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ABSTRACT

Improved quality and safety can be achieved by UV-C light which is a non-thermal method for fruit juices.
Zygosaccharomyces rouxii causes spoilage problems in sugar foods, fruit juices and concentrates. In this research,
the effect of UV-C light in different doses (4, 8, 12 J/cm?) was investigated for inactivation of Z.rouxii in
apple juice and also some quality properties were evaluated such as color, total phenolic and antioxidant
contents. As a result, applying 4 J/cm? irradiation gave the highest phenolic and antioxidant contents as
229.8912.19 (mgGAE. mL1) and 0.032+0.05 (ECso, pg/ml) respectively. Color values significantly
affected from the increase in doses of irradiation (P<0.05), The reduction UV-C exposure in Zygosaccharonzyces
rouxcii was achieved as 1.45 log CFU ml for 4 ] /cm?; 2.09 log CFU ml'! for 8 ] /cm? and lastly, 1.94 CFU/ml
for 12 J/cm? treatment. These findings indicate that low doses of UV-C irradiation can effectively
inactivate organisms while preserving quality characteristics of apple juice.

Keywords: Apple juice, ultraviolet light, irradiation, Zygosaccharomyces rouxii, phenolic content, quality

UV-C ISIGININ ELMA SUYUNDAKI ZYGOSACCHAROMYCES ROUXITNIN
INAKTIVASYONUNA ETKIiSI: FENOLIK VE ANTIOKSIDAN ICERIKLERININ
DEGERLENDIRILMES]

oz

Meyve sularinda kalite ve giivenlik, termal olmayan bir yontem olan UV-C 15181 ile artirilabilir.
Zygosaccharomyces rounxii, sekerli gidalarda, meyve sularinda ve konsantrelerde bozulmaya neden olan
bir mikroorganizmadir. Bu arastirmada, farkli dozlarda (4, 8, 12 J/cm?) uygulanan UV-C 1s181n1n elma
suyundaki Z. rouxiinin inaktivasyonu tzerindeki etkisi incelenmis ve ayrica renk, toplam fenolik
madde icerigi ve antioksidan kapasite gibi bazt kalite 6zellikleri degerlendirilmistir. Sonuglar, 4 J/cm?
sinlamanin en yuksek fenolik ve antioksidan icerik degerlerini sirastyla 229.89+2.19 mg GAE/mL ve
0.03240.05 EC50 (ug/mL) olarak sagladigini géstermistir. Renk degerleri, 1sinlama dozlatinin artisiyla
belirgin sekilde degismistir (P< 0.05).UV-C 1s181na maruz birakilan Z. rouxiinin azalmast sirasiyla 4
J/em?i¢in 1.45 log CFU/mL, 8 J/cm? i¢in 2.09 log CFU/mL, 12 J /cm? i¢in 1.94 log CFU/mL olarak
saptanmustir. Bu bulgular, disik dozda UV-C 15181 uygulamasinin bozulmaya neden olan
mikroorganizmalart etkili bir sekilde inaktive ederken elma suyunun kalite 6zelliklerini
koruyabilecegini géstermektedir.

Anahtar kelimeler: Elma suyu, ultraviyole 1s1k, 1sinlama, Zygosaccharomyces rouxii, fenolik madde, kalite
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INTRODUCTION

Apple (Malus domestica Borkh.; Rosaceae) is
considered to be one of the most economically
and culturally significant fruits, which is grown in
all temperature zones (Patocka e al, 2020;
Spengler, 2019). Apples are a rich source of
various nutrients, such as dietary fibers, vitamins,
minerals, phenolic and bioactive compounds
(Miller et al., 2021; Hyun and Jang, 2010). Its high
nutritional value increases its preference among
consumers. It is known that it has anti-cancer,
anti-diabetic, anti-inflammation and anti-obesity
effects (Hyun and Jang, 2016). Thus, apple juice
is a mostly preferred fruit juice by the consumers
worldwide (Miiller et al., 2021).

Fruit juices have a low pH value and are typically
abundant in carbohydrates and complex nitrogen
sources, in that way offering optimal growth
substrates for the proliferation of spoilage yeasts,
molds, and certain acid-tolerant bacteria (Aneja e#
al., 2014). Microbial spoilage has the potential to
cause unfavorable alterations in the nutritional
and sensory characteristics of fruit juices and
beverages. Yeasts can be tolerable to the high
acidity found in fruit juices and can easily thrive in
anaerobical conditions (Saloma, 2018). However,
certain strains of yeasts can cause alteration in
different food and beverages such as wine and
fruit juices (Hernandez ef a/., 2018). In fruit juices
generally Zygosaccharomyces, Candida, Saccharomyces,
Rhodotorula, Issatchenkia, Hanseniaspora, and Pichia
causes spoilage (Xiang e¢# al., 2020; Hernandez ¢f
al, 2018). However, yeasts belonging to the
Zygosaccharomyces genus are regarded as the most
common spoilage yeasts in sugary food and
beverage products, and are the reason for
significant financial losses within these sectors
(Hernandez et al., 2018, Rojo et al, 2015, 2017).
Hereby, it is clear that this microbiological
degradation in the fruit juice industry has major
economic consequences (Marvig ¢f al., 2015).

Zygosaccharomyces rouxii is a facultative anaerobic
yeast that can tolerate ethanol, sulfur dioxide and
acetic acid and grow to 1.8-8 pH and 0.62 water
activity  (Karaman, 2020; Sperber and Doyle,
2009). The spoilage caused by Zygosaccharonyces
rouxii strains, comprehended by consumers with

the formation of non-desired odors affecting the
products. These odor compounds effect quality
and may cause many waste in this type of products
(Escott et al., 2018).

Thermal treatments are used in food industry to
protect the last product by inhibiting the growth
of microorganisms and enzymes (Riganakos ¢f a/.,
2017). Nevertheless, thermal processing may
cause some undesirable changes such as nutrient
loss, color alteration and changes in sensory
attributes (Riganakos e a/, 2017). It especially
affects the color quality of anthocyanin containing
fruit juices (such as apple and grapefruit), since
anthocyanins degrade and form colorless or
unwanted brown-colored pigments (Pala and
Toklucu, 2011; La Cava and Sgroppo, 2019). Due
to the growing consumer preference for healthy
and minimally processed, preservative-free
products, there is an effort to create innovative
non-thermal technologies that can increase the
quality and extend the shelf life of such products
(La Cava and Sgroppo, 2019). For this reason,
new non-thermal processes has been devoloped
and combined, such as UV-C, pulsed electric
field, and high hydrostatic pressure achieving
equivalent or even higher degrees of stability and
safety in food processing (La Cava and Sgroppo,
2019). Non-thermal pasteurization methods can
help to denature enzymes and eliminate
microorganisms with less harmful effects on
sensory and nutritional quality of foods (Xiang ef
al., 2018).

In recent decades, a range of non-thermal
techniques has been developed, with ultraviolet
light (UV) emerging as an outstandingly
promising technology. United States Food and
Drug Administration (USFDA) and the United
States Department of Agriculture (USDA)
specified the Ultraviolet (UV) irradiation as an
alternative food processing technology for fruit
juices in recent years (Feliciano ez al, 2019). This
is mainly beacuse of its user-friendly nature and
its ability to efficaciously eliminate a wide array of
microorganisms (Bintsis ez a/., 2000). Moreover,
UV treatment does not generate any chemical
residues, so its appeal as a reasonable method for
microbial control enhances (Guerrero—Beltran
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and Barbosa—Canovas, 2004). UV light is between
100 and 400 nm region of the electromagnetic
spectrum. This UV range may be further divided
and classified as UV-A (315-400 nm), UV-B
(280-315 nm), UV-C (200-280 nm), and the
vacuum UV range (100-200 nm) (Baysal ez 4/,
2013). The UV-C light has germicidal effect on
microorganisms such as bacteria, yeasts, molds
and viruses (Caminiti ef a/., 2012).

Recent studies demonstrated that UV-C light
technology is one of the technologies studied to
preserve the fruit juices such as orange juice
(Prado et al., 2019; Feliciano et al., 2019; Hakguder
Taze et al., 2015), carrot juice (Riganakos ez al,
2017), grapefruit juice (La Cava and Sgroppo,
2019; Unluturk and Atilgan, 2015), mango juice
(Santhirasegaram ¢z al, 2015), kale juice
(Pierscianowski et al., 2021) and apple juice
(Baysal e? al., 2013; Gouma e af, 2015; Xiang e? al.,
2020). On the other hand, studies have been
conducted on trying novel treatments for
inactivation of different yeasts or bacteria that
cause food spoilage in apple juice with UV-C
(Baysal e al, 2013; Sauceda-Galvez et al., 2020,
Gabriel, 2012; Gouma ef 4/, 2015; Akwu e al.,
2021), but limited study investigated the UV-C
effect on the Z. rouxii inhibition in apple juice
(Xiang ef al, 2020). Previous researches
investigate the UV-C effect on different
microorganisms in apple juice such as Sauceda-
Galvez et al. (2020), investigate the single and
combined UV-C and ultra-high pressure
homogenisation treatments on inactivation of
Alicyclobacillus acidoterrestris spores in apple juice
also the same researchers evaluate the ultraviolet
light (uv-c) effectiveness in the inactivation of
bacterial spores inoculated in cloudy apple juice.
In another study, Akwu et al. (2022), investigate
the effect of germicidal short wave-length
ultraviolet light on the polyphenols, vitamins, and
microbial inactivation in highly opaque apple
juice. Akgiin and Unliitiirk (2017), determine the
effects of ultraviolet light emitting diodes (LEDs)
on microbial and enzyme inactivation of apple
juice. Gabriel et al. (2012), inactivation of
Escherichia coli O157:H7 and spoilage yeasts in
germicidal UV-C-irradiated and heat-treated clear
apple juice. They evaluate different doses and also

investigate the effect on the individual
polyphenolic  content and in-vitro total
antioxidant activity of apple juice (Islam et al.,
2016). By this point of view this study will also
add valuable contribution to the literature. Also
there is no study in specially evaluating the
phenolics and antioxidants after this effect.

Therefore in this study, it was aimed to investigate
the inactivation effects of UV-C technology on
the Zygosacchoremyces rouxii in clear apple juice.
Additionally comparing the quality effects such as
phenolic and antioxidant contents and color
between control (not UV-C light irradiated) and
UV-C application groups.

MATERIAL AND METHODS

Materials

Commercially available pasteurized apple juice
(Harvest 100% Apple Juice, Dimes, Izmir,
Turkey) was provided from a local market in
Izmir, Turkey. Chemicals were analytical grade
and provided by Merck (Darmstadt, Germany) or
Sigma-Aldrich  Trading Co. Ltd. (Buchs,
Switzerland).

Culture and Medium Preparation

This study was carried out with osmophilic yeast,
Zygosaccharomyces  ronxii (DSM 7,525, DSMZ
GmbH, Germany), supplied as lyophilized.
According to the DSMZ, yeast malt agar was
created from different media components
including yeast extract, 3 g/L; malt extract, 3 g/L;
peptone, 5 g/L; dextrose, 10 g/L; and agar 20 g/L
(Merck, Darmstadt, Germany). Yeast cells were
grown on liquid medium and incubated at 30°C
shaker incubator (Biosan, ES-20, Latvia), at 120
rpm for 18 hr (Xiang et al., 2018). 2-ml sterilized
water was added for the suspension of the
lyophilized culture then transferred to liquid
medium and incubated at 25°C in static incubator
(Nive En 30, Turkey) at least 3 days (Chen and
Tseng, 1997). The last concentration of the
culture was determined as almost 107 CFU/ml
Cells were applied to centrifuge process (6000
rpm, 10 min, 4 °C) after growing by a centrifuge
(Hettich mikro centrifuge, 200R, Germany). After
this, supernatant was removed, and a tube was
filled with sterile 0.1% peptone water (Xiang et al.,
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2020). Uninoculated apple juices were used as the
control samples.

Inoculation of Yeast and UV-C Treatment of
Apple Juice

UV-C (UVP XX-15, UVP Inc., CA, USA)
application was carried out using an mercury UV
lamp with peak radiation at 254 nm wavelength.
Flat black painted tube was used for the UV
radiation which was in the same size with a Petri
dish. The samples were placed in 6 cm diameter
Petri dishes directly below the collimated UV
beam and stirred continuously during the
irradiation with a vortex mixer at 14000rpm (1KA,
Yellowline TTS 2, IKA® Werke GmbH & Co.
KG, Germany). The irradiance 10 of the lamp was
measured by a UV-VIS radiometer supplied with
UVX-25 sensor (UVX, UVP Inc.,, CA, USA)
placed at the same distance from the UV lamp as
the plates. The UV lamp was preheated for
approximately 30 minutes before starting the UV
treatment to ensure a consistent intensity level
(Baysal ez al., 2013).

For UV-C application, 25 ml of apple juice
inoculated with 0.25 ml Z. rouxii cells was
transferred to sterilized plastic petri dishes (90
mmX15 mm). The distance of apple juices to the
lamp was kept constant as 10 cm, from this
distance, different doses (4, 8, 12 J/cm?) were
processed by taking into consideration of
different studies and also equipment properties as
reference (Hayes et al., 2012; Xiang et al., 2020,
Sauceda-Galvez et al.,, 2020). The UV intensity
was kept constant at 0.0071 W/ecm? Exposure
times were equal to UV doses divided by UV
intensities (J/cm?). The exposure times of the
samples to UV-C application were calculated as
9.38, 18 and 28 minutes, respectively.

Microbiological analysis

After UV-C treatment, for the determination of
microbial counts 1 ml of each sample was taken
and transferred to 9 ml peptone water (0.1%)
dilutions were made. Counts were determined by
plating the diluted samples onto yeast malt
medium by taking 0.1 ml from the dilutions. After
plating, the petri dishes were left to incubate at 25
°C for 3 days, and the microorganism counts in

the petri dishes were performed two replications.
Results are expressed as logioCFU/mL (Chen and
Tseng, 1997).

Determination of physicochemical properties
of apple juice

Total soluble solids content

Total soluble solids (TSS) were measured by a
digital refractometer (Hanna, Romania) at 25°C.
Results are expressed as “Brix (AOAC, 2000).

pH
The pH values of apple juices at 25°C were

determined using a pH meter (Thermo Scientific
Orion 3 Star, USA) (AOAC, 2000).

Total titratable acidity

Titratable acidity (T'A) determination was carried
out with using 0.1 M NaOH until pH 8.2 was
reached and the results were expressed as "'g malic
acid/100 ml. apple juice"(g TA-1001 mlL1)
Titratable acidity was calculated as shown in
Equation 1.

Titratable Acidity % = V*F*E*100 / m
@

where V is the amount of 0.1 N NaOH used (ml),
F is the factor of the base solution used in the
titration, E is 1 ml of 0.1 N NaOH equivalent of
acid amount (g), m is the actual amount of sample
titrated (ml) (Cemeroglu, 2018).

Total phenolic content

The total phenolic compounds in the apple juice
was determined by using the Folin-Ciocalteu
method with a modification (Franke et al., 2014;
Xiang et al., 2020). Gallic acid was used as a
standard. Sample extract (500 pL.) was mixed with
Folin-Ciocalteu reagent (1.0 mL). A total of 2.0
ml of sodium catbonate solution (7.5%, w/v)
and 1.5 mL of distilled water were added to the
mixture. The solution was then vortexed
thoroughly for 15 seconds and left to rest at room
temperature for 60 minutes. The absorbance at
760 nm wavelength was measured using a Varian
Cary 50 Scan (Australia) model
spectrophotometer. The results were reported as
milligrams of gallic acid equivalent per 100 mL of
apple juice (mg GAE-100-1 mL").
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Determination of Total Antioxidant Activity

For the determination of antioxidant activity of
apple juice, DPPH assay is used. After the
necessary dilutions were made (first diluted 1:10
with 80% methanol, then diluted again 1:10 from
the dilute sample); 20, 40, 60, 80 and 100 ul of the
extract were transferred to 5 different tubes. 600
ul DPPH solution was added on each tube. The
total volume in each tube was then made up to 6
mL with methanol. After the tubes were keptin a
dark environment at 25°C for 15 minutes, the
absorbance of the samples were determined on a
spectrophotometer at a wavelength of 517 nm
using methanol as a blank (Cemeroglu, 2018).
Antioxidant activity was expressed as (ECso,
ug/mL) (Rydzak e al, 2020).

Color parameters

Colorimetric measurement of the samples was
carried out using a Chromameter (Konica Minolta
CR- 0600, Japonya). The color wvalues were
expressed as the L* a*and b*. L* represents
whiteness or  brightness/darkness, a*is  the
red/green coordinate and b* the yellow/blue
coordinate (G6k, 2021). The L* value represents
lightness and darkness, with a higher L* value
indicating a lighter-colored product. An increase
in the b* value means a higher yellow intensity and
an increase in the a* results in a higher red
intensity. The instrument was calibrated before
each analysis.

Statistical Analyses

The results were statistically analyzed using
analysis of variance (ANOVA) in SPSS 13
software (SPSS Inc., Chicago, 1L, USA), with the
Duncan test applied to determine differences
among treatments at a significance level of
P<0.05. Each experiment was conducted at least
three times, and the means and standard
deviations were calculated for the results.

RESULTS AND DISCUSSION

Assesment of microbial inactivation

The initial microorganism  numbers  of
Zygosaccharomyces rouxii were determined as 3.24
x107 CFU ml" for apple juice. Apple juice samples
were exposed to UV-C radiation doses of 4] /cm2,
8 J/ecm? and 12 J/cm? 'The reduction in

Zygosaccharomyces rouxii was achieved as 1.45 log
CFU ml for 4 J/cm? radiation exposure; 2.09 log
CFU mL! for 8 J/cm? and lastly, there was a
reduction of 1.94 CFU mL! for a 12 J/cm?
radiation treatment. It can be seen that the most
reduction of microorganisms was obtained after a
8 J/cm? radiation treatment. Similar to this study,
Galvez et al., (2020) explained that the increase in
doses not provide an increase in lethality.
Similarly, Taze ez a/ (2015) studied with a UV dose
of 108.42 mJ/cm?, and found the maximum log
reduction in yeast and mould count as 1.76 logio
after 20 min of UV exposure (10=1.32mW/cm?).
In parallel with this, Bhat ¢# a/. (2011), remarked a
reduction in yeasts and mould counts by 2-log
cycle on UV treatments. Keyser et al.(2008),
found a 1.32 log CFU/ml- 4.48 log CFU/ml
reductions in, strawberry and guava-and-
pineapple juice and mango nectar. At UV
intensity levels of 1.31, 0.71, and 0.38 mW/cm?,
log reductions of 2.1£0.3, 1.6+0.1, and 0.8%+0.1,
respectively, were achieved in apple juice after 15
minutes of treatment (Baysal et al., 2013). UV-C
treatments proved to be more effective, reaching
a lethality of 5.5 logl0 CFU/mL with a dose of
21.5 J/mL at 20°C. In contrast, UV-C treatments
were less efficient at higher doses, achieving a
maximum lethality of 4.07 log10 CFU/mL with a
dose of 28.7 J/mL (Sauceda ez al., 2020).

In another study, (Fenoglio e al, 2020), L.
plantarum, E. coli, and S. cerevisiae microorganisms
were cultivated in clear pear juice and the
inactivation effect of UV-C application on these
microorganisms was examined. 4.4-5.5 log
reductions were found for L. plantarum, E. coli and
S. cerevisiae. In the study conducted by Lapena e#
al. (2022), the inactivation of Escherichia coli,
Salmonella enterica and Listeria monocytogenes was
assessed under different ultraviolet C (UV Casinm)
treatments in apple juice. . coli and S. enterica
populations were significantly reduced (P<0.001)
after UVCoassnm treatment with 904.0£1.0 mJ/cm?
and a dose of 1200.0£1.0 mJ/cm? was needed to
significantly reduce (P<0.001) of L. monocytogenes.
After 20 minutes of UV-C exposure (16.8 kJ /m?),
the spores of  Aliyclobacillus  acidoterrestris,
Alicyclobacillus — herbarins, —and  Alicyclobacillus
eyclobeptanicns were significantly reduced by more
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than 4 log CFU/mL, with counts falling below the
detection limit of the method (<1.7 log
CFU/mL). Meanwhile, the spores of
Alieyclobacillus — acidocaldarius  were even more
sensitive to UV-C, with a similar treduction
observed after just 15 minutes of exposure (12.6
kJ/m? (Baysal ez al., 2013). The populations of Z.
rouxii in apple juice were reduced by 4.86-log and
5.46-log values following UVC-LED irradiation
at doses of 800 and 1200 m]/cm?, respectively
(P<0.05) (Xiang et al., 2020). Additionally, a flow
rate of 0.0078 L/min (frequency 30 Hz) with a
UV-C dose of 13.75 m]/cm? effectively reduced
S. typhimurinm by 5 log10 CFU/mL in pineapple
juice, meeting the FDA standards (Mansor e7 a/.,
2014). In a previous research it was determined
that the decreases in inactivation of yeasts Z.
rouxii, Z. bailii and S. cerevisiae were significant
(P<0.05). Compared to control group with a UV
dosage of 3.36 mJ/cm?, 3.8-5.0 log reductions

found (Hayes et al., 2012). In a study, 10 mJ/cm?
UV dose at 0.288645 mW /cm? average irradiance
resulted in 3.4 logio CFU/mL reduction of E. co/i
at a depth of 1.5 cm using UV-LEDs emitting

light at 263 nm (Akwu e al, 2022). The
inactivation of S. aurens followed a linear decrease
with increasing exposure time, and after 30
minutes of UV exposure, a notable reduction in
bacterial levels was observed in the apple juice.
Xiang ez al. (2020), who studied with Z. rouxii in
apple juices, found similar results to this study.
4.86- and 5.46-log values after UVC-LEDs
irradiation at 800 and 1200 m]/cm? (P<0.05),
respectively.

Total soluble solid content, pH and titratable
acidity

Physical and chemical properties such as pH, total
soluble solids, titratable acidity, total phenolic
content, total antioxidant content and color
values (L*a*b*) of the apple juice control
samples were shown in Table 1. Total soluble
solid content and titratable acidity were found in
untreated (control) samples as 11.31£0.05 (°Bx)
and 0.29£0.009 (%). According to Miller et al.
(2014), untreated pH value of apple juice was
found to be as 3.62%0.04 similar to this study
(3.93£0.07).

Table 1. Physicochemical properties for control and treated samples

Different doses of radiation (J/cm?)

Quality parameters

Control samples 4 8 12
Total soluble solid content
CBriv) 11.3+0.05 11.55+0.0¢ 11.48+0.037>  11.2240.068>
pH 3.93+0.0072 4.0970.068" 4.07%0.072> 4.06+0.100
Titratable acidity 0.29+0.0092 0.08+0.016" 0.09+0.016> 0.08+0.026"

(g TA*100" mL-)

Total phenolic content

+ 2
(mgGAE-100- m1") 240.46%x1.20

229.89£2.100

218.36£.1.50¢ 216.25%1.05¢

Antioxidant activity (ECso,

ug/ml) 0.046£0.052 0.032£0.05> 0.018%£.0.05¢ 0.013%£.0.05¢
L 63.26£0.98¢ 60.700.58b 60.13£0.51> 59.431+0.85b
a" -2.60£0.132 -2.84%0.44» -3.73£0.26> -3.89%0.16P
b* 19.8340.83# 22.88+0.49> 23.49%0.67° 27.97%0.95¢

*Values in the raws with different superscripts (a, b, c) differ (P <0.05).

The results obtained from this study indicated
that the content of total soluble solids differ
significantly from the control group (P<0.05). pH
value did not change within the treatment groups
(P>0.05), but significantly differ from the control
group (P<0.05). Additionally, titratable acidity

changed significantly (P<0.05). The fact that the
pH wvalue remains constant throughout the
process can be seen as one of the advantages of
UV-C application. A noticable pH change can
cause some undesited changes in sensory
characteristics. pH and acidity are important
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criteria that enhances the shelf life of fruit juice
during the process control for maintaining the
quality of the final product (Bhat ez a/, 2011).
Also, pH and °Brix can impact the lethality rate in
UV-treated apple juice (GOk, 2021; Koutchma e#
al., 2004; Caminiti e al, 2011). These present
results are in parallel with earlier studies in the
literature, no significant changes were indicated in
pyhsicochemical parameters values such as pH,
total soluble solids and total phenolic content in
apple juice (Pala & Toklucu, 2013; Kyriakos et al.,
2017; Noci et al., 2017, Walkling-Ribeiro et al.,
2008; Falguera, Pagan and Ibarz, 2011; Caminiti ez
al., 2012). Teja et al. (2017), studied ultraviolet
treatment with treatment times of 5, 10, and 15
min for a distance of sample from lamp source
(8.6,13.7, 18.6 and 22.8 cm) at 1 mm sample
thickness. They also not found any significant
effects on pH, TSS of apple and pineapple juice.
In another study, Bhat ez a4/ (2011), applied
ultraviolet light (0, 30 and 60 min) to starfruit juice
and detected significant decrease in the titratable
acidity, but the decrease in °Brix and pH were not
significant. Conformably, Torkanmani e 4l
(2011), After UVC no significant alteration was
observed in juice pH and color and also Unluturk
and Atilgan (2015) who studied with grape juice,
after UVexposure no changes were seen in the
values of pH, total soluble solid, and titratable
acidity. Comparably, Xiang et al. (2020) found no
significant differences in other characteristics,
such as pH, electrical conductivity, titratable
acidity, total soluble solids, reducing sugar, and
lightness (L*) value of apple juice exposed to 1200
m]/cm? (P>0.05). It is known that treatments in
food industry may cause some unwanted changes
in quality characteristics (Riganakos ez al, 2017).
On the other hand, UV-C treatment causes a little
change in these characteristics as it can be seen in
this studies results. This makes the UV-C
treatment an ideal alternative for food industry.

Evaluation of Total Phenolic Content and
Antioxidant Activity

Phenolics in apple and apple juice shows
antioxidant activity against free radicals and they
are thought to account for the beneficial and
healthy effects of apple and apple juices on
human nutrition (Pavun e a/, 2018). For this

reason, it is desirable that the processes applied to
apple juice for preservation purposes do not
reduce the content of this phenolic substance.
Total phenolic content of apple juice is
considered as an important quality character
(GOk, 2021). UV-C application can either increase
or decrease the antioxidant values of the juice.
These values are strictly dependent on the time of
exposure, delivered dose and the raw material
(Gok, 2021). In Table 1, it can be seen that after
applying different doses of radiation, there was
significant phenolic content change between the
control, 4 (J/cm?) and the other groups (P<0.05),
while between the groups of 8 and 12 (J/cm?)
doses there were no important changes found
(P>0.05). In parallel to recent results, phenolic
contents were decreased after UVC treatments
(La Cava et al., 2019; La Cava and Sgroppo 2015).
According to Noci ¢t al., (2008) with an UV-C
treatment (2.66-53.1 J/cm?) total phenol content
of apple juice decreased significantly. While,
according to Feng et al. (2013), treatment of
watermelon juice with 37 J/mlL doses did not
result in a significant change (P>0.05) in total
phenolic content. Inversely to these results, in
mango juice there were significant increases after
15 and 30 min exposure of UV-C light in
phenolics, carotenoids, flavonoids and thus
antioxidant capacities (Santhirasegaram et al.,
2015). According to Caminiti ¢z a/. (2011), UV-C
treatment of apple juice didn’t have a significant
effect on the phenolic content (P>0.05). Islam e#
al., (2016) discovered that the total phenolic
content in the control and irradiated apple juice
samples ranged from 9.79 to 9.48 mg GAE 100
ml1 indicating that UV irradiation did not cause
any significant changes (P>0.05). Alternatively, it
is  well-established  that heat treatments
significantly decreases the polyphenols in apple
juice (P<0.05). According to Aguilar ez al., (2007)
there was a 32.2% reduction of polyphenols in
thermally-threated apple juice.

Antioxidant activity decreased significantly after
UV-C in all groups compared to untreated one.
The minimum decrease was found in the 4 J/cm?
sample group. Similarly, Teja et al. (2017), studied
ultraviolet during 5, 10, and 15 min for a distance
of sample from lamp source (8.6,13.7, 18.6 and
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22.8 cm) at 1 mm sample thickness. They stated
that the antioxidant activity of apple and
pineapple juices showed a decreasing trends with
respect to an increase in dosage level. The

obtained results suggested that ultraviolet
treatment conditions slightly affect the quality
parameters of the both juices. Significant

reductions were measured that UV-C irradiation
in apple juices at in the concentrations of phenolic
and antioxidant compunds (Islam ez @/, 2016). In
contrast to this, Bhat ez 4/ (2011), applied
ultraviolet light (0, 30 and 60 min) to starfruit juice
and detected an improvement on the
antioxidants, including % DPPH inhibition, total
phenols, flavonols, flavonoids, and antioxidant
capacity, were measured following UV treatment
at 60 min application. Nonetheless, the UVC-
LEDs irradiation caused reduction in total
phenolic content and antioxidant activity ofapple
juice (Xiang ez al. 2020).

Significant decrease in total phenol content was
established, while antioxidant capacity was not
reduced significantly (Noci ef al, 2008). In the
phenolics the highest content was found in UV-
30 min. sample with an increase of 31%.
However, for 60 min samples, degradation of
flavonoids was obtained. This could be due to the
prolonged UV-C exposure time, which generates
stress, thereby suppressing the
flavonoid content. They also mentioned that
DPPH inhibition increased by 91.2% by UV-C
treated juice. The maximum increase in reducing
capacity (12%) was found with control and 30
min sample. As mentioned earlier, the stress
response induced by UV-C processing may
enhance the extracton of antioxidant
compounds, which is consistent with the findings
of Bhat et al. (2011), where UV-C exposure
increased the antioxidant capacity of starfruit
juice. The differences between untreated and UV-
C treated (48.12 kJ/L dose) orange juice were
minimal in terms of organic acids, antioxidant
capacity, and phenolic content. The total phenol
content and antioxidant capacity of untreated
orange juice were 1124.13 mg gallic acid/L and
4.71 mmol trolox equivalent/mL, respectively.
These parameters showed no significant change

excessive

following UV-C and heat treatments (P>0.05)
(Pala and Toklucu, 2013).

Results of Color Measurement

Color parameters are very important for
consumer preferences. In this study, the lightness,
greenness and yellowness of control group was
63.26£0.98,  -2.60%£0.13 and  19.83%0.83
respectively. UV-C treatment caused changes in
brightness (L*). Thus, the brightness of apple
juice, which plays an important role in the
consumer preference and acceptance, was
protected better in the minumum dosage group
than the others. a* and b* parameters showed
changes after the UV-C exposure (P=<0.05). The
yellowness and greenness of the apple juice
samples increased with the radiation application.
Thus, after the UV-C treatment, apple juices
became darker, greener and more yellow. In a
different study (Mduller e# al, 2014), untreated
apple juice’s color characteristics such as L*, a*
and b* values are determined as 30.5+0.8, 1.0+1.0
and 18.6£1.7 respectively. Similar results were
found, after the UV-C and UV-B treatment of
apple and grape juice, the brightness value also
decreased, and a* and b* values showed increase
with the treatment (Miiller ¢f 2/, 2014). Falguera e/
al. (2011), investigated UV irradiation on
physicochemical properties of apple juice from
different sources. After applying 400, 500, 600
and 700 nm wavelenght on four different apple
juices, the brightness of each apple juice was
decreased significantly. In another study, the
results indicated that no significant changes
(P>0.05) were observed in the L*, a*, and b*
values during storage for the control (fresh),
thermally treated, and UV-C treated samples.
Also they indicated that laboratory observations
using the human eye revealed no evident
difference between the fresh, thermally treated,
and UV-C treated samples (Riganakosa et al,
2017). Results showed significant improvements
for brightness in star fruit irradiation (Bhat e a.,
2011). Though, for orange juice slight changes
were detected in a* and b* values whereas L*
value remained almost constant after UV
exposure (Taze et al, 2015). Teja et al. (2017),
studied with apple and pineapple juices, found
that the color parameters (L*, a* and b*) were
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slightly affected by ultraviolet treatment (Teja ez
al., 2017).

CONCLUSION

Apple juice, one of the most consumed fruit juices
worldwide due to its taste and high nutritional
values, provide a growing medium to Z. rouxii if
not properly handled. This work aimed to address
the impact of UV-C technologies on apple juice.
Findings from the present study revealed that the
logarithmic reduction in Z. rouxii. was significant,
especially in the samples exposed to 8 J/cm? The
content of total soluble solids, pH value and
titratable acidity changed significantly (P<0.05),
also the changes between the total phenolic
contents have found to be significant (P<0.05).
On the other hand, the color parameters (L, a*,
b") changed slightly with UV-C radiation
treatment. The increases in the doses caused
decreases in the quality values. Thus, mild
ultraviolet treatment on apple juice is an ideal
alternative to heat treatments. In further studies,
UV-C technology, maybe combined with other
processes at low dosages of irradiation.
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ABSTRACT

Enterococcus faecinm and Enterococeus faecalis are lactic acid bacteria frequently found in fermented meat products
such as sausage. These bacteria are important in the fermentation process because they help shape the unique
taste, texture, and shelf life of the product. Although some enterococci are known to cause infections,
enterococci isolated from vatious foods, especially meat products, have been shown to have much lower
pathogenic potential compared to clinical strains. This has increased interest in foodborne enterococci. In
this study, the presence of antibiotic resistance genes for erythromycin (erzA4, ermB, ermC), tetracycline (zetM,
tetl)), ciprofloxacin (gyrA), streptomycin (5224, s#rB, aadA, aadE), vancomycin (vanA, vanB), and gentamicin
[(@ac(6)aph(2"), aac(3" )11, aac(3")]1/)] was investigated in a total of 25 Enterococcus strains—LE. faecinm (24) and
E. faecalis (1) —isolated from traditionally fermented sucuk samples by polymerase chain reaction (PCR). As
a result of PCR analysis, the presence of the genes erz.A, ernB, ermC, tetM, tetl, gyrA, strA, strB, aad A, aadE,
vanA, vanB, aac(6')aph(2"), aac(3")1l, and aac(3")[1” was not detected in any isolate. Although previous disk
diffusion tests indicated that certain strains were resistant to ciprofloxacin (13/25) and erythromycin (1/25),
it was observed that these strains did not harbor the corresponding antibiotic resistance genes. Enterococcus
species are generally regarded as having a questionable status in terms of food safety. In this study, the
absence of the investigated antibiotic resistance genes in enterococci isolated from sausage provides a
potential advantage for these strains with respect to food safety.

Keywords: Sausage, Enterococcus, antibiotic resistance, polymerase chain reaction

GELENEKSEL KURU FERMENTE TURK SUCUGUNDAN iZOLE EDIiLEN
ENTEROKOK SUSLARINDA ANTIBIYOTIK DIRENC GENLERININ
ARASTIRILMASI

o7/

Enterococcus faecium ve Enterococcus faecalis, sucuk gibi fermente et irtinlerinde siklikla bulunan laktik asit
bakterisi turleridir. Bu bakteriler, Grtintin benzersiz tadint, dokusunu ve raf émrint sekillendirmeye
yardimci olmalart nedeniyle fermentasyon sirecinde 6nem arz etmektedir. Bazt enterokoklarin
enfeksiyonlara yol a¢tigt bilinse de cesitli gidalardan, 6zellikle et urtnlerinden izole edilen
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enterokoklarin, klinik suslara kiyasla cok daha diistik patojenik potansiyele sahip oldugu gésterilmistir.
Bu durum, gida kaynakli enterokoklara olan ilgiyi artirmustir. Bu calismada, geleneksel olarak fermente
edilmis sucuk 6rneklerinden izole edilen E. faecium (24 adet) ve E. faecalis (1 adet) olmak tizere toplam
25 Enterococcus susunda eritromisin (ermA, ermB, erm(C), tetrasiklin (fetM, tetl), siprofloksasin (gyrA),
streptomisin (sz24, strB, aadA, aadE), vankomisin (vanA, vanB) ve gentamisin [(aac(6')aph(2"), aac(3")11,
aac(3")I1)] diten¢ genlerinin varhigt polimeraz zincir reaksiyonu (PZR) ile aragtirlmistir. PZR
analizinin sonucunda, hicbir izolatta erm.A, ermB, ermC, tetM, tetl,, gyrA, strA, strB, aadA, aadE, vanA,
vanB, aac(6')aph(2"), aac(3" )] ve aac(3")I1” genlerinin varhigl tespit edilmemistir. Daha 6nce yapilan
disk diftizyon testlerine gore bazt suslatin siprofloksasin (13/25) ve eritromisine (1/25) direncli
oldugu bilinmesine ragmen bu suslarin da séz konusu antibiyotik diren¢ genlerini icermedigi
gorilmustur. Enterokok tiitleri genellikle gida glivenligi acisindan siipheli bir statiiye sahip olarak
degerlendirilir. Yapilan calismada arastirilan antibiyotik diren¢ genlerinin sucuktan izole edilen

enterokoklarda bulunmamasi bu suslara gida giivenligi acisindan bir avantaj saglamaktadir.
Anahtar kelimeler: Sucuk, Enserococcus, antibiyotik direng, polimeraz zincir reaksiyonu

INTRODUCTION

Enterococci, members of lactic acid bacteria, can
grow in environments with a temperature range
of 10-45°C, up to pH of 9.6, and 6.5% NaCl
Remarkably, enterococci are microorganisms that
can colonize various ecosystems such as plants,
soil, water, the gastrointestinal systems of
humans, animals, and poultry, and can develop
under adverse environmental conditions. This
ability of enterococci to grow under extreme
environmental  conditions can lead to
contamination of carcasses and meat during
slaughter. The resistance of enterococci to
extreme environmental conditions leads to a high
ability of these bacteria to spread throughout the
food chain (Foulquié Moreno et al, 2000;
Byappanahalli et al., 2012; Cassenego et al., 2017).
Enterococci, which can be found in fermented
food products such as cheese, sausage, olives, and
vegetables, are believed to play an important role,
especially in traditional cheese and meat products,
due to their unique aroma, texture, flavor, and
taste (Graham et al., 2020; Dapkevicius et al.,
2021). Moreover, certain foodborne enterococcal
species, which produce bacteriocins, have the
potential to act as natural food preservatives in
food systems and have recently attracted the
attention of researchers due to their probiotic
characteristics. Despite the technological benefits
of enterococci in traditional fermented food
products and their positive impact on consumer
health, the safety of these bacteria remains a topic
of debate, particularly due to their potential to
contain antibiotic resistance and virulence factors,
and/or facilitate their transfer (Graham et al,

2020). Due to the uncertainty regarding their
safety, enterococci are not included in the
European Food Safety Authority's Qualified
Presumption of Safety (QPS) list or in the United
States under the “Generally Recognized as Safe”
(GRAS) status. The lack of a recognized safety
status for enterococci has prevented the use of
these bacteria as industrial food cultures, despite
their potential benefits (Dapkevicius et al., 2021).
Some enterococci are considered opportunistic
human pathogens that cause hospital-acquired
infections such as endocarditis, bacteremia, and
urinary tract infections. Enterococcal infections
are primarily associated with E. faecalis and E.
faecinm. Enterococci can be resistant to a wide
range of antibiotics commonly used in human
treatment, as well as those used in animal
treatment, prophylaxis, or growth promotion.
Although antibiotic resistance is not a virulence
factor in itself, the presence of multidrug
resistance in enterococci is a contributing factor
to their pathogenicity. Resistant strains can persist
in the host due to their insensitivity to
antimicrobial treatments, leading to therapeutic
failure and increasing the duration and severity of
infections. Moreover, these strains often encode
virulence factors such as adhesion,
biofilm formation, and immune evasion, which
act synergistically to reinforce the invasiveness
and treatment-resistant nature of infections. In
this context, antibiotic resistance is regarded as
one of the principal factors contributing to the
clinical significance of enterococci, particularly in
nosocomial infections (Ben Braiek
and Smaoui 2019, Khalifa et al, 2024).

various
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Enterococci have both intrinsic and acquired
antibiotic resistance, which is encoded on
chromosomes and plasmids or transposons,
respectively  (Demirgiil and Tuncer, 2017).
Acquired antibiotic resistance genes can be
horizontally transferred between distant or closely
related bacteria via mobile genetic elements. In
recent years, there has been an increase in studies
aimed at detecting antibiotic resistance in non-
pathogenic bacteria, as they serve as reservoirs for
antibiotic resistance genes (Talon and Leroy,
2011). Enterococci are naturally resistant to
commonly used antimicrobial compounds, such
as B-lactams, cephalosporins, and
aminoglycosides, to varying degrees, which
hampers the treatment of enterococcal infections.
Similarly, the presence of acquired antibiotic
resistance profiles in these bacteria is of
significant concern. Due to their ability to acquire
foreign genetic material, including transposons
and plasmids, enterococci rapidly became
resistant to additional antimicrobial agents, such
as erythromycin and tetracyclines, shortly after
their introduction into clinical practice (Semedo-
Lemsaddek et al., 2021).

To date, researchers have focused on the presence
of these bacteria in raw materials prepared for
further processing (e.g., through heat treatment of
raw meat), while there has been less research on
the presence of antibiotic-resistant enterococci in
ready-to-eat foods sold in retail chains, such as
smoked meats, sausages, fermented salami, offal
products, formed meat products, and canned
foods. The detection of Eunferococcus strains in
various foods and the study of their antibiotic
resistance and the genes encoding resistance to
different antibiotics will enable risk assessment
and the selection of the appropriate strategy for
food inspection. Therefore, the aim of this study
is to determine the presence of antibiotic
resistance genes in enterococci isolated from
traditionally produced sucuk.

MATERIAL AND METHODS

Material

In the study, a total of 25 Ewnferococcus strains,
including 24 E. faecium and 1 E. faecalis isolated
from traditionally fermented sucuk samples, were
used, and their antibiotic resistance profiles were

determined by the disk diffusion method (CLSI,
2012; Yiiceer and Ozden Tuncer, 2015). The
antibiotic  disk  diffusion profiles of the
enterococcal strains are given in Table 1. For the
investigation of the presence of antibiotic
resistance genes in the enterococcal strains using
PCR, control strains were used: E. casseliflavus/E.
gallinarum DYEA4 (erm A, ermB*, gyrA*, aadAY),
E. gallinarum DYEAS (ermA*, tetM”, tell¥), E.
gallinarum DYEAG (strA") (Akpinar Kankaya and
Tuncer, 2020), E. faecinm FYE2 (ermC*) (Demirgtl
and Tuncer, 2017), and E. faecalis ATCC29212
(tetM),  E.  faecium  ATCC51559  (ermBT,
aact'aph2', vanA*), and E. faecalis ATCC51299
(aac6'aph2"*, vanB*), which were obtained from
the bacterial genetic culture collection of the Food
Engineering Department at Stleyman Demirel
University. The stock cultures of the enterococcal
strains used in the study were cultivated in de Man
Rogosa and Sharpe (MRS, LAB M, UK) broth
with two successive passages at 37°C for 18 hours
and preserved at 4°C.

Methods

Isolation of genomic DNA

To isolate genomic DNA, 25 enterococcal strains
wete cultured in MRS broth (LAB M) at 37°C for
18 hours. From these active cultures, 500 pL was
transferred into sterile Eppendorf tubes, which
were then centrifuged at 13,000 rpm for 5 minutes
(Sigma 2-16P, Germany) to pellet the cells. The
supernatant was discarded, and 500 pL of lysis
buffer (pH 8.0 + 0.02) was added to the resulting
cell pellets. The pellets were resuspended by
vortexing. The tubes were subsequently incubated
in a water bath at 37°C for 30 minutes. After
incubation, 30 pL of a 10% (w/v) sodium dodecyl
sulfate (SDS, Serva, Heidelberg, Germany)
solution was added, and the tubes were heated in
a water bath at 80°C for 5 minutes (Nive NB9,
Tirkiye). Following lysis, 700 pL of a phenol-
chloroform solution (Merck, Germany), prepared
ata 1:10 (v/v) ratio, was added to the suspension.
The tubes were centrifuged at 13,000 rpm for 5
minutes (Sigma 2-16P, Germany), and the upper
aqueous phase was transferred to new sterile
Eppendorf tubes using a micropipette. To this
phase, 700 pL of 2-propanol (Merck, Germany)
was added, and the tubes were centrifuged again
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at 13,000 rpm for 5 minutes (Sigma 2-16P,
Germany). The supernatant was discarded, and
the DNA pellets were air-dried before being
resuspended in 50 pLL of Tris-EDTA buffer (pH

8.0 £ 0.02). The resulting genomic DNA samples
were stored at -20°C, following the protocol
described by Cancilla et al. (1992).

Table 1. Antibiotic disk diffusion profiles of enterococcal strains

Antibiotics*

Strains

VA

CIP TE

0
z

E. faecinm OBS3 Sx

E. faecinm OBS4
E. faecium OBS11
E. faecinm OBS12
E. faecinm OBS13
E. faecinm OBS14
E. faecinm OBS15
E. faecalis OBS18
E. faecinm OBS20
E. faecinm OBS23
E. faecinm OBS24
E. faecinm OBS25
E. faecinnm OBS26
E. faecinm OBS29
E. faecinm OBS31
E. faecinm OBS32
E. faecinm OBS33
E. faecinm OBS34
E. faecinm OBS37
E. faecinm OBS39
E. faecinm OBS41
E. faecinm OBS45
E. faecinm OBS46
E. faecium OBS47
E. faecinm OBS48

DL ULUDLLLULLULDODLDDLUDLDLDDOD!L!LD!DD!;LD;L; ;O WD,

LNDULULULULLULOLOODLDLUDLDODL!L!L!;LD!,L,;L;LO;O;W;

DL ULU!LU!LU!LU!LUL!;;LB;L!;;U;L;L!;L!;;;;; ;W

LDULDLDLLDLDDLDLDLDDDLDDLDDDLDLLDLNLDDN N
APA-RAIRI—=F"F "I IAIF I DVEIHI A=W —=W0nX

wn
w

*VA, vancomycin (30 pg); S, streptomycin (300 pg); CIP, ciprofloxacin (5 pg); TE, tetracycline (30 pg); CN,

gentamicin (120 pg); E, erythromycin (15 pg).
** S, susceptible; I, intermediaty; R, resistant.

Agarose gel electrophoresis of genomic DNA samples

Genomic DNA samples were subjected to
electrophoresis on a 1% (w/v) agarose gel
(AppliChem, Darmstadt, Germany) using the
Thermo OWL EASYCAST B2 horizontal gel
electrophoresis system (United States). A 10 pL
aliquot of each sample was mixed with 2 pL. of
loading dye and loaded into the
Electrophoresis was performed at 85 V for 1.5 to
2 hours with tris-acetate electrophoresis buffer.
Following electrophoresis, the gel was stained for
60 minutes with ethidium bromide solution (0.2
pg/mL). After staining, the gel was visualized

wells.

under ultraviolet light at a wavelength of 312 nm,
and an image was captured using a Nikon D5100
digital camera.

Investigation of antibiotic resistance genes by PCR

The primer pairs, PCR protocols, and PCR
product sizes employed for the detection of
antibiotic resistance genes in enterococcal strains,
including those for erythromycin (er2A, ermB, and
ermC), tetracycline (7e#M and zetl), ciprofloxacin
(9rA), streptomycin (5214, strB, aadA, and aadkE),
vancomycin (vanA and wanB), and gentamicin

(aac(6')aph(2”), aac(3”)Il, and  aac(3”)IV), are
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detailed in Table 2. PCR products were subjected
to electrophoresis on a 1.5% (w/v) agarose gel,
using the O’GeneRuler 100-bp DNA ladder
(Fermentas) as a molecular size marker. DNA

bands were stained with ethidium bromide and
visualized under ultraviolet illumination, followed
by photographic documentation using a Nikon
D5100 digital camera.

Table 2. Primers and product sizes used for the detection of antibiotic resistance genes

Antibiotics Gene Primer Sequence (5'-3") I:I?El(lbcg;l References
ermA %ﬁi&gﬁ%ﬁég%?ﬁ;;gﬁ éj 441 Ouoba et al., 2008
Erythromycin ermB géﬁ%,}%géggé%gé%%% 425 Ouoba et al., 2008
ermC ATCTTTGAAATCGGCTCAGG 295 Ouoba et al., 2008
CAAACCCGTATTCCACGATT ?
i | GTTAATAGIGIICTICOAG | o | oo s
Tetracycline el %ﬁggﬁgﬁg ﬁg ggﬁéé 788 Ouoba et al., 2008
Ciprofloxacin A PO A A A 286 Ouoba ct al,, 2008
strA %’Eiii’égé’;gg%igi%gg 546 Ouoba et al., 2008
o | MICOTCMGGGATIGAMCC | (0 | g
N aadA ng gé%%gf%%% 282 Ouoba et al,, 2008
aadE TCAAAACCCCTATTAAAGCC 565 Ouoba et al., 2008
vanA ggggﬁ:? (E,: (? é géggTT’?g 732 Dutka Malen et al., 1995
Vancomycin vanB ATCGG(%EACTC%?&%ACGGC%A 647 Depardieu et al., 2004
aac(6)aph(2”) Cé: ﬁiﬁ%ﬁﬁzééggri%%’? 220 Ouoba et al., 2008
Centamicin aac(3”)11 %}Eﬁ%ﬁ%gé%%i%%gg/gf icg(% 369 Ouoba et al., 2008
aac(3")IV AGTTGACCCAGGGCTGTCGE 627 Ouoba et al., 2008
RESULTS AND DISCUSSION OBS4 and OBS14, which were phenotypically

Genomic DNA isolation and agarose gel
electrophoresis

The agarose gel electrophoresis image of the
genomic DNA samples from the enterococcal
strains is presented in Figure 1.

Investigation of antibiotic resistance genes by
PCR

PCR analysis aimed at detecting erythromycin
resistance genes trevealed the absence of emnA,
ermB, and ermC genes in all 25 enterococcal strains
(Figure 2). A comparison between the genotypic
PCR results and phenotypic resistance profiles
showed a correlation only in the E. faecinm strains

sensitive to erythromycin. Conversely, no
correlation was observed between the PCR results
and the disk diffusion profiles of the
phenotypically erythromycin-resistant E. faecium
OBS12 strain or the remaining 22 enterococcal
strains, which exhibited moderate resistance. The
absence of ermnA, ermB, and ernnC genes in these
strains suggests that alternative mechanisms may
contribute to the observed resistance. Consistent
with our findings, Hummel et al. (2007) reported
that enterococci strains isolated from cheese
samples, which exhibited phenotypic resistance to
erythromycin, did not harbor any of the ermzA,
ermB, or emmC genes, as determined by PCR
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analysis. Similarly, Jahan et al. (2013) observed
that enterococcal strains isolated from fermented
meat and meat products displayed phenotypic
resistance to etythromycin, yet lacked the
presence of the erA, ermB, and ermC genes. In a
study by Demirgil and Tuncer (2017),
enterococcal strains isolated from sausage
samples exhibited resistance to erythromycin
according to the disk diffusion test; however,
PCR analysis revealed no presence of the ez,
ermB, or ermC genes. Recently, Genis et al. (2024)
identified erythromycin resistance in . mundtii (1)
and E. faecinm (1) strain isolated from small
ruminant colostrum, among a total of E. mundtii

(11) and E. faecium (2) strains. Nevertheless, none
of the isolates contained the ermnA, ernB, ot ermC
resistance genes. Macrolide antibiotics, such as
erythromycin, are commonly employed in the
treatment of respiratory infections, including
community-acquired ~ pneumonia, bronchitis,
laryngitis, Legionnaire's disease, and whooping
cough (Yamagami et al, 2024). Given the
potential for the horizontal transfer of
erythromycin resistance genes via mobile genetic
clements, the absence of e genes in the
enterococcal strains in this study represents a
positive finding.

1.-2..3 A5 6 IM: T 8e o 0l 12 13

Genomic
DNA

U 35 18 AT 1B 38 M0, 21, 22 23 24352

Genomic
DNA

Figure 1. Agarose gel electrophoresis image of genomic DNA samples of some Enferococens strains
used in this study.

Results from PCR trials demonstrated that
enterococcal strains, known to be phenotypically
sensitive to tetracycline, did not harbor the zsM
and 7erl. genes (Figure 3). These findings, derived
from PCR analysis, corroborate the tetracycline
disk diffusion test results previously reported.
Hummel et al. (2007) observed that E. faecium and
E. faecalis strains isolated from milk and cheese
primarily contained the %L gene, followed by the
tetM gene. Moreover, they reported that 56% of
the tested strains exhibited 7K resistance, while
neither the 770 nor the %:£§ genes were detected
in any of the strains. In a study conducted by

Demirgtl and Tuncer (2017), the presence of the
tetM gene was identified in some tetracycline-
sensitive . faecium strains isolated from sausage,
whereas others harbored the . gene.
Additionally, consistent with our findings, they
reported that none of the tetracycline resistance
genes (tetM, tetl, tetS, tetK, or 7efO) were present in
E. faecinm and E. faecalis strains identified as
phenotypically sensitive or moderately resistant.
Golob et al. (2019) reported a phenotypic
tetracycline resistance rate of 29.2% in E. faecalis
strains isolated from fresh pork and beef.
Tetracyclines are a widely utilized class of
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antibiotics, valued for their broad spectrum of
activity and relative affordability compared to
other antimicrobial agents. For many years,
tetracyclines have been routinely added to animal
feed at sub-therapeutic doses as growth
promoters. However, prolonged wuse of
tetracyclines has been linked to adverse effects,
including allergic reactions in both humans and
animals, as well as alterations in environmental
microbiota and bacterial populations. Exposure
to environmental stressors induces bacterial cells

1 2 34 5 6 M7 8 9 101 1213 14 B

15 18 17 18,719 26 M 21 22 23 24 25 26 27 28

to adapt by regulating specific molecular
mechanisms. These mechanisms are often
accompanied by the development of cross-
resistance, heightened resistance to antimicrobial
agents, upregulation of particular gene groups, or
the acquisition of antibiotic resistance genes via
horizontal gene transfer (Giacometti et al., 2021;
Wisniewski et al., 2024). In this context, the
absence of detectable transferable tetracycline
resistance genes in enterococcal strains represents
a significant advantage.

15 16 17 18 19 20 M 21 22 23 24 25 26 27

15 16 17 18 19 20 21 M 22 23 24 25 28 27

Figure 2. PCR amplification of emA (A), ermB (B), and emnC (C) structural genes in Enferococcus strains
(lines 2-20). Line 1: negative control (water) and line M: DNA ladder (O’GeneRuler™ 100-bp DNA laddet,
Fermentas #SM1153, Lithuania). For panel A, line 27 contains E. casseliflavus/ E. gallinarnm DYE44 (positive
control), and line 28 contains E. gallinarum DYEA45 (positive control). For panel B, line 27 contains E. faecium

ATCC 51559 (positive control). For panel C, line 27 contains E. faecium FYE2 (positive control).
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Figure 3. PCR amplification of #sM (A) and zerl. (B) structural genes in Enterococcus strains (lines 2-206).
Line 1: negative control (water) and line M: DNA ladder (O’GeneRuler™ 100-bp DNA ladder, Fermentas
#SM1153, Lithuania). For panel A, line 27 contains E. faecinm ATCC 29212 (positive control), and line 28

contains E. gallinarum DYE45 (positive control). For panel B, line 27 contains E. gallinarum DYE45 (positive
control).



498

I.H. Falak, B. Ozden Tuncer

PCR testing targeting the gyn4 gene, associated
with ciprofloxacin-specific resistance, revealed
that not only phenotypically sensitive E. faecium
strains (OBS4, OBS12, and OBS23), but also all
resistant or moderately resistant enterococcal
strains, lacked the gynA gene. This finding aligns
with the results reported by Jahan et al. (2013),
who found that while enterococcal strains isolated
from fermented meat and meat products
exhibited phenotypic resistance to ciprofloxacin,
they did not harbor the gyn4 gene. Similatly,
Demirgtil and Tuncer (2017) reported a study
conducted in Tirkiye, where phenotypically
ciprofloxacin-resistant enterococcal strains (23)
were isolated from sucuk; however, only one
isolate contained the gyz4 gene. In recent years,
with the increasing use of fluoroquinolones, high-
level ciprofloxacin resistance has become more
prevalent in clinical [E. faecalis  isolates.
Furthermore, ciprofloxacin resistance is now
widespread among E. faecium and E. faecalis strains
isolated from poultry (Kim et al., 2018).

In this study, none of the enterococcal strains
known to be sensitive to streptomycin (300 ug)
contained the s#A, strB, aadA, or aadE resistance
genes, as determined by PCR analysis. These
findings are consistent with the previous results
obtained from the streptomycin disk diffusion
test. Similatly, Genis et al. (2024) found that all E.
mundtii (11) and E. faecium (2) strains isolated from
goat and sheep colostrum were sensitive to
streptomycin (300 pg) and did not harbor the
streptomycin resistance genes investigated in the
present study. Conversely, Delpech et al. (2012)
identified streptomycin resistance profiles in E.
faecalis strains isolated from animal-derived foods,
detecting the presence of streptomycin resistance
genes in resistant strains through PCR. In the
same study, resistance genes were not found in
strains that were phenotypically sensitive to
streptomycin. Similarly, Ben Said et al. (2016)
reported that two of the four E. faecalis strains
isolated from vegetables were resistant to
streptomycin and possessed the an#(6) gene
among the investigated resistance genes. In
another study, Kurekci et al. (2016) detected high-
level (300 ng) streptomycin resistance in E. faecalis
strains isolated from cheese samples. However,

they were unable to identify the structural
streptomycin  resistance  gene in  both
streptomycin-resistant and sensitive  strains.
Ozdemir and Tuncer (2020) found that all high-
level streptomycin (300 pg)-resistant enterococcal
isolates from traditional cheese samples carried
aminoglycoside-modifying  resistance  genes.
Similarly, Yal¢in et al. (2023) demonstrated that all
high-level streptomycin-resistant enterococcal
strains (31) isolated from retail chicken meat
harbored aminoglycoside-modifying resistance
genes. The acquisition of transferable
aminoglycoside-modifying enzyme genes, which
code for three enzyme groups—acetyltransferase,
phosphotransferase, and nucleotidyltransferase—
results in the development of high-level
aminoglycoside resistance (Guzman Prieto et al.,
2016). Given that streptomycin is a clinically
significant aminoglycoside antibiotic, the absence
of transferable resistance genes in the
enterococcal strains (25) examined in this study
represents a positive outcome for public health.

As a result of PCR testing, it was determined that
all strains known to be sensitive to vancomycin
lacked the vancomycin resistance genes vanA4 and
vanB (Figure 4). Delpech et al. (2012) identified
the presence of the »anA gene exclusively in
vancomycin-resistant FE. faecium strains isolated
from animal-derived food products. In contrast,
similar to the findings of the present study, they
were unable to detect the panA4 and vanB genes in
vancomycin-sensitive  E.  faecalis  strains.
Additionally, Demirgil and Tuncer (2017)
observed a correlation between phenotypic and
genotypic characteristics in . faecium and E.
faecalis strains isolated from sausages, noting that
vancomycin-sensitive strains did not harbor the
vancomycin resistance genes. El-Oraby et al.
(2023) also reported that E. faecalis strains (10)
isolated from chicken meat were vancomycin-
sensitive and lacked the vanA and vanB genes. In
contrast, Girler et al. (2024) investigated the
presence of vanA and vanB resistance genes in E.
Saecium (98) and E. faecalis (153) strains that were
phenotypically sensitive to vancomycin, and
found the vanA gene in a single E. faecalis strain,
while the »anB gene was absent in all strains.
Among vancomycin resistance phenotypes, VanA
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(resistance to both vancomycin and teicoplanin)
and VanB (resistance to vancomycin only) are the
most prevalent. These VanA and VanB
phenotypes are commonly observed in veterinary,
clinical, and food-detived isolates but are less
frequent in environmental or gastrointestinal
system isolates (Murray, 1997, Murray, 2000).
Vancomycin-resistant enterococci (VRE) have
emerged as a growing global concern since their
initial identification in the 1980s, and the
subsequent report of the sanA gene in 1993. In
2017, the World Health Otganization (WHO)
classified vancomycin-resistant enterococci as a
priority pathogen on the “Global Priority List of
Antibiotic-Resistant Bacteria,” urging immediate
attention (WHO, 2017). The use of avoparcin, a
vancomycin analog, as a growth-promoting feed
additive has been implicated in the rise of
vancomycin-resistant  enterococci  in  food
animals. Despite a ban on avoparcin use for over
25 years, VRE isolation continues to be reported
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in pig farms in Denmark (Telli et al., 2021).
Although foodborne enterococci are not typically
regarded as a direct source of antibiotic-resistant
enterococci in humans, they represent a potential
risk for the transfer of resistance determinants—
such as w»an genes—to enterococcal strains
adapted to humans. Consequently, food-
producing animals may serve as a reservoir for
VRE, with horizontal gene transfer of
vancomycin resistance between animal-adapted
and human-adapted enterococci or through the
clonal spread of resistant strains. For instance,
studies have shown that the colonization of
vancomycin-resistant enterococcal strains of
animal origin within the human gastrointestinal
tract can facilitate the transfer of vancomycin
resistance genes to both enterococci and other
pathogens within the intestinal microbiota via
conjugation  (Chajecka-Wierzchowska et al.,
2020).
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Figure 4. PCR amplification of vanA (A) and vanB (B) structural genes in Enferococcus strains (lines 2-20).
Line 1: negative control (watet) and line M: DNA ladder (O’GeneRuletr™ 100-bp DNA ladder, Fermentas
#SM1153, Lithuania). For panel A, line 27 contains E. faecium ATCC51559 (positive control). For panel B, line
27 contains E. faecalis ATCC51299 (positive control).

PCR experiments demonstrated that none of the
strains known to be sensitive to gentamicin
harbored the gentamicin resistance genes
aac(6')aph(2") (Figute 5), aac(3')ll, and aac(3")I1.
Between 2000 and 2002, the number of
gentamicin-resistant . faecalis isolates from pigs

in Denmark increased by two- to fourfold.
Concurrently, there was a rise in the number of E.
faecalis isolates exhibiting high-level gentamicin
resistance in patients with endocarditis infections
(DANMAP, 2002). Later, Larsen et al. (2010)
reported that all these isolates, both from humans
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and pigs, belonged to the same clonal group, with
pigs serving as a reservoir for E. faecalis strains
with  high-level gentamicin  resistance in
enterococcal infections. The specific host
preferences of enterococci do not preclude the
potential for antimicrobial resistance to be
transmitted from animals to humans
enterococci. Indeed, several studies

via
have

3000 bp
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500 bp

100 bp

15 16 17 18 19 20 21

3000 bp

1000 bp
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indicated that high-level gentamicin-resistant
enterococcal strains are transmitted from animals
to humans through the food chain, with
enterococcal strains isolated from both animal-
derived foods and humans harboring the same
aminoglycoside resistance genes (Sparro et al.,
2012; Jaimee and Halami, 2016).

10 11 12 13 14

M 22 23 24 25 26 27 28

220 bp aac(6’)aph(2")

Figure 5. PCR amplification of aac(6')aph(2") structural gene in Enterococcus strains (lines 2-26). Line 1:
negative control (watet), line M: DNA ladder (O’GeneRuler™ 100-bp DNA ladder, Fermentas #SM1153,
Lithuania), line 27: E. faecium ATCC51559 (positive control), and line 28: E. faecalis ATCC51299 (positive
control).

Enterococci, which are native to the digestive
system, can develop resistance as a survival
mechanism when exposed to antibiotics. The
potential exists for antibiotic-resistant enterococci
to spread to humans through direct contact with
animals or the consumption of meat products
(Shepard and Gilmore, 2002; Kithn et al., 2005).
Additionally, because enterococci exhibit high
resistance to heat, pH, and salt concentrations,
they can survive in fermented or cooked meat
products (Shepard and Gilmore, 2002; Teixeira
and  Facklam, 2003). Antibiotic-resistant
enterococci found in farm animals and in meat

products derived from these animals harbor a
range of natural and acquired resistance
mechanisms against antibiotics commonly used in
clinical settings, as well as efficient genetic
exchange mechanisms that facilitate the spread of
these resistance profiles. Antibiotic resistance
genes, located on mobile genetic elements, can be
transferred to  human-derived  enterococci
(Shepard and Gilmore, 2002; Moubarek et al.,
2003; Huys et al., 2013; Lester et al., 2006; Werner
et al, 2013). In particular, antibiotic-resistant
enterococci acquired through food consumption
may transfer their antibiotic resistance genes to
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pathogens  within  the human  system.
Consequently, enterococci serve as a significant
gene pool in the dissemination of antibiotic
resistance mechanisms (Chajecka-Wierzchowska
et al,, 2021).

Additionally, the spread of antibiotic resistance in
enterococci, which are opportunistic pathogens,
has led to an increased prevalence of infections
caused by these bacteria, particularly among
individuals with compromised immune systems.
Moreover, the rise in multidrug resistance rates in
enterococci has significantly reduced the available
antibiotic treatment options for enterococcal
infections (Inoglu and Tuncer, 2013; Yogurtcu
and Tuncer, 2013; Tuncer et al., 2013; Garrido et
al., 2014; Demirgil and Tuncer, 2017).

CONCLUSION

Enterococci possess genetic  flexibility that
enables them to survive under environmental
stress conditions and emerge as significant
pathogens in hospital-acquired infections. They
can readily acquire and disseminate mobile
genetic elements —such as plasmids, phages, and
transposons—that carry antibiotic resistance and
virulence genes. When combined with their ability
to form biofilms and transfer resistance genes to
other bacteria, this capacity renders them
clinically concerning pathogens. Notably, E.
Jfaecalis and E. faecium have adapted to hospital
settings through horizontal gene transfer, leading
to the emergence of resistant strains. This
adaptability complicates treatment strategies and
contributes to increased mortality rates,
particularly in cases involving vancomycin-
resistant enterococci (VRE). In the conducted
study, the presence of structural resistance genes
for erythromycin, gentamicin, ciprofloxacin,
streptomycin, tetracycline, and vancomycin in
Enterococcus  strains  isolated from sucuk was
investigated using PCR. The results revealed the
absence of the targeted antibiotic resistance genes
in the Ewnterococcus strains, indicating that these
strains do not pose a risk of serving as reservoirs
for the dissemination of antibiotic resistance
mechanisms. This finding presents an advantage
for the potential use of these strains as starter,
adjunct starter, or probiotic cultures. However,

future studies should assess the virulence factors
of these strains through both phenotypic and
genotypic methods. Subsequently, strains that
lack wvirulence properties should be further
investigated for their industrial and probiotic
characteristics, with an emphasis on evaluating
their potential for application in the food industry.
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oz

Bu calismada kitosana (CH) farkli oranlarda (%5-20) guar gam (GG) ilave edilerek kitosan biyokomkozit
yenilebilir film dretilmesi amaglanmustir. Kompozit filmlerin fiziksel, batiyer, mekanik, optik, termal ve
mikroyapisal 6zellikleri incelenmistir. Kompozit film bilesenleri arasindaki etkilesim FT-IR analizi ile termal
kararlilig1 ise DSC analizi ile arastirlmustir. Komporzit filmlerin artan GG orantyla daha piiriizsiiz ve homojen
yuzey morfolojisi sergiledigi SEM analizi ile teyit edilmistir. En diisiik, nem icerigi (%21.27) ve su buhart
gecirgenligi %15 GG ilaveli CH filmde, en disiik suda ¢ozinirlik (%16.21) ise %20 GG ilaveli kitosan
filmde tespit edilmistir. En yiiksek gerilme direnci (19.64 MPa) %10 GG ilaveli kitosan filmde, en yiksek
kopma uzamasi (%15.68) ve opaklik degeri %5 GG ilaveli kitosan filmde belitflenmistir. Kitosan kontrol
filmine kiyasla, GG ilavesi ile CH kompozit filmlerin suda ¢&ziintrligi, su buhart gecirgenligi ve esnekligi
azalirken, opakligin ve gerilme direncinin arttifl gézlenmistir. Bulgularimiz, GG ilaveli CH kompozit
filmlerin biyobozunur, ¢evre dostu ve yenilebilir &zellikleriyle geleneksel ambalajlara umut verici bir alternatif
olabilecegini gdstermistir.

Anahtar kelimeler: Kitosan, guar gam, yenilebilir film, biyopolimer, biyokompozit

CHARACTERIZATION OF GUAR GUM-ADDED CHITOSAN COMPOSITE
FILMS

ABSTRACT

In this study, it was aimed to produce chitosan (CH) biocomposite edible films by adding guar gum
(GG) to chitosan at different ratios (5-20%). The physical, barrier, mechanical, optical, thermal, and
microstructural properties of the composite films were investigated. The interaction between
composite film components was investigated using FT-IR analysis, while thermal stability was
investigated using DSC analysis. SEM analysis confirmed that the surface morphology of the
composite films became smoother and more homogeneous with increasing GG content. The lowest
moisture content (21.27%) and water vapour permeability were found in the CH film with 15% GG
addition, and the lowest water solubility (16.21%) was found in the chitosan film with 20% GG
addition. The highest tensile strength (19.64 MPa) was determined in the chitosan film with 10% GG
addition, and the highest elongation at break (15.68%) and opacity value were determined in the
chitosan film with 5% GG addition. Compared to the CH control film, it was observed that the
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Guar gam ilaveli kitosan kompozit film Gretimi

addition of GG decreased the moisture content, water solubility, water vapour permeability, and
flexibility of the chitosan composite films, while opacity and tensile strength increased. Our findings
showed that CH composite films with GG addition could be a promising alternative to traditional
packaging with their biodegradable, environmentally friendly, and edible properties.

Keywords: Chitosan, guar gum, edible film, biopolymer, biocomposite

GIRIS

Taze veya islenmis gidalarin glivenli bir sekilde
tiketicilere  ulastirilabilmesi  icin  gidalarin
ambalajlanmas:  biyilk 6nem  tagir.  Gida
endustrisinde yaygin olarak kullanmilan plastik
ambalajlar, petrol tlrevi sentetik polimerlerdir.
Plastik ambalajlar, modern toplumlarin gunlik
yasaminda vazgecilmez bir unsur haline gelmis
olsa da cevresel siirdirilebilirlik agisindan ciddi
sorunlara neden olmaktadir (Priyadarshi ve Rhim,
2020). Petrol tiirevi bu malzemelerin dogada uzun
stire par¢alanmamast, toprak ve su kaynaklarinda
birikerek ekosisteme zarar vermesi, mikro
plastiklerin gida zincirine karismasi gibi sorunlar,
alternatif ambalaj ¢6zimlerine olan ihtiyact
artirmaktadir  (Frangopoulos vd., 2025). Bu
nedenle, plastik ambalajlara alternatif
olusturabilecek, ¢evre dostu ve biyolojik olarak
parcalanabilen malzemelere olan ilgi giderek
artmaktadir (Tang vd., 2018). Bu baglamda,
biyopolimetrler, biyolojik  uyumluluklart  ve
yenilebilitlik 6zellikleriyle geleneksel plastiklere
karst Onemli bir alternatiftir. Biyopolimerler,
plastik ambalajlarin  ¢evre ve halk saghg
tzerindeki olumsuz etkilerini azaltma
potansiyeline sahip olup, gidalarin raf émriini
uzatarak israfi 6nleme ve gevre kirliligini azaltma
gibi ek avantajlar sunmaktadir (Wang vd., 2023).
Son vyillarda bilim insanlari, polisakkaritler,
proteinler, lipitler ve bunlarin tiirevleri gibi dogal
polimerleri, gida ambalajlart Gretmek icin sentetik
plastiklerin yerine kullanilabilirligini
aragtirmaktadir. Polisakkaritler arasinda seliloz
tirevleri, kitosan, nisasta, aljinat, karragenan ve
pektin, film olusturma yetenekleri nedeniyle en
cok tercih edilenler arasindadir (Rao vd., 2010).

Kitosan seliilozdan sonra diinyada en bol bulunan
ikinci biyopolimerdir. Kitosanin icindeki amino
ve hidroksil fonksiyonel gruplarinin varhigl, onu
farklt arastirma alanlarinda kullaniabilen c¢ok
yonli bir polimer haline getirir (Priyadarshi ve
Rhim, 2020; Sharma ve Bhende, 2024). Cesitli
polimerler arasinda, kitosan, iyi film olusturma

yetenegi, disik maliyeti, biyolojik olarak
pargalanabilirligi, biyouyumlugu, toksik olmamast,
antimikrobiyal aktivitesi ve kolay bulunabilirligi
avantajlari nedeniyle gida ambalaj filmlerinin
hazirlanmasinda yaygin olarak kullanilmaktadir
(Jiang vd., 2022; Wang vd., 2023; Sharma ve
Bhende, 2024). Ancak, kitosanin disiik mekanik
ve termal kararliligt ve suya karst yiksek
hassasiyeti gibi dezavantajlari, daha kisa bir gida
raf Omrine yol a¢cmis ve dolayisiyla gida
ambalajindaki uygulamalarini sinirlamistir
(Haghighi vd., 2020). Dezavantajlarint en aza
indirmek icin kitosanin diger polimerlerle
harmanlanmasi  gerekir. Bu  dezavantajlarin
tstesinden gelmek icin kompozit olusturma,
karistirma  gibi  uygulamalar umut  verici
tekniklerdir (Wang vd., 2023). Polisakkaritler
arasinda GG ve CH, fizikokimyasal 6zellikleriyle
yenilebilir  film  dretiminde  tercih  edilen
polimerlerdir (Rahman vd., 2021). Bu nedenle
yenilebilir kompozit filmler tretmek icin CH ve
GG biyopolimerleri secilmistir.

Polisakkaritler —arasinda GG fizikokimyasal
Ozellikleri ve vyenilenebilir dogast nedeniyle
endiistride genis uygulama alanlarina sahiptir.
Guar gam, guar bitkisinin tohumlarindan elde
edilir ve kolayca temin edilebilen bir polimerdir
(Rahman vd., 2021). Dogal diz zincitli bir
polisakkarit olan GG, suda ¢Ozinir, iyi
biyouyumluluga ve giicli film olusturma
yetenegine sahip Ustlin bir c¢apraz baglama
maddesidir  (Wang vd., 2023). Guar gam
konsantrasyonundaki artis, ¢Ozelti viskozitesini
artiran molekiller arast zincir etkilesimlerini
zenginlestirir. Cézelti formundaki guar gamin en
ilging Ozelligi, kararlh ve vyiksiiz yapisindan
kaynaklanan genis bir pH araliginda toksik
olmayan dogasidir. Guar gamin son viskozitesi
pH’dan etkilenmez. Guar gam zincitleri, sulu
cozeltide hidrojen bagi olusturan ¢ok sayida
hidroksil grubu icerir (Sharma vd., 2018).
Polisakkaritlerin = karisimt  ile Uretilen filmler
polimer zincirlerinin  etkilesimleri nedeniyle
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kirllgandir. Plastiklestiriciler, polimer zincirleri
arasindaki molekiller aras1 kuvvetleri zayiflatir ve
boylece Ozellikleri  degistirerek, esnekligi ve
kirdma direncini artirir (Hiremani vd., 2022).
Mevcut ¢alismada kitosan ve guar gam kompozit
filmleri hazirlanirken plastiklestirici olarak gliserol
secilmistir.

Jiang vd. (2022) tarafindan kitosan/guar gam film
matrisine yesil ceviz kabugu 6ziitii ilavesi ile aktif
ambalaj filmi Uretilmis ve bu filmlerin mikro
yapilart ve fizikokimyasal Ozellikleri karakterize
edilmistir. Bir baska c¢alisgmada kitosan/guar
zamki/polivinil alkol (CGPM) matrisine moringa
ozutinin dahil edilmesiyle elde edilen aktif
filmlerin mekanik, termal, yapisal ve morfolojik
Ozellikleri incelenmistir (Bhat vd., 2022). Wang
vd. (2023) tarafindan CH ve GG igeren film
matrisine ¢apraz baglayict ve aktif madde olarak
karpuz kabugu 6zuti eklenerek dretilen filmin
(CG-WRE)  ozellikleri  incelenmistir.  Bitki
ozutinin aktif bilesenlerinin CH ve GG film
matrisine ilave edilmesi aktif ambalaj sistemleri
tasarlamak icin olast bir alternatiftir (Bhat vd.,
2022). Bununla birlikte, bu biyoaktif bilesenleri
biyolojik olarak parcalanabilir ambalajlara dahil
edilmesi caligmalarina ragmen, zayif mekanik
ozellikler (¢ekme mukavemeti ve kopma uzamast)
ve artan hidrofilisite gibi sorunlar nedeniyle
endiistri  tarafindan  kabul = g6rmemistir
(Frangopoulos vd., 2025). Literatirde sadece
kitosan ve guar gamin birlikte kullanimina iliskin
sinirll sayida caligmalar mevcut olmakla birlikte,
bu iki polimerin sinerjistik etkileri tmit vaat
etmektedir. Rahman vd. (2021) tarafindan
herhangi bir plastiklestirici kullanmadan capraz
baglt guar gam-kitosan (GG-GH-C) kompozit
filmi Gretilmis ve capraz baglt kompozit filmin,
yuksek su  stabilitesine, ylksek mekanik
mukavemete ve zorlu cevre kosullarina katsi
direngli oldugu bildirilmistir. Bir bagka ¢alismada,
kitosan ve GG bazlt kompozit filmler tretilmis ve
bu filmlerin optik, mekanik, bariyer ve
antimikrobiyal 6zellikleri incelenmistir. CS/GG
kompozit filmindeki GG konsantrasyonu %15
(v/v) oldugunda, kompozit filmin mekanik ve
bariyer Ozellikleri 6nemli 6lctide iyilestigi ve
antimikrobiyal aktivitesininde, kitosan filmlerine
benzer oldugu bildirilmistit (Rao vd., 2010).

Literatiirde GG ilaveli kitosan kompozit filmlerin,
film bilesenleri arasindaki etkilesimleri (FTIR),
mikro yapilart (SEM) ve termal kararhihiklart
(DSC) detayli bir sekilde incelenmemistir. Bu
calismanin amact, gliserol kullanarak GG ve CH
biyopolimerleri ile biyobozunur ve yenilebilir
komporzit filmler Giretme olastligint aragtirmak ve
bu filmlerin fiziksel, mekanik, bariyer, termal ve
mikroyapisal Ozelliklerini kapsamli bir sekilde
inceleyerek kullaniabilirligini ortaya koymaktir.

MATERYAL METOT

Materyal

Kitosan (deasetilasyon derecesi >75) Sigma
Aldrich’den  (Sigma-Aldrich, Almanya) temin
edilmistir. Guar gam ve gliserol (Fluka) Sigma

Aldrich’ten  satin  alinmigtir. Bu arastirmada
kullamlan ~ diger tim kimyasallar analitik
safliktadir.

Film Cozeltilerinin Hazerlanmast ve Yenilebilir Film
Uretimi

1 g kitosan, 100 mL %1 (v/v) asetik asit ¢ozeltisi
icinde 25°C’de 4 saat boyunca manyetik karistirict
yardimiyla ¢ozindurilmis, ¢ozeltiye %0.5 (v/v)
oraninda gliserol eklenerek 6 saat boyunca
kanistrlmistir.  Kitosan — ¢ozeltisinden  hava
kabarciklarinin - ve ¢6zlinmeyen partikillerin
uzaklastirilmast icin 4000 rpm’de 10 dk. santrif;
edilmistir (Rao vd., 2010).

1 g guar gam damitilmis suda karnstrilarak
cozindurilmus Uzerine %35 (w/w) oraninda
gliserol eklenmis ve ¢ozelti 100 ml’ye
tamamlanmistir. Elde edilen %1’lik (w/v) GG
¢Ozeltisi manyetik karstiricida 750 rpm, oda
stcakliginda homojenlestirildikten sonra 4000 rpm
12 dk santrifij edilerek hava kabarciklari ve
¢cozinmeyen partikiiller uzaklastrilmistir (Rao
vd., 2010).

%1’lik (w/v) kitosan ve %71’lik (w/v) guar gam
cozeltileri, GG (v/v) konsantrasyonu %0 (A), %5
(B), %10 (C), %15 (D) ve %20 (E) olacak sekilde
karistirilmistir. Hazirlanan film c¢ozeltileri 8 cm
capinda teflon plakalara 10’ar mL olacak sekilde
dokulip 30°C’de 24 saat kurutularak analizlerde
kullanilmak tizere depolanmistir (Cizelge 1).
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Cizelge 1. Guar gam ilaveli kitosan filmlerin bilesimi
Table 1. Composition of gnar gum-added chitosan films

Film Kitosan (g/100mL) Guar Gam (g/100mL)
Film Chitosan (g/ 100mL.) Guar Gum (g/ 100mL)
CH A 1 0

CHGG5 B 0.95 0.05
CHGG10 C 0.90 0.1
CHGG15 D 0.85 0.15
CHGG20 E 0.80 0.20

Filmlerin Fizikokimyasal, Bariyer, Optik ve Mekanik
Ogellikleri

Filmler  fiziksel ve mekanik  &zelliklerin
karakterizasyonundan o6nce, filmlerdeki suyun
dengesini saglamak icin 10 giin oda sicakliginda
%52 (doymus magnezyum nitrat hegza hidrat
¢ozelti) bagil nem (RH) iceren bir sartlandirma

desikatorinde tutulduktan sonra analizlerde
kullanilmistir.
Kalinlek ve Newr Miktar:

Filmlerin kalinliklar1 0.001 mm hassasiyet ile dijital
bir mikrometre (Dasqua, Italya) ile 10 farklt
bolgeden Olciildikten sonra bu  Olclimlerin
ortalamast alinmistir. Ortalama kalinlik degeri su

buhart  gecirgenligi ve  mekanik  analiz
hesaplamalarinda  kullamilmistir  (Kurt  ve
Kahyaoglu, 2014).

Filmlerin nem igerigi, filmler 105£2°C°de 12 saat

boyunca  sabit  agirhga  ulasana  kadar
kurutulmasiyla  belirlenmistir. Nem  igerigi,
filmlerdeki agirlik kaybinin  yizdesi olarak

hesaplanmistir (Roy ve Rhim, 2020).

Suda Coziiniirliik Analizi

Filmler, 20x20 mm parcalara boliniip kurutma
firininda 105°C’de 24 saat kurutulduktan sonta
baslangic kuru madde miktar1 0.0001g hassasiyette
tartilarak belirlenmistir. Film 6rnekleri 30 ml.
distile suya daldirilip tizeri parafilm ile kapatilarak
25°C’de 24 saat bekletilmistir. Filmler ayn1 sicaklik
ve stre ile tekrar kurutulup, son kuru madde
miktar1 belirlenmistir. % film ¢6zintrligh suda
¢ozlinen kuru madde miktarinin baslangictaki

kuru madde miktarina orant olarak hesaplanmistir
(Roy ve Rhim, 2020).

Su bubar: gegirgenligi (SBG)

Laboratuvar ¢alismalarinda su buhart gecirgenligi
ASTM-E96 Standart Test Metoduna alternatif bir
metotla gerceklestirilmistir (Kurt ve Kahyaoglu,
2014). 10 cm cam deney tuplerinin icine 1’er g
silika eklenmis (24 saat 104°C’de kurutulmus)
tartdmustir - (YoORH=%0).  Tiplerin = agz
sartlandirdmis film numuneleri ile kaplandiktan
sonra sizdirmaz bir sekilde parafilm yardimiyla
sabitlenmistir. ~ Tupler, icerisinde  doymus
magnezyum nitrat hegza hidrat bulunan
(%0RH:52) desikatore konularak 25°C’de bir hafta
boyunca giinliik olarak agirlik artist izlenip grafik
elde edilmistir. Bagll nem higrometre (Trotec,
Almanya) yardimiyla Slcilmustir. Agirlik-zaman
egrilerinin dogrusal oldugu bélgenin egiminden
yararlanilarak filmin su buhart gecirgenligi esitlik
[1]°e gbre hesaplanmistir.

w.x

apat )

Bu esitlikte; w/t = lineer regresyon (R220.99) ile
hesaplanan zamana bagli agirlik degisimini (g/h),
x film kalinligt (mm), A film gecirgenlik alani (m?)
ve AP 25°C’de film boyunca olusan kismi basing
farkini (kPa) gostermektedir (Kurt ve Kahyaoglu
2014). SBG sonuglart gmm/h.m2.kPa olarak
ifade edilmistir.

SBG =

Renk ve Opaklik Analizleri

Filmlerin rengi, ti¢ farkli renk skalasina (L*, a* ve
b* ) ait sayisal degetleri veren Minolta (CR-400,
Minolta Camera Co., Osaka, Japan) renk 6l¢im
cihazt ile Olcllmustir. L*, a* ve b* degetleri
Ornege  ait renk  parametreleridir.  Film
orneklerinin renk 6lctimleri, L= 93.49,a = 0.25 ve
b=0.09 degerlerine sahip standart beyaz plaka
tzerinde gerceklestirilmistir (Jouki vd., 2013).
Farkli bolgelerden ti¢ okuma yapilip kaydedilmis
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ve Orneklerin toplam renk kaybi (AE) esitlik [2]
yardimiyla hesaplanmistir:

AE = /(L* — L)% + (a* — a)? + (b* — b)?
2)

Filmlerin opaklig, dikdértgen kesilen
numunelerin spektrofotometrede (Optima SP
3000 Plus, Japan) 600 nm'de absorbans degetleri
belirlenmistir. Absorbans degetlerinden filmlerin
opaklik degeri esitlik [3] yardimiyla hesaplanmistir
(Souza vd., 2017).

Opaklik = AG"% ()

Opaklik (1/mm), Ago nm :absorbans degeri ve x:
film kalinligt (mm)

Mekanik ozellikler

Filmlerin mekanik &zellikleri olan gerilme direnci
(veya ¢ekme dayanimi) (TS) ve kopma aninda %
uzama degerleri (EB) TA.XTPlus model (Stable
Micro Systems, Ingiltere) tekstiir analiz cihazi ile
belirlenmistir. Olgiim islemi oda sicakliginda
(24+1°C) 5 kg'hik yuk htcresi kullanilarak
gerceklestirilmistir.  Film  Ornekleri  dikdortgen
bigiminde (6x1 cm) kesilmis ve ¢ekme probunun
uc kisimlarindan tutturulmustur. Problar arast
mesafe 50 mm olarak ayarlanmis ve filmler 10
mm/s hizda gerilmistit. Gerilme ve kopma
egrilerini iceren grafiklerden TS (MPa) ve EB (%0)
parametreleri  hesaplanmustir.  Kopma aninda
uygulanan maksimum kuvvet (TS) ile kopma
uzamast (EB) miktart cihaza bagh bilgisayar
programi ile kaydedilmistir (Jouki vd., 2013).

Filmlerin yapisal karakterizasyonn

Filmler 10 giin oda sicakliginda %52 bagl nem
(RH) iceren bir sartlandirma desikatériinde
tutulduktan sonra, filmler bir hafta boyunca oda
sicakliginda %0 RH (silika jeller) altinda
desikatérinde  sartlandirilmistir.  Sartlandirilan
filmlerin DSC ve FT-IR analizleri yapilmistir.
Uretilen filmlerin termal 6zellikleri Diferansiyel
taramalt kalorimetri (DSC) (Shimadzu-DSC 60)
ile belirlenmistir. Altiiminyum kapli DSC kaplart
igerisine film 6rnekleri (5-10 mg) konulmus ve 10
°C/dk. 1sitma orant ile azot atmosferinde 0°C’den
400°C’ye kadar 1sitilmistir (Yang et al. 2019).

Filmlerin molekiiler karakterizasyonu, Fourier
Dontisimlert Kizdétesi (FT-IR) Spektroskopisi
(Bruker, Almanya) cihaziyla 6lctilmistiir. Olgiim
400-4000 cm™ arasindaki frekanslarda ve 4 cm!
cozunurlikte gerceklestirilmistir (Jiang et al,
2022).

Uretilen filmlerin yiizey morfolojisi ve mikro
yapist taramali elektron mikroskobu (SEM) ile
belitlenmistir. Filmler ilk 6nce cift taratli karbon
bant ile monte edilmis, daha sonra numunelerin
yuzey iletkenliklerinin  saglanabilmesi  icin
Quorum QI150R ES Sputter Coater marka
kaplama cihazt ile numune ylzeyleri altn
kaplanmistir. Numunelerin SEM ile mikroyapt
incelenmesi Mira 3XMU FE-SEM cihazt ile
gerceklestirilmistir.

Istatistiksel Analiz

Deneyler ti¢ kez tekrarlanmis ve elde edilen veriler
standart hata ile birlikte ortalama deger olarak
verilmistir (ortalama FSE). Grup ortalamalar
arasindaki istatistiksel olarak anlamlt farkliliklari
degerlendirmek i¢in tek yonli varyans analizi
(ANOVA) ve Tukey coklu karsilastirma testleri
uygulanarak P<0.05 istatistiksel fark anlamli kabul
edilmistir. Deneysel verilerin analizinde Minitab
13 (Minitab Inc., State College, PA, ABD)
kullantlmistir.

BULGULAR VE TARTISMA

Yenilebilir Film Hazirlanmasi

Yapilan 6n  deneylerde plastiklestirici  ilave
edilmeden yenilebilir kitosan ve guar gam
filmlerinin  hazirlanmasinin  ¢ok  zor oldugu
gorilmistir. Deneme calismalarinda  filmlerin
kirllgan olmalart ve teflon yiizeylerden ayirirken
film butinliklerinin bozulmasi nedeniyle gliserol
kullantlmugtir.  Literatiirdeki benzer c¢alismalar
dikkate alinarak farkli oranlarda gliserol ilavesi ile
filmler tretilmistir. 1 g kitosan i¢in %0.5 (v/v) ve
1 ¢ GG igin %35 (w/w) oraninda gliserol ilavesi
ile hazirlanan filmlerin daha iyi 6zelliklere sahip
oldugu gorilmis ve bu oranlarda film
hazirlanmasina karar verilmistit.
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Filmlerin Fizikokimyasal, Renk,
Optik ve Mekanik Ozellikleri

Kalinlik filmlerin mekanik, optik ve bariyer
Ozellikleri  gibi  ¢esitli  fiziksel — Ozellikleri
etkilediginden dolayt 6nemli bir parametredir.
Hazirlanan farklt oranlarda GG ilaveli kitosan
filmlerin kalinlik, nem icerigi, suda ¢6zlntrlik ve
su buhar gecirgenlik degerleri ¢izelge 2’de
verilmistir. Kitosan kontrol filmin kalinligi 0.097
mm olarak Olctilmistir (Cizelge 2). GG ilaveli
kitosan kompozit filmlerin kalinhk degerleri
incelendiginde; film kalinlhigt en distk %20 GG
iceren film ile en yiiksek %5 ve %15 GG igeren
filmler arasinda degismis olup, bu degerler
arasinda istatistiksel olarak anlamli bir fark
bulunmamistir (P>0.05). Guar gam ilavesinin
biyokompozit filmlerin kalinlig1 tizerinde 6nemli
bir etkisinin olmadig1 gérilmustir (P>0.05). Rao
vd., (2010) tarafinda kitosan ve GG karisimindan
35 pum ortalama kalinlikta filmler Gretilmistir.
Mevcut ¢alisgmadan daha distk film kalinligs elde
etmislerdir. Film kalinliklarinin farkli olmasinda,
kitosanin astilasyon derecesinin digik olmasi,
kullandan  gliserol miktar;, film dretiminde
kullanilan ¢6zelti miktart ve kuruma kogullari etkili
olabilir (Emir Coban vd., 2024).

Bariyer,

Gidalardaki nem icerigi, gidanin tazeliginin
korunmast ve bozulmasinda rol oynar. Bir
ambalajin, kullamldigi  Grtntin  nemini  dig
etkenlerden koruyabilme yetenegi, o urlnin

kalitesinin korunmast agisindan gereklidir ve
yenilebilir filmlerin nem iceriginin bilinmesi
ambalajlama uygulamalari acisindan  oldukea
onemlidir. Guar gam ilaveli kitosan kompozit
filmlerinin nem icerigi en distik %15 GG filmi
%21.27 ile en yiiksek %20 GG igeren film %31.90
arasinda Onemli Olcide farklibk gOstermistir
(P<0.05; Cizelge 2). Bu egilim, muhtemelen su
molekiilleriyle hidrojen baglari olusturabilen ¢ok
sayida hidroksil grubu iceren guar gamin
polisakkarit yapist nedeniyle, daha yiksek GG
ilavesi filmlerin higroskopik dogasint gelistirdigini
gostermektedir (Tang vd., 2018; Jiang vd., 2022).
Kitosan kontrol filmi %29.78 nem igerigine
sahipti ve bu deger %5 GG ilavesiyle iiretilen
CHGGS5  filminde %5.56 oraninda  azaldigt
gorilmustir (P<0.05). CH ve GG arasinda su
baglama bélgelerini gegici olarak azaltan bir
etkilesimi yansitiyor olabilir; benzer egilim Emir
Coban vd., (2024) tarafindan hazirlanan kompozit
filmlerde de gézlemlenmistir. Daha sonra %10
GG ilavesiyle kitosan kompozit filminin nem
icerigi %28.15%e yukselmistir (P<0.05). Kitosan
kontrol filmine farkli oranlarda GG ilavesiyle nem
iceriginde dalgalanmalar gézlenmistir. Bu durum,
guar gamin higroskopik yapisindan ve yiksek su
tutma kapasitesinden kaynaklanabilir ((Jouki vd.,
2013; Sharma vd., 2018). Guar gam ilavesi ile
filmlerin nem icerigi baslangicta azalmasina
ragmen, GG miktarinin artmastyla filmlerin nem
iceriginde de artiga neden olmustur.

Cizelge 2. Kitosan kompozit filmlerin kalinlik, nem icerigi, suda ¢6ziintirlitk ve su buhari gegirgenlik
degerleri
Table 2. Thickness, moisture content, water solubility and water vapor permeability values of chitosan composite films

Film Kalinlk (mm) Nem icerigi (%) Suda ¢6ztinirlik (%)
Film Thickness (mm) Moisture content (%) Water solubility (%)
A 0.097% 0.005 29.787%0.004 20.120%0.632>
B 0.109£0.003 24.221%0.006¢ 26.82911.1652
C 0.107£0.006 28.155%0.003> 21.918%0.006>
D 0.109£0.005 21.275%0.0054 21.171+0.011>
E 0.097% 0.006 31.906%1.088¢ 16.216£0.231¢

Ortalama * standart hata, ayni stiitundaki farklt harfler anlamli farkliligs gosterir (P < 0.05)
Mean=tstandard error, Different letters in the same column indicate significant difference (P< 0.05)

Filmin suda ¢6zuntrligi, filmin sulu ortamdaki
suya direnme yetenegini yansitir. Biyopolimer
filmlerin daha yiiksek veya tam ¢Oziinirligi

pargalanma icin yararl olabilirken, filmlerin daha
distik ¢o6zunlrligh ambalaj uygulamalar icin
tercih nedenidir (Jiang vd., 2022; Emir Coban vd.,
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2024). Kitosan kontrol filminin suda ¢éztunirligi
%20.12 olarak belitlenmistir (Cizelge 2). Kitosana
%5 GG ilavesiyle elde edilen kompozit filmin
suda ¢6zunurliginde 6nemli artis gézlenmistir
(P<0.05). Kitosan kontrol filmine gére; %10 GG
ve %15 GG iceren kompozit filmlerin suda
¢oziinirliginde meydana gelen artis istatistiksel
olarak 6nemli bulunmamustir (P>0.05). Guar gam
ilaveli kitosan filmler arasinda, suda ¢ézunurlik
oranlart %16.21 ile %26.82 arasinda degismistir.
Guar gam miktar1 arttikca suda ¢6zinurlik
degerinde bir azalma gézlemlenmistir. Bu durum,
guar gamin kitosan matrisi icerisinde daha yogun
bir ag yapt olusturmast ve suyun matrise niifuz
etmesini  zotlastirmast ile aciklanabilir  Suda
¢ozunurlik %5 GG ilavesiyle hafifce artarken
daha yiksek GG miktariyla (%10 GG ve %20
GG) kademeli olarak azalmistir. Molekiiller arasi
hidrojen  bagi,  kanisim  filminin  suda
¢Ozunirliginin azalmasinin  bir bagka olast
nedenidir. %20 GG ilaveli kitosan filmin daha
disiik ¢6ziintrliigh suya karst direncinin arttigint
gostermekte ve bu da onu nemli kosullarda
stabilite gerektiren uygulamalar icin umut verici

bir aday haline getirmektedir. Hiremani vd.,
(2022), benzer sekilde CH matrisindeki OMS
(oksitlenmis ~ misir  nisastast) miktarinin
artirilmastyla karisim filmlerinin suda
¢Ozinirligini 6nemli Slclide azalttgini rapor
etmistir.

Su  buhart  gecirgenligi, filmlerin  ambalaj
malzemesi olarak kullandabilirligini degerlendiren
o6nemli bir parametredir. Yenilebilir filmler
kaplandig gidanin nem aligverisini
engelleyebilmelidir (Emir Coban vd., 2024).
Kitosan kontrol filmi ve %5 GG ilaveli kitosan
filmi 0.303 g.mm/h.m2kPa ile en yiksek su
buhari gecirgenligi gosterirken, %15 ve %20 GG
ilaveli kitosan filmleri 0.189 g.mm/h.m2kPa ile en
distik su buhart gecirgenligi  sergilemistir
(P<0.05). Bu azalma, guar gamin kitosan ile
olusturdugu yogun matris yapisinin su buhart
gecisini engelledigini gdstermektedir. Guar gam
oraninin artigl, filmlerin su buhatina karsi bariyer
Ozelligini artirmis  ve gecirgenlik  degerlerini
distrmustir (Rahman vd., 2021).
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Sekil 1. Guar gam ilaveli kitosan kompozit filmlerin su buhari gecirgenlik degerleri
Figure 1. Water vapour permeability values of gnar gum added chitosan composite films

Yenilebilir filmlerin rengi ve optik O&zellikleri
drinin genel gorinisi ve tiiketici kabulind
etkileyen Onemli parametrelerdir (Kurt ve
Kahyaoglu, 2014). Film o6rneklerinin  renk
degerleri (L*, a* ve b¥), toplam renk farkliliklart

(AE*) ve opaklik degetleri Cizelge 3'te

sunulmustur.



Guar gam ilaveli kitosan kompozit film tretimi

Cizelge 3. Kitosan komporzit filmlerin renk (L*, a* ve b*), toplam renk (AE*) ve opaklik degerleri
Table 3. Colonr (L*, a* and b*), total colour (AE*) and opacity values of chitosan composite films

Film Opaklik

Film L 2t b* AR OI;M@
A 89.66%0.05 0.780%£0.0062 -3.610£0.035¢  5.35520.0142> 1.27£0.01¢
B 88.991+0.01b 0.260£0.020¢ -0.153%0.015b 4.507£0.016¢ 2.43%0.01=
C 88.2410.02¢ 0.303£0.020¢ -1.200£0.112¢ 5.411%0.0052 1.77£0.01¢
D 89.78+0.03¢ 0.520£0.005> -2.660£0.0114 4.626%0.020¢ 1.56%0.014
E 88.2810.05¢ -0.120£0.0114 0.220£0.023¢ 5.224%0.057> 2.03£0.09>

Ortalama F standart hata, ayni stitundaki farklt harfler anlamli farkliligt gosterir (P< 0.05)
Mean=tstandard error, Different letters in the same column indicate significant difference (P< 0.05)

Renk farkliliklart I*, a* ve b* gibi parametrelere
gore belitlenir. L degeri acik-koyu yogunlugunu, a
degeri kirmizidan yesile gecisi ve b ise saridan
maviye gecisi gostermektedir (Jiang vd., 2022).
Filmlerin L* degerlerinde istatistiksel olarak
anlamli bir degisim gézlenmistir (P<0.05). L*
degeri en ylksek kitosan kontrol filmi ve %15 GG
ilaveli kitosan filmlerinde en distk ise %10 ve
%20 GG ilaveli kitosan filmlerinde gérilmistir
(P<0.05). GG ilavesi, kitosan filmlerinin
parlakligini genel olarak azaltma egiliminde bir
davrants sergilemesine neden olmustur. Benzer
bir olgu Jiang wvd., (2022) tarafindan da
gozlemlenmistir. a* degeri, en yitksek 0.78 kitosan
kontrol filminde gérilmistir (P<0.05; Cizelge 3).
Artan GG ilavesi ile kitosan kompozit filmlerinin
sergiledigi pozitif a* degerleri kirmizi olma
egilimini, %20 GG ilaveli kitosan filmin negatif a*
degeri ise yesil olma egilimini gbstermistir (Rao ve
ark., 2010). Kitosan kontrol filminin b* degeri -
3.61 olarak belirlenmistit. GG ilaveli kitosan
filmler arasinda, b* degeri -2.66 ile -0.153 arasinda
degismistir  (P<0.05). Filmlerin negatif b*
degerleri maviye kayma egilimlerini, %20 GG
ilaveli kitosan filmin pozitif b* degeri ise filmin
sartya kayma egilimini géstermistir (Rahman vd.,
2021). Bununla birlikte, film 6rneklerinin a* ve b*
degerlerinin sifira yakin olmasi, renk tonlarinin
giiclii olmadigini ifade etmektedir. Kitosan
kontrol filminin toplam renk farki (AE) degeri
5.355 olarak hesaplanmustir. GG ilaveli kitosan
filmlerin AE degerleri 4.507 ile 5.411 arasinda
degismis olup guar gamin renk tzerindeki etkisi
sintrlt kalmistir (P<0.05).

Kitosan kontrol filminin opaklik degeri 1.27 mm-
! olarak hesaplanmistir. Filmlerin opaklik degerleri
arasinda istatistiksel olarak Onemli farkldiklar
oldugu tespit edilmistir (P<0.05). Guar gam ilaveli
kitosan filmlerde opaklik degeri, en dusik %15
GG ilaveli (1.56 mm) film ile en yiksek %5 GG
ilaveli (2.43+0.01) filmde gérilmustiir. GG ilavesi
ile kitosan kompozit filmlerinin opakliginda genel
olarak artis gézlenmistir. Bu sonuglar, CH-GG
filmlerinin gida sistemlerinde UV'nin neden
oldugu oksidatif bozulmayi azaltmaya yardimct
olabilecegini gdstermektedir (Rao vd., 2010;
Hiremani vd., 2022). Bu bulgular, filmlerin gida
yuzeyl kaplamast olarak triin gérintiminin
iyilestirilmesi amactyla kullandldiginda oldukea
onemlidir.

Gida paketlemede yenilebilir filmler, mekanik
yonden yeterli dayanikliliga sahip olmalart ve
gidalarin butinligini korumalart gerekir (Souza
vd., 2017). Gida ambalajimin koruyuculugu ve
kullamima karst olan dayanimi yenilebilir filmin
gerilme direnci ile ilgilidir (Erge, 2025). Yenilebilir
filmlerin mekanik 6zellikleri arasinda bulunan
gerilme direnci (TS) ve kopma uzamast (%0EB)
6nemli parametrelerdendir (Kurt ve Kahyaoglu,
2014). Filmlere ait gerilme direncleri ve % kopma
uzama degerleri Sekil 2’de karsilagtirmali olarak
sunulmugstur. Kitosan kontrol filminin gerilme
direnci 11.45 MPa olarak Olcilmustir. Kitosana
%5 GG ilavest ile gerilme direnci 7.68 MPa ile en
distik seviyeye inmistir (P<0.05). %10 GG
ilavesiyle gerilme direnci 19.64 MPa ile en yiiksek
degere ulasmistir. CHGGS ile CHGG10 filmleri
karsilastirlldiginda, CHGG10 filminde GG
miktar1 2 kat artarken gerilme direncinde yaklasik
3 kat artis gbzlenmistir. Bu durum, kitosan
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matrisine GG’ eklenmesi ile hidrojen baglar
polimer ag yapisint gliclendirerek daha dayaniklt
ve esnek filmler olugsmasina katkida bulunmustur
(Rahman vd., 2021). Guar gamin kitosan ile
optimum oranlarda (%10 GG) sinerjik bir etki

yaratarak ~ mekanik  dayanimi  artirdigin
gostermektedir.  Literatirde, GG  ilavesinin
kitosan  filmlerinin ~ mekanik  6zelliklerini

tyilestirdigi belirtilmektedir (Rao vd., 2010; Bhat
vd., 2022; Jiang vd., 2022).

Kitosan kontrol filminin kopma uzamast %14.70
olarak Slculmustir. Kopma uzamast (elastikiyet)
artan GG ilavesi ile azalma egilimi géstermistir.
Guar gam ilaveli kitosan filmlerin EB degerleri
%8.08 (%20 GG) ile %15.68 (%5 GG) arasinda
degismis ve bu degisim tzerine GG ilavesinin
etkisi istatistiksel olarak 6nemli bulunmustur
(P<0.05). Bu sonuglar, guar gamin filmin mekanik
dayarukliligint = arttirdigint - ve  esnekligini  ise
azaltugini gostermektedir.
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Sekil 2. Guar gam ilaveli kitosan kompozit filmlerin gerilme direnci ve kopma uzama
Figure 2. Tensile strength and elongation at break of guar gum-added chitosan composite films

Filmlerin Yapisal Karakterizasyonu

Filmlerin FT-IR Analizi

FTIR spektroskopisi, kompozit filmin bilesenleri
arasindaki molekiler etkilesimi incelemek ve
filmlerin kimyasal yapisini tanimak icin kullanilan
bir yontemdir. Molekuller arasindaki etkilesim,
fonksiyonel grubun dalga boyu degisiminden
analiz edilebilmektedir (Hiremani vd., (2022; Emir
Coban vd., 2024). Kitosan ve GG ilaveli kitosan
kompozit filmlerdeki spesifik fonksiyonel gruplart
arastirmak ve filmlerin bilesenleri arasindaki
etkilesimleti anlamak icin Kizil6tesi
spektroskopisi (FTIR) kullanilmustir. Kitosan ve
GG ilaveli kitosan kompozit filmlerin FTIR
spektrumlart Sekil 3’de verilmistir. Kitosan filmin
spektrumunda, 3268 cm!'de bulunan genis pik O-
H ve N-H gerilme titresimini temsil etmektedir
(Hiremani vd., 2022). 2920 ve 2873 cm'de

gorilen pikler ise simetrik ve asimetrik C-H
gerilme titresiminin karakteristigi ~ olup
polisakkaritin tipik 6zelligidir (Emir Coban vd.,
2024). 1644 cm''deki kiigiik pik C=0O gerilmesine
(amid I), 1553 cm?'deki pik N-H biukilmesine
(amid II), ve 1026 cm™'deki keskin pik COH
germe bantlarina atfedilir (Hiremani vd., 2022;
Emir Coban vd., 2024). 1320 cm!'deki pik amid
II’'in  C=N gerilmesine karsilik gelir. CH2
bukilmesi ve CH3 simetrik deformasyonlari,
sirastyla 1407 cm™ vel377 cm civarindaki
bantlarin varligtyla dogrulanir (Emir Coban vd.,
2024). Ayrica B (1—4) glikozit baglarindan
kaynaklanan CO gerilme titresimi 1152 cm!'de
gorulmektedir Menazea vd., 2020). 921 em'deki
kiigiik pik kitosan sakkarit yapisinin C-H salinim
titresimini gbstermektedir (Menazea vd., 2020).
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Sekil 3. Guar gam ilaveli kitosan kompozit filmlerin FTIR spektrumlart
Figure 3. FTIR spectra of gnar gum added chitosan composite films

Kitosan spektrumunda bulunan bitin bantlar
diger aragtirmacilar tarafindan da bildirilmigtir
(Hiremani vd., 2022; Emir Coban vd., 2024).
Kitosana GG ilavesi ile bazi piklerin tepe
noktalarinda hafif kaymalar gézlenmistir. Kitosan
kontrol film spektrumunda O-H ve N-H gerilme
titresimini temsil eden 3268 cm'deki pik, %5,
%10, %15 ve %20 GG ilaveli kitosan kompozit
filmlerde sirastyla 3273, 3271, 3275 ve 3278 cm’e
kaymistir. Kontrol filmine gbre dalga sayindaki
artts O-H grubunun artugini ve hidrojen bagt
olustugunu gosterir (Maiti vd., 2021). Kitosan
filmindeki, simetrik ve asimetrik C-H gerilme
titresimini gésteren 2920 ve 2873 cm'deki pikler
%5, %10, %15 ve %20 GG ilaveli kitosan
kompozit filmlerde sirasiyla, 2922-2874, 2920-
2874, 2922-2874 ve 2921-2875 cm™’e kaymustir.
Kontrol filmindeki N-H bikiilmesini temsil eden
1553 emt'deki pik %5, %10, %15 ve %20 GG
ilaveli kitosan kompozit filmlerde sirasiyla,1555,
1554, 1555 ve 1556 cm’da gorillmistir. Kitosan
kontrol filmi ile GG ilaveli filmler arasinda
gorillen  bantlardaki  kaymalarin,  kitosanin
hidroksil ve amino gruplari ile guar gamin
hidroksil gruplart arasinda molekiller arast
etkilesimden  kaynaklandigi  dustintlmektedir
(Hiremani vd., 2022). Kitosan matrisine farkl
oranlarda GG eklenmesi, bantlarda hafif bir
kaymaya neden olsa da pik yogunluklarinda
Onemli bir etkisinin olmadigt ve yapisal bir

degisim gézlenmedigi bulunmustur (Emir Coban
vd., 2024).

Termal Analiz

Diferansiyel = taramali  kalorimetri
yenilebilir filmlerin ~ termal
degerlendirmek icin kullanilan  termoanalitik
yontemlerden biridir. Biyopolimerik
malzemelerin karakterizasyonuna, malzemelerin
isitldiginda  davraniglarinin - degerlendirilmesine
katkida bulunmaktadirlar (Santana ve Bonomo
2024). Yenilebilir film bilesenlerinin  termal
Ozellikleri DSC  analizi ile arastirdmus  ve
orneklerin  DSC  termogramlart  Sekil  4’de
verilmistir. Kitosan ve GG ilaveli kitosan
kompozit filmlerin DSC termogramlari literatiirle
uyumlu iki endotermik ve bir ekzotermik piklerin
varhgint géstermistir (Hiremani vd., 2022; Emir
Coban vd., 2024).

(DSC),

davranisint

Suyun buhatlagmasina bagl olarak 116.53°C’de
olusan ilk endotermiktir pik kitosan zincirinin
zayifladigini gdstermektedir (Sekil 4). Filmlerin
hepsinde gorilen ikinci endotermik tepe, filmlerin
plastiklestirilmesinde ~ kullanilan  gliseroliin
parcalanmasina karsilik gelir. Bu degerler kitosan
icin 243°C ve %5, %10, %15 ve %20 GG ilaveli
kitosan kompozit filmler icin sirastyla, 235, 220,
238 ve 23°C olarak belitlenmistir. Kitosanda
280°C’de, polisakkarit omurgasinin  termal
ayrismastyla iliskili olan ekzotermik bir pik ortaya
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cakmistr (Yang vd., 2019). GG ilavesi kitosan
komporzit filmlerde de yaklasik aynt noktada (280-
281°C) gorulen ekzotermik pikin, glukozamin

Sicaklik (°C)

birimlerinin termal ayrismasindan kaynaklandig
disinilmektedir (Hiremani vd., 2022)

P

100 180

11

260 340

%15 GG

%20 GG

Sekil 4. Guar gam ilaveli kitosan kompozit filmlerin DSC termogramlari
Figure 4. DSC thermograms of gnar gum-added chitosan composite films

Yiizey Morfolojisi

Kitosan ve GG ilaveli kitosan kompozit filmlerin
mikro yapiarint incelemek icin SEM analizleri
yapimis ve SEM goriintileri Sekil 5’de verilmistir.
Kitosan kontrol filmi hafif pirizli ve homojen
bir ylzey sergilemistir (Sekil A). %5 ve %10 GG
ilaveli kitosan kompozit filmlerin yuzeyi diizgiin
ve kompakt yapist kitosanin yiizey 6zellikleri ile
benzerlik gostermistir (Sekil B-C). %15 ve %20

GG ilaveli kitosan filmler daha pirizsiz,
homojen, goézeneksiz ve yogun bir ylzey
sergilemistir (Sekil D-E). Artan GG ilavesinin
kompozit filmlerin mikro yapilarini 6nemli 6l¢tide
iyilestirdigi ve film bilesenleri arasinda iyi bir uyum
oldugu gorilmektedir. Kitosan ve GG arasinda
hidrojen baglarinin olusmasi, dizgin bir i¢ ag
yapisina katki saglamistir (Wang vd., 2023).

Sekil 5. CH (A), % 5 GG (B), % 10 GG (C), % 15 GG (D) ve % 20 GG (B) filmlerinin ylizey morfolojisi.
Figure 5. Surface morphology of CH (A), 5% GG (B), 10% GG (C), 15% GG (D), and 20% GG (E) films.



Guar gam ilaveli kitosan kompozit film tretimi

SONUC

Bu calismada, farkli oranlarda guar gam ilaveli
kitosan biyokompozit filmler hazirlanmis ve
kompozit filmlerin fiziksel, bariyer, mekanik,
optik, termal ve mikroyapisal 6zellikleri
incelenmistir. Guar gam ilavesi ile kitosan
kompozit filmlerin termal kararliliklarinin arttig,
artan GG orantyla daha purlizsiiz ve homojen
ylzey morfolojisi sergiledigi gbrulmustir. Kitosan
kontrol filmine kiyasla, artan guar gam ilavesi ile
kitosan kompozit filmlerin su buhari gecirgenligi
ve esnekligi azalirken, gerilme direncinin arttigt
gbzlenmistir. Elde edilen kompozit filmlerin renk
ve opaklik 6zellikleri incelendiginde, guar gam
ilavesi film parlakligini azaltmis ve opaklig ise
artturmistir. Bu sonug lipid oksidasyonuna karsi
hassas olan gidalarin ambalajlanmasinda guar gam
ilaveli filmlerin kullanddmasinin énemli bir avantaj
saglayacagint gostermektedir. Sonug¢ olarak bu
calisma, kitosan ve guar gam biyopolimer
bilesenleri arasinda pozitif bir etkilesim oldugu ve
polimer bilesenlerinin her oranda karisabilirligi
sayesinde biyobozunur ve yenilebilir film tretimi
icin %10 GG ilaveli kitosan kompozit filmin
uygun oldugunu gostermistir. Kitosan ve guar
gam, kolay bulunabilirlikleri, ekonomik olmalart
ve toksik olmayan yapilart nedeniyle vazgegilmez
biyopolimerlerdir ve plastik ambalajlara umut
verici alternatiftir. Stirdiriilebilir gida ambalajlama
cozimleri saglayarak cevre kirliligini azaltma ve
gida giivenligini artirma potansiyeline sahiptir.
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0z

Bu ¢alismanin amaci, incir ¢ekirdegi yagi dondurarak kurutma yontemi kullamlarak uygun kaplama
materyalleriyle enkapsiile etmektir. Bu amagla, farkh oranlarda maltodekstrin ve peynir altt suyu protein
izolatt ile enkapsiile edilen incir ¢ekirdegi yagi tozlarina fiziksel analizler uygulanmis ve en uygun kaplama
materyali orant belitlenmistir. Optimal kaplama materyali ile iretilen toz incir ¢ekirdegi yagi 4, 25 ve 60°C’da
sicaklikta Gig ay siireyle depolanmistir. Sonuglar fiziksel 6zellikler, peroksit degerleri ile mikroenkapsiilasyon
verimi dikkate alindiginda optimal kaplama materyali oraninin %33 peynir altt suyu izolatr: %67
maltodekstrin oldugunu ortaya koymustur. Optimal kaplama materyali ile enkapstile edilen incir ¢cekirdegi
yag1 tozu 6rneklerinin depolanmalart sirasinda oksidatif stabilitelerinin diistiigl belirlenmistir. Duyusal analiz
sonugclari, incir cekirdegi yagt tozu ile hazirlanan salata sosunun kontrol Grnegine kiyasla daha ok
begenildigini gdstermistir.

Anahtar kelimeler: Dondurarak kurutma, enkapstlasyon, incir ¢ekirdegi yagi, maltodekstrin, peynir altt
suyu proteini

ENCAPSULATION OF FIG SEED OIL BY FREEZE DRYING METHOD AND
CHARACTERIZATION OF THE POWDER PRODUCT

ABSTRACT

The aim of this study is to encapsulate fig seed oil with suitable coating materials using the freeze-
drying method. For this purpose, physical analyses were applied to fig seed oil powders encapsulated
with different ratios of maltodextrin and whey protein isolates and the most suitable coating material
ratio was determined. Powdered fig seed oil, produced with the optimal coating material, was stored
at 4, 25 and 60°C for three months. The results revealed that the optimal coating material ratio was
33% whey protein isolate to 67% maltodextrin, considering the physical properties, peroxide values
and microencapsulation efficiency. It was determined that the oxidative stability of fig seed oil
powder samples encapsulated with optimal coating material decreased during storage. Sensory
analysis results showed that the salad dressing prepared with fig seed oil powder was liked more than
the control sample.

Keywords: Freeze drying, encapsulation, fig seed oil, maltodextrin, whey protein isolate
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GIRIS
Saglikl ve uzun yasamin simgesi olarak kabul
edilen incir, vyetistiriciligi yapilan en eski
meyvelerden biridir. Akdeniz tlkeleri dinya incir
dretiminin  yaklagtk  %70’ini  karsilamaktadir
(Goéemez ve Seferoglu, 2014). Incirin hem taze
hem de kuru olarak titketilebilmesi, incirin dinya
capinda Onemli bir hasat potansiyeline sahip
olmasini saglamistir (Duefias vd., 2008). Incir
6nemli miktarda lif icerigiyle birlikte, potasyum, C
vitamini, A vitamini, karbonhidrat ve cesitli
fenolik bilesikler iceren zengin bir meyvedir
(Mawa vd., 2013). Incirin, proantosiyanidinler gibi
fenolik bilesiklerin Ustiin bir kaynagt oldugu ve
kirmizt sarap ve caydan daha yiiksek fenolik
madde icerifine sahip oldugu rapor edilmistir
(Vinson vd., 1998).

Incir meyvesi, farkl biyiikliklerde ve sayilart 30
ile 1600  arasinda  degisebilen  ¢ekirdek
icermektedir. Bir adet meyvede ortalama ¢ekirdek
sayist 420 olup, Sart Lop cesidinde 1000 tohum
agithiginin 1.28 gram  oldugu bulgulanmistir
(Caliskan vd., 2012). Incir cekirdekleri %30
varan diizeyde yag icerigine sahiptir (Icyer vd.,
2017). Incir cekirdeklerinde yer alan yagin
ekstrakte edilmesiyle elde edilen incir cekirdegi
yagt son yillarda popiiler bir tiriin haline gelmistir.
Incir cekirdegi yagt yiiksek oranda linolenik asit ve
bunun yaninda daha dustik oranlarda oleik,
linoleik, stearik ve palmitik asit igeriklerine
sahiptir. Incir cekirdegi yaginin ayrica anlamli
diizeyde y- tokoferol igerdigi ve zengin bir sterol
kaynagt oldugu rapor edilmistir (Sirinyidiz vd.,
2023).

Enkapsiilasyon, genel ifadeyle bir madde veya
karisimin baska bir sistemle ¢evrelenmest stirecini
tanimlamaktadir. Enkapsilasyon islemi, gida
sektoriinde yaygin olarak kullanilmakla birlikte;
kimya, tarim, yem, tip, eczactlik, biyoteknoloji gibi
alanlarda da genis bir sekilde yer almaktadir
(Poncelet, 2006; Cakir, 2007). Enkapsiilasyon
teknolojisi gida endustrisinde gidalart olusturan
bilesenlerin veya biyoaktif maddelerin korunmasi,
stabilizasyonu ve/veya kontrolli salinimt i¢in
kullanilmakta ve bu sayede gidalarda raf émrind
uzatma, besin degerini artirma, sindirilebilirligi
artirma ve olgunlasma siiresini azaltma gibi bir¢ok
fayda saglamaktadir (Cho vd., 2003; Gékmen vd.,

2012). Enkapsiile edilen ¢ekirdek malzemesi kati,
stvi veya gaz formda gida bileseni, enzim, hiicre
veya aktif bir bilesik; cevreleyen kaplama materyali
ise protein ya da karbonhidrat esaslt bir kaplama
malzemesi olabilmektedir. Enkapstilasyon islemi
sirasinda  nigsasta, maltodekstrin,  pullulan,
sakkaroz, maltoz gibi karbonhidratlar; jelatin,
peynir altt suyu proteinleri, kazein ve kazeinatlar
gibi proteinler ve gam arabik gibi gamlar kaplama
malzemesi olarak kullanilabilmektedir.

Gida bilesenlerinin enkapsiilasyonu icin yaygin
olarak kullanilan yéntemler arasinda piiskiirtme
kurutma, dondurarak kurutma, akiskan yatak
kaplama, ekstriizyon, ko-kristalizasyon, molekiler
enkapstlasyon ve kimelenme gibi ¢esitli teknikler
bulunmaktadir.  Liyofilizasyon  (dondurarak
kurutma)  islemi  temel  olarak
dondurulmast ve buz kristallerinin siiblimlesme
yoluyla uzaklastirilmast prensibine dayanmaktadir.
Bu yoéntemde amag, disiik sicakliklarda suyun
uzaklastirilmasint saglayarak, yiksek sicakliklarin
neden oldugu degisimleri en aza indirgemek ve
kaliteli gida triinleri elde etmektir. Ancak, yiiksek
maliyet ve uzun islem siiresi bu yontemin ticari
uygulanabilirligini sinirlamaktadir (Marques vd.,
2006). Literatiirde meyve (Hammami ve René,
1997; Krokida vd., 2001), kahve (Babic vd., 2009),
yumurta (Jaekel vd., 2008) ve tavuk eti (Babic vd.,
2009) gibi farkli gida triinlerinin liyofilizasyon
teknigi ile kurutuldugu calismalar mevcuttur. Ratti
(2001), dondurarak kurutma isleminin maliyeti
yiksek  hammaddelerin  kurutulmast  i¢in
kullanilmast durumunda ekonomik olarak daha
uygun olacagint rapor etmistir.

urunun

Incir gekirdegi yag1, her ne kadar yiiksek biyoaktif
bilesikler agisindan zengin bir kaynak olarak éne
ctksa da yiksek linolenik asit icerii sebebiyle
oksidasyon tepkimelerine olduk¢a duyarlidir. Bu
calismanin amact oksidatif stabilitesi dusik olan
incir ¢ekirdegi yagiun liyofilizasyon yontemi
kullantlarak ~ farkli  kaplama  materyalleriyle
enkapsiilasyonunun saglanmast ve bu sayede
farkli gida uygulamalari i¢in kullaniabilir hale
getirilmesidir. Bu amagla uygun kaplama materyali
secilerek enkapsiile incir cekirdegi yagi tretilmis
ve ti¢ farkl sicaklikta 3 ay stresince depolanarak,



incir cekirdegi yaginin enkapsiilasyonu

depolama siiresince toz Urlnin Ozellikleri
incelenmistir.

MATERYAL VE YONTEM

Materyal

Calismada kullanilan incir ¢ekirdegi yagi (Giretim
yili: 2022) Egesia Natural Product firmasindan
temin edilmistir. Peynir alti suyu protein izolatt
(WPI) Ak Gida San. Tic. A.S.’den, maltodekstrin
(MD, DE<20) Qinhuangdao Starch Co Ltd.
(Cin)’den temin edilmistir. Emilsifiye edici ajan
olarak ise PGPR (poligliserol polirisinolat esteri)
(Merck, Darmstadt, Almanya) kullanilmistur.

Yéntem

Emiilsiyon  Hagerlama ve Liyofilizasyon Teknigi ile
Kurutma

Dondurarak kurutma islemine tabi tutulacak olan
emilsiyonlar klasik homojenizasyon islemi ile
mekanik bir homojenizatér (Ultra Turrax T18-
IKA, Germany) kullanilarak hazirlanmustir.
Emtlsiyonlarin kuru madde miktart ile yag icerigi
Glingor (2013)%e gore belirlenmistir.
Emdtlsiyonlar, kuru madde miktari %40 (kaplama
materyali, yag ve emdulsifiye edici ajan) ve kuru

maddenin %30’u yag olacak sekilde hazirlanmistir
ve kaplama materyallerinin bilesimi Cizelge 1’de
verildigi gibidir. Emiilsiyonun stabilizasyonunu
saglamak ve arttirmak amactyla yag icerisine %1
oraninda emiilsifiye edici ajan kullandmustir. %100
WPI ile de 6rnek hazirlanmistir ancak bu 6rnek
kurumamistir  ve  toz ozellikleri
gostermemistir. Homojenizasyon isleminde bir
beherde kaplama materyali su ilavesiyle 10000
rpm’de 2 dk stiresince homojenize edilmistir. Elde
edilen karisim, 30 g yag ve 0.30 PGPR tzerine
ilave edilerek 5 dk siiresince 17500 rpm hizinda
homojenize edilmigtir. Elde edilen emilsiyon
petrilere 1 cm kalinliginda dékilerek -18 °C’da 24
saat boyunca bekletilmis, ardindan laboratuvar
tipi  liyofilizatérde =~ (Labconco,  Freezone)
kurutulmugtur. Dondurarak kurutma yontemi ile
gerceklestirilen denemelerde kondenser sicakligt -
50 °C olarak belirlenmis olup tim denemelerde
bu sicaklik sabit tutulmustur. Dondurarak
kurutma yontemi ile enkapstle edilen incir
cekirdegi yagt Ornekleri havan yardimi ile toz
haline getirilmis ve analizlere kadar -18 °C’de
muhafaza edilmistir.

urun

Cizelge 1. Dondurarak kurutulan 6rneklerin kaplama materyali bilesimleri
Table 1. The wall material composition of freeze-dried samples

Deneme no KM (%) Yag (%) MD (%) WPI (%)
Excperiment nuntber DM (%) 0il (%) MD (%) WPI (%)

1 40 30 100 0

2 40 30 50 50

3 40 30 33 67

4 40 30 67 33

5 40 30 25 75

6 40 30 75 25

KM: Kuru madde, MD: Maltodekstrin, WPI: Peynir alt1 suyu protein izolati

DM: Dry matter, MD: Maltodextrin, WPI: Whey protein isolate

Depolama Denemeleri

Dondurarak kurutma yontemi ile kimyasal ve
fiziksel 6zellikler bakimindan en uygun 6zellikleri
sergileyen kaplama materyali orani kullanilarak
enkapsile  edilen  incir  ¢ekirdegi = yagt
mikropartikilleri; 4, 25 ve 60 °Cde 90 gin
boyunca, alliminyum kapli polietilen (ALPE)
ambalaj malzemesi kullanilarak depolanmustir.
Depolama boyunca 15 gunliik araliklar ile toz
trtn 6zellikleri incelenmistir.

Mode! Gida Uygnlamas:

Dondurarak kurutma yontemi ile en uygun
kaplama materyali orant kullanilarak elde edilen
incir ¢ekirdegi yagt mikrokapsiilleri Uretimi
sonrast salata sosuna islenmis ve Urlinlerde
duyusal analiz gerceklestirilmistir. Formiilasyona
dahil edilen incir cekirdegi yagt oramt 6n
denemeler ile belitlenmistir. Hazirlanan 2 farkl
salata sosunun bilesimi Cizelge 2’de verildigi
gibidir. Incir cekirdegi yagi ve incir gekirdegi yagt
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tozu iceren salata soslart Cizelge 2’de sunulan
iceriklerin eklenmesinin ardindan ev tipi bir el
mikseri yardimi (Homend Foodrunner 2036h,
Turkiye) ile 1 dakika boyunca karistirilarak elde
edilmistir.

Cizelge 2. Salata soslarinin bilegimi
Table 2. The composition of salad dressings

Tcerik (g) 1.6rnek  2.6rnek

Content (g) 1.sample  2.sample

Incir cekirdegi yagi 20 i

Fig seed oil

Incir gekirdegi yagt tozu . 20

Fig seed oil powder

Limon Suyu

Lemon juice 15 15

Su

Water 20 20
Analiz Y ontemleri

Nem ve su aktivitesi

Dondurarak kurutma yéntemi ile elde edilen incir
cekirdegi yagr tozlarinin nem igerigi etiivde (JEIO
TECH, ON-11E, Republic of Korea) kurutma
yontemi ile; su aktivitesi degerleri ise su aktivitesi
tayin cthazi (Testo-AG 400, Almanya) kullanilarak

Olcilmustir.

Yigin yogunlugu ve sikistirlmis yogunluk

Mikroenkapstile incir ¢ekirdegi yagi tozlarinin
yigin yogunlugu, 10 ml hacme sahip silindirik bir
kap icerisine hava boslugu kalmayacak sekilde

ancak herhangi bir basin¢ uygulamaksizin
doldurulmastyla, kiitle/hacim oranindan
hesaplanmistir ~ (Bhandari  vd., 1992). Yigin

yogunlugu, pb olarak ifade edilmis ve birim olarak
kg/m? kullanilmistir. Sikistirlmis yogunluk ise, 2
gram toz Ornegin 10 mililitre hacme sahip
silindirik bir kabin icine doldurulup sert bir
zemine  vurularak  sikistirdmast  yoluyla
belirlenmistir. Stkistirilmis yogunluk ot olarak
ifade edilmis ve birim olarak kg/m? kullandmustir.

Akabilirlik

Yigin  yogunlugu ve sikistirilmis  yogunluk
degerlerinden hesaplanan Carr indeksi (CI), toz
uriinlerin akicilik derecesini belirtmektedir (Carr,
1965). Toz urunlerin akicilik seviyesi Esitlik 1'e
gore hesaplanmistir.

cr = (2=P)y « 100

Pt (1)
Toz urunlerin akabilirligi, Carr indeks (CI)
degerlerine gore; CI degerinin 15’ten kiigiikse ¢ok
iyi, 15-20 arasinda iyi, 20- 35 arasinda zayif, 35-45
arasinda kotl, 45’ten buytk ise cok kéti olarak
tanimlamistr (Carr, 1965).

Islanabilirlik

Islanabilirlik analizi icin, 25 °C (£1 °C) sicaklikta,
100 mililitre saf su iceren 250 mililitrelik bir beher
kullandmistir. Duzenek, bir beher ve bir cam
huniden olusmaktadir ve beher ile huni arasindaki
uzaklik 10 santimetre olarak ayarlanmistir. Huni
icine bir cam test tiipii yerlestirilerek, test tiptinin
etrafina 0.1 gram incir ¢ekirdegi yagt tozu Srnegi
yerlestirilmis ve toz Ornegin tamamen islanma
stresi 6lciilmustiir (Jinapong vd., 2008).

Dagilabilirlik

Dagilabilirlik analizi icin 25 °C (£1 °C) sicaklikta,
10 ml saf su tzerine 1 gram incir ¢ekirdegi yag:
tozu eklenmistir. Kasik kullanilarak, 15 saniye
stiresince saat yonunde ve tersinde 25 dairesel
hareket yapildiktan sonra karistirma
sonlandirilmistir. Rekonstitiie edilmis 6rnek, 500
pum'lik bir elekten stizilmis ve elde edilen
sizintiden 1 ml alinmis ve darast alinmis
aliminyum bir kaba aktardmistir. Vakumlu
kurutucuda 70 °C (£1 °C) sicaklikta 8 saat
boyunca bekletildikten sonra, % dagilabilirlik
asagidaki denklem kullanilarak hesaplanmistir

(Jinapong vd., 2008).

Do (10+a)X%TS

/oDagllablhrhk—W 2
100 )

a: Toz miktar1 (g)

b: Tozun nem igerigi (%o)

%TS: Elekten gecen rekonstitiite 6rnegin yiizde
kuru madde miktar

Renk Tayini

Mikroenkapstile incir ¢ekirdegi yagi tozlarmnin L,
a, b degerleri renk tayin cihazi (Minolta, CR-300)
kullanilarak Sl¢tilmis, kroma ve Hue degerleri ise
asagidaki esitlikler yardimi ile hesaplanmistir.

Kroma = va? + b? 3)

Hue = tan~12 4
a
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Partikiil Morfolojisi

Mikroenkapstile incir ¢ekirdegi yagi tozlatinin
partikiil morfolojisi (x1650), taramali elektron
mikroskobu (SEM) (FEI, QUANTA 250 FEG)
kullanilarak belitlenmistir.

Toplam Yag Miktar:

Toplam yag miktari, Folch vd. (1957) yo6ntemine
gbre gerceklestirilmistir. Mikroenkapsile incir
cekirdegi yagt tozu, 80 ml kloroform/metanol
(50:50, v/v) karisiminda ¢ozilmis ve ¢ozgen
déner buhartlastirictda  uzaklastirildiktan  sonra
numune, 10312 °C'de 1 saat boyunca sabit bit
tartima getirilmigtir.

Ekstrakte Edilebilir Y ag Miktar: (Yiizey Yagt)
Mikroenkapstile incir ¢ekirdegi yagt tozu (5 g),
petrol eteri (25 ml) ile 25 °C’de 15 dk boyunca
calkalamali su banyosunda 75 rpm c¢alkalama
hizinda karstirilarak  ekstrakte  edilmis  ve
sonrasinda karisim filtre edilerek 102 °C'de 1 saat
stiresince kurutulmustur. Elde edilen yag miktar
gravimetrik yontemle belitlenmistir  (Zungur,
2013).

Mikroenkapsiilasyon 1 erimi

Mikroenkapstlasyon verimi (MV), Pauletti ve
Amestoy (1999) tarafindan Onerilen ydnteme
gore, agsagida verilen esitlikle hesaplanmustir.

__Toplam yag icerigi—Ekstrakte Edilebilir Yag Icerigi
MV 14 yagicerig g lcerig x 100

®)

Toplam Yag icerigi

Duyusal Analiz

Incir cekirdegi yagt ve incir cekirdegi yagi tozu
kullanilarak 2 farkli formiilasyon halinde
hazirlanan salata sosu Ornekleri  tat, koku,
gorinis, aroma, kivam ve genel begeni acisindan
yar1 egitilmis 10 kisilik bir panel grubu tarafindan
her bir kriter icin 5 puan tzerinden hedonik test
uygulanarak degerlendirilmistir.

Istatistiki Analiz

Analizler sonucu elde edilen veriler SPSS v15.0
(IBM, ABD) paket programi kullanilarak varyans
analizine (ANOVA) tabi tutulmustur. Ortalamalar
arast fark Duncan testi ile belirlenmistir. Istatistiki
analizlerde 0.05 6nem diizeyi kullanilmistir.

BULGULAR VE TARTISMA

Farkli kaplama materyalleriyle iiretilen incir
cekirdegi yagi tozunun fiziksel 6zellikleri
Farkli kaplama materyalleriyle tretilen incir
cekirdegi yagt tozunun fiziksel 6zellikleri Cizelge
3’te verildigi gibidir.

Toz trinlerin nem icerikleri depolanmalari
sirasinda  6nemli  bir  6zellik olarak  6ne
ctkmaktadir. Yitksek nem oran, tiriiniin akiciligini
azalttg gibi, Griinde yer alan yagin oksidasyonuna
yol agabilir (Botrel vd., 2011). Incir ¢ekirdegi yag:
toz Orneklerinin nem igerikleri %00.73 (%100 MD)
ile %1.99 (%33 MD: %67 WPI) ve %2.18 (%25
MD: %75 WPI) arasinda degisen degerler almistir.
Bu degerler, gida endistrisinde kurutulmus
Uranler icin belirlenen maksimum %3-4’lik nem
stntrinin altndadir (Klinkesorn vd., 2005).

Su aktivitesi (ay), gidalarda bulunan serbest su
miktarinin bir ifadesi olup, suyun gida Giriinlerine
yapisal olarak ne kadar siki baglandiginin bir
Slgiisudiir. Toz tiriinlerin su aktivitesi; oksidasyon,
enzimatik olmayan esmerlesme ve mikrobiyal
gelismenin Onlenebilmesi ve gida stabilitesinin
korunmast icin genellikle 0.25'in alunda olmalidir
(Zungur, 2013). Tum incir gekirdegi yag1 tozu
orneklerinin su aktivitesi degerleri bu kritik sinirin
altinda tespit edilmistir. Mikroenkapsiile edilmis
incir ¢ekirdegi yagt tozunun en dusik a, degeri
0.01 olarak %100 MD oraninda elde edilmistir.

Kurutulmus gidalarda renk, Urlnin albenisini
ctkileyen ~ 6nemli  bir  kriterdir.  Gida
formiilasyonlarina dahil edilen bilesenlerin, son
triinin rengini olumsuz yénde degistirmesi arzu
edilmeyen bir durumdur. Mikroenkapsiile incir
cekirdegi yagt tozu icin en distik L degeri %25
MD: %75 WPl oraninda 59.33 olarak
kaydedilirken; en yiksek L degeri 81.07 (%100
MD) ve 79.32 (%75 MD: %25 WPI) olarak tespit
edilmistir. Incir cekirdegi yagt tozlarmn L
degerleri incelendiginde, MD igerigi yiiksek
Orneklerin daha ylksek bir L degerine sahip
oldugu belirlenmistit. Bu durumun nedeninin
maltodekstrinin ~ beyaz  renkte  olmasindan
kaynaklanabilecegi degerlendirilmektedi.
Mikroenkapstile incir ¢ekirdegi yagt tozu igin en
diigiik a degeri %100 MD oraninda 0.25 olarak
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bulunurken; en yiiksek a degeri %33 MD: %67
WPI oraninda 8.56 olarak bulunmustur.
Orneklerin b degeri en diisiik %100 MD oraninda
16.58 olarak hesaplanirken; en yitksek b degeri
%33 MD: %67 WPI oraninda 26.19 ve %67 MD:
%33 WPI oraninda 21.48 olarak belitlenmistit. En

distik kroma degeri 16.58 %100 MD oraninda
elde edilirken; en yiiksek kroma degeri olan 27.55
%33 MD: %67 WPI oraninda tespit edilmistir. En
diisiik Hue degeri olan 71.90 %33 MD: %67 WPI
oraninda elde edilirken; en ylksek Hue degeri olan
89.10 %100 MD oraninda bulunmustur.

Cizelge 3. Farkli kaplama materyalleriyle tretilen incir ¢ekirdegi yag1 tozunun fiziksel 6zellikleri
Table 3. Physical properties of fig seed oil powder produced by different coating materials

Deneme No

gflkse} ozelilfl?ler Experiment Number
hysical properties 1 5 3 . - -
0
Nem (%) 0732004+ 1.29%0.11bc  1.99+0.11¢  1.12£0.18>  2.18+0.10¢  1.53+0.01¢
Moisture (%)
Su aktivitesi 0.01£0.00:  0.02£0.00>  0.05+0.00¢  0.03£0.00c  0.05+0.00  0.05%0.00¢
Water activity
L degeri
Lo 81.07+1.45¢  7326+0.16¢  74.21+0.51¢  70.82+0.96>  59.33+1.322  79.3240.724
a degeri )
e 02520.07*  7.312025¢  8.56+0.25F  6.64£0.46¢  534+032¢ 470001
b degeri ) \
b 16.5840.90:  24.72+0.15¢  26.19£0.51¢  21.48+0.13¢  17.90+0.28>  22.39+0.09¢
Kroma
o 16.58+0.90:  25.78+0.214  27.55+0.56¢  22.49+0.26°  18.68+0.33>  22.88+0.09¢
g‘; 89.1040.28¢  73.5240.45>  71.90+0.17¢  72.83+1.03%  73.39£0.79>  78.15%0.05¢
3
g (kg/m?) 02620014 0232001 0.24+0.02¢  0.21+0.000 02520015  0.23%0.01
SY (kg/m?) +0.00d +001c () (11 be 40 01a 0 ONe O 01
TD (ke/m3) 0.34+0.000  0.29+0.01c  0.29+0.01 0.26+0.01  0.30+0.00c  0.27%0.01
0
g ;0;“)) 22404340  19.03+3.59  17.1844.08  17.03£1.22  18.24%2.03  15.89%4.95
0
A
Dagllabiliclik () g, 9943 360 955741260 982141.22¢  97.33+1.88 81714248  100.00+1.23¢
Dispersibility (%)
Islanabiliclik (5) 15 3345 050 4674205 57.6742.050  32.0041.630  TR6TH2.627 42334205

Wettability (5)

Ayni satirdaki farkli kiictik harfler uygulamalar arasindaki anlamli farks ifade etmektedir (p<0.05)
Different lowercase letters on the same line indicate significant differences between applications (p<0.05)
YY: Yigin Yogunlugu, SY: Stkistiridmis Yogunluk, CI: Carr Indeks

BD: Bulk Density, TD: Tapped Density, CI: Carr Index

Toz trinlerin yigin 6zelliklerini ortaya koyan yigin
yogunlugu, stkistirdmis  yigin - yogunlugu  ve
akabilirlik degerleri, Uriinin pargactk ¢apt ve
parcactk boyutu dagilimi ile iliskilidir (Barbosa-
Canovas vd., 2005). Yigin yogunlugunun diisitk
olmast, iriinin paket hacmini artirarak
istenmeyen bir duruma yol acabildigi gibi; trin
bosluklari arasinda hava tutarak oksidasyon riskini

artrir - ve  Urliniin - depolama  stabilitesinin
azalmasina yol acar (Ko¢ wvd., 2011).
Mikroenkapsule incir ¢ekirdegi yagt tozu

orneklerinin ortalama yigin yogunlugu degerleri
0.21 g/cm? (%67 MD: %33 WPI) ve 0.26 g/cm?
(%100 MD) arasinda degismistir. Nakilcioglu-Tas
ve Otles (2021), mikroenkapsiile zeytin ¢ekirdegi
tozunun  yigin - yogunlugunun 0.26 g/cm?
diizeyinde oldugunu rapor etmislerdir. Incir
cekirdegi yagt tozunun sikistirilmis  yogunluk
degetlerinin 0.26 g/cm? (%67 MD: %33 WPI) ve
0.34 g/cm? (%100 MD) arasinda degistigi
belirlenmistir. Yigin yogunlugu ve stkistirilmig
yogunlugu arasindaki farkin yiiksek olmasi tirtiniin



incir cekirdegi yaginin enkapsiilasyonu

akabilirliginin kot oldugunun bir isaretidir (Kog
vd.,, 2011). Carr Index degetlerinin 15 ile 20
arasinda ¢tkmast Griinlerin akabilitlik 6zelliklerinin
iyi oldugunu géstermektedir. Incir cekirdegi yag:
tozlarinin Carr indeks degerleri 15.89 (%75 MD:
%25 WPI) ve 22.40 (%100 MD) arasinda degisen
degerler almistir ve degetler arasinda istatistiki
olarak anlamli fark tespit edilmemistir.

Toz urlnlerin dagilabilirlik  ve 1slanabilirlik
Ozellikleri; partikll boyutu, yogunlugu, gézenekli
yapist ve yizey alant gibi faktorlere baglhdir. Toz
trtinlerin  1slanabilirligi, sivinin  tozun  ylzeyi
altinda emilme yetenegini Slgen bir parametredir
ve genellikle temas acstyla belirlenmektedir.
Hidrofobik kaplama maddeleriyle kaplanmis
yuzeylerde, c¢ogunlukla genis bir temas agist
meydana gelir ve bu durum, zayif islanma
Ozelligine isaret eder. Ancak, higroskopik kaplama
maddeleriyle kaplanmis yiizeyler tam tersi etki
gOsterir ve iyi bir 1slanma 6zelligine sahip olutlar.
Yizeydeki serbest  yaglar, 1slanabilirligi
azaltmaktadir ve emilsifiye edici maddelerin
kullanilmastyla, yag iceren kurutulmus tozlarin
islanabilirliginin - arttigr  belirtilmektedir. Biiytk
yiginlar, 1slanmayt zorlastirabilir (Hui vd., 2008).
Mikroenkapstle incir ¢ekirdegi yagi tozlarinin en
distk slanabilirlik  stiresi 12.33 s olarak
Olctlmistir ve bu deger %100 MD oraninda elde
edilmistir. En ytksek 1slanabilirlik stiresi ise 73.67
s olarak bulunmus ve bu oran %25 MD: %75 WPI
kosulunda tespit edilmistic. MD oram azaldik¢a
slanabilirlik  strelerinde de artis  oldugu
belirlenmistir.

Dagilabilitlik, aglomere veya topaklanmis toz
urinin ¢ozelti icinde hafif bir karistirma ile
homojen bir sekilde dagilabilme yetenegini ifade
etmektedir (Hui vd., 2008), Bu 6zellik, toz trintn
gida endustrisinde kullanilabilirligini belirleyen
o6nemli bir parametre olup, ylksek olmast arzu
edilir. Incir cekirdegi yagt tozlarinin en disik
dagilabilirlik degerleri %100 MD ile kaplanan
(%80.98) ve %25 MD: %75 WPI ile kaplanan
(%81.71) 6rneklerde tespit edilmistir. En yiiksek
dagilabilirlik degeri ise (%100) %75 MD: %25
WPI kaplama oraninda tespit edilmistir. Kaplama
materyali  igerifine  gbére toz  Orneginin
dagilabilirliginin degismesi yiizey Ozelliklerinin

degismesi ile iliskilendirilebilir. ~ Kullanilan
kaplama materyali icerigine baglt olarak kaplama
performanst  degisiklik  gOstermekte,  yiizey
yaginda degisim olmaktadir ve bu durum da
tozlarin su icerisinde dagilabilirligini
etkilemektedir (Balasubramani vd., 2015).

Partikiil morfolojisi

Dondurarak kurutma yontemiyle elde edilen 6
farklt icerige sahip Orneklerin mikroenkapstile
incir cekirdegi yagi tozlarina ait taramali elektron
mikroskobu (SEM) goriintiileri Sekil 1°de verildigi
gibidir. Géruntiiler, triinlerin partikiil ¢aplarinin
homojen yapida olmadigini ortaya koymaktadir.
%100 MD iceren Orneklerin partikiil caplart ¢ok
kicik iken; %67 MD: %33 WPl disindaki
orneklerde partikiillerin sekillerini korumadigt ve
kiresel yapmin bozuldugu gézlemlenmektedir.
Partikiil morfolojisi ve mikroenkapsiile 6rneklerin
yizey yagt arasinda bir iligki oldugu yapilan
calismalarda sunulmaktadir (Bae ve Lee, 2008;
Vega ve Roos, 2000). Yizey yagin artisina bagl

olarak mikropartikiillerin sekillerinde
aglomerasyona baglt olarak deformasyonlar
gozlenebilmektedir.

Farkli kaplama materyalleriyle iiretilen incir
gekirdegi yag1 tozunun mikroenkapsiilasyon
verimi ve peroksit degerleri

Mikroenkapstile edilmis incir ¢ekirdegi yagt
tozlarinin kaplama materyali degisimine baglt
olarak degisen mikroenkapsiilasyon verimi ve
peroksit degerleri Cizelge 4’te verilmistir.

Toz iurinlerde mikroenkapstilasyon isleminin
etkinligini belirlemek icin kullanilan 6nemli bir
gosterge mikroenkapsiilasyon verimidir.
Mikroenkapstile incir ¢ekirdegi yagt tozu i¢in en
diisiik mikroenkapsiilasyon verimi degeri %063.52
ile %100 MD oraninda elde edilirken, en yitksek
mikroenkapsiilasyon verimi degeri ise %80.28 ile
%67 MD: %33 WPI oraninda bulgulanmustir.
Genel bir yaklasim olarak enkapstle urtnlerde
mikroenkapsiilasyon verimlerinin %80 diizeyinde
olmast istenmektedir (Zungur, 2013). Bu duruma
en uygun Ornegin, en yiksek ekstraksiyon
verimine sahip olan %33 WPI: %67 MD oldugu
gorilmustir. Maltodekstrin, yiksek katt madde
konsantrasyonunda  dustik  viskozite,  iyi
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koruma
duvar

¢ozunurlik, oksidasyona karst iyl
nedeniyle mikroenkapstilasyonda
malzemesi olarak yaygin olarak kullanidan bir
materyaldir. (Madene vd. 2000). Ancak zayif
emilsiye etme kapasitesine sahiptir, bu nedenle de
mikroenkapsiilasyon c¢alismalarinda baska bir
kaplama materyali ile kombine edilmesine ihtiya¢
duyulmaktadir. Hogan vd. (2001) tek bir duvar
malzemesinin ideal bir kapsiilleme maddesi icin

gereken tim  Ozelliklere sahip  olmadigin,
kapstlleme  Ozelliklerini  gelistirmeye  yonelik
yaklasimlarin karbonhidrat ve protein

karisimlarina odaklandigini bildirmistir. Peynir altt
suyu proteinlerinin, emdlsiyonun damlacik
arayiizlerinde kalin viskoelastik filmler olusturarak
lipit oksidasyonunu engellemesi nedeniyle etkili
bir duvar malzemesi oldugu bildirilmistir (Hu vd.
2003). Kaplamas:  gergeklestirilecek  yagin
Ozelliklerine ve kullanilan kurutma yéntemine ve
kurutma islem kosullarina baglt olarak kaplama
materyali igeriginde meydana gelecek ufak

degisimler son urlin Ozellikleri Uzerinde etkili
olabilmektedir.

Sekil 1. Dondurarak kurutma yéntemiyle elde edilen 6 6rnegin incir ¢ekirdedi yagi tozlarina ait taramalt
elektron mikroskobu (SEM) gériintiileri (x1650) (a: %100 MD; b: %50 MD: %50 WPI; c: %33 MD: %67
WPI; d: %67 MD: %33 WPIL; e %25 MD: %75 WPL f: %75 MD: %25 WPI)

Figure 1. Scanning electron microscope (SEM) images of fig seed oil powders of 6 samples obtained by freeze drying
method (x1650) (a: %100 MD; b: %50 MD: %50 WPL; ¢: %33 MD: %67 WPI; d: %67 MD: %33 WPI; ¢ %25 MD:
%75 WPL f: %75 MD: %25 WPI)

Cizelge 4. Farkli kaplama materyalleriyle iiretilen incir ¢ekirdegi yagt tozunun mikroenkapstilasyon
verimleri ve peroksit degerleri
Table 4. Microencapsulation efficiencies and peroxide values of fig seed oil powders produced by different coating materials

Deneme No

Mikroenkapstilasyon verimi (%0)

Experiment Number Microencapsulation efficiency (%o) Peroxcide 1V alue (meq O/ kg yag)
1 63.52%5.84¢ 13.58%0.20P
2 72.2911.124b 14.79£0.00<
3 70.64£0.07> 7.98%0.17=
4 80.28+0.53b 18.20%0.234
5 68.09£1.25% 23.24%0.09¢
0 71.90£6.314b 8.23+0.122

Ayni siitundaki farkl kiigtik harfler uygulamalar arasindaki anlamli farks ifade etmektedir (p<0.05)
Different lower case letters in the same column indicate significant differences between applications (p<<0.05)

Peroksit Degeri (meq O2/kg yag)
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Yaglardaki peroksit degeri, yagin bozulma seviyesi
ve saklanabilme stiresi hakkinda fikir veren 6nemli
bir  parametredir  (Gogis  vd.,  2009).
Mikroenkapstile incir ¢ekirdegi yagt tozu igin en
dustik peroksit degeri 7.98 meq O2/kg yag ile %33
MD: %67 WPI oraninda elde edilirken; en yitksek
peroksit degeri ise 23.24 meq O»/kg yag %25
MD: %75 WPI oraninda bulgulanmistir.

Farkli kaplama materyalleri kullanilarak dretilen
mikroenkapsiile incir cekirdegi yagi tozlarinin
nem icerigi, su aktivitesi, yigin yogunluk,
sikistrdmis - yogunluk, akabilirlik, 1slanabilirlik,
dagilabilirlik, renk degerleri, mikroenkapsiilasyon
verimi ve peroksit degerleri incelendiginde 6
ornekli deneme deseninden elde edilen MD: WPI
oranina gore en uygun olan ve depolama
analizlerinde kullanilacak 6rnegin %33 WPI: %67
MD 6rnegi olmasina karar verilmistir.

Incir gekirdegi
stabilitesi

Mikroenkapstle incir c¢ekirdegi yagi tozunun
(%33 WPI: %67 MD) 4, 25 ve 60 °C sicakliklarda
90 glin boyunca depolanmast ile nem icerigi, su

yag1 tozunun depolama

aktivitesi, y1gin yogunlugu, stkistirilmis yogunluk,
akabilirlik, 1slanabilirlik, dagilabilirlik  analiz
sonuclart ile renk degerleri Cizelge 5-14'te
verildigi gibidir.

Toz urtinlerin muhafaza edilme strecinde, nem
icerigi ve su aktivitesi degetleri biuyik Oneme
sahiptir  (Botrel vd., 2011). Toz urinlerin
depolanmasi esnasinda yitksek nem igerigi, yag
oksidasyonunu artirabilir ve Griiniin akiskanligint
etkileyebilit. Bu nedenle, nem icerigi depolama
stiresince kontrol altinda tutulmasi gereken kritik
bir parametredir (Sims, 1989). Farkli sicakliklarda
depolanmus incir ¢ekirdegi yagt tozu Srneklerinin
nem igerikleri depolama siiresince %1.24 ile
%2.48 arasinda degisim gdstermistir. Depolama
stresinde her sicaklik icin nem degerlerinde
dalgalanmalar gézlense de 60 °C’de baglangica
gore artis gbzlenmis olup; 25 °C’de ise bir disis
gorilmektedir. Bu durum depolama sicakhiginin
artisgina  baglt olarak mikrokapsil yapisinda
bozulmalarin meydana gelmesi ile

iliskilendirilebilit.

Cizelge 5. Farkli sicakliklarda depolanan incir ¢ekirdegi yagt tozunun nem igerikleri
Table 5. Water contents of fig seed oil powder stored at different temperatures

Depolama siiresi (giin)

Depolama sicaklhigt (°C)

Storage temperature (°C)

Storage time (day) 4

25 60

0 1.83£0.10beA
15 1.6410.152bA
30 1.2420.102A
45 2.08%0.07A
60 2.18%0.18eA
75 2.0710.124
90 1.8520.06beA

1.83£0.10beer

1.830.10beA

1.5520.162b:A 1.6720.04>A
1.41£0.04A 1.29£0.092A
1.9940.14<dA 2.02+0.11e4
2.17£0.054A 1.8820.00beA
1.9940.12¢dA 2.00£0.064
1.7140.02abeA 2.48+0.094.B

Ayni siitundaki farkls kiigiik harfler depolama giinlerini, ayn1 satirdaki biiytik harfler depolama sicakliklari arasindaki

anlamli farki ifade etmektedir (p<<0.05)

Different lowercase letters in the same column indicate storage days, and capital letters in the same line indicate significant differences

between storage temperatures (p<0.05)

Toz urtnlerde oksidasyon, enzimatik olmayan
esmerlesme ve mikrobiyal gelisimi kontrol altinda
tutmak icin Urlinlerin su aktivitesi degeri 0.1 — 0.2
araliginda bir deger olmalidir (Pala ve Saygt, 1983).
Dondurarak kurutma yontemiyle elde edilen
mikroenkapstile incir cekirdegi yagi tozlarinin
farklt depolama sicakliklarinda her kosul icin
Olctilen su aktivitesi degerleri, bu kritik deger olan

0.1 - 0.2 degerlerinin araligindadir (Cizelge 0).
Farkli sicakliklarda depolanmis incir ¢ekirdegi yagt
tozu 6rneklerinin su aktivitesi degerleri depolama
stresi boyunca 0.03 ile 0.06 arasinda degisim
gOstermistir. Depolama stresince her ti¢ sicaklik
degeri icin de su aktivitesi degerlerinde baglangica
gore sayisal bir artts gézlenmistir.
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Cizelge 6. Farkli sicakliklarda depolanan incir ¢ekirdegi yagi tozunun su aktiviteleri
Table 6. Water activities of fig seed oil powder stored at different temperatures

Depolama siiresi (giin)

Depolama sicakligt (°C)
Storage temperature (°C)

Storage time (day)

4 25 60

0 0.03£0.002A 0.03£0.00=A 0.03£0.002A
15 0.03£0.002A 0.03£0.00=4 0.03£0.00=8
30 0.04£0.00b>A 0.04+0.00+8 0.04£0.00=8
45 0.04£0.00bA 0.04£0.002A 0.05£0.00=8
60 0.05£0.00eA 0.0520.008 0.06£0.00=¢
75 0.05£0.00¢8 0.05£0.0024A 0.06£0.0048
90 0.06%0.00C 0.05%0.0024 0.06£0.0028

Ayni siitundaki farkls kiigiik harfler depolama giinlerini, ayn1 satirdaki biiytik harfler depolama sicakliklari arasindaki

anlamli farks ifade etmektedir (p<<0.05)

Different lowercase letters in the same column indicate storage days, and capital letters in the same line indicate significant differences

between storage temperatures (p<0.05)

Farkli sicakliklarda depolanmis incir ¢ekirdedi yagt
tozu Orneklerinin  ortalama yigin  yogunlugu
degerlerinin depolama siiresince 0.17 kg/m3 ile
0.21 kg/m? arasinda degistigi gorulmustir.
Orneklerin sikistirilmis yogunluk degerleri ise 0.23
kg/m? ile 0.27 kg/m? araliginda degismistir.
Sikistirilmis yogunluk degerleri 4°C’de depolama
stresinde baglangica gére dustis gbstermisken; 25
ve 60°C’de depolama sirasinda ise 6nemli bir
degisim gézlenmemistir. Orneklerin Carr indeks
(akabilirlik) degerleri 11.88 ile 30.38 arasinda
degismistir ve bu degetler (<40) 6rneklerin kabul
edilebilir diizeyde bir akiskanliga sahip olduklarini
gostermektedir. Akabilirlik, depolama, tasima,
formiilasyon ve karistirma islemleri sirasinda gida
tozlari i¢in 6nem tastyan bir diger Szelliktir. Bu

nedenle, uygun depolama kosullarini belirlemek
icin bu degiskenlerin etkisinin farkinda olmak
gerekir (Zungur Bastioglu vd., 2017). Depolama
esnasinda akabilirlik degerlerinde dalgalanmalar
gozlenmis olsa da 90 ginlik depolama sonunda
25 ve 60°C’de depolanan orneklerde degisim
gozlenmemistir. 4°C’da meydana gelen disis
buzdolab: kosullarinda depolama sirasinda yiizey
Ozelliklerinde meydana gelen degisim ile
aciklanabilir.  Zungur Bastioglu vd. (2017)
tarafindan yapilan mikroenkapsiile zeytinyagi
tozunun farkli sicakhiklarda depolanmasinin
triiniin fizikokimyasal 6zellikleri tizerine etkisinin
incelendigi ¢alismada da benzer sekilde 4°C’de
depolanan 6rneklerin depolama sonu CI degerleri
diger sicakliklara gbre daha diisitk bulunmustur.

Cizelge 7. Farklt sicakliklarda depolanan incir ¢ekirdegi yagi tozunun yigin yogunlugu degerleri
Table 7. Bulk densities of fig seed oil powder stored at different temperatures

Depolama siiresi (giin)

Depolama sicakligt (°C)
Storage temperature (°C)

Storage time (day)

4 25 60
0 0.21£0.00e4 0.21£0.00bA 0.21£0.00b-A
15 0.17£0.002A 0.20£0.00+8 0.20%0.0028
30 0.21£0.00bcA 0.20£0.002bA 0.21£0.00ab.A
45 0.2120.00bA 0.20£0.002bA 0.23£0.01bA
60 0.2020.00beA 0.20£0.002b-A 0.21£0.0024
75 0.2020.00bA 0.21£0.00b>A 0.21£0.002A
90 0.20£0.00bA 0.20£0.00=A 0.21+0.0024

Aynit stitundaki farklt kii¢tik harfler depolama glnlerini, ayni satirdaki buyiik harfler depolama sicakliklari arasindaki

anlaml farks ifade etmektedir (p<0.05)

Different lowercase letters in the same column indicate storage days, and capital letters in the same line indicate significant differences

between storage temperatures (p<0.05)
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Cizelge 8. Farkli sicakliklarda depolanan incir ¢ekirdegi yagt tozunun sikistirilmis yigin yogunlugu
degerleri
Table 8. Tapped densities of fig seed oil powder stored at different temperatures

Depolama siiresi (giin)

Depolama sicakligt (°C)
Storage temperature (°C)

Storage time (day)

4 25 60

0 0.2520.00<d-A 0.25£0.002A 0.25£0.0024
15 0.24£0.01abAB 0.23%0.00sA 0.26£0.00>-B
30 0.24£0.002b-AB 0.24£0.002A 0.25£0.00=8
45 0.2410.00bcA 0.24£0.002A 0.27£0.01bA
60 0.25£0.004A 0.25£0.0224A 0.2520.0024
75 0.2410.00ab-A 0.24£0.002A 0.26£0.00>-8
90 0.23£0.002A 0.24£0.00=A 0.25£0.00=8

Ay sttundaki farkl kiictik harfler depolama gtnlerini, aymi satirdaki biiyiik harfler depolama sicakliklari arasindaki

anlaml farki ifade etmektedir (p<<0.05)

Different lowercase letters in the same column indicate storage days, and capital letters in the same line indicate significant differences

between storage temperatures (p<0.05)

Cizelge 9. Farkli sicakliklarda depolanan incir ¢ekirdegi yagt tozunun Carr Index degerleri
Table 9. Carr Indices of fig seed oil powder stored at different temperatures

Depolama siiresi (giin)

Depolama sicakligt (°C)
Storage temperature (°C)

Storage time (day)

4 25 60
0 16.16%0.16eA 16.16%0.16A 16.16x0.16>A
15 30.38£0.38¢<¢ 15.71%0.65¢A 20.01£0.40<8
30 13.12£0.88»A 13.12£0.88ab-A 13.43£0.852A
45 15.1410.86bA 15.00%1.00beA 15.9410.39bA
60 20.0010.2248 21.7810.224¢ 16.16%0.16e4
75 14.1410.122b:8 11.881+0.1224 19.8010.20<C
90 13.8610.65A 16.6510.65¢<B 17.50%0.50>-8

Ayni siitundaki farkls kiigiik harfler depolama giinlerini, ayn1 satirdaki biiytik harfler depolama sicakliklari arasindaki

anlaml farki ifade etmektedir (p<<0.05)

Different lowercase letters in the same column indicate storage days, and capital letters in the same line indicate significant differences

between storage temperatures (p<0.05)

Toz durlnlerde dagilabilirlik ve 1slanabilirlik;
partikiiliin boyutuna, yogunluguna, porozitesine
ve yiizey alanina bagh olarak degisim gOsteren
Ozelliklerdir (Kim vd. 2002). Toz trtinlerin sivi
emme yeteneZini Olcen 1slanabilirlik degerleri
mikroenkapstile incir ¢ekirdedi yagt tozlar icin
depolama  siiresince 34.5-57.5 s araliginda
degismistir. Depolama stiresinde tiim sicakliklarda
1slanabilirlik degerlerinde dalgalanmalar gbzlense
de, 90. giin sonunda baslangica gore artis
gozlenmistir ve en fazla artis 60 °C’de tespit
edilmistir. Tozlarin 1slanabilitligi, genellikle tozun
yuzeyl ve penetre olan su arasindaki agciyla
belirlenir. Bu sebeple tozun ylizey kompozisyonu,
tozun 1slanabilme strecinde 6nemli bir isleve

sahiptir. Bunlara ek olarak biyiik yiginlar da
islanmay1 zotlastirabilmektedir (Hui vd., 2008).
Depolama sicakhiginin artisina bagl olarak yiizey
yaginin 6zelliklerinin degisimi ve buna bagli olarak
topaklanmanin artisina bagl olarak 1slanabilirlik
degerlerinde artis gbzlenmistir.

Toz trinlerin stvi ortama karistirildiginda bireysel
partikiillere ayrilma yetenegini 6lgen bir parametre
olan dagilabilirlik, incir ¢ekirdegi yagi tozlarinda
86.03 ile 100 arasinda degisen degerler almigtir.

Elde edilen sonuclar literatiir ile uyum
icerisindedir  (Zou vd., 2025). Orneklerin
dagilabilirlik  degetlerinin = 25 ve 60°C’de

depolanan 6rneklerde depolama sonunda azaldigi
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gozlemlenmistir. Orneklerin yiizey yagt miktarinin
zamanla artmast, toz Urtinlerin etrafinda bir yag
tabakasi olugturarak tiriiniin su i¢cinde homojen bir
sekilde dagilmasina engel olusturabilmektedir.

partikiiller suda daha kolay dagilirken, daha kiiciik
partikiiller dagilma sirasinda yiizerek rehidrasyon
Ozelliklerini  etkileme egilimi gdstermektedir
(Goula and Adamopoulos, 2008).

Ayrica  slanabilirligin  tersine

daha buytk

Cizelge 10. Farkl sicakliklarda depolanan incir ¢ekirdegi yagt tozunun 1slanabilirlik degerleri
Table 10. Wettability values of fig seed oil powder stored at different temperatures

Depolama siiresi (gtin)

Depolama sicakligt (°C)
Storage temperature (°C)

Storage time (day)

4 25 60
0 34.50£0.5024 34.50£0.50=4 34.50£0.5024
15 51.00£1.00<8 47.50£0.50-A8 46.00£1.00=7
30 42.50£2.50p4A 51.00£1.0048 53.50%1.50deB
45 56.50+1.50¢8 46.50£1.50<A 52.50%2.504A8
60 44.50£0.50p 41.00£1.000A 41.00£1.00pA
75 52.50£2.50eA 54.50+0.504-A 53.00£1.00deA
90 53.50%1.50AB 49.00£1.00<d-A 57.50£0.508

Ay sttundaki farkl kiictik harfler depolama gunlerini, aymi satirdaki biiyiik harfler depolama sicakliklari arasindaki

anlaml farki ifade etmektedir (p<<0.05)

Different lowercase letters in the same column indicate storage days, and capital letters in the same line indicate significant differences

between storage temperatures (p<0.05)

Cizelge 11. Farkl sicakliklarda depolanan incir ¢ekirdegi yagi tozunun dagilabilirlik degerleri
Table 11. Dispersibility values of fig seed oil powder stored at different temperatures

Depolama siiresi (giin)

Depolama sicakligt (°C)
Storage temperature (°C)

Storage time (day)

4 25 60
0 94.24+2.39ab.A 94.24+2.39bA 94.24+42.39cdA
15 95.25%0.69ab.A 94.68+1.27bA 126.69%2.02¢8
30 96.26%0.82bA 96.58+1.01bA 98.311+0.174A
45 92.71£2.61ab:B 86.42+2.98x4 86.03£0.3024
60 92.04%1.24ab.A 95.721+1.49bA 92.521(.28beA
75 90.39£0.854A 94.07£1.94bA 93.29+41.33bcdA
90 90.87+1.47:b.A 92.7612.66>A 88.40%2.01ab.A

Ay sttundaki farkl kiictik harfler depolama gunlerini, ayni satirdaki biiyiik harfler depolama sicakliklari arasindaki

anlamh farks ifade etmektedir (p<<0.05)

Different lowercase letters in the same column indicate storage days, and capital letters in the same line indicate significant differences

between storage temperatures (p<0.05)

Farklt sicakliklarda gergeklestirilen depolama
sirecinde renk degerlerinde genel olarak bir
dalgalanma gozlenmistir. Orneklerin 1. degerleri
59.48-78.76; a degerleri 0.65-1.55; b degerleri ise
11.40-16.55 arasinda degisim gstermistir.

Mikroenkapstle incir cekirdegi yagt tozu
orneklerinin 4, 25 ve 60 °C sicakliklarda 90 giin
boyunca depolanmasi sirasinda

mikroenkapsiilasyon — verimleri ve  peroksit
degerleri Cizelge 15-16’da verildigi gibidir.

Mikroenkapstile incir cekirdegi yagi tozlarinin
depolama stresince mikroenkapstilasyon
verimleri %73.07 ile %82.79 arasinda degisim
gOstermistir.  Depolama  stresinde  6rneklerin
mikroenkapsiilasyon veriminde dalgalanmalar
gozlense de tim sicaklik degerlerinde artis
gbzlenmistir.
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Gizelge 12. Farkli sicakliklarda depolanan incir ¢ekirdegi yagt tozunun L degerleri
Table 12. L values of fig seed oil powder stored at different temperatures
Depolama sicakligt (°C)
Storage temperature (°C)

Depolama siiresi (giin)

Storage time (day)

4 25 60
0 70.43£0.164A 70.43£0.16A 70.4310.164
15 70.41£0.8648 71.18£0.34<8 66.85%0.13bA
30 67.2230.90eA 72.71+1.37<8 69.911+0.51A8
45 69.0211.20cdA 67.34£0.04b>A 78.76£0.93¢8
60 64.51£0.23.8 67.04£0.01>B 60.65£1.162A
75 66.57£0.68bB 71.23+1.10<C 59.48%0.794
90 62.40£0.292A8 62.19£0.342A 66.66+1.63bB

Ayni siitundaki farkls kiigiik harfler depolama giinlerini, ayn1 satirdaki biiytik harfler depolama sicakliklari arasindaki
anlamli farks ifade etmektedir (p<<0.05)

Different lowercase letters in the same column indicate storage days, and capital letters in the same line indicate significant differences
between storage temperatures (p<0.05)

Gizelge 13. Farkli sicakliklarda depolanan incir ¢ekirdegi yagt tozunun a degerleri
Table 13. a values of fig seed oil powder stored at different temperatures

Depolama siiresi (giin)

Depolama sicakligt (°C)
Storage temperature (°C)

Storage time (day)

4 25 60
0 1.05%0.16>4 1.05%0.16>A 1.0520.16>4
15 1.06£0.06>A 1.06£0.11b2 1.32+0.05be4
30 1.4010.04<A 1.3240.12bA 1.5520.04<A
45 0.77£0.062A 1.07£0.01>8 1.33£0.04beC
60 0.73£0.06A 1.0710.05b8 0.74£0.1124A
75 0.8410.03b-A 1.07£0.05>-A8 1.25£0.09beB
90 0.65£0.092A 0.69£0.0224 1.2520.01b8

Ay sttundaki farkl kiictik harfler depolama gtnlerini, aymi satirdaki biiyiik harfler depolama sicakliklari arasindaki
anlamli farki ifade etmektedir (p<<0.05)

Different lowercase letters in the same column indicate storage days, and capital letters in the same line indicate significant differences
between storage temperatures (p<0.05)

Cizelge 14. Farkli sicakliklarda depolanan incir ¢ekirdegi yag1 tozunun b degerleri
Table 14. b values of fig seed oil powder stored at different temperatures
Depolama sicakligt (°C)
Storage temperature (°C)

Depolama siiresi (giin)
Storage time (day)

4 25 60
0 13.71140.53¢dA 13.7140.53bcdA 13.71£0.53bA
15 13.77£0.1844 14.07£0.32bcdA 13.72%0.08b>A
30 13.1520.12bed.A 14.621+0.35¢d8 15.174£0.19<B
45 12.83£0.86abedA 13.27£0.01bA 16.55%0.1448
60 11.8710.48:bA 13.5240.05beB 12.08%0.63%A
75 12.19£0.072beA 14.89£0.5148 11.70£0.092.A
90 11.40£0.012A 11.63%0.1624 13.24+0.09b.8

Ayni siitundaki farkls kiigiik harfler depolama giinlerini, ayni satirdaki biiytik harfler depolama sicakliklari arasindaki
anlaml farki ifade etmektedir (p<0.05)

Different lowercase letters in the same column indicate storage days, and capital letters in the same line indicate significant differences
between storage temperatures (p<0.05)
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Cizelge 15. Farkli sicakliklarda depolanan incir ¢ekirdegi yagi tozunun mikroenkapsiilasyon verimleri
Table 15. Microencapsulation efficiencies of fig seed oil powder stored at different temperatures
Depolama sicakligt (°C)
Storage temperature (°C)

Depolama siiresi (giin)

Storage time (day)

4 25 60
0 76.87£0.042A 76.87£0.042A 76.87£0.03A
15 76.32£0.472:A 79.42£0.962>-B 75.90£0.02bA
30 76.7910.1128 78.86£0.13:C 73.07£0.08A
45 80.4710.034C 75.96£0.002A 78.28+0.014.8
60 77.68£0.01bA 80.09£0.00¢8 82.7910.04sC
75 79.70£0.01¢8 78.56£0.01bA 80.50%0.02¢C
90 77.90£0.02bA 82.08+0.014C 78.53+0.01¢B

Ayni siitundaki farkls kiigiik harfler depolama giinlerini, ayn1 satirdaki biiytik harfler depolama sicakliklari arasindaki
anlamli farks ifade etmektedir (p<<0.05)
Different lowercase letters in the same column indicate storage days, and capital letters in the same line indicate significant differences

between storage temperatures (p<0.05)

Farkli sicakliklarda depolanmis incir ¢ekirdedi yagt
tozu Orneklerinin peroksit degetleri depolama
suresince 5.73-71.35 meq Oz/kg yag arasinda
degismistir. Depolama stiresince her sicaklik icin
peroksit degerlerinde dalgalanmalar gbzlense de

durumda sicakligin artmasina baglt olarak peroksit
degeri de artmaktadir. Her ti¢ sicaklik degeri icin
de 45 ginden daha uzun depolamalarin Griin
kalitesinde disise yol actif1 gbzlemlenmistir. Bu
durum incir ¢ekirdegi yagi tozunun ¢abuk

tim sicakliklarda baslangica gére bir artis oldugu tiketilecek ve raf Omri  kisa gidalarin
gozlenmektedir. Depolama sirasinda en yiksek formilasyonunda kullantmimnin  daha uygun
deger 60 °Cta 75. giinde elde edilmistir. Bu  olacagina isaret etmektedir.
Cizelge 16. Farkli sicakliklarda depolanan incir ¢ekirdegi yagt tozunun peroksit degeri
Table 16. Peroxide values of fig seed oil powder stored at different temperatures
o Depolama sicakligi (°C)
Dey;)lama s'ures; (gtin) Sllojmge Iempemmr% °C)
torage time (day) 1 5 0
0 5.73£0.03A 5.73£0.03A 5.73%0.03A
15 5.8210.042A 5.92£0.02s.A 16.70£0.09b-8
30 29.5210.48¢<C 17.58£0.42bA 24.51140.43<8
45 11.88£0.09b-8 6.13%0.002A 16.65£0.00p€
60 33.67£0.004B 44.44+0.004C 24.48%0.00=7
75 41.04%0.00A 58.36£0.02¢B 71.3520.00<¢
90 52.09£0.00¢ 41.11£0.00=A 28.8710.0048

Ay sttundaki farkl kiictik harfler depolama gtnlerini, aymi satirdaki biiyiik harfler depolama sicakliklari arasindaki
anlamh farks ifade etmektedir (p<<0.05)
Different lowercase letters in the same column indicate storage days, and capital letters in the same line indicate significant differences

between storage temperatures (p<0.05)

Model gida uygulamasi

Incir cekirdegi yagt tozu duyusal degerlendirme
icin salata sosu formiilasyonuna ilave edilmistir ve
kontrol grubuyla kiyaslanmustir. Sos Ornekleri
hedonik test ile 10 kisilik panelist grubunda
duyusal analize tabi tutulmustur. Elde edilen
sonugclar Cizelge 17°de gosterildigi gibidir.

Duyusal analiz sonuglart tat, koku, goriinis,
aroma, kivam ve tat sonrasi izlenim acisindan
panelistler tarafindan en yiksek puani alan
Ornegin salata sosunun igerisine incir cekirdegi
yagt tozu eklenen o6rnek oldugunu ortaya
koymustur. Incir ¢ekirdegi yagt tozu eklenerek
hazirlanan salata sosunda en ¢ok kararsiz kalinan



incir cekirdegi yaginin enkapsiilasyonu

ozellik ise koku olmustur. Genel kabul actsindan
degerlendirildiginde, incir cekirdegi yagi tozu
eklenerek hazirlanan salata sosu 6rneginin, incir

cekirdegi yagi ile hazirlanan 6rnege kiyasla daha
cok begenildigi bulgulanmustir.

Cizelge 17. Salata sosu 6rneklerine ait duyusal analiz sonuglari
Table 17. Sensory analysis results of salad dressings

Degerlendirme Parametreleri
Evaluation parameters

1 2 3 4 5

Ornek 1 (Incir cekirdegi yag1)
Sample 1 (Fig seed 0il)

Tat
Taste ) 7 3 ) )
Koku
Smell ) > 2 3 )
Goriunus ) 5 5 3
Appearance
Aroma
Aroma ) 3 > 2 i
Kivam
Thickness ) 2 4 4 i
Tat sonrast izlenim

1 6 3 - .
Overall acceptance

Ornek 2 (Mikroenkapsiile incir ¢ekirdegi yagt tozu)
Sample 2 (Microencapsulated fig seed oil powder)

Tat i i 1 9 i
Taste
Koku
Smell ] ] ! 3 ]
Gorinus ) ) 3 - i
Appearance
Aroma
Aroma ) ) 3 7 i
Kivam
Thickness ) ) i 10 i
Tat sonrast izlenim

B} B} 1 9 B}
Ouverall acceptance

(1: Hi¢ begenmedim, 2: Begenmedim, 3: Kararsizim, 4: Begendim, 5: Cok begendim)
(1: 1 didn't like it at all, 2: I didn't like it, 3: I'm undecided, 4: 1 liked it, 5: I liked it a lot)

SONUC
Yapilan calismada incir ¢ekirdegi yagt dondurarak
kurutma yontemiyle farklt oranlarda

maltodekstrin ve peynir altt suyu protein izolatt
karnigimlart ile enkapsiile edilmistir. Elde edilen
incir ¢ekirdegi yagt tozunun fizikokimyasal
Ozellikleri  belirlenerek en uygun kaplama
materyalinin %33 peynir altt suyu izolati: %67
maltodekstrin karisimi oldugu tespit edilmis ve bu
kosullarda tretilen incir ¢ekirdegi yagt tozu 4, 25

ve 60 °Cde 90 giin stresince depolanmis ve
depolama suresince degisiklikler incelenmistir.
Depolama siireci boyunca yapilan analizlerde,
uygun kaplama materyali ile mikroenkapsiile
edilen 6rneklerin hem fizikokimyasal stabilitesini

hem de fonksiyonel bilesenlerini daha iyi
korudugu belirlenmistir. Bu da, incir cekirdegi
yagt gibi oksidasyona duyarli bilesenlerin

korunmasinda mikroenkapsiilasyonun etkili bir
yontem oldugunu gostermektedir.
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Bulgular, uygun kaplama materyali ile elde edilen
enkapsile incir ¢ekirdegi  yaginin,  farklt
sicakliklarda depolandiginda fiziksel ve kimyasal
Ozelliklerinin incelenmesi actsindan 6zgln  bir
yaklastm  sunmaktadir.  Literatirde, incir
cekirdeginin dondurarak enkapsiilasyonu
sirasinda  kullanilan  kaplama materyalinin  toz
trtiniin fiziksel ve kimyasal 6zellikleri tizerindeki
etkisini ele alan bir calismaya rastlanmamustir.
Elde edilen enkapsiile triiniin, ambalajli toz
drinlerde yag kaynagt olarak kullanilabilme
potansiyeli bulunmaktadir.

Sonug¢ olarak, bu ¢alisma incir ¢ekirdegi yaginin
fonksiyonel gidalarda kullanim potansiyelini
artirmakta ve gida sanayisinde
degerlendirilebilecek atiklarin katma degeri yliksek
Urinlere donistirilmesine katki sunmaktadir.
Elde edilen veriler, ilerleyen calismalarda farkls
kurutma tekniklerinin veya kaplama
materyallerinin karsilastirilmast acisindan da bir
temel olusturmaktadir.

CIKAR CATISMASI
Bu makalede yazarlarin, bagka kisiler veya
kurumlar ile ¢ikar catismast bulunmamaktadir.
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yapilmasindan, Asli Zungur Bastioglu sonugclarin
yorumlanmas: ve istatistiki degerlendirmelerin
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sorumludur.
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ABSTRACT

This study explored the development of gluten-free meatballs by substituting traditional breadcrumbs (BC)
with oleaster flour (OF) and coconut flour (CF). Five meatball formulations were prepared: 8% BC (control,
MT1), 8% OF (M2), 8% CF (M3), 6% CF + 2% OF (M4), 4% CF + 4% OF (M5). The flour and meatball
samples were evaluated for some of their physical, chemical, physicochemical and sensorial properties. OF
addition notably enhanced the antioxidant capacity of the meatballs (52.93 mg Trolox equivalent/100g dry
weight). OF and CF utilization increased cooking loss and altered textural properties (P<0.05). Sensory
analysis revealed that M2 showed comparable scores to the control, while CF-containing samples received
lower scores. Overall, OF and CF show potential as gluten-free ingredients in meatball formulations, with
OF (M2) emerging as the most promising substitute for BC in terms of both nutritional quality and sensory
acceptance.

Keywords: Gluten-related disorders, gluten-free diet, meatball, oleaster flour, coconut flour

GALETA UNU YERINE IGDE VE HINDISTAN CEVIiZi UNU KULLANILARAK
GLUTENSIZ KOFTE GELISTIRILMESI

oz

Bu calismada, geleneksel galeta unu (GU) yerine igde unu (IU) ve hindistan cevizi unu (HCU)
kullanilarak glutensiz koéfte gelistirilmesi arastirlmistir. Bes kofte formilasyonu hazirlanmistir: %8
GU (kontrol, M1), %8 1U (M2), %8 HCU (M3), %6 HCU + %2 1U (M4), %4 HCU + %4 1U (M5).
Un ve kofte Ornekleri bazt fiziksel, kimyasal, fizikokimyasal ve duyusal 6zellikleri agisindan
degerlendirilmistir. TU ilavesi, koftelerin antioksidan kapasitesini belirgin sekilde artirmustir (52.93 mg
Troloks esdegeri/100 g kuru agirlik). IU ve HCU kullanimi pisirme kaybint artirmis ve tekstiirel
Ozellikleri degistirmistir (P<0.05). Duyusal analiz sonuglarina gére, M2 grubu kontrol grubuyla benzer
puanlar alirken, HCU iceren formiilasyonlar daha diisiik puanlar almistir. Genel olarak, 1U ve HCU,
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glutensiz kéfte formiilasyonlarinda kullanilabilecek potansiyele sahip bilesenlerdir ve 6zellikle TU
(M2), hem besinsel kalite hem de duyusal kabul acisindan GU yerine en umut verici alternatif olarak

One ctkmaktadir.

Anahtar kelimeler: Glutenle iligkili rahatsizliklar, glutensiz beslenme, kofte, igde unu, hindistan

cevizi unu

INTRODUCTION

Meat and meat products play a vital role in human
nutrition due to their high content of protein,
vitamins, and essential fatty acids (Dominguez et
al., 2019). Among these, meatballs are widely
enjoyed globally for their appealing taste and ease
of preparation and cooking. Traditionally,
meatballs are made using minced meat (from
beef, chicken, ham, fish, or a combination),
breadcrumbs (BC), chopped onion, eggs, butter,
and spices. Breadcrumbs are a key ingredient in
meatball recipes, helping to bind the mixture and
prevent it from breaking apart during cooking.
However, the gluten content in BC renders
meatballs unsuitable for those with gluten
sensitivity (Babaoglu, 2022).

Gluten is a protein naturally found in certain
cereals, including wheat, batley, rye, and oats that
contributes to the structural and sensory
characteristics of products made from these

grains. However, gluten-related disorders,
including celiac disease (CD), wheat allergy, and
non-celiac gluten sensitivity, have become

increasingly prevalent (Canabillas, 2020; Smidova
and Rysova, 2020; Sebenga et al., 2021). CD is one
of the most common and serious gluten-related
conditions, presenting as an
enteropathy triggered by gluten in genetically
susceptible people (Niewinski, 2008). The global
prevalence of CD is estimated to exceed 1% and
is on the rise, with variations in prevalence
ranging from 0% to 3.1% depending on the
country (Bradauskiene et al, 2023; Jansson-
Knodell et al., 2023). Based on five different
diagnostic methods, wheat allergy prevalence is
predicted to be less than 1% for each method (Liu
et al, 2023). A range between 0.5-15% is
estimated for the prevalence of non-celiac gluten
sensitivity. For individuals with gluten-related
disorders, lifelong gluten elimination from the
diet is the primary step for treating the disease and
alleviating its symptoms (Miranda et al., 2014;
Kaur, 2023). This necessitates the removal of

autoimmune

almost all bakery goods (bread, pasta, cookies,
cakes, etc.), including those sold in the market and
made at home, from the diet. Furthermore, other
products containing gluten and their derivatives
should be avoided. Therefore, it is necessaty to
replace the ingredients in these products with
their gluten-free counterparts.  Gluten-free
alternatives for these ingredients include gluten-
free cereals, pseudocereals, legumes, tubers, nuts,
oilseeds, fruits, vegetables, and their flours (El
Khoury et al., 2018; Smidova and Rysova, 2020).
Additionally, commercially available gluten-free
flour mixes are commonly used in gluten-free
formulations (Stoin, 2016).

While conceptually straightforward, removing
gluten from the diet can be challenging due to
various economic and logistical factors, such as
individuals' financial means and the limited
availability of gluten-free products. These
specialty products are often costly and may not be
available in all markets. Additionally, the absence
of gluten complicates the task of achieving
desired textural, sensory, and nutritional qualities,
often requiring the addition of other functional
ingredients like hydrocolloids, emulsifiers, fibers,
and enzymes (El Khoury et al., 2018). To expand
the wvariety and accessibility of gluten-free
products, a growing number of studies are being
conducted by the food industry and academic
researchers (Oyeyinka et al, 2018; Babaoglu,
2022; Oyeyinka et al., 2022).

With the increasing demand for gluten-free meat
products, the use of alternative flours (such as
quinoa, buckwheat, chickpea, corn, millet, maize,
rice, soy, linseed, amaranth, and hemp) in
meatball production has garnered scientific
interest (Mastanjevi¢ et al., 2014; Prabhu et al,,
2016; Bagdatli, 2018; Augustyniska-Prejsnar et al.,
2022;  Babaoglu, 2022). For instance,
Yazdanpanah et al. (2022) developed gluten-free
sausages using chickpea flour, corn flour, and
hydroxypropyl methylcellulose. Other studies,
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like those by de Carvalho et al. (2018), optimized
gluten-free nuggets with ingredients like oregano,
basil, egg, soy oil, and amaranth flakes, while
Devatkal et al. (2011) explored the quality of
gluten-free chicken nuggets formulated with
sorghum flour. Similarly, Romero et al. (2018),
developed gluten-free fish patties using rice, corn,
amaranth, or quinoa flours. Despite the growing
literature, no study to date has explored the use of
coconut flour (CF) and oleaster flour (OF) as
binding ingredients in meatball formulations to
replace BC.

Coconut is a tropical fruit known for its rich
dietary fiber, vitamins, and minerals, and is widely
used in various industries, including culinary,
cosmetics, and pharmaceutical (Agyemang-
Yeboah, 2011; Shankar et al., 2014). Coconut
flour (CF), a by-product of coconut oil or coconut
milk production, is derived from coconut residue
and holds potential as a functional ingredient in
foods. Studies suggest that adding CF to the diet
may help reduce the risk of chronic diseases and
regulate blood cholesterol and sugar levels
(Jiamjariyatam et al., 2022). Oleaster is a nutrient-
dense fruit with a floury texture, rich in essential
fatty acids, vitamins, minerals, carotenoids,
flavonoids, and other bioactive components
(Sahan et al., 2015; Karkar and Sahin, 2022). It has
been valued for its medicinal properties such as
antipyretic, antidiarrheal, diuretic, and tonic
effects; and is traditionally used for vatious
treatments in Turkish, Jordanian, and Iranian folk
medicine (Sahan et al., 2015). Oleaster flour (OF)
is gluten-free and serves as a functional ingredient
in diverse food applications, including bakery
goods, dairy products, beverages, and
confectionery, due to its dietary fiber, mineral
content, phenolic compounds, and antioxidant
activity (Sahan et al., 2013; 2015).

One of the primary challenges in producing
gluten-free products is replicating the quality
characteristics of gluten-containing counterparts.
For this reason, the ingredients must perform
similar functions to gluten. Dietary fiber, for
instance, plays a crucial role in gluten-free
formulations by binding water, increasing
viscosity, and promoting gel formation (EI

Khoury et al., 2018). Given the high fiber content
of OF (Sahan et al., 2015) and CF (Trinidad et al.,
2000), these flours may be promising substitutes
for gluten-containing flours in  meatball
production, potentially fulfilling the same role as
BC. This study aimed to develop gluten-free
meatballs by replacing BC with gluten-free OF
and CF and to evaluate their physical, chemical,
and sensory properties. Furthermore, this
research assessed the potential of OF and CF as
innovative, functional ingredients in meatball
formulations.

MATERIALS AND METHODS

Materials

Minced beef and spices (salt, cumin, red pepper,
and black pepper) were sourced from the local
market (File Markets) in Sakarya, Turkiye. The
OF (flour of Elaeagnus angustifolia 1.) obtained
from the whole oleaster fruit including peel and
seed also (Aktarmarka, Tzmir, Tiirkiye) and the CF
(flour of Cocos nucifera) (TheLifeCo, Istanbul,
Turkiye) were procured from local suppliers. BC
was obtained from local producer Bagdat Baharat
(Bagdat Marketing Trade. Co. Ltd., Ankara,
Tirkiye) for control samples. OF, CF, and BC
were purchased in powder form and used without
pretreatment in the meatball formulations.
Methanol was procured from Sigma Aldrich (St.
Louis, MO, USA). Trolox (Acros, Thermo Fisher
Scientific, MA USA), 2,2-diphenyl-1-
pictylhydrazyl (DPPH) (TCI, Tokyo Chemical
Industry Co., Ltd., Tokyo, Japan), gallic acid,
trichloroacetic acid (Isolab Laborgerite GmbH,
Eschau, Germany), acetone (VWR, Avantor,
Radnor, US), sodium carbonate (AFG Scientific,
Northbrook, USA), petroleum ether (Fluka,
Honeywell Research Chemicals, North Carolina,
US), nitric acid (Carlo Erba Reagents GmbH,
Emmendingen, Germany), diethyl ether (Macron
Fine Chemicals, Avantor, Radnor, US), and
1,1,3,3-Tetracthoxypropane (Cas no: 122-31-6,
Sigma Aldrich, Germany) were used in the study.
All other chemicals (such as Folin Ciocalteu’s
phenol reagent, acetic acid, etc.) used in the study
were purchased from Merck (Merck KGaA,
Darmstadt, Germany) unless otherwise specified.
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Methods

Flour analyses

Proxcimate composition. The moisture (934.01), ash
(923.03), protein (960.52), crude fat (920.39)
content of flour samples were determined
according to Association of Official Analytical
Collaboration (AOAC) International method
(AOAC, 2000). The method specified by the
International Association for Cereal Science and
Technology (ICC) was used for crude fiber
analysis. Additionally, coconut flour was analyzed
for crude fiber content following a defatting

process (ICC, 1972).

Water and oil absorption. Water (WAC) and oil
absorption (OAC) capacities of the flour were
determined according to the method of Marchetti
et al. (2018). One gram of flour samples was
mixed with 10 ml of water and sunflower oil for
WAC and OAC, respectively. The mixtures were
held at room temperature for 30 min after
vortexing for 2 min. After centrifuging at
3000 % g for 20 min, supernatants were discarded,
and the tubes were weighed. The experiments
were conducted with four replicates, and the
results were expressed as “g water/g flour” for
WAC or “g oil/g flour” for OAC on a dry weight
(dw) basis.

Total phenolic content and radical scavenging activity.
Total phenolic content analysis of the flour
samples was conducted following the method
outlined by Ramirez-Maganda et al. (2015), with
modifications to the extraction procedure as
demonstrated by Handa et al. (2016). For
extraction, each flour sample (0.6 g) was
combined with methanol (50:50, methanol:water,
w/w) until the mixture reached a total weight of
6 g. The mixture was shaken by vortexing which
was repeated at 15 minutes intervals during
incubation at 25 °C for one hour. After
incubation, the mixtures were placed in an
ultrasonic bath (CLS ULT.4010, Ttirkiye) at 25 °C
for 15 minutes and then centrifuged (3000 rpm,
10 minutes). The supernatant was filtered through
a filter paper (4-7 um pore size) and a 0.45 um
cellulose-acetate-based  syringe filter  (Isolab
Laborgerite GmbH, Germany), respectively.
Total phenolic content results were expressed as

mg Gallic acid equivalent/100 g dry sample (mg
GAE/100 ¢ dw) using a calibration curve
(y=11.55x+0.0113, R2=0.9998) of Gallic acid (5-
80 mg/L).

The extracts obtained for the total phenolic
content analysis were also used to determine the
2,2-diphenyl-1picrylhydrazyl ~(DPPH) radical
scavenging activity (Akdeniz et al., 2018). The
radical scavenging effect was determined with
Equation (1). The results were expressed as both
inhibition percentage and mg Trolox equivalent
pet 100 g dry sample (mg TE/100 g dw) using the
calibration curve (y=0.0778x-2.6201, R?=0.9992)
of Trolox (40-1200 pM).

Radical scavenging effect (%) =
(ABSBlank - ABSSample orTrolox) % 100 (1)
ABSBlank

Meatball analyses

Preparation of meatballs

The minced beef meat was divided into five
portions. As shown in Table 1, five different
meatball formulations were prepared as follows:
M1 (control group - 8% BC), M2 (8% OF), M3
(8% CF), M4 (6% CF and 2% OF) and M5 (4%
CF and 4% OF). These groups were formulated
based on preliminary laboratory studies to
determine the optimal formulation. To prepare
the meatball dough, all ingredients were weighed
separately, mixed, and kneaded until
homogeneous. A portion of the meatball dough
weighing 25+0.5 g was taken and shaped into
round meatballs using a meatball press, resulting
in meatballs with a diameter of 6 cm. The shaped
meatballs placed in  commercial
polypropylene food containers, wrapped with
stretch film, and then stored in a refrigerator (+4
°C) until analysis. Meatballs were produced with
three independent repetitions, and samples from
these three replicates were analyzed in duplicate.

were

Proximate composition. The moisture (950.46), ash
(920.153), crude protein (955.04), and crude fat
(991.36) content of the meatballs wete
determined according to the AOAC International
method (AOAC, 2000). For pH analysis, the
meatballs were diluted 10 times with distilled
water, and the resulting mixture was measured at
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room temperature (241+2°C) in a calibrated digital
pH-meter (WTW, pH315i, Germany) (Haskaraca
et al., 2017). The salt content of the meatballs was

determined using the Mohr precipitation titration
method as described by Lee et al. (2022).

Table 1. Formulations used in meatball production

Ingredients Formulations

M1 M2 M3 M4 M5
Minced beef meat 89% 89% 89% 89% 89%
BC 8% - - -
OF - 8% - 2% 4%
CF - 8% 6% 4%
Seasoning mix
(1.25% salt, 1% cumin, 39, 39 39 39, 39,

0.5% red pepper, 0.25%
black pepper)

OF: oleaster flour, CF: coconut flour, BC: breadcrumbs, M1: control group meatball including 8% breadcrumbs,
M2: meatball including 8% oleaster flour, M3: meatball including 8% coconut flour, M4: meatball including 6%
coconut flour and 2% oleaster flour, M5: meatball including 4% coconut flour and 4% oleaster flour

Cooking loss and diameter reduction

In order to determine cooking loss, 25 grams of
meatballs were placed in a polyethylene bag and
kept in a water bath at 80 °C until the internal
temperature reached 72 °C. Then, the cooked
meatballs were weighed after cooling, and
cooking losses were calculated with Equation (2)
(Murphy et al., 1975). The diameter reduction of
the meatballs was calculated with Equation (3),
which involved measuring the diameter of both

raw and cooked meatballs. Photos of the cooked
and raw meatball samples are provided in Figure
1.

Cooking Loss (%) =
(Raw meatball weight — Cooked' meatball weight) *100 (2)
Raw meatball weight

Diameter Reduction (%) =
R ball diameter — Cooked meatball diamet
( AW meatbal lameter 0oKed meatba lame er) * 100 (3)

Raw meatball diameter

| . . ' .
M1 M2 M3 M4 M5

b

M1 M2

M3

M5

M4

Figure 1. Appearance of raw (1a) and cooked (1b) meatballs prepared with different flour formulations.
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Color measurement

Color values of the raw and cooked (cooked
according to the procedure outlined in the
cooking loss analysis) meatball samples were
analyzed using CIE L* (lightness), a* (redness),
and b* (yellowness) color scale with a colorimeter
(PCE-CSM 7, PCE Instruments, Meschede,
Germany) (Turgut et al., 2017). For each group,
measurements were taken from six different
points on the surfaces of three randomly selected
meatballs. The results are presented as the mean
L*, a* and b* values.

DPPH radical scavenging activity

Radical scavenging activity analysis of the
meatballs was conducted using the DPPH
method (Akdeniz et al., 2018). The meatballs were
extracted following the procedure outlined by
Ergezer and Serdaroglu (2018). For this purpose,
two grams of meatball were vortexed with 10 ml
of methanol and kept overnight for extraction at
refrigeration temperature. After the extraction
period, the mixture was centrifuged at 10000 rpm
for 15 minutes (Nive NF 1200R, Ankara,
Ttrkiye), and the supernatants were stored at 4°C
until analysis.

The DPPH radical scavenging activity, expressed
as inhibition percentage (%), was determined for
the meatball samples using Equation (1).
Additionally, the DPPH radical scavenging
activity was calculated as mg Trolox equivalent
pet 100 g of dry sample (mg TE/100 g dw) using
the calibration curve of Trolox (y =
0.2998x+0.5004, R?=0.9982) for concentrations
ranging from 5 to 125 ppm.

Thiobarbituric acid reactive substances (I'BARs)

The TBARs values were determined according to
the method applied by Mielnik et al. (2006) with a
minor modification (the only modification was in
the centrifugation step; samples treated with 7.5%
trichloroacetic acid were centrifuged at 10000
rpm for 5 minutes). The absorbance of the
samples was measured spectrophotometrically
(Shimadzu UV-mini 1240, Kyoto, Japan) at 532
nm against a blank sample, and the results were
calculated as "mg malonaldehyde/kg meatball
(mg MA/kg)" using a calibration graph obtained

with 1,1,3,3-Tetraethoxypropane as the standard
material.

Texcture profile analysis (IPA)

TPA was performed using the TA-TX Plus
texture analyzer (Stable Micro System, Sutrey,
UK) equipped with a 50 mm diameter cylindrical
probe. The parameters included a test speed of 5
mm/s and a 30 kg load cell, operating under
double compression mode at 50% compression.
For this purpose, three cooked meatballs used in
the cooking loss analysis were used for the TPA
after cooling to room temperature. Two
independent measurements were taken for each
meatball, and the results were calculated as the
mean of the measurements. The results were
expressed in terms of hardness (N), adhesiveness
(N.s), springiness, cohesiveness, gumminess (N),
chewiness (N), and resilience (Crehan et al., 2000;
Erdem et al., 2020).

Sensory evaluation

The sensory evaluation of the meatballs prepared
with different gluten-free flours was conducted
with the participation of 8 experienced panelists,
consisting of academic staff and students (aged
20-40) from the Department of Food
Engineering at Sakarya University. The sensory
analyses of the meatballs took place after grilling
both surfaces of the meatballs in a pan for 5
minutes. Panelists were asked to evaluate the
meatballs in terms of their appearance/color,
odor, flavor, texture, juiciness, and overall
acceptance using a 9-point hedonic scale, ranging
from 1 (extremely bad) to 9 (excellent) for each
attribute (with 5 representing neither bad nor
good) (Altug Onogur and Elmact, 2005).

Statistical analysis

Statistical differences between the flour types and
the effect of different flour types on the physical,
chemical, and sensory characteristics of the
meatballs were determined by performing a one-
way ANOVA using SAS System Software (SAS
On Demand for Academics). Duncan’s multiple
range test was applied when the difference
between samples was statistically significant
(P<0.05). All results are expressed as mean *
standard deviation in all tables. Meatballs were
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produced with three independent repetitions and
all analyses were performed in duplicate.

RESULTS AND DISCUSSION
Characterization of oleaster flour, coconut
flour and breadcrumb

The characteristics of oleaster flour (OF),
coconut flour (CF), and the control flour (BC), are

presented in Table 2. Significant differences were
observed across the flour samples for all
properties (P<0.05). OF exhibited the highest
total phenolic content and radical scavenging
activity, while CF had the highest values for crude
fiber, ash, fat, WAC, and OAC. The protein
content was the highest in BC (12.81%), followed
by CF (11.50%) and OF (7.69%).

Table 2. Characterization of oleaster flour, coconut flour and breadcrumb used in meatball production

OF CF BC
Moisture (%) 5.7240.11s 3.76+0.03b 5.60+0.08
Ash (%) 1.8340.07 2.46+0.06¢ 1.7040.05¢
Lipid (%) 3.26+0.05> 17.5840.272 0.62+0.03¢
Protein (%) 7.69+0.00¢ 11.50£0.00>  12.8120.000
Crude fiber (%) 15.1240.27b 22.25+0.542 0.74+0.07¢
WAC (/g dw) 1.6820.04¢ 6.89+0.091 2,220,025
OAC (2/g dw) 1.1740.01> 1.2340.012 1.0420.02¢
TPC (mg GAE/100 g dw) 341.81£6.921 33424170 55.12+1.12b
Eﬁioﬁf)cal scavenging activity (@S 94 1749 g1 9.58+0.34> 6.13+0.59¢
DPPH radical ‘scavenging activity (mg 57 9490 19 45.23%1.29 32.07%2.40¢

TE/100 g dw)

(a-c): Means with different letters in the same row indicate significant differences among the flour samples (P<0.05)
OF: oleaster flour, CF: coconut flour, BC: breadcrumbs, WAC: water absorption capacity, OAC: oil absorption
capacity, TPC: total phenolic content, GAE: Gallic acid equivalent, TE: Trolox equivalent, dw: dry weight

Sahan et al. (2013) studied OF derived from two
different oleaster genotypes, prepared by milling
the dried fruit flesh with and without the peel after
removing the seed. They reported the ash and
protein contents for OF (with peel) from
different genotypes ranged between 1.87 - 2.57
g/100 g and 4.49 - 4.65 g/100 g on a dry basis,
respectively. Kouhanestani et al. (2019) produced
OF from unpeeled fruit flesh and reported the
ash, fat, protein, and crude fiber contents as 2.44,
4.38, 6.30, and 4.47 g/100 g dw, respectively.
Differences observed between these studies and
the data shown in Table 2 likely stem from
variations in  oleaster genotype, growing
conditions, and processing methods. The OF
used in this study was a commercial product
containing peel, flesh, and seed. Kouhanestani et
al. (2019) and Yavuz et al. (2021) reported the

total phenolic contents for OF as 436.60 mg
GAE/100 ¢ and 3957.06 mg GAE/g,
respectively, with the higher phenolic content in
the study of Yavuz et al. (2021) likely due to the
absence of a drying process. They reported
antiradical activity at 6.48% using the DPPH
method, whereas the activity observed in this
study was approximately 70% (Table 2). Karkar
and Sahin (2022) also reported higher total
phenolic content for oleaster flour dried at room
temperature compared to OF used in this study.
Although the drying temperature for the OF
sample is unknown, the lower moisture levels in
Table 2 might suggest higher drying temperatures
or longer drying times.

Different production methods for CF, including
those with or without the defatting process, have
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been reported in the literature (Bawalan, 2000;
Hopkin et al., 2022). Gunathilake et al. (2009) and
Mihiranie et al. (2017) reported the protein, fiber,
fat, and ash content of CF between 21.65% and
22.10%, 10.45% and 17.69%, 8.42% and 8.04%,
and 5.96% and 06.17%, respectively. In
comparison, CF’s fat content in this study was
nearly double, while the protein content was
approximately half of their findings, which may
be attributed to differences in CF production
methods. The antioxidant activity (%) of defatted
CF ranges between 20-65%, depending on
extraction temperature (Du et al., 2019), whereas
the radical scavenging activity in the current study
for CF was 9.6%.

The moisture, protein, fat, ash, total phenolic
content, and radical scavenging activity of BC
were determined as 9.59 g/100 g, 10.30 g/100 g,
0.46 /100 g, 0.53 g/100 g, 0.99 mg GAE /g, and
21.64%, respectively by Bahmanyar et al. (2021).
Given the influence of growth conditions and
wheat varieties on chemical composition (Kaur et
al., 2021), some variations in results are expected.
Additionally, the extraction method also affects
the total phenolic content and radical scavenging
activity. In the present study, the radical
scavenging activity of BC was determined as

6.12% (Table 2).

WAC and OAC values are critical parameters in
flour applications for achieving high-quality food
products. Flour with excessively high or low
WAC and OAC values can negatively impact food
quality (Awuchi et al., 2019). Optimal OAC values
enhance flavor retention and improve mouthfeel
(Chandra and Samsher, 2013). As shown in Table
2, CF exhibited a significantly higher WAC than
the other flours, likely due to its high fiber
content, as reported by other researchers
(Trinidad et al., 2006; Dat and Phuong, 2017; Du
etal., 2021). Significant differences in OAC values
were observed among the flour samples (P<0.05).
While Dat and Phuong (2017) determined the
WAC and OAC values of different particle-sized
CF samples to range between 7.91-11.88 g/g and
3.28-3.93 g/g, respectively, Mihiranie et al. (2017)
found these values for defatted CF to be
approximately 3g/g and 1 g/g, respectively. In

contrast to the WAC values of OF shown in Table
2, Sahan et al. (2015) reported the WAC values of
unpeeled oleaster flour to range between 4.1 and
4.3 g/g, obtained from two different oleaster fruit
genotypes. However, they obtained the flour after
removing the seed, which might have a decreasing
effect on WAC in our study.

Physicochemical properties of meatballs
Proximate composition

The proximate composition and pH values of raw
meatballs are presented in Table 3. Different
flours used in meatball production did not lead to
statistically significant changes in moisture, fat,
ash, protein, salt contents, or pH of the meatballs
(P>0.05). Similarly, previous studies have
reported that the addition of flours such as
buckwheat, chickpea, corn, and millet had no
effect on moisture, fat, ash content, or pH,
though differences in protein content were noted
due to the inherent protein levels of each flour
type (Babaoglu, 2022). Another study reported
quinoa flour led to statistically significant
differences in the proximate composition of
meatballs, although pH remained unaffected
(Bagdatli, 2018). The salt content of meatballs in
this study was comparable to that of meatballs
made with toasted BC, at 1.53% (Yimaz and
Daglioglu, 2003).

Color

The color parameters L*, a*, and b* for raw and
cooked meatballs are illustrated in Figure 2. Flour
type significantly influenced the color values L*,
a*, and b* (P<0.05). The meatball sample
containing 100% CF (M3) had the highest L*, a*,
and b* values in both raw and cooked states.
Generally, the inclusion of CF increased the color
values, which can be attributed to its naturally
whiter and brighter appearance, while increasing
the OF content led to decreased values, likely due
to the darker pigmentation and higher fiber
content of oleaster flour, which may reduce the
lightness and brightness of the meatball surface.
Bagdath (2018) reported that quinoa flour
increased the L* value of the meatballs, and
Babaoglu (2022) found that meatballs with
buckwheat flour had the highest a* values for
both raw and cooked states. Similatly, buckwheat
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and chickpea flour increased the L* values in raw
and cooked meatballs, respectively. These
findings align with current results, indicating that

variations in meatball ingredients can influence
color characteristics (El Khoury et al., 2018; Kaur,
2023).

Table 3. Physicochemical properties of meatballs

Formulations

M1 M2 M3 M4 M5
Moisture (%) 61114071 60.69£036  60.48+0.09  61.15+0.55  (1.80%1.88
Ash (%) 2.26£0.06 2274007 2414017 240%0.15  230+0.07
Lipid (%) 11184071 11524075 13.00£0.08  11.90+0.42  12.18%1.00
Protein (%) 14894033 14124051 14524025 14304016 14.73%0.30
pH 5.9550.04  59040.02  592+0.00  5.92+0.04  5.88+0.01
Salt (%) 1704008  1.73+0.18  1.69+0.08 1714011  1.59+0.13
Cookingloss (%) 12.82£0.24>  16.24+0.51:  16.28+1.13+  16.34%0.37:  15.70+0.33
gﬁ;‘meter reduction 11 071420 13384264 10004153 12384147 12.93+128
DPPH radical
scavenging activity  46.68+1.08%  52.93%1.78  3840%1.43¢  43.89+244c  50.55%355
(mg TE/100 g dw)
TBARs
(mg MA/kg 146£0.13¢  244%0.18  1.58%0.11c  201+016> 2124024
meatball)

(a-c): Means with different letters in the same row indicate significant differences among the meatball groups
(P<0.05)

MT1: control group meatball including 8% breadcrumbs, M2: meatball including 8% oleaster flour, M3: meatball
including 8% coconut flour, M4: meatball including 6% coconut flour and 2% oleaster flour, M5: meatball including
4% coconut flour and 4% oleaster flour

M5 mM4 mM3 =M2 mMI M5 WM4 mM3 =M2 mMI
i 585 H 2 55be
65 3.60%
b* R 745 b* 474
I 464 b 0,79¢
B < o W27
. 52
2 g 1227 3 1 5,85
: - g 6.76*
£ D 1489 g a* 7872
5 B 11278 5 ) 4174
R REILY s
.~ & 59.89°
[ 7S 60.76%
L | 7.7 L* 6223
B 33.59° 57430
e 54.30° N, - 56.77
00 100 200 300 400 500 600 700 00 00 200 300 400 500 600 700
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Figure 2. L*, a*, and b* color values of raw (2a) and cooked (2b) meatballs formulated with various
gluten-free flours.
(a-d): Means with different letters indicate significant differences among different meatball groups for given color
parameter (P<0.05).
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Cooking loss and diameter reduction

The cooking loss and diameter reduction of the
meatball samples are presented in Table 3. Given
the high crude fiber, WAC, and OAC of OF and
CF, it was initially expected that these meatballs
would demonstrate lower cooking loss. However,
the inclusion of OF and CF actually resulted in
increased cooking loss compared to the control
(P<0.05), possibly due to molecular interactions
during cooking that altered water absorption
behavior. But in the meantime, no significant
differences were observed in the cooking loss of
meatballs made with gluten-free flours. Similarly,
Bagdatl: (2018) indicated that meatballs made
with quinoa flour had lower cooking yields than
those made with BC. Ergezer et al. (2014) found
that meatballs prepared with potato puree
exhibited higher cooking loss than those prepared
with BC, while another study reported decreased
cooking loss with gluten-free acorn flour (Akcan
et al., 2024). In contrast, gluten-free meatballs
made with buckwheat, chickpea, corn, and millet
flours generally had lower cooking losses than
BC-containing meatballs (Babaoglu, 2022). In the
literature, it has been observed that the cooking
loss of meat products changes depending on the
type of flour added. This variation is thought to
be due to the chemical composition of the added
flour, the contributions of other components in
the formulation, or the applied cooking method.

Cooking loss is generally attributed to the water
and fat loss occurring during meatball processing
(Wang et al., 2016). Gluten, which typically forms
a cohesive network, can reduce the mass transfer
of proteins in flour and prevent excessive water
loss (Kilincceker, 2013). The higher cooking loss
values observed in meatballs containing OF and
CF are likely due to the lack of gluten in these
flours (Table 2). Moreover, protein molecules,
especially those with polar amino acids, have a
high affinity for water; approximately 31% of total
water absorption in flour is attributed to proteins
(Awuchi et al., 2019). As shown in Table 2, the
protein content of OF and CF is lower than that
of BC, which may contribute to the increased
cooking loss in meatballs with OF and CF.
Literature suggests that gluten-free meatballs
made with flours containing protein levels similar

to or higher than BC generally exhibit lower
cooking losses.

As expected, the diameter of all meatballs
decreased with the cooking due to moisture and
fat loss (Salarkarimi et al., 2019). However, no
statistically significant differences in diameter
reduction were observed among the groups in this
study (P>0.05). Prior studies indicate that gluten-
free flours tend to reduce the diameter reduction
in cooked meatballs compated to gluten-
containing controls (Salarkarimi et al., 2019;
Babaoglu, 2022). In meatballs made with various
legume flours, diameter reduction ranged from
6.9% to 10.6% (Serdaroglu et al, 2005). In
comparison, meatballs made with buckwheat,
chickpea, corn, and millet flours had diameter
reductions below 16.73%, which is the wvalue
observed for BC-containing meatballs (Babaoglu,
2022). The maximum and minimum diameter
reductions in this study were obtained for the M2
group (13.38%) and the M3 group (10.00%),

respectively.

DPPH radical scavenging activity

Table 3 shows that the highest radical scavenging
activity was found in M2 (11.07% inhibition;
52.93 mg TE/100 g dw), likely due to the high
DPPH radical scavenging activity of OF
compared to CF and BC. This was followed by
M5 (12.28% inhibition; 50.55 mg TE/100 g dw),
M1 (11.36% inhibition; 46.68 mg TE/100 g dw),
M4 (10.81% inhibition; 43.89 mg TE/100 g dw),
and M3 (9.70% inhibition; 38.40 mg TE/100 g
dw), respectively (P<0.05). Although CF has
higher radical scavenging activity than BC, M3 did
not exhibit higher antioxidant activity than M1
(P<0.05). differences in the stability or action
duration of antioxidant compounds within
different matrices, suggesting that CF’s
antioxidant compounds may exert a delayed effect
within the meat matrix. The antioxidant activities
of OF and CF are primarily attributed to their
phenolic compounds (Adeloye et al., 2020; Karkar
and Sahin, 2022).

Babaoglu (2022) reported that cooked control
meatballs exhibited lower radical scavenging
activity (around 10%) than those made with
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gluten-free flours (approximately 11-18%),
Likewise, other researchers found that the
addition of gluten-free tapioca and sorghum
flours increased the antioxidant activity in
meatballs (Ristanti et al., 2023). In a different
study, chicken meatballs formulated with corn
starch, quinoa starch, and quinoa seeds showed
radical scavenging activities ranging from 20.28%
to 34.84% (Park et al., 2021), values higher than
those observed in our study. The presence of
ingredients such as onion, garlic, and ginger in
their formulation could explain the enhanced
antioxidant activity in those meatballs.

TBARs

The TBARs wvalues, an indicator of lipid
oxidation, are presented in Table 3. Among the
samples, M1 exhibited the lowest TBARS value
(1.46 mg MA/kg meatball), followed by M3 (1.58
mg MA/kg meatball), M4 (2.01 mg MA/kg
meatball), M5 (2.12 mg MA /kg meatball), and M2
(2.44 mg MA /kg meatball). Similar findings have
been reported, showing that TBARS values in raw
meatballs increase with the inclusion of gluten-
free acorn flour (Akcan et al., 2024). Although OF
demonstrated higher DPPH radical scavenging
activity, meatballs containing OF had higher
TBARS values compared to other samples. This
could be attributed to the intrinsic characteristics,
matrix interactions, and the effect of additives on
antioxidant activity duration (Brewer, 2011).

In the present study, obtaining radical scavenging
activity equivalent to or higher than the control
group was a great achievement for developing
gluten-free meatballs. However, further research
is needed to examine the effects of OF and CF on
antioxidant  activity and TBARS
throughout storage.

values

Faki et al. (2022) reported that oleaster endocarp
tissues contain approximately 90% unsaturated
fatty acids, predominantly of the polyunsaturated
type. Lipid oxidation in meat
polyunsaturated fatty acids reacting with reactive
oxygen species, suggesting that the high
polyunsaturated fatty acid content in OF may
contribute to the elevated TBARS levels observed
in M2 (Amaral et al.,, 2018). Despite the higher

involves

crude fat content of CF compared to BC, TBARS
values in the M1 and M3 groups were not
significantly different (P>0.05). Previous studies
have found that meatballs with BC showed higher
TBARS values than those containing oat flout,
but lower values than those with pepper seed
flour (Kilinggeker, 2015). The TBARs values of
meatballs with breadcrumbs were higher than
those of the meatballs with hemp cake (Kotecka-
Majchrzak et al, 2021). For high-quality meat
products, TBARS values are recommended to be
below 3 mg MA/kg (Cadun et al., 2008). All
meatball samples in this study are within this
quality threshold, indicating acceptable lipid
oxidation levels. Despite the differences in
polyunsaturated fatty acid and crude fat content
between OF and CF, TBARS values did not
exceed the critical limit for quality.

Texture profile analysis (IPA)

TPA results of cooked meatball samples are
shown in Table 4. The ranges of hardness (N),
adhesiveness  (N.s), springiness, resilience,
gumminess (N), chewiness (N), and cohesiveness
of meatballs are 208.03 - 342.87 N, (-5.54) - (-
1.23) N.s, 0.27 - 0.30, 0.21 - 0.34, 118.11 - 263.71
N, 35.44 - 74.10 N, and 0.57 - 0.77, respectively.
No statistical difference was observed in the
adhesiveness and springiness values of the
meatballs made from different flours (P>0.05).
However, there was a statistically significant
difference in the hardness, resilience, gumminess,
chewiness, and cohesiveness values of the
meatballs (P<0.05). The M3, M4, and M5 groups
had higher hardness, resilience, gumminess,
chewiness, and cohesiveness values than the M1
and M2 groups. However, there is no significant
difference among the M3, M4, and M5 groups
(P>0.05). The addition of OF or CF increased the
hardness of meatballs compared to those with
BC. This increment could be due to the higher
cooking loss in the OF and CF-added groups. The
change in textural properties is mainly related to
the water binding and cooking loss properties of
meatballs  (Babaoglu, 2022). Among all
formulations, M1, which had the lowest cooking
loss (Table 3), was the best regarding textural
properties.
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Table 4. Texture profile analysis of meatballs

Formulations
M1 M2 M3 M4 M5
Hardness (N)  208.03£11.42¢ 311.78+9.74> 330.10£14.24> 342.87+10.32¢ 329.58+15.52:
ﬁgzg"en“s 386319 -3.24%1.59 -5.54+5.01 2.82+1.18 1.23+1.47
Springiness 0.30£0.01 0.2940.02 0.2740.01 0.2840.02 0.2840.00
Resilience 021£0.01c  0.2940.01>  0.3420.00 0.3420.000 0.3320.000
Gumminess

118.11+6.43«  213.61£8.38>

™)

252.02%13.552

263.71£6.232  248.39+11.49=

Chewiness (N)  35.44%£3.40>  (64.82£67.392

67.39t4.16 74.10£7.53# 70.25%£2.91~

Cohesiveness 0.57%0.02¢ 0.70%0.02b

0.76x0.01~ 0.77£0.00= 0.75£0.007

(a-c): Means with different letters in the same row indicate significant differences among the meatball groups

(P<0.05)

MT1: control group meatball including 8% breadcrumbs, M2: meatball including 8% oleaster flour, M3: meatball
including 8% coconut flour, M4: meatball including 6% coconut flour and 2% oleaster flour, M5: meatball including

4% coconut flour and 4% oleaster flour

Ikhlas et al. (2011) used cassava, corn, wheat,
sago, and potato flour in meatball production.
They determined that meatballs produced with
cassava flour had the best textural properties,
while those with potato flour had the worst.
Babaoglu (2022) found that meatballs made with
chickpea flour had better textural properties and
were not different from the control meatballs.
They also stated that the meatballs produced with
corn flour showed the poorest textural properties.
In the study of Bagdatli (2018), hardness and
cohesiveness values were higher in meatballs
containing quinoa flour, while springiness values
were higher in the control group. Mastanjevi¢ et
al. (2014) concluded that hardness values were
higher in gluten-free meatballs compared to the
control samples. Salarkarimi et al. (2019) stated
that  hardness, springiness,  cohesiveness,
chewiness, gumminess, and resilience values were
higher in meatballs made with toasted flour
compared to those formulated with chestnut
flour. They also suggested that these texture
parameters decreased as the amount of chestnut
flour substituted for toasted flour increased.

Sensory evalnation

The sensory attributes of the cooked meatball are
shown in Figure 3. Flour types did not
significantly affect the appearance/color of the

meatballs (P>0.05). A statistically significant
difference was observed only between the M1 and
M3 groups in terms of odor, flavor, and texture
parameters (P<0.05). The juiciness scores of the
meatballs decreased with the addition of gluten-
free flours but this reduction was only found
significant in groups M3, M4, and M5, compared
to the control group (P<0.05). However, overall
acceptance scores were significantly influenced by
the flour types and concentrations used (P<0.05).
The M1 group received the highest scores for
flavor, texture, juiciness, and overall acceptance,
while the CF-containing meatballs had the lowest
ratings. Notably, the sensory scores of the M2
group were close to those of the control group
(M1) (P>0.05). Although the inclusion of CF led
to lower sensory scores, the meatballs were still
deemed acceptable by the sensory panel, with
overall acceptance scores as follows: M3-5.33,
M4-6.29, and M5-6.38. Despite the lower sensory
acceptability of CF, it still holds potential to be
used in combination with other gluten-free flours
in meatball formulations as an alternative to
traditional breadcrumbs, due to its comparable
protein content and antioxidant capacity to BC.
To observe the single effects of the flours, the
meatball formulations were held constant in this
study, limiting improvements in texture and
sensory attributes. Nevertheless, it was observed
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that with optimized formulations (adjusting fat, suited for commercial gluten-free meatball
water, and spice levels), these flours could be well- production.
18
a a 2 a o a |2 o0 Q2 a Q Q g v
5 853 s B sy ©TeREL HnesR TReET hTInng
12 N ® 6N N ® €O O N~ ® N n g N Nw®w 8o 6 6 8 O ® N w1 8 o
g I
P RAILT EEooh § 1 I I
w
; L i TETIN ['TREG NEFRE e
3
o
Appearance/color Odor Flavor Texture Juiciness Overall Acceptance
Sensory parameter

M1 M2

M3

M4 M5

Figure 3. Sensory evaluation scores of meatball samples prepared with different flour formulations.
(a-c): Means with different letters indicate significant differences among different meatball groups for same sensory

parameter (P<0.05).

Salarkarimi et al. (2019) found that increasing
chestnut flour content in meatballs significantly
improved texture, flavor, juiciness, and overall
acceptance scores, although color scores declined.
Mastanjevi¢ et al. (2014) reported no discernible
differences in sensory properties among meatballs
made with wheat, maize, and rice, while those
with soy had the lowest scores for odor,
consistency, and taste. It was reported that
meatballs with potato puree attained higher flavor
scores than those made with BC, albeit with lower
texture scores (Ergezer et al, 2014). Bagdath
(2018) observed no significant differences in
odor, texture, or overall acceptance between
meatballs containing equal portions of BC and
quinoa flour, though taste scores improved with
increasing quinoa flour content. Babaoglu (2022)
concluded that gluten-free flours did not
significantly impact the appearance, odor, or
texture of the meatballs.

While no study related to the addition of coconut
flour and/or oleaster flour in meatballs could be
found, cassava-coconut composite flour was
evaluated in chicken sausages by Ayandipe et al.
(2022), and 4.8% coconut flour and 15.2%
cassava flour were determined as the optimum
blend ratio to replace wheat flour. They observed
no significant differences in the sensory
acceptance of the optimal sausage over the wheat

flour-containing  sausage. A recent study
introduced coconut flour to fish sausages (James
and Krishnamoorthy, 2025) and found it useful
for improving the nutritional, textural, and
sensory properties compared to the control, corn
flour. On the other hand, Khalid et al. (2021) used
young and mature coconut flesh as fat replacers
in meatballs, and reported that using young
coconuts in meatballs resulted in better cooking
yvield, texture, and sensory properties, and they
recommended young coconut flesh as a potential
fat replacer.

CONCLUSIONS

This study evaluated the use of OF and CF as
gluten-free alternatives in meatball formulations,
focusing on their effects on the physicochemical,
antioxidant, and sensory properties of the final
product. While the OF prominently led to higher
antioxidant activity in the meatballs, CF exhibited
much better results in terms of lipid oxidation
similar to the control sample. The gluten-free
nature of these flours, combined with lower
protein content, led to increased cooking loss in
OF- and CF-based meatballs when compared to
traditional breadcrumb (BC) formulations.

The texture profile analysis revealed that gluten-
free formulations with OF and CF increased
hardness, gumminess, and chewiness, likely due to
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the elevated cooking losses. Sensory evaluations
further indicated that BC-based meatballs
received the highest scores for flavor, texture,
juiciness, and overall acceptance, while OF
received the same scores and CF-containing
meatballs had comparatively lower overall
acceptance scores. Among the gluten-free
formulations, the meatballs containing only
oleaster flour (M2) demonstrated the most
favorable sensory attributes, making it the most
suitable alternative to traditional breadcrumbs.

In conclusion, both oleaster and coconut flours
hold potential as functional, gluten-free
ingredients in meatball production, particularly
given their beneficial antioxidant properties.
Future studies focusing on optimization and
refining production methods could facilitate the
development of gluten-free meat products with
enhanced sensory appeal and improved
functional attributes, contributing to healthier
alternatives in gluten-free diets.
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oz

Son yillarda tim dinyada meydana gelen ekonomik stkintilarin artmasi, 6zellikle besin trtnlerinin
hazirlanmast, dagitimi ve tiiketimi asamalarinda plastik kullaniminin da hizla yayginlasmasina sebep olmustur.
Diger taraftan pandemi déneminde yogun sekilde maske kullanimi, denizlerdeki ve dogal ¢evredeki plastik
atiklarin sayisindaki kontrolsiiz artist tetiklemistir. Ozellikle boyutlart gézle fark edilemeyecek kadar kiiciik
(<5 mm ¢ap) olan plastik parcaciklar mikroplastik (MP) olarak isimlendirilir. MP’ler ise nispeten daha biiyiik
yapidaki plastiklere gore ekosistem ve canlilar igin daha ciddi saglik sorunlart yaratmaktadir. Ozellikle
solunum sistemi yoluyla ve yemeklerin hazirlanmasinda kullanilan temel besinlerle tasinan plastikler, canlt
organizmalarda farkl saghk sorunlarinin olusmasinda etkilidir. Gastronomi alaninda yemek tiretiminde
kullanilan su, seker, bal, tuz ve deniz trtinleri gibi birgok besin maddesinde MP’lere rastlanilmaktadir. Yemek
tretim sektoriinde sadece trlin lretim asamasinda degil, iretim sonrast paketleme, dagitim ve tiketim
asamalarinda da ciddi bir plastik kullanimi séz konusudur. Plastigin, kullanim kolayhigi ve ekonomik
sebeplerle tercih edilmesi anlagihr bir gerekge olsa da meydana gelen ¢evre ve halk saghgi sorunlart
beraberinde gida glivenligi tartigmalarini zorunlu hale getirmektedir. Gastronomi ekosistemi agisindan
bakidiginda, 6zellikle plastik damacana icindeki sularda, deniz tirtinlerinde, ballarda, plastik ambalaj icindeki
seker ve tuzlarda farklt oranlarda MP varhigt tespit edilmistir. Bu ¢alismada gastronomi alaninda tiiketilen bazi
besinlerdeki MP varhig1 ele alinarak, Tiirkiye’deki durum paylasilmustir.

Anahtar kelimeler: Mikroplastik, plastik tehlikesi, gida glivenligi, gastronomi

SOME BASIC FOODS IN GASTRONOMY
MICROPLASTIC HAZARD AND FOOD SAFETY

ABSTRACT

The increasing economic difficulties that have occurred all over the world in recent years have caused
the use of plastic to become widespread, especially in the preparation, distribution and consumption
of food products. On the other hand, the intensive use of masks during the pandemic period has
triggered an uncontrolled increase in the number of plastic wastes in the seas and the natural
environment. Plastic particles that are too small to be noticed by the eye (<5 mm diameter) are called
microplastics. Microplastics, on the other hand, create serious health problems for the ecosystem and
living things compared to relatively larger plastics. Plastics, especially those carried through the
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Gastronomide mikroplastik tehlikesi

respiratory system and with the basic nutrients used in the preparation of meals, are effective in the
formation of different health problems in living organisms. Microplastics are found in many food
items used in food production in the field of gastronomy, such as water, sugar, honey and seafood.
There is a serious use of plastic in the food production sector, not only in the product production
phase, but also in the post-production packaging, distribution and consumption phases. Although it
is understandable that plastic is preferred for ease of use and economic reasons, the environmental
and public health problems that occur make food safety discussions necessary. From the perspective
of the gastronomy ecosystem, microplastic accumulation has been detected at different rates,
especially in water in plastic bottles, seafood, and sugar and salt in plastic packaging. In this study,
the presence of MP in some foods consumed in the field of gastronomy was discussed and the

situation in Turkey was shared.

Key words: Microplastic, plastic hazard, food safety, gastronomy

GIRIS

Gunlik hayatimiza 1950°li yillardan sonra giren
plastik kavrami, her gecen yil artan tretimi ile
dikkati ¢ekmektedir. 1950’lerde 1.5 milyon ton
tretim kapasitesi olan plastigin, 2017 yili itibari ile
4.8 ile 12.7 milyon ton plastik atik seklinde
okyanuslara atldigi ve bu miktarin 280 bin
tonunun okyanuslarda yizdigi  bildirilmigtir
(Lusher vd., 2017; Ginneken ve Van, 2019). Diger
taraftan Plastik Europe’ya gére 2021 yili itibari ile
plastik Giretiminin 390.7 milyon tona ulasti§t ve bu
dretimin ancak % 8.3’Gntin geri dénistirilmis
plastikten elde edildigi belirtilmisti. Goraldiagu
gibi 1950 lerden giintimtize kadar gecen yaklasik
70 yulik stirecte plastik Gretimi ortalama 260 kat
artmis ve halen de artmaya devam etmektedir
(Plastics Europe & EPRO, 2022). Gunlik hayatta
kullanilan plastiklerin ¢ogu gbzle gorilebilen ve
dogada uzun yillar dayanabilen maddeler olsa da,
bilim diinyasinda “mikroplastik” kavrami daha sik
tartistimaktadir.  Mikroplastikler ¢ogu plastigin
cesitli etkenlerle bozulmast ve daha kiicik
pargalara ayrilmasi ile olusmakta ve ekosistemden
uzaklastirilmast hayli zor olmaktadir (Koelmans
vd., 2022; Shim vd., 2017).

Mevcut atik aritma teknolojilerinde herhangi bir
tyilestirme  Ongoérilmedigi  takdirde, yapilan
calismalar 2050 yilina kadar kiiresel cevrenin
(okyanuslar, tath su kaynaklari, atmosfer ve kara
ekosistemleri dahil olmak tzere) yaklasik 13.2
milyar ton plastik kaynakli atikla kontamine
olacagini gostermektedir (Silva vd., 2020).

Bu durumun bir sonucu olarak plastik
kalintilarinin gesitli gidalar yoluyla organizmaya
alinmast muhtemel goériilmektedir. Ozellikle bu

alandaki literature bakildiginda genelde tuz, deniz
Urtinleri, ambalaj titleri, cay gibi
malzemelerde plastik varliginin  nicel olarak
saptanmaya calisildigt  gbrillmektedir.  Ancak
dogrudan gida tiketimi ile viicuda alinan plastik
maruziyeti hakkinda detayli calismalara ihtiyag
duyulmaktadir. Diger taraftan gastonomi alaninda
gida Uretiminde kullanilan temel malzemelerde
¢ay, su ve damacana icme sulart gibi Urlinlerde
arastirmalar yapilsa da bu caligmalar ayri ayri ele
alinmis  ve  karsilastrmali  olarak  detaylt
incelemelere yer verilmemistir (Kwon vd., 2020;
Atakan vd., 2021).

su Ve

Gastonomi alaninda kullanilan  malzemelerin
tretimi, islenmesi ve paketlenmesi gibi farklt
asamalarda da iriinlere MP’ler bulasabilmekte,
halk saglig1 sorunlarinin olusmamasi veya en az
indirilmesi icin bu siireclerin dikkatle ele alinmast
gerekmektedir. Bu kapsamda gidalara bulasan
plastik kalintilarinin  ¢ok zor tespit edilmesi,
degisen gida matrisleri sebebi ile MP’lerin standart
bir OGl¢iminin yapilamamasi, gida givenligi
alaninda daha c¢ok c¢alisgmanin karsilastirmalt
olarak ele alinmasint zorunlu kidmaktadir (Kwon

vd., 2020)

Bu detleme c¢alismasinda MP’lerin gastronomi
alaninda kullanian farklt Griinlerdeki varliklar ele
alinmig, bu alandaki literatiir taramasi sonucu
bulgular insan saghgt acisindan ayri  ayr
degerlendirilerek halk saghgt icin Onerilerde
bulunulmus ve Tirkiye’deki MP’lerin durumu en
son arastirmalardan elde edilen verilerle ortaya
konulmustur.
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MIKROPLASTIK KAVRAMI ve PLASTIK
TURLERI

Polimer matris yapisinda yada sentetik katt
parcaciklar halinde bulunabilen ve boyutlart 1um
ile 5 mm arasinda degisiklik gésteren, cogunlukla
dus jeli, yliz temizleyicisi, bulasik stingeri gibi
drinlerde  kullamlmak  dizere  boyutlan
kiictiltiilebilen plastik yapisindaki tirtinlere MP adt
verilmektedir (Kannan ve Vimalkumar, 2021).
MP’ler gevreye salinim kaynaklarina gére; Birneil
ve [kincil olmak iizere iki temel gruplama ile ele
alinir. Birincil MP ler, az 6nce bahsettigimiz daha
¢ok mikroboncuk yapisinda olan, ¢ogu zaman
giysilerde bulunan ve kasith olarak 5 mm’nin
altindaki boyutlarda dretilen MP’lerdir. Tkincil
MP’ler ise, plastik malzemelerin termal, foto,
mekanik ve biyolojik bozulma olarak adlandirilan
dort tip cevresel etki nedeniyle kiigitk parcalara
ayrilmis halidir (Chamas vd., 2020).

Ozellikle giines 1sinlart fotodegradasyon  (1s1kla-
bozulma) olayini arttirarak plastikte C—H ve C-C

artmast ile polimerlerin yapist etkilenir ve zermal
bozulma  olusur. Mikroorganizmalar  yoluyla
acrobik ve anaerobik kosullarda olusan enzimatik
bozulmalar ise biyolojik bozulma olarak ifade edilir.
Riizgar, su, basing gibi fiziksel sitres kosullarinda
plastik maddelerde olusan parcalanmalara ise
mekanik  bozulma adi verilir. (Fotopoulou ve
Karapanagioti, 2019).

Hangi tir bozulma olursa olsun belirli fiziksel
kosullarda plastikte meydana gelen degisimler
plastigin tlriine ve Uretim gesidine baghdir. Bu
sebeple plastik Uretim tiirlerinin bilinmesi halk
saghginin - korunmast ve kullanim  alanlarinin
dogru belirlenmesi bakimindan son derece 6nem
kazanmaktadir (Chamas vd., 2020). Ginlik
hayatta gidalarla temasinda farkli etkilere sahip
olan  plastk hammaddeler bazt kodlatla
birbirinden ayrilir ve geri doniisim simgesi
icerisinde bu kod numaralart ile tiketiciye
sunulmaktadir. Sekil 1’de hammaddelerine gore
plastik ttrleri ve kodlart verilmistir.

baglarinin  kopmasina sebep olur. Sicakligin
ANWA A
Ly [ OO Lo
PETE HDPE PP
'1".".'.';‘.'."..'.1 Yiksek Yoguniuklu  Polivinilklorar  Digik Yogunlukiu Polipropilen Polistiren Diger

Sekil 1. Hammaddelerine gore plastik tiirleri ve kodlari (Anonim, 2024)

1.PETE veya PET - Polictilen Tereftalat:
Gunimiizde ¢ok yaygin olarak kullanilan
malzemelerden birisidir. Uriin kodu geri doniisiim
isareti icinde bir (1) rakamidir. Ozellikle igecek
siseleri, temizlik Uriinleri ve deterjan kaplarinda,
sivi kristal Grlnlerinde, gitar, vitray, piyano gibi
uriinlerin cilalanmasinda tercih edilmektedir. Bu
plastik tirt geri déntstirilmeye uygun olsa da
icerisine konulan gida ve sivilardan koku ve tatlar
emebilmektedir. Gtlines 15181 ile temasinda ve
yuksek pH degisim durumlarinda nispeten yapist
bozularak, yiiksek toksik madde salinimina neden

olabilmektedir. Meyve suyu, agiz gargarast, plastik
kola siselerinde kullanildigindan bu stvilarla temas
ettiginde mimkiin oldugunca hizli tiketilmeli ve
hava ile temasi en az diizeyde tutulmalidir.

2.HDPE - Yiiksek Yogunluklu Polietilen:
Polietilen yapisindaki yogunluk sebebi ile gidalara
stzma riski diisitk bir maddedir. Uriin kodu geri
déniisiim isareti icinde iki (2) rakamidir. Ozellikle
cocuk oyuncaklari, yogurt kaplari, plastik stirahiler
ve sampuan siselerinde kullanilmaktadir. Geri
dontstiirilmus hali ile plastik kereste, ¢it ve kamp
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malzemesi gibi Urlinlerin yapiminda tercih edilir.
HDPE filament yapisi ile geri déntisime uygun
olsa da, d6éntisimii kolay degildir ve 6zel sogutma
sistemlerini gerekli kilar.

3.V veya PVC - Polivinil Kloriir: PVC
malzemesi ¢ok  fazla  zararh  kimyasallar
icerdiginden genellikle sthhi tesisat borulari, yap:
malzemeleti, pencere Uretimi, yer désemeleri ve
tibbi ekipmanlarda kullanilmaktadir. Uriin kodu
geri doniistim isareti icinde G¢ (3) rakamidir. PVC
icerisine katilan kimyasal madde olan fitalatlar
insan saghg icin zararhdir. Fitalarlart genellikle
daha dayanikli yapmak icin bir grup kimyasal
kullanilir ve bunlar plastiklestirici olarak adlandirilir.
Tibbi borular, bahge borulart ve bazt plastik
ambalajlarda bu kimyasallar kullanilmaktadur.

Fitalatlarla temas eden vyiyecekler ve gida
maddeleri bir miktar kimyasal madde ile
etkilesime girer. Ozellikle yerde emekleyen

cocuklar ellerini bir cok Urine dokundurarak
agizlarina  gbtirmektedir.  Boylece  fitalat
parcaciklar toz yoluyla da viicuda alinmaktadir.
Vicuda giren fitalatlar, plastikleri daha dayanikls
hale getirmek i¢in kullanilan bir grup kimyasaldir.
Genellikle plastiklestiriciler olarak adlandirilirlar.
Bazi fitalatlar, plastik ambalaj, bah¢e hortumlar
ve tibbi borular gibi driinlerin  yapiminda
kullanilir. (Anonim, 2024).

4LDPE - Disik Yogunluklu Polietilen:
Plastik hammaddeler igerisinde en giivenilir ve en
temiz yapidaki triin olup, esnek ve ince dokusu ile
bilinmektedir. Uriin kodu geri doniisim isareti
icinde dort (4) rakamudir. Genellikle dondurulmus
gida kaplari, bakkal posetileri, saklama siseleri ve

plastik ambalajlarda  kullanidmaktadir.  Geri
doéntstim yapilabilse de erimis haldeki yapist ve
geldigi  flament sekli  sebebiyle  dénitisim

onerilmez. Geri déntsim yapildiginda ise ¢6p
kutularinda, d6seme ve mobilyalarda tercih edilir.
Insan saghigt icin cok biiyik tehlike olmasa da
%100 giivenli oldugu séylenemez.

5.PP — Polipropilen: Genellikle saglam bir
dokuya sahip olan plastik malzemesidir. Uriin
kodu geri dontsim isareti icinde bes (5)
rakamudir. Ozellikle surup siseleri, tupperware
trtinleri, ila¢ ve yogurt kaplarinda tercih

edilmektedir. Mutfak
yaygin kullanilir.

araclarinin  Gretiminde

6.PS — Polistiren: Bu malzeme gunlik kullanim
plastigi olarak da bilinir. Uriin kodu geri déniisiim
isareti icinde altt (6) rakamidir. Genellikle kopiik
icecek kaplarinda, plastik yemek takimlarinda, tek
kullanimlik tdriinlerde ve yumurta viyollerinde
tercih edilir. Uriinlere sizint1 yapabildigi icin kotii
bir sohrete sahiptir. Ozellikle yeni aragtirmalarda,
kopik bardaklarda sicak icecek icildiginde bu
kimyasallarin  viicuda gegebildgi  bildirilmistir
(Sezer, 2024).

7.Diger / Mubhtelif Plastikler: Plastik yapist
bakimindan 1-6 arasindakilere girmeyen, farkl
miuhendislik teknikleri ile gelistirilmis plastik
stnifidir. Uriin kodu geri doniisiim isareti iginde
yedi (7) rakamudir. Bu kod numarasina sahip
plastikler muazzam cesitlilikte bir yelpazede
tretilmektedir. Bu katagoriyi dogru tanimlamak
zor olsa da ¢ok fazla kimyasal kullanildigindan
saghk tzerine zararli etkileri daha fazladir.
Ozellikle BPA ve yeni bir bisfenol tiirii olan BPS
iceren plastik tirleri oldugundan saghk tzerine
sakincalar dikkat ¢ekicidir. BPA maddesinin agirt
kilo alimy, instlin direnci ve obezite gibi konularla
flintili  olduguna  dair  yeni  ¢alismalar
bulunmaktadir (Kiling ve Keser, 2021).

MIiKROPLASTIK KONTAMINASYONU
MP’ler nispeten kiigiik olmalari sebebi ile ¢esitli
kaynaklardan suya, topraga ve havaya karisarak bu
ortamlardan da diger canhlara bulagabilmektedir.
MP  kaynaklarinin = 6zellikle su ve okyanus
ortamlarina  birakilmasi, katt attk bertaraf
islemlerinin yetersizligi, evsel atiklarin okyanus g6l
ve nehirlere ulasmast gibi cesitli sebeplerle suda
yasayan canllar yogun bir sekilde plastik
maruziyetine ugramaktadir. Ayrica katt atik
toplanmast sirasinda olusan plastik bozulmalar ve
bu mikro parcaciklarin rlizgarla taginmasi gibi
sebeplerle canlilar MP’lerden olumsuz sekilde
etkilenmekte ve bu durum kontaminasyon riskini
artirmaktadir (Ashrafy vd., 2022).

Diger taraftan toprak ekim alanlarindaki biyokatt
kullanimi ve plastik malglama gibi sebeplerle
toprak tarim alanlarinda da MP kontaminasyonu
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olugmaktadir. Topraga gecen MP’ler su ve trofik

tastma  yoluyla meyve ve  sebzelerde
birikebilmektedir (Huang vd., 2020).
MP’lerin  bitkilerle kontaminasyonunda  isci

ardarin da etkili oldugu bildirilmistir (Edo vd.,
2021). Ozellikle gida iiretimi ve ambalajlanmast
strasinda olusan atiklar, giizellik triinleri atiklars,
ambalaj sanayiinde kullanilan mikro boncuklar,
arac lastikleri, boyalar, sentetik tekstil urtinleri,
icecek siseleri, gelisigiizel kullanilan elektronik
drtinler ve bunlarin yavas yavas parcalanarak
cevreye  dagilmast  gibi  etkenler =~ MP

kontaminasyonunun ana  sebepleri  olarak
gorilmektedir (Nara, 2019).
Dogaya atilan plastik maddeleri kolaylikla

parcalanamazlar. Parcalanmanin olusabilmesi i¢in
ultraviyole (UV) 1s1ga ihtiya¢ duyulur. Plastikler
fotodegradasyon olay1 sonucunda glinesten gelen
isikla zaman igerisinde parcalanma gosterirler.
Plastik zamanla patrcalanarak MP’leri olusturur ve
toplum sagligt icin daha zararli hale gelebilir
(Rainieri ve Barranco, 2019). Cizelge 1’de farkl
polimerler icin dogada bozunma siireleri
verilmistir.

Cizelge 1. Cesitli polimerlerin yogunluk degerleri ve dogada bozunma siireleri (Huang vd., 2020;

Glaser,2019).
Polimer Polimer yogunlugu (g/cm®)  Dogada Bozunma Sresi(yil)
Polipropilen (PP) 0.90-0.91 10-600
Polietilen (PE) 0.965-0.971 10-600
Poliamid (naylon)(PA) 1.02-1.05
Polistiren (PS) 1.04-1.1 50-80
Polivinil klortr (PVC) 1.16-1.58 50-100+
Polyester 1.23-2.3
Polietilen teraftalat (PET) 1.37-1.45 ~450
Is1, 151k, riizgar gibi cesitli cevresel fiziksel etkilerle strecinde, MP parcaciklarinin =~ gidalara

MP’lerde bozulmalar meydana gelmekte ve
Ozellikle  gida  ambalajlanindan  drtnlere
kontaminasyon gerceklesmektedir. Ozellikle sicak
servis edilen icecek kaplarinda bu tarz bir bozulma
ile MP olustugu disunilmektedir. (Sridharan vd.,
2021). Gastronomi alaninda plastik yemek kaplari
ve bardaklarin  yaygin - kullanimi,  gidalara
dogrudan MP bulasmasinda etkilidir (Jadhav vd.,
2021). Diger taraftan COVID-19 salgn siiresince
gida dagitim islerinde plastik kullanimi artmus, bu
durum MP konstaminasyon diizeylerini olumsuz
etkilemistir (Du vd., 2020).

Guda isleme alaninda, yapilan farkli calismalarda,
Uretim, paketleme ve dagiim faaliyetlerinde
iscilerin  kullandigi bone, eldiven, maske gibi

ekipmanlardan yada gida formilasyonunda
kullandan su, tuz, katki maddelerinden veya
havalandirma  sistemlerinden  drtnlere  MP
karisabilecegi belirtilmektedir  (Brachner vd.,

2020). Gastonomi alaninda 6zellikle, stt, bira,
icme suyu, damacana sular, seker, tuz, bal, deniz
urinleri, tavuk, poset ¢ay, meyveli icecekler gibi
farkli Urtinlerde ve bu Urlnlerin  islenme

bulasabildigi bildirilmistir (Diaz-Basantes vd.,
2020; Shruti vd., 2020; Kosuth vd., 2018;
Pivokonsky vd., 2018)

MIKROPLASTIKLERIN SAGLIK
UZERINE ETKILERI

Cesitli MP’lerin ortamda nasil ayristig1 ve besin
zincirindeki durumu ile ilgili net bilgiler olmasa da
bunlarin genellikle hayvanlarin tiketimi ile besin
zincirine dahil oldugu diistiniilmektedir. Ozellikle
deniz canlilari su alim1 yoluyla MP’leri tiiketmekte
ve bu canllar tarafindan yutulan MP’ler, diger
canlilarin onlart yemesi ile bir dist besin zincirine
yiukselebilmektedir. Bu sekilde olusan bir
beslenme sisteminde MP’ler en Ust beslenme
halkasina  kadar  ytkselerek  cesitli  saglik
sorunlarina yol agabilirler (Nara, 2019).

MP’ler bir¢ok kimyasal iiriin i¢in toksinleri tastyict
Ozellik gosterirler. Ortamda bulunan karsinojen,
teratojen ve mutajen etkiye sahip kimyasallar
adsorpsiyon yoluyla MP’lere tutunur ve saghk
tizerine ciddi sorunlar yaratir. Ozellikle bunlari
tiketen canllar yoluyla baska canlilara, kursun,
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mangan, bakir, aliminyum, c¢inko, glmis ve
demir gibi agir metallerin tasinmasina sebep
olurlar (Verla vd., 2019). Ayrica canlida meydana
gelen saghk sorunlarinda MP’lerin  yapisiu
olustura polimerin tirt de etkilidir (Rochman vd.,
2017).

Genellikle MP’ler insan viicuduna ti¢ farkli yolla
giris yaparlar. Kozmetik ve kisisel bakim triinleri
yoluyla deri ylzeyinden, yeme icme yoluyla
sindirim sisteminden ve solunum yoluyla da
dolasim sisteminden insant hasta edebilitler. Bu
yollardan en etkilisi gunlik gida tiketimi ile
meydana gelen MP kontaminasyonudur (Prata
vd., 2021). Ozellikle toprakta yetisen bitki kokenli
tiketimden gunliik 80 g plastigin, yillik sofra tuzu
tiketiminden ise 150 partikill plastigin viicuda
alindigs belirtilmektedir (Ebere vd., 2019; Ozgifci
vd., 2023)

Yutma yoluyla MP’lere maruz kalmak, canlida
endokrin  sisteminde, mide ve bagirsak
dolagiminda  bircok saglik sorununa sebep
olmaktadir (Emenike vd., 2023). Genel olarak
boyutu 10 um’den kiigik MP’ler bagirsaktan
emilerek lenfatik sisteme ve dolagima gegebilirler
bu sayede karaciger, beyin, ve bébrek dokularinda
da birikebilitler (Yong vd., 2020) Ik defa 2022
yilinda 22 saglikli goniilliden alinan kanda PET,
PS, PE, ve polimetl metakrilat (PMMA)
polimerleri tanimlanarak insan kaninda ortalama
1.6 pg/ml, MP oldugu belitlenmistir (Leslie vd.,
2022) Ragusa vd., (2021) ise 6 insan plasentast
tzerinde bir ¢alisma yaparak boyutlari 5 ile 10 um
arasinda degisen diizensiz 12 adet MP parcacigin
ik defa plesentada tespit etmislerdir. Bu
calismalar plastik parcaciklarin sadece sindirim
sisteminde degil, kan dolasimi1 yolu ile fetiise kadar
olan sistemlerde gorilebilecegini
kanitlamistir.  MP’lerle  ilgili  yapilan  farklt
calismalarda uzun siireli membranlar arast etkisi,
ikincil organlara ve dokulara translokasyonu
heniiz tam anlamiyla tanimlanmasa da solunum
yolu rahatsizlikliklart ile gelen farkli 22 hastanin
balgaminda, boyutu 500 um’den kiicitk 21 farkls
MP tird saptanmustir (Huang vd., 2022). Bu
sebeple plastik drtinler kigik parcaciklara
ayrildikca  cevreye verdigi zarar daha da
artmaktadir (Wright ve Kelly, 2017). Plastik

tim

tretimi sirasinda son uriinde istenen Ozelliklere
gére  Uretim  prosesinde  antioksidanlar,
plastiklestirici, ~yanma dayanimint  arttiricy,
ultraviyole  stabilizatorler,  renklendirici  ve
yaglayicilar gibi farkli maddeler triine ilave olarak
katilmaktadir. Bu asamada en ¢ok kullanilan katki
maddeleri bisfenol A, fitalatlar, nonilfenol ve alev
geciktiriciler gibi sagliga zararh maddelerdir
(Lusher vd., 2017).

GASTRONOMI
MIKROPLASTIK VARLIGI
Gida Urlnlerinde ve gastonomi alaninda MP
varhigt calismalart hentiz yeni bir alandir ve
tzerinde daha ¢ok aragtirma  yapilmasi
gerekmektedir. Literatiirde tuz, bal, seker ve icme
sulari gibi trtinler tzerinde yapilan c¢ok sayida
calisma yer alsa da, stt ve siit driinlerinde (20
um’den) kicitk boyutlardaki MP varhigini tespit
etmek son derece gelismis metodlar gerekli
kilmaktadir (Da Costa Filho vd., 2021).
Gastonomi alaninda Ozellikle gida isleme ve
tretim stregleri gibi alanlarda calisanlarin
kiyafetlerinden, ortamin hava kogullarindan ve
kullanilan cihazlarin yipranmasi sonucu olusan
kontaminasyonlardan  gida  Urlinlerine  MP
bulagmast séz konusu olmaktadir (Udovicki vd.,
2022; Sewwandi vd.,2023).

Diger taraftan bu alanda yapilan literatiir
calismalarinda tuz, ambalaj malzemeleri, igme
sulari, cay ve deniz urinlerinde MP varligi
belirlenmeye ¢alsisa da benzer gidalarin dogrudan
tiketimi yoluyla olusan maruziyet tam olarak
bilinmemektedir (Kwon vd.,2020).

ALANINDA

Gidalarda MP 6lciilmesinde yasanan guglikler,
plastik partikiillerin gidadan ayristirlmasindaki
zotluklar, pismis gidalardaki MP yogunlugunun
tam olarak tespit edilememesi ve degisen farkh
gida matrisleri  sebebiyle  standartlagtirilmig
analizlerin olmamasi, MP tespiti alaninda daha
fazla calismanin yapilmasint gerekli kilmaktadir
(Kwon vd.,2020).

Ayrica gida ambalajlarinda kullanilan plastikler
ekstriide  polistiren (XPS) veya genlesmis
polistiren (EPS) gibi maddelerdir (Kedzierski vd.,
2020). Kaplar folyolar, tepsiler, siseler, kapaklar,

561



562

Y. Yigit

posetler, gida endustrisinde kullanilan basglica
plastik Grtnler arasindadir (Geueke vd., 2018).

Bu plastik kaplar sadece ambalajlarin mekanik
asinmast ile degil, 1s1 ve UV 1s1n1 gibi dis ortam
faktorlerinin etkisi ile bozunarak ve parcalanarak,
depolama siiresince plastik partiiktillerin gidalara
bulasmasina sebep olmaktadir (Sewwandi vd.,

2023).

Gida tretiminin tim asamalarinda gida ile temas
edebilecek biitiin malzeme ve techizat saglik icin

97,37

100

Seelenmi sular Hava Musluk suyu

Deni drinler;

bir tehlike kaynag: olusturmaktadir. Gida ile temas
eden maddeler cesitli kanun ve yoénetmelikletle
diizenlemelere tabi olsalar da, MP varlig1 agisindan
olugabilecek saglik sorunlart 6zenle ele alinmalidir
(Udovicki vd., 2022) Asagida Sekil 2°de bazt gida
maddeleri icin litre/metrekliip bagina disen
mikroplastik miktarlart verilmis, ayrica icme suyu,
poset cay, sit, tuz, bal, deniz trlnleri, tavuk ve
ambalaj malzemeleri gibi gastonomi alani icin
o6nemli olan temel triinlerdeki MP varligt ayr1 ayri
ele alinmistir.

1,48 0,44 0,11 0,10

Seker Tuz Ba

*Siselenmis su, musluk suyu ve balda gr/litre, hava ve diger urtunlerde gr/m¥dir.

Sekil 2. Cesitli triinlerde gr/litre ya da gr/m?3 tiirindan MP miktari

Sekil 2 dikkate alindiginda gida alaninda 6zellikle
siselenmis sulardaki MP varhiginin diger triinlere
gore daha ciddi diizeylerde oldugu gérilmektedir
(Armstrong, 2019).

Su Kaynaklarinda Mikroplastik

Akarsu, rizgar, hava gibi dogal yollarla MP’ler
cevredeki kaynaklara  bulagabilmektedir. Su
kaynaklarina bulasan plastik atiklar buradaki
canllar, dalga hareketleri ve akintilar yoluyla da
tath su kaynaklarina ve dolayisiyla insan
tiketimine ulasabilmektedir (Kooi vd., 2017,
Eerkes-Medrano vd., 2019). Ozellikle atik su
direnaj sistemlerinden ve taskinlar yoluyla tarim
alanlarindan camur seklinde akarak farkls tatlt su
sistemlerine  MP  bulasmaktadir (Eriksen vd.,
2013). Okyanuslarda bulunan plastik atiklarin
yaklasik ~ %18'inin  balk ve su  Urlnd
yetistiriciliginden, %80'inin ise karasal kokenli

kaynaklardan geldigi dustintlmektedir (Cole
vd.,2011; Andrady, 2011). Ozellikle asir1 hava
olaylart ve firtina gibi durumlarda karalarda
meydana gelen hava hareketleri sebebi ile plastik
attklarin su kiitlelerine erisimi artmaktadir (Cole
vd.,2011). Diger taraftan camasir yikamada
kullanilan deterjanlar ve giysilerden kopan plastik
parcaciklar su kaynaklarindaki MP varhigina etki
etmektedir (Aslan, 2018; Browne vd., 2011).

Browne vd. (2011) tarafindan vyapilan bir
calismada evsel yitkama sonucunda c¢amasir
makinasi attk sulart incelenerek, tek bir giysiden
her yikama sirasinda ortalama 1900 civari, MP lif
ortaya ciktig1 belirtilmistir. Bagka bir calismada ise
Napper vd. (2015) yuz peelinglerinden tek bir
yitkamada, kullanim basina, boyut olarak 164-327
um c¢apinda, ortalama 4.594 ile 94.500 adet
mikroboncugun su akisina  salindigini  tespit
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etmislerdir. Almanya’da 2016 yilinda, Mintenig
vd. (2017) tarafindan yapilan bir ¢calismada, 12 attk
su desarj tesisinin 10’unda MP varhigr tespit
edilmis olup, bu MP’lerin boyutlarinin 500
um’den biytk oldugu belirtilmistir.  Yine
Almanya’da  yapilan bagka bir calismada,
Schymanski vd. (2018) tek sefer kullanilmus ve
depozitolu olan 22 plastik sise, 9 cam sise ve 3
mesrubat kartonda yer alan sularin MP icerigini
arastirmistir. Bu calismada ortalama MP icerikleri,
iade edilebilir siselerde 118+88 partikil/L, tek
kullanimlik plastik siselerde 14114 partikiil/L ve
icecek kartonlarinda 1148 partikil/L seklinde
bildirilmistir. Kosuth vd. (2018) tarafindan yapilan
bir baska calismada ise, 159 adet kiiresel kokenli
musluk suyu arastirilmig  bunlarin  %81'inin
antropojenik parcaciklar icerdigi bulunmus, bu
partikillerin %98.3*ntin ise 0.1-5 mm araliginda
liflerden olustugu belirtilmistir.

Poset Cayda Mikroplastik

Igecekler gibi disiik filtrasyon 6zelliklerine sahip
olan maddeler daha analitik islemlere gerek
kalmadan filtrelemeye uygun olabilmektedir. Bu
filtrasyon iglemleri seliloz nitrat, fiberglas,
aliminyum oksit ve seliiloz asetat (CA) gibi
membran filtreler kullandarak nispeten kolay
yontemlerle gerceklesebilmektedir. Bu islemler
sirasinda membranlarin gbzenek caplari farkli
boyutlarda  belitlenerek ~ MP’lerin  farklt
sintflandirmalara tabi olmast mimkiindir (Kadac-
Czapska vd., 2023). Bu sebeple de son yillarda
farkll gézenek caplarina sahip membranlar ve
basing pompast birlikte kullanilarak, soguk gay,
enerji icecegi ve bira gibi stvi formdaki gidalardan
MP’lerin basatill bir gekilde ayrilmast muimkin
olabilmistir (Shruti vd., 2020; Prata vd., 2020;
Diaz-Basantes vd., 2020) Fakat yiiksek sicaklik
kullanimmnin MP partikiillerinin fiziki yapisinda
degismelere neden oldugu (catlama, sararma,
erime vb.) bildirilmistir (Gulizia vd., 2022). Diger
taraftan plastik varliginin gidalardan ayrilmast icin
kat1 faz mikro ekstraksiyonu, manyetik ve ultrason
teknikleri de uygulanabilmektedir (Sridhar vd.,
2022).

Kanada’da dort farkli cay markasinin ele alindigt
bir arastirmada, poset ¢ayin ambalajindan ¢aya
gecen MP varligr arasturilmistir. Cay ambalajlar

kesilerek G6rnekler ¢ikarilmis ve ambalajlar 95°C
suya 5 dakika daldirilarak bekletilmistit. Bu
islemler  sonrasinda  elektron  mikroskobu
kullantlarak nano ve mikro patcaciklar tespit
edilmistir. Poset ve stiziintil kalintilarindan plastik
tespiti i¢cin Fourier Dontsimli  KizilStesi
Spektroskopisi  (FTIR) kullanidmigtir.  Calisma
sonucunda plastik ¢ay poseti ile hazirlanan ¢ayin,
cay bardagi basina, 16 pg plastik yukd tasidigt
tahmin edilmis, bu durumun sofra tuzunda 0.005
ug/g oldugu bildirilmistir. Ayrica ¢ay posetinin
oda sicakliginda demlendiginde c¢ok daha az
parcacigin caya gectigi ve genel olarak MP salinimi
konusunda kullanim kosullarinin 6nemi tUzerinde
durulmustur. Sonu¢ olarak, bir fincan c¢ay
hazirlanirken 14.7 milyar mikron altt (< Tpm) ve
2.3 milyon adet ise mikron boyutunda (~1—150
um) plastik parcacigin demleme suyuna salindig
tahmin edilmektedir. Bu salinan plastik miktart
sadece insanlar tarafindan titketilmemekte ayni
zamanda kanalizasyon gibi sistemlerle attk su
alanlarina ulasarak MP kirliliginin artmasina sebep
olmaktadir (Hernandez vd., 2019). Diger taraftan
icecek paketlerinin bukilmesi, gida paketlerinin
acilmast ve ¢ay posetlerinin demlenmesi sirasinda
uygulanan fiziksel islemler sebebi ile de gidalara
plastik gecisi oldugu bildirilmektedir (Udovicki
vd., 2022).

Normal sartlarda ¢ay; igerdigi tanin, polifenoller,
kafein gibi maddeler sayesinde kalp koruyucu
anti-aging Ozelligi bulunan, zihinsel uyanikhilik
durumuna katki saglayan saglikli bir icecektir.
Ancak iretiminden tiiketimine kadar gecen
strecte atmosferde bulunan PVC ve PE gibi
plastik maddeler, tretimde kullanilan plastik
araglar, ambalaj ve giibrelerde bulunan plastikler,
farkli etkilerle caya gecerek saglikli bir yasami
tehdit edebilmektedir. Cayda MP varliginin
azaltilmast icin ekiminden tiketime kadar gecen
her asamada plastik girdi miktarininin azaltimast
6nem kazanmaktadir. Cay urlnlerinde bulunan
plastikler ~genellikle polietilen ve polietilen
tereftalat kaynaklidir, bu sebeple de bazi isletmeler
MP girdisini azaltmak amaciyla ambalajlarinda
plastik posetler yerine, aliminyum kaplara 6ncelik
vermekte, kagit-aliminyum kompozitlere veya
kagit kaplara yer wverilerek plastik varlig
azaltilmaktadir (Xing vd., 2023). Balct tarafindan
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2020 yiinda ilkemizde yapilan bir tez
calismasinda, market reyonlarinin cay
boliimlerinde 6nemli bir alani teskil eden poset

caylar ele alinmistir. Calismada incelenen poset
cay tipleri Sekil 3’de belirtilen tiirdedir.

u

N .-

Sekil 3. Incelenen poset cay tiirleri; demlik poseti(a), bardak poseti(b) ve stick cay(c)

Bu ¢alismada toplamda 6 adet demlik poset cay, 8
adet bardak poset cay ve 1 adet de stick cay
incelemeye alinmis, analizler 3 tekrarli olarak
gerceklestirilmistit. S6z konusu caligmada  bir
poset ¢aydan ortalama 36.5 adet plastigin insan
viicuduna gecebildigi bildirilmistir. Diger taraftan
incelenen poset ¢ay tiirevlerinde tiretim meteryali
olarak seliloz tercih edilse bile, bazi destek
malzemelerinde plastik polimerlerin kullanildigt
vurgulanmistir. Incelenen 15 markanin 10
tanesinin dogal selilozik malzeme, 5 tanesinin ise
plastik tirevi malzeme kullandig1 belirtilmistir. Bu
calismadan anlagilacag gibi, seliiloz yapida olan
poset ¢aylarda bile saglhigt olumsuz etkileyebilecek
diizeylerde MP varligt belirlenmistir. Bu caylarin
titketimi sirasinda ayrica seker kullandmasinin,
scker kaplarindan caya gegebilecek  plastik
miktarini da ek olarak arttiracagt diistintilmektedir.
Ayrica demlik poset caylardaki MP varliginin,
bardak poset ¢aya gbre daha fazla oldugu
belirtilmis ve “cay keyfi” yaparken mumkin
oldugunca tek kullanimhk drinlerden wuzak
durulmasinin énemi vurgulanmistir (Balci, 2020).

Siit Uriinlerinde Mikroplastik

Gastonomi alaninda kaliteli protein kaynag: olarak
goriilen siit ve siit triinleri giinliik hayatta siklikla
titketilen 6nemli bir protein kaynagidir (Demirgtl
ve Sagdig, 2018). Ancak stit irtinlerinin Gretimden
titketime kadar gegen farkll asamalarda, cesitli
faktorlerden etkilenerek MP kontaminasyonuna
ve  plastik  etkilesimine  maruz  kaldig
distiniilmektedir. Ozellikle tretim siirecindeki
hijyen kurallarina dikkat edilmemesi, ortam

kosullarinin uygunsuzlugu, kullanilan ekipmanlar
yada ambalaj malzemeleri gibi etkenlerden plastik
partikilleri ile kontaminasyon olusabilmektedir.

Meksika’da 2020 yilinda 8 farkli markadan alinan
23 farkll siit numunesi tzerinde MP varhig
arastirilmis, s6z konusu calismada her ne kadar
siselenmis sulara, poset ¢ay ve damacana sulara
gore daha distik dizeylerde plastik gorilse de,
stitlerde de MP varlig1 bildirilmistir. Bu ¢alismada
MP parcaciklarinin genellikle kahverengi, mavi,
kirmizi ve pembe renklerindeki liflerden yada
parcactk  halindeki  partikiillerden  olustugu
vurgulanmistir (Kutralam-Muniasamy vd., 2020).

Farkli arastirmalarda gorildigu gibi sit disindaki
diger iceceklerde de MP wvarligr belirlenmistir.
Fakat siit ve stt driinlerinde gida gilivenligi
acisindan kimyasal, fiziksel ve mikrobiyolojik
tehlikeler daha siki denetlense de, MP tehlikesi
hentiz farkindalik  seviyesine ulasamamistir
(Kutralam-Muniasamy vd., 2020).

Buna ragmen bir ¢ok arastirmada gastronomi
alaninda yaygin sekilde kullanilan siit ve sit
triinlerindeki siit sagimu, tretimi, tedarik zinciri,
endiistriyel islemler, paketleme ve depolama gibi
farkli asamalarda MP’lerin  kontaminasyon
kaynagt olabilecegi belirtilmistir (Da Costa Filho
vd., 2021).

Diger taraftan son Urlin halindeki st
mamdillerinin satisinda genellikle plastik ambalaj
malzemesi tercih edilmekte bu durum da plastik
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bulasma miktarinin artmasina sebep olmaktadir.
Sit gibi dretim asamalarinin hassas sekilde ele
alinmast gereken urinlerde uretim strecindeki
tim faaliyetler plastik partikil tespiti bakimindan
dikkatle gézden  gecirilmelidir  (Kutralam-
Muniasamy vd., 2020).

Ozellikle siitiin sagiminda kullanilan titresimli ve
vakumlu kaucuk malzeme iceren makinalardan,
sutin fabrikaya naklinde kullanilan  tasima
araclarindan, fabrika icerisinde sut tasimada
kullanilan PVC ve PE 6zelligindeki tasima
borularindan siit tirinlerine MP gegisi s6z konusu
olmaktadir. Stitteki mikroorganizma yogunlugunu
azaltmak  icin  uygulanan  ultrafiltrasyon,
makrofiltrasyon ve mikrofiltrasyon yontemlerinde
kullantlan membran filtrelerin  yitksek basing
altinda zarar goérmesi sebebi ile de ciddi
dizeylerde plastik bulagimi gorilmektedir. Siit
fabrikasyonu strasinda polimerik membranlarin
farkli cihazlardan koparak siite karismast ve 1s1
degisimleri sebebi ile bu bulasmanin artmast
miimkiin gorilmektedir (Piront vd., 2021).

Bu nedenlerle siit ve stt tranleri retimindeki tim
faaliyetlerin titizlikle ele alinarak stireglerin plastik

vathgr agisindan  yeniden ele alinmast ve
degerlendirilmesi  halk  saghgt  sorunlarinin
yasanmamast  i¢in  bir  gereklilik  olarak
distnilmektedir  (Kutralam-Muniasamy — vd.,
2020)

Buyukunal vd. (2023) tarafindan, Turk mutfak
kiltiird icecegi olan ayrani olusturan siit, su, tuz,
kiltiir gibi girdiler MP varligt acisindan incelemis,
bu ¢alismada sirayla en yliksek MP miktari tuzlu
suda 43 partiktil/100 mL, tuzda 33 partikiil/100 g
ve homojenizasyon, pastOrizasyon gibi
asamalarda alinan sttde ise 26 partikil/100 mL
MP tespit edilmistir. Sonuc Grlint olarak ayranin
kendisinde ise,18 partikiil/100 mI. MP varligt
bildirilmistir (Buyukunal, vd., 2023).

Cin’de bebek mamalart tizerine yapilan bir bagka
calismada ise, bebek beslenmesinde 6nemli bir yer
tutan biberonun stit tozu preperatindan 1.7 kat,
stt tozundan ise 6.8 kat daha yliksek MP gecisine
sebep oldugu tespit edilmistir (Zhang vd., 2023).

Siit drinleri {izerine yapilan ¢alismalar genel
olarak incelenmis, boyutlar1 20 pm’den kiiciik olan
MP’lerin - varhigi  konusunda glivenilir Sl¢iim
yontemlerinin -~ bulunmamasi  nedeniyle, bu
uriinlerdeki MP varligr tespitinin hentiz kisitlt
diizeyde oldugu belirtilmistir (Da Costa Filho vd.,
2021).

Yumurtada Mikroplastik

Yumurta gastonomi alaninda yogun olarak
kullandan 6zellikle yas pasta tretimi, krema
yapimi ve tath gibi alanlarda olmazsa olmaz
6nemli bir protein kaynagidir. Cin’de yapilan bir
calismada 5 farkli treticiden yumurtalar alinarak
incelenmis ve toplanan yumurtalarda 50 ile 100
um boyutlarinda MP, parcacik halinde tespit
edilmistir. Arastirma genelinde yumurta basina
adet olarak 11.67£3.98 (mikroplastik
sayist/yumurta) parcacik konsantrasyonunda MP
belirlendigi ve plastik varliginin genel olarak
yumurtalartn - beyaz kisimlarinda  daha  ¢ok
goruldigi bildirilmistir (Liu vd., 2022).

Tuzda Mikroplastik

Gidalarda katki maddesi, stabilizator, lezzet verici
veya koyulastirict olarak kullanilan tuzlarda MP
varligi kronik bir sorun olarak goriilmektedir
(Udovicki vd., 2022). Ulkemizde, 2018 yilinda
Giindogdu tarafindan yapilan bir ¢calismada; kaya
tuzu, g6l ve deniz tuzlan MP bakimindan
karsilagtirilmis, 6zellikle 16—-84 madde/kg orant ile
deniz tuzlarmin MP miktari diger tuzlardan daha
fazla bulunmustur. Aynt ¢alismada MP oraninin
en disik oldugu tuz turinin 9-16 madde/kg
miktari ile kaya tuzu oldugu tespit edilmistir. Bu
durumun temel sebebinin kaya tuzunda tek
bulasma kaynagin isleme sirasinda olusan
kontaminasyon oldugu distntlmektedir
(Gundogdu, 2018).

Bu arastirmaya benzer sekilde diinya genelinde
yapilan bazi calismalarda farkli  bolgelerde
tiiketilen deniz tuzlarinda MP varligr tespit
edilmistir. Kilogram basina 13500-19800 patca ile
en yiksek deger Hirvatistanda tretilen tuzlarda
bulunmustur (Peixoto vd., 2019).

Tuzlarla ilgili 6 farkli kitada 16 tilke/bolgeden elde
edilen, toplamda 39 farkli tuz markasi incelenerek,

deniz g6l ve kaya tuzu numuneleri
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degerlendirilmistir. Bu arastirmadan elde edilen
sonuglara gore, tuzlarda en ¢ok rastlanan
polimetlerin PP, PE, ve PET oldugu bildirilmistir.
Ayrica  deniz  tuzlarinda  tespit  edilen
mikroplastiklerin %30 PP, %30 PET ve %35 PE;
g6l tuzlarinda %47 PET, %28 PE, %11 teflon;
kaya tuzlarinda ise %23 PP, %26 PE, %41
PET’den olustugu tespit edilmistir. Genel olarak
bu calismadan elde edilen bulgulara gbre Asya
kitasindan  alinan tuz numunelerinde MP
vatliginin diger kitalar gére daha ytksek oldugu,
en yitksek MP varligi olan toplamda 10 marka
icinden 9 tanesinin Asya kitasinda yer aldigt
gorilmistir. Bu sebeple Asya kokenli tuzlardaki
plastik varligi diger kitalardaki plastic varligina
gore anlamlt bulunmus fakat kaya tuzlarinda boyle
bir farkliliga rastlanilmamustir (Kim vd., 2018).

Fadare vd. (2021) tarafindan yapilan bir baska
calisgmada ise; 8 Afrika ilkesinden 23 farklt tuz
markast mikroskobik/spektroskobik yontemlerle
incelenmis ve tuz Orneklerinde kg basina
3.4214.94 adet ile 0.67+1.15 adet arasinda MP
varligt belirlenmistir. Ayn1 calismada tuzlarda
gorilen polimer madde tiirlerine bakildiginda
genellikle polipropilen, asetat ve polietilenin
baskinligr dikkat cekmistir. Bu calismaya gore
tuzlardaki MP varliginin zannedildigi gibi tuz
paketlerinden  kaynaklanmadigi, —muhtemelen
tretim strasindaki kontaminasyonun yada deniz
kirliliginin MP varhgini etkiledigi belirtilmistir
(Fadare vd., 2021).

Bal ve $ekerde Mikroplastik

Avrupada yapilan bir ¢alismada Fransa, Almanya,
Ispanya, Meksika ve Italya’dan temin edilen
toplam 19 bal 6rneginde MP varlig: tespit
edilmigtir. Tdm 6rneklerde lif ve parcacik sayilari
ele alinmis, ballardaki parcacik miktar1 0-38/kg
(ortalama 919 kg) lif miktar1 ise 40-660/kg
(ortalama 166£147/kg), olarak belirlenmistir.
Ayni calismada MP parcaciklarinin uzunluklari,
10-20 pm arasinda, liflerin uzunluklart ise 40 pm
ile 9 mm arasinda bulunmustur. Arastirmacilar
genellikle mavi renkte plastik tespit edildigini
bildirirken, bunlarin arilar tarafindan tasindagini
yada  Urlinin  islenmesi  sirasinda  bala
bulasabilecegini belirtmiglerdir. ~ S6z konusu
calismada seker Orneklerinde de MP  varhgt

bulunmustur. Ozellikle rafine edilmis tim seker
orneklerinde renkli ve saydam lifler ortalama
217+123/kg, parcaciklar ise ortalama 32%7/kg
araliginda bulunmustur. Rafine edilmemis seker
Ornekleri ise MP bakimindan daha tehlikeli
durumdadir ve kg basina 540 parcactk ve 560 lif
bulundugu bildirilmistir (Liebezeit ve Liebezeit,
2014).

Basantes vd. (2020) tarafindan yapilan bir baska
calismada cam kaplarda bulunan 14 adet bal MP
varhgr bakimindan incelenmis, séz konusu
ballarda boyutlart 5.15-226.01 um olan, 30-114
adet parcactk tespit edilmistit. Bu MP’lerin
kaynaginin genel olarak PE, PP, ve poliakrilamid
oldugu belirtilmistir (Diaz-Basantes vd., 2020).

Deniz Uriinlerinde Mikroplastik

Deniz trtnlerindeki MP varligi hem karadan hem
de su kaynaklarindan kontaminasyon ve tasinma
yoluyla  gerceklesebilmektedir. Denizlerde
bulunan toplam MP’lerin %80’inin karasal kékenli
bulagsma ile olustugu ve s6z konusu plastiklerin
deniz canlilar tarafindan yutularak onlar titketen
insanlara kadar tasinabildigi bildirilmistir (Horton
vd., 2017). Bu durum sadece baliklar1 degil
mikroalgleri de etkilemis ve bu canhlarin sagladigt
fotosentetik aktivitede dislis oldugu tespit
edilmistir (Akgay vd., 2020).

Genel olarak deniz ekosistemine bakildiginda;
acik denizlerde, kiyilarda, kutuplarda, denizlerdeki
¢Okeltilerde olmak tizere c¢ok farkli bélgelerde
MP’lere rastlanilmaktadir. Sonu¢ olarak bu
ekosistem icinde var olan her tir canlida MP
varlig s6z konusu olmustur. Bu kirligin yani sira
plastik urtinlerin goriiniis olarak plankton benzeri
olmast bir ¢ok sucul canlinin da bu urinleri
dogrudan yemesine sebep olmaktadir (Wang vd.,
2019).

Bu plastik partikiilleri sucul canllarn i
organlarinda birikse ve pisirme Oncesi temizleme
asamasinda uzaklastirilsa da, dolayli yollardan
insan saghgint etkiledigi disinilmektedir. Diger
taraftan gastonomi alaninda istisnai durumlardan
olsa da hamsi, sardalya gibi daha ufak baliklar,
cesitli kabuklu deniz drtnleri kilgiklart ve bazen
diger organlari ile tiketilebilmekte ve bu durum
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farklt  sorunlart  beraberinde  getirmektedir.
Ozellikle midyeler tizerinde yapilan bir calismada,
en dustik MP seviyesi 0.5 parcacik/g'dan az olmak
Uzere Avrupa'da, en yuksek MP seviyesi ise 4
patcactk/g olmak tzere Cin’de bildirilmistir
(Rainieri ve Barranco, 2019).

Sucul yasayan canllar icerisinde midyeler ¢ok
genis alana dagilmis olmalari sebebi ile MP
arastirmalarinda bir indikator olarak ele alinan
organizmalarin basinda gelmektedir. Ulkemiz kiyt
seridinin %76’sin1 kapsayacak sekilde 23 farkli
noktadan alinan midye 6rnekleri ile yapilan bir
calismada carpict sonuglar elde edilmistir. Bu
calismada Marmara Denizi, Karadeniz, ve
Akdeniz’den alinmak tzere toplamda, 347 midye
Orneginin 222’sinde MP bulundugu bildirilmistir.
Bu MPlerin = %28.4%Gnd  lifler, %067.6’s1mu
parcaciklar ve kalan kisminin da filmler halinde
yer alan plastik parcaciklardan olustugu rapor
edilmigtir. Polimer tiirlerine gbére bakildiginda en
dustikten yitksege dogru sirasiyla, %19.4 PE,
%28.4 PP ve %329 PET turt plastik oldugu
belitlenmistir. Bu calismadan elde edilen verilere
gore Tirkiye’de midye kaynakli MP’lere maruz
kalma miktarinin 1918 mikroplastik/yil diizeyinde
oldugu tahmin edilmistic (Gedik ve Eryasar,
2020).

Diger taraftan Curren vd. (2020) tarafindan
Singapurun 4 farkll lokasyonundaki yerel
marketlerden temin edilen karidesler tzerinde
yapilan bir ¢alismada, bu canlilarin bagirsaklarinin
temizlenmeden tuketilmesinin, insanlarda MP
konstaminasyonunu arttirdigi bildirilmistir. Yine
bir baska calisgmada ise deniz urinlerinden
yumusakgcalarin diger sucul canlilara gdre daha
fazla MP tasidigi belirtilmistir. Bu ¢alismaya gore,
yumusakealarin sirastyla en disik 8.07 ve en
yiksek 428.4 partikil/g (islak gram agirliga
karsilik gelen plastik par¢a adett) MP varligt ile
%50-95 ile en yiksek MP konsantrasyon
dagilimint gésterdigi vurgulanmistir. Bu miktarlar
kabuklulara gbre yaklagik 4 kat, baliklara gore ise
yaklastk 40 kat daha yiiksek diizeylerdedir. Cesitli

organizmalarin  beslenme  ekosistemlerindeki
farkliliklardan veya plastik partikillerinin dagilim
durumlarindaki  degisikliklerden — boyle  bir

sonucun meydana distnilmektedir

(Mohamed vd., 2021).

geldigi

Tavukta Mikroplastik

Gastronomi alaninda, 6zellikle son yillarda daha
yaygin olarak tlketilen tavuk triinlerinde MP
varligt ile ilgili farkll calismalar ele alinmistir.
Fransa’da 2020 yilinda yapilan bir arastirmada,
ekstride polistiren képtik (XPS) tepsilerde satilan
tavuk eti numuneleri incelenmis, et ile tepsi
arasinda, paketlerin i¢ kisminda ve ambalajin dis
kisminda MP varligt belirlenmistir. Bu arastirmada
4 farkli markaya ait Urlinlerde Ozellikle et ile
koruyucu film arasinda XPS parcaciklarina
rastlanmis  olmast MP bulagsmasimnin drlinin
paketlenme  siirecinden 6nce  olusabilecegi
stiphesini dogurmustur. Diger taraftan, Gretimin
gerceklestirildigi ortam havasinda asih halde XPS
parcaciklart olabilecegi disunilmustir. Dusik
yogunluktaki MP’lerin elektrostatik  yik ile
yiklenmesi sonucu bu durumun olusabilcegi
ihtimali tzerinde durulmustur (Kedzierski vd.,
2020).

Ambalaj materyalinin dis yiizeyindeki XPS miktari
farkli markalarda farkli sonuclar tagimakla birlikte
kilogram basina 10.8%£6.0 adet ve 1.1+1.9 adet
arasinda; i¢ ylizeyde ise 18.7+8.3 adet ile 4.0+4.5
adet arasinda belitlenmistir. Tavuk etlerinde
gorilen bu parcaciklar gerek pisirme sirasinda
uriin Uzerinden kolaylikla ayrilmamast gerekse
toksisite ve elektiriksel yik ile yuklenmesi gibi
sorunlar sebebi ile ciddi saglik problemlerini isaret
etmektedir. Calismada elde edilen en Onemli
problemlerden birisi ise, yitkama ile etlerdeki MP
vathginin  kolay kolay giderilememesidir. Bu
durumun sonucu olarak pisirme sirasinda
plastiklerin  6nemli bir kismi et izerinde
bulunmakta ve et ile beraber pisirilmektedir. S6z
konusu ¢alismaya gore, tavuk urlnlerindeki bu
plastik yogunluguna bakilarak, yetiskin bir insanin
ginde vyaklastk 1.4 mg MP tikettigi
hesaplanmaktadir (Kedzierski vd., 2020).

Yin vd. (2023) tarafindan yapilan baska bir
calismada; MP’lerin  kanath hayvanlarin  kas
dokularina, gastrointestinal ~ sistemlerine  ve
karacigerlerine bulasabilecegi bildirilmistir. Aynt
calismada MP bulasmis kanatli ve et Grinlerinin
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patojen tasima riskinin de artmis olabilecegi
vurgulanmistir.

Havada Mikroplastik

Her ne kadar gida sektériinde 6zellikle MP varligt
tuz, seker, tavuk ve bal gibi trlinlerde aragtirilsa da
yapilan bazt ¢alismalar havada da ciddi oranlarda
MP oldugunu géstermektedir. Genel olarak diinya
plastik iiretiminin %16’sin1 olusturan tekstil lifi
yillitk 60 milyon metrik tGretim hacmi ile plastik
dretim alaninda 6énemli bir konumdadir. Hava ile
tenefis edilen bu lif parcaciklar genellikle viicut
tarafindan tolere edilse de, bazi parcaciklar
akcigere kadar ilerleyerek inflamasyon gibi etkilere
yol acabilmektedir. Ozellikle polisiklik aromatik
hidrokarbonlar gibi kontaminantlar ve plastik
icerisindeki plastiklestirici ve boyar maddeler
mutajenik ve karsinojenik etki gbsteren son
derece zararlt maddeler icermektedir (Gasperi vd.,
2018). Hava ile kontamine olmus gidalar ve acik
alanlarda uygunsuz kosullarda satlan driinler de
bu kapsamda risk teskil etmektedir. Ayrica havada
astt bulunan bu partikiiller bagka bulasicilarla
etkilesime girerek kontaminasyon
olusturabilmekte, bu durum farkli saglik
sorunlarina sebep olmaktadir. Bu kapsamda
gidalarin uygun hava kosullarinda satis1 da 6nem
kazanmaktadir (Kirstein vd., 2016).

Gida Kaplarinda Mikroplastik

Gastronomi  alaninda  Ozelikle hazir  gida
sektoriniin  hizla biylimesi tek kullanimhk
kaplarin kullanim oranint arttirmig, bu durumun
bir sonucu olarak da diinya genelinde iretilen
plastik  miktarin  yaklastk  %40’nin tek
kullanimlik olarak tiretildigi belirtilmistir. 2015 yilt
verilerine gore gida sektSrinin kiiresel ¢aptaki
degerinin 89 milyar ABD dolart oldugu ve yillik
bu degerin ortalama % 2.7 artmus oldugu ifade
edilmektedir. Bu noktada, kuskusuz gida
tasinmasinda kullanilan malzemelerin MP varhigt
onem tagtmaktadir. 2020 yilinda yuvarlak ve
dikdortgen sekilli plastik bardak ve kaplarin MP
varligt  arastirdmistir.  Bu  calismaya  gore
dikd6rtgen sekilli kaplardan 38+5.29 mg, yuvarlak
sekilli kaplardan 12+5.12 mg, plastik bardaklardan
ise 3+1.13 mg MP parcacigt izole edilmistir. Bu
calismadan anlasildigy tizere kaplarda bulunan MP

sayisinda kabin tretim seklinin bile 6nem tasidigi
vurgulanmustir (Fadare vd., 2020).

Du vd. (2020) tarafindan yapilan bir bagka
calismada, paket servis kaplarinda
yemeklerin MP  varhigr arastinlmis ve kaplar
dogrudan yitkama ve sicak suya daldirtp yikama
gibi farkl tekniklere tabi tutulmustur. S6z konusu

sunulan

calismada paket servis kaplarinda bulunan
MP’lerin kaplarin ic yuzeylerindeki
dokilmelerden ve  atmosferik  serpintiden

etkilendigi belirtilmigtir.

Gudalarda paketleme islemleri ve paket agilmasi
asamalarinda yada icecegin tiketilmek Uzere
sisenin biikiilmesi sirasinda veya ¢ay posetlerinin
kullantmi  gibi gtinlik faaliyetler sebebi ile
MP’lerin  kolayca ortama yayiabildigi tespit
edilmistir (Udovicki vd., 2022).

TURKIYE’DE PLASTIK TEHLIKESI

Ug tarafi denizlerle gevrili olan iilkemizin, tiim kiyt
seridinin %76’stn1 kapsayacak sekilde, Marmara,
Akdeniz ve Karadeniz merkez olmak tzere 23
farkli bélgeden alinan midye OSrneklerinde MP
varhgr  belirlenmistir.  Toplanan 342 adet
midyenin, 222 tanesinde plastik tespit edilmis, bu
plastiklerin  %28.4’tniin liflerden, %067.6’s1nin
pargactklardan, kalan kismunin ise filmlerden
olustugu bildirilmistir (Gedik ve Eryasar, 2020).

Baska bir calismada, genel olarak deniz Grinleri
arasinda yumugakcalarin 428.4 partikil/g, ile %
50-95 oraninda yitksek MP varlig1 tasidigs ve bu
plastik miktarinin kabuklulara gére yaklasik 4 kat,
baliklara gére yaklastk 40 kat fazla oldugu
vurgulanmustir. S6z konusu aragtirmada elde
edilen sonuclarda, organizmalarin farklt beslenme
durumlarindan  etkilenebilecegi veya ekolojik
cevresel kosullarin bu duruma katki sunacagi
vurgulanmustir (Mohamed vd., 2021).

Ulkemiz genel olarak denizlerle gevrili olmast,
akarsu ve goller bakimindan zengin ekosistemi
sebebi ile daha 6nce ele aldigimiz MP olusumunu
saglayan  etkenler = bakimindan  6zel  bir
konumdadir. Su, akarsu, riizgar ve giines gibi fiziki
etkilerin asindirma glicii ile plastik atiklarin
MP’lere  doéntsimi  hizla  gerceklesmekte



Gastronomide mikroplastik tehlikesi

(Fotopoulou ve Karapanagioti, 2019), bu durum
tlkemiz icin buyik bir risk teskil etmektedir.
Ozellikle Cin, Malezya ve Tayland gibi tilkelerin
2018 yilinda atik ithalatint yasaklamasi ile birlikte
Tirkiye, Avrupa’dan atik ithalatt konusunda

En ¢ok atik satis1 yapan iilkeler

2004-2020 yulart arasinda, ortalama 196 kat bir
artty yasamustir. Sekil 4’de bazi tlkelerin plastik
satisi(yesil) ve alimi(kirmizi) farklt  renklerle
gosterilerek, 2020 verilerine gére Tirkiye’nin bu
alandaki konumu ok isareti ile belirtilmistit.

En ¢ok atik ahm yapan iilkeler ——

1 Amanya < 853.860.858 kilo 1 Malezya 715.274.620 kilo
2  Japonya 820.742.495 kilo 2 Turkiye <: 619.287.422 kilo
3  Amerika Birlesik Devletleri  624.511.072 kilo 3 Almanya 567.239.848 kilo
4  Birlesik Krallik 560.986.540 kilo 4 Vietnam 440.706.678 kilo
5 Hollanda 413.233.255 kilo 5 Hollanda 417.312448 kilo
6  Belcika 346.218.522 kilo 6 Amerika Birlesik Devietleri  243.981.665 kilo
7  Fransa 333.748.686 kilo 7 Endonezya 233.926.526 kilo
8 ltalya 217.167.070 kilo 8 DigerAsya, nes 230.934.455 kilo
9  Slovenya 181.914.979 kilo 9 Polonya 195.332.774 kilo
10 Awusturya 179.322.638 kilo 10 italya 193.114.936 kilo

Sekil 4. Bazt 6nemli tilkelerin atik satis ve alim durumlart

Tablo incelendiginde tilkemizin 2020 yilt itibari ile
Malezya’dan sonra en ¢ok atik alan ikinci ilke
konumunda oldugu, Almanya, Japonya, ABD ve
Ingiltere gibi kiiresel giiglerin ise en cok atik
gonderen tlkeler oldugu gorilmektedir (Anonim,
2025a). Tabloda attk alimi konusunda da,
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Almanya dikkat ¢cekmektedir, fakat Almanya’nin,
Malezya ve Turkiye’den farkli olarak atk geri
doéntstimiinde dinyadaki en ileri tlkelerden birisi
oldugu bilinmektedir. Sekil 5de bazt ilkelerin
belediye atiklarint geri déntisiime kazandirabilme
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Sekil 5. Bazi tilkelerin belediye atiklarint geri dénustiirme oranlari (2021)

OECD (Fkonomik Kalkinma ve Isbirligi Orgiitiy)
tarafindan 2021 yilinda yayimnlanan verilerine gore,
Almanya'nin belediye atuginin yizde 71.1'ini geri
donistirerek kullanabildigi, Tiurkiye’nin ise bu
atiklart  déntstirebilme oraninin  ¢ok  dustk
seviyelerde, yalnizca ylizde 123  oldugu
gorilmektedir. S6z konusu rapora gore Turkiye,
evsel kokenli atigin geri déntstiminde Avrupa
tlkeleri icerisinde sondan 3. siradadir. Bu durum

tlkemizi plastik atiklar konusunda riskli bir
konuma tagimaktadir. Diger taraftan 2017
yilindan baglayarak Cin kademeli bir sekilde
plastik attk yasagini giindeme getirerek, 2018
yilinda diger ilkelerden atik alimini tamamen
yasaklamustir. Bu durum Malezya, Vietnam ve
Tayland gibi Asya tlkeleri ile Tiurkiye’yi plastik
attk konusunda hedef tlke durumuna getirmistir.
Sonug olarak itilkemiz, Avrupa’dan gelen atiklar
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konusunda yeni adres haline gelmis ve ne yazikki
bu yeni dénemden olumsuz sekilde etkilenmistir.
Kademeli olarak tilkemizin bu olumsuz durumdan
nasil etkilendigini anlamak icin Green Peace gibi
olusumlarin raporlarint incelemek gerekmektedir.
Cevreci faaliyet gésteren kurumlarin bu konudaki
resmi raporlarina bakildiginda, Turkiye’nin 2016
basinda ayda 4.000 ton olan atik alim miktarinin,
2018 yihinin ilk aylarinda ayda 33.000 tona, 2019

s Sum of imports by Malaysia, Vietnam and Thailand
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yilinda ise ayda 48500 tona yikseldigi
bildirilmektedir. Son yillardaki verilere gore
sadece 2019 yiina kadar gecen 3 yilda bile
tlkemizde attk konusunda neredeyse 13 kata yakin
bir ¢op fazlaligi olusmus ve malesef bu ¢oplerin
geri donlisimi, gelismis tlkelere kiyasla ¢ok
distik seviyelerde kalmistir (Anonim, 2025b).
Sekil 6’da Cin’in kiiresel atik yasagi sonrasi bazt
tlkelerin plastik alim miktarlart verilmistir.

Turkey @ Taiwan @ SouthKorea @ Indonesia @ India
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China Mainland Import Ban

/
/ﬁ/
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Sekil 6. Cin’in atik yasagt sonrasi tilkelerin plastik alim miktarlart

Yukaridaki gbrselden de anlasilacagt gibi 6zellikle
Cin’de alinan kararlar geregi (2017-2018) dinya
genelinde olugan plastik attk alim miktarlari dikkat
cekici dizeylere ulasmustir. Bu kapsamda Green
Peace gibi cevre Orgltleri, farkl iilkelerde cesitli
saglik sorunlarinin olustugunu belirterek, bu konu
ile ilgili 6rnek calismalar yapmakta, séz konusu
surecte Ozellikle Guneydogu Asya tilkeleri birer
birer kisitlayict 6nlemler alarak plastik ve plastik
kokenli MP varligini kontrol altinda tutmaya
calismaktadir (Anonim, 2025¢). Bu durumun bir
sonucu olarak atik aliminda ikinci sirada bulunan
Turkiye, malesef kirlilik konmusunda hedef ilke
haline gelmekte ve yeterli 6nlemlerin alinmadigt
dusintlmektedir. Sekil 7’de ilkelerin 2021
verilerine gore attk alim miktarlart verilmistir.
Buna gore Turkiye’'nin AB tlkeleri igerisinde 9
tlkenin toplamindan daha fazla atuk aldig
gorilmektedir.

Sekil 7 incelendiginde, diger 9 ilkeye génderilen
atgin toplamindan daha fazla atigin tlkemize
gonderildigi actk sekilde anlasilmaktadir. Bu
tiziicl tablonun sonucu olarak tlkemiz topraklar
kirlenmekte, plastik kokenli MP varhigr hizla
artmakta ve ilerleyen yillarda ciddi saghk
sorunlarinin olusmasi kacinilmaz hale gelmektedir
(Anonim, 2025d). Ozellikle plastik atiklardan
dolayt meydana gelen su kitliligi, toprak ve ekim
alanlarindaki  olumsuz  etkilesimler,  plastik
yakmaktan kaynakli havada olusan kirlilik ve
korozyon gibi etkilerle denizlerde meydana gelen
plastik birikimi, ti¢ tarafi denizlerle cevrili olan
tlkemiz i¢in son derece kaygi verici sorunlar
beraberinde getirmektedir. Bu konuda ciddi
Onlemlerin  alinmast  gerektigi cesitli cevre
aktivistleri tarafindan stirekli vurgulanmakta, bu
durumun olarak  gerekli  Onleyici
tedbirlerin alinmast daha da 6nem kazanmaktadir
(Anonim, 2025b).

sonucu
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Sekil 7. AB’nin atik ihrag ettigi baslica tlkeler

SONUC
Son vyillarda degisen ckonomik kosullar ve
pandemi  gibi  sebeplerle  hizli  tiketim

aligkanliklarinin yayginlasmasi, hayatimizin hemen
her alaninda O6nemli bir yer tutan plastik

kullannmmin da artmasina sebep olmustur.
Ozellikle iiretim alaninda  yasanan kiiresel
stkintilar, insanlart  tek kullanimlik  araclara

yonlendirmekte ve bu durumun sonucu olarak da,
plastik dretimi her gecen yil artmaktadir.
Gastronomi alani igin yiyecek icecek kaplarunin
tretiminden, tastma kaplarinin kullanimina kadar
hemen hemen her alanda, plastiklerin daha sik
tercih edildigi gérilmektedir. Bu yaygin kullanim
sonucunda atik Girtnlerin énemli bir kismu plastik
kokenli atiklardan olusrmaktadir. Plastik atiklar
zamanla, 1s1 ve 151k benzeri fiziksel etkilere maruz
kalarak MP denilen daha kugiik pargaciklara
ayrismaktadir. MP’ler genel olarak ¢ok kiiciik
yapida plastik polimerlerden olustuklart i¢in su ve
hava gibi tastyici faktorlerle tasinarak hemen her
ortamda karsimiza ¢ikmaktadir. Plastik polimer
parcaciklarin bu 6zel yapist sebebi ile; tavuk ve et
urlnleri, st urtinleri, deniz urinleri, tuz, seker ve
bal gibi triinlerde, yemeklerin hazirlanmasinda
kullanilan damacana sularda ve farkli ilkelerin
ortak geleneginde yer alan cay triinlerinde MP
varligi gérilmektedir.

MP’lerin hayatin her alaninda karsimiza ¢ikmast
ve Ozellikle gastonomi alaninda temel besin
maddelerinde rastlanilmasi, bu alanlarda calisma

kosullarinin  degistirilmesinden,  ortak  bir
yaklasimin gelistirilmesine kadar bir ¢ok problemi
beraberinde getirmektedir. Diger taraftan plastik
parcaciklarin insanlarda ve canlilarda endokrin
sistemi ile ilgili cok sayida saglik
olusturdugu bilinse de bu alanda yeterince galisma
yer almamakta ve ortak test yOntemlerinin
gelistirilmesi bir zorunluluk olarak gériilmektedir.
Ayrica  kanalizasyon  sulari, farkli  tagima
yontemleri, hava ve rizgar gibi etkilerle plastik
parcaciklar ¢ok uzak mesafelere dagilarak halk
sagligl sorunlarina yol agmaktadir. Diger taraftan
plastik malzemelerin dogada kendiliginden yok
olma siireci cok uzun bir zaman dilimini kapsadigt
icin tim dinya genelinde ¢6p daglarinin
olugmasina, bu ¢plerin denizlere taginarak diinya
ckosistemi ile birlikte diger canlilara da zarar
vermesine sebep olmaktadir. Ote yandan Cin gibi
biiyiik tilkelerin 2017-2018 yillarinda ¢6p alimint
durdurmast Tirkiye ve Malezya gibi iilkelerde
ciddi attk problemlerinin olusmasina zemin
hazirlamistir. Bu kapsamda tiim dunya tlkelerinin
plastik atiklar konusunda birlikte hareket etmeleri
ve bilimsel yontemlerle plastik attk problemini
ciddi sekilde ele almalar1 gerekmektedir.

sorunu

Sonug olarak, MP’lerin gastonomi alaninda temel
gidalarin cogunda gorildugi ve ilerleyen yillarda
tim dinya icin ciddi saghk sorunlari
olusturabilecegi diistiniilmektedir. Ozellikle gida
tiiketimi, yemek ve iceceklerle yutulan plastiklerin
toksik ve kanserojen etkileri, sicaklik degisimleri
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ile meydana gelecek potansiyel zararlari yeterince
bilinmemekte ve bu alanda yeni c¢alismalarin
yapilmast énem kazanmaktadir. Ote yandan, tiim
dinya genelinde halk sagligi sorunlarinin
olusmamasi, ekosistemin  bozulmamast  ve
strdurilebilir gida Gretiminin tesvik edilmesi i¢in,
tiketicilerin yeterince bilinglendirilmesi oldukca
o6nemli bir konudur. Bu kapsamda gastonomi
alaninda dretim yapan seflerden, tiriind satin alan
tiiketiclere ve turizm alanindaki yoneticilere kadar

toplumun her kesiminin yeterince
bilin¢lendirilmesi, plastik kullanimi ve zararlarinin
tespiti  konusunda ciddi adimlarin  atilmast

onerilebilir. Mevcut yapilan calismalar, plastik
varliginin tespiti icin gelistirilen test teknikleri ve
uygulama alanlar1 bakimindan heniiz istenen
dizeyde degildir. Ayrica MP tespiti icin yapilan
calismalarin  zor olmasi, multidisipliner bir
yaklastmla konunun tim boyutlariyla ele
alinmasini, halk sagligi, gastronomi, gida, kimya ve
tp gibi alan uzmanlarinin, hatta veteriner
hekimlerin bu kapsamda birlikte ¢alismasin
gerekli kilmaktadir.
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oz

Bu ¢alismada bitkisel siit ikamesi olan badem siitiintin prosesinde hammadde olarak kullanilan bademde, son
irdn olan badem siitiinde ve atik Girin olan posada % kurumadde, protein ve yag miktarlari ayrica B1, B2,
B3 ve B6 vitaminleri ile magnezyum ve fosfor mineralleri karsilastirlmistir. Posanin % kurumadde, protein
ve yag miktarlart strastyla 79.52120.07, 16.96£0.01, 30.54%0.08 olarak; B1, B2, B3, B6 vitaminleri sirasiyla
0.0410.00, 0.0810.00, 0.83£0.01, 0.04+0.00 mg/100g olarak ve Mg ve P ise strastyla 1015.00+2.83,
3051.00£2.83 mg/kg olarak tespit edilmistir. Analiz sonuglarina gére bademde bulunan kurumadde, protein,
yag, vitamin ve minerallerin biiytik bir kisminin posada kaldigi gézlenmistir. Badem, badem siitii ve posanin
karsilastirlmasi sonucu aralarindaki farkin istatistiksel olarak anlamh ve ¢ok 6nemli oldugu tespit edilmistir
(P<0.0017). Elde edilen sonugclar neticesinde posanin besinsel iceriginin yiiksek oldugu; badem unu, badem
yagl gibi Urtinlerin iretilmesinde hammadde olarak veya farkli Grtnlerin iretilmesinde besin igeriginin
arttirilmast ve lezzet gelistirici gibi yan triin olarak kullanilabilecegi sonuglarina varilmustir.

Anahtar kelimeler: Badem sttt bitkisel siit, badem

VALUATION OF WASTE IN THE PRODUCTION OF VEGETABLE MILK
SUBSTITUTE: A STUDY ON THE NUTRITIONAL CONTENT OF ALMOND
PULSE

ABSTRACT

In this study, the percentages of dry matter, protein, and fat, as well as the B1, B2, B3, and B6
vitamins, magnesium, and phosphorus minerals, were compared in almonds (used as raw material),
almond milk (the final product), and almond pulp (the by-product) during the production of almond
milk as a plant-based milk alternative.

The percentage of dry matter, protein, and fat in the pulp was found to be 79.52£0.07, 16.96%0.01,
and 30.54%0.08, respectively. The amounts of B1, B2, B3, and B6 vitamins were 0.0410.00,
0.081+0.00, 0.83%£0.01, and 0.04£0.00 mg/100g, respectively, and the magnesium (Mg) and
phosphorus (P) levels were 1015.00£2.83 and 3051.00+2.83 mg/kg, respectively. According to the
analysis results, it was observed that a large portion of the dry matter, protein, fat, vitamins, and
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minerals present in almonds remained in the pulp. A statistically significant and very important
difference was found between the almond, almond milk, and pulp (P<0.007). The results concluded
that the nutritional content of the pulp is high, and it can be used as a raw material for producing
products such as almond flour and almond oil, or as an ingredient to increase the nutritional value

or enhance the flavor of other products.

Keywords: Almond milk, plant-based milk, almond

GIRIS
Badem, Rosaceae familyasinin Prunus cinsine bagl
Prunus — amygdalns L. alt cinsi icerisinde yer
almaktadir. (Soylu, 2003; Beyhan ve Simgek,
2007). Badem zengin besinsel icerige sahip olan ve
Gida ve Ilag Organizasyonu (FDA)’nun “yogun
besin icerikli gida (a nutrient- dense food) olarak
tamimladigr fonksiyonel bir besindir. Badem
vitamin E izoformlarini, vitamin B tirlerini, Ca,
Cu, Fe, Mg, Mn, P, K, Na, Zn gibi mineralleri,
doymus, tekli doymamus ve ¢oklu doymamis yag
asitlerini, fitosterolleri, lisin ve arjinin gibi
aminoasitleri ve fenolik bilesikleti igerir (Sethi vd.,
2016; Grundy vd., 2016). Besleyiciligi yitksek olan
badem daha ¢ok cerezlik olarak, c¢ikolata
endistrisinde, meyve barlarinda aroma ve lezzet
gelistirici ve besinsel icerigi arttirict amaclarla
kullandmaktadir. Ayrica son yillarda bitkisel siit
ikamesi olarak badem siitli ve badem unu gibi
karsimiza c¢ikmaktadir (Bolling, 2017; Li vd,,
2018). Vejetatyen/vegan beslenmeyi tercih eden
bireyler tarafindan ayrica besin alerjisi olan ve
laktoz, kazein ve gluten intolerans: olan bireyler ve
¢Olyak hastalart tarafindan tiiketilmektedir. Badem
sutd bunlarin yam sira sitin az bulundugu
toplumlarda  stte alternatif olarak tercih
edilmektedir  (Ayaz,  2018;  Cakir  ve
Dokumacioglu, 2021; Se¢im vd., 2022).

Badem siitii iretimi genel olarak bademlerin suda
bekletilmesinin ardindan Ggiltilmesi ve filtre
edilmesi seklinde gerceklestirilmektedir (Bernat
vd., 2015; Vanga ve Raghavan, 2018). Badem siitu
yapmadan 6nce bademin kavrulmasi ya da badem
sitd Uretiminin filtrasyon asamasindan sonra
uygulanan homojenizasyon islemi veya emiilgatér
ilave  edilmesi gibi uygulamalar  Gretim
asamalarinda karsilagilabilecek olan farkliliklar
olmaktadir (Briviba vd., 2016; Maghsoudlou vd.,
2016; Aydar vd., 2020; Sen ve Okur, 2023).

Badem siitii Gretiminde sulandirma oranina baglt
olarak besinsel iceriginde farkliiklar

gorilmektedir. Ayrica badem siitiine uygulanan
pastorizasyon veya sterilizasyon  gibi  1sil
islemlerden kaynakli olarak da besinsel icerikte
degisimler olabilmektedir.

Badem wunu dretim asamalari ise yabanct
maddelerden temizlenmesi, sert kabuklarin
kirilmasi, bademletin  suda bekletilmesi, ic

kabuklarindan ayrilmasi, kurutulmasi, yaginin
azalulmasi, Ogitiilmesi ve ardindan tekrar
kurutulmasi, elekten gecilmesi asamalarindan
olusmaktadir (Hopkin vd., 2022; Ogunjemilusi
vd; 2023).

Bu calismanin amact, bitkisel ikame stitlerden olan
badem siitintn tretimi sonucunda agiga c¢tkan
atigin yani posanin besinsel iceriginin belirlenmesi
ve farkli Urtinlerin Uretiminde hammadde, aroma
ve lezzet gelistirici ya da besinsel degeri arttirict
olarak kullanilabilirliginin arastirilmasidir.

MATERYAL VE YONTEM

Materyal

Badem 6rnekleri ¢ig olarak ticari faaliyet gdsteren
bir firmadan calismanin yapildigt yila ait Gretilip
paketlenmis sert kabuklarindan temizlenmis
olarak temin edilmistir.

Metot

Badem siitiiniin diretilmesi: Bademler bir gece 25°C
suda bekletildikten sonra sizilmustir ve ig
kabuklart  soyulmustur.  Kabuklar1  soyulan
bademler 1:4 oraninda su ile karistirlarak blender
yardimi ile OSgitulmistir. Olusan siispansiyon
pamuklu bez kullanilarak stizilmustir. Stzme
islemi sonucu elde edilen badem stita 72 °C’de 30
dk pastorize edilmigtit ve +4 °C’de muhafaza
edilmistir.

Badem  posasinn Badem sitl
uretiminde stiztlup ayrilan posa ise 50 °C’de 17
°C’de muhafaza

hazerlanmast:

saat kurutulmustur ve -18
edilmistir.
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Kimyasal Analizler

Kurumadde analizi: Sabit tartima getirilen kaplara
5 g ornek tartilarak 105 oC’de 4 saat etivde
bekletilir.  Stire sonunda &rneklerin  tartim
sonugclarinin sabit tartima gelip gelmedigi kontrol
edilir ve tartim sonuglart formtle yazilarak

hesaplamast  yapilir  (Anonymous,  2010a;
Anonymous, 2010b).
-Gl
%Kurumadde = 2 —Cl x 100

(G1: Dara agithg (g), G2: Dara ve tartilan 6rnek
agirligy (g), G3: Son tartim agirhigt ()

Protein analizi: Kjeldahl tiplerine 1 g o6rnek
tartilmistir. Uzerine 15 ml (% 95’lik) HaSO4 ve
katalizor tablet eklenir. Yakma Unitesinde 4 saat
yakilir, Distilasyon asamast i¢in erlenmayerlere 50
ml saf su ve 15 ml (% 4’lik) borik asit konulur ve
Uzerine 3-4 damla tasiro indikatéri damlatilir.
Distilasyon tinitesi igin % 40’ltk NaOH hazirlanur.
Titrasyon asamasinda icin distilasyon tnitesinden
ctkan solvent 0.1 N HCI ile titre edilir. Sarfiyat
hacmi formiile yazilarak hesaplanir (Anonymous,
2005).

0,0014
%Azot = (V1 —V2)x

X 100

(V1: Sarf edilen HCI (ml), V2: Sahit numunede
sarf edilen HCI (ml), G: Ornek miktart (g),
drneklerin tiiriinden kaynakls olarafk islem sonuglar: 5.30

faktirii ile carpilir.)

Yag analizi: Soxhlet kartuslarina 5 g 6rnek
tartilarak lzeri pamuk ile kapatilir. Coziicti olaka
hekzan kullanilir. FOSS Soxtec™ 8000 yag tayin
cihazi kaynatma asamast icin 40-600C sicaklik ve
30-45 dk sureye; dutrulama agamast icin 15-30 dk
streye; ¢ozlcl geri kazanimi icin 10-15 dk stireye
ayarlanir. Cihazdan alinan kartuslar 60 oC’de
kartuslar sabit tartima gelene kadar etiivde tutulur
ve ardindan tartilir. Tartim sonuglart formilde
yerine yazilarak hesaplanir (Luque de Castro ve
Priego-Capote, 2010).
. (m2-ml)
%Yag = T X 100
(m1: Bos kartus agirhgr (g), m2: Ekstraksiyon
sonrast kartus agirligt (), m3: Ornegin agirhigt ()

Vitamin analizleri: Bu ¢alismada kullanllan HPLC
yontemine gore vitamin analizi her vitamin i¢in
Ozgiin kosullarda gerceklestirilmistir.

Vitamin B1: B1 vitamini analizi, otoklavlama,
enzimatik hidroliz ve tiirevlendirme sonrasi fosfat
tamponu ve metanol (pH 7.1) mobil faz
kullanilarak, Agilent Eclipse XCD-C18 kolon ve
floresans dedektdrle (Ex: 366 nm, Em: 445 nm)
yapilmigtir. Akis hizt Tul/min. ve kosturma siiresi
ise 20 dk’dur.

Vitamin B2: B2 vitamini benzer sekilde
otoklavlama ve enzimatik hidroliz sonrasinda
deiyonize su metanol karigirimi (pH 2.5) mobil faz
ile ayn1 kolon ile analiz edilmis, floresans dedektor
(Ex: 445 nm, Em: 545 nm) kullanidmugtir.

Vitamin B3: B3 vitamini ise otoklavlama, pH ayari
ve tlrevlendirme sonrasi analiz edilmistir.
KH:PO4, H20: ve CuSOy4 iceren mobil faz,
Lichospher 60 RP-select Bkolon ve floresans

dedektér ( Ex. 322 nm, Em: 380 nm)
kullanilmistir.
Vitamin B6: BG6 vitamini analizinde ise

otoklavlama ve enzimatik hidroliz uygulanmus,
KH;PO4, octanesulfonic asit ve ACN iceren
mobil faz (pH 2.85), Agilent Eclipse XCD-C18
kolon ve floresans dedektér (Ex: 290 nm, Em:
395 nm) tercih edilmistit.

Tum analizlerde 20 ul enjeksiyon hacmi, 1ul/min.
akis hizt kullanilmistir ve kosturma hizt 20-40dk

arasinda degismistir. Bu parametreler,
vitaminlerin dogru ve hassas analiz edilmesini
saglayacak sekilde optimize edilmistir

(Eintenmiller vd., 2007; Ball, 2005).

Mineral analizleri: Badem, badem siiti ve badem
posasinda magnezyum (Mg) ve fosfor (P)
miktarlarinin belirlenmesi amaciyla, her 6rnekten
0.5 g alinarak tizerine 8 ml %065’lik nitrik asit
(HNO3) ve 2 ml %371’lik hidrojen peroksit (H205)
eklenmistir. Hazirlanan karisim, ilk tepkimelerin
gerceklesmesi icin 15-20 dk bekletilir. Sonrasinda
ornekler Milestone Connect ETHOS Up
cihazinda iki agamali olarak her asamada 200 oC
sicaklik ve 1800 W gticte 15 dk siireyle mikrodalga
esasli yas yakma islemine tabii tutulmustur.
Yakmast tamamlanan 6rnekler ultra saf suyla 50
ml hacme seyreltilerek 0.45 n goézenek capina
sahip membran filtreden gegilirmistir. Elde edilen
cozeltilerden 100 pl alinarak, %2’lik HNOj ve
0.5k HCl kangimi ile 10 mlye kadar
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tamamlanmustir.  Analizler, indiktif eslesmis
plazma-kiitle spektrometresi (ICP-MS)
kullanilarak gerceklestirilmistir. Her 6rnekteki Mg
ile P yiksek  duyarhilikla  saptanmugtir
(Anonymous, 2007).

Istatistik analizler: Arastirmada, analizler 3
paralel olarak gerceklestirilmistir. IBM SPSS
Statistics Version 27.0.1 paket programi ile tim
veriler istatistiki  olarak  degerlendirilmistir.
Sonuglar ortalama * standart sapma olarak
verilmistir ve Tukey Coklu Karsilastirma Testi ile
sonuclar karsilastirilmgtir.

SONUC VE TARTISMA

Badem, posa ve badem siitii arasindaki besin 6gesi
icerikleri karsilastrildiginda, isleme sirecinin
besin  degerleri  itzerinde 6nemli  etkiler
olusturdugu goérilmektedir. Kurumadde orani, en
yitksek degerler bademde tespit edilmis olup, posa
bu degerin bir miktar altunda kalmis, badem
sitlinde ise belirgin bir azalma g&stermistir.
Protein igerikleri incelendiginde, bademin en
yuksek degere sahip oldugu, posada hafif bir

dists yasandigl, ancak badem siitiinde anlamli
derecede azaldigi gézlemlenmistir. Benzer sekilde,
yag icerigi de bademde en yiiksek seviyede
bulunmus, posada daha dustik bir orana ulagmis
ve badem sitinde Onemli 6lciide kayba
ugramigtir.

Vitamin icerikleri acisindan degerlendirildiginde
B1, B2, B3 ve B6 vitaminlerinin bademde en
yiksek konsantrasyonlarda oldugu, posada
nispeten distik seviyelerde yer aldigt ve badem
stittinde dikkate deger bir azalma gosterdigi tespit
edilmistir. Bu durum, vitaminlerin isleme sirasinda
kayba ugradigimi veya posada tutuldugunu
gostermektedir. Mineral igeriklerine bakildiginda,
magnezyum ve fosforun da benzer bir egilim
sergiledigi gérilmis, bu minerallerin bademde en
yitksek, posada daha disik ve badem siitinde
olduk¢a dusiik diizeyde oldugu belirlenmistir.
Ozellikle badem sitindeki diisitk mineral ve
vitamin igerikleri, besin maddelerinin biytk bir
kismiin  posada yogunlastigini veya isleme
sirasinda  kayboldugunu  isaret  etmektedir.
Sonuglar Cizelge 1°de verilmistir.

Cizelge 1: Orneklerde yapilan analizlerin ortalamasi, standart sapmalart ve Tukey ¢oklu kargilagtirma
testine gore farkliiklars

Badem Posa Badem Sutu
(Almond) (Pulp) (Almond Milk)
0
Kurumadde % 95.75+0.18A 79.5040.075 4.76+0.05¢
Dry matter (%)
Protein % 17.85+0.072 16.96+0.018 0.88+0.01¢
Yag % .
+0.14A +0.088 +0.02¢
Fat ) 35.30+0.14 30.54+0.08 3.7740.02
B1 vitamini (mg/100g) 0.05+0.00A 0.04+0.008 0.02+0.00¢
B2 vitamini (mg/100g) 0.0940.00A 0.08+0.008 0.0140.00¢
B3 vitamini (mg/100g) 0.9140.00A 0.83+0.018 0.06%0.00¢
B6 vitamini (mg/100g) 0.05+0.007 0.04+0.008 0.0140.00¢
Magnezyum (mg/kg) 1177.50+3.54A 1015.00+2.838 74.0940.05¢
Magnesinm (mg/ kg)
Fosfor (mg/kg) 44 02A +9 Q3B +0.21¢
Phosphoras (ma) ko) 3374.50+4.95 3051.00+2.83 182.75+0.21

Tukey coklu karsdastirma testi uygulanmustir. Cizelgedeki farklt harfler ayni satirdaki Grnekler arasinda
istatistiksel olarak anlamli fark oldugunu gésterir. (**P<0.001)

(Tukey's multiple comparison test was applied. The different letters in the table indicate a statistically significant difference between
the samples in the same row. (**P<0.001))

580



Bitkisel stit atigi olarak badem posasinin besinsel degeri

Yapilan analizlerde badem, badem siiti ve
posanin  karstlastirilmasi aralarindaki
farklarin istatistiksel olarak anlamli ve ¢cok 6nemli
oldugu tespit edilmistir (P<0.007). Istatistiksel
analizler, her bir parametrede gruplar arasinda
anlamlt farklar oldugunu ve bu farklarin, isleme
strecinin farklt agsamalarinda besin degerlerini
etkiledigini ortaya koymaktadir.

sonucu

Bademin besin icerigi acisindan literatiirdeki
calismalarla  kiyaslandiginda  tutarll  sonuglar
verdigi gorilmustiir. Hasan (2012), bademde
%94.95 kurumadde, %56.76 yag ve %20.39
protein degerleri tespit etmis, bu caligmada ise
benzer sekilde %095.75 kurumadde, %035.30 yag ve
%17.85 protein bulunmustur. Ayrica, Richardson
vd. (2009) tarafindan bildirilen protein, yag,
vitamin B1, B2, B3 ve B6, magnezyum ve fosfor
icerikleri de bu ¢alismadaki sonuglarla uyumluluk
gOstermistir. Martins vd. (2017) tarafindan yapilan
bir ¢alismada, bademin protein icerigi %12 olarak
raporlanmigken, bu calismada %179 olarak
bulunmustur. Protein ve yag degerlerindeki bu

farkin, kullandan badem cinsleri arasindaki
farkliliklardan kaynaklanabilecegi
diustnilmektedit.

Badem siiti  {izerine yapilan  caligmalarla

kiyaslandiginda, benzerlik ve farkliik gésteren
sonuglar dikkat c¢ekmektedir. Hasan (2012),
badem stitinde %3.51 kurumadde, %1.82 yag ve
%0.90 protein tespit etmisken, bu c¢alismada

strastyla %4.76,  %3.77 ve %0.88 olarak
bulunmustur. Bu degerler, isleme kosullart ve
sulandirma oranlarindaki farkliliklarla

aciklanabilir. Chalupa-Krebzdak vd. (2018), ticari
olarak satilan badem sitlerinde kurumadde
igerigini %2.95-3.6, protein igerigini %00.31-2.08
ve yag icerigini %0.83-1.10 arasinda bildirmistir.
Jeske vd. (2017) ise badem siitiiniin protein
igerigini %0.41-2.40 ve yag icerigini %1.18-4.40
arasinda raporlamistir. Bu calismada elde edilen
degerler, literatiirde bildirilen ticari badem stti
icerikleriyle kiyaslanabilir diizeydedir. Kundu vd.
(2018), 1:3 sulandirma orant ile trettikleri badem
sutinde %13.92 kurumadde, %0.77 protein ve
%3.83 yag bulmuslardir. Kurumadde disinda bu
sonuclar calismamizla uyumludur; kurumadde
farkinin, sulandirma oranindan kaynaklandigi

diiginilmektedir. Benzer sekilde, Topguoglu
(2019), ticari olarak satilan bir badem siitiinde
%3.37 kurumadde, %0.99 protein ve %2.01 yag
tespit etmistir. Ceylan ve Ozer (2020), farklt
sulandirma oranlart ve sicakliklarla drettikleri 13
farkli badem siitlinde ortalama olarak %12.77
kurumadde, %3.21 protein ve %6.85 yag icerikleri
elde etmislerdir. Bu farkhiliklarin, tiretim kogullart

ve sulandirma oranlarindan  kaynaklandig
anlagilmaktadir.
Badem posasinin  besin igerigi  acisindan

literatiirde yeterince ele alnmamis olmasi, bu
calismanin 6zgiin yonlerinden biridir. Sensoy
(2019), yagt kismen alinmis badem posasinin
kurumadde igerigini %95.38, yagint %45.99 ve
proteinini %23.92 olarak rapor etmistit. Bu
calisma da benzer sekilde, posanin besin égeleri
acisindan bademe yakin degerlere sahip oldugunu
gOstermistir. Ticari olarak satilan badem unlariyla
karsilastirildiginda,  posanin  ticari  iriinlere
alternatif bir hammadde olarak
degerlendirilebilecegi agiktir. Tirkiye’de satilan
badem unlarinin etiket bilgilerine gbre yag icerigi
%11-57.29, protein igerigi ise %19.2-23.63
arasinda degismektedir (Yildiz, 2019). Bu durum,
badem posasinin yiksek besin degetleriyle ticari
potansiyele sahip oldugunu desteklemektedir. Zor
vd. (2021) badem ezmesinde yapmis olduklart
calismalarinda  kurumadde miktarint  %90.91-
93.69, protein miktarint  %9.45-14.87, fosfor
miktarint 19075.77-27418 mg/kg ve magnezyum
miktarint ise 11200.28-15424 mg/kg olarak tespit
etmislerdir. Protein miktar1 agisindan calismamiza
yakinhk g&steren sonuglar elde edilmisken
kurumadde, Mg ve P agisindan biytk farkliliklar
oldugu soylenebilir. Bu farkldiklarin  badem
ezmesi yapiminda ingredient ilavesinin yapilmast
ve badem konsantrasyonun daha fazla
olmasindan  kaynaklandigi  distintlmektedir.
Ayrica ¢alismamizda attk olan badem posasinin
yapisinda bulunan besin 6gelerinin bir kisminin
bitkisel stit ikamesine gectigi, bir kisminin da islem
esnasinda  kayiplara  ugramis  olmasindan
kaynakladigt sGylenebilir. Ayrica mineraller madde
farkldiklarinin bademin cinsinden kaynaklandigi
sOylenebilir. Kismen yagt azaltulmis badem
ununda yapilan bir c¢alismada ise kurumadde
miktart % 96.2, protein miktart %49.3, yag miktart
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% 28, Mg miktart 4500 mg/kg, P miktar1 6710
mg/kg olarak tespit edilmistir (Siquetia vd., 2015).
Yag miktart s6z konusu ¢alismamizda biraz daha
yuksektit bunun sebebi Siqueria vd., nin bademin
yagint  azaltmis olmalarindan  kaynaklanabilir.
Fakat diger karsilasirma  parametrelerinde
calismamiza ait sonuclar daha dusuktir. Bunun
sebebi ise calismamizda karsilastirlmast yapilan
Ornegin badem posast olmast ve islem gérmus bir
atik Girlin olmasi ile gerekgelendirilebilir.

Badem posasinin degerlendirilmesi, ekonomik ve
cevresel surdirilebilitlik acisindan  6nemlidir.
Posa,  dusik  sicakliklarda ~ (45-50  °C)
kurutulduktan sonra dgitiilerek badem unu haline
getirilebilir. Bu badem unu, vegan ve glutensiz
beslenme icin ideal bir alternatif olup, kek,
kurabiye, eckmek, pankek ve granola gibi iriinlerde
kullanilabilir. ~ Ayrica, sporcu besinleri, evcil
hayvan mamalart ve gida takviyelerinde lf
icerigiyle besin degerini  artirabilir.  Ancak,
ransiditeyi 6nlemek icin vakum veya modifiye
atmosfer ~ ambalajlama  yontemleri  tercih
edilmelidir. Ayrica, badem gibi yaglt tohumlarin

icerdigi alerjen proteinler nedeniyle, trin
ctiketlerinde bu durum actkea belirtilmelidir.
Sonu¢ olarak, bu calisma, badem st

tretiminden elde edilen posanmn atik olarak
degerlendirilmek yerine yeni bir drin igin
hammadde olarak kullanilabilecegini  ortaya
koymustur. Kombine tretim zincirleriyle badem
sttd, posa ve badem ununun birlikte Gretilmesi,
ekonomik deger yaratabilir. Calisma, posanin
besinsel iceriginin gbz ard: edilemeyecek kadar
yiksek oldugunu ve bu yonilyle yeni Urin
gelistirme  siireclerine  referans — olabilecegini
gostermektedir. Diger taraftan glutensiz triinlerin
popiilaritesinin giderek attigi bu yillarda yapilan
bilimsel ¢alismalara katkida bulunabilecegi,
surdurilebilirlik acisindan da onemli bir geri
kazanim oldugu disiinilmektedir.

YAZAR KATKILARI
Yazarlar ¢alismaya esit katkida bulunmustur.

CIKAR CATISMASI BEYANI
Bu calismanin herhangi bir ¢ikar catismast yoktur.
Calismada yer alan tim veriler, bilimsel ve objektif

bir yaklagimla toplanmis olup, elde edilen sonuclar
akademik durtstlik ve etik kurallara uygun bir
sekilde degerlendirilmistir.

ETIK KURUL ONAYI
Insan deneyi olmadigi icin etik kurul onay:
gerekmemektedir.
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oz

Kiresel istnmaya baglt olarak meyve ve sebzelerin tiretiminde goriilen sorunlar 6zellikle az gelismis tilkelerde
gidaya erisimi kisitlamaktadir. Hasat sonrast kayiplarin azaltilmasi ve raf émriiniin uzatilmasi igin inovatif,
verimli ve ¢evre dostu metotlar uygulanmalidir. Bu literatiir taramasinda, hasat sonrasi uygulanan geleneksel
metotlar ile yenilebilir kaplama, modifiye atmosferde paketleme (MAP), 1stnlama, UV-C gibi inovatif
yontemlerin kombinasyonunun meyve ve sebzelerin kalite ve raf émri tizerine etkisi incelenmistir. Sicak
sutgama 1sinlamasi, MAP+UV-C, 1-Metilsiklopropenin (1-MCP)+UV-C, MAP-+sinlama, yenilebilir
kaplama+MAP gibi kombine yontemlerin tekil uygulamalardan daha olumlu sonuglar verdigi gérilmistiir.
Bu kombine yontemlerin sinetjik etkisiyle Griin kalitesinin korunmast, raf mriintin uzatilmasi, agirlik ve Griin
kayiplarnin  azaltlmasi saglanabilmektedir. Bu uygulamalar, gida israfinin, kithk riskinin ve tarimsal
trinlerden kaynaklanan karbon emisyonlarmin azalmasim — saglayarak —strdiirtlebilir  kalkinmay:
destekleyecektir.

Anahtar kelimeler: Hasat sonrast kayiplar ve engelleme yontemleri, strdirilebilitlik, MAP, aktif ve
yenilebilir kaplamalar, gida israfi, raf 6mri, karbon emisyonu
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SUSTAINABILITY AND FOOD WASTE

ABSTRACT

Problems in the production of fruits and vegetables due to global warming restrict access to food
especially in underdeveloped countries. Innovative, efficient and environmentally-friendly methods
should be applied to reduce post-harvest losses and extend shelf life. In this literature review, the
effects of the combination of traditional and innovative post-harvest methods such as edible coating,
modified atmosphere packaging (MAP), irradiation, UV-C application on the quality and shelf life of
fruits and vegetables were examined. It was observed that combined methods such as hot
water+gamma irradiation, MAP+UV-C, 1-Methylcyclopropene (1-MCP)+UV-C, MAP+irradiation,
edible coating+MAP provide better results than single applications. With the synergistic effect of
these combined methods, product quality can be preserved, shelf life can be extended, and product
weight losses can be mitigated. These applications support sustainable development by reducing food
waste, famine risk and carbon emissions originating from agricultural products.
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GIRIS
Ginimiiz dinya dizeninde nifus artigi, artan
gida talebi, kiresel 1sitnma ve iklim degisikliginin
yol actigt kuraklik, bilingsiz kaynak kullanimi ve
gida israflari, dengeli beslenmede 6nemli roli olan
tarimsal Urlinler ile gida giivenligini tehdit
etmektedir (Mahajan ve ark., 2024). Nufus artis
hiz1 ile ilgili yapilan ¢alismalarda stirdirilebilir
kalkinmanin yapi taglarindan olan strdirilebilir
tarimin, ekonomik buiyltme, strdirilebilitlik ve
sosyal etki ile gida glvenligini saglamasi
beklenmektedir (El-Ramady ve ark., 2015). Acliga
son verilmesi, saglikli ve kaliteli yasam, sorumlu
tretim ve tiketim gibi Birlesmis Milletler (UN)
Surdirilebilir  Kalkinma Amaclarina  (SKA)
ulagsmak icin verimli kaynak kullanimi ve yenilikgi
uygulamalar ile artan kiresel gida arzint
karsilayacak  iyilestirmeler gida  kayiplarim
azaltarak tarimsal drinlerin stirdurtlebilirligine
katk1 saglayacaktir. Hasat sonrast (HS) kayiplar ve
gida israfl, ekonomik kayiplart ve negatif ¢evresel
etkisi nedeniyle 6zellikle gelismekte olan ilkeler
icin biytk endise kaynagidir (Ninama ve ark.,
2024; Glnes ve ark., 2024).

Guda krizinin giderek 6nem kazandigt son yillarda
global seviyede gida triinleri igerisinde meyve ve
sebzelerin  (MS), tiire gbre toplam {retim
miktarinin %28-55 arasinda degisen HS kayip ile
en yuksek kayiplara neden oldugu ve kayiplarin
bazt titler icin  %060'a kadar cikabildigi
belirtilmistir (Yahia ve ark., 2019; Opara ve ark.,
2021; Ueda ve ark, 2022). HS islemlerin
yetersizligi nedeniyle meyve ve sebzelerin %25-
4071 tiketiciye heniiz ulasmadan gida kaybt olarak
kayitlara ge¢cmektedir (Gulati ve ark., 2024).

Kiresel 1sinmaya negatif etkisi olan karbondioksit
(COz), metan (CH4), hidroflorokarbonlar
(HFC'ler), nitroksit (N20), petflorokarbonlar
(PFC'ler) ve stlfiirheksaflorit (SFe) gibi sera
gazlarinin (GHG) salintminda  tarimsal
faaliyetlerin 6nemli etkisi bulunmakta ve karbon
emisyonu yiksek faaliyetler olarak bilinmektedir
(Sentirk ve ark., 2023; Seed ve ark., 2022).
Tarimsal drtnlerin - verimli  kullanilmast  ve
kayiplarinin azaltilmast bu etkiyi azaltacagindan
dogru, yeterli ve etkin HS uygulamalar ile Girtin
karbon ayak izinin azalmast mimkiin olacaktir.

MS’lerin  tedarik zincirinde; hasat, ellecleme,
depolama, paketleme ve tagtma gibi asamalarda
meydana gelen HS kayiplar ile gida israfy,
beraberinde 6nemli ekonomik kayiplara yol
acmaktadir. Bu kayiplarin  temel nedenleri
arasinda; enzimatik ve enzimatik olmayan
esmerlesme reaksiyonlari, tat, renk, gbérinim
bozulmalari, biizlisme, mikrobiyolojik
bozulmalar, kabuk sertlesmesi ve besin degeri
kayiplar1 gibi fiziksel, biyolojik, kimyasal ve
fizikokimyasal etmenler yer almakta olup,
biyolojik faktorlerin en belirleyici etken oldugu
bilinmektedir (Prusky, 2011; El-Ramady 2015;
Singh ve Thakur, 2024).

Meyve ve sebzelerin icerikleri, fiziksel, kimyasal,
biyolojik 6zellikleri ile klimakterik 6zellik gésterip
gostermedigine bagl olarak secilecek HS
uygulamalardan en yiiksek fayda saglanmasi
amaglanmaktadir. Son yillarda hizlanan ¢alismalar
ile raf 6mriini uzatmak, kaliteyi korumak, agirlik
kaybin1 azaltmak ve HS gida giivenligini saglamak
mumkiin olmustur (Tsurayya ve Kartika, 2015;
Karoney ve ark., 2024). Ge¢misten giiniimiize
kaliteyi koruyarak raf omrunt artirmak igin
olgunlastirma, etilen, 1-MCP, putresin, kalsiyum
ve dogal waks uygulamalari, kontrollii ve modifiye
atmosfer, soguk depolama, 1s1l islem, 151nlama gibi
uygulamalarla yenilebilir kaplama ve filmler, UV-
C gibi yontemler kullamlmaktadir (El-Ramady,
2015). Gida givenligi ve strdirilebilir tarimin
desteklenmesi i¢in etilen gibi yaygin uygulamalar,
gen modifikasyonu, fitohormonlar gibi yeni
biyolojik araglarin kullanimi, UV-C, yenilebilir
kaplama, 1sinlama, modifiye ve kontrollid
atmosfer, 1-MCP wuygulama gibi metotlarin
kombine kullanilmast ile ilgili ¢aligmalar ve
uygulamalar yapilmaktadir (Asrey ve ark., 2023).

Literatiir verileri, global raporlar incelenerek
hazirlanan bu derleme makale, strdirilebilir
kalkinma ve strdartlebilir tarim icin meyve
sebzelerde HS geleneksel ve inovatif metotlar ile
bunlarin  birlikte  kullaniddigt  uygulamalarin
literatiir sonuglarini sunmakta ve gida israflarinin
minimize edilerek tartm  kaynakli  karbon
emisyonunun azaltilmasi icin kombine metotlarin
yayginlastirilmasinda kaynak gorevi gérmektedir.


https://iadns.onlinelibrary.wiley.com/doi/full/10.1002/fpf2.12046#fpf212046-bib-0053
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HASAT SONRASI ISLEMLER

Uriiniin ~ hasat  edildikten sonra tiiketiciye
ulasincaya kadar gecen stirede uygulanan islemler,
HS islemler olarak adlandirilmakta olup HS ve
isleme olarak iki ana asamadan olusmaktadir
(Mutiarawati, 2007; Kembaren ve Muchsin,
2021). HS islemler driinin tedarik zinciri
agamalarinda  stire kazanilmasint  amaclarken
(Elizabeth ve Anugrah, 2020), isleme trliniin raf
Omrind uzatmay! amaclamaktadir (Zam ve ark.,
2019; Imahoti ve Bai, 2024).

Kuresel olarak en cok atik olusturulan ve israf
edilen gidalarin 6nemli bir kismini olusturan
meyve sebzeler icin kayiplarin biiyitk bélimi
hasat  sonrasinda  depolama  ve lojistik
asamalarinda olusmaktadir (Chowdhury ve ark.,
2025). Artan dinya niifusu ve paralelinde artan
kaynak tiketimi, degisen beslenme aliskanliklari,
olumsuz cevresel etkilerinin kiiresel 1sinma, gida
kitlig1 ve aglik tizerindeki negatif etkisini azaltmak
icin eyleme gecmek tlkelerin 6ncelikleri arasinda
yer almakta, siirdiriilebilir tarim ve strdirilebilir
tretim uygulamalar1 icin verimlilik, tasarruf,
kayiplarin 6nlenmesi, dengeli beslenme ve yeni
yontemlerle  ilgili  calismalar  yapilmaktadir
(Linehan ve ark., 2012; Ananno ve ark., 2021;
Gorgili, 2025).

Tedarik zincirindeki teknolojik iletleme ve
dijitallesme destegiyle verimliliklerin artirilmasi,
proses hatalarinin  azalmast  ve kayiplarin
azaltilmast calismalart yapilirken her yil dretilen
gidalarin yaklasik %30'u atik olarak kayitlara
gecmektedir. Bozulma potansiyeli yiksek gida
grubunda olan taze meyve sebzeler yaklasik
%42'lik oran ile en fazla israf edilen gida gruplari
arasinda yer almakta ve Onlem alinmamast
durumunda bu oranin artacag: dustintilmektedir
(Porat ve ark.,2018; Sagar ve ark., 2018; Anand ve
ark., 2022; Ganesh ve ark., 2022).

Az gelismis ve gelismekte olan tilkeler basta olmak
tzere ilkelerin biyik c¢ogunlugunda atiklarin
geri  kazandilmadigindan  gevresel
problemlere ve ekonomik kayiplara neden
olmaktadir (Masud ve ark., 2020; Ananno ve ark.,
2021). Karbon emisyonuna neden olan gida
attklatinin 1 kg't, 2.5 kg COz esdegeri karbon
emisyonu olusturmaktadir (Ray ve ark., 2025).

tamami

Artan ivme ile yitkselecegi diistiniilen gida israfi ve
attk miktarini azaltmak icin HS verimsiz ve uygun
olmayan depolamalara alternatif yontemler, raf
uzatilmasi, bozulma etmenlerinin
yonetimi, yapay zeka destekli uygulamalarin,
gelismis sensér uygulamalarinin ve  yenilikei
paketleme seceneklerinin meyve sebze tedarik
zincirine entegrasyonu, gida givenligi,
strdirilebilir tarim, su ve enetji kaynaklarinin
verimli kullanilmasi, strdirilebilirlik ve déngusel
ckonomi ile ilgili kiiresel sorunlarin ¢6zimi icin
kritik 6nem tagimaktadir (Fadiji ve ark., 2021;
Rahardjo ve ark., 2023; Aier ve ark., 2024;
Gorgulu, 2025).

omrunun

Meyve sebzelerde depolama sonrasinda olusan
gida israfini, Grinlerin kalitesini, gida givenligini
porzitif yénde etkileyen yeni teknikler ve birden
fazla metodun birlikte kullaniminin sinerjik etkisi
ile kaynaklar verimli kullanilacak ve SKA’na
uygun politikalarin izlenmesi ile gelecek nesillerin
gida  ihtiyactnin  karsilanabilmesi  muimkiin
olacaktir.

Etilen Yo6netimi ve 1-Metilsiklopropen (1-
MCP)

Olgunlasma, meyvelerin tiiketime veya islenmeye
hazir hale gelmesi i¢in yumusama, renklenme,
tatlanma ve aroma bilesiklerinin artist seklinde
gelisen fizyolojik bir siirectir; olgunlasma ile
solunum ve etilen dretim hizt artmaktadir (El-
Ramady, 2015). Meyve sebzelerin olgunlasma
hizin1 artiran ve dogal olarak bulunan bir
metabolizma tirini olan etilenin yitksek diizeyde
maruziyeti erken olgunlasmaya ve raf dmriniin
kisalmasina neden olmaktadir. Bilinen en eski
uygulamalardan biri olan etilen y6netimi hasat
oncesi kosullar, meyve etilen
konsantrasyonu ve maruz kalma stresi, deponun
bagll nemi (RH) ve sicaklik gibi faktorlerle
degisiklik  gbstermekte ve gida  giivenligini
korurken HS kayiplart azaltmada etkin rol
oynamaktadir  (Ebrahimi ve ark, 2022;
Adegoroye, 2023). Etilen, klimakterik meyvelerde
olgunlasmaya  katki  saglarken, klimakterik
olmayan meyve ve yesil yaprakli sebzelerde yitksek
etilen seviyeleri besin degerini ve fiziksel
Ozellikleri negatif etkileyerek kalite kayiplarina
neden olmaktadir (Paul ve Pandey, 2014; Astrey ve
ark., 2023; Badamosi ve ark., 2024).

tara,
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Klimakterik meyveler basta olmak {zere
meyvelerin en 6nemli bozulma nedenlerinin
basinda fazla etilen uygulamasinin sonucu olarak
meydana gelen hizli solunum ve etilen salinimina
bagli degisiklikler enzimatik ve mikrobiyolojik
bozulmalar gelmektedir (Li YongXin ve ark.,
2018; Li ve ark.,, 2019). Depolama sirasinda
kontrolstiz ya da yiiksek etilen maruziyetine baglt
bozulmalari 6nlemek icin klimakterik 6zellik
gosteren  Urtinlerle  gOstermeyenler  ayrt
depolanmali ve etilen seviyesi kontrol edilmelidir
(Mope ve ark., 2024). Gen modifikasyonlar,
fitohormonlar, mikroorganizmalar, yenilebilir
film ve kaplama ile biyofiltrasyon gibi biyolojik
malzemelerin kullanimi, etilen yonetimi ve yitksek

kontrolii icin etkili uygulamalardir (Ito ve ark.,
2015; Astrey ve ark., 2023). Bu teknolojik
yontemlerin yaninda etilen biyosentezini bloke
edici ajanlardan aminoetoksivinilglisin, amino-
oksiasetik asit, 1-MCP, potasyum permanganat,
titanyum dioksit, ozon, brasinosteroidler, salisilik
asit, poliaminler, kontrolli ve modifiye atmosfer
depolama  teknolojileri de  yaygin  olarak
kullanilmaktadir (Zhu ve ark., 2015; Onik ve atk.,
2021; Alonso-Salinas ve ark., 2024). Dusuk
konsantrasyonda yiksek etki gbsteren, glcli
etilen inhibe edici ajan 1-MCP uygulamasi ile ilgili
calismalarda 1-MCP’nin driinin raf Omri ve
kalitesine etkileri incelenmistir (Cizelge 1).

etilen  maruziyetine  bagh  olumsuzluklarin
Cizelge 1. Meyve ve sebzelerde 1-MCP uygulamalart
Meyve/Sebze Uygulama Sonug Referans
Elma 0,6 pl L-11-MCP 120 gtin depolamada DeEll ve ark.,
kalitenin korunmasi 2002
Erik 0,0, 0,5, 1,0, 2,0 uLL L1 Yumusama oraninda azalma Khan ve Singh,
Raf 6mriinde artma 2009
Kivi 1 mg/kg 1-MCP Meyve ¢urimesinde azalma Park ve ark,
Yumusama oraninda azalma 2015
Raf 6mriinde artma
Avokado 156.25, 312.5, 625 pg/kg  Kalitenin korumasinda (2 ay) Dogan ve ark.,
%3.3 1-MCP En etkin doz: 625 pg/kg 2017
en yeterli doz: 312.5 pg/kg
Mandalina 500, 1000, 1500 ug/kg 1500 pg/kg 1-MCP ile 60 Baswal ve ark.,
1-MCP glne kadar biyoaktif 2021
bilesiklerin korunmast
Kivi 0,5 pL L1 1-MCP Olgunlasmada yavaslama Chai ve ark,
Raf 6mriinde artma 2021
Kalitede iyilesme
Carkifelek 1.2 yL L1 1-MCP Solunum hizinda yavaslama Yingwei ve ark.,
Olgunlasma siiresinde gecikme 2021
Kalitenin korunmasi
Armut 0,5, 1,0, 1,5 pLL L1 Agirlik kaybinda azalma Wang ve ark.,,
1-MCP Raf 6mrinde ve kalitede artis 2025

En etkin doz: 1,0 1-MCP
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Fiziksel iglemler

Fiziksel islemler meyve sebzelerin biytik kisminda
HS kalitenin korunmast ve raf Omrinin
uzatilmasinda guvenli, kimyasal kullanilmayan,
kalinti  brrakmayan  ¢evre  dostu,  etkili
uygulamalardan biridir. Son yillarda yapilan
calismalarla termal islemler, gama 1s1nlama ve UV-

C uygulamast gibi farklt fiziksel uygulamalar veya
biyolojik, kimyasal metotlar ile fiziksel metotlarin
birlikte kullanilmasiyla olusan sinerjik etkinin Grtin
kalitesi, raf Omrinlin uzatilmast ve israflarin
azalmasina  olanak  saglayan  uygulamalarin
bilinirligi artmistir. 2000 yilindan sonra yapilan
literatiir caligmalari incelendiginde % 56.60 oran
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ile en fazla sicak su uygulamasi ile ilgili ¢alisma
yapimis bunu ozon uygulamast (%20), 1sinlama
(%16.60) ve dustik sicaklik uygulamalari (%6.60)
takip etmistir (Vinod ve ark., 2023). Son yillarda,
triinde kalint1 riski yaratmayan ve ¢evre dostu bir
yontem olan sicak su uygulamasinin, etilen
tretimini baskiladigina dair calismalar mevcuttur.
Meyve ve sebzelerde hasat sonrasinda UV-C,
isinlama, 1sd islem, ozon uygulamasi, soguk
uygulama, ultrason ve cold plazma gibi fiziksel
islemler kullanilabilmekte; bu islemlerle meyve
sebzelerde kalitenin korunmasi, raf omriinin
uzatilmast miimkin olmakta ve gida kayiplarina
dogrudan etki etmektedir (Fallik ve Ili¢, 2021).

Termal iglemler

MS’lere HS wuygulanan cevre dostu, kalintt
birakmayan, ekonomik metot olan 1s1 uygulama,
tek basina ya da diger metotlarla kombine edilerek
kaliteyi koruyup raf Omriini uzatmaya katk:
saglamaktadir (Liu ve ark., 2012). Isil uygulamalar
sicak suya daldirma (SSD), buharli 1s1l islem veya
sicak hava uygulama seklinde uygulanabilmekte
olup soguk zararini azaltma, mikrobiyolojik
inaktivasyon, kalite ve duyusal 6zellikleri koruma,
raf Omrint uzatma etkisi oldugu bilinmektedir
(Gizelge 2). Pratik uygulamalarda stk kullanilan
SSD’nin, enerji gereksinimi nedeniyle dezavantajlt
olarak disunildigi belirtilmektedir. (Vinod ve
ark., 2023).

Cizelge 2. Meyve ve sebzelerde termal islem uygulamalari

Meyve/Sebze Metot Parametre ~ Sonug Referans
Domates Sicak suya  40°C, Cirimede azalma Boonkorn, 2016
daldirma 10 dk Raf 6mrinde artma
Tatlt portakal ~ Buhath 0, 5, 10, 5-10 dk: Etilen uretimi ve Hussain ve ark.,
1s1l islem 15, 20  solunum hizinda azalma, 2017
dakika (dk)  kalitenin korunmasi
15 ve 20 dk: kalite bozulmast
Kavun Sicak suya  55°C, Raf 6mrinde artis, Abubakar ve
daldirma 1 dk Cirimede azalma ark., 2020
Kalitede artig
Elma (Malus  Sicak suya 53-57°C, Cirimede azalma Petres ve ark.,
pp.) daldirma 3.5 dk 2020
Uziim (I/#tis  Sicak suya 50°C, Mikrobiyal kalitede iyilesme Chiabrando ve
vinifera 1..) daldirma 10 dk Cevresel duyarlilik Giacalone,2020
Guava Sicak suya  45°C, Kalitenin Korunmasi Killadi ve ark.,
(Psidium daldirma 2 dk HS kayipta azalma 2021
guajava) Mikrobiyal yiikte azalma
Raf 6mriinde artma
Citron Sicak suya  50°C,3dk  50°C ve 55°C: agirhik kaybinda azalma Miao ve ark,,
Meyvesi daldirma  550¢c {1 dk  Ciiriime oraninda azalma, 2025
(Citrus 60°C, 20 dk kalitenin korunmasi
medica L.) 60°C: agitlik kaybinda artis,

kalitede bozulma

55°C: kalitenin korunmast ve
kayiplarin azaltilmasinda en etkin doz

Isinlama (radyasyon ve UV-C uygulama)

Meyve ve sebzelerde termal olmayan, zararlt
miucadelesi ve mikrobiyolojik  bozulmanin
engellenmesi ile kaliteyi iyilestirerek raf dmriiniin
uzatilmasini,  agihk  kaybinin  azaltilmasint

saglayan UV, kizlétesi frekans (KOF), radyo
frekans (RF) gibi iyonlastirict  olmayan
radyasyonlarin veya gama (y) s, X 1sin1 ve
yiksek enertjili elektron 1sinlart gibi iyonlastirict
radyasyonlarin belitli doz ve siire uygulanmast,
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radyasyon teknolojisi olarak  bilinmektedir.
Yiksek uygulama maliyeti ve titketicideki algist
nedeniyle kullanimi sinirli olan teknoloji, pest
miicadelesinde pestisit kullanmadan zararlilar
kontrol altinda tutabilme Ozelligi ile ¢evre dostu
uygulama olarak 6ne ¢itkmaktadir. Diinya Saglk
Orgiitii, Gida ve Tarim Orgiitii ve Uluslararas
Atom Enerjisi Ajansi tarafindan giivenilir olarak
belirtilen bu yontem, surdirilebilit tarim
uygulamalarina ve ac¢higin Onlenmesine 6nemli
katkilar saglamaktadir (Fan ve Niemira, 2020;
Ben-Fadhel ve ark., 2021; Bisht ve ark., 2021; Aier
ve ark., 2024).

Ayva icin hasat sonrast gama 1ginlamasinin
meyvenin kalitesini koruma ve raf dmriinti uzatma
potansiyelini degerlendiren bir ¢alismada, ayvalar
0.3-2.1 kGy doz araliginda rsinlanmus ve 15 £ 2°C
sicaklikta, %85 bagl nemde depolanmustir.
Calismada, 1smnlamanin  ayvanin  depolama
kalitesini ~ ortam  kosullarinda  korudugu
belirtilmistir. Mikrobiyolojik incelemeler
sonucunda, 1.8 ve 2.1 kGy dozlarinda isinlanan
numunelerde, ortam kosullarinda 15 gin
depolama sonrasinda mikrobiyal yik tespit
edilmemistir. Ayrica, 30 ginlik depolama stresi
sonunda mikrobiyal yiikte yaklasik 2.4 log azalma
gozlemlenmistir. Sonug olarak, 1.8-2.1 kGy doz
araliginda uygulanan gama 1sinlamasinin ayvanin
cirimesini 6nemli 6l¢iide engelledigi ve ortam
kosullarinda raf 6mriind yaklasik 40 glin uzattig
belirlenmistir (Hussain ve ark., 2019).

Meyve ve sebzelerin tekstir, tat, koku, goriinis ve
besin degerleri Uzerinde minimal etkisi olan
radyasyon teknolojisi, depolama siiresince etilen
Uretimini azaltan fiziksel bir islem olup,
olgunlasmanin gecikmesi, mikrobiyal yiikin
azaltlmasi, pest kontroliniin saglanmast ve
bunlara baglt raf Omriniin uzatlmast icin
kullanilmakta ~ ve  ¢alismalar  (Cizelge  3)
yapilmaktadir (Kalaiselvan ve ark., 2018; Reddy ve
ark., 2018; Jat ve Lakhawat, 2021).

100-400 nm'ye sahip iyonlastirici olmayan
radyasyon olarak kabul edilen UV 15181, termal ve
kimyasal ihtiyact olmayan, etileni parcalayabilen,
etilen yonetiminde kullanilan, dokuyu ve rengi
koruyabilen  yenilikci  bir uygulama olup
arastirmalarin artirilmast gerekmektedir (Prajapati

ve ark.; 2021, Bilgin ve ark.; 2024; Mope ve ark.,
2024). Dalga boylatina gére dort ana bolgeye
ayrilan UV sinlarindan UV-B (280-320 nm) ve
UV-C (200-280 nm)'nin meyve kalitesi ve raf
Omrint uzatmada etkisi oldugu bilinmektedir.
UV-B biyoaktif bilesikleri, radikal temizleme
aktivitesini  ve/veya antioksidan  enzimleri
artirabilirken, UV-C antimikrobiyal etkisi ile gida
glivenligi icin 6nemli bir yere sahiptir (Prajapati ve
ark., 2021; Aier ve ark., 2024).

Seftalilerde HS UV-C uygulamasinin yaslanmaya
etki eden gen profilindeki degisiklikler incelenmis,
genomik diizeyde arastirma yapilan ¢alismada HS
UV-C uygulamanin depolama kalitesini iyilestirme
ve secftalinin raf Smrint uzatmak igin yararl
oldugu sonucuna ulagilmistir (Kan ve ark., 2021).
Act  kabak meyvesinde UV-C 1sinlamasinin
malondialdehit ve prolin gibi bilesiklerin etkilerini
hafifletmede daha etkili oldugu belirtilmistir
(Prajapati ve ark., 2021).

Gemida ve arkadaslart (2023), sicak su uygulamast
(50°C, 20 dk), UV-C uygulamast (20 dk), deniz
yosunu kaplama (%3) yapilmis 6rnekler ve 20 dk
musluk suyunda bekletilmis (kontrol) Srnekleri
kargilastirarak farkhh HS uygulamalarin domatesin
raf  6mri Uzerine etkisini incelemislerdir.
Calismada raf dmrii acisindan sicak su (24.40 giin)
ile UV-C (25 glin) uygulamalarinin sonuglarinin
benzer ve kontrol numunesine (19.60 giin) gore
stiin oldugu, deniz yosunu kaplamanin ise 28 giin
raf 6mri ile en etkili yéntem oldugu belirtilmistir.
Agitlik kaybi agisindan yiiksekten aza dogru
kontrol (%17.80), sicak su (%13.60), UV-C (%10),
deniz  yosunu  kaplama  (%8.20)  olarak
sonuglanmigtir.  Sonu¢ olarak, deniz yosunu
kaplamanin (%3) domatesin raf émrinid 28 gin
geciktirirken, agirlik kaybint azaltma agisindan en
etkili ve yoéntem oldugu, UV-C ve sicak su
uygulamasinin ise deniz yosunu ile benzer etki
gosterdigi ve birbirini ikame edecegi belirtilmis,
diger yontemlerin MS’ler icin dogrulanmast
Onerilmistir.
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Cizelge 3. Meyve ve sebzelerde 1sinlama uygulamalart

Meyve/Sebze  Uygulam  Parametre Etki Referans
a
Seftali, biber, KOF 53-57°C, 3-5 dk Gorsel kalitede gelisme Rajarathnam,
sogan, havug 2011
Ceri domates ~ UV-C 4.2 k] /m? Etilen dretimimin engellenmesi Bu ve ark,
Kalitenin korunmast 2013
Ayva Gama 0.3-2.1 kGy Mikrobiyal yiikte azalma Hussain ~ ve
Isin1 Curume insidansinda azalma ark., 2019
Raf 6mrinde artis
Mango Gama 400, 800, 1200 Gy Depolamada agirlik Basir ve
Isint kaybinin azalmast Adenan, 2019
Mango Uuv-C 0,4.0,8.3,11.7k]/m? Kalitenin korunmast Pristijono  ve
Raf Omriiniin artmast ark., 2019
Cilek X-15101 0-1 kGy <1 kGy doz: Agilik kaybinda Yoon ve ark,
azalma 2020
Raf 6mriinde artma
Mikrobiyal yiikte azalma
Rengin uzun siire korunmast
Duyusal 6zelliklerin korunmast
Hunnap Gama 0,4 ve 1,0 kGy Raf 6mrunde artma Jat ve
Isin1 Etilen Gretiminde azalma Lakhawat,
Agirlik kaybinda azalma 2021
Duyusal 6zelliklerin korunmast
Etkin doz: 1.0 kGy
Ejder meyvesi UV-C 1.0 k] /m? Curimede gecikme Ng ve ark,
2022
Seftali RF 27 MHz frekans Kalitede artis Lara ve ark.,
2022
Cara Cara Gama 0,3, 0,6, 0,9 kGy Etkin doz: 0,6 kGy Lu ve ark,
Portakal Isin1 Raf 6mriinde artis 2023
Agitlik kaybinda azalma
Kalitenin korunmast
Cilek, UVv-C 45 C, 2 dk Cilek: fenolik bilesiklerde artis Astey ve ark.,
domates, muz Muz: raf 6mrinde artis 2024
Domates: mikrobiyal iyilesme
Domates X-1s1nt 0, 150, 400, 600, En etkili doz: > 400Gy Yoon ve ark.,
1000 Gy Raf 6mrinde artis 2024

Mikrobiyal yiikte azalma

Depolama ve modifiye atmosfer paketleme

MS’ler gibi hizli bozulan irinler icin hasat
sonrasinda Uriin kalitesini ve raf émriini 6nemli
Ol¢tde etkileyen depolama icin sicaklik, nem, hava
sirkiilasyonu ve depo hijyeni gibi geleneksel
kontroller ile yeni teknoloji ve yapay zeka destekli
depolama  tekniklerinin  kullanilmasi,
tilketiciye ulagana kadar atik ve israflart 6nemli
Olctide azaltmaktadir (Loisel ve ark., 2021; Aier ve
ark.; 2024). Paketleme, taze triinlerin raf Smrind

arun

uzatma ve gida israfini azaltmada 6nemli bir rol
oynamaktadir. Soguk depolamay: destekleyebilen
ve gelismis paketleme sistemlerinden biri olan
modifiye atmosferde paketleme (MAP), tek ve
Ozellikle farklt yontemlerle kombine
kullanildiginda ~ olumlu  sonuglar  alnan,
icerisindeki trinin oksijen (Oy)
konsantrasyonunu belirli bir miktar disirip,
karbondioksit (COy) konsantrasyonunu
yikselterek Griintin  yaslanmasint  yavaslatan,
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kalitesini koruyarak raf émriinii uzatan etkili ve
givenli bir uygulamadir (Aier ve ark., 2024;

paketlemenin 6nemi benimsenmis ve literatiirde
bu konu ile ilgili calismalar artig gOstermektedir

Shankar ve ark., 2024; Yun ve ark., 2024). HS (Gizelge 4).
kayiplarin azaltilmasinda strdirilebilir
Cizelge 4. Meyve ve sebzelerde MAP uygulamalari
Meyve/Sebze MAP Parametreleri  Raf Etki Referans
Omrii
(gin)
Avokado 7°C, %2-5 Oy %3- 12 Yumusamada gecikme Kargwal ve ark,,
10 CO» 2020
Guava 12-15°C, %2-5 O, 15-20 Olgunlasma ve soguk zararin  Kargwal ve ark.,
%2-5 CO» gecikmesi 2020
Ananas 0°C, %2-5 O, 12 Soguk zararin Kargwal ve ark,,
%10 CO, gecikmesi 2020
Cilek 4°C, %10 Oy, 15 Renkte korunmasi Mulla ve ark., 2025
%715 CO2, %75 N3 Mikrobiyolojik koruma
4°C, %75 O, Raf 6mriinde artis
%17,5 CO2 %75 N»
MAP  uygulamasinin  etkinliginde  kullanilan  farkli agirliklarda (%10, %20, %30) kullanildig

ambalaj filminin kalinligi, ambalaj filminin gaz
gecirgenligi, kullanilan gaz Ozellikleri, ortam
sicakligy, tirtintin solunum hizi, paket icerisindeki
trtin ve paketin hacmi gibi driin ve ambalaj
Ozellikleri dogrudan etkilidir (Zhang ve ark,,
2025).

Zhang ve arkadaslart 2022 yilinda yaptiklar
calismada HS depolamada etileni parcalayan,
etilen emici, MAP ve biyoaktif ambalajlama gibi
farkli  tekniklerin  etkisini  incelemislerdir.
Calismada etilen emici ve etilen parcalayan
ambalajlarin  etileni  uzaklagtirarak, modifiye
atmosfer paketlemenin MS’lerin etilene olan
duyarhihgini  azaltarak, biyoaktif paketlemenin
meyve ve sebzelerin fizyolojik aktivitelerini
diizenleyerek ve etilen iretimini azaltarak etki
ettigini tespit etmislerdir. Sonug olarak, dort
yontem normal paketleme ile karsilastirildiginda
etilen diizenleyici ambalajlarin meyve ve sebzeleri
kalitesini koruyarak taze tutabilme kabiliyetlerinin
istiin oldugunu belirtmistir.

Kiraz domateslerde (Lycopersicon esculentum Mill.)
pasif MAP uygulamasinda poli (biitilen adipat-ko-
tereftalat) (PBAT) /poli(e-kaprolakton) (PCL)
filmlerin etkisi incelenmistit. PBAT, PCL ve
polietien filmler, PBAT/PCL karisim filmlerin

calismada biyolojik olarak tamamen
patcalanabilen, cevre dostu PBAT/PCL karisim
filmler ile paketlenen kiraz domateslerin disik
sicaklik ve ortam kosullarinda polietilen (PE) film
ile paketlenenlere gbre daha dstin oldugu
belirtilmistir. PBAT/PCL (%20) karisim filmin
kullamildigi  domateslerde gaz  gecirgenliginin
dengeli olmasina bagli olarak avantajli oldugu
gorilmiustir (Zhang ve ark., 2025).

Yenilebilir kaplama ve ugucu yag

Kiiresel 1smnmaya Onlem olarak yiiksek karbon
emisyonuna ve mikro plastik birikimine neden
olan, biyolojik olarak parcalanmayan, atik
olusturan PE, PET gibi ambalajlar yerine
yenilebilir, dogal bilesenlerden olusan, biyolojik
olarak parcalanabilen film ve kaplamalarin
kullanimi strdiiriilebilirlik ve cevre farkindaliginin
artmastyla yayginlasmaya baslamistir (Fawole ve
ark., 2020; Zhang ve ark., 2022; Sharma ve ark.,
2024). Meyve sebzelerin raf émrintn artirilmast
ve kalitesinin korunmasinda is glcl ihtiyact,
bakim maliyeti, yan Urlinleri ve ¢evreye olumsuz
etkisi bulunan HS geleneksel islemlere alternatif
olarak nem bariyeri gérevi géren, solunum ve
terleme hizint azaltan, renk degisimi ve aguhk
kaybini1 yavaslatan, organik asit kayb1 ve nisastanin
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sekere doniigmesi gibi olgunlasmayla ilgili
degisiklikleri geciktiren yenilebilir kaplamalar HS
kayiplarin azaltdmasinda strdiiriilebilir bir ¢6zim

uygulanabilen yenilebilir kaplamalar ¢evre dostu,
pratik, ekonomik olmalart nedeniyle dongisel
ekonomiyi desteklemektedir (Aier ve ark., 2024;

olarak

kullanilabilmektedir
Daldirilarak, puskirtilerek  veya

(Cizelge

5). Sharma ve ark., 2024; Emmanuel ve ark., 2025).

fircalanarak

Cizelge 5. Meyve ve sebzelerde yenilebilir kaplama ve ugucu yag uygulamalari

Meyve/Sebze Kaplama Etki Referans
Domates Adagayt ugucu yag + Ciirliimede azalma Tzortzakis ve
Aloe vera jel asidi Meyve stkiliginin korunmasi ark., 2019
kaplama
Cilek ve Narenciye ugucu yag Mikrobiyal aktiviteyi geciktirme Shehata ve ark.,
Domates Adagcay1 ugucu yag Raf 6mrint uzatma 2020
Tzortzakis ve
ark., 2019
Erik Polisakkarit bazli Biiztlmeyi 6nleme Fawole ve ark.,
kaplama 2020
Avokado Biyopolimer kaplama Kayiplart azaltma Ochi ve ark,
Olgunlastirmay1 geciktirme 2020
Raf 6mriinde artis
Muz Aloe jel+ limon kabugu  Antraknoz hastaliginda azalma Jodhani ve ark.,
Ekstrakt: + gliserol Agirlik kaybinda azalma 2022
Clrtimede gecikme
Biber Sodyum aljinat + gliserol ~Raf émriinde artma Islek ve ark., 2024
Kontrollii agithik kaybi, solunum hizt
Elma Kitosan Solunum hizi ve etilen tGretim Shah ve ark,
hizinda azalma 2024
Muz Biyopolimer kaplama Olgunlasmay1 yavaglatma Shinga ve ark,
(kitosan) Kaliteyi koruma 2025
Raf 6mriint uzatma
Elma Biyopolimer kaplama Kaliteyi koruma Mikus ve Galus,
Raf 6mriint uzatma 2025
Mandalina Natiirel waks kaplama Raf 6mriinde 2 kat artma Devi ve ark., 2025
Guava Nar cekirdegi yagt + Agirlik kaybinda azalma Shahsavari ve
Jelatin bazli kaplama Yumusamanin gecikmesi Rastegar, 2025
Kalitede ve raf dmriinde artma
Dikenli Polisakkarit bazli Kalitenin korunmast Rodrigues ve ark.,
Armut kaplama 2025

Son yllarda yapilan c¢aligmalarda karboksimetil
seliloz ve guar gum gibi polisakkarit bazl
kaplamalarin meyvelerin raf émriini uzatabildigi
belirtilmistir (Tzortzakis ve ark., 2019; Ziv ve
Fallik, 2021; Bhan ve atk., 2022; Gupta ve ark.,
2023). Narenciye ve adagayt gibi aromatik bitki
tirlerinden elde edilen ugucu yaglar, HS kaliteyi
korumaya yardimect olabilecek antimikrobiyal ve
antioksidan 6zellikler tastyan, tek basina veya taze

uriinlerin yenilebilir kaplamast i¢in katki maddesi
olarak kullanilabilen ekonomik kaynaklardir
(Tzortzakis ve ark., 2019; Shehata ve ark., 2020;
Ziv ve Fallik, 2021; Lopez-Diaz ve ark., 2025).
Bununla bitlikte, farkli kaplamalarin meyve
fizyolojisi ve HS performans tizerindeki spesifik
etkilerini tam olarak anlamak icin daha fazla
arastirmaya ihtiyag vardir (Ziv ve Fallik, 2021).
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Hasat sonras1 kombine uygulamalar

Meyve ve sebzelerde HS kayiplari en aza indirme,
yoksullukla miicadele, gida giivenligini saglama ve
drin  kalitesini koruma konusunda etkinligi
yuksek, sirdirilebilir  metotlarin  kullanimi
giderek Onemli hale gelmektedir. Kalitenin
stabilizasyonu, gida giivenliginin saglanmasi ve raf
Omriniin uzatlmasinda tekil uygulamalar her
zaman yeterli olmayabilit. Bu nedenle, farklt
tiziksel, biyolojik ve kimyasal islemlerin kombine
kullanimi, sinerjik bir etki olusturarak MS’lerde

yiksek diizeyde koruyucu etki saglamaktadir. Son
yillarda gida guvenligi ve gidaya erisim
problemlerinin Onlenebilmesi  icin  gida
kayiplarinin  azaltilmasinda pozitif etkisi olan
kombine uygulamalarla ilgili calismalar artis
gostermektedir (Cizelge 0). Bu calismalarda
yenilik¢ci kombine uygulamalarin kaliteden 6din
vermeden besleyici drinlerin kullanilabilitligine
katki sagladigi, raf Omrlini uzatugl ve gida
kayiplarint azalttigr gOrilmistiir (Elik ve ark,,
2019).

Cizelge 6. Meyve ve sebzelerde hasat sonrast kombine uygulamalar

Meyve/Sebze  Kaplama Etki Referans
Elma MAP + Soguk depolama Metabolizmanin yavaglamast da Silva Pinheiro ve
(15°C) + 1-MCP Olgunlasmanin gecikmesi ark., 2012
Raf 6mriintin artmast
Papaya Sicak su (50°C, 10dk) +  Raf dmriinde artis Harun-Ar-Rashid ve
gama 1sinlama (0.08 kGy, ark., 2019
10 dk)
Muz 1-MCP % stv1 etofon Sari rengin olusumu fazla Satekge ve ark., 2020
Seker olusumu fazla
Homojen olgunlagma
Raf 6mrintde artis
Cilek UV-C + ugucu yag Raf 6mriind ve kalitesinde artts ~ Amiti ve ark., 2021
Ahududu MAP + UV-C + Soguk Agirlik kaybinda azalma Gimeno ve ark,
depolama Kalitenin korunmast 2022
Japon Erigi 1-MCP (625 ug/kg) + Raf 6mrinde artis Uysal ve ark., 2023

MAP

Misket Limon

X-ginlama +  balmumu
kaplama

Renk degisiminde tutarlilik
Agirthk kaybinda azalma
Kalitenin korunmasi

Raf é6mranin uzatilmast

Sun ve ark., 2024

Mango 1-MCP (1.2 mg/kg) + Curime insidansinda gecikme — Usman ve ark., 2025
MAP Agirlik kaybinda azalma
Raf 6mriinde artis
Besin degerinin korunmasi
Kavun 1,2,3 uL L1 1-MCP + En ektili doz: 2 pL L1 1-MCP  Wang ve ark., 2025
Soguk depolama (8 + 1 Agirlik kaybinda azalma
°C, 30 gtn) Kalitenin korunmasi
Hurma 1-MCP + MAP Agirlik kaybini azaltma Moon ve ark., 2025

Meyve kalitesinin korunmast

MS’lerde depolama siiresince agirlik kaybinin
azaltilmasi,  olgunlasma ve  yumusamanin
geciktirilmesi, esmerlesmenin yavaslatlmast ve
mikrobiyal bozulmalarin baskilanmast ile HS
kalitenin korunmasinda etkili olan kombine

uygulamalar SKA 2 (acliga son), SKA 3 (saglk ve
kaliteli yasam), SKA 8 (insana yakisir is ve
ekonomik biiyiime), SKA 9 (sanayi, yenilikgilik,
altyapi1), SKA 12 (sorumlu titketim ve dretim) ve
SKA 13 (iklim eylemi) gibi birden ¢ok
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surdurulebilir kalkinma amacini desteklemektedir

(Elik ve atk., 2019; Ali ve ark., 2025).

Misket limon icin 5 dakika 50°C su uygulanarak
yapilan calismada misket limonlar 6 mm delikli

25um  polipropilen  filmile  kapatilmug
polipropilen tepsilerde 0,6 g etanol buhar pedi
(EP)ile paketlenerek uygulanan  kombine
yontemin HS kalite, fizyolojik degisiklikler ve
klorofil ~ parcalayict  enzimlerinin  aktiviteleri
belirlenmistir. Calismada, kombine uygulamanin
depolamanin  erken doéneminde ACC (1-

aminosilopropan-1-karboksilik asit) birikimini
azaltarak veya etilenin biyosentezinde yer alan
ACS  (1-aminosilokropan-1-karboksilik  asit
sentaz) ve ACO  (l-aminosilopropan-1-
karboksilik asit oksidaz) uyarilmasint ortadan
kaldirarak misket limonda etilen Uretimini ve
solunumu etkili bir sekilde azalttgl tespit
edilmigtir. ~ Ayt ¢alismada  uygulamanin
depolamanin  erken  agamasinda  klorofil
parcalayict  peroksidaz,  Mg-dechelataz  ve
feofitinaz gibi enzimlerin aktivitesini baskilayarak
klorofil bozulmasint etkili bir sekilde engelledigi
ortaya konmustur. Kombine y6ntemin etkisinin
degerlendirildigi calismada, misket limonlarda
hasat sonrasinda klorofil bozulmast nedeniyle
olusan kalite kayiplarini azaltarak raf 6mrini
uzatmada ve gida israfinin azaltilmasinda etkili
olabilecegi disinilmektedir (Opio ve ark., 2015;
Opio ve atk., 2017).

Gimeno ve arkadaglar1 2022 yilinda MAP ve UV-
C (254 nm dalga boyu) uygulamasinin kirmizt
ahududularin  HS  kalitesi tizerindeki etkisini
belitlemislerdir. Calisma, 2 farkli modifiye
atmosfer kosulunda, gaz iletim hizt farkli olan iki
farkl film kullanilarak (MAP1: 1805 mL d-! ve
1570 mL d-'; MAP2: 902 mL d~!ve 785 mL d-1),
2 farklt yogunlukta UV-C (UV1: 2 kJ /m2ve UV2:
4 kJ/m?)  yapilmustir. Calismada, kombine
uygulamanin ahududunun etilen tretimi, solunum
hizi, duyusal O6zellikleri, biyoaktif bilesikleri
(antioksidan kapasitesi ve fenolik bilesikler),
fiziksel, fiziko-kimyasal ve mikrobiyolojik kalite
Ozellikleri 6°C’de 12 glin boyunca incelenmistir.
UVC2MAP2 ve MAP2 6rnekleri 8 glin sonunda
%1.66 ¢lurtime belirtisi gésterirken UVCZMAP2
Orneklerinin  kontrol numunelerine gére daha

yiksek  biyoaktif  icerige  sahip  oldugu
gorilmustir. UV-Cnin  meyvelerin  biyoaktif
bilesiklerini artirirken, agirhk kaybi ve sertlik
tzerinde pozitif etkisi oldugu ancak etilen tretim
ve solunum lhizini  artirarak raf Omrinin
kisalmasina neden olabilecegi belirtilmistir. UV-C
ile MAP ve soguk depolama kombine edildiginde
sinerjik etki ile UV-C uygulamasina gbre daha
Ustin oldugu gorilmis; ahududuyu korumada
uygun oldugu, etilen yonetimi icin dogru, yeterli
doz ve gaz bilesiminin belirlenmesi icin yeni
calismalar yapilmast gerektigi ifade edilmistir.

'Dwarf Cavendish' muz ¢esidinde PE, MAP, 1-
MCP+MAP ve MAP+EP ile paketleme yapilan
numunelerin 30 giinlik depolama (13°C, %90
RH) ve 4 gunliik olgunlastirmanin ardindan raf
Omiitlerine etkisi incelenmistir. Calismada 1-MCP
ve MAP'n kombine wuygulandigi &rnekler
depolama sirasinda en iyi sonuglari vermesine
ragmen depolama sonrasi 4 ginlik olgunlastirma
sonrast olgunlasma olmadig ve seker bilesimi gibi
pazara sunulma  kriterlerini  saglamadiklar:
gorilmustir. MAP+EP uygulanan 6rneklerin
calisma sonunda kalite 6zelliklerini sagladigt ve
diger tim Orneklere kiyasla en yiiksek begeniyi
aldigt belirtilmistir (Akkurt ve ark., 2024).

Kayist meyvesinde (Farfia) yapilan calismada,
MAP ve 1-MCP uygulamalarinin  depolama
tzerindeki etkisi; kontrol, MAP, 1-MCP (24 saat,
625 pg/kg 1-MCP), MAP+1-MCP (24 saat, 625
ug/kg 1-MCP) ve RipeLock™ MAP ambalaj + 1-
MCP (24 saat, 625 pg/kg 1-MCP) olmak tzere 5
farkli uygulama ile agithk kaybi, organoleptik
ozellikler, biyoaktif bilesikler, solunum ve etilen
hiz1 gibi fiziksel, kimyasal ve fizikokimyasal
yonden incelenmistir.  Calismada, MAP1n
orneklerinin  depolama siiresince meyvelerdeki
agitlik kaybini azaltug, MAP+1-MCP'nin sertligi
korudugu, MAP o6rneklerin solunum hizinin en
distik oldugu, kontrol numunesinin solunum
hizinin MAP Orneklerine gére %36 daha hizh
oldugu ve MAP+1-MCP uygulanan kayisilarda
depolama boyunca (42 gin+2 giin) kalite
korunarak agirlik kaybinin azaldigi, dolayisiyla
ekonomik kayb1 azaltabilecegi tespit edilmistir
(Meral ve ark., 2024).
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HASAT SONRASI ISLEMLERIN
SURDURULEBILIRLIK ETKISI

Kiiresel 1stnmanin neden oldugu iklim degisikligi,
meyve ve sebze gibi tarimsal driinlerin verimli ve
glvenli dretimi icin ciddi bir tehdit olusturmakta
ve Uretimlerini negatif etkilemektedir. Tarimsal
drinler icin gida israflari, atiklar ve kaynaklarin
verimsiz  kullantmi  karbon  emisyonunun
artmasina ve Ozellikle az gelismis tilkelerde gidaya
ulasmada zorluklara neden olmaktadir. Yanlis ya
da yetersiz uygulamalarla JUretilen Urlnlerin
neredeyse vyarist, tiketiciye ulagsmadan israf
olmaktadir.  Gelecekte  dinya  nifusunun
surdurtlebilir sekilde beslenebilmesinde 6nemli
roli olan meyve ve sebzelerde yasanan HS
kayiplarin  6nlenmesi veya en aza indirilmesi
saglanarak 2030 yilina kadar Strdirilebilir
Kalkinma Amagclari’na ulasmak mumkiin olacaktir
(Elik ve ark., 2019; Waluyo, 2024).

Ana hedefi strdurilebilir Gretim ve tiiketim olan
sturdurilebilir kalkinma, 6zellikle gelecek nesiller
icin ekonomik, ekolojik ve sosyokultirel
standartlarin saglanmasint amaclarken, ekonomik
biyiimede artis, giivenlik, adalet ve cevre gibi
sosyal faydalari da birlikte dikkate alan bir
yaklasimdir (Rao, 2011; Sassanelli ve ark., 2019;
Niu ve ark., 2022; Mditshwa ve atrk., 2023).
SKA’indan siirdiiriilebilir {iretim ve titketime gére
(12), HS kayiplar da dahil olmak tzere tedarik
zinciti boyunca gida israfi ve kayiplarinin ve
beraberinde sera gazinin azaltilmast
hedeflenmektedir (Barrera ve ark., 2021; Ali ve
ark., 2024). Tarimsal faaliyetler sonucu olugan sera
gazlari, dinya c¢apinda sera gazi emisyonlarinin
%206'sindan fazlasini olusturmakta ve kuresel
temiz suyun yaklastk %70'ini, kiiresel ekilebilir
arazilerin =%50'sini tiketmektedit (Kummu ve
ark., Poore ve ark., 2018; 2012; Luo ve ark., 2021).

MS’ler gibi bozulabilir trtinlerin HS kayiplart
mevsime, Urline ve yetistirme bolgesine baglt
olarak %060'a ulagabilmektedir. Sadece gida kayb1
degil, beraberinde su, enetji, yakit, giibre ve diger
bircok kaynagin kaybina da neden olan HS
kayiplari, artan attk yonetimi maliyetleri, sera gazt
emisyonu ve kiiresel 1stnmaya bagl gidaya ulagim
problemlerini beraberinde getirmektedir.

Surdirtlebilir gida erisimi icin HS uygulamalarin

kayiplarin azaltdmasi, enerji verimli yenilikei
sistemlerin  kullanimi, atiklarin yOnetimi, gida
giivenliginin saglanmasi, teknik ve insan giicii
kapasitesinin gelistirilmesi, ekosistem yaklasim1
gibi surdirilebilir tarim ilkeletiyle entegrasyonu
cevresel etkiyi en aza indirirken gida tretimini
optimize etmek i¢in 6nemlidir (Sassanelli ve ark.,
2019; Ali ve ark., 2025; Emmanuel ve ark., 2025).

Meyve ve sebzelerde iyi hasat uygulamalari, HS
islemlerde inovatif, teknoloji destekli, atik
olusturmayan ve c¢evre dostu uygulamalarin
kullanilmastyla sagladiklart verimlilik artis1, besin
degerini korumasi, gida giivenligini artirmast, attk
olusturma  potansiyellerinin = disiik  olusu,
uriinlerin kalitesini koruyup raf 6mriint uzatarak
ekonomiye katkist ve adil i3 glicii uygulamalart
nedeniyle gida israflarinin 6nlenmesinde dikkat
cekmektedir. Teknolojideki gelismelerin
merkezinde yapilacak iyilestirmeler ile gidaya
erisim imkam kisith olanlarin gidaya erisimine
olanak saglanirken, israflarin azalmasi, gida kalitesi
ve guvenliginin artmast ve kiiresel kaynaklarin
korunmast miimkiin olmaktadir. Uriin kayiplarint
azaltan uygulamalar verimli kaynak kullaniminin
yaninda ¢evre dostu olmalart ve attk miktarin
azaltmalari nedeniyle karbon emisyonunu da
azaltmaktadir. Su ve enerji kullanimini sinurlayan
yenilikci uygulamalarin bu  Gzellikleri karbon
emisyonuna pozitif etki ederek kiiresel 1stnmanin
negatif etkisi i¢in iyilestirici rol oynamaktadir
(Waluyo, 2024).

Sturdirdlebilir  HS  uygulamalar,  kayiplarin
azaltilmasi, cevreye etkiyi en aza indirmenin
yaninda gida guvenliginin  saglanmasim  ve
gidalarin  kalitesinin =~ korunmasim  tesvik
etmektedir. Bu teknolojilerdeki gelismeler, gida
bulunabilirligini iyilestirmeye, israfi azaltmaya ve
buylyen kiresel niifusu beslemeye yardimct olma
potansiyeline sahiptir. Gida triinleri ve icerisinde
MS’ler yetistirme ve isleme asamalarinda toprak,
enetji ve su gibi yiiksek kaynak ihtiyact ve ambalaj
malzemesi ihtiyact nedeniyle yiksek karbon
emisyonuna neden olmaktadir. MS’ler bu yéntyle
cevresel etkisi ve beraberinde stirdtrilebilirlik icin
endise yaratmaktadir. Iklim krizine bagli su
kithginin ve yiiksek kaynak kullaniminin gida
gvenligi ve strdurilebilir gida ihtiyacit tehdit



Surdurulebilirlik ve gida israfi: Hasat sonrasi uygulamalar

ettigi glintimiizde driiniin karbon ve su ayak izini
distirmek icin geleneksel metotlar ile dustik enerji
ve su gereksinimi olan teknolojik metotlarin
birlikte ya da ayr1 ayri kullanilmasi 6nerilmektedir

(Emmanuel ve ark., 2025).

Hasat sonrasindaki kayip ve israflart azaltmak icin
geleneksel fiziksel ve kimyasal yontemlere
alternatif yenilik¢i, strdurilebilir ¢6ziimlerin

kullanimi, Surdirtlebilir Kalkinma Amaglarin
desteklemesi yontyle 6nemli bir avantaj haline
gelmistir (Aradjo ve ark., 2024; Ali ve ark., 2025).
Son yillarda kombine HS uygulamalar ile ilgili
yapian calismalar, bu uygulamalarin meyve ve
sebzelerin  bozulmasini  azaltma, depolama
stiresini uzatma ve depolama stresince kalitesini
korumada etkin oldugunu buna baglt olarak
sagliklt yasamu tesvik eden ve gida erisimini
benimseyen kiiresel amaglara ulasmak icin 6nemli
bir kaynak gérevi gordiigiinii géstermektedir.

SONUC

MS’ler gibi hasattan sonra hizli bozulan driinlerin
kalitesi ve guvenliginin korunarak raf dmriinin
uzatilmasi, gida israfi ve atiklarini azaltidlmast ve

surdurulebilir  tarimin  desteklenmesinde HS
metotlarin  O6nemli  etkisi  bulunmaktadir.
Gelencksel yontemlerin  yeni ¢evre dostu

yontemlerle birlikte kullanilmasi, HS islemlerin
basarisint artirmaktadir. Gelecek nesillerin gidaya
erisimini garanti altina alabilmek icin Urlnlerin
lojistik, depolama ve isleme adimlarinda ¢evresel
etkisi diigtk, etkinligi yiiksek HS metotlarin tekil
veya kombine olarak kullanilmasi, sinerjik etki
yaratarak gida giivenligi ve kaynak verimliligini
artirarak dongiisel ckonomiyi olumlu yénde
etkileyecegi 6ngorilmektedir.

MS  cesitlerinin =~ fiziksel,  kimyasal  ve
mikrobiyolojik  Ozellikleri  secilecek  farklt
metotlardan alinacak sonuca dogrudan etki
etmektedir. Son zamanlarda bu konu ile ilgili
calismalar yogunlasmis olsa da farklt protokollerin
birlikte — uygulamalart ile ilgili  ¢alismalar
artirtlmalidir.

Sonug olarak, teorik calismalarin pratikte yaygin
olarak uygulanabilir olmasi, HS frlnlerin
kalitesinin korunarak uzun stire
pazarlanabilmesinde ve kayiplarin azaltilmasinda

Snemli  bir ilerleme saglayacaktir. Ozellikle
yenilebilir  kaplamalar ve filmler, modifiye
atmosfer paketlemeler, akilli ambalajlar ve termal
olmayan islemler ile ilgili yapilacak calismalar, HS
kayiplar1 azaltma stratejileri tasatlama konusunda
rehberlik saglayacaktir. Stirdirtlebilirlik ve gida
israft yoniinden yasal otoritelerin tegvikleri ile
treticilerin - stirdiirtlebilir uygulamalart pratikte
kullanmast, HS kayiplar1 6nemli Slciide azaltarak
dogrudan ve dolayli yoldan olusan karbon
emisyonun azalmasina katki saglayacak ve boylece
iklim krizinin etkileri azaltilabilecektir.

CIKAR CATISMASI

Yazarlar, bu detleme makalenin arastirilmast,
yazarligi ve/veya yayinlanmast ile ilgili herhangi
bir ¢tkar ¢atismasi olmadigini beyan etmislerdir.

YAZAR KATKILARI

Dila Besen, makalenin yazimi, metodolojisi ve
yayina hazirlanmasina, Asiye Akyildiz, makalenin
degerlendirilmesi ve taslak metnin
diizeltilmesinde katkt ve damismanlik saglamustur.
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ABSTRACT

This study aimed to determine the total phenolic content (TPC), total flavonoid content (TFC), antioxidant
activity (ABTS, DPPH, FRAP), and some physicochemical properties of different uncommon fruit vinegars
(pineapple, peach, banana, strawberry, fig, blackberry, apricot, gilaburu, sour cherry, and rosehip) of different
brands sold in Turkiye. Except for one brand of blackberry vinegar, all samples exhibited titration acidity
values below the acceptable limit. The vinegars showed notable differences in pH, dry matter, and color
values. TPC and TFC values ranged between 63.08-4441.25 mg GAE/L and 4.62-3023.08 QE/L,
respectively. ABTS, DPPH and FRAP values vatied between 21.45-7710.91 mg TE/L, 3.40-2079.00 mg
TE/L and 10.27-5332.20 mg TE /L, respectively. Rosehip vinegar samples exhibited the highest TPC, TFC,
and antioxidant activity. Significant variations were determined not only among different types of fruit
vinegars but also among different brands of the same fruit vinegar in terms of TPC, TFC, antioxidant
activity, and physicochemical properties.

Keywords: Vinegar, phenolic, flavonoid, antioxidant activity

FARKLI TICARI MEYVE SIRKELERININ TOPLAM FENOLIK BILESIK,
ANTIOKSIDAN AKTIVITE VE BAZI FIZIKOKIMYASAL OZELLIKLERININ
BELIRLENMES]

0z

Bu calisma Turkiye’de satisa sunulan ve piyasada yaygin olmayan farkli markalara ait meyve
sirkelerinin (ananas, seftali, muz, cilek, incir, boglrtlen, kayisi, gilaburu, visne ve kusburnu) toplam
fenolik madde (TFM), toplam flavonoid (TFL), antioksidan aktivite (ABTS, DPPH, FRAP) ve bazi
tizikokimyasal Ozelliklerini belirlemeyi amaclamistir. Bir markaya ait bogurtlen sirkesi hari¢ tim

Orneklerin kabul edilebilir sinirin altinda titrasyon asitligi degerlerine sahip oldugu belirlenmistir.
Sirkelerin pH, kuru madde ve renk degerleri acisindan da dikkate deger farkliliklara sahip oldugu
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saptanmustir. Ticari meyve sirkelerinin TFM ve TFL degerlerinin sirastyla 63.08-4441.25 mg GAE/L
ve 4.62-3023.08 KE /L araliginda; ABTS, DPPH ve FRAP degetlerinin ise sirastyla 21.45-7710.91 mg
TE/L, 3.40-2079.00 mg TE/L ve 10.27-5332.20 mg TE/L araliginda degistigi belitlenmistir. En
yiksek TFM, TFL ve antioksidan aktivite degerleri kusburnu sirkesi 6rneklerinde tespit edilmistir.
Hem farkli meyve sirkeleri hem de ayni meyve sirkesinin farklt markalart arasinda TFM, TFL
degerleri, antioksidan aktivite ve fizikokimyasal 6zellikler acisindan 6nemli farkliliklar oldugu tespit

edilmistir.

Anahtar kelimeler: Sirke, fenolik, flavonoid, antioksidan aktivite

INTRODUCTION

Vinegar is a fermented liquid product with a sour
taste obtained by fermenting raw materials
containing sugar or starch to first ethyl alcohol
fermentation and followed by acetic acid
fermentation (Budak et al., 2014). Simple sugars
in the raw material are converted into alcohol by
yeasts, and the occurred alcohol is oxidized to
acetic acid by acetic acid bacteria (Gullo and
Giudici, 2008). These microorganisms produce
several metabolic compounds that control the
flavor and taste of vinegar (Jang et al., 2015).

The earliest known use of vinegar is thought to
date back more than 10000 years (Budak et al.,
2014). In ancient times, it was observed that
alcoholic beverages such as wine and beer turned
into vinegar when left in an open container, and
this  transformation considered  an
undesirable event. However, later the mechanism
of this situation was examined, and vinegar
production was carried out as a controlled process
(Sengiin and Kilig, 2019).

was

Vinegar has been used for both food and
medicinal purposes for many years (Budak et al.,
2014). For food purposes, vinegar is used as a
condiment as well as an acidifier and preservative
(Tesfaye et al., 2002). Medically, many functional

activities of vinegar such as antibacterial
properties, antioxidant activity, antidiabetic,
antitumor effects, and ability to prevent

cardiovascular disorders, lowering blood lipid,
reducing body weight and organ enlargement, and
helps to inhibit the development of
hypetlipidemia, obesity. Due to its medicinal
properties, it has long been used in traditional
ancient medicine (Chen et al, 2023). These
therapeutic effects of vinegar on health have been
mainly associated with the acetic acid it contains.
However, these positive effects can also be

attributed to the organic acids, polyphenols,
melanoidins and other bioactive components
contained in vinegar (De Leonardis et al., 2022).
Various reactive oxygen species have been
reported to affect lipids, proteins and DNA,
causing  cancer, accelerated aging and
degenerative disorders in the brain (Dash et al.,
2024). Consumption of food rich in bioactive
molecules may reduce incidence and progression
of these degenerative diseases by providing an
antioxidant activity (Adefegha et al, 2022;
Alejandra et al., 2023). Phenolic compounds
found in vinegars produced from different raw
materials and different techniques provide
defense against oxidative stress by exhibiting
antioxidant activity (Bakir et al., 2017; Kang et al.,
2020; Melkis and Jakubczyk, 2024).

Vinegar is produced from various raw materials
such as grains, fruits, vegetables, honey and whey
(Bhat et al., 2014). In recent years, fruit vinegars
with unique sensory properties have become
more common and consumed in the world
market (Sengtin and Kilig, 2019). The most well-
known fruit vinegars are apple, grape and
sugarcane (Ho et al., 2017). The sugar content of
the fruits to be used in vinegar production must
be high. If fruits with low sugar content are used,
the sugar content of the medium can be increased
with fruit juice concentrates (Sengiin and Kilig,
2019). Fruit vinegars attract consumer attention
due to their functional properties. Accordingly, it
is estimated that the demand for vinegars
produced from high-quality and
rich-content fruits and vegetables will gradually
increase (Chen et al., 2023).

Vinegar can be produced in a wide variety of
compositions around the world using different
materials and  different production
methodologies. In this study, it was aimed to

raw
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determine the total phenolic content (TPC), total
flavonoid content (TFC) and antioxidant
activities as well as physicochemical properties of
vinegars that are not very common on the market.
Thus, it is thought that a contribution will be
made to the literature on vinegars produced from
fruits rich in phenolic compounds.

MATERIAL AND METHODS

Material

In this study, fruit vinegars (pineapple, peach,
banana, strawberry, fig, blackberry, apricot,
gilaburu, sour cherry and rosehip) offered for sale
in markets or virtual shopping sites were obtained
in February 2023. Vinegar samples from two
different brands were provided for each vinegar
type. The production dates of all vinegars
correspond to different months within 2022.
Samples were coded Al and A2 for pineapple
vinegar, B1 and B2 for peach vinegar, C1 and C2
for banana vinegar, D1 and D2 for strawberry
vinegar, E1 and E1 for fig vinegar, F1 and F2 for
blackberry vinegar, G1 and G2 for apricot
vinegar, H1 and H2 for gilaburu vinegar, K1 and
K2 for sour cherry vinegar and L1 and L2 for
rosehip vinegar. All fruit vinegar samples were
stored in a +4 °C refrigerator until the day of the
experiment. Analyses were carried out in Tokat
Gaziosmanpasa University Faculty of
Engineering and Architecture, Department of
Food Engineering laboratories.

Chemical materials and equipments
Aluminum chloride (AICI3), sodium hydroxide
(NaOH), sodium nitrite (NaNOy), sodium
carbonate (Na2CO3), sodium acetate
(CH3COONa), Folin-Ciocalteu (FC) reagent,
potassium  peroxydisulfate  (K2S:Og)  were
supplied from Merck (Darmstadt, Germany).
Gallic acid, iron (I1I) chloride (FeCls), quercetin,
Trolox, ethanol, methanol, ABTS and DPPH
were supplied from Sigma-Aldrich (Germany).
TPTZ was bought from Tokyo Chemical
Industry (Japan).

Precise balance (Radwag, AS 220 R2, Poland),
centrifuge  (Hettich EBA 21, Germany),
UV-VIS spectrophotometer (PG Instrument,
T80+, England), vortex (Velp Scientifica, Italy),

drying oven (Memmert, Germany), heated
magnetic stirrer (Biosan, MSH 300, Latonya) were
used at different stages during the research.

Methods

Physicochemical analyses

Total dry matter (g/L), color analysis (L*, a*, b*,
Croma value (C*) and Hue angle (H®)), titration
acidity (g/L, in terms of acetic acid) and pH value
of fruit vinegars were carried out according to the
methods of Cemeroglu (2013). L*, a* and b*
values of vinegar samples indicate the lightness-
darkness (0:100), redness-greenness (+/-) and
yellowness-blueness (+/-), respectively. The C*
values, also known as color saturation or intensity,
represent the degree of vividness or purity of a
colot. The H° represents a position on the color
wheel, ranging from 0° to 360° in the a*-b* plane.
In this circular representation, red is positioned at
0°, yellow at 90°, green at 180°, and blue at 270°,
with hues transitioning smoothly between these
values (Pavlidis et al., 2000).

Determination of total phenolic compound

TPC was determined according to the FC method
with slight modifications (Topuz and Bayram,
2022). 100 pL of each vinegar was reacted with
200 pL. of 2N FC reagent and 2 mL distilled water
for 5 minutes at room temperature. Then, 1 mL
of 20% Na,CO3 was added to this mixture. This
mixture was stirred and incubated for 60 minutes
in the dark at room temperature. Absorbance of
mixtures was measured at 765 nm using a
UV/VIS spectrophotometer. TPC results of fruit
vinegars were presented as mg gallic acid
equivalent (GAE)/L.

Determination of total flavonoid componnd

TFC analysis assay was conducted with the partial
modification of the method applied by Gaafar
and Salama (2013). Briefly, 500 ul of each vinegar
sample was reacted with 2 mL distilled water and
150 ul. of 5% NaNO; for 5 minutes at room
temperature. Then, 150 uL. of 10% AICl; was
added and maintained for 5 minutes in room
conditions.  After  then, 1 ml.  of
1 M NaOH and 1.2 mL distilled water was added
to this mixture and stirred. Absorbance was
measured at 510 nm using a UV/VIS
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spectrophotometer. TFC results of fruit vinegars
were presented as mg quercetin equivalent

(QE)/L.

Determination of cation radical scavenging activity analysis
(ABTS**)

ABTS®* values of fruit vinegar samples were
determined method of Re et al. (1999) with slight
modifications. The stock solution was KzSOs
(2.45 mM) with ABTS (7 mM). The solution was
diluted with ethanol until the absorbance reached
0.700  (£0.02) at 734 nm using a
spectrophotometer. 40 pl. of fruit vinegar was
reacted with 4 mL of the diluted ABTS radical
solution for 7 minutes in the dark. Absorbance of
the analysis mixture was measured at 734 nm in
UV/VIS spectrophotometer. ABTS results of
fruit vinegar samples were expressed as
mg Trolox equivalent (TE)/L.

Determination of free radical scavenging activity analysis
(DPPH")

DPPH?* assay protocol was conducted according
to the method described by Blasi et al. (2016).
Briefly, DPPH solution (0.06 mM) was prepared
with ethanol. 100 ul of each vinegar was reacted
with 3.9 mL of DPPH solution for 30 minutes at
room temperature in the dark. Absorbance of the
analysis mixture was measured at 517 nm in
UV/VIS spectrophotometer. DPPH results of
fruit vinegar samples were expressed as mg
Trolox equivalent (TE)/L.

Determination of ferric reducing antioxidant power
analysis (FRAP)

FRAP wvalues of fruit vinegar samples were
determined previously described by Benzie and
Strain (1996). Briefly, the FRAP reagent was
prepared by mixing 30mM sodium acetate buffer
(pH:3.6), 10 mM TPTZ, and 20 mM FeCl;
solution at a ratio of 10:1:1. Then, 100 pl of each
vinegar was reacted with 2.9 mL of FRAP reagent
for 30 minute at room temperature in the dark
environment. Absorbance of the analysis mixture
was measured at 593 nm in UV/VIS
spectrophotometer. FRAP results of fruit vinegar
samples were expressed as mg Trolox equivalent
(TE)/L.

Statistical analysis

Statistical analyses were done by using the
Duncan test through the instrument of SPSS 22.0
(version 22.0, IBM, USA) statistical package
program. Moreover, correlation coefficients were
identified using the same program.

RESULTS AND DISCUSSIONS

Some  physicochemical properties of
commercial fruit vinegars

Some physicochemical properties of commercial
fruit vinegar samples were given in Table 1. It was
determined that the total dry matter values of fruit
vinegar samples vatried between 2.27 g/L (Cl:
Banana vinegar) and 57.72 g/L (K2: Sour cherty
vinegar). The difference between the K2 sample,
which exhibited the highest total dry matter value,
and the other samples was found to be statistically
significant (P<0.05). No statistically significant
difference was observed between the C1 sample,
which showed the lowest value, and the A1, A2,
and H2 samples (P>0.05); however, statistically
significant differences were detected among the
other samples (P<0.05). In other studies, total dry
matter was reported as 29.00 g/L (Budak et al.,
2022a) for peach vinegar, as 20.60 g/L
(Gokirmakli et al., 2019) for strawberry vinegar,
as 17.60 g/1. (Ozdemir et al., 2022a) for rosehip
vinegar. The total dry matter values of grape
vinegar, which is widely produced and consumed
and is generally regarded more favorably in the
market, was reported as 16.60 and 27.10 g/L
(Budak, 2010), within the range of 1.95 and 17.25
g/L (Akbas and Cabaroglu, 2010), 1.12 and 6.38
g/L (Duman and Ttrkmen, 2024), 4.08 and 24.50
g/L (Tekin, 2014), 10.83 and 12.60 g/L (Tuthan
and Canbas, 20106). In comparison, the total dry
matter content of apple vinegar was reported as
19.60 and 18.00 g/L (Budak, 2010), as ranged
between 0.87 and 5.54 g/L (Duman and
Turkmen, 2024).

The pH values of the fruit vinegar samples were
found between 2.87 (E2: Fig vinegar) and 3.99
(D2: Strawberry vinegar). The differences
between the D2 sample, which exhibited the
highest pH value, and the E2 sample, which
showed the lowest pH value, compared to the
other samples were found to be statistically
significant (P<0.05). In other studies, pH values
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were reported as 2.80 and 2.60 (Rahman et al,,
2024), 290 (Sossou et al., 2009) and 3.06
(Mokhtar et al., 2020) for pineapple vinegar, as
3.40 (Budak et al., 2022a) for peach vinegar, as
3.21 (Pathak et al., 2022) for banana vinegar, as
3.57 (Gokirmakli et al, 2019) for strawberry
vinegar, as ranged between 3.05 and 3.73 (Sengun,
2013), as 3.22 for fig vinegar, as 3.32 for
blackberry vinegar, as 3.33 (Sengun et al., 2020)
for apricot vinegar, as 2.32 (Cosmulescu et al.,
2022) for sour cherry, as 3.24 (Sengun et al., 2020)
and 3.50 (Ozdemir et al, 2022a) for rosehip

vinegar. The pH values of grape vinegar, which is
widely produced and consumed and is perceived
to have higher consumer preference, was reported
as 2.87 and 2.90 (Budak, 2010), as ranged between
2.63 and 3.27 (Akbas and Cabaroglu, 2010), 1.89
and 3.29 (Duman and Turkmen, 2024),
2.68 and 2.85 (Turhan and Canbas, 2016). In
comparison, the pH value of apple vinegars was
reported as 2.87 and 3.16 (Budak, 2010) and as
ranged between 1.88 and 2.81 (Duman and
Turkmen, 2024).

Table 1. Physicochemical characteristics of commercial fruit vinegar samples

Sample Dry matter (g/L) pH Titration acidity (g/L) *
Al 4.37 + 0.08km™ 3.11 £ 0.024 26.80 £ 1.13h
A2 3.89 £ 0.01im 3.03 £ 0.01n 4.97 £ 0.04»
B1 17.23 £ 0.21¢ 3.00 £ 0.01° 29.00 £+ 1.13<fg
B2 9.77 + 0.46f% 3.84 + 0.01¢ 12.39 £ 0.30m
C1 227+ 0.11m 3.32 £ 0.01¢ 13.74 £ 0.08!
C2 6.92 £ 0.37"j 3.12 £ 0.00% 23.57 £ 0.21
D1 31.16 £ 0.04b 3.68 + 0.004 38.48 £ (0.74b
D2 6.42 + 0.03hik 3.99 + 0.01a 7.29 £ 0.07°
E1 4.64 £ 0.21M 3.67 £ 0.014 11.23 £ 0.52m
E2 19.65 £ 0.184 2.87 £ 0.01p 34.26 + 1.224
F1 6.71 £ 0.05h] 3.07 £ 0.01m 34.21 + 0.554
F2 22.20 = 0.08¢ 3.40 £ 0.01f 41.38 £ 0.65#
G1 9.59 + 0.11fs 3.27 £ 0.02h 30.18 + 0.08¢
G2 11.17 + 0.34f 3.17 £ 0.03i 28.59 £ 0.33f%
H1 6.88 = 0.16Mj 3.09 £ 0.01tm 28.05 £ 0.47s
H2 3.68 + 0.14m 3.18 £ 0.01 8.67 £ 0.16»
K1 8.24 £ 0.44sh 3.38 £+ 0.00f 29.73 £ 0.38¢f
K2 57.72 + 4.502 3.17 £ 0.01 36.87 + 0.75¢
L1 15.89 £ 0.01¢ 3.87 £ 0.01b 9.34 + 0.250
1.2 20.22 + (.30<d 3.57 + 0.01¢ 17.60 & 0.28k

* Acetic acid equivalent

** Small letters in the same column show difference between vinegar samples (P<0.05)
Results are given as mean T standard deviation. A: Pineapple vinegar, B: Peach vinegar, C: Banana vinegar,
D: Strawberry vinegar, E: Fig vinegar, F: Blackberry vinegar, G: Apricot vinegar, H: Gilaburu vinegar,

K: Sour cherry vinegar, L: Rosehip vinegar

Analysis revealed that the titration acidity values
as the acetic acid equivalent of fruit vinegar
samples varied between 4.97 g/L. (A2: Pineapple
vinegar) and 41.38 g/L (F2: Blackberry vinegar).
The differences between the F2 sample, which
exhibited the highest titration acidity, and the A2
sample, which had the lowest value compared to
the other samples were statistically significant
(P<0.05). Total acidity (titration acidity) content

of vinegar produced in Tirkiye (in water-acetic
acid) should not be less 40 g/L according to TS
1880 EN 13188 (Anonymous, 2003). According
to Codex Alimentarius Commission, titration
acidity of vinegar (except wine vinegar) should
not be less than 50 g/L. (CAC, 2000). Titration
acidity value of the only F2 (blackberry vinegar)
sample was in conformity with the TS 1880 EN
13188 vinegar standard. In other studies, titration
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acidity were reported as 54.80 and 60.10 g/L
(Rahman et al., 2024) and 11.40 (Mokhtar et al.,
2020) for pineapple vinegar, as 46.50 g/L (Budak
et al, 2022a) for peach vinegar, as 86.70 g/L
(Pathak et al., 2022) for banana vinegat, as 45.90
g/L (Gokirmakli et al., 2019) for strawberty
vinegar, as ranged between 21.00 and 69.70 g/L
(Sengun, 2013) and 47.30 g/L for fig vinegar, as
45.60 g/L. for blackberry vinegar, as 42.70 g/L
(Sengun et al., 2020) for apricot vinegar, as 96.30
g/L. (Cosmulescu et al.,, 2022) and 46.20 g/L
(Budak et al., 2022b) for sour cherry vinegar, as
46.80 g/L (Sengun et al., 2020) and 46.20 g/L
(Ozdemir et al., 2022a) for rosehip vinegar. The
titration acidity value of grape vinegars was
reported as 85.90 and 122.90 g/L (Budak, 2010),
within the range of 39.60 and 53.60 g/L (Akbas
and Cabaroglu, 2010), 8.60 and 278.20 g/L
(Duman and Tirkmen, 2024). In comparison, the
titration acidity value of apple vinegars was
reported as 57.20 and 73.70 g/L (Budak, 2010),
within the range of 39.60 and 336.20 g/L (Duman

and Turkmen, 2024), 40.50 and 47.70 g/L (Tekin,
2014).

Generally, there is a decrease in pH value parallel
to the increase in titration value. However, this is
not always the case for every example. There is no
direct or predictable relationship between pH and
titration acidity. The pH values of foods with the
same titratable acidity value may differ from each
other (AWRI, 2024). pH value is negative
logarithm of the concentration of dissociated
hydrogen ions. However, titratable acidity is
related to the total concentration of weak and
strong acids present in the food (Ozdemir et al.,
2022b).

Color analysis of commercial fruit vinegars
Color values that are important for consumer
perception were evaluated by determining the L*,
a* and b* parameters (Karadag et al., 2020). Color
values (L*, a*, b*, C* and, H®) of commercial fruit
vinegar samples were given in Table 2.

Table 2. Color values of commercial fruit vinegar samples

Sample L* a* b* Croma value Hue angle
Al 32.05 £ 0.02b 0.26 £ 0.02r 1496 £ 0.07¢ 1496 £ 0.07¢  89.02 * 0.06"
A2 25.65 + 0.01f 242+ 0.10m 2254 +0.12b 22.67 £ 0.12¢ 83.87 £ 0.22¢
B1 23.33 £ 0.09 0.88 £0.04>  13.84 £ 0.14m  13.87 £0.14»  86.36 + 0.21¢
B2 22.08 + 0.02! 6.60 £ 0.06f 22.73 £ 0.17° 23.67+0.17>  73.82 % 0.15k
C1 34.73 £ 0.08 -0.71 £ 0.01 17.24 + 0.06f 17.25 + 0.06" 92.35 £ 0.032
C2 26.91 £ 0.14¢ 0.65 + 0.08p 13.57 £ 0.03» 13.59 £0.02»  87.24 £ 0.324
D1 13.44 £ 0.03° 3.21 £ 0.03k 9.54 £ 0.12¢ 10.07 £ 0.13~ 71.41 = 0.05!
D2 19.44 + 0.16™ 5.70 £ 0.14s 15.30 £ 0.12i 16.33 = 0.16] 69.57 £ 0.31m
E1l 26.78 £ 0.20¢ 1.19 £ 0.05» 14.72 £ 0.10" 14.77 £ 0.10! 85.38 = 0.21f
E2 24.75 £ 0.12h 3.97 £ 0.03i 20.36 £ 0.504 20.75 £ 0.49¢ 78.96 £ 0.29
F1 27.53 + 0.064 7.03 £ 0.06¢ 16.63 £ 0.05¢ 18.06 + 0.03s  67.09 £ 0.24»
F2 10.57 £ 0.25p 0.18 £ 0.02r 6.31 £ 0.22 6.31 £0.21° 88.33 £ 0.27¢
Gl 22.49 *+ 0.06% 2.80 £ 0.04! 16.23 £ 0.02h 16.47 £ 0.02i 80.20 £ 0.14n
G2 29.24 £ 0.11¢ 1.20 £ 0.03» 15.11 £ 0.07% 15.16 = 0.07* 85.47 £ 0.14f
H1 19.28 + 0.03m 9.25 £ 0.072 16.60 = 0.27¢ 19.01 £ 0.27¢  60.87 = 0.23p
H2 25.41 £ 0.08¢ 8.89 £ 0.11° 18.84 + 0.09¢ 20.84 £ 0.03¢ 64.73 £ 0.37°
K1 25.58 + 0.12f% 7.02 £ 0.06¢ 20.70 £ 0.08¢ 21.86 £ 0.074 71.26 £ 0.20!
K2 14.02 = 0.10n 7.24 £ 0.114 11.72 £ 0.18¢ 13.78 £ 0.20m  58.31 + (.23
L1 29.08 £ 0.11¢ 4.99 £ 0.04» 29.87 £ 0.072 30.28 £ 0.072 80.52 £ 0.06"
L2 13.87 + 0.05» 8.28 £ 0.21¢ 14.04 + 0.09m 16.30 £ 0.05i 59.48 + 0.80¢

** Small letters in the same column show difference between vinegar samples (P<0.05)

Results are given as mean * standard deviation. A: Pineapple vinegar, B: Peach vinegar, C: Banana vinegar,
D: Strawberry vinegar, E: Fig vinegar, F: Blackberry vinegar, G: Apricot vinegar, H: Gilaburu vinegar, K: Sour

cherry vinegar, L: Rosehip vinegar
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It was determined that the L* values of fruit
vinegar samples varied between 10.57 (F2:
Blackberry vinegar) and 34.73 (Cl: Banana
vinegar). The differences between the C1 sample,
which exhibited the highest L* value, and the F2
sample, which had the lowest value, compared to
the other samples were found to be statistically
significant (P<0.05). In other studies, L* values
were reported as 13.98 (Boondaeng et al., 2022)
for pineapple vinegar, as ranged between 5.36-
15.42 (Kilig and Sengiin, 2021) and 26.85 (Silva et
al., 2024) for fig vinegar, as 60.2 (Karadag et al.,
2020) for blackberry vinegar, as 30.39 (Silva et al.,
2024) for apricot vinegar, as 61.3 (Karadag et al.,
2020) and 29.73 (Ozdemir et al, 2022a) for
rosehip vinegar.

The a* values of fruit vinegar samples ranged
between -0.71 (C1: Banana vinegar) and 9.25 (H1:
Gilaburu vinegar). There was no statistically
significant difference between samples Al and F2
in terms of a* value (P>0.05), but there was a
statistically significant difference between all
other samples (P<0.05). In other studies, a*
values were reported as -1.18 (Boondaeng et al.,
2022) for pineapple vinegar, as ranged between -
1.65-8.51 (Kilig and Sengiin, 2021) and 0.48 (Silva
et al., 2024) for fig vinegar, as 6.41 (Karadag et al.,
2020) for blackberry vinegar, as -0.03 (Silva et al.,
2024) for apricot vinegar, as 7.62 (Karadag et al.,
2020) and -2.82 (Ozdemir et al., 2022a) for
rosehip vinegar.

The b* values of fruit vinegar samples varied
between 6.31 (F2: Blackberry vinegar) and 29.87
(L1: Rosehip vinegar). A statistically significant
difference was observed between the L1 sample,
which showed the highest b* value, and the F2
sample, which exhibited the lowest value, as well
as in comparison to the other samples (P<0.05).
In other studies, b* values were reported as 5.57
(Boondaeng et al., 2022) for pineapple vinegar, as
ranged between 3.96-8.29 (Kilic and Sengin,
2021) and 3.17 (Silva et al., 2024) for fig vinegar,
as 32.4 (Karadag et al., 2020) for blackberry
vinegar, as 2.61 (Silva et al., 2024) for apricot
vinegar, as 39.4 (Karadag et al., 2020) and 5.77
(Ozdemir et al., 2022a) for rosehip vinegar.

In a study conducted by Duman and Turkmen
(2024), color analyses were performed on grape
and apple vinegars, both of which are widely
produced and consumed. The L*, a* and b*
values of grape vinegar were found to range from
30.73 to 42.70, 0 to 1.06, and 0.32 to 7.28,
respectively. In compatison, the corresponding
values for apple vinegar ranged from 33.14 to

4479 (L#), 0.02 to 1.4 (2%), and 1.45 to 5.02 (b*).

The colorimetric L*, a*, and b* values of certain
vinegars analyzed in this study differ markedly
from the values reported in previous literature.
The discrepancies in L*, a* and b* wvalues
compared to literature may stem from variations
in raw materials, production methods, storage
conditions, analytical techniques, and the
presence of additives or contaminants. Similatly,
Tomar et al. (2020) observed substantial
differences between the colotimetric values and
other characteristics of their produced hawthorn
vinegar and those reported in the literature, which
they attributed to variations in fruit variety,
species, amount used, fermentation parameters,
and storage period.

The C* values of the fruit vinegar samples were
found between 6.31 (F2: Blackberry vinegar) and
30.28 (L1: Roschip vinegar). H® values varied
between 58.32 (K2: Sour cherry vinegar) and
9235 (Cl: Banana vinegar). There
statistically significant differences between the L1
sample with the highest C* value, the F2 sample
with the lowest, and the other samples (P<0.05).
While the differences in H® values between the
sample of E1-E2, G1-G2, and D1-K1 were not
statistically significant (P>0.05), the remaining
samples showed significant differences (P<0.05).
These findings suggest that the type of fruit used
in vinegar production has a significant influence
on both color saturation and hue. The high C*
value observed in rosehip vinegar (L1) indicates a
mote vivid and intense color, whereas the low
value in blackberry vinegar (F2) reflects a duller
appearance. Similatly, the vatiation in H® points
to noticeable differences in the color tone, with
banana vinegar (C1) exhibiting a yellower tone
and sour cherry vinegar (K2) leaning more toward
reddish hues. Such differences are likely

were
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attributable to the natural pigment composition
of the fruits, including anthocyanins, carotenoids,
and other phenolic compounds.

TPC and TFC contents of commercial fruit
vinegars

The amount and profile of phenolic compounds
in vinegar mainly depend on the raw materials
used in vinegar production (Xia et al., 2020). Also,
vinegar production method also affects bioactive
properties of vinegars (Liu et al., 2016). TPC
values of the commercial fruit vinegar samples
ranged between 63.08 mg GAE/L (C1: Banana
vinegar) and 4441.25 mg GAE/L (L1: Rosehip
vinegar) (Table 3). The difference between the L1
sample, which exhibited the highest TPC value,
and all other samples was statistically significant
(P<0.05). In contrast, the C1 sample, which had
the lowest TPC value, did not differ significantly
from the Al, G2, E2, F1, and H2 samples
(P>0.05); however, it showed statistically

significant differences when compared to the
other samples (P<0.05). In other studies, TPC
content were reported as 245.31 mg GAE/L
(Boondaeng et al., 2022) for pineapple vinegar, as
1180.22 mg GAE/L (Budak et al., 2022a) and
37230 mg GAE/L (Glizel, 2024) for peach
vinegar, as 935.50 mg GAE/L (Sengun et al,
2020), 408.10 mg GAE/L (Gizel, 2024) and
641.00 mg GAE/L (Silva et al.,, 2024) for fig
vinegar, as 167.50 mg GAE/L (Boonsupa, 2019)
and 1162.0 mg GAE/L for blackberry vinegar, as
1005.00 mg GAE/L (Sengun et al., 2020) and
155.00 mg GAE/L (Silva et al., 2024) for apricot
vinegar, as 975.80 mg GAE/L (Erdal et al., 2022)
for gilaburu vinegar, as 3511.67 and 3365.76 mg
GAE/L (Ozen et al, 2020) and 3511.70 mg
GAAE/L (Budak et al., 2022b) for sour cherry
vinegar, as 76 mg GAE/L (Ozdemir et al., 2022a),
1103.50 mg GAE/L (Sengun et al., 2020) and
5507.00 mg GAE/L (Guzel, 2024) for roschip
vinegar.

Table 3. TPC and TFC values of commercial fruit vinegar samples

Sample TPC (mg GAE/L) TFC (mg QE/L)
Al 96.21 + 0.88w 55.38 + 2.72k
A2 590.67 + 9.434 4.62 £ 0.00!
B1 241.42 £ 0.59fshj 276.92 £ 9.25¢f
B2 504.33 + 20.624 435.00 £ 1.09¢
C1 63.08 + 3.54! 21.54 £ 1.63¢
C2 250.17 £ 5.891ehj 112.69 £ 1.09
D1 1309.83 £ 43.60¢ 700.00 + 26.11b
D2 466.83 * 3.54de 302.69 * 5.44¢
E1l 288.08 £ 1.18fen 214.62 £ 3.81¢
E2 157.67 £ 4.71hi 43.85 £ 2.72¢
F1 162.88 £+ 9.13hiKl 58.46 £ 1.63k

F2 478.17 £ 31.82de
Gl1 233.71 £ 6.78fehik
G2 133.71 + 7.37
H1 355.79 + 12.08¢
H2 193.08 £ 5.30shikl
K1 314.75 £ 5.30f
K2 540.38 + 2.064
L1 4441.25 + 126.692
L2 3772.50 + 235.70b

312.31 £ 4.35¢e
164.62 £ 7.07h
17.31 £ 3.264
249.23 + 2.72f¢
153.08 £ 0.54hj
166.92 £+ 2.72h
351.92 + 1.094
3023.08 £ 5.442
3019.23 £ 87.032

*Small letters in the same column show difference between vinegar samples (P<0.05)

Results are given as mean T standard deviation. A: Pineapple vinegar, B: Peach vinegar, C: Banana vinegar,
D: Strawberry vinegar, E: Fig vinegar, I: Blackberry vinegar, G: Apricot vinegar, H: Gilaburu vinegar, K: Sour
cherry vinegar, L: Rosehip vinegar, TPC: Total phenolic content, TFC: Total flavonoid content
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Analysis revealed that the TFC values of fruit
vinegar samples vatied between 4.62 mg QE/L
(A: Pineapple vinegar) and 3023.08 mg QE/L
(L1: Roschip vinegar) (Table 3). No statistically
significant difference was found between the L1
sample, which had the highest TFC value, and the
L2 sample (P>0.05), while significant differences
were observed between L1 and the other samples
(P<0.05). Similarly, the A2 sample, which had the
lowest TFC value, did not ditfer significantly from
the C1, E2, and G2 samples (P>0.05), but showed
statistically significant differences compared to all
other samples (P<0.05).

The coefficients of Pearson’s correlation between
TPC and TFC was determined as 0.99. In other
studies, TFC content were reported as 220.60 mg
QE/L (Guizel, 2024) for peach vinegar, as 122.00
mg QE/L (Erdal et al., 2022) for gilaburu vinegar,
as 3183.00 (Gtizel, 2024) for rosehip vinegar.

Significant differences were determined between
both different fruit vinegars and different brands
of the same vinegar in terms of TPC and TFC
values. The main reason for this variability may be
the raw material types and fermentation methods
(Gtizel, 2024). This situation may be related to
other factors such as geographical region, soil
structure, climatic conditions in which the raw
material grows (Liu et al., 2016). Furthermore, it
was determined that two brands of rosehip
vinegar and one brand of strawberry vinegar had
very high TPC and TFC values. Rosehip fruit
contains high amounts of phenolic acids,
flavonoids, carotenoids, vitamin C and
tocopherols (Ozdemir et al.,, 2022a). Similarly,
Giizel (2024) found the highest TPC value in
rosehip vinegar for 15 different fruit vinegars.

Antioxidant activity of commercial fruit
vinegars

Antioxidants have been used for many years to
control oxidation and delay food spoilage (Finley
et al., 2011). However, many antioxidant sources
are used for their health benefits nowadays. The
antioxidant activities of vinegar are mainly due to
bioactive compounds such as phenolic
compounds, carotenoids, phytosterols, vitamins
C and vitamin E (Ho et al., 2017). The antioxidant

activity results of the fruit vinegars, as determined
by ABTS, DPPH, and FRAP assays, were
presented in Table 4. It was determined that
ABTS wvalues of the commercial fruit vinegar
samples ranged between 21.45 mg TE /L (E2: Fig
vinegar) and 7710.91 mg TE/L (L1: Rosehip
vinegar). A statistically significant difference was
observed between the L1 sample, which had the
highest ABTS wvalue, and all other samples
(P<0.05). The difference between the E2 sample,
which exhibited the lowest ABTS value, and the
Al, A2, B1, C1, C2, F1, G1, G2, and H2 samples
was not statistically significant (P>0.05), but the
difference between the other samples is
statistically significant (P<0.05). In other studies,
ABTS values were reported as 8.05 mmol TE/L
(Budak et al., 20222) and 1.07 mmol/L (Guzel,
2024) for peach vinegar, as ranged between 0.44-
3.98 ug TE/mL (Kili¢ and Sengiin, 2021) and 0.60
mg TE/L for fig vinegat, as 0.41 mg TE/L for
blackberry vinegar, as 0.86 mg TE/L (Sengun et
al., 2020) for apricot vinegar, as 8.14 mol TE/L
and 27.35 mol TE/L (Ozen et al., 2020), 2.00
mmol TE/L (Guzel, 2024) and 27.35 mmol
TE/L (Budak et al., 2022b) for sour cherry
vinegar, as 0.55 mg TE/L (Sengun et al., 2020),
842.00 mol TE/L (Ozdemir et al., 2022a) and
31.41 mmol TE/L (Guzel, 2024) for rosehip
vinegar.

DPPH values of the commercial fruit vinegar
samples varied between 3.40 mg TE/L (B1: Peach
vinegar) and 2079.00 mg TE/L (L1: Rosehip
vinegar). The difference between the L1 sample,
which exhibited the highest DPPH value, and all

other samples was statistically significant
(P<0.05). In contrast, the B1 sample, which had
the lowest DPPH value, did not differ

significantly from the Al, E2, and G2 samples
(p>0.05); however, it showed statistically
significant differences when compared to the
other samples (P<0.05). In other studies, DPPH
values were reported as 189.52 mg TE/kg
(Boondaeng et al., 2022) for pineapple vinegar, as
1.03 mmol TE/L (Guzel, 2024) for peach vinegar,
as 0.89 mg TE/L (Sengun et al., 2020) for apricot
vinegar, as ranged between 1.25-7.51 mg TE/L
(Kili¢ and Sengtin, 2021), 0.60 mg TE/L (Sengun
et al., 2020), 0.79 mmol TE/L (Glizel, 2024) and
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281.20 ng TE/L (Silva et al., 2024) for fig vinegar,
as 341.00 ug TE/L (Silva et al., 2024) for apricot
vinegar, as 0.41 mg TE/L for blackberry vinegar,
as 0.55 mg TE/L (Sengun et al., 2020) and 24.03
mmol TE/L (Guzel, 2024) for rosehip vinegar.

FRAP values of the commercial fruit vinegar
samples ranged between 10.27 mg TE /L (E2: Fig
vinegar) and 5332.20 mg TE/L (L1: Rosehip
vinegar). A statistically significant difference was
observed between the L1 sample, which had the
highest FRAP wvalue, and all other samples
(P<0.05). The difference between the E2 sample,
which exhibited the lowest FRAP value, and the
Al, B1, C1, F1, G1, and G2 samples was not

statistically ~ significant  (P>0.05), but the
difference between the other samples is
statistically significant (P<0.05).

For ABTS, DPPH and FRAP methods, the
highest antioxidant activity was detected in the
L1 coded rosehip vinegar sample. In other
studies, FRAP values were reported as 5.31 mmol
TE/L (Gluzel, 2024) for peach vinegar, as 107.00
mg TE/L (Karadag et al., 2020) and 1.73 mmol
TE/L (Guzel, 2024) for fig vinegar, as 581.00 mg
TE/L for blackberry vinegar, as 366.00 mg TE/L
(Karadag et al., 2020) and 167.06 mmol TE/L
(Gtizel, 2024) for rosehip vinegar.

Table 4. Antioxidant activity of commercial fruit vinegar samples

Sample ABTS (mg TE/L) DPPH (mg TE/L) FRAP (mg TE/L)
Al 48.27 + 1.93% 30.15 £ 1.06* 43.93 + 1.035
A2 209.64 *+ 5.14¢hik 62.40 = 0.71hj 208.07 *+ 4.83feh
B1 74.18 + 1.29k 3.40 £ 0.71k 119.29 £ 5.806hik
B2 694.91 £ 18.00¢ 420.80 * 5.66¢ 609.37 £ 13.114d
C1 67.82 + 3.86k 58.15 & 2.47hj 41.12 + 1.55k
C2 230.09 * 9.64¢hik 126.40 £ 8.49% 166.85 £ 1.03¢hi
D1 1613.09 + 61.71¢ 190.65 £ 0.354 1257.17 £ 7.59¢
D2 894.91 £ 38.574 440.30 + 0.71¢ 668.39 *+ 26.214
E1l 321.45 + 0.00feh 171.90 £ 14.85¢e 273.93 + 12.07<
E2 21.45 £ 1.29k 7.15 = 1.06% 10.27 £ 0.69*
F1 129.18 £ 3.21hik 71.65 + 6.72h 135.27 £ 2.93hik
F2 497.36 £ 0.64f 126.40 + 3.54f¢ 355.88 + 1.03¢
G1 170.09 + 12.27ehik 50.90 £ 3.54hj 143.07 £ 0.868hik
G2 93.27 + 2.57k 24.65 £ 2.47k 41.24 + 3.10%*
H1 299.64 £ 2.57fshj 147.65 + 0.35¢ 225.39 £ 10.69¢fsh
H2 237.82 £ 5.14hik 108.65 + 0.35¢ 224.41 £ 18.63¢fsh
K1 327.82 + 11.57fh 124.15 + 3.891 279.41 £ 3.28¢f
K2 368.27 £ 4.50f¢ 123.15 + 0.35f¢ 320.27 £ 1.72¢f
L1 7710.91 + 321.41» 2079.00 £ 63.64 5332.20 + 255.25#
L2 5010.00 % 263.56P 1226.50 £ 31.82b 3529.51 + 20.70°

*Small letters in the same column show difference between vinegar samples (P<0.05)

Results are given as mean T standard deviation. A: Pineapple vinegar, B: Peach vinegar, C: Banana vinegar,
D: Strawberry vinegar, E: Fig vinegar, I: Blackberry vinegar, G: Apricot vinegar, H: Gilaburu vinegar, K: Sour
cherry vinegar, L: Rosehip vinegar, ABTS: Cation radical scavenging activity, DPPH: Free radical scavenging

activity, FRAP: Ferric reducing antioxidant power
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When both this study and the studies in literature
were evaluated, it was determined that the
antioxidant activities of vinegars were highly
variable. The antioxidant activity of vinegars is
highly related to the composition and amount of
phenolic compounds of vinegars (Jeong et al.,
2009; Xia et al, 2020). Furthermore, the
coefficients of Pearson’s correlation between
TPC and ABTS, DPPH, FRAP were determined
as 0.98, 0.95, 0.99, respectively in present study.

CONCLUSION

In this present study, fruit vinegars (pineapple,
peach, banana, strawberry, fig, blackberry,
apricot, gilaburu, sour cherry and rosehip) sold in
the market were analyzed. Vinegar samples from
two different brands were provided for each
vinegar type. Titration acidity value of the vinegar
samples (except F2: blackberry vinegar) were not
in conformity with the TS 1880 EN 13188 vinegar
standard. Fruit vinegar samples were quite
different from each other in terms of pH value,
dry matter and color values. In fact, significant
differences were detected between different
brands of the same vinegar sample. The highest
total phenolic and total flavonoid compound
values and antioxidant activity were determined in
the rosehip vinegar sample. Rosehip vinegar is not
very common on the market. Rosehip fruit which
has a limited usage, can be processed into vinegar
to obtain a functional product that is beneficial to
health. Significant differences were determined
between both different fruit vinegars and
different brands of the same vinegar in terms of
total phenolic and total flavonoid compound
values and antioxidant activity. This study
suggests that, in addition to the vinegar raw
material, parameters such as raw material variety,

raw material growing conditions, vinegar
processing method should be taken into
consideration as important factors in the

physicochemical and bioactive properties of
vinegar production.
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ABSTRACT

In this study, the effect of heat treatment on the putrefaction levels of anchovy fish was investigated using
an electronic nose system. Sensor data (MQ3, MQ4, MQ5, MQ9, MQ131, MQ135, MQ136, MQ137,
MQ138, MQ139, MG811 and TGS813) obtained from raw and cooked anchovy samples during storage
periods and the sensitivity of the sensors to odour changes were analysed. Based on the differences of their
signals (AS) between two states, the effect of heat treatment on the odour dynamics was modelled by linear
regression models. For example, modelling results for the M(Q136 sensor were determined in the form AS(t)
=-16.59t + 37.33 (R? = 0.84), showing that cooking significantly decreases sensor responses over time. The
findings indicated that cooking was found to delay odorization, likely due to changes in lipid oxidation and
volatile compound dynamics, and that low-cost sensors can be developed into an advanced electronic nose
system.

Keywords: Anchovy, electronic nose, MQ sensor, heat treatment, putrefaction

HAMSIYE UYGULANAN ISIL iISLEMIN KOKUSMA UZERINE
ETKILERINININ ELEKTRONIK BURUN iLE BELIRLENMESI

(074

Bu ¢alismada, hamsi baliklarinin bézulma seviyelerine 1s1l islemin etkisi elektronik burun sistemi
kullanilarak arastirilmigtir. Depolama stireleri boyunca ¢ig ve pismis hamsi 6rneklerinden elde edilen
sensor verileri (MQ3, MQ4, MQ5, MQ9, MQ131, MQ135, MQ136, MQ137, MQ138, MQ139,
MGS811 ve TGS813) ve sensorlerin koku degisikliklerine olan hassasiyetleri analiz edilmistir. Tki
durum arasindaki sinyal farkliliklarina (AS) dayanarak, 1sil islemin koku dinamikleri tizerindeki etkisi
dogrusal regresyon modelleri ile modellenmistir. Ornegin, MQ136 sensorii igin modelleme sonuglari
AS(t) = -16.59t + 37.33 (R* = 0.84) biciminde belirlenmis ve 1s1l islemin sensor tepkilerini zamanla
o6nemli 6l¢lide azalttigini gostermistir. Bulgular, pisirmenin muhtemelen lipit oksidasyonu ve ugucu
bilesik dinamiklerindeki degisiklikler nedeniyle koku olusumunu geciktirdigini ve diigtik maliyetli
sensorlerin gelismis bir elektronik burun sistemine dénistiirillebilecegini géstermistir.

Anahtar Kelimeler: Hamsi, elektronik burun, MQ senséru, 1sil islem, ¢lirime
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INTRODUCTION

Seafood has an important place in human
nutrition with its high protein content, long-chain
fatty acids and essential vitamin-mineral profiles.
Anchovy (Engranlis encrasicolus) stands out among
these products as a species with high economic
and nutritional value (Crisinel et al., 2012;
Dagtekin et al., 2022). According to worldwide
catch data, anchovy is a seafood product
consumed intensively  especially in  the
Mediterranean and Black Sea basins (Moon &
Kim, 2024; Ye et al., 2024). Omega-3 fatty acids
offer various health advantages thanks to their
beneficial components such as vitamin B12 and
selenium (Ogretmen, 2022; Park et al., 2018).
However, the high water activity and protein
content of anchovies make it a food that is
susceptible to microbial growth and oxidation,
hence the risk of rapid spoilage (Ozogul, 2004).
Controlling the spoilage process of thermally
treated or raw anchovies is critical to safeguard
public health and minimize economic losses. In
the literature, quality determination methods of
fish and fish products are generally based on
chemical analyses such as TVB-N, TBARS and
PV and microbiological analyses such as TAMB
and TAPB (Ozogul et al., 2013; Yavuzer, 2018,
2020). However, these methods have limitations
in terms of both cost and time. Especially in
rapidly perishable foods, the necessity to carry out
the quality determination process with faster and
more economical methods encourages the search
for new technologies (Wang et al., 2022).

Electronic nose systems are a quality control
technology that has become increasingly
widespread in the food industry in recent years.
These systems are used to determine spoilage
levels by detecting volatile components emitted
from foodstuffs (Lu et al., 2022). In particular,
electronic nose systems integrated with open-
source, cost-effective microcontrollers such as
Arduino offer low-cost and user-friendly
solutions (Yavuzer, 2021). Previous studies have
demonstrated the effectiveness of electronic
noses in detecting quality changes in fish and
other foods (Al Isyrofie et al., 2022; Amorim et
al., 2021; Yavuzer et al., 2024).

In this study, the effectiveness of electronic nose
technology in determining the spoilage limits of
raw and cooked anchovies due to thermal stress
was investigated. The low-cost Arduino-based
sensor system used in the study offers a feasible
model for producers, consumers and the food
industry due to its fast solution and easy redesign
of the data obtained.

MATERIAL and METHODS

Electronics Components Used in the Device
In the study, the data inputs and outputs of the
odour sensors were provided and processed by
Arduino Mega 2560 R3, an open source physical
programming platform. Arduino Mega 2560 R3
Development Board is an Atmega 2560 based
microcontroller  board  with 54  digital
input/output pins. Due to the necessity of using
multiple sensors in the study, Arduino Mega
Sensor Shield Board was also used. The electronic
nose we developed in our previous study
(Yavuzer, 2021) was modified and strengthened
with additional sensors. Firstly, the device was
operated empty for 30 minutes without any
sample in order to narrow the ambient odours.
Subsequently, sensor readings from the samples
placed inside the device were obtained by
subtracting the empty readings. The new
electronic nose obtained by using MQ3, MQ4,
MQ5, MQ9, MQ131, MQ135, MQ136, MQ137,
MQ138, MQ139, MG811 and T'GS813 sensors is
shown in Figure 1 and the specifications of the
sensors are given in Table 1.

Fish Material

The anchovies used in the study were caught in
the Black Sea/Trabzon/Turkey and delivered to
our laboratory under cold chain conditions. The
raw anchovy group, whose internal organs were
cleaned in an aseptic environment,
immediately subjected to analysis using the
electronic nose system. A total of 2 kg of
anchovies of homogeneous size (12+3cm) were
used in the study. Real-time (1 per minute) sensor
readings were taken at room temperature
(24°C=£3) and the mean and standard deviations
of the readings at 0, 2, 4, 6, 8, 10 and 12 hours
were processed for the study data. In order to
obtain the cooked anchovy group, the anchovy

were
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tish was cooked in oil at 170115 degrees for about
5 minutes. All sensor readings for the raw

anchovy sample were performed for the cooked
anchovy.

Tablel. The sensors used in the study and the gases they measure

Sensor Measurement

MQ3 Detects the presence of alcohol gas at an appropriate range of concentrations between
0.04mg / L and 4mg

MQ4 Detects the presence of methane (CNG) natural gas

MQ5 Isobutane and propane detection

MQ9 High sensitivity to hydrogen but low sensitivity to alcohol vapor

MQ131 Detects carbon monoxide (CO) in the environment.

MQ135 Dedects the amount of ammonia, alcohol vapor, benzene, smoke and carbon dioxide
gases

MQ136 Hydrogen sulphide gas sensor

MQ137 Ammonia sensor

MQ138 Acetone, alcohol, toluene,

MQ139 Freon Gas sensor

MGS811 Air Carbon Dioxide Sensor

TGS813 Methane, propane and butane sensor

Mathematical Modeling

Prior to data acquisition, sensors were calibrated
using clean air baselines, and all readings were
normalized to initial conditions from raw and
cooked anchovies. The cooking process changes
the VOC levels and this change is detected by
different sensors during the storage period. For
each sensor, the effect of the cooking process was
modelled as follows:

ASi(t):ai.H—bi

Whete;

ASi(t): post-cooking odour difference (cooked-
raw) for sensor i, at storage time t hours

ai Coefficient representing the rate of change
(slope) of the measurement difference with
respect to the storage time.

bi: Constant representing the initial measurement
difference.

t: Storage time (hours).

i: Sensor number 1(€[MQ3,MQ4,........ ,TGS813))

Statistical Analyses

All analyses were conducted in triplicate, and the
results are presented as mean values * standard
deviation (S.D). Data were subjected to analysis
of variance (one-way ANOVA).

RESULTS AND DISCUSSION

Although the electronic nose used in the study
was calibrated in clean air, the system was
operated empty for the first half hour in order to
prevent the existing density in the environment
from affecting the total odour level. The empty
sensor data were recorded and averaged in
minutes and then the odour change of the sample
added to the environment was processed. Table 2
shows the empty sensor reading averages.

Table2. Average of the initial (empty) values of the sensors.

MQ3  MQ4 MQ5 MQ9 MQI31  MQI35

The hourly increments of the sensors for raw
anchovy are given in Table 3. All sensors with the
exception of MG811, detected odour changes in
anchovies due to thermal stress. The stability in
odour changes increased steadily from hour zero

MQ136
265 255 80 235 50 33 349

MQI137 | MQI38  MQI39  MG811  TGS813
396 291 351 11 176

to hour 12 for sensors MQ3, MQ4, MQ9 and
MQ136, whereas a decrease was observed only in
the last hour for sensors MQ5, MQ131, MQ135,
MQ137, MQ138, MQ139 and TGS813.
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Table 3. Houtly increments of sensors for raw anchovy.

Hours ~ MQ3x#Sd ~ MQ4x#Sd  MQ5 x*Sd
0 440.02:0 35+1.410H 4+0.08:0
2 22+0.320F 33+0.14F 21+0.04bE
4 46+0.12D 55+1.13¢E 32+0.09<C
6 76+0.094D 128+0.444E 58+1.124C
8 1074085 198+1.85¢F  178+1.78¢E
10 17140.14D  355+1.88F  228+2.77:E
12 188+0.92:0  402+1.98¢ 2044255

Hours

0 -8£0.09:B 52+1.524 52+0.124

2 610.04bB 252+3.24b] 118+1.22bH
4 28+0.08¢<B 361£1.459 305%2.44¢1
6 297£0.54<8 402£0.41d1 45812.684
8 33422348 445%+1.659 405+1.28M™
10 38+1.32¢B 401£0.654H 38010.49<G
12 41+0.228 36212.84<H 354+1.4546

MQ136 xxSd = MQ137 x£Sd = MQ138 x£Sd = MQ139 x*Sd MG811 x£Sd

MQ9 x+Sd  MQI131x*Sd  MQ135 x*S8d
16%0.09:F 1240.22bA 1040.12:E
32+1.05F 2540.18: 1540.91bD
88+0.21<F 17741.44¢H 16940.55:C
1254+1.424E 32543 524D 15241.74%

2554224G 42041326 12242.06D

41843191 | 467+3.44eK 95+0.134C

498+1.92¢L | 405+2.20:K 444118

TGS813 x+Sd
30+0.25:G 140.01:¢ 41+0.04:G
17142.24b1 8+0.014C 48+0.015G
242+0.11<E 5+0.05¢A 17842.23¢H
398+0.55¢H 40,0154 352+1.9506

49242958 40,0200 442+2 48¢1
458+1.647 5+0.08¢< 472+1.626

440+0.42eA 40,0457 351+2.94dF

Different letters (a — g) in the same column and different letters (A — L) in the same row show significant

differences (p < 0.05)

The 12 different sensors used in our study
measured the time variation of volatile organic
compounds from cooked anchovies. The data
were analysed to determine the effect of heat
treatment on the putrefaction process. Reading
data of MQ3, MQ4, MQ5, MQ9, MQ131 and
MQ135 sensors on raw and cooked anchovy is
given in Figure 1. Previous studies (Yavuzer,
2020, 2021, 2023) have shown that the MQ3
sensor is a successful sensor for detecting odour
changes in fish meat. An increase in data was
observed during 0-12 hours of storage, with a
significant peak at 12 hours, indicating the
formation of alcohol during spoilage. The MQ4
and MQS5 sensors are sensitive to combustible
gases such as methane and propane, and the
negative values of MQ4 in particular are
associated with the suppression of methane-type
gases in cooked anchovies. This may also be
attributed to the reduced emission of combustible
gases released as a result of denaturation of
proteins by heat. An increase in the data was
observed during 0-12 hours of storage with a
significant peak at 12 hours, indicating the
formation of alcohol during spoilage. The MQ4
and MQ5 sensors are sensitive to combustible
gases such as methane and propane, and the
negative values of MQ4 in particular are
associated with the suppression of methane-type
gases in cooked anchovies. This can also be

explained by the low level of combustible gases
released as a result of denaturation of proteins by
heat. The cooking process almost completely
stopped methane production, limiting microbial
activity. In other studies on methane detection, it
has been reported that the MQ4 sensor can be
used to monitor anaerobic processes of food
spoilage (Viciano-Tudela et al., 2023; Yavuzer et
al., 2024). The sensitivity of the MQ9 sensor to
gases such as carbon monoxide and methane
showed an increasing trend from the 2nd hour
onwards and peaked at the 10th hour. This
supports the formation of carbon-based gases
during lipid oxidation. The accumulation of gases
such as carbon monoxide and methane during
spoilage in raw fish indicated increased microbial
and enzymatic activities, and cooking significantly
reduced the release of these gases. These findings
are supported by other studies in which the MQ9
sensor for carbon monoxide detection was
associated with food spoilage (Darvishi et al.,
2024). The MQ131 sensor for monitoring
oxidation processes is an effective tool for air
quality analyses (Kumar & Doss, 2023). The
MQ131 sensor also showed a stable increase in
the cooked anchovy data, indicating that oxidative
processes are ongoing. It shows that oxidising
gases accumulate in raw anchovies during
spoilage, but this process is limited in cooked
anchovies.
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Figurel. Reading data of MQ3, MQ4, MQ5, MQ9, MQ131 and MQ135 sensors on raw and cooked
anchovy

MQ135 is a sensor sensitive to ammonia and
similar gases that affect air quality. It has been
reported in the literature that the MQ135 sensor
is effective in detecting ammonia during food
spoilage (Astuti et al., 2021). Reading data of
MQ136, MQ137, MQ138, MQ139, MG811 and
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TGS813 sensors on raw and cooked anchovy is
given in Figure 2. MQ136, MQ137 and MQ138
sensors are sensitive to sulfur compounds,
ammonia and aromatic hydrocarbons, and all
three are elevated at advanced stages of spoilage.
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Figure 2. Reading data of MQ136, MQ137, MQ138, MQ139, MG811 and TGS813 sensors on raw and
cooked anchovy
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MQ139, a sensor sensitive to organic solvents,
reflected the amount of aldehyde and ketone type
compounds in cooked anchovies and showed a
time-dependent increase. The TGS813 sensor
showed high sensitivity to carbon-based gases and
showed increases in cooked anchovies confirming
spoilage.

The data obtained with the combination of these
sensors reveals the thermal degradation process
of proteins, fats and carbohydrates. The
accelerating effect of heat treatment on the
putrefaction process has been similatly reported
in food spoilage analyses in the literature.
(Schneedorferova et al. 2015)

Table 4. Hourly increments of sensors for cooked anchovies.

Hours = MQ3x#+Sd |~ MQ4x#Sd  MQ5x#Sd ~ MQOx*Sd  MQI31x#Sd  MQ135 x#Sd
0 3260£257¢ 28540128 25004093 = 23.75+346°F  12.90£346PE  220+0.22%8
2 5035434196 3854025  12.50£0.0990 388042634  11.65+1.48:C  225+0.16:
4 6420%4331K 03540034 | 7.70+3.63<C  2515+323G  1125+0.53E  2.90+0.13%8
6 49.10+2.83d1 5404049 675124250 1620+2.81°E  11.00+2.850  3.85+0.23bC
8  40.05+1.82G  885+0.77%  -7.8043.01%8 340041214  14.85+0.61D  3.95+0.71bC
10 36.00£3.82°F  -7.80+0.1204 = 74542760 | 637041416 17.60£2.254C  37040.33bB
12 1153042981 23040404 = -7.70+1.91%A  60.70+2.18G  20.40+2.01>  4.30+0.01<C

MQ136 +Sd  MQ137 x#Sd ~ MQ138 x#Sd  MQ139 x*+Sd  MG811 x+Sd = TGS813 x+Sd
0 13040.09:4 65541020  88.00+5321 | 97.50+3.93Y | 6.75+0.08:C  51.55+233H
2 17.70£120%E  2270+1.526F  90.75+2.14Y | 98.10+2.42:K  11.75+0.6C  54.45+0.120H
4 19.0042.12¢"  36.95+0.36H = 106.15+2.84¢-  105.65+3.88%%  10.90+0.1P  58.90+2.28¢
6 204511849 | 4295+1.884H  131.60+3.23¢K 1104043719  21.70+0.12<G  61.50+1.884D
8  2075%1.528 6645251 149,90+242%K 1347542550  22.80+0.229F | 62.10+1.424H
10 22.0040200 83400711  153.45+3.624  151.95+4.35¢  27.30£041E  69.50+2.23¢H
12 232040.11%  89.60+3.55¢  136.70+2.44K  160.55+2.381  27.55+0.16F = 71.30%2.88H

Different letters (a — g) in the same column and different letters (A — L) in the same row show significant

differences (p < 0.05)

The cooking process alters the levels of volatile
organic compounds levels and this change is
detected by different sensors during the storage
period. For example, according to the regression
results for the MQ9 sensor, which we modelled
with the highest accuracy:

A Snqo(t)=—39.56-t+70.28

This equation shows that the cooking-induced
effect of the MQ9 sensor decreases with time,
with an initial difference of 70.28 units. As the
storage time increased (t), the difference was
observed to decrease by 39.56 units per hour.

A regression analysis was performed to estimate
the measurement differences between raw and
cooked anchovies over time and to quantitatively
understand the effect of cooking on odour and to
model the effect of cooking. The aim is to create
a mathematical model to explain the variations in
sensor measurements. Time (Hours) and sensor
measurement differences (cooked vs. raw) were
used as independent variables, while a multiple

regression model was created to see which
sensors provided the strongest effects. For this,
an independent regression model was generated
for each sensor (e.g. MQ3, MQ4, etc.). We started
with a simple linear regression and then moved to
a more complex model. As a first step, the linear
relationship between time and measurement
differences for each sensor was examined and
modelled. The results of the regression analysis
are given in Table 5. The relationship between
time (Hours) and measurement differences
(cooked - raw) was modelled for each sensor:

Among the sensors in the study, the strongest
models (R?>0.85) were MQ9, MQ4, MQ5,
MGS811 and MQ131. Especially MQ9 and MQ4
show significant effects on the change of odour
components after cooking.

Weak Models (R*<0.5): MQ135 and MQ137
failed to explain the measurement differences
over time. Sensors with high R* values such as
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MQ9 and MQ4 would be a more meaningful
indicator to understand the effect of the cooking
process, while these regression models can be

used to predict the change in odour level during
the cooking process.

Table 5. Regression analysis on the effect of heat treatment on putrefaction.
Sensor Coefficient | Intercept | R? Explanation
Value

MQ9 -39.56 70.28 0.94 | Strong negative relationship; the difference decreases
over time.

MQ4 -34.57 32.67 091 | Strong negative relationship; difference decreases
rapidly.

MQ5 -23.46 39.38 0.90 | Negative trend; decline over time is moderate.

MGS811 1.85 2.89 0.88 Slightly positive relationship; difference increases over
time.

MQ131 | -43.57 24.66 0.85 | Strong negative trend; difference decreases significantly.

MQ136 | -2.50 8.91 0.83 | Weak negative trend.

MQ3 -12.78 44.34 0.78 | Negative trend; difference decreases over time.

MQ139 | -30.86 -10.87 0.75 | Moderate negative trend.

TGS813 | -34.81 1.06 0.75 | Strong negative relationship.

MQ138 | -21.69 -43.48 0.52 | Moderate negative trend.

MQ137 | -16.28 -177.49 1 0.39 | Weak relationship.

MQ135 | -3.66 -61.47 0.06 | Very weak relationship.

This study evaluated the effects of heat treatment
of anchovies on putrefaction processes using an
electronic nose system consisting of different gas
sensors. MQ3, MQ4, MQ5, MQY9, MQ131,
MQ135, MQ136, MQ137, MQ138, MG811 and
TGS813 sensors were used to detect and
characterise gas emissions from raw and cooked
samples at different storage times.

The data obtained revealed that the sensor signals
generally increased with increasing storage time in
raw samples, indicating the accumulation of gases
associated with putrefaction. In contrast, sensor
responses in cooked samples remained relatively
stable at lower levels, indicating that heat
treatment suppresses microbial activity and gas
formation. In particular, the sharp increases of
sensors sensitive to sulphur compounds such as
MQ136 and MQ137 in raw samples indicate that
these gases are among the important markers of
putrefaction. On the other hand, MQ138 and
MGS811  sensors offered more effective
monitoring of carbon-based and organic
compounds, which allowed a wider range of
odour profiles to be evaluated.

CONCLUSION

The effect of cooking on the putrefaction process
was evaluated by linear regression models on
sensor data and it was found that odour changes
were more pronounced in raw samples. These
results suggest that heat treatment may affect not
only microbial spoilage but also gaseous
emissions due to lipid oxidation and protein
denaturation. These findings demonstrate that
electronic nose systems can be effectively
employed in food safety and quality control
processes. In conclusion, this study has
demonstrated quantitatively how heat treatment
affects odour formation due to spoilage in
sensitive foods such as anchovies and proved the
potential of electronic nose systems in such
evaluations. In the future, further investigation of
the effects of different cooking methods and
conditions on odour dynamics will enable the
development of more comprehensive modelling
for food freshness and safety.
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Mikotoksinler, halk saghg: tizerinde olusturduklar tehdit ve ekonomilere olan olumsuz etkileri nedeniyle
diinya capinda 6nemli bir sorun olarak kabul edilmektedir. Bu nedenle, gidalarda mikotoksinlerin 6nlenmesi,
kismen azaltlmast veya tamamen ortadan kaldirilmasina yonelik calismalar Snem tasimaktadir. Gidalardaki
mikotoksinleri engellemek icin uygulanan 1sil islem, fermantasyon ve 1sinlama gibi bazi endistriyel ve evsel
islemler incelendiginde, bu islemlerin mikotoksinlerin tamamen uzaklastirlmasinda yetersiz kaldigt
g6zlemlenmistir. Bu sebeple son yillarda mikotoksinlerin kontrol altina alinabilmesi amactyla tamamlayict
stratejiler ve yenilikei yontemlerin gelistirilmesine odaklanilmustir. Mikotoksin detoksifikasyonu icin fiziksel
(sinlama, soguk plazma, yiiksek basing, darbeli elektrik alanlart), kimyasal (amonyak, kitosan, ozon) ve
biyolojik (laktik asit bakterileri, probiyotikler) bircok yontem kullamlmaktadir. Fiziksel ve kimyasal
yontemlerle karsilastrildiginda, biyolojik yontemlerle detoksifikasyon siirecleri, gida triinlerinin besin
degerlerinde daha az kayba neden olduklari i¢in en umut verici yaklagim olarak degerlendirilmektedir.
Anahtar kelimeler: Mikotoksinler, detoksifikasyon, gida giivenligi, halk saglig:

PHYSICAL, CHEMICAL AND BIOLOGICAL METHODS USED IN
DETOXIFICATION OF MICOTOXINS

ABSTRACT

Mycotoxins are recognized as a major problem worldwide due to the threat they pose to public health
and their negative impact on economies. Therefore, efforts to prevent, partially reduce or completely
eliminate mycotoxins in foods are important. When some of the industrial and domestic processes
such as heat treatment, fermentation and irradiation applied to prevent mycotoxins in foods are
examined, it has been observed that these processes are insufficient to completely remove
mycotoxins. Therefore, recent years have focused on the development of complementary strategies
and innovative methods to control mycotoxins. Many physical (irradiation, cold plasma, high
pressure, pulsed electric fields), chemical (ammonia, chitosan, ozone) and biological (lactic acid
bacteria, probiotics) methods are used for mycotoxin detoxification. Compared to physical and
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chemical methods, detoxification processes by biological methods are considered to be the most
promising approach as they cause less loss of nutritional value of food products.
Key words: Mycotoxins, detoxification, food safety, public health

GIRIS

Mikotoksinler, belirli kiifler tarafindan Gretilen ve
kiflerin gelistigi bircok gidada dogal olarak olusan
sekonder toksik bilesiklerdir. Mikotoksinler,
Ozellikle gl¢li  kanserojen madde olmalari,
karacigere zarar vermeleri ve bagisiklik sistemini
baskilamalar1 ile insan ve hayvan sagligi acisindan
ciddi tehlike olusturmaktadirlar. Bu nedenle etkili
gida glivenligi uygulamalar; kiflerin olusumunu
ve kontaminasyonunu 6nlemek, gidalarin uygun
sekilde depolanmasini islenmesini ve izlenmesini
saglamak icin diizenleyici faaliyetler belitlemek
gibi Onlemleri icermektedir (Silva ve digetleri,
2022; Bahari ve digerleri, 2024).

Mikotoksinler; yerfistigi, tahdlar, musir, bugday
gibi bitkisel gidalar ve et, siit, yumurta gibi
hayvansal gidalarda tek basina veya kombinasyon
halinde bulunabilmektedir. Insanlar ve hayvanlar,
mikotoksinlerle kontamine olmus bitkisel ve

hayvansal dranlerin tiketimi yoluyla
mikotoksinlere maruz kalmaktaditlar (Xu ve
digerleri, 2022; Silva ve digerleri, 2022).

Mikotoksinin kiifler tarafindan tretimi belirli
cevresel faktorler tarafindan uyarilmaktadir. Bu
nedenle kontaminasyonun derecesi cografi
konuma, tarimsal yontemlere, depolama ve isleme
doénemlerinde Urtinlerin - kif penetrasyonuna
duyarliligina gbre degismektedir (Adeyeye, 2016).
Insan ve hayvanlarda gida yoluyla mikotoksine
maruz kalindiginda olusabilecek akut, kronik,
mutajenik  ve  teratojenik  toksik  etki
mekanizmalari, bu toksinlerin gidalarda bulunma
dozlart ve sureleri ile iliskilendirilmektedir (Nesic
ve digetleri, 2021; Petrovic ve digerleri, 2023).
Mikotoksinlerin toksisiteleri yalnizca hayvan ve
insan sagligint olumsuz olarak etkilemekle kalmaz,
aynt zamanda buyik cevresel degisikliklere de
neden olur. Toksisitesinin derecesi, maruz kalma
stresi, mikotoksin tlrl, besin degeri gibi cesitli
faktorlere baglt olsa da, zararlt etkileri gz ardi
edilmemelidir (Balwan ve digerleri, 2023).

Kiflerin mikotoksin tretebilmesi icin gerekli
optimum sicaklik 25.5+5.5°C°dir. Mikotoksin
gelisimi daha digik sicakliklarda da (10°C’nin

altinda) meydana gelebilmektedir. Ancak gelisme
siiresi normalden daha uzun ve toksin
konsantrasyonu daha az olmaktadir. Gidada
mikotoksin gelisimi igin optimum su aktivitesinin
(aw) 0.83-0.9 araliginda olmasi gerekmektedir. Kif
gelisimi ve mikotoksin tretimi i¢in yitksek bagil
nem (%70-90) de 6nemli olmaktadir (Janik ve
digerleri, 2020).

Mikotoksinler ¢ok stabildir ve gida isleme
proseslerine  dayanabilmektedir (Awuchi ve
digerleri, 2021). Mikotoksinlerin  gidalarda
olusturdugu saglk risklerini azaltmanin ya da
6nlemenin olasi ti¢ yolu bulunmaktadir. Bunlar;
kontaminasyonun engellenmesi, mikotoksinlerin
tiketicinin sindirim sistemi tarafindan emiliminin
engellenmesi  ve mikotoksinlerin  gidalardan
arindirtlmasidir. Detoksifikasyon yani arindirma
islemi, gidalardaki mikotoksin diizeyini azaltmada
en uygun yoéntem olarak gériilmektedir. Dinya
genelinde mikotoksinlerin genellikle saglik ve
ekonomik yénden ortaya ¢tkardigi problemlerden
dolayt gidalarda mikotoksinlerin engellenmest,
kismen azaltilmasi veya tamamen yok edilmesine
yonelik  calismalar  artmistir  (Muhialdin ~ ve
digerleri, 2020). Bu calisma ile mikotoksinlerin
O6nemi, detoksifikasyon yOntemleri ve bu
yontemlerin - etkinliginin - detayl bir sekilde
karsilastirilmast amaclanmistir.

GIDALARDA KUF VE
MIKOTOKSINLERIN ONEMI
Mikotoksinler, besin kisitlamalart ve asirt karbon
kaynaginin  varligt  nedeniyle kaf  gelisimi
durdugunda iretilen toksinlerdir. Gidalarda
mikotoksinlerin bulunmas tliketiciler icin biyik
bir tehdit olusturmakta ve baslica kiiresel saglik
sorunlarindan birisi olarak kabul edilmektedir.
Bazi gidalarda bulunan mikotoksinler Cizelge 1°de
gosterilmistir (Balwan ve digerleri, 2023).

Gunumizde iklim degisikligi gida glivenligini,
yiksek sicaklik, karbondioksit artist, yagts miktart
ve dagilimi mikotoksin kontaminasyonu ve buna
sebep olan etkilerde artis gibi tim yonleriyle
olumsuz  ectkilemektedir.  Atmosferde sera
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gazlarinin artiyor olmast kiiresel 1sitnmaya sebep
olmakta ve bunun sonucunda hava sicakliginin
yilda 0,03°C artmast beklenmektedir. Sicaklik
artisina  baghh olarak gidalarda mikotoksin
Uretiminin  artacagt  tahmin  edilmektedir.
Ginimiizde dinya ¢apinda tahil ve driinlerinin

yaklasitk %25-50’si mikotoksinlerle kontamine
olup, bu oranin %5-10u tiketilebilir durumda
olmamaktadir. Bunun  sonucunda  6nemli
ekonomik  kayiplar meydana  gelmektedir
(Morshedi ve digerleri, 2023).

Cizelge 1. Gidalar ve Farklt Mikotoksin Kontaminasyonlart (El-Sayed ve digerleri, 2022; Muaz ve
digerleri, 2022; Morshedi ve digerleri, 2023)

Gida Grubu Mikotoksinler

Tahillar Trikotesenler, Aflatoksinler, Fumonisinler, Zearalenonlar, Okratoksin
Baharatlar Okratoksin

Yagli tohumlar Aflatoksinler, Okratoksin

Kuruyemisler Aflatoksinler, Okratoksinler

Meyve ve Sebzeler Patulin, Okratoksinler

Aflatoksinler, Fumonisinler, Zearalenonlar, Okratoksinler

Kahve ve Kakao Okratoksinler

Sut

Yumurta Zearalenonlar, Okratoksinler
Misir Fumonisinler, Zearalenonlar
Peynir Aflatoksin M1

Mikotoksinler, hem insanlar hem de hayvanlar
icin akuttan kronige varincaya kadar cesitli saglik
sorunlarina neden olduklart icin gida glivenligi ile
ilgili en 6nemli endigelerden birisi olarak kabul
edilmektedir. Aflatoksinler, okratoksin (OTA,
OTB, OTC) fumonisinler, deoksinivalenol,
zearalenon, patulin gidalarda bulunabilen ve
insanlarin saghg tzerinde olumsuz etkileri olan
baslica mikotoksinlerdir (Aloui ve digerleri, 2023).
Gidalarda mikotoksin treten en 6nemli kuf
turleri; _Aspergillus, Fusarium ve Penicilliun dur
(Elkenany ve Awad, 2020).

Son aragtirmalara gore, insan ve hayvan sagligt icin
6nemli bir tehdit olusturan 500’den fazla
mikotoksin tanimlanmistir (Saghir ve Bancroft,
2024). Kuresel toksisite seviyelerine gdre, en
yaygin mikotoksin olan aflatoksinler kiiresel
toksik  yikiin  %35%ni  olusturmaktadir.
Aflatoksinler, 6zellikle sicak ve nemli iklimlerde
musir ve fisttk gibi Urtinlerde yaygin olarak
bulunmakta  ve  kanserojen  Ozellikleriyle
bilinmektedir. Aflatoksinlerin ardindan,
okratoksin A ve deoksinivalenol (DON) toplam
mikotoksin yikinin %20’sini olusturmaktadir.
Okratoksin A genellikle tahillarda, kahvede ve

kurutulmus  meyvelerde  bulunmakta  olup
nefrotoksisite olusumu ile iligkilidir. DON ise
tahillarda bulunmakta ve akut gastrointestinal
rahatsizliga  neden  olmaktadir.  Kiresel
mikotoksin kontaminasyonunun %15’ini
olusturan fumonisinler musirda yaygindir ve
yemek borusu kanserinin neden
olmaktadir. Son olarak, kiiresel yitkin %10’ undan
sotumlu olan zearalenon, tahillarda bulunan ve
Ozellikle ciftlik hayvanlarinda hormonal dengeyi
bozan 6&strojenik bir mikotoksindir (Mafe ve
Busselberg 2024). Cizelge 2’de gidalarda bulunan
bazt mikotoksinlerin insanlarda neden oldugu
saglik problemleri ve mikotoksin olusturan
kiflerin tlrleri 6zetlenmistir.

olusuma

MIKOTOKSINLERIN

DETOKSIFIKASYONU

llag, mutajen veya kanserojen gibi zararl
bilesenlerin insan viicudundan ve gidalardan
uzaklastirilmast veya etkisiz hale getirilmesi islemi
detoksifikasyon olarak tanimlanmaktadur.
Gidalarda bulunan mikotoksinler hem insanlar
hem de hayvanlar igin potansiyel olarak
kanserojen, mutajenik, teratojenik, sitotoksik,

norotoksik, nefrotoksik, Ostrojenik ve
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immunosipresan etkilere sahiptir. Gidalarin
mikotoksinlerle kontaminasyonu, insanlar ve
hayvanlar icin kiiresel bir saglik riski ve biytik
ekonomik sorunlar olugturmaktadir. Iyi tarim ve
dretim uygulamalari mikotoksin
kontaminasyonunu Onlemede 6nemli bir etken
olusturmaktadir.  Ancak  bu  uygulamalar

mikotoksin kontaminasyonunu 6nlemede tam
olarak etkili olmadigi icin fiziksel, kimyasal ve
biyolojik yontemler ve farklt yenilikei yaklasimlar
da dahil olmak tzere cesitli detoksifikasyon
yontemleri gelistirilmistir  (Piotrowska, 2021;
Zhao ve digetleri, 2023).

Cizelge 2. Gidalarda Bulunan Baz1 Mikotoksinlerin Insanlarda Olusturdugu Saglik Problemleri (El-
Sayed ve digerleri, 2022; Balwan ve digerleri, 2023; Khan ve digerleri, 2024)

Mikotoksinler Kiif Cinsleri/Thrleri Hastalik Nedeni/Toksik Etkileri
Aflatoksin A. flavus, A. parasiticus, A. nomins A. Kanserojen, Hepatoksitite, DNA yapisinin
pseudotamarii, A. ochraceorosens, A. deZismesi, Bagisiklik sistemlerinin
bombycis baskilanmasi, Bagirsak  kanalinda  ve
bébreklerde  kanama, Fetal gelisimde
anormallikler
Fumonisin F. oxysporum, F. nyagamai, F. Yemek borusu ve karaciger kanserleri,
proliferatum, Norotoksisite, Kalp yetmezIigi
F. verticillioides F. culmorum
Okratoksin A.ochracens, A. niger, A. carbonarius, P. Bobrek yetmezligi ve karaciger hasari,
nordicum, P. viridicatum, P. verrucosum I§tahs1zhk, Mide bulantisi ve kusma
Zearalenon F. cerealis F. graminearum F. equiseti, F.  Bagisiklik sistemi baskilanmasi, Kanserojen
culmorum, F. vertillioides
Trikotesen F.cephalosporinm, — Trichoderma, —F. Kanserojen, Hormonal dengesizlik,
oxcysporum, Stachybotrys, Trichothecium ~ Ostrojenik  etki,  Ureme  sorunlari,
Teratojenik etki, Protein sentezi inhibit6rd,
Anemi, Bagisiklik sistemi baskilanmasi
Patulin P. expansum, P. patulum, P. urticae, P.  Kanserojen, — Mutajenlik,  Teratojenlik,

crustosum, P. Griseofulvum

Sinirsel bozukluklar, Bobreklerde hasar, Cilt
problemleri, Beyin hasari

Fiziksel yontemlerle detoksifikasyon

Fiziksel detoksifikasyon; baska toksik madde
olusturmayan, teknik olarak uygulanabilir olan,
yuksek detoksifikasyon verimliligine sahip, gidaya
ve igerdigi besin maddelerine minimum oranda
zarar veren, kimyasal kullanimini gerektirmeyen,
disiik maliyetli ve ¢evre dostu bir yontemdir.
Fiziksel detoksifikasyon yontemlerinden; 1sil islem
(sicaklik uygulamasit), 1sinlama, soguk plazma
(termal olmayan), yiiksek basing ve darbeli elektrik
alanlari Uzerine yapilan arastirmalar oldukea ilgi
cekmektedir (Wang ve digerleri, 2023). Fiziksel
detoksifikasyon yontemleri, istenmeyen maddeyi
fiziksel yollarla uzaklastirmayr veya onu ana
bilesikten daha az toksisiteye sahip veya zararsiz
bir bilesige donustiirmeyi  hedeflemektedir
(Schrenk ve digetleri, 2024).

Sicaklik uygulamasinda, mikotoksinler genellikle
termal olarak ¢ok kararlidir ve nadiren termal
islemlerle ortamdan uzaklastirilabilitler. Gidalarda
kizartma, kavurma ve ekstriizyon islemlerinde
kullantlan daha yiksek sicakliklar mikotoksin
kontaminasyonunu azaltabilmektedir (Katrlovsky
ve digetleri; 2016). Gidalarda  bulunan
mikotoksinlerin detoksifikasyonunda
kontaminasyonun ilk seviyesi, toksinin ve gidanin
tird, 1sisal islem stresi, gidanin nem igerigi ve
pH’1, sicakhigin  gidaya penetrasyon derecesi
o6nemli olan parametrelerdir (Agriopoulou ve
digerleri, 2020). Bilesiminde yiiksek yag ve protein
iceren gidalar, mikotoksin detoksifikasyonunda
yiksek sicakltk uygulamaya uygun degillerdir
(Afsah-Hejri ve digerleri, 2020). Istsal islemlerle
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mikotoksinlerin azaltilmasi saglanabilmekte ancak
tamamen ortadan kaldirilmasinda tek basina
yeterli olmamaktadir (Ryu ve digetleri, 2008).
Ayrica, 1stsal islemlerin gidalarin  besinsel ve
organoleptik  6zelliklerini yonde
etkilemesinden dolayt gida endustrisi termal
olmayan yontemlere giderek daha fazla ilgi
duymaktadir (Sipos ve digetleri, 2021).

olumsuz

Isinlama, gida kontaminasyonunu gidermek icin
uygulanan termal olmayan fiziksel bir muhafaza
yontemidir. Tyonlastiric radyasyon (gama 1sinlart)
ve iyonlastirict olmayan radyasyon (ultraviyole
151k, glines 15181, mikrodalgalar) olmak tizere ikiye
ayrilmaktadir. Bu radyasyon tirlerinin her ikisinin
de patojen mikroorganizmalar tizerinde 6ldiriicii
ya da saydarini  beli oranda  azalticy,
mikotoksinlerin tiretimini durdurdurucu ve gidada
hali hazirda bulunan mikotoksinleri etkili bir
sckilde pargalayict etkileri bulunmaktadir (Wang
ve digerleri, 2023). Gama  1sinlamanin
detoksifikasyon etkisi gidalarin nem igerigi,
mikotoksin  tirleri,  mikotoksin  baglangic
kontaminasyon orani, gama 1sinlamanin dozu gibi
faktorlere baglhidir (Calado ve digerleri, 2018; Peng
ve digerleri, 2023). Su ve diger bilesenlerin
radyolizi nedeniyle olusan serbest radikallerin
(hidrojen, stuperoksit ve hidroksil iyonu)
reaksiyonu sonucu olusan dolaylt etkiler 1sinlama
ile detoksifikasyona neden olmaktadir (Guo ve
digerleri, 2021; Mir ve digetleri, 2021).

Ultraviyole radyasyon (UV), gida endustrisinde
dekontaminasyon icin yaygin olarak kullanilan
termal olmayan bir teknolojidir (Babaeie ve
digerleri, 2021). Ultraviyole radyasyon, dalga boyu
aralig 100 ile 400 nm arasinda olan bir 1siktir.
Elektromanyetik spektrumdaki dalga boyuna gore
UVA (315-400 nm), UVB (280-315 nm) ve UVC
(200-280 nm) olarak alt boliimlere ayrilmaktadir
(Peng ve digetleri, 2023). Ultraviyole 1sinlama,
fotoliz  yoluyla  kimyasal = kontaminasyon
kaynaklarint parcalamak icin kullanilan etkili bir
fiziksel  teknolojidir. ~ Yapilan  arastirmalar,
mikotoksinlerin detoksifikasyonunda uv
1sinlamasinin etkinliginin 6zellikle UVC formunda
oldugunu agtk¢a gOstermistit  (Alnaemi ve
digerleri, 2025). UV, mikroorganizmalarin hiicre
zarina nufuz ederek DNA zincirlerindeki bitisik

timin ve sitozin bazlart arasinda ¢apraz
baglanmaya neden olabilmektedir. Béylece DNA
replikasyonunu  ve transkripsiyonunu inhibe
ederek, hiicre fonksiyonunu bozmakta ve
apoptotik  hticre baslatmaktadir.
Mikotoksinlerin cogu UV 151811 absorbe ettigi ve
fotokatalitik bozunma reaksiyonlarina girdigi icin
UV  ie detoksifiye edilebilmektedir. UV,
gidalardan mikrobiyal mikotoksin
kontaminasyonunu gidermek icin en yaygin
kullantlan  yontemlerden birisidir (Wang ve
digerleri, 2024). Ultraviyole radyasyon zayif bir
penetrasyona sahip oldugu icin siklikla katt
yizeylere veya seffaf sivilara uygulanmaktadir
(Peng ve digetleri, 2023).

olumiina

ve

Maddenin dérdincii hali olarak kabul edilen
plazma, bircok yikli parcactk (OH-, H,Of,
elektronlar), reaktif bilesikler (reaktif oksijen
tirleri, hidroksil radikal, siiperoksit anyon
hidrojen peroksit ve reaktif nitrojen tiirleri,
peroksinitrit), uyarilmis ve bazik hallerdeki
molekiiller ve UV fotonlari iceren bir tiir iyonize
gazdir. Soguk plazma slrecinde yer alan
mikroorganizmalarin ytkimlanma mekanizmast
hentiz acikliga kavusturulmamustir.  Yapilan
calismalarla mikrobiyal hiicrelerin inaktivasyonu
dogrulanmig, aralarindaki iliskiler ise ayrintili
olarak arastrilmamustir. Biyolojik materyalle
temas ettifinde, oksijenden veya nitrojenden
tiretilen bilesikler, yani O, Oz, Os, OH, NO ve
NO, yiiksek reaktivite ile karakterize edilmektedir
(Niedzwiedz ve digerleri, 2019). Soguk plazma

yontemiyle mikotoksinlerin detoksifiye
edilmesinde spesifik mekanizmalar
mikroorganizmalarda  oldugu  gibi  acikliga
kavusturulamamistir. Mikotoksin bozunmasin

aciklamak icin yalnizca AFB1, ZEN ve patulinin
mekanizmalart bildirilmistir. AFB1'in bozunmast,
terminal furan halkasinin C(8) ve C(9) bagindan
baslamakta ve nihai bozunma trtniini elde etmek
icin cesitli bozunma yollarindan ge¢mektedir.
Soguk plazma uygulamast ile AFB1’in terminal
furan halkasindaki bu cift bagin olmadigi ortaya
konmus, lakton ve terminal furan halka
modifikasyonu toksisite ile iligkilendirilmistir.
Soguk plazma ile patulin molekiliindeki lakton ve
hemiasetal yapilarin  bozulmast ile patulin
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toksisitesinin onemli Olcide
gbzlemlenmistir (Rao ve digetleri, 2023).

azaldig

Yiksek basing uygulama
bozulma etkenletine karst korumak icin
kullanidlan,  termal olmayan muhafaza ve
sterilizasyon teknolojisidir. Bu teknolojide, kati
veya stvi gidalar yiiksek basinca (genellikle 100 ila
1000 MPa araliginda) maruz birakilmaktadir.
Yiksek basing, mikroorganizmalarin, sporlarin,
enzimlerin inaktivasyonuna neden olarak gida
trtinlerinin  raf Omrini, kalitesini, guvenligini
artrmaktadir. Ayrica, yiiksek basing uygulanmast
ile mikotoksinlerin yapilari degistirilmekte olup,
toksisiteleri azaltilabilmektedir (Alizadeh ve
digerleri, 2021). Yiksek basing islemi; basing
seviyesi, basincta gecen stre, islem basincina
ulasma stiresi, adiabatik 1sitma, dekompresyon
stresi, islem sicakligi ve Girtiniin baslangic sicakligi,
gidanin pH’1 bilesimi ve su aktivitesi, paketleme
malzemeleri ve isleme Oncesi, depolama ve
dagitim strasindaki ds faktorlerden
etkilenmektedir (Woldemariam ve Emire, 2019).

teknolojisi, gidayt

Darbeli elektrik alani, giday1 islemek icin yiiksek
voltajlt ve kisa stireli darbeli elektrik alant kullanan
yeni bir gida isleme teknolojisidir. Bu teknoloji ile
mikroorganizmalarin inaktivasyonu,
mikotoksinlerin detoksifikasyonu, gida kalitesinin
tyilestirilmesi ve gidanin raf émrintn uzatilmast
islemleri hedeflenmektedir. Darbeli elektrik alani
teknolojisinde, iki elektrot arasina yerlestirilen bir

urine kisa streler boyunca farkl elektrik alant
gucinde (1-40 kV/cm) elektriksel islemler
uygulanmaktadir. Darbeli elektrik alaninin disiik
sicakliklarda mikroorganizmalart etkisiz hale
getirmek icin etkili bir ydéntem oldugu
bildirilmektedir. Sebzeler, meyve sulari, siit ve sivi
yumurtalar gibi gidalati sterilize etmek icin yaygin
olarak kullanilmaktadir. Darbeli elektrik alaninin
mikotoksinleri parcalamada iki sekilde etki
mekanizmast vardir. Birincisi, elektrik alani
tarafindan dretilen yiksek voltaj ve kisa elektrik
darbelerinin mikotoksin molekiilleri tzerindeki
dogrudan etkisidir. Bunun sonucunda kimyasal
bag kirilmast veya redoks reaksiyonu meydana
gelmektedir. Ikincisi ise elektrik alaninin,
mikotoksinlerin bulundugu htcre veya matris
Uzerindeki  dolayli  etkisidir.  Bu  etki
mikotoksinlerin fiziksel 6zelliklerini veya biyolojik
aktivitesini degistirmekte olup detoksifikasyona
tesvik etmektedir. Darbeli elektrik alani teknolojisi
ile gidalarin  oda  sicakhiginda  veya disik
sicakliklarda islenebilmesi, béylece 1si islemden
kaynaklanan  besin  ve  lezzet  kaybinin
Onlenebilmesi saglanmaktadir. Avantajli yonleri
olsa da darbeli elektrik alant hala laboratuvarlarda
gelisim  asamasindadir.  Yatirnm  ve  isletme
maliyetleri diger yontemlere kiyaslandiginda daha
yuksektir. Asir1 elektrik alan yogunlugu yiksek
voltajl darbe kaynaklarinin omrini
azaltabilmektedir (Pallares ve digetleri, 2020;
Wang ve digerleri, 2024). Fiziksel yontemlerle ilgili
bazi calismalar Cizelge 3’de gosterilmistir.

Cizelge 3. Fiziksel Detoksifikasyon Yéntemlerinin Kullanildigt Bazi Caligmalar

Fiziksel GidaUriinii/ Ozet Referans

Yoéntem Mikotoksin

Darbeli Elma suyu/Patulin Glutatyon (125 mg/ L) ve Fe*2 (10 mg/L) Rodriguez-

Isik ilave edilmis elma suyuna 64 J/cm? enetji Bencomo ve
dozu uygulanmis ve patulinde %74 oraninda  digetleri,
azalma gorulmustir. 2020

Darbeli Uziim suyu ve Meyve  sularinda  ve  smoothielerde Pallares  ve

Elektrik Smoothie/ enniatinler mikotoksin azalmast %43 ila %70 arasinda digerleri,

Alant ve beauverisi degismistir. 30 kV voltaj ve 3 kV/cm’lik bir 2020

alan glct elde
uygulanmistir.

~edilmis, 500 kJ/kg enerji
Islem stresince sicakhik 75

°C'yi agmamustir.
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Soguk Incir/AFB1, AFB2, Soguk plazma islemi 35 kV 30 kHz'de 15 Benzer
Plazma AFG1, AFG2 dakika uygulanmistir. Oneklerde AFB1, Giirel, 2023
AFB2, AFG1, AFG2 miktarlarinda sirastyla
%59.64, %92.24, %35.98 %048.02 azalmayla
toplam aflatoksin miktarinda azalma %62.91
olarak saptanmustir.
Soguk Kuru Uziim/OTA Farkh frekans (1250 ve 2000 Hz) ve stireler ~ Akbulut,
Plazma (2 ve 4 dakika) uygulanmstir. OTA 2023
miktarinda 2000 Hz 2 dakikada %69, 1250 Hz
4 dakikada %36.87 azalma saptanmistr.
Yiksek Yagsiz Sut/ AFM1 Sutteki AFM1, siit renginde herhangi bir Nguyen ve
Voltajl degisiklik olmaksizin 20 dakikada sirastyla digerleri,
Soguk hava ve %05 oksijen iceren gaz kullanilmasi 2022
Plazma ile %065 ve %78.9 oraninda parcalanmigtir.
Gama Sut/AFM1 Pastorize siite her glin 0.39 mGy doz isinlama  Hassanpour
Isinlama uygulanmis ve 4. giiniin sonunda%?51.5, 8. ve digetleri,
gliniin sonunda ise %99 azalmistur. 2019
(MY Yagsiz Sut/ AFM1 254 nm’de c¢alisan bir LED sistemi Nguyen ve
Isinlama kullantlarak ismnlama gerceklestirilmistir. 20  digerleri,
dakikalik islemin sonunda AFM1 %50 2022
oraninda azalmistir.
uv Siit/AFM1, AFB1 365 nm’de c¢alisan bir LED sistemi Kurup ve
Isinlama kullantlarak  1smnlama  gergeklestirilmistir.  digerleri,
AFB1 ve AFM1 konsantrasyonlarint sirastyla 2022
%78.2 (836 mJ/cm?de) ve %065.7 (857 m]/
cm?de) oraninda azaltmistir.
Yiksek Elma suyu/Patulin Elma suyu, farkli patulin konsantrasyonlariyla Avsaroglu ve
Basing (5, 50 ve 100 ppb) yapay olarak kontamine digerleri,
Uygulama edilmistir.  Sonuglar, patulin = seviyelerini 2015

S1

%062.11'e kadar azalttugini gbstermistir.

Kimyasal yontemlerle detoksifikasyon
Kimyasal detoksifikasyon yontemleri, istenmeyen
bir maddenin toksik grubunu yok etmeyi veya
toksin ¢6zunirligini degistirmeyi, kimyasal bir
reaksiyon yoluyla yapisint degistirerek azaltmayt
hedeflemektedir. Ornegin bu yoéntemler OTA
mikotoksininde lakton halkasint veya amid bagint
hidrolize etmektedir. Kimyasal detoksifikasyonda
genellikle amonyak, kitosan, ozon  gibi
uygulamalar kullanilmaktadir (Viviane ve digerleri,
2021; Ding ve digerleri, 2023; Schrenk ve
digerleri, 2024).

Amonyak gibi alkali kimyasallarin gidalarda
kullanimina  Glkemizde ve Avrupa Birligi
tlkelerinde izin verilmemektedir (Akbulut, 2023).
Kitosan, seliilozdan sonra dogada en bol bulunan
ikinci karbonhidrattir. Kitosanin tarimda gida

koruyucu veya yardimct madde olarak kullantm
gin gectikce artmaktadir. Kitosan, kitinin
deasetillenmis  bir formu olup, mantatlar,
bakteriler ve  virGsler gibi ¢ok  cesitli
mikroorganizmalari engelleme yetenegine
sahiptir. Ayrica yapilan c¢alismalarla  limon
esansiyel yagt ile kombine olarak kullaniminin,
fumonisin ve DON izerinde etkili oldugu
bildirilmistir (Viviane ve digerleri, 2021). Bilinen
mikotoksinlerin ¢ogu asitlere direnclidir. Gugla
asitlerle yapilan islemler cesitli olumsuz etkilere
yol acmakta, cesitli yeni bilesiklerin, asitlerin,
alkalilerin, oksitleyici maddelerin, distilfurlerin ve
gazlarin olusumuna sebep olmaktadir (Pleadin ve
digerleri, 2019). Ozon kullanimi son zamanlarda
mikotoksinlerin pargalanmast icin uygulanabilir
bir kimyasal yéntem olarak ortaya ¢citkmistir. Ozon
glcli oksidasyon potansiyeline sahip olup, daha
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fazla serbest radikal olusturabilmektedir. Serbest
radikaller mikotoksinlerde bulunan fonksiyonel
gruplarin yapilarini degistirmekte ve bunlarr diisiik
molekiler agirlikll driinlere doéntstirmektedir.
Boylece mikotoksinlerin toksisitesi azalmaktadir
(Nagda ve Meena, 2024).

Ozon, doymamis ¢ift baglar ve karbon ile yiiksek
reaktiviteye sahip glicli bir oksidan maddedir.
Ozon FDA tarafindan gida endistrileri igin
givenli bir antimikrobiyal madde olarak 2001
yilinda onay almis olan bir kimyasaldir. Ozon
diger kimyasal oksidanlara gbre bol miktarda
bulunmasi, hem gaz halinde hem de stvi formda
uygulanabilmesi, gida ile temastan sonra herhangi
bir kalintt birakmamasi, yerinde tretilebilir olmast
ve tehlikeli bir attk madde olusturmamast
yonleriyle oldukea avantajlidir. Ozon kullaniminin
verimliligi, gidanin tlrlne, ortam sicakligina, pH’a

ve temas siiresine baglhdir. Oksijenin {i¢ atomlu
bir allotropu olan ozon, gida endistrisinde
kullanilan oksidanlardan daha yuksek
oksidasyon/rediiksiyon potansiyeline sahip olan
oldukea reaktif bir gazdir. Ozon gazt olusumu,
atmosferik hava, UV, korona desarji veya
elektroliz gibi yiksek enerjili bir kaynaga maruz
kaldiginda meydana gelmektedir. Ozon gazinin
konsantrasyonu bir UV Olecer ile Sl¢tilmektedir
(Afsah-Hejri ve digerleri, 2020; Conte ve digerleri,
2020; Babaeie ve digetleri, 2021; Alnaemi ve
digerleri, 2025). Yapilan caligmalar siit, kuru
Uztim, bugday unu gibi dUrlnlerde ozonun
mikotoksin detoksifikasyonunda énemli bir etken
oldugunu  goéstermektedir  (Mohammadi  ve
digerleri, 2017; Torlak, 2019; Zhuang ve digetleri,
2020). Kimyasal yontemlerle ilgili bazi ¢alismalar
Cizelge 4’te gosterilmistir.

Cizelge 4. Kimyasal Detoksifikasyon Yéntemlerinin Kullanildigt Bazi Calismalar

Kimyasal
Yontem

GidaUrani/
Mikotoksin

Ozet

Referans

Ozon

Ozon

Ozon

Kitosan
(Manyetik
patrca
uzerine

kapli)

Sut/AFM1

Kuru Uzim/OTA

Bugday unu/DON

Meyve suyu/Patulin

Sute 0.56 pg/kg konsantrasyonda AFM1
cklenmistir. Siit 5 dakika ozonlandiginda
(gaz halindeki ozon 80 mg/dak) AFM1’in
%50 oraninda azaldigr gézlemlenmistir.
Siutin pH ve oksidasyon  degeri,
uygulamalar sonucunda O6nemli Olciide
degismemistir. 3-karoten igerigi ise 6nemli
Olclide azalmustir.

Kuru tzimler, 12.8 mg/I’de strekli bir
gaz halindeki ozon akisina maruz
birakilmistir. Kuru Uziimlerdeki baglangie
OTA  seviyesi, 16.7 pg/kg olarak
belitlenmistir. 120 ve 240 dakikalik ozon
maruziyetinden sonra strastyla %060.2 ve
%82.5 oraninda azalmustir.
Konsantrasyonu 60 mg/L olan ozon
gaztyla 2 saat islenmis bugday ununda
DON bozulmast orant %33.33 olarak
tespit edilmistir. Kalite 6zellikleri islem
sonunda korunmustur.

200 pg/L patulin iceren meyve suyuna 300
ug adsorban eklenmis, 5 saat icinde
maksimum 6,67 mg/g adsorpsiyon
kapasitesiyle patulin adsorpsiyonu icin
kitosanin etkili oldugu gésterilmistir.

Mohammadi ve
digerleri, 2017

Torlak, 2019

Zhuang ve
digerleri, 2020

Luo ve digerleri,
2017
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Biyolojik yontemlerle detoksifikasyon

Mikroorganizmalarin  mikotoksinleri gidermek
icin kullanilmasi fikei 1960’It yillarin baslarinda
ortaya ¢tkmistir. Mikroorganizmalar aflatoksinleri
parcalama yetenekleri acisindan incelenmislerdir
(Piotrowska, 2021). Biyolojik detoksifikasyonlar,
genellikle istenmeyen maddenin metabolizma

yoluyla kimyasal vyapisit degistirmek veya
bakterilerin  hlicre duvart  polisakkaritlerine
baglanip onlart uzaklastirmak icin

mikroorganizma veya enzimlerin kullanildigt
yontemlerdir. Genel olarak, mikroorganizmalar
detoksifikasyonda kullanilacaksa cins, tiir ve sus
adi veya kodu gibi taksonomik bilgilerin
saglanmasi gerekmektedir (Schrenk ve digerleri,
2024). Mikrobiyal detoksifikasyonda,
mikroorganizmalarin  Ureme siireci sirasinda
trettikleri metabolitler ve/veya salgiladiklart
enzimler, mikotoksin Uretimini engelleyerek veya
parcalayarak mikotoksin kirliligini azaltmaktadir.
Mikroorganizmalarin mikotoksinleri
parcalayabilen enzimleri ve suslari belirlenmekte,
daha sonra bu enzimlerin ve suslarin yiiksek
verimli ekspresyonu icin genetik teknoloji
uygulanmakta ve bu enzimler ile suglar izole
edilmektedir. 1zole suslar ve enzimler gidalardaki
mikotoksinlerin  parcalanmasinda  kullamlmak
tzere saflastirlmaktadir. Maya, bakteri ve
mantarlar  dahil  olmak  lzere  bircok
mikroorganizma gida veya yemdeki
mikotoksinleri  parcalayabilmektedir (Xu ve
digerleri, 2022). Detoksifikasyon i¢in kullanilacak
mikroorganizmalarin; kullantminin =~ giivenli
olmasi, patojenik ve toksik olmayan, stabil
metabolitler tiretmesi, mikotoksinleri par¢alamasi,
tekrarlanamayan ~ kompleksler  olusturmasi,
depolama sirasinda aktif olmasi, kabul edilemeyen
duizeylerde bir koku veya tat Giretmemesi, besin
degerini korumast ve dretimi i¢in minimum
gereksinimlere sahip olmast gibi belirli kriterleri
karsilamas1 gerekmektedir (Muhialdin ve digerleri,
2020).

Laktik asit bakterileri ve mayalar, mikotoksinleri
hiicre ylizeylerine baglayarak veya daha az toksik

drinlere  dontsttrerek  azaltabildikleri  icin
detoksifikasyonda en  cok  tercih  edilen
mikroorganizmalardir.  Biyolojik  yéntemlerde

kullanilan mikroorganizmalar, mikotoksinlerin

mikrobiyal bozunumu icin olast bazt yollar

icermektedir.  Fenolik  hidroksil  gruplarinin
modifikasyonu, lakton halkalarinin hidrolizi ve
asetilasyonu,  keton  karbonil  gruplarinin
indirgenmesi,  glukozilasyon,  deaminasyon,
dekarboksilasyon yollartyla  belirli  gidalardaki
mikotoksinler baglanabilmekte,

parcalanabilmekte veya daha az toksik maddelere
donustirilebilmektedir (Daou ve digerleri, 2021;
Xu ve digerleri, 2022).

Laktik asit bakterileri, uygun hiicre duvart yapilar
nedeniyle  mikotoksinleri  fiziksel  olarak
baglayabildikleri icin detoksifikasyonda énemli bir
rol oynamaktadir (Lach ve Kotarska, 2024). Canlt
mikroorganizmalar mikotoksini ya hiicre duvart
bilesenlerine baglamakta ya da aktif 6ziimseme ve
akiimiilasyon ile absorbe etmektedir. Probiyotik
bakterilerin mikotoksinlerin
detoksifikasyonundaki etkisi, hiicre duvarindaki
peptidoglukan ve polisakkarit gibi hidrofobik

kisimlara, aflatoksin benzeri mutajenik ve
kanserojenik  maddelerin  kovalent  olmayan
baglarla baglanmasidir. Daha sonra

detoksifikasyon etkisi ile bu maddelerin ince
bagirsakta birikmesinin engellenmesi ve bakteri-
mikotoksin seklinde viicut disina atilmasidir.
Hiucrelerden sulu ortama 6zgll enzimlerin
salinmastyla toksinlerin metabolik doniistimler
sonucu parcalanmast da diger detoksifikasyon
etkisidir (Omak ve digerleri, 2016).

Mikotoksinlerin mikrobiyal dontsumi,
fiziksel /kimyasal yontemlere kiyasla daha spesifik
ve cevre dostu oldugu icin iyi bir alternatiftir.
Ancak, bazt durumlarda kullanimlart zaman
alicidir ve pratik degildir. Bircok biyolojik yontem
yalnizca laboratuvar ortamlarinda etkili olmustur.
Bu nedenle gidadaki etkinliklerini test etmek icin
daha fazla calismaya ihtiya¢ vardir (Daou ve
digerleri, 2021; Abraham ve digerleri, 2022).
Biyolojik yontemlerle ilgili bazi ¢aligmalar Cizelge
5’te gOsterilmistir.
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Cizelge 5. Biyolojik Detoksifikasyonun Kullanildigi Bazt Calismalar

Biyolojik
Yontem

GidaUriinii/
Mikotoksin

Ozet

Referans

Laktik
bakterileri

asit

Laktik
bakterileri
maya

asit
ve

Laktik
bakterileri

asit

Kefir kiltirinden
elde edilen suslar

Sirke/Patulin

Frescal
peyniri/
AFM1

Badem
ezmesi/AFB1,
AFG1

Siit/OTA,
ZEA

Patulinin analize tabi tutulan aerobik ortamdaki
kif enjekte edilen sirkelerde ham degetleri sirast
ile 7.gtin ve 15.glin icin 2567.55 pg/L ve 4493.13
ng/L olarak bulunmustur. Laktik asit bakterisi
takviyesi yapilan aerobik sirkelerde ise patulin
tespit  edilememistir. ~ Anaerobik  ortamda
muhafaza edilen sirkelerde patulin gelismesine
rastlanmamustir. Laktik asit bakterisi Lenconostoc
mesenteroides  bakterisinin - antifungal  etkisi
kanitlanmig olup mikotoksinlerin
detoksifikasyonun  biyolojik  detoksifikasyon
yontemlerinin kullanilabilecegi kanitlanmigtir.
Minas Frescal peynirinde AFM1'l azaltmak icin
katkt maddesi olarak Lactobacillus  rhammnosus,
Lactobacillus  lactis ~ve Saccharomyces cerevisiae'nin
kullanilmasi, genellikle 28 giin olan peynir raf
Omri tzerinde herhangi bir olumsuz etkiye sahip
olmamustir. AFM1°de 10. giiniin sonunda HPLC
ile yapilan analizlerde %94 azalma gérilmistiir.
Lactobacillus fermentum ve Lactobacillus delbrueckii
subsp. lactis bakterileri kullanilarak AFB1 ve
AFGT1 oranlar tespit edilmistir. Bakterilerin etki
oranlari  strasiyla %50, %58, %58, %70
oranlarinda tespit edilmistir. Sonuglar, L.
delbrueckii - subsp. lactis'in  badem ezmesindeki
AFB1 ve AFG1'in detoksifikasyonu icin pratik ve
etkii bir y6ntem olarak kullanilabilecegi
sonucunu desteklemektedir.

En yiksek OTA baglanma miktarlar1 KFLM3
(%81), KFLY6 (%74) ve KFGY7 (%62)
suslariyla  elde edilmistir. Ayrica, KFLM3,
KFLY1, KFLY3, KFLY5, KFGY1 ve KFLY6
olmak tzere alti susun sitte bulunan ZEA'nin
tamamint (100%) baglayabildigi gézlemlenmistir
(Lactobacillus fefiri KFLM3, Kagachstania servagii
KFGY?7). CGikan sonuglar, kefir titketiminin bu
mikotoksinlerin  gastrointestinal  emilimini
azaltmaya ve dolayisiyla toksik etkilerini de
azaltmaya yardimet olabilecegini
dustindirmektedir.

Cetin, 2024

Gongalves
ve digerleri,

2020

Hashemi ve
Amiri, 2020

Taheur
digetleri,
2017

ve

SONUC

Mikotoksin ~ kontaminasyonu ~ hem  ham
maddelerde hem de islenmis gidalarda bir sorun
oldugundan, tiretim zincirinin farkli agsamalarinda
bunlarin olusumunu en aza indirmeye yonelik

stratejiler biiyiik 6nem tagtmaktadir. Hasat 6ncesi
stratejiler, kif gelisimini engelleyerek mikotoksin
olusumunu 6nlemeye odaklanmakta ve iyi tarim
uygulamalarint  stirdiirmeyi,  direncli
cesitlerini  secmeyi  icermektedir.

uran

Ancak,



Mikotoksinlerin detoksifikasyon yontemleri

mikotoksinler hasat sonrasi kontamine olmussa
azaltilmasi/uzaklastirilmast  genellikle daha zor
olmaktadir. Mitoksinlerin bir kismi endotoksin
olarak misel iginde birikme 6zelligine sahipken,
¢ogu mikotoksin miselden substrata dogru
salgilanmaktadir. Bundan dolayt kif iceren
besinlerden miseller uzaklastirildiginda besinde
mikotoksin tehlikesi ortadan kalkmamaktadur.

Gida zincirinde mikotoksinlerin olusumu, tim
dinyanun karsi karstya oldugu endise verici
kacinilmaz bir sorundur. Mikotoksin olusumunun
azaltlmast icin en iyl yOntemlerin gevre
kosullarnin  yonetilmesi, iyl tarim ve uretim
pratiklerinin uygulanmasit ve uygun muhafaza
kogullarinin saglanmast oldugu goriilmektedir.
Detoksifikasyon islemleri i¢cinse fiziksel, kimyasal

ve  biyolojik  detoksifikasyon  yontemleri
Onerilmistir.
Gidalarda  kullanilan  fiziksel ve kimyasal

detoksifikasyon yontemleri yiksek maliyetin
yatusira gidalarin duyusal Szellikleri ve besin
degerlerinde kayiplara neden olmaktadir. Bu
nedenle gidalarda bulunan mikotoksinlerin
detoksifikasyonunda biyolojik ydntemler 6n plana
ctkmaktadir.  Son  yillarda ise  probiyotik
bakterilerin detoksifikasyon etkisi, kullaniminin
avantajli olmasindan ve diger yontemlere goére
zararh etkileri olmadigindan, ayrica gidalara da
uygulanabilir oldugundan daha cok
calistimaktadir. Bununla beraber cevre dostu ve
etkili yontemlerin giderek daha fazla talep gérmesi
egilimi, arastirmalarin bu yone dogru kaydigini
gostermektedir.

Mikotoksin kontaminasyonunun yaygin olmast

nedeniyle, gelecekteki —stratejiler iretimden
baslayarak gidanin tiketiciye ulagmasina kadar
tim gida zinciti boyunca mantar

kontaminasyonunu ve mikotoksin Uretimini
kontrol etme ihtiyacina odaklanmalidir. Gidada
aynt anda olusan mikotoksinlerin sinetjik toksik
etkileri ve olast maskelenmis mikotoksinlerin
varligr dikkate alinmalidir. Fiziksel, kimyasal ve
biyolojik  dekontaminasyon  yontemlerinin
giivenligi hakkinda daha fazla arastirma yapilmast
gerekmekte ve dekontaminasyonu miimkiin olan

en ust duzeye c¢tkarmak icin entegre bir

dekontaminasyon yaklasimini birlestiren stratejiler
gelistirilmelidir.

CIKAR CATISMASI
Yazarlar herhangi bir c¢tkar catismast beyan
etmemektedir.
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Tum yazarlar makalenin hazirlanmasi, yazimi ve
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ABSTRACT

Jerusalem artichoke, a plant that can be grown in areas with limited irrigable land, contains valuable macro
and micro nutrients. Nowadays, there is an increased demand for gluten-free products. In this study, the
physical, chemical, microbiological, and sensory effects of adding Jerusalem artichoke to gluten-free bread
production were investigated. As a result of the study, it was determined that as the amount of Jerusalem
artichoke powder increased in the gluten-free bread formulation, the specific volume, baking loss, moisture,
and pH of the bread decreased, while the amounts of fiber and ash increased. Additionally, the selenium,
calcium, and magnesium contents in the bread also increased significantly (P <0.05). According to sensory
evaluation results, gluten-free bread with 10% Jerusalem artichoke addition received the highest score in
overall appreciation. The addition of Jerusalem artichoke powder to gluten-free bread dough improved the
crumb and external appearance of the bread and eliminated some quality defects.

Keywords: Gluten-free bread, nutritional value, He/ianthus tuberosus, microbiological quality, sensory analysis

YERELMASI (HELIANTHUS TUBEROSUS) ILAVESININ GLUTENSIZ EKMEK
KALITESI VE BESIN DEGERI UZERINDEKI ETKILERI
oz
Sulanabilir arazilerin kisitlt oldugu yerlerde yetistirilebilen bir bitki olan yer elmast (Jerusalem artichoke),
degerli makro ve mikro besinleri biinyesinde barindirir. Gintimizde glutensiz Grlnlere olan talep
artmustir. Bu ¢alismada Jerusalem artichoke ilavesinin glutensiz ekmek tretimine fiziksel, kimyasal,
mikrobiyolojik  ve duyusal etkileri arastirilmustir.  Calisma  sonucunda glutensiz  ekmek
formilasyonunda Jerusalem artichoke tozu miktar arttikca ekmegin 6zgiil hacminin, pisme kaybinin,
nem ve pH'inin azaldigy, lif ve kil miktatlarinin ise artugt belirlenmistir. Ekmekteki selenyum,
kalsiyum ve magnezyum icerigi de onemli Olciide artmustir (P <0.05). Duyusal degerlendirme
sonugclarina gore, genel begenide en yitksek puant %10 yer elmast ilaveli glutensiz ekmek almistir.
Glutensiz ekmek hamuruna Jerusalem artichoke tozu eklenmesi, ekmegin i¢ yapisini ve dis gérinimuini
iyilestirmis ve bazi kalite kusurlarint ortadan kaldirmistir.
Anahtar kelimeler: Glutensiz ekmek, besin degeri, Helianthus tuberosus, mikrobiyolojik kalite, duyusal
analiz
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INTRODUCTION

Gluten is a type of protein group found in grains
such as barley, wheat, and rye and is one of the
main elements required to produce quality bread.
It is responsible for the dough's -elasticity,
appearance, and extensibility. It has an important
role in the development of the rheological and
baking properties of the dough and the
stabilization of the structure (Gallagher et al.,
2004; Paciulli et al., 2016). Gluten turns the dough
into a hard but flexible structure with watet, and
its adhesive properties make it elastic and give it a
chewy feature, allowing the dough to rise during
baking, creating a soft and crispy texture.

Some people cannot digest gluten and have a
special sensitivity to gluten. The most important
of these disorders is celiac disease and gluten-
related intolerance, which, together with the
intake of gluten-containing foods, develop a
malabsorption syndrome that occurs because of
the deterioration of the natural structure of the
intestines (Karaahmet, 2018). A gluten-free diet is
the most reliable and basic treatment for celiac
patients. In recent years, there has been an
increase in the consumption and demand for
gluten-free products due to the increasing number
of individuals diagnosed with gluten-related
disorders. Some problems still exist in producing
gluten-free bread with the desired nutritional
value and technological features. Unless fortified,
gluten-free products may not contain the same
level of minerals, vitamins, and dietary fiber as
gluten-containing products (Wierdsma et al,
2013).

Studies on the development of functional foods
have increased in the food industry as people
focus more on healthy nutrition and demand
additional benefits from foods beyond nutrition.
Jerusalem artichoke tubers are a valuable
vegetable that 1is suitable for developing
functional food with its content, which is high-
yield; and low-cost compared to traditional
agricultural products, and is highly resistant to
frost, pests, and diseases (Yang et al, 2015).
Jerusalem artichoke, which contains high
amounts of inulin, can be a valuable component
of food products (Murphy, 2001). Jerusalem

artichoke is from the family of Comspositeae (central
flowers). It is an important and valuable food with
macro- and microelements, also known as
"Helianthus tuberosus" in Latin and "Jerusalem
artichoke, sunroot, sunchoke, earth apple, wild
sunflower, and topinambur" in English (Monti et
al., 2005; Tassoni et al., 2010; Ma et al., 2011). It
is a good source of vitamins (C, B, and B-
carotene), minerals (iron, potassium, calcium,
sodium, and selenium), and dietary fiber
(Radovanovic et al, 2014). Its antioxidant,
anticancer,  antidiabetic,  antifungal,  and
antirheumatic activities are known, and it has
gelling ability. The main nutrient of Jerusalem
artichoke tubers is inulin instead of starch (Abou-
Arab et al, 2011). Inulin is widely used in
functional foods wotldwide. Known as
bifidogenic and prebiotic, inulin attracts the
attention of consumers who catre about conscious
and healthy nutrition by supporting healthy
gastrointestinal flora and mineral absorption from
the colon. It is also preferred in the food industry
because of its fat and sugar replacement, viscosity,
and texture-changing properties (Mudannayake et
al., 2022). It can improve the nutritional value of
the final product by increasing the dietary fiber
content, reducing the calorie content, and
increasing the prebiotic capacities. Including
dietary fibers in bakery products is known to
improve product properties such as reducing loaf
duration, increasing firmness, and prolonging
freshness (Elleuch et al., 2011).

Although there are studies investigating the effect
of adding Jerusalem artichoke to some bakery
products (Cetin Babaoglu et al., 2021; Gedrovica
et al,, 2011; Ponomareva et al., 2009; Ozgoren et
al., 2019), there are limited studies on its use in
gluten-free bread production. This study aims to
determine whether the addition of Jerusalem
artichoke powder produced by a simple drying
method to gluten-free bread would increase the
nutritional content, technological and sensory
qualities of the bread, and determine its
microbiological effects.

MATERIALS AND METHODS
The Jerusalem artichoke tubers used in the study
were obtained from the district market in
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Istanbul/Turkiye (in December), and gluten-free
flour mixture (Sinangil Glutensiz Un, Tirkiye),
salt (Billur Sofra Tuzu, Tirkiye), sugar (Dogan
Sofra Sekeri, Tiirkiye), and sunflower oil (Yudum
Aygicek Yagi, Turkiye) were obtained from the
local market in branded and closed packaging.

Production of Jerusalem Artichoke Powder

Fresh Jerusalem artichoke tubers do not have a
long shelf life. To solve this problem and facilitate
its use, it was aimed to turn the tubers into a
smaller volume and lighter powder. For this
purpose, fresh and wundamaged Jerusalem
artichoke tubers were washed with drinking
water, sliced at 0.2 mm thickness with a slicing
machine (Tefal slicer, France), and dried in an
industrial drying oven (Bosch, HBF514BSOT,
Germany) at 60£5°C for 8 hours. The dried slices
were ground into powder with a grinding machine
(Moulinex FP546810, France) for 2 minutes at the
medium setting. The Jerusalem artichoke turned
into powder was passed through a 35-mesh sieve

(Figure 1).

Figure 1. Jerusalem artichoke powder

Production of Bread

The doughs with the contents shown in Table 1
were prepared by adding Jerusalem artichoke
powder at different rates (0%, 5%, 10%, 15%,

20%, and 25%) to the gluten-free flour mixture
and mixing in a professional kneading machine
(Moulinex ~ QA502G, France) at room
temperature for 15 minutes. The gluten-free flour
mixture consisted of cornstarch, rice flour, sugar,
thickeners (pectin, xanthan gum), and raising
agents (sodium bicarbonate, sodium acid
pyrophosphate).  The prepared doughs were
covered with stretch film and left to ferment for
45 minutes in the oven (Nuve, EN300, Ttrkiye)
set at 55°C, and at the end of the fermentation
period, they were divided into 100-gram pieces
and shaped. It was baked in an oven preheated to
200°C (Bosch HBF514BSOT, Germany) for 30
minutes.

Fourier Transform Infrared (ATR-FTIR)
Spectroscopy

The functional units of the gluten-free flour
mixture, Jerusalem artichoke powder, and
Jerusalem artichoke-added bread samples were
identified using FTIR (Skendi et al., 2018). The
sample was placed in the ATR FTIR device with
the pressing method and scanned in the range of
4000—400 cm™. The position of absorption peaks
in the resulting spectrum was used to determine
the presence of specific functional groups. FTIR
spectroscopy spectrum plots were created using
OriginPro 2024  (v10.1)  (Origin  Lab,
Northampton, MA, USA).

Weight loss, volume, and inner and outer
color of bread

After fermentation, the bread dough was weighed
with a scale (And HR-250AZ-4, Japan), and its
weight was determined. After baking, the weight
of these breads was measured again, and the
weight difference was determined as a percentage.
Three repetitions were performed for weight loss,
and the average value was given. To determine the
bread volume, the volume (ml) values were found
based on the seed displacement method. Results
were reported as the average of three
measurements performed on a freshly made loaf
(AACC, 2001). Three replications were made to
determine the bread’s specific volume, and the
results were averaged. A color measuring device
(Hunter colorimeter, AOB 551, USA) was used
for the inner and outer colors of the bread.
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Table 1. Gluten-free bread formulations

Bread JA % Gluten-free Baker's  Salt(g)  Sugar(g) SO** (g) Water (ml)
number flour mixture  yeast (g)
(8)
1 0 200 6 3 3.6 4 110
2 5 190 6 3 3.6 4 100
3 10 180 6 3 3.6 4 92.8
4 15 170 6 3 3.6 4 86
5 20 160 6 3 3.6 4 80
6 25 150 0 3 3.6 4 78

JA: Jerusalem artichoke powder ** SO: Sunflower oil

Textural Features

Texture analysis was performed on the day of
bread production. Samples of 2 pieces of 3x3 cm
were taken from the breads. Measurements of
these samples were made with TA. XT plus C
texture analysis instrument (Stable Microsystems,
Godalming, Surrey, England) with a 1 mm
cylinder probe at 5 mm/s speed, 10 mm
penetrating depth, and 5 g detection force.

Sensory Evaluation

Sensory experiments were performed according
to established ethical guidelines and informed
consent from the participants. Thirty untrained
panelists were selected from Istanbul Aydin
University students and lecturers, and a hedonic
scale of 1 (extremely bad) to 5 (very good) was
used (Altug Onogur and Elmaci, 2011). Sensory
evaluation of breads was performed on the day of
bread production. The panelists were asked to
evaluate the samples regarding pore structure,
texture, crust color, inner color, taste and aroma,
foreign taste and odor, and general appreciation
criteria.

Chemical analysis

Moisture determination was made according to
the method numbered AACC 44-01.01, and
moisture content (%) was determined (AACC,
1999a). The pH measurement was made with the
device pH meter (Hanna 211, Romania). In the
determination of sugar and invert sugar, the Lane-
Eynon method was used, which is based on the
reduction of Cu-II-oxide in the Fehling solution
of invert sugar to water-insoluble Cu-I-oxide in an

alkaline environment and boiling temperature

(AOAC, 1990).

Determination of saturated and unsaturated fatty
acids as a percentage was made according to TGK

2014/53 (TGK, 2014).

Ash determination was made according to the
method numbered AACC 08-01.01 (AACC,
1999b). The ash amount (%) was calculated from
the weight difference (Ozkaya and Kahveci,
1990). The amounts of selenium, potassium,
magnesium, and calcium (mg/kg) in the Jerusalem
artichoke-added breads were determined by the
ICP-MS (Agilent 7700¢) device, according to the
NMKIL-186 (Nordic Committee on Food
Analysis) method (NMKL, 2007). Dietary fiber
analysis was performed according to the AOAC
991.43 method (AOAC, 1995).

Microbiological Analysis

After the bread was taken out of the oven, they
were cooled under aseptic conditions without
contamination, put into sterile oven bags, and
stored at 25°C untl analysis. Microbiological
analyses were made on the 1st, 3rd, 5th, and 7th
days from each group of bread. From the bread
samples, 10 g were weighed, and 90 ml of sterile
sodium chloride solution (0.01% sodium chloride
solution) was transferred after being placed in
sterile bags. Then, homogenization was done with
a stomacher device (Interscience Jumbomix
3500VP, France). 10-fold dilutions were prepared
and inoculated in two parallels on suitable media.
Microbiological — analyses  were  performed
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according to the ISO 4833-1:2013 standard (ISO,
2013) and Unachukwu and Nwakanma (2018).

Statistical Analysis

The data were analyzed by ANOVA using the
SPSS 22 program (SPSS Inc., Chicago, IL, USA).
Duncan's Multiple Range Test (DMRT) was used
to determine the difference between the means
when the difference between samples was
significant (SPSS Inc., Chicago, IL, USA). P <0.05
was accepted as the statistical significance level.

RESULTS AND DISCUSSION

Baking gluten-free bread is different from
traditional bread making. Failure to provide the
viscoelastic properties of gluten is an important
technological problem. Gluten is necessary to
capture the carbon dioxide produced during the
leavening of bread dough; the lack of a protein
network to provide this in gluten-free bread
makes it very difficult to obtain an acceptable
texture (Gallagher et al., 2004). This study aims to
increase the nutritional value of gluten-free bread
with the addition of Jerusalem artichoke, gain a
functional feature, produce gluten-free bread with
improved product quality, and create an
alternative bread formulation. All trials were
performed in triplicate, and all the results are
given as the average of the three trials.

ATR-FTIR Spectrum of the Gluten-Free
Flour Mix

The ATR-FTIR spectrum of the gluten-free flour
mix is shown in Figure 2. When the main
characteristic groups were observed in the FTIR
spectrum of the gluten-free flour mixture, the
band showing the vibrations of intermolecular
and intramolecular hydroxyl (OH) groups by
stretching and bending was detected in the range
of 3650-3000 cm~!. The band attributed to the
vibration caused by the stretching of the bond
(CH) of the starch anhydro-glucose unit is
observed in the range of 3000-2850 cm!
(Anchondo-Trejo et al., 2020). The absorption
bands at 3287 cm!l, 2919 cm-!, and 1642 cm-!
correspond to O-H, C-H, and O-H stretching,
respectively. Furthermore, the absorbance peak at
1412 cm' implied the presence of C-H
symmetrical scissoring of the CH>OH moiety.

1200—800 cm! are the fingerprinting regions of
starch molecules. These characteristic functional
groups in wheat flour and rice flour have been
previously reported by different researchers
(Ashwar et al., 2016; Bhat et al., 2016; Jan et al.,
2022). The sugar region” (950-1200cm~') and
“the anomeric region” (750-950 cm') are
considered important spectral regions for
structural characterization of polysaccharides. In
the region between 400 cm~! and 1250 cm™,
characteristic starch bands are observed. The
band at 929 cm™! is attributed to vibrations in the
skeleton of a-1.4 glycosidic bonds, the band at
860 cm~! to CH and C-H; deformation, and the
band at 762 cm™! to C-C stretching (Anchondo-
Trejo et al., 2020). The absorption spectrum of
995 cm' is typical for most starches. This
absorption band corresponds to the C=0O
extension of the glucose ring (Kacurakova et al.,
2000; Wang et al., 2007; Wilson et al., 1988).

ATR-FTIR Spectrum of Oven-Dried
Jerusalem Artichoke Powder
The ATR-FTIR spectrum of oven-dried

Jerusalem artichoke powder contains general
information about its molecular skeleton and
functional groups. The ATR-FTIR spectra of the
dried powder of Jerusalem artichoke are shown in
Figure 2. When the ATR-FTIR spectrum was
examined, characteristic polysaccharide peaks
were observed. A broad absorption peak for O—
H stretching vibrations is observed at 3298 cm!,
and the absorption peak for C-H stretching
vibrations is observed at 2925 cm!. Afoakwah
(2022) determined these peaks at 3354 cm! for
O-H stretching vibrations and absorption peaks
for C—H stretching vibrations at 2931 cm -1, and
Shao et al. (2021) determined these peaks at 3370
cm-'and 2950 cm 1. C-O and C—C stretching and
C-OH bending vibrations, which express a
characteristic feature of a polysaccharide, were
observed in a wide region of 900—1200 cm!. The
absorption peak near 1024 cm™! is attributed to
the C-OH stretching vibration. Fructans from
Jerusalem artichoke exhibited a band at 1596 cm-
1. This region is associated with the vibration
modes of peptide bonds (amide I and II) (Diaz et
al., 2022). Abou-Arab et al. (2011) determined the
(C=C) functional groups at 3302-3360 cm~! (OH
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stretching) 2931-2932 cm™! (CH stretching), and
1592-1631 cm~!. Differences in the spectrum
may result from different structures. Absorption
bands below 1500 cm! generally correspond to C-
C, C-O-C, and C-OH vibration modes and
glycosidic linkage vibrations and are called the
“fingerprint” region (Smith et al., 1999). This area
provides important information about organic

compounds such as sugars and organic acids
present in the sample; however, it is difficult to
analyze due to its complexity. The presence of
FTIR absorption bands at 1000 and 1140 cm-!
corresponds to stretching vibrations of (C-OH)
side groups and (C-O-C) glycosidic bond
vibrations (Liu et al., 2016).

Gluten free flour
f=——=JA powder
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Figure 2. ATR-FTIR spectra of gluten-free flour and oven-dried powder of Jerusalem artichoke (JA)

ATR-FTIR Spectra of the Bread

The ATR-FTIR spectra of the breads are shown
in Figure 3. Visual examination of the FTIR
spectra of all bread samples revealed that blending
Jerusalem artichoke and flour in different
proportions reflected similar absorption bands
and did not cause any significant changes in the
functional groups studied. The broad main
absorption peak around 3000-3600 cm~! indicates
the stretching vibrations of intermolecular or
intramolecular O-H bonds. The narrow, sharp,
but small peaks centered at 2930 and 2856 cm-!
are largely contributed to by symmetric stretching

vibrations of the C—H bonds of -CH,/—CH3 alkyl
groups. The narrow peak centered at 1744 cm
corresponds to the presence of C=0O stretching
vibrations. In terms of protein structure analysis,
FTIR spectra between 1500 and 1800 cm!
provide important information. The “sugar
region” (950-1200cm-') and the ‘“anomeric
region” (750-950 cm-1) are considered important
spectral regions for the structural characterization
of polysaccharides (Skendi et al, 2018). The
between 1200 and 800 cm™ are
characteristic of the backbone vibrations of CO,
CN, and CC bonds, which are assigned to the

waves
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presence of polysaccharides in bread flour (Sivam
et al., 2013). Starch is the main constituent of the
examined flours and has a fundamental role in
dough production; the intense peak at 1012 cm™!
is attributed to C-O stretching and CHa bending
vibrations of ~-CH>OH units (Kacurakova et al.,
2000; Wang et al., 2007; Wilson et al., 1988). A

less intense peak at 1079 cm~! was also noticed in
all samples, which was attributed to C-O-H
bending vibrations of glycosidic linkages.
Similarly, another peak at 1145 cm? was
associated with C-H stretching of starch
(Mathlouthi et al., 1987).
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Figure 3. ATR-FTIR spectra of the bread samples incorporated with 0-25% Jerusalem artichoke (JA).

Weight Loss and Specific Volume of the
Bread

According to the data obtained in this study, the
highest weight loss occurred in bread with 5%
Jerusalem artichoke, and this was determined as
the closest value to bread produced as a control
(0% Jerusalem artichoke). The lowest weight loss
was observed in bread containing 20% and 25%
Jerusalem artichoke. As a result of the analysis, the
specific volume of the control bread (0%)
obtained from the gluten-free mixture was higher
than that of the other samples, and the specific

volume decreased as the Jerusalem artichoke
powder content increased. Weight loss and
specific volume results of bread samples and
statistical evaluation results are given in Table 2.

In our study, the specific volume of bread without
Jetusalem artichoke was 1.85 g/ml. In
comparison, the specific volume of breads
prepared by Yilmaz and Dogan (2015) from 8
different gluten-free flour mixtures obtained from
the market was 2.08-2.89 g/ml. The specific
volume of our Jerusalem artichoke-added gluten-
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free bread was 1.51-1.25 g/ml. It is thought that
the reason for the different results obtained from
the research of Yilmaz and Dogan (2015) is the
use of different flour mixtures. In the gluten-free
breads produced in our study, a decrease was
observed in the specific volume of the breads as
the Jerusalem artichoke powder increased. In the
study of Cetin Babaoglu et al. (2021), including
20% Jerusalem artichoke powder in sourdough
wheat bread significantly decreased the specific
volume of sourdough bread. In the gluten-free
breads with taro plant (Colocasia esculenta) prepared
by Pehlivan (2016), the specific volume of the

bread decreased as the taro content increased.
These results are consistent with the results of our
study. There are also studies with different results.
Praznik et al. (2002) determined an increase in
bread volume, while Hager et al. (2011) did not
find a significant change in volume by adding
inulin.  Peressini and Sensidoni (2009) reported
that adding inulin causes a decrease or increase in
the specific volume, depending on the type of
flour. Ermosh et al. (2020) determined an increase
in the specific volume of bread produced by
adding Jerusalem artichoke powder to a mixture
of wheat and rye flour.

Table 2. Weight loss and specific volume result graph of the bread samples

JA (%) n Weight loss (%0)* Specific volume (ml/g)*
0 3 13.50£0.674 1.85%0.01¢
5 3 12.00 £0.37¢ 1.51£0.014
10 3 11.30 £0.09be 1.42%0.01¢
15 3 11.00 £0.34b 1.30£0.06P
20 3 9.00 £0.152 1.25%0.022
25 3 9.20 £0.032 1.26%0.062

JA: Jerusalem artichoke powder. * Means within the same column with different superscript letters indicate a
significant difference using the DMRT test (P <0.05). Each represented meantstandard error of three samples

(n).

In our study, the weight loss of breads without
Jerusalem artichoke was 13.5%, while the specific
volume of breads prepared by Yilmaz and Dogan
(2015) from 8 different gluten-free flour mixtures
obtained from the market was 17.92-20.97%.
Weight loss was 9.20-12.00% in our Jerusalem
artichoke-added gluten-free breads. In this study,
weight loss decreased as the Jerusalem artichoke
content increased, which may be related to the
water-holding capacity of the Jerusalem artichoke.
The high inulin and fiber content of the Jerusalem
artichoke may increase the water-holding capacity
as the hydroxyl groups form more hydrogen
bonds with water (Shoaib Shehzad et al., 2016).
According to another study, inulin can form a
protective layer around starch granules, which
may limit swelling and amylose release (Vazquez-
Gutiérrez et al., 2017).

Bread Color Parameters
According to the data obtained in our study, it was
observed that as the Jerusalem artichoke powder

content increased, it affected both the inner and
crust color values of the breads (Figure 4, Table
3).

When the breads with Jerusalem artichoke
addition were compared, a significant difference
was found in the L, a, and b values of the crust
and inner color of the bread (P <0.05). In general,
it was determined that the color quality defects
disappeared when the bread containing the
Jerusalem artichoke was compared to the control
bread (0%) (Figure 4). This makes the crust color
more pleasing than gluten-free bread without
added Jerusalem artichokes. The color of the
bread crust, an important critetion for consumers'
bread preference, is influenced by many factors,
such as the type of flour used, the quality and
quantity of ingredients, and the cooking
temperature and duration (Salinas and Puppo,
2015). This color is related to enzymatic and non-
enzymatic browning reactions (Maillard reaction)
and is an important parameter in bread quality.
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This study, along with an increased Jerusalem
artichoke content, showed a decrease in the L*
and b* values and an increase in the a* value of
the crust and outer color. Since the baking time
and temperature are the same in all manufactured
formulations, we can conclude that the change in
formulation caused a noticeable change in the
color of the bread with added Jerusalem artichoke
compared to the control bread (without Jerusalem
artichoke). The results showed that jaundice and
whiteness decreased, and redness increased in the

bread crust. In the study by Vega et al. (2024),
Jerusalem artichoke caused the dough and baked
product to become darker. It has been reported
that the high presence of inulin supports the
Maillard reaction, which is responsible for non-
enzymatic browning (Turksoy and Ozkaya, 2000).
In the study of Ermosh et al. (2020), wheat bread
containing Jerusalem artichoke powder was
determined to have a brown crust. It is consistent
with the results of this study.

Figure 4. Cross-section photograph of bread with and without Jerusalem artichoke (A: 0% (control
bread), B: 5 %, C: 10%, D: 15%, E: 20% and F: 25% JA).
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Table 3. The color values of bread

crust color

crumb color

JA% n  L* a* b L a* b

0 3 86.65T026f 3.01+0.120  13.46X0.17¢ 79.95£0.037 0.1+0.01:  33.38%0.28f
5 3 71724097 5374018  13.0940.01c  58.19+0.06c  7.67+0.06> 26.26%0.07¢
10 3 623140650 813+0.20c  1276+0.04c  48.6340.23¢  9.62+0.06¢ 2440.044
15 3 54.65%1.78  9.55+0.060  12.01+0.01> 44274004  9.69%0.06¢ 21.39+0.04c
20 3 49.13+028> 10.17£0.02 11.37£0.12:  43.85+.0.01> 9.72+0.03¢ 20.08+0.08b
25 3 46.18+0.11:  11.65%027° 11214007 42.66+0.03 9.36+0.85 19.64%0.05

JA: Jerusalem artichoke powder. * Means within the same column with different superscript letters indicate a
significant difference using the DMRT test (P <0.05). Each represented mean + standard error of three samples
(n). L* —Lightness coordinate (L*=0 indicates black and L*=100 is white). a* is the red/green coordinate, +a*
indicates red, —a* indicates gteen. b* is the yellow/blue coordinate and +b* indicates yellow and -b* indicates

blue.

While a fresh Jerusalem artichoke tuber contains
between 7% and 30% inulin, about 50% of the
dry weight of the tuber is inulin (Kays and
Nottingham, 2007). In the study of Salinas and
Puppo (2015), the brightness (L*) decreased, and
the a* and b* values increased during the
production of inulin-fortified wheat bread. In
their study, Frutos et al. (2008) mentioned that an
increase in artichoke fiber increases the bread
crust color. Hager et al. (2011) investigated the
effect of adding inulin to wheat flour on the color
of the bread crust and found that inulin darkened
the bread crust and explained this by the fact that
inulin leads to a stronger Maillard reaction.
Peressini and Sensidoni (2009) observed that
crust browning increases with fiber increase.
Poinot et al. (2010) determined that adding inulin
to white bread accelerates the formation of bread
crust and the Maillard reaction and observed an
increase in bread crust color (higher a* and b*
values) with an increase in the amount of inulin.

The analysis of the inner color of the Jerusalem
artichoke-added gluten-free bread showed that
the redness increased as the content increased, the
L* and b* values decreased, and the structure
reached a more lively and normal bread
appearance. Radovanovic et al. (2017) determined
that bread enriched with 25% Jerusalem artichoke
was well-baked, well-shaped, and dark brown
inside, which was consistent with the results of
this study.

Texture of Bread

In this study, Jerusalem artichoke powder added
to gluten-free breads increased the hardness value
of the bread. Hardness in bread is usually
expressed by a decrease in the softness of the
bread core (Gallagher et al., 2004). The results of
the textural properties of the bread produced are
shown in Figures 5-6 and Table 4. Cetin Babaoglu
et al. (2021) determined that adding Jerusalem
artichoke powder to the formula in sourdough
breads significantly increased the hardness value
(P <0.05). Rubel et al. (2014) determined that
enrichment with Jerusalem artichoke powder
increased the hardness value of bread. According
to the results of this study, in gluten-free breads,
the chewiness level decreased with increasing
Jerusalem artichoke content. Cetin Babaoglu et al.
(2021)  determined that adding Jerusalem
artichoke powder to the formula increased the
chewiness value of sourdough breads. Wheat
flour containing gluten was used in this study.
Barisik and Tavman (2018) showed a positive
effect as the chewiness and content increased in
gluten-free bread made with chickpea and rice
flour.
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Figure 5. Textural properties of bread samples (hardness, gumminess, chewiness).
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Figure 6. Textural properties of bread samples (springiness, cohesiveness, resilience).
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Table 4. Textural properties of bread samples

JA Hardness Springiness  Cohesiveness ~ Gumminess Chewiness Resilience
powder © (myj) © (myj) (mm)

(7o)

0 11.94£0.01=  1.46x0.01¢f 0.835%0.01¢ 9.921+0.01¢ 14.45+0.01¢  0.54%0.01¢

5 14.151£0.04>  0.87£0.01¢ 0.71£0.01b 19.25+£0.01f  15.9940.01f  0.40%0.01P
10 15.32£0.08<  0.84%0.014 0.72£0.01¢ 13.69£0.01¢  11.49%£0.01¢  0.43%0.01¢
15 17.44£0.044  0.82%0.01¢ 0.75£0.014 12.98+£0.01¢  10.50£0.01¢  0.46%0.014
20 20.92+0.03¢  0.69£0.01b 0.62£0.012 8.051£0.01>  5.81x0.01>  0.32%+0.01a
25 21.17%£ 0.01f  0.67 £0.062 0.62£0.01a 7.821+0.01a 5.65+0.01a 0.32+0.0 2

JA: Jerusalem artichoke powder. * Means within the same column with different superscript letters indicate a
significant difference using the DMRT test (P <0.05). Each represented meantstandard error of three samples

().

In this study, increasing Jerusalem artichoke
content showed a lowering effect on gumminess.
Likewise, the flexibility and elasticity of bread
decreased as the Jerusalem artichoke content
increased. Wahyono et al. (2016) reported that
adding inulin to the bread formula increased the
hardness and chewiness values, and the flexibility
and stickiness values decreased. In the study
conducted by Paciulli et al. (20106), gluten-free
bread was produced by adding 10% and 20%
chestnut flour to two different commertcial
gluten-free flour mixtures. The elasticity values of
the breads were 0.40-0.45, respectively. As the
percentage of Jerusalem artichoke increased,

cohesive adhesiveness increased to 15% and
decreased after 20%. In a study by Erdemir
(2015), the cohesive stickiness of wheat bread was
0.77, and this value was the closest (0.74) to
gluten-free bread with a 15% Jerusalem artichoke
content.

Chemical Analysis Results

Microbiological and chemical analysis results of
Jerusalem artichoke and gluten-free flour used in
bread production are given in Table 5. The
chemical analysis results of the bread are shown
in Table 6.

Table 5. Microbiological analysis and chemical analysis results of Jerusalem artichoke and gluten-free
flour mix used in bread production

Sample Ash pH Moisture Total Total Mold and
(%) Bacteria Yeast (log10)
(logo)
JA powder 8.1701£0.363  4.90+0.001  4.00+£0.34  2.27£0.001 <1
Gluten-free flour 1.080£0.21  4.98+0.002 11.83%£0.12  1.69+£0.001 <1

Table 6. Moisture, pH, and ash analysis results of gluten-free bread with Jerusalem artichoke powder (P

<0.05)
JA (%) Moisture % pH Ash %
0 28.6310.005¢ 5.872£0.001¢ 1.998£0.001»
5 27.4910.006¢ 5.713£0.0014 2.093%0.001>
10 27.4910.0084 5.654£0.001¢ 2.309%0.001¢
15 26.57%10.003¢ 5.613£0.001" 2.403£0.001¢
20 24.9910.008> 5.574£0.001> 2.51240.001¢
25 23.98%0.38¢ 5.574£0.001» 2.751%0.650f

JA: Jerusalem artichoke powder. * Means within the same column with different superscript letters indicate a
significant difference using the DMRT test (P <0.05). Each represented meantstandard error of three samples

(n).
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In human health, dietary fibers have positive
properties, such as regulating blood sugar,
lowering cholesterol levels, and protecting against
intestinal cancer and cardiovascular diseases
(Kandirali, 2014). In our study, the amount of
dietary fiber, 1.90% in the control bread without
Jerusalem artichoke, increased to 2.19% in the
gluten-free bread with 25% Jerusalem artichoke
powder added (Table 7). It has been reported that
adding Jerusalem artichoke powder significantly
increased  the amount of  non-starch
polysaccharides in pastry products (cakes, butter
biscuits, and honey biscuits), thereby increasing
their fiber content, making these products
healthier food (Gedrovica et al, 2011).
Ponomareva et al. (2009) determined that adding

15% topinambur to rye and wheat bread
improves the quality indicators of the finished
product, increasing the dietary fiber in it by 0-
25%. According to the research of Ozgoren et al.
(2019), increasing the content of topinambur
powder from 10% to 30% significantly increased
the dietary fiber. Karklina et al. (2012), in their
study investigating the nutritional value of biscuits
by adding different amounts of dried Jerusalem
artichoke powder, determined that adding up to
20% of Jerusalem artichoke powder instead of
wheat flour increased the dietary fiber to 3.36
g/100 g. Cetin Babaoglu et al. (2021) determined
that the total dietary fiber content increased from
2.62 to 5.30/100 g by including 20% Jerusalem
artichoke powder in sourdough wheat bread.

Table 7. Some nutritional values of bread samples

J(é:; Total Sugar  Dietary Fiber Energy S FA Unsaturated Fatty Acids
(%o) (%) (kcal/100 g) (%) MFESA (%) PEFSA (%)
NDa 1.90£0.0052  276.5 £0.006*  7.49%0.003¢ 38.05£0.003¢  54.46£0.0052
5  4.25%£0.008>  1.96X0.001> 2859 £0.012f 7.48+0.003¢ 38.03%£0.003¢ 54.49%0.003>
10 5.92%0.006¢  1.98£0.005¢  277.1 3+0.003> 7.44£0.003¢ 38.01£0.003¢  54.55%0.003¢
15 11.4%0.0064  2.06+0.0114  281.4%0.023¢  6.55£0.006¢ 37.75+0.006¢  55.70%0.0064
20 15.18%0.006¢  2.11%+0.005¢  280.2 £0.005¢  6.53%£0.03> 36.95+£0.003> 56.921+0.003¢
25 16.74%£0.015F  2.19£0.005f  279.1 £0.006c  6.32+0.003* 36.82%£0.003* 56.9610.0003f

In our study, while the ash rate was 1.998% in
gluten-free breads that did not contain Jerusalem
artichoke powder, it was 2.093-2.751% in those
containing  Jerusalem  artichoke  powder.
According to the study of Ozgoren et al. (2019),
increasing the cracker content of topinambur
powder from 10% to 30% increased the ash
content from 1.09% to 2.06%. These values are
close to the results of our research. This study
determined that the amounts of selenium,
calcium, magnesium, and potassium increased
significantly in gluten-free breads with Jerusalem
artichoke added. Therefore, the nutritional value
of Jerusalem artichoke increased the nutritional
value of gluten-free breads. This is due to the high
amount of these components in the Jerusalem
artichoke tuber. Another study determined that
the mineral (magnesium, calcium, phosphorus,
and iron) content and fiber content of cookies in
which 2.5, 5, 7.5, and 10% dried Jerusalem

artichoke tuber flour was used instead of wheat
flour increased significantly (Solayman et al.,
2023).

Our study determined that the energy value of the
Jerusalem artichoke-added gluten-free bread was
286-279 kcal/100 g (Table 7). The values of
saturated and monounsaturated fatty acids
decreased, and polyunsaturated fatty acids
increased. Radovanovic et al. (2014), in their study
using 75% wheat flour (containing gluten) and
25% Jerusalem artichoke powder, determined
that the bread enriched with Jerusalem artichoke
had optimal nutritional and caloric value, a low
glycemic index, and low glycemic load values.
Radovanovic et al. (2014) determined the caloric
value of wheat bread enriched with Jerusalem
artichoke powder content as 226 kcal/100 g.
When these results are compared, the caloric
value is slightly higher than that of the 25%
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Jerusalem artichoke-added breads in Radovanovic
et al.’s study (2014). This is thought to be due to

microcomponent analysis results of bread

samples are shown in Table 8.

the use of gluten-free flour. Some
Table 8. Some microcomponent analysis results of the bread samples
JA (%) Selenium (mg/kg)  Calcium (mg/kg) Magnesium Potassium (mg/kg)
(mg/kg)

0 0.017£0.003¢ 452.618%0.0127 113.899£0.0252 778.220+0.005¢
5 0.018£0.0032> 454.748£0.008> 138.237£0.008b 1.734.313%+0.008b
10 0.019£0.003> 482.696£0.015¢ 167.928£0.024cd 3.009.609£0.011¢
15 0.021£0.005¢ 538.50810.0494 237.045£0.0054 5.292.842+0.003¢
20 0.021£0.006¢ 539.707£0.001¢ 237.768£0.005¢ 5.298.903£0.008¢
25 0.024£0.0054 614.013%0.001F 280.760£0.008f 0.926.842+0.015F

JA: Jerusalem artichoke powder. Each value represented the mean®SD of three samples (n = 3). Means within
the same column with different superscript letters indicate a significant difference using the DMRT test (P

<0.05).

Sensory Evaluation

Gluten-free products generally have poorer
sensory quality than gluten-containing baked
goods (Gallagher et al., 2014). In this study,
according to the sensory evaluation results
obtained from the panelists, gluten-free bread
with 10% Jerusalem artichoke added got the
highest score in general appreciation. Cetin
Babaoglu et al. (2021) found that adding up to
10% of Jerusalem artichoke powder was
acceptable in their study. Like this study, adding
more than 10% of Jerusalem artichoke powder
resulted in extremely low scores on the sensory
evaluation. Wahyono et al. (2016) suggested that
Jerusalem artichoke powder above 5% should not
be added to breads.

Microbiological Analysis Results
The content of Jerusalem artichoke in gluten-free
breads and the effects of 9 days of storage at room

temperature in sterile closed packaging on pH,
moisture, total aerobic mesophilic bacteria, and
total mold yeast are shown in Tables 9 and 10. In
this study, significant results were obtained
between the addition of Jerusalem artichoke
powder to breads and the results of
microbiological analysis (P <0.05). The reason for
the significant relationship between the results of
microbiological analysis and the Jerusalem
artichoke content and storage in bread was
thought to be related to these many different
factors. Changes in pH and moisture values
should be evaluated because of their preventive
effects on the development of microbiological
activities (Pala, 2012). Microbiological analyses
are important because of their effect on the shelf
life of gluten-free products. Shelf life is related to
many factors, such as microbiological load and
humidity.

Table 9. The relationship between Jerusalem artichoke content and pH, moisture, total acrobic
mesophilic bacteria, and total mold yeast in gluten-free breads

Microorganism  JA% 95% Confidence Interval ~ Minimum*  Maximum*

N Mean®Std. Tower Upper
Error* Bound Bound

Moisture 0 15 27.33%0.184 0.70 0.18 26.94 27.72

5 15 27.07+0.194 0.73 0.19 26.66 27.4

10 15 26.73%0.264 1.01 0.26 26.16 27.29

15 15 24.2810.43¢ 1.67 0.43 23.36 25.21

20 15 22.20+0.37° 1.45 0.37 21.4 23.01

25 15 20.33+0.522 2.012 0.52 19.22 21.44
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pH 0 15 5.76£0.024 0.07 0.02 5.72 5.79
5 15 5.68+0.01¢ 0.028 0.01 5.67 5.7
10 15 5.561+0.01b 0.047 0.01 5.53 5.59
15 15 5.57£0.01b 0.03 0.01 5.55 5.59
20 15 5.54£0.01b 0.03 0.01 5.53 5.56
25 15 5.4+50.042 0.18 0.05 5.35 5.55
Total mold and 0 15 13.73+1.86¢ 9.74 17.72 5 24
yeast 5 15 10.8+2.53¢ 5.36 16.23 1 29
10 15 6.73£0.95b 4.68 8.77 3 14
15 15 4.5310.41b 3.04 5.41 1 6
20 15 0.4£0.132 0.11 0.68 0 1
25 15 6.131£1.133> 3.70 8.56 2 15
Total  aerobic 0 15 15.6+0.884 13.69 17.50 9 20
mesophilic 5 15 711.146b¢ 4.54 9.45 0 14
bacteria 10 15 5.461+0.77° 3.80 7.12 1 9
(TAMB) 15 15 9+1.29¢ 6.21 11.78 4 19
20 15 2+0.48 0.95 3.04 0 6
25 15 7.6610.53bc 6.52 8.80 3 10

*Values indicate the arithmetic mean of colony numbers. N: Sample numbers. Means within the same column with different
superscript letters indicate a significant difference using the DMRT test (P <0.05) for each parameter.

Table 10. The relationship between the storage of gluten-free bread samples and the moisture, pH,
total mold and yeast, and total aerobic mesophilic bacteria

95% Confidence Interval

Storage for Mean - .
day N Mean*Std. Minimu Maximu
Error Lower Upper Boun d m m
Bound
Moisture (%) 1 18 26.52+0.385P 25.70 27.33 23.95 28.66
3 18 25.14+0.74% 23.57 26.72 20.19 28.19
5 18 24.4440.70 22.96 25.92 19.9 27.2
7 18 23.76+0.68 2232 25.20 19.31 27.09
9 18 23.41+0.73 21.85 24.96 18.18 26.8
pH 1 18 5.66+0.025P 5.60 5.71 5.56 5.88
3 18 5.6240.0212b 5.58 5.67 5.52 5.79
5 18 5.59+0.0224b 5.54 5.63 55 5.74
7 18 5.5540.038¢ 5.47 5.63 5 5.74
9 18 5.5340.035¢ 5.46 5.61 5 5.68
Total mold and 1 18 5.66+1.874b 1.70 9.62 0 24
yeast* 3 18 5.94+1.017 3.79 8.09 0 15
5 18 4.4440.472 3.43 5.45 0 7
7 18 10.27+2.31b 5.38 15.16 0 29
9 18 8.94+1.50a 577 12.11 0 19
Total  aerobic 1 18 4.8340.842 3.05 6.61 0 11
mesophilic 3 18 8.5+0.99 6.40 10.59 3 16
bacteria* 5 18 10+1.49b 6.84 13.15 1 19
7 18 8.5556+1.23® 5.95 11.15 0 19
9 18 7.0556+1.41 4.05 10.05 0 20

*Values indicate the arithmetic mean of colony numbers. N:Sample numbers. Means within the same column with different
superscript letters indicate a significant difference using the DMRT test (P <0.05) for each parameter.
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CONCLUSION

Enriching the nutritional values and increasing
the functionality of gluten-free breads, which
have an important place in the diet for many
patients, such as those with celiac disease and
gluten intolerance, is among the important issues.
The addition of Jerusalem artichoke reflected
significant impacts on the product. As a result of
the study, it was found that with the increase in
the amount of Jerusalem artichoke powder in the
gluten-free bread formulation, the specific
volume and baking loss, moisture, and pH of the
bread decreased, while the amounts of fiber, ash,
selenium, calcium, magnesium, and potassium,
which are macro- and micronutrients of the
bread, increased (P <0.05). In gluten-free breads
that do not contain Jerusalem artichoke, this value
is not high. Saturated fatty acids and
monounsaturated fatty acids values decreased,
and polyunsaturated fatty acids increased. When
the effect of the decrease in the moisture content
of bread containing Jerusalem artichoke is
evaluated, such an effect is important because it
reduces the risk of spoilage in bread.

As a result of the high dietary fiber properties of
Jerusalem artichoke, it has become important to
make evaluations based on this situation. The
effects of dietary fiber on human health include
regulating blood sugar, lowering cholesterol
levels, and protecting against bowel cancer and
cardiovascular diseases.

It was determined that with the addition of
Jerusalem artichoke, L* and b* values of the inner
and outer color of gluten-free bread decreased, a*
values increased, and flexibility, cohesive
chewiness, and elasticity decreased (P <0.05). In
this way, the external and internal color and
textural properties of the bread have become
more vibrant and have a normal bread
appearance. Adding Jerusalem artichoke powder
improved the internal and external appearance of
gluten-free bread and caused some quality defects.
According to the sensory analysis results from the
panelists, the most liked Jerusalem artichoke-
added bread is bread made with 10% content.

In addition, FTIR spectroscopy was performed to
provide a database on the characteristic peak
frequencies of gluten-free breads containing
Jerusalem artichoke. It is thought that the results
obtained will contribute to the scientific literature.

By adding Jerusalem artichoke powder obtained
by a simple drying and grinding method, the
nutritional value of standard specification gluten-
free bread was increased, its sensory and textural
properties were improved, and gluten-free bread
with Jerusalem artichoke added became more
acceptable. Adding Jerusalem artichoke when
making gluten-free bread may provide some
benefits in terms of both taste and nutritional
value.

CONFLICT OF INTEREST
The authors declare that they have no financial
conflict of interest.

REFERENCES

Abou-Arab, A.A., Talaat, H.A., Abu-Salem, F.M.
(2011). Physico-chemical properties of inulin
produced from Jerusalem artichoke tubers on

bench and pilot plant scale. Australian Journal of
Basic and Applied Sciences, 5(5): 1297-1309.

Afoakwah, N.A. (2022). Jerusalem artichoke
(Helianthus  tuberosus) dietary-fiber powder
functionality. Heliyon, 8(12): 1-9,
https://doi.org/10.1016/j.heliyon.2022.e12426.

Altug Onogur, T., Elmaci, T. (2011). Gtdalarda
dnyusal degerlendirme. Sidas Medya Ltd. Sti. Izmir,
Turkiye, 135 p.

Anchondo-Trejo, C., Loya-Carrasco, J.A,
Galicia-Garcfa, T., Estrada-Moteno, 1., Mendoza-
Duarte, M., Castellanos-Gallo, L., Soto-
Figueroa, C. (2020). Development of a third
generation snack of rice starch enriched with
Nopal flour (Opuntia ficus indica). Molecules,
26(1): 54,
https://doi.org/10.3390/molecules26010054.

AOAC. (1990). AOAC Official Method 923.09,
Invert sugar in sugars and syrup Lane-Eynon
method.  Official methods of analysis of the

association of official analytical chemists. 15th
Edition, Virginia, USA.

659



660

A. Unver Algay, F. Ahmetoglu

AOAC. (1995). AOAC Official Method 991.43,
Total, Soluble, and Insoluble Dietary Fibre in
Foods. Official methods of analysis of the
association of official analytical chemists. 16th
Edition, Virginia, USA.

AACC. (1999a2). AACC Method 44-01.0,
International  Approved Methods of the
American Association of Cereal Chemists. 11th
Edition, AACC International, St. Paul, MN, USA.

AACC. (1999b). AACC Method. 08-01.01, Ash—
basic method, International Approved Methods
of the American Association of Cereal Chemists.
11th Edition, AACC International, St. Paul, MN,
USA.

AACC. (2001). AACC Method 10-05.01,
Approved methods of analysis, Guidelines for
measurement of  volume by  rapeseed
displacement. 11th Edition, St. Paul, AACC
International, USA.

NMKL. (2007). Nordic-Baltic Committee on
Food Analysis (NMKL) 1806, Trace elements —

As, Cd, Hg, Pb and other elements.
Determination by ICP-MS after pressure
digestion.,

https:/ /www.nmkl.org/product/tungmetaller-
as-cd-hg-og-pb-bestemmelse-med-icp-ms-etter-
syreoppslutning-under-trykk-nmkl-186-2007/
(Accessed: 24 July 2025).

ISO (2009). ISO 1871:2009. Food and feed
products — General guidelines for the
determination of nitrogen by the Kjeldahl
method, 2001. International Organization for
Standardization, Geneva, Switzerland

ISO  (2013). ISO 4833-1:2013. Microbiology of
the food chain — Horizontal method for the
enumeration of microorganisms — Part 1:
Colony count at 30 °C by the pour plate
technique.

TGK. (2014). Turk Gida Kodeksi (TGK
2014/53). Zeytinyagt ve Pirina Yagt Analiz
Metotlart Tebligi. Resmi Gazete, Sayr: 29181.
https:/ /www.mevzuat.gov.tr/mevzuat?Mevzuat
No=20224andMevzuatTur=9%andMevzuatTertip
=5 (Accessed: 24 July 2025).

Ashwar, B.A., Gani, A., Wani, I.A., Shah, A,
Masoodi, F.A., Saxena, D.C. (2016). Production
of resistant starch from rice by dual autoclaving-
retrogradation treatment: In vitro digestibility,
thermal and structural characterization. Food
Hydrocolloids, 56: 108-117,
https://doi.org/10.1016/j.foodhyd.2015.12.004.

Barisik, D., Tavman, S. (2018). Glutensiz ekmek
formilasyonlarinda nohut unu kullaniminin
ekmegin kalitesi Uzerine etkisi. Akademik Guda,
16(1): 33-41,
https://doi.org/10.24323 / akademik-
gida.415652.

Bhat, N.A., Wani, I.A., Hamdani, A.M., Gani, A.,
Masoodi, F.A. (2016). Physicochemical properties
of whole wheat flour as affected by gamma
irradiation. LW I-Food Science and Technology, 71:
175-183,
https://doi.org/10.1016/j.lwt.2016.03.024.

Cetin Babaoglu, H., Arslan Tontul, S., Akin, N.
(2021). Fiber enrichment of sourdough bread by
inulin rich Jerusalem artichoke powdet. Journal of
Food Processing and Preservation, 45(11): ¢15928,
https://doi.org/10.1111/ifpp.15928.

Diaz, A., Garcia, M.A., Dini, C. (2022). Jerusalem
artichoke flour as food ingredient and as source
of fructooligosaccharides and inulin. Journal of
Food  Composition  and ~ Analysis, 114:104863,
https://doi.org/10.1016/j.jfca.2022.104863.

Elleuch, M., Bedigian, D., Roiseux, O., Besbes, S.,
Blecker, C., Attia, H. (2011). Dietary fibre and
fibre-rich  by-products of food processing:
Characterisation, technological functionality and
commercial  applications: A review. Food
Chemistry, 124(2): 411-421,
https://doi.org/10.1016/j.foodchem.2010.06.07
7.

Erdemir, Z.S. (2015). Isil islem gérmiis bakla
ezme tozunun ckmek yapiminda kullanimi ve
kalite kriterleri Uzerine etkisinin belirlenmesi.

Pamukkale Universitesi Fen Bilimleri Enstitiisti
Yiksek Lisans Tezi, Denizli, 71 s.

Ermosh, L.G., Safronova, T.N., Prisuhina, N.V.
(2020). Features of biotechnological processes of
bread production enriched with inulin-containing
raw materials. In IOP Conference Series: Earth and


https://www.nmkl.org/product/tungmetaller-as-cd-hg-og-pb-bestemmelse-med-icp-ms-etter-syreoppslutning-under-trykk-nmkl-186-2007/
https://www.nmkl.org/product/tungmetaller-as-cd-hg-og-pb-bestemmelse-med-icp-ms-etter-syreoppslutning-under-trykk-nmkl-186-2007/
https://www.nmkl.org/product/tungmetaller-as-cd-hg-og-pb-bestemmelse-med-icp-ms-etter-syreoppslutning-under-trykk-nmkl-186-2007/
https://www.mevzuat.gov.tr/mevzuat?MevzuatNo=20224andMevzuatTur=9andMevzuatTertip=5
https://www.mevzuat.gov.tr/mevzuat?MevzuatNo=20224andMevzuatTur=9andMevzuatTertip=5
https://www.mevzuat.gov.tr/mevzuat?MevzuatNo=20224andMevzuatTur=9andMevzuatTertip=5

The effects of helianthus tuberosus addition on the gluten-free bread

Environmental Science, Volume 421, No. 2. 10OP

Publishing. b. 022018,
https://doi.org/10.1088/1755-
1315/421/2/022018.

Frutos, M.]., Guilabert-Antén, L., Tomas-Bellido,
A., Hernandez-Herrero, J.A. (2008). Effect of
artichoke (Cynara scolymus L.) fiber on textural
and sensory qualities of wheat bread. Food Science
and Technology International, 14 (5_suppl): 49-55,
https://doi.org/10.1177/1082013208094582.

Gallagher, E., Gormley, T.R., Arendt, E.K.
(2004). Recent advances in the formulation of
gluten-free cereal-based products. Trends in Food
Science & Technology,  15(3-4):  143-152,
https://doi.org/10.1016/j.tifs.2003.09.012.

Gedrovica, 1., Karklina, D., Fras, A., Jablonka, O.,
Boros,  D. (2011).  The  non-starch
polysaccharides quantity changes in pastry
products where Jerusalem artichoke (Helianthus
tuberosus L.) added. Procedia Food Science, 1: 1638-
1644,
https://doi.org/10.1016/j.profoo.2011.09.24.

Hager, AS., Ryan, L.A., Schwab, C., Ginzle,
M.G., O’Doherty, J.V., Arendt, E.K. (2011).
Influence of the soluble fibres inulin and oat 3-
glucan on quality of dough and bread. Exrgpean
Food Research and  Technology, 232: 405-413,
https://doi.org/10.1007 /s00217-010-1409-1.

Jan, N., Naik, H.R., Gani, G., Bashir, O., Amin,
T., Wani, S.M., Sofi, S.A. (2022). Influence of
replacement of wheat flour by rice flour on rheo-
structural changes, in vitro starch digestibility and
consumer acceptability of low-gluten pretzels.
Food Production, Processing and Nutrition, 4(1): 9,
https://doi.org/10.1186/s43014-022-00088-y.

Kacurakova, M., Capek, P., Sasinkova, V.,
Wellner, N., Ebringerova, A. (2000). FT-IR study
of plant cell wall model compounds: pectic
polysaccharides and hemicelluloses. Carbohydrate
Polymers, 43(2): 195-203,
https://doi.org/10.1016/50144-8617(00)00151-
X.

Karaahmet, F. (2018). Célyak hastaligi'nda teghis
suresi. BEge Tz Dergisi, 57(4): 228-231,
http:/ /egetipdergisi.com.tr/en/download/article
-file/461084 (Accessed: 24 July 2025).

Kandiraly, S. (2014). Ozel bir saglikli beslenme ve
diyet damismanligi'na bagvuran danisanlarin
fonksiyonel besinlere yonelik farkindaligi, bilgi
diizeyleri ve tiketim sikhiklarinin arastirdlmasi.
Baskent Universitesi Saglik Bilimleri Enstitiisi,
Yiksek Lisans Tezi, Ankara, Turkey, 112 s.

Karklina, D., Gedrovica, 1., Reca, M. &
Kronberga, M. (2012). Production of biscuits with
higher nutritional value. In Proceedings of the
Latvian Academy of Sciences. Section B. Natural,
Exact, and Applied Sciences, 66(3): 113-116,
https://doi.otg/10.2478 /v10046-012-0005-0.

Kays, S.J., Nottingham, S.F. (2007). Biology and
chemistry of Jerusalem artichoke: Helianthus
tuberosus L. 1st Edition, CRC Press, Boca Raton,
Florida, USA, 496 p, ISBN:9780429148231.

Liu, S., Shi, X., Xu, L., Yi, Y. (2016). Optimization
of pectin extraction and antioxidant activities
from Jerusalem artichoke. Chinese Journal of
Oceanology — and  Limnology,  34(2):  372-381.
https://doi.org/10.1007/s00343-015-4314-4.

Mudannayake, D.C., Jayasena, D.D., Wimalasiri,
K.M,, Ranadheera, C.S., Ajlouni, S. (2022). Inulin
fructans—food applications and alternative plant
sources: a review. International Journal of Food Science
& Technology, 57(9): 5764-5780.
https://doi.org/10.1111/ijfs.15947.

Ma, X\Y., Zhang, L.H., Shao, HB., Xu, G,
Zhang, F., Ni, F.T., Brestic, M. (2011). Jerusalem
artichoke (Helianthus tuberosus), a medicinal salt-
resistant plant has high adaptability and multiple-
use values. Journal of Medicinal Plants Research, 5(8):
1272-1279.

Mathlouthi, M., Koenig, J.L. (1987). Vibrational
spectra of carbohydrates. Advances in Carbobydrate
Chemistry  and — Biochemistry, — 44: 7-89,
https://doi.org/10.1016/S0065-2318(08)60077-
3.

Monti, A., Amaducci, M.T., Venturi, G (2005).
Growth response, leaf gas exchange and fructans
accumulation of Jerusalem artichoke (Helianthus
tuberosus L.) as affected by different water
regimes. European Jonrnal of Agronomy, 23 (2): 136-
145, , https://doi.org/10.1016/j.¢ja.2004.11.001.

661


https://doi.org/10.1177/1082013208094582
https://doi.org/10.1177/1082013208094582
https://doi.org/10.1016/j.tifs.2003.09.012
https://doi.org/10.1016/j.profoo.2011.09.24
https://doi.org/10.1007/s00217-010-1409-1
https://doi.org/10.1186/s43014-022-00088-y
https://doi.org/10.1016/S0144-8617(00)00151-X
https://doi.org/10.1016/S0144-8617(00)00151-X
http://egetipdergisi.com.tr/en/download/article-file/461084
http://egetipdergisi.com.tr/en/download/article-file/461084
https://doi.org/10.2478/v10046-012-0005-0
https://doi.org/10.1007/s00343-015-4314-4
https://doi.org/10.1007/s00343-015-4314-4
https://doi.org/10.1111/ijfs.15947
https://doi.org/10.1016/S0065-2318(08)60077-3
https://doi.org/10.1016/S0065-2318(08)60077-3
https://doi.org/10.1016/j.eja.2004.11.001

662

A. Unver Algay, F. Ahmetoglu

Murphy, O. (2001). Non-polyol low-digestible
carbohydrates: Food applications and functional
benefits. British Journal of Nutrition, 85(1): S47-S53,
https://doi.org/10.1079/BJN2000261.

Ozgoren, E., Isik, F., Yapar, A. (2019). Effect of
Jerusalem artichoke (Helianthus tuberosus L.)
supplementation on chemical and nutritional
propetties of crackers. Journal of Food Measurement
and Characterization, 13: 2812-2821,
https://doi.org/10.1007/s11694-019-00201-9.

Ozkaya, H., Kahveci, H.B. (1990). Tabil iiriinteri ve
analiz  yontemleri,  Gida Teknolojisi Dernegi
Yayinlari, Yayin No 14, Ankara, Turkiye, 152 s.

Paciulli, M., Rinaldi, M., Citlini, M., Scazzina, F.,
Chiavaro, E. (2016). Chestnut flour addition in
commercial gluten-free bread: A shelf-life study.
LWT - Food Science and Technology, 70: 88-95,
https://doi.org//10.1016/j.lwt.2016.02.034.

Pala, A. (2012). Farkli yontemlerle kurutularak
elde edilen boza tozunun hamur reolojik ve
ekmek kalitesi Uzerine etkisi. Pamukkale
Universitesi Fen Bilimleri Enstitiisii, Doktora
Tezi, Denizli, Turkey, 58 s.

Pehlivan, C. (2016). Colyak hastalari icin ekmek
yapiminda golevez (Colocasia esculenta (L.)
Schott) yumrusunun kullanimi.  Yildiz Teknik
Universitesi Fen Bilimleri Enstitisu Yiksek
Lisans Tezi, Istanbul, 59 s.

Peressini, D., Sensidoni, A. (2009). Effect of
soluble dietary fibre addition on rheological and
breadmaking properties of wheat doughs. Journal
of Cereal Science, 49(2): 190-201,
https://doi.org/10.1016/j.jcs.2008.09.007.

Poinot, P., Arvisenet, G., Grua-Priol, ],
Fillonneau, C., Le-Bail, A., Prost, C. (2010).
Influence of inulin on bread: Kinetics and
physico-chemical indicators of the formation of
volatile compounds during baking. Food Chenzistry,
119(4): 1474-1484,
https://doi.org/10.1016/j.foodchem.2009.09.02
9.

Ponomareva, M., Krikunova, L., Yudina, T.
(2009). Functional bread wusing Jerusalem
artichoke oil cake. Bread Products, 10: 44-45.

Shoaib, M., Shehzad, A., Omar, M., Rakha, A.,
Raza, H., Sharif, H.R., ... Niazi, S. (2016). Inulin:
Properties, health benefits and food applications.
Carbobydrate Pobymers, 147: 444-454,
https://doi.org/10.1016/j.carbpol.2016.04.020.

Praznik, W., Cieslik, E., Filipiak-Florkiewicz, A.
(2002). Soluble dietary fibres in Jerusalem
artichoke powders: Composition and application
in bread. Food/Nabrung, 46(3): 151-157,
https://doi.org/10.1002/1521-
3803(20020501)46:3<151::aid-food151>3.0.co;2-
4.

Radovanovic, A.M., Milovanovic, O.Z., Kipic,
M.Z., Ninkovic, M.B., Cupara, S.M. (2014).
Characterization of bread enriched with
Jerusalem artichoke powder content. Journal of
Food and  Nutrition Research, 2(12):  895-898,
https://doi.org/10.12691/jfnr-2-12-6.

Rubel, LA, Pérez, E.E., Genovese, D.B.,
Manrique, G.D. (2014). In vitro prebiotic activity
of inulin-rich carbohydrates extracted from
Jerusalem artichoke (Helianthus tuberosus L.)
tubers at different storage times by Lactobacillus
paracasei. Food Research International, 62: 59-65,
https://doi.org/10.1016/j.foodres.2014.02.024.

Salinas, M. V., Puppo, M. C. (2015). Optimization
of the formulation of nutritional breads based on
calcium carbonate and inulin. LW T-Food Science
and Technology, 60(1): 95-101.
https://doi.org/10.1016/].lwt.2014.08.019.

Shao, T., Yuan, P., Zhang, W., Dou, D., Wang, F.,
Hao, C., ... Wang, G. (2021). Preparation and
characterization of sulfated inulin-type fructans
from Jerusalem artichoke tubers and their
antitumor activity. Carbohydrate Research, 509:
108422,
https://doi.org/10.1016/j.carres.2021.108422.

Sivam, A.S., Sun-Waterhouse, D., Perera, C.O.,
Waterhouse, G.LN. (2013). Application of FT-IR
and Raman spectroscopy for the study of
biopolymers in breads fortified with fibre and
polyphenols. Food Research International, 50(2): 574-
585,
https://doi.org/10.1016/j.foodres.2011.03.039

Skendi, A., Mouselemidou, P., Papageorgiou, M.,
Papastergiadis, E. (2018). Effect of acorn meal-


https://doi.org/10.1079/BJN2000261
https://doi.org/10.1007/s11694-019-00201-9
https://doi.org/10.1016/j.lwt.2016.02.034
https://doi.org/10.1016/j.jcs.2008.09.007
https://doi.org/10.1016/j.jcs.2008.09.007
https://doi.org/10.1016/j.foodchem.2009.09.029
https://doi.org/10.1016/j.foodchem.2009.09.029
https://doi.org/10.1016/j.foodchem.2009.09.029
https://doi.org/10.1016/j.carbpol.2016.04.020
https://doi.org/10.1002/1521-3803(20020501)46:3%3c151::aid-food151%3e3.0.co;2-4
https://doi.org/10.1002/1521-3803(20020501)46:3%3c151::aid-food151%3e3.0.co;2-4
https://doi.org/10.1002/1521-3803(20020501)46:3%3c151::aid-food151%3e3.0.co;2-4
https://doi.org/10.1002/1521-3803(20020501)46:3%3c151::aid-food151%3e3.0.co;2-4
https://doi.org/10.12691/jfnr-2-12-6
https://doi.org/10.12691/jfnr-2-12-6
http://dx.doi.org/10.1016/j.foodres.2014.02.024
http://dx.doi.org/10.1016/j.foodres.2014.02.024
https://doi.org/10.1016/j.lwt.2014.08.019
https://doi.org/10.1016/j.carres.2021.108422
https://doi.org/10.1016/j.foodres.2011.03.039
https://doi.org/10.1016/j.foodres.2011.03.039

The effects of helianthus tuberosus addition on the gluten-free bread

water combinations on technological properties
and fine structure of gluten-free bread. Food
Chemistry, 253:119-1206,
https://doi.org/10.1016/j.foodchem.2018.01.14
4.

Solayman, A.R.M., Abdel-Samie, M.A., Mosilhey,
S.H., Abed, S.M. (2023). Evaluation of Jerusalem
artichoke as a functional ingredient in cookies
production. Sinai Journal of Applied Sciences, 12(1):
27-40.

https://doi.org/10.21608 /SINJAS.2023.192393.
1187.

Smith, B.C. (1999). Infrared Spectra Interpretation. A
Systematic Approach. 1st Edition, CRC Press LLC,
Boca Raton, FL, USA, 288 p. eBook ISBN:
9780203750841.

Tassoni, A. Bagni, N., Ferri, M., Franceschetti,
M., Khomutov, A., Marques, M.P., Fiuza, S.M.,
Simonian, A.R, Serafini, F.D. (2010). Helianthus
tuberosus and polyamine research: Past and
recent applications of a classical growth model.
Plant Physiology and Biochemistry, 48 (7): 496-505,
https://doi.org/10.1016/j.plaphy.2010.01.019.

Turksoy, S., Ozkaya, B. (20006). Gluten ve Colyak
Hastaligi. Turkiye 9. Gida Kongresi, 24-26 Mayss,
Bolu, Tirkiye, s 810.

Unachukwu, M. N., Nwakanma, C. (2018). The
fungi associated with the spoilage of bread in
Enugu state. International Jowrnal of Current
Microbiology and Applied Sciences, 4(1): 989-995.
http://eptints.gouni.edu.ng/id/eprint/267
(Accessed: 25 July 2025).

Viazquez-Gutiérrez, J. L., Johansson, D., Langton,
M. (2016). Effects of added inulin and wheat
gluten on structure of rye porridge. LWT-Food
Science and Technology, 66: 211-216,
https://doi.org/10.1016/j.lwt.2015.10.034.

Vega, D.M., Versino, F., Dini, C., Vifia, S.Z.,
Garcia, M.A. (2024). Gluten-free baked products
formulated with Jerusalem artichoke (Helianthus

tuberosus) flour. International Journal of Gastronomy
and Food Science, 36: 100946.

Wahyono, A., Lee, S.B., Yeo, S.H., Kang, W.W.,
Park, H.D. (2016). Effects of concentration of
Jerusalem artichoke powder on the quality of
artichoke-enriched bread fermented with mixed
cultures of  Saccharomyces cerevisiae,
Torulaspora delbrueckii JKO8 and Pichia anomala
JKO4. Ewmirates Journal of Food and Agriculture, 28(4):
242, https://doi.otg/10.9755/ ¢jfa.2015-12-
1116.

Wang, J., Somasundaran, P. (2007). Study of
galactomannose interaction with solids using
AFM, IR and allied techniques. Jowrnal of Colloid
and  Interface Science, 309(2), 373-383,
https://doi.org/10.1016/j.jcis.2006.10.086.

Wierdsma, N.J., van Bokhorst-de van der
Schueren, M.A., Berkenpas, M., Mulder, C.J., Van
Bodegraven, A.A. (2013). Vitamin and mineral
deficiencies are highly prevalent in newly
diagnosed celiac disease patients. Nutrients, 5(10):
3975-3992,

https://doi.org/10.3390/nu5103975.

Wilson, R.H., Goodfellow, B.J., Belton, P.S.
(1988). Fourier transform infrared spectroscopy
for the study of food biopolymers. Food
Hydrocolloids, 2(2): 169-178,
https://doi.org/10.1016/S0268-005X(88)80015-
8.

Yang, L., He, Q.S., Corscadden, K., Udenigwe,
C.C. (2015). The prospects of Jerusalem artichoke
in functional food ingredients and bioenergy
production.  Biotechnology ~ Reports,  5: 77-88,
https://doi.org/10.1016/j.btre.2014.12.004.

Yilmaz, Y., Dogan, 1.S. (2015). Glutensiz ekmek
karisimlarin  kalite ve bilesenler yo6ninden
degerlendirilmesi. Grda, 40(6): 335-342,
https://doi.org/10.15237 /gida. GD15023.

663


https://doi.org/10.1016/j.foodchem.2018.01.144
https://doi.org/10.1016/j.foodchem.2018.01.144
https://doi.org/10.1016/j.foodchem.2018.01.144
https://doi.org/10.21608/SINJAS.2023.192393.1187
https://doi.org/10.21608/SINJAS.2023.192393.1187
https://doi.org/10.21608/SINJAS.2023.192393.1187
https://doi.org/10.1016/j.plaphy.2010.01.019
https://doi.org/10.1016/j.plaphy.2010.01.019
http://eprints.gouni.edu.ng/id/eprint/267
https://doi.org/10.1016/j.lwt.2015.10.034
https://doi.org/10.1016/j.lwt.2015.10.034
https://doi.org/10.9755/ejfa.2015-12-1116
https://doi.org/10.9755/ejfa.2015-12-1116
https://doi.org/10.1016/j.jcis.2006.10.086
https://doi.org/10.1016/j.jcis.2006.10.086
https://doi.org/10.3390/nu5103975
https://doi.org/10.3390/nu5103975
https://doi.org/10.1016/S0268-005X(88)80015-8
https://doi.org/10.1016/S0268-005X(88)80015-8
https://doi.org/10.1016/S0268-005X(88)80015-8
https://doi.org/10.1016/j.btre.2014.12.004
https://doi.org/10.1016/j.btre.2014.12.004

664

Research / Arastirma
GIDA (2025) 50 (4) 664-679
doi: 10.15237/gida.GD25051

EFFECTS OF VACUUM IMPREGNATION WITH HONEY AND ROSEHIP
SOLUTIONS ON THE FORTIFICATION AND ENZYMATIC BROWNING OF
QUINCE (CYDONIA OBLONGAM.)

Zehra GUNEL", Serenay ASIK AYGUN?,
Tugge ATBAKAN KALKAN? Ayhan TOPUZ®

Konya Food and Agricultural University, Faculty of Engineering and Architecture, Department of Food
Engineering, Konya, Turkey
2Akdeniz University, Faculty of Engineering, Department of Food Engineering, Antalya, Turkey

Received [ Gelis: 09.04.2025; Accepted /Kabul: 29.07.2025; Published online /Online baskt: 08.08.2025

Giinel, Z., Asik Aygiin, 8., Atbakan Kalkan, T., Topuz. A (2025). Effects of vacuum impregnation with honey and
rosehip solutions on the fortification and engymatic browning of quince (Cydonia oblonga M.). GIDA (2025) 50 (4)
664-679 doi: 10.15237/ gida. GD25051

Ginel, Z., Astk Aygtn, S., Atbakan Kalkan, T, Topuz. A (2025). Bal ve kusburnu ¢6zeltileri ile vakum
impregnasyonun ayva (Cydonia oblonga M.)'nin zenginlestirilmesi ve enzimatik esmerlesmesi tizerine
etkileri. GIDA (2025) 50 (4) 664-679 doi: 10.15237/ gida.GD25051

ABSTRACT

This study aimed to determine the effects of the vacuum impregnation process and different drying
techniques (hot-air, microwave, and osmotic) on the enrichment of quince and limiting enzymatic browning.
Some physicochemical changes and sensory properties of the obtained samples were determined. According
to the results, the total phenolic content of the control sample, calculated as 25.10 mg/100g, increased with
the vacuum impregnation. Similatly, the control samples' ascotbic acid content also increased with vacuum
impregnation. Antioxidant activity was determined as 1.90+0.08 g/mg DPPH in control samples, increased
to 1.671£0.05¢/mg DPPH on average with vacuum impregnation and drying techniques. Enzymatic
browning was limited by the vacuum impregnation. According to the sensory analysis results, vacuum-
impregnated quince fruits scored higher in all categories than fresh quince fruits. In addition, it was found
that all drying methods had a statistically significant (p<<0.01) effect on the physicochemical properties of
vacuum impregnated quince samples.

Keywords: Vacuum impregnation, fortification, enzymatic browning, microwave drying, honey solution

BAL VE KUSBURNU COZELTILERI ILE VAKUM IMPREGNASYONUN AYVA
(CYDONIA OBLONGA M.)'NIN ZENGINLESTIRILMESI VE ENZIMATIK
ESMERLESMESI UZERINE ETKILERI

oz
Bu ¢alismada, vakum impregnasyon isleminin ve farklt kurutma tekniklerinin (sicak hava, mikrodalga

ve ozmotik) ayvanin zenginlestirilmesi ve enzimatik esmerlesmesinin sinirlandirilmast tzerine
etkilerinin belirlenmesi amaclanmistir. Elde edilen 6rneklerde bazi fizikokimyasal degisimler ve
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duyusal 6zellikler belitlenmistir. Elde edilen sonuglara gore, 25.10 mg/100g olarak hesaplanan
kontrol 6rneginin toplam fenolik madde icerigi vakum impregnasyon ile artmistir. Benzer sekilde,
kontrol Orneklerinin askorbik asit iceriginin de vakum impregnasyon ile arttigi gdzlenmistir.
Antioksidan aktivite kontrol 6rneklerinde 1.90+0.08 g/mg DPPH olarak beliflenmis olup, vakum
impregnasyon ve kurutma teknikleri ile ortalama 1.67£0.05¢/mg DPPH degerine yukselmistir.
Enzimatik esmerlesme vakum impregnasyon ile sinirlandirilmistir. Duyusal analiz sonuglarina gore,
vakum impregnasyon uygulanmis ayva meyveleri taze ayva meyvelerine gére tim kategorilerde daha
yliksek puan almistir. Ayrica, vakum impregnasyon uygulanmis ayva Orneklerinin fizikokimyasal
Ozellikleri Gzerinde tim kurutma yontemlerinin istatistiksel olarak anlamli (p<<0.01) bir etkiye sahip

oldugu bulunmustur.

Anahtar kelimeler: Vakum impregnasyon, zenginlestirme, enzimatik esmerlesme, mikrodalga

kurutma, bal soliisyonu

INTRODUCTION

In recent years, the health benefits of foods have
been one of the specific issues in the food
industry. So, food companies have fronted to
functional foods that meet consumer demands
for a healthy lifestyle. Functional foods have been
identified as providing additional benefits in
preventing disease or supporting human health
(Hironaka et al., 2015; Menrad, 2003). One of the
options for developing new food products, in
other words, functional foods, is the use of
vacuum impregnation treatment that depends on
immersing the samples in a solution, indicating
the exchange of internal gas in the pores of the
samples for an external liquid. It is an application
based on low pressure to a solid-liquid system
followed by the return of atmospheric pressure.
Vacuum  impregnation  treatment
important changes in the physicochemical
properties of food samples that affect demeanour
in drying treatments in highly porous foods,
especially fruits, and vegetables, such as apple,
pineapple, mushroom, and carrot (Gonzalez-
Fésler et al., 2008; Martin-Esparza et al., 2000;
Matusek et al., 2008). It has been used in a wide
range of practical applications such as the salting
process (Chiralt et al., 2001), enrichment in some
nutritional compounds (Blanda et al, 2008;
Hironaka et al., 2011; Hironaka et al., 2015; Park
et al., 2005), osmotic dehydration (Adsare et al.,
2016; Bellary et al, 2011), enrichment with
probiotic microorganisms (Betoret et al., 2003),
calcium fortification (Gras et al., 2003; Moraga et
al., 2009) and pH reduction (Derossi et al., 2010,
2013). It provides the removal of oxygen from the
food pores, and this is effective in preventing the
fading of fruit by enzymatic browning without

causces

using antioxidants. Vacuum  impregnation
treatment  also  contributes  to  quality
improvement in foods and extends shelf life by
hindering enzymatic and oxidative browning
(Jeon and Zhao, 2005; Perez-Cabrera et al., 2011).

Enzymatic browning is an undesirable case that
occurs during food transportation, storage, and
processing. Enzymatic browning often impairs
the sensory properties of foods, and this situation
reduces consumers' appetite for that food. In
addition to all these, as foods' colour, taste, and
textural properties deteriorate with enzymatic
browning, the nutritional value also decreases
(Uenal et al., 2010).

Quince fruit (Cydonia oblonga Miller) belongs to the
pome fruit family known as the Maloideae
subfamily of the Rosaceae family, which includes
some fruits such as apples and pears. The main
constituents of quince fruit are water (84%) and
carbohydrates (15%), and it is also known as a
good source of fibre, potassium, and vitamin C
(Moreira et al., 2008). Quince has many essential
health benefits such as expectorant, carminative,
anticancer (Duke, 2002), anti-ulcer, antimicrobial,
anti-allergic, and anti-inflammatory, and it is also
used in the treatment of colds, flu, migraine
(Hilgert, 2001) and conjunctivitis (Siddiqui et al.,
2002). It has a hypoglycemic effect and supports
the heart and brain (Szychowski et al., 2014).
Because of its acidity, hardness, and astringency,
quince fruit is difficult to be consumed as fresh;
nevertheless, it is often consumed as jam, jelly,
liqueur, and marmalade (Wojdylo et al., 2013). In
addition to being difficult to consume without
processing, quince is also very prone to enzymatic
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browning due to the polyphenol oxidase enzyme

(Yildiz et al., 2020).

This study aims to solve these problems of quince
fruit with a vacuum impregnation technique. For
this purpose, quince was vacuum-impregnated
with two different solutions (honey and rosehip
solutions), and some physicochemical and
sensory analyses were carried out on the obtained
products.

MATERIAL AND METHODS

Material

The quince fruits, honey, roschip, and hibiscus
used in the present study were purchased from a
local market in Antalya, Turkey. All chemicals
used in analyses were procured from Sigma
(Taufkirchen, Germany) and Merck (Darmstadst,
Germany) in analytical and chromatographic
purity by their quality.

Methods

Preparation of Vacunm Impregnation Solutions

In the present study, honey and rosehip solutions
were prepared for vacuum impregnation of
quince samples. Both solutions were prepared in
distilled water at 5, 10 and 20% concentrations.
While honey was used directly, rosehip fruit was
pureed with the help of a Waring blender
(7011HS, CT, USA), and the solution was
prepared with the puree. Hibiscus at the rate of
1.5% was added into both solutions for an
acceptable colour.

Vacnum Impregnation Treatment and Drying of the
Samples

A vacuum pump (Heidolph, Rotavac, Schwabach,
Germany) was connected to the rotary evaporator
(Heidolph,  Laborota ~ 4000,  Schwabach,
Germany), and the system was reinforced by an
ultrasonic bath (Bandelin Electronic, RK 100 H,
Berlin, Germany). Ultrasonic bath operating
conditions were determined as 320 W ultrasonic
peak power, 80 W nominal ultrasonic power, 35
kHz wultrasonic frequency, and 25C° room
temperature. The temperature was controlled
during the process and kept constant at 25C° with
cold water supplement. Quince samples
(approximately 20-25 pieces) sliced in a square

shape with a thickness of 6 mm were placed in a
flask, and vacuum impregnation solutions (about
100-150 mL) were added to it. A 75 mmHg
vacuum pressure was applied to the system for 20
minutes. After vacuum treatment, the system was
restored to atmospheric pressure for 10 min.
After vacuum impregnation treatment, the quince
slices were drained, and the excess solution was
removed with the help of a paper tissue. Then, the
samples were dried by three different methods:

-They were dried in the oven at 50°C for 5
hours.

-They were dried in a microwave oven at 180 W
power for 15 minutes.

-After keeping the samples in 60% sugar
solution for one day, they were dried at 25°C for
five days.

For control sample, fresh quince fruits were kept
in impregnation solutions for the same time (30
min), but the vacuum impregnation treatment was
not applied them. All samples were stored at -18
°C until analyses. The experimental procedure
design is given in Figure 1.

Moisture Content, Water Activity and pH

The moisture content and the water activity
values of the samples were determined via a
moisture analyser (Kern DBS, Balingen,
Germany) at 105°C, as gravimetrically and a water
activity meter (Aqualab 4TE: Decagon Devices,
Pullman, WA) at room temperature, respectively.
pH values of the samples were determined using
a pH meter (820 SevenEasy, Mettler Toledo,
Columbus, OH, USA) by homogenizing 2 g of
quince sample in 18 mL distilled water (Tontul
and Topuz, 2017; Eroglu et al., 2018).

Extraction and Sample Preparation

Extracts of vacuum impregnated quince samples
and control samples were prepared for each
analysis. Details of the extraction and sample
preparation procedures are given below.
Antioxidant activity, total phenolic content, and
ascorbic acid content: Extracts of quince samples
were obtained by solid—liquid extraction with
distilled water. First, quince samples were ground
until they became puree with the help of a
household blender. Then, they were mixed with
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distilled water at a rato of 1:20 (w/w). This
mixture was kept in a shaking water bath at 99°C
for 15 minutes. The extracts were quickly cooled
with cold water and filtered through filter paper.
Finally, the extracts were stored in bottles at -
18°C (Sahin et al., 2009; Topuz et al., 2014).

5-hydroxymethylfurfural (HMF): 500 mg of
pureed sample was taken and suspended with 5
mL of deionized water in a 10 mL centrifuge tube.
The centrifuge tube was vortexed for 1 min and

0.25 mL of Carrez I and 0.25 mL of Carrez 11
solutions were added to clarify. The mixture was
centrifuged at 4500 g for 10 min. The supernatant
was collected in a 10 mL volumetric flask and 2
more extractions were performed with 2 mL of
deionized water. The volume was then completed
to 10 mL with deionized water. The mixture was
analyzed by passing through a 0.45 mm filter
paper for HMF analysis (Gunel et al, 2018).

Fresh quince

|

Honey solution
(5, 10 and 20% 1n water

Rosehip solution
(5, 10 and 20% 1n water

VACUUM IMPREGNATION
(75 mmHg pressure for 20 min)
(Atmosphenc pressure for 10 min)

Residual solution

!

Impregnated quince

Y.

A4 Y

Microwave drying
(180 W for 15 min)

Soaking 1n 60%

Hot air drying
: sugar solution for 1
0°CE
(50 °C for 5 hours) e
N j' =>
( &y

Osmotic drying
(25 °C for 5 days)
\ J

Figure 1. Experimental procedure design

Auntioxidant Activity (AA)

The stable radical DPPH (2,2-diphenyl-1-
picryhydrazyl radical) was used for determining
the free radical-scavenging activity of the vacuum
impregnation solutions and the quince samples by
using the DPPH method (Topuz et al., 2014). The
sample extract providing 50% inhibition (ICso) of
the DPPH radical was calculated from the plot of
concentration versus percent inhibition. The ICso
value of Trolox solution was also determined to

compare the antioxidant activity of the samples by
using the same procedure.

Total Phenolic Content (TPC)

The TPC of samples was determined using the
Folin-Ciocalteu method (Sahin et al., 2009).
According to this method, 100 pL of diluted
sample was mixed with 900 pl. of ultra-pure
water, 5 mL of 0.2 N Folin-Ciocalteu reagent, and
4 mL of Na,COj3 (7.5% in water, w/w). The final
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mixture was incubated at room temperature for
one hour in a dark place. Absorption was
measured at 765 nm  with  Shimadzu
Spectrophotometer ~ UV-1800  (Nakagyo-ku,
Kyoto, Japan). The TPC was expressed as gallic
acid equivalents (GAE) in mg/100 g dry matter.

5-hydroxymethylfurfural (HMF) Content

HMF contents of the vacuum impregnation
solutions and the quince samples were
determined using LC (Gunel et al., 2018). HMF
amounts were calculated using external standards.
Chromatographic separation was carried out on a
solvent delivery system (20AD, Shimadzu, Japan)
with an autosampler (SIL-20A Prominence,
Shimadzu, Japan), column (C18 column, five um,
25 X 0.4 cm), maintained at 32°C in a column
oven (CTO-20AC, Shimadzu, Japan). SPD-M20A
Diode Array Detector (Shimadzu, Japan) was
used to detect individual peaks. Acetonitrile in
water (5% v/v, isocratic) was used as a mobile
phase at a 1 mL/min flow rate. Sample aliquots of
20 pL were injected into the column, and the
separated peaks were monitored at 280 nm.

The limit of detection (LOD), the limit of
quantification (LOQ), the calibration curve, and
the coefficients of regression (R?) values of the
HMF  were calculated as 0.44, 1.35,
y=180222x+21000 and 0.9999, respectively.

Ascorbic Acid Content (AAC)

The ascorbic acid content of the vacuum
impregnation solutions and the quince samples
was determined chromatographically after the
dissolution of the samples in a 4.5% meta-
phosphoric acid solution (Tontul et al., 2018).
Then, 0.45 pm Nylon filters (Sartorius,
Goettingen, Germany) were used to filter the mix,
and 20 pl of supernatant was injected into the
HPLC system (Shimadzu, Japan). The flow rate of
the mobile phase ultra-pure water acidified to pH
2.2 with HoSO4 was 0.8 ml/min. ALiChroSpher
column (250 mm X 4.6 mm, 5 pm) was used for
separation at 40°C. A diode atrray detector was
used for detection at 245 nm for 15 minutes.
Ascorbic acid content was calculated using
external standards. The ascorbic acid content of

the vacuum impregnation solutions and quince
samples were calculated as g/kg dry matter.
Colour Analysis (Hunter Lab)

Colour values of the samples were determined by
using Chroma Meter CR-400 (Konica-Minolta
Sensing Inc., Osaka, Japan) and expressed as
Hunter L [(0) dark - (100) light], # [(+) red — (-)
green| and & [(+) yellow — (=) blue] (Gunel et al.,
2018).

Browning Index (BI)

Browning index values of the samples were
determined according to the literature method
(Gunel et al., 2018). For this purpose, the quince
samples were homogenized in distilled water
(1:20). Absorbance was measured at 420 nm by
using a Shimadzu Spectrophotometer UV-1800
(Nakagyo-ku, Kyoto, Japan),
chromatographically.

Sensory Analysis

The quince samples (vacuum-impregnated and
control samples) were evaluated by 15 panellists
previously informed about the sensory panel,
quince, vacuum impregnation, and solutions. The
samples were presented on a white plate and
scored in terms of their sensory properties
(colour, appearance, acidity, sweetness, flavour,
texture, and global preference) on a hedonic scale,
including points from 1 (very bad) to 9 (very
good) (Barat et al., 2002).

Before the sensory analysis started, the samples
dried with different drying methods (hot air,
microwave, and osmotic) were tasted by the same
panellists, and preliminary sensory analysis was
performed. The sample that the panellists liked
most in all criteria was the sample dried with
microwave. Then, sensory analysis was made
again and tried to determine the most preferred
solution (honey or rosehip) and concentration (5,
10 or 20%) in microwave drying. Therefore, the
results to be discussed under the sensory analysis
title will be given for microwave-dried samples. In
addition, both control and microwave-dried
samples were served to panellists immediately
after production to prevent possible browning
that could change the panellists” minds.
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Statistical Analysis

The vacuum impregnation experiments were
conducted in two replicates and analyses were
performed in duplicate. Results obtained in the
present study and the main soutces of variation
were subjected to variance analysis and Duncan
Multiple Comparison Test (SAS system for
Windows V7, SAS Institute, Cary, NC, USA).

RESULTS AND DISCUSSION

Moisture Content, Water Activity and pH
According to moisture content analysis results
(Table 1), the moisture content of quince fruit,

having approx. 82% initial moisture content, was
reduced by vacuum impregnation and drying
treatments. Impregnation solutions, both honey
and rosehip, affected significantly (»p<0.01) the
moisture content of the quince fruit. Similatly,
drying processes affected the samples' moisture
content significantly (p<<0.05). According to the
results, the moisture content of the quince
samples applied with vacuum impregnation
decreased to approximately 15% in all drying
methods.

Table 1. Effects of drying type and impregnation solutions on the moisture content, a,, and pH values
of the samples

Drying type Moisture content (%0) Ay pH
Microwave 16.022 = 0.52 0.50552 = 0.0002 3.50at 0.04
Hot air 14.60< = 1.09 0.4722¢ + 0.0010 3.01b% 0.11
Osmotic 15.08> = 0.74 0.4964> £ 0.0007 3.462t 0.02
Significance level * * *
Impregnation solutions

5% Honey 80.09a + 2.16 0.96102 = 0.0004 3.632 = 0.00
10% Honey 72.06b + 1.17 0.9554a = 0.0000 3.992 + 0.02
20% Honey 65.48¢ £ 1.26 0.9412a = 0.0003 4.032 £ 0.04
Significance level ok - -

5% Rosehip 81.56a + 1.52 0.96512 = 0.0001 3.56at 0.04
10% Rosehip 76.02b + 1.21 0.9581a = 0.0002 3.62at 0.02
20% Rosehip 70.23¢ £ 1.04 0.9512a2 = 0.0008 3.732% 0.03
Significance level ok - -
Control (Fresh) 82.13 + 2.35 0.9691 % 0.0006 3.52 +0.02
Control (ST) 81.09 + 1.29 0.9685 * 0.0002 3.67 £ 0.07

*k P<0.01; *P<0.05 BI: Browning index, SI: Simple immersed

Since the initial moisture contents of the honey
(approx. 15%) and rosehip (approx. 45%) used in
the present study were lower than the quince fruit
(approx. 82%), it is thought that the moisture
content of the samples decreased with vacuum
impregnation treatment. It is also believed that
the moisture content decreased proportionally
with the air exchange in the fruit pores by vacuum
impregnation. The literature has already stated
that vacuum impregnation is a pre-treatment used
before the final drying stage to achieve two critical
goals. These goals are stated as reducing the

moisture content before final drying for energy
saving and increasing the physicochemical
properties of the final product with impregnation
solutions (Zhao and Xie, 2004; Barat et al., 2001).
In the present study, these goals stated in the
literature were achieved, and the moisture content
of the product was reduced before the final

drying.

A slight decrease in the pH values of the samples
was observed at all drying types. Drying processes
affected the samples’ pH wvalues significantly
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(»<0.05). The lowest pH value (3.01+0.11) was
determined by hot air drying, while the highest pH
value (3.50%0.04) was determined by microwave
drying. Some acidic chemical compounds formed
during drying as a result of the Maillard reaction
may have caused a decrease in the pH values of

the samples (Gunel et al., 2018).

Antioxidant Activity
In the present study, the antioxidant activity of
the control samples increased both vacuum

impregnation treatment and drying processes.
Impregnation solutions and drying methods
affected significantly (p<<0.01) the antioxidant
activity of the control samples (Table 2).
Antioxidant activity values of 1.90+0.08 g/mg
DPPH in control samples increased to
1.67£0.05g/mg DPPH on average with vacuum
impregnation and drying processes. The quinces'
uptake of honey and rosehip solutions and their
antioxidant compounds (e.g., flavonoids, citric
acid) may account for this result.

Table 2. Effects of drying type and impregnation solutions on some chemical properties of quince fruit

Drying type TPC AA HMF AAC
(mg/100 g) (g/mg DPPH) (mg/kg) (mg/100 g)
Microwave 56.52¢ £ 0.52 1.722 = 0.02 1.26% 0.02 55.56b + 1.56
Hot air 77.64a £ 2,49 1.52¢ = 0.02 16.562+ 1.14 32.51¢ £ 1.13
Osmotic 61.48> + 2,74 1.64> £ 0.07 3.56b% 0.08 40.492 £ 1.98
Significance level *ox ok * *ok
Impregnation solutions
5% Honey 53.09¢ £ 2.13 1.76* = 0.97 11.13< + 0.59 30.13¢ £ 0.99
10% Honey 59.56b + 1.19 1.69>% 0.03 15.56> = 1.02 38.56b + 0.17
20% Honey 69.48 £ 1.11 1.60c = 0.05 19.262 + 1.06 43.492+ 1.19
Significance level *ox ok ok *ok
5% Rosehip 50.42¢ £ 0.92 1.78* = 0.01 <LOD? 49.56¢ £ 1.98
10% Rosehip 58.02b + 1.33 1.71> £ 0.05 <LOD? 52.59b + 1.75
20% Rosehip 63.22a £ 1.14 1.62¢ = 0.08 1.432% 0.03 60.63a + 2.02
Significance level *ox rox * ok
Control (Fresh) 25.10%+ 0.15 1.98 = 0.06 <LOD 17.80 £ 1.12
Control (ST) 27.02 £ 0.29 1.82 = 0.02 <LOD 19.13 £ 1.15

*k P<0.01; *P<0.05 TPC: Total phenolic content, AA: Antioxidant activity, AAC: Ascorbic acid content, SI:

Simple immersed, LOD: Limit of Detection

Similar studies in the literature emphasized that
the antioxidant activities of control samples were
increased with vacuum impregnation. In one of
these studies, it was reported that the antioxidant
activity of the chokeberry fruit enriched with
apple-pear  juice increased by  vacuum
impregnation compared to its fresh state
(Nawirska-Olszaniska et al., 2020). In another
study, it was reported that apple fruit was enriched
with blueberty juice, and the final product's
antioxidant activity was higher than the control
sample (Castagnini et al., 2015).

Total Phenolic Content

The total phenolic contents of the samples were
approximately doubled by both impregnation and
drying processes (Table 2). The total phenolic
content value, determined as 25.10%0.15
mg/100g in the control sample, was measured as
27.0210.29 mg/100g in the samples kept in
impregnation solutions without impregnation.
The total phenolic content of the impregnated
samples was determined as 58.96+11.13 g/100g
on average. The highest values of the total
phenolic  content  were  calculated  as
77.64£2.49¢/100g for hot air drying. The lowest
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value of the total phenolic content was
determined as 56.5210.52¢/100g for microwave
drying. Both impregnation solutions and drying
processes significantly (p<0.01) affected the total
phenolic content of the samples.

Many studies have reported that phenolic
compounds are reduced due to leakage into the
impregnation solution (Blanda et al, 2008;
Radziejewska-Kubzdela et al., 2014). It has been
reported that reducing phenolic content in
vacuum impregnation treatment may result from
osmotic dehydration of the plant tissue. In the
literature, researchers have reported that another
method, such as drying and/or ultrasound
reinforcement, should be applied to reduce or
stop this loss (Radziejewska-Kubzdela et al.,
2014). However, in the present study, it was
observed that the total phenolic content of quince
samples increased with vacuum impregnation
treatment. An increase in total phenolic content
may result from the vacuum impregnation setup
reinforced by an ultrasonic bath. In addition, it
was also thought that since the vacuum-
impregnated samples were dried, the total
phenolic content of the samples increased.

In similar studies in the literature, it was reported
that the phenolic content of the samples increased
with vacuum impregnation reinforced by an
ultrasonic bath. A study reported that the vacuum
impregnation technique increased the total
phenolic content of the mango fruit impregnated
with grape residues. The same study stated that
the vacuum impregnation setup was reinforced by
an ultrasonic bath (de Medeiros et al., 2019).

In another study, black carrot concentrates were
impregnated into apple samples. It was noted that
there was a significant decrease in the total
phenolic contents of the samples impregnated
with a solution that were not contain black carrot
concentrate. However, the researchers reported
that as the concentration of black carrot
concentrate in the impregnation solution
increased, the total phenolic contents of the
samples increased (Yilmaz and Ersus Bilek, 2017).

5-hydroxymethylfurfural (HMF) Content

HMF, one of the Maillard reaction products,
causes non-enzymatic colour changes in the final
product depending on the pH, type of reactants,
water activity, and temperature. HMF is a primary
Maillard reaction product (Gunel et al.,, 2019).
HMF measurement is used to evaluate the quality
of honey. HMF is not usually found in fresh
honey and increases during storage. HMF is
formed during the acid-catalyzed dehydration of
hexoses. The amount of HMF in honey is linked
to its chemical properties, such as pH, total
acidity, and mineral content (Zappala et al., 2005).

HMF amount of the honey sample used in the
present study was calculated as 23.12+1.06 mg/kg
on average. According to the Turkish Food
Codex Honey Communiqué, it was stated that the
HMF amount in honey should be at most 40
mg/kg, and honey above this value should not be
consumed (Can et al., 2015). According to Honey
Communiqué, it was observed that there was no
harm in the consumption of honey used in the
present study.

According to HMF analysis results (Table 2), it
was determined that there was no HMF in control
samples, both fresh and simple immersed. In both
samples, the amount of HMF was calculated
below the LOD value. Like the control samples,
the amount of HMF in rosehip solutions (5 and
10%) was calculated below the LOD value.
However, HMF amounts of quince samples
impregnated with honey solutions increased
depending on the honey concentration and were
calculated as 15.32+3.56 mg/kg, on average.
Honey concentrations in impregnation solution
affected significantly (p<0.01) the HMF content
of the quince samples. In addition, drying also
affected significantly (p<0.05) HMF content. As
expected, the highest HMF amount was
determined as 16.56+1.14 mg/kg for hot air
drying, while the lowest HMF amount (1.26+0.02
mg/kg) was determined for microwave drying.

In foods, HMF can be formed in different ways,
such as dehydration of hexoses or caramelization.
Previous studies have shown that HMF can easily
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be formed in foods with high sugar, like honey
(Durmaz and G6kmen, 2010).

In the literature, no study was found to determine
the amount of HMF content of the final products
after vacuum impregnation treatment. The only
research similar to the present study was carried
out by Jeon and Zhao (2005). In the study, fresh-
cut apple slices were vacuum-impregnated with a
honey solution. However, HMF amounts of
honey samples were determined while HMF
analysis was not performed in impregnated apple
samples. Therefore, according to the results of the
present study, it was determined that the amount
of HMF can increase with the vacuum
impregnation process depending on whether the
impregnation solution and/or control sample
contains HMF. In this case, HMF can also be
transferred from the impregnation solution to the
sample with the vacuum impregnation process.

Ascorbic Acid Content

Ascorbic acid (Vitamin C), as is known, protects
phenolic compounds from oxidation. It even
reduces quinone to phenols (Zeraatgar et al.,
2008; Zhang et al, 2019). Ascorbic acid is a
nutrient and important antioxidant component in
quince fruits and is known as a reducing and
chelating agent to scavenge free radicals. The
ascorbic acid content of the quince fruit used in
the present study was calculated as 18.50+0.98
mg/100g, which is compatible with the previous
studies (Ahmad et al., 2008; Sharma et al., 2011).
In addition, the ascorbic acid content of honey
and rosehip used in the present study was
calculated as 5.3912.02 and 65.56£3.85 mg/100g,
respectively.

According to the results, the ascorbic acid content
of the fresh quince sample increased with vacuum
impregnation treatment (Table 2). Impregnation
solutions, both honey and rosehip, affected
significantly (»<0.01) the ascorbic acid content of
the control samples. Drying type also affected
significantly (p<<0.01) the vitamin C content of the
control samples.

Since the initial ascotbic acid content of the
rosehip solution was high, the vitamin C content
of the quince samples impregnated with the

rosehip solution was higher than that of the honey
solution. Besides, while the highest ascorbic acid
amount was determined in microwave drying, the
lowest ascorbic acid amount was determined in
hot air drying as expected. Ascorbic acid
degradation by hot air drying has also been
reported in the literature (Nicoleti et al., 2007).
The decrease in ascorbic acid content in osmotic
drying is also thought to be due to the transition
of ascorbic acid to the osmotic solution. As a
matter of fact, it has been reported in the literature
that osmotic pre-treatment can reduce the
amount of ascorbic acid (Marfil et al., 2008).

In a study in the literature in which potato tubers
were impregnated with an ascorbic acid solution,
it was reported that the ascorbic acid content of
the control samples increased, similar to the
results of the present study (Hironaka etal., 2011).
Obtained results from the present study indicated
that vacuum impregnation treatment could
reduce oxidation and effectively inhibit the
decomposition of quince’s ascorbic acid. It was
determined that the impregnation
process could increase the ascorbic acid content
of quince, and browning could be slowed
down/stopped indirectly.

vacuum

Colour Properties and Browning Index (BI)
In the present study, to determine the effect of
the vacuum impregnation process on the colour
change in quince fruit accurately, vacuum-
impregnated quince slices and quince slices
without any treatment were kept for the same
time (30 min) and under the same conditions (25
°C). Colour measurement results were taken in
the 1st and 30th minutes.

According to the results, impregnation solutions
affected significantly (»<<0.01) Hunter L values of
quince samples (Table 3). Drying type affected
also significantly (»<0.05) Hunter L values of the
samples. According to the measurements taken in
the 1st minute, the L. value determined as
66.06£2.19 in the control sample seems to have
decreased with the vacuum impregnation process.
Still, the decrease in the L value in the control
sample after 30 minutes was more than in the
impregnated samples. The decrease in L value in



Fortification of quince (Cydonia oblonga M.)

the control sample at the end of 30 minutes was
approximately 40.76%, while it was about 0.76%
in the vacuum-impregnated samples. Hence, it
has been observed that honey with high
antioxidant content effectively prevents the
browning of quince’s colour. As a matter of fact,
Chen et al. (2000) stated that the effectiveness of
honey in reducing browning is due to its
antioxidant content. Likewise, Jeon and Zhao
(2005) noted that honey prevents discolouration
in apples due to its high antioxidant activity. The
reason why rosehip solutions preserved the
colour of quince samples was thought to be that
rosechip has high ascorbic acid and antioxidant

Although keeping the control sample in honey
and rosehip solutions by simple immersion
partially prevented the browning of colour, it was
predicted that darkening may continue after a
The vacuum
impregnation process helps induce honey and
rosehip into the potes of the fruit tissue and is
immersion in
preventing browning. A similar result was
reported by Jeon and Zhao (2005), and it was
noted that vacuum impregnation was more
effective in preventing apple fruit colour than

long waiting period (Table 3).

more effective than simple

simple immersion in a honey solution.

activity (PaunoviC et al., 2019).

Table 3. Colour properties of quince samples

1st minute

Drying type Hunter L Hunter a Hunter & BI
Microwave 63.52a t 1.82 10.022 + 0.12 16.362 + 1.22 21.01c = 1.02
Hot air 41.445 £ 2.09 23.54¢ £ 0.19 8.56> + 1.03 29.462 £ 0.07
Osmotic 61.262 £ 1.14 11.04> = 0.03 15.422+ 1.08 26.40b + 0.98
Significance level * i * i
Impregnation solutions

5% Honey 60.56a £ 2.22 -1.46¢ = 0.03 16.532 + 0.29 21.092 £ 0.19
10% Honey 52.58b + 2.19 -1.00b £ 0.00 12.41> = 1.00 24.42b + 0.78
20% Honey 47.08<+ 1.17 0.022 = 0.00 9.01¢ £ 0.07 28.69¢ £ 0.99
Significance level ok i i i

5% Rosehip 62.562 £ 2.14 11.08< + 0.51 19.562 + 1.11 24,03+ = 1.18
10% Rosehip 57.12> £ 0.33 18.01> = 0.49 20.212 £ 0.98 26.415 + 0.75
20% Roschip 51.03¢ + 2.04 22,442+ 1.18 19.992 + 0.23 28.76¢ = 1.02
Significance level ok i - i
Control (Fresh) 66.06 £ 2.19 -4.03 = 0.00 20.06 £ 0.88 16.80 = 1.12
Control (SI) 61.52 £ 1.17 -2.12 £ 0.01 18.52 £ 0.72 19.13 £ 1.15

30t minutes

Drying type Hunter L Hunter « Hunter & BI
Microwave 60.42a £ 1.02 12.142 + 0.02 15.062 + 0.29 23.04< £ 1.00
Hot air 39.38> + 1.49 24.41< £ 0.11 7.99b + 0.04 31.032 £ 0.02
Osmotic 58.22a+ 1.01 13.06> = 0.11 14.922 + 0.13 28.40b + 0.98
Significance level * ok * ok
Impregnation solutions

5% Honey 60.422 £ 1.21 -0.06¢ = 0.00 15.032+ 0.17 22.000 % 0.11
10% Honey 51.50b + 2.03 0.14> + 0.01 11.06> = 0.00 25.56> + 0.21
20% Honey 46.12¢ = 0.17 1.16* = 0.03 8.04¢ £ 0.02 29.06¢ £ 0.09
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Significance level ok ok ok ok

5% Roschip 60.96* £ 0.14 13.00¢ % 0.05 18.22» £ 0.11 2513 £ 1.02
10% Rosehip 55.02> + 1.30 19.13> £ 0.11 19.91= £ 0.09 27.99» £ 0.05
20% Rosehip 49.09< £ 1.14 23.04» £ 0.18 18.96 % 0.04 30.13¢ £ 1.00
Significance level Hok ok - ok

Control (Fresh) 39.13£1.21 -2.01 £ 0.02 19.56 £ 0.21 35.66 £ 1.10
Control (SI) 44.58 £ 0.17 -0.14 = 0.00 16.52 + 0.02 32.33 £0.15

*k P<0.01; *P<0.05 BI: Browning index, SI: Simple immersed

Browning is mainly caused by the reaction of
polyphenol oxidase and polyphenols and is
known as a key quality attribute for consumer
acceptance of fresh-cut quince slices. It generally
resulted in the formation of melanins (brown
colour) (Lin et al., 2006; RoBle et al., 2011). The
browning index value is known as an indicator of
browning formation in the final stage of the
browning reaction ($ahin et al., 2009; Gunel et al.,
2018). In the present study, Bl values of the
quince fruit were significantly (p<0.01) influenced
by both impregnation solutions and drying type
(Table 3). At the end of the 30th minute, it was
observed that the BI values of the samples were
also significantly (p<0.01) affected by both
impregnation solutions and drying types.

Similar to the L values of the samples, according
to the measurements taken in the 1st minute, the
BI value of the control sample seems to have
increased with the vacuum impregnation process,
but the increase in the BI value in the control
sample after 30 minutes was more than the
impregnated samples. The increase in Bl value in
the control sample at the end of 30 minutes was
approximately 112.26%, while it was about 4.31%
in the vacuum-impregnated samples. The results
showed that vacuum impregnation with honey
and roschip solutions slowed/stopped the
browning index of quince. Many researchers have
reported similar results (Lin et al., 2006; R68le et
al., 2011). It has been reported in the literature
that phenolic compounds in honey inactivate
reactive oxygen. Therefore, it has its own
antioxidant activity. It has also been reported that
the enzymes in honey act as antioxidants by
promoting the removal of oxygen (Lin et al,
2000).

It was observed that vacuum impregnation was
more effective than the simple immersion method
in the samples' BI and Hunter L values. Lin et al.,
(2006) and RéBle et al., (2011) reported similar
results for BI values of fresh-cut apples. The
porous microstructure of food can be
impregnated with honey or other nutraceuticals
using vacuum impregnation. Thus, the air is
removed from the pores of the fruit by vacuum
impregnation, and the impregnation of honey is
promoted into the pores. Finally, impregnating
honey into the pores of quince slices is more
preventive for browning than simple immersion.

Sensory Properties

Sensory evaluation is one of the most critical
stages of product development. Few studies in the
literature evaluated the sensory qualities of
quince-developed physicochemical and sensory
properties with different technologies.

Sensory properties of the vacuum-impregnated
and microwave-dried quince fruit are given in
Figure 2. According to the results, the sensorial
properties of the quince fruit were significantly
(»<0.01) influenced by impregnation solutions. In
addition, all vacuum-impregnated quince fruits
had significantly higher (p<0.05) consumer
acceptability ratings on appearance, colout,
acidity, flavour, texture, odour, and global
preference than the control samples.

The average appearance points of the control
samples  were calculated as  7.0020.50.
Appearance points of the samples impregnated
with honey solution increased, while those
impregnated with rosehip solution decreased. The
sample impregnated with 20% honey solution got
the maximum appearance point at 9 points.
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Figure 2. Sensorial properties of the vacuum impregnated quince fruit

According to the colour properties, the control
sample got 7.50%0.00 points for colour, while the
sample impregnated with 20% honey solution
scored 9.00£0.00 points (the maximum) for
colour. In addition, it was observed that the use
of rosehip solution in vacuum impregnation
reduced the colour values of the samples. The
colour values of the samples impregnated with
rosehip solution decreased to 6 points.

The acidity points of the control sample were
calculated as 8.50+0.50 on average. In contrast,
the acidity points of the samples impregnated
with honey and rosehip solutions decreased
compared to the control sample. The sample
impregnated with 20% honey solution got the
minimum acidity point. Due to the sweetness of
the honey solution, it was thought that the specific
sourness/acidity of the quince fruit was
suppressed. Thus, the panellists’ favourite sample
in terms of acidity was the sample impregnated
with 20% honey solution.

According to the taste scores, the control sample
got approx. 6.00£0.50 points from panellists.
While vacuum impregnation with honey solution
increased the taste points of the samples,

impregnation with rosehip solution did not affect
the taste points of the samples. The taste scores
of the samples impregnated with rosehip solution
were calculated like the control sample. The
sample impregnated with 20% honey solution had

the highest taste points.

Textural properties of the control sample got
5.00+0.50 points from panellists, while those of
impregnated samples with both honey and
rosehip solution had higher texture points than
the control sample. All panellists stated that the
impregnated samples had better mouth feel and
The

maximum point was calculated for the sample

chewiness than the control sample.

impregnated with 20% honey solution.

According to the odour scores, the control sample
Samples
impregnated with honey solution got almost the
same score as the control sample, while samples
impregnated with rosehip solution got lower
odour scores than the control sample. The highest
odour score was determined for the sample

had  8.70£0.30  odour  points.

impregnated with 20% honey solution.
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The panellists were asked to indicate their global
preference for the samples. According to the
global preference results, the control sample
received the lowest score, samples impregnated
with rosehip solution ranked second, and samples
impregnated with honey solution ranked first.
When asked which product they would prefer to
buy, all 15 panellists stated the sample
impregnated with 20% honey solution. The same
sample was preferred in both repetitions of
sensory analyses.

Studies on the subject have reported that vacuum
impregnation technique increases the sensory
properties of fruits and vegetables (Radziejewska-
Kubzdela et al,, 2014). In a study where fresh-cut
apples were vacuum-impregnated with different
solutions, it was reported that the sensory
properties of the impregnated samples compared
to the control sample were improved. It was also
stated that the impregnated samples received
consumer acceptance (Park et al, 2005). In
another study made with apple fruit, it was
reported that the vacuum impregnation technique
improved the sensory properties of apples, and
the impregnated apple was liked by consumers

(Joshi et al., 2010).

In a study in which fresh-cut pear fruit was
impregnated with honey solution, sensory
analyses were carried out on the obtained
products, and a comparison was made with
control samples. According to the analysis results,
the impregnated samples got higher scores than
the control samples in all sensory properties. In
addition, panellists gave their maximum global
preference points for impregnated samples rather
than the control sample (Lin et al., 2000).

In a study examining the sensory properties of
pineapple fruits impregnated with sucrose
solution by vacuum impregnation process, it was
stated that vacuum impregnation improved the
sensory properties of pineapple fruit. According
to the sensory analysis results, the impregnated
samples got the maximum global preference
points from the panellists (Barat et al., 2002).

CONCLUSION

Due to its physicochemical properties, quince
fruit, which is exposed to enzymatic browning
quickly, has been vacuum-impregnated with
honey and rosehip solutions. Also, quince
consumption is limited due to its hardness,
acidity, and  astringency.  The
impregnation technique to process quince fruit
limits enzymatic browning while increasing total
phenolic content, antioxidant activity, and
ascorbic acid content. It has been also observed
that the sensory properties and consumer liking
of the quince increase with the vacuum
impregnation  technique.  Considering  the
consumer liking, drying the vacuum-impregnated
quince with microwave has been deemed
appropriate. It has been observed that microwave
drying both shortens the process time and limits
the formation of HMF. When the properties of
the quince fruit impregnated by vacuum are
examined, it can be observed that impregnation
of quince with honey solution, rather than rosehip
solution, increases its sensory properties as well as
its physicochemical properties. Moreover, it has
been observed that the enzymatic browning of the
quince fruit impregnated with honey solution is
limited. As a result, the vacuum impregnation
technique can eliminate some problems that limit
quince fruit consumption and processing.

vacuum

DECLARATION
INTEREST

The authors declare no conflict of interest.

OF COMPETING

REFERENCES

Adsare, S.R., Bellary, AN., Sowbhagya, H.,
Baskaran, R., Prakash, M., Rastogi, N.K.(2016).
Osmotic treatment for the impregnation of
anthocyanin in candies from Indian gooseberty
(Emblica officinalis). Journal of Food Engineering,
175: 24-32.

Ahmad, M.F., Wani, N., Hassan, G.1., Zafar, G,
Khan, I.A. (2008). Variability in quince (Cydonia
oblonga Mill.) population from Baramulla district
of Kashmir valley. Indian Journal of Genetics and
Plant Breeding, 68(2): 215.

Barat, J.M., Talens, P., Barrera, C., Chiralt, A,
Fito, P. (2002). Pineapple candying at mild



Fortification of quince (Cydonia oblonga M.)

temperature by applying vacuum impregnation.
Journal of Food Science, 67(8): 3046-3052.

Bellary, A.N., Sowbhagya, H., Rastogi, N.K.
(2011). Osmotic dehydration assisted
impregnation of curcuminoids in coconut slices.
Journal of Food Engineering, 105(3): 453-459.

Betoret, N., Puente, L., Diaz, M., Pagan, M.,
Garcia, M., Gras, M., Mart(l | nez-Monzé, J., Fito,
P. (2003). Development of probiotic-enriched
dried fruits by vacuum impregnation. Journal of
Food Engineering, 56(2): 273-277.

Blanda, G., Cerretani, L., Bendini, A., Cardinali,
A., Scarpellini, A., Lercker, G. (2008). Effect of
vacuum impregnation on the phenolic content of
Granny Smith and Stark Delicious frozen apple
cvv. Eurgpean Food Research and Technology, 226(5):
1229-1237.

Can, Z., Yildiz, O., Sahin, H., Turumtay, E.A,,
Silici, S., Kolayli, S. (2015). An investigation of
Turkish ~ honeys:  their  physico-chemical
properties, antioxidant capacities and phenolic
profiles. Food Chemistry, 180: 133-141.

Castagnini, J.M., Betoret, N., Betoret, E., Fito,
P.(2015). Vacuum impregnation and air drying
temperature effect on individual anthocyanins
and antiradical capacity of blueberry juice
included into an apple matrix. LW T -Food Science
and Technology, 64(2): 1289-1296.

Chen, L., Mehta, A., Berenbaum, M., Zanget],
AR., Engeseth, N.J. (2000). Honeys from
different floral sources as inhibitors of enzymatic
browning in fruit and vegetable

homogenates.Journal of Agricultural  and  Food
Chemistry, 48(10): 4997-5000.

Chiralt, A., Fito, P., Barat, J., Andres, A,
Gonzalez-Martinez, C., Escriche, 1., Camacho, M.
(2001). Use of vacuum impregnation in food
salting process. Journal of Food Engineering, 49(2):
141-151.

de Medeiros, R.A.B., da Silva Junior, E.V., da
Silva, J.H.F., Neto, O.D.C.F., Brandao, S.C.R,,
Barros, Z.M.P., ... Azoubel, P.M. (2019). Effect of
different grape residues polyphenols
impregnation techniques in mango. Journal of Food
Engineering, 262: 1-8.

Derossi, A., De Pilli, T., Severini, C. (2010).
Reduction in the pH of vegetables by vacuum
impregnation: A study on peppet. Journal of Food
Engineering, 99(1): 9-15.

Derossi, A., De Pilli, T., Severini, C. (2013).
Application of vacuum impregnation techniques
to improve the pH reduction of vegetables: Study

on carrots and eggplants. Food and Bioprocess
Technology, 6(11): 3217-3226.

Duke, J.A. (2002).Handbook of medicinal herbs. CRC
Press.

Durmaz, G., Gékmen, V. (2010). Determination
of 5-hydroxymethyl-2-furfural and 2-furfural in

oils as indicators of heat pre-treatment. Food

Chemistry, 123(3): 912-916.

Eroglu, E. Tontul, I, Topuz, A. (2018).
Optimization of aqueous extraction and spray
drying conditions for efficient processing of

hibiscus blended rosehip tea powder. Journal of

Food Processing and Preservation, 42(6): ¢13643.

Gonzialez-Fésler, M., Salvatori, D., Gémez, P.,
Alzamora, S. (2008). Convective air drying of
apples as affected by blanching and calcium
impregnation. Journal of Food Engineering, 87(3):
323-332.

Gras, M., Vidal, D., Betoret, N., Chiralt, A., Fito,
P. (2003). Calcium fortification of vegetables by
vacuum impregnation: interactions with cellular
matrix. Journal of Food Engineering, 56(2): 279-284.

Gunel, Z., Tontul, I., Dincer, C., Topuz, A,
Sahin-Nadeem, H. (2018). Influence of
microwave, the combined microwave/hot air and
only hot air roasting on the formation of heat-

induced contaminants of carob powders. Food

Additives & Contaminants: Part A, 35(12): 2332-
2339.

Hilgert, N.I. (2001). Plants used in home medicine
in the Zenta River basin, Northwest Argentina.
Journal of Ethnopharmacology, 76(1): 11-34.

Hironaka, K., Kikuchi, M., Koaze, H., Sato, T.,
Kojima, M., Yamamoto, K., Yasuda, K., Mori, M.,
Tsuda, S. (2011). Ascorbic acid enrichment of

whole potato tuber by vacuum-impregnation.
Food Chemistry, 127(3): 1114-1118.

677



678

Z. Glinel, S. Asik Aygiin, T. Atbakan Kalkan, A. Topuz

Hironaka, K., Koaze, H., Oda, Y., Shimada, K.
(2015). Zinc enrichment of whole potato tuber by

vacuum impregnation. Journal of Food Science and
Technology, 52(4): 2352-2358.

Jeon, M., Zhao, Y. (2005). Honey in combination
with vacuum impregnation to prevent enzymatic
browning of fresh-cut apples. International Journal
of Food Sciences and Nutrition, 56(3): 165-170.

Joshi, A.P.K., Rupasinghe, H.P.V., Pitts, N.L.
(2010). Sensory and nutritional quality of the
apple snacks prepared by vacuum impregnation

process. Journal of Food Quality, 33(6): 758-767.

Lin, D.S., Leonard, S.W., Lederer, C., Traber,
M.G., Zhao, Y. (2006). Retention of fortified
vitamin E and sensory quality of fresh cut pears

by vacuum impregnation with honey. Journal of
Food Science, 71(7): 553-559.

Marfil, P.H.M., Santos, E.M., Telis, V.R.N.
(2008). Ascorbic acid degradation kinetics in
tomatoes at different drying conditions. LIWT-
Food Science and Technology, 41(9): 1642-1647.

Martin-Esparza, M., Martinez-Navarrete, N.,
Chiralt, A., Fito, P. (2006). Dielectric behavior of
apple (var. Granny smith) at different moisture
contents: Effect of vacuum impregnation. Journal
of Food Engineering, 77(1): 51-56.

Matusek, A., Czukor, B., Merész, P., Orsi, F.
(2008). Comparison of diffusion of fructo-
oligosaccharide components during vacuum

impregnation and osmotic dehydration. Ewrgpean
Food Research and Technology, 227(2): 417-423.

Menrad, K. (2003). Market and marketing of
functional food in FEurope. Jowrnal of Food
Engineering, 56(2): 181-188.

Moraga, M., Moraga, G., Fito, P., Martinez-
Navarrete, N. (2009). Effect of vacuum
impregnation with calcium lactate on the osmotic
dehydration  kinetics  and  quality  of
osmodehydrated  grapefruit.  Journal of Food
Engineering, 90(3): 372-379.

Moreira, R., Chenlo, F., Torres, M., Vallejo, N.
(2008). Thermodynamic analysis of experimental
sorption isotherms of loquat and quince fruits.
Journal of Food Engineering, 88(4): 514-521.

Nawirska-Olszanska, A., Pastawska, M., Stepien,
B., Oziemblowski, M., Sala, K., Smorowska, A.
(2020). Effect of vacuum impregnation with
apple-pear juice on content of bioactive
compounds and antioxidant activity of dried
chokeberry fruit. Foods, 9(1): 108.

Nicoleti, J.F., Silveira Jr, V., Telis-Romero, J.,
Telis, V.R. (2007). Influence of drying conditions
on ascorbic acid during convective drying of
whole persimmons. Drying Technology, 25(5): 891-
899.

Park, S.I., Kodihalli I., Zhao, Y. (2005).
Nutritional, Sensory, and Physicochemical
Properties of Vitamin E and Mineral fortified
Fresh cut Apples by Use of Vacuum
Impregnation. Journal of Food Science, 70(9): 593-
599.

PaunoviC, D., Kalu$EviC, A., PetroviC, T.,
Uro$EviC, T., DjinoviC, D., NedoviC, V.,
PopoviC-DjordjeviC, J. (2019). Assessment of
chemical and antioxidant properties of fresh and
dried rosehip (Rosa canina L.). Notulae Botanicae
Horti Agrobotanici Cluj-Napoca, 47(1): 108-113.

Perez-Cabrera, L., Chafer, M., Chiralt, A.,
Gonzalez-Martinez, C. (2011). Effectiveness of
antibrowning agents applied by vacuum

impregnation on minimally processed pear. LIT-
Food Science and Technology, 44(10): 2273-2280.

Radziejewska-Kubzdela, E., Biegafiska-Marecik,
R., Kidoa, M. (2014). Applicability of vacuum
impregnation to modify physico-chemical,
sensory and nutritive characteristics of plant

origin products-a review.Iuternational Journal of
Molecular Sciences, 15(9): 16577-16610.

RéBle, C., Brunton, N., Gormley, T.R., Butler, F.
(2011). Quality and antioxidant capacity of fresh-
cut apple wedges enriched with honey by vacuum

impregnation. International Journal of Food Science and
Technology, 46(3): 626-634.

Sahin, H., Topuz, A., Pischetsrieder, M.,
Ozdemir, F. (2009). Effect of roasting process on
phenolic, antioxidant and browning properties of
carob powder. Ewropean Food Research —and
Technology, 230(1): 155-161.



Fortification of quince (Cydonia oblonga M.)

Sharma, R., Joshi, V.K., Rana, J.C. (2011).
Nutritional composition and processed products
of quince (Cydonia oblonga Mill.). Indian Journal of
Natural Products and Resonrces, 2(3): 354-357.

Siddiqui, T.A., Zafar, S., Igbal, N. (2002).
Comparative double-blind randomized placebo-
controlled clinical trial of a herbal eye drop
formulation (Qatoor Ramad) of Unani medicine

in conjunctivitis. Journal of Ethnopharmacology, 83(1-
2): 13-17.

Szychowski, P.J., Munera-Picazo, S., Szumny, A.,
Carbonell-Barrachina, A.A., Hernandez, F.
(2014). Quality parameters, bio-compounds,
antioxidant activity and sensory attributes of
Spanish quinces (Cydonia oblonga Miller). Scientia
Horticulturae, 165: 163-170.

Tontul, 1., Topuz, A. (2017). Effects of different
drying methods on the physicochemical
properties of pomegranate leather (pestil). LIWT,
80: 294-303.

Tontul, I, Eroglu, E., Topuz, A. (2018).
Convective and refractance window drying of
cornelian cherry pulp: Effect on physicochemical
propetties. Journal of Food Process Engineering, 41(8):
e12917.

Topuz, A., Dinger, C., Torun, M., Tontul, I,
Nadeem, H.S., Haznedar, A., Ozdemir, F. (2014).
Physicochemical properties of Turkish green tea
powder: effects of shooting period, shading, and
clone. Turkish Journal of Agriculture and Forestry,
38(2): 233-241.

Uenal, M.U., Sener, A., Bozdogan, A. (2010). A
comparative study of polyphenol oxidase from
two varieties of quince (Cydonia oblonga). Journal of
Food Biochemistry, 34(2): 356-367.

Wojdylo, A., Oszmianski, J., Bielicki, P. (2013).
Polyphenolic composition, antioxidant activity,
and polyphenol oxidase (PPO) activity of quince
(Cydonia  oblonga Miller) varieties. Journal  of
Agricnltural and Food Chemistry, 61(11):2762-2772.

Yildiz, G., Iz, G., Aadil, R.M. (2020).
Comparison of chemical, physical, and ultrasound
treatments on the shelf life of fresh cut quince
truit (Cydonia oblonga Mill.). Journal of Food Processing
and Preservation, 44(3): ¢14360.

Yilmaz, F.M., Ersus Bilek, S. (2017). Natural
colourant enrichment of apple tissue with black
carrot concentrate using vacuum impregnation.
International Journal of Food Science & Technology,
52(6): 1508-1516.

Zappala, M., Fallico, B., Arena, E., Verzera, A.
(2005). Methods for the determination of HMF in
honey: a comparison. Food Control, 16(3): 273-2717.

Zeraatgar, H., Davarynejad, G.H., Moradinezhad,
F.,Abedi, B. (2018). Effect of salicylic acid and
calcium nitrate spraying on qualitative properties
and storability of fresh jujube fruit (Ziziphus
jujube Mill). Notulae Botanicae Horti Agrobotanici
Cluj-Napoca, 46(1): 138-147.

Zhang, L., Wang, P., Chen, F., Lai, S., Yu, H.,
Yang, H. (2019). Effects of calcium and pectin
methylesterase on quality attributes and pectin
morphology of jujube fruit under vacuum
impregnation during storage. Food Chemistry, 289:
40-48.

679



I¢indekiler / Content GIDA (2025)50(4)

Aragtirmalar (Ingilizce) / Researches (English)

Rayman Ergiin, A. (2025). Effect of UV'-C light on the inactivation of Zygosaccharomyces rouxii in apple juice: Evaluation of phenolic and antioxidant contents / UV-C 1s1ginin
elma suyundaki Zygosaccharomyces rouxii'nin inaktivasyonuna etkisi: Fenolik ve antioksidan iceriklerinin degerlendirilmesi 479-490

Fualak, 1. H., Ozden Tuncer, B. (2025). Investigation of antibiotic resistance genes in Enterococcus strains isolated from sucuk, a traditional dry-fermented Turkish sansage |
Geleneksel kuru fermente Tiirk sucugundan izole edilen Enterokok suslarinda antibiyotik diren¢ genlerinin arastirilmasi 491-505

Bostane: Selbes, E., Haskaraca, G., Erem, F., Ayhan, Z. (2025). Develgpment of gluten-free meatballs using oleaster and coconut flours as breaderumb replacers / Galeta unu
yerine igde ve hindistan cevizi unu kullanilarak glutensiz ko fte gelistirilmesi 537-555

Topug Tiirker, S., Bayram, M. (2025). Determination of total phenolic compound, antioxidant activity, and some physicochemical properties of different commercial fruit vinegars |
Farkli ticari meyve sirkelerinin toplam fenolik bilesik, antioksidan aktivite ve bazi fizikokimyasal 6zelliklerinin belirlenmesi 606-619

Yavuzer, Emre. (2025). Determination of the effect of head treatment appied to anchovy on putrefaction by electronic nose /| Hamsiye uygulanan 1s1l islemin kokusma tizerine
etkilerininin elektronik burun ile belirlenmesi 620-628

Unver Algay, A., Abmetogin, F. (2025). Effucts of adding jerusalem]ernsalem artichoke (Helianthus tuberosus) on the quality and nutritional value of gluten-free bread |
Yerelmasi (Helianthus tuberosus) ilavesinin glutensiz ekmek kalitesi ve besin degeri tizetindeki etkileri 644-663

Giinel, Z., Asik Aygiin, S., Atbakan Kalkan, T., Topuz. A (2025). Effects of vacunm impregnation with honey and rosehip solutions on the fortification and engymatic browning of
quince (Cydonia oblonga M.) / Bal ve kusburnu ¢6zeltileri ile vakum impregnasyonun ayva (Cydonia oblonga M.)'nin zenginlestirilmesi ve enzimatik esmerlesmesi
tizerine etkileri 664-679

Aragtirmalar (Tiirkge) / Researches (Turkish)

Giirdas Mazlum, S., Erdogan, A. E. (2025). Guar gam ilaveli kitosan kompozit filmlerin karakterizasyonu / Characterization of guar gum-added chitosan composite
films. 506-518

Yorganct, T., Zungur Bastioglu, A., Yorulmaz, A. (2025). Dondurarak kurutma yontemi ile incir cekirdegi yaginin enkapstlasyonu ve toz urtnin
karakterizasyonu / Encapsulation of fig seed 0il by freeze drying method and characterization of the powder product. 519-536

Dal Konus, Z., Turgay, O. (2025). Bitkisel siit ikamesi iiretiminde atiklarin degerlendirilmesi: Badem posasinin besinsel icerigi izetine bir calisma / aluation
of waste in the production of vegetable milk substitute: A study on the nutritional content of almond pulse 577-584

Derlemeler (Tiirkge) / Review (Turkish)

Yigit, Y. (2025). Gastronomi alaninda temel bazt besinlerde mikroplastik tehlikesi ve gida giivenligi / Some basic foods in gastronomy microplastic hazard and food
safety. 556-576

Besen, D., Akyildiz, A. (2025). Siirdiiriilebilirlik ve gida israfi yoniinden hasat sonrast islemler ve kombine uygulamalar / Post-harvest processes and combined
applacations i terms of sustamnabulity and food waste -Review. 585-605

Demirpenge, H., Beyaz, D. (2025). Mikotoksinlerin detoksifikasyonunda kullanilan fiziksel, kimyasal ve biyolojik yontemler / Physical, chemical and biological
methods used in detoxification of micotoxins. 629-643

ISSN 1300 - 3070




