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ABSTRACT

Considering the areas of use of phenolic compounds, it is important to determine the concentrations at
which they show synergistic and antagonistic interactions for their integration into various systems and their
correct use. In this study, the synergistic interaction concentration of rosmarinic acid, gallic acid, and caffeic
acid was determined by Folin—Ciocalteu and FRAP methods. The central composite design—response
surface methodology was used to determine the optimum concentration for synergistic interaction. As a
result of the optimization, caffeic acid, rosmarinic acid, and gallic acid showed synergistic interaction at 7.87
uM, 6.75 uM and 9.42 uM concentrations for Folin—Ciocalteu method; 8.03 pM, 9.34 uM and 6.00 pM
concentration for FRAP method respectively. The capacity of phenolic compounds to prevent the
formation of DNA base damage products was evaluated by GC-MS/MS. As a result, the synergistic
concentration of three phenolics reduces the DNA damage products at 37.17% (FOLIN) and 40.17%
(FRAP).

Keywords: Antioxidant, DNA oxidation, optimization, phenolic, synergistic effect

SECILMIS FENOLIK BILESIKLERIN (GALLIK ASIT, ROSMARINIK ASIT ve
KAFEIK ASIT) SINERJISTIK ANTTOKSIDAN ETKISININ OPTIMIZASYONU
VE DNA BAZ HASARI OLUSUMUNU ONLEME YETENEKLERININ
ARASTIRILMASI

oz
Fenolik bilesiklerin kullanim alanlar diisintldigiinde, sinerjik ve antagonistik etkilesim gosterdikleri
konsantrasyonlarin belirlenmesi, cesitli sistemlere entegrasyonlart ve dogru kullanimlari igin
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o6nemlidir. Bu ¢alismada, rosmarinik asit, gallik asit ve kafeik asidin sinerjik etkilesim konsantrasyonu

Folin—Ciocalteu ve FRAP vyontemleri ile belirlenmistir.

Sinerjik etkilesim icin optimum

konsantrasyonu belirlemek tizere merkezi kompozit dizayn—yanit yiizeyi metodolojisi kullanilmistir.
Optimizasyon sonucunda kafeik asit, rosmarinik asit ve gallik asit Folin—Ciocalteu yontemi icin
sirastyla 7.87 pM, 6.75 uM ve 9.42 uM konsantrasyonlarinda; FRAP yontemi icin 8.03 pM, 9,34 uM
ve 6.00 pM konsantrasyonlarinda sinerjik etkilesim gostermistir. Fenolik bilesiklerin DNA baz hasari
urtnlerinin olusumunu 6nleme kapasitesi GC-MS/MS ile degetlendirilmistir. Sonu¢ olarak, u¢
fenoligin sinerjik konsantrasyonu DNA hasar Urtinlerini %37.17 (FOLIN) ve %40.17 (FRAP)

oraninda azaltmaktadir.

Anahtar kelimeler: Antioksidan, DNA oksidasyonu, optimizasyon, fenolik, sinerjik etki

INTRODUCTION

Free radicals are self-existing, reactive, unstable,
and short-lived molecules containing unpaired
electrons (Dreher and Junod, 1996). Free radicals
can be formed as a by-product of the aerobic
organism or by various external effects such as
UV radiation, harmful chemicals, air pollution,
stress, smoke, drug toxications and metal ions
such as copper, nickel, cadmium, iron, mercury,
chromium (Buonocore et al., 2010; Ceylan et al.,
2018; Kaur and Kapoor, 2001; Munteanu and
Apetrei, 2021). The majority of free radicals in
living organisms are formed due to partial
reduction of the oxygen molecule and are entitled
reactive oxygen species (ROS). ROS generally
include hydroxyl (*OH), superoxide (O2%),
hydroperoxyl (HOO¥), peroxyl (ROO%*), and
alkoxyl (RO*) radicals (Halliwell, 2006; Jiang and
Rusling, 2019; Andrés et al., 2023). The increase
in cellular ROS levels leads to oxidative stress,
damaging cellular elements such as DNA, protein,
and ribosome (Dizdaroglu et al., 2002; Srinivas et
al,, 2019). The damage to DNA can cause cell

division, cancer, ageing, inflammation, and
degenerative  diseases such as  Alzheimer,
Parkinson, cardiovascular disease, and

atherosclerosis (Aybastier and Demir, 2021; Seal
et al., 2020).

Antioxidants prevent oxidation caused by ROS
and can scavenge free radicals. Thanks to these
properties, antioxidants play a significant role in
avoiding various ailments caused by ROS (Tsao,
2010; Ye et al.,, 2023). Phenolic compounds are
considered potent antioxidants, and they have
been shown to inhibit cellular oxidative damage.
Chlorogenic acid, resveratrol, and caffeic acid,
etc., are examples of these compounds and have
been reported to reduce cellular ROS levels by

effectively reducing DNA damage. In addition to
the radical scavenging properties, they have anti-
microbial, anti-fungal, anti-mutagenic, and anti-
carcinogenic activity and these effects are the
result of antioxidant activity (Ferguson, 2001).

Polyphenols are abundant in fruits, vegetables,
and some traditional herbs (Zhang et al., 2018).
The combinations of phenolic compounds were
hypothesized to have more significant antioxidant
activity than expected based on their individual
effects (Saucier and Waterhouse, 1999). A
synergistic effect is called when two or more
compounds are greater than the sum of their
individual effects. If there are two or more
substances together, when they are less than the
sum of the individual effects of these substances,
then the antagonistic effect is mentioned. Today,
a mixture or combination of various drugs is used
for the treatment of many diseases at the same
time. For this reason, it is important to investigate
the synergistic and antagonistic effects of
chemical substances. Phenolic compounds show
synergistic, additive, and antagonistic effects
when mixed in pairs (Tsao, 2015). The synergistic
effects of antioxidant polyphenols are not only a
defense mechanism against oxidative stress in
biological systems but also facilitate application in
food systems (Wang et al., 2011). For example,
Mohamed, 2011 reported that a mixture of
rosemary and green tea extract had a synergistic
effect against oxidation of meats. Irwandi et al.,
2000 studied the oxidative behavior of rosemary,
sage, and citric acid combinations in linoleic acid
and palm olein systems and reported significant
synergistic effects between them. Similarly, De
Guzman et al., 2009 found that the combination
of tetrabutyl hydroquinone and butylated
hydroxyanisole had synergistic —antioxidant
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activity on the stability of soy bean oil. By
determining synergistic concentrations, suitable
systems have been developed for food
preservation.

In this study, three of the polyphenols commonly
found in foods, rosmarinic acid (RA), gallic acid
(GA) and caffeic acid (CA) were selected and their
synergistic  antioxidant  concentration  was
investigated and the effect of this concentration
on DNA oxidation was examined. For this goal,
central composite design-response  surface
methodology (RSM-CCD) was utilized to
evaluate the synergistic antioxidant concentration
of rosmarinic acid, gallic acid, and caffeic acid.
Then, the effect of phenolic compound
concentrations ~ with  optimum  synergistic
antioxidant values on DNA oxidation inhibition
ability was expressed.

MATERIALS AND METHODS

Materials

RA, GA, CA, Folin—Ciocalteu reagent, 2,4,6-
Tris(2-pyridyl)-s-triazine, and Trolox in HPLC-
Grade were purchased from Sigma-Aldrich (St.
Louis, MO., USA). The 5,6-dihydrothymine
(56DHT), 5-hydroxy-5-methylhydantoin
(5H5MH), 5-hydroxy hydantoin (5HH), 5-
hydroxycytosine (SHC), 2-hydroxyadenin (2HA)
and  2,8-dihydroxyadenine (28DHA)
purchased  Toronto  Research  Chemicals
(Canada). The 5,6-dihydrouracil (56DHU), 8-
hydroxy-2-deoxyguanine (8OHG), and DNA
from the calf thymus were purchased Sigma
(USA). The 5-formyluracil (5FU) was purchased
IS Chemical Technology in China. The 5-
hydroxyuracil (5HU), thymine glycol (TG), 5-

were

(hydroxymethyl) cytosine  (GHMC), 8-
hydroxyadenine (8HA), and 2,6-diamino-4-
hydroxy-5-formamidopyrimidine  (FG)  were

purchased the National Institute of Standards and
Technology (USA). The 5-(hidroxymethyl) uracil
(5HMU) and alloxane (Alx) were purchased Titan
Biotech (Delhi, India). The 4,6-diamino-5-
nitropyrimidine ~ (46D5NP) was  purchased
Aldrich Chemical (USA). The 4,6-diamino-5-
(formylamino)  pyrimidine  (46D5FP)  was

purchased from Santa Cruz Biotechnology

(USA).

Methods

Experimental design

Chemometric methods were used to determine
the optimum concentration at which GA, RA,
and CA solutions showed synergistic effects. In
order to optimize the concentrations of
synergistic effects shown by antioxidants, an
RSM—CCD consisting of 20 experiments with
five levels and three parameters was designed.
Total phenolic content (TPC) and total
antioxidant capacity (TAC) analyses were selected
in response to RSM—CCD. Design Expert 7.0.0
(Stat—Ease Inc. USA) was employed for ANOVA
analysis using TPC (Folin—Ciocalteu) and TAC
(FRAP) measurement results for 20 experiments,
considering the levels given in Table 1.

Table 1. Independent factors and their levels
used for central composite design

Independent factor Level
1732 -1 0 1 1.732
CA (uM) 254 4 6 8 946
RA (uM) 254 4 6 8 946
GA (uM) 254 4 6 8 946

CA, Caffeic acid; RA, Rosmarinic acid; GA, Gallic acid

The number of experiments (N) is estimated
using the following Equation 1.

N =24 + 2& + xp 1)

The coded values of the CCD are given in Table
2, and the predicted responses were calculated
using a second-order polynominal Equation 2.

3’3= b91+ iy bix; + Xiy bux? +
i=12j=i+1Dijxix; @)

Sample preparation for experimental design.
The GA, CA, and RA solutions (100 uM)
prepared with methanol and solutions stored at
4°C. The ternaty combination to be used in the
study was prepared by dilution of 100 pM stock
solution according to the concentrations given in
Table 1. The solutions were then analysed by

779
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mixing at concentrations corresponding to the
coded values given in Table 2.

Table 2. Central composite design of factors
with coded values

Factors
Treatment X7 X2 X3
CA (M) RA (M) GA (uM)
1 4 4 4
2 8 4 4
3 4 8 4
4 8 8 4
5 4 4 8
6 8 4 8
7 4 8 8
8 8 8 8
9 2.54 4 4
10 9.46 4 4
11 6 2.54 4
12 6 9.46 4
13 6 6 2.54
14 6 6 9.46
15 6 6 6
16 6 6 6
17 6 6 6
18 6 6 6
19 6 6 6
20 6 6 6

CA, Caffeic acid; RA, Rosmarinic acid; GA, Gallic acid

Total phenolic content (TPC) analysis.

The TPC was measured by the Folin—Ciocalteu
method. Briefly, x mL of sample or standard, 2-x
mL of distilled water, 2.5 mL of Lowry C solution
(50:1 ratio of Lowry A: Lowry B, Lowry A; 0.4%
NaOH and 0.2% Na;COs and Lowry B; 0.5 g of
CuSOy4 and 1 g of NaKC4H4Og) and 0.25 mL of
Folin—Ciocalteu reagent were mixed (total volume
of 475 ml) and then incubated 30 min in the
dark. The sample's absotbance was measured by
a UV—Vis Spectrophotometer (at 750 nm) (Varian
Cary 50 Conc). The TPC of GA, RA and CA
represent as mg gallic acid equivalent (GAE)
(Karkar and Sahin, 2022).

Total antioxidant capacity (TAC) analysis.
FRAP method was used for TAC determination.
Trolox solution prepared at increasing
concentrations was used as the standard material
for the calibration graph. In this method, 10 mM
TPTZ solution (40 mM HCI, 20 mM FeCl;s in
distilled water) and pH 3.6 acetate buffer were
prepared. The x mL of sample or standard and 3-
x mL of FRAP reagent (acetate buffer: FeCls:
TPTZ, 10:1:1) were mixed (total volume 3 mlL)
and then incubated in the dark for 30 min. The
sample's absorbance was measured by a UV-Vis
spectrophotometer (at 593 nm). The TAC of GA,
CA, and RA represent mg Trolox equivalent (TE)
(Sahin and Karkar, 2019).

GC-MS/MS analysis of optimum synergistic
concentration of GA, CA, and RA.

The ability of the combined synergistic
antioxidant activity of the three phenolic
compounds to prevent DNA base oxidation was
investigated by determining the concentration of
DNA base damage products using GC-MS/MS.
The DNA base damage products were delicately
examined by SRM mode based on product ions
and measured quantitatively. The oxidatively
damaged DNA products were measured in
control (DNA with the Fenton reaction) and test
samples (gallic acid, caffeic acid, and rosmarinic
acid with the DNA and Fenton reaction). The
DNA from the calf thymus (5 mg in 10 mL of
ultra-pure water) was incubated at 4°C for 12 h,
and the DNA solution was diluted at a 1:10 ratio
and incubated at 4°C for 12 h. The concentration
was determined by UV—Vis spectrophotometer at
260 nm and was calculated using Equation 3.

pug DNA= Az x 50 )

The Fenton reaction generated the oxidative
stress medium. The Fenton reaction agent formed
300 uM H2O; and 150 uM Fe2*t solutions. Three
samples (2.5 mlL) were arranged to examine the
antioxidant activity of CA, GA, and RA (optimum
concentration of Folin and FRAP) on DNA
oxidation: (1) Fenton and DNA; (2) Fenton,
DNA, CA, GA and RA concentrations of Folin;
(3) Fenton, DNA, CA, GA and RA
concentrations of FRAP. The samples were
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incubated for 20 min at 37°C and frozen (-20°C
for 18 h) and lyophilized (24 h) in a FreeZone
Labconco MO, USA) (-85°C, at a vacuum of 0.1
mbar). The samples were hydrolyzed with formic
acid (1 mL, 60% v/v) (130°C for 30 min) (Sahin
and Karkar, 2019).

The DNA base damage products were analyzed
by GC-MS/MS (Trace 1300 GC and TSQ 8000
Evo from Thermo Scientific (USA). The column
was Agilent Durabond DB-5MS (12 m X 0.20
mm, 0.33 pm), and the flow rate was 1 mL/min.
GC-MS/MS was used with electron impact
ionization mode. The ion source and MS transfer
line temperature were selected as 250°C and
280°C, respectively. Before the analysis, samples
were derivatized with BSTFA containing 1%

Statistical analysis.

All experimental values were analyzed in triplicate
and presented as mean value * standard deviation
(SD). According to the ANOVA results, factors
with p<0.05 are considered significant, and

parameters  with  »>0.05 are considered
insignificant.

RESULTS AND DISCUSSION

Fitting of models

The synergistic effect concentrations

demonstrated by the antioxidants were optimized
using an RSM—-CCD. The most convenient
combination of variables, including GA (2.54—
9.46 uM), RA (2.54-9.46 uM), and CA (2.54-9.46
uM) solution was investigated for a synergistic
effect. The experimental and predicted responses

concentration of TMCS (Dawbaa et al., 2017).

were given in Table 3.

Table 3. Central composite design of factors with experimental and predicted values

Total phenolic content

Total antioxidant capacity

mg GAE mg TE
Treatment ( F%)LIN ) (ng{AP)
Experimental Predicted Experimental Predicted
1 22.37 25.28 28.39 30.54
2 25.29 26.36 36.40 36.93
3 20.47 21.46 31.78 31.51
4 32.61 35.74 37.29 36.07
5 23.95 23.85 32.62 33.82
6 29.40 31.44 38.40 38.66
7 29.17 31.13 41.70 41.16
8 51.79 51.91 44.36 44.19
9 20.12 18.28 34.12 32.65
10 39.41 37.21 39.30 40.80
11 23.99 22.05 40.20 37.80
12 38.58 36.48 41.00 43.42
13 32.49 29.29 28.26 27.57
14 42.90 42.06 36.72 37.43
15 27.99 29.69 27.40 27.22
16 29.17 29.69 25.84 27.22
17 28.53 29.69 26.62 27.22
18 34.00 29.69 26.54 27.22
19 29.80 29.69 27.56 27.22
20 28.66 29.69 29.37 27.22

GAE, Gallic acid equivalent; TE, Trolox equivalent
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Among the 20 experiments, including five
replicates, experiment 8 (CA concentration 8 uM;
RA concentration 8 uM; and GA concentration 8
uM) had the highest TPC (51.79 mg GAE), and
experiment 9 (CA concentration 2.54 uM; RA
concentration 6 uM; and GA concentration 6 uM)
the least TPC (20.12 mg GAE) were displayed.
The experiment 8 (CA concentration 8 pM; RA
concentration 8 uM; and GA concentration 8 uM)

had the most significant amount of TAC (44.36
mg TE), and experiment 16 (CA concentration 6
uM; RA  concentration 6 uM; and GA
concentration 6 uM) had the smallest amount of
TAC (25.84 mg TE). The model F-value (15.28
and 20.38 for Folin, and FRAP methods,
respectively) was significant at a 95% confidence
interval (Table 4).

Table 4. Analysis of variance (ANOVA) for the fitted quadratic polynominal model for optimization of
concentration parameters

Source FOLIN (R2= 0.9322) FRAP (R2= 0.9483)
DF SS MS Fvalue  pvalue | DF SS MS  Fvalue pvalue
Model 9 1098.21 122.02 15.28 <0.0001 9 687.11  76.35 20.38 <0.0001
Lack of fit 5 55.72 11.14 2.31 0.1900 5 2996 599  4.00 0.0773
Pure error 5 24.14 4.83 5 7.50 1.50
DF, Degree of freedom, S5, sum of squares; MS mean square
RSM analysis of TPC concentration, RA concentration, and GA
The RSM analysis in Table 4 displayed a good concentration. A significant  quadratic

regression value (R?=0.9322) and showed the
interaction between the TPC and factors of CA

polynominal equation for the TPC amount is
given in Table 5.

Table 5. Second order polynominal equations and regression coefficients of the response variables (x,
the concentration of caffeic acid; x», the concentration of rosmarinic acid; x3, the concentration of

gallic acid)

Responses

Second order polynominal equations

FOLIN (mg GAE)

FRAP (mg TE)

y =29.69 + 547x; + 4.16x, + 3.69x3 + 3.30x1X, + 2.77x, x5 + 2.00x§

y = 27.22 + 2.35%; + 1.62x, + 2.85x5 + 1.59x,x3 + 3.17x} + 4.46x5 + 1.76x3

GAE, Gallic acid equivalent; TE, Trolox equivalent

The x; (CA  concentration), x2 (RA
concentration), x3 (GA concentration), x7xz, x2x3,
and x5 factors were the most important for the
TPC. However, xix3, x/2, and x»? had less effect
on the TPC. The interaction between factors and
TPC was demonstrated by response surface plots
in Figures 1a and 1b. The TPC was increased with
increasing CA concentration at the high RA
concentration. The highest TPC was noticed at
higher RA concentrations and higher CA
concentrations. Therewithal in Figure 1b, when
the GA concentration was scaled up from 2.54 to
9.46 uM, and the RA concentration was kept high,
the TPC was observed as high.

RSM analysis of TAC

The RSM analysis of the data in Table 4 indicated
that the interaction between the TAC amount and
the factors was quadratic with a good regression
coefficient (R2=0.9483). According to ANOVA
analysis, the most significant factors (p<0.05)
were x7  (CA  concentration), x» (RA
concentration), x3 (GA concentration), xzxs, x72,
x22, x352, and the least effective factors were x7x2,
xix3 (p>0.05) on the TAC capacity (Table 5).
Response surface plots in Figure 1c demonstrated
the interaction between factors and TAC. Figure
1c represents the effect of GA concentration, RA
concentration, and their mutual interaction on the
TAC. The increase in TAC was noticed with
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increasing GA concentration. A decrease in the
TAC was noticed with increasing RA
concentration at first, but when the RA

Total phenolic content
(mgG.
(Folin-Ciocalteu)
Total phenolic concent
(mg GAE)

™
Concentration
Of RA (uM)

Concentration
of RA (uM)

ncentration
of CA (uM)

concentration reached 6 pM and antioxidant
capacity increased.

(mg TE)

Total antioxidant capacity

Concentration
of RA (M)

600
Concentration
Concentration of GA (uM)

of GA (kM)

Figure 1. Response Surface Plots of synergistic effect showing the effects of a) concentration of CA
and RA on the total phenolic content, b) concentration of RA and GA on the total phenolic content,
c) concentration of GA and RA on the total antioxidant capacity (CA: caffeic acid, RA: rosmarinic
acid, GA: gallic acid, GAE: Gallic acid equivalent, TE: Trolox equivalent).

Optimization of the synergistic effect of
antioxidant

The optimum conditions (predicted and
experimental response) for synergistic effect are
presented in Table 6. The concentration range of
CA 6.14-8.03 uM, RA 2.56-9.34 uM, and GA
6.00-9.42 uM generated the optimum total
phenolic content (51.46+4.92 mg GAE) and total
antioxidation capacity (45.99+1.41 mg TE). The

predicted response agreed with the experimental
response  obtained using the optimum
concentration. This agreement was confirmed by
a good correlation coefficient (R?=0.9322 in Folin
and R?=0.9483 in FRAP). Consequently, the
CCD model was considered accurate and
confidential for estimating the TPC and TAC for
a synergistic effect.

Table 6. Optimum conditions predicted and experimental values of responses

Maximum values

Optimum concentration of antioxidant

Responses - -

Predicted Experimental CA (uM) RA (uM) GA (uM)
FOLIN (mg GAE) 53.48 51.46%4.92 7.87 6.75 9.42
FRAP (mg TE) 47.27 45.9911.41 8.03 9.34 6.00

CA, Caffeic acid; RA, Rosmarinic acid; GA, Gallic acid; GAE, Gallic acid equiavalent; TE, Trolox equiavalent

The hydroxyl groups (with number and position)
in phenolic compounds and the level of
conjugation of the whole molecule are influential
in the TAC. The TAC values of CA, GA, and RA
are 1.23, 2.63, and 2.65 mg/TE, respectively
(Berker et al., 2010). Accordingly, the antioxidant
capacity values of GA and RA are close to each
other in the same concentration. When the Folin
and FRAP results of phenolic compounds (6 pM)
were given in Table 7, it was shown that the
highest value was obtained for gallic acid. This
was consistent with the TAC values for phenolic
substances at the same concentration. Looking at

the response surface graphs for TPC in Figure 1a,
the maximum TPC value was observed when RA
concentration was the highest and CA
concentration was the lowest. Similarly, in Figure
1b, the maximum TPC value is observed when
the concentration of GA is the highest, and the
concentration of rosmarinic acid is the lowest. In
the environment where GA and RA are present
together, the TPC values may decrease due to the
steric hindrance that occurs with the increase in
the concentration of the compounds.
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Table 7. Antioxidants synergistic/antagonistic effect
Total phenolic content Total antioxidant capacity

Phenolic compound

Folin (mg GAE) FRAP (mg TE)
CA (uM) 13.33 6.09
RA (uM) 11.98 6.59
GA (uM) 18.81 22.06
Total 44.12 34.74
Optimum value 51.46 45.99
Interaction Synergistic Synergistic

784

GAE, Gallic acid equivalent; TE, Trolox equivalent; CA, Caffeic acid; RA, Rosmarinic acid; GA, Gallic acid

When Figure 1c is examined, the TAC value is
also maximum at the highest concentration of RA
and GA. Considering the optimization results

rosmarinic acid. Skroza et al., 2022 reported that
gallic acid has the highest FRAP value among the
protocatechuic acid, gentisic acid, gallic acid,

(Table 6), the concentrations of phenolic  vanillic acid, syringic acid and proposed that the
substances for maximum phenolic  highest reducing power of gallic acid may be
substance/antioxidant capacity are different  related to its chemical structure and three -OH

because the reaction conditions for both Folin
and FRAP methods and the ability of phenolic
substances to respond to this reaction are
different. This is explained by the chemical
structure of phenolic compounds and their steric
hindrance each other. According to Table 7, the
optimum concentration values were higher than
the total results individually. Accordingly, the
optimum concentration values results indicate
that the antioxidant substances interact
synergistically.

Similar to our study, Hajimehdipoor et al., 2014
investigated the synergistic antioxidant effects of
four phenolic compounds, caffeic acid, gallic acid,
rosmarinic acid and chlorogenic acid and two
flavonoids, rutin and quercetin by FRAP method.
The synergistic effect was evaluated by comparing
the experimental antioxidant activity of the
mixtures with the calculated theoretical values and
the interactions of the compounds were
determined. The results showed that the
combination of gallic acid and caffeic acid showed
significant synergistic effects (137.8%), while the
other combinations were less strong. Gallic acid
and rosmarinic acid showed 19.7% synergistic
effect, while caffeic acid and rosmarinic acid
showed 37.5% synergistic effect. In addition, the
triple combination of gallic acid, caffeic acid and
rosmarinic acid showed 13.7% synergistic effect.
The synergistic effect between gallic acid and
caffeic acid decreased with the addition of

groups at positions 3, 4 and 5. They also reported
that caffeic and rosmarinic acid had the highest
FRAP values among p-coumaric acid, caffeic acid,
ferulic acid, sinapic acid and rosmarinic acid and
that this high activity may be related to the
structure of rosmarinic acid (two phenolic rings
with two -OH groups in the ortho position and an
unsaturated double bond and -COOH) and the
structure of caffeic acid (catechol structure and
distance between -COOH group and functional
groups). They also found synergistic interaction
between caffeic and rosmarinic acid.

Evaluation of the synergistic effects of
antioxidants against DNA oxidative base
damage by GC-MS/MS

The chromatograms of the control and test
samples are displayed in Figures 2, 3, and 4. The
amounts of oxidative DNA base damage
products are given in Table 8. Some DNA base
damage products were symbolized as below the
limit of detection (< LOD) in Table 8, for they
were not detected by GC-MS/MS.

A total concentration of 178.93 ng of damaged
products/mg DNA was found in the DNA (with
the Fenton reaction) sample. The leading cause of
oxidative DNA base damage products is hydroxyl
free radicals generated by the Fenton reaction.
The 7.87 uM CA, 6.75 uM RA, and 9.42 uM GA
(Folin—Ciocalteu) were added to the DNA (with
the Fenton reaction) sample and a total
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concentration of 11243 ng of damaged
products/mg of DNA damage was discovered.
According to this result, the DNA damage was
reduced by 37.17%. The 8.03 uM CA, 9.34 uM
RA, and 6.00 pM GA (FRAP) were added to the
DNA (with the Fenton reaction) sample and a
total concentration of 107.06 ng of damaged
products/mg of DNA damage was obtained.
Consequently, DNA damage was reduced by
40.17%. Phenolic compounds have a preventive
effect on DNA oxidation due to their high
antioxidant activity (Kaur et al., 2019; Nile and
Park, 2014; Salar and Purewal, 2017). For
example, the inhibitory effect of extracts
containing gallic acid and caffeic acid on DNA
oxidation has been frequently reported by authors
(Chandrasekara and Shahidi, 2012; Kaur et al.,
2018; Sudha et al.,, 2016). Aklan and Aybaster,
2024 investigated the effect of the extract

obtained from Cichorium intybus L. on the
formation of oxidative DNA base damage
products by GC-MS/MS. Accordingly, they
found that the formation of DNA base damage
products decreased by more than 75% when they
used 25 pL. of Cichorium intybus L. extract, more
than 76% when they used 50 uL of extract, and
more than 82% when they used 100 pL of extract.
Cichorium intybus 1. extract is rich in phenolic
compounds (epigallocatechin gallate, procyanidin
B2 and A2, neohesperidin, rosmarinic acid,
caffeic acid phenethyl ester, rutin and myricetin).
The effect of phenolic compounds with high
antioxidant activity on preventing DNA oxidation
has been clearly demonstrated. In the results of
our study, it was determined that gallic acid,
caffeic acid and rosmarinic acid had an inhibitory
effect on DNA oxidation in accordance with the
literature.

Table 8. The amounts of oxidative DNA base damage products

DNA base damage Retention time DNA Opt.FOLIN Opt.FRAP
products (min)

56DHT 4.79 <LOD 0.24£0.07 <L.LOD
56DHU 4.81 <LOD <LOD <LOD
5SH5MH 4.94 134.54%27.60 19.84+0.29 57.33+1.32
5HH 5.17 32.2514.64 24.01+0.04 14.10+0.89
5FU 5.95 <L.OD 2.4710.07 2.59+0.25
5HU 6.22 0.85%0.06 1.15%20.03 0.5410.09
SHMU 7.33 0.38+0.54 44.371+0.67 16.10+0.27
Alx 7.39 4.00x0.37 11.35%0.14 3.51£0.01
5HC 7.57 2.3210.01 2.3510.01 7.6010.02
46D5NP 7.74 1.07£0.01 1.30%+0.04 1.27£0.01
TG 8.2 0.5410.08 1.87%0.09 1.04%0.07
S5HMC 8.34 <L.OD 0.50%+0.02 <1L.OD
46D5FP 9.76 <LLOD <LOD <LOD
SHA 11.29 <LOD <LOD <LOD
2HA 12.47 <L.LOD <L.OD <LOD
FG 12.7 2.97+0.01 2.97+0.01 2.97%+0.01
28DHA 13.5 <LOD <LOD <LOD
8OHG 14.01 <LLOD <L.LOD <LOD
Total - 178.93 112.43 107.06
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Figure 2. DNA damage product with Fenton oxidation. 56DHT: 5,6-dihydrothymine, 5SH5MH: 5-
hydroxy-5-methylhydantoin, 5SHH: 5-hydroxy hydantoin, 5HC: 5-hydroxycytosine, 2HA: 2-
hydroxyadenin, 28DHA: 2,8-dihydroxyadenine, 560DHU: 5,6-dihydrouracil, SOHG: 8-hydroxy-2-

deoxyguanine, 5FU: 5-formyluracil, 5SHU: 5-hydroxyuracil, TG: thymine glycol, SHMC: 5-
(hydroxymethyl) cytosine, 8HA: 8-hydroxyadenine, and FG: 2,6-diamino-4-hydroxy-5-

formamidopyrimidine, 5SHMU: 5-(hidroxymethyl) uracil, Alx: alloxane, 46D5NP: 4,6-diamino-5-

nitropyrimidine, 46D5FP: 4,6-diamino-5-(formylamino) pyrimidine.
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Figure 3. Chromatograms of DNA base damage products (at optimum concentrations determined by
Folin analysis). 56DHT: 5,6-dihydrothymine, SH5MH: 5-hydroxy-5-methylhydantoin, SHH: 5-hydroxy
hydantoin, 5SHC: 5-hydroxycytosine, 2HA: 2-hydroxyadenin, 28DHA: 2,8-dihydroxyadenine, 56 DHU:
5,6-dihydrouracil, SOHG: 8-hydroxy-2-deoxyguanine, SFU: 5-formyluracil, SHU: 5-hydroxyuracil, TG:
thymine glycol, SHMC: 5-(hydroxymethyl) cytosine, 8HA: 8-hydroxyadenine, and FG: 2,6-diamino-4-
hydroxy-5-formamidopyrimidine, SHMU: 5-(hidroxymethyl) uracil, Alx: alloxane, 46D5NP: 4,6-
diamino-5-nitropyrimidine, 46D5FP: 4,6-diamino-5-(formylamino) pytrimidine.
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Figure 4. Chromatograms of DNA base damage products (at optimum concentrations determined by
FRAP analysis). 560DHT: 5,6-dihydrothymine, 5H5MH: 5-hydroxy-5-methylhydantoin, SHH: 5-
hydroxy hydantoin, SHC: 5-hydroxycytosine, 2HA: 2-hydroxyadenin, 28DHA: 2,8-dihydroxyadenine,
56DHU: 5,6-dihydrouracil, SOHG: 8-hydroxy-2-deoxyguanine, 5FU: 5-formyluracil, 5SHU: 5-
hydroxyuracil, TG: thymine glycol, SHMC: 5-(hydroxymethyl) cytosine, SHA: 8-hydroxyadenine, and
FG: 2,6-diamino-4-hydroxy-5-formamidopyrimidine, 5SHMU: 5-(hidroxymethyl) uracil, Alx: alloxane,
46D5NP: 4,6-diamino-5-nitropyrimidine, 46D5FP: 4,6-diamino-5-(formylamino) pyrimidine.

CONCLUSION

Phenolic compounds have many different
applications in various sectors such as food,
medicine and cosmetics due to their high
antioxidant activity. Various applications of
phenolic compounds are not limited to a single
phenolic compound, but combined applications
are also very popular. The interaction of phenolic
compounds in combined applications is highly
effective on the desired antioxidant activity.
Therefore, it is very important to determine at
which concentrations phenolic compounds show
synergistic or antagonistic antioxidant activity.
This study revealed the synergistic antioxidant
activities of rosmarinic acid, caffeic acid and gallic
acid phenolics. A mixture of rosmarinic acid,
caffeic acid and gallic acid was found to have a
reducing effect on the formation of oxidative base
damage products caused by the hydroxyl radical
formed as a result of the Fenton reaction in calf
thymus DNA at the concentration where the total
antioxidant properties were maximum. The
results obtained provide information that
maximum antioxidant activity will be obtained at

the concentrations determined in the study during
the application of these three phenolic
compounds to various systems.
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ABSTRACT

This study was conducted to investigate the effect of starter cultures on the physicochemical and
microbiological properties, texture, yield, and consumer preferences of quark type cheese. For this purpose,
three different quark cheeses were manufactured by using commercial starter cultures. The microbiological,
physicochemical, textural, and sensory properties of the cheese samples were determined at 1, 14%, and 28®
days of the storage period. The results showed that the kind of starter culture used in production influences
the composition and yield of the obtained quark cheeses. It has been determined that the use of kefir culture
in quark cheese production influences the moisture and water holding capacity, and as a result, improves its
spreadability. Also, the sensory analysis exhibited that cheese produced with kefir culture had higher texture
and taste-flavor acceptability. The study indicates that kefir culture may be successtully used in quark cheese
production.

Keywords: Quark cheese, starter culture, DVS culture, commercial culture

STARTER KULTURLERIN QUARK TiPi PEYNIR URETIMINE ETKIiSI
oz
Bu calisma, starter kiltiirlerin quark tipi peynirlerin fizikokimyasal ve mikrobiyolojik 6zelliklerine,
tekstlriine, verimine ve tiiketici tercihlerine etkisinin arastirilmast amaciyla yapilmistir. Bu amacgla
ticari starter kiltlrler kullanilarak ti¢ farkli quark peyniri iretilmistir. Peynir Orneklerinin
mikrobiyolojik, fizikokimyasal, tekstiirel ve duyusal 6zellikleri depolama siiresinin 1, 14 ve 28.
ginlerinde belirlenmistir. Sonugclar, starter tipinin peynirin bilesimini ve verimini etkiledigini
gOstermistir. Ouark peyniri Uretiminde kefir kiltirt kullaniminin, peynirin nem ve su tutma
kapasitesini etkiledigini, buna bagl olarak da sirilebilitligin arttig belirlenmistir. Ayrica, duyusal
analizler, kefir kiiltiriiyle iiretilen peynirin doku ve lezzet bakimindan daha yitksek kabul edilebilirlige
sahip oldugunu gostermistir. Calisma, kefir kiltiriinin quark peyniri Gretiminde basariyla
kullanilabilecegini géstermektedir.
Anahtar kelimeler: Quark peyniri, starter kiiltir, DVS kiltir, ticari kiltiir
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INTRODUCTION

Quark is a soft, spreadable, and fresh cheese
characterized by a colour spectrum ranging from
porcelain white to creamy yellow, coupled with a
slightly sour taste. Quark can be made from
skimmed milk, cream, or whole milk (Chauhan et
al., 2022). It is produced through an acid
coagulation process facilitated by mesophilic
lactic acid bacteria (LAB) introduced to milk
While traditionally produced without rennet,
modern dairy industries now incorporate rennet
to enhance syneresis, minimize casein losses from

whey, and achieve a firmer curd structure
(Miloradovic et al., 2018).

The existence of live microorganisms and the
activity of beta-galactosidase in quark cheese
serve as safeguards against lactose intolerance.
Additionally, quark boasts high nutritional value
owing to its elevated protein content. (Chauhan et
al.,, 2022). By implementing specific modifications
in the quark cheese production process, such as
reducing fat content, increasing protein and
calcium levels, and introducing diverse
antioxidants and probiotic microorganisms, it
becomes feasible to craft a cheese with enhanced
functional properties and positive health
contributions (Duric et al.,, 2007; Guneser and
Aydin, 2022; Kim et al., 2019).

Enhancing the texture and taste of cheese
through the careful selection of appropriate
starter cultures is a crucial method for advancing
the growth of the cheese industry (Jia et al., 2021).
Producing lactic acid from lactose is probably the
most crucial step in cheese making. This process
is accomplished by specially selected cultures of
different types of lactic acid bacteria that are
added to milk.  Starter cultures are
microorganisms with known properties that
provide the product with the desired taste, aroma,
and structure. The production of standard and
quality products in the dairy industry depends on
using  starter cultures with  appropriate
characteristics (Fox et al., 2016). While starter
cultures generate compounds that enhance the
flavor of the product, it is noteworthy that fresh
cheeses often exhibit similar flavors and aromas
(Jia et al., 2021). Hence, the choice of starter

culture for the production of fresh fermented
products holds significant importance in shaping
the taste and aroma perception of consumers.
Furthermore, Bekele et al. (2019) and Hordofa
(2018) established that employing distinct starter
cultures in the production of soft fresh cheese had
an impact on the overall cheese yield.

Numerous studies have explored the use of
diverse starter cultures in cheeses maturation,
consistently revealing their profound influence on
various properties of cheeses (Celik and Tarakei,
2017; Jia et al., 2021). While there is an abundance
of literature on quark cheese, particularly
regarding its production using different raw
materials or by-products (Guneser and Aydin,
2022; Ozturkoglu-Budak et al., 2021), there is a
paucity of information concerning the use of
different starter cultures in fresh cheeses,
specifically in quark production. Given the
significant impact of starter cultures on cheese
yield, flavor, and texture, this study aimed to
investigate the potential application of various
starter cultures to enhance the quality and
organoleptic properties of quark cheese. To
achieve this objective, three distinct commercial
starter cultures were utilized in quark cheese
production. Subsequently,  compositional,
textural, and sensory analyses were conducted to
identify the most suitable starter culture for quark
cheese manufacturing.

MATERIALS AND METHODS

Materials

Raw milk used in the production of quark was
obtained from Ankara University, Faculty of
Agriculture, Pilot Dairy Plant. Three different
commercial DVS cultures were used in the
production of quark cheese. Codes, compositions
and suppliers of the starter cultures are given in

Table 1.

Production of quark cheese

In total, 15 L. raw cow's milk (3.5 % fat, 12.05%
dry matter, 3.2% protein and pH 6.6) was
pasteurized in a plate pasteurizer at 7532 °C for 1
min. and was cooled to 28 °C and then divided
into 3 equal parts. Afterward, 0.3% (w/v) DVS-
C, DVS-K, and DVS-B starter cultures were
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inoculated to each part of milk as instructed by
the manufacturer and 0.01% (v/v) rennet
(Naturen mandra 175, Chr Hansen) was added to
each pasteurized milk simultaneously with starter

cultures. The samples were kept for about 16 h at
25°C until the pH reached 4.6 where coagulum
was formed. The curd was cut and put into the
cheese cloths to separate the whey.

Table 1. Starter cultures and contents used in the study

Sample name  Culture codes

Composition

Supplier

DVS-C R-703

Lictococuslactis subsp.cremoris

Chr-Hansen

Lactococuslactis subsp.Lactis

DVS-K Choozit Kefir DC1

Lactococeuslactis subsp.

Danisco

Lenconostoc subsp.

Lactobacillus subsp.

Streptococcus thermophilus,

Kefir grains microflora and Kefir yeasts

DVS-B CH N11

Lactococcuslactis
Lenconostoc,

subsp. cremoris, Chr-Hansen

Lactococenslactis subsp. lactis,

Lactococcuslactis
diacetylactis

lactis  biovar

subsp.

DVS: Direct vat set

For further drainage of the whey, the curd was left
in the cheese cloth for 24 hours at 18 to 20°C.
When the separation into whey was completed,
cheese samples were vacuum-packed using
polyethylene bags and stored at 4°C for 28 days
and analyzed during storage periods with fourteen
days intervals. The preliminary experiment
determined that quark cheese can be consumed
for about 4 weeks based on sensory properties.
Consequently, this study investigated the
alterations occurring in quark cheese over the 28-
day storage period. The experiment was carried
out in duplicate.

Gross composition, physicochemical analysis
and yield

The pH of the samples was measured by direct
insertion of a pH electrode into the cheese.
Titratable acidity was determined according to the
AOAC (1995) and expressed as percentage of
lactic acid. Total dry matter contents were
determined as per standard IDF (1982) methods.
Total fat was determined according to the
Gerber- Van gulik method and total protein and
water-soluble nitrogen were prepared as indicated
by Kuchroo et al. (1982) and measured by the
Kjeldahl method. Ripening index was calculated
following formula:

(WSN/TN) x 100 (IN; total nitrogen, WSN;

water soluble nitrogen).

Cheese yield was calculated as actual (Ya) (Fox et
al., 2016) and dry matter cheese yield (Ydm) were
determined using this formula;

Ya= 100 X (Weight of cheese ~ weight of milk)
Ydm= Ya (100 — MD) + 100 (MD; moisture
content of cheese) (Fenelon Guinee, 1999).

The water-holding capacity (WHC) of the
samples were measured according to Tiwari et al.
(2021) and values were calculated as follows:
WHC (0/0) = (l—W1 / Wz) x 100

(Wi: Weight of whey after centrifugation, Wo:
Sample weight).

All measurements were carried out in duplicate to
ensure the robustness and reliability of the results.

Microbiological analysis of quark cheese

In total, 10 g sample were homogenized with 90
mlL Ringet’s solution in a Stomacher (Bag Mixer
400 VW, Interscience, France) for 90 s Total
mesophilic aerobic bacteria (TMAB) were
enumerated using Plate count agar (Merck,
Darmstadt, Germany) incubated at 35-37 °C for
2 days. Lactococei spp. were counted on M17 agar
(Merck, Darmstadt, Germany) incubated under
aerobic conditions at 37 °C for 48 h (Halkman,
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2005). Lactobacilli spp. were counted on DeMan-
Rogosa-Sharpe (MRS) agar (Merck, Darmstadt,
Germany) under anaerobic incubation (using
anaerobic jar) 37 °C for 72 h. Yeast and mold
were enumerated on Potato dextrose agar

(PDA) (Merck, Darmstadt, Germany) incubated
at 25 °C for 5 days.

Colour analysis

L* a*and b*values expressing colour values were
measured with a chroma meter (Konica

Minolta CR 410 Sensing Inc., Osaka, Japan).
Colour analysis of the samples was determined by
the CIE-LAB optical system (L*=lightness,
a*=red-green, and b*=yellow-blue). AE and C
(chroma) values of the samples were calculated
with the formulas given below:

AE = \/AL*2 + Aa*? + Ab*?
C =+a*+ b*?

SDS-PAGE Electrophoresis

SDS-Page method was used for electrophoretic
identification of whey proteins and caseins (Mini-
PROTEAN Tetra cell, Bio-Rad Laboratories
Ltd., UK) (Hayaloglu et al., 2011). Samples were
prepared as follows; 20 g of each sample was
centrifuged at 3000 x g for 30 min. at 4 °C. The
supernatant was mixed 1:1 with sample buffer (25
mL stacking gel buffer, 20 mL glycerol, 40 mL
10% w/v SDS solution, 10 mL 2-
mercaptoethanol, 5 mL bromophenol blue), 0.4 g
of sample was mixed with 10 mL of sample buffer
and centrifuged at 10.000 x g for 10 min. at 4

°C. Actylamide concentration of the stacking and
separating gel was 4% (w/v) and 12.5% (w/v),
respectively. Thirteen microliters of sample were
loaded in each well. Gels were run at 200 V. Gels
were kept in fixing solution (containing 100 mL
of 100% TCA (w/v), 330 mL of methanol and
540 mL of distilled water) for 60 min and then
stained with Coomassie Brilliant Blue R250 for
about 12 h.

Texture profile and spreadability analysis

Textural properties of quark cheeses were
analyzed for firmness, stickiness, work of shear
and work of adhesion at 1%, 14t and 28% days of
storage. Texture and spreadability analysis were

performed using TA-XTi plus texture analyzer
(Stable Micro Systems, UK) with P/60C conical
perspex cap. The sample was placed into the
female cone and pressed down to climinate air
pockets. Excess sample was scraped off with a
knife to leave a flat test area. Allowed the samples
to equilibrate to the approximate 20 °C
temperature before testing. The compression
distance was set at 23 mm, the test speed during
compression was 3 mm/sec, and the post-test
speed was 10 mm/ sec.

Sensory analysis

The sensory evaluation of the cheese samples was
carried out by seven panelists, who are
experienced in the sensory evaluation of milk and
dairy products, consisting of members of the
Department of Dairy Technology at University of
Ankara. The panelists, aged between 35-55,
consisted of 5 women and 2 men. Sensory
evaluation was performed on days 1%, 14% and
28™ according to scoring card described by
Bodyfelt et al. (1988). For sensory evaluation,
samples were randomly coded with 3-digit
numbers, placed in plastic containers, and
presented to the panelists with a glass of water to
improve mouth taste. Panelists evaluated the
cheeses for taste and flavor (0 to 10 points),
colour-appearance (0 to 5 points) and body-
texture (0 to 5 points).

Statistical analysis

Statistical analyses of the data were performed
using Minitab package program (version 19,
Minitab Inc., State College, PA). Analysis of
variance (Two-way ANOVA) was catried out to
identify statistical differences among cheese
batches and storage. Finally, Tukey's Multiple
Range Test was applied for the determination of
statistically significant differences; P < 0.05 was
accepted as significance level.

RESULTS AND DISCUSSION

Gross composition, physicochemical analysis
and yield

Gross composition and yield of quark cheese are
given in Table 2. The utilization of different
starter cultures in quark cheese production altered
the composition of the cheese. Specifically, cheese
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made with kefir starter culture (DVS-K) exhibited
lower fat and dry matter values compared to the
other samples. Since the acidification kinetics
were affected during fermentation, the matrix
may have had wider pores and weaker bonds. This
may increase losses with whey. Since it is found in
yeasts in kefir culture, lipolysis may have occurred
more intensively during fermentation and serum
and free fatty acids may have been lost. There
were no significant differences between the
composition of the DVS-C and DVS-B samples
(P>0.05). The actual yield outcomes indicated a
noteworthy increase in samples with added kefir
culture compared to the counterparts (P<0.05).
Notably, the cheese incorporating the kefir starter

exhibited a surprisingly higher overall quantity.
However, dry matter yield of cheese was slightly
lower. LAB and yeasts in the microflora of kefir
grain produce exopolysaccharide (EPS) (Hamet et
al., 2015). Due to the viscosity-increasing, water-
binding and bio-thickening properties of EPS
(Tiwari et al, 2021), the moisture level in the
cheese increased with this culture, thus increasing
the actual yield. Likewise, Ahmed et al. (2005)
noted a 2% increase in moisture and yield in
cheeses crafted from EPS-producing cultures. In
contrast, owing to the elevated moisture content
in the DVS-K sample, the dry matter yield was
comparatively lower than other samples.

Table 2. Gross composition and yield (mean £ SE) of quark cheese samples on day 1.

DVS-C DVS-K DVS-B
Fat (%) 17.7510.254 16+0.008 17.2510.254
Protein (%) 11.49%0.33 10.77£0.31 11.19£0.13
Dry matter (%) 34.00£0.964 28.81+1.198 33.8310.24
Ya (%) 19.2240.38% 21.30£0.388 19.70%0.264
Ydm (%) 6.85+0.47 6.51+0.57 6.6210.11

DVS-C; cheese made using culture R-703; DVS-K; cheese made using culture Kefir DC-1 and DVS-B; cheese

made using culture CH-N11.

Different uppercase letters show significant differences among the samples. (P <0.05)
Non-lettering columns indicates the differences among the samples are not found significant (P>0.05)
Ya: actual yield, Ydm: dry matter cheese yield. SE:Standard error

Table 3 presents the physicochemical properties
of quark cheeses produced with various starter
cultures during storage. Notably, the utilization of
different starters in quark cheese production
influenced both pH and titratable acidity values.
Significantly, only the pH value demonstrated a
discernible impact over the storage period, while
the lactic acid values in quark cheese samples
remained nearly stable throughout the duration of
storage. The decrease in pH is associated with the
lactose fermentation metabolism of the starter
culture, which produces lactic acid and lowers the
pH (Costa et al., 2015). Besides, the rate of milk
acidification in cheesemaking, resulting in the
production of lactic acid and a subsequent
decrease in pH, depends on the type of starter
cultures employed (KKongo, 2013). No significant
differences in pH and titratable acidity were
observed between samples DVS-C and DVS-B as

well as their gross compositions (P>0.05).
However, the DVS-K sample exhibited distinct
acidity values from the others. Coincidentally
Ozturkoglu-Budak et al. (2021)reported elevated
acidity in quark cheese produced with kefir in
alighment with the findings of this study. The
water-soluble nitrogen (WSN) level in cheese
served as an indicator of the cheese ripening
degree. Notably, the DVSK sample had higher
water-soluble nitrogen level and ripening index
compared to the other samples. This observation
can be attributed to the higher activity of LAB and
yeasts in the DVSK starter culture, as supported
by higher total bacteria counts in this sample.
Similar findings were reported by Dimitrellou et
al. (2010) that the level of proteolysis was high due
to the presence of mixed microflora with high
proteolytic activity in kefir.

795



796

G. Eminoglu

Table 3. Change of pH, titration acidity (% lactic acid), water soluble nitrogen (WSN) and ripening
index of quark cheese samples during storage (mean + SE)

Days Samples Average
DVS-C DVS-K DVS-B

pH (%) 1 4.161+0.03 4.0910.15 4.27£0.02 4.14£0.11»
14 4.12£0.05 4.01£0.00 4.17£0.04 4.08£0.10¢
28 4.04£0.01 3.95£.0.01 4.03£0.00 3.97£0.08b

Average 4.11£0.06A 3.93£0.058 4.16£0.10A
Titratable (%) 1 1.42£0.03 1.48£0.02 1.42%0.02 1.46%0.02
acidity 14 1.4520.00 1.54%0.04 1.45%0.02 1.48%0.04
28 1.50£0.02 1.59%0.02 1.44£0.04 1.51£0.07

Average 1.46£0.038 1.53£0.064 1.44£0.038
WSN (%) 1 0.13£0.00 0.14£0.01 0.12£0.01 0.12£0.00>
14 0.14%0.01 0.15%0.00 0.13%£0.02 0.13%0.0040
28 0.15%0.01 0.16%0.01 0.15%0.01 0.14%0.00>

Average 0.13£0.008 0.15£0.00A 0.13£0.018
Ripening index 1 7.5220.00 8.40£0.13 7.09£0.3 7.67%0.58¢
(%) 14 7.87%0.11 8.91£0.12 8.17£0.17 8.31£0.46b
28 8.34+0.10 9.54£0.03 8.58+0.24 8.82+0.54=

Average 7.90£0.348 8.95£0.474 7.94%0.678

DVS-C; cheese made using culture R-703, DVS-K; cheese made using culture Kefir DC-1 and DVS-B; cheese

made using culture CH-N11.

The different lowercase letters in the same column indicate significant differences during the storage period

(P<0.05).

The different upper case letters in the same row indicate significant differences among the samples (P<0.05)

Non-lettering columns indicates the differences among the average values are not found significant

(P>0.05)
SE: Standard error

Table 4 presents water holding capacity (WHC)
analysis results of the samples. The WHC of the
DVS-K sample was consistently lower than that
of the other samples, except on day 28. While the
WHC values of both DVS-C and DVS-B samples
decreased over the storage period, by the end of
storage, they exhibited no significant difference
from the WHC wvalue of the DVSK sample.
According to Diamantino et al. (2014) WHC is
inversely related to syneresis, explaining why
cheeses with higher moisture content tend to have

additionally obsetrved that an elevated total solids
content enhances interactions between the serum
phase and solids, leading to increased WHC.
Given the DVS-K sample low dry matter and
high moisture content (Table 2), it is expected that
the WHC value would be lower than that of the
other samples. Additionally, it is noteworthy that
the presence of exopolysaccharides has an impact
on WHC, and a reduction in syneresis has been
reported in products fermented with EPS-
producing cultures (Tiwari et al., 2021).

lower WHC values. Hinrichs et al. (2004)
Table 4. Change of water holding capacity values of quark cheese samples during storage (mean + SE)
Days DVS-C DVS-K DVS-B
Water holding capacity (%) 1 91.14£0.5948 84.25£0.63FF 91.94%0.70A
14 90.6610.60A8B¢ 84.0010.78F 90.42£0.70ABCD
28 87.81+0.60BCPE 86.7810.92DEF 87.13+0.21CPEF

DVS-C; cheese made using culture R-703, DVS-K; cheese made using culture Kefir DC-1 and DVS-B; cheese

made using culture CH-N11.

Different capital letters indicate differences between samples and storage days (P<0.05) SE: Standard error
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Microbiological properties

TMAB, yeast-mold, Lactococcus and Lactobacillus
counts of quark cheese samples are given in Table
5. The use of different starters in cheese
production affected the TMAB count (P <0.05).
Additionally, TMAB decreased over storage.
Lactococens spp. count was not affected by different
cultures. However, number of Lactococcus ssp.
decreased during the storage (P<0.05). Starter
LAB added to milk during cheese production
reached its maximum at the end of production.
However, the number of starters gradually
decreases due to adverse conditions such as salt
concentration, low pH and temperature and lack
of fermentable carbohydrates during storage
(Blaya et al., 2018). Differences were observed in
the number of lactobacilli in the samples

depending on the variation of the culture used.
Moreover, the number of Lactobacillus  ssp.
decreased over the storage period(P<0.05). All
microbial counts of the DVS-K sample were
higher than the others, a correlation supported by
the corresponding physicochemical properties
(refer to Table 3). These findings align with
similar studies using kefir as a starter in cheese
production (Dimitrellou et al., 2015; Kourkoutas
et al., 2000). Yeast presence was exclusive to the
DVS- K sample, potentially attributed to the
yeasts inherent in the DVS-K culture. A previous
study incorporating kefir grains in butter
production similarly revealed elevated yeast levels,
emphasizing  their association with the
characteristic yeasts present in kefir microflora
(Karaca et al., 2018).

Table 5. Changes in microbial counts of quark cheese sample during storage (mean + SE)

Days Samples
DVS-C DVS-K DVS-B Average
TMAB (log CFU/g) 1 7.77£0.05 8.06%0.32 6.13%£0.37 7.31£0.89 2
14 6.70£0.08 6.841+0.12 5.17£0.14 6.23+0.76"
28 5.88%0.05 5.65+0.27 5.14%0.18 5.55%0.73>
Average 6.78+0.94 6.85+1.014 5.47%0.68 B
Lactococcusssp. 1 0.17+1.21 6.8710.93 6.73%0.82 06,591+1.04 2
(log CFU/g) 14 5.24%+1.26 6.7710.18 5.07+0.19 5,69£1.06 2
28 4.80+1.24 5.34%0.36 3.76+0.29 4.63£1.00°
Average 5.41%+1.36 6.33+0.91 5.1941.32
Lactobacillus ssp. 1 0.0210.41 6.62+1.04 5.48%0.11 6.3710.912
(log CFU/g) 14 5.19£0.18 6.43%0.15 3.85%0.77 5.49%1.252
28 5.5710.44 5.26%0.23 2.78%0.13 4.54%1.28"
Average 6.26£0.694 6.10£0.86 A 4.03£1.28
Yeast and mold 1 0.00£0.00 3.27£0.3 0.00£0.00 1.09+1.55
(log CFU/g) 14 0.00£0.00 3.25%0.37 0.00£0.00 1.08+1.54
28 0.00£0.00 3.04£0.36 0.00£0.00 1.01+1.44
Average 0.00£0.00 B 3.18%0.36 A 0.00£0.00 B

DVS-C; cheese made using culture R-703, DVS-K; cheese made using culture Kefir DC-1 and DVS-B; cheese

made using culture CH-N11.

The different lowercase letters in the same column indicate significant differences during the storage period

(P<0.05).

The different uppercase letters in the same row indicate significant differences among the samples (P<0.05).

Non-lettering columns and rows indicates the differences among the average values are not found significant

(P>0.05)

SE: Standard error, TMAB: Total mesophilic aerobic bacteria

Colour properties of quark cheese

The L*, a* and b* values of quark cheese samples
measured on the 1%, 14t and 28 days of storage
are given in Table 6. Colour stands out as a
primary sensory attribute influencing consumer

acceptance and purchase decisions. Numerous
factors, including the colourof raw milk,
production method, cheese ripening stage, and
packaging technique, contribute significantly to
the colour properties of cheese. The colour of
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quark cheese is milky white to slightly yellowish
(Chauhan et al., 2022).The utilization of different
starters in quark cheese production revealed
noteworthy variations in the colour properties of
the cheeses. The L* value is an expression of the
brightness, a significant difference in the L values
of all samples was observed on day 1. Brightness
value of the DVS-K sample was higher than the
other samples on day 1. The L value decreased
during storage in all samples. While positive and
negative a* values indicate reddish and greenish
colours, respectively, positive and negative b*
values indicate yellowish and bluish colours,
respectively (Pathare et al., 2013). a* value of the
DVSC sample was different from the other
samples. DVS-C sample had lower a* values than
the rest of the samples. The b* value of the DVS-
K sample was different from the other samples.
This can be attributed to the lower fat and dry
matter content of the DVS-K sample (Table 2).

There was no difference in the b* value of DVS-
C and DVS-B samples, except for day 14. Colour
saturation or chroma (C values) indicates
vividness or colour purity from the distance
between the point and the origin. The longer this
distance, the more vivid or saturated the colour
(Avila et al., 2008). High chroma value expressed
a high human-perceived colour intensity of a
sample (Pathare et al., 2013). As regards chroma
values DVS-C and DVS-B samples presented
more vivid colour than DVS-K samples. AE value
(total colour difference) indicates the colour
difference magnitude between the control and
other samples. (Patras et al., 2011).

Perceptible differences in colour are classified as
very distinct (AE>3), distinct (1.5<AE<3), and
slightly  different (1.5<AE). Therefore, the
difference between samples is not perceptible
because the AE value is less than 1.5.

Table 6. Colour, AE and chroma (C) values of quark cheese samples (mean + SE)

Days Samples
DVS-C DVS-K DVS-B
L* 1 88.35+0.03B¢CD 88.74+0.24 87.4510.4F
14 88.29£0.02CPE 88.41+0.038¢ 88.27£0.03PF
28 88.3020.2BCDE 88.43+0.38 88.18+0.05%
a* 1 -2.67%0.5¢ -2.47£0.0348 -2.34£0.022
14 -2.89£0.2P -2.60£0.058¢ -2.43%0.034
28 -2.62£0.02¢ -2.42£0.022 -2.461+0.2A
b* 1 12.72£0.0348 12.01£0.05F 12.76£0.678
14 12.78%0.167 12.2240.03"F 12.51£0.12¢
28 12.67£0.148 12.36£0.01P 12.64£0.145¢
AE 1 0.00£0.06 0.83%0.008 0.9520.00~
14 0.00£0.06 0.64%0.01¢ 0.53%+0.01P
28 0.00£0.06 0.39£0.00% 0.20£0.00F
C 1 12.99%0.0348 12.26£0.3F 12.97£0.418
14 13.10£0.22 12.49£0.5F 12.74+0.5¢P
28 12.94£0.028 12.59%0.6PF 12.8740.48¢

DVS-C; cheese made using culture R-703, DVS-K; cheese made using culture Kefir DC-1 and DVSB; cheese made

using culture CH-N11.

Different uppercase letters show the significant differences among the samples and storage days for each property

(P<0.05). SE: Standard error

SDS-PAGE Electrophoresis

Figure 1 shows the SDS-PAGE electrophoretic
separation of the cheese samples. Although there
was a difference in the WSN results according to
Table 3, this difference was not related to caseins.

There were no remarkable differences between
the cheeses in terms of B-casein and os-casein
degradation levels. However, a slight time-
dependent degradation of both B-casein and as-
casein degradation was obvious. It has been
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reported that a-lactalbumin and Blactoglobulin
are resistant to proteases in semi-hard and
ultrafiltered cheeses (Grappin et al, 1985).
Therefore, it is expected that these proteins will
remain stable throughout the storage period in
fresh cheeses. Besides, a high degree of
proteolysis is not expected in fresh cheese such as

a)

s

| &8

Std DVS-C DVS-K DVS-B DVS-C DVS-K DVS-B DVS-C DVSK DVS-B

quark. Furthermore, while the proteolytic activity
of cheese starters can vary depending on the
strain, it is recognized that many commercial
starter strains employed in fresh dairy products
exhibit weak to moderate proteolytic activity
(Akal et al., 2022).

b)

Std DVS-C DVSK DVS-B DVS-C DVSK DVS-B DVS-C DVSK D

Figure 1. Electrophoretograms of casein (a) and whey protein (b) fractions of quark cheeses.
DVS-C; cheese made using culture R-703, DVS-K; cheese made using culture Kefir DC-1 and DVS-B; cheese
made using culture CH-N11. Std; sodium-caseinate, CN: casein, Lg: lactoglobulin, La: lactalbumin

Textural and spreadability properties

Table 7 shows texture and spreadability properties
of quark cheese samples. The textural properties
of fresh cultured products are more related to raw
material quality, production technology (such as
heat treatment, starter culture, homogenization,
incubation) and postproduction processing and
storage conditions (Fox et al., 20106). Firmness is
defined as the force required to compress the
cheese between the fingers and is a measurement
of the peak force applied to the product during
testing. It was found that the DVS-K sample was
significantly different from the others in terms of
all textural and spreadability properties on day 1
(P<0.05). The firmness value of the DVS-K was
lower than the other samples. Quark cheese made
using cultures CH N11 (DVS-B) and R-703
(DVS-C) had lower moisture and higher total
solid contents, which might explain the higher
resistance to deformation compared with the
quark cheese made from using kefir cultures.
Changes in fat and moisture content of cheese
directly affect firmness and spreadability

properties. Stickiness is the degree of adhesion of
the product to the tongue and palate during
chewing. The more negative the value, the stickier
the product. DVS-C and DVS-B samples were
stickier than the DVS-K sample. Spreadability is
expressed as a measure of how easily and
uniformly a product can be deformed and spread
over the surface of the layer (Mirela Lucan et al.,
2020). Work of shear defines the force required to
spread the product on a surface (e.g., bread) and
expresses the opposite of the ability to be
spreadable. A higher value in this context
indicates reduced spreadability of the product.
Samples with lower firmness were expected to
require a lower work of shear to spread, and
indeed the DVS-K sample confirmed this. Work
of adhesion is expressed as the area of the
negative peak during the return of the upper
probe to the origin. The work of adhesion value
of the DVS-K sample was lower from the other
samples on day 1. The use of kefir culture in the
production of quark cheese affected the
spreadability properties of the cheese positively,
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but it caused a weakening in the texture of the
cheese. This phenomenon could be attributed to
the generation of exopolysaccharides by kefir
microflora in the sample DVS-K.A parallel study
noted that cheeses crafted from an EPS a

smoother, creamier, moremoist, and softer
consistency, attributed to the water retention
properties of EPS (Ahmed et al., 2005).

Table 7. Textural and spreadability analysis of quark cheese samples (mean * SE)

Days Samples
DVS-C DVS-K DVS-B
Firmness (g) 1 569.88+38.624 271.37£9.22¢D 560.41+46.76*
14 383.39£15.698¢ 228.15£8.22¢b 371.26£0.558¢
28 483.26£4.77A8 383.35+35.618C 464.06£1.92A8
Stickiness (g.sec) 1 -143.70£9.314 -79.76£2.28¢P -139.52+14.18A8
14 -94.37£0.49¢P -63.34%4.29D -92.60%1.45¢D
28 -113.14£0.4128¢€ -105.09£10.5018¢€ -103.54+£2.735¢
Work of Shear (g) 1 1188.79£72.51A 552.79+17.62¢ 1187.252129.73A
14 786.87£35.44BC 460.79£10.09¢ 753.89+16.518C
28 965.47+45.07A8 795.00£73.648¢ 919.60£42.814A8
Work of Adhesion 1 -88.95£8.154 -56.51£1.48¢ -79.3317.97AB
(g.sec) 14 -55.10£1.76¢ -45.31£3.85¢ -56.17£0.59¢
28 -05.34£3.0348C -08.69£7.90A8C -61.40£0.18A8C

DVS-C; cheese made using culture R-703, DVS-K; cheese made using culture Kefir DC-1 and DVSB; cheese made

using culture CH-NT11.

Different uppercase letters show significant differences among the samples and storage days for each property

(P<0.05)
SE: Standard error

Sensory properties

Figure 2. shows the results of sensorial attributes
of quark cheese samples.DVS-K sample was
significantly different from the others in terms of
body and texture (P<0.05). Regarding
bodytexture properties, DVS-K sample had high
scores than the other samples. The taste-flavor of
DVS-K sample were higher than the other
samples on day 1 and 14. Panelists also noted that
DVS-K cheese had a pleasant, refreshing, and
slightly acidic taste. It is probably due to the yeast
population responsible for flavor-aroma of kefir.
Yeasts in kefir culture contribute to taste and
aroma by producing alcohol and carbon dioxide,
and kefir used as a starter culture in cheese
manufacturing, it has a positive effect on the taste,
aroma and structure of cheese (Bengoa et al.,
2019; Nielsen et al., 2014). In a previous study,
distinctions between traditional and probiotic
cultures in quark cheese production were
uncovered, leading to the conclusion that the
utilization of a probiotic culture had a positive

influence on the sensory properties of quark
cheese (Duric et al., 2007). However, DVS-K had
the lowest taste and aroma score at the end of
storage. It may be due to the DVS-K samples
acidity increased too much at the end of the
storage. There was no difference between the
samples in terms of colour and appearance during
storage (P>0.05).

CONCLUSIONS

The results of the present study clearly showed
that the use of kefir starter culture in the
manufacture of quark cheese influenced its
physicochemical,  textural and  sensorial
properties. There was a change in gross
composition of the cheese using DVS-K culture.
The fat, dry matter and protein amount was lower
than the other samples. The actual yield increased,
but the dry matter yield decreased in DVS-K
sample. The results indicated that DVS-K
cultures slightly increased the rate of proteolysis
in quark cheeses. Use of different culture did not
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affect colour and appearance. According to
sensory results, the DVS-K sample was the most
liked sample regarding taste and flavor. However,
it was the least preferred sample due to the high
acidity at the end of storage. This may negative
affect the shelf life of the DVS-K sample. The use
of kefir culture positively affected the
spreadability of the cheese. No significant
differences were found between DVS-C and
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DVS-B  samples regarding physicochemical,
textural and microbiological properties, and the
DVS-B sample scored the lowest in taste and
flavor. These results have shown that quark
cheese with better spreadable and sensory
properties can be obtained by using kefir culture
to improve the aroma and texture in the

production of quark cheese.
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Figure 2. Sensorial attiributes of quark cheese samples.
DVS-C; cheese made using culture R-703, DVS-K; cheese made using culture Kefir DC-1 and DVSB; cheese made

using culture CH-NT11.

Non-lettering graphs indicates the differences among the values are not found significant (P>0.05)
Different uppercase letters indicate that the difference among the samples is significant (P<0.05)
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oz

Bu calismada nar suyunun aljinat kiirecikleri ile enkapstilasyonunda islem parametrelerinin elde edilen
kapstllerin bazi fiziksel ve kimyasal Ozellikleri Uzerine etkisi incelenmistir. Enkapsiilasyon isleminin
optimizasyonunda aljinat konsantrasyonu, CaCl, konsantrasyonu, damlama hizt ve damlama yiksekligi
bagimsiz islem degiskenleri olarak, kapstillerin sekil faktori, kiireselligi ile toplam fenolik madde ise bagimlt
degiskenler olarak secilmistir. Optimizasyon sonunda en uygun islem kosullart aljinat konsantrasyonu %01.6,
kalsiyum konsantrasyonu %3, damlama hiz1 0.77 ve damlama ytiksekligi 10 cm olarak belirlenmistir. Sonuclar
mikrokapsillerin fiziksel ve kimyasal &zelliklerinin farklt islem kosullarindan etkilendigini gostermistir.
Damlama hiz1 ve ytksekliginin artmasi ile kapstllerin seklinin mitkemmel kiiresellige yaklastig, aljinat
konsantrasyonunun artmasinin ise damlaciklarin kiireselliginin bozulmasina neden oldugu goriiliirken, aljinat
konsantrasyonu ile damlama yiksekliginin azalmasinn elde edilen kapsillerin toplam fenolik madde
miktarint olumlu yonde etkiledigi sonucuna ulagilmustir.

Anahtar kelimeler: Aljinat kiirecikleri, enkapsiilasyon, nar konsantresi, kiiresellik, sekil faktori

ENCAPSULATION OF POMEGRANATE JUICE USING ALGINATE BEADS:
OPTIMIZATION OF PROCESSING CONDITIONS

ABSTRACT

This study examines the effects of process parameters on the physical and chemical properties of
capsules obtained by encapsulating pomegranate juice concentrate using the alginate beads. Alginate
concentration, CaCl, concentration, dripping speed, and dripping height were selected as
independent variables, while shape factor, sphericity, and total phenolic content of the capsules were
the dependent variables. The optimum process conditions were determined as alginate concentration
1.6%, CaClz 3%, drip rate 0.77 and drip height 10 cm. Results indicated that the physical and chemical
properties of the microcapsules were influenced by different process conditions. Results indicated
that the physical and chemical properties of the microcapsules were influenced by different process
conditions. Increased dripping rate and height improved capsule sphericity, while higher alginate
concentrations negatively affected droplet sphericity. Additionally, decreased alginate concentration
and dripping height positively influenced the total phenolic content of the capsules.

Keywords: Alginate beads, encapsulation, pomegranate concentrate, sphericity, shape factor
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GIRIS
Aljinat, 6zellikle kahverengi deniz yosunlarindan
ve ayrica Psendomonas — aeruginosa  gibi  bazi

bakterilerden ekstrakte edilen ironik asitlerin
(mannuronik ve guluronik asitler) dogal bir
polimeri olan aljinik asidin tuzudur (Bennacef vd.
2021). Gida, nutrasétik ve farmasotik gibi
alanlarda biyoaktif malzemelerin kapstilleme
teknolojisi yoluyla kontrollii salim sistemlerinde
yaygin olarak kullanilan hidrokolloidlerden biri
olan aljinat; toksik ve antjenik olmayan,
biyouyumlu bir malzemedir (Ramdhan vd. 2020).

G G M

Aljinat, (1,4) glikozidik baglari ile bir araya gelen
B-D-mannuronik asit (M bloklari) ve o-L-
gulukuronik asit (G  bloklarr)  zincirinden
olusmaktadir (Sekil 1). Bu zincitlerin miktatt
aljinat  6zelliklerini  dogrudan  etkilemektedir
(Bennacef vd. 2021). M bloklart ile zengin bir
aljinat daha esnek bir yap1 gostermekte iken G
bloklari ile zengin bir aljinat ise daha sert bir yapt
gostermektedir (Vold vd. 2006). Nitekim aljinatin
elde edildigi kaynak ve ektraksiyon yontemi de
viskozite, jellesme, c¢Ozinlrlik gibi Gzellikleri
etkilemektedir (Da Silva vd. 2017).

l

Sekil 1. Aljinatin yapisal 6zellikleri (M: mannuronic bloklan, G: guluronat bloklarr)
Figure 1. Structural characteristics of alginate. M: mannuronate units; G: guluronate units

Aljinatin en 6nemli 6zelligi; aljinat jellerinin,
filmlerinin, mikroparcaciklarinin ve
nanoparcaciklarinin olusumu icin bir 6n kosul
olan iyonik capraz baglama yetenegi olarak da
bilinen, 6zellikle kalsiyum iyonlari olmak tzere
cok degerlikli katyonlara secici baglanmasidir
(Selimoglu ve Elibol 2010). Capraz bagh iyonlarin
(Ca2t ,Cu?t, St2f, Ba?!) varliginda aljinat jel
olusumu oda sicakliginda ve hatta daha disik
sicakliklarda meydana gelebilmekte ve elde edilen

yapt yuksek sicakliklarda bile stabilitesini

koruyabilmektedir (Li vd. 2021).

Bu siireg, glukuronik asidin katyonlara dogru
katlanip birikmesi, ardindan gerilen molekdiler
zincirlerinin siralt bir bant yapisina déniismesi ve
sonunda ti¢ boyutlu bir molekil agma sahip bir
"yumurta kutusu" modelin (Sekil 2) olusmast ile
gerceklesmektedir (Leirvag 2017, Ramdhan vd.
2020).

= 397

‘00C

Sekil 2: Kalsiyum Aljinat icin "Yumurta kutusu modeli
Figure 2. "Egg-box” model for Calcinm Alginate



Aljinat kiirecikleri ile nar suyu enkapstlasyonu

Gida ve kozmetik gibi sektorlerde en yaygin
kullanilan Ca*2iyonu olup, literatirde de kalsiyum
aljiinat kirecikleri ile ilgili bircok arastirma
mevcuttur. Ca-aljinat  kiirecikleri, mikrobiyal
hiicrelerin, enzimlerin, hormonlarin, yaglarin,
bitkisel ektraktlarin ve aroma maddelerinin
kapsiillenmesinde yaygin olarak kullanilmaktadir.
Yapian  aragtirmalarda  kapsiillenen  aktif
materyalin stabilitesinin yani sira olugan kapsulin

seklini  etkileyen faktorler de g6z Ontne
alinmaktadir. Ca-aljinat kiireciklerinin
kapstilasyon etkinligi tzerine kapsil buyiklugu,
kapstllerin ~ sekli, kiitle tasima  Ozellikleri,
biyouyumlulugu, sisme kapasitesi, ¢Ozinirligi,
ylizey morfolojisi gibi faktotlerin etkili oldugu
bilditilmekte olup bu faktdrler Cizelge 1°de
6zetlenmistir (Lee vd. 2013, Balci-Torun 2019).

Cizelge 1. Aljinat kurecikleri islemine etki eden faktotler
Table 1. Factors affecting the alginate beads

Islem parametreleri Buytklik — Sekil
Process Parameters Size Shape
Aljinatin molekl agithigt (Molecular weight of alginate) - +
Aljinat ¢Ozeltisinin yogunlugu (Density of alginate solution) + +
Aljinat ¢Ozeltisinin ylzey gerilimi (Surface tension of alginate solution) ++ ++
Aljinat ¢Ozeltisinin viskozitesi (1Zscosity of alginate solution) + ++
CaCl; ¢ozeltisinin konsantrasyonu (Concentration of CaCls) ++ ++
CaCl; ¢ozeltisinin vizkozitesi (17scosity of CaCls) + ++
Damlama ucunun capi (Dripping tip diameter) ++ ++
Damlama mesafesi (Collecting distance) + ++
CaCl; ¢oOzeltisinin karistirma hizt ($#rring rate of CaCls) + ++
CaCl, ¢ozeltisinin sicakligt (Temperature of CaCls) + +
Boncuklarin depolama sartlart (Bead storage conditions) ++ +

++ Major etkz, +minor etki, - etkisig;
++ Major effect, + minor effect, — no effect.

Aljinat  kirecikleri yonteminden elde edilen
kapsiiliin boyutunun kii¢lik olmast etken madde
salinimint sinirlamasi nedeni ile kapsiilasyonun
verimini  ve  performansimi  arttirmaktadir.
Kapsiillerin kiireselligi ise mekanik ve kimyasal
stabilite tizerine oldukea etkilidir. Daha 6nceki bir
calismada kiiresel olmayan kapsillerin kiiresel
olan kapstllere gére mukavemetinin az oldugu
bildirilmistir (Lee vd. 2013). Bagka bir calismada
ise gbzyast seklindeki (kuyruklu) ve kiiresel
olmayan kapsiillerde kirlma ve c¢atlamalarin
meydana gelerek kapstlin acildigi rapor edilmistir
(Woo vd. 2007, Balci-Torun 2019).

Aljinat damlaciklart belirli bir hacme ulastiktan
sonra damlaya uygulanan yercekimi kuvveti ya da
uygulanan dis kuvvetler etkisi ile ayrimaktadir.
Nitekim  aljinat  ¢6zeltisinin =~ damlatilma
mesafesinin aljinat kiireciklerinin sekli tzerinde
o6nemli bir etkisi bulunmaktadir. Genel olarak kisa
damlama mesafesi kisa kuyruklu kireciklerin

olusumuna yol acarken, uzun mesafelerde elde
edilen  kiireciklerin  deformasyona  ugradig
gbzlemlenmistir. sebebinin ise uzun
mesafelerde  deformasyona  ugrayan  aljinat
kiireciklerinin jelasyon banyosunda sertlesmeden
6nce yeniden kuresel forma dénme zamaninin
artmasindan kaynakli olabilecegi bildirilmistir (Lee

vd. 2013)

Bunun

Literatiirde aljinat kiirecikleri yonteminin daha
cok mikrobiyal hiicrelerin enkapsiilasyonunda
yaygin olarak kullanildigr gézlenmistir. Ancak bu
yontem son yillarda yaglarin, aroma maddelerinin
ve biyoaktif bilesenlerin kapstilasyonunda da
siklikla kullanilmaktadir.

Nar (Punica granatum) tlkemizin 6nemli tarim
triinlerinden biri olup, Antalya bagta olmak tizere
Mugla, Mersin ve Adana illerimizde 6nemli
miktarda Gretimi  yapimaktadir. 2022 yilt
verilerine gore, Turkiye'de yaklastk 291 bin
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dekarlik alanda ve yaklasik 14 milyon meyve veren
agactan toplam 681 bin ton nar Uretilmektedir.
2023 yilinda Turkiye’de toplam yas meyve ve
sebze ihracatinda en fazla ihracat1 yapilan ilk on
meyve arasinda beginci sirada yer almakla bitlikte
meyve suyu ya da meyve suyu konsantresi olarak

thracatt da  yiksek oranda yapilmaktadir
(Hepaksoy vd 2023).
Nar meyvesinde bulunan fenolik  asitler,

flavonoidler ve tanenler gibi 6nemli miktarlarda
biyoaktif bilesiklerin varligi 6nemini arttirmistir.
Son yillarda yetistirme ve isleme teknolojilerindeki
gelismelerle birlikte, tiketicilerin saghiga yararlt
gidalara olan yonelimlerinin artmasina baglt olarak
tlkemizde nar iretimi ve ticareti artig g6stermistir.
Nar meyvesi dogrudan sofralik olarak titketiminin
yanunda nar eksisi, nar suyu ve nar suyu
konsantresi olarak da  O6nemli miktarda
titketilmektedir. Ozellikle tlkemizde nar suyu
konsantresinin katma degeri yiksek triinlerin
tretimine  yonelik ekonomik  ydéntem ve
yaklasimlar gelistirilmesi ve farkli urtnlere
islenebilir formlarina déntstirilmesi ve bununla
bitlikte icerigindeki 6nemli biyoaktif bilesenlerin
korunmast olduk¢a Onem arz etmektedir. Nar,
icerdigi yiksek antioksidanlar, vitaminler ve
mineraller sayesinde saglik tzerinde bir¢ok
olumlu etkiye sahiptir. Yapilan arastirmalar, narin
Ozellikle kalp saghigimi korumada etkili oldugunu
gostermektedir. Nar, kan basincini distirmeye
yardimct olmakta, kot kolesterol seviyelerini
dustirerek kalp hastaliklart riskini azaltmaktadir
(Aviram ve Dornfeld, 2001). Ayrica, narin anti-
inflamatuar 6zelligi oldugu, kanser hicrelerinin
biylimesini yavaglatarak kanserle miicadelede de
o6nemli bir rol oynadigi bildirilmektedir (Adams
vd. 2006, Shukla et al., 2008). Ozellikle narin
icerisinde  bulunan elajik asit Snemli bir
antioksidan ve antikanserojen bir bilesiktir. Nar
suyunun icerisindeki elajik asidin puskirterek
kurutma yéntemi ile kapsillendigi bircok calisma
mevcuttur  (Yekdane ve Goli 2019, Savikin vd.
2021). Ancak nar suyu konsantresinin aljinat
kiirecikleri ile kapstllenmesinde islem kosullarinin
son Urtn tzerindeki etkilerini konu alan bir
aragtirmaya rastlanilamamistir. Bu  dogrultuda
calismada aljinat kirecikleri ile nar suyunun
kapsiillenmesi ve elde edilen kapstillerin boyutuna

farkli konsantrasyonlardaki aljinat ve kalsiyum
cozeltilerinin  etkileri ile, aljinat ¢Ozeltisinin
damlama yiksekligi ve hizinin etkilerinin
aragtirilmast amaglanmistir. Literatlirde aljinat
kiirecikleri yontemi ile kapsiilasyon teknigi daha
cok mikroorganizmalarin (Covarrubias vd 2012;
Bérner vd 2013) kapsiillenmesinde kullamilmus
olup meyve suyu veya bitkisel ekstraktlarin
kapsillendigi calismalar (Yamdech vd 2012;
Topraket vd 2022) oldukea azdir. Bu ¢aligmalarda
daha ¢ok mikroorganizmalarin korunumu veya
bitkisel ekstraktlarda etken maddenin
enkapsiilasyon etkinligi izerine odaklanilmis olup
calismalarda islem parametrelerinin kapsitllerin
sekilsel ve morfolojik Ozelliklerine etkisinin

optimize edildigi bir calismaya da
rastlanidlamamistir.

MATERYAL VE YONTEM

Materyal

Calisma kapsaminda kullanilan nar konsantresi
MEYKON Meyve ve Kaynak Sulart San. ve Tic.
A.S firmast tarafindan  temin  edilmistir.
Analizlerde kullanilan diger kimyasallar analitik
saflikta Sigma-Aldrich’den (Darmstadt, Almanya)
temin edilerek kullantlmustir.

Aljinat Cozeltisinin Hazirlanmasi

Calismada kapsillenecek nar suyu konsantresi
firmadan temin edildikten sonra kullanilmadan
hemen o6nce 65 °Briks’den 10 °Briks’e
getirilmigtir. Optimizasyonda duvar materyali
olarak kullanilan farkli konsantrasyonlardaki (%1,
%1,5 ve %?2) sodyum aljinat, seyreltilen nar suyu
(10 °Briks) icerisinde ¢ozindurilerek
hazirlanmustir. Hazirlanan karisim 10.000 rpm’de
5 dk boyunca homojenizatér yardimi ile
(Ultraturrax  T25 Basic Staufen, Almanya)
kanstrilmis ve kopik olusumunun giderilmesi
icin 24 saat boyunca manyetik karistiricida
bekletilmistir. Elde edilen homojen aljinat-nar
suyu karistmi siringa pompast (Thermo Fisher
Syringe Fusion 100, Massachusetts, ABD) ve
stringa  (500ul, 22 G, Thermo Syringe,
Massachusetts, ABD) ile manyetik karistiricida
balik yardimu ile karismakta olan CaCl; ¢6zeltisine
(deneme deseninde belirtilen konsantrasyonlarda
ve belirtilen yuksekliklerde) damlatiimistir. Olusan
kapstiller 30 dk CaCly ¢Ozeltisinde bekletildikten
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sonra saf suya alinmis ve kapsiillerin sertlesmesi
icin  manyetik  kargtiricida 750 rpm’de
bekletilmistir. Saf sudan kaba filtre kagid: yardimi
ile stztlen kapstller, bagka bir kaba filtre
kagidinda 10 dk boyunca fazla suyu
uzaklastirildiktan sonra analizlerde kullantlmustur.

Sodyum Aljinat Cozeltilerinin  Viskozite
Degerlerinin Belirlenmesi

Elde edilen kapsillerin = Gretiminde — sinir
kosullarinin belirlenebilmesi amactyla viskozite
degerleri Brookfield DV3T (ABD) viskozimetresi
kullanilarak Slcilmistir. Viskozimetre dlctimleri
25 °Cde TC spindle ile 200 rpm’de
gerceklestirilmistir (Koksoy ve Kilig, 2004).

Aljinat Kirecikleri Yontemi ile Elde Edilen
Kapsiillerinin Boyutlarinin ve Morfolojik
Ozelliklerinin Belirlenmesi

Kapsiillerin boyut ve morfolojisinin
belitlenmesinde stereo-mikroskop (Stemi 2000-C,
Zeiss, Germany) ve AxioCamERc5 kamera
(Stemi  2000-C, Zeiss, Gottingen, Germany)
kullanddmustir. Kapsiillerin boyut &l¢timleri Zeiss
(Catl Zeiss Microscopy GmbH, Almanya)
programi kullaniarak gerceklestirilmistir.
Kapstllerin  boyutunun  belirlenmesinde  Dimin,
Dumaks ve Do degerleri Slcilmustir. Elde edile
aljinat kiireciklerin sekillerinin tanimlanmasinda,
kiiresellige ~ ne  kadar yakin  oldugunun
tanimlanabilmesi icin sekil faktoéri (SF) ve
kiresellik degeri (KD) hesaplanmustir.  Sekil
faktorinin ~ hesaplanmasinda  Esitlik 1,

kiireselligin ~ hesaplanmasinda ise Esitlik 2

kullandmistir (Lee vd. 2013).

Sekil Faktorii (SF) = = 0

Dimaks—Dmi

Kiiresellik Degeri (K) = ek —min 2
" ! geri (K) Dmaks+Dmin @

A=alan

P= cevre

Dumas=Merkezden gecen maksimum ¢ap (mm)
Dmin=Merkezden gecen minimum ¢ap (mm)

Toplam Fenolik Madde Miktari

Kapsiillerin toplam fenolik madde miktarinin
belirlenebilmesi i¢cin mikrokapsiiller 6ncelikle
igerisinde kirtk cam parcalart olan metanol ile 10
dk boyunca vortekste parcalanarak karistirilmistir.

Parcalanan  kapsillerin st fazindan alinan
ekstrakt 0.45 um filtreden sizilerek analiz
edilmistir. Toplam fenolik madde miktar
spektrofotometrik yontemle gerceklestirilmistir
(Skerget vd. 2005). Bu amacla, 6n calisma ile elde
edilen  seyreltme oranindan elde edilen
ekstraktlardan 0.5 ml O6rnek Gzerine 2.5 mL
Folin-Ciocalteu ¢6zeltisi (%10) ve 2 mL %7.5lik
(NaxCOs)  ¢Ozeltisi  eklenmistir.  Elde edilen
karisim vorteksle (DragonlLab, MX-S) 30 sn
karistirildiktan sonra 50°C’deki su banyosunda 5
dk bekletilmistir. Su banyosundan alinan 6rnekler
10 dk karanlik bir ortamda bekletildikten sonra
spektrofotometrede (Shimadzu UV-vis 160A)
760 nm dalga boyunda absorbanslari okunmustur.
Elde edilen absorbans degerleri gallik asit
cozeltileri ile olusturulan egri yardimiyla mg gallik
asit esdegeri (GAE)/g kuru agithk olarak
hesaplanmustir.

Optimizasyon ve Istatistiksel Yaklagim

Nar suyu konsantresinin aljinat kirecikleri ile
enkapstlasyon isleminin optimizasyonunda aljinat
konsantrasyonu, CaCl, konsantrasyonu, damlama
hizi ve damlama yiksekligi bagimsiz islem
degiskenleri olarak, elde edilen kapsiillerin SF ve
KD degetleri ile toplam fenolik madde miktari ise
cevaplar olarak secilmistir. Enkapsiilasyonun
optimizasyonunda Design Expert 10 (Stat-Ease,
MN, USA) paket programinda cevap vyiizey
metodu (Box Behnken) kullanidmis ve sonuclar
ANOVA analizi ile degerlendirilmistir.

BULGULAR VE TARTISMA

Sodyum Aljinat Cozeltilerinin  Viskozite
Degerleri

Optimizasyonda kullanilan deneme desenine gore
farkli oranlarda sodyum aljinat ile hazirlanan
cOzeltilerin viskozite degetleri 965 cP ve 5440 cP
araliginda bulunmustur. En distik viskozite degeri
965 cP ile %1 sodyum aljinat iceren ¢ozeltide
tespit edilmisken, en yitksek vizkozite degeri 5440
cP ile %2 sodyum aljinat iceren ¢Ozeltide tespit
edilmistir. Yapilan arastirmalar aljinat
konsantrasyonunun elde edilen kapsiillerin
sekillerinde oldukca etkili oldugunu, viskozite
artisinin  aljinat kiareciklerinin  kiiresellige daha
yaklastirdigini ancak olduke¢a yitksek vizkozite
degerlerinde ise gobzyast seklinde kireciklerin
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olustugu bildirilmektedir (Bennacef vd. 2021).
Bagka bir calisma da ise yine aljinat ¢ozeltisinin
vizkozitesinin elde edilen kapstllerin  ¢apt
tzerinde etkili oldugu, viskozitenin artmasi ile

ortalama kiire ¢apinin azaldigi belirtilmistir (Lee
vd. 2013).

Aljinat Kiirecikleri Isleminin Optimizasyonu
Nar suyunun kapstlasyonunda kullanilan sodyum
aljinat  ¢Ozeltisi  farkli  konsantrasyonlarda
hazirlanmis ve kapsil olusumunun gbzlendigi
degerler ile olusturulan deneme desenine gore
optimizasyon  calismasi  gerceklestirilmistir.
Optimum kosullar SF degeri (=1), KD degeri

(20) ve toplam fenolik madde icerigi (en yiiksek)
kullanilarak beliflenmistit.

Aljinat Kiirecikleri Proses Parametrelerinin
Elde Edilen Kapsiillerin Boyutlar1 ve
Morfolojik Ozelliklerine Etkisi
Mikrokapstllerin =~ morfolojik  6zelliklerinin
belirlenmesi i¢int Dimin, Dmaks, Dor degerleri ile sekil
faktori (SF) ve kiresellik degerleri (KD)
hesaplanmis ve elde edilen sonuglar Cizelge 2’de
verilmistir. Ayrica aljinat kiirecikleri ile elde edilen
kapstllerinin mikroskop goruntileri Sekil 3’te
gOsterilmistir.

Cizelge 2. Aljinat kirecikleri ile elde edilen mikrokapsiillerin morfolojik 6zelliklerini veren Dmin, Das,
Dort, SF ve KD degetleri
Table 2. D vy Dyarsy Diean, ST and KD values that give the morphological characteristics of microcapsules obtained by
the alginate beads

Run Dhinin D maks Dort SF KD
1 56.82£0.88 74.48%1.65 61.39£0.71 0.74+0.03 0.13£0.01
2 48.77£0.94 50.09£0.82 49.11£0.90 0.87+0.00 0.01£0.00
3 48.14%0.84 68.78%2.79 52.00£0.52 0.74+0.01 0.17£0.01
4 41.57+0.45 42.69%0.41 42.13%0.44 0.85+0.00 0.01£0.00
5 36.40%+0.19 36.41£0.12 36.40£0.12 0.86+0.00 0.00£0.00
6 45.30£2.16 60.32£0.85 51.61+£0.59 0.750.01 0.14£0.02
7 37.20+0.33 40.1120.16 39.20%+0.19 0.86%0.01 0.04%0.01
8 43.58%0.40 45.14%0.89 44.59%0.81 0.84+0.01 0.02£0.01
9 42.60%0.61 43.71%0.88 43.04%0.69 0.860.00 0.01£0.01
10 40.16x1.15 41.95%0.86 40.80%0.99 0.86+0.01 0.02£0.01
11 43.54+1.74 45.62+1.76 44.40%1.76 0.84%0.01 0.02£0.01
12 40.17£0.76 42.19%0.67 43.01£0.37 0.86+0.01 0.02£0.00
13 39.50£0.74 42.43%0.29 41.78%0.19 0.83+0.02 0.04£0.01
14 41.94%0.35 44.04%0.41 43.3710.44 0.87x0.00 0.02£0.00
15 43.71£0.67 45.75%1.21 44.56%0.92 1.3840.30 0.02£0.01
16 47.03+1.09 76.9411.34 55.52+0.69 0.68+0.00 0.24£0.00
17 35.00£8.77 106.75£5.80 62.32£2.36 0.51+0.02 0.77£0.10
18 59.35£0.36 90.50£2.39 67.01+0.46 0.68%0.02 0.21£0.02
19 60.92£0.65 64.45+£1.21 63.82%1.13 0.85+0.01 0.03£0.00
20 39.261+0.54 42.95+1.18 43.14+1.31 0.87+0.00 0.04£0.01
21 48.93+1.77 61.08%0.86 52.54%0.05 1.21+0.01 0.11£0.02
22 38.10£0.39 38.6310.41 38.37£0.37 0.99£0.06 0.0210.00
23 45.221+0.75 47.59£0.71 47.3620.60 0.87+0.00 0.03£0.01
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Sekil 3. Box Behnken deneme deseninde aljinat kiirecikleri ile elde edilen kapsiillerinin mikroskop
goruntileri
Figure 3. Microscope images of capsules obtained by the alginate beads in Box Bebnken design
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Elde edilen aljinat kapsillerinin kiiresellie ne
kadar yakin oldugunu gosteren SF degeri, 1’e ne
kadar yakinsa kapsiillerin o kadar mitkemmel bir
kiresellik gosterdigini ifade etmektedir. Aljinat
kireciklerinde kuyruk olusumu s6z konusu
oldugunda ise SF degeri sifira yaklasmaktadir. SF
degeri genellikle kiresel ve elips seklindeki
partikiillerin  tanimlamasinda  kullanilmaktadir.
KD ise bir kiirenin en uzun ve en kisa ¢aplarinin
orant ile mitkemmel bir kiirenin degerini sifir
olarak kabul etmekte iken bu deger 1’e yaklastikca
kiirenin seklinin uzadigint ifade etmektedir. KD
daha ¢ok gézyast ve armut seklindeki partikiiller
icin kullanilmakta olup, KD degeri 0.05’den kigiik
partikillerin kiresel oldugu kabul edilmektedir
(Lee vd. 2013). Nitekim yapilan c¢alismalarda
yuzey alaninin difiizyon hizinda etkili bir rol

oynadigl, kireselligin  sifira  yakin  olmast
durumunun bir bitim hacim bagina daha az yiizey
alanini ifade ettigi, béylece difiizyonun azalmasina
etki ettigi bildirilmistir (Morales vd. 2017, Piornos
vd. 2017).

Aljinat kiirecikleri ile elde edilmis olan kapsiillerin
bagimli degiskenleri olan sekil faktéri ve
kiresellik degerlerine ait ANOVA analiz sonuglart
Cizelge 3’de verilmistir. ANOVA  analiz
sonuglarina gére hem sekil faktéri hem de
kiiresellik degerleri icin model uyumsuzlugu
o6nemsiz (p>0.05), model ise 6nemli (p<<0.05)
olarak bulunmustur. Sekil faktori ve kiresellik
degerlerine ait yamit yizey ve izohips egrileri
strastyla Sekil 4 ve 5’de gosterilmistir.

Cizelge 3. Bagimsiz degiskenlerin etkisini gbsteren varyans ve regresyon analiz sonuglart
Table 3. Results of variance and regression analyzes showing the effect of independent variables

KD
Varyasyon Kareler Kareler
Kaynaklari SD Ortalamast p degeri  SD Ortalamast  p degeri SD
Variation Sonrce Standart  Mean p-value Standart  Mean Square  p-value — Standart
Deviation  Square Deyiation Deviation

Model 14 0.004 0.004 14 0.009 0.007 14
A 1 0.001 0.097 1 0.000 0.484 1
B 1 0.007 0.006 1 0.012 0.022 1
C 1 0.001 0.086 1 0.028 0.002 1
D 1 0.000 0.331 1 0.000 0.949 1
AB 1 0.000 0.193 1 0.002 0.251 1
AC 1 0.005 0.010 1 0.002 0.230 1
AD 1 0.004 0.021 1 0.026 0.003 1
BC 1 0.004 0.021 1 0.019 0.008 1
BD 1 0.009 0.003 1 0.000 0.807 1
CD 1 0.000 0.280 1 0.013 0.018 1
A2 1 0.008 0.004 1 0.000 0.509 1
B™2 1 0.003 0.036 1 0.000 0.779 1
C™2 1 0.008 0.004 1 0.022 0.005 1
D"2 1 0.003 0.036 1 0.007 0.052 1
Kalintt Residual 6 0.000 7 0.001 5
Model
Uyumsuzlugu Lack 5 0.000 0.736 5 0.0017 0.266 3
of Fit

Values Values
R2 0.9326 0.9294
Diizeltilmis
R2/R2adj 0.7987 0.7318
Tahmin  edilen
R2/ R2pred 0.7805 0.6283
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Sekil 4. Aljinat kiirecikleri ile elde edilen nar suyu mikrokapstillerinin kiiresellik degeri (KD) yanut yiizey
grafikleri
Figure 4. Response surface graphs of pomegranete microcapsules obtained by alginate bead for sphericity value (KD)
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Sekil 5. Aljinat kiirecikleri ile elde edilen nar suyu mikrokapstllerinin sekil faktorii (SF) degeri yanut
ylzey grafikleri
Figure 5. Response surface graphs of pomegranete microcapsules obtained by alginate bead for shape factor value (SF)
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Sekiller incelendiginde sabit kalsiyum
konsantrasyonunda aljinat konsantrasyonunun
artmast ile damlaciklarin kireselliginin bozuldugu
gorillmektedir. Benzer sekilde aljinat
konsantrasyonunun ve damlama hizinin artmast
ile  damlaciklar  kuresellikten — uzaklasarak
damlaciklarda kuyruk olusumu gerceklesmistir.
Damlama hizi ve yiiksekliginin kiiresellige etkisi
incelendiginde ise her iki bagimsiz degiskenin
artmast ile kapsillerin seklinin mitkemmel
kiiresellige yaklastign gorulmustir. Damlama
yitksekliginin kapsiil sekline etkisi incelendiginde
aljinat  konsantrasyonu artisindan  olumsuz
etkilendigi, damlama hizinin ise ¢ok yiksek ya da
¢cok dustik oldugu durumlarda yine seklin
bozuldugu gézlenmistir.

Aljinat kiirecikleri yontemi ile yapilan ¢alismalar
gin gectikce artis gostermektedir.  Farklt
ckipmanlar ile kullanilan tekniklerin yant sira basit
laboratuvar ekipmanlar1 ile de kapsiillerin
olusturulabilir olmasi ve ayni zamanda elde edilen
kapstllerin stabil olmasi bir¢ok arastirmacinin
konu ile ilgilenmesini saglamaktadir. Aljinat
kiirecikleri ile yaglarin mikrokapsiilasyonu tzerine
yapilan bir calismada farkli damlama yiikseklikleri
(5, 15 ve 30 cm) ile farkli damlama hizlarinin (30,
60 ve 90 ml./sa) kuresellige etkileri aragtirilmis ve
sonuc olarak Dbelirtilen damlama hizlarinin
kiiresellige istatistiksel —olarak bir etkisinin
olmadifl, ancak aljinat c¢Ozeltisinin  damlama
hizinin artmasi ile kiireselligin sifirdan uzaklastigs
bildirilmistir. Calismada  ayrica  kiiresel
boncuklarin kiiresel olmayan boncuklara gore
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daha stabil oldugu ve bagirsak sindiriminde mide
sinditimine gbére daha fazla yagin salindigt
bildirilmistir (Morales vd. 2017). Farkls tekniklerle
aljinat kurecikleri Uretimi Uzerine yapilan bir
calisma kapsaminda siringa yardimi ile elde edilen
aljinat kireciklerinde aljinat konsantrasyonunun
artmast ile kapsullerin gittike deformasyona
ugradigy, %3 ve %4 aljinat konsanstrasyonlarinda
vizkozitenin  artist ile boncuk  buyikligi
dagiliminin ve seklinin bozuldugu belirtilmistir
(Priisse vd. 2008)

Aljinat Kiirecikleri Proses Parametrelerinin
Elde Edilen Kapsiillerin Toplam Fenolik
Madde Miktar1 Uzerine Etkisi

Aljinat kiirecikleri islemi ile elde kapsiillerinin
toplam fenolik madde miktarlarina ait yanit ylzey
grafigi ve izohips egrileri Sekil 6’da, ANOVA
analiz sonuglart ise Cizelge 3’de verilmistir.
Sekiller incelendiginde aljinat  kapsiillerininin
olusum prosesi esnasinda kalsiyum
konsantrasyonu ile aljinat konsantrasyonunun
azalmasinin  toplam fenolik madde miktarin
azalttig1 gérilmektedir. Aljinat konsantrasyonu ile
damlama yiksekliginin etkisi incelendiginde ise
her iki degerin azalisinin kapsiillenen fenolik
madde  miktarinda  artisa  sebep  oldugu
gbzlenmistir. Damlama yiiksekliginin damlama
hiziyla interaksiyonu incelendiginde ise damlama
hizi ile birlikte damlama yiiksekliginin de azaldigt
islem kosullarinda kapsiillenen toplam fenolik
madde miktarinin arttift belirlenmistir (Sekil 6).
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Sekil 6. Aljinat kiirecikleri yéntemi ile elde edilen nar suyu mikrokapsiillerinin toplam fenolik madde
miktart degeri yanit yiizey grafikleri
Figure 6. Response surface graphs of pomegranete miicrocapsules obtained by alginate bead methods for total phenolic
content

Aljinat kurecikleri ile elde edilen kapsillerin
Ozellikle sindirim sisteminde stabil oldugunun
belirlenmesi nedeni ile biyoaktif bilesenlerin bu
yontem ile kapsillenmesinin c¢alisildigt cesitli
calismalar  bulunmaktadir.  Biyoaktif igerigi
oldukca yiksek olan natal eriginin (Carissa
macrocarpa) aljinat kirecikleri ile kapsiillendigi bir
calismada sonuglar aljinat kiirecikleri isleminin
meyvede  bulunan  bilesenlerin  stabilitesini
arttrdigini ve aymi zamanda antosiyaninlerin
saliniminda 6nemli rol oynadigini gostermistir
(Seke vd. 2022). Tar¢in esansiyel yaginin aljinat
kiirecikleri ile kapstllendigi benzer bir calismada
da yine elde edilen mikrokapsillerin kontrolli
salinim ve bagirsak sisteminde spesifik actlim icin

oldukca iyi bir yontem oldugu vurgulanmistir
(Farahmand vd. 2022).

Teorik  Olarak  Belirlenen  Optimum
Kosullarin Deneysel Olarak Dogrulanmasi

Nar suyu konsantrasyonu kullanilarak elde edilen
aljinat kureciklerinin optimum islem kogullart
aljinat kosantrasyonu %1.6, kalsiyum
konsantrasyonu %3, damlama hiz1 0.77 ve
damlama yitksekligi 10 cm olarak Design Expert
10 paket programi tarafindan hesaplanmistir.
Optimum  kosullarda {tretilerek analiz edilen
parametrelerin tahminlenen degerleri deneysel
olarak dogrulanmis ve sonuglar Cizelge 4’de
verilmigtir. Tahminlenen deger ile deneysel veriler
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arasinda hata payt olduke¢a dusiiktir. SF ve KD
degerlerinin deneysel verileri sirastyla %04.85 ve
%1.00 oraninda tahminlenen degerden yiksek
iken TFM degeri %1.05 oraninda tahminlenen

degerden disik bulunmustur. Nitekim bu
degerlerin  kabul edilebilir seviyede oldugunu
sOylemek miumkindir.

Cizelge 4. Nar suyu konsantresi kullanilarak elde edilen aljinat kiireciklerinin optimizasyonunda
deneysel ve teorik olarak elde edilen analiz sonuglart
Table 4. Experimental and theoretical analysis results in the optimization of alginate beads obtained by using
pomegranate juice concentrate

SF KD TFM (mg/100 g)
Teorik Theoretical 0.907 0.00 859.07
Deneysel Experimental 0.951 0.01 850.74
Farklilik (%) Difference (%) 4.85 1.00 1.05
SONUC katma degeri yiksek mikrokapstllerin elde
Farkli biyoaktif bilesenlerin proses, tasima ya da edilebilecegi gorilmistiir.
depolama sirasindaki = stabilitesinin  yant sira
gastointestinal sistemde kontrolli salinimi icin
farkli kapstlasyon teknikleri kullanimaktadir. CIKAR CATISMASI BEYANI
Enkapsiilasyonda kullanillan  farkli  tekniklerin Yazar herhangi bir c¢ikar catismast beyan
proses  kosullar1  (sicaklik, besleme  hiz, etmemektedir.
duvar/aktif materyal orant vb) veya her bir
yonteme  Ozgii  kaplama  materyali gibi ~ TESEKKUR
parametreler islem bagarisint  ve  etkinligini Bu calisgmada nar suyu konsantresinin teminindeki

dogrudan etkilemektedir. Mikroorganizmalarin
immobilizasyonunda stklikla  kullandan  aljinat
kiirecikleri islemi glintmizde farkli biyoaktif
bilesenlerin, yaglarin veya aromalarin
kapsiilasyonunda da kullanilmaya baslanmustir.
Ancak aljinat kurecikleri yontemindeki islem
kosullarinin elde edilen kapsiilin olusumundan
morfolojik 6zelliklerine ve hatta stabilitesine
kadar etki ettigi bildirilmektedir. Ozellikle yiiksek
konsatrasyonlarda kullanilan aljinat ¢6zeltisinin
damlactk  yapisit  olusturamayarak  kuyruklu
bir yapiyla kapsiilasyonun
gerceklesemedigi belitlenmistir. Ayrica elde edilen
kapsiiliin boyutunda olduk¢a 6nemli bir faktér
olarak tespit edilen damlama yiiksekligi aym
zamanda kapsiillenen aktif materyalin miktarinda
da etkili olmaktadir. Calisma sonuglart aljinat
kirecikleri  ile suyu  konsantresinin
kapsiillenmesinde optimum kosullarin  aljinat
konsantrasyonunun %]1.6, kalsiyum
konsantrasyonunun %3, damlama hizinin 0.77 ve
damlama yiiksekliginin ise 10 cm oldugunu
gOstermistir. Bu calisma ile stvi formdaki farkls
uriinlerin - aljinat kirecikleri ile kapsillenerek

uzayan

nar

desteklerinden dolayt MEYKON  Meyve ve
Kaynak Sulari San. ve TIC. ASye tesekkiir
ederim.
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o0z

CGalismamizda Afyonkarahisar’da rastgele 20 farkli marketten alinan findik érnekleri aflatoksin B1 (AFB1),
aflatoksin B2 (AFB2), aflatoksin G1 (AFG1), aflatoksin G2 (AFG2, toplam aflatoksin (AF) ve okratoksin A
(OTA) igerikleri bakimindan Yiiksek Performanslt Sivi Kromotografisi (HPLC) ile incelenmistir. Ayrica
orneklerdeki fungal kontaminasyonu belirlemek amaciyla, fungus izolasyonu yapilarak genus seviyesinde
stnuflandirilmalart gerceklestirilmistir. Elde edilen sonuclara gore iki lokalite disinda kalan tim bdélgelerdeki
findik 6rneklerinden fungus izole edilmistir. Aflatoksin taramalarinda merkez 5. érneklem alaninda 1.8070
ng/ml AFG1 en yuksek aflatoksin miktari olarak bulunmustur. Elde edilen veriler degetlendirildiginde tespit
edilen aflatoksin miktatlart Tiirk Gida Kodeksi siirlarint asmamustir. Dolayistyla yapilan ¢alisma ile findik
Orneklerinde ylksek potansiyel bir risk tespit edilmemistir. Ancak potansiyel risk degetlendirmesinin
yapilabilmesi i¢in; az miktarlarda aflatoksin ve okratoksin varligiin cesitli gidalarla viicuda alinarak uzun
vadede karacigerde birikme ihtimali agisindan da degerlendirilmesi gerekmekte olup, bu ¢alisma ileri
calismalar icin bir temel olusturmaktadir. Ayrica daha 6nce bu konuda Afyonkarahisar’da yapilmis herhangi
bit ¢aligma bulunmamaktadir.

Anahtar kelimeler: Aflatoksin, Corylus avellana, fungal kontaminasyon, okratoksin

FUNGUS ISOLATION, DETERMINATION OF AFLATOXIN AND
OCHRATOXIN A FROM Corylus avellana (HAZELNUT) SAMPLES COLLECTED
FROM LOCAL MARKETS IN AFYONKARAHISAR PROVINCE

ABSTRACT

In our study, hazelnut samples taken randomly from 20 different markets in Afyonkarahisar were
evaluated by High Performance Liquid Chromatography (HPLC) for their aflatoxin B1 (AFB1),
aflatoxin B2 (AFB2), aflatoxin G1 (AFG1), aflatoxin G2 (AFG2), total aflatoxin (AF) and ochratoxin
A (OTA) contents. In addition, in order to determine the fungal contamination in the samples, fungus
was isolated and classified at the genus level. According to the results obtained, the fungus was
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isolated from hazelnut samples in all regions except two localities. 1.8070 ng/ml AFG1 was found
to be the highest aflatoxin amount in the central 5th sampling area. When the data obtained was
evaluated, the detected aflatoxin amounts did not exceed the Turkish Food Codex limits. Therefore,
no high potential risk was detected in the hazelnut samples in the study. However, in order to make
a potential risk assessment; even if aflatoxin and ochratoxin are present in small amounts, they should
be evaluated for the possibility of being taken into the body with various foods and accumulating in
the liver in the long term, and this study will the basis for future studies. Additionally, there has been

no previous study on this subject in Afyonkarahisar.

Keywords: Aflatoxin, Corylus avellana, fungal contamination, ochratoxin

GIRIS

Giuntumizde endistriyel ilerlemelerle bitlikte
insanlar ve diger tim canllar ¢evreden gelen
cesitli kimyasallara daha fazla maruz kalmaktadir.
Bu kaynaklardan biri de dogal kimyasal
kirleticilerin yiiksek oranda olustugu gidalardir
(Wu vd., 2014; Kafouris vd., 2017; Cunha vd.,
2018). Gida maddelerinde olusabilen kiifler ve
bunlarin metabolitleri giinimiizde halk sagligin
tehdit etmenin yant sira ciddi ekonomik kayiplara
da neden olmaktadir. Pek ¢ok gida maddest satisa
cikarilamadan  kiflerle  kontamine  olarak
bozulmakta, gdbzle gérilir bir  bozulma
gOstermeyen urtinler ise igerdikleri sekonder
metabolitler nedeniyle halk sagligini tehdit
edebilmektedir.

Funguslar tarafindan tretilen mikotoksinler, insan
ve hayvan saghgt acisindan ciddi riskler olusturan
disik molekdl agirhkh  toksik  bilesiklerdir
(Baquido vd., 2016). Bu kirletici maddeler, diinya
capindaki tim gida maddelerinin kalitesine
yonelik kritik bir tehdit olusturduklarindan son
yillarda dikkat c¢ekici bir konu olmaktadirlar
(Botchers vd., 2010; Wu vd., 2014; Tolosa vd.,
2013; Kafouris vd., 2017; Yu-jiao vd., 2018).
Avrupa Birligi'ne gére (Komisyon Yonetmeligi
2000), gida ve yemdeki en 6nemli mikotoksinler;
okratoksin A (OTA); aflatoksinler (AFB1, AFB2,
AFG1, AFG2); fumonisinler; trikotesen ve
zearalenon (Varga vd., 2013)’dur. AF’ler ve OTA,
mikotoksinler arasinda en yaygin kirleticilerdir
(Asghar vd., 2016, Toptas ve Erkose, 2023).

Basta Aspergillus flavus ve Aspergillus parasiticus
olmak tzere farklt Aspergillus tirleri tarafindan
dogal olarak tiretilen AF’ler, insanlarda hepatik ve

ekstrahepatik ~ karsinojeneze  neden  olan
mutajenik, teratojenik ve kanserojen
mikotoksinler  olarak  6nem  tastmaktadir

(Hontayana vd., 2015). Yapiarina gbre 20°den
fazla AF turt bulunmaktadir. Aflatoksinlerin en
yaygin formlari olan B1 (AFB1), B2, G1 ve G2
yitksek toksisiteye sahiptir. AF’ler, Uluslararast
Kanser Arastirma Ajanst IARC 1993) tarafindan
grup 1 kanserojen olarak siiflandirilmakta olup,
ayrica mutajen, kanserojen ve immiinotoksiktirler
(Moss, 1998). Insanlar, daha 6nce bu kimyasallara
maruz kalmis hayvanlardan elde edilen hayvansal
trtinleri titketerek veya kontamine olmus gidalart

dogrudan  yiyerek  aflatoksinlere  maruz
kalmaktadir (Hammami vd., 2014). Ddunya
capinda, basta piring, bugday, baharatlar,

kurutulmus meyveler, misir ve sert kabuklu
yemisler olmak Uzere cesitli tarim trtinlerinde AF
kontaminasyonu rapor edilmistir. (Grajewski vd.,
2012; Prelle vd.,, 2012; Nguyen ve Ryu, 2014;
Hepsag ve Hayoglu, 2022; Var ve Tekin, 2023;
Inang, 2024). Bilesmis Milletler Gida ve Tarim
Orgiiti (FAO)’nun bildirdigine gére diinya tarim

uarunlerinin - %251 mikotoksinlerle kontamine
olmustur (Anonymous, 2021). Bu baglamda
onemli  besin  Urunlerinde  bulunabilecek

aflatoksinlerin belirlenmesi ve gerekli 6nlemlerin
alinmast  pek ¢ok risk faktoriinii  ortadan

kaldirabilir.

Ayrica Okratoksin A (OTA), Penicillium verrucosum,
Aspergillus ochracens ve Aspergillus carbonarius gibi
mantar tirleri tarafindan iretilen dogal olarak
olusan mikotoksin bilesigidir (Cary ve Ehrlich,
20006). Ayrica OTA’nin tahillar, baharatlar, yesil
kahve, borilce, kuruyemisler, sarap, bira,
kurutulmus meyveler, Gizim ve tzim suyu gibi
cesitli gidalarda da kirletici oldugu belirtilmektedir
(Belli vd., 2005; Chulze vd., 2006; Gonzalez vd.,
2006; Ghali vd., 2020; Afolabi vd., 2020). OTA,
IARC tarafindan Grup2B kanserojen olarak
siniflandirlmistir - ve  hayvanlarda  kanserojen
potansiyele sahip bir nefrotoksindir IARC, 1993).
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Dolayisiyla  okratoksinlerin -~ farkli  besin
maddelerindeki  vatliklarinin  belirlenmesi  ve
gerekli Onlemleri alinmast noktasinda 6nem
tagimaktadir. Cinkd olumsuz kogullar altinda gida
maddelerinde funguslarin cogalmasiyla
mikotoksin gibi istenmeyen sekonder metabolitler
gidalarda birikerek bu gida maddeleriyle beslenen
tim canlblarda farkinda olmadan ciddi riskler
olusturabilmekteditler.

Kuru meyveler ve kuruyemisler esansiyel amino
asitler, mineraller, vitaminler ve diyet lifi acisindan
zengindir ve her yastan insan tarafindan sevilir.
Kronik hastali1 olan kisiler i¢in bu drtinler aym
zamanda gii¢ ve enerji saglayan besin takviyeleri
olarak da kullandmaktadir (Emilio, 2010).
Kuruyemisler % 60-70 yag ve % 17 protein
icerigiyle yitksek besin degerine sahiptir ve 6nemli
miktarda fenolik bilesikler, amino asitler, yag
asitleti ve antioksidanlar icerir. Findik tuketimi
kalp-damar hastaliklari, safra taglari, obezite ve
kilo alma gibi saglik sorunlarinin 6nlenmesinin
yanu stra Ozellikle kadimnlarda diyabet riskinin
azaltilmast acisindan da 6nemlidir (Blomhoff vd.,
2006; Yang, 2009) Findik genellikle nemli
bolgelerde yetismektedir, bu nedenle fungus
kontaminasyonu ile toksijenik aflatoksin (AF)
tretimine maruz kalirlar (Elzupir ve Alamer,
2015; Adetunji vd., 2018). Calismamizda findik
tercih edilmesinin baglica sebebi kiltiirel olarak
Turkiye’deki baslica cerez gruplarinin arasinda yer
almast ve nemli bélgelerde yetismesi sebebiyle,
depolanmast  sirasinda  olumsuz  kosullarla
karsilasabilme potansiyelinin yliksek olmast, ayrica
satisa sunuldugu yerlerdeki rafta kalma stirelerinin

de potansiyel risk olusturabileceginin
dustntlmesidir.
Turkiye’de findiklarda AFlerin  ve OTA

kontaminasyonunun varligina iliskin cok az veri
bulunmaktadir. Afyonkarahisar’da satisa sunulan
findiklarda aflatoksin ve okratoksin varligina
iliskin ise daha 6nce yapilmis herhangi bir ¢alisma
bulunmamaktadir. Calismamizda Afyonkarahisar
ve ilgelerdeki rastgele 20 farkli marketten alinan
findik ornekleri belirlenerek fungus
kontaminasyonu, aflatoksin ve  okratoksin
miktarlart acisindan incelenmesi amaclanmistir.

Calismamizda AF miktarlarint 6lgmek icin HPLC
kullanilmistir.

MATERYAL METOT

Ornekler

Afyonkarahisar ve ilgelerindeki rastgele 20 farkls
lokal matketten 100°er adet kavrulmus findik
ornegi satin alind1. Laboratuvara getirilen 6rnekler
deney vyapilana kadar +4 °C buzdolabinda
saklandi.  Numunelerin ~ tamam:  blender
kullanilarak homojenize edilecek sekilde 6giitildi
ve analize kadar plastik torbalar icerisinde
buzdolabinda saklandi. Homojenize edilen tiim
numuneler, irinin raf 6mru dikkate alinarak cok
fazla bekletilmeden analiz edildi.

Orneklerin Hazirlanmasi

Findik 6rneklerinden AF’lerin ekstraksiyonu ve
IAC (immiinoafinite kolonu) temizligi AOAC
Resmi Yoéntemi 999.07’nin (Stroka vd., 2000)
degistirilmis prosediiriine gére gerceklestirilmistir.
50 gr numune, 4 gr sodyum kloriir (NaCl), 150 ml
metanol ve 100 ml deiyonize H>O blendera
konularak yliksek hizda 1 dakika karistirilarak
numuneler homojen hale getirilmistir. Daha sonra
bu karsim whatman no:4 filtre kagidindan
stizilmigtir. Elde edilen stzintiden 5 ml
alinmis ve Uzerine 15 ml PBS (fosfat tampon
soliisyonu) eklenip vortekslenmistir.
Immunoaffinite kolondan sirasiyla olusan bu
karisimin tamami (20 ml) ve 20 ml deiyonize saf
su 3 ml/dk akis hiz1 ile gecirilmis ve kolon hava
gecirilerek  kurutulmugtur.  Aflatoksin ~ ve
okratoksin elisyonu i¢in Once immunoaffinite
kolondan 1 damla/saniye olacak sekilde 1 ml
methanol ardindan yine aymt hizda 1ml su
gecirilerek toplamda 2 ml ekstrakt (HPLC ye
verilmeye hazir) elde edilmistir. Bu ekstraktlar
HPLC analizi yapilincaya kadar 4-8 °Cde
tutulmustur. OTA analizleri icinde aynt
ekstraksiyon yontemi kullandmistir.

HPLC Kogullar:

Numuneler, bir floresans detektoru ile ODS-3
(C/N 4 um, 3.9 x 150 mm) ters faz kolonuna
sahip bir ters faz izokratik modda HPLC
(Shimadzu RF-20A / LC20AD / DGU-20As /
CTO-10AS VP) kullanilarak analiz edilmistir. AF
analizi icin mobil faz, 0.12 g/1. potasyum bromit



Afyonkarahisar ilinde satisa sunulan findiklarda fungal kontaminasyon

ve 350 pl/L nitrik asit (4 M) iceren su-asetonitril-
metanol (6:2:3, v/v/v) karisimt olup ve akis hiz1 1
ml dk’dir. OTA analizi i¢in mobil faz ise, 0.12
g/L potasyum bromit ve 350 ul/L nitrik asit (4 M)
iceren  su-asetonitril-metanol  (6:2:3, h/h/v)
karisimudir ve akis hizi 1 ml dk-dir.

HPLC kolon sicakliklart AF analizleri icin 30
°Cde ve OTA analizleri icin 40 °C’de
tutulmustur. Floresans dedektor, AF analizleri
icin 365 nm cksitasyon dalga boyuna ve 442
emisyon dalga boyuna, OTA analizleri icin 333
nm eksitasyon dalga boyuna ve 460 emisyon dalga
boyuna ayarlanmistir (Hepsag vd., 2014). Her iki
analiz icin de HPLC enjeksiyon hacmi 25 pl olarak

alikonma siireleri (dakika); G2 icin 4.982, Gli¢in
5.994, B2 icin 6.710, B1 icin 8.189 olarak tespit
edilmigtir. OTA analizi icin ise altkonma siiresi
8.549 dk olarak belitlenmistit.

Hem AF analizlerinde hem de OTA analizlerinde
hazirlanan ornekler ve standartlar kolon sonrasi
KOBRA® CELL TAMSON  cihazinda
tirevlendirme iglemine tabi tutularak floresans
detektore iletilmistir.

Aflatoksin  ve Okratoksin A miktarlarinin
belitlenmesinde kullanilan standart cozeltilere ait
kalibrasyon egrileri ve HPLC kromotogramlari
Sekil 1, 2, 3 ve 4’de verilmistir.

alinmistir. AF  analizlerinde aflatoksinlerin
Sekil 1. Aflatoksin miktarlarinin belirlenmesinde kullanilan kalibrasyon egrisi
Figure 1. Calibration curve to determine aflatoxin amonnts

AF G2

AF B1

Sekil 2. Aflatoksin miktarlarinin belirlenmesinde kullanilan standart ¢ozeltilere ait HPLC
kromotogramlarinin karsilastirilmasi.
Figure 2. Comparison of HPLC chromatograms of standard solutions used in determining aflatoxin amounts

823



824

A. Ozkara

Level

134208
33415

1.000000 |
2.000000 &

s

-
o
o
2
g
<

nen)

20.00000 [ 188551

=aX+b

perral Stardard
urve Fi: Tyoe Linear
g Nt Forcd

1] -

1oboe 20000 30000 40000 S0000 BODDO  700CO €DCOD BOOOC 100DOC 11DODD 120000 130000 140000 1SC0D0 rea
Sekil 3. Okratoksin-A miktarlarinin belirlenmesinde kullanidan kalibrasyon egrisi
Figure 3. Calibration curve used to determine ochratoxin-A amounts

T T T T T T T T T T T T T T T T T
42 a3 a4 BS a8 a7 83 a3 20 a1 4 83 a4 45 111 a7 min

Sekil 4. Okratoksin-A miktatlarinin belirlenmesinde kullanilan standart ¢ozeltilere ait HPLC

kromotogramlarinin karsilastirilmasi

Figure 4. Comparison of HPLC chromatograms of standard solutions used in determining ochratoxin-A amounts

Analitik Kalite Parametreleri ve Validasyon
Prosediirleri

HPLCnin tespit ve miktar belirleme limiti
(LOD/LOQ) igin, AF karisiminda 0.1, 0.25, 0.50,
1, 5, 10 ve 20 ng ml! ve OTA’da 0.5, 1, 5, 10 ve
20 ng ml! standart ¢ozeltileri kullamilarak bir
kalibrasyon egrisi ve denklemi hazirlanmustir.
Blank’in herhangi bir sinyal Gretmedigi g6z 6ntine
alinarak

LOD ve LOQ su sekilde hesaplandr:

LOD = 3 x Standart sapma / Egim. 1)
LOQ =3x1LOD 2
Yukaridaki denklemlere dayanarak aflatoksinlere
fliskin LOD ve LOQ degerleri Cizelge 1°de
gOsterilmektedir.

Fungus Izolasyonu

Laboratuvara  getirilen = numuneler  steril
posetlerinden ¢ikarildiktan sonra her numune
alani icin 100 gram numune tartilarak yiizey
sterilizasyonu yapilmustir. Numuneler tartildiktan
sonra yizey sterilizasyonunun saglanmast icin %
0.4’lik sodyum hipoklorit soliisyonunda 5 dakika
bekletilmistir. Yiizeyi sterilize edilen numuneler,
sodyum hipoklorit ¢Ozeltisini uzaklastirmak icin
steril distile su ile birka¢ kez durulanmis ve
kurumaya birakdmistir. Kurutulan numuneler
havan tokmagr vyardimiyla steril torbalara
konularak toz haline getirilmistir. 1 g toz findik
ornegine 100 ml steril distile su ilave edildi ve bu
karistim vortekslenmistir. Daha sonra bu karigimin
1 ml’si Rose Bengal Chloramphenicol Agar’a
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(RBCA)  eklenmistir. ~ Ornekleme,  tiim
lokasyonlarda en az 5 tekrar ve 3 bagimsiz deney
ile gerceklestirilmistir. Ekim yapilmis petriler
fungus  kolonilerinin  buylimesi  acisindan
karanlikta oda sicakliginda (25 °C) 7-14 gun

streyle inkiibe edilmistir. Her istasyon icin alnan
ornekler petri kaplarinda sayilmis ve ml. basina
ortalama mantar sayist CFU (koloni olusturan
birim) olarak belitlenmistir.

Cizelge 1. HPLC analizi ile aflatoksin tayininin dogrulanmast
Table 1. Confirmation of aflatoxcin determination by HPLC analysis

Aflatoksin LOD (ug/kg)d LOQ (ug/kg)d Kalibrasyon Egrisic R?
Okratoksin Calibration Curvé

Aflatoxin Ochratoxin

AFB1 0.01 0.03 Y=16032x+1390.3 0.9979
AFB2 0.01 0.03 Y=34841x-3982.4 0.9983
AFG1 0.01 0.03 Y=14218x+2200.6 0.9982
AFG2 0.01 0.03 Y=21458x-3884.8 0.9967
OTA 0.05 0.16 Y=14448x+2521.4 0.9970

cix; aflatoksin ve okratoksin konsantrasyonu (ug/kg)- y: yogunluk, d: Tespit sinir1 (LOD), q: Kantifikasyon sinirt

(LOQ)

e aflatoxin and ochratoxin concentration (ug/ kg)- y: density, d: limit of detection (1LOD), g: limit of gnantification (LOQ)

Funguslarin Identifikasyonu

RBCA’da  vyetistirilen fungus kolonileri 7-14
ginlik inkbasyonun ardindan identifikasyon
amaciyla farkli besiyerlerine (Patato Dextrose
Agar, Sabouraud Glucose Agar, Czapex-dox
Agar, Malt Extract Agar) pasajlanmustir. Ttrlerin
tantmlanmast icin koloniler makroskobik ve
mikroskobik olarak incelenmistir. Identifikasyon
cins duizeyinde gerceklestirilmis ve cinslerin
tanimlanmast Barnett ve Hunter (1998)’a gore
yapilmustir. Funguslarin mikroskobik
incelemesinde Butler ve Mann (1959)’in seliloz
bant yontemi kullanilmis ve boyama laktofenol
pamuk mavisi ile yapilmistir.

SONUC

Afyonkarahisar ili ve ilcelerinde bulunan 20 farklt
lokal marketten toplanan findik OSrneklerinden
fungus  izolasyonu  gerceklestirilmis  ayrica
aflatoksin B1 (AFB1), aflatoksin B2 (AFB2),
aflatoksin G1 (AFG1), aflatoksin G2 (AFG2,
toplam aflatoksin (AF) ve okratoksin (OTA)
icerikleri Yiksek Performansh Stvi
Kromotografisi (HPLC) ile incelenmistir.

Elde edilen veriler incelendiginde iki lokalite
disinda  tim  bolgelerden fungus izolasyonu
gerceklestirilmistir. Her Orneklem alanindan
ortalama koloni sayilart tespit edilmistir. Bu
sonugclara bakildiginda merkez 5. 6rnek alaninda
tim lokalitelerden daha fazla koloni sayist tespit

edilmistir. Bu lokasyonda tespit edilen kolonilerin
ortalama sayist 14.6610.26 CFU/ml olmustur.
Ayrica bu 6rneklem alaninda Alternaria, Aspergilius,
Penicillinm, Cladosprinm olmak tizere dort farkli cins
fungus tespit edilmistir. Bunu takip eden ortalama
koloni sayist ise merkez 2. Orneklem bélgesi
olmustur ve Orneklem bolgesinde _Aspergillus,
Penicillinm, Cladosprium olmak tuzere tg faklt cins
tespit edilmistir. Tim 6rneklem bélgeleri arasinda
en az ortalama koloni sayist merkez 8. ve
Sultandag: 3. 6rneklem alaninda tespit edilmistir.
Toplanan findik 6rneklerinden elde edilen fungus
kolonileti bakimindan lokaliteler arasinda kiiciik
farkliliklar olmasina ragmen tiim bélgelerden izole
edilen fungus cinsleri _Aspergillus, Alternaria,
Cladosprorium, Penicillinm ~ve Polystanum gibi bazi
temel fungal tiirler ile temsil edilmektedir.

Calisma Orneklerinin aflatoksin ve OTA analizi
strasinda bazi 6rneklem bolgeleri tespit sinirinin
alinda kalmistir. Aflatoksin taramalarinda, en
yiksek aflatoksin miktart merkez 5. 6rneklem
alaninda  1.8070 ng/ml  AFG1  olarak
bulunmustur. Tkinci yiiksek aflatoksin degeri ise
merkez 3. 6rneklem alaninda 1.4575 ng/ ml AFG1
ile temsil edilmistir. En distk veri ise merkez 4.
orneklem alaninda 0.1000 ng/ml ile AFB2
olmustur. Diger 6rnek alanlardan farkli olarak
merkez 1. ve 7. Orneklem alanlarinda tim
aflatoksin ¢esitleri (AFB1, AFB2, AFG1 ve
AFG2) belirlenebilmigtir. Bolgelere gére izole
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edilen mantarlarin cins ve saytlart ile AFler ve
OTA  dizeyleri Cizelge 2’de  verilmistir.
Okratoksin tarama sonuclarinda ise iki bolgesel
Ornek disinda degerler tespit sinirinin altinda
kalmis merkez 1. 6rneklem ve Suhut 1. 6rneklem
bolgesinde 5 ng/ml’nin altinda OTA degeri tespit

edilmistir. TGK’nin belirledigi limitler tiketime
yonelik uretilen findiklarda AFB1 icin 5 ng/g ve
toplam AF icin 10 ng/g’dir. Ornek alanlardan
alinan baz1 findiklarda farkli miktarlarda aflatoksin
tespit edilmesine ragmen hicbir 6rnek alanda
TGK limitlerini asan bir 6rnege rastlanmamugtir.

Cizelge 2. Orneklem alanlarindaki findik 6rneklerinde bulunan fungus, AFler ve OTA diizeyleri
Table 2. Fungi, AFs and OTA levels in hazelnut samples from sampling areas

) Ortalama Toplam
Ornek Koloni Sayisi Funous Cinslei AFB1  AFB2 AFG1 AFG2 AF OTA
Alant (CFU/ml) s & o (®pb,  (pb,  (pb,  (ppb, L (opb,
Sample Area  Colony Forming pngar Spectes ng/ml) ng/ml) ng/ml) ng/ml) (bp ’1 ng/ml)
Unite (CFU/ ml) ng/ml)
M1 2.66%0.02 Aspersitlus 02601 03098 02287 02449 1.0435 <5
Cladosporium
Aspergillus
M2 4.4610.03 Penicillinm 0.1795 0.3843  1.2299 * 1.7937 *
Cladosprium
M3 2.33+0.05 Aspergillus * 0.3732  1.4575 1.8307
M4 1.33£0.06 Aspergillus * 0.1000 * 0.1000
Alternaria
M5 14.660.26 Aspergilins 01976 04273 18070  * 24319 *
Penicillium
Cladosprinm
Aspergillus
Mo 1.33£0.08 Cladosporium * * * * * *
Penicillium
Aspergillus
M7 2.6610.03 Cladosporinm 0.2289 0.1733  0.2108 0.1527  0.7657 *
Penicillinm
M8 0.33£0.02 Aspergillus * * * * * *
M9 1.3310.06 Aspergilius * * * * * *
Cladosporium
M10 2.331+0.09 Aspergillus * 0.1078 * 0.1078
M’l 1 _ _ * * * *
El 1.6610.05 Aspergillus * * * x x *
Cladosporium
E2 0.66%0.02 Cladosporium * * * * * *
E3 _ _ * * * * * *
S1 2.6610.06 Penicillium * 0.2790 * * 0.2790 *
S2 2.66%0.02 Cladosproinm * * * * * *
$3 0.3310.02 Cladusrorim * * * * * *
Polysctanum
Cladosporinm
S1 2.33+0.04 Penicillinm * * * * * <5
S2 1.661+0.03 Cladosporinm *
S3 1£0.01 Polysctanum * *

* Tespit edilmedi (M1-M10:Merkez 1.bolge-10.bolge, E1-E3 Emirdag 1.bolge-Emirdag 3.bolge, S1-S3 Sultandag:
1.bélge-Sultandagt 3.bolge, S1-S3:Suhut 1. bolge- Suhut 3. bolge)

* Not detected (M1-M10: Center 1st region-10th region, E1-E3 Emirdag 1st region-Emirdag 3rd region, S1-S3 Sultandagr 15t
region-Sultandags 3rd region, S1-53: Subut 1st region- Subut 3rd region)
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TARTISMA

Mikotoksinler, tarim urtnlerinde ekonomik
sorunlarin yani sira saghk acisindan da 6nemli
riskler olusturmaktadir. Mikotoksinler
kurutulmus meyve ve sebze Urlnlerinin
yetistirilmesi, toplanmasi, tasinmast, kurutulmast
ve depolanmast agamalarindan herhangi birinde
olusabilmektedir. Kuruyemisler aflatoksin ve
okratoksin acisindan en riskli Grtinler arasinda yer
aldigindan dolayt bu konuyla ilgili ¢alismalar
ginimiizde de 6nemini korumaktadit.

Turkiye'de  kuruyemislerde  yapilan  farkls
caligmalarda elde edilen aflatoksin ve okratoksin
miktarlart genel olarak Tirk Gida Kodeksi’nin
izin verdigi sinirlar dahilindedir (Giirses, 2000;
Basaran ve Ozcan, 2007; Ozay vd., 2008; Sen ve
Nas, 2010; Turan ve islam 2016; Karaosmanoglu
2023). Yaptgimiz calisma ile de
Afyonkarahisar’da satiga sunulan findiklardaki
aflatoksin ve okratoksin miktatrlarinin Turk Gida
Kodeksi Limitleri arasinda oldugu tespit edilmis
ve calisgmamiz  sonuglar agisindan  diger
calismalarla paralellik gOstermistir. Mikotoksin
miktart TGK limitleri icerisinde olsa da bu
bilesenlerin zamanla vicutta birikme ihtimali de
g6z ardi edilmemelidir. Dolayisiyla gidalardaki
mikotoksin miktart TGK’nin izin verdigi sinirlar
dahilinde olsa bile uzun vadede saglik riski
bulundurdugu unutulmamalidir.

Bu calismada Afyonkarahisar il merkezi ve
ilcelerinde bulunan 20 farklt lokal marketten
alinan findik Srneklerinden fungal izolasyon ve

aflatoksin  analizleri  yapimustir.  Calisma
sonucunda 2 lokalite disinda 18 farkli marketten
alinan findik orneklerinde fungus
kontaminasyonu  tespit  edilmistir.  Findik

orneklerinden elde edilen fungus kolonileri cins
dizeyinde tanimlanmis olup tim lokasyonlardan
elde edilen fungal genuslar benzerlik gostermistir.
Lokaliteler arasinda kiictk farkliliklar olmasina
ragmen tim bolgelerden izole edilen funguslar;
Aspergillus, Alternaria, Cladosprorium, Penicillium ve
Polystanum gibi bazi temel fungus cinsleri ile temsil
edilmektedir. Fungal kontaminasyon
degetlendirildiginde  Aspergillus,  Penicillinm  ve
Cladosporium en sik gorilen funguslardir. Benzer
sekilde Deabes tarafindan 2010 yiinda Suudi

Arabistan’da ¢esitli kuruyemis 6rnekleri tizerinde
yapilan bir calismada da baskin fungus titleri
olarak Aspergillus niger, Aspergillus flavus, Rhizopus
spp. ve  Penicillium  spp.  belitlenmis  olup
calismamizla benzerlik gostermektedir.  Yine
Girses (2006) Erzurum’da yaptugi calismada
cesitli findik 6rneklerinde Aspergilius ve Penicillinm
tiirlerini yiksek oranda tespit etmistir. Bunun yant
sira Ozay ve arkadaslart (2008) Tirkiye’deki findik
Orneklerini G¢ yil boyunca incelemisler ve
mikolojik ¢alisma sonucunda Aspergillus parasiticus
(Y%o11) ve Aspergillus flavus (%089) dahil olmak tizere
toplam 5546 adet fungus izole etmislerdir. Bu
calismada da Aspergillus cinsi baskin fungal
kirleticiler arasinda yer almustir. Yine Saffari ve
ark. (2021) Isfahan’daki siipermarketlerden
rastgele topladiklar1 100 findik 6rnegini fungal
kontaminasyon ve aflatoksin bulagt acisindan
degerlendirmisler ve  Orneklerin = %78’inde
Aspergillus,  Penicillinm, — Rhizopus, — Ulocladium,
Alternaria, Drechselera, Trichothecium, Scopulariopsis ve
Mucor olmak tzere dokuz farkli cinste fungus
tespit etmislerdir. Aspergillus flavus ile kontamine
olmus 6rnekler aflatoksin varhigint belirlemek icin
incelendiginde %72’sinin AFB1, AFB2 ve AFG2
ile  kontamine  oldugunu  gOstermislerdir.
Calismamizda pek ¢ok lokalitede _Aspergilius
kontaminasyonu oldugu tespit edilmis olup tiim
bu ¢alismalarla benzerlik g&stermektedir.

Aflatoksin ve okratoksin Uretimini etkiledigi
distnilen bircok farkli cevresel faktorler
bilinmektedir ancak bunlar arasinda sicaklik ve
nem oldukea kritik 6neme sahiptir. Bu ¢alismada
da satiga kadarki gegen siirede alinan findik
numunelerinin sicaklik, nem ve saklama kosullart
birbirinden farkhi oldugundan dolayt hem fungus
kontaminasyon miktarlart hem de funguslar cins
bazinda baz farklliklar géstermistir. Aflatoksin
ve okratoksin analizlerinden elde edilen veriler
incelendiginde bircok findik 6rneginde aflatoksin
miktart tespit sturinin altinda oldugundan tespit
edilememistir. Akcin ve Bostan (2019) Giresun
llinde yetistirilen Tombul findik ¢esidi ile
yaptiklart calismada, damla sulama yOntemiyle
farkls sulama programlarina gére sulanan findigin
depolama aktivitesi  degisimi
aragtirtlmuslar ayni zamanda aflatoksin icerigi de
belirlemisler ve biitiin 6rnek gruplarinda herhangi

suresince su
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bir aflatoksin olusumu tespit etmemislerdir.
Karaosmanoglu (2022) yaptigt ¢alismada Tombul
findiginin bazi fiziksel, kalite ve renk &zellikleri ile
aflatoksin dizeyine gec hasat zamaninin etkisini
belirlemistir. Calisma sonuclarinda ge¢ hasadin
findiklarin  biyometrik ve renk 6zelliklerine
olumsuz bir etkisinin olmadigint ve higbir
dénemde  findik  Orneklerinde  aflatoksin
olugsmadigini tespit etmis, bu nedenle aflatoksin
sorununun  hasattan  sonraki  asamalardan
kaynaklanabilecegini bildirmistir. Yine
Karaosmanoglu (2023) Tombul ve Karafindik
cesitleri ile yapugi bir diger calismada farkls
ambalajlarin depolama siiresince geometrik ve
renk Ozelliklerini ve de aflatoksin  diizeyi
degisikliklerini degerlendirmis, bir yillik depolama
suresince Orneklerdeki aflatoksin  olusumunu
takip etmistir. Depolama stresinin meyve ve i¢
boyutlarini genellikle etkilemedigi ancak saglam i¢
oranini dustrdigi, kusurlu i¢ orant ve beyazlama
oranint arttirdigi ayrica renk degerlerini duyusal
olarak fark edecek diizeyde etkilemedigi
gozlenmistir. Ancak depolama stresince higbir
ornekte aflatoksin olusumuna rastlanmamustir.
Calismamiza benzer sekilde hem tlkemiz hem de
farkls iilkelerde yapilan ¢alismalarda aflatoksin ve
okratoksin miktarlarinin eser miktarda oldugu
veya tespit limitinin altinda kaldigt goéralmistiir
(Cheraghali vd., 2007; Fernane vd., 2010;
Imperato vd., 2011; Ekici vd., 2011).

Samimi ve ark. (2024) ithal findik 6rneklerindeki
AFB1 miktarinin belitlenmesi icin yurittikleri
calismada test ettikleri tim Orneklerde AFB1
tespit etmistir. Ancak bir 6rnek haric tim
orneklerde AFB1 seviyeleri maksimum kabul
edilebilit  smurlar  arasinda  bulunmustur.
Arastirmacilar  ithal  findik  tiketiminden
kaynaklanan AFB1 bulaginin karaciger kanseri
acisindan  risk  olusturabilecegi
ulasmislar ve tlkelerin &zellikle kiif olusumuna
elverigli iklime sahip ilkelerden ithal edilen
kuruyemislerdeki aflatoksin iceriklerini izlemeleri
Onermislerdir. Bu ¢alismaya benzer bicimde diger
bircok calismada ise aflatoksin ve okratoksin
tespit edilmis ancak bu degerler genel olarak yasal
sinirlar icerisinde kalmistir (Basaran ve Ozcan,
2007; Arroyo-Manzanares vd., 2013; Sedefoglu,
2013; Elzupir, 2018).

sonucuna

Yapilan bu ¢alismada findik 6rneklerinde farkl
aflatoksin miktatlart tespit edilmis ancak bu
verilerin de diger caligmalara benzer sekilde yasal
limitler arasinda oldugu gorilmigtir. Taranan
tim numunelerdeki okratoksin miktart genel
olarak tespit stnurlart altinda kalmis ancak yalnizca
iki numunede 5 ng/mlnin altinda oldugu
saptanmistir. En ylksek aflatoksin miktarinin
merkezi 5. 6rnek alanda 1.8070 ng/ml AFG1
oldugu belirlenmistir. Bu oran ¢alismamiz icin en
yiksek veri olmasina ragmen AFB1 icin Turk
Gida Kodeksi'nin izin verdigi siir olan 5 ng/g
olup, toplam AF i¢cin 10 ng/g’in oldukca
altindadir. Ancak aflatoksin kontaminasyonu ile
uzun sureli beslenmenin canlilar tzerinde
olumsuz etkileri olabilecegi unutulmamalidir. Bu
nedenle kif kontaminasyonunun Onlenmesi ve
gida  kontaminasyonunun  detoksifikasyonu
oldukca 6nemlidir.

Bu calismada aflatoksin ve okratoksin diizeyleri
yasal sturlar icerisinde belitlenmis olsa da satisa
findiklarda  fungal kontaminasyon
sebebiyle bekleme siireleri, nem ve sicaklik gibi
degisen kosullar géz 6niine alindiginda aflatoksin
diizeylerinin zamana baglt olarak artabilecegi
unutulmamalidir. Cunkd fungal
kontaminasyonunun zamana ve degisen iklim
kosullarina baglt olarak mikotoksin salgisint
arttirabilecegi bir gercektir. Zamanla biriken bu
aflatoksinlerin ~ yasal  limitleri  asabilecegi
unutulmamalidir. Ya da sinitlarin Gizerinde olmasa
bile beslenmenin bir parcast olan findigin
tiketimiyle zaman icerisinde viicutta
birikebilecegi gbz 6niinde bulundurulmalidur.

sunulan

Ozetle aflatoksin ve okratoksinler akut etkileri
acisindan oldukea toksik olabildikleri gibi daha da
onemlisi nefrotoksik, immiinotoksik, Ostrojenik
ve teratojenik etkileri nedeniyle ciddi kronik yan
etkilere neden olabilitler. Tum ¢alismalar AF’lerin
en glcli kanserojenler arasinda  sayilmast
gerektigini gostermistir (Borchers vd., 2010; Wu
vd., 2014; Samimi vd., 2024). Sonug olarak gida
maddelerinde  bulunan  aflatoksinler — saglik
acisindan tehdit olusturmaktadir. Bu c¢alisma
Afyonkarahisar  bolgesinde  satisa
findiklara yonelik ilk aflatoksin taramasi olma
Ozelligini tasimaktadir. Bazi 6rneklerde limitlerin

sunulan
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altinda da olsa aflatoksin varlig1 gézlemlenmistir.
Bu calisma, Afyonkarahisar’da yerel pazarlarda
satilan findiklarda AF ve OTA tehlikesi hakkinda
temel yararh bilgiler vermekte olup, bu bdlge i¢in
bu konuda yapilan ilk tarama calismasidir. Her iki
mikotoksinin de gidalardaki gbriilme oraninin
yliksek olmasi, gidalardaki bu kontaminasyonun
degerlendirilmesi ve minimum diizeyde tutulmast
icin bu tir tarama ¢alismalarinin énemini ortaya
koymaktadir.
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ABSTRACT

In today's wotld, awareness of health and nutrition is growing, emphasizing the need for personalized
nutrition recommendations and reducing food waste. This study collected demographic data and food
preferences from users and analyzed them using artificial intelligence models. A model developed with the
Random Forest algorithm was trained to predict usets' future preferences and guide menu planning. Tests
showed that combining Al with optimization techniques successfully creates user-focused menus, enhancing
satisfaction and reducing food waste. The study also highlighted challenges related to the dataset's size,
pointing to a need for more qualitative data. The developed model provides innovative solutions for catering
companies and institutions offering mass dining, improving employee satistaction while minimizing waste.
Future research aims to refine the model for broader applications.

Keywords: Artificial intelligence, optimization algorithms, linear programming, personalized menu, catering

OPTIMIZASYON VE YAPAY ZEKA ALGORITMALARI KULLANARAK MENU
PLANLAMA YAZILIMI GELISTIRILMESI

oz

Gintmuzde saglik ve beslenme bilinci giderek artmakta, bu da kisiye 6zel beslenme 6nerilerinin ve
gida israfinin azaltlmasinin 6nemini vurgulamaktadir. Bu calismada, kullanicilardan demografik
veriler ve gida tercihleri toplanarak yapay zeka modelleri ile analiz edilmistir. Random Forest
algoritmast kullanilarak gelistirilen bir model, kullanicilarin gelecekteki tercihlerini tahmin etmek ve
ment planlamasina rehberlik etmek tzere egitilmistir. Yapilan testler, yapay zeka ve optimizasyon
tekniklerinin birlestirilmesinin kullanict odakli meniiler olusturdugunu, memnuniyeti artirdigini ve
gida israfint azalttigini gOstermistir. Calisma ayrica, veri setinin boyutuyla ilgili zorluklara dikkat
cekerek, daha nitelikli verilere olan ihtiyact ortaya koymustur. Gelistirilen model, toplu yemek hizmeti
sunan catering sirketleri ve diger kurumlar i¢in yenilik¢i ¢6ztimler sunarak calisgan memnuniyetini
artirirken israfi da minimize etmektedir. Gelecek arastirmalar, modelin daha genis uygulamalar icin
gelistirilmesini hedeflemektedir.

Anahtar kelimeler: Yapay zeka, optimizasyon algoritmalari, dogrusal programlama, kisisellestirilmis
meni, catering
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INTRODUCTION

In today’s health-conscious era, personalized
nutrition is becoming crucial. This research aims
to use artificial intelligence (Al) and optimization
algorithms to develop tailored menu plans based
on personal health and dietary preferences.
General nutrition guidelines often fall short of
meeting individual needs; this project targets
creating scientifically grounded, customized diet
plans that align with each person's unique
requirements. Technological advancements are
pivotal in enhancing life quality by providing
personalized health and nutrition solutions. Al
and optimization algorithms are particularly
effective in formulating diet plans that cater to
specific health statuses and dietary choices. This
integration of technology not only caters to
personal preferences but also enhances nutritional
effectiveness and employee satisfaction in
organizational settings, particularly in catering
services that often overlook individual dietary
needs, leading to increased food waste and
reduced satisfaction (Hou et al., 2022). The goal
of this research is to optimize how catering
companies address the nutritional demands of
their clientele, minimizing waste and enhancing
meal satisfaction. When dietary preferences are
ignored, not only does food waste escalate, but it
also leads to financial and environmental
drawbacks. By applying Al and optimization
techniques, the developed model efficiently
generates meal plans that reduce waste and are
attuned to the diverse preferences of employees.
This model is not only a solution for catering
companies but is also applicable to broader mass
nutrition services, promoting more sustainable
and efficient food service operations. In
summary, this study illustrates the feasibility of
creating personalized menu plans with Al and
optimization, aiming to boost employee
satisfaction and minimize food waste. The model
has demonstrated effectiveness and promises
broader application in future enhancements
4Cross various sectors.

Artificial intelligence and machine learning are
increasingly integrated into the food industry,
revolutionizing  various aspects of food
processing, manufacturing, logistics, and supply

chain management. Known as Industry 4.0 or the
Smart Factory, this modern era utilizes Al to
improve efficiency, minimize waste, and ensure
food safety. With food safety regulations being a
primary concern, transparency in the food supply
chain is crucial. Al supports monitoring the entire
supply chain process, aiding in price prediction,
production process optimization, inventory
management, and logistics management. Al can
even determine the origin of a specific crop. Tools
like Symphony Retail-Al help predict demand for
transportation, pricing, and inventory, preventing
overstock and waste (Hebbar, 2020). Previously,
manufacturers needed numerous employees for
repetitive tasks such as food sorting. Al-based
applications can now easily identify which
potatoes are best for chips and which are ideal for
French fries, making the sorting process faster,
more efficient, and accurate (Misra et al., 2022).
Producing wvarious items involves complex
systems. Machine learning plays a vital role in the
predictive maintenance of these large machines,
reducing operational costs and labor, optimizing
resource use, and increasing output. It employs
machine learning techniques, cameras, sensors,
and internet connectivity (Sharma et al., 2021).
Machine learning is also crucial in food delivery,
facilitating smart logistics and tracking crops and
vegetables. It reduces vegetable waste and
enhances restaurant meal delivery (Li et al., 2019).
Modern industrial and logistical systems benefit
from expansive and powerful computing
networks. Sensors, machines, systems, intelligent
devices, and people within these networks
generate constant data. With increased computing
power, this Big Data is processed more quickly
and in greater detail than ever before. These
advancements have ushered in Industry 4.0 or the
Smart Factory, highlighting the significance of
artificial intelligence technology (Ahmed and
Kim, 2017).

THEORETICAL BACKGROUND
Optimization and linear programming
Optimization is a mathematical process used to
adjust given parameters to best achieve an
objective or goal function under specific
constraints. The primary aim of optimization is to
find the most suitable solution for a given
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problem, and it is applied in various fields such as
engineering, finance, logistics, and Al (Precup et
al., 2020). This process is typically used in
situations where costs, time, or distance need to
be minimized, or where revenue, efficiency, or
performance need to be maximized (Gong, 2022).

Linear Programming (LP) is one of the most
common forms of optimization problems. LP
determines decision variables under linear
constraints to optimize an objective function. The
LP gained significant momentum with the
development of the simplex method by George
Dantzig in 1947 (Chandru and Rao, 1998). The
simplex method provides time-efficient solutions
to LP problems and has been widely applied, from
military logistics to commercial applications
(Dantzig, 1982).

The applications of LP are quite diverse. It is
widely used in industrial and scientific research
for cost-benefit analyses, optimizing agricultural
yields, planning routes in commercial aviation,
and many other areas (Kulhari, 2023). The
flexibility of LP stems from its ability to represent
various constraints and objectives through linear
equations and inequalities. Additionally, LP
problems can be solved using various algorithms,
such as the simplex method, primal-dual method,
and interior-point method (Tiwari and Agrawal,
2022).

However, many real-world problems are not
limited to continuous variables. Some problems
require decision variables to take integer values,
especially when the nature of the decisions is
discrete. In such cases, a more complex method
known as Mixed Integer Linear Programming
(MILP) comes into play.

Optimization and linear programming

MILP is a more complex form of LP that involves
both continuous and integer variables to solve
optimization problems. MILP aims to maximize
or minimize an objective function under linear
constraints (Miltenberger, 2023). This approach is
suitable for modeling scenatios where both
discrete (integer) and continuous decision
variables coexist. For example, in a logistics

problem, optimizing both the number of vehicles
(integer) and the quantity of goods to be
transported (continuous) simultaneously.

MILP shares similarities with LP as both seek to
optimize an objective function under specific
linear constraints. However, the key difference
lies in the inclusion of integer constraints in MILP
models, significantly altering the solution
strategies. While LP models deal solely with
continuous variables, MILP models incorporate
integer wvariables, allowing for more realistic
decision-making scenarios.

MILP problems typically fall into the NP-hard
category, meaning they are considerably more
challenging to solve compared to LP problems.
Common methods for solving MILP problems
include Branch-and-Bound, Branch-and-Cut, and
Cutting Plane techniques. These methods are
designed to systematically explore the solution
space and effectively narrow down potential
solution candidates.

Branch-and-cut method

The Branch-and-Cut method is a widely used and
highly effective technique for solving MILP
problems.  This method combines two
fundamental approaches: Branch-and-Bound and
Cutting Planes.

Branch-and-Bound: This approach involves
partitioning the solution space into smaller
subproblems (branching) and working on each
subproblem individually to reach an optimal
solution. In each branch, solutions that violate
integer constraints are excluded. This method
helps manage the complexity by breaking down
the problem into more manageable parts and
solving each patt separately.

Cutting Planes: This technique adds cutting
planes to the solution space to exclude fractional
solutions and narrow the feasible region. Cutting
planes are mathematical constraints that eliminate
portions of the solution space that do not contain
integer solutions. Common methods include
Gomory cuts and capacitated cuts.
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The Branch-and-Cut method is particularly
effective for solving MILP problems. Initially, a
linear relaxation of the problem is solved,
ignoring the integer constraints. The solution
obtained usually contains fractional values. At this
point, cutting planes are added to narrow the
solution space and enforce integer solutions
(Balcan et al, 2022). If the linear relaxation
solution does not contain integer values, the
solution space is partitioned (branching) into
subproblems, and each subproblem is solved
individually. This process is repeated until the
optimal solution is found, adding new cutting
planes at each iteration to enforce integer
constraints (Basu et al., 2023).

MILP and the Branch-and-Cut method find
extensive applications in logistics, production
planning, supply chain management, and many
other fields. These methods provide effective
solutions  for complex and large-scale
optimization problems, offering significant
advantages in decision-making processes.

Artificial intelligence and random forest
algorithm

Al is a multidisciplinary field of computer science
aimed at creating intelligent machines capable of
performing tasks that typically require human
intelligence. These tasks include reasoning,
learning, problem-solving, perception, and
language understanding. Al integrates concepts
and methodologies from various domains such as
mathematics, statistics, computer science,
neuroscience, and cognitive science (Russell and
Norvig, 2003). One of the key subfields of Al that
focuses on how these intelligent capabilities are
acquired and utilized is Machine Learning.

Machine Learning (ML) is a subset of Al that
focuses on the development of algorithms that
enable computers to learn from and make
decisions based on data. Unlike traditional
programming, where specific instructions are
coded, ML algorithms build models based on
sample data, known as training data, to make
predictions or decisions without being explicitly
programmed for the task (Nasteski, 2017). One of
the most common approaches within machine

learning is Supervised Learning, where algorithms
are trained on labeled datasets.

Supervised learning is a type of machine learning
where the algorithm is trained on labeled data.
This means that each training example is paired
with an output label. The goal of the algorithm is
to learn a mapping from inputs to outputs so that
it can predict the output for new, unseen data
accurately.

Supervised learning tasks can be divided into two
main categories: classification and regression. In
classification, the goal is to predict discrete labels,
such as determining whether an email is spam or
not. In regression, the goal is to predict
continuous values, such as forecasting house
prices based on historical data.

Common algorithms used in supervised learning
include decision trees, support vector machines
(SVM), k-nearest neighbour (KNN), Naive Bayes,
artificial neural netwotks, and random forest
algorithms.

In this study, classification algorithms were
utilized to predict user preferences and create
personalized menu recommendations.
Classification algorithms are particularly effective
when the data needs to be divided into distinct
categories. The data used in this study includes
user preferences and eating habits, serving as a
labeled dataset for the model to predict future
preferences. Among the classification algorithms
tested, the Random Forest algorithm was chosen
for its robustness and performance.

The Random Forest algorithm is an ensemble
learning method used for classification and
regression tasks. Developed by Leo Breiman and
Adele Cutler, it operates by constructing multiple
decision trees during training and outputting the
mode of the classes (classification) or mean
prediction (regression) of the individual trees
(Breiman, 2001). The Random Forest algorithm is
preferred for its multi-class capabilities and its
ability to reduce overfitting. By aggregating the
results of multiple decision trees, it provides
higher accuracy and compensates for the errors of
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individual trees. Additionally, the algorithm helps
in determining which features are most influential
in making predictions and generally performs well
across different datasets and problems.

The Random Forest algorithm works based on
two key principles: bagging (bootstrap
aggregating) and random feature selection.
Bagging involves creating multiple subsets of the
original dataset with replacement and training a
separate decision tree on each subset. This
increases the model's ability to generalize and
reduces the risk of overfitting. Random feature
selection means that at each split in the decision
trees, a random subset of features is chosen,
ensuring the trees are diverse and further reducing
the risk of overfitting. It performs well on large
datasets and high-dimensional spaces, making it
applicable in fields such as healthcare, finance,
marketing, and bioinformatics.

For the task of accurately predicting users' food
preferences and providing personalized menu
recommendations, the Random Forest algorithm
was found to be particularly effective. It
outperformed other tested algorithms in terms of
accuracy and overfitting reduction, establishing
itself as a reliable and efficient method for
classification problems (Liaw and Wiener, 2002).

MATERIAL AND METHOD

This study aims to develop software using
optimization and Al algorithms that catering
companies can use to create personalized menus
for their clients. The software provides balanced
menu recommendations based on employees'
personal data and dietary preferences, aiming to
meet their health and nutrition goals while
increasing employee satisfaction and reducing
food waste. The flow diagram of the method used
is shown in Figure 1. This section provides a
detailed description of the methods and
techniques used.

START

Querying User Preferences

Processing Data

N

Training Al Model

Optimization

Creating Meal Menu Plan

Figure 1. Flow diagram.
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Tools and technologies used

This project aimed to develop software that can
be utilized by catering companies. The
development process involved creating a website
that utilizes REST APl setvices to manage
optimization and Al functions. These REST APIs
were essential for integrating optimization and Al
functionalities into the web application. Various
libraries and frameworks were employed in the
development of this application. The website was
designed using modern web  development
frameworks to ensure a user-friendly interface
where users could input their food preferences.
This interface then communicated with backend
services via REST APIs.

To manage optimization tasks, the PuLP library
was used. PuLP is a Python library for linear
programming, which played a crucial role in
solving the optimization problems involved in
menu planning. The Random Forest algorithm
was also implemented using the Scikit-learn
library to predict user preferences based on their
input data. Pandas’ library was used for data
manipulation and analysis, facilitating the efficient
handling of large datasets. The Joblib library was
utilized to serialize the trained machine learning
models, ensuring that the models could be saved
and loaded efficiently without retraining. Overall,
the development of this menu planning software
for catering companies involved the use of web
technologies, REST APIs, and various Python
libraries such as Pul.P, Pandas, Scikit-learn, and
Joblib.

Data collection and preprocessing

The datasets utilized in this project comprised
user preferences and nutritional information.
User data was collected through surveys that
captured demographic details and food
preferences. This data was then labeled to
effectively train the machine learning models.
Additionally, nutritional datasets, which included
detailed nutritional information for vatious food

items, were sourced from the Nutrition
Information System. These datasets were
essential  for accurately predicting  user

preferences and optimizing menu planning to
meet dietary requirements and health standards.

The data collection process involved conducting
a series of sutrveys targeted at employees of
companies partnered with catering firms. The
survey included questions about demogtraphic
information such as age, gender, marital status,
and activity level, as well as detailed questions
regarding food preferences. The survey
comprised approximately 20 questions, with
food-related questions offering five different
response options: "Never," "Rarely,"
"Moderately," "Often," and "Very Often."

Since this project did not collaborate with a real
catering company, the data used was synthetically
generated for experimental purposes. This
synthetic data generation was performed using
Python and various libraries. Specifically, the
random library was utilized to adjust the
probabilities of survey responses, allowing the
creation of datasets under different scenarios.
This approach enhanced the project's flexibility
and the ability to conduct extensive testing.

Survey results were converted into numerical
format for data processing and analysis. This
transformation enabled the data to be processed
by machine learning algorithms and optimization
models. The numerical conversion was carried
out using the One-Hot Encoding function, which
converted each  survey response  into
corresponding numerical values. Finally, the
processed numerical data was stored in a
database, making it accessible via API for various
analyses.

Constraints

In the optimization model, constraints are based
on various nutritional values and user preferences.
These constraints are set to meet users' daily
needs for calories, protein, carbohydrates, and
fats. These general constraints ensure that the
model meets the users' requirements for a healthy
and balanced diet.

Integration

Developed using Python and the PuLP library,
the model employs the CBC_CMD solver, which
utilizes the Branch-and-Cut algorithm to
effectively solve complex MILP problems. The
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Al model was trained to predict users' meal  predictions were then integrated into the
preferences by analyzing collected data using the optimization process to generate meal plans.
Random Forest algorithm. The AI model's

Table 1. Survey Questions

1 What is your age?

2 What is your gender?

3 What is your activity level?

4 What is your marital status?

5 How often do you prefer meatballs?

6 How often do you include kebab or stew dishes in your meal preferences?
7 How often do you consume fried meat dishes?

8 How often do you prefer chicken dishes?

9 How often do you eat fish dishes?

10 How often do you prefer vegetable dishes?

11 How often do you consume olive oil-based dishes?
12 How often do you eat meat and vegetable dishes?
13 How often do you have soups?

14 How often do you consume rice?

15  How often do you eat pastries?

16 How often do you prefer pasta and noodles?

17 How often do you prefer salads and cold dishes?
18  How often do you consume desserts?

19 What is your daily beverage consumption like?

20 How often do you consume fruit?
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Table 2. Constraints

1. Four Types of Dishes:

- Each menu must include four different types of dishes, categorized into four groups, with one dish

from each category.

2. Specific Order of Serving:

- The dishes in each menu must be served in a specific order.

3. Unique Dishes in Each Menu:

- Each menu must feature unique dishes, ensuring no repetition of the same dish.

4, Limited Use of Similar Color and Texture Dishes:

- Dishes with the same color and texture should not appear more than twice in a single menu.

5. No Salad with Vegetable Dishes:

- Salad should not be served alongside vegetable dishes to ensure nutritional variety.

6. No Compote or Stewed Fruits with Soups:

- Compote or stewed fruits should not accompany soups.

7. No Rice with Stuffed Meat Dishes:

- Rice dishes should not be served with stuffed meat dishes.

8. No Combination of Rice Pilaf, Yogurt Soup, and Rice Pudding on the Same Day:

- Rice pilaf, yogurt soup, and rice pudding should not be included in the same day's menu.

9. Nutritional Value Limits:

- The nutritional values of menu items must fall within specified limits for carbohydrates, protein, fat,

fiber, and energy.

10. User Preferences Consideration:

- Menus should be optimized based on user preferences collected through demographic and food

preference surveys.

FINDINGS AND DISCUSSION

The menu planning software developed in this
study has yielded successful results based on
various tests and evaluations. The findings are as
follows:

First test: Responses from 500 users were
randomly generated and optimized. The
optimization results were positive, with all
constraints being met. The comparison of menus
optimized with and without Al shows the
effectiveness of the Al model in improving the
menu planning process.
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id: 22

price: 500
color: "brown"

food: "Tas Kebab"

consistency: "soft"

id: 92
price: 180

consistency:

food: "Rice Soup with Chickpeas"

color: "white"

"“liquid"

id: 129

status: "1"
day: 1

menu (4) (==} price: 100

i

color: "brown"
consistency: "“soft"
id: 176
food: "Green Apple"
price: 100
color: "green"
consistency: "“solid"
energy: 506.1
carbohydrate: 55.5
total_nutrient_values (1) (<> I—b protein: 18.79
fat: 22.73

iber: 11.21

Figure 2. Menu optimized with user preference data without using Al

food: "Barbunya Beans with Olive 0il"

id: 9

food: "Tekirdag meatballs"
price: 400

color: "brown"
consistency: "solid"

id: 83

food: "Yayla Soup"
price: 100

color: "white"
consistency: "liquid"

id: 13e@

status: "1"
day: 1

menu (4) cD price:
color:
consist

|

food: "Artichoke with

100
"white"
ency: “soft"

Olive 0il"

id: 185

food: "Melon"

price: 100

color: "yellow"
consistency: "“solid"

energy: 551.19

carbohydrate:
total_nutrient_values (1) [<>) }——————b-protein:24.5
fat: 27.8

Figure 3. Menu optimized with user preference data

fiber: 10.5

49.8

using Al
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metrics confirm the benefits of incorporating Al
in the optimization process.

Second test: Responses from 5000 users were
randomly generated and optimized. Again, all
constraints were met, demonstrating the Al
model's efficacy. The optimized menus and score

id: 15

food: "Déner Kebab™

price:
color:

consistency:

5e0
“brown"
"solid"

id: 71
food:

"Creamy Tomato Soup"
100

status: "1"

day: 1

|

menu

(4)

price:
color:
consistency:

“rad"

"liquid"

id: 142
food:
price:
color:
consistency:

100

"Sauteed Mushrooms"

"“"brown"

wsoft'

id:

157

food:
price:
color:

"Lettuce Salad"
100
“green”

consistency: "solid"

energy: 554.09
carbohydrate:
protein: 26.19
fat: 23.9
fiber: 8.2

57.1

total_nutrient_values (1) <D ngggggb

Figure 4. Menu optimized with user preference data without using Al

id: 53

food: "Cabbage Stew with Ground Beef"
price: 300

color: "red"

consistency: "soft®

842

id: 84

food: ""Green Lentil Soup*
price: 100

color: '"green"

consistency:

*liquid*

id: 114
food: *"Bulgur Pilaf'"
status: "1" 4>| menu (a) (== price: 1@
day: 1 color: "red"
"solid"

consistency:

consist

id: 2ee

food: "Tahini Halva"
price: 180

color: “brown"

ency: "solid"

total_nutrient_values

(1)

energy: 570.69
carbohydrate:
protein: 21.4
fat: 27.1
fiber: 16.7

62.09

Figure 5. Menu optimized with user preference data using Al
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Third test: Responses from 15000 users were  constraints. This test was conducted to evaluate
randomly generated and optimized. The  the impact of dataset size on model performance.
optimization process successfully met all

id: 12
food: "Meatball Stew"

price: 400
color: "red"
consistency: "soft"™
id: 71
food: "Creamy Tomato Soup"™
price: 100
color: "“red"
consistency: "liquid"
id: 135
food: "Plain Pasta"
status: "i" 444————————D1 menu (4) [=>1 price: 10@
day: 1 color: "yellow"
T T consistency: "solid"
id: 181
food: *"Orange®
price: 100
color: “orange"
consistency: "solid"

energy: 582.6

carbohydrate: 59.4
total_nutrient_values (1) D PAAAAAAb—protehn 26.4
fat: 25.8

fiber: 9

Figure 6. Menu optimized with user preference data without using Al

id: 68
food: "Sa¢ Kavurma"

price: 400
color: "brown"
consistency: "solid"
id: 92
food: "Rice Soup with Chickpeas"
price: 1ee@
color: “white"
consistency: "liquid"
id: 1e4
food: "Cheese Pastry"
status: 1" 4>| menu (4) (=] price: 1@
day: 1 color: "yellow"
O T T O consistency: "solid"
id: 159
food: "American Salad"
price: 100

color: "white"
consistency: "soft"

energy: 548.8

carbohydrate:
total_nutrient_values (1) S }———————.- protein: 26.2
fat: 27.29

fiber: 8.8

48.69

Figure 7. Menu optimized with user preference data using Al
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A high Accuracy, Precision, Recall, F1 Score
indicates that the model is performing well. Low
Precision indicates that the number of false
positive predictions is high, while low Recall
indicates that the number of false negative
predictions is high. Ideally, the aim is to achieve a
high F1 Score with high Precision and Recall.
Accuracy: Shows the correct rate of all
predictions. Precision: Shows how many of the
samples predicted as positive are actually positive.

Recall: Shows how many of the true positive
samples were predicted as positive. F1 Score:
Takes the harmonic average of the Precision and
Recall value and provides a balanced performance
measure. The test results indicated that increasing
the dataset size does not always lead to
performance improvement. Instead, as the dataset
size increased, a decline in accuracy and other
performance metrics was observed:

Table 3. 500 Users Metric Values

Metric Value
Accuracy 22
F1-Score 21.86
Recall 23
Precision 22
Table 4. 5000 Users Metric Values
Metric Value
Accuracy 20.27
F1-Score 20.11
Recall 20
Precision 20
Table 5. 15000 Users Metric Values
Metric Value
Accuracy 19.55
F1-Score 19.54
Recall 19
Precision 19

These findings suggest that more qualitative and
representative data are needed to improve model
performance. Future work may focus on
techniques such as data preprocessing, feature
engineering, and model optimization to enhance
the Al model's performance.

CONCLUSION

This study focused on developing software for
catering companies by using optimization and
artificial intelligence algorithms. The primary aim

was to offer customized menus tailored to users'
dietary habits and preferences, thereby achieving
optimal solutions for both health and satisfaction.
The conducted tests revealed that combining
artificial intelligence and optimization techniques
enables the creation of user-focused menu plans.
However, the performance of the AI models was
below expectations, with a significant drop in
accuracy as the dataset size increased. This
suggests that the model struggled with predictions
due to greater diversity and complexity. The
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contributions of this work to the literature and
practical applications include the effective use of
LP and MILP techniques for creating optimal
menus by considering nutritional constraints and
user preferences. Additionally, integrating Al
techniques has provided significant advantages in
offering personalized solutions. Nonetheless, the
low model performance underscores the need for
further data and model improvement efforts. In
the context of menu planning, data privacy and
user consent are important. User data is securely
encrypted and stored, with access limited to
authorized personnel only. When necessary, data
is anonymized to protect user identities and
ensure privacy in case of potential data breaches.
Users are informed about what data is collected
and how it is used, with full transparency
regarding data usage policies, privacy policies, and
terms of service. Additionally, users have the right
to delete their personal data at any time,
enhancing data privacy and wuser control.
Maintaining these high standards is a critical step
in earning and sustaining user trust. Future studies

should aim to wuse more qualitative and
representative  datasets to enhance model
performance. Optimizing Al models with

advanced techniques and comparing different
algorithms will also be beneficial. Moreover,
continuously improving the system with user
feedback and increasing user satisfaction should
be a key focus for future studies. In summary, this
study has demonstrated how optimization
algorithms and Al techniques can be utilized in
personalized menu planning. The findings
highlight the potential of these techniques while
also emphasizing the need for improved model
performance and larger datasets. Future research
in this area can significantly contribute to the
development of personalized nutrition solutions
by exploring and expanding the scope of
investigations.
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ABSTRACT

In this study, the effects of drying air temperatures (50, 60, 70, and 80°C) and velocities (0.5, 0.8, and 1.2
m/s) on chokebetry quality during convective drying were evaluated. The drying time decreased significantly
with increasing drying air temperatures and velocities, from 2265 minutes at 50°C to 195 minutes at 80°C,
and from 360 minutes at 0.5 m/s to 240 minutes at 1.2 m/s at 70°C. Higher drying air temperatures and
velocities also enhanced the fruit color quality. The best antioxidant activity, anthocyanin, and phenolic
content were achieved at 70°C with dryin air velocities between 0.5 m/s and 1.2 m/s. The Midilli et al. model
provided the best fit for the drying kinetics, with high accuracy (R*=0.9978, ¥><0.0003, RMSE=0.0161).
Keywords: Antioxidants, capacity, black chokeberries, drying, modeling, Rosaceae

ARONYANIN KONVEKTIF KURUTULMASI VE KURUTMA KiNETiGININ
MODELLEMESI
oz
Bu calismada, konvektif kurutma sirasinda farkli kurutma havasi sicakliklarinin (50, 60, 70 ve 80°C)
ve hizlarinin (0.5, 0.8 ve 1.2 m/s) aronya meyvesi kalitesi tzerindeki etkileri incelenmistir. Artan
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sicaklik ve hava hizi ile kuruma stiresi 6nemli 6lctide azalmis; 50°C’de 2265 dakika olan siire, 80°C’de
195 dakikaya dusmustir. 70°C’de ise 0.5 m/s’de 360 dakika olan sire, 1.2 m/s’de 240 dakikaya
dismistir. Daha yiiksek sicaklik ve artan hava hizlart meyve rengi kalitesini iyilestirmistir. En yiiksek
antioksidan aktivitesi, toplam antosiyanin ve toplam fenolik icerik 70°C’de, 0.5 m/s ile 1.2 m/s hava
hizlar1 arasinda elde edilmistir. Kuruma kinetiklerinin tanimlanmasinda ise Midilli ve ark. modeli
ylksek dogrulukla uyum saglamistir (R220.9978, ><0.0003, RMSE=<0.0161).

Anahtar Kelimeler: Antioksidanlar, kapasite, aronya, kurutma, modelleme, Rosaceae

INTRODUCTION

Chokeberry [Aronia melanocarpa (Michx.) Elliott]
belongs to the family Rosaceae and is a berry fruit
crop. Initially grown in north and northeastern
Turkiye in 2012 (Boz and Poyraz Engin, 2019), its
cultivation has expanded to the highlands of
Central Anatolia and the Mediterranean regions in
recent years. The primary reason for its growing
popularity is its exceptionally high antioxidant
capacity and anthocyanin content compared to
other berry types (Oszmianski and Sapis, 1988;
Wu et al, 2006; Kulling and Rawel, 2008).
Chokeberry fruits are rich in polyphenols
(Jeppsson and Johansson, 2000; Krawiec, 2008)
and contain high levels of cyanidin-3-arabinoside
and cyanidin-3-galactoside  (Borowska and
Brzoska, 2016). Among more than 100 types of
fruits, chokeberry ranks first in antioxidant
capacity (Wu et al., 2006). One kilogram of fresh
chokeberry fruit contains 2147 mg/100 g total
anthocyanin content, significantly higher than
blueberries (529-705 mg/100 g), raspberties (116-
845 mg/100 g), and blackberries (353-433
mg/100 g FW) (Wu et al., 20006).

Chokeberty fruits also contain 14-28 mg/100 g
vitamin C, 1.8-2.5 mg/100 g carotene, 0.05-0.1
mg/100 g vitamin B9, 0.5-0.8 mg/100 g vitamin
E, 12-20% total soluble solids, 560-1050 mg/100
g FW total anthocyanin content, a pH of 3.3-3.7,
and 0.7-1.2% titratable acidity (Jeppsson and
Johansson, 2000). According to Kulling and
Rawel (2008), the fruit consists of 74-80% water,
15.6-28.8% total soluble solids, 66-176 g/kg FW
glucose and fructose, 3.4-5.8 g/kg FW pectin,
0.14% oil, and 13.1 g/kg FW malic acid.
Horszwald et al. (2013) found that chokeberry
powders are high in polyphenolic compounds.

Chokeberry's positive effects on human health
have been noted, including benefits for cancer
prevention, immune system support, digestive

health, heart problems, obesity, and diabetes
(Gasiorowski et al., 1997; Kulling and Rawel,
2008; Tolic et al., 2015; Boz and Poyraz Engin,
2019; Sidor and Gramza-Michalowska, 2019).
Globally, chokeberry fruits ate consumed both
fresh and processed into products such as jam,
fruit juice, ice cream, energy drinks, tea, sauce,
syrup, natural colorants, and nutritional
supplements (Bussieres et al., 2008). In Tturkiye,
while fresh consumption is common, processing
into fruit juice, ice cream, and yogurt has recently
begun (Poyraz Engin et al.,, 2016). Due to the
fruit's excessive sourness, bitterness, and
astringency, exploring various drying and
processing techniques is necessary.

Drying is a primary method of food preservation,
and new methods are being tested on various
materials in numerous studies (Sadowska et al.,
2019). Recently, significant attention has been
given to new drying and milling methods for
producing powdered fruits and vegetables.
Convective dryers are the most widely accepted
method for drying fruits and vegetables
(Oszmianski and Lachowicz, 2016). Sadowska et
al. (2019) compared different drying techniques
(freeze-drying, vacuum drying, convection drying,
and high-energy air stream) using a laboratory
convection dryer at 70°C for 48 hours. Calin-
Sanchez et al. (2015) processed convective drying
at 60°C with an air velocity of 0.8 m/s. Various
drying techniques, including freeze, convective,
vacuum microwave, and combined drying, have
been used for black chokeberry fruits.

Petkovic et al. (2019) examined different
convective drying processes (50, 60, and 70°C) for
producing chokeberry powder. Samoticha et al.
(2016) investigated the effects of different drying
methods (convective, vacuum, freeze, microwave,
and combined drying) on chokeberry fruit quality.
Alterations in chemicals causing flavor and
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nutrient loss were observed during convective
drying (Krokida and Marinos-Kouris, 2003).
Petkovic et al. (2019) found that at 50°C, a longer
drying time and higher energy requirement were
needed to produce chokeberry powder, but the
best sensory characteristics were achieved
compared to 60 and 70°C. Horszwald et al. (2013)
stated that the quality of chokeberry powder may
vary depending on the drying process applied.
Drying  fresh  fruits promotes long-term
consumption without spoilage. For example, the
polyphenol content of chokeberry was studied in
response to processing techniques by Hellstrom
et al. (2007) and Mayer-Miebach et al. (2012).
Samoticha et al. (2016) found that total phenolic
and anthocyanin content in chokeberry fruits
were more stable with microwave drying.
However, only a few studies have focused on the
convective drying of chokeberry and subsequent
changes in its biochemical contents. Additionally,
understanding the drying kinetics is critical for
equipment design, process optimization, and
product quality improvement. Mathematical
model descriptions are important for enhancing
process performance. These kinetic parameters
can also be used to estimate the drying time of
chokeberry to achieve a specific moisture content.

The objective of this study was to determine the
optimal drying conditions to ensure the long-term
quality of chokeberry fruits. Additionally, a
preprint has previously been published.

MATERIAL AND METHODS

Material

In this study, “Viking’ [Aronia melanocarpa (Michx.)
Elliott] chokeberry was used and purchased from
Konya, Turkiye (38° 10' 51.2" N, 32° 24' 57.5" E).
Fruit samples were randomly collected in their
black color maturity (20 August 2020) and
analyzed in the laboratories of Akdeniz and
Isparta Applied Sciences Universities.

Drying experiments

The convective drying experiments were
conducted using a laboratory dryer (Corvus,
Turkey). In these experiments, the effects of
drying air temperatures of 50, 60, 70, and 80°C at

a constant air velocity of 0.8 m/s, and the effects
of air velocities of 0.5, 0.8, and 1.2 m/s at a
constant air temperature of 70°C on the drying
kinetics of chokeberry were measured. During the
drying process, the weight of the samples was
measured every 15 minutes to determine changes
in moisture content. The effects of these
conditions on color, antioxidant activity, total
anthocyanin content, and total phenolic content
were also investigated.

The reason for selecting an air velocity of 0.8 m/s
is that this speed provides optimal conditions in
many drying studies. Various studies have shown
that an air velocity of 0.8 m/s optimizes drying
time while preserving product quality (Erbay and
Icier, 2010; Mujumdar, 2014; Vega-Galvez et al.,
2008). This air velocity is effective in maintaining
the structural and chemical properties of sensitive
products such as fruits and vegetables while
ensuring sufficient drying speed.

Experiments conducted at different temperatures
aimed to determine the most suitable temperature
for drying chokeberry. The drying temperature
significantly affects the evaporation rate of water
content in the fruit and, consequently, the drying
time. This study examined the effects of different
temperatures on the drying kinetics, color,
antioxidant activity, total anthocyanin content,
and total phenolic content of chokeberry. The
objective of the research is to determine the
optimal drying temperature for chokeberry,
thereby optimizing the drying process to be both
efficient and protective of fruit quality.

Mathematical modeling of drying processes
The 11 different models presented in Table 1
were used to describe the drying kinetics for the
moisture ratio (MR, Eq. 1) data of the samples.
Parameters in all models were decided using
Sigma Plot 14.0 (Systat Software Inc., USA).
Evaluation of the models was performed using
the coefficient of determination (R2), reduced chi-
squared (y?) value (Eq. 2) and root main-square
error (RMSE) (Eq. 3). These parameters were
calculated using the following equations.
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Table 1. Selected drying models for describing sample drying data

Model name Model equation Reference

Lewis MR = exp(-k t) Ertekin and Firat, 2017
Henderson and Pabis MR = a exp(-k t) Sonmete et al., 2017

Page MR = exp(-k t") Yaldiz and Ertekin, 2001
Two-term MR= a exp(-ko t) + b exp(-ki t) Ertekin and Firat, 2017
Two-term exponential MR = a exp(-k t) + (1-2) exp(-k a t) Ertekin and Heybeli, 2014
Logarithmic MR=aexp(-kt) + ¢ Kayisoglu and Ertekin, 2011
Wang and Singh MR=1+at+bt2 Ertekin and Firat, 2017
Midilli et al. MR=aexp(-kt") + bt Menges et al., 2019
Verma et al. MR = a exp(-k t) + (1-2) exp(-g t) Karaaslan et al., 2021
Diffusion approach MR=a exp(-k t) + (1-a) exp(-k b t) Ertekin and Firat, 2017
Root of MR MR= (n + k t)2 Ertekin and Firat, 2017

t: drying time (min); MR: moisture ratio, k, a, b, ¢, g, n, ko, k; are model constants.

The moisture ratio (MR) of the samples during
the drying processes was calculated according to

Eq. (1):

MR = 2 0
Mo—M,

Wherte My is the initial moisture content, M; is the
moisture content at any time (t, min), and M. is
the equilibrium moisture content during the
drying process. The value of M. was assumed as
zero because it is lower than My or M, (Dincer et
al., 2022; Kayisoglu and Ertekin, 2011). Contents
of all moisture were exemplified as kg water/kg
dry matter.

_ Z?=1(MRpre,i_ MRexp,i)2
n—z

X2 @)

1
RMSE = \/;Zjiil(MRpre,i - MRexp,i)Z (3)

The predicted moisture ratio is MR j; where n is
the number of observations; MResp,; is the
experimentally observed moisture ratio, and z is
the number of constants in the models. The lower
x2 and RMSE values together with R? values close
to 1 indicate better suited model of the data (Basar
et al,, 2019).

Color measurement

Fruit skin colors (fresh and dried samples) were
determined using a colorimeter (3NH NR20XE
Precision, Shenzhen Threenh Technology Co.,
Ltd., China) in terms of “L”
(whiteness=darkness), “a” (redness=greenness),

“b” (yellowness=blueness), C (chroma) and he
(hue angle). According to the Nsonzi and
Ramaswamy (1998), the total color difference
(AE) was estimated as follows:

AE= [(I-Lo)2 + (a-a0)? + (b-bo)?]1/2 @

where Lo, a, and b, demonstrate the brightness,
redness, and yellowness of the dried samples,
respectively.

Preparation of extracts

Extraction was performed according to the
method by Liu et al. (2016) with some alterations.
One gram of the sample was weighed into a 50
mL centrifuge tube after being crushed with a
blender (Beko BKK-2155 Maxi Hand Blender,
Tirkiye) and added to 20 mL of 60% ethyl alcohol
(containing 0.1% HCI). The tubes were located in
an ultrasonic bath (Caliskan Ultrasonic cleaner
180 W, 40 kHz, Tirkiye) and extracted at 40 kHz
and 30°C for 30 min. After the samples were
centrifuged in a centrifuge (Eppendorf Centrifuge
5810, Germany) for 10 min at 4000 rpm, the
supernatant was taken. Extraction was replicated
in triplicate. The filtrate was obtained and stored
at 4°C until use.

Determination of antioxidant activity using DPPH

Antioxidant activity was measured using the
DPPH assay determined by Fernandez-Leon et al.
(2013). From the sample extract, 50 uL. was added
to 950 uL of diphenylpicrylhydrazyl (DPPH)
solution (6 x 10> M in methanol). The mixtures
were shaken and saved in the dark at room
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temperature for 30 min. Absorbances were
recorded at 515 nm (Thermo Scientific Evolution
160 UV-Vis, USA). Trolox was chosen as the
standard of the study and the antioxidant activity
was expressed in mg Trolox equivalent (TE) /kg.

Total monomeric anthocyanin content (I’ AC)

The total monomeric anthocyanin content was
measured using a pH-differential method
reported by Wang and Xu (2007) in combination
with a two-buffer system that utilized potassium
chloride buffer (0.025 M, pH 1.0) and sodium
acetate buffer (0.4 M, pH 4.5). Extracts were
diluted with buffers (pH 1 or 4.5) and incubated
for 30 min at room temperature before
absorbances were reported at 520 and 700 nm
(Thermo Scientific Evolution 160 UV-Vis, USA).
Total anthocyanins were calculated as cyanidin-3-
glucoside (mg/kg) according to the following
Equation (1):

Monomeric anthocyanin (mg/kg) = A x MW X
DF X 1000 / (e X 1)

Where A = (As20 — Az00)pHio— (As20 — Azo0)pHas
: MW (molecular weight) = 449.2 g/mol for
cyanidin-3-glucoside; DF = dilution factor; 1 =
path length in cm; ¢ = 26.900 molar extinction
coefficient in kg/ (mol-cm) for cyanidin-3-
glucoside; 1000 = conversion from g to mg,.

Determination of total phenolic content (I'PC)

The total phenolic content was determined with
the method by Dincer et al. (2013). 0.5 mL of the
extract was treated with 2.5 ml of 0.2 N Folin-
Ciocalteu reagent and 2 mL of Na,CO; (75 g/L).
Then, the mixture was incubated in water bath at
50°C for 5 min and cooled in water bath at 25°C.
The absotbance of the final solution was
measured with a spectrophotometer (Thermo
Scientific Evolution 160 UV-Vis, USA) at a

wavelength of 760 nm with respect to the blank
solution (60% ethyl alcohol (including 0.1% HCI).
The outcome was reported as gallic acid
equivalents (mg GAE/kg).

Statistical Analysis
The studies were performed in a totally
randomized design with three replications.

Statistics were analyzed using SAS. The analysis of
variance and LSD multiple range test was used to
determine the significant differences in the means
(95% confidence level).

RESULTS AND DISCUSSION

Moisture content

The drying process was carried out up to the final
moisture content of 10% (w.b.). The effects of the
drying air temperatures at the constant drying air
velocity of 0.8 m/s are illustrated in Fig. 1. By
increasing the temperature from 50°C to 80°C,
the drying time decreased from 2265 minutes to
195 minutes. The drying time was 240, 285 and
360 min at the drying air velocities of 1.2, 0.8, and
0.5 m/s, respectively (Fig. 2). In different studies
on chokeberry drying, Thi and Hwang (2016)
found 12 hours by oven drying at 60°C and 7 days
in sun drying. Petkovic et al. (2019) used the
convective drying at 50, 60, and 70°C of
chokeberry powders and estimated the drying
time as 37 h at 50°C, 27 h at 60°C and 23 h at
70°C. Calin-Sanchez et al. (2015) found the
shortest drying time to vary between 40 and 70
min with the vacuum microwave drying of
chokeberry. Sadowska et al. (2017) found the
drying time as 48 h at 50°C.
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Fig. 1. The effect of drying air temperature on drying time of chokeberry.
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Fig. 2. The effect of drying air velocity on drying time of chokeberry.

Fitting of experimental drying data to the
models

The regression coefficients (R?), reduced chi-
squared (y?) values and root mean-square error
(RMSE) values, of all the models calculated to
describe the experimental drying data were given
in Table 2. The R? values of the models varied
between 0.9020 and 0.9997 for chokeberry. The
y? values of the models varied between 0.0001 and
0.9784, while RMSE values of the models varied
between 0.005 and 0.1037 for chokeberry. The
Midilli et al. model exhibited best fit for the drying
kinetic data (R?= 0.9978; %> < 0.0003; RMSE =
0.0161). Additionally, as seen from Fig. 3 the
Midilli et al. model presented a successful

prediction for the drying characteristics of the
sample when the experimental moisture ratios
were compared with those predicted by the
model. This was followed by Logarithmic, Wang
and Singh, and Verma et al. models, respectively.

Martin-Gomez et al (2020) reported that Page
model showed the better predictions for drying of
blueberry. Shi et al (2008) stated that Thompson
model gave better predictions for infrared drying
of fresh and sugar-infused blueberries. On the
other hand, Dincer et al. (2022) reported that the
Midilli et al. model give a successful prediction for
the drying characteristics of the black and white
myrtle samples. In addition, Bingol et al. (2008),
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who worked with grapes, reported that the Midilli
et al. model showed the best fit to the
experimental drying data.

The constants of the Midilli et al., Logarithmic,
Wang and Singh, and Verma et al. models, which
showed the best fit to the experimental drying
data, were presented in Table 2. The k value of the

Midilli et al. model for chokeberry varied between
0.0019 and 0.2578 in the present study (Table 3).
The k value of the dried chokeberry samples)
increased with increasing temperature (50-80°C)
and air velocity (0.5-1.2 m/s). Bingol et al. (2008)
and Dincer et al. (2022) reported k values for
grape between 0.001-0.010, and for myrtle
samples between -0.0090-0.0620, respectively.

Table 2. Parameters of the kinetic models used to fit drying data for chokeberry dried by various drying
temperatures and velocities.

Henderson

Two-

Two-term

Lewis and Pabis Page term exponential Logarithmic
50°C, 0.8 m/s  R2 0.9191 0.9453 0.9943  0.9488 0.9852 0.9970
x> 0.0065 0.0045 0.0005  0.0044 0.0012 0.0003
RMSE  0.0808 0.0670 0.0216  0.0660 0.0348 0.0159
60°C, 0.8 m/s R2 0.9068 0.9363 0.9917  0.9415 0.9799 0.9966
x> 0.0073 0.0051 0.0007  0.0049 0.0016 0.0003
RMSE  0.0854 0.0715 0.0258  0.0702 0.0401 0.0167
70°C,0.5m/s R? 0.9020 0.9292 0.9916  0.9420 0.9768 0.9970
x> 0.0096 0.0073 0.0009  0.0068 0.0024 0.0003
RMSE  0.0981 0.0857 0.0294  0.0823 0.0490 0.0181
70°C,0.8 m/s R? 0.9199 0.9447 0.9955  0.9565 0.9861 0.9971
x> 0.0075 0.0055 0.0004  0.0048 0.0014 0.0003
RMSE  0.0865 0.0738 0.0211  0.0695 0.0370 0.0174
70°C,1.2m/s R2 0.9195 0.9443 0.9959  0.9577 0.9868 0.9971
x> 0.0075 0.0055 0.0004  0.0048 0.0013 0.0003
RMSE  0.0867 0.0743 0.0201  0.0693 0.0362 0.0176
80°C,0.8m/s R? 0.9404 0.960 0.9974  0.9740 0.9941 0.9906
x> 0.0056 0.0040 0.0003  0.0031 0.0006 0.0010
RMSE  0.0750 0.0632 0.0161  0.0554 0.0244 0.0321
Wang and Midilli ctal, ~ ormact  Diffusion =g o eMR
Singh al. approach
50°C, 0.8 m/s R? 0.9964 0.9993 0.9964 0.9191 0.9814
x> 0.0003 5.5727E-05 0.0003 0.0068 0.0015
RMSE 0.0171 0.0075 0.0174 0.0822 0.0391
60°C, 0.8 m/s R? 0.9988 0.9997 0.9986 0.9068 0.9738
x> 9.7840E-05 2.5460E-05 0.0001 0.0077 0.0021
RMSE 0.0099 0.0050 0.0106 0.0875 0.0458
70°C, 0.5 m/s R? 0.9969 0.9993 0.9968 0.9020 0.9733
x> 0.0003 7.7151E-05 0.0004 0.0108 0.0028
RMSE 0.0180 0.0088 0.0188 0.1037 0.0526
70°C, 0.8 m/s R? 0.9959 0.9995 0.9959 0.9199 0.9826
x> 0.0004 5.7336E-05 0.0004 0.0084 0.0017
RMSE 0.0202 0.0076 0.0208 0.0914 0.0414
70°C, 1.2 m/s R? 0.9959 0.9996 0.9958 0.9195 0.9821
x> 0.0004 4.6332E-05 0.0004 0.0085 0.0018
RMSE 0.0203 0.0068 0.0210 0.0924 0.0422
80°C, 0.8 m/s R? 0.9881 0.9978 0.9879 0.9404 0.9890
x> 0.0012 0.0003 0.0013 0.0065 0.0011
RMSE 0.0346 0.0161 0.0364 0.0805 0.0334

853



854

N. Unal, A. Sislii, R. Kiilci, C. Dincer, E.E. Yavuzlar Imirgi, C. Ertekin

Table 3. Kinetic parameters of selected models for chokeberry samples

Mathematical Drying Model constants
Model conditions
A k b n g
Midilli et al. 50°C, 0.8m/s 0.9741 0.0019 -0.0027 1.6218
60°C, 0.8m/s 0.9913 0.0164 -0.0368 1.6146
70°C, 0.5m/s 0.9893 0.0945 -0.0582 1.6040
70°C, 0.8m/s 0.9889 0.1254 -0.0363 1.5519
70°C,1.2m/s 0.9910 0.1449 -0.0406 1.5559
80°C, 0.8m/s 0.9816 0.2578 0.0044 1.6617
Logarithmic 50°C, 0.8m/s 1473.8414 1.1202E-005 -1472.8188
60°C, 0.8m/s 4990.2922 1.7832E-005 -4989.2516
70°C, 0.5m/s 2303.1178 9.1882E-005 -2302.0819
70°C, 0.8m/s 14.5429 0.0147 -13.5150
70°C, 1.2 m/s 2311.7200 9.8947E-005 -2310.6945
80°C, 0.8m/s 2.2095 0.1530 -1.1673
Wang and Singh 50°C, 0.8m/s -0.0148 -2.4640E-005
60°C, 0.8m/s -0.0678 -0.0019
70°C, 0.5m/s -0.1750 -0.0070
70°C, 0.8m/s -0.1908 -0.0023
70°C, 1.2 m/s -0.2071 -0.0039
80°C, 0.8m/s -0.2918 0.0119
Verma et al. 50°C, 0.8m/s -106.7720 -0.0015 -0.0014
60°C, 0.8m/s -100.5536 -0.0210 -0.0202
70°C, 0.5m/s -107.6427 -0.0325 -0.0306
70°C, 0.8m/s -80.2464 -0.0123 -0.0098
70°C, 1.2 m/s 90.9108 -0.0153 -0.0178
80°C, 0.8m/s -74.2250 0.0451 0.0484

1
0,9
0,8
o« 0,7
20,6
el
g 0,5 0 50°C, 0.8m/s
§ 0,4 ©60°C, 0.8m/s
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Fig. 3. Experimental and predicted values of MR change in chokeberry for the Midilli et al. model
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Color (L, a, b, C, h°, AE)

Fig. 4 and Fig. 5 give the results of fruit color
values as L (lightness), a (redness), b (yellowness),
C (chroma value), h® (hue angle) and AE (color
difference) at the constant drying air velocity of
0.8 m/s for different drying air temperatures.
Among the examined applications, it is stated
that, while statistical differences are found
insignificant in terms of L value, found significant
in terms of a and b values. In addition, it can be
said that increasing drying air temperature raised
the a and b values statistically. Depending on the
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applications, L values ranged from 19.14 to 20.13,
a value from 1.11 to 5.03, b value from -1.30 to

2.98 (Fig. 4).

Statistical differences are found significant in
terms of C value. The lowest color intensity (C)
was in the fresh fruits with 1.85, while the highest
value was measured at 80 °C with 5.69. Therefore,
it was found that, drying increased C value of the
fruit. Statistically, the highest C value was found
at 60, 70 and 80°C, respectively (Fig. 5).
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Fig. 4. L, a, b changes at air velocity 0.8 m-s-, different air temperatures.
*Different letters of upper index within the column show significant differences at P < 0.05. The columns without

letters demonstrated no significant statistical differences.

LSD.. = NS, LSD, = 2.247, LSDy, = 1.666
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Fig. 5. C, h® and AE changes at air velocity 0.8 m-s-!, different air temperatutes.
*Different letters of upper index within the column show significant differences at P < 0.05
The columns without letters demonstrated no significant statistical differences.

LSDc = 2.093, LSDye = 5.344, LSDag = 2.173
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It is seen that, h® value of the fruit in drying
process was affected by drying air temperatures.
Nevertheless, the highest h® value was stated by
38.61; the lowest was stated at 80°C in the
experiment. On the other hand, among the
different drying air temperatures, there was no
significant difference stated in terms of AE values.
These values changed between 3.43 and 5.40
depending on different treatments (Fig. 5).

Consequently, all the applied treatments increased
a, b, C values compared to fresh fruits. The
highest a, b, C values were determined specifically
at drying air temperature of 80°C.
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Fig. 6 and Fig. 7 give the results of fruit color
values as L (lightness), a (redness), b (yellowness),
C (chroma value), h° (hue angle) and AE (colotr
difference) at constant drying air temperatures of
70°C and different drying air velocities. Statistical
differences were found insignificant in terms of L.
value, changing between 19.45 and 20.16. All the
tried different drying air velocity treatments
increased a and b values compared to fresh fruits.
As a matter of fact, the lowest a (1.11) and b (-
1.03) values determined in fresh fruits. The
highest a (5.12) and b (3.85) values were stated at
drying air velocity of 1.2 m/s (Fig. 6).
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Fig. 6. L, a and b changes at air temperature 70°C, different air velocity.
*Different letters of upper index within the column show significant differences at P < 0.05.
The columns without letters demonstrated no significant statistical differences.

LSDy. = NS, LSD, = 2.645, LSDy, = 3.499
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Fig. 7. C, h® and AE changes at air temperature 70°C, different ait velocity.
*Different letters of upper index within the column show significant differences at P < 0.05.
The columns without letters demonstrated no significant statistical differences.
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Convective drying of chokeberry

Effects of the treatments on fruit color C values
were found statistically significant (Fig. 7). All the
applied drying air velocities increased C value
compared to fresh fruits. Additionally, the highest
C value was determined at 6.50 and 1.2 m/s
drying air velocity. There was significant
difference in terms of h® value among the drying
air velocity treatments. AE changed between 0.00
and 6.61 depending on the treatments. There was
no significant difference in terms of AE values
among the drying air velocity treatments (Fig. 7).
There is one study about fruit color changes of
processed chokeberry powders (Sadowska et al.,
2019). Sadowska et al. (2019) stated the highest L
(18.10), a (9.20) and b (4.57) values of chokeberry
powders color via high energy air stream drying
method in this study on which they compared
freeze-drying, vacuum drying, convection drying.
Besides L value is 15.05, a value is 4.75 and b value
is 1.76 in convection drying (CD) method. Adak
et al. (2017) indicated that, increasing drying air
temperature lowered the L, a, b and C values, but
the h° increased small amount for infrared drying
of strawberries. In the same research, it was also
stated that regarding to the drying air velocity of
1.0 m/s was found as the best in terms of L, a, b,
C, h°® and AE values compared to the 1.5 and 2.0
m/s and increasing air velocity had led to decrease
in lightness, color intensity but not the color
which showed an increase. Samoticha et al. (2016)
indicated that, the drying process caused
alterations in the appearance and brightening of
color and raised the contribution of yellow color
in the fruits at higher levels.

As a consequence, all the applied drying air
velocity treatments increased a, b and C values
compared to fresh fruits. Particularly, 1.2 m/s
drying air velocity stands out with high a, b and C

values.

Antioxidant Activity, Total Anthocyanins,
Total Phenolic Content

Effects of different drying air temperature under
constant drying air velocity of 0.8 m/s on fruit
biochemical features are shown in Table 4. As
given in Table 4, significant statistical differences
in terms of antioxidant activity, total anthocyanin

(TAC) and total phenolic content (TPC) were
determined.

According to findings, drying air temperatures
affected the biochemical content in a dramatic
way. In fact, all the drying air temperatures
proportionally increased antioxidant activity, total
anthocyanin content and total phenolic content in
dried fruits compared to the fresh ones because
significant water was removed from the dried
samples.  In general, it is observed that
antioxidant activity, phenolic and anthocyanin
content increase proportionally with  the
temperature increase from 50 °C to 70 °C, and
decreases slightly at 80 °C compared to 70 °C. The
highest antioxidant activity (3105.60 mg TE/kg
FW), total anthocyanin content (115.83 mg-Cyd-
3-glu/kg) and total phenolic content (918.52 mg
GAE/kg) were found at drying air temperature of
70°C. In this study, specifically 70°C drying air
temperature stands out in terms of this qualities.
These findings were similar to Adak et al. (2017)’s
results. Adak et al. (2017) indicated that, infrared
drying of strawberries increased antioxidant
activity, total anthocyanin and phenolic contents
of the fruits compared to fresh forms. They
reported the highest antioxidant activity, phenolic
and anthocyanin content in samples dried at 60
°C. It was stated that these values were lower in
samples dried at 80 °C and 100 °C, compared to
60 °C (Adak et al. 2017).

Effect of different drying air velocities at constant
drying air temperature of 70°C on nutritional fruit
quality characteristics of chokeberries were
indicated in Table 5. As shown in Table 5,
significant statistical differences were found in
terms of all examined features among the
treatments. The lowest antioxidant activity was
found in fresh fruits (1680.0 mg TE/kg) and the
highest value was found at drying air velocity of
1.2 m/s (3140.00 mg TE/kg). In other words,
with the increased drying air velocity from 0.5
m/s to 1.2 m/s, antioxidant activity in fruits
proportionally increased (Table 5).

When the results examined in terms of total
anthocyanin content, all the drying air velocities
proportionally increased this value compared to
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fresh fruits. As a matter of fact, the lowest total made no difference. These values varied between
anthocyanin content was stated in fresh fruits 105.31 mg Cyd-3-glu/kg FW and 117.67 mg Cyd-
(66.04 mg Cyd-3-glu kg'! FW). Total anthocyanin 3-glu /kg FW depending on drying air velocities
content decreased depending on the drying air (Table 5).

velocity rise, however, that decrease statistically

Table 4. Effect of different air temperature, at air velocity 0.8 m-s-! on nutritional fruit quality
characteristics of chokeberries.

Treatments Antioxidant Activity 4 Total anthocyanin content Total phenolic content
(mg TE/kg) (TAC)® (TPC) ¢
(mg Cyd-3-glu kg1 (mg GAE kg
Fresh fruit 1680.0 d 66.04 ¢ 278.09 c
50 °C 2496.7 ¢ 52.15¢ 734.88 b
60 °C 27723 b 106.79 ab 873.15a
70 oC 3105.6 a 11583 a 918.52 a
80 °C 2906.9 ab 81.60 bc 877.47 a
LSDvs 247.66 30.734 123.79

*Values in the same column that are followed by different letters are significantly different (p<<0.05) using LSD
comparison test.

AThe antioxidant activity was analyzed by DPPH assay according to the procedure of Ferndndez-Leén et al. (2013).
Values were expressed as mg TE kg,

Antioxidant activity was analyzed using the DPPH assay described by Fernandez-Leon et al. (2013).

B Total monomeric anthocyanin content was calculated using a pH-differential method described by Wang and Xu
(2007). Values were expressed as mg Cyd-3-glu kg! by spectrophotometer.

€ The total phenolic content analyses were performed using the method described by Dincer et al. (2013). Values
were expressed as mg gallic acid equivalents (GAE) kg-! by spectrophotometer.

**The results based on as wet basis for fresh fruit and dry weight for dried fruits.

Table 5. Effect of different air velocity at air temperature 70°C on nutritional fruit quality
characteristics of chokeberries.

Treatments Antioxidant Activity? Total anthocyanin content Total phenolic content®
(mg TE/kg) (TAC)B (TPC)
(mg*Cyd-3-glu kg'!) (mg'GAE kg
Fresh fruit 1680.00 b 66.04 b 278.09 b
0.5 m-s! 2938.97 a 117.67 a 909.57 a
0.8 m-s! 3105.64 a 11583 a 91852 a
1.2 m-s! 3140.00 a 10531 a 917.28 a
LSDvs 241.200 26.132 118.910

*Values in the same coloumn that are followed by different letters are significantly different (p<<0.05) using LSD
comparison test.

A The antioxidant activity was analyzed by DPPH assay according to the procedure of Fernindez-Leén et al.
(2013). Values were expressed as mg TE kg-!.

Antioxidant activity was analyzed using the DPPH assay described by Fernandez-Leon et al. (2013).

BTotal monomeric anthocyanin content was calculated using a pH-differential method described by Wang and Xu
(2007). Values were expressed as mg Cyd-3-glu kg! by spectrophotometer.

€ The total phenolic content analyses were performed using the method desctibed by Dincer et al. (2013). Values
were expressed as mg gallic acid equivalents (GAE) kg™! by spectrophotometer.

**The results based on as wet basis for fresh fruit and dry weight for dried fruits.



Convective drying of chokeberry

The effects of all the applied drying processes on
total phenolic content (TPC) of fruits were found
statistically significant. While the lowest TPC was
stated in fresh fruit (278.09 mg GAE /kg FW), all
the applied drying air velocities increased TPC
compared to fresh forms. These values, also,
varied between 909.57 mg GAE /kg DW and
918.52 mg GAE/kg DW (Table 5).

Current findings indicated that, at constant drying
air temperature of 70°C with different drying air
velocity treatments affected the biochemical
content of fruits in a significant way compared to
fresh ones. In fact, the lowest values of
antioxidant activity, TAC and TPC were found in
fresh fruits. Therefore, all the drying air velocity
treatments from 0.5 m/s to 1.2 m/s can be
suggested as their positive effects on biochemical
fruit contents.

In this concern, some scholars have reported
different results. The reason of these differences
is the usage of different drying techniques and
differently processed fruits.

In this regard, findings of this study was found
partly similar to strawberry drying study Adak et
al. (2017). Hence, these researchers stated that
convective  drying  treatment  increased
biochemical content compared to the fresh fruits.
Additionally, the researchers indicated that,
increasing drying air velocity from 1 m/s to 2m/s
caused decrease in total anthocyanin and total
phenol contents, but increase in the antioxidant
activity. In this study, change of the drying air
velocity did not affect the antioxidant activity,
total anthocyanin and total phenol contents.
Petkovic et al. (2019) used 50, 60 and 70°C of
convective drying temperatures for chokeberry
powders and suggested 50°C in terms of bioactive
components (anthocyanins, flavonoids, phenols)
and antioxidant activity. They stated the results as
the drying air temperature of 50°C had the highest
ratio of total anthocyanins (376.89 * 573 mg
Cyn-3-glu [100 g dm]™), total flavonoids (1037.19
+ 3.83 mg CE [100 g dm]™"), phenols (1918.79 £
326 mg GAE [100 g dm]!") and antioxidant
activity (37.11 £ 0.28 mg TE [100 g dm]"). On
the other hand, findings showed that, rising

temperature increased the biochemical content.
In fact, the highest values of antioxidant activity,
total anthocyanin and total phenolic content are
stated at 70°C drying air temperature.

Calin-Sanchez et al. (2015) reported that, vacuum
microwave and combined drying were found as
the best two different drying techniques of black
chokeberry fruit. This suggestion led to shorter
drying time (40-70 min). Sadowska et al. (2019)
applied freeze, vacuum, convection and high
energy air stream drying on chokeberry powders.
According to their results, high energy air stream
drying was the best method in terms of vitamin C
(80.57 mg [100 g dry matter]'), polyphenol
contents (2484.60 mg GAE [100 g dry matter] 1),
antioxidant activity (58.91 mmol Trolox [100 g
dry matter| '), and anthocyanin (1035.51 mg [100
g dry matter]! Cyanidin-3,5-digalactoside). In
addition, Horszwald et al. (2013) were stated that,
there was a correlation between bioactive
compounds and antioxidant capacity. In other
studies, Samoticha et al. (20106) indicated that, the
highest content of bioactive compounds and
antioxidant activity were found in freeze-dried
samples, compared with fresh fruits. In addition,
the rise in drying air temperature during
convective drying as well as the increase in
material temperature during microwave drying
deteriorated the dried product quality in terms of
the content of phenolic compounds, antioxidant
activity and color.

CONCLUSION

To sum up, among the proposed models, the
Midilli et al. equation exhibited the best fit for
predicting the drying behavior of chokeberry
samples. It is suggested to use the convective
drying system under specific conditions of 70°C
and an air velocity of 0.8 m/s to attain high
nutritive biochemical features, high fruit quality,
and suitable drying time, in addition to good
consumer acceptance of dried chokeberries.
These conditions were found to optimize the
drying process by providing sufficient drying
speed while maintaining the structural and
chemical properties of the fruit. Besides, drying
chokeberries under these conditions provides
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both shelf stability and flexibility in different
processing techniques.
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oz

Bu calismada bakla proteini konsantresinin (BP) mikrodalga destekli 6ziitleme islemi, yanit ylizey yontemi
kullanilarak optimize edilmistir. Mikrodalga gicii (250-500 W) ve islem siiresi (10-60 dakika) bagimsiz
degiskenler olarak secilmis ve bu parametrelerin protein verimi tizerine etkisi aragtirilmustir. En ylksek
protein verimi (%47.74), 481.70 W mikrodalga giictinde ve 50.68 dakika islem siiresinde elde edilmistir.
Optimum kosullarda elde edilen BP’nin karakteristik 6zellikleri ticari peyniraltt suyu proteini (PSP) ile
kiyaslanmustir. Proteinlerin karakteristik bag yapilart fourier donitisimli kizilStesi spektroskopisi (FTIR) ile
dogrulanmis ve molekil agirliklart sodyum dodesil-stilfat poliakrilamid jel elektroforezi (SDS-page) ile tespit
edilmistir. BP ve PSP’nin ¢6ziniirlik degetleri sirastyla %80.23 ve %91.12 olarak belitlenmistir (P <0.05).
BP’nin képiik olusturma &zellikleri, emiilsifiye edici davramslart ve stabilite katsayist PSP’den daha yiksek
bulunmustur. Sonuglar bitkisel proteinlerin  gida sistemlerinde alternatif protein kaynagt olarak
degerlendirilecegini gbstermistir.

Anahtar kelimeler: Bakla proteini konsantresi, peyniraltt suyu proteini, FTIR, molekiiler agitlik, emtilsiyon

FABA BEAN PROTEIN: OPTIMIZATION OF MICROWAVE-ASSISTED
EXTRACTION CONDITIONS AND COMPARISON OF ITS
CHARACTERISTICS WITH WHEY PROTEIN

ABSTRACT

In this study, microwave-assisted extraction of faba bean protein (BP) concentrate was optimized
through the response surface methodology. Microwave power (250-500 W) and processing time (10-
60 min) were chosen as independent variables and the effect of these parameters on protein yield
was investigated. The highest protein yield (47.74%) was achieved at 481.70 W microwave power and
50.68 min processing time. The characteristic properties of BP obtained under optimum conditions
were compared with whey protein. The characteristic bonds of the proteins were confirmed by
Fourier transform infrared spectroscopy (FTIR) and molecular weights were determined by sodium
dodecyl-sulfate polyacrylamide gel electrophoresis (SDS-page). The solubility values of BP and whey
protein were found to be as 80.23% and 91.12%, respectively (P <0.05). BP's foaming properties,
emulsifying behavior, and stability coefficient resulted in superior to whey protein. The results
showed plant proteins will be considered as alternative protein sources in food systems.

Keywords: Faba bean protein concentrate, whey protein, FTIR, molecular weight, emulsion
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GIRIS
Insan beslenmesinde ve gelisiminde 6nemli bir rol
oynayan proteinler, bir makro besin maddesi
olarak  kabul  edilmekteditler.  Proteinler,
sindirilebilirlik,  biyoyaratlanim, amino asit
dizilimi, islenme ve saflik derecelerine gore
degisim gosterebilmektedir (Kumar vd., 2022).
Gida sanayisinde kullanilan proteinler bitkisel ve
hayvansal olmak tzere iki gruba ayrilmaktadir.
Hayvansal proteinler kirmizi et, deniz triinleri,
yumurta, siit ve bocekler gibi kaynaklardan elde
edilmektedir. Gida endistrisinde yaygin olarak
kullanilan hayvansal proteinler arasinda jelatin,
kazein ve peyniraltt suyu proteini bulunmaktadir.
Sit endistrisinin bir yan trini olan peyniralti
suyu proteini (PSP) (whey protein) siitteki toplam
proteininin yaklastk  %20’sini (kazein haric)
olusturmaktadir. Yiksek besin icerigi, iyilestirici
yapisal 6zellikleri ve bol miktarda bulunmasindan
dolayt basta gida sanayisi olmak izere ila¢ ve
biyolojik materyallerin kullantminda  yaygindir
(Du vd.,, 2022). Ayrica bitkisel proteinlerle
karsilastirlddiginda  PSP’nin  jellesme  Szellig,
emiilsifiye edici davranglart ve képiik olusturma
gibi fonksiyonel 6zellikler acisindan daha Gstiin
oldugu bildirilmistir (Kim vd., 2020). Buna karsin
PSP’nin fiyatinun yiiksek olmasi, arzinin sinirh
olmas, yiksek enerji tiketimi, iklim degisikligi,
sera gazi emilsiyonlarindaki yogunluk, diinya
nifusundaki artis ve proteine ulagmadaki
zorluklar alternatif bitkisel proteinlere yonelimi
poptler hale getirmistir (Kumar vd., 2022). Bagka
bir ifadeyle gelencksel hayvansal protein
kaynaklart genis arazi ve yogun kaynak
gerektirmektedir. Thtiyag duyulan genis alanlar
nedeniyle ormansizlasma ve arazi bozulmast
nedeniyle iklim tzerinde biytk bir degisiklik
meydana gelebilmektedir. Tklim degisikliginin bir
baska nedeni ise giibre kullanimina bagh azot
fosfor dengesinin (biyolojik ¢esitlilik kayb1 ve
karbon doéngiisinin bozulmasi) bozulmasidir
(Aiking, 2014). Ote yandan kiiresel sera gazi
emisyonlarinin - yaklasitk  %18'f  hayvancihiktan
kaynaklanmaktadir. Sera gazt emisyonlarinin
baslicalar1 enterik fermantasyondan kaynaklanan
metan (CHg), suni gibreden kaynaklanan azot
oksit (N20O) ve tarimsal enerji kullanimindan
kaynaklanan karbondioksittir (CO3) (Stehfest vd.,
2009). Cevresel etkileri yiiksek gidalarin (6zellikle

hayvansal trtnlerin) alternatifleri ile degistirilmesi
gida sistemlerinin cevresel etkilerini
azaltabilmektedir (Springmann vd., 2018). Bu
baglamda, bitki bazli proteinler genis Urlin
yelpazesi, yetistitme kolayligi ve daha dusik
tretim maliyeti nedeniyle umut verici bir ¢6zimu
temsil etmektedir. Bitkisel protein kaynaklar
arasinda baklagiller (soya, fasulye, bezelye, bakla,
nohut, bérilce), tahil proteinleri (piring, bugday,
arpa ve mistr) ve yalanci tahilar (amaranth, kinoa,
chia ve karabugday) bulunmaktadir.

Bakla (Vicda faba 1.) yiksek oranda vitamin,
mineral ve diyet lif icerdiginden dolayr Avrupa,
Asya ve Afrika basta olmak tizere bircok ilkede
besin maddesi olarak titketilmektedir (Multari vd.,
2015). Ayrica bu besin maddesi gesitlilige ve
yetistirme kosullarina bagli olarak yitksek oranda
(%27-34) protein icermektedir (Vioque vd., 2012).
Bakla proteinin (BP) bilesimi baklagil benzeri
globulinlerden (113), vicilin benzeri
globulinlerden (7S) ve albiminlerden (2S),
glutelinden ve poliaminlerden olusmaktadir (El
Fiel vd., 2002). BP’nin lif orant ylksek, aletjenitesi
ve doymus yag orani diger bitkisel proteinlere
gore daha dustktiir. Buna karsin bu proteinin
fonksiyonel 6zelliklerinin (¢6ztintrlik, su tutma,
yag baglama vb.) hayvansal proteinlerden daha
distik oldugu bildirilmistir (Hughes vd., 2011).
Dolaysiyla BP gibi bitkisel proteinlerin diigitk
fonksiyonel — davraniglart  gida  driinlerinde
kullanimlarint  sinirlamaktadir.  Ornegin - diisiik
¢Ozuntrlik, bunlarin iceceklere dahil edilmesini
zotlastirmaktadir. Baska bir ifadeyle kompakt,
toplu ve esnek olmama egilimleri, arayiizleri
stabilize etme yeteneklerini siurlandirmaktadir
(Mcclements, 2007; Day vd., 2022). Bitkisel
proteinlerin  fizikokimyasal ~ve fonksiyonel
Ozelliklerinin  gelistirilerek gida endistrisinde
kullanimit saglanabilmektedir (Conde vd., 2005).
Protein islevselligi, proteinin tek basina veya diger
bilesenlerle ~ kombinasyon  halinde  fiziksel,
kimyasal ~ ve/veya  biyokimyasal  islemler
uygulanarak gelistirilebilmektedir (Akharume vd.,

2021). Isttma, vyitksek basing uygulamasi,
mikrodalga ve ultrases uygulamalart ile
proteinlerin  islevselligi  iyilestirilebilmektedir

(Balasubramaniam vd., 2015; Gharibzahedi ve
Smith, 2020).



Bakla proteini

Mikrodalga islemi, katt numunelerle temas
halindeki polar ¢ézictleri (kati-sivi) 1sitmak icin
mikrodalga enerjisinin termal etkilerini kullanan
bir 6zttleme islemidir. Isinmanin neden oldugu
sicaklik ve basing faktorlerindeki artig ile hucre
duvart tahrip olmaktadir. Bu sekilde htcre
icindeki bilesenlerin ¢Oziiciiye diflizyonu daha
kolay olmaktadir (Kute vd., 2015). Kisa islem
stresi, dusiik enerji gereksinimi, etkili hiicre
duvart bozma yetisi ve kimyasal madde kullanim1

gerektirmemesi  bu  islemi  avantajli  hale
getirmektedir.  Yapilan  bilimsel  ¢aligmalar
mikrodalga uygulamasinin proteinlerin

fonksiyonel o&zelliklerini gelistirdigi yoniindedir
(Vagadia vd., 2018; Varghese ve Pare, 2019).

Bu c¢alismanin  amaci, mikrodalga destekli
ozitleme tekniginin bakladan protein kazanimi ve
elde edilen bu proteinin karakteristik 6zellikleri
tzerindeki etkisini arastirmak ve bunu peyniraltt
suyu proteini ile karsilastirmaktir.  Ayrica,
mikrodalga giicti ve islem siiresi parametrelerinin
bakla protein verimi Uzerindeki etkileri de
arastirilmistir.

MATERYAL VE METOT

Materyal

Bu calismada kullanilan kuru bakla Sanliutfa ilinde
yer alan yerel bir pazardan, peyniralts suyu tozu
protein konsantresi (Whey Protein, %70) ise
Kalipso Kimya (Istanbul, Tiirkiye) firmasindan
temin  edilmigtit. ~ Analizlerde  kullanilan
kimyasallar analitik saflikta olup Sigma (St. Louis,
MO, ABD) ve Merck (Darmstadt, Almanya)
firmasindan satin alinmistir.

Bakla proteini iiretimi

Alkali iziitleme

Mikrodalga 6ziitleme teknifinin protein verimi
lzerindeki etkisini ortaya koymak amaciyla alkali
Ozitleme  yontemi ile protein  verimleri
karsilastirilmistir.  Bu  baglamda, bir 6gitici
(DMS253, Demsan, Turkiye) yardimiyla toz
haline getirilen bakla numunesinden 10 g alinarak
tzerine 100 ml. 0.12 M NaOH eklenmis ve 37
°Clik calkalayicida 1 saat bekletilmistir. Daha
sonra 4000 rpm’de 10 dakika santrifiij edilerek
stpernatant toplanmustir. Stipernatanttaki protein
icerigi Lowry yOntemine gore belirlenmistir

(Lowty vd., 1951). Lowry yontemi, duyarllik,
dogrusallik ve gelistirilmis metodolojisi nedeniyle,
proteinden ve protein kokenli olmayan renk
gelisimi arasinda ayrim yapilmasint saglayarak
daha dogru bir kantitatif analiz saglamasindan
dolayt tercih edilmistir. Mevcut protein miktari,
sigtr serum albiimin (BSA) standardi kullanilarak
hazirlanan bir kalibrasyon egrisi ile hesaplanmistir.
Bakla  proteininin destekli
optimizasyonn

Bakla protein veriminde optimum kosullart
belirlemek amactyla Tepki-Yizey Metodolojisi
(RSM) kullanilmugtir. Merkezi timlesik tasarimina
gore 5 merkez nokta ve 8 eksenel nokta olmak
tizere toplam 13 deneysel ¢alisma tasarlanmustir.
Bagimsiz degiskenler mikrodalga giicti (250-500
W) ve islem siiresi (1-60 dakika) olarak segilmistir.
Bagimli degisken olarak protein verimi baz
alinmustir. Veriler, ikinci dereceden bir polinom
modeli ve regrasyon katsayiari elde etmek icin
coklu regrasyon sistemleri kullaniarak analiz
edilmistir (Cizelge 2). Deneysel tasarima iliskin
veriler Cizelge 1’de sunulmustur. Oziitleme, bir
mikrodalga (SINEO II PLUS, Cin) sisteminde
gerceklestirilmistir. Protein:distile su orant 1:10
olacak sekilde, 250 mL'lik bir cam balon icerisinde
hazirlanmistir. Daha sonra, karisimlarin pH degeri
9.0’a  ayarlanmistir.  Kansimlar,  belirlenen
optimizasyon sartlarinda mikrodalga  cihazi
(mikrodalga giicti:250-500 W, 6ziitleme siiresi: 10-
60 dakika) haznesine yerlestirilmistir. Siire
sonunda karisimlar 4000 rpm’de 10 dakika (+4
°C) sireyle santrifiijlenmistit (Nive NF 1200R,
Nuve, Ttrkiye). Stipernatant stizlilerek toplanmis
ve protein igerigi 6l¢im testine tabi tutulmustur.
Protein igerigini 6lgmek icin Lowry yontemi
kullanilmistir (Lowry vd., 1951). Protein miktar,
sigir serum albiimin (BSA) standardi kullanilarak
hazirlanan bir kalibrasyon egrisi ile hesaplanmistir.

mikrodalga dzditleme

Bakla proteini konsantrelerinin bazurlanmast

Optimizasyon sonucuna gore en yiksek protein
icerigine sahip deneme noktasinda seri mikrodalga
destekli Oziitleme islemleri uygulanmustir. Bu
baglamda optimum mikrodalga giicii ve 6ziitleme
stiresine gére protein soliisyonlari (protein: distile
su 1:10) hazirlanmug toplanan stipernatantlarin pH
degeri 4.5'¢ ayatlandiktan sontra  protein
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¢cokeltmesine tabi tutulmuslardir. Bir gece
buzdolabinda bekletilen solisyonlar 4000 rpm’de
10 dakika (+4 °C) sireyle santriftij edilmis,
sipernatant uzaklastirilmis ve protein peleti
puskirtmeli  kurutucu kullanilarak  toz hale
getirilmistir.

Piskiirtmeli kurutma gartlart

Santrifiijden elde edilen ¢okelti saf su ile soltisyon
haline getirilmis ve pH degeri 9.0’a ayarlanarak bir
puskirtmeli kurutucu (Unopex B15, Bak-On,
Mak. Muh. Ltd. Sti., Izmir, Turkey) yardimiyla toz
forma dontstirilmuistir (Besleme hizi: 8
mL/dakika, Hava giris sicakligi: 140 °C). Elde
edilen protein tozu konsantreleri analizlerde
kullanilmak tzere +4 °C’de muhafaza edilmistir
(Basyigit vd., 2021).

Analizler

FTIR spektroskopisi

Optimum noktada elde edilen bakla proteini ve
peyniralt  suyu  protein  konsantrelerinin

karakteristik bantlart FTIR cihazi (Shimadzu,
Japonya) kullanilarak (dalga boyu: 500-4000 cm-
1, tarama stresi: 32 s ve ¢Ozunirlik: 4 cm)
belirlenmistir (Lei vd., 2018).

Sodyum  dodesil  siilfat poliakrilamid jel elektroforezi
($DS)

Bakla ve peyniraltt suyu protein konsantreleri (10
mg/mlL) tamponda (0.1 M Tris-HCl, 0.1 M NaCl
ve %10Tuk SDS) ¢ozindurilmistir (Ata vd.,
2022). Hazirlanan Srnekler yiikleme tamponu (%5
Tris-HCI (pH 6.8), %4 gliserol, %0.8 SDS, %0.02
bromfenol mavisi ve %2 B-merkaptoetanol) ile
1:1 (v/v) oraninda kanstirilmistr. SDS-PAGE
analizi, %12 ayirma jeli ve %05 istifleme jeli
kullanilarak gerceklestirilmistir (Laemmli, 1970).
Numuneler, jel seritlerine yerlestirilmeden 6nce
10 dakika, 95 °C’de su banyosunda tutulmustut.
Molekiler agirlik belirteci olarak ise standart bir
protein karisimi (11-190 kDa) kullanilmstir.

Fizikokimyasal analizler

Protein igerigi

Bakla proteininin  protein igerigi, organik
elementer analiz cihazt (FlashSmart Elemental,
ThermoFisher Scientific, ABD) ile belirlenmistir.
Cihaz kosullar;; CHNS reaktor sicakligi: 950 °C,

GC firin sicakligt 65 °C, helyum tastyict gaz akis
hizt: 140 ml./dakika, helyum referans akist: 100
mlL/dakika, oksijen akis hizi 250 ml./dakika,
oksijen enjeksiyon suresi: 5 dakika, 6rnek gecikme
stresi: 12 s olarak tanimlanmistir. Protein icerigi
6.25 (Nx6.25) déntigiim faktori ile hesaplanmistir
(Basyigit vd., 2021).

Cozunitirlik

Proteinlerin  ¢6zuniirlighi  daha 6nceki  bir
calismaya gore gerceklestirilmistir (Xia vd., 2023).
Bu baglamda 0.25 gram protein 6rnegi 100 mL
distile su igerisinde ¢6ziindirilmiis ve pH degeri
9.00’a ayarlanmustir. Bir saat karistirildiktan sonra,
nihai ¢6zeld 3000 rpm'de 30 dakika boyunca

santrifiijlenmistir. Stipernatanttaki ~ protein
icerigini tespit etmek icin Lowry metodu
kullamlmustir.  Cozinurlik degeri  Esitlik 1
kullanilarak hesaplanmistir.

Cozunirlik (Yo)=

Sipernatanttaki protein mikt:an#<1 00 (1)

Ornekteki protein miktart

Su aktivitesi ve nem igerigi

Su aktivitesi degeri, bir su aktivitesi OSlger
(Aqualab, ABD) kullanilarak tespit edilmistir.
Nem icerigi gravimetrik yontemle belirlenmistir

(AOAC, 2005).

Renk

Renk  parametrelerinin = (L, 4" ve 5
belirlenmesinde renk 6lcer (Color Quest, Hunter
Associates Laboratory, Inc., ABD) kullantlmigstir
(Duangmal vd., 2008).

Fonksiyonel 6zellikler

Su tutma ve yag baglama kapasitesi

Proteinlerin su tutma kapasitesi (STK) ve yag
baglama kapasitesi (YBK) referans bir ¢alisma baz
alinarak tespit edilmistitr (Cho vd., 2004). Bu
amagla, santriftyj tiiplerine tartilan 1 g protein tozu
STK igin 20 mlL distile su, YBK icin ise 20 mlL
musir yagr ile kamstirdmistir. Oda sicakhiginda
tutulan karisimlar, her 15 dakika bir 5 s siireyle
vortekslenmistir.  Bir  saatlik  inkibasyon
stresinden sonra protein ¢6zeltileri 4000 rpm’de
10 dakika santrifijlenmistir. Santriftj tipd 30
dakika boyunca 45 °Cllik bir agtyla tutularak ist
faz uzaklastirilmis ve son agirlik kaydedilmistir.
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STK ve YBK degetleri, son tartilan agirligin ilk
tartilan agirliga bélinmesi ile hesaplanmistir (Cho
vd., 2004).

Kapiik olusturma kapasitesi ve stabilitesi

Koépiik  olusturma  kapasitesi  igin  protein
cozeltileri (%1, pH 7.0) distile su ile hazirlanmus
ve protein tozlarmnin tamamen ¢bzliinmesi
saglanmustir. Cézindirme isleminden sonra 100
mD’lik dereceli silindire aktarilan karigimin ilk
hacmi  kaydedilmistir. Ultra  Turrax
homojenizatdr yardimiyla 12.000 rpm’de 1 dakika
karistirma sonunda olusan hacim not edilmistir.
Kopiik olusturma stabilitesi icin 10. ve 30. dakika
hacimleri  kaydedilmistir. Képitk  olusturma
kapasitesi ve stabilitesinin hesaplanmasinda
asagida verilen Hsitlik 2. ve 3. Kullandmistir (Li
vd., 2021).

Va-Vb
k
5100 (2)

Kopitk olusturma stabilitesi (%) = 74100 (3)

Kopiik olusturma kapasitesi (%) =

V.= Homojenizasyon sonrast solisyonun hacmi,
Vi,= Soliisyonun ilk hacmi, Vi= Homojenizasyon
sonrast 10. ve 30. dakikadaki hacim

Emiilsiyon aktivitesi ve stabilitesi

Protein tozlart (%0.5 w/v) 100 mL (10 mM)
potasyum fosfat tamponu (pH 7.0) ile
karistirildiktan  sonra bu  karisima 1:3  (v/v)
oraninda musir yagi ilave edilmistir. Emulsiyon
hazirlamak icin, bu karisim 12.000 rpm’de 1
dakika boyunca Ultra-Turrax kullanilarak (IKA-
T18 Basic, Japonya) homojenize edilmistir.
Hazirlanan bu emiilsiyonlar (50 uL) ile 5 mL %0.1
(w/v) sodyum dodesil stilfat bir cam tlip igerisinde
karistiridmistir. Emilsiyon aktivitesini (EAT) tespit
etmek icin karisimin absorbanst bir UV-VIS
spektrofotometre kullantlarak 500 nm dalga
boyunda okunmustur. Emiilsiyon stabilite indeks
(ESD) olcimi 10. ve 30. dakika absorbans
degerlerinin kaydedilmesiyle belirlenmistir. EAI
ve ESI degerleri agagidaki esitlikler kullanilarak
hesaplanmistr (Esitlik 4 ve 5).

2%2.303*Ai*SF
Cx@p+0%1000 (4)

Al
aactt O

Emiilsiyon aktivitesi (m?/g) =

Emdtlsiyon stabilitesi (dakika) =

A= Homojenizasyon isleminden sontra dlgiilen
absorbans degerleri; SF= Seyreltme faktori; C=
Protein konsantrasyonu (5 mg/mL); ¢= Optik
yol; 6= Yag Thacim fraksiyonu; A=
Homojenizasyon isleminden 10 dakika sonra
Olciilen absorbans degerleri (Lee vd., 2021).

Stabilite indeksi

Stabilite indeks degeri icin, 15 mI’lik santrifij
tipune taze hazirlanan emilsiyonlar (10 mL)
eklenerek 4000 rpm’de 5 dakika santrifiijlenmistir.
Santrifij sonrast emilsiyonlarin  gérintileri
dikkate alinarak alt (emdilsiyon) ve Ust (krem)
fazlarin  hacimsel olarak kapladiklart oranlar
stabilite indeks degeri olarak yorumlanmistir

(Wang vd., 2010).

Stabilite katsayis:

Taze hazitlanan emilsiyondan 10 ml. alinarak
2000 rpm’de 15 dakika siire ile santrifiijlenmistir.
Santrifijleme sonunda elde edilen stipernatantin
100 kat seyreltilmis hali ile seyreltilmemis (orijinal)
hali UV-VIS spektrofotometre kullanilarak 750
nm’de okunmustur. Absorbans degerleri asagida
yer alan Esitlik 6.’daki ilgili yerlere yerlestirilerek
stabilite katsayist hesaplanmustir (Li vd., 2019).

Stabilite katsayist = % (©)

A Orijinal 6rnege ait absorbans degeri; Ao
Seyreltilmis 6rnege ait absorbans degeri

Santrifiij ¢okme orani

On mL taze emiilsiyon 2500 rpm’de 40 dakika
stire ile santrifijlendikten sonra slipernatant
uzaklastirilmis  ve icerisinde tortu  (¢Okelti)
bulunan santriflyj tiplerinin agz1 asagt gelecek
sekilde 30 dakika streyle bekletilmistir. Stre
sonunda Esitlik 7. kullanilarak santriftij ¢6kme
orani tespit edilmistir (Li vd., 2019).

Santrifiij ¢8kme orant = 2100 0

m;: Baslangic emiilsiyon agirligt (10 mL); mo: tortu
(cOkeltt) agirhigt

Istatistiksel analizler

Calismalar 3 tekerrirlid olarak yuratulmistir.
SPSS paket program: (SPSS Inc., Sikago, IL,
ABD)  kullanidarak  ortalamalar  arasindaki
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istatistiksel farkliiklar degerlendirilmis ve t testi P
< 0.05 istatistiki 6nem diizeyinde belirlenmistir.
Sekillerin ¢iziminde OriginPro 8 (Origin Lab Inc.,
Northampton, ABD) programi kullanilmistur.
Ayrica bakla proteininin  optimizasyonunda
Design-Expert ((Stat Ease, Design Expert 7.0,
ABD) programindan yararlanilmistir.

ARASTIRMA BULGULARI VE TARTISMA
Optimizasyon iglemi

BP iretiminde mikrodalga destekli 6ziitleme
islemi  uygulanmustir.  Mikrodalga  destekli
Ozitleme islemlerinin  deneysel tasariminda
mikrodalga glcli ve proses siiresi bagimsiz
degiskenler olarak degerlendirilmistir. Cizelge 1,
mikrodalga  destekli  Oziitlemenin  deneysel
tasarimini ve bes tanesi merkez nokta olmak tzere
13 deneme ile vyiritilen protein verimi
sonuclarini  gostermektedir.  Protein  verimi
oranlari %32.96-54.55 araliginda tespit edilmistir.
Regresyon modelleri igin ikinci dereceden model
katsayilar1 ve ANOVA sonuglart Cizelge 2'de
verilmistir. Optimum kosullarin belirlenmesinde
belirleme katsayist (R2), ayarlanmis R2 uyum
cksikligi (lack of fit) ve P degerleri dikkate
alinmistr.  Belirleme  katsayist  (R%)  0.97 ve

ayarlanmis R? degeri 0.94 olarak tespit edilmis ve
bu da modellerin uyumlulugu agisindan 6nem arz
etmektedir. Ayrica uyum eksikligi degerinin
anlamli olmamast (P >0.05) model belitlemede
gbz Onunde bulundurulan bir bagka Onemli
parametredir. Mikrodalga giictiniin (P <0.01) ve
proses stresinin (P <0.05) protein verimi tizerinde
etkileri 6nemli bulunmustur. Mikrodalga giicii ve
stresi arttikca Oziitlerin protein veriminde de artis
gozlenmistir. Mikrodalga uygulamasi, reaksiyona
giren bilesikler tzerinde termal -etkilesimlere
neden olabilmektedir. Bu uygulama biyokiitlenin
bir elektromanyetik dalganin elektrik alan bileseni
ile etkilesimine yol acacaktir. Sonucta, htcre
duvarlarina basing uygulayan
buhatlagmasina baglt hiicre yapist bozulmaktadir
(Kapoore vd., 2018). Boylelikle hiicre duvarindan
hedeflenen bilesiklerin ortam ¢dziiclisiine gecisi
daha kolay olmaktadir. Literatiir calismalarinda bu
durumun protein verimi tizerinde artis sagladigt
bildirilmistir  (Gorgiic vd., 2020). Yapilan
optimizasyon islemi sonunda 481.70 W
mikrodalga giici ve 50.68 proses siiresinde
protein veriminin %47.74 olabilecegi tahmin
edilmistir.

suyun

Cizelge 1.Mikrodalga destekli 6ziitleme kosullarina ait deneysel parametreler
Table 1. Experimental parameters of microwave-assisted extraction conditions

Bagimsiz degiskenler Bagimli degisken
Parametreler I ﬂgdqbeﬂdeﬂl %aiz’ab/ey Del%mdeﬂi yifiab/e
Parameters Mikrodalga giicti (W) Islem siiresi (dakika) Protein verimi (%)
Microwave power (W) Processing time (min) Protein yield (%)
1 250.00 60.00 38.53
2 375.00 35.00 54.55
3 375.00 35.00 51.78
4 375.00 10.00 40.56
5 375.00 35.00 53.41
6 500.00 60.00 42.90
7 250.00 10.00 32.96
8 250.00 35.00 42.63
9 500.00 35.00 46.94
10 500.00 10.00 40.48
11 375.00 35.00 51.93
12 375.00 60.00 44.37
13 375.00 35.00 52.48
Optimum nokta 481.70 50.68 47.74
Optimnm point
Alkali 6zttleme 3195

Alkaline extraction
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Cizelge 2. Mikrodalga destekli 6ztitleme kosullarina ait ANOVA sonuglari
Table 2. ANOV'A results of microwave-assisted extraction condjtions

Katsayl/Deger Verim (%)
Coefficient/ value Yield (%)
Bo 52.24
Kuadratik (Qnadratic)

B1 (Gig) (Poswer) 2.70™
B2 (Sure) (Time) 1.97*
Etkilesimli (Interaction)

Bi2 (Gug x stre) (Power x time) -0.79
Tkinci derece (Second order)

B11 (Giig)? (Power) -5.97
B2z (Stire)? (Timze) -8.29™
Regresyon katsayilar1 (Regression coefficients)

R2 0.97
Avyatlanmus R? (Adjusted R?) 0.94
p-degeri (p-value) <0.0001
Uyum eksikligi (Lack of i) 0.13

Model: Protein verimi = Sy + f; (Giig) + S (Siire) + f12(Giig X Siire) + S (Glic X Gii) + Sz (Siire X Siire). Istatistik

onem dereceleri: “P <0.05; **P <0.01; ™ P <0.001

Model: Protein yield= o + 1 (Giig) + P2 (Siire) + 2 (Giig X Siire) + 11 (Giie X Giig) + oz (Siire X Siire).

Statistical significance levels: *P <0.05; "P <0.01; ™"P <0.001

FTIR

FTIR, maddelerin kimyasal bilesimini kizilStesi
absorpsiyon modellerine gbre analiz etmek icin
kullanilan bir tekniktir. Bitki ve hayvan proteinleri
s6z konusu oldugunda, FTIR bunlarin yapisal
Ozellikleri ve fonksiyonel gruplari hakkinda bilgi
saglamaktadir. Bitki proteinleri tipik olarak
amidler, karboniller ve hidroksiller gibi ortak
fonksiyonel gruplarin varhgyla ilgili spesifik
absorpsiyon bantlari sergilemektedir. Bu bantlar,
proteinin ikincil yapisi hakkinda bilgi vermektedir.
Bakla ve peyniraltt suyu proteinlerine ait FTIR
spektrumlart Sekil la’da g6sterilmistit. BP ve
PSP’ye 6zgli parmak izi bélgeleri amid IIT (1239-
1233), amid II (1539-1523), amid I (1642-1637
cm ), amid B (2930-2925) ve amid A (3281-3270)
olarak tespit edilmistir. Belirlenen pik bolgeleri
literatiirde bildirilen dalga boyu araliklariyla da
uyumludur (Quanhong ve Caili, 2005; Haris,
2013). Amid I ve amid II bantlar1 proteinlere 6zgii
ikincil ~ yapilarinin  tayininde Snemlidir. Bu
bantlardan amid I band: peptit baglarinin C=0
gerilme titresimlerini gésterirken amid II bandi N-
H ve C-H germe titresimleri sonucu meydana
gelmektedir (Haris, 2013). Ayrica amid III band:
C-N, amid A N-H, amid B ise =CH ve -NH3
titresimleri sonucu olusmaktadir (Grdadolnik,

2003). Calismada elde edilen FTIR spektrumlart
proteinlerin yapisini dogrulamistir.

SDS-PAGE

SDS-PAGE, proteinlerin molekiler agirliklarina
gore ayrilmasi ve analizi icin yaygin olarak
kullanilan bir yéntemdir. Proteinlerin molekdiler
agirhgin belirlemek, protein safligini
degerlendirmek ve protein-protein etkilesimlerini
analiz etmek icin yaygin olarak kullanilmaktadir.
Bu calismada BP ve PSP’nin SDS géruntileri
Sekil 1b’de sunulmustur. Bakla proteininin alt
birimleri 7S ve 11S globulinlerinin oldugu
bildirilmistir (Cai vd., 2002). BP’nin molekdiler
agirliklart 11-98 kDa arasinda tespit edilmis ve BP
46 kDa’da yogun bir bant sergilemistir. BP’de 11
kDa ve 25-32 kDa araligindaki bantlar 11S
fraksiyonun (baklagil) asidik ve bazik alt
birimlerine karsilik gelmektedir (Kosifiska vd.,
2011). Molekdler agirligi 46 kDa’luk yogun bant,
vicilin benzeri (7S) fraksiyonun alt birimlerini
ifade etmektedir (Alu’datt vd., 2017). PSP’nin
molekiler agirhiklar ise 32-98 kDa araliginda
belirlenmis ve 98 kDa yogun bir bant
gorilmustir. PSP’deki 32 kDa, 75 kDa ve 98 kDa
molekil agirligina sahip bantlar sirasiyla kazein,
serum albiimin ve immunoglobulini (BSA) temsil
etmektedir. Buna karsin PSPye 06zgi o
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laktalbumin (14 kDa) ve B-laktoglobulin (21 kDa)
tespit edilememistir.
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Sekil 1. Bakla ve peyniraltt suyu proteinlerinin FTIR spektrum (a), SDS-PAGE gériuntisi (b)
Figure 1. FTIR spectrum (a), SDS-PAGE pattern of faba bean and whey proteins (b)

Proteinlerin fizikokimyasal 6zellikleri

Protein konsantrelerinin fizikokimyasal 6zellikleri
Cizelge 3’te sunulmustur. BP ve PSP’nin nem
miktart ve su aktivitesi degerleri incelendiginde
BPnin bu degetleri daha disik bulunmustur.
Proteinlerin renk degerlerine bakildiginda ise
PSP’nin L degerinin BP’den daha yiiksek oldugu
ve renginin daha patrlak oldugu sonucuna
vartlmistir.  Buna karsin BPnin  4° ve /"
degerlerinin ise PSP’den daha yiiksek oldugu
tespit edilmistir. Bu sonu¢ baklalarin renginden
sorumlu tanenlere (proantosiyanidinler)
baglanabilir (Sharan vd., 2021). BP ve PSP’nin
protein verimi degerleri sirasiyla %067.13 ve
%70.00 olarak tespit edilmistir. Mikrodalga
destekli enzimatik Oziitleme yontemiyle susam
kepeginden proteininin elde edildigi ¢alismada
protein veriminde artis oldugu bildirilmistir
(Gorglic vd., 2019). Cozinirlik, fonksiyonel
Ozellikleri ve uygulama potansiyelini yansitabilen
protein denatiirasyon agregasyonunun 6nemli bir
kriteridir. Yapilan calismada PSP’nin ¢ozinirlik
degeri (%091.12) BP’den (%80.23) daha ytksek
bulunmustur. Genel olarak, proteinlerin iyi
emilsiyon,  kopiik, jellesme  O6zelliklerini
saglayabilmeleri icin yiiksek c¢ozinirliige sahip

olmalar1 gerekmektedir. Proteinlerin ¢éziintirliigi,
ylzey hidrofobik (protein-protein) ve hidrofilik
(protein-¢6zucty) etkilesimi ile ilgili bir durumdur.
Proteinler suda c¢6ziinebilen hidrofilik karakter
sergilemektedirler (Pelegrine ve Gasparetto,
2005). Benzer bulgular 6nceki calismalarda da
rapor edilmistir. Bezelye proteinlerinin pH 8.5da
en yuksek ¢éztinirlik degeri ~%87 olarak tespit
edilmistir (Gao vd., 2020). Yapilan bagka bir
calismada ise bakla protein  izolatlarinin
cozunurlik degerleri (%43-90) ultrason destekli
alkali islemle gelistirilmistir (Alavi vd., 2021).
Orneklerin carr indeks ve hausner orani Cizelge
3’te sunulmustur. Distk carr indeksi degerine
(20-35) sahip tozlarin iyi akis 6zelligi sergiledigi ve
yiksek hausner oranina ((>1.25) sahip tozlarin ise
daha yapiskan 6zellige sahip oldugu bilinmektedir.
BP ve PSPnin carr indeksi degerleri 44.12 ve
39.65, hausner oranlari ise 1.37 ve 1.24 olarak
belitlenmistit. Carr indeksi ve hausner oranlarina
gbre protein tozlarmin zayif akiskan o6zellikte
oldugu sonucuna varilmistir. Tozlarin yapiskanlhk
ve akigskanlk Ozelliklerinin partikiil sekli, yiizey,
boyut, higroskopik ve gézenek yapisina gore
belirlendigi bildirilmistir (Sharma vd., 2012).
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Cizelge 3. Protein konsantrelerinin fizikokimyasal 6zellikleri
Table 3. Physicochemical properties of protein concentrates

Analizler Bakla proteini Peyniraltt suyu proteini
Analyses Faba bean protein Whey protein
Protein verimi (Protein yield) (%o) 67.13£0.26> 70.00£0.002
Cozuntrlik  (pH:9.0)  (Solubility) 80.23+0.19° 91.12+0.05¢
%)

Nem miktart (Moisture content) (%o) 4.1240.08> 6.02%0.11»
Su aktivitesi (Water activity) 0.274£0.01> 0.328£0.022
Renk (Color) L* 72.60%0.25P 90.68+0.07+
a* 2.40£0.14 0.80£0.01>
b* 15.41£0.062 12.99%0.06°
Carr indeksi (Carr index) 44.12%0.42 39.65£0.19>
Hausner oran: (Hausner ratio) 1.37£0.092 1.24£0.12b

Sonuglar i¢ tekrarli (n=3) ortalama Fstandart sapma olarak verilmistir. Aynt satirda yer alan kigciik harfler (a-b)
ortalamalar arasindaki istatistiksel farkliligi temsil etmektedir (P <0.05)

Results are given as mean % standard deviation from triplicate (n=3). Lowercase letters (a-b) on the same line represent the statistical
difference between the means (P < 0.05).

Proteinlerin fonksiyonel 6zellikleri
Protein konsantrelerinin su tutma, yag baglama
kapasiteleri, kopik olusturma kapasiteleri ve

stabiliteleri, emulsiyon aktiviteleri ve stabiliteleri
Cizelge 4’te verilmistir.

Cizelge 4. Protein konsantrelerinin fonksiyonel 6zellikleri
Table 4. Functional properties of protein concentrates
Bakla proteini
Faba bean protein
315.56%0.32

Analizler
Analyses

Peyniralt1 suyu proteini
Whey protein

Su tutma kapasitesi
(Water holding capacity) (%o)
Yag baglama kapasitesi
(Oil binding capacity) (o)

392.23+0.11» 350.12+0.23b

Kopiik olusturma kapasitesi 74.10£0.11~ 32.05£0.02>
(Foaming capacity) (Yo)

Koéptk stabilitesi (10 dakika) 94.5910.332 50.00£0.09>
(Foaming stability) (10t min)

Koéptk stabilitesi (30 dakika) 81.08%0.12» 12.50£0.11b
(Foaming stability (30” min)

Emilsiyon aktivite indeksi 55.86%0.13# 36.81£0.06>
(Emulsifying activity index) (n%/ 9)

Emilsiyon stabilite indeksi (dakika) 38.09%0.19- 22.45%+0.21>

(Emulsifying stability index) (ESI10) (min)
Sonuglar t¢ tekrarli (n=3) ortalama Fstandart sapma olarak verilmistir. Ayni satirda yer alan kiciik harfler (a-b)
ortalamalar arasindaki istatistiksel farkliligi temsil etmektedir (P <0.05)

Results are given as mean T standard deviation from triplicate (n=3). Lowercase letters (a-b) on the same line represent the statistical
difference between the means (P < 0.05).

Su tutma (STK) ve yag baglama kapasiteleri ve jellesme gibi  fonksiyonel — Ozellikleri
(YBK), proteinlerin su/yag tutma ozelligini ve etkileyebilmektedir (Shen ve Li, 2021). Bu
protein su/yag etkilesimlerini belitlemektedir. calismada BP’nin STK degeri %315.56, PSP’nin
Bunlar proteinlerin ¢6ziiniirlik, emilsifiye etme bu degeri ise c¢ozindiginden dolayt tespit
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edilememistir. Bu durum peyniralt1 suyu proteinin
yiksek c¢oézinirligine atfedilmisticr (Day vd.,
2022). Ayrica, mikrodalga uygulamasi ile protein
denatiirasyonuna bagl ylksek sayida hidrofilik
amino asidin etkilenmesi sonucunda STK degeri
tyilestirilmektedir (Ochova-Rivas vd., 2017). Bu
calismada elde edilen STK degerleri Das vd.,
(2023) tarafindan bildirilen degerlerle tutarhidir
(Das vd., 2023). Mikrodalga uygulamast ile soya
protein izolatlarinin STK degerleri %383.94’ten
%582.960’ya yukseltilmistir (Das vd., 2023). YBK
degerleri ise %392.23 (BP) ve %350.12 (PSP)
olarak tespit edilmistir (Cizelge 4). BP’nin YBK
degeri PSP’den daha yiiksek bulunmustur. Bakla
proteini icin benzer sonuglar 6nceki ¢alismada da
bildirilmistir (de Paiva Gouvéa vd., 2023). Diger
yandan peyniralti suyu proteini izerine yapilan bir
calismada ise STK degeri belitlenememis buna
karsin YBK degeri %159 olarak rapor edilmistir
(Aydemir ve Yemenicioglu, 2013). Yapilan bagka
bir ¢alismada ise bezelye ve ticari peyniraltt suyu
proteinleri kargilastirilmis ve STK degetleri %0250
(bezelye) ve %0.00 (peyniraltt suyu), YBK
degetleri ise %370 (bezelye) ve %190 (peyniraltt
suyu) olarak bildirilmistir (Stone vd., 2015; Lam
vd,, 2017). Bakla proteinleri suda ¢6zintr
albiminler ve tuzda ¢6zUntr globilinler
icerdiginden dolay1 STK degisiklik
gOsterebilmektedir.  Bunlara  karsin  YBK
degerindeki  degisiklikler — ise  proteinlerin
hidrofobikligine baglanmustir (Day vd., 2022).

Kopik olusturma kapasitesi ve  stabilitesi
proteinlerin fonksiyonel Ozelliklerinin
karakterizasyonunda 6nem arz eden kriterlerdir.
Proteinler képiirme &zelliklerinden dolay birgok
uygulamada yiizey aktif maddeler olarak islev
gormekteditler (Cano-Medina vd., 2011). BP ve
PSP o6rneklerine ait képik olusturma kapasite
(KOK) ve stabilite (KOS) degetleri Cizelge 4’te
sunulmugtur. BP’nin PSP’den daha yiiksek KOK
ve KOS degerlerine sahip oldugu belitlenmistir.
Proteinlerin  képtk olusturma kapasitesi ve
stabilitesi degetlerinin belirlenmesinde
¢cozuntrlik, yizey yikd, yizey hidrofobikligi ve
molekiiler esneklik gibi faktorlerin etkili oldugu
bildirilmistir ~ (Damodaran, 2006). Kopik
kapasitesi ve stabilitesinde 6énemli bir kriter olan
yuzey vyikinin etkisi, pH, iyonik ortam ve

molekiiller  arast  protein  etkilesimlerine
baglanmistir (Gochev vd., 2014). Ote yandan,
mikrodalga uygulamast ile proteinlerin agilmasi ve
yeniden duzenlenmesine bagl olarak, hava-su
araylzlerinde  absorpsiyon  yeteneklerindeki
artistan  dolayt  kopik olusturma  Szellikleri
iyilestirilebilmektedir ~ (Phuangjit vd., 2024).
Literatiirde de benzer sonuclar bildirilmistir. Bakla
proteini Uzerine yapilan bir calismada kopik
kapasitesi ve stabilitesi degerleri sirastyla %67 ve
%89 olarak rapor edilmistir (Martinez-Velasco
vd., 2018). Yapian bagka bir calismada ise
mikrodalga islemine tabi tutulan soya protein
izolatlarnin ~ kopiik  olusturma  kapasiteleri
%26.67’den %36’ya ctkardmistir. (Das vd., 2023).
Ayrica herhangi bir islem uygulanmayan peyniralti
suyu proteinin kopik olusturma kapasitesi ve
stabilitesi sirasiyla %60 ve %70 olarak tespit
edilmistir (Zhao vd., 2022).

Emilsiyon aktivitesi (EAI) ve stabilitesi
(ESI), gida proteinlerinin emiilsifiye edici
Ozelliklerini degerlendirmek icin kullanilan iki
o6nemli parametredir (Boye vd., 2010). Yapilan
calismada BP ve PSP’nin EAI degerleri 55.86 ve
36.81 m?/g, ESI degetleri ise 38.09 ve 22.45
dakika olarak belitlenmistir (Cizelge 4). BP
konsantresinin EAI ve ESI degetleri PSP’den
daha yiksek bulunmustur. Bakla tizerine yapilan
bir calisma EAI ve ESI degerleri sirastyla %44.29
ve 09.39 dakika olarak bildirilmistir (Karaca vd.,
2011). Bitki globulin proteinleri dogal olarak
yiksek molekiiler agirlikli trimerler (7S vicilinler)
veya heksamerler (11S  baklagiller) halinde
olustugundan  dolayt  emilsiyon  Ozellikleri
degisebilmektedir (Boye vd., 2010). Ayrica, bir
emillsiyonun olusma mekanizmasinin birlesme,
topaklanma ve Ostwald olgunlagmast araylizinin
6zelliklerinden (yiik, kalinlik, gecirgenlik ve sterik
bariyer) kaynaklanabilecegi ifade edilmistir (Day
vd., 2022).

Proteinlerin  Stabilite indeksi, stabilite
katsay1s1 ve santrifiij gokme orani

Bakla ve peyniraltt suyu proteinleri kullanilarak
olusturulan emiilsiyonlara ait stabilite indeksleri
Sekil  2A’da sunulmugtur. Bu  degerin
yorumlanmasinda emiilsiyonlarin  santrifijleme
sonrast gorlintllerinden yararlanllmistir. Her iki
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ornekte de yukaridan asagiya dogru krem ve
emilsiyon olmak tizere iki farkli faz belitlenmistir
(Sekil 2A). BP ve PSP’de yag fazi ayrimi
gbzlemlenmemistirt. Bu durumun proteinlerin
yuzey aktif madde 6zelliginden kaynaklandigt
dustintilmektedir. Diger yandan emtlsiyonlarin
kararliligini belirleyen ve aralarinda negatif bir
iliski bulunan stabilite katsayist (R) ve santrifiyj
¢bkme orant (CPR) degerleri Sekil 2B’de
verilmistir. BP’nin R degeri (0.69) PSP’den (0.62)
daha yiksek bulunmustur. Buna karsin PSP’nin
CPR degerinin daha yiiksek oldugu belirlenmistir.

CPR degeri disik, R degeri yitksek oldugunda
emilsiyonlar daha kararhdir. Ek olarak R degeri
1’e yaklastikca emiilsiyonlarin kararliligi daha
yiksek olmaktadir. Kolza proteini tizerine yapilan
calismada R ve CPR degetleri sirasiyla 0.40 ve
%43 olarak tespit edilmistir (Li vd., 2019).
Ultrases destekli 6zltleme ile elde edilen nohut
proteinlerinin R ve CPR degetleri sirastyla 0.68 ve
%14.60 olarak bildirilmistir (Akalan vd., 2023).
Visne ¢ekirdegi protein izolatlart (SCPI) tzerine
yapilan ¢alismada R ve CPR degerleri sirastyla 0.60
ve %59.17 olarak bildirilmistir (Akalan vd., 2024).
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Sekil 2. Proteinlerin Stabilite indeksi, stabilite katsayist ve santrifiij ¢6kme orani
Figure 2. Stability index;, stability coefficient, and centrifugal precipitation rate of proteins

Sonuglar G¢ tekrarli (n=3) ortalama *standart sapma olarak verilmistir. Kiigiik harfler (a-b) stabilite katsayilarinin,
biytik harfler (A-B) santriftij ¢c6kme oranlarinin ortalamalart arasindaki istatistiksel farkliligr temsil etmektedir (P

<0.05).

Results are given as mean £ standard deviation from triplicate (n=3). Lowercase letters (a-b) represent the statistical difference between
the averages of stability coefficients and uppercase letters (A-B) represent the averages of centrifugal precipitation rates (P < 0.05).

SONUC VE ONERILER

Gida sistemlerinde  emiilsiyon ve  kopik
olusturmada  hayvansal proteinlerin ~ 6nemi
yadsinamayacak dizeydedir. Buna karsin protein
talebindeki kiiresel artisa bagli olarak, gida
endustrisinde bitkisel proteinlerin  6nemi glin
gectikce popiiler hale gelmektedir. Bir¢ok calisma,
bu bitki bazli proteinlerin hayvansal proteinlerle
kiyaslandiginda daha dustk islevsellige sahip
oldugunu belirtmistir. Bu baglamda, bitkisel
proteinlerin  fonksiyonel —Ozelliklerini  ortaya
koymak, farkli isleme teknolojileriyle islevselligini

arturmak mimkindir. Hayvansal ve bitkisel
kaynaklardan elde edilen proteinlerin teknolojik
islevselliginin ~ karsilastirilmast  nadir  goriilen
standartlagtirilmis analitik yontemlerin
kullantmina dayanmaktadir. Bu c¢alisma gida
endustrisinde yaygin olarak kullanilan peyniraltt
suyu proteini ile bitkisel kaynaklt bakla proteinin
fizikokimyasal, fonksiyonel ve karakteristik
Ozelliklerini karsilastirmak amactyla yapilmustir.
Calisma sonuglart bakla proteininin peyniraltt
suyuna  kiyasla,  kopik  olusturma  ve
emiilsiyonlarda daha kararl bir yap1 sergiledigini
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gOstermistir. Bu baglamda yenilik¢i gida isleme
teknikleriyle bitkisel proteinlerin fizikokimyasal
yapilart gelistirilerek alternatif protein kaynaklar
cesitlendirilebilit.

CIKAR CATISMASI BEYANI
Yazar bu calismada, kisiler/kurumlar arasinda bir
cikar catismasint bulunmadigini beyan eder.
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ABSTRACT

This study examined the impact of extreme pH-cycling treatments on chickpea protein isolate (CPI).
Untreated CPI, along with samples shifted to pH 2 (pH2) and pH 12 (pH12), displayed solubilities of
60.25%, 25.01%, and 75.48%, respectively. Both treatments significantly improved water and oil absorption
capacities. Emulsion activity and stability for CPI at pH2 and pH12 were 125 m2/g and 110 m?2/g,
respectively, versus 75 m?/g for the untreated sample. Notably, the foaming capacity and stability of pH12-
treated CPI increased by 3.5 and 8.8 times, respectively, compared to the untreated protein. pH12-treated
CPI also demonstrated the lowest gelling concentration at 10%, compared to 14% and 18% for untreated
and pH2-treated CPI, respectively. Microstructural analysis revealed partial disintegration of CPI under pH-
cycling, underscoring that alkaline pH12-shifting notably enhances functional properties of CPI.
Keywords: Chickpea, pH-cycling, modification, plant protein, functionality

ASIDIK VE BAZIiK PH-DEGISTIRME UYGULANMIS NOHUT
PROTEINLERININ TEKNOFONKSIYONEL OZELLIKLERI

oz

Bu calisma, nohut protein izolati (CPI) tizerindeki pH degistirme uygulamasinin etkisini incelemistir.
Uygulama yapidmamis CPI ile pH 2'ye (pH2) ve pH 12'ye (pH12) degistirme uygulanmis érnekler
strastyla %060.25, %25.01 ve %75.48 ¢ozunirlik géstermistir. Her iki uygulamada su ve yag baglama
kapasitelerini 6nemli dl¢tiide artirmistir. pH2 ve pH12'de uygulanmis CPI icin emtlsiyon aktivitesi ve
stabilitesi sirastyla 125 m2/g ve 110 m?/g iken, uygulama yapilmamis 6rnek icin bu deger 75 m2/g’dur.
Ozellikle, pH12 degistirme uygulanmis CPI'nin képiik kapasitesi ve stabilitesi, uygulama yapilmamis
proteine kiyasla sirastyla 3.5 ve 8.8 kat artmistir. pH12 uygulanan CPI ayrica, uygulama yapidmamis
ve pH2 uygulanan CPI'ye gore sirastyla %14 ve %18 olan jel olusum konsantrasyonunda en dusik
deger olan %10'u gostermistir. Mikroyapisal analiz, CPI'nin pH degistirme ile kismi olarak denatiire
oldugunu ortaya koymus ve pH12 degistirme uygulamasinin CPI'nin fonksiyonel 6zelliklerini belirgin
sekilde artirdigini vurgulamistir.

Anahtar kelimeler: Nohut, pH-degistirme, modifikasyon, bitkisel protein, fonksiyonel
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INTRODUCTION

The increasing demand for alternatives to animal
protein has grown the rapid expansion of plant-
based proteins within the food sector. Traditional
sources like wheat and soy face problems over
allergenic concerns, leading a shift towards pulses
like peas, fava beans, chickpeas, lupins, and lentils,
which are emerging as key dietary components
globally due to their farming benefits and
nutritional value (Bessada et al., 2019). Notably,
chickpea protein stands out for its higher levels of
essential amino acids (lysine and arginine),
superior digestibility, and lower allergen potential,
attracting attention from food industry (Wang et
al., 2021).

Nonetheless, recent research has indicated that
solubility issues of chickpea protein (Chang et al.,
2022; Tang et al., 2021) present challenges for its
broader application in the food industry. These
solubility issues are primarily attributed to the
inherent structural properties of protein and its
interaction with other food components, which
can affect its functionality in different food
matrices. For instance, the globulin and albumin
fractions of chickpea protein tend to aggregate
under certain processing conditions, leading to
reduced solubility and functionality (Tang et al.,
2021).

This reduced solubility not only hinder the ability
of protein to be efficiently incorporated into
various food products but also impacts its sensory
attributes and consumer acceptance.
Furthermore, the processing methods employed
to isolate and purify chickpea protein can increase
these solubility issues. For example, high-
temperature treatments, enzymatic hydrolysis,
and pH adjustments, commonly used in protein
extraction, can lead to protein denaturation and
aggregation, further decreasing solubility (Chang
et al, 2022). Enzymatic hydrolysis can break
down protein aggregates into smaller peptides,
enhancing solubility and bioavailability (Wang et
al., 2021). Ultrasonication, which uses high-
frequency sound waves, can disrupt protein
aggregates and improve dispersion in aqueous
solutions (Tang et al, 2021). Chemical
modifications, such as phosphorylation and

glycosylation, can alter the surface properties of
chickpea  protein, reducing  hydrophobic
interactions and enhancing solubility (Chang et
al., 2022).

Among the modification approaches, pH-shifting
is a simple, adaptable, and safe method for
modifying protein structures. This method
involves subjecting proteins to extremely acidic or
alkaline conditions, well away from their
isoelectric points, causing an increase in repulsive
forces among protein molecules, which leads to
their partial unfolding (Karabulut et al., 2024).
The extreme pH conditions disrupt the
electrostatic interactions and hydrogen bonds
within the protein, destabilizing its native
structure. Subsequently, when the pH is
neutralized to 7, proteins refold into a more
flexible configuration referred to as the "molten
state" (Wang et al, 2020). This state is
characterized by a less ordered, more flexible
conformation that enhances the protein's
functional properties, such as solubility,
emulsification, and gelation capabilities. This
unfolding and refolding cycle profoundly
modifies the proteins' structure and functionality,
enabling their application in various food
formulations. For instance, treating soybean
protein with pH shifting at pH 2 selectively
unfolds the 11§ globulin, enhancing its surface
hydrophobicity and significantly boosting its
foaming capacity and stability (Jiang et al., 2018).
Another researchers demonstrated the efficacy of
pH shifting in enhancing the gelling and
emulsifying traits of various plant proteins (Li and
Wu et al., 2020; Wang et al., 2018). Furthermore,
combining ultrasound with pH shifting has been
identified as particularly effective in enhancing
protein functionalities, as proteins unfolded at
extreme pH levels are more susceptible to
ultrasound. For example, this synergistic
approach markedly enhanced the solubility of
proteins from soybeans (Lee et al., 20106), peas
(Jiang et al., 2017), rice (Zhang et al., 2018), and
rapeseed (Li et al., 2020) beyond what either pH
shifting  or  ultrasound  could  achieve
independently. Yet, investigations into using pH
shifting to improve functional attributes of plant
proteins, particularly CPI, remain scarce.
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The current study is aimed to: (i) explore the
effects of acidic and basic pH cycling on chickpea
proteins, and (ii) investigate the functional and
morphological properties of these proteins. Our
research seeks to offer an accessible and efficient
approach to enhance the functionality of chickpea
protein, thereby widening its application in the
food industry.

MATERIALS AND METHODS

Chickpea (Cicer arietinum 1.) was purchased by the
local market (Sakarya, Turkiye). All chemicals
were purchased from Sigma (Steinheim,
Germany) with technical and higher grades.
Distilled water was used in all experiments.

Extraction of Chickpea Protein Isolate
Chickpeas were first ground using a blender
(Waring, USA) and then deoiled using hexane for
8 hours in a Soxhlet apparatus. The deoiled
chickpea powders were air-dried overnight and
subsequently ground into flour using a grain mill.
To ensure uniformity, the ground flour was sifted
through a 40-mesh sieve to produce consistent
chickpea flour. This flour was then used to obtain
CPI following the alkali extraction-isoelectric
point precipitation method described by Malomo
et al. (2014).

In summary, the deoiled flour was mixed with
distilled water at a 1:20 w/v ratio, and the pH of
the suspension was adjusted to 10.0 using 2 N
NaOH. This suspension was stirred at a constant
speed of 450 rpm at a steady pH of 10.0 for 2
hours at 37°C. After stirring, the mixture was
centrifuged at 13000 xg for 25 minutes at 4°C
using a centrifuge (Hettich Universal 320R,
Germany) to separate the supernatant. The pH of
the supernatant was then adjusted to 4.5 (the
isoelectric point) using 2 N HCI, and centrifuged
again under the same conditions to collect the
pellet. This pellet was redissolved in distilled water
and neutralized to a pH of 7.0 using 2 N NaOH.
The resulting solution was freeze-dried using a
lyophilizer (Labconco Freezone 6, USA), labeled
as "Untreated", and stored at 4°C for further
analysis.

The proximate composition of CPI was analyzed
and found to consist of 90.2 * 0.5% protein, 0.3
+ 0.0% lipid, 5.6 £ 0.0% ash, and 3.9 £ 0.2%
carbohydrates, calculated on a dry weight basis in
accordance with the guidelines set by the
Association of Official Analytical Chemists
(AOAC, 1990). Protein content, calculated as
nitrogen multiplied by 6.25, was measured using a
Nitrogen Analyzer (Velp NDA 701, Italy), using
the Dumas method.

pH-cycling Prosess

The pH-cycling treatments, involving pH shifts to
pH 2 and pH 12, were referenced from Jiang et al.
(2018).

pH2-shifting treatment (pH2): A 3% (w/v)
suspension of CPI was acidified to a pH of 2 using
2 N HCI, aiming to unfold the protein structures
at room temperature. This acidified suspension
was held at a stable pH of 2.0 for 1 hour, then
neutralized back to pH 7.0 using 2 N NaOH. The
neutral protein solutions were freeze-dried,
labeled as "pH2", and stored at 4°C for further
analysis.

pH12-shifting treatment (pH12): In a similar
procedure, a 3% (w/v) CPI suspension was
adjusted to an alkaline pH of 12 using 2 N NaOH
to facilitate protein unfolding at room
temperature. The solution was maintained at a
constant pH of 12.0 for 1 hour before being
neutralized back to pH 7.0 using 2 N HCL The
neutralized protein solutions were then freeze-
dried and stored at 4°C, labeled as "pH12", for
further analysis.

Solubility

Protein solubility was assessed using a modified
method of Bradford (1976). In this procedure,
150 pL of a protein solution (3 mg/mL) was
mixed with 3 mL. of commercial Bradford dye
reagent (Bio-Rad, USA). The mixture was
incubated for 10 minutes to allow the reaction,
followed by measuring the absorbance at 595 nm
using a spectrophotometer (Shimadzu UV-Mini
1240, Japan). Bovine serum albumin was used as
the standard reference protein solution
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(correlation coefficient (R?): 0.992). Protein
solubility was calculated using the Equation (1).

Psupernatant

Solubility (%) = x 100 )

Pisolate

where Psupernatant is the protein content in
soluble part (mg/mL), Pisolate is the protein
content of protein isolate (mg/mL).

Emulsion Activity and Stability

The emulsion activity index (EAI) and emulsion
stability index (ESI) of CPI were assessed using a
slightly modified version of Pearce and Kinsella
(1978) method. 4 ml of CPI solution (10
mg/mlL) was mixed with 1 mL of sunflower oil in
a beaker. The mixture was homogenized using an
ultraturrax mixer (IKA, T20, Germany) at 10000
rpm for 2 minutes. After homogenization, a 25 pLL
aliquot of the emulsion was taken from the
bottom of the beaker and diluted with 10 mlL. of a
0.1% (w/v) sodium dodecyl sulfate (SDS)
solution. The EAI and ESI were determined by
measuring the absorbance of the diluted emulsion
at 500 nm using a spectrophotometer.
Absorbance  measurements ~ were  taken
immediately and again after 10 minutes to
calculate the EAI and ESI, respectively, using the
given Equations (2) and (3).

2/.,) — 2X2.303xA0xDF

EAI (m*/g) = Cx0x9x10000 @)
) AOXAL

ESI (min) = AO—illO ©

whete DF is the dilution factor, 2.303 is converts
the absorbance value (which is typically measured
as an optical density) to the natural logarithm
scale, aligning with the Lambert-Beer law for
absorbance measurements., 10000 is converts the
g of protein concentration and cm of optical path,
C is the concentration of protein (g/mL), @ is the
optical path (1 ¢cm), 0 is an oil fraction in the
emulsion (v/v, 1/5=.0.20), and AO and A10 are
the absotrbances of emulsions after 0 min and 10
min, respectively.

Foaming Capacity and Stability
Foaming capacity (FC) and stability (FS) were
evaluated with slight modifications from the

method of Karabulut et al. (2022). Protein
suspensions (20 mL) at a concentration of 10
mg/mL in distilled watet, adjusted to pH 7.0,
were homogenized at 10000 rpm for 2 minutes
using a homogenizer (IKA T20, Germany) to
obtain foam. FC and FS were then determined
using Equation (4) for FC and Equation (5) for
ES, respectively.

FC (%) = = x 100 @
FS (%) = =o—= x 100 ©)

where Vj is the volume after whipping at 0 min,
Vio is the volume after 10 min. of the CPI
suspension

The Least Gelling Concentration

Protein solutions (2% to 20%, w/v) were
subjected to thermal treatment in a water bath
maintained at 90°C for one hour. After heating,
the samples were quickly cooled to room
temperature and then stored at 4°C for two hours
to facilitate gelation. Following the gelation
period, the flow properties of the protein gels
were assessed by inverting the test tubes
containing the gels. The lowest concentration at
which the protein formed a gel that did not move
or slide down the inner surface of the inverted
tube was identified as the least gelling
concentration (LGC, % w/v). This determination
of LGC for the protein isolates follows the
methodology described by Karabulut and Yemis
(2022).

Water and Qil Absorption Capacity

The water and oil absorption capacities of CPI
were evaluated using a modified procedure of
Karabulut et al. (2022). A 50 mg of CPI was mixed
with 1.5 mL of distilled water (pH 7.0) or 1.5 mL
of sunflower oil in separate experiments. Each
mixture was shaken for 20 seconds and then
allowed to stand for 30 minutes at room
temperature to enable thorough absorption.
Following the resting period, the mixtures were
centrifuged at 7000 xg for 20 minutes at 4°C.
After centrifugation, the supernatant was gently
decanted, and the tubes were left undisturbed for
an additional 20 minutes to facilitate complete
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drainage of any residual supernatant. The water
absorption capacity (WAC) and oil absorption
capacity (OAC) of CPI were quantified by
recording the change in net weight of the samples
after the absorption and centrifugation processes,
as described in Equations 6 and 7.

m2w-mlw

WAC (%) = "2 % 100 ©)
0AC (%) = % x 100 )

where miy, my, are initial weight (mg) and moyy,
my, final weight (mg) of protein isolates after
water/oil addition, respectively.

Morphology

The microstructural properties of CPI powders
were analyzed wusing a scanning electron
microscope (SEM, S-4700, Hitachi, Ltd., Tokyo,
Japan). For examination, samples were mounted
on conductive carbon adhesive tape and sputter-
coated with a gold-platinum alloy for 60 seconds
to prevent charging under the electron beam.

Untreated
m Solubility 60
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o 100
a
. 80 - T
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£ 40 1 .
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Imaging was conducted at an accelerating voltage
of 10 kV, covering a range of magnifications from
100x to 1000x.

Statistical Analysis

All experimental treatments and analyses were
performed in triplicate, with results reported as
the mean T standard deviation. Statistical
evaluations were conducted using the SPSS 20.0
software package (SPSS Inc., Chicago, USA). The
data were subjected to a one-way ANOVA to test
for significant differences, with a significance
level set at a 95% confidence interval (P < 0.05).

RESULTS AND DISCUSSIONS

Solubility

Protein solubility is a crucial functional attribute
that influences emulsifying and digestive qualities,
as well as various other functional characteristics
(Tontul et al., 2018). The changes in CPI solubility
following the pH-shifting procedure are shown in
Figure 1a.

30 18
b) L 16

2 4 "

25 L 14
~ 20 A P12 =
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- WAC 3.05 10.25 15.12
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Figure 1. a) Solubility (%) and b) watet/oil absorption capacity (%o, WAC, %, OAC) of chickpea
protein isolates (CPI). Untreated: control CPI, pH2: pH2-shifted CPI, and pH12: pH12-shifted CPI.

The maximum protein solubility, recorded at
75%, was observed with pH 12 shifting, while the
solubility with pH 2 shifting was 25%, which was
lower than that of untreated protein. The pH 12-
shifting procedure enhanced CPI solubility,
aligning with the outcomes of prior research.
However, solubility was reduced with pH 2-
shifting compared to untreated CPI, likely due to
extensive aggregation at pH 2, approximating the

isoelectric point of CPI, leading to increased
sedimentation (Wang et al., 2022).

Previous studies have reported significant
improvements in chickpea protein solubility
following pH cycling. For example, Wang et al.
(2024) observed that chickpea protein isolate
solubility increased from 65% to 73% post pH 12
treatment. Similarly, Jiang et al. (2017) reported
that pH 12 treatment boosted pea protein isolate
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(PPI) solubility from 8.17% in the control to
54.94%. Factors such as pH, temperature, and
ionic strength are known to influence protein
solubility (Bolontrande et al., 2013).

This pH shifting technique has also been shown
to elevate protein solubility in other plant
proteins. Yildiz et al. (2017) reported that pH 12
treatment significantly increased the solubility of
soy protein to 57.0%, compared to 9.1% in
untreated protein samples. Additionally, exposing
proteins to extreme pH levels, such as pH 12 or
pH 2, can cause partial unfolding, with
subsequent readjustment to pH 7 aiding in their
refolding. This process, known for altering
protein properties, may enhance CPI solubility
due to increased protein-water ionic interactions
(Jiang et al., 2010; Yildiz et al., 2017).

Water and Oil Absorption Capacity

The capacity of protein isolates to absorb water
or oil measures their ability to bind with these
substances, quantified by the volume of water or
oil a gram of protein isolate can incorporate.
These properties, reflecting the balance between
hydrophilic ~ and  hydrophobic  attributes,
significantly impact storage-related quality aspects
like texture and brittleness. In Figure 1b, the
absorption capacities for CPI and pH-shifted
CPIs are detailed. Both pH-shifted proteins
exhibited better water and oil absorption
capacities than the untreated chickpea protein.
Studies by Malik et al. (2018) and Resendiz-
Vazquez et al. (2017) have highlighted that an

Untreated pH2 pH12

increase in surface hydrophobicity can enhance
interactions between proteins and oil, a
correlation less evident in water absorption. The
dynamics of water and oil absorption depend on
the interplay between  hydrophilic and
hydrophobic forces within the protein, influenced
by factors such as ionic strength, protein-water
interactions, and overall protein solubility
(Malomo et al., 2014).

Figure 1b illustrates that pH-shifting treatment
enriched the protein surface with hydrophobic
groups, which naturally gravitate towards oil,
enhancing oil absorption. This enhanced oil
absorption capability can positively impact the
shelf life of food products by minimizing oil
separation and preserving flavor compounds.

Emulsion Activity and Stability

The EAI and ESI are crucial metrics that
demonstrate a protein's emulsifying capability.
Proteins facilitate emulsification by encasing oil
droplets within a film, which are then dispersed in
water, thereby inhibiting emulsion destabilization
processes such as coalescence, creaming, or
sedimentation. The EAI quantifies the volume of
oil that can be emulsified by a specific amount of
protein, whereas the ESI measures how well the
emulsion maintains its integrity over time (Boye

et al., 2010).
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Figure 2. a) Emulsion morphology and b) emulsion activity index (EAI) and emulsion stability (ES) of
chickpea protein isolates (CPI). Untreated: control CPI, pH2: pH2-shifted CPI, and pH12: pH12-
shifted CPI.
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Micrographs presented in Figure 2a depict the
morphological ~ characteristics of  emulsion
droplets for CPI treated at pH 12 and pH 2,
alongside untreated CPl. Both pH-treated
emulsions displayed uniformly small droplet sizes,
in contrast to the untreated isolate, which
exhibited larger and more variably distributed
droplet sizes. Figure 2b illustrates the EAI and
ESI for chickpea protein isolate (CPI) under
various conditions: untreated, and subjected to
pH adjustments to 2 and 12. The CPI treated at
pH 12 demonstrated an enhanced EAI of 110
m?/g, surpassing that of the untreated CPI (75
m?/g), but lower than the pH 2-shifted CPI (125
m?/g). Similar trends were observed in ESI
measurements, where pH 12-shifted CPI (38 min)
showed better stability than untreated CPI (15
min).

This evidence supports the hypothesis that
treatment at pH 12 augments both the formation
and stability of emulsions. The augmentation in
EAI and ESI attributable to the pH 12 shift may
be related to the wunveiling of internal
hydrophobic domains within the protein
molecules (Cabra et al., 2007; Arzeni et al., 2012).
Alkaline pH-shifting treatments induce protein
denaturation, facilitating the exposure of
hydrophobic regions to the surrounding aqueous
environment (Lee et al., 2016; Wang et al., 2018).
Such structural modifications improve the
hydrophilic-lipophilic balance of the proteins,
enhancing their efficacy at the oil-water interface.

This phenomenon was supported by research
showing that pH-shifting treatments induce
protein conformation changes into a molten
globule state through unfolding and partial
refolding, making the proteins more susceptible
to physical modifications (Choe et al., 2022;
Dijkstra et al., 2018). In this state, proteins exhibit
a reduction in tertiary structural integrity and a
loosening of tightly packed amino acid side
chains, resulting in a disordered tertiary
conformation with an expanded hydrophobic

surface area. The enhanced emulsification
properties may also stem from the generation of
flexible random coil structures during treatment
and a notable increase in protein solubility, which
boosts the protein concentration in suspension
and promotes more effective oil droplet
adsorption.

Foaming Capacity and Stability

The foaming characteristic of proteins is
associated with their ability to create a sticky,
elastic film at the air-water interactions (Wang &
Damodaran, 1991). Figures 3a and 3b show the
foaming properties of CPL. The FC% and FS%
values increased by more than 3 and 8 times,
respectively, after extreme acidic and basic pH-
cycling treatments compared to untreated CPIL.
This phenomenon likely results from CPI
undergoing partial unfolding at extremely high or
low pH levels, followed by partial refolding at
neutral pH, leading to a molten globule
configuration (Jiang et al., 2018). This process
enhanced surface hydrophobicity and reduces
particle size.

Additionally, the cavitation and turbulence effects
from intense ultrasound exposure promote the
translocation of hydrophobic groups from the
core of protein to its surface, increasing surface
hydrophobicity and further reducing particle size.
The significance of the hydrophobic area is crucial
for protein adhesion at the air-water interface
(Jiang et al., 2018), facilitating easier adsorption
and yielding more stable foams.

At pH 12, which is further from the isoelectric
point of CPI than pH 2, protein repulsion is
heightened, causing more dynamic unfolding and
refolding of CPI. This results in more
pronounced structural and physicochemical
modifications, thereby improving the foaming
qualities of pH 12-shifted CPI over pH 2-shifted
CPL
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Figure 3. a) Foam morphology and b) foam capacity (FC) and foam stability (FS) of chickpea protein
isolates (CPI). Untreated: control CPI, pH2: pH2-shifted CPI, and pH12: pH12-shifted CPI.

As seen in Figure 3a, the microstructural analysis
of foam over various durations was analyzed to
better understand the FA and FS of CPL
Specifically, smaller bubbles tend to form denser
packings, which are less susceptible to structural
changes, thereby enhancing the resistance of
foam to liquid drainage (Xiong et al., 2018).
Conversely, larger bubbles exhibit a greater
tendency toward rupture and instability, leading to
inferior foaming qualities (Zhao et al., 2021).

Foam inherently lacks thermodynamic stability; as
time progresses, gravity induces liquid drainage,
diminishing the volume of foam and altering its
structure, as seen in the reduced film thickness
and enlarged bubble size (Martinez-Velasco et al.,
2018). These findings underscore that pH shifting

Concentration{%b)
10%

2%

4% 6% 8%

Untreated

pH2

pH12

significantly enhanced foaming capability of CPI,
particularly when CPI was treated at pH 12.

The Least Gelling Concentration

Protein gelation plays a vital role in the creation
of wvarious food products, including puddings,
jellies, desserts, and meat-based items. The LGC
is a measure used to determine the concentration
at which proteins form a stable, self-supporting
gel through a network of covalent and non-
covalent linkages. The gelation process is
influenced by multiple factors, including the size
of protein, structural conformation, flexibility,
and interactions among molecules, as well as the
hydrophobicity and spatial arrangement of amino
acids (Wang & Damodaran, 1991).

Gels

12% 14% 16% 18% 20%

Figure 4. The gelling performance of chickpea Er(;tein isolates (CPI) at different concentrations (2-
20%, w/w). Untreated: control CPI, pH2: pH2-shifted CPI, and pH12: pH12-shifted CPI.
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As indicated in Figure 4, the application of pH-
cycling enhanced the gelation abilities of pH 12-
shifted CPI, reducing the LGC from 14% to 10%.
Conversely, pH 2-shifted CPI showed the highest
gelling concentration at 18%. Enhanced solubility
aids in establishing the three-dimensional gel
network proteins (Arzeni et al, 2012). The
accessibility of these groups induce gelation
through the creation of disulfide, hydrogen,
hydrophobic, and van der Waals bonds. The
partial unfolding and unordered particle size of

100x

250x

Untreated

pH12

Figure 5. Morphological images of chickpea pro

%

tein isolates (CPI) b Scanning Ele

CPI enhance protein flexibility, crucial for
constructing the three-dimensional gel matrix,
thereby achieving a reduced LGC.

Morphology

Scanning electron microscopy analyses were
performed at magnifications ranging from 100X
to 1000% to elucidate the morphological impacts
of various treatments on chickpea protein isolate
powders, as detailed in Figure 5.

0 s

ctron Microscopy

(SEM). Untreated: control CPI, pH2: pH2-shifted CPI, and pH12: pH12-shifted CPI.

pH-cycling processes induced partial
disintegration of the CPI, as evidenced by rough,
flaky morphologies with pronounced edges in the
SEM micrographs. These observations suggest
the induction of molten globule states,
characterized by the partial unfolding of protein
structures, as reported by Zhang et al. (2019). The
formation of cracked, irregular, and small
fragments significantly increases the surface area
of the treated proteins. This increase in surface
area may show the observed enhancements in
solubility = and  emulsion  characteristics.
Furthermore, the enhanced surface activity
attributed to pH-shifting treatments enhances the
interactions between oil and water with protein
aggregates, thereby  improving interfacial
adsorption capabilities. The sheet-like structures
following the integration of physical and chemical
treatments was  hypothesized to  bolster
hydrophobic interactions among protein surfaces,

as found by Yang et al. (2017). This change in
protein morphology and sutrface properties
highlighted the multifaceted effects of treatment
methods on the functional properties of CPI,
especially solubility and emulsion stability.

CONCLUSIONS

This study aimed to assess the efficacy of a pH-
shifting technique as a chemical method for
altering and improving the functional properties
of CPI. Among the different pH levels tested,
applying a pH 12 condition notably enhanced the
solubility, emulsifying properties, and foaming
characteristics of CPI. These results highlight the
effectiveness of pH 12 treatment as a promising
method for protein modification, significantly
enhancing essential functional properties of
chickpea proteins. The pH-shifting technique
utilized in this research demonstrates potential in
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meeting the food industry's growing demand for
broader applications of chickpea proteins.
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ABSTRACT

In this study, conventional, microwave, and also a combination of these two methods were applied to
compare the quality properties of sunflower seeds. Alternative to conventional roasting at 160°C, microwave
roasting at two different powers (300W and 600W) and also microwave with conventional roasting treatment
(300 W+160°C, 600 W+160°C) were applied to raw sunflower seeds duting 5 and 10 min. for each group.
The moisture content of roasted seeds was found to be lower than 6%. The results show that the highest
protein and fat content were found in the group of combined methods as 21.091+6.64 and 40.55%0.345%
respectively. Additionally, the color values were found to be higher, and hardness and sensory characteristics
were protected better after roasting compared to the control (unroasted) group. Roasting of microwave at
600W power for 5 min at 160°C was found to be advantageous for the roasting process of sunflower seed
via these properties.

Keywords: Hardness, microwave roasting, quality, roasting, sunflower seed

AYCEKIRDEGININ FiZIKOKIMYASAL, TEKSTUREL VE DUYUSAL
OZELLIKLERI UZERINE KONVANSIYONEL VE MiKRODALGA KOMBINE
KAVURMA ETKISININ INCELENMESI

oz

Bu calismada aycicegi tohumlarinin kalite 6zelliklerinin karsilastirilmasi amaciyla konvansiyonel,
mikrodalga ve bu iki yontemin kombinasyonu uygulanmistir. Aycekirdekleri 160°C'de gelencksel
kavurmaya alternatif olarak iki farkli gicte (300W ve 600W) mikrodalgada kavurma ve ayrica
gelenceksel kavurma islemiyle (300 geleneksel kavurma islemiyle (300 W+160°C, 600 W+160°C)
mikrodalgada her grup icin 5 ve 10 dk uygulanmistir. Kavrulmus tohumlarin nem icerigi % 6'dan
distik bulunmustur. Sonuglar, en yiksek protein ve yag igeriginin sirastyla %21.09+6.64 ve
%40.55+0.345 ile kombine yontem grubunda bulundugunu goéstermektedir. Ayrica kavurma
sonrasinda renk degerlerinin kontrol (kavrulmamis) grubuna gore daha yiiksek oldugu, sertlik ve
duyusal Szelliklerin daha iyi korundugu belirlenmistir. Bu 6zellikleri nedeniyle aycicegi ¢cekirdeginin
kavurma isleminde 600W giicindeki mikrodalga firinda 160°C'de 5 dakika kavurmanin avantajli
oldugu bulunmustur.

Anahtar kelimeler: Sertlik, mikrodalga kavurma, kalite, kavurma, aycekirdegi
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INTRODUCTION

Sunflower (Helianthus annuns L.) is one of the main
crops in the world (Kaya et al. 2012; Seilar and Jan
2010). On a worldwide scale, the sunflower crop
is ranked the fourth most important oilseed crops,
following soybeans, rapeseed and safflower, as the
most economically significant oilseed crop
(Adeleke and Babalola, 2020). Also it is largely
consumed as confectionery type product and
variety of pies and cakes (Jie et al. 2023; Ozcan et
al.  2024). Sunflower seeds supply several
components including unsaturated fats, protein,
polyphenols (Guo et al. 2020). Furthermore,
sunflower seeds contain high amounts of vitamins
and minerals such as vitamine B and E, folate,
niacin, phosphorous, sodium, zinc, calcium, iron,
magnesium, copper and manganese (Adeleke and
Babalola 2020). This high nutritional quality
makes it a suitable option for a healthy diet. It is
known that it has antioxidant, anti-inflammatory,
antihypertensive, antidaibetic and antimicrobial
properties (Paji et al. 2011; Guo et al. 2017). It is
reported that nutritional profiles provide anti-
inflammatory effects against certain chronic

diseases (Khan et al. 2015; Al-Kuraieef, 2021).

Roasting is a time-temperature-dependent
method for food processing used to cook the
product with dry heat (Clarke1987; Das et al.
2023). It uses the heating principle to cook the
food uniformly and improve the sensory qualities,
palatability, and digestibility while modifying the
matrix of food and desired structural
characteristics (Sruthi 2021). Roasting is used and
preferred as a pretreatment method before milling
of plant seeds commonly and also a good way to
prepare the seeds for snacks or long-term storage.
(Guo et al. 2020). The aim of this process is the
enhance the preferability of this product by
changing color, texture, flavor and favoredness.
Maillard reaction (non-enzymatic browning) can
provide these positive changes (Soleimmaniceh et
al. 2015; Nikzadeh and Sedagha 2008; Robertson
et al. 1985). Roasting can greatly enhance flavor
by causing the maillard reaction and
caramelization on the food product's surface. The
need for fortified roasted products is growing,
and worries about food safety have sparked
interest in innovative roasting processes as a

potential replacement for traditional methods.
For instance, microwave roasting provides more
efficiency in terms of energy and time and also
preferred products rather than hot- air roasting
due to volumetric heating mechanism (Yin et al.
2023). The impact of microwave energy on the
nutrients of the food also differs significantly
from conventional method due to the mechanism
of ditect microwave-material interaction
whichdiffers from conventional heating that
needs heat from the outer heat sources (Yoshida
et al. 2001). During microwave roasting with the
effect of penetration of microwaves directly
inside of the seeds, the process is intensified
throughout the core of the material (Nebesny and
Budryn 2006; Bélek and Ozdemir 2017).
Microwaves oftenly used for roasting of plant
seeds and researchers obtain non-negligible
results. For example Jogihalli et al. (2017) studied
with chickpea seed, Bolek and Ozdemir, (2017)
studied roasting of Pistacia terebinthus beans,
hazelnut was studied by Uysal et al. (2009), sesame
seed was evaluated by Yin et al. (2023) and
Ahmed et al. (2023), Raigar et al. (2017) used
microwave roasting for peanuts, and Hojjati et al.
(2015) measured the impact on pistachios.

Sunflower seed was roasted with microwave
technology by several researchers (Yoshida et al.
2001; Goszkiewicz et al. 2020; Soleimanieh et al.
2015; Anjum et al. 2006; Mohammed et al. 2017;
Shorstkii et al. 2019; Guo et al. 2019; Mosayebi et
al. 2018), but in most of these studies the methods
compared seperately and characteristics of
sunflower oils were examined. Additionally there
is no study in the literature using the conventional
and microwave roasting method together.

Therefore in this study, it was aimed to investigate
the synergistic effects of conventional and
microwave roasting methods and to compare
them with the methods individually applied in
terms of some quality characteristics of sunflower
seed. The pysicochemical (moisture, protein, fat,
ash), textural (hardness), sensorial (colot, texture,
odor, general appeal) and color (L*, a* and b*)
values were determined at two different
microwave powers (300 and 600W) and times (5
and 10 min.).
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Conventional and microwave roasting of sunflower seed

MATERIALS AND METHODS

Materials

Raw sunflower seeds (Helianthus annuus 1..) wete
purchased from a local producer in Tzmir Turkey.
The initial moisture content of unroasted seed
was determined as 9.32 £ 0.83% (wet basis). All
chemicals used in this study were analytical grade
and from either Merck (Darmstadt, Germany) or
Sigma-Aldrich (Buchs, Switzerland).

Methods

Before roasting samples were cleaned and
deshelled. Then, they were kept at 4°C until using
in experiment. Three different roasting methods
(conventional roasting, microwave roasting, and
microwave roasting+conventional roasting) were
carried with an oven (ArclikKMF 833, Istanbul,
Turkey) which can be used as both conventional
and microwave at the same time. Samples (50 g
each) were subjected to conventional roasting
treatment for 5 and 10 min at 160 °C; to
microwave roasting treatment for 5 and 10 min at
300 and 600 W; and to microwave roasting +
conventional roasting treatment for 5 and 10 min
at 300 W + 160 °C, and 600 W + 160 °C,
respectively. Samples groups were coded as 1
:160 °C, 5 min, conventional roasting, 2: 160 °C,
10 min, conventional roasting, 3: 300 W, 5 min,
microwave roasting, 4: 300 W, 10 min, microwave
roasting, 5: 600 W, 5 min, microwave roasting, 6:
600 W, 10 min, microwave roasting, 7: 300 W, 160
°C, 5 min, microwave roasting+conventional
roasting, 8: 300 W, 160 °C, 10 min, microwave
roasting+conventional roasting, 9: 300 W, 160 °C,
5 min, microwave roasting+conventional
roasting, 10:600 W, 160 °C, 10 min, microwave
roasting+conventional roasting. Production was
done in 2 repetitions and analysis in 3 parallels.

Roasting conditions were determined according
to literature and also pretreatments taking into
account the burning of samples above the
selected temperature, time and microwave power
(Anjum et al. 2006; Darvishi et al. 2013).

Chemical Characteristics

Composition of sunflower seeds

Moisture, protein, fat and ash contents of samples
were measured according to AACC (2000).

Color value

Konica Minolta Chroma Meter (CR-400,
Japonya) was used to measure the colour values
of the samples. Calibration of the tool was made
with standard white line (Y = 93.9,x = 0.313,y =
0.321) for the wvalues of L* (lightness), a*
(redness/greenness), and b*
(yellowness/blueness).  Also  total  color
differences (AE) of the treatment groups were
calculated based on the values of control group
given in the Equation 1.

.AE =

N0 =50+ (@ =) + (7 =20 )7]
(Eq. 1)

Texture Analysis

Hardness is an important charactersitic and
defined as the required force over compression
test. TA.XT Plus Texture Analyzer (Stable Micro
System Co. Ltd., Surrey, UK) with a load cell of
250 N. The diameter of 32 mm, a speed of 5
mm/min, and a penetration index of the (P/36R)
probe 50% of the thickness (Mosayabi et al. 2018;
Soleimanich et al. 2015) was used for textural
analysis of the sunflower seeds. 10 sunflower
seeds were used for measurements.

Sensory analysis

8 trained panelists for the 10 different samples
performed the sensory tests. Panelists put in order
their liking of the samples for color, texture, odor
and general appeal in a 10-point hedonic scale
ranging from 1 (dislike extremely) to 10 (like
extremely). The mean values and standart
deviations were calculated (Altug and Elmaci,
2005).

Statistical analysis

Data obtained from the research were analyzed
with the Duncan test, One-way ANOVA
technique in statistical software (Version 20, SPSS
Inc., Chicago, 1L, USA) at a least significant
difference of P-value=<0.05.

RESULTS AND DISCUSSION

Evaluation of Proximate Composition
Moisture, protein, fat and ash contents of control
and roasted samples were given in the Table 1.
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Moisture content was found as 4.18£0.01 % in
the control group. In the conventional roasted
samples, time significantly effected the moisture
content (P<0.05). The minumum moisture ratio
was found to be as 2.11£0.08 in the 300 W, 160
°C and 10 min. group. Also the power of
microwave was found statistically significant on
the moistures (P<0.05). The decreases were seen
in moisture contents due to increase in roasting
time and power of microwave. Mohammed et al.
(2017), confirmed that the moisture content of
the unroasted sunflower seed was 5.69 %. In

another study, seeds of sunflower were processed
with microwaves for 6, 12, 20 or 30 min at a
frequency of 2450 MHz., and it was found the
roasting time was parallel to the rate of the weight
loss of the seeds at the end of roasting (Yoshida
et al. 2001). In accordance with these results,
Ahmed et al. (2020), also indicated that
microwave roasting significantly decreased the
moisture content of sesame seeds due to the water
evaporation from the seeds by the generated heat
and supported this conditon by similar studies.

Table 1. Proximate Composition of Control and Roasted Sunflower Seed Samples

Power Temperature Time

Moisture

Sample W) ) (min.) (%, w.b) Protein (%) Fat (%) Ash (%)
Control - - - 4.18+0.01»>  17.60£0.012>  36.33+£0.35*  3.14+0.012
1 - 160 5 4.30£0.072 10.66+2.214  35.52%0.423>  2.81£0.02>
2 - 160 10 3.55+0.03¢  15.36£5.66>¢  36.431£0.444>c  2.88+0.07P
300 - 5 3.19+0.044  10.95%1.71<d  35.12£0.330>c 2.8310.11P
4 300 - 10 2.97£0.99¢f  14.01+£1.69 > 38.25+0.420c  2.80£0.04P
5 600 - 5 3.6810.23%4  12.71£1.51bed  37.52£0.300¢  2.80£0.07>
6 600 - 10 2.93%0.05¢f  13.86+1.04><d  37.33+0.350c  2.87£0.01P
7 300 160 5 3.28+0.054¢  12.84%1.73bcd  36.49+0.314>  2.82%0.01P
8 300 160 10 2.11£0.08s  12.87+0.89bed  39.33£0.3274  2.91£0.21b
9 600 160 5 2.68+0.02F  21.09%£6.64*  40.55+0.3454  2.76+0.05P
10 600 160 10 2.9240.14¢f  18.43%£1.56~>  41.40£0.296¢ 2.86£0.03P

¢ Means in the same coloumn with different superscripts are significantly different (P<0.05).

Protein content was determined in the control
(unroasted seed) sample as 17.60% .whereas the
highest protein content was found in the
combined group of 600W- 5min-160°C. The
lowest value of protein was found in the group of
conventional roasting 160°C- 5 min. as
10.66£2.21. The microwave power also found to
be significant at a stable time and temperature
(P<0.05). Mohammed et al. (2017), determined
the protein content of unroasted sunflower seeds
as 24.2%. They also found that roasting by
microwave was not effective on the fiber, ash, and
protein contents of seeds significantly (P<0.05).

There is a disagreement between the previous
researchers. Some of researches showed that
application of roasting did not effect the protein
content and amino acid composition of sunflower

seed, although the concentration of lysine was
found higher in raw rather than in roasted samples
(Sarrazin et al. 2003). They also expressed that
glutamic acid was the most dominant amino acid
in sunflower seed, followed by aspartate and
arginine. In contrast to this, Lao et al. (2023)
studied the pre-roasting of yellow pea proteins
and found that other studies suggest that roasting
under moderate conditions has a positive effect
on protein solubility and emulsification. They also
noted that higher temperatures (150°C) and
longer roasting times (10, 20, and 30 minutes)
could potentially alter the protein structures and
consequently affect the protein content.
Inversely, Ji et al. (2023), determined that better
quality sunflower seed oil was obtained when
roasted at 160- 180°C for about 20 min (e.g.,
160°C for 20-25 min or 180°C for 15-20 min).
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But they found after roasting at 160, 180 and
200°C for 25 min, the total amount of amino acids
decreased to 49.09, 47.51, and 40.86%,
respectively. Among the 17 amino acids detected,
cysteine, lysine, arginine, and serine decreased
more significantly than others.

Fat content was found to be as 36.3320.35 in the
unroasted samples whereas in the combined
groups this value increases to 39.33-41.40%. The
effect of methods was found to be significant on
the fat contents of seeds (P<0.05). In the other
researches it was claimed that roasting slightly
effected fatty acid profiles of sunflower seeds e.g.
in a previous study, they designated that fatty acid
concentrations of sunflower seeds did not change
which was autoclaved at 127°C for up to 30 min.
(Sarrazin et al. 2003). Jie et al. (2023), specified
that seed roasting has been widely used to
improve oil recovery and oxidative stability,
coagulate proteins, and most importantly to
impart special flavor and aromas to oils through
the Maillard reaction.

Ash content was not changed significantly via the
roasting method (P>0.05). The ash amounts were
found between 2.76-2.91%. Ash values of the
samples increased parallel with the time when the
power was constant but this increase was not

found  statistically  significant  (P>0.05).
Accordingly, Ahmed et al. (2020), exclaimed that
roasting effect on ash content was not statistically
significant in sesame seeds.

Evaluation of color

In roasted products color is an important quality
characteristic and showed by quantitative data as
L% a* b* (Mosayebi et al. 2018). These
parameters were measured and showed in the
Table 2. Also total color difference (AE) were
given in the same table. L* (brightness) value was
found as 79.00£0.59 in the control group and the
change was found statistically significant when
compared to the combination groups (P<0.05). In
a combination group (300W, 160°C, 5 min.), L*
has the highest value as 77.47+0.57. a* value
found at most in the 600W, 160°C 5 min. group.
Redness value was important for the roasted
samples. /* value was found most in the 300 W,
160°C, 10 min as 23.97%+1.24. Time affected
significantly the color of the samples at a constant
power level (P<0.05). The color parameters
increased parallel with the increase in time. Also,
total color differences showed that both
treatments were statistically significant effect on
the color values (P<0.05). The results showed
that, combination groups changed the color
values positively.

Table 2. Color Values and Hardness of Control and Roasted Sunflower Seeds

Sample P(o\;xj)er Tem?)eé)ature (’frfrlle) L* a* b* AE Hardness (g)

Control - - - 79.00£0.59+ 2.50£0.30¢ 20.20£0.48 13657.36+7853.71*
1 - 160 5 78.42£0.69+> 1.5040.24¢ 17.3040.82¢ 2.8440.022 6972.14+7124.500
2 - 160 10 78.4710.422 1.5440.21¢ 17.5810.62d¢ 2.9640.102 7472.14£8024.50¢
3 300 - 5 77.99£0.69+b< 1.8040.21¢ 17.631+0.504¢ 2.4240.03 9380.84+4806.812
4 300 - 10 77.9141.542b¢ 1.6310.53¢ 18.15+2.264¢ 2.5040.022 7691.45+6618.66¢
5 600 - 5 77.54£0.77>¢ 1.70£0.25¢ 18.34+0.964 2 43+0.000 6670.931+7844.52>
6 600 - 10 77.431£0.95¢ 1.71£0.41¢ 18.5240.89¢ 1.93+0.04 9840.33+7116.312
7 300 160 5 77.47£0.57¢ 1.5610.28¢ 19.561+0.624 6.92+0.03 4966.77£3568.274
8 300 160 10 73.20+1.15¢ 2.60+0.33b 23.97+1.242 5 040,024 4457.01+£4238.664
9 600 160 5 74.02+1.39¢ 3.11+0.48 20.68+0.57> 3.90+0.002 5791.45+6015.564
10 600 160 10 75.21+1.304 2.421+0.48v 21.11+£1.29» 2,960,102 6847.94+4723.96>

¢ Means in the same coloumn with different superscripts are significantly different (P=0.05).

In another study the sufflower was roasted at
180°C for 15 min. After Maillard reaction the
color of the products was increased (Taha and
Matthdus 2018). Some quality criterias such as

color, total phenolic contents of the oil, and the
antioxidant activity of seeds oil influenced by
higher temperatures (Taha and Matthdus 2018).
Similarly in microwave roasting of chickpea
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lightness decreased while «* and 4* value
increased with roasting (Jogihalli et al. 2017).
Additioanally, Mohammed et al. (2017), roasted
sunflower seeds at 700 MHz at 130°C in
microwave oven and found the #* value between
1.1 and 1.6 during 8 to 20 min roasting
respectively.

Hojjati et al.(2015), roasted the pistachios and
found the I* value as 57.32 and 57.68 for 640 and
480 W during 4 min. respectively whereas the hot
air roasting samples had this value as 54.51. The
raw material has I* value of 61.88. They also
added that generally, when the roasting time
increased at a constant MW power, a decrease in
the [* values of nuts was observed. Nevertheless,
the ower of MW did not significantly effect
lightness compared to control group (P>0.05).
Pistachios became darker due to browning, when
the MW roasting time and power increased the a*
values also increased; but also they concluded that
the differences were not bigger than 2 units, so
this could not create a problem for the
consumers. They also determined that 4* value
did not effected by MW time and power.

Evaluation of texture

Hardness is the measure of a material's resistance
to deformation or collapse. In the context of
food, hardness typically refers to the force
required to break the material, often felt during
the initial bite with the molars. Control sample
had the hardness value of 13657.3617853.71 (g).
Hardness values differed significantly between the
combined group and the other groups (P=<0.05).
In the group of 300 W-5 in hardness was found
as 9380 (g) and in the 600 W-10 min treatments
as 9380 (g) which were not statistically significant
from the control group (P>0.05). Minumum
hardness value was determined as 4457.01 (g) in
the 600 W-160°C-10 min. In this study, it was
observed that breaking force decreased with the
microwave technology and also increase in
roasting time and power, the samples became
softer when compared with the unroasted one. As
previously mentioned in a different study, The
breaking force of P. terebinthus beans was
adversely affected from the roasting power and
roasting time increasing (Bolek and Ozdemir
2017). In another study, maximum hardness of

roasted sunflower seed was 1962 NS in treatment
of 401 W, 121°C, 3.6 min. and minumum value
was 256.9 NS in treatment of 401 W, 158°C, 3.6
min. During the roasting process at high
temperatures, the decrease in moisture content of
the kernels led to them becoming crispier and
more fragile, requiting less force to break.
Consequently, the hardness decreased (Mosayebi
et al. 2018).

Similar to our study, time increase significantly
effect the hardness value but not parallel with the
increase in time or power. They investigated the
effect of both methods of microwave and
convection in sunflower seeds and used the
temperature of 180°C for 5, 15, 20 and 25 min.
The other groups were exposed to microwave
radiation for 4, 6, and 8 minutes at microwave
powers of 500, 600, and 800 W. The hardness
value was found to be 22165.42 + 3173.61 (g) in
the control group and 21164.47 £ 2433.15 (g) in
the 5-minute group during conventional roasting.
While in MW roasting hardness was found to be
as 21572.76% 1324.88 (g) in 500 W — 4 min;
19689.76x 1732.59 (g) in 500 W 6 min. group,
and as 20226.33£2012.56 (g) in the group of 500
W 8 min. In the 600W group at 4 min. this value
was 21097.56+ 1533.23 (g); for 6 min. as
21574.66+ 2246.01 (g); and for 8 min as
19670.44=% 1295.45 (g) (Goszkiewicz et al. 2020).

In an earlier research investigation, the firmness
of roasted sunflower seeds fell between 28.31 and
55.83 Newtons (N) (Costell et al. 2010; Joyner,
2019). Yin et al. (2023) conducted a study on
sesame seeds and found that the judicious use of
microwave technology offered distinct benefits
compared to traditional hot-air roasting. They
observed a significant improvement in the
extraction rate of sesame seeds following
microwave treatment, attributed to the enhanced
porosity and disruption of cell structure within
the seeds. So it can be effective on the texture
(hatdness) of tissues. Similar results were
observed for roasted peanuts, where it was shown
that hardness exhibited a linear relationship with
both roasting time and microwave (MW) power.
Additionally, the quadratic effect of MW power
significantly impacted the hardness of the
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samples. The hardness of peanuts tended to
decrease with increasing roasting time and MW
power, attributed to the rise in brittleness
resulting from moisture loss. This phenomenon
suggests a slightly softer and crisper texture in the
roasted peanuts (Kahyaoglu and Kaya, 2006). The
ideal hardness for peanuts was achieved at
4528.34 grams, with a roasting time of 201.17
seconds and a microwave (MW) power of 898.57
watts, according to Raigar et al. (2017).

Evaluation of sensory analysis
Color, texture, odor and general appeal of roasted
sunflower seeds scored by panelists (Table 3). The

impact of various roasting conditions on the
sensory evaluation of both control and roasted
sunflower seeds is illustrated in Figure 1. There
was a significant difference between the scores of
panelists to color values of combination groups
between the other groups (P=<0.05). Texture,
odor and general appeal scores were decreased in
the combined groups compared to the
conventional and microwave roasting methods
when they seperately applied. However, these
decreases not showed statistically significant
effects between the groups (P>0.05).

Table 3. Sensorial Analysis of Control and Roasted Sunflower Seeds

Power  Temperature Time

Sample W) 0 (tmin) Color Texture Odor General Appeal
Control - - - 8.251+0.862 7.37+1.63 8.00+1.03a 8.001+0.73a

1 - 160 5 8.00+1.03ab 7.00+1.59a 7.37+1.15ab 7.561+1.03ab
2 - 160 10 6.81£1.68bc 6.621+2.22abec 7.061+1.29abec 6.941+1.29abc
3 300 - 5 7.3711.36absc 6.75+1.84ab 6.56+1.67bcde 6.81+1.17bc
4 300 - 10 7.4411.03abc 6.621+2.28absc 6.6911.14bcde 6.75+1.29bc
5 600 - 5 7.5611.46abc 5.75%2.86absc 6.6911.40b.cde 6.50%+1.41bc
6 600 - 10 6.5612.30cd 7.19+1.33a 6.751+1.44b,cd 6.50%+1.63bc
7 300 160 5 6.9411.61bc 7.44+1.462 6.5612.10bcde 6.6912.33bc
8 300 160 10 5.561+1.75d 6.061+1.88absc 5.75+1.77de 5.81+1.33¢

9 600 160 5 6.81£1.80bc 5.06+2.52¢ 5.811+1.64¢de 5.81+1.51¢
10 600 160 10 6.31£1.92¢ed 5.121+2.45bc 5.4412.22¢ 5.75+1.80¢

< Means in the same coloumn with different superscripts are significantly different (P<0.05).

Fig 1. Effects of different roasting conditions on the sensory analysis of control and roasted sunflower

general appeal
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In line with these findings, Goszkiewicz et al.
(2020) discovered that conventional roasting
notably enhanced the aromas and flavors of seeds.
However, they did not observe significant
differences in consumer preference between
microwave and conventional treatment methods.
Goszkiewicz et al. (2020) further noted that the
assessment of unroasted, microwave, and
conventionally roasted samples demonstrated a
heightened intensity of aroma and taste with
roasting. However, microwave
roasting did not compromise the sensory quality
of the product, as evidenced by overall consumer
preference. Additionally, the utilization of
convection roasting was found to increase the
textural hardness value.

convective

The earlier researchers also elucidated that texture
parameters exhibited a positive correlation with
sensorial hardness and a negative correlation with
total acceptance. Hence, it can be inferred that
lower textural values corresponded to higher
acceptance scores and overall
acceptability. From the consumers’ perspective,
the samples garnered moderate total acceptance.
This observation may be attributed to the novel
color and flavor profiles of the samples
(Mohammadi-Moghadda, 2021). In agreement to
these results in this study also it can be said that it
is very difficult to choose the newly processed
food product instead of the usual consumed ones,
so it is normal to be that the scores was not
significantly changed (P>0.05).

consumer

The sensory evaluation of roasted sunflower
seeds revealed a moderate level of overall
acceptance among  consumers, potentially
attributed to the novel color and flavor profiles of
the samples. Goszkiewicz et al. (2020) observed
that the aroma and taste of sunflower seeds
roasted using the conventional method were
predominantly preferred, hypothesizing that this
preference might stem from the higher
convection roasting temperature, with the sample
temperature averaging at 75°C  post-roasting.
Importantly, the roasting methods employed did
not have adverse effects on the structure of the
sunflower seeds. These findings align with the
results of studies by Mosayebi et al. (2018) and

Soleimanieh et al. (2015), which indicated a
decrease in moisture content of the seeds and an
associated increase in crispiness.

Laemont and Sheryl Barringer (2023) noted that
unlike other nuts such as peanuts, roasted
sunflower seeds lack a standard color. However,
consumers are able to discern the difference
between the aromas of roasted and unroasted
sunflower seeds by the end of sensory analysis.
Another researcher emphasized that roasting
parameters, particularly time and temperature, are
crucial for the formation of contaminants, as they
significantly influence the concentration of
compounds such as furan (Silva da Costa et al.
2023). In a separate study by Hojjati et al. (2015),
the highest scores for volatile concentration and
sensory odor intensity scores were determined in
hot air roasted pistachios and microwaved
pistachios at 640 watts for 4 minutes.

In a prior study, it was clearly demonstrated
through Spider’s web plots that microwave
roasting for 8 minutes led to enhanced aroma in
roasted kernels compared to samples roasted for
4 and 6 minutes. They also decided that the scores
decrease when the microwave power and the time
decreased. Furthermore, MW power of 600 W
and roasting time of 6 min gave the best result in
the sensory test. As a result, samples treated with
high power for longer periods received scores
significantly below the average. In our study, the
panelists observed that after roasting process the
seeds were generally liked but the scores
significantly different compared to the control
unroasted ones, while it can be thought that the
type of roasting method did not significanty affect
the sensorial characteristics (P>0.05). According
to this study, the expert panel did not detect any
significant changes in the texture of sunflower
seeds after roasting, whereas raw seeds were
evaluated as firmer. Additionally, in another
study, seeds roasted in an electric oven received
higher overall acceptability scores compared to
seeds roasted in a microwave oven (Biosci et al.,
2015; Mosayebi et al.,2018). Another work
selected 900 W for 6 min. as the optimum for the
MW process of sesame seeds because the most
preferred sensory quality was found in this group.
Indeed, excessive microwave pretreatment (at 900
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W for 10 minutes) resulted in a further decrease
in aroma-active heterocyclics and y-tocopherol,
while increasing the perception of undesirable
sensory attributes such as a strong bitter taste and
burnt flavor (Yin et al., 2023). It's worth noting
that the acceptance of food is influenced by
vatious factors including its sensory properties,
consumer expectations, cultural background,
physiological state (such as hunger, thirst, or
illness), and many other factors. (Costell et al.
2010; Joyner, 2019).

CONCLUSION

Sunflower seeds are not only nutritionally
beneficial but also highly favored by consumers.
They are commonly incorporated into food
mixes, multi-grain bread, and bars, which are
particularly beloved choices among consumers.
Microwave-assisted dry roasting of seeds offers
several distinct advantages. The intense heat is
generated directly within the food material, thanks
to the uniform penetration and distribution of
microwave radiation upon exposure. Results were
evaluated and microwave+conventional roasted
samples generally gave better results compared to
individual treatments of microwave and
conventional roasted samples. 300 W, 160°C, 10
min and 600W, 160°C, 5 min combined
application groups had the highest color (#* and
b®) values. Protein and fat contents also found
higher in the 600 W, 160°C, 10 min and 5 min
groups. Sensorial test indicated that, consumers
can prefer the roasted sunflower seeds with more

tender texture. The combined effect of
microwave (MW) and conventional roasting on
seeds has a profound impact on their
physicochemical characteristics. This  study

provided insights on the quality changes of
roasted sunflower seeds using different
techniques together. In further researches,
optimizing parameters for different type of plant
seeds and also the effects on the shelf life can be
examined.
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oz

Bu ¢alisma, bezelye proteini ve spirulina bazli pektin-jelatin ikili hidrojellerinin yiiksek su igerigi, diistiik kalori
ve tokluk hissi saglama avantajlari nedeniyle gelistirilmesi ve reolojik 6zelliklerinin incelenmesi tizerine
odaklanmaktadir. Rotasyonel ve salnim testlerine gére kivam katsayilari, 6P1B 6rneginde (%6 pektin-%0.5
jelatin-%1 bezelye proteini) 6P1S 6rnegine (%06 pektin-%00.5 jelatin-%1 spirulina) gére sirastyla %25 ve %20
daha yiiksek bulunmustur. Orneklerin akis davranis indeksleri 0.22+0.01 ile 0.29+0.02 araliginda tespit
edilmistir. Ayrica, bezelye proteini formilasyonlarinin termal stabilitesi, spirulina icerenlerden daha iyi
performans gostermistir. Molekiiler kenetleme analizi, pektin-jelatin, pektin-spirulina ve pektin-bezelye
proteini arasindaki baglanma enetjilerinin sirastyla -6.53; -7.85 ve -8.30 kcal/mol ile nispeten kararli ve etkili
oldugunu isaret etmektedir. Bezelye proteini ve spirulina bazli hidrojeller, 3D bask: teknolojisi ve yag ikamesi
olarak potansiyele sahip olup, besleyici ve islevsel 6zellikleriyle yenilik¢i gida trtinlerinin gelistirilmesini
destekleyebilitler.

Anahtar kelimeler: Hidrojel, pektin, bezelye proteini, jelatin, spirulina

THE EFFECT OF PEA PROTEIN AND SPIRULINA ADDITION ON THE
RHEOLOGICAL PROPERTIES OF BINARY HYDROGEL FORMS

ABSTRACT

This study focused on the development and rheological properties of pectin-gelatin binary hydrogels
based on pea protein and spirulina due to their high water content, low calories, and satiety benefits.
According to rotational and oscillatory tests, the consistency coefficients were 25% and 20% higher
in the 6P1B sample (6% pectin, 0.5% gelatin, and 1% pea protein) compared to the 6P1S sample (6%
pectin, 0.5% gelatin, and 1% spirulina), respectively. The flow behavior index ranged from 0.2240.01
to 0.2910.02. Furthermore, the thermal stability of pea protein formulations outperformed those
containing spirulina. Molecular docking analysis indicated that the binding energies between pectin-
gelatin, pectin-spirulina, and pectin-pea protein were relatively stable and efficient, with values of -
0.53, -7.85, and -8.30 kcal/mol, respectively. Pea protein and spirulina-based hydrogels show
potential for use in 3D printing technology and as fat substitutes, and they can support the
development of innovative food products with nutritional and functional properties.

Keywords: Hydrogel, pectin, pea protein, gelatin, spirulina
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GIRIS
Son dénemde, yiksek su icerigi, distik kalorisi,
cazip lezzeti ve tokluk hissini artirict etkisi
sayesinde jelli gidalar giderek daha fazla ilgi
gormektedir. Polisakkarit ve protein karigimlari,
tek basmna kullanilan polisakkarit veya protein
sistemlerine kiyasla jel yapilarin diizenlenmesinde
genellikle daha basarilidir (Yang vd., 2021).

Tek bir biyopolimer kullanilarak hazirlanan
hidrojellerin dustik su tutma kapasitesi, zayif jel
mukavemeti  ve  fiziksel  kararsizlik  gibi
sinirlamalarini  agmak amaciyla, proteinler ve
polisakkaritlerden — olusan  ikili  hidrojeller
gelistirilmistir (Zha vd., 2021). Ikili hidrojel
olusturmak igin protein-protein, polisakkarit-
polisakkarit ve protein-polisakkarit gibi farkls
kombinasyonlar  kullaniabilir. ~ Proteinler ve
polisakkaritler, kovalent ve kovalent olmayan
etkilesim yetenckleri sayesinde daha etkili bir
sekilde ikili hidrojeller olusturabilmektedirler
(Hilal vd., 2023). Son yillarda, farkli kimyasal
6zelliklere sahip yapi bilesenleriyle hazirlanan
hidrojeller, jel bazli sistemlerin mekanik ve
mikroyapisal 6zelliklerini iyilestirme potansiyelleri
nedeniyle giderek artan bir arastirma konusu
olmustur (Liu vd., 2023).

Polisakkaritler ve proteinler farkli biyopolimer
sinflarina  aittir ve kimyasal yapilari, fiziksel
Ozellikleri ve islevsellikleri acisindan  biyiik
farklilk gostermekteditler (Yang vd., 2021). Bu
karisimlar polimerler ve ¢6ziicli arasindaki farkls
afiniteleri sayesinde daha genis bir faz davranss
yelpazesine sahiptitler. Bu karisimlar
polisakkaritlerin reolojik 6zellikleri ile proteinlerin
besleyici islevlerini birlestirerek cesitli,
fonksiyonel jel agt yapilarnin gelistirilmesine
olanak sunmaktadir (Hou vd., 2015).

Hidrojeller, gida ambalajlarinda antimikrobiyal
aktivite saglayarak ve nem kontroli yaparak gida
kalitesini ve giivenligini artiran, depolama émrind
uzatan aktif ambalajlarin  olusumuna katkida
bulunmaktadir.  Ayrica, hidrofobik biyoaktif
bilesiklerin (vitaminler, diyet lifleri, yag asitleri,
proteinler, probiyotikler, polifenoller,
karotenoidler vb.) dusik su ¢Ozinirligy,
kimyasal bozulma ve zayif biyoyararlanim gibi

sorunlarini agmak amaciyla, bu bilesenlerin
gidalara enkapsiilleme sistemleriyle dahil edilmesi
ve gastrointestinal sistemde hedeflenen bélgelere
tasinmasinda da  biyik rol oynamaktadirlar
(Klein ve Poverenov, 2020). Protein bazh
hidrojellerin olusturulmasinda jelatin (Wang vd.,
2023), zein (Melzener vd., 2023), yumurta proteini
(Alavi ve Ciftci, 2023), peynir altt suyu proteini
(Yan vd., 2023), soya ve bezelye proteini (De
Berardinis  vd.,  2023)  kullanidmaktadsr.
Karbonhidrat bazli hidrojellerin yapisinda ise
aljinat (Wang vd., 2023), karragenan (Mirzaei vd.,
2023), ksantan gum (Kamer vd., 2024), gellan gum
(Xu vd., 2024), guar gum (Tanvar vd., 2024), agar
(Cebrian-Llore vd., 2024), seliloz (Mo vd., 2024),
nisasta (Koshenaj ve Ferrari, 2024), gum arabik
(Kan vd., 2024), kitosan (Li vd., 2024) ve pektin
(Ishwarya ve Nisha, 2022) kullanilmaktadir.

Pektin, bitki hiicre duvarlarinda dogal olarak
olusan temel olarak a-(1-4)-bagl D-galakturonik
asit birimlerinin  tekrar eden birimlerinden
meydana gelen bir polisakkarittir (Said vd., 2023).
Pektin hidrojelleri; dogal, yumusak ve esnek
yapilari, yiksek su igerigi, biyouyumluluklar1 ve
kendine 6zgii yapilari sayesinde genis bir kullanim
alanina sahiptir (Ishwarya ve Nisha, 2022). Pektin,
dogast geregi sert bir polimer olup, mekanik
Ozelliklerinin  iyilestirilmesi amactyla modifiye
edilmektedir (Gupta vd., 2014).

Jelatin, hayvan kollajeninden tiiretilen, suda
¢ozinlir ve vyiuksek molekiler agiehiklt bir
proteindir. Jellesme, koyulastirma, stabilizasyon,
emilsifikasyon ve film olusturma gibi islevleri
vardir. Bu 6zellikleri sayesinde jelatin, biyolojik
olarak aktif bilesiklerin kapsiillenmesi ve doku
mihendisligi alanlarinda da  kullanilmaktadir
(Gunter vd., 2024).

Jelatin ve pektin, mekanik 6zelliklerini, su
direncini ve stabilitelerini artirmak icin cesitli
etkilesimler araciligtyla bitlestirilebilir. Negatif
yukli pektin molekiilleri ile pozitif yikla jelatin
molekulleri arasindaki elektrostatik etkilesimler
sayesinde tersinir hidrojeller olusturulabilmektedir
(Gupta vd., 2014).



Bezelye proteini ve spirulina ilaveli hidrojellerin gelistirilmesi

Bezelye proteinleri, bitkisel protein bazlt gidalarin
gelistirilmesinde yaygin olarak kullanilmaktadir.
Bunun nedeni yitksek besin degerleri, genetik
modifikasyona ugramamis olmalari, erisilebilir
olmalari, hipoalerjenik yapiart ve antioksidan,
antihipertansif 6zellikleri ile bagirsak bakterilerini
modile etme gibi saglik yararlarina sahip
olmalaridir (Zhang ve ark. 2024). Zhang vd.,
(2022) yapmis olduklart ¢alisgmada pektinin
bezelye proteinlerinin molekiilleri arasindaki itici
kuvvetleri artirarak kicik agregatlarin olusmast
saglayarak daha kararli yapilar meydana getirdigini
tespit etmislerdir.

Mikroalgler, ustiin besin degetleriyle yiiksek
kaliteli yeni gida Griinleri icin umut verici bilesen
ve biyoaktif bilesik kaynaklaridir. Spirulina platensis,
mineral, vitamin ve protein bakimindan zengin
olup, anti-enflamatuar ve antioksidan 6zelliklere
sahiptir (Wang vd., 2023b). Buyiik oranda yapisal
biyopolimer (Protein ve karbohdirat)
icerdiklerinde gida triinlerinde ekstiirize edici,
stabilize edici veya emiilgator olarak potansiyel bir
rol oynayabilirler (Bernaerts vd., 2019). C-
fikosiyanin (cPC), Spirulina platensis den elde
edilen 151tk tutucu bir pigment proteinidir.
Antioksidan, anti-enflamatuar, anti-obezite ve
anti-kanser  aktivitelere sahiptit ve ayrica
fotodinamik tedavide kullaniabilmektedir (Shi
vd., 2024).

Reolojik 6zellikler, gida triinlerinin en 6nemli
kalite unsurlarindan biridir. Bu 6zellikler, sadece
fiziksel gorinimleri acisindan degil (6rnegin
istenen bir doku olusturmak veya depolama
sirasinda  faz ayrimu olaylarini 6nlemek) ayni
zamanda duyusal algi acisindan da (tiketim
sirasitnda bir gidanin agizda birakug his gibi)
biyik 6neme sahiptir (Bernaerts vd., 2019).
Yukarida da deginildigi Gizere ikili hidrojel formlart
yapt  gelistirilmesinde ~ gelecek  vadeden
olusumlardir. Pektin-jelatin  bazli hidrojeller
literatiirde ¢alisilmis olmasina karsin dustik jelatin
konsantrasyonlu ve yapiyt stabilize etmek icin
bitkisel kaynaklt protein iceren hidrojel yapilart
arastirtlmamustir. Bitkisel protein bazli gidalarin
gelistirilmesinde, yiksek besin degerine sahip
bezelye proteini, ikincil hidrojel yapisinin
olusturulmasi amactyla tercih edilmistir. Bezelye

proteinine alternatif olarak potansiyel tasiyan
spitulina  tozu  ise,  ikili  hidrojellerin
gelistirilmesinde yenilik¢i bir protein kaynagt
olarak degerlendirilmistir. Kolay erisilebilir ve
ucuz kaynaklar kullanilarak kararli ve stabil
yapilarin  gelistirilmesi Onem arz ettigi gibi
gelistirilen Urlnlerin besleyici ve fonksiyonel
Ozellikler tasimast da bir o kadar 6nemli bir

konudur.  Tim  bunlar  gbz  Ontnde
bulunduruldugunda  bu  calismada,  kolay
erisilebilir  pektin  ve jelatin ile hidrojel

gelistirilmesi ve bu yapinin bezelye proteini ve
spirulina ile kuvvetlendirilmesi amac¢lanmaktadir.
Bu maksatla pektin konsantrasyonu degistirilerek
(%2, 4 ve 6) en stabil yap:t reolojik olarak
belirlenmeye caligilacaktir. Gelistirilen hidrojel
yapilarinin  molekuler etkilesimleri, molekuler
kenetleme ile belitlenecektir. Calisma neticesinde
elde edilecek pektin-jelatin-bitkisel protein bazlt
hidrojel yapilarinin, 3D baskt teknolojisi ve yag
ikamesi olarak kullandma potansiyeline 151k
tutmasi hedeflenmektedir.

MATERYAL VE YONTEM

Materyal

Hidrojel tiretiminde Bloom degeri 220 olan ticari
sigir jelatini (Tijda Gida Medikal Sirketi, Istanbul,
Tiurkiye) kullanilmistir. Karbonhidrat kaynag
olarak orta metoksilli elma pektini (Kimbiotek
Kimyevi Maddeler San. Tic. A.S., Istanbul,
Tirkiye) kullandmistir. %82  proteine  sahip
bezelye proteini ve %068 proteine sahip spirulina
tozu Kimbiotek Kimyevi Maddeler San. Tic. A.S.
(Istanbul, Tiirkiye)’ den temin edilmistir.

Yontem

Hidrojel formlarmm hazerlanmas:

Ikili hidrojellerin gelistirilmesi icin protein ve
pektin soliisyonlart ayri bir sekilde hazirlanmis ve
ardindan  1:1 oranda birlestirilmistir.  On
denemeler neticesinde belitlenen yiizdece bezelye
proteini ve spirulina oranlart  Cizelge 1’de
verilmistir. Bezelye proteini ve spirulina %2
oranda olacak sekilde saf suda manyetik karistirict
(Heidolph Instruments GmbH, Co., P/N: 506-
11100-00) kullanilarak oda sicakliginda 1 saat
boyunca  kamstirdmistir.  Ardindan  protein
solisyonu sicaklign 50-55°C arasina 1sitilmugtir.
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Karngima jelatin ilave edilmis ve tamamen
¢Ozunmesi icin 30 dakika karistirtlmigtir.

Pektin soliisyonu %4, 8 ve 12 olacak sekilde saf su
fle 80°C’de manyetik karistirict  kullanilarak
cozundirilmustir (Liu  vd., 2017). Oda
sicakligina gelen protein ve pektin soliisyonlari 1:1

oranda 50°C’de 10 dakika boyunca karistirilmis,
ardindan homojenizatér (Ultraturrax T18, IKA,
Germany) yardimt ile yapinin kuvvetlendirilmesi
icin 14000 rpm’de 2 dakika homojenize edilmistir.
Homojen hale gelen solusyonlar hidrojel eldesi
icin 4°C’de 24 saat bekletilmistit. Formilasyon
kodlari cizelge 1°de belirtilmistir.

Cizelge 1. Hidrojellerin pektin, jelatin ve dogal bitkisel protein igerikleri
Table 1. Pectin, gelatin and natural vegetable protein content of hydrogels

Foriztoﬂjjyon Pektin Bezelye Proteini Spirulina Jelatin
6P1B %06 %1 - %0.5
4P1B %4 %1 - %00.5
2P1B %2 %1 - %0.5
6P1S %06 - %1 %00.5
4P1S %4 - %1 %0.5
2P1S %02 - %l %00.5

Lkili jellerin reolgjike karakterizasyonu

Hidrojellerin reolojik 6zellikleri, sicakligi kontrol
eden bir Peltier sistemine sahip Discovery Hybrid
Rheometer-2 (T'A Instruments, New Castle,
ABD) kullanilarak rotasyonel ve salinimli iki farkls
deformasyon testi ile incelenmistir. Ekipmanin
kontroli ve reolojik parametrelerin Slciilmesi
TRIOS Yazilimi (V3.0) araciligryla
gerceklestirilmistir.  Elde edilen veriler ise
OriginPro 2016 yazilim1 (Originl.ab Corporation,
ABD) kullanilarak ~ analiz  edilmis  ve
gorsellestirilmistir.

Hidrojellerin salium testi ile akis davrangslar
incelenmistir.  Analizde paralel plaka (6l¢im
yuksekligi 1 mm; ¢ap 40 mm) kullanilmistir ve 10
saniyelik araliklarla toplam 100 veri noktast
toplanmistir. Sabit kayma testi, 20°C'de 0.1-100
1/s kayma hiz1 ile gerceklestirilmistir. Akis
davranist, kivam katsayist (K, Pa.s") ve akis
davranisi indeksi (n) degerleri, en yiiksek belirleme
katsayisina (R?) sahip, yatiskan kesme akis
davraniglarint en iyi tanimlayan Power law modeli
kullaniarak belirlenmistir. Power law modeli
(Ostwald-de Waele, denklem 1):

o=Kyr 0

Burada o, kayma gerinimi (Pa) ve y kayma hizidir

(1/s). K kivamlilik indeksi (Pa.s®) ve n akis
davranist indeksini ifade etmektedit.

Hidrojellerin sicakliga bagh akis davraniglari da
incelenmistir. Hidrojeller 10°C’den  50°C’ye
1°C/dakika hizla 1sitilmus ve viskozite ve kayma
gerinimleri  belirlenmistir.  Termo-viskoelastik
Ozelliklerin belitlenmesi icin sicaklik taramast,
sabit kayma kosullart altinda (f = 1 Hz ve y = %]1)
gerceklestirilmistir.

Numunelerin dogrusal viskoelastik bélgesi (LVR)
belirlendikten sonra, LVR bdlgesinde 20°C'de
frekans tarama testi gerceklestirilmis ve frekans
araligr 0.1-100 rad/s olarak uygulanmistir. Bu
testler sonucunda depolama modili (G, elastik
rijitlik 6letsti) ve kayip modili (G”, viskoz
sertligin bir Olgimil) degerleri Sletlmiistir.
Orneklerin G’ ve G” degerlerinin karsilastiriimast
icin Ostwald de Waele (Power Law) modeli
(denklem 2 ve 3) kullanidmistir:

G'=K(w)
G"=K(o)""

@
G)
Burada G, kayma gerilimini; K, kivam katsayisimu
(Pa-s"); w, acisal hizt; ve n, akis davranis indeksini
gostermektedir. Kompleks viskozite, kompleks

modil (denklem 4) tizerinden su sekilde (denklem
5) hesaplanmugtir:

G*=/(@) + (G (4
1=G*/o ®
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Molekiiler kenetlenme
Gelistirilen hidrojel sistemlerinin protein- ligand
molekdilleri arasindaki interaksiyonu belirlemek

icin  molekiler  similasyon  kullanilmistir.
Molekiiler yerlestirme (kenetleme) simiilasyonlart
igin AutoDock Vina (Pyrex;

https://pyrx.sourceforge.io), Discovery Studio
(https:/ /www.3ds.com/products/biovia/discov
ery-studio) ve UCSF Chimera (California
Universitesi, San Francisco, CA, ABD) yazilimlart
kullandmustir. Heterotrimer yapiya sahip, uglu
helikal bir molekiil olan Tip I Kollajeni, jelatini
modellemede (PDB ID: 5cti Protein Data Bank
of the Research Collaboratory for Structural
Bioinformatics; https://www.tcsb.org)
kullandmustir. Bezelye proteininin ana bileseni
olan 11S Legumin (PDB ID: 3KSC) (Zhang vd.,
2022) spirulina ana bileseni olan c-fikosiyanin
(PDB 1ID: 1CPC ) diger model proteinler olarak
secilmistir. Pektin molekili yerlestirmeyi simiile
etmek icin ¢ok buyik oldugundan, temsili bir
ligand olarak galakturonan (tetragalakturonik asit,
CID 5459352) secilmistit. PyMol  yazilimt
baglanma bolgelerinin  gérsellestirilmesinde, 2
boyutlu  diyagramlarin  olusturulmasinda  ise
Proteins Plus DoG Site Scorer)
(https://proteins.plus/) kullanilmistir. 3 boyutlu
yapilarda ilgili protein-ligand temas bolgelerinin
tam otomatik tespitinde PLIP alogaritmasindan
(https://plip-tool.biotec.tu-dresden.de/ plip-
web/plip/index) yararlanilmustir.

Istatiksel analiz

Orneklerin istatistiksel anlamlihgr tek yonli
varyans  analizi (ANOVA)  kullanidarak
degerlendirilmistir. Deneyler ti¢ tekerriir halinde
gerceklestirilmis  ve  numuneler  arasindaki
farkldiklar SPSS 17.0 yazilimi1 (SPSS Inc., Chicago,
I, ABD) ile Duncan'in ¢oklu aralik testleri
kullanilarak  degerlendirilmistir.  Istatistiksel
anlamhlik diizeyi olarak %95 secilmistir.

BULGULAR VE TARTISMA
Hidrojellerin akis davraniglarinin
incelenmesi

20°C’de, ikili jellerin reolojik karakterizasyonunu
ortaya ¢tkarmak icin viskozite ve kayma gerilimi
degerleri sabit kaymada incelenmistir. Farkh
formilasyonlar icin kayma gerilimi ve kayma hizi
arasindaki iliski Sekil 1’de gosterilmistir. Kayma
hiz1 arttikga, kayma gerilimi tim G&rneklerde
artmaktadir. Bu durum ikili jellerin kayma ile
incelen (shear thinning) davranis gdsterdigini
belirtmektedir. 6P1B ve 6P1S formiilasyonlart i¢in
kayma gerilimi degerleri, kayma hiz1 arttirldiginda
en ylksek olmustur. Bu da pektin-spirulina ve
pektin-bezelye  proteini  kombinasyonunun
viskoziteyi arttirarak kalin ve tutarll bir doku
olusturmak icin birlikte ¢alistigint kamtlamaktadir.
2P1S formiilasyonu daha az pektin igerigine bagh
olarak, Sekil 1’de de gortldigi gibi daha diisiik bir
baslangic kayma gerilimi géstermistir. Bu durum
daha az vyapisal stabilite ve sertlige isaret
etmektedit.
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Sekil 1. Hidrojellerin kayma hizina bagl rotasyonel test reogramlart
Figure 1 Shear rate dependent rotational test rheagranms of hydrogels
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Farkli pektin ve protein oranlarina sahip ikili
jellerin  kayma hiztnin bir fonksiyonu olarak
goriiniir viskozitesi Sekil 2’de gosterilmektedir.
Kayma hizinin artmasiyla gérintr viskozitedeki
dogrusal olmayan dusis, tim jellerin kayma
incelmesi  davranisina  sahip  psédoplastik
akiskanlar oldugunu gostermistir. Kayma inceltici
hareketlilik esas olarak kayma hizindaki artis ve
molekiler zincir dolanikligindaki azalmadan
kaynaklanmaktadir (Cai vd., 2019; Wu vd., 2009).

Molekiiller akis yoniine gore kolayca yeniden
yonlendirilmekte ve bu da gérinir viskozitede
6nemli bir distise neden olmaktadir (Zhou vd.,
2021). Kayma hizt artttkca daha yiiksek oleojel
fraksiyonlarina sahip bigellerin viskozitesindeki
benzer dists, sodyum aljinat hidrojeli ve
balmumu oleojeli ile olusturulan diger bigellerde
de gbzlenmistir (Martin vd., 2019). 2P1S en dustk
goruntr viskoziteye sahip formiilasyon olmustur.
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R
g
2
=
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1= —4P1s :
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Kayma hizi (1/s)

Sekil 2. Kayma hizina bagl olarak hidrojellerin gériiniir viskozite (1) degisimleri
Figure 2. Apparent viscosity (nyy) changes of hydrogels depending on shear rate

Ostwald-de  Waele Power lLaw model,
psOdoplastisiteyi ve viskozitedeki degisiklikleri
(Tablo 2) Kve # degetleri ile karakterize etmek i¢in
kullandmustir. Cizelge 2'de gorildigt gibi, tim
formulasyonlarda 7 degeri 1’den  kiiciik
bulunmustur. Bu durum gelistirilen ikili jellerin
giiclii kesme inceltme davranist sergiledigini
gostermektedir. Pektin igerigi artttkca # degeri
azalmistir. Bezelye proteini iceren formilasyonlar
daha diisik #» degerine sahiptir (p<<0.05). Bu
durum bezelye proteini ilaveli 6rneklerin daha
gicli psédoplastisiteye ve daha iyi ekstride
edilebilitlige sahip olduklarini g6stermektedir.
Ikili jellerin kayma inceltme &zelliklerine hem
pektin hem de proteinler katkida bulunmustur.
Pektin ve protein hidrojen baglart ve van der
Waals kuvvetleri araciligtyla ti¢ boyutlu bir ag
yapist olusturmustur (Swe ve Asavapichayont,
2018). Yiiksek bir kesme hizi uygulandiginda, her
iki fazin aglart hizla tahrip olmus ve disik

viskozite sergilemistir (Sekil 2). Orneklerin farklt
viskoziteleri K degeri ile agiklanabilir. Orneklerin,
K degeri pektin ilavesiyle artmis (p<0.05) ve 6P1B
formilasyonu en yiksek 54.79+2.22 K (Pa.s)
degeri gostermistir. Protein ilavesinin K degerini
6nemli 6lctide (P <0.05) yiikselttigi, proteinler icin
de ise bezelye proteinin daha etkili oldugu tespit
edilmistir. 3D baski i¢in kullamilacak bir gida
miurekkebinin uygun reolojik Ozelliklere sahip
olmast gerekir. Kesme incelmesi davranisi, bir
nozilden ekstriide edilitken iyi akiskanlik (daha
yiksek kesme hizlarinda daha dusiik viskozite) ve
basildiktan sonra iyi bir stabilite ve gsekil tutma
kapasitesi (daha disiik kesme hizlarinda daha
yitksek viskozite) sagladigi icin bu davranist
sergileyen polisakkaritler ve proteinler gibi
biyopolimerler tercih edilmektedir (Lenie vd.,
2024). 3D baskt teknolojisi acisindan pektin-
jelatin ikili jellerinin reolojik 6zellikleri 6nemlidir.
Pektin, ek baski sonrast islemlere ihtiyag
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duymadan stabil yapilar olusturma kabiliyeti
nedeniyle 3D baskili iskelelerin gelistitilmesinde
kilit bir bilesen olarak bildirilmistir (Lapomarda
vd., 2021). Jelatin ise kendi kendini destekleme
Ozellikleri sunar ve jellesme siirecinde 6nemli bir
rol oynar (Varela vd., 2023). Hidrojellerdeki

pektin  ve jelatin  kombinasyonu, doku
miuhendisligi uygulamalari icin uygun birbirine
bagli gbzeneklere sahip karmasik sekilli 3D yapilar
olusturmada umut vaat ettifini gOstermistir

(Lapomarda vd., 2021).

Cizelge 2. Ikili jellerin Power-Law modeline ait parametreleri

Table 2. Parameters of the Power-Law model for binary hydrogels

Ornek K (Pa.sv) n R2

6P1B 54.7912.22a 0.4910.014 0.998%0.00
4P1B 33.04%0.86¢ 0.52£0.01¢ 0.999£0.00
2P1B 19.491+0.81< 0.58+0.01b 0.998£0.00
6P1S 43.91+1.51b 0.51£0.01¢ 0.998£0.00
4P1S 15.61+0.49¢ 0.5710.01b 0.999£0.00
2P1S 1.8910.12f 0.62%£0.01a 0.997£0.00

»f Ayni stitunda ortalamalar arasindaki istatiksel farkliliklart gostermektedir (P <0.05).
“f 1t shows the statistical differences between the means in the same columm (P <0.05).

Sicakhiga  bagh  olarak
termoreolojik 6zellikleri

Hidrojellerin ~ sicaklikla  ilgili  termoreolojik
Ozellikleri viskozite ve kayma gerilimi agisindan
incelenmistir. Jel formulasyonlarinin  sicakliga
baglt davramglart  Sekil 3 ve Sekil 4'te
gosterilmistir.  Jellerin  baslangictaki ~ kesme
mukavemeti sicakliktaki artisla birlikte azalma

hidrojellerin

gostermistir.  Tim  formiilasyonlarda benzer
egilim gézlenmistir. Bu durum sicaklik arttikga jel
yapisinda genel bir yumusama oldugunu gosterir.
6P1B ve 6P1S gibi daha yiksek pektin seviyelerine
sahip formiilasyonlar, daha disiik sicakliklarda
daha yiksek baslangic kesme mukavemetleri
gostererek daha sert ve kararli bir jel agt
olusturmuslardir.
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Sekil 3. Tkili jellerin sicakliga bagh mukavemet degisimleri
Figure 3. Temperature dependent dynamic changes of binary gels
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Sekil 4. Hidrojellerin viskozitelerinin sicakliga baglt degisimi
Figure 4. Temperature-dependent change in viscosity of hydrogels

Sekil 4’te gosterildigi gibi, 13°C ile 50°C arasinda
degisen sicaklik taramasi emiilsiyon viskozitesinin
sicakliga  bagimliligini  géstermektedir.  TUm
formulasyonlar,  artan  sicakhikla  birlikte
viskozitede dustis egilimi sergilemistir.  Jel
sistemlerinde ~ gbzlenen  artan  sicaklikla
viskozitedeki diisiis, termal enerji uygulandikea jel
ag1 icindeki molekiller arasi etkilesimlerin
bozulmasina atfedilen yaygin bir olgudur (Yu vd.,
2023). Daha yiksek pektin igerigine sahip
formiilasyonlar (6P1B ve 6P1S) sicaklik aralig
boyunca daha ylksek viskozite degerlerini
koruyarak pektinin jel viskozitesini korumadaki
vurgulamaktadir.  Sicaklikla  birlikte
viskozitede hafif bir disiis oldugunda, bu durum
jel sisteminin genel 6zellikleri Hizerinde minimal
bir etki oldugunu gosterebilir. Benzer bulgular
pektin jelleri ile yapilan arastirmalarda viskozitede
5 ila 2 mPas gibi kiiciik dustsler bildirilmistir
(Mortis vd., 2010). Ayni zamanda protein-protein
interaksiyonuna baglt olarak jelatin bazli formiile
sipurilina ve bezelye proteinin ilavesi ile sicaklik
artisina baglt olarak viskozitede 6nemli bir diisis
gorilmemistir.  Bu  olgu,  protein-protein
etkilesimlerinin dogasina ve proteinlerin farklt
sicakliklarda  gecirdigi  yapisal — degisikliklere
baglanabilir. Woldeyes vd., (2020) tarafindan
yapilan arastirma, protein-protein etkilesimlerinin

rolunu

gicli  bir  sicaklik  bagimliligi  sergiledigi
bildirilmistir. Ayrica, Santos vd., (2022) ¢alismast
soya ve bezelye proteinlerinin emilsiyonlarla
uyumlulugunu vurgulayarak, bu proteinlerin iyi
stabiliteye sahip yapiskan aglar olusturabilecegini
ve bunun da formilasyonlarda g&zlemlenen
viskozite davramisinda rol oynayabilecegini
gostermektedir. Spirulina (6P1S ve 4P1S) ile
stabilize edilen jeller, aynt sicaklikta bezelye
proteini (6P1B ve 4P1B) icerenlere kiyasla daha
disiik viskozite degetleri gdstermektedir. Bu da
bezelye proteininin jel sisteminin viskozitesine
daha fazla katkida bulundugunu géstermektedir.
Sahagun vd., (2018), protein ilavesinin genellikle
viskoziteyi artirdigini ve bezelye proteininin en
yiksek etkiyi gOsterdigini ortaya koyarak,
formilasyonlarda kullanidlan spesifik  protein
kaynaginin sicaklikla viskozite degisikliklerini
etkileyebilecegini bildirmistir. 2P1S
formiilasyonu, duistik pektin ve spirulina icerigine
baglt olarak stabilize edici etkisini yansitacak
sekilde, sicaklik araligi boyunca en dusik
viskoziteyi gostermis ve sicaklik degisiminden
daha ¢ok etkilenmistir. Daha yiiksek pektin ve
protein icerigine sahip formiilasyonlar daha iyi
termal stabilite gOstermistir. Termal stabilitesi
yiksek hidrojel formlari, 3D baski ve piiskiirtmeli
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kurutma ile enkapsiilasyon gibi 1sil islem iceren
gida proseslerinde kullanim potansiyeline sahipti.

Hidrojellerin dinamik salinim davraniglari

Frekans testi G’ ve G” degerini karsilagtirarak bir
malzemenin viskoelastik 6zellikleri ve stabilitesi
hakkinda fikir vermektedir (Stojkov vd., 2021).
Zamanla, partikiiller veya molekiller arast baglar
hem wuygulanan glcle hem de kendiliginden
olugarak ya da kirilarak sekillenip yapisal
degisikliklere neden olabilmektedir (Anvari ve
Chung, 2016). 20°C’ de 6tneklerin ¢cogunlugunda
depolama modiliiniin kayip modiliinden 2 log
daha yiiksek oldugu gériilmektedir (Sekil 5). Bu da
hidrojellerin kati benzeri davranis gosterdiklerine
isaret etmektedir. Acisal hizin artmasina baglt
olarak 2P1S ornegi haric diger hidrojellerin
depolama ve kayip modillerin de kademeli bir
artts meydana gelitken 2P1S 6rneginin birikim
modulinde hizlt bir artis meydana gelmistir. Bu
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durum hidrojel yapisinin kararhiligint
koruyabilmesi igin %2 pektin miktarinin yetersiz
kalmast  ile  aciklanabilir.  Farkli  pektin

konsanstrasyonlarindan bagimsiz olarak bezelye
proteini ilaveli 6rneklerin reolojik modillerinin
spirulina ilaveli Orneklere gore daha yiiksek
oldugu tespit edilmistir. Bezelye proteini ilaveli
hidrojellerin kararliliklarint gosteren tand (G"/G')

degerleri 0.24 ile 0.13 arasinda degisiklik
gostermektedir. Bu deger spirulina ilaveli
orneklerde 0.18 ile 1.28 arasindadir. Pektin

konsantrasyonun artmast ile bezelye proteini ile
olan interaksiyonun arttugl gbzlenmektedir.
Bezelye proteini jellerinin yapisint gelistirmek icin
gliclendirici bir ajan olarak pektinin kullanidigt bir
calismada  pektin  konsantrasyonu  arttikca
calismamizla benzer sckilde reolojik olarak
yapiun olumlu yonde degistigi tespit edilmigtir
(Zhang vd., 2022b).
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Sekil 5. Hidrojellerin agisal hiza bagli depolama ve kayip modillerindeki degisimler
Figure 5. Changes in storage and loss modulus of hydrogels due to angular frequency

Yapisal sikilik ve kararlidiklarinin degerlendirilmesi
maksadiyla acisal hizin bir fonksiyonu olarak
birikim ve kaylp modilinin Power-Law
modeline uyumunu gosteren parametreler Tablo

3te verilmistir. Hidrojellerin elastik ve viskoz
modulerinin - kivam  katsaytlart (' K"
karsilastirildiginda en yuksek degerler
1210.09£52.54 ve 359.661+0.58 Pa.s» ile 6P1B

ve
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orneginde bulunurken bunu 6P1S Grnegi takip
etmistir. Pektin konsantrasyonunun azalmasina
bagl olarak K' ve K"
meydana gelmektedir. Orneklerin tiimiinde K’
degerinin K" degerinden yitksek olmast katt
benzeri davranist destekler niteliktedir. Yuksek
kivam katsayisina (K) karsihk dusiik akis indeksi
(7)) daha biyuk molekiler dolasimi ve i¢ ige

degerlerinde azalma

gecmeyi temsil etmektedir (Ghica vd., 2016).
Elastik modulde en dusiik akis davranisinin 6P1B
ve 6P1S viskoz modiilde ise 6P1B 6rneginde
oldugu belirlenmistir. Kayma incelmesi davranist
sergileyen yapilarda n degerinin O ile 1 arasinda
ctkmast ve bu degerin sifira yakin olmast
beklenmektedir (Ghanbari vd., 2017). Buna
uymayan tek 6rnek 2P1S 6rnegi olmustur.

Cizelge 3. Hidrojellerin agisal hiza baglt birikim modili parametrelerindeki degisimler

Table 3. Changes in storage modulus parame

ers of hydrogels depending on angular frequency
2 /

Ornek K " K” P R2

6P1B 1210.09%52.542 0.22%0.01¢ 0.97%0.00 359.661+6.58 0.14%0.01¢ 0.98%0.00
4P1B 961.991+55.894 0.2940.02b 0.95%0.00 226.30+8.99b 0.25%0.01¢ 0.98%0.00
2P1B 759.03+61.21¢ 0.2410.024 0.92%0.00 178.5514.46¢ 0.21+0.014 0.99%0.00
6P1S 1006.03£68.73P 0.22%0.02¢ 0.9320.00 228.6716.32 0.24%0.01¢ 0.9940.00
4P1S 415.85+61.68¢ 0.26%0.04¢ 0.80%0.00 58.03+1.814 0.321+0.01b 0.9940.00
2P1SB 0.60%0.08f 1.6210.032 0.9920.00 15.46%+0.85¢ 0.65%0.014 0.9940.00

»f Aynt stitunda ortalamalar arasindaki istatiksel farkliiklar géstermektedir (P <0.05).
“f 1t shows the statistical differences between the means in the same columm (P <0.05)

Sekil 6’da gorulecegi tizere agisal hiz 0.1- 40 rad/s
araliginda 6rneklerin timul azalan bir kompleks
viskozite sergilemislerdir. Bu durum,
makromolektler  baglantdarin =~ ve  zincir
donanmmlarinin  agisal hiz  etkisiyle bozulmast
gozlemlenen  psédoplastik  (kayma
incelmesi) davraniga isaret etmektedir. Ancak
2P1S orneginde 40 rad/s acisal hizdan sonra
hafifte olsa viskozitede bir artis gériilmektedir. Bu
tip bir kalinlasma akiskanlarda, parcaciklar daha
stk ve yogun carpismalart neticesinde gegici

sonucu

yapilarin veya kiimelerin olusmasina yol agarak
akisa karst direnci ve dolayistyla viskoziteyi
artmasindan kaynakli olabilmektedir (Rosti ve
Takagi 2021). Bu durum disik pektin
konsantrasyonlarinda  spirulinanin ~ yapinin
kararhligini  saglamada  yetersiz  kaldigim
gostermektedir. Gida ambalajlama sistemlerinde,
daha dayanikli ve plastik tiirevlerine alternatif film
yapilarin  gelistirilmesinde pektin-jelatin-bezelye
proteini bazli karigimlarin kullanilabilecegi 6ne
stiriilebilir.
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Sekil 6. Agisal hizin hidrojellerin kompleks viskozite (n*) degerleri tizerine etkisi
Figure 6. Effect of angular frequency on complex viscosity (n”) values of hydrogels
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Molekiiler kenetleme ile pektin ve proteinler
arasindaki etkilesim

Bezelye proteini (Sekil 7A), jelatin (Sekil 7C) ve
spirulina (Sekil 7D) ile pektin (Sekil 7B) arasindaki
etkilesim olasiliklarint arastirmak ve potansiyel
baglanma yerlerini belirlemek amaciyla molekdiler
kenetleme  gerceklestirilmistir.  En  yuksek
kenetlenme skoru, en distik baglanma enerjisine

karsilik gelmektedir. Ve bu da en glicli protein-
ligand baglanma afinitesini  g6éstermektedir.
AutoDock Vina, kenetlenme skorunu, van der
Waals, hidrojen bagi ve elektrostatik etkilesimlerin
katkida bulundugu enerjiye dayali olarak,

kcal/mol cinsinden tahmin edilen baglanma
afinitesi olarak vermektedir (Yin vd., 2020).

L A
Sekil 7. A: Bezelye Proteini (11S legumin), B: Pektin (Tetragalakturanik asit), C: Jelatin (Tip 1 Kollajen)
ve D: Spirulina (cPC) 3D simtlasyonu
Figure 7. 3D simulation of A: Pea Protein (115 legumin), B: Pectin (1'etragalacturanic acid), C: Gelatin (Type 1
Collagen) and D: Spirulina (¢PC
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Bezelye proteini-pektin, jelatin- pektin = ve
spirulina-pektin baglanma bélgelerinin 3D ve 2D
similasyonu sirasiyla Sekil 8A, B ve C de
gosterilmistir. Bezelye proteininin ana bileseni
olan 118 legumin ile pektin arasindaki baglanma
enetjisi ve mesafesi -8.30 kcal/mol ve 1.93 A
olarak belirlenmistir. Treonin (Thr) kalinti amino
asidi ile 1239D, 1341D ve 1753E bolgelerinden
strastyla 3.35, 2.74 ve 233 A baglanma
mesafesinde hidrojen bagt olusturdugu tespit
edilmigtir. Treonin, yan zincirinde bulunan
hidroksil grubu sayesinde hem hidrojen bagt
veriricisi hem de alicist olarak islev gérmektedir.
Bu 6zellik, ligand ile glgli hidrojen baglar
kurarak ligand-protein kompleksinin
stabilizasyonunu saglamaktadir (Smith vd., 2002).
11S legumin ile tetragalakturanik asit (T'GT)
arasinda Pro-1215D, Asn-1787E, Gly-1851E ve
Ile-1852E kalintt amino asitleri ve baglanma
konumlarinda 2.58, 3.02, 3.55 ve 1.90 A mesafede
diger hidrojen baglar tespit edilmistir. Hidrojen
baglarinin genel olarak yakin mesafede ve yiksek
¢oziintrliikte oldugu gorilmektedir. Tuz képriisi,

z1t yiikli kimyasal gruplar veya atomlar arasindaki
elektrostatik ¢ekim ile hidrojen bagini birlestiren
kovalent olmayan bir etkilesimdir. Bu nedenle, bu
etkilesimin giicii siradan bir hidrojen baginin
glicinden daha fazladir (Ferreira de FPreitas ve
Schapira, 2017). TGT’nin karboksil gruplari ile
Arg-1849 (4.83), Arg-1854 (3.64) ve Lys-1891
(3.92) kalintt amino asitleri arasinda elektrostatik
etkilesimler ile tuz képrileri oldugu tespit
edilmigtir. Peptit hidrojellerin  etkili jellesme
stratejilerinde  Lisin =~ ve  argininin  (Arg)
elektrostatik etkilesimleri onemli rol
oynamaktadir (Sedighi vd., 2023). Bu nedenle
Arginin (Arg), yiksek baglanma afinitesi ile
elektrostatik etkilesimleri hidrojellerin

stabilitesine katkida bulunabilir (Cao vd., 2022).
Protein ve ligand (pektin) arasindaki ara ylizeydeki
amino asit kalintilarinin analizi, bezelye proteinin
pozitif yikli amino asitlerinin galakturonanin
negatif yuklii karboksil gruplariyla elektrostatik
ctkilesimler ve hidrojen bag kurabilecegini
gOstermistir (Zhang vd., 2022b).

Sekil 8. A: Bezelye proteini (118 legumin) ve pektin (TGT), B: Jelatin (Tip 1 kollajen) ve pektin, C:
Spirulina (cPC) ve pektin arasindaki molekdler kenetlenmenin 3D ve 2D simiilasyonu
Figure 8. 3D and 2D simulation of molecular docking. A: Pea protein (115 legumin) and pectin (I'GT), B: gelatin
(type 1 collagen) and pectin, C: Spirulina (¢PC) and pestin
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Jelatin-pektin = ve spirulina-pektin  arasindaki
etkilesim skotlatt sirastyla -6.53 ve -7.85 kcal/mol
olarak  belitlenmistir. ~ Calismada  kullanilan
proteinlerin TGT ile baglanma enetjileri -5.00
kcal/mol’den daha dusiik bulunmustur. Bu da
pektin ile protein baglanmasinin  hidrojel
formilasyonlart icin nispeten kararli ve etkili
oldugunu isaret eder (Zhang vd., 2023). Jelatin-
pektin etkilesiminde Glu-120B (2,94 A), Gln-
121B (2.20 A), GIn-121B (3.22 A), Ser-189C (2.28
A), Ser-189C (2.99 A), Glu-190C (3.59 A), Glu-
190C (3.18 A), Ser-207C (1.99 A) ve Ser-207C
(2.23 A) kalinti amino asitleri ile 9 adet hidrojen
bagt Arg-181C (5.30 A) ile ise tuz képrisi
kurulmustur. Serinler membran proteinlerinin
transmembran alanlarinda bulunan en yaygin
polar kalintllardir ve treonin gibi ligand-protein
kompleksinin  stabilizasyonuna katki sunartlar
(Smith vd., 2002). Jelatin-pektin etkilesiminde
kalint1 aminoasit olarak en fazla serin ile yakin
mesafede etkilesim olmast gli¢ld interaksiyona 1stk
tutmaktadir.

C-fikosiyanin =~ (cPC) ile TGT  etkilesimi
incelendiginde en fazla baglanma bdlgesinin bu
etkilesimde oldugu gorilmektedir. Lys-2K, Arg-
17A, Arg-110B ve Arg-110L kalinti amino asitler
ile 4.51, 5.23, 4.60 ve 5.43 A mesafeden 4 adet tuz
koprisi ile elektrostatik etkilesim tespit edilmistir.
Bununla beraber Met-1K (3.27 A), Thr-6K (2.63
A), Thr-6K (2.35 A), Glu-7K (3.17 A), Glu-7TK
275 A), Ala-10K (2.32 A), Asp-13A (3.38 A),
Ser-14A (2.13 A), Ser-14K (2.82 A), GIn-15A
(2.26 A), Gln-15A (3.17 A), Arg-110B (2.44 A) ve
Arg-110B (2.24 A) olacak sekilde oldukca yakin
mesafeden 13 adet hidrojen bag kurulmustur.
Diger proteinlerden farkli olarak pektin kalintt
arginin ile hem elektrostatik hem de hidrojen bagt
ile baglanmugtir. Molekiler kenetleme
sonugclarinin reolojik verilerle uyumlu olmasi, gida
matrislerinde  kullanilacak  formiilasyonlarin
onceden belirlenmesine olanak tantyarak, zaman
ve kaynak tasarrufu agisindan buiytk Onem
tasimaktadir. Kuvvetli antioksidan aktiviteye
sahip pigment protein ile pektin arasindaki bu
kuvvetli etkilesim yapisal olarak stabil ve
fonksiyonel hidrojel yapilarinin gelistirilmesi icin
umut vaat etmektedir.

SONUC
Bu calismada bezelye proteini ve spirulina bazlt
pektin-jelatin ikili jelleri basariyla gelistirilmis ve

ikili hidrojel formlarinin reolojik  &zellikleri
kapsamli bir sekilde incelenmistir. Bezelye
proteini ve spirulina ilavesi, hidrojellerin

stabilitesini ve viskoelastik 6zelliklerini biytik
Olctide gelistirmistir. Tim formiilasyonlar kesme
inceltme davranisi gosterirken, bezelye proteini
icerenler spirulina iceren formiilasyonlara kiyasla
daha belirgin psédoplastisite ve gelismis ekstriidde
edilebilirlik  sergilemistir. Bezelye proteininin
hidrojellerin akis davranst tizerinde daha buyiik
bir  etkisi  olmustur.  Bezelye  proteini
formilasyonlarinin  termal stabilitesi, spirulina
icerenlerden daha iyi performans gostererek
hidrojellerin termal davranisinda protein tiiriiniin
onemini vurgulamustir. Dinamik salinim analizleri,
bezelye proteini ile desteklenen hidrojellerin
yitksek depolama ve kayip modilleri sergiledigini
ve bunun da gelismis stabilite ve elastikiyete isaret
ettigini  gOstermistir.  Molekiiler  yerlestirme
analizleri, hidrojelin  stabilitesinin ~ 6ncelikle
bezelye proteini, jelatin ve spirulina dahil olmak
tizere pektin ve proteinler arasindaki etkilesimlere
bagli oldugunu ortaya koymustur. Bezelye
proteini ve pektin arasindaki elektrostatik
etkilesimler ve hidrojen bagi, kompleksin
korunmasinda ¢ok 6nemli bir rol oynamustir.
Sonuglar, bezelye proteini ve spirulina bazl ikili
hidrojellerin 3D bask: teknolojisinde ve yag
ikamesi olarak kullanilmak tzere Onemli bir
potansiyele sahip oldugunu gdstermektedir. Bu
hidrojeller, besleyici ve islevsel 6zellikleriyle
yenilik¢ci gida drinlerinin - ve ambalajlama
sistemlerinin gelistirilmesini kolaylastirabilir.
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Gunimuzde saglkli yasam tarzim benimseyen insan sayisindaki artis dogal biyoaktif bilesiklere ve bu
bilesikleri iceren Uriinlere olan talebin artmasina neden olmustur. Bu c¢alismada, iyi bir biyoaktif bilesen
kaynagt olan yesil sarimsak yapraklarindan (Alium sativum L.), en yiksek diizeyde toplam fenolik madde
(TFM) ve antioksidan madde (AM) ekstraksiyonu i¢in gerekli optimum kosullar Yiizey Yanit Yoéntemi (YYY)
kullanilarak beliflenmistir. Arastirmada bagimsiz degisken olarak; etanol konsantrasyonu (% 60-80),
uygulama siiresi (15-45 dk.) ve iiriin/solvent (U/S) orani (1/50-1/100) belitlenmistir. Yanit olarak, TFM ve
AM analizleri secilmistir. Optimizasyon ¢alismast sonuglari, yesil sarimsak yapraklarindan en yitksek verimde
TFM ve AM ekstraksiyonu saglamak i¢in optimum parametrelerin; % 69.70 etanol, 15 dk. uygulama siiresi
ve 1/50 U/S orant oldugunu géstermistir. Bu kosullar altinda, ekstrakte edilen 6rneklerin deneysel TFM ve
AM degetleti sirastyla 15.18+1.4 mg GAE/g KM ve % 88.16%1.18 olarak bulunmustur. Deneysel degetlerin
YYY ile tahmin edilen degerlerle yakin bir uyum igerisinde olmasi gelistirilen modellerin uygunlugunu
kanitlamistir.

Anahtar kelime: _A/ium sativum L., Box Behnken, antioksidan madde, toplam fenolik madde

OPTIMIZATION OF PHENOLIC AND ANTIOXIDANT COMPOUNDS
EXTRACTION CONDITIONS IN GREEN GARLIC (ALLIUM SATIVUMYL.)
LEAVES BY SURFACE RESPONSE METHODOLOGY

ABSTRACT

The demand for natural bioactive compounds and products that contain these compounds has
increased because of the desire to live healthier. The Response Surface Methodology (RSM) was used
to find the optimum parameters for getting the highest level of total phenolic compounds (TPC) and
antioxidant compounds (AC) out of green garlic leaves (Allium sativum L.). In this study the ethanol
concentration (60—80%), application time (15-45 min.), and product/solvent (P/S) ratio (1/50—
1/100) were selected as independent variables. As responses, TPC and AC analyses were used. The
study found that 69.70% ethanol, 15 min., and 1/50 U/S ratio were the optimum conditions. Under
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these conditions, the experimental TPC and AC values of the extracted samples were found to be
15.18+1.4 mg GAE/g DM and 88.16£1.18%, respectively. The fact that the experimental values
were very close to RSM's expected values demonstrated that the models were suitable.

Keywords: Allium sativum L., Box Behnken, antioxidant compounds, total phenolic compounds

GIRIS

Son yillarda, giderek artan sayida insan dogal ve
saglikli yasam tarzt isteginde olup, diyetinde
Ozellikle dogal biyoaktif bilesikleri iceren bitkisel
maddelere yer verme egilimindedir. Bu bitkisel
maddeler giicli antioksidan aktivitelerinin yant
sira, yan ectkilerinin olmamast ve eckonomik
uygulanabilirligi nedeniyle de arastirmalara konu
olmaktadir (Singh vd., 2012).

Sarimsak (Allinm sativnm 1.), Allium tirtine bagh,
sebze, baharat ve tibbi ot olarak yaygin olarak
tiketilen bir bitkidir (Bonaccorsi vd., 2008).
Sarimsak, Dogu, Giiney ve Gilineydogu Asya,
Orta Dogu, Kuzey Afrika ve Giiney Avrupa'da
siklikla  yetistirilmekte ~ve  bircok  alanda
kullanilmaktadir (Fratianni vd., 2016). Ulkemizde
yesil sarimsak tretimi 2023 yilinda 47487 ton iken,
2024 yilinda 54127 tona ulagsmustir (Anonymous,
2024).  Diyetlerde genellikle kuru veya taze
sarimsagin bas veya digleri yaygin kullanilirken,
yesil sarimsak yapraklart da tiiketilmektedir. Yesil
sarimsak, sogan olusmadan 6nce erken asamada
hasat edilen, yumusak yaprakli genc¢ sarimsak
olarak tanimlanmakta ve pisirilerek veya taze
sekilde salata ve yemeklerde tiketilmektedir
(Akan vd., 2019).

Sarimsak kiikirt ihtiva eden bilesiklerden (alicin,
alliin ve ajoene) olusan ucucu yaglar, enzimler
(alinaz, peroksidaz ve mirasinaz), karbohidratlar
(sakkaroz, glikoz), mineraller, aminoasitler, A, B1,
B2, Niasin ve C vitamini gibi 200 den fazla
kimyasal bilesige sahiptit (Ayaz vd., 2007).
1gerisinde yer alan organik silfitler, saponinler,
fenolik bilesikler ve polisakkaritler gibi cesitli
biyoaktif bilesikleri nedeniyle saglik acisindan pek
¢ok faydast bulunmaktadir (Lu vd., 2011). Hem
fenolik hem de organostlfiir bilesikleri AZium
tirlerinde antioksidan aktiviteye katkida bulunan
biyoaktif bilesenlerdir. Son yillarda, cok sayida
calisma sarimsagin antioksidan, kardiyovaskuler
koruyucu, antikarsinojen, antiinflamatuar,
immunomodilatér, antidiyabetik, antiobezite ve
antibakteriyel 6zellikler de dahil olmak Uzere

bircok biyolojik fonksiyonlarint ortaya koymustur
(Ayaz vd., 2007; Strati vd., 2018). Sarimsak antik
caglardan beri, ates, bagirsak kurtlari, bas agrilart
ve dizanteri gibi hastaliklar1 tedavi etmek icin
kullandmistir (Fratianni vd., 2016).

Dogal antioksidanlar, gida takviyeleri ve
fonksiyonel gidalarda insan ve hayvan sagligi
tzerinde istenmeyen etkilere neden olabilen
sentetik  antioksidanlarin ~ yerine  tercih
edilmektedir (Arruda vd., 2017). Sahip oldugu
biyoaktif maddeler nedeniyle sarimsak gida olarak
tiketilmesinin ~ yanisira  biyoaktif maddelerin
ekstrakte edilmesi ile ila¢c ve kozmetik endistrileri

gibi bircok farkhh endistri sektérinde de
kullanilabilir.

Ekstraksiyon,  bitki — matrislerinden  fenolik
bilesiklerin ~ alnmasit  ve  saflastirtlmasinda

kullantlan ilk ve en Onemli adimlardan biridir
(Arruda vd., 2017). Uygun bir ¢Ozici ile
ckstraksiyon  islemi, ¢ok  cesitli  bitkisel
matrislerden yitksek fenolik igerikli 6zutler elde
etmek icin kullanllan en yaygin tekniktir. Bu
amagla kullanilan tek bir yol veya ekstraksiyon
kosulu bulunmamaktadir. Biyoaktif maddelerin
ekstraksiyonu i¢in genellikle su, metanol, etanol ve
aseton kullanilmaktadir. Ekstraksiyon teknigi,
sicaklik, stire, tip ve solvent konsantrasyonu,
tiriin/solvent (U/S)  orant ve ekstraksiyon
dongiileri, tek  basna  ve/veya  birarada
ekstraksiyon  verimliligini  etkileyen faktorler
arasindadir (Simi¢ vd., 2016; Chebbi vd., 2024).
Coziucinin ve farkll antioksidan bilesiklerin
polaritesi, ekstraksiyonun verimliligini ve elde
edilen ekstraktlarin aktivitesini etkilemektedir
(Gonzalez-Montelongo  vd., 2010).  Ayrica
kullantlan ~ ¢6zlcinin ~ konsantrasyonu  da
ekstraksiyonu etkilemektedir (Simi¢ vd., 2016;
Arruda vd., 2017; Erol vd., 2022). Cozicu
konsantrasyonundaki su oraninin  artirilmasi,
glikozitler gibi polar bilesiklerin matristen
ctkarilmasint kolaylastirirken, tersine, flavonlar ve
flavonoller gibi belitli flavonoid — gruplar,
heterosikliklik ~ kombinasyonlarin  karmagiklig
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nedeniyle genellikle saglam bilesikler olarak degil,
aglikonlarinin ~ formuna  gbre  karakterize
edilmektedir (T'sao ve Deng, 2004). Ekstraksiyon
calismalarinda bu faktotlerin bireysel ve/veya
birlikte ele alinarak incelenmesinde fayda vardir.

Yanit yizeyi yontemi (YYY), deneysel tasarimla
ilgili olarak elde edilen deneysel verilerin ampirik
modelletle ifade edilmesine dayali, birden fazla
bagimsiz  faktérin  ve  bu  faktorlerin
etkilesimlerinin  etkilerini degerlendirmek icin
kullanilan etkili bir istatistiksel tekniktir (Durukan
vd., 2024). Bu yontem, geleneksel optimizasyon
yontemlerine goére daha az sayida deney
gerektirmekte,  verileri  yorumlamak  icin
istatistiksel bir temel sunmakta, degiskenler
arasindaki etkilesimi ortaya koymakta, ayrica daha
az  zahmetli ve zaman  alia  olarak
tanimlanmaktadir (Kumar vd., 2017; Durukan
vd., 2023; Karaoglan ve Aktas, 2023). Bu sagladigt
avantajlar nedeniyle YYY bircok bitki kaynakli
materyalin sahip olduklart fenolik bilesenlerin
ckstraksiyonunda bagariyla kullandmistir (Singh
vd., 2012; Arruda vd., 2017; Zhou vd., 2019; Erol
vd., 2022).

Yapilan detayll arastirmada simdiye kadar yesil
sarimsak yapraklarindan fenolik bilesiklerinin
ekstraksiyonu i¢in YYY kullaniarak yapilmis bir
optimizasyon ¢alismasina rastlandmamistir. Bu
calismada, fenolik ve antioksidan maddeler
acistndan iyi bir kaynak olan yesil sarimsak
bitkisinden en yiiksek verimde fenolik bilesiklerin
ekstraksiyonu i¢in YYY kullanilarak optimum
kosulllar aragtirlmistir.  Calismada, bagimsiz

degiskenler olarak etanol konsantrasyonu,
ekstraksiyon stiresi ve U/S orant belitlenmistir.

MATERYAL VE YONTEM

Materyal

Calismada  39.707950, 36.909753 enlem ve
boylaminda yer alan Serpincik, Sivas (Turkiye)
bolgesinde yetisen sarimsak (Alium sativum L.)un
yesil yapraklart kullandlmustir.  Taze sekilde
toplanan yapraklar plastik posetlerde laboratuvara
getirilmistir.  Denemeler  Sivas  Cumbhuriyet
Universitesi ~ Mithendislik ~ Fakiltesi ~ Gida
Miihendisligi Uriin  Gelistirme ve Aragtirma
laboratuvarinda gergeklestirilmistir.

Yontem

Deney Diizeneginin Kurulpas

Calismada, yesil sarimsak yapraklarinda yer alan
Toplam fenolik madde (TFM) ve Antioksidan
madde (AM) ekstraksiyon sartlarinin
optimizasyonu yapilmistir. Bagimsiz degisken
olarak; etanol konsantrasyonu (% 60-100),
uygulama siiresi (15-45 dk.) ve U/S orant (1/50-
1/100) seklinde belitlenmistir (Cizelge 1). Daha
onceki yapilan c¢aligmalarda TFM ve AM
ckstraksiyonunda basarili sonuglar veren (Simié
vd., 2016; Arruda vd., 2017; Erol vd., 2022), ayrica
cevre dostu ve ucuz olmast nedeniyle ¢oziici
olarak etanol kullanilmistir (Alide vd., 2020;
Chebbi vd., 2024). Deney dizenegi, YYY
icerisinde Box-Behnken deney tasarimi (BBD)
kullanilarak ti¢ bagimsiz degiskenli ve ti¢ seviyeli,
merkez noktada 3 tekrar olacak sekilde 30 deney
olarak  olusturulmustur (Cizelge 2). BBD
tasariminda, yamt olarak; TEM ve AM analizleri
secilmistir.  Tum  analizler  G¢  tekrarht
gerceklestirilmistir.

Cizelge 1. Box-Behnken deneme tasariminda kullanilan bagimsiz degiskenler ve seviyeleri
Table 1. Independent variables and their levels used in the Box-Bebhnken excperimental design

Bagimsiz degisken/

Kodlanmis Seviyeler/

Independent variable - Coﬂfé’do Levels 1
Etanol konsantrasyonu (%)/
Ethanol Concentration (%) 60 80 100
Uygulama siresi (dk.)/
Application time (min.) 15 30 45
U/S orani/P/ S ratio 150 75 100

*Kisaltmalar; U/S: triin/solvent
Abbreviations; P/ S:: product/ solven
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Cizelge 2. Box-Behnken deney tasarimi
Table 2. Box-Bebnken excperimental design

Ornek Bagimsiz degiskenler ve seviyeleri/ Independent variables and codes
No/sample Etanol Konsantrasyonu (%)/ Uygul tresi
gulama stresi (dk.)/ - .
nimber Ethanol Concentration (%) Application time (min.) U/8 oran/ P/S ratio
1 80 30 75
2 60 30 100
3 60 30 100
4 100 30 100
5 60 15 75
6 80 15 100
7 60 45 75
8 80 30 75
9 100 45 75
10 80 15 50
11 60 15 75
12 80 45 100
13 100 15 75
14 100 30 50
15 80 30 75
16 100 30 50
17 80 45 50
18 60 30 50
19 80 45 50
20 100 30 100
21 80 30 75
22 60 45 75
23 80 45 100
24 100 15 75
25 80 15 50
26 80 30 75
27 80 30 75
28 60 30 50
29 100 45 75
30 80 15 100

*Kisaltmalar; U/S: trtin/solvent
Abbreviations; P/ S: product/ solvent

Orneklerin Hazurlanmast

Sarimsak Orneklerinin yesil yapraklart koparilmis
ve yikama islemi yapdmustir. Kuglik parcalar
halinde kesilen yesil sarimsak yapraklari, 50°C’ya
ayarlanan etlivde (Memmert, Almanya) nem
degeri yaklastk % 9’a (Shimadzu, MOCG63u)
dustinceye kadar bekletilmistir. Kurutulmus
Ornekler kahve oOgitiictinde (Sinbo, SCM-2914,
Cin) gecirildikten sonra gbzenek aralig 300 pm ve
150 pm olan eleklerden (RETSCH, S200 basic,
Hann, Almanya) sirasiyla gecirilmis ve elek altinda
kalan kisim analizlerde kullandmistir. Analizlerin
gerceklestirilecegi zamana kadar 6rnekler plastik
posetlerde +4°C’de saklanmustir.

Orneklerin Ekstraksiyonu

Her bir 6rnek Cizelge 2’de belirtilen etanol
konsantrasyonu ve U/S (w/v) oraninda Falcon
tipl icerisinde hazirlanmis ve aynt cizelgede
belirtilen ekstraksiyon stiresi boyunca mekanik
calkalayicida (Memmert WNB 22) bekletilmistir.
Ekstraksiyon stiresinin tamamlanmasindan sonra,
stispansiyon Whatman No.1 filtre kagidindan
stizllmis ve ekstraktlar -18 °C’de muhafaza
edilmistir.

Toplam Fenolik Madde Analizi
TFM tayini (Cemeroglu, 2010)’un O6nerdigi
yontem modifiye edilerek gerceklestirilmistir.
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Analizde 10 kat seyreltilmis Folin-Ciocalteu ayraci
ve %201k  doymus NaxCOs  ¢Ozeltisi
kullandmigtir.  Doymus  NaxCO;  ¢6zeltisi
hazirlanirken; az miktarda saf su icerisinde
¢6ziindirilen NapxCO3 10 dakika Bunsen alevinde
kaynatildiktan sonra bir gece buzdolabinda
bekletilip stiziilmis, ardindan stiziintii planlanan
hacime kadar seyreltilmistir.

Orneklerin TFM hesaplamalarinda standart gallik
asit egrisi kullanilmistir. Standart egri hazirlamak
amactyla 500 pg/ml gallik asit stok cOzeltisi
hazirlanmis, bu  stok  c¢ozeltiden  farkls
konsantrasyonlarda (50, 100, 200, 300, 400
ng/mL) hazirlanarak ~ spektrofotometrede
(Optima, SP-3000 Plus, Japonya) absorbans
degerleri  Olcilmustir. Kullandlan  gallik  asit
kalibrasyon egrisinin denklemi Y=0.0116x olup
R2 degeri 0.99°dur. Orneklere ait TFM degetleri
mg gallik asit esdegeri gallik asit esdegeri (GAE)/g
kuru madde (KM) olarak ifade edilmistir.

Analiz sirasinda tiiplerin icerisine sirastyla 2400 pL
saf su, 40 puLL 6rnek ve 200 puL. Folin-Ciocalteu
ayract cklenmis, ardindan tipler karistirilmistur.
Tupler, 15 dk. siireyle karanlik bir ortamda
bekletildikten sonra Uzerine sirasiyla 600 pl
doymus Na>COs ¢ozeltisi ve 760 pL saf su eklenip
tekrar karistirlmistir. Ornekler, 30 dk. karanlk bir
ortamda bekletilmesinin ardindan
spektrofotometrede  (Optima, SP-3000 Plus,
Japonya) 765 nm’de absorbanslart Sl¢ilmistiir.

Auntioksidan Madde Analizi

Ekstraktlarin antioksidan miktarlari, Tuirkmen vd.
(2005) tarafindan Onerilen 2,2 difenil-1-pikril-
hidrazil (DPPH) yontemine gére belirlenmistir.
Ekstraktlardan 50 pL. alinarak tizerine 1950 pl.
metanolde hazirlanmig 6x105 M DPPH radikali
eklenmigtir. Vorteks yardimiyla karistiricidan
gecirildikten sonra, karisim oda sicakliginda 60 dk.
stireyle karanlikta bekletilmistir. Stirenin bitiminde
spektrofotometrede  (Optima, SP-3000 Plus,
Japonya) 517 nm’de metanole karst absorbans

degerleri  belirlenmistir. Orneklere ait AM
degerleri, asagidaki esitlikten faydalanilarak
hesaplanmistir.  Kontrol — olarak  saf  su
kullandmugtir.

__ abSgontrol —abSsrnek
aM (%) B abskontrol x100 (1)

Optimizasyon ve V alidasyon

Orneklerin ~ TFM ve analizleti
gerceklestirildikten sonra optimizasyon
calismasina gecilmistir. YY'Y icerisinde 6rneklerin
hem TFM hem de AM degerleri en yiiksek elde

AM

edilen, optimum  ekstraksiyon  kosullart
belirlenmistir. Ayrica bu kosullar ampirik ikinci
dereceden  polinom  regresyon  modeline
uyarlanmugtir:

Y = By + XBiX; + TBuXP + TP XiX; @

Burada Y; yanit (TFM ve AM), By, B;, Bii ve Bij
strastyla intercept, dogrusal, ikinci dereceden ve
interaksiyon terimleri i¢in regresyon katsayilaridir.
X; ve Xj bagimsiz degiskenleri temsil etmektedir.
Validasyon islemi icin belirlenen optimum
kosullarda ekstraksiyon islemi tekrar edilmis ve bu
orneklere ait TFM ve AM analizleri tekrar
gerceklestirilmistir. Ardindan optimizasyon ile
tahmin edilen verilerle, deneysel verilerin birbirine
yakinligr belirlenmistir.

Istatistik Analizi

Calisma plant Minitab 20.0 (State College, PA)
programu kullanilarak YYY icerisindeki BBD ile
olusturulmustut. Farkli ekstraksiyon
parametrelerinin 6rneklerin TFM ve AM {zerine
etkisi, varyans analizi (ANOVA) ile incelenmistir.

Modelin yeterliligi, belitlilik katsayist (R?) ve
diizeltilmis belirlilik katsayisi (adj-R?) terimleri ile
ifade edilirken, regresyon katsayisinin anlamliligini
kontrol etmek icin F ve P degerleri kullanilmistur.
Son olarak, kurulan modelin yeterliligini
belirlemek amaciyla deneysel ve tahmin edilen
degerler karsilastirmustir. Model ile tahmin edilen
degertler ve deneysel degerler arasinda istatiktiki
6nemli bir farklilik olup olmadigit MINITAB 20.0
(State Collge, PA)’de % 95 giiven araliginda iki
Ornek t testi ile degerlendirilmistir.

BULGULAR VE TARTISMA

Calisma kapsaminda farkli bagimsiz degiskenlerin
(etanol konsantrasyonu, uygulama siiresi, U/S
orant) yesil sarimsak yapraklarn TFM ve AM
tizerine etkisi YYY ile incelenmistir. Incelenen
kosullar ve elde edilen veriler YYY icerisinde
analiz edilerek her bir yamit icin uygun
fonksiyonlar belirlenmistir.
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Orneklerin Toplam Fenolik Madde Degerleri
Farkli  ekstraksiyon  kosullarinda  tutulan
orneklerin TFM igerikleri Cizelge 3’de verildigi
gibi 1.37 mg GAE/g KM ile 16.39 mg GAE/g
KM arasinda degismektedir. Optimizasyon
calismalarinda bagimsiz degiskenlerin seviyeleri
genis bir aralikta belirlendigi i¢in yanitlarin
degerleri de genis bir aralikta cikabilmektedir.
Diustik TFM degetleri ekstraksiyon kosullarinin
uygun olmadigint gosterirken, tam tersi yitksek
TFM  degerleri  ekstraksiyon  kosullarinin
uygunlugunu gostermektedir. Dolayistyla
calismada elde edilen yitksek TFM degerlerini
diger caligmalar ile kiyasladigimizda; degerlerin
farkli bolgelerden tedarik edilen sarimsaklarda

15.61-16.39 mg GAE /g KM degetlerini kaydeden
Lu vd., (2011) ile benzerlik g6stermektedir.
Calismada belitlenen TFM  degerleri yiiksek
degerler olup, yesil sarimsak yapraklarin iyi bir
fenolik kaynak oldugunu, dolayisiyla gida
takviyeleri ve ilaglar icin iyi biyoaktif bilesen
kaynagi olabilecegini gOstermektedir.
Polifenollerin oksidatif strese karst hiicre zarlari,
hticresel bilesenleri ve niikleik asitleri kotrurken,
aynt zamanda kanser hiicrelerinin ¢ogalmasint
engelledigi de bilinmektedir (Fratianni vd., 2016).
Bununla birlikte, bitki kaynakli fenolikler ayrica
antikarsinojen ve apoptozis indtkleyici 6zellikleri
icin 6nemli bir mekanizma olabilecek pro-oksidan
etki gosterebilir (Szychowski vd., 2018).

Cizelge 3. Yesil sarimsak yapragi 6rneklerinin ekstraksiyon sonucu elde edilen TFM ve AM degerleri
Table 3. TEC and AC values obtained as a result of extraction of green garlic leaf samples

Ornek Etanol kons./ Uygulama stresi .. TFM
kodu/ sample Ethanol (dk.)/ Application U;/S YO:S;;/ (mg GAE/g KM)/ Al\é{)ﬁ);‘lC
number Concentration (%) time (min.) ’ TPC mg GAE/g DM
1 80 30 75 13.74 77.88
2 60 30 50 12.80 67.45
3 80 45 50 13.11 77.41
4 80 45 50 11.98 75.55
5 100 45 75 3.82 46.11
6 60 45 75 14.19 80.69
7 100 30 50 1.43 39.10
8 60 30 50 14.54 81.00
9 80 15 50 14.34 84.42
10 60 15 75 12.06 77.88
11 100 45 75 4.88 50.16
12 80 30 75 13.13 77.73
13 100 30 100 4.06 49.84
14 80 30 75 13.74 78.04
15 100 15 75 1.37 38.94
16 80 30 75 13.89 78.97
17 80 15 100 13.79 78.04
18 80 15 100 12.17 77.88
19 60 15 75 13.43 77.10
20 100 30 50 2.77 40.03
21 80 45 100 15.18 88.94
22 100 15 75 1.68 38.79
23 60 30 100 14.07 84.58
24 80 30 75 14.35 85.83
25 100 30 100 4.46 50.16
26 80 45 100 15.42 88.16
27 80 30 75 14.50 86.14
28 60 45 75 12.82 77.73
29 60 30 100 14.20 84.27
30 80 15 50 16.39 89.10

*Kisaltmalar; TEM; toplam fenolik madde, AM; antioksidan madde, U/S: trin/solvent
Abbreviations; TPC; total phenolic content, AC; antioxidant compounds, P/ S: product/ solvent
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Cizelge 4’te verilen sonuclar, cok disik P degeri
(P <0.001) ve yiiksek F degeri (97.43) olusturulan
modelin istatistiksel olarak anlamlh oldugunu
gostermektedir. Cizelge 4’ten anlagildigr gibi,
TFM verimi tzerinde en buyiik etkiye sahip olan
faktor etanol konsantrasyonudur. Ayrica, ikinci

dereceden terimlerden etanol
konsantrasyonu*etanol konsantrasyonu ve ikili
interaksiyondan uygulama siiresi*U/S oraninin
iliskisi de Orneklerin TFM degetleri Uzerine

snemlidir (P < 0.001) (Cizelge 3).

Cizelge 4. Yesil sarimsak yapragt 6rneklerinin TEM degetlerine ait ANOVA ve regresyon model
Ozetleri
Table 4. ANOV'A and regression model summaries of TPC values of green garlic leaf samples

Serbestlik derecesi Kareler orltj?:reri; / F degeri/ P degeri/P
Kaynak/ Sources / Degree of freedoms  toplami/ Sum of Mean of F e e
squares
squares
Model /Model 9 701.821 77.980 97.43 0.000
Dogrusal/ Linear 3 441.922 147.307 184.05 0.000
Etanol konsantrasyonu/ 1 437.301 437.301 546.39 0.000
Ethanol concentration (X1)
Stire (dk'g(?”” (min.) 1 2.236 2.236 2.98 0.100
2,
U/S orani/ P/ ratio 1 2.236 2.236 2.79 0.110
Xy
lldnci dereceden/ 3 243.145 81.048 101.27 0.000
Quadratic
Xi X 1 238.410 238.410 297.88 0.000
Xz X, 1 0.227 0.227 0.28 0.600
X5 X, 1 0.823 0.823 1.03 0.323
Iili interaksiyon/ Binary 3 16.754 5.585 6.98 0.002
interaction
X x X, 1 2.123 2.123 2.65 0.119
X1 x X3 1 1.446 1.446 1.81 0.194
Xox X3 1 13.185 13.185 16.47 0.001
Hata/Error 20 16.007 0.800
/Lack of Fit 3 5.722
Saf hata/ Pure error 17 10.285
Toplam/ Total 29 717.828
R.= % 97.77 R> (adj)= % 96.77  CV= % 0.365

*Kisaltmalar; TFM; toplam fenolik madde, U/S: iiriin/solvent
Abbreviations; TPC; total phenolic content, P/ S: product/ solvent

Modele ait R? degeri % 100’e yakinlastikca,
modelin yanitlar1 tahmin etmedeki bagarist da
artar. Modele eklenen gereksiz terimler modelin
R2 degerinde gereksiz artisa neden oldugu i¢in, bu
terimlerin  ¢tkarilmast ile elde edilen adj-R2
degerinin = de  kullandmast  6nerilmektedir
(Montgomery, 2017). TFM icin belitlenen R?2
degerinin % 97.77 ve adj-R? degerinin % 96.77

olarak  belitlenmis olmast, modelin TFM
verimindeki  varyasyonun %  96.77'sini
aciklayabildigini gOsterirken, varyasyon

katsayistnin  distik degeri (CV = % 0.365)

deneysel degerlerin giivenilirligin yiiksek derecede
oldugunu isaret etmektedir (Cizelge 4). CV
degerinin % 10'dan disiik olmasinin, modelin
makul sekilde tekrarlanabilir oldugunu gésterdigi
yaygin olarak kabul edilmektedir (Karabegovi¢
vd., 2013; Simi¢ vd., 2016). Yani, yesil sarimsak
TEM ekstraksiyon kosullarinin bu model ile iyi bir
sekilde tanimlanabilecegini sdyleyebiliriz. Uyum
eksikligi degerleri Cizelge 4te verildigi gibi
istatistiki olarak anlamli degildir (P >0.05), bu da
modelin gecerliligini dogrulamaktadir.
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Kontur ¢izimleri ve 3D ylizey yamt yontemi
grafikleri  ile  yamtlar  Uzerine  bagimsiz
degiskenlerin etkisi incelenmis, Sekil 1 ve Sekil
2°de verilmistir. Uygulama siiresi ve U/S oranina
baglt olmaksizin etanol konsantrasyonunun % 60-
80 arasinda olmast 6rneklerin ekstrakte edilen
TFM miktarinin en yiiksek degerde olmasina ve
etanol konsantrasyonunda artts olursa 6rneklerin
ckstrakte edilen TFM degerlerinin diismesine
neden olmaktadir. Uygulama siiresi yaklasik 35 dk.
ve iizerine, U/S orant 1/80 ve tizerine ¢iktiginda
orneklerin  ekstrakte edilen TFM miktarlart
artmaktadir. Benzer sekilde Alide vd. (2020)

T""'“';‘ Phenolic

fenoli

Uygulama siiresi (dak)
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25°C’de yapilan fenolik maddelerin ekstraksiyon
isleminde  ekstraksiyon = siiresinin = 6nemsiz
oldugunu bildirmistir. Farklt bitkilerden TFM
ekstraksiyonu amactyla en ylksek verim icin
gerekli olan etanol konsantrasyon aralig, yapilan
diger calismalardan taze ¢ay yapraklari icin % 84.6
(Chebbi vd., 2024), kurkumin i¢in % 40-80
(Jayaprakasha vd., 2002), endemik bir bitki olan
Tabernaemontana  heyneana yapraklart icin % 75
(Sathishkumar, et al. 2008) ve yesil limon
kabuklart icin % 52.9 (Chan vd., 2009) olarak
belitlenmis olan c¢alismalarin  sonuglart  ile
benzerlik géstermektedir.
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* Her c¢izimde eksik olan bagimsiz degiskenin degeri merkez noktasinda tutulmustur.
In each plot, the value of the missing independent variable was kept at the center point.

Sekil 1. Bagimsiz degiskenlerin (etanol konsantrasyonu, uygulama stresi ve Urtin/solvent orani) yesil
sarimsak yapraklarindan ekstrakte edilen TFM ve AM tizerine etkisinin kontur ¢izimleri ile gdsterimi
Figure 1. Contour plots of the effects of independent variables (ethanol concentration, application time, and P/ S ratio) on
TPC and AC extracted from green garlic leaves.
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* Her cizimde eksik olan bagimsiz degiskenin degeri merkez noktasinda tutulmustur.
In each plot, the value of the missing independent variable was kept at the center point.

Sekil 2. Bagimsiz degiskenlerin (etanol konsantrasyonu, uygulama siiresi ve U/S orani) yesil sarimsak
yapraklarindan ekstrakte edilen TFM tzerine etkisinin 3D grafik ile gsterimi

Figure 2. 3D graphic of the effect of independent variables (ethanol concentration, application time, and P/ S ratio) on
TPC extracted from green garlic leaves.

Orneklerin Antioksidan Madde Degerleri 2016)  ¢alismanin  sonuglarindan

yuksek

Kao vd. (2023) bircok bitkinin TFM ve AM
degerleri arasinda pozitif korelasyon oldugunu
bildirmistir (P <0.05). Her ne kadar, TFM
analizinde kullanilan Folin Ciocalteu yontemi
kismen antioksidan madde bilesenlerinin miktart
hakkinda bilgi verse de, tamamen yeterli
olmamaktadir (Lu vd., 2011). Fenolik bilesenlerin
yanu sira proteinler ve peptitler de 6nemli bir
antioksidan  aktiviteye de sahip olabilirler
(Szychowski vd., 2018). Calisma kapsaminda
kullanilan 6rneklerin AM degetleri % 38.79-89.10
arasinda degismektedir (Cizelge 3).  Diger
calismalar ile kiyaslandiginda; farkll sarimsak
cesitlerinde %  46.3-75.9 AM  belitleyen
(Szychowski  vd., 2018) wve yesil sarimsak
yapraklarinda % 63.78 AM (Koca, 2010)
belirleyen ¢alismalarla benzerlik géstermekte, %
20.05-23.27 arasinda AM belitleyen (Fratianni vd.,

bulunmustur. Farkli 6rneklere ait farkli AM
degerleri genetik kaynak, ckolojik faktdtler ve
depolama kosullarindaki farkldiklardan
kaynaklanabilmektedir (Akan vd., 2019).

ANOVA  sonuglari, modelin istatistiksel
anlamlilik sergiledigini géstermektedir (P <0.001)
(Gizelge 5). Sonuclara gore, cok diisiik bir P degeri
(P <0.001) ve yiksek F degeri (60.56) modelin
istatistiksel olarak anlamli oldugunu
gostermektedir. P ve F degerlerine goére, AM
verimi Uzerinde en buyiik etkiye sahip olan faktoér
etanol konsantrasyonu, daha sonra da U/S
oranudir.  Ayrica, ikinci dereceden etanol
konsantrasyonu*etanol konsantrasyonu ve ikili
interaksiyondan da uygulama siiresi ve U/S’in
iliskisi de O6rneklerin  AM  degetleri Uzerine
6nemlidir (P <0.001).



Yesil sarimsak yapraklarindaki fenolik ve antioksidan maddeler

Cizelge 5. Yesil sarimsak yapragi 6rneklerinin AM degerlerine ait ANOVA ve regresyon model ézetleri

Table 5. ANOVA and regression model summaries of AC values of green garlic leaf samples.

Kareler Kareler
Serbestlik derecesi ortalamasi/ Fdegeri/ P degeri/P
Kaynak/ Sources / Degree of freedom topla;m;/r;ium o Mean of F value valne
q @ Jqﬂd%’f
Model 9 8307.75 923.08 60.56 0.000
Model /Model 4990.12 1663.37 109.12 0.000
Dogrusal/ Linear 1 4815.32 4815.32 315.89 0.000
Etanol konsantrasyonu/
Ftbanol concentration () 1 31.88 31.88 2.09 0.164
Siire (dk')&?”” (i) 1 142.92 142.92 9.38 0.006
2,
u/s Ora‘&/ )P /$ ratio 3 3071.23 1023.74 67.16 0.000
3,
lkinci dereceden/ 1 2987.30 2987.30 195.97 0.000
Quadratic
Xi X 1 0.55 0.55 0.04 0.851
X, Xy 1 14.51 14.51 0.95 0.341
. X; Xs 3 246.39 82.13 5.39 0.007
Idli interaksiyon/ Binary 1 28.54 28.54 1.87 0.186
interaction
X x Xo 1 0.03 0.03 0.00 0.967
X1 x X3 1 217.83 217.83 14.29 0.001
Xo x X3 20 304.87 15.24
Hata/Error 3 103.97 34.66 2.93 0.063
/Lack of Fit 17 200.90 11.82
Saf hata/ Pure error 29 8612.61

Toplam/ Total

R: (adj)= % 94.87 CV="%1.59

*Kisaltmalar; AM; antioksidan madde, U/S: tiriin/solvent
Abbreviations; AC; antioxidant compounds, P/ S: product/ solvent

Orneklerin AM igin belirlenen R2 degeri % 96.46
ve adj-R? degeri % 94.87°dir (Cizelge 5). Kurulan
bu modelin AM verimindeki varyasyonun %
94.87'sini aciklayabildigini, varyasyon katsayisinin
disiik degeri (CV = % 1.59) yesil sarimsak AM
ekstraksiyon kosullarinin bu model ile iyi bir
sckilde tamimlanabilecegini 6ne  siirmektedir.
Modele iliskin uyum eksikligi degeri istatistiki
olarak Onemsizdir, bu da modelin
kullandabilirligini kanitlamaktadir (Cizelge 5).

Orneklere ait AM degerleri iizerine bagimsiz
degiskenler arasindaki iliskiler kontur ¢izimleri ve
3D ylizey yanit yontemi grafikleri ile Sekil 1 ve
Sekil 3’te verilmistir. TFM iceriklerinde elde edilen
sonuclara benzer olarak, o6rneklere % 60-80
arasinda etanol uygulanmasinin ekstrakte edilen
AM miktarinin en yiiksek degerde olmasina neden
oldugu ve uygulanan etanol konsantrasyonunda
artisa bagl olarak 6rneklerin ekstrakte edilen AM

degerlerinin dustiigii belitlenmistir. Benzer egilim,
farkli ethanol konsantrasyonlarinin farklt bitki
materyallerin AM degeri tizeri etkisini inceleyen
calismalarda da belitlenmistir (Lee vd., 2016;
Zhou vd., 2019; Chebbi vd., 2024). Ayrica, elde
edilen sonuclar farklt bitki ekstraklarinda yapilan
calismalarda en iyl ekstraksiyonun saglandig
etanol konsantrasyonlarini, yasemin ¢igeginde
(Sathishkumar vd., 2013) ve kahverengi soya
fasulyesinde (Lee vd., 2016) % 75, kirmizt kilig
fasulyesinin tohum kabugunda % 60 (Zhou vd.,
2019)  belitleyen  calismalar ile  benzerlik
gostermektedir. Coziictiniin ve farklt antioksidan
bilesiklerin polaritesi, ekstraksiyonun verimliligini
ve elde edilen ekstraktlarin  aktivitesini
etkilemektedir (Gonzalez-Montelongo vd., 2010).
Farkli etanol konsantrasyonlarinin ¢6ziicinin

fiziksel  Ozelliklerini  etkiledigi, bu nedenle
biyoaktif bilesiklerin  ckstraksiyon —veriminin
¢ozlici  konsantrasyonuna  bagli  oldugu
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bildirilmistir (Lee vd., 2016). Su, giicli bir polar
¢ozlcl iken, etanol daha digtk polariteye
sahiptir, ancak her ikisi de herhangi bir oranda
karigabildigi icin herhangi bir tek ¢ozici
sisteminden daha etkili fenolik bilesikleri ¢tkarma
kombinasyonlart olusturulabilecegi
belirtilmektedir (Arruda vd., 2017). Ayrica, polar
olmayan kovalent molekiller, su molekiilleri
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(%) 60 |
Antioxidant
compounds 40

(%) 60

40
20 Uygulama
) stiresi (dak.)
90 105 Application
Etanol konsantrasyonu time (min.)
%)
Ethanol concentration

(%)

75

Antioksidan 90

arasindaki etkilesimi bozmak i¢in gereken enerji
nedeniyle  disik  konsantrasyonlu  etanol
coziictisiinde daha az ¢6ziinebilir (Lee vd., 2016).
Uygulama siiresi yaklastk 30 dk. ve iizerine, U/S
oraninin % 80 ve tzerine ¢iktiginda Grneklerin
ekstrakte edilen AM miktarlart en yiksek
seviyelerde tespit edilmektedir.

Antioksidan l
80 |
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Antioxidant
compounds 49
(%) 60

100

© 75 Uriin/solvent

75 Product/solvent

)
% 1os
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i l

madde
Antioxidant 5° 100
compounds 75 | 75 Uriin/solvent
o/ ;
(%2) 20 . ; Product/solvent
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Uygulama
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Application time (min.)
* Her cizimde eksik olan bagimsiz degiskenin degeri merkez noktasinda tutulmustur.
In each plot, the value of the missing independent variable was kept at the center point.

Sekil 3 Bagimsiz degiskenlerin (etanol konsantrasyonu, uygulama siiresi ve U/S orani) yesil sarimsak
yapraklarindan ekstrakte edilen AM tizerine etkisinin 3D grafik ile g6sterimi
Figure 3. 3D graphic of the effect of independent variables (ethanol concentration, application time, and P/ S ratio) on
AC extracted from green garlic leaves.

930

Yesil sartmsak TFM ve AM verimi ile ekstraksiyon
kogullar1 arasindaki ampirik iliski kodlanmig
degetler cinsinden ikinci dereceden polinom
modelleri ile olusturulmus ve asagida verilmigtir:

TFM = 13.890 — 5.228 X; + 0.386 X> + 0.374 X5
—=5.682X*X;  -0.175Xo*X,  + 0.334 X5+X;
+ 0.515 X*Xp + 0.425 X1¥X5 + 1.284 Xo*X;

©)
% AM= 80.76 - 17.348 X1 + 1.412 Xo + 2.989 X5

-20.11 X4*Xy + 0.27 Xo*X; + 1.40 X5*X;
+ 1.89 Xi*Xo + 0.06 X*X5 + 5.22 Xo*X;3

)

Optimizasyon ve Validasyon

YYY ile yapilan optimizasyon calismasina gore
yesil sarimsakta hem TFM ve hem AM degerleri
en ylksek tespit edilen optimum ekstraksiyon
kosullart; % 69.70 etanol, 15 dk. uygulama siiresi
ve U/S orant 1/50 olarak belirlenmistir. Bu
optimize edilmis parametrelere dayanarak, TFM
degeri 16.242 mg GAE/g KM, AM % 87.86
olarak tahmin edilmistit. YYY’nin bu modeli
tanimlamak icin gegerliligini  degerlendirmek
amaciyla, optimum kogullarda gerceklestirilen
ekstraksiyon islemi sonunda ekstraktin TFM ve
AM degerleri tekrar belitlenmistir. Validasyon
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amaciyla yapilan c¢alisma sonucunda Grneklerin
TFM ve AM degetleri sirastyla tahmin edilen
aralikta olan 15.18%1.4 ve % 88.16%1.18 mg
GAE/g KM olarak belitlenmistit. Model ile
tahmin edilen degetler ve deneysel degetler t testi
ile karsilastirildiginda 6nemli farklilik
bulunmamistir (P >0.05). Béylece modelin
givenilir ve yesil sarimsak TFM ve AM
ekstraksiyon  kosullarinin  belitlenmesi  i¢in
kullandabilir oldugu kanitlanmustr.

SONUC

Sahip oldugu biyoaktif maddeler nedeniyle saglik
tzerine bir¢ok olumlu 6zelligi olan sarimsak
bir¢ok hastaligin tedavisinde de 6nerilmektedir.

Bu caligmada, yesil sarimsagin TFM ve AM
ekstraksiyon kosullart arastirilmis ve optimize
edilmistit.  YYY'den elde edilen sonuglar,
ckstraksiyon islemi tizerine esas olarak etanol
konsantrasyonunun etkili oldugunu géstermistir.
% 60-80 araliginda uygulanan etanolin 6rneklerin
TFM ve AM ekstraksiyonunu artirdigi, daha
yiksek  konsantrasyonda  etanolin  verimi
distirdig belitlenmistir. Yapilan optimizasyon
sonucunda; optimum kosullar % 69.70 etanol, 15
dk. uygulama siiresi ve U/S orant 1/50 olarak
belirlenmistir. Bu kosullar altinda, ekstraktin TFM
ve AM degetleri sirastyla 15.18+1.4 mg GAE/¢g
KM ve % 88.161+1.18 olarak belirlenmistir.

Bu ¢alisma sonugclarinin, yesil sarimsak veya diger
bitki kaynakli fenolik ve antioksidan maddelerin
en yiksek verimde ekstra edilmesi tizerine yapilan
optimizasyon c¢alismalarina yol gdstermesi ve
bitkisel ekstraktlarin farkli gidalarda veya ilaclarda
uygulanmasinin  arastirlmasina 6ncli  olmast
beklenilmektedir.

CIKAR CATISMASI
Yazarin hicbir kisi ve/veya kurum ile cikar
catismast bulunmamaktadir.
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oz

Atik degerlendirme kapsaminda en 6nemli meyve atiklarindan biti olan portakal kabuguna alternatif kullanim
alant olusturmak adina bu ¢alisma planlanmistir. Calismada, 6ncelikle organik ¢oziictilerin (etanol, metanol
ve su) yerine alternatif olabilecek farkli tipte derin Stektik ¢oziictler kullantlarak ultrasonik destekli
ekstraksiyon yontemi esliginde portakal kabugu ekstraktlart hazirlanmis olup bu ekstraktlarin biyoaktif bilesik
icerikleri (toplam fenolik bilesik, toplam flavonoit bilesik, antioksidan aktivite ve bireysel fenolik bilesik
profili) degerlendirilmistir. Sonu¢ olarak, derin Stektik ¢oziictilerin en yiksek toplam flavonoit madde ve
antioksidan aktivite degerlerinin saglanmasinda istatistiksel olarak etkili oldugu belitlenmistir. Ayrica bireysel
tenolik bilesik profili incelendiginde en baskin bilesenin hesperidin oldugu gériilmiis ve en yiiksek degere
kolin kloriir:gliserol (1:2) kombinasyonu ile ulastmustir. Sonucta derin Stektik ¢oziictlerin portakal
kabugundan fitokimyasal bilesiklerin ekstraksiyonunda organik ¢Oziiciilere alternatif olabildikleri
saptanmistr.

Anahtar kelimeler: Portakal kabugu, ultrasonik ekstraksiyon, yesil ¢6ziict, fenolik profil

EFFECT OF DEEP EUTECTIC SOLVENTS ON EXTRACTION OF BIOACTIVE
COMPOUNDS FROM ORANGE PEEL

ABSTRACT

This study was planned to create an alternative use for orange peel, which is one of the most
important fruit wastes within the scope of waste utilization. In the study, firstly, orange peel extracts
were prepared by ultrasonic assisted extraction using different types of deep eutectic solvents in the
green solvent category that can be alternative to organic solvents and the bioactive compound
contents of these extracts were evaluated. As a result, it was determined that deep eutectic solvents
were statistically effective in providing the highest total flavonoid compound and antioxidant activity
values. In addition, when the individual phenolic compound profile was examined, the most
dominant component was hesperidin and the highest value was reached with choline chloride:glycerol
(1:2) combination. In conclusion, it was determined that deep eutectic solvents can be an alternative
to organic solvents in the extraction of phytochemical compounds from orange peel.

Keywords: Orange peel, ultrasonic extraction, green solvent, phenolic profile
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Derin 6tektik ¢ozuicu ekstraksiyonu

GIRIS
Gida endistrilerinin - karsilagtigt  en  biyik
sorunlardan biri, isleme sonrasinda ac¢iga cikan
buyik miktarda atik olusumudur. Bu durum
dinyada kuresel acidan 6nem arz etmekte olup,
kaynaklarin ~ bosuna  tiketimi  anlamina
gelmektedir (Caldeira vd., 2019). Dinyada
uretilen gidanin neredeyse 1/3'a besin zinciti
boyunca israf edilmektedir (Corrado vd., 2019).
Bu nedenle gida atiklarinin (yan trinlerinin)
degerlendirilmesi, ilgili sorunlari en aza indirmek
adina  bircok arastirmacinin  odak noktasi
olmustur. Hatta gida israfi konusunda farkindahk
yaratmak diinya capinda siyasi bir éncelik haline
gelmistir (Kringel vd., 2019). Evlerde meydana
gelen atiklarin, Avrupa’da toplam gida atiklarin
%50’sinden  fazlasini,  Amerika  Birlesik
Devletleri’nde ise toplam gida atiklarinin %601
olusturdugu tahmin edilmektedir (Stancu vd.,
2016). Ayrica evlerdeki atiklarin da %50’sinin
meyve ve sebzelerden kaynaklandig
bilinmektedir. Olusan bu atiklar hem gida ve tarim
sektériinde zararlara yol agmakta hem de ciddi
derecede gevreye zarar vermektedir. Bu ytizden,
atiklarin  degerlendirilerek katma degeri yiiksek
trtinlere donustirilmesi gerekmektedir (Kringel

vd., 2019).

Dinyada turuncgil tretim alanlarimin %45’ini
portakal, %35’ini mandalina, %15’ini limon ve
%4 unt greyfurt olusturmaktadir. USDA (United
States Department of Agriculture- Amerika
Birlesik Devletleri Tarim Bakanlhgr) verilerine
gore, 2021 /22 piyasa yili itibartyla diinyada toplam
49 milyon ton portakal iretilmektedir ve
portakalin bu denli ciddi bir paya sahip olmasimnin
en Onemli sebebi Gzellikle meyve suyu sanayisi
tarafindan en ¢ok tercih edilen turuncgil tird
olmasidir (Anonim, 2023). Tirkiye ise 1,8 milyon
tonluk dretim miktar1 ie dinya portakal
tiretiminde 7. strada bulunmaktadir (TUIK, 2023).
Son zamanlarda, bazt calismalar, portakal gibi
meyvelerin yan driinlerinin, dogal bir antioksidan
kaynagt olabilecegini rapor etmislerdir (Lagha-
Benamrouche ve Madani, 2013; Temirbekova,
2019). Portakalin meyve suyuna islenmesi
strasinda yaklastk %50 oraninda atik olusmaktadir
ve bu atigin biyik ¢ogunlugunu kabuk kismi
olusturur (Hashmi vd., 2012; Kaynarca ve Askin,

2020).  Portakal = kabugunun  antioksidan,
antimikrobiyal, antikarsijonenik ve
antienflamatuar Ozelliginin oldugu ve yiiksek
fenolik bilesik igerigine sahip oldugu rapor
edilmistir (Ghasemia vd., 2009; Khan vd., 2010;
Giizel ve Akpinar, 2017).

Ultrasonik destekli ekstraksiyon yesil teknolojiler
arasinda yer almaktadir. Ultrasonik destekli
ekstraksiyonda, materyal ile ses dalgalar
etkilesime girmekte ve hicrelerde bazi degisimler
meydana gelmektedir. Bu yontemde ana itici gii¢
akustik kavitasyon olarak tanimlanir. Bu etki ile
ortamdaki molekuller bir dizi sikisma ve gevseme
dongtsiine girmektedir. Bu sekilde degisen
basing, sivi ortamdaki kabarcik olusumuna ve etki
sonunda ~ bu  kabarciklarin  patlamasin
saglamaktadir (Piyasena wvd., 2003). Ultrases
teknolojisi ile olusan mekanik etkiler kiitle
transferi olumlu yonde etkilenmektedir (Awad
vd,, 2012). Ek olarak, uygulama sirasinda
geleneksel yontemlere kiyasla disik calisma
sicakliklart ile biyoaktif bilesiklerinden sicakliga
duyatli/kararsiz bilesenlerin de ekstraksyonunu
gerceklestirerek daha yiiksek bagartya ulasmayt
mumkin kilmaktadir (Madhu vd., 2019). Ayrica,
bu yéntemin en 6nemli avantajt islem siiresini
kisaltmasidir.  Bunun yanr  sira, geleneksel
yontemlerle karsilastirildiginda, ¢6ziicti tiiketimi
ve enerji sarfiyatt azalmakta, son triin kalitesi ve
islem verimi daha yliksek olmaktadir (Chemat vd.,
2017).

Bununla  birlikte, ekstraksiyonda  kullanilan
¢cozlcunln tird, termal kararsizhigl, ¢6zintrlaga,
polaritesi, toksisitesi ve konsantrasyonu gibi
bircok faktér genel olarak ilgili Grinden dogal
biyoaktif bilesiklerin ekstraksiyon bagarist icin
olduk¢a 6nemlidir (Mbous vd., 2017). Metanol,
asetonitril, etanol, hekzan ve aseton gibi
geleneksel organik  ¢Oziciler, ekstraksiyon,
ayirma ve 6n konsantrasyon dahil olmak tzere
gida analizi i¢in saflagtirma teknolojilerinde
gereklidir. Bu geleneksel organik ¢oziiciiler disiik
maliyetlidir ancak bunlarin kalinti seviyeleri ve
bunun sonucunda ortaya cikan kirlilik endise
vericidir (Chen vd., 2019). Bu nedenle son yillarda
gida drinlerinden dogal biyoaktif bilesiklerin
ekstraksiyonu icin ¢Ozlcl arayist derin Gtektik
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¢ozlctlerin de dahil oldugu bazt yesil ¢6ziicii
tiplerinin kesfine yol agmistir (Mbous vd., 2017).

Derin Stektik ¢oziiciiler, en az bir hidrojen bagt
alict (HBA) ve bir hidrojen bagt donériin (HBD)
karisimlaridir. Bu formiilasyonda iki ya da daha
fazla bilesigin karismastyla, bu karisimit olusturan
bilesiklerin erime noktalarindan daha dusiuk
degere sahip olan bir karistm olusabilmektedir
(Kutlu vd., 2021). Derin 6tektik coziciler
geleneksel iyonik stvilardan farklt  kimyasal
Ozellige sahip olmalarina ragmen benzer fiziksel
Ozellige sahiptirler. Bununla birlikte derin Stektik
¢oziciler distk buhar basinci, yanmazhk, kolay
hazirlama, toksik olmama, ham maddenin ucuz
olmast gibi belirli avantajlara sahiptir (Smith vd.,
2014). En yaygin derin 6tektik ¢oziiciiler hidrojen
bag alict olarak kolin kloriir (ChCl)’tin, hidrojen
bag dondrii olarak ise iire, sitrik asit, siiksinik asit
ya da gliserol vb. bilesiklerin = kullamildig
kombinasyonlardir (Paiva vd., 2014). Bu gibi
dogal trinler (birincil metabolitlere dayanan),
muazzam kimyasal cesitlilikleri, biyolojik olarak
bozunabilir 6zellikleri ve farmasétik olarak kabul
edilebilir toksisite profiline sahip olmalari nedeni
ile ideal ¢6ziict olarak degerlendirilmektedir (Dai
vd.,, 2013a). Derin 6tektik ¢oziiciler siufinda
siniflandirllan ¢oztctler  farkll  uygulama
alanlarinda essiz sonuclar ortaya ctkarmasina
ragmen biyolojik ve endiistriyel uygulamalar ile
alakali yeterli bilimsel verinin olmamast nedeniyle
bu ¢oziictlerin 6zellikle ticari formulasyonlarda
kullanimina dikkate edilmesi gerektigi rapor
edilmektedir. (Hayyan vd., 2013). Bu nedenle son
birka¢ yildir gida ve farklt uygulama alanlarinda
sikilikla tercih edilmeye baslanan bu ¢ézuctler
kullanilarak yapiacak olan ¢alismalarin sonuglart
strdirtlebilirlik acisindan 6nem arz etmektedir.

Yapilan  literatiir ~ taramasinda  portakal
kabugundan biyoaktif bilesik eldesinde ¢oziict
olarak derin Gtektik ¢éziicinin kullanildigt sinirl
saylda c¢alismaya rastlanmustir. Ozturk vd. (2018)
kolin klortr bazli gliserol ve etilen glikol
kombinasyonlarinda hazirladiklar1 derin Gtektik
¢ozlctler ile portakal kabugundan geleneksel
ekstraksiyon ~ yontemi  kullanarak  islem
uygulamiglardir. Bizim ¢alismamizda daha fazla
sayidda ve farkli derin  6tektik  ¢6ziich

kombinasyonlart kullanilmig olmast ve ultrasonik
destekli ekstraksiyon kullanimi bu ¢alismadan
farkimizi goéstermektedir. Ek olarak geleneksel
ekstraksiyon yontemleri yerine ultrasonik destekli
ekstraksiyon kullanmak calismamizin diger bir
onemli Ozelligidir. Gémez-Urios vd. (2022) ve
Vifias-Ospino vd. (2023) yaptiklart galismalarda,
portakal kabugunun ekstraksiyonunda farkli derin
Otektik  c¢oziculerin - karotenoidler  lzerine
etkilerini incelemisler, fakat bizim c¢alismamizda
kullanilan derin Stektik ¢ézticti kombinasyonlarint
degerlendirmemislerdir. Lin (2022) portakal
kabugundan fenolik asit ekstraksiyonunda sadece
kolin Kkloriir:glukoz (farkli molar oranlarinda)
kombinasyonunu kullanmistir. Bu c¢alismada
kullandan ¢6ztct ile de bizim calismamizda
kullantlan ¢oztctler farklidir. Zhou vd. (2023) ise
portakal  kabugundan  fitokimyasal  bilesik
ekstraksiyonunda sadece kolin klortr:laktik asit
(molar oran 1:2) kombinasyonunu kullanmistir.
Farklt materyallerle yapilan calismalar
incelendiginde, Dai vd., (2013b) Carthamus
tinctorins 1. bitkisinden derin 6tektik ¢oziiciler ile
hem polar hem de daha az polar metabolitlerin
ckstrakte edilebilirliginin geleneksel ¢oziicilerden
daha fazla oldugunu géstermistir ve derin Stektik
¢cozucilerin -~ ¢ok  ¢esitli  metabolitler  icin
mikkemmel ¢6ziictiler oldugunu kanitlamistir (Dai
vd., 2013a). Benzer sekilde yapilan arastirmalarda
farkli derin Stektik ¢oziicti uygulamalarinin gida
materyallerinden biyoaktif bilesik
ckstraksiyonunda kullanimimin kozmetik ve gida
endustrilerinde kullanim potansiyeli icin umut
verici oldugu rapor edilmistir (Dai vd., 2013b). Bu
nedenle bu ¢alisgma, portakal kabugundan farkl
derin 6tektik ¢éztcilerin (Kolin klortr:gliserol —
molar oran 1:2, Kolin kloriir:laktik asit — molar
oran 1:2, Kolin klorur:asetik asit — molar oran 1:2
ve Kolin klortr:ire — molar oran 1:2) bitlikte
kullanilmas ile biyoaktif iceriklerinin belitlenmesi
konusunda 6zgilin ¢alisma niteligindedir.

Bu calismada, Oncelikle organik c¢ozicilerin
(etanol, metanol ve su) yerine alternatif olabilecek
farklt tipte derin Otektik c¢ozuciler ¢oziictilerin
(Kolin klorir:gliserol — molar oran 1:2, Kolin
klorur:laktik asit — molar oran 1:2, Kolin
kloriir:asetik asit — molar oran 1:2 ve Kolin
kloriit:titre —  molar oran 1:2) kullanilarak
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ultrasonik destekli ekstraksiyon yontemi esliginde
portakal kabugu ekstraktlart hazitlanmis olup bu
ekstraktlarin biyoaktif bilesik igerikleri (toplam
fenolik  bilesik, toplam flavonoit bilesik,
antioksidan aktivite ve bireysel fenolik bilesik
profili) degerlendirilerek en yiiksek verime sahip
derin Otektik cozlci kombinasyonu
belitlenmistir. Gida Uretiminin her asamasinda
gida kalite/guvenilitlik analizlerinin zorunlu hal
aldigr giiniimiizde hem insan sagligi ve hem de
gevre saghgint  korumak admna, biyoaktif
maddelerin  eldesinde  organik  ¢ziiciilere
alternatif olarak yesil bir alternatif c¢ozicu
olusturma 6ngorisi ile ¢alisma yiritilmustir.

MATERYAL VE YONTEM
Materyal
Portakal (Citrus  sinensis) kabugu, Bayburt’ta

bulunan yerel meyve suyu Ureticilerinden temin
edilmigtir. Portakal kabugu o6ncelikle 60 °C
sicaklikta sicak hava ile kurutularak toz haline
getirilmis ~ (Fakir, Aromatic, Almanya) ve
ckstraksiyon islemlerinde kullanilincaya kadar +4
°C’de buzdolabinda saklanmistir. Analizlerde ve
derin Otektik ¢oztct hazitlanmasinda kullanilan
kimyasallar, analitik safliktadir.

Yoéntem

Derin itektik ciziiciilerin (DES) hazerlanmas
CGalismada hidrojen bag alicist (HBA) olarak
kuarterner amonyum tuzu olan kolin klorir
kullandmustir. Hidrojen bag donérii (HBD) olarak
ise 4 farklt bilesen belitlenmistir. Ekstraksiyon
deneylerinde kullanilan kolin kloriir bazli DES
kombinasyonlati, su ve molar oranlari Cizelge 1'de
sunulmustur. Derin otektik cozictler
olusturulduktan ~ sonra,  yiksek  viskozite

%30

su ilave

olumsuzlugunu bertaraf etmek adina
oraninda (Zhang ve Wang, 2017)
edilmistir. Karistm daha sonra homojen renksiz
bir stvi elde edilene kadar calkalamali inktbator
kullandarak 30 °C ve 180 devir/dk'da
karistirdmistir.  Ardindan, reaksiyona girmemis
serbest asitleti uzaklagtirmak amactyla, 80 °C'de
12 saat kadar bekletilmistir (Xu vd., 2016). Ek
olarak geleneksel c¢ozlcllerden ekstraksiyon
proseslerinde en ¢ok tercih edilenler (etanol,
metanol ve saf su) de c¢alisma kapsaminda
kullanilmistir.  Ekstraksiyon veriminde derin
Otektik ¢oztctler ile karsilastirilan grup, ¢ozici
olarak etanol kullamlan gruptur. Bunun nedeni
ise, organik c¢ozlctlerden olan etanolin
literatirde fenolik bilesik  ekstraksiyonunda
siklikla  kullanilan ¢6ziicilerden biri  olmasidir
(Plaskova ve Mlcek, 2023).

Ultrasonik destekli ekstraksiyon

Ultrasonik ekstraksiyon 6ncesinde, kurutulmus ve
toz haline getirilmis olan portakal kabugu ve
Cizelge 1’de verilen ¢oziiciler katugbziicii orant
1/30  g/mL olacak sckilde hazirlanmistir.
Ardindan  ultrasonik  banyoda  (Kudos,
SK2210HP, Hindistan) 150 W ultrasonik giicte,
40 °C sicaklikta, 45 dk bekletildikten sonra
buradan alinan c¢ozeltiler daha sonra 3500
devir/dk‘da 40 dk boyunca santriftij (Hermle Z
326K, Hermle Labortechnink, Wehngen,
Almanya) edilmistir. Ekstraksiyon —kosullart
literatiir baz alinarak belirlenmistir (Ince vd., 2014;
Celik vd., 2022). Santrifiij sonunda ¢Ozeltinin
sipernatant kismu alinarak 0.45 pm ¢apinda
filtreden filtre edilerek analizlerde kullanilincaya
kadar -18 °C’de muhafaza edilmistir.

Cizelge 1. Calismada kullanilan derin Stektik ve geleneksel ¢oziictiler
Table 1. Deep eutectic and conventional solvents used in the study

No Bilesen 1 (HBA) Bilesen 2 (HBD) Su orant (%) Molar oran
Component 1 (HBA) Component 2 (HBD) Water ratio (%) Molar ratio
1 Kolin Kloriir Gliserol 30 1:2
2 Kolin Kloriir Laktik asit 30 1:2
3 Kolin Kloriir Asetik asit 30 1:2
4 Kolin Kloriir Ure 30 1:2
5 Metanol 70 -
6 Etanol 70 -
7 Saf su (Distilled water) 100 -
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Toplam fenolik madde (TFM)

Calismada  hazirlanan  portakal  kabugu
ekstraktlarin toplam fenolik bilesik tayini Folin-
Ciocalteu metoduna gore gerceklestirilmistir
(Slinkard ve Singleton, 1977). Fenolik bilegiklerin
bazik ortamda Folin-Ciocalteu ayracint indirgedigi
bir redoks reaksiyonuna dayanan
spektrofotometrik yontem ile belirlenmistir. Bu
amagla 6rnekler Folin-Ciocalteu ayract ve sodyum
karbonat (NaCOs3) ile muamele edilerek, 765 nm
dalga boyunda absorbans degeri 6lciilmustiir.
Toplam fenolik madde miktar gallik asit esdegeri
(GAE) olarak hesaplanmis ve sonuglar mg
GAE/100 g kuru madde seklinde ifade edilmistir.

Toplam flavonoit madde (TT/aM)

Portakal kabugu ekstraktlarinin toplam flavonoit
madde analizi, Zhishen vd. (1999) tarafindan
uygulanan  yontemin modifiye  edilmesiyle
gerceklestirilmistir. Buna gore 1 mL ekstrakt, 0.3
mL NaNOs (%5) ¢ozeltisi ilave edildikten sonra
0.3 mL AlCl3.6H2O (%10) ¢6zeltisi ile karistirildu,
2 mL. 1 M NaOH c¢o6zeltisi, ardindan 2.4 ml. su
ilave edildi ve karnsim karstirildi. Karisimin
absorbansi, bir Epoch2 mikroplaka okuyucusu
(Bio-Tek Instruments, Winooski, VT, ABD)
tarafindan 510 nm'de 6lcilmustir. Olusturulan
kuersetin standart egrisinde 6rneklerin gésterdigi
absorbans degerine karsihk gelen toplam
flavonoit madde miktart kuersetin esdegeri (KE)
olarak hesaplanmis ve sonuglar mg KE/100 g
kuru madde seklinde ifade edilmistir.

Abntioksidan aktivite

Portakal kabuklarinin  farkli  ¢oziiciler ile
hazirlanan ekstraktlarinda antioksidan aktivite
testleri 3 farkli yontem (CUPRAC, CERAC ve
DPPHe) kullanilarak gerceklestirilmigtir.

Bakir (II) iyonu indirgeyici antioksidan kapasite
(CUPRAC) yontemi:  Portakal ~ kabugu
ekstraklarinin  CUPRAC  yontemi  kullanilarak
antioksidan kapasite Olctimleri Apak vd. (2004)

onerdigi yonteme gore  gerceklestirilmistir.
Toplam antioksidan kapasite hesaplanirken

troloks referans olarak kullanilmis ve sonuglar mg
troloks esdegeri (TE)/100 g kuru madde seklinde
ifade edilmistir.

Seryum (IV) indirgeyici antioksidan kapasite
(CERAC) yontemi: Portakal kabugu
ekstraktlarnin  CERAC  yontemi  kullanilarak
antioksidan kapasite 6l¢iimleri Ozyurt vd. (2007)
tarafindan Onerilen yonteme gore
gerceklestirilmistir. Toplam antioksidan kapasite
hesaplanirken troloks referans olarak kullanilmis
ve sonuglar mg troloks esdegeri (TE)/100 g kuru
madde seklinde ifade edilmistir.

2,2-difenil-1-pikrilhidrazil ~ (DPPHe)  radikal
sondiriict kapasite yontemi: Portakal kabugu
ekstraklarimin - DPPHe  yontemi  kullanilarak
antioksidan kapasite 6l¢timleri Szabo vd. (2007)
onerdigi  yonteme goére  gergeklestirilmistir.
Toplam antioksidan kapasite hesaplanirken
troloks referans olarak kullanilmis ve sonuglar mg
troloks esdegeri (TE)/100 g kuru madde seklinde
ifade edilmistir.

Bireysel fenolie bilesik profili

Portakal kabugu ekstraktlarinin bireysel fenolik
bilesik profili LC-MS/MS kullanilarak
gerceklestirilmistir  (Hcem Bayram vd., 2020;
Ecem Bayram vd., 2021). Toplam 28 farkli fenolik
bilesigin taramast portakal kabugu ekstraktlarinda
gerceklestirilmistir. Hidroliz yontemiyle
ekstraksiyon, 100 ul numunenin 200 ul 2 mol-1-1
HCI ile karstirilmasint ve 30 saniye boyunca
vorteksle katistirilmasint  icermektedir. Daha
sonra, ¢ozelti 90 °C'de 40 dakika boyunca bir
sonikat6r kullanilarak hidrolize edilmigtir. 700 ul
ekstraksiyon ¢6zlctsi eklendikten sonra 6rnekler
22400 Xg'de 5 dakika santrifiijlenmis ve berrak
supernatant LC-MS/MS ile kantitatif analiz icin
kullanilmistir.

Ekstraksiyon verini

Ekstraksiyon verimi son Urlnlerde yapilan
analizler sonucunda, c¢6zucli olarak etanoliin
kullanildigy ekstraktta elde edilen toplam bireysel
fenolik madde miktart Gizerinden hesaplanmugtir.
Ekstraksiyon — verimi, asagidaki Esitlik 1
kullanilarak belirlenmigtir (Pereira vd., 2016;
Dumitrascu vd., 2019; Kutlu, 2019):

o/~ _ TBFM;
Y (%) = TEFM, X 100 M)
Bu denklemde;
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Y: Verim, TBFM;: Derin 6tektik ¢ozich ile
ekstrakte edilen numunenin toplam bireysel
fenolik madde miktaridir. TBFMo: Etanol
ekstraktinin  toplam bireysel fenolik madde
miktaridir.

Istatistiksel analiz

Bulgulara yonelik istatistiksel analizler MINITAB
15.1.1.0 paket programi kullanilarak
gerceklestirilmistir. Bagimli degiskenler arasindaki
farklilik, ANOVA-Tukey testi ile %95 gliven
araliginda belirlenmistir. Tim analizler 2 tekerriir
ve 2 paralel olarak yapilmistir.

BULGULAR VE TARTISMA

Derin o6tektik ¢o6ziicilerin TFM, TFLaM,
CUPRAC, CERAC ve DPPHe verimine etkisi
Portakal kabuklarina farkli ¢oziiciiler ile yapilan
ekstraksiyon sonucunda elde edilen ekstraktlarda
belitlenen TEM, TFlaM, CUPRAC, CERAC ve
DPPHe degerleri  Cizelge 2’de  verilmistir.
Ekstraktlarin  TEM  degerlerine  bakildiginda,
istatistiksel olarak en yitksek degerin su ile (No 7)
saglandigi ve bunu etanol (No 6) ve metanolin
(No 5) takip ettigi saptanmustir. Derin Otektik

¢ozuctler ile elde edilen ekstraktlarin TFM
degerleri kontrol gruplarina gére oldukga dusiik
bulunmustur. Derin 6tektik ¢oziciler kendi
aralarinda  degerlendirildiginde, 137.95 mg
GAE/100 g kuru madde degeriyle en yuksek
deger kolin klortr:gliserol kombinasyonu (No 1)
ile istatistiksel olarak en disiik degetler ise 32.95
mg GAE/100 g kuru madde degeriyle kolin
klorur:asetik asit No 3) ve 14.81 mg GAE/100 g
kuru madde degeriyle kolin klorir:ire (No 4)
kombinasyonlariyla belirlenmistit. En  yiksek
TFlaM degerleri, kolin kloriir:gliserol (No 1) ve su
(No 7) kullanilarak elde edilen ekstraktlarda
saptanmis olup, bu kosullarda degerler sirasiyla
45.95 ve 46.47 mg KE/100 g kuru madde olarak
bulunmustur. En distik TFlaM miktari ise 28.08
mg KE/100 g kuru madde degeri ile kolin
kloriir:asetik asit (No 3) kombinasyonunda elde
edilmistir. ~ Antioksidan  aktivite  degerleri
incelendiginde, CUPRAC yontemi ile kontrol
grubunda (metanol-No 5) en yiksek deger
bulunurken, CERAC ve DPPHe yontemleri ile
derin 6tektik ¢6zict (kolin klorir:laktik asit-No
2) ile en ytliksek degerlere erisilmistir.

Cizelge 2. Farkli ¢oziictlerle elde edilen ekstraktlarin biyoaktif bilesik icerikleri

Table 2. Bioactive compound contents of extracts obtained with different solvents

TFM TFlaM CUPRAC CERAC DPPH-
(mg GAE/100g (mgKE/100g  (mgTE/100 g (mg TE/100 g (mg TE/100 g
N kuru madde) kuru madde) kuru madde) kuru madde) kuru madde)
© TPC TFC CUPRAC CERAC DPPH-
(mg GAE/100g  (mg QE/100 g (mg TE/100g  (mg TE/100gdry  (mg TE/100 g
dry matter) dry matter) dry matter) matter) dry matter)
1 137.95£0.014 45.9510.012 35.30%0.01¢ 284.011+0.15bc 33.29£0.03qb
2 100.92£0.014 34.5410.01¢ 20.11£0.00¢ 442.61£0.332 38.13£0.022
3 32.95%0.02¢ 28.08+0.014 30.60£0.004 329.49£0.25> 32.50£0.000
4 14.81£0.00¢ 31.80%0.00¢ 39.65%0.02> 303.53+0.28b¢ 24.65%0.00¢
5 217.7410.11¢ 41.8410.01b 43.8910.022 297.7510.32bc 32.18%0.03>
6 340.7410.22b 32.4210.01¢ 36.51£0.01be 236.2510.26 29.8810.02bc
7 543.4310.31» 46.4710.022 33.01£0.02¢d 187.83£0.184 32.90£0.014b

Ayni sttundaki farkls harflere ait (a, b, c, d, ¢) degerler istatistiksel olarak birbirinden farklidir (P < 0.05)

Valnes of different letters (a, b, ¢, d, ¢) in the same column are statistically different from each other (P < 0.05)
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Tim bu sonuglar dikkate alindiginda derin Stektik
¢ozlctlerin en yitksek TFlaM, antioksidan aktivite
(CERAC ve DPPHe) degerlerinin saglanmasinda
etkili oldugu gérilmistir. TFM ve CUPRAC
Uzerine ise organik cozuciler kadar etkili
olamamustir. Literatiir incelendiginde, Ozturk vd.
(2018) farkli molar oranlarda (1:2, 1:3 ve 1:4)
hazirladiklar1  kolin  klortr:gliserol ve kolin
kloriir:etilen  glikol  ¢ozuctlerini  portakal
kabugundan TFM ekstraksiyonu i¢in kullanmuislar
ve istatistiksel olarak en yiiksek TFM miktarlarinin
klortir:gliserol (1:2) ve kolin kloriir:etilen glikol
(1:4) ile elde edildigini saptamuslardir. Ayni
calisgmada antioksidan aktivite tizerine ise en etkili
derin  Otektik  ¢6zlci  kombinasyonunun
Klorir:gliserol  (1:2) oldugu rapor edilmistir.
Viflas-Ospino vd. (2023) ise derin Otektik
¢coziciler ile verimin istatistiksel olarak dusik
kalmasina ragmen, stabilitesinin yiiksek oldugu ve
bu nedenle bu ¢ozicilerin  kullaniminin
desteklenmesi gerektigini bildirmislerdir. Farkli
olarak Pal ve Jadeja (2019), sogan kabuklarindan
polifenol  ekstraksiyonunda  derin  Stektik
¢ozlcllerden yararlanmistir. En yliksek TFM ve
antioksidan aktivite verimine kolin klortr:iire:su
(1:2:4) kombinasyonunda erisilmistir. Hidrojen
bag dondrii olarak, Amid grubu olan iirenin sogan
kabugundan biyoaktif bilesik eldesinde geleneksel
cozlcllere alternatif olabilecegi bildirilmistir.
Jeong vd. (2017) ise yesil caydan (Camellia sinensis)
katesin ekstraksiyonu icin dokuz betain bazli,
sekiz sitrik asit bazlt ve dokuz gliserol bazli derin
otektik ¢6zlcl dahil olmak tzere 26 farkli
¢cozlcluyu test etmislerdir. Elde edilen verilere
gore, betain, gliserol ve D-(+)-glukoz karisiminin
(4:20:1 molar oran), diger organik ¢6zlcilere
kiyasla daha yiksek flavonoit madde verimi
sagladigt  belitlenmistir. Bu  bulgu  bizim
calismamizla da uyumludut.

Derin otektik ¢o6ziiciilerin bireysel fenolik
bilesik profili iizerine etkisi

Portakal kabuklarina farkli ¢éziciiler ile yapilan
ekstraksiyon sonucunda elde edilen ekstraktlarda
28 farkli bireysel fenolik taramasi yapilmis olup,
saptanan degerler Cizelge 3’te verilmistir. Cizelge
incelendiginde en baskin fenolik bilesenin
hesperidin  oldugu belirlenmistir. En yiiksek
hesperidin degeri, kolin klorir:gliserol (No 1)

kombinasyonu ile elde edilmis olup, bu deger
etanol (No 6) ve su (No 7) kullanilarak belirlenen
degerlere gore sirasiyla 1.5 ve 4.1 kat daha fazla
bulunmustur. Metanol ekstraktinda ise hesperidin

bilesigi  tespit  edilememigtir.  Hesperidin,
turunggillerde bol miktarda bulunan bir flavanon
glikozit olup, antioksidan, antienflamatuar,

antikarsinojenik ve antialerjik etki géstermektedir
(Garg vd., 2001; Parhiz vd., 2015). Ayrica
hesperidinin bildirilen antikarsinojenik etkilerinin,
antioksidan ve antienflamatuar aktiviteleri ile
iliskili oldugu bulunmustur (Aggarwal vd., 2020).
Bu bilgiler 1s1g1nda, derin 6tektik ¢oztctler ile elde
edilen ekstraktlarin bu bileseni yitksek miktarda
icermesi oldukca 6nemlidir. Tim derin Stektik
¢ozictlerde, organik ¢6zicilere (etanol ve su)
nazaran daha yilksek verimde elde edilmistir.
Toplam  bireysel fenolik bilesik miktarlar
incelendiginde, 486.35 ppm ile en yiiksek degerin
¢cozlict olarak kolin klorir:gliserol (No 1)
kombinasyonu  kullanildiginda elde  edildigi
gorilmektedir. Bu kombinasyonu, 464.68, 324.83,
118.41, 1.79, 1.73 ve 0.02 ppm degerleriyle
sirastyla kolin kloriir:laktik asit (No 2), etanol (No
6), su (No 7), kolin klorir:tire (No 4), kolin
klortir:asetik asit (No 3) ve metanol (No 5) takip
etmektedit. Derin 6tektik ¢oziiciiler ile elde edilen
TEFM degetlerinin geleneksel ¢6ziicllere gore
daha dusitk olmasmna karsin, bireysel fenolik
bilesik vetimlerinin yliksek olmast bu ¢oziciilerin
bazi polifenolik bilesiklere karst cok daha secici
oldugunu  gdstermektedir. Benzer bulgular
Ozturk vd. (2018) tarafindan da bildirilmistir.

Farkli ¢Ozicilerle elde edilen ekstraktlarin
ckstraksiyon verimleri Sekil 1°de goriilmektedir.
Yoéntem kisminda deginildigi tizere ekstraksiyon
verimi hesaplanirken etanol (No 6) ile elde edilen
toplam bireysel fenolik bilesik degeri (324.83
ppm) baz alinmugtir. Sekil 1 incelendiginde, kolin
klortir:gliserol (No 1) ve kolin kloriir:laktik asit
(No 2) kombinasyonlarinin  ekstraksiyon
veriminin en ylksek oldugu belirlenmistir. Derin
otektik coziicilerden kolin kloriir:asetik asit (No
3) ve kolin klortr:tire (No 4) kombinasyonlarinin
ise portakal kabugundan bireysel fenolik bilesik
ekstraksiyonunda bagarili olamadigt ve verimin
cok diisiik kaldig1 saptanmustir.
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Gizelge 3. Farkli ¢oztictlerle elde edilen ekstraktlarin bireysel fenolik bilesik miktarlari

Table 3. Individual phenolic compound of extracts obtained with different solvents
Fenolik bilesik (ppm)

Phenolic compounds 1 2 3 4 5 6 7
(ppm)
4 . 0.00206+£0.00  0.00293+0.00  0.00279%0. _ 0.00185+0.  0.00381£0.  0.02646%0.00
) +
()-Epicatechin 002 019 00022 00018 00032 220 NDEND
Abisenin 0.01891+0.00  0.01901+0.00  0.00145+0.  0.00158+0.  0.0012820.  0.06385£0.00  0.00573%0.0
Pig 178 038 0002 00015 00023 202 0059
Astenillin C 0.00145+0.00  0.00134+0.00  0.00180£0.  0.00151+0.  0.0015820.  0.00376£0.00  0.00134%0.0
P 001 023 00021 00017 00014 012 0020
Caffeic acid 0.053880.00  0.04480+0.00  0.00355+0.  0.00253+0. o oo 0.15926£0.00 002651400
phenethyl ester 195 652 0001 00017 - 772 0251
0.05745+0.00  0.0345820.00 0.02366+0.00  0.04077£0.0
+ + +
Catechol 7 i ND+ND  ND+ND  ND+ND 10 844
+ +
Chlorogenic acid 0'005559—0'00 ND+ND ND+ND  ND+ND  ND+ND ND+ND 0‘008(??6—0‘0
A 0.10939+0.00  0.10927+0.01  0.00627£0.  0.005930. 0.50047+0.01  0.03529%0.0
e +
Chrysin 398 097 00077 00038 NDEND 832 0057
4 4 0.0142240.00  0.01672+0.00  0.00503%0. 0.56024+0.04  0.00781%0.0
D + +
Epicatechin gallate 210 079 00056 ND*=ND ND*=ND 098 0017
4 0.08026+0.00  0.06982%0.00 0.00440+0.  0.008140.  0.23225£0.00  0.02396%0.0
+
Galangin 858 985 0.00767£0 00029 00083 698 0131
. 0.00487+0.00  0.0076820.00 0.03936+0.00  0.01412%0.0
+ + +
Gallic acid 047 054 NDEND NDEND NDEND 306 0013
Gallocatechin+Epiga  0.02044%0.00 N N N N 0.11134+0.00  0.00754%0.0
llocatechin 072 NDND NDND NDND NDND 574 0034
Hesoeridin 484.9887511 4634279241 1.6928140.  176556%0. o oo 3213815611 117.07681+1
P 0.09868 8.09361 23536 06223 - 8.26524 36424
A 0.19547+0.01  0.19241%0.00 0.21041+0.00  0.15179%0.0
; + + +
Hyperosid 084 14 ND*=ND ND*=ND ND*=ND 640 1051
0.02026+0.00  0.01305%0.00 0.08425+0.00  0.03948+0.0
+ + +
Kaempbherol 380 203 ND*=ND ND*=ND ND*=ND 259 0441
Luteolin 0.04067+0.00  0.03213+0.00  0.00892%0.  0.00518+0.  0.00754%0.  0.03097£0.00  0.00623%0.0
. 249 223 00096 00029 00081 162 0036
+ +
Myricetin 0'000317 3—0'00 ND+ND ND+ND  ND+ND  ND+ND 0'003553—0'00 ND+ND
Natinoenin 0036174000 0.04370+0.00  0.00029+0.  0.00028+0. o 0.04354£0.00  0.08298+0.0
g 086 075 00002 00006 - 326 0344
... 0.00052+0.00  0.00882+0.00  0.00007£0.  0.00020%0. 0.00144+0.00  0.00271£0.0
O +
Neochlorogenic acid 002 073 00001 00003 NDEND 005 0032
. 0.00264+0.00
p-coumaric acid NDEND 035 NDEND NDEND NDEND ND=ND ND£ND
A A 0.18834+0.00  0.17514+0.00  0.0033120.  0.00168+0. 0.28513+0.01  0.40092+0.0
+
Pinobanksin 189 385 00029 00008 NDEND 077 1831
A A 0.07091+0.00  0.06890+0.00  0.00198+0.  0.00165+0. 0.21695+0.00  0.03617%0.0
+
Pinocembrin 331 930 00022 00011 NDEND 867 0058
. 0.05756+0.00  0.06487%0.00 0.36918+0.04  0.09654%0.0
+ + +
Protocatechuic acid 557 305 NDEND NDEND NDEND 665 0709
+
Quercetin 0'01427355—0'00 ND+ND ND+ND  ND+ND  ND+ND ND+ND ND+ND
. 0.00484+0.00  0.00563%0.00 0.01148+0.00  0.00155%0.0
+ + +
Quercitrin 002 113 NDiND NDiND NDiND 101 0008
A 0.28540+0.01  0.29642%0.00 0.36066+0.01  0.31463%0.0
+ + +
Rutin 04 e, ND+ND  ND+ND  ND+ND 18 09
L 0.03959+0.00  0.04279%0.00 0.03558+0.00  0.03983%0.0
. + + +
t-cinnamic acid 01 300 ND+ND ND+ND ND+ND 230 0175
Trans-caffeic acid ND+ND ND+ND ND+ND  ND+ND  ND+ND ND+ND ND+ND
+ +
Trans-ferulic acid 0'042&(?9*0'00 ND+ND ND+ND  ND+*ND  ND+ND 0'079(§§§0'00 ND+ND
Total 486.35110.1  464.68+18.1 1.74+0.2 1.79+0.1 0.0240.0 324.84+183  118.42+1.4

*ND: Tespit edilemedi. No# detected.
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Sekil 1. Farkli ¢6ziictilerle elde edilen ekstraktlarin ekstraksiyon verimleri
Figure 1. Extraction yields of extracts obtained with different solvents

SONUC

Kolin klortir bazli 4 farkli derin 6tektik ¢oziict ile
organik ¢ozlcllerin  (metanol, etanol ve su)
ckstraksiyon verimleri karsilastirildiginda, kolin
klortir:gliserol ~ ve kolin  kloriir:laktik  asit
kombinasyonlarinin en yiksek degeri aldiklari
gorilmistiir. Derin 6tektik ¢oziictlerin en yiiksek
TFlaM, antioksidan aktivite (CERAC ve DPPHe)
degerlerinin  saglanmasinda istatistiksel olarak
etkili oldugu, fakat TFM ve CUPRAC dtzerine
organik  ¢oziiciler kadar etkili olamadig
belirlenmistir. Bunun yani sira bireysel fenolik
bilesik belitlenmesinde kolin kloriir:gliserol ve
kolin  kloriir:laktik  asit  kombinasyonlarinin
Ozellikle hesperidin  verime etkisinin  yuksek
oldugu saptanmustir. Sonug olarak, derin Stektik
¢oziiciiler portakal kabugundan biyoaktif bilesik

ckstraksiyonunda,  spektrofotometrik  analiz
sonuclarina gére organik cozlcilere  yakin
degerler alsalar da Dbireysel fenolik bilesik

eldesinde ¢cok daha basarili bulunmuslardir. Yeni
ve vyesil ¢Oziici kategorisinde bulunan bu
¢ozlctllerin, gelecekte farkli gida materyallerinden
farkli fitokimyasal bilesiklerin ekstraksiyonunda
organik  ¢ozlcllere alternatif  olabilecekleri
dustnilmektedit.
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ABSTRACT

The study aimed to assess the impact of 13 different enzymes, including protease, amylase, hemicellulase,
and xylanase, on wafer dough and sheets, aiming to identify the most effective enzyme combination.
Commercial protease, amylase, hemicellulase, and xylanase enzymes were applied to wafer dough following
manufacturer instructions, and their flow behaviors were analyzed. Subsequently, the doughs were baked
into wafer sheets, and various parameters such as water activity (aw), moisture content (%), weight loss (%),
color parameters (L*, a*, b¥), hardness (g), and sensory attributes were evaluated. Protease 4, Hemicellulase
2, and Xylanase 2 enzymes were selected for combination testing based on the analysis of flow behavior and
characterization parameters of the wafer doughs. Among the tested combinations, the wafer dough
containing 80 ppm Xylanase 2 + 300 ppm Protease 4 enzyme group exhibited promising potential for
industrial applications due to its favorable flow behavior, while the resulting wafer sheets demonstrated
desirable crispness and a brown-caramel color, suggesting suitability for commercial use.

Keywords: Wafer sheet, enzyme, protease, amylase, hemicellulase, xylanase

ENZIM UYGULAMASININ GIDA ENDUSTRISINDE GOFRETLERIN YAPISI
UZERINDEKT ETKISININ INCELENMESI

oz

CGalismanin amact proteaz, amilaz, hemiseltlaz ve ksilanazdan olusan 13 farkli enzimin gofret hamur
ve plakasina olan etkisinin incelenmesi ve etkili olan enzim kombinasyonunun belirlenmesidir. Bu
amagla Ureticinin talimatlarina gére belirlenen dozlarda denenen ticari proteaz, amilaz, hemiselilaz
ve ksilanaz enzimleri gofret hamuruna uygulanmis ve akis davranislart incelenmistir. Daha sonrasinda
pisirilerek gofret plakasi haline getirilen hamurlarin su aktivitesi, nem (%), agirlik kaybi (%), renk
parametreleri (L*, a*, b*), sertlik (g) ve duyusal analizleri gergeklestirilmistir. Gofret hamurlarinin akis
davranslart ve karakterizasyon parametreleri degerlendirildiginde Proteaz 4, Hemiselilaz 2, Ksilanaz
2 enzimleri kombinasyon olarak denenmek tizere se¢ilmistir. Denenen kombinasyonlar arasindan 80
ppm Ksilanaz 2 + 300 ppm Proteaz 4 enzim grubu iceren gofret hamuru akis davranis, gofret plakasi
ise gevrekligi ve kahverengi- karamel rengi dolayisiyla endustride kullanilmak tzere potansiyel
gostermektedir.

Anahtar kelimeler: Gofret yapragl, enzim, proteaz, amilaz, hemiseliilaz, ksilanaz
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Effects of enzyme application on wafer structure

INTRODUCTION

Chemical additives and/or physical methods are
generally used to produce improved bakery
products. Physical methods are easy and cost-
effective, including heat and humidity treatments,
freezing and ultra-pressure treatments, while
chemical methods involve the incorporation of
functional groups into starch molecules through
processes such as etherification, esterification,
crosslinking and acid treatment. In recent years,
microbial-based enzymes have started to replace
chemical and physical methods as they are
recognized as natural and safe by both the
environment and food manufacturers. This is due
to the fact that enzyme-catalyzed reactions are
substrate-specific and occur easily under suitable
conditions (Zhou et al., 2014; Park et al., 2018).

Different enzymes such as amylase, protease,
hemicellulase and xylanase are used in the food
industry to improve dough properties and
product quality of bakery products (Zhou et al.,
2014; Park et al., 2018; Stemler et al., 2023;
Barrera et al., 2016). Enzymes used in the food
industry represent the largest share of the enzyme
market (Park et al., 2018).

Amylase, one of the most valuable enzymes in the
industry, has the ability to hydrolyze starch
molecules into polymers containing glucose units
(Barrera et al, 2016; Ahmad et al, 2019). In
bakery products, a-amylase is generally used to
improve textural properties and reduce elasticity.
Mechanical damage during wheat milling affects
starch granule integrity. Damaged starch granules
have a higher water absorption capacity compared
to natural starch granules. This negatively affects
the rheological behavior of the dough and the
quality of the products. Damaged starch granules
are more hydrolyzed than natural starch granules
due to their sensitivity to the enzyme a- amylase.
A-amylase enzyme helps to reduce the negative
effect of damaged starch granules (Barrera et al.,
2016).

Proteases, one of the most frequently used
enzymes in the bakery industry, refer to a group
of enzymes whose catalytic function is to
hydrolyze the peptide bonds of proteins (Jabalia

et al., 2014). Proteases are used to ensure contact
with flour proteins with shortened chain length
during the dough fermentation phase (Philipps-
Wiemann, 2018). Protease treatment of the dough
makes it easier to process the dough and results in
a wider range of products. In addition, mixing
time is shortened and energy input to the process
is reduced. Additional benefits of proteases are
improved pan flow, grain and crumb texture,
water absorption, color and taste in products such

as wafers (Stauffer CE, 1987; Lindahl L, 1992).

Hemicellulases, another enzyme used in industry,
consist of a group of enzymes that are effective in
the hydrolysis of hemicelluloses, a complex
polysaccharide group. Since xylan is the largest
component in the hemicellulose structure,
endoxylanases are one of the most important
hemicellulosic enzymes. Xylanases are used to
improve the gluten structure of bread, dough
volume, viscosity, softness and elasticity, and to
improve texture, taste and flavor in biscuit
production. Hemicellulases are mostly used in the
baking industry and in the production of prebiotic
oligosaccharides (de Souza and Kawaguti, 2021;
Pandit B, 2023).

Wafer, one of the most consumed bakery
products, requires a low-protein, soft wheat flour
with a weak gluten structure that allows it to be
molded correctly. The protein levels of flours and
the amount of damaged starch significantly affect
the water absorption of flours. Hard wheats
contain more protein and undergo more starch
damage when milled. Soft wheats, on the other
hand, contain less protein and suffer less starch
damage during milling. Thus, the water holding
capacity of flour made from soft wheat is lower.
If strong flour is used in wafer production in the
industry, the dough lumps during the process due
to the gluten network formation of the flour,
clogging the pipes and depositor, making mixing
difficult. In addition, it was observed that wafers
prepared with strong flour formed irregular
shapes due to their hard texture. The water
holding capacity and gluten network of wheat also
affect the viscosity of the wafer batter. It is
ensured that the wafer prepared with weak flour
with low water holding capacity spreads
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sufficiently on the cooking plate and the product
is crispy as desired by the consumer. For this
purpose, both environmentally friendly and
flexible product enzymes are used in wafer
production to provide the desired texture and
viscosity (D. Manley, 2011; Jabalia et al., 2014;
Barrera et al., 2016; Ahmad et al., 2019; S. Ahmad
et al., 2022; Naderi, B. et al., 2023).

Wafer is a light, thin and crispy product obtained
by pouring the liquid dough between the heating
plates and baking it quickly. Although the term
wafer is used for the product group consisting of
plain wafers, hollow wafers, cones, wafer bars,
plain wafer sheets will be evaluated in this study.
In this study, Elvan Gida (Istanbul, Turkey) aimed
to determine the enzyme or enzyme combinations

that facilitate the workability of wafer dough
during the production process and provide
crunchy properties.

MATERIAL METHOD

Material

The wafer wheat flour used in the study was
purchased from Ulusoy Un Ticaret A.S., palm oil
from Cargill, Incorporated, soy lecithin from
Archer Daniels Midland Company, sodium
bicarbonate from Sisecam Soda Lukavac, natural
cocoa powder from Altinmarka Gida San. ve Tic.
A.S., edible salt from Med-Mar Tuz San. Tic. A.S.
The enzymes used in the study, their sources,
strengths and amounts used in the studies are
given in Table 1 according to their groups.

Table 1. Enzymes used in the study, their sources, potencies and amounts used in the studies

Usage amount Enzyme Enzyme source and power

300 ppm Protease 1 Bacterial protease, 9-11 u/g
Protease 2 Bacterial protease, 120 u/g
Protease 3 Fungal protease, 227 UHb/g
Protease 4 Bacterial protease, 1126 UHb/g

15 ppm Amylase 1 Fungal amylase, 378000 -462000 u/g
Amylase 2 Fungal gluco-amylase, 5400-6600 u/g
Amylase 3 Fungal alpha-amylase, 1728 AZ /g

125 ppm Hemicellulase 1 Fungal hemicellulase, bacterial hemicellulase, 1650 u/g
Hemicellulase 2 Fungal hemicellulase, 3420-4180 u/g
Hemicellulase 3 Fungal hemicellulase, 1650 u/g

80 ppm Xylanase 1 Microbial xylanase, 170000-230000 u/g
Xylanase 2 Bacterial xylanase, 568 XylH/¢g
Xylanase 3 Fungal xylanase, 1700 XylH/g

Method Protein content determination of wafer flour

Characterization of wafer flour

In order to analyze the effect of the wafer flour
used in the study, moisture content (%), protein
content (%), gluten index (%) and ash content (%o)
were determined.

Determination of moisture content

Moisture content determination of the wafer flour
used in the study was carried out with Precisa XM
60 moisture analyzer. The moisture content of

wafer flour was determined according to the
method 930.15 (AOAC, 2000).

Protein content determination of wafer flour was
carried out by Kjeldahl method with Buchi
KjelFlex K-360. Protein content was calculated
according to the following formula (AOAC
International, 2000).

[{(Viznsos x 14 x 2 x 0.1)/m}1000x100= %
Nitrogen content

% Nitrogen content x 6,25= Protein content (%0)

Total wet gluten, dry gluten and gluten index
The total wet gluten, dry gluten and gluten index
of wafer flour was determined according to the
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method  38-12.02 (AOAC, 2000). After
centrifugation, the amounts of weak gluten (a) in
the small chamber and strong gluten (b) in the
large chamber were weighed separately and noted.
Total wet gluten was dried for 4 min and weighed
(d). They was calculated according to the
following formula.

(a + b) x 10 = Total Wet Gluten (c)

(d) x 10 = Dry gluten

(b / ¢) x 100 = GI (Gluten Index)

Ash determination

The gluten index of wafer flour was determined
according to the method 942.05 (AOAC, 2000).
Considering the moisture content of the wafer
flour, the % ash content was determined
according to the formula given below. The studies
were carried out in two parallels.
%Ash (m/m) =
MO0)/M1)x100]x[100/(100-N)]

[(M2-

Preparation of wafer batter

The formulation of the wafer dough used in the
study is given in Table 2. According to the
formulation given in Table 2, salt and sodium
bicarbonate were homogenized in the specified
amount of water, then wafer wheat flour, palm oil,
soy lecithin and natural cocoa powder were added
and homogenized with a hand blender (Tefal Eco
Respect Powelix 600W, France) for 60 seconds.
Then, the determined amount of enzymes were
added to the wafer dough prepared separately for
each enzyme and mixed with a hand blender for
30 seconds.

Table 2. Formulation of the wafer dough used in

the study

Ingredient Concentration (%)
Water (g) 55.272
Wafer wheat flour (g) 42.517

Palm oil (g) 1.275

Soy lecithin (g) 0.425
Natural cocoa powder (g) 0.170
Sodium Bicarbonate (g) 0.170

Salt (g) 0.170

Total () 100

In order to examine the effect of the enzymes
supplied from the market on the wafer sheets, the
manufacturet's recommended doses were taken

into consideration for each enzyme group used in
the study.

From the wafer dough prepared with different
enzymes, 10 ml was drawn using an Ayset brand
injector and weighed. Afterwards, 10 ml of wafer
batters taken with the injector were cooked at
180°C for 150 seconds in a wafer plate cooker
(Ciftcioglu Makina, Turkiye) heated at 180°C for
30 minutes. After the baking was completed, the
wafers were cooled at room temperature for 15
minutes and weighed with a balance and the
weight loss due to baking was calculated.

Flow bebavior of wafer batter (s)

Although viscosity can vary over time, it is the
resistance of a substance to flow that indicates the
quality of a fluid (Abbas et al., 2010). In this study,
flow behavior measurements were carried out in
order to correlate the dough viscosity changed by
the effect of enzyme with the friability of wafer
sheets. The flow behavior of the wafer batters was
evaluated with the discharge times of the flow
container viscometer as suggested in Altinok, E.,
et al (2022). After the wafer batters prepared with
different enzymes were homogeneously prepared,
the flow time at 0 minute was measured and
recorded in seconds with a UVE DIN 8 mm
handle cup at 25 °C. At 30 minutes after the
dough was prepared, the flow times were
measured and recorded again with a UVE DIN 8
mm handled cup. The measurements were carried
out in three repetitions.

Characterization of the wafer sheets

In order to perform comparative characterization
of the wafer sheets prepared with different
enzymes, water activity, moisture content (%),
weight loss (%), color parameters, hardness and
sensory analysis were tested.

Water activity (aw)

In order to measure the water activity of wafer
sheets produced with different enzymes, the
samples were crushed into powder and filled up
to the specified place of the plastic sample
container of the water activity device. The sample
container was placed in the relevant compartment
in the device and the measurement was taken. The
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experiment was carried out in 2 parallels. If the
difference between the results of two parallel
samples was more than 0.05, the measurement
was repeated (AOAC International, 2000).

Determination of moisture content

In the study, the classical method was used to
determine the moisture content of wafers
produced with different enzymes. The study was
carried out in 2 parallels. The result was calculated
according to the following formula (AOAC
International, 2000).

%dry matter (m/m)= (M2-M0)/M1x100

MO: Weight of the glass petri dish

M1: Initial weight of the sample

M2: Weight of sample and glass petri dish after
incineration

Moisture content (%0)=100- % dry matter weight

Weight loss (o)

In order to measure the weight loss of the wafer
sheets, the injector was used as a dough depositor.
For this purpose, the injector was tared, 10 ml of
wafer dough was drawn into the injector, weighed
again with a precision balance and the value was
recorded. The dough in the injector was then
baked in the wafer machine and allowed to cool
for 15 minutes. The cooked wafer sheets were
weighed on a precision balance and the value was
recorded. The studies were carried out in 3
parallels for each sample. Weight loss was
determined by using the equation (1); (Berk et al.,
2017).

Weight loss (%) = 100 x (WO0- W1)/WO0 (1)

WO0: Weight of the water batter before baking
W1: Weight of the wafer sheet after baking

Color parameters

Color measurements of wafer sheets produced
with different enzyme combinations and without
enzyme were carried out with Konika Minolta
brand color measuring device. The measurements
were performed by touching the device directly to
the product surface in 3 parallels for each sample.
CIE L* (lightness), a* (redness) and b*
(yellowness) evaluation system was used to
determine the color parameters (Sahin and
Sumnu, 2000).

Hardness

The hardness of the wafer sheets was analyzed
with CT3 Texture Analyzer 30 minutes after
baking. For this purpose, the samples were placed
centered on the apparatus of the texturing device.
The TA40 probe (12 mm radius) was brought to
the closest point to the sample so as not to touch
the sample and the program was run. The results
were recorded as hardness values in grams and the
analyses were carried out in 3 parallels (AOAC
International, 2000).

Sensory analysis

Sensory analysis test was performed on wafer
sheets produced with and without different
enzyme combinations. The wafer sheet samples
numbered with three-digit random numbers were
evaluated by 10 trained panelists aged between 25
and 42 years who were Elvan Gida personnel.
Panelists evaluated the samples for general liking
using a 9-point hedonic test. Very much like=9,
Not at all like=1 (Resurreccion, 2008).

Statistical analysis

The experimental data obtained throughout the
study were evaluated by analysis of variance
(ANOVA) to detect the significant differences in
flour types and concentrations (p =0.05). If
significant difference was found, Tukey’s Test
with 95% confidence level was performed for
comparison. SPSS (Version 20, IBM, U.S.A.) was
used in order to determine the Pearson
correlation coefficients with 5% confidence level.

RESULT AND DISCUSSION

Characterization of wafer flour

In  the food industry, technological
recommendations for the quality of wafer
production start with the quality of flour
(Meleshkina E. P., 2016). In order to facilitate the
processability of wafers in the process and to
ensure homogeneous baking, wafers should be
made from low protein soft wheat flour with a
weak gluten structure (Naderi, B. et al., 2023). For
this reason, in order to evaluate the effect of the
wafer wheat flour used in the study on the results
of the study, moisture content (%), protein
content (%), gluten index (%) and ash content (%o)
analyzes were performed. According to the
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analysis, the moisture content of wafer wheat
flour was determined as 11.6%, protein content as
8.79%, gluten index as 92.6% and ash content as
0.51%.

E. P. Meleshkina et al. (2021) mentioned the
values of the quality criteria of flour in the study
of the application of the alveograph device in
order to improve the requirements for the quality
of flour for the production of wafer sheets. In the
study, it is stated that the moisture content should
not exceed 14.5%, while the wafer flour we used
in our study is suitable for wafer use with a
moisture content of 11.6%.

Although the nutritional quality of wheat protein
is lower than that of other cereals, wheat flour is
used as the primary source to form the desired
structure in wafer. Soft wheat flour, which is also
used in wafer flours, has more spreading
properties than hard wheat flour. This is due to
the low protein level, low water absorption and
fineness of soft wheat flour. In studies in the
literature, the protein content of soft wheat flour
was reported to be between 8-10%, which is
consistent with our study (Delcour et al., 2012).
In addition, while the wet gluten content of soft
wheat flour is reported to be between 23-24% in
the literature, the wet gluten content of the flour
we used in this study was 23.3%, which is in line
with this range (Meleshkina, E. P. et al., 2021).

When starch and water-soluble proteins are
washed out of the dough, most of the remaining
viscoelastic mass contains water-insoluble protein
fractions called gluten. These fractions are
essential for industrial quality. Gluten plays an
important role in determining the baking quality
of wheat by imparting water holding capacity,
stickiness, viscosity and elasticity (Oikonomou,
N. A. et al,, 2015). Gluten index is used to define
whether gluten quality is poor (<30%), normal
(=30-80%) or strong (>80%) (Cubadda, R. et al.,
1992). The wafer flour used in the study had
23.5% wet gluten, 8.6% dry gluten and 92.6%
gluten index, indicating that the flour had strong
gluten quality.

Ash is one of the main indicators of the quality
and utilization of wheat flour (Cardoso et al.,
2019; Carson et al., 2009). Flour with high ash
levels is generally characterized as less purified.
Therefore, it is a commonly used parameter for
determining flour purity and extraction rate
(Piironen, V. and Salmenkallio-Marttila, 2009).
According to Turkish Food Codex Wheat Flour
Communiqué, ash value is not required for special
purpose wheat flour. According to Elvan Food
quality criteria, the ash value in wafer wheat flour
should be maximum 0.6%. Therefore, the wafer
wheat flour used in the study complies with Elvan
Guda quality criteria.

Flow behavior of wafer batter

The viscosity of wafer dough varies depending on
the components of the product, particle size of
flour, water content and temperature (Xue, J. and
Ngadi, M., 2000). According to the literature, by
relating rheological results with hardness, it can be
said that the increase in the viscosity of the wafer
dough results in wafers with low hardness values
(Altinok, E. et al., 2022). Based on the flow time
of wafer batters, we can comment on the viscosity
of the batters. The length of the flow time
indicates the high water holding capacity and
viscosity. In the wafer samples in our study, it was
observed that high viscosity appeared with a
decrease in hardness values in line with the
literature.

The data on the flow times of the wafer doughs
with and without enzymes from the viscometer
container at 0 and 30 minutes after preparation
are given in Table 3. The viscosities of
commercial enzymes belonging to each enzyme
group were statistically significant (P<0.05). It
was observed that Protease 4 enzyme provided
significantly the lowest flow time at O and 30
minutes in wafer dough. This data is due to the
fact that proteases break down peptide bonds as
well as proline residues, which often occur in
gluten proteins, increasing the solubility of
proteins and decreasing viscosity. Compared to
the original protein, the use of protease enzyme
resulted in smaller peptides and fewer secondary
structures, so the control group had higher
viscosity values at 0 and 30 minutes compared to
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the wafer doughs containing protease enzyme

(Naderi, B. et al., 2023).

It was determined that none of the wafer doughs
containing amylase enzyme could provide a
decrease in flow time at the end of 30 minutes. In
the literature, it is seen that the addition of alpha-
amylase does not change the viscosity of the
dough or increases the final viscosity (Hung, P. V.
et al., 2007; Dogan, 1. S., 2002).

It was observed that the wafer dough containing
hemicellulase 2 enzyme provided significantly

lower flow time at 30 minutes than the wafer
dough containing other hemicellulase enzymes.
Among the wafer doughs containing xylanase
enzyme, it was observed that the wafer dough
containing Xylanase 2 enzyme provided a
significant decrease in the flow time from minute
0 to minute 30. As a control, it was obsetved that
the wafer dough without enzyme had a high flow
time compared to the wafer doughs containing
enzyme at 0 and 30 minutes and there was no
decrease in flow time after 30 minutes of waiting
tme.

Table 3. Flow behavior times of wafer doughs at 0 and 30

Enzyme 0. min flow time (s) 30. min flow time (s)
Protease 1 68+2b 61x1b
Protease 2 78+ 3a 58+3b
Protease 3 81+62 80*1a
Protease 4 28+ 1¢ 25+ 2¢
Amylase 1 95142 10114~
Amylase 2 70+5b 70+3b
Amylase 3 611£8k 61%3¢
Hemicellulase 1 139+3p 138+6P
Hemicellulase 2 52+06¢ 49+ 3¢
Hemicellulase 3 227+3a 225+62
Xylanase 1 100+5¢ 90x1b
Xylanase 2 140£9b 43%6¢
Xylanase 3 15814 220+5a

Significantly different at P<0.05 in the column for each enzyme group are lettered

Characterization of the wafer sheets

In order to examine the effect of enzymes on
wafer sheets, the data of the characterization
studies were examined. The data on the
characteristics of the wafer sheets consisting of 13
different enzymes and a control group are given
in Table 4. shows the aw, moisture content (%),
loss (%), weight loss (%), hardness (g) and color
parameter values of the wafer sheets containing
the enzymes. All enzymes except hemicellulase 3
and xylanase 3 increased the hardness value of
wafer sheets. Enzyme use increased weight loss.
According to color measurement results, Protease
4 and xylanase 2 darkened the product color
significantly.

Water activity (aw) and moisture content (%)
Protease enzymes break down proteins in the
wafer layer, releasing amino acids and peptides.
Amylase enzymes break down starch into simpler
sugars. Hemicellulases and xylanases break down
hemicellulose and xylan in plant material,
releasing small molecules. Protein, starch and
hemicelluloses, which are large molecules, retain
more moisture. Therefore, the breakdown of
these molecules can potentially release some
bound water, which can increase the overall
moisture content and water activity of the wafer
layer (Troller, 2012). Moisture content, one of the
most important factors of wafers, directly affects
the basic textural properties of the product
(Dogan, 2000).
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Table 4. The effect of enzymes on the characteristics of wafer sheets (Significantly different at P<0.05
in the column are lettered)

Enzyme

aw

Moisture
content (%)

Weight loss (%)

Color
parameters

Hardness (g)

Protease 1

Protease 2

Protease 3

Protease 4

Amylase 1

Amylase 2

Amylase 3

Hemicellulase 1

Hemicellulase 2

Hemicellulase 3

Xylanase 1

Xylanase 2

Xylanase 3

Control

0.178£0.001

0.164%0.002i

0.324£0.0044

0.217£0.004~

0.45310.0022

0.44910.0012

0.43210.001>

0.43210.003>

0.184%0.004

0.29710.005¢

0.18710.007

0.232£0.0028

0.39710.005¢

0.25£0.003f

2.51£0.001¢

2.66£0.0104

4.28%0.020°

2.26£0.060f

3.8310.040¢

4.41£0.010°

2.05%0.020s

5.16+0.0502

2.26£0.050f

1.51£0.040"

1.28£0.050!

0.6310.030i

5.17610.0062

3.87%0.050¢

60.55£0.0404¢

60.51£0.2204¢f

57.5210.040

61.31£0.035¢

59.55%0.070"

60.17£0.0658

59.53+0.110h

60.27£0.025%

64.0910.0602

59.53%0.045"

62.18%0.060P

60.6910.1254

60.3610.085¢fs

52.80%0.080i

68.08£0.030!
3.49£0.0204
25.67£0.0304
70.91£0.0104
1.23140.030%
18.37£0.020™
71.10£0.100<d
0.90%0.100¢
20.2110.020:
54.19£0.040!
9.70%0.2002
27.8610.020¢
70.2310.030f
1.64£0.040¢
20.000.030i
67.00£0.040i
4.87£0.020¢
28.47£0.060P
68.39£0.050h
2.8910.0304
24.77%0.050¢
72£0.020#
1.38£0.050¢f
18.6210.090!
70.91£0.0604
2.30+1004
23.00£0.020f
70.6310.040¢
1.24£0.020f
21.67£0.030"
69.11£0.040¢
2.5040.2004
22.4410.040s
66.53£0.030k
6.34£0.050°
29.67£0.030#
71.05%0.020¢
2.21%+0.0104
22.39+0.040s
71.7940.010P
1.11£0.020%
19.48+0.040%

681.710.500¢

725.2+0.105¢

674.8£0.200¢

926.7£0.4912

574.7£0.800h

524.66%0.509i

529.520.4001

492£0.750%

7031+0.4204

383.6610.480!

624£0.7308

772.7+0.200P

353.33+0.060™

327.5+0.0390~

Table 4 shows the water activity and moisture
content (%) values of enzyme added wafers.
Water activity and moisture content of wafer
sheets containing Protease 3, Amylase 2,
Hemicellulase 1, Xylanase 3 enzymes were
significantly higher than the control. Protease 1,

Protease 2, Protease 4, Hemicellulase 2, Xylanase
2 enzymes have significantly lower water activity
and moisture content (%) values compared to the
control.
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The critical water activity value for the glass
transiion of the product at 20°C is 0.591.
(Martinez-Navarrete et al., 2004). It is seen that
the critical water activity value for the glass
transition at which softening starts in all enzyme
groups and control wafer sheets is lower than the
critical water activity value. If the water activity
exceeds the critical value for the glass transition,
friability is lost (Tufan, 2018). One of the methods
used to reduce the water holding capacity of flour
is the addition of enzymes (Dogan, 2000).

Weight loss (%)

Data on the weight loss of the wafer doughs used
in the study are given in Table 4. When the results
were evaluated statistically, it was seen that the
control dough without enzyme had significantly
less weight loss with 52.80% compared to the
wafer doughs containing enzyme. At 0 and 30
minutes, the control dough, which had one of the
highest flow behavior time values, retained more
moisture than the enzyme-containing doughs,
resulting in less weight loss during baking. Wafer
sheets containing Hemicellulase 2, Xylanase 1,
Protease 4, Xylanase 2 enzymes had the highest
weight loss.

According to studies in the literature, the reason
for the higher weight loss in the enzyme-free
wafer sheets compared to the enzyme-containing
wafer sheets is thought to be due to the higher
gluten and protein content and lower viscosity of
the dough due to the absence of enzymes. While
the high water holding capacity of protein and
gluten prevents the removal of water from the
final product, the high viscosity prevents the
water from rising to the surface and mixing with
the atmosphere with pressure (Tufan et al., 2020;
Naderi, B. et al., 2023).

Color parameters

Maillard reactions due to amino acids and
reducing sugars affect the brownness of wafer
sheets prepared and cooked under the same
conditions. The color data of the wafer sheets are
given in Table 4. According to the table, the
lightness index (L*) of the doughs prepared by
adding enzyme was significantly lower than the
control, while the redness index (a*) was

significantly higher in the enzyme added groups
compared to the control. This is due to the fact
that protease enzyme increases amino acids, while
hemicellulase, xylanase and amylase enzymes
increase reducing sugars (Tufan et al, 2020;
Naderi, B. et al., 2023).

The redness value of the wafer sheet with the
highest lightness value, Hemicellulase 1 enzyme
added, was determined to be lower than the other
groups. The lightness value of the wafer sheets
with the highest redness value, the wafer sheet
with the addition of Protease 4 enzyme, was
determined to be lower than the other groups.
The lightness value of the control wafer sheet is
the highest value after the wafer sheet added with
Hemicellulase 1.

Hardness

Textural characteristics observed during biting or
chewing, such as crispness, are one of the critical
characteristics indicating the freshness of the
wafer and are affected by wafer formulation and
processing conditions (Altinok, E. et al., 2022).
The crispness felt during the consumption of the
wafer is characterized by the consumer as fresh
and pleasant due to the sound it makes (Carsanba,
et al., 2018).

When we look at Tables 3 and 4, it is seen that the
low flow behavior value is compatible with the
high hardness value. It is seen that the wafer
dough containing Protease 4 enzyme, which has
significantly the lowest flow behavior values, gives
the highest hardness value (P > 0.05). Wafer
doughs containing Xylanase 2, Protease 2,
Hemicellulase 2 enzymes, which had the highest
hardness value, showed similarly low flow
behavior (P > 0.05). It is seen that all enzymes
used in the study have significantly higher
hardness value and therefore friability compared
to the control wafer sheet because the enzymes
reduce the water holding capacity in the wafer
dough. Similarly, Altinok, E. et al. (2022)
observed that the decrease in flow behavior time
was observed with an increase in hardness value.
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Sensory analysis

In this study, panelists sensory evaluated wafer
sheets containing different enzymes. The data of
the panelists' evaluation in terms of general taste
are given in Figure 1.

According to the results of the sensory analysis
test performed by the panel, it was determined
that the samples containing Protease 4,
Hemicellulase 2 and Xylanase 2 enzymes were the

most liked wafer sheets on average. Panelists
stated that they considered crispness and brown
caramel color formation in their evaluations.
Similar to Aslam et al. (2014), it was observed that
higher hardness value caused higher crispness and
therefore more sensory appreciation. In addition,
according to the sensory analysis results, it was
determined that the most liked wafer sheets also
had a significantly high redness index.

Sensory properties of wafer samples
Control

Xylanase 3 7/\ Protease 1

Xylanase 1

Hemicellulase 3

Protease 2

NN

Amylase 3

Figure 1. Effect of commercial enzymes on sensory appreciation of wafer sheets

Characterization of Wafer Sheets Containing
Enzyme Combinations

Protease 4, Hemicellulase 2 and Xylanase 2
enzymes were selected to be used in combinations
in the next wafer sheet studies because they
significantly reduced the dough flow behavior
time at 30 minutes compared to 0 minutes, had
significantly lower aw and moisture content (%o)
compared to the control, had significantly higher
weight loss (%) compared to other enzymes, and
produced the most sensory pleasing wafer sheets
due to crispness and brown caramel color.

Data on the flow behavior times of wafer doughs

containing combined enzyme groups ate given in
Table 5. When the dough flow behaviors of the

groups were examined, it was seen that the group
containing only Xylanase 2+ Protease 4 enzyme
combination had a significantly lower flow time
of 47%1.5 seconds at 0 minute. At 30 minutes, the
doughs containing Hemicellulase 2+ Xylanase 2+
Protease 4 and Xylanase 2+ Protease 4 groups
had significantly similar lowest flow behavior time
with 11+1 and 132 seconds. Hemicellulase 2+
Xylanase 2+ Protease 4 and Xylanase 2+ Protease
4 groups were determined as the most
advantageous ones at the dough stage in the study
we conducted in order to find the most
advantageous enzyme group in terms of process
ease and speed in industrial wafer production.
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The data of the characterization studies of the
combinations are given in table 6. When the
hardness (g) values, which is an indicator of
friability, of the wafer sheets containing the
combinations with significantly similar weight
loss were examined, it was observed that the
Hemicellulase 2+ Xylanase 2 group was the

highest with 735.5+0.370 g, Hemicellulase 2+
Xylanase 2+ Protease 4 group had the second
highest value with 722.83+0.260 g, while
Hemicellulase 2+ Protease 4 and Xylanase 2+

Protease 4 groups had similarly the lowest values
with 715.66£0.290 and 714.5£0.250.

Table 5. Flow behavior times of wafer doughs containing combined enzyme groups at 0 and 30
minutes (Significantly different at P<0.05 in the columns are indicated by letters)

Enzyme combinations

0. min flow time (s) 30.min flow time (s)

Hemicellulase 2+ Xylanase 2
Hemicellulase 2+ Xylanase 2+ Protease 4
Hemicellulase 2+ Protease 4

Xylanase 2+ Protease 4

55+1a 23+1.5p
53+1.52 11+1e

53+2.52 30%+1.50
47+1.5b 13+2¢

Table 6. The effect of the selected enzyme combinations on the characterization of wafer sheets
(Significantly different at P<0.05 in the columns)

L Moisture Weight loss Color
Enzyme combinations — aw Hardness
content (%) (%) parameters
Hemicellulase 2+ 0.349£0.004*  5.01£0.2307 60.66£0.140*  68.00£0.500*  735.5£0.3702
Xylanase 2 1.79£0.0404
13.50%0.5204
Hemicellulase 2+ 0.258+0.007>  2.58%0.190¢ 60.86£0.050*  67.40£0.400*  722.83£0.260P
Xylanase 2+ Protease 4 3.11£0.030¢
19.78£0.170¢
Hemicellulase 2+ 0.203£0.003¢  3.66£0.120" 60.68%£0.410*  63.41+0.030>  715.66%0.290¢
Protease 4 5.09£0.050P
24.20£0.350P
Xylanase 2+ Protease 4~ 0.15520.0754  3.67£0.050P 60.8£0.8007 58.54+0.090¢  714.520.250¢
7.31£0.2002
26.81+0.3502

According to the analysis of color parameters,
which is one of the factors affecting sensory
evaluation, it was obsetrved that the wafer sheets
containing Hemicellulase 2+ Xylanase 2 and
Hemicellulase 2+ Xylanase 2+ Protease 4 groups
had the highest lightness index (L), while the
wafer sheets containing Xylanase 2+ Protease 4
group had the highest redness index (a). Images
of the wafer sheets containing the combined
enzyme groups and the control wafer sheets
without enzymes are given in Figure 2.

As determined in the color parameters analysis,
the wafer sheet containing Xylanase 2+ Protease
4 group, which has the highest redness index as
determined in the color parameters analysis, is

seen in an intense brown-caramel color in
accordance with the image. In the sensory analysis
test of the wafer sheets containing the combined
enzyme groups by a panel of 10 people, it was
observed that the wafer sheets containing the
Xylanase 2+ Protease 4 enzyme group were
significantly the most admired in the evaluation of
the panelists considering the crispness and brown
caramelized color.
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Figure 2. Images of wafer sheets containing combined enzymes and control group (a: Hemicellulase
2+ Xylanase 2, b: Hemicellulase 2+ Xylanase 2+ Protease 4, c: Hemicellulase

Sensory properties of wafer samples
Hemicellulase2+ Xylanase2

Hemicellulase2+

+
Xylanase2+ Protease4 < 6,4 ylanase2+ Protease 4

Hemicellulase2+ Protease4

Figure 3. Effect of enzyme combinations on sensory appreciation of wafer sheets
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CONCLUSION

In the wafer industry, enzymes are used in order
to make the depositor process easily and to save
time and cost. For this reason, commercial
protease, amylase, hemicellulase and xylanase
enzymes, which have the potential to be used in
the industry, were applied to wafer dough alone
and in combination in our study. Protease 4,
Hemicellulase 2, Xylanase 2 enzyme
combinations were selected to be tested as a result
of the characterization studies carried out in order
to determine the effect of the applied enzymes on
the processability, color, crispness and sensory
appeal of the wafer dough. Among the tried
enzyme combinations, 80 ppm Xylanase 2 + 300
ppm Protease 4 group was selected with the
sensory desired crispness and brown-caramel
color of the wafer sheet as well as the low flow
time of the dough containing the group. Xylanase
2+ Protease 4 enzyme group, which reduces
water holding capacity and viscosity by breaking
down xylan and protein in wheat, is promising for
use in industry.
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ABSTRACT

This study analyzed the total phenolic content (TPC), antioxidant, and antimicrobial activity of traditionally
produced Malatya cheeses made from cow's milk. Cheeses were ripened either in brine using plastic drums
or in dry salted polyethylene bags at 7 and 20°C for 120 days. Results showed that cheeses tipened in
polyethylene had higher TPC and antioxidant activity compared to those in plastic drums. The highest TPC
and antioxidant activity were found in water-soluble extracts from the dry salted samples ripened at 20°C
for 120 days, while the lowest were in cheeses ripened in brine at 7°C for just 2 days. The antimicrobial
activity was tested against two bacteria using an agar well diffusion technique, but no antimicrobial effects
were observed. Overall, the findings suggest that salting methods, ripening times, and temperatures
significantly influence the TPC and antioxidant activity of Malatya cheeses.

Key words: Packaging methods, storage temperatures, antioxidant activity, Malatya cheese

AMBALAJLAMA YONTEMLERI VE DEPOLAMA SICAKLIKLARININ
MALATYA PEYNIRININ ANTIOKSIDAN VE ANTIMIKROBIYAL
AKTIVITELERINE ETKISi

0z

Bu calisgmada inek sttinden geleneksel yontemle tretilen Malatya peynirlerinin toplam fenolik madde
icerigi (TFM), antioksidan ve antimikrobiyal aktivitesi analiz edilmistir. Peynir 6rnekleri plastik
bidonlar kullanilarak salamurada ya da kuru tuzlu polietilen posetlerde 7 ve 20°C'de 120 glin streyle
olgunlastirtlmistir.  Sonuglar, polietilende  olgunlastirilan  peynirlerin =~ plastik  bidonlarda
olgunlastirilanlara kiyasla daha yiiksek TPC ve antioksidan aktiviteye sahip oldugunu géstermistir. En
yiksek TFM ve antioksidan aktivite 20 °C'de 120 gun olgunlastirilan kuru tuzlanmis 6rneklerde
bulunurken, en dusiik aktivite ise 7 °C’de 2 giin salamurada olgunlastirilan peynitlerin suda ¢oziintr
ekstraktlarinda tespit edilmistir. Antimikrobiyal aktivite iki farklt mikroorganizma kullanilarak kuyu
diftizyon teknigi ile test edilmis, ancak herhangi bir etki gériilmemistir. Bu bulgular, tuzlama
yontemlerinin, olgunlagsma strelerinin ve sicakliklarinin Malatya peynitlerinin TFM ve antioksidan
aktivitesini 6nemli dlciide etkiledigini géstermektedir.

Anahtar kelimeler: Ambalajlama yontemleri, depolama sicakligl, antioksidan aktivite, Malatya
peyniri
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Antioxidant and antimicrobial activity of Malatya cheese

INTRODUCTION

Malatya cheese is a flat and disc-shaped cheese
with a semi-hard texture and a corrugated mass
surface due to the special structures of the
printing materials (Cakmakct, 2011). This cheese
is traditionally produced from sheep’s or cow’s
milk or a mixture of these (Hayaloglu and
Karabulut, 2008). Since pasteurization is not
applied in traditional production, warm milk is
directly fermented and processed into cheese
without adding starter culture to milk. However,
in recent years, dairy factories operating in
Malatya produce Malatya cheese using pasteurized
milk and starter culture. Malatya cheese is scalded
in water or in whey at 80-90 °C, regardless of
whether the milk used in production is
pasteurized milk or raw milk. The manufacturing
process of Malatya cheese is very similar to
Halloumi cheese and cheeses are evaluated in the
same category in terms of sensory. However, it is
inevitable that there will be some differences both
in production and the characteristics of the
product (Cakmake, 2011).

During scalding, some changes occur in the
microbiological,  biochemical and  physical
(texture and microstructure) properties of cheese.
It is stated that the scalding temperature affects
the cheese microflora and decreases in the total
number of microorganisms (Ozer et al., 2004).

There are several studies on Malatya cheese so far,
and in these studies, the evaluation of Malatya
cheese in terms of microbiological quality,
chemical properties, mineral content, antioxidant
activity, volatile compounds, ripening properties
and food safety has been discussed (Hayaloglu
and Brenchany, 2007; Hayaloglu et al., 2008;
Hayaloglu et al., 2010; Karatekin, 2014; Hayaloglu
et al., 2014; Yasar, 2021; Yasar et al., 2021; Kose
et al,, 2022; Yasar and Kose, 2022). Although
there are several studies on some properties of
Malatya cheese, there is a study on antioxidant
activity (Kose et al, 2022) and no study on
antimicrobial properties of Malatya cheese. In this
study, the effect of ripening times (2, 30, 60, 90,
and, 120 days), ripening temperatures (7 and 20
°C), and salting methods (brining and dry salting)
on the antioxidant and antimicrobial activity of

Malatya cheese produced by traditional method
were investigated.

MATERIALS AND METHODS

Production of Malatya cheeses

According to the cheese making procedure of
Hayaloglu et al. (2008), cheese production was
carried out in a cheese factory in Malatya. For the
production of traditional Malatya cheese, raw cow
milk was heated to approximately 32 °C and
commercially sold rennet added and
coagulation was carried out in approximately 45
minutes. After coagulation, the clot was cut into
1-2 cm?® and the serum was separated. After
removing at least 1/3 of the whey, approximately
1 kg of curd was taken into special cloths and
filtered on its own. Then, tightly connected
straining cloths were printed between special
printing plates (made by connecting reed rods)
and remained in the press for about 2 hours. After
pressing, the cheese masses were scalded in their
own whey at 85-90 °C for 3-5 minutes. After
being pressed again for a very short time after
scalding and providing the desired corrugated
structure, the molds were brought to room
temperature. Some of the obtained cheeses were
dry salted and stored in sterile polyethylene bags,
and some were stored in 12% (w/v) brine using
plastic containers for 120 days (+7 and +20 °C).
For each period, the cheeses were stored with
approximately 200g of cheese in each package

(Figure 1).

was

Preparation of water soluble extracts

The extracts was applied by modifying the
method given by Kuchroo and Fox (1982). In
order to prepate the extracts, 10 g cheese sample
was weighed and 20 ml of water was added and
homogenized with Ultra Turrax for 1 minute.
After the mixture was kept in a water bath at 40°C
for 1 hour, it was centrifuged at 10000 rpm for 20
minutes at 4°C. After centrifugation, the upper oil
layer was removed with a spatula and the liquid
part was filtered using filter paper (Whatman
No:1). TPC, antioxidant and antimicrobial activity
analyzes were performed by taking the obtained
filtrate.
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Figure 1. (a) %12 brined Malatya cheeses in plastic containers, (b) Dry salted Malatya cheese in
polyethylene bags, (c) Fresh Malatya cheese before packaging

Total phenolic compounds (TPC)

150 pL of sample and 3 mL of sodium carbonate
(2%) were placed in the test tubes, and after
approximately 2 minutes, 150 pL. of Folin-
Ciocalteu reagent diluted 1:1 with ultrapure water
was added to the tubes and mixed. This mixture
was then kept at room temperature in a dark place
for 45 minutes and readings were taken on a
spectrophotometer (UV Mini-1240, Shimadzu,
Japan) at 765 nm. Results were given as gallic acid
equivalent (GAE) (Yemis et al., 2008).

Antioxidant activity

DPPH test

100 pL. of water-soluble extracts obtained from
Malatya cheeses were placed in tubes, 2.4 mL of
the daily prepared DPPH solution was added and
mixed thoroughly. Following mixing, the test
tubes were incubated for 30 minutes in a dark
environment and readings were made on the
spectrophotometer at a wavelength of 520 nm.
The results were determined from the inhibition
of DPPH (%)=[1—(A/A0)]x100, where AO was
the absorbance of the control and A is the
absorbance of the mixture (Brand-Williams et al.,
1995).

TEAC test

In the study, firstly, ABTSe+ radical was formed
by reacting 7 mM ABTS*+ with 2.45 mM
potassium persulfate for 12-16 hours in the dark
at room temperature. The formed ABTSe+
radical was diluted with ethanol to give an
absotrbance of 0.700£0.05 at 734 nm, and 2.97
mL of this solution was taken and 30 uL of the

extract obtained from the samples was added.
After the mixture was kept at room temperature
for 6 minutes, the absorbance was measured at
734 nm and the results were expressed as mmol
TE/g (Kirca and Ozkan, 2007).

Antimicrobial activity

Antimicrobial activity of Malatya cheeses were
determined using two different microorganisms
(Escherichia coli ATCC 11303 and Staphylococcus
anrens ATCC 29213) with an agar well diffusion
technique (National Committee for Clinical
Laboratory Standard [NCCLS], 1999).

Firstly, a loopful of bacterial colonies from 18-24
hour fresh bacterial cultures were suspended in
sterile FTS and the density of the bacterial
suspensions was adjusted according to the 0.5 Mc
Farland standard. 100 pL of the adjusted bacterial
suspensions was taken and spread into Petri
dishes containing Mdueller-Hinton Agar (MHA,
Oxoid) using a drigalski loop. 100 uL of water-
soluble cheese extracts were added to the media
with 5 mm diameter wells at certain points. The
petri dishes prepared in this way were incubated
at 37°C for 24 hours and the inhibition zones
formed on the medium were measured with the
help of a digital caliper and evaluated in mm.
Studies were conducted in 3 parallels and standard
antibiotic discs (30pg tetracycline and 10ug
ampicillin) were used for comparison as positive
controls.
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Statistical analysis

SAS version 9.4 statistical program was used in
the analysis of the data obtained from the study.
General linear model (GLM) analysis was
performed to define the differences between the
means of the groups, and Duncan's multiple
comparison test was used to define the
differences between the groups. In addition, the t
test was used to compare two independent
groups.

RESULTS AND DISCUSSIONS

While the TPC values of cheese samples stored in
plastic packaging at 7°C ranged between 254.88
mg GAE/kg and 646.23 mg GAE/kg, the TPC
values of the samples stored at 20°C wete found
to vary between 265.72 mg GAE/kg and 661.78
mg GAE/kg. The TPC values of cheese samples
ripened in polyethylene packaging ranged from
424.05 mg GAE/kg to 695.11 mg GAE/kg at
7°C, and the TPC values of the samples tipened
at 20°C ranged between 473.36 mg GAE/kg and
755.11 mg GAE/kg.

As seen in Table 1, it is thought that the
compounds formed as a result of glycolysis,
lipolysis and proteolysis reactions due to ripening
during the preservation of cheeses stored at
different temperatures and packages cause an
increase in TPC concentration during storage. A
similar ~ situation has been reported by
Rashidinejad et al. (2015) and Kose and Ocak
(2020). Also, the TPC of the cheeses stored in
brine in plastic packaging at different
temperatures were lower than the TPC of the
cheeses stored in dry salted polyethylene
packaging. Hala et al. (2010) reported that salting
prevents the phenolic compounds from reacting
with the Folin-Ciocalteu reagent, making it
difficult to determine all of the phenolic
compounds and causing a low result. In addition,
salting activates the dissolution of Ca 2+ |
resulting in an increase in surface charge, volume,
and hydration in casein micelles. This situation
causes some phenolic compounds to interact with
water through hydrogen bonds and causes the

values of phenolic compounds to decrease. (Hala
et al., 2010).

Table 1. Changes in TPC values during ripening of Malatya cheese samples stored using different
packaging materials and different temperatures (mg GAE/kg)

Storage

Packaging type Temperature Storage time (Days)

o)

2 60 90 120

Plastic 7 254.8814.680  442.891556¢ 466.22+2.22C8 482.99+7.78B+  (646.23115.54

20 265.7210.508  457.34+2230  472.8912.22C 578.45%15568° 661.78£2.224
Polyethylene 7 424.05£0.05P*  614£5.56%  646.23+4.458+  (75.11+8.89%  (695.11£8.894«

20 437.3612.20PF 672.8914.45C8  684+2.22CF  712.84+6.728  755.11%6.674

% 8 The difference between the samples of the same package in the same period (P<0.05),
ABCDE Jetters indicate the difference between periods (P<0.05).

Canozer ve Kose (2022) determined that the TPC
ratio of traditionally produced Orgu cheese
samples ranged from 632.07 mg GAE/kg to
1091.36 mg GAE/kg, and the TPC rate of the
industrially produced Orgu cheese samples
ranged between 288.86 mg GAE/kg and 930.29
mg GAE/kg. Kara and Kose (2020) determined
that the TPC ratio of Herby cheese samples
ripened by the brine method ranged from 345.04
mg GAE/kg to 1117.26 mg GAE/kg, and the
TPC ratio of Herby cheese samples ripened by the
pressing method ranged from 639.11 mg

GAE/kg to 1030.96 mg GAE/kg. When the data
obtained in the study were compared with the
literature, it was determined that some wvalues
were low and some values were similar. It is
thought that this difference arises from the
storage conditions and maturity level of the
cheeses.

The DPPH inhibition rate of the Malatya cheeses
stored in plastic packaging at 7°C ranged from
5.44% to 11.01%, and the DPPH inhibition rate
of the samples stored at 20°C ranged between
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5.71% and 12.19%. Also, the DPPH inhibition
rate of the cheese samples stored in polyethylene
packaging ranged from 6.95% to 12.61% at 7°C,
and the DPPH inhibition rate of the samples
stored at 20°C ranged between 8.02% and
13.92%. Although free radical scavenging activity
was present in all samples throughout the ripening
period, it was relatively low and reached
maximum values of up to 13.92%. The weak

radical scavenging capacity may be attributed to
the inability of the present peptides to exhibit this
activity. In this regard, the donation of a proton
or electron is required for the scavenging of free
radicals, and if the structure of the amino acids
present in the peptide is not adequate, the
clearance of radicals will decrease (Ramos et al.,
2022).

Table 2. Changes in DPPH inhibition values during maturation of Malatya cheese samples stored using
different packaging materials and different temperatures (%o)

Packaging Storage .
Temperature Storage time (Days)
type (°C)
2 30 60 90 120

Plastic 7 5.44+0,00E 7.58+0.20P 8.4410.19¢ 9.35+0.208 11.01£0.354

20 5.71£0.01b8 6.59+0.63P 8.6910.14¢ 10.39+0.148 12.19£0.567
Polyethylene 7 6.95+0.055«  7.45+0.07P« 10.95+0.13¢ 11.79x0.198 12.61£0.14A

20 8.02+0.02P%  8.75+0.20D8 11.41£0.07¢ 12.8910.428 13.92+0.354

%8 The difference between the samples of the same package in the same period (P<0.05),
ABCDE Jetters indicate the difference between periods (P<0.05).

Canozer (2020) reported that the DPPH
inhibition rate of the traditionally produced Orgu
cheese samples ranged from 2.19% to 6.90%, and
the DPPH inhibition rate of the industrially Orgu
cheese samples ranged from 2.65% to 9.56%.
Kose and Ocak (2020) reported that the DPPH
inhibition rate of Herby cheeses ranged from
2.87% to 9.84%, and the DPPH inhibition rate of
Herby cheese samples matured in vacuum
packaging ranged from 2.87% to 11.76%. Kara
and Kose (2020) reported that the DPPH
inhibition rate of Herby cheese samples ripened
in brine ranged from 3.60% to 9.59%, and the
DPPH inhibition rate of Herby cheese samples

matured by pressing method ranged from 4.31%
to 13.05%. Erkaya and Sengtl (2015) determined
that the DPPH inhibition rate of the watet-
soluble white cheese extracts varied between
5.10% and 10.38%. When the data obtained in the
study was compared with the literature, it was
determined that some values were similar, some
were low, and some were high. It is thought that
this is due to the fact that the antioxidant potential
of cheeses varies depending on the type of milk,
starter cultures (Stobiecka et al., 2022), storage
time, treatment, and packaging type (Kose and
Ocak, 2020).

Table 3. Changes in TEAC values (mmol TE/g) during ripening of Malatya cheese samples stored
using different packaging materials and different temperatures.

Storage

Packaging type  Temperature Storage time (Days)

o)

2 60 90 120

Plastic 7 1.25+0.018= 1.72£0.08®  2.46%0.14¢ 3.11£0.038 4.0920.034«

20 1.3520.01F3 2.36+0.03>  3.07£0.05¢ 3.2510.048 4.48+0.0518
Polyethylene 7 1.51£0.01P 2.53+0.35¢  3.3240.27B  3.37+0.04B+  4.62%0.08A¢

20 1.63+0.05% 2.751£0.09®  3.39£0.04C¢  3.64£0.04B8  5.2410.0548

%8 The difference between the samples of the same packaging in the same period (P<0.05),
ABCDE Jetters indicate the difference between petiods (P<0.05).
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The TEAC ratio of Malatya cheeses stored in
plastic packaging at 7°C ranged between 1.25 and
4.09 mmol TE/g, and the TEAC ratio of the
samples stored at 20°C ranged between 1.35 and
4.48 mmol TE/g. The TEAC ratio of the Malatya
cheeses stored in polyethylene packaging at 7°C
ranged from 1.51 to 4.62 mmol TE/g, and the
TEAC ratio of the samples stored at 20°C ranged
between 1.63 and 5.24 mmol TE/g.

According to the obtained data, it was determined
that TEAC values increased with time. It is
thought that the increase in antioxidant activity in
cheese is due to the increase in water-soluble
peptide formation due to ripening. Similarly,
Gupta et al. (2009) detected that TEAC values
increased until the 4th month of storage. In
addition, TEAC values of cheese samples ripened
in polyethylene packaging were determined to be
higher than those ripened in plastic packaging.

The zone diameters of Tetracycline (30ug) and
Ampicillin - (10pg) against  Staphylococcus — anreus
ATCC 29213 were found as 38 and 29 mm,
respectively. The Ampicillin (10 pg) and
Tetracycline (30 pg) produced 21 and 19 mm
zone diameters against FEscherichia coli ATCC
11303, respectively. The water-soluble extracts of
traditionally produced Malatya cheeses did not
show any antimicrobial activity against S. aurens
ATCC 29213 and E. coli ATCC 11303.

CONCLUSIONS

The TPC and antioxidant activity of water-soluble
extracts of traditionally produced Malatya cheese
from raw cow's milk varied depending on the
salting methods, ripening temperatures and times.
Additionally, it was determined that the extracts
did not show any antimicrobial activity against the
tested bacteria.

TPC and antioxidant activity of Malatya cheeses
stored in plastic packaging in brine were lower
than the antioxidant activity of Malatya cheeses
stored in dry salted polyethylene packaging. Also,
TPC and antioxidant activity of Malatya cheeses
ripened at 20°C were higher than those ripened at
7°C. Based on these results, dry salting of cheeses
and ripened them in polyethylene packaging at 20

°C for 120 days can be recommended for Malatya
cheese with high antioxidant activity.

These findings shed light on the significant
impact of processing and storage conditions on
the bioactive properties of Malatya cheese.
Further research could investigate the undetlying
mechanisms governing the observed variations
and explore additional factors influencing the
antioxidant and antimicrobial characteristics of
this traditional cheese variety. Such insights can
inform strategies to optimize the production and
quality of Malatya cheese, improve its nutritional
and functional properties, and meet consumer
preferences and market demands.
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oz

Bu ¢aligmanin amaci Aydin ilinde geleneksel olarak tiretimi yapilan ve fazlaca tiketilen ¢orek otlu Cokelek
peynirinin fizikokimyasal 6zellikleri, ugucu bilesenleri ve yag asitleri profilini ortaya koymaktr. Bu amacla
Aydin ilinde bulunan pazatlar ve sarkiterilerden 40 peynir Ornegl toplanmustir. Fizikokimyasal
parametrelerden kuru madde, yag, protein, kiil, tuz, renk, pH ve titrasyon asitligi degerleri belirlenmistir.
Peynitlerin ugucu bilesenleri Gaz kromatografisi-kiitle spektrometrisi (GC-MS), yag asitleri ise Gaz
kromatografisi (GC) yontemiyle saptanmustir. Cokelek peynirlerinde 56 farkli ugucu bilesen tespit edilmistir.
Yag asitleri arasinda doymus yag asitlerinden palmitik asit, doymamus yag asitlerinden oleik asit en fazla
miktarda saptanmistir. Bu ¢alisma sonuglari, Aydin ilinde tretilen ¢érek otlu Cokelek peynirinin Cografi
Isaret tescilinin alinmast icin gerekli literatiire katki saglayacaktir. Corek otlu Cékelek peyniri igin Cografi
Isaret tescili tireticinin korunmast, peynirin tanmnirliginin ve pazarlama imkaninin artmasina sebep olarak
tiretildigi bolgeye ve tilkemize 6nemli ekonomik kazang saglayabilecektir.

Anahtar kelimeler: Cokelek peyniri, ¢orek otu, Aydin, ucucu bilesen, yag asitleri

GENERAL COMPOSITION, FATTY ACID AND VOLATILE COMPONENT
COMPOSITION OF COKELEK CHEESE WITH BLACK CUMIN SOLD IN
AYDIN PROVINCE

ABSTRACT

This study aims to reveal the physicochemical properties, volatile components, and fatty acid profile
of Cokelek cheese with black cumin. This cheese is traditionally produced and widely consumed in
Aydin province. For this purpose, 40 cheese samples were collected from markets and delicatessens
in Aydin. Dry matter, fat, protein, ash, salt, color, pH and titratable acidity values were determined.
Volatile components of cheeses were determined by Gas chromatography-mass spectrometry (GC-
MS), and fatty acids were determined by Gas chromatography (GC). A total of 56 different volatile
compounds were detected in Cokelek cheeses. Palmitic acid from saturated fatty acids, and oleic acid
from unsaturated fatty acids, were detected in the highest amount. These findings will contribute to
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the literature for obtaining Geographical Indication registration for Cokelek cheese with black cumin
in Aydin. This could bring significant economic benefits by protecting local producers and boosting
the cheese's recognition and marketing opportunities.

Keywords: Cokelek cheese, black cumin, Aydin, volatile component, fatty acids

GIRIS

Temel gidalarimizdan biti olan peynir, stit Grlinleri
igerisinde uzun raf 6émri, yiksek kaliteli protein
diizeyi, kalsiyum, vitamin ve minerallerce zengin
olmast sebebiyle 6nemli yer tutmaktadir. Peynir,
stt iriinleri icerisinde en fazla ¢esitlilige sahip olan
drindir (Cakmaket, 2011). Ginimiizde farklt
tretim ve olgunlastirma yontemleriyle ¢ok farkls
karakteristik Ozelliklere sahip peynitlerin tretimi
gerceklestirilmektedir (Karaalioglu vd., 2021).
Dinyada yaklagitk 4000 peynir ¢esidinin oldugu
bildirilmekle birlikte (Biatek vd., 2020) tlkemiz
peynir cesitliligi acisindan  6zellikle geleneksel
peynirler agisindan oldukea zengindir. Tirkiye’de
Beyaz peynir, Tulum peyniri, Kasar peyniri, Lor
ve Cokelek 6n planda olmak tzere toplamda
150’den fazla peynir c¢esidinin  bulundugu
belirtilmektedir (Cakmaket ve Salik, 2021). Beyaz
peynir ve Tulum peynirinden sonra en c¢ok
tiketilen peynitler Lor ve Cokelek peyniridir
(Berkay Karaca vd., 2020).

Cokelek ve Lor peynitleri genellikle aile
isletmelerinde geleneksel yontemlerle tretilmekte
ve Turkiye'nin kirsal kesimlerinde daha yiksek
yogunlukta tiketilmektedir (Kamber, 2008).
Cokelek peyniri, az yagh ve disik kalorili iyi bir
protein ve kalsiyum kaynagi olarak tiiketilen
peynitlerdendir (Onganer ve Kirbag, 2009; Kavaz
vd., 2012). Lor peynirinin aksine Cokelek peyniri
peynir altt suyu proteinleri yaninda kazeini de
icermektedir. Cokelek peyniri tlkemizin farkl
bolgelerinde  yaygin  sekilde tretilmekte ve
Eksimik, Kes, Akcakatik, Kesmik, Urda, Minci
gibi farkli isimlerle adlandirdmaktadir (Dervisoglu
vd., 2009; Kirdar, 2003). Cokelek peyniri siit,
yogurt, peynir altt suyu (Tatl, 2009) ayran ve
tereyagindan Uretilebilmektedir. Geleneksel olarak
yaytk  tereyagt Uretiminden ve yogurdun
sulandirilarak yayiklanmasi islemi sonrasinda elde
edilen yayik altina 1sidl islem uygulanarak
tretilmektedir (Karabulut vd., 2007; Sanhdere
Aloglu vd., 2012). Ege Bolgesinde Cokelek peyniri
geleneksel olarak ayranin 5 dakika kaynatilmasi,
sogutulmasi, stiziilmesi, %4-5 oraninda tuz ilavesi

ve tekrar 24 saat kadar stiztilmesi agamalart sonrast
elde edilmektedir (Karagozlu ve Tongug, 2020).
Aydin ilinde de Cokelek peyniri treticilerinden
alinan bilgilere gbre geleneksel yontemle ayranin
yaytklanmast sonucu yaytk alttna 1sil islem
uygulanmast yoluyla uretilmektedir. Isid islem
sonrast elde edilen pthtt  fazla  suyun
uzaklastirilmast amaciyla tas baskilar yardimiyla
stzllmekte ve stzllen pihtt tuzlanarak kiplere,
plastik bidonlara veya c¢uvallara doldurularak
yaklastk 1 ay olgunlastirildiktan sonra ¢orek otu
ilavesi yapilmakta ve satisa sunulmaktadir. Bazi
ureticiler ise artan talepten dolayt pihtiyt
stizdikten sonra tuz ve ¢érek otu (Nigella sativa L.)
ilavesi yapip Cokelegi hemen satisa sunduklarini
da belirtmektedir. Bolgede ¢6rek otu terimi yerine
karacaotu terimi de kullanilabilmekte ve peynir
karacaotlu Cokelek peyniri olarak da anilmaktadir.
Bu calismada Aydin’da dretilen ¢orek otlu
Cokelek peynitlerinin genel bilesiminin, ugucu
maddelerinin ve yag asitleri profilinin ortaya
konmasi amaclanmistir.

MATERYAL ve YONTEM

Materyal

Aydin ili merkez Efeler ilcesinde yer alan pazar ve
sarkiiterilerden 40 adet ¢6rek otlu Cokelek peyniri
toplanmistir.  Toplanan peynitlerin  aynt  gln
icerisinde fizikokimyasal analizleri yapilmistir.
Ugucu bilesen ve yag asitleri analizi icin 6rnekler
ekstrakte edilmis ve analiz yapilincaya kadar -18
°C’de muhafaza edilmistir.

Yoéntem

Fizikokimyasal analizler

Peynirlerde pH tayini dijital pH metre (Thermo
Scientific Orion Star 4, Waltham, Massachusetts,
ABD) kullanilarak Polychroniadou vd. (1999)
onerdigi yontemle belirlenmistir. Asitlik tayini
alkali titrasyon yontemi ile, toplam kuru madde
gravimetrik yontemle, yag tayini Gerber yontemi
ile, protein tayini mikro Kjeldahl yontemi ile
AOAC (2003)’te ayrintist verilen yOntemler
kullanilarak saptanmistir. Tuz tayini ise Mohr
titrasyon yoOntemine gbére Bradley vd. (1993)’te
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belirtildigi sekilde  yapilmustir. Cokelek
peynitlerinin renk parametreleri olan I, a ve &
degerleri renk analiz cihazinda (Hunter Lab, Color

Flex EZ serisi S/N CFEZ 1209, USA)
belitlenmistit.

Ugucu bilesenlerin tespit

Cokelek  peynirlerinin - ugucu  bilesenlerinin

ekstraksiyonunda, Kati Faz Mikro Ekstraksiyon
(SPME) yontemi kullanilmustir  (Stashenko ve
Martinez, 2007). Orneklerden 10 gram alinip 40
ml’lik amber viallere tartilip tizerine 1 gram NaCl
(6rnek miktarnin %10™u olacak miktarda) ve 10
pL internal standard (81 ppm, 2 metil 3-heptanon)
ilave edilmistir. Gaz kromatografisi sistemine
enjeksiyonundan 6nce vialler SPME ekstraksiyon
diizeneginde 40°C de 30 dakika ugucu bilesenlerin
dengelenmesi icin bekletilmis ve daha sonra
50/30 wum  Divinylbenzene/  Carboxen/
Polydimethylsiloxane (DVB/CAR/PDMS,
Agilent, USA) fiber tzerine ucucu bilegenlerin
adsorbsiyonu icin fiber ile 30 dakika bekletilerek
GC-MS’e  enjeksiyon  yapimistir.  Ugucu
bilesenlerin ayriminda, kiitle spektrometresinde
tanimlanmasi i¢in, Uzerinde kiitle spektrometresi
(mass spectrometer) ve alev iyonlasma dedekt6rii
(flame ionization dedector, FID) bulunan Agilent
marka  GC 7890A  (Agilent, USA) gaz
kromatografisi kullandmistr. SPME yoéntemi ile
fiber Uzerine adsorbe olan ucucu bilesenlerin
fiberden enjeksiyon bloguna desorpsiyonu,
manuel olarak splitless modunda yapilmis 250 °C’
de fiber 10 dk desorpsiyon i¢in tutulmustur. DB
Wax kolonda (122-7032, Agilent Technologies,
ABD; 30 mX0.25 mm i.d; 0.25 pm film kalinligy)
ayrilan ucucu bilesenler, GC5975 C MSD kiitle
spektrometresinde  30-300 m/z  araliginda
taranarak belirlenmigtir. Gaz kromatografisinde
kolon sicaklik programi; 40°C'de 5 dakika
bekletme, 10°Clik artisla  100°C’ye  1sitma,
20°C’lik artigla 200°C’ye 1sttma ve bu stcaklikta 10
dakika bekletme seklinde uygulanmustir. Ugucu
bilesenlerin tanimlanmasinda NIST/Flavournet
kiitiphanelerinde  (2009) tarama yapilmistr.
Ucucu  bilesenlerin ~ miktarlar,  6rneklerin
ekstraksiyonu sirasinda kullanilan i¢ (internal)
standart alanlart ve ucucu bilesenlerin gaz
kromatografisinde elde edilen alanlart kullanilarak
hesaplanmistr.

Yag asitler profilinin belirlenmesi

Yag asitleri (FA) profili, Bannon vd. (1982)
yontemine gbére FA metil esterleri (FAME)
olusturularak belirlenmistir. Ornekler (0.3-0.5 g),
115 °Cde 7 dakika boyunca 1.5 mL 0.5 N
metanollii NaOH ile karistirilmistir.
Sogutulduktan sonra 2 mlL boron trifloriir ilave
edilmis ve ayni sicaklikta 5 dakika daha 1sitilmustur.
Daha sonra test tiipleri sogutulmus ve 2 mL izo-
oktan ve 3 mL doymus NaCl c¢ozeltisi ilave
edilerek1 dakika stireyle karistirllmistir. Homojen
karisim 1000 rpm’de 1 dakika santriftijlenmis ve
stipernarant GC analizi i¢in amber siseye
aktarilmistir. FAME ekstraktlart GC analizine
kadar -20 °C’de dondutucuda saklanmustir.
FAME, alev iyonizasyon detektori ile donatilmis
ve bir kapiler HP-FFAP kolonu (JJ&W 19091F-
433, Agilent Technologies; 30 m X 0.25 mm i.d;
0.25 pm film kalinligy) ile donatdmis bir GC
(Agilent 7697A, Agilent Technologies, CA, ABD)
kullanilarak analiz edilmistir. Tastyict gaz olarak
azot kullanilmis ve akis hizt 3 ml./dk olarak
ayatlanmustr. Baglangic firin sicakligt 100 °Clye
ayarlanmis ve dakikada 10 °C artarak 240 °C’ye
ctkacak sekilde programlanmustir. Numune hacmi
2 ul, giris sicakhgr 225 °C ve split orani 100:1
olarak ayarlanmistir. Yag asitlerinin tanimlanmasi,
standart FAME karnisiminin  (Supelco FAME
karisimi, Sigma—Aldrich, Almanya) alikonma
streleri baz alinarak hesaplanmigtir.

SONUCLAR ve TARTISMA

Fizikokimyasal 6zellikler

Corek otlu Cokelek peynirlerinin kuru madde,
protein, yag, kil, tuz, pH ve laktik asit diizeyleri
belirlenmis ve sonuclar ortalama olarak Cizelge
1’de verilmistir. Cokelek peynirlerinin ortalama
kuru madde, protein, yag, kil, tuz degerleri
strastyla %045.84, %22.64, %5.50 %5.52, %4.72
olarak saptanmustir. Kavaz vd. (2012) siitten
urettikleri Cokelek peynirinin kuru madde, yag,
kil ve protein degerlerini sirasiyla %047.85,
%19.59, %4.78 ve %2.61 olarak saptamistir. Sanlt
ve Anli (2020) yogurt ve kefirin yayikalt1 suyundan
urettikleri Cokelek peynirinde kuru madde
degerinin %21.47-24.54, yag iceriklerinin %1.5-2,
kil degerlerinin %1.41-1.59, protein diizeylerinin
%19.55-21.22 araliginda degistigini bildirmistir.
Celem vd. (2018) Malatya marketlerinde taze
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olarak ve deride olgunlastirilmis sekilde satilan
Cokelek peynirlerinin kuru madde degerlerinin
sirastyla ortalama %23.9 ve % 34.1 oldugunu
bildirmistir. Cardak (2012) Aydin y6resinde
tretilmis Cokelek peynirlerinin kuru madde, yag,
protein, kil ve tuz degerlerinin ortalama sirasiyla
%060.83, %15.45, %25.95, %4.04 ve %2.90 olarak
saptamustir. Literatirde farklt sekillerde tretilen
Cokelek peynirlerinin kuru madde degerlerinin
oldukeca farkli dizeylerde oldugu goriilmustiir.
Arastirma  sonuglarimiz  Kavaz  vd. (2012)
sonuglariyla paralellik g&stermistir.

Calismamizda Cokelek peynitlerinin pH degerleri
4.38-6.32, titrasyon asitligi degerleri ise %00.18-
1.17 araliginda degismistir. Kavaz vd. (2012)
Cokelek peynirinin pH degerini 4.51, Cardak
(2012) pH ve titrasyon asitligi degerlerini sirasiyla,
2.96-535 ve %0.25-0.79 laktik asit araliginda,
Celem vd. (2018) Malatya’da satilan Cokeleklerde
pH ve titrasyon asitligi degerlerinin sirasiyla 3.8-
4.6, %0.4-0.9 araliginda degistigini bildirmistir.
Sanlidere Aloglu vd. (2012) bir Cokelek tiirii olan

Minci  peynirinde pH degerinin = 4.25-7.25
arahiginda  degistigini  belirtmistir. Peynirlerde

asitlik dizeyi hammaddenin bilesimi, kullanilan
starter kiltiir, Gretim yoéntemi, depolama kosullari
gibi pek cok faktore bagli olarak degisebilmektedir
(Fox vd., 1993).

Renk, lezzet ve dogallik gibi gida kalitesine katkida
bulunan bir parametredir ve tiketici secimlerini
etkilemektedir ~ (Tarakci vd., 2011). Renk
parametreleri olan I, # ve b degetleri ti¢ boyutlu
bir koordinat sisteminde belirtilmekte olup dikey
eksende L degeri patlakliktan (100) karanliga (0),
+a kirmizidan yesile (—a), +b ise saridan (+b)
maviye (—b) gecisi belirtmektedir (Akan vd.,
2021). CQalismamizda ¢6rek otlu  Cokelek
peynirlerinin renk parametresi olan L. degeri
42.65-48.09, a degeri -0.68-1.06 ve b degeri 8-
12.54 araliginda degismistir. L. degerlerinin
ambalaj materyali, peynire ilave edilen bitki ¢esidi
ve olgunlagma stiresinden etkilendigi
belirtilmektedir (Akan vd., 2021). Ayrica peynirin
olgunlasmasi sirecinde de lipolizin etkisiyle L
degerlerinin distigi bildirilmektedir (Sulejmani
ve Hayaloglu, 2016; Khosrowshahi vd., 2000).
Celem vd. (2018) Malatya bolgesinden temin

ettikleri taze ve deri tulumda olgunlagtirilan
Cokelek peynirlerinde ortalama I degerinin
89.73-93.93, a degerinin 2.67-3.09, b degerinin ise
5.19-7.89 araliginda oldugunu  bildirmistir.
Sanlidere Aloglu vd. (2012) bir Cokelek peynir
tiirih olan Minci peynirinin I, 2 ve b degerlerini
strastyla 92.92, 1.2 ve 11.25 olarak belitlemis ve
tretim sirasinda uygulanan s islemlere bagl
olarak Minci peynitlerinin renginin beyazdan

sartya  degistigini  bildirmistir.  Calismamizda
Cokelek  peynitlerinin - ¢érek  otu  igermesi
sebebiyle L degetlerinin = bazt  arastirma

sonugclarina gére daha dusiik oldugu séylenebilir.
Bunun yaninda bu  farkhiliklarin  dretim
yontemlerinden ve Ozellikle protein ve yag
iceriklerindeki ~ kompozisyon  farkhiliklarindan
kaynaklanmis olabilecegi bildirilmektedir (Celem
vd., 2018). Akan vd. (2021) ¢6rek otu ilaveli lor
peynirlerinin - L. degetlerinin = 42.69-45.44, a
degerlerinin 0.14-0.41, b degetlerinin ise 8.62-9.93
araliginda degistigini bildirmistir. Bu arastirmada
saptanan L ve & degerleri calisma sonuglarimizla
paralellik g6stermistir.

Ugucu bilesenler

(Corek otlu Cokelek peynirlerinin ugucu bilesenleri
GC-MS ile saptanmis ve sonuglar mg/kg
dizeyinde verilmistir (Cizelge 2). Peynir tretimi
ve olgunlastirilmasi asamasinda stt
bilesenlerinden protein, yag, laktoz ve sitrat
enzimatik, kimyasal ve mikrobiyolojik yolla
patcalanarak ve/veya transformasyona ugrayarak
aroma bilesenlerini olusturmaktadir (Avsar vd.,
2011). Sitte bulunan dogal enzimler, starter
mikroorganizmalar veya bu mikroorganizmalarin
lize olmast sonucu salgilanan enzimler spesifik
aroma ve lezzet bilesenlerinin olusumunda gérev
almaktadir (Avsar vd., 2011). Calismamizda
Cokelek peynirlerinde kimyasal yan gruplar baz
alindiginda 15 asit, 6 alkol, 21 ester, 6
hidrokarbon, 5 terpen ve 3 aromatik hidrokarbon
tespit edilmistir. 2-heptanon, benzen 1,3 dimetil,
benzoik asit, biitanoik asit, dekanoik asit etil ester
ve metil ester, D-limonen, dodekanoik asit peynir
orneklerinin buytk cogunlugunda saptanan ugucu
bilesenler olmustur. Cokelek peynirlerinde ester
ve asitlerin yogunlukta bulundugu gorilmistir.
Peynirlerde siit yaginin parcalanmasi, laktoz ve
sitrat metabolizmast sonucunda asidik karakterli
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ucucu bilesikler olusabilmektedir (Molimard ve
Spinnler, 1996). Asitler bunun yaninda metil
keton, ester ve terpenlerin 6ncll maddeleri

olabilmektedir (Collins vd., 2003; Curioni ve
Bosset, 2002).

Cizelge 1. Corekotlu Cokelek peynitlerinin fizikokimyasal 6zellikleri
Table 1. Physicochemical properties of Cokelek cheese with black cumin

Ortalama® Standart

Parametre Minimum deger Maksimum deger S
apma
Kuru madde (%) 33.71 57.52 45.841+4.43
Kl (%) 2.03 9.29 5.52%1.81
Kuru maddede kiil (%) 4.85 20.34 12.04+3.83
pH 4.38 6.32 5.16+0.43
Asitlik (% laktik asit) 0.18 1.17 0.80£0.32
Tuz (%) 1.87 7.72 4.72+1.23
Kuru maddede tuz(%) 6.20 16.90 10.39+2.90
Yag (%) 3 10 5.50£2.30
Kuru maddede yag (%) 0.40 22.05 11.68%5.50
Protein (%) 16.80 29.71 22.64%3.65
Kuru maddede protein (%) 35.16 71.83 51.02%11.46
L 42.65 48.69 45.08%1.64
a -0.68 1.06 0.40+0.43
b 8.00 12.54 10.16£1.26

Cokelek peynitlerinde ugucu maddeleri arasinda
en yitksek konsantrasyona ortalama 48.06 mg/kg
ile biitanoik asit sahip olmustur. Stt triinlerinde
saptanan en temel yag asidinin biitanoik asit
oldugu ve peynitlerde yiiksek konsantrasyonlarda
bulundugu bilinmektedir (Avsar vd., 2011;
Nalbant ve Karagtl Yiiceer, 2020; Karaalioglu vd.,
2021). Gun vd. (2019) farklh yontemlerle
trettikleri Cokelek peynirlerinin aroma bilesenleri
arasinda en yiiksek konsantrasyona bitirik asitin
sahip oldugunu belirlemistir.  Calismamizda
Cokelek peynirlerinde bitanoik asite ilaveten
oktanoik, n-hekzanoik ve n-hekzadekonoik asitte
diger asitlere gbére daha yiksek duzeyde
saptanmistir. Nalbant ve Karagiil Yiiceer (2020)
ve Karaalioglu vd. (2021) oktanoik asitinde bitirik
asitle beraber peynirlerde baskin oldugunu
bildirmistir.

Cokelek  peynirlerinde  ugucu  bilesenlerden
esterler sayica fazla bulunmugtur. Estetler
arasinda en ylksek konsantrasyona hekzonoik asit
etil ester ve oktanoik asit etil ester sahip olmustur.
Kisa zincirli yag asitlerinin esterlesmesi sonucu
olusan esterlerin algilama esik degerleri distik
oldugundan dolayt peynir aromast izerinde
oldukea etkili oldugu bildirilmektedir (Karaalioglu

vd., 2021). Estetler peynirde meyvemsi aromaya
sebep olmaktadirlar ve bazi keskin aroma
maddelerinin etkisini azaltabilmektedirler (Gallois
ve Langlois, 1990).

Alkollerden 1-butanol, 3-metilaseta, silanediol,
dimetil diger alkollerden yiksek duzeyde
saptanmistir.  Uzun (2022) farkll depolama
strelerinde inek ve deve peynirlerinde alkollerden
silanediol, dimetil, terpenlerden D-limonen ve p-
ksilen basta olmak tizere p-cymene, o-cymene ve
o-ksilen Cokelek peynitlerinde tespit edilmistir.
Arslaner (2020) sade yogurtta silanediol dimetil
saptamazken  sartmsak  ilaveli  yogurtlarda
saptamistir.

Terpenler diger aroma maddeleri gibi peynirde
enzimatik veya kimyasal yollarla ortaya cikan
bilesikler =~ olmayip  bitki  kaynakli  ucucu
maddelerdir (Avsar vd., 2011). Stat ve sit
urinlerinde terpenlerin olusumunun hayvanlarin
tikettikleri  yemler  ile  iligkili  oldugu
bildirilmektedir (Oztiirkoglu Budak vd., 2016).
Terpenler bitkisel ugucu maddeler oldugundan
calismamizda Cokelek peynirlerinde terpenlerin
peynirlerin uretildigi stit yaninda daha ¢ok ¢6rek
otu kaynakli oldugu dustntlmektedir. Kiralan
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(2014) ¢orek otu yaginda, Dinagaran vd. (2016)
corek otu tanesinde limonen, p-cymene, Farhan
vd. (2021) D-limonen ve p-cymene, Kabir vd.
(2020) Banglades ve Hindistan ¢6rek otlarinda p-
cymene, limonen, D-limonen terpenlerini
saptamustir. Burdock (2022) farkli lkelerde
yetisen ¢orek otlarinin yaglarinin temel bilesenleri
arasinda calismamizda da saptanan p-cymene ve
limoneni saptamistir. Bunlarin yant sira Uzun
(2022) galismamuiza benzer sekilde inek peynirinde
o-cymene, p-cymene ve p-ksilen tespit etmistir.
(okelek peynirlerinde keton sinifinda tespit edilen
2-heptanon ve 2-nonanon fermente  siit
urtinlerinde kremamsi, taze aromadan sorumlu
bilesenler olarak bilinmektedir (Beshkova vd.,
2003; Pionnier ve Hugelshofer, 20006). 2-
heptanon ve 2-nonanonun gesitli siit Griinlerinde
tespit edilmistir (Pionnier ve Hugelshofer, 2000;
Dan vd., 2017; Gurkan, 2019; Yilmaz Kisrak,
2021). Calismamizda saptanan ketonlardan 2-
undekanon ise mikrofiltrelenmis pastorize sttte
(Yue vd., 2015) ve bunun yaninda bazi ¢6rek otu
yaglarinda  saptanmustir  (Burdock,  2022).
Calismamizda Cokelek peynirlerinde
hidrokarbonlardan oksim-metoksi fenil (Oxime-,
methoxy-phenyl), ve stiren diger

hidrokarbonlardan daha yiksek diizeyde tespit
edilmistir. Bunun yaninda aromatik
hidrokarbonlardan benzen, 1,4-dikloro, benzen,
1,3-dimetil tespit edilmistir. Peynir 6rneklerinde
metil benzen, stiren ve 1,2 diklorobenzenin en sik
tespit edilen hidrokarbonlar oldugu
belirtilmektedir (Ozturkoglu Budak vd., 2016;
Kesenkas, 2005). Calismamizda da bu ugucu
maddelerden stiren tespit edilmistir. Yue vd.
(2015) pastorize siitlerde calismamiza benzer
sekilde benzen 1,3 dimetil, fenol ve stiten ucucu
bilesenlerini saptamistir. Bunun yaninda Cokelek
peynirlerinde saptanan 1,3,5,7-siklooktatran bir
diger adiyla annulune hidrokarbonunun bitki-
endofitik fungal tir (Gliocladinm sp.) tarafindan
uretildigi bildirilmistir (Stinson vd., 2003). Huang
vd. (2011) Candida intermedia C410 susu tarafindan
1,3,5,7-siklooktatran hidrokarbonun ag1ga
ctktugint - saptamustir.  Literatiirde  peynirlerde
1,3,5,7-siklooktatran tespitine yonelik calismaya
rastlanmamakla birlikte calismamizda Corek otlu
¢cokelek peynirlerinde saptanmistr.  Cokelek
peynitlerinin aroma bilesenlerinin
degerlendirildigi farkli bir ¢alismada ¢alismamizla
ortak olarak tespit edilen bilesenler sadece bitirik
ve hekzanoik asit olmustur (Gun vd., 2019).

Cizelge 2. Corekotlu Cokelek peynirlerinde saptanan ucucu bilesenler (n=40)
Table 2.V olatile compounds of Cikelek cheese with black cumin (n=40)

OttalamatStandart Sapma (mg/kg)/

Ucucu bilesen/ Volatile componnds Minimum Maximum Mean-Standard deviation (mg] k)
Asitler
Benzoik asit TE 19.45 2.09£4.83
2,5-Dihidroksibenzoik asit, 3TMS TE 0.66 0.31£0.20
Butanoik asit TE 490.3 48.06+128.56
Dodekanoik asit TE 33.85 2.54£7.19
Hekzanoik asit TE 48.19 6.69+12.12
Heptanoik asit TE 14.26 1.28%+3.46
n-Dekanoik asit TE 157.31 13.44138.20
n-Hekzadekanoik asit TE 131.09 17.01£38.83
Nonanoik asit TE 37.13 5.62£10.88
Oktanoik asit TE 330.27 17.48+61.92
9-Decenoik acid TE 13.46 2.3514.62
Palmitoleik asit TE 27.43 9.92115.17
Pentanoik asit TE 20.43 4.3717.89
Tradekanoik asit TE 29.2 9.21£12.19
Fosfonoasetik asit 3TMS TE 37.12 12.48%16.46
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Ketonlar
2-Heptanon TE 28.88 2.8616.87
2-Nonanon TE 15.51 5.48+6.94
2-Undekanon TE 7.5 1.4212.49
Alkolller
1-Oktanol TE 5.45 3.2612.38
1-Propanol, 3-(metilthio)- TE 35.28 9.01+17.51
1-Butanol, 3-metil-aseta TE 207.82 30.40£78.23
Benzil alkol TE 3.69 0.58+1.04
Feniletil alkol TE 160.4 15.15+37.87
Silanediol, dimetil TE 150.86 31.74£52.58
Esterler
Butanoik asit, 3-metilbutyl ester TE 22.11 2.6416.84
Butanoik asit, butyl ester TE 9.06 2.40%3.02
Butanoik asit, etil ester TE 104.62 8.52124.93
Asetik asit, 2-feniletil ester TE 111.37 13.30£32.86
Arsenous asit, tris(trimetilsilil) ester TE 26.11 4.28%8.33
Benzoik asit, etil ester TE 13.18 2.93%£5.13
Dekanoik asit, etil ester TE 366.36 19.24£74.27
Dekanoik asit, metil ester TE 48.8 2.7919.82
Dekanoik asit, propyl ester TE 8.08 1.09£2.45
Dodekanoik asit, metil ester TE 14.06 1.59+3.94
Etil 9-decenoat TE 52.12 4.05+13.33
Heptanoik asit, etil ester TE 11.34 2.16+4.15
Hekzadekanoik asit, etil ester TE 5.98 2.15%2.87
Hekzanoik asit, 2-metilpropil ester TE 9.56 5.224+4.65
Hekzanoik asit, etil ester TE 597.85 43.491134.06
Hekzanoik asit, metil ester TE 227.607 24.33+61.12
Hekzanoik asit, propil ester TE 10.29 2.37+3.52
Oktanoik asit, etil ester TE 687.71 34.66%+136.46
Oktanoik asit, metil ester TE 125.36 10.15£33.16
Tradekanoik asit, etil ester TE 23.41 6.97£9.73
Hidrokarbonlar
Oksim metoksi fenil TE 306.71 34.79185.31
Fenol TE 4.76 4.381+0.53
1,3,5,7-siklooktatran TE 16.79 3.38%6.50
Stiren TE 73.54 7.661+20.80
Terpenter
D-Limonen TE 158.08 13.444+34.71
p-Cymene TE 15.58 5.94+8.34
o-Cymene TE 38.02 8.52+14.56
o-ksilen TE 2.14 1.10+0.65
p-ksilen TE 118.72 19.68%39.16
Avromatik hidrokarbonlar
Benzene, 1,4-dikloro TE 50.42 7.18%£17.49
Benzene, 1,3-dimetil TE 18.91 3.52%6.06

TE: Tespit edilemedi/Not determined
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Yag asitleri profili

Cokelek peynitlerinin  yag asitlerinin  bilesimi
Cizelge 3’de verilmistir. Cokelek peynirlerinde
doymus yag asitleri (SFA) %65.82, doymamis yag
asitleri (UNSFA) %41.57 olarak saptanmistir. Siit
yaginin SFA's:t benzersiz bir sekilde 4 ila 24
karbon atomu arasinda degisen karbon zincir
uzunluguna sahip SFA'dan olusmaktadir (Parodi,
2004). En yiiksek dizeyde saptanan doymus yag
asitleri sirastyla palmitik (C16), miristik (C14),
lignoceric (C24) ve trikosanoik asittir (C23).
Doymamis yag asitlerinin = %29.32’ini  tekli
doymamus, %12.25'ini ¢oklu doymamis yag
asitleri olusturmustur. Tekli doymamus yag asitleri
(MUFA) arasinda %21.06 orantyla ilk sirada oleik
asit (C18:1n9¢c) yer almustir. Oleik asiti %06.13
orantyla elaidic asit (C18:1n9t) takip etmistir.

Cokelek peynirlerinde kisa zincirli yag asitlerinden
(KZYA) butirik ve kaproik asit, orta zincitli yag
asitlerinden kaprilik, kaprik, laurik ve miristik asit,
uzun zincirli yag asitlerinden pentadekanoik,
palmitik, arasidik, behenik, trikosaonik ve
lignoceric asit saptanmistir. Kisa zincirli yag
asitlerinin insan sagligi tzerine olumlu etkileri pek
¢ok calismada bildirilmekte ve KZYA’nin giinlitk
diyette yer almast Onerilmektedir (Hanu$ vd.,

2018). KZYA’larin = Ozellikle kolon — saghg:
acisindan  rolleri oldugu bilinmekle birlikte
antienflamatuar, antitumor, antimikrobiyal

etkilerinin bulundugu bildirilmektedir (Tan vd.,
2014).

Bu calismada ayrica bitkisel yaglar kaynakli
linoleik, linolenik ve eikosenoik asit saptanmistir.
Bu sonuglara dayanarak bu yag asitlerinin ¢orek
otu kaynakli oldugu séylenebilir. Akrom ve
Darmawan (2017), ¢b6rek otu yag kapstlinde
6nemli diizeyde palmitik, linoleik, eikosanoik
(arasidik) asit ve daha distk dizeyde eikosenik
saptamistir.

Cokelek peynitlerinde Omega-3 yag asitleri
(C18:3n3, C20:3n3+C20:4n6, C20:5n3) %4.,42,
omega-6 yag asitleri (C18:2n6, C18:2n6t, C20:3n06,
C20:3n3+C20:4n6) %4,52 ve omega-9 yag asitleri
(C18:1n9¢, C20:1n9, C22:1n9) %26.04 diizeyinde
beliflenmistit. n6/n3 orani 1.02, aterojenite
indeksi (AI) degeri 1.51 olarak saptanmustir

(Gizelge 3). Asirt miktarda n-6 ¢oklu doymamis
yag asitleri (PUFA) ve c¢ok yuksek bir n-6/n-3
orant, ginimizin Batt diyetlerinde oldugu gibi,
kardiyovaskiiler hastaliklar, kanser ve inflamatuar
ve otoimmiin dahil olmak tizere bircok hastaligin
patogenezini desteklerken artan n-3 PUFA
seviyeleri (dusuk bir n-6/n-3 orani) baskilayict
etkiler gbstermektedir (Wijendran ve Hayes, 2004;
Simopoulos, 2002, 2008; T6th vd., 2019; Paszczyk
ve Luczyn“ska, 2020).

Al, aterojenik asitlerle ilgilidir (C12:0, C14:0 ve
C16:0) (Karaman vd., 2022). Al tekli yag
asitlerinin insan sagligt Uzerindeki farkl etkilerini
ve 6zellikle aterom ve/veya trombts olusumu gibi
patojenik  fenomenlerin  insidansint  artirma
olasiligint hesaba katar. Al degeri, doymus yag
asitlerinin toplamt ile doymamis yag asitlerinin ana
siniflarinin toplami1 arasindaki iligkiyi
gostermektedir. Al ne kadar yiiksekse, aterojenik
diyet bilesenleri o kadar fazladir. Dusiik Al degeri,
stt ve sit triinlerinin koroner kalp hastaliklarina
karst koruma saglayabilecegini gOstermektedir
(Paszczyk ve Luczyn’ska, 2020). Cossignani vd.
(2014), taze peynirlerde Al degerini 2.7, yar1 sert
peynirlerde 2.4 olarak saptamistr. Paszczyk ve
Fuczyn’ska (2020), inek peynitlerinde Al degerini
1.63, ke¢i peynirinde 1.78 ve koyun peynirinde
2.85 oldugunu bildirmistir.

Calismamizda Cokelek peynirlerinde trans yag
asitlerinden C18:1 9 trans, C18:2 6 trans ve C18:2
9 trans saptanmustir. Literatiirde Cokelek
peynitlerinin = yag asitleri Uzerine yapilmis
aragtirma sayist sinirhidir. Simsek ve Sagdic (2010)
L. helveticus ve/veya yogurt bakterileriyle tretilen
Cokelek peynirlerinde SFA yiizdesinin depolama
stresince Ornege gore degismekle birlikte %58.89-
74.43 araliginda degistigini saptamislardir. Ayni
aragtirmactlar Grettikleri Cokelek peynirlerinde
uzun zincirli yag asitlerinden C20, C21, C22, C23
ve C24U tespit etmemislerdir. Yine aym
aragtirmactlar keci sitinden Cokelek peyniri
tretmisler ve yogurt kultirii iceren O6rnekte
calisma sonuglarimiza benzer sekilde doymus yag
asitlerinden palmitik asidin en yiksek duzeyde
bulundugunu bildirmislerdir (Simsek ve Sagdic,
2012).
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Cizelge 3. Corekotlu Cokelek peynirlerinde saptanan yag asitleri (n=40)
Table 3. Fatty acids of Cikelek cheese with black cumin (n=40)

Ortalama®Standart Sapma

T:ag as@l Minimum Maximum (mg/kg)/ MeantStandard deviation
atty acid
(m3/ k)
C4: Butirik asit 0.20 4.03 1.95%0.61
Co: Kaproik asit 0.14 2.70 1.40£0.47
C8: Kaprilik asit 0.27 8.61 3.66£1.64
C10: Kaprik asit 0.08 0.66 0.33%0.09
C12: Laurik asit 0.23 10.75 3.17+1.58
C13: Tridekanoik asit 0.07 3.673 0.67£1.26
C14: Miristik asit 1.78 15.33 9.31+2.78
C14:1: Miristioleik asit 0.14 4.23 0.96%0.87
C15: Pentedekanoik asit 0.26 1.44 0.9210.26
C15.1: cis-10-Pentadekenoik asit 0.13 0.70 0.30%+0.09
C16: Palmitik asit 1.85 35.34 22.21+9.98
C16.1: Palmitoleik asit 0.09 26.05 2.02£6.64
C18:1n9t: Elaidic asit 0.39 16.25 6.13£5.93
C18:1n9¢: Oleik asit 1.03 33.100 21.06£8.96
C18:2n6t: Linolelaidic asit 1.37 19.15 3.4713.61
C18:2n9t: Metil elaidate 1.01 14.77 3.661+3.81
C18:2n6: Linoleik asit 0.02 5.23 0.77£1.13
C18:3n6: y-Linolenik asit 0.34 2.19 0.81%0.69
C20: Aragidik asit 0.25 3.00 0.83£1.07
C18:3n3: a-Linolenik asit 0.67 2.48 1.45£0.50
C20:1n9: Eikosenoik asit 1.41 291 2.07+0.76
C21: Heneikosanoik asit 0.11 1.49 0.45%0.52
C22:2n6: Docosadienoic 0.06 0.20 0.10%0.03
C20:3n6: Homo- y-Linolenik 0.05 0.39 0.19%0.08
C22: Behenik asit 0.11 0.26 0.18%0.04
C20:3n3+C20:4n6 0.07 0.10 0.09%0.01
C22:1n9: Erucic 0.10 13.73 2.91£5.11
C23: Trikosanoik asit 0.10 26.82 6.181+4.26
C20:5n3: EPA 0.13 7.42 2.88+3.54
C22:2n6: Docosadienoic 0.097 5.12 2.59+2.76
C24: Lignoceric asit 1.33 37.13 8.431+06.34
Doymus yag asitleri (SFA) 7.17 167.48 65.82£8.51
Doymamis yag asitleri (UNSFA) 5.65 122.80 41.57+5.77
Tekli doymamus yag asitleri (MUFA) 2.90 80.72 29.32+10.00
Coklu doymamis yag asitleri (PUFA) 2.75 42.08 12.25%£1.29
Omega-3 yag asitleri 0.87 10.00 4.42+1.39
Omega-6 yag asitleri 1.51 24.87 4.52+1.58
Omega-9 yag asitleri 2.54 49.74 26.04£10.72
n6/n3 1.74 2.49 1.02
Aterojenite indeksi 0.87 1.63 1.51
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SONUC

Ulkemizin farklt yorelerinde iiretilen Cokelek
peyniri yliksek kuru maddesi ve protein diizeyiyle
geleneksel peynir cesitlerimiz arasinda 6nemli bir
yere sahiptir. Beyaz peynir, Tulum peyniri ve
Kasar peyniri gibi peynirlerden daha ucuz olmast
sebebiyle de tercih edilebilmektedir. Aydin ilinde
de Cokelek peyniri ¢orek otu ilavesiyle geleneksel
olarak tretilmekte ve bélge halki tarafindan yaygin
bir sekilde tiketilmektedir. Bu anlamda
dustnildiginde daha c¢ok geleneksel olarak
uretilen ¢orek  otlu  Cokelek  peynirinin
taninirhiginin daha fazla artmasi ve daha fazla
ekonomik gelir saglanabilmesi icin endistriyel
boyutta tretiminin de yayginlagsmasi
gerekmektedir.  Bu c¢alismada Aydin ilinde
gelencksel bicimde uretilen ¢6rek otlu Cokelek
peynirinin genel bilesimi, ugucu maddeleri ve yag
asitleri ortaya konmustur. Yag asitlerinden biitirik,
kaprolik ve kaprik asit, ucucu bilesenlerden de 2-
heptanon, benzen 1,3 dimetil, benzoik asit,
butanoik asit, dekanoik asit etil ester ve metil
ester, D-limonen, dodekanoik asit peynir
orneklerinin biiyiikk cogunlugunda saptanan ugucu
bilesenler olmustur. Bazi ucucu bilesenlerin daha
az sayida peynirde saptandigt g6rilmistiir.
Calisma sonuglarina dayanarak yoresel Uretim
teknigi korunarak standardize edilecek ¢orek otlu
Cokelek peyniri igin cografi isaret alinmasinin,
Ureticinin korunmasi, peynirin taninirhiginin ve
pazarlama imkanlarinin  artmasiyla  birlikte
uretildigi bolgeye ve tlkemize 6nemli ekonomik

kazang saglama potansiyeline sahip olacag
dusunilmektedit.
CIKAR CATISMASI

Yazarlar baska kisiler veya kurumlar ile ctkar
catismast bulunmadigini bildirmektedir.

YAZARILIARIN KATKISI
Tum yazarlar makalenin hazirlanmasi, yazimi ve
yaymnlanmasina katkida bulunmuglardir
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o0z

Bu calisma, Tenebrio molitor larvalarmin elma kabuklarim degerlendirme potansiyeli ve larval fermantasyonun
elma kabugunda bulunan fenolik maddeler, larvalarin gelisme potansiyelleri ve fizikokimyasal 6zellikleri
tzerindeki etkilerini arastirmayt amaclamistir. Misir unu ve elma kabugu farkll oranlarda (1:1, 1:2, 1:4)
karstirilmis ve fermantasyon 12 glin boyunca gerceklestirilmistir. 1:1 oramindaki besiyerinde (EMB) 6nemli
degisiklikler gézlenmis ve larva agitligt, kontrol (%58.6) ile karsilastirildiginda %062.2 oraninda artis
gostermistir. 12. glin sonunda larvalarin kil, protein ve karbohidrat iceriklerinde artis, ancak yag iceriginde
azalma gortlmustiir. EMB besiyerinin fenolik icerigi ve antioksidan aktiviteleti baslangic degetlerine kiyasla
6nemli Sl¢tide artarak 8. glinde maksimum seviyesine ulagmustir. EMB besiyerinde dort farkl kuersetin tiirevi
tespit edilmistir: Kuersetin-3-rutinozit, kuersetin-3-O-glukozit, kuersetin-3-O-galaktozit ve kuersitrin. 8 glin
sonra, kuersitrin ve kuersetin-3-O-glukozit miktarlar baslangic degerlerine kiyasla énemli Sl¢tide artmustir.
Bu bulgular, T. molitor larvalarimin gida atiklarim fenolik salinim veya déniisim yoluyla degetli fonksiyonel
gida bilesenlerine donustiirebilecegini gdstermektedir.

Anahtar kelimeler: Tenebrio molitor, elma kabugu, fenolik madde, larval fermantasyon

PHYSICOCHEMICAL PROPERTIES OF TENEBRIO MOLITORILARVAE
FEEDING ON APPLE PEEL AND THE EFFECT OF LARVAL
FERMENTATION ON THE PHENOLIC PROFILE OF APPLE PEEL

ABSTRACT

This study explores the potential of Tenebrio molitor larvae to valorize apple peels and assesses larval
fermentation’s impact on phenolics, growth potential and physicochemical properties of the larvae.
Corn flour and apple peel were mixed in different ratios (1:1, 1:2, 1:4), and fermentation was
conducted for 12 days. Significant changes occurred in the 1:1 ratio (EMB); larval weight increased
by 62.2% compared to 58.6% in the control. After 12 days, the larvae showed increased ash, protein

* Sorumlu yazar/ Corresponding author
D4 zehragulsunoglu@aydin.edu.tr (+90) 505 823 0395

Zehra Gllstinoglu Konuskan; ORCID no: 0000-0001-6497-1912

981


mailto:zehragulsunoglu@aydin.edu.tr

982

S. Demirbas Yildiz, Z. Gllsiinoglu Konuskan

and carbohydrate contents, but reduced fat content. The phenolic content and antioxidant activities
of the EMB medium significantly increased compared to the initial values, reaching their maximum
level on day 8. Four quercetin derivatives were detected: quercetin-3-rutinoside, quercetin-3-O-
glucoside, quercetin-3-O-galactoside and quercitrin. After 8 days, the amounts of quercitrin and
quercetin-3-O-glucoside increased significantly. These findings suggest that T. mo/itor larvae can
convert food waste into valuable functional food ingredients through phenolic release or conversion.
Keywords: Tenebrio molitor, apple peel, phenolic compounds, larval reating

GIRIS
Entomofaji olarak adlandirilan boceklerin insanlar
tarafindan  tlketilmesi Asya, Afrika, Latin

Amerika gibi bircok boélgede gériilmektedir. Son
yillarda, Birlesmis Milletler Gida ve Tarim Orgiiti
(FAO) tarafindan bazt béceklerin - gelencksel
hayvanciliga strdirilebilir bir alternatif olarak

giivenle  tiiketilebileceginin  bildirilmesi  ile
yenilebilir  bdceklerin  insan  gidast  olarak
kullanilmasi ~ konusu arastirmacilarin  ilgisini

cekmektedir. Béceklerin yitksek kaliteli proteinler,
coklu doymamis yag asitleri, lifler ve bazt mikro
besinler agisindan zengin olmasmnin yam sira
yemden yararlanma oranlarnin yitksek olmast,
ckolojik ayak izinin disitk olmast ve hayvancilik
tretimine kiyasla topraga daha az bagimli olmalart
sebebiyle 6nemli bir kaynak konumundadirlar (Li
vd,, 2013; Lawal vd., 2021). Tum dinyada
1500'den fazla yenilebilir bécek tird, yiksek
protein icerikleri sebebiyle, butin halde veya
béeek unu seklinde gida triinlerine dahil edilerek
tiketilmektedir (Navarro del Hierro vd., 2020).

Un kurdu olarak da bilinen Tenebrio molitor, yiksek
protein igerigi, dengeli aminoasit profili, verimli
yem doniisim orani, diisik sera gazi emisyonu,
dustik su titketimi ve az arazi kullanimi nedeniyle
bécek yetistiriciligi icin uygun bir adaydir (Liu vd.,
2020). T. molitor larvalart bugday kepegi tizerinde
yetisebilir; ancak, hayatta kalma oranlari, gelisme
sureleri, larva agithigy ve kimyasal kompozisyonu
uygulanan diyet seklinden etkilenebilir. Muz
kabuklari, karpuz kabuklari, yumurta kabuklari,
kiispeler (6rnegin, keten tohumu, chia tohumu,
kenevir tohumu ve kolza tohumuy), zeytin posasi,
havu¢ posasi, patates kabuklari, bira mayast,
ekmek ve kurabiye kirintilart gibi cesitli organik
atiklar larvalarin besin bilesimini degistirmek,
larva agirligini ve hayatta kalma oranini arttirmak,
gelisme slresini azaltmak ve tretim maliyetlerini

dustrerek bocekleri daha ekonomik hale getirmek
icin  arastirmacilar  tarafindan  incelenmistir
(Ooninex vd., 2015; Tang vd., 2018; Ruschioni
vd., 2020; Lawal vd., 2021; Rovai vd., 2021).
Ayrica, literatirde, T.  molitor larvalarinin
antioksidan &zelliklerini, fenolik profilini ve
uygulanan  diyet  bilesenlerinde ~ mevcut
fenoliklerin I molifor larvalart tarafindan ne
kadarinin  depolandigin1  inceleyen calismalar
bulunmaktadir (Liu vd., 2020; Navarro del Hierro
vd., 2020; Antonopoulou vd., 2022; Gulsunoglu-
Konuskan ve Dag, 2024). Ancak, bu calismalar
disinda, T. molitor larvalarinin fenolik bilesenlerin
biyodéniisimiine olan etkilerinin incelenmesi
konusunda literatlrde yeterli calisma
bulunmamaktadir. Bu  calisma ile  elma
kabuklarinin T. molitor larvalart tarafindan besin
olarak kullanilmast ile larval sindirim enzimlerinin
ve larva mikrobiyotasinin etkisi ile elma
kabuklarinin ~ fenolik  profilinde  meydana
gelebilecek degisimler incelenerek literatiire katkt
saglanmasi amaglanmistir.

Elma tiim diinyada yaygin olarak tiketilen meyve
tirlerinden biridir. FAO 2022 yili verilerine gore,
tim diinyada yillik elma Gretimi yaklastk 143.5
milyon ton olup, en iyi bes retici iilke ise sirastyla
Cin, Turkiye, Amerika, Polonya ve Hindistan’dir
(FAOSTAT, 2024). Elma endistriyel olarak
cogunlukla regel, meyve suyu ve jéle Uretimi igin
kullamilir. Elmanin kabugu ve posast da dahil
olmak Uzere meydana cikan atiklar, orijinal
meyvenin yaklastk %30'unu olusturur ve bu
attklarin ciddi cevre kirliligine neden olmasi,
yiksek oranda biyolojik olarak pargalanabilir
olmast sebebiyle bertaraf edilmesi gereklidir. Bu
attklarin hayvan yemi olarak kullanilmast veya
direk olarak cevreye atilmasi yerine, yliksek katma
degerli Urtinlere déntstirilmesi hem ekonomik
hem de ekolojik olarak fayda saglayacaktir. Elma
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atiklarinin enzim, protein, organik asitler, etanol,
aroma bilesikleri, dogal antioksidanlar ve pektin
gibi yiksek degerli bilesiklerin  Uretiminde
kullanilabilecegi yapilan calismalarda
gosterilmistir (Gullon vd., 2008; Dhillon vd.,
2012; Madrera vd., 2015; Hernindez-Carranza
vd., 20106). Ayrica, elma posast ve kabugu fenolik
bilesik kaynagi olarak da kullamilabilir. Elma, et
kisminda  baglica  5-O-kafeoilkuinik  asit,
prosiyanidin B2 ve (-)-epikatesin olmak tzere
bircok  biyoaktif fenolik bilesik igerirken,
kabugunda ise (-)-epikatesin ve kuersetin
glikozitleri baskindir (Marks vd., 2007).

Bu ¢alismada, T. molitor larvalarinin elma kabugu
le zenginlestirilmis besiyerinde beslenmesi ile
larval agirlik, canlilk orani  ve kimyasal
kompozisyonunda meydana gelen degisim
incelenmis; ayrica, 1. molitor larvalart ile fermente
edilen elma kabugunun fenolik bilesenlerinde

meydana gelen degisimin arastirilmasi
hedeflenmistir.

MATERYAL VE YONTEM

Materyal

T. molitor larvalart (3. evre) Mira Canhi Hayvan ve
Bécek Turizm Insaat Tarim Sanayi Co. (Antalya,
Turkiye)’dan sattn alinmustir. Elma  (Starking
cesidi) ve misir unu Istanbul’da bulunan yerel bir
marketten temin edilmistir. Kimyasal analizlerde
kullanilan kimyasallar analitik saflikta, HPLC ve
UPLC-ESI-QqQ-MS/MS analizleri icin
kullanilan kimyasallar ise ultra saf olup Merck Tlac
Ecza ve Kimya Tic. A.S.’den temin edilmistir.

Auklarin Hazirlanmasi

Elmalar 6ncelikle yikanmis, daha sonra meyve
soyacagl kullanilarak soyulmustur. Soyulan elma
kabuklari -20 °C’de dondurulmus ve liyofilizatér
kullanilarak ~ kurutulmustur.  Liyofilizatérde
(Teknosem, Istanbul, Tiirkiye) kurutma, 24 saat
stire ile 0.001 mBar basing altinda -55°C’de
gerceklestirilmistir. Kurutulan elma kabuklari,
daha sonra paslanmaz celik 6gitict (IKA,
Wilmington, North Carolina, ABD) kullanilarak
toz haline getirilmis ve larval fermantasyonda
kullanilmak tizere -20 °C’de depolanmistir.

Besiyerlerinin Hazirlanmasi

Bu caligmada referans ve 3 deneme grubu olmak
tzere toplam 4 farkll  besiyeri modeli
olusturulmugtur. Her bir model i¢in toplam 25 g
musir unu ve elma kabugu karisimi farkli oranlarda
(1:1, 1:2 ve 1:4) kanstnlarak kavanozlara
aktarilmis ve kavanozlar hava akimina izin verecek
delikli kapaklarla kapatilmistir. Besiyerinin nem
icerigi yaklastk %40 olacak sekilde ayarlanmis ve
ylzey kurumasinin engellenmesi icin inkiibatore
ici su dolu bir beher yerlestirilmistir. Referans
Ornegi olarak ise 25 g musir unu kullanilmugtir.

Larval Fermantasyon

Hazirlanan kavanozlarin her birine 50 adet T.
molitor larvast ilave edilmis ve 30 °Cde
inkiibasyona birakilmistir. Her farkli besiyeri icin
toplamda 12 kavanoz hazirlanmistir. Larval
fermantasyonun 0., 4., 8. ve 12. gininde
kavanozlar inkibasyondan alinmis ve larvalar
toplanarak olast kalintilardan anndirmak igin
yikanmis ve kagit havlu ile kurutulmustur. Tk
olarak, larvalarin canlilik sayisi, agirlik kazanimi ve
hacim degetleri belirlenmis, daha sonra hem
larvalar hem de larval fermantasyon sonrast
besiyerleri ilerleyen analizlerde kullanilmak tizere -
20 °C’de depolanmistur.

Larvalarin Agirhik Kazanimi, Canlilik Sayisi
ve Hacim Degerleri

Larval  fermantasyon  sonrast  kavanozlar
inklbasyondan alinmis ve het kavanozdaki larva
canlilik sayisi belitflenmis ve agithk kazanimlar
hassas terazi kullanilarak Ol¢tilmustiir. Baslangic
larva sayisi ve agirligina gore, canliik sayist
(Formil 1) ve agirlk kazanimi (Formil 2)
asagidaki formiiller kullanilarak hesaplanmistir.

Canhilik sayist (%) 1
Inkiibasyon sonrasi canli larva sayist
= x 100
Baslangig larva say:ist
M, — M, 2

Canli larva sayist

Agirlik kazanumi (mg) =

Formil 2’de kullandan M;: inkiibasyon sonrast
toplam larva agirhg, Mo: inkibasyon Oncesi
toplam larva agirligs ifade etmektedir.
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Larva hacimleri, uzunluk (mm), genislik (mm) ve
kalinligin (mm) carpilmast ile hesaplanmustir.
Larvalarin baglangicta sahip oldugu hacmin ve
inkiibasyon sonrast kazandig hacmin
hesaplanmasinda 10’ar adet larva kullanilmis ve
dijital kumpas yardimiyla Slgimler alinmustir.
Hacim sonuclart mm?3 cinsinden verilmistir.

Larvalarin Kimyasal Kompozisyon Analizleri
Agirlik kazanimi belirlendikten sonra larvalarin
kimyasal kompozisyonunu belirlemek amaciyla
nem, kiil, toplam protein, toplam yag ve toplam
karbohidrat analizleri yapilmistir. Larvalarin nem
ve kil analizi AOAC (2000) metoduna gbre
gravimetrik olarak belirlenmistir. Toplam protein
miktarim belirlemek amaciyla Kjeldahl yontemi
kullandmistir (AOAC, 2000). Protein dénisim
faktort, larvalarin  igerdigi protein olmayan
nitrojen icerigi dikkate alindiginda 4.76 olarak
belitlenmistir (Janssen vd., 2017). Larvalarin yag
icerigi AOAC (2000)°de belirtilen Soxhlet yontemi
kullanilarak yapilmustir. Cozgen olarak petrol eteri
kullandmis  ve ekstraksiyon sonrast déner
buharlastirict ile ¢6zgen uzaklastrilarak toplam
yag miktar1 hesaplanmustir. Toplam karbohidrat
miktart ise; larva toplam kuru agirhigindan protein,
yag ve kil miktari cikarlarak hesaplanmistir
(Gulsunoglu vd., 2019). Sonuglar kuru madde
(km) bazinda % cinsinden ifade edilmistir.

Fenolik Madde Ekstraksiyonu

Larval  fermantasyon  sonrast  besiyerinin
antioksidan aktivitesini, fenolik madde miktarini
ve profilini  belirlemek amaciyla  ¢bzgen
ckstraksiyonu yontemi kullamlmistir (Andreadis
vd., 2022). Larval fermantasyon sonrast
besiyerinden 1 g Ornek tartilarak —santrifgj
tiplerine konulmus ve tzerine 2.5 mL %801k
metanol (%0.1 formik asit ilaveli) ilave edilerek 30
dakika ultrasonik banyoda tutulmustur. Daha
sonra santrifiij tiipleri 10 dakika 4000 rpm’de
santriflyj edilmis ve ustte kalan sivi kisim yeni bir
santriflyj tipine aktaridmistir. Kalan katt kisma
tekrar 2.5 mL %80’lik metanol (%0.1 formik asit
ilaveli) eklenip ayni islemler tekrarlanmis ve
santrifiij sonrast elde edilen swvi kisimlar ayni
santriflyj tiplnde toplanarak antioksidan aktivite

ve fenolik madde analizleri icin -20 °C’de
muhafaza edilmistir.

Toplam Fenolik (TPC) ve Toplam Flavonoit
Madde (TFC) Tayini

TPCnin  belitlenmesi  icin  Folin-Ciocalteu
yontemi kullanilmis  (Singleton vd., 1999) ve
sonuglar, mg gallik asit esdegeri (GAE)/100 g km
cinsinden  vetilmistir. TFC  miktar1  ise
kolorimetrik yontemle tespit edilmistir (Dewanto
vd., 2002). Standatt olarak katesin kullanilmis ve
sonuclar mg katesin esdegeri (CE)/100 g km
olarak ifade edilmistir.

Antioksidan Aktivitenin Belirlenmesi
Antioksidan aktivitenin belitlenmesi icin DPPH
(2,2-difenil-1-pikrilhidrazil) ve CUPRAC (bakur
indirgeyici antioksidan kapasitesi) analizleri
yapilmisttr.  DPPH  analizi, Rai vd. (2000)
yontemine gore yapimistir. CUPRAC analizi ise
Apak vd. (2004) belirledigi yontem kullanilarak
yapilmistir. Her iki antioksidan aktivite icin
sonuclar mg trolox esdegeri (TE)/100 g km
cinsinden ifade edilmistit.

HPLC ve UPLC-ESI-QqQ-MS/MS ile
Fenolik Madde Profilinin Tespiti

Larval fermantasyon sonrast besiyerinin icerdigi
fenolik bilesenlerin kantitatif ve kalitatif analizleri
HPLC ve UPLC-ESI-QqQ-MS/MS cihazlar
kullanilarak  yapilmistir.  HPLC ile  fenolik
bilesenlerin kantitatif analizinde Capanoglu vd.
(2008) yontemi kullanilmistir. Bu yénteme gore;
ckstraktlar, 0.45 um’lik filtrelerden gegirildikten
sonra HPLC sistemine verilmistir. HPLC sistemi
Waters 600 kontrol birimi, Waters 996
photodiodearray (PDA) dedektor ve 40 °C’deki
kolondan olusmaktadir. Kullandan kolon, C18
kolondur (25 cm x 4.60 mm, 5um). Cozgen
sistemi olarak A (%0.05 trifloroasetik asit ile
asitlendirilmis su) ve B (%00.05 trifloroasetik asit
iceren asetonitril)  kullandmustir.  Akis  hizt
dakikada 1 mL seklinde ayarlanmis ve ekstrakttaki
bilesenlerin ayrilmasi, %5°den %30’a kadar ¢ikan
lineer asetonitril gradiyenti kullanilarak 60
dakikalik analiz siiresince gergeklestirilmistir.
Orneklerde tespit edilen kuersetin tiirevleri 360
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nm dalga boyunda tanimlanmustir. Elde edilen
piklerden alan-konsantrasyon cevrimi standartlar
ile hazirlanan kalibrasyon egrileri kullanilarak
yaptlmstir.  Sonuglar pg/g  km  cinsinden
verilmistir.

Larval fermantasyon sonrast besiyerinde fenolik
bilesenlerin kalitatif analizi UPLC-ESI-QqQ-
MS/MS cihazt kullanilarak Catalkaya vd. (2022)
belirledigi yonteme gore yapilmustir. Bu yontemin
detaylari ise; ekstraktlar 0.22 pm’lik filtrelerden
gecirildikten sonra 5 pL ekstrakt, 45 °C sicakliga
ayarlanmis ve Acquity HSS T3 C18 kolonuna (2.1
mm x 100 mm x 1.8 um) enjekte edilmistir. Mobil
faz, A (ultra saf sw:formik asit, 100:0.1) ve B
(asetonitril:formik asit, 100:0.1) karistmindan
olugsmaktadir. Ekstrakttaki bilesenlerin ayrilmasi
dogrusal gradyan program (0 dakika: %95 A; 0—
6.48 dakika: %065A; 6.48—6.77 dakika: %25A;
6.77-7.06 dakika: %065 A; 7.06-7.20 dakika: %95
A; 7.20-8.50 dakika: %95 A) kullanidarak
gerceklestirilmistir. Hem pozitif hem de negatif
iyonizasyon modlari su parametreler kullanilarak
yapimistitr: Desolvasyon sicakhigi: 600 °C; iyon
kayna@i sicakligr: 150 °C; kapiler voltaj: 3.5 kV;
desolvasyon gazi akis hizt: 1000 L/saat; koni gazt
akis hiz: 50 L/saat. Veri toplama ve analiz,
Waters MassLynx 4.1 yazilimi (Waters.Co)
kullanilarak yapdmistir. Larval fermantasyon
sonrast besiyerindeki fenolik bilesenler, elde
edilen kitle verileri ile mevcut standartlarin kiitle
verilerinin kargilastirilmast yoluyla tanimlanmustir.

Istatistiksel Analiz

Tim denemeler ti¢ tekrarli olarak yapilmistir.
Istatiksel analizler igin Minitab 18 (Minitab Inc.
Coventry, Ingiltere) programi  kullanilmis,
ornekler arasindaki farkliliklar One-way Anova
kullanilarak Tukey farkliik testine gére 0.05 6nem
dizeyinde belirlenmistir. Degiskenler arasindaki
iliskiyi ortaya koyan Pearson korelasyon katsayist
Microsoft Excel kullanilarak hesaplanmustir.

SONUC VE TARTISMA
Larvalarin Biyiime Performanslarinin
Belirlenmesi

Bu calisma, misir unu ile beslenen bir referans
grubu ve 1:1, 1:2, 1:4 oranlarinda misir unu:elma

kabugu ile beslenen ti¢ farklt calisma grubundan
olugsmaktadir. Referans ve c¢alisma gruplat,
fermantasyonun 0., 4., 8. ve 12. giinlerinde
inkiibasyondan  alinarak agirlik  kazanimlari,
canlilik sayist ve hacim Olgimleri yapilmustir.
Yapilan élciimler sonucunda 1:2 ve 1:4 oraninda

hazirlanan caligma gruplarina ait larvalarin
agithiklarinda  baslangic  agirliklarina  kiyasla
istatistiksel olarak anlamli bir azalig tespit

edilmistir. Buna karsin, 1:1 musir unu:elma kabugu
ile beslenen larvalarin agirhiklarinda baslangic
agithgina goére anlamlt bir artis tespit edilmistir.
Yitksek miktarda elma kabugu iceren besiyerinde
beslenen larvalarin agirhklarinda meydana gelen
azalma, elma kabuklarinin icerdigi tanen miktart
ile iligkilendirilebilir. Farkli elma cesitleri ile
yapilmis bir calisgmada elma kabuklarinin
kondanse tanen iceriginin 14.2-42.9 mg/g km
araliginda degistigi rapor edilmigtir (Lees vd.,
1995). Tanenler sindirim enzimleri ve proteinler
ile Dbitleserek sindirim slreclerini  etkileme
egiliminde olmalarindan dolayt larval gelisimi
baskilayarak agirlik kazanimini olumsuz etkilemis
olabilirler (Antonopoulou vd., 2022). Agihk
kazaniminda meydana gelen azalma dolayisiyla 1:2
ve 1:4 oranlann ilerleyen c¢alisgmalara dahil
edilmemis, ve calismanin bu kismindan sonrast
icin sadece mistr unu igeren besiyeri kontrol grubu
olarak ve 1:1 misir unu:elma kabugu ile hazirlanan
besiyeri ise EMB olarak ifade edilmistir.

Cizelge 1’de, kontrol ve EMB besiyerinde
beslenen larvalarin 0., 4., 8. ve 12. ginlerdeki
agithik kazanimlari, hacim degerleri ve canhilik
oranlari verilmistir. Fermantasyon siiresinin artist
ile her iki besiyerinde de agirlik kazanimi
istatistiksel olarak anlamli bir artis géstermistir (P
<0.05). Kontrol besiyerinde beslenen larvalar 12.
gin sonunda baslangica gére %58.65 oraninda
agithk  artist  gosteritken, EMB  besiyerinde
beslenen larvalarda ise %062.21 oraninda agirlik
artist  gozlenmigtir. Ancak, istatistiksel olarak
incelendiginde elma kabugu ilavesinin larvalarin
agithk artisinda kontrol grubuna kiyasla anlamli
bir degisime sebep olmadigt gorilmistir (P
>0.05). Antonopoulou vd. (2022) %100
keciboynuzu ile beslenen T. molitor larvalarinin
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agirlik kazanimlarinin istatistiksel olarak kontrol
grubuna kiyasla daha diistik oldugunu, ayrica %00,
%25, %50 ve %75 oraninda kegiboynuzu iceren
bugday kepegi besiyetlerinde ise anlamli bir
farkliligin olmadigini rapor etmislerdir. Kontrol
ve EMB besiyerinde beslenen larvalarin hacimleri
12. glin sonunda baglangica gére istatistiksel
olarak anlamli bir artis gbstermistir (P <0.05).
Kontrol besiyerinde beslenen larvalarin hacimleri
%47.48 oraninda artarken, EMB besiyerinde
beslenen larvalarin hacimleri ise %74.10 oraninda
artmistir. Elma kabugu ilave edilen besiyerinde
beslenen larvalarin  kontrol grubuna kiyasla
hacimleri istatistiksel olarak anlamli bir sekilde
daha ytiksek bulunmustur (P <0.05). Literattirdeki

baska bir c¢alismada da nar kabugu ile
zenginlestirilmis besiyerinde beslenen T. molitor
larvalarinin hacim degerlerinde %61.6’lik bir artis
gorulmustir. (Gulsunoglu-Konuskan ve Dag,
2024). Baslangicta her bir besiyerine ilave edilen
50 adet larvanin, 12 giin farkli besiyetlerinde
beslenmeleri sonrast canhlik orant  kontrol
besiyerinde beslenen larvalarda %96.7 iken, EMB
besiyerinde beslenen larvalarda %99.3 olarak
bulunmustur. Bu durumda elma kabugu ile
zenginlestirilmis besiyerinde larvalarin canlt kalma
oranlarinin daha yiiksek oldugu goriilmektedir,
ancak istatistiksel olarak anlamli bir farklilik
gortlmedigi sonucuna ulasmustir (P >0.05).

Cizelge 1. Kontrol ve EMB besiyerinde beslenen 1. molitor larvalarinin bitytime performanslart
Table 1. Growth performance of T. molitor larvae fed on control and ENMB diet

Agirlik kazanimi (mg)

Hacim (mm?3)

Canlilik orans (%)

Siire Larval weight (mg) Volume (mni’) Survival rate (%)
Days Kontrol* EMB Kontrol* EMB Kontrol" EMB
Control EMB Control EMB Control EMB
ODﬂiu;l 5.6+0.3Ba 5.6+0.3Ba 27.71£9.8Ba 27.71£9.8Ca 100.0£0.042 100.0£0.044
4D§/u; 6.4%+1.0Ba 6.5+1.0Ba 30.6x£11.68b 40.5112.8Ba 98.0+2.0A4 100.0£0.044
%ju; 7.810.64Ba 7.010.94Ba 32.3111.2Bb 39.319.68a 98.0£3.544 98.7£0.64
12. glin ,
8.9+1.54a 9.1+1.08a 38.4+11.8Ab 48.3+11.584 96.71£3.1A4 99.3+0.644
Day 12

*Veriler daha 6nceki makalemizde yayinlanmigtir (Gulsunoglu-Konuskan ve Dag, 2024) (kargilastirma yapabilmek
icin Cizelge 1’de tekrar verilmistir). tOrtalama degertstandart sapma. Ayni siitunda farkli biyik hatfle (A> B> C)
gosterilen ortalamalar fermantasyon stiresince gorilen anlaml farkliligy ifade etmektedir (P <0.05). Ayni satirda
farkli kiigiik harfle (a> b> c) gosterilen ortalamalar ise farkli gruplar arasinda ayni glin icerisinde gorilen anlamls

farklihig ifade etmektedir (P <0.05).

" Data were published in onr previons study (Gulsunoglu-Konuskan ve Dag, 2024) (only stated in Table 1 for the comparison).
"Meanststandard deviation. Means marked with different uppercase letters (A> B> C) within the same columm indicate significant
differences between days (P <0.05). Means marked with different lowercase letters (a> b> c¢) within the rows indicate significant

differences between different diets (P <0.05).

Literatiirde yapilan calismalar, ¢esitli diyet
modellerinin uygulanmasinin béceklerde agirlik
kazanimint etkiledigini gOstermektedir. Yapilan
bir c¢alismada prina ve bugday ile beslenen T.
molitor larvalarinin bilylime performansinda artis
saglandigi g6rulmiistir (Ruschioni vd., 2020). Tan
vd. (2018) yapugt bir calismada ise, I. molitor
larvalarinin canliik orant muz kabuklari (%97.5)

ile beslenen larvalarda en yitksek oranda
bulunurken, bunu sirasiyla karpuz kabugu

(%95.0), karpuz kabugu+muz kabugu+yumurta
kabugu karisimt (%094.6), beyaz ekmek (kontrol
grubu, %90.4) ve yumurta kabugunun (%86.4)
izledigini rapor etmislerdir. T. molitor larvalar
yiksek diyet lif igerigine sahip besiyerlerinde
beslendiklerinde biiyiime performanslart daha iyi
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olmaktadir (Tan vd., 2018). Bagka bir calismada
ise zeytin posast ile zenginlestirilmis besiyerinde
beslenen larvalarin biiylime performanslarinin,
canlilik oranlarinin ve agirlik kazanimlarinin arttigt
belirtilmistir (Ruschioni vd., 2020). Oonincx vd.
(2015) ise besiyerine eklenen havuclarin larvalarin
gelisme stirelerini ve Oliim oranlarini azalttigini
rapor etmislerdir.

Larvalarin Kimyasal Kompozisyonu

Sekil 1°de kontrol ve EMB besiyerinde beslenen
larvalarin = fermantasyon  siiresince  kimyasal
kompozisyonunda meydana gelen  degisim
verilmistir. Larvalarin baglangictaki nem miktari
%069.5 iken, EMB besiyerinde beslenen larvalarda
12. giin sonunda nem miktar1 %47.4°c dismis,

%>50.5’e dusmistir. T. molitor larvalarinin distk
nem igerigine sahip organik atiklarda bile gelisim
gosterebildigi bilinmektedir (Van Huis, 2013).
Larvalarin baslangi¢ kimyasal kompozisyonu kuru
madde cinsinden %47.17 yag, %30.59 protein,
%1.09 kil ve 9%21.15 karbohidrat olarak
bulunmus ve kontrol besiyerinde beslenen
larvalarin  kimyasal kompozisyonu 12. gln
sonunda kuru madde cinsinden %34.54 yag,
%34.78 protein, %1.81 kiil ve %28.87 karbohidrat
olarak  degisim  gostermistir  (Gulsunoglu-
Konuskan ve Dag, 2024). EMB besiyerinde
beslenen larvalarin kimyasal kompozisyonu ise 12.
giin sonunda kuru madde cinsinden %37.67 yag,
%32.51 protein, %1.87 kil ve %27.95 karbohidrat
olarak belitlenmistir.

kontrol besiyerinde beslenen larvalarda ise
Kontrol EMB
Control EMB
BKiil/Ash B Protein/Protein @Kiil/Ash B Protein/Protein
OKarbonhidrat/Carbohydrate BYag/Lipid @ Karbonhidrat/Carbohydrate @ Yag/Lipid
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Sekil 1. Kontrol (sol) ve EMB (sag) besiyerinde beslenen larvalarin kimyasal kompozisyonlari.
Figure 1. Chemical composition of larvae fed on control (left) and EMB (right) diets
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Kontrol ve EMB besiyerinde beslenen larvalarin
yag icerigi baslangicta %47.17+0.93 iken 12 giin
fermantasyon sonunda sirastyla %34.5410.61 ve
%37.6710.47’ye dusmistir. Larvalardaki yag
miktar1 diyetten gelmekte veya onlar tarafindan
sentezlenmekte  olup  viicutta  depolanir,
parcalanir, islenir ve daha sonra kullanim yerine
tasinir. Yiksek enerji ihtiyact oldugu dénemlerde
ise enerji deposu gorevi gérmektedir (Jantzen da
Silva Lucas vd., 2020). Larvalardaki yag
miktarindaki bu azalmanin enerji déniisimi icin
kullanddign ~ diigtiniilmektedir. Literatiirde,
larvalarin = yag  iceriginin kullanilan  besiyeri
bilesiminden etkilendigi rapor edilmistir. Yapilan
bir calismada bitki atiklart ile beslenen T. molitor
larvalarinin, kontrol grubuna oranla daha disik
yag icerigine sahip oldugu belirtilmistir (Li vd.,
2013). Ooninex vd. (2015) yaptgt bir ¢alismada
referans besiyeri ile beslenen T. molitor larvalarinin
toplam yag icerigi farkli oranlarda yag ve
proteinlerle zenginlestirilmis besiyerinde beslenen
larvalara kiyasla daha yiksek bulunmus ve
zenginlestirilmis besiyerinde beslenen larvalarin
yag iceriklerinin genis bir aralikta degistigini rapor
etmislerdir.

Protein miktarlarindaki degisim incelendiginde,
kontrol besiyerinde beslenen larvalarin protein
icerikleri %30.59%0.33’den 12. giin sonunda
%34.7810.24’c yikselmistir. EMB besiyerinde
beslenen  larvalarin  protein  igerigi  ise
%30.59£0.33’den 12. gin sonunda
%32.51£0.75%¢ yitkselmistir. Kontrol besiyerinde
beslenen larvalarin protein igerikleri 12 gin
sonunda, EMB besiyerinde beslenen larvalara
kiyasla  istatistiksel ~ olarak  daha  yuksek
bulunmustur (P <0.05). Literatirde bulunan
calismalarda da T. molitor larvalarinin protein
iceriginde kullanlan  besiyerine gére farkls
sonuclar elde edilmistir. Rovai vd. (2021) havug
posast ile zenginlestirilmis bugday kepegi ile
beslenen T. molitor larvalarinin protein iceriginde
azalma gOzlemlemistir. Baska bir calismada ise
keciboynuzu beslenen T.  molitor
larvalarinin protein igeriginde artis gérilmuistir
(Antonopoulou vd., 2022). Kréncke ve Benning
(2023)y’de bezelye ve piring proteini takviyesiyle

unu ile

beslenen T. muolitor larvalarinda daha yiiksek
protein verimi rapor ederken, larvalarin patates
gevregl, tath lupin unu ve manyok unu ile
beslendiginde ise daha dusiik protein icerigi rapor
edilmistit. Bu durumda, besiyerinin icerdigi
protein miktart ile larvalarin  viicutlarinda
depoladigt protein miktart arasinda bir iligkili
oldugu sonucuna ulagilabilmektedir.

Larvalarin kil miktarlart %1.0920.03’den kontrol
ve EMB besiyerinde beslenen larvalar icin 12 glin
sonunda strastyla %1.81£0.09a ve %1.87£0.1¢
artty gostermis ve gorillen bu artislar istatistiksel
olarak anlamli bulunmustur (P <0.05). Ancak,
kontrol ve EMB besiyerlerinde beslenen larvalar
kiyaslandiginda elma kabugu ilavesinin larvalarin
kil iceriginde anlamlt bir farkliliga sebep olmadigt
gortlmistir. Harsanyi vd. (2020) yapmis oldugu
bir calismada, sebze atiklart ve bahce atiklari ile
beslenen T. mwolitor larvalarimin kil icerigi kontrol
grubuna (tavuk yemi) oranla daha yiksek
bulmustur. Mancini vd. (2019) T. molitor larvalarint
ekmek, kurabiye ve her ikisinin 1:1 kombinasyonu
ile beslemisler ve larvalarin kil miktarlarin
strastyla %1.88, %00.70 ve %1.29 bulmuglardir. Bu
durum larvalarin  gelisimi  icin  kullanilan
besiyerinin yiksek kil icerigine sahip olmalart ile
actklanabilit.

Karbohidrat miktarina bakddiginda, larvalarin
baslangic icerigi %21.15%0.82 iken kontrol ve
EMB besiyerinde beslenen larvalarda 12. gin
sonunda strastyla %28.881+1.32 ve %27.9520.80’e
yikselmis ve bu artis her iki grup icin de
istatistiksel olarak anlamlt bulunmustur (P <0.05).
Ancak, kontrol ve EMB  besiyerleri
kiyaslandiginda elma kabugu ilavesinin larvalarin
karbohidrat igeriginde anlamli bir degisime sebep
olmadigt gorilmistir. Larvalarin fermantasyon
sonuna dogru karbohidrat miktarinda gorilen
artig, buyime ile birlikte kitin tabakasinda
meydana gelen artis ile aciklanabilir (Zhang vd.,
2019).
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Larval Fermantasyon Sonrasi Besiyerinin
TPC ve TFC Miktar1

Larval fermantasyon sonrast kontrol ve EMB
besiyerinin TPC miktarindaki degisim incelenmis
ve sonuclar Sekil 2’de verilmistir. Kontrol
besiyerinin TPC miktar1 baglangicta 91.97 mg
GAE/100 g iken 12. gin sonunda bu deger
10479 mg GAE/100 ga  yukselmistir
(Gulsunoglu-Konuskan ve Dag, 2024). Ancak,
kontrol  besiyerinin TPC  miktart  larval
fermantasyon siiresince istatistiksel olarak anlamli
bir degisiklik gbstermemistir (P >0.05). EMB
besiyerinin TPC miktar1 baglangicta 143.94 mg
GAE/100 g’dan 8. gin sonunda maksimum
degerine (307.56 mg GAE/100 g) yikselmis, 12.
ginde ise bir miktar dismistir (P <0.05).
Kontrol besiyerinin EMB besiyerine kiyasla daha
yuksek TPC miktarina sahip olmasi fenolik

maddeler agisindan zengin olan elma kabugu ile
zenginlestirilmesinden kaynaklanmaktadir.
Literatiirde elma kabugunda bulunan fenolik
madde miktartnin - %88’inin  hicre duvan
bilesenlerine (pektin, seliiloz, lignin, hemiseliloz)
bagli formda bulundugu rapor edilmistir
(Gulsunoglu vd., 2019). Bagh formda bulunan
fenolik bilesikler alkali, asit veya fermantasyon
uygulamalari ile serbest hale gecebilmektedir. Bu
calismada da larval fermantasyon sonrast EMB
besiyerinde TPC miktarinin artmast larvalarin
sahip oldugu ekstraseliller enzim sistemleri ve
bagirsak ~ mikrobiyotast  sebebiyle  elma
kabuklarinin seliilozik yapismnin parcalanmast ve
baglt fenoliklerin salinmast seklinde actklanabilir
(Willis vd., 2010).
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Sekil 2. Larval fermantasyon sonrast kontrol (gri) ve EMB (siyah) besiyerlerinin TPC (sol) ve TFC (sag)
miktarlarindaki degisim. Ayni grupta farkl biyiik harflerle (A> B> C) gosterilen ortalamalar
fermantasyon stiresince gérilen anlamh farklilis ifade ederken, aym giinde farkl kiigiik harflerle (a>
b> c¢) gbsterilen ortalamalar ise farkli gruplar arasinda ayni giin igerisinde gérilen anlamli farkliligr ifade
etmektedir (P <0.05).

Figure 2. The difference in TPC (left) and TEC (right) of control (gray) and EMB (black) spent feed after larval
fermentation. While the means shown with different uppercase letters (A> B> C) within the same groups indicate the
significant difference during larval fermentation, the means shown with different lowercase letters (a> b>c) on the same
day indicate the significant difference between different groups on the same day (P <0.05).

Flavonoitler fenolik bilesiklerin bir alt grubudur
ve bitkilerde en ¢ok bulunan ikincil metabolit
trtnleridir (Mutha vd., 2021). Elma kabugunda
yuksek miktarda flavonoit grubu fenoliklerden
kuersetin ve tiirevleri bulunur (Gulsunoglu vd.,

2019). Bu sebeple flavonoit madde miktarinin
belirlenmesi 6nemlidir. EMB besiyerinin TFC
miktari baglangic (63.25 mg CE/100 g) degeri ile
4. ve 8. ginde anlaml bir degisim gérillmezken (P
>0.05), 12. giin sonunda 43.61 mg CE/100 g’a
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dismiustir (P <0.05). Kontrol besiyerinin
baslangic TFC miktari 13.35 mg CE/100 g iken
larval fermantasyon sonrast TFC miktar1 giin
bazinda istatistiksel olarak anlaml bir farkhilik
gostermemistir (P >0.05) (Gulsunoglu-Konuskan
ve Dag, 2024).

Larval Fermantasyon Sonrasi Besiyerinin
Antioksidan Aktivite Analizi

Kontrol ve EMB besiyerinin larval fermantasyon
sontast antioksidan aktivite sonuclart Sekil 3’de
verilmigtir. Larval fermantasyon sonucu kontrol
besiyerinin DPPH radikal siptrme aktivitesi
baglangicta 23.37 mg TE/100 g iken 12. gin
sonunda 42.26 mg TE/100 g’a istatistiksel olarak
anlamlt bir artis gostermistir (P <0.05). EMB
besiyerinin baglangic DPPH aktivitesi 92.19 mg
TE/100 g iken 8. giin sonunda 124.16 mg
TE/100 g’a istatistiksel olarak anlamli bir sekilde
artarak maksimum seviyesine ulasmistir (P <0.05).
CUPRAC antioksidan aktivite sonuglarina gore,
kontrol ~ besiyerinin  baglangtc =~ CUPRAC
antioksidan aktivitesi 178.14 mg TE/100 g iken
12. glin sonunda anlamli bir sekilde artarak

maksimum seviyesine (281.50 mg TE/100 g)
ulagmustir. Larval fermantasyon sonrast EMB
besiyerinde maksimum CUPRAC antioksidan
aktivitesi 8. gunde (501.45 mg TE/100 g)
gorulirken diger giinler arasinda istatistiksel
olarak anlaml bir farkliik bulunamamistir (P
>(0.05). Elde edilen sonuglar karsdastirildiginda,
DPPH ve CUPRAC antioksidan aktiviteleri
arasinda porzitif yonli giglil bir iliski bulunmakta
iken kontrol besiyerinde (R2=0.9424) elde edilen
Pearson korelasyon katsayist EMB besiyerinde
(R2=0.9959) elde edilene kiyasla daha distk
bulunmugstur. EMB besiyerinin her iki antioksidan
aktivite degeri en yitksek 8. ginde gérilmistir.
Gortlen bu artisin, besiyerinin TPC miktarindaki
artts ile pozitif yonli anlamlt bir iligki icinde
oldugu yapilan Pearson korelasyon testi ile tespit
edilmistir. Buna gore, larval fermantasyon sonrasi
EMB besiyerinin TPC degetleri ile CUPRAC ve
DPPH antioksidan aktivite sonuglari arasinda da
Pearson korelasyon katsayilart sirastyla 0.7322 ve
0.7638 olarak hesaplanmistir.
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Sekil 3. Larval fermantasyon sonrast kontrol (gri) ve EMB (siyah) besiyerlerinin CUPRAC (sol) ve
DPPH (sag) antioksidan aktivite miktarlarindaki degisim. Ayni grupta farklt biiytik harflerle (A> B> C)
gOsterilen ortalamalar fermantasyon siiresince goriilen anlamh farkliligs ifade ederken, aynt giinde farkl

kiictik harflerle (a> b> ¢) gbsterilen ortalamalar ise farkli gruplar arasinda ayni giin icerisinde goriilen
anlamli farkliligi ifade etmektedir (P <0.05).
Figure 3. The difference in CUPRAC (left) and DPPH (right) antioxidant activity of control (gray) and EMB (black)
spent feed after larval fermentation. While the means shown with different uppercase letters (A> B> C) within the same
groups indicate the significant difference during larval fermentation, the means shown with different lowercase letters (a>
b> ¢) on the same day indicate the significant difference between different groups on the same day (P <0.05).
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T. molitor larvalarinin meyve-sebze atiklari ile
beslenmesi sonrast hem insan gidast hem de

hayvan yemi olarak kullanim potansiyeli
bulunmaktadir. Ayrica, T. molitor larvalart besiyeri
ortamina etki ederek besiyerinin  fenolik

bilesenleri gibi biyoaktif madde icerigini de
degistirebilmektedir. Bu c¢alismada da elma
kabuklarinin larval fermentasyon sonrast fenolik
madde ve antioksidan aktivite degerlerinde
baslangica kiyasla istatistiksel olarak anlamli bir
artty  gbzlenmistir. Bu durum, hem atiklarla
beslenen larvalarin  gelisimlerinde  maliyetin
distrilmesini  hem  de  atiklarin  larval
fermantasyon sonrast biyoaktif madde kaynag
olarak kullanilabilecegini gbstermektedir.
Larval  Fermantasyon  Sonrast EMB
Besiyerinin Fenolik Profil Analizi

EMB besiyerinin fenolik profili ve fenolik madde
konsantrasyonlart UPLC-ESI-QqQ-MS/MS ve
HPLC cihazlarinda incelenmis ve toplam 4 adet
kuersetin tiirevi (kuersetin tirevi 1, 2, 3 ve 4)
tespit edilmistir. Fenolik maddelerin
tanimlamalari UPLC-ESI-QqQ-MS/MS
cihazindan elde edilen m/z degetleri ve HPLC

cihazindan elde edilen UV-VIS spektrumda
standartlardan elde edilen maksimum absorbans
degerleri ile karsilastirilarak yapilmustir (Cizelge 2).
Kuersetin tirevi 1 (KT1) 255.7 ve 348.6 nm’de
UV-VIS spektrum vermis ve m/z degetleri
kuersetin-3-rutinozit standard: ile eslesmistir.
Kuersetin turevi 2 (KT2) ve kuersetin tirevi 3
(KT3) HPLCde aynt maksimum absorbanslari
(255.7 ve 355.8 nm) veritken farkll altkonma
zamanlarinda pikler olusturmus ve m/z degetleri
ise strastyla kuersetin-3-O-glukozit ve kuersetin-3-
O-galaktozit standardi ile eslesmistir. Kuersetin
tirevi 4 (KT4) ise UV-VIS spektrumda 254.5 ve
348.6 nm’de maksimum absorbans géstermis ve
m/z degetleri kuersitrin standard: ile uyumlu
bulunmustur.  Kuersetin ~ tirevlerinin  elma
kabugundaki varhigr yapilan calismalarda da
gosterilmistir.  Gulsunoglu vd. (2020) yapmus
olduklar1 bir ¢calismada elma kabugunda kuersetin-
3-0-galaktozit, kuersetin-3-O-glukozit, kuersetin-
3-O-rhamnozit varligini rapor etmislerdir. Ayrica
Xia vd. (2024) yaptigt bir calismada da elma
kabugu ekstraktlarinda kuersitrin tespit etmistir.

Cizelge 2. Larval fermantasyon sonrast EMB besiyerinde tespit edilen fenolik bilesikler
Table 2. Phenolic compounds identified in EMB spent feed after larval fermentation

R: (dk) Amax (nm) Ana ion Fragmentler Tanimlanan Fenolikler
R (min) Amax () Mother ion Fragments Identified Phenolics
KT 1 433 255.7; 348.6 611.3 303.1 Kuersetin-3-rutinozit
Quercetin-3-O-rutinoside
KT 2 4.64 255.7; 355.8 463.2 300.1 Kuersetin-3-0-glukozit
Quercetin-3-O-glucoside
) Kuersetin-3-O-galaktozit™
KT 3 4.68 255.7; 355.8 463.3 300.2 Ouercetin-3-O-galactoside
KT 4 5.26 254.5; 348.6 4472 301.1 Kuersitrin
Quercitrin

*Standart kullanilarak tanimlanmugtir.
" Confirmed with standards.

Cizelge 3’de larval fermantasyon sonrast EMB
besiyerinin fenolik profilinde meydana gelen
degisimin sonuglart verilmistir. Elde edilen
sonuclar  dogrultusunda  kuersetin-3-rutinozit
diger kuersetin tiirevleri icinde en yuksek
konsantrasyona sahip olandir. Kuersetin-3-

rutinozit, 4. ve 8. glinlerde baslangica gére bir
dists gosteritken 12. glinde tekrar baslangic
seviyesine yikselmistir. Kuersetin-3-O-glukozit
ise larval fermantasyonun 8. giiniinde en yiiksek
seviyesine ulasirtken 12. giinde tekrar bir dusts
gostermistir. Kuersitrin fermantasyonun 4. ve 8.
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ginlerinde en yiiksek seviyesine ulasirken 12.
giinde tekrar baglangic seviyesine geri donmiustiir.
Kuersetin-3-O-  galaktozit ise fermantasyon
stresince istatistiksel olarak anlamli bir degisim
gostermemistir (P >0.05). Fenolik bilesiklerin
larval fermantasyon sonrast konsantrasyonlarinda
meydana gelen degisim kuersetin tirevlerinin
biyodoniistime ugramast ile agtklanabilir. Fenolik
bilesiklerin biyodéntsim yolu ile farklilagsmalart

Faz I ve Faz II reaksiyonlari vasitastyla gerceklesir
ve bu reaksiyonlarda 6zellikle enzimler buyiik rol
oynar (Gulsunoglu-Konuskan vd., 2022). T.
molitor larvalart ihtiyag duyduklari besini elde
etmek i¢in sahip olduklari enzim sistemlerini ve
mikrobiyotalarint kullanarak besiyerinin fenolik
iceriginde degisime sebep olmus olabilir.

Cizelge 3. Larval fermantasyon sonrast EMB besiyerinin fenolik profilindeki degisim
Table 3. The difference in phenolic profile of EMB spent feed after larval fermentation

Konsantrasyon (ug/g km) *

Fenolik bilesik Concentration (ug/ g dm)

Phenolic compound 0. giin 4. giin 8. glin 12. giin
Day 0 Day 4 Day § Day 12

Kuersetin-3-rutinozit 81.1+1.4 3871075 43.610.68 70.143.41

Qhuercetin-3-O-rutinoside

Kuersetin-3 O glukozit 29.7+0.6% 32.043.08 40.0+0.84 27.241.38

Quercetin-3-O-glucoside

Kuersetin-3-O-galaktozit 38.341.64 3384954 32941410 358427

Quercetin-3-O-galactoside

Kuersitrin 46.4+1.58 57.843.34 56.412.34 47.2+0.38

Quercitrin

*Ortalama deger®standart sapma. Her satirda verilen farklt buyiik harfler (A> B> C), gtnler arasindaki anlamli

farklihigs ifade etmektedir (P <0.05).

"Meanststandard deviation. Means marked with different uppercase letters (A> B> C) within the same rows indicate significant

differences between days (P <0.05).

SONUC

Sonug olarak, elma kabugu ile zenginlestirilmis
besiyerinde 1. molifor larvalarinin  yasamsal
faaliyetleri kontrol grubuyla kiyaslandiginda hacim
degerleri EMB  besiyerinde daha  yiiksek
bulunurken, agirlik  kazanimi  ve  canhlik
oranlarinda anlamlt bir degisim gézlenmemistir.
EMB besiyeri ile beslenen larvalarin 8. glinde
kontrol grubuna kiyasla daha yiiksek protein ve
daha diigiik karbohidrat degetlerine sahip oldugu
gorilmiistiir. Larval fermantasyon sonrast 8.
giinde EMB besiyerinin antioksidan aktivitesinde
ve TPC miktarinda anlamli bir artis gérilmustir.
Bu durum larval fermantasyon ile besiyerinin
fenolik madde igeriginin  degistirilebilecegi
sonucunu ortaya ctkarmaktadir. Ayrica, bu
bulgular ile hem larva gelisiminin desteklenmesi
hem de fenolik madde miktarinin arttirilmast

yoluyla ~gida atiklarinin  katma  degerinin
yiukseltilmesi, ¢esitli  alanlardaki  potansiyel
uygulamalar icin fayda saglayacaktir. Ancak, hem
larvalarin hem de larval fermantasyon sonrast
besiyerinin gida ve yem olarak kullanilabilmesi i¢in
oncelikle  toksikolojik ~ ve  mikrobiyolojik
degerlendirmelerinin yapilmast, insan ve hayvan
sagligt icin herhangi bir sorun tegkil etmeyeceginin
kanitlanmast gerekmektedir.

CIKAR CATISMASI
Yazarlar makale ile ilgili herhangi bir kisi veya
kurum ile ¢ikar ¢atismast olmadigint beyan eder.

YAZAR KATKISI
Sedanur Demirbas Yildiz: Analizlerin yapilmasi,
makale  taslaginin  olusturulmasi,  Zehra

Gilsinoglu-Konuskan:  Analizlerin  yapilmasi,
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makale yazimi, sonuglarin degerlendirilmesi, stire¢
yonetimi.
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