentration
Yag / Fat % 3410.8
Protein / Protein % 19.520.5
Nem / Moisture % 1£0.1
Kual / Ash % 0.710.2
Ham lif / Crude fiber % 10x0.6
Toplam karbonhidrat /

Toz‘};/ carbobydrate 70 34.8%0.5

Literattirdeki ¢6rek otu protein miktarint iceren
calismalar incelendiginde (Cizelge 2), protein
miktart %19 ila %23 arasinda  degistigi
gorilmektedir.  Farkli  bolgelerden  alinan
orneklerde kimyasal icerik miktarindaki degisimler
beklenen bir durumdur fakat genel olarak
bakiddiginda bu ¢alisma ile verimli bir sekilde
protein izole edilebildigi sonucuna varilabilir.

Cizelge 2. Farkli ¢calismalarda ¢6rek otundan elde
edilen protein miktarlarinin karsilastirilmast
Table 2. Comparison of protein amonnts obtained from
Nigella Sativa in different studies

Corek otu

protein miktart  Bulundugu ¢aligma
Protein content of  Studies
Nigella sativa
% 19.5+0.5 Mevcut calisma
% 19.210.2 Mohammed vd., 2016
% 23.1%1.1 Solati vd., 2014
% 20.0+0.3 Khoddami vd., 2011
% 22.6£0.2 Cheikh-Rouhou vd., 2007
% 23.3+0.6 Shah ve Kasturi, 2003
% 20.8+1.1 Atta, 2003
Uygulanan  yiike baglhh  liibrikasyon
davraniglari

Yag1 cikarilmis ¢orek otu posasindan elde edilen
proteinlerle protein ¢6zeltisi ve emilsiyonlar
hazirlanarak  ylzeyler —arast sirtinme ve
lubrikasyon davraniglarinin yag ve su fazina gore
farkldiklat  ve  model mukus varligindaki
degisimleri tribolojik olarak karsilastirilmistir.

Sekil 1’de PDMS-PDMS yiizey ciftleri arasinda
kayan akiskan Orneklerin olusturdugu strtinme
katsayist degerleri pin-on-disk tribometresi ile 1
mm/s hizda 1-10 N yik degisiminde
incelenmistir. Yag 6rnekleri, misin ¢ozeltisi ve
¢orek otu proteini ile hazirflanmis emilsiyonun
strtinme katsayilarinda genel olarak artan yiik ile
birlikte hafif bir azalis olsa da yiike bagl 6nemli
degisimler olmamistir. Diger yandan ytik miktarint
1 N’dan 10 N’a artirdigimizda, ¢orek otu protein
cozeltisinin strtinme katsayist degeri 0.54’ten
0.29a 6nemli bir disiis gostermistir. Bunun
sebebi, artan yiikiin olusturdugu basing ile protein
molekiillerinin  PDMS  yuzeyindeki bosluklart
doldurarak daha piirtizsiiz bir yiizey olusturmasi
ve boylece iki ylzey arasindaki strtinmeyi
azaltmasidir.

Orneklerin yaglama/lubrikasyon ozelikleri
karsilastirildiginda ise PDMS-PDMS yiizeylerinde
en iyl lubrikantlarin  sirasiyla
cozeltisi>ay¢icek yag1>¢orek

yagi>emilsiyon>¢orek otu protein ¢Ozeltisi
olarak gozlemlenmektedir. Tm gastrointestinal
sistemimizi sararak koruyucu bir ortam saglayan

musin
otu

mukus tabakasinin  aynt  zamanda iyi  bir
kayganlagtitict/lubrikant  oldugu  bilinmektedir
(Gelebioglu  vd., 2020). Yag Orneklerine

bakidiginda ise aygicek yaginin ¢orek otuna gore
daha yaglayici oldugu gérilmektedir. Coérek otu
yagl, aycicek yagina gbre biraz daha fazla
strtinme katsayisi degetleri vermistir; bu durum
corek otu yagmin (p: 1,009.4 - 1,071.2 kg/m3)
aycicek yagina (p: 918.8 kg/m3) gbre daha yogun
olmasindan kaynaklantyor olabilir.

Bu c¢alismada kullandigimiz PDMS  yiizeyler
hidrofobik ve hafif purizli Ozellige sahip
yizeylerdir. Bu 6zelliklerinden dolayt PDMS
yluzeylerin agiz ortamini (dil ve damak) taklit
etmede bagaril bir ylizey oldugu gosterilmis ve bu
sebeple gida oral proses calismalarinda siklikla
tercih edilmistir (Lee vd., 2005). Farkl yiizey
ciftlerini karsilagtirmak icin HDPE-PDMS yiizey
cifti de kullanilmis ve Sekil 2’de gésterilmistir.
HDPE kullanilan 6l¢timlerde emilsiyon da yaglar
kadar iyi lubrikant 6zellik g&stermistir, 6te yandan
¢orek otu protein ¢ozeltisi yine nispeten yiiksek
strtiinme katsayist degeri verirken bu deger artan
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yukle birlikte disme gostermemistir. HDPE
yizey de PDMS gibi hidrofobik &zellige sahip
olmasina ragmen PDMS’e gore daha sert ve daha
plrtizsiiz bir yapidadir béylece farkli mekanik

ve hiz gibi

tribolojik  Sl¢im  parametreleri
degistirilmese bile farkli ylizeyler kullanildiginda
uygulanan basing bolgeleri degisecegi icin farkls
tribolojik sonuglar elde edilecektir (Celebioglu vd.,

ozelliklere sahiptir. Sonug olarak, uygulanan yik 20106).
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Sekil 1. PDMS-PDMS yiizey cifti arasinda 1 mm/s hizda kayan 6rneklerin uygulanan yike bagh
sturtinme katsayilar
Figure 1. Load dependent friction coefficients of the samples from the sliding contacts of PDMS-PDMS pair at 1 mm/ s
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Sekil 2. Yiike baglt strtiinme katsayilarinin kullanilan yiizey ¢iftine gore degisimi (Hiz: 1 mm/s) (Bar
grafik HDPE-PDMS vyiizey ¢ifti, ¢izgi grafik ise PDMS-PDMS yuzey ifti verilerini gostermektedir.
Siyah renk aygicek yagini, mavi renk ¢6rek otu proteini ile hazirlanmis 1:3 yag:su faz1 oraninda
emtlsiyonu, yesil renk ise %1’lik ¢érek otu proteini ¢dzeltisini temsil etmektedir).

Figure 2. 1.oad dependent friction coefficients from different sliding contacts (Speed: 1 mm/ s) (Bar graph represents the
data from HDPE-PDMS tribopair, while the line graph fort he PDMS-PDMS. Black color: sunflower oil; Blue color:
1:3 emulsion; Green color: %1 Nigella sativa protein solution).
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Uygulanan hiza
davraniglari

Sekil 3’de ¢orek otu proteini ile hazirlanan model
emtlsiyonun, emiilsiyon-mukus karigimmnimn ve
referans olarak kullanilan yag ve protein ¢ozeltisi
orneklerinin hiza gore degisen siirtiinme katsayist
degerleri gosterilmistir. Bu degerler 1N yiik ve
0.25-100 mm/s hiz araliginda PDMS-PDMS
yuzey cifti kullanilarak 6lctilmustiir. Sonuglara
gbre tum Ornekler artan hiz ile birlikte azalan
surtinme katsayisi davransi sergilemistir. Yitksek
hiz bolgesinde siirtiinme katsayisinin tekrar artis

baglh lubrikasyon

gostermemesi  kullanilan  6rneklerin  tribogifti
arasinda elastohidrodinamik lubrikasyon
yapamadigint gosterir (Nalam vd., 2010). Bunun
anlami, kullanilan 6rnekler  birbirine  temas
halindeki PDMS vyiizeyleri kayganlastirabilmistir
fakat ylizeylerin birbiri ile temasini kesecek kadar
arayt dolduramamustir. Bu durum PDMS
ylzeyinin puriizli oldugundan kaynaklanir ¢tinkii
puriizli yiizeylerde aralardaki bosluklara lubrikant
ornek girse de yine bazi noktalardan tribogiftleri
birbirine temas etmeyi strdirir (Sekil 4a) (Lee
vd., 2005).
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Sekil 3. PDMS-PDMS yiizey cifti arasinda 1 N yiik altinda kayan 6rneklerin uygulanan hiza bagl
strtiinme katsayilar

Figure 3. Speed dependent friction coefficients of the samples from the sliding contacts of PDMS-PDMS pair at T N
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Sekil 4. PDMS ytizey temast (a), glikolize miisin proteini (b) ve emiilsiyon topaklanmasinin (c) sematik
gbsterimi
Figure 4. Lllustration of surface contact of PDMS (a), glycosylated mucin protein (b), and emmulsion flocculation (c)
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Kullanilan 6rneklerin stirtinme davranislart ayr
ayrt  incelendiginde model mukus olarak
hazirlanan % 1lik misin  ¢ozeltisinin  Ustin
kayganlastirict etkiye sahip oldugu gorilmektedir.
Miisin proteini glikolize olmusg yapisindan (Sekil
4b) dolayt amlfifiliktir ve hidrofobik PDMS
yluzeylere rahat tutunabilir. Ayrica izoelektrik
noktast 2 civart olan musin proteini bu ¢alismada
kullanilan pH 7 ortaminda negatif yukli oldugu
icin molekdler arasi elektrostatik itme yardimiyla
PDMS yuizeyleri daha rahat ayirabilir ve boylece
daha iyi bir lubrikasyon saglayabilir (Celebioglu
vd., 20106). Yag 6rnegi ise beklenildigi tizere iistiin
kayganlastirict etkiye sahiptirler.

Diger yandan %1’lik ¢6rek otu proteini ¢ozeltisi
zayif kayganlagtirict etki gOstermistir. Bu etki
¢orek otundan izole edilen proteinlerin diisitk
amfifilik 6zellige, yani sulu ¢ozeltilerde hidrofobik
katmanlara tutunabilme 6zelliginin zayif oldugunu
isaret etmektedir. Boylece miusin proteini ile
karsilastirldiginda  ¢6rek otu  proteini PDMS
yuzeylere daha az tutunabilmekte ve ¢orek otu
protein ¢6zeltisinin kullamildig tribolojik Sl¢timler
sirasitnda PDMS yuzeyler birbiri ile halen fazlaca
temas ederek daha yiiksek stirtinme katsayist
vermektedit.

Corek otundan izole edilen proteini ile hazirlanan
model gida emiilsiyonunun sirtiinme katsayist
grafigi dusiik hizlarda yagdan daha fazla, fakat
protein ¢ozeltisinden olduk¢a az  sirtinme
katsayist verirken, artan hizlarda diger 6rnekler
kadar diisiik strtinme katsayisina sahip olmustur
(Sekil 3). Tlging olan ise bu emiilsiyona model
mukus  cklendifinde strtinme  katsayisinin
Ozellikle diigiik hizlarda protein ¢ozeltisinin sahip
oldugundan bile daha fazla degerlere ulasmasidir.
Misin proteininden ¢ok farkli lubrikasyon
Ozellige sahip proteinlerin model mukus ile
karismasi, mukusun lubrikasyonunda hizli bir
azalmaya sebep olduguna dair bulgular
literatiirdeki benzer c¢alismalarda da  rapor
edilmistir (Vardhanabhuti vd., 2011; Celebioglu
vd., 2016). Bu durum ylizeylere tutunan toplam
molekill miktarindaki degisimle agiklanmaktadir.
Ortamda miisin proteininden daha kiiciik boyutlu
protein molekiilleri oldugunda bunlar ylizeye daha
cabuk ulasip alani isgal ederek misin proteininin

ylzeye tutunmasini engellemektedir.
Emdilsiyonlarda ise durum biraz daha farklidir.
Gida emilsiyonlart agiz ortaminda salya ile
etkilesime girdiginde emiilsiyonlardaki damlactk
boyutunun arttigt ve emilsiyon stabilitesinin
bozuldugu rapor edilmistir (Celebioglu vd., 2020).

(Corek otu proteiniyle hazirlanan emilsiyonun
model mukus ile karistirilmast sonucu surtinme
katsayistnin ~ da  O6nemli  Slgide  arttift
gorilmektedir. Bu durum soyle Ozetlenebilit:
¢orek otu proteini ile hazirlanan emtlsiyon, miisin
proteini ile hazirlanan model mukus ile
karistirldiginda, protein molekiilleri arasindaki
etkilesim sonucu misinin PDMS  yiizeylere
tutunmasi azalmis ve béylece kayganlastirici etkisi
de azalmistir. Ote yandan, yine proteinler arast
cetkilesim ve rekabet sonucu emiilsiyondaki
damlactk  boyutu  artarak  emilsiyonda
topaklanmaya sebep olmustur (Sekil 4c). Tum
bunlarin sonucu olarak da sirtinme katsayist
artmistir.

Sirtinme katsayist degisimi ile gidalarin oral
prosesinde tat alminin etkilendigine dair
calismalar g6z Ontinde  bulunduruldugunda
(Sarkar ve Krop, 2019), elde edilen sonuglar
mantiklidir. Emiilsiyonun ag1z ortaminda mukus
ile kartsmasi sonucu dil-damak gibi ylizeyler arast
degisen sirtinme, emilsiyonlarin  kremsilik,
akicilik ve dolayisiyla aroma gibi 6zelliklerini
algilamay1 saglamaktadir (Dresselhuis vd., 2007).

Bu calisma kapsaminda, ¢6rek otundan elde
edilen proteinlerin emiilgatér olarak kullanildigt
model emiilsiyonlarin  fizyolojik olarak aktif
bélgeden gecerken ugradigr fizikokimyasal ve
yapisal degisimleri anlamak, agizdan sonraki
sinditim  basamaklarini  anlamak icin temel
olusturacaktir. Tribolojik yaklasim, yeni protein
kaynaklarinin ve bunlarla hazirlanan
emilsiyonlarin fizikokimyasal 6zelliklerini trin
dizayni sirasinda gelistirerek, gida
emilsiyonlarindan yagda ¢6zlntr besinlerin artan
biyoulagilabilirligi, — azaltlmis  doymus  yag
absorbsiyonu ve azaltdlmis yag kullanimt
anlaminda fayda saglayabilecektir.
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Bu calismada, farkh formilasyonlar uygulanarak tretilen recellerin fizikokimyasal, duyusal ve antioksidan
Ozelliklerinin belirlenmesi amaclanmustir. Taze 1skinda (Rbeum ribes L) toplam kuru madde, suda ¢6zunir
kuru madde, titrasyon asitligi, pH, toplam fenolik madde, DPPH: radikali giderme aktivitesi, toplam seker,
indirgen seker, sakkaroz degerleri sirastyla %07.66; %04.50; %1.02 (w/v); 4.14; 1.81 mg GAE/100 g; %87.70;
1.68 g/100g; 1.01 g/100g; 0.64 g/100g olarak tespit edilmistir. Iskinin regele islenmesi ile toplam fenolik
madde ve DPPH degerlerinde azalma oldugu gézlemlenmistir. En yiiksek toplam fenolik madde miktari R3
tipinde tespit edilmistir. HMF miktarlarinin tim regel tiplerinde standartlara uygun oldugu belirlenmistir.
Duyusal agidan degerlendirilen regel tipleri arasinda en ¢ok begenilen ve tercih edilen regel tipi R1 6rnegi
olmustur. Iskin’in taze olarak tiiketilmesinin yaninda regele de islenmesi; kahvaltlik driin gesitliliginin

zenginlestirilmesi ve katma degeri olan yeni bir riintin ortaya ¢ikarilmast agisindan faydali olacaktir.
Anahtar kelimeler: Iskin (Rbeum ribes L.), regel, antioksidan aktivite, toplam fenolik madde, DPPH

A NEW BREAKFAST PRODUCT: ISKIN (Rheum ribes L.) JAM

ABSTRACT

In this study, it was aimed to determine the physico-chemical, sensory and antioxidant properties of
jams produced by applying different formulations. Total dry matter, water-soluble dry matter,
titration acidity, pH, total phenolic content, DPPH radical scavenging activity, total sugar, reducing
sugar, sucrose values of fresh iskin plant (Rbeum ribes L.) were determined between 7.66%; 4.50%;
1.02% (w/v); 4.14; 1.81 mg GAE/100 g; 87.70%; 1.68 g/100g; 1.01 g/100g; 0.64 g/100g,
respectively. It was observed that there was a decrease in total phenolic substance and DPPH values
with the processing of light into jam. The highest total phenolic substance content was determined
in the R3 type. It was determined that the amounts of HMF were in accordance with the standards
in all jam types. Among the jam types evaluated in terms of sensory, the most liked and preferred
jam type was the R1 sample. In addition to consuming Iskin as fresh, processing it into jam will be
beneficial in terms of enriching the variety of breakfast products and creating a new product with
added-value.

Keywords: Iskin (Rbeum ribes 1..), jam, antioxidant activity, total phenolic substance, DPPH
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GIRIS
Meyve ve sebzeler yitksek su icerikleri nedeniyle
bozulmadan uzun siire depolanamadiklart igin
cesitli sekillerde islenerek farkli Grunler elde
edilmektedir.  Uzun  sireli  tiketimlerinin
saglanabilmesi icin regel ve marmelat gibi farklh
driinlere islenmesi bu trtinleri daha dayanikli hale
getirmektedir. Hammadde ¢esidinin bol olmast ve
uretimlerde farkli metotlarin kullanilmast, tretilen
trtinlerin de ¢esitliligini artirmaktadir. Gerek
geleneksel gerekse endiistriyel diizeyde kullanilan
yontemlerden biri olan regel tretimi yaygin olarak
kullantlan  isleme  yOntemlerinden  biridir
(Cemeroglu vd., 2003; Turgut vd., 2021). Genel
bir ifadeyle regel; meyvenin sakkaroz ve diger
katki maddeleri kullanilarak belitli bir kivama
gelene kadar pisirilmesi ile elde edilen bir tirtindiir.
Farkli meyve c¢esitlerinin bir arada bulundugu
trtinlerde  meyve miktarlari,  standartlarda
belirtilen en disiik orana gbre hesaplanmaktadir.
Recel uretiminde kullanidacak hammadde 1sitma,
sogutma, dondurma veya dondurarak kurutma
islemlerinden uygun olan1 ile konsantre
edilmektedir. Gerek duyuldugunda geleneksel
regel tUretiminde sertlestirme isleminin yapilmast
icin kalsiyum kloriir veya kalsiyum laktat ¢ozeltisi
kullanddmaktadir. Karbonhidrat ve enerji kaynag
olarak bilinen recel, c¢ogunlugunu sekerin
olusturdugu en az 68 Briks ¢6ziintir kuru madde
icermektedir. 100 gram regel ortalama 270-280
kalori saglamaktadir dolayistyla normal bir insanin
ginlik  enerji  ihtiyacinin  onda  birini
karsilayabilmektedir (Gilc, 2012). Regel, seker
disinda organik asitler, B ve C vitaminleri, aroma
maddeleri ve demir, fosfor, kalsiyum, potasyum
gibi bircok mineral madde bulundurmaktadir
(Cemeroglu ve Acar, 1986). Regeller kullanilan
meyveye gore farkli miktar ve cesitte mineral
madde icerdikleri igin, besleyicilik degerleri daha
da artmaktadir (Baysal, 2000). Rbewm ribes L.,
Kuzukulaggiller (Polygonaceae) familyasindan olup
cogunlukla Iran, Irak, Libnan, Afganistan,
Pakistan ve Tirkiye'nin dogusunda yetisen cok
yillik otsu bir bitkidir (Sekil 1). Ulkemizde 1skin
bitkisi 1000-4000 m rakimda Mayis-Haziran
aylarinda kayaliklarda ve c¢akil yamaclarinda
yetismektedir. Boylart 40 cm’ye kadar uzayan
strglinler genellikle taban kisminda yaprakl, tst
kisimda ise yapraksizdir (Ttrkmen vd., 2005).

Halk arasinda Rbeum ribes L.; 1skin, eskin, esgin,
1cgin, yayla muzu, dag muzu ve ugskun olarak
isimlendirilmistir. Ulkemizde 1skin genellikle
kabuklart soyulup ¢ig olarak tiiketilmekle birlikte
pisitilmek suretiyle de 1skin ¢orbasi, 1skin yemegi
(mthlama) gibi degisik yemeklerinin yapildigt da
bilinmektedir. Iskin, pH degerinin 3.56 olmast
sebebiyle eksi bir tada sahip olup yesil renkli bir
bitkidir. Ingiltere ve Avrupa'da popiiler olan
iskinin  saplari ve kokleri kullanilarak ¢esitli
pastalar, tartlar ve kokteyller yapilmaktadir. Taze
1skin A, C ve E vitamini bakimindan zengin olup,
yeterli miktarda selenyum icerdigi belirtilmistir
(Munzuroglu vd., 2000). Iceriginde aloe emodin,
emodin, chrysophanol gibi bilesikler ihtiva etmesi
sebebiyle kuvvetli hipoglisemik etki gosterir
(Ozbek vd., 2004). R. ribes 1. sadece bir besin
kaynagi olarak degil, aynt zamanda insanlar
tarafindan cesitli hastalik belirtilerini hafifletmek
amactyla uzun yillardir kullanilmaktadir (Oztiirk
vd., 2007). Iskinin taze kok, yaprak saplari sebze
olarak tlketilitken, kurutulmus kokleri cesitli
hastaliklarin  (hemoroid, diyabet ve {lser)
tedavisinde yer almaktadir. (Tabata, 1994; Abu-
Irmaileh ve Afifi, 2003). Dis kabugu soyularak
yenilen taze 1skin sindirimi kolaylagtirict etki
gostermektedir (Nagishbandi vd., 2009). Kan
sekerinin dengelenmesi icin ¢ig olarak yenilmesi
veya koklerinin kaynatillip cay olarak tiiketilmesi
énerilmektedir. Iskin Iran'da mishil ve anti-
psoriatik bir ila¢ olarak da kullanidmaktadir
(Shokravi vd., 1997).

Calisma materyalimiz olan 1skinin halk tarafindan
hem gida maddesi olarak hem de gesitli
hastaliklarin tedavisinde kullanildig1 bilinmektedir.
Iskin meyvesinin bilesimi konusunda bircok
calisma bulunmakla bitlikte bu meyveden regel
tretimi ile ilgili herhangi bir bilimsel ¢alismaya

rastlanidmamistir. Bu  calismada, farkli
formulasyonlarda 1skin  regelleri  tretilerek
fizikokimyasal, = duyusal =~ ve  antioksidan
Ozelliklerinin belirlenmesi amaglanmustir.
MATERYAL VE METOT

Materyal

Aragtirma materyali olarak kullanilan Rbewm ribes
L. (Iskin) 2022 yii mayts ayinda Erzurum
piyasasindan temin edilmis 6 farkl recel Gretimi
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gerceklestirilmistir. Receller R1, R2, R3, R4, R5,
R6 regel tipleri seklinde kodlanmugtir. Bu 6 regel
tipinin 3’iine farkl baharatlar katki maddesi olarak
ilave edilmistit. Regel Uretimi Erzurum Atatlirk
Universitesi Gida Miihendisligi Meyve ve Sebze
Isleme Teknolojisi laboratuvarinda
gerceklestirilmistir. Kullanilan kristal toz seker, su,
limon, tarcin, zencefil ve karanfil Erzurum’daki
yerel bir marketten temin edilmistir. Meyveler, dis
kabugu soyulup ytkama islemi yapildiktan sonra 1
cm  boyutlarinda  kesilerek  paslanmaz  celik
tencereye alinmistir. R1 regel tipi icin 500 g 1skin,
500 mL saf su, 500 g toz seker ve 5 mL limon suyu
kullanilarak 55 dk 1s1l isleme tabi tutulmustur. R2
recel tipi icin R1’den farkli olarak sirast ile 2 g
tarcin, 0.45 g zencefil ve 0.4 g karanfil eklenmistir.
R3 tipi icin 500 g 1skin, 500 mL saf su ve 500 g toz

seker kullanilarak 15 dk 6n haslama islemine tabi
tutulmus sonra 5 mL limon suyu kullanilmis ve
toplamda 40 dk 1s1l isleme tabi tutulmusgtur. R4 tipi
icin R3’den farklt olarak 2 g tar¢in, 0.45 g zencefil
ve 0.4 g karanfil eklenmistir. R5 tipi i¢cin 500 g
1skin, 500 mL saf su, 500 mL maden suyu, 500 g
toz seker ve 5 mL limon suyu kullanilmis ve 6n
haslama uygulanmadan 40 dk 1si isleme tabi
tutulmustur. R6 tipi i¢in R5’den farkli olarak 2 g
tarcin, 0.45 g zencefil ve 0.4 g karanfil eklenmistir.
Her bir recel numunesi 500 ml’lik kavanozlara
konularak +4 °C’de buzdolabinda muhafaza
edilmistir. Her bir regel tipi fiziksel ve kimyasal
analizlere tabi tutulmustur. Uretim y6ntemine
bagli olarak elde edilen regellerin yapim 6zellikleri
farklilk  gostermektedir. Orneklerin  iiretim

asamalart Cizelge 1°de g6sterilmistir.

Seki

11. Iékm (R/Jﬂtm ribes L.)

Figure 1. Lskin (Rbeum ribes L.

Gizelge 1. Regel tiplerine ait formiilasyon ve proses kosullart
Table 1. Formulation and process conditions of jam types

Maden Tarcin On
Regel Su suyu  Seker Limon Suyu ? 9/ Zencefil Karanfil Haslama Kaynatma Depolama
Tipi/ Jam s )n (mL)/Water (ml)/ (g)/Sugar (mL)/Lenon C'(g) (e/ (g)/Clove (dk)/ Pre- (dk)/Boiling (°C)/Storage
npes & (ml)  Mineral () juice (mL) """ Ginger@ @ Boiling  (dk) °C)
waler © (min.)
R1! 500 500 - 500 5 - - - - 55 2-7
R2 500 500 - 500 5 2 0.45 0.4 - 55 2-7
R3 500 500 - 500 5 - - - 15 25 2-7
R4 500 500 - 500 5 2 0.45 0.4 15 25 2-7
R5 500 500 500 500 5 - - - - 40 2-7
R6 500 500 500 500 5 2 0.45 0.4 - 40 2-7

IR1-6: Formiilasyonlar. 'R1-6: Formulations
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Metot

Toplam Kurn Madde (TKM) Tayini

Kuru madde tayini Cemeroglu (2013)'e gore
belitlenmigtir. ~ Orneklerden 3 g alinarak
105t1°C'de sabit tartima gelinceye kadat kurutma
islemi yapilmis ve sonuglar g/100 g olarak
verilmistir.

Suda Coziinen Kuru Madde Tayini

Suda c¢6ziinen kuru madde tayininde Abbe
refraktometresi  (Carl  Zeiss)  kullanilmustir.
Sonuglar % olarak ifade edilmistir (Cemeroglu,
2013).

Titrasyon Asitligi Tayini

Titrasyon asitligi Keles (1983) ve Cemeroglu
(2013)’e gbre belirlenmistir. Taze 1skin ve regel
tiplerinden 10 g tartilarak 6nce blenderden
gecirilmis sonra Gzetlerine 20 mL saf su eklenerek
manyetik  karistiricida  iyice  pargalanmasi
saglanmistir. Daha sonra 6rnekler kaba filtre

kagidindan  stztlmustir. 0.1 N  NaOH,
doldurulmus  bir biretten damla damla
erlenmayere baz ilave edilerek fenolfitalein

esliginde titrasyon yapimistir. Titrasyonun son
noktast, ¢ozeltinin hafif pembe renge déntismesi
ile belitflenmis ve 0.1 N NaOH’den ka¢ ml sarf
edildigi kaydedilerek titrasyon asitligi, susuz sitrik
asit cinsinden (SSA) agagidaki formil yardimiyla
hesaplanilmistir (Cemeroglu, 1992).

Asitlik (g/100g) = (V¥FFE*100) /M

V: Titrasyonda harcanan 0.1 N NaOH (mL)

f: Faktor 1 alinir

E: Meyvedeki hakim organik asidin miliekivalan
agirlig

M: Alinan 6rnek miktart (g)

PpH analizi
Orneklerin pH degerleri, pH metre (Mettler
Toledo-S210) ile 6l¢tlmistiir (Cemeroglu, 2013).

Hidroksimetil Furfural (HMF) tayini

HMF analizi icin PG INSTRUMENTS-T60V
model spektrofotometre kullandmigstir. Regel
tiplerinden 20 g alinarak bir miktar saf suda
¢ozlindurilerek son hacim 100 mL’ye saf su ile
tamamlanmistir. Recel tipleri homojen hale
getirildikten  sonra kaba filtre kagidindan
stizilmustur. Filtre edilen 6rneklerden 2’ser ml.

alinarak 2 ayri deney tlpline aktarilmistir. Her
tipe 5 mL p-toluidin eklenerek vortekslenmistir.
Deney tiplerinden ilkine 1 ml. barbitiirik asit
sahit tipine ise 1 ml deiyonize su konularak
vorteksleme islemi yapilmistir. Ttplerin kapaklati
tyice kapatildiktan sonra spektrofotometre ile 550
nm de absorbans degerleri Olclilerek asagidaki
formtlle HMF miktart hesaplanmistir
(Cemeroglu, 2013).

HMF (mg/kg) = 162 X A

A: Deney tiplnin absorbanst - Sahit tipin
absorbanst

162: Diizeltme Faktorii

Ornek ekstraklarmmn analize hazirlanmasi

Toplam fenolik madde ve DPPH: analizleri i¢in
taze 1skin ve regellere uygulanan ekstraksiyon
yonteminde; 100 mD’lik balona 10 g tane
kisimlarindan 6rnek tartilarak saf su ve ultra-
yardimi1 ile parcalama islemi
gerceklestirilmistir. Daha sonra karigim 6000 rpm’
de 10 dk santrifyj edilerek tistte kalan berrak kisim
Whatman No.1 filtre kagidi yardimi ile
stzilmustir. Taze 1skin ve recellerden elde edilen
ckstraktlar analiz edilinceye kadar -18 °C’de
muhafaza edilmistir.

turrax

Toplam Fenolik Madde Tayini (TFM)

Toplam fenolik madde tayini Giilg¢in vd. (2004) ve
Binici vd. (2021)’e gére modifiye edilerek
yapilmustir. 10 mIlik tiiplere taze 1skin ve regel
ekstraktlarindan 100 plL alinarak sirast ile Gzerine
0.2 N 1 mL folinciocalteu, 1.5 mL %20 Na,CO3
cklenerek saf su ile son hacime tamamlanmustir.
60 dakika sonra 760 nm de spektrofotometrede
6lctim yapilmistir. TFM miktart mg GAE/100 g
ekstrakt olarak hesaplanmugtir.

DPPH Radikal Giderme Afktivitesi

DPPH radikal giderme aktivitesi tayini Gulcin vd.
(2004) ve Binici vd. (2021)nin kullandiklar
metotlar modifiye edilerek yapidmistir. 103 M
DPPH radikali etil alkol ile hazirlanarak son hacim
100 ml'ye tamamlanmustir. Taze 1skin ve regel
ekstraktlarindan 100 pl. alinarak tzerine 300 pl.
DPPH-: eklenmis ve son hacim etanol ile 3 ml’ye
tamamlanmistir. Daha sonra 6rnekler 30 dakika
boyunca karanlik bir ortamda bekletilmis ve 517
nm dalga boyunda kére karst okuma yapilmustir.
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Asagidaki formil kullandarak DPPH  radikal
sipiirme aktivitesi reaksiyonu inhibe etme yiizdesi
hesaplanmistir;

% inhibisyon= [(Kontrol absorbansi-Ornek
absorbanst)/Kontrol absorbansi | x100

Toplam Seker, Indirgen Seker ve Sakkaroy Tayini

Toplam seker, indirgen seker ve sakkaroz tayini
Lane-Eynon metodu kullaniarak Cemeroglu
(1992)e gbre yapimustir. Bu yéntem ile seker
tayini, alkali ortamda ve kaynama sicakliginda
invert sekerin Fehling ¢6zeltisinde bulunan Cu-11-
oksidi suda ¢oziinmeyen Cu-I-okside indirgemesi
esasina dayanir. Taze 1skin ve regel tiplerinden 5 g
alinarak kayipsiz olarak 250 mL lik 6l¢cti balonuna
aktarilmistir. Uzerine doygun nétral kursun asetat
¢ozeltisinden 2 mL. damlatilmis ve balon ¢izgisine
kadar saf su ile tamamlanmistir. Adi filtre kagidi
ile stiztldiikten sonra bir miktar sodyum okzalat
ilave edilmis ve tekrar stzilmuistir. Bu
stztintiden 50’ser mL alinarak iki ayr1 250 mIlik
balona aktarilmistir. Balonlardan birincisi saf su ile
250 mD’ye ¢izgisine kadar tamamlanmis,
ikincisine 10 mL 1/1’lik HCI ilave edilmis ve 67-
70 °C arasinda su banyosunda 5 dakika
inversiyona  tabi  tutulmustur.  Inversiyon
sonrasinda  bitkag  damla  fenol-fitaleyn
damlatilarak 4 N sodyum hidroksit ile nétralize
edilmis ve saf su ile cizgisine tamamlanmustir.
Hazirlanan bu 6rnek ¢ozeltileri Fehling-1 bakir

stlfat pentahidrat (CuSO4.5H20) ve Fehling-11
sodyum potasyum tartarat tetrahidrat
(KNaC4H4O6'4H20) ¢ozeltileri ile kaynatilarak
titrasyon yapilmistir. Sonuglar asagidaki formiile
gore hesaplanmugtir:

Toplam seker (g/100g): (f/M1) X100

Indirgen seker (g/100g): (f/M2) X100

Sakkaroz (%): (Toplam seker-indirgen seker)
X100

f: Ayarlamada belirflenmis olan, 10 mL Fehling
¢Ozeltisi karisimina esdeger invert seker miktari, g
M1: Inversiyondan énceki titrasyonda harcanmis
ornek ¢ozeltisinin icerdigi gercek 6rnek miktari, g
M2: Ornegin inversiyonundan sonraki titrasyonda
harcanan miktardaki 6rnek ¢Ozeltisinin icerdigi
gercek 6rnek miktari, g

Duynsal Degerlendirme
Regel tiplerinin duyusal 6zellikleri  Ozdogan
(2006)  tarafindan  yaptan yoénteme gore

belirlenmistir. Duyusal analiz i¢in 10 panelist
sec¢ilmis ve panelistler duyusal analizde verecekleri
skorlar icin egitilmistir. Regeller seffaf plastik kap
icerisinde iyi aydinlatilmis beyaz bir zemin tizerine
konulmus (Sekil 2), her bir 6rnek rastgele
numaralanarak kodlanmis; renk, gbriiniis, yapi,
tekstlr, tat, koku ve genel kabul edilebilirlik
parametrelerinin (1 kotd, 2-3 zayif, 4-5 orta, 6- 7
iyi, 8-9 c¢ok iyi, 10 milkemmel) puanlanmast
istenmisgtit.

Sekil 2. Duyﬁsal analiz icin hazirlanan rég:él tipléri

Figure 2. Types of the jam prepared for sensory analysis
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Renk Tayini

Renk analizi, renk 6lcim cihazi (Chroma Meter,
CR-5, Konika Minolta, Osaka, Japonya)
kullanilarak gerceklestirilmistir. Taze 1skin ve regel
tiplerinin farkli noktalarindan yapilan Sl¢timler ile
L* (beyazlik/siyahlik), a* (kirmizt/yesil), b*
(sart/mavi) renk parametreleri kaydedilmistir
(Binici vd., 2021).

Viskozite Tayini

Viskozite tayini i¢in, viskozimetrenin (AND /SW-
10) 6 numarali bashigi kullanimus, recel tiplerinin
viskoziteleri, 50 devir/dakika kayma hizinda
Slgilmistir (Gokalp vd., 1995).

Istatistifesel Degerlendirme

Calisma sonucunda elde edilen verilere varyans
analizi  uygulanarak,  ortalamalar = P<0.05
dizeyinde Duncan Coklu Karsilastirma Testi ile
karsilastirdmistir.  Sonuglar  SPSS 22.0  paket
programi  kullanilarak  istatistiksel ~ olarak
degerlendirilmistir. Sonuglar ortalama + standart
sapma olarak verilmigtir. Ayrica  Ornekler

arasindaki benzerlik ve farkldiklarin
tanimlanmasini kolaylastirmak icin tim verilere
temel bilesen analizi (PCA) uygulanmistir

(SIMCA-P + 14.1, UMETRICS, Isveg).

ARASTIRMA BULGULARI VE TARTISMA
Taze 1skin 6rneginde toplam kuru madde (TKM)
miktar1 %7.66 oraninda bulunmustur (Cizelge 2).
Dogan (2016), bir 1skin 6rneginde kuru madde
miktarini %09.44 olarak tespit etmistir. Kurt (2022)
iskin 6rneginde toplam kuru madde miktarint
%7.27 olarak belirlemistir. Regel tipleri arasinda
TKM bakimindan 6nemli (P>0.05) bir farkin
olmadig1 gézlemlenirken, oranlarin %69.48-76.88
arasinda degistigi belirlenmistir (Cizelge 3). Kog
ve Yolci-Omeroglu (2019), tarafindan yapilan bir
calismada Anjelika (Melek Otu) regelinde kuru
madde miktart %72.48 olarak tespit edilmistir.
Yildirim (2017) tarafindan yapilan bir ¢alismada
geleneksel ve vakum yontemiyle tretilen kapari
regel tiplerinde TKM miktarlart sirast ile %074.13
ve %069.44 olarak bulunmustur.

Gizelge 2. Regel tiretiminde kullandan hammaddenin fizikokimyasal 6zellikleri
Table 2. Physicochemical properties of the raw material used in jam production

Toplam
Suda fenolik
¢cozunlr madde
Toplam h P
kuru . (mg Toplam Indirgen
kuru Titrasyon -
madd madde ddlisi (% GAE/g DPPH (%) seker seker Sakkaroz
adde ) asitligi. (%o tnek) DPPH  (22- (g/100g)  (g/100g) (%)
%) - w/v) pH ; . , L* a* b
Water Ll Total diphenyl-1- Total Reducing Sucrose
Total dry Titration . !
matter soluble idity (%) phenolic pierylhydrazy! sugar sugar (%)
(,,/” ' dy aciatty (% content @/ 1009 (21009
? matter (mg
(%) GAE/g
sample)
Taze
iskin 7.66 450 1.02 414 181 87.70 1.68 1.01 0.64 4569 713 1841
(Rhbeunm
ribes 1..)

Taze 1skin 6rneginde SCKM orant %4.50 olarak
tespit edilmistir (Cizelge 2). SCKM bakimindan
recel tipleri arasindaki farkin 6nemli (P <0.01)
oldugu ve en disik SCKM oraninin %66.75 ile
R3 tipinde en yiiksek oranin ise %70.50 ile R1
orneginde oldugu belirlenmistir. Geleneksel ve
ekstra geleneksel receller icin refraktometre ile
tayin edilen SCKM miktarinin en az %068 olmast
gereklidir (Anonim, 2006). Buna gére recel tipleri
arasinda sadece R3 tipine ait recel Orneginin
SCKM orant %68den dusitk bulunmustur. Kog
ve Yolct-Omeroglu (2019), tarafindan yapilan

calismada recel tiplerinde SCKM miktart %72.24
olarak tespit edilmistir. Yildirim (2017), kapariden
elde edilen regellerde SCKM miktarini geleneksel
yontemle dretilen 6rneklerde %73.01; vakum
yontemi ile tretilen 6rneklerde ise %68.85 olarak
belirlemistir. Farklt enginar cesitleri kullanilarak
elde edilen recellerin SCKM miktarlarinin
%069.75-70.80 arasinda degistigi tespit edilmis,
gozlemlenen  farkliligin  haslama  isleminden
kaynaklandig1 belirtilmistir (Durmus 2019).
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Cizelge 3. Regel tiplerinin fizikokimyasal 6zellikleri
Table 3. Physicochemical prop

erties of jam types
3 R4

R1 R2 R R5 R6
Toplam  kuru  madde
+ a + a + a + 2 + a + a
V00 Total dy matier () 76.88+4.53 727910300 69.48+0.291  73.8910.200  73.12+0.29+  72.74+0.44
Suda ¢6zintr kuru madde
(%) Water soluble dyy matter  70.50+0.000  69.25+035>  66.7510.35¢  69.50+0.00b  69.50£0.00>  68.50+0.00¢
(%)
KON
Titasyonasidligh (%0 w/V)/ o900 0324001+ 0332001 026£0.01 0274001 0.32+0.01s
Titration acidity (%)
pH 3.9610.000  394+0.01> 394001  400+0.01* 391001 3.89%0.00¢
THMF (mg/kg) 4941034 45410.00c 6004023  478+0.11c 5351023  3.73+0.23¢
Toplam fenolik madde
(mg GAE/g bmelg/ Tofal o540 01c 1002000 1282001+ 10740.14c  123£0055  1.11£0.04be
phenolic content (mg GAE/g
saniple)
0, _
DPPH (%0)/DPPH (22- 4o 4810534c 334420230 57264028  3899+040c  58.42+0.11%  44.65+0.28¢
diphenyl-1-picrylhydrazy!
Toplam scker (€/1009)/ 9034053 650742360  60.5142.04°  69.22H0.808  63.50£0.000  61.22+1.04¢
Total sugar (g/100g)
Indirgen scker @/1009)/ 133710000 14312028 130420470 145130000 130330000  11.55+0.00¢
Reducing sugar (g/ 100g)
Sakkaroz (%)/Sucrose (%) 52.88£0.500  48.3242.51> 451041490  51.9740.70¢  47.95+0.00>  47.19+0.99
L* 303642520 33.68+4.200 26054235k 2337+0.13¢  31.81+2.24  23.85+1.48¢
a* 208+0.67+  -L16£0.56*  -1.9240.23+  -1.76£049%  -144%0.13*  -1.6810.242
b 143443840 12041512 133042.23  11.8742500  10.66£0.300  12.00+1.29:
?Ifj;l;oz“e Pas)/ Visosiy 4 130001 076000 0524000 06850004  077£0.000  0.78+0.00°

*Degerler ortalamatstandart sapma olarak verilmigtir. Ayni satirda farkli a-c tst simgeleri ile gésterilen ortalamalar
istatistiksel olarak P<0.05 diizeyinde farklidir. "THMF: 5-hidroksimetilfurfural
*Values are given as mean=standard deviation. Means shown with different superscripts a-c in the same row are statistically different

at the P<0.05 level. " HMF: 5-hydroxymethylfurfural

Taze Ornekte titrasyon asitligi %1.02 olarak
belirlenmistir (Cizelge 2). Andi¢ vd. (2009), farklt
illerden aldigt 1skin  Grneklerinin  titrasyon
asitliginin -~ %0.84-1.21  arasinda  oldugunu
gozlemlemislerdir. Taze 6rneklerin toplam asitlik
degetlerinin  literatir ile uyumlu  oldugu
gorilmektedir. Regel tiplerinin titrasyon asitliginin
%0.26-0.33 arasinda degistigi ve farkin 6nemli
(P<0.01) oldugu tespit edilmistir (Cizelge 3). Kog
ve Yolct-Omeroglu  (2019),  yaptiklart ~ bir
calismada toplam asitligi sitrik asit cinsinden %0.1
olarak belirlemistir. Yildirim (2017), geleneksel ve
vakum yontemiyle tretilen kapatri regellerinde
titrasyon asitligini 0.65-0.70 g/100g araliginda
belirlemistir. Kullanillan hammaddenin yetistirme
kosullart ve iklim sartlarina baglt olarak organik
asit icerikleri titrasyon asitligi degerlerini etkilemis
olabilir. R4 6rnegindeki farkhiligin nedeninin ilave
edilen  katki  maddelerinden  olabilecegi
dustntlmektedir. Iskinin yetisme kogullart ve
iklim sartlarina bagl olarak organik asit icerikleri

titrasyon asitligi degerlerini etkilemis olabilir.
Uretim  asamalarinda  titrasyon  asitliginde
belirlenen degisimin, askorbik asidin oksidasyon
ve 1sil islemin etkisi ile parcalanmasindan
kaynaklandigi bildirilmistir (Ugan vd., 2014).

Taze 1skin 6rneginde pH degeri 4.14 olarak tespit
edilmistir (Cizelge 2). Andi¢ vd. (2009) tarafindan
yapilan calismada iskinda pH 3.57 olarak rapor
edilmistir. Bu farklilik bitkinin yetistigi sartlarin
farklilik gOstermesinden kaynaklanabilir. Recel
tiplerinin pH iceriklerinin  3.89-4.00 arasinda
degistigi ve regel tipleri arasinda 6nemli derecede
(P <0.01) fark oldugu belirlenmistir (Cizelge 3).
Regel tipleri arasinda en yliksek pH igerigi 4.00 ile
R4 tipinde, en disik pH icerigi ise 3.89 ile R6
tipinde tespit edilmistir. Gézlemlenen bu farklilik
recel formilasyonlarinin  farkli  olmasindan
kaynaklanabilir.
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Beklenildigi tizere taze 1skinda HME tespit
edilememistir. Regel tiplerinin HMF miktarlart
arasinda  6nemli  (P<0.01) fark  oldugu
gozlemlenirken, oranlarin  3.73-6.00 mg/kg
arasinda degistigi belirlenmistir (Cizelge 3). En
yiksek HMF miktar1 6.00 mg/kg ile R3 recel
tipine ait Ornekte bulunmustur. Ornek tipleri
arasinda bu farkliligin nedeninin ilave edilen katki
maddelerinin 6zellikleri, pisirme streleri, indirgen
seker ve proses kosullarinin HMF olusumuna
olan etkisinden kaynaklandigi dustntlebilir.
Melekotu regelinin HMF miktar1 85.2 mg/kg
olarak belirlenmistir (Kog¢ ve Yolci-Omeroglu,
2019). Yddinm (2017), gelencksel ve vakum
yontemiyle Uretilen kapari regel tiplerinde HMF
icerigini sirastyla 14.6 mg/kg ve 2.31 mg/kg
olarak belirlemistir. Durmus (2019), farklt enginar
cesitleri kullanilarak tretilen regel tiplerinin HMF
iceriginin 36.09 ile 51.79 mg/100 g araliginda
oldugunu bildirmistir. HMF, farkli gidalarin
dretimi veya depolanmast sirasinda olusan ve
kalitenin bozulmasmin 6l¢tilmesinde kullanilan
indikatérlerden biridir.  Isil islem uygulanan
meyve suyu, recel, marmelat, j6le, domates salcast
gibi bir¢ok iiriindeki HMF miktarinin belli bir
seviyenin izerinde bulunmasi durumunda renk
esmetlesmesine, Uriintin tat ve kokusunda 6nemli
bozulmalara, besleyici degerinde azalmalara neden
olmaktadir (Hepsag ve Hayoglu, 2017). Bu
yizden gida maddelerinde bulunmasina izin
verilen HMF oranlart sintrlandirdmis, 6rnegin
birinci sinif recel icin limit 50 mg/kg ve ikinci stif
recel icin limit 100 mg/kg olarak belitlenmistir
(Ozdogan 2006). Ancak son dénemde yiiriirliige
giren ve yukaridaki standartlart uygulamadan
kaldiran Tirk Gida Kodeksi'nin recel ve meyve
suyu tebliginde HMF  parametre olarak
belirtilmemistir (Anonim, 2006). Urettigimiz regel
tiplerinin HMF iceriginin literatiirde
belirtilenlerden  ¢ok  daha dustik  oldugu
gorilmektedir.

Taze 1skin 6rneklerinde toplam fenolik madde
icerigi 1.81 mg GAE/g olarak tespit edilmistir
(Gizelge 2). Meral (2017) tarafindan yapilan bir
calismada 1gkin bitkisi glineste, 50°C ve 80°C’de
kurutulmus ve farkli sicakliklarin  6rneklerin
antioksidan aktivitesi ve fenolik profili tzerine
etkisi arastirilmistir. Yapilan bu calismada TFM

degerleri 86-236 mg GAE/100g araliginda tespit
edilmis olup en yiksek TFM degerine giineste
kurutulan 6rneklerde, en disiik TEM degerine ise
80 °‘Cde kurutulan 1skin  Srneklerinde
rastlanmistir. Glines (2019), tarafindan yapilan bir
calismada yayla muzu ekstraktlarinin in vitro
fitokimyasal, antioksidan ve antimikrobiyal
Ozellikleri incelenmistir. Calismada ¢oztct olarak
etil asetat, hekzan, metanol ve saf su kullanilmistir.
Ekstraklarin toplam fenolik madde igerikleri 0.12-
0.80 mg GAE/g araliginda tespit edilmis olup en
yiksek fenolik madde igerigine metanol
ekstraktlarinda  rastlanmustir.  Fitokimyasallarin
miktarlar1 Gzerinde olgunlagsma siiresi, genotip,
yetistirme ve iklim kogullart etkili olmaktadir (Lee
ve Kader, 2000). Ornekler arasindaki farkliliklar
bu sebeplerden kaynaklanabilir. TFM bakimindan
regel tipleri arasindaki farkliligin 6nemli (P <0.01)
oldugu goézlemlenirken, recel tipleri arasinda en
yiksek TFM %1.28 ie R3 recel tipinde
belirlenmistir (Cizelge 3). R3 6rnegine uygulanan
sl islem siresinin kisa olmast TFM oraninin
yitksek ¢tkmasina sebep olmus olabilir. Isil islem
sirasinda, 1stya duyatrh fenolik bilesikler gibi bazi
biyoaktif bilesenlerin yikimi nedeniyle gidanin
besin degerinin 6nemli oranda azaldigr ifade
edilmektedir (Choi vd., 2000).

Taze 1gkin Orneklerinde indirgen seker miktari,
sakkaroz miktar1 ve toplam seker miktarlarr sirasi
ile %1.01, %0.64 ve %1.68 olarak bulunmustur.
Andi¢ vd. (2009) tarafindan yapilan calismada
iskinin indirgen seker miktart %1.64, sakkaroz
miktart %0.11 ve toplam seker miktar1 %1.76
olarak belirlenmistir. Toplam seker regel tipleri
arasinda en yiksek %69.22 ile R4, en disik ise
%060.51 ile R3 tipinde bulunmustur (Cizelge 3).
Regellerin jel olusturmasi i¢in seker oraninin
yaklastk olarak %068 olmasi gerekmektedir
(Cemeroglu  2004). Ko¢ ve Yolci-Omeroglu
(2019), tarafindan yapian bir calismada regel
tiplerinde toplam seker miktari %71.10 olarak
belirlenmistir. Yidirtm (2017), aciigt giderilmis
kapariden farkli yontemlerle elde edilen regellerde
geleneksel yontemle iretilen Orneklerin toplam
seker miktart %81.02; vakum yéntemi ile iiretilen
Orneklerin ise toplam seker miktarinin %84.41
oldugunu bildirmistir. Durmus (2019), farklt
enginar cesitleri kullanilarak  Gretilen regel



Iskin (Rheum ribes L.) regeli

tiplerinde toplam seker miktarint 59.51-69.92
g/100 g araliginda belitlenmistir. Regel tipleri
arasinda indirgen seker miktarinin %711.55-14.51
arasinda degistigi ve en yiksek %14.51 ile R4’de,
en distk ise %11.55 ile R6 Orneginde tespit
edilmistir.  Sakkarozun inversiyonu ile esit
miktarda glikoz ve fruktoz olusmaktadir. Recelin
pisirilmesi sirasinda sicaklik, pH ve streye baglt
olarak sakarozun inversiyona ugradigi ve boylece
olusan indirgen seker oranina gore kristalizasyon
tehlikesinin ~ ortadan  kalktigt  bilinmektedir
(Cemeroglu, 2004). Calismamizda recel tretimi
actk kazanda yapilmistir. Indirgen seker oranlart
yitksek oldugu icin kristalizasyon riski daha azdir.
Durmus (2019), farkli enginar cesitleri kullanilarak
dretilen  regel  tiplerinin  indirgen  seker
miktatlarinin - 15.75-43.69 ¢/100 g araliginda
oldugunu bildirmistir. En ylksek sakkaroz
%52.88 ile R1’de, en distk sakkaroz miktar
%47.19 ile R6’da belitlenmistir. Farklidiklarin
nedeninin ilave edilen katki maddelerinden
kaynaklanabilecegi distintilmektedir.

Taze 1skin Orneginin DPPH radikali giderme
aktivitesi %87.70 olarak tespit edilmistir (Cizelge
2). Meral (2017) tarafindan yapilan bir calismada
DPPH radikali giderme aktivitesi degeri glineste
kurutulan o6rneklerde 9052.00-91.00; 50°C de
kurutulan Orneklerde %23.00-91.00; 80°C’de
kurutulan 6rneklerde ise %11.00-87.00 araliginda
bulunmustur. Oztiirk vd. (2007) tarafindan
yapilan bir ¢alismada da 1skin kék ve gévdelerinin
antioksidan aktiviteleri arastirilmis olup bu amagla
iki farkh ¢6ziict kullandmistir. Kullanilan metanol
ekstraktlartnin  DPPH-  aktivitesinin BHT’den
daha yiiksek oldugu tespit edilmistir. Yildirim
(2019), tarafindan yapian bir calismada; Rhbeum
Ribes L. ekstratint iceren sert jelatin tretilmis ve
esktraklarin antioksidan Ozellik tagidigr tespit
edilmistir. Yapilan calismada DPPH radikali
giderme aktivitesi %63.17 olarak tespit edilmistir.
Giines (2019), tarafindan yapilan bir ¢alismada
DPPH radikali giderme aktivitesi etil asetat,
hekzan, metanol ve saf su ekstraktlarinin 100
mg/ml’lik konsantrasyonlarinda sirasiyla %86.80,
77.61, 91.10 ve 84.82 seklinde tespit edilmistir. Bu
bilgiler 1s1ginda 1skinda DPPH radikali giderme
aktivitesi degerleri arasinda olusan farkliligin
ekstraksiyonda  kullanilan  ¢6ziicli, — 6rnek

konsantrasyonu ve bitkinin yetistigi sartlarin
farklilik  gOstermesinden  kaynaklanabilecegi
dustntlebilir. Regel tipleri arasinda en yiiksek
DPPH: radikali giderme aktivitesi %58.42 ile R5,
en dusik DPPH- radikali giderme aktivitesi ise
%33.44 ile R2’de bulunmustur (P<0.01) (Cizelge
3). Durmus (2019), farkli enginar cesitleri
kullanilarak dretilen recel tiplerinde DPPH
radikali giderme aktivitesi miktarinin kimyasal
ckstraktlarda sirastyla 7.41-7.67 pmol troloks/g
kuru agirlik fiziksel ekstraktlarda ise 2.19 ile 2.44
umol troloks/g kuru agirlik araliginda oldugunu
tespit etmistir. Uygulanan 1sil islemin derecesine
baglt olarak pro-oksidan ve antioksidan
molekiiller olugabilir. Isi islem sirasinda gidada
dogal olarak bulunan antioksidanlarin yikima
ugrayabilecegi ve antioksidan aktiviteye sahip yeni
bilesenlerin olugabilecegi ifade edilmektedir. Bu
yeni antioksidan bilesikler Maillard reaksiyonu
strasinda  6zellikle baslangic safhasinda olusan
bilesiklerdir. Uygulanan 1si islemin derecesi ve
stresi antioksidan 6zellikleri degistirebilmektedir
(Calligaris vd, 2004).

L*, a*, b* degerleri gidalarin islenmesi ve
depolanmasi strecinde meydana gelen kalite
degisimleri hakkinda bilgi verir. Meyve ve
sebzelerde L*, O=siyah, 100=Dbeyaz
(koyuluk/aciklik), a*; +a* kirmuzi, -a* yesil, b*;
+b* sari, -b* mavi renk yogunluklarini ifade
etmektedir (Sengtl vd., 2018). Taze 6rnekte L, a*
ve b* degetlerinin sirast ile 45.69 -7.13 ve 18.41
oldugu belirlenmistir (Cizelge 2). L* renk degeri
bakimindan regel tipleri arasinda 6nemli (P <0.01)
fark oldugu, a* ve b* renk degerleri bakimindan
regel tiplerinin benzer degetlere sahip oldugu
tespit edilmistir (P>0.05) (Cizelge 3). En yuksek
L* (33.68) R2 regel tipine ait 6rnekte bulunurken,
en disik L* degeri (23.37) ise R4 tipi regel
orneklerinde bulunmustur. Aksay vd. (2018),
bitiin mandarinlerin recele islenmesi ile L*, a* ve
b* degerlerinin azaldigini rapor etmislerdir. R4
ornegine 6n haglama islemi uygulanmast farkliligin
sebebi olabilir. Haglama isleminin koruyucu
etkisinin bulunmasina karsin besinlerin 6zellikle
vitaminlerin parcalanmasina ve renk kayiplarina
yol acabilmektedir (Kegebas, 2007). Tamer
(2011), L* degerinin karamelizasyonun bir 6l¢iisti
oldugunu bu durumun hammaddede bulunan

453



I.G. Sat, B. Yildirim, H.I. Binici

renk pigmentlerinin yuksek sicaklikta
denatiirasyona ugramast sonucu olustugunu
bildirmistir. a* degeri kirmizi rengin yogunlugunu
gosteren degerdir. Regel ve tirtinlerinde sekerlerin
karamelize olmasindan kaynaklanan kirmizi renk
olusumu genel olarak arzu edilen bir durum

degildir.

Viskozite bakimindan regel tipleri arasinda 6nemli
(P <0.01) fark oldugu tespit edilmis (Cizelge 3),
viskozitesi en yiiksek regelin 1.13 Pa.s ile R1, en
dustginin ise 0.52 Pas ie R3 oldugu
belitlenmistir.

Recel tiplerine ait duyusal degerlendirme sonuglart
Sekil 5’de verilmistir. Panelistlerin renk acisindan
en ¢ok begendigi recel tipinin R1 (8.10) oldugu, en
disik puant ise R5 (5.90) regel tipinin aldig
gorilmektedir.

Korelasyon ve Temel Bilesen Analizi
Korelasyon analizi iki veya daha fazla degisken
arasindaki iliskiyi ifade eden ve degiskenler

pH 027
Titrasyon Adtligi  -0.42 -0.39

L* 007 -016 -0.04

@ 011 -018 002 018

b* -0.6 020 026 0,06

TFM (064 -035 004 -017 -009 -D13

arasindaki neden-sonug iliskisini vermeyen ancak
nedenselligin incelenmesinde 6n bilgi saglayan
analizdir (Gurbiiz ve Sahin, 2014). Taze 1skin ve
uretilen 1skin recellerine ait korelasyon analizi
Sekil 3’de gosterilmistir. Toplam fenolik madde ile
DPPH:- arasinda (r=0.66, P <0.05) pozitif
korelasyon bulunurken, toplam fenolik madde ile
suda ¢ozunlr kuru madde arasinda (r=-0.68, P
<0.05) negatif korelasyon gézlemlenmistir. Bu
durumda toplam fenolik madde miktari artarken
DPPH degerlerinde de artisin meydana geldigi
gorilmektedir. Toplam seker ile pH ve suda
¢ozinlr kuru madde arasinda (0.77, P <0.01)
pozitif korelasyon oldugu tespit edilmistir.
Korelasyon sonuglarina gére TEFM, DPPH,
toplam seker, indirgen seker ve sakkarozun regel
tipleri ~ {izerine 6nemli  etkisinin  oldugu
belirlenmistir.  Analiz sonuclarina gbre renk
maddeleri antioksidan aktiviteyi etkilemektedir.
Regel tiplerinin antioksidan aktivitesini fenolik
maddeler etkilemektedit.

I-tl

DPPH 021 -0.33 -006 -0.00 -031 005 )
SCKM 029 -062 037 001 004 -068 -0,31
HWMF -024 029 -007 015 -015 007 | 0,55 -

Toplam Seker 0,56 003 -013 021 [-064 -0,41

indirgen Seker -037 028 0,11

] , 007 -032 -046 035 nza. I-1
0,55 006 -012 022 066 nas.-nm

Sakkaroz
Vigkozite = 035 -017 023 [-06% -0,08 -0,32 0,55 = -
! k] A
Z 3
=
[

Indirgen $E|':Er‘§ 'E

Titrasyon Astlidit,
5]
Toplam Seker

Sekil 3. Regel tiplerine ait korelasyon analizleri
Figure 3. Correlation analysis of the jam tjpes
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Iskin regel tiplerinin fizikokimyasal, duyusal ve
antioksidan aktiviteleri arasindaki farklhiliklart
gostermek icin temel bilesen analizi (PCA)
uygulanmistir. Sekil 4’de (a-c), 1skin regeli tiplerine
ait skor grafigi (score scatter plot), birlestirilmis
(biplot) temel bilesen analizi ve yiikleme grafigi ve
yikleme grafigi (loading scatter plot) verilmistir.
Yapilan temel bilesen analizine gére birinci (PC1
%061) ve ikinci (PC2 = %19.2) bilesen, toplam
varyasyonun %80.2’sini  aciklamaktadir. Sekil
42’7da 4 tip (R2, R4, R5 ve RG) bir arada

kiimelenirken, R1 ile R3Un farkldastig
(@
REQE'.M1 (PCA-X) .Gruup 1
Colored according to marked groups Worewp?
o
d [ 13
[ [}
- o
) o [ J#
24 O
"
-6 } ! .
15 10 5 0 5 1

1[1]
R2X[2] = 0,192 ElTipse: Hnte]'h'ng]'s T2 (95%)
SIMCA 147 -1511.2022 D3 16:38 (UTC

8 {UTC-3)

©

gorilmektedir. Bu kiimelenmenin sonucunda
tipler (R2, R4, R5 ve RO) arasinda benzerlik
oldugu goriilmektedir. Diger taraftan Sekil 4c’de
goraldigi gibi sol bélgede DPPH, titrasyon ve
TEM vyer alirken, sag bélgede viskozite, TKM,
SCKM, sakkaroz, toplam seker, pH ve indirgen
seker yer almaktadir. Ayrica R6, R5 ve R3’tn en
yiksek DPPH, TFM ve titrasyon asitligi
ortalamalarina sahip oldugu gérilmektedir (Sekil
4b).

(b)
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Sekil 4. Regel tiplerine ait a) skor grafigi (score scatter plot), b) birlestirilmis (biplot) temel bilesen
analizi ve yikleme grafigi, c) ylikleme grafigi (loading scatter plot)
Figure 4. a) score scatter plot (score scatter plot), b) combined (biplot) basic component analysis and loading plot, )
loading scatter plot (loading scatter plot) of the jam types
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Sekil 5. Regel tiplerinin duyusal acidan degerlendirilmesi
Figure 5. Sensory evaluation of jam types

SONUC

Bu calismada 1gkin  meyvesinden Uretilen
geleneksel 1skin regellerinin bazi fizikokimyasal ve
antioksidan Ozelikleri ortaya konmustur. Regel
tretiminde 6n islemlerin yant sira seker ilavesi ve
pisirme asamalarinin 1gkin regelinin pH, asitlik,
renk gibi fizikokimyasal parametreleri ile duyusal
ve antioksidan aktivitelerinde Onemli 6l¢lide
degisime neden oldugu degerlendirilmistir.
Geleneksel 1skin  recellerinin  Giriin  kalitesinin
ortaya konmast, bu tip triinlerin
strdurilebilirliginin saglanmast, saglikli beslenme
ve gida giivenligi acisindan endistriyel boyutlarda
standardize edilmesine, dolayisiyla yerelde ve
tlkesel ¢apta  tarimsal  kalkinmaya  katkt
saglayacaktir. Farkli dretim sekli ve farkli
formiilasyonlarin kullanildigt regel tiplerinden en
fazla begenilen 6rnegin geleneksel recel tiretimi ile
yapilan Ornek olmast sebebiyle alternatif regel
dretim  yontemlerinin  tiketici  begenilirligi
acisindan daha az kabul gbrdigi belirlenmistir.
Daha ¢ok taze olarak tiiketildigi bilinen 1skinin
recel yapilarak da degerlendirilmesinin, yeni bir
trtiniin ~ ortaya  ¢ikarilmast  boylece  Urln
cesitliliginin  zenginlestirilmesi agisindan faydalt
olacag: distintlmektedir.

CIKAR CATISMASI BEYANI

Bu makalede yer alan yazarlar ve kurumlar
arasinda  herhangi  bir  ¢kar  catismast
bulunmamaktadir.

YAZARLARIN KATKISI

Bu makale Bilginur YILDIRIM’1in yiiksek lisans
tezinden  Uretilmistir.  Bilginur  YILDIRIM
analizlerin yuritilmesi, sonuglarin istatistiksel
olarak degerlendirilmesinde ve makalenin yazim
asamasinda gorev almistir. Yazar Halil Ibrahim
BINICI YOK 100/2000 Yenilikci Gida Isleme
Teknolojileri ve Gida Biyoteknolojileri alaninda
doktora bursiyeridir ve ham maddenin temininde,
analizlerin yiritilmesinde, makalenin yazimi ve
bilesen analizlerinin yapiminda gérev almustir.
Ihsan Giingér SAT ¢alisma konusu belirleme,
yontem, makalenin yazimi ve danigsmanlik
kistmlarinda katk: saglamislardir.
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Bu ¢aligmada, bir domates isleme tesisinden temin edilen atiklardan geleneksel ve ultrason destekli ydntemle
karotenoid ekstraksiyonu yapilmistir. Coziich olarak etil asetat kullanilmis ve yanit yiizey yontemi (response
surface methodology, RSM) ile ultrason isleminde uygulanacak parametreler optimize edilmistir.
Ekstraksiyon sartlarindan sicaklik sabit tutularak ultrasonik gtic (30-60-90 W), katr:¢ézgen orant (1:10, 1:30,
1:50 g/mlL) ve sure (5-20-35 dk) tizerinde calisilms, elde edilen ekstraktlarin karotenoid icerigi HPLC
cihazinda belitlenmistir. Ayrica geleneksel yontemde domates kabugu:etil asetat orant 1:30 g/mlL olacak
sekilde ayarlanarak 75°C’de 120 dk ekstraksiyon islemi gerceklestirilmistir. Box-Benhken tasarimi yardimiyla
belirlenen parametreler dogrultusunda 6rnek:¢oziicti orant 1:50, siire 35 dk, giic 60 W kosullarinda en yiiksek
likopen (197.12 mg/kg) ve B-karoten (12.95 mg/kg) miktatlart elde edilmistir. Geleneksel yontemle
karsilastirildiginda ultrason ekstraksiyonunda likopen miktart %21.4 daha az, 3-karoten miktart ise %11.0
daha fazla oldugu belitlenmistir. Uygulanan tasarimda likopen i¢in uyumlu olan model ikinci dereceden
polinom olurken, 3-karoten i¢in dogrusal modelin uygun oldugu tespit edilmistir.

Anahtar kelimeler: Domates atigy, likopen, 8-karoten, ultrases, ekstraksiyon

OPTIMIZATION OF CAROTENOID EXTRACTION FROM INDUSTRIAL
TOMATO WASTE BY RESPONCE SURFACE METHODOLOGY

ABSTRACT

In this study, carotenoid extraction was performed by conventional and ultrasound-assisted method
(UAE) from wastes obtained from a tomato processing plant. Ethyl acetate was used as the solvent
and parameters were optimized by the response surface methodology (Box-Benhken design). The
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temperature was kept constant and ultrasonic power (30-60-90 W), solid:solvent ratio (1:10, 1:30,
1:50 g/mL) and time (5-20-35 min) were studied. In addition, in the conventional method, the tomato
peel:solvent ratio was 1:30 g/mL and the extraction process was cartied out at 75°C for 120 min. The
highest lycopene (197.12 mg/kg) and B-carotene (12.95 mg/kg) amounts were obtained at
solid:solvent ratio of 1:50 g/mlL, extraction time of 35 min, and ultrasonic power of 60 W. The
amount of lycopene and B-carotene was 21.4% less and 11.0% more in UAE, respectively. The fit
model for lycopene was quadratic-polynomial, while the linear model was found to be suitable for {3-

carotene.

Keywords: Tomato waste, lycopene, B-corotene, ultrasound, extraction

GIRIS

Latince adt Solanum lycopersicum L. olan domates,
Solanaceae (Patlicangiller) familyasina ait olup
tiketim ve Uretim miktari acisindan en Gnemli
sebzeler arasinda yer almaktadir. Domatesin
diinyaya yayildigt yer Avrupa olmasina karsin
Ttrkiye, Cin, Hindistan, ABD ve Misir gibi tlkeler
en 6nemli domates Ureticilerindendir (Durmus
vd., 2018). 2020 yili Gida ve Tarim Orgiitii (FAO)
verilerine gére 64.8 milyon ton domates tretimi
ile Cin, Diinya domates tiretiminde ilk siradadir.
20.6 milyon ton ile Hindistan ikinci, 13.2 milyon
ton ile Tirkiye tclinci sirada yer almaktadir
(FAO, 2020). Domates taze titketiminin yani sira
gida sanayisinde salca, sos, ketcap, tursu, domates
suyu, domates piiresi ve konsantre domates suyu
olarak da yaygin bir sckilde islenmekte ve
titketime sunulmaktadir. Ancak domatesin %5-30
kadarint kabuk ve ¢ekirdek olusturmaktadir ki bu
da oldukea yiiksek miktarda bitkisel atik anlamina
gelmektedir (Gheonea vd., 2021). Domates
atiklarinin kontrolii, domates isleme fabrikalarinin
karsilastigt en Snemli problemlerden biridir. A¢iga
cikan atiklar genellikle hayvan yemi ve glibre gibi
ekonomik olarak diistik degerli olan Urlnlerin
tretilmesinde  kullanilmaktadir  (Strati  ve
Oreopoulou, 2014). Oysa ki besin degeri ve
biyoaktif bilesen 6zellikleri distintldiginde
domates atiklarinin  degerlendirilmesi  hem
cevresel faktérler hem de ekonomik nedenlerden
dolay1 6nem arz etmektedir (Istk ve Yapar, 2017).
Domates islenirken a¢iga ¢ikan posanin yaklastk
%447ant  cekirdek ve %56’sin1 meyve eti ve
kabugu olusturmaktadir. Posada tokoferoller,
polifenoller ve karotenoidler gibi 6nemli biyoaktif
bilesenler bulunmaktadir (Dolatabadi vd., 2016;
Munde vd., 2017). Domates atig1, Ozellikle
karotenoidler acisindan zengindir ve biyik
cogunlugunu kabukta barindirmaktadir.
Kalogeropoulos vd. (2012) tarafindan yapilan bir

calismada, domates atifinda bulunan major
karotenoidletin likopen (413.7 ng/g kuru madde)
ve B-karoten (149.8 pg/g kuru madde) oldugu
belirlenmistir. Baz1 mikroorganizmalar tarafindan
da  sentezlenen lipofilik  6zellige  sahip
karotenoidler, farkli meyve ve sebzelerde turuncu
ile kirmiz1 renk araliginda bulunan pigmentlerin
bir grubudur ve mevcut fonksiyonel gruplarin
tipine baglt olarak, ksantofil ve karotenler olmak
tizere iki gruba ayrilmaktadir (IKKhalid vd., 2019).
Provitamin A ve antioksidan aktivite gibi
fonksiyonlara sahip olduklart icin bagisiklik
sisteminin gliclendirilmest, kanser,
kardiyovaskiiler hastaliklar, katarakt ve makdiler
dejenerasyon gibi dejeneratif hastalik riskinin
azaltlmasinda Onemli rol oynarlar. Biyolojik
6zelliklerinin yant sira karotenoidler, fonksiyonel
gidalarin formiilasyonunda yer alir veya gida
sistemlerinde  raf Omrini  uzatmak icin
kullamilirlar. Ayt zamanda likopen ve B-karoten,
cesiti ~gida  drinlerinin - renklendirilmesinde
kullamilabilen  dogal  boyalardir  (Strati  ve
Oreopoulou, 2014). Tim bu nedenlerle, domates
attklarindan karotenoid ekstraksiyonu hem ¢evre
kirliliginin 6niine ge¢mek hem de ekonomik katkt
olusturmak icin degerlendirilmelidir.

Ekstraksiyon isleminde en onemli
parametrelerden biri uygulanacak yontem ve
¢cozlici se¢imidir. Arastirmacilar, geleneksel
yontemlere alternatif olarak son yillarda stper
kritik  karbondioksit  ekstraksiyonu, enzim
ekstraksiyonu, ultrason ve mikrodalga destekli
ekstraksiyon gibi uygulamalara  yOnelmistir
(Ashrat vd., 2022). Ekstraksiyon yontemleri,
uygulanan sicaklik, basing ve hiicre par¢alanmast
bakimindan degisiklik gdstermektedir. Ornegin
soxhlet ekstraksiyonunda, kaynama sicakliginda
ve ortam basincinda ¢6ziictler kullanilirken stiper
kritik stvi ekstraksiyonu distik sicaklik ve yiksek
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basingta calistirtlir. Buna karsilik ultrason destekli
ekstraksiyon, darbeli elektrik alani  destekli
ekstraksiyon ve enzim destekli ekstraksiyonda,
hticre ici bilesenlerin saliniminin kolaylastirilmast
icin hiicrelerin parcalanmasinda sirasiyla ultrason
dalgalari, yitksek voltaj darbeleri ve enzimler
kullanilmaktadir (Saini ve Keum, 2018). Bu
yontemler arasinda ultrason destekli
ekstraksiyonun avantajlari, zaman ve enetji
acisindan tasarruf saglamast ve uygulamasinin

kolay olmasidir (Catreira-Casais vd., 2021).
Literattrde, karotenoid ekstraksiyonunda
ultrasonun  kullanildigr  cesitli  calismalar

bulunmaktadir (Li vd., 2013; Civan vd., 2019;
Silva vd., 2019; Umair vd., 2021).

Biyoaktif  bilesen  ckstraksiyonunda  verimi
etkileyen bir diger 6nemli nokta kullanilacak
¢Ozucinin  se¢imidir.  Karotenoidler  suda
¢oziinmediklerinden, hekzan veya petrol eteri gibi
organik c¢oziicilerin kullanimina ihtiya¢ vardir
(Ho vd., 2015). Ancak bu ¢6ziiciler petrol tirevli
oldugundan cevreye olumsuz etkileri
bulunmaktadir ve giivenli kullanim ve depolama
prosediitlerinin - uygulanmasi  gerekmektedir.
Organik  ¢ozlctlerin ~ kullanimiyla  ilgili
dezavantajlarin tstesinden gelmek icin yesil kimya
ilkeleri  kullanilarak  alternatif ~ stratejiler
gelistirilebilmektedir.  Yesil ¢oziciler, disik
toksisiteleri, biyolojik olarak parcalanabilirlikleri
ve petrol dist  kaynaklardan  siirdirilebilir
tretimleri  nedeniyle  geleneksel  organik
cozlcllere alternatif olmaktadir (Cascant vd.,
2017). Bu c¢o6zictlere, lipofilik bilesiklerin
ekstraksiyonu icin yaygin olarak kullanilan ¢evre
dostu bir organik ¢bziicii olan etil asetat érnek
olarak verilebilir. Biyobazli etanolden tretilebilir,
havada ve suda biyolojik olarak parcalanabilir
oldugu icin etil asetat, hekzana alternatif olarak
distinilmektedir (Silva vd., 2019).

Bu calismanin amact, yesil ¢zict olarak bilinen
etil asetatin ultrason teknolojisi ile endistriyel
domates attklarindan karotenoid
ekstraksiyonunda kullanilmast ve yanit yiizey
yontemi ile proses parametrelerinin optimize
edilmesidir. ~ Ekstraksiyon parametrelerinden
sicaklik sabit tutularak ultrasonik giic, kati:¢ézgen
orani ve sire Uzerinde calistimistir. Elde edilen

ekstraktlarin karotenoid icerigi HPLC cihazt ve
PDA dedekt6r yardimiyla belirlenmistit.

MATERYAL VE YONTEM

Materyal

Bu ¢alisma icin gerekli olan domates atig1 2021 yilt
Agustos ayinda Bursa’da faaliyet gOsteren Tat
Gida Fabrikasindan, fabrika atigr (kabuk +
cekirdek) olarak temin edilmistir. Domates atiklatt
-18 °C’de dondurulmus ve daha sonra liyofilizator
(Labconco, ABD) yardimiyla -50°C’de 48 saat
boyunca kurutulmustur. Orneklere kuru madde
analizi uygulanmis ve kuru madde miktart %94.0
olarak belitlenmistit. Kuruyan o6rnekler, yiizey
alanini arttirmak amactyla 6glitilmus ve homojen
bir hammadde elde etmek icin 70 mesh elekten
gecirilmigtir. Ekstraksiyon islemine kadar 4°C
sicaklikta ve karanlikta muhafaza edilmistit.

Geleneksel yontem ile ekstraksiyon
Geleneksel — organik  ¢ozlici  yontemi  ile
ekstraksiyon Martinez-Hernandez ve
arkadaslarinin (2019) calismasina gére yapilmistir.
Domates kabugu:etil asetat orant 1:30 g/mL
oraninda ayarlanmigtir. Karistm 75°C’de 120 dk
calkalamali  su  banyosunda  bekletilmistir.
Santriftjlenen (9000 x g, 15°C, 10 dk) karisimda
Ust faz aymlmis ve analizler icin 4°Cde
bekletilmistir (Sekil 1).

Ultrason destekli ekstraksiyon

Ekstraksiyon islemi icin 200 W ve 24 kHzlik
ultrasonik ekstraksiyon cihazt (Bandelin HD2200,
Almanya) kullandmistir. Ultrason kabinine 4.5
mm ¢apa ve 130 mm uzunluga sahip olan TS104
Prob sabit olarak yerlestirilmistir. Hacmi 100 mL
olan cam bir beherin icerisine Ornekten 1.67 g,
¢bziictiden ise 50 mL konulmus ve prob yiizeyden
1.5 em igeri girecek sekilde daldirilmustir. Sicakligs
sabit tutmak icin (20°C£2) beher, bir buz
banyosuna yetlestirilmis ve sicaklik stirekli olarak
takip  edilmistir.  Ekstraksiyon  ¢6ziiclisini
belitlemek amactyla, literatirde bazt ¢alismalarda
(Calvo vd., 2007; Rahimi ve Mikani, 2019) yer alan
gida safligindaki (food grade) etil asetat, etil alkol
ve aygcicek yagt kullandarak 6n denemeler
gerceklestirilmistir. Denemelerde, ekstraksiyon
parametreleri  olarak daha 6nce  yapilan
calismalarda (Yimaz vd., 2017; da Silva vd., 2020)
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kullanilan parametreler baz alinarak, kati:¢ézgen
orant 1:30, ultrason giici 60 W ve siire ise 20
dakika olarak uygulanmistir. Yapilan karotenoid

analizi sonucunda en ylksek karotenoid miktart

etil asetat ile elde edilmis olup (Cizelge 1),
ekstraksiyon = ¢Oziicisi  olarak  etil  asetat
kullantlmistir.

Domates atigi
Tomato waste

J

kurutma

Dondurarak

Freeze drying

J

Ogitme
Grinding

74

Ultrason destekli ekstraksiyonu
Ultrasound-assisted extraction

'

%

Geleneksel ekstraksiyon
Conventional extraction

74

Santrifij

Centrifuge

J

Ekstrakt
Extract

Sekil 1. Geleneksel ve ultrason destekli yontemlerle karotenoid ekstraksiyonu

Figure 1. Carotenoid extraction by conventional and nltrasound-assisted methods

Cizelge 1. Farkli ¢éztctler kullanilarak elde edilen likopen ve -karoten miktarlarina (kuru madde

tzerinden) ait 6n deneme sonuglart

Table 1. Preleminary results of lycopene and f-carotene obtained using different solvents(based on dry matter)

Cozucu Likopen (mg/kg) B-karoten (mg/kg)
Solvent Lycopene (mg/ kg) [S-carotene (mg/ kg)
Aycicek yagt te te

Sunflower ol nd nd

Etil alkol

Ethyl alcohol 125.46£4.18 12.34£0.51

Etil asetat

Ethyl acetate 229.22+45.12 12.05£0.45

te: tespit edilemedi
nd: not detected
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Yanit ylizey yéntemi uygulamasi

Domates atiklarindan  ultrason  yOntemiyle
karotenoid ekstraksiyonunda kati:¢ézgen orani,
stire ve ultrasonik glcln etkileri yanit ylzey
metodu kullanilarak Box-Behnken tasarim ile
incelenmis ve optimum kosullar belirlenmistir.
Bagimsiz degiskenlerin alt ve st limitleri 6n
denemeler ile belirlenmigtir. 3 farklt kati:¢ézgen
orani (1:10, 1:30, 1:50 g/mlL), 3 farkli stire (5-20-
35dk) ve 3 farklt giic (30-60-90 W) olmak tizere 3
faktor ile calistimistir (Cizelge 2). Ucti merkez
nokta olmak tzere 15 deneyden olusan deneysel
tasarimin bagimli degiskenlerini likopen ve [-
karoten miktarlart olusturmustur. Optimizasyon,

Design-Expert  (Design-Expert 7.0, USA)
istatistik  programi  kullanilarak  yapimistir.
Deneysel verilerde herhangi bir doéntsim
uygulanmamustir.

Modelin dogrulugu, programin ANOVA ¢iktilar
olan uyum eksikligi (lack of fit), uyum katsayist
(R?) ve Fisher test degerine (F-degeri) gore
degerlendirilmistir.

HPLC ile karotenoid miktarinin belirlenmesi
Elde edilen ekstraktlar, siringa yardimiyla 0.45
mikron filtreden gecirilip stzilerek siselere
aktarilmis ve HPLC cihazina enjekte edilmistir.
Dolgu maddesinin ¢apt 3 pm, i¢ ¢apt 4.6 mm ve
uzunlugu 150 mm olan kolon (GL Sciences
Inertsil ODS-3 Tokyo, Japonya) kullanilmistir.
Orneklerin  karotenoid igeriklerini belirlemede
kullantlan HPLC sistemi (Hitachi, Tokyo,
Japonya) L-2130 pompa, L-2300 firin, L.-2200
otomatik Ornekleme sistemi ve L-2455 PDA
(Photo Diode Array) dedektdr igcermektedir.
Dedektoriin - dalga  boyu 470 nm  olarak
ayarlanmustir. Mobil faz olarak
metanol:tetrahidrofuran (95:5) isokratik ¢ozeltisi
kullanilmistir. Kolon sicakligi 30°C, mobil fazin
akis hiz1 1.0 mL/dk ve enjeksiyon hacmi ise 20 uLL
olarak belirflenmistir. Bilesiklerin miktarlarini
belitlemek amaciyla, 0-50 mg/L araliginda likopen
ve 0-10 mg/L. araliginda B-karoten standart
¢ozeltileri hazirlanarak kalibrasyon egrileri elde
edilmistit  (R2%ikopen=0.9968; RZ%1aroren =0.9984).
Her bir 6rnek Gger defa analiz edilmis ve ortalama
degerler kullanilmugtir.

SONUC VE TARTISMA

Ekstraksiyon ¢oziiciisiiniin domates
kabugunun likopen ve f-karoten miktar
iizerine etkisi

Ekstraksiyon — isleminde  kullanilan  ¢6ziict
seciminin verim Uzerine olduke¢a etkili oldugu
bilinmektedir (Kunthakudee vd., 2020). Bu
calismanin  6n  denemelerinde, karotenoid
ekstraksiyonunda literatiirde kullanilan 3 farkli
¢co6ziict secilmistir. Ekstraksiyon kosullart olarak
ultrason uygulamast i¢in belitlenen kogullarin orta
noktalarinda (katt:¢ézgen orant 1:30, ultrason
gici 60 W ve 20 dk) denemeler
gerceklestirilmistir. Likopen, -karoten ve 6rnege
ait kromatogramlar Sekil 2’de  verilmistir.
Karotenoidlerin UV-Vis spektrumlart 470 nm
dalga boyunda incelenmis ve elde edilen
ckstraktlarda en fazla likopen ve (-karoten
oldugu, diger karotenoidlerin (lutein, a-karoten
vb.) ise tespit edilebilir siurlar igerisinde yer
almadigs belirlenmistir.

sure

Cizelge 1’de gosterildigi gibi aygicek yagi
kullanilarak  yapilan  ekstraksiyon isleminde
likopen tespit edilemezken et asetatin
kullanilmastyla daha yitksek verim elde edilmistir
(likopenei  ao:125.46  mg/kg,  likopencd
asetats 229.22 mg/ kg). Benzer sekilde aycicek yagi ile
yapilan  ekstraksiyon isleminde  B-karoten
belitlenememistir. Kullamilan diger iki ¢6zici
arasinda ise B-karoten konsantrasyonu agisindan
6nemli farkin olmadi@t belirlenmistir (3-karoten.
akol:12.34 mg/ke, B-karotene asear:12.05 mg/kg).
Azabou vd. (2020) tarafindan yapilan bir
calismada domates kabugundan biyoaktif bilesen
ekstraksiyonunda distile su, etanol, dietil eter,
aseton ve hekzan kullanilmis ve en yitksek verim
polar olmayan ¢6zgenler olan hekzan ve asetonda
elde edilmistir. Bu galismada da polaritesi daha
distik olan etil asetat ile daha yiiksek likopen
verimi elde edildigi gorilmektedir. Aycicek
yaginda karotenoid tespit edilememesi, yitksek
viskozite degeri ile iliskilendirilebilir. Distik
viskozitenin ekstraksiyon islemi sirasinda matris
boyunca iyi bir ¢6ziici migrasyonu sagladigt ve
boylelikle verimi arttrdigt  disiiniilmektedir
(Goula vd., 2017). Bu sonuglardan yola ctkarak
calismanin devaminda ¢ozlct olarak etil asetat
kullanilmistir.
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Sekil 2. Likopen standardi (), 8-karoten standard: (b) ve 6rnege (c) ait HPLC kromatogramlart
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Figure 2. HPLC chromatograms of lycopene standard (a), f-carotene standard (b) and sample (c)

Likopen ve p-karoten ekstraksiyonunun
optimizasyonu ve model analizi

Deney tasarimi yontemleri ginimiizde birgok
farkls alanda siklikla kullanilmaya baslanmustir. Bu
yontemler sayesinde deney sayisinin azaltilmastyla
birlikte zamandan ve maliyetten tasarruf
saglanmaktadir Ozellikle, Box-Behnken tasarimi,
ana faktori ve optimize edilmis parametreleri elde
etmek icin deneylerin istatistiksel planlamasinda
yaygin olarak kullamlmaktadir. Box-Behnken
genellikle daha az tasarim noktasina sahiptir, bu
nedenle daha ucuz ve kolaydir. Box-Behnken,
ikinci dereceden modelin parametrelerinin tahmin
edilmesine, sirali tasarimlarin olusturulmasina ve
modelin uyum eksikliginin tespit edilmesine izin
verdigi icin yanit yizey metodolojisi i¢in kullanilan
iyi bir yontemdir (Yogita ve Dipak, 2017,
Kunthakudee vd., 2020).

Yapilan 6n denemelerde 6rnek:¢éziict, siire ve
ultrasonik glic parametrelerinin likopen ve (-
karoten ckstraksiyonu tizerinde degisken oldugu
saptanmistir. Bu nedenle proses degiskenleri
olarak kati:¢ézgen orant (1:10, 1:30, 1:50 g/mL),
sire (5-20-35 dk) ve gicin (30-60-90 W)
ekstraksiyon verimi lzerine etkileri
degerlendirilmistir. ~ Box-Benhken  tasarimi
yardimiyla belirlenen parametreler dogrultusunda
gerceklestirilen analizlerin sonucu Cizelge 2’de
verilmistir. En yuksek likopen (197.12 mg/kg) ve
B-karoten (12.95 mg/kg) verimi Ornek:¢ozlict
oraninin 1:50, siirenin 35 dk ve gicin 60 W
oldugu kosullarda elde edilmistir. Geleneksel
yontemle yapilan ekstraksiyon sonucu elde edilen
verilerle  kargilastirildiginda  (likopen:  250.71
mg/kg; B-karoten: 11.52 mg/kg), ultrason
ekstraksiyonu ile likopen miktarinin %21.4 daha
az, B-karoten miktarinin ise %11.0 daha fazla
oldugu belirlenmistir.
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Cizelge 2. Box-Behnken tasarim i¢in kullanilan bagimsiz degiskenler ve seviyeleri
Table 2. Independent variables and their levels used for Box-Bebnken design

Bagimsiz degiskenler Bagimli degiskenler
Independent variables Dependent variables
Ornek:Coziicii Siire Gig Likopen B-karoten
Deney No (3/mL) (dk) (W) (mg/kg) (mg/ke)
Experiment No Solid:Solvent Time Power Lycopene [-carotene
&/ mL) (min) ) (me/ kg (g kg
1 1:30 20 60 165.67 11.47
2 1:50 35 60 197.12 12.95
3 1:50 20 90 187.39 13.04
4 1:10 20 90 140.71 10.27
5 1:30 35 30 162.87 11.55
6 1:30 5 90 138.33 10.12
7 1:30 20 60 159.36 10.86
8 1:30 20 60 164.18 11.54
9 1:10 35 60 153.94 10.55
10 1:30 5 30 131.82 10.10
11 1:30 35 90 175.58 11.92
12 1:50 20 30 173.06 11.95
13 1:10 20 30 120.23 9.13
14 1:10 5 60 122.25 9.22
15 1:50 5 60 168.18 11.57

Etil asetat-etil laktat ¢Ozgenleri kullanilarak
domates atiklarindan likopen ekstraksiyonunun
yapildigt bir c¢alismada, ultrason yontemi ve
geleneksel  yontem  kargilasurilmustir.  Box-
Behnken tasariminda optimizasyon parametreleri
olarak sicaklik, etil asetat orani, kati:¢ézgen orant
ve siure belitlenmistit. Calismada en ylksek
likopen miktart 1334 pg/g olarak tespit edilirken
aynt kosullarda gelencksel ekstraksiyonda %9.4
daha az verim elde edildigi rapor edilmistir (Silva
vd.,, 2019). Civan ve arkadaslar1 (2019) tarafindan
yapilan bagka bir calismada, act biber salcast
atigindan  elde edilen posadan karotenoid
eldesinde  wultrason  destekli  ekstraksiyon
uygulanmustir. Farkli sicaklik (30, 40, 50, 60°C) ve
strenin (5, 10, 15, 20 dk) ekstraksiyon tzerine
etkisinin incelendigi calismada, daha diisik enerji
ile daha ytksek verimde karotenoid (182.90-
184.60 mg/100 g) elde edildigi tespit edilmistir.

Likopen ve B-karoten iceriklerine dayalt
ekstraksiyon parametrelerinin varyans analizleri
(ANOVA) ve regresyon katsayilari Cizelge
3 ve Cizelge 4’te gosterilmistir. Uygulanan Box-
Benkhen tasariminda likopen ig¢in uyumlu olan

model ikinci dereceden polinom olurken, (-
karoten icin dogrusal modelin uygun oldugu
gorilmistir.  Bagimsiz degiskenlerin  bagimlt
degiskenler tizerinde 6nemli etkileri oldugu tespit
edilmistir. R? degerlerine bakildiginda likopen ve
B-karoten icin sirastyla 0.9899 ve 0.9447 olarak
belitlenmistir. R? degerlerinin 1’e yakin olmasi,
modelin yitksek bir F degerine sahip olmasi ve
uyum eksikliginin 6nemsiz ¢ikmast modellerin
verileri yeterince temsil ettigini gdstermektedir
(Gengdag vd., 2019). Cizelge 3 ve 4 incelendiginde
Ornek:¢oézlicl, sire ve gilic parametrelerinin
likopen ve [B-karoten ekstraksiyonu tizerinde
etkileri istatistiki acidan Onemli bulunmustur.
Ayrica glicin likopen miktari tizerine ikinci derece
etkisinin de 6nemli oldugu gorilmektedir.

Bagimsiz degiskenlerin likopen miktar1 Gzerine
etkisi Sekil 3’te gbsterilmistir. Uygulanan ultrason
glicliniin artmastyla birlikte likopen miktarinin da
belirli bir noktaya kadar artis gésterdigi, ardindan
azaldig1 gozlenmistir. Bir diger bagimsiz degisken
olan 6rnek:¢oziict oranlart incelendiginde, 6rnek
miktart ile ¢6ziici hacmi arasindaki fark arttikca
verimin arttdi, en yiksek verimin 1:50 g/mL
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oraninda elde edildigi gériilmektedir. Uygulama
stresi ile likopen verimi arasindaki iliski paralel
olurken artisin belli bir siireden sonra azalarak
devam ettigi gorillmektedir. Domates atiklarindan
likopen  ekstraksiyonunun  aygicek  yagi
kullanilarak yapildigr bir calismada ultrasonik giic,
kati:cbzgen orani ve sire bagimsiz degiskenler
olarak belitlenmis ve yamit ylizey yontemi
uygulanmistir.  Calisma  sonuglarina  gore,

kati:cbzgen orant ekstraksiyon verimi tzerinde
etkili bir parametre olmazken siire ve ultrasonik
giictin ekstraksiyonu 6nemli oranda etkiledigi
vurgulanmustir (Rahimi ve Mikani, 2019). Sekil
4te  ise bagimsiz degiskenlerin  f-karoten
ekstraksiyonu  tizerine etkileri goriilmektedir.
Ultrason giict, siire ve 6rnek miktart ile ¢oztct
hacmi arasindaki fark arttik¢a B-karoten veriminin
dogrusal olarak arttig1 belitlenmistit.

Cizelge 3. Likopen icerigine dayali ekstraksiyon parametrelerinin optimizasyonu i¢in ikinci dereceden
polinom modeli varyans analizi ANOVA).
Table 3. Analysis of variance (ANOV'A) for the quadratic polynomial model for optimization of extraction parameters
based on lycopene content.

Kareler  Serbestlik Kareler
Kaynak Toplamt  Derecesi  Ortalamast  F-degeri  p-degeri Sonug
Source Sum of  Degree of Mean F-value  p-value Result
squares freedom squares
Model / Model ~ 6334.99 9 703.89 5469 0.0002 Onemli
Significant
A-Ornek:Coziicii <
A~ Solid-Solent 3929.41 1 3929.41 305.28 0.0001
B-Sure <
B-Time 1836.18 1 1836.18 142.66 0.0001
C-Gie 322.58 1 322.58 2506  0.0041
C-Power
AB 1.68 1 1.68 0.1303 0.7329
AC 8.32 1 8.32 0.6466  0.4578
BC 8.50 1 8.50 0.6602  0.4534
A? 0.2090 1 0.2090 0.0162  0.9036
B2 28.27 1 28.27 2.20 0.1984
C? 206.98 1 206.98 16.08 0.0102
Kalan
Residual 64.36 5 12.87
Uyum eksikligi Onemsiz
Lk of 45.29 3 15.10 15804007 et
Hata 19.07 2 953
Pure error
Dizeltilmis
toplam 6399.35 14
Correlated total

R2=0.9899, Ayatrlanmis R? /Adjusted R? =0.9718, Tahmin edilen R? /Predicted R?=0.8801

Model denklemi/ Model equation=153.28 + 22.16A + 15.15B + 6.35C — 0.6475AB — 1.44AC + 1.46BC +

0.2379A% — 2.77B2 — 7.49C2
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Cizelge 4. B-karoten igerigine dayali ekstraksiyon parametrelerinin optimizasyonu i¢in dogrusal model
varyans analizi (ANOVA).
Table 4. Analysis of variance (ANOV'A) for the linear model for optimigation of extraction parameters based on f-
carotene content.

Kareler Serbestlik Kareler
Kaynak Toplami Derecesi Ortalamast F-degeri  p-degeri Sonug
Source Sum of Degree of Mean F- value p-value Result
squares freedom squares
Model / Model 16.48 3 5.49 6262 <0.0001 Onemli
Significant
A-Ornek:Céoziicii
A Solid-Sovent 11.79 1 11.79 134.39 < 0.0001
B-Siire 3.93 1 3.93 4486 < 0.0001
B-Time
C-Glic 0.7565 1 0.7565 8.63 0.01351
C-Power
Kalan
Residual 0.9647 11 0.0877
Uyum eksikligi Onemsiz
Lack of fit 0.7182 9 0.0798 0.6476 0.7349 Not significant
Hara 0.2465 2 0.1232
Pure error
Diizeltilmis toplam
Correlated total 17.44 14

R2=0.9447, Ayatlanmig R? /Adjusted R? =0.9296, Tahmin edilen R? /Predicted R?=0.9021

Model denklemi/ Model equation=10.42 + 1.21A + 0.7012B + 0.3075C
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Figure 3. The effects of independent variables belonging nitrasonnd treatment on the lycopene content
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Sekil 4. Ultrason uygulamasina ait bagimsiz degiskenlerin -karoten miktari Gzerine etkileri
Figure 4. The effects of independent variables belonging nltrasound treatment on the f-carotene content

SONUC

Bu calismada bir fabrikadan temin edilen domates
atigindan karotenoid ekstraksiyonunda geleneksel
ve ultrason destekli yontemler kullanilmistir.
Ayrica ekstraksiyon parametrelerinin
optimizasyonu i¢in Box-Behnken tasarimi
uygulanmistir. En yiiksek likopen ve B-karoten
verimi 6rnek:céziict oraninin 1:50, stirenin 35 dk
ve glicin 60 W oldugu kosullarda elde edilmistir.
Ultrason uygulamasinin karotenoid
ckstraksiyonunda  kullandlmasi,  zaman  ve
enerjiden tasarruf sagladigt ancak yuksek verim
elde edebilmek icin uygun parametre se¢iminin
6nemli oldugu sonucuna vardmustir. Ayrica, elde
edilen likopen ve  B-karoten  miktatlart
karsilastirildiginda  domates kabugunda likopen
miktarinin ¢ok daha fazla oldugu, belirlenecek
parametrelerde  bu durumun g6z Oniinde
bulundurulmast gerektigi distintilmektedir.
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ABSTRACT

The objectives of this study were to prepare and characterize two different salad dressings based on cold-
pressed safflower oil. Common physico-chemical and thermal properties, compositions, sensory descriptive
analysis, and consumer tests were completed. Both samples had acceptable free fatty acidity, peroxide and
pH values, and had color values reflecting the spices (red pepper and green spices). Both dressings were
liquid at around -14 to -19 °C and were pourable. They were good sources of essential fatty acids, including
around 91-92% of total unsaturated fatty acids. Total phytosterol contents were around 1693-1700 mg/kg,
with a majority of B-sitosterol. Further, both samples had around 284 mg/kg of total tocopherols. The panel
used 8 sensory terms (consistency, sweet, salty, sour, bitter, spicy, vinegary, and metallic) to describe the
samples. Consumers liked their appearance and smell/aroma, but taste/flavor and general acceptance scores
were lower. Further studies to improve taste properties are suggested.

Keywords: Salad dressing, safflower oil, spice, composition, sensory, consumer

SOGUK PRESLENMIS ASPIR YAGINDAN ZENGINLESTIRILMIS SALATA
SOSLARININ HAZIRLANMASI VE KALITE DEGERLENDIRILMES]

(074

Bu ¢alisgmanin amact soguk-preslenmis aspir yagindan iki farkli tip salata sosu hazirlamak ve triin
karakterizasyonu yapmaktir. Yaygin fizikokimyasal ve termal 6zellikler, bilesim, duyusal tanimlama ve
titketici testleri tamamlanmustir. Iki 6rnek de kabul edilebilir serbest asitlik, peroksit ve pH degerleri
ve katilan baharatin renklerini (kirmizibiber ve yesil baharatlar) géstermislerdir. Her ikisi de -14’den
-19 oC’ye kadar likit ve akiskandirlar. Esansiyel yag asitlerinin iyi kaynagt olduklart ve yaklasik % 91-
92 oraninda toplam doymamus yag asitleri icerdikleri belirlenmistir. Biiyiik bélumu {3-sitosterol olmak
tizere 1693-1700 mg/kg toplam fitosterol icermektedirler. Tlaveten, 284 mg/kg toplam tokoferol
icerigi belirlenmistir. Panelistler O6rnekleri 8 terimle (akiskanlik, tatli, tuzlu, eksi, aci, baharatl,
sirkemsi, metalik) tanimlamustir. Tiketiciler 6rneklerin koku/aromasint begenmis, ancak tat/lezzet
ve genel kabul skorlar1 diistik bulunmustur. Tat 6zelliklerini gelistirecek yeni ¢alismalar 6nerilmistir.
Anahtar kelimeler: Salata sosu, aspir yagi, baharat, bilesim, duyusal, tiketici
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INTRODUCTION

Salad dressings are basically low-pH oil-in-water
emulsion products, which may include some
other ingredients and aromas, and could have
vatious viscosity profiles. They have gained
popularity as consumers go towards healthier
eating with salads, aperitifs, side meals, vegetables,
and other foods. Usually, salad dressings were
poutred onto these foods to make them more tasty
and healthy. Consequently, salad dressings faced
further research to improve their nutritional,
technical, and sensory quality (Dickinson and
Stainsby, 1982; Manshadi et al., 2019).

Food and Drug Administration (FDA) has
defined salad dressings (21CFR169.150) as
‘emulsified semisolid food prepared from any
vegetable oil, acidifying agent (any vinegar, lemon,
and/or lime juice), egg yolk, starchy paste
(prepared from a food starch, food starch-
modified, tapioca flour, wheat flour, and/or rye
flour with water added), optional ingredients,
(salt, nutritive carbohydrate sweeteners, any spice
or natural flavoring, except if it imparts a yolk
color), MSG, stabilizers and thickeners, up to
25% substitution of acidifiers with citric and/or
malic acid, sequestrants (e.g., calcium disodium
EDTA or disodium EDTA), and crystallization
inhibitors  (e.g.,  oxystearin, lecithin, or
polyglycerol esters of fatty acids)’. Further, it was
stated that salad dressings cannot contain less
than 30% by weight of vegetable oil and 4% by
weight of egg yolk (FDA, 2012). Similatly, the
Turkish Standard for salad dressing (TS 7437)
defines these products as 'salad dressing is a
product made from vegetable oil, egg and/or egg
products, acidifiers, fillers, one or more of the
seasoning and other additives in different
proportions according to the type of salad
dressing which it has a thick consistency or a
flowing consistency, produced in accordance with
the technique in the form of stable emulsification
from the mixture.! The standard identifies two
types of salad dressings; the thick sauce is a
spoonable produce with egg, cooked or partially
cooked starch as filling containing sauces, and
flowing sauces as the products which do not
contain fillers, and homogenized, prepared with
or without eggs (TSE, 1989). Further, the

standard defines its taste and viscosity according
to its sub-type as it is and puts limit technical
values of min. 30% by weight of oil, min. 0.60%
total acidity as acetic acid, max. 0.3% of free fatty
acidity, max. 10 meq O2/1000 g of peroxide value,
pH value between 3.2 and 4.2, and min. egg
content of 4% by weight (TSE, 1989).

In literature, there are different studies dealing
with different recipe formulations to develop
nutritious salad dressings (Mantzouridou et al.,
2013; Manshadi et al., 2019), product quality and
stability evaluations (Paraskevopoulou et al,
2007;  Drakos and Kiosseoglou,  2008;
Bortnowska et al.,, 2014; Sainsbury et al., 2016),
sensory evaluations (de Melo et al, 2015;
Sainsbury et al., 2016; Manshadi et al., 2019),
rheological studies (Diftis et al., 2005; Martinez et
al., 2007; Ma et al., 2013 ) and others. In this study,
we aimed to use cold-pressed safflower oil as the
oil source and cold-press Milk Thistle seed flour
as the starchy material source to develop two
different salad dressings with different spices.
Cold-pressed oils are regulated by the Turkish
Codex (TGK, 2012). These oils were produced
from very safe and clean plant seeds or oil-
containing plant parts by mild pressing to reduce
oil exit temperature below 40 °C (for olive oil it is
37 °C) to keep their bio-actives intact. These oils
are not refined. Due to the processing technology,
cold-pressed oils contain high levels of bio-active
molecules and have unique aromatics. Further,
the press-cakes (meals) of cold-pressing are high
quality with higher content of remaining oil,
protein, and bio-actives and could be used in food
formulations.

Evaluation of current research and consumer
trends have pointed out that new salad dressings
with nutritious ingredients and different tastes
could offer consumers choices. Consequently,
this study aimed to develop and evaluate two new
salad dressings based on cold-pressed safflower
oil and cold-pressed Milk Thistle seed press-cake
(meal) and spice mixtures. Some physico-
chemical, thermal, compositional, and sensory
analyses were completed to evaluate the potential
of the products.
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MATERIALS AND METHODS

Materials

The cold-pressed safflower oil was purchased
from Onevo Co. (Istanbul, Tirkiye). The
producer provided fatty acid composition was
0.2% myristate, 6.5% palmitate, 2.5% stearate,
13.0% oleate, 77.3% linoleate, 0.5% gadoleate
with 1.10% of free fatty acidity and 10.2
meqOz/kg oil peroxide value. The regular apple
vinegar (min. 10% acetic acid), the dry spices (chili
peppet, pimento, dry mint, and thyme), kitchen
salt, and table sugar were bought from local
stores. The egg yolk powder (Kor Agro Organik
Gida A.S., Izmir), food-grade Xantham Gum (As
Kimya Co., 1stanbul), Potassium Sorbate and
EDTA (Sigma Chem. Co, St. Louis, US) were
purchased. The Milk Thistle seed press-cake used
was produced from our previous study (Aydugan
et al, 2022), and its composition was 4.2%
moisture, 4.8% crude oil, 17.30% total protein,
4.10% ash, and 69.6% total carbohydrates. The
chemicals and standards used were purchased

from Sigma Chem. Co. (St. Louis, USA), and
Merck (Darmstad, Germany).

Preparation of the Salad Dressings

The recipe formulations provided in Table 1 were
used to prepare the salad dressing samples. First,
the calculated amounts of aqueous phase
components (vinegar, sugar, salt, xanthan gum,
potassium sorbate, EDTA and Milk Thistle seed
press-cake) were dissolved in water. Then, the egg
yolk powder was dissolved in the safflower oil.
Finally, the aqueous phase was slowly added to
the oily phase with the spices mixtures and
homogenized ~ (Ultra Turrax, IKA T-25,
Germany) first at slow rate (3000 rpm) for 2 min,
then at a high rate (15000 rpm) for 8 min. Finally,
the prepared dressings were placed into glass jars
and closed before placing them into the
refrigerator. During the analyses, the samples
were stored in the fridge. The prepared samples
can be observed in Fig. 1. The sample names and
abbreviations indicated in Table 1 were used
throughout the paper.

Table 1. The recipe formulations used to prepare the salad dressings

Peppery Salad Dressing Spicy Salad Dressing
(PSD) (SSD) (%)
€0)
Safflower Oil 37.0 37.0
Water 35.0 35.0
Apple Vinegar (10% acetate) 10.0 10.0
Spice Mixturet 10.0 10.0
Sugar 2.5 2.5
Salt 2.0 2.0
Eggyolk Powder 2.0 2.0
Xantham Gum 0.15 0.15
Milk Thistle Seed Press-cake 2.0 2.0
Potassium Sorbate 0.1 0.1
EDTA 0.1 0.1

tFor PSD, a 1:1 mixture of dry chili pepper and pimento; for SSD, a 1:1 mixture of dry mint and thyme.

Measurement of the

Properties of the Samples
The samples’ instrumental color was measured
with a Minolta CR-400 Reflectance colorimetry
(Osaka, Japan). The values of L* (brightness), a*
(redness/greenness), and  b*  (yellowness/
blueness) were read at multiple sites of each

Physico-Chemical

sample and recorded. 1.0 gram of each sample
was dissolved in 10 ml of pure water, and the
probe of the pH meter (PB-11, Sartorius,
Gottingen, Germany) was submerged to read the
pH values.
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Figure 1. The salad dressing samples prepared (PSD: peppery salad dressing, SSD: spicy salad
dressing).

The oil phase of salad dressings was extracted
with hexane 3 times (1:10 = salad dressing:
hexane, w/w) at room temperature, and the
solvent was evaporated (40 °C) in a rotary
evaporator (Heidolph Laborota 4001, Merck
KGaA, Darmstadt, Germany) under vacuum.
Then, the free fatty acidity (FFA) of the oils was
measured according to the AOCS method Ca 5a-
40 (AOCS, 1998). Similarly, the peroxide value
(PV) of the extracted oil was measured by
following the AOCS method Cd 8-53 (AOCS,
1998). Another oxidation test, the p-anisidine
value, was completed according to the AOCS
method Cd 18-90 (AOCS, 1998), respectively. To
analyze total phenolics, the fat of the dressing was
first removed by hexane extraction following the
procedure of Challacombe et al. (2012). Then, the
total phenolics of the solid polar fraction of fat
and solid phase were extracted with
water/methanol (60/40, v/v) solvent at 1:5 (w/v)
ratio 3 times and collected together. Finally, the
total phenolics content of the extract was
measured following Chotimarkorn et al. (2008)
with the Folin-Ciocalteu assay. Standard curve
was prepared with the absorbance readings of
known concentration solutions of gallic acid
standard, and the results were expressed as gallic
acid equivalents (mg GAE/100 g oil).

Thermal Properties of the Samples
The melting and crystallization onset, peak
temperatures, and enthalpy values of the two

salad dressing samples were assessed with
Differential Scanning Calorimetry (DSC, Perkin-
Elmer 4000 Seties, Goriningen, The Netherlands)
following the technique of Yimaz et al. (2022).
The instrument was regularly calibrated with
indium and zinc. Around 8-10 mg of salad
dressing sample was weighed into the aluminum
pan and sealed. The empty pan was the reference.
The samples were heated from 20 °C to 110 °C at
10 ©C/min rate, and then cooled down to —70 °C
at 10 °C/min rate, and kept at that temperature
for 3 min for full crystallization. Finally, the
samples were heated again to 50 °C by 5 °C/min
rate. The Pyris 1 Manager software was used to
calculate the thermal parameters.

Fatty Acid, Phytosterol and Tocopherol
Composition of the Samples

The oil from the salad dressing samples were first
extracted with hexane (1:10, dressing: solvent, g:
ml) for 3 times, and collected phase were placed
into a rotary evaporator (Heidolph Laborota
4001, Merck KGaA, Darmstadt, Germany), and
the solvent was evaporated under vacuum. The
AOCS method Ce 2-66 (AOCS, 1998) was
applied to the oil to prepare the fatty acid methyl
esters. The fatty acid compositions of the samples
were then analyzed with an Agilent 7890B gas
chromatography-FID (Palo Alto, CA, USA)
equipped with an HP 88 capillary column (100 m
X 0.25mmID X 0.2 ym film thickness, J&W
Scientific Co, CA, USA). The temperature
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program was heating at 120 °C for 1 min,
increasing temperature to 175 °C by 10 °C/min
rate for 10 min, then to 210 °C by 5 °C/min rate
for 5 min, and finally to 230 °C by 5 °C/min rate
for 5 min. The analysis conditions were 1 ul
injection volume, 1:50 injector split ratio,
hydrogen as carrier gas (40 ml/min flow rate), dry
air with 450 ml/min flow rate as detector gas, 250
°C inlet temperature, and 280 °C detector
temperature. The fatty acid identification and
quantification ~ were  achieved by
chromatography of FAME mixture standards
(37-components, C4- C24, Supelco, Bellefonte,
PA, USA). Results were provided as % fatty acid
composition.

CO-

The phytosterol composition of the extracted oil
fraction was determined according to ISO 12228
method (ISO, 1999). First, unsaponifiable matters
from the oil samples were separated, and then
phytosterol fractions were separated by Thin
Layer Chromatography (TLC) following the
method. Finally, phytosterol compositions were
determined with the Gas Chromatograph-FID
(Agilent Technologies 7890B) donated with DB5
capillary column (30 m X 0.25 mm ID X 0.1 pm
film thickness, J&W Scientific Co). The
temperature program was waiting at 60 °C for 2
min, heating to 220 °C by 40 °C/min rate and
waiting for 1 min, heating to 310 °C by 5 °C/min
rate and waiting at that temperature for 30 min.
The conditions of the analysis were 1 ul injection
volume, 1:100 split ratio, 0.7 ml/min hydrogen
carrier gas flow rate, hydrogen (30 ml/min) and
dry air (400 ml/min) as detector gases, 290 °C
inlet temperature, and 300 °C detector
temperature. Phytosterols were identified by
comparing with commercial standards, and
quantification was achieved by using the peak area
of a-cholestanol internal standard.

The technique of Grilo et al. (2014) was followed
to measure the tocopherol compositions of the
oils extracted from the salad dressings. First, 200
ul of oil sample was diluted to 5 ml with
dichloromethane, then the mixture was vortexed
for 30 sec and placed into a vial. Tocopherol
composition was measured by using an HPLC

(Shimadzu Corporation, Japan) equipped with
LC-20AT HPLC pump, DGU-20A5R degasser,
CTQ-10ASVP column oven, inertsil ODS-3
column (250 mmX 4.6mmX 5 um, GL Sciences
Inc., Japan), and a RF-20A fluorescent detector.
The working conditions were 20 pl injection
volume, methanol: water (97: 3, v/v) mixture as
the mobile phase, isocratic elution with a flow rate
of 1.5 ml/min, 30 °C oven temperature, 290 and
330 nm as the detector wavelengths for excitation
and emission, respectively. Commercial standards
were used for the identification and quantification
of the tocopherols.

Quantitative Descriptive Sensory Analysis of
the Samples

To describe the salad dressings, the Quantitative
Descriptive  Sensory  Analysis  (QDA)  was
followed (Meilgaard et al., 1991). There were 12
panelists composed of 7 women and 5 men aged
between 22 and 47 years. First, the panel was
trained on different days and sittings totaling for
10 h. Under the moderation of the panel leader,
the panel has selected, defined and standardized
the sensory terms for these samples. The panel
defined sensory terms, and their definitions and
standards are shown in Table 2. A 10 cm line scale
from the left side of minimum intensity with 1 to
the right side of maximum intensity with 10 was
used. The samples were coded with three-digit
numbers and served at room temperature under
daylight in glass cups covered with a lid. During
the test, the panel was also provided with drinking
water, unsalted crackers, and an expectoration
cup. The sensory analyses were replicated in
different days in randomized order.

Consumer Tests for the Samples

The appeatrance, smell/aroma, taste/flavor, and
general acceptance attributes of the salad dressing
samples were assessed with 30 volunteer
consumers (26 women, 4 men, 21-34 year old) by
using a 5-point hedonic scale (1= Dislike
extremely, 5= Like extremely). The samples were
coded and served in glass cups covered by lid
under daylight at room temperature. Water,
unsalted cracker and expectoration cups were
provided to consumers besides the sample.

475



476

E. Yilmaz, E. Bildi

Table 2. The sensory descriptive terms, their definitions and standards used to describe the salad
dressing samples

Sensory Term  Definition

Referance

Consistency The resistance of sample against free flow Regular mayonnaise
Sweet Basic taste stimulated by table sugar 5% Sucrose solution
Salty Basic taste stimulated by kitchen salt 0.3% Salt solution
Sour Basic taste stimulated by organic acids Lemon juice
Bitter Taste on tongue stimulated by caffeine or alkaloids ~ 0.1% Caffeine solution
Spicy Overall aromas associated with pungent spices Curry mixture
Vinegary Aroma notes associated with vinegar Apple vinegar
Metallic Aromatic associated with metals, tinny or iron Metallic coin
Statistical Analysis standard was not matched. Salad dressings are

In this study, the two types of salad dressings were
prepared two times as the two replicates at
different times. In each replicate sample, the
analyses were completed three times. There was a
completely  randomized design for the
experiments. The data were given as the mean
values of six measurements with standard errors
of the means. The two salad dressings were
compared with Analysis of Variance and Tukey's
test at 95% confidence level. The non-parametric
sensory data was compared with Kruskal-Wallis
test with Minitab 16.1.1 software (Minitab, State
College, PA) (Minitab, 2010; Razali et al., 2021).

RESULTS AND DISCUSSIONS

The Physico-Chemical Properties of the
Salad Dressings

The measured physico-chemical properties of the
prepared salad dressing samples are presented in
Table 3. The peppery salad dressing (PSD) had
around 2.50% of free fatty acidity (FFA), while it
was 2.15% in the spicy salad dressing (SSD)
sample. This difference was statistically not
significant. Since safflower oil used had 1.10%
FFA, this enhanced level must be originating
from other oil-containing ingredients (egg yolk
and Milk Thistle seed press-cake) used (Table 1).
In literature, FFA in salad dressings was reported
as 0.8-1.3% (Paraskevopoulou et al, 2007).
Turkish Standard for salad dressings (TS 7437)
defines 0.3% oleate as max. FFA value. Since in
this study, cold-pressed safflower oil was used,
and the starting oil had 1.10% of FFA, the TS

mostly sour products, and this amount of FFA
could not create any taste problems. The peroxide
values (PV) of samples were significantly different
(Table 3, p =< 0.05), and SSD had a higher value
(8.40 meq Oz/kg) than PSD (3.72 meq O./kg),
respectively. The safflower oil used had 10.2
meqOz/kg oil PV, and the salad dressing had
lower values due to a proportional decrease of the
oil phase in the recipe formulation. The TS 7437
limits PV to 10 meq g/1000 g oil. Both samples
comply with the standard. Similatly, PVs of 9.65
meq Oz/kg (Paraskevopoulou et al., 2007) to 1-13
meq Oz/kg (Let et al, 2007) were reported.
Another oil oxidation index, p-anisidine value,
was also measured. SSD sample had a higher
value (Table 3). Since p-anisidine value indicates
the secondary oxidation level, it could be claimed
that the rate of oxidation was slower in the PSD
sample due to its composition. The total
phenolics content of the samples was also
different (p < 0.05), and SSD sample had higher
(129.21 mg GAE/100 g oil) amount than that of
the (49.62 mg GAE/100 g oil) PSD sample. It
would be due to the phenolic content differences
of the added spices. Clearly, there was no linear
relationship between total phenolics content and
level of oil oxidation. The pH value of the samples
was around 4.50-4.78, and not different from each
other. The TS 7437 provides pH range of 3.2-4.2
for salad dressings. French salad dressing made
with mannoprotein from spent brewet's yeast had
around 0.0 pH value and during storage pH was
dectreased (de Melo et al., 2015).
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Table 3. The physico-chemical properties of the salad dressing samples prepared

Peppery Salad Dressing Spicy Salad Dressing
(PSD) (SSD)
Free Fatty Acidity (% linoleate) 2.50 £ 0.002t 2151 0.02»
Peroxide Value (meq O2/kg oil) 3.72 £ 0.55> 8.40 = 1.152
p-Anisidine Value 3.48% 0.46P 4.27 £ 0.542
Total Phenolics (mg GAE/100 g oil) 49.62 + 0.12b 129.21 £ 0.11»
pH Value 4.50£0.01~ 4.78 £ 0.072
Color L* Value 40.56 + 0.10v 42.58 £ 0.17»
Color a* Value 9.42 £ 0.352 -1.26 £ 0.01b
Color b* Value 20.41 £ 0.90 14.86 + 0.01>

tSmall letters in the same row indicate the significant differences between the samples (p < 0.05; n = 6).

The color values of the samples had significant
differences (p < 0.05, Table 3). Both samples can
be observed from Fig. 1. Since the added spices
and their natural colors were different, the
measured color differences are quite expected.
The SSD sample was brighter (42.58 L* value).
Both samples had certain level of brightness, most
possibly due to the light reflecting effect of the oil
phase. The #* value indicates the level of redness
(+ a*values) and greenness (- «* values). Cleatly,
SSD had green color while PSD was a red sample
(Fig. 1). The added paprika pepper provided the
red color, and the added green leafy mint and
thyme spices yielded the green color, expectedly.
Similatly, the b* value indicates
yellowness/blueness on positive/negative
number directions (Pomeranz and Meloan, 1991),
and both samples had some yellowness, but it was
higher in the PSD sample, respectively. Due to the
color pigments present in the added spices, these
color differences have occurred. In literature,
quite diverse color values depending on the
ingredients used were reported (Ma et al., 2013; de
Melo et al., 2015; Manshadi et al., 2019).

Thermal Properties of the Salad Dressings

DSC-determined thermal properties of the salad
dressing samples are summarized in Table 4.
There were some differences between the
samples. The fully crystallized SSD sample had a
peak melting temperature of —18.68 °C, and the
same was —14.11 °C for PSD sample. Similarly,
the crystallization peak temperatures were —30.52

°C and -26.06 °C for SSD and PSD samples,
respectively. Cleatly, the SSD sample was more
liquid at lower temperatures. Since both samples
had the identical product formulation, except for
the added spices, these thermal behavior
differences could be attributed to the added
spices. This effect could be due to the oils and
essential oils infiltrating from the added spices
into the dressing, or it could be a physical effect
of spice particulates on the fat crystallization of
the safflower oil. For any fat product, the thermal
behavior is of course, defined by the fatty acid
composition of the oily phase. Since safflower oil
is unsaturated, the measured data seems quite
proper and expected. Practically, these salad
dressings were liquid at refrigerator or even lower
temperatures. For any pourable type of salad
dressing, it would be better if the sample flowed
freely after taking it from the refrigerator. The
prepared samples showed acceptable thermal
properties as salad dressing samples. No similar
data found in the literature.

The Fatty Acid, Phytosterol and Tocopherol
Compositions of the Salad Dressings

The compositions of fatty acids, phytosterols and
tocopherols measured in the salad dressing
samples are presented in Table 5. Eight different
fatty acids were quantified in both samples.
Linoleic acid was the predominant one (77.50%
and 78.00%) in both samples, followed by oleic
acid (13.58% and 12.98%) and palmitic acid
(5.75% and 5.85%) for PSD and SSD samples,
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respectively. Miyristic, linolenic, arashidic and
gadoleic acids were quantified under 1% levels.
There was a statistically significant difference only
in the oleic acid content for the samples, and the
rest were not significantly different (p = 0.05,
Table 5). Both samples contained more than 90%
of unsaturated fatty acids, including the essential
(linoleic and linolenic) fatty acids. In one of our
previous studies (Aydeniz et al., 2014), cold-press-

acids, and as main components, 75.50-77.43%
linoleic acid, 12.29-14.79% oleic acid, and 6.69-
6.79% palmitic acids were quantified. Clearly,
prepared salad dressing samples had quite similar
fatty acid compositions, respectively. Other oil-
containing ingredients (egg yolk powder and Milk
Thistle seed press-cake) were added at only 2%
level, and had not created a big difference in fatty
acid composition.

produced safflower oil was analyzed for its fatty

Table 4. The thermal properties of the salad dressing samples prepared

Peppery Salad Dressing Spicy Salad Dressing (SSD)
(PSD)

Melting Onsetm (°C) -25.56 £ 1.08#t -29.9 £1.28b
T (°C) -1411 £ 1.1= -18.68 = 3.95b

AHn (/g 29.96 &+ 2.43» 4.14 £ 2.18v
Crystallization Onset. (°C) -26.14 £ 0.85¢ -29.74 £ 2.09°
T. (°C) -26.06 * 0.91» -30.52 + 2.55b

AH. (J/g) -30.17 + 2.68> -4.6 £ 1.12»

tSmall letters in the same row indicate the significant differences between the samples (p < 0.05; n = 06).

Table 5. The fatty acid (%), phytosterol (mg/kg oil) and tocopherol (mg/kg oil) compositions of the
salad dressing samples prepared

Peppery Salad Dressing Spicy Salad Dressing
(PSD) (SSD)
Myristic acid (C14:0) 0.25 £ 0.03at 0.25 £ 0.01~
Palmitic acid (C16:0) 5.75 £ 0.632 5.85 £ 0.502
Stearic acid (C18:0) 2.55£0.37 2.50 £ 0.452
Oleic acid (C18:1) 13.58 £ 0.33¢ 12.98 £ 0.03>
Linoleic acid (C18:2) 77.50 = 3.45b 78.00 + 2.152
Linolenic acid (C18:3) 0.50 + 0.012 0.50 = 0.012
Arashidic acid (C20:0) 0.20 + 0.012 0.20 = 0.012
Gadoleic acid (C20:1) 0.15 £ 0.012 0.15 £ 0.01~
> Saturated 8.75 8.80
> Unsaturated 91.73 91.63
B-Sitosterol 915.52 + 84.372 913.48 *+ 81.69-
Stigmasterol 138.22 £ 10.98¢ 139.82 £ 11.50¢
Campesterol 245.18 = 31.42» 241.63 £ 32.712

A-7-Stigmastenol 357.26 + 42.392 354.37 + 41.83«

A-7-Avenasterol 44.29 * 6.372 43.77 £ 5.462
> Sterol 1700.47 1693.07
8-Tocopherol 30.95% 4.03» 32.15 *+ 3.892
- Tocopherol 139.5 £ 7.74a 138.61 * 6.522
P
y- Tocopherol 114.22 = 5.512 113.58 * 4.69»
> Tocopherol 284.67 284.34

tSmall letters in the same row indicate the significant differences between the samples (p < 0.05; n = 6).
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Five phytosterols were quantified in the samples,
with around 915 mg/kg of B-sitosterol as the
major one. From higher to lower amounts, (-
sitosterol, A-7-stigmasterol, campesterol,
stigmasterol, and A-7-avenasterol were quantified.
There was no significant difference between the
two samples (Table 5). Both samples had around
1700 mg/kg total phytosterols. The phytostetrol
composition reported by Aydeniz et al. (2014) was
similar to these samples. These salad dressing
samples could be accounted as good sources of
phytosterols, as long as phytosterol compositions
of the common cold-pressed vegetable oils are
considered (TGK, 2012). The positive health
effects of phytosterols could be affirmed in any of
the main lipid sources (Aydeniz et al., 2014).

Only three tocopherols (8-, B- and y-) were
quantified in the samples, with B-tocopherol as
the dominant (138-139 mg/kg) one (Table 5).
Total tocopherol contents were not different for
the PSD and SSD samples. Aydeniz et al. (2014)
reported around 1600-2000 mg/kg of a-
tocopherol in a cold-pressed safflower sample,
and it was quite different from the findings of this
study. This could be attributed to sampling and
analysis technique differences.

Overall, the prepared salad dressings were
determined to be good sources of nutrient
components and would provide quite high
quantities of essential fatty acids, phytosterols,
and some tocopherols.

Sensory Descriptive Analysis Results of the
Salad Dressings

The prepared fresh salad dressing samples were
evaluated by 12 trained sensory panelists by using
8 descriptive terms (Table 6). 'Consistency' was
defined as the resistance of salad dressings against
the free flow. Both samples had around 8.5-9.5
scores compared with 10 score of mayonnaise
samples. Consequently, the samples were not like
free-flowing liquids but more like mobile gels,
expectedly. This score also indicates the
pourability of the dressings. As the main taste,
both samples had some 'sweet' values. The
product formulations (Table 1) included 2.5% of
sugar, but since the sample included aromatic

spices and vinegar, the sweetness perception was
reduced, respectively. The panel defined some
'salty' taste, and it would originate from table salt
and other ingredients used in product
formulations. 'Sout’ scores of the samples were
similar (2.8), and would be related to the acetic
acid present in the vinegar used. There was a
significant difference between the samples for
‘bitter’ scores. The PSD sample had significantly
higher bitter values (8.9) than that of the SSD
sample (1.25). This is quite an expected finding
since the PSD sample had dry chili pepper in the
formulation (Table 1). In fact, this was the type of
sample which must have a perceptible bitter taste.
For the ‘spicy’ scores, the PSD sample had higher
(7.2) than the SSD sample (6.5), and this also
would be possible due to the chili pepper and
pimento yielding a more spicy sensation than dry
mint and thyme mixture used in the other sample.
The ‘vinegary’ scores were moderate and not
different between the samples. Finally, both
samples had some ‘metallic’ sensations, possibly
caused by the oil oxidation or ingredient
interactions.

Table 6. The quantitative sensory descriptive
analysis (QDA) results of the salad dressing
samples prepared

Peppery Spicy Salad
Salad Dressing
Dressing (SSD)
(PSD)
Consistency 8.5 £ 1.5 95+ 0.7
Sweet 1.6 £ 0.1 1.5+ 0.8
Salty 47 £ 1.4 4.2 1.4
Sout 2.8 £0.8 2.8 £0.92
Bitter 8.9+ 1.4 125+ 1.6
Spicy 7.2+ 1.5 6.5+ 23
Vinegary 3.7+ 2.8 2.4+ 2.6
Metallic 121090 2.1 £ 0.9

TSmall letters in the same row indicate the significant
differences between the samples (p < 0.05; n = 06).

In a study (Ma et al., 2013), lentil flour-enriched
canola oil salad dressings were evaluated by a
QDA panel with 5 terms (legume flavor, vinegar,
acidity, grittiness, firmness and overall flavor
attribute). Since we prepared pourable samples,
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our panel described sample texture with
consistency terms. Further, sour and vinegar were
common desctiptors. In another study (Sainsbury
et al,, 2016), sunflower oil salad dressings were
described with 14 different sensory terms
(pungent, vinegar, eggy, citrus, musty, dairy,
green, oil, earthy, metallic, plastic, cardboard,
painty and rancid). Clearly, different panels could
use a diverse number of descriptors based on
primary oil, and ingredient differences. Basically,
product formulation ratios, the aroma/flavor
potency of the ingredients used, and preparation
techniques could differentiate the sensory
attributes of the salad dressings. Although egg
yolk powder is included in our samples, the panel
has not used any terms related to eggs in our
samples, possibly due to the concentrated spices
and their intense aromas. Finally, Manshadi et al.
(2019) used sensory QDA to test their samples
with taste, viscosity, color, texture, and overall
acceptability terms. The panel differences and
goal of each test could cause diverse sensory
terms usage, expectedly. Overall, samples
prepared in this study seem pourable but
consistent, very spicy and bitter, vinegary salad
dressings. Any sensory test completed with a
consumer test would be more informative about
the market success of food products. Hence, a
consumer test was also completed for these
samples.
Consumer Test Results of the Salad
Dressings

A hedonic test was completed with 30 volunteer
consumers, and the results are summarized in
Table 7. Except for appearance, there was no
significant difference between PSD and SSD
samples for smell/aroma, taste/flavor, and
general acceptance scores. The appearance of
PSD had a higher score. Generally, both samples
had scores above 3.0 points (the neutrality point;
neither like-nor dislike) for appearance and
smell/aroma but lower scores for taste/flavor and
general acceptance. Cleatly, some modifications
to improve the taste/flavor of the prepared salad
dressings are needed to enhance their consumer
acceptance. Ratio of the ingredients, and
especially the kind and amounts of the spices
used, could be changed to get a better taste/flavor

and acceptance. Consequently, more research is
needed. French salad dressing made with
mannoprotein from spent brewer's yeast was
evaluated with 60 untrained consumers (de Melo
et al., 2015). Flavor, color, taste, texture, overall
acceptance, and purchase intention indicated
some differences among the samples, usually
some decreases after the storage period. There are
not many similar studies with consumers in the
literature; hence, our results contribute
comparable data for upcoming studies.

Table 7. The consumer test results of the salad
dressing samples prepared

Peppery

Salad Spicy Sg.lad
) Dressing
Dressing (SSD)
(PSD)
Appeatrance 340+ 1.03st 273 + 1.14>
Smell/Aroma 343 +0.972 326+ 1.58
Taste/Flavor 2.53+1.072 245 +1.33a
General 290+ 099 2.85+ 1.10s
Acceptance

tSmall letters in the same row indicate the significant
differences between the samples (p < 0.05; n = 06).

CONCLUSIONS

In this study, two different salad dressings were
prepared and evaluated. Cold-pressed safflower
seed oil and Milk Thistle seed press-cake were
used as the functional ingredients. The dressings
were prepared according to TS 7437 Turkish salad
dressings standard. FFA and PV of the samples
were within the acceptable limits of the vegetable
oils codex. The pH values were in accordance
with the salad dressing standard. The total
phenolic content of SSD sample was significantly
higher, and both samples showed color values
resembling the added spice colors (red pepper and
green  spices). The dressings had full
crystallization temperatures at around —26 to —30
°C, and melting peaks at around —14 to —19 °C,
respectively. They were fairly liquid at refrigerator
temperatures. Both dressings were found to be
good sources of unsaturated and essential fatty
acids. Further, they included fairly good amounts
of total sterols, with the majority occurring as -
sitosterol. Also, the samples were good sources of
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tocopherols. These nutritional sources would
make them functional preparations. Sensory
descriptive analysis (QDA) was completed with a
trained panel and 8 descriptive terms. The
samples were mainly described as bitter and/or
spicy, vinegary, and salty dressings. The panel has
not detected any egg-related sensory descriptor.
The samples were found to be consistent but
pourable. Lastly, consumer tests indicated that the
taste/flavor of the samples must be enhanced to
increase their general acceptance. Consequently,
modifications of the kinds and ratios of the
ingredients used, especially the spices used, are
suggested as new research needs. Overall,
nutritionally enhanced and enriched new salad
dressing formulas based on cold-pressed oils and
press-cakes could be developed to offer
consumers new functional foods.
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ABSTRACT

The current study focused on characteristic attributes of protein concentrate obtained from oil-free
cottonseed. For this, the physicochemical properties namely moisture content, water activity, colot,
flowability, wettability, and protein solubility of cottonseed protein concentrate (CSPC) were investigated.
Water holding capacity (WHC), oil binding capacity (OBC), foaming capacity, foam stability (10 and 30 min),
emulsion activity index (EAI) and emulsion stability index (ESI) (10 and 30 min) of proteins were 2.75 g
water/g protein, 2.59 g oil/g protein, 29.00%, 93.10% - 69.05%, 6.25 m?/g and 29.27-87.81 min,
respectively. Bands regarding CSPC in the 45 kDa molecular weight were detected by sodium dodecyl-sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) patterns. Foutier-transform infrared spectroscopy (FTIR)
was used to verify the protein-specific structures. Sheet structures in the surface morphology of CSPC were
dominant when scanning electron microscopy (SEM) images were investigated. Thermal gravimetric
analyzer (TGA) results showed that the protein concentrate exhibited excellent stability to temperature.
Keywords: Cottonseed protein concentrate, techno-functional properties, SDS-PAGE, scanning electron
microscopy, thermogravimetric analysis

PAMUK (;EKIRDEGI PROTEIN KONSANTRESININ KARAKTERISTIK
OZELLIKLERININ BELIRLENMESI
oz
Mevcut calisma, yagsiz pamuk tohumundan elde edilen protein konsantresinin karakteristik
ozelliklerine odaklanmistir. Bunun icin pamuk tohumu proteini konsantresinin (CSPC) nem igerigi,
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su aktivitesi, rengi, akiskanlig, 1slanabilirli§i ve protein ¢6zinirliigi gibi fizikokimyasal 6zellikleri
incelenmistir. Proteinlerin su tutma kapasitesi (WHC), yag baglama kapasitesi (OBC), koptk
olusturma kapasitesi, koplk stabilitesi (10 ve 30 dakika), emiilsiyon aktivite indeksi (EAI) ve
emiilsiyon stabilite indeksi (ESI) (10 ve 30 dakika) dahil olmak tizere tekno-fonksiyonel 6zellikleri
sirastyla 2.75 g su/g protein, 2.59 g yag/g protein, %29.00, %93.10-%69.05, 6.25 m2/g ve 29.27-87.81
dk olarak bulunmustur. 45 kDa molekiler agirliktaki CSPC ile ilgili bantlar, sodyum dodesil-siilfat
poliakrilamid jel elektroforez (SDS-PAGE) modeli ile tespit edilmistir. Proteine 6zgli yapilari tespit
etmek icin Fourier déntsumi kizilStesi spektroskopisi (FTIR) kullanilmistir. Taramali elektron
mikroskobu (SEM) goruntuleti incelendiginde, CSPC'nin ylizey motfolojisindeki tabaka yapilarinin
baskin oldugu bulunmustur. Termal gravimetrik analizér (TGA) sonuglari, protein konsantresinin
sicakliga karst miikemmel stabilite sergiledigini géstermistir.

Anahtar kelimeler: Pamuk tohumu protein konsantresi, tekno-fonksiyonel 6zellikler, SDS-PAGE,

taramal1 elektron mikroskobu, termogravimetrik analiz

INTRODUCTION

The nature of living organisms cannot give
permission to synthesize essential amino acids.
This deficiency could be eliminated with a
balanced protein diet. Therefore, people consume
protein-rich foods for growth and health benefits
for centuries (Day et al, 2021). With the
increasing population growth, the need for
nutrients also increases and alternative protein
sources are needed (Hua et al, 2019). The
prevalence of animal-based proteins is high
compared to plant-based ones in the human diet
(S84 et al, 2020). However, some drawbacks
regarding animal-based proteins are reported in
the scientific literature. Their high cost and
undesirable effects on health could be given as
examples of these problems (Constable and
Bange, 2015). Therefore, it cannot be ignored that
the demand for plant-based ones has increased in
the industry, recently.

Cotton (Gossypium birsutum L.) is a perennial plant
species that belongs to the systematic mallow
tamily (Malvaceae) (Constable and Bange, 2015). It
is one of the main agricultural products known
wotldwide and produced for commercial
purposes (Baran, 2016; Gao et al., 2022). China,
Brazil, Egypt, the USA, Mexico, India, and
Pakistan are the leading producing countries (Seal
et al., 2015; Kumar et al., 2022; Wei et al., 2022).
The annual production in the world is
approximately 25 million tons (Khan et al., 2020).
Cotton production in Turkey is at a level that
cannot be ignored. Cotton farming is intense in
certain regions namely Cukurova, Aegean, and
South-eastern Anatolia (Yilmaz et al, 2005;

Baran, 2016; Khan et al., 2020; Cullu et al., 2022).
This product, which has a very high importance
for the world, is widely evaluated as a raw material
in different industries (Yilmaz et al., 2005; Van
Atta, 2009). A high amount of waste is generated
during the production of cotton-derived
products. Among these by-products, seeds
possess the largest proportion. The cottonseed
production, which was 1.064,189 tons (2020),
increased by 26.85%, and reached 1.350,000 tons
(2021) in Turkey (Anonymous, 2022). The
cottonseeds contain approximately 18-25% oil,
and 20-25% protein (Saxena et al., 2011). In this
context, cottonseeds gain importance because of
their nutritional value and different value-added
product groups for the economy/society could be
produced by using them (Wei et al., 2017; Tepecik
et al., 2022). They have been widely evaluated as
raw material in the oil industry. After being used
in the oil production, oil-free seeds contain a high
amount of protein. Therefore, datasets on the
extraction of proteins from related materials have
been reported in previous studies (Ory and Flick,
1994; Tsaliki et al., 2002; Tung and Duman, 2007,
Ma et al, 2018). In addition to these, the
secondary metabolite gosypol is present in
cottonseed (Chenoweth et al., 2000). Studies have
shown that gossypol is not suitable for human and
animal consumption due to its toxic nature
(Kumar et al, 2021a; Jacobs et al.,, 2022). The
World Health Organization (WHO) has set the
limit for the consumption of gossypol in cotton
protein-based products as 450 ppm (Kumar et al.,
2021a). Recently, studies have been carried out to
reduce gossypol in cotton protein and it has been
determined that the proteins obtained by alkaline
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extraction method contain gossypol below the
desired level (Kumar et al., 2021b).

However, the number of studies on cottonseed
protein should be increased to exactly put forth
protein attributes. In line with this approach,
research has been continued on the extraction of
cottonseed protein concentrate (CSPC) and its
use as a sustainable protein supplement in recent
years (He et al., 2020; Kumar et al., 2021b; Kumar
et al., 2022). The current study was conducted to
provide innovative datasets related to CSPC and
support these previous studies. Therefore, in the
present study, it was aimed to obtain CSPC by
alkaline extraction method, to determine the
physicochemical composition, investigate the
techno-functional properties, molecular weights
with SDS-PAGE, evaluate certain groups with
Fourier-transform infrared spectroscopy (FTIR),
morphological structure with scanning electron
microscopy (SEM) and thermal behaviour by
thermal gravimetric analyzer (TGA) of proteins.

MATERIALS AND METHODS

Materials

Cottonseeds were supplied from a local market in
Sanlurfa province of Turkey. The fibers of the
seeds were allocated by treatment with sulfuric
acid. The cleaned seeds were ground, then the oil
was removed with hexane (1:10, w/v). Defatted
seeds were kept at +4 °C until protein extraction.
All chemicals were obtained either from Sigma-
Aldrich or Merck and were standard analytic
grade.

Protein extraction

The method reported by Yiicetepe et al. (2021)
was applied for protein extraction (Yicetepe et
al., 2021). Briefly, 1 gram cottonseed was mixed
with 0.12 mol/T. NaOH at a ratio of 1:10 (w/v).
Samples were held at 37 °C in a water bath for 1
h occasionally mixing. At the end of the period,
they were centrifuged at 1420 x g for 15 min at +4
°C and the supernatant was collected. The pH of
the supernatant was adjusted to 4.5 with HCI (0.1
mol/L). After samples were centrifuged at 1420 x
g for 15 min at 4 °C, the precipitate was dried
using a freeze dryer (Armfield SB4, Ringwood,

England). The resulting samples were stored in a
refrigerator at +4 °C until analyses.

Analyses

Moisture content

The moisture content of the samples was
calculated gravimetrically. One g sample was left
in an oven at 105 °C for 24 hours until it reached
a constant weight. Moisture content was
calculated by proportioning the weights noted
before and after the drying process (Samuelsson
et al., 2000).

Total mineral content

To determine the total mineral content of the
samples, 1-4 g of the samples were weighed and
incinerated for 16 h in a 600 °C muftle furnace
until they reached a constant weight. The total
amount of mineral matter was calculated by
dividing the initial and final weights by each other
(Liu, 2019).

Oil content

The hexane extraction was cartied out with minor
modifications (Koubaa et al., 2017). Ten g ground
samples were mixed with 100 mL n-hexane in a
glass bottle. Solutions were left in the shaker at
150 rpm for 5 h. At the end of the period, the
samples were centrifuged at 1420 x g for 10 min.
The supernatant was evaporated with a rotary
evaporator system at 55 °C. The amount of oil
obtained at the end of the extraction was noted
and the oil content (%) was calculated according
to Equation (1) below:

oil weight

Oil content (%) = x100 )

total sample weight

Protein content

The protein content of the cottonseed and CSPC
was defined by using an organic element analyzer
(FlashSmart Elemental, ThermoFisher Scientific,
USA). CHNS reactor temperature of 950 °C, GC
oven temperature of 65 °C, helium carrier flow of
140 ml./min, helium reference flow of 100
mL/min, oxygen flow of 250 ml./min, oxygen
injection time of 5 s, sample delay of 12 s, and
total run time of less than 600 s were implemented
as fixed parameters for analysis. The protein
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content was calculated using a conversion factor

of 6.25 (Nx6.25) (Basyigit et al., 2020a).

Water activity

Water activity device (model 4TE, Aqualab,
Decagon Devices Inc., Pullman, WA, USA) was
used for definition of water activity according to
the operating manuals (Turchiuli et al., 2005).

Color
Color was defined by using a chroma meter
(Color Quest, Hunter Associates Laboratory,
Inc., Reston, VA 22,090, USA) (Duangmal et al.,
2008).

Hausner ratio and Carr index

For the Hausner ratio and Carr index analyses, the
bulk and tapped density values of the proteins
were used. Briefly, 5 ¢ CSPC was placed in a 25
mL measuring cylinder and the volume was
recorded. The bulk density was defined by
dividing the sample weight by the measured
volume. For the tapped density, the measuring
cylinder was struck by hand 200-hold on flat
ground to a constant volume. The tapped density
was calculated by the weight of the samples to the
final volume ratio (Turchiuli et al., 2005). Hausner
ratio and Carr index values calculated using by
following Equations (Egs. 2 and 3):

. tapped densit
Hausner ratio = —bee S0 2

bulk density

tapped density—bulk density

Carr index =

: x100 (3
tapped density

Wettability
One gram sample was transferred manually to 100
mL distilled water (20 °C) in the beaker and the

time required for the samples to completely leave

the aqueous phase surface recorded
(Turchiuli et al., 2005).

was

Protein solubility

Protein solubility was achieved by applying some
modifications according to a previous study (Xia
et al,, 2023). CSPCs were prepared at 15 mg/mL
and the pH was adjusted to 7.0. The solution was
stirred in a shaker at 150 rpm for 1 h. At the end
of the time, the sample was centrifuged at 1420 x

g for 10 min. The Lowry method was used to
detect protein in the supernatant. Protein
solubility was calculated using the following
Equation (Eq 4):

Protein solubility (%) =

Protein content of the supernatant

100 )

Total protein of the original sample

Water holding and oil binding capacity

To calculate the water holding (WHC) and oil
binding capacities (OBC) of the samples, 1 gram
sample was mixed with 10 mL water (for WHC)
or 10 mL corn oil (for OBC) in a centrifuge tube.
The samples were vortexed manually every 15
min at room temperature. At the end of the
period, the tubes were centrifuged for 15 min at
1420 x g at 24 °C. The supernatant was filtered,
and the tubes were left for 30 minutes at a 45°
angle. The final weights of the samples were
noted. WHC and OBC were calculated by the
ratio of the final weights of the samples to their
initial weights (Cho et al., 2004).

Foaming properties

The foaming activity and stability were achieved
by protein solutions at a concentration of 1 g/100
mL (pH 7.0). For this, 50 mL solution was
transferred into a 100 mL measuring cylinder and
homogenized at 12000 rpm for 1 min. Volumes
were noted before and after the homogenization
to use in the calculation of foaming activity and
stability values. The foaming activity and stability
were calculated according to the following
Equations (Egs 5 and 6):

Foaming capacity (%) = % *100 5)
Foaming Stability (%) = = *100 ©)

Where, Vb is the volume of solution before
homogenization, Va is the volume of solution
after homogenization, and Vr is volume of
solution at related time (Li et al., 2021).

Emulsifying properties

The protein sample was prepared with 10 mM
potassium buffer (pH 7.0) at a concentration of
0.5 g/100 mL. To form oil-in-water emulsions,
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the solution and corn oil were mixed at a ratio of
3:1 (v/v) and homogenized with Ultra-Turrax at
12000 rpm for 1 min. After homogenization, 50
ul emulsion was added to the tubes containing 5
ml SDS (0.1%, v/v). The absorbance of solution
was read at 500 nm (Ai). The same procedure was
repeated at the 10t and 30t min and the emulsion
features were calculated by using the Equations

(Eqs 7 and 8) below:

Emulsifying activity (EAI) (m2/g) =
242.303%A1+DF v
Cxp*6%1000 @)

Emulsifying stability (ESI) (min) = ———xt  (8)

Where, A1 is absorbance of after homogenization,
DF is dilution factor, C is protein concentration,
@ is optical path, 8 is volume fraction of oil, A, is
absorbance at related time (10 or 30 min), and t is
10 or 30 min (Lee et al., 2021).

Sodium dodecyl sulfate polyacrylamide gel
electrophoresis

The CSPC was dissolved in sample buffer
containing 0.1 M Tris-HCI, 0.1 M NaCl and 10%
(w/v) SDS at a concentration of 10 mg/mlL (Ata
et al,, 2022). The prepared samples were stirred
with sample loading buffer (5% Tris-HCl (pH
6.8), 4% glycerol, 0.8% SDS, 0.02% bromphenol
blue and 2% [-mercaptoethanol) at a ratio of 1:1
(v/v). SDS-PAGE analysis was petrformed
according to the Laemmli (1970) by using 12%
separation gel and 5% stacking gel (Laemmli,
1970). Samples were kept at 95 °C for 10 min
before being placed in gel lanes. A standard
protein mixture (11-190 kDa) was utilized as the
molecular weight marker. A 0.1% Coomassie
Brilliant Blue G-250 was applied to stain the
electrophoresis gel.

FTIR analysis

For the FTIR analysis, a FTIR spectrophotometer
(IRTracer-100, Shidmadzu Corporation, Kyota,
Japan) was used. The transmittance spectra of
protein concentrate were detected in the
wavelength 4000 to 500 cm™! by applying the data
range of 1 cm! at ambient temperature (Andrade
et al,, 2019).

SEM analysis

The morphological structures of the sample
coated with palladium before analysis were
monitored using a SEM (ZEISS Sigma 300 Field
Emission SEM, Oberkochen, Germany) at 30 kV
(Ortiz et al., 2009).

Thermal analysis

TGA (DTG-60H 60H, Shimadzu) were used to
detect the thermal behavior of the protein sample.
The sample (2.5-3 mg) was weight and placed in
the corresponding part of the device. The analysis
was carried out at a heating rate of 10 K/min, in
an inert atmosphere (Nz), between 30 °C and
1000 °C (Basyigit et al., 2022a).

Statistical analysis

All analyses were performed in three replications.
The graphics were drawn using the OriginPro
2021b (Origin Lab Inc.).

RESULTS AND DISCUSSIONS

Chemical composition of cottonseed and
cottonseed protein concentrate

The chemical composition of cottonseed and
CSPC was investigated, and the results are
presented in Table 1. The content of moisture and
minerals was found to be 5.72% and 5.12%,
respectively. The oil content was 16.85% in the
seed. As for protein content, the seed contained
17.09% protein. The standard values for CSPC
are <8% for moisture content, <0.35% for total
mineral substance content, and >46% for protein
content (Kumar et al, 2021b). The values
(moisture content: 3.46%, mineral content:
4.92%, protein content: 65.72%) obtained for
CSPC in the present study were in line with the
standard. Additionally, the oil content in CSPC
was detected as 2.02%.

Table 1. Biochemical composition of cottonseed
and cottonseed protein concentrate

Cottonseed
Analysis Cottonseed protein

concentrate
Moisture content (%o) 5.7210.04  3.46%0.16
Ash content (%) 5.124£0.17  4.92%0.21
Protein content (%) 17.09£0.00  65.72+0.00
Oll content (%) 16.85£0.26  2.02%+0.04
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Physicochemical properties of cottonseed
protein concentrate

The physicochemical features of CSPC are given
in Table 2. The water activity in proteins was 0.35.
This means that the unbound water was
evaporated at the desired level during drying
process. Also, this result was supported by the
moisture content of proteins. The lower water
activity indicates high stability (the safe-zone
category) in CSPC. In other words, proteins are
stable against biological and microbiological
deterioration (Mathlouthi, 2021). Color is one of
the quality parameters playing an important role
in consumer preferences. L* (lightness-darkness),
a* (red-green), and b* (yellow-blue) values of
CSPC were 54.83, 6.77 and 25.04, respectively.
The L* wvalues for other plant seeds-based
proteins including canola, hemp and flaxseed
were reported as 26.82, 29.48 and 44.89,
respectively (Teh et al., 2014). The darker color
for CSPC could be ascribed to raw material type.
Also, this phenomenon could be associated with
the extraction conditions (Das purkayastha et al.,
2015). Positive b* value was related to the
yellowish color of CSPC. Hausner ratio and Carr
index values are parameters that give information
about the flow properties and stickiness of
samples (Calafato and Pico, 20006). Both are
affected by moisture content (Goula et al., 2004).
If these values are not at the desired level, the
deterioration of the products occurs faster due to
the high level of oxygen molecule between the
grains (Kog et al., 2011). The Hausner ratio and
Carr index values of CSPC were 1.34 and 34.31,
respectively (Table 2). Hausner ratio of 1.34 is
determinative of reasonable fluency characteristic
(Calafato and Pic6, 20006). In other words, CSPC
was acceptable in terms of flow properties and
stickiness (Patil et al., 2013). Wettability is a
parameter that shows the settling time of the
powder samples by adding the water to their
structure. The wettability value of CSPC was
found to be 7.79 sec. The low wettability value
may be associated with the high hydrophilic
groups in protein structure (Turchiuli et al., 2005).

Protein solubility
Protein solubility affects the texture, color,
emulsifying properties, foaming ability and

sensory properties of food products. Therefore, it
is one of the most important functions of proteins
(Haque et al., 2016). The protein solubility was
discussed in this part and results ate presented in
Table 2. This value for CSPC was 28.75%. The
solubility value of CSPC varies in the range of 20-
45% at pH 7.0 (Ma et al, 2018). The lower
solubility could be related to the pH value. This
approach was supported by a previous study.
Tsaliki et al. (2002) examined the effect of pH-
shifting on CSPC solubility. The authors reported
that the solubility increased in parallel with the
increase in pH and also, soluble protein content
was between 0-20% at pH 7 (Tsaliki et al., 2002).
As well as pH, protein solubility depends on
temperature, ionic strength, protein structure, and
protein concentration (Wang et al., 2019). The
results clearly showed that after the proteins are
dissolved in alkaline conditions, incorporation
into food systems seems to be a more logical
approach.

Table 2. Physicochemical properties of
cottonseed protein concentrate
Cottonseed protein

Analysis

concentrate
Water activity 0.35£0.00

54.831£1.19
Color (L*, a*, b¥) 6.77£0.93

25.04£0.19
Carr index 34.31+1.39
Hausner ratio 1.34%0.01
Wettability(sec) 7.79£0.33
Solubility (pH 7.0) (%) 28.75%0.95

Techno-functional properties of cottonseed
protein concentrate

WHC/OBC, foaming activity/stability, and
emulsifying activity/stability of proteins were
performed, and the results are presented in Table
3. WHC and OBC are associated with hydrophilic
and hydrophobic groups in powder products.
(Wu et al., 2009). Also, both are directly related to
the nature of protein (Hadidi et al., 2021). In our
study, WHC value was found to be 2.75 g water/g
protein. This feature, which is related to the
functionality of proteins, was 1.77 g watet/g
protein for CSPC in a previous study (Delgado et
al., 2019). The rehydration rate of samples
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obtained in the current study was superior than
that of the previous finding (Haque et al., 2016).
As for OBC, proteins exhibiting superior
behavior in terms of the relevant property are
effective in preserving the flavor and stability of
the oil in emulsified foods (Ozdemir et al., 2022).
OBC of CSPC was 2.59 g oil/g protein. Delgado
et al. (2019) reported lower values for CSPC in
terms of OBC (Delgado et al,, 2019). These
differences could be related to the nonpolar side
chains and different conformations in the
proteins (Khalid et al., 2003). The nonpolar side
chains and different conformations might be
affected by  extraction  methods  and
environmental conditions in which the raw
materials are grown.

Foam is defined as a structure formed by a
continuous phase consisting of liquid or solid
surrounding the air. While the proteins form
foam, air bubbles and liquid phase settle at the
interface. They prevent air bubbles from coming
together and play an effective role in the foam
formation. Foam ability of proteins plays an
important role in the production of foamy food
(Were et al., 1997). They are used especially in the
bakery  industry  as foaming  agents
(Muthukumaran et al., 2008). Foam capacity and
foam stability are the most commonly used
parameters when examining the foaming
properties of proteins (Yavuz and Ozgelik, 2016).
Foaming capacity and foaming stability (10 and
30t min) values (pH 7.0) of CSPC were found to
be 29.00%, 93.10% and 69.05%, respectively
(Table 3). The similar results were reported by a
previous study (Tsaliki et al., 2002).

The emulsion capability of proteins is a desirable
feature in the food industry, especially in areas
such as emulsified meat products (Ozdemir et al.,
2022). Emulsion abilities vary according to
surface amphiphilicity of proteins, amount of
soluble/insoluble protein content and other
substances (impurities) (Zielifiska et al., 2018).
The EAI was detected as 6.25 m?/g in CSPC
(Table 3). Lower EAI could be attributed to the
undesired protein solubility (Table 3). ESI at 10t
and 30" min was determined to be 29.27 and
§7.81 min, respectively. Ma et al. (2018) also
investigated EATI (13.3-23.1 m?/g) and ESI (17.3-
29.6 min, at 10® min) in CSPC (Ma et al., 2018).
In addition to these, the high ESI value at the 30t
min might be interpreted as the dissolution of
some protein and the improvement of the
emulsion stability property due to protein passing
to the oil-water (Delgado et al., 2019). The
techno-functional properties of proteins such as
emulsion behavior and foam formation are
important features that support each other
(Yavuz and Ozgelik, 2016). In the food industry,
the stability of the product is increased, and the
shelf life is extended by using proteins with high
emulsion capacity in the production of emulsified
foods such as sausage and mayonnaise (Jideani,
2011; Mirzanajafi-Zanjani et al, 2019). In
addition, the use of plant proteins in the daily diet
for the nutritional needs of the increasing
population comes to the fore (Fresco, 2009). For
this reason, it is predicted that the use of plant
proteins in products such as protein-rich protein
bars and protein drinks will become widespread.

Table 3. Techno-functional properties of fruit seed protein concentrate

Analysis

Cottonseed protein concentrate

Water holding capacity (g water/g protein)
Oil binding capacity (g oil/ g protein b)
Foaming capacity (%o)

Foaming stability (%) (10® min)

Foaming stability (%) (30t min)
Emulsifying activity EAI (m?2/g)
Emulsifying stability (ESI10) (min)
Emulsifying stability (ESI30) (min)

2.75%0.00

2.59+0.01
29.00£1.41
93.10£0.34
69.05%+3.37

6.25+0.09
29.27£0.28
87.81£0.86
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Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE)

Molecular weight distribution of CSPC was
confirmed by SDS-PAGE analysis and the related
images are shown in Fig 1A. Two intense specific
bands were detected in the 45 kDa molecular
weight band. These two bands are the main
components of cottonseed proteins (King, 1980).
When the CSPC molecular weight fractions in the
literature were compared, the two bands were
found to overlap (Ma et al., 2018; Delgado et al.,
2019). Smaller thin bands were reported in the
SDS-PAGE images regarding the CSPC in the
previous band (Ma et al., 2018). However, these
bands were not observed in our study. The
differences could be attributed to the deformation
level of disulfide bonds in the proteins depending
on extraction methods (Ma et al., 2018). Also, this
phenomenon could be ascribed to low protein
solubility or solution used to dissolve proteins in
the analysis phase.

FTIR analysis

FTIR analysis is based on the vibrational
movements of atoms between molecules. The
vibrations forming with the modify of the dipole
momentum of the molecules, seem like peaks in
the spectrum. Therefore, the FTIR spectrum of a
protein is formed as a result of vibrational modes
originating from functional groups (peptide

bonds, amino acid side chains) in the protein
(Haris, 2013).

The absorption bands for CSPC are presented in
Fig 1B. The characteristic structures including
Amide A (3000-3500 cm~1), Amide B (2850-2980
cm™!) (Ebrahimi et al., 2016), Amide I (1700-1600
cm™!), Amide IT (1600-1500 cm1), and Amide III
(1300-1200 cm™!) (Kong and Yu, 2007) were
exactly observed in the Fig 1B. Amide A and
Amide B bands associated with symmetrical
stretching of C—H and NH: groups appeared in
the wavelengths of 3276 cm! and 2985 cm,
respectively. The bands representing Amide I
related to the C=O stretching vibration were
observed in the wavelengths of 1649 cm-'. The
amide II band is important in protein structure
analysis and arises from vibrations of the N—H
bond at a wavelength of 1522 cm-!. Both C=0
and N-H bonds directly give an idea about the
secondary structure of a protein (Cheng et al.,
2017; Liu et al., 2018). Amide 111 was represented
in 1212 cm! and the spectrum in amide III is
governed by the C-N and N—H stretch (Aewsiri
et al., 2009; Yicetepe et al., 2021). The presence
of these specific groups indicated that the protein
extraction process was successful. Also, the
confirmation was showed in the SDS-PAGE part
(Fig 1A).

A B
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Figure 1. SDS-PAGE pattern (A) and FTIR spectrum (B) of cottonseed protein concentrate
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Morphological structure

Surface morphology of CSPC was identified by
SEM and the related appearance is given in Fig
2A. Protein sample possessed a relatively smooth
surface. Moreover, the sample was in the form of
hard sheet-like structure and these sheets were
multi-layered forms. This phenomenon could be
explained by the interaction of protein molecules
because of long processing time in the freeze-
drying method. (Ozdemir et al., 2022). Similar
images were observed in protein samples dried by
freeze-drying system, e.g., the sesame bran protein
(Ozdemir et al., 2022), sour cherty seed protein
(Basyigit et al., 2022a), peanut protein (Liu et al.,
2019), moringa stenopetala seed protein (Kebede
et al., 2019), soybean protein (Zhao et al., 2015),
and rice dreg protein (Zhao et al., 2013).

Thermal analysis

Thermal analysis is important for the changes that
occur with processes such as drying, heat
exchange and cooking of foods (Batista et al.,
2013). Generally, thermal processes are widely
used in packaged food products. Therefore, it is
desirable that the ingredients in related foods
possess high temperature stability. In this context,
TGA is conducted to put forth the dataset

regarding the thermal behavior of materials. With
this analysis method, the mass loss in the relevant
sample depending on the temperature is revealed.
TGA curve of CSPC is presented in Fig 2B. The
thermal decomposition of proteins occurred in
three main phases in the temperature range of 30—
1000 °C. The first mass loss in the protein
concentrate  was  approximately 6%  at
temperatures below 200 °C. This event might be
ascribed to the loss of moisture (Basyigit et al.,
20205 Basyigit et al., 2021). A major degradation
was observed at phase two (200-600 °C). A mass
loss of approximately 83% was reported in this
phase. Thermal changes occurring in this range
may be associated with the degradation or
decomposition of polypeptide chains in the
protein (Mshayisa et al., 2021). Similar curves for
plant-based proteins were noted in previous
studies (Yu et al., 2015; Timilsena et al.,, 2016;
Basyigit et al, 2022a; Basyigit et al., 2022b). In
conclusion, TGA analysis showed that CSPC
possessed thermal stability up to 600 °C.
Considering the temperatures used in food
production systems in industry, this temperature
level will provide significant advantages to
proteins.
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Figure 2. SEM image (A) and TGA curve (B) of cottonseed protein concentrate

CONCLUSIONS

In recent years, there has been an undeniable
trend towards the use of plant proteins in
different sectors. However, the resources in the
market do not meet the demands sufficiently and

itis predicted that this problem will increase in the
coming years. Therefore, extracting proteins from
suitable sources and placing them on the market
are among issues of global importance. In this
context, different perspectives to the literature
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and industry were presented with the data
obtained from this study. Moreover, this study
has guided the evaluation of different food
processing by-products as a soutrce of protein.
However, further studies are needed to clearly see
the effectiveness of cottonseed proteins
compared to their counterparts. Therefore, they
could be used as an emulsifier and/or ingredient
in the food formulations in future applications.
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