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Editordentl Edi-

Akademik Gida dergisinin 22. yayin yilinin ilk sayisinda yine sizlerle birlikteyiz. Bu
sayimizda 8 arastirma makalesi yer almaktadir.

Makale yazarlarindan zaman zaman gelen sorular nedeniyle makale kabulu ile ilgili
daha 6nce yaptigimiz bilgilendirmeyi tekrar etmek istiyoruz. Dergimize yayimlanmak
Uzere gonderilen makalelerin kabull halen http://www.academicfoodjournal.com
adresinden yapilmakta olup, DergiPark Uzerindeki makale kabul sureglerini iceren
sistem henuz kullaniimamaktadir.

Yazarlarimiza hatirlatmak istedigimiz diger énemli bir husus 2020 yilindan itibaren
dergimize gonderilecek makalelerde Etik Kurul izni gerektiren ¢alismalarin ilgili izni
aldiklari ile ilgili bilgi ve belgelerini dergimize (makalelerini dergimize gdénderme
asamasinda) sunmalari gerekliligidir. Dergimizin etik hususlarla ilgili detayli etik
beyanina web sayfamizdan (https://dergipark.org.tr/tr/pub/akademik-gida/page/6477)
ulasilabilir. Ayrica dergimizde arastirma makalelerinin ve Ingilizce olarak yazilan
makalelerin dederlendirme ve yayinlanma surelerinin diger makalelere kiyasla olduk¢a
kisa oldugunu yazarlarimiza tekrar hatirlatmak istiyoruz.

Daha fazla ulusal ve uluslararasi veri tabani ve indekste dizinlenmek ve derginin
uluslararasi dizeyde taninirhdini arttirmak icin calismalarimizi  strdtrdugimdzi
zaman zaman sizlere iletiyorduk. Bu c¢alismalarimiz sonucunda dergimizin 15 Subat
2022 tarihi itibariyle SCOPUS veri tabanina kabul edildigini sizlerle paylasmaktan
mutluluk duyuyoruz. Dergimizin 2022 yili ve sonrasinda yayinlanan sayilarinda yer alan
makalelere SCOPUS veri tabani tGzerinden ulagilabilmektedir (Tim makalelere erisim
icin Source Title kismina “Akademik Gida” yazilmasi gerekmektedir). Dergimizin
kalitesini ve uluslararasi alanda sayginligini arttirabilmemiz icin etki faktorinin
yukseltimesi baglica hedeflerimiz arasindadir. Bu nedenle siz degerli bilim
insanlarindan gerek dergimize ve gerekse diger ulusal ve uluslararasi dergilere
goénderdiginiz makalelerde Akademik Gida dergisinde yayimlanan makalelere mimkun
oldugunca atif yapmanizi tekrar rica ediyoruz.

Dergimizin yayincisi Sidas Medya Limited Sirketinin 15 Ocak 2024 tarihli
karari uyarinca, 1 Subat 2024 tarihinden sonra Akademik Gida dergisine génderilen
Turkce makaleler igin “kabul/red sartina bagli olmaksizin” yazar/yazarlar tarafindan
katki payi olarak 1000 TL (KDV Dahil) 6édenmesinin uygun goéraldugini tekrar
hatirlatmak istiyoruz. Diger taraftan Ingilizce olarak dergiye génderilen makalelerden
750 TL (KDV Dahil) talep edilecektir (https://dergipark.org.tr/tr/pub/akademik-gida/

price-policy).

Katkilarinizla dergimizin daha iyi noktalara gelecegine ylrekten inaniyoruz. Bu
sayinin olusmasinda katkida bulunan; calismalarini yayimlanmak Uzere dergimize
gbnderen yazarlara ve bu calsgmalar titizlikle degerlendiren yayin kurulu
Uyelerimiz ve hakemlerimize tesekkurlerimizi sunuyoruz.

Saygilarimizla.

Prof. Dr. Oguz Giirsoy
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Prof. Dr. Yusuf Yilmaz
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Dicle Universitesi Veteriner Fakiiltesi ve Veteriner Gida
Hijyenistleri Dernegi tarafindan 25-27 Nisan 2024 tarihlerinde
Dicle Universitesi 15 Temmuz Kiiltiir ve Kongre Merkezinde
(Diyarbakir) gergeklestirilecek olan X. Veteriner Gida Hijyeni
Kongresi ile ilgili bilgilere http://lveterinergidakongresi.org/
adresinden ulasilabilir.
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ABSTRACT

Using chemical and physicochemical techniques, we extracted the mucilaginous component of okra (Abelmoschus
esculentus L.) by the ultrasound-assisted extraction method, then evaluated the resulting polysaccharide extract's
rheological properties. Our investigation encompassed examining the flow behavior of polysaccharides extracted
under different okra to distilled water ratios (1:10 and 1:30) and various polysaccharide concentrations (1, 2, 3 and
4%, wiv) over a temperature range of 10°C to 80°C. Employing the power law model, we derived parameters and
found that okra polysaccharides displayed non-Newtonian pseudoplastic flow characteristics. The flow behavior index
ranged from 0.234 to 0.947, with the consistency coefficient ranging from 4.37 to 244.50 mPa.s. Increasing
temperature resulted in a decrease in both the consistency coefficient (K) and flow behavior index (n), while
concentration elevation led to higher consistency coefficient values. However, the flow behavior index did not exhibit
consistent trends with concentration variations. Three statistical parameters; correlation coefficient (R?), root mean
square error (RMSE) and chi-square (x?) were used to evaluate the fit of the power law model to the experimental
data. Our study further explored temperature’s impact on the apparent viscosities of okra polysaccharide samples and
modeled the influence of temperature on the consistency index using the Arrhenius equation. Samples with solid-to-
solvent ratios of 1:10 and 1:30 showed increasing activation energy with concentration rise, with the highest value
recorded at 275.84 kJ/mol for the 1:10 ratio sample with a 4% concentration. In SEM images, okra polymers exhibit
irregular, wavy, rough textured surface, and amorphous appearance. These findings hold promise for optimizing
ultrasound extraction protocols and enhancing the industrial utilization of mucilages through their rheological
properties.

Keywords: Okra mucilage, Rheological properties, Ultrasound, Extraction method

Bamya Miisilajinin Ultrason Destekli Ekstraksiyonu: Sulu Cozeltilerinin Reolojik Ozellikleri
0z

Kimyasal ve fizikokimyasal teknikler kullanilarak, bamyanin misilajindz bileseni ultrason destegi ile ekstrakte edilmis,
ardindan elde edilen polisakkarit ekstraktinin reolojik Ozellikleri degerlendirilmistir. Arastirmamiz, 10°C ile 80°C
sicaklik araliginda farkli bamya-damitik su oranlari (1:10 ve 1:30) ve cesitli polisakkarit konsantrasyonlari (%1, 2, 3 ve
4, w/v) altinda ekstrakte edilen polisakkaritlerin akis davranislarinin incelenmesini kapsamaktadir. Gug¢ yasasi
modelini kullanarak parametreler tiuretiimis ve bamya polisakkaritlerinin Newtonyen olmayan psodoplastik akig
Ozellikleri gosterdigini bulunmustur. Akis davranis indeksi 0,234 ile 0,947 arasinda degisirken, kivam katsayisi 4,37 ile
244 50 mPa.s arasinda degismistir. Artan sicaklik hem kivam katsayisinda (K) hem de akis davranis indeksinde (n)
distse neden olurken, konsantrasyon artisi daha yiuksek kivam katsayisi degerlerine yol agmistir. Ancak, akis
davranis indeksi konsantrasyon degisimleri ile tutarh egilimler sergilememistir. Gli¢ yasasi modelinin deneysel verilere
uyumunu degerlendirmek igin (¢ istatistiksel parametre; korelasyon katsayisi (R?), kok ortalama kare hatasi (RMSE)
ve ki-kare (x?) kullaniimigtir. Calismamizda ayrica sicakligin bamya polisakkarit 6rneklerinin gérinir viskoziteleri
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Uzerindeki etkisi arastirimis ve Arrhenius denklemi

kullanilarak sicakhdin kivam indeksi Uzerindeki etkisi

modellenmistir. Bamya-damitik su orani 1:10 ve 1:30 olan numuneler konsantrasyon artigiyla birlikte artan aktivasyon
enerjisi gostermis, en ylksek deger %4 konsantrasyona sahip 1:10 oranli numune icin 275,84 kJ/mol olarak
kaydedilmistir. SEM goérintulerinde, bamya polimerleri diizensiz, dalgali, puriuzli dokulu ylzey ve amorf gérinim
sergilemektedir. Bu bulgular, ultrason ekstraksiyon protokollerinin optimize edilmesi ve reolojik 6zellikleri araciliiyla
mdasilajlarin endustriyel kullaniminin artiriimasi igin umut vaat etmektedir.

Anahtar Kelimeler: Bamya musilaji, Reolojik 6zellikler, Ultrason, Ekstraksiyon yontemleri

INTRODUCTION

Okra (Abelmoschus esculentus L.) is a widely cultivated
plant globally in tropical, subtropical, and temperate
regions, including coastal areas bordering the
Mediterranean Sea. This widespread cultivation is
primarily due to the plant's significant economic and
nutritional value [1]. It is often grown extensively in the
Aegean part of our country and eaten fresh, frozen, or
dried [2]. The viscous and mucilaginous consistency
observed in extracts derived from okra is primarily
ascribed to its polysaccharide composition, garnering
significant attention in both food and non-food sectors
for its inherent technological properties. Extensive
examination of its various applications has been
previously documented in scientific literature [3-5]. Early
studies  characterized the latter as  acidic
polysaccharides composed of galactose, rhamnose, and
galacturonic acid, with reports indicating partial
acetylation of these polysaccharides. Lengsfeld et al.
[6], along with Deters et al. [7], identified the sugar
components of okra polysaccharides to include
rhamnose, galacturonic acid, galactose, glucose, and
glucuronic acid. Okra mucilage, derived from the pods of
okra plants, is a dense fluid composed of
polysaccharides with random coil structures, including
the aforementioned sugars [4, 8, 9]. Numerous studies
have focused on investigating the rheological behavior
of okra polysaccharide extracts in solution to better
understand the relationship between their structure and
function [10, 11].

Historically, conventional techniques including
hydrodistillation, squeezing, cold pressing, maceration,
and stirring-based extraction were employed for
obtaining mucilage from plant origins. Nevertheless,
these approaches were largely dependent on solvents,
heat, and extended extraction durations, frequently
resulting in the diminishment of antioxidant properties
and overall phenolic content due to oxidation,
hydrolysis, and ionization processes. Consequently, the
exploration of more advanced alternative methods
became essential [12]. Nonetheless, in recent years,
there has been significant exploration into non-thermal
methods as alternatives or supplements to traditional
heat-based treatments. One such technique, sonication,
utilizes ultrasonic waves for food processing without
applying heat. This method relies on piezoelectric
materials to convert electrical energy into mechanical
energy, generating ultrasonic waves. When these waves
pass through a liquid, they create cavitation bubbles due
to fluctuating pressure. The collapse of these bubbles
along the sound wave's path leads to localized areas of
increased temperature and pressure. The energy

transferred to the food during ultrasonic treatment can
be characterized using terms such as ultrasonic power,
intensity, acoustic energy density, or cavitational
intensity [4, 13, 14].

The rheological properties of these extracts hold
significant importance for prospective industrial
utilization. Despite this, there has been a scarcity of
research concerning the rheology of such systems when
in solution [15, 16].

The significance of rheological properties lies in their
crucial role in elucidating heat transfer phenomena and
in the design, assessment, and simulation of continuous
processes. The measurement of these properties offers
valuable insights into the behavior and predictive
outcomes related to processing, alterations in
formulation, aging effects, and overall quality across
diverse product categories[11]. Previous studies on
rheology have demonstrated that okra mucilage exhibits
characteristics of a structured fluid, displaying properties
such as viscoelasticity, shear-thinning behavior,
adhesion, stringiness, ductility, and cohesion [17]. In
addition, the researchers stated that the extraction
protocols used had distinct impacts on the rheological
properties of okra mucilage, suggesting the potential for
weak gel-like behavior in okra mucilage. Additionally,
the viscosity of okra mucilage highlights the intimate
connection between shear and extension directions. The
extensional viscosity of okra mucilage significantly
surpasses its shear viscosity, often by two to three
orders of magnitude [9]. The mentioned rheological
characteristics attributed to okra polysaccharides
underscore their significant technical value for various
applications, serving as viscosity enhancers, gelling
agents, and thickeners and are widely used in food and
medical fields [18].

Hence, the primary objective of the current investigation
was to employ ultrasound extraction technology to
procure okra polysaccharides under varying solid-to-
solvent ratios, aiming to elucidate the solution behavior
of these biopolymers across both dilute and
concentrated states. These results provide a valuable
data base for the potential utilization of okra mucilage
obtained by ultrasound technology in various industries.

MATERIALS and METHODS
Materials
The soft and ripe okra of about 5 - 7 cm in length and 3

cm in diameter grown in Tire (lzmir, Turkiye) were
obtained from a local market and immediately dried,
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ground and stored under suitable storage conditions. A
solar dryer provided by Tartes Tarim in Izmir, Turkiye,
was employed to dry the okra. Subsequently, the dried
okra was pulverized into powder with particle sizes
ranging from 400 to 500 uym using a hammer mill (Brook
Crompton Controls, Wakefield, UK) and stored
appropriately. The ethanol (96% ultra-pure) utilized for
purifying polysaccharides was sourced from Tekkim
Kimya (Bursa, Turkiye).

Methods
Ultrasound-Assisted Extraction Method

For ultrasound-assisted extraction of polysaccharides
from okra, the extraction and purification steps used by
Oncii Glaue et al. [4], 2023 were performed using
Hielscher UP400S, 24 kHz, Germany, equipped with
H14 probe (14 mm diameter; 90 mm height). In the
extraction process, a power of 200 watts and an
extraction time of 5 min, which were determined by
preliminary trials, were used. To initiate the extraction
procedure, samples were prepared from powdered okra
using two distinct ratios of distilled water, namely 1:10
g/mL and 1:30 g/mL.

The extract was centrifuged at 2000x g for 15 minutes to
separate the supernatant. The supernatant was
combined and filtered through a fine-mesh cheesecloth
before being concentrated in an evaporator at 70°C and
100 rpm, reducing its volume to approximately 1/3-1/4
of the original. The concentrated solution containing
polysaccharides underwent precipitation and purification
by adding six times its volume of ethanol, followed by
centrifugation at 5000 g for 10 minutes to remove
impurities. Finally, the samples were freeze-dried and
stored at -20°C for preservation.

Rheological Measurements

The rheological properties of polysaccharide solutions
obtained from ultrasound-assisted extracts with 1:10
and 1:30 okra/distilled water ratios and prepared at
different concentrations (1, 2, 3 and 4%, w/v) were
determined at different temperatures (10, 20, 40, 60 and
80°C) using a TA DHR3 (TA Instruments Inc., New
Cattle, DE, USA) rheometer with concentric cylinder
probe (diameter 27.99 mm, length 41.07 mm, measuring
cup diameter 30 mm). The experiments were performed
in two parallel runs and each run was performed with a
new sample.

Apparent viscosity is a function of shear rate and in this
study shear calculations (flow curves) were used to
determine the flow behavior of polysaccharide solutions.
The samples were completely dissolved by means of
vortex and ultrasonic bath before measurement and
then the temperature of the samples was adjusted to the
desired temperatures using a circulating water bath.
Shear stress, shear rate and viscosity values were
noted for each speed. The experimental data were
tested to find the most appropriate flow model based on
the shear stress-shear rate data.

Flow Behavior

Shear stress (1) and shear rate (y) played important
roles on okra polysaccharide extracts viscosity. Shear
rate was systematically increased within the range of O-
100 s'. To characterize the flow behavior of
polysaccharide  solutions prepared at various
concentrations, the two-parameter Power-Law model,
extensively utilized in both theoretical analysis and
practical engineering computations, was employed for
testing purposes (Equation 1.) [19, 20].

T=Ky" (1)
where 71 is the shear stress (Pa), y is the shear rate (1/s).
The constants K and n are the coefficient of consistency
(Pa.s) and the flow behavior index, respectively.

In Equation 2, the logarithm of both sides is taken,

logt =logK +nlogy (2)

The values of K and n are determined by logarithmic
plots of shear stress (1) versus shear rate (y) [21].

Apparent Activation Energy

The impact of temperature on the apparent viscosities of

okra polysaccharides was determined using an
Arrhenius-type equation (3);

-Eq

1 1
K= KOeR(ﬁ‘T) (3)

In the equation, Ko represents the consistency factor in
units of Pa.s, R stands for the universal gas constant in
kd/mol K, Ea denotes the apparent activation energy
measured in  kd/mol, and T represents the
polysaccharide temperature in Kelvin (K). For this
analysis, a reference temperature (To) of 20°C (293.15
K) was assumed.

To linearize Equation 3, we can take the natural
logarithm of both sides (Equation 4).

K =InK, -2 (> -2) 4)

Ty T

K, and E, values are calculated by plotting (Ti—
0

1 .
F) against In K.

Conversely, a correlation coefficient (R?) was computed
to assess the strength of the relationship between the
consistency index and activation energy. Correlation
coefficient values exceeding 0.8 are typically considered
strong. R? is valuable as it indicates the proportion of
variance in one variable that can be predicted from
another variable [22].

SEM Analysis

The surface structure of the prepared beads was
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examined using scanning electron microscopy (SEM)
(JEOL, JSM-5800, Japan). The beads were affixed to a
brass stud with double-sided adhesive tape and gold-
coated under vacuum using ion sputtering to produce a
thin layer of gold (3-5 nm) for 75 seconds. SEM images
were captured at an accelerating voltage of 15 kV and a
chamber pressure of 1.0 mm Hg to study the
morphology. The magnification levels for the samples
were set at x10000 and x25000.

Statistical Analysis

The fit of the rheological model used to determine the
flow behavior with the experimental data was
determined using Microsoft Excel (Microsoft Office 365
ProPlus, version 1810). The coefficient of determination
(R?) close to 1 was taken into consideration as an
indicator of goodness of fit, while the root mean square
error of the mean square (RMSE) and chi-square (X?)
values were considered to increase the fit. For RMSE,
values less than 0.1 represent perfect fit [23]. RMSE
and x? values were calculated using Equation 5. and 6.
It is possible to detect differences between empirical
data and model predictions using the following statistical
tools.

1 @n 2 1/2
RMSE = [ﬁZizl (Mpredicted,i - Mactual,i) ] (5)

N 2
2 _ Zi=1 (Mactual,i - Mpredicted,i)
= P (6)

X

Here, Macwa, is the measured value in the .
experimental analysis, Mpredicted,i iS the predicted value in
the i. analysis in the model, N is the number of
experimental data and n is the amount of coefficients in
the model used [2].

RESULTS and DISCUSSION
Rheological Measurements

Rheology provides valuable insights into the type of
fluid, solution state, and phase transformation of
polysaccharide solutions. Studying the rheological
properties of polysaccharides is significant for
enhancing their development and utilization in food-
related industries [24]. This study examined how
solutions of polysaccharides at various concentrations
(1, 2, 3 and 4%, w/v) [25] extracted using different ratios
of okra to distilled water (1:10 and 1:30), behave under
different temperatures (10, 20, 40, 60 and 80°C).

After conducting the extraction process with a solid-to-
solvent ratio of 1:10, the apparent viscosity of the
samples increased with higher concentrations (1, 2, 3
and 4%) (Figure 1). Higher polysaccharide
concentrations can often result in higher viscosity and
more pronounced flow properties. This means that the
polysaccharide solution shows more resistance when
more force is applied. Furthermore, the amount of
polysaccharide can also influence other rheological
properties such as gel formation. Higher polysaccharide
concentrations can generally lead to the formation of a
firmer and less fluid gel, while lower concentrations can

result in the formation of a looser and more fluid gel.
Therefore, the percentage of polysaccharide solution
can have a significant influence on the properties
studied in rheology studies. However, it was noted that
the apparent viscosity decreased as the shear rate
increased within each concentration, showing shear-
thinning behavior characteristic of a pseudoplastic fluid.
All samples exhibited pseudoplastic behavior,
maintaining constant viscosity values at high shear
rates. The shear behavior of okra mucilage arises due to
the intricate composition of its complex mixture,
comprising polysaccharides, protein, and mineral
components. Additionally, when subjected to shear,
each sample of okra mucilage exhibits a plateau region
at elevated shear rates. These constraints emerge
because escalating shear rates compel the structural
constituents to align with the direction of fluid flow[9].
When the shear rate increases, the extended polymer
molecules within the substance gradually align
themselves in the direction of the flow, leading to a
reduction in interactions between neighboring polymer
chains. This alignment phenomenon ultimately causes
the observed shear-thinning properties as the shear rate
rises [26].

In contrast, when the extraction process was conducted
with a solid-to-solvent ratio of 1:30, the apparent
viscosity declined as the shear rate increased (Figure
1). However, unlike the 1:10 ratio, no significant
viscosity differences were observed among the
concentrations. The viscosity values were quite similar
to each other at the 1:30 ratio. The decrease in viscosity
as the shear rate increases can be associated with
hydrodynamic forces and the structural breakdown of
less stable molecules resulting from an increase in
component alignment.

Comprehending the alterations in apparent viscosity
with temperature holds significant importance within the
food industry, given the diverse range of temperatures
involved in numerous heating processes, and the way
viscosity responds to temperature can differ depending
on the hydrocolloid source. It can be seen from the
figures that at all concentrations of 1:10, at constant
shear rate, as the temperature increases, the viscosity
and therefore the resistance to flow decreases. At
increased temperatures, molecular movement
intensifies, leading to an increase in intermolecular
distance and a weakening of interactions, consequently
resulting in a decrease in the apparent viscosity of
water-soluble systems. Additionally, various bonding
forces like hydrogen, electrostatic, and hydrophobic
interactions between molecules may weaken under high
temperatures, leading to a similar adverse effect on
apparent viscosity [26]. In the graph depicting a 1:10
dilution with a 3% concentration, it's noted that at the
outset of the measurement, particularly at low shear
stress levels, the viscosity value at 20°C is observed to
be lower than that at 10°C. This discrepancy may stem
from the fact that the initial data was collected prior to
the rheometer system achieving the necessary
stabilization time to reach a consistent operational state.
Alternatively, variations in environmental conditions
could have influenced the precision of the data.
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Figure 1. Viscosity - Shear Rate graphs of 1, 2, 3, 4% concentrations of polysaccharides obtained by applying ultrasound
treatment at 1:10 and 1:30 okra/distilled water ratio measured at different temperatures.

As a result of the 1:10 solid/solvent ratio extraction
process, when the apparent viscosity versus shear rate
data of the samples at different temperatures are
transferred to the graphs, it is seen that the viscosity
increases with increasing concentration at all
temperatures at constant shear rate (Figure 2). Our
study yielded results similar to those of previous studies
on the rheological properties of okra polysaccharides
[11, 27-29].

At all concentrations of 1:30, at constant shear rate,
viscosity decreases with increasing temperature, but the

difference in viscosity between temperatures is very
small (Figure 2). Consequently, the viscosity of all
samples decreased as temperature rose, indicating their
temperature-sensitive viscosity property. This
occurrence can be attributed to the heightened thermal
motion of molecules at elevated temperatures, which
weakens intermolecular interaction forces, resulting in
decreased viscosity [24].
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Figure 2. Viscosity - Shear Rate graphs of polysaccharides obtained by applying

okra/distilled water ratio at different concentrations at 10, 20, 40, 60 and 80°C.

ultrasound treatment at 1:10 and 1:30
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Viscosity - shear rate graphs of polysaccharides
obtained from ultrasound assisted extractions using 1:10
and 1:30 okra/distilled water ratios were very different
from each other. Polysaccharides play a pivotal role in
rheology owing to the substantial volume they occupy
when hydrated, compared to the non-hydrated chain's
total volume. Intrinsic viscosity assessments hold
significant value in biopolymer analysis, providing
insights into the volume enclosed by individual polymer
molecules [11].

As a result of the 1:30 solid/solvent ratio extraction
process, when the apparent viscosity versus shear rate
data of the samples at different temperatures were
analyzed, the viscosity increased as the concentration
increased at all temperatures of 1:30 solid/solvent ratio
at constant shear rate (Figure 2). In general, it can be
concluded that the viscosity values of all polysaccharide
solutions increased as the concentration increased.

Zaharuddin et al. [29] showed in their study that the
viscosity of a 1% solution of okra mucilage was greater
than that of a lower concentration (0.5% solution) and
this proved that viscosity increases with concentration.
He said that higher viscosity means more viscosity and
denser material with more important cross-linked
molecules. This has been shown to facilitate more
efficient retention of ingredients within tablets.

The flow behavior of the samples was explained by
applying the power law (exponential) model to the shear
stress and shear rate experimental data. The
experimental data exhibited a strong fit (R2 > 0.99) with
the Power Law model. Qasem et al. [30] suggested that
the pseudoplasticity observed in solutions containing
macromolecules arises from the disentanglement of
long-chain  molecules, leading to decreased
intermolecular resistance to flow during shear
conditions. Graphs depicting shear stress versus shear
rate curves for ratios of 1:10 and 1:30, across various
concentrations and temperatures, are provided in Figure
3 and Figure 4.

As can be seen from the shear stress - shear rate
graphs above, the shear stress increased with
increasing shear rate and this increase is non-linear.
The natural logarithms of the curves were utilized
alongside nonlinear regression to ascertain the K and n
values of the equation. The outcomes of the nonlinear
regression for the conducted measurements are
detailed as K and n values and are displayed in Table 1.

Shear stress values show lower values at high
temperatures and low concentrations, which is a typical
behavior of pseudoplastic (non-Newtonian) fluids [31].
The rheological properties of okra polysaccharide can
be described by the coefficient of consistency and the
flow behavior index. The consistency coefficient gauges
the resistance of the sample to flow, while the flow
behavior index delineates the rheological characteristics
of a substance. Various materials exhibit distinct flow
behavior indices [32]. The samples' flow behavior was
analyzed concerning both  concentration and
temperature.

The flow behavior index, represented by "n," reflects
how much the sample's flow deviates from the
Newtonian flow, where n = 1. As shown in Table 1, all
samples exhibit n values below 1, indicating
pseudoplastic behavior. This aligns with previous
research findings, suggesting that apparent viscosity
decreases with increasing shear rates. Smaller n values
reflect greater pseudoplasticity. As evident from the
table, the n value decreases with rising temperature,
indicating an increase in the product's pseudoplastic
properties as temperature increases.

The viscosity coefficient (K) describes the viscosity of
the sample. In other words, high K values define high
viscosity [26]. It is seen that the K values decrease as
the temperature increases at the same concentration
and increase as the concentration increases at the
same temperatures. At higher temperatures, a reduction
in the consistency coefficient (K) was noted, indicating a
decrease in viscosity with increasing temperature.

The fit of the power law model to the empirical data was
evaluated using three statistical parameters: coefficient
of determination (R?), root mean squared error (RMSE),
and chi-square (x?). Using these statistical tools, it is
possible to detect differences between empirical data
and model predictions. In addition to considering the
coefficient of determination (R?) close to 1 as an
indicator of fit, it is accepted that the fit increases with
lower root mean square error (RMSE) and chi-square
(x?) values [33]. If the root mean square error is less
than 0.1, it represents perfect fit [23]. The closer the chi-
square (x?) values are to zero, the better the models fit
the data. The results obtained are shown in Table 1 and
according to these results, the power law model fits the
flow curves of okra polysaccharides.
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Figure 3. S Shear Stress - Shear Rate graphs of 1, 2, 3 and 4% concentrations of polysaccharides obtained by applying
ultrasound treatment at 1:10 and 1:30 okra/distilled water ratio measured at different temperatures.
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Figure 4. Shear Stress- Shear Rate graphs of polysaccharides obtained by applying ultrasound treatment at 1:10 and 1:30
okra/distilled water ratio at different concentrations 10, 20, 40, 60 and 80°C.

Temperature Dependency (Arrhenius Equation)

The Arrhenius model was employed to characterize how
temperature influences the rheological properties.
Assessing the temperature effect was vital due to the
potential impact of different heating temperatures on
food items incorporating gums and starches throughout
processing. The impact of temperature on the apparent
viscosity of okra polysaccharide samples was examined

across a temperature range of 10 — 80°C. Following the
measurements, the consistency coefficient was
graphed, and the influence of temperature on the
consistency index was analyzed using the Arrhenius
equation. Activation energies, consistency factors and
correlation coefficients are shown in Table 2.
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Table 1. Rheological parameters of okra polysaccharides with different solid/solvent ratios at different temperatures

and concentrations

Solid/Solvent Ratio (g/mL)

Concentration ~ Temperature (°C) 110 1730
K n R* X2 RMSE K n R? x2 RMSE
10 0.009103 09418 099905 0.0000416 0.0063790 | 0.00745 0.87655 0.99685 0.0000301 0.005427
20 0.008565 092075 099735 0.0000596 00075488 | 0.006951 0.73665 09948 00000225 0.004671
1% 40 0.005908 08932 09964 00000228 00047241 | 0.006361 063855 0985935 00000180 0.004197
60 0.005067 0.86685 099505 0.0000218 0.004619 0005572 06613 09953 00000071 0.002617
80 0.004704 067025 0.98515 0.0000251 0.004937 0.004373 0.36455 0.95845 0.0000279 0.005123
10 0.03506 0.94725 0.9999 0.0000795 0.0088209 | 0.019602 092585 0.9982 0.0000967 0.009649
20 0.030036 09277 09998 0.0000986 0.0117502 | 0.013993 0.8173 0.997 0.0000708 0.008323
2% 40 0.016457 09137 09995 0.0000200 0.0044217 | 0.012572 0.73735 099455 0.0001056 0.01016
60 0.015249 08645 099545 0.0001374 0.010676 0.008936 0.5082 0982 0.0000351 0.005861
80 0.012205 07258 0.9972 0.0000532 0.006609 0.006512 023405 0.88355 0.0001084 0.009986
10 01275 0.8815 09993 0.0078253 0.0872258 | 0.032954 0.90805 099835 00002015 0.013954
20 0.134985 08143 09994 00018174 0.0421870 | 0.020143 0.8753 099805 0.0002021 0.014056
3% 40 0.051053 0.8892 0.99965 0.0001209 0.0107004 | 0.01816 0.6901 0.9938 0.0001664 0.01275
60 0.036105 0.856 0.9999 0.0018506 0.003717 0.01205 054325 0.9758 0.0001005 0.009906
80 0.03342 0.5363  0.9902 0.0004011 0.019058 0.01044 03388 09661 00002515 0.014775
10 0.2445 0.8523 09994 0.0069765 0.0825000 |0.095827 0.88285 09985 00007445 0.026983
20 0193125 08095 09995 0.0013318 0.0354762 |0.068926 0.86215 0.9981 0.0003087 0.017384
4% 40 0.09755 0.9054 1 0.0000040 0.0018884 |0.045348 066565 09938 0.0002706 0.01627
60 0.064785 0.7387 0.99585 0.0073437 0.008656 0.037323 0.52495 0.99135 0.0006028 0.024275
80 0.053403 0.7363 0.99855 0.0002170 0.00576 0.026303 0.3679 0.96545 0.0005094 0.022295

The rise in temperature induces alterations in the
consistency index, with decreasing values indicating
increased resistance to flow. The high R? values
suggest that the consistency factors of the samples
exhibit a good fit to the Arrhenius-type model equation
concerning temperature. R? values ranging from 0.90 to
1.00 across all samples signify a robust correlation of
the Arrhenius model with hydrocolloids in describing the
temperature dependencies. A higher activation energy
implies a greater impact of temperature on viscosity
[22].

An elevation in the activation energy (Ea) of a biological
system suggests its reliance on temperature. For both
samples with different solid/solute ratios, the activation
energy increased with increasing concentration (Table
2). The maximum activation energy value was achieved
for 4% concentration (275.8434 kj/mol). A higher Ea
value implies the potential for more pronounced
changes in viscosity. Therefore, viscosity is more
difficult to control at high concentration.

Table 2. The activation energy (Ea) and consistency factor (Ko) values of samples
with different solid/solute ratios and concentrations|

Solid/Solvent Ratio (g/mL) Concentration  Ea (kd/mol) Ko (Pa.s) R?
%1 123.65 0.0080 0.96

1110 %2 185.84 0.0280 0.94
%3 270.30 0.1040 0.91
%4 275.84 0.1807 0.98
%1 85.36 0.0070 0.94

1/30 %2 17418 0.0157 0.96
%3 183.67 0.0240 0.93
%4 211.14 0.0723 0.98

Bai et al. [24] demonstrated that the activation energy
values for okra polysaccharides ranged from 6.67 to
13.26 kJ/mol. It is thought that the reason for this
difference may be the extraction method they applied
and the pH values they tested.

Marcotte et al. [34] found that food systems containing
xanthan gum exhibited lower activation energy, while
systems containing starch and pectin had intermediate
values. The increase in activation energy noted with the
inclusion of okra extract may be associated with its
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notable water solubility, as indicated by the extraction
procedure.

Scanning Electron Microscope

The macro and microstructures of the samples extracted
for 5 minutes with 1:10 and 1:30 okra/distilled water
ratios were visualized by scanning electron microscopy
at two different magnifications and the irregular, wavy,
rough-textured surface and amorphous appearance of
okra polymers were shown (Figure 5). SEM images of
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polysaccharides obtained through ultrasound-assisted
extraction at identical durations but varying solid-to-
solvent ratios demonstrate noticeable morphological
differences. Lower solid-to-solvent ratios result in denser
and more compact polysaccharide structures, with fewer
visible void spaces or pores. Conversely, higher solid-to-
solvent ratios lead to more porous and interconnected

— 1 1L E—

IYTEMAM

3.00 kv

polysaccharide structures, accompanied by an
increased presence of void spaces or pores evident in
the SEM images. In general, both samples consist of
flake bundles, but the flakes in the sample with 1:30
okra/distilled water ratio were found to contain larger
holes than the other [35].

——1 T —

2.0 | ETD | 25000 | 16 IYTEMAM

Figure 5. SEM images of polysaccharides obtained as a result of ultrasound treatment at different solid/solvent ratios.
a) 1:10 / 10000x magnification, b) 1:30 / 10000x magnification, c) 1:10 / 25000x magnification, d) 1:30 / 25000x

magnification

Nagpal et al. [36], characterized the structure of
powdered polysaccharides in their study, focusing on
the extraction of gum from Abelmoschus esculentus
using an ultrasonically assisted method. Their research
aimed to explore the physicochemical, functional, and
antioxidant properties of the gum for potential
applications in food and pharmaceuticals.

The correlation between SEM images and rheology lies
in their collective capacity to offer understanding into the
structure and characteristics of materials, especially
concerning intricate substances such as polymers, gels,
and colloidal systems. A substance showcasing a
network structure that is more interconnected, as
visualized in SEM images, could potentially display
elevated viscosity or elasticity owing to heightened
resistance against flow or deformation. Conversely,
substances characterized by dispersed or irregular
structures might flow more readily and showcase
reduced viscosity. Large and irregular particles can lead

11

to increased resistance in the flow and increased
viscosity, while smaller and regular particles can lead to
a lower viscosity flow. Furthermore, structural properties
such as porosity also affect the rheological behavior of
the material. Higher porosity can increase the fluidity of
the material, while lower porosity can result in a higher
viscosity flow. The SEM images reveal that the sample
containing a 1:10 ratio of okra to distilled water exhibits
a larger and irregular network structure, which is more
interconnected. This structural characteristic could lead
to elevated viscosity as a result of heightened resistance
to flow or deformation.

As Zaharuddin et al. [29], also described, the higher the
viscosity of a sample, the stickier it is. Higher viscosity
leads to denser material with heavier cross-linking of
molecules and the structure of okra polysaccharides
appears more compact as can be seen in SEM images.

In summary, the outcomes indicate that the proportion of
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solid to solvent in the ultrasound-assisted extraction
technique for isolating polysaccharides impacts the
structure of the resulting powdered products, thereby
potentially influencing their functional properties.

CONCLUSION

In conclusion, our study delved into the extraction and
characterization of mucilaginous polysaccharides from
okra utilizing both chemical and physicochemical
techniques, with a focus on their rheological behavior.
Through a systematic investigation encompassing
various ratios of okra to distiled water and
polysaccharide concentrations, we elucidated the non-
Newtonian pseudoplastic flow characteristics of okra
polysaccharides across a temperature range. The
derived parameters, including flow behavior index and
consistency coefficient, provided insights into the
viscosity behavior of the extracted polysaccharides
under different conditions.

Furthermore, our analysis revealed the significant
influence of temperature and concentration on the
rheological properties of okra polysaccharides. The
observed trends in flow behavior index and consistency
coefficient with temperature and concentration variations
were systematically analyzed. Additionally, the fit of the
power law model to the experimental data was
rigorously evaluated using statistical parameters, further
validating our findings.

Moreover, our exploration of temperature’s impact on
the apparent viscosities of okra polysaccharide samples,
along with the modeling of temperature influence using
the Arrhenius equation, provided valuable insights into
the thermal behavior of these polysaccharides.

SEM imaging allowed us to visualize the structural
characteristics of okra polysaccharides, highlighting
differences in morphology based on solid-to-solvent
ratios. These observations offer valuable guidance for
optimizing extraction protocols and enhancing the
industrial applications of okra mucilages based on their
rheological properties.

In essence, our study contributes to the understanding
of okra polysaccharides' rheological behavior and lays
the groundwork for further research aimed at optimizing
extraction processes and leveraging these
polysaccharides in various industrial applications.

As a result, these polysaccharides obtained as a result
of the analyses can be widely used in the food industry
as a thickener thanks to their sticky and gamy structure,
in wastewater treatment systems due to the high
adsorption capacity of their wastes, and in
pharmaceuticals as emulsifying and suspending agents.
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ABSTRACT

In this study, the characteristic properties of pumpkin pulp flour (PPF) obtained from the waste of the pumpkin seed
production were determined. The pulp parts of the de-seeded and peeled pumpkins were used for this purpose.
Proximate composition, total dietary fiber (TDF), insoluble dietary fiber (IDF), soluble dietary fiber (SDF), mineral
content, amino acid content, 3-carotene content, pH, color, glass transition temperature (Tg), water holding capacity
(WHC), oil holding capacity (OHC), swelling capacity (SC), emulsion stability (ES) and emulsion activity (EA) values of
PPF were determined. PPF had a low lipid content (0.72+0.06%) and a high ash content (8.34+£0.19%). The pH, Tg,
TDF, IDF, SDF, WHC, OHC and SC values are 5.61+0.01, 19.19+1.86°C, 26.131+0.17%, 19.82+0%, 6.31%0.35,
12.91+0.40 g/g, 3.74+0.10 g/g, 12.48+0.57 mL/g, respectively. PPF were a rich source of glutamic acid, glycine, and
aspartic acid, and contains high levels of potassium among major elements, and iron among minor elements.

Keywords: Pumpkin pulp flour, Dietary fiber, Glass transition temperature, Amino acid, Water-oil holding capacity

Diyet Lifi Kaynagi Olarak Bal Kabagi Posasi Unu: Kimyasal, Fizikokimyasal ve Teknolojik
Ozellikleri

o0z

Arastirmada, c¢ekirdekleri icin kullanilan kabagin atiklarindan elde edilen kabak posasi ununun (PPF) karakteristik
Ozellikleri belirlenmistir. Cekirdekleri ¢ikarilmis kabuklari soyulmus olan kabaklarin posa kisimlari bu amag igin
kullaniimistir. Kabak posasi ununun kompozisyonu, toplam diyet lifi (TDF), ¢éztinmez diyet lifi (IDF), ¢ozunebilir diyet
lifi (SDF), mineral madde igerigi, amino asit icerigi, B-karoten icerigi, pH, renk, camsi gegis sicakhgi (Tg), su tutma
kapasitesi (WHC), yag tutma kapasitesi (OHC), sisme kapasitesi (SC), emulsiyon stabilitesi (ES) ve emdlsiyon aktivite
(EA) degerleri tespit edilmistir. PPF’nin dusuk lipid (%0.72+0.06), yuksek kil (%8.34+0.19) icerigine sahip oldugu
belirlenmistir. pH, Tq, TDF, IDF, SDF, WHC, OHC ve SC degerleri sirasiyla 5.61+£0.01, 19.194£1.86°C, %26.13+0.17,
%19.82+0.18, %6.31+0.35, 12.91+0.40 g/g, 3.74+0.10 g/g, 12.4810.57 mL/g olarak belirlenmistir. Kabak posasi
ununun glutamik asit, glisin ve aspartik asit bakimindan zengin bir kaynak oldugu ve major elementlerden potasyum,
mindr elementlerden ise demiri yuksek seviyede icerdigi tespit edilmigtir.

Anahtar Kelimeler: Kabak posasi unu, Diyet lifi, Camsi gegis sicakligi, Amino asit, Su-yag tutma kapasitesi
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INTRODUCTION

Agricultural by-products attract attention in terms of
dietary fiber, sugars, organic acids, pigments, aroma
compounds and bioactive components that have
antimicrobial-antioxidant- effects, and studies to
evaluate these gain importance day by day. Especially
as a result of the processing of fruits and vegetables, a
large amount of waste consisting of shell, seed and pulp
and corresponding to 30-90% of the total weight of the
fruit and vegetable depending on the processed fruit and
vegetable could be obtained [1]. Considering the
functional, technological and nutritional properties of
these products, it is important to evaluate them due to
economic and environmental issues. One way of
keeping agricultural by-products in a stable form and
incorporating them into various food formulations as
needed is to dry them into powder. Thus, a product rich
in functional components such as dietary fiber could be
obtained.

There is no single accepted definition for dietary fiber.
According to the Codex Alimentarius Commission,
dietary fiber is defined as carbohydrate polymers with
three or more monomers that cannot be digested or
absorbed in the human small intestine [2]. Dietary fibers
are very important components for health. Maphosa and
Jideani [3] stated that these components have
therapeutic effects by preventing heart complications,
obesity, diabetes, hemorrhoids and some types of
cancer. Soluble dietary fibers have the ability to reduce
serum cholesterol levels, reduce glycemic response,
and improve glucose tolerance, and insoluble dietary
fibers have low density and porous, have the ability to
improve normal laxation, increase fecal bulk, and
decrease intestinal transit [3]. In addition to these
benefits in terms of health, they also improve
technological properties such as water-oil binding,
increasing viscosity and ion exchange capacity in the
used products [4]. Therefore, there is a need to find new
dietary fiber sources that could be used in the food
industry.

Pumpkins belong to the family Cucurbitaceae and the
genus Cucurbita [5]. Cucurbitaceae family has five
major genera: Cucurbiticae Citrullus, Cucurbiticae
Cucumis, Cucurbiticae Lagenaria, Cucurbiticae Sechium
and Cucurbiticae Cucurbita. There are five species of
Cucurbiticae  Cucurbita, which are economically
important, C. turbaniformis, C. maxima, C. moschata, C.
ficifolia and C. pepo [6]. In Turkiye, the most common
pumpkin species grown is C. pepo [7]. This species is
mostly grown in Nevsehir. 21 526 tons of the 60 970
tons of pumpkin produced as seed pumpkin in Tirkiye
were grown in Nevsehir [8]. After the seeds are
separated from the pumpkin, the remaining shelled flesh
part is discarded without being evaluated. This part
constitutes approximately 92-95% of the seed pumpkin.
Considering the stated situation, it is possible to state
that tons of waste will be produced. These wastes are
usually left to rot in the harvested areas and cannot be
used sufficiently. This situation is both damage the
country's economy and causes environmental pollution,
and thus researches on the use of waste is of great
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importance both environmentally and economically. The
aim of this research, the planned considering the stated
situations, is to determine the various physicochemical
and technological properties of PPF obtained from
pumpkin (Cucurbita pepo L.) pulp and to reveal whether
it can be used as a potential dietary fiber source.

MATERIALS and METHODS
Materials

Fresh whole pumpkins (Cucurbita pepo L.) were
obtained from a local vegetable farm after harvest,
Nevsehir, Turkiye. After they were washed, peeled and
seeded, their pulp parts were cut into 0.5-cm3-thick
cubes. The samples were frozen at -80°C, and then
freeze drying was carried out in the freeze drier (Operon
FDU-8612, South Korea). Dried samples were crushed
into a fine powder and powdered samples were sieved
through a 100mm sieve. Powdered samples were
vacuum packaged (KV-600, Novivac, Turkiye) and
stored at 18°C until usage.

Composition of Pumpkin Pulp Flour

Analysis of moisture, ash, protein, and lipid contents in
PPF were determined by AOAC official methods 925.10,
920.153, 928.08, and 991.36, respectively [9]. The
conversion factor of nitrogen to crude protein was 6.25.

The contents of TDF and IDF were determined by the
enzymatic-gravimetric method 991.43 [9]. SDF was
calculated by subtracting of the IDF from TDF. Analyzes
were performed in triplicate.

Starch content (w/w) was determined using a
commercially available starch quantification kit (R-
Biopharm AG, Darmstadt, Germany).

Extraction and saponification of carotenoids were
performed according to Koning and Roomans [10]. The
resulting residue was dissolved in a methanol/
tetrahydrofuran mixture (75:25, v / v) using an ultrasonic
shaker. Aliquot portions (20 pL) were injected into the
Zorbax ODS column (5um particle size, 4.6 mm id) of
the reversed-phase LC system (LC20, Shimadzu,
Tokyo, Japan) equipped with a UV detector. The elution
mixture was methanol and tetrahydrofuran 95:5 (v/v)
with a flow rate of 0.8 ml/min.

Separation and analysis of amino acids were carried out
in a high-performance liquid chromatography (Series
1100, Agilent, California, USA) equipped with a
fluorescence detector. The chromatographic column
was a 5 ym, 4.6 x 150 mm, cartridge, Hypersil BDS-C18
(Agilent, California, USA). The mobile phase used was a
mixture of 40 mM Na:HPO4, pH 7.8 (A) and methanol
(B) with a linear gradient starting in a 50:50 (v/v) and
ending, after 10 min, in a 10: 90 (v/v) mixture of A and
B.

Analysis of minerals was carried out by a Scott Spray
chamber (Norwalk, CT, USA) ICP-MS (PerkinElmer
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ELAN DRC-e model) after the microwave digestion
process.

Physicochemical
Flour

Properties of Pumpkin Pulp

For analysis, 0.5 g of PPF in triplicated were
homogenized with 50 mL of distilled water for 30
seconds with Ultra-Turrax (MTOPS SR 30, Republic of
Korea), and pH values were measured by using a pH
meter (Titroline 5000, S| Analytics, Germany) calibrated
in buffer solutions at pH: 4 and pH: 7.

Color values of PPF were measured using a Minolta
colorimeter CR-400 (Konica Minolta Corp. Japan), with
an 8 mm aperture, a 10° observer angle and a D65
illuminant. L*(lightness), a* (redness) and b*
(yellowness) were analyzed according to the system of
the International Commission of lllumination (CIE LAB
System).

X-ray analysis of PPF was taken using an X-ray
diffractometer (Rigaku, Miniflex 600, Tokyo, Japan) with
Cu Ka radiation, 1.54—1.56 °A. The radiation intensities
of the PPF samples were measured in the range of 3°—
100° of 26 diffraction angle, with a scan step size of
0.02° with a scanning speed of 5°min. The
determination was conducted at room temperature. The
degree of crystallinity (%) was calculated as shown in
equation (1) according to Stevenson et al. [11].

Ac

Crystallinity (%)= (A A

)x100 )

where Ac is the crystaline area on the X-ray
diffractogram and Aa is the amorphous area on the X-ray
diffractogram.

The T4 of PPF was determined using a DSC (DSC 6000,
Perkin Elmer, USA). The DSC was calibrated with
indium and water for temperature and heat flow
calibration (melting point: 156.6°C, AH= 28.47 J/g for
indium, melting point: 0°C, AH= 333.20 J/g for water).
To detect the Tq of PPF samples approximately 10 mg
were weighed into the hermetic DSC pans (product
number 03190029, Perkin Elmer, USA). The samples
were cooled from 20°C to -60°C at a 5°C/min cooling
rate, held at this temperature for 30 min, and then
heated from -60°C to 200°C at 5°C/min heating rate in a
nitrogen atmosphere (flow rate 30 mL/min). An empty
pan was used as a reference. The DSC measurements
were done in ftriplicate. The onset, midpoint and end
point values of the glass fransition region were
determined, and the midpoint value reported as the Tg.

Pasting properties of PPF were determined by using a
Rapid Visco Analyser (RVA 4500, Perten, Sweden). The
flour sample (3.0 g, dry basis) was weighted into the
RVA vessels and dispersed in 25.5 g of distilled water.
The suspension was stirred in RVA at 960 rpm for 10
seconds and stabilized for 1 minute at 50°C, and then
heated to 95°C in 4 minutes and held for 2.5 minutes at
95°C. Finally, the suspension was cooled from 95°C to
50°C in 4 minutes and held for 2 minutes at 50°C. RVA
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analysis was carried out in triplicate under constant
stirring at 160 rpm. The RVA parameters (pasting
temperature, peak, trough, breakdown, final, and
setback viscosity) were obtained from the RVA
viscogram.

Techno-Functional Properties

The WHC and OHC of PPF were measured as
described by Lopez-Marcos et al. [12]. The WHC and
OHC were expressed as the weight of water and oil held
by 1 g PPF sample.

The SC of PPF was determined by the method of
Gomez-Ordonez et al. [13], and expressed as mL/g of
corresponding PPF sample.

The EA and ES of the PPF were determined by the
method of Chau and Huang [14]. The EA as a
percentage was calculated from the ratio of the depth of
the emulsified layer to the depth of the total volume of
content inside the centrifuge tube. The ES was
calculated in the same way as EA and also expressed
as percentage of the unheated control.

WAI and WSI of PPF were determined by the method of
Anderson et al. [15]. WAI and WSI were calculated
according to equations 2 and 3.

WA = pellet weight (g)

()
@)

dry weight of original sample (g)

weight after dryin
WSI = g ying ()

dry weight of original sample (g)
Data Analysis

All the analyses were performed in ftriplicate. Results
were presented as mean + standard deviation (SD).

RESULTS and DISCUSSION
Composition of Pumpkin Pulp Flour

The compositions of PPF are shown in Table 1. The
results showed that PPF have low contents of fat. Such
low lipid content could provide and opportunity in its
potential application as ingredient in foods. The PPF
had a high ash content. The use of a product with such
a high ash content may pose a problem for potential
applications in foods due to the possibility of increasing
oxidation due to the many metal ions it contains. As a
result of a study conducted by Ahmed et al. [16] using
pumpkin (Cucurbita moschata), ash, lipid and protein
contents were determined as 5.6%, 1.04%, and 9.1%,
respectively. In another study performed on the peeled
and unpeeled pumpkins (Cucurbita moschata), these
values were determined as 7.39%, 0.70%, 4.91% and
7.32%, 1.08%, 5.43%, respectively. Nakhon et al. [17]
determined the ash, lipid and protein contents in
pumpkin (Cucurbita moschata) flour as 5.91%, 6.74%,
and 10.88%, respectively. The differences in results
may be attributed to the used -cultivar and the
geographical location.



N. Aktas, K.E. Gergekaslan Akademik Gida 22(1) (2024) 14-22

Table 1. Composition of pumpkin pulp flour

Composition Value

Moisture (%) 13.58+0.21
Protein (%) 7.89+0.18
Fat (%) 0.72+0.06
Ash (%) 8.3410.19
SDF (%) 6.31+0.35
IDF (%) 19.82+0.18
TDF (%) 26.134£0.17
Starch (%) 1.5210.03

B-carotene (ug/100g)

903.50+14.50

+: Standard deviation of three replicate. SDF: Soluble dietary fiber, IDF: Insoluble

dietary fiber, TDF: Total dietary fiber

TDF, SDF and IDF contents of PPF are shown in Table
1. As a result of the research conducted by Kalala et al.
[18], the TDF, IDF and SDF contents were determined
as 27.7, 19.4, 8.3 in Cucurbita pepo, and 23.8, 13.9, 9.9
in Cucurbita maxima duchene spp, respectively. The
values obtained as a result of this research are similar to
the values obtained from Cucurbita pepo. As a result of
studies conducted with fruit and vegetable by-products,
it has been revealed that these products are rich
sources of dietary fiber. TDF contents of the olive,
papaya, blueberry and pineapple byproducts powders
were found to be 53.68, 32.23, 47.51 and 45.23g/100 g
dry matter, respectively [1]. The amount of TDF
obtained from fruit-derived by-products such as pear,
grapefruit, mango and peach was determined as 36.1,
442, 28.05 and 35.89/100g dry matter. The TDF
content in PPF is close to that in mango. Depending on
the values obtained, the ratio of IDF to SDF was 3.14.
Dietary fiber has an important place in the human diet.
The recommended dietary fiber intake for adults is 25 to
30g/day based on epidemiological and clinical data and
the IDF/SDF ratio should be 3:1 [19]. However, the
average dietary fiber intake is about half the
recommended value in many countries [20]. For
example, it is around 15g/day in the USA, 16g /day in
Spain. IDF and SDF have different properties and
therefore have different physiological effects. IDF is
responsible for intestinal regulation, increasing fecal
bulk, and water absorption. Water absorption is one of
the most important properties, as it provides laxative

effects and improves peristalsis. SDF, on the other
hand, has prebiotic potential and plays an active role in
the reduction of cholesterol levels and decreasing the
amount of glucose absorbed in the small intestine [3].

B-carotene content of PPF is shown in Table 1.
Obtained results indicated that PPF is a good source of
carotene which is the precursor of vitamin A. The (-
carotene content of yellow pumpkin is reported to be
1180 ug/100 g [27]. Carotenoids could be inhibited lipid
peroxidation by reacting with any radical species
presumably to be encountered in the biological system
and reducing the cellular release of lactate
dehydrogenase [21].

Amino acid contents of PPF are shown in Figure 1.
Among the essential amino acids, mostly arginine,
lysine and leucine amino acids were detected. From the
non-essential amino acid group, the most asparagine,
glycine and glutamine amino acids were determined. As
a result of a research conducted on pumpkin by-
products, the highest amino acid contents were
determined in the peels of C. maxima species and in the
seeds of C. pepo species [22]. Fernandez-Segovia et al.
[23] stated that the asparagine and glutamine contents
in seaweeds were high, and these amino acids were
associated with the umami flavour. Therefore, the
presence of these amino acids in PPF would be play an
important role in the used as flavour enhancer.
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Figure 1. Amino acid content of pumpkin pulp flour

17



N. Aktas, K.E. Gergekaslan Akademik Gida 22(1) (2024) 14-22

The mineral contents of PPF are shown in Figure 2a
and Figure 2b. Among the main mineral substances that
are essential for human beings, potassium was found to
be at the highest level, followed by calcium, sulfur,
phosphorus and magnesium, respectively (Figure 2a).
Main and trace elements have many functional roles
such as electrolyte, enzyme components, building
materials in bones and teeth. Sodium, plays a role in
maintaining of the osmotic pressure of the extracellular
fluid. Potassium plays a functional role in the regulation
of osmotic pressure within the cell, in the activation of
various respiratory and glycolytic enzymes. Magnesium
is present in the structure of enzymes that are

Mineral Content (g/100 g)

S

P

Na Mg Ca K

particularly involved in the conversion of energy-rich
phosphate compounds and plays a role in the activation
of these enzymes. It also plays an important role as the
stabilizer of nucleic acids, intracellular and plasma
membranes. Calcium is an essential ingredient as it is
involved in the structure of the muscular system and
controls essential processes such as muscle
contraction. Loughrill et al. [24] reported that the
calcium/phosphorus ratio (Ca:P) is important for bone
growth and development in infancy, and this ratio should
be between 1:1 and 2:1. As a result of this research
carried out on PPF, this ratio was found 2:1.
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Figure 2. The mineral contents of pumpkin pulp flour. a: Main minerals, b: Trace elements.

Among the trace elements, the highest level of iron was
detected in PPF, followed by B, Sr, Zn, Cu, Ti, and Mn,
respectively (Figure 2b). Since high iron content causes
lipid oxidation, it is not a desirable element in food
processing. Copper element plays a role in the
functionality of many oxido-reductase enzymes.
However, since it causes many problems during the
processing and storage of foods, copper is not desired
to be present in the high levels such as iron. As a result
of a study carried out by our research group, an
increase in the thiobarbituric acid reactive substances
values of bologna type sausages produced using PPF
was determined, and it was concluded that the minerals
contained in PPF played an active role in this increase
[25]. Another important element determined in PPF is
zinc. Zinc is an essential micronutrient element for
human health, and present in many enzymes (glutamate
dehydrogenase, lactate dehydrogenase, alcohol
dehydrogenase, malate dehydrogenase,
carboxypeptidase, dipeptidase, alkaline phosphatese,
lecithinase and enolase) and acts as a cofactor.
Wessels and Brown [26] reported that approximately
17.3% of the world’s population was faced with the risk
of Zn deficiency. Another important result of this study is
that PPF contains selenium even if it is not very high.
Similar to Zn, selenium is an important micronutrient
element. Kubachka et al. [27] emphasized that Se is not
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only vital for the development and functions of organs
but also has antioxidant properties.

Physicochemical Properties

pH value of PPF is shown in Table 2. The pH of dietary
fiber is one of the most important characteristics of fiber.
Because the pH value indicates which dietary fiber can
be added to product without changing the technological
properties of the product. For example, dietary fibers
with acidic pH can be used in acidic products such as
yogurt, and dietary fibers with basic or near neutral pH
values can be used in emulsified meat products. As a
result of a research carried out by our research group, it
was determined that there was a slight decrease in both
dough pH and final product pH [25].

Color is one of the most important quality criteria that
affect the attractiveness of consumers in foods. Color
values of PPF are shown in Table 2. As can be seen in
Table 2, a high L value was determined for PPF. The L*
value close to 100 indicates that the lightness of the
sample is high. Obtained negative a* value represents
the greenness, while the +b* value represents
yellowness. This situation may be attributed to the
carotene content of PPF. A similar situation was found
in the result of a study carried out on peeled and
unpeeled pumpkin flour [28].
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Table 2. Physicochemical properties of pumpkin pulp flour

Physicochemical properties Value
pH 5.61+0.01
L* 85.2310.39
a* -1.43+0.07
b* 21.57+0.43
Tq (°C) 19.19+1.86
Pasting temperature (°C) 84.00+0.01
Peak viscosity (RVU) 210.00+0.05
Trough viscosity (RVU) 109.20£1.13
Breakdown viscosity (RVU) 103.30+2.40
Final viscosity (RVU) 324.48+0.74
Setback viscosity (RVU) 217.78+3.15

+: Standard deviation of three replicate

The X-ray pattern of the PPF is shown in Figure 3. The
PPF exhibited a peak at diffraction angle 26=21.96°.
The resulting diffractogram showed the presence of a
substantially amorphous structure (97.10%), and the
degree of crystallization was 2.9%. This result is
consistent with the low starch content (1.5%, dry basis)
determined in PPF. Nakhon et al. [17] reported that the

pumpkin (Cucurbita moschata L.) flour had a low
crystallinity degree (8.63%) due to non-starch
components (ash, fiber, protein and fat) in its structure
and low starch concentration (25%, dry basis). Similarly,
in the present study, the very low starch content (1.5%,
dry basis) of PPF samples can be cited as the reason
why the crystallinity was too small to calculate.
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Figure 3. X-ray pattern of pumpkin pulp flour

Tg is a reference temperature that provides information
about the storage temperature. It is stated that any food
remains stable if stored at a temperature lower than the
Tg [29]. The Ty occurs over a wide range of
temperatures. Therefore, the onset, midpoint and endset
temperatures of the glassy change are given, and the
midpoint is generally expressed as the Tg. As can be
seen in Table 2, the Tq was determined as 19.19°C. This
situation shows that PPF should be stored at a
temperature lower than this temperature. As a result of a
study conducted on pumpkin powders (Cucurbita
moschata) obtained by grinding in different sizes after
freeze-drying, it was found that the Tg increased as the
particle size decreased [16]. The researchers reported
that the mid-point values for Ty ranged from 6.80°C to
12.97°C. As a result of DSC analysis performed
between 20°C and 120°C in dispersions prepared by
adding water to PPF, no endothermic change was
detected. This might be attributed to the low level of
starch and lipid content.
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Pasting parameters determined by RVA of PPF are
shown in Table 2. The pasting temperature, peak,
trough, breakdown, final, and setback viscosity values of
the PPF were higher than those of the values obtained
from the flour of Cucurbita moschata and starch isolated
from Cucurbita maxima [11, 17]. This situation may be
related to the high protein, fiber, and fat contents and
low starch concentration in PPF. Nakhon et al. [17]
stated that the protein and lipid fractions in pumpkin
flour interacted with amylose and it caused an increase
in pasting temperature and a decrease in the viscosity
values of pumpkin flour.

Techno-Functional Properties

WHC of PPF is shown in Table 3. WHC is defined as
the quantity of water retained by the hydrated fiber
following the subjected to an external force such as
centrifugation or pressure. WHC of dietary fibers is



N. Aktas, K.E. Gergekaslan Akademik Gida 22(1) (2024) 14-22

correlated to the chemical structure, porosity, particle
size, pH, the ratio of IDF/SDF, and source of vegetable.
The WHC of the dietary fiber obtained from yellow
passion albedo was 13 g water/g sample, papaya
powder 8.93 g water/g sample, and pineapple powder
6.06 g water/g sample [1, 30]. The value obtained from
the PPF is close to the value obtained from passion

albedo. Such a high WHC value suggests that PPF may
have potential applications in products that require
viscosity development, hydration, and preservation of
freshness, such as cooked food products. Cui et al. [31]
stated that dietary fibers with high WHC could be
prolonged mastication, and thus affecting satiation and
increasing fecal volume.

Table 3. Technological properties of pumpkin pulp flour

Technological properties Value

WHC (g/9) 12.91+£0.40
OHC (g/9) 3.7410.10
SC (mL/g) 12.48+0.57
EA (%) 70.00+0.16
ES (%) 85.71+0.19
WAI (%) 9.34+0.58
WSI (%) 0.09+0.02

+: Standard deviation of three replicate. WHC: Water holding capacity, OHC: Qil holding
capacity, SC: Swelling capacity, WAI: Water adsorption index, WSI: Water solubility index.

OHC of PPF is shown in Table 3. The OHC for passion
fruit albedo and passion fruit seeds and pulp mix (2.03
and 1.43 g oil/g sample), for pomegranate bagasse (5.9
g oil/g sample), for mango (1.6 g/g sample), passion fruit
(0.9 g oil/lg sample), guava (0.7 g oil/g sample), for
insoluble dietary fibers obtained from citrus and
grapefruit peels (3.6 to 8.2 g oil/g sample) were obtained
[30, 32-33]. OHC is a technological property associated
with the chemical structure of dietary fiber. This property
varies depending on the surface properties of the fiber,
total charge density, shape, size, porosity,
hydrophobicity of the fiber particles [30, 34-35]. OHC is
important to product yield during the cooking process, to
flavor retention, to stabilize food emulsions and to
decrease fat digestion and absorption in the
gastrointestinal tract, to influencing in the body weight
control and to the regulation of blood lipid profiles [12,
36].

SC of PPF is shown in Table 3. The SC showed a
situation similar to the WHC. Thus, these properties
imply that PPF could be used as an agent to improve
the texture and juiciness in the food industry such as
meat and fish products.

The values of ES and EA of the PPF are shown in Table
3. These results showed that PPF has a good ES and
EA. High ES and EA values are preferred for emulsion
formation and extending shelf life in the food industry.
The ES of oat, bamboo, potato, pea, apple, and wheat
dietary fibers were 51.9, 51.0, 29.9, 48.2, 35.0, 56.8,
and their EA were 53.0, 56.4, 30.6, 49.0, 37.0 and 57.9,
respectively [35]. ES of lemon, grapefruit, pomegranate,
lemon albedo and tiger nut dietary fibers were 93.18,
89.88, 90.52, 95.80, 96.15, and EA were 53.67, 54.67,
53.0, 80.0, 78.0, respectively [12].

WAI and WSI of PPF are given in Table 3. WAI is a
function of the internal voids in the sample powder [37].
The more these voids, the more water would be
absorbed by the sample. WSI provides information on
the amount of soluble solids that pass from the material
to an aqueous medium.
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CONCLUSION

The ratio of IDF to SDF of the PPF was 3.14, and it may
be considered as a balanced dietary fiber source. The
powder showed good techno-functional properties, and
therefore it could be used as a food additive in the food
industry. The results revealed the high potential for
recovery of waste derived from seed pumpkin to obtain
a functional product. The richness of PPF in amino acids
such as glutamine and asparagine, which enhance
umami flavor, has revealed its potential use as a flavor
enhancer in food. Additionally, its high water and oil
retention capacities, along with increased emulsion
stability and activity, indicate its suitability for use in
emulsified products.
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ABSTRACT

Valorization of agricultural wastes is ongoing topic in industry. Determining the best conditions by artificial neural
networks based optimization techniques is the key step to extract valuable compounds efficiently and to obtain high
quality extracts. In this study, the response surface methodology (RSM)-desirability function (DF) and artificial neural
network (ANN)-genetic algorithm (GA) approaches were compared in modeling and optimization the extraction
parameters (temperature, time and ethanol concentration (ratio of ethanol to water, % v/v)) of phenolic compounds in
pomegranate peels. The ANN-GA approach providing higher coefficient of determination and lower root mean square
deviation showed better predictive capability than the RSM. The optimum time (81.4 min) and ethanol concentration
(15.7%) of RSM-DF approach shifted to the lower levels (78.8 min and 15.3%) with the ANN-GA approach while the
optimum temperature (54.0°C) shifted to a higher level (59.3°C). The use of these values provided total phenolic
content of >1000 mg GAE L' and the corresponding antioxidant activity was 11 mmol TE L. As a result, increasing
temperature up to a critical level decreased the extraction time and ethanol concentration, and it was determined that
higher time-temperature combinations must be used for the complete water-based extraction of phenolic compounds
from plant wastes in comparison to ethanol-water based extraction.

Keywords: Valorization pomegranate peel, Extraction, Response surface methodology, Artificial neural network,
Genetic algorithm

Nar Kabuklarindan Fenolik Bilesiklerin Ekstraksiyonunda Proses Optimizasyonu: Yanit Yizeyi
Yontemi-Istenebilirlik Fonksiyonu ve Yapay Sinir Agi-Genetik Algoritma

0z

Tarimsal atiklarin degderlendiriimesi endustride guncelligini strdiiren bir konudur. Degerli bilesikleri verimli bir sekilde
ekstrakte etmek ve ylksek kaliteli ekstraktlar elde etmek igin en iyi kosullarin yapay sinir aglar tabanli optimizasyon
teknikleri ile belirlenmesi 6nemli bir adimdir. Bu c¢alismada, nar kabuklarindaki fenolik bilesiklerin ekstraksiyon
parametrelerinin (sicaklik, slre ve etanol konsantrasyonu (etanol/su orani, % v/v)) modellenmesinde ve
optimizasyonunda yanit yuzeyi yontemi (RSM)-istenebilirlik fonksiyonu (DF) ve yapay sinir agi (YSA)-genetik
algoritma (GA) yaklasimlari karsilastirimistir. ANN-GA yaklasimi daha yilksek determinasyon katsayisi ve daha
dislk ortalama karekok sapmasi saglayarak RSM'den daha iyi bir tahmin yetenegi gostermistir. RSM-DF
yaklagsiminin optimum suresi (81.4 dakika) ve etanol konsantrasyonu (%15.7) ANN-GA yaklasimi ile daha dusuk
seviyelere (78.8 dakika ve %15.3) kayarken optimum sicaklik (54.0°C) ise daha yuksek bir seviyeye kaymistir
(59.3°C). Bu degerlerin kullanimi >1000 mg GAE L' toplam fenolik igerik ve 11 mmol TE L' antioksidan aktivite
saglamistir. Sonug olarak, sicakligin kritik bir seviyeye ¢ikarilmasi ekstraksiyon suresini ve etanol konsantrasyonunu
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azaltmistir ve bitki atiklarindan fenolik bilesiklerin tamamen su bazli ekstraksiyonunda etanol-su bazli ekstraksiyonuna
gobre daha yuksek zaman-sicaklik kombinasyonlarinin kullaniimasi gerektigi belirlenmistir.

Anahtar Kelimeler: Nar kabuklarinin degerlendiriimesi, Ekstraksiyon, Yanit ylizey yontemi, Yapay sinir agi, Genetik

algoritma

INTRODUCTION

Extraction is known as a general method used to extract
phenolic compounds from pomegranate peel as well as
other natural plant sources. In the first step of the
method, the solute and solvent are contacted to occur a
mass transfer between the two phases up to equilibrium
state. Initially, the solute is dissolved from the solid
surface and then dispersed into the solvent by diffusion.
In this stage, diffusion coefficient and dissolution rate
are the main factors affecting extraction yield until
reaching equilibrium concentration. In the second step,
the solid residue is separated from the solvent which
contain rich solute in the system [1]. Totally, pH,
physicochemical structure of solute and solvent, particle
size, surface area, temperature and contact time are
known as the main parameters which were evaluated
based on extraction yield and quality [2]. There are
studies in the literature to investigate the effects of
different combinations of these parameters on extracting
phenolic compounds from pomegranate peel.
Amyrgialaki et al. [3] determined that optimum extraction
parameters were ethanol concentration of 40%, pH of 2
and time of extraction of 1 h at room temperature for the
maximum total polyphenolic content and 97% of overall
effect is accounted by ethanol concentration. Sood et al.
[4] determined that extraction parameters were solid to
solvent ratio of 1:30, temperature of 50°C and time of
extraction of 45 min for the maximum total polyphenolic
content using 60% ethanol concentration. These studies
show that some of the extraction parameters have more
impact on the process than others and that they interact
with each other. By evaluating these interactions, it is
possible to increase the extraction efficiency of
temperature-sensitive compounds and the amount of
use of green solvents or shorten the extraction times.

Phenolic compounds contain one or more hydroxyl
groups (polar part) in their structure, which are bonded
to an aromatic ring (apolar part) and they are usually not
free in plant tissues, but in the form of esters or
glycosides [5]. Differences in the molecular structure of
the phenolic compounds cause changes in their polarity.
Flavonoid aglycones and phenolic acids are well soluble
in solvents such as diethyl ether, ethyl acetate [6] while
the hydrolysable tannins are better dissolved in polar
protic solvents such as hydroethanolic mixtures [7]. The
rise in temperature increases the solubility and diffusion
coefficient of the soluble compounds and the
permeability of the cell wall [8] and higher efficiency is
obtained by using longer period. However, high-
temperature and long-time combinations cause to
deteriorate structure of the extracted compounds [9].
Therefore, not only the selection of the solvent mixture
considering its suitability to substrate material, its toxicity
and residual limit value but also performing the process
in optimum conditions are important steps to obtain
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maximum process efficiency and higher quality of final
extract.

According to the foreseen effects of time-temperature
combinations and solvent type on the extraction yield,
carrying out the process under the best conditions is key
step to obtain high quality extracts. Statistical and
mathematical techniques such as response surface
method (RSM) are used to evaluate interactions of
independent variables with individual effects on the
response, which is the main difference between the
RSM and a single-factor experimental design [10]. The
RSM was wused intensively for the development,
improvement, modeling and optimization of new or
existing products [11]. Artificial neural network (ANN)
which is an information processing concept inspired by
the biological nervous systems [12], can be also used
modeling linear and non-linear problems and by
associating the single or multivariable inputs and a
single or multivariable outputs [13]. Genetic algorithm
(GA) is a non-mathematical optimization technique that
obtain the solution of single and multi-objective
optimization problems inspired by the biological
evolution theory [14]. In the literature, studies that
predict and model processes such as drying, extrusion,

sterilization, membrane separation, extraction using
ANNs [15-17], moreover studies which optimize
processes using ANNs hybridized with GA are

increasing [18-20]. These methods have been used
together for both modeling and optimizing several
extraction processes and it was shown that strong
correlations with experimental results can be associated
via developed models. Using the RSM and optimization
with desirability function (DF) and ANNs hybridized with
GA in extraction of phenolic compounds from
pomegranate peels take attention by shortening the
experimental study time, comprehensively explaining
the contribution of extraction parameters to the process
and making it easier to determine the optimum
condition. To the best of our knowledge, there is no
comparative study to investigate predictive capabilities
of the RSM-DF and the ANN-GA on extraction of
phenolic compounds from pomegranate peels.

In view of the above-mentioned facts, objectives of this
study were: (i) evaluation of individual and interaction
effects of temperature, time and solvent (ethanol)
concentration on total phenolic content (TPC) and
antioxidant activity (AA) of pomegranate peel extracts by
Box Behnken method, (ii) modeling and optimizing the
process with RSM-DF and ANN-GA approaches while
reducing ethanol concentration and  process
temperature for maximum TPC and AA and finally (iii)
comparing predictive capabilities of the approaches
based on optimization results.
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MATERIALS and METHODS
Materials

Fresh pomegranates were purchased from a local
market in Edirne (Turkey). Peels were manually
separated from the whole fruits. Fresh and ground peels
were kept at - 25°C until the extraction procedure.

The main chemicals such as 6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid (Trolox), Folin-
Ciocalteu phenol agent, 2,2'-azinobis-3-
ethylbenzothiazoline-6-sulfonic acid (ABTS), gallic acid,
sodium hydroxide, potassium persulfate, ethyl alcohol
and sodium carbonate were purchased from Sigma (St.
Louis, MO, USA). All the chemicals were of analytical
grade.

Extraction Procedure

Outer peel (exocarp), spongy fleshy tissue (mesocarp)
and white membrane layer (endocarp) parts of the
pomegranate peels were separated from edible part
(arils). These parts were chopped with electric chopper
while fresh and stored at -25 degrees until extraction.
Phenolic compounds from pomegranate peel were
extracted in a shaking water bath (Memmert WNB22,
Schawabach, Germany) with $0.1°C adjustment
precision. All samples were studied with the same
shaking speed and 100 mL solvent volume. The
extraction parameters were temperature (30, 55 and
80°C), time (10-50-90 min) and ethanol concentration
(0-50-100%) and peel/solvent ratio was 1/30 (g mL™).
The extracts were filtered by using a filter paper
(Whatman Grade 5) and stored at - 25°C until the
analysis.

Total Phenolic Content
Total phenolic content (TPC) was measured by the Folin

Ciocalteu method [21]. The method based on the
reduction of tungstate and/or molybdate in the Folin-

Ciocalteu reagent by phenols. Blue product formation in
alkaline medium by reduction is measured by a
Shimadzu UV1800 spectrophotometer (Kyoto, Japan). 1
mL of sample, 5 mL of 0.2 N Folin-Ciocalteu reagent
and 4 mL of 75 g L' sodium carbonate (Na2CO3) were
mixed and the samples were incubated for 5 minutes at
50°C in a water bath (Memmert WNB22, Schawabach,
Germany). Total phenolic content was calculated as
gallic acid equivalent (mg GAE L) by using absorbance
values measured at 760 nm.

Antioxidant Activity

Antioxidant activity (AA) was determined by the Trolox
Equivalent Antioxidant Capacity (TEAC) assay [22]
which is based on scavenging of ABTSe<+ radical and
measuring of decolorization at 734 nm. The ABTSe+
radical cation was prepared via reaction of 7 mM ABTS
and 2.45 mM potassium persulfate (1/1, v/v) for 16
hours in dark. Firstly, the solution was diluted by using
ethanol in order to provide absorbance of 0.70 (+ 0.02)
at 734 nm. After that, 30 yL sample was added to 3 mL
diluted ABTS-+ radical. Finally, absorbance at 734 nm
was recorded for 6 min. Total AA was expressed as
TEAC (mmol TE L") calculated by using percent
absorbance reduction.

Experimental Design

The effects of temperature (T, °C), time (t, min) and
ethanol concentration (%) on the TPC (mg GAE L) and
total AA (mmol TE L") were investigated by using three
level, three factor Box Behnken design. In order to
determine the factors and their levels, previous studies
in the literature were taken into consideration [3, 23].
Design-Expert® 11 (Stat-Ease Inc., Minneapolis, USA)
statistical software was used to experimental design,
modeling and optimization. The results of 15 runs (3
runs in the central point) were summarized in the Table
1. These results were used to both the RSM and the
ANN studies.

Table 1. Box-Behnken experimental design and results of TPC and AA

Independent Variables Responses
Run A) (B) (©) TPC* AA™
Temperature (°C) Time (min) Ethanol concentration (%) (mg GAEL™"  (mmol TE L")

1 55(0) 50(0) 50(0) 945 10.41
2 55(0) 10(-1) 100(+1) 410 4.49
3 55(0) 50(0) 50(0) 915 10.10
4 30(-1) 90(+1) 50(0) 899 9.79
5 80(+1) 90(+1) 50(0) 722 7.34
6 80(+1) 50(0) 0(-1) 862 9.59
7 55(0) 90(+1) 100(+1) 519 5.14
8 80(+1) 50(0) 100(+1) 510 4.14
9 30(-1) 50(0) 100(+1) 341 3.75
10 30(-1) 10(-1) 50(0) 638 6.71

11 55(0) 10(-1) 0(-1) 808 8.33
12 30(-1) 50(0) 0(-1) 791 7.62

13 55(0) 50(0) 50(0) 928 10.27
14 80(+1) 10(-1) 50(0) 900 9.63
15 55(0) 90(+1) 0(-1) 996 10.95

*TPC: total phenolic content, **AA: antioxidant activity
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Modeling and Optimization

Response Surface Methodology and Desirability
Function Approach

Correlation  between  dependent variable and
independent variables were modeled by the quadratic
polynomial equation which was shown in Equation 1:

Y = Bo + 2 BiXi + XISy BuX? + XIS T, BiXiXj + & (1)

where Y is the dependent variable (TPC or AA), Xi and
Xj are independent variables (temperature, time and
ethanol concentration), B0 is the constant, Bi is the
linear, Bii and Bij are the interaction coefficient terms and
¢ is the error (residual) term.

Quadratic polynomial equation constitutes by least
squares method. Least squares method is based on
minimizing the sum of squares of residual terms. The
least squares method assumes that the residual (¢) has
zero mean and constant variance (0?) and is
independently and normally distributed. The appropriate
of the residuals to the assumptions in the evaluation of
the model adequacy is tested by residual graphs [24].

ANOVA based on hypothesis testing was used to
evaluation of models and model terms. In order to
investigate models statistical data were analyzed with F-
statistic. P-value that corresponds to the F-statistic was
calculated and the significance of the model and model
coefficient terms was examined at the 95% confidence
level. In the 95% confidence level the significance of the
model and model coefficients are less than 5% (p<0.05)
indicating that the model and model coefficients are
statistically significant. The DF approach was employed
to maximize TPC and AA. The purpose of this approach
is to transform all targeted responses into a collective

independent variables that provide this response. In the
case of more than one targeted response, the geometric
mean of desirability functions is calculated [25].

Artificial Neural Network and Optimization by
Genetic Algorithm

The ANN-GA studies were performed with MATLAB®
2017b (The MathWorks, Inc., Natick, USA). Neural
network tool (nn-tool) was used to the creation of the
network. Network type, training function, performance
function and adaption learning function were feed
forward back-prop, Levenberg-Marquardt
backpropagation algorithm (trainlm), mean squared
error (MSE) and gradient descent with momentum
weight and bias learning function (learngdm)
respectively. The 60%, 20% and 20% of data was used
to for training, validation and test.

The network architecture consists of three layers which
one layer was input layer with three neurons
(temperature, time and ethanol concentration), one layer
was hidden layer with seven neurons and one layer was
output layer with two neurons (TPC and AA). The
hyperbolic tangent sigmoid function (tansig) (Equation 2)
was used for hidden layer and the linear function
(purelin) (Equation 3) was used to output layer.

Tansig(n) = -1 (2)

14+e~2n
Purelin(n) =n (3)

The relationship between output and input parameters
and the role of weights and bias are defined by Equation
4,

response with the best fit and determine the
TPC Temperature
[AA ] = purelin (LW{Z,l} X tansig (IW{l,l} X [ Time + b(1)> + b(Z)) 4)
Ethanol concentration

where IW is the input weight matrix, LW is the layer
weight matrix, the b is the bias.

GA optimization tool was used to maximize the output
variables. The fitness function used for the GA
optimization is given in Equation 5.

F=Yrpct+Y, (9)

where Ytrc is the TPC variable and Yaa is the AA
variable from ANN model. The GA parameters for
maximizing the optimization criteria TPC and AA were
as follows: population types: double vector, creation
function: feasible population, selection function: uniform,
scaling function: rank, crossover function: scattered,
mutation function: adaptive feasible. Since GA
optimization is minimization based, fithess function was
multiplied by -1 to turn the operation into a maximization
problem.

Comparison of Predictive Capacities of the RSM-
DF and the ANN-GA Approaches

The ability of RSM and ANN to predict the relationship
between independent and dependent variables was
evaluated using coefficient of determination (R?), root
mean square error (RMSE) and average absolute
deviation (AAD%) as were given in Equation 6, 7 and 8,
respectively.

it 1 (Yexp—Ypre)®
RZ — 1 _ 4i=1 PP 6
Z?:l(yexp_yavg)z ( )

’ n _ 2
RMSE = Zl=1(yex: Ypre) (7)

n |(Yexp-Ypre)?|

_ =1 Yexp
AADY% = —— Y %100 (8)
n
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Where Yexp is the experimental value, Ype is the
predicted value (by RSM and ANN); Yay is the average
of the experimental values, n is the number of
experiments.

RESULTS and DISCUSSION
Modeling with Response Surface Methodology

The goal of statistical modeling of effects of
temperature, time and solvent mixture on extraction
efficiency of phenolic compounds from pomegranate
peels was determining the best conditions providing the
highest total phenolic content (TPC) and antioxidant
activity (AA). The linearity between TPC and AA
reported by Wang et al. [23] was also observed in this
study (Table 1). There was strong correlation (R?
0.9690) between the TPC and the AA of the
pomegranate peel extracts (PPE). The statistical
analysis of the linear, two-factor interaction (2FI) and
quadratic models generated with the least squares
method were done (Table 2) and quadratic model was
found to be the most appropriate model to explain the
TPC and the AA of the PPE according to both p-value
(p) < 0.0500 and lack of fit (LF) > 0.0500. Quadratic
models had lower standard deviation (SD) and higher
coefficient of determination (R?), adjusted coefficient of
determination (A-R?) and predicted coefficient of
determination (P-R?) as compared with the linear and
2F| models. R? is a measure of the fit of the model. It
expresses to what extent the dependent variables can

be explained by the independent variables in the
regression. When a new variable is added to the model
the R? increases, whether this variable is statistically
significant or insignificant. This will result in poor
predictive power in evaluating new observations or
answers, even though the model has a high R2
Therefore, it is recommended to use the A-R? instead of
the R?. The A-R? does not increase when a new variable
is added to the model and decreases when a
insignificant variable is added. The high difference
between R? and A-R? indicates that there are
insignificant terms in the model. P-R? is a measure of
the variation in new data explained by the model. As
suggested the difference between the R? and the A- R?
and the A- R? and the P-R? were less than 0.2 was a
measure of the adequacy of the quadratic model [10]. In
addition, the predicted residual error sum of squares
(PRESS) values of both quadratic models were lower
than the other models confirming desirability of the
quadratic model to evaluate its prediction ability [10].
Furthermore, the coefficient of precision (adequate
precision) measuring the signal/noise ratio of the models
were found to be 16.80 and 16.32. This coefficient which
compares the range of predicted maximum and
minimum values with the average prediction error was
greater than 4.00 is another indication that the models
can be used to navigate the design space [26]. The
coefficients of variation (CV: relative standard deviation)
which expresses the percentage of the standard
deviation relative to the mean were 5.95% and 6.41%
and were below 10% as desired.

Table 2. Statistical data of the obtained models for TPC model and AA model

Model p-value LF SD R2 A-R? P-R? PRESS
TPClinear 0.0129 0.0083 148.8800 0.6109 0.5048 0.3280 421100
TPC2ri 0.5648 0.0071 154.7900 0.6941 0.4647 0.0491 595800
TPCauadratic 0.0012 0.0682 44.3800 0.9843 0.9560 0.7585 151300
AAdLinear 0.0289 0.0054 1.9100 0.5455 0.4215 0.2182 68.8500
AAF 0.5541 0.0046 1.9800 0.6454 0.3795 -0.0826 95.3500
AAaquadratic 0.0007 0.0561 0.5054 0.9855 0.9594 0.7755 19.7700

TPC: total phenolic content, AA: antioxidant activity, 2FI: two factor interaction, LF: lack of fit, SD: standard deviation, R2: coefficient
of determination, A-R?: adjusted coefficient of determination, P-R2 predicted coefficient of determination, PRESS: the predicted

residual error sum of squares

For the analysis of model appropriate, the residual
graphs of the TPC model and the AA model were shown
in the Figure 1. One of the assumptions of the
regression model is that the residuals have a normal
distribution. The residuals that conform to normal
distribution should be distributed near the normal line.
As shown in the Figure 1a and 1g, the residuals showed
a small scattering and showed a very close distribution
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to the theoretical normal distribution line. Constant
variance and zero mean assumption were investigated
in the Figure 1b and 1c for the TPC model and Figure
1h and 1i for the AA model, as shown in residuals were
randomly distributed around the y=0 and did not
exceed 95% confidence level boundaries in the
residuals against predicted and runs graphs.
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Figure 1. Residuals plots for a-c TPC, g-i AA, a and g normal plots of residuals, b and h residuals vs. predicted, ¢
and i residuals vs. run, Response surface graphs for d-f TPC, j-1 AA. d and j effect of temperature and time at
constant ethanol concentration, e and k effect of temperature and ethanol concentration at constant time, f and |
effect of time and ethanol concentration at constant temperature

In lack of fit test, pure error can be used to test the

ANOVA results for evaluating statistical significance of
the model were reported in Table 3. The TPC model and
the AA model was analyzed at 95% confidence level.
The F-values of models were higher than F-critical
values and the p-values of the models were determined
less than 0.0500 (p=0.0006 and p=0.0005). Pure error
was calculated by using 3 replicates at the center point.
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significance of the residual variance sourced by the
factors and their interactions that are currently in the
model [27]. For lack of fit test, mean square of lack of fit
and mean square of pure error calculated by dividing the
sum of squares by the degrees of freedoms. F- values
of lack of fit calculated by dividing mean square of lack



E. Uca, H.A. Gulec Akademik Gida 22(1) (2024) 23-33

of fit by mean square of pure error. The p-values for the
lack of fit of the models were 0.0682 and 0.0561. In
hypothesis testing, the lack of fit value was insignificant
(p>0.0500) means that the responses can be explained
by regression equation. These findings showing the
TPC model and the AA model were statistically
significant. The TPC and the AA models with actual
values were shown in Equation 9 and 10. As the p-value
of model term decreases, the importance of the term on

the model increases. Accordingly, we observed that
linear effects of temperature, time and ethanol
concentration, quadratic effects of temperature and
ethanol concentration and interaction effect of the
temperature and time were significant in TPC model and
linear effects of time and ethanol concentration,
quadratic effects of temperature and ethanol
concentration and interaction effect of the temperature
and time were significant in AA model.

TPC (mg GAL™) = —27.96792 + 23.45383A + 10.29042B + 3.41992C — 0.109750AB + 0.019600AC — 0.009875BC —

0.157467A%? — 0.025729B% — 0.081967C?

9)

AA (mmol Trolox L") = —4.13965 + 0.347435A + 0.128213B + 0.084768C — 0.001343AB — 0.000316AC —

0.000246BC — 0.002276A? — 0.000294B* — 0.001025C?

where A, B and C is temperature, time and ethanol
concentration, respectively.

Effect of Independent Variables on the TPC and
the AA of Extracts

Three-dimensional (3-D) response surface graphs,
which were formed by plotting the response variable
against two independent variables while other
independent variable was kept constant at a medium
level, were given in the Figure 1. In these graphs, the
response is shown gradually from red to green, from
high to low, and with a contour graph at the base. At
constant ethanol concentration (50%), increase in
temperature and time increased the TPC and the AA up
to a certain level (Figure 1d and 1j). After the maximum
point, further increase in both temperature and time had
a negative effect on the TPC and the AA, which can be
attributed to the structural deterioration of phenolic
compounds in long-term extraction processes at high
temperatures [28]. Although it was mentioned that
increase in temperature increased the TPC while
extraction time was not significant before by Demir et al.
[29], both the linear effect of temperature and time were
found to be significant in this study. However, only the
linear effect of temperature was not significant in the AA
model (Table 3). Even Fourati et al. [30] stated that a
longer extraction time presents a negative effect on the
TPC. However, beside the linear effect of contact time
was significant term of the quadratic TPC model,
temperature-time interaction was also important to
improve extraction of phenolic compounds from
pomegranate peels. It was also determined that the
similar TPC and AA values were obtained in high
temperature-low time and low temperature-high time
combinations, that means the extraction time decreases
with increase of the extraction temperature. For
example, TPC of 900 mg GAE L' was achieved in 88
min at 30°C while it was achieved in 11 min at 75°C.
Consequently, increasing the extraction temperature up
to a level having no deteriorative effects will cause to
save time.

The effects of temperature and ethanol concentration in
the medium level of time (50 min) are given in the Figure

29

(10)

1e and 1k. As in the results of ANOVA, the effect of
ethanol concentration on both the TPC and the AA was
higher than the effect of temperature. The effect of
ethanol concentration on extraction efficiency was also
reported by previous studies [29, 30]. The available
range of ethanol concentration was determined 10-30%
in the similar studies. In this study, at medium level of
time, the maximum TPC (985 mg GAE L") was obtained
at 25% ethanol concentration and 59°C temperature
while the maximum AA (10.86 mmol TE L") was
obtained at 26% ethanol concentration and 60°C
temperature. The least TPC and AA values were
obtained when 100% ethanol concentration was used.
Tsakona et al. [31] also reported that the polarity of the
solvent used in the extraction process had a significant
effect on the TPC of the extracts and that the polar
phenolic compounds were better dissolved in ethanolic
mixtures containing ethanol in the 25-75% range
compared to pure ethanol. The increase in temperature
positively affected the response when the contact time
kept constant. The positive effect of temperature on
extraction efficiency was probably due to the increase in
dissolution and diffusion rates of solutes [32].

The effects of time and ethanol concentration at
constant temperature (55°C) are shown in the Figure 1f
and Figure 1l. According to point prediction, the TPC
and the AA reached 1003 mg GAE L' and 11.1 mmol
TE L, respectively, at using 22% ethanol concentration
while reached 961 mg GAE L' TPC and 10.6 mmol TE
L' using 0% ethanol (pure water) and reached 512 mg
GAE L' and 5.1 mmol TE L using 100% ethanol at the
same temperature and time (55°C and 80 min). It was
stated before by Wang et al. [23] that using an
appropriate ethanol concentration in the solvent instead
of pure ethanol or pure water approximately doubled
TPC and AA of extracts. The TPC of 883 mg GAE L™
and the AA of 9.5 mmol TE L' were obtained at 10 min
when 22% ethanol was used in the solvent while the
same values were obtained in 27.7 min when pure water
was used at 55°C. This result showed that using a
certain level of ethanol in the solvent shortened the
extraction time.
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Table 3. Results of statistical analysis for TPC model and AA model

Total Phenolic Content (TPC) Antioxidant Activity (AA)
Source Sum of Df Mean F- p-value Sum of Df Mean F- p-value
squares square value squares square  value
Model 6.168E+05 9  68530.35 34.80 0.0006* 86.80 9 964 37.76  0.0005*
A 13203.12 1 13203.12 6.70 0.0489* 1.00 1 1.00 3.92 0.1046
B 18050.00 1 18050.00 9.17 0.0292* 2.06 1 2.06 8.07 0.0362*
C 3.515E+05 1 3.515E+05 178.51 < 0.0001* 44.98 1 44.98 176.11 < 0.0001*
AB 48180.25 1  48180.25 2447  0.0043* 7.21 1 7.21 28.22  0.0032*
AC 2401.00 1 2401.00 1.22 0.3198 0.6241 1 0.6241 2.44 0.1788
BC 1560.25 1 1560.25 0.79 0.4142 0.9702 1 0.9702 3.80 0.1088
A2 35763.10 1 35763.10 18.16  0.0080* 7.47 1 7.47 29.25  0.0029*
B2 6257.33 1 6257.33 3.18 0.1348 0.8156 1 0.8156 3.19 0.1340
cz 1.550E+05 1 1.550E+05 78.73  0.0003* 24.25 1 24.25 94.92  0.0002*
Residual 9846.42 5 1969.28 1.28 5 0.2554
Lack of Fit  9393.75 3  3131.25 13.83  0.0682 1.23 3 0409 17.00 0.0561
Pure Error  452.67 2  226.33 0.0482 2 0.0241
Cor Total 6.266E+05 14 88.08 14

A: temperature (°C), B: time (min), C: ethanol concentration (%) Df: degrees of freedom, *significant (p<0.05)

Optimization with DF Approach

The extraction process was optimized for achieving the
maximum TPC and AA. The lower and upper limits of
the operating variables were kept at — 1 and + 1 levels in
the experimental design. The lower and upper limits of
the responses were equal to the lowest and highest
values obtained in the experiments (341-996 mg GAE L
' for TPC and 3.75-10.95 mmol TE L' for AA). While the
importance level of all operating variables (temperature,
time and ethanol concentration) was determined as 3,
with the same importance, the importance level of the
responses (TPC and AA) was determined as 5, with the
same importance level and higher than the operating
variables. Optimum conditions for the extracting
phenolic compounds from pomegranate peels by solid-
liquid method were temperature of 54.0°C, contact time
of 81.4 min and ethanol concentration of 15.7%
providing 1002 mg GAE L' TPC and 11.1 mmol TE L™
AA.

1.84448 2.50100 1.33054
—0.55856 0.90620 —1.69485
—2.41696 097652 —1.74415
Iw{1,1} =] 0.25289 2.29764 —1.80169
I—0.05689 —1.79711 -1.08251
| 0.25015 2.61598 3.54671 |
l 0.26070 1.46703 1.50553 J
Lw{2,1} —0.10740 —0.98973 —0.11166 1.28154
’771-0.54899 —0.4E—-05 -0.28944 0.81503
[—4.303251
| 2.74390 |
|—0.61207|
b(1) =| 3.26872
0.85750
—2.47740
—3.40283

[ —0.39242
b(2) = [—1.652989
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Modeling with ANN

The ANN was also used to determine the relationship
between the independent variables (temperature, time
and ethanol concentration) and the dependent variables
(TPC and AA). The experimental data of RSM study
was used in the ANN study as input layer and output
layer. Optimum neuron number of hidden layer was
determined to be seven by trial and error method using
the experimental data [33]. The testing of the model was
carried out with the scatter plot between target and
output data for training, validation, testing, and all data
with the Pearson's correlation coefficient (R) were
shown in the Figure 2a, 2b, 2c and 2d. The R value was
0.99954, 0.99861, 1.00000, 0.99917 for training,
validation, testing, and all data, respectively. The
approaching of the R to 1 indicates a strength and
positive relationship between target and output.

(11)

—0.97385
—1.16563

—1.46273
—1.50773

0.04531
—0.26878

(13)
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Figure 2. Scatter plot between experimental target and ANN output for a training, b validation, ¢ testing, and d all
data, scatter plot between experimental data and RSM and ANN predicted data for e TPC, f AA

The optimum weights and bias values used to predict
the output data by minimizing the error between target
and output data were given in Equation 11-14. The IW
was the 7x3 weight matrix connecting the neurons of
input layer to the hidden layer. The IW had 7 rows and 3
columns because the number of neurons was 7 and the
number of independent variables was 3. The LW was
the 2x7 weight matrix connecting the neurons of hidden
layer to the output layer. The LW had 2 rows and 7
columns because the number of neurons was 7 and the
number of dependent variables was 2. b(1) was the 7x1
bias column vector of the neurons of the hidden layer
and b(2) was the 2x1 bias column vector of the neurons
of the output layer.

Optimization with GA

The optimization was performed with three variables
which lower bounds (30, 10 ,0), upper bounds (80, 90,
100). The TPC and the AA maximized after 51 iterations
with GA. According to the optimization results performed
with GA, the optimum conditions were temperature of
59.3°C, contact time of 788 min and ethanol
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concentration of 15.3% providing TPC of 1012 mg GAE
L' and AA of 10.7 mmol TE L.

Comparison of RSM and ANN Methods

The predictive capabilities of the techniques were
compared with the values of coefficient of determination
(R?), root mean square (RMSE) and average absolute
deviation (AAD%) values given in the Table 4. In both
the methods, values of R? very closed to 1, values of
RMSE and AAD% were low as required. The
experimental data versus predicted data graphs for the
RSM and the ANN were also shown in the Figure 2e
and 2f. Accordingly, the values predicted to the model
showed a linear distribution with the actual data so the
ability to predict the fitted model was high. Depend on
these results, the predicted data with the RSM and the
ANN correspond to the experimental data, both the
methods could be used for estimation. As in similar
studies summarized in the Table 4, R? of ANN for both
the TPC and the AA were closer to 1 than RSM, RMSE
and AAD% of ANN for both responses were lower than
RSM indicates that ANN has improved predictive
capability [33-35].
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Table 4. Statistical evaluation for RSM’s and ANN'’s predictive capability

RSM Model

ANN model

Responses g RMSE AAD% R? RMSE AAD% Reference
TPC 0.9843 25.62 3.32 09878  22.85 107 This study
AA 0.9855 0.30 3.88 0.9965 0.14 0.62

TPC 0.9148 0.35 6.37 0.9930 0.10 217 31

AA 0.8806 0.10 7.00 0.9887 0.03 215

TPC 0.9443 23.45 8.29 09833 12.93 3.66 o1

AA 0.9742 3.07 5.64 0.9803 2.69 3.38

TPC 0.9791 17.10 1.86 09851  14.82 1.50 28]

AA 0.9666 128 0.15 0.9764 1.20 0.14

RSM: response surface methodology, ANN: artificial neural network, TPC: total phenolic content, AA: antioxidant activity, R%
coefficient of determination, RMSE: root mean square error, AAD%: average absolute deviation

CONCLUSION

Solid-liquid extraction method has a good potential to
recover phenolic compounds from pomegranate peels.
The optimum levels of independent variables of the
process were successfully predicted by the RSM-DF
and the ANN-GA approaches. It was showed that the
ANN can generate better predictions by processing
experimental data although both the methods have
similar functions. Additionally, the individual and
interaction effects of the factors on the process
efficiency were well described by the RSM. Based on
these results, it is recommended to use various
approaches in optimization studies and evaluate them
according to the characteristics of the study. The
experimental data were represented by a quadratic-
second order model. Using ethanol (in the range of 15-
25%) in the solvent mixture provided the highest
extraction yield. On the other hand, higher time-
temperature combinations were needed to obtain a
sustainable water base extraction method of high value
phenolic compounds compared to ethanol-water base
extraction. Further studies are still needed to evaluate
predictive capability of the ANN-GA and increase the
diversity of studies on comparing the results of the ANN-
GA method with the results of different modeling and
optimization method in optimization of alternative green
extraction processes of bioactive substances from
several plant-based wastes.
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ABSTRACT

The majority of food infections caused by consumption of egg and egg products are caused by Salmonella enterica
subspecies enterica serovar Enteritidis. In this study, the inhibitory effect against S. Enteritidis was determined by
dipping the eggshell into Salmonella-specific bacteriophage SE-P47 and levulinic acid (LVA) plus sodium dodecyl
sulfate (SDS) solutions (0.5% LVA+0.05% SDS, 1% LVA+0.05% SDS and 2% LVA+0.5% SDS) separately for 10
minutes. The treatments of phage and 2% LVA+0.5% SDS reduced S. Enteritidis below the detectable level on
eggshell (at 2.76, 3.22, 4.48 and 5.30 log CFU/cm? inoculum levels). After the treatment of 1% LVA+0.05% SDS, 1.94
and 0.89 log reductions were obtained at 4.48 and 5.30 log CFU/cm? inoculum levels, respectively, while S. Enteritidis
decreased below the detectable number at 2.76, 3.22 log CFU/cm? inoculum levels. Although the lowest antibacterial
activity was observed in the treatment of 0.5% LVA+%0.05 SDS, the decrease in the number of S. Enteritidis detected
in all samples except 5.30 log CFU/cm? inoculum level was found to be significant compared to the control sample.
The results indicated that the combination of LVA and SDS, and especially SE-P47 phage alone had good potential
efficacy for Salmonella decontamination on eggshell.

Keywords: Bacteriophage, Decontamination, Eggshell, Levulinic acid, Salmonella Enteritidis

Yumurta Kabugunda Salmonella Enteritidis’in Dekontaminasyonu: Bakteriyofaj ve Leviilinik
Asit-Sodyum Dodesil Sulfatin Etkinliginin Degerlendirilmesi

0z

Yumurta ve yumurta drinlerinin tiketiminden kaynaklanan enfeksiyonlarin ¢ogu, Salmonella enterica subspecies
enterica serovar Enteritidis kaynaklidir. Bu ¢alismada, yumurta kabuklari Salmonella’ya 6zglii SE-P47 bakteriyofaji ve
levilinik asit (LVA) ile sodyum dodesil sulfat (SDS) ¢ozeltilerine (0.5% LVA+0.05% SDS, 1% LVA+0.05% SDS ve 2%
LVA+0.5% SDS) ayri ayri 10 dk sireyle daldirilarak S. Enteritidis Uzerindeki inhibitér etki belirlenmistir. Faj ve %2
LVA+%0.5 SDS uygulamalari, yumurta kabugu Uzerinde S. Enteritidis'i tespit edilebilir seviyenin altina dugtrmustur
(2.76, 3.22, 4.48 ve 5.30 log kob/cm? inokulum seviyelerinde). %1 LVA+%0.05 SDS uygulamasindan sonra 4.48 ve
5.30 log kob/cm? inokulum seviyelerinde sirasiyla 1.94 ve 0.89 log azalma elde edilirken, 2.76, 3.22 log kob/cm?
inokulum seviyelerinde S. Enteritidis, tespit edilebilir seviyenin altina digmustur. En distk antibakteriyel aktivite %0.5
LVA+%0.05 SDS uygulamasinda gézlemlenmesine ragmen, 5.30 log kob/cm? inokulum seviyesi harig tim 6rneklerde
tespit edilen S. Enteritidis sayisindaki azalma, kontrol 6rnegine gore 6nemli bulunmustur. Sonuglar, yumurta
kabugunda Salmonella dekontaminasyonu igin LVA ile SDS'nin kombinasyonu ve 6zellikle SE-P47 fajinin tek basina
iyi bir potansiyel etkinlige sahip oldugunu gdstermistir.

Anahtar Kelimeler: Bakteriyofaj, Dekontaminasyon, Yumurta kabugu, Levdlinik asit, Salmonella Enteritidis
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INTRODUCTION

Increasing urbanization and changes in consumer
dietary trends (increased consumption of quality protein)
lead to an increase in the demand for animal products
and therefore more animal food products to be
processed [1, 2]. The increase in production complicates
food safety control and increases the risk of
contamination of products with foodborne pathogens.
Approximately 600 million cases of foodborne diseases
and 420.000 deaths occur worldwide every year
according to the World Health Organization. About 40%
of foodborne diseases are particularly common among
children under 5 years of age due to weak immune
systems [3].

Insufficient food safety applications during production,
packaging, transportation, and storage cause serious
consequences such as foodborne illness and death, as
well as socioeconomic and psychological problems in
society. Unsafe food consumption is estimated to cause
losses of 110 billion dollars each year, especially in low-
and middle-income countries, through reductions in
productivity, health expenditures, and mass destruction
of food [4].

Salmonella enterica (non-typhoidal) is one of the main
causes of foodborne diseases, especially diarrheal
diseases [3, 5]. The Centers for Disease Control and
Prevention (CDC) estimates there are approximately
1.35 million diseases, 26,500 hospitalizations, and 420
deaths from Salmonella in the United States every year
[6]. Salmonella is a member of the Enterobacteriaceae
family and has two main species, S. enterica and S.
bongori. Approximately 2,600 serotypes have been
identified for Salmonella species, of which less than 100
are known to cause human infections. Salmonella
enterica serovar Enteritidis (S. Enteritidis) and
Salmonella  enterica  serovar  Typhimurium  (S.
Typhimurium) are the most frequently reported serovars
responsible for Salmonella infections worldwide [1, 7, 8].

Salmonella species are found in the intestinal microflora
of humans, domestic, and farm animals [2]. Salmonella
is usually transmitted to humans by consuming
contaminated food or water but can also be transmitted
through contact with infected animals [7]. The poultry,
egg and egg products, pork, beef, dairy products, fruits,
vegetables, seafood, and water are the reservoirs of
Salmonella species [9, 10]. It is well known that one of
the most common sources of Salmonella outbreaks is
the consumption of poultry and eggs, however, the most
common serotypes isolated from poultry and egg
products are S. Enteritidis [2, 11-13].

Egg is a frequently preferred food for human nutrition
because it is nutritious and cheap compared to other
protein sources [14]. Various egg products consumed in
the world can be listed as shell eggs, egg whites, egg
yolks, liquid, frozen or dried forms [15, 16]. In addition,
the egg is included in the composition of many products
such as bakery products, noodles, mayonnaise, ice
cream, and desserts, due to the functional properties of
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its various components such as emulsifying and foaming
ability [16, 17].

The inner part of eggs obtained from healthy poultry is
considered sterile, however, it is known that there are a
large number of microorganisms in the eggshell.
Eggshells can be contaminated with microorganisms
during production, processing, preparation, and
packaging in the food chain [18]. Contamination of
eggshell with Salmonella occurs due to contact of the
eggshell with contaminated feces during or after laying.
Other sources such as farmers, pets, and rodents play a
role in the contamination of eggshells with Salmonella.
Contamination of egg contents with Salmonella occurs
through transfer from the eggshell (horizontal
contamination) or direct contamination of the egg as a
result of infected ovaries or oviduct tissue before shell
formation (vertical contamination) [15, 19].

Various methods have been investigated to reduce or
prevent Salmonella contamination on eggshells,
including washing with chlorine-based surface sanitizers
[20], hydrogen peroxide and sodium dodecyl sulfate
[21], ozone [22], lactic acid [23], plant extracts with

antimicrobial properties [18, 24], X-ray irradiation,
chlorine dioxide, and the synergistic effect of the
combined treatment [25], hot air treatment

(pasteurization) [26], ultraviolet light [27], pulsed UV light
[28, 29], far infrared [30], atmospheric plasma treatment
[31, 32].

Organic acids are known to have antimicrobial effects.
Among organic acids, levulinic acid (LVA) stands out
because it can be produced with high efficiency from
renewable raw materials [33]. LVA is also used as a
flavoring agent in addition to its antimicrobial effect in
the food industry. On the other hand, sodium dodecyl
sulfate (SDS) which has inhibitory and lethal effects
against foodborne microorganisms is used as an all-
purpose food additive and surfactant. Both LVA and
SDS have been generally recognized as safe (GRAS)
by the US Food and Drug Administration (FDA) [34, 35].
The bactericidal and virucidal activites of the
combination of LVA with SDS are greater than that of
LVA or SDS alone [36, 37]. Moreover, these
antimicrobial activities can be achieved in lower LVA
and SDS concentrations and shorter contact time. This
is due to the synergistic effect between LVA and SDS.
In previous studies, it has been shown that the
combined use of LVA and SDS solution is effective in
inactivating various pathogenic microorganisms in
biofilms [37, 38], food contact surfaces [39], and food
surfaces such as lettuce, poultry skin, cantaloupe,
strawberries [33, 40, 41]. It was reported that the use of
LVA with SDS is effective in the inactivation of
microorganism groups such as bacteria, viruses, molds,
and yeast, but not in foodborne parasites such as
Cryptosporidium [36].

Bacteriophages (phages) are bacteria-specific viruses.
Virulent phages infect bacterial cells and multiply
intracellularly, causing host bacterial cells to lyse.
Therefore, phages are potential biocontrol agents
against foodborne pathogens [42]. They attract attention
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with their host specificity and environmentally friendly
characteristics when compared to chemical compounds.
In addition, the advantages of using phages as
biocontrol agents are that they can eliminate biofilms,
are effective even at low doses and have a relatively
cost-effective and simple production process [43, 44].

Studies on the use of bacteriophages as biocontrol
agents in various foods have focused on Salmonella
serovars, Listeria monocytogenes, Escherichia coli,
Shigella spp., Campylobacter  jejuni, and
Staphylococcus aureus pathogenic bacteria [42, 45-49].
FDA has approved the use in certain foods of several
phage-based preparations designed for the control of
foodborne bacterial pathogens such as E. coli (Secure
Shield E1), E. coli 0157:H7 (EcoShield™), L.
monocytogenes (ListShield™, PhageGuard Listex™),
Salmonella spp. (SalmoFresh™, PhageGuard S™,
SalmoPro®), Shigella spp. (ShigaShield™) [46, 50].

In this study, phage or different concentrations of LVA
plus SDS solutions were used for decontamination of S.
Enteritidis on the surface of eggshells. It was aimed to
evaluate the inhibition effects of phage and LVA plus
SDS treatments against S. Enteritidis on the eggshell.

MATERIALS and METHODS
Bacterial Strain and Bacteriophage

S. Enteritidis MET-S1-411 and SE-P47 phage specific
for S. Enteritidis used in the present study were
obtained from our bacterial and phage culture collection.
S. Enteritidis MET-S1-411 was cultured in Brain Heart
Infusion (BHI) broth (Lab M, United Kingdom) and stored
in BHI broth containing 20% glycerol at -80°C. For the
preparation of the SE-P47 phage, isolated and
characterized in previous studies [51, 52], nutrient broth
(Lab M, United Kingdom) was used and phage samples
were stored in 30% glycerol (in total solution) at —80°C.

Reproduction of Bacteriophage Sample

The phage samples were prepared with some
modifications to the method of Yildirim et al. [51]. The
phage sample (100 yL) and fresh culture of S. Enteritidis
(300 pL) in 10 mL of nutrient broth were incubated at
37°C overnight at 120 rpm. Then, chloroform (50 yL/mL)
was added to lyse the bacterial cells and the mixture
was centrifuged at 7000xg for 15 minutes at 4°C. After
the supernatant was filtered using a 0.45 ym pore size
filter, the phage titer was determined by the double-layer
agar plate method [53]. Briefly, 300 uL of host cells and
100 pL of phage dilution were added to nutrient soft
agar (0.7% agar) at 45-50°C, mixed, and spread on petri
dishes containing solidified nutrient agar (1.5% agar).
After 24-48 hours incubation at 37°C, phage titer was
expressed as a plaque forming unit per mL (PFU/mL).
The activity of the phage used for decontamination was
determined as 9.9 log PFU/mL.
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Preparation of Levulinic Acid plus Sodium
Dodecyl Sulfate Solutions

LVA (Merck, Germany) and SDS (298.5%, Sigma-
Aldrich, USA) solutions were prepared with distilled
water at concentrations of 0.5% LVA plus 0.05% SDS,
1% LVA plus 0.05% SDS, and 2% LVA plus 0.5% SDS
before each experiment under aseptic conditions.

of

Determination of Antibacterial

Treatment Solutions

Activity

The antibacterial activities of 0.5% LVA plus 0.05%
SDS, 1% LVA plus 0.05% SDS, 2% LVA plus 0.5% SDS
solutions, SE-P47 phage, and water against S.
Enteritidis were determined using the disc diffusion
method [54]. For this purpose, 20 pL of bacteria
suspension (8 log CFU/mL) was spread on the soft
nutrient agar (0.7% agar). Sterile filter paper discs
(Oxoid, United Kingdom) with a diameter of 6 mm were
immersed in washing solutions (1 mL) and left for 15
min to allow the solutions to penetrate the discs. Then,
the paper discs were placed on the soft nutrient agar
surface inoculated with S. Enteritidis. The diameter of
the inhibition zones were measured after incubation at
37°C for 24-48 hours in aerobic conditions.

Preparation and Inoculation of Eggshell

Fresh eggs were purchased from a local market in
Nigde, Turkey, and stored at 4°C to be used within a
week. All of the eggs used in the study were of medium
size (53-62 g). In the preparation of eggshells, the
method of Rodriguez-Romo et al. [22] was used with
some modifications. The shell parts were obtained by
puncturing the tip of the eggshell and emptying the
inside of the egg. Eggshells cut in 3x3 cm? dimensions
were immersed in 70% ethanol solution and kept waiting
for 5 minutes to disinfect. After the disinfection process,
the shell pieces were washed with sterile distilled water
and placed in sterile petri dishes and allowed to dry at
room temperature under  aseptic conditions
(approximately 20 min).

For the preparation of inoculum solution, 100 uL of stock
culture of S. Enteritidis was added to 5 mL of BHI broth
and incubated at 37°C for 24 h. The absorbance of the
bacterial solution was measured in a spectrophotometer
(Evolution 300, Thermo Scientific, Waltham, USA) at
600 nm. When the inoculum solution had an optical
density of approximately 0.3, the cell density was 7 to 8
log CFU/mL. The inoculum solution was diluted with
0.1% buffered peptone water (BPW) in the range of 4 to
8 log CFU/mL. The inoculum (100 pL) was spread on
the eggshell (3x3 cm?) using a pipette tip, and the
samples were kept in the biosafety cabinet at room
temperature for 20 min to ensure bacterial attachment
onto the eggshell [55]. The count of the inoculated S.
Enteritidis was determined by the spread plate method.
A 100 pL of serial dilutions were spread on salmonella-
shigella agar (1.5% agar) and colonies were counted
after the incubation at 37°C for 24-48 h.
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Determination of S. Enteritidis Inactivation on
Eggshell

For each ftrial, five eggshell samples inoculated with S.
Enteritidis were treated with LVA plus SDS solutions at
three different concentrations, phage (9.9 log PFU/mL),
and sterile distiled water. Briefly, the inoculated
samples were immersed in washing solutions (20 mL) in
sterile petri dishes. The inoculated eggshell surfaces
were placed in direct contact with the washing solutions.
The samples were kept in treatment solutions for 10 min
at room temperature. Additionally, inoculated and
untreated samples were used as positive control, and
uninoculated and untreated samples were used as
negative controls in each experiment. For bacterial
count, eggshells were homogenized in a stomacher bag
(VWR, West Chester, PA, USA) with 0.1% 10 mL BPW
in a stomacher (IUL 707/470 Instruments, Spain) for 2
minutes. The bag fluid was serially diluted in 0.1% BPW
and 100 pL from each dilution was plated in duplicate on
salmonella-shigella agar (Merck, Germany) plates. After
incubation at 37°C for 24-48 h, the colonies were
counted and expressed as colony-forming units per cm?
(CFU/cm?).

Statistical Analysis

Samples were tested in ftriplicate for evaluating the
inhibitory effect of the sanitizer washing on eggshells.

The obtained data were analyzed using ANOVA-
General Linear Model in MINITAB 17. Tukey's method
was used to determine the mean significant differences
between treatments at the 95% confidence interval
(p<0.05).

RESULTS and DISCUSSION
Antibacterial Activities of Treatment Solutions

The antibacterial activity of SE-P47 phage (9.9 log
PFU/mL), 0.5% LVA+ 0.05% SDS, 1% LVA+ 0.05%
SDS, and 2% LVA+0.5% SDS solutions against S.
Enteritidis was determined using disc diffusion method.
In addition, it was examined whether sterile distilled
water had an antibacterial effect when compared to the
treatment solutions. The clear zones formed by the
treatment solutions on the surface of the medium
inoculated with S. Enteritidis are given in Figure 1. The
clear zone diameters observed in 0.5% LVA+0.05%
SDS, 1% LVA+0.05% SDS, and 2% LVA+0.5% SDS
solutions were 6.72, 7.67, and 9.78 mm, respectively,
and the difference between them was statistically
significant (p<0.05) (Table 1). The clear zone formed by
the use of SE-P47 phage was measured as 15.56 mm.
As seen in Figure 1, a larger clear zone was obtained
compared to other solutions and this value was
statistically significant (p<0.05). A clear zone was not
observed for the sterile distilled water.

Figure 1. Clear zones observed by the agar disc diffusion method

Table 1. Diameters of clear zones obtained by disc diffusion method

Treatment solutions*

Clear zone diameter (mm)

Sterile distilled water
0.5% LVA+0.05% SDS
1% LVA+0.05% SDS
2% LVA+0.5% SDS
Bacteriophage SE-P47

0.00+0.00°"
6.72+0.23¢
7.67+0.28°
9.78+0.21°
15.56+0.44°

*LVA: levulinic acid, SDS: sodium dodecyl sulfate; **Different letters in the
same column of treatment indicate statistically significant differences (p<0.05).

Inactivation of S. Enteritidis on Eggshell

Inoculum of different microbial concentrations was used
to determine the antibacterial activity of LVA plus SDS
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solutions prepared at different concentrations and SE-
P47 phage against S. Enteritidis on the eggshell
surface. The Salmonella count of the inoculum solutions
was determined separately as 4.7, 6.9, 7.88, and 8.3 log



G. Koger Alasalvar, Z. Yildinnm Akademik Gida 22(1) (2024) 34-42

CFU/mL. After inoculation, the Salmonella count on the
eggshell was determined as 2.76, 3.22, 4.48, and 5.3
log CFU/cm?, respectively. The microbial inactivation
results are given in Table 2.

A 2-3 log difference was observed between the bacterial
count of the S. Enteritidis inoculum solution and the
bacterial count detected on the eggshell surface after
inoculation. The fact that the bacterial count attached to
the eggshell is less may be due to the physicochemical
structure of the eggshell. The shell, the protective
structure of the egg, contains the cuticle layer on the
outside and the shell membrane on the inside. The
cuticle layer is a proteinaceous layer covering the shell
that has pores. On the other hand, the shell membranes
consist of 3 different layers the inner membrane, the
outer membrane, and the limiting membrane, and they

are responsible for the bacterial defense system of the
eggs [56]. In a study by Himathongkham et al. [57], the
initial bacterial count of eggshells immersed in S.
Enteritidis culture solution was approximately 7.5 log
CFU/mL, while after 3 minutes incubation at 37°C and
30% RH, the Salmonella count decreased by about 2
logs. Himathongkham et al. [57] reported that a
significant number of S. Enteritidis penetrated through
the shell and on the shell membrane, based on the
correlation between the bacterial count of the shell and
the membrane. In a study investigating the penetration
of Salmonella through the eggshell, it was reported that
Salmonella translocated from the eggshell surface to the
outer and inner membranes (shell membrane layers)
[58]. Accordingly, in our study, the decrease count of S.
Enteritidis on the eggshell after inoculation is attributed
to bacterial penetration and displacement in/on the shell.

Table 2. Inhibitory effects of water, LVA plus SDS solutions, and bacteriophage treatments on Salmonella Enteritidis

on the eggshell surface.

Treatments™ pH Salmonella Enteritidis count on eggshell surface (log CFU/cm?)
SE - 2.76+0.05%" 3.22+0.03? 4.48+0.072 5.30+0.212
Water 8.65+0.10 2.76+0.05° 3.10+0.18% 4.15+0.172 5.19+0.24%
0.5% LVA+0.05% SDS 2.96+0.01 2.34+0.13° 2.82+0.07° 2.93+0.03° 5.11+0.20%
1% LVA+0.05% SDS 2.76+0.02 <1° <1° 2.54+0.16° 4.4110.19°
2% LVA+0.5% SDS 2.69+0.01 <1° <1e <1e <1e
SE-P47 7.94+0.16 <1° <1° <1° <1°

*SE, the sample containing only S. Enteritidis MET-S1-411, control sample; <1, undetectable level, log CFU/cm?
<1; LVA, levulinic acid; SDS, sodium dodecyl sulfate. **Different letters in the same column of treatment indicate

statistically significant differences (p<0.05).

There was no reduction in the S. Enteritidis population
on eggshells treated with sterile distilled water. This
result supports that water does not form a clear zone in
the agar disc diffusion method (Table 1). S. Enteritidis
was inactivated ranged from 0.19 to 1.55 log CFU/cm?
by treatment with 0.5% LVA+0.05% SDS solution. The
difference between surviving Salmonella cells after the
treatment of eggshells with 0.5% LVA+0.05% SDS and
control samples is statistically significant, except
inoculum level of 5.30 log CFU/cm? (p<0.05). However,
there was no significant difference between water and
0.5% LVA+0.05% SDS treatments at inoculum levels of
3.22 and 5.30 log CFU/cm? (p>0.05). After treatment
with 1% LVA+0.05% SDS solution, S. Enteritidis cell
counts were undetectable at 2.76 and 3.22 log CFU/cm?
inoculum levels. The S. Enteritidis population decreased
by 1.94 and 0.89 log CFU/cm? at inoculum levels of 4.48
and 5.30 log CFU/cm? respectively (p<0.05). The
highest log reductions in S. Enteritidis inactivation were
achieved with 2% LVA+0.5% SDS and phage
treatments at all inoculum levels, and viable cell counts
were undetectable. The log reductions obtained in the
2% LVA+0.5% SDS and phage treatments were
statistically significant compared to the control sample,
water, 0.5% LVA+0.05% SDS, and 1% LVA+0.05%
SDS treatments (p<0.05). It was observed that the
decontamination results were consistent with the results
obtained by the agar disc diffusion method (Table 1).

One of the microbiological criteria valid in many parts of
the world for eggs defined as eggs in shell and egg
products is the absence of Salmonella spp. in 25 g-mL
[59, 60]. Also, according to the microbiological criteria of
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the Turkish Food Codex regulation, Enterobacteriaceae
count should be less than 10?2 CFU/g-mL and Salmonella
spp. should not be present in egg products (pasteurized
and frozen eggs, egg powder, etc.) [61]. Since
contamination of egg content with Salmonella can occur
through  transfer from the shell (horizontal
contamination) [15], the microbiological safety of egg
content and products is closely related to eggshells [62].
In our study, S. Enteritidis could not be detected in
eggshells, especially after treatment with 2% LVA +
0.5% SDS or SE-P47 phage.

Levulinic acid causes the disruption of
lipopolysaccharide in the outer membrane of Gram-
negative bacteria. Depending on the increase in cell
permeability, the absorption of both acid and SDS
molecules into cells increases [36]. On the other hand,
SDS can facilitate the contact of levulinic acid with
bacterial cells by reducing the surface tension. It was
reported that the effect of SDS to denature surface
proteins and damage the cell membrane is higher
between pH 1.5 and 3.0 [33, 36]. The average pH value
of 0.05% SDS solution is 6.2. Therefore, the
antimicrobial activity of SDS increases when used in
combination with LVA. In this study, the pH values of
LVA plus SDS solutions prepared at different
concentrations decreased with increasing LVA
concentration (Table 2). The reason for the lower log
reductions in 0.5% LVA+0.05% SDS treatment
compared to other LVA+SDS treatments can be
attributed to the decrease in acid concentration, that is,
the partial increase in pH value.



G. Koger Alasalvar, Z. Yildinnm Akademik Gida 22(1) (2024) 34-42

In a previous study, average log reductions in counts of
influenza A H3N2 virus on eggshells individually treated
with 0.5% LVA+0.5% SDS, 2% LVA+1% SDS, and 5%
LVA+2 % SDS solutions for 1 minute at 21°C were 1.73,
1.90, and 2.33 log PFU/mL reductions, respectively [55].
The log reduction obtained in 0.5% LVA treatment was
similar to our study. However, lower antimicrobial
activity was observed in 2% LVA treatment compared to
our study. This may be due to the diversity of the target
microorganism and the short treatment time. Zhao et al.
[33] reported that 0.5% LVA+0.05% SDS treatment (1
min) showed 4.4 and 4.5 log CFU/cm? reduction for S.
Typhimurium and E. coli O157:H7 on the lettuce
surface, respectively and 2.9 log CFU/cm? reduction for
S. Enteritidis on chicken skin. After 5 minutes of
treatment, approximately 7 log CFU/cm? reduction was
obtained for the three pathogenic bacteria tested in both
food samples. Maktabi et al. [21] investigated the
inactivation of S. typhimurium on eggshell by immersion
(5 min) in 1.5% SDS, 0.5% H202, and 1.0% citric acid
solutions. After treatment with SDS, H202, and citric
acid, the count of S. Typhimurium on eggshells
decreased by 2.0, 2.1, and 04 log CFU/mL,
respectively, compared to the control sample. They also
reported that the antibacterial effect increased when
citric acid or H202 combined with SDS.

Many studies have shown that the use of phages is
effective in reducing the number of pathogenic bacteria
in various food samples. However, there has been an
increasing trend toward the use of phage and phage
cocktails in eggs in recent years. To the best of our
knowledge, there are limited studies that have applied
phage to whole eggs or eggshells. Spricigo et al. [47]
obtained 0.9 log CFU/cm? reduction for S. Enteritidis
and S. Typhimurium in fresh eggs by spraying with the
phage cocktail (10" PFU/mL). In another study,
approximately 3 log CFU/mL reduction was obtained in
S. Typhimurium after 6 hours of phage cocktail (10
PFU/mL) application on the eggshell while no viable
cells could be detected in the samples after 24 hours of
application [63]. In the same study, 1.7 log CFU/mL
reduction was obtained after 72 hours of treatment of
liquid egg with phage, and a lower antibacterial activity
was observed compared to the eggshell sample. The
difference in structure and composition between the
eggshell and the liquid egg and the distribution of the
microorganism on/in the sample can be effective on the
results.

Controlling the colonization of pathogenic
microorganisms in animals is one of the ways to prevent
contamination of egg contents [15]. In the study of
Henriques et al. [64], a phage cocktail (2x10% PFU/mL)
was applied by aerosol spray on fertile eggs with S.
Enteritidis to reduce horizontal contamination by
Salmonella. Analysis of hatched chicks showed that the
number of diseased chicks (arthritis and pasting)
decreased. Furthermore, S. Enteritidis recovered from
the chick ceca decreased after phage application to
fertile eggs, while no significant reduction was observed
for S. Enteritidis recovered from internal organs (pooled
heart, liver, and spleen). This was attributed to the
presence of high doses of bacteria by researchers.
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Therefore, the potential to use phages (phage therapy)
to prevent pathogen colonization in poultry is thought to
be quite high [64-66].

CONCLUSION

In this study, the effectiveness of LVA plus SDS and SE-
P47 phage treatments was tested in the biocontrol of S.
Enteritidis on eggshell. At all inoculum levels, the
highest bactericidal effect was obtained with 2%
LVA+0.5% SDS and phage treatments. Treatment of 1%
LVA+0.05% SDS was very effective in preventing the
growth of S. Enteritidis on the eggshells at lower
inoculum levels. By reducing the microbial count on the
eggshell, it is expected that the probability of horizontal
contamination will also decrease. In other words, the
egg content will be protected against contamination.
Moreover, it will reduce the risk of cross-contamination
of other foods in case of contact with whole eggs. In
conclusion, it was demonstrated that levulinic acid plus
SDS and SE-P47 phage can be effectively used
decontamination of eggshell against the foodborne
pathogen S. Enteritidis. In future studies, it will be very
useful to investigate the effect of these treatments on
the quality characteristics of eggs and eggshells.
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ABSTRACTS

Edible seaweeds, such as Kappaphycus and Caulerpa genera, have been popularly consumed for centuries by the
local people in the Tawi-Tawi, Philippines. This study examined the proximate composition and heavy metal contents
of two edible seaweeds, namely Kappaphycus alvarezii (KA) (Rhodophyta) and Caulerpa cf. macrodisca ecad
corynephora (CMC) (Chlorophyta), which are readily available in the public market of Bongao, Tawi-Tawi, Philippines.
The results revealed significant differences in their proximate compositions. The moisture content was remarkably
higher in KA (16.96+0.02 g.100"'g) than that of CMC (10.49+0.08 g.100"'g). CMC contained significantly more crude
protein (7.14+0.80 g.100-'g) than KA (2.73%0.40 g.1007'g). The carbohydrate content of KA (44.82+0.34 g.100"'g) was
significantly higher than that of CMC (38.09+0.71 g.1007'g). The ash content was notably greater in CMC (44.00+0.66
g.100"'g) than in KA (34.91+0.39 g.100"g). The total fat content was substantially higher (p<0.05) in KA (0.60+0.30
g.1007'g) than in CMC (0.28+0.01 g.1007'g). The heavy metal contents (mg.kg™") followed the order of K > Zn > Fe > Pb
> Cu > Mn > Cd for KA and Zn > Mn > Pb > K > Fe > Cu > Cd for CMC. Fe, K, Cu, and Cd were significantly higher in
KA than in CMC, while Zn, Mn, and Pb were remarkably higher in CMC than in KA. However, all these heavy metals
were found to be within safe limits of WHO, the US (EPA and FDA), and EMA. These findings underscore the importance
of considering these factors in seaweed consumption, affirming their enduring significance in human diets.

Keywords: Edible seaweeds, Kappaphycus alvarezii, Caulerpa cf. macrodisca ecad corynephora, Proximate
composition, Heavy metals.

Kappaphycus alvarezii ve Caulerpa cf. macrodisca ecad corynephora Turlerine Ait Yenilebilir
Deniz Yosunlarinin Yaklasik Bilesimi ve Agir Metal Igerigi

0z

Kappaphycus ve Caulerpa cinsleri gibi yenilebilir deniz yosunlari, Filipinlerin Tawi-Tawi bdlgesindeki yerel halk
tarafindan yUzyillardir populer bir sekilde tiketilmektedir. Bu ¢alismada, yenilebilir iki deniz yosunu olan ve Filipinler'de
Bongao, Tawi-Tawi’deki halk pazarlarinda kolaylikla bulunabilen Kappaphycus alvarezii (KA) (Rhodophyta) ve Caulerpa
cf. macrodisca ecad corynephora (CMC) (Chlorophyta)’nin yaklasik bilesimi ve agir metal igerigi incelenmistir. Sonuglar,
deniz yosunlarinin bilesimlerinde énemli farkliliklar oldugunu ortaya gikarmistir. KA’daki nem igerigi (16.96+0.02 g.100°
'g), CMC'ye (10.49+0.08 g.100"'g) gore oldukga yiiksek bulunmustur. CMC, KA'ya (2.73+0.40 g.100"'g) gére anlamli
derecede daha fazla ham protein (7.14+0.80 g.1007'g) igermektedir. KA'nin karbonhidrat igerigi (44,82+0,34 g.100"'g),
CMC'den (38,09+0,71 g.100-'g) anlamli derecede yiiksek bulunmustur. Kl igerigi CMC’de (44.00+0.66 g.1007'g), KA'ya
(34.91+0.39 g.100'g) gore belirgin sekilde daha ylksek olmustur. Toplam yag igerigi KA'da (0,60+0,30 g.100"g),
CMC'ye (0,28+0,01 g.100"'g) gére dnemli 6lglide daha yliksek bulunmustur (p<0,05). Agir metal igerikleri KA igin K >

43


https://orcid.org/0009-0000-7597-6428
https://orcid.org/0000-0002-3237-3552

K.O. Ajik, A.B. Tahiluddin Akademik Gida 22(1) (2024) 43-50

Zn>Fe >Pb> Cu> Mn>Cdve CMC icin Zn > Mn > Pb > K> Fe > Cu > Cd sirasini takip etti. Fe, K, Cu ve Cd, KA'da
CMC’ye gore anlamli derecede yuksekken, Zn, Mn ve Pb, CMC’de KA’ya gére oldukga ylksek olmustur. Ancak tim bu
agir metallerin guvenli sinirlar igerisinde oldugu gorilmustir. Bu bulgular, deniz yosunu tliketiminde bu faktorlerin
dikkate alinmasinin dneminin altini gizmekte ve bunlarin insan beslenmesindeki kalici dnemini dogrulamaktadir.

Anahtar Kelimeler: Yenilebilir deniz yosunu, Kappaphycus alvarezii, Caulerpa cf. macrodisca ecad corynephora,

Yaklasik bilesim, Agir metal

INTRODUCTION

Throughout Asian and Pacific cultures, seaweeds have
been consumed as traditional food sources. Notably,
edible seaweeds offer unique nutritional benefits
compared to terrestrial crops, particularly in their high
mineral and fiber content [1, 2]. Some popular dishes
traditionally made with seaweeds include salads, sushi,
pickled seaweed accompanied by condiments like relish
or vinegar, and soups [3]. Scientific evidence has shown
that the consumption of seaweeds provides a positive
impact on global health, especially in addressing the
rising prevalence of lifestyle-related diseases resulting
from poor dietary habits [4]. Beyond food, seaweeds are
significant contributors to aquaculture and biomass
production, with applications in cosmetics,
pharmaceuticals, animal feed, and biofuels [5-9].

Kappaphycus alvarezii (Rhodophyta) and Caulerpa
(Chlorophyta) species are globally recognized edible
seaweeds. K. alvarezii, cultivated worldwide for its
carrageenan content and economic value, finds uses in
both food and non-food industries [10, 11]. Local
communities even consider it edible, and its high
nutritional composition has food scientists exploring its
potential as an alternative flour source [12, 13].
Additionally, Kappaphycus species can be processed into
flour and used in crackers and animal feeds [14-16].
Caulerpa, harvested from the wild or through
aquaculture, is a common sight in local markets across
the Indo-Pacific region [12, 17, 18]. Popularly consumed
fresh in salads or snacks, Caulerpa offers a delightful
texture and boasts numerous nutritional benefits,
including being a source of phenolics and antioxidants [5,
19, 20]. Tawi-Tawi, a haven for seaweed production in
the Philippines, is a prime example. This region, known
as the country's seaweed capital, is a major producer of
red seaweed varieties like Kappaphycus, Eucheuma, and
Solieria spp., alongside green seaweed Caulerpa spp.
[12, 21]. The bustling Bongao Public Market showcases
the importance of edible seaweeds to the local
community. Here, Caulerpa is enjoyed fresh, while
Kappaphycus is typically boiled before being
incorporated into salads, often featuring a combination of
tomatoes, onions, and vinegar [12].

While extensive research in Tawi-Tawi has explored
seaweed farming practices [21-28], ethnobotany [12],
taxonomy [29-32], and the microorganisms within the
seaweed ecosystem [33-35, 18], a critical knowledge gap
remains. Previous research has neglected to investigate
the levels of heavy metals and the detailed nutritional
makeup (proximate composition) of commonly consumed
edible seaweeds in Tawi-Tawi. This is particularly
concerning for Kappaphycus alvarezii and Caulerpa cf.

44

macrodisca ecad corynephora, two edible seaweed
species readily available year-round in the bustling
Bongao Public Market, a central hub for the local
community. Understanding the levels of heavy metals
and the proximate composition of these popular edible
seaweeds is crucial. This information can provide
valuable insights into their nutritional value for consumers
and raise awareness of potential health risks associated
with heavy metal content. Therefore, this study breaks
new ground by determining the levels of heavy metals
and proximate composition in Kappaphycus alvarezii and
Caulerpa cf. macrodisca ecad corynephora sold at the
Bongao Public Market in Tawi-Tawi, Philippines.

MATERIALS and METHODS
Sampling Site

The sampling site is the Bongao Public Market (Figure 1),
the central wet market situated in the capital of Tawi-
Tawi, the Bongao municipality. It is among the busiest
public markets in the province.

Sample Collection

Edible seaweeds available in the market during the
sample collection were considered in the study. Initially
identified based on morphological characteristics as
described in the paper of Dumilag [12], Kappaphycus
alvarezii and Caulerpa cf. macrodisca ecad corynephora
are the common edible seaweeds available all throughout
the year. Originally from Banaran, Sapa-Sapa
municipality, these seaweeds were obtained from a
vendor in the public market of Bongao.

Drying of Samples

Edible seaweed samples were transported to the Fish
Processing Laboratory of the College of Fisheries,
Mindanao State University-Tawi-Tawi College of
Technology and Oceanography. These were washed
carefully and dried under the sun in a solar dryer for 3-4
days at a temperature ranging between 33 and 50°C.
Dried seaweed samples were then sent to DOST-Region
IX at Zamboanga City, Philippines, for analysis.

Heavy Metal Determination

Different heavy metals, including copper (Cu), cadmium
(Cd), iron (Fe), manganese (Mn), lead (Pb), Zinc (Zn),
and potassium (K), were determined by using the Flame
Atomic Absorption Spectrophotometric (FAAS) method
with dry ashing digestion technique at 500°C for 2 hr. A
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flame atomic absorption spectrophotometer (CAAM-
2001, Hottine, China) was employed for the analysis [36].
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Figure 1. Sampling site for the present study

Proximate Composition

The proximate composition analysis of the edible
seaweed samples included the assessment of moisture
content, crude protein, total fat, ash, and carbohydrates.
These components were quantified using the methods
outlined in the AOAC guidelines. Specifically, the
moisture content of the chosen edible seaweeds was
determined through a gravimetric approach involving air-
oven drying at a temperature of 65°C. The investigation
of crude protein content employed the Kjeldahl method,
which included steps such as block digestion and steam
distillation. The analysis of total fat content utilized the
Randall/Soxtec/Ether extraction-submersion method
combined with acid hydrolysis. The ash content was
evaluated via a gravimetric method involving furnace
exposure at 600°C. Then, the determination of
carbohydrate content was achieved by calculating the
difference between 100 and the combined proportions of
the previously mentioned components (moisture + ash +
crude fiber + crude protein + total fat).

Statistical Analysis

Using the IBM SPSS version 20, an independent sample
t-test was used to analyze the data. The significant
difference was set at p<0.05.

RESULTS

The proximate composition of the edible seaweeds in the
present study is shown in Table 1. The moisture content
of K. alvarezii (16.96+0.02 g.100'g) was significantly
greater (p<0.05) than Caulerpa cf. macrodisca ecad
corynephora (10.49+0.08 g.100'g). Crude protein was
significantly higher (p<0.0.5) in Caulerpa cf. macrodisca
ecad corynephora (7.14£0.80 g.100"'g) than in K
alvarezii (2.73+0.40 g.1007'g). K. alvarezii contained a
notable amount of carbohydrates (44.82+0.34 g.100"'g)
compared to Caulerpa cf. macrodisca ecad corynephora
(38.0910.71 g.100"g). Total fat content was remarkable
in K. alvarezii (0.60+0.30 g.100"'g) compared to Caulerpa
cf. macrodisca ecad corynephora (0.28+0.01 g.1007g).
Lastly, the ash content of Caulerpa cf. macrodisca ecad
corynephora (44.00£0.66 ¢.100'g) was substantially
higher (p<0.05) than K. alvarezii (34.91£0.39 g.100'g).

Table 1. Proximate analysis of some edible seaweeds available in the Bongao public market, Tawi-Tawi, Philippines

Moisture Crude protein Carbohydrates  Total fat Ash
Edible seaweeds content (g.100"g) (g.1007"g) (9.100"g) (g.1007"g)
(9.100"'g)
Kappaphycus alvarezii 16.96+0.02%" 2.73+0.40° 44.82+0.34° 0.60+0.30%  34.91%0.39°
Caulerpa cf. macrodisca ecad 10.49+0.08° 7.14+0.80? 38.09+0.71° 0.2840.01°  44.00+0.662

corynephora

*: Note: Superscript letters that are different imply significant differences at p<0.05.

The determined heavy metal concentrations in the edible
seaweeds are shown in Table 2. The average

concentration of heavy metals followed the order of K >
Zn > Fe > Pb > Cu > Mn > Cd for K. alvarezii and Zn >
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Mn > Pb > K > Fe > Cu > Cd for Caulerpa cf. macrodisca
ecad corynephora. When these two edible seaweeds
were compared statistically, the t-test revealed that the
Fe content (4.03+0.05 mg.kg™") of K. alvarezii was
significantly higher than that of C. cf. macrodisca ecad
corynephora (0.59+0.02 mg.kg™"). The Mn content
(1.30£0.04 mg.kg™") of K. alvarezii was significantly lower
(p<0.05) than that of C. cf. macrodisca ecad corynephora
(7.98+0.03 mg.kg'). Pb content was notably higher
(p0.05) in C. cf. macrodisca ecad corynephora
(3.26+0.21 mg.kg™") than in K. alvarezii (2.05+0.04 mg.kg
"). Zn content was substantially higher (p<0.05) in C. cf.
macrodisca ecad corynephora (987.59+25.86 mg.kg™')

than in K. alvarezii (8.52+0.19 mg.kg™"). K content was
recorded to be notably higher (p<0.05) in K. alvarezii
(12.75+0.42 mg.kg™") than in C. cf. macrodisca ecad
corynephora (1.42+0.01 mg.kg™). The Cu content was
remarkably greater (p<0.05) in K. alvarezii (1.92+0.04
mg.kg') than in C. cf. macrodisca ecad corynephora
(0.39+0.01 mg.kg”'). Cd content was noted to be
0.404£0.02 mg/kg in K. alvarezii, while the Cd content in
C. cf. macrodisca ecad corynephora was below the
method detection level (MDL). The analytical
characterization of heavy metal detection limits and
calibration ranges using FAAS is shown in Table 3.

Table 2. Heavy metals of some edible seaweeds available in the Bongao public market, Tawi-Tawi, Philippines

Edible Heavy metals (mg.kg™")

seaweeds Fe Mn Pb Zn K Cu Cd
g?/gf:fh’.’ycus 4.03£0.05° 1.30£0.04® 2.05:0.04>  8.52+0.19°  12.75+0.42° 1.92+0.04° 0.40%0.02
Caulerpa cf.

Zg%md"sca 0.59+0.02° 7.98+0.03% 3.26:0.21% 987.50+25.86° 1.42+0.01° 0.39:0.01° < MDL*
corynephora

*: Note: Different superscript letters imply significant differences at p<0.05. *<MDL = below the method detection level.

Table 3. Analytical characterization of heavy metal detection limits and calibration ranges using Flame

Atomic Absorption Spectroscopy (FAAS)

Limit of Limit of Linear Standard reference material
Heavy metals  detection quantitation concentration (SRM)/Certified reference material
(mg.kg™) (mg.kg™") range (mg.kg™') (CRM)
Fe 0.0001 0.0003 0.001-1 NIST SRM 2780, NIST SRM 2781
Mn 0.00005 0.00015 0.0005-0.5 NIST SRM 3114, NIST SRM 3115
Pb 0.0001 0.0003 0.001-1 NIST SRM 1643d, NIST SRM 981a
Zn 0.00003 0.0001 0.0003-0.3 NIST SRM 3114, NIST SRM 3115
K 0.0002 0.0006 0.002-2 NIST SRM 1486, NIST SRM 1487
Cu 0.00005 0.00015 0.0005-0.5 NIST SRM 3114, NIST SRM 3115
Cd 0.00005 0.00015 0.0005-0.5 NIST SRM 3104a, NIST SRM 3113
*: Note: Different superscript letters imply significant differences at p<0.05. *<MDL = below the method detection
level.
DISCUSSION Caulerpa cf. macrodisca ecad corynephora (7.14+0.80

The proximate composition of seaweeds varies according
to species and type. In general, the Rhodophyta
members contain high protein content (32%), whereas
Chlorophyta members contain highest carbohydrate
content (35%) [37]. However, in the present study, this
was not the case; the crude protein of Caulerpa cf.
macrodisca ecad corynephora (Chlorophyta) was higher
than K. alvarezii (Rhodophyta).  Additionally,
carbohydrate content was greater in K. alvarezii
(Rhodophyta) than in Caulerpa cf. macrodisca ecad
corynephora (Chlorophyta). Apart from species, various
factors, including spatial and seasonal variations,
geographical distribution, reproductive status, and
environmental parameters, have an impact on the
seaweed's chemical composition [38, 39]. In the present
study, the crude protein of K. alvarezii (2.73+0.40 g.100
'g) was comparably lower than other studies utilizing the
same species sampled in different areas, such as 4.13-
5.09% in Antique, Philippines [40], 5.38 — 6.8% in
Malaysia [41, 42], 12.69 — 23.61% in India [43], but it was
higher than those determined in Indonesia with protein
content of 1.03 — 1.94% [44, 39]. The crude protein of
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g.100"'g) in the present study, although higher than K.
alvarezii, it was relatively lower compared with other
species, such as 10.41% [45], 13.24% [46], 14.76% [47],
17.28% [48], 20.54 — 21.52% in C. macrodisa [49, 50].
Carbohydrates, which constitute the majority portion of K.
alvarezii (nearly 45%), were found greater than Caulerpa
cf. macrodisca ecad corynephora (38%) in the present
study. Compared with other studies, the carbohydrate
content of the present study was higher than that found
by Adharini et al. [39] in Indonesia (4.55 — 5.24%) and by
Suresh Kumar et al. [43] in India (23%), suggesting that
location is one of the factors influencing the carbohydrate
content of this species. When the carbohydrate content
(38%) of Caulerpa cf. macrodisca ecad corynephora of
the present study was compared with other Caulerpa
species, it revealed similar content with C. lentillifera with
carbohydrate content of 38.66% [45] but higher than C.
macrodisca with carbohydrate content of 37.66% [50].
However, it was relatively lower than in other studies,
where C. lentillifera with 43-53% carbohydrate content
[47, 48] and 50% in C. racemosa var. laetevirans [48].
The total fat of seaweeds is generally more than 0.4
g.100-1 g [51]. In the present study, the total fat was
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found higher in K. alvarezii (0.60+0.30 g.100"'g) than in
C. cf. macrodisca ecad corynephora (0.28+0.01 g.100
'g). In comparison with other studies, the total oil of K.
alvarezii was higher at 0.9-1.0% [42]. In terms of ash
content, C. cf. macrodisca ecad corynephora contain a
higher amount of ash (44.00+0.66 g.100"'g) than K.
alvarezii (34.91+0.39 g.1007"g). This species of Caulerpa
has greater ash content than other species obtained from
previous studies, such as 27% in C. racemosa var.
laetevirans [48], 14-31% in C. lentillifera [47, 48], and
29% in similar species of C. macrodisca [50]. The ash
content (34.91+0.39 g.100'g) of K. alvarezii in the
present study was greater than those of K. alvarezii (16.3
— 17.1%) as reported by Xiren and Aminah [42] in India,
but was within the range of ash content (30.27- 36.46%)
found in Antique, Philippines [40].

Heavy metals, recognized as highly potent environmental
pollutants, are released into aquatic ecosystems via the
effluents of various industries, thereby leading to a critical
issue of aquatic pollution [50]. Although edible seaweeds
offer a rich supply of micronutrients, macronutrients, and
bioactive substances, serving as potential ingredients in
various food items, nonetheless, these seaweeds have
the capacity to accumulate substances that could pose
risks to human health and animals, specifically heavy
metals [51]. In the present study, the average
concentration of heavy metals followed the order of K >
Zn > Fe > Pb > Cu > Mn > Cd for K. alvarezii and Zn >
Mn > Pb > K > Fe > Cu > Cd for C. cf. macrodisca ecad
corynephora. However, all these determined heavy
metals were within the safety limits of WHO, the US (EPA
and FDA), and EMA [54, 55, 56].

Iron (Fe) is naturally abundant in seaweeds. In K.
alvarezii, the concentration of Fe ranged from 250 to 301
mg.kg™" [39]. However, the Fe content in the present study
was lower (4.03 mg.kg"') than previously reported.
Caulerpa species are known to have high mineral
content; for example, C. lentillifera has been reported to
contain 511-1973 g.100'g of Fe [48], which is
significantly higher than what was observed in C. cf.
macrodisca ecad corynephora in the present study. A
higher manganese (Mn) content was observed in C. cf.
macrodisca ecad corynephora (7.98 mg.kg') in the
present study, which was greater than those found in C.
lentillifera (0.860 mg.kg™") and C. racemosa (0.453 mg.kg"
") as reported by Kasmiati et al. [57]. Caulerpa species
have the ability to accumulate lead (Pb) metal [58]. In the
present study, C. cf. macrodisca ecad corynephora had a
relatively higher Pb content (3.26 mg.kg™"). The Pb
content (2.05 mg.kg™") in K. alvarezii in the present study
was higher than in a previous study, where it was found
to be 0.761 mg.kg™ [59]. Zinc (Zn) is the most abundant
heavy metal in C. cf. macrodisca ecad corynephora (988
mg.kg') compared to K. alvarezii in the present study, as
well as higher than in C. lentillifera in previous study [48].
Caulerpa species, such as C. taxifolia, also have the
ability to adsorb Zn [60]. On the other hand, the Zn
content (8.52 mg.kg™") of K. alvarezii was higher than in
another study [61]. The potassium (K) content of edible
seaweed in the current study was higher in K. alvarezii
(nearly 13 mg.kg") than in C. cf. macrodisca ecad
corynephora (1.42 mg.kg™). Caulerpa species have lower
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K content, typically around 2 — 4% [55]. The copper (Cu)
content of the determined edible seaweeds in the present
study was higher in K. alvarezii (nearly 2 mg.kg™) than in
C. cf. macrodisca ecad corynephora (0.4 mg.kg™), and
the cadmium (Cd) content was 0.4 mg.kg™ in K. alvarezii
while it was undetectable in C. cf. macrodisca ecad
corynephora. These findings were higher than those
reported by Tresnati et al. [59] for K. alvarezii.

The cell wall of seaweeds is composed of a diverse range
of polysaccharides and proteins. Among these, certain
molecules contain negatively charged groups like
carboxyl, phosphate, or sulfate, which serve as highly
effective sites for capturing metals [62]. Research
conducted by Bryan [63] demonstrated that seaweeds
have a robust capacity to bind metals, and there is
minimal exchange between the metals bound by the
seaweeds and the surrounding water. This binding
phenomenon enables seaweeds to accumulate trace
metals, reaching concentrations thousands of times
higher than those found in the surrounding seawater [64].
It's important to note that seaweeds specifically bind to
freely available metal ions, whose levels are influenced
by the composition of suspended particulate matter. This
particulate matter, as shown by studies by Seeliger and
Edwards [65] and Volterra and Conti [66], consists of a
combination of organic and inorganic complexes.

The accumulation of metals in seaweeds is contingent on
various factors, with the most pertinent ones being the
availability of metals in the surrounding water and the
seaweeds’ uptake capacity [67, 68]. Seaweed’s metal
uptake occurs through two distinct mechanisms. The first
involves a surface reaction where metals are adsorbed
by the seaweed surfaces through electrostatic attraction
to negative sites. Interestingly, this process is
independent of factors affecting metabolism, such as
temperature, pH, light, or the age of the plant. However,
it is influenced by the relative abundance of elements in
the surrounding water. This surface reaction appears to
be the primary uptake mechanism for Zn. The second
mechanism is a slower and more active process in which
metal ions are transported across the cell membrane and
into the cytoplasm. This type of uptake relies more on
metabolic processes and seems particularly relevant for
the uptake of Mn and Cu. Importantly, this active uptake
mechanism is subject to variations due to changes in
light, temperature, or the age of the plant [67, 68].

CONCLUSION

In conclusion, this study provides valuable insights into
the proximate composition and heavy metal content of
two commonly consumed edible seaweeds,
Kappaphycus alvarezii and Caulerpa cf. macrodisca ecad
corynephora, available in the public market of Bongao,
Tawi-Tawi, Philippines. The findings highlight significant
differences in their nutritional profiles, with K. alvarezii
exhibiting higher moisture content and total fat while C.
cf. macrodisca ecad corynephora showed greater crude
protein and ash content. Importantly, both seaweeds fell
within safe limits for heavy metal concentrations,
assuaging potential concerns about their consumption.
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This research contributes to the broader understanding of
seaweed's nutritional value and safety considerations,
underscoring its historical and contemporary importance
as a vital marine resource in human diets. Further studies
may delve into specific health benefits and culinary

applications of

these seaweeds, expanding our

knowledge base in this area.
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ABSTRACT

This study presents novel insights into the occurrence of phthalate esters (PAEs) in tea samples consumed in Turkey.
Employing multiple reaction monitoring (MRM) mode with precursor-product ion transitions, quantitative and qualitative
analyses of PAEs were conducted using an LC-MS/MS system. A dispersive solid-phase extraction (dSPE) technique
was utilized to determine the PAE contents in the tea samples. The limit of detection for all PAEs ranged from 0.350 to
1.882 ng/mL, while the limit of quantification ranged from 1.165 to 6.273 ng/mL. Moreover, strong correlations were
observed with R? values exceeding 0.996 for all PAEs, indicating robustness. Recovery studies demonstrated
satisfactory results, falling within the range of 92.20% to 97.24%, indicating effective retrieval. The relative standard
deviation values for the target PAEs ranged from 3.22% to 5.54%. The study findings indicate that PAE levels in the tea
samples generally comply with permissible limits set by EU regulations, except for DBP (1807.70+1478.86 ng/mL).
Notably, DBP and DINP (941.44+852.80 ng/mL) were identified as the predominant plasticizers in the tea samples.
Health risk assessment, conducted through hazard quotient and hazard index calculations across various age groups,
consistently yielded values below 1 for DEP, DEHP, DINP, BBP, and DBP, suggesting minimal non-carcinogenic health
risks associated with tea consumption across all age groups. Furthermore, the intake of individual phthalate esters,
including DEP, DEHP, DINP, BBP, and DBP, remained below acceptable daily limits defined by the EFSA. Although
some tea products exhibited slightly elevated PAE levels, overall, the study emphasizes the importance of continuous
monitoring and regulations to ensure the safety of packaged tea and mitigate potential long-term exposure risks linked
to PAEs.

Keywords: Tea bags, Health risk assessment, Phthalates, LC-MS/MS

Cay Orneklerindeki Fitalat Esterlerinin Varligina iliskin Saglik Risklerinin Degerlendirilmesi:
Kapsamli Bir Analiz

o0z

Bu calisma, Turkiye'de tiketilen gay 6rneklerinde fitalat esterlerinin (PAE’lerin) varligina iliskin yeni perspektifler
sunmaktadir. Coklu reaksiyon izleme (MRM) modu ve oncu-urin iyon gegisleriyle, LC-MS/MS sistemi kullanilarak
PAE'lerin nicel ve nitel analizleri gergeklestirilmistir. Cay 6rneklerindeki PAE igeriklerini belirlemek icin dagitici kati faz
ekstraksiyonu (dSPE) teknigi kullanilmistir. Tim PAE’ler i¢in saptama limiti (LOD) 0.350 ile 1.882 ng/mL arasinda
degisirken, nicemleme limiti (LOQ) 1.165 ile 6.273 ng/mL arasinda degismektedir. Ayrica, tim PAE'ler igin 0.996'dan
blyik R? degerleriyle guicli korelasyonlar gézlemlenmis, bu da saglamhg isaret etmektedir. Kurtarma galismalari, etkili
kurtarma gosteren %92.20 ila %97.24 araliginda tatmin edici sonuglar vermistir. Hedef PAE'ler igin goreceli standart
sapma degerleri %3.22 ila %5.54 arasinda degismektedir. Calismanin bulgulari, cay érneklerindeki PAE seviyelerinin
genellikle AB duzenlemeleri tarafindan belirlenen izin verilen sinirlarla uyumlu oldugunu gostermektedir, ancak DBP
(1807.70+1478.86 ng/mL) icin degil. Ozellikle, DBP ve DINP (941.44+852.80 ng/mL) cay o6rneklerinde belirgin
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plastiklestiriciler olarak belirlenmistir. Cesitli yas gruplari arasinda yapilan tehlike orani (HQ) ve tehlike indeksi (HI)
hesaplamalariyla gergeklestirilen saglik riski degerlendirmesi, ¢ay tiketiminin tim yas gruplarinda minimal kanserojen
olmayan saglik riskleri tasidigini gésteren DEP, DEHP, DINP, BBP ve DBP icin 1'den dusik degerler saglamistir.
Ayrica, EFSA tarafindan belirlenen kabul edilebilir gtinliik limitler dahilinde DEP, DEHP, DINP, BBP ve DBP gibi bireysel
fitalat esterlerinin alimi devam etmektedir. Bazi ¢ay Urunlerinin hafif ylksek PAE seviyeleri géstermesine ragmen, genel
olarak, galisma, paketli gayin glivenligini saglamak ve PAE’lerle iliskilendirilen potansiyel uzun vadeli maruziyet risklerini
en aza indirmek igin surekli izleme ve dizenlemelerin dnemini vurgulamaktadir.

Anahtar Kelimeler: Cay posetleri, Saglik risk degerlendirmesi, Fitalatlar, LC-MS/MS

INTRODUCTION

Tea, originating from the leaves of the plant species
Camellia sinensis L., is one of the most extensively
consumed beverages on a global scale [1]. Despite
lacking official endorsement from the US Food and Drug
Administration (FDA), the consumption of hot water tea
extracts, commonly known as tea infusions, is believed
by some to confer beneficial effects on human health [2],
while also being rich in proteins, amino acids, vitamins,
and minerals [1], and showing potential in reducing the
risk of chronic diseases such as heart disease [3],
diabetes [4], arthritis [3], and cancer [6]. Due to its
perceived therapeutic efficacy and the assumption of
minimal or negligible toxic side-effects when consumed
in significant quantities compared to synthetic drugs,
consumers may regard tea as a safe beverage. However,
concerns may arise regarding the presence of poly-
fluoroalkyl substances (PFAS) [1], heavy metals [2],
phthalate esters (PAEs) [7] in tea and their potential
adverse health effects. PAEs, chemical compounds
commonly employed as plastic softeners, have been
well-established as endocrine disruptors [8]. Exposure to
high doses of certain PAEs has been associated with
reproductive and developmental toxicities in both males
and females [9]. Several human studies have explored
potential links between PAEs and alterations in semen
quality [10], shortened gestation [11], reduced anogenital
distance in newborn boys [12], and premature breast
development in girls [13]. Although the inherent PAEs
contamination in tea leaves is typically minimal, the tea
production process, encompassing various stages such
as harvesting, transportation, transformation, and
packaging [14], can introduce PAEs into the final tea
product [2]. Notably, the principal source of PAEs in
commercial tea products appears to be the plastics used
for packaging or the plastic lining present in filter paper-
based tea bags [15]. In this context, the present study
aims to investigate the presence of PAEs in tea products
available in the Turkish market. The study aims to assess
the potential migration of PAEs from the packaging
materials into the tea and its potential implications for
consumer health.

MATERIALS and METHODS
Chemicals and Reagents

In this research, we employed high-purity chemicals and
standards for the analyses. Formic acid (>98%), acetic
acid (100% glacial), and acetonitrile (>99.9%) were
sourced from Merck (Darmstadt, Germany), while di-
isodecyl phthalate (DIDP), methanol (299.9%), and di-
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isononyl phthalate (DINP) were obtained from Sigma-
Aldrich (St. Louis, USA). The standard mixture, PAE 2000
pg/mL, was acquired from Dr. Ehrenstorfer (Augsburg,
Bavaria, Germany). To facilitate filtration, a 0.45 pm
PTFE filter from ISOLAB (Wertheim, Germany) was
utilized. For the extraction process, Q-sep dSPE
extraction salt and Q-sep dSPE tubes were provided by
RESTEK (Bellefonte, USA).

Sampling Method

In this comprehensive research, our core objective was
to investigate the occurrence of PAEs in various tea
samples and assess their potential impact on consumer
exposure. To accomplish this, we collected a total of 64
tea samples from both local and international markets,
encompassing eight distinct types of tea: black, Import
black, green, Import green, earl grey, Import earl grey,
herbal, and fruit. All teas examined within the scope of the
research are composed of teas packaged in tea bags for
sale. The samples were analyzed for PAE content,
focusing on potential variations among different tea
products. The insights gained from this study provide
valuable information regarding PAE exposure through tea
consumption, aiding in the establishment of consumer
safety measures. Understanding the presence and
potential health implications of PAEs in tea is crucial for
ensuring food safety and promoting public health.

Sample Extraction Procedure

In this study, we employed a dispersive solid-phase
extraction (dSPE) technique to determine the PAE
contents in the tea samples, following the protocol
outlined by Isci et al [16]. The tea samples were first
prepared by brewing them in glass beakers, following the
instructions  provided on the tea packaging.
Subsequently, a combination of ultrapure water and
acetonitrile, along with dSPE extraction salt, was added
to the tea samples. After vigorous vortexing and
centrifugation, the supernatant, primarily containing
acetonitrile, was separated. Next, the extraction tube
underwent a vacuum-assisted drying process, and PSA
powder and cleaning salts were added. After another
round of vortexing and centrifugation, the resulting
supernatant was carefully filtered through a 0.45 pm filter
before being injected into the LC-MS/MS system for
analysis.

Instrument

The liquid chromatography (LC) system utilized in this
study was an advanced triple quadrupole instrument
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(Agilent Model no: K6460) manufactured by Agilent
Technologies, a prominent company based in Loveland,
CO, USA. This system was equipped with cutting-edge
MS/MS (Mass Spectrometry) capabilities, ensuring
precise and reliable analyses. The setup also
incorporated other crucial components, including a
highly efficient Vacuum Degasser (Agilent Model No:
G1322A 1200 Series), a versatile Quaternary Pump
(Agilent Model No: G4204A), a modern Infinity
Autosampler 1260 Series (Agilent Model No: G4226A),
and a thermostatted column oven 1200 Series (Agilent
Model No: G1316A). To achieve optimal separation and
detection performance, we carefully selected a
Poroshell 120 SB-C18 column (3.0 mm, 100 mm, 2.7
pm) from Agilent Technologies as the chromatographic
column.

LC-MS/MS Analysis

In this study, the quantitative and qualitative analysis of
PAEs was conducted using the multiple reaction
monitoring (MRM) mode with precursor-product ion
transitions. The LC-MS/MS system employed in this
analysis utilized a mobile phase A, composed of 0.1%
formic acid and 5 mM ammonium formate in water, with
an injection volume of 5 yL and a flow rate of 0.3
mL/min. Additionally, mobile phase B, containing 0.1%
formic acid in methanol, was also used. To establish the
calibration curve, a series of known concentrations of
PAEs ranging from 1 to 250 ng/mL were prepared and
injected twice into the LC-MS/MS system. To ensure the
reliability of the method, we evaluated several important

parameters, including the relative standard deviation
(RSD) to measure precision, the limit of detection (LOD)
to establish the lowest detectable concentration, the
limit of quantification (LOQ) to determine the lowest
accurately quantifiable concentration, the correlation
coefficient (R?) to assess calibration curve linearity, and
the recovery (%) to measure the accuracy of the method
by determining the amount of analyte successfully
recovered from the samples. The results of these
evaluations are presented in Table 1, demonstrating the
method's robustness and suitability for analyzing PAEs
in tea samples.

Study Population

The Turkey Nutrition and Health Survey (TBSA) is a
resource prepared with the aim of ensuring that
individuals living in Turkey have a healthy and balanced
diet. This guide includes information on dietary habits and
nutritional status in Turkey. The TBSA was jointly
prepared by the Ministry of Health. This guide has been
created based on scientific research and the opinions of
nutrition experts [17]. According to TBSA, the daily tea
consumption for males is as follows: 221.5 £+ 261.9 mL
day' for ages 15-18, 570.3 + 473.2 mL day™' for ages 19-
64, and 423.5 + 308.5 mL day' for ages >65. For females,
the daily tea consumption is 142.6 + 174.2 mL day™ for
ages 15-18, 459.1 + 401.6 mL day' for ages 19-64, and
316.52 + 261.7 mL day" for ages >65. The exposure
calculations in the study were based on these
recommended consumption values (Table 1).

Table 1. Parameters used for EDI and HQ calculation in different age groups

(meantstandard deviation)

Age (years) Body weight (kg) Tea consumption (mL/day)
Male
15-18 66.30+£14.50 221.50+261.90
19-64 81.20+15.30 570.30+473.20
>65 78.80£13.50 423.50+£308.50
Female
15-18 58.60+14.30 142.60+174.20
19-64 71.60+£15.80 459.104£401.60
>65 73.60+16.00 316.20+£261.70

Non-carcinogenic Risk Assessment of PAEs

In order to evaluate the potential health risks associated
with PAEs in tea, we focused on estimating the daily
intake (EDI) of these compounds based on average
concentration levels (C) in ng/mL. To achieve this, we
took into consideration various essential factors,
including the daily volume of tea consumed (IV) in
milliliters (mL), the individual's body weight (Bw) in
kilograms (kg), and their respective age groups, as
specified in the study population. Utilizing the established
Equation (1), we calculated the estimated daily intake
(EDI) of PAEs, providing a comprehensive assessment of
the exposure levels related to tea consumption and its
potential health implications.

EDI =(CxIV)/Bw Eq. (1)

To determine the estimated daily intake (EDI) of PAEs, a
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comprehensive calculation was conducted, yielding
results expressed in ug/kg Bw/day.

Hazard Index (HI) and Hazard Quotient (HQ)

The assessment of potential health risks, including both
carcinogenic and non-carcinogenic effects, related to tea
consumption involved the computation of the HQ for
individual PAEs, as detailed in Equation (2). Additionally,
the HI was calculated for multiple PAEs using Equation
(3), following the methodology established by the US
Environmental Protection Agency [18].
HQ=EDI/RfD Eq. (2)
An HQ and HI values below 1 indicates a safe level of
health risk, while an HQ and HI values equal to or greater
than 1 suggests a potential non-carcinogenic health risk
[18].
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HI =5 HQDEP + HQBBP+ HQDBP + HQDEHP
+HQDINP Eq. (3)
The RfD (Reference Dose) values in (Eq. 2) are
2x107",8107", 1x107", 8x10", 2x1072 and mg/kg Bw/day
for BBP, DINP, DBP, DEP, DEHP, respectively [12].

Carcinogenic Risk Assessment of PAEs

Within the scope of this study, our assessment of cancer
risk (CR) was specifically centered on DEHP and BBP.
We utilized the corresponding cancer slope factor (CSF)
values provided by the USEPA, which were reported as
1.4x1072 mg/kg/day for DEHP and 1.9x107% mg/kg/day
for BBP. This approach allowed us to delve into the
potential cancer risks associated with these specific
compounds and their exposure levels [19]. The daily
intake (EDI) value, expressed in pg/kg Bw/day,
represents the calculated intake of PAEs resulting from
tea consumption.
CR = CSF x EDI Eq. (4)
The CR assessment, following US EPA guidelines,
evaluates potential oral health risks related to specific
substances. CR values are classified into three levels:
high cancer risk (CR>1x10%), indicating significant
health risk; acceptable cancer risk (CR: 1x10°® to

Table 2. Method verification parameters

1x10#), within an acceptable range; and negligible
cancer risk (CR<1x10%), indicating minimal risk [19].

Statistical Analysis

The analysis of the obtained data involved statistical
procedures such as ANOVA, analysis of variance,
performed using SPSS version 26.0 (IBM, Chicago, IL,
USA). In the case of tea samples, ANOVA was utilized
to examine the average PAE values, with a significance
level set at p<0.05. To ascertain the statistical variances
among tea samples, Duncan's multiple tests were
applied. Integral percentiles, including the mean, PS5,
P50 (median), and P95, were pivotal in evaluating the
data.

RESULTS and DISCUSSION
Quality Control and Quality Assurance

As shown in Table 2, the LOD for all PAEs ranged from
0.350 to 1.882 ng/mL, while the LOQ ranged from 1.165
to 6.273 ng/mL. Moreover, the R? exceeded 0.996 for all
PAEs, indicating a strong correlation. Additionally, the
recovery studies demonstrated satisfactory results, falling
within the range of 92.20% to 97.24%, thus indicating
effective recovery. The RSD values for the target PAEs
ranged from 3.22% to 5.54%, further affirming the
suitability of the extraction method within the tea matrix.

Spiking

Recovery RSD

Analytes t'?ﬂ‘:;e?;;?n'; level Linearly range (%) (%) Quantification
(ng/mL) (ng/mL) R? Tea Tea LOD (ng/mL) LOQ (ng/mL)

DMP 2.62 100 1-100 0.998 94.75 5.27 1.882 6.272
DEP 3.58 100 1-100 0.998 95.44 4.57 0.350 1.165
BBP 5.16 100 1-100 0.998 94.40 3.22 0.517 1.723
DBP 5.25 100 1-100 0.999 92.20 4.78 0.567 1.891
DEHP 7.92 100 1-100 0.999 97.24 5.27 1.176 3.920
DNOP 8.02 100 1-100 0.999 95.42 5.27 1.347 4.490
DINP 8.24 100 1-100 0.996 95.74 5.54 1.064 3.546
DIDP 8.51 100 1-100 0.999 95.42 4.70 0.474 1.581

PAEs Levels in Samples

PAE levels of BBP, DBP, DEHP, DMP, DIDP, DNOP,
DEP, and DINP of 64 tea samples with different types
which are available in Turkey are shown in Table 3.
Among the samples, all PAEs were detected. The mean
DEHP levels across the different types were detected at
743.29 (ND-4507.84) ng/mL. Statistical analysis
indicated that there were no significant differences in
DEHP levels among the various types (P>0.05). The
highest average DEHP levels was found in I. Black
(1199.62 ng/mL), while the lowest average level was
found in herbal (327.35 ng/mL). Under Commission
Regulation (EU) No 10/ (2011) [20], maximum allowable
specific migration limit (SML) value of 1.5 mg/kg has been
set for DEHP. The mean DEHP levels in all samples do
not exceed the established SML value. Contrary to this
study, the literature lacks research on the migration of
PAEs from tea bags. However, there are some studies
related to tea and tea cultivation. In comparison, Tang et
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al. [21] reported lower DEHP levels in Chinese black tea
samples, ranging from 11.73 ug kg to 28.33 ug/kg.
Additionally, Troisi et al.[2] observed a median DEHP
concentration of 9.4 (8-10.8) ng/mL in black tea and 8.6
(8.3—10.4) ng/mL in green tea from Southern ltaly. Liu et
al.[22] reported an average DEHP range of 10.7 g kg™
to 353.3 ug kg™ in fresh tea leaves sourced from China.
Similarly, Li et al. [23] detected mean DEHP
concentrations spanning from ND to 9.34 mg/kg in
Chinese tea plantation soils. The utilization of nylon or
polyethylene terephthalate (PET) tea bags is linked to the
migration of micro- and nanoparticles [24]. These PET
tea bags may contribute to the migration of PAEs. The
analysis revealed that the mean concentrations of DEP
across various tea types ranged from 26.52 (ND-143.36)
ng/mL. Among the different tea types, herbal tea samples
exhibited the highest average DEP levels (38.50 ng/mL),
while e. green tea samples showed the lowest average
levels (13.15 ng/mL). Despite these variations, statistical
analysis indicated no significant difference in DEP levels
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among the different tea types (P>0.05). Notably, Alnaimat
et al. [15] conducted a study in which DEP was not
detected in any of the tea bag infusions that were
analyzed. In our study, we found that the average
concentrations of DBP varied among various types of tea,
ranging from 1807.70 (60.98-5905.38) ng/mL. Notably,
herbal tea samples displayed the highest average DBP
levels (2400.83 ng/mL), whereas |. Earl Grey tea samples
exhibited the lowest average levels (1436.37 ng/mL). The
DBP was determined as the most abundant plasticizer in
tea samples. It is important to highlight that Commission
Regulation No 10/(2011) sets the SML for DBP at 0.3
mg/kg. However, upon thorough assessment of the tea
samples, it was observed that the average migration of
DBP from tea bags significantly exceeded the established
SML value. Alnaimat et al. [15] reported significantly
lower values compared to the findings of this study,
indicating the presence of DBP in all analyzed tea bag
infusions, with concentrations ranging from 12.6 to 51.7
ng/mL. The observed disparity between these two studies
is believed to originate from the variance in the materials
used to produce tea bags. In this study, the mean DINP
levels across distinct tea types were determined to be
941.44 (19.11-2682.09) ng/mL. Among the different tea
types, fruit tea samples exhibited the highest average
DINP levels (1121.93 ng/mL), while e. black samples
showed the lowest average levels (788.93 ng/mL).
Similarly, the mean DIDP levels across the various tea
types were detected at 104.23 (1.23-526.74) ng/mL.
Notably, black tea samples displayed the highest average
DIDP levels (145.99 ng/mL), while I. black samples
exhibited the lowest average levels (79.89 ng/mL).
Despite these variations, the statistical analysis indicated
no significant difference in DINP and DIDP levels among

the different tea types (P>0.05). According to
Commission Regulation No 10/ (2011), the SML for both
DINP and DIDP is established at 9 mg kg™'. In this study,
the levels of DINP and DIDP in the tea samples were
found to be below the established limits. The mean DNOP
levels among different tea types were measured at
383.43 (ND-2558.91) ng/mL. The statistical analysis
demonstrated no significant variations in DNOP levels
across the different types (P>0.05). The highest average
DNOP concentration was observed in I. black tea
samples (638.96 ng/mL), while the lowest average level
was identified in herbal tea samples (147.69 ng/mL). The
analysis showed no significant differences in DMP and
BBP levels among the different types (P>0.05). The mean
DMP and BBP concentrations across various tea types
were 3.15 (ND-122.26) ng/mL and 2.19 (ND-61.30)
ng/mL, respectively. Notably, the levels of BBP in the tea
samples remained below the established limit of 30
mg/kg according to Commission Regulation No
10/(2011). The study highlights the significance of
considering sample collection methods, analytical
techniques, and regional differences when interpreting
results. Variations in PAE concentrations among samples
may be attributed to factors like production methods,
additives, machinery, and packaging materials. Notably,
except for DBP, all tested tea samples in this study
remained below the SML defined by Commission
Regulation (EU) No 10/2011 for PAEs, confirming their
safety for consumers. Nonetheless, continuous
monitoring of PAE levels is vital, especially for food-
contact plastics, to ensure compliance with safety
regulations and minimize potential risks associated with
PAE exposure.

Table 3. The PAE'’s level of different tea samples (ng/mL) (meantstandard deviation)

Tea Types BBP DMP DBP DEHP DEP DINP DIDP DNOP
Black 1.27+3.35 <LOD 2249.77+2009.14 1015.15£1528.42 20.79+15.57 1067.54+1116.42 145.99+184.04 553.72+872.40
(ND-9.55) (372.30-5905.38) (ND-4507.84) (ND-45.36)  (29.24-2682.09) (6.57-526.74)  (ND-2558.91)
| Black 2.56+4.98 17.19+42.69 1499.84+1560.80 1199.62+1164.25 25.15+49.62 788.93+757.61 79.89+101.67 638.961679.83
’ (ND-14.41) (ND-122.26) (60.98-4493.06) (ND-3267.07)  (ND-143.36) (19.32-2066.27)  (1.65-258.15) (18.19-1846.78)
Green 7.85+21.60 <LOD 1479.98+1013.33 834.80+£1289.17 31.28+39.60 842.01+845.49  87.33+106.30 429.06+739.00
(ND-61.30) (299.38-2826.26) (ND-3930.93)  (ND-101.44) (25.51-2265.40) (1.23-261.70)  (ND-2231.16)
| Green 2.01+2.85 <LOD 1685.39+1186.79 833.48+932.76 13.15+20.36 893.78+828.27  99.07+110.02 426.31£539.29
’ (ND-6.79) (175.81-3097.68)  (10.64-3001.58) (ND-61.76) (116.09-2080.09) (5.26-265.31)  (0.24-1701.87)
Earl Grey 0.92+0.86 <LOD 2055.37£1742.92 806.58+1102.86 26.23+19.98 940.32+845.70 105.63+112.05 420.43+635.14
(ND-2.11) (121.78-4117.24)  (8.07-3311.63)  (2.39-58.83) (53.15-2332.40)  (2.05-303.20) (1.07-1878.42)
1. Earl 1.12+1.78 2.124¢4.01  1436.37+1455.50 327.91+313.13 38.01%40.90 895.68+881.01 92.33£113.29  166.58+155.89
Grey (ND-5.32) (ND-9.95)  (113.17-4287.38) (ND-771.97) (ND-106.71)  (19.11-2192.18)  (6.23-264.51) (ND-431.34)
Herbal 1.18%1.71 2.69+3.41 2400.83+1725.56 327.35+377.29 38.50+33.68 981.31+928.59 108.40+116.34 147.69+159.33
(ND-4.42) (ND-8.02)  (306.76-4370.22) (ND-866.21) (ND-104.64) (89.23-2333.21) (14.67-281.88)  (ND-332.11)
Fruit 0.59+0.86 <LOD 1654.06£1230.09 601.42+763.06 19.05+27.75 1121.93+932.96 115.22+119.86 284.67+429.04
(ND-2.17) (292.34-3720.87)  (34.02-2333.87) (ND-81.63) (137.14-2362.95) (5.31-286.08) (18.36-1319.69)
Meant SD 2.19+7.91  3.15%1541 1807.70+1478.86 743.29+1001.46 26.52+32.17 941.44+852.80 104.23+x117.50 383.43+571.51
(min. - (ND-61.30) (ND-122.26) (60.98-5905.38) (ND-4507.84)  (ND-143.36) (19.11-2682.09)  (1.23-526.74)  (ND-2558.91)
max.)

ND, Not Detected; I, Import

Health Risk Assessment
Hazard Quotient (HQ) and Hazard Index (HI)

The analysis presented in Table 4 and Table 5 offers
valuable insights into the non-carcinogenic health risks
linked to tea consumption across different age groups.
Notably, all calculated HQ and HI values for BBP, DEP,
DBP, DEHP, and DINP were found to be below 1,
indicating that the levels of these substances in tea do not
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pose significant non-carcinogenic health risks to the
population (USEPA, 2019). Population exposure to DEP,
DBP, DEHP, and DINP from various tea brands and types
in Turkey was assessed using both average and P95
sample amounts, as shown in Table 4. When comparing
the results with the TDI values recommended by EFSA
[25] 0.5, 0.5, 0.15, 0.05, and 0.01 mg/kg/day for BBP,
DEP, DINP, DEHP, and DBP, respectively. it becomes
evident that the exposure levels for all age groups remain
below the established TDI values. These findings suggest
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that consuming tea available in the Turkish market does
not pose a health risk. While limited researchers have
explored tea consumption-related exposure
assessments, a study by Li et al.[23] revealed that the
mean HQ associated with DEHP, DiBP, DOP, DEP, and

DMP were all below 1. Additionally, Alnaimat et al. [15]
reported that HQ values were consistently below 1 as
well. This comprehensive evaluation contributes to a
more accurate understanding of potential health risks
related to PAE exposure from various food sources.

Table 4. Consumers exposure to PAEs from different tea consumption (meanzstandard deviation)

Analyt Age E remele P50 E e P50
nalytes Xposure Xposure
(years) (ug/kg Bw/day) P35 (Median) P5 (ug/kg Bw/day) P95 (Median) P5
15-18 0.01+0.00 0.02 2.96E-03 6.18E-03 0.01+0.00 0.03 4.10E-03 0.00
BBP 19-64 0.01+0.01 0.05 0.01 8.10E-03 0.02+0.01 0.06 0.01 8.94E-03
>65 0.01+0.01 0.03 0.01 8.58E-03 0.01+0.01 0.04 0.01 6.82E-03
15-18 4.36+0.85 5.80 4.03 3.47 6.05+1.18 8.04 5.59 4.81
DBP 19-64 11.52+1.24 15.31 10.64 9.16 12.72+2.47 16.89 11.75 10.11
>65 7.72+1.50 10.25 7.13 6.13 9.70+1.89 12.89 8.96 7.71
15-18 1.79+0.48 2.90 1.98 0.79 2.49+0.67 4.02 2.75 1.10
DEHP 19-64 4.74+1.28 7.65 5.23 2.09 5.23+1.41 8.44 5.77 2.30
>65 3.17+0.86 5.12 3.50 1.40 3.99+1.08 6.44 4.40 1.76
15-18 0.06+0.02 0.09 0.06 0.03 0.09+ 0.03 0.13 0.09 0.06
DEP 19-64 0.17+0.05 0.24 0.16 0.08 0.19+0.05 0.27 0.18 0.03
>65 0.11+0.03 0.16 0.11 0.06 0.14+0.04 0.20 0.14 0.07
15-18 2.27+0.21 2.71 2.21 1.90 3.15+0.29 3.75 3.07 2.64
DINP 19-64 6.00+0.55 7.15 5.85 5.02 6.62+0.60 7.89 6.46 5.55
>65 4.02+0.37 4.79 3.92 3.36 5.05+0.46 6.02 4.92 4.23

Table 5. Estimation of HQ, HI and CR values of PAEs exposure due to tea

consumption

Consumers exposure

Analytes  Age groups Female Male
(years) HQ CR HQ CR
15-18 2.64E-05 1.00E-05 3.66E-05 1.39E-05
BBP 19-64 6.97E-05 2.65E-05 7.70E-05 2.92E-05
>65 467E-05 1.77E-05 5.87E-05 2.23E-05
15-18 8.97E-02  2.51E-02 0.12 3.48E-02
DEHP 19-64 2.37E-01 6.63E-02 0.26 7.32E-02
>65 1.59E-01  4.44E-02 1.99E-01  5.59E-02
15-18 7.95E-05 * 1.10E-04 *
DEP 19-64 2.10E-04 * 2.32E-04 *
>65 1.41E-04 * 1.77E-04 *
15-18 2.84E-03 * 3.94E-03 *
DINP 19-64 7.50E-03 * 0.01 *
>65 5.02E-03 * 6.31E-03 *
15-18 4.36E-02 * 0.06 *
DBP 19-64 1.15E-01 * 0.13 *
>65 7.72E-02 * 0.10 *
15-18 0.14 0.19
HI 19-64 0.36 0.40
>65 0.24 0.30

*Not calculated for CR; HQ, Hazard Quotient

Carcinogenic Risk (CR) Assessment

CRindicates a risk assessment and classification system
developed by the US Environmental Protection Agency
[19]. In this system, grade A (CR>1x10*) indicates high
cancer risk, grade B (CR: 1x10® to 1x10?) indicates
acceptable cancer risk, and grade C (CR<1x10%)
indicates a negligible cancer risk. In this context,
carcinogenic risk assessment among age groups were
calculated for DEHP and BBP, whose CSF values were
given by the authorities. The carcinogenic risk
assessment results for tea consumers of different ages
are summarized in Table 5. Carcinogenic risk factors for
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BBP in age and gender groups consuming tea are in the
range of 1.00x10°- 2.92x10°. So, the carcinogenic risk
factor for BBP was determined at the acceptable cancer
risk level (grade B) for all age and gender groups.
Furthermore, the carcinogenic risk assessment for DEHP
among different age and gender groups consuming tea
revealed a range of 2.51x10? to 7.32x102. As a result,
the carcinogenic risk factor for DEHP was classified at a
high cancer risk level (Grade A) across all age and
gender categories. In the context of the existing literature,
only one study was identified concerning the estimated
cancer risk factor in tea samples. Li et al. [23] conducted
a study where they determined that the average cancer
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risk (CR) value for DEHP through dietary exposure
surpassed the threshold of 10, measuring specifically at
7.20x10° for adults and 2.84x10® for children. These
findings raise concerns regarding the potential
carcinogenic risk associated with DEHP exposure. In
contrast, the present study focused on the consumption
of steeped tea from tea bags and indicated an acceptable
level of cancer risk.

CONCLUSION

This study provides valuable insights into the presence of
plasticizers (specifically, phthalate esters or PAEs) and
their potential impact on consumers in tea samples within
Turkey. The findings indicated detectable levels of PAEs
in the tea samples, although tested compounds except
for DBP remained below the SML established by the EU
Regulation. Among the analyzed PAEs, DINP, and DBP
were identified as the most prevalent plasticizers in the
tea samples. To assess potential health risks,
researchers calculated HQ and HI values based on tea
consumption patterns across various age and gender
groups. The results revealed that all HQ and HI values for
DEHP, DINP, DEP, and DBP were below 1, indicating
minimal non-carcinogenic health risks associated with tea
consumption across different age groups. Furthermore,
the dietary intake levels of each phthalate ester, including
BBP, DEHP, DINP, DEP, and DBP, were found to be well
below the TDI values established by the EFSA. The study
offers reassurance that the detected concentrations of
PAEs in tea samples, whether from local or international
brands in Turkey, do not pose a health risk to consumers.
However, it does raise concerns about the possibility of
long-term consumption of packaged tea leading to PAE
exposure exceeding TDI values. Notably, packaged tea
products generally exhibited slightly elevated PAE levels,
resulting in marginally increased exposure for consumers
of such products. In conclusion, this research
underscores the significance of ongoing monitoring and
regulatory measures to ensure the safety of packaged tea
and mitigate potential risks associated with long-term
PAE exposure.
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Bu arastirmada, farkli gui¢lerdeki ultrasonikasyon uygulamasinin ketencik (Camelina sativa (L.) Crantz) proteinlerinin
tekno-fonksiyonel dzelliklerine etkisinin belilenmesi amacglanmistir. Alkali ekstraksiyon (pH 12) ve izoelektrik noktada
¢coktirme (pH 4.5) yontemi kullanilarak elde edilen ketencik proteinlerine bes farkli ultrasonikasyon (20 kHz) giictinde
(0, 50, 100, 150 ve 200 W) islem uygulanmis ve proteinlerin su baglama, yag baglama, képlirme ve emiulsiyon
Ozelliklerindeki degdisimler incelenmistir. Uygulanan ultrasonikasyon iglemlerinin ketencik proteinlerinin su baglama
kapasitelerinde %251.07-500.03 araliginda gerceklesen bir azaliga, yag baglama kapasitelerinde ise %14.10-21.21
araliginda gergeklesen bir artisa neden oldugu belirlenmistir. Ayrica en yiksek kdpirme kapasitesi (%53.59) ve
kdpurme stabilitesi degerleri (15. ve 30. dakikalar igin sirasiyla %42.20 ve %40.71) 200 W glcunde ultrasonikasyon
islemi ile Uretilen protein drneginde tespit edilmistir. Elde edilen sonuglara gore ketencik proteinlerinin bazi tekno-
fonksiyonel 6zelliklerinin gelistiriimesinde ultrasonikasyon isleminin kullanim potansiyeli ortaya koyulmustur.

Anahtar Kelimeler: Camelina sativa, Ultrasonikasyon, Koplrme, Emiilsiyon

Effect of Ultrasonication on Some Techno-functional Properties of Camelina sativa Proteins
ABSTRACT

In this study, it was aimed to determine the effect of ultrasonication at different powers on the techno-functional
properties of Camelina sativa proteins. Five different ultrasonication (20 kHz) powers (0, 50, 100, 150, and 200 W)
were applied to the proteins of Camelina sativa (Camelina sativa (L.) Crantz), that were obtained by alkaline
extraction (pH 12.0) and isoelectric point precipitation (pH 4.5) methods, and the changes in water holding, oil holding,
foaming and emulsification properties of proteins were determined. It was determined that the ultrasonication process
caused a decrease in the water binding capacity of Camelina sativa proteins between 251.07-500.03%, and an
increase in the oil binding capacity between 14.10-21.21%. Moreover, the highest foaming capacity (53.59%) and
foaming stability values (42.20% for the 15 min and 40.71% for the 30 min) were determined in the protein sample
produced with 200 W ultrasonication. According to the results, it was determined that ultrasonication could be
potentially used to improve some techno-functional properties of Camelina sativa proteins.

Keyword: Camelina sativa, Ultrasonication, Foaming, Emulsification

GIRIS tirlerine, yetistirildigi ortamdaki toprak bilesimi ve
cevresel faktorlere bagl olarak yaklasik %30-38 yag ve

Brassicaceae familyasina ait bir protein ve yaglh tohum %23-30 protein igermektedir [2].

bitkisi olan ketencik (Camelina sativa (L.) Crantz) [1]
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Beslenmede c¢ok o6nemli bir rol oynayan proteinlerin
farklh kaynaklardan izole edilmeleri ile ilgili cesitli
calismalar yapilmakta olup, gunimuizde bitkisel
proteinlerin daha kolay elde edilebilmeleri, ekonomik ve
surdurllebilir  olmalari  gibi nedenlerle hayvansal
kaynakli proteinlere goére daha fazla ilgi gordiga
belirtimektedir [3]. Yapisinda albUminler, globulinler ve
glutelinler dahil olmak Uzere gesitli gozunurllklere sahip
protein fraksiyonlarini bulunduran [4] ve yagi ayrildiktan
sonra protein igerigi yaklasik %45 degerine kadar artis
gOsteren ketencik tohumlarinin ise bitkisel bir protein
kaynagi olarak gida endustrisinde degerlendirilme
potansiyeli bulunmaktadir [3]. Ayrica protein kaynaklari
gida drunlerinin besleyici degerinde artis saglarken,
ilave edildigi urinun bazi fonksiyonel 6zellikleri Gzerinde
de etkili olmaktadir. Proteinlerin sahip oldugu su ve yag
baglama kapasiteleri, ¢ozunurlikleri, jellesme,
emulsiyon ve koplk olusturma gibi fonksiyonel 6zellikleri
ilave edildigi Urtnler agisindan dnemli olabilmektedir. Bu
Ozellikler  proteinlerin  konformasyonel yapilarindan
etkilenmekte olup, genel olarak dogal bitki proteinleri
yapisal Ozellikleri nedeniyle gida urunlerinde uygun
jellesme veya emilsiyon olusumu saglayamamaktadir.
Bu nedenle bitkisel kaynakli proteinlerin belirtilen
Ozelliklerinin  gelistiriimesi amaciyla farkli fiziksel,
kimyasal ve enzimatik islemler uygulanmaktadir [5].

Ultrasonikasyon teknigi  proteinlerde yapisal ve
fonksiyonel degisikliklere neden olan ve bu sayede
proteinlerin tekno-fonksiyonel ozelliklerinin
iyilestiriimesinde kullanilan bir uygulamadir [5]. Ultrason
teknolojisi, insan duyma esiginin Uzerinde frekanslar
ureten akustik dalgalara dayali bir teknoloji olup, 1
W/cm? degerinin altinda giice sahip dislk yogunluklu
(100 kHz-1 MHz) ve 10-1000 W/cm? aralijinda glice
sahip ylUksek yogunluklu (20-100 kHz) ultrason olmak
Uzere iki farkli uygulama sekli bulunmaktadir [6]. Yiksek
yogunluklu ultrasonikasyon uygulamasinin molekiller
aras! hidrofilik ve hidrofobik etkilesimleri degistirdidi,
proteinlerin uzamsal konformasyonunu agcabildigi,
protein agregratlarini parcalayabildigi, parcacik
boyutunu azaltabildigi ve akustik kavitasyon tarafindan
uretilen fiziksel, kimyasal ve termal etkilere bagl olarak
proteinlerin ikincil ve Ugilncul yapilarini tahrip edebildigi
bildirilmigtir. Bu degisimlere bagl olarak ise proteinlerin
fonksiyonel 6zelliklerinde farklilasma meydana geldigi ve
proteinlerin su ve yag araylzine kolayca adsorbe
olabildigi ve yag damlaciklarini birlesmeye karsi stabilize
edebildigi belirtilmistir [5].

Literatirde kolza tohumu [7], aycigegi [6], siyah
mercimek [8], soya [9] ve demirhindi [10] gibi farkli
bitkisel  tohumlardan izole edilen proteinlerin
ultrasonikasyon teknigi ile tekno-fonksiyonel
Ozelliklerinin gelistiriimesini konu alan cgesitli calismalar
gerceklestiriimistir. Ancak bu uygulamanin ketencik
tohumu proteinleri agisindan etkilerinin arastirildigi bir
arastirmaya rastlanmamigtir.  Bu  nedenle ilgili
calismada; ketencik tohumu proteinlerinin izole edilmesi
ve izole edilen proteinlerin farkli guclerde uygulanan
ultrasonikasyon islemi ile su ve yad baglama, képik ve
emulsiyon olusturma gibi tekno-fonksiyonel
Ozelliklerindeki degisimin belirlenmesi amaclanmistir.
Boylece cesitli gida Urunlerinde kullaniimak Uzere gida
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endustrisi igin 6nemli olan yag baglama kapasitesi,
képlrme kapasitesi ve kopurme stabilitesi gibi tekno-
fonksiyonel o6zellikleri gelistirilmis alternatif bir bitkisel
protein kaynagi elde edilmis olacaktir.

MATERYAL ve METOT
Materyal

Arastirmada kullanilan ketencik tohumlari ve aycicek
yagi piyasadan temin edilmistir. Kimyasallar malzemeler
ise analitik saflikta Honeywell (Hessen, Almanya) ve
Sigma-Aldrich  (Taufkirchen, Almanya) firmalarindan
temin edilerek kullaniimistir.

Metot
Ketencik Tohumundan Protein Eldesi

Ketencik tohumlarindan protein eldesi Ngo ve Shahidi
[3] tarafindan bildirilen alkali ekstraksiyon ve izoelektrik
noktada ¢oktirme metodunda bazi modifikasyonlar
yapilarak gerceklestiriimistir. Ketencik tohumlari protein
ekstraksiyonu isleminden o6nce 6gutilerek (SCM-2910,
Sinbo, Cin) 1 mm gobézenek c¢apina sahip elekten
gecirilmigtir. Elenen materyalin yaginin uzaklastiriimasi
amaciyla materyal lzerine 1:5 oraninda hekzan ilave
edilmis ve oda sicakhiginda 1 saat stresince 150 rpm
hizla bir galkalayicida (Open air shaker OS-4000, Jeio
Tech, Guney Kore) dairesel olarak karistirilmistir. Sire
sonunda filtre kagidindan suzulen materyalin kati kismi
ayrilmis ve kati kisimda kalan hekzan buharlastirilarak
uzaklastinimistir. Kati kisimda yag igeriginin varliginin
anlasiimasi amaciyla Soxhlet yontemi ile vyag
ekstraksiyonu yapilarak (AACC Metot 30-25) érneklerin
yaginin tamamen uzaklastiriimis oldugu dogrulanmistir
[11]. Elde edilen yagsiz kisim protein ekstraksiyonunda
kullanilmigtir.  Ketencik tohumunun protein igerigi
%29.78 ve yaginin uzaklastirimasi sonucu elde edilen
ketencik kuspesinin protein icerigi ise %36.97 olarak
belirlenmistir.

Ogutilen ve yadi ayristirilan ketencik tohumlarindan 25
g tartilarak Uzerine 750 mL saf su ilave edilmis ve pH
12.0 degerine 2 M NaOH ¢ozeltisi ile pH metre (Orion 3-
Star, Thermo Scientific, ABD) kullanilarak ayarlanmistir.
Bu karisim 1 saat suresinde manyetik karistirici
Uzerinde 800 rpm hizla oda sicakhdinda karistiriimis ve
stre sonunda 5800 rpm hizla 10 dakika santrif(j
(Benchtop centrifuges C2006, Centurion, Ingiltere)
edilerek sivi kisim toplanmigtir. Ayrilan sivi kismin pH
degeri 4.5 olarak 2 M HCI c¢ozeltisi ile yeniden
ayarlanmistir. pH degerindeki degisime bagl olarak
¢oken protein fraksiyonunun ayrilmasi amaciyla karigim
5800 rpm hizla 10 dakika santrifiij edilmis ve Ustteki sivi
kisim uzaklastirilarak ¢oken kati kisimlar birlestirilmistir.
Kati kisim Uzerine 100 mL saf su ilave edilmis ve pH
degeri 2 M NaOH c¢ozeltisi kullanilarak 7.0 degerine
ayarlanmistir.

Elde edilen protein ekstraktlarindan kontrol 6rnegi olarak
kullanilan  6rneklere  ultrasonikasyon  uygulamasi
yapilmamig ve bu o6rneklere dogrudan kurutma islemi
uygulanmistir. Bu amagla protein ekstraktlari tepsi
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Uzerine yayilarak vakum kurutucuda (Oven ON-11E,
Jeio Tech, Giiney Kore) 45°C sicaklikta ve 200 mbar
basingta kurutulmustur. Kurutma isleminin ardindan elde
edilen Ornekler 6gutiimus ve analiz edilinceye kadar -
18°C sicaklikta hava gegirmeyen amber renkli bir kap
icerisinde tutulmustur. Belirtilen sartlarda elde edilen
ketencik protein tozlarinin protein igerigi %64.01 olarak
tespit edilmistir.

Ultrasonikasyon Uygulamasi

Protein ekstraktlarina yapilan ultrasonikasyon igleminin
kosullari literatiirde belirtilen farkh bitkisel kaynakh
proteinlere uygulanan kosullar dikkate alinarak ve
yapillan 6n denemeler sonucunda belirlenmistir. Buna
gore pH degeri 7.0 olarak ayarlanan Orneklere 4°C
sicakhigindaki ortam icerisinde 45 dakika suresince 50,
100, 150 ve 200 W olmak uzere 4 farkli dizeyde 13 mm
gapinda prob araciliiyla ve probun ornek igerisine 3 cm

(A

Ketencik tohumu

ow
(kontrol)

Sekil 1. Ketencik tohumu, yagsiz ketencik tohumu unu ve ketencik proteinleri
Figure 1. Camelina sativa seed, Camelina sativa meal and Camelina sativa proteins

Ham Protein Analizi

Orneklerin ham protein igerikleri, AACC Metot 46-12'de
belirtilene gore Kjeldahl yontemi ile belirlenmistir [11].

Su ve Yag Baglama Kapasitesi Analizleri

Orneklerin su baglama kapasitesini belirlemek amaciyla
1 g 6rnek tartiimis ve lzerine 10 mL su ilave edilerek 5
dakika suresince girdap karigtirici (Vortex mixer
M10110002, Four E'S Scientific, Cin) ile karistirilmigtir.
Bu karisim oda sicakliginda 30 dakika bekletildikten
sonra 4500 rpm hizla 30 dakika santrifiij edilmis ve sivi
kisim uzaklastirilmigtir. Elde edilen kati kisim tartilarak
asagida verilen esitlik yardimiyla 6rneklerin su baglama
kapasiteleri % olarak hesaplanmistir [6].

Orneklerin  yag baglama kapasitesini  belirlemek
amaciyla 1 g oérnek tartilmis ve tzerine 10 mL aygicek
yagi ilave edilerek 5 dakika suresince girdap karistiric
ile karistinlmistir. Bu karigsim oda sicakliginda 30 dakika
bekletildikten sonra 4500 rpm hizla 30 dakika santrifij

100 W
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derinliginde olacak sekilde daldiriimasiyla
ultrasonikasyon (Sonopuls HD 2200.2, Bandelin,
Almanya) islemi uygulanmistir [5, 6, 12]. Sicaklk
ultrasonikasyon iglemi suresince takip edilmis ve

sicakhigin sabit tutulmasi amaciyla sogutucu sistem
(RW3-0525, Lab Companion, Jeio Tech, Giiney Kore)
kullanilmistir. Ultrasonikasyon isleminden sonra elde
edilen Orneklerde bulunan suyun uzaklagtiriimasi
amaciyla kontrol érnegine uygulanan kosullarda vakum
altinda kurutma iglemi gerceklestirilmigtir. Kurutma
isleminin ardindan elde edilen 6rnekler 6gutilmus ve
analiz edilinceye kadar -18°C sicaklikta hava
gecirmeyen amber bir kap igerisinde tutulmustur.
Arastirma kapsaminda kullanilan ketencik tohumu,
yagsiz ketencik tohumu unu ile ultrasonikasyon islemi
uygulanmamis (kontrol) ve farkh ultrasonikasyon
glglerinde islem uygulanmis ketencik proteinlerine ait
gorsel Sekil 1°de verilmigtir.

Yagsiz ketencik
tohumu unu

200w

150 W

edilmis ve ayrilan yag kismi uzaklastinimistir. Elde
edilen kati kisim tartilarak asagida verilen esitlik
yardimiyla érneklerin yag baglama kapasiteleri % olarak
hesaplanmistir [6].

Su veya yag baglama kapasitesi (%) =
Son tartim—Dara x 100

Esitlik 1

Ornek miktart

Kopiirme Kapasitesi ve Stabilitesi Analizleri

Koéplurme kapasitesi ve stabilitesi analizleri igin %3
konsantrasyonundaki protein ¢ozeltisi saf su kullanilarak
hazirlanmigtir. Hazirlanan bu ¢dzelti bir mezire
aktarilarak baslangi¢ hacmi (V1) belirlendikten sonra bir
karistirici (8011ES, Blender, ABD) icerisinde 5 dakika
siresince karistirilmis ve hemen bir mezire aktarilarak
toplam hacmi (V2) kaydedilmistir. Ardindan &rneklerin
15. ve 30. dakikalardaki kopik hacimleri (V3)
belirlenmigtir. Elde edilen veriler kullanilarak asagidaki
esitlikler yardimiyla 6rneklerin kdpiurme kapasite ve
stabilite degerleri % olarak hesaplanmistir [6].
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Vo—Vy
V1
Kopiirme stabilitesi (%) = %x 100

1

x 100

Kopirme kapasitesi (%) = Esitlik 2

Esitlik 3

Emilsiyon Kapasitesi ve Stabilitesi Analizleri

Emulsiyon kapasitesi ve stabilitesi analizleri igin %3
konsantrasyonundaki protein ¢ozeltisi saf su kullanilarak
hazirlanmis ve Uzerine aygicek yagi (1:1) ilave edilerek
toplam hacim (V1) belirlenmistir. Hazirlanan bu karisim
90 saniye suresince karistirici igerisinde karistiriimistir.
Karigtirma iglemi sonunda karigima 3500 rpm hizla 5
dakika santrifij uygulanmis ve emdilsiyon kisminin
hacmi (V2) olglimustur. Bu islemden sonra karisimlar
80°C sicakliktaki etlv icerisinde 30 dakika bekletiimis ve
3500 rpm hizla 5 dakika santrifij islemi uygulanarak
emulsiyon kisminin hacmi yeniden (Vs) OlglUlmuistr.
Elde edilen veriler kullanilarak asagidaki esgitlikler
yardimiyla orneklerin emiulsiyon kapasite ve stabilite
degerleri % olarak hesaplanmistir [6].

Esitlik 4
Esitlik 5

Emiilsiyon kapasitesi (%) = ?x 100
1

Emiilsiyon stabilitesi (%) = ?x 100
2

istatistiksel Analiz

Arastirmadaki Uretimler ve uygulamalar tekerrtrli ve
analizler ise paralelli olarak gergeklestirilmigtir. Elde
edilen veriler 6rnek kuru maddesi Uzerinden
hesaplanmis ve Minitab (ver. 17.0) kullanilarak verilere
varyans analizi ve Tukey Coklu Karsilastirma Testi
uygulanmistir. Sonuglar ise “ortalama + standart hata”
seklinde diizenlenmigtir

BULGULAR ve TARTISMA

Ultrasonikasyon Uygulamasinin Ketencik
Proteinlerinin Su ve Yag Baglama Kapasitelerine
Etkisi

Ultrasonikasyon uygulamasinin ketencik proteinlerinin
su ve yag baglama kapasitesi degerleri Uzerine etkisi
Tablo 1'de gosterilmisti. Su baglama kapasitesi
proteinlerin yercekimine karsi suyu baglama yeteneginin
bir géstergesi olup, bu deger proteinlerin gida sistemleri
icerisinde sagladiklari viskozite ve tekstir 6zellikleriyle
yakindan iligkili olmasi nedeniyle 6nem tasimaktadir [13,
14]. Proteinler icin 6nemli bir tekno-fonksiyonel 6zellik
olan su baglama kapasitesi degeri ketencik proteinleri
icin %691.07 olarak belirlenmigtir. Ngo ve Shahidi [3]
tarafindan benzer bir ekstraksiyon yontemi kullanilarak

elde edilen ketencik proteinlerinin su baglama
kapasiteleri %562 olarak tespit edilmistir. Protein
ekstraksiyonundan énce tohumundaki musilaj yapisinin
ekstraksiyonunun gergeklestirildigi farkli bir arastirmada
ise ketencik proteinlerinin su baglama kapasitesinin
%158 oldugu bildiriimistir [2]. Ketencik proteinlerinin su
baglama kapasitelerindeki bu farkin  kullanilan
hammaddeler arasindaki farkliliklardan ve protein
ekstraksiyonundan o6nce tanedeki musilaj yapisinin
ekstraksiyonu sayesinde protein 6érneklerinde bulunan
yuksek su baglama kapasitesine sahip musilaj
kalintisinin daha az olmasindan kaynaklanabilecegi
degerlendirilmigtir.

Uygulanan ultrasonikasyon islemleri ketencik
proteinlerinin su baglama kapasitesinde ©énemli bir
azalmaya neden olmustur (p<0.05). Benzer sekilde,
Malik ve ark. [6] da aygicegdi kuspesi proteinlerine 20
kHz frekansa sahip (500 W ve %25 genlik) ultrasonik
prob ve 40 kHz (500 W) frekanstaki ultrasonik banyo
kullanarak farkh sudrelerde (5, 10, 20 ve 30 dakika)
uyguladiklari  islemlerin  6rneklerin  su  baglama
kapasitesinde ©6nemli bir azalmaya neden oldugunu
bildirmislerdir. Ayrica ketencik proteinlerinin su baglama
kapasitesindeki s6z konusu azalmanin ultrasonikasyon
isleminin gucunin artmasiyla beraber (50, 100, 150 ve
200 W) sirasiyla %251.07, %354.59, %443.09 ve
%500.03 duzeyinde oldugu tespit edilmistir. Resendiz-
Vazquez ve ark. [15] tarafindan jak meyve c¢ekirdegi
proteinlerine 0, 200, 400 ve 600 W gliclerinde 15 dakika
(5 saniye aclk, 25 saniye kapali) suresince uygulanan
ultrasonikasyon islemi neticesinde proteinlerin %335
olan su tutma kapasitesinin ultrasonikasyon glcUinun
artmasiyla beraber azalan bir egilim (200 W icin %320,
400 W igcin %199, 600 W icin %188) gosterdigi
bildirilmistir [15]. Arastirmacilar, uyguladiklar
ultrasonikasyon iglemlerinin  proteinlerin  molekil
yapisinda degisime neden olarak ylzeydeki hidrofobik
yapilarin  artmasi sonucu 6rneklerin  su tutma
kapasitesini azaltabilecegini belirtmiglerdir [6—16].

Proteinlerin yag baglama 6zelligi, formile gidalarda
(mayonez ve salata soslari, et anologlari, ¢orbalar vd.)
lezzetin artmasini ve muhafaza edilmesini saglamasi
sebebiyle blylk bir 6neme sahiptir [17-19]. Buna goére
islem gormemis ketencik proteinlerinin yag baglama
kapasitesi %110.48 olarak belirlenmistir (Tablo 1).
Yapilan bir arastirmada alkali ekstraksiyon ile izoelektrik
noktada c¢oktirme yontemi kullanilarak elde edilen
ketencik proteinlerinin yag baglama kapasitesinin %107
oldugu bildirilmigtir [2].

Tablo 1. Ketencik proteinlerinin su baglama kapasitesi ve yag baglama kapasitesi degerleri
Table 1. Water holding capacity and oil holding capacity values of Camelina sativa proteins

Ultrasonikasyon gucu (W)

Su baglama kapasitesi

Yag baglama kapasitesi

0 (kontrol) 691.07+9.72* 110.48+2.97 B
50 440.00+17.50 B 124.58+5.74 #8
100 336.4845.26 © 131.69+1.854
150 257.98+1.33 P 129.78+3.98 A
200 191.84+3.42 F 128.90+1.16 A

*Ayni sUtun igindeki farkli harfler, ortalamalar arasindaki farkin istatistiksel agidan 6nemli oldugunu géstermektedir (p<0.05).
* Capital letters show statistically significant difference between values with different ultrasonication power (p<0.05).
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Ultrasonikasyon uygulamasinin ketencik proteinlerinin
yag baglama kapasitelerinde %14.10-21.21 araliginda
gerceklesen istatistiksel olarak énemli bir artisa neden
oldugu degerlendirilmis (p<0.05), ancak bu artisin
uygulanan ultrasonikasyon gucuyle iligkilendirilebilir bir
dizeyde olmadigi belirlenmistir (p>0.05). Resendiz-
Vazquez ve ark. [15] farkh guglerde uyguladiklari
ultrasonikasyon isleminin  jak meyve ¢ekirdegi
proteinlerinin  yag baglama kapasitesini %192
degerinden %322 (600 W) ile %401 (400 W) araligina
artirdigini  bildirmislerdir. Bir diger arastirmada ise
aygicegi kuspesi proteinlerine uygulanan
ultrasonikasyon isleminin 6rneklerin yag baglama
kapasitelerinde o6nemli bir artisa neden oldudu rapor
edilmistir [6]. Arastirmacilar, ultrasonikasyon
uygulamasinin proteinlerin kiimelesmesine neden olarak
yuzeyde acgiga ¢ikan hidrofobik gruplarin fiziksel olarak
daha fazla yagin tutulmasini  saglayabilecegini
belirtmiglerdir [6, 15]. Ayrica protein yapisinda
olusabilecek bu degisimlerin; proteinin dogal 6zellikleri
ile ultrasonikasyon kaynagina, yogunluguna, frekansina,
suresine, ve uygulama esnasindaki pH, sicaklik ve
iyonik kuvvetlere bagli olarak gergeklesebilecegini
bildirmislerdir [15, 20]. Benzer sekilde Ngo ve Shahidi [3]
tarafindan ketencik kuspesinden protein eldesinde
ultrasonikasyon destekli ekstraksiyon uygulamasi (180
W, 40 kHz ve 20 dakika) ile elde edilen proteinlerin yag
baglama kapasitesinde %29.52 dizeyinde bir artis
meydana geldigi rapor edilmistir. Arastirmacilar bu
artisin  ultrasonikasyon uygulamasi sonucu protein
yuzeyinde hidrofobik gruplarin agida ¢ikmasindan
kaynaklanabilecegini ifade etmiglerdir [3].

Ultrasonikasyon Uygulamasinin Ketencik
Proteinlerinin Képiirme Ozelliklerine Etkisi

Proteinlerin su ve hava araylziindeki ylzey gerilimini
azaltma yetenegi ile iliskili olan kdplirme kapasitesi ve
stabilitesi 6zellikleri proteinlerin ylzey hidrofobiklidi,
parcacik boyutu ve yapisal esnekligi gibi 6zellikleriyle
gucli  bir sekilde baglantiidir [3, 6]. Cesitli gida
urtnlerine (cirpiimis tathlar ve soslar gibi) arzu edilen
dokusal ve duyusal o6zellikleri kazandirmasi nedeniyle
proteinlerin  koplrme oOzellikleri ve bu 6zelliklerin
geligtiriimesi  oldukga o6nemlidir [21]. Buna gore
ultrasonikasyon uygulamasinin ketencik proteinlerinin
kopurme kapasitesi ve stabilitesi degerleri Gzerine etkisi
Sekil 2'de  gosterilmistir.  Ultrasonikasyon islemi
uygulanmamisg ketencik proteinlerinin koplrme
kapasitesi degeri %28.39 olarak belirlenirken, 15. ve 30.
dakikadaki kopurme stabilitesi degerleri ise sirasiyla
%25.00 ve %23.65 olarak tespit edilmistir. Ayrica
ketencik proteinlerinin kdpurme kapasitesi degerinde 30
dakikalik sire igerisinde meydana gelen degisim
istatistiksel olarak 6nemli bulunmamistir (p>0.05).
Yapilan bir arastirmada da benzer ekstraksiyon yontemi
kullanilarak elde edilen ketencik proteinlerinin koplirme
kapasitesi ve 10. dakikadaki kopurme stabilitesi
degerlerinin %40 ile %50 araliginda degistigi tespit
edilmigtir [3]. Kullanilan hammaddeler arasindaki
farkhliklar ile analiz yontemi farkhliklarinin ketencik
proteinlerinin képurme 6zelliklerindeki s6z konusu farka
neden olabilecegi dngdrilmektedir.
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Dusuk guglerde (50 ve 100 W) uygulanan
ultrasonikasyon  igleminin  ketencik  proteinlerinin
képlrme kapasitesi ve kdpurme stabilitesi degerlerinde

onemli bir degisime neden olmadigi (p>0.05)
belirlenmistir. Ayrica 150 ve 200 W glglerinde
ultrasonikasyon uygulamasi ile birlikte ketencik

proteinlerinin kbplrme kapasitesinin sirasiyla %47.51 ve
%53.59 degerlerine ylkseldigi goralmustir (p<0.05)
(Sekil 2). Benzer sekilde ketencik proteinlerinin 15. ve
30. dakikalardaki koplrme stabilitesi degerlerinin de
yuksek glglerdeki ultrasonikasyon uygulamasi ile dnemli
dizeyde arttig1 belirlenmistir (p<0.05). En yuksek
koplirme  stabilitesi degeri, 200 W  glcinde
ultrasonikasyon islemi uygulanmis protein o6rneginde
tespit edilmis olup, bu degerler 15. dakika icin %42.20
ve 30. dakika icin ise %40.71 olarak tespit edilmistir.
Ayrica  iglem  gbrmemis  protein  O6rnegi ile
karsilastirildiginda, 200 W gicinde ultrasonikasyon
uygulamasinin  ketencik  proteinlerinin  kdpurme
stabilitesinde %17.20 ve %17.06 diizeylerinde bir artisa
neden oldugu belirlenmistir. Diger yandan
ultrasonikasyon iglemi ile ketencik proteinlerinin 30
dakikalik sure igerisinde kopirme kapasitesi degerinin
istatistiksel olarak 6nemli dizeyde azaldigi ve bu
azalmanin %5.49-16.06 araliginda gergeklestigi tespit
edilmis (p<0.05), ancak bu degisimin uygulanan
ultrasonikasyon  glclyle iligkilendirilebilir ~ duzeyde
olmadigi degerlendirilmistir (p>0.05).

Jambrak ve ark. [12], 20 kHz frekansa sahip ultrasonik
prob ile 30 dakika suresince uyguladiklari
ultrasonikasyon islemi sonucu soya proteinlerinin
kopurme kapasitesi degerinin %95'ten %104’e arttigini
tespit etmislerdir. Morales ve ark. [22] ise soya
proteinlerine farkh sirelerde (5, 10, 15 ve 20 dakika)
uyguladiklari ultrasonikasyon iglemi (20 kHz, 750 W ve
%20 genlik) ile orneklerin koplirme kapasitesi
degerlerinin %62 (5. dakika) ile %75 (20. dakika)
araliginda arttigini belirtmistir. Benzer sekilde jak meyve
cekirdegi proteinlerinin  de  koplirme kapasitesi
degerlerinin ultrasonikasyon uygulamasi sonucu 6nemli
dizeyde arttigi bildirilmistir [15]. Nazari ve ark. [23] dari
proteinlerine farkli ultrasonikasyon gugleri (0, 20, 60 ve
100 W) ve sirelerinde (5, 125 ve 20 dakika)
ultrasonikasyon islemi uygulamis ve 100 W gucundeki
islemlerin 6rneklerin kdplrme kapasitesi ve stabilitesi
degerlerinde dnemli bir artis sagladigini belirlemiglerdir.
Malik ve ark. [6] aygigedi kispesi proteinlerine
uyguladiklari ultrasonikasyon igsleminin 6rneklerin hem
koplirme kapasitesi hem de koplirme stabilitesi
degerlerini dnemli dlizeyde arttirdigini bildirmisler ve
uygulanan ultrasonikasyon isleminin protein érneklerinin
yuzey hidrofobikliginin artmasina ve pargacik boyutunun

azalmasina neden olarak proteinlerin  koplUrme
Ozelliklerinin gelismesine neden olabilecegini ifade
etmislerdir [6]. Farkli bir calismada ise 3 farkh

ultrasonikasyon glictinde (540, 720 ve 900 W) 10 dakika
stresince uygulanan iglemlerin bugdday gluteninin
koplrme kapasitesi ve stabilitesi degerleri lizerine etkisi
incelendiginde, ultrasonikasyon gucinun artmasiyla
birlikte o6rneklerin hem koplurme kapasitesi hem de
kdépurme stabilitesi degerlerinin énemli dizeyde arttig
rapor edilmistir [24]. Bugday gluteninin kopurme
Ozelliklerindeki bu gelisme ultrasonikasyon uygulamalari
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ile birlikte olusan protein denatlirasyonu sonucu yapida
hidrofobik bdlgelerin agida c¢ikmasi ile iliskilendirilmis
olup, bu hidrofobik bélgelerin kdpik yapisindaki su ve

hava araylzinde adsorpsiyonu gelistirerek kdpurme
Ozelliklerini iyilestirebilecegi belirtilmigtir [24].
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Sekil 2. Ketencik proteinlerinin kdplrme kapasitesi ve kopurme stabilitesi degerleri. Biyutk harfler,
farkl ultrasonikasyon guctnde islem gormis Ornekler arasindaki istatistiksel olarak onemli
dizeydeki farki gostermektedir (p<0.05). Kiglik harfler, ayni ultrasonikasyon giclinde iglem
goérmus Orneklerin farkli bekleme sirelerindeki stabiliteleri arasindaki istatistiksel olarak 6nemli

diizeydeki farki gostermektedir (p<0.05)

Figure 2. Foaming capacity and foaming stability values of Camelina sativa proteins. Capital letters
show statistically significant difference between values with different ultrasonication power
(p<0.05). Small letters show statistically significant difference between stability values at different
waiting times with same ultrasonication power (p<0.05)

Ultrasonikasyon Uygulamasinin Ketencik
Proteinlerinin Emiilsiyon Ozelliklerine Etkisi

Proteinlerin yag damlaciklarinin ¢evresini sararak bir film
tabakasi olusturup faz ayrimini engelleyerek emdlsiyon
olusturma o6zelligi bulunmaktadir. Proteinlerin emdulsiyon
Ozellikleri degerlendirilirken emiulsiyon kapasitesi ve
emdlsiyon stabilitesi parametreleri incelenmektedir [25].
Emilsiyon kapasitesi proteinlerin su ve yad arayuziinde
adsorbe olma yetenegini godsteren bir degder olup,
emdilsiyon  stabilitesi ise olusturulan  emdulsiyon
yapilarinin depolanmasi veya isitiimasindan sonra
proteinlerin su ve yag araylzunde kalma kararliligini
gOstermektedir [6]. Bu emuilsiyon 6zellikleri proteinlerin
molekuller yapisinin esnekligine ve stabilitesine bagh
olarak degismektedir [15, 26]. Proteinlerin emdilsiyon
olusumuna ve olusan emdilsiyonlarin stabilizasyonunu
katki saglamasi, formilasyonunda yer aldigi birgok gida
arinun (soslar, kremalar ve mayonez gibi) Kkalite
Ozelliklerini etkilemesi nedeniyle oldukga 6nemlidir [27].
Bu baglamda ultrasonikasyon uygulamasinin ketencik
proteinlerinin  emdlsiyon kapasitesi ve stabilitesi
degerleri Uzerine etkisi Sekil 3'te gosterilmistir. Ketencik
proteinlerinin %56.23 olan emilsiyon kapasitesi degeri
ultrasonikasyon iglemi sonrasinda  %56.54-61.09
araliginda degismekte olup, bu degdisim istatistiksel
olarak 6nemli bulunmamistir (p>0.05). Diger yandan
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ketencik proteinlerinin emulsiyon stabilitesi degerinin
200 W glcunde uygulanan ultrasonikasyon islemi ile

onemli dizeyde degismedigi (p>0.05), ancak diger
ultrasonikasyon guglerinde (50, 100 ve 150 W)
emdulsiyon stabilitesinin  6nemli dluzeyde azaldidi

(p<0.05) belirlenmistir.

Yapilan arastirmalarda ultrasonikasyon giicliine ve islem
suresine bagl olarak uygulanan islemlerin jak meyve
cekirdegi [15], aycicegi kuspesi [6], dar [23] ve ceviz
[28] proteinlerinin emulsiyon o6zelliklerinin gelismesini
saglayabilecegi  belirtilmistir. Malik ve ark. [6]
ultrasonikasyon uygulamasi sonucu meydana gelen
yapisal degigimlerin, proteinlerin molekuler esnekligini
ve yuzey hidrofobikligini etkileyebilecegini ve dolayisiyla
proteinlerin emdlsiyon 6zelliklerini degistirebilecegini
ifade etmiglerdir. Ayrica arastirmacilar emiilsiyon
Ozelliklerinin  protein  ¢6zUndrliginden  dogrudan
etkilendigini, protein ¢dzinurligundn artmasinin yag ve
su araylzinde daha fazla protein bulunmasini
saglayarak  emdulsiyon yapisini  etkileyebilecegini
belirtmiglerdir [6]. Resendiz-Vazquez ve ark. [15] ve
Jambrak ve ark. [12] ise ultrasonikasyon uygulamasi ile
uclncul ve doérduncul yapilarda olugan degisimlerin
proteinlerin su ve yad arayuzinde adsorbe olma
Ozelliklerini etkileyebilecegini ve dolayisiyla emulsiyon
Ozelliklerinin de degisebilecegdini ifade etmislerdir.
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Sekil 3. Ketencik proteinlerinin emulsiyon kapasitesi (a) ve emdlsiyon stabilitesi (b) degerleri
Figure 3. Emulsifying capacity (a) and emulsifying stability (b) values of Camelina sativa proteins

SONUG

Son yillarda protein ihtiyacinin artmasiyla beraber yeni

ve alternatif protein kaynaklarina olan ilgi de
artmaktadir. Bitkisel proteinler daha kolay elde
edilebilmeleri, ekonomik ve surdurtlebilir olmalar

sebepleriyle buylk o6nem kazanmakla birlikte dogal
halleriyle kullanildiklarinda gida endustrisinin ihtiyag
duydugu bazi fonksiyonel ozellikleri
karsilamayabilmektedir. Bu nedenle gesitli uygulamalar
ile bitkisel proteinlerin tekno-fonksiyonel 0Ozelliklerinin
gelistiriimesi 6nem kazanmakta ve bu amagcla en yaygin
kullanilan ydntemlerden birisi ise ultrasonikasyon
uygulamasi olarak karsimiza ¢ikmaktadir. Bu dogrultuda
gercgeklestirilen galismada, ketencik proteinlerine 5 farkl
ultrasonikasyon gucunde (0, 50, 100, 150 ve 200 W)
islem uygulanmis ve proteinlerin su baglama, yag
baglama, koépurme ve emiulsiyon &zelliklerindeki
degdisimler incelenmigtir. Buna go6re ultrasonikasyon
uygulamasiyla ketencik proteinlerinin  su baglama
kapasitesinin azaldigi, ancak yad baglama kapasitesi,
képlrme kapasitesi ve kdpurme stabilitesinin ise arttigi
tespit edilmigtir. Sonug olarak bu caligma ile ketencik
proteinlerinin tekno-fonksiyonel Ozelliklerinin
gelistiriimesi amaciyla ultrasonikasyon uygulamasinin
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kullanilabilecegdi ortaya konulmustur. Bu degisimler g6z
ondne alindiginda, 200 W glcunde ultrasonikasyon
uygulamasinin ketencik proteinlerinin yag baglama
kapasitesi (%18.42), koplrme kapasitesi (%25.20) ve
stabilitesi (%17.20-17.06) degerlerinde sagladigi artisin
yani sira emiulsiyon Ozelliklerinde 6énemli bir degisime
neden olmamasi sonucu ketencik proteinlerinin tekno-
fonksiyonel  &zelliklerinin  geligtiriimesi  amaciyla
kullanilabilecegi ortaya konulmustur.
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Bu galismada, yodurdun siizilmesi (S yontemi) ve isitiip stizilmesi (I yontemi) yontemleri ile Uretilen Katik Kesi
peynir ornekleri iki gruba ayrilarak; birinci grup 4°C’de, ikinci grup ise 24°C’de 90 giin boyunca depolanmistir.
Depolama suresince o6rneklerin bazi fizikokimyasal, biyokimyasal ve mikrobiyolojik 6zelliklerinde meydana gelen
degisimler belirlenmistir. Orneklerin duyusal testleri ise sadece depolama sonunda gerceklestirilmistir. Elde edilen
sonuglara goére yontem farklihgi Katik Kesi 6rneklerinin kuru madde, yag, protein, tuz ve pH degerlerini etkilemistir
(p<0.05). Depolama sicakliklari kuru madde, yag ve protein degerleri tGzerinde etkili olmazken (p>0.05), tuz, asitlik ve
pH degerleri Uzerinde etkili olmustur (p<0.05). Uretim ydntemi her iki érnegdin proteoliz ve lipoliz degerlerini
etkilemezken, en yuksek proteoliz ve lipoliz dederleri 24°C’de saklanan oOrneklerden elde edilmigtir. Yontem ve
depolama sicakligindaki farklillk su aktivitesi, Lactobacillus spp., kif ve koliform sayilarina etkide bulunmazken,
Streptococcus spp. ve maya sayllarini etkilemistir (p<0.05). Ote yandan, depolama siiresi boyunca Katik Kesi
orneklerinde Lactobacillus spp., Streptococcus spp. ve maya sayilarindaki degisim énemli (p<0.05) bulunmustur. S
yontemiyle Uretilen numuneler daha yiksek L* renk degerlerine sahiptir. Duyusal 6zellikler agisindan en fazla S
yontemi ile Uretilen ve 4°C’de depolanan drnekler tercih edilmistir. Sonug olarak, yogurdun suzilmesi, tuzlanmasi ve
ardindan kurutulmasi (S yontemi) ile Uretilen ve 4°C’de depolanan 6rnekler, Katik Kesi tretimi igin en uygun tretim ve
depolama yontemi olarak ortaya gikmistir.

Anahtar Kelimeler: Kes, Geleneksel Uretim, Kurut, Yogurt

Effect of Production Method and Storage Temperature on Physicochemical, Biochemical,
Microbiological and Sensory Properties of Katik Kes (Yoghurt-based Cheese)

ABSTRACT

In this study, Katik Kes cheese samples produced by directly straining (method S) and heating & straining (method I)
of yogurt were divided into two groups; the first group was stored at 4°C and the second group was stored at 24°C for
90 days. Changes in some physicochemical, biochemical and microbiological properties of the samples during
storage were determined. The sensory evaluation of the samples was completed only at the end of storage. The
result of the study showed that the production method influenced the dry matter, fat, protein, salt, and pH values of the
Katik Kes samples (p<0.05). Storage temperature had no effect on dry matter, fat, and protein values (p>0.05) while it
affected the salt, acidity and pH values (p<0.05). The proteolysis and lipolysis values of both samples was not
influenced by production method; however, the highest proteolysis and lipolysis values were obtained from all the
samples stored at 24°C. While the difference in production method and storage temperature did not change the water
activity, Lactobacillus spp., mold and coliform counts, they changed the Streptococcus spp. and yeast numbers
(p<0.05). On the other hand, the change in the counts of Lactobacillus spp., Streptococcus spp. and yeasts in Katik
Kes samples during the storage period was found to be significant (p<0.05). Samples produced by the method S had
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higher L* values than the methods I. In terms of sensory properties, the samples produced by the method S and
stored at 4°C were preferred the most. As a result, the samples produced by straining, salting and then drying (S
method) of yogurt and stored at 4°C have emerged as the most suitable production and storage method for the

production of Katik Kes cheeses.

Keywords: Kes, Traditional production, Kurut, Yogurt

GiRIiS

Kes, diger yaygin adiyla Kurut, Turkler tarafindan
yuzlerce yildir Uretilip tiketilen, hammaddesi yogurt olan
bir peynir turadur [1, 2]. Bu Urin, Orta Asya’da ve Orta
Asya’dan Anadolu’'ya go¢ eden Turklerin geleneklerini
korumasiyla birlikte Anadolu’da geleneksel olarak
Uretiimeye devam edilmektedir [3]. Literatirde “yumru
seklindeki, suzilmus yodurttan vyapilan Kkuru, tuzlu
yiyecek” anlamina gelen kurut kelimesine Kkarsilik;
Kazakga, Uygurca, Kirgizca, Ozbekge ve Tirkmence'de
qurut ve/veya benzeri bir kelime mevcuttur [4]. Bu Uriin
iran’da Kashk, Liibnan’da Kishk, Suriye’de Jub-Jub ve
Irak’ta Kusuk adiyla bilinmektedir [1, 5]. Kes veya Kurut,
ulkemizin farkli bolgelerinde dikdértgen, konik, topag,
armut, sogan basi ve yassi topaklar seklinde farkh
biyukllikte Uretilmekte olup; Gesk, Kesk, Kesik, Kis,
Corten, Cortan, Torak, Terne, Cokelek ve Sirk gibi farkh
isimlerle de anilmaktadir [6, 7].

Geleneksel olarak Kes yapiminda, sit yagi orani
kismen azaltiimis inek sitinden yogurt Uretiimektedir.
Sogutulan yogurt bez torbaya aktarilip bir gece
suzulmesi saglanmaktadir. Sizilen yogurda tuz katilip
degisik sekiller verilerek agik havada kurutulmaktadir.
Bagka bir geleneksel yontemde ise, yaylk tereyagi
Uretiminde yogurdun vyaylklanmasindan sonra geriye
kalan ayranin isitilmasiyla ¢okelek elde edilmektedir.
Cokelegin benzer sekilde slizlilmesi, tuzlanmasi ve sekil
verilerek kurutulmasiyla Kes Uretilmektedir [8, 9].

Kes, protein igeriginin fazla olmasi dolayisiyla besin
degeri yiksek bir sut Griniddr. Ordu ilinde piyasada
satilan Kes orneklerinin sirasiyla en dusik ve en ylksek
ortalama kuru madde degeri %60.69-78.40, yad degeri
%4.50-23.50, protein degeri %31.22-50.68, toplam kil
degeri %4.36-14.23, tuz dederi %2.84-13.19, titrasyon
asitligi degeri %1.49-3.26 ve pH degeri 3.37-4.24 olarak
belirlenmigtir [8]. Burdur piyasasindan toplanan Kes
ornekleri Uzerinde yuritilen bir galismada; orneklerin
kuru madde degerleri  %40.56-83.10 arasinda
bulunmustur [10]. Bolu’da yerel pazarlarda satisa
sunulan Kes Uzerine yapilan bir galismada; 6rneklerin
kuru madde degerleri %53.10-81.45 arasinda ve
ortalama %61.59 oldugu rapor edilmistir. Ayrica,
orneklerin ortalama protein degeri %34.42, yag degeri
%6.30 ve tuz degeri %13.26 olarak bulunmustur [1].

Bolu’da Makarnalik Kes, Kizartmalik Kes ve Katik Kes
olmak Uzere (¢ farkll kes dretimi yapiimaktadir.
Makarnalik Kes, yagsiz sutten Uretilen yogurdun
islenmesiyle Uretilir. Makarnalik Kes, tuzlu ve sert bir
yapiya sahiptir [9]. Kizartmalik Kes Uretiminde ise diger
kes peynirlerine gore nispeten yag orani daha fazla olan
sut ya da yogurt kullanilmaktadir. Ayrica Kizartmalik
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Kesin kurutma islemi daha kisa olup, Makarnalik Kes
kadar sert degildir. Tuketim oncesi Kizartmallk Kes
dilimlenmekte ve yagsiz tavaya konularak her iki ylzeyi
kizartilarak servis yapilmaktadir [7]. Hem Makarnalik
Kesin [11] hem de Kizartmalik Kesin [7] Uretim
parametreleri endustriyel Gretim igin optimize edilmigtir.

Katik Kesinin dretim sekli Makarnalik Kes ile hemen
hemen aynidir. Katik Kesi yapiminda farkli uygulamalar
olmakla birlikte sltin veya yogurdun yagi alinmamakta
ve istenirse ¢orek otu katiimaktadir [9]. Katik Kesi,
gecmiste ciftciler tarafindan tarlalarda galisirken veya
¢obanlar tarafindan meralarda hayvan otlatirken
ekmegdine katik ettigi kes olarak bilinmektedir. Bugln
halen pazarlarda ve yoéresel Griin satan yerlerde bulmak
muamkandur [5].

Bolu'da yerel pazarlarda satilan Katik Kesi 6rneklerine
ait Ozelliklerin  belirlenmesi Uzerine yapilan bir
calismada; orneklerin sirasiyla en dusik ve en ylksek
ortalama kuru madde degeri %44.90-85.12, yag degeri
%1.50-28.00, protein degeri %29.09-47.79, toplam kil
degeri %6.55-15.25, tuz degeri %2.80-6.93, titrasyon
asitligi degeri %0.80-2.30 ve pH degeri 3.46-4.74 olarak
belirlenmistir. Ayrica érneklerin maya ve kif sayisi 2.00-
8.01 log kob/g, koliform sayisi 0-8.65 log kob/g ve su
aktivitesi degeri 0.67-0.90 olarak bulunmustur. Ustelik
orneklerin duyusal o6zelliklerinde de farkhliklar oldugu
bildiriimistir [5]. Orneklerin fizikokimyasal dzelliklerindeki
bu genis arallk ve duyusal oOzelliklerdeki farklilik,
geleneksel olarak dretilip satilan Katik Keslerinin
standart 6zellikte olmadigini géstermektedir. Calismada
bazi 6rneklerin yiksek tuz oranina sahip oldugu da
dikkati ¢cekmistir. Katik Kesi Uretiminde kuru madde ve
yag iceriginin optimizasyonu Uzerine yuratilen bir
calismada; Katik Kesinin 42 saat kurutulmasiyla
standart oranda kuru maddeye sahip Katik Kesi
uretmenin mimkln oldugu ve Katik Kesinin yagl sitten
yapilmasinin daha iyi sonuglar verdigi ortaya
konulmustur [12].

Geleneksel olarak Uretimi yapilan Katik Kesi, standart
ve surdirdlebilir bir endustriyel Uretimle gelecege
tasiyabilmek igin bu galisma yapilmistir. Bu ¢alismada;
iki farkh Uretim yonteminin ve iki farkli depolama
sicakhiginin 90 gunlik depolama suresince Katk Kesi
Orneklerinin  kimyasal, biyokimyasal, mikrobiyolojik,
fiziksel ve duyusal Ozelliklerinde meydana getirdigi
degismeler incelenmistir. Elde edilen bulgular, Urine
katki maddesi ilave etmeden dayanikli hale getiriimesi
ve tUm bunlar neticesinde Katik Kesinin modern

sartlarda isletme dizeyinde uretilmesinin
saglanmasinda alt yapr olusturmasi bakimindan
onemlidir.
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MATERYAL ve METOT
Materyal

Katik Kesi uretiminde tam yagh ¢i§ inek suti
kullanilmistir. Cig sitin ortalama kuru madde orani
%12.40+0.566, yag orani %3.68+0.318 ve pH degeri ise
6.60+0.035tir. Yogurt Uretiminde Lactobacillus
bulgaricus ve Streptococcus thermophilus suslarini
iceren ticari starter kdiltirden (Chr. Hansen) igletme
kalturd hazirlanmis ve %2 oraninda sute katilmistir.
Uretim ve analizler, Bolu Abant izzet Baysal Universitesi,
Mihendislik Fakiltesi, Gida Muihendisligi Bolimu
laboratuvarlarinda gergeklegtirilmigtir.

Katik Keslerin Uretimi

Katik kesi 6rneklerinin tretiminde Ozcan ve Coskun [12]
tarafindan tespit edilen kuru madde ve yag oranlari
dikkate alinmistir. Katik Kesi yapiminda kullanilan sutler
oncelikle g¢elik slUzge¢ Uzerine yerlestirilen sizme
bezinden gegirilerek suzUlmastir. Sit, 85°C’de 20
dakika pastorize edilip inkibasyon sicakhgina (44°C)
sogutulmustur. Pastdrize edilmis site daha o©nceden
aktive edilen yogurt starter kiltirinden %2 oraninda
inokiile edilmistir. inokiile edilen siitler, 44°C’'de pH 4.8
degerine ulagana kadar inklbasyona birakilmigtir. Daha
sonra yogurdun sicakhgini dusurmek icin buzdolabinda
(7°C) bir gece dinlendirilmigtir. Ertesi gin yogurt iki
kisma ayrilmistir.

Katik kesi Uretiminde dikkate alinan birinci yontemde;
yogurt, santrifij (Erba Makine, Turkiye) tamburunun
icindeki slizme bezine aktarilarak bir muiddet kendi
halinde stzllmesi igin beklenmigtir. Sonra santriftij 200
rom’'de 2 saat, 400 rpm'de 1.5 saat ve 600 rpm’de 1
saat calistinlarak ortamdan su uzaklastirlmistir. Bu
sekilde yogurdun dogrudan suzllmesiyle elde edilen
ornekler “S” ile kodlanmistir.

Hem sitma hem slzme igleminin uygulandigi 2.
yontemde; yodurt, devamli karigtinimak suretiyle
85°C’'de 10 dk sitilmis ve ¢okmesi saglanmistir.
Ardindan tank icerisinde sogutularak sicakligin yaklasik
10°C’ye disurdlmesi saglanmistir. Daha sonra 1.
yontemde uygulanan parametrelerde santrifiijle stizme
islemi yapilmistir. Bu sekilde isitildiktan sonra suzlerek
elde edilen 6rnekler “I” olarak kodlanmistir.

Her iki yontemde de santrifijleme isleminden sonra
geriye kalan kisma, %3 oraninda kuru tuz ilave edilip
karistinimigtir. Daha sonra tuzlanmis érnekler kaliplara
(7 cm ¢apinda, 4 cm yukseklikte silindirik kalip) yaklasik
156 g olacak sekilde sikica doldurulmustur. Ardindan
kaliplar oda sicakliginda vyaklasikk 12 saat
dinlendirilmistir. Katik Kesi 6rnekleri, sicakligi 25°C ve
fan hizi 0.5 m/s olan endustriyel kurutucuda (Eksis, TK-
LAB, Tirkiye) toplam 42 saat kurutulmustur. Kurutucuda
Ornekler alti saatte bir alt-Ust yapilmistir. Ancak Katik
Kesi drneklerinde daha sonra c¢atlama olmamasi igin
kurutma islemi tamamlanana kadar 12 saat kurutma, 12
saat streclenerek buzdolabinda dinlendirme gseklinde
uygulama yapilmistir. Kurutma asamasi toplamda 78
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saat sUrmustir. Kurutma sonrasi Ornekler, vakum
paketleme makinesi (Lipovak, Turkiye) ile paketlenmisgtir.

Her iki yontemle dretilen Katik Kesi ornekleri kendi
arasinda tekrar ikiye ayrilarak birinci grup +4°C’de, ikinci
grup +24°C’de 3 ay slreyle depolanmistir. Depolamanin
0., 30., 60. ve 90. gunlerinde hedeflenen analizler
yapiimistir. Calisma iki farkli Uretim yontemi, iki farkli
depolama sicakligi ve 4 farkh depolama sulresi olacak
sekilde tasarlanmistir. Her dretim iki tekerrGrll
yapilmistir.

Katik Kesi Orneklerinde Yapilan Analizler

Orneklerin  kuru madde tayini standart gravimetrik
yontemle, yag tayini Gerber yontemiyle, tuz tayini Mohr
yontemiyle, laktik asit cinsinden titrasyon asitligi
titrimetrik yéntemle belirlenmistir [13]. Orneklerin protein
analizi Kjeldahl yontemiyle gercgeklestiriimistir [14].
Orneklerinin pH degerleri Hanna marka pH metre
kullanilarak  élgiilmistir.  Olgim  yapmadan  énce
ornekler rendelenerek 1:1 oraninda sulandirilmigtir [13].
Suda ¢6zlndr azot oraninin belirlenmesi Bitikofer ve
ark. [15] tarafindan verilen ybntem esas alinarak
yapilmistir. Asitlik derecesi tayini (ADV), Salji ve Kroger
[16] ile Case ve ark. [17]'nin 6nerdigi metotla yapilmistir.
Orneklerin L*, a* ve b* degerleri CIE (International
Commission on lllumination) renk 6lgiim sistemine goére
Konica Minolta CR-400 (Osaka, Japonya) renk tayin
cihazi ile tespit edilmisti. Hem depolama oncesi ile
depolama sonrasi 6rnekler arasindaki renk degisimini ve
hem de depolama boyunca 6rneklerin renk degisimini
belirlemek amaciyla, depolamanin 0. glininde analiz
edilen oOrnekler dikkate alinarak, AE degerleri
hesaplanmistir.

AE=VAL? 4+ Aa? + Ab?

Streptococcus spp. sayimi M17 agar ve Lactobacillus
ssp. sayimi MRS agar kullanilarak yapilmistir [18].
Koliform grubu bakterilerin sayiminda VRBA kullanarak
Frank ve ark. [19] gbre; maya ve kif sayiminda YGC
Agar kullanilarak Halkman [20]a gb6re vyapilmistir.
Sonuglar log kob/g olarak kaydedilmigtir. Calismada
uretilen Orneklerin  duyusal analizlerinde Siralama
(Tercih) Testi kullaniimistir. Duyusal testler 90 gunlik
depolama suresi sonunda 12-14 Kkisilik yarn egitilmis
panelistler tarafindan gerceklestiriimistir. Panelistler
tarafindan ornekler; renk ve goriinis, yapi ve kivam,
lezzet ve genel begeni agisindan siralanmistir [21].

istatistiksel Analizler

Calismada Uretim yontemleri ve depolama sicakliklari
arasindaki fark t-testi ile analiz edilmistir. Depolama
suresi boyunca meydana gelen degismeler ise varyans
analizi ve Duncan coklu karsilastirma testi ile p<0.05
dizeyinde karsilagtinlmistir [22]. Istatistiksel analizler
SPPS Statistics 25.0 programi kullanilarak yapiimistir.
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BULGULAR ve TARTISMA
Kimyasal Ozellikler

Katik Kesi orneklerinin kuru madde, yag, protein, tuz,
asitlik ve pH o6zellikleri Tablo 1’de bir araya getirilmigtir.
Yogurdun suzilmesiyle uretilen (S) ve yogurdun isitilip
stzilmesiyle uretilen (I) Katik Kesi o6rneklerinin kuru
madde degerleri kurutma isleminden énce sirasiyla %41
ve %49 civarindayken, kurutma isleminden sonra %70
ve %73 civarina ¢ikmistir. Uretim ydntemi, Katik Kesi
Uretiminde son Urdndn kuru madde degeri Uzerinde
onemli bir fark olusturmustur (p<0.05). Bundan dolayi, |
orneklerinin kuru madde degeri S o&rneklerinin kuru
madde degerinden daha yiksek bulunmustur. Bu
durum, | 6rneklerinde i1sitmayla birlikte daha fazla su

kaybi ile agiklanabilir. Orneklerin 4°C ve 24°C'de
depolanmasi sonucu elde edilen kuru madde degerleri
birbirine yakin ¢ikmistir (p>0.05). Depolamanin basi ile
sonu arasindaki kuru madde degerindeki degisim, S 4°C
ornegi hari¢, dnemli ¢cikmamistir (p>0.05). Elde edilen
kuru madde degerleri Makarnallk Kes [11] ve
Kizartmalik Kes [23] icin elde edilen degerlerden
yuksekken; Akylz ve Gulimser [24] tarafindan bildirilen
kurut orneklerinin ortalama kuru madde degerinden
diguktur. Ancak Bolu ilinde geleneksel olarak uretilip
satilan Kes o&rneklerinin  kuru madde degerleriyle
benzerdir [1, 5]. Kuru maddedeki farklilik, tretimde
kullanilan sutin bilesimi, ilave edilen tuz miktar ve
kurutma suresine bagl olarak degismektedir.

Tablo 1. Farkl yontemlerle Uretilen ve farkli derecelerde depolanan Katik kesi 6rneklerinin kimyasal 6zelliklerinde

meydana gelen degismeler

Table 1. The changes in the chemical properties of Katik Kes samples produced by different methods and stored at

different temperatures

Ornekler Depolama Kimyasal Ozellikler (¥+SD)
.. Depolama tresi (Gl N Kuru madde N . .
Yéntem smgkllgl stiresi (Giin) % Yag (%) Protein (%) Tuz (%) Asitlik (%) pH
Ké’;gg;‘f‘ 2 4116+0051 17.75+£0.707 16.52+0.442 3.63£0.165 045+0.011  4.43+0.021
Siizme 4°C 0 2 70.02+0.042> 32.00+0707% 27.75+1.987° 585+0.000° 0.78+0.064° 4.410.0712
(S) 30 2 70.19+0.050 29.00+1.4142 2823 +1.138° 556+0.248% 0.75+0.0142 4.400.0212
60 2 70.90+0.396° 30.25+1.768% 28.14+0.3758 556+0.247¢8 0.71+0.000° 4.410.0712
90 2 69.38+0.035° 30.25+1.768% 28.08+1.640° 560+0.3542 0.75+0.0422 4.37£0.021°
Ortalama 8 70.1210.600Y 30.25%1.908" 28.05%1.091Y 564102292 0.75+0.042Z 4.40 £ 0.044Z
K(;‘r:g;“;f‘ 2 41.16+0051 17.75+£0.707 16.52+0.442 3.63+0.165 045+0.011  4.43 +0.021
Siizme 24°C 0 2 70.02+0.0422 32.00+0707°8 27.75+1.987° 5.85+0.000° 0.78+0.064° 4.410.0712
(S) 30 2 7023+0275° 29.50+0.707° 28.85%1.8958 6.14+0.255° 0.90+0.0712 4.4510.014
60 2 69.86+1.174% 30.00+0.000° 29.03+1.259° 6.55+0.495 0.85+0.0712 4.53 £ 0.064°
90 2 69.61+0.403% 30.75+1.768% 28.50+1.273° 6.53+0.460° 0.92+0.064° 4.50 £ 0.134°
Ortalama 8  69.930.540Y 30.56 % 1.266" 28.53%1.344Y 6.26%0.413" 0.86+ 0.077" 4.47 + 0.078Y
Kc;’r:gg;‘f" 2 4883+2578 17.13+0177 26.17+2.842 374+0331 03920029 4.54+0.028
sitma 0 2 7320+0.820%8 27.13+0.1778 37.45+1.039° 4.74+0.24758 0.54+0.014° 4.57 £0.028°
0 4°C 30 2 7414+06725 26.00%0.000% 36.40+2.213° 4.39+1.075° 0.57+0.0712 4.54 £ 0.028°
60 2 7297 +1683% 255020.707% 3570+1.9872 4.50+0.077%8 0.63+0.092° 4.36 % 0.092°
% 2 7214+0240° 2530+0.990° 36.04+2.333° 503+0.155 0.60 + 0.028° 6‘5‘57;
Ortalama 8  73.11£1.073Y 25982 0.888" 36.40+ 1.638" 4.67+0.4967 0.58 +0.057Z 4.48 £ 0.098Y
K(;‘r:g;“;f‘ 2 48.83+2578 17.13+0177 26.17+2.842 374+0331 039:0.029 4.54+0.028
| 0 2 7320+0.820° 27.13+0.17728 37.45+1.039° 4.74+0.247° 0.54+0.0142 4.57 £ 0.028°
sitma 24°C 4.56
0 30 2 7458+2567% 25.00+0.000 37.51+1.8958 585201632 1.01+0.1272 0,007
60 2 73.34+1697% 25.00+0.000° 37.52+0.629° 6.32+0.665° 0.94+0.0712 4.652 0.0642
90 2 72.75+2553% 25.00+0707° 37.59+0.014° 6.32+0.658% 0.99+0.3758 4.47 £ 0.007°
Ortalama 8  73.47+1.704Y 2553%1.022Y 37.52+0.853" 5.8020.784" 0.87 +0.255" 4.56 + 0.073Y
Stzme (9) 16 70.03 +0.560° 30.41+1573% 28.20+1208°% 509504577 0.80z0.083* 4.43%0.072°
Isitma (1) 16 73.29+1.388° 25.76+0.9538 36.95+1.387° 523+0.8658 0.73%0.231% 4.52 % 0.094%
4°C 16 71.62+ 1758~ 28.12+2632" 3222+4515F 51506275 0.67%0.0968 4.44 % 0.085°
24°C 16 7170 +2.196° 28.05+2.826° 33.02+4.764° 6.04+0.651% 0.86%0.182" 4.51  0.086%
0 8 71611756 2056*2635" 32.60%5316° 520%0.6115 0.66+0.130° 4.4  0.095~
30 8 72.28+2440° 27.38+21348 32.75:4.730° 548+0.83148 0.81+0.1878 4.49£0.072°
60 8 7177 +1.847A8 27.69%27128 32.60+4.457° 573+0.915% 0.78+0.140" 4.48£0.131A
90 8 7097+1957® 27.70+3.1138 32.55:4746° 5870718 0.81+0.2168 4.44+0.0737

abe: Ayni siitunda farkli kiiglik harf tasiyan ortalamalar birbirinden farkli (p<0.05), ayni harf tasiyanlar farksizdir (p>0.05); AB: Her bir faktor igin ayni
siitunda farkl blylk harf tagiyan ortalamalar birbirinden farkli (p<0.05), ayni harf tagiyanlar farksizdir (p>0.05). ¥Z: Her bir kimyasal 6zellikte stizme
yonteminde 4°C ile 24°C veya isitma ydnteminde 4°C ile 24°C’de ortalama degerleri igin; farkli blyik harf tagsiyan ortalamalar birbirinden farkli

(p<0.05), ayni harf tagiyanlar farksizdir (p>0.05).

Her iki yontemle Uretilen Katik kesi drneklerinin (S ve 1)
yag degerleri kurutmadan 6nce birbirine yakin ¢ikmistir.
Ancak hem kurutma 6ncesi 6rneklerde hem de kurutma
sonrasi Orneklerde, suzme yontemi ile elde edilen
orneklerin yag degeri daha yiksektir (p<0.05). Isitma
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yontemiyle elde edilen drneklerde yag oraninin dusuk
¢ikmasinin sebebi sizme esnasinda yag kaybi ile
aciklanabilir. Depolama sicakhdinin, orneklerde yag
orani uzerinde etkisi olmamistir (p>0.05). Depolama
suresi boyunca yag degerindeki degisim, S orneklerinde
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Onemsiz (p>0.05); | orneklerinde Onemlidir (p<0.05).
Elde edilen yag oranlari Cogkun ve ark. [9] ile Cakir ve
ark. [1] tarafindan tespit edilen ortalama yag
degerlerinden yuksektir. Kizartmalik Kes &rneklerinde
yaklasik %24 yag icerdigi bildiriimistir [23]. Coskun ve
ark. [5] tarafindan yapilan c¢alismada ise geleneksel
olarak Uretilip pazarlarda satilan 15 adet Katis Kesi
orneklerinden sadece bir tanesi %28 oraninda yag
icerigine sahip oldugu, digerlerin %1.5-12 arasinda
degistigi tespit edilmigti. Bu durum, Kes Uuretiminde
kullanilan hammaddenin yag icerigi ile iliskilidir.

Katik Kesi orneklerinin protein degerleri lzerinde Uretim

yonteminin etkisi 6nemli (p<0.05) bulunmustur. S
Orneklerinin  protein degerleri  kurutma ©ncesinde
%16.52, kurutma sonrasinda ortalama %28.29; |

orneklerinde ise protein degerleri kurutma o©ncesinde
%26.17, kurutma sonrasinda ortalama %36.95 olarak
belirlenmistir.  Zira santrifijleme sirasinda, isitilan
orneklerde serum ayriimasi daha ylksek oranda
gerceklesmistir, bu durum kuru madde degerlerinde de
g6zikmektedir. Hem depolama sicakligi hem de
depolama suresi, 6rneklerin protein oranlarinda bir
degisiklige neden olmamistir (p>0.05). S oOrneklerinin
protein degeri Kalender ve Glizeler [25] ve Yaman ve
Coskun [11] tarafindan bildirilen ortalama protein
degerlerine benzerdir. | drnekleri icin tespit edilen genel
ortalama protein degeri ise Cakir ve ark. [1] ve Coskun
ve ark. [5] tarafindan rapor edilen protein degerleri ile
uyumludur. Bu degerler, Tarakgi ve ark. [8] tarafindan
elde edilen protein degerlerinden dusuktir.

S drneklerinin genel ortalama tuz degerleri (%5.95), |
orneklerinkinden (%5.23) yuksek gikmistir. Aradaki fark
istatistiksel olarak 6nemli (p<0.05) bulunmustur. Hem S
ve hem de | 6rneklerinde, 24°C’de depolanan érneklerin
tuz degerleri daha yuksek ¢ikmistir (p<0.05). Depolama
boyunca, | 24°C 6rnegi hari¢, tuz degerlerinde pek bir
degisim olmamistir (p>0.05). Ancak 6rneklerin depolama
glnlerindeki genel ortalama degerine bakildiginda, O.
gline gore 90. glnde tuz miktarindaki artis 6nemli
(p<0.05) bulunmustur. Elde edilen tuz degerleri,
Kalender ve Gilzeler [25], Emirmustafaoglu ve Cogkun
[23] ve Kirdar ve ark. [26] tarafindan bildirilen tuz
degerlerinden yiksek, Tarakgl ve ark. [8] ve Coskun ve
ark. [5] tarafindan bildirilen tuz degerleri ile uyumludur.
Elde edilen veriler ile diger arastirmacilarin bulmus
oldugu degerlerin farkli olmasi, ilave edilen tuz
miktarina, Gretim yontemlerine ve Urlindn su-tuz tutma

kapasitesine bagli olarak degistigi disinulmektedir.

Katik Kesi orneklerinin asitlik degeri Uzerinde Uretim
yonteminin etkisi 6nemsiz (p>0.05) ¢ikmistir. S ve |
orneklerinin asitlik degerleri genel ortalamasi sirasiyla
%0.80 ve %0.73 olarak belirlenmistir. Hem S hem de |
orneklerinde 24°C’de depolanan o6rneklerin  asitlik
degerleri daha yuksektir (p<0.05). 4°C’de depolanan
orneklerinin asitlik degerleri genel ortalamasi %0.67;
24°C’de depolanan orneklerinin genel ortalama asitlik
degerleri ise %0.86 bulunmustur. Farkin 24°C’de
gelisebilen mikroorganizmalardan kaynaklandigi
disunidlmektedir. S ve | drneklerinin asitlik degerindeki
degisim depolama boyunca Onemsiz  (p>0.05)
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bulunmustur. Ancak oOrneklerin depolama gunlerindeki
genel ortalama asitlik degerlerindeki degisim &énemli
(p<0.05) bulunmustur. Elde edilen veriler Tarakgi ve ark.
[8] ve Coskun ve ark. [5] tarafindan elde edilen
degerlerden disik, Emirmustafaoglu ve Coskun [23]
tarafindan bildirilen degerlere benzerdir. Arastirmacilar,
sonuglarimiza benzer sekilde, asitlik degerini 30. giinde
arttigini ve depolama sonuna kadar énemli bir degisim
olmadigini bildirmigtir [23].

S orneklerinin ortalama pH degeri (4.43), | 6rneklerinden
(4.52) daha diisiiktiir. Orneklerin pH degerleri arasindaki
fark o6nemlidir (p<0.05). | 6rneklerinde pH degerinin
yuksek olmasi; proteinlerin tamponlama kapasitesi ile
iligkili olarak protein oraninin yiksek olmasindan ve
iIsitmanin  mikroorganizmalar Uzerindeki etkisinden
dolayr  mikroflora farkliigindan kaynakli  oldugu
disunllmektedir. Depolama sicakliginin ortalama pH
degerlerine etkisi | orneklerinde ©nemsiz (p>0.05)
bulunurken, S  drneklerinde  6nemli (p<0.05)
bulunmustur. 4 ve 24°C’de depolanan 6rneklerin genel
ortalama pH degeri sirasiyla 4.44 ve 4.51 olup, iki
depolama sicakligi arasindaki fark anlamhdir (p<0.05).
Orneklerin depolama siiresince genel ortalama pH
degerlerindeki degisim o6nemsiz (p>0.05) cikmistir.
Dervisoglu ve ark. [27], piyasadan satin alarak
inceledikleri Kes ornekleri pH degerlerinin 3.43-5.81
araliginda degistigini ve ortalama 4.75 oldugunu rapor
etmislerdir.  Elde edilen degerler, geleneksel olarak
Uretilip pazarlarda satllan 15 adet Katis Kesi
Orneklerinden sadece ki tanesinin pH degeriyle
benzerdir [5]. Hem bu c¢alismada hem de diger
calismalarda elde edilen pH degerleri cok daha duguktur
[8, 11, 23].

Biyokimyasal Ozellikler

Lipoliz, sut ve urinlerinde depolama boyunca yagda
meydana gelen parcalanmayi ifade eder [28]. S
orneklerinin (0.84 meq KOH/100 g yag) | 6rneklerine
(0.68 meq KOH/100 g yag) gore genel ortalama lipoliz
degeri daha yuksek cikmistir (Tablo 2). Bu durum, |
orneklerinde uygulanan isitma isleminin lipaz salgilayan
mikroorganizmalar ve ortamdaki serbest lipazlar Gzerine
inaktivasyon etkisinden kaynaklanmig olabilir [29]. Diger
yandan, érneklerin ADV degeri 24°C’de depolananlarda
daha yuksektir. Ancak hem Uretim yénteminin hem de
depolama sicakhginin lipoliz degeri Uzerindeki etkisi
istatistiksel olarak 6nemli bulunmamistir (p>0.05).
Orneklerin lipoliz degeri, depolama boyunca artis
gostermistir.  Orneklerin  depolama siiresince genel
ortalama ADV degerlerindeki degisim 6nemli (p<0.05)
cikmistir. Cakir ve ark. [1] Kes orneklerinde lipoliz
degerlerini (1.62-8.79 meq KOH/100 g yag) oldukga
yuksek bulmustur. Kizartmalk Kes 6rneklerinin lipoliz
degeri, depolama sirasinda 0.70-1.03 meq KOH/100 g
yag araliginda oldugu ve depolama boyunca arttigi
rapor edilmistir [23]. St ve sit UGrlnlerinde kabul
edilebilir bir esik degerine kadar lipoliz makul sayildigi
halde, asiri miktarlarda lipoliz gelisimi drlndn tat ve
aromasini olumsuz yonde etkilemektedir. Lipoliz gelisimi
ortamda bulunan starter ve starter olmayan
mikroorganizma varligina, lipaz varlidina, ortamin pH
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degerine ve depolama sicakhdina bagl olarak

degdisebilmektedir [28].

Tablo 2. Farkli yontemlerle uretilen ve farkh derecelerde depolanan Katik kesi 6rneklerinin biyokimyasal

Ozelliklerinde meydana gelen degismeler

Table 2. The changes in the biochemical properties of Katik Kes samples produced by different methods

and stored at different temperatures

Ornekler Depolama siiresi Biyokimyasal Ozellikleri (t+SD)
Yéntem Depolama (Glin) N Lipoliz (ADV) Suda ¢b6zlinen azot
sicakhgi (meq KOH/100 g yag) (%)

Kurutma oncesi 2 1.16 £ 0.105 0.03+0.012

Siizme 0 2 0.58 £ 0.0502 0.06 £ 0.0112
(S) 4°C 30 2 0.78 £ 0.2832 0.07 £ 0.0052
60 2 0.81 £ 0.0642 0.08 £ 0.0202

90 2 0.88 £0.8132 0.08 £ 0.0352

Ortalama 8 0.76 + 0.348" 0.07 £ 0.017%

Kurutma oncesi 2 1.16 £ 0.105 0.03+0.012

Siizme 0 2 0.58 + 0.050° 0.06 £ 0.0112
(S) 24°C 30 2 1.31 £ 0.2692 0.12 £ 0.0422
60 2 0.88 + 0.0502° 0.29 £ 0.1092

90 2 0.95 + 0.23320 0.31 £ 0.1652

Ortalama 8 0.93 £ 0.311Y 0.20 £ 0.137Y

Kurutma oncesi 2 0.58 £ 0.000 0.004 = 0.005

Isitma 0 2 0.49 £ 0.0922 0.06 £ 0.0162
() 4°C 30 2 0.67 £0.1272 0.07 £ 0.0052
60 2 0.69+0.1132 0.08 £ 0.0062

90 2 0.76 £ 0.0212 0.08 £ 0.0112

Ortalama 8 0.65 £ 0.130Y 0.07 £ 0.012%

Kurutma 6ncesi 2 0.58 + 0.000 0.004 +0.005

sitma 0 2 0.49 + 0.092° 0.06 + 0.016°
() 24°C 30 2 0.72 + 0.0992° 0.25 + 0.1382°
60 2 0.79 £ 0.0072 0.51 £ 0.0742

90 2 0.89 £ 0.1342 0.53 £0.1702

Ortalama 8 0.72 £0.173Y 0.34 £ 0.226Y

Slzme (S) 16 0.84 £ 0.3314 0.13 £0.1144
Isitma (1) 16 0.68 £ 0.1524 0.21 £ 0.207~
4°C 16 0.70 + 0.260 0.07 £ 0.0148

24°C 16 0.82 + 0.266% 0.27 + 0.1954

0 8 0.53 + 0.074 0.06 + 0.0108
30 8 0.87 +£0.3188 0.13 £ 0.09748

60 8 0.79 £ 0.0888 0.24 + 0.1994

90 8 0.87 £ 0.3328 0.25 £ 0.220*

abe: Ayni stitunda farkli kiigiik harf tagiyan ortalamalar birbirinden farkli (p<0.05), ayni harf tasiyanlar farksizdir (p>0.05);
AB: Her bir faktér igin ayni sttunda farkli blyiik harf tagiyan ortalamalar birbirinden farklh (p<0.05), ayni harf tagiyanlar
farksizdir (p>0.05). Y2 Her bir kimyasal 6zellikte sizme yonteminde 4°C ile 24°C veya isitma yénteminde 4°C ile
24°C’de ortalama degerleri igin; farkli biyik harf tasiyan ortalamalar birbirinden farkli (p<0.05), ayni harf tasiyanlar

farksizdir (p>0.05).

Proteoliz, proteinlerin parcalanma seviyesini
gOstermekte ve peynir gibi Urlinlerde depolama boyunca
artmaktadir. Proteinlerin pargalanmasi Uriinde tat ve
aromaya olumlu yonde etki etmektedir [28]. Suda
¢ozunen azot (WSN) olarak dlgulen proteoliz degerleri, |
orneklerinde (%0.21), S orneklerine (%0.13) goére daha
yiksek cikmistir (Tablo 2). Orneklerin genel ortalama
WSN degerleri Uzerinde Uretim yoOnteminin etkisi
Onemsiz (p>0.05) cikarken, depolama sicakligi ve
suresinin etkisi 6nemli (p<0.05) bulunmustur. S ve |
orneklerinin  24°C’de depolanmasi WSN degerini
arttirmistir.  Ayrica 24°C’de depolanan 6rneklerin
depolama boyunca WSN degerinde artis
g6zlemlenmistir. Artis, sadece 24°C’de depolanan |
ornekleri igin 6nemli (p<0.05) bulunmustur. Yapilan bir
c¢alismada, Kes orneklerinin WSN degeri %0.02-0.12
araliginda degismistir [1]. Bu calismada elde edilen
veriler, Emirmustafaoglu ve Coskun [23] tarafindan
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bildirilen degerlerden yiksekken, Yaman ve Coskun [11]
tarafindan elde edilen degerlere benzerdir.
Arastirmacilar kes orneklerinde depolama sicakhginin
artmasiyla WSN degerinin arttigini rapor etmislerdir [11].
Aydin [28], ortamdaki su miktari, depolama sicakligi,
ortamin pH’si, depolama siresi, 1sI uygulamasi gibi
faktorlerin WSN degerini etkileyebildigini bildirmistir.

Mikrobiyolojik Ozellikler

Katik Kesi orneklerinin mikrobiyolojik 6zellikleri Tablo
3'te bir araya getiriimistir. Orneklerde kurutma islemi
sonrasi su aktivitesinde azalma tespit edilmistir.
Orneklerin genel ortalama su aktivitesi degerlerine
uretim yontemi ile depolama sicakligi etkili olamazken
(p>0.05), depolama suresi etkili olmustur (p<0.05). Su
aktivitesi, mikroorganizmalarin  aktivitelerini devam
ettirebilmeleri agisindan 6nemlidir. Kes peynirinin veya
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diger adiyla kurutlarin su aktivitesi diger sut Grtnlerine
gore oldukga dustuktir. Coskun ve ark. [9], baslangicta
su aktivite degeri 0.96 olan O6rneklerin 20 gunlik
kurutma sonrasi su aktivite degerini 0.75 olarak
bulmuslardir. Elde edilen degerler, diger arastirmacilarin
belirledigi degerlerden dlglktir [11, 23, 26]. Geleneksel
olarak uretilen ve piyasan temin edilen Kes peynirlerinin
su aktivite degeri 0.67-0.90 arasinda degismektedir [1,
5].

Katik Kes o6rneklerinin Lactobacillus spp. sayisi Uzerinde
uretim yonteminin ve depolama sicakhdinin etkisi
onemsiz (p>0.05), depolama siresinin etkisi 6nemli
bulunmustur (p<0.05). Orneklerin Lactobacillus spp.
sayisindaki azalis depolama boyunca devam etmistir.
Uygulanan kurutma iglemi ve | érneklerinde uygulanan
Isitma islemi Lactobacillus spp. sayisinda azalmaya
sebep olmusgtur. Elde edilen sonugclar, Kirdar ve ark. [26]
tarafindan bildirilen laktobasil sayisindan duisuktir.
Piyasadan toplanan Kes o&rneklerinde yapilan
calismalarda laktobasil sayisi; Tarak¢i ve ark. [8]
tarafindan 3.61-5.34 log kob/g, Cakir ve ark. [1]

tarafindan 2.17-5.85 log kob/g ve Kirdar [10] tarafindan
5.20-8.93 log kob/g olarak bulunmustur.

Orneklerin Streptococcus spp. sayisi (izerinde Uretim
yontemi, depolama sicakhgi ve depolama suresinin etkili
oldugu (p<0.05) belirlenmistir. Streptococcus spp. sayisi
hem kurutmadan énce hem de kurutmadan sonra |
Orneklerinde daha dusuk ¢ikmistir. Bu durum, isitmanin
etkisiyle iligkilidir. Streptococcus spp. genel ortalama
sayisl, 24°C’de depolanan orneklere goére, 4°C’de
depolanan orneklerde yaklasik 2 log birim daha fazladir.
Hem S o6rneklerinde hem de genel ortalama degerleri
acisindan depolamanin 30. glnindeki azalig 6nemlidir
(p<0.05). Elde edilen sonuglar, Kirdar ve ark. [26]
tarafindan bildirilen streptokok sayisindan disuktir.
Geleneksek olarak duretilip satilan Kes o6rneklerinde
Streptococcus spp. sayisi; Coskun ve ark. [9] tarafindan
5.25 log kob/g olarak bulunurken, Cakir ve ark. [1]
tarafindan 2.39-5.20 log kob/g, Kirdar [10] tarafindan ise
4.38-8.78 log kob/g arasinda belirlenmistir.

Tablo 3. Farkl yontemlerle Uretilen ve farkh derecelerde depolanan Katik kesi érneklerinin mikrobiyolojik 6zelliklerinde

meydana gelen degismeler

Table 3. The changes in the microbiological properties of Katik Kes samples produced by different methods and

stored at different temperatures

Ornekler besol Mikrobiyolojik Ozellikler (£+SD)
epolama p
.. Depolama  siiresi (Giin) Su aktivitesi Lactobacllus  Streptococcus Maya sayisi Kuf sayisi Koliform sayisi
Yontem o kg (aw) SPp. SPp- (log kob/g) (log kob/g) (log kob/g)
(log kob/g) (log kob/g)
K;‘r:gggla 2 092:+0.000 4.84+0980 8.02:0242 624+0175 4.00+2828  2.67 1937
Siizme . 0 2 0.81+0.002® 298+0.460° 7.79+0.0508 5.11+0.7222 1.59+2.249%  1.60+2.2632
(S) 4°C 30 2 0.82£0.005° 2.95%0.495% 7.03+0.014° 51102992 3.50+0.283%  0.00 + 0.0007
60 2 0.79+0.001° 1.69%0.550° 6.66+0.260° 4.93+0.033 2.69+0.1272  0.00 + 0.0007
90 2 0.81£0.001° 1.32:0.163° 6.75+0.071° 4.84+0.1102 2.70+2.6872  0.00 + 0.0007
Ortalama 8 0.81£0.011Y 2.23:0.861Y 7.06:0487' 500%0.325" 262+1.515" 0.40+1.131
K;:Eg;a 2 0920000 4.84+0980 8.02+0242 624+0175 4.00+2.828  2.671.937
Siizme . 0 2 0.81£0.002° 298+0.4602 7.79+0.050° 5.11+07222 159+2.249%  1.60 +2.263°
(S) 24°C 30 2 0.82£0.002° 222+0262% 165+2.333° 330+0707° 2.06+1.7822  0.00 + 0.000°
60 2 0.75+0.001° 1.88+0.566% 224+1.047° 210+0.071 210+1.273  0.00 + 0.0002
90 2 0.81£0.0012 115:+0213° 224+1.047° 335+0.636 2.05+0.4958  0.00 + 0.000°
Ortalama 8 0.80+0.031Y 2.06%0.764Y 3.40+2.9072 3.47+1.2352 195+1.222" 0.40+1.131
K;:Eg;a 2 091+0.008 1.15£1.626 4.12+£0598  624+0.175 0.00£0.000°  0.00 % 0.000
Isitma 4G 0 2 0.82£0.030° 3.34:0.007% 3.05+0.000° 568+0.000° 0.00+0.000°  0.00z 0.000
) 30 2 0.83£0.005° 2.94%0.000° 290+1.0618 562+0.2912 0.76+1.0682  0.00 % 0.000
60 2 0.80£0.001° 1.80+0.281° 249+1.3938 500+0.168° 1.65+2.3332  0.00 % 0.000
90 2 0.79%0.009° 294+0.156% 324+0.463% 502+0.3612 1.67£0.2622  0.00 % 0.000
Ortalama 8 0.81+0.020Y 2.75%0.625" 2.91%0.746" 5.33%0.390 1.89%1.446"  0.00  0.000
K;‘r:gg:la 2 0910008 1.15%1.626 4.12+0598 624+0.175 1.30£0.920  0.00 % 0.000
Isitma . 0 2 0.82£0.030° 3.34:0.007% 3.05+0.000° 568+0.000° 3.50+0.000°  0.00 +0.0007
) 24°C 30 2 0.82£0.005° 1.59%0.156° 3.14+0.7678 51720.727% 230+0.424%  0.60 + 0.8497
60 2 0.75£0.002° 1.54:0.337° 238+0.050° 4.46+0.095° 250+1.697¢  0.15+0.0712
90 2 0.80£0.004° 098%0.523° 210+0.1342 327+0.016° 215+1.3512  0.05+0.0712
Ortalama 8 0.80+0.031Y 1.86+0.976¢7 2.66%0.558" 4.64+1.006" 2.61%1.008"  0.20 +0.411Y
(SS“)Z'“e 16 0.80£0.023* 214+0.792° 523+2762° 423+1.1788 229+1.374~  0.40 £ 1.0937
Isitma (1) 16 0.80+0.026° 2.31+0.916A 279+0.6508 4.99+0.818° 2.25+1.260° 0.10+0.300°
4°C 16 0.81+0.016F 249+0.775° 4.99+2222" 517+0.387A 226+ 14795  0.20 + 0.8007
24°C 16 0.80+0.030° 1.96+0.853% 3.03+2.0568 4.06+1.2478 2.28+1.135°  0.30 + 0.8297
0 8 082:0.016~ 3.16%0312"F 542+2534~ 540% 0491~ 25515772 0.80 1.481A
30 8 0.82+0.007A 242+06448 3.68+2380°8 4.80+1.036° 215+1.319A  0.15% 0.424A
60 8 0.77+0.025° 1.73+0.368C 3.44+20988 41212718 224+ 1.267A 0.04 + 0.074
90 8 0.80+0.0108 1.60+0.870C 350+2.1148 4.12+0.9148 214+1.2222  0.01+ 0.035°

abe: Ayni stitunda farkli kiiglik harf tagiyan ortalamalar birbirinden farkli (p<0.05), ayni harf tagiyanlar farksizdir (p>0.05); ~B: Her bir
faktor igin ayni sttunda farkh biyik harf tagiyan ortalamalar birbirinden farkli (p<0.05), ayni harf tasiyanlar farksizdir (p>0.05). Y%
Her bir kimyasal 6zellikte sizme yonteminde 4°C ile 24°C veya isitma yonteminde 4°C ile 24°C’de ortalama degerleri icin; farkli
blyuk harf tagiyan ortalamalar birbirinden farkli (p<0.05), ayni harf tasiyanlar farksizdir (p>0.05).
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Orneklerin maya sayisi (zerinde Uretim yontemi,
depolama sicakhgi ve depolama suresinin etkili oldugu
(p<0.05) belirlenmigtir. Maya sayilari | o6rneklerinde
genel ortalama olarak 4.99 log kob/g iken, S
orneklerinde 4.23 log kob/g olarak belirlenmistir. Maya
sayisi, 24°C’de depolanan o&rneklerde, 4°C’'de
depolanan érneklere gore yaklasik 1 log birim dusuktar.

S ve | Orneklerindeki depolama boyunca maya
sayisindaki degisim, 4°C’de depolanan 0rneklerde
onemli (p>0.05) bulunmazken; 24°C’de depolanan

orneklerde 6nemli (p<0.05) bulunmustur. Depolama
boyunca maya sayisinda dists oldugu belirlenmistir.
Ancak Kirdar ve ark. [26], maya sayisinda depolamanin
60. glnune kadar artig, 90. gininde ise azals tespit
etmis ve depolama sirasinda 5.47-7.20 log kob/g
arasinda tespit etmislerdir.

Genel ortalama kif sayilari dikkate alindiginda, Katik
Kesi orneklerinde yaklasik olarak 2.3 log kob/g kuf
sayisi belilenmistir. Kuf sayisini, Uretim ydntemi,
depolama sicakhgi ve depolama suresi etkilememistir.
Yapilan bir galismada kif sayisi 4.76-5.65 log kob/g
arasinda belirlenmis ve depolama boyunca arttigi rapor
edilmigtir [26]. Benzer sonug Emirmustafaoglu ve
Coskun [23] tarafindan yapilan galismada da bulunmus
ve depolama sonunda 5.92 log kob/g degerine
ulagsmistir. Piyasadan toplanan Kes 6rneklerinde yapilan
calismalarda toplam maya-kuf sayisi; Tarakg¢i ve ark. [8]
tarafindan 3.28-5.38 log kob/g, Cakir ve ark. [1]
tarafindan 1.69-6.86 log kob/g ve Kirdar [10] tarafindan
2-9 log kob/g olarak bulunmustur.

Bu calismada, uretim ydntemi, depolama sicakhgi ve
depolama siresinin koliform sayisini énemli dizeyde
(p>0.05) etkilemedigi saptanmigtir. S 06rneklerinde
koliform bakteri grubu, kurutma Oncesi ve depolama
basinda tespit edilirken, depolamanin diger glnlerinde
tespit edilmemistir. | 6rneklerinde ise kurutma 6ncesi ve
depolama basinda koliform grubu bakteri tespit
edilmemistir.  Ustelik depolamanin sonunda tim
orneklerde koliform sayisi sifir ya da sifira yakindir.
Kesin kurutulmasindan dolayr su aktivitesinin dusuk
olmasi, Grindn asidik olmasi ve ayrica | 6rneklerinin
isitilarak Uretilmis olmasi, koliform sayilarinin sifir veya
sifira yakin g¢ikmasinda etkili oldugu dusuniimektedir.
Kirdar [10] tarafindan koliform sayisi 2.00-5.53 log kob/g
arasinda tespit edilirken, diger bir ¢alismada hicbir
ornekte koliform grubu bakteriye rastlanilmamistir [1].
Emirmustafaoglu ve Coskun [23] da yaptiklari galismada
koliform grubu bakteri tespit etmemiglerdir.

Renk Ozellikleri

Katik Kesi orneklerinin ic ve dis yluzey L*, a* ve b*
degerleri Tablo 4’'te bir araya getirilmistir. Katik Kesi
orneklerinde kurutma islemi sonrasi L* (beyazlik)
degerlerinde azalis belirlenirken, a* degerinde negatif
(yesil) ydonde b* degerinde ise pozitif (sari) yonde artis
tespit edilmistir.

S Orneklerinin ortalama L* degerleri (89.25), |
orneklerine (85.08) gore daha yliksektir ve aradaki fark
onemlidir (p<0.05). Benzer durum, kurutma oOncesi
alinan orneklerde de ortaya cikmistir. Bu fark, i1sitma
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islemi uygulanan (l) Orneklerde, isitmanin etkisiyle
yogurtta meydana gelen degisimden kaynaklanmis
olabilir. Ayrica her iki yontemle uretilen érneklerde (S ve
1) 24°C’de depolananlar daha diglik L* de@erine sahip
olmuslardir. Depolama sicakligi, S érneklerinde ve genel
ortalama dis ylzey L* degeri (zerinde etkili olmustur
(p<0.05). Dis yizey L* degerlerindeki degisim,
depolama boyunca sadece | 24°C o&rneklerinde
istatistiksel olarak onemli (p<0.05) bulunmustur. Bu
sonuglar neticesinde, Katik Kesi Orneklerinde L*
degerleri kurutma, 1sitma ve vyuksek derecelerde
depolamadan etkilendigi soylenebilir. Makarnalik Kes
orneklerinde L* degerlerinin depolama boyunca azaldigi
rapor edilmistir [11]. Elde edilen degerler, Kizartmalik
Kes [23] orneklerinde elde edilen degerlerden dusuk;
Makarnalik Kes [11] 6rneklerinde elde edilen degerlere
benzerdir.

Genel ortalama dig ylizey a* de@eri S 6rneklerinde -2.88
iken, | 6rneklerinde -2.02 olarak bulunmustur. Ancak her
iki genel ortalama degerleri arasinda istatistiksel olarak
fark saptanmamistir (p>0.05). Her iki Gretim yonteminde
4°C’de depolanan orneklerin a* degeri negatif yonde
daha yiiksek (daha yesil) cikmistir. Hem S 6rneklerinde
hem de genel ortalama degerleri agisindan farkh
depolama sicakliklarinda saklamanin a* degerlerine
etkisi 6nemli (p<0.05) bulunmustur. Depolama boyunca
a* degerinde negatif ydnde azalma olmus ve degisim
tim 6rneklerde 6nemli (p<0.05) ¢cikmistir. Benzer sonug

Emirmustafaoglu ve Coskun [23] tarafindan da
kaydedilmigtir.

| Orneklerinin genel ortalama b* degerleri S
ornegininkinden yiksek olsa da aralarindaki fark

Onemsizdir (p>0.05). Ancak her iki 6rnekte 24°C’de
depolama iglemi b* dis ylzey degerlerini artirmistir
(p<0.05). Genel ortalama dis yilizey b* degeri; 4°C’de
depolanan Orneklerde 20.52 seklinde belirlenirken,
24°C’de depolanan o6rneklerde 25.81 bulunmustur.
Depolama siresi de b* dis yiizey degerleri Gzerinde
etkili olmustur (p<0.05). Bu calismada belirlenen b*
degerleri, diger  calismalarda kaydedilen b*
degerlerinden yuksektir [11, 23].

| orneklerinin genel ortalama i¢c ylzey L* degerleri
(83.96) S orneklerininkinden (89.16) daha dislik ve
aradaki fark énemli (p<0.05) bulunmustur. Ancak her iki
Ornekte de depolama sicakliklari arasinda fark
olusmamistir (p>0.05). Depolama boyunca meydana
gelen degisim, | 24°C hari¢ diger o6rneklerde 6nemsiz
(p>0.05) bulunmustur. Genel ortalama i¢ ylzey L*
degerleri  dikkate alindiginda; depolamanin  30.
glndndeki dusis 6nemliyken (p<0.05), 30. gin ile 90.
gun arasindaki degisim 6nemsiz (p>0.05) bulunmustur.
Elde edilen i¢ ylzey L* degerleri, Ozcan ve Coskun [12]
tarafindan Katik Kesi igin rapor edilen i¢ yuzey L*
degerinden (82.40) yiksek; Emirmustafaoglu ve Coskun
[23] tarafindan belirlenen Kizartmalik Kes igin belirlenen
degerlerden dusuktar.

Genel ortalama i¢ yluzey a* degerleri; S ornekleri |
orneklerine gore, 4°C’de depolanan o6rnekler 24°C’de
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depolanan Orneklere gore negatif ydonde daha ylksek
(daha yesil) bulunmustur. Aradaki farklar istatistiksel
olarak 6énemli (p<0.05) ¢cikmistir. Ancak depolama siresi
| 6rneklerinde 6nemsiz (p>0.05), S drneklerinde dnemili
(p>0.05) bulunmustur. Depolamanin basina gore

depolama sonundaki degisim S-24°C 06rneginde ve
genel ortalamada 6nemli bulunmustur. Calismadan elde
edilen degerler, Emirmustafaoglu ve Coskun [23]
tarafindan rapor edilen degerlerden negatif yonde daha
yuksektir.

Tablo 4. Farkli yontemlerle Uretilen ve farkli derecelerde depolanan Katik kesi 6rneklerinin renk &zelliklerinde

meydana gelen degigsmeler

Table 4. The changes in the color properties of Katik Kes samples produced by different methods and stored at

different temperatures

. Depolama _
Ornekler suresi Renk Ozellikleri ({+SD)
(Giin)
Yé Depolama N L* a* b* L* a* b*
ontem - . . . —_ _ —
sicakhg Dis yuzey Dis yuzey Dis yuzey I¢ ylzey I¢ ylzey I¢ ylzey
Ké’;gg;‘f‘ 2 95.82+0.049 -295+0019 13.85+0.301 95.11+0.316 -3.27+0074 7.83%9.857
Siizme o0 0 2 90.76+0.629° -4.22+0.262° 21.49+1.344° 91.01+27222 -3.75+0.1272 19.55 + 0.7422
(S) 30 2 90.21+0.226° -3.22+0.1062 17.55+0.120 85.38+3.9322 -3.62+0.0142 19.01 + 0.636°
60 2 89.79+1.393% -3.70+0.092% 19.23 +0.354® 87.83+0.226° -3.75+0.0712 19.37 + 0.0922
90 2 91.12+0580° -3.13+0.5802 18.65+ 1.3720 89.50+1.7892 -3.63+0.0572 19.97 + 0.460°
Ortalama 8 90.47 £0.829" -3.56% 05252 19.23 + 1.7072 88.45%2.961Y -3.69% 0.089¢ 19.47 + 0.551Y
K(;‘r:g;“;f‘ 2 95.82+0.049 -295+0019 13.85+0.301 95.11+0.316 -3.27+0.074 7.83%9.857
Sizme o400 0 2 90.76+0.629° -4.22+0.262° 21.49+1.3442 91.01+27222 -3.75+0.127° 19.55 +0.7422
(S) 30 2 87.91+0636° -2.00%0.3042 2541+ 15422 89.94+1.195% -3.30 £ 0.368 19.58 + 1.4142
60 2 86.51+0.248° -1.36+0.460° 30.91+2.496° 88.89+1.4502 -2.93+0.007%® 18.97 + 0.5022
90 2 86.97+4.101° -1.16+0.9972 24.72+9.051° 89.67 +0.1132 -2.54+0.0212 19.69 + 0.099°
Ortalama 8 88.04 +2.374Z2 -2.20+1.369" 25.63+5.127' 89.87 +1.491Y -3.13%0.503" 19.45 + 0.702Y
Kc;’r:gg;‘f" 2 937541209 -270+0.377 14.64+0.293 93.04+1.055 -3.03+0.645 16.96+0.217
Isitma .~ 0 2 86.69+2885 -4.31%0240° 2523 +2418° 86.34+1.874% -3.17+0.686% 19.38 + 0.078°
) 30 2 87.44+1881° -247+0.813% 20.35+1.124> 84.39+25392 -3.35%0.573% 21.81+1.174°
60 2 85.35%1.075 -2.84+0.905% 2226+ 0.658%® 83.29+0.990° -3.15%1.1312 20.11 + 1.9872
90 2 84.74+1032° -1.38+0.870° 19.43+1.909" 82.28+1.3512 -2.52+0.283% 19.58 + 0.099°
Ortalama 8 86.06 + 1.820Y -2.75+1.260Y 21.82 +2.689%7 84.07 + 2.100Y -3.05 0.648" 20.22 + 1.345Y
Kc;’r:gg;‘f" 2 937541209 -270+0.377 14.64+0293 93.04+1.055 -3.03+0.645 16.96+0.217
Isitma o400 0 2  86.69+2885 -4.31%0240° 2523+2.418® 8634+ 1.8742 -3.17+0.6862 19.38 +0.078°
0 30 2 85.01+0.156% -1.00+1.0402 26.28 + 1.414% 84.69 + 1.966% -2.82+1.1742 19.65 + 2.539°
60 2 80.91+00997° 0.56+1.6972 30.80 +1.718% 80.36+ 0.509° -2.24 +0.3042 20.73 + 2.0372
90 2 83.83+1.591% -040+0.6792 21.68 +3.8820 84.03+1.973% -1.89+0.3392 20.80 + 0.085
Ortalama 8 84.11+2.605" -1.29%2.115¥ 26.00 + 3.975" 83.85+ 2.665" -2.53%0.758" 20.14 + 1.406Y
(SS“)Z'“e 16 89.25+2128% -2.88+1.224° 2243 +4.956% 89.16 +2.381A -3.41+0.4538 19.46 % 0.610~
Isitma (1) 16 85.08+2.3928 -2.02%1.844% 23.91+3.925° 83.96+2.3218 -2.79+0.732° 20.18 % 1.330%
4°C 16 88.26+ 2.657 -3.16 1.024% 20.52  2.5538 86.26 + 3.356” -3.37 + 0.5578 19.84 % 1.065"
24°C 16 86.07 + 31488 -1.74+ 1785 25.81+4.436" 86.86 + 3.744* -2.83+0.695° 19.79 % 1.131A
0 8 88.72+2.686F -4.26+0.1978 23.36 + 2.487"8 88.67 £ 3.058* -3.46 £ 0.487% 19.46 + 0.4097
30 8 87.64:2.114°8 .219+0.998% 22.40 + 3.955"8 86.10 % 3.1058 -3.27 + 0.5988 20.01 + 1.662~
60 8 85.64+3.485C -1.83+1.882% 2580 +5647° 8500 3.7508 -2.64 + 0.6908 19.79 + 1.312A
90 8  86.66 + 3.4685C -1.52+ 12288 21.12+4.5828 86.39+3.7018 -2.79+0.732% 20.01 £ 0.543A

abe: Ayni sttunda farkli kiiguk harf tagiyan ortalamalar birbirinden farkli (p<0.05), ayni harf tagiyanlar farksizdir (p>0.05); AB: Her bir faktor igin
ayni sGtunda farkl blyik harf tagiyan ortalamalar birbirinden farkli (p<0.05), ayni harf tasiyanlar farksizdir (p>0.05). ¥': Her bir kimyasal 6zellikte
stizme yénteminde 4°C ile 24°C veya Isitma yonteminde 4°C ile 24°C’de ortalama degerleri icin; farkh buylk harf tasiyan ortalamalar birbirinden

farkli (p<0.05), ayni harf tasiyanlar farksizdir (p>0.05).

Tablo 4'ten Orneklerin i¢ ylzey b* degerleri
incelendiginde; | Orneklerinin b* degeri daha ylksek
¢ikmis, ancak fark istatistiksel olarak 6nemli (p>0.05)

degildir. Diger yandan S ve | o6rneklerinin farkh
derecelerde depolanmasi i¢ ylzey b* degerlerini
etkilememistir  (p>0.05). Benzer sekilde depolama

boyunca tim érneklerde i¢ ylizey b* degerlerinde 6nemli
bir degisim meydana gelmemistir (p>0.05). Kurutma
Ooncesinde S ve | oOrneklerinin b* degerlerindeki fark
kurutma sonrasinda ortadan kaybolmus ve benzer
sonuglar kaydedilmistir. Netice olarak sdylenebilir ki,
orneklerin i¢ ylzey b* degerleri kurutma isleminden
etkilenmis, ancak yontem farklilig1 ve depolama sicakligi
ile siresinden etkilenmemistir. Calismadan elde edilen
ic ylzey b* degerleri, Emirmustafaoglu ve Coskun [23]
tarafindan bildirilen i¢ ylizey b* degerlerinden (12.09)
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yiiksekken, Ozcan ve Coskun [12] tarafindan yapilan
calismadaki sonuglarla benzerdir.

Depolama boyunca elde edilen renk degerleri dikkate
alinarak Orneklerin  AE degerleri hesaplanmistir.
Kurutma 6ncesi ile kurutma sonrasi 6rneklerin dis ve i¢
yuzey renk degerleri arasindaki AE degeri sirasiyla
stzme yonteminde 9.3 ve 12.4; isitma yonteminde 12.8
ve 7.1 olarak belirlenmigtir. Katik Kesi 6rneklerinin
depolama boyunca dis ylzey rengi 2.5-10.7; i¢ ylzey
rengi ise 1.2-6.2 arasinda degismistir. Orneklerin dig
yluzey rengi agisindan en fazla AE degeri 24°C'de
depolanan | ve S drneklerinde belirlenmistir. AE degeri
3'ten buylkse farkin goézle rahatlkla ayirt edilebildigi,
1.5-3 arasindaysa belirgin bir farkhilik oldugu, 1.5’tan
kigukse farkin az oldugu rapor edilmistir [30].
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Duyusal Ozellikler

Duyusal analizlerde panelistlere renk ve gorlinus, yapi
ve kivam, lezzet ve genel begeni kategorisinde Siralama
(Tercih) Testi uygulanmigtir. Duyusal analize katilan
panelistlerin buyuk c¢ogunlugu tim kategorilerde S
Orneklerini daha cok begenmiglerdir. Benzer sekilde
4°C’de depolanan o6rnekler daha ¢ok tercih edilmistir.
Panelistler tarafindan tim kategorilerde en ¢ok tercih
orani sirasiyla, S 4°C 6rnegi, S 24°C 0rnegi, | 4°C
ornegi ve | 24°C 6rnegi seklinde olmustur. | 24°C 6rnegi,
panelistler tarafindan lezzet ve genel begeni
kategorisinde hig tercih edilmemigtir.

SONUG

Kes veya kurut, iki farkli geleneksel yodntemle
uretiimektedir. Bu c¢alismada dikkate alinan; birinci
geleneksel yontemde (S) uretim basamaklari yogurdun
suzulmesi, tuzlanmasi, sekil verilmesi ve kurutulmasi
seklindedir (S). Ikinci geleneksel ydntemde (l) ise
yodurdun yayiklanmasi sonrasi geriye kalan ayranin
isitilip  ¢oktlrilmesi, sizlilmesi, tuzlanmasi, sekil
verilmesi ve kurutulmasi seklindedir. Yapilan literatar
incelemesinde,  yogurdu  slUzerek  veya Isitip
¢okturdukten sonra suzerek kurutulmasi ve ortaya gikan
Urtnlerin kargilastirmasina yonelik calismaya
rastlanmamigtir. Bu c¢alismada, geleneksel yontemler
dikkate alinarak Katik Kesi Uretiminde iki farkli yontem
arasindan en uygun ybdntemin belirlenmesine
calisiimistir. Her iki yontemle Uretilen 6rnekler 4°C ve
24°C olmak Uzere 2 farkh depolama sicakliginda 90 gin
muhafaza edilmistir. Calismadan elde edilen veriler
Katik Kesinin isletme dlzeyinde (Uretilebilmesi
bakimindan dnemli bilgiler sunmaktadir. Tim elde edilen
veriler topluca degerlendirildiginde yogurdun suzilmesi,
tuzlanmasi ve ardindan kurutulmasi (S ydntemi) ile
uretilen ve 4°C’de depolanan (S 4°C) oOrnekler Katik
Kesi Uretimi icin en uygun uretim ve depolama yontemi
olarak ortaya ¢ikmigtir. Katik Kesi Uretiminin halihazirda
geleneksel dizeyde kalmasi ve tam manasiyla genis
kitlelere aktarilamamasi dolayisiyla Ozellikle Uretim ve
pazarlama konulari Uzerine daha fazla c¢alisma
yapilmasina ihtiyag vardir.
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rules above will not be considered for evaluation.
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hakemli bir dergidir. Dergi U¢ ayda bir Sidas Medya Ltd.
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yayinlanmaktadir. Derginin genel bilimsel kalitesini
iyilestirmek igin yayinci tarafindan asagdidaki yonergeler
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Yayin Politikasi

Akademik Gida dergisine gonderilen tim makaleler
Dergi Editérleri icin Davranis Kurallari ve En lyi
Uygulama Kilavuzlari ve Dergi Yayincilari igin Davranis
Kurallarinda (Code of Conduct and Best Practice
Guidelines for Journal Editors and Code of Conduct for
Journal Publishers) belirtilen Genel Kilavuzlara uygun
olarak degerlendiriimektedir. Bilimsel yazilar dergiye
gonderiimeden o6nce derginin  Yazim Kurallarinin
okunmasini 6nemle tavsiye ederiz. Yazarlar ayni
zamanda Avrupa Bilim Editorleri Birligi'nin (EASE)
(European Association of Science Editors) Ingilizce
olarak basilacak makaleler igin “Bilimsel Makalelerin
Yazarlari ve Cevirmenleri igin Rehber’e uymalidir.
Yazarlar, insan veya hayvan verilerini iceren
arastirmalari igin Uluslararasi Tip Dergisi Editorleri
Komitesinin (International Committee of Medical Journal
Editors) dnerilerini takip etmelidir.

Makalelerin Degerlendirilmesi

Dergiye gonderilen tim makaleler, bilimsel igeriklerinin
0zglnlugu ve kalitesi Olgutlerine gore degerlendirilir.

Dergiye gonderilen tim yazilar, ilk olarak yayin
ofisindeki (teknik ve genel kalite degerlendiriimesi
acisindan) eleme isleminden geger ve ardindan
teknik ve bilimsel editorler tarafindan degerlendirilir.
ilk degerlendirmeden sonra, editérler (i) dergi
kapsami disinda kalan bir konu hakkinda
hazirlanmis  makaleleri (i) teknik  olarak
eksik/yetersiz makaleleri, (i) kismi ve marjinal artan
sonuglari iceren makaleleri veya ( iv) kotl yazilmis
makaleleri reddetme hakkina sahiptir.

ilk inceleme  sonucunda makalenin ileri
degerlendirme igin uygun olduguna karar verilirse,
dergide yayimlanmak Uzere kaliteli makalelerin
secimini yapmak amaciyla, makaleler gift-korll
(hakemin ve yazar/yazarlarin birbirlerini
gormedikleri) degerlendirme sistemi ile en az iki
bagimsiz hakemden olusan bir degerlendirme
surecinde bilimsel incelemeye alinir.

Hakemler tarafindan talep edilirse, makalenin
hakem gorusleri dogrultusunda yazarlar tarafindan
revize edilmis versiyonu orijinal hakemler tarafindan
tekrar degerlendirilir. Degerlendirmelerin ardindan
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editorler hakem Onerileri dogrultusunda makale
hakkindaki nihai kararlarini verirler. Gerekirse
editorler, hakemlerin istedikleri tim sartlarin yerine
getirilmesi igin yazarlardan ilave revizyon isteyebilir.
Kabul edilen makalelerin son versiyonu, yayin
oncesi taslagin (galley proof) hazirlanmasi igin
teknik editorlere gonderilir. Yazarlardan,
makalelerinin dizgisi hazirlanmig taslaklarini son
kontrol i¢in yayin dncesinde incelemeleri istenir.
Tim makaleler, nihai formlarinda DOI numarasi
almis ve cevrimici olarak pdf dosyalari halinde
yayimlanir. ligili veritabanlarinda bu sekilde
indekslenir.

Gizlilik

Editorler, Akademik Gida'ya gonderilen tim makaleleri
tam bir gizlilikle ele alr. Editérler, hakemler haricinde,

COPE tavsiyelerine uyulmadidi takdirde, Uglncu
sahislara makale ile ilgili higbir bilgi vermezler.
Yayinlanmak Uzere dergiye gonderilen makaleler

hakemler icin de gizlidir ve bilimsel degerlendirme igin
aldiklari makalelerin herhangi bir boliminid Gglncl
sahislarla paylagsmalarina veya dagitmalarina izin
verilmez. Suiistimal suphesi oldugunda, hakemlerin
derhal gizli bir sekilde yayin ofisine bagvurmalari nerilir.
Hakemler ayrica, Dergi Editorleri Igin Davranis Kurallari
ve En lyi Uygulama Kurallar ile Dergi Yayincilari igin
Davranis Kurallar'ni (Code of Conduct and Best
Practice Guidelines for Journal Editors and Code of
Conduct for Journal Publishers) takip ederek editore
gizli yorumlarinda belirli bir eylem Onerebilirler.

Akademik Gida, ¢ift-kér bir hakem inceleme sureci
yuratdr, yani calismanin elestirel degerlendirmesini
saglamak i¢in hakemlerin isimleri gizlidir. Hakemlerden,
raporlarinda adlarini veya irtibat bilgilerini
aciklamamalari istenir. Hakem raporlari yazarlara
gonderilemeden énce bu agidan kontrol edilir.

Yazarlik

Bir yazar, bir arastirmanin fikrine veya tasarimina,
verilerin elde edilmesine, verilerin analizine veya
yorumlanmasina blyluk Olgiide katkida bulunan,
makalenin hazirlanmasinda, yazilmasinda veya gézden
geciriimesinde entelektiel igcerige elestirel katki yapan
bireydir. Katkida bulunanlar diger kisiler makalenin
Tesekkir boliminde belirtiimelidir ve galismanin yazari
olarak kabul edilemez. Tim yazarlarin dogru ve tam
isimleri ile ORCID kimlikleri dergiye gonderilen
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makalenin bagslik sayfasinda yer almalidir. Yazarlarin
isimlerinin yaninda calistiklar kurumlar ve
yazigsmalardan sorumlu yazarin gegerli bir adresi
verilmelidir. Yazismalardan sorumlu yazarin telefon ve

faks numaralari ile e-posta adresi makalenin ilk
sayfasinda belirtiimelidir. Tdm yazarlar, goénderilen
makalenin  daha 6nce herhangi bir yerde

yayinlanmadigini ve makale hakkinda Akademik Gida
dergisi nihai bir karar vermeden 6nce makaleyi baska bir
dergiye gondermeyeceklerini garanti etmelidir.

Destekleyen/Finans Saglayan Kuruluglar

Arastirmanin tim finans kaynaklarina iligskin detaylar,
Tesekklr boliminde belirtiimelidir. Yazarlar, resmi
finansman kurum/larinin tam isimlerini ve proje/hibe
numaralarini belirtmelidir.

Yazarlarda Degisiklik

Makalenin Akademik Gida'ya sunulmasindan sonra
yazar isimlerinde degisiklik ancak revizyon sirasinda
gerekli olan ek galismalar durumunda olabilir. Makalenin
yayina kabul edilmesinden sonra herhangi bir
degisiklige izin verilmez. Yazarliktaki degisiklik, hakem
géruglerine verilen cevaplar sirasinda yazismalarda
belirtiimeli ve tim yazarlar tarafindan kabul edilmelidir.
Yazigmalardan sorumlu yazar, yazarlarin sirasi da dahil
olmak Uzere makalenin revize edilmis versiyonundaki
degisikliklerden sorumludur.

Calisma Verilerinde Duzeltme

Yayinlanan verilerin  dogrulugundan tim yazarlar
sorumlu olmalidir. Verilerin dizeltiimesi icin,
yazigsmalardan sorumlu yazardan yayin 6éncesi taslagi
(galley proof) incelemesi ve makalenin
yayinlanmasindan 4 gin &nce dikkatlice duzeltmesi
istenir.

Makalenin Geri Gekilmesi

Bir makalenin geri c¢ekilmesi, gonderim veya yayin
hatalarini dizeltmek igin kullanilir. Yazarlar makaleyi
geri ¢ekebilir ve bu durumda Yayin Etigi Komitesi
(COPE) Geri Cekme Kurallarina [(COPE) retraction
guidelines] uymalidir. Tekrarlanan veya benzerlik orani
yuksek bir yayin, verilerin hileli kullanimi, intihal veya
etik disi arastirma yapilmasi durumunda, makale editor
tarafindan geri c¢ekilecek ve geri c¢ekilen makale
linklerine baglanti korunacak ancak elektronik veri
tabanina (makale sayfasina) bir geri ¢ekme bildirimi
eklenecektir.

Etik Hususlar

Cikar gatismasi.

Yazar/lar basgvuru sirasinda herhangi bir c¢ikar
catismasi varsa beyan etmelidir. Yazar/larin
basvuru sirasinda bilimsel dederlendirme igin en az
lic potansiyel hakem &nermeleri istenir. Onerilen
hakemler calisma arkadaslari, ortak calistiklari
kisiler veya galistiklari kurumlarin Uyeleri olamazlar.
Hakemler makaleyi degerlendirmelerini &nleyen
herhangi bir cikar c¢atismasi olmasi durumunda

XV

Editorleri bilgilendirmesi ve bu konuda COPE
kurallarina uymasi tavsiye edilmektedir.
Editorler Kurulu Gyeleri veya kurul Gyelerinin ortak

calistiklar  kigiler tarafindan dergiye gonderilen
makaleler icin, degerlendirme sirasindaki
Onyargillart en aza indirgemek amaciyla,

degerlendirme sireci ilgili kurul Gyelerini disarida
tutacak sekilde degistirilerek uygulanir.

Duzeltmeler (revizyonlar) sirasinda, editérler Dergi
Editérleri igin Davranis Kurallari ile En lyi Uygulama
Kilavuzu ve Dergi Yayincilari Igin Davranig
Kurallarini (Code of Conduct and Best Practice
Guidelines for Journal Editors and Code of Conduct
for Journal Publishers) takip ederler.

insan denekleri, hayvan veya bitki igeren
arastirmalar
e Arastirmanin insan denekleri veya hayvanlari

icermesi durumunda, yazarlarin Uluslararasi Tip
Dergisi Editorleri Komitesinin (the International
Committee of Medical Journal Editors) yonergelerini
izlemeleri 6nerilir.

insan denekleri iceren calismalarda, deneklerin
calismaya katilmak igin imzaladiklari onamlar
yazarlar tarafindan saglanmalidir. 18 yasin altindaki
deneklerin galismaya katilmalari igin ebeveyn veya
velileri tarafindan izin verilmelidir.

Test edilen tim denekler igin, makalenin, ilgili
kurallara vel/veya uygun izinlere veya lisanslara
uyumunu gosteren belgelerin sunulmasi gerekir.
Hayvanlar Uzerinde yapilacak her turli arastirma
kurumsal, ulusal veya uluslararasi kurallara uygun
olmali ve etik kurul tarafindan onaylanmalidir.

Bitki materyallerinin toplanmasi dahil, bitkiler
Uzerinde yapilan deneysel arastirmalar, kurumsal,
ulusal veya uluslararasi kurallara uygun olmalidir.
Saha calismalari yerel mevzuata uygun olarak
yapilmali ve uygun izinleri ve/veya lisanslari belirten
bir agiklama makalede yer almalidir.

Yayin suistimali

Akademik Gida dergisi, Dergi Editorleri igin
Davranis Kurallari ile En lyi Uygulama Kilavuzlari ve
Dergi Yayincilar igin Davranis Kurallarini (Code of
Conduct and Best Practice Guidelines for Journal
Editors and Code of Conduct for Journal Publishers)

takip eder.

e Makalenin ayni anda birden fazla dergiye
génderilmesi, intihal, yaymlanmig  makalenin
yeniden yayinlanmasi, etik kurallarin ihlali vb.

supheli bir suiistimal durumunda, arastirmacilar,

hakemler veya okuyucular  Yayin Ofisi
(ogursoy@yahoo.com) ile iletisime gecmeye tesvik
edilir.

e Makaledeki benzerlik orani tek bir kaynaktan

%10'dan fazla olmamak Uzere en fazla %25 ile
sinirflandinimigtir. Bu kosula uymayan makaleler
reddedilir. Bu sartlarin ihlal edilmesi durumunda,
COPE (COPE recommendations) tavsiyeleri
izlenecek ve ilgili tm taraflara bildirilecektir.
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Telif Hakki

Akademik Gida, yayinlanan butin makalelere orijinal
eserin uygun sekilde belirtiimesi ve ticari amagclarla
kullaniimamasi  sartiyla, herhangi bir ortamda
kullanilmasina, dagitilmasina ve ¢ogaltilmasina izin
veren “Creative Commons Attribution 4.0 CC BY-NC”
lisansini  (Creative  Commons  Attribution  Non-
Commercial 4.0 CC BY-NC) tum vyayinlanmis
makalelere uygular. Yayimlanmadan once, Telif Hakki
Devir Formu yazigsmalardan sorumlu yazar tarafindan
imzalanmali ve derginin yayin ofisine goénderilmelidir.
Yayinlanan yazilarin telif hakki Sidas Medya Limited
Sirketi'ne (Cankaya, izmir) aittir. Yazarlar, yayinladiklari
makaleleri serbestge ve ticari olmayan amaglarla,
bltinligu korundugu ve yazarlari, alinti detaylarini ve
yayincilari agik¢a belirtildigi strece kullanma hakkina

sahiptir. Bireysel kullanicilar, yazarlarin fikri ve ahlaki

haklarinin, sayginhiginin ve batanligunin tehlikeye
atimamasi sartiyla, Akademik Gida'da yayinlanan
yazilara erisebilir, indirebilir, kopyalayabilir,

goruntileyebilir ve uyarlayabilir. Kullanicilar herhangi bir
yeniden kullanimin, sahiplerin telif hakki politikalarina
uygun olmasini saglamahldir. Yayinlanan yazilarin
icerigi, ticari olmayan arastirma ve egitim amacli
kopyalanir, indirilir veya baska bir sekilde yeniden
kullanilirsa, uygun sekilde bir atif yapiimali ve ilgili
makaleye bir link [yazarlar, dergi unvani, el yazmasi adi,
cilt, yil ve sayfa numaralari ve yayinlanan link) Derginin
web sitesinde surim] saglanmalidir. Telif hakki
bildirimleri ve feragatnameler silinmemelidir.
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Ethics and Publication Malpractice Statement

Akademik GIDA® is a peer-reviewed journal where
original research and review articles are published
quarterly by Sidas Media Agency Advertisement
Consultation Ltd. (Cankaya, I1zmir, Turkey) in the field of
food science and technology. In order to improve the
overall scientific quality of the journal, following guidelines
have been established by the publisher.

Editorial Policy

General Guidelines stated in the Code of Conduct and
Best Practice Guidelines for Journal Editors and Code of
Conduct for Journal Publishers are followed by all papers
submitted to Academic GIDA. Prior to submission,
authors are highly recommended to read the Journal’'s
Instructions to Authors. Authors should also follow the
European Association of Science Editors (EASE)
Guidelines for Authors and Translators of Scientific
Articles to be Published in English. For any research
involving human or animal data, the recommendations of
the International Committee of Medical Journal Editors
should be followed by the authors of the manuscripts.

Peer Review

All contributions are evaluated according to the criteria of
originality and quality of their scientific content.

e All manuscripts pass through an initial screening
process (technical and overall quality evaluation) in
the editorial office followed by an internal review by
the technical and scientific editors.

After the first evaluation, editors have the right to
decline formal review of a manuscript if it is (i) on a
topic outside the scope of the Journal, (ii) lacking
technical merit, (i) fragmentary and providing
marginally incremental results or (iv) poorly written.
If the manuscript is considered suitable for further
evaluation, manuscripts are double-blind-reviewed
by a peer review system involving at least two
independent reviewers to ensure high quality of
manuscripts accepted for publication.

If requested, the revised version is evaluated by the
reviewers, and editors make a decision about final
acceptance based on their suggestions. If necessary,
further revision can be asked for to fulfil all the
requirements of the reviewers.

The final version is then sent to the technical editor
in order to produce a galley proof, and the authors
receive this proof for final check before publishing.
All manuscripts are posted online as pdf files in their
final form, indexed in databases with the assigned
DOI numbers.
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Confidentiality

Editors handle all papers submitted to Akademik GIDA in
strict confidence. With the exception of reviewers, they do
not disclose any information regarding submissions to
third parties, unless in case of a suspected misconduct,
where COPE recommendations are followed.
Submissions are also confidential for reviewers and they
are not allowed to share or distribute any part of the
manuscripts which they receive for evaluation to third
parties. For a case of suspected misconduct, reviewers
are encouraged to contact the editorial office immediately
in a confidential manner. Reviewers can also recommend
a particular course of action in their confidential
comments to the editor, following Code of Conduct and
Best Practice Guidelines for Journal Editors and Code of
Conduct for Journal Publishers.

Akademik GIDA conducts a double-blind peer review
process, i.e. the names of the reviewers are confidential
to ensure the critical evaluation of the work. Reviewers
are asked not to disclose their names or contact details
in their comments for authors.

Authorship

An author is an individual who substantially contributed to
the idea or design of a research, acquisition of data,
analysis or interpretation of data, was involved in drafting,
writing or revising the manuscript critically for important
intellectual content. Other contributors should be
mentioned in the Acknowledgements section of the
manuscript and cannot be considered as authors of the
study. Correct and full names of all authors and their
ORCID IDs should be on the title page of the manuscript.
Names of authors must be supplemented with their
affiliations and a valid address of the corresponding
author. The phone and fax numbers and e-mail address
of the corresponding author should be stated in the first
page of the manuscript. All authors must guarantee that
the submitted manuscript is not published anywhere
previously and will not be submitted to anywhere before
the editorial board makes a final decision on the
manuscript.

Funding Sources

Details for all funding sources of the research should be
stated in the Acknowledgements. Authors should provide
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the full official funding agency name(s) and grant
number(s).

Alteration in Authorship

Alteration in authorship after the submission of the
manuscript to Akademik GIDA can be justified only by the
additional work required during the revision. Any change
is not allowed after the acceptance of the manuscript for
publication. Alteration in authorship should be indicated
in the responses to reviewers, and should be accepted by
all authors. The corresponding author is primarily
responsible for any alteration in the revised version of the
manuscript, including the order of authors.

Correction of Data

All authors should be responsible for the accuracy of the
published data. For the correction of data, the
corresponding author receives the galley proof of the
paper and is asked to correct it carefully within 4 days
before publication.

Retraction of an Article

A retraction of an article is used to correct errors in
submission or publication. Authors can retract the paper
and should follow the Committee on Publication Ethics
(COPE) retraction guidelines. In case of a duplicate or
overlapping publication, fraudulent use of data,
plagiarism or unethical research, the paper will be
retracted by the editor, and a retraction notice will be
included into the electronic database while all links to the
retracted article will be maintained.

Ethical Considerations

Conflict of interest:

e Authors should declare any conflict of interest in their
submission form. Authors are requested to suggest
at least three potential reviewers before submission,
and these reviewers cannot be their colleagues,
collaborators or members of their institutions.

e Reviewers should notify the editors on any conflict of
interest which prevents them from reviewing the
paper, and they are recommended to follow the
COPE guidelines.

e Forthe manuscripts submitted by the members of the
Editorial Board or their collaborators, peer reviewing
is modified to exclude them from the entire evaluation
process in order to minimize any bias during the
evaluation.

e During revision, the editors follow the Code of
Conduct and Best Practice Guidelines for Journal
Editors and Code of Conduct for Journal Publishers.

Research involving human subjects, animals or
plants:

e If the research involves humans or animals, the
authors are recommended to follow the guidelines of
the International Committee of Medical Journal
Editors.
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e In studies involving human subjects, their informed
consent to participate in the study should be supplied
by the authors. For subjects under the age of 18, their
parents or guardians should give the permission for
their participation in the study. For all tested subjects,
the manuscript must accompany with a statement
detailing compliance with relevant guidelines and/or
appropriate permissions or licenses.

e Any research on animals must comply with
institutional, national or international guidelines and,
where possible, should be approved by an ethics
committee.

e Any experimental research on plants, including
collection of plant materials, must comply with
institutional, national, or international guidelines.

e Field studies should be conducted in compliance with
local legislation, and a statement specifying the
appropriate permissions and/or licences should be
included in the manuscript.

Publication misconduct:

e The Journal follows the Code of Conduct and Best
Practice Guidelines for Journal Editors and Code of
Conduct for Journal Publishers.

e In a case of a suspected misconduct such as
redundant or duplicate submission, plagiarism, text
recycling, violation of ethical norms, etc.,
researchers, reviewers or readers are encouraged to
contact the Editorial Office (ogursoy@yahoo.com).

e The overlapping in the manuscript is highly restricted
to the maximum of 25% with no more than 10% from
a single source; otherwise, the manuscript will be
rejected. If these terms are violated, COPE
recommendations will be followed and all parties
involved will be notified.

Copyright

Akademik GIDA applies the Creative Commons
Attribution Non-Commercial 4.0 CC BY-NC license to all
published papers, which permits use, distribution and
reproduction in any medium, provided the original work is
properly cited and is not used for commercial purposes.
Before publication, the Copyright Transfer Form must be
signed by the corresponding author and returned to the
editorial office of the journal. Copyright of published
papers is retained by the Sidas Media Agency
Advertisement Consultation Ltd. (Cankaya, Izmir,
Turkey). Authors have the right to use their published
article freely and in noncommercial purposes, as long as
its integrity is maintained and its original authors, citation
details and publisher are clearly stated. Individual users
may access, download, copy, display, and adapt the
manuscripts published in Akademik GIDA, provided that
the authors’ intellectual and moral rights, reputation and
integrity are not compromised. Users must ensure that
any reuse complies with the copyright policies of the
owners. If the content of the published manuscripts is
copied, downloaded or otherwise reused for
noncommercial research and educational purposes, a
link to the appropriate bibliographic citation (authors,
journal title, manuscript title, volume, year and page
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numbers, and the link to the published version on the
Journal’s website should be provided. Copyright notices
and disclaimers must not be deleted.
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