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juice to marinade on the formation of malondialdehyde, glyoxal,
and methylglyoxal in red meat

Giileren SABUNCULAR!, Buse SARIKAYA?, Esra GUNEY?, Yagmur YESIL3, Hatice KOSTERELI?,

Mustafa YAMAN*

Cite this article as:

Sabuncular, G., Sarikaya, B., Giiney, E., Yesil, Y., Kostereli, H., Yaman, M. (2025). Effects of adding pomegranate (Punica granatum L.) juice to mari-
nade on the formation of malondialdehyde, glyoxal, and methylglyoxal in red meat.
Food and Health, 11(3), 208-218. https://doi.org/10.3153/FH25017

! Marmara University, Faculty of Health
Sciences, Department of Nutrition and
Dietetics, Istanbul, Tiirkiye

2Amasya University, Faculty of Health
Sciences, Department of Nutrition and
Dietetics, Amasya, Tiirkiye

3 Department of Nutrition and Dietetics
(Graduate), Faculty of Health Sciences,
Marmara University, Istanbul, Tiirkiye

“#Istanbul Sabahattin Zaim University, Faculty
of Engineering and Natural Sciences,
Department of Molecular Biology and
Genetics, Istanbul, Tiirkiye

ORCID IDs of the authors:
G.S. 0000-0001-5922-295X
B.S. 0000-0001-8555-6662
E.G. 0009-0001-9505-5076
Y.Y. 0009-0001-5644-9718
H.K 0009-0002-5754-1310
M.Y. 0000-0001-9692-0204

Submitted: 31.01.2025

Revision requested: 27.02.2025
Last revision received: 09.03.2025
Accepted: 18.03.2025

Published online: 31.05.2025

Correspondence:
Giileren SABUNCULAR

E-mail: gulerenserin@hotmail.com

(©MOM

© 2025 The Author(s)

Available online at
http://jths.scientificwebjournals.com

ABSTRACT

This study investigated the impact of pomegranate juice (Punica granatum L.) as a marinade com-
ponent on the formation of lipid oxidation- and glycation-related compounds in meat. Three different
marination treatments (pomegranate juice, marinade, and a combination of both) and three marination
durations (2, 6, and 24 hours) were applied. Malondialdehyde, glyoxal, and methylglyoxal levels
were analysed via HPLC. The results revealed that pomegranate juice significantly reduced glyoxal
formation, with the lowest glyoxal level recorded at 13.0 pg/100 g after 2 hours of marination
(p<0.001). In contrast, 6-hour marination with traditional marinade resulted in the highest glyoxal
level (174.6 ng/100 g). The malondialdehyde levels were lowest in the pomegranate juice group after
24 hours (109.3 pg/100 g), whereas the methylglyoxal levels peaked at 24 hours (468.3 pg/100 g).
The combination of pomegranate juice and marinade had intermediate effects, reducing oxidation but
maintaining moderate methylglyoxal. This study is limited by its focus on specific markers and the
exclusion of sensory attributes and other potential oxidation markers. Factors such as meat type, fat
content, and pH were not evaluated. Pomegranate juice shows promise as a natural antioxidant, but
further studies should explore sensory evaluation, different meat types, and the long-term stability of
antioxidant effects during storage to enhance practical applications.

Keywords: Glycation, Lipid oxidation, Marination, Pomegranate juice, Red meat
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Introduction

Red meat plays a vital role in human nutrition because of its
high nutritional content (Libera et al., 2021). However, the
methods used in its preparation and consumption signifi-
cantly impact both food safety and the sensory attributes of
meat, such as flavour and aroma (Ashaolu et al., 2023). Grill-
ing, one of the most popular cooking techniques for red meat,
is particularly favoured alongside methods such as stewing
and boiling (Li et al., 2023). Despite its widespread use, grill-
ing and other high-temperature cooking methods are associ-
ated with the formation of mutagenic and hazardous com-
pounds, which pose significant health risks, including an in-
creased risk of cancer (Bukowska et al., 2023).

The thermal processing of meat, such as grilling, leads to the
production of harmful compounds, including lipid oxidation
products such as glyoxal (GO), methylglyoxal (MGO), and
malondialdehyde (MDA), which negatively affect both food
safety and human health (Yu et al., 2024). Lipid oxidation, a
primary factor in meat quality degradation, not only alters fla-
vour but also results in the production of harmful compounds
associated with diseases such as cardiovascular disorders,
cancer, and diabetes (Inan-Eroglu et al., 2020; Macho-Gon-
zalez etal.,2021). Additionally, cooking processes contribute
to the formation of advanced glycation end products (AGEs)
through the Maillard reaction, particularly during high-tem-
perature cooking methods such as frying and grilling (Inan-
Eroglu et al., 2020). These AGEs are linked to chronic dis-
eases, including cancer and diabetes, with GO and MGO
serving as key precursors in their formation (Schalkwijk &
Stehouwer, 2020; Wan et al., 2024).

To address these health risks, research has increasingly fo-
cused on natural antioxidants as potential solutions to miti-
gate the formation of harmful compounds during thermal pro-
cessing. Polyphenols, which are abundant in various natural
sources, have shown promise as effective antioxidants in
meat and meat products (Dominguez et al., 2019; Papuc et
al., 2017). For example, phenolic extracts from sources such
as pomegranate, green tea, grape seeds, and rosemary have
been found to reduce lipid and protein oxidation, whereas
phenolic-rich marinades have been shown to mitigate cook-
ing-induced chemical hazards (Dong et al., 2020; Gibis &
Weiss, 2012; Keskekoglu & Uren, 2014).

In response to consumer demand for healthier and more nat-
ural food options, the meat industry is increasingly incorpo-
rating natural antioxidants such as polyphenols, flavonoids,
and organic acids to replace synthetic additives (Hassanpour
& Doroudi, 2023). Pomegranate, Punica granatum L. (P.

granatum), with its high phenolic content and potent antioxi-
dant properties, has emerged as a particularly promising nat-
ural preservative. Known for its health benefits, including an-
titumour and antioxidant effects, pomegranate holds signifi-
cant potential for enhancing the nutritional value and safety
of meat products (Singh et al., 2023).

Marination, a critical step in meat processing, enhances the
tenderness, flavour, and shelf life of meat while also reducing
the formation of harmful compounds during cooking
(Ehsanur Rahman et al., 2023). Studies suggest that incorpo-
rating pomegranate juice into marinades can increase meat
quality and reduce the formation of hazardous compounds,
such as MDA, GO, and MGO, during cooking (Altun et al.,
2024; Aydemir et al., 2024; Guo et al., 2021; Liu et al., 2014;
Matthaiou et al., 2014; Yu et al., 2024).

Pomegranate juice, characterised by its rich profile of organic
acids, phenolic compounds, and natural sugars, presents a
multifaceted advantage as a marination component. Unlike
conventional acidic marinades, it not only offers a balanced
pH and antimicrobial efficacy but also contributes to the nu-
tritional enhancement of meat products through its bioactive
compounds. Moreover, its potent antioxidant capacity effec-
tively mitigates lipid oxidation, thereby improving both the
safety and sensory attributes of marinated meat (Gullon et al.,
2020; Lytou et al., 2018). These multifaceted benefits sup-
ported its selection as a marinade component in this study.

This study aims to investigate the impact of adding pome-
granate juice to meat marinades on the formation of MDA,
GO, and MGO in red meat cooked at high temperatures. It is
hypothesised that varying the duration of marination and the
inclusion of pomegranate juice will significantly affect the
levels of these harmful compounds, thereby offering a poten-
tial strategy for improving the health and safety of grilled
meat.

Materials and Methods

Preparation of Samples

Pomegranates (P. granatum L.) were obtained from a local
market in Gazipasa, Antalya, and the pomegranate juices
were squeezed by pressing. The beef tenderloin was obtained
from local markets. The meat was sliced into equal thick-
nesses of 100 grams each, and 9 samples were obtained for
different applications. Three different marinades (only pom-
egranate juice, only marinade, and marinade + pomegranate
juice) and three different marinade times (2, 6, and 24 hours)
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were applied. The application types and sample numbers are
given in Table 1.

Marinating the Meat Samples

For the marination treatments, 30 mL of pomegranate juice
or 30 mL of the standard marinade solution was applied indi-
vidually to ensure a consistent liquid volume across all the
samples. To evaluate the combined effects of pomegranate
juice and the standard marinade, 30 mL of each solution (to-
talling 60 mL) was utilised, maintaining a fixed concentration
of pomegranate juice across all experimental groups. The
marination process involved complete immersion of the meat
samples in the marinade, with intermittent mixing to promote
uniform absorption. During subsequent analyses, only the
marinade absorbed by the meat matrix was evaluated, exclud-
ing excess surface liquid. This approach ensured that the ini-
tial marinade volume did not influence the final analytical
measurements, thereby providing reliable and comparable re-
sults across different treatment samples. The marinade solu-
tion contained 1.54% salt, 0.0068% black pepper, 0.0059%
onion, 0.0146% coral mole, and 0.0008% rosemary
(McKenna et al., 2003). One hund red grams of meat was mar-
inated in 30 ml of marinade liquid for 2, 6, and 24 hours (M2,
M6, and M24, respectively). One hundred grams of meat was
mixed with 30 ml of pomegranate juice for 2, 6, or 24 hours
(P2, P6, P24). One hundred grams of meat was marinated in
30 ml of pomegranate juice + 30 ml of marinade mixture for
2, 6, or 24 hours (PM2, PM6, or PM24). The meat was mari-
nated via the immersion method. To ensure consistency
across all samples, the marination solutions were prepared in
standardised volumes and concentrations. Each sample was
fully submerged in the designated marinade, with consistent
mixing applied to maintain uniform exposure to the marina-
tion solution. The marinating process was conducted at a con-
trolled temperature below 4.4°C to prevent microbial growth
and ensure sample stability (Smith & Acton, 2000).

Cooking the Meat Samples

Following the marination period, the meat was cooked on an
electric grill at 230°C, a temperature commonly used in

household grilling practices. The cooking process was con-
tinued until the internal temperature of the meat reached
75°C, which aligns with the recommended safe cooking tem-
perature for red meat according to food safety guidelines. The
internal temperature of the meat was monitored and regulated
via a probe thermometer. The cooked meats were then pack-
aged separately and labelled with the corresponding sample
number. The prepared samples were vacuum-packed to pre-
vent contact with oxygen and stored at -18°C until analysis.

Chemical Analysis
AGE Precursors (Glyoxal and Methylglyoxal)

Analyses of glyoxal (GO) and methylglyoxal (MGO) in the
samples were performed using an HPLC system after extrac-
tion and derivatisation procedures. A 0.1 N hydrochloric acid
solution was prepared by mixing 8.28 mL of concentrated hy-
drochloric acid with deionised water to a final volume of
1000 mL. The mobile phase for HPLC consisted of methanol,
water, and acetonitrile at a 42:56:2 (v/v/v) ratio.

For extraction and derivatisation, 5 g of each sample was ho-
mogenised in 25 mL of methanol using an Ultra-Turrax ho-
mogeniser for 1 minute, followed by centrifugation at 8000
rpm for 5 minutes. A 0.5 mL aliquot of the supernatant was
transferred into a glass tube and mixed with phosphate buffer
(pH 3) and 0.5 mL of a derivatisation solution containing 4-
nitro-1,2-phenylenediamine (50 mg dissolved in 50 mL of
methanol). The mixture was incubated at 70°C in a water bath
for 30 minutes. After derivatisation, the solution was filtered
through a 0.45 pm cellulose acetate filter and injected into the
HPLC system.

HPLC analysis was carried out using an Inertsil Zorbax C-18
column (4.6 mm x 150 mm). The detection wavelength was
set to 255 nm, with an injection volume of 10 pL and a flow
rate of 1 mL/min. This method ensures efficient separation
and quantification of GO and MGO, enabling the assessment
of AGE precursors in the analysed samples.

Table 1. Sample Groups based on Marination Type and Duration

Marinating solutions

Marination duration

2h 6h 24 h

Pomegranate juice (30 mL) P2 P6 P24
Marinade (30 mL) M2 M6 M24
Pomegranate juice (30 mL) + Marinade (30 mL) PM2 PM6 PM24
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Malondialdehyde (MDA)

The determination of MDA was carried out via HPLC fol-
lowing the preparation of derivatised samples and the mobile
phase. A trichloroacetic acid (TCAA) solution (10%) was
prepared by dissolving 100 g of TCAA in deionised water to
a final volume of 1000 mL. Thiobarbituric acid (TBA) solu-
tion (0.67%) was prepared by dissolving 1.675 g of TBA in
double-distilled water and diluting it to 250 mL. A tetraethox-
ypropane standard was prepared by diluting 0.5 mL of the
stock solution in 100 mL of ethanol and further diluting 0.1
mL of this solution to 100 mL with deionised water to achieve
a final concentration of 20 pL/L. For the pregallol solution
(7.2%), 7.2 g of pregallol was dissolved in 100 mL of ethanol.
For standard preparation, 0.1 mL of tetracthoxypropane solu-
tion was added to a test tube, followed by the addition of 1
mL of TCAA and 1 mL of TBA solution. The mixture was
incubated in a water bath at 90°C for 10 minutes, cooled, fil-
tered through a 0.45 um cellulose acetate filter, and analysed
via HPLC. The mobile phase was prepared by mixing 0.05 M
KH:POs buffer solution with methanol and acetonitrile at a
72:17:11 (v/v/v) ratio.

The samples (5 g each) were homogenised in 25 mL of TCAA
solution using an Ultra-Turrax homogeniser for 1 minute and
then centrifuged at 8000 rpm for 5 minutes. A 1 mL aliquot
of the supernatant was mixed with 1 mL of TBA solution for
derivatisation and incubated in a water bath at 90°C for 30
minutes. The derivatised samples were filtered through a 0.45
um cellulose acetate filter and analysed via HPLC.

HPLC analysis was performed via a Shimadzu HPLC-UV
system equipped with an Inertsil ODS-3 column (4.6 mm x
150 mm). The wavelength was set to 530—550 nm, the injec-
tion volume was 10 puL, and the flow rate was 1 mL/min. This
method allowed for the precise quantification of MDA in the
samples.

Statistical Analyses

All the analyses were carried out in triplicate, and the data are
presented as the means + SD. For all the data, univariate anal-
ysis of variance (ANOVA) with Tukey’s post hoc test was
applied via the SPSS 26.0 package program. Statistical sig-
nificance was accepted as p < 0.05 in all analyses.

Results and Discussion

As shown in Table 2, the glyoxal levels in grilled beef ten-
derloins varied significantly based on the marination type and
duration. Pomegranate juice alone resulted in the lowest gly-
oxal levels, with 2-hour marination yielding 13.0 pg, which
was significantly lower than that at 6 hours (171.6 pg) and 24

hours (93.3 pg) (p<0.05). In contrast, marination with mari-
nade alone showed no clear time-dependent trend, with levels
increasing from 60.3 ug at 2 hours to 174.6 pg at 6 hours and
decreasing to 109.3 pg at 24 hours (p<0.05). The combination
of pomegranate juice and marinade had the lowest glyoxal
level at 24 hours (72.3 ug), which was significantly lower
than that at 2 hours (143.3 pg) and 6 hours (133.6 pg)
(p<0.05). Across all the conditions, the lowest glyoxal level
was observed with 2-hour pomegranate juice marination
(13.0 pg), and the highest glyoxal level was observed with 6-
hour marination-only marination (174.6 ug).

Cooking meat can produce harmful compounds such as gly-
oxal, but recent studies have shown that natural ingredients,
such as herbs and polyphenol-rich extracts, can significantly
reduce their formation (Altun et al., 2024; Aydemir et al.,
2024; Liu et al., 2014; Yu et al., 2024). In one study, beef
tenderloins were marinated in cranberry juice at two different
concentrations (25% and 50%) for three durations (2, 6, and
24 hours) and then cooked in an air fryer at 200°C for 12
minutes. The results revealed that increasing the cranberry
juice concentration and marination time significantly inhib-
ited the formation of the AGE precursor Ne-(carboxyme-
thyl)lysine (CML), whereas Ne-(carboxyethyl)lysine (CEL)
formation remained unaffected. The CML level decreased by
up to 12.39 ng/g, reaching as low as 1.2 pg/g (Altun et al.,
2024). Similarly, in Aydemir et al.’s (2024) study, beef ten-
derloins were marinated in hawthorn vinegar at two different
concentrations (25% and 50%) and for three different dura-
tions (2, 6, and 24 hours), followed by cooking in an air fryer
at 200°C for 12 minutes. As a result, increasing the concen-
tration and marination time significantly inhibited the for-
mation of CML and CEL. The 24-hour marination process
reduced CML levels from 13.75 pg/g to 2.5 pg/g, whereas
CEL levels decreased from 17.58 pg/g to 16.63 ng/g. Alt-
hough CEL formation was inhibited at low levels, it remained
stable (Aydemir et al., 2024). In another study, beef patties
were divided into four groups: a control group without spices
and three experimental groups containing 0.5% (w/w) rose-
mary, turmeric, or bay leaf powder. The patties were mixed
at 4°C for 12 hours and then heated at 230°C for 15 minutes
in an oven. The addition of 0.5% rosemary, turmeric, or bay
leaf to roasted beef patties significantly reduced glyoxal lev-
els, with inhibition rates of 49.07% for rosemary, 14.72% for
turmeric, and 7.89% for bay leaf (Yu et al., 2024). The gly-
oxal inhibition observed with pomegranate juice in our study
could be attributed to its specific polyphenolic profile shown
in previous studies (Altun et al., 2024; Aydemir et al., 2024;
Liu et al., 2014). Air-fried beef tenderloins marinated with
concentrated juice reported that compounds such as quinic
acid, gallic acid, protocatechuic acid, and ellagic acid, which
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are found in high amounts in the juice, inhibit the formation
of AGEs by binding to glyoxal (Altun et al., 2024; Aydemir
et al.,, 2024) Furthermore, several compounds, including
quercetin (Liu et al., 2014), catechin, epigallocatechin, and
kaempferol (Aydemir et al., 2024), which highly contain
pomegranate, have been identified as inhibitors of AGE for-
mation in foods. These findings align with our results, sug-
gesting that the rich polyphenolic content of pomegranate
juice plays a critical role in mitigating glyoxal formation and
subsequent AGE development during cooking processes.

Our findings revealed that marinating meat in pomegranate
juice for 2 hours resulted in the lowest levels of glyoxal. In
contrast, marination periods of 6 or 24 hours led to increased
glyoxal formation. Short-term marination (20 minutes to 3
hours) has been shown to improve water retention, enhance
texture, and reduce the formation of harmful compounds in
cooked meat (Goli et al., 2014). However, longer marination
durations (6—24 hours) are not considered to provide addi-
tional benefits, as they may lead to adverse effects, including
a reduction in antioxidant properties and an increase in pro-
tein degradation (Keska et al., 2019).

The methylglyoxal (MGO) levels in grilled beef tenderloins
varied based on the marination type and duration (Table 3).
For samples marinated with pomegranate juice alone, the
highest MGO level was observed after 24 hours (468.3 ug),
which was significantly greater than the level after 2 hours
(287 ng) (p<0.05). In contrast, for samples marinated with
marination alone, there were no significant differences in
MGO levels across marination durations (p>0.05).

When marinated with a combination of pomegranate juice
and marinade, the highest MGO level was observed at 6 hours
(401.3 ng), and the lowest at 24 hours (324 pg), with a sig-
nificant difference between these times (p < 0.05). At 2 h, the
highest MGO level was detected in the combination group
(382.3 png), whereas the lowest was detected in the marinade-
only group (195.6 pg) (p<0.05).

After 24 hours, the highest MGO level was recorded in the
pomegranate juice group (468.3 ug), and the lowest was rec-
orded in the marinade-only group (236 pg) (p < 0.05). These
results emphasise that marination type and duration signifi-
cantly influence MGO levels, with pomegranate juice con-
tributing to higher levels over extended marination periods.

In meat products, methylglyoxal (MGO) can form during
processing and cooking, particularly during grilling (Duman
& Kurban, 2022). Our findings partially align with the litera-
ture, which demonstrates that certain polyphenolic com-
pounds in pomegranate juice, such as punicalagin, ellagic

acid, and gallic acid, have a strong ability to inhibit nonenzy-
matic glycation by scavenging MGO (Liu et al., 2014). Spe-
cifically, punicalagin exhibited vigorous antiglycation activ-
ity, reducing the MGO content by 84.6% (Liu et al., 2014).
Additionally, Yu et al. (2024) reported that natural plant-
based antioxidants such as rosemary, turmeric, and bay leaf
reduced MGO levels in meat products by 41.81%, 21.30%,
and 13.93%, respectively. However, our results indicate that
prolonged marination with pomegranate juice alone may lead
to increased MGO levels, potentially due to the extended ex-
posure of meat to sugars and reactive carbonyl species within
the juice (Duman & Kurban, 2022). Furthermore, studies on
dietary supplementation with P. granatum L. concentrate
have demonstrated a 9.8% reduction in plasma MGO levels
after 4 weeks (Bednarska et al., 2023), revealing the anti-
glycation effects of pomegranate-derived compounds.

Marination with polyphenol-rich extracts can reduce lipid
oxidation in meats; however, prolonged marination may not
always be beneficial, as it can increase protein and peptide
hydrolysis, diminishing antioxidant properties (Ke¢ska et al.,
2019). In our study, prolonged marination resulted in
browning until the internal temperature reached 75°C, likely
due to changes in the pomegranate juice composition over
time. Its high organic acid content, including ellagic acid, as-
corbic acid, malic acid, and citric acid, along with carboxylate
groups, may contribute to this effect (Renda & Sohretoglu,
2024). Weak acids and their conjugate bases catalyse sugar
anomerization and degradation, whereas carboxylate ions
promote Maillard and other nonenzymatic browning reacti-
ons by generating reactive intermediates from sugars (Kauf-
mann et al., 2018). These reactions, along with acid-induced
protein modifications, may explain the increase in MGO le-
vels observed with prolonged marination.

The malondialdehyde (MDA) levels also varied significantly
depending on the type and duration of marination (Table 4).
For samples marinated with pomegranate juice alone, the
lowest MDA level was observed after 24 hours (109.3 pug),
which was significantly lower than that observed after 2
hours (221.6 pg) or 6 hours (196.6 pg) (p<0.05). No signifi-
cant differences were noted between 2 and 6 hours (p>0.05).

For samples marinated with the marinade alone, no signifi-
cant differences in MDA levels were found across marination
durations (p>0.05). In contrast, for samples marinated with a
combination of pomegranate juice and marinade, the MDA
levels decreased with increasing marination time, from 360.3
ug at 2 hours to 141.3 pg at 24 hours (p<0.05).

Across all marination conditions and durations, the highest
MDA level was observed after 2 hours of marination with
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pomegranate juice + marinade (360.3 pg). In contrast, the
lowest was found after 24 hours of marination with pome-
granate juice alone (109.3 ug) (p<0.05). For 24-hour marina-
tion, the MDA levels were significantly different between the
marination types, with the highest level in the marination-
only group (183.6 pg) and the lowest in the pomegranate
juice group (109.3 pug) (p<0.05).

Research Article

These results align with findings in the literature, which re-
port the antioxidative effects of pomegranate-derived prod-
ucts on lipid oxidation. Yu et al. (2024) demonstrated that
spices such as rosemary and turmeric significantly reduce
MDA levels, resulting in inhibition rates of up to 93.46%.
Similarly, Turgut et al. (2017) and Naveena et al. 2008 re-
ported that pomegranate peel extract and juice effectively in-
hibited MDA formation in beef meatballs and cooked chicken
patties during storage.

Table 2. Effects of different marinating solutions and times on the GO content

Samples Mean £SD (ng/100 g)
P2 13.0 £1.0?
M2 60.3 £2.5P
PM2 143.3 £6.5¢
P6 171.6 £8.04
Mo 174.6 £8.04
PMeé6 133.6 £6.0¢
P24 93.3 £4.5¢
M24 109.3 £4.5f
PM24 72.3 £3.5P

95% CI p value
10.5-15.4
54.1-66.5

127.1-159.4

151.7-191.5

154.7 - 194.5 <0.001

118.6 - 148.6
82.1-104.5
98.1-120.5

63.6 - 81.1

Different superscript letters (a-f) within the same column indicate statistically significant differences between groups (p <0.05) as determined
by one-way ANOVA and Tukey’s post hoc test. Identical letters denote no significant difference between values

Table 3. Effect of different marinating solutions and times on MGO levels

Samples Mean £SD (ng/100 g)
P2 287.0 £12.5*
M2 195.6 £9.0P
PM2 382.3 £17.0°¢
P6 369.0 £16.5¢
Mo 201.6 £9.0P
PM6 401.3 £18.0°¢
P24 468.3 +£21.0¢
M24 236.0 £10.5°
PM24 324.0 £14.5*

95% CI p value
255.8-318.1
173.2-218.1
340.0 - 424.6
327.9-410.0
179.2 - 2241 <0.001
356.5 - 446.1
416.1 - 520.5
209.8 - 262.1

287.9 - 360.1

Different superscript letters (a-d) within the same column indicate statistically significant differences between groups (p < 0.05) as deter-
mined by one-way ANOVA and Tukey’s post hoc test. Identical letters denote no significant difference between values
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Pomegranate juice likely prevents MDA and glyoxal for-
mation through multiple mechanisms. Rich with polyphenols
such as ellagic acid, punicalagin, and anthocyanins, it neu-
tralises reactive carbonyl species and inhibits lipid peroxida-
tion (Liu et al., 2014; Matthaiou et al., 2014). Additionally,
its consumption increases glutathione (GSH) levels. It en-
hances the activity of antioxidant enzymes, including super-
oxide dismutase (SOD), catalase (CAT), and glutathione S-
transferase (GST), while reducing MDA levels (El-Shehawi
et al., 2022; Shaban et al., 2014). Pomegranate juice also
modulates key signalling pathways, such as the NF-xB and
NRF2 pathways, to mitigate inflammation, contributing to its
protective role against acrylamide-induced oxidative stress
(El-Shehawi et al., 2022; Mukherjee et al., 2021). Further-
more, punicalagin reduces glyoxal accumulation, inhibits the
formation of AGEs, and accelerates glyoxal metabolism and
excretion (Liu et al., 2014).

Our findings further support the potential of pomegranate
juice as a natural antioxidant in meat products, particularly
when used as a marinade. In vivo research has shown that
consuming pomegranate juice or pomegranate extract with a
high-fat hamburger pattern can reduce postprandial urinary
MDA levels in humans (Henning et al., 2017). Additionally,
pomegranate rind extract is an effective alternative to syn-
thetic preservatives in fat-rich meat products, improving lipid
oxidative stability and microbiological characteristics during
refrigerated storage (Dua et al., 2016). Our findings similarly
show that pomegranate juice can improve the oxidative sta-
bility of grilled beef tenderloins, with the lowest MDA levels
observed after 24 hours of marination.

The primary aim in cooked meats is to minimise hazardous
compounds (Yu et al., 2024), with the addition of antioxi-
dants being a key strategy to inhibit lipid oxidation in meat
products (Dominguez et al., 2019). Polyphenols are effective
antioxidants in meat products because of their ability to che-
late prooxidative metals, scavenge free radicals, and control
lipid oxidation (Nikmaram et al., 2018; Papuc et al., 2017).
Studies on culinary spices and herbs have shown that their
effectiveness in limiting lipid oxidation during the cooking of
high-fat beef and beef meatballs is strongly correlated with
their phenolic content (Keskekoglu & Uren, 2014; Liu et al.,
2014; Matthaiou et al., 2014; Xie et al., 2022). Studies have
shown that polyphenols in marinades significantly reduce li-

pid oxidation, whereas the marination process enhances pol-
yphenol distribution, maximising antioxidant effects
(Keskekoglu & Uren, 2014; Xie et al., 2022). In one study,
beef and chicken patties containing 0.5% (w/w) pomegranate
seed extract were cooked via four different methods: baking,
pan-frying, grilling, and deep-frying. Pomegranate seed ex-
tract reduced total heterocyclic aromatic amine (HAA) for-
mation by 39% during grilling and 46% during deep-frying
in beef patties. In contrast, in chicken patties, it decreased
HAA formation by 49% during deep-frying. However, a 70%
increase in HAA formation was observed during baking
(Keskekoglu & Uren, 2014). Another study evaluated the im-
pact of tea polyphenol (TP, 0.3 g/kg) application on lipid ox-
idation by dividing the samples into three groups, all of which
were stored at 4°C for 2 hours: the control group was stored
directly, the unmarinated group was first stored and then
treated with TP, and the marinated group was first treated
with TP and then stored. The results demonstrated that the
marinated samples presented the lowest peroxide value,
TBARS level, polyunsaturated fatty acid loss, free radical
level, and lipoxygenase activity, suggesting that the marina-
tion process enhanced the antioxidant effects of tea polyphe-
nols, thereby effectively inhibiting lipid oxidation (Xie et al.,
2022). Pomegranate juice is an abundant source of polyphe-
nolic compounds that can effectively reduce lipid oxidation
(Liu et al., 2014; Matthaiou et al., 2014).

This study has several limitations. The study focused solely
on beef tenderloin, which limits the generalizability of the
findings to other meat types. The study did not assess how
factors such as meat type, fat content, and pH might influence
oxidation and glycation reactions. Additionally, only grilling
at 230°C was evaluated, and other cooking methods may
yield different outcomes. The analysis was limited to specific
oxidative markers (GO, MGO, and MDA), excluding other
potential markers such as hydroperoxides. Furthermore, the
study did not assess sensory attributes such as taste and tex-
ture, which could impact the practical applicability of the
findings. Despite these limitations, this study provides new
insights into the antioxidant potential of pomegranate juice in
meat marination. The experimental design included multiple
marination durations (2, 6, and 24 hours) to evaluate the time-
dependent effects. The use of HPLC analysis enhances data
reliability. These findings support the use of natural antioxi-
dants as alternatives for reducing harmful oxidation products
in grilled meats, with potential benefits for the food industry.
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Table 4. Effect of different marinating solutions and times on the MDA content

Samples Mean+SD (ng/100 g)
P2 221.6 £10.0%¢

M2 198.6 £9.0%¢
PM2 360.3 £16.0f

P6 196.6 £9.0%¢

Me 209.6 £9.0%%¢
PMe6 233.0 £10.5¢

P24 109.3 +4.52

M24 183.6 £8.0¢
PM24 141.3 £6.5°

95% CI p value
196.7 - 246.5
176.2 -221.1
320.4 - 400.1
174.2 -219.1
187.2-232.1 <0.001
206.8 - 259.1
98.1-120.5
163.7 - 203.5

125.1-157.4

Different superscript letters (a-f) within the same column indicate statistically significant differences between groups (p < 0.05) as deter-
mined by one-way ANOVA and Tukey’s post hoc test. Identical letters denote no significant difference between values

Conclusion

This study highlights the potential of pomegranate juice as a
natural marinade to mitigate oxidation and glycation-related
compounds in grilled beef. These results demonstrate that
pomegranate juice effectively reduces glyoxal and
malondialdehyde levels, enhancing the nutritional quality and
safety of cooked meat. However, its impact on methylglyoxal
formation requires further investigation.

Given the increasing consumer demand for natural food pre-
servatives, incorporating pomegranate juice into meat pro-
cessing may offer a practical and health-promoting alterna-
tive to synthetic additives. Future research should focus on
optimising marination conditions, assessing the effects of
marination on different meat types, and evaluating sensory
attributes to improve consumer acceptance. Additionally,
studies exploring the long-term stability of antioxidant effects
during storage and the impact of pomegranate juice on the
sensory qualities of meat products are recommended. These
findings contribute to the broader application of natural anti-
oxidants in the food industry, supporting efforts to develop
healthier and safer meat products.
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Otizm spektrum bozuklugu tanih ¢cocuklarin beslenme
davranislari, beslenme sorunlari ve 6giin diizeni: Kesitsel bir
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Otizm spektrum bozuklugunda (OSB) cesitli beslenme sorunlari yasanmaktadir ve prognozu etkileyebileceginden bes-
lenme sorunlarinin ciddiyetinin degerlendirilmesi 6nem tagimaktadir. Bu aragtirma, OSB’li ¢ocuklarin beslenme davranig-
larmi, sorunlarini ve 6giin diizenini belirlemek amaciyla yapilmistir. Yaglar1 3-11 yil arasinda olan 50 OSB’li cocuk ve 50
saglikli cocuk ile yiiriitiilmistiir. Beslenme davranislari, sorunlart ve 6giin diizenleri anket formu ile degerlendirilmis, ¢o-
cuklarm 63iin zamaninda davranis ve beslenme sorunlarim saptamak igin ise Otizm Ogiin Davranis Kisa Olcegi (BAMBI)
kullamlmistir. OSB’li ¢ocuklarin 6giin diizeni ve sayis1 bakimindan saglikli akranlariyla benzerlik gosterdigi, %92,0’sinin
ana ve ara olmak lizere toplam 6glinlerinin diizenli ve giinliik toplam (ana ve ara) 6giin sayisinin 4,9+0,89 oldugu tespit
edilmistir. OSB’li ¢ocuklarin yarisinin istahmm normal diizeyde oldugu, %58,0’inin tiiketmedigi besinler oldugu ve
%54,0’tiniin ¢ok sevdigi yiyecegi yemesine izin verilmediginde aglama krizi/6tke nobeti ge¢irdigi bildirilmistir. OSB’li
¢ocuklarin BAMBI toplam puani 49,0+8,87 olarak bulunmustur. Tiiketmedigi besinlerin varligi OSB’li ¢ocuklarda daha
stk karsilagilmig olup (p<0,05), 5-7 yas OSB’li ¢ocuklarin %71,4’iiniin, sekiz yas ve iizeri OSB’li ¢ocuklarin %66,7’sinin
beslenme sorunu yasadig saptanmistir. Beslenme sorunlari, besin reddi, besin takintisi/segiciligi, yeme esnasinda aglama
krizleri/6fke nébetleri OSB’li ¢ocuklarda saglikli akranlarina kiyasla daha sik goriilmektedir (p<0,05). Probiyotik, ¢inko,
kalsiyum, demir, magnezyum, selenyum, B12 vitamini takviyesi kullanimi1 OSB’li ¢ocuklarda daha yaygindir (p<0,05).
Sonug olarak ¢aligmamizin bulgulart OSB’li ¢ocuklarin beslenme sorunlarinin ciddiyetini dogrulamaktadr.

Anahtar Kelimeler: Otizm spektrum bozuklugu, Beslenme sorunlari, Beslenme davranislari, Ogiin diizeni, Besin takvi-
yesi

ABSTRACT

Nutritional behaviours, feeding problems and meal patterns of children diagnosed with autism
Spectrum disorder: A cross-sectional study

Various nutritional problems are experienced in autism spectrum disorder (ASD), and it is important to evaluate the severity
of feeding problems as it may affect the prognosis. This study was conducted to determine the nutritional behaviours,
feeding problems, and meal patterns of children with Autism Spectrum Disorder (ASD). It was conducted with 50 children
with ASD and 50 healthy children aged between 3-11 years. Nutritional behaviours, feeding problems, and meal patterns
were assessed using a questionnaire, and the Brief Autism Mealtime Behaviour Inventory (BAMBI) was employed to
evaluate children's mealtime behaviour and feeding problems. It was determined that children with ASD were similar to
their healthy peers in terms of meal patterns and frequency, and 92.0% of them had regular meals. The total number of
daily meals (main and snack) was 4.9+0.89. It was found that half of the children with ASD had a normal appetite, 58.0%
had foods they did not consume, and 54.0% had a crying fit/tantrum when they were not allowed to eat their favorite food.
The total BAMBI score of the children with ASD was found to be 49.0+8.87. The presence of unconsumed foods was
encountered more frequently in children with ASD (p<0.05), and it was determined that 71.4% of children with ASD aged
5-7 years and 66.7% of children with ASD aged eight years and above had nutritional problems. Feeding problems, food
refusal, food obsession/selectivity, crying fits/tantrums during eating were more common in children with ASD compared
to their healthy peers (p<0.05). Probiotics, zinc, calcium, iron, magnesium, selenium and vitamin B12 supplements are
more common in children with ASD (p<0.05). In conclusion, the findings of our study confirm the seriousness of nutritional
problems in children with ASD.

Keywords: Autism spectrum disorder, Feeding problems, Nutritional behaviours, Meal pattern, Nutritional supplements
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Giris

Iletisim ve sosyal becerilerde giigliik ve kisitlayic1 davranis-
larin varlig1 ile karakterize olan otizm spektrum bozuklugu
(OSB) diinya genelinde yayginligi artan gelisimsel bir bozuk-
luktur (van 't Hof et al., 2021). Genetik, metabolik, immiino-
lojik ve gevresel faktorler sorumlu tutulsa da OSB’nin etiyo-
lojisine yonelik kesin bir veri bulunmamaktadir. Bununla bir-
likte, maternal diyabet ve prenatal ve perinatal maruziyetler
OSB riskini artirabilmektedir. G6z temasi kurmama, ileti-
sime yanit vermeme, gesitli nesnelere karsi asir1 ilgi duyma,
sallanma, ¢irpinma, tekrarlayici hareketlerde bulunma, takin-
tili davranislar, hiperaktivite, 6fke nobetleri, yeme ve uyku
problemleri gibi bireye 6zgii degiskenlik gdsterebilen cesitli
olumsuz davraniglar OSB’de siklikla goriilebilmektedir (San-
din et al., 2014).

Artan bagirsak gecirgenligi, karbonhidratlarm sindirim ve
emilimindeki anormallikler, besin 6gesi yetersizlikleri, bes-
lenme sorunlart ve mikrobiyota farkliliklar1 OSB ve bes-
lenme iliskisini 6n plana ¢ikarmaktadir (Morton et al., 2023).
Maternal beslenme déoneminden yenidogan, ¢ocukluk ve ye-
tigkinlik siirecine kadar siirecteki beslenme diizeninin OSB
prognozunda 6nemli oldugu belirtilmistir. Optimal beslenme
tedavisi ile birlikte konsantrasyon, iletisim ve motor beceri-
leri, empati, uyku durumunda iyilesmeler; anksiyete, saldir-
ganlik, hiperaktivitede azalma goriilebilecegi bildirilmistir
(Aktitiz ve ark. 2019). Iyi diyet kalitesi ve besin ¢esitliligine
sahip bir beslenme yaklagiminin ¢esitli OSB semptomlarini
hafifletici oldugu diisliniilmektedir (Cekici ve Sanlier, 2019).
Bununla birlikte, bu gelisimsel bozuklukta gézlenen semp-
tomlar ¢ocuklarin beslenme siirecini zorlastirabilmekte ve
beslenme sorunlarina yol agabilmektedir (Meral, 2017; Ce-
kici ve Sanlier, 2019). OSB’li bireylerin %13,0-%87,0 ora-
ninda beslenme sorunu yasayabilecegi belirtilmistir (Sharp et
al., 2013). Bu durum diisiik diyet kalitesine ve yetersiz besin
alimina neden olabilmekte ve ilerleyen siirecte besin Ggesi
eksikliklerine yol acabilmektedir (Berding ve Donovan,
2016). Cesitli beslenme davraniglar1 ile OSB semptomlari
arasindaki baglantiya iligskin bugiine kadarki bilgiler halen si-
nirlidir. Oksidan, immiin ve noérolojik sistemlere miidahale
edebilen bir¢ok gida kaynakli protein ekzorfin, mikotoksin ve
toksin OSB’li ¢ocuklarin sivilarinda yiiksek diizeyde bulun-
mus olup bu endotoksinlerin bagirsak gegirgenligini artirarak
ve bagirsak islevlerine zarar vererek OSB ve diger norogeli-
simsel bozukluklarla iligkili oldugu bildirilmistir. Yiiksek
hassasiyetli tomikotoksinler, fumonisin B1, Candida tarafin-
dan iiretilen asetaldehit, opioidpeptitler (kazomorfinler) ve
zearalenon (Fusariumtoksin) érnek gosterilmektedir (Mezze-
lani ve ark., 2015). Bununla birlikte, baska bir teori daha bu-
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lunmaktadir. Gluten ve kazein peptidinin anormal sitokin iire-
timini tetikleyerek immiinolojik yolaklarda kusurlara ve mer-
kezi sinir sisteminde disfonksiyona neden olabilecegi diisii-
niilmektedir (Cekici ve Sanlier, 2019). OSB ve beslenme ara-
sindaki baglanti ¢esitli mekanizmalar araciligiyla agiklansa
da OSB’li gocuklarin beslenme davranislart ve yasadiklar
beslenme sorunlari yeterince arastirilmamis ve belirsizligini
korumaktadir. Bu dogrultuda, OSB'li bireylerde semptomlari
hafifletmek i¢in beslenme sorunlarinin ve beslenme davranig-
larinin net olarak belirlenmesinin temel gereklilik oldugu dii-
siiniilmektedir. Bu arastirma, OSB popiilasyonunun bes-
lenme davranislarini, 6giin diizenini ve beslenme sorunlarimi
belirlemek amaciyla yapilmistir.

Materyal ve Metot

Calismamin Yeri, Zamani ve Orneklem Secimi

Bu ¢alisma Trabzon ilinde ikamet eden 6zel bir kurum, devlet
kurumunda egitim goren, doktor tarafindan DSM-V Kkriterle-
rine uygun olarak OSB teshisi almis, yaslar1 3-11 yi1l arasinda
olan 50 OSB’li ¢ocuk, 50 goniillii saglikli ¢ocuk ile yliriitiil-
miistiir. Trabzon ilinde bulunan mevcut kurumlarla gériisme
yapilarak arastirma igin izin alman kurumlarda ebeveynleri-
nin onayi ile 6rneklemin tamami galigmaya dahil edilmistir.
Bu kapsamda bir devlet ve bir 6zel kurum ¢alisma izni ver-
mistir. Goniillii 6rnekleme yontemi ile ¢calismaya ait veriler
Haziran 2021 — Haziran 2022 tarihleri arasinda toplanmstir.
Aragtirmanin 6rneklem sayisinin hesaplanmasinda G*Power
programi (3.1.9.4 versiyon) kullanilarak power analizi yapil-
mis olup %95 gii¢ igin drneklem sayis1 100 (OSB'li ¢ocuklar
i¢in n=50, kontrol grubundaki ¢ocuklar i¢in n=50) olarak he-
saplanmistir. Katilimcilarin ebeveynleri ¢alisma hakkinda
bilgilendirilmis ve ¢alismaya katilim durumu sorulmustur.
Goniillii olur formunu inceleyerek ¢alismaya katilmay1 onay-
layan bireyler dahil edilmis ve ¢ocuklarina yonelik sorulan
sorular1 cevaplamiglardir. Hipertansiyon, kardiyovaskiiler,
diyabet, kanser, norolojik, hepatik ve renal hastaliklar gibi
kronik hastalig1 olanlar, 3 yas alti1 ve 11 yas lizeri olan ¢ocuk-
lar arastirmaya dahil edilmemistir. OSB 6zelliklerine yonelik
herhangi bir diglama veya dahil etme kriteri belirlenmemis
olup DSM-V kriterine uygun tiim 3-11 yas aras1 OSB’li ¢o-
cuklar ¢alismaya dahil edilmistir. Izin alinan kurumlarda ayni
yas grubundaki saglikli cocuklar goniillii 6rnekleme yonte-
miyle ¢aligmaya dahil edilmistir.
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Calisma Verilerinin Toplanmast ve Degerlendirilmesi
Anket formu

Aragtirmacilar tarafindan gelistirilen ¢ocuga ait genel bilgile-
rin sorgulandig1 anket formu ile veriler toplanmistir. Anket
sorulari aileleri tarafindan cevaplanmis olup arastirmaci tara-
findan kayit altina alinmistir. Anket formu, cocugun yas, cin-
siyet, doktor teshisli hastalik veya hastaliklarini ve ilag kulla-
nim durumuna yonelik sorulari icermektedir. Cocugun ana ve
ara 0gln sayisi, 6giin diizeni, istahi, yeme hizi, su tiikketimi,
sevip sevmedigi besinlerin varligi vb. 6giin diizenine yonelik
sorular ailelere sorulmus olup ¢ocugun beslenme aliskanlik-
lar1 ve beslenme problemleri (istahsizlik, yemek esnasinda
bogulma, besin reddi, hizli yeme, asir1 yeme, besin neofobisi
vb.) sorgulanmuistir.

Otizm Ogiin Davrams Kisa Olcegi (BAMBI)

OSB’li ¢ocuklarin 6glin zamaninda davranis ve beslenme so-
runlarini degerlendirmek icin Otizm Ogiin Davranis Kisa Ol-
cegi (BAMBI) kullanilmistir. Lukens ve Linscheid (2008) ta-
rafindan 3-11 yas OSB’li ¢ocuklarin beslenme davraniglarini
degerlendirmek igin gelistirilmis ve Tiirkge gegerlilik ve gii-
venilirlik calismast Meral ve Fidan (2014) tarafindan yapil-
mistir. BAMBI 18 maddeden olusmakta ve her maddenin
gergeklesme sikligimi belirten 5 secenek icermektedir. Her bir
madde i¢in gerceklesme sikliginin hi¢bir zaman i¢in 1, nadi-
ren/seyrek i¢in 2, ara sira/bazen i¢in 3, siklikla i¢in 4 ve her
zaman i¢in 5 olarak puanlanmasi gerekmekte ve 3, 9, 10 ve
15. maddeler ise ters puanlanarak hesaplanmaktadir (Meral
ve Fidan, 2014; Kars ve ark., 2019). BAMBI sinirl1 besin ¢e-
sitliligi, otizme 6zgii davraniglar ve besin reddi alt boyutla-
rindan olusmakta ve maddelerin degerlendirilmesi sonucunda
BAMBI total puani ve alt bilesen puanlari elde edilmektedir.
Simurli besin ¢esitliligi puani igin 10, 11, 13, 14, 15, 16, 17 ve
18. maddelerin puan toplami, besin reddi puani i¢in 1, 2, 4, 7,
8. maddelerin toplam puan1 ve OSB’ye 6zgii davranislarin
puaninin tespiti icin 3, 5, 6, 9, 12. maddelerin puanlarinin top-
lami1 degerlendirilmistir. BAMBI-total puani ve alt boyut pu-
anlamalarinin yiiksekligi OSB’ye 6zgili olumsuz davranislari
gostermektedir (Meral ve Fidan, 2014; Kars ve ark., 2019).

Istatistiksel Analiz

Aragtirma verilerinin analizi SPSS (23.0) programu ile yapul-
mustir. Verileri analizinde ki-kare analizi ve tanimlayici ista-
tistik testleri kullanilarak say1, ylizdelik dagilimi, ortalama,
standart sapma ile maksimum ve minimum degerler belirlen-
mistir. Verilerin normal dagilimda olup olmadigi Kolmogo-
rov-Smirnov (K-S) testi ile belirlenmistir. Elde edilen veriler
iizerinden Olcekler ve alt boyutlar1 puan ortalamasi, standart
sapmasi, maksimum ve minimum degerleri hesaplanmistir.
Arastirmada bagimsiz grup/gruplarda (iki ya da daha fazla)

Olciimle elde edilmis bir degisken yoniinden elde edilen orta-
lamalar arasinda farklilik olup olmadiginin karsilastirilma-
sinda, parametrik test varsayimlar saglayanlarin analizinde
iki grup i¢in bagimsiz gruplar t testi kullanilmistir. Sonuglar
%95°1ik giiven araliginda, anlamlilik p<0.05 diizeyinde de-
gerlendirilmistir.

Arastirmanin Etik Izni

Calismanin etik izni 01.06.2021 tarihli, E-10840098-772.02-
2513 sayili Istanbul Medipol Universitesi Girisimsel Olma-
yan Klinik Arastirmalar Etik Kurulu karar ile alinmistir.
Aragtirma Helsinki Ilkeler Deklarasyonu’na
(https://www.wma.net/what-wedo/medical-ethics/declara-
tion-of-helsinki/) uygun gergeklestirilmistir.

Bulgular ve Tartisma

OSB’li ¢ocuklarin %72.0’sinin ve kontrol grubundaki ¢ocuk-
larin 44.0’lGiniin 8-12 yas araliginda oldugu bulunmus olup
OSB’li cocuklarin %84.0liniin erkek kontrol grubundaki ¢o-
cuklarin ise %58.0’inin kiz oldugu belirlenmigtir. OSB gru-
bundaki ¢ocuklarin yas ortalamasimin 8.6 +1.58 yil, kontrol
grubundaki ¢ocuklarin yas ortalamasinin 6.7 +1.97 y1l oldugu
ve OSB’li ¢ocuklarin yas ortalamasinin anlaml diizeyde daha
yiiksek oldugu saptanmistir (p<0.05).

Katilimeilarin 6giin diizenlerine yonelik bilgiler Tablo 1°de
verilmistir. OSB’li ¢ocuklarin %92.0sinin biitiin 6gilinlerinin
diizenli oldugu ve diizenli kahvalt1 yaptigi, %88.0’inin dii-
zenli 6gle yemegi ve %94 iiniin diizenli aksam yemegi yedigi
belirlenmistir. OSB grubundaki ¢ocuklarin giinliik toplam
0giin sayis1 ortalama 4.9 +0.89; giinliik ana 6giin sayis1 orta-
lama 2.8 +0.35; giinliik ara 6giin sayis1 ortalama 2.0 £1.12’
dir. Toplam G6giin say1si, ana 6giin ile ara 6giin sayis1 ve giin-
liik su tiikketim miktar1 agisindan gruplar arasinda istatistiksel
olarak anlaml1 bir farklilik olmadig1 gériilmiistiir (p>0.05).

Katilimcilarin diyet ve beslenme davranislarina iliskin 6zel-
likler Tablo 2’de verilmistir. OSB’li ¢ocuklarin %18,0’inin,
kontrol grubundaki ¢ocuklarin %12.0’sinin 6zel bir diyet
programi uyguladigi belirlenmistir. Bu programlarin diyetis-
yen kontroliinde agirlik yonetimine yonelik saglikli beslenme
plani seklinde oldugu aileleri tarafindan belirtilmistir. OSB’li
cocuklarin yarisinin istahinin normal diizeyde oldugu,
%58.0’inin tikketmedigi besinler oldugu ve %54.0’linlin ¢ok
sevdigi yiyecegi yemesine izin verilmediginde aglama
krizi/6fke nobeti gegirdigi tespit edilmistir. Tiiketmedigi be-
sin bulunma durumu ve ¢ok sevdigi yiyecegi yemesine izin
verilmediginde aglama krizi/6fke ndbeti gecirme durumu
OSB’li gocuklarda daha sik karsilagilirken (p<0.05), diger
beslenme davraniglarinda ise iki grup benzerlik géstermekte-
dir (p>0.05).
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Tablo 1. Katilimcilarin 6giin diizeni

Table 1. Participants' meal patterns

OSB Grubu Kontrol Grubu Test degeri ve p

(n=50) (n=50)
Toplam 6giin sayis1 (X£SS) 4.90 +0.89 4.78 +0.82 t=-0.705; p=0.483
Ana 6giin sayis1 (X£SS) 2.80 +£0.35 2.92 +0.27 t=-1.137 p=0.258
Ara 6giin sayis1 (X£SS) 2.08 £1.12 1.80 +0.78 t=0.954; p=0.343
Su tiiketim miktari (X+SS, su bardagi/giin) 6.54 £2.40 5.80 £1.98 t=1.498; p=0.137
Ogiinlerin diizenli olma durumu n (%) Evet 46 (92.0) 46 (92.0) ¥>=0.001
Hayir 4 (8.0) 4 (8.0) p=0.999
Sabah 6giiniin diizenli olma durumu n (%) Evet 46 (92.0) 48 (96.0) v*=0.709
Hayir 4 (8.0) 2 (4.0) p=0.400
Ogle 6giiniin diizenli olma durumu n (%) Evet 44 (88.0) 43 (86.0) v*=0.088
Hayir 6 (12.0) 7 (14.0) p=0.766
Aksam 6giiniin diizenli olma durumu n (%) Evet 47 (94.0) 48 (96.0) v=0.211
Hayir 3(6.0) 2 (4.0) p=0.646

x2: Ki-Kare Testi degeri, t: Bagimsiz gruplar t testi, * p<0,05

Tablo 2. Katilimcilarin diyet ve beslenme davraniglarina iliskin 6zellikler

Table 2. Characteristics of participants' diet and nutritional behaviors

OSB Grubu Kontrol Grubu

(n=50) (n=50) Test degeri ve p
n (%) n (%)
Istah durumu Normal 25 (50.0) 33 (66.0) 1= 4.402
Istahsiz 8 (16.0) 9 (18.0) p=0.111
Asir1 Istahli 17 (34.0) 8 (16.0)
Diyet programi uygulama durumu Evet 9 (18.0) 6 (12.0) 1= 0.542
Hayir 41 (82.0) 44 (88.0) p=0.461
Yeme hizi Normal 23 (46.0) 32 (64.0) ¥*=3.273
Yavag 12 (24.0) 8 (16.0) p=0.195
Hizli 15 (30.0) 10 (20.0)
Sevdigi besinler Var 37 (74.0) 35(70.0) ¥=10.198
Yok 13 (26.0) 15 (30.0) p=0.656
Tiiketmedigi besinler Var 29 (58.0) 15 (30.0) ¥v*=7.955
Yok 21 (42.0) 35 (70.0) p=0.005*
Odiil olarak tiiketilen besin Var 14 (28.0) 10 (20.0) v’=0.877
Yok 36 (72.0) 40 (80.0) p=0.349
Sevilen besine izin verilmediginde ag-  Evet 27 (54.0) 5(10.0) v*=20.41
lama Krizi/6fke nobeti gecirme Hayir 23 (46.0) 45 (90.0) p=0.000*
Prebiyotik /probiyotik besinlerin sik- Evet 37 (74.0) 44 (88.0) v’=3.184
hikla tiiketme durumu Hayir 13 (26.0) 6 (12.0) p=0.074

x2: Ki-Kare testi degeri, * p<0.05
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Katilimcilarin beslenme sorunlarina iligkin bulgular Tablo
3’de verilmistir. Arastirmaya katilan 5-7 yas OSB’li ¢ocukla-
rin %71.4’{iniin beslenme sorunu yasadigi, %42.9’unda besin
seciciligi ve besin reddi, %28.9’unda hizli yeme davranisi,
%28.6’sinda besin neofobisi ve asirt yeme sorunu oldugu
saptanmistir. Sekiz yas ve lizeri OSB’li ¢ocuklarin %66,7’si-
nin beslenme sorunu yasadigi, %50.0’sinde besin neofobisi,
%41.7’sinde hizli yemek yeme, %38.9’unda besin reddi,
%33.3"linde asir1 yeme, %44.4’{inde besin takintisi/segiciligi,
%44.4inde yeme esnasinda aglama krizleri/6fke nobetleri
gibi beslenme sorunlar1 oldugu tespit edilmistir. Beslenme
sorunu yasama, besin reddi ve besin takintisi/seciciligi, yeme
esnasinda aglama krizleri/6fke nobetleri yasama durumlari
OSB’li ¢cocuklarda daha sik goriilmekteyken (p<0.05), diger

beslenme sorunlarinda gruplar arasinda anlaml bir farklilik
olmadig1 saptanmistir (p>0.05).

OSB’li ¢ocuklarin BAMBI ve alt skorlamalarina ait puan or-
talamalar1 Tablo 4’de verilmistir. OSB’li gocuklarin BAMBI
toplam puani ortalama 49.0 £8.87 olarak belirlenmistir. Ka-
tilimeilarin besin takviyesi kullanim durumlar1 Tablo 5°de
verilmistir. OSB ve kontrol grubundaki ¢ocuklarin probiyo-
tik, ¢inko, kalsiyum, demir, magnezyum, selenyum, B12 vi-
tamini takviyesi kullanimi bakimindan gruplar arasinda ista-
tiksel olarak anlamli fark bulunurken (p<0.05), multivitamin
mineral, C vitamini, omega 3, propolis ve tiirevleri ve D vi-
tamini takviyesi kullanimi bakimindan ise gruplar benzerlik
gostermektedir (p>0.05).

Tabloe 3. Katilimcilarin yag gruplarina gore beslenme sorunlari

Table 3. Nutritional problems of participants according to age groups

OSB Grubu
(n=50)

> 8 yas

(n=36)

Ozellikler

5-7 yas (n=14)

n %

Kontrol Grubu
(n=50)
5-7 yas > 8 yas
(n=28) (n=22)
n % n % %

Test de-
gerive p

Beslenme sorunu yasama Hayir 4 28.6 12 333 19 67.9 19 86.4  y>=5.815
Evet 10 71.4 24 66.7 9 32.1 3 13.6  p=0.016*
Istahsizhik Hayir 11 78.6 32 88.9 23 82.1 20 90.9 ¥*>=0.077
Evet 3 21.4 4 11.1 5 17.9 12 9.1 p=0.781
Yeme esnasinda bogulma Hayir 14 100.0 33 91.7 27 96.4 22 100.0  ¢*>=0.512
Evet - - 3 8.3 1 3.6 - - p=0.474
Besin reddi Hay1r 8 571 22 61.1 24 85.7 20 90.9  ¥*=4.200
Evet 6 42.9 14 38.9 4 14.3 2 9.1 p=0.040*
Hizh yeme Hayir 10 71.4 21 58.3 24 85.7 19 86.4  y*=1.235
Evet 4 28.6 15 41.7 4 14.3 3 13.6  p=0.266
Asir1 yeme Hayir 10 71.4 24 66.7 25 89.3 20 90.9 ¢*=2.143
Evet 4 28.6 12 333 3 10.7 29 9.1 p=0.143
Besin neofobisi Hay1r 10 71.4 18 50.0 25 89.3 22 100.0  ¥*=2.143
Evet 4 28.6 18 50.0 3 10.7 - - p=0.143
Besin takintis1 veya seciciligi  Hayir 8 57.1 20 55.6 25 89.3 22 100.0  ¥*=5.727
Evet 6 42.9 16 444 3 10.7 - 0.0  p=0.017*
Yeme esnasinda aglama Hayir 9 64.3 20 55.6 26 92.9 22 100.0  x*=5.486
krizleri/6fke nobetleri Evet 5 35.7 16 444 2 7.1 - 0.0  p=0.019*
Yemegi agizda biriktirme Hayir 11 78.6 31 86.1 27 96.4 22 100.0  ¥*=3.454
veya tutma Evet 3 214 5 139 1 3.6 - 0,0  p=0.063

x2: Ki-Kare Testi degeri, * p<0.05
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Tablo 4. OSB’li ¢ocuklarin BAMBI ve alt skorlamalarina ait puan ortalamalari
Table 4. Mean score and subscores of children with ASD on the BAMBI

Olgek ve Alt Boyutlar X £SS (Min-Max)
BAMBI-Toplam puani 49.0 +8.87 (27-70)
BAMBI-Sinirli Besin Cesitliligi Alt Boyutu Puani 9.5 £2.40 (14-32)
BAMBI-Otizme Ozgii Davranislar Alt Boyutu Puani 12.9 +£3.13 (5-20)
BAMBI-Besin Reddi Alt Boyutu Puani 24.2 +£3.93 (4-16)

Tablo 5. Katilimcilarin besin takviyesi kullanim durumlar

Table 5. Use of dietary supplements among participants

OSB Grubu Kontrol Grubu

(n=50) (n=50) Test degeri
n (%) n (%) vep
Multivitamin Mineral Evet 6 (12.0) 3(6.0) v*=1.099
Hayir 44 (88.0) 47 (94.0) p=0.295
C vitamini Evet 5(10.0) 1(2.0) = 2.837
Hay1r 45 (90.0) 49 (98.0) p=0.092
Omega 3 Evet 9 (18.0) 8 (16.0) ¥*=0.071
Hay1r 41 (82.0) 42 (84.0) p=0.790
D vitamini Evet 7 (14.0) 4 (8.0) r=0.919
Hayir 43 (46.0) 46 (92.0) p=0.338
Probiyotik Evet 4 (8.0) - ’=4.167
Hay1r 46 (92.0) 50 (100.0) p=0.041*
Cinko Evet 6 (12.0) - ¥*=6.383
Hayir 44 (88.0) 50 (100.0) p=0.012*
Propolis ve Tiirevleri Evet 4 (8.0) 2 (4.0) v*=0.709
Hay1r 46 (92.0) 48 (96.0) p=0.400
Kalsiyum Evet 4 (8.0) - ’=4.167
Hayir 46 (92.0) 50 (100.0) p=0.041*
Demir Evet 5(10.0) - v’=15.263
Hayir 45 (90.0) 50 (100.0) p=0.022*
Magnezyum Evet 4(8.0) - = 4.167
Hay1r 46 (92.0) 50 (100.0) p=0.041*
Selenyum Evet 4 (8.0) - v=4.167
Hayir 46 (92.0) 50 (100.0) p=0.041*
B2 vitamini Evet 4 (8.0 - v=4.167
Hay1r 46 (92.0) 50 (100.0) p=0.041*
Diger Evet - - ¥*=0.071
Hayir 50 (100.0) 50 (100.0) p=0.790

x2: Ki-Kare Testi degeri, * p<0.05
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OSB’li ¢ocuklarin ciddi diizeyde beslenme sorunlart yasadik-
lar1 bildirilmistir (Molina-Lopez et al., 2021; Yeung et al.,
2021). Besin ¢esidine, dokusuna (sadece yumusak, sert, ezil-
mis piire, ¢ig tiiketilmesi), tadina (siklikla sekerli, tuzlu veya
eksi yiyeceklerin tiikketilmesi), 1s1sina (sicak veya soguk), ren-
gine veya kokusuna gore segici olmayi1 igeren besin segiciligi
OSB!'li ¢ocuklarin yasadig1 beslenme problemleri arasinda en
fazla rapor edilen davranis kalibidir (Meral, 2017). Molina ve
ark. (2021) 6-18 yas araligindaki OSB’li (n=55) ve saglikli
cocuklarla (n=91) yaptiklar1 ¢alismada, OSB’li ¢ocuklarda
besin reddi, besin segiciligi ve yeme sirasinda 6fkeli davra-
nislarin daha ¢ok yasandigimi saptamiglardir (p<0.01). Dort-
alt1 yas araligindaki OSB’li ¢ocuklarda (n=25) saglikli cocuk-
lara (n=30) kiyasla, yeni besinleri denemede isteksizlik, besin
reddi ve besin neofobisinin istatiksel olarak anlamli diizeyde
daha ¢ok gozlendigini bildirilmistir (p<0.01) (Kral ve ark.,
2015). Baska bir ¢alismada 3-6 yas araligindaki OSB’li ¢o-
cuklarda (n=65) besin reddi ve besin seciciliginin, saglikli co-
cuklara (n=65) kiyasla daha ¢ok gozlendigini saptanmistir
(p<0.01) (Yeung et al., 2021). Gok ve ark. (2021), 3-18 yas
araligindaki OSB’li Tiirk ¢ocuklarinda (n=108) besin reddi-
nin ciddi seviyede oldugunu bildirmistir. Benzer sekilde,
OSB’li Tiirk ¢ocuklarinda (n=76), besin reddi, takintili yeme
davranis1 ve besin segiciliginin siklikla goriildiigli bulunmus-
tur (Asil ve ark., 2022). Secici yeme davranisinin, OSB'li ¢o-
cuklarda normal gelisim gdsteren ¢ocuklara gore daha yaygin
oldugu ve bu oranin %15-20 oldugu tahmin edilmektedir
(Zucker ve ark., 2015). Calismamizda da OSB’li ¢ocuklarin
ciddi diizeyde beslenme sorunlart oldugu, o6zellikle besin
reddi, hizli ve asir1 yeme, besin neofobisi, besin takintisi/se-
ciciligi ve yeme esnasinda aglama krizleri/6fke nobetleri ya-
sadig1 saptanmigtir. Saglikli akranlarina, OSB’li ¢ocuklarda
beslenme sorunu yasama, besin reddi, hizli yeme, asir1 yeme,
besin neofobisi, besin takintisi ve seciciligi, yemek esnasinda
aglama krizi ve yemegi agizda tutma gibi beslenme sorunlari
anlamli sekilde daha sik goriilmiistiir. Elde edilen sonuglar li-
teratiirle uyumludur. Yapilan ¢aligmalarda arastirmamizi des-
tekler bir bigimde, OSB’li ¢ocuklarin beslenme sorunlarinin
ciddi diizeyde oldugunu vurgulamaktadir (Kral et al., 2015,
Molina-Loépez et al., 2021; Yeung et al., 2021; Gok et al.,
2021). Beslenme sorunlari tiim ¢ocuklarin %10-20'sinde (3
yas alt1 cocuklarda alevlenme ile) OSB'li ¢cocuklarin en az
%70,0'inde gozlemlenmektedir (Kazek ve ark., 2021). Calis-
mamizda, goniillii 6rnekleme yontemi uygulandigindan OSB
ve kontrol grubu arasinda yas ortalamasi bakimindan farklilik
gOriilmiis olup yas dagilimi gruplar arasinda homojen degil-
dir. Calismamiz i¢in bu durum bir sinirhilik olabilir ve sonug-
lan1 etkileyebilir. Yeme davranisi 6zellikleri yasla birlikte
sosyolojik ve biyolojik temelli siireclerle gelistigi ve yeme

davranisi Ozelliklerinin yasla birlikte degistigi diistiniildii-
giinde (Burnett ve ark. 2024) sonuglarin farklilik gdsterebile-
cegi disiiniilmektedir. Bununla birlikte, yasa bagh olarak
yeme davranigi 6zelliklerinin farklilastigini 6ne siiren az sa-
yida ¢aligma vardir ve bu ¢alismalar ¢esitli yas gruplarini ele
almaktadir. 7-10 yas (da Costa ve ark., 2022), 4-7 yas (Ashc-
roft ve ark., 2008) ve 2-15 yas (Jansen ve ark., 2023) grubu-
nun ele alindig1 galigsmalar besin duyarliliginin ve besinden
alian zevkin yasla birlikte arttigin, tokluk duyarliliginin ve
yemede yavasligin yasla birlikte azaldigini bulmustur. Bu-
nunla birlikte, besin se¢iciliginin yagamin ilk 6 yilinda arttig1
(Jansen ve ark., 2023) ve 7 ila 10 yaslar1 arasinda sabit kaldig1
gosterilmistir (da Costa ve ark., 2022). Yeme davranisi 6zel-
liklerinin yasla birlikte degisebilecegine dair goriigler olsa da
sinirli sayida ¢aligma bu iligkileri incelemistir ve 6zellikle kii-
clik cocuklarda ele almistir (Burnett ve ark., 2024). Ayrica,
calismamizda 6zel bir diyet programi uygulayan ¢ocuklarin
varlig1 her iki grupta benzerdir ve az sayida ¢ocuk oldugu ve
her iki grupta benzerlik gosterdigi i¢in gozardi edilmistir. Bu-
nunla birlikte, uygulanan beslenme programlarinin ¢ocukla-
rin olagan beslenme davraniglarini yansitmadigimi séylemek
miimkiindiir. Ozel beslenme programi uygulayan ¢ocuklarin
dahil edilmis olmasi, ¢alismamizdan daha yiiksek oranlarda
cocuklarin beslenme sorunlarmin olabilecegini diistindiir-
mektedir. Beslenme sorunlarinin elimine edilmesi i¢in gesitli
davranig stratejilerinin gelistirilmesi elzemdir ve beslenme
sorunlarin1 azaltmaya yonelik davramigsal terapiler OSB’li
cocuklarin yeterli besin almalarini saglayabilir. Besin ¢esitli-
liginin sinirli olmasi ve bazi besinlerin aliminin yetersiz/agir
olmasi, OSB’li ¢cocuklarin rutin takibinin yan1 sira beslenme
aligkanliklarinin da degerlendirilmesini igermesi gerektigini
diisiindiirmektedir (Mari-Bauset et al., 2015). OSB’li ¢ocuk-
larin ve ebeveynlerinin diyetisyene yonlendirilmesi ve pro-
fesyonel destek alinmasi, beslenme sorunlarinin ¢6ziilmesi ve
OSB prognozunun ydnetimi ig¢in dnem arz etmektedir. Bii-
ylime ve gelisim doneminde yapilan beslenme miidahaleleri,
takintili yeme davraniglarinin azaltilmasinda anahtar rol oy-
nayabilmektedir (Kaynar ve Ongiin Yilmaz, 2020). OSB
semptomlar1 agir seyreden c¢ocuklarin besin tercihleri ve
yeme aligkanliklarinin daha derinlemesine incelenmesi diyet
kalitesini gelistirmeye yonelik miidahale stratejilerine 151k tu-
tabilir (Harris et al., 2022). Bununla birlikte, OSB'li ve orta
diizeyde besin segiciligi olan ¢ocuklar i¢in 6zel olarak tasar-
lanan Yeme Igrenmelerini ve Sinirli Yeme Cesitliligi Yo-
netme plan1 (MEAL Plani) besin segiciligini hafifletmeye yo-
nelik bir miidahale stratejisi olabilir (Sharp ve ark., 2019).

Gray ve ark. (2017) yaslar1 3-12 arasinda degisen OSB’li ¢o-
cuklart (n=31) degerlendirdikleri ¢aligmalarinda, BAMBI to-
tal skorunu 43.5, sinirh besin gesitliligi skorunu 9.3, otizme
0zgil davraniglar alt puanini 11.0 ve besin reddi alt puani 23.1
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olarak bulmuslardir. Baska bir ¢alismada (n=205) BAMBI
total skoru 48.3, smirli besin gesitliligi skoru 9.2, otizme 6zgii
davranislar alt puani 8.0 ve besin reddi alt puan1 18.8 olarak
saptanmistir (Castro ve ark., 2019). Aponte ve ark. (2016)
yaglar1 3-12 arasinda degisen OSB’li g¢ocuklarin (n=36)
BAMBI total skorunu 45.0, sinirli besin gesitliligi skorunu
10,2, otizme 6zgili davranislar alt puanini 9.4, besin reddi alt
puanini 25.3 olarak bulmusglardir. OSB’li ¢cocuklarin aileleri
(n=68) ile yapilan bir ¢calismada BAMBI total skoru 49.0
+10.33, siurhi besin gesitliligi skoru 10.3 +£3.74, otizme 6zgii
davraniglar skoru 11.0 £3.49, besin reddi skoru 27.6 +6.79
olarak bulunmustur (Lukens ve Linscheid, 2008). Baska bir
calismada, BAMBI total skoru OSB’li ¢ocuklarda (n=39)
37.3 £11.6 olarak bulunmustur (Handayani ve ark., 2012).
OSB’li 36 ¢ocukla yiiriitiilen bir diger calismada BAMBI to-
tal puam 43.3 =£10.08, otizme Ozgii davramiglar puani
10,14+2,93, sinirl besin gesitliligi puan1 23,4+7,06 ve besin
reddi puant 9.8 £3.00 olarak bulunmustur (Kars ve ark.,
2019). Meral ve Fidan (2015), Tiirkiye’ nin 8 ilindeki (Bursa,
Denizli, Diyarbakir, Istanbul, Kiitahya, Sakarya, Trabzon ve
Van) OSB merkezlerinde yaptiklari ¢alismalarinda (n=379)
sinirli besin ¢esitliligi skorunu 28.2 +7.59 olarak bulmuslar-
dir. Calismamizda ise OSB’li gocuklarin BAMBI toplam pu-
an149.0 +8.87, siirli besin ¢esitliligi skoru 9.5 +2.40, otizme
0zgli davranislar skoru 12.9 +3.13 ve besin reddi skoru 24.26
+3.93 olarak bulunmustur. BAMBI toplam ve alt boyu puan-
larinin, literatiirdeki bazi ¢alismalarla uyumlu bazi ¢alismala-
rin iizerinde oldugu belirlenmistir. Calismamizda OSB’li ¢o-
cuklarin %68,0’inde gesitli beslenme sorunlari (besin reddi,
hizli yeme, asir1 yeme, besin neofobisi, besin takintililigi, ye-
mek esnasinda aglama, yemegi agizda tutma) gozlenmekte-
dir. Oldukga yiiksek oranda gozlenen beslenme sorunlarinin,
cocuklarin BAMBI puanlarinin yiiksek olmasina sebep ola-
bilecegi diisiiniilmektedir. Bununla birlikte, OSB siddetinin
ve ¢aligmalar aras1 6rneklem farkliliklarin bunda etkili olabi-
lecegini s6ylemek miimkiindiir. OSB her ¢ocukta farkli sey-
redebileceginden OSB’ye 6zgii beslenme sorunlarinin da ¢e-
sitlilik gosterebilecegi sonucuna varilabilir.

OSB’li ¢gocuklarda uygunsuz yeme zamani davranisi yaygin-
dir (Sharp ve ark. 2018). Yeme diizeninde rutinin digmna ¢i-
kilmasi (6gilindeki besinler veya yeme zamaninda yapilan de-
gisimler) siklikla zorlayic1 davraniglar1 artirmaktadir (Rogers
ve ark. 2012). Ebeveynlerin cocugunun diyet cesitliligini ar-
tirma girisimleri aglamaya, saldirganliga, kendine zarar ver-
meye, tiikiirmeye ve protesto amaciyla besinleri itmeye yol
acabilmektedir (Sharp ve ark., 2019). Bu sebeple, 6giin dii-
zenlerinin detayli incelenmesi OSB popiilasyonu igin 6nem
arz etmektedir. Yaslar1 7 ila 14 yas arasi degisen OSB’li ¢o-
cuklarin degerlendirildigi bir ¢aligmada (n=58), ¢ocuklarin
giinliik 6glin sayist ortalama 3.3 +£0.8 olarak bulunmustur
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(Kaynar ve Ongiin Yilmaz, 2020). Calismamizda OSB’li ¢o-
cuklarm giinliik 6giin sayis1 4,9+0,89 olup saglikli akranla-
riyla benzerlik gostermektedir. Saglikli akranlart gibi OSB’li
cocuklarinda 6gtinlerinin diizenli oldugu gériilmiistiir. Bu du-
rum ebeveynlerinin ¢ocuklar ile yeterince ilgilenmesinden
ve beslenmelerine 6nem vermelerinden kaynakli olabilir. Li-
teratiirde OSB’li ¢cocuklarin 6giin sayisina yonelik yeterince
kanit bulunmamaktadir. Bu konunun derinlemesine arastiril-
mas1 gerekmektedir. OSB’li ¢ocuklarda beslenme yetersiz-
liklerinin degerlendirilmesini de igerebilecek beslenme du-
rumu ve davraniglarinin degerlendirilmesi ve beslenme izle-
minin yapilmasi OSB ydnetiminde 6nemli bir role sahiptir
(Blennerhassett ve ark., 2023).

Kronik diyare veya konstipasyon, diger gastrointestinal prob-
lemler veya diyet kisitlamalar1 gibi nedenlerden ve immiin
sistemle iligkili sorunlardan kaynakli OSB’li bireylerin vita-
min ve mineral seviyelerinin disiik olabilecegi diisliniilmek-
tedir (Onal ve Ugar, 2017). OSB’li ¢ocuklarda gézlenen si-
nirli yeme, asir1 secicilik sonucu yetersiz beslenme, cesitli be-
sin alerjileri ve intoleranslari, sindirim ve emilim bozukluk-
lar1, bazi1 sik1 diyetler ve kullanilan ilaglar, gesitli besin 6gesi
takviyelerinin yapilmasin1 gerekli hale getirebilmektedir
(Martinez-Gonzalez ve Andreo-Martinez, 2019; Madore ve
ark., 2016; Martins ve ark., 2020; Ooi ve ark., 2015). OSB’li
cocuklarda, artmis oksidatif stres, mitokondriyal disfonksi-
yon, metilasyon yolu yetersizligi, siilfat ve lityum eksikligi
gibi ¢esitli metabolik bozulmalar kaynakli besin takviyesine
olan ihtiya¢ artmaktadir ve yetersizlikleri giderebilmek i¢in
cesitli besin destekleri yaygin olarak kullanilabilmektedir
(Giiler Topal ve Ongiin Yilmaz, 2024). OSB'li ¢ocuklarin
%54.0'inlin diyet takviyeleri, 6zellikle de multivitamin ve
mineral takviyeleri aldigi bildirilmistir (Stewart ve ark.,
2015). Siklikla kullanilan besin takviyeleri arasinda omega 3
takviyesi, probiyotik takviyesi ve vitamin mineral takviyeleri
gibi takviyeler bulunmaktadir (Martinez-Gonzalez ve And-
reo-Martinez, 2019; Madore ve ark., 2016; Martins ve ark.,
2020; Ooi ve ark., 2015). OSB’de en yaygin kullanilan des-
teklerin multivitaminler (%77.8), D vitamini (%44.9),
omega-3 (%42.5), probiyotik (%36.5) ve magnezyum
(%28.1) oldugu bir ¢alismada bildirilmistir (Trudeau ve ark.,
2019). Calismamizda takviye kullanimi pek yaygin olma-
makla birlikte, en sik kullanilan takviyeler ise omega 3, D vi-
tamini ve multivitamin mineraldir. OSB’li ¢ocuklarda probi-
yotik, ¢inko, kalsiyum, demir, magnezyum, selenyum, B12
vitamini takviyesi kullanim1 saglikli akranlarina kiyasla an-
laml1 derecede yiiksektir. OSB’li ¢ocuklarda uygulanan di-
yet, kullanilan ilag, mevcut semptomlar dikkate almarak ge-
rekli durumlarda, uygun vitamin ve mineral takviyesinin dok-
tor kontroliinde yapilmasi OSB’nin seyri ve yagam kalitesinin
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artiritlmasi i¢in biiyiik 6nem arz etmektedir (Cekici ve Sanlier,
2019).

Arastirmamiz OSB’li ¢ocuklarda beslenme davranislarini ve
yeme sorunlarini anlama yolunda 6nemli bir adim teskil etse
de bazi siirlamalari vardir. 1k olarak, arastirmamiz bes-
lenme veya yeme sorunlarinin nicel bir 6lgiisiinii kullanmig
olup degerlendirilmesi de yine benzer yontemleri kullanan
caligmalarla sinirhidir. Bu nedenle bu konuyu inceleyen nitel
caligmalari gozard: etmis olabilir. Bununla birlikte, ebeveyn
yanitina dayal1 bir ¢alisma olmasindan dolay1 gozlemsel de-
neysel calismalar gibi dogrudan objektif degerlendirme ola-
nag1 bulunmamaktadir. Davraniglan karakterize etmek igin
nesnel dlgiitler kullanmak 6nemli olsa da dlglilmeyen iliskili
konularla ilgili degerli bilgiler (beslenmeye yonelik ebeveyn
yaklagimi ve ebeveyn-¢ocuk beslenme iligkisi) tam olarak an-
lagilamamigtir. Calismamizin bir diger simirliligi ise OSB ve
kontrol grubu arasinda yas ortalamasi bakimindan farklilik
olmasidir ve bu durumun sonuglar etkileyebilir. OSB’de bes-
lenme davranislar1 ve sorunlar1 OSB yonetimine, bireye, yasa
ve OSB siddetine gore degiskenlik gdsterdiginden dolay1 ge-
sitli yas gruplarinin ve tiim OSB siddeti diizeyinin daha de-
tayl sekilde incelendigi ve uzun dénem izleminin yapildigi
genis Orneklemli aragtirmalara ihtiyag vardir.

Sonug¢

Calismamizin bulgular1 OSB’li ¢ocuklarin yeme sorunlarinin
ciddiyetini dogrulamaktadir. OSB’li ¢cocuklarim BAMBI top-
lam puani yiiksek bulunmus olup ¢ocuklarin biiyiik bir ¢o-
gunlugunda beslenme sorunlar1 gézlenmistir. Ozellikle besin
reddi, hizli yeme, asir1 yeme, besin neofobisi, besin takin-
tis1/seciciligi ve yeme esnasinda aglama krizleri/6fke nobet-
leri 6n plana ¢ikmaktadir. Beslenme sorunlarinin OSB’li ¢o-
cuklarin biiyiik bir kismini etkiledigi géz oniine alindiginda,
beslenme ve yeme sorunlarinin yayginligini, gelisimini, siir-
diirilmesini ve potansiyel olarak ortadan kaldirilmasini anla-
maya yonelik arastirmalarimn yiiriitiilmesi kritik neme sahip-
tir.
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Cikar catismasi: Yazarlar, bu yazi i¢in gergek, potansiyel veya al-
gilanan ¢ikar ¢atismasi olmadigini beyan etmislerdir.
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ABSTRACT

This research was conducted to evaluate the physicochemical characteristics and microbiological
quality of raw and cooked Burdur sis kofte collected from fast-food restaurants in Burdur, Tiirkiye.
Results for physicochemical properties of raw Burdur sis kofte samples were 5.84 pH, 58.53%
moisture, 16.87% protein, 19.87% fat, 2.99% ash, 2.00% salt and 70.57 mg/100 g cholesterol,
whereas, these values for cooked samples were 6.05, 61.85%, 22.88%, 11.10%, 3.13%, 2.11% and
72.65 mg/100 g, respectively. While the average counts (log CFU/g) of total mesophilic aerobic
bacteria, total coliforms, yeasts-moulds, Bacillus cereus and Staphylococcus aureus in raw Burdur
sis kofte samples were 5.73, 3.83, 3.09, 2.31 and <1.00, respectively, these counts in cooked Bur-
dur sig kofte samples were 1.80, <1.00, <1.00, 1.40 and <1.00, respectively. Moreover, Salmonella
spp- was not detected in any of the Burdur sis kdfte samples. In conclusion, the present research
revealed that the cooked Burdur sis kofte sold in Burdur had acceptable hygienic quality and nu-
tritional value. On the other hand, some raw Burdur sis kofte samples were found to have insuffi-
cient hygienic quality, which may create a potential health risk to consumers. Therefore, necessary
precautions should be taken to ensure hygienic processing, especially during the manufacture of
raw Burdur sis kofte.

Keywords: Burdur sis kofte, Consumer health, Microbiological quality,
Physicochemical characteristics
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Introduction

Burdur sis kofte is a traditional grilled meat meal prepared
with beef, goat or lamb, salt and back fat. It is commonly con-
sumed in restaurants throughout the province of Burdur and
in surrounding cities. This product was made from ground
goat meat in the early 19" century when it first appeared. Cur-
rently, it is also made from fresh ground beef. Burdur sis kofte
is widely cooked on a charcoal grill and served with grilled
pepper and pita bread. Burdur Sis Kofte, which is confirmed
to be a product specific to Burdur province, was officially
documented by the Turkish Patent Institute in terms of geo-
graphical indication and announced in the Official Gazette on
July 3, 2011 (Turkish Patent Institute, 2011).

Traditional foods play a crucial role in local identity, con-
sumer behaviour, and the transfer of cultural heritage to fu-
ture generations, while also influencing the interaction of this
heritage with the rest of the world (Albayrak & Gunes, 2010).
During the manufacturing of these products, microbial con-
tamination may occur due to factors such as the use of low-
quality raw materials, unsanitary processing, and inadequate
storage conditions, which can have adverse impacts on con-
sumer health. Moreover, the production of these products, of-
ten in small-scale or home-based environments, can also lead
to inconsistent hygienic practices, thereby increasing safety
risks (Rakha et al., 2022). Additionally, the perishable nature
of these foods increases the risk of foodborne illnesses. Food-
borne illnesses associated with these products typically result
from contamination with pathogenic microorganisms such as
Salmonella spp., Escherichia coli, and Staphylococcus au-
reus (Bintsis, 2017). Factors such as improper temperature
control, inadequate cooking, and cross-contamination during
preparation contribute significantly to these risks (Sunarti,
2024).

Burdur sis kofte is a popular fast food sold in various restau-
rants and fast-food shops across Burdur and neighbouring cit-
ies. Since there is no previous study on the quality attributes
and microbiological features of Burdur sis kofte sold in fast
food restaurants and supermarkets, consumers and meat pro-
cessors have been demanding information regarding the qual-
ity and safety features of Burdur sis kofte to meet their expec-
tations. Therefore, it is crucial to research the composition,
microbiological quality, and cooking effectiveness of Burdur
sis kofte to provide essential information to authorities re-
garding the public safety of this traditional meat product.
Thus, the present research aimed to evaluate the physico-
chemical characteristics and microbiological quality of raw
and cooked Burdur sis kofte collected from fast-food restau-
rants in Burdur Province, Tiirkiye. This is the first study to
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provide an update on the current status of the quality and
safety characteristics of Burdur sis kofte.

Materials and Methods

In this research, a total of 60 Burdur sis kofte (30 raw and 30
cooked samples) were purchased randomly from 30 different
fast-food restaurants in Burdur, Tiirkiye. Burdur sis kofte
samples were aseptically placed in sterile polyethene bags
and immediately transported to the Meat Sciences and Tech-
nology Laboratory at Suleyman Demirel University, Isparta,
Tiirkiye, in a cooling box. Then, microbiological and physi-
cochemical analyses were carried out on the samples.

Physicochemical Analyses

pH was measured using a glass electrode attached to a bench-
top pH/ORP meter (HI 2211, Hanna Instruments, Germany)
according to the method described by Simsek and Kilig
(2020). Both raw and cooked Burdur sis kofte samples were
subjected to colour measurements using a Minolta Colour-
imeter (Model CR-200, Illuminant D65, Minolta Corp., Ram-
sey, NJ, U.S.A.). The instrument was standardised against a
white calibration plate (D65, L* = 97.79, a* = —0.11, b* =
2.69). The values of chroma (C*,), hue angle (4.) and
browning index (B/) were calculated using CIE L*, a*and b*
values according to equations given by Uysal et al. (2022).
The protein (992.15), moisture (950.46), ash (920.153) and
fat (991.36) analyses were conducted by the AOAC (1997)
procedures. Salt contents were determined by the Mohr
method, a titrimetric method for determining chloride ions
(Papadima et al., 1999). The spectrophotometric procedure
stated by Rudel and Morris (1973) was used to determine the
cholesterol content. Cholesterol contents were calculated
with the equation obtained from the standard curve prepared
using 3B-Hydroxy-5-cholestene (C8667; Sigma-Aldrich,
Germany) and presented as mg/100 g samples.

Microbiological Analyses

Total mesophilic aerobic bacteria (TMAB), total coliforms,
yeasts-moulds, Staphylococcus aureus and Bacillus cereus
counts of raw and cooked Burdur sis kofte samples were de-
tected and presented as log CFU/g samples. In addition, the
presence of Sal/monella spp. was investigated. For the detec-
tion of TMAB, total coliforms and yeast-moulds, each sam-
ple (10 g) was aseptically taken and placed into a sterile stom-
acher pouch, and then homogenised in 90 mL of 0.1% buff-
ered peptone water (BPW) using a stomacher blender (Bi-
obase BK-SHGO04, China) for 2 min. 10-fold serial dilutions
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were prepared using BPW. The counts for TMAB, total coli-
forms and yeasts-moulds were performed by using the
spread-plate technique on plate count agar (PCA, Merck), eo-
sin methylene blue agar (EMB, Merck) and potato dextrose
agar (PDA, Merck), respectively (Simsek, 2022). The plates
for TMAB, total coliforms and yeasts-moulds were enumer-
ated after incubating at 30 °C for 48 h, 37 °C for 48 h and 25
°C for 120 h, respectively. For S. aureus and B. cereus detec-
tion, 25 g of each sample was aseptically weighed into a ster-
ile stomacher pouch containing 225 mL of 0.1% BPW and
homogenised by a stomacher (Biobase BK-SHGO04, China)
for 2 min. 10-fold serial dilutions were prepared with 0.1%
BPW from the homogenised samples. The plates containing
Baird Parker Agar (BPA, Merck, 105406) with egg yolk tel-
lurite (Merck, 103785) were used for the enumeration of S.
aureus. 0.1 mL aliquots from appropriate 10-fold dilutions
were transferred to the plates containing BPA, and the plates
were incubated at 37 °C for 24 h. The suspected S. aureus
colonies with a typical black appearance surrounded by a
clear area on plates were enumerated. The presence of S. au-
reus was proven by the coagulase test (Burnham et al., 2008).
The enumeration of B. cereus was performed using the
spread-plate technique in the plates containing mannitol egg
yolk polymyxin (MYP) agar (Merck, 105267). The plates
were counted after incubating for 24 h at 30 °C. The tests of
hemolysis, reduction of nitrate and Voges—Proskauer were
performed to confirm typical B. cereus colonies (Giiven et al.,
2006). The method described by the International Organisa-
tion for Standardisation was used to detect the presence of
Salmonella spp. (ISO, 2002). Each sample (25 g) was homog-
enised in 225 mL of BPW for 2 min using a stomacher, and
then the diluted samples were incubated at 37 °C for 18 h. At
the end of the incubation, 1 mL of pre-enrichment culture was
transferred into sterile tubes containing 10 mL of Selenite
Cystine Broth (SCB, Merck, 100212), and then the tubes
were incubated for 24 h at 37 °C. A loopful from each SCB
tube was subcultured on Brilliant-Green Phenol-Red Lactose
Sucrose Agar (BPLSA, Merck, 100207) and incubated for 24
hat 37 °C. Triple Sugar Iron Agar (TSIA, Merck, 44940) was
used to confirm typical Salmonella spp. colonies.

Statistical Analyses

Each analysis was performed in triplicate for raw and cooked
samples purchased from each fast-food restaurant. The results
were analysed by analysis of variance (ANOVA) using the
SPSS 19.0.0 (SPSS Inc., Chicago, USA) software package.
The differences among the means were assessed using the In-
dependent-Samples T-test. Differences were considered sig-
nificant at the p<0.05 level.

Results and Discussion
Physicochemical Characteristics of Burdur Sis Kofte

Physicochemical results of raw and cooked Burdur sis kofte
samples are shown in Table 1. The average pH values (with
range) of raw and cooked Burdur sis kofte samples were 5.84
(5.47-6.36) and 6.05 (5.82-6.47), respectively. Saricaoglu
and Turhan (2013) reported that the pH values of raw beef
meatballs were in the range of 5.30-5.63. Yilmaz and
Daglioglu (2003) reported that pH values of cooked beef
meatballs ranged from 5.80 to 5.87, whereas Ogiitcii et al.
(2018) reported that pH values of cooked Tire meatballs were
between 6.23 and 6.35. In addition, higher pH values (in the
range of 6.24-6.99) were determined in the research results
recorded by Cimen and Cigek (2021) in meatballs. In studies,
it has been observed that the pH values obtained in meatball
samples varied over a wide range. These differences in pH
values can be attributed to variations in initial meat pH and
product formulations. Our study results showed that the aver-
age pH of cooked samples was higher than that of the raw
samples (p<0.05). Nuray and Oz (2019) reported that the
meat pH increases due to the release of imidazole, sulthydryl
and hydroxyl groups as a result of cooking. pH values of 22
(73.33%) raw Burdur sis kofte samples ranged from 5.47 to
6.00, whereas pH values of 8 (26.67%) raw samples were be-
tween 6.01 and 6.36. On the other hand, pH values of 15
(50%) cooked Burdur sis kofte samples ranged between 5.82
and 6.00, whereas pH values of 15 (50%) cooked samples
were between 6.01 and 6.47.

Moisture, protein, fat, ash and salt levels ranged from 49.88%
to 64.58%, 14.06% to 20.90%, 11.50% to 30.00%, 1.86% to
3.90%, 0.95% to 2.98% for raw samples, and 54.85% to
65.86%, 19.08% to 26.73%, 7.50% to 19.50%, 2.04% to
4.25%, 1.37% to 3.28% for cooked samples, respectively
(Table 1). Similar moisture (52.09%-59.89%), protein
(12.56%-25.26%), fat (9.15%-20.85%), ash (2.43%-3.75%)
and salt (1.78%-3.22%) levels were reported by Cimen and
Cicek (2021) in ready-to-eat meatballs. Saricaoglu and
Turhan (2013) noted that the moisture, protein, fat, ash and
salt contents of Akgaabat meatballs were in the ranges of
48.35%-54.53%, 14.14%-15.17%, 19.09%-22.27%, 1.91%-
2.09% and 1.23%-1.51%, respectively. Yilmaz and Demirci
(1995) indicated that moisture, protein, fat, ash and salt con-
tents of Tekirdag meatballs were 56.66%, 16.86%, 16.07%,
2.70% and 2.21% for ungrilled meatballs, 53.79%, 18.84%,
12.72%, 3.04% and 2.69% for grilled meatballs, respectively.
Moreover, Ogiitcii et al. (2018) reported that Tire meatball
samples had moisture, protein, fat, ash and salt contents of
52.42%-54.83%, 17.57%-20.98%, 16.41%-18.05%, 2.58%-
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2.91% and 1.59%-2.19%, respectively. There is a significant
variation in terms of chemical composition among meatballs,
as indicated by the results obtained in the present study and
previous studies. These differences may be attributed to the
variations in product formulations and final moisture levels.
According to the Turkish Food Codex, meat products pre-
pared with ground meat are allowed up to 25% fat and 2%
salt content, and at least 12% protein content (TFC, 2016).
Therefore, all of the raw and cooked Burdur sis kofte samples
were within legal limits in terms of protein level. However,
the salt contents of 16 (53.33%) raw Burdur sis kofte samples
and 17 (56.67%) cooked Burdur sis kofte samples were de-
termined to be slightly higher than the acceptable upper salt
limit value. The fat contents of 2 (6.67%) raw Burdur sis kofte
samples exceeded this upper limit value. The average mois-
ture, protein, ash and salt levels were significantly higher in
cooked Burdur sis kofte samples than the raw counterparts
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(p<0.05). On the other hand, the average fat level of cooked
Burdur sis kofte samples was lower than that of raw samples
(p<0.05). Protein levels of all Burdur sis kofte samples in-
creased, and fat levels decreased compared to raw counter-
parts after the cooking process (p<0.05). A lower fat content
in the cooked Burdur sis kofte samples was expected, as raw
Burdur sis kofte samples lost some fat through melting and
draining during cooking. Moreover, the moisture levels of 6
(20%) samples, ash levels of 4 (13.33%) samples, and salt
levels of 8 (26.67%) samples exhibited no significant changes
as a result of the cooking process. Out of 30 cooked Burdur
sis kofte samples, 24 (80%), 16 (53.33%) and 12 (40%) had
higher moisture, ash and salt levels compared to raw counter-
parts, respectively (p<0.05). The reduction in fat levels (Ta-
ble 1) during cooking was considered the primary cause of
the increase in moisture, protein, ash, and salt levels.

Table 1. Physicochemical characteristics of raw (n=30) and cooked (n=30) Burdur sis kdfte samples

Raw

Mean+SD  Minimum Maximum

pH 5.84°+0.25 5.47
Moisture (%) 58.53%+3.85 49.88
Protein (%) 16.87°+1.88 14.06
Fat (%) 19.87*+3.80 11.50
Ash (%) 2.99°4+0.48 1.86
Salt (%) 2.00°+0.56 0.95
Cholesterol (mg/100 g) 70.57°+15.20 42.16
L* 52.87*+5.46 47.06
a* 15.10%+6.96 6.19
b* 4.48+1.90 2.01
hap 20.90°+14.00 4.54
C*ap 16.16°£5.72 8.29
BI 28.97°+7.17 16.91

Cooked
Mean+SD Minimum Maximum

6.36 6.05°+0.19 5.82 6.47
64.58 61.85+2.73 54.85 65.86
20.90 22.88%+2.24 19.08 26.73
30.00 11.10°+2.29 7.50 19.50
3.90 3.13°+0.61 2.04 4.25
2.98 2.11°+0.45 1.37 3.28
104.27 72.65*+19.72 38.34 114.58
63.93 49.56°+2.91 45.26 55.14
26.97 10.21%+1.66 7.30 12.56
8.99 8.45°+1.27 5.62 11.87
50.71 39.78*£6.58 30.62 57.76
27.35 13.351.12 10.11 15.72
48.82 33.32°+3.24 24.09 39.65

SD: standard deviation; /.»: hue angle; C*.: chroma; BI: browning index; Results are expressed as mean=SD; **Means with
different superscripts within a row are significantly different (p<0.05).
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The cholesterol levels of Burdur sis kofte samples ranged
from 42.16 mg/100 g to 104.27 mg/100 g for raw samples and
38.34 mg/100 g to 114.58 mg/100 g for cooked samples, re-
spectively. The cholesterol levels obtained in this study were
similar to the results (in the ranges from 70.4% to 89.7% for
raw samples and 67.0% to 76.5% for cooked samples) of pre-
vious studies on meatballs and hamburgers (Baggio &
Bragagnolo, 2006). Study results showed no differences be-
tween raw and cooked Burdur sis kofte samples in terms of
average cholesterol level (Table 1). The cholesterol levels
were higher in 15 (50%, out of 30) and lower in 12 (40%)
cooked Burdur sis kofte samples compared to raw counter-
parts (p<0.05). Previous studies have reported that the cho-
lesterol levels of processed meat products vary significantly
depending on factors such as the type of meat or muscle used,
the cooking or heating processes applied, and product formu-
lations (Bragagnolo, 2008; Dinh et al., 2011). Specifically,
several studies in the literature have demonstrated the impact
of cooking on cholesterol levels (Chizzolini et al., 1999; Dinh
etal., 2011). Dinh et al. (2011) noted the migration of choles-
terol from fat tissues to muscle tissues as the reason for the
greater cholesterol level determined in cooked meats com-
pared to raw ones. On the other hand, Chizzolini et al. (1999)
stated that the cholesterol levels in meats do not significantly
alter on cooking, because negligible amounts of cholesterol
are lost from the membranes. The researchers also reported
that cooking beef patties containing up to 25% fat resulted in
a small decrease in cholesterol levels. Moreover, Kregel et al.
(1986) noted that cholesterol retention during cooking varied
between 96% and 74% in ground beef, depending on fat lev-
els 0f 9.5% and 28.5%, respectively. In the present study, the
increases or decreases in cholesterol levels of cooked Burdur
sis kofte samples may be attributed to differences in fat levels
among the tested products.

The lightness (L*), redness (a*), yellowness (b*), hue angle
(hap), chroma (C*,), and browning index (B/) values (Table
1) of the raw and cooked sis kofte samples were in the ranges
(average) of 47.06-63.93 (52.87), 6.19-26.97 (15.10), 2.01-
8.99 (4.48), 4.54-50.71 (20.90), 8.29-27.35 (16.16) and
16.91-48.82 (28.97) for raw samples, and 45.26-55.14
(49.56), 7.30-12.56 (10.21), 5.62-11.87 (8.45), 30.62-57.76
(39.78), 10.11-15.72 (13.35) and 24.09-39.65 (33.32) for
cooked samples, respectively. Saricaoglu and Turhan (2013)
stated that the L*, a* and b* values of raw Akc¢aabat meat-
balls were in the ranges of 39.10-45.65, 6.19-10.35 and
10.22-12.60, respectively. Ogiitcii et al. (2018) noted that the
colour values of Tire meatballs ranged from 50.16 to 58.30
for L* values, 4.72 to 6.70 for a* values and 12.86 to 15.56
for b* values. Cimen and Cigek (2021) reported that L*, a*
and b* values of meatballs ranged from 32.99 to 48.63, 5.70

to 11.83 and 13.05 to 21.50, respectively. Moreover, Bozkurt
(2009) demonstrated that L*, a* b* and A, values of Inegél
kofte samples were 40.75, 15.03, 18.22 and 50.48 for raw
kofte samples and 37.71, 7.63, 15.77 and 64.22 for cooked
kofte samples, respectively. There are significant variations
in colour values among meatball samples, as determined by
the results of the present study and previous studies. It has
been noted that the colour values of meat products are influ-
enced by various factors, including moisture and fat content,
oxidation, and added ingredients (Lorenzo et al., 2017). The
colour results revealed that the lower average L*, a* and C*,
values and the higher b*, A, and Bl values were determined
in the cooked Burdur sis kofte samples compared to raw Bur-
dur sis kofte samples (p<0.05).

Microbiological Quality of Burdur Sis Kofte

The average microbial counts (log CFU/g) of TMAB, total
coliforms, yeasts-moulds, Salmonella spp., Bacillus cereus
and Staphylococcus aureus obtained from raw and cooked
Burdur sis kofte samples are shown in Table 2. The average
counts of TMAB, total coliforms, yeasts-moulds, B. cereus
and S. aureus for raw Burdur sis kofte samples were 5.73
(3.48-8.25), 3.83 (2.43-5.46), 3.09 (1.48-4.58), 2.31 (1.30-
3.08) and <1.00 (<1.00-2.56), respectively. In cooked Burdur
sis kofte samples, the average counts of TMAB, total coli-
forms, yeasts-moulds, B. cereus and S. aureus were 1.80
(<1.00-3.52), <1.00 (<1.00-2.79), <1.00 (<1.00-3.71), 1.40
(<1.00-2.96) and <1.00 (<1.00-2.32), respectively. Ogiitcii et
al. (2018) noted that the mesophilic and total coliform bacte-
ria counts of raw Turkish Tire meatballs were in the ranges
of 4.45-6.48 log CFU/g and 2.90-4.05 log CFU/g, respec-
tively. Can et al. (2013) reported that TMAB and S. aureus
counts of cooked Sivas kofte samples were in the ranges from
2.70 log CFU/g to 4.90 log CFU/g and <1.00 to 1.90 log
CFU/g, respectively. It was noted that TMAB, yeasts, total
coliforms and S. aureus counts in Tekirdag meatballs were
5.38-7.34 log CFU/g, 4.00-5.85 log CFU/g, 2.00-5.63 log
CFU/g and <1.00-2.39 log CFU/g for raw meatballs and 2.78-
4.17 log CFU/g, 2.00-2.84 log CFU/g, <1.00-3.83 log CFU/g
and <1.00-1.90 log CFU/g for cooked meatballs, respectively
(Yilmaz et al., 2002). Variations in microbial counts observed
in the present and previous studies could be attributed to dif-
ferences in initial microbial loads, storage conditions, and the
hygienic quality maintained during the processing period. In
the present study, the results of microbiological analysis
showed that lower counts of TMAB, total coliforms, yeasts-
moulds, as well as B. cereus, were detected in cooked Burdur
sis kofte samples (p < 0.05). According to the Microbiologi-
cal Criteria Legislation of the Turkish Food Codex (TFC,
2011), Salmonella should not be detected in 25 g of raw meat

235



Food and Health 11(3), 231-239 (2025) e https://doi.org/10.3153/FH25019

mixtures and cooked meatballs. In the present study, Sa/mo-
nella spp. was not detected in either raw or cooked Burdur sis
kofte samples. This finding complies with the criteria re-
ported in the Turkish Food Codex (TFC, 2011). All tested raw
Burdur sis kofte samples were positive for TMAB, total col-
iforms, yeasts-moulds and B. cereus counts. Only 14
(46.67%) out of 30 tested raw samples showed S. aureus
counts > 1 log CFU/g (Table 2). Out of 30 tested cooked Bur-
dur sis kofte samples, 24 (72%), 2 (6.67%), 11 (36.67%), 19
(63.33%), and 2 (6.67%) were positive for TMAB, total col-
iforms, yeasts-moulds, B. cereus and S. aureus counts, re-
spectively. According to the Microbiological Criteria Legis-
lation of the Turkish Food Codex, the acceptable upper limit
for the number of aerobic colonies in ground meat is reported
to be 5x10% CFU/g (TFC, 2011). Considering this upper limit
value, it can be stated that TMAB counts of 13 (43.33%) raw
Burdur sis kofte samples (6.19 to 8.20 log CFU/g) exceeded
the upper limit value. On the other hand, the TMAB counts
of all tested cooked Burdur sis kofte samples were below the
acceptable upper limit value (5x10° CFU/g). The Turkish
Food Codex (TFC, 2011) has no acceptable upper limit for
total coliform counts in raw or cooked meat products. How-
ever, the presence of total coliform bacteria is often used as
an indicator of potential faecal contamination due to inade-
quate processing and/or post-processing recontamination. In
the present study, total coliform counts in 28 (93.33%) out of
30 cooked Burdur sis kofte samples were below the detection
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limit (1 log CFU/g). In contrast, total coliform counts of raw
Burdur sis kofte samples ranged between 2.43 log CFU/g and
5.46 log CFU/g. According to the Turkish Food Codex, there
are no legal limits on yeast and mould counts in raw meat
mixtures and cooked meatballs (TFC, 2011). On the other
hand, it has been noted that yeast-mould counts should ex-
ceed 4 log CFU/g to indicate spoilage (Ahmad & Srivastava,
2007). Yeast-mould counts of 6 (20%) raw Burdur sis kofte
samples (4.01 to 4.31 log CFU/g) were detected to be slightly
higher than the value reported by Ahmad and Srivastava
(2007). Considering this upper limit value, it was seen that
none of the yeast-mould counts in cooked Burdur sis kofte
samples exceeded the specified limit value. Regarding B. ce-
reus and Coagulase-positive Staphylococci, the acceptable
upper limit for B. cereus and Coagulase-positive Staphylo-
cocci counts in ready-to-eat and not ready-to-eat meat prod-
ucts is noted to be 3 log CFU/g and 4 log CFU/g, respectively
(TFC, 2011). Considering this limit value for B. cereus and
S. aureus, it was observed that B. cereus and S. aureus counts
detected in all raw and cooked Burdur sis kofte samples were
below the specified limit values. Additionally, Yu et al.
(2020) highlighted that B. cereus can lead to food poisoning
even at lower numbers. Thus, a concentration of more than 3
log CFU/g is deemed unsafe for consumption. Moreover, Ka-
dariya et al. (2014) pointed out that S. aureus enterotoxin typ-
ically does not reach levels that cause food poisoning until
the pathogen's count reaches at least 5 log CFU/g.

Table 2. Microbiological analysis results (log CFU/g) of raw (n=30) and cooked (n=30) Burdur sis kofte samples

Raw Cooked
Microorganism types Mean+SD Minimum Maximum 0P Rate of MeantSD  Minimum  Maximum Rate of Positive
Positive Samples (%)
Samples (%)

TMAB 5.73%1.18 3.48 8.25 30 100 1.80°£0.90  <1.00 3.52 24 72

Total coliform bacteria 3.832+0.76 2.43 5.46 30 100 <1.00° <1.00 2.79 2 6.67
Yeasts and moulds 3.09°+0.81 1.48 4.58 30 100 <1.00° <1.00 3.71 11 36.67
Bacillus cereus 2.313+0.45 1.30 3.08 30 100 1.40°+1.12  <1.00 2.96 19 63.33
Staphylococcus aureus <1.00 <1.00 2.56 14 46.67 <1.00 <1.00 2.32 2 6.67
Salmonella spp. N.D. N.D. N.D. - - N.D. N.D. N.D. - -

*TMAB: Total mesophilic aerobic bacteria; N.D.: Not detected; n: number of analysed samples; n: number of positive analysed samples; SD: Standard deviation;
Results are expressed as mean+SD; **Means with different superscripts within a row are significantly different (p<0.05).
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Conclusion

This research assessed the physicochemical properties and
microbiological features of Burdur sis kofte. Consequently, it
was determined that Burdur sis kofte samples mostly met the
legal requirements specified in the Turkish Food Codex in
terms of physicochemical properties, except for their salt and
fat contents. On the other hand, Burdur sis kofte samples col-
lected from fast-food restaurants showed significant variation
in terms of physicochemical properties. The microbiological
attributes of cooked Burdur sis kofte samples generally met
the legal standards. However, some raw Burdur sis kofte sam-
ples surpassed the limit values for TMAB, yeast-moulds, and
total coliforms. On the other hand, B. cereus and S. aureus
counts found in all raw and cooked Burdur sis kofte samples
were within the acceptable limit values. Moreover, Salmo-
nella spp. was not found in any of the raw and cooked Burdur
sis kofte samples. Ultimately, this research revealed that the
hygienic quality of specific raw Burdur sis kofte samples was
inferior to that of cooked ones. The cooking process plays a
significant role in reducing the microbial load in Burdur sis
kofte. The present study results indicate the insufficient hy-
gienic quality of raw Burdur sis kofte; thus, necessary pre-
cautions should be taken during the preparation, processing,
and storage of raw Burdur sis kofte.
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ABSTRACT

The prevalence of Salmonella spp. in vegetables and their wash water presents a considerable
public health threat, particularly in regions characterised by inadequate sanitation and hygiene
practices. This study aimed to evaluate the prevalence, antimicrobial resistance, and multidrug
resistance (MDR) patterns of Sa/monella spp. in vegetable wash water samples collected from the
Tomato Market located on Shinge Road, Lafia, Nasarawa State, Nigeria. Salmonella spp. were
identified in 14 out of 30 samples, indicating a prevalence rate of 46.67%. Notably, high resistance
rates were observed for Ampicillin (92.86%) and Amoxicillin-Clavulanic acid (64.29%). The
highest sensitivity was recorded for Ciprofloxacin and Ceftazidime (100% each), as well as for
Ceftriaxone (85.71%). Various multidrug resistance (MDR) patterns were observed, with re-
sistance to multiple drug classes being prevalent. The elevated prevalence and MDR patterns in
Salmonella spp. from vegetable wash water underscore critical public health issues. Enhancing
sanitation practices and ensuring prudent antibiotic utilisation are essential measures needed to
effectively tackle these challenges.

Keywords: Multidrug resistance, Foodborne pathogens, Microbial contamination,
Fresh produce safety, Public health risk
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Introduction

Salmonella, a genus of rod-shaped, Gram-negative bacteria
in the Enterobacteriaceae family, is a leading foodborne path-
ogen responsible for salmonellosis. This disease can cause
gastroenteritis, systemic infections, and, in severe cases,
death. The World Health Organisation (WHO) estimates that
Salmonella causes 93.8 million cases of gastroenteritis and
155,000 deaths globally each year (Heredia & Garcia, 2018).
While traditionally linked to animal products, recent out-
breaks have highlighted the contamination of fresh produce,
underscoring the need to study its presence in vegetables. Be-
tween 1973 and 2011, Salmonella was implicated in 18% of
all produce-associated outbreaks in the United States (Ben-
nett et al., 2015), and this trend persists, with fresh produce
contributing significantly to foodborne Sa/monella outbreaks
(CDC, 2021).

Vegetables may become contaminated at various points
along the food supply chain, including cultivation, harvest-
ing, processing, and distribution (Luna-Guevara et al., 2019).
One critical stage is the washing process, where contaminated
wash water can facilitate the spread of pathogens to uncon-
taminated produce (Government of British Columbia, 2012).
Reusing the same water for multiple batches of vegetables
heightens the risk of cross-contamination, complicating ef-
forts to ensure food safety (Fletcher, 2015; Popa & Papa,
2021). For example, Allende et al. (2017) demonstrated that
a single contaminated lettuce leaf could transfer Salmonella
to an entire batch through wash water, emphasising the im-
portance of water quality management during produce pro-
cessing. Salmonella's ability to survive in water environments
further exacerbates the issue, with strains persisting for up to
54 days in sterile water (Jongman et al., 2017).

Studies from Africa, Asia, and Latin America have high-
lighted the widespread contamination of fresh produce and
washing water with Salmonella. In Nigeria, Oranusi et al.
(2018) detected Salmonella in irrigation water and vegeta-
bles, indicating contamination at the pre-harvest stage. Simi-
lar findings have been reported in Ethiopia (Tafesse et al.,
2020) and India (Choudhury et al., 2019), where irrigation
water and post-harvest handling practices have been identi-
fied as contributing factors to Salmonella outbreaks. These
studies underscore the importance of enhancing hygiene
practices in produce markets, particularly in developing
countries where regulatory enforcement of food safety stand-
ards is often inadequate.

Beyond its presence in fresh produce, the antibiotic resistance
of Salmonella poses a serious public health concern. A global

study by Hendriksen et al. (2019) found high levels of re-
sistance to commonly used antibiotics, such as ampicillin,
chloramphenicol, and tetracycline, across over 4,000 Salmo-
nella genomes from 42 countries. Similarly, Vital et al.
(2018) reported the presence of multidrug-resistant (MDR)
Salmonella in irrigation water and vegetables, with resistance
to critical antibiotics such as ciprofloxacin and ceftriaxone.
The increasing prevalence of extended-spectrum B-lactamase
(ESBL)-producing Salmonella further complicates treatment,
making infections more challenging to manage (Tian et al.,
2020). Studies from Nigeria also indicate a rising trend in an-
tibiotic resistance among foodborne Salmonella isolates, with
resistance to third-generation cephalosporins and fluoroquin-
olones (Eze et al., 2019). These findings align with reports
from developing nations, where the unregulated use of anti-
biotics in agriculture and veterinary medicine has contributed
to the emergence of resistant strains.

Despite these global challenges, there is a lack of data on the
antibiotic resistance profiles of Salmonella isolates from veg-
etable wash water, particularly in Lafia, Nasarawa State.
Most studies in Nigeria have focused on poultry, irrigation
water, and processed foods, leaving a critical gap in under-
standing the role of market-based water sources in bacterial
contamination (Eze et al., 2019). Addressing this gap is cru-
cial to developing effective control measures and ensuring
the safety of vegetables consumed in the region.

This study aims to determine the prevalence and antibiotic
resistance patterns of Salmonella species isolated from vege-
table wash water in the tomato market of Lafia, Nasarawa
State. Understanding these resistance trends offers valuable
insights into associated risks and guides intervention strate-
gies.

Materials and Methods

Study Location

The Tomato Market on Shinge Road in Lafia, Nasarawa
State, is a bustling hub renowned for trading in fresh produce,
particularly tomatoes. Located centrally, it attracts vendors,
farmers, and buyers from nearby areas. The market features
organised stalls where vendors display a variety of vegetables
and fruits. The Market is crucial to the study due to its central
role in the local food supply chain. As a significant market-
place for fresh produce, including vegetables, it represents a
critical point of potential contamination or pathogen spread,
such as Salmonella.
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Sample Collection

Samples were collected using a modified technique, as de-
scribed by Nwinyi and Nduchukwuka (2016), from 15 ran-
domly selected vendors selling vegetables at the Tomato
Market on Shinge Road, Lafia, Nasarawa State. A total of 30
samples were obtained using sterile containers and aseptic
techniques directly from these vendors. Each sample was la-
belled with details including date, time, and specific location.
Samples will then be transported in coolers to maintain integ-
rity during transit to the Microbiology laboratory at the De-
partment of Science Laboratory Technology, Isa Mustapha
Agwai 1 Polytechnic, Lafia, Nasarawa State, for bacterial
analysis and antibiogram profiling.

Bacteriological Analysis and Identification of Salmonella
Isolates

Bacteriological analysis was conducted using standard meth-
ods for examining water and wastewater (American Public
Health Association [APHA], 2017). Samples were thor-
oughly mixed to ensure homogeneity. An aliquot of 25 g or
25 mL of each sample was transferred aseptically into 225
mL of Buffered Peptone Water (BPW) and incubated at 37°C
for 18-24 hours to allow for pre-enrichment of stressed or
low-level bacterial cells. After enrichment, ten-fold serial di-
lutions were prepared as necessary, and 0.1 mL aliquots were
plated onto Salmonella-Shigella Agar (SSA) using the pour
plating method. The plates were incubated at 37°C for 24-48
hours, and well-isolated colonies were selected (Ashefo &
Habibu, 2024). Small, round, transparent colonies, with or
without black centres due to hydrogen sulfide (H2S) produc-
tion, were subcultured onto freshly prepared SSA plates for
purity checks and biochemical characterisation (Atlas, 2013).
Smears of bacterial isolates were heat-fixed on clean, grease-
free slides and subjected to Gram staining. The slides were
stained with crystal violet, followed by Lugol’s iodine and
95% alcohol for decolourisation, before being counterstained
with safranin. After air-drying, the slides were examined un-
der an oil immersion objective lens, where Gram-positive
bacteria appeared purple, while Gram-negative bacteria ap-
peared pink (Verawaty et al., 2020).

Presumptive Salmonella colonies, identified based on their
morphology on Salmonella-Shigella Agar and Gram-staining
as Gram-negative rods, were further analysed using the
KB003 H125™ Enterobacteriaceae Identification Kit. Pure
colonies were suspended in sterile normal saline and adjusted
to 0.5 McFarland turbidity. The bacterial suspension was in-
oculated into the wells of the kit, which contains dehydrated
biochemical substrates for various metabolic tests. After seal-
ing, the kit was incubated at 37°C for 24 hours. Following
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incubation, reagents were added to specific wells, and the re-
sults were interpreted according to the manufacturer's instruc-
tions for identifying Sa/monella species.

Antibiotic Susceptibility Testing

Fourteen confirmed Salmonella spp isolates were picked, and
isolates were grown in nutrient broth for 18-24 hours, diluted
in physiological saline, and adjusted to match the 0.5 McFar-
land standard (Clinical and Laboratory Standards Institute
[CLSI], 2017). Antibiotic susceptibility was determined us-
ing the disc diffusion method (Olovo et al., 2019). Antibiotics
tested included Ampicillin (AMP: 10 pg), Amoxicillin
Clavulanic acid (AMT: 30 pg), Cefotaxime (CTX: 30 pg),
Ceftazidime (CAZ: 30 pg), Ceftriaxone (CRO: 30 pg),
Ciprofloxacin (CIP: 5 pg), Cotrimoxazole (SXT: 25 pg),
Gentamicin (CN: 10 pg), and Streptomycin (S: 10 pg).
Mueller Hinton Agar (MHA) plates were inoculated with the
test cultures, dried, and antibiotic discs were placed using
sterile forceps. Plates were incubated at 37°C for 24 hours,
and inhibition zones were measured in millimetres, including
disc diameter (CLSI, 2017).

Classification of Antibiotic Resistance

Antibiotic resistance in the isolates were classify into: multi-
drug resistance (MDR: non susceptible to >1 agent in >3 an-
timicrobial categories); extensive drug resistance (XDR: non
susceptible to >1 agent in all but <2 antimicrobial categories);
pan drug resistance (PDR: non susceptible to all antimicrobial
listed) (Magiorakos et al., 2012).

Results and Discussion

The prevalence of Salmonella spp. in vegetable wash water
from the Tomato market in Lafia, Nasarawa State, was nota-
bly high, with 14 out of 30 samples (46.47%) testing positive.
This finding aligns with previous studies, such as Nkang et
al. (2018), who reported a prevalence of 42%, and Okonko et
al. (2019), who observed a prevalence of 48% in wash water
from Nigerian street markets. Similarly, a study in Jordan
found Salmonella contamination in 32.2% of irrigation water
samples, indicating significant contamination risks associ-
ated with irrigation water (Burjaq & Abu-Romman, 2020).
These consistent findings across regions highlight the sub-
stantial contamination risks associated with vegetable wash
water in open market environments, emphasising the urgent
need for improved sanitation practices (Quansah & Chen,
2021).
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The antibiotic susceptibility patterns of the Salmonella iso-
lates (Table 1) revealed high resistance to Ampicillin
(92.86%) and Amoxicillin-Clavulanic acid (64.29%), indi-
cating reduced effectiveness of these commonly used antibi-
otics. This finding is consistent with those of Iroha et al.
(2020), who reported similar resistance levels in Salmonella
isolates from food samples in Nigeria. Such high resistance
rates are concerning, as these antibiotics are often first-line
treatments for Sa/monella infections (Hosseini et al., 2024).
Moderate resistance was observed to Cotrimoxazole
(21.43%) and Gentamicin (50%), suggesting these antibiotics
retain partial effectiveness.

In contrast, the isolates exhibited 100% sensitivity to Ciprof-
loxacin and Ceftazidime and

85.71% sensitivity to Ceftriaxone. These findings are in
agreement with Ashefo and Habibu (2024), who reported
high sensitivity to Ciprofloxacin (95%) and Ceftriaxone
(90%) in clinical Klebsiella pneumonia isolates. The contin-
ued effectiveness of these antibiotics is promising; however,
careful management is required to prevent the emergence of
resistance (Quansah & Chen, 2021).

Table 2 outlines the multidrug resistance (MDR) profiles ob-
served among the Salmonella isolates. All resistance pheno-

types fell into the MDR category, with common patterns in-
cluding resistance to Ampicillin, Streptomycin, and Gentami-
cin (AMP-STP-CN) and a more extensive pattern involving
Ampicillin, Amoxicillin-Clavulanic acid, Streptomycin, and
Gentamicin (AMP-AMT-STP-CN). Similar MDR profiles
were reported by Ochei et al. (2017) in Salmonella isolates
from food sources in Nigeria.

The diversity of MDR phenotypes, including combinations
of beta-lactams and other antibiotic classes, aligns with find-
ings from Abebe et al. (2022), who documented a wide range
of MDR patterns in Salmonella spp. from environmental
samples in Ethiopia. These resistance profiles underscore the
complexity of managing Salmonella infections and the chal-
lenges presented by multidrug-resistant (MDR) strains in
both clinical and environmental settings.

The high prevalence of Salmonella spp. and the diversity of
resistance patterns observed in this study emphasise the im-
portance of stringent hygiene practices and robust antibiotic
stewardship. These measures are crucial for reducing con-
tamination risks, ensuring effective treatment options, and
mitigating the public health impact of Sa/monella infections.
Ongoing research and international collaboration remain crit-
ical in addressing the challenges posed by antibiotic re-
sistance in Salmonella spp. globally.

Table 1. Antimicrobial Resistance and Sensitivity Profile of Salmonella spp. No. of Isolates =14

Antibiotic % Resistance
AMP 92.86 (13)
AMT 64.29 (9)

STP 42.86(6)
CIpP 0(0)
SXT 21.43 (3)
CN 50.00 (7)
CAZ 0 (0)
CRO 14.29 (2)
CTX 7.14(2)

% Sensitivity
7.14 (1)
35.71(5)
57.14(8)
100(14)

71.43(11)
50.00(7)
100(14)

85.71(12)

92.86(13)

*: Values in parentheses are the number of isolates
Key: Ampicillin (AMP: 10 pg), Amoxicillin-Clavulanic acid (AMT: 30 pg),
Cefotaxime (CTX: 30 pg), Ceftazidime (CAZ: 30 pg), Ceftriaxone (CRO: 30 ng),
Ciprofloxacin (CIP: 5 173 pg), Co-trimoxazole (SXT: 25 pg), Gentamicin (CN: 10 pg) and
Streptomycin (STP: 10 pg)
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Table 2: Classes of Antimicrobial Resistance in Salmonella spp.

Antibiotic Resistance Phenotype (ARP) Number (%) Isolates (n=14) Classification
AMP-STP-CN 3(21.43) MDR
AMT-CN-CAZ-CRO 1(7.14) MDR
AMP-STP-CN-CRO 2 (14.29) MDR
AMP-AMT-SXT-CN 3(21.43) MDR
AMP-AMT-STP-CN 3 (21.43) MDR
AMP-AMT-SXT-CRO-CTX 1(7.14) MDR
AMP-AMT-STP-CN-CAZ 1(7.14) MDR

Key: MDR= multi-drug resistance (non-susceptible to >1 agent in >3 antimicrobial categories).
No. = Number, % = Percentage, AMP = Ampicillin (Beta-lactams),
AMT = AmoxicillinClavulanic acid (Beta-lactams), CTX = Cefotaxime (Beta-lactams),
CAZ = Ceftazidime (Betalactams), CRO = Ceftriaxone (Beta-lactams), FOX = Cefoxitin (Betal81 lactams),
CIP = Ciprofloxacin (Fluoroquinolones), SXT = Co-trimoxazole (Folate pathway inhibitors),
CN = Gentamicin (Aminoglycosides), STP = Streptomycin (Aminoglycosides)
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Conclusion

This study highlights a significant prevalence of Salmonella
spp. (46.47%) in vegetable wash water from the Tomato mar-
ket in Lafia, Nasarawa State, underscores the contamination
risks in market environments. The high resistance rates to
commonly used antibiotics such as Ampicillin (92.86%) and
Amoxicillin-Clavulanic acid (64.29%) reveal alarming chal-
lenges in managing Salmonella infections and suggest the
need for alternative treatment options. However, the retained
sensitivity to Ciprofloxacin, Ceftazidime (100%), and Ceftri-
axone (85.71%) offers a glimmer of hope for effective treat-
ment. The identification of multidrug-resistant (MDR) phe-
notypes further complicates treatment strategies, reflecting
the growing burden of antimicrobial resistance (AMR).
These findings underscore the need for urgent interventions,
including improved sanitation practices in food markets, en-
hanced public health monitoring, and robust antimicrobial
stewardship, to mitigate the spread of MDR Salmonella. To
address these challenges effectively, ongoing research and in-
ternational collaboration are essential. Surveillance efforts
such as monitoring antibiotic resistance profiles and enforc-
ing food safety standards are critical to protecting public
health and reducing the risks associated with Sa/monella-
contaminated fresh produce.
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ABSTRACT

! Republic of Tiirkiye Ministry of
Agriculture and Forestry, Gebze District
Directorate of Agriculture and Forestry,

Civil cheese is one of the traditional cheese types widely produced and consumed in the Horasan
41400 Gebze, Kocaeli, Tiirkiye

district of Erzurum. This study aimed to investigate some chemical, textural and sensorial proper-
ties of civil Cheese sold in Erzurum-Horasan. In this context, a total of 120 civil cheeses sold in
the Erzurum-Horasan region were collected in summer and winter. The samples were analysed in
terms of pH, acidity, water activity, protein, fat, salt, ash, dry matter and moisture content, and
evaluated in terms of sensory characteristics, instrumental colour and textural profiles. Conse-
quently, although the chemical properties of the traditionally or industrially produced civil cheeses
were almost similar, they differed in terms of their structural qualities. Production method and
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seasonality are the main determinants of chemical and textural characteristics of civil cheeses.
Moreover, industrially produced civil cheeses were more palatable than traditionally produced
cheeses, and in addition, it was concluded that cheese consumed mainly during the summer months
was more valuable than that consumed during the winter months.

Keywords: Civil cheese, Chemical properties, Sensorial quality, Textural attributes
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Introduction

Cheese is a fermented dairy product formed by the coagula-
tion of casein, a milk protein, which varies significantly in
flavour and structure (Kamber, 2006). It is an essential part
of a balanced and well-rounded diet, and it is consumed
worldwide in various forms. Nowadays, cheese is preferred
not only to satisfy hunger, but also to fulfil the body's need
for essential nutrients (Hayaloglu & Ozer, 2011).

Cheeses are generally classified according to criteria such as
ripening time, milk origin, texture, fat content, production
method, and country or regional origin (Fox et al., 2000;
Giizeler & Koboyeva, 2020). Technological developments
and the diversity of local production have led to the produc-
tion of many cheeses with different flavours and textures. The
most common and traditional classification is based on mois-
ture content, fat content, ripening and curing method. Ac-
cording to the International Dairy Federation, about 500 dif-
ferent types of cheese are produced worldwide (Fox et al.,
2000).

The cheese profile in Tiirkiye varies regionally, and each re-
gion has its distinctive cheeses. Civil, ¢ecil, halloumi and
tongue cheeses, whose curds are obtained at high tempera-
tures, mouldy cheeses matured with moulds, and herb cheeses
obtained by using local herbs of Anatolia can be mentioned
as examples (Sengiil et al., 2009; Elmali & Uylaser, 2012;
Saygili et al., 2020).

Erzurum civil cheese is one of the local cheeses produced in
many provinces such as Kars, Mus, Van, Agr1 and especially
Erzurum, which received a geographical indication in 2009
(TPE, 2009; Hayaloglu & Ozer, 2011). Although it contains
a high amount of protein, calcium and phosphorus, it has a
low-fat content and is characterised by a fibrous appearance
and unique texture because of kneading during manufacture
(Cakmakci et al., 2012; Baran & Topgu, 2018). In addition to
industrial production by dairy plants or small dairy farms,
nowadays, civil cheese is still mainly produced according to
traditional methods in the Erzurum region, which leads to the
emergence of cheeses that differ from each other in appear-
ance and flavour (Cakmakci et al., 2012; Arslaner & Salik,
2017).

In the traditional production of civil cheese, mostly skimmed
raw milk is kept until the acidity reaches the desired level. In
small family enterprises, the desired level of acidity can be
determined by the colour and odour of the milk or by a trial-
and-error method by heating it in a small spoon. Moreover,
the acidity can be increased by adding whey to the milk
whose acidity has not reached the desired level. Then, this
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milk is taken into a boiler and heated to 25-30°C by adding
rennet at a rate of 4 ml per 100 kg of milk (Cetinkaya, 2005;
Hayaloglu & Ozer, 2011). While the milk in the boiler is be-
ing heated, it is also stirred with the help of a ladle. When the
temperature reaches 55-60°C, coagulation begins, and the
heating process is terminated. In the meantime, the formed
clots are collected with the help of a ladle, and sometimes
acidified whey is also added during the collection process.
When the cheese has formed a pellet, it is kneaded well in the
hot whey, and the spinning process is completed (Cetinkaya,
2005; Hayaloglu & Ozer, 2011; Cakmakeci et al., 2012). The
cheese pellet is then kept in suspension, and after the com-
plete spinning, it is lightly salted and pressed into plastic
drums with curd or packaged in brine and offered for con-
sumption (Cetinkaya, 2005). Finally, civil cheese produced
from skimmed milk gains a slightly sour taste, a soft texture
(60% moisture), a stringy appearance, a salty flavour, and a
white to light yellow colour, and is also known as string or
yarn cheese (Tekinsen et al., 1996; Elmali & Uylaser, 2012).

The traditional production of civil cheese varies according to
the recipes used by small-scale producers, as well as the dif-
ferences in manufacturing protocols and general chemical
composition between domestic and industrial producers in
Erzurum province and its surroundings. Thus, traditionally
produced cheeses are preferred to those produced industrially
in terms of appearance, consistency, flavour, and aroma
(Cakmakci et al., 2012).

This study aimed to determine the chemical, textural, and
sensorial properties of civil cheese, one of the traditional
Turkish cheeses produced and consumed in the Horasan dis-
trict of Erzurum province, and to reveal the differences be-
tween traditionally produced and industrially produced civil
cheeses.

Materials and Methods
Civil Cheese Collection

Cheeses were obtained from grocery stores and small-scale
producers located in the Erzurum-Horasan region, according
to the procedures specified by the International Dairy Feder-
ation (IDF, 1980). A total of 120 civil cheese samples (80
pieces of small-scale producer-manufactured cheese and 40
pieces of industrial-manufactured cheese) were collected in
summer and winter seasons over one year and transported to
the laboratory within 24-48 hours under cold chain in sterile
glass jars in appropriate storage conditions. Then, the cheese
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samples were categorised and numbered according to the pro-
duction conditions and production times, as traditional (sold
in open packages) or industrial (sold in original packages).

Physicochemical Evaluation

The pH of the cheese samples was measured using a pH meter
(Hanna HI-9321, Woonsocket, RI), and an a, meter (Deca-
gon Aqualab LITE, USA) was used to define the water ac-
tivity of the cheese samples. A homogeneous mixture was
dried at 105+2°C to a constant weight to determine the mois-
ture content of the civil cheeses. The acidity of cheese sam-
ples was measured using a titrimetric method. The protein,
fat, ash, and salt contents of civil cheeses were determined
and calculated using the Kjeldahl, Gerber, Gravimetric, and
Mohr methods, respectively, according to AOAC procedures
(AOAC, 2005).

Instrumental Colour Analysis

The visual colour of civil cheeses was determined using
Color Flex HunterLab instrument (Hunter Associates Labor-
atory Inc., Reston, VA, USA), in which the colour coordi-
nates for lightness (L*), redness (a*) and yellowness (b*)
were assessed on the average of both side areas of four dif-
ferent cheese samples under diffuse illumination (D65 2° ob-
server) with an aperture of 8 mm and a port size of 25 mm,
excluding the specular component (AMSA, 2012).

Texture Profile Analysis

Texture profile analysis (TPA) of civil cheese samples was
carried out using a texture analyser (Instron Universal Testing
Machine, UK) equipped with a compression probe. A cross-
head speed of 80 and 200 mm/min for the first and 2™ tests,
and a load cell of 0 - 500 N was used for the samples. Eight
different measurements from the samples were taken to cal-
culate the arithmetic means. Hardness, cohesiveness, gummi-
ness, chewiness and adhesiveness attributes were used to
evaluate the texture profile of the samples (Bourne, 1978).

Sensory Evaluation

The sensory evaluation of civil cheese samples was per-
formed with twelve trained panellists (7 men and 5 women),
aged between 25 to 48 years (ISO 8586, 2012). Before the
sensorial assessment of cheese samples, a preliminary session
(1.5 h) was organised to define the sensory attributes in a
round-table discussion using a standardised procedure (ISO
13299, 2016) in a separate session.

The panellists evaluated four main sensory attributes (colour,
odour, texture and flavour) in terms of colour hue and inten-
sity, odour intensity and bitter, sweet, fatty, acidic and spicy
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odours, hardness, elasticity, roughness, adhesiveness, tender-
ness, chewiness, fattiness, juiciness, flavour intensity and
quality, Salty, sweet, bitter, acidic and spicy tastes using a 9-
cm unstructured linear scale, in which 1 referred to “slight”
and 9 referred to “extremely strong”.

The panellists were seated in individual booths in a tempera-
ture and light-controlled room. Each sample was served ran-
domly on a separate plate encoded with a three-digit number.
The sensory panel was conducted over twelve independent
days, depending on the sample collection.

Statistical Evaluation

The general linear model procedure in SPSS 13.0 was used to
analyse the data for each parameter. The effects of production
method and collection time were determined using one-way
analysis of variance (ANOVA), and the significance of dif-
ferences was verified by Duncan's test at p<0.05. A Friedman
test followed by a Least Significant Difference test was ap-
plied to the sensory data, and all results were expressed as
means and standard errors (SE).

Results and Discussion

The distribution of traditionally or industrially produced civil
cheeses, according to production and collection seasons, is
shown in Figure 1. Although the chemical properties of the
traditionally or industrially produced civil cheeses were sim-
ilar to a certain extent, they were found to differ in their struc-
tural characteristics. In particular, the fat and dry matter con-
tent of the traditionally produced civil cheeses was lower than
that of the industrially produced cheeses; statistical differ-
ences were also recorded between the groups in terms of these
parameters (p<0.05). While the traditionally produced
cheeses had higher values than the industrially produced sam-
ples in terms of protein, salt, and moisture content, no statis-
tically significant difference was observed between the
groups (p>0.05).
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Figure 1. Distribution of traditionally and industrially pro-
duced civil cheeses (n=120)

The physicochemical properties of civil cheeses produced by
traditional and industrial methods are given in Tables 1 and
2. The acidity, pH and ay, values of civil cheeses produced by
traditional methods were higher than those produced by in-
dustrial methods; however, statistical significance was rec-
orded only between acidity values, which were much higher
(»<0.05). It was also observed that the fat and dry matter ra-
tios of civil cheeses produced by traditional methods were
significantly lower than those produced industrially (p<0.05).
However, although the amounts of protein, salt and moisture
were higher in traditional production than in industrially pro-
duced civil cheese, no statistical difference was found be-
tween the groups (p>0.05).

The chemical composition of Erzurum civil cheese was re-
ported to vary between pH 4.53-6.32, titration acidity (as lac-
tic acid) 0.73-2.39%, dry matter 35.19-40.35%, protein
22.49-32.40%, fat 0.25-2.30%, ash 7.83%, salt 4.68-6.14%
and ripening degree 6.86-9.11% (Cakmakci & Salik, 2021).
Yetismeyen (2005) reported the titration acidity and pH val-
ues as 2.39+0.11 and 4.53+0.05, while in the present study,
the titration acidity and pH values of industrially produced
civil cheeses were found as 0.67+0.17 and 4.62+0.05 in sum-
mer and 0.5240.06 and 4.67+0.05 in winter, respectively.
Moreover, the titration acidity and pH values of traditionally
produced civil cheeses in this study were recorded as
0.92+0.06 and 4.74+0.05 in summer and 0.92+0.08 and
4.91+0.10 in winter, respectively. Similar results were also
reported in other studies stating that the titratable acidity and
pH values of civil cheese collected in Ankara were 0.93% and
4.69 (Polat et al., 2001), and the pH value in civil cheeses
collected from Erzurum was 4.53 (Yildiz et al., 2010).
However, Yetismeyen et al. (2001), Ozdemir et al. (2003),
Ayar et al. (2006), Dikbas et al. (2006), Cambaztepe et al.
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(2009), and Sengiil et al. (2009) reported higher pH values of
civil cheeses than the present study, ranging from 5.02 to
5.90. Sengiil and Giirses (2006) stated that the acidity values
of civil cheeses collected from Erzurum were in a range of
0.63-2.16%, while it was 4.68% in samples sold in Ankara
(Yetismeyen et al., 2001). Parallel to the current study,
Arslaner and Salik (2020) and Yangilar and Kizilkaya (2015)
also reported the acidity of civil cheeses as 0.21-1.25% in
Bayburt and 0.55% in Ardahan, respectively.

The average water activity of civil cheeses sold in Erzurum
city centre was found to be 0.96+0.01. It was noted that the
water activity values of the samples were higher than those of
the other cheeses because they were both fresh (unripened)
and unsalted cheeses (Yetismeyen, 2005). In this study, the
ay values of the industrially produced civil cheeses were
0.924+0.01 in summer months and 0.930+£0.01 in winter
months, while the a,, values of traditionally produced ones
were 0.929+0.01 in summer months and 0.926+0.01 in winter
months. Similar to these findings, Tekingen et al. (1996)
stated that the water activity values in civil cheese samples
collected from Erzurum and neighbouring cities were 0.92.
Civil cheeses are the most consumed cheeses among people
living in the Erzurum-Horasan region. The differences in pro-
duction techniques and hygienic qualities affect the textural
and structural properties, as well as the shelf life, of the prod-
ucts. Even though the chemical properties of traditionally or
industrially produced civil cheeses are similar in certain as-
pects, they differ considerably from each other in terms of
their structural properties. In particular, traditional or indus-
trial production as well as seasonal changes were found to be
important among the samples (p<0.05).

In other studies, it was reported that the storage time and the
characteristics of the raw milk used in production had im-
portant effects on the chemical properties of civil cheeses.
Atasever (1995) determined that the highest and lowest val-
ues obtained from the civil cheeses during the storage period
were 28.52-19.67% protein, 53.19%-42.19% moisture,
27.67%-17.00% fat, 5.09%-1.52% salt and 5.78%-2.40%
ash, respectively. Besides, Tekingen et al. (1996) stated the
moisture, fat, protein, salt and ash content values in civil
cheeses collected from Erzurum was 59.42%, 2.24%,
31.97%, 4.468%, 5.253%, while it was 56.64%, 2.78%,
16.46%, 9.15%, 9.40% in Mus (Bakirc1 & Andig, 1998) and
55.94%, 3.78%, 32.95%, 5.347%, 1.09% in Ankara (Polat et
al., 2001), respectively. It was found that the civil cheeses of-
fered for sale were generally low in fat, of substandard qual-
ity, high in protein and salt, soft and less matured compared
to other cheese types. Although the fat content of civil
cheeses in the current study was significantly affected by the
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production method of the civil cheeses, ranging from 4.36 in
traditionally produced cheeses to 21.73 in industrially pro-
duced cheeses, the protein, salt and ash content values re-
mained constant between production methods. Arslaner and
Salik (2020) reported that the dry matter, fat, protein, ash, and
salt contents of civil cheeses obtained in Bayburt varied from
41.92 t0 57.85%, 0.5 t0 26.0%, 20.9 to 35.54%, 3.48 t0 16.0%
and 1.51 to 15.43%, respectively. Besides that, Giilmez and
Giiven (2001) and Yetismeyen et al. (2001) stated that the fat
content of civil cheese collected from Kars and Ankara was
lower, in agreement with the present study. The protein con-
tent of civil cheeses collected in this study were also found to
be lower (26.26%) than the other studies conducted in Kars
(28.3%), in Ankara (32.40%) and in Konya (34.40%), respec-
tively (Kamber, 2005; Yetismeyen, 2005; Ayar et al., 2006),
while it was same as other research performed by Ozdemir et
al. (2003) and Dikbas et al. (2006) in Erzurum (26.33-
26.40%). Addition to these findings, Sengiil and Giirses
(2006) declared that the dry matter, fat, fat in dry matter, salt
and salt in dry matter values of civil cheeses collected in Er-
zurum were varied to 31.33-40.12%, 1-7%, 2.49-18.98%,
0.11-0.34% and 0.27-1.04%, respectively, whereas, Cam-
baztepe et al. (2009) emphasised that the values were 29.11-
41.63%, 0.16-0.45%, 0.51-1.09%, 3.27-6.25% and 5.53-
9.64%, respectively. Furthermore, Yildiz et al. (2010) deter-
mined the average values of dry matter, fat, fat in dry matter
and salt content of civil cheeses collected in Erzurum were
35.19%, 2.30%, 6.50% and 35.19%, respectively. Moreover,

Demir (2006) observed that in the civil cheeses produced us-
ing raw cow’s milk, the effects of ripening period on dry mat-
ter, salt, salt in dry matter, pH and lipolysis values were sta-
tistically significant (p<0.01). In contrast, no significant ef-
fect was detected for fat, fat in dry matter, acidity, protein,
water soluble protein, ripening index and ash values. This
statement was somewhat in agreement with the findings of
the present study, where a significant difference was recorded
for acidity value, fat, dry matter and moisture content of the
civil cheeses (p<0.001). No significant difference was found
between the protein, ash, salt, pH, and aw values of the sam-
ples according to the different production and collection
times.

The instrumental colour values of traditionally or industrially
produced civil cheeses differed from each other, and the sea-
sonal effect was found to be not significant in this variation
(Tables 3 and 4). Regardless of the production method and
season, the lightness values of the cheeses were found to be
almost equal to each other. However, differences were rec-
orded in the redness and yellowness values depending on the
production method. Neither traditional nor industrial produc-
tion showed seasonal differences in redness values. However,
only the civil cheeses produced by traditional methods were
lighter in colour than the other samples collected in summer
(»<0.05). It was reported that Erzurum civil cheese, manufac-
tured using local methods, has a white colour due to its low
fat content (Ozbay & Tiiysiiz, 2024).

Table 1. Physicochemical characteristics of civil cheeses (n=120)

Dry
matter

(Vo)

Fat
(%)

Protein
(%)

Production

method

Traditional 80 27.11 4.36 47.26
Industrial 40 2456 21.73 55.33
TOTAL 120 2626 10.15 4995

Mois- Acidity

ture (%) (LA%)
52.74 493 376 0923 478  0.929
44.67 5.09 357 0580 4.65 0928
50.05 498 370 0.808 4.74  0.928
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Table 2. Means and standard errors (SE) of physicochemical properties of civil cheeses according to production method and
collection time (n=120)

Civil cheese Protein Dry matter Moisture Ash Salt Acidity

(%) (%) (%) (%) (%) (LA%)
(Tsr::l‘ltli‘e’;‘)al 60  27.81£0.75  4.49%+£037 47484077 52.500.77 4.96+0.44 3.812037  0.92:£0.06  4.74+0.05  0.929+0.01
(T\;,aiﬁiz;’)“a' 20 25.00£0.56  3.99%+0.62  46.59%+1.47 5341147 4814080 3.64+0.69  0.92:0.08  4.91+0.10  0.926+0.01
Industrial . ; b b
(Summer) 16 25.68+1.25 21.51%40.86 54.38%1.43 456204142 623£1.06 4.83£0.92  0.67°+0.17  4.62£0.05  0.924+0.01
Industrial b b
(Winten) 24 23.81+0.86 21.87%0.72 55.97*+1.81 44.03°:1.81 4.35+034 273036  0.52°+0.06  4.67£0.05  0.930+0.01
p 120 0.059 0.000 0.000 0.000 0.649 0.363 0.010 0.177 0.424

a-b: Means within a column with different letters are significantly different (»<0.05).

Table 3. The instrumental colour (CIE L* a* b*) values and texture profile analysis (TPA) of civil cheeses (n=120)

Pl;g‘::hc(:gm b* Hardness Cohesiveness Gumminess Chewiness Adhesiveness
Traditional 80  75.65 -0.79 12.69 2.478 0.354 0.801 -2.878 0.310
Industrial 40  74.99 -1.20 13.83 3.292 0.429 1.496 -3.863 0.471
TOTAL 120 7543 -0.92 13.07 2.749 0.379 1.032 -3.206 0.363

Table 4. Means and standard errors (SE) of instrumental colour values (CIE L* a* b*) and texture profile analysis (TPA) of
civil cheeses according to production method and collection time (n=120)

Cohesive- Adhesive-

Civil cheese * * Hardness Gumminess Chewiness
ness ness

Traditional 0 555,037 0784006  12.39%4022  1.99:0.11 037%:0.03 0.6840.05 -2.25%40.18  0.23°+0.03
(Summer)

(Tvr‘f;ﬁg:;’)“al 20 75.04+096  -0.8040.03  13.5840.46 3.9594020 029%40.02 1.18"+0.11 -4.76°4047  0.56“40.10
Industrial 16  73.55+1.06  -1.16":0.11  13.72£0.85 1.74*£0.08 0.33'£0.08 0.57°£0.15 -2.130.66 0.74%+0.19
(Summer)

Rln(flll:lstte?)ﬂ 24 75.04+078  -122°40.08  13.90%40.63 4334041 0.50%40.05 2.11%4031  -5.02°£0.60 0.29°+0.13
p 120 0.329 0.000 0.012 0.000 0.050 0.000 0.000 0.000

a-b: Means within a column with different letters are significantly different (»<0.05).
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The texture profile analysis (TPA) of civil cheeses produced
traditionally or industrially differed from each other, and the
effect of season was found to be significant (p<0.05). The
hardness, cohesiveness, gumminess, chewiness and adhe-
siveness properties of the civil cheese samples are summa-
rised in Tables 3 and 4. The hardness, cohesiveness, gummi-
ness, chewiness, and adhesiveness characteristics of tradi-
tionally produced civil cheeses differed from those of indus-
trially produced ones. They were found to be softer, easier to
chew, less sticky, and less chewy. On the other hand, the high
dry matter content in the industrially produced samples made
the civil cheeses harder, more cohesive and more resistant to
chewing. Additionally, the high fat content also made the
product chewier and stickier.

The seasonal variation of the civil cheese samples caused the
cheeses collected in summer to be softer, chewier and more
elastic, regardless of whether they were traditional or indus-
trial. This is directly proportional to the higher acidity and
relatively lower fat content of the cheeses collected in this
season.

The sensory evaluation of civil cheeses produced tradition-
ally or industrially also differed from each other, and the ef-
fect of season on the values obtained in terms of colour,
odour, texture and flavour characteristics was found to be sig-
nificant (p<0.05; Table 5 and Figure 2).

Demir (2006) observed that the sensory evaluation scores of
the civil cheeses produced using raw cow’s milk were pre-
ferred by the panellists mostly on the 60th day of the ripening
period. Tekingen et al. (1996) scored the average sensory
evaluation of civil cheeses as 74.27/100 points and concluded
that civil cheese was a fat-free and soft cheese type. In an-
other study, Polat et al. (2001) stated that civil cheeses offered
for sale in Ankara were low in fat, high in protein and salt,
soft and less matured compared to other cheese types, and had
not of uniform standard quality. Yetismeyen et al. (2001) em-
phasised that civil cheeses offered for sale in Ankara received
14.95 out of 20 points in terms of sensory properties and
added that the collected cheese samples were not of a constant
or standard quality, were low in terms of fat content, were
high in terms of protein and salt content and inadequately rip-
ened. On the other hand, Ozdemir et al. (2003) determined
that Carzof civil cheese type was different from Erzurum civil
cheese type in terms of aroma, structure and taste since milk
with high fat content was selected for the manufacturing of
Carzof civil cheese, and that it was similar to Erzurum civil
and Sag (Tel) cheese in terms of production method. Moreo-
ver, Yazici and Dervisoglu (2003) emphasised that civil
cheeses produced under the pH value of 5.35 and 5.30 and

stored with 9% brine salt obtained more appreciable results
in the panellists’ evaluations at the end of the 60th day of the
ripening process. Salting, which can be done by different
methods (such as brine and dry salting) to increase durability,
to direct acidity and ripening, to improve flavour and texture
of cheese significantly affects the dry matter and ash content
of cheese (Guinee & Fox, 2017) that results a product with
different palatability and structural quality. Harmankaya and
Harmankaya (2020) determined that the average salt, fat and
moisture contents of ¢ecil cheese sold in Kars were 2.48%,
18.48% and 45.51% and out of the 60% and 40% c¢egcil cheese
samples did not meet the Turkish standards in terms of salt
and moisture contents, respectively. Since civil cheese is kept
in brine in large masses, it retains less salt due to its small
surface area in contact with salt. For this reason, it is less salty
compared to Sa¢ and Tel cheeses (Giizeler & Koboyeva,
2020).

As a result of the sensory evaluation of civil cheeses in the
present study, colour hue and colour intensity values were
found to be higher in industrially produced cheeses (p<0.05).
This indicates that on a colour scale ranging from white to
yellow, industrially produced packaged products have a
darker colour, while traditional products sold unpackaged
have a creamier colour. Similarly, the appreciation rate for
flavour quality was in line with the appreciation for appear-
ance quality; industrially produced civil cheeses were rated
higher than those produced traditionally. Mainly, the pack-
aged products produced and sold in summer were found to be
more palatable than those sold in winter. In terms of flavour
intensity, industrially produced cheeses in summer were rated
higher than traditionally produced cheeses, while tradition-
ally produced cheeses in winter were rated higher than indus-
trial ones (p<0.05).

The sensory attributes of the cheese samples differed from
each other in terms of texture profile, and the effects of pro-
duction type and season were found to be distinctive by the
panellists (»<0.05). The structure and consistency character-
istics of the samples led to a differentiation in the perceived
textural quality of the products as a function of their fat and
dry matter content. In particular, the hardness of industrially
produced civil cheeses with higher fat and dry matter content
was rated higher than that of those produced traditionally. On
the other hand, the chewiness attribute was rated lower in tra-
ditionally produced civil cheeses than in industrially pro-
duced ones, due to the lower force required to bite the prod-
ucts. This evaluation is based on the fact that traditionally
produced civil cheeses are more easily separated, have a
stringy structure, and do not have a homogeneous structure,

253



Food and Health 11(3), 247-257 (2025) e https://doi.org/10.3153/FH25021 Research Article

unlike industrially produced products. It has also been ob- In terms of all sensory characteristics, the industrially pro-

served that industrially produced civil cheeses have a higher duced civil cheeses were found to be more acceptable than

cohesiveness value due to the greater amount of work re- the traditionally produced cheeses; in particular, the accepta-

quired to chew in the mouth before swallowing. bility of samples collected during the summer months was
deemed more desirable than those collected during the win-
tertime.

Table 5. Means and standard errors (SE) of sensory evaluation of civil cheeses according to production method and collection
time (n=120)

Colour Odour

Civil cheese Colour Hue . . Hardness Elasticity = Roughness Adhesiveness
Intensity Intensity

Traditional 0 3 10oh017 336304011 1.114°00.14 5.02040.15 3.10440.19 4.350°00.17  2.235°+0.12
(Summer)

(T“'V*;ﬂiz;’)“al 20 4.665+038 4.498+028 1.4254032 4.262'+026 2.840:0.29 3.805£0.27  1.173%+0.13
Industrial 16 43414035 4781036 1225043 5.438+0.66 7.563°+£0.56 1.369'+023  3.881%+0.72
(Summer)

Industrial b b b b

(Wintor) 24 4.996'+034 44714025 0.584'+0.17 4.446°+022 5.200°+0.18 1.706°+0.16  3.523%+0.22
p 120 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Flavour Flavour
Intensity Quality

Civil cheese Tenderness Chewiness Fattiness Juiciness

Traditional - Jy 5 jqeuhig 16 3.11440.14 25482013 1.800°20.13 5.403°£0.09 3.879":0.13
(Summer)
Traditional ;5 900540.19  3.678°20.18 2.405%£0.13 1.415%0.14 5.650°0.15 3.085%:0.24
(Winter)
Industrial = 0 5 1600000 3.934%:0.44 7.021%:038 5.131:032 6.331°40.40 6.484%0.34
(Summer)
Industrial =), 4 20001021  5.054%00.15 5.669°:025 3.667°:0.14 5.225°£0.24 5.575%£0.30
(Winter)

p 120 0.000 0.000 0.000 0.000 0.005 0.000

a-d: Means within a column with different letters are significantly different (p<0.05).
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Figure 2. Sensory evaluation of civil cheeses (n=120)
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Conclusion

In conclusion, it was revealed that the production method and
seasonal effect are the main determinants of the chemical and
textural properties of civil cheeses. Industrially produced
civil cheeses are more acceptable than traditionally produced
cheeses in terms of sensorial properties. Moreover, especially
the cheeses collected in the summer months can be consumed
with greater appreciation compared to those collected in the
winter months. The development and standardisation of prod-
uct quality in civil cheese, which plays a significant role in
the local population's nutrition by preserving its original char-
acteristics, is crucial for public health and the socio-economic
development of the region. In this regard, there is a need to
support the production of civil cheeses, which are produced
and widely consumed in the Erzurum-Horasan region, under
controlled conditions, to raise awareness among producers
and to enhance control mechanisms.
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Bu ¢alisma, nohut, ac1 bakla ve kuru fasulyeden elde edilen baklagil bazli yogurt analoglarinin duyusal,
makro besin 0gesi, antioksidan ve fizikokimyasal 6zelliklerini analiz ederek fonksiyonel gida potansiyelini
arastirmakta ve hayvansal yogurt ile karsilagtirmaktadir. Yapilan duyusal degerlendirmelerde en yiiksek puan
hayvansal yogurtta, en diisiik puan ise ac1 bakla bazli yogurt analogunda gozlenmistir. Nohut ve fasulye bazl
yogurt analoglari, duyusal agidan ac1 bakla bazli iiriinlere kiyasla daha iyi kabul gérmiistiir (p<0.05). Fasulye
bazli yogurt analoglari hayvansal yogurda gore yiiksek protein igerigine (sirastyla %6.35 £0.59 ve %3.87
+0.21 g) sahipken (p=0.01), karbonhidrat icerigi tiim baklagil bazli analoglarda daha yiiksek bulunmustur
(p<0.001). Antioksidan analizlerde, fasulye bazli yogurt analoglarinin en yiiksek antioksidan kapasite dege-
rine (0.91 £0.06 mmol Trolox Eq/L) sahip oldugu; genel olarak baklagil bazli analoglarmin, antioksidan ka-
pasite ve oksidan kapasite acisindan hayvansal yogurda kiyasla daha yiiksek degerlere ulastig1 belirlenmistir.
En yiiksek oksidatif stres indeksi degeri ac1 bakla bazli analoglarda (0.56 £0.02 AU, p<0.05) gbézlenmistir.
Renk ol¢iimleri, parlaklik ve sarilikta anlamli farkliliklar gézlenmis; hayvansal yogurt daha yiiksek parlak-
liga, ac1 bakla bazli analoglar ise daha yiiksek sariliga sahip olmustur (p<0.001). Baklagil bazli yogurt ana-
loglar1, 6zellikle fasulye ve nohuttan elde edilenler, yiiksek protein icerigi ve antioksidan 6zellikleri sayesinde
umut verici fonksiyonel gida alternatifleri sunmaktadir. Ancak, tiiketici kabuliinii artirmak i¢in duyusal ve
fiziksel iyilestirmelere ihtiyag vardir.

Anahtar Kelimeler: Yogurt analogu, Baklagil bazli yogurt, Fonksiyonel gida
ABSTRACT

Investigation of nutritional profile, sensory properties and antioxidant potential of legume-based
yoghurt analogues

This study investigates the functional food potential of legume-based yoghurt analogues derived from chick-
peas, lupins, and beans by analysing their sensory, macronutrient, antioxidant, and physicochemical proper-
ties, comparing them with conventional dairy yoghurt. Sensory evaluation showed that dairy yoghurt received
the highest scores, while lupin-based yoghurt analogue had the lowest. Chickpea- and bean-based yoghurt
analogues were better accepted than lupin-based products in terms of sensory attributes (p<0.05). Bean-based
yoghurt analogue had a significantly higher protein content (6.35 +£0.59% vs. 3.87 £0.21%, p=0.01) compared
to dairy yoghurt, while all legume-based analogues exhibited higher carbohydrate content (p<0.001). Anti-
oxidant analyses revealed that bean-based yoghurt analogues had the highest antioxidant capacity value (0.91
+0.06 mmol Trolox Eq/L); overall, legume-based analogues exhibited higher antioxidant and oxidant capa-
city values compared to dairy yoghurt. However, the highest Oxidative Stress Index value was observed in
lupin-based analogues (0.56 +0.02 AU, p<0.05). Colour measurements showed significant differences in
brightness and yellowness; dairy yoghurt had higher brightness, while lupin-based analogues exhibited gre-
ater yellowness (p<0.001). Legume-based yoghurt analogues, particularly those derived from beans and
chickpeas, present promising functional food alternatives due to their high protein content and antioxidant
properties. However, sensory and textural improvements are necessary to enhance consumer acceptance.

Keywords: Yoghurt analogue, Legume-based yoghurt, Functional food
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Giris

Kiiresel gida endiistrisi, ¢evresel siirdiiriilebilirlik, saglik bi-
linci ve etik hususlar gibi ¢esitli faktorlerin etkisiyle tiiketici
tercihlerinde bitki bazli alternatiflere dogru 6nemli bir yone-
lime tanik olmustur. Bu alternatifler arasinda bitkisel bazl siit
ve yogurt analoglar1 dikkat ¢ekmektedir (Runte ve ark.,
2024). Bitkisel siit ve yogurt analoglari kiiresel olarak en hizli
biliyliyen bitki bazli iiriin siniflarindan birisidir. Diinyada bitki
bazli siit ve yogurt analogu pazarinin 6niimiizdeki on y1l ice-
risinde %9.9 biiyliyecegi ve 47.2 milyar dolar piyasa hacmine
ulagsacagi tahmin edilmektedir (FMI, 2023). Bitkisel siit ve
yogurt analogu satiglarinda 2012°den 2019°a kadar gozlenen
istikrarli artig (Paul ve ark., 2020) bu 6ngoriiyli dogrulamak-
tadir. Ayrica diyabet, metabolik sendrom veya kardiyovaskii-
ler hastalig1 olan bireylerde de bitkisel siit ve yogurt analog-
larina olan yonelim, bu iriinlere iligkin literatiirde sunulan
baz1 fonksiyonel etkiler dolayisiyla artmigtir (Aydar ve ark.,
2020; Thorning ve ark., 2016). Bir diger yandan bu {irtinler,
laktoz intoleransi, siit alerjisi olan veya vegan diyetine baglh
olan bireyler de dahil olmak iizere ¢ok gesitli bir popiilasyona
hitap etmektedir. Belirtilen bu hususlara baglh olarak bitki
bazli siit ve yogurt analoglarina yonelik kiiresel pazarin
onemli olciide biiyliyecegi ongoriilmektedir.

Gida endiistrisinde bitkisel siit iiriinlerine olan yonelimin art-
masi ile birlikte siirdiiriilebilir ve dogal gida iirlinlerinin ge-
listirilmesine yonelik inovatif denemeler yapilmaktadir. Fa-
kat yeni bir iirlin segmenti olmasi, olumsuz duyusal 6zellikler
tagiyabilmesi, tiretim siireglerinde test edilen gidanin fonksi-
yonel bilesenlerinde kayiplar meydana gelmesi ve elde edilen
iirliniin besinsel kompozisyonu ile giivenilirliginin yeterince
degerlendirilmemesi gibi eksiklikler, bu iiriinlerin giinliik di-
yete entegrasyonunu olumsuz yonde -etkileyebilmektedir
(Aydar ve ark., 2020; Pandey ve ark., 2021). Bir diger yandan
bitki bazli yogurt analoglarinin besinsel ve fonksiyonel po-
tansiyeli olsa da, bu {irlinlerin duyusal olarak kabul edilebilir-
ligi pazardaki basarilarinin kritik bir belirleyicisi olmaya de-
vam etmektedir. Tat, doku, aroma ve genel memnuniyete ilis-
kin tiiketici tercihleri, yeni gida iiriinlerinin benimsenmesini
onemli Olclide etkilemektedir. Bu iirlinlerin hem duyusal
Ozelliklerinin hem de besin profillerinin kapsamli analizi,
tirtiniin kabul edilebilirligini ve rekabet giiciinli saglamak i¢in
ve giinliik diyetin bir pargasi olarak onerilebilmesi igin gerek-
lidir (Gupta ve ark., 2022).

Bu kapsamda bitkisel yogurt analoglar1 gibi alternatif fer-
mente lrlinlerin gelistirilmesi, hayvansal {irtinleri tiikketmeyi
tercih etmeyen veya diyet kisitlamalar1 nedeniyle tiiketeme-
yen bireylerin ihtiyaglarini karsilamak icin gereklidir. Nohut
(Cicer arietinum L.), ac1 bakla (Lupinus angustifolius L.) ve

kuru fasulye (Phaseolus vulgaris L.) gibi baklagillerin yogurt
analog formiilasyonlaria dahil edilmesinin, sadece hayvan-
sal siit igermeyen lriinlere olan talebi karsilamakla kalmaya-
cagi, ayni zamanda yiiksek protein igerigi, zengin lif bilesimi
ve antioksidan kapasitesi sayesinde bitki bazli fermente iiriin-
lerin gelistirilmesine katki saglayacagi diisiiniilmektedir. Bu
arastirmada nohut, ac1 bakla ve kuru fasulyeden elde edilen
baklagil bazli yogurt analoglarinin karbonhidrat, protein ve
yag igeriklerinin yani sira antioksidan kapasitelerinin analiz
edilerek, fonksiyonel gidalar olarak potansiyellerinin arasti-
rilmasi ve tliketici kabul edilebilirliginin degerlendirilmesi
icin duyusal analizler yapilmasi amaglanmustir.

Materyal ve Metot
Materyal

Baklagil bazli yogurt tiretiminde kullanilan ve Lactobacillus
delbrueckii subsp. bulgaricus, Streptococcus thermophilus ve
Lactobacillus acidophilus suslarini i¢eren vegan yogurt ma-
yast Ozel bir firmadan, hammaddeler (nohut, fasulye, act
bakla) ise Bolu ilindeki yerel bir marketten temin edilmistir.

Baklagil Bazli Yogurt Analogu Uretimi

Baklagil bazli yogurt analogu iiretiminde kullanilacak ham-
maddeler (nohut, fasulye, ac1 bakla) yumusamasi i¢in kayna-
mis su ilave edilerek 12 saat boyunca suda bekletilmistir. Aci
bakla, nohut ve fasulyeden farkli olarak, her 3 saatte bir suyu
degistirilerek bekletilmistir. Bekletme siiresinin ardindan tiim
baklagillerin sular1 degistirilerek yaklasik 30 dakika boyunca
haslamaya birakilmigtir. Haslama islemi tamamlandiktan
sonra haglama sulari siiziiliip ayr1 bir kaba alinmis, ardindan
baklagillerin kabuklar1 ayiklanmigtir. Kabuklari soyulan bak-
lagiller tekrar haglanmak {izere tencereye alinmis ve 30 da-
kika kaynamaya birakilmistir. Ocaktan aliman baklagiller
blender araciligi ile 5 dakika homojenize edilmistir. Nihai
bulamaglar ince telli siizgegten gecirilerek baklagil bazli siit
analoglari elde edilmistir.

Baklagil bazli yogurt analogu tiretimi ise Bilici (2022) tara-
findan belirtilen metot modifiye edilerek yapilmigtir. Bakla-
gil bazli siit analoglar1 40 °C’ ye sogutulduktan sonra 100 mL
hacme karsilik 1 gram olacak sekilde maya ilave edilerek 5
dakika on aktiflestirme islemi gergeklestirilmistir. Elde edi-
len karigimlar baklagil bazli siit analoglarina ilave edilerek
inkiibasyona birakilmistir. Besinci saatin sonunda oda sicak-
ligindaki yogurt analoglar1 alinarak kalan siire boyunca +4 °C
sicaklikta buzdolabinda muhafaza edilmistir.
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Duyusal Analiz

Duyusal analizler, Bolu Abant Izzet Baysal Universitesi Sag-
lik Bilimleri Fakiiltesi’nde gorevli 7 panelist tarafindan ayni
liniversite biinyesindeki Bilimsel Endiistriyel ve Teknolojik
Uygulama ve Arastirma Merkezinde bulunan Duyusal Analiz
Laboratuvarinda gergeklestirilmistir. Panelist sayisi, duyusal
tanimlayici analizlerde genellikle yeterli goriilen 6-15 kisi
aralig1 g6z oniinde bulundurularak belirlenmistir (Heymann
ve ark., 2012). Duyusal degerlendirilmesi yapilacak olan no-
hut, fasulye ve ac1 bakladan yapilan yogurt analoglar1 ve re-
ferans numunesi olarak zincir bir marketten alinan hazir hay-
vansal yogurttan 35’er gram alinarak duyusal analiz i¢in ha-
zirlanmistir. Orneklerin duyusal yonden degerlendirilmesi,
Clark ve ark. (2009)’un siit iiriinleri i¢in modern duyusal uy-
gulama yontemlerinden biri olan hedonik skala sistemi modi-
fiye edilerek kullanilmistir. Duyusal analize katilan panelist-
lerden numunelerin kivam, tat, eksilik, acilik, renk, piitiirli-
liik ve genel kabul edilebilirlik 6zelliklerini begeni diizeyle-
rine gore degerlendirmeleri istenmistir. Duyusal 6zellikler,
panelistler tarafindan 1 ila 10 arasinda degisen bir skala kul-
lanilarak degerlendirilmistir (1: koti, 5: kabul edilebilir, 10:
oldukga iyi). Elde edilen tiim veriler ortak bir degerlendir-
meye tabi tutulmustur.

Baklagil bazli yogurt analoglarinin ve referans numunenin
hazirlanmasi duyusal analiz oturumundan 12 saat dnce ta-
mamlanmistir. Numuneler, duyusal analiz i¢in panelistlere
sunulana kadar 4 °C’de muhafaza edilmistir. Numuneler, her
biri ayr1 ayr tadilacak sekilde, standart tabaklarda 4 seferde
panelistlere sunulmustur. Panelistlerde numunelere karsi algi
olusmamasi i¢in tabaklarin iizerine her 6rnek i¢in aralarinda
belli bir sistematik olmaksizin 3 haneli rastgele sayilar veril-
mistir. Panelistlerden, duyusal analiz sonuglarinin etkilenme-
mesi amaciyla, analizden 2 ila 4 saat doncesinde sigara ve
kahve tiiketiminden kaginmalar1 istenmistir. Analiz Once-
sinde panelistlere tadimi yapilacak triinlere karsi alerjileri
olup olmadigi, tat ve koku duyusunu etkileyecek herhangi bir
rahatsizlig1 olup olmadig1 ve kuru fasulye, nohut ve aci bakla
tiiketimine kars1 herhangi bir 6nyargilar1 olup olmadig1 sorul-
mus ve bu faktdrlerden herhangi birinin varligi durumunda
arastirmaya dahil edilmemistir. Laboratuvar ortaminda de-
gerlendirme islemi yapilirken her analiz dncesinde bir dnceki
testten kalan tadi gidermek adina panelistlere su verilmistir.
Analiz dncesinde panelistlere tadim hakkinda bilgi verilmis,
her tadim arasinda su i¢meleri istendigi ve her 6rnek icin 5
dakika degerlendirme siiresi bulundugu sdylenmistir.

Karbonhidrat, Protein, Yag, Kuru Madde ve Kiil Tayini

Orneklerin kuru madde ve kiil degerleri gravimetrik yontem
ile, yag degeri Gerber yontemi ile azot miktar1 ise Kjeldahl

yontemine gore belirlenmistir. Kontrol 6rnegi olan hayvansal
yogurdun protein miktar1 belirlenen azot degerinin 6,38 ile
carpilmasiyla tespit edilmistir. Bitkisel yogurt analoglarinin
protein degeri ise belirlenen azot degerinin 6,25 doniisiim
faktoriiyle ¢arpilmasiyla bulunmustur. Orneklerin toplam
karbonhidrat miktari; toplam kuru madde degerinden belirle-
nen yag, protein ve kiil degerinin ¢ikartiimasiyla [% Karbon-
hidrat = % Kuru madde degeri — (% Yag degeri + % Protein
degeri + % Kiil degeri)] belirlenmistir.

Viskozite, pH, Asitlik, Serum ve Renk Analizi

Orneklerin pH degeri 20°C sicaklikta kalibrasyonu yapilmis
WTW 720 marka pH metre kullanilarak tespit edilmistir.
Asitlik degeri ise 0,1 N NaOH c¢ozeltisi ile titre edilerek %
laktik asit cinsinden belirlenmistir (AOAC, 2020). Ornekler-
den ayrilan serum miktarini belirlemek amaciyla; filtre kagi-
dinin tizerine 25 g 6rnek koyularak 4°C sicaklikta 120 dakika
boyunca bekletilmistir. Filtre kagidinin altinda toplanan se-
rum miktar1 gram olarak belirlenmistir. Daha sonra bu sonug
oran orantiyla yiizde (%) olarak ifade edilmistir (Farooq ve
Haque, 1992).

Viskozite degeri viskozimetre cihazi (AND vibro viscometer
SV-10, Japonya) kullanilarak 10°C sicaklikta direkt 6lgiil-
miistiir. Olgiim 2 dakika boyunca 15 saniyede bir olmak {izere
9 Ol¢iimiin ortalamasidir. Sonuglar mPa.s cinsinden ifade
edilmistir.

Orneklerin CIE (Uluslararasi Aydinlatma Komisyonu) L*,
a*, b* ve C renk parametreleri Minolta Colorimeter CR-400
(Konica Minolta, Japonya) marka renk dl¢tim cihazi ile belir-
lenmigtir. L*, a* ve b* degerleri kullanilarak 6rneklerin be-
yazlik indeksi (BI) ve sarilik indeksi (SI) degerleri hesaplan-
mistir (Ugurum, 2017).

BI= 100-[(100—L*)>+(a*)>+(b*)]
SI=142,86xb*/L*

Toplam Antioksidan, Oksidan Kapasitenin ve Oksidatif
Stres Indeksinin Belirlenmesi

Toplam Antioksidan Kapasite (TAS), Toplam Oksidan Ka-
pasite (TOS) ve Oksidatif Stres indeksinin (OSI) belirlenmesi
i¢in numuneler 1:1 oraninda distile su ile karistirilip, homojen
olana kadar vortexlenmistir. Daha sonra +4 °C sicaklikta
3000 rpm’de 5 dk santrifiijlenmis ve siipernatant kismiyla
analizler gerceklestirilmistir.

Toplam TAS ve TOS 0Sl¢timii ticari kitler (Rel Assay, Tiir-
kiye) yardimiyla Mindray BS300 cihazi kullanilarak yapil-
mustir. TAS sonuglar1 E vitamini benzeri mmol Trolox es de-
geri/L cinsinden, TOS sonuglari litre bagina diisen mikromol
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hidrojen peroksit olarak (umol H>O; es degeri/L) verilmistir.
Total Oksidan Kapasite (TOS) degerinin TAS degerine orani
olarak adlandirilmis olan OSI degerinin hesaplanmasinda
TAS degeri pumol/L’ye ¢evrilmis ve OSI (arbitrary unit)=
TOS (umol H>0; es degeri/L)/TAS (umol Trolox es degeri/L)
esitligi ile hesaplanmigtir.

Istatistiksel Analiz

Denemeler 3 tekerriirlii olarak yiiriitiilmiis olup arastirma so-
nucunda elde edilen verilerin istatistiksel analizinde SPSS
22.0 istatistik programi kullanilmstir. Elde edilen veriler var-
yans analizine tabi tutulmus, ana varyasyon kaynaklarinin or-
talamalar1 Tukey HSD ¢oklu karsilagtirma testi ile karsilasti-
rilmigtir. Tiim analizlerde yanilma diizeyi olarak a=0.05 de-
geri belirlenmistir.

Bulgular ve Tartisma

Degerlendirilen numunelere iliskin duyusal degerlendirme
sonuglar1 Tablo 1’de gosterildigi gibidir. Elde edilen sonug-
lara gore genel kabul edilebilirlik, kivam, tat, eksilik, acilik,
renk ve piitiirliilik agisindan kontrol 6rnegi olan hayvansal
yogurdun ortalama degerlerinin daha yiiksek oldugu anlasil-
mustir. Degerlendirilen biitiin duyusal parametrelerde en dii-
stik degerlerin ise ac1 bakla bazli yogurt analoguna ait oldugu
gozlenmistir.

Baklagil bazli yogurt analoglarindan nohut ve fasulye bazl
analoglarmn genel kabul edilebilirlik (sirasiyla; 5 £2.38 ve
4.43 £2.51), kivam (sirastyla; 5.43 £1.99 ve 1.57 £1.13), tat
(strasiyla; 5.86 £2.79 ve 4.43 £2.99) ve eksilik (sirastyla; 6.28
+3.99 ve 5.29 £3.77) begeni degerlerinin ac1 bakla analoguna
gore anlamli diizeyde daha yiliksek oldugu saptanmistir
(p<0.05). Renk ve piitiirliiliik a¢isindan da nohut ve fasulye
bazli yogurt analogunun ortalama begeni degerlerinin aci

bakla bazli yogurt analoguna gore daha yiiksek oldugu anla-
silmakla birlikte farklilik istatistiksel olarak anlamli bulun-
mamistir (p>0.05). Bir diger yandan eksilik ve acilik kriter-
leri acisindan yogurt analoglarindan nohut ve fasulye bazli
analoglar ile hayvansal yogurt arasinda istatiksel olarak an-
laml farklilik saptanmamastir (p>0.05).

Duyusal degerlendirme sonuglari, baklagil bazli yogurt ana-
loglarinin geleneksel hayvansal yogurda kiyasla daha diisiik
kabul edilebilirlik puanlar aldigini géstermistir. Bu sonuglar,
bitki bazli alternatiflerde hayvansal yogurtla karsilastirilabilir
duyusal nitelikler elde etmenin zorluklarina dikkat ¢eken 6n-
ceki calisma sonuglariyla uyumludur (Greis ve ark., 2022;
Diez-Ozaeta ve ark., 2024) . Craig ve Brothers’in yaptigi ¢a-
ligmada, baklagillerden elde edilen yogurt analoglarinin, hay-
vansal siit tiriinlerine kiyasla genellikle daha diisiik biyolojik
protein degeri gosterdigini ve bunun da genel duyusal ¢ekici-
ligini ve tliketici kabuliinli etkileyebilecegini vurgulamistir
(Craig ve Brothers, 2021). Ayrica farkli ¢calismalarda da yo-
gurt analoglarina ¢esitli dogal katki maddelerinin ilavesinin
duyusal ozelliklerini etkileyebilecegi belirtilerek, baklagil
bazli iiriinlerin duyusal profilini gelistirmek i¢in daha fazla
zenginlestirmenin gerekli olabilecegi 6ne siirlilmiistiir (Fazla
ve ark., 2023; Dhakal ve ark., 2023; Pua ve ark., 2022).

Bir diger yandan soya ve Hindistan cevizi bazli yogurt ana-
loglarinin, tat ve doku agisindan hayvansal yogurtla rekabet
edebilecegi de belirtilmistir (Gupta et al., 2022; Grasso et al.,
2020). Bitki bazli yogurt analoglarina uygun stabilizatorlerin
eklenmesiyle dokusal ozellikler gelistirilerek duyusal kabul
edilebilirligi arttirilabilir. Artmis duyusal kabul edilebilirlik,
saglik yararlar ile birlestiginde ve diyet aliskanliklarinin
bitki bazli beslenme yoniinde degistigi gbz onilinde bulundu-
ruldugunda, bitki bazli yogurtlarin ilerleyen yillarda daha re-
kabetci olabilecegi diisiiniilmektedir.

Tablo 1. Yogurt ve baklagil bazli yogurt analoglarina iliskin duyusal degerlendirme sonuglari

Table 1. Sensory evaluation results of yogurt and legume-based yogurt analogues

Nohut bazlh yogurt

analogu

Genel kabul edilebilirlik 5+2.38°

Kivam 5.43+£1.99°
Tat 5.86+2.79°
Eksilik 6.28 £3.99°
Acilik 6+4.16"

Renk 4.86+1.862
Putirlilik 5.86+2.19°?

Ac1 bakla bazh Fasulye bazli  Hayvansal Yogurt

yogurt analogu | yogurt analogu
1.29 £0.49* 4.43 £2.51° 9.29 £1.50¢
1.57+1.13 2 6+2.31° 9.57+1.13¢
1.14 +0.38 * 443 +2.99° 8.86 +1.77 ¢
1.29+0.49 ® 5.29+3.77° 7.43 £3.26°
1.57+1.13 2 5.2943.20° 7.86 £3.39°
243 £1.62°* 429425¢ 9.57 +0.78 ®
2434299 457+299°2 8.29+1.30°

One Way Anova (tek yonlii varyans analizi) testi. Ayni satirdaki farkli harfler istatistiksel anlamlilig1 gdstermektedir (p<0.05).
Duyusal 6zellikler 1-10 arasindaki skala (1-kotii, S-kabul edilebilir ve 10-oldukea iyi) kullanilarak degerlendirilmistir.
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Act bakla bazli yogurt analoguna iliskin elde edilen diisiik
duyusal sonuglar bu tiire iliskin karakteristik dogal ac1 ve aro-
matik bilesiklere baglanabilir (Bader ve ark., 2011). Enzima-
tik iglemler veya farkli mikrobiyal suslarla fermantasyon gibi
gelismis isleme teknikleri yoluyla bu duyusal sinirlamalarin
ele alinmasi, kabul edilebilirligi onemli Ol¢lide artirabilir
(Hickisch ve ark., 2016; Laaksonen ve ark., 2021). Ayrica aci
bakla bazli yogurt analoglarinda fermantasyon dncesinde uy-
gulanan islemlerin duyusal 6zelliklerde 6nemli bir belirleyici
olabilecegi belirtilmekle birlikte, fermantasyon iglemi igin
14-35 saate gereksinim olabilecegi belirtilmistir (Hickisch ve
ark., 2016; Laaksonen ve ark., 2021). Bu ¢aligmada ferman-
tasyon i¢in siirenin literatiirdeki diger ¢aligsmalara gore daha
kisitli tutulmast (Hickisch ve ark., 2016; Laaksonen ve ark.,
2021) kivamsal ve diger duyusal sonuglarda farkliliga neden
olmus olabilir.

Degerlendirilen numunelere iliskin besinsel ve kimyasal ana-
liz sonuglar1 Tablo 2’de gosterildigi gibidir. Kuru madde ige-
rigine iliskin verilere gore ac1 bakla bazli yogurt analogu ha-
ri¢ olmak tlizere baklagil bazli yogurt analoglarinin degerinin

(fasulye: %23.91 +£0.01; nohut: %15.28 +£0.01) hayvansal yo-
gurda (%13.66 £0.04) gore (%13.66 £0.04) anlaml diizeyde
daha yiiksek oldugu anlasilmistir (p<<0.05). Titrasyon asitligi
ve viskozitesi en yiiksek grup ise hayvansal yogurt grubu ol-
makla birlikte, istatistiksel farkliligin diger gruplara gére an-
lamli oldugu belirlenmistir (p<<0.001). Ac1 bakla bazli yogurt
analogunun serum ayrilma diizeyi en yiiksek olarak saptanir-
ken, fasulye bazl1 yogurt analogunda serum ayrilmasi gozlen-
memistir.

Makro besin 6gesi analizlerine iliskin sonuglar degerlendiril-
diginde hayvansal yogurdun yag igeriginin baklagil bazli yo-
gurt analoglarma gore anlamh diizeyde daha yiiksek oldugu
goriiliirken (p<0.001), karbonhidrat i¢erigi agisindan ise bak-
lagil bazli yogurt analoglarma iliskin degerlerin daha yiiksek
oldugu goriilmiistiir. Nohut ve fasulye bazli yogurt analogla-
riin protein igeriginin de hayvansal yogurda gore daha yiik-
sek oldugu anlasilmakla birlikte fasulye bazli yogurt analogu
(%6.35 £0.59) ve hayvansal yogurt (%3.87 £0.21) arasindaki
farkliligin istatistiksel olarak anlamli oldugu saptanmistir
(p=0,01).

Tablo 2. Yogurt ve baklagil bazli yogurt analoglarina iliskin besinsel ve kimyasal analiz sonuglari

Table 2. Nutritional and chemical analysis results of yogurt and legume-based yogurt analogues
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Nohut bazh Ac1 bakla bazh Fasulye bazh Hayvansal
yogurt analogu yogurt analogu yogurt analogu Yogurt

Protein (%) 4.66 +0.21° 1.41+0.39° 6.35+0.59 ¢ 3.87+0.21°
Yag (%) 0.35+0.07 ¢ 0.27 £0.03 ® 0.1 +0.001 ® 4 £0.001 ¢
Karbonhidrat (%) 9.94 £0.11 ¢ 6.49 £0.37° 16.91+0.59 ¢ 5.02+0.13 ¢
Kiil (%) 0.33 £0.02 ® 0.39+0.01 ® 0.55+0.01° 0.76 £0.05 ©
Kuru madde (%) 15.28 +0.01 ¢ 8.57+0.01% 23.91+0.01¢ 13.66 £0.04 ®
Titrasyon Asitligi (% laktik asit) 0.10 £0.01 ® 0.11+0.01° 0.16 £0.01° 0.93 £0.01 ©
Serum Ayrilmasi (%) 6.20 +£2.12° 56.18 £1.24 9 0+0° 19.55£1.34°¢
Viskozite (mPa.s) 17.7 £0.05® 1.73 +0.01 ® 643.33 +£0.86 ¢ 1686.25 +4.48 ¢
pH 6.71 £0.01¢ 5.48 £0.01° 6.67 £0.01 © 4.1+0.01%
TAS (mmol Trolox Eq/L) 0.66 +0.08°¢ 0.43+£0.01° 0.91 +0.06 ¢ 0.27+0.03?
TOS (umol H,O, Eq/L 0.81+0.01 2.4 4£0.06 © 1.06 £0.22 ® 0.6 £0.03 *
OSI (AU) 0.12+0.02 ® 0.56 £0.02 © 0.12 +£0.03® 0.22 £0.01°

One Way Anova (tek yonli varyans analizi) testi. Ayni satirdaki farkli harfler istatistiksel anlamlilig1 gostermektedir (p<0.05).
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Besin dgesi igerigine iliskin analiz sonuglar1 baklagil bazli
yogurt analoglarmin hayvansal yogurda kiyasla daha yiiksek
karbonhidrat i¢erigine ve protein seviyelerine sahip oldugunu
ortaya koymustur. Elde edilen bu sonuglar literatiir verileri ile
uyumludur (Craig ve Brothers, 2021; Marlapati ve ark.,
2024). Nohut ve fasulye bazli yogurt analoglarinin yiiksek
protein icerikleri, fonksiyonel gidalar olarak potansiyellerini
ortaya koymaktadir. Bu bulgular bitki bazl1 tiriinlerin hayvan-
sal siit Girtinleriyle karsilastirilabilir ve hatta daha {stiin pro-
tein seviyeleri sunabilecegini bildiren Angelino ve arkadasla-
rimin bulgularm desteklemektedir (Angelino ve ark., 2020).
Ote yandan, elde edilen bulgular bitki bazli yogurt analogla-
rinin yalnizca vegan bireyler ve protein gereksinimlerini bit-
kisel kaynaklardan karsilamay1 tercih eden tiiketiciler i¢in et-
kili bir protein kaynagi olmakla kalmay1p, ayn1 zamanda sag-
likl1 ve yliksek kompleks karbonhidrat igerigiyle de besleyici
bir alternatif sunabilecegini ortaya koymaktadir. Hayvansal
yogurdun daha yiiksek yag iceriginin duyusal kabul edilebi-
lirlik tizerinde olumlu bir etkisi oldugu goriilmekle birlikte,
diisiik yag icerigine sahip baklagil bazli yogurt analoglarinin
da, diyetlerinde doymus yag miktarin1 azaltmay1 hedefleyen
bireyler i¢in 6nemli bir alternatif olabilecegi anlasilmaktadir.

Orneklere iliskin kiil degeri verilerine gore en yiiksek degerin
hayvansal yogurtta oldugu (%0.76 £0.05) ve bitkisel yogurt
analoglarma gore farkliligin istatistiksel olarak anlamli ol-
dugu anlasilmistir. Baklagil bazli yogurt analoglar arasinda
kiil degeri en yliksek olan grubun fasulye bazli yogurt ana-
logu (%0.55 £0.01) oldugu ve diger baklagil bazli yogurt ana-
loglarma gore farkliligin istatistiksel olarak anlamli oldugu
gorilmiistiir (p<0.05).

Orneklerin pH verilerine gore ise, en diisiik pH degerinin hay-
vansal yogurt grubunda oldugu goriilmekle birlikte, gruplar
arasindaki farkliligin da istatistiksel olarak anlamli oldugu
anlagilmistir (p<<0.001). Oksidatif strese iliskin verilere gore
ise en ylksek TAS degerinin fasulye bazli yogurt analogunda
(0.91 £0.06 mmol Trolox Eqg/L) oldugu ve diger gruplara
gore farkliligin istatistiksel olarak anlamli oldugu saptanmis-
tir. Bir diger yandan biitiin baklagil bazli yogurt analoglarinin
TAS ve TOS degerlerinin hayvansal yogurda gore daha yiik-
sek oldugu saptanmistir. Oksidatif stres indeksi agisindan ise
en yiksek degerin ac1 bakla bazli yogurt analogunda oldugu
(0.56 £0.02 AU) ve diger gruplara gore farkliligin istatistiksel
olarak anlamli oldugu belirlenmistir.

Baklagil bazli yogurt analoglarinin antioksidan potansiyeli-
nin hayvansal yogurda gore olduk¢a yiiksek oldugu goézlen-
mistir. Bu bulgu, bitki bazli gidalarin, 6zellikle baklagillerin
antioksidanlar agisindan zengin oldugunu ve bu 6zelliklerinin
saglik lizerindeki olumlu etkilerine katki sagladigim ortaya

koyan onceki calismalarla uyumludur (D'Andrea, 2023).
Baklagil bazli yogurt analoglarinin yiiksek antioksidan kapa-
siteleri, temel beslenmenin 6tesinde saglik faydalari sunan
fonksiyonel gidalar1 tercih eden tiiketiciler i¢in 6nemli bir
faktor olarak degerlendirilebilir (Postolache, 2023). Bir diger
yandan ac1 bakla bazli yogurt analogunda OSI degerine ilis-
kin yiiksek deger bu iiriinlerin oksidatif profilini optimize et-
mek icin gereklilige isaret etmektedir. Bu {irlinlerdeki oksi-
datif dengesizlik dogal antioksidanlar eklenmesi veya biyo-
aktif bilesik stabilitesini artirmak i¢in fermantasyon kosulla-
riin degistirilmesi ile miimkiin olabilir. Bitki bazli yogurt
analoglarindaki antioksidan kapasite farkliliklar1 cogunlukla
kullanilan hammaddeler ve bunlar izleyen fermantasyon sii-
reclerindeki degisikliklere baglanabilir. Hayvansal yogurtlar,
fermantasyon sirasinda olusan biyoaktif peptitlerden fayda
saglarken; polifenol igeren bitki bazli alternatifler de yliksek
diizeyde antioksidan aktivite gosterebilmektedir (Rashwan ve
ark., 2022; Wijesekara ve ark., 2022).

Fizikokimyasal 6zellikler agisindan, calismada baklagil bazli
yogurt analoglarimin pH seviyelerinin hayvansal yogurttan
daha yiiksek oldugu anlagilmigtir. Nitekim bu sonu¢ Malki ve
arkadaslarinin pH'daki degisikliklerin fermantasyon siirecini
ve nihai tiriiniin 6zelliklerini etkileyebilecegini 6ne siiren bul-
gulariyla uyumludur (Malki ve ark., 2022). Bu ¢alismada
gozlemlendigi iizere, hayvansal yogurdun daha yiiksek titre
edilebilir asitligi ve viskozitesi, hayvansal yogurtlarin yag
icerigi ve fermantasyon ozellikleri nedeniyle tipik olarak
daha stabil bir doku ve asitlik profiline sahip oldugu yoniin-
deki genel anlayisla uyumludur (Helal, 2023). Baklagil bazli
yogurt analoglar ile hayvansal yogurt arasinda 6zellikle se-
rum ayrilmasi ve viskozite agisindan gozlenen farkliliklar, bu
iiriinlerin doku ve kivam 6zelliklerini optimize etme ihtiya-
cii1 vurgulamaktadir. Pandey ve ark. (2021), tiiketici tercih-
lerini artirmak igin bu tiir iiriinlerin tekstiirel ve aromatik
ozelliklerinin gelistirilmesi gerektigini belirtmis ve hidrokol-
loidler veya proteinler gibi stabilizatorler ile serum ayrilma-
sinin azaltilabilecegini ve dokusal kivami iyilestirilebilece-
gini belirtmistir.

Yogurt ve yogurt analoglarina iliskin renk 6l¢liim sonuglari
Sekil 1°de gosterildigi gibidir. Hayvansal yogurdun L" (par-
laklik) degeri 85.11 £0.04 olarak bulunmus olup, bu degerin
bitkisel yogurt analoglarina gére anlamli diizeyde daha yiik-
sek oldugu (p<0.001) tespit edilmistir. Bitkisel yogurt ana-
loglarinda ise en yiiksek deger aci bakla bazli yogurt analo-
gunda (69.38 £0.01), en diisiik deger ise nohut bazli yogurt
analogunda (59.05 £0.06) gozlenmis olup gruplar arasindaki
farklilik istatistiksel olarak anlamlidir (p<0.001). Orneklere
iliskin a” (kirmizilik) degerleri ise -3.55 +0.06 (ac1 bakla) ile
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-0.53 £0.001 (fasulye) arasinda degismekte olup gruplar ara-
sindaki farkliligin da istatistiksel olarak anlamli oldugu anla-
silmistir (p<<0,001).

Sarilik (b") ve Chroma-doygunluk (C) degerleri agisindan
benzer sonuglar elde edilmis olup her iki parametrede de en
yiiksek degerlerin ac1 bakla bazli yogurt analogunda en diisiik
degerlerin ise hayvansal yogurtta gdzlendigi saptanmis olup
gruplar arasindaki farkliliginda istatistiksel olarak anlamli ol-
dugu belirlenmistir (p<0.001). Bir diger yandan hayvansal
yogurdun beyazlik indeksinin (BI) diger gruplara gore an-
lamli olarak daha yiiksek (p<0.001), sarilik indeksinin (SI)
ise daha diisiik oldugu goézlenmistir. Baklagil bazli yogurt

Research Article

analoglarinda ise beyazlik indeksi en yiiksek olan yogurt ana-
logunun fasulye, sarilik indeksi en yiiksek olan yogurt analo-
gunun ise aci bakla oldugu anlagilmaktadir.

Renk analizine iligkin sonug¢lar da hayvansal yogurt ve bak-
lagil bazli yogurt analoglar arasinda 6nemli farkliliklar oldu-
gunu ortaya koymus, hayvansal yogurdun baklagil bazli ana-
loglara gore daha yiiksek parlaklik (L* degeri) sergiledigi
saptanmistir. Bu durum, renk 6zelliklerinin yogurt tirtinleri-
nin tiiketici algis1 ve kabuliinde kritik 6neme sahip oldugunu
belirten Silva ve arkadaglarinin bulgulariyla ortiigmektedir
(Silva ve ark., 2019). Yogurdun duyusal ve renk 6zellikleri
pazarlanabilirlik i¢in ¢ok dnemlidir ve baklagil bazli {iriin-
lerde bu 6zelliklerin gelistirilmesi tiiketici kabuliinii artirabi-
lir.

Renk Analizi

90

80

70

6

o

5

o

4

o

3

o

2

o

1

o

-10

B Aci Bakla Bazli Yogurt Analogu M Fasulye Bazli Yogurt Analogu

0 ‘l | II l II I || | ‘I I
o -
L* a* b* c BI sl

Nohut Bazli Yogurt Analogu B Hayvansal Yogurt

Sekil 1. Yogurt ve baklagil bazli yogurt analoglarina iligkin renk 6l¢iim sonuglar1

Figure 1. Colour measurement results of yoghurt and legume-based yoghurt analogues
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Sonug¢

Bu ¢alismada elde edilen bulgular, baklagil bazli yogurt ana-
loglarmin siirdiiriilebilir ve fonksiyonel gidalar olarak dnemli
bir potansiyele sahip oldugunu ortaya koymaktadir. Nohut ve
fasulyeden elde edilen yogurt analoglari; yiiksek protein, an-
tioksidan kapasite ve kompleks karbonhidrat igerikleriyle
ozellikle vegan bireyler ve bitki bazli protein kaynaklarim
tercih eden tiiketiciler i¢in saglikli bir alternatif sunmaktadir.
Diisiik yag igerikleri de bu iiriinlerin besleyici degerini artiran
bir diger avantajdir. Ancak, ac1 bakla bazl iriinlerde belir-
ginlesen diisiik kivam, serum ayrilmasi ve belirgin tat kusur-
lar1 gibi duyusal sorunlar, tiim iiriin grubu i¢in iyilestirme ge-
reksinimini ortaya koymaktadir.

Duyusal analiz sonuglari, tiikketici kabullinii artirmak ama-
ciyla formiilasyon optimizasyonlarina ve ek bilesen kullani-
mina ihtiya¢ oldugunu gostermektedir. Bu kapsamda, yiiksek
basingli isleme ve ultrason destekli fermantasyon gibi yeni-
lik¢i teknolojilerin kullanilmasi, iiriinlerin genel kalitesini ve
raf Omriinii iyilestirebilir. Ayrica, farkl tiiketici gruplarim
kapsayan genis kapsamli duyusal degerlendirmeler, tercih ka-
liplarinin anlagilmasina ve hedef odakl iirlin gelistirme sii-
reclerine katki saglayacaktir. Bitki bazli yogurt analoglarinin
gelistirilmesi, yalnizca bireysel sagligi desteklemekle kalma-
y1ip ayni zamanda hayvansal kaynakli iiriinlerin ¢evresel yii-
kiinli azaltarak daha siirdiiriilebilir beslenme modellerinin
yayginlagsmasina da katki sunmaktadir. Bu baglamda, bakla-
gil bazli yogurt analoglari, gelecekte daha fazla arastirma ve
inovasyonla birlikte, hem saglikli hem de ¢evre dostu fonksi-
yonel gidalar olarak pazarda 6nemli bir yer edinebilir.
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Milli Egitim Bakanhg1, Trabzon Ismail

0z

Bu ¢aligmada, yetiskin kadinlarda hedonik yeme ve yalnizlik arasindaki iliskide depresyon, ank-
siyete ve stresin aracilik rollerinin incelenmesi amaglanmigtir. Calismaya, Giimiishane ilinde ika-
met eden 278 kadin katilmistir. Veriler Demografik Bilgi Formu, UCLA Yalmzlik Olgegi, Dep-
resyon Anksiyete Stres Olcegi (DASS-21) ve Hedonik Yeme Olgegi kullanilarak toplanmustir.
Analizlerde Bagimsiz Gruplar T Testi, Tek Yonlii Varyans Analizi (ANOVA), Pearson Momentler
Carpimi Korelasyon Katsayist ve Paralel Aracilik Analizi (PROCESS Macro Model 4) yontemleri
kullanilmistir. Arastirma bulgulari, hedonik yeme ile yalnizlik, depresyon, anksiyete ve stres ara-
sinda pozitif yonde anlamli iliskiler oldugunu gostermistir. Aracilik analizi sonuglarina gore, dep-
resyon ve anksiyete degiskenlerinin hedonik yeme ile yalnizlik arasindaki iliskide anlamli aract
roller iistlendigi, stresin ise araci roliiniin bulunmadig tespit edilmistir. Elde edilen sonuglar, he-
donik yemenin bireylerin psikolojik iyilik halleri ve yalnizlik egilimleri iizerinde dolayl etkiler
yarattigini gostermekte olup, miidahale programlarinin duygusal diizenleme becerilerini gelistir-
meye odaklanmasi gerektigine isaret etmektedir.

Anahtar Kelimeler: Hedonik yeme, Yalnizlik, Depresyon, Anksiyete, Stres, Kadinlar

ABSTRACT

The mediating role of depression, anxiety and stress in the relationship between hedonic ea-
ting and loneliness in women

This study aimed to examine the mediating roles of depression, anxiety, and stress in the relati-
onship between hedonic eating and loneliness among adult women. The study sample consisted of
278 women residing in Giimiighane, Turkey. Data were collected using a Demographic Informa-
tion Form, the UCLA Loneliness Scale, the Depression Anxiety Stress Scale (DASS-21), and the
Hedonic Eating Scale. Analyses were conducted using Independent Samples T-Test, One-Way
Analysis of Variance (ANOVA), Pearson Product-Moment Correlation Coefficient, and Parallel
Mediation Analysis (PROCESS Macro Model 4). The findings indicated that there were signifi-
cant positive relationships between hedonic eating and loneliness, depression, anxiety, and stress.
According to the results of the mediation analysis, depression and anxiety significantly mediated
the relationship between hedonic eating and loneliness, whereas stress did not play a mediating
role. These results suggest that hedonic eating exerts indirect effects on individuals’ psychological
well-being and tendencies toward loneliness, highlighting the need for intervention programs fo-
cused on enhancing emotional regulation skills.

Keywords: Hedonic eating, Loneliness, Depression, Anxiety, Stress, Women
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Giris

Obezite oranlar1 diinya genelinde salgin diizeyine ulasmis
olup, yayginlig1 artmaya devam etmektedir (World Obesity
Federation, 2023). Gilincel tahminlere gore diinya ¢apinda ye-
tiskin niifusun yaklasik %38’1 2030 yilina kadar asir1 kilolu
ve %20’si obez olacaktir (Kelly ve ark., 2008). Tiirkiye icin
bu oran 2022 yilinda %31.5°dir ve 2045 yilinda %34.9’a ulag-
mast beklenmektedir (Obezite Tan1 ve Tedavi Kilavuzu,
2024). Obezite, genetik, beslenme, fiziksel aktivite ve cevre-
sel faktorlerin etkisiyle sekillenen karmasik bir durumdur
(Rohde ve ark., 2019) ve bu nedenle besin alimu ile istah dav-
raniglarinin oldukca karmasik siirecler olduguna dikkat edil-
melidir. A¢lik ve besin tiiketimi, homeostatik ve hedonik ag-
lik ad1 verilen iki farkl: sistem tarafindan diizenlenir. Home-
ostatik aclik, fizyolojik olarak enerji depolarinin tiikenme-
siyle olusan aglik durumu olarak tanimlanir (Yalgin ve ark.,
2023). Hedonik aglik ise genellikle fizyolojik agligin 6tesinde
besin tiiketme istegi olup, asir1 6diil duyarliligi, haz ve ye-
mege yonelik diirtii ile karakterize edilen bir psikolojik fak-
tordir (Lowe ve ark., 2009). Dolayisiyla hedonik agliktan
kaynaklanan yeme davranisini kontrolsiiz bir yeme fenotipi
olarak tamimlamak miimkiindiir. Kalori ihtiyacindan ziyade
zevk igin yemek yemeyle iliskilendirilen hedonik yeme so-
nucu lezzetli ve yiiksek enerjili yiyeceklerin tiiketimi artar ve
bu da kisinin giinliik ihtiyacinin 6tesinde enerji alimina yol
acabilir ve viicut agirhigindaki artis obeziteye neden olabi-
lir (Espel-Huynh ve ark., 2018; Yal¢in ve ark., 2023).

Hedonik yeme, genellikle yiiksek yag, seker ve tuz igerikle-
riyle lezzetli hale getirilen ve dolayisiyla kalorisi yogun olma
egiliminde olan son derece lezzetli yiyeceklere karst duyulan
diirtiiyle agiklanir (Espel-Huynh ve ark., 2018). Yapilan bir
calismada hedonik yeme ve obezitenin dopamin reseptorle-
rini diizenleyen genetik varyantlarla iliskili oldugu bulun-
mustur (Aliasghari ve ark., 2021). Buna gére dopamin resep-
tor geni limbik dopaminerjik aktiviteyi azaltarak, hedonik
yeme gibi 0diil arayan davraniglari arttirabilir. Hem insan-
larda hem de hayvanlarda yapilan ndrobiyolojik ¢alismalar,
genellikle yag, tuz veya seker orani yliksek lezzetli bir gida
tiiketildiginde, beynin odiille ilgili bolgelerindeki aktivasyo-
nun arttigimm1 ve bunun sonucunda dopamin saliniminin ve
mutluluk hissinin arttigin1 géstermektedir (Berthoud, 2012).

Konuyla ilgili literatiir incelendiginde son yillarda hedonik
yeme ile ilgili ¢ok sayida ¢alisma yapildigr dikkat ¢ekmekte-
dir. Aragtirmalarda hedonik yemenin, yas, cinsiyet, adet don-
giisii, diyet kaliplar1 ve yiyecek ipuglarina yanit verme gibi
bireysel farkliliklar dahil olmak tlizere cesitli faktorlerden et-
kilenebilecegi, ayrica gidanin tat, renk, aroma, doku ve hatta

isitsel ipuclar1 gibi duyusal 6zelliklerinin, besin alimin dii-
zenlemede Onemli bir rol oynadigt belirtilmektedir
(Sarahman ve Akgil Ok, 2019). Bunlara ek olarak hedonik
yemenin basta obezite ve uyumsuz yeme davraniglari olmak
tizere ¢ok cesitli olumsuz saglik sonuglari ile iligkili oldugu
ortaya konmustur (Yassibas ve ark., 2024). Obezitenin yani
sira hedonik yeme diyabet, kalp damar hastaliklar1, hipertan-
siyon, obstriiktif uyku apnesi, baz1 kanser tiirleri ve yagl ka-
raciger hastaligina da katkida bulunabilir (Sarahman ve Akgil
Ok, 2019). Ayrica gida bagimliligi, uyku kalitesi ve stiresi,
0zsaygt, kendini damgalama, beden imaj1 bozukluklari, dep-
resyon, kaygi, stres ve obsesif kompulsif semptomlar ile de
iligkili oldugu gosterilmistir (Jung ve ark., 2017; Mason ve
ark., 2020; Akkaya ve ark., 2022).

Hedonik yeme davranisi, yiyeceklerin asir1 tiiketimi nede-
niyle reddedilme, damgalanma ve yalmzlik duygular1 gibi
psikososyal etkileri de beraberinde getirebilir. Bu kapsamda
mevcut arastirmada incelenen bir diger degisken yalmzliktir.
Sosyal izolasyonun psikolojik tezahiirii olarak yalmizlik, bire-
yin sosyal temaslarinin siklig1 ve yakinlig1 veya sahip oldugu
iligkiler ile sahip olmak istedigi iliskiler arasindaki tutarsiz-
l1ga iliskin deneyimledigi tatminsizligin bir yansimasi olarak
kabul edilmektedir (Yamada ve Decety, 2009). Yalnizlik ye-
tiskin popiilasyonlar i¢in yaygin ve kiiresel bir sorundur
(Yanguas ve ark., 2018). Arastirmalarda yalnizligin artan
morbidite, mortalite ve daha yiiksek kardiyovaskiiler hastalik
riski, kotii uyku kalitesi, giindiiz islev bozuklugu (6rn. diisiik
enerji, yorgunluk), daha diisiik biligsel performans, ruhsal bo-
zukluklar gibi bir¢ok hastalikla iliskili oldugu gosterilmistir
(Cacioppo ve ark., 2014; Lodder ve ark., 2015). Literatiirde
ayrica savunmasiz gruplarm yalmizhigin etkilerine daha du-
yarlt oldugu vurgulanmistir (Eres ve ark., 2021). Ancak ko-
nuyla ilgili alan yazin incelendiginde hedonik yemenin yal-
nizlik tlizerindeki etkilerini inceleyen bir ¢aligmaya rastlan-
mamistir. Bu kapsamda bu arastirma hedonik yeme, yalmz-
lik, depresyon, anksiyete ve stres arasindaki iligkileri incele-
mek tlizere gerceklestirilmistir.

Hedonik yeme, bireylerin 6diil ve haz odakli yeme davranis-
larin1 niteleyen 6nemli bir psikolojik faktdr olup, duygusal
durumlar iizerindeki etkileri agisindan incelenmeye degerdir.
Bu ¢alismada, hedonik yeme ve yalnizlik arasindaki iliskide
depresyon, anksiyete ve stresin araci rolii arastirilarak, hedo-
nik yemenin bireylerin psikososyal sagliklari tizerindeki etki-
leri daha derinlemesine ele alinmaktadir. Hedonik yeme,
ozellikle depresyon ve anksiyete gibi duygusal giigliiklere ne-
den olabilirken, bu siireclerin yalnizlikla olan baglantilar1 bi-
reylerin genel iyilik hali tizerinde kritik sonuglar dogurabilir.
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Bu tiir mekanizmalarin anlagilmasi, hedonik yeme davranisi-
nin kadinlarin yalnizlik egilimi ve duygusal sagligi {izerin-
deki etkilerinin daha iyi anlasilmasina olanak saglayabilir.
Ayrica, yalmzlik, uyumsuz yeme ve psikolojik saglik arasin-
daki iligkileri ele almak, obezite ve yeme bozukluklari gibi
ciddi saglik sorunlarini 6nlemeye yonelik politikalarin teme-
lini olugturabilir. Tiirk toplumunda bu dinamiklerin ele alin-
mast, yerel literatiirdeki bosluklar1 doldurmanin yani sira ka-
dinlarin kiiltiirel ve toplumsal baglamdaki psikososyal dene-
yimlerinin daha iyi anlagilmasina yardimeci olacaktir. Bu bag-
lamda, arastirma sonuglari yalnizca bireysel diizeyde miida-
hale programlarinin gelistirilmesine rehberlik etmekle kalma-
yacak, ayni zamanda toplum sagligina yonelik farkindalik ar-
tiricr ¢caligmalara da katki saglayacaktir.

Materyal ve Metot

Calisma Deseni

Bu calismanin amaci yetiskin kadinlarda hedonik yeme ve
yalmzlik diizeyleri arasindaki iliskide psikolojik belirtilerin
(depresyon, anksiyete, stres) paralel araci rollerinin incelen-
mesidir. Bu kapsamda Sekil 1°’deki model test edilmistir.

Calisma Grubu

Kesitsel tasarim kullanilarak yiiriitiilen bu aragtirma Mart-
Haziran 2024 tarihlerinde Giimiishane ilinde ikamet eden 278
kadin ile gerceklestirilmistir. Caligmaya katilacak bireylerin
se¢iminde rastgele veya rastgele olmayan 6rneklemenin zor
olmasi durumlarinda kullanilan kolayda érnekleme yontemi
tercih edilmistir. Caligmaya 18-42 yas araliginda kadin kati-
limcilar dahil edilmistir.

Etik

Bu calisma 1975 Helsinki Bildirgesi’ne uygun olarak yiirii-
tiilmiistiir. Arastirmaya baslamadan 6nce Giimiishane Uni-
versitesi Bilimsel Arastirma ve Yaym Etigi Kurulundan
21/02/2024 tarih ve 2024/2 sayili etik kurul onay1 alinmistir.

Veri Toplama Araglart

Demografik Bilgi Formu: Katilimcilarn cinsiyet, yas, giinliik
yasant1 i¢indeki duygu durumlari, bos zaman etkinliklerinin
yeterliligi, kronik hastalig1 ve siirekli ila¢ kullanma durumlari
ile gelir durumlar1 hakkinda 6z bildirime dayal1 veri elde et-
mek amaciyla hazirlanmig formdur.

UCLA Yalmzlik Olgegi: Russell ve ark., (1978) tarafindan ge-
listirilmis ve Demir (1989) tarafindan Tirk kiltiiriine uyar-
lanmistir. UCLA Yalnizlik Olgegi 20 maddelik 4°1ii likert ti-
pinde derecelendirmeye gore diizenlenmis bir 6lgme aracidir.
Puanin yiiksek olmasi yalnizlik seviyesinin yiiksek oldugunu
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gostermektedir. Olgegin Tiirkgeye uyarlama ¢aligmasinda ya-
pilan giivenirlik calismasinda test-tekrar test glivenirligini .94
olarak bulunmustur. Olgegin Cronbach alfa i¢ tutarlilhk kat-
sayisinin .96 oldugu belirtilmistir (Demir, 1989). Bu ¢alisma
kapsaminda olgegin giivenirlik katsayisi .87 olarak bulun-
mustur (Tablo 2).

Depresyon Anksiyete Stres Olgegi (DASS 21): DASS 21, Lo-
vibond tarafindan uygulama siiresini kisaltmak amaciyla
DASS-42'nin bazi maddeleri segilerek olusturulmustur
(Lovibond ve Lovibond, 1995). DASS 21 her bir alt 6l¢ek
icin 7 madde icermektedir. Olgegin Tiirkge uyarlamasi
Saricam (2018) tarafindan yapilmistir. Giivenirlik analizi so-
nucunda Cronbach alfa i¢ tutarlilik katsayilar1 depresyon alt
Olcegi icin .87, anksiyete i¢in .85 ve stres i¢in .81 olarak bu-
lunmustur. Bu ¢alisma kapsaminda DASS-21’in depresyon
alt dlcegi icin Cronbach alfa katsayis1 .84 ve McDonald’s
omega katsayisi .85; anksiyete alt 6lgegi i¢in Cronbach alfa
katsayis1 .81 ve McDonald’s omega katsayisi .82; stres alt 61-
cegi icin ise Cronbach alfa ve McDonald’s omega katsayilari
.82 olarak bulunmustur (Tablo 2).

Hedonik Yeme Olgegi: Hedonik Yeme Olgegi (HYO) Atik,
Nese ve Yiice tarafindan 2019 yilinda gelistirilen 6lgek 15
maddeden olusmaktadir. Olgekte ters puanlanan madde bu-
lunmamaktadir ve 6lgek tek boyutludur. Olgek toplam puan
iizerinden degerlendirilmektedir ve herhangi bir kesme nok-
tas1 bulunmamaktadir. Olgek 5°li likert formatindadir. Olgek-
ten alinabilecek puanlar 15-75 araliginda degismektedir.
Yiiksek puanlar daha yiiksek hedonistik yeme davranisini
gostermektedir. Olgek i¢in uygulanmis olan Cronbach Alfa,
Spearman-Brown ve Guttman i¢ tutarhlik katsayilar1 0.70’in
tizerinde bulunmustur (Atik ve ark., 2019). Bu ¢alisma kap-
saminda Hedonik Yeme Olgegi i¢in Cronbach alfa katsayisi
.91 ve McDonald’s omega katsayisi .92 olarak hesaplanmigtir
(Tablo 2).

Istatistiksel Analizler

Verilerin analizlerine baslamadan dnce kayip deger, u¢ deger
ve normallik varsayimlari incelenmistir. Arastirma kapsa-
minda 286 kadin katilimciya ulasilmistir, 8 bireyden elde edi-
len veriler u¢ deger barindirmasi nedeniyle veri setinden ¢1-
karilmistir. Veri setinde kayip veri olmadigi tespit edilmistir.
Boylelikle aragtirmanin istatistiksel analizleri 278 katilimci-
dan elde edilen verilerle gerceklestirilmistir. U¢ degerler atil-
diktan sonra kalan verilerin basiklik ve ¢arpiklik degerleri in-
celenmis ve Tablo 2’de goriildiigii lizere 6lgeklerden elde edi-
len puanlarin normal dagilim varsayiminm karsiladigi sonu-
cuna varilmistir (Tabachnick ve Fidell, 2019). Bu baglamda
tanimlayici istatistikler kapsaminda demografik degiskenlere
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gore hedonik yeme diizeyleri parametrik testler olan Bagim-
siz Gruplar T Testi ve Tek yonlii Varyans Analizi (anova) ile
degerlendirilmistir. Anova kapsaminda elde edilen farkin
hangi ortalamalar arasinda meydana geldigini belirlemek
amaciyla Benferonni Post Hoc testinden yararlanilmustir.

Degiskenler arasi iliskilerin belirlenmesi amaciyla Pearson
Momentler Carpimi Korelasyon Katsayisi analizi kullanil-
mistir. Ardindan hedonik yeme ve yalmzlik iliskisinde psiko-
lojik belirtilerin paralel aracilik rollerinin belirlenmesi ama-
ciyla SPSS 24 programina eklenen Process Makrosu model 4
kullanilmistir (Preacher ve Hayes, 2004). Aracilik analizinin
anlamliliginin test edilmesinde 6rneklem biiyiikliigii yeniden
yapilandirilmis bootstrapt yontemi ile %95 giiven araliginda
5000 olarak test edilmistir. Boylelikle yeniden 6rnekleme ile
iiretilen daha biiylik veri setleri iizerinde analizler yapilarak
daha giivenilir sonuglar elde edilmistir (Mackinnon ve ark.,
2004).

Bulgular ve Tartisma

Mevcut arastirma 278 kadin katilimci ile gergeklestirilmistir.
Katilimcilarin yaslari 18 ile 42 arasinda degismekte olup yas-
lar1 ortalamasi 21.0242.98 olarak hesaplanmistir. Katilimei-
larin %63.3’1i bos zaman etkinliklerini yeterli goriirken
%36.7’si yetersiz olarak degerlendirmistir. Ayrica katilimci-
larin %13.7’si kronik bir hastalig1 oldugunu, %19.4’1i ise sii-
rekli olarak bir ilag kullandigin1 beyan etmistir. Son olarak
aragtirma grubunun %50’si gelirlerinin giderlerine esit oldu-
gunu, %32.4’{iniin ise gelirlerinin giderlerinden az oldugunu
belirtmislerdir. Katilimcilarim demografik 6zellikleri ve he-
donik yeme diizeyleriyle ilgili tanimlayici istatistikler Tablo
1’de verilmistir.

Calisma kapsaminda katilimcilarin kisisel 6zelliklerine gore
hedonik yeme diizeylerinin istatistiksel olarak anlamli dii-
zeyde farklilik gosterip gostermedigi incelenmistir. Katilim-
cilarin bos zaman etkinliklerini yeterli bulma durumlarina
gore hedonik yeme diizeylerinin anlamli olarak farklilik gos-
terdigi tespit edilmistir (t(276) = -2.82, p<.05). Buna gore
Tablo 1 incelendiginde bos zaman etkinliklerini yetersiz ola-
rak tanmimlayanlarin (X= 48.02, SS= 10.42) yeterli olarak ta-
nimlayanlara (X= 44.50, SS= 9.20) gore hedonik yeme dii-
zeyi agisindan daha yiiksek bir ortalama puan bildirdikleri go-
rilmektedir. Ek olarak bireylerin gelir diizeylerine gore he-
donik yeme diizeyleri incelenmis ve anlamli diizeyde bir fark-
lilik tespit edilmistir (F(2.275) = 3.90, p<.05). Buna gore ge-
lirlerini giderlerinden fazla olarak belirtenlerin (X= 43.16,
SS=9.17) gelirlerinin giderleriyle esit (X= 47.21, SS= 9.95)
ve gelirlerinin giderlerinden az oldugunu bildirenlere gore
(X=47.92, SS= 10.54) daha diisiik bir hedonik yeme diizeyi
belirttikleri bulunmustur.

Son olarak katilimcilarin kronik hastalik durumlarina (tp76) =
2.53, p<.05) ve siirekli kullandiklar1 ilaglarinin olup olma-
mast durumuna gore de (tez) = 2.32, p<.05) hedonik yeme
diizeylerinin istatistiksel olarak anlamli diizeyde farklilik
gosterdigi tespit edilmistir. Buna gore Tablo 1°e bakildiginda
katilimcilardan kronik bir hastalig1 olanlarin (X= 50.55, SS=
10.07) olmayanlara gore (X= 46.12, SS= 10.01) ve siirekli
hastalig1 oldugunu bildirenlerin (X= 49.57, SS= 10.68) sii-
rekli hastaligi olmadigim bildirenlere gore (X= 46.04, SS=
9.88) hedonik yeme diizeyi agisindan daha yiiksek bir orta-
lama puan belirttikleri tespit edilmistir.

Calismadaki korelasyon ve degiskenlerin tanimlayic istatis-
tik degerleri Tablo 2’de sunulmustur.

Tablo 1. Demografik bilgiler ve tanimlayici istatistik bulgular
Table 1. Demographic information and descriptive statistics findings

N % Ort. SS Istatistik n? Fark

Bos zaman etkinliklerinizi nasil degerlendirirsiniz?

Yeterli! 102 36.7 4450 9.20 _

Yetersiz? 176 633 4802 1042 ‘@0~ -282,p<05 .03 27
Kronik bir hastaliginiz var mi?

Evet! 38 13.7 50.55 10.07 _

Hayir® 240 863 4612 1001 ‘@o=233p<05 02 122
Stirekli kullandiginiz bir ilag¢ var mi?

Evet! 54 19.4 49.57 10.68 _

Hayir® 24 806 4604 988 @wo=232,p<05 .02 1>2
Gelir durumunuzu nasil degerlendiriyorsunuz?

Gelir Giderden Fazla' 49 17.6  43.16 9.17 1<2

Gelir Gidere Esit? 139  50.0 47.21 995 Fo275=3.90, p<.05 .03 1<3

Gelir Giderden AZ* 90 324 4792 10.54

N =278 Kadin; Yas = 18min- 42maks; Yasorn= 21.02 (SS=2.98)
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Tablo 2 incelendiginde hedonik yeme ile yalmizlik (r = .16,
p<.01), depresyon (r= .27, p<.01), anksiyete (= .23, p<.01)
ve stres (r= .21, p<.01) arasinda pozitif yonde anlaml1 iliski-

ler tespit edilmistir.
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Tablo 2. Degiskenler arasi iligkiler ve tanimlayicit bulgular

Table 2. Relationships between variables and descriptive

1 2 3 4 5
(1) Hedonik Yeme 1 27" 23" 217 16
(2) Depresyon 1 677 727 48"
(3) Anksiyete 1 74 40"
(4) Stres 1 35"
(5) Yalmzlik 1
Ortalama 46.73 14.38 13.38 15.56 40.05
SS 10.12 3.78 3.79 3.82 9.43
Min. 15.00 7.00 7.00 7.00 23.00
Maks. 72.00 26.00 26.00 27.00 61.00
Basiklik -.12 26 .09 .02 -.97
Carpiklik .16 .59 .60 .39 .08
Cronbach Alfa (o) 91 .84 81 .82 .87
McDonald’s Omega (®) .92 .85 .82 .82 .87

** p<.01

Depresyon

Anksiyete

¢ =.025, % 95 CI [-.075, .125]
c= 150, % 95 CI[.041, .259]

Yalmzhk

Sekil 1. Toplam ve dogrudan etkiler
Figure 1. Total and direct effects

Arac1 modele yonelik dogrudan ve toplam etkileri inceleyen
regresyon analizi sonuglar1 Sekil 1’de sunulmustur.

Sekil 1’de sunulan standardize edilmemis regresyon yol kat-
sayilar1 incelendiginde hedonik yeme diizeyinin depresyon
(a1 =.100, % 95 CI [.058, .143]), anksiyete (a2 = .084, % 95
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CI[.041, .127]) ve stres (a3 = .078, % 95 CI [.034, .122]) {ize-
rindeki dogrudan etkilerinin anlamli oldugu goériilmektedir.
Diger taraftan depresyonun (b; = 1.014, % 95 CI [.620,
1.407]) ve anksiyetenin (b2 = .439, % 95 CI [.036, .842]) yal-
nizlik lizerindeki dogrudan etkisinin anlamli, stresin ise (b3
= -.182, % 95 CI [-.606, .240]) istatistiksel olarak anlamsiz
oldugu tespit edilmistir. Son olarak hedonik yeme diizeyinin
yalmzlik iizerindeki dogrudan etkisinin istatistiksel olarak
anlamsiz (¢' = .025, % 95 CI [-.075, .125]), toplam etkisinin
ise anlamli oldugu (¢ =.150, % 95 CI[.041, .259]) tespit edil-
mistir.

Dogrudan etkilerin ardindan katilimcilarin hedonik yeme ile
yalmizlik diizeyleri arasinda psikolojik belirtilerin araci rolle-
rinin tespit edilmesi amaciyla %95 giiven araliginda dolayh
etkilerinin araci rolleri incelenmistir.

Tablo 3 incelendiginde katilimcilarin hedonik yeme ve yal-
nizlik diizeyleri iligskisinde bireylerin depresyon (ab= .102,
SH= .031, %95 CI [ .046, .168]) ve aksiyete diizeylerinin
(ab=.037, SH=.021, %95 CI [ .002, .085]) dolayl etkilerinin
anlamli oldugu bulunmustur. Baska bir deyisle hedonik yeme
ve yalnizlik arasindaki iliskide depresyon ve anksiyete dii-
zeylerinin aracilik ettigi tespit edilmistir. Diger taraftan stres
diizeylerinin dolayli etkisinin anlamsiz oldugu (ab= -.014,
SH= .018, %95 CI [ -.053, .019]), stresin hedonik yeme ve
yalmzlik arasinda araci rol oynamadigi belirlenmistir. Elde
edilen bulgular dogrultusunda, bu sonuglarin alan yazinla tu-
tarlilig1 ve olasi agiklamalar1 asagida tartisilmaktadir.

Hedonik yeme, depresyon, anksiyete, stres ve yalnizlik ara-
sindaki iligkileri incelemek amaciyla gerceklestirilen mevcut

calisma kapsaminda ger¢eklestirilen analizler, bos zaman et-
kinliklerini yetersiz olarak tanimlayan katilimcilarin hedonik
yeme diizeylerinin, bos zaman etkinliklerini yeterli olarak ta-
nimlayanlara kiyasla daha yiiksek oldugunu ortaya koymus-
tur. Bu bulgu, bos zaman etkinliklerinden duyulan memnuni-
yetsizligin, bireyleri yiyecek tiikketimi yoluyla telafi arayigina
yoneltebilecegini diisiindiirmektedir. Baska bir deyisle, bos
zaman etkinliklerini yetersiz bulan bireyler, keyif verici ve
Odiillendirici bir deneyim arayisinda olabilirler. Bu durum,
yiyecek tiiketimini bir telafi mekanizmasi olarak kullanmala-
rina yol agabilir. Literatiirde bu iki degisken arasindaki iliski-
leri inceleyen bir arastirma olmadigi goriilmistiir. Bununla
birlikte, bos zaman etkinliklerinden duyulan doyumun birey-
lerin genel yasam memnuniyeti ve psikolojik iyi olusu {ize-
rindeki etkisi 6nceki aragtirmalarda bildirilmistir (Jung ve
ark., 2017; Rodriguez-Bravo ve ark., 2020). Bu nedenle, bos
zaman etkinliklerinin niteligi ve bireylerin bu etkinliklerden
tatmin olma diizeylerinin hedonik yemeyi etkileyebilecek
onemli faktorler oldugu ifade edilebilir.

Gelir durumuna iligkin analizler, gelirlerini giderlerinden
fazla olarak belirten katilimecilarin hedonik yeme diizeyleri-
nin daha diisiik oldugunu gostermistir. Bu bulgu, ekonomik
refahin hedonik yeme lizerindeki etkisini ortaya koymaktadir.
Gelir diizeyi, bireylerin tatmin kaynaklarina daha genis eri-
sim saglamasina olanak taniyarak, yiyecegi birincil 6diil kay-
nag1 olarak kullanma ihtiyacini azaltabilir. Alan yazinda
mevcut calismanin sonuglarinin karsilastirilabilecegi bir arag-
tirmaya rastlanmamistir. Bununla birlikte literatiirde, ekono-
mik stresin duygusal yeme iizerindeki etkileri iyi bir sekilde
belgelenmistir (Rosenqvist ve ark., 2022). Bu bilgiler dogrul-
tusunda diisiik gelir diizeyinin, uyumsuz yeme gibi islevsiz
basa ¢ikma stratejilerini tetikleyebildigi soylenebilir.

Tablo 3. Dolayl Etkiler

Table 3. Indirect Effects

Aract modeller

% 95 Giiven Ara-

Hedonik Yeme — Depresyon — Yalnizlik
Hedonik Yeme — Anksiyete — Yalmizlik
Hedonik Yeme — Stres — Yalmzlik

hig

LL UL
.102 .031 046 168
.037 .021 002 .085
-.014 .018 -.053 .019
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Kronik hastaliklar, hedonik yeme iizerinde etkili bir faktor
olarak bulunmustur. Kronik bir hastalig1 olan katilimcilarin
hedonik yeme diizeyleri, kronik hastalig1 olmayanlara kiyasla
anlamli derecede yiiksektir. Ayrica, siirekli hastaligi oldu-
gunu bildiren bireylerin hedonik yeme diizeyleri, bu tiir bir
hastalig1 olmadigini belirten bireylere gére anlamli derecede
yiiksek bulunmustur. Bu bulgular, kronik hastaliklarin ve sii-
rekli saglik sorunlarimin, bireylerin yiyecek tiiketimi iizerin-
deki psikolojik ve fizyolojik etkilerine isaret etmektedir. Li-
teratlirde bu degiskenler arasindaki iliskileri inceleyen sinirli
sayida arastirma vardir. Universite dgrencilerinde hedonik
yeme ve iligkili faktorleri belirlemek amaciyla gergeklestiri-
len bir arastirmada kronik hastaliklar ve siirekli ilag kullanimi
hedonik yeme ile iligkili bulunmustur (Ergen ve ark., 2023).
Bununla birlikte bu tiir sorunlar bireylerin yagam kalitesini ve
genel ruh hallerini etkileyebilir (Ersan ve ark., 2013). Bu du-
rum, bireylerin yiyecek tliketimini bir tiir 6diil mekanizmas1
ya da stres azaltma stratejisi olarak kullanmalarina yol agabi-
lir. Ek olarak kronik hastalig1 olan bireyler, diyet kisitlamala-
rina daha sik maruz kalabilir. Bu kisitlamalar, yiyeceklere
olan arzunun artmasina ve hedonik acligin yiikselmesine yol
acabilir. Nitekim yapilan bir arastirmada uzun siiredir diyet
uygulayan bireylerin hedonik ag¢lik seviyesi, herhangi bir di-
yet uygulamayan bireylere gore daha yiiksek bulunmustur
(Sarahman ve Akgil Ok, 2019). Bu bireylerin besin ipuglarina
kars1 duyarlilik gostermesi hedonik yeme davranigina yatkin-
lik olusturabilir.

Korelasyon analizleri, hedonik yeme ile yalnizlik, depresyon,
anksiyete ve stres arasinda pozitif yonde anlamli iligkiler ol-
dugunu géstermistir. Onceki calismalar da bu bulguyla tutarl
sonuglar ortaya koymustur (Mason ve ark., 2020; Yalgin ve
ark., 2023). Literatiirde depresyon ve anksiyete dahil olmak
iizere olumsuz duygusal semptomlarin artan uyumsuz yeme
davraniglariyla iligkili oldugunu bildirmektedir (Jung ve ark.,
2017). Yiyeceklerin olumsuz duygular i¢in bir basa ¢ikma
mekanizmasi olarak kullanilmasi miimkiindiir, bu da zamanla
yiyecege asir1 tepki vermeye yol acabilir.

Stres, depresyon ve kaygi gibi olumsuz duygular, hedonik
sistemin &nemli bir pargasidir (Yalgin ve ark., 2023). Onceki
arastirmalar da depresyon ve kayginin hedonik yeme ve
uyumsuz yeme davranisi ile baglantili oldugunu ortaya koy-
mustur (Jung ve ark., 2017; Mason ve ark., 2020). Ayrica yi-
yecek tiikketiminin fizyolojik ve davramigsal stres tepkileri
iizerinde sakinlestirici bir etkisi oldugu kamtlanmistir
(Tomiyama, 2019). Yiiksek enerjili yiyecekler tiiketmek no-
rotransmitter sistemleri ve hormonlar araciligiyla ruh halini
olumlu yonde etkilemektedir (Alonso-Alonso ve ark., 2015).
Dahasi, yiyeceklerin tadi, hos hisler uyandirarak duygusal
durum {izerinde olumlu bir etki yaratabilir. Yag ve seker orani
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yiiksek yiyecekler de rahatlik hissine katkida bulunmaktadir
(Wheatley ve Whitaker, 2019). Bu bulgular, olumsuz duygu-
sal durumlarla basa ¢ikmada yiyecek tiikketiminin kisa vadeli
bir rahatlama stratejisi olarak kullanilabilecegini gostermek-
tedir.

Sosyal baglant1 ihtiyaci insan dogasimin temelidir, dolayistyla
bu ihtiyacin karsilanmamasi olumsuz zihinsel ve fiziksel sag-
lik sonuglarina yol acabilir (Hawkley ve Cacioppo, 2010).
Mevcut arastirma sonuglar1 da yalnizligin, hedonik yeme ile
iliskili bir faktor oldugunu dogrulamaktadir. Ornegin yapilan
bir ¢aligmada daha yiiksek diizeyde aclik hisseden kadinlarin
daha yalnmiz oldugu belirlenmistir (Jaremka ve ark., 2015).
Ayrica, olumlu duygularin ve sosyal baglantilarin eksikligi,
diisiik besin degerine sahip tath yiyeceklere yonelik 6zlem ve
bu tiir yiyeceklerin agir1 tikketimi gibi telafi edici 6diil arayi-
sina dayali davranislarla iligkilendirilmistir (Doan ve ark.,
2022). Bu baglamda yeme davranisi, yalnizligin ve diger sos-
yal kopukluk bi¢imlerinin saglig: etkileyebilecegi potansiyel
yollardan biri olabilir. Bu bulgular, yalmzlik ve hedonik
yeme arasindaki iligkilere yonelik biyolojik ve psikososyal
mekanizmalarin daha ayrintili olarak tartisilmasim gerektir-
mektedir.

Yalnizlik, sosyal izolasyon ve hedonik yeme arasindaki ilis-
kiyi anlamlandirmak icin biyolojik ve psikososyal mekaniz-
malar dikkate alinmalidir. Sosyal Belirleyiciler Teorisi’ne
gore, bireylerin sosyal ¢evresi, yasam kalitesi ve saglik dav-
raniglar1 {izerinde belirleyici bir rol oynamaktadir (Hawkley
ve Cacioppo, 2010). Yetersiz sosyal iliskiler ve yalnizlik de-
neyimi, bireylerde olumsuz duygudurumlarin artmasina ve
sagliksiz basa ¢ikma stratejilerinin (6rnegin hedonik yeme)
devreye girmesine neden olabilir. Ayrica ndrobiyolojik agi-
dan bakildiginda, dopamin 6diil sistemi de bu iliskilerde kri-
tik bir rol oynamaktadir. Dopamin sistemi, haz ve 6diil dene-
yimlerinin islenmesinde merkezi bir mekanizma olup, sosyal
etkilesimler yoluyla aktive olur (Berthoud, 2012). Ancak yal-
nizlik ve sosyal izolasyon durumlarinda, sosyal odiiller azal-
makta; bu da bireylerin haz ihtiyacini alternatif yollarla, 6r-
negin yiiksek kalorili yiyecek tiikketimiyle telafi etmeye ¢alis-
malarina neden olabilmektedir. Dopamin salinimi yiyecek tii-
ketimi sirasinda da artmakta, birey gegici olarak olumlu duy-
gular hissetmekte, ancak bu durum uzun vadede yalnizlik ve
psikolojik belirtilerin daha da derinlesmesine yol agabilmek-
tedir. Bu baglamda hedonik yeme, yalnizliktan kaynaklanan
odiil eksikligini kisa siireli telafi etmeye yonelik biyolojik ve
psikososyal bir adaptasyon stratejisi olarak degerlendirilebi-
lir.
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Aracilik analizleri sonucunda hedonik yeme ve yalmzlik egi-
limleri arasindaki iliskide depresyon ve anksiyete diizeyleri-
nin araci rol iistlendigi tespit edilmistir. Bu bulgulara gore,
hedonik yeme, depresyon ve anksiyete arasindaki karmagik
iligkiler, yalnizlik hissini derinlestiren bir dongiiye isaret et-
mektedir. Hedonik yeme, zevk i¢in yemek yeme istegini yan-
sitir ve ipuglar1 (6rn. yiyecek) ile ddiillendirici sonuglar (6rn.
yemekten alinan zevk) arasindaki tekrarlanan iligkilerden
kaynaklanan diirtiisel bir siire¢ olarak goriilebilir (Mead ve
ark., 2021). Kisiler, kisa vadeli zevkler (6rnegin, asir1 yemek
yeme veya diger bagimlilik yapici davranislar) ve anlik tat-
minlere yoneldigi i¢in, uzun vadeli tatmin ve duygusal iyilik
hali zayiflayabilir. Bu tiir bir haz arayisi, bireylerin daha de-
rin, kalic1 tatmin duygularin1 bulmalarini engelleyebilir ve bu
da depresif bir ruh haline yol agabilir. Ayrica, hedonik aglik,
dopamin ve serotonin gibi nérotransmiterlerin dengesini bo-
zarak, depresyon ve anksiyeteyi daha da siddetlendirebilir.
Dopamin, 6diillendirici davranislar1 ve haz duygularint dii-
zenlerken, serotonin ruh hali ve kaygi diizeylerinde dnemli
bir rol oynar. Bu iki sistemin dengesizligi, hem depresyon
hem de anksiyetenin gelisimine zemin hazirlayabilir
(Aliasghari ve ark., 2021). Bu tiir ruhsal sorunlar da bireyin
sosyal etkilesimlerden uzaklasmasina ve sosyal izolasyona
neden olabilir (Luo, 2023). Akkaya ve ark., (2022) calisma-
larinda, hedonik ac¢ligin, duygusal iyilik hali iizerinde olum-
suz etkiler yarattigin1 ve depresif ruh haline katkida buluna-
bilecegini belirtilmistir. Ackermans (2022), hedonik ve duy-
gusal yemenin anksiyete ve depresyonla iliskisini incelemis
ve asirt yeme gibi davranislarin bireylerin ruhsal durumlarini
katiilestirdigini ortaya koymustur. Sonug¢ olarak, hedonik
yeme tek basina depresyon ve anksiyete gibi ruhsal bozuk-
luklarin nedeni olmasa da, bu durumlar arasinda giiclii bir
iligki bulunabilir. Hem hedonik yeme hem de depresyon ve
anksiyete, birbiriyle etkilesimde bulunarak bireylerin psiko-
lojik iyilik halini olumsuz etkileyebilir ve yalnizlik egilimini
arttirabilir. Buna ek olarak hedonik yeme olumsuz beden
imaj1, uyku sorunlar1 gibi nedenlerle depresyon ve anksiye-
teyi tetikleyerek, yalnizlik ve sosyal izolasyonu arttiran bir
dondii yaratiyor olabilir. Ornegin bir arastirmada hedonik
yeme egilimi arttik¢a viicut kitle indeksinin de arttirdig1 ve
hedonik acligin obezite riski icin anlamli bir yordayici oldugu
belirlenmistir (Yassibas ve ark., 2024). Bu baglamda hedonik
yeme davraniginin, bireylerin hem biyolojik hem de psiko-
sosyal siireclerini etkileyen karmasik bir olgu oldugunu soy-
lemek miimkiindiir. Ozetle hedonik yeme, depresyon ve ank-
siyetenin siddetlenmesine yol agabilirken, bu ruhsal sorun-
larla birlikte hareket ederek yalnizlik ve sosyal izolasyon gibi
psikososyal sorunlari da derinlestirebilmektedir.
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Son olarak analiz sonuglari, stresin bireylerin hedonik yeme
ve yalmzlik diizeyleri arasindaki iligkide araci bir rol oyna-
madigim gostermistir. Bu bulgu, stresin daha ¢ok genel bir
psikolojik yanit Oriintiisii olusturmasina karsin, yalnizlik ve
hedonik yeme gibi daha 6zgiil duygusal siireclerde depresyon
ve anksiyete kadar etkili olmayabilecegi yoniindeki litera-
tiirle uyumludur (Epel ve ark., 2018). Ozellikle stres yaniti,
bireyin akut ya da kronik baski altinda hissetmesiyle ortaya
¢ikan genis kapsamli fizyolojik ve psikolojik degisimleri kap-
samakta; dolayisiyla spesifik davranigsal ¢iktilar (6rnegin he-
donik yeme) iizerindeki etkisi dolayli ve siirl kalabilmekte-
dir. Ayrica stres, bireylerin sosyal iliski arayislarini azaltmak-
tan ¢ok, mevcut stresdrlere yonelik miicadele stratejilerini ak-
tive edebilir. Bu durum yalnizlik duygusu iizerinde depresyon
ve anksiyete kadar dogrudan bir etkisinin olugsmamasina yol
acmus olabilir. Ote yandan kiiltiirel faktorler de bu sonucu et-
kileyebilir. Tiirkiye gibi topluluk temelli kiiltiirlerde, stres de-
neyimi daha fazla sosyal destek arayisini tetikleyebilirken,
yalnmizlik gibi bireysel duygusal tepkiler {izerinde siirh et-
kiye sahip olabilir. Bu nedenlerle, stresin dogrudan yalnizliga
ya da hedonik yeme davranigina aracilik etmeyip, daha farkl
mekanizmalar iizerinden dolayli etkiler yaratabilecegi sdyle-
nebilir.

Stnrlamalar

Bireylerin psikolojik iyilik halini ve fiziksel sagligini etkile-
yen onemli degiskenler arasindaki iligkiyi ortaya koyan bu
calisma onemli sonuclara sahiptir. Ancak her ¢alismada ol-
dugu gibi bu calismanin da bazi siirliliklar1 bulunmakta-
dir. Oncelikle bu arastirma Tiirkiye nin kuzeydogusunda yer
alan bir sehirde yiiriitiilmiistiir, ancak farkl kiiltiirlere sahip
baska sehirlerde vardir. Ayrica arastirma klinik olmayan bir
orneklem iizerinde yiiriitiilmiis olup, ¢alisma grubunu kadin-
lar olusturmaktadir, bu kapsamda aragtirma bulgular1 erkek-
lerde hedonik yeme davranigina iligkin bilgiler icermemekte-
dir. Son olarak arastirma tasarimi kesitseldir ve neden-sonug
iligkisine dair bir ¢ikarim yapilamamaktadir.

Sonuc¢

Bu arastirma, hedonik yeme, yalnizlik, depresyon, anksiyete
ve stres arasindaki iligkileri inceleyerek 6nemli bulgular or-
taya koymustur. Arastirma sonuglari, bos zaman etkinlikle-
rinden duyulan memnuniyet, ekonomik durum ve kronik sag-
lik problemleri gibi bireysel faktorlerin hedonik yeme davra-
nisin1 etkileyebilecegini gostermistir. Ek olarak hedonik
yeme ile yalnizlik, stres, depresyon ve anksiyete arasinda po-
zitif yonde anlaml1 iligkiler tespit edilmistir. Ayrica arastirma
sonuglarina gore hedonik yeme, depresyon ve anksiyete bir-
likte hareket ederek yalmizliga neden olan bir dongi olustu-
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rabilmektedir. Bu bulgular 1s181inda, hedonik yeme davrani-
sin1 azaltmak ve bireylerin psikolojik iyi oluslarini artirmak
icin bir dizi 6neri sunulabilir. ilk olarak, bireylerin bos zaman
etkinliklerinden duyduklar1 tatmini artirmaya yonelik sosyal
ve kiiltiirel programlar olusturulmalidir. fkinci olarak, ekono-
mik zorluklarin bireylerin duygusal basa ¢ikma stratejilerini
etkiledigi goz oniline alinarak, diisiik gelir gruplaria yonelik
psikososyal destek hizmetleri saglanmalidir. Kronik hastaligi
olan bireyler i¢in de, hedonik yeme davranigini 6nlemeye yo-
nelik psikoegitim programlar1 ve saglikli beslenme aligkan-
liklar1 gelistirmek iizere saglik danismanlig1 hizmetleri olus-
turulmalidir. Ayrica, yalnizlik, depresyon ve anksiyeteyi he-
defleyen miidahale programlari, bireylerin hem duygusal
hem de davranigsal diizenleme becerilerini gelistirmeye
odaklanabilir. Ornegin, uyumsuz yeme ve yalmzlikla basa
¢ikma stratejilerini igeren psikoterapi yontemleri yayginlasti-
rilabilir. Son olarak, gelecekteki arastirmalarda, hedonik
yeme ve diger psikososyal degiskenler arasindaki iligkilerin
daha ayrintili sekilde ele alinmasi, farkli demografik gruplar
iizerinde caligilarak bulgularin genellenebilirliginin artiril-
masi Onerilmektedir.
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Siyanobakteriler grubunda yer alan Spirulina, yiiksek protein igerigi, esansiyel amino asitler ve zengin mikro
besin profili ile 6ne ¢tkan fonksiyonel bir besindir. Antioksidan, anti-inflamatuar, bagisiklik diizenleyici, an-
tikanserojen ve antiviral 6zelliklere sahip olan Spirulina, malniitrisyon, obezite, diyabet, agir metal toksisitesi
ve anemi gibi saglik sorunlarinin yonetiminde dnemli bir potansiyele sahiptir. Ayn1 zamanda, diisiik kalorili
ve yiiksek besin yogunluguna sahip olmasi nedeniyle saglikli bir diyetin 6nemli bir bileseni olarak degerlen-
dirilir. Spirulina, serbest radikalleri etkisiz hale getirme kapasitesi ve siiperoksit dismutaz gibi enzimlerin
aktivitesini artirma &zelligi ile oksidatif stresin azaltilmasinda etkili rol oynar. Yiiksek biyoyararlanima sahip
protein igerigi ile sporcular i¢in alternatif bir protein kaynagidir ve egzersiz sonrasi toparlanma siireglerini
destekler. Literatiirde, 2-6 g/glin Spirulina kullaniminin kas hasarini ve inflamasyonu azalttig1, bagisiklik
yanitlarin iyilestirdigi ve spor performansini artirdigmma dair bulgular rapor edilmistir. Ancak, performans
tizerindeki etkinligi lizerine yapilan ¢aligmalar geliskili sonuclar icermekte ve daha fazla aragtirma yapilma-
sii gerektirmektedir. Sonug olarak, Spirulina’nin saglik ve spor alanindaki faydalarini tam anlamiyla ortaya
koyabilmek i¢in farkli popiilasyonlarda daha kapsamli ve uzun dénemli ¢alismalar gereklidir. Bu kapsamda
Spirulina, genis bir uygulama potansiyeline sahip olan ve siirdiiriilebilir {iretim yaklagimlari ile desteklenmesi
gereken 6nemli bir besin kaynagidir.

Anahtar Kelimeler: Spirulina, Saglik, Spor performansi, Antioksidan

ABSTRACT

Spirulina: Nutritional supplement potential for adults and athletes — a literature review

Spirulina, a cyanobacterium, is a functional food characterized by its high protein content, essential amino
acids, and rich micronutrient profile. Possessing antioxidant, anti-inflammatory, immunomodulatory, anti-
cancer, and antiviral properties, Spirulina has significant potential in managing health issues such as malnut-
rition, obesity, diabetes, heavy metal toxicity, and anemia. Furthermore, its low-calorie content and high
nutrient density position it as a vital component of a healthy diet. Spirulina plays a crucial role in mitigating
oxidative stress due to its capacity to neutralize free radicals and enhance the activity of enzymes like supe-
roxide dismutase. With its highly bioavailable protein content, Spirulina serves as an alternative protein so-
urce for athletes, aiding in post-exercise recovery processes. The literature reports findings suggesting that
the use of Spirulina at doses of 2—-6 g/day reduces muscle damage and inflammation, improves immune res-
ponses, and enhances sports performance. However, the efficacy of Spirulina in this context remains debated,
as some studies yield conflicting results, highlighting the need for further research. In conclusion, uncovering
the full spectrum of Spirulina's benefits for health and sports performance necessitates comprehensive, long-
term studies across diverse populations. As a versatile food source, Spirulina offers extensive application
potential, which can be further realized through sustainable production approaches.

Keywords: Spirulina, Health, Sports performance, Antioxidant
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Giris

Mavi-yesil algler olarak da bilinen siyanobakteriler, fotosen-
tez yapabilen mikroorganizmalardir. Silindirik bir yapiya sa-
hip olup hiicresel boliinme yoluyla ¢ogalmaktadirlar (Chaou-
achi ve ark., 2024). Siyanobakteriler prokaryot olmalarina
ragmen, genellikle 6karyot olan mikro algler grubuna dahil
edilirler. Bu mikroorganizmalar, atmosferdeki karbondioksiti
organik karbona doniistiiren ilk grup olarak evrimlesmistir.
Arthrospira platensis ve Arthrospira maxima, ticari adlariyla
Spirulina yaygm olarak bilinen siyanobakteri tiirleridir.
Diinya’da mikroalg biyokiitle {iretiminin %30’undan fazla-
sin1 Spirulina olusturmaktadir (Lafarga ve ark., 2020).

Meksika ve Kuzey Amerika yerlileri tarafindan ytizyillardir
tiiketilen Spirulina’nin, insanlar i¢in fonksiyonel bir besin
olarak kullanimi Diinya Saglik Orgiitii tarafindan siiper besin
olarak tanimlanmasinin ardindan hizla artmistir (Gurney ve
ark., 2023; Janda-Milczarek ve ark., 2023). A¢ik hava ya da
sera havuzlarinda yetistirilen ve kolayca hasat edilip islene-
bilen Spirulina, protein, doymamis yag asidi, mineral ve vi-
tamin icerigiyle saglik ve besin endiistrisinde énemli bir po-
piilerlik kazanmistir (Wan ve ark., 2021).

Cesitli ¢aligmalar, Spirulina'nin antioksidan, bagisiklik dii-
zenleyici, anti inflamatuar, antikanserojen, antiviral ve anti-
bakteriyel 6zelliklere sahip oldugunu, ayrica hiperlipidemi,
malniitrisyon, obezite, diyabet, agir metal toksisitesi ve anemi
gibi durumlar iizerinde olumlu etkiler sagladigini ortaya koy-
maktadir (Calella ve ark., 2022; Silva ve ark., 2021; Moradi
ve ark., 2023). Biyokimyasal bilesimi, fonksiyonel 6zellikleri
ve saglik etkileri nedeniyle Spirulina’nin, sporcular i¢in de iyi
bir diyet takviyesi olabilecegi diislinlilmektedir (Chaouachi
ve ark., 2024). Bu derleme ¢alismada Spirulina’nin hem ge-
nel saglik hem de sporcular igin bir besin takviyesi olup ola-
mayacag1 incelenecektir.

Spirulina’nin Besin Degeri ve Biyoaktif
Bilesenleri

Spirulina, probiyotik, antioksidan ve nutrasotik 6zelligi olan,
besin yogunlugu yiiksek bir kaynaktir (Shah ve ark., 2024).
Genel olarak %60-70 protein, %15-20 karbonhidrat %5-8 1i-
pit ve kuru agirlik bazinda %6-8 mineral (potasyum, sodyum,
kalsiyum, demir, magnezyum ve manganez) icerigine sahip-
tir. Ayrica, klorofil a, zeaksantin ve kantaksantin gibi pig-
mentlerin yani sira B grubu vitaminleri, C ve E vitaminleri
acisindan zengindir (Sinetova ve ark., 2024). Ayrica spirulina
fitat ve oksalat gibi anti-besinsel faktorler icermediginden be-
sin O0gelerinin biyoyararlanimini olumsuz etkilememektedir
(Gogna ve ark., 2023).
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Makro Besin Ogesi Icerigi

Spirulina’nin karbonhidrat icerigi kuru agirhigmin yaklasik
%15-25’1ni olusturmaktadir. Glukoz, fruktoz, siikroz ve poli-
oller ¢cok diisiik miktarlarda bulunmaktadirlar. Ana polimerik
bilesen, yapisal olarak glikojene benzeyen dallanmis polisak-
karitlerdir (Chaouachi ve ark., 2024). Spirulina platensis po-
lisakkaritleri, stlfat igeren karmasik bir heteropolisakkarit
yapisindadir. Temel olarak D-mannoz, D-glikoz, D-galaktoz,
L-ramnoz ve glukuronik asit gibi bilesenlerden olusur (Wang
ve ark., 2023). Polisakkaritler, spirulinanin biyoaktif bilegen-
lerindendir. Siilfath polisakkaritler, mikrobiyota sagligim
destekleyerek, anti inflamatuar sitokin salinimini azaltarak ve
bagirsak bariyer biitiinliigiinii koruyarak immiin modiilator
etkiler gostermektedir. Ayrica serbest radikalleri etkisiz hale
getirerek oksidatif stresi azalttig1 ve siiperoksit dismutaz gibi
antioksidan enzimleri aktive ettigi rapor edilmistir (Chen ve
ark., 2020; Liao ve ark., 2023; Liu ve ark., 2022; Zhou ve
ark., 2023). Bunun yani sira, saglikli hiicreleri etkilemeden
kanser hiicrelerinin ¢ogalmasini inhibe edebilecegi bildiril-
mistir (Uppin ve ark., 2022).

Proteinler viicudun yapisimin olusumu, islevlerinin siirdiiril-
mesi ve dokular ile organlarin organizasyonu iizerinde
onemli bir etkiye sahiptir. Viicudun ihtiya¢ duydugu protein-
leri sentezleyebilmesi i¢in, esansiyel amino asitlerin besin-
lerle alinmasi gerekmektedir (AlFadhly ve ark., 2022). Esan-
siyel amino asitler, insan ve diger memelilerin hiicreleri tara-
findan sentezlenemeyen amino asitlerdir. Bu nedenle, bes-
lenme yoluyla alinmalar1 gerekmektedir (Lopez ve Mohiud-
din, 2024). Gerekli miktarlarda tiim esansiyel amino asitleri
iceren ve yiiksek biyoyararlamima sahip besinler iyi kalite
protein kaynaklari olarak kabul edilmektedir. Spirulina, kuru
agirhiginin yaklasik %70’ine ulasan oldukea yiiksek bir pro-
tein igerigine sahiptir (AlFadhly ve ark., 2022). Sadece yiik-
sek protein icerigi nedeniyle degil, ayn1 zamanda esansiyel
amino asitler agisindan zengin olmasi ve sindirilebilirligi
yiiksek bir amino asit profiline sahip olmasi nedeniyle insan
beslenmesinde alternatif bir protein kaynagi olarak 6ne ¢ik-
maktadir (Ramirez-Rodrigues ve ark., 2021). Ayrica Spiru-
lina, bitki bazli besinlere kiyasla yiiksek bir biyolojik degere
(BV) sahiptir ve hayvansal bazli referans protein olan kazeine
oldukga yakindir (Tablo 1). Spirulina, nispeten yiiksek sindi-
rilebilirlik katsayis1 (DC), yiiksek net protein kullanimi
(NPU) ve yiiksek protein verimlilik oran1 (PER) sergilemek-
tedir (Priyanka ve ark., 2023).

Proteinler, siyanobakterilerin fotosentez yapabilmesi i¢in kri-
tik bir 6neme sahiptir. Fikobiliproteinler fusya, mor-mavi ve
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camgobegi gibi cesitli renklerde floresan proteinlerdir ve fi-
kobilizomlar olarak adlandirilan yardimei fotosentetik komp-
lekslerde 151k enerjisinin yakalanmasini saglar (Dagnino-Le-
one ve ark., 2022). Bu kompleks yapilar Spirulina’nin ana
proteinini olusturup fikosiyanin, allofikosiyanin ve fikoglo-
bin olarak siniflandirilirlar. Fikobiliproteinler, fotosentez is-
levlerinin yani sira, antioksidan, antikanser ve anti inflama-
tuar 6zellikleriyle cesitli fizyolojik aktiviteler sergilemektedir
(Wang ve ark., 2023).

Tablo 1. Referans hayvan proteinine kiyasla Spirulina’nin
protein kalitesi (Priyanka ve ark., 2023)

Table 1. The protein quality of Spirulina, compared to reference
animal protein (Priyanka et al., 2023)

Parametreler Spirulina’nin Referans
protein degeri protein (kazein)
Biyolojik 75.00 87.00
degeri (BV)
Net protein 62.00 83.00
kullanimi (NPU)
Sindirilebilirlik 85.00 95.00
katsayisi
Protein verimlilik 1.90 2.50
orant (PER)

Lipitler Spirulina’nin protein igerigine kiyasla ¢ok daha dii-
siik miktarlarda bulunmasia ragmen, genel kimyasal bilesi-
minde dnemli bir rol oynamaktadir. Spirulina lipitleri, toplam
lipit iceriginin %30-35'ini olusturan y-linolenik asit olmak
lizere ¢oklu doymamis yag asitlerinden zengindir ve bunlar
hiicre zarlarinin fonksiyonel ve yapisal bilesenleridir. Yapi-
sindaki diger 6nemli yag asitleri arasinda linoleik asit (18:2n-
6), oleik asit (18:1c9) ve palmitik asit (16:0) bulunmaktadir
(Seghiri ve ark., 2019; Spinola ve ark., 2024). Ayrica Spiru-
lina, kuru kiitle bagina ¢ok diisiik kolesterol (100 g’da <0,1
mg) igerigi ile 6ne ¢ikmaktadir (AlFadhly ve ark., 2022).

Mikro Besin Ogesi I¢erigi

Spirulina, potasyum (K), kalsiyum (Ca), krom (Cr), bakir
(Cu), demir (Fe), magnezyum (Mg), manganez (Mn), fosfor
(P), selenyum (Se), sodyum (Na), bor (B), molibden (Mo) ve
cinko (Zn) igerigi ile genis bir mineral yelpazesine sahip bir
kaynaktir. Spirulina’nin demir miktari, diger demir agisindan
zengin besinlere kiyasla yaklagik 10 kat daha yiiksektir ve vii-
cut tarafindan demir siilfata kiyasla yaklasik %60 daha fazla
emilmektedir (AlFadhly ve ark., 2022). Bu 6zellik, Spiru-
lina’y1 demir eksikligi tedavisinde degerli bir kaynak haline
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getirmektedir. Spirulina ayrica igerdigi fosfor ve kalsiyum
oranlan siitle karsilastirilabilir diizeydedir. Ozellikle kalsi-
yum/fosfor (Ca:P) orani, kemik sagligi i¢in uygun olup (2:1)
dekalsifikasyonu azaltmakta etkili olabilecegi belirtilmekte-
dir (Liestianty ve ark., 2019).

Spirulina, farmasotik ve besin endiistrilerinde yaygin olarak
kullanilmaktadir. Ayrica, genis 6lgekte hayvancilik ve balik-
cilik icin yem olarak kullanilmakta ve biyoyakitlarin tiretimi
icin umut verici bir hammadde olarak degerlendirilmektedir
(Han ve ark., 2021). Spirulina, igerdigi sagligi etkileyen ¢e-
sitli biyoaktif bilesenleri nedeniyle potansiyel bir farmasdtik
besin kaynagi olarak giderek daha fazla ilgi gérmektedir. Bu
biyoaktif bilesenler proteinler, polisakkaritler, yag asitleri, vi-
taminler, fenolik bilesikler ve sekonder metabolitlerden olus-
maktadir (Tablo 2) (Chaouachi ve ark., 2024; Spinola ve ark.,
2024).

Spirulina’nin Saghk Uzerindeki Etkileri
Spirulina’nin Antioksidan Ozellikleri

Oksidatif stres, hiicrelerin stirekli olarak serbest radikaller ve
hidrojen peroksit (H20,), siiperoksit, hidroksil serbest radi-
kalleri ve tekil oksijen gibi oksijenin serbest radikal olmayan
tiirevlerini iirettigi normal metabolik slirecin bir pargasidir.
Bu molekiiller, reaktif oksijen tiirleri (ROS) olarak da adlan-
dirtlir. ROS, normal oksijenle ilgili metabolizmanin yan
triinleri olup hiicresel sinyalizasyon ve homeostazda rol oy-
nar. Ancak, antioksidanlarin yoklugunda ya da yetersizli-
ginde oksidatif strese neden olabilirler (Zhou ve ark., 2022).
Fikobiliproteinler Spirulina’daki en aktif biyoaktif bilesenler-
dir. Bir fikobiliprotein olan ve mavi pigment olarak bilinen
fikosiyanin ve kromoforu fikosiyanobilin, redoks reaksiyon-
larinda aktif rol oynamaktadir. Fikosiyanin siiperoksit dismu-
taz (SOD) ve katalaz (CAT) gibi antioksidan enzimlerin ak-
tivitesini diizenleyerek ROS, lipid peroksidasyonu ve DNA
hasarina kars1 koruyucu etkiler gostermektedir (Sekil 1). Ya-
pis1 bilirubin ile benzer olan fikosiyanobilinin ise NADPH
(Nikotinamid Adenin Diniikleotid Fosfat) oksidaz enzimini
inhibe ederek serbest radikal olusumunu engelledigi bildiril-
mistir (Calella ve ark., 2022; Han ve ark., 2021; Wu ve ark.,
2016). Ayrica fikosiyanin, fikosiyanobilin ve B- karoten, mi-
tojenle aktive protein kinaz (MAPK) yollar1 ve niikleer faktor
kappa B (NF-xB) gibi inflamasyonla iliskili sinyal yollarini
diizenleyerek immiin modiilator ve anti inflamatuar etkiler
gostermektedir. Spirulina'nin, MAPK yolunun diizenlenme-
sine bagl olarak JAK/STAT (Janus Kinaz/Sinyal {letici ve
Transkripsiyon Aktivatorii) sinyal yollarin1 da aktive edebi-
lecegi diisiiniilmektedir (Wu ve ark., 2016).
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Tablo 2. Spirulina’nin baz1 biyoaktif bilesenleri ve spesifik etkileri (Budak ve ark., 2022)

Table 2. Certain bioactive compounds of Spirulina and their specific effects (Budak et al., 2022)

Bilesen Biyolojik

Islevleri

B3- Karoten Antioksidan, antikanser, immiin
modiilator, anti inflamatuar
Fikosiyanin Antioksidan, antikanser,

antifulgal

v-Linolenik asit (GLA)
antikanser
Eikosapentaenoik asit
(EPA), Dokosaheksaenoik
asit (DHA)

antioksidan, antimikrobiyal

Antibakteriyel, anti inflamatuar,

Antibakteriyel, anti inflamatuar,

Spesifik Etkileri

DNA molekiillerine ve lipidlere zarar verebilecek tekil
oksijeni etkisiz hale getirir.

Kok hiicreleri uyarabilir ve bunlarin dnciil (progenitor)
hiicrelere farklilagmasini saglayabilir.
Bagisiklik uyarici ve hepatoproktektiftir.
Melanom, kronik miyeloid 16semi, servikal kanser, akciger
kanseri ve kolon kanseri dahil olmak {izere bir¢ok kanser
hiicresinde antikanser islevlere sahiptir
Beta-Bolgesi APP Pargalayan Enzim 1 aktivitesini
baskiladig kanitlanmistir.
Norotransmiter salinimini artirir.

Norotrofik faktorler gibi davranir.

Cesitli gram pozitif ve gram negatif bakteriler {izerinde
inhibitor etkilere sahiptir.

Gabr ve ark. (2020) yaptiklan bir ¢alismada Spirulina’dan
izole edilen fikosiyanin, fikosiyanobilin ve fikosiyanopepti-
tin giiglii antioksidan 6zellikler sergiledigini saptamistir. Ca-
lismada fikosiyaninin, %97.32 oraninda serbest radikal te-
mizleme kapasitesine sahip oldugu ve bu degerin diger biyo-
aktif bilesenlerden (fikosiyanobilin %95.48 ve fikosiyano-
peptit %93.59) daha yiiksek oldugu bulunmustur. Ayrica, fi-
kosiyaninin C vitamininden yaklasik 20 kat daha etkili bir an-
tioksidan oldugu belirtilmistir (Gabr ve ark., 2020). Naeini
ve ark. (2021), Spirulina takviyesinin toplam antioksidan ka-
pasiteyi (TAC) ve SOD aktivitesini anlaml diizeyde artirdi-
gin1, ancak glutatyon peroksidaz (GPx) aktivitesi iizerinde
belirgin bir etkisinin olmadigmni belirtmistir. Spirulina’nin
antioksidan etkilerinin, giinliik 5 gramdan fazla dozlarda ve
12 haftalik siirelerde daha belirgin oldugu ve bu artisin 6zel-
likle 60 yasindan kiiciik bireylerde daha fazla oldugu goriil-
miistiir. Bu etkilerin, Spirulina’nin i¢erdigi fikosiyanin, beta-
karoten ve C vitamini gibi giiclii antioksidan bilesenlerden
kaynaklandigi ifade edilmistir (Naeini ve ark., 2021). Siilfath
polisakkaritlerin antioksidan 6zellikleri, lipid peroksidasyo-
nunu inhibe etme ve 2,2-difenil-1-pikrilhidrazil (DPPH), hid-
roksil radikalleri, sliperoksit radikalleri ve 2,2'-azinobis-3-
etilbenzotiyazolin-6-siilfonat gibi serbest radikalleri yok
etme yeteneginden kaynaklanmaktadir (Liao ve ark., 2023).
Yapilan bir ¢alismada 5,0 mg/mL konsantrasyonundaki siil-
fath Spirulina polisakkaritlerinin, yiliksek antioksidan kapa-
site, indirgeme giicii ve radikal temizleme yetenegi sergile-
digi bildirilmistir (Rajasekar ve ark., 2019).

Spirulina’nin Anti Inflamatuar Ozellikleri

Spirulina platensis potansiyel bir Se kaynag1 ve iyi bir tagi-
yic1 olarak degerlendirilmektedir. Jiang ve ark. (2022) yap-
tiklar1 ¢aligmada, S. platensis-selenyumun (Se-SP) lipopoli-
sakkaritler tarafindan indiiklenen inflamasyonu azaltmadaki
etkisini incelemistir. Se-SP’nin interlokin-6 (IL-6), interld-
kin-1pB (IL-1pB) ve tiimodr nekroz faktorii-a (TNF-a) seviyele-
rinde sirastyla %74, %40.45 ve %42.28’lik bir azalmaya ne-
den oldugu saptanmistir. Ayrica, nitrik oksit (NO) seviyele-
rini %64.84 ve malondialdehit (MDA) icerigini %69.07 ora-
ninda azalttig1 ve siiperoksit dismutaz ile glutatyon peroksi-
daz enzimlerinin seviyeleri artirdig1 belirlenmistir (Jiang ve
ark., 2022). Tan ve ark. (2021) yaptiklar1 ¢aligmada Spiru-
lina’nin apokarotenoidlerinden 3-hidroksi-B-iyonon ve apo-
13-zeaksantinonun, 10 pg/mL konsantrasyonda IL-1f eksp-
resyonunu sirastyla %9.5 = 1.5 ve %28.7 £ 0.6, IL-6 ekspres-
yonunu ise sirasiyla %10.1 + 0.7 ve %6.1 £+ 0.4 oraninda an-
laml1 sekilde inhibe ettigini tespit etmistir (Tan ve ark., 2021).
Spirulina’nin histon deasetilaz protein seviyelerini azaltarak
gen ekspresyonlarini diizenleyebildigi ve bu mekanizma ara-
ciligi ile inflamasyonu kontrol edebilecek terapétik bir ajan
oldugu one siiriilmektedir. Yapilan bir ¢alismada, Spirulina
ekstratinin global histon H3 asetilasyonunu artirirken IL-1§
ekspresyonunu %20 £1.2 ve TNFa ekspresyonunu %15 +0.8
oraninda anlamli diizeyde inhibe ettigi tespit edilmistir. Ay-
rica, Spirulina ekstratinin inflamatuar genlerin promotor bol-
gelerine baglanan NF-kB transkripsiyon faktoriiniin alt birimi
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olan p65’in baglanmasini engelleyerek inflamatuar gen eksp-
resyonunu etkiledigi belirlenmistir (Pham ve ark., 2016).

Spirulina’nin Antiviral Ozellikleri

Spirulina, fikobiliproteinler, peptidler, karotenoidler, pig-
mentler ve siilfatli polisakkaritler gibi gesitli biyolojik aktif
bilesen ve metabolitler ile genis bir antiviral aktivite sergile-
yen bir mikroalg tiiriidiir. Ozellikle kalsiyum-spirulan (Ca-
SP), viral zarf glikoproteinleriyle etkilesime girerek hiicreye
giriglerini engelleyebilmektedir. Ayrica Spirulina'dan elde
edilen bazi peptitler, ters transkriptaz enzimi ve viral protein

\/
Ao

&

sentezi gibi viral replikasyon mekanizmalarini inhibe etmek-
tedir (Carbone ve ark., 2021). Segici olarak CD4+T lenfosit-
lerini enfekte eden HIV (insan Bagisiklik Yetmezligi Vi-
riisii), zamanla CD4+T hiicrelerinin azalmasina neden olarak
AIDS’e (Edinilmis Bagisiklik Yetmezligi Sendromu) neden
olmaktadir (Bekker ve ark., 2023). Yapilan ¢alismalar HIV
enfeksiyonunda Spirulina takviyesinin viral yiikii azalttigi,
prooksidatif belirtecleri iyilestirdigi, antioksidan seviyele-
rinde artig sagladig1 ve antiretroviral tedavi (ART) kaynakl
yan etki ve toksisiteyi hafifletme potansiyeli oldugunu gos-
termektedir (Moor ve ark., 2021; Sibiya ve ark., 2022a; Si-
biya ve ark., 2022b).
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Hiicre diizeyinde norotoksik, hepatotoksik, nefrotoksik
ve miyotoksik etkilerle birlikte inflamasyon, oksidatif
stres, agir metal birikimi ve mikotoksin kaynakl hasarlar

Sekil 1. Spirulina'nin baz1 bilesenlerinin biyoaktif 6zellikleri (Wu ve ark., 2016; Chen ve ark., 2020; Liao ve ark., 2023)
Figure 1.The bioactive properties of certain components of Spirulina (Wu et al., 2016; Chen et al., 2020; Liao et al., 2023)
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Spirulina’nin Immiin Modiilator Ozellikleri

Mikro algler siilfath polisakkaritler, siilfolipidler, ¢coklu doy-
mamis yag asitleri ve karotenoid pigmentler gibi biyoaktif bi-
lesenleriyle hem dogustan hem de edinsel bagisiklik tizerinde
immiin modiilator etkiler gostermektedir. Spirulina, Toll ara-
cili sinyalleme yoluyla makrofajlarin, dogal dldiiriicti (NK)
hiicrelerin ve nétrofillerin aktivasyonunu artirmakta; IgE ara-
cili alerjik tepkimeleri hafifletmekte, T yardimci hiicre 2
(Th2- T helper 2) farklilasmasimi diizenlemekte ve humoral
bagisiklik yanitlarin1 giiclendirmektedir (Srivastava ve ark.,
2024). Spirulina polisakkaritlerinin makrofaj hiicrelerin fago-
sitik kapasitesini artirdigi, indiiklenebilir nitrik oksit sentaz
(INOS) enziminin aktivitesini diizenleyerek nitrik oksit sevi-
yelerini yiikselttigi ve IL-6’nin mesajct RNA (mRNA- mes-
senger RNA) ekspresyonunu doza bagl olarak indiikledigi
tespit edilmistir (Li ve ark., 2021). Melanom kanseri farelerde
fikosiyaninin, tiimdr biiylimesini yavaslattigi, inguinal lenf
nodlarmdaki B hiicresi, T lenfositleri ve myeloid hiicre sayi-
larin1 arttirdigl ve bu etkinin tiimdr varliginda daha belirgin
oldugu bildirilmistir (Salgado ve ark., 2024).

Spirulina’nin Saghk Riskleri

Spirulina, tarihsel olarak uzun kullanim geg¢misi ve hayvan
caligmalarindaki olumlu bulgular dogrultusunda genel olarak
insan tiiketimi i¢in giivenli kabul edilmektedir (Damessa ve
ark., 2021; Grover ve ark., 2021; Wan ve ark., 2021). Ancak
agir metal ve toksin kontaminasyonu riski nedeniyle saglik
acisindan olumsuz etkilere neden olabilecegi belirtilmektedir
(Gogna ve ark., 2023). Papadimitriou ve ark. (2021) tarafin-
dan yapilan bir ¢aligmada, ticari Spirulina {iriinlerinde tespit
edilen siyanotoksin kontaminasyon seviyelerinin yetiskinler
icin belirgin bir risk olusturmadigi, ancak ¢ocuklar ve bebek-
ler agisindan giinliik tiiketimde saglik riski olusturabilecegi
saptanmistir (Papadimitriou ve ark., 2021). Basgka bir calis-
mada ise Spirulina tiiketiminin aliiminyum, kadmiyum ve
kursun gibi toksik metallere maruziyet agisindan tiiketiciler
icin risk olugturmadigi rapor edilmistir (Rubio ve ark., 2021).
Ayrica nadiren de olsa dozdan bagimsiz olarak diyare, mide
bulantisi, karin agrisi, anemi, alerji, anafilaksi ve uykusuzluk
gibi hafif yan etkiler bildirilmistir (Kerna ve ark., 2022;
Rzymski & Jaskiewicz, 2017). Amerika Birlesik Devletleri
Gida ve Ilag Dairesi, Spirulina’y1 insan tiiketimi i¢in “genel
olarak giivenli” (Generally Recognized As Safe - GRAS) ola-
rak tamimlamaktadir (Liao ve ark., 2023). Spirulina’nin gii-
venli tiiketim miktar1 3-10 gram/giin olarak rapor edilmistir
(Gogna ve ark., 2023). Hamilelik ve emzirme déneminde
kontaminasyon riski nedeniyle tiiketimi Onerilmemektedir
(Kerna ve ark., 2022).
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Spirulina’nin Sporcular Uzerindeki Etkileri

Sporcular i¢in beslenme, performansi ve toparlanmay1 opti-
mize etmek amaciyla enerji dengesini koruma, makro ve
mikro besin 6gesi ihtiyaglarini karsilama, sivi gereksinimini
saglama ve bireysel hedeflere gore kisisellestirme ilkelerine
dayanmaktadir. Egzersiz sirasinda bazi mikro besin dgeleri-
nin gereksinimleri artmakta ve oksijen kullaniminin 10-15
katina ¢gikmasiyla hiicrelerde oksidatif stres seviyeleri yliksel-
mektedir. Yeterli ve dengeli beslenen sporcular artan gerek-
sinimleri kargilayabilse de enerji alimini kisitlayan, diyetle-
rinden bir veya daha fazla besin grubunu ¢ikaran ya da yeter-
siz bir diyet uygulayan sporcular, 6zellikle kalsiyum, D vita-
mini, demir ve antioksidan takviyelerine gereksinim duymak-
tadir (Thomas ve ark., 2016).

Besin takviyelerinin kullanimi, performansi artirma ve kas
yorgunlugunu azaltma potansiyeli nedeniyle hem {ist diizey
sporcular hem de amatdr sporcular arasinda yaygin bir uygu-
lamadir. Spirulina'nin, besin, ilag, biyoyakit, kozmetik ve ta-
rnm endistrilerinde gelistirilen bircok uygulama nedeniyle
hem biyolojik hem de ekonomik olarak énemli oldugu goste-
rilmistir. Ergojenik potansiyeli ile pazarlanan Spirulina’nin
etkinligini degerlendiren veriler ise baslangic asamasindadir
ve etkinligi heniiz kesinlik kazanmamistir (AlFadhly ve ark.,
2022; Galvao ve ark., 2022). Ancak sporcularin diyetlerine
Spirulina eklenmesinin, performansi artirmak i¢in Onemli
olan baz1 besin dgelerinin artisina katkida bulunabilecegi be-
lirtilmektedir (Carvalho ve ark., 2018). Yapilan bir calismada
100 g sporcu icecegine eklenen 2 g Spirulina tozunun tat,
renk ve genel kabul edilebilirlik agisindan sporcular tarafin-
dan uygun bulundugu ve Spirulina tozu, yogurt ve meyve kul-
lanilarak yapilan 250 gram igecegin sporcularin giinliik pro-
tein ihtiyaci %32,5, karbonhidrat ihtiyacin1 %12,25 ve posa
ihtiyacim1 %21,5 oranminda karsiladigi belirtilmistir. Ayrica
bu icecegi diizenli olarak tiiketen sporcularin performansla-
rinda iyilesme gozlemlendigi raporlanmistir (Gubanenko ve
ark., 2019). Baska bir ¢calismada ise, Spirulina platensis ila-
vesiyle hazirlanan sporcu igeceklerinin kimyasal 6zellikleri,
depolama siiresi boyunca degerlendirilmistir. Spirulina ige-
ren sporcu igeceklerinde askorbik asit ve antioksidan aktivi-
tenin anlaml sekilde arttig1 gozlemlenmistir. %0,25 sulu Spi-
rulina ekstrakti, en yiiksek askorbik asit ve antioksidan akti-
viteye sahip icerik olarak tespit edilmistir. Bulgular, Spirulina
ekstraktinin sporcu igeceklerinin besin degeri ve antioksidan
kapasitesini artirabilecegini gostermektedir (Sadeghi ve ark.,
2023).
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Viicut Kompozisyonu ve Kan Profiline Etkisi

Besin takviyeleri, sporcular tarafindan viicut kompozisyo-
nunu iyilestirmek ve egzersiz performansini artirmak ama-
ciyla yaygin olarak kullanilmaktadir. Erkek giirescilerde ka-
demeli agirlik kaybr siireglerinde Spirulina takviyesinin ince-
lendigi bir ¢alismada 12 giinliik enerji kisitlamali diyet sonu-
cunda 0,5 g/giin Spirulina takviyesi alan grupta yag kiitlesin-
den daha fazla kay1p oldugu, miyostatin, aspartat aminotrans-
feraz ve alanin aminotransferaz seviyelerinin anlaml dii-
zeyde azaldig1 bulunmustur (Bagheri ve ark., 2022). Giincel
literatiirde obez ve sedanter bireylerde Spirulina’nin viicut
agirhigl yonetiminde egzersizle birlikte sinerjik etkisi potan-
siyel bir tedavi yontemi olarak arastirilmaktadir. Pareek ve
ark. (2023) Spirulina takviyesinin serum trigliserit ve koles-
terol seviyelerini diisiirdiigii ve bu nedenle kardiyovaskiiler
saglik ve spor performansi lizerinde olumlu etkileri olabile-
cegini belirtmistir (Pareek ve ark., 2023). Beden kiitle indeksi
(BKI) > 25 kg/m? olan 52 sedanter geng erkek iizerinde yapi-
lan caligmada, 6 hafta boyunca fiziksel aktiviteyle kombine
edilen giinliik 4.5 g Spirulina takviyesinin kan lipid profili,
BK1, viicut yag yiizdesi ve maksimum oksijen aliminda iyi-
lesme sagladig1r gézlemlenmistir (Hernandez-Lepe ve ark.,
2019). Supriya ve ark. (2022) 12 haftalik yiiksek yogunluklu
antrenman (HIIT) ile Spirulina takviyesinin birlikte uygulan-
masinin adipokin konsantrasyonlari ve lipid profilleri {izerin-
deki etkilerini inceledigi ¢alismada, Spirulina takviyesinin
HIIT ile birlikte uygulanmasinin viicut agirliginmi ve adipokin
seviyelerini azalttigi, diisiik yogunluklu lipoprotein (LDL),
toplam kolesterol ve trigliserit seviyelerinde 6nemli diisiigler
sagladigi ve yiiksek yogunluklu lipoprotein kolesterol (HDL-
C) seviyelerinde ise artig sagladigi tespit edilmistir (Supriya
ve ark., 2023).

Egzersiz Kaynakli Oksidatif Stres, Inflamasyon ve Kas
Hasarina Karst Etkisi

Yiiksek yogunluklu ve/veya uzun siireli egzersiz oksidatif
strese neden olabilmektedir. Egzersiz sirasinda orta diizeyde
ROS firetimi mitokondriyal biyogenez, antioksidan enzimle-
rin ve stres proteinlerinin sentezi gibi olumlu adaptasyonlara
neden olmasina ragmen yliksek diizeyde ROS fiiretimi DNA
hasaria ve fizyolojik fonksiyonlarin bozulmasina yol agar
(Powers ve ark., 2020). Optimal bir redoks durumunu koru-
mak ve olasi immiin disfonksiyondan kag¢inmak i¢in enerji,
makro ve mikro besin gereksinimlerini karsilayan dengeli bir
diyet, antrenman sonrasi toparlanmanin desteklenmesi ve
performans acisindan énemlidir (Calella ve ark., 2022). Spi-
rulina takviyesinin, egzersize bagli olarak artan lipid peroksi-
dasyonu, inflamasyon ve iskelet kas1 hasarini1 dnleyebilecegi

ve bu siireclere iliskin bazi biyobelirteclerin iyilesmesini hiz-
landirabilecegi bildirilmistir. Ozellikle antioksidan kaynaklar
acisindan yetersiz beslenen ve yiiksek antrenman yiikiine ma-
ruz kalan sporcularda, performans kaybini azaltmak ve sezon
boyunca antrenman ya da yariglar sonrasinda toparlanmayi
hizlandirmak amaciyla Spirulina takviyesi Onerilmektedir
(Chaouachi ve ark., 2022).

Yapilan c¢aligmalar, sporcularda Spirulina takviyesinin NO
iiretimini artirarak vaskiiler fonksiyonlar1 iyilestirebilecegi,
antioksidan kapasiteyi artirarak endotel fonksiyonlarini des-
tekleyebilecegi ve egzersiz kaynakli ROS ve DNA hasarina
kars1 koruyucu olabilecegi belirtilmistir (Brito ve ark., 2020;
Brito ve ark., 2018; Su ve ark., 2013). Maraton kosucularinda
15 giinliik 5,4 g/giin Spirulina aliminda hem dinlenme hem
de fiziksel aktivite sonrasinda sekonder oksidasyon seviyele-
rinde yari yariya bir azalma gorildigii rapor edilmistir
(Lohoues ve ark., 2015). Kalpana ve ark. (2017), 90 erkek
sporcu iizerinde 60 giinliik Spirulina (3 g/giin) ve ticari olarak
kullanilmakta olan bir antioksidan takviyesinin sporcularda
egzersiz kaynakli oksidatif stres ve toparlanma kalp hiz1 {ize-
rindeki etkileri karsilastirilmistir. Her iki takviye de egzersiz
sonrasi toparlanma kalp hizinda anlamli iyilesmeler saglamis
ve oksidatif stres gostergesi olan MDA seviyelerini azaltmis-
tir Sonuglar Spirulina’nin ticari olarak kullanilmakta olan bir
antioksidan takviye ile benzer ergojenik faydalar sundugunu
gostermektedir (Kalpana ve ark., 2017).

Uzun siireli orta yogunluktaki egzersiz, adipoz dokudaki inf-
lamatuar stirecleri baskilayarak ve kaslardaki proinflamatuar
M1 makrofajlar azaltarak sistemik inflamasyonu modiile et-
mektedir (Metsios ve ark., 2020). Ancak yogun egzersiz sira-
sinda sarkomerlerin asir1 kasilmasi sonucu kaslarda mekanik
bozulma meydana gelmektedir. Sarkoplazmik retikulumdan
hiicre i¢ine kalsiyum salinimi artmasiyla aktiflesen proteoli-
tik enzimler yapisal proteinlerin yikimina neden olmaktadir.
Bu siiregte salinimi artan proinflamatuar sitokinler sistemik
inflamasyonu arttirmaktadir (Fatouros ve Jamurtas, 2016).
Kas hasar1 olustugunda, akut faz proteinleri, sitokinler ve ba-
gisiklik sistemi hiicreleri yaralanma bolgesinde birikir. Hiic-
relerin birikimi kas 6deminde artigsa neden olur. Ayrica egzer-
siz kaynakl1 kas hasar1 (EIMD), kas membran gecirgenligini
artirarak kreatin kinaz (CK) gibi kas proteinlerinin dolagima
sizmasina yol agar (Markus ve ark., 2021).

Spirulina’nin, agir1 egzersizin neden oldugu EIDM’yi hafifle-
terek plazma CK aktivitesindeki artig1 azaltabilecegi, kas do-
kusundaki MDA seviyelerini diisiirerek oksidatif stresi bas-
kilayabilecegi ve plazmada SOD ve CAT gibi antioksidan en-
zim aktivitelerini artirabilecegi belirtilmistir (Oz ve Gokbel,
2023). Erkek tackwondo sporcularinda 3 hafta boyunca 8
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g/glin Spirulina takviyesinin plazma laktat dehidrojenazi
(LDH), CK ve IL6 seviyelerinde anlamli bir azalmaya neden
oldugu, toplam antioksidan kapasite, siiperoksit dismutaz ve
glutatyon peroksidaz seviyelerinde ise anlamli bir artis sagla-
dig1 belirlenmistir. Calismada spirulina’nin uygun protein
igerigi ile antioksidan ve anti inflamatuar kapasitesi nede-
niyle tackwondo sporcularmda EIMD’ye kars1 koruyucu bir
etki yaratabilecegi belirtilmistir (Kashani ve ark., 2022).

Egzersiz Sonrasi Bagisiklik Sistemine Etkisi

Egzersiz bagisiklik sistemi hiicrelerinin proliferasyonunu,
fonksiyonunu, dagilimini ve aktivitesini etkilemektedir. Orta
yogunluktaki egzersizler bagisiklik sistemi fonksiyonlarini
desteklerken asir1 yogun ve uzun siireli egzersizlerin bagisik-
lik sistemini baskilayabilecegi ifade edilmektedir (Wang ve
ark., 2020). Yogun egzersizler, proinflamatuar sitokinlerin
salimmminin artmasina, NK hiicrelerinin sayisinin zamanla
azalmasina, Thl (T yardimci hiicre 1) hiicrelerinin baskilan-
masina neden olmaktadir. Th1/Th2 dengesindeki kayma, ba-
gisiklik yanmitin1 zayiflatirken, NK hiicre aktivitesinde diisiis
ve noétrofil artis1 sistemik inflamasyona yol acabilmektedir.
"Acik pencere modeli" olarak bilinen bu bagisiklik zayifligi
donemi, egzersizin siiresi ve siddetine baghdir (Suzuki ve
Hayashida, 2021).

Otuz dokuz geng erkek sporcu tizerinde yapilan bir ¢alismada
giinde 3 kez toplamda 3 gram verilen spirulina takviyesinin
yogun egzersiz sirasinda bagigiklik sistemi hiicreleri tizerin-
deki etkilerinin incelenmesi amaglanmistir. Spirulina takvi-
yesi alan grupta bazofil oranlarinda anlamli bir artig saptan-
mis ve yogun egzersiz sonucu gézlemlenen monosit ve 16ko-
sitlerdeki diigtisii engelledigi belirlenmistir (Zhang ve ark.,
2022). Juszkiewicz ve ark. (2018) Polonya Kiirek Takimi
iizerinde 6 hafta boyunca giinde 1,5 g spirulina takviyesinin
egzersiz sonrasinda T regiilator lenfosit (Treg) artisini engel-
ledigi, Toy hiicreleri (gamma delta T hiicreleri) seviyelerini
korudugunu saptamistir. Spirulina’nin egzersizin bagisiklik
sistemi lizerindeki zararl etkilerini onleyerek, 6zellikle bagi-
siklik yanitin1 daha etkin hale getirdigini ve bagisiklik hiicre-
lerinin dengesini koruyarak sporcularin enfeksiyonlara kars1
daha diren¢li olmalarina yardimci oldugunu belirtmistir
(Juszkiewicz ve ark., 2018).

Egzersiz Performansina Etkisi

Cin ve Kiiba Olimpiyat takimlarinin performansi artirmak
icin yillardir spirulina takviyesi aldig1 spekiile edilse de Spi-
rulina kullaniminin performans iizerine etkileri tartismalidir
(Chaouachi ve ark., 2024) Rekreasyonel olarak aktif birey-
lerde, 14 giin boyunca giinde 6 g Spirulina takviyesinin mak-
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simal ve submaksimal bisiklet siirme sirasinda kardiyorespi-
ratuvar parametreler {izerindeki etkilerini ve hemoglobin ar-
tisinin potansiyel mekanistik roliinii degerlendiren bir galis-
mada, Spirulina takviyesi sonrasi hemoglobin konsantrasyo-
nunda takviye almayanlara kiyasla anlamli1 bir %3,4 artis tes-
pit edilmistir. Ancak VO,max (maksimum oksijen alimi) ve
WRmax (maksimum gii¢ ¢iktisi), yorgunluga kadar gecen
siire, kalp atis hizi, oksijen alimi, solunum degisim orani
(RER) ve kan laktat yanit1 agisindan iki grup arasinda istatis-
tiksel olarak anlamli bir fark bulunmamistir (Ali ve ark.,
2024). Antrenmanli erkek bisiklet¢giler {izerinde yapilan
baska bir ¢alismada ise, 21 giin boyunca giinde 6 g Spirulina
takviyesinin hemoglobin konsantrasyonunda takviye alma-
yanlara kiyasla anlamli1 bir %6,6 artis sagladig1 tespit edilmis
ve bu artigin, submaksimal egzersiz sirasinda kan laktat sevi-
yelerini (%14,2 azalma) ve kalp atis hizin1 (%3,5 azalma) dii-
stirerek homeostatik dengeyi korudugu belirtilmistir. Ayrica,
tekrarlayan sprint performansi testlerinde zirve giicte (%4,2
artis) ve ortalama giigte (%4,3 artis) anlamli bir artis kayde-
dilirken, VO,max ve laktat esigi testlerinde gruplar arasinda
anlaml1 bir fark bulunamamustir (Gurney ve ark., 2021).

Yapilan bir ¢caligmada su topu oyuncular performansi lizerine
bakir %22,5 NRV (Nutrient Reference Value - Besin Refe-
rans Degeri) ile zenginlestirilmis Spirulina siv1 takviyesinin
etkisi incelenmistir. Spirulina grubu, plasebo grubuna kiyasla
0znel performans dl¢limlerinde anlamli bir artis gostermistir.
Takviye alan sporcularda daha diisiik siddetli kas agrisi rapor
edilmis ve kreatin fosfokinaz (CPK) seviyelerinde anlamli ol-
mayan hafif bir diislis belirlenmistir. (La Mantia ve ark.,
2024). Spor yapmayan 11 saglikli erkek bireyde Spiruli-
na'nin kol bisikleti egzersizleri sirasinda oksijen alimi1 (VO,),
solunum degisim orani (RER), kalp hiz1 (HR) ve hemoglobin
(HDb) iizerindeki etkisi aragtirllmistir. Yedi giin boyunca 6 g
Spirulina takviyesi miidahalesi sonucunda Hb seviyelerinin
144,1g/L’den 154,5g/L’ye ciktig1, kalp hiz1 seviyelerinde
ozellikle 25. dakikadan sonra anlamli bir diisiis oldugu, oksi-
jen kullaniminda verimin arttig1 ve performansin iyilestirdigi
belirtilmistir (Gurney ve Spendiff, 2020). Ayrica iist diizey
rugby oyuncularinda Spirulina takviyesi dikey sicrama ve
sprint performanslarinda kii¢iik avantajlar saglasa da sonug-
larin ergojenik destek olarak kullanimini dogrulamadig bil-
dirilmistir (Chaouachi ve ark., 2021). Ancak, orta diizeyde fi-
ziksel aktif saglikli bireyde Spirulina takviyesinin baskin ol-
mayan kol {izerinde EIMD belirtegleri tizerine etkisinin ince-
lendigi bir calismada egzersiz sonrasi kas hasar1 semptomla-
rim1 hafifletmede veya fiziksel performansi artirmada etkili
bulunmamistir (Krokidas ve ark., 2024). Pappas ve ark.
(2021) 6 g/giin spirulina takviyesinin, redoks durumu, kas
performansi ve EIMD f{izerinde anlaml bir fark yaratmadi-
gin1 rapor etmistir (Pappas ve ark., 2021).
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Sonug¢

Spirulina, %70’e varan protein orani, tam esansiyel amino
asit profili ve biyoaktif bilesenlerden zengin igerigiyle, saglik
acisindan giivenli, alternatif bir besin takviyesi olarak 6n
plana ¢ikmaktadir. Antioksidan, anti-inflamatuar ve bagisik-
lik modiilatorii 6zellikleri sayesinde kronik hastaliklarin yo-
netiminde, oksidatif stresin azaltilmasinda ve bagisiklik fonk-
siyonlarinin desteklenmesinde 6nemli bir potansiyele sahip-
tir. Ayrica, sporcular i¢in protein ve mikro besin 6gesi kay-
nag1 olarak one c¢ikmakta ve egzersiz sonrasi toparlanmay1
destekleyici etkiler gdstermektedir. Ozellikle yetersiz besle-
nen ya da bazi besin gruplarini diyetlerinden ¢ikaran 6zellikle
vejetaryen/vegan sporcularda Spirulina takviyesinin degerli
bir kaynak olabilecegi diistiniilmektedir. Literatiirde Spiru-
lina’nin ergojenik bir destek olarak kullanimina yonelik ¢a-
lismalar sinirlidir ve uzun siireli kullaniminin etkilerini aras-
tiran bir ¢aligma bulunmamaktadir. Yapilan ¢aligmalar ince-
lendiginde 2-6 g/giin Spirulina kullaniminin egzersiz kay-
nakli oksidatif stresin, inflamasyonun ve kas hasarinin azal-
tilmasinda olumlu etkileri olabilecegi goriilmektedir. Ancak
kas performansi {izerine etkileri tartismalidir. Mevcut sinirlt
sayidaki aragtirmalar, kullanilan 6rneklemler, spor tiirleri, de-
gerlendirme yontemleri ve takviye uygulamalarindaki doz ve
siire farkliliklar1 nedeniyle karsilastirma yapmay1 giiclestir-
mektedir. Ayrica, kadin sporcular {izerine odaklanan ¢aligma-
larin sayica oldukca az oldugu dikkat ¢ekmektedir. Sonug
olarak sporcularda ergojenik bir destek olarak Spirulina tak-
viyesi kullanimimi dogrulayacak kanitlar sinirlidir. Bu ne-
denle Spirulina’nin saglik ve spor performansi {izerindeki et-
kilerinin daha iyi anlasilabilmesi i¢in kapsamli, randomize
kontrollii calismalara ihtiyag vardir. Ayrica, Spirulina’nin uy-
gun giinliik tiiketim dozlarinin belirlenmesi, etkinlik ve gii-
venlik acisindan 6nemlidir. Ancak, yetersiz beslenen ya da
diyetle antioksidan alimi diisiik olan bireyler i¢in beslenmeyi
destekleyici bir alternatif olarak diistiniilebilir.

Etik Standartlar ile Uyumluluk

Cikar catismasi: Yazarlar, bu yazi i¢in gercek, potansiyel veya al-
gilanan ¢ikar ¢atigmasi olmadigini beyan etmislerdir.

Etik izin: Arastirma niteligi bakimindan etik izne tabii degildir.
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Instructions to Reviewers and Authors

The journal “FOOD and HEALTH” establishes the highest standards of publishing ethics and
benefits from the contents of the International Committee of Medical Journal Editors

(ICMJE), World Association of Medical Editors (WAME), Council of Science Editors (CSE),

Committee on Publication Ethics (COPE), European Association of Science Editors (EASE),
Open Access Scholarly and Publishers Association (OASPA), and

Directory of Open Access Journals (DOAJ).

The "FOOD and HEALTH" journal provides a platform
for the open public discussion of the journal contents. To
secure accountability and to encourage sincere profes-
sional inputs without incivilities, the system is set up to
require registration and logging for the recording of in-
puts. Some website contents will be available without log-
ging, but no peer review comments can be posted without
disclosing the reviewer’s identity to the journal editors.

The copyright of any open-access article in the “FOOD
and HEALTH" journal published on the "ScientificWeb-
Journals" web portal hosted by "DergiPark" belongs to
the author(s).

Journal Publisher Policy
1. Aims and Scope

Our journal started its publication life as "Journal of
Food and Health Sciences" between 2015-2017. In
2018, its name was changed to "Food and Health". The
journal “FOOD AND HEALTH” publishes peer-re-
viewed (double-blind) original research, communica-
tion and review articles covering all aspects of food sci-
ence and its effects on health. Our journal will be pub-
lished quarterly in English or Turkish language.

2. Scientific Quality and Objectivity

The journal evaluates and publishes research articles
and reviews, adhering to high scientific standards. Ad-
hering to the principle of impartiality, it strictly com-
plies with ethical rules to prevent conflicts of interest
among editors, referees, and authors.

3. Open Access

The journal adopts an open-access policy that supports
open and free access to information. This aims to in-
crease access to scientific knowledge in society at large
by making science available to a wider audience.

Open-access articles in the journal are licensed under
the terms of the Creative Commons Attribution 4.0 In-
ternational (CC BY 4.0) license.

E-ISSN 2602-2834
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https://www.councilscienceeditors.org/
https://publicationethics.org/
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https://doaj.org/
https://dergipark.org.tr/en/
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5. Ethical Standards

The journal maintains a rigorous attitude towards up-
holding ethical standards among authors and review-
ers. The processes of evaluating the effects of research
on humans, animals and the environment are carried
out in full compliance with national and international
ethical rules.

6. Peer Review

The journal employs a double-blind referee system.
Referees are selected among experts and experienced
people in their fields. The peer review process involves
subjecting articles to rigorous review in terms of scien-
tific content, methodology and ethics.

7. Author Rights and Licensing

The journal respects the property rights of authors and
grants appropriate licenses to articles. It allows articles
to be freely shared and used by others using appropriate
licensing models, such as Creative Commons licenses.

8. Diversity and Inclusion

The journal encourages diversity among authors, edi-
tors, and reviewers. It fights against inequalities in the
scientific world, considering gender, geographical
origin, discipline, and other elements of diversity.

9. Communication and Transparency

The journal promotes open communication between
authors, reviewers, and readers. Publisher policies, ar-
ticle evaluation processes and other important infor-
mation are transparently published on the journal's
website.

10. Archiving

Journal archiving is conducted following the Republic
of Tiirkiye Ministry of Industry and Technology
TUBITAK Turkish Academic Network and Infor-
mation Center (ULAKBIM) "DergiPark" publica-
tion policy (LOCKSS).
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Publication Ethics

1. Scientific Neutrality and Objectivity:

All publications must reflect an impartial and objective
perspective. If there are any conflicts of interest, au-
thors must clearly state these conflicts of interest.

. Scientific Soundness:

Articles should be based on a solid methodology and
reliable results. The accuracy of statistical analyses
should be at the forefront.

. Ethical Standards:

The journal supports the principles of the Basel Decla-
ration (https://animalresearchtomorrow.org/en) and
the guidelines published by the International Council
for Laboratory Animal Science (https://iclas.org/). In
this regard, the research must fully comply with the rel-
evant ethical rules and standards. International ethics
committees must conduct studies on humans, animals,
or the environment and must be confirmed by the au-
thors of the journal.

For research submitted to this journal, authors are ad-
vised to comply with the IUCN Policy Statement on
Research Involving Species at Risk of Extinction
and the Convention on Trade in Endangered Spe-
cies of Wild Fauna and Flora for research involving

plants.

. Originality and Plagiarism:

Publications must be original, and appropriate attribu-
tion must be made when quoting other sources. In our
journal, plagiarism is considered a serious crime. For
this reason, all articles submitted to the "Aquatic Re-
search" journal must undergo a preliminary evaluation.
Advanced Plagiarism Detection Software (iThenticate,
etc.) tools will be used.


https://dergipark.org.tr/en/
http://jfhs.scientificwebjournals.com/en/pub/jfhs/lockss-manifest
https://animalresearchtomorrow.org/en
https://iclas.org/
https://www.iucnredlist.org/resources/guidelines-for-appropriate-uses-of-red-list-data
https://www.iucnredlist.org/resources/guidelines-for-appropriate-uses-of-red-list-data
https://www.iucnredlist.org/resources/guidelines-for-appropriate-uses-of-red-list-data
https://www.iucnredlist.org/resources/guidelines-for-appropriate-uses-of-red-list-data
https://www.iucnredlist.org/resources/guidelines-for-appropriate-uses-of-red-list-data
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. Open Access:

The journal adopts open access principles to promote
open and free access to information and complies with
the Budapest Open Access Initiative (BOAI) defini-
tion of open access. Open-access articles in the journal
are licensed under the terms of the Creative Commons
Attribution 4.0 International (CC BY 4.0) license.

All journal processes are free of charge. No article pro-
cessing, submission, or publication fee is charged for
submitted or accepted articles.

Peer Review

1.

Confidentiality:

The peer review process should be carried out per the
principles of double-blind refereeing. Reviewers and
authors should not know each other's identities.

. Expertise:

Referees should be selected among experts and experi-
enced people in relevant fields. Referees must be
trusted to make an impartial and ethical assessment.

Timely Evaluation:

The peer-review process must be completed on time to
publish the articles quickly. Time limits should be set
for referees to evaluate within a certain period.

Open Communication:

Reviewers should be encouraged to provide open and
constructive feedback to authors and editors.

Eggf?%ﬁzg@gg?gg&%@ﬁﬁ’ﬁ FOOD
5 3ok and
5
hs HEALTH

E-ISSN 2602-2834

ec

a-6Shelflife
Br%adStorage ¥

O
(@)
C
=®©
3
=

cSal

p

Author Guidelines

1. Article Format:

Authors must write in the article format determined by
the journal. Sections such as title, abstract, keywords,
introduction, method, findings, discussion, and refer-
ences should be included. All submissions are screened
by similarity detection software. The similarity rate in
the articles sent to the journal should be below 20%.

. Citations and Sources:

Authors must appropriately cite the sources used by
scientific standards.

. Submission Process:

Authors must comply with the specified submission
process when submitting their articles to the journal.
This process should include evaluating, editing and
publishing the article.

Manuscripts can only be submitted through the jour-
nal’s online manuscript submission and evaluation
system, available at

http://dergipark.org.tr/tr/journal/1646/submis-
sion/step/manuscript/new.

“FOOD and HEALTH” journal requires correspond-
ing authors to submit a signed and scanned version of
the copyright transfer, ethics, and authorship contribu-
tion form (available for download at
https://dergipark.org.tr/tr/download/journal-
file/19582)

ICMIJE Potential Conflict of Interest Disclosure
Form (should be filled in by all contributing au-
thors) Download this form from http://www.ic-
mje.org/conflicts-of-interest/ fill and save. Send this
to the journal with your other files.

. Research Funding and Conflicts of Interest:

Research funding sources and conflicts of interest
should be clearly stated. It is important to disclose and
not conceal conflicts of interest.


https://www.budapestopenaccessinitiative.org/
http://dergipark.org.tr/tr/journal/1646/submission/step/manuscript/new
http://dergipark.org.tr/tr/journal/1646/submission/step/manuscript/new
https://dergipark.org.tr/tr/download/journal-file/19582
https://dergipark.org.tr/tr/download/journal-file/19582
http://www.icmje.org/conflicts-of-interest/
http://www.icmje.org/conflicts-of-interest/
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. Language:

Articles should be written to a scientific journal stand-
ard, and care should be taken regarding grammar and
spelling errors.

Editors' Responsibilities

1.

Maintaining High Scientific Standards:

To ensure that the articles published in the journal com-
ply with high scientific standards.

To ensure full compliance with ethical rules and jour-
nal policies.

. Managing the Article Evaluation Process:

To effectively manage the article evaluation process
and support a rapid publication process.

To adopt the principles of double-blind arbitration and
maintain the principles of expertise and impartiality in
selecting arbitrators.

. Making Editorial Decisions:

Consider referee evaluations to make decisions about
accepting or rejecting articles for publication.

Maintaining transparency and openness in the editorial
process.

Contact with Authors:

Maintaining effective and constructive communication
with authors.

They provide authors with regular updates on the status
of their articles, correction requests, and publication
dates.

. Managing Journal Policies:

Keep the journal's policies and guidelines updated and
revise them as needed.

To provide a reliable platform between readers and
writers.
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Responsibilities of Referees

1.

Objectivity and Expertise:

To comply with the principles of double-blind referee-
ing and to evaluate articles impartially.

Evaluating articles by focusing on areas of expertise on
the subject.

. Privacy and Reliability:

To protect the confidentiality of the article evaluation
process.

Provide reliable and constructive feedback to authors,
journal editors, and other reviewers.

. Timely Evaluation:

Evaluating articles by the timelines determined by the
journal.

Informing editors promptly in case of delays.

. Compliance with Ethical Rules:

To ensure full compliance with ethical standards and
journal policies.

Clearly express conflicts of interest and withdraw from
the evaluation process when necessary.

. Constructive Feedback to Writers:

Provide clear and constructive feedback to authors and
suggest improving the article when necessary.



FOOD

and
HEAIL'TH

Preparation of the Manuscript

Manuscripts prepared in Microsoft Word must be con-
verted into a single file before submission. Please start
with the title page and insert your graphics (schemes,
figures, efc.) and tables in the one main text (Word Of-
fice file).

Title (should be clear, descriptive, and not too long)
Full Name(s) and Surname (s) of author(s)
ORCID ID for all author (s) (http://orcid.org/)

Authors complete correspondence Address (es) of af-
filiations and e-mail (s)

Abstract

Keywords (indexing terms), usually 3-6 items

Introduction
Material and Methods
Results and Discussion

Conclusion
Compliance with Ethical Standards

e Conflict of Interest: When you (or your employer or
sponsor) have a financial, commercial, legal, or profes-
sional relationship with other organisations or people
working with them, a conflict of interest may arise that
may affect your research. A full description is required
when you submit your article to a journal.

Ethics committee approval: Ethical committee approval
is routinely requested from every research article based on
experiments on living organisms and humans. Sometimes,
studies from different countries may not have the ethics
committee’s approval, and the authors may argue that they
do not need support for their work. In such situations, we
consult COPE’s “Guidance for Editors: Research, Audit,
and Service Evaluations” document, evaluate the study
with the editorial board, and decide whether or not it needs
approval.

Data availability: The data availability statement/data ac-
cess statement informs the reader where research data as-
sociated with an article is available and under what condi-
tions the data can be accessed, and may include links to the
dataset, if any.
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One of the following should be selected and stated in

the submitted article;

1. No data was used for the research described in the arti-

cle.

The data that has been used is confidential.

The authors do not have permission to share the data.

Data will be made available on request.

The author is unable to specify which data has been

used or has chosen not to.

6. Other (please explain; for example, I have shared the
link to my data in the attached file step).

nhkwn

o Funding: If there is any, the institutions that support the
research and the agreements with them should be given
here.

o Acknowledgment: Acknowledgments allow you to thank
people and institutions who assist in conducting the re-
search.

o Disclosure: Explanations about your scientific / article
work that you consider ethically important.

References
Tables (all tables given in the main text)

Figures (all figures/photos shown in the main text)

Manuscript Types

Original Articles: This is the most essential type of
article since it provides new information based on orig-
inal research. The main text should contain “Title”,
“Abstract”, “Introduction”, “Materials and Meth-
ods”, “Results and Discussion”, “Conclusion”,
“Compliance with Ethical Standards”, and “Refer-
ences” sections.

Statistical analysis to support conclusions is usually
necessary. International statistical reporting standards
must conduct statistical analyses. Information on statis-
tical analyses should be provided with a separate sub-
heading under the Materials and Methods section, and
the statistical software used during the process must be
specified.

Units should be prepared by the International System of
Units (SI).


http://orcid.org/
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Review Articles: Reviews prepared by authors with
extensive knowledge of a particular field and whose
scientific background has been translated into a high
volume of publications with a high citation potential
are welcomed. The journal may even invite these au-
thors. Reviews should describe, discuss, and evalu-
ate the current knowledge level of a research topic
and should guide future studies. The main text should
start with the Introduction and end with the Conclusion
sections. Authors may choose to use any subheadings
in between those sections.

Short Communication: This type of manuscript
discusses important parts, overlooked aspects, or
lacking features of a previously published article.
Articles on subjects within the journal’s scope that
might attract the readers’ attention, particularly edu-
cative cases, may also be submitted as a “Short Com-
munication”. Readers can also comment on the pub-
lished manuscripts as a “Short Communication”. The
main text should contain “Title”, “Abstract”, “In-
troduction”, “Materials and Methods”, “Results
and Discussion”, “Conclusion”, “Compliance with
Ethical Standards”, and “References” sections.

Table 1. Limitations for each manuscript type

Type of Page  Abstract Reference
manuscript word limit limit
Original Article <30 200 40
Review Article no limits 200 60
Short Communication <5 200 20

Tables

Tables should be included in the main document and
presented after the reference list, and they should be
numbered consecutively in the order they are re-
ferred to within the main text. A descriptive title must
be placed above the tables. Abbreviations in the ta-
bles should be defined below them by footnotes
(even if they are defined within the main text). Tables
should be created using the “insert table” command
of the word processing software and arranged clearly
to provide easy reading. Data presented in the tables
should not be a repetition of the data presented within
the main text but should support the main text.
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Figures and Figure Legends

Figures, graphics, and photographs should be submitted
through the submission system in the main document's
Word files (in JPEG or PNG format). Any information
within the images that may indicate an individual or insti-
tution should be blinded. The minimum resolu-
tion of each submitted figure should be 300 DPI. To pre-
vent delays in the evaluation process, all submitted fig-
ures should be clear in resolution and large (minimum di-
mensions: 100 x 100 mm). Figure legends should be listed
at the end of the primary document.

All acronyms and abbreviations used in the manuscript
should be defined at first use, both in the abstract and in
the main text. The abbreviation should be provided in pa-
rentheses following the definition.

When a drug, product, hardware, or software program is
mentioned within the main text, product information, in-
cluding the name of the product, the producer of the prod-
uct, and city and the country of the company (including
the state if in the USA), should be provided in parentheses
in the following format: “Discovery St PET/CT scanner
(General Electric, Milwaukee, WI, USA).”

All references, tables, and figures should be referred to
within the main text and numbered consecutively in the
order they are referred to within it.

Limitations, drawbacks, and shortcomings of origi-
nal articles should be mentioned in the Discussion
section before the conclusion paragraph.
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Revisions

When submitting a revised version of a paper, the author
must submit a detailed “Response to the reviewers” that
states point by point how each issue raised by the review-
ers has been covered and where it can be found (each re-
viewer’s comment, followed by the author’s reply and line
numbers where the changes have been made) as well as an
annotated copy of the primary document. Revised manu-
scripts must be submitted within 15 days from the date of
the decision letter. If the revised version of the manuscript
is not submitted within the allocated time, the revision op-
tion may be cancelled. If the submitting author(s) believe
that additional time is required, they should request this
extension before the initial 15-day period is over.

Accepted manuscripts are copy-edited for grammar, punc-
tuation, and format. Once the publication process of a
manuscript is completed, it is published online on the jour-
nal’s webpage as an ahead-of-print publication before it is
included in its scheduled issue. A PDF proof of the ac-
cepted manuscript is sent to the corresponding author, and
their publication approval is requested within two days of
their receipt of the proof.
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