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ABSTRACT

The grapevine and its brined leaves are important products in various regions of our country, both for their
use in traditional dishes and nutritional value. This study investigated the microbiological and
physicochemical properties, total phenolic, antioxidant capacity and chromatographic characteristics of
unpackaged and packaged brined grape leaves sold in the Erzurum province of Turkey. Yeasts were the
dominant microorganisms, ranging <1-7.20 log cfu/mL, although total viable count, mould, lactobacilli and
lactococci were determined in some samples. The pH, acidity (% lactic acid) and salt content (%) of the
samples ranged 2.55-3.47, 0.20-1.29 and 6.14-32.706, respectively. The total phenolic content and 1Cso were
found to be in the range of 509.12-1870.59 mg GAE /L and 0.054-0.249 mg/mL, respectively. The samples
were found to contain different ratios of organic acids, glutamic acid, gamma-aminobutyric acid,
benzoic/sotbic acid. Further analysis is required to determine the microbial content (microbiota),
ingredients, and pesticide residues in the samples.

Keywords: 1/7tis vinifera L., brined grape leaves, microbiological propetties, phenolic/antioxidant capability,
organic acid profile, gamma-aminobutyric acid content

SALAMURA UZUM YAPRAKLARININ ( Vitis vinifera L.) KALITE VE SAGLIK
POTANSIYELININ ORTAYA CIKARILMASI: MIKROBIYOLOJIK,
FIZIKOKIMYASAL VE BIYOFONKSIYONEL OZELLIKLER

oz

Asma Uzumi ve salamura yapraklart hem geleneksel yemeklerde kullanimi hem de besin degeri
acisindan tlkemizde cesitli yorelerde uretilen 6nemli trinlerdendir. Bu calismada, Tiirkiye'nin
Erzurum ilinde ambalajsiz ve ambalajlt sekilde satilan salamura tiziim yapraklarinin mikrobiyolojik ve
fizikokimyasal Ozellikleri, toplam fenolik, antioksidan kapasitesi ve kromatografik o6zellikleri
arastirilmistir. Bazi 6rneklerde toplam canli sayisi, kif, laktobasil ve laktokok tespit edilmesine
ragmen, <1-7.20 log kob/mL arasinda degisen yogunlukta mayalar baskin mikroorganizma grubunu
olusturdugu tespit edilmistir. Orneklerin pH, asitlik (% laktik asit) ve tuz iceriginin (%) strastyla 2.55-
3.47, 0.20-1.29 ve 6.14-32.76 arasinda degistigi belirlenmistir. Toplam fenolik icerik ve I1Cso degeri

* Corresponding author / Sorumlu yazar
D4: haktan.aktas@atauni.edu.tr 78 (+90) 442 231 2482

Haktan Aktas; ORCID no: 0000-0002-1067-061X

961


https://dergipark.org.tr/tr/pub/@haktan-aktas
mailto:haktan.aktas@atauni.edu.tr
https://orcid.org/0000-0002-1067-061X

962

H. Aktas

strastyla 509.12-1870.59 mg GAE/L ve 0.054-0.249 mg/ml. araliginda bulunmustur. Orneklerin
farkli oranlarda organik asit, glutamik asit, gama-aminobutirik asit, benzoik/sorbik asit icerdigi tespit
edilmistir. Bu 6rneklerde mikrobiyal icerigin (mikrobiyota), bilesenlerin ve pestisit kalintilarinin
belirlenmesi i¢in daha fazla analiz yapilmasi gerekmektedir.

Anahtar kelimeler:

Vitis  vinifera L., salamura Uzim yapraklari, mikrobiyolojik 6zellikler,

fenolik/antioksidan kapasite, organik asit profili, gama-aminobitirik asit icerigi

INTRODUCTION

Vitis vinifera 1., commonly known as the
grapevine, is a climbing shrub belonging to the
Vitaceae family that produces fruit in a variety of
colours. The grapevine is an important species
native to the Mediterranean region, used both as
a food source and for its medicinal properties
(Acero et al., 2025). Turkiye is one of the world's
leading  producers  of  grapevine, with
approximately 17% of its agricultural land
dedicated to viticulture. In Tirkiye, grapes are
consumed fresh (as a table fruit) or processed into
alcoholic beverages, tarhana, or dried fruit.
However, in recent years, the consumption of
fresh or brined grape leaves has become
increasingly important, and this market is
becoming an important source of income.
Furthermore, the fact that grape leaves are used
as an ingredient in important dishes, especially in
Turkish cuisine, is one of the reasons for their
increased importance (Zorlu Unli et al., 2023).
The brined grape leaves are produced and sold in
various forms, including unpackaged and
packaged. As with other products, the
microbiological and chemical quality of the final
product can be directly affected by this.
Moreover, unlike industrial products, traditional
products are prone to issues with end-product
standardisation, including variable pH levels,
acidity, salt content and imbalanced microbial
content (Aktas and Cetin, 2024). Therefore, it is
of great importance for food safety and quality
control to regularly monitor brined products.

In recent years, pickled vegetables have begun to
be regarded not only as traditional foods, but also
as functional foods with potential health benefits.
Such products, including grape leaves, contain
phenolic  compounds, organic acids and
antioxidant substances that have biological
activities which can have a positive effect on
human health (Cagdas and Seydim, 2016; Akyurt
et al, 2018; Jridi et al, 2019). Therefore,

evaluating the biofunctional potential of brined
grapevine leaves increases the importance of this
product, both for traditional consumption and for
its health benefits.

This study examined unpackaged and industrially
produced/packaged brined grape leaves samples
from Erzurum province in terms of their
microbiological, physicochemical and
biofunctional properties. Thus, the aim is to
reveal the comparative differences arising from

production type.

MATERIALS AND METHODS

Collection of brined grape leaves samples

In this study, brined grape leaves samples were
collected from local markets in Erzurum. The
study examined twenty-one brined grape leaves,
fifteen of which were sold openly (unpackaged)
and six of which were industrially produced and
sold in packaged form. The samples were
traditionally prepared by boiling/fresh leaves,
adding salt, and storing in brine, as commonly
practiced in the region. The samples were brought
to the laboratory immediately in sterile containers
and analysed on the same day. In this study, all
analyses were performed using only the brine
(liquid) portion of the samples. The grape leaves
themselves were not analysed directly. The brine
was chosen as it provides a consistent
environment for microbiological analysis and
contains soluble compounds (such as phenolic
compounds, organic acids, GABA and
preservatives) that are released from the leaves
and affect the product's overall quality and safety.

Microbiological analyses

This study investigated the counts of total viable,
psychrotrophic bacteria, yeast, mould, lactobacilli,
lactococci and Enterobacteriaceae in unpackaged and
packaged  brined  grape leaf  samples.
Microbiological analysis was performed using
brine water for sampling. These microbiological
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analyses were performed using the serial dilution
method (Ben-David and Davidson, 2014). The
total viable count was determined using plate
count agar (PCA, Merck). The petri dishes were
incubated at 30°C for 72 h (ISO 4833-1, 2013).
Psychrotrophic bacteria were incubated on PCA
at 7°C for ten days Mol et al., 2007). The yeast
and mould count in the samples were detected
using Dichloran Rose Bengal Chloramphenicol
(DRBC, Merck) agar, after which the samples
were incubated at 25°C for five days (ISO 21527-
1, 2008). Yeasts and moulds were enumerated on
the same plates but distinguished and counted
separately according to their colony morphology.
This approach is recommended by ISO 21527-1
(2008) and described by Pitt and Hocking (2009).
The counts of lactobacilli and lactococci were
determined using de Man, Rogosa and Sharpe
(MRS, Merck) and M17 agar (Merck),
respectively. The lactobacilli were incubated
anaerobically (Anaerocult A, Merck) at 30°C for
48-72 h, while the lactococci were incubated at
30°C for 24 h (Ashraf and Shah, 2011). Finally,
the Enferobacteriaceae count was determined using
violet red bile dextrose (VRB, Sigma-Aldrich) agar
by the pour-plating method, after which the petri
plates were incubated at 37°C for 24 h (ISO
21528-2,2017).

Physicochemical analyses

In this study, the pH, acidity (as a percentage of
lactic acid), and salt content (as a percentage) of
unpackaged and packaged brined grape leaves
samples were investigated. All these analyses were
performed using brine water of the samples. The
pH of the samples was determined using a pH
meter (Hanna pH-211). Before conducting this
analysis, the pH meter was calibrated using pH 4
and pH 7 buffers (Savello et al., 1989). The
method of Cemeroglu (2010) was used to detect
the acidity of the samples gravimetrically by
titration. A 10 g sample was titrated with 0.1 N
NaOH  (Merck) in the presence of
phenolphthalein, and the acidity was expressed as
% lactic acid. The brined grape leaves samples
were diluted (1:49) in distilled water and
neutralised with 0.1 N NaOH (Merck) for salt
content. Then, 0.5 mL of a 5% K,CrOy solution
was added to the mixture and titrated with 0.1 N

AgNO; until a red colour appeared. The salt
content of the samples was calculated using the
following formula (Hayaloglu, 2009): Salt content
(%) = [(0.585 X F X (Vi —V>)) / m] X DF, where
F showed factor of 0.1 N AgNO; solution, Vi
showed amount of 0.1 N AgNOs; used for the
sample (mL), V2 showed amount of 0.1 N AgNOs
used for the negative control (mL), m showed
sample amount (g) and DI showed dilution
factor.

Organic acid profile

The organic acid profiles of the brined grape leaf
samples were determined using high-performance
liquid  chromatography ~ (HPLC,  Agilent
Technologies) with a 1260 infinity standard
autosampler, 1260 quantitative pump and 1260
VWD UV detector. In the extraction step, the
brine water (5 g) was homogenised with 25 mL of
0.01 N HoSO4 (Merck), then centrifuged at 7000
X g at 4°C for 7 min. The resulting supernatant
was filtered through a 0.45 um filter (Supelco Iso-
DiscTM Filters, N-25-4 Nylon, 25 mm x 0.45 pm)
and transferred to HPLC vials. In the HPLC step,
the mobile phase consisted of 10 mM perchloric
acid (HCIO4, Merck), and chromatographic
separation was carried out using a Spherisorb
ODS2 column (4.6 X 250 mm, 5 um). After
injecting 20 pl, the organic acid profiles of the
samples were detected at a flow rate of 0.5
mL/min, a wavelength of 210 nm, and a column
tempetature of 35°C (Atalar, 2019).

Total phenolic content and antioxidant
capability

This study determined the total phenolic content
and antioxidant capability of the brined grape leaf
samples. During extraction, 10 g of the brine
water was mixed with 10 mL of a 75% (v/v)
methanol solution and homogenised in an orbital
shaker (Orbital Shaker SSI.1) for 6 h. The mixture
was then centrifuged at 1420 X g for 10 min, after
which the resulting supernatant was filtered
through Whatman No. 1 filter paper (Ozcan et al.,
2019). The Folin—Ciocalteu method was used to
determine the total phenolic content (TPC). The
Folin-Ciocalteu colorimetric method was used to
determine the total phenolic content (TPC) of the
samples (Sengil et al., 2024). Two mL of the
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extract were added to 500 pl. of Folin-Ciocalteu
reagent and left for 3 min. Then, 2 mL of an
aqueous sodium carbonate solution (2%, w/v)
was added, after which the mixture was incubated
at 25°C for 2 h. Absorbance was detected at 760
nm using a UV-Vis spectrophotometer (Epoch,
BioTek). The TPC was calculated based on the
standard curve of gallic acid, and the results were
expressed as milligrams of gallic acid equivalents
per litre of brine sample (mg GAE/L). The
2,2-diphenyl-1-picryl-hydrazyl (DPPH) radical
scavenging method was used to determine the
antioxidant capability of the samples (Sengiil et al.,
2024). One hundred pL of the extract were added
to 0.1 mM DPPH solution to give a final volume
of 3 mL and the mixture was kept in the dark for
30 min. The absorbance was measured at 517 nm
using a UV-Vis spectrophotometer (Epoch,
BioTek) and the DPPH radical scavenging
capability was calculated using the following
formula: DPPH scavenging capability (%) =(1-
As/Ac) X 100, where As showed absorbance of
the samples, Ac showed absorbance of the DPPH
solution without sample.

Glutamic acid and gamma-aminobutyric acid
content

The glutamic acid and gamma-aminobutyric acid
(GABA) content of the samples was determined
using the method specified by Le et al. (2020).
First, 0.5 mL of the brine water were mixed with
5 mL of deionised water. This mixture was then
centrifuged at 4000 rpm and at 22°C for 15 min,
after which the supernatant was filtered into
HPLC vials using a 0.45 pm filter (Supelco Iso-
DiscTM Filters, N-25-4 Nylon, 25 mm x 0.45
pum). The extracts and derivatization reagent were
mixed in a ratio of 108:342 ul. for the
derivatization step, and 20 pL. of the mixture was
injected into the HPLC system. The derivatization
reagent consisted of a mixture of methanolic o-
phosphoric acid (0.512 g/10 mL, w/v) and borate
buffer. The mobile phase consisted of the solvent
A (0.05 M sodium acetate, pH 7.2) and B (a
mixture of 0.1 M sodium acetate, acetonitrile and
methanol, 46:44:10, v/v/v, pH 7.2), with the
following gradient elution: 0 min: 20% B; 0-24
min: 100% B; 24-34 min: 100% B; 34-39 min: 0%
B; and 39-53 min: 0% B. The chromatographic

separation was carried out using an ACE 5 C18
column (4.6 X 150 mm, 5 um). The glutamic acid
and GABA content of the samples was detected
at a flow rate of 1.0 mL/min, a wavelength of 338
nm and a column temperature of 25°C.

Benzoic and sorbic acid content

This study determined the benzoic and sorbic acid
content of brined grape leaves samples. The brine
water (5 g) were weighed into the flask, after
which the final volume was brought to 100 mL
with a methanol solution (35%, v/v). The mixture
was then filtered into HPLC vials using filter
paper. The mobile phase comprised an acetate
buffer-methanol solution (70:30, v/v) at a flow
rate of 0.8 mL/min, and the chromatographic
separation was performed using a Spherisorb
ODS2 column (4.6 X 250 mm, 5 um). The
injection volume was 20 pL and the detection of
benzoic and sorbic acids were detected at 229 and
262 nm, respectively (Aktas et al., 2024).

Statistical analysis

All analyses of the samples in this study were
carried out in duplicate. The SPSS 22.0
programme (SPSS Inc., Chicago, IL, USA) was
used to statistically evaluate all of the data
obtained. The independent sample T-test was
used to determine the statistical differences
between two groups, while One-way ANOVA
and Duncan’s multiple comparison analysis was
used to determine the differences between more
than two groups (P<0.05). Pearson correlation
analysis was used to assess the relationship
between the data. In addition, principal
component analysis (PCA) was performed using
SIMCA-14.1 MKS UMETRICS, Umea, Sweden)
to highlight differences between groups.

RESULTS AND DISCUSSION
Microbiological analyses

The microbiological content of food is an
important parameter that directly affects its
spoilage, shelf life and quality (Bevilacqua et al.,
2024). The aim of this study was to reveal the
microbiological properties of brined grape leaves
samples by determining their total viable count,
psychrotrophic bacteria, yeast, mould, lactobacilli,
lactococci and  Ewnterobacteriaceae  content. All
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microbiological results are given in Table 1. No
psychrotrophic or Enterobacteriaceae bacteria were
detected in any of the samples, while lactobacilli
were only detected in one sample (UP15) at a level
of 1.95 log cfu/mlL. Conversely, Salvetti et al.
(2016) reported that Ewnterobacteriaceae were the
dominant microorganisms in their study on
grapes and grape leaves. However, the absence of
Enterobacteriaceae in the brined grape leaves was an
expected result of technological processes such as
boiling, salting, and pickling of grape leaves, and
the decrease in pH due to microbial growth
(Aktas and Cetin, 2024). Lactococci were found
in two samples (UP4 and UP15), and mould was
found in two samples (UP4 and P3). The total
viable content of all samples ranged from <1 to
590 log cfu/mL. Total viable content was
detected in four unpackaged (UP4, UP6, UP13,
and UP15) and one packaged (P5) sample.

Statistical analysis revealed that the P5 sample had
the highest total viable count (P<0.001). By
contrast, the yeast content of all samples except
UP3, UP6, UP10, UP12, UP14, and P1 ranged
from 1.54 to 7.20 log cfu/ml. As yeasts are
known to be the dominant microorganisms in
grapes (Chavan et al., 2009; Salvetti et al., 2010),
grape leaves (Firat and Cetin, 2014; Salvetti et al.,
2016; Firat and Cetin, 2020), grape must
(Raymond et al., 2018), and wine (Belessi et al.,
2022), the results obtained in the present study are
consistent with those of other studies. A statistical
difference was observed in the yeast counts of the
samples (P<0.001), with the highest count
detected in UP1 (7.20 log cfu/mL) and UP5 (6.90
log cfu/mL). Upon evaluating all these results, it
becomes  clear  that the  predominant
microorganism in the brined grape leaves is yeast,
as Firat and Cetin (2014) emphasised.

Table 1. Results of microbiological analyses of the brined grape leaves!

Microbiological parameters (log cfu/mlL)

Psychrotro

Sample code Total  viable phic Yeast Mould Lactobacﬂl Lactococci Exnterobacteri
count . i aceae
bacteria
UP1 <1f <1 7.20£0.35¢ <1b <1b <le <12
UP2 <1f <1 6.61£0.23 <1b <1b <1e <12
UP3 <1f <1 <1h <1b <1b <l¢ <12
Ur4 5.12+0.17° <1 4.2410.04¢ 2.59+0.160  <1P 4.791£0.16 <12
UP5 <1f <1 6.9010.14 <1b <1b <le <12
UP6 4.72+0.34¢ <1 <th <t <t <le <12
UP7 <1f <1 5.7240.34<d <1b <1b <le <12
UPs <1f <1 1.95£0.07% <t <t <le <12
UP9 <1f <1 4.92+0.114d¢ <1b <1b <l¢ <12
UP10 <1f <1 <th <t <t <le <12
UP11 <1f <1 2.00+£1.41% <tb <tb <le <12
UP12 <1f <1 <1h <1b <1b <le <12
UP13 2.15+0.21¢ <1 2.51+0.56¢ <1b <1b <le <12
UP14 <1f <1 <1h <1b <1b <le <12
UP15 2.95£0.07¢ <1 2.57+0.48¢ <1b 1.95£0.07¢  1.87+0.04> <12
P1 <1f <1 <1h <1b <1b <] <12
P2 <1f <1 5.0310.17de <1b <1b <le <12
P3 <1f <1 4.91£0.12d¢ 2.85£1.200  <1b <le <12
P4 <1f <1 5.08%0.12de <1b <1b <le <12
P5 5.90£0.08 <1 6.02£0.03be <1b <1b <le <12
P6 <1f <1 1.54£0.34¢ <1b <1b <le <12
Sig. (ANOVA) ook _ Sokk Sokok ok okk _
Produc  Unpackaged  1.00+1.80 <1 2.97+2.72 0.17£0.66 0.13+£0.50 0.44+1.27 <12
2‘;‘; Packaged 0.98+2.30 <1 3.76+2.29 047+1.17 <1 <1 <12
Sig. (T-test) ns ns ns ns ns ns ns

U All values are presented as the meantstandard deviation. Sig.: Degree of statistical significance, ns: Not statistically
significant, *: p<0.05, **: p<0.01, ***: p<0.001, ANOVA: One-way ANOVA test, T-test: Independent sample T-
test, UP: unpackaged brined grape leaves samples, P: packaged brined grape leaves samples. Lowercase represents
statistical differences in the same column according to the One-way ANOVA test.

2cfu/mL
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Physicochemical analyses

This study investigated the physicochemical
properties of brined grape leaves samples,
including pH, acidity and salt content. The results
are presented in Figure 1 and Table S1. The
results showed a statistical difference in pH
(P=0.000043) and acidity levels (P=0.000006)
between packaged and unpackaged samples, but
no difference in salt content (P=0.144265). The
lower pH and higher acidity of unpackaged
samples clearly indicate that quality parameters
are more difficult to control and monitor in
traditionally ~ produced products than in
industrially produced ones (Cetin and Aktas,
2024). The pH of the unpackaged samples was
between 2.55 and 3.34, while that of the packaged
samples was between 2.82 and 3.47. The acidity
levels of the unpackaged samples were between
0.20 and 1.29 % lactic acid, whereas those of the
packaged samples were between 0.25 and 0.48 %
lactic acid. Additionally, the salt content of the
unpackaged samples varied between 8.19% and
32.76%, whereas that of the packaged samples
varied between 6.14% and 28.67%. The study

conducted by Yasa (2019) determined that the pH
of brined grape leaves samples produced with
different salt ratios was in the 2.95-3.16 range
after 3 months. Additionally, Firat and Cetin
(2014) reported that the pH, acidity, and salt
content of the brined grape leaves samples were
in the ranges 2.91-4.60, 0.30-3.60 % lactic acid and
1.75-25.00%, respectively. Similarly, Zengin
Yilmaz (2022) found that the pH, acidity, and salt
content of the brined grape leaves samples were
3.22-5.19, 0.11-1.94 % lactic acid, and 2.98-
17.84%, respectively. It is a well-known fact that
low pH, high acidity, and low water activity (by
drying, sugar addition or salting) in foods
suppress the microbial growth in foods without
the need for any additional protective barriers. In
short, this is known as “hurdle technology”. On
the other hand, yeasts are more resistant than
bacteria to the inhibitory effects of hurdle
technology (Vermeulen et al., 2007; Adeiza et al.,
2024). The fact that yeast was detected in almost
all of the samples in the present study, while
bacterial content was almost negligible, may be
due to the above-mentioned reasons.

Table S1. Physicochemical properties of pickled grape leaves samples?

Physicochemical parameters

Sample code pH Acidity (% lactic acid) Salt content (%)
UP1 3.34£0.00° 0.20£0.03™ 8.19£0.00"
UP2 2.95£0.008 0.36£0.01i 14.9210.41"
UP3 2.78£0.01! 0.38£0.001 31.30£0.41>
UP4 2.91£0.01" 0.60£0.00f 13.16£0.411
UP5 2.85%0.00r 0.63£0.00f 22.52+0.41¢
UP6 2.96£0.00f 0.38£0.011 15.21£0.00r
up7 2.90£0.00" 0.52£0.022 13.16£0.411
UP8 2.65£0.01m 1.2940.01» 17.26£0.41"
UP9 2.78£0.01! 0.51£0.022 24.86£0.41¢
UP10 2.77£0.00" 0.73£0.02¢ 23.9940.00¢
UP11 2.83%0.001 0.91£0.01¢ 21.06£0.83f
UP12 2.64£0.00m 1.04%0.00° 19.60£0.41¢
UP13 2.60£0.01~ 1.07£0.13b 24.57£0.83¢
UP14 2.78£0.00" 0.77£0.024 24.8610.414
UP15 2.55£0.00° 0.84£0.07¢ 32.76£0.83¢
P1 2.85%0.00r 0.44£0.018m 28.67%1.65¢
P2 3.31£0.01¢ 0.27£0.02m 12.87£0.831
P3 2.8210.00% 0.4120.02m 19.60£1.24¢
P4 3.47£0.01 0.25£0.00' 6.14£0.41m
P5 3.191+0.01¢ 0.29%0.034 23.6910.41d
P6 3.2240.01¢ 0.48£0.018n 9.95£0.00%
Sig. (ANOVA) P<0.001 (***) P<0.001 (***) P<0.001 (**¥)
Production type Unpackaged 2.82+0.19 0.68£0.30 20.49%6.80
Packaged 3.14+0.24 0.36+0.10 16.82+8.25
Sig. (T-test) P=0.000043 (***) P=0.000006 (***) P=0.144265 (ns)

aAll values are presented as the meantstandard deviation. Sig.: Degree of statistical significance, ANOVA: One-
way ANOVA test, T-test: Independent sample T-test, ns: Not statistically significant, *: p<<0.05, **: p<0.01, ***:
p<0.001, UP: unpackaged brined grape leaves samples, P: packaged brined grape leaves samples. Lowercase
represents statistical differences in the same column according to the One-way ANOVA test
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Figure 1. The pH (A), acidity (B), and salt content (C) of the brined grape leaves samples. UP:
unpackaged samples, P: packaged samples

Organic acid profile

The production of organic acids, such as lactic
and acetic acid, by microbial activity in fermented
foods plays a key role in extending shelf life by
lowering pH, in addition to their antimicrobial
activity (Lee, 1997). This study investigated the
organic acid profiles of brined grape leaf samples.
The results are presented in Figure 2 and Table
S2, and a chromatogram is shown in Figure S1.
The malic acid content of the samples was
between 133.98 and 3252.21 mg/L,, the lactic acid
content was between 1813.48 and 43367.95
mg/L, the acetic acid content was between
<LOD and 3775.69 mg/L, the citric acid content
was between <LOD and 3045.94 mg/L, and the
propionic acid content was between <LOD and
1450.84 mg/L. Significant statistical differences
were observed for all organic acids between the
samples (P<0.001). The highest levels of malic,
lactic, acetic, citric, and propionic acid were found
in UP10, UP10, UP3, P6 and UP10, respectively
(P<0.001). Conversely, it was found that
production type caused statistically significant
differences in the content of malic (P=0.000011)

and lactic acids (P=0.000004), but not in the
content of acetic (P=0.244398), citric
(P=0.216881) or propionic acids (P=0.060427).
In fermented vegetables, in the initial and primary
phase of fermentation, pH decreases, and organic
acids are produced by the activity of lactic acid
bacteria. In the later stages of fermentation
(secondary phase and post-fermentation phase),
lactic acid bacteria lose their dominance and
yeasts become dominant due to low pH and high
acidity (Tokath et al., 2012; Caliskan Aydogan,
2016). This may explain why none of the samples
(except for UP4 and UP15) used in this study
contained lactic acid bacteria, despite the
detection of a significantly high organic acid
content. By contrast, yeasts predominated in the
samples examined in this study, but they are
known to have limited ability to produce organic
acids (Tran and Zhao, 2022). Nevertheless, some
researchers have reported that yeast strains, such
as Candida wutilis, Pichia kudriavzevii, Kluyveromyces
lactis,  Kluyveromyces — marxianus, — Lachancea

thermotolerants can produce organic acids in foods
(Vilela, 2018; Tsaruk et al., 2025).
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Figure S1. HPLC chromatogram obtalned from the analy51s to determine the organic acid profile. The
red chromatogram shows the standard mixture, while the blue chromatogram shows the brined grape
leaves sample

Table S2. Organic acid profile of pickled grape leaves samples?

Organic acid profile (mg/L)

Sample

code Malic acid Lactic acid Acetic acid Citric acid Propionic acid
UP1 143.09£0.57m 5965.4310.75¢° <LODk <LOD:! <LODt
UP2 990.89+2.941i 18598.141+26.54! 395.88+5.18¢ 138.6216.86h <LODt
UP3 2771.15%20.51¢ 15998.00+29.31k 3775.69£91.49a 576.59155.88¢ 808.47+13.274
UP4 1608.58+10.26f 18040.02+169.41i 383.97142.01gh 544.17+21.29¢ 610.02£1.30¢f
UP5 3190.96148.652 31011.57£524.56¢ 232.85%9.35! 825.08+41.97¢ 984.36%155.56¢
UP6 1047.4216.24 17832.83+14.94i 1486.95+14.24¢ 838.491+36.65¢ 538.92+3.59f
UP7 1386.75%6.57h 34799.93+£104.394 729.28+155.09f 296.12£8.75¢ 310.12+4.58¢
UPS8 995.3919.05 14576.77+26.43! 402.66+2.25¢ <LOD! 537.38+6.15F
UP9 1506.47+15.858 27898.031+3.932 377.86£0.93gh 186.72+1.372 593.45+13.33¢f
UP10 3252.2114.992 43367.95143.002 656.11£27.40f 697.71+33.554 1450.84+28.54a
UP11 2883.99%19.98b 28573.60%£25.97f 315.08%14.08sh 1236.8916.53P 1190.80+39.57>
UP12 762.7315.68% 3592.65%2.36r 1374.41+23.094 <LOD: 350.49£52.90¢
UP13 2023.04%12.02¢ 35963.681348.43¢ 938.58+30.74¢ 318.53%8.46F 845.40+11.194
UP14 2456.68%13.454 41248.82+83.78b 2126.83%6.020 574.23+12.81¢ <LODt
UP15 1295.15+48.99h 23805.03+11.57h 271.96+3.38M 345.80+£12.97f 673.07£10.15¢
P1 1341.05%0.45h 18662.23+11.70 967.35+9.64¢ 871.70+41.51¢ 828.124+24.234
P2 900.53£182.90i 11485.33+32.60m 212.81%£6.27 91.99+2.42h 178.08%2.60r
P3 682.2216.39% 11164.69+199.74m  291.58+137.97¢h 125.38+7.99h 287.56%28.45¢
P4 636.71£5.91! 2521.49+57.38¢ 1525.79+37.70¢ 296.11£0.19¢ <LOD:
P5 705.20+12.85K 8781.73+£148.32n 90.38+29.28ik 663.16+18.32d 680.641+79.41¢
P6 133.98432.83m 1813.48+3.63s 192.5949.701 3045.94+7.26 <LODt
Sig. (ANOVA) P<0.001 (¥**) P<0.001 (¥ P<0.001 (¥ P<0.001 (**<¥) P<0.001 (**<%)
Production ~ Unpackaged  1754.30£941.49  24084.831:11788.68 897.87£964.36 438.60%356.26 592.89+421.66
type Packaged 773.28+378.18 9071.49£5998.32 546.751£548.80 849.05+1067.29  329.07£335.10
Sig, (T-test) P=0.000011 P=0.000004 P=0.244398 P=0.216881 P=0.060427
' (o ) (ns) (ns) (ns)

All values are presented as the meantstandard deviation. LOD: Limit of detection, Sig.: Degree of statistical
significance, ANOVA: One-way ANOVA test, T-test: Independent sample T-test, ns: Not statistically significant,
*: p<0.05, **: p<0.01, ***: p<0.001. Lowercase represents statistical differences in the same column according to

the One-way ANOVA test
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Figure 2. Chord diagram showing the results of the chromatographic analysis of the brined grape
leaves samples

Total phenolic content and antioxidant
capability

In this study, total phenolic content and
antioxidant capacity of brined grape leaves
samples were investigated, and the results are
presented in Figure 3 and Table S3. The total
phenolic content of the unpackaged and packaged
samples was found to be 958.32-1870.59 and
509.23-1308.09 mg GAE/L, respectively. Zotlu
Unlii (2021) and Zengin Yilmaz (2022) reported
that the phenolic content of brined grape leaves
samples was 0.55-16.85 mg GAE/g and 1.33-
14.14 mg GAE/g, respectively. Although similar
results were mostly obtained, it is thought that the
higher level of phenolic content in the above-
mentioned study may be due to differences in the
solvent used and the extraction process. The 1Cso
of the unpackaged and packaged samples was
found to be 0.054-0.126 and 0.071-0.249 mg/ml.,
respectively. The results showed that the
unpackaged samples had a higher total phenolic
content than the packaged ones (P=0.000013).
Correspondingly, the ICso values of the
unpackaged samples were lower than those of the
packaged ones (P=0.013404). Notably, the total
phenolic content of all samples varied

considerably, suggesting a potential link with leaf
type and/or quantity (Figure 3A) (Zengin Yilmaz,
2022). Many researchers have stated that grapes
(Breksa et al., 2010; Rockenbach et al., 2011), wine
(Breksa et al., 2010; Rockenbach et al., 2011) and
leaves (Zorlu Unli, 2021; Zengin Yilmaz, 2022)
contain high amounts of phenolic components,
which increase antioxidant capacity. Pastrana-
Bonilla et al. (2003) found that the average total
phenolic content of muscadine grape samples was
2178.8, 374.6, 23.8, and 351.6 mg/g gallic acid
equivalent in seeds, skins, pulp, and leaves,
respectively. Similarly, the samples in the present
study appear to have high levels of phenolic
content, and therefore high antioxidant capacity.
It is well known that vegetables have a high
phenolic content (Andarwulan et al, 2010).
Banjanin et al. (2021) reported that differences in
grapevine vatieties and harvest regions can affect
the total phenolic content and antioxidant
capacity of the final product. This demonstrates
that different vegetables can have different levels
of phenolic content, and that even grape leaves
can play an important role in healthy nutrition due
to their high phenolic content.
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Table S3. Total phenolic content and antioxidant capability of pickled grape leaves samples?
Total phenolic content and antioxidant capability
Total phenolic content

Sample code Antioxidant capability (ICs, mg/mlL)

(mg GAE/L)

UP1 958.32%6.11n 0.114£0.0024F
UP2 1026.95+21.53m 0.105+0.003¢
UP3 1773.55%5.14b 0.056:£0.001k
UP4 1674.00£21.214 0.064£0.006ksk
UP5 1722.64+55.28¢ 0.0650.000ksk
UP6 1073.77423.46! 0.118+0.001def
UP7 1432.86+8.68¢ 0.0790.002¢0
UPs8 1156.95%20.25i 0.1220.0024e
UP9 1119.00£7.07i 0.109£0.002¢f
UP10 1870.5949.322 0.0540.002*
UP11 1566.50%25.39¢ 0.076:£0.004¢b
UP12 1106.50%12.544 0.126+0.0014
UP13 1586.9549.32¢ 0.0670.004hik
UP14 1624.2340.32¢ 0.062£0.0011k
UP15 1238.32427.32: 0.089£0.005¢
Pl 1006.73%16.07= 0.123+0.001¢d
P2 1091.95+4.82¥ 0.079£0.015¢
P3 1308.09£8.36b 0.071£0.003b
P4 806.95+17.68° 0.140£0.004¢
P5 560.14+22.82p 0.249+0.022:
PG 509.23+4.18¢ 0.230£0.010b
Sig. (ANOVA) P<0.001 (%) P<0.001 (%)
Production type Unpackaged 1395.41304.93 0.087£0.026
Packaged 880.52+298.47 0.149+0.072
Sig. (T-test) P=0.000013 (¥*%) P=0.013404 (%)

aAll values are presented as the meantstandard deviation. Sig.: Degree of statistical significance, ANOVA: One-way ANOVA
test, T-test: Independent sample T-test, ns: Not statistically significant, *: p<0.05, **: p<0.01, ***: p<0.001. Lowercase
represents statistical differences in the same column according to the One-way ANOVA test

A B
E 2000 P=0.000013 (***) 0.307 1= 0.013404 (*)
o 0.25; N
2017501 .
£ 1500 g 0.20
£ 2
S 1250- £ 0.15
] 2 e
S 1000 < 0.10/ E.
= of®

750- H P

= 0.05{ **°
S 500 s

Figure 3. Total phenolic content (A) and antioxidant capability (B) of the brined grape leaves samples.
UP: unpackaged samples, P: packaged samples
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Glutamic acid and gamma-aminobutyric acid
content

GABA has many beneficial effects on the human
body, which includes lowering blood pressure,
promoting the release of dopamine, regulating
heart rate, stabilising blood sugar levels, and
inhibiting the proliferation of cancer cells (Zhu et
al., 2024). Therefore, the presence of GABA, a
natural neurotransmitter, and its precursor
glutamic acid in foods and its easy uptake into the
body are of great importance for human health
(Ayag et al., 2025). In this study, glutamic acid and
GABA contents of brined grape leaves samples
were analysed using HPLC and the results are
presented in Figure 2 and Table S4. A
chromatogram is shown in Figure S2. The results
revealed that the glutamic acid content of the
samples vatied from <LOD to 56.81 mg/L and
there were statistically significant differences
between the samples (P<0.001). On the other
hand, the GABA content of the samples was
between <LOD and 231.59 mg/L, and there were
statistically significant differences between the
samples (P<0.001). According to the results of
statistical analysis, UP4 had the highest glutamic
acid content and UP11 and UP13 had the highest
GABA content (P<0.001). Furthermore, it was
determined that the production type had a

statistically significant impact on the levels of
glutamic acid (P=0.000168) and GABA
(P=0.000047) in the samples and that the glutamic
acid and GABA contents of the unpackaged
products were higher than the packaged ones.
Lactic acid bacteria (Ayag et al., 2025) and yeasts
(Han et al.,, 2016) are known to convert glutamic
acid to GABA. To the best of the authors'
knowledge, no studies have been conducted on
the glutamic acid and GABA content of grape
leaves. On the other hand, in the study conducted
by Garde-Cerdan et al. (20106), it was found that
grape must naturally contains glutamic acid and
GABA at levels of 97.62 and 89.43 mg/L,
respectively. Similar to grape must, this suggests
that glutamic acid and GABA may be naturally
present in brined grape leaves. In addition, some
researchers have reported that yeasts can degrade
GABA (Ando and Nakamura, 2016). The present
study showed that the dominant microbiota in the
samples were yeasts. This finding may support the
theory that the amount of naturally occurring
GABA in brined grape leaves decreases during
fermentation due to degradation by the dominant
microbiota, yeasts.

1)
GABA

800

Glutamic acid

£ 4 = |

Figure S2. HPLC chromatogram obtained from the analysis to determine the glutamic acid and
GABA. The blue chromatogram shows the standard mixture, while the red chromatogram shows the
brined grape leaves sample
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Table S4. Glutamic acid and gamma-aminobutyric acid content of the brined grape leaves samples?

Sample code

Glutamic acid and gamma-aminobutytic acid content (mg/L)

Glutamic acid Gamma-aminobutyric acid

UP1 <LODe <LOD:
UP2 <LOD¢ 62.3012.34f
UP3 34.7242.30bc 107.74£0.76¢
UP4 56.81£20.68 91.41£26.64¢
UP5 28.80120.69vc 159.83+10.91b¢
UP6 6.06£0.91¢ 3.08%1.24
UP7 <LOD¢ 133.35+9.78d
UP8 23.6010.72¢d 44.231+5.03¢h
UP9 37.44%0.51bc 66.21£1.45¢
UP10 13.24£4.02de 177.36+13.15b
UP11 2.83%1.40¢ 228.18%+14.352
UP12 <LODe¢ <LODt
UP13 43.391+3.74ab 231.59£4.852
UP14 2.66£0.55¢ 112.31£3.92¢
UP15 28.9242.25bc 145.49£8.47<
P1 <LODe 99.58£19.92¢
P2 <LODe¢ <LOD!
P3 13.96£4.51de <LODt
P4 <LOD¢ <LODt
P5 <LODe 33.66+14.63h
Po6 <LOD¢ <LOD!
Sig. (ANOVA) P<0.001 (*%) P<0.001 (*+)
Production type Unpackaged 18.56£19.38 104.21£75.34
’ Packaged 2.33£5.60 22.21+39.07

Sig. (T-test)

P=0.000168 (***)

P=0.000047 (***)

All values are presented as the meantstandard deviation. LOD: Limit of detection, Sig.: Degree of statistical
significance, ANOVA: One-way ANOVA test, T-test: Independent sample T-test, ns: Not statistically significant,
*: p<0.05, **: p<0.01, ***: p<0.001. Lowercase represents statistical differences in the same column according to

the One-way ANOVA test

Benzoic and sorbic acid content

In this study, the benzoic and sorbic acid contents
of brined grape leaves samples were analysed by
HPLC and the results are given in Figure 2 and
Table S5. A chromatogram is shown in Figure S3.
Only UP2 and P4 contained benzoic acid, at
concentrations of 236 and 190.95 mg/L,
respectively. By contrast, sorbic acid was only
detected in UP12 and P6, with respective contents
of 139.95 and 291.69 mg/L. Sorbic and benzoic
acids can be used as preservatives in food
products (Cakir and Cagri-Mehmetoglu, 2013).
Conversely, benzoic acid can be produced
naturally by lactic acid bacteria in fermented foods
(Meral-Aktas et al., 2025a). It is therefore thought
that the benzoic acid in the samples may have
been produced by lactic acid bacteria in the
product during primary phase of fermentation.
On the other hand, another theory is that the
benzoic and sorbic acids detected may have been
added to the product as preservatives.

Correlation and principal component analysis
Correlation (Figure 4) and principal component
analysis (Figure 5) were performed on parameters
such as pH, acidity, salt content, total viable
count, yeast, mould, lactobacilli, lactococci, malic
acid, lactic acid, acetic acid, citric acid, propionic
acid, benzoic acid, sorbic acid, glutamic acid,
GABA and phenolic content, as well as the ICso
of the samples, to determine the relationships
between the data obtained from brined grape
leaves samples. Correlation analysis showed that
yeast count was positively correlated with pH and
negatively correlated with acidity and salt content.
This was to be expected because of the effect that
pH, acidity, and salt concentration have on the
growth of microorganisms (Adeiza et al., 2024).
Additionally, all organic acids except citric acid
exhibited negative correlations with pH and
positive correlations with acidity. Similarly, Meral-
Aktas et al. (2025b) also found a positive
correlation between organic acid content and



Microbiological, physicochemical and biofunctional properties of brined grape leaves

acidity. A negative correlation was found between
the phenolic content of the samples and their
acidity, as well as with all organic acids except
citric acid. However, the 1Csy values showed the
opposite trend. This demonstrated a relationship
between the phenolic content/ICsy values of the
brined grape leaves samples and acidity, as well as

the parameters affecting their acidity. This result
was expected since it is known that phenolic
components have variable stability at different pH
values (Friedman and Jirgens, 2000).

i Sorbic acid

Benzoic acid

- |

o

f

0 = o]

Figure S3. HPLC chrbmatograrn obtained from the énalysis to determine the benzoic and sorbic acid.
The blue and red chromatograms show the benzoic and sorbic acid standards, respectively. The green
and pink chromatograms show the brined grape leaves samples

Table S5. Benzoic and sorbic acid content of the brined grape leaves samples?

Benzoic and sorbic acid content (mg/L)

Sample code Benzoic acid

Sorbic acid

UP1 <LODP <LODs
UP2 2.36+0.15b <LODs
UP3 <LODP <LODs
UP4 <LODP <LODs
UP5 <LODP <LODs
UP6 <LODP <LODs
upr7 <LODP <LODs
UP8 <LODP <LODs
UP9 <LODP <LODs
UP10 <LODP <LODs
UP11 <LODP <LODs
UP12 <LODP 139.95+1.28>
UP13 <LODP <LODs
UP14 <LODP <LODs
UP15 <LODP <LODs
P1 <LODP <LODs
P2 <LODP <LODs
P3 <LODP <LODs
P4 190.95£12.16* <LODs
P5 <LODP <LODs
P6 <LODP 291.69114.732
Sig. (ANOVA) P<0.001 (***) P<0.001 (*+¥)
Production type Unpackaged 0.1630.60 9.33135.51
Packaged 31.83+74.42 48.61+113.63

Sig. (T-test) P=0.168485 (ns)

D= 0263057 (ns)

aAll values are presented as the meantstandard deviation. LOD: Limit of detection, Sig.: Degree of statistical
significance, ANOVA: One-way ANOVA test, T-test: Independent sample T-test, ns: Not statistically significant,
*: p<0.05, **: p<0.01, ***: p<0.001. Lowercase represents statistical differences in the same column according to

the One-way ANOVA test
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pH | 003 -093 008 069 001 -049 -023 -0.85 -0.86 -043 035 -0.88 079 051 -0.79 -0.89 -086 079 1
Acidity I 080 047 071 -0.02 043 043 074 077 032 -020 079 071 031 066 0.82 074 -065
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Figure 4. Correlation matrix of data from the brined grape leaves samples. The size of the plots
indicates the strength of the correlation, and the colour, from red to blue, indicates the effect from
positive to negative, respectively
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Figure 5. Hierarchical cluster analysis (A), score scatter plot (B), loading scatter plot (C), and biplot (D)
of the principal component analysis. R2X[1] and R2X]|2] in the principal component analysis are the
variations explained by the PC1 and the PC2, respectively, together explaining 48.3% of the variation

The brined grape leaves samples were dividedinto  (Figure 5A and Figure 5B). The loading scatter
four different groups when the data from the  plotis shown in Figure 5C, and PC1 accounts for
principal component analysis was examined  34.40% of the variation, and PC2 accounts for
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13.90% of the wvariation, totalling 48.30%
variation. The separation between group 1 (UP1,
P2, P4, P5, and P6) and the other groups was
driven by pH and ICs. In addition, group 2 (UP3,
uUP5, UP10, UP11, UP13, UP14, and UP15)
Figure 5

CONCLUSION

This study showed that, although lactobacilli,
lactococci, and moulds were present in some
samples, yeasts were dominant due to the low pH
and high salt content of brined grape leaves.
Conversely, the different pH and acidity of the
unpackaged and packaged samples may indicate
uncontrolled microbial growth. No consistent salt
content was observed across all products,
suggesting an absence of standards for this
important product. The high phenolic content
and antioxidant capacity of the samples used in
the study emphasised the nutritional and health
benefits of this product once again. However,
further analysis is required using metagenomic
and metabolomic methods to provide a more
comprehensive assessment of the microbial
diversity and nutrients present in the samples. In
addition, it is important to study the pesticide and
heavy metal residues widely used in production in
detail, as they may leave residues in the final

product, in order to reveal the risks to human
health.
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ABSTRACT

Textural properties are key indicators of quality in meat products. In this study, the effects of slice thickness
(15, 20, 25 mm), compression ratio (30, 40, 50%), and test speed (1, 2, 3 mm/s) on the textural characteristics
of chicken salami were investigated. Increasing slice thickness raised hardness and adhesiveness but reduced
cohesiveness (P <0.05). Higher test speed increased hardness, springiness, cohesiveness, and chewiness,
while decreasing adhesiveness (P <0.05). The compression ratio influenced hardness, adhesiveness,
cohesiveness, and chewiness (P < 0.01); higher ratios enhanced hardness, adhesiveness, and chewiness, but
decreased cohesiveness (P < 0.05). Significant interactions were found between slice thickness X
compression ratio for adhesiveness (P <0.01), and test speed X compression ratio for chewiness (P <0.01)
and springiness (P <0.05). The compression ratio was more effective than other parameters. Optimal
conditions with minimal variability were identified for each parameter, suggesting suitable standardization
criteria for texture profile analysis of chicken salami.

Keywords: Salami, texture, slice thickness, test speed, compression ratio

TAVUK SALAMI iCIN TEKSTUR PROFIL ANALIZI (TPA)
PARAMETRELERININ STANDARDIZASYONU

oz

Tekstirel 6zellikler, et tiriinlerinde temel kalite gostergeleridir. Bu ¢alismada, tavuk salamin tekstiirel
Ozellikleri Gzerine dilim kalinlhigr (15, 20, 25 mm), sikistirma oramt (%30, 40, 50) ve test huz1 (1, 2, 3
mm/s) degiskenlerinin etkileri aragtirtlmistir. Dilim kalinliginin artmast, sertlik ve ylizey yapiskanligini
artirirken, i¢ yapiskanligl azaltmistir (P <0.05). Daha yiksek test hizlari, sertlik, elastikiyet, i¢
yapiskanlik ve cignenebilirligi artirmis, buna karsilik yiizey yapiskanlhgini disurmistir (P <0.05).
Sikistirma orani ise sertlik, yiizey yapiskanligi, i¢ yapiskanlik ve cignenebilirlik tizerinde anlaml bir
etkiye sahip olmustur (P <0.01); daha yiiksek oranlar sertlik, ylizey yapiskanligi ve cignenebilirligi
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artirmis, ancak i¢ yapiskanligi azaltmistir (P <0.05). Ayrica, dilim kalinligi X sikistirma orant etkilesimi
ylzey yapiskanligl Gzerinde (P <0.01), test hizt X stikistirma orani etkilesimi ise ¢ignenebilirlik (P
<0.01) ve elastikiyet (P <0.05) tzerinde anlamli bulunmustur. Sikistirma oraninin diger Sl¢im
parametrelerine gore daha etkili oldugu belirlenmistir. Her bir parametre i¢in minimum degiskenlikle
en uygun kosullar tespit edilmis olup, bu sonuglar tavuk salaminin tekstiir profil analizinde
kullanilabilecek uygun standardizasyon kriterlerini ortaya koymaktadir.

Anahtar kelimeler: Salam, tekstiir, dilim kalinligi, test hizi, sikistirma orant

INTRODUCTION

The consumption of meat and meat products is
widespread worldwide because of their high
bioavailability of nutrients, bioactive compounds,
essential minerals, and vitamins (Babaoglu et al.,
2025). Many meat products are produced in
different parts of the world, classified as fresh
processed meat products, formed meat, cured
meat products, raw-cooked meat products, raw
fermented sausages, and dried meat products
(Valli et al., 2018). Emulsion sausages and salamis
are widely consumed in Western and Asian
countries (Dinger et al, 2017). While these
products are produced in the West by fermenting
and drying the batter produced with the emulsion
technique after filling it into casings (Alamprese et
al., 2016; Stangierski et al., 2023), in Ttrkiye, they
are produced by heat treating the batter obtained
with the emulsion technique after filling it into
casings (Anonymous, 2019). Previously produced
using pork, especially for the Christian minority in
Istanbul, these products now use mostly beef and
poultry meats. In addition to the raw materials
used in production, products with different
textures and qualities are offered to the market
depending on different processing and storage
conditions (Oztan, 2003).

Texture is one of the key quality attributes used in
the fresh and processed food industry to assess
product quality and acceptability (Chen and
Opara, 2013; Alemu, 2022). It plays an important
role in consumer acceptance and market value by
greatly affecting the palatability and quality of
meat products (Erdemir and Karaoglu, 2021).
Among the texture characteristics, hardness is one
of the most important parameters, often used to
determine the freshness of foods. Springiness,
adhesiveness, cohesiveness, and chewiness are
significant properties for the texture evaluation of
meat-based products (Alemu, 2022). Textural
quality attributes of foods may be evaluated by

descriptive sensory (subjective) or instrumental
(objective) analyses. Texture Profile Analysis
(TPA) is one of the instrumental methods used to
evaluate the texture of various food items, with
one advantage to assess multiple variables at one-
time measurement (Chen and Opara, 2013;
Alemu, 2022).

Many studies have been conducted on the
production and quality characteristics of salami.
Some of these studies are on the possibilities of
using goose meat in production (Giner et al.,
2002), the effect of partial replacement of sodium
chloride in Italian salami production on sensory
and textural properties (Fieira et al., 2015), the
synergistic effect of polysaccharides, betalain
pigment and phenolic compounds of red prickly
pear (Opuntia stricta) in the stabilization of salami
(Kharrat et al.,, 2018), the effect of modified
potato starch on some quality properties of salami
produced from beef and chicken meat (Saimaiti,
2018), the possibilities of using dried oyster
mushroom (Pleurotus ostreans) in Hungarian salami
production (Oziinlii, 2019) and the effect of using
olive pomace oil oleogel in chicken salami
production on physicochemical, textural and
sensory properties (Yazict, 2024). Although most
of these studies include information on the
textural properties of salami, TPA analyses were
mainly performed under different measurement
conditions, resulting in incomparable data.

In many cases, texture measurements obtained
with TPA differ under different conditions. The
biting and chewing activity of the mouth is
simulated with the TPA device, and the texture of
the foodstuff is measured accordingly. Therefore,
these devices, unlike basic analysis devices,
provide meaningful data depending on the
similarity between the mechanical and sensory
measurements of foodstuffs (Shin and Choij,
2021). In contrast, in texture studies, differences
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in TPA wvalues are often explained by
measurement parameters, without considering
the similarity between mechanical and sensory
measurements or the reason for choosing certain
conditions. As a result, it is unclear whether the
observed differences in texture are due to the
samples themselves or to the measurement
conditions.

The most emphasized and changed measurement
parameters in measuring the textural properties of
salami are slice thickness, test speed, and
compression ratio. Although there are many
studies aimed at measuring and improving the
textural properties of different poultry meat
products, there is no specific study to determine
the texture measurement parameters and their
effects on textural properties. The primary aims
of this study planned in this context were: 1) to
determine the textural parameters such as
hardness, springiness, adhesiveness,
cohesiveness, and chewiness of chicken salami
samples using the TPA device at different slice
thicknesses, compression ratio, and test speeds,
and thus ii) provide basic data for establishing

standardized measurement conditions necessary
for the textural analysis of salamis.

MATERIAL AND METHOD

Materials

In the study, four different brands of chicken
salami were selected as the experimental material,
and 6-7 samples were obtained from each brand.
All samples were purchased from markets or
delicatessens in Samsun. The samples were stored
at 4 °C until their chemical composition and
textural properties were analyzed (approximately

6 h.

Experimental design of texture measurement
parameters

The experimental design included three
measurement parameters: slice thickness, test
speed, and compression ratio. The selected slice
thicknesses wetre 15, 20, and 25 mm; the test
speeds were 1, 2, and 3 mm/s; and the
compression ratios were 30, 40, and 50% (Table
1). Preliminary experiments confirmed that these
selected values did not cause any deformation in
the salami samples.

Table 1. Measurement parameters and their variation ranges used in the experimental design

Measurement parameters

Variation ranges

Slice thickness (mm) 15 20 25
Test speed (mm/s) 1 2 3
Compression ratio (%) 30 40 50

Proximate composition analysis

The moisture, protein (N x 6.25), fat, and ash
contents of chicken salami samples were
determined using AOAC methods (AOAC,
2000). Carbohydrate contents were calculated by
difference.

Texture profile analysis

The salami samples were kept in the refrigerator
until analyzed, and their temperatures were
balanced by keeping them at room temperature
for ~20 min before slicing. Then, they were cut
into cylindrical slices (diameter: 60 mm) of 15-
20-, and 25-mm thickness using a slicing machine
(S6nmez Vacuum, SN210, Tirkiye). Textural
properties of salami slices were measured at room
temperature using a Texture Analyzer (TA-XT

Plus, Stable Micro Systems, Surrey, UK) with a
P/50R probe at different test speeds (1, 2, and 3
mm/s) and different compression ratios (30, 40,
and 50%). During the measurements, salami slices
were subjected to two compressions, with 5 s
between compressions. Three slices per thickness
and brand were analyzed. The hardness,
springiness, adhesiveness, cohesiveness, and
chewiness parameters of the samples were
calculated from the curves provided by the
equipment.

Statistical analysis

The data obtained from the TPA measurements
were analyzed by the General Linear Model, in
which slice thickness, test speed, and compression
ratio were the main factors using the SPSS
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statistical package program (Version 10, SPSS
Inc., Chicago, IL, USA). Differences among the
means were compared using Duncan’s multiple
range test at P <0.05 level. The results of the main
factors were shown as boxplots, while the results
of the interactions were presented as line charts.
The minimum and maximum values, median, and
first and third quartiles were shown on the
boxplots.

RESULTS AND DISCUSSION

Proximate composition

In the present study, where the effect of
measurement parameters on the textural
properties of chicken salami was investigated, the
proximate compositions of four different brands
of chicken salamis were also investigated, and it
was determined that salamis contained 63.93-
09.49% moisture, 10.53-12.45% protein, 7.47-
14.06% fat, 2.86-4.01% ash, and 4.71-7.73%
carbohydrate. Similar proximate composition
results were reported by Battaloglu (2024) in
chicken salamis sold in the Kayseri market in
Trkiye.

Texture measurement parameters

Stice thickness

In the present study, the textural properties of
chicken salamis were measured at three different
slice thicknesses (15, 20, and 25 mm), and the
effect of slice thickness on hardness, springiness,
adhesiveness, cohesiveness, and chewiness is
presented in Figure la-e. The slice thickness had
a significant (P <0.01) effect only on the hardness,
adhesiveness, and cohesiveness. The lowest
hardness value was measured at 15 mm slice
thickness as 126.32 N, and as the slice thickness
increased, the hardness values increased (P
<0.05). However, this increase was not significant
in 15- and 20-mm slice thicknesses (P >0.05)
(Figure 1a). The increase in hardness values as the
slice thickness increases could be explained by the
need for a higher compression force to deform
the thicker slice. Similar findings were also
reported by Boles and Shand (2008) in beef stit-
fry strips from the round and chuck. As with the
hardness values, adhesiveness values increased as
the slice thickness increased (P <0.05), and the
highest value was determined at 25 mm slice

thickness, resulting in 4.02 N. s (Figure 1c).
However, increasing the slice thickness decreased
the cohesiveness values of chicken salami (P
<0.05) (Figure 1d). This decrease could be
attributed to the weak connection effect. It is
thought that the connection weakened as the slice
thickness increased, which caused a decrease in
cohesiveness.

As seen in Figure la-e, the 1st and 3rd quartiles of
the hardness values of salami slices with different
thicknesses ranged from 70.00 to 196.51 N, the
1st and 3rd quartiles of the springiness values
ranged from 0.89 to 0.97, the 1st and 3rd quartiles
of the adhesiveness values ranged from 0.04 to
524 N.s, the 1st and 3rd quartiles of the
cohesiveness values ranged from 0.77 to 0.85, and
the 1st and 3rd quartiles of the chewiness values
ranged from 55.84 to 140.48 N.s. However,
narrower boxes were obtained in the
measurements made at 20 mm slice thickness for
hardness and chewiness, in the measurements
made at 20- and 25-mm slice thickness for
springiness, in the measurements made at 15 mm
slice thickness for adhesiveness, and in the
measurements made at 25 mm slice thickness for
cohesiveness. A narrower box indicates less
variability among the measurements, whereas a
wider box indicates the opposite. Less variability
is ideal for the standardization of measurement
conditions. The results of the current study
showed that, in terms of slice thickness
standardization, measurements obtained at 20
mm for hardness and chewiness, at 20 and 25 mm
for springiness, at 15 mm for adhesiveness, and at
25 mm for cohesiveness exhibited the least
variability compared to other thicknesses, thereby
indicating their suitability for standard conditions.

Test speed

This study conducted texture measurements at
three different test speeds: 1, 2, and 3 mm/s. The
effect of test speed on the textural properties is
also presented in Figure 2a-e. The test speed
significantly affected hardness at the 0.05 level
and springiness, adhesiveness, cohesiveness, and
chewiness at the 0.01 level. When the test speed
was increased from 1 mm/s to 3 mm/s, the
hardness,  springiness,  cohesiveness, and
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chewiness values also increased (P <0.05).
However, these increases were not significant for
hardness, springiness, and chewiness at 1 and 2
mm/s test speeds and for cohesiveness at 2 and 3
mm/s test speeds (P >0.05) (Figure 2a, b, d, and
e). The increase in hardness, springiness,
cohesiveness, and chewiness values with the
increase in test speed could be explained by
increased internal pressure or friction resistance.
Similarly, Mittal et al. (1992) reported that TPA
measurements performed at different test speeds
(0.5, 1.0, and 2.0 cm/min) affected salami
samples' cohesiveness and chewiness values. Shin

and Choi (2021) also reported that the test speed
affected not only the cohesiveness and chewiness
of sausages but also their hardness and
springiness, with the most notable occurring in
cohesiveness values. Contrary to the hardness,
springiness, cohesiveness, and chewiness values,
adhesiveness values decreased as the test speed
increased (P <0.05), but this decrease was not
significant in 2 and 3 mm/s test speed (P >0.05)
(Figure 2c). Similarly, Shin and Choi (2021)
reported that the test speed affected the
adhesiveness values of sausages.
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Figure 1. Effect of slice thickness on textural properties: a) Hardness, b) Springiness, ¢) Adhesiveness,
d) Cohesiveness, €) Chewiness. Differences between means marked with different letters in each
graphic are significant (P <0.05).

The 1st and 3rd quartiles of the hardness values
measured at different test speeds varied from
95.89 to 182.52 N at 1 mm/s test speed, from
91.08 to 166.45 N at 2 mm/s test speed, and from
89.00 to 195.83 N at 3 mm/s test speed, and a
narrower box was obtained in the measurements
made at 2 mm/s test speed (Figure 2a). Similatly,
a narrower box was obtained at a test speed of 2

mm/s for adhesiveness (Figure 2c). In contrast,
narrower boxes were obtained in measurements
made at 3 mm/s for springiness (Figure 2b) and
at a test speed of 1 mm/s for chewiness (Figure
2e). The 1st and 3rd quartiles of the cohesiveness
values varied from 0.76 to 0.83 at 1 mm/s test
speed, from 0.78 to 0.84 at 2 and 3 mm/s test
speeds and narrower boxes were obtained in the
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measurements made at 2 and 3 mm/s test speeds
(Figure 2d). These results showed that, in terms
of test speed standardization, measurements
made at 2 mm/s for hardness and adhesiveness, 3

mm/s for springiness, 1 mm/s for chewiness, and
2 or 3 mm/s for cohesiveness exhibited the least
variability compared to other test speeds, thereby
indicating their suitability for standard conditions.
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Figure 2. Effect of test speed on textural properties: a) Hardness, b) Springiness, ¢) Adhesiveness, d)
Cohesiveness, ¢) Chewiness. Differences between means marked with different letters in each graphic
are significant (P <0.05).

Compression ratio

In measuring the texture of food products, in
addition to slice thickness and test speed, the
compression ratio is also an important parameter.
The effect of compression ratio on textural
properties is llustrated in Figure 3a-e. As seen, the
compression ratio significantly affected hardness,
adhesiveness, cohesiveness, and chewiness at the
0.01 level. The hardness values of chicken salamis
ranged from 82.26 to 197.71 N, and as the
compression ratio increased, the hardness values
also increased (P <0.05) (Figure 3a). As with the
hardness values, the adhesiveness and chewiness
values also increased as the compression ratio
increased (Figure 3c, €). This could be explained
by the increase in the internal pressure and,
consequently, the friction resistance with the
increase in the compression ratio. On the other
hand, as the compression ratio was increased

from 30% to 50%, the cohesiveness values
decreased from 0.85 to 0.76 (P <0.05) (Figure 3d).
Similarly, Mittal et al. (1992) reported that
compression ratio (25, 50, and 75%) affected the
hardness, cohesiveness, and chewiness values of
salami samples and that increasing the
compression ratio from 25 to 50% increased the
hardness values while decreasing cohesiveness. In
another study, Shin and Choi (2021) reported that
the compression ratio changed the hardness,
adhesiveness, springiness, cohesiveness, and
chewiness values, and the highest change was
observed in cohesiveness values and the lowest
change in springiness values.

As seen in Figure 3a-e, narrower boxes were
obtained in the measurements made at 30%
compression ratio for hardness, adhesiveness, and
chewiness, in the measurements made at 30 and
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40% compression ratio for springiness, and in the
measurements made at all three compression
ratios for cohesiveness. These results showed
that, in terms of standardization of compression
ratio, measurements made at 30% compression

ratio for hardness, adhesiveness, and chewiness,
30 or 40% compression ratios for springiness, and
30, 40, and 50% compression ratios for
cohesiveness exhibited fewer wvariable wvalues,
resulting in more ideal results.
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Figure 3. Effect of compression ratio on textural properties: a) Hardness, b) Springiness, ¢)
Adhesiveness, d) Cohesiveness, €) Chewiness. Differences between means marked with different
letters in each graphic are significant (P <0.05).

Interaction analysis

The above explanations showed that the
measurement parameters statistically affected
most of the textural properties of chicken salami.
However, the interactions between measurement
parameters are not given. The interactions
between the measurement parameters are also
important to better understand the effect of the
measurement parameters on the textural
properties. Statistical analyses showed that the
slice thickness x compression ratio interaction
significantly affected adhesiveness at the 0.01
level, and the test speed x compression ratio
interaction significantly affected chewiness at the
0.01 level and springiness at the 0.05 level. The
graphs of these interactions are presented in
Figure 4a-c.

In the slice thickness x compression ratio
interaction, the highest adhesiveness value was
measured with 8.79 N. s in the 20 mm slice
thickness samples at 50% compression ratio,
followed by the measurement with 8.66 N. s in
the 25 mm slice thickness at 50% compression
ratio, and the lowest value was determined in the
measurement with 0.39 N. s in the 15 mm slice
thickness at 30% compression ratio. In addition,
for all slice thicknesses, measurements made at a
50% compression ratio showed higher values
than measurements made at a 40% compression
ratio, and measurements made at a 40%
compression ratio showed higher values than
measurements made at a 30% compression ratio
(Figure 4a). In the test speed x compression ratio
interaction, the chewiness values varied from
63.63 to 178.39 (Figure 4b). The highest value was
determined as 178.39 in the measurement made at
50% compression ratio and 3 mm/s test speed,
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followed by 131.88 at 50% compression ratio and
1 mm/s test speed. The lowest chewiness value
was determined as 63.63 at a 30% compression
ratio and 2 mm/s test speed. In all test speeds,
measurements at a 50% compression ratio

a) —e—30% Compression ratio
40% Compression ratio
50% Compression ratio

Adhesiveness (N.5)
“ o w w e

o = oW e
.

149

0.7
101

Chewiness

exhibited higher values than measurements at
40%, and the 40% compression ratio exhibited
higher values than measurements at a 30%
compression ratio.

190 1 p) —+—30% Compression ratio
40% Compression ratio

170 50% Compression ratio

178.39

150
131.88 13143
130
112.87
110
92.28

70 |6408 62.63

15 20 25

Shice thickness (mm)

—+—30% Compression ratio
40% Compression ratio
50% Compression ratio

100 | ©

104

Springiness
o
3

1 2 3
Test speed (mm/s)
1.08

2 3

Test speed (mm/s)

Figure 4. The interaction plots of measurement parameters: a) Effect of slice thickness x compression
ratio interaction on adhesiveness, b) Effect of test speed x compression ratio interaction on chewiness,
c) Effect of test speed x compression ratio interaction on springiness

As seen in Figure 4c, the springiness values in the
test speed x compression ratio interaction varied
from 0.87 to 1.08, and the lowest value was
determined in the measurement made at 2 mm/s
test speed at 40% compression ratio. In the
measurements made at 1 and 3 mm/s test speeds,
the 30% compression ratio exhibited the lowest
springiness value, while the lowest value at 2
mm/s test speed was determined at the 40%
compression ratio. These results showed that the
measurement parameters affected the textural
properties (hardness, springiness, adhesiveness,
cohesiveness, and chewiness) at different
significance levels. However, among the three
tested measurement parameters, compression
ratio was the main influencing factor. In addition,
slice thickness x compression ratio and test speed
x compression ratio had higher significance levels
than all the factors.

CONCLUSION
This study comprehensively evaluated the effects
of slice thickness, test speed, and compression

ratio on the textural properties of chicken salami.
The findings revealed that slice thickness affected
the hardness, adhesiveness, and cohesiveness
values (P <0.01), test speed affected the hardness
P <0.05), springiness, adhesiveness,
cohesiveness, and chewiness values (P <0.01), and
compression ratio affected the hardness,
adhesiveness, cohesiveness, and chewiness values
(P <0.01). Among these parameters, the
compression ratio emerged as the most critical
factor affecting textural attributes, followed by
slice thickness and test speed. Moreover,
interaction effects, particularly slice thickness X
compression ratio and test speed X compression
ratio,  demonstrated  significant  impacts,
underscoring the importance of considering
parameter interactions in TPA. In terms of
standardization, the study identified optimal
conditions for each textural attribute: 20 mm slice
thickness for hardness and chewiness, 20—25 mm
for springiness, 15 mm for adhesiveness, and 25
mm for cohesiveness; 2 mm/s test speed for
hardness and adhesiveness, 3 mm/s for
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springiness, 1 mm/s for chewiness, and 2-3
mm/s for cohesiveness; and a 30% compression
ratio for hardness, adhesiveness, and chewiness,
30—40% for springiness, and 30-50% for
cohesiveness. These standardized conditions
minimize measurement variability and provide
reliable reference points for future studies.
Overall, the study contributes to the
methodological improvement of texture profile

analysis in processed meat products by
establishing standardized measurement
conditions. ~ The  results obtained are

recommended as a suitable test protocol for
quality control in the food industry.
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oz

Bu ¢aligmada, tavuk eti cubuklarinda beta karoten agisindan zengin havug posastnin kullanimi aragtirlnustr.
Farklt oranlarda (%0, %2, %4 ve %0) kurutulmus havuc posast eklenen uriinlerin kimyasal, fiziksel,
mikrobiyolojik ve duyusal &zellikleri degerlendirilmigtir. Kurutulmus havug posasmnin orant arttikca
cubuklarin nem ve yag icerigi azalmus, kil icerigi artmis ve protein icerigi ise degismemistir. Kurutulmus
havug posast igeren gruplarda ortalama B-karoten miktart 45.75 pg/g olarak tespit edilmistir. Orneklerdeki
kurutulmus havug posast miktari arttikca, * ve b* degerleri yiikselmis, L* degeri azalmustir. Mikrobiyolojik
analizler, tim gruplarin givenli smurlar icinde oldugunu gostermistit. Duyusal degerlendirmede ise,
kurutulmus havug posasinin ¢ubuklarin genel kabul edilebilitligini olumsuz etkilemedigi belitlenmistir. Sonug
olarak, kurutulmus havug posast dogal renklendirici ve fonksiyonel bir katki maddesi olarak tavuk eti
uriinlerinde kullanilabilir ve stirdurilebilir bir alternatif sunabilit.

Anahtar kelimeler: Atistirmalik et Girtinleri, beta karoten, havug posast, tavuk eti

COLORING OF CHICKEN MEAT STICKS USING BETA-CAROTENE RICH
CARROT POMACE

ABSTRACT

In this study, the use of carrot pomace, which is rich in beta-carotene, was investigated in chicken
sticks. The chemical, physical, microbiological, and sensory properties of products enriched with
different levels of carrot pomace (0%, 2%, 4%, and 6%) were evaluated. As the proportion of carrot
pomace increased, the moisture and fat content of the sticks decreased, the ash increased, while the
protein did not change. The average B-carotene content in groups containing carrot pomace was
determined to be 45.75 pg/g. As the amount of carrot pomace in samples increased, «* and /* values
increased, while L* value decreased. Microbiological analyses indicated that all groups were within
safe limits. In sensory evaluation, it was found that carrot pomace did not negatively affect overall
acceptability of the sticks. As a result, carrot pomace can be used as a natural colorant and functional
additive in chicken meat products, offering a sustainable alternative.

Keywords: Beta carotene, carrot pomace, chicken meat, snack meat products
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GIRIS
Gudalardaki renk degisimleri Uriinin tazelik,
besinsel kalitesi ve giivenilirligi ile dogrudan
iliskilendirilmektedir. Tuketici beklentisini
karsilama amactyla kullanilan dogal ve sentetik
renklendiriciler, gida urtnlerinin  gbrinimind
iyilestirme ve fonksiyonel 6zellikler kazandirma
acisindan 6nemli bir role sahiptir. Ancak, sentetik
renklendiricilerin saglik tzerindeki olast riskleri,
gida endiistrisini dogal alternatiflere
yonlendirmektedir (Dinger ve Dinger, 2022;
Geger ve Oztiirk, 2023).

Tavuk eti trtnleri, yiiksek protein igerigi, kirmiz
ete gbre dusiik maliyeti ve ¢ok yonli kullanim
alanlariyla diinya ¢apinda popiilerdir. (Dinger vd.,
2024; Kim vd., 2020). Nohut unu (Kilingceker,
2020), keten tohumu unu (Kilinggeker ve Kirpik,
2019), ¢iya tohumu unu (Yildiz ve Arslan, 2022),
mese palamutu unu (Onel, 2022), kabak unu
(Mumyapan, 2021), mor ve turuncu tatlt patates
lifleri (Sara¢ vd., 2021), bezelye, muz, inilin,
narenciye, yulaf, elma, bugday, kinoa, soya
fasulyesi lifleri (Marczak ve Mendes, 2024) cesitli
et uriinlerinde kullammi arastidan  diyet Lf
kaynaklaridr.

Havuc (Dasucus carota), beta karoten agisindan
zengin icerigiyle hem besin degeri yiiksek bir gida
kaynagt hem de dogal bir renklendirici olarak
o6nemli bir potansiyel tasir. Beta karoten, A
vitamini 6nciisii olarak viicutta islev goriirken,
ayn1 zamanda gii¢lii bir antioksidan kaynagt olarak
serbest radikalleri nétralize eder (Ikram vd., 2024).
Havu¢ kokl; yaklagtk %72 seliloz, %13
hemiseliloz ve %15 lignin igerigiyle olduk¢a
yiksek diyet lif icerigine sahiptir (Motegaonkar
vd., 2024). Havug¢ posast ise, genellikle meyve
suyu isleme tesislerinden elde edilen, diyet lif ve
karotenoidler agisindan zengin bir isleme atigidur.
Havug suyu uretilitken posayla birlikte yaklasik
%50 atik olusmaktadir ve bu attk posadaki
karoten icerigi “2 g/kg” (havuctaki karotenin
“%17’s1”) olabilmektedir (Ikram vd., 2024).
Yiksek besleyici iceriklere sahip atik posanin
cesitli gida triinlerinde degerlendirilmesi atik
yonetimi,  sturdirtlebilitik ~ ve  islevsellik
konularina da katki saglamaktadir (Cimen vd.,
2021; Geger ve Oztiirk, 2023)

Literatiirde, et uriinlerine farkli bitkisel kaynaklt
katki maddeleri (havug lifi, seliiloz, bugday lifi,
limon lifi, havug plresi ve posast gibi) eklenerek

drinlerin - duyusal, teknolojik ve besinsel
Ozelliklerinin  iyilestirilebilecegi  g6sterilmistir.

Ornegin, yapilan cesitli calismalarda bu katkilarin
et Urtinlerinde yag icerigini azaltabildigi (Sam vd.,
2021), antioksidan kapasiteyi artirabildigi (Sam
vd., 2021), drin verimi ve kalite &zelliklerini
iyilestirebildigi (Kilinggeker ve Kurt, 2018; Santhi
vd., 2022), bazt durumlarda ise katkt oranina bagl
olarak duyusal begeniyi olumsuz etkileyebildigi
belirtilmistir (Santhi vd., 2022). Havug lifinin,
Ozellikle hamburger (Soncu vd., 2015), sucuk
(Eren, 2021), kofte (Richard, 2023) gibi farkl
trtinlerde olumlu etkiler sagladigy; limon lifi gibi
diger kaynaklarla karsilastirildiginda daha yuksek
duyusal kabul gérdiigi bildirilmektedir.

Atstirmalik drinler; kiiciik ve kompakt boyutlar
ve tasima kolaylig1 sayesinde, bireyler tarafindan
hizlica tiketilebilen hazir uranlerdit.
Austirmaliklar genellikle doymus yag orant yliksek
ve karbonhidrat agulikli oldugundan, saglikls
olarak degerlendirilmemektedir. Bunun aksine, et
atstirmaliklart ise ylksek protein igerigiyle genis
bir tiketici kitlesi icin daha iyi bir tercih
olmaktadir. Amerika Birlesik Devletleri, et
atistirmaliklart arasinda en popiiler olan triinin et
cubuklari oldugunu ve toplam satts hacminde
%055’lik yer kapladigint rapor etmistir (Kumar vd.,
2019). Bu urtnlerin dretim sireci temel olarak,
etin kiyma haline getirildikten sonra tuz ve gesitli
baharatlarla lezzetlendirilerek yogurulmasi, dogal
ya da sentetik bir kilif icine doldurulmastyla ¢cubuk
seklinin saglanmast ve firinlanmasi agamalarindan
olugsmaktadir. Atistirmalik et cubuklar, yalnizca
lezzetli ve doyurucu olmalariyla degil aym
zamanda fonksiyonel bilesenlerle
zenginlestirilmeleriyle de  gliniimtzde
tiketici taleplerine hitap eden yenilik¢i gida
uriinleri arasinda yer almaktadir (Yigit ve Aykin
Dinger, 2025; Kumar vd., 2019). Bu calismada,
tavuk eti cubuklarina farkli oranlarda (%2, %4 ve
%0) kurutulmus havug¢ posasi ilavesinin Grintn
fiziksel, kimyasal, duyusal ve mikrobiyolojik
kalitesi tizerindeki etkileri belirlenmistir. Béylece,
tavuk eti gibi beyaz et kaynakli bir triin tizerinde
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Atistirmalik tavuk eti gubuklari

farklt havug posast diizeylerinin ¢ok yonli etkileri
ortaya konularak, mevcut calisgmalardan farkl
olarak triin tipi ve katki orani etkilesimine dair
6zgtin ve kapsamli veriler sunulmast, atik yonetimi
bakimindan Ornek olmasi, Turkiye’de ¢ok
bilinmeyen et cubuklarinin atistirmalk olarak
tanitilmasi hedeflenmistir.

MATERYAL VE YONTEM

Materyal

Calismada kullanilan tavuk gdgus eti, yerel bir
marketten (File Market, Antalya, Turkiye) temin
edilip aynt gin icerisinde kullanidmak Uzere
+4°C’deki buzdolabinda muhafaza edilmistir.
Tavuk gogusleri  bitlin  halinde, ytizeydeki
mikroorganizmalardan nispeten arindirmak igin
icilebilir = Ozellikteki su ile yitkama isleminin
ardindan, bicak yardimiyla yag ve bag
dokularindan ayrilmis ve boyutlart kiigiltildikten
sonra ¢ok amacl gida hazirlama makinesi (Karaca
Multichef, Tirkiye) 3 veya 4 ayarinda kullanilarak
0.3 cm ¢apinda kiyma formuna getirilmistir.

Calismada kullanilan havuglar, yerel bir tireticiden
(Antalya, Tirkiye) taze olarak temin edilmigtir.
Kontrol grubunda renklendirici olarak kullanilan
beta karoten (E 160) %1 kimyasal saflikta yerel bir
Sekil 1

Cizelge 1

Kumtma

firmadan (Smart Kimya, Izmir, Tirkiye) satin
alinmustir.

Tavuk ¢ubugu tretiminde kullanilan dogal kuzu
bagirsags ve hazir baharat karisimi ise Kayseri’deki
yerel firmalardan temin edilmistir. Tuzlanmis
halde paketlenmis kuzu bagirsagi, kullanilmadan
once 1lik suda bekletilmis ve fazla tuzu giderilerek
kullanima hazirlanmistir.

Havug posast diretimi

Havu¢ posast eldesi igin, Oncelikle yikanmis
havuglarin  kabuklart  soyacak  yardimiyla
uzaklagtirilmis ve ardindan soyulmus havuglar katt
meyve stkacagindan (Arcelik K-1579, Tturkiye)
gecirilerek meyve suyu formuna
dontstirilmustir. Katt meyve stkacaginin atik
haznesinden toplanan posa, 60°C’deki etiivde
(Memmert UNB400, Almanya) 10 saat
kurutulmustur (Sekil 1). Kurutulan havug posast
bir égitict (Waring 8010ES, ABD) ile gozle
gorilen biytik bir parca kalmayana kadar toz
haline getirilmistir. Daha sonra No 5 (elek agiklig
4.00 mm) elekle elenmistir. Cizelge 1’de belirtilen
formiilasyona uygun olarak 6rnek gruplarina ilave
edilmistir.

Ogiitme e
— P (
Gnndmg — >

H. Ogiitiilmiig H

a\'u.c; Havug Posast gl ‘l miis Havug
(caray (Carrot Pomace) Posdst

(Ground Carrot
Pomace)

P Dograma . yKiyma Cekme m
/: (Chopping) ‘ . (Mincing)
Tavuk Gogiis Eti Tav ul\ k1ymasl
(Chicken breast (Ground chicken
meat) meat)

Rl
% Yag
(oil)
= ' )
Salt + Ogutilmis Havug Posast Rsum 70°C 2 saat
(Tuz) (Ground Carrot Pomace) \_/’ \/1"‘ (Conkmg) _ | 70°C 2 howrs
Et qubugu hamuru Bagursak kilif Cig Tavuk Et Cubuklar = -
(‘\ (Meat stick dough) (Intestinal casing) (Raw Chicken meat
N sticks)

Baharat karigim1 Tavuk Kiymasi
(Spice mix) (Ground chicken

meat)

Pismiy Tavuk Et Cubuklar
(Cooked Chicken meat sticks)

Sekil 1. Kurutulmus havug posast kullanilarak renklendirilmis tavuk eti gubuklarinin tiretimine ait akim
semast
Figure 1. Flow chart to produce colored chicken meat sticks using dried carrot pomace
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Cizelge 1. Tavuk Et Cubuklarinin Formiilasyonu
Table 1. Formulation of Chicken Meat Sticks

Malzemeler (%o) Kontrol %2H. P %4 H. P %06 H. P
(Ingredients) (Control) (2% C.P) (4% C.P) (6% C.P)
Tavuk Eti

(chicken meat) i 93 o 89

Su

(water) 1.5 1.5 1.5 1.5
Yag

(o) 1.5 1.5 1.5 1.5
Tz 0.7 0.7 0.7 0.7
(sal) . . . .
Ba}.larat. Karigim1 1 1 1 1
(spice mix)

Sodyum Tripolifosfat

(Sodinm Tripohyphosphate) 03 0-3 03 03
BetaKaroten/Havug Posast 1 5 4 6

(Beta-Carotene/ Carrot Pomace)

Kontrol: %1 beta karoten kullanilan tavuk eti cubuklart

%2 H.P: %2 Kurutulmus havug posast kullanilan tavuk eti gubuklart
%4 H.P: %4 Kurutulmus havug posast kullanilan tavuk eti gubuklart
%06 H.P: %6 Kurutulmus havug posasi kullanilan tavuk eti cubuklart

Control: Chicken meat sticks with 1% beta-carotene

2% C.P: Chicken meat sticks with 2% dried carrot pomace
4% C.P: Chicken meat sticks with 4% dried carrot pomace
6% C.P: Chicken meat sticks with 6% dried carrot pomace

Tavuk eti ¢nbugu diretimi

Sekil 1°de belirtilen dretim akig semast takip
edilerek gruplarin dretimleri yapilmistir. Cizelge
1’de belirtilen formiilasyon esas alinarak tavuk
kiymasina tuz, hazir sucuk baharat karigimi,
aycicek yagi, destile su, sodyum tripolifostat ve
ogutilen kurutulmus havug posast eklenmis ve
kartisim 10 dk  boyunca elle yogrulmustur.
Kurutulmus havuc posasinin  renklendirme
gictiniin  kiyaslanmast  icin  kontrol  grubu
orneginde ayni proses izlenmis olup, sadece
karisiminda kurutulmus havug posast yerine %1
oraninda beta karoten tozu (Tito, Tiurkiye)
kullandmustir.  Hazirlanan  kanisim,  dolum
makinesi (Lavion -HR-7L-V, P.R.C.) kullanilarak
dogal bagirsaklarina  (16/18  mm)
doldurulmustur. Olusan uzun cubuklar, 15 cm
boyutlarinda kesilmis, uglart ip ile baglanmistir.
Cubuklar, birbirine temas etmeyecek sekilde
tepsilere dizildikten sonra, konveksiyonel bir
kurutucuda (Memmert UNB400, Almanya)
70°C’de 2 sa boyunca (ilk saatin ardindan tets
cevrilerek) pisirilmistir  (Sekil 2). Atstrmalk

kuzu

cubuklar, 30 dk oda sicakliginda bekletilerek
sogutulmus ve kalite analizleri icin iki gruba
ayrilarak +4°C ve -18°C’de depolanmustur.

Metot

Kimyasal ve Figiksel Analizler

Atstirmalik tavuk ¢ubugu 6rneklerinin nem tayini
icin, sabit agirliga getirilen petrilere 3’er g 6rnek
tartilarak 105°C°deki etiivde (Memmert UNB400,
Almanya) kurutma islemi gerceklestirilmis ve
gravimetrik olarak Orneklerin  %nem icerigi
hesaplanmistir  (AOAC, 2006). Ham protein
miktari, Kjeldahl yéntemine gbre 1 g 6rnekteki
toplam azot miktarinin belirlenmesi ve bu degerin
protein ¢evirme faktéri olan 6.25 ile carpilmastyla
belirlenmistir (AOAC, 2000). Ham yag miktari,
Soxhlet ekstraksiyon yontemi ile tespit edilmistir
(AOAC, 2000). Orneklerin kiil miktar1, yaklastk 3
g homojen 6rnek alinarak 6nceden darast alinmis
krozelerde 550°C’de kil haline gelene kadar
yakilmastyla belirlenmistir (AOAC, 2000). Tuz
miktart ise, titrimetrik Mohr yontemi ile kil
firninda  yakidan  O6rneklerin  titrasyonunda
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harcanan AgNO; miktarina gére hesaplanmigtir
(AOAC, 2000). Orneklerin pH ve su aktivitesi
degetleri, oda sicakliginda dijital pH metre cihazt

(Orion 4-Star pH meter, Thermo Scientific, ABD)
ve su aktivitesi 6l¢gme cihazi (Aqualab 4TE, ABD)
kullanilarak Slcilmistiir.

Kontrol %] beta karoten
(Control %1 beta carotene)

%4 Kurutulmus Havug Posast
(%4 Dried Carrot Pomace)

Orneklerin karotenoid miktart, Chan ve Matanjun
(2017) yontemine goére 3 g Ornegin  2:1:1
hekzan:aseton:etanol ¢cOzeltisi ile
ckstraksiyonundan sonra organik fazin ayrilip 470
nm’deki absotbanst Olcilerek  belirlenmistir.
Orneklerin L%, a* ve b* renk degetleri, CR-400
Chromameter (Konica Minolta, Japan) cihazt
kullanilarak hem i¢ hem de dis yiizeyin 5 ayn
noktasindan Slciilmistir.

Orneklerin  tekstiirel ~ 6zellikleri  (sertlik,
yapiskanlik, esneklik ve ¢ignenebilirlik), Tekstir
Profil Analizi (TPA) vyapiarak belitlenmistir.
Uzunlugu 1.5 cm olacak sekilde hazirlanan
numuneler, TA. XTplus (Stable Micro Systems,
Surrey, UK) cihazinin test tablasina dikey olarak
yerlestirilmistir. Olctiimler sirasinda 75 mm
capinda diiz silindirik prob kullandmustir. Cihaz,

%2 Kurutulmus Havug Posast
(%2 Dried Caavot Pomace)

%6 Kurutulmus Havug Posast
(%6 Dried Carrot Pomace)

Sekil 2. Kurutulmus havug posast kullanilarak renklendirilmis tavuk eti gubuklart
Figure 2. Chicken meat sticks colored using dried carrot pomace

TPA 1 modunda calistiridmis olup, numunelere
%50 sikistirma orant ile iki ardisik stkistirma
uygulanmustir. Analiz parametreleri; pre-test hizt
1.00 mm/s, test hizt 5.00 mm/s, post-test hizi
5.00 mm/s, stkistirma mesafesi 5.000 mm ve iki
stkistirma arasinda 5 saniyelik bekleme siiresi
olacak sekilde ayarlanmistir. Probun Ornege
temasini algilamak icin tetikleyici kuvvet (trigger
force) 5.0 g olarak belirlenmis ve cihazin otomatik
stfirflama  (tare) modu etkinlestirilmistir. Tum
Olgiimler oda sicakliginda gerceklestirilmis olup,
bu islemler sonucunda elde edilen tekstirel
parametreler degerlendirilmistir  (Menegas vd.,
2013).

Mikrobiyolojik Analizler
Aseptik kosullarda 5 g 6rnegin 45 mL peptonlu su
ile homojenize edildikten sonra, uygun
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dilisyonlara seyreltilmesi ve dokme yontemine
gbre ckim vyapilmast ile gergeklestirilmistir.
Analizlerde toplam mezofilik aerobik bakteri,
toplam psikrofilik aerobik bakteri ve maya-kif
sayimlart yapilmustir. Toplam mezofilik aerobik
bakteri sayimut icin, steril petri kutularina uygun
dilisyonlardan 1 ml. 6rnek alinarak Uzerine
45°C’ye kadar sogutulmus 15 mL Plate Count
Agar (PCA, Merck) dékilmis ve ekimi yapilan
petriler 30°C’de 2 giin inkiibe edilmistir. Toplam
psikrofilik aerobik bakteri sayiminda da ayni
besiyeri (PCA, Merck) kullanilmis ve petriler
10°C’de 10 gun inkibe edilmigtir. Maya-kif
sayiminda ise, hazirlanan diliisyonlardan alinan 1
mL 6rnek tzerine 45°C’ye kadar sogutulmusg 15
mL Potato Dextrose Agar (PDA, Merck)
dokilmis ve ekimi yapilan petriler 25°C’de 5 glin
inkiibe edilmistir. Inkiibasyon sonunda, 30-300
koloni igeren paralel petri kutularinda sayim
yapilmustir (Halkman, 2005).

Duynsal Degerlendirme

Orneklerinin gorunus, renk, koku, lezzet, tekstiir
ve genel begeni Ozellikleri 10 kisilik Akdeniz
Universitesi Gida Mithendisligi Bélimii 6grenci
ve personelinden olusan deneyimli panelist grubu
tarafindan 5 puanlik hedonik skala (1: cok kéti, 5:
¢cok iyl kullanilarak ~ degerlendirilmistir
(Konieczny vd., 2007). Et cubuklari, ti¢ basamakli
sayiarla kodlanarak, rastgele bir sirayla ve oda
sicakliginda panelistlere sunulmustur.

Istatiksel Analiz

Deneme, kurutulmus havu¢ posast miktart
(kontrol, %2, %4, %006) faktor alinarak 2 tekerriirlii
olarak yuritilmistir. Farkli konsantrasyon
uygulamalari sabit etki ve tekerrirler ise modele
rastgele etki olarak dahil edilmistir. Havug
posasinin ve kurutulmus et cubuklarinin kalite
Ozellikleri ve duyusal degerlendirme 2 tekrarlt
olarak gerceklestirilmis ve elde edilen verilere SAS
istatistik programi (SAS Institute, Inc., Cary,
Version 7, NC, USA) ile varyans analiz
uygulanmustir. Ortalama degerler Duncan Coklu

Karsilastirma Testi ile karstlastirilmistir  ve
sonuglar ortalama * standart hata seklinde
sunulmustur.

BULGULAR VE TARTISMA
Tavuk Ed Cubuklarinin Kimyasal
Kompozisyonu

Farkli oranlarda kurutulmus havue posast
kullandarak Uretilmis tavuk eti c¢ubuklarinin
bilesimi Cizelge 2’de verilmistir. Nihai trtinlerde
protein, tuz ve pH degerlerinde kurutulmus havug
posast miktart artisina baglt olarak istatistiksel
farklilik tespit edilememis olup; nem, kiil, yag ve
su aktivitesi degerlerinde ise Onemli dizeyde
(p<0.01) farkhliklar bulunmustut.

Kullanilan kurutulmus havug posast miktarinin
artisina baglh olarak trtnlerin nem miktar1 %
59.66 ila 62.12, protein miktar1 % 14.43 ila 16.32,
yag miktar1 % 1.50 ila 3.49, kil miktart % 2.28 ila
2.609, ve tuz miktar1 0.47 ila 0.62 araliklarinda
tespit edilmistir. Kurutulmus havug posasi ilavesi,
tavuk eti cubuklarinin nem ve yag icerigini
azaltirken, kil miktarin arttrmustir (Cizelge 2). pH
degeri 6.58 ila 6.69 arasinda tespit edilmistir.
Ayrica, kontrol 6rnegi en ylksek su aktivitesi
degerine (0.967) sahip olmustur. Bu durum
kurutulmus havug posast miktar1 arttikea,
orneklerin  kuru madde igeriginin artmasi ve

dolayisiyla nem  igerigi ve su aktivitesinin
azalmasindan  kaynaklanmis olabilir.  Ayrica,
kurutulmus havu¢ posast miktar1 arttikca

formiilasyonda tavuk kiymasi miktari azaldigindan
yag igeriginin azalmig olabilecegi
degerlendirilmistir. Benzer olarak, Yadav vd.
(2017) tarafindan yapilan bir ¢calisgmada kullanilan
kurutulmus havug posast miktarinin (%3, %06 ve
%9) artisina bagli olarak tretilen tavuk sosislerinin
nem, protein ve yag iceriklerinde azalma ve kil
iceriginde ise artig bildirilmistir.

Tavuk Eti Cubuklarmin Beta Karoten
Degerleri
Farkli oranlarda kurutulmus havuc posast

kullanilarak tretilmis tavuk eti cubuklarnin (-
karoten degerleri Cizelge 3’te  verilmistir.
Kullanilan kurutulmus havug posast miktarinin
artisina baglt olarak istatistiksel olarak anlamli
(p<0.01) bir farkhlik gbzlenmistir. Kurutulmus
havug posast igeren gruplarda B-karoten miktart
27.62 ve 6991 pg/g arasinda tespit edilmistir
(Cizelge 3). Benzer olarak, Unlii (2017) havug
posasinda B-karoten miktarini 4.00 mg/100 g (40
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ug/g) olarak bildirmistir. Kontrol grubunda
havu¢ posalt gruplara kiyasla daha yuksek (-
karoten tespit edilmesinin nedeni ise, ticari B-
karoten maddesini % 1 oraninda icermesidit.
Azizi vd. (2021) caligmalarinda, atistirmalik
sosislerin besin degerlerini artirmak icin %10 ve
%20 oranlarinda havug piresi eklemis ve B-
karoten miktari kontrol ve havug piireli gruplarda
istatistiksel olarak 6nemli fark gOstermistir.
Benzer sekilde Chomanov vd. (2022) konserve
keci etine %10, %20 ve %30 oranlarinda havug
ckleyerek, son triindeki beta karoten miktarinda
artis tespit etmigtir. Arslan vd. (2020) tarafindan

yapilan ¢alismada da havuc unu miktarindaki (%5,
%10 ve %15) artisn makarnalarin B-karoten
icerigini artirdigy bildirilmistir. Artan beta-karoten
miktartnin, mevcut calismada dretimi yapilan
tavuk cubuklarina fonksiyonellik kazandirdigt
distintlmektedir. Yapilan arastirmalarda da
havuctaki beta karotenin biyoyararliliginin, c¢ig
havu¢ tiketmekten ziyade havuca 1sil islem
(6zellikle sicak havada kurutma) veya boyut
kiictiltme islemi uygulanmasiyla artti§1 ve boylece
beta karoten emiliminin daha fazla oldugu ifade
edilmistir (Bass-Bellver, 2023; Kuo vd., 2022).

Gizelge 2. Tavuk Eti Cubuklarinin Kimyasal Bilesimi ve Kimyasal Kalite Parametreleri
Table 2. Chemical Composition and Chemical Quality Parameters of Chicken Meat Sticks

Kontrol %2 H. P %4 H. P %G H. P Onem
(Control) (2% C.P) (4% C.P) (6% C.P) (significant)
Nem
a + b + c + d + ok
(Moisturd) (%% 62.12:+0.01  60.80>+0.13  60.30c+0.04  59.664 + 0.01
Protein 1632+ 0.00 1443+1.46  1516+021 1474 +0.19 NS
(Protein) (%)
Kiil
c+ c+ b + a + *kk
Cish) % 228+ 0.01  232:+001 2454002 269 +0.03
Yag
a + b + c+ d + *kk
Fo) %) 349:+0.00  3000+000 217¢+017  1.504+0.17
Tuz
+ + + +
(Salt) (%) 0.47 + 0.04 0.51 + 0.03 0.58 + 0.05 0.62 + 0.01 NS
pH 6.58 + 0.03 6.64 + 0.01 6.67 + 0.03 6.69 + 0.02 NS
(pH)
Aw 0.967: + 0.00  0.964:+0.00 09575+ 0.00  0.955> + 0.00 ok

()

Kontrol: %1 beta karoten kullanilan tavuk eti cubuklari

%2 H.P: %2 Kurutulmus havug posasi kullanilan tavuk eti cubuklart

%4 H.P: %4 Kurutulmus havug posast kullanilan tavuk eti cubuklart

%06 H.P: %6 Kurutulmus havug posasi kullanilan tavuk eti cubuklart

a,b,c,d Satir igindeki farklt harflerle gosterilen ortalama degerler, farkliliklar1 géstermektedir.
NS Onemli bir farklilik bulunmamaktadir (p >0.05); * p <0.05; ** p <0.01

Control: Chicken meat sticks with 1% beta-carotene

2% C.P: Chicken meat sticks with 2% dried carrot pomace
4% C.P: Chicken meat sticks with 4% dried carrot pomace
6% C.P: Chicken meat sticks with 6% dried carrot pomace

a, b, ¢, d: Mean values within same row followed by different letters indicate significant differences.
NS: No significant difference (p > 0.05); * p < 0.05; ** p < 0.01
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Cizelge 3. Tavuk Eti Cubuklarinin Beta Karoten Degerleri
Table 3. Beta-Carotene Content of Chicken Meat Sticks

B- karoten (B-carotene) (ug/g)

Kontrol (Control)

169.282 + 3.40

%2 H.P. (2% C.P) 27.624 +2.25

%4 H.P. (4% C.P) 39.71< + 1.86

%06 H.P. (6% C.P) 69.91> £ 0.10
%k

Onem seviyesi (significant)

Kontrol: %1 beta karoten kullanilan tavuk eti cubuklart

%2 H.P: %2 Kurutulmus havug posasi kullanilan tavuk eti gubuklart
%4 H.P: %4 Kurutulmus havug posasi kullanilan tavuk eti cubuklart
%06 H.P: %6 Kurutulmus havug posasi kullanilan tavuk eti cubuklart
a,b,c,d Stitun icindeki farkli harflerle gosterilen ortalama degerler, farkliliklari géstermektedir.

* p <0.01

Control: Chicken meat sticks with 1% beta-carotene

2% C.P: Chicken meat sticks with 2% dried carrot pomace
4% C.P: Chicken meat sticks with 4% dried carrot pomace
6% C.P: Chicken meat sticks with 6% dried carrot pomace

a, b, ¢, d: Mean values within same column followed by different letters indicate significant differences.

#p < 0.01

2% C.P: Chicken meat sticks with 2% dried carrot pomace
4% C.P: Chicken meat sticks with 4% dried carrot pomace
6% C.P: Chicken meat sticks with 6% dried carrot pomace

a, b, ¢, d: Mean values within same row followed by different letters indicate significant differences.

#p < 0.01

Tavuk Eti Cubuklarinin I¢/D1s Yiizey Renk
Degerleri

Farkli oranlarda kurutulmus havug posast
kullanilarak Gretilmis tavuk eti ubuklarinin ic/dis
yuzey renk degerleri Cizelge 4’te verilmistir. CIE
renk sistemine goére yapilan kolorimetrik
analizlerde cubuklarin aydinlik-parlakhk (1.%),
kirmuzilik (+a%) ve sarilik (+6%) degerleri tizerine
kurutulmus havu¢ posast miktarinin  Snemli
dizeyde etkili oldugu tespit edilmistir (p<<0.05;
p<0.01).

Kontrol grubu %1 oraninda beta karoten icerdigi
icin kurutulmus havug posast kullanilan gruplara
gore hem i¢ hem de dis ylizeyde, tim renk
parametreleri (L% a% 4% acisindan en ylksek
degerlere sahiptir. Kurutulmus havu¢ posast
miktari arttikea, i¢ yizeyde L* degeri azalirken, a*
degeri artmis ve b* degeri ise istatistiksel olarak
degismemistir. Bu durum, kurutulmus havug
posast miktart arttikca tavuk eti cubuklarinin i¢

yizey renginin daha koyu bir turuncu renk
oldugunu géstermektedir. Tavuk eti cubuklarinin
dis ylizeyde ise; i¢ ylzey rengine benzer olarak,
kurutulmus havug posast miktarinin artmasina
baglt olarak I.* degeri azalmis, a* ve b* degerleri
ise artmustir (Cizelge 4). Benzer bir ¢alismada da,
tavuk etine marinasyonla uygulanan havug¢ suyu
konsantrasyonunun 1°Bx’den 4°Bx’e yiikselmesi
ile 6rneklerin daha diistik I.* ve daha yliksek a* ve
b* degerlerine sahip oldugu bildirilmistir (Aykin-
Dinger ve Dinger, 2023). Soncu vd. (2015)
tarafindan yapilan bir calismada da kullanilan
havug posast (%2, %4 ve %0) artisina bagl olarak
dana hamburgerlerin L.* ve 4" degetlerinde artis
gozlenirken 4* degerinde istatistiksel bir farkldik

gbzlenmedigi  bildirilmigtir.  Richards (2023)
tarafindan yapilan calismada kofte
formiilasyonuna farklt oranlarda (%1, %3 ve
%4.2)  havug  posast  eklenmesi,  renk

parametrelerini istatistiksel olarak anlamli diizeyde
degistirmistit. Havu¢ posast ilavesi ile L*
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degerinin kontrol grubuna kiyasla azaldigi, a*
degerinin ytkseldigi ve 4* degerinin de belirgin

sekilde artarak sar1  tonunu  giiclendirdigi
bildirilmistir. Kilingceker (2017)  tarafindan

dogal kirmizimsi-sart pigmentlerinden
kaynaklandigi bildirilmistir. Kizartma sonrasinda
ise havug lifi, " degerinde kontrol grubuna gore
artts saglamus, ¢* ve 4" degerlerinde ise istatistiksel

yapilan calismada, koftelere %5 oraninda ilave olarak anlamli bir farklilik  olusturmadig
edilen havug lifinin, ¢i§ Orneklerde & ve 4 belirtilmistir.
degerlerini belirgin sekilde artirdigi, bunun lifin
Cizelge 4. Tavuk Eti Cubuklarinin Ic/Dis Ytzey Renk Degerleri
Table 4. Internal/ Excternal Surface Color 1V alues of Chicken Meat Sticks
I¢ ylizey Renk Kontrol %2 H. P %4 H. P %06 H. P Onem
(Internal Surface (Control) (2% C.P) 4% C.P) (6% C.P) (significant)
Color)
L* 59.932 £ 1.33 5572>£0.11  52.85>< %+ 1.00  51.99¢ + 0.60 *
a* 1218+ 0.07  8.05> £ 0.51 8.81> + 0.17 11.69+ £ 0.03 ok
b* 56.09+ £ 1.85 29.08>+ 0.11  30.33> + 0.55 32.65 + 0.03 ok
Dis ytizey renk
(External Surface
Color)
L* 51.56* £ 0.17 49.26> £ 0.03  48.33<%+ 0.30 47.024 £ 0.09 ok
a* 1553+ 0.30 10.094 £ 0.05  12.05¢ % 0.32 13.72> £ 0.15 ok
b* 44.28: £0.02 28244+ 0.24  30.44<+0.27 3117+ 0.03 ok

Kontrol: %1 beta karoten kullanilan tavuk eti cubuklar

%2 H.P: %2 Kurutulmus havug posast kullanilan tavuk eti gubuklart
%4 H.P: %4 Kurutulmus havug posast kullanilan tavuk eti gubuklart
%06 H.P: %6 Kurutulmus havug posast kullanilan tavuk eti cubuklart
a,b,c,d Satir icindeki farklt harflerle gosterilen ortalama degerler, farkliliklari géstermektedir.

*p <0.05; ** p <0.01

Control: Chicken meat sticks with 1% beta-carotene

2% C.P: Chicken meat sticks with 2% dried carrot pomace
4% C.P: Chicken meat sticks with 4% dried carrot pomace
6% C.P: Chicken meat sticks with 6% dried carrot pomace

a, b, ¢, d: Mean values within same row followed by different letters indicate significant differences. * p < 0.05; ** p < 0.01

Tavuk Eti Cubuklarinin  Mikrobiyolojik
Analiz Sonuglari
Farkli oranlarda kurutulmus havug posast

kullanilarak Gretilmis tavuk eti cubuklatinin
mikrobiyolojik analiz sonuglar1 Cizelge 5’te
verilmistir. Toplam mezofilik aerobik bakteri,
psikrofilik aerobik bakteri ve maya-kif sayilar
acisindan kontrol grubu ile %6 kurutulmus havug
posast iceren grup arasinda yaklasik 1 log’luk bir
fark tespit edilmistir. Bu farklilik istatistiksel
olarak anlamli bulunmamis olsa da sayisal olarak
belirgin  bir artist  géstermektedir.  Toplam
mezofilik bakteri sayist 4.42 ila 5.38 arasinda,
toplam psikrofilik aerobik bakteri sayist 4.48 ila
5.23 araliginda ve maya-kif sayist 2.34 ila 3.46 log
KOB/g araliginda belirlenmistir. Et trtnlerinin

bozulmanin, genellikle toplam mezofilik aerobik
bakteri sayisinin 8-9 log KOB/g seviyelerine
ulagtiginda  gerceklestigi  ifade  edilmektedir
(Martinez-Laorden vd., 2023). Bu durumda
kurutulmus havug posast ile renklendirdigimiz
tavuk eti gubuklarinin mikrobiyal agidan giivenilir
oldugu ve tespit edilen mikrobiyal yikiin Gretim,
depolama ve analiz strecindeki
kontaminasyonlardan kaynaklanmis olabilecegi
dustntlmektedir (Crzelge 5). Diyet lif ilavesinin
aragtirldigt  diger ¢alismalarda da diyet lif
miktarindaki artisin mikrobiyolojik kalite tizerinde
olumsuz bir etki meydana getirmedigi tespit
edilmistir (Papatya 2024, Ozkaya ve Kayaards,
2018,). Sabahi vd. (2024) tarafindan yapilan
calismada  dondurarak  kurutulmus  havug
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posasinin %1-4.2 oranlarinda sigir koftelerine
dogrudan eklenmesiyle yapilan bir c¢alismada,
mikrobiyolojik  kalite Uzerinde anlamh bir

degisiklik g6zlenmemis; posanin mikrobiyal ytiki
azaltmadigt bildirilmistir.

Cizelge 5. Tavuk Eti Cubuklarinin Mikrobiyolojik Analiz Sonuglart (log KOB/g)
Table 5. Microbiological Analysis Results of Chicken Meat Sticks

Kontrol %2 H. P %4 H. P %6 H. P Onem
(Control) (2% C.P) 4% C.P) (6% C.P) (significant)
Toplam mezofilik
acrobik bakteri 4424020 471+033 490+032 538 +021 NS
(Total mesophilic ~aerobic
bacteria)
Toplam psikrofilik
acrobik bakteri (04005 4484042 4674027  523%056 NS
(Total psychrophilic aerobic
bacteria)
Maya-luf 2344002 268+0.14 2821026 346+ 0.44 NS
(Yeast-mold) 34+ 0. .68 = 0. .82+ 0. 46 = 0.
Kontrol: %1 beta karoten kullanilan tavuk eti cubuklart
%2 H.P: %2 Kurutulmus havug posast kullanilan tavuk eti gubuklart
%4 H.P: %4 Kurutulmus havug posasi kullanilan tavuk eti cubuklart
%06 H.P: %6 Kurutulmus havug posasi kullanilan tavuk eti cubuklart
NS Onemli bir farklilik bulunmamaktadir
Control: Chicken meat sticks with 1% beta-carotene
2% C.P: Chicken meat sticks with 2% dried carrot pomace
4% C.P: Chicken meat sticks with 4% dried carrot pomace
6% C.P: Chicken meat sticks with 6% dried carrot pomace
NS: No significant difference
Tavuk Eti Cubuklarinin Tekstiir Profili Tavuk Eti Cubuklarinin Duyusal
Farklt oranlarda kurutulmus havug posast Degerlendirme Sonuglar:
kullantarak dretilmis tavuk eti c¢ubuklarinin Farkli oranlarda kurutulmus havuc posast

tekstir profiline ait degerleri Cizelge 6’da
verilmistir. Kullandlan kurutulmus havug posast
miktarimin, Srneklerin  sertlik degeri tizerinde
anlamli bir etkiye sahip olmadigy; ¢ignenebilirlik
degerinde 6nemli (p<0.05) diizeyde, esneklik ve
yapiskanlik degerlerinde ise ¢ok 6nemli (p<0.01)
duiizeyde etkili oldugu tespit edilmistir. En yitksek
esneklik, yapiskanlik ve cignenebilirlik degerleri
kontrol grubunda tespit edilitken, kurutulmus
havu¢ posasinin miktarindaki artisa bagl olarak
bu degerlerde azalma tespit edilmistir (Czelge 6).
Benzer sekilde literatiirde havu¢  posast
kullaniarak tretilmis et Griinlerinde de, kullanilan
havug posast miktart arttikca Orneklerin daha az
yapiskan, daha az esnek ve daha az ¢ignenebilir
oldugu tespit edilmistir (Richards vd., 2024;
Yadav vd., 2017).

kullanidarak dretilmis tavuk eti gubuklarinin
duyusal degerlendirme sonuglart Cizelge 7’de
verilmistir. ~ Gorinds, lezzet ve  tekstir
Ozelliklerinde gruplar arasinda istatistiksel olarak
anlamh  bir fark bulunmadigi belirlenmistir
(p>0.05). Ancak, renk ve koku parametrelerinde
gruplar  arasinda Onemli farkhilbiklar  tespit
edilmistir (p<<0.05). Renk ve koku o&zellikleri
acisindan, %2 oraninda kurutulmus havuc posast
iceren grup hari¢, kontrol dahil tim gruplar
benzer puanlara sahip olmustur. Dusiik oranda
kurutulmus havug posast kullanimi, renk ve koku
tzerinde istenilen etkiyi goéstermemis olabilir.
Ayrica, tim gruplarin (%2, %4 ve %06) genel
begeni puanlart arasinda istatiksel olarak bir farkin
olmamas; kurutulmus havug posasinin panelistler
tarafindan da kabul edilebilir oldugunu ve tavuk
eti triinlerinin renklendirilmesinde
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kullanilabilecegini  gbstermektedir.
(2017) tarafindan yapilan calismada %06 oraninda
havuc posast kullanilarak tretilen tavuk sosislerin

Yadav vd.

diger gruplara (kontrol, %3, %9) gore daha ¢ok
begenildigi bildirilmistir.

Cizelge 6. Tavuk Eti Cubuklarinin Tekstiir Degerleri
Table 6. Texture 1V alues of Chicken Meat Sticks

Kontrol %2H. P %4 H. P %06 H. P Onem
(Control) (2% C.P) 4% C.P) (6% C.P) (szgnificant)
Sertlik (Hardness) 1.32% 0.01 1.26 £ 0.16 1.26 £0.19 1.52% 0.15 NS
Esneklik 0.95* = 0.01 0.89> + 0.02 0.85P¢ £ 0.00 0.84< £ 0.01 Hok
(Springiness)
Yapiskanlik 0.79* £ 0.01 0.78+ +0.01 0.74> £ 0.01 0.72> £+ 0.01 HoK
(Cobesiveness)
Cignenebilirlik 1.122 + 0.03 0.942> + 0.01 0.81> £ 0.13 0.69"> £ 0.02 *
(Chewiness)
Kontrol: %1 beta karoten kullanilan tavuk eti ¢ubuklart
%2 H.P: %2 Kurutulmus havug posast kullanilan tavuk eti cubuklart
%4 H.P: %4 Kurutulmus havuc posast kullanilan tavuk eti cubuklart
%06 H.P: %06 Kurutulmus havuc posast kullanilan tavuk eti cubuklart
a,b,c Satir icindeki farkls harflerle gosterilen ortalama degetler, farkliliklart géstermektedir.
NS Onemli bir farklilik bulunmamaktadir (p >0.05); * p <0.05; ** p <0.01
Control: Chicken meat sticks with 1% beta-carotene
2% C.P: Chicken meat sticks with 2% dried carrot pomace
4% C.P: Chicken meat sticks with 4% dried carrot pomace
6% C.P: Chicken meat sticks with 6% dried carrot pomace
a, b, ¢: Mean values within same row followed by different letters indicate significant differences.
NS No significant difference (p > 0.05); * p < 0.05; ** p < 0.01
Cizelge 7. Tavuk Eti Cubuklarinin Duyusal Degerlendirme Sonuglari
Table 7. Sensory Evaluation Results of Chicken Meat Sticks
Kontrol %2H. P %4 H. P %6 H. P Onem
(Control) 2% C.P) 4% C.P) (6% C.P) (significant)
Gortnts (Appearance) 7.42 £0.09 6.59 + 0.17 6.96 + 0.04 7.13+0.21 NS
Renk 74204017 63001013 7.0420%0.04  7.294+0.29 *
(Color)
Koku 7080+ 0.00  657°+0.09 688 +£0.05  7.00:+0.08 *
(Odor)
Lezzet 6831000 6881005  7.00+£0.00  6.920.09 NS
(Flavor)
Tekstiie 696 £0.13  717+£009  7.09+017 675+ 0.08 NS
(Texcture)
Genel Begeni (Overall 730 4013 7004017 7334025  7.21 %021 NS
Acceptability)

Kontrol: %1 beta karoten kullanilan tavuk eti gubuklar
%2 H.P: %2 Kurutulmus havug posast kullanilan tavuk eti cubuklart
%4 H.P: %4 Kurutulmus havug posast kullanilan tavuk eti cubuklart
%06 H.P: %6 Kurutulmus havug posast kullanilan tavuk eti cubuklart

a,b Satir icindeki farkli harflerle gosterilen ortalama degetler, farkliliklar: géstermektedir.

NS Onemli bir farklilik bulunmamaktadir (p >0.05); * p <0.05

Control: Chicken meat sticks with 1% beta-carotene

2% C.P: Chicken meat sticks with 2% dried carrot pomace
4% C.P: Chicken meat sticks with 4% dried carrot pomace
6% C.P: Chicken meat sticks with 6% dried carrot pomace

a, b: Mean values within same row followed by different letters indicate significant differences.

NS: No significant difference (p > 0.05); * p < 0.05
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SONUC

Bu calisma, beta karoten acisindan zengin
kurutulmus  havu¢  posasinin  tavuk  eti
gubuklarinda  dogal bir renklendirici ve
fonksiyonel bir bilesen olarak kullanilabilecegini
ortaya koymustur. Kurutulmus havug posast
ilavesindeki artisa baglt olarak tavuk et
cubuklarinin % nem ve % yag degerleri azalmus ve
% kil degeri artmustir. Renk analizleri, kurutulmus
havug posast ilavesinin beta karoten degerindeki
artisa baglt olarak trinlerin kirmizihk (a%) ve
sarthk (0% degerlerini yukselttigi, parlaklik (I.%)
degerini ise azalttigini gostermektedir. Duyusal
degerlendirme sonuglart ise, triinlerin duyusal
kalite Ozellikleri ve genel begenilirligi tzerine
kurutulmus havug posast ilavesinin olumsuz bir
etkisinin olmadigini ifade etmistir.

Sonug olarak, kurutulmus havug posasi, tavuk eti
cubuklarinin  besinsel degerini artirirken aymi
zamanda dogal bir renklendirici olarak; B-karoten
icerigini yiikselterek ve yag oranini digirerck
fonksiyonel 6zellikler kazandirmaktadir. Elde
edilen bulgular, ¢alismanin 6ncelikli amact olan

tavuk  eti  cubuklartnin  dogal  yollarla
renklendirilmesini  bagariyla  desteklemektedir.
Havu¢ posasmnin  tavuk  eti  driinlerinde

degerlendirilmesi, homojen ve ¢ekici bir turuncu
gbrinimiin saglanmasinda ve dolayistyla tiiketici
begenisinin  artmasinda  etkilidir.  Ayrica,
kurutulmus havu¢ posasinin  degerlendirilmesi,
gida endistrisinde  strdirtlebilirlik  acisindan
6nemli bir role sahip olup, atik ydnetimine katkida
bulunarak cevre Uzerindeki olumsuz etkilerin
azaltlmast konularini desteklemektedir.  Elde
edilen bulgular dogrultusunda yazarlar, gelecekte
yuritilecek calismalarda farkh bitkisel kaynaklt
posalarin gidalarda fonksiyonel katki maddesi
olarak kullantiminin, triin kalitesi, fonksiyonel
Ozellikler ve surdurilebilitlik acisindan  daha
kapsamli bicimde degerlendirilmesinin bilimsel
acidan 6nemli katkilar saglayacagt kanaatindedir.
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ABSTRACT

In this study, sourdough was produced using a Lactobacillus brevis starter culture and subsequently dried using
a drum dryer under varying conditions (steam pressures of 2, 2.5, and 3 bar; rotation speeds of 2, 3, 4, and
5 rpm) to obtain sourdough powder. The resulting powders were evaluated for bread production. Optimal
drum-drying conditions were identified as 3 bar steam pressure and 2 rpm rotation speed, yielding powders
with a moisture content of 8.30% (wb), solubility of 25.80%, and a viable LAB count of 6.3 log CFU/g DM.
Breads produced with these powders as a starter exhibited high loaf volume (71.0 cm?) and strong sensory
acceptability (6.57/7). For comparison, sourdough was also processed using spray drying, producing
powders with lower moisture (4.47% whb), reduced solubility (18.08%), and higher LAB retention (8.2 log
CFU/g DM). The effects of both drying methods on bread quality were assessed in terms of technological
attributes.

Keywords: Sourdough powder, starter culture, drum dryer, spray dryer, sourdough bread

EKSI HAMURUN VALSLI KURUTUCUDA KURUTULMASI: TOZ URETIMI VE
EKMEK UYGULAMALARI ICIN EN UYGUN ISLEM KOSULLARININ
BELIRLENMESI

oz

Bu calismada, Lactobacillus brevis starter ktltiri kullanilarak Gretilen eksi hamur valsli kurutucuda farkli
kosullarda (2, 2.5 ve 3 bar; 2, 3, 4 ve 5 rpm) kurutulmus ve elde edilen eksi hamur tozlart ekmek
tretiminde test edilmistir. En uygun (optimum) kurutma kosulu 3 bar buhar basinct ve 2 rpm dénme
hizt olarak belirlenmis, bu kosullarda tretilen tozlarin nem iceriginin %8.30 (yb), ¢6ziinebilirlik
degerinin %25.80 ve LAB sayisinin 6.3 log KOB/g KM oldugu gézlemlenmistir. Valsli kurutucuda
optimum kosulda elde edilen tozlarin maya (starter kiltiir) olarak kullanimi ile Gretilen ekmeklerin
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yiiksek hacim (71.0 cm?®) ve duyusal kabul edilebilitlik degerine (6.57/7) sahip oldugu gorilmustiir.
Eksi hamur ayrica puskirtmeli kurutucuda da kurutulmus ve elde edilen tozlarin nem igerigi %o04.47
(yb), cozunebilirlik degeri %18.08 ve LAB sayist 8.2 log KOB/g KM olarak belirlenmistir. Her iki
kurutma yoéntemi ile elde edilen eksi hamur tozlarinin ekmek kalitesi Uzerindeki etkileri
degerlendirilmis ve tretilen ekmekler teknolojik 6zellikler acisindan karsilastirilmistir.

Anahtar kelimeler: Eksi hamur tozu, starter kiltir, valsli kurutucu, piskiirtmeli kurutucu, eksi

hamur ekmegi

INTRODUCTION

Sourdough  bread, obtained through the
spontaneous fermentation of dough consisting of
grain flour and water, is considered as the earliest
form of bread known today, dating back to
Ancient Egypt. In recent years, the increasing
demand for healthier food options has renewed
interest in sourdough-based products (Lau et al.,
2021). The microflora of sourdough consists of
yeasts and lactic acid bacteria (LAB), which
produce metabolites such as organic acids,
exopolysaccharides, and enzymes that contribute
to its distinctive aroma. The use of sourdough in
bread production enhances not only flavor and
shelf-life but also improves texture and volume
(Martin-Garcia et al., 2023).

Sourdough is classified into tive types based on its
preparation method: Type O: Prepared as a pre-
dough, undergoing spontaneous fermentation for
a limited time to allow growth of LAB naturally
present in the flour (De Vuyst et al., 2023). Type
I: Prepared through spontaneous fermentation of
a flour-water mixture at 20-30°C, with daily
refreshments (back slopping). Type II: Produced
by adding a starter culture, followed by a single-
stage fermentation (15-20 hours at 30°C) and a
single refreshment step. The starter culture
consists of LAB and/or yeast cultures. Type III:
Derived from Type II sourdough through drying,
making it more stable. The microflora of Type 111
sourdough includes Pediococcus  pentosacens, L.
Plantarum, and L. brevis, which are resilient to
drying processes (Siepmann et al, 2018). The
most commonly used drying methods for Type
III sourdough are drum drying and spray drying
(Brandt, 2019). Type IV: Mixed sourdough,
prepared by initiating with a starter culture and
propagated through back-slopping; spontaneous
fermentation and microbial interactions can lead
to natural selection (Siepmann et al., 2018).

Drying is a widely used technique across food,
pharmaceutical, and chemical industries, aiming
to reduce water content and extend shelf-life
(Turker et al, 20006; Koéprialan, 2019). The
process  involves moisture removal  via
evaporation and diffusion, preventing microbial
spoilage and  enzyme-driven  degradation.
Microbial growth ceases below 10% moisture
content, while levels below 5% help preserve
taste, aroma, and nutritional value (Geankoplis,
2006; Altay, 2020).

For starter culture drying, the survival rate of
microorganisms is a critical parameter (Vaessen et
al., 2019). Several drying methods have been
explored for sourdough, including tray drying
(Hendek-Ertop et al., 2018; Lafuente et al., 2024),
spray drying (Tafti et al., 2013, Reale et al., 2019),
freeze-drying (Rézyto et al., 2016; De Marco et al.,
2025), and refractance window drying (Arslan-
Tontul et al., 2024). Spray drying atomizes liquid
samples into a hot air chamber, rapidly
evaporating moisture. The short processing time
minimizes heat-induced deterioration, and
evaporative cooling helps prevent Maillard
reactions (Ohtake et al., 2020; Martin-Garcia et
al., 2023). Drum drying involves direct contact
with a heated surface, utilizing latent and sensible
heat for evaporation. Drum dryers are available in
two designs: Single-drum dryers, where the
product is spread in a thin layer over a heated
drum. Double-drum dryers, where two parallel,
counter-rotating drums process the product, with
the gap between the drums adjustable to control
film thickness. The thickness of the feed film layer
is a crucial parameter that directly affects the
quality and characteristics of the final product in
drum drying. It influences drying efficiency,
moisture content, texture, and rehydration
properties of the dried sourdough powder
(Brandt, 2019). A thinner film allows for faster
drying and better heat transfer, while a thicker
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film may lead to uneven drying and potential
quality deterioration. Optimizing this parameter
ensures the desired functional and sensory
attributes of the final product. This method is
widely applied in baby formula, milk powders,
breakfast cereals, fruit and vegetable pulps,
mashed potatoes, and dry yeast production
(Malekjani et al., 2023).

Drum drying offers high reliability, efficiency, and
flavor enhancement via Maillard reactions
(Kirchhoff, 2000). However, most previous
studies on drum-dried sourdough have focused
on its flavor and volatile compounds, with limited
research on LAB survival during the process.
Given that drum drying is more economical than
other drying methods, investigating LAB survival
and the suitability of drum-dried sourdough for
bread production enhances the originality and
significance of this study.

The aim of this study is to optimize the drum
drying parameters for sourdough powder
production and evaluate its suitability in bread
making. The study investigates the effects of
steam pressure and drum rotation speed on the
physicochemical properties and lactic acid
bacteria (LAB) survival in the dried sourdough
powder. Additionally, the functionality of the
obtained powder is assessed by incorporating it
into sourdough bread formulations and analyzing
bread quality attributes such as volume, texture,
and sensory properties. Furthermore, a
comparison with spray drying is conducted to
evaluate the economic and functional feasibility of
drum drying as an alternative drying method for
sourdough preservation.

MATERIAL AND METHOD

Material

In this study, Lactobacillus brevis starter culture (Pak
Gida Uretim ve Pazarlama A. S., Tiirkiye) and
whole wheat flour (S6ke Degirmencilik San. ve
Tic. A.S., Turkiye) with protein content of 13.2%,
moisture content of 14.5%, and ash content of
1.4% were used to produce sourdough. Instant
dry yeast (Pak Gida Uretim ve Pazarlama A. S.,
Tirkiye) and salt used for bread baking were
obtained from a local market in Ttrkiye.

Method

Alctivation and cultivation of the starter culture

The Lactobacillus brevis culture, provided in glycerol
stock form, was activated by incubation in MRS
Broth (pH 5.7£0.2; Merck, Germany) at 30°C for
24 hours following a 10% inoculation. After
activation, the culture was further cultivated in
MRS Broth, and the cell suspension was obtained
by centrifugation (4000g, 10 min), followed by
two washes with 0.85% NaCl solution (Khem et
al., 2016).

Preparation of sourdongh

For sourdough preparation, 120 g of whole wheat
flour, 18 mL of cell suspension, and 42 g of water
were mixed and incubated at 30°C for 5 hours.
Sourdough production was carried out over eight
back-slopping steps (Déner, 2017). During each
back-slopping step, the dough: flour: water ratio
was maintained at 2:2:1 (w/w/w), with 44.4% of
the previously prepared dough used as inoculum
for the next fermentation cycle.

Drum dyying of sourdongh

Drum drying of sourdough samples was
performed using pilot-scale double drum dryer
located at the Ege University, Department of
Food Engineering. The drum dryer consisted of
two hollow cylinders, each measuring 20 cm in
length and 10 cm in diameter. The drying process
was conducted under steam pressures of 2, 2.5,
and 3 bar, with rotation speeds of 2, 3, 4, and 5
rpm, and a drum opening of 2 mm. Before
feeding into the dryer, the sourdough was diluted
with distilled water at a 2:1 (w/v) ratio to achieve
the desired consistency. The drum opening (2
mm) was considered the thickness of the final

dried product.

Spray drying of sonrdough

Spray drying of sourdough samples was carried
out according to the method of Reale et al. (2019),
with slight modifications. In this context, a
sourdough suspension (prepared by diluting
sourdough with distilled water at a 2:1 (w/v) ratio)
was fed into the spray dryer using a peristaltic
pump at 25°C. Spray drying was conducted using
a laboratory-scale spray dryer (Buchi B-290,
Switzerland) under the following conditions:
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Aspiration rate: 60%, Airflow rate: 473 L/h, Air
pressute: 5 kg/cm?, Nozzle diameter: 0.7 mm, Air
inlet temperature: 130°C, Air outlet temperature:
60°C. All parameters were maintained constant
throughout the process.

Bread production from sourdough powder

Breads were produced using sourdough powders
that met the suitable moisture content criteria
among those obtained via spray drying and drum
drying. The bread formulation was adapted from
Lattanzi et al. (2014) with modifications. The
amount of sourdough powder used was adjusted
to match the dry matter content of fresh yeast
typically included in the formulation. The powder
was then incorporated into a mixture of whole
wheat flour of 41.1 g, dry yeast of 1.05 g, water of
23.5 g, salt of 0.83 g. To evaluate the impact of
sourdough powder, a control group was prepared
without its addition. The amount of water added
during bread production was adjusted according
to the water absorption capacity of the flour.
Farinograph analysis revealed that the water
absorption capacity of the whole wheat flour was
65%.

Dough samples were kneaded for 10 minutes
initially, followed by a three-stage fermentation
process: 45 minutes of fermentation, 1 minute of
kneading, 45 minutes of fermentation, 1 minute
of kneading and 75 minutes of fermentation.
After fermentation, the dough was shaped and
baked for 35 minutes at 180°C in a conventional
oven.

Analysis

Moisture content and water activity

Sourdough, sourdough powder, and bread
samples were analyzed for moisture content
according to AOAC 925.10 standards, using a
stove set to 105°C. Water activity of sourdough
powder and bread samples was measured using a
water activity probe (Testo AG400), calibrated to
10.001 precision (Hajar-Azhari, 2024).

PpH and total titratable acidity (I'1°A)

Sourdough and sourdough powder samples were
homogenized with distilled water at a 1:9 (w/v)
ratio and analyzed for pH using a pH meter
(pH7110, InolLab). The pH of the mixture was

adjusted to 8.3 by titrating with 0.1 N NaOH
(Reale et al., 2019). Total titratable acidity was
calculated using Equation (1) and expressed as
lactic acid petrcentage.

V x 0.009

TTA (%) = x 100 )

Where; V: 0.1 N NaOH used in titration (ml); m:
Sample weight used in titration (g)

Bulk and tapped density

Bulk density of the sourdough powder samples
was analyzed by the weight/volume ratio of
powders filled into a graduated cylinder without
any space between the particles and without
applying force. Tapped density was determined by
tapping the graduated cylinder manually on a
surface until a constant volume was reached
(Bhandari et al., 1992).

Solubility

Sourdough powders were diluted at a 1:25 (w/v)
ratio with distilled water and homogenized at
3000 rpm for 5 minutes. The mixture was then
centrifuged at 3000 rpm for 5 minutes, and the
fluid at the top was collected and dried in a stove
at 105°C for 4 hours. The solubility value was
calculated based on the weight difference,
expressed as a percentage (Cano-Chauca et al.,

2005).

Lactic acid bacteria count

Sourdough and sourdough powder samples were
homogenized with a 0.85 % NaCl solution ata 1:9
(w/v) ratio and prepared through serial dilutions.
One milliliter of each suitable sample was
inoculated onto MRS Agar (pH 5.7+0.2; Merck,
Germany) wusing a double-layer pour-plate
method. Samples were incubated for 3 days at 30-
35°C, and colonies were counted after the
incubation period (Caglar et al., 2021). Results
were expressed as CFU/g DM.

Color properties

Color wvalues (L* (brightness, darkness), a*
(redness, greenness), b* (yellowness, blueness)) of
sourdough, sourdough powder, and bread
samples were measured using a Minolta CR-300
color meter and recorded according to Hunter
CIE Lab and Color Flex system (Shahabi et al.,
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2014). The device was calibrated with a white
plate prior to measurements. The following
parameters were calculated:

AE = VAL? + Aa? + Ab? @)

C = (a? + th)O.S 5

Hue = tan”? (1) @
a .75L

B — [100%%—0.31)] 5

0.17

Water absorption capacity of flour

To formulate the bread recipe, the water
absorption capacity of whole wheat flour was
determined using a farinograph (Brabender, Mod.
PL Nr.9520065, Duisburg, Germany) according to
ICC Standard Nr. 115/1 (Altinel and Unal, 2017).

Cooking loss

The cooking loss of bread samples was
determined by calculating the difference in weight
before and after baking, expressed as a percentage
(Alvarez-Jubette et al., 2010).

Crust thickness

10 mm thick, uniform cutaways were taken from
bread samples, and the crust thickness was
measured using calipers. Measurements were
taken from three different points (Hendek-Ertop,
2014).

Bread volume

To determine the volume of bread samples,
rapeseeds were filled into a glass vessel of known
volume to analyze their bulk volume, which was
calculated based on the volume of the vessel and
the weight of the seeds. The bread volume was
determined by weighing the bread samples
individually, placing them into a glass vessel of
known weight, and weighing again. The volume
of bread was calculated using rapeseeds of known
weight and volume (Parenti et al., 2020).

Texture profile analysis

Using a cylindrical probe (P/36R) and a texture
analyzer (TA-XT2, Stable Micro Systems,
Haslemere, UK), the hardness, springiness,
chewiness, cohesiveness, and gumminess values

of the bread samples were determined on the
inner part of the bread after a 2-hour resting
period. The pre-test, test, and post-test speeds
were set at 2.0 mm/sec, with a test distance of 5
mm and a trigger force of 5.0 g. Ten
measurements were taken for each sample, and
the average values were calculated (Liu et al.,
2024).

Sensory evaluation

The sensory evaluation of bread samples was
conducted by 10 semi-trained panelists based on
crust color, inside color, porosity, appearance,
taste, and overall acceptability. A 1-7 scoring scale
was used for multiple comparisons (Altug-
Onogur & Elmact, 2011).

Statistical analysis

Statistical analyses of sourdough powder samples
dried in a drum dryer, and the produced bread
samples were performed using Duncan’s variance
analysis in SPSS V25.0 (IBM, USA) statistical
software.

Sourdough powder and bread production were
carried out in duplicate. All analyses were
performed in duplicate, except for colour
measurements and texture analysis, which were
conducted in five and ten replicates, respectively.

RESULTS AND DISCUSSION
Physicochemical and microbiological
properties of drum dried sourdough powders
and selection of optimum conditions

The physicochemical and  microbiological
properties of sourdough powders are summarized
in Table 1a and Table 1b. The moisture content,
pH, and total titratable acidity (TTA) of the
sourdough produced after eight back-slopping
cycles (30°C, 4 hours) with Lactobacillus brevis
starter culture were determined as 38.75%20.43
(wb), 3.95£0.002, and 1.58%=%0.15, respectively.
The production of lactic acid as a metabolite of
the starter culture contributes to increased acidity,
thereby lowering the pH. Similar results were
reported in a study where sourdough samples
fermented with L. brevis exhibited a minimum pH
value of 3.86 over a seven-day fermentation
period (Akgtn, 2007). Additionally, Alkay (2017)
reported TTA values ranging between 1.01% and
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1.52% for sourdough samples produced with
Lactobacillus rossiae, 1. plantarum, L. brevis, and
Weissella cibaria strains after 24 hours, which aligns
with the findings of this study. The lactic acid

bacteria count in sourdough samples was

determined as 9.9 log CFU/g DM. Regarding
colour properties, L*, a*, and b* values were
recorded as 71.21%£1.08, 5.2840.41, and
24.12%0.90, respectively.

Table 1a. Physicochemical and microbiological properties of sourdough powders produced by a drum
dryer under different operating conditions and a spray dryer

Moisture . Tapped LAB (lo:
TSP DS et (%,  Water Activity Bulk De‘f‘ty Deiiity pH TTA (%) CFU(/ gg
(bar) (tpm) wh) (kg/m?3) (kg/m?) DM)
2 13.02040.05  0.766°£0.010  187.44>+1.83  244.66™+6.12  4.0640.052  1.65+0.05  7.2+0.01
3 25.35¢£0.53  0.944%+0.007  238.88%4.59  272.86%+9.88  4.0440.085  1.62:+0.04 -
2 4 27.09:£024  0.951%+0.003  291.81¢+6.52 3104144749 3.99+0.052  1.44v+0.08 .
o 5 37.2040.63  0.960:+0.001  327.45¢+10.98  334.60e£6.60  3.98:+0.047  1.35:40.00 .
0 2 9.18:+0.04  0.693+0.013 143.964%4.56 219.56:44.79  3.90:£0.067  2.16¢+£0.10  5.5+0.15
E ”s 3 18.82440.23  0.829-+0.010  178.33v+1.56  227.05%+1.07  3.96+0.004  2.16-+0.10
§ i 4 2530¢40.13  0.866¢+0.015  193.49b+4.11  238.38b+1.83  3.95+0.018  2.03¢+0.05 .
% 5 35974048  0.920:40.011  215.049£337  289.66+2.30  3.93+0.002  1.94¢+0.05 .
2 8.2540.05  0.660:+0.024 176394321  241.68*+3.43  4.00:40.001  1.9840.10  6.3+0.01
; 3 16.9540.64  0.837<4+0.010  186.98+3.22  248.60b+4.34  3.99:+0.007  1.764+0.05 .
4 23.82¢40.61  0.905+0.006  197.65+1.35  25521<+6.54  3.96:+0.002  1.71i+0.00 .
5 339104017 0.924%4+0.002 2234744936 281.11¢49.44  3.97+0.020  1.675+0.05 .
SPRAY DRIED 4.47+0.37 0.33740.001 449.96+6.40 534744580  4.18+0.012  1.40£0.08  8.2+0.01

*SP: Steam Pressure, **DS: Drum Rotation Speed. Microbiological analyses were conducted on experimental
groups with suitable powder properties (moisture content <13%). Different letters within a column indicates
statistically significant differences at P<0.05 between values.

The moisture content of sourdough powders
produced by drum drying remained below 13%
only in samples dried at 2, 2.5, and 3 bar steam
pressure with a 2 rpm rotation speed, with water
activity values ranging from 0.660 to 0.960 (Table
1a). An evaluation of the moisture content and
water activity results revealed that higher steam
pressure and lower rotational speed enhanced the
drying efficiency, leading to sourdough powders
with lower moisture content and water activity
values (P<0.05). Conversely, an increase in drum
rotation speed reduced drying efficiency, resulting
in insufficiently dried sourdough powders.
Among the tested conditions, sourdough
powders dried at 2, 2.5, and 3 bar steam pressure
with 2 rpm rotation speed exhibited the most
desirable moisture content values. Moisture
content and water activity are key indicators of
drying efficiency; higher-than-expected values
indicate an insufficient drying process. Similar
trends were observed in a study by Topuz & Pazir
(2017), where increasing steam pressure and
decreasing drum rotation speed resulted in apple
purée powders with lower moisture content.

An analysis of bulk and tapped density data
revealed that sourdough powders produced at 2.5
bar steam pressure and 2 rpm rotation speed
exhibited the lowest values (P<0.05). Bulk and
tapped densities are crucial parameters for
assessing the physical properties of powdered
products. Bulk density depends on particle type
and the interstitial space between particles. Even
if two particles have the same weight, differences
in particle size influence bulk density due to
varying degrees of space between them. A
decrease in particle size within a bulk system
generally leads to an increase in compressed
volume (Altay, 2020). The pH and total titratable
acidity (TTA) values of sourdough powders
ranged from 3.93 to 4.06 and 1.35% to 2.16%,
respectively (Table 1a). Among the tested
conditions, the sourdough powder produced at
2.5 bar steam pressure and 2 rpm rotation speed
was the most acidic in terms of both pH and TTA.
Insufficiently dried samples, caused by higher
drum rotation speeds, exhibited lower acidity
levels, likely due to retained moisture reducing the
concentration of acidic compounds. In contrast,
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samples dried at 2 rpm rotational speed, which
met the desired powder properties, showed
higher acidity values (P<0.05). Figure 1 presents
the solubility of sourdough powders produced
under different drying conditions. Properly dried
powders are expected to have high solubility;
however, due to the presence of gluten from

wheat flour, sourdough powders tend to form
suspensions rather than fully dissolving in water.
Moreover, gluten coagulates at 70°C, forming a
pseudo-solid film (Génci, 2011). Given the high
temperatures used in drum drying, gluten
coagulation likely contributed to the lower
solubility of sourdough powders.

30
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Figure 1. Solubility of sourdough powders produced by a drum dryer under different operating
conditions and a spray dryer
*Different letters within a column indicates statistically significant differences at P<0.05 between values.

The solubility values of sourdough powders
produced in this study ranged from 16.66% to
25.07% (Figure 1). Among the tested conditions,
the highest solubility was observed in the sample
drum-dried at 3 bar steam pressure and 2 rpm
rotation speed. Statistical analysis of samples with
suitable powder properties indicated that
solubility decreased as moisture content increased
(P<0.05). Colour analysis of propetly dried
sourdough powders showed higher L (brightness)
values* compared to insufficiently dried samples.
The Browning Index (BI), which reflects the
degree of darkening due to factors such as
burning or improper drying was higher in samples
with excessive moisture content, suggesting
localized browning (Table 1b).

A high lactic acid bacteria count is desirable in
sourdough powders, as it indicates better

microbial viability. Sourdough powders produced
at 2 rpm rotation speed and 2, 2.5, and 3 bar steam
pressure, which met the desited powder
characteristics, were analysed for lactic acid
bacteria viability. The lowest bacterial viability
was recorded at 2.5 bar steam pressure, while the
highest was observed at 2 bar steam pressure. This
suggests that increasing steam pressure at a
constant  rotational  speed  raises  drum
temperatures, leading to reduced bacterial
viability. Overall, a 2—4 log unit reduction in lactic
acid bacteria count was observed in sourdough
powders dried at 2 rpm rotational speed. When
considering all the results, the most suitable
drying conditions for sourdough powder
production were determined to be 3 bar steam
pressure and 2 rpm rotation speed.
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Table 1b. Physicochemical and microbiological properties of sourdough powders produced by a drum
dryer under different operating conditions and a spray dryer

*SP DS

(bar) (epm) L* a* b* Chroma Hue BI AE
2 81.02¢1£1.21 2.32abed+(),33 13.72ab10.34 13.92abe£(.38 80.42de+1.17 20.292+1.09 14.61<d£1.11
3 71.31+4.83 3.18bcdet().44 14.18%1.26 14.542+1.26 77.32de+1.66 25.113bed+2 55 11.07abed % 1.5
2 4 67.27214.33 3.88¢(+0.45 14.844040.87 15.342b<£0.86 75.333bc+1.77 28.83<d+2.70 10.802b<+2.09
5 67.112£3.38 3.41<0+0.80 14.39ab1+2.26 14.79abc£2.36 76.82ab1+1.51 27.46%4+4.70 11.13abc+2.58
a 2 79.65b+1.12 2.13201+0.10 13.012+0.40 13.183>%0.40 80.73¢1+0.31 19.43:+0.72 14.34bd1+0.69
g 25 3 75.8°£5.56 2.16:+0.34 13.172+0.74 13.35:+0.77 80.72¢(+1.19 20.981+3.05 13.28:bd+0.99
§ 4 72.39+6.12 2.81abed+(.78 14.712£0.87 14.992b¢£0.89 79.22¢6+2.90 25.233bc+2.15 11.162bed+2.21
‘é 5 74.98>+3.97 1.93:+0.67 14.845+2.06 14.98b<£2.07 82.59f+2.41 23.58b<d+3.86 11.14:5£2.34
2 81.97¢+0.78 2.162¢10.23 13.66:2%0.38 13.833b¢£0.39 81.04¢+0.89 19.78:+0.71 15.344+0.64
3 3 66.602%£8.98 3.75de£(0.81 15.110£0.85 15.58:b¢£(.83 76.05b<d+3.02 29.96¢d+5.04 12.88:bcd+3.00
4 68.132%1.18 4.32f+0.50 16.235+0.73 16.78+0.83 75.42:%1.09 31.314+2.15 8.62:10.74
5 69.042£10.47 2.97¢cde+1.47 13.53:41.54 13.912bc£1.65 77.87¢de£5.68 25.35¢d+6.37 14.362bd+3.67
SPRAY DRIED 95.88+0.28 0.07£0.03 4.4610.26 4.4610.26 89.11+0.43 4.70+0.27 31.98+0.35

*SP: Steam Pressure, **DS: Drum Rotation Speed. Microbiological analyses were conducted on experimental
oups with suitable powder properties (moisture conten o). Different letters within a column indicates
groups with suitable powder properti t tent <13%). Different lett th 1 dicat

statistically significant differences at P<0.05 between values.

Comparison of sourdough powders obtained
via spray drying and drum drying

The physicochemical and microbiological
properties of spray-dried sourdough powders are
presented in Table 1a and Table 1b. The moisture
content and water activity of spray-dried samples
were determined as 4.4710.37% (wb) and
0.337£0.001, respectively. These values are
significantly lower than those of drum-dried
samples, indicating that spray drying is more
effective in reducing moisture and achieving
lower water activity. Additionally, spray-dried
powders exhibited better powder characteristics,
as reflected in their higher bulk density
(449.96+6.40 kg/m?® and tapped density
(534.74+5.80 kg/m?) compared to drum-dried
samples. This suggests that spray drying leads to
better particle packing and flowability, which are
important for storage and handling. In terms of
colour properties, L* values (95.88+0.28) of
spray-dried powders were significantly higher,
indicating brighter and lighter-coloured powders,
while browning index (BI) values (4.70£0.27)
were lower compared to drum-dried powders.
This suggests that Maillard reactions and
browning effects were minimized in spray drying
due to shorter exposure to high temperatures.
The viability of lactic acid bacteria (LAB) in spray-
dried sourdough powders was recorded as
8.210.01 log CFU/g DM, with only a 1-log unit

reduction from the initial LAB count before
drying. This retention is notably higher than in
drum drying, where thermal stress during contact
drying significantly reduces bacterial viability.

Similar studies have reported more reductions
that are significant in LAB viability during spray
drying. For instance, in a study where sourdough
was spray-dried using an inlet air temperature of
180°C and an outlet air temperature of 90°C, LAB
viability decteased from 2.0x10° CFU/g to
2.0x10° CFU/g when the final moisture content
was reduced to approximately 4-5% (Tafti et al.,
2013). Similarly, Caglar et al. (2021) reported that
sourdough was spray-dried (air inlet temperature
160°C, outlet temperature 90°C) until the
moisture content dropped below 5%, resulting in
a decline in LAB viability from 9.7 log CFU/g to
5.0 log CFU/g. However, in the present study,
LAB viability was found to be significantly higher
than in similar studies, suggesting that optimized
spray drying conditions in this study were more
favourable for LAB survival. The lower bacterial
inactivation observed in this study could be
attributed to controlled drying parameters,
protective matrices within the sourdough, or
strain-specific resistance to drying processes
(Corsetti, 2012; Reale et al., 2019).



Drum-Dried sourdough: Bread applications

Properties of bread produced with sourdough
powders

The physical properties of breads produced with
spray-dried and drum-dried sourdough powders
under different drying conditions are presented in
Table 2. The moisture content, water activity, and
crust thickness of breads made with drum-dried

In contrast, breads produced with spray-dried
sourdough powders exhibited greater variations
in water content and crust thickness. However,
the difference in moisture content between
breads made with spray-dried powders, control
samples, and drum-dried powders produced
under optimal conditions (3 bar, 2 rpm) was not

sourdough powders showed no statistically
significant differences (p>0.05) (Table 2).

statistically significant (p>0.05) (Table 2).

Table 2. Physical properties of breads made with sourdough powders produced via drum drying under
different operating conditions and spray drying,

*SP DS lggiistt:;: Water ActivityCOOkij1 g Loss Thcicrliitess Hardness Springiness Chewiness Cohesiveness Gumminess

) (pe) (7" o e S
CONTROL.  32.304%+0.73 0.9304£0.004 15.075£0.06 2.024£0.00 9.742£1.00 0.862£0.03 5.82A%£0.33 0.694%+0.02 6.8244+0.59
=Q 2 32.24°10.42  0.9412£0.001 13.84°10.29 2.25+£0.05 54.07°11.64 0.85£0.04 31.25>+0.38 0.672+0.02 36.45+0.25
25 25 2 3289%0.50 0.936:10.002 12.23*+0.42 2.36°+0.16 42.05+£1.00 0.872+0.05 25.68:£0.71 0.70:20.00 29.35*%0.62
[ g 32.22+/440.600.935/4£0.00314.33>/81+0.122.20/5£0.0143.45/¢£1.740.88*/4£0.0127.87+/¢£1.69 0.72+/8+0.01 31.57+/¢+1.42

SPRAY DRIED 32.874£0.42 0.9518+0.004 11.314+0.34 2.178£0.12 23.528+0.63 0.824%£0.06 12.43£0.16 0.66*£0.01 9.858%0.04

*SP: Steam Pressure, **DS: Drum Rotation Speed. Different letters within a column indicates statistically
significant differences at P<0.05 between values. Lowercase letters indicate statistically significant differences
between drum-dried samples while uppercase letters indicate statistically differences between control, spray and
drum dried (under the most suitable conditions) samples.

When evaluating bread volume (Figure 2) and
cooking loss (Table 2), the highest values were
observed in breads produced with sourdough
powders dried at 3 bar steam pressure and 2 rpm
rotational  speed. = However,  spray-dried
sourdough powders resulted in breads with even

200
180
160
140
120
100

80

60

a
40
20
0

2 bar

Bread Volume (cm?)

Control

Drum Dried (2 rpm)

higher volume compared to both drum-dried
samples and the control group (Figure 2).
Additionally, cooking loss was found to be lowest
in breads made with spray-dried powders (Table
2), indicating improved baking performance.

B
a/A
a I
3 bar

2.5 bar

Spray Dried

Figure 2. Volumes of breads made with sourdough powders produced via drum drying with different
operating conditions, spray drying and control
*Different letters within a column indicates statistically significant differences at P<0.05 between values. Lowercase
letters indicate statistically significant differences between drum-dried samples while uppercase letters indicate
statistically differences between control, spray and drum dried (under the most suitable conditions) samples.
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The textural properties of breads produced using
sourdough powders from drum drying (under
different conditions) and spray drying are
presented in Table 2. The highest hardness value
was observed in breads made from sourdough
powders dried at 2 bar steam pressure and 2 rpm
rotational speed (P<0.05). Breads produced with
sourdough powders from 2.5 and 3 bar steam
pressure at 2 rpm exhibited similar hardness and
chewiness values, indicating consistent textural
characteristics under these drying conditions.
Spray-dried sourdough powders resulted in softer
breads, with hardness values lower than drum-
dried samples but higher than the control. The
highest cohesiveness values were recorded in
breads made with sourdough powders dried at 3
bar steam pressure and 2 rpm rotational speed.

Chewiness wvalues followed a similar trend to
hardness, where breads with spray-dried powders
were softer and less chewy than drum-dried
samples but chewier than the control. The
hardness values of sourdough powder breads in
this study align with previous reports, where
values ranged between 20.73-56.54 N (Olojede et
al., 2020). Breads produced with L. brevis starter
culture and prebiotic additives were reported to
have chewiness values between 4.11-15.37 N

(Alkay, 2017), similar to the chewiness trends
observed in this study. As expected, sourdough
breads exhibit greater chewiness compared to
standard yeast-leavened breads.

The colour properties of breads produced with
sourdough powders dried by drum drying (under
different conditions) and spray drying are
presented in Table 3. The L*, a*, and b* values for
both inside and crust colour of bread samples
made with drum-dried sourdough powders
showed no significant differences among drying
conditions (P>0.05). This suggests that varying
steam pressure and rotational speed during drum
drying did not significantly affect the colour
properties of the resulting bread. Spray-dried
samples exhibited higher inside L* values than
both control and drum-dried samples, indicating
a lighter crumb colour. The crust L* values
showed no significant difference (P>0.05)
between spray-dried and drum-dried samples.
The crust Bl (Browning Index) values for drum-
dried samples were found to be the lowest,
suggesting less browning compared to spray-dried
or control samples. These results indicate that
spray drying may lead to a brighter crumb colour,
while drum drying results in less browning on the
crust.

Table 3. Colour properties of breads produced using sourdough powders from drum drying (under

different conditions) and spray drying

*SP DS Inside
(bar) (rpm) IL* a* b* Chroma Hue BI AE
CONTROL 57.674+2.77 3.93B+0.25 18.542410.64 57.674+2.77 18.968+0.62 78.02B+£0.88 43.168£2.16
= @, 2 52.60a£2.11  5.19220.09 18.942+0.94 19.623£0.92 74.922+0.56 50.94a£1.95 19.332+2.3
Eﬁi E 2.5 2 52.512+1.34 5.36a£0.32 19.17a£0.41 19.91220.43 74.392+0.85 52.14a£2.82  19.363t1.2
_RQ 3 52.632/412.10 5.612/€£0.40 19.512/A+0.73 20.30/A£0.75 73.972/A%£1.00 53.354/B+£3.25 19.16+/B%2.1
SPRAY DRIED 73.6981£0.57 2.13A%£0.26 17.24A+0.67 17.3724%0.69 82.97€*£0.75 28.23A+1.47 7.994x0.75
*SP  *kDS Crust
(bar) (rpm) IL* a* b* Chroma Hue BI AE
CONTROL 66.82A+5,50 5.984+2.30 23.038+3.43 66.82B£5.50 23.834%3.89 75.884B+3.29 49.63A+15.58

=AQ 2 62.712£5.57 52004121 164124291 17.222%3.12 72.622£1.52 36.92>+9.71 12.83211.3
Eﬁ E 2.5 2 60.87214.56  5.742£1.47 19.74v14.74 20.56"+4.94 73.81a11.42 47.14>+15.83 12.71211.8
RA 3 61.853/A+3.75 5.17/A%1.51 16.92¢/A%£4.25 17.700/A1+4.49 73.142/A+1.68 38.58¢/A%13.6 12.89+/B+1.6

SPRAY DRIED

69.51A%£1.47 5.45A+0.95 27.458%0.61

28.88B£0.51 78.764+2.05 54.888+1.16 4.024£0.82

*SP: Steam Pressure, **DS: Drum Rotation Speed. Different letters within a column indicates statistically
significant differences at P<0.05 between values. Lowercase letters indicate statistically significant differences
between drum dried samples while uppercase letters indicate statistically differences between control, spray and
drum dried (under the most suitable conditions) samples.



Drum-Dried sourdough: Bread applications

Sensory evaluation scores of breads produced
using sourdough powder from drum drying and
spray drying are given in Figure 3.

a)

Crust Colow

Inside Colour

P

Tase » Porosty
°

Appearence

Appearence

Figure 3. Sensory evaluation scores of sourdough powder breads produced by drum drying a) under
different operating conditions b) with most suitable operating conditions, spray drying and control
bread

When the sensory evaluation scores of breads
produced with sourdough powders are examined
(Figure 3a, 3b), the differences between samples
were statistically insignificant (P>0.05), indicating
that all drum-dried sourdough powders produced
breads with comparable sensory properties.
However, breads produced with sourdough
powders obtained at 3 bar steam pressure and 2
rpm scored higher across all sensory attributes,
including texture, taste, aroma, and overall
acceptability. These results suggest that 3 bar, 2
rpm is the most suitable drum-drying condition
for producing sensory-appealing sourdough
breads.

The difference between breads made with spray-
dried and drum-dried sourdough powders (3 bar,
2 rpm) was statistically insignificant (P>0.05) (Fig
3b). This indicates that both drying methods
yielded similar sensory characteristics, supporting
the feasibility of drum drying as an alternative to
spray drying. High scores were observed for all
sourdough samples, confirming their favourable
sensory properties and consumer acceptability.

CONCLUSION

With the increasing consumer preference for
healthier and traditional food products, the
demand for sourdough bread has risen

significantly. The symbiotic relationship between
lactic acid bacteria and yeasts during sourdough
fermentation enhances its nutritional value and
quality. However, conventional sourdough
preparation is a time-consuming process. This
study aimed to develop sourdough powder
through drum drying, enabling more efficient and
consistent sourdough bread production while
ensuring sustainability and quality control. The
effects of different drying parameters; steam
pressure (2, 2.5, and 3 bar) and rotational speed
(2, 3, 4, and 5 rpm) were evaluated.

Higher steam pressure (3 bar) and lower
rotational speed (2 rpm) improved drying
efficiency, leading to sourdough powders with
lower moisture content (<13%), desirable water
activity, and better solubility. Insufficiently dried
samples exhibited lower pH values, while well-
dried powders had improved colour (higher L*
values) and solubility. Despite drying, lactic acid
bacteria retained viability with only a 3-log-unit
reduction, reaching 6.3 log CFU/g DM,
indicating that the drying process was suitable for
maintaining probiotic functionality. Among the
breads produced using drum-dried sourdough
powders, those obtained under the optimal
conditions (3 bar, 2 rpm) exhibited better volume,
texture, and sensory scores compared to other
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experimental groups. Although breads made with
spray-dried sourdough exhibited slightly better
technological properties (volume, texture, colour,
etc.) than those produced with optimally drum-
dried powders, both were comparable in terms of
sensory attributes. The most suitable drying
conditions produced breads with superior colour,
porosity, taste, and overall acceptability among
panellists.

In conclusion, despite certain limitations such as
slightly reduced loaf volume and lower microbial
viability due to direct contact with the hot drum
surface, drum drying remains a practical and
efficient alternative to spray drying. It offers
simpler operation, good microbial stability, and
functional properties comparable to spray-dried
powders, while supporting the production of
high-quality sourdough bread that aligns with
consumer demand for healthy and traditional

baked products.
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ABSTRACT

This study compared the physicochemical, microbiological, and volatile aroma profiles of fermented (ES),
heat-treated (HS), and butcher-style (BS) sucuk sold in Tiirkiye. The aim was to evaluate how production
method and standardization affect product quality and safety. FS and HS showed consistent pH, water
activity, and microbiological properties, generally aligning with TS 1070, TS 13297, and Turkish Food Codex.
In contrast, BS exhibited higher microbial counts, with total mesophilic aerobic bacteria, molds-yeasts, and
Staphylococcus spp. reaching 7.63, 6.06, and 4.29 log CFU /g, respectively; the Staphylococcus spp. count exceeded
the 3 log CFU/g limit, indicating a potential health risk. Aldehydes, alcohols, and acids were predominant
volatile compounds in all groups. FS and HS had more consistent aroma profiles, reflecting better process
control, whereas BS showed variability linked to unstandardized production. These results highlight the
importance of controlled fermentation and heat treatment, and the need for stronger oversight of butcher-
style products.

Keywords: Sucuk, quality characteristics, volatile aroma profile, food safety, regulatory compliance

FERMENTE, ISIL ISLEM GORMUS VE KASAP TiPi SUCUK ORNEKLERINDE
FIZIKOKIMYASAL, MIKROBIYOLOJIiK VE UCUCU AROMA PROFILLERININ
KARSILASTIRMALI DEGERLENDIRILMESI

oz

Bu caligma, Turkiye’de satisa sunulan fermente (FS), 1sil islem gérmis (HS) ve kasap tipi (BS)
sucuklarin fizikokimyasal, mikrobiyolojik ve ugucu aroma profillerini karsilastirmistir. Caligmanin
amaci, Uretim yontemi ve standardizasyonun uriin kalitesi ve guvenligi tzerindeki etkilerini
degerlendirmektir. 'S ve HS 6rnekleri, pH, su aktivitesi ve mikrobiyolojik 6zellikler agisindan tutarl
sonugclar gstermis ve genel olarak TS 1070, TS 13297 ve Turk Gida Kodeksi ile uyumlu bulunmustur.
Buna karsilik, BS 6rneklerinde toplam mezofilik aerob bakteri, kiif-maya ve Staphylococcus spp. sayilari
strastyla 7.63, 6.06 ve 4.29 log CFU/g dizeylerine ulasmis; Staphylococcus spp. sayist 3 log CFU/g
sinirint asarak olast bir halk sagligi riski olusturmustur. Ttm gruplarda aldehitler, alkoller ve asitler
baslica ugucu bilesenler olarak belirlenmistir. Sonuglar, mikrobiyal giivenlik ve aroma kalitesinin
saglanmasinda kontrolli fermentasyon ve 1sil islemin 6nemini ve kasap tipi triinlerde daha gugli
denetim gerekliligini vurgulamaktadir.

Anahtar kelimeler: Sucuk, kalite 6zellikleri, ugucu aroma profili, gida glivenligi, mevzuata uygunluk
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INTRODUCTION

Fermented sausages are widely consumed meat
products around the world. In Tirkiye, fermented
sucuk is the only type dry-fermented sausage and
holds a prominent place in traditional cuisine. It is
typically produced from beef, water buffalo, or
occasionally mutton, combined with sheep tail fat
or meat fat. Common spices include allspice,
paprika, cumin, black pepper, and garlic. The
production process involves batter preparation,
fermentation, and ripening/drying, typically
lasting between 6 and 20 days, without the
application of smoking or heat treatment (Kaban
and Bayrak, 2015).

Another variant produced in Tirkiye is heat-
treated sucuk, which shares a similar formulation
with traditional fermented sucuk but differs in
processing. After a short fermentation period, it is
subjected to heat treatment (typically 60-68°C)
(Kaban et al, 2022; Yilmaz Oral and Kaban,
2023). This process is generally perceived by
safer. However, the limited
fermentation period restricts acidification and
moisture loss, often resulting in higher pH and
water activity levels, conditions that may pose
microbiological risks. Moreover, sublethal heat
treatment temperatures and inadequate hygiene
practices in small and medium scale facilities can
further compromise product safety. In addition,
such products may lack the characteristic flavor
and aroma profiles expected from traditionally
fermented sucuk.

consumers as

Butcher-style sucuk, while often marketed as a
fermented product, is typically produced by local
butchers under informal and non-standardized
conditions. Due to the absence of regulatory
oversight and  consistent  manufacturing
protocols, these products may exhibit substantial
variability in quality and safety. Including butcher-
style sucuk in comparative analyses is important
to highlight differences in production practices
and regulatory compliance across product types.

Fermented sucuk is especially distinguished by its
complex flavor, resulting from biochemical
reactions such as carbohydrate fermentation,
proteolysis, lipolysis, amino acid catabolism, and

lipid oxidation, in addition to the use of spices
(Bolumatr et al., 20006). Lactic acid bacteria (LAB)
and Gram-positive catalase-positive
staphylococci play key roles in fermentation: LAB
are responsible for acidification, texture, color
development, and inhibition of pathogens, while
staphylococci contribute to color stabilization,
lipid oxidation delay, and flavor development
through enzymatic activity (Fonseca et al., 2013).
Volatile compounds such as hydrocarbons,
aldehydes, acids, ketones, alcohols, esters, and
terpenes are typically found in fermented meat
products. Furthermore, non-volatile compounds
like amino acids and peptides also contribute
significantly to flavor development (Shan et al.,
2023). However, in rapidly fermented products
like heat-treated sucuk, it is often difficult to
achieve the desired aroma compounds and
sensory properties typically associated with
traditional fermentation.

Although numerous studies in Tirkiye have
assessed  the  chemical, physical, and
microbiological properties of commercially
available sucuk (Pehlivanoglu et al., 2015; Can et
al., 2016; Benli, 2017; Kara et al., 2021; Hallac and
Sancak, 2022; Oral and Sallan, 2023; Sevik et al.,
2024), none has comparatively evaluated the
quality characteristics and aroma profiles of
fermented, heat-treated, and butcher-style sucuk.
Therefore, this study aims to examine and
compare the chemical and microbiological
properties, along with the volatile aroma profiles,
of these three sucuk types available in the Turkish
market. Additionally, the findings are evaluated
against national standards to assess product
compliance and potential implications for food
safety.

MATERIAL AND METHODS

Material

The study material consisted of a total of 21 sucuk
samples, comprising 7 fermented sucuk (FS), 7
heat-treated sucuk (HS), and 7 butcher-style
sucuk (BS). The FS and HS samples were
obtained from different commercial brands
available in the market, while the BS samples were
collected from 7 different local butchers. All
samples were randomly collected in duplicate.
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Each FS and HS sample weighed approximately
250 g, and each BS sample weighed approximately
500 g. Sampling was conducted in January 2025
from supermarkets and butcher shops located in
Isparta, Turkiye. All samples were stored at 4°C
until analysis.

Methods

Physicochemical analyses

pH measurements were conducted using a digital
pH meter (Testo 205, Lenzkirch, Germany)
calibrated with pH 4.0 and pH 7.0 buffer
solutions. For the determination of titratable
acidity, sample slurries were first prepared by
diluting to a final volume of 250 mL and filtering
through coarse filter paper into a volumetric flask.
Then, 25 mL of the filtrate was mixed with 75 mL
of distilled water, and the mixture was titrated
with 0.01 N NaOH using phenolphthalein as an
indicator. Titratable acidity was expressed as a
percentage of lactic acid (AOAC, 2010). Water
activity (ay) values were measured using a water
activity meter (Novasina AG Lab Swift,
Switzerland). All physicochemical analyses were
performed in quadruplicate for each sample.

Determination of color values

The CIE L* (lightness), a" (redness), and 4"
(vellowness) color values were measured using a
colorimeter (Konica-Minolta CR400, Osaka,
Japan) equipped with a D65 illuminant, an 8.0 mm
aperture size, and a 10° standard observer angle.
The device was calibrated using its standard white
calibration plate. All measurements were
performed in quadruplicate.

Microbiological analyses

A 10 g portion of each sucuk sample was
homogenized with 90 mL of physiological saline
(0.85% NaCl) using a stomacher (Laboratory
Blender Stomacher 400, London, UK) for 1 min.
Serial dilutions were then prepared from the
homogenate.  Lactic acid bacteria ~ were
enumerated on MRS Agar (de Man Rogosa
Sharpe Agar, Merck) and incubated at 30°C for 48
h (Comi et al., 2005). Staphylococcus spp. counts
were determined on Baird Parker Agar (BPA,
Merck) supplemented with egg yolk tellurite
(Merck). The plates were incubated at 37 °C for

48 h. Colonies with a typical black appearance
surrounded by a clear zone on plates were
counted (Blaiotta et al., 2004). Total mesophilic
aerobic bacteria (TMAB), total coliform bacteria,
and mold-yeast counts were determined using
Plate Count Agar (PCA, Merck), Eosin Methylene
Blue Agar (EMB, Merck), and Potato Dextrose
Agar (PDA, Merck), respectively. Incubation
conditions were 30°C for 48 h for TMAB, 37°C
for 48 h for coliforms, and 25°C for 5-7 days for
molds and yeasts.

Identification of volatile aroma profile

In this study, volatile aroma profiles in the sucuk
samples were isolated using the solid-phase
microextraction (SPME) method and identified
by gas chromatography-mass spectrometry (GC-
MS), following a modified protocol based on
Canbay (2017) and Sezer et al. (2023). Identified
compounds were classified into major chemical
groups including aldehydes, terpenes, alcohols,
acids, ketones, esters, and hydrocarbons. A few
compounds that could not be clearly classified
under these standard categories, such as
camphene, myrcene, and carene, were assigned to
the “Others” group due to their complex or
atypical structures.

Five grams of each homogenized sample were
transferred into headspace vials and pre-
equilibrated in a thermal block at 35°C for 5 min.
A 50/30 um Divinylbenzene/Carboxen/
Polydimethylsiloxane (DVB/CAR/PDMS) fiber
(Supelco, Bellefonte, PA, USA) was then exposed
to the headspace for SPME extraction. Volatile
aroma profiles were analyzed using an Agilent
7890A GC system coupled with a 5975C MS
detector and a 7697A headspace sampler (Agilent,
Santa Clara, CA, USA). Separation was carried out
on a capillary column using helium as the carrier
gas at 25 psi. The oven program staretd at 35°C
(held for 5 min), increased to 150°C at 50°C/min,
and was held for an additional 5 min. Injector and
detector temperatures were set to 180°C and
200°C, respectively. Volatile aroma profiles were
identified by comparing their mass spectra to
commercial libraries and calculating Kovats
retention indices. Results were expressed as
relative percentages of the total peak area.
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Statistical analyses

All data were statistically analyzed using Jamovi
2.3 (Sydney, Australia). The physicochemical,
microbiological, and volatile aroma profiles of
sucuk samples produced using the same method
were evaluated by one-way analysis of variance
(ANOVA), followed by Tukey’s post hoc test at a
significance level of P<0.001. Likewise,
compatisons among sucuk types produced using
different production methods were also
conducted using one-way ANOVA (Tukey’s test,
P<0.001).

RESULTS AND DISCUSSIONS
Physicochemical properties

The physicochemical properties of the sucuk
samples are presented in Table 1, while Table 2
compares these properties among sucuk groups
produced by different methods. The pH values
ranged from 5.43 to 5.77 in fermented sucuk (FS),
4.74 to 6.17 in heat-treated sucuk (HS), and 5.11
to 6.28 in butcher-style sucuk (BS). Within the FS
group, samples FS-3, FS-4, and FS-6 had
significantly higher pH values than FS-1 and FS-
7 (P<0.001). Similarly, HS-2 showed the highest
and HS-3 the lowest pH values among heat-
treated samples, while BS-1 exhibited the highest
pH within the BS group (P<0.001). Despite these
within-group  differences, no  statistically
significant differences were observed between the
mean pH values of the groups (Table 2; P>0.001).
However, the presence of individual samples
exceeding regulatory limits underscores the
necessity of evaluating compliance at the
individual level rather than relying solely on group
means. According to the Turkish Standard TS
1070  (Turkish Fermented Sucuk Standard;
Anonymous, 2016a) and Turkish Food Codex
(Anonymous, 2012), fermented sucuk should
exhibit a pH not exceeding 5.4. None of the FS
samples in this study met this criterion, indicating
insufficient acidification. High pH wvalues in
fermented sucuk have been associated with
various factors such as inadequate lactic acid
bacteria activity, shortened fermentation periods,
non-traditional processing (e.g., heat treatment or
acidifiers), the use of meat that has not completed
rigor mortis, or DFD meat with high water-
holding capacity. Several studies have reported

widespread non-compliance with pH standards in
sucuk samples, with non-conformity rates ranging
from 25% to over 80% and pH values reaching as
high as 6.76 (Oksiiztepe et al.,2011; Pehlivanoglu
et al., 2015; Simsek, 2022; Sevik et al., 2024). In
contrast, studies conducted under controlled
production conditions have demonstrated that
compliance is achievable (Pocan et al., 2015; Kara
et al., 2021). According to the Turkish Standard
TS 13297 (Heat-Treated Sucuk Standard), the
maximum allowable pH for heat-treated sucuk is
5.6 (Anonymous, 2016b). In the present study,
four out of seven HS samples exceeded this limit,
indicating potential non-compliance. Elevated pH
values in heat-treated sucuk may result from
insufficient heat application, incorrect
formulation, or  post-process  microbial
contamination, and may also indicate that either
fermentation is not performed sufficiently or not
performed at all (Oral and Sallan, 2023). Although
some studies have reported compliant pH values
for heat-treated sucuk, for instance, Pocan et al.
(2015) found values ranging from 4.92 to 5.68,
such outcomes appear achievable only under well-
controlled production conditions. The wide range
of pH values observed in BS samples, particulatly
the highest value of 0.28, suggests a lack of
controlled fermentation processes (Barbieri et al.,
2024). These findings raise concerns about the
authenticity and regulatory compliance of such
products, especially when they are presented as
fermented sucuk despite not undergoing proper
fermentation or quality control. Supporting this,
Erkmen and Bozkurt (2004) reported that 71% of
butcher-style sucuk samples had pH values
exceeding 5.4, indicating similar issues. Likewise,
Halla¢ and Sancak (2022) determined the mean
pH wvalue of butcher-style sucuk as 5.41 and
observed that 26.67% of samples did not comply
with the Turkish Food Codex (Anonymous
2019), while 93.33% of samples failed to meet the
requirements of TS 1070 (Anonymous 2016a),
further highlighting significant deviations from
expected fermentation standards.

As shown in Table 1, titratable acidity values
ranged from 0.41 to 1.00% in FS, from 0.07 to
0.72% in HS, and from 0.07 to 0.74% in BS. FS-
2 and FS-6 exhibited the highest acidity among all
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samples, while HS-2 and BS-1 showed the lowest
values, indicating almost no acid development
(P<0.001). Although five out of seven FS samples
displayed moderately high acidity (=0.60%), I'S-3
showed a notably low value (0.41%), suggesting
incomplete fermentation. In both HS and BS
groups, acidity was generally low and highly
variable, reflecting inconsistent or insufficient
fermentation processes. According to Table 2,
statistically significant differences were observed
among the groups (P < 0.001). FS had the highest
mean acidity, followed by BS and HS (P < 0.001).
The acidity of FS differed significantly from HS
(P<0.001), while BS showed an intermediate
value not statistically different from either
(P> 0.001). These results indicate that lactic acid
formation, an indicator of active fermentation,

was more consistent in FS, while in HS and BS,
fermentation was either partial or absent. The low
acidity values in several HS and BS samples raise
concerns  about  product  stability and
fermentation authenticity, in line with previous
studies emphasizing the role of acid development
in microbial safety and shelf life (Akkose et al.,
2023; Yilmaz Topcam et al., 2024). Pogan et al.
(2015) reported lactic acid values ranging from
0.93% to 2.03% in sucuk samples, with
significantly higher levels observed in fermented
products compared to heat-treated ones, which
supports the present findings. However, it should
be noted that Turkish sucuk standards (TS 1070
and TS 13297) do not specify a threshold for
titratable acidity, which limits the ability to directly
compare the current results with regulatory
criteria.

Table 1. Physicochemical analysis results of the sucuk samples

Color values

Titratable acidity

Samples L a b pH A (lactic acid %)
1 46.4510.33¢  22.831+0.14> 17.04£0.35> 5.481+0.05>¢  0.700£0.02¢ 0.5610.00b¢
2 50.32£0.32®>  25.291+0.332 14.361+0.26¢ 5.66+0.01>  0.726%0.01¢ 1.00£0.012
3 51.52+0.69*  22.73+0.46>  18.25+0.40% 5.70+0.03*  0.75810.00b¢ 0.41£0.00¢
FS 4 5290%0.37>  17.85%0.13¢ 14.00+0.15¢ 5.77£0.02¢  0.803%0.00> 0.56£0.01b¢
5 51.41+0.34»  21.16%0.40>  17.43%£0.30®>  5.59%0.012bc  (0.801%0.00 0.50£0.02b¢
6 49.90£0.06>  25.88%+0.10% 19.78+0.562 5.70+£0.01=  0.809%0.002 0.94£0.022
7 47.5310.58>c  22.06+0.35P 14.55+0.20¢ 5.4310.03¢ 0.817£0.002 0.58+0.01b
1 46.53+0.31c  22.40%0.192 16.46£0.20> 5.11+0.00¢ 0.703%0.022 0.27£0.03b¢
2 50.02%0.42%>  16.47£0.23¢ 21.63%0.342 6.1710.11~ 0.771£0.032 0.07£0.004
3 51.78+0.15¢  22.08+0.092 17.21£0.61> 4.7410.024 0.772%0.022 0.64£0.04
HS 4 51.201£0.43»  18.89+0.22P 17.02£0.18b 5.6910.04> 0.749%0.022 0.07£0.014
5 51.05+0.28=  20.2510.26% 13.79+0.11¢ 5.86+0.022>  0.781£0.012 0.38%0.02b
6 49.5310.51>  21.76+0.622 21.19£0.432 5.67£0.00> 0.767%0.012 0.18£0.01«d
7 47.8240.17°  19.65%0.36P 17.74£0.35> 5.27+0.02¢ 0.764%0.012 0.7210.01>
1 46.88+0.89b  19.60+0.58®  22.91+0.852 6.2810.01~ 0.738%0.01b 0.07£0.00¢
2 46.24%£0.45bc  22.65+0.41*  21.91£0.58®  5.15%0.06>  0.9961+0.002 0.74£0.002
3 51.53+0.28*  20.21+0.06*  20.25+0.333bc  51140.01¢ 0.999£0.002 0.6110.022
BS 4 46.28%0.16°<  21.10+0.58*  18.10£0.57><«d  5.3240.02b>¢  0.99910.002 0.5410.02b¢
5  47.4910.21b¢  19.79+0.28®  16.76£0.28«  541£0.09>c  0.9961+0.002 0.4210.03<
6  44.74+0.32¢  17.91+0.63>c  15.35+1.054 5.46%0.02b 0.999£0.002 0.65+0.012
7 48.09+0.18>  15.524+0.31c¢ 15.77£0.534 5.3940.04><  0.999+0.00¢ 0.28+0.004

a—e — Means with different letters within the same column indicate statistically significant differences (P<0.001).
Statistical differences were determined among samples within each sucuk type. Results are presented as mean *
standard error. (FS: fermented sucuk; HS: heat-treated sucuk; BS: butcher-style sucuk)

The water activity (ay) values of the sucuk samples
varied considerably depending on the production
method, as shown in Table 1 (P<0.001). BS
samples had consistently high a values, ranging

from 0.738 to 0.999, with most exceeding the
critical threshold of 0.95, which is associated with
increased microbial risk (ICMSF, 2006). This
suggests inadequate drying or insufficient
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ripening, raising concerns about microbial
stability and shelf life. In contrast, FS and HS
samples generally exhibited lower a, values,
between 0.700 and 0.817, indicating better
moisture control. Table 2 further supports these
tindings by demonstrating that the mean ay, value
of the BS group was significantly higher than
those of FS and HS (P<0.001), highlighting the
influence of processing method. The significant
differences observed between the groups clearly
show that butcher-style sucuks are not subjected
to controlled fermentation and may be more
susceptible to microbial spoilage due to elevated
ay levels. Such variability in a, may result from
differences in ripening temperature, duration, and
fat content, as noted by Soyer et al. (2005). Dry
fermented sausages typically have a, values below
0.90, while semi-dry products range between 0.90
and 0.95 (Caplice and Fitzgerald, 1999). In this
study, all S and HS samples had ay, values below
0.90, whereas nearly all BS samples (except BS-1)
exceeded 0.95, indicating that butcher-style
products do not meet the ay criteria for either dry
or semi-dry fermented sucuk. These findings align
with previous studies reporting a,, values generally
below 0.95 in fermented or heat-treated sucuks
(Kaban and Kaya, 2008; Benli, 2017; Kaban et al,,
2022b; Kizilkaya et al.,, 2023; Oral and Sallan,
2023; Sevik et al., 2024). Although Turkish
standards (TS 1070, TS 13297) do not specify ay
limits, both a, and pH are considered critical
hurdles in fermented sucuk safety. In the present
study, the combination of high ay, and insufficient
acidification in BS samples emphasizes the need
for appropriate cold storage to ensure microbial
stability and extend shelf life.

Overall, previous studies and the present findings
indicate that the physicochemical properties of
sucuk products, whether fermented, heat-treated,
or butcher-style, vary considerably depending on
production methods, raw material quality, and the
extent of fermentation and drying processes. The
substantial differences observed in pH, titratable
acidity, and water activity values across samples
highlight a general lack of standardization,
particularly in butcher-style products. The
occurrence of non-compliant pH levels, low acid
development, and high a, values in several

samples suggests inadequate fermentation or
post-process control, potentially compromising
microbial stability and shelf life. These findings
emphasize the importance of process control and
regulatory compliance to ensure consistent quality
and food safety in sucuk production.

Color values

The color parameters (L%, a%, ") of the sucuk
samples varied significantly across different
production methods, as shown in Tables 1 and 2
(P<0.001). In Table 1, FS samples generally
exhibited higher L. values, ranging from 46.45 to
52.90, indicating a brighter appearance. Samples
FS-3, FS-4, and FS-5 showed particularly high
lightness values (P<0.001). Consistent with
individual sample data, the FS group had the
highest mean L* value, which was significantly
brighter than that of the BS group (P<0.001;
Table 2). Pocan et al. (2015), Kara et al. (2021),
and Sevik et al. (2024) reported L values for
fermented sucuk within similar ranges of 44.91-
55.20, 31.34-57.81, and 42.85-55.83, respectively,
which show close agreement with our current
results. HS samples had L* values ranging from
46.53 to 51.78, with moderate brightness that
aligns with the group mean (Table 2). BS,
however, had the lowest and most variable L*
values (44.74 to 51.53), reflecting inconsistency in
production practices. Their significantly lower
mean L value may be associated with non-
standardized manufacturing (AMSA, 2012),
uncontrolled drying (Ruedt et al, 2023), or
differences in formulation, particularly regarding
spice content (Kim and Chin, 2021) and the
absence of nitrite (Bae and Jeong, 2024).

In terms of redness (4%, FS samples again
outperformed the others, with high 4" values like
25.29 (FS-2) and 25.88 (FS-6), suggesting better
pigment development and curing. These results
align with Pocan et al. (2015), Kara et al. (2021),
and Sevik et al. (2024), who reported 4" values
ranging from 19.40 to 25.95, 17.69 to 29.02, and
15.28 to 30.32, respectively, in fermented sucuk.
The mean 4" value for FS was significantly higher
than that of HS and BS (P<0.001; Table 2). This
confirms that fermented sucuk had the most
desirable cured meat coloration (Gok et al., 2011).
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HS samples showed moderate redness, while BS
samples exhibited the lowest &* values overall,

especially BS-7, again indicating insufficient or
inconsistent color formation.

Table 2. Comparison of the physicochemical properties of sucuk samples with different production
methods

Color values

Production method T+ e pH aw Total acidity (lactic acid %o)
F 50.00+0.432  22.54+0.492  16.49£0.412 5.62+0.02* 0.773£0.02b 0.6520.092
HT 49.71£0.362 20.21£0.39>  17.86%0.502 5.50+0.092 0.758%0.01b 0.33£0.10>
B 47.3210.41b 19.54+0.43>  18.72+0.58> 5.45+0.07¢ 0.961£0.042 0.47+0.092b

a, b — Means with different letters within the same physicochemical parameter are significantly different (P<0.001).
Results are presented as mean T standard error. (F: fermented; HT: heat-treated; B: butcher-style)

Regarding yellowness (4%, all groups showed
similar ranges in Table 1, though BS samples
tended to have slightly higher 4* values, such as
BS-1. However, Table 2 indicated no statistically
significant differences (P>0.001) in /" among the
groups, suggesting that production method may
not strongly influence this parameter.

Overall, the data from both tables consistently
show that fermented sucuk samples have superior
and more consistent color characteristics, whereas
butcher-style  products  demonstrate  high

variability and suboptimal color quality, likely due
to a lack of standardization in ingredients and
processing conditions.

Microbial composition

The microbiological analysis revealed significant
differences among the sucuk groups in terms of
lactic acid bacteria (LAB), total mesophilic
acrobic bacteria (TMAB), total coliforms, mold-
yeast counts, and Staphylococens spp. (P<0.001;
Table 3).

Table 3. Microbiological analysis results (log CFU/g) of the sucuk samples

Samples Lactic acid bacteria  Staphylococens Total mesophilic acrobic bacteria  Total coliform bacteria  Mold-yeast
1 2.53%0.03¢ <10 2.80£0.04< <10d <10¢
2 4.83+0.03b <10 5.08%+0.012 <10d <10
3 <10f <10 5.15£0.002 4.2240.022 2.63%0.01»
FS 4 5.08£0.002 <10 5.08£0.002 2.3220.06bc 2.04£0.1442b
5 5.19%0.00# <10 5.09%0.042 2.33%0.13bc <10
6 4.38%0.06¢ <10 5.12£0.022 2.82%0.02> 2.2240.042b
7 3.67+0.014 <10 3.83+0.06> 1.86%0.09¢ 1.89%0.11b
1 <10e <10 3.24%0.01¢ <10 3.26£0.01»
2 <10e <10 3.45%0.05¢ 2.34%0.042b 2.31£0.11bc
3 3.4420.045 <10 5.86%0.002 2.58%0.04 2.75£0.08
HS 4 4.10£0.01» <10 4.29%0.04> 1.95+0.05> <10d
5 2.87£0.04¢ <10 3.28%0.10¢ 1.85+0.100 <10d
6 2.25+0.054 <10 4.12+0.16b¢ 2.92£0.01» <10d
7 3.15£0.02b¢ <10 4.38%0.01> 2.06£0.11> 1.73+0.12¢
1 6.63+0.02¢ <10d 6.68%0.05¢ 3.21+0.10b 3.77+0.05¢
2 6.54+0.03¢ 1.45%0.01¢ 6.57%10.04¢ 2.61£0.04¢ 4.44£0.02¢
3 7.72£0.052 2.58%0.06> 7.63%£0.012 3.37£0.03> 6.06£0.042
BS 4 7.25%0.01b 3.00+0.11b 7.35+0.022 3.30+0.04> 4.11£0.014d
5 6.73£0.02¢ 3.21£0.02> 6.99£0.01b 3.5240.03¢ 6.06£0.022
6 7.57£0.002 2.8440.05> 7.59£0.002 3.4520.03¢ 4.48%0.02¢
7 6.68+0.02¢ 4.29+0.03# 7.42%0.012 3.96+0.02# 4.80£0.03b

a—e — Means with different letters within the same column indicate statistically significant differences (P<0.001). Statistical
differences were determined among samples within each sucuk type. Results are presented as mean * standard error. (FS:
fermented sucuk; HS: heat-treated sucuk; BS: butcher-style sucuk)
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LAB counts in BS ranged from 6.54 to 7.72 log
CFU/g, which are generally within the expected
range for traditionally fermented sucuk (Gokalp
et al., 2004; Kaban, 2013). However, the absence
of accompanying acidification in some BS
samples (Table 1, Table 2), despite high LAB
counts, suggests that these bacteria may not have
been metabolically active or that fermentation
conditions were suboptimal or inconsistent. This
situation is further supported by the high TMAB
counts detected in BS samples (Table 3), which
may indicate inadequate hygiene or absence of
controlled starter cultures. In contrast, LAB
counts in FS and HS samples were lower than
those in BS (P<0.001) and did not differ
significantly from each other (P >0.001),
indicating comparable LAB levels between these
two groups. In HS, several samples fell below the
detection limit (<10 log CFU/g), which is
expected due to microbial inactivation by heat
treatment. Similarly, Sevik et al. (2024) reported
that LAB counts in 30 fermented sucuk samples
ranged from 1.85 to 7.63 log CFU/g, with a mean
value of 6.21 log CFU/g. In earlier studies, mean
LAB counts of fermented sucuk were reported as
8.56 log CFU/g by Oksiiztepe et al. (2011) and
7.00 log CFU/g by Pehlivanoglu et al. (2015),
which are all higher than the values observed in
the current study. These variations likely reflect
differences in  formulation, fermentation
conditions, use of starter cultures, and thermal
processing practices. Interestingly, the relatively
low LAB counts observed in FS samples, despite
being labeled as fermented, may suggest that these
products were also subjected to heat treatment
prior to or after fermentation, potentially as a
preservation measure (Oral and Sallan, 2023).
These findings emphasize that
fermentation does not merely depend on the
presence of LAB but also on their metabolic
activity, which is essential for adequate
acidification and microbiological safety.

successful

TMAB counts were higher in BS samples, ranging
from 6.57 to 7.63 log CFU /g, whereas FS and HS
groups exhibited notably lower levels (P<0.001;
Table 3). These elevated counts in BS products
may be associated with insufficient hygiene, lack
of thermal processing, and uncontrolled

fermentation practices during production (Liicke,
2000; Ammor and Mayo, 2007). The relatively low
TMAB levels in F'S samples likely result from the
combined effects of competitive inhibition by
lactic acid bacteria and acidification through
fermentation  (Nazli 1998). Similatly, the
reduction observed in HS samples can be
attributed to the bactericidal impact of heat
treatment (Bozkurt and Erkmen, 2002), which is
also reflected in the lower average TMAB levels
of FS and HS groups compared to the markedly
higher values observed in BS samples (Figure 1).
Sevik et al. (2024) demonstrated that TMAB
of fermented samples were
determined as follows: minimum <10 log CFU/g,
maximum 2.93 log CFU/g, and mean 1.90 log
CFU/g. TMAB counts in some BS samples
exceeded 7 log CFU/g. Although this level is not
explicitly defined as a legal limit in the Turkish
Food Codex (Anonymous, 2011) or in standards
TS 1070 and TS 13297, it is generally regarded in
the literature as the upper microbiological
threshold for meat products produced under
proper hygienic conditions (Hallag and Sancak,
2022). Exceeding this level may indicate potential
non-compliance and microbiological quality
issues in butcher-style products.

counts sucuk

Total coliform bacteria were frequently detected
in BS samples, with counts ranging from 2.61 to
3.96 log CFU/g, suggesting possible fecal
contamination, poor hygiene, or improper
handling during production (Tamang et al., 2016).
In contrast, coliforms in FS and HS groups were
cither undetectable or remained below 3 log
CFU/g (Table 3), likely reflecting the combined
effects of hygienic production practices,
fermentation-driven  acidification, and heat
treatment in the case of HS (Can et al, 2016).
These intergroup differences are also evident in
the coliform counts shown in Figure 1, where the
BS group exhibited consistently higher mean
levels than the other two groups. According to TS
1070 (Anonymous, 2016a), E. co/i O157:H7 must
not be detected in 25 g of fermented sucuk.
Although the standard does not specify a limit for
total coliforms or generic E. ¢/, the detection of
coliform bacteria, particulatly E. ¢/, in BS
samples indicates poor hygiene and possible fecal
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contamination during production. Sevik et al.
(2024) reported total coliform counts in
fermented sucuk ranging from <10 to 1.95 log
CFU/g, Con et al. (2002) found a mean count of
>6 log CFU/g, Okstiztepe et al. (2011) reported
counts between 1.10 and 2.6 log CFU/g, and
Pehlivanoglu et al. (2015) indicated counts
ranging from <10 to 2.67 log CFU/¢g.

Mold-yeast counts were significantly higher in BS
samples (P<0.001), with values ranging from 3.77
to 6.06 log CFU/g, suggesting potential issues
related to uncontrolled environmental exposure,
high water activity, and inadequate storage
hygiene. These microorganisms may have
proliferated due to improper drying, insufficient
packaging, or contamination from equipment and
air during traditional production (Asefa et al.,
2009). In contrast, IS and HS samples generally
exhibited lower mold-yeast counts (Figure 1). In
both FS and HS groups, three samples had mold-
yeast counts below the detection limit (<10 log
CFU/g), while the remaining samples generally
stayed below 3 log CFU/g. Oral and Sallan (2023)
stated that mold-yeast counts in heat treated
sucuk were below the detectable limit in most
samples; however, some fermented sucuk
samples showed mold-yeast levels ranging
between 102 and 10° CFU/g. These relatively low
fungal loads may be attributed to the combined
effects of fermentation-related acidification and
competitive exclusion by lactic acid bacteria in FS
(Leroy and De Vuyst, 2004), and the fungicidal
impact of thermal processing in HS (Oral and
Sallan, 2023). Similarly, previous studies reported
total mold-yeast counts in fermented sucuk
generally ranging from 3.00 to >5 log CFU/g
(Kok et al, 2007; Pehlivanoglu et al,, 2015;
Oksiiztepe et al., 2011), while Sevik et al. (2024)
showed a broader but overall lower range of 0.70-
4.65 log CFU/g (average 2.46 log CFU/g).
Although TS 1070 and TS 13297 do not define
specific limits for molds and yeasts, their presence
at high levels is undesirable due to spoilage and
possible mycotoxin risks. The high fungal counts
obsetved in BS samples (up to 6.06 log CFU/g)
suggest a lack of fungal control during production
and storage.

Staphylococens spp. were not detected in any of the
FS and HS samples (<10 log CFU/g), indicating
effective hygienic control and/or the inhibitory
effect of starter cultures and heat treatment. Since
Staphylococens are acid-sensitive microorganisms,
rapid acidification during fermentation can
significantly inhibit their growth (Akkdse et al.,
2023), which may explain their absence in FS
samples. In contrast, all BS samples (except BS-1)
contained detectable levels of Staphylococcus spp.,
with counts ranging from 1.45 to 4.29 log CFU/g.
The highest level was observed in sample BS-7
(P<0.001), which may raise potential food safety
concerns, particularly if coagulase-positive strains
such as Staphylococcns aurens are present. The
presence of Staphylococcus spp. in butcher-style
sucuks could be attributed to non-standardized
production  practices, inadequate handling
hygiene, cross-contamination during processing,
and elevated ay, values (Kaban and Bayrak, 2015).
Additionally, the absence of heat treatment and
controlled fermentation using starter cultures in
BS products may have contributed to the survival
and proliferation of these organisms (Figure 1).
Although TS 1070 and TS 13297 do not explicitly
set limits for Staphylococcus spp., its presence is
generally considered unacceptable in sucuk
products. In this study, Staphylococens spp. were
detected in BS samples, with counts up to 4.29 log
CFU/g, exceeding the limit of 3 log CFU/g
specified in the Turkish Food Codex
Microbiological Criteria Regulation and thus
posing a potential risk to public health
(Anonymous, 2011). These findings are
consistent with Can et al. (2016), who detected
coagulase-positive S. aureus in 6 out of 50 heat
treated sucuk samples (12%). Similarly, Oral and
Sallan (2023) reported that
Micrococeus/ Staphylococcns counts were below the
detectable limit in 23.3% of heat treated sucuk
samples.

BS samples exhibited the highest microbial loads
across nearly all parameters (P<0.001; Figure 1),
highlighting significant microbial instability and
potential safety risks. In contrast, the FS and HS
groups demonstrated comparatively better
microbiological quality, likely due to the presence
of competitive microbiota, fermentation-induced
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acidification, and, in the case of HS, the
application of heat treatment. These findings

processing, hygiene control, and thermal
treatment on ensuring the microbial safety of

Produciion method

Production method

underscore  the impact of standardized sucuk products.
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Figure 1. Comparison of the microbiological analysis results (logio CFU/g) of sucuk samples with
different production methods
a, b — Means with different letters within the same microbiological parameter are significantly different (P<0.001).
Results are presented as mean T standard error. (F: fermented; HT: heat-treated; B: butcher-style)

Volatile aroma profile

According to Table 4 and Figure 2, volatile aroma
profiles exhibited significant variation among
sucuk samples, depending on both sample type
and production method (P<0.001). Among the
major compound classes identified, aldehydes,
alcohols, and acids were the most abundant, while
ketones, esters, terpenes, and hydrocarbons
contributed at varying degrees.

Aldehydes were dominant in all sucuk groups
(P<0.001). In the FS group, levels ranged from
30.38% to 47.77%, with FS-2 showing the highest
concentration  (P<0.001), suggesting more
intensive lipid oxidation or greater oxygen
exposure  during  fermentation.  Similarly,
Ansorena et al. (2001) reported that in five
commercial brands of Spanish dry fermented
sausages, most aldehydes originated from lipid
oxidation. HS7 had the highest aldehyde content
among all samples (P<0.001), likely due to heat-

induced lipid oxidation and amino acid catabolism
(Yimaz Oral and Kaban, 2021). In contrast, BS5
showed the lowest aldehyde concentration
(P<0.001), possibly due to limited oxidative
reactions under anaerobic conditions or the
absence of a starter culture. While moderate
aldehyde levels contribute positively to flavor,
excessive accumulation may result in rancidity.
These findings indicated that controlled
fermentation or thermal processing can promote
favorable  aldehyde  formation,  whereas
uncontrolled production may compromise aroma
quality. Although lipid oxidation is typically
regarded as undesirable in meat products, it plays
a crucial role in developing the characteristic
aroma of fermented and cured meats (Ordofiez et
al., 1999).
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Table 4. Percentage (%) of volatile aroma profiles identified in sucuk samples
Aliphatic Aromatic

Samples Aldehydes Terpenes Alcohols Acids Ketones Esters hydrocarbons _ hydrocarbons Others
1 37.56£0.13¢ 13.84£0.05*  13.71+0.05¢  12.1240.04c  5.23%£0.02>  2.20£0.01> 1.61£0.012 0.34£0.00¢ 11.85£0.042
2 47774027 12.57£0.07>  21.55%£0.12>  6.14+0.03¢  0.13+£0.00¢  1.51£+0.014 0.73£0.00<d 0.54£0.012 8.13£0.05¢
3 44.8110.51*>  13.16£0.15®  10.28+0.12F  9.25+0.10¢  5.88+0.072  2.03£0.02¢ 1.37£0.02> nd. 11.13£0.13>
FS 4 30.38%0.15¢  12.54+0.06><  29.86+0.15*  11.41+£0.06c  4.10+£0.02  2.30%0.01° 0.69£0.004 nd. 7.78£0.04¢
5 34.24+136e4  12.2540.06¢  12.46+0.06¢  29.09£0.13*  2.82+0.014  1.43+0.01d 0.79£0.00¢ 0.51£0.01> 7.03£0.034
6 39.56£0.16>  13.23£0.05®>  15.05+0.06c  16.61£0.07>  4.03£0.02c  4.02£0.022 0.91£0.00¢ nd. 5.83£0.02¢
7 39.560.16b  13.23£0.05®>  15.05+0.06c  16.61+£0.07>  4.03£0.02c  4.02+0.022 0.91£0.00¢ nd. 5.83£0.02¢
1 25.01+0.14¢  15.48+0.09¢  31.33£0.18  9.22+0.05c  3.77£0.02¢  1.90+0.01¢ 0.78£0.00¢ nd. 11.77£0.07>
2 32.20£0.16¢  25.75%0.13+  23.48%0.12¢  4.1410.02¢ n.d. 1.11£0.01¢ 2.77£0.012 nd. 9.76£0.05¢
3 37.10£0.30¢ 2.10£0.02¢ 4.93%0.04F  28.45+0.23*  532+0.04>  5.86+0.05> nd. nd. 14.08£0.112
HS 4 20.34+0.08°  21.76:0.09>  27.54+0.11>  12.08£0.05>  4.94£0.02¢  2.00£0.01¢ 1.55+0.01> nd. 8.73£0.044
5 22.89+0.10¢  11.60£0.05¢  26.63£0.16>  9.63+0.04c  5.95+0.03=  14.46£0.07 0.21£0.00¢ 0.50£0.001 7.44£0.03¢
6 44.57+0.16>  16.4910.06c  12.32+0.04c  6.42+0.02¢  3.95+0.014  0.92+0.00¢ 0.37£0.004 nd. 14.31£0.05
7 62.51£0.38 9.59£0.06f 14.36£0.09¢  3.5010.02¢  4.85+0.03c  1.49%0.014 0.15£0.00¢ nd. 2.66£0.02F
1 44.85+0.23»  12.13£0.06c  19.81£0.10c  14.63+£0.07¢  0.35£0.00¢  2.74+0.01s 0.15£0.00¢ nd. 4.3410.024
2 24.13+0.23>  19.92£0.19>  22.70£0.22>  15.40£0.15¢  0.80£0.01¢  5.76+0.06¢ 0.22£0.004 nd. 9.29£0.092
3 19.17£0.13¢ 11.80£0.08c  22.05+0.14>  23.24%0.15¢  0.11£0.00¢  14.36+0.09 0.37£0.00¢ nd. 8.01£0.05>
BS 4 17.98+0.04c  22.76+0.05*  31.22+0.06*  16.07£0.03¢  0.13£0.00c  4.03%£0.01¢ 0.53£0.001 nd. 6.61£0.01¢
5 5.00£0.01¢ 11.56£0.02¢ 8.96+0.01F  63.35£0.15*  1.46+0.00>  6.82+0.01d nd. nd. 2.37£0.00¢
6 9.44£0.014 3.51£0.01¢ 16.99£0.03¢  51.12+0.08>  2.06+0.00=  11.16+0.02b 0.39£0.00> nd. 4.12£0.014
7 10.27£0.05¢  10.47£0.05¢  15.21£0.08c  49.4710.25¢ n.d. 8.13£0.04¢ 0.03£0.00¢ nd. 4.38£0.024

a-g — Means with different letters within the same column indicate statistically significant differences (P<0.001).
Statistical differences were determined among samples within each sucuk type. Results are presented as mean *
standard error. n.d.—not detected. (FS: fermented sucuk; HS: heat-treated sucuk; BS: butcher-style sucuk)

o
4500 33 &
e 0
C"J“H +H
40,00 & k.
2 .
35,00 &
o o &
— <
30,00 < &5
« - H a
25,00 4 2oy H88 §
' e S99 8R2s &
© T » ) N o =1 2 b
20,00 S 59¢ S S o % 85,
- H < a O 5 [32]
15,00 N =< 5 & L R Sde
S S8s 835 &%n &g 833
(=) ! o =} [¥e) | o
R 4 2 N o o}
10,00 bds Tg~ Soo oS3 © o
~ 4 3w d 44 H 4 ©
5,00 s Dol 843 iy
Bl mll Zse sS-* 1
0100 — [N - S
o ) & RS S < S
& & © By & & & & &
> K d od fox 23 P S )
&3 & A &8 & K
~ S Ao & ¥
D 2
;\‘\0 .’\‘\Q
%‘b‘ ,&‘b’
K N
ke K
EFS mHS =BS

Figure 2. Comparison of the volatile aroma profiles (%) of sucuk samples with different production
methods
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Terpenes varied significantly within groups
(P<0.001), but the overall means across FS, HS,
and BS were not significantly different (P>0.001;
Figure 2). In FS samples, terpene concentrations
remained stable (12-14%), suggesting uniform
ingredient use and limited processing impact. HS
samples exhibited broader variation, likely due to
thermal degradation and differences in spice
composition. In BS samples, terpene levels
ranged from 3.51% to 22.76%, reflecting non-
standardized formulations. As terpenes primarily
originate from spices (Cakir et al., 2013; Kaban
and Bayrak, 2015), their differences appear more
related to formulation variability and thermal
sensitivity than to the production method itself.
Ansorena et al. (2001) similarly reported that
variations in terpene content among Spanish dry
fermented sausage brands reflected differences in
the amount of spices used during production.

Alcohols varied significantly among individual
samples (P<0.001); however, mean levels did not
differ significantly between FS, HS, and BS
groups (P>0.001; Figure 2). In FS, FS4 had the
highest alcohol content, consistent with its
elevated LAB and yeast counts (Table 3), while
FS-3 had the lowest (P<0.001). Alcohol levels in
HS and BS samples also varied widely, with BS-4
and HS-1 exhibiting higher levels, potentially due
to prolonged or active fermentation. These results
emphasize that alcohol formation is driven
primarily by microbial activity, not production
type. Starter cultures convert amino acids into o-
keto acids via aminotransferase, which then serve
as aroma precursors like aldehydes, alcohols, and
acids (Gutsche et al,, 2012).

Acids differed significantly both within and across
groups (P<0.001). FS-5 and HS-3 had the highest
values in their respective groups (P<0.001), likely
reflecting intensified LAB metabolism. In BS,
acid levels ranged widely, with BS-5 displaying
notably high content, possibly due to
uncontrolled  fermentation without starter
cultures. Acids can occasionally represent the
predominant class of volatile compounds. For
instance, in a study analyzing commercial sucuk
samples, acids constituted the major group in only
one brand (Kaban, 2013). These findings indicate

that processing conditions, particularly the
presence of controlled fermentation, heavily
influence acid formation in sucuk (Figure 2).

Ketones were generally low but varied
significantly (P<0.001). FS-3 and HS-5 had the
highest ketone contents (P<0.001), likely from
amino acid catabolism and lipid oxidation (Zhao
et al., 2024). In BS, ketones were absent in BS-7
but detected in others, with BS-6 showing the
highest value (P<0.001), possibly due to oxidative
stress or extended degradation (Yin et al., 2021).

Esters also exhibited significant differences
(P<0.001). FS-6, FS-7, and HS-5 showed higher
ester levels (P<0.001), which may result from
esterification of alcohols and acids (Ansorena et
al.,, 2001). In the BS group, BS-3 had the highest
ester content (P<0.001), likely resulting from
microbial esterification activity, particularly by
lactic acid bacteria and staphylococci (Gutsche et
al., 2012). Despite this variation, means did not
differ significantly (P>0.001), indicating ester
levels are more dependent on sample-specific
conditions than processing method. The
formation of ethyl esters, in particular, may be
influenced by the presence of nitrite and lactic
acid bacteria (Stahnke, 1995).

Aliphatic hydrocarbons contributed minimally to
the total volatile aroma profile. FS-1 had the
highest level in its group (P<0.001), while HS-2
and HS-3 showed non-detectable levels. BS
samples also varied (P<0.001), with BS-5 showing
no detectable hydrocarbons. Such variation likely
results from differences in fat content, lipid
oxidation, and microbial activity. No significant
differences were observed among group means
(P>0.001), suggesting that hydrocarbon
formation is more influenced by sample
composition than by the production method.
Aromatic hydrocarbons were detected only in
trace amounts in FS-1, FS-2, FS-5, and HS-5, and
were not found in any BS samples (P<0.001).
These compounds may originate from lipid
degradation, forage consumption, or amino acid
catabolism in sucuk (Meynier et al., 1999; Marco
et al., 2008).
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Volatile aroma profile analysis showed that
aldehydes, alcohols, and acids were predominant
in all groups. 'S and HS samples had more
consistent  profiles, reflecting  controlled
processing. In contrast, BS samples varied widely
due to non-standardized production, highlighting
the impact of formulation and process control on

aroma quality.

CONCLUSION

This study provides a comprehensive comparison
of fermented, heat-treated, and butcher-style
sucuk in terms of physicochemical characteristics,
microbiological ~quality, and volatile aroma
profiles. The results clearly demonstrated that FS
and HS samples, produced through standardized
and regulated methods, meet key safety and
quality criteria, aligning well with national
standards. These products also exhibited more
consistent aroma profiles, particularly with
dominant aldehydes, alcohols, and acids,
contributing to desirable sensory properties.
Conversely, BS samples showed considerable
inconsistency in both microbial and aromatic
characteristics, frequently exceeding acceptable
microbial limits and displaying irregular aroma
compound  distributions.  The  observed
differences are attributed to unstandardized
production conditions, lack of starter cultures,
and limited process control. The findings
highlight the importance of applying controlled
fermentation, thermal treatment, and regulatory
oversight in traditional sucuk production.
Improving quality assurance, particularly for
butcher-style products in the local market, is
essential to ensure consumer safety, product
consistency, and compliance with national food
standards.
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ABSTRACT

In this study, nine different Dulce de leche (DL) samples produced by industrial methods were investigated
for their physicochemical, textural, sensory properties, total phenolic content (TPC) and antioxidant
activities. In addition, macro and micro element (Ca, K, Mg, Na, Fe, Mn, Zn, Cu) contents of the samples
were determined. Dry matter, fat, protein, acidity, pH, ash and brix values of the samples varied between
48.14-77.21%, 1.45-12.35%, 0.10-9.04%, 0.41-0.65%, 5.66—6.65%, 1.15-3.18% and 59.65-79.35%,
respectively. HMF was determined as 9.98-25.06 umol/100 g, total phenolic content as 810.00-2830.83 mg
GAE /kg, antioxidant activity as 12.73-71.95% in the DPPH, and 4.50-7.91 mmol TE /g in the TEAC test.
In the mineral analysis, the concentration of Ca and K elements was found to be high, and a wide variation
was observed in color and textural properties. Sensory evaluations showed that DL formulation and
production differences significantly affected product properties.

Keywords: Dulce de leche, quality characteristics, nutritional values

TURKIYE'DE ENDUSTRIYEL OLARAK URETILEN SUT RECELLERININ
BAZI KALITE OZELLIKLERININ BELIRLENMESI

oz

Bu calismada, endistriyel yontemlerle dretilen dokuz farklt siit regeli (Dulce de leche) 6rneginin
tizikokimyasal, tekstiirel, duyusal 6zellikleri ile toplam fenolik madde (TFM) ve antioksidan
aktiviteleri incelenmistir. Ayrica 6rneklerin makro ve mikro element (Ca, K, Mg, Na, Fe, Mn, Zn, Cu)
icerikleri belirlenmistir. Numunelerin kuru madde, yag, protein, asitlik, pH, kil ve briks degerleri
sirastyla %48.14-77.21, %1.45-12.35, %0.10-9.04, %0.41-0.65, 5.66—06.65, %1.15-3.18 ve 59.65—
79.35 arasinda degismistit. HMF 9.98-25.06 umol/100 g, toplam fenolik madde 810.00-2830.83 mg
GAE/kg, antioksidan aktivite DPPH testinde %12.73-71.95, TEAK testinde 4.50-7.91 mmol TE /g
olarak belirlenmistir. Mineral analizinde Ca ve K elementlerinin konsantrasyonu yiiksek bulunmus
olup, renk ve tekstiirel 6zellikleri arasinda genis varyasyon gbzlenmistir. Duyusal degerlendirmeler,
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recel formilasyonunun ve uUretim farkliliklarinin drin Ozelliklerini 6nemli Slctide etkiledigini

gbstermistir.

Anahtar kelimeler: Siit receli, kalite 6zellikleri, besin degerleri

INTRODUCTION

Dulce de leche (DL) is a dairy product consumed
as a dessert and used in sweet recipes. It is widely
consumed in Latin America, particularly in Brazil,
Uruguay, and Argentina, with lesser consumption
in Paraguay, Bolivia, and Chile (Gaze et al., 2015).
Also, it has been exported to the United States
and the European Union (Ranalli et al., 2017). In
recent years, DL products have started to be on

the market, increasingly, with the name of “milk
jam” in Turkey (Yuksel Onur, 2018).

In Turkey, DL is particularly consumed as a
spread, dessert, and at breakfast, and is also used
in the manufacture of confectionery and ice
cream. The production of DL involves
concentrating a mixture of milk and sucrose by
boiling it at atmospheric pressure until it reaches
a solids content of approximately 70%.
Sometimes, sucrose is partially replaced with
glucose to prevent crystallization. The maillard
browning reaction, which occurs between sugars
and milk proteins, is a key process in DL
production (Malec et al, 1999). Sodium
bicarbonate (NaHCOs) is added during
production to prevent casein coagulation and to
promote the Maillard reaction, which is
responsible for DL's charactetistic brown color
and flavor (Yuksel Onur, 2018).

While DI consists of milk, sucrose, sodium
bicarbonate, and  various  additives, its
characteristics can significantly differ across
industries and production regions. Factors such as
cow management, genetics, good agricultural
practices, formulation, and final processing play a
crucial role in determining these characteristics
(Smit, 2000). Different processing parameters
including heating time and temperature, intensity
of negative pressure, and mass balance directly
impact the physicochemical and sensory
properties of the final product (Perrone et al.,
2011). These characteristics are closely linked to
the nutritional, technological, and sensory quality
of DI, which in turn influences consumer
purchasing decisions, opens new market

opportunities, reduces production costs, and
enhances quality control (Giménez et al., 2008).
Therefore, the quality characteristics and
nutritional values of DL must be consistently
monitored.

The aim of this study was to determine the quality
characteristics and  nutritional ~ values  of
industrially produced DL in Turkey. By analysing
the physicochemical and sensory characteristics
of DL, we aim to provide the necessary data to
understand the impact of this product on
consumer acceptability and to improve quality
control processes. In addition, the results are
expected to contribute to the improvement of DL
production standards in Turkey and increase its
competitiveness in local and international
markets.

MATERIALS AND METHODS

Materials

Nine DL samples belonging to different brands
sold in grocery stores in Istanbul in 2022 were
obtained as research material. These samples were
stored in their original glass packages at 41 °C
during the analyses. The ingredient information
and codes given on the labels of the milk jams are
shown in Table 1.

Methods

Physicochemical Analyses

The dry matter, protein, fat, ash and Brix was
determined according to the recommendations of
the Association of Official Analytical Chemists
(AOAC, 2005). The pH and the percentage of
lactic acid were determined according to Adolfo
Lutz Institute methodology (Instituto Adolfo
Lutz, IAL, 2008).

Hunter L*, a* and b* values of milk jam samples
were determined by Konica Minolta Chroma
Meter CR-400 (Osaka, Japan) colour meter. L*
value shows 100 lightness /0 darkness, a* value
shows +redness/greenness and b* value shows
+yellowness/blueness (Elgtin, 2002).
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Table 1. Contents and sample numbers of industrially produced milk jam samples

Sample No

Content of DL Samples

Milk, sugar and lemon juice
Sheep milk, sugar, baking soda

Milk, sugar, natural fruit pectin

ARl S

Whole cow's milk, sugat, sodium carbonate, and flavour (vanilla)

Sweetened condensed milk, glucose syrup, sugar, water, and acidity regulator:

sodium citrates, salt, gelling agent (fruit pectin)

LN

Cow's milk, beetroot sugar, baking soda and vanilla
Pasteurised cow's milk, sugar, baking soda, vanilla
Goat's milk, beetroot sugar, food soda (baking soda)
Pasteurised milk, beet sugar, milk powder, baking soda

HMF Analyses

Spectrophotometric HMF analysis as determined
by Mistry and Pulgar (1996) method was made by
modification. 10 g of DL samples were weighed
and completed to 100 ml with pure water and
homogenized in ultraturax at 12500 rpm for 1
minute. 10 ml of the diluted sample was taken into
a test tube and 5 ml of 0.3 N oxalic acid was added
and mixed, then kept in a water bath at 100°C for
1 hout. The tubes removed from the water bath
were cooled to 25°C. Then 5 ml of 40% TCA
solution was added and mixed in a vortex device,
then filtered with Whatman 42 filter papers. 4 ml
of the filtrate was taken into another tube and 1
ml of 0.05 M TBA solution was added, mixed and
kept in a water bath at 40°C for 35 minutes. Then
the tubes wete cooled to 25°C. Absorption values
of samples were measured at 443 nm wavelength
in the spectrophotometer. HMF values were
calculated according to the formula.

HMEF in milk jam (umol/l)= (Absorbance-0.055)
x 87.5

Textural Analyses

Texture profile analyses of DL samples were
performed using a texture analyzer (Texture
Technologies Corp., Hamilton, MA, USA)
equipped with a 5 kg load cell, cylindrical probe
(254 mm diameter) and software program
(Exponent, Version 6.0.6.0., Texture
Technologies Corp.). Before analysis, samples
were kept at room temperature. Texture profile
analysis was performed by compressing twice
with a cylindrical probe at a speed of 5 mm/s to
provide 10 mm penetration. Texture parameters

were measured as hardness, springiness,

resilience, chewiness, external adhesiveness,
gumminess and internal adhesiveness (Erim-Kose
et al., 2018).

Sensory Analyses

The sensory analysis panel form adapted by
Cebeci (2020) from (TSE, 1982) for DL was used.
Sensory analyses were carried out by fifteen
panellists and the samples were scored in the
range of 1-5.

Mineral Analyses

The dry incineration method specitied in TS 3606
was used for the analysis of mineral substances
(Anonymous, 1995). The milk jam sample was
weighed into a porcelain crucible and dried in an
oven and then subjected to incineration at a
temperature of 500-550 °C in a gradually
increasing muffle furnace. The ash obtained as a
result of the incineration process was dissolved
with nitric acid solution and then quantitatively
transferred to 100 ml plastic filters with 1 N nitric
acid solution. Appropriate dilutions were made
from the stock solutions prepared in this way and
analysed samples were prepared. Na, Ca, Mg, K,
Zn, Fe, Cu and Mn concentrations of the samples
were determined by using ICP-OES device at Van
Yuzuncu Yil University Science Research and
Application Centre.

Preparation of Water Soluble Extracts for
Determination of Total Phenolic Substance
and Antioxidant Activity

The samples were diluted 1:1 (w/v) with 95%
ethanol and homogenised in a homogeniser for 1
min. They were mixed in an ultrasonic water bath
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for 10 min and in a mechanical shaker for 15 min
at room temperature. After centrifugation in a
refrigerated centrifuge (NUVE NF 1200 R) at
8500 tpm for 15 min at 4°C, the clear part
remaining on the tubes was collected and stored
in a cooler until analysis (Selcuk and Yilmaz,

2009).

Total Phenolic Substance

Determination of total phenolic content
according to Folin & Ciocalteu's method was
performed. For this purpose, 150 pL. of sample
and 3 mL of 2% Na2CO3 solution were added to
the test tubes. After approximately 2 min. 150 uLL
of Folin-Ciocalteu's marker diluted 1:1 with
ultrapure water was added to the tubes. The tubes
were mixed in a vortex device and kept at room
temperature and in a dark place for 45 min. The
absorbance values were then read at 765 nm in a
spectrophotometer (UV Mini-1240, Shimadzu,
Japan). The total phenolic content of the samples
was calculated from the calibration graph with
gallic acid and expressed as gallic acid equivalent
(Bae and Suh, 2007).

Antioxidant Activity

DPPH Test

DPPH radical scavenging power was determined
according to the method of Brand-Williams et al.
(1995). DPPH solution (25 mg DPPH/L
methanol) was prepared daily and the absorbance
of the solution was diluted to 0.700+0.020 at 520
nm. 100 yl of the extracts of the obtained DL
samples were placed in tubes and 2.4 ml of DPPH
solution was added. After 30 min in the dark, the
absorbance values of the samples were analysed
in a spectrophotometer (UV  Mini-1240,
Shimadzu, Japan) at 520 nm wavelength. The %
inhibition rate of DPPH radical was calculated
according to the formula.

Inhibition % = (Control absorbance- sample
absorbance)/Control absorbance x 100

TEAC Test

In order to determine the TEAC values of the
samples, 7 mM ABTS+ radical solution
containing 2.45 mM potassium persulfate was
first prepared. This solution was kept at room
temperature and in a dark environment for 12-16

hours. At the end of the waiting time, the radical
solution was diluted with 80% ethanol to give an
absorbance of 0.700%£0.2 at 734 nm in the
spectrophotometer. 2.9 mL of the diluted radical
solution was added to the test tube. 100 uL of the
DL sample extract was added. This mixture was
mixed rapidly on a vortex for 6 minutes and read
at 734 nm on a spectrophotometer (UV Mini-
1240, Shimadzu, Japan). The results using the
Trolox standard curve calculated according to the
formula (Kirca and Ozkan, 2007).

TEAC (mM Trolox/g sample) = Slope of the
inhibition cutrve of the sample/Trolox standard
curvexDilution Factor

Statistical Analyses

In the statistical analysis using IBM SPSS Statistic
20 package programme, the differences between
the results obtained in the study were subjected to
Duncan multiple comparison test according to
95% significance level.

RESULTS AND DISCUSSIONS

As seen in Table 2, the chemical analysis results
of the DL samples varied within a wide range.
Yuksel-Onur (2018) determined that the chemical
composition of 6 DL’s obtained from the market
varied within a similarly wide range. It is thought
that the biggest reason for these differences is the
lack of legal regulation on DL in Turkey.

In the present study, the lowest L* value was
determined in sample number 4 (28.71) and the
highest in sample number 2 (41.40). The
parameter a* ranged from 4.28 to 11.28 in the
samples 5 and 1, respectively. The samples 6 and
1 had the lowest (-1.28) and the highest (18.02) b*
values, respectively. The obtained data (Table 3)
were lower than the L*, a* and b* values of seven
milk jams obtained from the Brazilian market by
Gaze et al. (2015). The differences between the
samples in terms of colour parameters are
probably due to differences in protein and sugar
composition, as well as changes in time,
temperature and pressure, according to the
protocol of each industry (Oliveira et al., 2009).
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Table 2. Chemical analysis results of DL samples

Sa;nople Dry(f/l(;‘“er Ash (%) Fat (%)  Protein (%) pH Acidity (%) Brix
1 65.17£0.11¢D  1.15%0.034  4.45+0.07°  4.20+0.01°  6.35£0.07°  0.43£0.014  67.45£0.07¢
2 65.91£0.27¢D  1.85%0.14¢ 12.35£0.07H 9.04+0.066  6.24£0.03¢  0.55%0.01BC¢  66.45%£0.018
3 48.141£1.83*  2.76+0.21°  1.45+0.074 0.10£0.03~A  5.98+0.04%  0.64%0.01°  (69.75%0.07F
4 64.63+£0.45°0  318+0.02F  3.15+0.078  2.90%0.148 6.28%0.04¢P  0.65+0.01° 68.55+0.03P
5 71.35£1.02PE  1.47£0.028  3.75+0.07¢ 3.40%£0.14¢ 5.95%+0.028  0.41£0.014 71.85%£0.07H
6 67.10+1.65°P  1,98+0.01¢  7.25+0.07F  6.46%£0.08F 5.70£0.01*  0.57£0.01¢  69.05%£0.01E
7 51.74x1.2AB  1,76+0.04¢  8.15%£0.076 6.39%£0.01F  5.66%£0.03*  0.52%£0.028  70.05%0.076
8 58.3411.218C  1.69+0.24BC  7.20%0.14F  6.44+0.06F 6.23+0.01¢  0.44%£0.014 59.65+0.07A
9 77.21£1.038  1.69£0.048C  6.05£0.075  5.80+0.42F  6.65£0.07F  0.42%£0.034  79.35%0.06!
A,B,C,D,E,F,G,H,I Indicates the difference (p < 0.05) between samples.
Table 3. Color values of DL samples

Sample no L* a* b*

1 37.6610.85E 11.28+0.546 18.02+1.01F

2 41.40£0.57F 9.68£0.40E 16.521+0.25E

3 33.241+0.95¢ 14.39£0.214 11.42£1.58¢D

4 28.71£0.284 5.56£0.03¢ 6.20£0.068

5 31.04+1.298 4.28+0.13A 6.4610.138

6 29.4510.254 4.4310.0148 -1.28%+0.114

7 32.70£0.09¢ 10.55£0.01F 10.14%£0.37¢

8 35.7410.06P 6.84£0.01P 12.521+0.04D

9 35.6910.14P 4.881+0.028 12.15%£0.06P

A,B,C,D,E,F shows the difference (p < 0.05) between samples.

The Maillard reaction, known as a non-enzymatic
browning reaction in foods, is based on the
interaction of protein and sugar with heat. The
Maillard reaction, which is not desired to occut in
drinking milk, is desired for the formation of
characteristic color and aroma in DI.. HMF is an
intermediate product formed during the Maillard
reaction and shows the intensity of the applied
heat treatment (Akal et al., 2018). HMF values
were found to be 9.98-25.06 pmol/l (Table 4).

The differences between HMF values of samples
were found statistically different (p <0.05). It is
thought that different production methods of the
producers and different heat treatment-duration
combination applications and the composition of
the milk used cause the difference in HMF values.
It is also thought that storage conditions, milk
type and ratio, sugar amount and sodium
bicarbonate amount may also cause the difference
in HMF wvalues.

Table 4. HMF values of DL samples

Sample no

HMF (umol/])

1

0 1 O\ U1 A~ WD

9

14.4410.74CDE
9.98+0.124
23.63£1.86F
10.2913.5348
17.07+1.11E
25.06£0.04F
16.66£0.04PE
11.82£0.1248C
13.52+1.178¢D

A,B,C,D,E,F shows the difference (p < 0.05) between samples
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The hardness of the DL samples varied between
15.78 and 19.00 g, the adhesiveness between -
2662.78 and -253.45 g.sec, the resilience between
1.87 and 50.85%, the cohesiveness between 0.81
and 1.03, the springiness between 46 and 95.33%,
the gumminess between 14.02 and 18.45 and the
chewiness between 7.97 and 16.85 (Table 5). In
order for DL to be spreadable and used as a filler,
it is neither too soft nor too viscous. Therefore,
the product should not show high gumminess,
adhesiveness and hardness values (Silva et al.,
2015). Bruno et al. (2018) evaluated the textural
properties of six different brands of milk jam and
reported that the hardness value of the samples
was between 106.39 and 145.66, the adhesiveness
value was between -416.07 and -201.37, the
cohesiveness value was between 0.667 and 0.730,
the gumminess value was between 71.02 and
102.14 and the chewiness value was between
64.03 and 86.14. Chacon-Villalobos et al. (2013)

springiness values increased as the proportion of
cow's milk in the mixture increased in their study
on DL samples prepared with different milk
combinations of cow's milk and goat's milk.
Similar to the findings of this study, the hardness,
adhesiveness and springiness values of the sample
number eight made from goat's milk in our study
were found to be lower than the other samples.
Lima et al. (2020) found that the gumminess value
of milk jam samples obtained from different
ratios of cow's milk and sheep's milk mixtures was
between 0.16 and 0.24 and stated that DL samples
with higher sheep's milk ratio had higher
gumminess and springiness values because
sheep's milk contains more lipids than cow's milk.
The data obtained in our study were similar to this
study and it was observed that the gumminess and
springiness values of the sample number two
produced from sheep milk were higher than the
other samples.

observed that

hardness,

adhesiveness

and

Table 5. Textural profile analysis results of DL samples

Adhesiveness

Resilience

Springiness

Sa:ople Hardness (g) (©9) ) Cohesiveness %) Gumminess Chewiness
1 19.00£3.624  -336.55%£147.79PF  24.26+4.99¢  0.93+0.01B¢  9533+6.75F  17.5523.52AB  16.85%4.55D
2 18.11+0.16A  -870.98%£59.358  16.57+£1.798  0.98£0.01¢P  86.06£1.91P  17.71£0.384B  15.24+0.01¢P
3 18.22£1.57A  -366.88£6.39PF  41.50+0.32F  0.93%0.01BC  46.98%+1.634 16.99+1.75AB  7.97+0.544
4 17.17£0.23A  -2662.78£18.07A  1.87£0.094  0.81+0.014  70.67£0.075C€  14.27+0.034  10.11£0.01AB
5 18.56+0.474  -340.32£31.71PE  50.85%£2.79F  0.89+0.068  79.36£0.78CP  16.56+1.514B  13.15+1.328CD
6 16.00£0.314  -510.06£19.62¢  21.83+1.12¢  1.03£0.02P  72.39+1.668C 16.40£0.694B  11.88+0.78ABC
7 18.45+0.324  -472.30+14.7¢D  21.2240.498C  0.91+0.058  81.59£7.04D  16.6511.26AB  13.54+0.158CD
8 15.78%£0.31A  -303.86£24.85F  31.49%£1.29P  0.89£0.01B  (9.54%3.63B  14.02£0.034  9.76+0.53AB
9 18.89£2.20A  -253.45%26.13F  23.30+1.93¢  0.98%£0.01€D  78.61£1.41C€D  18.45£2.048  14.49+1.34CD

A,B,C,D,E Indicates the difference between samples (p < 0.05).

Although DL is a semi-solid product, its gel-like
texture justifies the inclusion of additional
parameters such as chewiness and springiness in
the texture profile analysis. These parameters are
widely used in gel-structured semi-solid foods
such as yogurt, milk-based desserts, and custards.
In our study, chewiness and springiness varied
meaningfully among samples and provided
valuable information about the mechanical
structure and elasticity of DL, which may
influence consumer perception and the product’s
applicability as a spread or filling.

Texture is one of the most important quality
characteristics in DL because it defines the

characteristics of the product in subsequent
applications, especially for doughy products.
Texture defects can negatively affect consumer
acceptance, which is generally caused by poor
production (Ranalli et al., 2012).

When the samples were examined in terms of
sensory analysis (Table 6), they received scores
between 3.65 and 4.95 in terms of color, with
sample number one receiving the highest score
and sample number eight receiving the lowest
score. The odour of the DL samples was scored
between 3.20 and 4.60 and the highest score was
obtained by sample number one and three and the
lowest score was obtained by sample number six.
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The consistency of the DL’s was scored between
3.20 and 4.61 and the highest score was obtained
by sample number 2 and the lowest score was
obtained by sample number 1. In terms of taste
characteristics, milk jams scored between 2.40 and
4.85 and the highest score was given to sample

number 2 and the lowest score was given to
sample number 9. According to the results of
sensory analysis, the different materials used in
jam making caused different results to be
obtained among the samples.

Table 6. Sensory properties of DL samples

Sample no Colour Odour Consistency Taste/ Aroma
1 4.94£0.06P 4.60£0.07" 3.20+0.164 4.60£0.14H
2 4.40£0.148 3.60£0.148¢ 4.61£0.14P 4.85£0.041
3 4.40£0.038 4.60£0.06" 4.60£0.07P 2.80£0.038
4 4.60£0.078¢ 3.80£0.17¢ 3.80£0.148¢ 3.40£0.07P
5 4.8010.14¢D 3.4010.1448 3.60£0.078 3.80%0.06%
6 4.95£0.5P 3.20£0.21A 4.40£0.14P 4.00£0.07*
7 4.00+0.1~ 4.20%0.14P 3.65£0.178 4.40%0.16
8 3.65£0.14A 3.80£0.08¢ 4.00£0.06¢ 3.00£0.07¢
9 4.00£0.114 3.60£0.118¢ 3.60£0.078 2.40£0.03A

A,B,C,D,E,F,G,H,I Indicates the difference between samples (p < 0.05).

Cebeci (2020) examined the sensory properties of
milk jam samples produced using different milk
combinations and found that the taste and odour
appreciation of the samples increased as the
proportion of cow's milk in the mixture increased.
It was found that the consistency properties
increased with increasing cow milk ratio in cow
milk and sheep milk combinations and decreased
with increasing cow milk ratio in goat milk
combinations. Chacén-Villalobos et al. (2013)
reported that the general liking decreased as the
goat milk ratio increased in milk jam samples
prepared with different combinations of cow milk
and goat milk. When we compared the obtained
data with the studies in the literature, contrary to
the findings of Cebeci (2020), it was observed that
the taste characteristics of sample number two
containing sheep milk received higher scores
compared to the other samples, similar to the
study of Chacén-Villalobos et al. (2013), and the
taste appreciation of sample number eight made
from goat milk was lower than the other samples.

When the sensory results were interpreted in
conjunction with instrumental data, a partial
relationship was observed between consumer
preferences and key textural properties. Sample 2,
which received the highest scores in taste and
consistency, also exhibited relatively high

cohesiveness (0.98) and springiness (86.06%),
along with moderate hardness (18.11 g) and
adhesiveness  (-870.98 g.s) values. These
characteristics may have contributed to its
pleasant mouthfeel and ease of spreadability. On
the other hand, Sample 9, which received the
lowest score in taste (2.40), had the highest
gumminess (18.45) and one of the highest
hardness values (18.89 g). Interestingly, it also
showed a high cohesiveness (0.98),
indicating that despite some favorable texture
traits, excessive hardness and gumminess may
have negatively affected consumer acceptance.
These findings suggest that certain instrumental
texture parameters—particularly gumminess and
hardness—are aligned with sensory perceptions
and may influence the acceptability of dulce de
leche samples.

value

When the mineral contents of the DL samples
were compared, it was observed that the amount
of potassium (K) and calcium (Ca) contained in
the samples were higher than the other minerals.
It was determined that Ca content of DL samples
varied between 839.47 and 3286.16 mg/kg, Mg
content between 106.70 and 318.58 mg/kg, K
content between 821.59 and 3499.90 mg/kg, Na
content between 488.76 and 2399.82 mg/kg, Fe
content between 27.52 and 75.90 mg/kg, Cu
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content between 3.64 and 12.86 mg/kg, Mn
content between 0.98 and 3.27 mg/kg, Zn
content between 69.98 and 319.30 mg/kg (Table
7). As can be seen, the mineral content of DL
showed statistical differences among the samples

process rather than the difference in the mineral
content of the milk affecting the raw material in
different DL samples. It was determined that the
highest concentration was in mineral Ca.
However, Gaze et al. (2015) found that K had the

except for the Mn element This situation is highest concentration among the minerals

thought to be due to the addition of a examined in their study.

technological food additive during the production

Table 7. Mineral content of DL samples (mg/kg)

Sanmople Ca Mg K Na Fe Cu Mn Zn
1 1431.97+83.128  210.09+29.13%  1349.97+35.338  912.24+182.028  34.85+46.97"%  3.64£4.60" 0.98+1.12"  69.98+85.74A
2 2829.57+142.67F  299.74+5.16°C  1502.82+648 1248.15+17.445¢  41.78+0.007BC  12.86+4.038 3.27+1.06A 271.72+35.848
3 3286.16+339.87  318.58+28.530 3222.05+355.930  2259.51+334.08°  40.09+5.62°BC  10.32+1.82"8 1.38+0.21A  291.20+36.328
4 2673.87+196.78%F  312.66+27.2°0  3499.90+140.95°  2399.82+70.43°  75.90+8.978C  6.57+0.84"8  2.71+0.46" 275.26+125.67°8
5 839.47£174.49~  106.70£17.59%  821.59+90.76"  1488.96:91.32C  46.13+8.01°8C  551+1.92%  1.15+0.07% 244.54+29.18"8
6 1520.63+115.538  209.83+74.98  1507.17+39.738  1349.70+368.038  81.06+12.49C  8.55+3.5228  3.06+2.30"  162.44+34.63"8
7 932.05£142.49A  122.24+20.68" 1029.98+125.35”  488.76+73.71A  28.31£8.39%  4.37+0.81%  1.52+0.33*  187.66+20.77"8
8 2411.19+44.43°0  237.88+26.38C  2206.66+24.47¢  1531.69+17.88°  27.5243.09A  8.51+1.34"8  1.69+1.12% 319.30+188.838
9 2043.81+£86.94°  210.50+1.22%  1923.27+6.94°  1291.27£56.545C  37.74+£3.45"8  7.27+4.15"8  2.5342.28"  156.19+18.46"B

A,B,C,D,E,F Indicates the difference between samples (p < 0.05).

Total phenolic matter values of DL samples are
given in Table 8. The lowest TPC value was 810
mg GAE/kg and the highest TPC value was
2830.83 mg GAE/kg. As can be seen in Table 8,
the TPC values of the samples varied in a wide
range. Tuna (2018) determined the amount of
total phenolic matter in milk jams produced by
enriching with plain and different fruits as 680 mg

GAE/kg on the first day of storage for plain milk
jam and 480 mg GAE/kg on the 60th day of
storage. It was determined that the data obtained
were higher than the values found by Tuna (2018).
It is thought that this may be due to the fact that
Tuna (2018) used open boiler cooking method in
his study.

Table 8. Total phenolic substance and antioxidant activity values of DL samples

Sample no TPC (mg GAE/kg) DPPH (% Inhibition) TEAC (mmol/g)
1 810.00£117.854 40.39£0.015 45041374
2 1941.25+103.120E 40.91+4.058 6.43+1.538
3 2830.83%23.576 414743268 7.28+0.67®
4 2357.92473.66F 54.61+1.09¢ 7.72+0.058
5 1768.334223.91CDE 12.73%5.348 7.13+0.378
6 2155.8345.95F 71.95+2.67D 7.84+0.068
7 1437.08+32.418¢ 43.6240.028 7.23+0.268
8 1676.67+276.95D 52.51+0.89¢ 7.91+0.008
9 1268.33+329.988 38.67+5.048 7.34+0.378

A,B,C,D,EF Indicates the difference between samples (p < 0.05).

DPPH % inhibition values of DL samples are
given in Table 8. The lowest DPPH inhibition
value was 12.73 % andthe highest DPPH
inhibition value was 71.95 %.

The lowest TEAC value of DL samples was 4.50
mmol TE/g and the highest TEAC value was 7.91
mmol TE/ g. Tuna (2018) determined the total

antioxidant activity in DL produced by enriching
with plain and different fruits as 50 mmol TE/g
on the first day of storage for plain DL and 80
mmol TE/g on the 60th day of storage. Tuna
(2018) stated that the sample formulation affected
the antioxidant activity and the antioxidant
activity of DL produced from apricot, which is
rich in carotene, was higher than plain DL. The
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values obtained in our study were lower than the
values in this study. It is thought that the
difference between the TPC, DPPH and TEAC
values of the samples is caused by the type and
amount of milk used and the production method

applied.

CONCLUSIONS

It has been observed that the type of milk used,
the amount of milk, the additives and the
production method cause differences in product
features. Since there is no legal regulation in
Turkey that sets the limit values of milk jam
composition, the compliance of the examined
samples with food legislation could not be
evaluated. When the studies in the literature are
examined, it has been determined that the studies
on DL are limited and there is only one study on
DL’s produced industrially and offered for sale in
Turkey. This study is a tesource in terms of
eliminating the deficiencies in the literature and
will contribute to eliminating the lack of
information in this field. However, mote detailed
and comprehensive studies on DL should be
conducted and the standard production of this
DL should be determined.
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ABSTRACT

This study aimed to coat mandarin fruits with sunflower oil: sunflower wax oleogel (SOO) and sunflower
oil: limonene: sunflower wax (SOLO) oleogel. The peak melting temperatures and storage modulus values
of the SOO and SOLO were 61.78 and 59.78 °C, and 110 and 130 kPa. After storage, L colour values
(brightness) of the samples were 28.27, 55.80, and 56.05 for the control, SOO and SOLO-coated samples.
Total weight loss values of 49.51%, 38.09%, and 26.72% were recorded after the storage. Total acrobic
viable counts were 100, 50, and 3750 CFU/g for the control, SOO, and SOLO-coated samples. After
storage, the total soluble solids were 5.55%, 6.17%, and 7.65% for the same samples. Fresh fruit had 14.9%
total soluble solids. Overall, oleogel coating, especially limonene-containing oleogel, provided significant
protection against colour change, weight loss and microbial activity. Further studies with different oleogels
and oleogels with lower oleogelator concentrations are suggested.

Keywords: Mandarin, oleogel, coating, colour, weight loss, microorganism, shelf-life

TAZE MANDALINA MEYVESININ RAF OMRUNU UZATMAK ICIN AYCICEK
MUMU OLEOJELLERININ KAPLAMA MATERYALI OLARAK KULLANIMI
oz
Bu calismanin amact, mandalina meyvesini ay¢icek yagt: aycicek mumu oleojeli (AAO) ve aycicek yagt:
limonen: ay¢icek mumu oleojeli (ALAO) ile kaplamaktir. AAO ve ALAO’nun ergime pik noktalar
ve depo moddl degerleri 61.78 ve 59.78 oC ve 110 ve 130 kPa olarak Slgtilmiistur. Bir aylik depolama
sonunda mandalina 6rneklerinin L renk degerleri (parlaklik) kontrol, AAO-kaplanmis ve ALAO-
kaplanmis icin 28.27, 55.80, ve 56.05 olarak Slgiilmiistiir. Toplam agirlik kayiplari da depolama
sonunda %49.51, %38.09, ve %26.72 olarak belirlenmistir. Ayni érnekler i¢cin toplam aerobik sayim
degerleri ise 100, 50, ve 3750 CFU/g olarak belirlenmistir. Depolama sonunda toplam ¢6ztintr katilar
%5.55, %6.17, ve %7.65 olarak Sl¢tilmustir. Sonug olarak oleojel kaplama ve 6zellikle limonen iceren
kaplamanin renk degisimi, agirlik kayb1 ve mikrobiyal aktiviteye karst 6nemli koruma sagladigi ortaya
konulmustur. Farkli oleojeller ve daha dusiik oleojeletér konsantrasyonuyla hazirlanan oleojeller ile
daha ileri arastirmalar Onerilmistit.
Anahtar kelimeler: Mandalina, oleojel, kaplama, renk, agirlik kayb1, mikroorganizma, raf-6miir
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INTRODUCTION

Mandarin  (Citrus  reticulata), —also  known
as mandarine or tangerine, is a small, rounded
fruit belonging to the citrus family (Rufaceae). 1t is
a non-climacteric and perishable fruit, which
makes it unsuitable for prolonged transit and
storage. Mandarin fruits may be preserved for 1
to 2 weeks after harvest, depending on
temperature and humidity (Rokaya et al., 2010).
Mandatin is one of Turkey's predominant citrus
crop producing 1.865.000 tons in 2022, and being
third order in the world behind China and EU
(Aygbren, 2023).

Weight loss and fungal deterioration are the
primary factors limiting the storage life of
mandarins (Whangchai et al., 2010). Due to the
chemical tesidues, the wuse of chemical
disinfection to mitigate rotting has declined, and
the need for ecologically sustainable preservation
techniques has heightened (Hong et al., 2007).
The use of edible coatings on fruits has garnered
global interest, as these coatings safeguard
perishables from spoilage by diminishing
respiration, enhancing textural quality, preserving
volatile flavour compounds, and inhibiting
microbial growth (Nasrin et al., 2018). Coatings
may be produced from several components,
including  carbohydrates  (starch, cellulose,
alginates), proteins (gelatin, whey protein, casein,
zein), and lipids (waxes, oils, fats). Consequently,
systems like hydrogels, oleogels, or their
combination as bigels may serve as edible
coverings (Kanelaki et al., 2022).

Oleogels are soft, solid or solid-like substances
produced by incorporating an oleogelator into
liquid oil under suitable processing conditions.
Oleogelators having a crystalline phase are known
to concurrently organize into supramolecular
structures  exhibiting  highly  asymmetric
morphologies akin to fibres or platelets. The
asymmetric shape enhances the contact area
among self-assembled structures, ultimately
resulting in oleogelation (Co & Marangoni, 2012;
Ramezani et al., 2024). As far as we have reached,
there has been no direct utilization of oleogels as
coating materials for food products. Plant waxes
and other lipid-based materials were used as

composites in edible coatings. In one of them
(Khorram et al., 2017), oranges were coated with
gelatin, Persian gum and shellac. Shellac is a well-
known oleogelator to prepare edible oleogels (Co
& Marangoni, 2012). In another study (Motamedi
et al., 2018), carnauba wax-nanoclay emulsion was
used to coat a film on oranges. Likewise, [3-
sitosterol-corn oil oleogel was mixed with gelatin
to control film water permeability (Xiao et al.,
2019). Oyom et al. (2024) reported that oleogel-
based coatings substantially reduced moisture loss
and fat absorption in chicken nuggets, enhancing
lightness (L) and a* values without notable
alterations in pH or textural characteristics. Since
oleogels have not been directly used as edible
coatings for fruits, this study would be essential to
point out another use of the oleogels.

To our knowledge, the use of oleogels for
preserving mandarin quality has not been
investigated yet. The aim of this research was to
assess the effectiveness of oleogels composed of
sunflower oil and sunflower wax in a 90:10 weight
ratio and that composed of sunflower oil,
limonene, and sunflower wax in an 80:10:10 ratio
to preserve mandarin from spoilage during a 30-
day storage period at room temperature.

MATERIALS AND METHODS

Materials

The mandarin fruits (Satsuma variety) used in this
research were collected from a summer garden in
the Edremit district (Balikesir, Ttrkiye) and were
promptly transferred to the laboratory. Sunflower
oil (100 g product; 100 g fat, 10 g saturated fat, 33
g monounsaturated fat, 57 g polyunsaturated fat,
0 mg cholesterol, 0 g carbohydrate, 0 g protein)
used for the preparation of oleogels was procured
from Biryag, Trakya Birlik Oil Factory (Tekirdag,
Tirkiye). Sunflower wax (6607L), used as an
organogelator, was acquired from Kahlwax Co.
(Kalh et al., Trittau, Germany). Aromsa Besin
Aroma Katki Mad (Gebze, Kocaeli) provided
liquid limonene. Hypet Media Plate Count Agar
(PCA) Ready Medium, Hypet Media Plate
Dextrose Agar (PDA) Ready Medium, and Sterile
Dry Swab (Without Medium) components used
for microbiological counts were acquired from
DiaTek Diagnostic Products Technical Co.


https://en.wikipedia.org/wiki/Citrus
https://en.wikipedia.org/wiki/Rutaceae
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(Istanbul, Tturkiye). All additional chemicals,
consumables, standards, and materials were
purchased from Sigma Chem. Co. (St. Louis,
USA), Merck (Darmstadt, Germany), and local
enterprises.

Preparation of the oleogels as coating solutions

The two kinds of oleogels used for coating
mandarin fruits were first made in batches of 500
grams. The first oleogel (SOO) was created using
sunflower oil (SO) and sunflower wax (SW)
oleogelator in a weight ratio of 90:10. In the
second formulation (SOLO), sunflower oil,
sunflower wax, and limonene (L)) were combined
in a weight ratio of 80:10:10. To manufacture the
oleogels, the requisite quantity of sunflower oil

was measured in a 1 L beaker, followed by the
addition of the specified amounts of sunflower
wax. The mixture was agitated in a water bath
maintained at 80°C to guarantee the complete
melting of the wax and its uniform integration
with the oil. In the formulation incorporating
limonene, the measured limonene was included in
the mixture after the melting process and well
blended. The resulting homogenous liquid
mixture was removed from the water bath and
allowed to cool to room temperature

autonomously. The oleogels that solidified upon
cooling to room temperature were stored in the
refrigerator overnight. The oleogels can be
observed in Fig. 1.

Fig. 1. The sunflower oil-sunflower wax oleogel (SOO) and the sunflower oil-limonen-sunflower wax
oleogel (SOLO) used in mandarin coatings.

Thermal and rheological assessment of the prepared oleogels
The thermal characteristics of the oleogels
produced were evaluated using a Perkin-Elmer
4000 Series Differential Scanning Calorimeter
(DSC)  (Groningen, The Netherlands). The
equipment was once calibrated using Indium and
Zinc. Approximately 5-7 mg of each sample was
deposited into aluminum pans and sealed. The
temperature protocol included heating samples
from 20 °C to 100 °C at a rate of 10 °C/min for
complete melting, chilling samples to - 30 °C at
the same rate and maintaining that temperature
for 3 minutes to ensure complete crystallization,
followed by reheating the samples to 100 °C at a

rate of 5°C/min. This thermal cycling
methodology, including our published findings, is
often used in almost all oleogel research to
ascertain crystallization and melting temperatures
and enthalpies concurrently. The computations

were performed using the Pyris 1 Manager
Software (Yilmaz et al., 2021).

A DHR 2 rheometer (TA Instruments, USA)
equipped with cross-hatched parallel plate
geometty (¢ = 40 mm, gap 0.9+ 0.1 mm) and a
Peltier system (+ 0.1°C) underneath the bottom
plate was used to evaluate the rheological
parameters of the oleogel samples. Amplitude
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sweep tests (strain = 0.01-100%) were conducted
at 10 °C with a frequency of 1 Hz for each oleogel
sample to ascertain the linear viscoelastic region
(LVR). The LVR was identified from the stress
sweeps as a plateau in the storage (G') and loss
(G") modulus. Following the strain assessment
inside the LVR, frequency sweep tests were
conducted for each sample at 10 °C, with LVR
strains identified by the amplitude sweep test
(0.02-0.26%) and frequencies ranging from 0.1 to
100 Hz. A temperature ramp test was conducted
from 0°C to 50°C at a rate of 1°C/min and a
frequency of 1 Hz inside the linear viscoelastic
zone. Each sample underwent three tests, and the
findings were reported as average values (Yilmaz
et al,, 2021).

Coatings of mandarin fruits

Mandarins were randomly divided among three
groups after washing and drying under tap water.
The first set of samples was neither treated nor
coated and served as the control treatment (C). A
portion of the second sample group was coated
by immersion in SOO (sunflower oil-sunflower
wax oleogel). The third group was immersed in
SOLO (sunflower oil-limonen-sunflower wax
oleogel). The direct coating was administered by
immersing the mandarins in each melted oleogel
for about 10 seconds at 80 °C temperature,
followed by one minute ofdrainage of excess
coating before storage of the samples. The
samples prepared were maintained at ambient
temperature (20 £ 5°C) for one month.
Measurements and analyses were conducted on
1st, 8th, 15th, 22nd, and 30th days of the storage
period. Pictures of the samples were also taken
during the storage period.

Mandarin analyses during the storage period

Peel hue

Five fruits were randomly picked from each group
to assess the exterior (peel) colour diversity. The
CIELab coordinates L* (lightness), a* (green-red
component), and b* (blue-yellow component)
were calculated as the mean of three
measurements per fruit using a Minolta CR400
(Minolta, Japan). The L*, a*, and b* values were
computed using the D65 illuminant by the
CIELab scale (Strano et al., 2021).

Weight loss of the fruits

The reduction in fresh weight was calculated as a
percentage by deducting the beginning weight
from the final weight at designated sample
intervals. Five fruits per replication were used for
weight loss assessment (Ali et al., 2021).

Quantification of aerobic plate counts, total yeasts
and molds

The aerobic plate counts (APC) and total yeasts
and moulds (YM) for fresh mandarins were
assessed using the methodology of Nam et al.
(2019). Five grams of mandarin peels were
shredded and combined with 45 mL of sterilized
peptone water. Serial dilutions were prepared in
peptone water and then plated on plate count agar
and potato dextrose agar for aerobic plate count
(APC) and yeast-mold (YM) enumeration,
respectively (Difco Lab., Franklin Lakes, NJ,
USA) for the enumeration of APC at 35 °C for 24
to 48 hours and YM at 25 °C for 5 to 7 days. The
plates were incubated under the specified
conditions. The colonies were quantified and
represented as colony-forming units per gram
(CFU/g). Plating and counting wete conducted in
triplicate to assure precision.

Assessment of total soluble solids (Brix), titratable
acidity (TA), and pH

Randomly selected, four mandarin fruits were
squeezed to get the fruit juice, and the juice was
used for the pH and total soluble solid (°Brix)
measurements. A pH meter probe (PB-11) was
put into the juice, and the pH value was read and
recorded several times. An Abbe 5 refractometer
(Bellingham and Stanley, UK) calibrated against
ultrapure water was used to read the Brix value of
the fruit juice at room temperature several times.
The titratable acidity of the juice sample was
assessed according to Kashyap et al. (2020) using
titration with 0.1 N NaOH, reaching a pH
endpoint of 8.2, as observed by a pH meter. It was
confirmed that the burette contained no air
before the titration commenced. The beaker was
continually agitated with an electronic stirring bar
while NaOH was gradually introduced to the
solution. The data was presented as a percentage
of citric acid.
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Statistical analysis

In this study, mandarin coatings were conducted
two times, and for each coating, the listed analyses
were completed in triplicate. The data provided
were the means and standard deviations of six
measurements. Comparison of the treatment
groups was achieved by the Analysis of Variance
with means comparison of Tukey’s test. Minitab
ver. 16.1 (Minitab, 2010) software was used with
a 95% level of confidence.

RESULTS AND DISCUSSION

Thermal and rheological properties of the
oleogels used as coatings

This study assessed two oleogels (SOO and
SOLO) prepared and wused for mandarin
coatings for DSC-determined thermal properties

(Table 1). In addition to the oleogels, the
sunflower oil (SO) and sunflower wax (SW) used
to create them were also analyzed. The melting
peak temperatures of SO and SW were - 18.26 and
67.78 °C and were quite in agreement with
the literature (Yilmaz et al, 2021). The SOO
oleogel, including 10% of wax, had a 61.78 °C
peak melting temperature, while the SOLO
oleogel, including 10% of each SW and limonene,
had a 59.78 °C peak melting temperature. The
presence of limonene caused a slight reduction in
peak melting temperature. Fully melted oleogels
started crystalizing at 51.51 and 49.99 °C,
respectively (Table 1). Eventually, both oleogels
were solid at room temperature, and the coated
mandarins were stored.

Table 1. Thermal properties of the sunflower oil, sunflower wax, and the oleogels (SOO and SOLO)
used in mandarin coatings.

Crystallization Melting
Onset. (°C) Peak (T¢, °C) AHc (J/g) Onsetm (°C) Peak (Tm, °C) AHm (J/g)

?S“é‘)?‘)“’“ oil 3930+ 0.5¢ 3522+ 05¢ 139+ 050 -16.54+ 05 -18.26 + 0.2¢ 230+ 0.5
?Su\‘;;)lo‘”er Wax 6931+ 020 7834+ 042 201.65+02¢ 7381 +05  6778+05  -206.94 + 0.2
Sunflower Oil

+ 0.2b + 0.1 + 0.2¢ + 0.0b + 0.0b - +0.2b
Oleogel (SOO) 51.51 + 0.2 65.07 + 0.1 16.04+02¢  63.34 + 0.0 61.78 + 0.0 1652+ 0.2
Sunflower Oil-
Limonen 4999+ 05 6472+ 05> 1954+ 0.0 6374+ 05>  59.78 + 0.5 -19.49 + 0.0¢

Oleogel (SOLO)

*Small letters within each column indicate significant differences among the samples for the mean * SD values by

one-way analysis of variance and Tukey’s test (p < 0.05).

The amplitude and frequency sweep test graphics
of the oleogel samples are presented in Fig. 2. The
amplitude tests were completed first to determine
the linear viscoelastic region (LVR, the non-
destructive deformation range) of each sample.
All further rheological measurements were done
within the LVR strains per the requirement of
correct rheology. The LVR strains were 0.1% and
0.15% for SOO and SOLO samples. Further, the
sinusoidal response signals (phase-shift angle)
were between 0° and 45° during the amplitude
tests, indicating an actual gel-like state. The
amplitude sweep tests also suggested that the gel
structure could be destroyed at around 0.9% and
1.0% oscillatory strains for SOLO and SOO
samples since the crossover point (G" = G”") was
observed (Mezger, 2014).

To understand the time-dependent behavior of
the oleogels at LVR, oscillatory frequency sweep
tests are completed by stepwise enhancement of
angular frequency from 0.1 rad/s to 1000 rad/s
(Fig. 2). Practically, frequency sweep tests provide
information about the inner structure and
behavior, and long-term stability for the gels
(Mezger, 2014). Both samples showed higher
storage moduli (G") values than loss moduli (G™)
values throughout the applied frequency range.
Consequently, both samples had true-gel and
stable gel structures within the range. The G’
component of gel viscosity indicates the solid-like
properties of samples (elastic portion), while G™*
indicates the liquid-like (viscous portion)
properties. Further, the G** / G~ value is named
the loss (damping) factor and describes the
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viscoelastic behavior (Mezger, 2014).
Consequently, the graphic in Fig. 2 shows that
both samples had higher storage modulus (around
110 and 130 kPa) values than those of the loss
modulus (around 100 and 101 kPa) for the SOLO
and SOO samples, respectively. Both samples
were clearly strong gels, and SOLO gel stiffness

was slightly higher than the SOO sample. The
limonene component might have created
additional network structures or enhanced wax
crystal networks. Similar phenomena were

reported for other wax oleogels (Yilmaz et al.,
2021).

107

Loss modulus G" (Pa)

Storage modulus G' (Pa)

102

4 SO0 G’

¥ SO0 G”
4 SOL0 G’
& SOL0 G”

T T
102 10-1 100
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Storage modulus G’ (Pa)

104

4 SO0 G’
+ S00G”
¥ SOLO G’
® 50L0 G”

101 100

101 102 103

Angular frequency © (rad/s)

Fig. 2. The amplitude and frequency sweep graphics of the prepared oleogels used in mandarin
coatings (SOO: sunflower oil-sunflower wax oleogel, SOLO: sunflower oil-limonen-sunflower wax
oleogel).
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Lastly, the temperature-ramp test graphics are
given in Fig. 3. Both samples kept their gelled
state intact from 5 to 50 ©°C, enhancing
temperature, since within the range, the G” value
was always higher than the G”” value. The SOO
sample had around 140 kPa G~ value at 5
°C and decreased to 105 kPa at 50 °C. However,
at 50 °C, the G~ value was much lower at around
12 kPa. A similar situation existed for the SOLO

sample, but at the endpoint (50 °C), it had a 130
kPa G’, proving that the SOLO sample was stiffer
at even elevated temperatures. None of the
samples showed a crossover point, keeping their
actual gel structure up to 50 °C surrounding
temperatures.  Consequently,  oleogel-coated
mandarins would not have any melting and
drainage problems at room temperature.
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Fig. 3. The temperature ramp test graphics of the oleogels used in mandarin coatings (SOO: sunflower
oil-sunflower wax oleogel, SOLO: sunflower oil-limonen-sunflower wax oleogel).
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Colour values of the control and oleogel
coated mandarins stored for a month

The development of fruit pigmentation is
significantly influenced by environmental factors,
including light and temperature; mandarin fruits
also exemplify considerable variety in colour
(Strano et al,, 2021). The SOO and SOLO
oleogels coated and control mandarins were
stored for one month at room temperature
(controlled by an air-conditioner strictly at 20 *
5°C), and their pictures were taken on the 1st, 8t
15t 224 and 30t days (Fig. 4). Further, the peel
colour values (L*, a* and b*) were measured
(Table 2). The surfaces of coated mandarins were
clearly shiny on the first day due to the lipid-based
coating. As the storage was prolonged, the
oleogel-coated surface became dull due to
the solidification of sunflower oil. Also, some
crusting occurred. After 8 days, the control
mandatins became darker, and their sizes were
reduced, possibly due to excessive water loss (Fig.
4). The L* levels in mandarins generally decline
across all groups during storage. This trend is
more pronounced in control groups but is
detected at diminished levels in coated samples.
The diminishing impact of reduced L* values may
be attributed to fruit dehydration (Hong et al.,
2007) and an elevated respiratory rate (Bang et al.,
2020) in control samples. The measured colour
values agree with the observed facts in the picture
(Fig. 4). The L* values of samples on the first day
were 61.32, 66.28, and 78.25 for the control,
SOO, and SOLO-coated samples, respectively.
The fresh oleogel coating was bright. As storage
time extended, samples' L* values decreased since
the control sample had colour change by
darkening, while oleogel-coated samples had
asolid oleogel appearance dominating. All
samples had positive a* values indicating red
components of the colour. Likewise, positive b*
values show the observed yellow colours of the
mandarins. While the a* values were usually
decreased during storage, the b* values were
generally enhanced. Most importantly, there were
some fluctuations in the colour values of the
oleogel-coated samples. The reason for this was
the crusting of the oleogel coating. After 8 days,
the oleogel crusts started to crumble. These
pictures and colour data proved that coated

oleogel could be thinner with lower oleogelator
concentration. Consequently, experiments with
wax oleogelators that are less than 10 wt% used
could be suggested. Overall, the oleogel-coated
mandarin samples kept their surface colour and
shape better than the control sample (Fig. 4). As
the storage period lingered, extensive wrinkling
and darkening occurred in the control samples. It
was also essential to follow the weight changes in
the samples.

Weight loss values of the control and oleogel
coated mandarins stored for a month

The weight loss values of control and oleogel-
coated mandarin samples were summarized in
Fig. 5. The loss of moisture often results in
obsetrvable symptoms of wilting and/or wrinkling
in a fresh product, eventually causing
considerable economic losses (Ali et al., 2021).
The weight loss of mandarin fruits significantly
increased from the 8 to the 30t days, regardless
of the coating and control groups (Fig. 5).
Nonetheless, the augmentation in fresh weight
loss of mandarin fruits was much greater in the
control group compared to the coated groups.
There were significant differences among the
samples on each measurement day from 8t days
towards 30™ days. During the storage days, the
control sample always had higher weight loss
values than the SOO and SOLO-coated samples.
The weight loss values of 13.49%, 29.89%,
41.81% and 49.51% were recorded at the 8th, 15th,
22t and 30t days of storage for the control
sample. For all measurement days, these values
were significantly higher than the values for SOO
and SOLO coated samples (3.16%, 13.52%,
29.17%, 38.09% and 5.59%, 13.63%, 20.58%,
26.72%, respectively). Further, weight loss values
were the lowest in SOLO-coated samples. SOLO
coating prevented weight loss more efficiently,
possibly due to slowing the water evaporation
rate. It was previously stated that the peak melting
temperature of SOLO was lower than that of the
SOO (Table 1), but SOLO was stiffer than SOO
(Fig. 2). Further, the SOLO sample had better
temperature resistance once heated (Fig. 3). Also,
it could be observed from Fig. 4 that SOLO
coated mandarins had a little less crusting. Since it
included limonene in addition to sunflower oil
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and wax, the stiffer and better coating ability
might be due to the limonene. Further
mechanistic studies can be suggested to clear this
phenomenon. The reduction in fresh weight of
coated fruits was likely reduced owing to the
establishment of a semi-permeable barrier
between mandarin fruits and their storage
environment (Ali et al., 2021), as well as decreased

rates of respiration and transpiration (Baswal et
al., 2020). These operations aim to decrease
moisture  from  fresh  fruit,  eventually
compromising citrus fruit quality (Haider et al.,
2020). Consistent with our findings, Khorram et
al. (2017) observed that coating treatments
substantially mitigated weight loss in mandarin
fruits.

STORAGE DAYS m

15

22

30
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Table 2. The color values of the control and oleogel coated mandarin samples during one month
storage period.
Control Mandarin

Storage Day L* Value a* Value b* Value
1 61.32 = 1.022* 34,98 + 0.902 58.15 & 3.242
8 63.50 + 5.452 31.64 £ 7.50p 47.32 £ 9.63
15 51.56 * 8.55P 30.46 = 8.25b 45.79 + 6.25b
22 48.78 £ 4.95b 27.59 £ 9.30bc 39.38 + 8.70¢
30 28.27 £ 9.02¢ 28.10 £ 10.50b 36.59 + 10.30¢
SOO Coated Mandarin
1 66.28 + 1.352 25.02 £ 1.052 41.96 £ 8.552
8 58.44 + 7.44b 15.18 £ 9.33b 2447 + 12.15b
15 56.99 *+ 8.45b 17.68 * 8.55b 23.09 £ 10.22b
22 45.95 £ 10.00b 9.78 £ 7.83¢ 14.93 £ 5.65¢
30 55.80 = 15.90p 10.83 £ 9.55¢ 20.75 £ 10.55b
SOLO Coated Mandarin
1 78.25 = 3.702 9.72 £ 3.20b 12.72 £ 6.34b
8 61.77 = 4.90b 22.09 £ 7.63 24.66 + 20.032
15 57.23 + 6.00¢ 18.51 £ 10.042 26.98 + 16.832
22 23.78 = 3.154 10.55 £ 2.55b 14.67 £ 2.80b
30 56.05 = 5.80¢ 18.33 £ 10.102 24.05 £13.61a

*Small letters within each column indicate significant differences among the samples for the mean * SD values by
one-way analysis of variance and Tukey’s test (p < 0.05).

60
50
g 40
a
(4]
= 30 m Control
fn B 500
2
20 = SOLO
10

Storage Time (Days)

Fig. 5. The weight loss values of the control and oleogel coated mandarin samples during the storage
period at room temperature (SOO: sunflower oil-sunflower wax oleogel, SOLO: sunflower oil-
limonen-sunflower wax oleogel).
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Aerobic plate counts, total yeasts and molds
of the control and oleogel coated mandarins
stored for a month

The microbiological quality of mandarins
subjected to edible coatings during storage is
shown in Table 3. Aerobic plate counts (APC),
and yeasts and molds (YM) were quantified every
7 days throughout a 30-day storage period. The
microbial burden of total viable count decreased
at 8t and particularly on the 22nd days for the
control group. The outer surface of the control
group may have begun to desiccate, resulting in
a reduced quantity of microorganisms during
these drying phases. The total microbial load
assessed from fruit peels indicated that the
control group was statistically significant,
differing from the other samples in all measures
conducted at the various periods. SOO-coated
samples had no microbial enumeration until the

22nd day and SOLO-coated samples had no count
until the 30t days. Oleogel coating significantly
enhanced the microbial quality of mandarins. As
explained in the method sections, mandarins were
dipped into melted oleogel at 80 °C and kept for
10 seconds before taking out and cooling to coat
the surface. Even though the time was short, at 80
°C, a melted oleogel environment might kill all
microorganisms. This operational benefit could
be accounted for asa positive for oleogel
coatings. Further, coating itself might slow down
microbial proliferation due to limited oxygen
access. Also, a much better protective effect of
SOLO coating could be attributed to the
limonene in the oleogel formulation. Limonen is
well known for its anti-microbial activity (Riberio
et al, 2023). Overall, oleogel coating for
mandarins could be very beneficial in preventing
microbial spoilage.

Table 3. The total viable, total fungi and yeast counts of the control and oleogel coated mandarins
during the storage period.

Total Aerobic Plate Count (CFU/g)

Storage Day Control Mandarin SOO Coated Mandarin  SOLO Coated Mandarin
1 6800 - -
8 4500 - -
15 5000 - -

2 2000+ 500 -
30 3750 1000 50¢
Total Fungi/Yeast Count (CFU/g)
1 Nct. - -
8 500000 - -
15 150000 - -
22 40002 500 -
30 4500 2000 50¢

*Small letters within each row indicate significant differences among the samples for the mean * SD values by
one-way analysis of variance and Tukey’s test (p < 0.05). Nct.: Countless

Total soluble solids (Brix), titratable acidity
(TA), and pH of the fresh and control and
oleogel coated mandarins stored for a month
Total soluble solids (TSS or Brix) are a crucial
determinant of quality, primarily influencing
sweetness and consumer acceptance of fruits
(Selcuk & Erkan, 2015). The TSS of all groups
shown in Table 4 decreased after storage. The
fruit coated with SOLO exhibited a significantly
higher TSS (7.65%) compared to the control
(5.55%) and SOO-coated samples (6.17%) after

the completion of one month of storage. The
fresh fruit TSS was measured as 14.9% at the
beginning. TSS loss was significant in all samples,
but the SOLO coating was better overall. The
coating may alter the gas composition inside the
fruit (oxygen and carbon dioxide), thereby
influencing respiratory metabolism, postponing
the synthesis and breakdown of carbohydrates,
and slowing the microbial activity to reduce sugar
usage in the fruit (Gao et al, 2018). It can be
inferred that the SOLO coating effectively sealed
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the potes/stomata and regulated the respiration
process of fruits more efficiently than the SOO
coating,.

Table 4. Some physico-chemical measures of the fresh, and after 30 days of storage for the control and
oleogel coated mandarines.

After 30 Days of Storage

MS;ZS;H Control SOO Coated SOLO Coated
Mandarin Mandarin Mandarin
Total = Soluble 4 4 ) 1 5.55 + 0.004 617 + 0.01¢ 7.65 + 0.00b
Solids (%) 9+0. 55+ 0. 17+ 0. 65+ 0.
Titratable Acidity 14 4 ) 14 0.12 + 0.05b 0.11 + 0.04¢ 0.11 + 0.01¢
(% Citrate)
pH 433+ 0.012 3.72 + 0.01° 3.64 + 0.01¢ 3.61 + 0.01d

*Small letters within each row indicate significant differences among the samples for
the mean & SD values by one-way analysis of variance and Tukey’s test (p < 0.05).

The primary constituents of titratable acidity (T'A)
are organic acids, which often serve as substrates
in the enzymatic activities of respiration.
Consequently, TA content is considered a
significant indication of the respiration rate of
fruits (Xu et al., 2018). After 30 days, significant
alterations in TA were seen in both control
(0.12% citrate) and coated fruits (0.11% citrate for
each) relative to their original levels (0.14%
citrate) in fresh fruits (Table 4). All coating
treatments and the control significantly reduced

Fresh Mandarin

TA while prolonging the storage duration. The
decrease in TA concentration while preserving
citrus fruit may be attributed to using organic
acids for energy generation. Acids may have been
used for alcoholic fermentation in harvested
citrus (Roongruangsri et al., 2013). Consequently,
it may be inferred that coatings were ineffective in
decelerating  the degradation of organic
acids during storage.

Peel and Inside Scenes of 30 Days Stored Manradin Samples

Control

SOLO

Fig. 6. The fruit peel and flesh scenes of the control and oleogels coated mandarin samples after 30
days of storage period (SOO: sunflower oil-sunflower wax oleogel, SOLO: sunflower oil-limonen-
sunflower wax oleogel).
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The impact of coating treatments on the pH of
mandarin flesh during storage is also shown in
Table 4. The initial pH and total acidity values
were 4.33 and 0.14%, respectively. The findings
of this investigation indicate that the coating
treatments influenced the pH of the mandarin
flesh in compatison to control samples. The pH
values for coated samples ranged from 3.61 to
3.64 significantly lower than the fresh fruit and
lower than the stored control sample (p > 0.05).
Cleatly, coatings have protected organic acids
from degradation to provide a lower pH value.
This situation might cause taste and aroma
differences (Roongruangsti et al., 2013).

CONCLUSIONS

This study is a pioneer investigation of oleogel
coatings on fresh mandarin fruits to prolong their
shelf-life. Sunflower oil: sunflower wax (10 wt%)
and sunflower oil: sunflower wax: limonene (10
wt% each) oleogels were used. For one
month storage at room temperature, some indices
were followed. Oleogel coatings preserved fruits
from excessive moisture loss and colour changes.
Oleogel coatings provided significant
microbiological protection to mandarin fruits.
After one-month, coated samples had lower total
soluble solids and titratable acidity than fresh
fruits, but the values were better than the control
sample stored for one month. Overall, oleogel
coatings for mandarin fruit prolonged the shelf-
life to almost one month, which is considered an
essential achievement. Further studies with
different oleogel formulations and other
oleogelator levels are suggested to improve the
applicability of the technique.

CONFLICT OF INTEREST STATEMENT

No potential conflict of interest was reported by
the authot(s).

AUTHOR CONTRIBUTIONS

Emin Yilmaz: supervision, project administration,
writing-review &  editing. Merve Karatag:
investigation, resources, formal analysis. Mehmet
Seckin Aday: visualization, writing-original draft.

REFERENCES

Ali, S., Anjum, M.A., Ejaz, S., Hussain, S., Ercisli,
S.,  Saleem, M.S. Sardar, H. (2021).
Carboxymethyl cellulose coating delays chilling
injury development and maintains the eating
quality of ‘Kinnow’ mandarin fruits during low-
temperature storage. International  Journal  of
Biological Macromolecules, 168: 77-85.
DOI: 10.1016/j.ijbiomac.2020.12.028

Aygéren, E. (2023) Uriin raporu: Turuncgiller
2023. Tarimsal Ekonomi ve Politika Gelistirme
Enstittsi, Ankara, Trkiye.

Bang, I.H,, Lee, E.S., Lee, H.S., Min, S.C. (2020).
Microbial decontamination system combines
antimicrobial solution washing and atmospheric
dielectric barrier discharge cold plasma treatment
to preserve mandarins. Postharvest Biology and
Technology, 162: 111102.
DOLI: 10.1016/j.postharvbio.2019.111102

Baswal, A., Dhaliwal, H., Singh, Z., Mahajan,
B.V.C, Kalia, A., Gill, K.S. (2020). Influence of
carboxymethylcellulose, chitosan and beeswax
coatings on cold storage life and quality of
Kinnow mandarin fruit. Scientia Horticulturae, 260:
108887.
https://doi.org/10.1016/j.scienta.2019.108887

Co, E.D., Marangoni, A.G. (2012). Organogels:
An alternative edible oil-structuring method.
Journal of the American Oil Chemists’ Society, 89:749-
780. https://doi.org/10.1007/s11746-012-2049-
3

Gao, Y., Kan, C., Chen, M., Chen, C., Chen, Y.,
Fu, Y., Wan, C, Chen, J. (2018). Effects of
chitosan-based coatings enriched with
cinnamaldehyde on Mandarin fruit cv. Ponkan

during room-temperature storage. Coatings, 8: 372.
https://doi.org/10.3390/ coatings8100372

Haider, S.A., Ahmad, S., Khan, A.S., Anjum,
M.A., Nasir, M., Naz, S. (2020). Effects of salicylic
acid on postharvest fruit quality of “Kinnow”
mandarin under cold storage. Scientia Horticulturae,
259: 108843. https://doi.org/10.1016/
j.scienta.2019.108843

Hong, S.I., Lee, H.H., Kim, D. (2007). Effects of
hot water treatment on the storage stability of
satsuma mandarin as a postharvest decay control.

1055


https://doi.org/10.1016/j.ijbiomac.2020.12.028
http://dx.doi.org/10.1016/j.postharvbio.2019.111102
https://doi.org/10.1016/j.scienta.2019.108887
https://doi.org/10.3390/coatings8100372
https://doi.org/10.1016/j.scienta.2019.108843
https://doi.org/10.1016/j.scienta.2019.108843

1056

E. Yilmaz, M. Karatas, M.S. Aday

Postharvest  Biology and Technology, 43: 271-279.
DOI: 10.1016/j.postharvbio.2006.09.008

Kanelaki, A., Zampouni, K., Mourtzinos, I
(2022). Hydrogels, oleogels, and bagels are edible
coatings of sardine fillets and delivery systems for
rosemary extract. Gels, 8: 660.
https://doi.org/10.3390/2els8100660

Kashyap, K., Kashyap, D., Nitin, M., Banu, S.
(2020). Characterizing the nutrient composition,
physiological maturity, and effect of cold storage
in Khasi mandatin (Citrus et al.). International Journal
of Fruit Stcience, 20: 521-540.
DOI: 10.1080/15538362.2019.1666334

Khorram, F., Ramezanian, A., Hosseini, S.M.H.
(2017). Effect of different edible coatings on
postharvest quality of ‘Kinnow’mandarin. Journal
of Food Measurement and Characterization, 11: 1827-
1833. https://doi.org/10.1007/s11694-017-
9564-8

Mezger, T.G. (2014). Applied Rheology. Anton Paar
GmbH, Austria. 191 pp. ISBN 973-3-9504016-0-
8.

Minitab. (2010). Minitab Statistical Software
(Version 16.1). Minitab, Inc., State
College, Pennsylvania, US.

Motamedi, E., Nasiri, J., Malidarreh, T.R., Safari,
M. (2018). Performance of carnauba wax-nano
clay emulsion coatings on the ‘Valencia’ orange
truit postharvest quality. Scientia Horticulturae, 240:
170-178. DOI: 10.1016/j.scienta.2018.06.002

Nam, H.A., Ramakrishnan, S.R., Kwon, J.H.
(2019). Effects of electron-beam irradiation on
the quality characteristics of mandarin oranges
(Citrus unshiu (Swingle) Marcov) during storage.
Food Chemistry, 286: 338-345.
DOI: 10.1016/j.foodchem.2019.02.009

Nastin, T., Islam, M., Rahman, M., Ullah, M.
(2018). Evaluation of postharvest quality of edible
coated mandarin at ambient storage. International
Journal  of  Agricultural  Research 8:  18-25.
DOLI: 10.3329/ijarit.v8i1.38225

Oyom, W., Mahmud, N., Islam, ]J. (2024).
Enhancing the oxidative stability,
physicochemical and sensory quality of deep-fat
fried chicken nuggets using thyme essential oil-

loaded oleogel coatings. Progress in Organic Coatings,
186: 107977. DOL: 10.1016/
j.porgcoat.2023.107977

Ramezani, M., Salvia-Trujillo, L., Martin-Belloso,
O. (2024). Modulating edible-oleogels physical
and functional characteristics by controlling their
microstructure. Food & Function, 15: 663-675.
DOI: 10.1039/D3F003491G

Ribeiro, A.D., Cardoso, M.N.A., Freire, J.C.P.
(2023). Antimicrobial activity of limonene:
Integrative review. Boletin Latinoamericano y del
Caribe de plantas Medicinales y Aromaticas, 22: 581 —
593. DOI: 10.37360/blacpma.23.22.5.42

Rokaya, P.R., Baral, D.R., Gautam, D.M,
Paudyal, K.P. (2016). Effect of postharvest
treatments on quality and shelf life of mandarin
(Citrus reticulata Blanco). American Journal of Plant

Sciences, 7: 1098-1105. DOI: 10.4236/
ajps.2016.77105
Roongruangsri, ~ W.,  Rattanapanone, N,

Leksawasdi, N. (2013). Influence of storage
conditions on physico-chemical and biochemical
of two tangerine cultivars. Journal of Agricultural
Science, 5: 70. DOI: 10.5539 /jas.v5n2p70

Selcuk, N., Erkan, M. (2015). The effects of 1-
MCP treatment on fruit quality of medlar fruit
(Mespilus et al. cv. Istanbul) during long-term
storage in the palliflex storage system. Postharvest
Biology and Technology, 100: 81-90.
https://doi.org/10.1016/j.postharvbio.2014.09.0
18

Strano, M.C., Timpanaro, N., Allegra, M. (2021).
Effect of ozonated water combined with sodium
bicarbonate on mictrobial load and shelf life of
cold stored clementine (Citrus clementina Hortt. ex
Tan.). Scientia  Horticulturae,  276:  109775.
DOI: 10.1016/j.scienta.2020.109775

Whangchai, K., Saengnil, K., Singkamanee, C.
(2010). Effect of electrolyzed oxidizing water and
continuous ozone exposure on the control of
Penicillinm  digitatum on tangerine cv.‘Sai Nam
Pung’during storage. Crop Protection, 29: 386-389.
https://doi.otg/10.1016/j.cropro.2009.12.024

Xiao, J., Zhang, M., Wang, W., Teng, A., Liu, A,
Ye, R, Liu, Y., Wang, K., Ding, J., Wu, X. (2019).


http://dx.doi.org/10.1016/j.postharvbio.2006.09.008
http://dx.doi.org/10.1080/15538362.2019.1666334
http://dx.doi.org/10.1016/j.scienta.2018.06.002
https://doi.org/10.1016/j.foodchem.2019.02.009
http://dx.doi.org/10.3329/ijarit.v8i1.38225
https://doi.org/10.1016/j.porgcoat.2023.107977
https://doi.org/10.1016/j.porgcoat.2023.107977
https://doi.org/10.1039/D3FO03491G
http://dx.doi.org/10.37360/blacpma.23.22.5.42
http://dx.doi.org/10.4236/ajps.2016.77105
http://dx.doi.org/10.4236/ajps.2016.77105
http://dx.doi.org/10.5539/jas.v5n2p70
https://doi.org/10.1016/j.postharvbio.2014.09.018
https://doi.org/10.1016/j.postharvbio.2014.09.018
http://dx.doi.org/10.1016/j.scienta.2020.109775
https://doi.org/10.1016/j.cropro.2009.12.024

Oleogel coating of mandarin

An attempt of using B-sitosterol-corn oil oleogels
to improve water barrier properties of gelatin
tilm. Journal of Food Science, 84: 1447- 1455.
DOI: 10.1111/1750-3841.14621

Xu, D, Qin, H.,, Ren, D. (2018). Prolonged

preservation  of  tangerine  fruits  using
chitosan/montmorillonite composite coating.
Postharvest  Biology and Technology, 143: 50-57.

https://doi.otg/10.1016/j.postharvbio.2018.04.0
13

Yilmaz, E., Keskin Uslu, E., Oz, C. (2021).
Oleogels of some plant waxes: Characterization
and comparison with sunflower wax oleogel.
Journal of the American Oil Chemists" Society, 98: 643-
655. https://doi.org/10.1002/a0cs.12490

1057


https://doi.org/10.1111/1750-3841.14621
https://doi.org/10.1016/j.postharvbio.2018.04.013
https://doi.org/10.1016/j.postharvbio.2018.04.013
https://doi.org/10.1002/aocs.12490

1058

Aragtirma/ Research
GIDA (2025) 50 (6) 1058-1076
doi:10.15237/¢ida.GD25076

MIKROENKAPSULE SU KEFiRI: PROBIYOTIK STABILITE, DEPOLAMA VE
SINDIRIM SISTEMINDE CANLILIK UZERINE ETKISi

Aysun KULUCLU, Nilgiin OZDEMIR? Tugba KOK TAS"
!'Suleyman Demitel University, Engineeting Faculty, Department of Food Engineering, Isparta, Turkey
2 Ondokuz May1s University, Engineering Faculty, Department of Food Engineering, Samsun, Turkey

Gelis /Received 15.06.2025; Kabul / Accepted: 15.10.2025; Online baskt /Published online: 04.11.2025

Kuluglu, A., Ozdemir, N., K6k Tas, T. (2025). Mikroenkapsiile su kefiri: Probiyotik stabilite, depolama
ve sinditim sisteminde canliik tzerine etkisi. GIDA (2025) 50 (6) 1058-1076 doi: 10.15237/
gida.GD25076

Kuluglu, A., Ozdemir, N., Kok Tag, T. (2025). Microencapsulated water kefir: Effect on probiotic stability, storage and
survival in the gastrointestinal tract. GIDA (2025) 50 (6) 1058-1076 doi: 10.15237/ gida. GD25076

oz

Bu calismada ekstrizyon teknigiyle su kefiri (SK) ve Lacticaseibacillus casei (LC) farkl tastyict materyallerle
kaplanarak, depolama siiresince fizikokimyasal zelliklerinin ve gastrointestinal sistemde probiyotik canlilik
diizeylerinin  belitlenmesi amaglanmistir.  Tastyict materyal olarak aljinat-nisasta ve aljinat-jelatin
kombinasyonlari kullandmustir. Ekstriizyon ile mikrokapsiile edilen organizmalar liyofilizasyonla kurutulmus;
kuru kapsiller +4°C ve -18°C’de 30 giin depolanarak fizikokimyasal, mikrobiyolojik ve gastrointestinal
canlihk analizlerine tabi tutulmustur. Fizikokimyasal analizlerde kapsillerin boyutlart 2.56-3.13 mm, su
aktiviteleri 0.28-0.35 olarak saptanmistir. Depolama boyunca aljinat-jelatin kapsiiller aljinat-nisasta
kombinasyonuna kiyasla daha stabil bulunmus, aljinat-nisasta ise daha yavas salinim gdstermistir. Salinim
testlerinde 37°C’de 120 dakikada en yiiksek canlt hiicre ¢ikist gzlenmis; aljinat-jelatin salinim verimliligi daha
yitksek bulunmustur. Simiile mide ve bagirsak ortamlarinda probiyotik canlihigin ézellikle bagirsak fazinda
azaldig1 belirlenmistir. Duyusal analizlerde kapsiil eklenmis Uriinler goriinils, koku ve tat agisindan
panelistlerce olumlu degerlendirilmistir. Sonug¢ olarak mikroenkapsiilasyon su kefirinin probiyotik
potansiyelini koruyarak fonksiyonel gidalarda uygulanabililigini artirmaktadir. Iletleyen calismalarda farklt
kaplama kombinasyonlari ve teknikleri arastiriimalidir.

Anahtar kelimeler: Su kefiri, mikroenkapstilasyon, kaplama materyalleri, gastrointestinal sistem

MICROENCAPSULATED WATER KEFIR: EFFECT ON PROBIOTIC
STABILITY, STORAGE AND SURVIVAL IN THE GASTROINTESTINAL
TRACT

ABSTRACT

In this study, water kefir (SK) and Lacticaseibacillus casei (1LC) were encapsulated with different carrier
materials using the extrusion technique to evaluate physicochemical properties during storage and
probiotic viability under simulated gastrointestinal conditions. Alginate-starch and alginate-gelatin
combinations were applied as carriers. Encapsulated microorganisms were lyophilized, and dried
capsules were stored at +4°C and -18°C for 30 days, followed by physicochemical, microbiological,
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Mikroenkapsile su kefiri

and viability analyses. Capsule sizes ranged between 2.56—3.13 mm, while water activity was 0.28—
0.35. During storage, alginate-gelatin capsules showed greater stability, whereas alginate-starch
provided slower and more controlled release. In release tests, maximum viable cell counts were
obtained at 37°C after 120 min, with higher release efficiency in alginate-gelatin. Simulated
gastrointestinal assays indicated significantly reduced probiotic survival, particularly in the intestinal
phase. Sensory evaluation revealed that capsule-enriched products were positively perceived by
panelists. Overall, microencapsulation effectively preserved the probiotic potential of water kefir,
supporting its promising application in functional foods.

Keywords: Water kefir, microencapsulation, coating materials, gastrointestinal system

GIRIS

Insanlar probiyotik mikroorganizmalart genellikle
cesitli gidalar araciligtyla viicutlarina alirlar. Bu
mikroorganizmalarin  saglik tzerindeki olumlu
etkilerini gOsterebilmesi icin gunlik tiketim
miktarinin yeterli olmasi, probiyotik triiniin en az
106 KOB/g veya mL duzeyinde canli bakteri
icermesi gerekir (Hernandez-Mendoza vd., 2007).
Ayrica probiyotiklerin faydali etkilerini ortaya
cikarabilmesi icin duzenli tuketilmeleri, toksik
olmamalari, mide ve safra asitlerine direng
gostermeleri ve bagirsak ortamina yeterli sayida
ulagabilmeleri Onemli kriterlerdir (Genis ve
Tuncer, 2019). Probiyotiklerin insan sagligina ¢cok
sayida  yararli  etkisi  bulunmakta;  bu
mikroorganizmalarin tastyict gidast séz konusu
oldugunda ise pH, tampon kapasitesi ve besleyici
bilesim gibi fakt6rlerden dolay ilk akla gelen grup
sut ve sit Urlnleridir. Ancak laktoz intoleransi
bulunan ya da vegan beslenen bireyler icin bu
trinlerin tiketimi mimkiin olmamaktadir. Bu
durum, probiyotik ihtiyactun bitkisel bazli
alternatiflerle karsilanmasina yonelik arayiglart
artirmus ve su kefirini bu acidan cazip bir secenek
haline getirmistir.

Su kefiri; su, kuru meyve ve seker karisimina su
kefiri danelerinin inokile edilmesiyle elde edilen,
geleneksel yollarla dretilen fermente bir icecektir
(Gulitz vd., 2013; Laureys ve De Vuyst, 2014;
Laureys vd., 2017; Marsh vd., 2013; Stadie vd.,
2013). Kargimin oda sicakliginda, anaerobik
kosullar altinda genellikle 24-36 saat fermente
edilmesiyle olusan bu icecek; hafif tath, asidik,
alkollti, kopikli ve meyvemsi aromaya sahip,
sarimsi renkte bir triindir. Su kefiri daneleri
biinyesinde ¢ok sayida mikroorganizma bulunur.
Bu fermentasyon stirecinde temel
mikroorganizmalar;  laktik  asit  bakterileri
(Lentilactobacillus hilgardii, Lignorilactobacillus nagelii,

Lacticaserbacillus ~ casei) ve mayalar (Saccharomyces
cerevisiae) olmak tzere farkll tirlerden olusur
(Laureys ve De Vuyst, 2017). Mikroorganiz-
malarin gelisimi ve metabolizmasi tzerinde su
kefirine 6zgii kosullar (6rnegin, oksijenin varligi,
mayalarin ve asetik asit bakterilerinin  etkisi)
6nemli rol oynar. Ayrica, suyun iceriginde yer alan
kalsiyum iyonlari ve tampon maddeler, su kefiri
taneciklerinin blyime kosullart icin gereklidir
(Laureys ve De Vuyst, 2017).

Fermente iriinlerde, probiyotik mikroorganizma-
larin yeterli sayida canli kalmasini saglamak 6nemli
bir hedeftir. Bununla birlikte, mikroorganizma-
larin bagirsak sistemine ulagana kadar gegirdikleri
yolculukta depolama kosullart, mide ve safra
asitlerine kars1 direngsizlik gibi cesitli engellerle
karsilasiimaktadir. Fermente trtinler bu a¢idan bir
avantaj olarak gbrintiyor olsa da probiyotik
bakterilerin mide-bagirsak kosullarinda hayatta
kalabilmeleri icin daha koruyucu teknolojilere
ihtiya¢ duyulmaktadir. Bu noktada
mikroenkapsiilasyon yOntemi, probiyotiklerin
cesitli stres faktorlerine karst korunmasinda ve
kontrolli  saliniminda Gnemli  bir alternatif
saglamaktadir. Mikroenkapsiilasyon; kati, sivi ya
da gaz fazindaki gida bilesenlerinin, enzimlerin,
hticrelerin ya da diger aktif maddelerin bir protein
veya karbonhidrat bazli kaplama materyaliyle
kusatilarak mikroskobik kapsiiller olusturulmasint

ifade eder (Cho vd., 2003).

Mikroenkapstilasyon — uygulamalart  sayesinde
probiyotik mikroorganizmalarin  canliigi  ve
stabilitesi artmakta, sindirim kosullarinda hayatta
kalma oranlart iyilesmekte ve raf Omirleri
uzamaktadir. Ayrica bu teknik, probiyotik
bakterilerin hedeflenen bélgede kontrolli sekilde
salinmasini saglamaktadir. Stt ve stt drinlerinin
probiyotiklerin canliligini korumada etkin bir
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ortam sundugu bilinmesine karsin vegan bireyler
icin bu driinlerin tiiketilememesi, alternatif tastyict
matris  arayislarint glindeme  getirmigtir
(Manjunatha vd., 2024; How ve Pui 2022). Su
kefiri bu acidan uygun bir temel olusturmakla
bitlikte, bu fermente icecekten elde edilen
probiyotik mikroorganizmalarin mikroenkapsiile
edilmesiyle  Urinin  islevselligi  artirilabilir
(Darvishzadeh ve Orsat, 2022). Bu yaklasim
sayesinde  farkli  gida  formdilasyonlarinda
kullanilabilen, vegan tiiketicilerin beslenmesine
uygun, depolama ve tlketim esnasinda daha
dayanikli probiyotik triinler gelistirmek mimkiin
olacaktir.

Sonug olarak, su kefiri kaynaklt
mikroorganizmalarin mikroenkapsiilasyon
teknolojisiyle korunarak cesitli gida matrislerine
entegre edilmest, probiyotiklerin

biyoyararlanimini artirmaya ve bu sayede her
tiketici grubuna hitap eden yenilik¢i triinlerin
gelistirilmesine katkit saglayacaktir. Bu dogrultuda,
projenin amact; su kefiri gibi genis mikrobiyal
cesitlilige sahip bir tiriinden elde edilen probiyotik
mikroorganizmalarin mikroenkapstlasyon yoluyla
hedefe ulastirilmasini saglamak ve vegan bireyler
de dahil olmak tzere tim tiketici profillerinin
probiyotik  alimini  kolaylastirarak  alternatif
kullanim alanlart yaratmaktir.

MATERYAL VE METOT

Materyal

Su kefiri daneleri, Istanbul’da bulunan Canberk
Maya’dan temin edilmistir. Temin edilen su kefir
danesinin mikrobiyolojik icerikleri; Lactobacillus
spp. 5.42 log KOB/g, Lactococcus spp. 4.41 log
KOB/g, asetik asit bakterileti 5.43 log KOB/g ve
maya 5.46 log KOB/g olarak belitlenmistir.
Lacticaseibacillus casei (ATCC 393, NCDO 161,
WDCM 00100) standart kiltird, Almanya’daki
DSMZ firmasindan saglanmustir. Enkapsiilasyon
islemi icin kullanilan jelatin ve aljinat Alfasol
(Turkiye) firmasindan, nisasta ise Dr. Oetker
(Turkiye)’den tedarik edilmistir. Duyusal analiz
icin Kellog’s (Ttrkiye) markali kahvaltilik gevrek
ve Ulker Tam Yagh Ic¢im Sit (Tirkiye)
kullanilmustir. Mikrobiyolojik analizlerde
besiyerleri Conda (Ispanya) markasina ve diger

tim  kimyasallar
markasina aittir.

Sigma-Aldrich ~ (Almanya)

Su kefirinin (SK) hazirlanmasi

Su kefir kulturtini hazirlamak icin 100 ml. saf
suya %2 seker (stikroz), %2 kuru tziim ve %2 su
kefiri danesi eklenmis, ardindan oda sicakliginda
(25°C) 24  saat  anaerobik  kosullarda
fermantasyona birakilmustir. Tslemin ardindan su
kefir daneleri ayrilarak elde edilen sizintd
deneylerde kullanilmistir. Kullanilan su kefirinin
pH degeri 4.6 ve toplam Lactobacillus spp. sayist 6.2
log KOB/mL olarak tespit edilmistir (Kaya vd.,
2025).

Lacticaseibacillus casei (LC)’nin
hazirlanmasi
Pozitif kontrol grubunu olusturmak icin

Silleyman Demirel Universitesi Siit Analizleri
Laboratuvar’nda -20°C’de olan stok kiltiirden
100 pL. L. caser alinarak 990 ul. MRS broth’a
ekilmis ve 37°C’de 48 saat inkiibe edilerek
aktiflestirilmistir. Inkiibasyondan sonra aktif
kiltirden 1 mL alinip 9 mL MRS broth’a
aktardarak 37°C’de 24 saat daha inktbasyon
yaptlmistir.  Inkiibasyonun — ardindan  bakteri
cozeltisi 50 mLlik steril tiplere aktarilmis, 4°C’de
4100 rpm’de 10 dakika santrifiij edilerek pelet elde
edilmistir. Ust faz atildiktan sonra pelet fosfat
tamponu (pH 7.0) kullanilarak yeniden siispanse
edilmistir. Stspansiyon vortexlenmis, 1 mL
alinarak diger tiiplere aktarilmis ve her tipe 3 mL
fosfat tamponu eklenerek vortekslenmistir. Tim
tiplerdeki bakteri ¢ozeltisi son olarak tek tiipte
toplanarak yaklastk 40 ml aktif bakteri
stispansiyonu elde edilmistir (Aydogdu vd., 2025).

Mikrokapsiilasyon 6rneklerinin hazirlanmasi
Kaplama maddesi se¢imi i¢in farklh maddeler
(jelatin, nisasta, kinoa) ve cesitli konsantrasyonlar
(%0.1, %0.5, %1.0, %2.0) kullanilarak 6n deneyler
gerceklestirilmistir. Bu sonuglar dogrultusunda en
uygun kaplama materyali kombinasyonlarinin
aljinat-nisasta ve aljinat-jelatin olduguna karar
verilmigtir (Sekil 1). Bu kapsamda 100 mI.’lik %2
sodyum aljinat ve %1 jelatin ¢6zeltisinden 50 mL
hazirlanmis, icerisine 50 ml. su kefiti ve L. case/
kultiri (log 9 KOB/mL) eklenerek bir grup
olusturulmustur. Aynt sekilde %2 sodyum aljinat
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ve %1 nisasta ¢Ozeltisiyle hazirlanan 50 mI’lik
¢ozeltiye de 50 mL su kefiri ve L. case/ kiltiira
eklenerek ikinci grup olusturulmustur (Cizelge 1).
Her iki grup da 25°C’de 18 saat inkiibasyona
birakilmistir.  Islemin  ardindan  ekstriizyon
yontemiyle kapstiller hazirlanmis, bunun igin tim
cam malzemeler ve 0.1 M CaCl, (kalsiyum kloriir)
cozeltisi 121°C’de 15 dakika sterilize edilmistit.
Steril siringa kullandarak 5 mL numune 0.1 M
CaCl> c¢ozeltisi icine 10 cm  yikseklikten
damlatilmis, manyetik karistirictida  (Staufen,
Almanya) homojen sekilde karismasi saglanmus ve

%2 Aljnat
%1 Nisasta
100 m1SafSu

&
-
-

kapsiller elde edilmistir (Reid wvd., 2005).
Kapstller, steril filtre kagidiyla stizildiikten sonra
tartdmustir (Sekil 1). Ardindan kapsiiller steril petri
kaplarinda -18°C’de 6n dondurma yapimis,
sonrasinda liyofilizatérde (Xianou-12 N Freeze
Dryer) -55°C’de 24 saat liyofilize edilmistit.
Islemin sonunda kapsiiller tekrar tartilarak agirlik
degisimleri kaydedilmis (Sekil 1), ardindan steril
falkon tuplerine aktarilarak +4°C ve -18°C
kosullarinda 30 giin depolanmustir. Bu ¢alismada,
iki farkli kaplama materyali ve iki farkhi kiltir
kullanilarak dort farkli  kapstil grubu elde
edilmistir.

%2 Aljmat
%1 Jelatin
100 m1SafSu

Su kefiri-%30
(SKN)
Lacticaseibacilius casei

%30 (LCN)
Pozitif Kontrol

Sterilizasyon
F 121°C 15 Dakika
—d : \
—

Su kefiri-%30

(SKJ)

%30 (LCT)

1
:

~=<, | Lacticaseibacillus casei
H
! Pozitif Kontrol
1

Inkiibasyon
25°C; 18 saat)

4

Mikrokapsiilasyon
(Ekstriizyon Teknigi)

d

Liyofilizasyon
(-33 °C; 20 saat)

Sekil 1. Mikrokapstilasyon akis semast
Figure 1. Microencapsulation flow chart

Cizelge 1. Enkapstlasyon bilesenlerinin oranlart ve drneklerin kodlamalart
Table 1. Proportions of encapsulation components and coding of samples

Kapstl gesitleri Tastyicilar Kullanilan Kilttr Miktart
SKN Aljinat (%2)-Nisasta (%01) Su kefiri (%50)
LCN Aljinat (%2)-Nisasta (%01) Lacticaseibacillus casei (%050)
SKJ Aljinat (%2)-]elatin (%1) Su kefiri (%50)
LCJ Aljinat (%2)-Jelatin (%1) Lacticaseibacillus casei (%050)
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Fizikokimyasal analizler

Kapsiillerin boyutlari oda sicakliginda bir kumpas
(Piranha, Cin) yardimiyla 6lctilmis, her 6rnek
grubundan rastgele secilen bes kapstl icin
Ol¢timler yapilmis ve sonuglar kaydedilmistir
(Nadeem vd., 2011).

Kapsiillerin liyofilizasyon 6ncesi ve sontrasindaki
agirliklars hassas teraziyle (Weightlab Instruments,
Cin) Olcilmis, elde edilen verim oranlart %

cinsinden hesaplanarak kaydedilmistit (Nadeem
vd., 2011).

Liyofilize edilmis ve depolanan kapsillerin nem
orant KERN DBS60-3 (Almanya) cihazt
kullanilarak belirlenmistir. Olgiim igin aliiminyum
kaplara 2.5 g kapsiil 6rnegi eklenmis ve sabit deger
elde edilinceye kadar beklenmis, cihazin gosterdigi
deger kaydedilmistir (Sanprasert vd., 2025)
Kapsiillerin su  aktivitesi, Aqualab Dewpoint
Water Activity Meter (4TE, ABD) cihaz
kullanilarak 6lctilmistiir. Analiz icin 6rnek cihazin
ornek  kabindaki  isaret  ¢izgisine  kadar
yerlestirilmis ve cihazda sabit deger okunana
kadar beklenmis, Slcim sonucu not edilmistir.
Olgiimler 20°C’de yapilmistir (Rather vd., 2017;
Nadeem vd., 2011).

Kapsiillerin renk 6l¢iimii Minolta Chroma Meter
(CR-400, Osaka, Japonya) cihazinda L*, a*, b*
renk sistemi kullanilarak  gerceklestirilmistir

(Nadeem vd., 2011).

Hazirlanan kapstl c¢ozeltilerinin pH  degerleri,
WTW (Almanya) marka pH-metre kullanilarak
Slciilmiistir.  Olgiimden 6nce  cihaz  uygun
tampon ¢ozeltilerle kalibre edilmistir. Hazirlanan
Ornekler steril falkon tiiplerine aktarilmis ve pH
Slgtimleri yapilmistir (Rather vd., 2017; Nadeem
vd., 2011).

Kurutulmus  kapstllerin =~ ylizey morfolojileri
Silleyman  Demirel ~ Universitesi ~ Yeniliki
Teknolojiler Uygulama ve Arastirma Merkezi’nde
bulunan taramali elektron mikroskobu (FEI
Quanta 250 FEG, Oregon, ABD) kullanilarak
incelenmistir. Kapstiller vakum ortaminda farkls
biyitme  oranlarinda  incelenerek ~ SEM
gorintileri elde edilmistir (Rather vd., 2017).

Mikrobiyolojik analizler

Yas kapstillerden 1 g, kuru kapsiillerden 0.1 g
alinarak 9 mI’lik fizyolojik tuzlu su ¢6zeltisi ilave
edilmis ve homojenize cihazi (Heidolph
SilentCrusher M,  Almanya) yardimi  ile
homojenize edilmistir. Dilisyonlardan 1 mL
alinmis ve MRS agarda dékme plak yontemi ile
ekim yapilmustir. Paralelli bir sekilde ekimi yapilan
petriler 37°C’de 48 saat inkiibe edilmistir (Kaya
vd. 2025). Yapilan analiz sonucunda hazirlanan
kapsil Orneklerinin salinim verimliligi  Cizelge
4.de belirtilen % verimlilik olarak hesaplanmustir.

Mikroorganizma salinim testi

Kapsillerden ~ mikroorganizma  saliniminin
belirlenebilmesi icin her bir Srnekten 0.1 ¢
liyofilize kapsiil tartilmis ve Onceden sterilize
edilmis 9 mL 0.1 M fosfat tamponuna (KH>POs,
pH 7.2) eklenmistir. Numuneler 37°C’de 2 saat
inkiibasyona birakilmistir. Inkiibasyon boyunca
0., 30., 60. ve 120. dakikalarda her tiipten 1 mL
ornek alinmus, seri diliisyonlar1 hazirlanarak MRS
agar besiyerine dékme plak yontemiyle ekim
yaptlmis ve 37°C’de 48 saat inkibe edilmistir.

Analiz sonuglarinda kapstillerdeki
mikroorganizma salinim verimlilikleri,
baslangictaki toplam canh  hiicre sayisina
oranlanarak ylzde (%) verimlilik seklinde
hesaplanmistir (Rather vd. 2017).

Simiile mide ortaminda kapsiillerdeki
mikroorganizma sayimi

Kapstllerin ~ mide  ortaminda  canlihiginin
korunmasint  degetlendirmek igin in  vitro

kosullarda simiile mide ortamt hazirlanmustir. Bu
amagla 100 mL model mide ortamu icin 0.8 g
NaCl, 0,02 ¢ KCI, 0.181 g Na;HPO4:2H>O ve
0.025 g KHyPOy4 tartilip 100 mL saf suyla
coziindirilmustir. Hazirlanan ¢6zeltinin  pH
degeri HCl kullanilarak 2.4’ ayarlanmis ve
121°C’de 15 dakika  sterilize  edilmistir.
Sterilizasyon sonrasinda ¢Ozeltinin  pH’s1 2.2
olarak Olctlmistir. Daha sonra, bu ¢ozeltiden 7
mllik kisim steril bir cam tiipe alinmis ve icerisine
0.3 g pepsin eklenerek vortekste
cozundirilmustir. Bu kansim  steril  filtre
yardimiyla 93 ml. ¢6zeltinin icine aktarlmistir.
Hazirlanan simiile mide ortami steril cam tiiplere
paylastirilmis, her tiipe 0.5 g kapstl eklenerek
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37°C’de 2 saat inkUbasyona birakilmustir.
Inkiibasyon siiresince 0., 1. ve 2. saatlerde her
tipten 1 mlL Ornek alinarak seri dilisyonlar
hazirlanmis, ardindan MRS agar ortaminda
dokme plak yontemiyle ekim yapilmis ve 37°C’de
48 saat inkiibasyon uygulanmustir. Analiz sonunda
kapsiillerdeki mikroorganizma salinim verimliligi,
baslangic sayisina oranlanarak % verimlilik
seklinde ifade edilmistir.

Simiile bagirsak ortaminda kapsiillerdeki
mikroorganizma sayimi

Kapsiillerin ~ bagirsak  ortaminda  canhiliginin
incelenebilmesi icin in vitro kosullarda simile
bagirsak ortamt hazirlanmistir. Bu amagla 100 mL
model bagirsak ortamui i¢cin 0.8 g NaCl, 0.02 g KCI,
0.181 g Nap,HPO42H,O ve 0.025 ¢ KHoPO4
tartip 100 ml saf suyla ¢6zindirilmis,
cozeltinin pH degeri NaOH kullanilarak 8.2’ye
ayarlanmis ve 121°C’de 15 dakika sterilize
edilmigtir. Sterilizasyon sonrast ¢ozeltinin pH’st
8.0 olarak 6l¢ilmustiir. Hazirlanan c¢ozeltiden 20
mL aliup steril cam siseye aktarlmis, tzerine 0.5
g safra tuzu, 0.1 g tripsin ve 0.2 g pankreatin ilave
edilerek vortekste karistirildiktan sonra steril
filtreyle geri kalan 80 mL  ¢ozeltiyle
bitlestirilmistir. Bu simiile bagirsak ortamu steril
cam tiiplere paylastirilmis ve her tipe 0.5 g kapsil
eklenerek  37°C’de 4  saat  inktbasyona
birakilmigtir. Siire¢ boyunca 0., 2. ve 4. saatlerde
orneklerden 1 mL alinmis, seri diliisyonlar
hazirlanarak MRS agar ortaminda dékme plak
yontemiyle ekim yapilmis ve 37°C’de 48 saat
inkiibe edilmistir. Analiz sonunda kapsillerdeki
mikroorganizma salimim verimliligi, baslangic
degerlerine oranlanarak % verimlilik seklinde
belitlenmistir (Krasackoopt vd. 2004).
Veri  Normalizasyonu  ve  Verimlilik
Hesaplamasi

Deneysel verilerin karsilastirilabilir hale getirilmesi
icin Oncelikle yas (Y) ve kuru (K) degertler
normalize edilmistir. Normalize etme islemi, farkl
baslangic  degerlerinden  kaynaklanabilecek
varyasyonlart ortadan kaldirmak ve 6rnekler
arasinda adil bir karsilastirma yapabilmek icin
gerceklestirilmistir.  Bu  amacla  iki  farklt
normalizasyon yontemi uygulanmistir.
Maksimum deger normalizasyonu icin depolama

verimliliginde degisken tastyict hedef alinarak, ayni
gruptaki  6rneklerin  ortalamast  alinmustir.
Simiilasyon verimliligi hesabinda ise degisken
kiltir hedef alinarak, ayni gruptaki Grneklerin
ortalamasi alinmustir. Carpan  hesaplanmistir
(Rather vd. 2017; Sanprasert vd., 2025).

Cow=Yi/ Yo (1): Otrtalama degere gore okunan
degerler (Kuru kapstl, simtlasyon sonrast
degerler) ¢arpana boliinerek normalize edilmistir.
Kyn=Ki/Cor  (2): Bu normalizasyon islemleri
sonrasinda verimlilik hesaplanmistir.

1= Koo/ Yor)¥100 (3): Bu yontem sayesinde farkls
baslangic degerlerine sahip Ornekler arasinda
dogrudan kiyaslama yapilabilir hale gelmistir.
Diger verimlilik hesaplamalart da bu teori ile
yapilmustir.

Kapsiillerin  iiriinde kullantmi ve duyusal
analizi

Grantller tartilip plastik kaplara ahnmistir. %1
granil olacak sekilde izerine soguk
cklenmistir. Daha sonra kontrol grubuna
kapsuller ilave edilmemis, diger grup icin 0.2 g
kapstl ilave edilmistir. Bir tliketicinin probiyotik
almasi icin o trin icindeki miktar 106 KOB/g
olmast gerektiginden (Hernandez-Mendoza vd.,
2007) kapsil oram1 bu alm oranmna gore
hesaplanmistir. Hazirlanan karisim  panelistlere
sunulmustur. Bu calismada cklenen
kapsiillerin kontrol ile farkliligi eslenmis kiyaslama
testiyle incelenmistir. Analize, Gida Mithendisligi
Bolimii  6gretim  elemanlart  ve  Ogrencileri
arasindan secilen 12 panelist katilmistir. Her
paneliste test i¢in ortak bir saat dilimi belitlenmis
ve Altug-Onogur ve Elmact (2019) ekindeki
tablolardan yararlanilarak eslenmis kiyaslama testi
gerceklestirilmistir.

sut

urune

Istatistiksel analiz

Calismada elde edilen verilerin
degerlendirilmesinde IBM SPSS (Versiyon 23.0)
yazilimi kullanmilmus, veriler tek yonld varyans
analizi (One-Way ANOVA) ile incelenmis ve
sonuglar Duncan Coklu Karsilastirma testiyle
degerlendirilmistir (P< 0.05). Iki grup arasindaki
kiyaslamalar icin ise Student’s t-testi uygulanmis
ve P< 0.05 istatistiksel acidan 6nemli kabul
edilmistir.
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ARASTIRMA BULGULARI VE TARTISMA
Kapsiil 6rneklerinin fiziko-kimyasal
ozellikleri

On denemelerde yapilan pH 6l¢iim sonuglarina
gbre kapsilin yapisinin kire seklinde olusmast
icin pH degeri dusik (pH 4.0in altinda)
olmamalidir. Distik pH ile yapilan kapsillerin
yapi olarak diizensiz oldugu ve yumusak oldugu
tespit edilmistir. Tim gruplarda pH 4.45-4.60
araligindadir. SKJ (jelatinli su kefiri) sayisal olarak
biraz daha digtik pH degeri gosteriyor (4.45), bu
da fermentasyonun daha aktif oldugunu ve asit
tretiminin yitksek olabilecegini gésterse de bu
farklilik istatistiksel olarak Ornekler arasinda
anlamlt bir farklilk olusturmamistir (P> 0.05)
(Cizelge 2). Hazirlanan kapsul solisyonlarinin pH
degerleri  olusan  kapsiillerin = yapist1  da
etkilemektedir. Distik pH kosullarinda tretilen
kapsiillerde form bozukluklart meydana gelmekte
ve kapsiller tam anlamiyla olusamadigindan,
hapsolmus su miktart artis  gOstermektedir
(Kozlovskaya vd., 2006). Bu durum, dondurarak
kututma islemi esnasinda daha uzun bir sire
gereksinimine yol agmaktadir. Kurutma isleminin
mimkiin oldugunca kisa siirede tamamlanmasi,
kapsiilliin  dis  yapistnin  korunmast  agisindan
onemlidir. Ciinkii kurutma stresi uzadik¢a kapstl
yuzeyindeki catlaklar genisleyerek kapstlin
olumsuz cevre kosullarina karst koruyucu
Ozelligini  azaltmaktadir. Literatiirde, jelatinle
kapsiilleme sonrast bazi probiyotiklerin metabolik
aktivitesinin ~ korundugu,  dolayisiyla  asit
Uretiminin stirdigi belirtilmektedir (Gbassi ve
Vandamme, 2012). Gil (2015) tarafindan yapilan
calismada, enkapsiile edilen hicreler sttlag
orneklerine eklenmis ve depolama stresi sonunda
en belirgin pH azalmasinin (yaklasik 0.31 birim)
aljinat-jelatin =~ kaplt  kapsillerin  eklendigi
orneklerde meydana geldigi bildirilmistir. Bu
durumun, s6z konusu kaplamayla uretilen
kapsiillerdeki canli hiicre sayisiun  yiksek
olmasindan kaynaklandig1 belirtilmistir. Ayrica, bu
calismada tretilen kapsiillerin boyutlarinin 2.56-
3.13 mm araliginda degistigi ifade edilmistir.
Ekstriizyon yontemi ile elde edilen kapstllerin
boyutlarinda  istatistiksel olarak anlamli  bir
farklilik bulunmamaktadir (P> 0.05) (Cizelge 2).
Kaplamada kullanilan aljinat-jelatin
kombinasyonun boyut tzerinde aljinat-nisasta

kombinasyonuna gére daha etkili oldugu
sonucuna ulagtlmstir. Kapstllerin - morfolojik
ozellikleri incelendiginde, aljinat-jelatin

kombinasyonunun daha homojen ve kompakt bir
yapt sagladigl, aljinat-nisasta kapsillerde ise
yizeyde catlak ve bosluklarin  olustugu
gbzlenmistir. Bu durum, jelatinin kivam artirict
etkisinin ~ kapsiil  bitinliginid  korudugunu
gostermektedir. Literatiirde benzer sekilde, jelatin
katkisinin  kapstl dayanikliigini artirdigina dair

bulgular rapor edilmistit (Li vd., 2009).
Muthukumarasamy  vd.  (2006a)  kaplama
yonteminin  emdilsifikasyon  ve  ekstriizyon

tekniklerini kullanarak boyut tzerindeki etkisini
degerlendirmislerdir. Emiilsifikasyon yontemiyle
urettikleri  kapsillerin = ¢apinin = 0.02-1  mm
arahiginda  degistigini, ekstriizyon yOntemiyle
tretilen kapsillerde ise bu degerin 2—4 mm
arasinda bulundugunu belirtmislerdir. Ayrica,
ckstriizyon teknigiyle elde edilen kapstllerin daha
diizenli ve kiresel bir morfolojiye sahip oldugunu
rapor  etmislerdir. Sheu vd.,, (1993)
mikroenkapsiilasyon teknigi olarak
emilsifikasyon teknigini kullanmislar ve elde
ettikleri  kapsillerin  boyutlarinin - 25-35  pm
arasinda oldugunu bildirmislerdir. Jelatinle ile
tretilen kapstller genel olarak daha buyiktir, bu
da jelatinin sisme kapasitesinden kaynaklanabilir.
Literatiirde; jelatin  kapsillerin =~ stv1  alarak
genisleme egiliminde oldugu belirtilmektedir
(Heidebach vd., 2010).

Kapsiilasyon islemi icin hazirlanan karisimlarda
kullamilan kaplama maddeleri ve kiiltir miktarlari
aynt olmasina ragmen kapstllerin agirliklarinda
bazt farkhihklar goértlmustir. Aljinat-jelatin ile
kaplanan SKJ Ornegi, aljinat-nisasta kaplamalt
SKN 6rnegine kiyasla daha agir bulunmustur. Bu
durumun, jelatinin kivam artirict Szelliginden
kaynaklandigi distunilmektedir. Ancak yapilan
istatistiksel degerlendirme sonucunda, aynt kiiltiir
Ornekleri arasindaki agithk farklarinin anlamli
olmadigt saptanmustir (P> 0.05) (Cizelge 2).
Kapsil 6rneklerinin yas ve kuru halde 6lctlen
agithk degerleri ile agithk verimleri Cizelge 2’de
sunulmustur. En ylksek yas agirlik sirasiyla, SKJ
(56.20 g) ve SKN (52.09 g) 6rnekleri su kefiri ile
yapilanlar daha nemlidir. En yiiksek kuru agirlik
ise strastyla LCJ (2.25 g) ve LCN (1.92 g) daha
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dustik oldugu belirlenmistir. Su kefiri kiilttrlerinin
yuksek yas agithigt, polisakkarit (6rnegin kefiran)
icerigiyle iligkili olabilir (Hertzler vd., 2020).

Jelatinli kapstller (6zellikle LCJ) daha fazla kuru
madde igeriyor olabilir ¢linkd jelatin daha iyi bir
tastyict gorevi gorebilir.

Cizelge 2. Kapsil cesitlerinin fizikokimyasal degerleri
Table 2. Physicochemical values of capsule types

Verimlilik (%o) Nem

Kapsiil gesitleri pH Yas Agirlik () Kuru Agirlik (g) 0= /M 4100 Boyut %) Su Aktivitesi
Ynorm

SKN 4.60 £ 0.300  52.09 £ 2,01 2.36 £ 0.08 4.52 2,56 £ 0,07 10,20 £ 0,87®> 0,29 + 0,03
LCN 455+ 0.15®  36.23 * 1.06 1.92 £ 0.05> 5.28 2,84 £ 0,09 9,82 £ 0,53> 0,35 £ 0,020
SKJ 445 £ 0.35> 5620 + 2.12? 221 £ 011 3.92 2,82 £ 0,17 11,57 £ 0,73* 0,29 + 0,03
LCJ] 4.60 £ 0.28* 4474 £ 153> 2.25 £ 0.100 5.01 3,13 £ 0,16+ 10,77 £ 0,18 0,28 * 0.01°
Kapsil gesitleri L* a* b*

SKN 84.24 + 7117 0.62 £ 0.14 6.04 £ 1400

LCN 81.37 = 2.042 1.63 £ 1.33" 14.26 £ 2.72¢

SKJ 88.68 + 294> 0.78 £ 0.807 10.83 = 1.400

LCJ] 84.98 + 1.00 1.42 = 091> 16.29 £ 1.11¢

ab; Ornekler kendi iginde degerlendirilmis olup. farkli harfler ile belirtilen 6rnekler arasinda istatistiksel olarak

anlamlt bir farklidik bulunmaktadir (P<0.05)

Kapsil agirliklarinin - %  verimliligi  3.92-5.28
arasinda degismektedir. Dondurarak kurutma
islemi ile kapsiillerde bulunan su vakum altinda
sublimlestirilerek uzaklastirdmistir. 1.
yapilan kapstiller daha verimli oldugu, bakterinin
nisastayla daha iyl uyum saglamasiyla agiklanabilir.
Literatiirde L. casernin nisasta  gibi
polisakkaritlerle iyi kapsiile oldugu, jelatinle ise su
iceriginin artist nedeniyle yapisal bozulma
yasanabilecegi bildirilmistit (Chen vd., 2017).
Kapstliin hapsettigi hiicre canliligini raf émrii
boyunca koruyabilmesi icin igerisinde bulunan su
miktatinin minimum diizeyde olmas1
gerekmektedir (Pupa vd., 2021). Aljinat-nisasta
kombinasyonu ile hazirlanan kapsiillerde (SKIN ve
LCN) % nem degeri sirastyla 10.20 ve 9.82
bulunmustur. Aljinat-jelatin kombinasyonu ile
hazirlanan kapsillerde (SKJ ve LC]) % nem
degeri sirastyla 11.57 ve 10.77 bulunmustur.
Kullanilan kaplama materyallerinden ayni grup
kiltir Orneklerinin % nem degeri {izerinde
istatistiksel olarak 6nemli olmadigt belirlenmistir
(P> 0.05) (Cizelge 2). Jelatin kapstllerin nem
icerigi daha yiksektir. Bu, jelatinin hidrofilik
dogast ve su tutma kapasitesiyle iliskilidir
(Sanprasert vd., 2025). Nem orani, raf Smri
acisindan  6nemlidir; yiiksek nem, mikrobiyal

casei  ile

blylmeye ve kapsil stabilitesine zarar verebilir
(Tripathi ve Giri, 2014). Depolama stresi
boyunca canlt mikroorganizma sayisint etkileyen
cok sayida faktér bulunmaktadir. Bu faktorler
arasinda kapsiillerin depolandigi ortamda oksijen
varlig, depolama sicakligi, kapstllerin  kuru
yapisindan  kaynaklanan ddstk nem oram
(Motgan vd., 20006), kurutulmus kapstllerin nem
igerigi, kullandan  kaplama  materyallerinin
kompozisyonu, kapsiillerin saklandigt ambalajin
Ozelligi ve bu ambalajin 15tk gecirgenligi gibi
etkenler yer almaktadir (Meng vd., 2008). Nadeem
vd. (2011) ve Saikia vd. (2015) tarafindan yapilan
calismalarda ise kaplama materyalleri, bu
materyallerin oranlart ve uygulanan kaplama

yontemlerinin -~ kapsillenmis  tozlarn nem
iceriklerinde  degisikliklere  neden  oldugu
belirtilmistir.

Probiyotik mikroorganizma iceren kapstllerde,
canlt hiicre sayisinin korunabilmesi ve istenmeyen
mikroorganizmalarin cogalmasini engellemek icin
su aktivitesi 6nemli bir parametredir (Meng vd.,
2008). Su aktivitesinin diigiik seviyelerde tutulmast
mikroorganizmalarin canliliginin stirdiirtilebilmesi
acisindan  gereklidir.  Ancak, aktivitesini
distirmek icin uygulanan yiksek sicakliklarda

su
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yapilan kurutma islemi, canli mikroorganizma
sayistt  olumsuz etkileyebilmektedir (Li vd.,
2011). Ayrica depolama sicakligt ve depolama
stiresi de su aktivitesi Uzerinde Onemli rol
oynamaktadir. Su aktivitesi disik sicakliklarda
depolanan 6rneklerde canli hiicre sayisint 6nemli
Olctude etkilemezken, oda sicakligt ve tzerindeki
kosullarda ~ depolanan  kapsiillerde  canlt
mikroorganizma sayisinda azalma
gorilebilmektedir (Jannah vd., 2022). Hazirlanan
kapsiillerin su aktivitesi degetlerinin 0.28-0.35
araliginda oldugu ve istatistiksel analiz sonuglarina
gore Ornekler arasinda Onemli bir fark
bulunmadigs saptanmistir (P> 0.05) (Cizelge 2).
Kaplama  maddesi  olarak  aljinat-jelatin
kombinasyonu kullanilarak dretilen SKJ ve LC]J
orneklerinde su aktivitesi daha stabil seyretmistir.
Bu bulgudan hareketle, su aktivitesinin korunmasi
agisindan aljinat-jelatin kombinasyonunun aljinat-
nisasta kombinasyonuna kiyasla daha etkili oldugu
s6ylenebilir.

Liyofilizasyon islemi sonrast elde edilen
kapstillerin L* degerleri 81.37-88.68 arasindadir.
L* degeri agisindan istatistiksel olarak anlamli bir
farklilik SKJ 6rneginde oldugu (P< 0.05), ancak
genel olarak kaplama materyallerinin L* degerini
etkilemedigi belitlenmistir (Cizelge 2). Elde edilen
kapsiillerin a* degerleri 0.06-1.83 arasinda oldugu
ve mikroenkapstlasyonda  kullandan  farkh
kaplama materyalleri a* degerini etkilemedigi
gozlemlenmistir  (Cizelge 2). Kapsiillerin  b*
degetleri 6.04-16.29 arasindadir ve istatistiksel
olarak tim 6rnekler arasinda en yitksek degerler
sirastyla. LCN ve LCJ 6rneklerinde belitlenmis
(P< 0.05) ve bu iki 6rnek arasinda ise istatistiksel
olarak farklilik yoktur (P> 0.05). Bu L. case/in b*
degerine  etkisinin  kaplama  materyalinin
etkisinden fazla oldugunu, hata bu OSrneklerde
kaplama materyali arasindaki etkinin Onemsiz
oldugunu gostermektedir. Diger taraftan su kefiri
Orneklerinde ise degerler L. caseli 6rneklerden
daha diigiik ve en dusiik deger SKN 6rneginde
gorilmustir. Bu durum tek mikroorganizma susu
yerine su kefiri kullanildiginda kaplama materyali
arasinda farkliigin istatistiksel olarak Onemli
oldugu ortaya koymaktadir (P< 0.05) (Cizelge 3).
Sonuglara gore, kapsillerdeki renk degisimleri
kullanilan kaltar  ile iliskili oldugu

distnitlmektedir. Kontrol grubu olarak L. casei
susu kullanilan 6rneklerin diger Srneklerden b
degerine gbre daha sart renge sahip oldugu
gorilmektedir. Xu (2016) yaptgt calismada bu
durumun sebebinin L. case/nin kendi yapisindan
kaynaklandigint bildirmistir. Gl (2015), yaptigt
calismada mikroenkapsiilasyon isleminde
kullandig1  kaplama materyallerinin  L* degeri
tzerinde etkili oldugu sonucuna ulasmistir. Aynt
calismada kaplama materyallerinin a* degeri ve b*
degeri tizerinde etkisi olmadig istatistik olarak
belirlendigi i¢in optimizasyona dahil edilmemistir.
Genel olarak, renk uzerine kiltiriin etkisi
kaplama materyalinden daha fazladir, sonucuna
ulastlabilir.

Kapsiillerin morfolojik yapilar

Calismada kullanilan iki farkli kultar ile farkl
kaplama  maddesi  kullanilarak  kaplanmus,
kapstller farkli biylitme olgekleri kullamlarak
SEM ile goruntilenmistir. Kapsiil icerisindeki

10000X-20000X buyltme Olceginde
mikroorganizmanin  géruntileri  Sekil  2.de
sunulmustur.  Aljinat-nisasta ve aljinat-jelatin
kullanilarak  gerceklestirilen  kaplama  islemi

sonucunda elde edilen kapsiillerin ylizeyi homojen
bir yapt gostermemekte, yer yer catlaklar ve
bosluklar  icermektedir. sebebi ise
hazirlanan kapstlin liyofilizasyon islemi sirasinda
icindeki suyun tam olarak uzaklagmasidir.
Kuruyan kapstiller yas haline gére kiictilmektedir
ve purizsiz yuvarlak olan  goriintisind
kaybetmektedir. Kapsillerde su  kefirindeki
Lactobacillus spp. ve L. casei susunun varliklari Sekil
2’de gorilmektedir.

Bunun

SEM  mikrograflari,  serbest  bakterilerin
bulunmadigini géstermekte ve bu da mikrokapstl
olusumunu  dogrulamaktadir. Mikrokapsiiler,
dizensiz ylzeylere sahip kiiresel morfolojiler
gostermis ve sirekli, siki yapida olup boyut
acisindan  farkliliklar gOstermistir.  Yuzeydeki
dizensizlik, mikrokapstlerin lokalize alanlarinda

daha  yiksek  polimer  konsantrasyonunu
yansitmaktadir (Fareez vd, 2015).
Mikrokapstilerin ~ dis  ylizeyleri, ¢atlak veya

bozulma icermeyen duvarlarla kaplidir. Rather vd.
(2017)  galismalarinda, probiyotik hiicrelerin
etrafinda strekli bir kapstl yapisinin olustugunu
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da ortaya koymustur. Stirekli ylizey ve gézeneksiz (Muthukumarasamy vd, 2006b). Yogun bir ylizey
stki yapt, gastrointestinal sistemden gegis sirasinda  yapist ve/veya daha siki bir yuzey, maddeletin
asit ve safra difiizyonuna karst daha giicli fiziksel diftizyonuna karst fiziksel bir bariyer saglar ve bu
bariyer saglar. Bd&ylece probiyotik  bakteri sayede islem sirasinda hiicre canliligini korur.
hicrelerini kapstil matrisinden kagmaktan korur

Cizelge 3. Farkli depolama kosullarinda 1. ve 30. giin Lactobacillus spp. (log KOB/g) sayimi1 ve
verimlilik ytizdeleri (%)
Table 3. Lactobacillus spp. (log ofir/ g) connt and productivity percentages (%) on the 15t and 30th days under different
storage conditions
Kapstllerin ilk tiretim degerleri

Kapsiil Verimlilik

- - — *
(;e§itleri Ya§ Ilzaop;u/lrleI‘) log Cm‘:sz'/ Yvart I<urulé{gp}§l/lirff ) log Knom:K/ Cor/ ’Zb (I<;05”0/ Yoﬂ)
SKN 6.06 0.73 5.84 8.01 96.37
LCN 9.47 1.14 8.68 7.62 91.66
SKJ 8.11 0.90 6.35 7.03 78.30
LCJ 9.35 1.04 8.04 7.72 85.33

Y:Yas kapstl 6rnegi. Y, Yas kapsillerin ortalamasi. C,:Yas 6rnek carpant. KzKuru kapsil 6rnegi. K Kuru
kapsil 6rneginin normalize edilmis degeri. np: Baglangic verimi (%o)
Kuru kapstllerin 30 gin depolama sonrast degerleri

Kool Verimlilik Verimlilik
Pl 4Clog & —x/c. =(Kom/ A8°C log K=K 1.15=( Ko/
cesitlert o opjg Ko™K/ Gy g KOB/¢g /Cun Y,)*100
SKN 414 5.68 68.32 5.19 712 85.64
LCN 7.16 6.28 75.61 8.43 7.40 89.02
SK] 4.52 5.01 55.73 6.07 6.72 74.85
LC] 7.18 6.90 76.79 7.71 7.40 82.46

np: Baslangic verimi (%). ng: +4 °C’de depolama verimi (%). n.1s: -18 °C’de depolama verimi (%) Kaplama materyali
nisasta olan grup ortalamasi: Nigasta,,=7.765. Kaplama materyali jelatin olan grup ortalamast:Jelatin,,=8.730

Sekil 2. Farkli Kaplama I¢inde Mikrokapsiilenmis Hiicrelerin Mikrograflari (20000X)
(a:SKN, b:LCN ¢:SKJ ve d:LCJ)
Figure 2. Micrographs of Microencapsulated Cells in Different Coatings (20000X)
(a:SKN, b:LCN ¢:SKJ and d:L.CJ)
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Depolama siiresince Lactobacillus
canlilik verimi

Hazirlanan kapsillerin, kurutmadan once (yas
kapsil) ve kurutmadan sonra mikrobiyolojik
olarak ekimleri yapilmistir. Liyofilizasyon islemi
sonrasinda  nisasta  kullantlarak  hazirlanan
kapstllerde Lactobacillus spp. sayist ortalama 0.50
azalma, jelatin kullanilarak hazirlanan kapsillerde
Lactobacillus spp. sayist ortalama 1.54 log KOB/g
azalma goOrulmustiir. Liyofilizasyon isleminde
bakteri sayilarinda azalma olmaktadir, ancak diger
kurutma  yontemlerine  ve/veya saklama
yontemlerine gbre en iyi koruyucu islem de bu
islemdir (Bootun vd. 2024). Bitin 6rnekler +4°C
ve -18°C’de 30 gin depolanmistir. Kaplama
materyali olarak aljinat-nisasta kombinasyonu
kullanilan SKN ve SKJ 6rneginde; +4°C’de 30.
giin depolama sonrast ilk giine gére Lactobacillus
spp. sayst strastyla 1.70 ve 1.83 log KOB/g
azalma; -18°C’de 30. gin depolama sonrast ilk
gine gore Lactobacillus spp. sayist sirastyla 0.65 ve
0.28 log KOB/g azalma oldugu belitlenmistit.
Tum 6rnekler i¢in -18°C’de depolama kosulunun
verimlilik ytizdeleri daha yiiksek oldugu Cizelge
3.’de belirtilmektedir. Kaplama materyali olarak
aljinat-nisasta kombinasyonu kullandlan LCN ve
LC]J 6rneginde; +4°C’de 30. giin depolama sonrast
ilk gtine gbre Lactobacillus spp. sayist strastyla 1.52
ve 0.86 log KOB/g azalma; -18°C’de 30. gin
depolama sonrast ilk giine gére Lactobacillus spp.
sayist strastyla 0.25 ve 0.33 log KOB/g azalma
oldugu belirlenmistir.

Spp-

Kurutma isleminden sonra kapstllerde bulunan
canlt Lactobacillus spp. sayist kaplama materyaline
ve kullanilan kiltire baglt olarak degisiklik
gostermektedir (Cizelge 3). Lactobacillus spp. sayist
verimlilik ylizdelerine gére, kurutma islemine gore
en yiksek SKN o6rnegine ait oldugu tespit
edilmistir. Nisastali 6rneklerin, jelatinli 6rneklere

gore  verimlilikleri daha  yitksek  oldugu
gorilmektedir. Depolamalara gore

degerlendirildiginde +4°C’de L. casei 6rneklerinin
su kefiri Orneklerine gére verimlilik ytzdesi
oldukea fazladir. L. casez susunun +4°C’de 30 glin
boyunca su kefirine gbre daha yiiksek oranda
canliligini korudugu soylenebilir. Ayrica L. casei
i¢in kullanilan kaplama materyallerinde verimlilik
yuzdeleri c¢ok yakindir. Depolamalara gore

degerlendirildiginde -18°C’de Lactobacillus spp.
sayist verimlilik yizdeleri +4°Cye gdbre tim
orneklerde ylksektir. I. case/li nisasta tastyicilt
ornekte -18°C’ de 30 gtin depolanmasi Lactobacillus
spp. sayist verimlilik yuzdesi %89,02°dir bunun
anlami bu kaplama maddesi ile liyofilizasyon
sonrast -18°C’de 30 giin depolama ile bakteri
kaybi %010.98°dir. Ancak dikkate deger bir farklilik
su kefirinde gorilmektedir. Su kefiri verimlilik
ylzdeleri +4°C’de ortalama %062.02 iken -18°C°de
% 80.25°dir. L. casesli 6rneklerde ise verimlilik
ylzdeleri +4°C’de ortalama %76.20 iken -18°C°de
% 85.74°dur. Bu bilgilere gére depolama sicakligt
su kefirini daha fazla etkiledigi distintlmustir.

Yapilan diger calismalarda depolama
sticakligindaki artisin  mikroorganizma canlilik
dizeylerini  olumsuz etkilendigi  bildirilmistir

(Hsiao vd., 2004; Simpson vd., 2005; Ranadheera
vd., 2015). Kebary vd., (1998) B. bifidum ve B.
infantisi  aljinat veya k-karagenan kullanarak
enkapstle etmiglerdir. Olusan kapsiilleri buzlu siit
icerisine ilave etmislerdir ve 10 hafta boyunca -
18°C’ de depolamuglardir. Depolama stiresi
sonunda kapstllerde bulunan canl
mikroorganizma sayisinin % 43-44’den %50-60’a
kadar ytkseldigini bildirmislerdir. Picot ve Lacroix
vd. (2004), mikroenkapsile ettikleri canl
mikroorganizmalari yogurda ilave ederek 28 gin
boyunca +4°C’de depolanmistir. Depolama
sonucunda kapsiilleme sirasinda canlt
mikroorganizma sayisindaki azalma 2.5 log
KOB/g iken kontrol grubu (serbest halde ilave
edilmis mikroorganizma) ilave edilen yogurtlarda
51 log KOB/g azalma belirtmislerdir.
Mikroenkapstile isleminin = +4°C’de  canhilik
diizeyini daha ¢ok korudugunu bildirmislerdir.
Kailasapathy (2006) farkli kaplama maddeleri
kullanarak kapladigt probiyotik
mikroorganizmalari yogurda ilave etmistir ve 7
hafta boyunca +4°C’de depolamistir. Depolama
islemi  sonucunda kapsiillenmis  probiyotik
mikroorganizma canlihiginin serbest probiyotik
mikroorganizma canliligindan ytksek oldugu
sonucuna ulasmistir. Albertini vd.  (2010), L.
acidophilus ve B. lactii ekstrizyon yOntemiyle
kapsiilleyerek kaplama materyali olarak aljinat
kullanmiglardir. Elde ettikleri kapstlleri oda
sicakhiginda altt ay boyunca depolamislar ve
depolama siiresi sonunda canlilik oranlarini ilk ay
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%88, ikinci ay %75, uclnci ay ise %04 olarak
belirlemislerdir. Toplam depolama siiresi sonunda
ise canlt mikroorganizma sayisinda yaklasitk %50
oraninda bir azalma gbzlemlendigini
bildirmislerdir. Xu vd. (2016) ise c¢alismalarinda
serbest L. casei hiicrelerini ve kapstllenmis L. casei
hticrelerini +22, +4 ve -15°C sicakliklarda 84 glin
boyunca depolamislardir. Depolamanin 35 gtinlitk
suresi boyunca +4 ve -15 °C’de 7 log KOB/g
oldugunu tespit etmislerdir. Tim numuneler
arasinda en yuksek hayatta kalma orant (%060) -
15°C’de  depolanan &rneklerde  gOrillmiistir.
Serbest halde depolanan I. case/nin en iyi
depolama  sicakhiginin +4°C  oldugunu
bildirmislerdir. Bunun sebebinin ise 0°C’nin
altindaki  sicakliklarin = hiicre  duvarinda  buz
kristalleri olusturarak hiicre hasarina yol agmast
oldugu belirtilmistir. Analiz stiresi sonunda L.
case/nin  canlt  hiicre sayisit - korumast  igin
kapstllenmesini  ve -15°C’de  depolanmasint
Onermislerdir.

Kapsiillerden mikroorganizma salinim testi

Enkapsiilasyonda kullanilan kaplama
materyallerinin ¢6ztinme 6zelliklerinin, sicaklik ve
stireden etkilenerek icerdigi mikroorganizma
saylisint degistirdigi bilinmektedir.
Enkapsiilasyonda  tercih  edilen  kaplama
maddelerinin  yapisindan  dolayt  probiyotik
mikroorganizmalarin  ¢apimun  buyik olmast
nedeniyle bu mikroorganizmalarin  salinimi
gliclesmektedir.  Bu  sebeple,  probiyotik
mikroorganizmalarin  salinimint  kolaylastirmak
icin ya ¢Oziinme ortamma uygun kaplama
materyali secilmeli ya da ¢bziinme kosullart
kaplama materyaline gére uyarlanmalidir (Cook
vd., 2012). Ekstriizyon yontemiyle yiritilen bu
calismada sabit pH ve sicaklik kosullarinda 30., 60.
ve 120. dakika boyunca mikrobiyolojik analizler
gerceklestirilmistir. Bulgulara gbre aljinat-nisasta
kombinasyonuyla hazirlanan kapsiillerin
mikroorganizma salinim oranlarinin daha disik
oldugu gortilmistir (Cizelge 4A). Siire arttikca
mikroorganizmalarin kapstlden salinarak ortama
gecisinin arttigr belirlenmistir. Ornegin, SKN
orneginde 30. dakikada 2.19 log KOB/g olan
salinim, 120. dakikada 4.82 log KOB/g degerine
ulagsmus; LCN 6rneginde 30. dakikadaki 4.33 log
KOB/g salinim, 120. dakikada 8.06 log

KOB/g’ye vyikselmistit. SK]J 6rneginde  30.
dakikada 2.81 log KOB/g iken 120. dakikada 5.95
log KOB/g, LCJ 6rneginde ise 30. dakikada 5.06
log KOB/g olan deger 120. dakikada 8.01 log
KOB/g seviyesine ulagmustir. Bu sonuglar, aljinat-
jelatinle kaplanmis Orneklerde mikroorganizma
saliniminin ayni kosullar altinda daha yiiksek
oldugunu gostermektedir.

Kapsil 6rneklerinin pH 7.2’de, 37°C’de 120
dakika inkiibasyona tabi tutulmasiyla elde edilen
kapsil  verimlilik oranlart  Cizelge 4A’da
verilmistir. Tim Orneklerde en yliksek verim 120.
dakikada elde edilmis, ancak kaplama materyali
tirine gbére saliiim  hizlarmnin  degistigi
saptanmustir. Aljinat-nisasta kullanilan kapsiillerde
mikroorganizma  salinimmin  daha  yavas
gerceklestigi belirlenmis, bu durum insan saglig
acisindan 6nemli bir avantaj saglamaktadir. Ciinkd
tiketilen mikroorganizmalarin  etkin  sekilde
sindirim kanalinin sonuna kadar canli ulagabilmesi
icin kontrollii salinim gereklidir (Fathi vd. 2021).
Cizelge 4A’ya gore tim kiltirlerde salinim
verimliligi streyle birlikte artis gOstermektedir.
Aljinat-jelatinle kaplanan 6rneklerdeki salinim
verimliligi, aljinat-nisasta ile kaplanan Orneklere
kiyasla daha yiiksektir. Calismada 120. dakikada en
yiksek salinim degerlerine ulasimis, Gzellikle
aljinat-jelatin  kapstillerde salinim verimliliginin
daha yuksek oldugu belitlenmistir. Bu bulgu,
probiyotiklerin tiiketim sonrasi gastrointestinal
sistemde daha etkin sekilde aciga cikabilecegini
distundurmektedir. Ancak aljinat-nisasta
kapstllerin daha yavas saltum g&stermesi,
probiyotiklerin ~ korunmast acisindan  avantaj
saglayabilir. Nitekim probiyotiklerin bagirsaga
kadar canli ulagabilmesi icin mideyi mumkin
oldugunca zarar gérmeden gecmesi
gerekmektedir (Kailasapathy, 2002). Gul (2015)
yaptigt calismada ekstriizyon ve emiilsifikasyon
tekniklerini kullanarak aljinat, aljinat-nisasta ve
aljinat-jelatin kaplamalarinin etkilerini incelemis;
ekstriizyonla elde edilen aljinat-nisasta ve aljinat-
jelatin kaplt kapsiillerin yalnizca aljinat kullanilarak
yapilan  kapsiillere  kiyasla ~ daha  verimli
mikroorganizma salinimi gosterdigini bildirmistir.
Ayrica Li vd. (2009), kaplama materyaline jelatin
eklenmesinin mikroorganizma salinimina
olumsuz etki etmedigini belirtmislerdir.
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Cizelge 4. Kapsiil 6rneklerinden belitli siirede Lactobacillus spp. saliniminin % verimliligi (A) ve simiile
mide stvi ve bagursak stvist icerisinde kapstllerden salinan Lactobacillus spp. sayistn %o verimliligi (B)
Table 4. Percentage efficiency of Lactobacillus spp. release from capsule samples in a certain period of time (A) and
Percentage efficiency of the number of Lactobacillus spp. released from the capsules in simulated gastric and intestinal fluid
).

A) Kapsul 6rneklerinden belitli stirede Lactobacilius spp. saliniminin % verimliligi

Kap No oy
sul (log  Sire N (log Cor=No/S. L, ]\(ﬁ;z;n]l\al/izcem 1=/ $. L) *100
cesit KOB (dk) KOB/g) (Carpan) deger) (Verimlilik)
leri /g) &
30 2.19 2.286 37.500
SKN 584 60 2.74 0.958 2.860 46.918
120 4.82 5.030 82.534
30 4.33 4.170 49.885
LCN 8,68 60 4.92 1.038 4.739 56.682
120 8.06 7.763 92.857
30 2.81 2.697 44.252
SKJ 6.35 60 4.24 1.042 4.070 66.772
120 5.95 5.711 93.701
30 5.06 5.261 62.935
LCJ 8.04 60 7.24 0.962 7.528 90.050
120 8.01 8.329 99.627

Ny:Orneklerin baslangic degeri. N: Orneklerin belli stirelerdeki degeri. S, Su kefirli 6rneklerin ortalamast. L,
L.caser'li 6rneklerin ortalamast. N,,,: Normalize deger. 77,: Verimlilik

B) Simiile mide siv1 ve bagirsak sivisi icerisinde kapsiillerden salinan Lactobacillus spp. sayistnin % verimliligi

Mide Sivist | Bagirsak Stvist
Nyo= N, =
No N Cv=Np " N 1 _
(log  Siure (log JW.L,;: N/Co 'Z”_ﬂ\]j:m/ Siire (log N/C.r ’Z”'_ﬂ\f::””/ .
KOB (dk) KOB (Garpa <N£’rm WiLo)* 100 gy gop ~ ®om - Lo)*100
/2 /2 ) alize (Verimlilik) /9 a]{ze (Verimlilik)
& deger) deger)
0 - - - 0 - - -
SKN 584 1 5.50 0.958 5.740 94.18 2 - - -
2 5.67 5918 97.09 4 4.18 4.363 71.575
0 - - - 0 4.8 4.623 55.300
LCN 8,68 1 - 1.038 - - 2 6.59 6.347 75.922
2 7.75 7.464 89.29 4 5.25 5.056 60.484
0 - - - 0 - - -
SKJ 6.35 1 - 1.042 - - 2 3.69 3.542 58.110
2 6.10 5.855 96.06 4 4.09 3.926 64.409
0 - - - 0 4.69 4.877 58.333
LCJ 8.04 1 7.24 0.962 7.528 90.05 2 4.44 4.617 55.224
2 6.10 5.855 96.06 4 4.09 3.926 64.409

Ng: Orneklerin baglangic degeri. N: Orneklerin belli siirelerdeki degeri. 5, Su kefirli 6rneklerin ortalamast. L,
L.casesli 6rneklerin ortalamasi. N,,,: Normalize deger. 7,: Verimlilik

Simiile mide ve bagirsak sivisinda cinsinden) canli probiyotik sayilarnin  (log
kapsiillerdeki canli mikroorganizma sayisi KOB/g) degisimini, bu degetlerin normalize
Farklt kapstl formtlasyonlarinin simile mide ve edilmesini (Nnorm) ve buna bagh olarak
bagirsak sivilarinda belitli siireler boyunca (dakika  verimliliklerinin (ny) hesaplanmasini

1070



Mikroenkapstile su kefiri

icermektedir. SK 6rneginde kiiltiir olarak su kefiri
kullantlmistir. Kaplama materyali olarak aljinat-
nisasta ve aljinat-jelatin kullanilarak iki farkl
kaplama materyalinin model mide ve model
bagirsak ortamindaki etkinlikleri incelenmistir.
Kapsiil cesitlerinin mide-bagirsak simiilasyonuna
girmeden 6nceki baglangic canliliklart birbirinden
farklidir. LCN ve LCJ kapstlleri, daha yiiksek
baslangic probiyotik konsantrasyonuna sahiptir
(8.68 ve 8.04 log KOB/g). SKN ve SKJ daha
dustik baslangic degerlerine sahiptir (5.84 ve 6.35
log KOB/g) (Cizelge 4B). Mide sivisinda
dayaniklilik (0-2. dakika arast)
degerlendirildiginde, 1. dakikada; SKN ve LCJ
mide sivisinda canliliklarini  yitksek oranda
korumustur. SKN: 94.2% verimlilik LCJ: 90.0%
verimlilik LCN ve SKJ i¢in 1. dakika verisi eksik
oldugu i¢in degerlendirme yapilamaz. 2. dakikada
da SKJ 6rnegi %96.1 verimlilik, LCJ 6rnegi %091.4
verimlilikte mikroorganizmalar canlt  kalmay:
basarmuglardir. Tim kapsil gesitleri, mide
ortaminda 2 dakikalik siirede yitksek oranda canlt
kalmayr basarmistir (>89%). Bu, Ozellikle asit
direnci agisindan  kapsiilleme yOntemlerinin
basarili oldugunu gosterir. SKJ kapsili, mide
ortaminda en yitksek verimliligi géstererek dikkat
¢ekmektedir. Su kefiri kendi dogal ortaminda
(dak. pH 3.5) canli kalabilme potansiyelinde
olmast sebebiyle, mide ortaminda da kapsil
formuyla yiksek verimlilik gbstermistir.

Bagirsak sivisinda dayanikliik (2—4. dakika arasi)
degerlendirildiginde; 2. dakikada LCN: 6,59 log
KOB/g — %759 verimlilik, SKJ: 3.69 log
KOB/g — %058.1 verimlilik ve LCJ: 4.44 log
KOB/g — 9%055.2 verimlilik belitlenmistir. 4.
dakikada ise SKN: 4.18 log KOB/g — %71.6

verimlilik, LCN: 5.25 log KOB/g — %060.5
verimlilik, SKJ: 4.09 log KOB/g — %064.4
verimlilik ve LCJ: 4.30 log KOB/g — %53.5

verimlilik g&stermistir. Bagirsak ortami, mideye
kiyasla daha uzun stireli ve farkli pH yapisina sahip
bir ortam oldugundan, kapsiillerin koruyuculugu
burada daha fazla stirdirilmistir. LCN, bagirsak
ortaminda 2. dakikada en yiksek canlihig
gOstermistir ancak 4. dakikaya gelindiginde azalma
gbzlemlenmistir.

SKN, mide ortaminda nispeten yiiksek
performans sergilerken, bagirsakta %71.6 canlilik
verimliligi ile en iyi sonucu gbstermistir. Cizelge
4B’da bazi saatlerde mikroorganizma sayimi
yapilmamistir, bunun anlami bakteriler ortamda o
saatte  salinmadigt  kapsilin  korudugunu
gostermektedir. 0. ve 1. saatlerde canli hucre
sayistnin  yiksek olmasinin sebebi kaplamada
kullantlan ~ su  kefiri mikroorganizmalatinin
kompleks yapiya sahip olmasindan
kaynaklanmaktadir. Ciinkii kompleks yapida olan
su kefirinde aside duyarliliklart az olan turler canlt
hticre gecislerini engellemistir. Su kefiri iceren
aljinat-nisasta kapstlinin bagirsak ortaminda 4.
saat salindigini kapstl tastyict olarak nisastanin
olumlu oldugu yorumlanabilir. L. case/ igeren
kapsitillerde ise 0. dakikada bile bakterinin salinima
basladigi goriilmektedir. Kapstl gesitliligi burada
etken faktér olmamustir. Bu bulgular, kapsiil
formilasyonlarinin sadece baglangic canhliklari
acisindan  degil, aynt zamanda fizyolojik stvi
simtlasyonlarinda canl kalabilme kabiliyetlerine
gore de degerlendirilmesi gerektigini
gostermektedir. Ozellikle mide sivisinda basarilt
olan kapsuller (SKJ, LCJ), bagirsak ortaminda ayni
performanst gOsterememistit. Bu da tastyict
matrisin pH toleransi ve ¢oziinme Ozellikleri ile
dogrudan iligkilidir (Cook vd., 2012; Heidebach
vd., 2010). Model bagirsak ortamina birakilan
kapsiillerin 4 saat sonra yapilan ekim sonuglarina
gore aljinat-nigasta ile kaplanan 6rneklerin canlilik
diizeyleri daha yiiksektir. Bunun sebebi bagirsak
ortaminin pH degerinin nétre yakin olmasidir
(Rashidinejad vd., 2022).

Probiyotik  mikroorganizmalarin  canliligint
korumada en  etkii yOntemlerden  biri
mikroenkapsiilasyondur.  Mikroenkapstilasyon
uygulamasinda, kaplama  materyali  se¢imi
yapilirken mikroorganizmaya uygunluk kadar,
gastrointestinal sistemdeki enzimatik kogullara
karst direng gOsterme kapasitesi de géz 6niinde
bulundurulmalidir (Akbari vd., 2023). Ttum 6rnek
gruplarinda  verim oranlarinin, simile mide
stvisina kiyasla simiile bagirsak ortaminda daha
diisiik oldugu goriilmiistiir (Cizelge 4B). Insanlar
probiyotik mikroorganizmalari genellikle gidalarla
tiiketmektedir. Agiz yoluyla alinan probiyotikler
mide ve bagirsak boyunca ilerlemektedir.

1071



1072

A. Kuluglu, N. Ozdemir, T. K6k Tas

Probiyotik mikroorganizmalarin mideden
bagirsaklara ulasma stiresi yaklastk 90 dakikadir
(Berrada vd., 1991). 11k karsilastiklart zorlu kosul
mide ortamudir ve mide pH’sinin yaklastk 1,5
oldugu  bildirilmigtir ~ (Khater  vd.,  2010).
Probiyotik mikroorganizmalarin gastrointestinal
sisteme canlt sekilde ulasabilme oraninin dusik
oldugu bircok calismada gosterilmistir (Dave ve
Shah, 1997; Hamilton-Miller vd., 1999). Bu
nedenle mikroenkapsiilasyon, canlt hiicre sayisint
koruma acisindan Gnemli bir uygulamadir;
kapstiller, mikroorganizmalarin ¢evresel —stres
faktorlerine karst fiziksel koruma saglayarak
canliligy artirir (Kailasapathy, 2002).

Bu calismada, kapsiiller kuru formda oldugu icin
simile mide ortaminda ilk asamada su cekerek
sismis, ardindan simiile bagirsak ortamina (pH 8)
aktarildiginda kapsiil ici ve dist arasindaki pH
farkina  bagl  bir salium  gerceklesmistir.
Kapstllerin model mide ortaminda bekletilme
sirelerinde  literatiirde  farkli  uygulamalar
bulunmaktadir. Bazi arastirmalarda kapsiiller 90
dakika (Reid vd., 2005; Heidebach vd., 2009),
bazilarinda ise 120 dakika mide ortaminda
tutulmustur (Sun ve Griffiths, 2000; Guerin vd.,
2003). Santivarangkna vd. (2008), dondurma,
dehidrasyon ve depolamanin probiyotik hicre
zarinin butinligine etkisini incelemis; zarin pH
gibi olumsuz kosullara karst koruyucu rol

e Kapsilli 6rnek

tstlendigini ancak kurutma ve sonrasindaki
rehidrasyonun hiicre zarinda hasar olusturdugunu
belirtmiglerdir.  Kurutma islemi esnasinda
hticredeki suyun uzaklastirilmast, hiicre zatinin
akiskanhigini  ve  fizikokimyasal — 6zelliklerini
degistirerek yapisinda bozulmalara neden olur
(Borst vd., 2000; Kim vd., 2008). Bu hasar,
hicrelerin - aside  karst  direncini  azaltarak
gastrointestinal ortamda kisa stirede canli hticre
sayisinda  Onemli  azalmalara  yol  acar.
Muthukumarasamy vd. (2006b), model mide
kosullarinda mikroorganizmayt en iyi koruyan
kaplama materyalinin aljinat ve aljinat-nisasta
kombinasyonu oldugunu bildirmistir. Bununla
birlikte, kullanilan probiyotik mikroorganizma
gore kapstl kaplama materyali ve
yonteminin degisebilecegini vurgulamiglardir.

turine

Duyusal Degerlendirme

Panelistlerden elde edilen geri bildirimler
dogrultusunda, kapsiiller kullamlarak hazirlanan
trtinler arasinda goriiniis, koku ve tat acgisindan
o6nemli bir farklilik bulunmamistir (Sekil 3). Bu
olumlu bir sonug olarak degerlendirilmistir. Genel
olarak  kapsil eklenmis Ornek panelistler
tarafindan begenilmistir (Sekil 3). Bu durumun,
aljinatin iyonik yapisinda bulunan tuzlardan
kaynaklanabilecegi dustintlmistiir (Kailasapathy
vd., 2004).

e Kontrol 6rnek

Gorinds
7

6,5

Genel

Koku

Sekil 3. Kapsiiliin tirtindeduyusal analizle degerlendirilmesi
Figure 3. Sensory analysis evaluation
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SONUC

Probiyotik bakteriler insan sagligt icin son derece
o6nemlidir.  Ancak bu  mikroorganizmalarin
olumsuz cevre kosullarinda canliligint
stirdirememesi, gida Uretimindeki kullanum
alanlarint  siurlandirmaktadir.  Bu  nedenle
probiyotik bakterilerin ¢esitli olumsuz kosullara
karst korunmasinda mikroenkapsiilasyon etkili bir
yontemdir. Mikroenkapsiile edilen probiyotikler,
hem dretim stirecinde hem de gastrointestinal
sistemde canliliklarini daha iyi koruyabilmektedir.
Kullanilacak mikroenkapsiilasyon teknikleri ve
kaplama materyalleri hedeflenen bakterinin
tirine gore degisiklik gdstermektedir. Ayrica
kaplama yontemi ve materyali, probiyotiklerin
hayatta kalma siiresi tizerinde 6nemli bir etkiye
sahiptir. Kaplama icin kullanilan materyaller tek
bit madde ya da birden fazla malzemenin
kombinasyonu seklinde uygulanabilir. Kullanilan
kaplama materyalinin sadece fiziksel bir bariyer
olusturmadigini, ayni zamanda kimyasal yapisinin
sindirim sistemindeki ¢6ziinme dinamiklerini ve
mikroorganizma  salinim  hizini  belirledigini
gostermektedir. Aljinat, aside karst koruyucu
Ozellik saglarken; nisasta kontrolli salinima
katkida bulunmus, jelatin ise kapsil bitunligini
artirarak depolama stabilitesini desteklemistir.
Mikroenkapstilasyon ~ sayesinde  probiyotik
bakterilerin hedeflenen zamanda salinabilmesi ve
konaga yitksek oranda biyoyararlamim saglamasi

beklenmektedir. Bununla birlikte,
mikroenkapstilasyon teknolojisinde  kullanilan
kaplama materyali ve yontemlerinden

kaynaklanan  bazt  dezavantajlar  nedeniyle
enkapsiile edilmis triinler halen piyasada istenen
diizeyde yer bulamamaktadir.

Literatiirde su kefiri icin mikroenkapsiilasyon
calismalart oldukea sinirlidir. Bu ¢alismada ise su
kefirinin mikroenkapsiilasyonu ic¢in ekstriizyon
teknigi tercih edilmistir. Kaplama materyali olarak
aljinat-nisasta ve aljinat-jelatin kombinasyonlari
denenmis, analiz sonuglarna gére en etkili
kaplama materyalinin  aljinat-nisasta oldugu
belirlenmistir. Su kefirinin mikroenkapsiilasyonu
tzerine gelecekte farkhh mikroenkapsiilasyon
tekniklerinin ve kaplama materyali
alternatiflerinin kullanilmas, kapsiilleme

verimliligini  artirarak  uygulama  alanlarint
genisletebilecektir.

CIKAR CATISMASI

Yazarlar makale ile ilgili herhangi bir kisi veya
kurum ile ¢ikar catismast olmadigini  beyan
etmektedit.

YAZARLARIN KATKISI

Aysun Kuluglu;  kavramsallastirma, laboratuvar
analizleri, metodoloji ve yazma-orijinal taslak,
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gorsellestirme, metodoloji ve dogrulama. Tugba
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katkida bulunmus, son halini okumus ve
onaylamislardir.

TESEKKUR

Bu calisma Siileyman Demirel Universitesi,
Bilimsel Arastirma Proje Birimi FYL.-2021-8438
nolu projesine finansman destek saglamistir.

KAYNAKLAR

Akbari, A., Ginzle, M.G.,, Wu, J. (2023).
Cruciferin  improves stress resistance and
simulated gastrointestinal survival of probiotic
Limosilactobacillus  reuteri in the model

encapsulation  system. Food — Hydrocolloids — for
Health, 3, 100118.

Albertini, B., Vitali, B., Passerini, N., Cruciani, F.,
Di Sabatino, M., Rodriguez, L., Brigidi, P. (2010).
Development of microparticulate systems for
intestinal delivery of Lactobacillus acidophilus and
Bifidobacterium lactis. European  Journal — of
Pharmacentical Sciences, 40(4), 359-360.

Altug-Onogur, T., Elmaci, Y. (2019). 4. Basku.
Guidalarda Duyusal Degerlendirme. Sidas Medya,
Izmir,

Aydogdu, S., Ozdemir, N., Kok Tas, T. (2025).
Functional Burrata cheese enriched with
Lacticaseibacillus casei ATCC 393: Insights into

production, unique characteristics, and aromatic
profile. Mjekarstvo, 75 (3), 160-173.

1073



1074

A. Kuluglu, N. Ozdemir, T. K6k Tas

Berrada, N., Lemeland, J.F., LaroChe, G.,
Thouvenot, P., Piaia, M. (1991). Bifidobacterium

from fermented milks: survival during gastric
transit. Journal of dairy science, 74(2), 409-413.

Borst, J.W., Visser, N.V., Kouptsova, O., Visser,
A. J. (2000). Oxidation of unsaturated
phospholipids in membrane bilayer mixtures is
accompanied by membrane fluidity
changes. Biochimica et Biophysica Acta (BBA)-
Molecular and Cell Biology of Lipids, 1487(1), 61-73.

Boontun, C., Vatanyoopaisarn, S., Phalakornkule,
C., Domrongpokkaphan, V., Thitisak, P,
Thaveetheptaikul, P., Bamrungchue, N. (2024).
Influence of protectant for encapsulation by
freeze-drying and spray-drying techniques, and
packaging environments on the stability of the
probiotic Bifidobacterium animalis subsp. lactis strain
KMP-H9-01 during storage. Drying Technology,
42(4), 762-774

Cho, Y.H., Shim, HK., Park, J. (2003).
Encapsulation of fish oil by an enzymatic gelation
process using transglutaminase cross-linked
proteins. Journal of Food Science, 68(9), 2717-2723.

Cook, M.T., Tzortzis, G., Charalampopoulos, D.
ve Khutoryanskiy, V.V. (2012).
Microencapsulation of probiotics for

gastrointestinal  delivery. Journal of Controlled
Release, 162(1), 56-67.

Darvishzadeh, P., Orsat, V. (2022). Storage
stability =~ and iz witro  digestion  of
microencapsulated Russian olive water kefir using
spray-drying. Food and Bioprocess Technology, 15(1),
120-131.

Dave, R.I., Shah, N.P. (1997). Viability of yoghurt
and probiotic bacteria in yoghurts made from
commercial starter cultures. Infernational Dairy
Journal, 7(1), 31-41.

Fathi, F., Saberi-Riseh, R., Khodaygan, P. (2021).
Survivability and controlled release of alginate-

microencapsulated Psendomonas Slnorescens
VUPF506 and their effects on biocontrol of
Rhizoctonia solani on potato.
International Journal of Biological

Macromolecules, 183, 627-634.

Fareez, .M., Lim, S.M., Mishra, R.K., Ramasamy,
K. (2015). Chitosan coated alginate—xanthan gum
bead enhanced pH and thermotolerance of
Lactobacillus plantarum LABI12. International journal
of biological macromolecules, 72, 1419-1428.

Ghbassi, G.K., Vandamme, T., Ennahar, S.,
Marchioni, E., (2010). Microencapsulation
ofLactobacillus plantarum spp. in an alginate matrix
coated with whey proteins. Int | Food Microbiol,
129: 103-105.

Genis, B., Tuncer, Y. (2019). Probiyotik
kiltirlerin - mikroenkapsiilasyonunda  kullanilan

farkli kaplama materyalleri ve yontemler. Guda,
44(6) 1222-1236

Gul, O., (2015). Lactobacillus casei Shirota’nin
Cesitli Yontemlerle Mikroenkapsiilasyonu, Fen
Bilimleri Enstitlsti, Doktora Tezi, 261 Sayfa,
Samsun.

Hamilton-Miller, J.M.T., Shah, S. Winkler, J.T.
(1999). Public health issues arising from
microbiological and labelling quality of foods and
supplements containing probiotic
microorganisms. Public Health Nutrition, 2(2), 223-
229.

Heidebach, T., Forst, P., Kulozik, U. (2009).
Microencapsulation of probiotic cells by means of
rennet-gelation  of milk  proteins.  Food
HydroColloids, 23(7), 1670-1677.

Heidebach, T., Foérst, P., Kulozik, U. (2010).
Microencapsulation of probiotic cells for food
applications. Critical Reviews in Food Science and
Nutrition, 50(7), 1-17.

Hernandez-Mendoza, A., Robles, V.J., Angulo,
J.O.,, De La Cruz, J., Garcia, HS. (2007).
Preparation of a whey-based probiotic product
with  Lactobacillus — renteri  and  Bifidobacterium
bifidum. Food Technology and Biotechnology, 45(1), 27-
31

How, Y. Pui, L. (2021). Survivability of
microencapsulated  probiotics in  nondairy

beverages: A review. Journal of Food Processing and
Preservation, 45(7), e15641.

Hsiao, H.C., Lian, W.C., Chou, C.C. (2004).
Effect of packaging conditions and temperature
on viability of microencapsulated bifidobacteria



Mikroenkapstile su kefiri

during storage. Journal of the Science of Food and
Agiculture, 84, 134-139.

Jannah, S.R., Rahayu, E.S., Yanti, R., Suroto,
D.A., Wikandari, R. (2022). Study of Viability,
Storage Stability, and Shelf Life of Probiotic
Instant Coftee Lactiplantibacillus plantarum Subsp.
plantarum Dad-13 in Vacuum and Nonvacuum
Packaging at Different Storage
Temperatures. International Journal of Food Science,
2022(1), 1663772.

Kailasapathy, K. (2002). Microencapsulation of
probiotic bacteria: technology and potential

applications. Current Issues in Intestinal Microbiology,
3, 39-48.

Kaya, Y., Akgin, H.A., Kok Tas T. (2025).
Metagenomic analysis of microbial dynamics in
water kefir grains: influence of soy protein on
biomass growth and the development of an
alternative beverage, International Journal of Food
Science and Technology, 60,1, vvae024 .

Krasackoopt, W., Bhandari, B., & Deeth, H.
(2004). The influence of coating materials on
some properties of alginate beads and

survivability of microencapsulated probiotic
bacteria. International Dairy Journal, 14(8), 737-743.

Kailasapathy, K. (2000). Survival of free and
encapsulated probiotic bacteria and their effect on
the sensory properties of yoghurt. LIWT-Food
Science and Technology, 39(10), 1221-1227.

Kebary, K.IM.K., Hussein, S.A., Badawi, R.M.
(1998). Improving viability of bifidobacterium
and their effect on frozen ice milk. 319-337.

Khater, K.A.A., Ali, M.A., Ahmed, E.A.M.
(2010). Effect of encapsulation on some probiotic
criteria. Journal of American Science, 6(10), 810-819.

Kim, S.J., Cho, S.Y., Kim, S.H., Song, O.]J., Shin,
LS., Cha, D.S., Park, H.J. (2008). Effect of
microencapsulation on viability and other
characteristics in Lactobacillus acidophilus ATCC
43121. LWT-Food Science and Technology, 41(3),
493-500.

Kozlovskaya, V., Kharlampieva, E., Mansfield,
M.L., Sukhishvili, S.A. (2006). Poly (methacrylic
acid) hydrogel films and capsules: response to pH
and ionic strength, and encapsulation of

macromolecules. Chewistry of materials, 18(2), 328-
336.

Li, B, Tian, F., Liu, X., Zhao, ., Zhang, H., Chen,
W. (2011). Effects of cryoprotectants on viability
of  Lactobacillus  reuteri  C1CCG6226.  Applied
microbiology and biotechnology, 92(3), 609-616.

Li, X.Y., Chen, X.G., Cha, D.S., Park, H ., Liu,
C.S. (2009). Microencapsulation of a probiotic
bacteria with alginate—gelatin and its properties.
Journal of Microencapsulation, 26(4), 315-324.

Manjunatha, V., Bhattacharjee, D., Flores, C.
(2024). Unlocking Innovations: Exploring the
Role of Kefir in Product Development. Current
Food Science and Technology Reports, 2(2), 221-
230.

Meng, X.C., Stanton, C., Fitzgerald, G.F., Daly,
C., Ross, R.P. (2008). Anhydrobiotics: The
challenges of drying probiotic cultures. Food
Chemistry, 106(4), 1406-1416.

Morgan, C.A., Herman, N., White, P.A., Vesey,
G. (20006). Preservation of micro-organisms by
drying; a  review. Journal  of  microbiological
methods, 66(2), 183-193.

Muthukumarasamy, P., Holley, R.A. (20006a).
Microbiological and sensory quality of dry

fermented  sausages  containing  alginate-
microencapsulated Lactobacillus
reuteri. International Journal of Food

Microbiology, 111(2), 164-169.

Muthukumarasamy, P., Allan-Wojtas, P., Holley,
R.A. (2006b). Stability of Lactobacillus reuteri in
different types of microCapsules. Journal of food
science, 71(1), M20-M24.

Nadeem, H.S., Torun, M., Ozdemir, F. (2011).
Spray drying of the mountain tea (Sideritis stricta)
water extract by using different hydrocolloid
carriers. LW 1-Food science and  technology, 44(7),
1626-1635.

Picot, A., Lacroix, C. (2004). Encapsulation of

bifidobacteria in whey protein-based
microcapsules and survival in  simulated
gastrointestinal conditions and in

yoghutt. International dairy journal, 14(6), 505-515.

1075



1076

A. Kuluglu, N. Ozdemir, T. K6k Tas

Pupa, P., Apiwatsiri, P., Sirichokchatchawan, W.,
Pirarat, N., Muangsin, N., Shah, A.A,
Prapasarakul, N. (2021). The efficacy of three
double-microencapsulation methods for
preservation of probiotic bactetia. Scientific Reports,
11(1), 13753.

Ranadheera, C.S., Evans, C.A., Adams, M.C.,

Baines, S.K. (2015). Microencapsulation of
Lactobacillus — acidophilus  LA-5,  Bifidobacterinm

animalis subsp. lactis BB-12 and Propionibacterinm
Jensenii 702 by spray drying in goat's milk. Swal/
Ruminant Research, 123(1), 155-159.

Rashidinejad, A., Bahrami, A., Rehman, A,
Rezaei, A., Babazadeh, A., Singh, H., Jafari, S.M.
(2022). Co-encapsulation of probiotics with
prebiotics and their application in

functional/synbiotic daity products. Critical reviews
in_food science and nutrition, 62(9), 2470-2494.

Rather, S.A., Akhter, R., Masoodi, F.A., Gani, A.,
Wani, S.M. (2017). Effect of double alginate
microencapsulation on iz witro digestibility and
thermal tolerance of Lactobacillus ~ plantarum
NCDC201 and L. casec NCDC297. LWT-Food
Science and Technology, 83, 50-58.

Reid, A., Vuillemard, J.C., Britten, M., Arcand, Y.,
Farnworth, E., Champagne, C.P. (2005).
Microentrapment of probiotic bacteria in a Ca

(2+)-induced whey protein gel and effects on
their viability in a dynamic gastro-intestinal
model. Journal of microencapsulation, 22(6), 603-619.

Sanprasert, S., Kumnerdsiri, P., Seubsai, A.,
Lueangjaroenkit, P., Pongsetkul, J., Indriani, S., ...
Kingwascharapong, P.  (2025).  Techno-
Functional, Rheological, and Physico-Chemical
Properties of Gelatin Capsule By-Product for
Future Functional Food Ingredients. Foods, 14(7),
1279.

Santivarangkna, C., Higl, B., Foerst, P. (2008).
Protection mechanisms of sugars during different
stages of preparation process of dried lactic acid
starter cultures. Food microbiology, 25(3), 429-441.

Sheu, T.Y., Marshall, R.T., Heymann, H. (1993).
Improving survival of culture bacteria in frozen

desserts by microentrapment. Journal of dairy
science, 76(7), 1902-1907.

Xu, M., Gagné-Bourque, F., Dumont, M.]., Jabaji,
S. (2016). Encapsulation of Lactobacillus casei
ATCC 393 cells and evaluation of their survival
after  freeze-drying, storage and under
gastrointestinal ~ conditions. Journal  of  food
engineering, 168, 52-59.



Aragtirma/ Research
GIDA (2025) 50 (6) 1077-1090
doi:10.15237/gida.GD25084

BIBERIYE YAPRAGI KAPLAMASININ BEYAZ PEYNIRDE FENOLIK MADDE,
ANTIOKSIDAN AKTIVITE VE BAZI KALITE OZELLIKLERINE ETKISI

Hayri COSKUN, Ercan SARICA®, Cemile AVCI,

Neslihan BEKDEMIR, Riimeysa KIR
Bolu Abant Izzet Baysal Universitesi, Mithendislik Fakiiltesi, Gida Mihendisligi Bélimii, Bolu, Tirkiye

Gelis /Received 06.07.2025; Kabul / Accepted: 03.11.2025; Online bask1 / Published online: 13.11.2025

Coskun, H., Sarica, E., Avcy, C., Bekdemir, N., Kir, R. (2025). Biberiye yapragi kaplamasinin beyaz
peynirde fenolik madde, antioksidan aktivite ve baz1 kalite 6zelliklerine etkisi. GIDA (2025) 50 (6) 1077-
1090 doi: 10.15237/ gida.GD25084

Coskun, H., Sarica, E., Aves, C., Bekdemir, N., Kur, R. (2025). Effect of rosemary leaf coating on phenolic substances,
antioxidant activity, and selected quality characteristics of white chees. GIDA (2025) 50 (6) 1077-1090 doi: 10.15237/
gida. GD25084

o0z

Bu calismada, biberiye yapragi kullanilarak yapilan kaplamanin beyaz peynirin bazt kimyasal, mikrobiyolojik,
fiziksel ve duyusal Ozellikleri ile fenolik madde icerigi ve antioksidan aktivitesi tzerindeki etkileri
incelenmistir. Uretilen peynir 6rneklerinin yarist kontrol grubu olarak kullanilmus, diger yarist ise biberiye
yapraklari ile kaplanmustir. Her iki gruptaki 6rnekler, +4°C’de 30 giin streyle depolanmus ve analiz edilmistir.
Peynitlerin biberiye ile kaplanmasi fenolik madde iceriginde artis egilimi gostermistir, ancak bu artis
istatistiksel olarak anlamh bulunmamustir (P>0.05). Biberiye kaplt Srnekler (%049.90) kontrol grubuna
(%16.40) gore daha yiiksek antioksidan aktivite gdstermistir (P<0.05). Renk analizleri sonucunda, biberiye
kaph 6rneklerin I* degerleri kontrol grubuna kiyasla daha distik (P<0.05), a* (P<0.05) ve &* (P>0.05)
degerleri ise daha yiiksek bulunmustur. Koliform ve maya-kiif sayilarinda gruplar arasmnda anlaml fark
bulunmamustir (P>0.05). Biberiye kaplt 6rnekler, 6zellikle tat ve aroma bakimindan daha fazla tercih
edilmistir. Sonug olarak, biberiye yapragi ile kaplamanin peynirin fenolik madde, antioksidan aktivite, tat ve
aroma 6zelliklerini olumlu yonde etkilemistir.

Anahtar kelimeler: Beyaz peynir, biberiye, kaplama, fenolik, antioksidan

EFFECT OF ROSEMARY LEAF COATING ON PHENOLIC SUBSTANCES,
ANTIOXIDANT ACTIVITY, AND SELECTED QUALITY CHARACTERISTICS
OF WHITE CHEESE

ABSTRACT

This study investigated the effects of rosemary leaf coating on phenolic content, antioxidant activity,
and chemical, microbiological, physical, and sensory properties of white cheese. Half of the total 20
samples served as control, and the rest were coated with rosemary leaves, stored at +4°C for 30 days,
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and the analyses were carried out. Although the rosemary coating on cheeses tended to increase the
phenolic content, this increase was not found to be statistically significant (P > 0.05). Rosemary-
coated samples (49.90%) showed higher antioxidant activity than the control group (16.40%)
(P<0.05). Color analysis showed lower L* (P<0.05) and higher #* (P<0.05) and &/* (P>0.05) values
in coated samples. No significant differences were found in coliform or yeast-mold counts (P>0.05).
Sensory tests revealed a higher preference for coated samples, especially in taste and aroma. Overall,
rosemary coating positively influenced phenolic content, antioxidant activity, and sensory qualities of

white cheese.

Keywords: Beyaz cheese, rosemary, coating, phenolic, antioxidant

GIRIS

Peynir, diinya genelinde farkli kiltirel ve
teknolojik uygulamalarla Gretilen ve cesitliligi
oldukea fazla olan temel bit stt irtinidur. Kuresel
stit iiretiminin yaklasik tcte biri peynir tretimine
ayrilmaktadir. Diinya genelinde 4000’in tzerinde
peynir cesidi bulunmaktadir. Tirkiye’de ise bu
say1 yaklasik 130 civarindadir ve en yaygin tiretilen
tirler arasinda beyaz peynir, kasar peyniri ve
tulum peyniri yer almaktadir (Karateke, 2024).
Ozellikle beyaz peynir hem iiretim hem de
titketim miktari agisindan 6nemli bir yere sahiptir.
Turk Gida Kodeksi Peynir Tebligi'ne (Anonim,
2015) gore beyaz peynir, “hammaddenin peynir
mayasi kullanilarak pihtilastirilmasi ile elde edilen
telemenin, teknigine uygun olarak islenmesiyle
tretilen, Gretim asamalarindaki farklidiklara gbre
taze veya olgunlastirilmis olarak tanimlanabilen,
cesidine Ozgii karakteristik Ozellikler gosteren
salamurall peynir” olarak tanimlanmaktadir.

Peynir tiretiminde bitki ve baharatlarin kullanimi,
trtiniin lezzetini, aromasini ve besin degerini
artirmak  amactyla  yaygin  olarak  tercih
edilmektedir. Bununla birlikte, antimikrobiyal
Ozelliklere sahip baharatlar, patojen ve bozulma

etmeni mikroorganizmalarin gelisimini
engelleyerek trintn raf omrini
uzatabilmektedir. Bitki ve baharatlar, peynirin
duyusal  Ozelliklerini  iyilestirerek  tiiketici

begenisini artirmaktadir. Ozellikle yoresel peynir
cesitlerinde bu tir katki maddeleri, geleneksel
tatlarin olugsmasina katki saglamakta ve iriine
Ozgiin bir karakter kazandirmaktadir (Coskun,
2024). Son zamanlarda, fenolik maddeler gibi
insan sagligina faydalari olan biyoaktif bilesiklere
olan ilgi artmaktadir (Himed-Idir vd., 2020). Bu
dogrultuda, antioksidan aktiviteye sahip biyoaktif
bilesiklerin 6nemli kaynaklart arasinda yer alan
biberiye gibi aromatik bitkilerle gidalarin

zenginlestirilmesi Onerilmektedir (Mahgoub vd.,
2025).

Biberiye (Salvia  rosmarinus, syn.  Rosmarinus
offiinalis), Lamiaceae tyesi olan ve morfolojik
olarak igne secklinde kiiciik yapraklara sahip
aromatik bir bitkidir (Aziz vd., 2022). Turkiye’de
“kus dili”” olarak da adlandirilan bu bitkinin, ¢ali
formunda ¢ok yillik bir tir oldugu ve
yapraklarimin  dort yesil  kaldig
bildirilmistir. Dogal ortaminda 2 metreye kadar
uzayabilen bitkinin kii¢tik yapili, soluk mor veya
mavimsi renkte ¢icekler actig bildirilmistir.
Karakteristik kokusunu saglayan yapraklart yilda
Uc ila dort kez hasat edilebilmektedir. Akdeniz
kokenli olan bu bitkinin, ¢ok yonli kullanim
alanlar1 nedeniyle cografi sinirlarin Stesine gegtigi
ve kiiresel Olgekte ilgi gbrdiigi rapor edilmistir
(Kirptk ve Ozgiiven, 2018; Aziz vd., 2022;
Meziane vd., 2025). Biberiye hem dogal haliyle
hem de organik ekstrakt olarak ¢esitli gida
triinlerinde yaygin sekilde kullamlmakta; kendine
Ozgli duyusal nitelikleri sayesinde tliketiciler
tarafindan stklikla tercih edilmektedir (Marinho
vd., 2015a). Hafif acimst tada sahip olan
yapraklarinin, baharat ve ugucu yag iretiminde
degerlendirildigi bilinmektedir. Ayrica gidalarda
dogal antioksidan ve koruyucu ajan olarak
kullamildig, 6zellikle et Griinlerinde ve yag orani
yiksek gidalarda lipid oksidasyonunu engelleyerek
ransidite olusumunu 6nledigi vurgulanmaktadir
(Gakir, 2018). Biberiyenin (yag, ekstrakt veya
yaprak formu) antioksidan kapasitesi, oksidasyon

mevsim

sireci strasinda olusan serbest radikallerle
reaksiyona giren karnosik asit, rosmarinik asit,
karnosol, rosmanol, rosmarikinon ve

rosmaridifenol gibi fenolik bilesiklerin varligiyla
iliskilidir. Bu  bilesikler, elektron  vererek
zincitleme oksidasyon reaksiyonunu kesintiye
ugratmaktadir (Marinho vd., 2015b).



Biberiye yapragi kaplamasinin beyaz peynir kalitesine etkisi

Peynir tretiminde biberiye kullanimina yénelik
cesitli calismalar, bu bitkinin hem fonksiyonel
hem de mikrobiyolojik acidan iriine katk:
sagladigint ortaya koymaktadir. Cakir (2018), taze
kagar peynirine artan oranlarda biberiye ilavesinin
toplam fenolik madde igerigini ylikselttigini; ancak
renk degerlerinde azalmaya neden oldugunu
bildirmistir. Hamdy ve Hafaz (2018), biberiye
tozu ilave edilen Ricotta peynirlerinde toplam
fenolik madde igerigi ve antioksidan aktivitenin
arttigini, maya-kif gelisiminin  ise  kontrol
orneklerine kiyasla daha da digtiigiinii rapor
etmislerdir. Benzer sekilde, Himed-Idir vd. (2020)
tarafindan  yuritilen bir c¢alismada, farklt
oranlarda biberiye tozu ve liyofilize biberiye
ckstrakti ilave edilen taze peynirlerde toplam
fenolik madde icerigi ve antioksidan aktivitenin
artuds; pH, yag ve protein icerigi tizerinde ise
anlamli bir etkisinin bulunmadigi bildirilmistir.
Korkmaz (2011), Quark peynirine biberiye yagi
flavesi sonucunda koliform ve maya-kif
sayllarinda  artts  gbzlemlerken,  duyusal
degerlendirme puanlarinin diger 6rneklere gére
daha disik oldugunu rapor etmistir. Tomar ve
Akarca (2019) tarafindan yuritilen bir ¢alismada,
biberiye ekstrakt: ile kaplanan kasar peynirlerinde
mikrobiyal yiikiin azaldigt ve biberiye ekstrakti ile
kaplanan kasar peynirlerinin, diger 6rneklere gbre
duyusal acidan daha yiksek puan aldigr ifade
edilmistir. Ote yandan, Uzundag vd. (2025),
biberiye ugucu yagi iceren yenilebilir film ile
kaplanan taze peynir 6rneklerinde depolamanin
10. glintinde bozulma belirtileri gdzlemlemisler;
ancak bu Orneklerde depolamanin 5. giintiinde
yapilan duyusal analizler sonucunda, film kapl
peynir Orneklerinin  tat, koku ve g6rinim
acisindan tiketiciler tarafindan begenildigini rapor
etmislerdir.

Literatiirde yer alan arastirmalarda, farklt peynir
tiirlerine biberiye ilavesinin toplam fenolik madde
icerigini ve antioksidan aktiviteyi artirdig,
mikrobiyal gelisimi siurladigr ve genel {rtn

kalitesine olumlu katkilar sagladig
bildirilmektedir. Ancak, biberiye yapragi ile
kaplama isleminin beyaz peynir uzerindeki
etkilerini  inceleyen Ozglin  bir  calismaya

rastlanmamustir.  Bu  baglamda, bu c¢alismada
biberiye yapragt ile yapilan kaplamanin beyaz

peynirin kimyasal (kuru madde, tuz, titrasyon
asitligi), mikrobiyolojik (koliform ve maya-kiif),
fiziksel (renk degerleri) ve duyusal 6zelliklerinin
yant stra fonksiyonel bilesenleri (fenolik madde
icerigi ve antioksidan aktivite) tzerindeki
etkilerinin arastirilmast amaclanmustir.

MATERYAL VE YONTEM

Materyal

Calismada kullanilan inek siitii, Bolu ilinde faaliyet
gosteren  Tkizler Sit  Isletmesi'nden  temin
edilmigtir. Sutiin ortalama kuru madde oram
%11.80, yag oranit %3.4, pH degeri 6.40 ve
titrasyon asitligi  %0.18 olarak belirlenmistir.
Beyaz peynir tretiminde, ticari sirden peynir
mayast ve mezofilik laktik asit bakterisi kiltira
(Lactococens lactis subsp. lactis ve Lactococcus lactis
subsp.  cremoris;  Maysa  Gida,  Istanbul)
kullandmugtir. Kiltar, stte ilave edilmeden 6nce
steril siit ile aktive edilmistir. Peynir kaplamasinda
kullamilan bibetiye (Sakvia rosmarinus), taze olarak
Bolu’da yerel bir treticiden temin edilmistir.

Biberiye yapraklarinin hazirlanmasi

Taze olarak temin edilen biberiye yapraklari
saplarindan elle siyrilarak ayrilmistir.  Ayrilan
yapraklar, tizerlerinde bulunabilecek toz-toprak
vb. kirlerin uzaklagtirilmast amactyla musluk suyu
ile ytkanmis ve ince ince dogranmustir. Dogranmis
biberiye yapraklart 6nceden steril edilerek
sogutulmus su ile ikinci kez yitkanmis ve bilahare
oda sicakliginda kurutulmustur.

Beyaz peynir 6rneklerinin iiretimi

Cig inek sitd, icindeki yabanct maddelerin
uzaklastirilmast i¢in stizme bezinden gegirilmistir.
Sit, 65°C’de 20 dakika stireyle pastorize edilmis
ve ardindan mayalama sicakligina (34-35°C)
sogutulmustur. Mayalama sicakligina sogutulmus
site, Onceden hazirlanmis kalsiyum kloriir
cozeltisi (10g/100 L), starter kulttr (%1.5) ve 90
dakika icinde pihtilagtiracak sekilde hesaplanan
miktarda peynir mayasi ilave edilmistir. Mayalama
sonunda olusan pihti, teleme bicaklariyla 1 cm?
boyutlarinda kesilmis ve telemeden peynir altt
suyunun (PAS) uzaklastrilmas:  saglanmistir.
Kenarlara yapisan teleme styrilarak hafifce
karistirdmis, ardindan pthtinin ¢6kmesi igin 15
dakika beklenmistit. Takiben PAS uzaklastirilmis
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ve PAS akist sona erene kadar baskilama iglemi
uygulanmistir. Baskilama sonrasinda elde edilen
peynir, 8 X 10 x 4.5cm boyutlarinda kesilerek

kaliplara  aymlmustir.  Kabplar, %16 tuz
konsantrasyonuna ve yaklasik 17°C sicakliga sahip
salamura icerisinde 4-5 saat bekletilmistir.

Salamura siiresince her saat bagi peynirin yeterli
miktarda tuz alip almadigr kontrol edilmistir. Bu
asamada, peynirin pH’sinin <6.00 olmasina ve
peynir ile salamura pH’larinin esit olmasina dikkat
edilmigtir. Salamuradan gikarilan peynir kaliplary,
yizey suyunun uzaklastirilmast amactyla bir gece
boyunca buzdolabinda bekletilmistir.

Ertesi giin peynirler iki gruba ayrilmustir. Birinci
gruba kaplama islemi uygulanmamis ve kontrol
grubu (K) olarak dikkate alinmustir. Tkinci grup
peynirler daha o6nceden hazirlanmis  biberiye
yapraklari (B) ile kaplanmustir (Sekil 1). Kaplama

islemi sirasinda, peynir ylzeyinin mimkiin
oldugunca tamaminin biberiye yapraklariyla
Ortilmesine 6zen gosterilmistir. Her iki grup da
seffaf  plastik  ambalaj kaplarina  (PET,
Petking/Eltron Plastik, Istanbul; 9 X 10 X 5.5 cm)
yetlestirilmis ve +4°C’de 30 gin sireyle
depolanmustir (Coskun, 2021). Depolamanin 1.,
7.,14.,21. ve 30. giinlerinde peynirlerden érnekler
alinarak  analiz  edilmistir.  Biberiye  kaplt
peynitlerden 6rnek almadan 6nce yiizeylerindeki
yapraklar aseptik sartlarda dikkatlice

uzaklastirilmistir. Calisma iki tekerriirla olarak
yuratilmustir. Tekerriir dretimler dahil olmak
tizere, birinci ve ikinci gruplar onar Ornekten
olusmustur. Boylece calismada toplam 20 6rnek
tretilmis ve depolama stliresi boyunca analiz
edilmistit.

Analiz yontemleri

Peynir drneklerinde kurn madde, kuru maddede tuz ve
titrasyon asitligi tayini

Peynir 6rneklerinde kuru madde (%), tuz (%) ve
titrasyon asitligi (%) analizleri, Kurt vd. (1990)
tarafindan bildirilen yontemlere gore
gerceklestirilmistir. Elde edilen tuz degerleri daha
sonra kuru madde tzerinden yiizde tuz olarak
ifade edilmistir.

Toplam fenolik madde ve antioksidan aktivite tayini

Orneklerde toplam fenolik madde ve antioksidan
aktivite tayini, Akan vd. (2021) tarafindan
bildirilen  yontemde bazt  modifikasyonlar
yapilarak Dbelitlenmistir. Fenolik madde ve
antioksidan aktivite analizlerinde kullanilmak
tizere peynir Orneklerinden metanol ekstraktlars

Sekil 1. Uretilen peynirler; K: Kontrol 6rnegi, B: Biberiye yapraklari ile kapli 6rnek
Figure 1. Cheese samples; K: Control sample, B: Rosemary leaf-coated sample

hazirlanmustir. Bunun igin her 6rnekten 10g
tartilarak dzerine 10mlL metanol eklenmis,
karisim  vorteks cihazinda 5 dakika sireyle
homojenize edilmistir. Daha sonra ekstraktlar
buzdolabinda 2 saat bekletilmis, ardindan 4°C’de
8600g  kuvvetinde 30  dakika  sireyle
santrifijlenmistir. Elde edilen tst faz, Whatman
No. 42 kagit filtreden stztlerek analizlerde
kullantlmistir.  Antioksidan  aktivitesi DPPH
yontemiyle beliflenmistir. Metanolde hazirlanmis
0.2 mM DPPH c¢o6zeltisinden 4 ml., o6rnek
ekstraktindan 4 mL  ile  kansturlmustir.
Karisimlarin absorbans degerleri 517 nm dalga
boyunda  UV-1700  (Shimadzu, Japonya)
spektrofotometresi ile Sl¢tilmustiir. Kontrol i¢in
aynt hacimde metanol kullanilmistir. Inhibisyon
yizdesi Esitlik 1 ile hesaplanmistir:



Biberiye yapragi kaplamasinin beyaz peynir kalitesine etkisi

0/0 inhibisyOﬂ = (Ak()ntr()l - A(")mek) / Akontrol * 100,
A= absorbans (1)

Farkli konsantrasyonlarda troloks c¢ozeltilerine
karsilik gelen absorbans degerleri ile % inhibisyon
kapasitesi  belirlenerek  kalibrasyon — grafigi
cizilmistir. Sonuglar, ayrica pg Troloks esdegeti/g
peynir olarak ifade edilmistir.

Toplam fenolik madde tayini Folin-Ciocalteu
metoduna  gbre  belitrlenmistir. ~ Metanol
ekstraktindan 1 mlL alinarak, uzerine 10 kat
seyreltilmis Folin—Ciocalteu reaktifinden 5 mL
ilave edilmis ve vorteks ile karistirtlmistir. Karisim
oda sicakliginda 5 dakika inkiibe edildikten sonra
%7.5lik sodyum karbonat ¢Ozeltisinden 4 mL

eklenmis, karisimlar karanlk ortamda oda
sicakliginda 1 saat bekletilmistit. Absorbans
degerleri  760nm  dalga  boyunda, aym

spektrofotometre ile Sl¢tilmus ve sonuclar, gallik
asit standart egrisi kullanilarak gallik asit esdegeri
(GAE) cinsinden ifade edilmistir.

Renk tayini

Renk analizlerinde renk oOlcim cihazi CR-400
(Konica Minolta, Tokyo, Japonya) kullanilmigtir.
Olgiimlerde CIE (Commission Internationale de
Eclairage) sistemi esas alinmistir. Buna gére L*
(agiklik-koyuluk), a* (kirmizi-yesil) ve b* (sari-
mavi) degerleri 6l¢tlerek kaydedilmistir. Cihaz her
Ol¢im Oncesinde kalibre edilmistir. Toplam renk
degisimi (AE*), Esitlik 2 ile hesaplanmustur:

A= (Lol + (@ra)? + GrbY] 2 Q)

Koliform ve maya-kiif sayin

Mikrobiyolojik analizlerde, koliform grup bakteri
sayimi icin Violet Red Bile Agar (VRBA) besiyeri
kullanilmis ve Grnekler 35°C’de 48 saat inkiibe
edilmistir. Inkiibasyon sonunda, mor-kirmiz
renkli koloniler saylmistir. Maya-kiif sayimi ise
Potato Dextrose Agar (PDA) kullanilarak
yapilmistir. Bu amagla Grnekler yayma plak
yontemiyle ekilmis ve 25°C’de 120 saat inkiibe
edilmistir. Inkiibasyon sonunda olusan tiim
koloniler sayilmustir (Kurt vd., 1996).

Duyusal analizler
Duyusal analizlerde 6rneklere “Kontrole gore
fark” testi uygulanmistir (Metin, 1977). Bu testte,

panelistlerden  biberiye ile kaplanmis peynir
orneklerinin  kontrol grubuna kiyasla duyusal
acidan farkli olup olmadigmi (“ayn1”, “iy” veya
“k6td”) ve olast farkin derecesini (“fark yok”,
“cok az farkl”, “farkli”, “oldukca farkl”)
degerlendirmeleri istenmistir. Duyusal
degerlendirme, duyusal analiz konusunda egitim

almis 7 panelist tarafindan gerceklestirilmistir.

Istatistiksel analizler

Kontrol ve biberiye yapraklari ile kaplt peynir
gruplarinin  analiz  edilen  Ozelliklerine  ait
ortalamalar arasindaki farkliliklarin
belirlenmesinde t-testi kullanilmigtir. Depolama
stresine bagll degisimlerin degerlendirilmesinde
ise tek yonli varyans analizi (ANOVA) ve
Duncan ¢oklu karsilastirma testi uygulanmistir.
Tum istatistiksel degerlendirmelerde P<0.05
degeri anlamlilik sinirt olarak kabul edilmistir
(Devore ve Peck, 1993). Istatistiksel analizler,
SPSS yaziimi (v.25.0; SPSS Inc., Chicago, IL,
ABD) kullanilarak yapilmustir.

BULGULAR VE TARTISMA

Kuru madde, kuru maddede tuz ve titrasyon
asitligi degerleri

Depolama stiresi boyunca biberiye yapraklar: ile
kaplanmis peynir 6rneklerinin kuru madde, tuz ve
titrasyon asitligi degerlerinde meydana gelen
degisimler Cizelge 1’de sunulmustur.

Cizelge 1’den de takip edilecegi tizere, biberiye ile
kaplt Grneklerin genel ortalama kuru madde
degeri, kontrol grubuna gbre daha yuksek
bulunmustur. Nitekim bu farkhilik istatistiksel
olarak 6nemlidir (P<0.05). Gerek kontrol ve
gerekse biberiye kapli orneklerde kuru madde
degerleri depolamanin 7. gilininde yiksek
ctkmistir. Degisim biberiye kapli 6rnekte énemli
(P<0.05) bulunmustur. Biberiye yapragi ile kapl
orneklerin kuru madde degerlerinin genel olarak
yiksek c¢ikmast, biberiye yapraklarinin peynirden
nem c¢ekmesiyle aciklanabilir. Her iki peynir
Orneginde depolamanin 7. glintinde kuru madde
degerinin yiiksek ¢tkmasi, peynir kitlesinden su
ayrilmasina  baglanabilir.  Sonraki donemlerde
orneklerdeki kuru madde degerleri hemen hemen
stabil seyretmistir. Arastirmadan elde edilen kuru
madde degerleri, farkli baharat tiirleri kullanilarak
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tretilen beyaz peynirlerde bildirilen  genel
ortalama degerden (%47.09) daha disiktar
(Devect, 20106).

Cizelge 1. Peynir 6rneklerinin kuru madde, kuru maddede tuz ve titrasyon asitligi degetlerinde meydana
gelen degismeler
Table 1. Changes in dry matter, salt content in dry matter, and titratable acidity values of cheese samples

L _ Depolama zamani (Giin) Genel
S i
& 1 7 14 21 30 General mean
K 42.17 43.44 41.58 4231 42.29 42.36
Kuru madde +1.156% +0.7702 +0.083> 1+0.4842> +0.0352 +0.8038
Dry matter B 42.20 44.75 42.83 43.57 43.13 43.30
1+0.654P +0.5262 +0.994> +0.0122 +0.5992 1.018%
K 6.55 8.23 7.99 8.34 8.29 7.88
Kuru maddede tuz +0.085b +0.778» +0.014» +0.4102 10.4382 +0.785%
Salt content in dry matter B 6.45 7.93 8.49 8.35 7.83 7.81
+0.120P +0.1842 +0.2332 0.8412 +0.113# +0.8217
K 0.81 0.77 0.79 0.71 0.67 0.75
Titrasyon asitligi 0.0372 0.0124be 0.019%> 0.049b< 0.056¢ 0.0634
Titratable acidity B 0.80 0.77 0.78 0.58 0.56 0.70
0.0492 0.004+ 0.056 0.037> 0.095> 0.117A

a,b,c: Aynt sirada farkli harf tasiyan ortalamalar birbirinden farkli (P <0.05), aynt harf tastyanlar farksizdir (P >0.05).
A,B: Her bir 6zellige ait genel ortalamalarda farklt harf tasiyan kontrol (K) ve biberiye kaplt 6rnekleri (B) birbirinden
farkli (P <0.05), aynt harf tastyanlar farksizdir (P >0.05).

a,b,c: Means in the same row with different letters differ significantly (P <0.05); same letters indicate no difference (P >0.05). A,B:
In overall means for each property, control (K) and rosemary-coated (B) samples with different letters differ significantly (P <0.05);
same letters indicate no difference (P >0.05).

Biberiye yapraklari ile kaplanan beyaz peynitlerde Biberiye kapli beyaz peynir 6rneklerinin titrasyon

depolama boyunca kuru maddede tuz orant asitligi degerlerindeki degismeler Cizelge 1’de
degerlerinde meydana gelen degismeler Cizelge gosterilmistir. Cizelgeden de gortildagi tzere,
1’de gosterilmistir. Cizelge 1’de goriildiigh tizere,  genel ortalama titrasyon asitligi degeri kontrol

kontrol Ornegi ile biberiye kaplt 6rneklerin genel ~ peynirine  kiyasla  (%0.75)  biberiye  kapl
ortalamalart arasinda fark ctkmamustir (P>0.05). orneklerde digik (%0.70) bulunmus, ancak bu

Kisaca, peynir Orneklerini biberiye yapragi ile fark istatistiksel olarak Onemli bulunmamustir
kaplamanin  Orneklerin kuru  maddede  tuz (P>0.05). Biberiye kapli ve kontrol peynir
degerlerine etkisi olmamustir. Ancak, her iki Orneklerinin  titrasyon  asitligi  degetlerinde,
ornegin kuru maddede tuz degerleri 7. gline kadar depolamanin 21. ve 30. gunlerinde 6nemli

artts gostermis (P<0.05) ve sonraki dénemlerde dustsler tespit edilmistir (P<0.05). Bu dusis,
onemli bir degisim gostermemistir (P>0.05). biberiye kapli 6rneklerde daha belirgindir. Sekil 4
Kuru maddede tuz degerlerinin depolamanin 7. incelendiginde, her iki grupta da maya ve kif
giniinde hem biberiye kapli hem de kontrol sayilarinda artis oldugu gérilmektedir. Literatiirde
orneklerinde yiiksek ¢cikmasi, peynir kitlesinden su belirtildigi tizere, maya ve kiifler peynirlerde
ayrilmast ile agiklanabilir. Tirk Gida Kodeksi depolama boyunca ortamdaki laktik asidi
Peynir Tebligi'nde salamurada olgunlastirilan pargalayabilmektedir (Fan vd., 2023). Titrasyon

peynirler icin kuru maddede tuz orani en ¢ok asitligi degerlerindeki diisiistin, bu durumla iligkili
%7.5 olarak Dbelitflemistir  (Anonim, 2015). oldugu diisinilmektedir. Elde edilen titrasyon
Orneklerin genel ortalama kuru maddede tuz asitligi degeri, Deveci (2016) tarafindan bildirilen

degerleri, Peynir Tebligi'nde belirtilen degere asitlik degerinden (%0.92) daha distktir.
yakindur.
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Fenolik madde ve antioksidan aktivite

degerleri
Biberiye kaplt beyaz peynir Orneklerinde
depolama boyunca toplam fenolik madde

miktarindaki degismeler Sekil 2’te gdsterilmistir.
Biberiye ile kaplanan 6rneklerde toplam fenolik
madde miktart ortalama 91.13 mg GAE/kg,
kontrol grubunda ortalama 82.16 mg GAE/kg
bulunmustur. Ancak ortalamalar arasindaki fark
istatistiksel olarak 6nemsizdir (P>0.05). Farkin
Onemsiz ¢ikmast, biberiye yapraklarinin yalnizca
peynir ylzeyini kaplamast nedeniyle fenolik
bilesiklerin peynirin i¢ kistmlarina yeterli diizeyde
difiize olamamasindan kaynaklanmis olabilir.
Bununla birlikte, depolama boyunca biberiye kaplt
6rneklerde daha fazla olmak tizere her iki grupta

140
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Fenolik madde (mg GAE/kg)

w— s Inhibisyon Kontrol (GX'= 16,405,488 B)

—TEAK Kontrol (GxX = 4,18+1,476 B)
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P
2

38,49d

3

10,13 d

w
<

8,00 ¢

idan aktivite (% i

15,25 b

1 7

da fenolik madde miktart artiy gOstermistir
(P<0.05). Biberiye kapli peynir &rneklerinde
fenolik madde miktarinin yitksek bulunmasi,
biberiye yapraklarinda bulunan fenolik bilesiklerin
peynir matriksine niifuz etmesi ile actklanabilir
(Gtiler, 2019). Benzer sekilde, depolama siiresince
her iki 6rnekte de fenolik madde miktarinin
arttugl, ayrica bu artisin biberiye kapl 6rneklerde
daha yiksek oldugu Cakir (2018) tarafindan da
bildirilmistir.  Depolama  sirasinda  ortamda
bulunan bazi mikroorganizmalarin  fenolik
bilesiklerin serbest kalmasini ve daha aktif
formlara doniismesini  saglayabilecegi ifade
edilmektedir (Antoniewicz, 2021).

e~ Kontrol (GX= 82,16:19,867 A)
o~ Biberiye kaph (GX' = 91,13:+25,891 A)
124,84 a

>

105,75 b~
A
/%/ 104,73 a
93,58 ab
14 21 30
— 1 n Biberiye Kaph (GX'= 49.90£14,512 A)
iberiye Kaph (GX= 13,19+3,903 A)
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60,85b

24,69 a
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Antioksidan aktivite (ug TE / g peynir)

3,25b 2

30

21

Depolama Zamam
Sekil 2. Peynir 6rneklerinin fenolik madde ve antioksidan aktivite degetlerinde meydana gelen
degismeler (Gx: Ait oldugu peynir grubunun genel ortalama degeri, A,B: Genel ortalamalar arasindaki
istatistiksel farki (P: 0.05), a,b,c: Her bir 6rnegin depolama giinlert arasindaki farks (P: 0.05)
gOstermektedir)
Figure 2. Changes in the phenolic content and antioxidant activity values of cheese samples (Gx: General average value

of the corvesponding cheese group; A,B: Statistical difference between general averages (P: 0.05); a,b,e: Difference between

storage days of each sample (P: 0.05))
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Biberiye  yapraklart ile  kaplanan  peynir
orneklerinde % inhibisyon ve Troloks es degeri
olarak antioksidan aktivite genel ortalama degeri
(%49.90 ve 13.19 pg TE/g peynir), kontrol
peynitlerine gore (%16.40 ve 4.18 nug TE/g
peynir) oldukea yitksek bulunmustur (Sekil 2). Bu
fark, istatistiksel olarak anlamhidir (P<0.05).
Peynirlerin  kaplanmasinda kullanilan  biberiye
yapraklarinda antioksidan bilesikler
bulunmaktadir (Giiler, 2019). Dolayisiyla biberiye
kapli 6rneklerde antioksidan aktivitenin yiksek
ctkmasi,  kaplamada  kullandan  biberiye
yapraklarindan kaynaklanmis olabilir. Depolama
boyunca biberiye kapli peynir Srneklerinde

95 90,1 K‘
90 87,82 ab
b

antioksidan aktivitede meydana gelen artis da
6nemli bulunmustur (P<0.05). Bu artisin, zamana
bagli olarak biberiye yapraklarindaki antioksidan
bilesiklerin ~ peynir ~ matriksine  gegisinin
hizlanmasiyla iliskili oldugu dusintlmektedir.
Benzer bir sonug, Cakir (2018) tarafindan kasar
peynir 6rneklerinde de tespit edilmistir.

Renk degerleri

Biberiye kapli ve kontrol peynir Orneklerinin
depolama boyunca renk degerlerinde meydana
gelen degismeler Sekil 3’te gosterilmistir.
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Sekil 3. Peynir 6rneklerinin renk (L*, a*, b* ve AE*) degetlerinde meydana gelen degisimler (Gx: Ait
oldugu peynir grubunun genel ortalama degeri, A,B: Genel ortalamalar arasindaki istatistiksel farki (P:
0.05), a,b,c: Her bir 6rnegin depolama glinleri arasindaki farki (P: 0.05) gbstermektedir)

Figure 3. Changes in the color parameters (L*, a*, b¥*, and AE¥) of cheese samples (Gx: General average value of the
corresponding cheese group; A,B: Statistical difference between general averages (P: 0.05); a,b,¢: Difference between
storage days of each sample (P: 0.05))

Sekil 3’te gorildigi tzere, genel ortalama L*
degerleri, biberiye kaplt érneklere kiyasla kontrol
grubunda daha yiksek bulunmustur (P<0.05).
Depolamanin ilk 14 giintinde her iki grubun L*
degerleri birbirine yakin seyretmis, ancak bu
stireden sonra biberiye kaplt Orneklerde L*
degerleri belirgin sekilde azalmistur (P<0.05). Bu
durumun,  biberiye  yapraklariin = peynir
yuzeyinden su c¢ekerek peynire yapismast ve
icerdigi renk bilesenlerini ylzeye aktarmasiyla
actklanabilir. Cakar (2018) tarafindan
gerceklestirilen calismada da benzer bir sonuca

ulasgtlmis ve biberiye ilavesi yapilan kagar
peynirlerinde L* degerinde azalma

gozlemlenmistir. Ote yandan, Uzundag vd. (2025)

tarafindan biberiye ugucu yagi igeren filmle
kaplanan peynitlerde L* degerlerinin depolama
boyunca arttg rapor edilmistir. Bu farkliligin,
kullanilan biberiyenin formu (yaprak ya da ucucu
yag) ile wuygulanan kaplama yonteminden
kaynaklandigi dustintilmektedir.

Renk a* degerleri acisindan degerlendirildiginde,
biberiye kapli Grneklerde genel ortalamanin
kontrol grubuna gére daha yiksek oldugu
belirlenmistir (P<0.05, Sekil 3). L* degerlerinde
meydana gelen degismelere benzer sekilde, a*
degerleri depolamanin ilk 14 giuninde iki grup
arasinda birbirine yakin seyretmis, ancak takip
eden ginlerde Dbiberiye kapll  6rneklerde
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yikselmistir  (P<0.05). Bu durum, kontrol
Orneklerinde yesil rengin arttigini, biberiye kaplt
peynirlerde ise kirmizi tonlarinin belirginlestigini
gOstermektedir. Biberiye yapraklari ile kaplanan
Orneklerde gézlenen kirmizilik artisi, zamanla
yapraklardan peynire gecen renk pigmentleriyle
aciklanmakta olup, bu durum peynir yiizeyinde
gbzlenen kahverengimsi tonlarla da
iliskilendirilmektedir. Bu sonug, Cakir (2018)

tarafindan elde edilen sonuclarla benzerlik
gOstermektedir.
Biberiye  yapraklart ile kaplanmis  peynir

orneklerinin genel ortalama b* degerleri, kontrol
grubuna goére daha yitksek bulunmustur. Ancak
aradaki fark istatistiksel olarak 6nemli degildir
(P>0.05, Sekil 3). Depolama boyunca her iki
grupta da b* degerlerinde artis gézlenmis; bu artis
biberiye kapli 6rneklerde daha fazla olmustur
(P<0.05). Yapilan bir ¢alismada, farkli oranlarda
biberiye ilave edilen kasar peyniri 6rneklerinin b*
degerleri, kontrol 6rneklerine gére daha disiik
ctkmustir (Cakir, 2018). Bu farkliligin, biberiyenin
peynire temas seklinin farkli olmasindan; yani
dogrudan drtne ilave edilmesi ile yizeysel

kaplama seklinde uygulanmasi gibi farklt
uygulama yontemlerinden kaynaklandig
distnilmektedit.

Depolama siiresi boyunca, biberiye yapraklariyla
kaplanmis peynir Ornekleri ile kontrol Srnekleri
arasindaki toplam renk degisimi (AE*) artmistir
(Sekil 3). Bu artts, depolamanin ilk 14 giiniinde
istatistiksel ~ olarak  Onemsiz  bulunmustur
(P>0.05). Ancak degisim, 21. ve 30. giinlerde
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onemlidir (P<0.05). Toplam renk degisimi (AE*);
analitik olarak c¢ok belirgin (AE*>3), belirgin
(1.5<AE*<3) ve kigik fark (1.5>AE*) olarak
siniflandirlmistir. AE* degerinin 2’nin lzerinde
olmasi, gézle gorilebilir bir farklilik oldugunu
gostermektedir (Pathere vd. 2013). Elde edilen
sonuglar, biberiye yapragi kaplamasinin peynirin
gorsel Ozelliklerini depolama siiresince 6nemli
Olgtide etkiledigini ortaya koymustur. Bu etki,
depolamanin ilk 14 gintinde belirgin, sonraki
ginlerde ise ¢ok belirgin bir renk farkliligina
neden olmustur.

Koliform ve maya-kiif sayilar1

Biberiye  yapraklart ile  kaplanmis  peynir
orneklerinde koliform bakteri sayisinda depolama
boyunca meydan gelen degisimler Sekil 4’te
sunulmustur. Sekil 4 incelendiginde, biberiye kapli
orneklerin genel ortalama koliform sayist (1.94 log
KOB/g), kontrol érneklerine (1.62 log KOB/g)
gore daha yiksek bulunmustur, ancak fark
6nemsizdir (P>0.05). Her iki grupta da koliform
bakteri sayilari genel olarak dusiik seviyelerdedir
(<2 log KOB/g). Tirtk Gida Kodeksi
Mikrobiyolojik Kriterler Yonetmeligi'nde
peynitlerde  koliform bakteri sayisina iligkin
spesifik bir limit bulunmamaktadir (Anonim,
2025). Depolama stiresi boyunca her iki 6rnekte
de koliform sayilarinda disis gdzlenmistir
(P>0.05). Elde edilen bulgular dogrultusunda,
peyniri biberiye yaprag: ile kaplamanin peynirde
koliform bakteri sayisi Uzerinde anlamh bir
etkisinin olmadig1 sylenebilir.

o= Kontrol (Gx=1,62+0,774 A)
~e=Biberiye kaph (Gx=1,94+0,619 A)

2,01 a

3- 1,77a 1,80 a
//

= )
e 1,78

1,09 a

14 21 30
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Sekil 4. Peynir 6rneklerinin koliform ve maya-kif degerlerinde meydana gelen degismeler (Gx: Ait
oldugu peynir grubunun genel ortalama degeri, A,B: Genel ortalamalar arasindaki istatistiksel fark: (P:
0.05), a,b,c: Her bir 6rnegin depolama ginleri arasindaki farki (P: 0.05) gbstermektedir)

Figure 4. Changes in coliform and yeast—mold counts of cheese samples (Gx: General average value of the corresponding
cheese group; A,B: Statistical difference between general averages (P: 0.05); a,b,c: Difference between storage days of each
sample (P: 0.05))

Sekil 4te gorildigi  tizere, biberiye kaph
Orneklerin  genel ortalama maya-kif sayilari,
kontrol 6rneklerine gore yiksektir; ancak bu
istatistiksel olarak 6nemli degildir (P>0.05).
Kontrol grubunda depolamanin basinda maya-
kif gelisimi olmamis, ancak 7. glinden itibaren
artts meydana gelmistir (P<0.05). Say1 21. giinden
itibaren ise stabil kalmugtir (P>0.05). Biberiye kaplt
Orneklerde maya-kif sayiart baglangicta kontrol
grubuna gére daha yitksek c¢ikmus ve 21. giine
kadar artig géstermistir (P<0.05). Say1 30. glinde
stabil (P>0.05) hale gelmistir. Her iki grup 6rnekte
de 21. ve 30. giinlerde maya-kiif sayilar1 birbirine
olduk¢a yakin bulunmugtur. Netice olarak
biberiye kapli 6rneklerde baslangigta maya-kif
sayist daha yiksek c¢tkmis olsa da depolama
sonunda kontrol grubuna yakin ¢ikmistir. Sonugta
biberiye ile kaplamanin maya-kif sayisint 6nemli
Olctde etkilemedigi sOylenebilir. Tomar ve Akarca
(2019) tarafindan yuritilen bir calismada, biberiye
ekstrakts ile kaplanan kasar peyniri 6rneklerinde
ve kontrol peynirinde depolama boyunca maya-
kif sayidarinda artig tespit edilmistir. Ancak
kontrol 6rneklerindeki maya-kif sayisi, biberiye
ekstrakti ile kaplanan O6rneklere kiyasla daha
yuksek bulunmustur. Bu farkliigin, 6zellikle
biberiye ugucu yagt iceren filmle yapilan kaplama

isleminin mikrobiyal gelisimi sinirlayict etkisinden
kaynaklanmis olabilir.

Duyusal 6zellikler

Biberiye ile kaplanmis beyaz peynir Srneklerinin
kontrol grubuyla karsilastirmali duyusal analiz
sonuglar Cizelge 2’de sunulmustur. Cizelgede yer
alan veriler, 7 egitimli panelistin iki bagimsiz
tekerriirde yaptigt degerlendirmelerin toplamint
(n=14) temsil etmektedir. Ayrica kontrol grubuyla
karsilastirldiginda  panelistlerin - “aynt”, “iyi ve
“koti” seklindeki degerlendirmelerinin en yuksek
tercih sayilart cizelgede belirtilmistir.

Cizelge, panelistlerin  biberiye yapraklart ile
kaplanmis 6rnekleri kontrol grubuna kiyasla renk
ve gbrunts acisindan daha  “kétd”  olarak
degerlendirdigini  g6stermektedir. Renk  ve
gorinise iliskin bu olumsuzluklar, depolama
stresinin ilerlemesiyle daha da belirgin hale
gelmistir. Depolamanin 21. ve 30. glnlerinde
“kotl” degerlendirmesi yapan panelistler, biberiye
kapli 6rnekler ile kontrol 6rnekleri arasindaki fark:
“oldukca farkli” olarak ifade etmistir. Renk
parametresine iliskin olumsuz degerlendirmeler,
peynir yiizeyine yapisan biberiye yapraklarindan
gecen renk pigmentlerinin  neden  oldugu
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kahverengimsi  tonlarla  iliskilendirilmektedir.
Buna karsin, yap1 ve kivam, koku ile tat ve aroma
parametreleri bakimindan biberiye kaplt 6rnekleri
kontrol grubuna gotre daha iyi bulan panelist sayist
yiiksektir. Ozellikle tat ve aroma &zellikleri
bakimindan depolama siiresi boyunca tim
panelistlerin biberiye kapli 6rnekleri tercih ettigi
gozlemlenmistir. Elde edilen bulgular, biberiye
yapraglt kaplamanin, beyaz peynirin duyusal
Ozellikleri tizerinde renk parametresi disinda
olumlu etkiler sagladigini géstermektedir. Hamdy
ve Hafaz (2018) tarafindan yirltilen bir
calismada, Ricotta peynirine %0.5 oraninda
biberiye tozu ve %1 oraninda taze sarimsak
ilavesi, kontrol grubuna kiyasla tim duyusal
Ozelliklerde daha yuksek puanlarla
degetlendirilmistir.  Cakir  (2018)  tarafindan

yapilan bir calismada, %0.75 oraninda biberiye
flave  edilen kagsar peynitlerinin,  kontrol
orneklerine kiyasla goriiniis disinda doku, lezzet
ve genel begeni acisindan daha yiiksek puan aldigt
bildirilmistir. Daha disiik oranda (%0.50) biberiye
flave edilen kasar peynitleri ise yalnizca lezzet
degerlendirmesinde kontrol grubundan daha
yiksek puan almistir. Buna karsilik, %1 oraninda
biberiye ilavesi, tim duyusal 6zellikler agisindan
panelistler tarafindan en digik puanlarla
degerlendirilmistir.  Himed-Idir  vd.  (2020)
tarafindan yiritilen calismada, taze peynire farklt
oranlarda biberiye tozu ve liyofilize biberiye
ekstrakti ilave edilen Ornekler, Ozellikle aroma,
koku ve agizda kalan tat acisindan kontrol
grubuna kiyasla daha yiiksek puanlar almustir.

Cizelge 2. Duyusal 6zellikler bakimindan biberiye yapragi ile kaplanmis peynir 6rneklerini panelist
tercih sayilart (n=14%)
Table 2. Panelist preferences for rosemary leaf-coated cheese samples in terms of sensory attributes (n=14%)

Kontrole gore tercih

Depolama zamani (Gln)

?uyusal (;fzclzlhfkler durumu Storage time (days)

O HI0L) QrIToIIes Preference versus control 1 7 14 21 30
Renk ve gorunts Color and appearance Koti Poor 6 7 8 11 12
Yapi ve kivam Texture and consistency Iyi Good 7 1 7 7 3
Tat ve aroma Taste and aroma Iyi Good 14 14 14 14 13
Koku Odor Iyi Good 8 10 12 8 5

*: Cizelgede yer alan her bir sayi, 1. ve 2. tekerriirde tretilen 6rnekleri analiz eden panelistlerin tercih sayilarinin

toplamint géstermektedir.

*: Each number in the table represents the total number of preferences of the panelists who analyzed the samples produced in the 1" and

2" repetitions.

SONUC

Bu calisgmada, biberiye yapragi ile kaplamanin
beyaz peynirin bazt OSzellikleri Gzerine etkisi
incelenmistir. Elde edilen bulgulara gbre, biberiye
yapragl ile kaplama, peynir Orneklerinde kuru
madde, titrasyon asitligi ve tuz degertlerini
etkilememis; ancak antioksidan aktivite, fenolik
madde, renk, mikrobiyolojik ve duyusal 6zellikleri
etkilemistir. Calisma sadece beyaz peynir tizerinde
yuritilmuistir. Dogrudan baharat veya bitki
yapraklari ile kaplamanin diger peynirlerde de
uygulanmast  yoniinde calismalar  yapilabilir.
Boylece kaplama yontemi hakkinda daha

kapsayict bilgiler ortaya konabilir. Sonug olarak,
biberiye yapragi ile kaplamanin beyaz peynir
tretiminde fonksiyonel ve duyusal o&zellikleri
gelistirmeye yonelik uygulanabilir bir yéntem
oldugu soylenebilir.

CIKAR CATISMASI

Yazarlar bu arastirma makalesinde herhangi bir
kisi ve/veya kurum ile ¢ikar ¢atigmasi olmadigini
beyan eder.
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YAZARIARIN KATKISI

Calismanin  tasarlanmasi, peynir Orneklerinin
Uretimi, laboratuvar analizlerinin
gerceklestirilmest, metodoloji, bulgulatin
degerlendirilmesi ~ ve  makalenin  yazimi

asamalarinin tamaminda tim yazarlarin katkist
olmustur.

TESEKKUR
Calismada kullanilan inek sttint karsilayan ve
Bolwda faaliyet gosteren Ikizler Siit A.S.’ye
tesekkiir ederiz.
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ABSTRACT

This study aims to develop a novel functional beverage through a food-to-food fortification strategy to
reduce the prevalence of iron deficiency. Hot and cold infusions were prepared with varying orange peel
concentrations. The addition of orange peel to black tea prevented the iron-polyphenol complex formation
by up to 70%, while tea pH significantly affected iron-binding capacity. The antioxidant activity and total
polyphenol content of hot infusions were found to be higher than cold infusions. Addition of orange peel
to tea samples decreased the antioxidant activity of tea according to 2,2-diphenyl-1-picrylhydrazyl (DPPH)
and 2,2"-azino-bis(3ethylbenzothiazoline-6-sulfonic acid) (ABTYS) assays, while hydroxyl radical scavenging
activity increased. Sensory evaluation revealed that black tea containing 12% orange peel was the most
promising sample, based on consumer acceptance. These findings highlight the potential of orange peel-
fortified functional tea as a promising strategy for combating iron deficiency while preserving the
characteristic sensory qualities of traditional tea.

Keywords: Black tea, orange peel, inhibition of iron-polyphenol complex, antioxidant activity, total
polyphenol content, sensory analysis

DEMIR-POLIFENOL KOMPLEKSI OLUSUMUNU AZALTMAYA YONELIK
DOGAL BiR GIDA ZENGINLESTIRME YAKLASIMI: PORTAKAL KABUGU
KATKILI SIYAH CAY

oz
Bu ¢alisma, demir eksikligi prevalansint azaltmak icin gidadan gidaya zenginlestirme stratejisi yoluyla
yeni bir fonksiyonel icecek gelistirmeyi amaglamaktadir. Farkli portakal kabugu konsantrasyonlari

kullanilarak sicak ve soguk inflizyonlar hazirlanmistir. Siyah ¢aya portakal kabugu ilavesi, demir-
polifenol kompleksinin olusumunu %70'e kadar 6nlerken, ¢ayin pH degeri demir baglama kapasitesini
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6nemli 6l¢iide etkilemistir. Sicak inflizyonlarin antioksidan aktivitesi ve toplam polifenol icerigi soguk
infiizyonlardan daha yitksek bulunmustur. Cay 6rneklerine portakal kabugu eklenmesi, 2,2-diphenyl-
1-pictylhydrazyl (DPPH) ve 2,2%-azino-bis(3ethylbenzothiazoline-6-sulfonic acid) (ABTYS)
yontemlerine gére cayin antioksidan aktivitesini azaltirken, hidroksil radikali stipiirme yontemine gore
ise antioksidan aktivitesini artirmistir. Duyusal analizler ise tim 6rnekler arasindan %12 portakal
kabugu iceren siyah cayin titketici kabuld acisindan en umut verici 6rnek oldugunu ortaya koymustur.
Bu bulgular, geleneksel ¢cayin karakteristik duyusal 6zelliklerini korurken demir eksikligiyle mticadele
icin umut verici bir strateji olarak portakal kabugu ile zenginlestirilmis fonksiyonel ¢ayin potansiyelini
vurgulamaktadir.

Anahtar kelimeler: Siyah cay, portakal kabugu, demir-polifenol kompleksi inhibisyonu, antioksidan

aktivite, toplam polifenol igerigi, duyusal analiz

INTRODUCTION

Iron is an essential micronutrient necessary for
vital metabolic functions, including oxygen and
electron transport, as well as the synthesis of
deoxyribonucleic acid (DNA) and
neurotransmitters. Due to its involvement in
these processes, iron deficiency is the most
common comorbidity, causing not only anemia,
but also impairments in cardiac and skeletal
muscle function, as well as oxygen consumption
(Anghel et al., 2025). Despite its crucial role in
many cellular reactions, iron deficiency is the
most common micronutrient disorder worldwide,
affecting 25-30% of the population (Kumar et al.,
2022). The primary approaches to treat iron
deficiency have focused on iron-fortified foods
and iron-supplemented diets. However, these
approaches have only modestly reduced the
global prevalence of iron deficiency over the last
three decades. This is primarily because
consumers do not accept the treatments well due
to negative side effects, such as unpleasant
sensory changes when consuming iron-fortified
products and adverse gastrointestinal effects from
iron supplementation (Burns et al, 2025).
Therefore, to address this widespread issue, there
is a need for novel and practical food-based
strategies that improve iron utilization, alongside
micronutrient-rich  dietaty recommendations,
which are accessible to consumers across all
socioeconomic levels.

Tea, produced from the buds, leaves and tender
stems of the Camelia sinensis (L.) plant, is one of
the most commonly prefered non-alcoholic
beverages worldwide. The reasons for the high
demand for tea are its fragrance, distinctive
aroma, and low cost. Tea also exhibits high

antioxidant activity due to its phytochemical
nature, which is particularly rich in polyphenols
(Ding et al., 2025). Fresh tea leaves contain high
concentrations of various compounds, including
flavonoids, flavonols, anthocyanin glycosides, and
phenolic acids (Li et al., 2024). Tannins, which are
also tea polyphenols, are an anti-nutritional factor
with the potential to complex with iron in the
gastrointestinal lumen, inhibit iron absorption
and cause iron deficiency anemia (Dueik et al,
2017; Zhang et al., 2023). Therefore, the fact that
about 85% of total tea consumption occurs in
developing countries contributes significantly to
the prevalence of iron deficiency. Due to its
widespread consumption, affordability, and
accessibility, black tea is a promising intervention
strategy for improving iron bioavailability by
minimizing the impact of anti-nutritional factors
(Nyakundi et al., 2024).

Orange peel, a byproduct of orange processing
industry, contains various bioactive compounds,
and constitutes an underutilized source of value-
added compounds (Ortiz-Sanchez et al., 2024).
Orange peel consists of a complex matrix of
biochemical components, including soluble
sugars, starches, and dietary fibers (notably
cellulose, hemicellulose, lignin, and pectin), as
well as minor components such as ash, fat, and
protein (Zhou et al., 2023). In addition to these
macronutrients, orange peel contains various
organic acids, notably citric, malic, malonic, and
oxalic acids, as well as micronutrients, including
vitamin C (ascorbic acid) (Kelebek et al., 2009). It
also includes simple sugars such as glucose,
fructose, and sucrose, while its structural cell wall
is  predominantly composed of insoluble
polysaccharides, particularly cellulose,
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hemicellulose, and pectin (Pandiarajan et al,
2018). Although the utilization of this bioactive-
rich edible waste remains relatively limited, orange
peel has demonstrated diverse applications across
several fields. It is utilized in culinary preparations
for its distinctive flavor and aroma, incorporated
into animal feed for its nutritional content,
employed as compost to enhance soil quality, and
used as a natural air freshener. Additionally, it is
gaining attention in the formulation of skincare
products, functional foods and beverages, and
herbal teas, owing to its rich phytochemical and
antioxidant profile (Mamma and
Christakopoulos, 2014; Revathi et al., 2025).
Given its unique composition and functional
properties, orange peel represents a valuable
resource for future food innovation and
sustainable food waste valorization strategies.

In light of the increasing need for sustainable and
food-based strategies to combat iron deficiency
anemia, this study developed a functional black
tea product enriched with orange peel to inhibit
iron—polyphenol complexation, thereby reducing
the risk of iron deficiency anemia, with high
consumer acceptance observed. For this aim,
black tea samples containing  different
concentrations of freeze-dried orange peel (3%,
6%, 9%, 12%, 24%, and 48%) were infused at two
different temperatures (cold and hot). All samples
were then evaluated for inhibition of iron—
polyphenol complexation, antioxidant activity,
and total polyphenol content. Moreover, the

sensory evaluation of all tea samples was
conducted to gain deeper insights into consumer
acceptance.

MATERIAL AND METHOD
Materials
Black tea and orange were purchased from

markets and local grocery stores in Nevsehir,
Trkiye.

Freeze-drying of orange peels (lyophilization)
The oranges were first washed upon arrival at the
lab, then dried using paper towels, and their peels
were separated. These peels were then lyophilised
using a freeze-dryer (FDU-8612, Operon Co.,
Ltd., Gimpo, Korea) until the moisture content
was below 10%. The samples were then stored in
glass jars in a clean, dry environment until
analysis.

Preparation of orange peel added black tea
Dried orange peel was ground using a laboratory
blender (Waring Commercial Blender, USA) and
added to the black tea at concentrations of 3%,
6%, 9%, 12%, 24%, and 48% (w/w) to produce
functional tea. To ensure sample homogeneity
during tea production, each formulation was
individually prepared by accurately weighing 4
grams of the mixture, in accordance with the
target concentrations. Table 1 presents the
properties of the tea samples along with their
corresponding codes.

Table 1. Codes and characteristics of tea samples

Codes

Characteristics

BT
OPT

100% Black Tea
100% Freeze-dried Orange peel

BTOPT:
BTOPTs
BTOPT)
BTOPT12
BTOPT24
BTOPTys

3% Freeze-dried Orange peel + 97% Black Tea
6% Freeze-dried Orange peel + 94% Black Tea
9% Freeze-dried Orange peel + 91% Black Tea
12% Freeze-dried Orange peel + 88% Black Tea
24% Freeze-dried Orange peel + 76% Black Tea
48% Freeze-dried Orange peel + 52% Black Tea
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Infusion of tea samples

Tea infusions were prepared using two distinct
infusion methods, each conducted at different
temperatures and infusion times (Dasdemir et al.,
2023). For both cold and hot infusions, 4 grams
of each prepared tea sample were mixed with 400
ml. of deionized water. Cold infusions were
prepared at 20 + 2 °C with continuous shaking in
an otbital shaker for two hours, whereas hot
infusions were prepared by steeping the samples
in deionized water at 100 °C for 7 minutes.
Following the infusion, all tea samples were first
tiltered through ordinary filter paper, followed by
Whatman No:1 filter paper. All the infusions were
stored at -80 °C until analysis.

pH measurements of tea infusions

The pH of the tea samples was measured using a
Thermo Scientific Orion 4-Star Desktop Digital
pH meter. Standard solutions (Orion™ pH
Buffer Solution, Boston, USA) with known pH
values of 4, 7 and 10 were used at room
temperature for calibration. The temperature was
controlled simultaneously during the pH
measurements.

Evaluation of the effect of orange peel
addition on iron—polyphenol complex
formation in tea infusions

The iron-binding ability of the tea infusions was
measured, following the protocol of Dasdemir et
al. (2023) and McGee and Diosady (2018)
(Dasdemir et al.,, 2023; McGee and Diosady,
2018b). Ferrous sulfate was added as the iron
source to each tea infusion to achieve a final
concentration of 0.3 mmol/L. The mixtures were
then allowed to stand for 5 minutes to ensute
completion of the reaction. The formation of
iron—polyphenol complexes was monitored by
measuring absorbance at 570 nm using a UV-
Visible spectrophotometer (PerkinElmer LLambda
25, Massachusetts, USA). A blank without ferrous
sulfate was prepared for each sample and
accounted  for  background  absorbance.
Furthermore, to investigate the influence of pH
effect on the iron—polyphenol complexation, the
pH of the samples was adjusted to 2.5 and 7.5,
and the measurements were repeated under the
same conditions. All measurements were

conducted in triplicate. The results are presented
as relative inhibition percentages. The formation
of the iron-polyphenol complex in the hot BT
infusion was taken as 100%, and the iron-binding
activity of the other samples was calculated based
on their absorbance values relative to this
reference. The percentage inhibition
calculated by subtracting the relative binding
percentage from 100%.

was

Evaluation of the radical scavenging activity
of tea infusions

To evaluate the antioxidant activities of the
functional tea samples, assays including DPPH,
ABTS, and hydroxyl radical scavenging were
employed (Dasdemir et al., 2023; Tarannum et al.,
2023). Ascorbic acid, butylated hydroxyanisole
(BHA), Butylated hydroxytoluene (BHT) and
Trolox were used as standard references. All
methods were carried out in 3 replicates. The
antioxidant activities of the samples were
expressed as ICso values (ug/mL) for the DPPH
and ABTS assays, while hydroxyl radical
scavenging activity was reported as percentage
inhibition (%0).

Evaluation of total polyphenol content (TPC)
of the tea infusions

To measure the TPC of the tea infusions, the
Folin—Ciocalteu method described by Ciniviz and
Yildiz (2020) was used, and the outcomes were
expressed as g of gallic acid equivalents per liter
(Ciniviz and Yildiz, 2020)
Descriptive Evaluation of the
Properties of Tea Infusions

A panel of 12 people evaluated the sensory
properties of the hot infusions using a 5-point
hedonic test. Panelists were selected from among
Nevsehir Hact Bektas Veli University students
and staff, taking into account those who consume
tea daily. Panelists were informed about the
sensory evaluation prior to the session. The tea
infusion was prepared using tea bags including
two grams of each tea mixtures to meet the
standard amount of tea bag content. Each tea bag
was placed in a glass cup, which was then filled
with hot water. The cups were left to steep for five
minutes before being served to the panelist. Eight

Sensory
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different tea samples were given to the panelists,
who were asked to smell the tea infusions before
tasting. To reduce the impact of taste transitions
between samples, panelists were provided with
water and crackers.

Each sample was evaluated on a scale ranging
from 1 (very poor) to 5 (excellent) based on five
sensory attributes (aroma, brightness, colour,
smell and astringency) and three optional
descriptors (citrusy, floral, and woody notes), as
well as overall acceptability (Polat et al., 2022).

Statistical analysis

Data are given as mean values T standard error
based on three replicates. The effects of different
factors were assessed using one-way analysis of
variance (ANOVA), followed by Duncan’s
multiple range test for mean comparisons.
Differences with p-values under 0.05 were
interpreted  as statistically ~ meaningful.
Additionally, paired samples t-tests were
conducted to evaluate any significant differences
between the two infusion methods for each tea
sample. SPSS Statistics software version 22.0
(SPSS Inc., Chicago, IL, USA) was used for all
statistical analyses. Data analysis and graphical
representations were carried out using OriginPro
(Originlab Corporation, Northampton, MA,
USA).

RESULTS AND DISCUSSION

The effect of orange peel addition on iron—
polyphenol complex formation in tea
infusions

The results of iron—polyphenol complexation
inhibition by the addition of lyophilized orange
peel in tea infusions are presented in Figure 1. The
data indicated that the infusion temperature
significantly influenced iron—polyphenol
complexation. Taking the iron-binding capacity
of the hot infusion as 100%, the corresponding
cold infusion of the same tea sample bound only
62.64% of the iron. In the hot infusion containing
100% orange peel (OPT), complex formation was
measured at 3.57%, whereas in the cold infusion,
it was 2.42%. The addition of orange peel to black
tea (BT) was found to inhibit iron—polyphenol
complexation; increasing the orange peel content

to 48% resulted in 54.28% inhibition in hot
infusion and 70.43% inhibition in cold infusion.
A statistically significant difference was observed
between the inhibition effects of hot and cold
infusions at equivalent orange peel concentrations
(p < 0.001). The iron-binding capacity of tea
infusions is influenced by the polyphenol content.
An increase in total polyphenol content was
detected with hot infusion, as illustrated in Figure
6, consistent with the reduced iron—polyphenol
complexation. The natural pH of the tea infusions
was measured and the values are presented in
Table 2. To determine the effect of different pH
levels on the inhibition of iron-polyphenol
complexation by the addition of orange peel to
BT, the pH of the tea infusions was adjusted to
2.5 and 7.5. The influence of pH on iron—
polyphenol complexation is illustrated in Figure 2.

At pH 25, the highest iron—polyphenol
complexation was observed in the hot infusion of
the tea sample containing 3% orange peel
(86.69%). The extent of complex formation
decreased  progressively  with  increasing
concentration of orange peel and was entirely
(100%) inhibited at 24% and 48% orange peel
addition. A similar trend was observed in the cold
infusion, where complete inhibition (100%) of
iron—polyphenol complexation was achieved at
12%, 24%, and 48% orange peel concentrations.
At pH 75, the highest iron—polyphenol
complexation in hot-infused tea was measured
with 3% orange peel (96.11%), and complex
formation decreased as the orange peel
concentration increased. Specifically, with 48%
orange peel addition, complex formation declined
to 53.69%, corresponding to an inhibition ratio of
46.31%. In cold-infused tea samples, the increase
in polyphenol-iron complexation at alkaline pH
was markedly reduced. Compared to the hot
infusion, iron—polyphenol complexation in 3%
orange peel cold-infused tea was measured at
67.57%, resulting in 32.43% inhibition of iron
binding. When the orange peel content was raised
to 48%, complex formation further decreased to
39.00%, with an inhibition ratio reaching 61%.

The results demonstrated that the iron-binding
capacity of tea was influenced by pH, with
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increasing pH values promoting greater iron—
polyphenol complexation. The oxidation state of
iron is influenced by pH, which in turn affects the
formation of iron—polyphenol complexes. At low
pH levels, most iron exists in the ferrous (Fe*")
state, which exhibits weak binding affinity to
polyphenols. Conversely, the ferric (Fe*) form,
which predominates at higher pH due to its redox
potential, favors stronger complexation with
phenolic compounds. Additionally, at pH 7,

phenolic hydroxyl groups tend to deprotonate,
further facilitating iron—polyphenol
complexation. This pH-dependent effect varies
according to the specific chemical structures of
the phenolic compounds involved (Ding et al.,
2025; McGee and Diosady, 2018a). Orange peel
addition inhibited iron—polyphenol complexation
across all three tested pH levels, regardless of pH.
The highest inhibition was determined at the
samples’ natural pH and under cold infusion
conditions.
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Figure 1. Relative inhibition percentages of iron—polyphenol complex formation in black tea
supplemented with various concentrations of orange peel. Data are expressed as mean * standard
deviation (n = 3). Lowercase letters indicate statistically significant differences among samples within
the same infusion type (p < 0.001), while uppercase letters denote significant differences between
infusion types under comparable conditions (*p < .001; p<0.05). BT, OPT, BTOPT3, BTOPT¢,
BTOPTy, BTOPT12, BTOPT24, BTOPT4s -as presented in Table 1.
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Figure 2. Influence of pH on the formation of iron—polyphenol complexes in black tea infusions: (A)
hot infusion; (B) cold infusion. Results are shown as mean * standard deviation (n = 3).

Table 2. Natural pH of tea infusions

pH

Codes Hot Infusion Cold Infusion
BT 5.43 + 0.01 5.35 + 0.03
OPT 5.65 = 0.02 543 + 0.24
BTOPT; 5.47 = 0.02 5.24 + 0.01
BTOPT, 5.47 + 0.02 5.34 +0.23
BTOPTY 5.38 = 0.10 5.39 £ 0.13
BTOPT 2 5.35 + 0.07 5.35+ 0.16
BTOPT24 5.50 = 0.01 5.45 + 0.15
BTOPT4s 5.56 =+ 0.01 542+ 0.19

The results are presented as the mean * stadats deviations of three replicates.
BT, OPT, BTOPT3, BTOPTs, BTOPTy, BTOPT12, BTOPT24, BTOPTys -as presented in Table 1.

In the present study, the natural pH values of
orange peel infusions (approximately 5.65-5.43)
and BT infusions (approximately 5.43-5.35) were
found to be similar (Table 2). Consequently, the
addition of orange peel to BT did not significantly
alter the pH of the resulting tea blends (Table 2).
This finding confirms that the inhibition of iron—
polyphenol complexation observed upon orange
peel addition was not attributable to a decrease in
pH. Moreover, the natural pH of the orange peel
used as a raw material closely matched that of BT.
Sensory analysis further revealed that key sensory
attributes, particularly color, remained unaffected
at orange peel concentrations up to 9%. These
results indicate that orange peel is a suitable

material both for the production of functional BT
aimed  at  preventing  iron—polyphenol
complexation and for contributing to sustainable
waste management through valorization of citrus
by-products.

Antioxidant activity of tea infusions
Antioxidant activities of tea infusions were
evaluated using DPPH, ABTS and hydroxyl
radical scavenging methods. The results are
presented in Figures 3, 4 and 5. AA, BHA, BHT,
and Trolox were used as standards.
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Figure 3. Antioxidant activities of tea samples were evaluated using the DPPH assay. The gray bars
correspond to reference antioxidants (BHA, BHT, and ascorbic acid), orange bars represent hot tea
infusions, and striped brown bars represent cold infusions. Lowercase letters indicate statistically
significant differences among samples within the same infusion type, while uppercase letters denote
significant differences between infusion types under comparable conditions (*p < .001; p<<0.05). BT,
OPT, BTOPT3, BTOPTs, BTOPTy, BTOPT 2, BTOPT24, BTOPT4s -as presented in Table 1.
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Figure 4. Antioxidant activities of tea samples were evaluated using the ABTS assay. The gray bars
correspond to reference antioxidants (BHA, BHT, Trolox, and ascorbic acid), orange bars represent
hot tea infusions, and striped brown bars represent cold infusions. Lowercase letters indicate
statistically significant differences among samples within the same infusion type, while uppercase
letters denote significant differences between infusion types under comparable conditions (*p<.001;
$<0.05). BT, OPT, BTOPT;, BTOPT¢, BTOPTy, BTOPT 12, BTOPT24, BTOPT s -as presented in
Table 1.
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Figure 5. Antioxidant activities of tea samples were evaluated using the hydroxyl radical assay. The
orange bars represent hot tea infusions, and striped brown bars represent cold infusions. Lowercase
letters indicate statistically significant differences among samples within the same infusion type (p <

0.001), while uppercase letters denote significant differences between infusion types under comparable
conditions (*»<.001; p<0.05). BT, OPT, BTOPT3, BTOPTe, BTOPT)y, BTOPT12, BTOPT5,,
BTOPT4s -as presented in Table 1.

The results showed that the infusion temperature
significantly affected the antioxidant activity of
tea samples (p < 0.001). A comparison of the hot
and cold infusions of tea samples revealed that the
hot infusions exhibited significantly higher free
radical scavenging activity than the cold infusions
as determined by the DPPH and ABTS methods.
The presence of more polyphenols in the water
during hot infusion is the likely cause of these
differences. In the literature, hot infusions are
generally reported to be more effective than cold
infusions. In a study conducted by Horzi¢ et al.
(2009), tea infusions were prepared at 60, 80, and
100 °C. The results showed that the antioxidant
capacities of the tea extracts increased with water
temperature (60 °C < 80 °C < 100 °C), and that
hot infusion had a significant effect on
antioxidant capacity. Similar results have also
been reported by Jayasekera et al. (2011) (Horzi¢
et al., 2009; Jayasekera et al., 2011).

Among all samples, the hot infusion of BT
exhibited the strongest antioxidant activity based
on the DPPH assay (ICso: 53.42 pg/mL), followed
by BTOPT; (ICse: 70.14 pg/mL). A moderate

reduction in antioxidant activity was observed in
all samples with increasing concentrations of
orange peel, indicating a concentration-
dependent effect. Since the antioxidant activity of
the OPT infusions was much lower than that of
BT, a correlation was observed between the
increase in the concentration of orange peel
added (from 3% to 48%) and the decrease in
antioxidant activity. DPPH radical scavenging
activities of AA, BHA and Trolox used as
standard were determined as 30.24 pg/mL., 28.89
pg/mL and 34.34 ug/mlL, respectively. In a study
conducted by Dasdemir et al. (2023), antioxidant
activity was measured using the DPPH and beta-
carotene bleaching methods, and it was reported
that the addition of blueberry fruit to black tea
resulted in a decrease in antioxidant activity as the
fruit concentration increased (Dasdemir et al.,
2023).

The ABTS radical scavenging activities of the tea
samples were evaluated, revealing that the hot
infusion of BT exhibited the highest antioxidant
activity, with an ICso value of 9.70 ug/mlL. This
activity surpassed all standard antioxidants used in

1099



1100

N. Bawadi, B.T. Findik, H. Yildiz

the study, including AA (19.66 pg/mL), BHA
(20.64 ng/mL), BHT (43.13 ug/mL), and Trolox
(41.51 ng/mL). The antioxidant activity of OPT
infusions was measured at 87.70 ug/mL for the
hot infusion and 187.92 pg/ml. for the cold
infusion. Furthermore, the hot infusions of tea
samples with added orange peel (except at the
48% concentration) demonstrated antioxidant
activities comparable to or exceeding those of the
standard antioxidants according to the ABTS
assay.

Analysis of hydroxyl radical scavenging activity
revealed that the highest activity was observed in
the hot infusion of OPT, indicating that the
antioxidant capacity of all tea samples increased
following the addition of orange peel to BT.
Conversely, in cold infusions, the antioxidant
activities of both OPT and BT were comparable,
resulting in no statistically significant changes in
activity with increasing orange peel concentration
(p > 0.05). Compared to the results from DPPH
and ABTS radical scavenging assays, hydroxyl
radical scavenging activity in cold infusions was
notably higher in some samples, highlighting the
differential sensitivity of antioxidant assays to
infusion conditions and sample composition.

Total polyphenol content (TPC) of tea
infusions

TPC of tea infusions is presented in Figure 0.
When the results are examined, it is seen that the
TPC of hot infusions (71.38-257.88 mg GAE/L)
is significantly higher than that of cold infusions
(68.88-153.88 mg GAE/L) (p < 0.001), which is
consistent with the literature. Studies conducted
by Kelebek (2016) and Dasdemir et al. (2023) also
reported that the TPC values obtained from hot
infusions of black tea were higher than those
obtained from cold infusions (Dasdemir et al.,
2023; Kelebek, 2016). The TPC content of pure
black tea was determined to be 227.40 mg
GAE/L in the hot infusion, whereas it was 153.88
mg GAE/L in the cold infusion. On the other
hand, the TPC content of pure orange peel was
found to be 71.38 mg GAE/L in the hot infusion
and 68.88 mg GAE/L in the cold infusion. In the
case of blended teas, while an increase in TPC
values compared to pure black tea was observed
in hot infusions prepared with 3%, 6%, 9%, and
12% orange peel addition, in cold infusions, the
TPC values of the blended teas decreased as the
concentration of orange peel increased. In a study,
the highest TPC value was detected in pure black
tea, while the addition of blueberry to black tea
resulted in lower TPC values in the blended teas
compared to pure black tea (Dasdemir et al,
2023).
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Figure 6. Comparison of polyphenol content in tea samples. Lowercase letters indicate statistically
significant differences among samples within the same infusion type (p < 0.001), while uppercase
letters denote significant differences between infusion types under comparable conditions (p < 0.001).
BT, OPT, BTOPT3;, BTOPTs, BTOPT9, BTOPT 12, BTOPT24, BTOPT4s -as presented in Table 1.
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Descriptive Evaluation of the
Properties of Tea Infusions

Sensory analysis was performed to identify the
optimal composition of BT with added orange
peel that aligns with average consumer
preferences. Twelve panelists evaluated BT, OPT,
and BT with varying concentrations of orange
peel using a five-point hedonic scale. The sensory
attributes assessed included aroma, astringency,

Sensory
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color, shine, smell, citrusy, floral, woody notes,
and overall acceptability, rated from 1 (very poor)
to 5 (excellent). The results, presented in Figure 7,
indicated that the addition of orange peel
significantly affected shine (p < 0.05), citrusy
character (p < 0.001), and floral character (p <
0.001) scores. However, no significant effects
were observed on aroma, color, astringency, odor,
woody notes, or overall acceptability (p > 0.05).

Aroma

Shine

Color
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Figure 7. Radar chart illustrating the hedonic sensory evaluation of eight tea samples. The results are
shown as mean scores. BT, OPT, BTOPT3, BTOPTs, BTOPT9, BTOPT 12, BTOPT24, BTOPTY4s -as
presented in Table 1.

The sensory evaluation results suggested that
adding orange peel to BT enhances shine, citrus,
and floral notes, which contribute to the
beverage’s perceived freshness and complexity.
The substantial rise in citrusy and floral character
scores (BTOPT24 and BTOPT4s) is consistent
with the presence of known aromatic compounds
in orange peel, such as limonene and flavonoids,
that can positively impact flavor profiles. Notably,

the absence of substantial alterations in aroma,
color, astringency, odor, woody notes, and overall
acceptability suggests that the addition of orange
peel up to the tested concentrations does not
negatively impact the fundamental sensory
qualities or consumer acceptance of BT.

These results show that orange peel can be added
to BT to improve its sensory properties without
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reducing its quality. From a product development
perspective, this suggests the potential to create
functional and flavorful tea blends that meet
consumer preferences while adding value through
the enrichment of natural ingredients.
Furthermore, maintaining overall acceptability
while enhancing specific sensory traits supports
the feasibility of using orange peel as a sustainable
additive that contributes to waste valorization and
environmental benefits.

CONCLUSION

This study showed that adding lyophilized orange
peel to black tea effectively inhibited iron-
polyphenol complex formation (up to 70% at
natural pH), depending on the infusion
temperature. Notably, the highest inhibition
occurred under cold infusion conditions, and the
effect was observed to be independent of pH.
Antioxidant assessments indicated that hot
infusions of black tea combined with orange peel
exhibited potent radical scavenging activity, in
many cases sutpassing that of standard
antioxidants, though results varied depending on
the assay applied. Sensory analysis revealed that
the addition of orange peel (up to a 12%
concentration) did not negatively impact the
overall sensory quality of the tea, maintaining
consumer acceptability. The developed functional
tea not only mitigates iron—polyphenol complex
formation, which may improve the effective
utilization of iron, but also promotes the
sustainable use of orange peel, a by-product of
food processing. These findings support future
studies aimed at optimizing formulations and
exploring commercial opportunities for value-
added tea products enriched with fruit-derived
functional components.
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Bu calismanin  amaci, ¢ilek suyundaki fenolik bilesiklerin  ve antosiyaninlerin = ayrilmast ve
zenginlestirilmesinde ultrafiltrasyon prosesinin kullanim olanaklarint incelemektir. Bu amagla 2 kDa ve 5 kDa
ayirma sinirina sahip filtreler kullandmustir. Ultrafiltrasyon isleminde hacim azaltma fakt6rinin (VRE)
artistyla permeat akilari azalirken, fenolik bilesenlerin ve antosiyaninlerin konsantrasyon faktori ve
rejeksiyonu artmustir. Cilek suyunun biyoaktif bilesenler acisindan zenginlestirilmesinde 2 kDa ayirma sinirina
sahip filtre daha etkili bulunmustur. 2 kDa’ luk filtrede VRE degeri 10” a ulastiginda suda ¢6ziinen kuru
maddenin, fenoliklerin ve antosiyaninlerin konsantrasyon faktori sirastyla 1.26, 3.10 ve 5.08 olmustur.
Membran rejeksiyon oranlart ise sirastyla %11.88, %78.55 ve %095.26 olarak hesaplanmustir. Cilek suyundan
fenoliklerin ve antosiyaninlerin retentat fraksiyonunda segici olarak ayrildigi belirlenmistir.

Anahtar kelimeler: Ultrafiltrasyon, cilek suyu, antosiyanin, fenolik bilesik

CONCENTRATION OF PHENOLICS AND ANTHOCYANINS FROM
STRAWBERRY JUICE BY ULTRAFILTRATION: INFLUENCE OF VOLUME
REDUCTION FACTOR AND MEMBRANE CUT-OFF RATE

ABSTRACT

The objective of the present study was to examine the potential of employing ultrafiltration as a
method for the separation and enrichment of phenolic compounds and anthocyanins in strawberry
juice. For this purpose, filters with cut-off rates of 2 kDa and 5 kDa were utilised. In the
ultrafiltration process, as the volume reduction factor (VRF) increased, permeate flows decreased,
while the concentration factor and rejection of phenolic compounds and anthocyanins increased.
The filter with a cut-off rate of 2 kDa was found to be more effective in enriching strawberry juice
with bioactive components. As the VRE value attained 10 in the 2 kDa filter, the concentration
factors for soluble solids, phenolics and anthocyanins were 1.26, 3.10 and 5.08, respectively.
Membrane rejection rates were calculated as 11.88%, 78.55% and 95.26%, respectively. It has been
determined that phenolics and anthocyanins are selectively separated in the retentate fraction from
strawberry juice.

Keywords: Ultrafiltration, strawberry juice, anthocyanin, phenolic compound
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Son yillarda saglikli yasam tarzina yonelik artan
farkindalik, bireylerin fonksiyonel 6zelliklere
sahip, saglikla iliskilendirilen gidalara olan ilgisini
6nemli 6lciide artirmustir. Fonksiyonel gidalar,
temel besin iceriginin Gtesinde fizyolojik fayda
saglayan  bilesenler iceren durlnler olarak
tanimlanmakta ve bu  Ozellikleriyle  gida
endustrisinde hizla biylyen bir pazar segmenti
olusturmaktadir (Granato vd., 2020). Ozellikle
meyve ve sebzeler, vitaminler, mineraller ve diyet
liflerinin yani sira polifenoller ve antosiyaninler
gibi  biyoaktif bilesikler acisindan  zengin
icerikleriyle 6n plana c¢ikmaktadir (Kaur ve
Kapoor, 2001; Del Rio vd., 2013).

Epidemiyolojik  ¢alismalar, meyve ve sebze
tiketiminin kanser, kardiyovaskiiler hastaliklar,
diyabet ve yasa bagli dejeneratif hastaliklarin
6nlenmesinde koruyucu bir rol oynayabilecegini
ortaya koymustur (Liu, 2013). Bu baglamda,
meyve sulart gibi islenmis Uriinlerin yalnizca
besleyici degil, ayni zamanda islevsel faydalar
saglayacak sekilde zenginlestirilmesi, hem endistri
hem de tiketici acisindan 6nem kazanmistir. Gida
endistrisi, titketici egilimine uyum saglamak igin
gida Urlnlerini, biyik 6lciide klinik olarak
kanitlanmis  fizyolojik islevi olan biyoaktifler
ekleyerek yeniden formile etmektedir (Day vd.,
2009).

Cilek, hosa giden lezzeti, aromast ve besinsel
degeri nedeniyle hem taze tiketimde hem de
islenmis urtnlerde yaygin olarak kullanilan bir
meyvedir. Turkiye, diinya genelinde st siralarda
yer alan 6nemli bir ¢ilek treticisi konumundadir.
2024 yilinda uretilen ¢ilek miktart yaklasik 606 bin
ton olarak raporlanmis olup, bu lretim hacmi
Turkiye’yi dinya tiretiminde ilk dort tilke arasinda
konumlandirmaktadir (Anonim, 2025). Kiiresel
cilek pazari buytkliga 2023 yilinda yaklastk 20.22
milyar ABD dolar1 degerindeyken, pazardaki
biytimenin yillik %6.4 oraninda devam etmesi ve
2032 yiina kadar yaklastk 35.35 milyar ABD
dolarina  ulagsmasit  beklenmektedir  (Anonim,
2023). Islenmis cilek triinleri (pure, konsantre,
recel ve dondurulmus trinler vb.) ise 2024 yilt
itibartyla 10.9 milyar ABD dolart buyukliginde
bir pazara sahipken ve bu pazarin 2030 yilina

kadar 18.3 milyar dolara wulasacagt tahmin
edilmektedir (Anonim, 2024). Gida ve igecek
endistrisinde cilek bazli trtinler, stt Urinleri
(meyveli yogurt, smoothie, milkshake, vb.), firin
urunleri, tatlilar, soslar, konsantre icecekler ve
plre formunda olmak tizere ¢ok yonli kullanim
alan1 bulmaktadir. Bu verilere dayanarak, cilekli
driinlerin  gida  sektériinde kayda deger bir
ekonomik  hacme  sahip oldugu actkca
goriilmektedir. Bu dogrultuda, cilek gibi fenolik
bilesen ve antosiyanin igerigi ylksek meyvelerin
islenmesi ve biyoaktif bilesenler bakimindan
konsantre edilmesi, fonksiyonel gida ve icecek
uretiminde dikkate deger bir yaklasim olarak
degerlendirilmektedir.

Antosiyaninler son zamanlarda fonksiyonel
gidalar ve diyet takviyeleri gelistirmek i¢in umut
verici nutrasotik bilesenler olarak gériilmektedir.
Antosiyaninler, flavonoid grubu icinde yer alan ve
bircok kirmizi, mor ve mavi meyveye rengini

veren suda ¢Oziinebilen pigmentlerdir. Bu
bilesikler yalnizca gbrsel estetik saglamakla
kalmayip, antioksidan, antiinflamatuar,

antikarsinojenik, antihipertansif ve antimikrobiyal
etkileriyle saglik acisindan cok yonli faydalar
saglamaktadirlar (He ve Giusti, 2010; Khoo vd.,
2017). Ayrica, reaktif oksijen tiirlerini (ROS)
etkisiz hale getirme kapasiteleriyle oksidatif stresin
azaltlmasinda 6nemli roller dstlenirler. Bu
nedenle, antosiyaninlerin stabilitest  ve
biyoyararliligt g6z 6niinde bulundurularak isleme
teknolojilerinin se¢imi biiyiik 6nem tastr.

Meyve  sulariin  islenmesinde  geleneksel
berraklastirma tekniklerinin yerini, son yillarda
mikrofiltrasyon (MF) ve ultrafiltrasyon (UF) gibi
membran  ayirma  teknolojileri  almaktadir.
Ultrafiltrasyon, diistik sicaklikta, kimyasal madde
ilavesine ihtiya¢ duymadan, kolloidal partikiillerin
ve biytk molekillerin uzaklagtirilmast yoluyla
meyve suyunu berraklastirabilen, basing gidiimli
ve secici bir ayirma teknigidir. 1-50 nm por
boyutuna veya 1.000-500.000 Da molekdler
agirhk araligina sahip membranlar sayesinde
proteinler, pektinler, polifenoller gibi bilesenler
secici bicimde ayrilabilmektedir. Bu sayede hem
istenmeyen  bulanikllk  kaynagi = maddeler
giderilebilmekte hem de hedeflenen biyoaktif



Ultrafiltrasyonla gilek suyunda biyoaktif zenginlegtirme

bilesenler retentat kisminda
zenginlestirilebilmektedir (Girard ve Fukumoto
2000; Vaillant vd., 2001; Cassano vd., 2007a).
Ultrafiltrasyonun bir diger avantaji, 1stya duyarlt
bilesiklerin  korunarak islenmesidir. Ozellikle
antosiyaninler ve fenolik bilesikler gibi bilesenler,
1s1l islemler sirasinda kolaylikla bozulabildiginden,
distik sicaklikla ¢alisan bu tip membran prosesleri
biyolojik aktivitenin korunmasinda kritik rol
oynamaktadir. Yapilan c¢alismalarda, membran
filtrasyon  tekniklerinin  polifenoller  ve
antosiyaninler gibi 1stya duyarlt dogal bilesenleri
verimli  bir sekilde geri kazanmak i¢in
kullanilabilecegi rapor edilmistir (Arend vd., 2017;
Avram vd., 2017, Conidi vd., 2017). Literatiirde
nar, bogirtlen, kan portakall ve Uzim gibi
antosiyanin agisindan zengin meyveler Uzerine

yurttilen calismalar, ultrafiltrasyonun  hem
berraklastirma hem de fenolik bilesiklerin
korunmasinda  etkili oldugunu  gbstermistir

(Vaillant vd., 2001; Cassano vd., 2007a; Toker vd.,
2014; Conidi vd., 2017). Bununla birlikte, bu
arastirmalar cogunlukla tek bir membran tipi veya
tekil bir parametreye (6rnegin sadece membran
ayirma sinirt ya da sadece hacim azaltma faktorii)
odaklanmistir. Cilek suyu Ozelinde ise, farklt
membran ayirma stniri degerleri ve hacim azaltma
faktorlerinin - birlikte  fenolik  bilesikler  ve
antosiyaninlerin konsantrasyonu tizerindeki etkisi
sistematik olarak incelenmemistit.

Bu calisgmanin amaci, cilek suyunun ultrafiltrasyon
prosesiyle islenerek toplam fenolik madde ve
antosiyanin igerigi acisindan zenginlestirilmesini
saglamak ve farkli ayirma sinirt degerine sahip (2
kDa ve 5 kDa) membranlarin farkli hacim azaltma
faktorleri altinda performansint
degerlendirmektir.  Bu ¢alismada elde edilen
bulgular, benzer meyveler Uzerine yapilmis
arastirmalarla  karsdastrmali  bir  perspektif
sunmakta ve  ¢ilek  suyunda  biyoaktif
zenginlestirme potansiyelini ortaya koymaktadir.
Bunun yant stra bu calismanin yalnizca cilek suyu
isleme teknolojisine  degil, ayni zamanda
fonksiyonel gida tretiminde 1siya duyarlt biyoaktif
bilesiklerin korunmast ve zenginlestirilmesine
yonelik proses optimizasyonuna da bilimsel katki
saglayacagi dustinilmektedir.

MATERYAL VE YONTEM

Materyal

Analizlerde kullanilan gallik asit standard: (Sigma-
Aldrich, ABD), Folin-Ciocalteau reaktifi, sodyum
karbonat, asetonitril, potasyum kloriir ve sodyum
asetat Merck' ten (Darmstadt, Almanya) temin
edilmistir. Cilek suyunun elde edilmesinde
kullanidan cilek suyu konsantresi ise Meykon
Meyve ve Kaynak Sulart San. ve Tic. A.S.” den
(Antalya, Ttrkiye) saglanmustir.

Cilek Suyunun Ultrafiltrasyonu

Ultrafiltrasyonda kullanilan cilek suyu (8° Brix),
68° Brix konsantreden demineralize su ile
seyreltilerek hazirlanmistir.

Ultrafiltrasyon (UF) denemeleri laboratuvar tipi
ultrafiltrasyon sisteminde (Sartorious, Gottingen,
Almanya) 2 ve 5 kDa membran ayirma sinirina
sahip Hydrosart filtreler (Sartorius AG, Almanya)
kullanilarak  gerceklestirilmistir. Kullanilan
ekipman, sirkiilasyon icin 323 model bir peristaltik
pompa (Watson-Marlow, Wilmington, MA,
ABD) ve giris (P1) ve ¢ikis (P2) basinglarini 6l¢mek
icin iki manometreden olusmaktadir. Calismada
kullanian filtreler 1000 cm? ayirma alanina ve en
fazla 4 bar basinca kadar dayanabilme &zelligine
sahiptir. Ttim denemeler ortam sicakliginda
(25°C%2)  kesikli konsantrasyon modunda
yapilmustir. Giris ve ¢ikis basinglart sirastyla 2.5 ve
0.5 bar olarak ayarlanmistir. UF denemelerinden
elde edilen permeat ve retentat numuneleri amber
renkli siselere doldurulmus ve analize kadar 4°C'
de saklanmistir.

Filtrelerin saf su gecirgenligi degerleri sabit
sicaklikta (25 °C) uygulanan transmembran
basincina (TMP) karsilik hesaplanan su akis debisi
(J) grafiginde elde edilen egrinin egim degeri
olarak belirlenmistir. Transmembran basinct ve
akis debisi degerleri ise sirastyla asagida yer alan
Esitlik [1] ve [2] vasitastyla hesaplanmustir.

_Pi+P,

=Tz 1
Denklemde P; besleme (giris) basinct (bar), P2 ise
retentat (¢tkis) basinct (bar) olarak gésterilmistir.
Saf su akist (]), sabit TMP ve sicaklik degetlerinde,
membran ylizey alant boyunca belitli bir siirede
toplanan  permeat  hacminin  OSlcilmesiyle
belirlenmistir.

TMP
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=2 2

Burada V,, t sirede A ylzey alanina sahip
membrandan gecirilen permeat hacmidir.

Denemelere baslamadan 6nce sabit sicaklikta
(25°C) uygulanan farkli basing degetlerine (TMP)
karsilik filtrelerin saf su akisi (J) Olcllerek elde
edilen grafikten saf su gecirgenligi (WPo)
hesaplanmustir. Cilek suyunun
ultrafiltrasyonundan sonra saf su akist (WPy)
tekrar Ol¢tilmustiir. Ardindan temizlik prosediri
kapsaminda, filtre 30  dakika  boyunca
demineralize su ile durulanmis ve 50°C' de 1 saat
boyunca 1IN sodyum hidroksit ¢ozeltisi ile
temizleme islemine tabi tutulmustur. Bundan
sonra, demineralize su ile son durulama
uygulanmis ve saf su akist tekrar Sl¢Ulmistir
(WP,). Kirlenme indeksi (FI), asagida yer alan
Esitlik [3]” e gére meyve suyu filtrasyonundan
6nce ve sonra saf su gecirgenligi karsilastirlarak
hesaplanmistr.

FI (%) = [1 — (WP,/WP,)] x 100 3]

Burada WP, ¢ilek suyu filtrasyonundan sonraki
saf su gecirgenligi ve WPy kullanilmamis
membranin saf su gecirgenligidir.

Temizleme etkinligi ise (CE) Esitlik [4]” e gbre
hesaplanmustir:

CE (%) = (WP,/WP,) x100 [4]

Burada WP, kimyasal temizlik sonrasi saf su
gecirgenligi ve WPy kullanilmamis membranin saf
su gecirgenligidir.

Ayrica ultrafiltrasyon strasinda uygulanan hacim
azaltma faktorii degerleri (hacim rediiksiyonu)
(VRF) asagidaki sekilde hesaplanmustir (Esitlik
[5D-

VRF = V¢/(Vi-V,) 5]

Burada, Veve V;, strastyla ilk hacim (besleme) ve
membrandan gecen permeat hacmini
gostermektedir.

Bir membranin ayirma kabiliyeti, ¢6ziinen madde
rejeksiyon orant (Rj) cinsinden belirlenebilir. Bu
calismada analiz edilen bilesikler icin, membranin

rejeksiyon orant agagida verilen Esitlik [6]
araciligtyla hesaplanmistir.

R; (%) = (1 —(C,/Cf)) X 100 [6]
Burada C¢ ve C, sirastyla besleme ve permeat
konsantrasyonudur. R; membran tarafindan

tutulan ¢6zinen madde oranini  Slgmektedir
(Diaz-Reinoso vd., 2009).

Calisma kapsaminda analiz edilen bilesiklerin
ultrafiltrasyon sonucu ne diizeyde konsantre
edildigini ifade eden konsantrasyon faktori
degerinin (CF) hesaplanmasinda ise, asagida
verilen Esitlik [7] kullandmistir:

e
CF = c [7]
Burada C, retentatta bulunan Dbilesenin

konsantrasyonu; C, besleme ¢ozeltisinde bulunan
bilesenin konsantrasyonudur (Dushkova vd.,

2022).

Suda Coziinen Kurn Madde (SCKM) Miktar: Tayini
Suda ¢6ziinen kuru madde miktari (% Brix) dijital

refraktometre (Atago, Japonya) kullanilarak
Olctlmustir. Olciimler 25°C%0.5' de
gerceklestirilmistir.

Toplam Fenolik Madde (TFM) Miktar: Tayini
Orneklerdeki toplam fenolik madde miktart
Folin-Ciocalteau yontemine gore belirlenmistir
(Spanos ve Wrolstad 1992). Bu amagla, uygun
oranda seyreltilmis 6rnekten 0.5 ml alinarak
tzerine 6nce 2.5 mL 0.2 N Folin-Ciocalteu ayiract
(Merck, Almanya) eklenmis ve daha sonra 5 dak
bekletilmistir. Siire sonrasinda karisima 2 mlL
%7.5’lik NaxCO; (Merck, Almanya) ¢ozeltisi
cklenerek, elde edilen yeni karisim vorteksle
karistirilip 5 dak 50°C’ ye ayatlt su banyosunda
daha sonra da 10 dak karanlik ortamda
bekletilmistir. ~ Spektrofotometrede  (Thermo
Scientific Evolution 201, ABD) 760 nm dalga
boyunda yapilan okumalarda Ol¢lilen absorbans
degerleri kaydedilmistir. ~ Standart gallik asit
(Sigma Aldrich, ABD) c¢ozeltileriyle hazirlanan
kurveden  yararlanilarak  miktar  tayinleri
yapilmstir. Sonuglar mg gallik asit esdegeri
(GAE)/L olarak ifade edilmistir.
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Toplam Monomerik Antosiyanin (IMA) Tayini

Orneklerin toplam monomerik antosiyanin icerigi
pH diferansiyel yontemine goére belirlenmistir
(Lee vd., 2005). Bu amacla 6rnekler pH degeri 1.0
(0.025 M potasyum klorid) ve 4.5 (0.4 M sodyum
asetat) olan tampon c¢Ozeltiler kullanilarak
belirlenen oranda seyreltilmistir. Elde edilen
orneklerin absorbans degerleri spektrofotometre
kullanilarak (Thermo Scientific Evolution 201,
ABD) 520 nm ve 700 nm dalga boylarinda, 1 cm
tabaka  kalinliginda olan tek  kullanimlik
spektrofotometre kiivetlerinde (Brand Gmbh,
Postfach, Wertheim, Almanya) Glciilerek toplam
antosiyanin ~ miktar1  pelargonidin-3-glukozid
esdegeri (mg/L) olarak hesaplanmistir (Esitlik 8).
Pelargonidin-3-glukozid, cilekte baskin
antosiyanin olarak bildirilmektedir (Aaby wvd.,

2005).
AxMW x SFx 103

Toplam monomerik =

antosiyanin miktar1 (mg/L) exl

(8]
Burada;
A (absorbans degeri) = (As200m — A700nm) pH 1.0 —
(As200m — A7000m) pH 4.5

(@)

MW (pelargonidin-3-glukozidin molekdl agihgr)
=433.2 g¢/mol

SF; seyreltme faktorl, e; molar absorbsiyon
katsayist = 22400 (pelargonidin-3-glukozid i¢in)

Istatistiksel Analizler

Tum istatistiksel analizler SAS yazilimi, Versiyon
7 (SAS Institute Inc., Cary, NC) kullanilarak
gerceklestirilmistir. Ultrafiltrasyon denemeleri iki
tekerriir halinde gerceklestirilmis ve tim analizler
iki paralelli olarak yapilmistir. Incelenen tiim
parametrelerin sonuglart (n = 4) ortalama *
standart sapma olarak sunulmus ve 0.05 anlamhlik
diizeyinde varyans analizine (ANOVA) tabi

tutulmustur.

BULGULAR VE TARTISMA

Membran Filtrelerin Akis Performansi

Sekil 17 de, cilek suyunun ultrafiltrasyonunda
kullanilan 2 kDa ve 5 kDa ayirma sinirina sahip
membran filtreler icin transmembran basincina
(TMP) karsihk saf su akisinin  degisimi
gOsterilmistir. Sonuclar, her iki filtre icin de saf su
akisinin incelenen TMP degerleri araliginda TMP
ile dogrusal olarak arttigint gostermektedir.

2 kDa

25

20

15

10

Akis debisi (L/m?sa)

0 0,2 0,4 0,6 0,8

® Ultrafiltrasyon oncesi

X Ultrafiltrasyon sonrasi

TMP (bar)
1.2 1,4 1,6 1,8 2

O Temizlik prosediir( sonrasi
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(b)

5 kDa
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0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4 1,6 1,8 2,0

® Ultrafiltrasyon oncesi

X Ultrafiltrasyon sonrasi
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Sekil 1. Cilek suyunun 2 kDa (a) ve 5 kDa (b) ayirma sinirina sahip filtreler ile ultrafiltrasyonunda
transmembran basincina karsilik saf su akisinin degisimi

Figure 1. Change in pure water flux corresponding to transmembrane pressure during nltrafiltration of strawberry juice
using filters with cut-off rates of 2 Da (a) and 5 £Da (b)

Grafiklerde yer alan egim cizgilerinin denklemleri
kullanilarak temizleme isleminden 6nce ve sonra
membranin saf su gecirgenligi, kirlenme indeksi
(FI) ve temizleme etkinligi (CE) hesaplanmustir
(Cizelge 1). 2 kDa ayirma simirina sahip filtrenin
su gecirgenliginde cilek suyunun UF' sinden sonra
%44 oraninda azalma tespit edilirken, ayirma sinir
5 kDa oldugunda bu deger %32’ ye dismiistiir.
Ultrafiltrasyon isleminde kullanilan  filtrenin

ayirma smnirinin  artmast  kirlenme  indeksinin
azalmasina neden olmustur. Uygulanan temizlik
prosediirii sonrasinda kullanilan iki filtrenin saf su
gecirgenligi degerlerinde 6nemli diizeyde iyilesme
gerceklestirilmis ve 2 ve 5 kDa filtrelerde sirastyla,
baslangic saf su gegirgenliginin %96’ stna ve %97
sine ulagilmustir. 5 kDa’ luk filtre gbzenek cap1
daha buytk oldugundan daha az tikanmaya
ugramis ve daha etkin temizlenebilmistir.

Cizelge 1. Cilek suyunun ultrafiltrasyonunda membranlarin su gecirgenligi (WP), kirlenme indeksi (FI)
ve temizleme etkinligi (CE) degerleri
Table 1. Water permeability (WP), fouling index (Fl), and cleaning efficiency (CE) values of membranes in the
ultrafiltration of strawberry juice

2 kDa 5 kDa

WPy (I./m?sabar) 13.88 19.89
WP; (I./m2?sabar) 7.71 13.51
WP (I./m?sabar) 13.32 19.39
FI (%) 44.44 32.10

CE (%) 95.96 97.47
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Literatiirde farklt 6zelliklere sahip membran
filtrelerle yapilan calismalarda beklenildigi tizere
aynt yapidaki membranlarda daha biytik gbzenek
boyutlarina veya ayirma sinirina sahip olanlarin
daha yiiksek permeat akisi sagladigt gérillmektedir
(Acosta vd., 2014; Dushkova vd., 2025). Bunun
yani sira permeat akisinin sadece transmembran
basinct tarafindan etkilenmedigi, ayni zamanda
membran materyali, membranin yapist ve
¢6ziinen maddeler ile membran arasindaki farkl
etkilesimlerden de etkilenebilecegi bildirilmistir
(Conidi vd., 2017; Yammine vd., 2019).

Zamana baglt olarak permeat akisinin degisimi
Sekil 2’de, hacim rediiksiyon faktérii (VRFE) ile
permeat akisi arasindaki iliski ise Sekil 3’te
sunulmustur. 2 kDa filtrenin baslangicta 4 L/m?sa

8,00
7,00
6,00
5,00
4,00 | A
3,00

A
LR

2,00

Permeat akisi (L/m? sa)

1,00
0,00

N\“***w

olan permeat akisi, nihai VRF degeri olan 10 a
ulagildiginda %39 oraninda azalarak 2.44 I./m?sa’
e dismustir. 5 kDa’ luk filtre ise 2 kDa’ luk
filtreye kiyasla ultrafiltrasyon baslangicinda daha
yiksek bir permeat akisina sahipken (7.20
L/m?sa), permeat akisi islem boyunca azalarak
VRF degeri 10 oldugunda 4.91 I./m2sa’ e kadar
dismustir. Bu durum, literatitrde membran
yuzeyinde olusan konsantrasyon polarizasyonu ve
jel tabakalarinin permeat akisini disturdigini
belirten c¢aligmalarla uyumludur (Cassano vd.,
2018; Conidi vd., 2020). Koschuh vd. (2005)
tarafindan yuritilen calismada ise farklt membran
filtreler kullanilarak  gerceklestirilen UF/NF
proseslerinde VREF artisiyla  birlikte permeat
akisinin azaldigt rapor edilmistir.

--&-2kDa —e—5kDa

A-A-k-k-k-k-k-k-k-k-k-hkbhk4d-4A4A

60 80 100 120
Siire (dakika)

Sekil 2. Zamana baglt olarak permeat akisinin degisimi
Figure 2. Change in permeate flux over time

8,00
7,00

6,00

- -& -2 kDa —e— 5 kDa

5,00 ®

4,00

Permeat akisi (L/m? sa)

3,00
2,00
1,00

0,00

.

VRF

Sekil 3. VRF' nin permeat akisi tizerindeki etkisi
Figure 3. Effect of 1'RE on permeate flux
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Ultrafiltrasyon Prosesinin Cilek Suyunun
Kimyasal Ozellikleri Uzerine Etkisi

Cizelge 2, UF prosesinde farkli VRF degerlerinde
elde edilen permeat ve retentat fraksiyonlarinda
Olgilen toplam fenolik madde (TEM), toplam
monomerik antosiyanin (TMA) ve suda ¢6ziinen
kuru madde (SCKM) miktatlarint gbstermektedir.
Cizelgeden anlasildigt tizere, uygulanan her

kosulda beslemeden permeata gecen madde
miktari, retentatta tutulandan daha dustuk
bulunmustur. Ayrica permeat fraksiyonlarinin
tim parametrelerde anlamli  Sl¢ide  dusik
degerlere sahip olmasi, antosiyaninlerin ve fenolik
bilesiklerin biiyiik kismmnin membran tarafindan
tutuldugunu ve permeat fazina ge¢medigini
gostermektedir.

Cizelge 2. 2 ve 5 kDa filtreler ile ultrafiltrasyon sonrast ¢ilek suyunun suda ¢6ziinen kuru madde (%),
toplam fenolik (mg GAE/L) ve toplam antosiyanin (mg/L) miktatlarinin degisimi
Table 2. Changes in soluble solids (%), total phenolic (mg GAE/L), and total anthocyanin (mg/ 1) contents of
strawberry juice after ultrafiltration with 2 and 5 kDa filters

Ultrafiltrasyon Suda céziinen PN
NI RE Rk popey (wGABm TAESD
Besleme 8.007£0.00 784.29¢114.28 15.77t£0.26
25 permeat 7.506£0.01 187.841+7.23 0.98:+0.00
retentat 8.007£0.01 782.05¢+4.91 18.157+0.18
2 kDa 5 permeat 7.207%0.00 177.661+2.23 0.96¢£0.01
retentat 9.40¢+0.00 1726.61¢£15.18 41.58+1.75
10 permeat 7.05£0.05 168.201+3.84 0.86¢£0.01
retentat 10.052£0.05 2425.712173.22 80.19210.18
)5 permeat 7.152%0.05 235.69£4.35 1.91840.09
retentat 8.60<+0.01 1335.274+11.16 27.87<%0.30
5 1 Da p permeat 7.152%0.05 240.277£0.23 1.802%0.06
retentat 9.204£0.01 1743.08<%£36.83 33.809£1.78
10 permeat 7.207%0.00 249.31£4.13 1.97810.06
retentat 9.60>%0.01 2062.28>+56.92 48.65>+1.22

Aynt stitunda farkl harfler istatistiksel olarak anlaml farkliliklars ifade etmektedir (P<0.05).
Statistically significant differences are indicated by different letters in the same colummn (P<0.05).

Ultrafiltrasyon prosesi sonrasinda elde edilen
retentat fraksiyonlarinda, kullanilan filtre ayirma
sinirinin 2 kDa ve VRE degerinin 10 oldugu
kosulda TFM (2425.71 mg GAE /L), TMA (80.19
mg/L) ve SCKM (10.05 %) igeriklerinin en
yiksek diizeyde oldugu belirlenmistir.

Fenolik bilegiklerin buyik bélimi membran
tarafindan  tutulmustur. Retentatlarin  toplam
fenolik madde miktarinin, besleme (784.29 mg
GAE/L) ile karsilastirldiginda UF isleminden

etkilendigi ve 2kDa filtre ayirma sinirinin daha

yiksek konsantrasyon sagladigi gériilmektedir. Bu
durum, 2kDa' nin fenolik bilesikler acisindan
daha secici oldugunu géstermektedir. VRE
degerindeki artistn TFM miktarint istatistiksel
olarak o6nemli dizeyde arttirdigt belirlenmistir
(P<0.05). 2 kDa’ luk filtre ile yapilan islemde VRF
2.5, 5 ve 10 degetlerinde retentatlardaki TFM
miktari sirastyla 782.05, 1726.61 ve 2425.71 mg
GAE/L olarak élctilmiistiir.

Toplam monomerik antosiyanin miktart agisindan
incelendiginde de VRF degerinin artig1 ile
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retentatlarda  konsantrasyonun  arttift  tespit
edilmistir. Ultrafiltrasyon sistemine beslenen cilek
suyunun baglangic antosiyanin icerigi 15.77 mg/L
iken, VRF degeri 10 oldugunda 2 kDa membran
(80.19 mg/L), 5kDa membrana (48.65 mg/L)
kiyasla daha iyi retensiyon saglamistir. Bu da

ayrma  sturt azaldikca  daha  etkili  bir
zenginlestirme gerceklestigi anlamina
gelmektedir.

Ultrafiltrasyonun SCKM miktari Gizerine etkisine
bakidiginda 2 kDa filtrede farkli VRF
degerlerinde elde edilen permeatlar arasinda
istatistiksel olarak anlamli seviyede (P<0.05) fark
varken, 5 kDa filtrede ise degisen VRF degerlerine
karsihk permeatlar arasinda istatistiksel olarak fark
gbzlenmemistir. Besleme 6rneginin  SCKM
miktart %8.00 olup, permeat fraksiyonlarinda
SCKM miktar1 genellikle daha disik (%7.05—
%7.50 arasinda) bulunmustur.

Retentatlarda ise her iki filtre icin de VRF
degerinin  artmastyla istatistiksel olarak artis
gostermistir (P<0.05). En yiksek SCKM miktar,
2 kDa filtrenin VRF degeri 10 olan retentatinda
(%10.05) elde edilmistir. Retentatlarda SCKM
miktarinin  artist, suyun uzaklagtirilmasma ve
¢6zlinmis katllarin konsantre edilmesine baghdir.

Literatiirde yer alan calismalar
degerlendirildiginde bu ¢alismada elde dilen
bulgulart destekleyen sonuclarin rapor edildigi

(@)

gorilmektedir. Dushkova vd. (2025) tarafindan
gerceklestirilen ¢alismada giil yagt damitma islemi
sonrast agiga c¢tkan attk sudan fenoliklerin
ultrafiltrasyon ile geri kazanimi i¢in 1 kDa, 10 kDa
ve 25 kDa ayirma sinirinda  poliakrilonitril
membran filtreler kullanilmistir. Ultrafiltrasyon
sirasinda fenolik Dbilesiklerin, test edilen tim
membranlardan elde edilen retentatlarda VRF
degeri 2’ den 8 e yiikseldikge artis gosterdigi, en
yiksek fenolik bilesen miktarina ise 1 kDa
membran kullanildiginda ulagildig: bildirilmistir.
Benzer sonugclar Toker vd. (2014) tarafindan kan
portakal suyunda elde edilmis olup, membranin
ayirma  sinirt - azaldikca  fenolik  bilegenler,
antosiyaninler ve suda ¢Oziinir kuru madde
miktatlarinin - permeat  fraksiyonunda  azalip
retentat fraksiyonunda artti@ bulunmustur.

Konsantrasyon Faktorii

Cilek  suyunun  ultrafiltrasyonu  strasinda
uygulanan hacim azaltma faktoriine (VRF) bagl
olarak analiz edilen bilesenlerin konsantrasyon
faktoriuniun (CF) degisimi Sekil 4 'te gosterilmistir.
VRF degerinin artmasi fenolik bilesikler acisindan
konsantrasyon faktérind artmisur. 2 kDa
membran filtre ile uygulanan proses agamasinda
uygulanan VRF degetleri 2.5, 5 ve 10 oldugunda
fenolik bilesiklerin konsantrasyon faktori sirastyla
1.0 kat, 2.2 kat ve 3.1 kat olurken, 5 kDa membran
filtre kullanddiginda  konsantrasyon  faktorii
sirastyla 1.7 kat, 2.2 kat ve 2.6 kat olmustur.

] 2 kDa
5 e TEM
g ° @
._‘ "
§ l" --ii--TMA
s 4 -
5 3 - g
£ A e
- "—o‘..‘...
g ? v”.-’"‘.'
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Sekil 4. Cilek suyunun ultrafiltrasyonu sirasinda hacim azaltma faktSriiniin (VRF), toplam fenolik
madde (TFM), toplam antosiyanin (TMA) ve suda ¢6zlnen kuru maddenin (SCKM) konsantrasyon
faktora (CF) tizerindeki etkileri
Figure 4. Effects of volume reduction factor (VV'REF) on the concentration factor (CF) of total phenolic matter (IFM),
total anthocyanin (IM.A) and soluble solids (SCKM) during ultrafiltration of strawberry juice

Toplam monomerik antosiyaninlerin
konsantrasyon faktéri VRF 2.5 iken 5 kDa
filtrede (1.8 kat), 2 kDa filtreden (1.2 kat) daha
yuksek bulunmustur. Ancak hacim azaltma
faktoruntn artisiyla (VRE 5’ ten VRF 10” 2) 5 kDa
filtrede konsantrasyon faktorl sirastyla 2.1 kat ve
3.1 kat artarken, 2 kDa filtrede sirasiyla 2.6 kat ve
5.1 kat artmugtir. Antosiyaninler agisindan en fazla
zenginlesmenin saglandigl konsantrasyon faktori
(5.1 kat) 2kDa filtre ile VRF 10 degerinde yapilan
ultrafiltrasyon islemiyle saglanmustir.

Hacim rediiksiyonu 2.5 iken suda ¢6ztinen kuru
madde miktar1 2 kDa membran filtrenin retentat
kisminda ayni kalmis, dolayisiyla konsantrasyon
faktéric. = 1 olarak  bulunmustur. Hacim
rediksiyonu 5 ve 10 oldugunda ise suda ¢éziinen
kuru madde miktarinin konsantrasyon faktori
sirastyla 1.18 ve 1.26 olmustur. 5 kDa membran
filtre ile yapilan ultrafiltrasyonda ise VRE’ nin
artistyla konsantrasyon faktorii sirasiyla 1.1 kat,
1.2 kat ve 1.2 kat olarak bulunmustur. Suda
coziinen kuru madde miktarinin konsantrasyon
faktora  dustikken fenolik  bilesenlerin = ve
antosiyaninlerin ~ konsantrasyon  fakt6riiniin

yiksek olmast filtrenin bu bilesikler agisindan
secici davrandigini géstermektedir.

Geri Kazanim Oran1 (Membran Rejeksiyonu)
UF denemelerinden elde edilen ¢ilek suyu
konsantratlar1 icin kullanilan filtrelerin toplam
fenolik, toplam antosiyanin ve suda ¢oziinen kuru
madde acisindan  rejeksiyon  oranlari  (Rj)
hesaplanmistir. Degisen VRF degerlerine karsilik
toplam fenolik, toplam antosiyanin ve suda
¢ozlinen kuru madde miktarinin  ulastigt
rejeksiyon orant degetleri Sekil 5' te sunulmustur.

Kullanilan  filtreler ayirma  sinirr  agisindan
kiyaslandiginda 2 kDa membran filtre ile SCKM
%06.25 - %11.88 araliginda rejeksiyon gosterirken,
fenolik bilesenler %76.05 - %78.55 arasinda,
antosiyaninler  %94.60 %95.26  rejeksiyon
gOstermistir. 5 kDa membran filtre kullanildiginda
ise gézenek ¢apt biytdigi icin SCKM (%10.00-
%10.63), TFM (%68.21-%69.95) ve TMA
(%87.51-%88.59) acisindan 2 kDa filtreye gore
daha diistik rejeksiyon oranlari gerceklesmistir.
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Sekil 5. Cilek suyunun ultrafiltrasyonu strasinda toplam fenolik madde (TFM) (a), toplam antosiyanin
(TMA) (b) ve suda ¢6ziinen kuru maddenin (SCKM) (c) rejeksiyon oraninin (R;) hacim azaltma
faktériine (VRF) baglt olarak degisimi
Figure 5. Changes in rejection ratio (Rj) of total phenolic matter (IEM) (a), total anthocyanin (IMA) (b) and soluble
solids (SCKM) (c) during ultrafiltration of strawberry juice depending on volume reduction factor (1VRF)
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Dolayistyla 2 kDa filtre ile yapilan UF, fenolik
bilesenlerin ve antosiyaninlerin geri kazanimi
actsindan daha etkili bulunmustur.

Calismada kullanilan her iki filtre icin artan VRF
ile birlikte bilesenlerin rejeksiyon oranlart da
yukselmistir. Farkli VREF degerlerinde alinan
sonuglar karsilastirldiginda, fenolik bilesikler
acisindan rejeksiyon oranlarinin birbirine yakin
oldugu gézlenmistir. Cilek suyunun 2 kDa ayirma
sinirina sahip filtre ile ultrafiltrasyonunda, VRF
degerlert 2.5, 5 ve 10 iken alinan Orneklerde
fenolik maddelerin rejeksiyon oranlari sirasiyla
%76.05, %77.35 ve %78.5 olurken, 5 kDa filtre ile
islem yapildiginda sirastyla % 69.95, %69.36 ve
%068.21 olarak bulunmustur. Bununla birlikte,
filtrelerin ~ toplam  antosiyaninlere  yonelik
rejeksiyonu da VRIF’ ye bagl olarak o6nemli
diizeyde degismemis ve 2.5, 5 ve 10 VRF degerleri
icin sirastyla 2 kDa filtrede %94.60, %94.71 ve
%95.26 olurken, 5 kDa filtrede %087.89, %88.59
ve %87.51 olmustur. Analiz edilen parametreler
icin 2 kDa filtre ile ultrafiltrasyon isleminde VRF
degeri 10 oldugunda bilesenlerin rejeksiyon orant
en yiksek bulunmustur.

Arend vd. (2017) tarafindan cilek suyunun
nanofiltrasyonu Uzerine yapilan ¢alismada, hakim
antosiyanin olarak tespit edilen pelargonidin-3-O-
glikozit icin %95%¢ wvaran yiiksek rejeksiyon
saglanmustir. Rapor edilen sonuglar bu ¢alismada
belirlenen %9495 TMA  rejeksiyonuyla
uyumludur. Bu ¢alismada elde edilen TMA (%94—
95) ve TEFM (%76-78) rejeksiyon oranlari,
antosiyaninlerin molekiller yapisinin 2 kDa
membran filtre tarafindan daha iyi tutuldugunu
gostermektedir. Roda-Serrat vd. (2021) tarafindan
yapilan  ¢alismada siyah  havu¢  suyunun
nanofiltrasyonunda kullanllan membran filtre
(poliamid, 600-800 Da) antosiyaninleri %98
rejeksiyon orantyla bagarihh bir sekilde tutarken,
suda ¢Ozinen kuru maddenin rejeksiyon orani
%065 olmustur. Cassano vd. (2018) tarafindan
gerceklestirilen  nanofiltrasyon  ¢alismalarinda
TFM i¢in %70-90 arasinda, TMA icin ise %90’ 1n
tzerinde  rejeksiyon  oranlari  bildirilmistir.
Literatirde benzer sekilde, Cisse vd. (2011),

hibiskus  (rosella)  (Hibiscus  sabdariffa  1.)
ekstraktinin ultrafiltrasyonunda membran ayirma
sinirt 20 kDa veya daha az olan tim

membranlarin, hibiskus ekstraktinin
antosiyaninlerini konsantre etmek icin etkili
oldugunu bildirmistir. 3 MPa transmembran
basincinda, 1 ile 20 kDa arasindaki UF
membranlari antosiyaninleri %80' in tzerinde
tutmustur.

Acosta vd. (2014) tarafindan bogirtlen suyu
tzerinde yapilan c¢alismada antosiyaninlerin
tutulma orant 0.5 MPa transmembran basincinda
UP150 membran (150 kDa) i¢in %60, 3 MPa
transmembran basincinda UP005 membran (5
kDa) icin %99 arasinda degismistir. Toplam

antosiyaninlerin  tutulma orani, test edilen
ultrafiltrasyon membranlarnin  ayirma st
azaldikca dogrusal olarak artmistir. Meyve

suyunun UF isleminde daha distik ayirma sinirina
sahip membranlarla fenolik bilesiklerin permeat
gecisinin ~ biyilk  Olclide  engellendigini  ve
retentatta yogunlastigint bildirmistir. Endistriyel
gul yag1 distilasyonu prosesinde agiga ctkan atik
suyun UF islemine tabi tutuldugu bir bagka
calismada ise incelenen membranlar
karsilastirddiginda, 1 kDa membranin VRF §
degerinde fenolik bilegikler (%42.10), fenolik
asitler (%042.94) ve flavonoidler (%41.58) icin en
yiksek rejeksiyon oranini sagladigi, bunu 10 kDa
ve 25 kDa membranlarin izledigi belirlenmistir
(Dushkova vd., 2025).

Yapilan  calismalarda membranlarin  tutma
(rejeksiyon) Ozellikleri Uzerine; sterik etkiler,
membran ve ¢6ziinen maddeler arasindaki
etkilesimler veya meyve suyundaki farklt kimyasal
gruplar arasindaki etkilesimler gibi
makromolekiler agregatlarin olusumuyla
sonuglanan parametrelerin  de etkili oldugu
bildirilmistir (Siebert vd., 1996). UF sisteminde
incelenen bilesiklerin kiitle dengesi
degerlendirildiginde, ¢6ztinen madde-membran
etkilesimi ve bunun sonucunda membran
yuzeyinde veya goézenek icinde ¢bzinen
maddenin adsorpsiyonu sistemdeki kayiplarin
nedenleri olarak rapor edilmistir (Liu vd., 2018).
Buna ck olarak, 6zellikle oksidasyona duyarl
bilesiklerin  kaybinda, meyve suyunun UF
cevriminde stirekli olarak geri déndirtlmesinin
neden oldugu oksidasyonun da etkili oldugu
bildirilmektedir (Cassano vd., 2007b).
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SONUC

Bu calismada, cilek suyunun 2kDa ve 5 kDa
ayirma  stnirina sahip  membran  filtreler
kullanilarak ultrafiltrasyon yontemiyle islenmesi
sonucunda, fenolik bilesikler ve antosiyaninler
acisindan  Onemli  diizeyde  zenginlestirme
saglanmugtir. Yapilan analizler, hacim rediiksiyon
faktorti degerinin artmasiyla birlikte permeat
akilarinin azaldigini, retentatlarda ise TFM ve
TMA miktarlarinda anlamli  seviyede artis
saglandigini gostermistir.

Genel  olarak  fenolik  bilesiklerin =~ ve
antosiyaninlerin  zenginlestirilmesi i¢in 2 kDa
ayirma  sinirmna - sahip  filtre  daha  basarilt
bulunmustur. 2 kDa’ luk filtrede hacim

rediksiyon faktéri 10> a ulastiginda toplam
fenolik madde ve toplam  monomerik
antosiyaninlerin konsantrasyon faktorleri sirastyla
3.1 kat ve 5.1 kat olmustur. Proses sirasinda
permeat akisi, konsantrasyon ve ayirma etkinligi
hacim rediksiyon faktSriiniin  degisiminden
6nemli diizeyde etkilenmistir. Bu kogullarda TFM
icin %78.55 ve TMA icin %95.26 olmak Uzetre
yiksek rejeksiyon degerlerine ulasidmistir. Bu
sonuglar, cilek suyunun biyoaktif bilesenler
yoniinden zenginlestirilmesinde ultrafiltrasyonun
etkili bir yontem oldugunu ortaya koymaktadir.
Ayrica 2 kDa’ luk membranin antosiyaninler
acisindan gosterdigi ylksek secicilik, fonksiyonel
icecek ve dogal antioksidan Uriin gelistirme
potansiyelini artirmaktadir.

Ozellikle diisiik enerji gereksinimi, kimyasal girdi
kullanilmamast ve termal islemlere kiyasla renk-
aroma korunumu gibi avantajlari sayesinde UF
sistemleri, endistriyel OSlgekte uygulanabilir bir
alternatif olarak 6ne ¢tkmaktadir. Bu kapsamda
iletleyen  calismalarda ~ UF  prosesi  ile
zenginlestirilmis retentat fraksiyonlarinin
fonksiyonel gida tretiminde kullanim
olanaklarinin arastirilabilecegi diistintilmektedir.

TESEKKUR

Bu calismaya materyal destegi saglayan Meykon
Meyve ve Kaynak Sulari San. ve Tic. A.S. ye
tesekkir ederim.
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ctkar catismast bulunmagini beyan etmektedir.
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Afet ve acil durum gidalari, dogal afetler, salginlar, savaslar ve diger insani kriz durumlarinda bireylerin temel
beslenme ihtiyaclarini karsilayarak hayatta kalmasini saglayan stratejik gida kaynaklaridir. Bu gidalar aynt
zamanda afetlerden etkilenen toplumlarda sik¢a karsilasilan yetersiz beslenme riskinin azaltilmasinda da kritik
rol oynamaktadir. Bu ¢alismanin amaci, uluslararast diizeyde yasanan afet ve kriz durumlarinda hayati rol
oynayan acil durum gidalarinin tretimine yonelik gerceklestirilen tasarimlari sistematik inceleme yéntemiyle
degerlendirmektir. Bu kapsamda, calismanin genel akisinda PRISMA-P akis diyagrami 6nerileri temel
alinmustir. 01-05 Haziran 2025 tarihleri arasinda Web of Science veri tabam tzerinden yapian tarama
sonucunda, sistematik incelemeye dahil edilmesi uygun bulunan 13 ¢alisma belirlenmistir. Aragtirmanin
bulgulari, afet ve acil durum gidalarinin cogunlukla bugday, musir, mangrov ve fasulye tlrleri gibi yerel bitkisel
unlardan olustugunu ortaya koymaktadir. Calismamin, gelecekteki olasi afet ve acil durumlarda gida
glivencesinin saglanmasina yonelik gelistirilecek gida politikalarina 1sik tutmast hedeflenmektedir.

Anahtar sozciikler: Dogal afet, acil durum gidasi, gida glivencesi

AN ANALYSIS OF FOOD DESIGNS USED IN DISASTERS AND
EMERGENCIES

ABSTRACT

Disaster and emergency foods are strategic food sources that enable individuals to survive by meeting
their basic nutritional needs during natural disasters, epidemics, wars, and other humanitarian crises.
These foods also play a critical role in reducing the risk of malnutrition, which is often encountered
in communities affected by disasters. The aim of this study is to systematically evaluate designs for
the production of emergency foods, which play a vital role in international disasters and crisis
situations. In this context, the PRISMA-P flow diagram recommendations were used as a basis for
the general flow of the study. A search conducted on the Web of Science database between 1 and 5
June 2025 identified 13 studies suitable for inclusion in the systematic review. The findings of the
research reveal that disaster and emergency foods mostly consist of local plant-based flours such as
wheat, corn, mangrove, and bean types. The study aims to shed light on food policies to be developed
to ensure food security in future potential disasters and emergencies.

Keywords: Natural disaster, emergency food product, food security
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Afet ve acil durum gidalari

GIRIS
Dogal afetler ve jeopolitik c¢atismalar gibi
felaketler gida sistemleri tzerindeki yikici
etkileriyle toplumun gida glvenligini tehdit

etmekte ve yetersiz beslenmeye yol agmaktadir
(Bahwere, 2014; McGuire, 2015; Levkoe ve Strutt,
2024). Ozellikle 1999 yili ve sonrasinda Diinya
tzerinde O6nemli felaketler meydana gelmistir.
1999 Marmara depremlerinde (Barka, 1999), 2004
Hint Okyanusu tsunamisinde (Kathiresan ve
Rajendran, 2005), 2005 Katrina kasirgasinda
(Brunkard vd., 2008), 2010 Pakistan sel
felaketinde  (Kirsch vd., 2012), Covid-19
salgininda (Williamson vd., 2020), 2022 Avrupa
sicak hava dalgasinda (Ballester vd., 2023) ve
Kahramanmaras depremleri (Hussain vd., 2023)
gibi  felaketlerde  binlerce  kisi  hayatiu
kaybetmistir.

Dogal afetlerin diinya genelinde hem siddeti hem
de sikligr artis gostermektedir (Cakmak vd., 2018;
Morganstein ve Ursano, 2020). Uluslararast Acil
Durum Veri Tabam tarafindan yayimlanan 2023
yili raporuna gore, yalnizca bu yil icinde
kaydedilen 399 afetin 86 binden fazla kisinin
olimiine neden oldugu ve 93 milyondan fazla
insant etkiledigi belirlenmistir. Ozellikle Tirkiye
ve Suriye’de meydana gelen depremler ile
Endonezya’daki siddetli kuraklik yiin en yikict
afetleri arasinda yer almustir (EM-DAT, 2023).
Baska bir rapor son on yilin ortalama verilerine
dayanarak, her yi diinya genelinde dogal afetler
nedeniyle yasamini yitiren kisi sayisinin yaklasik
40.000 ila 50.000 arasinda oldugunu ve bu sayiun
kiiresel Olimlerin yaklagitk  %0.1’ine  karsihik
geldigini ortaya koymaktadir (Ritchie vd., 2022).

Afet durumunda gelisen saglik sorunlarinin temel
nedenlerinden biri akut dénemde gida kitligr ve
iletleyen dénemde yetersiz beslenmedir (Yilmaz,
2012; Lieber vd., 2022). Dolayistyla olast afet ve
acil durum senaryolarinda beslenme hizmetleri;
hizli, etkin ve kaynaklarin verimli kullanimina
dayalt planlamalarla yurttilmelidir (Aycan vd.,
2002; Sumarto vd., 2023). Afetlerden etkilenen
bireylerin 6lim oranlarini en aza indirmek igin,
kriz déneminin erken asamalarinda yitksek kaliteli
ve besleyici gida destegi saglanmasi hayati 6nem
tasimaktadir (Sheibani vd., 2018). Colén-Ramos

vd. (2019) tarafindan, 2017°de Maria Kasirgasi
sonrast Porto Riko'da yapilan caligmada,
afetzedelere dagitilan gidalarin ¢ogunun disik
lifli, yiiksek sodyum, doymus yag ve ilave seker
icerdigi; bu nedenle saglikli beslenme ilkelerini
karsilamadigy  gOrilmistir.  Benzer  sekilde
Aldemir (2023) tarafindan yapilan calismada da
2023 Kahramanmaras depremi sonrast gida
yardimlarinin bolgeye gec ulastigi, koordinasyon
eksikligi nedeniyle israf yasandigt ve afetzedelerin
beslenme tercihlerinin g6z 6ntinde
bulundurulmadigt belirtilmistir. Ayni  deprem
kapsaminda Atasoy vd. (2024) tarafindan yapilan
calismada ise, afet sonrast gida ve beslenme
ortaminda  Ozellikle sunulan  yiyecek-icecek
cesitliligi, yemek hazirlama ve gida giivenligi
uygulamalarinda  6nemli  eksiklikler — oldugu
raporlanmustir.

Bu calismada, olast afet durumlarinda kullanilmak
tzere tasarlanan acil durum gidasi (EFP)
tasarimlarina  yonelik calismalarin  sistematik
incelemeye tabi tutulmast amaglanmigtir. Calisma
kapsaminda, laboratuvar kogullarinda tasarlanan
acil durum gidalarinin, besin bilesenleri ve besin
Ogelerine de yer verilmistir. Calismanin, her gecen
yil Sliimlere sebebiyet veren afet durumlar icin
kullanilabilecek gida  tasarimlarinin - sistematik
olarak  incelenmesiyle, afet riski tagtyan
bélgelerdeki  yerel halka ve acil beslenme
hizmetlerine katki saglayacagt 6ngérilmektedir.

Afet ve Acil Durumlarda Beslenme Hizmeti
Afetler, temelde insan ve doga kaynakli olmak
lzere, yavas ya da ani bir sekilde gelisen; fiziksel,
ckonomik ya da sosyal kayiplara yol acan; yasami
ciddi bigimde kesintiye ugratan ve toplumun
kendi imkanlariyla basa ¢ikmakta zorlandigt
olaylar olarak tanimlanmaktadir. Tirkiye, cografi
konumu geregi dogal afetlerin stk yasandig riskli
bir bélgede yer almaktadir. Kiiresel Risk Endeksi
raporuna gore Tirkiye, 191 ilke arasindan 45.
sirada; 5.0 endeks puani ile de yiiksek risk
grubunda bulunmaktadir (AFAD, 2018).

Dogal afetler ve acil durumlar gida tedarikinde
aksamalara yol acarak toplum beslenmesini
olumsuz etkilemekte ve Olim oranlarinin
artmasina neden olmaktadir. Bu nedenle,
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beslenme konusu acil durum yonetiminde kritik
bir halk saglgt sorunu olarak 6ne ¢tkmaktadir.
Dolayistyla olast bir acil durumda 6ncelikli hedef,
yetersiz beslenmeye baglt hastalik ve oSlimlerin
onlenmesi olmalidir (Singh, 2010). Afet ve acil
durumlarda beslenme hizmeti temel olarak kisa ve

uzun doénem olmak izere iki bolimde
gerceklesmektedir.  Kisa dénem  beslenme
hizmeti, felaketin ilk 72 saatinde saglanan

hizmettir. Bu sirecte, kolay temin edilebilen,
dayanikli ve yiksek enerjili gidalar aktif rol
oynamaktadir. Uzun dénem beslenme hizmeti ise,
felaketin 72 saat sonrasindan itibaren hazirlama ve
pisirme gereksinimlerini kapsayan bir beslenme
hizmeti siirecidir (Oztiirk ve Kocak, 2017).
Ornegin 6 Subat 2023 tarihinde Kahramanmaras
merkezli olarak gerceklesen depremin ilk
glinlerinde acil durum gidasi olarak kuru gidalar,
biskiiviler, krakerler vb. tiiketilirken; depremin
ilerleyen giinlerinde Sahra mutfaklart olarak
adlandirilan  mobil mutfaklarda sicak yemek
tretimi gerceklestirilmistir (Aldemir, 2023).

Afet yonetiminin basarisi, yerel kaynaklara dayalt
gida uriinlerinin etkin bigimde kullanilmasiyla
dogrudan iliskilidir. Nitekim hammaddelerin yerel
kaynakli olmast, yardim kuruluglarinin Grtnleri
daha hizli ve etkin bir sekilde halka ulastirabilmesi
acisindan 6nemlidir. Ayrica, yerel hammaddelerle
tretim yapilabilmesi hem disa bagimlilig
azaltmakta hem de triinlerin ekonomik degerini
artirarak tedarik zincirinde esneklik saglamaktadir
(Anandito vd., 2016; Sumarto vd., 2023).

Afet ve acil durum gidalarinin yerel kiiltiire uygun
olmasi, bolgede kolaylikla temin edilebilen ve
uygun maliyetli hammaddelerle uretilebilmesi,
yerel halkin beslenme ihtiyaclarini karsilayacak
besin degeri ve kaliteye sahip olmast agisindan
onemlidir (Sumarto vd., 2023). Bu nedenle,
afetlerin bir sonucu olarak yetersiz beslenme ile
miicadele eden toplumlarda yenilebilir yabani
bitkilerin tiiketildigi gozlemlenmektedir.
Yenilebilir yabani bitkiler geleneksel toplumlarda
gida cesitliliginin glivence altina alinmasinda ve

saghgin  gelistirilmesinde  rol ~ oynamaktadir
(Jeambey vd., 2009).

Bircok arastirma, yenilebilir yabani bitkilerin
kitlik, afet ve savag kosullarinda hayatta kalmay1
destekleyen 6nemli yerel kaynaklar oldugunu
ortaya koymaktadir (Sulaiman vd., 2023). Ornegin
Etiyopya'da yasanan kitlik, kuraklik ve savag
dénemlerinde (Getahun, 1974), 11. Dinya Savast
strasinda Hollanda'da yasanan gida kitliginda
(Vorstenbosch vd., 2017), Bosna Savast'nda ve
Balkan Savaglar’'nda (Redzic, 2010; Redzi¢ ve
Fertier, 2014), 1971-1972 yillarinda Zanzibat'in
Pemba Adas'nda yasanan kitllk déneminde
(Walsh, 2009) yerel halk yenilebilir yabani bitkileri
tiketerek  hayatta  kalmistir. Bu  nedenle
etnobotanik bilimi Kaua'i Bildirgesi'nde “hayatta
kalma bilimi” olarak tanimlanmistir (Prance,
2007). Dolayisiyla acil durum gidas1 tasarimlarinin
temelini de bitkisel unlar olusturmaktadir
(Hadiningsih vd., 2023; Fatmah, 2024).

Acil durumlarda beslenme hizmetlerinin; dogru
zamanda, dogru yerde, givenli, besleyici, kaliteli
ve yerel halkin kiltiirel aligkanliklarina uygun
sekilde sunulmast buylk Onem tasimaktadir
(Bounie vd., 2020). Bu siirecte, bebekler, cocuklar,
hamile kadinlar ve yasllar gibi ézel beslenme
gereksinimi  olan gruplarin  ihtiyaclarinin  da
dikkate alinmasi gerekmektedir (Gribble, 2018;
Fatmah vd., 2021; Hayudanti vd., 2022).
Turkiye'de 2023 yilinda meydana gelen deprem
sonrast yaptlan bir arastirmada, afetzedelerin
yemeklerin kendi yoresel damak tatlarina uygun
olmamasindan dolayl olumsuz geri bildirimlerde
bulunduklars; ancak porsiyon miktarlarinin yeterli,
sunulan yemeklerin ise cesitli, besleyici ve
doyurucu oldugu belirlenmistir (Aldemir, 2023).
Aynit depreme yonelik Kacar vd. (2024) tarafindan
yurttilen bagka bir calismada ise, Ozellikle
siginma  evlerinde yasayan hamile bireylerin
protein, vitamin ve mineral gibi temel makro
besin 6geleri agisindan yetersiz beslendikleri tespit
edilmistir. Bu bulgular, afet ve acil durumlarda
Ozel gereksinimi olan bireyler icin beslenme
hizmetlerinin titizlikle planlanmasi gerektigini
acikca ortaya koymaktadir.

Acil Durum Rasyonlari

Acil durum rasyonlari, olast bir afet veya acil
durumda gonilli bireyler, yardim kuruluslar ya
da hikimetler araciligiyla afetlerden etkilenen
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topluluklara dagitilan  yardim gidalaridir. Bu
gidalar, ayn1 zamanda askeri bitliklere, savas veya
afetlerden etkilenmis miiltecilere ve yerinden
edilmis kisilere de ulastirilmaktadir. Acil durum
rasyonlarinin temel amaci, yetersiz beslenmeyi
onlemek ve hayatta kalmayr destekleyecek
diizeyde enerji saglamaktir (Schofield ve Mason,
1996; Mohammadian vd., 2021). Bu amag
dogrultusunda tasarlanan acil durum rasyonlari;
lipit bazli besin takviyeleri (Lipid-based Nutrient
Supplements, LNS), mikronutrient tozlar
(Micronutrient Powders, MNP), glclendirilmis
karisik gidalar (Fortified Blended Foods, FBFs),
yiksek enerjili biskiviler (High Energy Biscuits,
HEBs), kompakt gida barlart (Compact Food
Bars, CIBs), yemeye hazir yemek (Meal, Ready-
to-Eat, MRE) ve acil durum gda drind
(Emergency Food Products, EFP) gibi
trtinlerden olusmaktadir (Duclercq, 2014; V.
Hadi vd., 2018; Sheibani vd., 2018).

Lipit bazlt besin takviyeleri (LNS), enetjinin
cogunun yaglardan karsilandigi drinlerin genel
adidir. Bu trtinlerin temel maddeleri bitkisel yag,
st tozu, 6gutilmis findik veya soya, seker ve
mikro besin karisimlaridir (Wagh ve Deore, 2015).
Tiketim amact ise yetersiz beslenmenin
onlenmesidir. Kullanima hazir gidalar (Ready-to-
Use Foods, RUFs) lipit bazli gidalar olarak da
ifade edilmektedir (Chaparro ve Dewey, 2010;
Huybregts vd., 2012; Arimond vd., 2015; Wagh ve
Deore, 2015).

Kullanima hazir terapotik gida (RUTF) olarak
adlandirlan biytik doz LNS (LQ-LNS), giinde
180-200 gram olarak, siddetli akut yetersiz
beslenme  vakalarimin = (SAM)  tedavisinde
kullanidmaktadir (Arimond vd., 2015). Karisimin
temel maddeleri sit tozu, fistik ezmesi, bitkisel
yag ve seker ile vitamin, tuz ve minerallerdir.
Kullanimi su veya meyve suyu gibi sivilarla
seyreltilmesini ya da pisirilmesini
gerektirmemektedir. Ayrica mikrobiyal
kontaminasyona karst da direncli drin tipidir
(Santini vd., 2013). Uriiniin maliyeti yiiksektir. Bu
nedenle  yetersiz  beslenmenin  go6rildigi
toplumlara sivil toplum kuruluglart ya da yerel
hiikiimetler tarafindan dagitimi
gerceklestirilmektedir (Manary, 2000).

Kullanima hazir takviye edici gtda (RUSF) olarak
adlandirdan orta doz LNS (MQ LNS), yaklasik
45-90 gramlik dozlatla, orta siddetli akut yetersiz
beslenmenin (MAM) tedavisi icin tasarlanmistir.
Ayrica gida glvensizligine sahip toplumlarda
gorilen yetersiz beslenmenin 6nlenmesi icin de
kullandmaktadir (Arimond vd., 2015). Tek basina
ya da lapa gibi diger yiyeceklerle karistirilarak
tiketilebilir. Su eklenmesine gerek yoktur. Ayrica
triintin kendisi sahip oldugu minimum su igerigi
ile mikrobiyal kontaminasyona karst direnclidir
(Ahmed vd., 2014). RUTF drtnlerinden farki,
gunliik enetji ve besin gereksinimlerinin yalnizca
bir kismini saglamasidir (Duclercq, 2014). Kii¢iik
doz LNS (SQ-LNS) ise yaklastk 20 gramlik gtinliik
dozlarla, evde hazirlanan yerel gidalarin besin
degerini artirmak ve bebek ile annelerin diyetini
desteklemek amactyla tasarlanmustir (Arimond
vd., 2015).

Mikronutrient tozlart (MNP), hazir yiyeceklere
eklenebilen, toz formunda kapsiillenmis vitamin
ve minerallerdir. Bu  urdnler, hedef
poptlasyonlarin giinltik 6nerilen en az iki ya da
daha fazla vitamin ve mineral ihtiyacim kargilamak
tzere tasarlanmustir (De-Regil vd., 2013; Salam
vd., 2013). Giiglendirilmis karisik gidalar (fortified
blended foods, FBFs), sorgum, musir, dari ve diger
tahillarin yant sira mikro besinler, bitkisel yag,
seker ve siit tozu igerebilen; su eklenerek 5-15
dakika arasinda pisirilen ve lapa seklinde
hazirlanan besin karisimlaridir. Bu karisimlar dort
temel tiire ayrilmaktadir: Misir-Soya Karisimi Plus
(CSB+) (LaGrone vd., 2012), Siper Tahil Plus
(SC+) (Kampstra vd., 2018), Sorgum-Soya
Karisimi (SSB) (Joseph vd., 2025) ve Sorgum-
Bériilce Karisimi (SCB) (Delimont vd., 2017). Bu
gidalarin temel kullanim amact, 6zellikle yetersiz
beslenen anne ve cocuklara protein ve enetji
destegi saglamaktir (Delimont vd., 2017; Regier
vd., 2019).

Acil durumlarin ilk asamalarinda uygun pisirme
ortami ve ekipman bulunmadigindan, hazirhk
gerektirmeyen gidalar tercih edilmektedir (2001;
Singh, 2010). Bu nedenle yiiksek enerjili bisktviler
(HEB), kompakt gida barlari (CFB) ve yemeye
hazir yemekler (MRE) stk¢a kullanilmaktadir.
HEB’ler, vitamin ve minerallerle zenginlestirilmis,
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firinlanmis, tikketime hazir Grinlerdir (Hossain,
2018; Niroula, 2019). CFB ve MRE’ler ise dogal
afetler ve askeri operasyonlarda yaygin olarak
kullanilan gidalardir (Hadi vd., 2018).

Acil durumlarda kullanilacak gidalarin yalnizca
enetji ve besin Ogelerini karsillamast yeterli
degildir; aynt zamanda belitli standartlara da
uymalari gerekmektedir. Bu baglamda, Ulusal
Bilim Akademileri Tip Enstitusi (IOM)
tarafindan gorevlendirilen bir komite tarafindan
dogal afetler ve acil durumlar sirasinda, kalict bir
gida  sistemi  kurulana dek tek  basina
kullandabilecek acil durum gida drini (EFP)
olarak da adlandirlan acil durum rasyon bart
tretimi igin gerekli standartlar1 Gzetleyen bir rapor
yayimlamustir. Bu  Grlinlerin - giivenli, lezzetli,
taginabilir, kolay tliketilebilir ve besin acisindan
yeterli olmasi gerekmektedir (Zoumas vd., 2002).

Acil durum gida irtinleri (EFP) sel, deprem,
kuraklik, yangin ve savas gibi afetlerde veya askeri
amaglarla kullanilan, genellikle biskiivi veya bar
formunda tasarlanan, dogrudan tiketilebilen
drinlerdir. Bu drtnler olast bir acil durumun ilk
on bes gininde bireylerin hayatta kalmasint
saglayarak oranlarinin  azaltdmasint
amagclamaktadir. Dolayistyla terap6tik bir Grtin
degildir (Zoumas vd., 2002). Afet kosullarinda
mevcut kisitlamalar, tek tip ve cesitlilikten yoksun
bir beslenmeyi zorunlu kilmaktadir. Ancak bu
durum uzun vadede gesitli saglik sorunlarina yol
acabileceginden dikkat edilmelidir (Ainehvand
vd., 2019; Mengesha vd., 2021).

olum

Yiksek karbonhidrat ve protein igerigine sahip
olan acil durum gida trtinleri, sikistirilmis yapilart
ve uzun raf émiirleri sayesinde pratik bir ¢6ziim
sunmaktadir. Pisirilmeden, dogrudan
kullanilabilmeleri  sayesinde afetlerde hayat
kurtarict rol oynamaktadir (Anandito vd., 2016).
Acil durum gida triinlerinin afet durumlarinda
yaslt bireyler icin 6zel bir 6nemi vardir. Afet
stirastnda yaslilar,  dejeneratif  hastaliklar,
enfeksiyon riskleri ve stres gibi coklu kirilganlik
faktorlerine maruz kalmaktadir. Bu baglamda,
dagitimi kolay, pisirme gerektirmeyen ve dayaniklt
bir gida formuna sahip olan bu drlnler, yash
bireylerin gida giivenligini saglamasinda da etkili

bir ara¢ olarak 6ne c¢ikmaktadir (Fatmah vd.,
2021).

Acil durum gidalart genellikle biskiivi ve bar
formunda tasarlanmaktadir. Uriinlerin  temel
hammaddeleri ise kurutulmus sit ve tahil
karisimlaridir (Hasan ve Putri, 2020). Ayrica form
olarak 6 aydan buytik tim bireylerin tiiketebilecegi
bir sekilde, sulandirilabilir bir yapida olmast
istenilmektedir. Sit katilari, genellikle protein
ihtiyacinin kargilanmasi amaciyla kullanilmaktadir.
Urtiniin  stit katillart icermesi durumunda bir
miktar laktoz ilave edilmelidir. Ancak bu miktar
1000 kcal bastna 17 grami asmayacak diizeyde
olmalidir (Zoumas vd., 2002). Yasar ve Ciftci
(2025) tarafindan yapidan bir calismada, acil
durum gidalarinin  biylk c¢ogunlugunun soya
fasulyesi ikamesi icerdigi ifade edilmistir. Bu
durumun nedeni olarak, soya fasulyesinin diger
baklagil tirleri arasinda bilinen en yiksek protein
(%040); en yuksek ikinci yag (%20) oranina sahip
olmasi (Hettiarachchy ve Kalapathy, 1997) ve gida
givencesini  saglama potansiyeli tasimasidir
(Dilawari vd., 2022; Islam vd., 2022).

Acil durum gidalarinin besin profili afet sonrast
dénemde bireylerin temel enetji ve besin 6gesi
ihtiyaclarint ~ karsilamayt  hedefleyici  sekilde
olmalidir. Dolayistyla bir acil durum gidasit kisi
basina giinlik en az 2100 kcal olmalidir. Butiin bir
paket ise minimum 4.660 kcal igermelidir
(Zoumas vd., 2002). Bununla birlikte 50 gramlik
(233-250 keal) bir acil durum gidast %35-45 yag,
%10-15 protein ve %40-50 karbonhidrat ihtiva
etmelidir (Hasan ve Putri, 2020; Afifah vd., 2022).
Uriin icerisinde kullanilacak yag {iriinlerinin
kaynagi domuz yagi, don yagi, diger hayvansal
yaglar olmamalidir. Ayrica acil durum gidalarinin
nem icerigi %9.5'ten ve su aktivitesi %0.6'dan
fazla olmamali; dolayisiyla 24-36 aylik bir raf
Omrinl saglamasi gerekmektedir (Zoumas vd.,
2002). Bu durumun sebebi, disiik su igeriginin
mikroorganizmalarin biiyiime hizint engelleyerek
Urintn raf 6mrind uzatmasidir (Liu vd., 2009;
Alp ve Bulantekin, 2021).

Acil durum gidalarinin paket tasarimlari, Urin
tasartmt  kadar Onem tasimaktadir. Nitekim
paketleme, gidalarin gevresel kitlilik etkenlerinden
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korunmasint  ve raf Omrinin uzatdmasint
saglamaktadir (Han vd., 2018). Bu kapsamda
cesitli acil durum gidast paketleri tasarlanmustir.
Fu vd. (2024) tarafindan yiiksek nemli ortamlarda
acil durum gdalarinin  korunmasina  yonelik
olarak, yliksek oksijen bariyer 6zelligine sahip cift
katmanli polivinil alkol kaplamali polietilen
kompozit filmler tasarlanmistir. Ghorbani vd.
(2021)  tarafindan nar kabugu = Ozitiyle
fonksiyonel =~ pektin  bazli  antimikrobiyal
kaplamalar gelistirmistir. Benzer sekilde Yekta vd.
(2024) tarafindan da kirmiz1 tiztimden elde edilen
antosiyaninleri iceren biyolojik olarak
parcalanabilir  filmler  tasarlanmustir.  EFP
raporuna gore paket tasarimlarinin, havadan
atilmaya uygun bir sekilde olmasi beklenmektedir
(Zoumas vd., 2002).

MATERYAL VE METOT

Acil  durum  gidalarina  yoénelik  mevcut
arastirmalari  degerlendirmek ve sentezlemek
amaciyla bu calismada sistematik derleme yontemi
tercih edilmistir. Sistematik detleme, belirli bir
arastirma problemini yanitlamak tizere 6nceden

tanimlanmis  sorular  dogrultusunda  birincil
aragtirmalarin  sonuglarint  agtk  ve  yeniden
tretilebilir  yontemlerle  degetrlendiren  ve

birlestiren bir yaklasimdir (Pati ve Lorusso, 2018;
Carrera-Rivera vd., 2022). Bu yoéntemin temel
agamalatt; aragtirma sorularinin belirlenmesi, dahil
etme ve hari¢ tutma 6lciitlerinin saptanmast, ilgili
konuya iliskin literatiir taramasinin yapilmasi,
dahil etme ve hari¢ tutma 6lcitleri cercevesinde
arastirmaya dahil edilecek calismalarin secilmesi,
verilerin toplanmasi ve analizi ile elde edilen
sonuglarin  yorumlanarak  raporlanmasindan
olusmaktadir (Gough vd., 2012; Cinar vd., 2019).

Sistematik detleme, bir arastirma alanindaki
mevcut  bilgilerin = kapsamli  bir  sekilde
Ozetlenmesine olanak tanirken, farkli
arastirmalardan elde edilen verilerin birlestirilerek
yeni ve bitinlesik sonuglarin olusturulmasint
saglar. Ayrica, farkli kanit tiirlerinin bir araya
getirilmesiyle daha kapsamli bir analiz yapilabilir
(Burns ve Grove, 2010; Snilstveit vd., 2012).

Ancak, sistematik incelemelerin = raporlama
kalitesindeki ~ farkliliklar,  okuyucularin  bu
calismalarin  gicli  ve  zayif  yonlerini

degerlendirmesini  zorlagtirabilmektedir. ~ Bu
baglamda calisma, bu tir zorluklarin Oniine
gecmesi, aynt  zamanda  kapsamli = ve
yapilandirilmig bir inceleme sunmast amactyla
PRISMA o6nerilerine (Liberati vd., 2009) uygun
sekilde yuratilmuistir. Yirmi yedi maddelik bir
kontrol listesi ve dort agamalt bir akis diyagrami
sunan PRISMA Onerileri, sistematik incelemelerin
ve meta-analizlerin raporlanmasina rehberlik
ederken elestirel degerlendirme icin de 6nemli bir
kaynak sunmaktadir (Moher vd., 2009).

Sistematik derleme calismalari, arastirmacilar
tarafindan belirlenen arastirma sorularina cevap
verme amact tasimaktadir. Calismanin Uzerinde
yogunlastigt temel arastirma sorusu “Afes ve acil
durnm  kogullarmda tiiketilmek iizere tasarlanan acil
durum gidalar: nelerdir?” olarak belirlenmistir.

Arastirmacilar tarafindan belitlenen arastirma
sorularinin cevaplarint bulmak tizere 01.06.2025
ve 05.06.2025 tarihleri arasinda Web of Science
veri tabani  Uzerinden  sistematik  tarama
gerceklestirilmistir. Arastirmanin evrenini Web of
Science veri tabanindaki caligmalar olustururken
orneklemini  ise  1999-2025 yillar1 arasinda
belitflenen  anahtar  sézcikler — kapsaminda
yayimlanmis arastirma makaleleri olusturmustur.
Anahtar sézcuklerin belitlenmesinde, literatirde
afet ve acil durum gidalarini tamimlayan terimler
temel alinmistir. Bu dogrultuda, “emergency food*”
teriminin  arastirma  sorusuna cevap veren
calismalart ortaya ctkardigi tespit edilmistir.

Calisma kapsaminda dahil etme kriterleri olarak;
acil durum gidast (6zellikle dogal afet odaginda)
tasarimina odaklanan Web of Science veri
tabaninda yer alan arastirma makaleleri temel
alinmustir. Ayrica ¢alismanin tartisma béluminde
aragtirma makalesi olmayan diger tiitlere de yer
verilmistir. Uriin tasarimlariyla ilgili olarak birden
fazla formilasyon sonucuna sahip c¢aligmalarda,
genel begenisi en yiiksek olan driin incelemeye
dahil edilmistir. Bununla bitlikte her ¢calismada her
besin  degerinden  bahsedilmemektedir. Bu
nedenle besin degerine yonelik en az bir niceligi
belirten ilgili tim ¢aligmalar incelemeye dahil
edilmistir. Belirli bir gida tasarimi  {izerine
odaklanmayan calisgmalar ile tbbi amagl
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kullanilan,  6zel beslenme  gereksinimlerini
hedefleyen RUTF ve RUSF {riinlerini konu alan
calismalar kapsam dist birakilmistir.

sonucunda 597
tarafindan

Yapilan  tarama
ulasimustir.  Yazatlar

sonuca
ulasilan

makalelerin  6zet bolimleri tek tek okunarak
incelenmistir. Dahil etme ve hari¢ tutma dlcutleri
dogrultusunda, arastirmaya dahil edilen calisma
sayist 13 olarak tespit edilmistir. Tablo 1’de
calismanin PRISMA akis diyagramina gore
tasartmu yer almaktadir.

Cizelge 1. Calismanin Tasarimi1
Table 1. Design of the Study

Sistematik Inceleme Basamaklart (Systematic Review

Steps)

Bulgular (Findings)

Literattr Taramast (Literature Review)

Web of Science (n=597) (Web of Science (n=597))

Belirlenen Yil Araligi Iginde Kalan Calismalar
(Studies Within the Specified Y ear Range)

1999-2025 (n=517)

Belitlenen Akademik Tir Kapsaminda Olan
Calismalar (Studies Within the Scope of the Specified
Academic Genre)

Arastirma Makaleleri (n=486) (Research Articles
(n=486))

Temel Arasturma Sorusuna Yanit Veren
Calismalar (Studies that Answer the Basic Research

Question)

EFP Tasarimlar (n=13) (EFP Designs (n=13))

Sistematik Incelemeye Dahil Edilen Toplam
Calisma Sayist (Tozal Number of Studies Included in
the Systematic Review)

(n=13)

BULGULAR
Gizelge 2’de “Afet ve acil durnm  kosullarmda
tiiketilmek jigere  tasarlanan acil  durum  gidalar:

nelerdir?”  arastirma  sorusunun

calismalar yer almaktadir.

cevaplandigt

Cizelge 2. EFP Tasarimlari
Table 2. EFP Designs

Igindekiler
(Ingredients)

Besin Ogeleri
(Nutritional Components)

Referans (Reference)

Misir unu, balik protein hidrolizati, tuz,
Hindistan cevizi yagi, su (maize flour, fish
protein hydrolysate, salt, coconut oil, water).

50¢g

Resti vd., 2024

Karbonhidrat (Carbohydrate): %045.97
Protein (Protein): %015.62

Yag (Fat): %34.93

Enetji (Energy): 232.57 kcal
Su (Water): %02.0

Kl (Ash): %1.48

Mangrov unu, kili¢ fasulyesi unu, tereyagy,
yumurta, seker, bugday, ¢ikolata, cilek,
portakal (mangrove flour, sword bean flonr, butter,
eggs, sugar, wheat, chocolate, strawberry, orange).

50¢g

Fatmah, 2024

Karbonhidrat (Carbohydrate): %024.7
Protein (Protein): %5.8
Yag (Fat): %12.5

Enetji (Energy): 234.2 kcal

Deniz yosunu, odun elmast (Linonia
acidissima 1..), soya tozu, seker, stevia, toz
jelatin, sitrik asit (seaweed, wood apple (Limonia
acidissima 1..), soy powder, sugar, stevia, powdered

gelatin, citric acid).

100 g

Afifah vd., 2023

Karbonhidrat (Carbobydrate): %02.20
Protein (Protein): %037.54

Yag (Fat): %27.03

Enerji (Energy): %402.20 kcal

Su (Water): %30.51
Kl (Ash): %2.73
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Manyok unu, kirmizt fasulye unu, yagsiz stit
tozu, margarin, seker, su (cassava flonr, red
bean flonr, skimmed milk powder, margarine,
sugar, water).

100 g Hadiningsih vd.,
Karbonhidrat (Carbohydrate): %062.84 2023

Protein (Protein): %9.81

Yag (Faz): %19.37

Enetji (Energy): 464.93 kcal

Su (Water): %5.46

Kl (Ash): %02.52

Lindur meyvesi unu (B. gymnorrhiza L.), soya
fasulyesi unu, vyapiskan piring unu,
Hindistan cevizi, yag, seker, tuz (lindur fruit
Sflour (B. gymnorrhiza 1..), soybean flonr, glutinous
rice flour, coconnt, oil, sugar, salt).

50¢g Afifah vd., 2022
Karbonhidrat (Carbohydrate): %30

Protein (Protein): %04.4

Yag (Fat): %6.3

Enerji (Energy): 251.5 kcal

Su (Water): %4.03

Kl (Ash): %1.84

Lif (Fiber): %15.79

Bugday unu, kirmizt fasulye unu, protein
izolati, hidrojenize bitkisel yag, seker,
kabartma tozu, yumurta (wheat flonr, red bean
Sflour, protein isolate, hydrogenated vegetable oil,
sugar, baking powder, eggs).

100 g Hayat vd., 2022
Karbonhidrat (Carbobydrate): °/057.20

Protein (Protein): %012.34

Yag (Faz): %25.43

Enetji (Energy): 507,03 kcal

Nem (Moisture): %4.15

Kl (Ash): %00.41

Lif (Fiber): %00.46

Mangrov unu, brokoli unu, soya fasulyesi
unu, bugday unu, tereyagl, yumurta, seker
(mangrove flour, broccoli flonr, soybean flonr, wheat
Sflour, butter, eggs, sugar).

50¢g Fatmah vd., 2021
Karbonhidrat (Carbohydrate): °%030.2

Protein (Protein): %01.9

Yag (Faz): %12.1

Enetji (Energy): 246 kcal

Balkabag1 unu (Cucurbita moschata d.), balik
unu  (Stolephorus  commersini), bugday unu
(pumptin flour (Cucurbita moschata d.), fish meal
(Stolephorus commersini), wheat flour).

100 g Canti vd., 2021
Karbonhidrat (Carbohydrate): %054.40

Protein (Protein): %024.32

Yag (Fat): %9.49

Enerji (Energy): 490 kcal

Nem (Moisture): %07.95

Kl (Ash): %1.79

Mistir unu, soya fasulyesi unu, tempeh unu,
tam yagl siit tozu, pudra sekeri, yemeklik
yag (corn flour, soybean flour, tempel flour, whole
milk powder, powdered sugar, cooking oil).

50¢g Aini vd., 2018
Karbonhidrat (Carbohydrate): %023-35

Protein (Protein): %7.9-8.1

Yag (Faz): %9.1-11.9

Enerji (Energy): 233 kcal

Aw (Aw): %00.94-0.96

Mung fasulyesi unu, muz, yumurta, seker,
tuz, margarin, yagsiz sit, un (mung bean flour,
banana, egg, sugar, salt, margarine, skim milk,

Sflour).

100 g Nurhayati vd., 2018
Karbonhidrat (Carbobydrate): °%036.06

Protein (Protein): %011.69

Yag (Faz): %10.86

Su (Water): %36.53

Kl (Ash): %02.60

Soya fasulyesi unu, tam yagli siit tozu,
aycicegi yagi, yulaf, toz seker, susam, tuz
(soybean flonr, whole milk powder, sunflower oil,
oats, granulated sugar, sesame, salt).

439 g Sheibani vd., 2018
Karbonhidrat (Carbohydrate): 158 g

Protein (Protein): 70 g

Yag (Faz): 196 g

Enerji (Energy): 2194 keal

Lif (Fiber): 18 g
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Beyaz dart unu  (Panicum  milliacenm 1..),
kirmizt fasulye unu (Phaseolus vulgaris 1..),
seker, margarin, st kremast, sit, su (White
millet flour (Panicum milliacenm 1..), red bean flonr
(Phaseolus vulgaris 1..), sugar, margarine, milk
cream, milk, water).

100 g

Karbonhidrat (Carbohydrate): %042.26
Protein (Protein): %010.99

Yag (Fat): %35.39

Enetji (Energy): 233.80 kcal

Su (Water): %16.45

(Anandito
2010)

vd.,

Kl (Ash): %1.45
Aw (Aw): 0.81

Izole soya proteini, lesitin, un, kuru malt
tozu, soya proteini konsantresi, kismen
hidrojenize soya fasulyesi yagi, seliiloz, misir
surubu, kristalin fruktoz, vitamin ve mineral
karisimu (isolated soy protein, lecithin, flonr, dry
malt powder, soy protein concentrate, partially
bydrogenated soybean oil, cellulose, corn  syrup,
crystalline fructose, vitamin and mineral blend).

50g

Brisske vd., 2004

Protein (Protein): %018.39
Yag (Faz): %24.9

Su (Water): °00.461
Nem (Moisture): %05.27
Kl (Ash): %04.81

Arastirmacilar tarafindan gelistirilen acil durum
gida triinleri yerel topluluklarin acil durum gida

ihtiyaclarinin  karstlanmasinda  biytk  rol
oynamaktadir. Acil durum gida drind (EFP)
raporuna  gore,  belirlenen  standartlarda

gelistirilecek olan prototipler, uluslararast bir
nitelikte olmalidir. Nitekim bu durum olast afet
veya kriz senaryolarinda farkli cografyalarda ve
kiltirel yapiarda uygulanabilirligin saglanmasi
agisindan  biyilk Onem tagimaktadir. Ayrica
belitlenen standartlara olan uygunluk, driinlerin
afet bolgelerine génderilmesinde lojistik kolaylik
ve kabul edilebilirlik agisindan da kritik bir rol
oynamaktadir (Zoumas vd., 2002).

TARTISMA

Bu sistematik incelemede Web of Science veri
taban1 Gzerinden “emergency food*” anahtar kelimesi
temel alnmustir. Veri tabant bu kavramu iceren
basliginda, 6zetinde ve anahtar kelimelerinde yer
veren tim calismalart  ortaya koymustur.
Arastirmacilar tarafindan gelistirilen ilk EFP
tasarimlari,  genellikle  soya  bazl
formiilasyonlarint icermistir. Brisske vd. (2004)
tarafindan yapilan calisma, EFP raporunun
yayimlanmasinin ardindan yapilan ilk prototip
calismalarindan  biridir. Bu yonuyle alandaki
sonraki arastirmalara temel teskil etmistir.
Gelistirilen farkli formilasyonlar; besin gruplari
acisindan cesitlilik géstermekte olup musir unu,
bugday unu, soya fasulyesi unu ve cesitli meyve-
sebze unlarinin kullanimiyla zenginlestirilmistir.

arun

Hadiningsih vd. (2023) tarafindan gelistirilen
triinin karbonhidrat orani bakimindan en yiiksek
degere (%62.84, 100g) sahip oldugu tespit
edilmistir. Bu Griniin temel malzemeleti arasinda
manyok unu ve kirmizi fasulye unu yer almaktadir.
Karbonhidrat a¢isindan en digitk degere (%2.20,
100g) sahip olan Urin ise Afifah vd. (2023)
tarafindan gelistirilmistir. Deniz yosunu ve soya
tozu igeren bu Urlin ayni zamanda en yiksek
protein oranma (%37.54, 100g) sahiptir. Yag
icerigi bakimindan en yiksek deger (%35.39)
(Anandito vd., 20106) tarafindan gelistirilen beyaz
dart ve kirmizi fasulye iceren formiilasyonda
gorilmustir.  (Hayat vd., 2022) tarafindan
gelistirilen driin ise en yiksek enerji degerine
(507.03 kcal, 100g) sahiptir. Bu driin bugday unu,
kirmuzi fasulye ve protein izolatt ihtiva etmektedir.

Arastirmanin dahil etme ve hari¢ tutma kriterleri
geregince bazt  ¢alismalar kapsam  disinda
tutulmustur. Ornegin Siva ve Anderson (2023)
tarafindan  lignoseltlozik  biyokiitlelerin  acil
durum gidast olarak potansiyeli incelenmistir.
Nurhayati ve Alfian (2017) tarafindan ise afet
kosullarinda kullanilmak tzere edamame yesil
fasulyesi bazli acil durum gida Griind destegi
gelistirilmistir. Bu ¢alismalar da dahil etme ve
hari¢ tutma kriterlerini karsilamamast sebebiyle
kapsam disinda tutulmustur. Ayrica EFP trinler
terap6tik  ve tibbi kullantm amaci tagtyan
triinlerden ayrigmaktadir (Zoumas vd., 2002).
Dolayistyla terapotik kullanimi 6ncelikli amag
edinen acil durum gda drinlerine yonelik
calismalar da (Hadi vd., 2022; Yanti vd., 2023;
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Reggi vd., 2024; Yu vd., 2025) kapsam dist
birakilmistir.

Arastirma  makaleleri  haricinde,  arastirma
sorusuna yanit veren 11 adet bildiri ¢alismast da
bulunmaktadir. Bu ¢alismalarda gelistirilen EFP
tasarimlarinda tath patates, mas fasulyesi, soya
fasulyesi (Darniadi vd., 2012), muz cicegi ve
istiridye mantar1 (Bridha vd., 2024), moringa unu,
soya fasulyesi unu ve muz unu (Hasan ve Putri,
2020), manyok nisastast ve ton baligi unu
(Hasbullah vd., 2019), kurutulmus mung fasulyesi
filizi (Mahendradatta vd., 2020), dart unu ve
yilanbast baligt (Anandito vd., 2018) gibi cesitli
yerel ve besleyici bilesenler kullanilmistir. Buna ek
olarak, peynir altt suyu protein konsantresi temelli
farkli EFP tasarimlar da literatiirde yer almaktadir
(Khairunnisa vd., 2018; Sunyoto vd., 2019; Hayati
vd., 2020; Pradipta ve Andoyo, 2020; Shalihah vd.,
2020). Bu ¢alismalar, farkhi cografyalarda yerel
gida kaynaklarinin degerlendirilerek farkli EFP
tasarimlarinin - gergeklestirilebilecegini  ortaya
koymaktadir.

SONUC

Afetler yalnizca deprem, sel, ¢1g, yangin, kuraklik,
heyelan ve kasirga gibi doga kaynakli olaylarla
sinirh degildir. Ayni zamanda salgin hastaliklar ve
savaglar gibi insan kaynakli veya karmastk krizler
de afet kapsaminda degerlendirilmektedir. Olast
bir afet durumunda bireylerin Onceligi, hayatta
kalma giidiistintin etkisiyle mevcut tim imkanlart
degerlendirmek  olmaktadir.  Ancak  afetin
buyikligi ve stresi, 6zellikle gida tedariki ve
beslenme gibi temel yasam ihtiyaglarinda ciddi
kisitlamalara yol acabilmektedir. Bu baglamda,
afetten etkilenen tim bireylerin, 6zellikle de
bebekler, cocuklar, hamile ve emziren kadinlar ile
yaslilar gibi hassas gruplarn yetetli ve dengeli
beslenmeye erisimi buyiik 6nem tagtmaktadir.

Dinya genelinde insanlk yararina faaliyet
gosteren hayir kurumlar, sivil toplum kuruluglari,
yerel topluluklar ve hitkiimetler tarafindan afet
dénemlerinde ¢esitli drtinlerle gida yardimlart
saglanmaktadir. Bu yardimlar arasinda 6zellikle
yetersiz  beslenmeyle  miicadele  amactyla
gelistirilen lipit bazli besin takviyeleri (LNS)
O6nemli bir yer tutmaktadir. Ancak, halihazirda

kullanilan acil durum gidalari, uluslararasi diizeyde
ortak bir standarda sahip degildir. Bu eksiklige
yanit olarak, Ulusal Bilim Akademileri Tip
Enstitisi (IOM) tarafindan gérevlendirilen bir
komite tarafindan standart Acil Durum Gida
Uriinii (EFP) raporu hazirlanmustir. Bu raporun
temel amaci, olast afet ve acil durumlarda,
etkilenen bireylerin en az 15 gln sireyle
tiketebilecegi, yetetli enetji ve dengeli besin
Ogeleri iceren, uzun raf Omriine sahip ve tek
rasyon kaynagi olabilecek bir iriin standard:
olusturmaktit.

Bu c¢alismada, acil durum gidast gelistiren
arastirmalarin  sistematik  bir  incelemesi
amaclanmistir. Web of Science verti tabaninda
“emergency food*” anahtar sOzcugtyle
gerceklestirilen tarama sonucunda, 13 calismanin
standart Acil Durum Gidast (EFP) raporunun
temel alinarak hazirlandigt tespit  edilmistir.
Incelenen bu calismalarin biiyitk cogunlugunda,
gelistirilen  Grtinlerin ~ ilgili  Glkenin  yerel
hammaddelerine dayandigr gérilmektedir. Bu
durum, yerel kaynaklarin etkin kullanimi agisindan
olumlu olmakla birlikte, Grlinlerin evrensel Slcekte
kullanilabilirligini = sinirlayabilmektedir. Gelecek
calismalarda, 6zellikle bebekler, cocuklar, yaglilar,
hamile ve emziren kadinlar gibi hassas gruplarin
Ozel beslenme gereksinimlerinin dikkate alinmast
buyitk 6nem tagimaktadir. Bu kapsamda, gluten,
laktoz ve histamin intoleransi gibi yaygin besin
intoleranslarina uygun, alerjen icermeyen acil
durum gidalarinin  gelistirilmesi, afet anlarinda
toplumun tim kesimlerinin gida giivencesinin
saglanmasina katki saglayacaktir.

CIKAR CATISMASI
Yazarlar arasinda herhangi bir c¢ikar catigmast
yoktur.

YAZARLARIN KATKISI
Yazarlar calismanin her asamasinda katkida
bulunmustur.
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oz

Bu calismada kurutulmus karadut ve ondan tretilen siranin bazi fizikokimyasal 6zellikleri, toplam fenolik ve
toplam antosiyanin madde miktari, fenolik profili, antioksidan ve antimikrobiyel aktivitelerinin belirlenmesi
amaglanmistir. Renk parametrelerinden L* (agiklik-koyuluk) degerinin, sirada meyveden daha yiiksek (18.24-
12.21) oldugu belirlenmisken, a* (kirmuzi-yesil) (0.72-1.64), b* (sar1- mavi) (1.72-3.96), C* (renk doygunlugu)
(1.87-4.30) degerlerinin ise daha distik oldugu belitlenmistir. Ayrica siranin toplam kil, pH, toplam fenolik
madde miktari ile DPPH- ve ABTS+- yéntemleriyle belitlenen antioksidan aktivitesinin kurutulmus karadut
meyvesinden daha yiksek, fakat titrasyon asitligi, indirgen secker, sakkaroz, toplam seker, 5-
hidroksimetilfurfural (HMF) ve toplam antosiyanin miktarlarinin ise daha distik oldugu saptanmustir. Sonug
olarak elde edilen siranin diisiik seker icerigi, yiiksek fenolik madde ve antioksidan aktivite gdstermesi
nedeniyle fonksiyonel bir gida olarak tiiketilebilir.

Anahtar kelimeler: Antioksidan aktivite, antimikrobiyel aktivite, fenolik profil, karadut (Morus nigra), sira

COMPARISON OF SOME PHYSICOCHEMICAL PROPERTIES, PHENOLIC
PROFILE, ANTIOXIDANT AND ANTIMICROBIAL ACTIVITY OF DRIED
BLACK MULBERRY (MORUS NIGRA) AND ITS SYRUP

ABSTRACT

In this study, it was aimed to determine some physicochemical properties of the dried black mulberry
and the syrup produced from it, as well as to evaluate their total phenolic and anthocyanin contents,
phenolic profiles, antioxidant and antimicrobial activities. While the L* (lightness-darkness) value
from the color parameters was determined to be higher in syrup than in fruit (18.24-12.21), the a*
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(red-green) (0.72-1.64), b* (yellow-blue) (1.72-3.96), C* (color saturation) (1.87-4.30) values were
determined to be lower. Also it was determined that the total ash, pH, total phenolic content and
antioxidant activity determined by DPPHe® and ABTS+* methods of the syrup were higher than those
of dried black mulberry, but the titratable acidity, reducing sugar, sucrose, total sugar, 5-
hydroxymethylfurfural (HMF) and total anthocyanin amounts were lower. As a result, the syrup
obtained can be consumed as a functional food due to its low sugar content, high phenolic content

and antioxidant activity.

Keywords: Antioxidant activity, antimicrobial activity, phenolic profile, black mulberry (Morus nigra),

syrup

GIRIS

Uziimsii meyvelerden biri olan dut meyvesi farklt
iklim, sicaklik ve toprak sartlarina adaptasyon
kabiliyeti yiiksek tropik ve subtropik iklim
bélgelerinde yetisen meyvesinden ve yapragindan
yararlamilabilen 73 cinsi ve 100 kadar tiirii olan bir
meyvedir (Erdogan ve Pirlak, 2005). Halk
arasinda karadut olarak bilinen Morus cinsinin
Moraceae ailesinin bir tyesi olan karadut (Morus
nigra) ise tlkemizde yetistirilen sulu ve yumusak
bir meyvedir (Koyuncu, 2004; Ozgen et al., 2009).
Anavatant  Cin, Japonya ve Hindistan olan
karadut, Akdeniz tlkeleri, ABD, Rusya, Suudi
Arabistan ve Asya dilkelerinde de yetistirilme
sartlart bulmustur (Sernikli ve Kadakal, 2020).
Karadutun = meyvesinden, yapragindan  ve
agacindan faydalanilabilmektedir. Bazi bélgelerde
gecim kaynagt olarak gériilen ipek bécekeiligi icin
yetistirilen karadut ilkemizde ise daha ¢ok
meyvesi icin yetistirilmektedir (Ercisli, 2004).
Biyoaktif bilesenlerden olan fenolik maddelerce
zengin olmasit ve iyl bir antioksidan kaynagi
olmasinin yant stra ginlitk alinmast gereken C
vitaminini yeterli diizeyde icermesi, organik asit,
vitamin ve minerallerce de zengin olmast
karadutun o6nemini artrmustir (Hepsag et al.,
2012). Karadutun, serinletici ve istah artirict
Ozelliginin  yanut sira ates ve kan basincint
distirticti, balgam soktiriici ve kan sekerini
dustrtict  etki gbsterdigi  ayrica antosiyanin
bakimindan zengin bir meyve oldugu icin kalp-
damar hastaliklart ve sindirim sistemi kanser
tiplerinde de koruyucu etki gosterdigi saptanmistir
(Chen et al., 2006; Gungor ve Sengul, 2008;
Sernikli, 2015).

Karadutun kisa stirede bozulmast ve yumusak bir
tekstiire sahip olmasindan 6tiirt hasadi, tasinmast
ve pazarlanmasinda zorluklar ortaya ¢citkmaktadir.
Raf omrii cok kisa olan karadut konsantre,

pekmez, marmelat, recel ve surup gibi trtinlere
islenerek; dondurularak dondurma, recel, meyve
suyu, meyveli yogurt tretiminde kullanilarak daha
fazla endistriyel iriinlerde degerlendirilme imkéani
bulmaktadir (Erdogan ve Pirlak, 2005; Ozgen et
al., 2009).

Kuru ve sofralik degerlendirilen dutlarin disinda
kalanlarin  Grtine dontstirilmesi icin  sirast
alinmaldir. Meyvelere bazt islemler uygulanarak
sira Uretilmektedir. Stra, fermantasyon stirecinden
geemesi ve tatlandirict eklenmemesinden dolayt
surup ve serbetten farklt bir icecektir. Yapilan bu
calismada da kurutulmus karadutun ve bu
meyveden elde edilen siranin bazi fizikokimyasal
Ozellikleri, toplam fenolik ve antosiyanin madde
miktar,  fenolik  profili, antioksidan  ve
antimikrobiyel aktivitesinde meydana gelen
degismelerin tespit edilmesi amaglanmistir.

MATERYAL VE METOT

Aragtirmada Artvin ili Yusufeli il¢esi piyasasindan
temin edilen geleneksel yontemlerle kurutulmus
kara dut kullandmustir. Geleneksel yontemle
kurutma islemi, dut treticisi tarafindan kara dutun
temiz bir bez tizerine serilerek, 3-7 giin siireyle
giineste kurutulmasiyla gerceklestirilmistir. Sira,
kuru dutlar kullanilarak Atatiitk  Universitesi
Ziraat Fakiltesi Gida Mihendisligi Boélimi
Meyve ve Sebze Isleme Laboratuvar’nda
tretilmistir.

Karadut girasi tiretimi

Celik tencetreye kuru karadut ve su (2 L su/1 kg
kuru dut) konularak 95 °C’de 2 saat pigirilmistir.
Ardindan pisirilmis dutlar, oda sicakligina kadar
sogutulduktan sonra bez torbalara konulup
preslenerek karadut sirasi elde edilmistir. Sekil
1’de karadut sirast Uretim akis semast verilmistir.
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Dried Black Mulberry Fruit

Kurutulmus Karadut Meyvesi

L

On Yikama
Pre-wash

L

Pisirme (2 saat, 95 °C)
Cooking (2 hours, 95 °C)

L

Bekletme
Allow to stand

L

Karadutun Siiziilmesi

The Straining of the Black Mulberry

Meyve Posasi
Fruit Pulp

-

L

Karadut Siras1
Black Mulberry syrup

Sekil 1. Karadut sirast Gretim akis semasi (Boranbayeva et al., 2014)
Figure 1. Black mulberry syrup production flow chart

Fizikokimyasal analizler

Kurutulmus karadut ve sira Srneklerinde pH,
titrasyon asitligi, kiil, suda ¢oziiniir kuru madde
(SCKM), volumetrik Lane-Eynon metodu ile
sakkaroz, indirgen seker ve toplam seker miktar,
spektrofotometrik yontemle 5- hidroksi metil
furfural (HMF) miktar1 (Cemeroglu, 2013),
kolorimetre (Chroma Meter, CR- 200, Japan) ile
L*, a*, b* degerleri belitlenmis ve bu degetler
kullanilarak C* ve H° degetleri hesaplanmigtir
(Ercisli et al., 2011; Turfan, 2008; Zor ve Sengtil,
2020).

Toplam antosiyanin tayini igin ekstraksiyon
hazirlanmasi

Toplam antosiyanin tayini ekstraksiyonu icin
Wrolstad (1993)’in uyguladigt pH diferansiyel
yontem modifiye edilerek uygulanmistir. Plastik
tiiplere kurutulmus karaduttan 12.5 g, siradan 12.5
ml aktarilarak tzerleri asitlendirilmis metanol ile
50 mlye tamamlanmistir. Manyetik karistiricida
(HI  190M, HANNA) tipler 3 dakika

karistirldiktan  sonra  sogutmali  santriftijde
(Hettich Mikro 22 R, Germany) 15 dakika 6000
rpm’de 4 °Cde santrifiij edilmistir. Orneklerde
renk acilmast son bulana kadar bu islem
tekrarlanmis ve ardindan adi filtre kagidiyla
stiziilmustir. Ekstraktlar analiz edilinceye kadar -
20 °C’de muhafaza edilmislerdir.

Toplam antosiyanin tayini

Ekstraktlardan 1 ml alinarak potasyum kloriir (pH
1.0) ve ardindan sodyum asetat (pH 4.5)
tamponlariyla karistirilarak 50 ml’ye tamamlanip
30 dakika bekletildikten sonra 515 nm ve 700
nm’de UV-Vis (PG Instruments, TVG60)
spektrofotometrede absorbanslari Sl¢tlmiistur.
Sonuglar mg/L olarak belirtilmis ve antosiyanin
miktart asagidaki esitlikler kullanilarak
hesaplanmistir (Cemeroglu, 2011).

A=As15 — A700) pH (1.0) — (Asys —
A700) pH (4.5)
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Toplam  Monomerik  Antosiyanin ~ Miktart
/L __ AxMAxSFx1000
(mg/L)=—— 1

Formulde; A= Absorbans Farki, MA= Molekul
agirligl, SF= Seyreltme faktori, & = Molar
absorbans ve . = Okuma kivetinin tabaka
kalinligint (L= 1 cm) ifade etmektedir.

Antioksidan aktivite ve toplam fenolik madde
tayini igin ekstrakt hazirlanmasi

Ekstraksiyon i¢in kuru dut Orneginden 25 gr,
siradan 25 ml alinarak Uzetlerine %90'lik etanol-
su (90:10) 75 ml ilave edilip Orbital karistiricida
(Orbital Shaker SSL1, UK) 6 saat 210 rpm'de
karistirlmistir. Ardindan Whatman No: 1 filtre
kagidindan stizillen karistimda bulunan etanol
rotary vakum evaporatér (Heidolph Laborota
4000 Efficient, Germany) yardimiyla
uzaklastirildiktan  sonra kalan kisim  tiiplere
alinarak saf suyla 25 ml'ye tamamlanmustir.
Ekstraktlar -20 °C'de analizler yapilincaya kadar
muhafaza edilmislerdir (Sengtl et al., 2012).

Toplam fenolik madde tayini

Ekstrakttan 10 ml alinarak tizerine %90 etanol-su
karisimindan 10 ml eklendi ve orbital karistiricida
(Orbital ~ Shaker SSL1, UK) 30 dakika
karistirdmistir. Bu  karisimdan 1 ml  alinarak
lzerine 46 ml saf su ve 1 ml Folin-Ciocalteu ilave
edilerek 3 dakika bekletilmistir. Ardindan %2’lik
Na,COs ¢ozeltisinden 3 ml eklenerek 210 rpm'de
2 saat orbital karistiricida (Orbital Shaker SSL1,
UK) kanstirlmistir.  Orneklerin - absorbans
degerleri UV-Vis (PG Instruments, TV60) 760
nm  dalga  boyunda  spektrofotometrede
belirlenmistir.  Numunelerin ~ fenolik  madde
miktart gallik asit esdegeri (ng GAE/mg)
cinsinden belirlenmistir (Giil¢in et al., 2002).

DPPH: yontemiyle antioksidan aktivite tayini
Ekstraktlardan ayr1 ayr tiiplere 10, 20 ve 30 pL
alinarak her bir tip etanolle toplamda 2000 uL'ye
tamamlanmistir.  Ardindan Uzetlerine DPPH:
radikalinden 500 pL eklenerek karanlik ortamda
30  dakika  inkiibasyona  birakilmuslardir.
Orneklerin absorbanslart bu siirenin sonunda
spektrofotometrede 517 nm’de okunmustur.

Antioksidan standart egri grafigi icin DPPH-
radikalinden (100 pL - 1000 pL) tiplere alinmis ve
tzetleri etanolle 2500 uL’ye tamamlanmistir.
Ardindan tupler 30 dakika oda sicakliginda
karanlik ortamda bekletilmis ve absorbans
degerleri UV-Vis (PG Instruments, TV60)
spektrofotometrede 517 nm dalga boyunda
okunmugtur. DPPH- inhibisyonu asagidaki
esitlige gbre hesaplanmistir.

ADPPH- ~ AgpnEK <100
ApppH"

% Inhibisyon=
Formiilde; A¢rnex: Ornek ¢ozeltisinin absorbans
degerini, Apppr: DPPH- ¢Ozeltisinin absorbans
degerini ifade etmektedir.

Antioksidanlarin farkli konsantrasyonlarina karst
hesaplanan  %inhibisyon degerleri ile %50
inhibisyonuna sebep olan konsantrasyonu
saptanmis ve sonuglar ICsp (ug/ml) olarak
belirtilmistir (Huang et al., 2005).

ABTS+: yontemiyle antioksidan aktivite
tayini

ABTS+ yontemiyle antioksidan aktivite Kéksal
et al. (2009)’a gore belirlenmistir. Tiplere kuru
karadut ve swa ekstraktlarindan 10-20-30 pl
eklenerek etanol ile her bir tip 1500 ulye
tamamlanmis daha sonra ABTS+- radikal
¢ozeltisinden tiiplere 0.5’er ml aktarilarak yarim
saat karanlik bir ortamda inkiibe edilmistir. Etanol
kor olarak kullanilmis ve absorbanslar 734 nm’de
belitlenmistir. Kontrol: 0.5 ml ABTS+:1.5 ml
etanolden olusturulmustur. Standart
antioksidanlarla (BHA, BHT, troloks ve o-
tokoferol) 6rnekler karsilastirlmistir.  Olgiilen
absorbans degetleri ile %inhibisyon agsagidaki
esitlige gore hesaplanmistir (Kaur and Kapoor,
2002).

A C— Ax
ABTS+ — A pNEK < 100
AABTS+

% Inhibisyon=

Formiilde; Aornex= Ornegin absorbans degerini,
Aaprs . = ABTS+-  ¢Ozeltisinin - absorbans
degerini ifade etmektedir.
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Fenolik madde profili ve antimikrobiyel
aktivite analizi i¢in ekstrakt hazirlanmasi

Fenolik madde profili i¢in ekstraksiyon islemi
Coklar  and  Akbulut  (2017)a  gore
gerceklestirilmistir. Kurutulmus karaduttan 5 g,
siradan 5 ml alinarak tzerlerine %80’lik metanol-
su (80:20) karisimindan 25 ml eklenip orbital
karistirictda (Otbital Shaker SSL1, UK) 2 saat
karistirtlmistir. Daha sonra 6rnekler 4 °C’de 10
dakika 5180 rpm’de sogutmali sanrifijde (Hettich
Mikro 22 R, Germany) santrifiijleme islemine tabi
tutulduktan sonra Whatman No:1 filtre kagidiyla
stzlilmistir. Bu isleme 6rnekler renksizlesinceye
kadar devam edilmistit. Elde edilen siziintl
icindeki metanol rotary vakum evaporatér
(Heidolph Laborota 4000 Efficient, Germany) ile
uzaklastirildiktan  sonra ekstraktlar -20 °C’de
analiz yapilana kadar muhafaza edilmislerdir.

HPLC ile fenolik madde profili analizi

Bu analiz icin sep-pak Cis kartus ve vakum
manifold (Supelco) kullandmistir. Manifold
vasitastyla kartustan sirasiyla metanol (5 ml), HCI
0.01 N (5 ml), ekstrakt (1 ml) ve 0.01 N HCI (1
ml) gegirildikten sonra 5’er ml metanol 2 defa
gecirilerek  balona aktardmistir. Daha sonra
metanol, 35 °C ve 85 rpm’de rotary vakum
evaporator ile uzaklastiilmistir. Son durumda
balona 250 pl metanol iki kez eklenerek, 0.45 pm
membran filtrelerden gegirilmis ve 1 mI’lik HPLC
viallerine alnarak HPLC cihazina yerlestirilmistir.
Ters faz Cig kolonu (5 um parea iriligi, 250 x 4.6
mm) kullanilmistir (Coklar ve Akbulut, 2017).

Antimikrobiyel aktivite tayini

Antimikrobiyel aktivite analizinde test edilen
mikroorganizmalar, Atatiitk Universitesi Ziraat

Fakiltesi Gida Miuhendisligi Boélimi Gida
Mikrobiyolojisi Laboratuvari Kiiltiir
Koleksiyonu’'ndan temin edilmis ve kuyu
difizyon  yontemi  kullaniarak  sonuglar
belirlenmistir  (Altundag, 2007). Bakteriler,
mayalar ve kiifler icin hazirlanan
stispansiyonlardan her birinden 100%er pL

alinarak; bakteriler icin Nutrient Agar, mayalar ve
kiifler icin ise Potato Dextrose Agar besiyerlerinin
yluzeyine steril drigalski spatilleri yardimiyla
homojen sekilde yayilmustir. Ardindan, ekstraktlar

ve antibiyotiklerin uygulanabilmesi amaciyla,
petriler tizerinde birbirine esit uzaklikta ve 5 mm
capinda olacak sekilde toplam sekiz adet kuyucuk
acilmustir. Ortadaki kuyucuklara pozitif kontrol
olarak bakterilerde Ofloxacin, mayalar ve kiflerde
ise Amphotericin B’den 20 uL; negatif kontrol
olarak DMSO’dan 20 pl. eklenmistir. Diger
kuyucuklara ise hazirlanmis ekstrakt
orneklerinden 20’ser pL. yerlestirilmistir.

Analizde 6rneklerin  antimikrobiyel aktiviteleri
Saccharomyces  cerevisiae (BC  06541), Pseundomonas
aeruginosa (ANTCC 9027), Aspergillus niger (ATCC
16888), Candida albicans (ATCC 1223), Escherichia
coli BC 1402), Bacillus cereus (ATCC 33019),
Penicillinm roqueforti (BC 111), Staphylococcus anreus
(ATCC 29213)’a karst test edilmistir.

Arastirmada  test edilen mikroorganizmalarin
tarust (Bergey, 1994), Klasik Tanimlama Testleri
ve Mikrobiyal —Identifikasyon  Sistemi ile
dogrulanmustir.

Istatistiksel analizler

Arastirmada 2 Ornekte (kurutulmus karadut ve
sira) analizler 3 paralelli olarak tam sansa bagl
deneme planina gbre gerceklestirilmistir. Analiz
sonugclart IBM SPSS Statistics 22 paket programi
kullanilarak gruplar arasindaki farklihgt belirlemek
icin t testi kullamlmustir. Degiskenler arasinda
Pearson korelasyon analizi uygulanmustir.

BULGULAR VE TARTISMA
Fizikokimyasal 6zellikler

Kurutulmus karadut ve siranin bazi fizikokimyasal
6zellikleri Cizelge 1°de verilmistir.

Arastirmada, 6rnek cesidinin ¥, a* b* C*
degerlerinde istatistiki olarak ¢ok 6nemli seviyede
etkili oldugu tespit edilmistir (p<<0.01). Karadutta
L* degeri 1221, sirada ise 18.24 olarak
belirlenmistir (Cizelge 1). Meyvenin islenmesi
strasinda su ilavesinin, L* degerinde artis meydana
getirdigi yani rengin acilmasina sebep oldugu
dustunilmektedir. CIE (L*a*b*) uluslararast renk
tanimlama sistemine gére L* degeri (0 -koyu ve
100 —parlak, acik) parlaklik  derecesini
gostermektedir (Ozen, 2008; Polatoglu, 2013).
Kurutulmus karadut ve sirada L* degerinin sifira
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yakin olmast bu triinlerin koyu renkte oldugunu
gostermektedir. Erbay (2011), yaptigt calismada
L* degerini ham sirada pastOrize edilmis siraya
gore daha dustik olarak belitlemistir. (Dincer et al.,
2016), ise L* degerini sirada 17.51 olarak
belirlemisken farkli yontemler kullanarak elde
ettigi karadut konsantrelerinde ise L* degerini
17.57 ve 17.60 olarak belirlemislerdir. Capanoglu

ve Boyacioglu (2009), meyve ve iriinlerinin
bilesiminin iklim kosullarindan, urtne isleme
sirasinda uygulanan 1sil islem ve siresinden,
depolama siiresi ve ortam sicakligindan ve 11k gibi
faktorlerden etkilendigini belirtmislerdi.
Yaptigimiz arastirma  sonuglart  ile  Onceki
aragtirma sonuglart benzerlik gbstermektedir.

Cizelge 1. Kurutulmus karadutun ve strasinin baz fizikokimyasal 6zellikleri
Table 1. Some physicochemical properties of dried black mulberry and its syrup

Urin  Cesitleri Onem

Ozellikler N Product Types Seviyesi
Features Kurutulmus Karadut Sira Significanc

Dried Black Mulberry Syrup ¢ Level
L* 3 12.21£1.13b 18.24£0.52 ok
a* 3 +1.64%0.342 +0.72£0.01> ok
b* 3 +3.9610.292 +1.7220.08> ok
C 3 4.30%0.152 1.87£0.08b ok
He 3 67.4010.152 67.21£0.15 ns
Suda ¢6ziinir kuru madde (%) 19.90
Water-soluble dry matter (o) i ' i
Kal (%) 40 1%a 40 1%
Ash (%) 3 4.39£0.15 4.96£0.15 ns
pH 3 5.47+0.18> 5.78+0.03¢ o
Titrasyon asitligi (%o) 3 1.3040.09 0.2440.00b o
Titratable acidity (o) B I
Indirgen seker (g/100g) 40 0%a 40 20b o
Reducing sugar (g/ 100g) 3 83.40£0.95 12.93%0.39
Sakkaroz (g/100g) 40 0ga 40 94b o
Suerose (g/100g) 3 4.01+0.96 0.97£0.24
Toplam seker (g/100g) 49 47 40 18b o
Total sugar (g/ 100g) 3 87.41+2.47 13.90£0.18
HMF (mg/kg) 3 1.50£1.052 1.31£0.892 ns

Farkl hatfletle isaretlenmis, aynt satirdaki ortalamalar istatistiki olarak birbirinden farklidir.
Means with the different letter within a row are significantly different

*p<0.05 diizeyinde 6nemli, **p<0.01 diizeyinde ¢ok 6nemli, ns: Snemsiz
*»<0.05 level is significant, **p<0.01 level is highly significant, ns: not significant

Stranin a* degeri +0.72, kurutulmus karadutun ise
+1.64 olarak belirlenmistir (Cizelge 1). Bu duruma
uygulanan 1sil islem ve diger faktorlerin etkisiyle
meyveye  rengini  veren  antosiyaninlerin
parcalanmasinin sebep oldugu dustnilmektedir.
Isil islem goren gidalarda a* degerinde meydana
gelen azalmalara, uygulanan sicakligin derecesi ve
stresinin, ortamdaki oksijenin varhiginin ve 1sik
gibi faktorlerin  neden oldugu belirtilmigtir
(Cavalcanti et al., 2011; Kalt, 2005; Perucka and

Materska, 2007; Sernikli, 2015). Dincer et al.
(2016), swada a* degerini + 0.17 olarak
belitlemislerken; karadut konsantresinde bu
degerin azaldigin1 tespit etmislerdir. Erceyes
(2014), visne suyu konsantresi tiretimi sirasinda a*
degerinde azalma oldugunu belitlemistir. Uzuner
(2008), nar suyuna 1sil islem uygulandiginda a*
degerinde azalma meydana geldigini tespit
etmistir. Orneklerin b* degeri sirada +1.72,
meyvede +3.96 olarak tespit edilmistir (Cizelge 1).
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Benzer sekilde 6nceki calismalarda da Erceyes
(2014), visne suyu konsantresi Gretiminde; Uzuner
(2008), nar suyununun pastOrizasyonunda b*
degerinde azalma oldugunu saptamuslardir.

C* degerinin sirada (1.87) meyveden (4.30) daha
distik oldugu belirlenmistir (Cizelge 1). C* degeri
renk diizleminin 0 noktasinda rengin matligint
ifade ederken, bu noktadan uzaklastikea ise rengin
parlakhiginin arttigini ifade etmektedir (Ozen,
2008). Stra tretimi sonucunda C* degerinde a* ve
b* degerlerindeki azalmalara paralel olarak diisiis
gerceklesmis olup, bu azalma rengin matlagtigint
gostermektedir. Erbay (2011), karadut ham
suyuna pastorizasyon uygulanmast ile, Erceyes
(2014), visne suyunun konsantreye islenmesiyle
C* degerlerinin  azaldigini  tespit etmislerdir.
Sonuglar, yaptigimiz calisgmanin literatir ile
uyumlu oldugunu géstermektedir.

Orneklerde H® degerinin 67.21-67.40 arasinda
degistigi, sirada meyveye gore azaldigt tespit
edilmistir (Cizelge 1).

Cizelge 1 incelendiginde kurutulmus karadut ve
stranin strastyla pH degeri 5.47-5.78, titrasyon
asitligi ise %1.30-0.24 olarak belirlenmis, siranin
titrasyon asitliginin meyveden daha distk ve pH
degerinin daha yiiksek oldugu tespit edilmistir. Bu
duruma sira tretimi strasinda ortama ilave edilen
suyun nispi bir azalma meydana getirerek sebep

oldugu  disinilmektedir. ~ Daha  6nceki
calismalarda Erbay (2011), siranin  karadut
konsantresine  islenmesiyle pH  degerinin

azaldigint saptamustir. Dincer et al. (2016), sirada
pH degerini 3.74, farkli yontemlerle iretilen
karadut konsantresinde ise 3.63 ve 3.73 olarak
tespit ederken, Boranbayeva (2011), sirada 3.91
olarak tespit ettigi pH degerinin konsantrede
3292 distiginii  belirlemistir. ~ Orneklerin
indirgen seker miktarlar1 meyvede 83.40 g/100g,
sirada 12.93 ¢/100g olarak belitlenmistir (Cizelge
1). Uretim sirasinda su ilavesi nedeniyle kuru
meyveye gbre siranin indirgen seker igerigi
azalmustir. Indirgen sekerler diger taraftan da sira
uretimi sirasinda gerceklesen Maillard
reaksiyonuna katilmaktadirlar. Enzimatik
olmayan esmertlesme reaksiyonlarindan olan
Maillard reaksiyonu, gidalardaki indirgen seketler

ile serbest aminoasitlerin, proteinlerin ya da
peptitlerin  serbest amino gruplart arasinda
olusmaktadir (Yildiz et al., 2010).

Kurutulmus karadutta sakkaroz miktarinin 4.01
g/100g, sirada 0.97 g/100g oldugu tespit
edilmistir (Cizelge 1). Sira Uretilirken ortama su
ilave edilmesiyle ve 1s1 uygulamasiyla gerceklesen
inversiyon sebebiyle sirada sakkaroz miktarinda
azalma oldugu dusiiniilmektedir. Sekerli gidalarin
tretimi esnasinda sakkaroz miktart ortamin
sicakligina ve asitligine bagh olarak inversiyona
ugramakta ve azalmaktadir (Karatas and Sengiil,
2018). Arastirmada toplam  seker miktari
kurutulmus karadutta (87.41 g¢/100g) siradan
(13.90 g/100g) daha yuksek olarak belitlenmistir
(Gizelge 1). Kurutulmus karaduttan sira elde
edilirken sakkaroz ve indirgen seker miktarinda
meydana gelen azalmaya bagli olarak toplam seker
miktarinda da azalma meydana gelmistir.

Orneklerin HMF miktart kurutulmus karadutta ve
sirada sirastyla 1.50 mg/kg ve 1.31 mg/L olarak
tespit edilmis olup, sirada HMF miktarinin daha
disik oldugu belirlenmistir  (Cizelge 1).
Boranbayeva (2011), HMF miktarint sirada 45.70
mg/L, karadut konsantresinde 93.22 mg/kg
olarak saptamustir. Hepsag et al. (2016), yaptiklart
calismada farli tir dut Orneklerinde HMF
degerlerinin 6,77- 36,15 araliginda oldugunu tespit
etmislerdir.

Toplam antosiyanin, toplam fenolik madde
ve antioksidan aktivite

Kurutulmus karadutun ve strasinin toplam fenolik
madde ve toplam antosiyanin miktarlart ve
antioksidan aktivitesi Cizelge 2’de verilmistir.

Toplam antosiyanin miktarinin meyveye gore
(165.60 mg/1L) sirada (162.54 mg/L) azaldig
ancak bu farkhiligin istatistiki olarak Onemsiz
oldugu belirlenmistir  (p>0.05). Toplam
antosiyanin miktarindaki bu azalmanin, uygulanan
isil isleme ve pH degerindeki degisimden
kaynaklandigr  dustnilmektedir.  Gidalardaki
antosiyaninlerin miktarinin, gidanin  kimyasal
bilesimi, sicaklik, sekerlerin varligi, oksijen, pH,
askorbik asit, 151k, kopigmentler, ekstraksiyon
islemlerindeki farkliliklar ve ekstraksiyon etkinligi
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gibi  faktorlerden  etkilendigi  belirtilmigtir
(Cavalcanti et al., 2011; Capanoglu ve Boyacioglu,
2009; Erbay, 2011; Sernikli, 2015).

Cizelge 2. Kurutulmus karadutun ve sirasinin toplam fenolik madde ve toplam antosiyanin miktatlart
Table 2. Total phenolic content and total anthocyanin amonnts of dried black mulberry and its syrup

Urtin Cesitleri

Standart Antioksidanlar

Product Types Standard Antioxidants Onem
Ovzellikler N Kurutulmusg Seviyesi
Features Karadut Sira Importance
Dried Black Syrup Troloks a-Tokoferol T evel
Mulberry

Toplam antosiyanin
(mg/L) . 3 165.60£023  162.54+0.142 - : ns
Total anthocyanin
(mg/L)
Toplam fenolik
madde
(g GAE/mg) 3 281.99+2.62>  754.02+33.720 - : o
Total phenolic content
(g GAE/mg)
DPPH: ICso (ug/ml) 3 22.3510.352 17.61£1.66>  9.35 12.96 x

J’_ .
ABTS+- 1Cso 3 8.94£0.35 8.08£0.027¢  7.78 7.81 ns
(ug/ml)

Farkli harfletle isaretlenmis, aynt satirdaki ortalamalar istatistiki olarak birbirinden farklidir

Means with the different letter within a row are significantly different

*p<0.05 diizeyinde 6nemli, **p<0.01 dizeyinde ¢cok 6nemli, ns: 6nemsiz
*<0.05 level is significance, **p<0.01 level is highly significance, ns: not significance

Yapilan ¢alismada toplam fenolik madde miktari
kurutulmus karadutta ve sirasinda strastyla 281.99-
754.02 pg GAE/mg olarak belitlenmistit. Sirada
toplam fenolik madde miktart meyveden daha
yuksek olarak saptanmustir (Cizelge 2). Fenolik
madde miktarinda tespit edilen artisin sira Gretimi
strasinda uygulanan 1sil islem ile parcalanan hiicre
duvarindan ortama fenolik maddelerin daha iyi
gecisinden kaynaklandigr distntlmektedir. Lo
Scalzo et al. (2004) ve Hartmann et al. (2008), 1s1l
islem uygulamalart sonucunda toplam fenolik
madde miktarinda gorilen degisimin; hucre
duvarinin  parcalanmast  sonucunda  fenolik
bilesiklerin ortaya ¢ikisindan, proses sirasinda
uygulanan 1sil islemin etkisi ile suda ¢6ztinebilen
fenolik bilesiklerin ortaya cikisindan, indirgen
sekerler ve serbest halde bulunan amino asitler
arasinda Maillard reaksiyonu sonucu olusan
bilesiklerden kaynaklanabilecegini belirtmislerdir.

Gecer et al. (2016), toplam fenolik madde
miktarinin meyvenin olgunluk durumuna, hasat
dénemine, depolama kosullarina ve tiketim
Oncesi 1s1l islem uygulamalarina (pisirme) gibi
faktorlere bagli olarak degiskenlik
gosterebilecegini - bildirmislerdir. Boranbayeva
(2011), siraya 1sil islem uygulayarak elde ettigi
karadut konsantresinde toplam fenolik madde
miktarinin yitkseldigini saptamustir.

Orneklerin  antioksidan aktivitesi DPPH- ve
ABTS+- yontemleriyle belitlenmis ve ICso degeri

(radikalin ~ %50’sinin  inhibisyonunu saglayan
miktar) ile hesaplanmistir. ICso degeri ile

antioksidan aktivite ters orantihidir (Cemeroglu,
2010). DPPH- radikal giderme aktivitesi 1Cso
degeri 17.61 pg/ml (sira)- 2235 pg/ml
(kurutulmus  karadut) olarak  belitlenmistir
(Gizelge 2). Antioksidan aktivitede meydana gelen
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artisa 1s1l islem sonucu olusan Maillard reaksiyon
drinlerinin antioksidan etki gdstermeleri, disik

molekiil agirlikl  fenolik bilesiklerin  serbest
kalarak  antioksidan  aktivite = gOstermeleri,

meyvenin suyunun ¢tkmast sirasinda antioksidan
aktivite gOsteren bilesiklerin ¢oztunurliklerinin
artmasinin neden oldugu disinilebilir. Yildiz et
al.  (2010), Maillard reaksiyonu uriinlerinin
antioksidan  6zellikler ~ bakimindan  faydalt
etkilerinin oldugunu saptamislardir. Baltacioglu ve
Doganay (2021), yaptiklart calismada 1sil islemin
antioksidan aktivitede artts meydana getirdigini
belirtmislerdir. ABTS+- yontemiyle belirlenen
ICso degeri 8.08 pg/ml (sira), 8.94 pg/ml

(kurutulmus karadut) olarak tespit edilmistir
(CGizelge 2). Kurutulmus karadutun ve siranin
antioksidan aktiviteleri Troloks ve a-Tokoferol’e
gore daha dustik olarak tespit edilmistit. Meyvenin
islenmesiyle antioksidan aktivite de artmistir. Bu
artisa, 1sil islemin etkisiyle Maillard reaksiyonu
drinlerinin  olusumunun veya polimerizasyon
reaksiyonlarinin antioksidan Gzellikte bilesikler
olusturmasinin sebep olabilecegi distiniilmektedir
(Tomas, 2013).

Kurutulmus karadutun ve siranin fenolik madde
profilleri Cizelge 3°de verilmistir.

Cizelge 3. Kurutulmus karadutun ve strasinin fenolik madde profili

Table 3. Phenolic content profile of dried black mulberry and its syrup

Ornek Cesidi
Sample Type

Fenolik Maddeler (ug/ml)

Phenolic Compounds (ug/ ml) Kurutulmug Karadut ? ra
Dried Black Mulberry Drp
Resveratrol Te Te
Kamferol-3- glikozit Te Te
Kuersetin Te Te
Klorojenik asit 49.9 Te

Te: Tespit edilemedi
nd: not detected

CGalismada Gztiimsi meyvelerde yiiksek miktarda
bulunan ve fenolik bilesiklerden olan resveratrol
ile kamferol-3- glikozit, kuersetin ve klorojenik
asitin kurutulmus karadut ve siradaki miktarlarinin
varhigr analiz edilmistir. Kurutulmus karadut ve
sirada  standart  olarak  kullanilan  fenolik
profillerden resveratrol, kamferol-3- glikozit,
kuersetin tespit edilememistir. Klorojenik asit ise
karadutta 49.8 ug/ml olarak belitlenmis, sirada ise
belirlenememistir.  Klorojenik —asit miktarint
karadut 6rneklerinde Gundogdu et al. (2011), 3.11
mg/g, Gundogdu et al. (2018), 53.13 mg/100g,
olarak belirlemislerdir. Tomas (2013), sira ve
karadut recelinde klorojenik asit miktarini sirastyla
849 mg/100g ve 85 mg/100g olarak
belirlemistir. Isil islem uygulanan Urlnlerde
uygulanan sicaklik derecesi ve siiresinin fenolik
profili miktarinda azalmaya sebep oldugu yapilan
calismalarla ortaya konmustur. Sitotoksik
Ozelliginden dolay1 klorojenik asit kolon, 16semi,

prostat ve meme kanseri gibi kanser tiirlerinde
kanserli hiicrelerin  blylimesini 6nlemektedir
(Naso et al., 2014).

Sekil 2’de Kurutulmus karadutun klorojenik asit
icerigine ait HPLC kromatogrami verilmistir.

Antimikrobiyel Aktivite
Kurutulmusg karadutun ve sirasinin antimikrobiyel
aktivitesi Cizelge 4’te verilmistir.

Yapilan arastirmada kurutulmus karadutun ve
stranin  test edilen mikroorganizmalara karsi
antimikrobiyel aktivite g6stermedigi belirlenmistir
(Gizelge 4). Karadutta, kurutma ve depolama
sirasinda uygulanan sicaklik, sire ve 15tk gibi
faktorlerin  etkisiyle antimikrobiyel maddeler
parcalanmis olabileceginden dolayr test edilen
mikroorganizmalara kars1 antimikrobiyel aktivite
gostermedigi  disinilmektedir. Bu durum, bir
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ortaya

gidanin biyoaktif bilesenleri tzerine  islemlerin ne kadar Gnemli oldugunu
hammaddenin ve hammaddeye uygulanacak koymaktadir (Akbal ve Vural, 2018).
mAl :
@
10—:
. I

Sekil 2. Kurutulmus karadutun klorojenik asit igerigine ait HPLC kromatogrami, 330 nm.
Fignre 2. HPLC chromatogram of chlorogenic acid content of dried black mulberry, 330 nm.

Cizelge 4. Kurutulmus karadut ve strasinin antimikrobiyel aktivitesi
Table 4. Antimicrobial activity of dried black mulberry and its syrup

. 2 Y
N N S
S S 3 : S RS 5 ¥ §

. N 2 S 1N = §

Ornekler 3 S 3 s g § S < 3 3 § g

Samples B I S Sy §3 S S S =

. NN BN PSRN S S BN & N
= SIS 3 S Q is S § S
3 Al 2 “ 3 S S
a J A

Kurutulmus karadut

Dried black mulberry

Sira

Syrup

Amphotericin B - 2.5 - -

Ofloxacin 10* 20" 12¢ 20"

(%): Inhibisyon zon ¢apt birimi (mm), (-): Inhibisyon zonu ¢apinin olmadigint gostermektedir
(*): Inbibition zome diameter unit (mmy), (-):If shows that the inbibition zone diameter is not
Amphotericin B; Maya ve Kiifler icin antibiyotik, Ofloxacin; Bakteriler igin antibiyotik
Amphotericin By antibiotics for yeast and molds, Ofloxacin; antibiotics for bacteria

Bilenler (2010), yaptigt bir arastirmada 100
mg/ ml. konsantrasyonda hazirlanan karadut

ekstraktinin  Staphylococcus  aurens,  Staphylococcus
hominis,  Staphylococcus  warneri,  Staphylococcus
epidermidis, Bacillus cerens mikroorganizmalarina
karst  antimikrobiyel — aktivite — gOsterdigini
belitlemistit.

SONUC VE ONERILER

Taze olarak tiketim siiresi oldukca sinirli olan
karadutun  hasat  mevsimi  disinda  da
tiketilebilmesi icin, kurutulmakta ya da cesitli
yontemlerle raf dmri daha uzun olan pekmez,
pestil, koéme ve konsantre gibi urlinlere
islenmektedir. Bu arastirmada kurutulmus karadut
ile pekmez, pestil, kéme tretiminde ara triin olan
stranin bazt fizikokimyasal 6zellikleri ile biyoaktif
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bilesikleri,  antioksidan ve  antimikrobiyel
aktivitesinin belitlenmesi amaclanmistit.
Uygulanan 1s1l islemden dolayt karadut sirasinin L*
degerinde meyveye gore artts meydana geldigi ve
rengin acildigy; a*, b* ve C* degerlerinde ise azalma
oldugu belirlenmistir. Kurutulmus karadutun ve
siranin antosiyanin igeriginin yiiksek oldugu tespit
edilmistir. Ayrica, yapilan c¢alismada siranin
fenolik madde miktarinin  ve antioksidan
aktivesinin meyveden daha yiksek oldugu
belirlenmistir. Bu duruma 1sil islem uygulamast
sonucunda pargalanan hiicre duvarindan ortama
daha fazla miktarda biyoaktif bilesen gecisinin
olmast ve bu bilesenlerin antioksidan etki
gOstermesinden kaynaklanabilecegi
dusintlmektedir. Kurutulmus karadutta 49.8
ug/ml klorojenik asit tespit edilitken sirada
belitlenememistir. Uygulanan 1sil islem ve stiresine
bagli olarak klorojenik asidin parcalandig, ayrica
sira dretiminde ilave edilen sudan dolayr seyreltik
bir ortam olusmasi nedeniyle sirada klorojenik asit
tespit edilemedigi distntlmektedir. Klorojenik
asit, kolon, meme ve prostat kanserlerinde kanser
hiicrelerinin - biiytimesini  6nlemektedir. Hem
kututulmus karadutun hem de siranin arastirmada
test edilen mikroorganizmalara karst
antimikrobiyel aktivite gdstermedikleri tespit
edilmistir. Kisaca, karadutun kurutulmast ve cesitli
yontemlerle muhafazast veya farkli drinlere
islenmesi  sirasinda  biyoaktif  bilesiklerin
degradasyonunun ve renk kayiplarinin en aza
indirilmesi icin biyoaktif bilesenlerin kayiplart
minimize edilecek sekilde proses sartlar
olugturularak ~ karadutun  ve  Urlnletinin
fonksiyonel 6zellikleri korunmalidir. Sonug olarak
uretilen sirada kurutulmus karadut meyvesine
gore sakkaroz miktarinin azalmasi, fenolik madde
miktarinin artty gOstermis olmasi, antioksidan
aktivitede artis saptanmast bu driiniin fonksiyonel
bir  icecek  ve  antioksidan  aktiviteyi
zenginlestirecek dogal bir gida katki maddesi
olarak tiiketilmesine imkan sunacaktir.
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Bagirsak mikrobiyotasi, insan sindirim sisteminde yer alan bakteri, viriis ve diger mikroorganizmalardan
olusan dinamik bir ekosistemdir. Bu yapi, bireyler arasinda ve zaman iginde degisiklik gosterebilir. Diyet,
yasam tarzi, cevresel etmenler ve ila¢ kullanmmu gibi faktSrler mikrobiyotanin bilesimini etkileyebilir.
Mikrobiyal dengenin bozulmasi (disbiyozis); obezite, diyabet, inflamatuar bagirsak hastaliklart ve nérolojik
bozukluklar gibi pek ¢ok hastalikla iliskilendirilmistir. Mikrobiyotayt diizenlemede etkili olan probiyotikler;
konaga fayda saglayan, canli, patojenik olmayan mikroorganizmalardir. Bakteriyofajlar ise bakterileri enfekte
ederek cogalan, secici etki gésteren virtislerdir. Probiyotik ve faj kombinasyonlari, mikrobiyotayr hedefe
yonelik bicimde modile ederek homeostazi destekleyebilir. Bu detlemenin amact, probiyotik ve
bakteriyofajlarin  birlikte  kullantmimmin  mikrobiyota modiilasyonundaki  teraptik  potansiyelini
degerlendirmektir.

Anahtar kelimeler: mikrobiyota, faj, probiyotik, sinerji

THERAPEUTIC POTENTIAL OF BACTERIOPHAGE-PROBIOTIC
COMBINATIONS IN MODULATING THE GUT MICROBIOTA

ABSTRACT

The intestinal microbiota is a dynamic ecosystem composed of bacteria, viruses, and other
microorganisms located in the human digestive system. This structure may vary across individuals
and over time. Factors such as diet, lifestyle, environmental influences, and medication use can affect
the composition of the microbiota. Disruption of microbial balance (dysbiosis) has been associated
with numerous diseases including obesity, diabetes, inflammatory bowel diseases, and neurological
disorders. Probiotics, which are effective in regulating the microbiota, are live, non-pathogenic
microorganisms that confer benefits to the host. Bacteriophages are selective viruses that replicate
by infecting bacteria. Combinations of probiotics and phages can support homeostasis by modulating
the microbiota in a targeted manner. The aim of this review is to evaluate the therapeutic po tential
of the combined use of probiotics and bacteriophages in microbiota modulation.

Keywords: microbiota, bacteriophage, probiotic, synergy
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GIRIS
Bagirsak mikrobiyotas;; insan gastrointestinal
kanalinda bulunan ve sindirim, bagisiklik ve
metabolik streclerde rol oynayan
mikroorganizmalardan olusur. Mikrobiyotanin
buyik kismini  bakteri tiitleri olustururken,
arkealar, mantarlar ve virisler de bu yapiya
dahildir. Ozellikle bakteriyofajlar (fajlar), bagirsak
viromunun 6nemli bir kismini olusturmakta ve
mikrobiyal dengenin dizenlenmesinde kritik rol
oynamaktadir (Shkoporov ve Hill, 2019).

Bagirsak  mikrobiyotas;, dogumdan itibaren
sckillenmeye baslar. Vajinal dogumla dinyaya
gelen ve anne sitlyle beslenen bebeklerin
bagirsaklarinda  basta  Enterobacteriaceae  ve
Lactobacillaceae  titleri  bulunurken, zamanla
Bifidobacteriaceae ve Clostridiaceae gruplart baskin
hale gelir (Michel ve Blottiere, 2022). Katt gidalara
gecisle birlikte cesitlilik artar ve mikrobiyota,
yetiskin  kompozisyonuna benzer hale gelir
(Russell vd., 2023). Yetiskinlikte mikrobiyota
yapisi gbrece kararli olsa da genetik yapi, beslenme
tarzi, cevresel faktorler, sosyoekonomik durum,

fiziksel aktivite, sigara ve alkol kullanimi,
hastaliklar ~ ve ilaglar  bu  kompozisyonu
ctkileyebilir. Ozellikle antibiyotikler,

mikrobiyotayt bozan en gii¢lii faktérler arasinda
yer alir ve tedavi sonrasi iyilesme bireyden bireye
degisiklik gdsterir (Barone vd., 2022; Martino vd.,
2022). Tleri yasla birlikte mikrobiyota cesitliliginde
azalma ve kompozisyon degisiklikleri gézlenir.
Faecalibacterinm  pransnitzii,  Eubacterinm  rectale,
Clostridium septum ve Roseburia spp.gibi Firmicutes
tyeleri azalirken, Proteobacteria grubundan
Enterobacteriaceae artig gosterir. Bu degisiklikler,
bagirsak gecirgenliginin artmasina ve sistemik
inflamasyona yol acabilir (Ghosh vd., 2022; Jang
vd., 2024).

Bagirsak mikrobiyotast, ¢6zinmez diyet posast ve
sindirilemeyen polisakkaritleri fermente ederek
kisa zincirli yag asitleri (KZYA) dtretir. Bu
metabolitler arasinda asetat, propiyonat ve biitirat

yer alir. Butirat, kolonositlerin ana enerji
kaynagidir ve bagirsak epitel butunligina
destekler  (Fujisaka vd., 2023). Asetat ve

propiyonat ise karacigerde metabolik stireclere
katilarak glukoneogenez ve lipid regtilasyonunda

rol oynar (Vernocchi vd., 2020). Dusik KZYA
diizeylerinin inflamatuar ve alerjik hastaliklarla
iliskili oldugu bildirilmistir (Mann vd., 2024).

Saftra asitleti metabolizmasinda da mikrobiyotanin
rolii buytktir. Enterohepatik dolasimda safra
asitlerinin yaklasik %951 geri emilir. Mikrobiyota,
farnesoid X reseptorii (FXR) antagonistlerini
metabolize ederek safra asidi sentezini diizenler;
safra tuzu hidrolaz enzimi ile dekonjugasyonu
katalize ederek geri emilimi etkiler (Li vd., 2023).
Ayrica, bagirsak mikrobiyotasinin bazi tyeleri
Ozellikle Lactobacillus spp. ve Bifidobacterium spp.
gibi laktik asit Greten bakteriler B ve K grubu
vitaminlerini de novo sentezleyebilir. Bu
vitaminlerin =~ %302 yakiinin  konakgiya
saglanabilecegi; fakat bu kapasitenin tiir ve sus
diizeyinde farklilik gosterebilecegi bildirilmistir
(Brauer-Nikonow ve Zimmermann, 2022;
Tarracchini vd., 2024).

Probiyotikler, kolonizasyon, bakteriyosin Gretimi,
patojenlere karst ylizey yarismast ve besin rekabeti
gibi mekanizmalarla bagirsak mikrobiyotasinin
diizenlenmesinde gorev alir (Yadav vd., 2022). Bu
bakterilerin mide asidi ve safra tuzlarna karst
dayanikli hale getirilmesi icin mikrokapstlleme
veya enterik kaplama teknikleri kullanilmaktadir

(Vivek vd., 2023).

Bakteriyofajlar, bakterileri enfekte ederek cogalan
ve onlart lizis yoluyla yok eden viriislerdir. Insan
bagirsak mikrobiyotasindaki fajlarin  bilesimi
(fajom), bakterilere kiyasla daha az bilinmekle
birlikte, yeni nesil dizileme teknikleri ile bu
alandaki bilgiler artmaktadir (Emencheta vd.,
2023). Fajlar, konak bakterilerin popiilasyonunu
kontrol altina alarak dogrudan; bagisiklik sistemi
ve metabolik yollar1 etkileyerek dolayli yoldan
mikrobiyotay: sekillendirebilir (Kirk vd., 2024).

Fajlarin secici etki gstermesi ve hedef dist tiirler
buytk o6lctide etkilememesi, onlart 6Szellikle
antibiyotik  direnci  gelismis  patojenlerin
tedavisinde degerli kilmaktadir. Ancak bu etki cift
yonludir; bazi fajlar yararl bakterileri hedef alarak
disbiyozise neden olabilir. Bu nedenle, terapotik
yaklasimlarda dikkatli kullanim ve daha fazla
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bilimsel ¢alisma gereklidir (El Haddad vd., 2022;
Zhang vd., 2023; Yu vd., 2024).

Bu detlemede, mikrobiyota dengesinin korunmast
ve disbiyozise bagli hastaliklarin 6nlenmesinde
probiyotik  ve  bakteriyofajlarin  kombine
kullaniminin terap6tik potansiyeli mevcut literattr
s1g1nda degerlendirilmistir.

BAGIRSAK MIKROBIYOTASININ
ISLEVLERI

Besin Metabolizmast

Bagirsak mikrobiyotasi, ¢6ziinmeyen diyet posast
ve sindirilemeyen polisakkaritleri Bacteroides spp.,
Bifidobacterium spp., Enterobacteriaceae, Roseburia
spp. ve Faecalibacterium spp. katkistyla fermente
ederek KZYA tretit (Ma ve Lee, 2025). Bu
metabolitler baglica asetat, propiyonat ve
butirattir.  Biitirat, kolon epitel hiicreleri
(kolonositler) i¢in temel enerji kaynagidir. Ay
zamanda bagirsak  ortaminda  anaerobiyozu
destekler, peroksizom proliferatér aktive edici
reseptdr gama  (PPARy) aktivasyonu ve
mitokondriyal ~ -oksidasyon  yoluyla epitel
hiicrelerinde hipoksi  saglar, bdylece limene
oksijen  gecisini  engeller.  En  yiksek
konsantrasyona sahip olan asetat, portal ven
yoluyla karacigere tasinarak burada oksitlenir.
Propiyonat ise karacigerde glukoneogeneze katilir.
Asetat ve propiyonat bagirsak homeostazinin
saglanmasinda gbrev  alir; bagirsak  bariyer
butinligini destekler ve patojenlere karst
savunmayl glclendirir  (Vernocchi vd., 2020;
Fujisaka vd., 2023). KZYA’larin ayrica toksik
madde Dbirikimini Onleyici, lipid ve protein
metabolizmasint diizenleyici etkileri oldugu da
bildirilmektedir (Emencheta vd., 2023).

KZYA duzeylerinin azalmasi, inflamatuar ve
alerjik hastaliklara yatkinlikla iligkilendirilmistir.
Posa igerigi yiksek Akdeniz diyeti, KZYA
Uretimini artirirken; bati tarz diyet, antibiyotikler
ve viral enfeksiyonlar bu tiretimi azaltir (Mann vd.,
2024). Mikrobiyota, safra asidi metabolizmasinda
da etkilidir. Enterohepatik dolagimda safra
asitlerinin %951 apikal sodyum bagimli safra asidi
tastytcist  (ASBT) araciligtyla  geri  emilerek
karacigere doner. Mikrobiyota, farnesoid X
reseptori (FXR) antagonisti bilesikleri metabolize

ederek safra asidi sentezini baskilar ve safra
asitlerinin dekonjugasyonunu katalize ederek geri
emilimini 6nleyebilir. Bacteroidetes, Firmicutes ve
Actinobacteria filumlarina ait tirlerde bulunan
safra tuzu hidrolaz (BSH) enzimi bu stirecte kritik
rol oynar (Li vd., 2023).

Mikrobiyota ~ ayrica  fenolik  bilesiklerin
metabolizmasinda rol oynar. Bu bilesiklerin
KZYA dizeylerini etkiledigi ve mikrobiyotalar
tarafindan  biyolojik olarak aktif formlara
dontstirildigi gosterilmistir (Zhang vd., 2024).

Bagisiklik Homeostaz1

Bagirsak  mikrobiyotasy,  konak  bagisiklik
sistemiyle karsilikli etkilesim icinde fizyolojik
dengeyi korur. Mikrobiyota, bagisiklik sisteminin
asir1 aktivasyonunu veya yetersizligini 6nlemeye
yardimet olur (Campbell vd., 2023). Kommensal
ve patojen  mikroorganizmalar  arasindaki
dengenin bozulmasi, lokal inflamasyona ve
sistemik hastaliklara neden olabilir (Li vd., 2024).
Bu simbiyotik etkilesim ti¢ temel mekanizma ile
actklanir (Wiertsema vd., 2021; Choden ve Cohen,
2022; Shao vd., 2023; Okolie vd., 2024);

-Epitel  bariyer = savunmasi:  Kadeh
htcrelerinden mukus ve Paneth hicrelerinden
antimikrobiyal peptitler salgilanarak fiziksel ve
kimyasal koruma saglanur.

-Immiin hiicre etkilegimi: CD4+ T hiicreleri
mikrobiyota sinyalleriyle Th1, Th2, Th17 ve Treg
hicrelerine farkldagir. IgA  salgisi, dendritik
htcrelerin antijen sunumu ve dogal lenfoid
htcrelerin = sitokin ~ tretimi  gibi  islevler
gerceklestirilir.

-Mikrobiyal metabolitlerin bagisiklik etkisi:
KZYA gibi metabolitler bagisiklik hiicrelerini
etkileyerek inflamatuar yanitt modiile eder.

Diger Islevler

Mikrobiyota,  epitel  bariyeri  giiclendirerek
patojenlerin gecisini engeller ve toksinlere karst
koruma saglar (Hu vd., 2023). KZYA’lar, laktat,
safra asitleri gibi mikrobiyal metabolitler epitel
hticre sinyal yollarini diizenler (Yang vd., 2025).

Mikrobiyota ayni zamanda ila¢ metabolizmasinda
da rol alir. Bagirsak bakterileri, ilaglari aktif/inaktif
hale getirebilecek enzimleri tretir. Bu durum ilag
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etkinligi ve toksisitesini etkileyebilirken, ilaglar da
mikrobiyota kompozisyonunu degistirebilir (Pant
vd., 2023; Zhao vd., 2023; Dzidi¢-Krivi¢ vd.,
2023).

Ayrica mikrobiyota ile merkezi sinir sistemi
arasinda ¢ift yonli bir iletisim vardir. Bu
mikrobiyota-bagirsak-beyin ekseni;
nérotransmitter,  hormon  ve  bagsiklik
sinyalleriyle gerceklesir. Mikrobiyota serotonin,
dopamin, GABA gibi maddelerin tretiminde rol
alir ve davranigsal, duygusal ve motivasyonel
duzenlemeleri etkileyebilir (Kim ve Shim, 2022;
Ullah vd., 2023; Loh vd., 2024).

Bagirsak Mikrobiyotasinin  Hastaliklarda
Rolii

Batt tipi yasam tarzi, saglksiz beslenme, ilag
kullanimi, sirkadiyen ritim bozuklugu gibi
faktorler bagirsak  mikrobiyotasinin - yapisini
bozarak disbiyozise yol acabilir. Disbiyouzis,
bulasict olmayan hastaliklarin patogenezinde rol
oynayabilir (Najmanova vd., 2022; Kawamoto ve
Hara, 2024). Mikrobiyota sagligini
degerlendirmek icin saglkli kompozisyonun
bilinmesi 6nemlidir. Literatiirde hastaliga sahip
biteylerin mikrobiyal profilleri karsilastirilarak
mikrobiyota biyobelirtecleri belitflenmektedir (Li
ve O’Toole, 2024; Joos vd., 2025).

Sagliklt mikrobiyota, genellikle altt ana filum

tarafindan  domine edilir:  Firmicutes (6t
Lactobacillus,  Ruminococcus), Bacteroidetes  (6t.
Bacteroides,  Prevotella), — Proteobacteria  (6r.

Escherichia), Actinobacteria (6. Bifidobacterium),
Euryarchaeota  (6r.  Methanobrevibacter) — ve
Verrucomicrobia (6r. Akkermansia). Firmicutes ve
Bacteroidetes, tiim kompozisyonun yaklasik
%90’1n1 olusturur (Madhogaria vd., 2022; Hu ve
Shen, 2024).

Hastalik ve saglik durumlart karsilastirildiginda,
mikrobiyota modilasyonu ile hedefe yonelik
terapiler gelistirilebilmektedir. Ozellikle
Firmicutes/Bacteroidetes (F/B) orani, sagligin
biyobelirteci olarak kullanilmakta ve bu orandaki
artts cesitli hastaliklarla iligkilendirilmektedir (Hul
vd., 2024).

BAGIRSAK MIKROBIYOTASINI HEDEF
ALAN TERAPOTIK STRATEJILER
Fitoterapi

Bitkisel tip, uzun yillardir cesitli hastaliklarin
tedavisinde kullanilan geleneksel bir yaklagimdir
ve biyoaktif bilesenlerinin bagirsak
mikrobiyotastyla etkilesime girerek etkili oldugu
bilinmektedir (Zhang vd., 2023). Bu etkilesim,

oncelikle mikrobiyotanin  bitkisel  bilesenleri
metabolize ederek aktif molekiillere
donusturmesi, mikrobiyota bilesiminin
dizenlenmesi  ve  bitkisel  karigimlardaki
kimyasallar arasindaki etkilesimin

yonlendirilmesiyle gerceklesir (Zhu ve Yang,
2025). Bitkisel formiilasyonlar; obezite, diyabet,
metabolik iligkili steatotik karaciger hastaligs
(MASLD), ulseratif kolit ve Alzheimer gibi
hastaliklarla iliskili disbiyozun dizenlenmesinde
potansiyel faydalar saglamaktadir (Xu vd., 2017).
Ornegin, zencefildeki 6-gingerol; agirlik kaybiyla
iliskili A&kermansia, Muribaculaceae gibi faydalt
bakterilerin  artistn1  destekleyerek — obeziteye
katkida bulunan Lachnospiraceae ve Lactobacillus
reuteri gibi bakterilerin bollugunu azaltmaktadir.
Bu sayede bagirsak mikrobiyota bilesimini olumlu
ve Onemli Olciide degistirdigi g6sterilmistir
(Alhamoud vd., 2023).

Resveratrol, Desulfovibrio ve Alistipes gibi patojenik
bakterilerin azalmasiyla, Alobaculum ve Blantia gibi
KZYA dreten bakterilerin  artmasina katki
saglamistir (Wang vd., 2020; Alghetaa vd., 2021).
Berberin ise diisiik oral biyoyararlanima sahip
olmasina  ragmen,  Bifidobacterium  spp. ve
Lactobacillus spp. artist, Escherichia coli baskilanmasi,
KZYA ve safra asidi diizenlemesi gibi etkileriyle
mikrobiyotayt modiile edebilmektedir (D. Liu vd.,
2018; Yue vd., 2019; Wu vd., 2020).

Bitkisel ~ biyoaktif  bilesenlerin = mikrobiyota
tzerindeki bu segici etkileri, faj tedavileriyle
birlikte kullandldiginda sinerjik etki yaratma
potansiyeline sahip olabilir. Ancak, bu konuda
daha fazla klinik calismaya gerek vardir (Cheng
vd., 2023).

Probiyotikler
Probiyotikler, yeterli miktarlarda alindiginda
konaga  saglik  faydast  saglayan  canh
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mikroorganizmalardir (Hemarajata ve Versalovic,
2013; Hill wvd., 2014). Mikrobiyal dengeyi
saglayarak Lactobacillus spp. ve Bifidobacterium spp.
gibi suslarla patojenlerin  rekabetini  azalur,
bagirsak mukozasini korur, KZYA iretimini
destekler  ve  bagisikligt  modile  eder
(Chandrasekaran  vd., 2024). _Akkermansia
muciniphila, Roseburia gibi diger bakteriler de
potansiyel probiyotik olarak tanimlanmakta,
Ozellikle inflamatuvar bagirsak hastaliklarinda
koruyucu etki saglayabilecegi bildirilmektedir
(Bamola vd., 2022; Abeltino vd., 2024).

Probiyotiklerin bagirsak biyotasinin segici olarak
dizenlemesi, faj  uygulamalarinda  hedef
bakterilere 6zgtil ¢evre olusturulmasinda katki
saglayabilir. ~ Probiyotiklerin  epitel  bariyeri
onararak IgA salinimini artirdig1, mukus sentezini
uyardigl, antimikrobiyal etkileri gliclendirdigi;
Lactobacillus spp. ve Bifidobacterium spp. suslarinin
lipopolisakkarit (LPS) kaynakli inflamasyonu
azaltabildigi gOsterilmistir (di Vito vd., 2022;
Mazziotta vd., 2023). Ayrica, KZYA tretiminin
desteklenmesi, bagirsak bariyeri ve metabolizma
tzerindeki faydal etkileriyle dikkat ¢ekmektedir
(Zhai vd., 2021; McMurdie vd., 2022; Salamat vd.,
2024).

Bagirsak Mikrobiyota Kompozisyonunun
Modiilasyonu
Probiyotikler, bagirsak mikrobiyotasinin

bilesimini degistirerek konak sagligi tzerinde
olumlu etkiler gosterebilir. Ozellikle Lactobacillus
spp. ve Bifidobacterinm spp. gibi tiitler, kisa zincirli
yag asitleri (KZYA) tretimini artirarak glisemik
kontrolu iyilestirebilir (Hasain vd., 2022). Saglikli
biteylerde yapilan calismalarda Faecalibacterinm
prausnitzii ve Akkermansia muciniphila gibi yararlt
bakterilerin dizeylerinde artig gézlenmistir (Ryan
ve Patno, 2021). Ancak bazi aragtirmalarda bakteri
bilesiminde belirgin degisiklik izlenmemistir, bu
da probiyotiklerin etkisinin bireysel farkliliklara,
doz ve kullanim siiresine baglt olabilecegini
gostermektedir (Kaczmarczyk vd., 2022).

Epitel Bariyer Onarimi ve
Sisteminin Modiilasyonu

Probiyotikler, bagirsak mukozasinda IgA salgisint
artirarak patojenlerin epitele ulasmasini engeller

Bagisiklik

ve kolonizasyonu siurlandirir. Ayni zamanda
musin ekspresyonunu modile ederek mukozal
bariyerin bilesimini giiclendirir ve patojenlerin
yapismasint  engeller (Mazziotta vd., 2023).
Bagisiklik sistemi tizerinde, Lactobacillus spp. ve
Bifidobacterium spp. gibi tirler musin Uretimini
artirarak lokal ve sistemik immiin yanitlart
destekler. Bu probiyotikler, Th1, Th2, Th17, Treg
ve B hucreleri gibi bagisikhik hiicrelerini
etkileyerek immiin homeostazi diizenleyebilir.
Ayrica makrofaj aktivitesini ve dogal Sldiriict
htcrelerin = sitotoksik  etkilerini  artirarak
antimikrobiyal savunmayt  giclendirdikleri
belirtilmistir (Yesilyurt vd., 2021). Meta-analiz
verilerine gére, probiyotiklerin  transepitelyal
diren¢, zonulin ve LPS seviyeleri gibi bagirsak
bariyer gostergelerinde anlamli iyilesme sagladig
rapor edilmistir (Zheng vd., 2023). Yash
bireylerde yapilan bir c¢alismada, ¢ok suslu
probiyotik takviyesi ile intestinal gecirgenlikte
%48 tyilesme kaydedilmistir (Chaiyasut vd., 2022).
In vitro modellemeler, Iactobacillus spp. ve
Bifidobacterium spp. igeren formilasyonlarn LPS
ile uyarilmis inflamasyon modelinde bagirsak
bariyerinin butinligini koruyabildigini
gOstermistir. Bu etkiler, Caco-2 htcrelerinde sikt
baglantt proteinlerine ait gen ve protein
diizeylerinin modilasyonu ile iliskilendirilmistir
(di Vito vd., 2022).

Bagirsak Mikrobiyal
Diizenlenmesi

KZYA, bagirsak mikrobiyotast tarafindan tretilen
ve konak saghgini bircok yénden etkileyen temel
metabolitlerdir. Epitel bitinligini korumak,
bagisiklik sistemini diizenlemek, pankreas (-
hticresi proliferasyonunu  ve instlin  salgisit
desteklemek gibi islevleri bulunur (Zhai vd.,
2021). PPARy ve G proteinine kenetli reseptor
(GPCR) gibi hiicresel reseptotler araciligiyla sinyal
ileterek saglik ve hastalik stireclerinde 6nemli rol
oynarlar (Overby ve Ferguson, 2021).

Metabolitlerinin

Dislipidemili erkeklerde yapilan bir calismada,
fruktooligosakkarit ve intilin ile desteklenen 6 sus
iceren simbiyotik uygulamast diskidaki asetat,
butirat, propiyonat ve valerat diizeylerini
arturmustir (Salamat vd., 2024). Tip 2 diyabetli
bireylerde, 12 haftalik ¢ok suslu probiyotik
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takviyesi sonrast fekal biitirat ve ursodeoksikolat
artmis; bu artis glukoz metabolizmast ve HbAlc

ile iligkili bulunmustur. Ayrica, Clostridium
butyricum susunun kenodeoksikolattan
ursodeoksikolat sentezledigi bildirilmigtir

(McMurdie vd., 2022). Anaerobik, pH kontrollii
in vitro kiltirlerde yapilan bir calismada,
probiyotik  suslarin  eklenmesi  mikrobiyota
bilesiminde veya KZYA dizeylerinde anlamlt
degisiklik yaratmamistr. Ancak, laktat Giretiminin
arttifl ve bu laktatin asetat ve bitirat Gretiminde
6nct madde olarak kullanilabilecegi belirtilmistir
(Eastwood vd., 2023).

Fajlar ve Mikrobiyotadaki Rolleri ile
Terapotik Potansiyelleri

Fajlar, cogalmak icin mutlaka bir bakteriyel
konakeiya ihtiyag duyan parazitlerdir ve dinyadaki
en bol ve cesitli biyolojik varliklar arasinda yer
alirlar. Yapisal olarak ¢ogu faj, bir protein kabugu
(kapsid) icinde paketlenmis nukleik  asit
genomuna sahiptir (Zuppi vd., 2022).

Yasam dongileri litkk (virtilan) ve lizojenik
(lman) olmak dzere baslca iki sekilde
siniflandirilir. Bir faj bakteriyi enfekte ettiginde,
DNA'st genellikle bu iki cogalma yolundan birini
izler. Litik doéngtde virtlan fajlar, bakterinin
molekiler mekanizmalarint  kullanarak kendi
yavru fajlarint Gretir. Hizla cogalan fajlar, bakteriyi
lizis yoluyla parcalayarak yeni viral partikilleri
serbest birakir. Lizojenik déngiide ise fajlar, konak
bakteriyi enfekte ederek DNA'sit dogrudan
bakteri genomuna entegre eder ve bakterinin her
replikasyonunda viral genetik materyal de
aktarilmig olur. Bu durumda entegre viral DNA,
profaj formundadir ve ultraviyole 1sinlari, sicaklik
degisimi veya oksidatif stres gibi kosullarda aktive
olabilir. Aksi halde lizojenik fazda latent (sessiz)
halde kalabilir. ~Aktivasyon gerceklestiginde
profaj, kromozomdan ayrilarak ¢ogalmaya baslar
ve littk dongiiye gecerek konak bakterinin lizisine
yol agar (Liang ve Bushman, 2021; Avellaneda-
Franco vd., 2023; Hitchcock vd., 2023).

Bagirsakta dogal olarak bulunan (endojen) fajlar,
yani fajom, mikrobiyotadaki bakteriyel bilesimi
etkileyebilir; mikrobiyal islevleri, epitel hticrelerle
olan iligkileri, miisin tabakasinin yapist ve diger

mikrobiyal topluluklar izerinde diizenleyici etkiler
gosterebilir. Bu fajlar, bagirsak bariyerini asarak
periferik  dolagima ve dokulara ulasabilir;
bagisiklik sistemini modile edebilitler. Ayrica,
yatay gen transferi yoluyla belitli bakterileri hedef
alarak  genetik  ¢esitliliklerini  ve mutasyon
potansiyellerini degistirebilitler. Boylece konak
mikrobiyotanin dengesi ve savunma
mekanizmalarinin - strdiirilmesinde  aktif  rol
oynarlar (Nabi-Afjadi vd., 2023).

Fajlar, mikrobiyotanin énemli bir bileseni olarak
diger mikroorganizmalarla etkilesime girerek
mikrobiyota  aracili  metabolik  streglerin
diizenlenmesine de katki saglar. Ozellikle konaket
bakterilerin kompozisyonunu etkileyerek KZYA
ve safra asitleri gibi mikrobiyal kokenli
metabolitlerin sentezinde dolaylt etki
gosterebilirler. Bu etkiler sayesinde otoimmiin
hastaliklarin - gelisimi, inflamasyon strecleri ve
bagisiklik  sisteminin  dizenlenmesi tzerinde
6nemli roller tstlenebilirler. Bu nedenle faj temelli
biyoterapétik  stratejiler, 6zellikle mikrobiyota
modtlasyonu ve konak sagliginin desteklenmesi
acistndan Snemli bir potansiyel tagimaktadir
(Visekruna ve Luu, 2021; Ganesan ve Suk, 2022).

Fajlarin eksojen uygulanmasi veya gastrointestinal

sistemdeki ~ mevcut  faj  popiilasyonunun
manipiilasyonu ile bazt hastalilk durumlarinin
degistirilmesi ttbbi olarak 1ilgi ¢ekmektedir.

Ozellikle Clostridium, Pseundomonas ~e Staphylococcus
gibi patojenlerin neden oldugu enfeksiyonlarin
veya kolonize bakteri popitilasyonlarinin kontrold
amaciyla uygulanan eksojen fajlar bazt vakalarda
basarih  sonuglar  vermistir.  Yerlesik  faj
poptlasyonu da mikrobiyotayr diizenleyebilir ve
antibiyotik ~ direnci  ile  toksin  genlerinin
tastnmasinda rol oynayabilir. Bu 6zellikler, fajlari
terap6tik kullanim igin cazip hale getirmektedir
(Howard vd., 2024).

Antibiyotik direncinin kiiresel ¢apta artmasi,
enfeksiyon  hastaliklarinin = tedavisinde  yeni
alternatiflere olan ihtiyact artirmaktadir. Faj
terapisi, ¢oklu ilag direngli, genis spektrumlu
direncli ve tim ilaclara direncli bakterilere kars
umut vadeden bir secenck olarak 6ne ¢ctkmakta ve
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antibiyotiklere direncli patojenlere karst etkili
olabilecegi bildirilmektedir (Ioannou vd., 2023).

Faj terapisinin mikrobiyota modilasyonuna
etkisini inceleyen caligmalarda, inflamatuar
bagirsak hastaliklarinda  kullandan  bes fajdan
olusan karisimin  hedef patojen  Klebsiella
preumoniaeyi baskiladigl ve inflamasyonu azalttgt
gOsterilmistir.  Ayrica bu fajlar, mide asidine
dayanikli olup bagirsaklarda giivenli ve etkili bir
sekilde birikmistir (Federici vd., 2022). Bagka bir
calismada, Escherichia coli hedefli ticari bir faj
kokteyli saglikli bireylerde test edilmis; 28 gunlik
tiketim sonunda fekal E. c/i yikinde azalma
gbzlenmis, ancak alfa ve beta cesitliliginde anlamlt
degisiklik gériilmemistir. Bununla birlikte, biitirat
lreten Eubacterium tirlerinde artis,
proinflamatuar  Clostridinm  perfringens ile iliskili
taksonlarda azalma bildirilmistir (Febvre vd.,
2019). E. cli kaynakli akut bakteriyel diyare
tzerine yapilan bir bagka calismada, Banglades'te
6—24 ay arast erkek cocuklara oral faj preparatlari
uygulanmis; ancak bu uygulama diyarenin klinik
sonugclarini yilestirmemistir. Oral fajlar bagirsakta
yeterince ¢ogalmamis ve diskt ile atilmugtir. Bu
durum, diistik faj konsantrasyonuna bagl olarak
E. coli'nin baskilanamamast ve  Streprococcus
gallolyticus e Streptococcns  salivarins'an  astt1
cogalmastyla iliskilendirilmistir (Sarker vd., 2016).

Faj terapisine iligkin 11 klinik ¢alismanin
degerlendirilmesi, fajlarin oral, intravendz ve
topikal  uygulamalarda  givenli  oldugunu
gOstermistir. Bakteriyel yiki azaltma,

enfeksiyonlart kontrol alttna alma ve biyofilm
olusumunu engelleme acisindan etkili
bulunmustur. Ancak metodolojik farkliliklar ve
kiicik  6rneklem  buyiklikleri  sonuclarin
genellenmesini zotlastirmaktadi. Klinik
uygulamalarda uzun vadeli etkililik, standart
protokollerin belitlenmesi ve deneme kosullarinin
tyilestirilmesi, faj terapisinin c¢oklu ilaca direngli
enfeksiyonlarda etkili bir alternatif olarak
kullanilabilmesi ~ agisindan ~ blyik  6nem
tasimaktadir (Ibrahim vd., 2025).

Faj temelli miidahaleler yalnizca patojen bakteri
yukiini  azaltmakla kalmayip, ayni zamanda
mikrobiyota kompozisyonunu dogrudan veya

dolaylt olarak modiile edebilir. Ornegin, fekal
mikrobiyota transplantasyonunun adélesanlarda
obezite ve komorbiditelerinin  tedavisinde
etkinligini inceleyen bir ¢aligmada, sagliklt
donétlerden alinan  sterilize edilmis  fekal
sipernatant  obeziteye  sahip  addlesanlara
uygulanmustir.  Sonugta,  alicilarin fajomu
donérlerin bilesimine dogru kaymus; fajom alfa
cesitliligi ve degiskenligi artmis; bu durum fajlarin
bagirsak ortamini modile ederek mikrobiyota
iligkili hastaliklarda iyilesme saglayabilecegini
gostermistit (Zuppi vd., 2024). Benzer sekilde,
(Fowoyo,  2024)  faj  terapisinin  klinik
uygulamalarda givenligini ortaya koyarken, farklt
vakalarda bakteriyel ylkin azalmasina katk
sagladigint bildirmistir. Bu bulgular, faj terapisinin
farkli yas gruplarinda ve cesitli hastaliklarda
givenli ve etkili olabilecegini gdéstermektedir.
Bununla birlikte, bu potansiyeli dogrulamak icin
daha kapsamli ve iyi tasarlanmus klinik ¢alismalara
ihtiyag vardir. Faj terapisi, mikrobiyota iligkili
hastaliklarda gelecek vadeden bir terapétik strateji
olmaya devam etmektedir.

Faj ve Probiyotik Kombinasyonlar1

Son yillarda probiyotik takviyelere fajlarin dahil
edilmesine yonelik 1ilgi artmaktadir. Fajlar,
bagirsaktaki belitli proinflamatuvar veya patojenik
organizmalart  hedefleyerek  probiyotiklerin
gastrointestinal etkilerini artirabilir. Ancak bu
etkilere dair insan klinik calismalart siniehdir. Bir
calismada, dort hafta boyunca yaygin bir
probiyotik olan Bifidobacterium animalis subsp. lactis
(B. lactis BLO4)’in tek bagina ve E.coli hedefli faj
karisimi  (PreforPro) ile birlikte kullaniminin
gastrointestinal ~ saghk  tzerindeki  etkisi
karsilastirlmistir. Kombinasyon, bagirsak
inflamasyonunda anlaml iyilesme saglamis ve
kolon agrisinda azalma egilimi gostermistir.
Mikrobiyotanin alfa ve beta ¢esitliligi tzerinde
belirgin degisiklik g6zlenmemekle birlikte, diskida
Lactobacillus spp. ve KZYA ireten bakterilerde
artis kaydedilmistir (Grubb vd., 2020).

Benzer sekilde, belirli mikrobiyal kompozisyona
sahip simiile bir bagirsak ortamina eklenen E. co/i
hedefli fajlar yalnizca hedef bakteriyi baskilamus,
kommensal organizmalar Uzerinde bozucu bir
etkisi olmadig1 gosterilmistir (Cieplak vd., 2018).
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Farelerde bagirsak kolonizasyon modeli kullanilan
bir calismada, coklu ilaca direncli Escherichia coli
ST131-H30R suslarinin kolonizasyonunu
azaltmak amaciyla faj kokteyli ile mikrosin C7
treten probiyotik E. /i Nissle 1917 susunun ayri
ayrt  ve  birlikte  uygulamalarinin  etkileri
incelenmistir. Fajlarin tek bagina uygulanmasi, ilk
giin hedef bakterinin kolonizasyonunu azaltmis
ancak bu etki gecici olmustur. Sadece probiyotik
kullanimi ise bagirsakta probiyotik bakterinin
artmasini  saglamig, ancak hedef bakteriyi
azaltmamistir. Faj ve probiyotiklerin birlikte
uygulanmasy, ilk glinden itibaren hedef bakterinin
belirgin sekilde azalmasint saglamus ve bu etkinin
yedi giine kadar strdigl bildirilmistir. Calisma,
hedef bakterinin zamanla faja karst direng
gelistirebildigini, probiyotik susun ise tek basina
bagirsak kolonizasyonunu yeterince
baskilayamadigini géstermistir. Bununla birlikte,
kombinasyon tedavisinde fajlarin hedef bakteriyi

kolaylastirdigi ve mikrosin C7’nin etkisini artirdigt
raporlanmustir (Porter vd., 2022).

Faj ve probiyotik kombinasyonlarinin istenen
terapotik etkiyi saglayabilmesi icin her iki ajanin
mide asidinden etkilenmeden, es zamanl ve aktif
bicimde  kolona  ulasmasi  gerekmektedir.
Fizikokimyasal faktorler (6rnegin pH degeri,
enzimler, sicaklik, tuz konsantrasyonu, iyonlar) ve
biyolojik faktorler (6rnegin litik dongiler, konak
fizyolojik  durumu) bu etkiyi  dogrudan
etkileyebilir. Bu nedenle, stabilitenin saglanmasi
amactyla mikrokapsiilleme, kontrolli  salim,
uyaranlara duyarli salim sistemleri ve tamponlayict
ajanlar  (6rnegin  sodyum  bikarbonat) gibi
stratejiler 6nerilmektedir. Ayrica,
kombinasyondaki fajlarin probiyotik susa karst
hedef dis1 etki gbstermemesi igin kapsamli in vitro
duyarhilik analizlerine ihtiya¢ vardir (Schubert vd.,
2022; Liu vd., 2024; Kuang vd., 2025).

baskilayarak  probiyotik susun = yerlesmesini
Faj
+
Probiyotik ‘ 4
Probiyotikler
Fajlar Y
C Mikrobiyal dengeyi
SEGICI. etkd goste_rerv.ek saglayarak ]fonak sggigml
patojen hE!kIEEI‘]lEI’l iyilestirebilen canh
(Clostridium, ikroorganizmalardir
Pseudomonas, (Lactobacillus spp. ve
Staphylococcus vb.) hedef Bifidobacterium spp vb.).
ahr.
Bagirsak
Mikrobiyotas:
L Sinerjik etki —|
Daha dengeli mikrobiyota
Konak saghginda iyilesme
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Sekil 1. Bakteriyofajlar ve probiyotiklerin bagirsak mikrobiyotasint hedef alarak olusturduklart sinerjik
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Fajlarin probiyotik suslar tzerinde hedef dist
etkileri iki temel mekanizma ile aciklanmaktadir.
Birincisi, bazi fajlarin dogrudan probiyotik tiirleri
enfekte edebilme kapasitesidir; ikincisi ise hedef
patojenlerin secici olarak baskilanmast sonucu
topluluk diizeyinde probiyotik poptilasyonlarinda
dolayli degisikliklerin ortaya c¢ikmasidir. Ornegin
(Buttimer vd., 2022) tarafindan yuritilen
calismada E.co/i ve E. faecalis hedefleyen faj
kokteyli, hem in vitro hem de in vivo modellerde
uygulandiginda hedef suslarda smurli dizeyde
azalma saglarken L. plantarum ve Faecalibacterinm
prausnitzii gibi hedef dist probiyotik turlerinin
goreli bollugunda artisa yol ac¢mustir. Benzer
sekilde  (Pinto  vd,  2022) tarafindan
gerceklestirilen in vitro fermentasyon modelinde,
Shiga toksin kodlayan E. co/i’yi hedef alan faj
uygulamasinin dogrudan mikrobiyota
kompozisyonunu bozmadigi, ancak kullanilan
konak susun mikrobiyal dengeyi degistirebildigi
bildirilmigtir.

Uygulamada  Simurliliklar  ve  Gelecek
Perspektifi

Faj terapisi arastirmalart halen erken asamadadir
ve Ozellikle Kklinik uygulamalar acisindan
literatiirde ¢esitli bosluklar bulunmaktadir. Etkin
sonuclar elde edebilmek icin faj uygulamasi
Oncesinde bireyin bagirsaklarinda hedef bakteriyel
konakeinin varhigt belirlenmeli ve segilen fajlara
karst duyarliligi in vitro testlerle dogrulanmalidir.
Fajlarin  terap6tik etkinlik  gosterebilmesi igin
uygulanan dozun uygun sekilde ayarlanmast ve
bagirsak ortaminda yeterli dizeyde canliligim
stirdiirebilmesi gereklidir. Ozellikle mide asidi gibi
olumsuz faktorler fajlarin inaktivasyonuna yol
acabileceginden, oral uygulamalarda daha ytksek
dozlara ihtiyag duyulabilir. Bu sorunu agmak
amaciyla, es zamanlt asit baskilayicilarin kullanimi
veya koruyucu tastyict sistemler (Grnegin
enkapsiilasyon) tercih edilebilir (Duan vd., 2022).

Son yillarda 6zellikle CRISPR-Cas sistemlerinin
kullanildigi kisisellestirilmis faj terapilerine yonelik
calismalar artmaktadir. CRISPR-Cas sistemleri,
bakteriyel genomlar: hedefe yonelik olarak
dizenleyebilen yiiksek Ozgillige sahip genetik
miuhendislik araglaridir. Bu  sistemler, fajlarin
genomlarint  diizenleyerek  konak  araliklarini

genisletmek,  antibiyotik  diren¢  genlerini
hedeflemek ve bakteriyel viriilans faktorlerini
ortadan kaldirmak amaciyla kullanilmaktadur.
Boylece enfeksiyona neden olan belitli patojenlere
Ozgli fajlar  tasarlanabilir; genis spektrumlu
antibiyotiklerin aksine yalnizca hedef bakteri
baskilanarak kommensal mikroflora kotrunabilir
(Chaudhary vd., 2025).

Diizenleyici otoritelerin yaklasimina bakildiginda,

faj terapisi; diizenleyici standartlara iliskin
belirsizlikler, faj direnci gelisimi, bakteriyel
genomlara etkileri ve insan mikrobiyotast

tizerindeki olast sonuglar nedeniyle hentiz Gida ve
[lag Dairesi (FDA) ile Avrupa Tla¢ Ajanst (EMA,
European Medicines Agency) tarafindan insan
tedavilerinde onaylanmamistir (Sheraz vd., 2025).
EMA, bakteriyofaj uygulamalarimi bu asamada
yalnizca bireysel, hasta bazli "sefkatli kullanim"
(compassionate use) cercevesinde
degerlendirmekte ve arastirma dizeyinde sinirh
uygulamalara izin vermektedir. Ancak veteriner
alaninda, EMA tarafindan yurirlige konan
2019/6 sayili Avrupa Parlamentosu ve Konsey
Tuzigh kapsamunda bakteriyofajlar  biyolojik
veteriner tibbi trlnler olarak tanimlanmis ve bu
alandaki ruhsatlandirma stiregleri diizenlenmistir
(EPCU, 2019). Yakin zamanda Avrupa
Farmakopesi'nde  bakteriyofajlarin  terapotik
kullantmi  ile ilgili bir bolimin yer almasi
planlanmaktadir. Etik standartlara dayali, genis
caplt ve 1iyi tasarlanmis Kklinik ¢alismalarin

yetersizligi, fajlarin  klasik  antimikrobiyallere
alternatif veya tamamlayict tedavi olarak
uygulanmasint  smirlamaktadir.  Ote  yandan

Polonya, Gircistan ve Rusya gibi ilkelerde,
diizenleyici yonergeler net olmamakla birlikte faj
terapisi uygulanmaktadir (loannou vd., 2023).

Bugiine kadar faj terapisine iliskin klinik veriler
cogunlukla faz 1 glvenlik ¢alismalart ve yetersiz
diizeyde vaka raporlariyla sinirhidir. Ornegin,
Shigellosis tedavisinde kullanilan ‘ShigActive™’
faj kokteylinin oral yolla uygulandigt faz 1 klinik
calismada, kokteylin glivenli; iyi tolere edilebilir
oldugu, insanlarda ciddi yan etkilere yol agmadigt
ve bagirsak  mikrobiyotasinda  anlamli  bir
bozulmaya neden olmadig bildirilmistir (Chen
vd., 2024). Ayrica, probiyotik B. animalis subsp.
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lactis BLO4Un tek bagina ve E. oo/ hedefli faj
karisimi  (PreforPro) ile bitlikte kullanimi
degerlendirilmis; sonuglar glivenlik ve tolere
edilebilirlik acisindan olumlu bulunmakla bitlikte,
etkinlik  yalnizca sl parametrelerde
gozlenmistir  (Grubb  vd.,  2020). Yine
PreforPro’nun Bacillus subtilis DE111 probiyotigi
ile kombinasyonunun gastrointestinal saglik
tzerindeki etkilerinin incelendigi giincel bir faz 2
klinik calismada, sonuclar givenlik agisindan
olumlu olmakla birlikte, etkinlik hald sinirhidir
(Weir, 2024). Bu veriler, gtvenlik ve tolere
edilebilirlik acisindan umut verici olmakla birlikte,
mevcut literatlir bilgisi 1s1ginda bu tir kombine
faj—probiyotik c¢alismalar hentiz faz 2 dizeyine
ulagsmamustir. Gelecekte bu alanda iyi tasarlanmis
faz 2/3 klinik denemelere ihtiyag vardir.

Mevecut sinirlamalara ragmen, faj terapisinin klinik
uygulamada 6nemli bir potansiyele sahip oldugu
actktir.  Giivenlik ve etkinligi ortaya koyan,
plasebo kontrolli ve iyi planlanmis klinik
calismalar, bu tedavi y6nteminin gelecegini
sckillendirmede kritik rol oynayacaktir.

Probiyotiklerin guvenlik profili
degerlendirildiginde, fajlara kiyasla daha az
sinirlayici etkiye sahip olduklart ve yaygin bicimde
kullanildiklart  gbriilmektedir.  Yararli etkilerin
ortaya cikabilmesi icin probiyotik
mikroorganizmalarin ~ bagirsaga canlt  olarak
ulagmalar1 gerekmektedir ve Onerilen canlt hiicre
saytst 10°~107 koloni olusturan birim (kob)/g
diizeyindedir (Fiore vd., 2020). Ancak bircok
ticari probiyotik Urln, raf émrii boyunca canlt
mikroorganizma sayisinda kayiplar yasamakta; bu
nedenle urtnler genellikle etikette belirtilenden
daha fazla canli mikroorganizma icerecek sekilde
formile edilmektedir. Cansiz
mikroorganizmalarin saglk tzerindeki etkileri ise
hentiz yeterince arastirilmamistir.

Probiyotiklerin terap6tik kullanimi oldukea yaygin
olmakla birlikte, Ozellikle bagistklik —sistemi
baskilanmis bireylerde bazi giivenlik endiseleri
dogurabilmektedir. Bu etkiler arasinda mide
bulantisi, kusma, karin spazmu, diyare, gaz ve
siskinlik gibi  gastrointestinal belirtiler 6ne
ctkmaktadir. Ayrica metabolik etkiler, enfeksiyon
riski ve yatay gen transferi yoluyla antibiyotik

direnci gelisimi gibi olast sonuglar da dikkate
alinmalidir (Thoda ve Touraki, 2023; Yesilyurt
vd., 2021).

SONUC

Fajlar ve probiyotikler, bagirsak mikrobiyotasinin
dizenlenmesinde 6nemli biyolojik ajanlar olarak
dikkat ¢cekmektedir. Bu derlemede, her iki ajanin
birlikte kullanimina yonelik glincel literatlr
taranarak terapotik potansiyelleri ¢ok yonli
bicimde degetlendirilmistir. Mevcut bulgular, faj-

probiyotik kombinasyonlarinin Ozellikle
antibiyotik  direncine  sahip  patojenlerin
baskilanmast, mikrobiyal cesitliligin
desteklenmesi, epitel bariyer bitinliginiin

korunmast ve konak bagisikliginin modulasyonu
gibi kritik islevlerde sinerjik etki g&sterebilecegini
ortaya koymaktadir. Bununla birlikte, bu
yaklasima dair bilimsel kanitlarin biytik 6lciide,
sinirlt  sayidaki  deneysel calisma ve hayvan
modellerine dayandigr gérilmektedir.

Klinik veri eksikligi, uygulanan dozun etkinligi,
mide asidi ve fizikokimyasal kosullar altinda faj ve
probiyotik stabilitesi gibi unsurlar, terapotik
uygulamalarda onemli sinitliliklar
olusturmaktadir.  Ayrica, bagisiklik  sistemi
baskilanmis bireyler ve yasa 6zgii mikrobiyota
yapilarinda bu kombinasyonlarin glvenligi ve
etkinligi heniiz netlik kazanmamigtir.

Bu nedenle, faj-probiyotik  etkilesimlerini
anlamaya yonelik kapsamli in vitro analizlerin yani
sira iyi tasarlanmus, kontrolli ve genis 6rneklemli
faz  calismalarina  ihtiya¢  duyulmaktadir.
Gelecekteki aragtirmalar, Ozellikle hedef bakteri
secimi, konak faktorlerinin  etkisi, dozaj
optimizasyonu ve formulasyon teknikleri (6rnegin
mikrokapstlleme) gibi alanlara odaklanmalidir.
Sonug olarak, faj-probiyotik temelli stratejiler
klasik  antimikrobiyallere  alternatif ~ veya
tamamlayict bir yaklasim olarak umut vaat
etmektedir; ancak bu yaklasimin klinik gecerliligi,
gicli kanitlarla desteklenmis insan caligmalarina

baglidir.

CIKAR CATISMASI
Yazarlarin bu derleme makale ile ilgili cikar
catismast bulunmamaktadir.
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YAZAR KATKISI
Makalenin  derlenmesinde, yazimasinda ve
yayinlanmasinda tim yazarlar katki saglamislardr.
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ABSTRACT

In the present study, fermented milk was produced using the local Bifidobacterinm longum BH28 strain, which
was previously isolated from newborn feces and determined to be safe for use in foods. The Streprococcus
thermophilus 2128 strain was used both alone and in combination with B. lngum BH28 or Lacticaseibacillus
paracasei Shirota strains. The number of B. longum BH28 decteased to approximately 5 log cfu/mL on the 7t
day and lost its suitability for the probiotic definition. Principal Component Analysis results showed that the
samples were classified into three distinct groups based on culture type and storage time. However, it was
determined that the different culture combinations applied did not create a statistically significant difference
in total phenolic content, antioxidant capacity, water-holding capacity, and sensory characteristics. It was
concluded that further research and process optimization are needed to maintain the live cell count of B.
longum BH28 above 6 log cfu/mL.

Keywords: Bifidobacterinm longnm, termented milk, probiotic

INSAN ORIJINLI BIFIDOBACTERIUM LONGUM BH28 KULLANILARAK
FERMENTE SUT URETIMI: FONKSIYONEL VE TEKNOLOJIK
DEGERLENDIRME

oz

Sunulan calismada, daha 6nce yenidogan fegesinden izole edilen ve gidalarda kullaniminin glivenli
oldugu belirlenen yerel Bifidobacterinm longum BH28 susu ile fermente siit Uretimi gerceklestirilmistir.
Bu amagla, Streptococens thermophilus 212S susu hem tek basina hem de B. /longum BH28 veya
Lacticaseibacillus paracasei Shirota suslart ile birlikte kullanilmistir. B. Jongum BH28 sayisi 7. ginde
yaklasik 5 log kob/mL seviyesine duserek probiyotik tanimina uygunluk kriterini kaybetmistir. Temel
Bilesen Analizi sonuglari, 6rneklerin kiltiir tipine ve depolama siresine gére Ug¢ belirgin grupta
siniflandigini géstermistir. Bununla birlikte, uygulanan farklt kiltir kombinasyonlarinin toplam
fenolik madde icerigi, antioksidan kapasite, su tutma kapasitesi ve duyusal 6zellikler iizerinde
istatistiksel olarak anlamlt bir farklilik olusturmadigi tespit edilmistir. B. Jongun BH28’in canli hiicre
sayisinin 6 log kob/mI’nin Uzerinde tutulabilmesi amactyla, daha ileri diizeyde arastirmalara ve stireg
optimizasyonuna ihtiya¢ duyuldugu sonucuna varilmigtir.

Anahtar kelimeler: Bifidobacterinm longum, termente siit, probiyotik
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Production of fermented milk with the Bifidobacterium longum BH28 strain

INTRODUCTION

Fermented milk attracts consumet’s attention
with their beneficial effects on health, unique
pleasant aroma, and high nutritional content. The
functional, nutritional, and sensory properties of
the final product are determined by antimicrobial
metabolites, aroma compounds, organic acids,
peptides, and other metabolites produced during
the fermentation stage, which mainly involves
lactic acid bacteria (LAB) (Galli et al.,, 2022).
Probiotics are defined as live microorganisms that
have positive effects on human health when taken
in sufficient amounts (FAO/WHO 2022).
Fermented milk is an ideal medium for the
proliferation and transport of probiotics. The
development of novel probiotic bacteria that are
suited to multiplying in fermented milk is essential
for improving the combination of probiotic
bacteria and fermented milk (Tian et al., 2022).

Bifidobacteria are anaerobic, Gram-positive
bacteria that live in the intestines of human and
animals (Leahy et al., 2005). Studies have revealed
many beneficial effects of bifidobactetia,
including modulation of the immune system
(Gavzy et al., 2023), prevention of constipation
(Wang et al.,, 2022), reduction of symptoms of
depression and anxiety (Li et al., 2023), facilitation
of lactose digestion (Rasinkangas et al., 2022), and
prevention of cancer (Parisa et al., 2020). The
nutritional requirements of Bifidobacterium spp.,
their sensitivity to cold storage, and their
anaerobic nature can limit their growth in
fermented foods (Donkor et al,, 2006; Shori,
2021). The use of Bifidobacterium spp. in co-culture
with oxygen-using Streptococcus salivarius subsp.
thermophilus (S. thermophilus) can create a favorable
environment for their growth in fermented milk

(Ma et al., 2025).

Lacticaseibacillus ~ paracasei  Shirota  (formerly
Lactobacillus casei Shirota, L. paracasei Shirota) is a
probiotic strain that has been used in fermented
milk production for more than 80 years. This
strain, which is also employed in the commercial
production of the fermented beverage Yakult, has
been reported to regulate the immune system,
protect against infections and depression, and
contribute to the treatment of various illnesses,

including constipation (Yang et al, 2023a).
Bifidobacterium longnm BH28 (B. longum BH28) was
previously isolated from the feces of newborn,
and iz vitro probiotic and safety characterization
was determined (Giiler et al.,, 2024). This strain
has been found to tolerate bile salts and simulated
gastric conditions. It can auto-aggregate and has
antimicrobial effects due to its production of
organic acids. It is sensitive to many antibiotics
recommended by the European Food Safety
Authority (EFSA) and does not contain the
investigated virulence genes. Additionally, it does
not exhibit hemolytic or DNase activity. The
objective of this study was to investigate the
possibility of using potential probiotic and human
origin B. Jongwm BH28 in fermented milk
production, in comparison with L. paracasei
Shirota. Additionally, it was aimed to determine
the microbiological and  physicochemical
properties, organic acid and total phenolic
content (TPC), antioxidant capacity, and sensory
evaluation of fermented milk samples.

MATERIALS AND METHODS

Bacterial strains and culture conditions

B.  longum BH28 strain was obtained from
newborn feces previously and was preserved at -
80°C in MRS (de Man Rogosa Sharpe, Merck,
Darmstadt, Germany) broth containing glycerol
(40%) and L-cysteine (0.05%). According to the
in wvitro probiotic characterization and safety
assessments, Giler et al., (2024) determined that
B. longurm BH28 is a promising probiotic candidate
and that its use in food is safe. S. thermophilus 2128
strain was isolated from yoghurt and proposed as
a starter culture by Aktas and Cetin (2024a) and
stored in M17 (Merck, Darmstadt, Germany)
broth containing glycerol (40%). A well-known
probiotic L. paracasei Shirota was isolated from
Yakult beverage and stored at -80°C in MRS
broth containing glycerol (40%). All strains were
stored at Atatiitk University Food Engineering
Department Microbiology Laboratory Culture
Collection and activated by subculturing in related
media.

Fermented milk production
Commercially available ultrahigh temperature

sterilized milk (UHT milk; 3.3% fat content,
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Torku, Konya, Tirkiye) was used for fermented
milk production. The milk was heated to 37 °C
and then divided into three batches. Each batch
with an initial concentration of 106 CFU/mL was
inoculated with the corresponding starting culture
combinations as follows: A: S. thermophilus 2128
and B. Jongum BH28 (1:1), B: S. thermophilus 2128
and L. paracasei Shirota (1:1), C: S. thermophilus

=

—
R4

T
3

|

Figure 1. Sampi’é image of a fermented milk sample undergoing incubation (A), Sample image of

212S. After being moved to sterile glass bottles,
the inoculated milk was incubated at 37 °C until
its pH reached 4.6. After incubation, the samples
were kept for 28 days at 4 °C (Figure 1).
Fermented milk production was conducted in
duplicate and analyzed at 1, 7, 14, 21, and 28 days
of storage.

N

fermented milk stored in a refrigerator (B).

Microbiological analysis

Fermented milk was (10 mL) homogenized in
Ringer’s solution (90 mL) and serially diluted. For
the enumeration of S. thermophilus 2128 M17 agar
was used according to Aktas and Cetin (2024a)
followed by incubation at 42 °C for 24 h
aerobically. For L. paracase; Shirota enumeration,

the method proposed by Irigoyen et al. (2005) was
used with slight modification. Accordingly, MRS
agar was used by adding 0.3% bile salt and after
cultivation, the plates were incubated
anaerobically at 37 °C for 48 houts. For the
enumeration of B. Jongum BH28 MRS agar
containing 0.05% L-cysteine and 50 mg/L
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mupirocin (mMRS) was used according to Giiler
et al,, (2024) followed by incubation at 37 °C for
48 h anaerobically. For the enumeration of
coliforms, Violet Bile Red agar (VRB, Merck) was
used according to Anonymous (2010) method
and then the plates were incubated at 37 °C for 24
h. For the enumeration of yeast and mold
Dichloran Rose Bengal Chloramphenicol agar
(DRBC, Merck) was wused according to
Anonymous (2008) and then the plates were
incubated at 25 °C for 5 days.

Physicochemical analysis

The pH of fermented milk samples was measured
with a calibrated pH meter (Hanna Instruments,
Italy). The titratable acidity of fermented milk
samples was determined by titration method
using a 0.1 N NaOH solution. The results were
expressed as a lactic acid % (AOAC, 2005). To
determine the water holding capacity (WHC), 10
g of the samples were weighed and centrifuged at
2750 Xg for 30 min (Allegra X—30R, Germany).
The results were calculated using the following
formula:

WHC (%) = (W/W1)x100

where Wi is the amount of serum (g) separated
from the sample after centrifugation, and W2 is
the initial sample weight (g) (Bensmira and Jiang
2012).

Acetic acid

—
o

] 5 0

The viscosity of the samples was determined
using a viscometer (Brookfield Viscometer Model
DV-II, Stoughton, MA, USA) with spindle
number 5. Viscosity measurements were
conducted at 20 and 50 rpm for 30 s at 5 °C and
the results were given in centipoise (cP) (El-
Fattah et al., 2018).

Organic acid content

The quantification of organic acids (lactic, acetic,
citric, malic and propionic acids) in fermented
milk samples were conducted using high-
performance liquid chromatography (HPLC)
based on the method described by Atalar (2019),
with slight modifications. Briefly, 5 g of each
sample was extracted with 25 mL of 0.01 mol/L
sulfuric acid (H2SOs4). The mixture was
homogenized and then centrifuged at 7000 Xg for
7 min at 4°C. The resulting supernatant was
filtered using a 0.45 pm nylon membrane filter
(Supelco  Iso-Disc™ N-25-4, 25 mm) and
transferred into HPLC wvials for analysis.
Chromatographic separation was carried out on
an HPLC system (Agilent Technologies, USA)
equipped with a Spherisorb ODS2 column (4.6 X
250 mm, 5 pm particle size). The mobile phase
consisted of 10 mM perchloric acid, delivered at a
flow of 0.5mL/min. Detection was
performed at 210nm, with the column
temperature maintained at 35 °C (Figute 2).

rate

3 ) 25 o

Figure 2. HPLC chromatograms of the organic acids. The blue chromatogram illustrates the standard

mixture, while the red chromatogram displays the fermented milk sample.
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Total phenolic content and antioxidant

capacity

The extraction of fermented milk samples was
conducted using the method described by Ozcan
et al.,, (2019), with slight modifications. Briefly, 10
g of each sample was extracted with 25 mL of an
aqueous methanolic solution (80:20, v/v) and
agitated with a shaker (SSL1, UK) for 6 h. The
mixture was centrifuged at 1420 Xg for 10 min at
25 °C. The resulting supernatant was filtered with
Whatman No. 1 filter paper and used to analyze
TPC and antioxidant capacity.

TPC was determined using the Folin-Ciocalteu
method. For this purpose, 100 pL extract, 500 pLL
Folin-Ciocalteu reagent, 400 pLL of 1 M NaCOj;
solution and 4 ml. deionized water were mixed.
The absorbance of the mixture was determined
using a spectrophotometer (Epoch, BioTek,
Winooski, Vermont, USA) at 760 nm after
standing for 1 hour. The total phenolic content of
fermented milk samples was determined
according to the standard curve to be obtained
using the gallic acid standard and the results were
expressed as mg of gallic acid equivalent per kg

(mg GAE/kg) (Maleki et al., 2015).

For the determination of DPPH (1,1-diphenyl-2-
picrylhydrazyl) free radical scavenging activity of
fermented milk samples, 3.0 mL. DPPH methanol
solution (25 mg/L), and 1 mL extract were mixed.
After incubation for 30 min at room temperature
and in the dark, the mixture was centrifuged at
3000 X g for 10 min. The absorbance values of
the samples were then measured against the blind
sample (methanol) at 517 nm using a
spectrophotometer (Epoch, BioTek). The DPPH
radical scavenging activity was determined using
the following formula:

DPPH scavenging activity (%0) = [ 1 -(Aextract/
Apppr)| X100

where A denotes the absorbance measured
for the sample, and Apppu refers to the

absorbance of the control solution containing
DPPH without any sample (Maleki et al., 2015).

Sensory analysis
The sensory attributes of the fermented milk
samples including appearance, color, texture,

odor, taste, and overall acceptability were
determined using a 9-point hedonic scale. The
scale ranged from 1 to 9, with intermediate values
representing varying degrees of preference (1-3:
undesirable, 4-5: moderate, 6-7: desirable, 8-9:
highly desirable). The samples were randomly
coded and evaluated by a panel of 9 trained
panelists who had completed formal sensory
analysis  training or relevant coursework
(Meilgaard et al., 1999). All panelists were familiar
with the sensory characteristics of fermented
dairy products. The Atattirk University Faculty of
Agriculture's Ethics Committee gave its ethical

approval for the sensory evaluation (Protocol No.
2025/1).

Statistical analysis

The study involved the production of fermented
milk samples in two distinct batches, with each
sample undergoing analysis in at least two
technical replicates. All the data are expressed as
the meantstandard deviations. The results were
analyzed via the SPSS 22.0 (SPSS Inc., Chicago,
IL, USA), and the significant differences between
groups were determined via ANOVA. Duncan's
multiple comparison analysis was used to
compare mean values at a significance level of
P<0.05. Principal component analysis (PCA) was
performed via the SIMCA 14.1 software (MKS
UMETRICS, Umea, Sweden).

RESULTS AND DISCUSSION
Microbiological analysis

The microbiological changes in the fermented
milk during storage are shown in Table 1. In the
production of fermented milk, sample A was
inoculated with approximately 6 log CFU/mL B.
longnm BH28. The viable cell count increased to
7.32 log CFU/mL during fermentation, but
decreased to 5.03 log CFU/mL by the 7t day of
storage (P<0.001). The count of B. longum BH28
did not change significantly at subsequent storage
days and was found to be 4.95 log CFU/mL on
day 28. According to the FAO/WHO (2002)
definition, a probiotic food must contain a
minimum of 6 log CFU/mL live cells to exert
health benefits. As a result of this evaluation, the
probiotic potential of sample A, produced with
probiotic B. /Jongum BH28 strain, was not
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maintained after day 7. Similar decline trends in
Bifidobacterium counts during refrigerated storage
of dairy products have been reported by others.
For instance, in the study, combinations of
different yogurt starters and a human origin B.
longum 512, the researchers found that the count of
B. longum 5'A decreased from approximately 7 log
CFU/mL to approximately 5 log CFU/mL on the
7t day of storage. The researchers also stated that
the B. longum 5% count continued to decrease
throughout the storage period, decreasing below
3log CFU/mL on the 28 day (Souza et al., 2012).
Similatly, in a study where Bifidobacterium longum
subsp. infantis ATCC15697 (B. Jongum subsp.
infantis) strain was used as an adjunct culture in
yogurt production, the prebiotic effect of 2-
fucosyllactose was investigated. Accordingly, in
both yogurts containing 2'-fucosyllactose at
concentrations of 0% and 0.2%, the B. longum
subsp. nfantis ATCC15697 (initial concentration
~9 log CFU/mL) strain was found to be below
the 6 log CFU/mL threshold after the 7t day (Xie
et al,, 2024). Damin et al. (2008) also found that

Bifidobacterium lactis counts decreased from 9.15
log CFU/mL to around 7 log CFU/mL in
fermented milk during the 21 days of storage.
These findings are often attributed to the low acid
and oxygen tolerance of bifidobacteria, as well as
their sensitivity to cold storage conditions
(Donkor et al., 20006; Shori, 2021). To enhance the
viability of Bifidobacterium spp. in fermented
products, strategies such as microencapsulation,
the addition of protective carriers, like prebiotics,
or oxygen-reducing packaging systems may be
considered (Shori, 2021; Jena and Choudhury,
2025). The inoculation level of B. lngum BH28
was determined based on preliminary trials, which
showed that the strain exhibited weak
fermentation activity alone but reached probiotic
levels (>8 log CFU/mL) when co-cultured with
S. thermophilus. The rapid loss of viability in this
study highlights the need for more live cells to be
added initially, and the need for optimization of
the formulation to maintain the probiotic
potential of B. longum BH28 throughout the shelf
life of the product.

Table 1. Microbiological properties of fermented milk samples during storage?

Microbiological Storage period (days)
parameters Sample Sig.
(Log CFU/mL) 1 7 14 21 28
A 7.3240.45 5.03+0.05>  5.02£0.09>  5.07£0.10>  4.95£0.07b ek
B. longum BH28 B nd nd nd nd nd
C nd nd nd nd nd
L. paracasei A nd nd nd nd nd
Shirota B 7.47%0.67 8.05%0.18# 7.67£0.100  7.9410.012 8.06£0.164  ns
C nd nd nd nd nd
A 8.95£0.0124  8.91£0.03*A  8.70+0.02¢A¢  8.84%+0.01PA  8.85%£0.02bA  »k*
S. thermaophilus B 8.8210.04*8  8.67+0.05"B  8.831£0.06*4  8.86%0.17*A4  8.78%£0.03A  *
C 8.891+0.02°AB  8.81+0.03>*  8.84+0.02A  9.10+0.15*A  8.85+0.02bA  *
Sig. * * ns ns ns

2 A: Fermented milk produced by using . thermophilus 212S and B. Jongum BH28, B: Fermented milk produced by
using S. thermophilus 2128 and L. paracasei Shirota, C: Fermented milk produced by using S. thermophilus 212S. Values
are expressed as mean * standard deviation. nd: not detected. Sig.: Degree of statistical significance, ns: Not
statistically significant, *: P<0.05, **: P<0.01, ***: P<0.001. Lowercase and uppercase letter represent statistical

differences in the same row and column, respectively.

The viable cell count of L. paracasei Shirota in
sample B varied between 7.6 log CFU/mL and
8.06 log CFU/mL (P>0.05), and the probiotic
properties of the product were preserved
throughout storage. Similar to our study, the
viable count of L. paracase; Shirota in commercial
fermented milk varied between 8.57 log CFU/mL

and 8.43 log CFU/mL during the 31 day storage
period (Sumalapao et al., 2017). S. thermophilus
2128 counts in fermented milk coded A, B, and C
varied between 8.67 log CFU/mL and 9.10 log
CFU/mL during storage and generally did not
differ between the samples. Similarly, in the study
conducted by Isik et al., (2023) S. thermophilus was
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used as the starter culture, and the number of
LAB growing on M17 agar was found to be
around 8 log CFU/mL during storage. The
presence of yeast, mold, and coliform group
bacteria were not detected in any of the samples
during the storage period.

Physicochemical analysis

Physicochemical properties of fermented milk
during storage are presented in Table 2. The pH
values of the samples ranged from 4.61 to 4.30. A
general decrease in the pH values of the samples
during storage were determined. Sample A,
fermented with B. /ongum BH28 and S. thermophilus
2128, showed a pH decrease from 4.61 to 4.34 by
day 28. Similarly, samples B and C followed a
similar trend. A similar decreasing trend was
observed by Yang et al. (2023b), who reported a
significant decrease in the pH of goat milk
fermented with yoghurt starter and Bifidobacterium
animalis Ssp. lactis (B. animalis ssp. lactis) as an
adjunct probiotic during storage. This difference
can be attributed to the metabolic activity of the
adjunct probiotic strains, which continued to
ferment residual lactose and other carbohydrates,
producing additional organic acids such as lactic

and acetic acid during cold storage. The titratable
acidity (lactic acid %) of the samples ranged from
0.75% to 0.88%, and a significant increase in
acidity was observed in all samples over the
storage period (P <0.001). Sample B (fermented
with S. thermophilus 2128 and L. paracase: Shirota)
exhibited the highest lactic acid content on day 28
(0.88%), while sample C, fermented with only S.
thermophilus 212S, showed slightly lower acidity
levels on all storage days. Physicochemical
properties of fermented milk were investigated in
a study by Tian et al. (2022) in which B. /longum
CCEFM5871 strain was used as an adjunct in
addition to the yogurt starter culture. Similar to
our study, pH values of these samples decreased
during storage, while %olactic acid values increased
and this change was found to be higher in
fermented milk produced by adding B. /longum
CCFM5871 strain compared to the control.
According to the Codex Alimentarius Standard
for Fermented Milks (2003), the titratable acidity
in fermented milk should not be less than 0.3%.
All fermented milks produced in this study
comply with the codex.

Table 2. Physicochemical properties of fermented milk samples during storage?

Parameters Sample 1 = Storage plezod (days) 21 >3 Sig.
A 4.61+0.002A 4.4310.0128 4.41+0.00<A 4.34+0.0048 4.34£0.0098 Hork
pH B 4.514+0.012B 4.40%0.01b8 4.30£0.06<* 4.31£0.00B 4.31+0.01<B Hox
C 4.60+0.002A 4.46+0.00pA 4.40+0.00<A 4.41+0.01<A 4.41£0.00* Hork
Sig. ok * ns ok *ok
lactic acid A 0.76+0.0044 0.82+0.00<B 0.8410.000A 0.86+0.008 0.8610.0028 Hork
% B 0.77£0.0044 0.8310.00<A 0.84%0.00pA 0.8840.0024 0.88%0.0024 Horok
C 0.75£0.0048 0.80£0.00<C 0.81£0.00P8 0.82+0.05:¢ 0.82+0.002¢ Hork
A 48.2610.6694 59.48+0.8927 55.60£0.31<A 57.8610.35PA 56.8110.46bA Horok
WHC (%) B 48.421+0.14<A 58.924+0.05+ 54.9810.26 58.15+0.0324 58.0810.70:4 Hork
C 48.86+0.674A 60.45+0.3727 55.43+0.29<A 57.87+0.0pA 58.20%0.26"A porok
Sig. ns ns ns ns ns
A 16151.5+818.224 15013.91+554.48 12568.5+703.5¢A 11977.6£634.84A 11320.0£597.6¢B Horok
920 (cP) B 16265.5£697.424 15287.9£507.90A 12571.5+836.4<A 12092.1£508.14A 11769.1£716.147 Aotok
C 15905.5+961.524 14475.8+340.5bC 11022.4+707.2<B 10577.61+828.448 10053.31+800.1<C porok
Slg ns Sokok Sookok kkk kokk
A 6960.7+210.124 5272.7+387.9<B 5482.3+180.4b4 5546.21+372.9b4 4946.8+212.698 Horok
950 (cP) B 6887.2+203.4:4 5766.81+249.6> 5402.6+337.1A 5468.1£272.9A 5394.9+286.2¢A Aotok
C 6808.51+474.7:A 4581.1+251.4C 4414.1+317.8B 4678.11£166.5" 4672.91137.2bC Horok
Si(’_ ns soksk Skokk kkk kokk

@ A: Fermented milk produced by using S. thermophilus 212S and B. longum BH28, B: Fermented milk produced by using S.
thermophilus 212S and L. paracasei Shirota, C: Fermented milk produced by using S. thermophilus 212S. Values are expressed as
mean t standard deviation. Sig.: Degree of statistical significance, ns: Not statistically significant, *: P<0.05, **: P<0.01, ***:
P<0.001. WHC: Water-holding capacity, n20: Apparent viscosity at 20 rpm, 150: Apparent viscosity at 50 rpm. Lowercase and
uppercase letter represent statistical differences in the same row and column, respectively.



Production of fermented milk with the Bifidobacterium longum BH28 strain

The water holding capacity (WHC) of fermented
milk samples varied between 48.26 and 60.45%
during storage. WHC increased significantly
(P<0.001) on the 7t day of storage in all samples
but showed no significant differences between
samples (P>0.05). The highest WHC value
(60.45%) was determined on day 7 only in sample
C fermented with S. thermophilus 212S, but the
fluctuations in WHC were small in all samples.
Similar to our study, in a study by Yang et al
(2023b), the WHC of goat milk fermented using
yogurt starter culture and B. animalis ssp. lactis
strain ranged from about 50 to 62.5%, but
decreased during storage. On the other hand,
similar to our results, Aktas and Cetin (2024b)
reported that the WHC percentages of the yogurts
produced using different starter culture
combinations increased during storage and
ranged between 46.52 and 55.17%. The
significant increase in WHC determined at day 7
is likely related to changes in the milk gel
microstructure during early storage. Acidification
by starter cultures can generally increase WHC by
promoting casein aggregation and network
tightening, trapping more serum. Longer storage
or increased proteolytic activity may subsequently
weaken the protein network and increase
syneresis (Arab et al., 2023).

The viscosity values of the fermented milk
samples at 20 and 50 rpm ranged between
16265.5-10053.3 and  6960.7-4414.1  cP,
respectively. On the first day of storage, at both
20 and 50 rpm, there was no significant difference
between the viscosities of the samples (P>0.05)
and the highest values were found on this day. On
the other hand, viscosity values at both shear rates
showed a consistent decline over time in all
samples (P<0.001), with sample C exhibiting the
steepest reduction. In addition, Sample C was
found to have the lowest (P<0.001) viscosity
values throughout storage except for day 1. Aktas
and Cetin (2024b) also reported that different
starter cultures cause differences in the viscosity
of fermented milk. Partly similar to our study, Son
et al. (2023) reported that with higher B. longum
inoculation levels, the viscosity of milk increased
significantly during the fermentation stage,
probably due to increased exopolysaccharide

(EPS) production and its interaction with milk
proteins. The use of S. thermophilus as a co-culture
in fermented milk may have developed a
symbiotic relationship with other bacteria and
stimulate them to produce EPS.

Organic acid content

Organic acid contents of fermented milk during
storage are presented in Figure 3 and Table 3. The
flavor of fermented foods is significantly
impacted by the presence of organic acids. These
acids also play a crucial role in preserving the shelf
life of these products (Ndhlala et al., 2022). The
amounts of lactic acid in the fermented milks
varied from 9149.5 to 11041.3 pug/mL for sample
A, from 9465.2 to 11432.8 pg/mL for sample B,
and from 9533.9 to 10998.4 ug/mL for sample C.
In addition, the lactic acid content increased from
day 1 to day 28 in all samples (P<0.001). The
significantly higher level of lactic acid in sample B
indicates the high metabolic activity of L. paracasei
Shirota. In a study conducted by Xie et al. (2024),
Bifidobacterium longum subsp. longum BB536 and B.
longum subsp. infantis ATCC15697 strains were
used as adjunct cultures in yogurt production, and
it was also reported that lactic acid concentrations
increased during 35 days of storage. Similar to our
results, Nguyen et al. (2014) and Aktas and Cetin
(2024b) and stated that the lactic acid content in
yogurts was around 10,000 pg/ mL (ppm) and
increased during storage. The amounts of acetic
acid in the fermented milks varied from 211.19 to
337.16 pg/mL for sample A, from 125.63 to
178.61 pg/mL for sample B, and from not
detected to 144.14 ng/mlL for sample C. Acetic
acid levels in the samples generally increased with
storage duration, with the highest values found in
sample A and the lowest values found in sample
C. B. longum utilizes the fructose-6-phosphate
phosphoketolase  pathway (bifid shunt) to
ferment  carbohydrates, resulting in the
concurrent production of lactate and acetate in
varying proportions (Suzuki et al., 2010). Similar
activity in mixed cultures of bifidobacteria and
lactic acid bacteria have also been determined by
others (Adhikari et al., 2002; Sun et al., 2023; Xie
et al., 2024). The malic acid amounts of fermented
milks varied from not detected to 118.37 pg/mL
for sample A, from 122.87 to 148.29 ug/mL for
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sample B, and from not detected to 138.57
pg/mL  for sample C. The malic acid
concentration in sample B remained relatively
stable until day 28, while it was not detectable in
samples A and C on day 28. This suggests strain
dependent metabolism of malic acid. Malic acid
is a naturally occurring intermediate in the
tricarboxylic acid (TCA) cycle, formed during the
sequence of oxidative reactions that begins with
the condensation of oxaloacetate and acetyl-CoA
to produce citrate (Wei et al., 2021). The increase
in malic acid during storage may suggest that the
bacteria needed more energy, which activated the
citric acid cycle (Li et al., 2021). The amounts of
citric acid in the fermented milks varied from
4885.93 to 5444.76 pg/ml for sample A, from
4899.37 to 5514.65 ug/mL for sample B, and
from 5067.50 to 5569.61 pg/mL for sample C. All
samples exhibited significant increases during
storage (P<0.001). Similar to our study, Akgtin et

al. (2018) reported that lactic and citric acids were
the predominant organic acids in buffalo yogurt
produced with yogurt starters (5. thermophilus, and
Lactobacillus - delbrueckii  subsp.  bulgaricus (L.
bulgariens) and a combination of Bifidobacterium
animalis subsp. lactis BB-12® (B. animalis subsp.
lactis),  Lactobacillus  acidophilus  LA-5® (L.
acidophilus), S. thermophilus, and L. bulgaricus. They
also found that lactic, acetic, and citric acids
increased during storage. On the other hand,
Aktas and Cetin (2024b) reported that the citric
acid content in the yogurts they produced using
different starter cultures varied between 1912.91
and 2635.02 pug/mL. The fact that the results in
our study are higher than this value may be due to
the differences in the strains used. Propionic acid
was not detected in any of the samples, suggesting
that the culture and storage conditions were not
conducive to propionic acid production.
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Figure 3. Chord diagram illustrating the results of the organic acid analysis of the fermented milk
samples.
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Table 3. Organic acid content of fermented milks during storage?

Organic Storage petiod (days)
acids Sample Sig.
(ug/ml) 1 7 14 21 28
A 9149.5£50.8<® 9771.5£25.64¢ 10344.0+76.0<8 10705.2+22.6°8 11041.3£83,8% ok
Lactic acid B 9465.2£66.5 10316.1£60.3 42 10902.2£29.84 11085.2+43.5b4 11432.8151.424 ok
C 9533.9450.9¢A 10156.9426.048 10405.0+18.4<8 10812.6+95.958 10998.4£101.18 popk
A 220.5214.834A 211.19£7.084A 231.33£0.094 286.80£0.644 337.16£3.18 ok
Acetic acid B 125.63£2.78 140.00£4.59b<B 161.51£20.788 171.74£1.238 178.61£1.538 *
C 103.56+2.44<¢ NDdc 127.03+0.4258 144.14+1.24:¢ 143.55+1.86:¢ popk
A 118.37£20.47A 100.96+3.70:8 109.06£3.36:4 95.45+1.8248 ND®# ok
Malic acid B 122.87£3.24a4 142.36£3.58+ 134.52£14.504 141.72£8.044 148.29£10.8124 ns
C 138.57+1.99:4 133.43+5.284 128.98+7.69+ 103.74+0.37%8 ND<B
Slg ns k% ns *k kokk
A 4919.09£27.06%  4885.93+26.2248 5149.25+34.69A 5381.62£25.46b8 5544.76£27.034 ok
Citric acid B 4899.37£6.89<8 4942.28+33.16B 5205.52+98.497 5414.98+32.198 5514.65+68.142 Hopk
C 5091.47£34.58<4  5067.50£25.104 5352.97+13.76b% 5527.64+26.67*A 5569.61£0.48+ ok
Sig. ok * ns * ns
Propionic A ND ND ND ND ND -
acid B ND ND ND ND ND -
C ND ND ND ND ND -
Sig. -

2 A: Fermented milk produced by using . thermophilus 212S and B. Jongum BH28, B: Fermented milk produced by
using S. thermophilus 2128 and L. paracasei Shirota, C: Fermented milk produced by using S. thermophilus 212S. Values
are expressed as mean * standard deviation. ND: Not determined, Sig.: Degree of statistical significance, ns: Not
statistically significant, *: p<<0.05, **: p<0.01, ***: p<0.001. Lowercase and uppercase letter represent statistical

differences in the same row and column, respectively.

Total phenolic content and antioxidant

capacity

TPC and antioxidant capacity of fermented milk
during storage are presented in Figure 4A, 4B,
respectively, and Table 4. The TPC content of
fermented milk varied between 23.40 and 26.92
mg GAE/L and there were no significant
differences between the samples and storage time
(P>0.05). Similar to TPC, the DPPH free radical
scavenging activities (expressed as 1Cso values) of
the fermented milks did not differ statistically
between the samples and throughout storage
(P>0.05). ICso values of fermented milk vatied
between 98.92 and 112.01 mg/mL during storage.
Antioxidant activity can be exhibited by amino
acids and small molecule peptides released during
milk fermentation (Farvin et al., 2010). The
literature contains different results regarding the
TPC and DPPH scavenging activities of milk
fermented using probiotic cultures. For example,
in a study conducted by Hanum et al. (2022) ICs
values of fermented goat milk produced by adding
different concentrations of B. /longwm varied
between 99.12 and 123.46 ppm and antioxidant
activity increased as the concentration of the
culture increased. The TPC of cow's milk kefir

produced by adding Lactiplantibacillus plantarum (L.
plantarum), B. longum, and kefir starter cultures
ranged from 63.82 to 82.62 mg GAE/L, with ICs
values ranging from 105.92 to 139.56 mg/ml.,
over 28 days of storage (Meral-Aktas et al., 2025).
On the other hand, Barat and Ozcan (2018)
determined that the TPC content of milk
fermented using S. thermophilus, L. bulgaricus, L.
acidophitus, and Bifidobacterium animalis spp. lactis (B.
animalis spp. lactis) strains was 3.87 mg GAE /100
g dry weight. These differences in results may be
due to variations in the cultures used, milk type,
fermentation stage, and methodology.

Sensory analysis

Sensory analysis results of fermented milk during
storage are presented in Figure 5, and Table 5. No
differences were found between the samples in
terms of all sensory properties during storage
(P>0.05). On the other hand, there was a general
decrease in the color scores of all samples during
storage (P<0.05). Similatly, there was a non-linear
decrease in the appearance score of samples A
and B. Despite this decrease, all color and
appearance scores of the samples were above 7.45
(6-7: desirable) throughout storage. In a study by
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Casarotti et al. (2014), fermented milk was
produced using 8. thermophilus, L. acidophilus, and
B. animalis spp. lactis strains as single and mixed
cultures with S. #hermophilus. The authors stated
that the samples in which B. animalis subsp. lactis
was used as a single culture and mixed culture
with S. zhermophilus received the highest overall
acceptability scores. In the study conducted by Li
et al. (2020), it was found that there was no
significant difference in the sensory properties of
fermented milks produced wusing different
combinations of S. thermophilus, L. plantarum, and
B. animalis strains on the 15t day of storage, but

B @Q

N
o

:

there were significant differences between the
samples on the 21+t day. Accordingly, on day 21,
termented milk produced with S. #hermophilus with
2:1 of L. plantarum and B. animalis had the highest
overall acceptability score, while fermented milk
produced with S. hermophilus with 1:2 of L.
Plantarum and B. animalis had the lowest overall
acceptability score. The lack of significant
differences in sensory characteristics between
samples and during storage suggest that the B.
longnm BH28 strain can be used in the production
of fermented milk without adversely affecting its
sensory characteristics.
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Figure 4. Total phenolic content (A) and antioxidant capability (B) of the fermented milk samples. A:
Fermented milk produced by using S. thermophilus 212S and B. longum BH28, B: Fermented milk
produced by using S. #hermophilus 2125 and L. paracasei Shirota, C: Fermented milk produced by using S.
thermophilus 2128. Values are expressed as mean T standard deviation.
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Table 4. Total phenolic content and antioxidant activity of fermented milks during storage?

Storage period (days)

Parameters  Sample 1 7 12 21 8 Sig.

TPC (mg A 24.69£0.5624 25.11£0.742A 26.43£3.73A 26.90£2.11a4 26.92£1.284 ns

GAE/L) B 24.35%0.6024 25.06%2.5124 24.86%1.712A 24.43+2.16:4 25.28+2.954 ns
C 24.05%1.892 23.40%1.12:A 23.64£1.71A 26.48£1.902A 24.97+1.5421 ns

Sig. ns ns ns ns ns

Antioxidant A 107.284£8.51:4  107.20£6.93*A  100.94+11.322  101.96+8.762A 109.7211.472A ns

activity B 100.84%£4.07+4  106.00£4.712A  105.15%£9.892A  110.56+3.702A 111.25%£5.0624 ns

(Cs0, C 101.28£6.942A  98.92+10.112A  112.01£5.184  108.83+£1.03»4  102.35£10.68*A  ns

mg/mL)

Sig. ns ns ns ns ns

2 A: Fermented milk produced by using S. #hermophilus 212S and B. Jongum BH28, B: Fermented milk produced by
using S. thermophilus 2128 and L. paracasei Shirota, C: Fermented milk produced by using S. thermophilus 212S. Values
are expressed as mean * standard deviation. Sig.: Degree of statistical significance, ns: Not statistically significant,
*: p<0.05, ¥*: p<0.01, ***: p<0.001. Lowercase and uppercase letter represent statistical differences in the same
row and column, respectively.

Day 1 Day 7
Appearance Appearance
i1 8%
85
Overall acceptability Color Overall acceptability Color
Taste Texture Taste Texture
Odor Odlor
—_—A B =——C —_—A B =—C
Day 14 Day 21
%Fgearance Apgearance
Overall acceptability Overall acceptability Coler
Taste Taste Texture
Odor Odor
—A —B —cC —A —B —cC
Day 28
Apé:earance

Overall acceptability Color

Taste Texture

QOdor

—A —B —cC
Figure 5. Sensory analysis results of fermented milk samples. A: Fermented milk produced by using S.
thermophilus 2128 and B. longum BH28, B: Fermented milk produced by using S. thermophilus 212S and L.
paracasei Shirota, C: Fermented milk produced by using S. thermophilus 212S. Values are expressed as
mean ¥ standard deviation.
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Table 5. Sensory analysis results of fermented milks during storage?

Storage period (days)

Sensory parameters Sample 1 7 12 21 78 Sig.

A 8.56+0.532 8.34%0.71a 8.12%0.71ab 8.56+0.532 7.4511.34b *
Appearance B 8.89%0.34 8.22+0.44bc 7.7810.44¢ 8.45%(0.53b 7.89%0.78¢ .

C 8.67%0.502 8.23%+0.672 8.00%0.712 8.34%0.71a 7.67£1.002 ns
Sig. ns ns ns ns ns

A 8.77%0.44a 8.34+0.71ab 8.45+0.53ab 8.45+0.52ab 7.89£0.60b
Color B 8.78%0.442 8.11£0.60b 8.34%0.502b 8.23%0.67b 7.89%0.60b

C 8.66%0.502 8.34%0.502 8.23%+0.672 8.34%0.502 7.67%£0.71b *
Sig. ns ns ns ns ns

A 7.77%0.672 7.56%1.24a 7.78%0.44a 7.89%.0602 7.56+1.13 ns
Texture B 7.89%0.602 7.56%1.242 7.34%1.002 7.5610.532 6.89%0.782 ns

C 7.45%+1.012 7.78%0.672 7.89%0.782 7.67+0.872 7.12%1.362 ns
Sig. ns ns ns ns ns

A 8.34+0.71a 7.89+1.172 8.1240.78a 7.8910.602 7.8910.602 ns
Odor B 7.56%1.01a 7.55%1.002 7.89%0.602 7.7810.442 8.00+0.71a ns

C 7.78%£1.092 7.89%0.93 7.67£1.002 7.78%0.672 7.45%0.882 ns
Sig. ns ns ns ns ns

A 8.00%1.002 8.00%0.872 7.84%1.002 7.891+0.782 7.45+1.012 ns
Taste B 7.231+0.972 7.23%+1.39a 7.78+0.44a 7.341+0.872 7.1240.782 ns

C 8.12%0.78 7.56%£1.13 7.61x1.172 7.231+0.672 7.2310.842 ns
Sig. ns ns ns ns ns

A 8.1240.782 8.1240.78a 7.92+1.062 7.6710.712 7.601£0.992 ns
Overall acceptability B 7.45+1.13a 7.34+1.122 7.78+0.44a 7.3410.712 7.56%+1.012 ns

C 7.78%0.672 7.78+0.84a 7.64%0.862 7.6710.502 7.34%0.872 ns
Sig. ns ns ns ns ns

* A: Fermented milk produced by using S. #hermophilus 2128 and B. Jongum BH28, B: Fermented milk produced by
using S. thermophilus 2128 and L. paracasei Shirota, C: Fermented milk produced by using S. #hermophilus 212S. Values
are expressed as mean ¥ standard deviation. Sig.: Degree of statistical significance, ns: Not statistically significant,
*: p<0.05, **: p<0.01, ***: p<0.001. Lowercase and uppercase letter represent statistical differences in the same

row and column, respectively.

Principal component analysis

Microbiological and physicochemical properties,
organic acid, total phenolic content, antioxidant
capacity, and overall acceptability scores of
fermented milk samples taken into
consideration and analyzed by PCA, and the
results are shown in Figure 6A-D. Three clusters
of samples were created on hierarchical cluster
analysis (HCA, Figure 6A). Group 1 included A1,
B1, and Cl1, carly storage points, indicating that
these samples shared similar characteristics.
Regarding sample C, there was no homogeneous
distribution among groups 2 and 3. Sample A was
generally clustered in group 2, and sample B was
generally clustered in group 3. These patterns
suggest that both the type of inoculum and the
storage time significantly influenced the overall
product profile. The PCA score plot (Figure 4B)
revealed that PC1 and PC2 explained 41.3% and
22.1% of the total variance (62.4%), respectively.
In alignment with the HCA results, samples

were

clustered into three distinct groups. According to
the biplot analysis (Figure 4D), samples A (A7,
Al4, A21, and A28) were separated as group 2,
which probably indicated a distinct profile due to
the presence of B. longum BH28 and its production
of acetic acid. Conversely, the B samples (B1, B7,
B14, and B21) formed a distinct group (group 3),
likely due to the presence of L. paracasei Shirota
and high malic acid content. In addition, group 1,
which includes A1, B1, and C1, is charactetized
by high pH and viscosity.

CONCLUSION

In the present study, human origin B. /longum
BH28 and L. paracasei Shirota were cultured
together with S. thermophilus 212S to produce
fermented milk. These fermented milks differ
from each other in terms of certain
microbiological, physicochemical, and functional
properties. The number of B. lngnm BH28 in
sample A, which was produced using B. longum
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BH28 and S. #hermophilus 2128, was around 7 log
CFU/mL on the first day of storage. On the
seventh day, the number had fallen to 5 log
CFU/mL, and it remained stable until the end of
storage. The probable probiotic count, which fell
below 6 log CFU/mL, led to a loss of probiotic
properties in the product. An examination of the
physicochemical properties of the products
revealed that the viscosities of samples A and B,
which were produced with the addition of
probiotic cultures, were generally found to be
higher than that of sample C (only S. thermophilus
2128). This phenomenon can be attributed to the
enhanced EPS production potential of probiotics.
During the storage period, lactic acid was
identified as the predominant organic acid in all
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the fermented milk samples examined.
Additionally, acetic acid levels were found to be
elevated in sample B relative to the other samples.
On the other hand, no significant differences
were found between the samples in terms of TPC,
antioxidant capacity, and sensory properties.
Specifically, elevated sensory analysis scores
indicated the potential for B. longum BH28 strain
to be utilized in fermented dairy products and to
gain approval among consumers. Further studies
may undertake a more thorough examination of
techniques such as high-rate culture addition,
microencapsulation, and prebiotic utilization to
ensure the maintenance of a minimum population
of B. Jongum BH28 at 6 log CFU/mL during
storage.
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Figure 6. Hierarchical cluster analysis (A), score scatter plot (B), loading scatter plot (C), and biplot (D)
of the principal component analysis. A: Fermented milk produced by using S. #hermophilus 2125 and B.
longum BH28, B: Fermented milk produced by using S. #hermophilus 2128 and L. paracasei Shirota, C:
Fermented milk produced by using . thermophilus 212S, TPC: Total phenolic content, WHC: Water
holding capacity, BH28: B. longum BH28, LcS: L. paracasei Shirota, St: S. thermophilus, Overall ac: Overall
acceptability.
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oz

Bu calismada Tirkiye (TM1-TM5) ve Japonya (JM) menseli matcha tozlarinn fizikokimyasal ve duyusal
Ozellikleri kargilastirtlmistir. Suda c¢oziintirlik indeksi Tirkiye menseli matcha tozlarinda %030.24-35.76
arasinda degisirken, Japonya menseli drinde %32.32 olarak belitlenmistir. Toplam fenolik madde
bakimindan Ttrkiye menseli 6rnekler (63.50-111.30 mg GA/g), Japonya menseli trtine (64.61 mg GA/g)
benzer veya daha yiiksek degerler gostermistir. Bu bulgular: destekler sekilde, Ttrkiye menseli matcha
tozlarinin antioksidan kapasitesi ABTS yontemiyle 1118.30-1596.40 pumol Trolox/g, DPPH yontemiyle
1257.00-1481.60 umol Trolox/g araliginda oSl¢iilmus; Japonya menseli Griin ise sirastyla 1138.70 ve 1129.00
umol Trolox/g degetlerini gostermistir. Klorofil a, b ve toplam klorofil degerleri bakimindan yalnizca bir
Turkiye menseli 6mek Japon menseli trinden daha yiksek bulunmustur. Duyusal analizlerde tim
orneklerde buruk, otumsu, kinamsi, odunumsu-samanimst ve yosunsu-baligims: tatlar baskin olurken,
Japonya mengeli 6rnek daha distik yogunluklu bir tat profili sergilemistir. Bulgular, yerli matcha tozlarinin
kalite potansiyelini ortaya koymaktadir.

Anahtar kelimeler: Matcha, renk, ¢6ztiniirlik, toplam fenol, antioksidan aktivite, duyusal analiz

COMPARISON OF PHYSICOCHEMICAL AND SENSORY PROPERTIES OF
MATCHA POWDERS FROM TURKIYE AND JAPAN

ABSTRACT

This study compared the physicochemical and sensory properties of Turkish (TM1-TMS5) and
Japanese (JM) matcha powders. The water solubility index ranged from 30.24% to 35.76% in Turkish
samples, while the Japanese product showed 32.32%. Total phenolic content of Turkish matchas
(63.50-111.30 mg GA/g) was comparable to or exceeded that of the Japanese product (64.61 mg
GA/g). Supporting these findings, the antioxidant capacity of Turkish matchas was measured at
1118.30-1596.40 umol Trolox/g by the ABTS method and 1257.00-1481.60 umol Trolox/g by the
DPPH method, whereas the Japanese product showed 1138.70 and 1129.00 umol Trolox/g,
respectively. Only one Turkish sample showed higher chlorophyll a, b, and total chlorophyll values
than the Japanese product. Sensory analysis revealed that bitter-astringent, green, henna-like, straw-
like, and seaweed notes were dominant in all samples, with the Japanese product exhibiting a lower-
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intensity flavor profile. These findings hichlicht the hich-quality potential of Turkish matcha
y p g ghlig gh-q y P

powders.

Keywords: Matcha, color, solubility, total phenol, antioxidant activity, sensory analysis

GIRIS
Matcha tozu, Tencha tipi Japon yesil ¢ayinin
(Camellia  sinensis)  6gutilmesiyle elde edilen

(Kochman vd., 2020), dinyanin en popiler
iceceklerinden biridir (Kika vd., 2024). Matchanin
tadint belirleyen baslica bilesenler arasinda suda
¢ozlnebilen karbonhidratlar, organik asitler,
amino asitler, c¢ay polifenolleri, flavonol
glikozitleri, tanenler ve kafein yer almaktadir. Act
ve buruk tatlardan en ¢ok sorumlu olan bilesikler
ise katesinlerdir. Bu grupta (—)-epigallokatesin-3-
gallat (EGCG) en baskin olamidir (Cui vd., 2025)
ve saghk yarart  6ncelikle EGCG  ile
iliskilendirilmektedir (Shishikura ve Khokhar,
2005). Igerigindeki antioksidan ve fenolik
bilesenler ile iligkili olarak, antikarsinojenik,
antiinflamatuar, kardiyoprotektif ve antiviral
etkiye sahip oldugu bildirilmistir (Kochman vd.,
2020). Hem insan hem hayvan ¢alismalarinda sinir
sistemi, Ogrenme, inflamasyon ve metabolik
parametreler tizerinde faydali etkiler saptanmis, in
vitrto calismalarda ise bazt kanser hiicreleri
tzerinde baskilayict  etkiler  gdzlemlenmistir
(Sokary vd., 2022).

Geleneksel olarak matcha tozu golgeleme, hasat,
buharlama, kurutma, rafinasyon ve 6giitme olmak
lizere 6 asamada iiretilmektedir. Uretim hasattan
yaklastk 20-30 giin 6nce cay bitkilerinin gblgede
yetismesi ile baglamakta ve hasat zamani cografi
konuma goére degismekle birlikte genellikle
ilkbaharda gerceklesmektedir. Hasat sonrast
yapraklar enzimatik aktivitenin yavaglatilmasi,
oksidasyonun  6nlenmesi  ve yesil rengin
korunmast amactyla 95 °C’de 20-45 saniye
buharlama islemine tabi tutulmaktadir (Phuah vd.,
2023). 55 °C’de 30 dakika kurutmanin ardindan
yapraklar rafine edilmekte ve bu islemin ardindan
‘Tencha’ ad1 verilen 6gitiilmemis yaprak formu
elde edilmektedir (Hotie vd., 2017). Ogiitme
asamast ise distik nemli, karanlik ve serin ortamda
geleneksel olarak tas degirmenlerde
gerceklestirilmektedir  (Phuah  vd.,  2023).
Golgeleme uygulamasi, bitkide klorofil, teanin
gibi aminoasitler ve ¢esitli biyoaktif bilesenlerin
sentezini artirarak, matcha tozuna karakteristik

canlt yesil rengini ve kendine 6zgli yumusak, act
olmayan tadit kazandirmaktadir (Sokary vd.,
2022).

Matcha tozunun kalitesi; nem, toprak yapist, iklim
kosullart ve cografi konum gibi ¢evresel etkenlerin
yant stra, kullanilan cay cesidi, uygulanan tarimsal
yontemler, golgeleme siiresi, hasat zamani ve
isleme teknikleri gibi yetistirme uygulamalariyla
dogrudan iligkilidir. Ayrica tretim siirecindeki
teknolojik farkliliklar ve driinin siuflandirilma
kriterleri de kalite tzerinde belirleyici rol
oynamaktadir. Tim bu unsutlar, matcha tozunun
rengi, tadi, aromatik profili ve besin bilesimi gibi
Ozelliklerini  sekillendirmektedir.  Golgeleme
islemi, yesil rengin artmasini, acilik ve buruklugun
azalmasini ve umami tat profilinin gelismesini
saglayan temel etkendir (Ye vd., 2024a).

Artan tliketici ilgisi ve saglikli yasam trendleri
dogrultusunda, matcha tozunun yerel Uretimi
stratejik bir firsat haline gelmistir. Tturkiye’de
uretilen matchalarin kalitesine dair literattirde
sinirlt sayida veri bulunmaktadir. Bu ¢alisma,
Japonya ve Turkiye menseli matcha tozlarinin
klorofil ve toplam fenolik madde igerigi,
antioksidan kapasite, renk, toz ve duyusal
Ozellikleri gibi kriterler bakimindan karsilastirarak
yerli Uretimin potansiyelini degerlendirmeyi
amaglamaktadir. Elde edilen veriler, yerel tiretimin
iyilestirilmesi,  kalite  standardizasyonu  ve
pazarlama stratejileri acisindan  yol gésterici
olabilir.

MATERYAL VE METOT

Materyal

Bu ¢alismada, piyasada erisilebilir olan ve en ¢ok
satilan 1 adet Japon menseli (JM) ve 5 farkh
markaya ait Ttirkiye mengeli matcha tozlart (TM1,
TM2, TM3, TM4 ve TM5) kullanilmustir. Uriinler,
orijinal ambalajlarinda ve son kullanma tarihlerine
dikkat edilerek temin edilmis; analizlere kadar
serin, kuru ve karanlik kosullarda muhafaza
edilmistir. Matcha tozlarmin  nem  igerigi,
AOACnin standart metodolojisine (Metot No:
930.15) (AOAC, 2010) gore belirlenmis ve %2.19-
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6.04 araliginda oldugu tespit edilmistir.
Arastirmada  kullanillan kimyasallar ise Sigma-
Aldrich  (Taufkirchen, Almanya)’den tedarik
edilmistir.

Metot

Toz ozelliklerin analizi

Matcha  Orneklerinin = toz 6zelliklerinin

belirlenmesinde Sakr vd. (2024)’nin  belirttigi
yontem bazi degisikliklerle uygulanmistir. Bu
kapsamda, 1 g matcha tozu herhangi bir basing
uygulanmaksizin yavasca 10 ml hacmindeki
mezilre aktarilarak hacim degeri kaydedilmis ve
yigin  yogunlugunun (g/ml) hesaplanmasinda
kullantlmistir.  Ardindan  ayni  6rnegin  icinde
bulundugu meziir diiz bir zemine sabit bir hizla
yaklastk 50 defa wvurularak toz partikiillerinin
sikismast saglanmis ve sikistirilmis hacim degeri
kaydedilmistir. Bu deger, sikistirlmis  yigin
yogunlugunu (g/mL) hesaplamak  icin
kullandmustir. Elde edilen yigin yogunlugu ve
stkistirilmag yigin yogunlugu verileri
dogrultusunda, Carr indeksi ve Hausner oranmi
asagidaki esitlikler araciligiyla hesaplanmistir.

Carr indeksi (%) =

stkistirilmis yigin yogunlugu—yigin yogunlugu

x 100
Esitlik 1

sitkistiriimis yigin yogunlugu

stkistirilmis yigin yogunlugu

Hausner orant = - . -
yigin yogunlugu

Esitlik 2
Suda ¢oziiniirliik indeksinin analizi
Suda ¢ézuntrlik indeksi analizi Manikharda vd.
(2023) tarafindan bildirilen yonteme gore
yaptlmustir. Distile su ile hazirlanan %2 (w/v)’lik
matcha dispersiyonu, 80 °Clye ayarli su
banyosunda (Nive, ST 30, Turkiye) 30 dakika
inkiibe edildikten sonra 4500xg’de 10 dakika
streyle santrifiij (Nuve, NF 800, Tiurkiye)
edilmistir. Elde edilen slpernatant kurutma
kaplarina alinarak 105 °C’de kurutulmus ve suda
¢ozuntrlik indeksi agagidaki esitlige gore
hesaplanmistr.

Suda ¢ozunurlik indeksi (%) =
sipernatantin kuru madde agirligL (g)

x 100
Esitlik 3

ornek agirligt (g)

Su absorpsiyon kapasitesi analizi

Matcha Orneklerinin su absorpsiyon kapasitesi
Dely vd. (2025) tarafindan bildirilen ydnteme gore
belirlenmistir. Matcha tozu (0.5 g) tzerine 25 mL
distile su eklenerek bir vorteks yardimiyla 5 dakika

siresince  karstilmustir.  Ardindan  olusan
dispersiyon  6000xgde 10 dakika stresince
santrifiijlenerek slipernatant dikkatlice

uzaklagtirilmis ve su absorpsiyon kapasitesi
asagidaki esitlige gbre hesaplanmustir.

Su absorpsiyon kapasitesi (g/g) =
¢cokelti agirligt (g)—ornek agirligt (g) x 100

Esitlik 4

ornek agirligt (g)

Toplam fenolik madde analizi

Toplam fenolik madde ve antioksidan kapasite
analizleri i¢in, matcha tozu (0.5 g), distile su (25
ml) ile kamstrlarak 80 °Cye ayatlanmis su

banyosunda 1 saat streyle ekstraksiyon
gerceklestirilmistir.  Ekstraksiyon — sonrasinda
ornekler siiziilmils, elde edilen stipernatant

analizlerde kullanilmak tizere ayrilmustir (Dely vd.,
2025).

Toplam fenolik madde analizi Zhu vd. (2022)’nin
belirttigi yonteme gore gerceklestirilmistir. Kisaca,
0.1 mL seyreltimis (1:5) matcha ekstraktina
strastyla 0.9 mL distile su ve 5 mL %10’luk Folin-
Ciocalteu  reaktifi ~eklenmigtir. Uc  dakika
beklemenin ardindan, karisima 4 ml 9%7.5°lik
NaxCOs  ¢ozeltisi  ilave edilmistir.  Ornekler,
karanlik ortamda 1 saat siireyle inkiibe edildikten
sonra, absorbans degetleri 765 nm’de UV-VIS
spektrofotometre (Shimadzu, UV-1280, Japonya)
ile ol¢ilmus ve sonuglar mg GAE/g o6rnek
cinsinden ifade edilmistit.

Antioksidan kapasite analizi

Matcha tozlarinin antioksidan kapasiteleri, ABTS
[2,2'-azinobis(3-ethyl-benzothiazoline-6-sulfonic
acid)] ve DPPH [2,2-diphenyl-1-picrylhydrazyl]
radikalleri kullanilarak, 2 farkli spektrofotometrik
yontem araciliftyla belirlenmistir. ABTS analizi,
Ye vd. (2024b) tarafindan bildirilen yénteme gore
gerceklestirilmistir. Bu kapsamda, fosfat tamponu
ile absorbanst 0.70 £ 0.02 degerine ayarlanan
ABTS reaktifinden 2.5 ml. alinarak 25 pl. 6rnek
ekstrakti ile karistirilmis ve 6 dakika sonra
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absorbans degerinin 6l¢imii spektrofotometrede
734 nm dalga boyunda yapilmistr. DPPH
analizinde, Manikharda vd. (2023)’nin belirttigi
yontem bazit degisikliklerle uygulanmistir. Kisaca,
0.1 mL 6rnek ekstrakti ile 3.9 mL 0.1 mM DPPH
reaktifi karistirilmis ve karisim karanlk ortamda
30 dakika inkiibe edilmistir. Ardindan, 6rneklerin
absorbans degeri spektrofotometrede 517 nm
dalga boyunda Sl¢ilmistiir.

Her iki analizde elde edilen sonuglar, yonteme
Ozgii  olarak Trolox standardt kullanilarak
hazirlanan standart egriler yardimiryla
degerlendirilmis ve sonuglar pmol Trolox/g
ornek cinsinden ifade edilmistir.

Klorofil analizi
Klorofil analizi Sakr vd. (2024) tarafindan
bildirilen yonteme gbre gerceklestirilmistir.

Matcha tozu (0.05 g) %80’lik aseton ¢ozeltisi (10
mL) ile 30 dakika siiresince ekstrakte edilmistir.
Ardindan  karisim  6000Xgde 5 dakika
santrifiijlenmis ve elde edilen sipernatant analizde
kullandmustir. Stipernatantin 645 nm ve 663 nm
dalga boylarindaki absorbans degetleri, UV-VIS
spektrofotometre kullanilarak Slctlmistir. Elde
edilen absorbans degerlerine dayanarak klorofil a,
klorofil b ve toplam klorofil miktarlari asagidaki
esitlikler kullanilarak hesaplanmistir (Jiang vd.,
2023).
Klorofila (mg/g) =
((12.72 x Age3)—(2.59 x Agys)) x 6Tnek hacmi (mL)
1000 x 6rnek agirligi (g)

Esitlik 5
Klorofil b (mg/g) =
((22.88 x Agy5)—(4.67 x Agg3)) x bTnek hacmi (mL)
1000 x 6rnek agirligL (g)

Esitlik 6
Toplam klorofil (mg/g) =
((20.2 x Agas)—(8.02 x Agg3)) x brnek hacmi (mL)
1000 x 6rnek agirligt (g)

Esitlik 7

Renk analizi

Matcha tozlart ve %2 oraninda matcha tozu
kullanilarak hazirlanan matcha dispersiyonlarinin
renk degerleri (¥, a* ve b¥*) CIE renk sistemine
gbre bir kromametre (CR-400, Konica Minolta,
Japonya) kullanilarak Slctilmistiir.

Lezzet profil analizi

Matcha Orneklerinin lezzet profil analizi, Pérez-
Burillo vd. (2018) tarafindan belirtilen yénteme
gore gerceklestitilmis; degerlendirmede, Lee ve
Chambers (2007) tarafindan tanimlanan duyusal
terimler ve referans standartlar kullandmustir.
Panel, matcha Srneklerini tatmayt géntllii olarak
kabul eden ve yaslari 31 ile 45 arasinda degisen 12
panelistten (3 kadin, 9 erkek) olusan bir grup
tarafindan gerceklestirilmistir. Duyusal
degerlendirme, her bir lezzet Ozelliginin
yogunlugunun 0 (hi¢ yok) ile 5 (¢ok yogun)
arasinda derecelendirildigi bir skalaya gore
yapimistir. Ornekler oda sicakliginda, 20 mIlik
miktarlarda plastik bardaklarda sunulmus; duyusal
yorgunlugu azaltmak amaciyla su ve galeta ile
birlikte servis edilmistir.

Istatistiksel analiz

Veriler, Minitab  (stirim 17.0) programi
kullamilarak yapilan varyans analizi (ANOVA) ve
Tukey coklu karstlastirma testi ile

degerlendirilmistir. Anlamhlik diizeyi P <0.05 ve
giiven araligt %95 olarak kabul edilmistir. Tim
analizler ti¢ paralel 6rnek Uzerinden yiiritilmis
ve sonuglar 6rnek kuru maddesi Uzerinden
hesaplanarak ‘ortalama T standart hata’ olarak
ifade edilmistir.

BULGULAR VE TARTISMA

Toz 6zellikleri

Yigin yogunlugu ve sikistirilmis yigin yogunlugu,
toz Orneklerin  islenebilirlik  ve  depolama
ozelliklerini etkileyen 6nemli kalite parametreleri
arasinda yer almaktadir (Sakr vd., 2024). Bu
Ozellikler aynt zamanda tozlarn akigkanlik
davranslarint da belirleyici niteliktedir (Zhao vd.,
2023). Matcha 6rnekleri icerisinde en yliksek yigin
yogunlugu ve sikisurlmuis  yigin - yogunlugu
degerleri TM4 6rneginde belirlenmistir (P <0.05)
(Gizelge 1). Ayrica, TM3 Orneginin yogunluk
degerleri JM Ornegiyle istatistiksel olarak benzer
bulunmustur (P >0.05). Literatiirde, buyik
partikiil boyutuna sahip tozlarin 6zgil ylzey
alanlarinin ve partikiller arast bosluklarinin distk;
buna karsilik y1g1n yogunluklarinin yitksek oldugu
bildirilmektedir (Zhu vd., 2022; Zhao vd., 2023).
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Toz o6rneklerin sikistirtlabilirlik 6zellikleri, Carr
indeksi degerine gore ¢ok iyi (<15), iyi (15-20),
zayif (20-35), koti (35-45) ve cok koti (>45)
olarak stniflandirilmaktadir. Hausner oranina gére
ise tozlarin akis 6zellikleri disik (<1.2), orta (1.2-
1.4) ve yuksek (>1.4) dtizeyde
degerlendirilmektedir (Caliskan ve Dirim, 2016).

sikistirilabilirlik ve orta-yiksek akis 6zellikleri
sergiledigi belirlenmistir. Ayrica, matcha tozlari
icerisinde TM3 6rnegi en ylksek Carr indeksi ve
Hausner orant degerini  gOstermistir. Kiiciik
partikilli tozlarin karsilikli yapisma ve agregasyon
olusturma egiliminde oldugu, bu durumun da
akiskanligt olumsuz yonde etkiledigi

Buna goére, tim matcha tozlarinin zayif  belirtilmektedir (Zhu vd., 2022).
Cizelge 1. Matcha 6rneklerinin toz ve fonksiyonel 6zellikleri
Table 1. Powder and functional properties of matcha samples
Sikistirilmisg Suda Su ab .
Matcha Yign yigin . . ¢ozlntrlik 1 Absorpsiyon
.. Lo : y Carr indeksi Hausner . : kapasitesi
ornegi yogunlugu yogunlugu Carr indes: orant indeksi Water
Matcha | Bulk density Tapped bulk 0 .| Water solubility . .
. (%) Hausner ratio . absorption capacity
sample (g/mL) density index /)
(¢/mL) %) &
™M 0.35£0.01¢ 0.51+0.01® 30.63+0.36B | 1.441+0.018 | 32.32+0.165¢ 1.99£0.01F
TM1 | 0.27£0.01P 0.37+0.01¢ 26.28+1.00¢ | 1.36£0.02¢ | 32.231+0.198C 2.52+0.05F
TM2 | 0.26£0.01P 0.38+0.01¢ 0.74+1.08A8 | 1.44+0.02AB | 32.24£0.22BC 2.8410.09P
TM3 | 0.33%£0.01¢ 0.50+0.01® 33.68+0.354 | 1.51£0.014 | 35.76%£0.10A 3.25+0.05¢
T™M4 | 0.45%0.014 0.63+0.017 28.92+0.358C | 1.41£0.018¢ | 30.24+0.36¢ 3.50£0.028
T™5 | 0.4210.01B 0.60£0.014 30.52£0.3848 | 1.44+0.018 | 4.2911.1448 4.2510.05%

* Aynit sttundaki farkls harfler istatistiksel olarak anlamli farkt géstermektedir (P <0.05).
*Different letters in the same column indicate a statistically significant difference (P <0.03).

Suda ¢6ziiniirlitk ve su absorpsiyon 6zellikleri
Suda ¢6zinirlik indeksi, matcha icin 6nemli bir
kalite goOstergesidir. Matcha tozunun yiiksek
¢cozuntrlige sahip olmast, biyoaktif bilesenlerin
daha iyi korunmasini ve dispersiyonlarinda daha
yogun bir renk olusmasini saglamaktadir (Stepient
vd., 2025). Matcha 6rneklerinin suda ¢ozuntrlik
indeksleri  %30.24 ile  %35.76  arahginda
degismektedir (Cizelge 1). Stepien vd. (2025)°de
Cin, Japonya ve Brezilya menseili 4 farklt matcha
orneklerinin - suda  ¢ozunurlik  indekslerinin
%2737 ile %37.40 araliginda  degistigini
bulmuslardir. Matcha Ornekleri icerisinde en
yuksek ¢oziiniirlik indeksi degeri TM3 Srneginde;
en distk ¢ozuntrlik indeksi ise TM4 rneginde
belitlenmistir (P <0.05). TM1 ve TM2 6rnekleri
ise JM Ornegine benzer ¢Ozunurlik indeksi
sergilemistir (P >0.05). Matcha tozlarinin suda
¢ozuntrlik indekslerinin partikiil boyutundan
etkilendigi bildirilmistir (Manikharda vd., 2023).
Kigctik partikiil boyutuna sahip 6rneklerin daha

genis yiizey alanina sahip olmasi, daha fazla sayida
polar grup ve su baglayict bolgenin aciga
ctkmasina neden olarak suda ¢Ozunirlik
indeksinin artmasina katki saglamaktadir (Sakr
vd., 2024). Diger yandan, matcha 6rneginin elde
edildigi cay yapraklarina uygulanan gdlgeleme
islemi ile tozlara uygulanan eleme yontemi gibi
faktorler partikiil boyutunu etkilediginden, bu
durum matchalarin suda ¢oziintrlik indeksini de
etkilemektedir. Partikiil aglomerasyonu da matcha
tozunun ¢6zunlrliginin azalmasina katkida
bulunabilen faktérlerdendir (Dely vd., 2025).

Matcha tozlarinin  su  tutma kabiliyetinin
gostergesi olan su absorpsiyon kapasitesi degerleri
1.99 ile 425 g/g araliginda beliflenmis olup
sonuglar Cizelge 1’de sunulmustur. Najman vd.
(2023) Polonya piyasasindan temin ettikleri 10
farklt matcha tozunun su absorpsiyon kapasitesi
degertlerinin 1.48-3.71 g/g araliginda degistigini
raporlamistir. Benzer sekilde, Dely vd. (2025)’de
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Tunus piyasasindan tedarik ettikleri 3 matcha tozu
Orneginde su absorpsiyon kapasitesi degetlerinin
3.17-3.32 g/g araliginda oldugunu bildirmistit.
Matcha ornekleri icerisinde JM en distk su
absorpsiyon kapasitesini sergilemistir (P <0.05).
TM o6rnekleri JM 6rnegine kiyasla 1.27 ile 2.14 kat

daha  yiksek su absorpsiyon  kapasitesi
gostermistir (P <0.05). Su  absorpsiyon
kapasitesinin,  matcha  tozlarinin  fiziksel
Ozelliklerine  baglt  oldugu  bildirilmektedir.

Ozellikle hiicre zar1 biitiinliigiintin ve hiicre duvart
bilesenlerinin bu parametre tzerinde 6nemli
etkileri oldugu belirtilmistir (Zhao vd., 2023). Bu
baglamda, 6giitme isleminin matcha tozlarinin su
absorpsiyon kapasitesini etkileyebilecek kritik bir
proses oldugu vurgulanmistir (Zhao vd., 2023;
Sakr vd., 2024). Ogiitme sirasinda gozenekli
matris yapilart olusturan ve suyu tutma kapasitesi
yuksek olan polisakkarit zincitlerinin
parcalanmast ve protein denatiirasyonu daha

disik su absorpsiyon kapasitesine neden
olabilmektedir (Zhao vd., 2023; Sakr vd., 2024).
Toplam fenol antioksidan
kapasiteleri

Tencha tipi yesil caydan elde edilen matcha,
geleneksel golgeleme yontemi sayesinde klorofil
ve L-teanin bagta olmak tzere cesitli biyoaktif
bilesiklerin sentezini tesvik eder; bu nedenle
antioksidan bilesikler bakimindan zengin bir
profile sahiptir (Jakubczyk vd., 2020).

igerikleri ve

Bu calismada incelenen matcha 6rnekleri arasinda
toplam fenolik icerigi en yiksek olan TM5
(111.30+1.15 mg GA/g) iken, bunu TM3
(92.73+0.83 mg GA/g) ve TM2 (78.19£0.71 mg
GA/g) izlemistit (Sekil 1a). JM, TM1 ve TM4
ornekleri arasinda toplam fenol igerigi agisindan
istatistiksel anlamda bir fark saptanmamustir (P
>0.05). ABTS yontemiyle belitlenen antioksidan
kapasite acisindan en yiksek deger TM5
(1596.40+21.90 umol Trolox/g) 6rneginde tespit
edilmis, TM1 ve TM3 ile arasindaki fark
istatistiksel olarak anlamli bulunmamustir (P
>0.05). DPPH y6ntemiyle belitlenen antioksidan
kapasitede ise tim Ornekler arasinda fark
saptanmis (P <0.05) ve en yiksek deger TM3
(1481.6014.23 pmol Trolox/g) ardindan ise TM1
(1430.30+6.31 umol Trolox/g) 6rneginde tespit

edilmistir (Sekil 1b). Benzer sekilde Japonya, Cin,
Tunus ve Cekya’da marketten alinan matchalarda
yapilan calismalarda 6rneklerin kimyasal bilesimi,
antioksidan kapasiteleri, toplam fenol, flavonoid,
fenolik asitler, katesin, kafein gibi bilesenler
acisindan bolgeler arasinda farkliik gérilmistir
(Hortie vd., 2017; Kolackova vd., 2020; Luo vd.,
2023; Dely vd., 2025).

DPPH ve ABTS analizletinden elde edilen
sonuclarin stralamast 6rnekler arasinda farklilik
gostermistir. Bu durum, her iki yoéntemin farklt

reaksiyon  mekanizmalarna  ve  ¢Ozici
polaritelerine sahip olmasindan
kaynaklanmaktadir. DPPH yoéntemi lipofilik

antioksidanlarin hem hidrojen atomu hem de
elektron transfer mekanizmalart yoluyla stipiiriici
aktivitesini yansitirken (Gulcin ve Alwasel, 2023),
ABTS analizi hem hidrofilik hem de lipofilik
bilesiklerin ~ hidrojen veya elektron  verici
kapasitesini  6lgen sulu-organik bir sistemde
uygulamaktadir (Cos vd., 2000). Ayrica, ABTS
analizinde kullanilan tampon  ortam,
katesinlerin  radikallerle etkilesimini  kismen
sintrlayabilirken, DPPH yénteminde kullanian
etanol, antioksidan  bilesiklerin  reaksiyon
sistemine daha etkin sckilde dagimasini
saglamaktadir (Kim vd., 2015). Bunun yaninda
karotenoidlerin  DPPH  radikalini  stptrme
kapasitelerinin olmadigi bildirilmistir (Miiller vd.,
2011). Cozucu tipi ve aktif bilesenlerin
¢ozintrligh antioksidanlarin radikal stpiirme
kapasitelerini etkilemektedir (Kim vd., 2015).
Dolayisiyla, matcha 6rneklerinde DPPH ve ABTS
sonugclart arasinda gézlenen siralama farkliiklari
beklenen bir durum olup, literatiirle uyumludur
(Tsai vd., 2008; Kim vd., 2015). Toplam fenolik
icerigi en yitksek 6rnek TM5 olmasina karsin,
DPPH y6ntemiyle en yiiksek antioksidan kapasite

sulu

TM3  Orneginde  belitlenmistir.  Bu  bulgu,
antioksidan aktivitenin yalnizca fenolik bilesiklerle
sinirlt - olmadigini - gdstermektedir.  Cozgenin

polaritesi, farklt bilesiklerin ekstraksiyon verimini
etkileyebilmekte; ayrica C vitamini, pigmentler ve
tokoferoller gibi fenolik olmayan bilesikler de
toplam antioksidan kapasiteye katki
saglayabilmektedir (Lee vd., 2013; Dzari¢ vd.,
2025).
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Sekil 1. Matcha 6rneklerinin toplam fenol (a) ve antioksidan (b) igerigi.
Figure 1. Total phenol (a) and antioxidant (b) content of matcha samples.
*Aynt siitunlarin Gzerindeki farkl harfler istatistiksel olarak anlamlt bir farki géstermektedir (P <0.05).
*Different letters above the same bars indicate a statistically significant difference (P <0.05).

Matcha tozlarinin toplam fenolik bilesik diizeyleri
ve antioksidan kapasiteleri arasindaki farkliliklar,
cayin yetistigi cevresel kosullar, hasat zaman1 ve
yapraklarin olgunluk derecesi, uygulanan isleme
yontemleri ile depolama stireci gibi ¢ok sayida
faktdre baglt olarak degiskenlik gosterebilir.
Bununla bitlikte, ikinci ve Ug¢lncd hasat
dénemlerinde toplanan yapraklarin, birinci hasada
gore daha ylksek diizeyde biyoaktif bilesik
icerebildigi ve bu nedenle saglik agisindan daha
fazla potansiyele sahip olabilecegi ifade edilmistir
(Jakubczyk vd., 2020). Ayrica, calismalarda
kullantlan  ekstraksiyon — yOntemi, seyreltme

(diliisyon) fakt6rt gibi analitik farkliliklar da
sonuclar tizerinde etkili olabilir ve gbzlenen
varyasyonlarin bir kismu bu teknik faktorlerden
kaynaklanabilir.

Klorofil igerigi

Matcha tozlarinin karakteristik yesil rengi temel
olarak icerdigi klorofil pigmentlerinden (klorofil a
ve klorofil b) kaynaklanmaktadir (Jiang vd., 2023).
Bu calismada analiz edilen matcha 6rneklerine ait
klorofil icerikleri Sekil 2°de sunulmustur. Ornekler
arasinda en yiiksek klorofil a, klorofil b ve toplam
klorofil igerikleri TM3 6rneginde belitlenmis olup
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bu 6rnegi TM5 ve JM 6rnekleri takip etmektedir
(P <0.05). Bununla birlikte, TM5 6rneginin
klorofil diizeyleri, istatistiksel olarak JM Ornegiyle
benzer bulunmustur (P >0.05). Sekil 2a’da yer alan
ekstrakt gorsellerinden de acikga goruldiagi tizere,
JM, TM3 ve TM5 o6rnekleri, diger Orneklere

kiyasla daha yiksek klorofil iceriklerine sahip
olup, bu 6rneklerin toplam klorofil diizeyleri 4
mg/¢’nin tzerinde tespit edilmistir. Diger yandan,
TM1 ve TM2 o6rneklerinin  toplam  klorofil
icerikleri diger matcha Orneklerine gére anlaml
derecede daha disik bulunmustur (P <0.05).
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Sekil 2. Matcha Srneklerinin ekstrakt gorselleri (a) ve klorofil degerleri (b).
Figure 2. Images of extracts (a) and chlorophyll values (b) of matcha samples.
*Ayni stitunlarin Gizerindeki farkl harfler istatistiksel olarak anlamli bir farki géstermektedir (P <0.05).
*Different letters above the same bars indicate a statistically significant difference (P <0.05).
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Genel olarak, gblgeleme stiresi, yaprak olgunlugu,
ogutme sekli ve sicaklik gibi isleme parametreleri

klorofil stabilitesini onemli Olciide
etkileyebilmektedir. Ozellikle yiiksek —sicakliga
maruz  kalinmasi  durumlarinda  klorofil
pigmentlerinde degradasyon meydana

gelebilmekte, bu da matcha tozunun yesil renginin
solmasina neden olabilmektedir (Donlao ve
Ogawa, 2019; Kolackova vd., 2020; Sakr vd.,
2024).

Renk ozellikleri

Renk, matcha dahil pek ¢ok gida uriniinde
tiketici tercihini etkileyen temel ézelliklerden biri
olmasinin yant stra, iriin kalitesinin de 6nemli bir
gostergesidir (Dely vd., 2025). Bu nedenle hem
matcha  tozlarmnn  hem  de  matcha
dispersiyonlarinin renk 6zellikleri (¥, a* ve 5%
belitlenerek 6rnek gorselleriyle beraber Cizelge
2’de sunulmustur. Matcha tozlart arasinda en
yiksek L* degeri TM1 6rneginde, en dusik L*
degeri ise TM4 6rneginde belirlenmistir (P <0.05).
Diger yandan, TM3 ve TM5 6rnekleri L* degeri
yontinden JM 6rnegiyle istatistiksel olarak benzer
bulunmustur (P >0.05). Matcha dispersiyonlarinin
L*  degerleri ise  25.75-28.65  arahiginda
degismektedir. Hem matcha tozlarinda hem de
matcha dispersiyonlarinda en digik -a* degeri,
dolayistyla en yogun yesil renk tonu, JM 6rneginde
belirlenmis; bu 6rnegi sirastyla TM3 ve TM5 takip
etmistir (P <0.05). Yesil renk yogunlugu en distik
olan matcha tozu TM4 olarak tespit edilmistir.
Diger yandan, TM4 O&rnegine ait matcha
dispersiyonunda ise kirmizi renk tonunun (+a*)
baskin oldugu gbzlemlenmistir. Tim matcha
orneklerinde +4* degerinin, diger bir ifadeyle sart
renk tonunun, baskin oldugu gérilmistir. Diger
renk o6zelliklerine benzer sekilde hem matcha
tozlarinda hem de matcha dispersiyonlarinda, en
yuksek +54* degeri JM 6rneginde tespit edilirken;
en dustik sar1 renk yogunlugu ise TM4 6rneginde
belirlenmistir (P <0.05). Matcha 6rneklerinin renk
Ozellikleri  arasindaki farkliliklarin  yapraklarin
hasat tarihi, golgeleme uygulamasi ve c¢ay
bitkisinin klonu gibi Ozelliklerinden
etkilenebilecegi belirtilmistir. Genel olarak, yogun
gblgeleme uygulamasi, yesil cay tozlarinda ¥ a*
ve b* degerlerinin daha dusiik olmasina neden
olmakta ve bu durum, ylksek kaliteli matcha

tozlarinin ayirt edici 6zelligi olan karakteristik yesil
renk ile iliskilendirilmistir (Stepient vd., 2025).
Diger yandan matcha 6rneklerinin renk 6zellikleri
tzerinde  klorofil  igeriginin  ve  Sgitme
Ozelliklerinin de belitleyici etkiye sahip oldugu
bildirilmektedir (Dely vd., 2025).

Duyusal 6zellikleri

Matchanin lezzet kalitesi, basta tat ve aroma
olmak tizere duyusal Ozelliklerle yakindan
iligkilidir. Serbest amino asitler, ¢ay polifenolleri
ve L-teanin gibi bilesenler tat profiline énemli
katki saglarken; cay cesidi, tarimsal uygulamalar,
triin kalitesi ve yetistirildigi bolge gibi faktotler bu
profili dogrudan etkilemektedir (Luo vd., 2023).
Burukluk, matchanin lezzet algisinda belitleyici bir
Ozelliktir. Kuersetin-3-O-glukozit, kaempferol-3-
O-rutinozit, EGCG ve kaempferol-3-O-glukozit
gibi bilesiklerin matchadaki burukluk hissinden
sorumlu oldugu belirlenmistir (Xue vd., 2025).
Calismamizda yapilan duyusal analizlerde ‘buruk’
ve ‘otumsu’ 6zelliklerin tim 6rneklerde ortak ve
baskin tanimlayicilar oldugu gérilmektedir (Sekil
3). En yiiksek burukluk TM2 6rneginde, en dustik
burukluk ise JM o6rneginde gdézlemlenmistir.
Panelistler, JM Orneginin tat ve aroma agisindan
genel olarak dusiik yogunluklu bir karaktere sahip
oldugunu belirtmistir. Manikharda vd. (2023),
burukluk algisinin tiketici kabuliinii olumsuz
etkileyebilecegini, matcha tiretiminde uygulanan
gblgelendirme islemlerinin ise buruklukla iliskili
bilesiklerin yogunlugunu azalttigini bildirmistir.

Thurkiye menseli TM1 6rnegi; ‘otumsy’, ‘kinamst’
ve ‘odunumsu’ Ozelliklerin yiksekligiyle, en
belirgin bitkisel tat profiline sahip 6rnek olarak
6ne ctkmaktadir. TM3 ve JM o6rneklerinde ise
‘yosunsu-baligimst’ tat digerlerine kiyasla daha
yogun alglanmustir. Matcha, deniz yosununa
benzer karakteristik aromastyla bilinmesine
ragmen (Luo vd., 2023), bu profil panelistler
tarafindan tiketici kabulli acisindan olumsuz
degerlendirilebilecek ~ bir  Ozellik  olarak
yorumlanmistir. Zhang vd. (2025), matchadaki
yosunsu tat algisina katkida bulunan baslica
bilesiklerin dimetil stlftir, a-iyonon, hekzanal,
benzaldehit  ve  (E)-B-iyonon  oldugunu
bildirmistir. Panelistlerce olumsuz algllanan bir
diger tat olan ‘kinams1’ 6zellik ise tim Srneklerde
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saptanmis; bu 6zellik TM1 6rneginde en yogun,
JM 6rneginde ise en diigitk diizeyde hissedilmistir.
‘Kinamst’  tamimi  kdltiirel olarak  belirli - bir
cografyada yaygin olarak bilinen bir kokuya
dayandigindan, bu duyusal 6zellik uluslararast

literatiirde farklt duyusal terimlerle ifade edilmis
olabilir. Bu durum, duyusal analizlerde kullanidan
tanimlayicilarin  kaltirel koku  hafizasindan
bagimsiz olamayacagini géstermektedir.

Cizelge 2. Matcha 6rneklerinin renk 6zellikleri
Table 2. Color properties of matcha samples

Matcha Matcha tozu Matcha dispersiyonu
Ornegi Matcha powder Matcha dispersion
Matcha 1. e b 1% e b
sample
™ 5399+ | -12.96 = | 37.56 28.65+ | -6.15+ | 18,59 &
0.54 B 0.05F 0.08 A 0.26A | 0.10D | 0.544
T™MI 6209+ | -499 £ | 25.60 = 26.90 + | -2.06 £ | 10.70
0.13 7 0.01¢ 0.08 P 0.13AB | 0.03B | 0.25¢
™M 00.36 = | -4.07 £ | 2447 % 2782+ | -1.91 % | 10.34
0.58 A 0.058 0.10 & 0.54A | 0.078 | 0.16¢
T™M3 51.69 £ | -11.36 £ | 35.85 % 2848+ | -3.70 £ | 13.27
1.058 0.12°F 0.378 0.242 | 0.04¢ | 0.08B
TMA 4516+ | -220% | 2592 % 2592+ | 1.57% | 9.84 %
| 0.83¢ 0.04 A 0.13D 0.058 | 0.044 | 0.04¢€
TMS 5449 £ | 981 % | 3442+ 2575+ | -215% | 13.35 %
0.38 B 0.09 b 0.13 ¢ 0.648 | 0.078 | 0.348

* Aynt stitundaki farkl harfler istatistiksel olarak anlamli farki géstermektedir (P <0.05).

*Different letters in the same column indicate a statistically significant difference (P <0.05).
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Metalik/ Metallic

Kavrulmus/ Roasted

Y osunsu-baligimsi/ Seaweed

Topragumst/ Earthy

Odunumsu-samanimsi/ Straw-
like

Buruk/ Bitter-Astringent

Cigegimsi/ Floral

Meyvemsi/ Fruity

Otumsw/ Green

Kinamsi/ Henna-like

—IM —TM1 —TM2

TM3 —TM4 —TMS5

Sekil 3. Matcha 6rneklerinin duyusal 6zellikleti.
Figure 3. Sensory properties of matcha samples.

Matcha cayinin tat, aroma ve genel duyusal
Ozellikleri; kullanilan ¢ay yapraklarinin gélgelenme
stresi, yetistirildigi cografi konum, iklim kosullari,
hasat zamani ve uygulanan isleme teknikleri gibi
cesitli faktSrlere bagli olarak o6nemli Slciide
degiskenlik g6sterebilir. Ttrkiye’de yetistirilen ¢ay
klonlarindan elde edilen yesil ¢ay tozlari tizerine
yapilan bir calismada (Tontul vd., 2023), farkl
golgelenme  seviyeleri  ve  ardigtk  hasat
dénemlerinde vyetistirilen caylardan elde edilen
yesil ¢ay tozlarinin ugucu bilesik profilleri
belirlenmis ve uygulamalara gbre ayirt edici
bilesikler tespit edilmistir. Cui vd. (2025), Cin’in
farklt bolgelerinden ayni ¢ay cesidi ile islenen
matcha caylarinin duyusal kalite 6zellikleri ve
ucucu olmayan maddelerinin farkli oldugunu
bildirilmislerdir. Dolayisiyla, matchanin tat ve
aroma kalitesini artirmak i¢in golgelendirme
stresi, hasat zamani ve isleme yOntemleri ve
yetistirme bolgesi gibi degiskenlerin  optimize
edilmesi biiytik 6nem tasimaktadir.

SONUC

Bu calismada, Tirkiye ve Japonya menseli matcha
tozlarinin fizikokimyasal ve duyusal 6zellikleri
karsilastirmali olarak incelenmistir. Elde edilen
bulgular, Turkiye menseli matcha tozlarinin toz
Ozellikleri bakimindan Japon menseli driinlere
genel olarak benzerlik gdsterdifini  ortaya
koymaktadir. Bununla birlikte, ¢6zinirlik,
klorofil, fenolik bilesenler ve antioksidan kapasite
acisindan  Turkiye menseli triinler belirgin
tstiinliikler sergilemistir. Ozellikle TM3 6rnegi
yuksek c¢ozuntrlik indeksi, klorofil icerigi ve
DPPH yontemiyle belirlenen  antioksidan
kapasitesi ile 6n plana c¢ikarken, TM5 Ornegi
toplam fenolik madde icerigi ve ABTS yontemiyle
belirlenen antioksidan kapasite agisindan en
yiksek degetlere sahip bulunmustur. Duyusal
analizlerde tim Orneklerde buruk, otumsu,
kinamsi, odunumsu-samanimst ve yosunsu-
baligimst tat profilleri baskin bulunmus; JM 6rnegi
ise tat ve aroma agisindan genel olarak daha dusiik
yogunluklu bir profil sergilemistir. Bu sonuglar,
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Turkiye’de tretilen matcha tozlarinin  kalite
potansiyelini ortaya koymakta olup, uretim
streclerinin optimize edilmesi ile yerli Grinlerin
uluslararast pazarda rekabet glictiniin
artirtlabilecegini gostermektedir.

CIKAR CATISMASI

Yazarlarinin bu calisma ile ilgili olarak herhangi
bir kisi veya kurum ile ¢tkar catismast
bulunmamaktadir.

Bu calismada kapsaminda yapilan analizlerde ve
makalenin yazilmasinda yazarlar esit olarak katk:
saglamistir.
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ABSTRACT

This study employed automatic solvent extraction (ASE) to obtain extracts rich in phenolic and flavonoid
compounds from Hypericum perforatum L. (St. John’s Wort). Response surface methodology (RSM) based on
Box-Behnken Design was used to optimize three factors (solid mass, immersion time and ethanol
concentration). Total phenolic content (TPC), total flavonoid content (TFC), and antioxidant activity
(DPPH and ABTS assays) were evaluated as response variables. Ethanol concentration had the most
significant effect on TPC and TFC, while antioxidant activity was significantly influenced by the H. perforatum
amount. The optimal conditions (0.5 g solid mass, 30 min immersion time and ~30-33% ethanol) yielded
the highest TPC (95.1093 mg-GAE/g-DM), TFC (66.9977 mg-CE/g-DM), antioxidant activity value of
DPPH (38.4081 mg-TEAC/g-DM) and antioxidant activity value of ABTS (42.3328 mg-TEAC/g-DM)
with a desirability index close to 1. Principal component analysis (PCA) supported correlations among the
responses, showing that ASE is a sustainable and effective extraction method.

Keywords: Hypericum perforatnm L., antioxidant activity, green extraction, RSM, PCA.

HYPERICUM PERFORATUML.'"DEN FENOLIK VE FLAVONOIDLER
ACISINDAN ZENGIN BIYOAKTIF MOLEKULLERIN OTOMATIK COZUCU
EKSTRAKSIYONU: OPTIMiIZASYON VE COK DEGISKENLI ANALIZ

oz

Bu calismada, Hypericum perforatum L. (sar1 kantaron) bitkisinden fenolik ve flavonoid bilesikler
acisindan zengin 6zitler elde etmek icin otomatik ¢éziict ekstraksiyonu (ASE) kullanilmistir. Box-
Behnken Tasarimina dayalt tepki ylizey metodolojisi (RSM), ti¢ faktori (katt kiitle, daldirma stiresi ve
etanol konsantrasyonu) optimize etmek icin kullanidmistir. Toplam fenolik icerik (TPC), toplam
flavonoid igerik (TFC) ve antioksidan aktivite (DPPH ve ABTS analizleri) tepki degiskenleri olarak
degerlendirilmistir. Etanol konsantrasyonu TPC ve TFC tzerinde en Onemli etkiye sahipken,
antioksidan aktivite H. perforatum miktarindan 6nemli 6l¢iide etkilenmistir. Optimum kosullar (0.5 g
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katt kiitle, 30 dakikalik daldirma stresi ve ~%30-33 etanol) en yiksek TPC'yi (95.109 mg-GAE/g-
DM), TFC'yi (66.998 mg-CE/g-DM), DPPH'nin (38.408 mg-TEAC/g-DM) antioksidan aktivite
degerini ve ABTS'nin (42.333 mg-TEAC/g-DM) antioksidan aktivite degerini, 1'e yakin bir arzu
edilirlik indeksiyle vermistit. Temel bilesen analizi (PCA), yanitlar arasindaki korelasyonlari
desteklemis ve ASE'nin strdurtlebilir ve etkili bir ekstraksiyon yontemi oldugunu gostermistir.
Anahtar kelimeler: Hypericum perforatum L., antioksidan aktivite, yesil ekstraksiyon, RSM, PCA.

INTRODUCTION

Hypericum perforatum L. also known as St. John’s
Wort is a medicinal plant due to its bioactive
properties such as antioxidant, antimicrobial and
anti-inflammatory effects (Tumbarski et al,
2024). The antioxidant activity of H. perforatum is
generally attributable to its phenolic and flavonoid
contents (Cossuta et al., 2012). Considering the
growing interest in natural antioxidants, H.
perforatum extracts have been attracting attention
as potential ingredients in functional food
formulations (Jakubczyk et al.,, 2021; Lim et al.,
2025; Misina et al., 2025; Sanchez-Muniz et al.,
2012; Kaloteraki, C., et al., 2021). Therefore,
recovery of the active materials from H. perforatum
with maximum yield and quality is of great
significance. ~ Ultrasound-assisted  extraction
(Kakouri et al., 2023; Seyrekoglu et al., 2022;
Seyrekoglu and Temiz, 2020) and microwave-
assisted extraction (Milutinovi¢ et al., 2024) were
used for obtaining bioactive molecules from H.
perforatum  in  earlier studies. Unlike these
conventional assisted methods, the recovery of
phenolic- and flavonoid-rich extracts from H.
perforatum was performed using automatic solvent
extraction (ASE) in the present study. ASE is
considered as a promising green extraction
technique due to its properties such as efficiency
(high recovery), speed (shorter extraction time),
environmentally friendly (low solvent
consumption) and reproducibility (automation
and control possibilities) (Chemat et al., 2019).
Since the extraction efficiency of ASE is
influenced by multiple factors (time, solid/solvent
ratio, concentration of the solvent), response
surface method (RSM) was employed as a
statistical optimization tool to determine the best
conditions for maximizing bioactive compound
recovery. Box-Behnken Design (BBD) was
chosen as one of the most common designs used
in RSM due to the fact that it requires less
experimental runs than central composite designs
(Szpisjak-Gulyas et al.,, 2023). Moreover, BBD

avoids extreme factor combinations that might
cause degradation of thermolabile compounds
(Ahmad et al., 2020). Therefore, it is unavoidable
to adopt for improving the recovery of phenolic
and flavonoid compounds from H. perforatum.

To the best of our knowledge, this is the first
study to investigate the application of ASE
coupled with statistical optimization for the
extraction of bioactive compounds from H.
perforatum. In addition, the present study integrates
principal component analysis (PCA) with RSM to
provide a comprehensive evaluation of the
extraction parameters and the responses. Total
phenolic content (TPC), total flavonoid content
(TFC) and antioxidant activity (measured by
ABTS and DPPH assays) were accepted as
response vatiables. This comprehensive approach
will present ASE as a sustainable method for
producing  high-quality  extracts from H.
perforatum.

MATERIALS AND METHODS

Materials

Dried plant material was purchased from a local
herbal store in Istanbul, Turkey. The samples
were stored in sealed containers at ambient
conditions until the extraction step. Chemicals
and reagents (ethanol, methanol, Folin-Ciocalteu
reagent, gallic acid, sodium carbonate, aluminum
chloride, catechin, trolox, ABTS (2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid)) and DPPH
(2,2-diphenyl-1-picrylhydrazyl)) were of analytical
grade (298% purity) and obtained from Sigma-
Aldrich (St. Louis, MO, USA).

Automatic solvent extraction was performed

using an autoextractor (VELP Scientifica,
Usmate, Italy). Spectrophotometric
measurements were petformed by UV-Vis
spectrophotometer PG Instruments,

T60/Leicestershire, England).

Extraction
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Active ingredients were extracted from H.
perforatum using the automatic solvent extractor.
This system owns five times the speed of a
Soxhlet. Glass cup containing was filled with 80
mL solvent (aqueous ethanol). The glass cups
were then filled with the cellulose extraction
thimbles (single thickness, 33 mm x 80 mm,

Whatman, Maidstone, UK) that held the solid
samples.

The overall workflow of the experimental
procedure, including the steps from sample
preparation to data analysis, is summarized in
Figure 1.

TPC TFC
DPPH :ABTS

Hypericum Grinding Sieving
perforatum L. 1 [ e 2

Automatic solvent
extraction (ASE) #

’ [ Spectrophotometric 1
measurements  *

‘ Box-Behnken design-RSM ]

[ PCA analysis ]

‘ Interpretation & 4
visualization

Validation of optimum
conditions v

Figure 1. Schematic representation of the experimental workflow, illustrating the steps from sample
preparation to data analysis.

The ASE system was programmed to run through
the following steps: immersion time (variable
according to the design), removing time (0 min),
washing time (20 min), recovery time (30 min),
and cooling time (5 min). For each extraction run,
the solvent was freshly prepared to ensure
consistency and to avoid any possible

contamination or solvent degradation between
experiments.

Table 1 represents the process parameters and
their levels determined by the preliminary
experiments.

Table 1. Process parameters, units, symbols, and coded levels.

Process Parameter Units Symbol - Code%levels 1
Solid mass g A 0.5 1 1.5
Immersion time min B 10 20 30
Solvent concentration %, v/v C 30 60 90

Spectrophotometric measurements

TPC, TFC and antioxidant activity (DPPH and
ABTS)  determinations  were  measured
spectrophotometrically. The  Folin-Ciocalteu
colorimetric method was used to determine the
TPC amount in the extracts (Sahin, 2015). The
sample of the extract was mixed with pure water.
Folin-Ciocalteu solution that had been diluted
was added to the extract that had been diluted and
mixed. The sodium carbonate solution was added

and left for 30 min. The absorption was found at
a wavelength of 760 nm. The amount of TPC was
given as mg of gallic acid equivalent per gram of
dried material (mg-GAE/g-DM).

TFC was determined by aluminum chloride
colorimetric assay as described in (Sakanaka et al.,
2005). A complex between flavonoids and
aluminum chloride is formed, causing to color
change in the solution. Then, this color change is
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measured under 510 nm of wavelength. The
absorbance values measured were compared to a
reference flavonoid solution (catechin) to
determine the TFC. The amount of TFC was
given as mg of catechin equivalent per gram of

dried material (mg-CE/g-DM).

Antioxidant activity values of the extracts were
determined by DPPH and ABTS assays,
respectively. These two methods represent the
ability of the extract to scavenge free radicals. The
color changes of the solution in DPPH and ABTS
assays were measured at 517 nm and 734 nm,
respectively  (Sahin, 2015). The antioxidant
activity values were given in trolox equivalent
antioxidant capacity per gram of dried matter
(mg-TEAC/g-DM).

Box-Behnken design

BBD with three factors and three levels was
applied. The independent variables selected were
solid mass (A, g), extraction time (B, min) and
ethanol concentration (C, % v/v). Each variable
was studied at three coded levels (-1, 0, +1) as
given in Table 1. The experimental design
consisted of 17 runs including replicates at the
center point to estimate the pure error. The
responses (dependent variables) were TPC and
TFC. Minitab statistical software 22 (Minitab Inc.,
State  College, PA, USA) was wused for
experimental design, regression analysis and
response surface modeling.

Multivariate data analysis

Principal Component Analysis (PCA) was applied
to reduce the dimensionality of the dataset and to
visualize correlations among total phenolic
content (TPC), total flavonoid content (TFC),
and antioxidant activities (DPPH and ABTS).
Prior to analysis, data were standardized, and PCA
was carried out on the correlation matrix to
eliminate the effect of differences in measurement
scales. PCA was performed using Minitab®
Statistical Software, vetsion 22.2.1 (64-bit)
(Minitab LLC, State College, PA, USA). Score
plots and biplots were generated to assess sample
clustering and to reveal the association between
measured variables.

RESULTS and DISCUSSION

Effect of process parameters on the bioactive
substances of the Hypericum perforatum
extract

Table 2 summarizes the design matrix of the
experimental study with the measured variables
(TPC, TFC and antioxidant acitivity values
measured by 2 assays) for the recovery of H.
perforatum extract through the ASE system.

TPC values ranged from 33.592%0.003 mg-
GAE/g-DM to 94.840+0.001 mg-GAE/g-DM,
while TFC values in the H. perforatum extract were
between 30.714£0.004 mg-CE/g-DM  and
66.9201£0.001 mg-CE/g-DM. When the process
conditions are evalauted, it is seen that the highest
TPC and TFC values are observed under 30%
ethanol conditions (Table 2). On the other hand,
90% ethanol gave rise to produce poor yields of
TPC and TFC as seen in Table 2. Consequently,
the same tendency was observed for both TPC
and TFC towards the extraction conditions. This
can be also supported by the positive strong
correlation between the TPC and TFC values of
the extracts (r=0.9034).

Actually, analysis of variance (ANOVA) test
(Table 3) also supports that solvent concentration
was the most significant factor influencing both
TPC and TFC values with the highest F-values
(P<0.001). This finding is also supported by the
derived quadratic models (Eq.1 and Eq.2), where
there are strong negative coefficients for the
ethanol concentration. This shows that relatively
low ethanol concentration favours the extraction
of phenolic and flavonoid compounds. This can
be explained by some factors such as polarity,
hydrogen bond interactions and matrix swelling
properties. First of all, water is more polar than
ethanol. Therefore, the solvent gets more polar
when the water concentration is higher than
ethanol concentration in the solution (Ozbek et
al., 2020). So, 30% ethanol (v/v) causes the
diffusion of much more polar phenolics and
flavonoids from the solid matrix comparing to
90% ethanol. Another explanation might be the
role of water as swelling agent for the plant
matrix, which enhances the mass transfer of the
solute into the solvent (Rodriguez De Luna et al.,
2020).
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Table 2. Process parameters and experimental results for the total phenolic content, total flavonoid
content and antioxidant activity (DPPH and ABTS).

Solid Immersion Solvent
Run  mass time concentration IPC TFC DPPH ABTS
© (min) Yo /) (mg-GAE/g-DM)  (mg-CE/g-DM) (mg-TEAC/g-DM) (mg-TEAC/g-DM)
1 0.5 30 60 76.115£0.003  53.878+0.002  38.808+0.000 42.456%t 0.000
2 1 20 60 65.174£0.006  47.869+0.001 19.285+0.001  21.295%+0.000
3 1 10 90 33.849+0.004  30.714+0.004 19.387£0.004 21.243%+0.001
4 1.5 30 60 71.2274£0.003  49.720+0.006  12.403£0.001  14.123%+0.001
5 0.5 10 60 62.98210.003  50.809+0.002  38.625+0.001  42.126%+0.001
6 1.5 20 90 33.592+0.003  32.242+0.001  12.940£0.002  14.25410.000
7 1 30 30 94.8401£0.001  64.1461£0.004 19.000£0.001  21.188%0.000
8 1.5 20 30 89.62210.004  65.069+0.001 11.89610.002  14.200%0.001
9 1 20 60 69.6081£0.001  47.019+0.006 18.797£0.003  21.061%£0.001
10 1 10 30 81.47610.002  52.494+0.001 18.8651£0.000 21.086%0.000
11 1 20 60 64.8071£0.004  47.023+0.001 18.960£0.002  21.2454+0.001
12 1 30 90 49.698+0.003  32.14210.006 19.364£0.002 21.34410.001
13 0.5 20 30 93.022+0.006  66.920£0.001  37.896%0.001 42.155+0.000
14 1 20 60 65.0601£0.004  48.973+0.001 19.374+£0.001  21.328%0.000
15 1.5 10 60 55.0851£0.003  42.774+0.001 12.507£0.004 14.158%0.000
16 0.5 20 90 45.692+0.001  43.218+0.001  38.935%£0.000 42.39410.000
17 1 20 60 66.5101£0.004  46.14710.001 19.016£0.002 21.031%£ 0.001

Abbreviations: DM, dried matter; GE, equivalents of gallic acid; TPC, total phenolic content; CE, equivalents of
catechin; TFC, total flavonoid content; TEAC, Trolox equivalent antioxidant capacity; DPPH, DPPH radical
scavenging activity (2,2-diphenyl-1-picrylhydrazyl); ABTS, ABTS radical scavenging activity (2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid)).

* Data are given as the mean (n=3)*standard deviation.

Table 3. Analysis of variance for the responses.

Source DF  AdjSS Adj MS F-Value P-Value
Model 9 5364.00 596.00 134.84 0.000
Linear 3 533593  1778.64 402.39 0.000
Solid mass (g) 1 100.01 100.01 22.62 0.002
Immersion time (min) 1 427.61 427.61 96.74 0.000
Solvent concentration (%o,v/v) 1 4808.32  4808.32 1087.81 0.000
Square 3 5.34 1.78 0.40 0.756
Solid mass (g)*Solid mass (g) 1 0.43 0.43 0.10 0.765
Immersion time (min)*Immersion time (min) 1 0.16 0.16 0.04 0.852
Solvent concentration(%o,v/v)*Solvent concentration 1 4.80 4.80
TPC o /) ( ) 1.09 0.332
2-Way Interaction 3 22.73 7.58 1.71 0.251
Solid mass (g)*Immersion time (min) 1 2.26 2.26 0.51 0.497
Solid mass (g)*Solvent concentration (%o,v/v) 1 18.92 18.92 4.28 0.077
Immersion time (min)*Solvent concentration 1 1.54 1.54 0.35 0.573
(%o,v/v)
Error 7 30.94 4.42
Lack-of-Fit 3 14.94 4.98 1.25 0.404
Pure Error 4 16.00 4.00
Total 16 5394.94
Model . . . . _
R?=99.43%, R? (adjusted)=98.69%, R? (predicted)=95.10%
summary
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Source DF  AdjSS Adj MS F-Value P-Value
Model 9 182241 202.49 211.00 0.000
Linear 3 1666.04 555.35 578.68 0.000
Solid mass (g) 1 78.25 78.25 81.54 0.000
Immersion time (min) 1 66.67 66.67 69.47 0.000
Solvent concentration (%,v/v) 1 1521.12  1521.12 1585.02 0.000
Square 3 105.66 35.22 36.70 0.000
Solid mass (g)*Solid mass (g) 1 82.95 82.95 86.44 0.000
Immersion time (min)*Immersion time (min) 1 27.37 27.37 28.52 0.001
Solvent concentration(%,v/v)*Solvent concentration 1 0.00 0.00 0.00 0.972
TFC (Yo,v/v)
2-Way Interaction 3 50.71 16.90 17.61 0.001
Solid mass (g)*Immersion time (min) 1 3.76 3.76 3.92 0.088
Solid mass (g)*Solvent concentration (%o,v/v) 1 20.82 20.82 21.69 0.002
Immersion time (min)*Solvent concentration 1 26.13 26.13 27.23 0.001
(%o,v/v)
Error 7 6.72 0.96
Lack-of-Fit 3 2.17 0.72 0.63 0.631
Pure Error 4 4.55 1.14
Total 16 1829.13
Model _ . _ . _
R2=99.63%, R? (adjusted)=99.16%, R? (predicted)=97.72%
summary
Source DF  AdjSS Adj MS F-Value P-Value
Model 9 1539.36 171.04 2715.37 0.000
Linear 3 1366.61 455.54 7231.94 0.000
Solid mass (g) 1 1365.50 1365.50 21678.24 0.000
Immersion time (min) 1 0.00 0.00 0.07 0.796
Solvent concentration (%,v/v) 1 1.10 1.10 17.49 0.004
Square 3 172.72 57.57 914.03 0.000
Solid mass (g)*Solid mass (g) 1 171.44 171.44 2721.78 0.000
Immersion time (min)*Immersion time (min) 1 0.06 0.06 0.94 0.366
Solvent concentration(%o,v/v)*Solvent 1 0.01 0.01 017 0.691
DPPH concentration (%o,v/v) ' ’ ' ’
2-Way Interaction 3 0.03 0.01 0.14 0.932
Solid mass (g)*Immersion time (min) 1 0.02 0.02 0.33 0.585
Solid mass (g)*Solvent concentration (%o,v/v) 1 0.00 0.00 0.00 0.992
Immersion time (min)*Solvent concentration 1 0.01 0.01 0.10 0.762
(%o,v/v)
Error 7 0.44 0.06
Lack-of-Fit 3 0.21 0.07 1.26 0.401
Pure Error 4 0.23 0.06
Total 16 1539.80
Model . . _ . _
R2=99.97%, R2 (adjusted)=99.93%, R? (predicted)=97.75%
summary
Source DF  AdjSS Adj MS F-Value P-Value
Model 9 1788.60 198.73 17088.27 0.000
Linear 3 1579.18 526.39 45262.64 0.000
Solid mass (g) 1 1579.11 1579.11 135781.32 0.000
Immersion time (min) 1 0.03 0.03 2.67 0.147
Solvent concentration (%,v/v) 1 0.05 0.05 3.95 0.087
ABTS Square 3 209.37 69.79 6000.98 0.000
Solid mass (g)*Solid mass (g) 1 208.07 208.07 17890.77 0.000
Immersion time (min)*Immersion time (min) 1 0.00 0.00 0.01 0.914
Solvent concentration(%,v/v)*Solvent 1 0.00 0.00 0.31 0.597
concentration (%o,v/v)
2-Way Interaction 3 0.04 0.01 1.20 0.377
Solid mass (g)*Immersion time (min) 1 0.03 0.03 2.86 0.134
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Solid mass (g)*Solvent concentration (%o,v/v) 1 0.01 0.01 0.74 0.419
Immersion time (min)*Solvent concentration 1 0.00 0.00 0.00 0.996
%oy /v)
Error 7 0.08 0.01
Lack-of-Fit 3 0.01 0.00 0.11 0.947
Pure Error 4 0.07 0.02
Total 16 1788.68
Model R?= 100.00%, R? (adjusted)=99.99%, R? (predicted)=99.99 %
summary
TPC = 100.72 — 3.9 Solid mass (g) + 0.536 Immersion time (min) 1)
— 0.571 Solvent concentration (%, v/v)
+ 1.27 Solid mass (g) * Solid mass (g) — 0.0020 Immersion time (min)
* Immersion time (min)
— 0.00119 Solvent concentration (%, v/v) * Solvent concentration (%, v/v)
+ 0.150 Solid mass (g) * Immersion time (min)
— 0.1450 Solid mass (g) * Solvent concentration (%, v/v)
+ 0.00207 Immersion time (min) * Solvent concentration (%, v/v)
TFC = 67.62 — 36.52 Solid mass (g) + 1.626 Immersion time (min) 2

— 0.1395 Solvent concentration (%, v/v)
+ 17.75 Solid mass (g) * Solid mass (g) — 0.02550 Immersion time (min)
* Immersion time (min)
+ 0.000019 Solvent concentration (%, v/v) * Solvent concentration (%, v/v)
+ 0.1938 Solid mass (g) * Immersion time (min)
— 0.1521 Solid mass (g) * Solvent concentration (%, v/v)
— 0.00852 Immersion time (min) * Solvent concentration (%, v/v)

The adequacy of the derived models was
confirmed by high coefficients of determination
(R? as seen in Table 3. R2, R? (adjusted) and R2
(predicted) are all higher than 0.95 for TPC,
whereas the R2? values of TFC were also in good
agreement with each other by extremely
satisfactory results (>0.95). Additionally, the
models had non-significant lack-of-fit value
(P>0.05), showing that the detrived models by
Box-Behnken design describe the data without
systematic bias (Chen and Chen, 2025).

Additionally, other parameters were also found
statistically significant for both TPC and TFC as
given in Pareto charts (Figure 2). Figures 2a and
2b display the superior effect of the ethanol
concentration over the other process terms on the
phenolic and flavonoid yields.

The interaction effects between the variables can
be observed in 3D response surface plots (Figures
3 and 4). Figure 3 indicates that the solvent

concentration had the strongest negative effect,
followed by immersion time and solid mass for
the TPC yield. Figure 3a shows that solid mass
decreases the yield under the constant solvent
volume, which is expectable (Wong et al., 2013).
Because increasing the amount of solids restricts
the penetration of the solvent into the plant
matrix. So, the solute cannot be released from the
matrix. On the other hand, TPC increases slightly
as time increases as seen in Figure 3a. This
extraction interval (30 min) is also in agreement
with the report of Pan et al.,, where the risk of
phenolics breaking down beyond 30 min was
observed (Pan et al., 2010). However, the main
determining factor is the solvent concentration as
shown in Figures 3b and 3c. Increasing the
ethanol concentration decreases the yield shatply.
This result is consistent with that of Lohvina et al.
(Lohvina et al.,, 2021). They observed the same
ethanol effect on the extraction of total phenolics
from the seeds of fenugreek.



Recovery of bioactives from Hypericum perforatum L. via statistical methods

Pareto Chart of the Standardized Effects
(response is TPC (mg-GAE/g-DM); a = 0,05)
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Pareto Chart of the Standardized Effects
(response is TFC (mg-CE/g-DM); ¢ = 0,05)
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Figure 2. Pareto chart of standardized effects for TPC (a) and TFC (b) obtained by the Box-Behnken
design.
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Figure 3. Response surface plot showing the combined effect of solid mass and immersion time (a),
solid mass and solvent concentration (b) and immersion time and solvent concentration (c) on total
phenolic content of the H. perforatum extract.
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Figure 4. Response surface plot showing the combined effect of solid mass and immersion time (a),
solid mass and solvent concentration (b) and immersion time and solvent concentration (c) on total
flavonoid content of the H. perforatum extract.
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The quadratic effects of solid mass and its
interaction with time were also significant for the
TEC yield as seen in the curved surface (Figure
4a). These trends are also supported with the
ANOVA and Pareto analyses as described earlier
(Table 3 and Figure 2). Since there is a strong
correlation between TPC and TFC (+>0.90), the
tendency of the responses towards the parameters
are generally similar (Figures 3b, 3c, 4b and 4c).

Effect of process
antioxidant capacity of the
perforatum extract

As already presented in Table 2, antioxidant
activity values of DPPH test were between
11.896%0.002 mg-TEAC/g-DM and
38.935£0.000 mg-TEAC/g-DM in the H.
perforatum extracts obtained by the ASE system. In
case of ABTS assay, the antioxidant activity values
in the extract changed from 14.123%£0.001 mg-
TEAC/g-DM to 42.456%£0.000 mg-TEAC/g-
DM. Furthermore, there was a perfect correlation
between the results of 2 antioxidant activity assays
(r=0.9992). When the effects of the parameters
are evaluated, it can be seen that low solid mass
(0.5 g) gave rise to the highest antioxidant
capacities for both method, while 1.5 g of plant
material (high mass) produced the lowest
antioxidant activity values (Table 2). This effect
was also recorded during the solid-liquid
extraction of antioxidants from grape by-products
(Pinelo et al., 2000). It was observed that high
DPPH =

parameters on the
Hypericum

solid concentration reduced the extraction
efficiency, decreasing the antioxidant capacity.
The highest linear and second power effects of
plant material amount can be also obsetved in
ANOVA results with the highest F-values at
P<0.0001 (Table 3) and the Pareto charts (Figure
5). The linear and second power effects of time
and ethanol concentration show non-significant
effects (Table 3, Figures 5a and 5b). Even though
solvent concentration and extraction time
significantly influenced TPC and TFC (Figure 2
and Table 3), they did not significantly affect the
antioxidant capacities (Figure 5). This means that
other components such as lipophilic or other
antioxidant substances might be responsible of
antioxidant capacity independent of phenolic and
flavonoid concentrations. This is also evident
from the lack of correlation between antioxidant
activity results and TPC/TFC (£<0.06).

Eq. 3 and Eq. 4 also support the observed trends,
where there are strong negative influences of
increased solid mass on the DPPH and ABTS
radical scavenging activities. Antioxidant activity
models derived by Box-Behnken design showed
even higher predictive performance with R?
values exceeding 0.999 (Table 3). The lack-of-fit
test was not also significant (P>0.05). To
conclude, it has been confirmed that these models
based on the Box-Behnken design can reliably
predict extraction performance.

69.78 — 76.90 Solid mass (g) 3)

— 0.0227 Immersion time (min) + 0.0217 Solvent concentration (%, v/v)
+ 25.524 Solid mass (g) * Solid mass (g) + 0.00118 Immersion time (min)
* Immersion time (min)
— 0.000056 Solvent concentration (%, v/v) * Solvent concentration (%, v/v)
— 0.0144 Solid mass (g) * Immersion time (min)
+ 0.00008 Solid mass (g) * Solvent concentration (%, v/v)
— 0.000132 Immersion time (min) * Solvent concentration (%, v/v)

ABTS =

76.675 — 83.786 Solid mass (g) 4

+ 0.0269 Immersion time (min) + 0.00174 Solvent concentration (%, v/v)
+ 28.118 Solid mass (g) * Solid mass (g) — 0.000059 Immersion time (min)
* Immersion time (min)
+ 0.000032 Solvent concentration (%, v/v) * Solvent concentration (%, v/v)
— 0.0183 Solid mass (g) * Immersion time (min)
— 0.00308 Solid mass (g) * Solvent concentration (%, v/v)
— 0.000001 Immersion time (min) * Solvent concentration (%, v/v)
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Pareto Chart of the Standardized Effects
(response is DPPH (mg-TEAC/g-DM); o = 0,05)
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Figure 5. Pareto chart of standardized effects for DPPH (a) and ABTS (b) obtained by the Box-
Behnken design.

As shown in the response surface plots (Figures 6
and 7), both antioxidant assays (DPPH and
ABTS) responded in a highly consistent manner
to the process variables. This can be explained by
the fact that both assays measure radical
scavenging activity based on single electron
transfer reactions, leading to strong correlation

(Knez et al., 2025). Therefore, similar trends were
observed in response to the ASE conditions.
Imensek et al. also recorded a high correlation
between the DPPH and ABTS in the antioxidant
activity values of elderberry fruits (Imensek et al.,
2021).
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Figure 6. Response surface plot showing the combined effect of solid mass and immersion time (a),

solid mass and solvent concentration (b) and immersion time and solvent concentration (c) on DPPH
antioxidant activity values of the H. perforatum extract.
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Figure 7. Response surface plot showing the combined effect of solid mass and immersion time (a),
solid mass and solvent concentration (b) and immersion time and solvent concentration (c) on ABTS
antioxidant activity values of the H. perforatum extract.
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The solid mass exerted the most significant
influence, where increasing solid loadings caused
a sharp decline in antioxidant activity as observed
in Figures 6a, 6b, 7a and 7b. High solids loading
limits mass transfer and diffusion at constant
solvent volume, while reducing the solvent
penetration into the matrix. This causes to
saturate the medium and reduce the antioxidant
transfer. It has been clearly demonstrated that
high solids loading reduces phenolic/tannin yields
in various biomasses (Ozdemir et al., 2024; Song
et al.,, 2025).

However, solvent concentration and immersion
time were not significant (Figures 6¢c and 7c).
Similarly, the maximum is reached around 10 min
under the optimized extraction conditions of
bioactive molecules from brown macroalga
sargassum horneri (Song et al., 2025). After 10
min, there was no recovery of bioactives. This is
in agreement with the poor time effect at 10-30
min in the current design (Figures 6a, 6¢, 7a and

The congruent responses of DPPH and ABTS
(Figures 6 and 7) verify the ANOVA results
(Table 3, Figures 5a and 5b), where only solid
mass was statistically significant. The previous
reports also support that high solid-to-solvent
ratios decrease the efficiency of free radical
scavenging due to mass transfer limitations
(Bhadange et al., 2024; Vo et al., 2023; Wu et al.,
2024).

Multi-response optimization

Table 4 summarizes the numerical optimization
outcomes. The extraction conducted with 0.5 g of
dried H. perforatum, an immersion time of 30
minutes, and an ethanol concentration of
approximately 30-33 % (v/v) yielded the highest
responses. The overall desirability value of 0.994
confirms that the selected conditions are very
close to the global optimum (Harkat-Madouri et
al., 2025; Karabegoi¢ et al., 2023). The strong
agreement between the measured and predicted
data demonstrates that the optimization model

7c). provides a reliable representation of the
experimental system.
Table 4. Optimization results.
Parameter Value Response Experimental Fitted Desirability

value value

. TPC
Solid mass (g) 0.5 (me-GAE/g- DM) 94.504 95.109

L . TFC
Immersion time (min 30 67.103 66.998

(min) (mg-CE/g-DM) 0,994
. DPPH '
0,

Solvent concentration (%o, v/v)  33.030 (mg-TEAC/g-DM) 37.805 38.408
ABTS 43.104 42.333

(mg-TEAC/g-DM)

On the other hand, these measured variables in
the H. perforatum extract is close to those of the
carlier studies (Alahmad et al., 2022; Kaplan et al.,
2021). Alahmad et al. extracted H. perforatum with
different solvents, where they found the TPC
value to be =93.2 Mg-GAE/g in methanol and
~604.4 Mg-GAE/g in ethanol (Alahmad et al.,
2022). Kaplan et al. found that increasing the
liquid/solid ratio in 45% ethanol increased the
TPC, where 50.7 Mg-GAE /g was measured at a
1/20 ratio and 60.5 Mg-GAE/g at a 1/40 ratio
(Kaplan et al., 2021).

Principal component analysis

PCA accounted for 99.0% of the total variance,
signifying that almost all variations in the dataset
were well represented. The first principle
component (PC1) possessed an eigenvalue of
2.35, accounting for 58.7% of the variance, and
the second principal component (PC2) had an
eigenvalue of 1.61, elucidating an additional
40.3%. Together, PC1 and PC2 captured nearly
the entire variation, providing a clear distinction
among the experimental runs based on their
bioactive properties.
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As seen in the score plot (Figure 8a), the runs
were grouped according to their bioactive
properties. Runs 7 and 13 were associated with
PC1 and showed the highest TPC and TFC

values. Runs 1, 5 and 16, on the other hand, were

PC2 (40,3 %)

PC2 (40,3 %)

Figure 8. (a) PCA score plot of extraction runs based on TPC, TFC, DPPH, and ABTS values, with
each sample labelled by run number. (b) PCA biplot showing the relationships between the variables
(TPC, TFC, DPPH, ABTS) and sample distribution along the principal components (PC1, PC2).
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The biplot (Figure 8b) supported these findings.
TPC and TFC were grouped along PCI,
confirming their close relationship (R2>0.90),
while DPPH and ABTS clustered on PC2,
showing their strong correlation (R2>0.99), as
antioxidant assays. Overall, the results show that
the extraction conditions affected both the
amount and the composition of the phenolic
compounds. Less concentrated solvent systems
(around 30% ethanol) encouraged phenolic and
flavonoid enrichment (Runs 7 and 13), while
higher ethanol levels (60-90%) enhanced radical
scavenging capacity (Runs 1, 5 and 16). In
summary, PCA successfully separated the extracts
enriched in phenolic and flavonoid compounds
from those showing greater antioxidant activity,
emphasizing the role of solvent concentration in
shaping the bioactive profile.

CONCLUSION

Bioactive compounds from Hypericum perforatum
L. were recovered by automatic solvent with RSM
optimization effectively. The concentration of
ethanol and solid mass were determined to be
statistically significant factors affecting the yields
of phenolic compounds, flavonoids, and
antioxidant activity at P<0.0001. Optimum
extraction conditions (0.5 g of plant, 30 min of
extraction and ~30% ethanol) gave the highest
yields with a satisfying desirability function
(0.994). The observed phenolic and flavonoid
yields were similar or superior to the earlier
studies on the H. perforatum extract. Furthermore,
the results of the DPPH and ABTS tests for
antioxidant activity were very similar, which
proved the reliability of the current findings. The
last but not the least, PCA distinguished the H.
perforatum extracts high in phenolics/flavonoids
from those with better radical scavenging
capacity. This result also supports the affect of
extraction parameters on the bioactive profiles.
To conclude, the proposed extraction system can
be recommended as a fast and environmentally
friendly technique for producing high quality of
H. perforatum extracts with potential applications
in functional food formulations.
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ABSTRACT

This study investigated and compared the physicochemical, color, textural, and sensory properties of Kashar
cheeses produced by traditional and industrial methods. For this purpose, 24 samples were collected: four
from each of the four local producers in Ardahan and two from the national-scale industrial producers. The
pH values of the samples varied according to the production type, with the lowest levels observed in the
traditional samples (5.67-5.98). The external I* values ranged from 75.26 to 84.70, being higher in industrial
samples. Traditional cheeses showed stronger yellow tones, as reflected by their higher #* values. Regarding
texture, the adhesiveness of the cheese samples ranged from 0.63 to 1.56 mJ (p < 0.05). Sensory evaluation
indicated that the traditional sample TK2 received the highest scores across all attributes. The results indicate
that traditional Kashar cheeses differ in certain quality attributes and may be suitable for geographical
indication and quality-based labeling.

Keywords: Dairy products, geographical indication, traditional cheese, cheese composition, texture, sensory
evaluation

GELENEKSEL VE ENDUSTRIYEL KASAR PEYNIRLERININ
FiZIKOKIMYASAL, TEKSTUREL, RENK VE DUYUSAL OZELLIKLER
ACISINDAN KARSILASTIRMALI DEGERLENDIRILMESI

oz
Bu calisma, geleneksel ve endustriyel yontemlerle tretilen kasar peynitlerinin fizikokimyasal, renk,
tekstlrel ve duyusal 6zelliklerini arastirmis ve karsilastirmistir. Bu amacla, Ardahan’daki dért yerel
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treticinin her birinden dért adet olmak tizere toplam 24 o6rnek ile ulusal Slgekli endiistriyel
tireticilerden iki 6rnek toplanmustir. Orneklerin pH degerleri tiretim yontemine gére degismis olup en
dusiik seviyeler geleneksel 6rneklerde gozlenmistir (5.67—5.98). Dis ylizey L* degerleri 75.26 ile 84.70
arasinda degismis ve endistriyel 6rneklerde daha yitksek bulunmustur. Gelencksel peynirlerde ise
daha yiiksek /* degetlerinin yansittigl tzere daha glcli sar1 tonlart gézlenmistir. Tekstiirel agidan,
peynir 6rneklerinin yapiskanlik degerleri 0.63 ile 1.56 m] arasinda degismistir (p < 0.05). Duyusal
degerlendirmede ise geleneksel TK2 6rnegi tim 6zelliklerde en yitksek puanlart almistir. Sonuglar,
geleneksel kasar peynirlerinin bazi kalite 6zelliklerinde farklilik gésterdigini ve cografi isaret ile kalite
odakli etiketlemeye uygun olabilecegini géstermektedir.

Anahtar kelimeler: Stt Uriinleri, cografi isaret, geleneksel peynir, peynir bilesimi, doku, duyusal

degerlendirme

INTRODUCTION

The food industry is highly competitive,
particularly among multinational corporations
and small enterprises (Zhang et al., 2019). In this
context, traditional foods are defined as
expressions of culture, history, and lifestyle that
embody cultural heritage, influence dietary
patterns, and potentially provide health benefits
(Trichopoulou et al., 2007). The dairy industry,
which constitutes an important part of this
traditional food group, has a long and rich history.
Moreover, globally, cheese production shows
great variation depending on the type of milk
used, cultural practices, production techniques,
packaging, and storage conditions (Koboyeva and
Giizeler, 2025). To date, more than fourteen
hundred traditional cheese types have been
identified wotldwide, each characterized by
distinctive aroma, flavor, and texture (Istk et al.,
2020).

In this regard, cheese, in general, reflects the
geographical and cultural context from which it
originates. In line with this, each locality produces
distinctive cheese varieties that provide a sensory
representation of its unique territorial identity
(Berno and Fusté-Forné, 2020). Traditional
cheeses are shaped by a combination of factors,
including local dietary practices, climatic
conditions, topography, the  botanical
composition of meadows and pastures, livestock
breeds, farming systems, and the intergenerational
transfer of cheese-making knowledge and skills
(Kalit et al., 2024).

Kashar cheese, a pasta-filata type Turkish cheese,
is traditionally produced and is often used in pizza
and toast making (Topcu et al., 2020). It shares

similarities with cheeses from Balkan countries
(Kashkaval, Kasseri) and Italy (Caciocavallo,
Provolone, Mozzarella) in terms of production
and chemical composition (Kavak and Karabiyik,
2019). In particular, it can be made from sheep’s
milk, cow’s milk, or a mixture of both in certain
proportions. Its composition typically includes
24.2% protein, 4.2% ash, 41.9% moisture, 25.1%
fat, and 4.6% salt (Cetinkaya and Soyutemiz,
2000). Based on its composition, Kashar cheese is
classified as semi-hard: its acidified curd is scalded
in hot (75-80°C) salty (4—-5%) water and kneaded
to achieve the desired texture and shape.
Subsequently, it is ripened at 8-12°C and 70-75%
RH for 3—6 months to develop its characteristic
aroma and texture (Ozturkoglu-Budak et al,
2021). As a fermented milk product, Kashar
cheese develops its unique aroma and texture
depending on factors such as the source of milk,
the diversity of raw materials, and the production
and ripening processes (Yildirim-Mavis et al.,
2022). According to official statistics, Tirkiye
produced 237,632,940 kg of Kashar cheese in
2023, making it the country’s second most
produced traditional cheese (TUIK, 2025).

Conversely, while local supply chains contribute
significantly to added-value generation, animal
welfare, and biodiversity, global supply chains are
superior in  cost-effectiveness, operational
efficiency, and certain environmental metrics
(Schmitt et al., 2016). Nevertheless, globalization
and industrialization have also led to the erosion
of regional uniqueness and diversity. In practice,
today, large-scale cheese production typically
relies on pasteurized milk and standardized
inputs, with cheesemakers often sourcing dairy
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cultures and rennets from a limited number of
global suppliers (Ostaric et al., 2022).

The present study aimed to compare the
physicochemical, color, textural, and sensory
properties of traditional and industrially produced
Kashar cheeses. Accordingly, by conducting a
comprehensive analysis of these parameters, the
study sought to highlight the influence of
production methods on cheese quality.
Ultimately, understanding these differences is
critical not only for enhancing consumer
satisfaction and product consistency but also for
safeguarding traditional manufacturing practices
in the face of growing industrialization in the dairy
sectof.

MATERIAL AND METHOD

Sample Collection

In this study, Kashar cheese samples, including
four produced regionally in Ardahan province
and two obtained from large-scale industrial
producers, were purchased from sales points and
transported to the laboratory under cold chain
conditions. Upon arrival, all samples were stored
at —18 °C until analysis. Prior to testing, the
cheeses were thawed at 4 °C for 12 h in order to
minimize potential structural changes, then milled
and homogenized with a kitchen blender to
obtain a uniform matrix. Six independent cheese
samples were collected from each producer to
account for biological variability, in addition to
the technical replicates performed during the
analyses. This approach ensured that the results
reflected not only analytical precision but also
natural variation among products from the same
brand or production source, thereby improving
the robustness and reliability of the statistical
analyses. All physicochemical, color, and textural
analyses were performed in triplicate to ensure
accuracy and reproducibility.

Physicochemical Analysis

The pH values of the cheese samples were
determined by homogenizing 10 g of sample in
100 mL of distilled water, followed by direct
measurement with a calibrated digital pH meter
(Mettler Toledo, Greifensee, Switzerland).

Moisture  content (%) was  determined

gravimetrically by drying the samples in a hot-air
oven at 105 £ 2 °C until a constant weight was
achieved, with results calculated based on the
initial and final weights. Sodium chloride content
was quantified using the classical Mohr titration
method, in which chloride ions in the sample were
precipitated with silver nitrate in the presence of
potassium chromate as an indicator. Fat content
was analyzed using the Soxhlet extraction method
with  petroleum ether as the solvent.
Approximately 5 g of each homogenized sample
was placed in a cellulose thimble and subjected to
continuous solvent extraction in a Soxhlet
apparatus for 6 h. Total protein content was
determined using the Kjeldahl method, which
involved sample digestion with concentrated
sulfuric acid in the presence of a catalyst, followed
by neutralization and distillation of the released
ammonia. The resulting nitrogen content was
converted to protein using a factor of 6.38, as
recommended for milk and dairy products

(AOAC, 2000).

Texture Profile Analysis (TPA)

Cylindrical cheese samples (25 mm diameter X 25
mm height) were compressed twice along the
fiber axis using a 50.8 mm cylindrical probe
(TA25/1000). The analysis was conducted with a
pre-test speed of 2 mm/s, a test speed of 3 mm/s,
and a recovery time of 3 s, with the deformation
set at 50%. From the resulting force—time curves,
the following texture parameters were calculated:
hardness, adhesiveness, cohesiveness,
springiness, chewiness, and resilience.

Color Measurement

Instrumental color analysis was carried out using
a chromameter (CR-200, Minolta Co., Osaka,
Japan) based on the CIELAB color space, where

L*  represents  lightness, a*  denotes
redness/greenness, and b* corresponds to
yellowness/blueness.

Sensory Evaluation

The sensory properties of Kashar cheeses were
evaluated by a semi-trained panel consisting of 20
academic staff members (9 male, 11 female) from
Ardahan University. Cheese samples were cut into
2 cm?® pieces, equilibrated at room temperature
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(22-25 °C) for 1 h, and then presented in random
order on white plastic plates labeled with unique
codes unrelated to the experimental groups.
Bread and water were provided to the panelists
for palate cleansing between samples. Evaluations
were conducted in a standardized sensory analysis
room illuminated with white light. Panelists
assessed  attributes contributing to overall
acceptability, including aroma (intensity and
characteristic milky odor), texture (hardness,
elasticity, and mouthfeel), and appearance (color
uniformity and surface characteristics). A five-
point hedonic scale (1 = dislike extremely, 5 = like
extremely) was used for all evaluations. Data were
recorded on a standardized response form, and
mean values were used for statistical analysis
(Koboyeva and Giizeler, 2025).

Statistical Analysis

Statistical analyses were performed using SPSS
version 24 (SPSS Inc., Chicago, IL, USA). One-
way analysis of variance (ANOVA) was applied to
evaluate differences among the sample means,
and Duncan’s multiple range test was employed
for post-hoc comparisons at a significance level of

p < 0.05.

RESULTS AND DISCUSSION
Physicochemical Quality Indicators of
Traditional Kashar Cheese

Traditional cheeses in the Eastern Mediterranean
region are predominantly produced using milk
from indigenous livestock breeds. This is because
the unique pedoclimatic conditions of the area
largely determine which animals are best suited
for dairy farming. Consequently, sheep and goat
milk are the primary raw materials for cheese
production. However, due to the seasonal nature
of milk supply and the consistently high demand
for cheese, cow’s milk is also occasionally used.
Many small-scale producers rely on milk from
native breeds that are specifically adapted to local
environmental conditions. These breeds, in
combination  with  traditional  production
techniques, play a crucial role in shaping the
distinctive sensory and quality attributes of
cheeses (Kalit et al., 2024).

The main differences in cheese properties stem
from the composition of raw milk and its
physicochemical characteristics. Acidity is further
influenced by factors such as moisture, lactose
and salt contents, ripening, and glycolytic and
lipolytic  activities. ~During ripening, the
conversion of lactose to lactic acid lowers the pH,
which later changes depending on the cheese type.
Salt content is a key physicochemical factor,
directly affecting water activity, moisture,
ripening, and fermentation, while also influencing
protein levels and pH (Akkaya, 2024).

The physicochemical analysis results presented in
Table 1 demonstrate significant differences
between traditional (TK) and industrial (IK)
Kashar cheese samples. According to the Turkish
Food Codex Cheese Notification No. 2015/6,
samples TK1 and TK3 did not comply with the
moisture content requirements; however, their
other compositional parameters fell within the
acceptable regulatory limits.

The pH values of the cheese samples differed
significantly among groups (p < 0.01). The lowest
pH levels were observed in the traditional
samples, whereas the highest wvalues were
recorded in the industrial samples. The generally
lower pH in traditional cheeses may be explained
by variations in starter cultures, extended ripening
periods, and more acidic environmental
conditions. Salt content was typically higher and
more variable in the traditional samples, most
likely due to manual salting practices and
producer-specific differences. These differences
between traditional and industrial groups were
also found to be statistically significant (p < 0.01).
According to the Turkish Food Codex, the
maximum allowable salt content for Kashar
cheese is 4% on a dry matter basis. In the present
study, the salt levels of Kashar cheeses produced
in Ardahan, as well as those of industrially
manufactured samples, were found to be well
below this regulatory limit. Koboyeva and
Giizeler (2025) reported the salt content of
Kashar cheese to range between 1.81% and
2.20%, which is consistent with values previously
documented in the literature.
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Moisture content, a critical parameter affecting
cheese maturity, shelf life, and texture, also varied
widely in traditional samples, and these
differences were statistically significant (p < 0.01).
In addition, with the exception of TK4, the
differences in protein levels among the other
samples were not statistically significant (p >
0.05). In the industrial samples, the fat content
was very similar (22.77% and 22.98%), a finding
that can be attributed to the effects of milk
standardization practices commonly employed in
industrial ~ cheese  production.  Statistically
significant differences in fat content were also
observed between the groups (p < 0.01).

Oksiiztepe et al. (2009) reported that the moisture
(35.85%) and pH (5.49) values of vacuum-
packaged Kashar cheeses marketed in Elazig were
lower than those observed in the present study,
whereas the salt content (2.74%) was
comparatively higher. In a study conducted by
Isik et al. (2020) in Mus province, the average

protein, fat, and salt contents of Kashar cheeses
were reported as 27.05%, 25.92%, and 4.11%,
respectively. In the present study, the protein
contents of Kashar cheese samples produced in
Ardahan were generally comparable to this value,
except for sample TK4. However, all Ardahan
samples exhibited significantly lower fat and salt
contents compared with the Kashar cheeses
produced in Mus.

Finally, these physicochemical findings revealed
clear  compositional  differences  between
traditional and industrial Kashar cheeses. The
greater variation observed in traditional cheeses
likely results from differences in production
techniques and processing conditions, whereas
industrial cheeses exhibit more homogeneous and
controlled properties. These findings are highly
relevant for the standardization of product
quality, shelf life, and sensory characteristics.

Table 1. Physicochemical analysis of Kashar cheeses

Samples pH Salt (%0) Moisture (%) Protein (%) Fat (%)
TK1 5.67£0.01» 1.80£0.10¢ 47.9610.18¢ 25.8610.800 17.55£1.98»
TK2 5.69%0.03# 1.90£0.004 44.1710.064 24.9810.93b 20.7212.04
TK3 5.98%0.01b 2.1710.15¢ 46.3010.20¢ 28.36+2.15> 18.78+1.47x
TK4 5.98£0.04b 1.40£0.10b 41.5510.202 20.0210.712 23.41+1.3100
IK1 6.1220.02¢ 1.23£0.062 43.01+0.17> 24.6012.32b 22.77+1.27°
IK2 6.15%0.00¢ 1.40£0.00P 43.7510.10¢ 25.561+2.18b 22.98%0.56>

Significance ok ok ok ok ok

TK: Traditional Kashar samples, IK: Industrial Kashar samples
¢ Different superscript letters in the same column represent significant differences between cheese samples

(» < 0.05)

Color and Textural Characteristics

Color and texture are two of the most important
parameters that affect the quality of cheese. These
parameters guide consumer choice and are
important elements of quality. As the first
perceived feature, color can determine the
primary judgment of consumers regarding a
product. Another important aspect is that the
sensory properties of food can be subjectively
changed by color (Fresno and Alvarez, 2012).
Previous studies have reported that the initial milk
composition, production technology, additives,
and fat addition are effective in improving cheese

color. However, revealing the relationships
between the physicochemical and sensory
properties of cheese can be used to evaluate the
quality of cheese and predict the reactions of
consumers (Poltorak et al., 2015). Texture profile
analysis (TPA) uses double-bite compression to
imitate the compression action of the molar teeth
during mastication. Although texture analyzers
are not a complete substitute for sensory analysis,
there are significant correlations between sensory
textural parameters and TPA parameters in
cheese (Delgado et al,, 2011).
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The color characteristics of the Kashar cheeses
are listed in Table 2. Color measurements of both
the internal and external cheese surfaces revealed
statistically significant differences (p < 0.05)
among the samples. Industrial cheeses (IK1 and
IK2) exhibited higher external I* wvalues,
indicating a lighter color, whereas some
traditional samples (TK2 and TK3) showed lower
internal L* values, suggesting a deeper yellow hue,
potentially influenced by raw milk quality or
traditional ripening conditions. Regarding the
external @* values, TK1 and 1K1 had less negative
readings (—4.72 and —4.20), corresponding to a
mote neutral red hue, whereas TK3 and TK4
presented more negative values (—6.48 and

—7.10), indicating stronger green undertones. The
internal &* values were notably higher in the
traditional samples (e.g., TK2: 32.93), reflecting a
more intense yellow tone. This may be attributed
to variations in fat content, milk type, or
processing techniques typical of artisanal
production. As a result, traditional cheeses
displayed richer color profiles (lower I* and
higher /*), which may serve as sensory and visual

indicators of authenticity and traditional
character. Moreover, traditional production
exhibited a more heterogeneous  color
distribution, whereas industrial production

offered a more consistent and lighter tone.

Table 2. Color analysis of Kashar cheeses

Internal External

Samples L* a* b* L* a* b*
TK1 80.6210.18< -4.431£0.994 29.04+0.19¢ 78.05£0.14c -4.72£0.03¢ 27.08%0.374
TK2 75.4210.292  -596£0.03> 32.93%0.35f 76.19£0.19> -5.01£0.04¢ 26.35%0.10¢
TK3 79.48+0.59> -6.2410.022 30.60%£0.09¢ 75.26%0.222  -6.48%0.01> 29.52£0.20¢
TK4 86.0210.28F -6.04+0.04> 27.76%£0.15¢ 78.50£0.97¢ -7.10£0.082 29.42+0.25¢
1K1 82.941+0.07d -4.26+0.01¢ 19.20£0.012  83.35£0.29¢ -4.20£0.01f 16.90£0.092
1IK2 85.19+0.32¢  -5.75+0.07¢ 21.26%+0.14> 84.70%£0.21¢ -5.80£0.12¢ 20.67£0.50p

Significance Kk *ok Kk *ok Kk *ok

TK: Traditional Kashar samples, IK: Industrial Kashar samples
+f Different superscript letters in the same column represent significant differences between cheese samples

(» < 0.05)

Koboyeva and Giizeler (2025) investigated the
effects of regional and seasonal variation on the
quality attributes of Kars Kashar cheese, focusing
on physicochemical. Their findings revealed that
cheeses produced during the summer exhibited
higher dry matter, fat, ash, salt, and total free fatty
acid content, whereas spring cheeses had higher
protein levels. In terms of colot, spring cheeses
were lighter and had more green and blue hues,
whereas summer cheeses appeared slightly darker
with increased red and yellow tones.

The textural properties of the Kashar cheese
samples are presented in Table 3. Significant
differences observed for all textural
parameters (p < 0.05). Traditional samples,
particularly TK3 and TK4, exhibited higher
for gumminess, chewiness, and

were

values

cohesiveness, indicating firmer, more elastic, and
more chewable structures. Among them, TK4
recorded the highest chewiness value (438.50 m]).
Remarkably, the lowest and highest values for
hardness, gumminess, and chewiness were found
in traditional kashar cheeses. This suggests a
significant heterogeneity in the textural properties
of cheeses produced using traditional methods,
and therefore a significant difference in terms of
standardization. Overall, traditional cheeses are
characterized by more complex and robust
textural profiles, which may enhance sensory
acceptance and consumer preference. Traditional
samples exhibited denser and more elastic
structures, whereas industrial products were
softer and less chewy. These differences are likely
attributable  to  variations in  production
techniques and ripening times.
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Table 3. Texture profile of Kashar cheeses

Samples Hagl]r)less Adh?rslil})e 1SS Resilience  Cohesiveness Sp r(i;%liqt;ess Gum(an)iness Chewiness (m])
TK1 25.64£3.49¢  1.06£0.35%¢  0.21£0.02¢  0.53%0.04¢ 8.54£2.15¢  13.63+1.89*  115.87£29.432
TK2 93.12£6.79¢ 0.80£0.56®>  0.16£0.04»  0.36%0.06 6.86£0.56*  33.91+4.84c  234.491+50.56>
TK3 82.81+£9.48«d  1.17+0.662bc  0.28%0.024  0.59£0.03¢  7.91+0.18>c  49.29+7.22d  389.48%53.48¢
TK4 90.08£11.09dc  1.42%0.56><  0.30£0.01¢  0.62£0.024  7.87£0.10bc  55.7526.66¢  438.50%53.164
IK1 60.78%6.17b 0.6310.43*  0.15£0.01»  0.36%+0.022 6.47£0.29¢  22.261+3.58> 144.48+28.542
IK2 74.88+5.88¢ 1.56£0.77¢  0.18£0.01>  0.47+0.02>  7.08%0.23?>  35.58%£3.18< 251.76%20.26P

Significance ok * ok ok ok ok ok

TK: Traditional Kashar samples, IK: Industrial Kashar samples
¢ Different superscript letters in the same column represent significant differences between cheese samples

(p < 0.05)

Eroglu et al. (2015) conducted a study on the
physicochemical and textural properties of 30
different brands of Kashar cheese produced in
Turkiye. Using hierarchical cluster analysis, the
cheeses were classified according to their
physicochemical and textural characteristics.
However, no strong or consistent correlations
were found between chemical composition and
textural parameters, most likely due to the
combined influence of multiple intrinsic and
extrinsic factors affecting cheese texture during
production and storage.

Isik et al. (2020) evaluated traditionally aged
Kashar cheeses produced in Mus, Tirkiye, and
reported L%, a* and /* values of 65.42,-3.26, and
12.23 for the intetior, and 56.21, —3.45, and 10.83
for the exterior, respectively. In comparison, the
Kashar cheese samples analyzed in the present
study exhibited higher I.* and #* values, indicating
a lighter appearance with more pronounced
yellow tones. The #* values obtained were slightly
more negative, reflecting a stronger green hue.
With respect to texture, Isik et al. documented
markedly high hardness (up to 5727 g) and
chewiness (2634 g-cm), whereas the values
recorded in our study were considerably lower.
Collectively, these results demonstrate that both
the color and textural attributes of traditional
Kashar cheeses are profoundly influenced by
region-specific production conditions,
underscoring the necessity of standardization

efforts and further research into the effects of
processing variables.

Sensory Profile Assessment

Sensory analysis is a multidisciplinary method
used to evaluate human responses to food
consumption; however, it involves a highly
complex structure, as sensory perception
encompasses multiple dimensions. Traditional
sensory analysis methods are generally preferred
in both industry and academia for detecting
different stimuli (Torrico et al., 2023). Widely
applied in diverse industrial areas such as quality
control, product design, and marketing, sensory
analysis remains the primary tool for analyzing
and modeling data obtained from experts, trained
panelists, and consumers through factorial
multivariate methods (Zeng et al., 2008).

Table 4 presents the sensory parameters of the
Kashar cheese samples and indicates that TK2
was the most appreciated, achieving the highest
scores for appearance (4.30), aroma (3.90), and
overall acceptability (4.25). In contrast, the
industrial samples (IK1 and IK2) received the
lowest overall scores (2.20 and 2.40, respectively),
which may be associated with their relatively
weaker performance in texture and color
attributes. Finally, sensory evaluation findings
clearly indicated that consumers showed a
stronger preference for traditionally produced
cheeses, perceiving them as more appealing in
terms of flavor, texture, and visual quality.
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Table 4. Sensory properties of Kashar cheeses

N;;?nl;eé:f Typical Aroma Texture Appearance Ac(c}e;rz{)ﬁity
TK1 3.10£1.29¢ 3.50£0.94bc 3.55£0.75bc 3.60%1.14¢
TK2 3.90£0.96¢ 3.80£0.76¢ 4.30£1.124 4.25%0.854
TK3 3.05£1.05b¢ 3.65£0.93¢ 4.05£0.82<d 3.70£0.73¢
TK4 2.45%0.88 3.25%1.01bc 3.15£0.67> 2.80£0.69>
IK1 1.95%+0.822 2.95£1.092 1.8520.092 2.20£0.83¢
IK2 2.15%0.74 2.55£1.09- 1.70£0.73» 2.40£0.88

Significance ok Hok ok ok

TK: Traditional Kashar samples, IK: Industrial Kashar samples
+d Different supersctipt letters in the same column represent significant differences between cheese samples

(» < 0.05)

CONCLUSION

Aligned with the study objective, traditional
Kashar cheeses exhibited distinct and superior
characteristics in terms of sensory, textural, and
color properties compared with their industrial
counterparts. These differences can be attributed
to several factors inherent to traditional cheese
production, including the use of raw or minimally
processed milk, longer ripening periods, non-
standardized microbial flora, and wvariations in
manual techniques. Such practices tend to
produce cheeses with more complex structures,
richer flavor profiles, and distinctive visual appeal.
In contrast, industrial production, while ensuring
hygiene, uniformity, and efficiency, often results
in products with less pronounced sensory and
structural attributes, likely due to standardized
milk sources, mechanical processing, and shorter
ripening times. Traditional Kashar cheeses thus
demonstrated superior performance in terms of
flavor profile, texture, and consumer preference.
By comparison, industrial cheeses offered
advantages in consistency and standardization,
particularly regarding color and physicochemical
properties. Taken together, these findings
highlight the influence of processing methods,
milk quality, and ripening conditions on cheese
characteristics, and suggest that production type
plays a critical role in determining final product

quality.

Beyond quality considerations, the results
emphasize the importance of preserving and
promoting traditional cheese-making practices as

valuable elements of cultural heritage and
gastronomic identity. Moreover, the identified
differences support the use of such qualitative
markers in geographical indication applications,
regulatory frameworks, and consumer-oriented
labeling strategies. These findings can also guide
producers in both sectors toward optimizing
product development to meet evolving consumer
expectations for quality, authenticity, and sensory
satisfaction. Therefore, this study not only
confirms the distinctive superiority of traditional
Kashar cheeses in key quality parameters but also
provides a scientific foundation for their
differentiation in national and international
markets. Ultimately, such recognition contributes
to sustainable local food systems and the
advancement of value-added dairy production.
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